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Preface

There are certain clinical skills basic to most practitioners: physicians, mid-level provid-
ers, nurses, wound care technicians, and medics. The care of surface injury and lacera-
tions is one of them. Until the 1980s, suturing and other wound care procedures were 
taught at the bedside from one generation to the next. “Watch one, do one, teach one,” 
was a common refrain heard by young students trying to glean knowledge that would 
give them the skills to clean, suture, and dress wounds.

With the growth of emergency medicine and its acceptance as a specialty came a 
rapid growth of textbooks and educational materials that organized and presented 
didactic material necessary for the students and residents training in emergency care. 
Wounds and Lacerations, now in its fourth edition, represents an effort to provide stu-
dents and practitioners with a ready source of information and recommendations to 
care for a patient with surface injuries. All care recommendations are the product of the 
available evidence, science and literature, to back them up. In cases where no science 
exists, consensus of experienced practitioners and the authors is offered as support. 
The success of previous editions lends credence to this approach, as well as the straight-
forward and uncomplicated manner in which the content is presented.

The reader of this new edition will find a change in format and content. Each chapter 
will be introduced with the Key Practice Points covered in that chapter. The text has 
been edited for greater clarity, and more lists and tables are used for quick and easy 
reference. Each chapter has been updated with the most recent available science and 
literature. Many illustrations have been updated, and new ones have been added. There 
have been significant changes in several content areas. The use of absorbable sutures on 
the face and hand is now a common practice. The cosmetic outcome is the same as for 
nonabsorbable sutures, and visits for suture removal can be eliminated. The emergence 
of community-associated methicillin-resistant Staphylococcus aureus is a new  challenge. 
The use of emergency department ultrasound to find and remove foreign bodies is 
becoming more common. Recommendations for tetanus and rabies prophylaxis have 
undergone significant changes.

Although this text originated from practices in the emergency department, it is clear 
that wound care crosses many specialties and disciplines. Wound care can take place 
in emergency departments, clinics, practitioners’ offices, aid stations, and even in the 
field. Where this text is used and who uses it have no limits. If it can benefit one patient, 
under whatever circumstance, then it is a success.

Alexander T. Trott, MD
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CHAPTER 1
Emergency Wound Care: 
An Overview

Key Practice Points

nn The average laceration cared for by emergency caregivers is 1 to 3 cm in 
length, with 13% of lacerations considered significantly contaminated.

nn The most common complication of wound care is infection, occurring 
in 3.5% to 6.3% of lacerations.

nn The most important step for reducing infection in wound care is wound 
irrigation.

nn All wounds form scars and take months to reach their final appearance.
nn 95% of glass in wounds is radio-opaque, and radiographs are 
recommended.

nn The understanding of local practice when caring for wounds, such as 
the use of prophylactic antibiotics for wound care, is important.

 

Superficial wounds, including lacerations, bites, small burns, and punctures, are among 
the most common problems faced by emergency physicians and other providers of 
urgent and primary care. Each year in emergency departments (EDs) in the United States, 
12.2 million patients with wounds are managed.1 The most frequently performed proce-
dure in the ED, other than intravenous-line (IV-line) insertion, is wound care.2

Of 1000 patients whose clinical findings were entered into a wound registry, 74% 
of the patients were male, with an average age of 23.3 The average laceration was 1 to 
3 cm in length, and 13% of lacerations were considered significantly contaminated. 
Most wounds (51%) occurred on the face and scalp, followed by wounds on the upper 
(34%) and lower (13%) extremities. The remaining wounds occurred on various sites of 
the truncal areas and proximal extremities.

The most common complication of wound care is infection. Approximately 3.5% to 
6.3% of laceration wounds become infected in adults treated in the ED.4-6 Infection is 
more likely to occur with bite wounds, in lower extremity locations, and when foreign 
material is retained in the wound. The rate of infection in children is only 1.2% for lac-
erations of all types.7

GOALS OF WOUND CLOSURE
Because wounding is an uncontrolled event and there are biologic limitations to heal-
ing, the wounded skin and related structures cannot be perfectly restored. Each step of 
wound care serves to achieve the best possible outcome with the fewest problems. •  Hemostasis: All bleeding from the wound except minor oozing should be controlled, 

usually with gentle, continuous pressure, before wound closure. •  Anesthesia: Effective local anesthesia before wound cleansing allows the caregiver to 
clean the wound thoroughly and to close it without fear of causing unnecessary pain.
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 •  Wound irrigation: Irrigation is the most important step in reducing bacterial contami-
nation and the potential for wound infection. •  Wound exploration: Wounds caused by glass or at risk for deep structure damage 
should be explored. Radiographs and functional testing do not always identify for-
eign bodies or injured tendons. •  Removal of devitalized and contaminated tissue: Visibly devitalized and contaminated tis-
sue that could not be removed through wound cleansing and irrigation needs to be 
completely but judiciously débrided. •  Tissue preservation: At the time of ED or primary closure, tissue excision should be 
resisted. It is best to tack down what remains of viable tissue, especially in compli-
cated wounds. Because of the natural contraction of wounds, cosmetic revisions done 
later can be accomplished successfully if sufficient tissue remains. Unnecessary tissue 
excision can lead to a permanent, uncorrectable, and unsightly scar. •  Closure tension: When laceration edges are being brought together, they should just 
barely “touch.” Excessive wound constriction when tying knots strangulates the 
 tissue, leading to a poor outcome. If necessary, tension-reducing techniques, such as 
the placement of deep sutures and undermining, can be applied. •  Deep sutures: Because all sutures act as foreign bodies, as few deep sutures as possible 
are to be placed in any wound. •  Tissue handling: Rough handling of tissues, particularly when using forceps, can cause 
tissue necrosis and increase the chance of wound infection and scarring. •  Wound infection: Antibiotics are no substitute for wound preparation and irrigation. 
If the decision is made to treat the patient with antibiotics, the initial dose is most 
effective when administered intravenously as soon as possible after wounding. •  Dressings: Wounds heal best in a moist environment provided by a properly applied 
wound dressing. •  Follow-up: Well-understood verbal and written wound care instructions and timely 
return for a short follow-up inspection or suture removal at the proper interval are 
essential to complete care.

PATIENT EXPECTATIONS
One of the most important aspects of wound care is understanding and managing the 
patient’s reaction to a wound. Patients often have many preconceptions about wound 
care and expectations about the outcome, which are often unrealistic. Patients some-
times believe that wounds can be repaired without scar formation. All wounds leave a 
scar, which is a fact that has to be conveyed to all patients. Scar formation and wound 
healing will be more thoroughly discussed in Chapters 4 and 22.

Another patient misconception is the time it takes for wounds to heal. Ironically, 
when the sutures are removed, that is the weakest point in healing (see Chapter 4,  
Fig. 4-2). Sutures are removed when there is enough holding strength to keep the 
wound edges together and to prevent increased scarring that can be caused by leaving 
sutures in the wound too long. If there is concern that the wound might open after 
suture removal, Steri-Strips can be applied to give the wound time to become stronger. 
Final scar appearance may not be evident for several months because of the biologic 
complexity of wound healing.

RISKS OF WOUND CARE
A fact of life for patient care in the United States is the risk of liability. Wounds cared 
for in EDs are often considered “minor.” Yet in a study of closed malpractice claims 
against emergency physicians in Massachusetts, wounds were the most common source 
of those claims.8 Of the 109 claims, 32% involved retained foreign bodies, and another 
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34% were caused by allegedly undiagnosed injuries to a tendon or a nerve. The four 
leading causes of mistakes in emergency-care malpractice cases are failure to order tests 
(such as radiographs for retained glass), inadequate history and physical exam (tendon 
or nerve injuries), misinterpretation of tests, and failure to obtain a consultation (often 
necessary in hand wounds).9

The most commonly retained foreign body is glass.10 Patients who receive injuries 
from glass cannot report accurately whether the glass remains in the wound.11 Radio-
graphs are recommended for most of these wounds. Under study conditions, more than 
95% of glass, of all types, as small as 0.5 mm, can be visualized by radiography.12 In the 
clinical setting, however, fragments can be missed. In addition to radiographs, wound 
exploration is recommended in wounds potentially bearing glass (see Chapter 16).

Tendon injuries of the hand are not always apparent. The patient can appear to have 
normal hand function but have a laceration of one or more tendons. The most com-
monly missed injury is to the extensor tendon.13 Extensor tendons are cross-linked at 
the level of the metacarpals. An injury to a tendon proximal to the adjacent tendon 
cross-link can give the appearance of normal extensor function. Tendons also can be 
partially severed and retain function. A good understanding of the complex functional 
anatomy of the hand and a thorough testing of each tendon reveal most complete inju-
ries. Only exploration can define accurately the extent of partial injuries, however.

If a claim is made against an emergency physician, the care of the patient is most 
likely to be compared with what a specialist would have done in a similar circumstance. 
In other words, physicians who do not practice emergency medicine often define the 
“standard of care.” An example of this dilemma is an infected wound. If an infection 
results from a sutured laceration, specialists often opine that prophylactic antibiot-
ics should have been administered. Currently, there are no solid, evidenced-based data 
showing that antibiotics prevent traumatic skin-wound infections. Because antibiotics 
are administered frequently without firm science, however, it is important for emer-
gency physicians to follow local practice or relevant guidelines that address these cir-
cumstances.
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CHAPTER 2
Patient Evaluation 
and Wound Assessment

Key Practice Points

nn To prevent unexpected syncope and to provide for patient comfort 
during wound care, the patient is placed in the supine position. 
Parents or friends, who want to stay with the patient, are at risk as 
well.

nn Most bleeding can be stopped with simple pressure. Blind instrument 
clamping is avoided.

nn All rings and jewelry are removed from the wound area to prevent 
ischemia as a result of swelling.

nn All wounds are contaminated with bacteria and should be cleansed and 
irrigated early after arrival if care is to be delayed beyond 1 to 3 hours.

nn Severe soft tissue injury is an emergency and requires rapid and 
aggressive care.

nn Small, innocuous wounds can be caused by more serious problems 
such as cardiac arrythmias.

 

INITIAL STEPS
Patient Comfort and Safety
If there is the slightest question about a patient’s ability to cope with his or her injury, 
the patient is placed in a supine position on a stretcher. Loss of blood, deformity, and 
pain are sufficient to provoke vasovagal syncope (fainting), which can cause further 
injury from an unexpected fall during evaluation or treatment. The attire of the care-
giver should be consistent with universal precautions. Because wound care can be stren-
uous, the caregiver should be comfortable and relaxed before proceeding. Sitting, when 
possible, is recommended.

Relatives or friends accompanying the patient also can respond in a similar man-
ner. As a rule, relatives and friends are encouraged to sit in the waiting area unless the 
physician or nurse determines that staying with the patient would be beneficial (e.g., to 
comfort an injured child). The parent or friend should be asked if he or she feels com-
fortable with that arrangement.

Initial Hemostasis
Most bleeding can be stopped with simple pressure and compression dressings. There is 
no need for dramatic clamping of bleeders. Clamping is reserved for the actual explora-
tion and repair of the wound under controlled, well-lighted conditions. Blind application 
of hemostats in an actively bleeding wound can lead to the crushing of normal nerves, 
tendons, or other important structures.
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Jewelry Removal
Rings and other jewelry must be removed from injured hands or fingers as quickly as 
possible. Swelling of the hand or finger can progress rapidly after wounding, causing 
rings to act as constricting bands. A finger can become ischemic, and the outcome can 
be disastrous. Most items of jewelry can be removed with soap or lubricating jelly. Occa-
sionally, ring cutters have to be used (Fig. 2-1). The sentimental value of a wedding ring 
should never be allowed to impede good medical judgment. A jeweler always can restore 
a ring that has been cut or damaged during removal. Another technique for removing 
rings (steel, titanium) that cannot be cut is described in Chapter 13.

Pain Relief
Pain relief begins with gentle, empathic, and professional handling of the patient. Occa-
sionally, it is necessary to administer pain-reducing or sedative medications to patients 
being treated in the emergency wound care setting. Sedation and specific pain relief 
measures are discussed more completely in Chapter 6.

Wound Care Delay
If there is going to be a delay from initial wound evaluation to repair, the wound is covered 
with a saline-moistened dressing to prevent drying. The dressing need not be soaked and 
dripping wet. Delays that extend beyond 1 hour require that the wound be thoroughly 
cleansed and irrigated before the saline dressing is applied.1 If extended delays are inevi-
table, antibiotics occasionally are considered to suppress bacterial growth. If antibiotics 
are administered, they should be given early to provide the maximal protective benefit.2,3 
Chapter 9 discusses further recommendations for the early administration of antibiotics.

Children with Lacerations
Particular care must be taken with children who have wounds and lacerations. The pain 
and fear generated by the experience can be reduced significantly by a few simple mea-
sures. The child should be allowed to remain in the parent’s lap for as long as possible 
before wound repair. Most of the physical examination can be performed at that time. 
If hemostasis is required, and if the parent is willing to cooperate, he or she can be 
allowed to tamponade small, bleeding wounds. Parents also can apply topical anesthet-
ics. Careful judgment has to be used when handling children and their parents. It is 
common for some parents to be unable to tolerate the sight of their child in pain, and 
they often do better in the waiting room while care is being delivered. It is remarkable 
how some children stop crying when the parent has left the treatment area. Pediatric 
considerations in wound care are discussed in detail in Chapter 5.

Severe Soft Tissue Injuries
Providers of emergency wound care occasionally are confronted with patients who have 
severe, but not life-threatening, soft tissue injuries, usually of the distal upper or lower 
extremities. Power tools, industrial machines, farm implements, and mowers commonly 
cause these injuries. Patients often present with extensive skin lacerations, combined 
with varying degrees of nerve, tendon, or vascular involvement. On the patient’s arrival 
at the emergency department, several steps, outlined here, are performed to ensure the 
stability and comfort of the patient and to evaluate and protect the injured limb. These 
injuries may include an amputated part; guidelines for the management of that part are 
described in Chapter 13.
 •  ABCs (airway, breathing, circulation): Because of the severity of these injuries, the airway and 

vital signs are assessed to ensure the stability of the patient. A brief history and general 
system survey are carried out to rule out any secondary injuries or modifying conditions.
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A

B

Figure 2-1. A, Ring removal. Rings can be removed with a ring-cutting device. A through-and-through cut 
is made at the thinnest portion of the ring. B, Large hemostats are clamped to each side of the cut portion. 
Taking care not to harm the finger, the ring is gently pried open.
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 •  Hemorrhage: Any bleeding, as described earlier, is controlled by direct pressure. 
Tourniquets are indicated only for severe bleeding of an extremity that cannot be 
controlled by direct pressure, which is a rare occurrence. Should a tourniquet be 
necessary, proper technique must be observed. Edlich et al. recommend that “after 
elevating the injured extremity for 1 minute, the blood pressure cuff is inflated to the 
lowest pressure that will arrest the bleeding. This measured level of inflation can be 
maintained for at least 2 hours without injury to the underlying vessels and nerves.”4

 •  Pain relief: The most effective pain relief for severe hand or foot injuries is nerve block-
ade with local anesthetics. Nerve blocks are performed only after sensory and motor 
function is evaluated and documented (see Chapter 6 for nerve block techniques). 
Pain relief for adults also can be accomplished with parenteral (intravenous or intra-
muscular) medications, meperidine (Demerol), 25 to 50 mg, or morphine, 2 to 5 mg. 
These medications can be supplemented with promethazine (Phenergan), 12 to 25 
mg to reduce the possibility of vomiting. See Chapter 5 for pain relief in children.

 •  Tetanus immunization: Because patients with severe soft tissue wounds are more likely 
to be at risk for tetanus, tetanus immunization status has to be determined. See 
Chapter 21 for immunization recommendations.

 •  Antibiotic prophylaxis: Because of the severe nature of these wounds, they are suscepti-
ble to infection. The most common organisms cultured from these wounds are Staph-
ylococcus aureus and β-hemolytic streptococci.5 Coliforms and anaerobes are cultured 
in smaller numbers. The most feared organisms are the soil-borne Clostridium species, 
but these rarely cause infection. Wounds caused by tools and industrial machines 
are predominantly contaminated with gram-positive organisms.6 Farm implements 
and gardening tools that come in contact with soil have a higher proportion of coli-
forms. These differences have implications in the selection of antibiotics. For clean, 
non–soil-laden wounds, a first-generation cephalosporin provides adequate coverage. 
In patients with severe allergies to penicillin or cephalosporins, vancomycin can be 
given. In soil-laden wounds, the addition of an aminoglycoside provides good cov-
erage. It cannot be overemphasized that antibiotics are no substitute for aggressive 
wound cleansing, irrigation, and débridement.

 •  Wound evaluation: A functional examination is performed and documented. Loss of 
pulse or circulation is a serious finding and requires emergent intervention. Sensory 
and motor function is evaluated and documented. Tendon function is tested by indi-
vidual or group action when possible. All severe soft tissue wounds are radiographed 
to assess bone integrity and the presence of foreign bodies.

 •  Wound management: For the most part, little can be done for these wounds in the 
emergency department. Loose, gross contaminants can be removed. After evaluation, 
the wound is covered with sterile gauze pads and a wrap is moistened with sterile 
saline. Appropriate splints are applied as indicated.

 •  Consultation: These wounds require definitive care by consultants with expertise in man-
aging severe extremity and soft tissue injuries. Most commonly, plastic or hand special-
ists are consulted early after the arrival of the patient. The operating team is notified 
early as well to prepare for the definitive care of the patient in the operative room.

WOUND EVALUATION AND DOCUMENTATION
Basic History
The historical items collected and recorded in the wound care patient’s medical record 
need not be lengthy and excruciatingly detailed. Key facts, such as mechanism, age of 
wound, allergies, and tetanus immunization status, are virtually always pertinent.

The patient’s current and past medical history and present medications are 
frequently elements of the wound care assessment. Diseases such as diabetes and 
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peripheral vascular disease can increase the risk of wound infection and cause delayed or 
poor wound healing.7,8 Corticosteroids are known to affect the normal healing process 
adversely.9 Finally, a careful detailing of allergies is necessary to prevent an untoward 
reaction to local anesthetics or antibiotics that might be administered to the patient. 
Box 2-1 presents the basic history and physical examination elements of a wound care 
charting document.10

Screening Examination
The examination of every patient with a laceration or injury includes assessing the basic 
vital signs. Each vital sign can provide information pertinent to the management of the 
patient. Hypotension and tachycardia are the classic signs of hypovolemia. Innocuous-
looking scalp wounds can bleed profusely, causing clinically significant blood loss with 
concomitant hypotension. Because alcohol is a cutaneous vasodilator, this complica-
tion is common in intoxicated patients.

Wounds and lacerations are often the result of or the cause of systemic problems 
and illnesses. Patients who fall and sustain minor injuries may need to be questioned 

Wound History
Mechanism of injury—what happened, possible foreign body
Age of wound—when it happened
Associated symptoms—systemic, numbness, loss of function

Past/Social History
Underlying disorders—diabetes, seizures
Allergies—drugs, anesthetics
Date of last tetanus
Medications—anticoagulants, corticosteroids
Vocation/avocation
Handedness

Physical Examination
Vital signs
General/system findings as appropriate
Wound description
Location
Length/extent
Depth
Condition—clean, contaminated, sharp, irregular
Functional examination—as appropriate

Procedure
Anesthesia—type, amount
Wound cleansing—agent, irrigation
Exploration/débridement
Suture type, size, number
Dressing type

Disposition
Wound care instructions (see Chapter 22)
Interval for suture removal

 BOX 2-1   Elements Recommended for Documentation of Wound Evaluation 
and Care*

*Elements vary by patient and circumstances.
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and examined for causes of syncope. When caused by blunt trauma, a scalp laceration 
has the possibility of being associated with a serious intracranial injury. In addition to 
the wound assessment, a trauma-oriented neurologic examination is often necessary.

A rapid general survey of the patient can reveal other injuries not reported. Because 
of the nature of a traumatic occurrence, patients often cannot report accurately all that 
has happened to them. A man who falls on an outstretched hand may be aware only 
of a bleeding hand laceration on arrival at the emergency department. An underlying 
radial head fracture might be revealed only when the caregiver examines the elbow and 
provokes pain.

Wound Assessment
When the wound is examined, several features and findings must be noted and recorded 
in the medical record (see Box 2-1). Each wound characteristic and examination finding 
becomes a significant variable that influences repair decisions and all aspects of care, 
including wound preparation, anesthesia, closure strategy, and dressing choice.

Procedure Documentation
After performing the wound care intervention, whether suturing, foreign body removal, 
or burn care, a succinct but detailed procedure note is entered into the record. The ele-
ments of the procedure note for suturing are outlined in Box 2-1.

Patient Disposition and Follow-up
When care is completed, instructions for wound care, return for suture removal, and 
follow-up care are provided to the patient and are documented. Details of follow-up 
care are discussed in Chapter 22.
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CHAPTER 3
Anatomy of Wound 
 Repair

Key Practice Points

nn The most important layer of skin for wound closure is the tough dermis. 
It is the “anchor” for sutures.

nn Proper and careful apposition of the wounded dermis will bring the 
lacerated outer layer of skin, the thin epidermis, together for the best 
cosmetic result.

nn The superficial fascia, or subcutaneous fatty tissue, lies just below the 
dermis. Because nerve fibers travel in the subcutaneous layer below 
and into the dermis, this fatty layer is the preferred site for delivery of 
local anesthetics.

nn Débridement of dermis should be judicious and limited, whereas for 
subcutaneous fat it can be liberal.

nn Lacerations and incisions parallel to skin tension lines leave thinner 
and less visible scars than those that cross these lines.

nn Age and use of corticosteroids weaken skin and make it thinner. 
Repairing lacerations and wounds to this skin is a challenge.

 

The primary anatomic focus in surface wound care is the skin. Underlying the skin are two 
equally important structures, the superficial (subcutaneous) fascia and the deep fascia. The 
fasciae not only act as a supportive base to the skin but also carry nerves and vessels that 
eventually branch into the fasciae. All the layers of the skin and fascia are present in every 
body site, but they vary considerably in thickness. Most skin is 1 to 2 mm thick, but thick-
ness can increase to 4 mm over the back. This variability often dictates the choice of suture 
needles. Larger, stronger needles are required to penetrate the skin on the palms of the hands 
and the soles of the feet. Small, delicate needles should be used on the thin skin of the eyelids.

ANATOMY OF THE SKIN AND FASCIA
Although the skin and fascia comprise a complex system of organs and anatomic features, 
it is the layer arrangement that is most important for wound closure (Fig. 3-1). These layers 
include the epidermis, dermis, superficial fascia (commonly referred to as the subcutane-
ous or subcuticular layer), and deep fascia. These layers should be thought of as planes that 
need to be carefully and accurately reapproximated when disrupted by trauma. Each one 
has its own set of characteristics that are important to proper wound closure and healing.

Epidermis and Dermis (Skin or Cutaneous Layer)
The epidermis is the outermost layer of the skin. The epidermis consists entirely of 
squamous epithelial cells and contains no organs, nerve endings, or vessels. Its primary 
function is to provide protection against the ingress of bacteria and toxic chemicals and 
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the inappropriate egress of water and electrolytes. This is the outermost, visible layer 
and gives skin its final cosmetic appearance.

Although the epidermis is an anatomically separate layer, it is only a few cell layers 
thick. During wound repair, it cannot be seen by the naked eye as separate from the der-
mis. Correct approximation of the epidermis naturally results from careful apposition 
of the lacerated edges of the dermis.

The dermis lies immediately beneath the epidermis. It is much thicker than the epi-
dermis and is composed primarily of connective tissue. The main cell type in the dermis 
is the fibroblast, which elaborates collagen, the basic structural component of skin. The 
deeper dermis contains the bulk of adnexal structures of the skin. These include the 
hair follicles and vascular plexus. Nerve fibers branch and differentiate into specialized 
nerve endings that reside in the dermis.

The dermis is the key layer for achieving proper wound repair. It is easily identifiable 
and provides the anchoring site for percutaneous and deep sutures (Fig. 3-2). Every 
effort is made to cleanse, remove debris, and accurately approximate the dermal edges 
to allow for optimal wound healing with minimal scar formation. If dermis is devital-
ized or severely damaged, sharp débridement often is necessary to remove it. Tissue 
excision and trimming must include only that which is truly unsalvageable, however. 
Because dermal defects are replaced by scar tissue, any unnecessary dermis removal 
increases the size and prominence of that scar.

Superficial Fascia (Subcutaneous Layer)
Deep to the dermis is a layer of loose connective tissue that encloses a varying amount 
of fat. Fat makes the superficial fascia easily recognizable in a laceration. There are sev-
eral consequences of injury to this layer. Devitalized fat can promote bacterial growth 
and infection.1 In contrast to dermis, the superficial fascia can be liberally débrided so 
that any devitalized portion can be excised completely. Injuries to the superficial fascia 

Stratum corneum

Stratum germinativum

Blood vessels and nerves

Blood vessels and nerves

Superficial fascia
(subcutaneous fascia)

Deep fascia

Blood vessels

Epidermis

Dermis

Hair follicle

Subcutaneous fat

Muscle group

Duct of sweat gland

Body of sweat gland

Figure 3-1. Anatomy of the skin illustrating structures pertinent to wound repair.
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also have the potential for creating “dead” space. Failure to evacuate contaminants and 
clots in this space can lead to an increased risk of infection.

The sensory nerve branches to the skin travel in the superficial fascia just deep to 
the dermis. When injecting a local anesthetic, the needle is directed along the plane 
between the dermis and superficial fascia (see Fig. 6-1). Anesthetic spreads easily along 
the “floor” of the dermal layer and quickly abolishes sensation from the skin.

Deep Fascia
Deep fascia is a relatively thick, dense, and discrete fibrous tissue layer. It acts as a base 
for the superficial fascia and as an enclosure for muscle groups. This layer is recognized 
as an off-white sheath for the underlying muscles. The main function of the deep fascia 
is to support and protect muscles and other soft tissue structures. It also provides a 
barrier against the spread of infection from the skin and superficial fascia into mus-
cle compartments. Lacerations of the deep fascia are easily recognized and should be 
closed, if possible, to reestablish the protective and supportive functions of this layer. 
Sometimes deep fascia lacerations require too much tension to close with sutures and 
can be left to heal without them.

SKIN TENSION LINES
There are two types of skin tension—static and dynamic—that have an important impact 
on the final scar structure of healed lacerations. Because all wounds scar, knowledge of 
skin tension is required when considering repair strategy or when educating the patient 
about eventual healing outcome.

Because it clings tautly to the body framework, skin is under constant static tension.2 
Static tension lines are commonly called Langer’s lines. The arrangement, orientation, 

Epidermis

Dermis

Superficial fascia

Figure 3-2. Demonstration of either percutaneous or deep suture closure. The needle is anchored in the 
dermis for each suture placement.
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and distensibility of collagen fibers cause most wounds to retract open. The degree to 
which wound edge retraction, or “gaping,” takes place is an indicator of how wide the 
resulting scar might be. Gaping of 5 mm or greater indicates significant tension and 
increased risk for wide scar formation.3 In a study of poor outcomes of laceration repair, 
wound width was found to be a significant factor.4 Lacerations of the lower extremity, 
particularly over the anterior tibia, tend to retract under great tension and scar con-
spicuously. A horizontal laceration of the skin of the eyelid is under little tension with 
little gaping. These lacerations become virtually unnoticeable with time.

Static skin tension plays an important role in wound edge débridement and revi-
sion. It is tempting to excise jagged wound edges to convert an irregular laceration into 
a straight one. If the wound is already gaping because of static tension, débridement 
of tissue might increase the force necessary to pull the new straight edges together. 
Scar width is increased, and the purpose of the edge excision is defeated. An irregular 
laceration under little tension often heals with a less noticeable scar than a straight 
wound under greater tension. As a rule, a ragged wound with viable tissue edges is 
repaired best by putting the “puzzle pieces” back together to preserve as much tissue 
as possible. If the wound needs later revision, the “extra” tissue will be welcomed by the 
plastic surgeon.

Different from static forces but equally important are dynamic forces on the skin, 
illustrated by Kraissl’s lines in Figure 3-3.5 These forces are created by the underlying 
pull of muscles in any given body area and correspond to wrinkles created by compres-
sion of the skin during muscle contraction.6 These forces are most dramatically visible 
in the face during the various changes in facial expression. Lacerations that are perpen-
dicular to these lines tend to heal with wider scars than do lacerations that are parallel. 
In choosing elective incisions of the face, surgeons apply the scalpel to correspond with 
these lines.

Figure 3-3. Skin tension lines of the face. Inci-
sions or lacerations parallel to these lines are less 
likely to create widened scars than incisions that are 
perpendicular to these lines. (Adapted from Simon 
R, Brenner B: Procedures and techniques in emergency 
medicine, Baltimore, 1982, Williams & Wilkins.)
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Ultimately, the final appearance of a scar is determined in part by static and dynamic 
forces, and the patient should be counseled accordingly. The patient is advised that 
it takes at least 6 months for scar contraction and collagen remodeling to diminish 
and 1 year for these forces to stabilize before a wound takes on its final shape.7 During 
this time, the wound undergoes many visible changes. If the scar is still worrisome to 
the patient after this time elapses, tension-relieving procedures, such as W-plasty or 
Z-plasty, can be applied to improve the appearance of the scar. Whenever the cosmetic 
outcome is in doubt at the time of injury or the issue is raised by the patient, consulta-
tion with a plastic surgeon can be considered.

ALTERATIONS OF SKIN ANATOMY
Often, there are clinical situations in which the anatomic structure of the skin is altered 
so much that it requires special wound care. The most common skin changes in this 
setting are changes caused by aging and long-term corticosteroid administration.8,9

In aging, there is a flattening of the dermoepidermal junction with an accompany-
ing decrease in the prominence of the dermal papillae. This effacement seems to result 
in a reduction of vascularity and nutrient supply to the epidermis. The dermis itself 
loses its thickness and becomes increasingly acellular and avascular. The net result 
is that the tensile strength of the dermis decreases significantly, which makes it less 
resistant to injury. More important to wound care is that the dermis does not sup-
port sutures well: They tend to “tear” the skin or cause ischemia, because the dermis 
has a low resistance to suture tension. Although sutures can be effective in younger 
patients, wound tapes are more appropriate for many lacerations that occur in older 
people (see Chapter 19).

Corticosteroids have a profound effect on collagen deposition through inhibition of 
collagen fiber synthesis and accelerated collagen degradation. The dermis becomes atro-
phic, thin, and poorly resistant to trauma. Small vessels seem to become increasingly 
fragile and readily cause ecchymoses in response to even the most trivial trauma. As in 
aging, the poor quality of the skin makes it less able to support sutures. Skin tapes or 
simple bandages are often preferable for managing these wounds.

References
 1.  Haury B, Rodeheaver G, Vensko J, et al: Debridement: an essential component of traumatic wound care, 

Am J Surg 135:238–242, 1978.
 2.  Thacker IG, Iachetta FA, Allaire PE, et al: Biomechanical properties: their influence on planning surgical 

excisions. In Krizek TI, Hoopes PE, editors: Symposium on basic science in plastic surgery, St Louis, 1975, 
Mosby.

 3.  Edlich RF, Rodeheaver GT, Morgan RF, et al: Principles of emergency wound management, Ann Emerg Med 
17:1284–1302, 1988.

 4.  Singer AJ, Quinn JV, Thode HC Jr: Determinants of poor outcome after laceration and surgical incision 
repair, Plast Reconstr Surg 110:429–435, 2002.

 5.  Kraissl C: The selection of lines for elective surgical incisions, Plast Reconstr Surg 8:1–28, 1951.
 6.  Borges A, Alexander J: Relaxed skin tension lines, Z-plasties on scars and fusiform excision of lesions, Br J 

Plast Surg 15:242–254, 1962.
 7.  Hollander JE, Blaski B, Singer AJ, et al: Poor correlation of short- and long-term cosmetic appearance of 

repaired lacerations, Acad Emerg Med 2:983–987, 1995.
 8.  Qun T, Shao Y, He T, et al: Reduced expression of connective tissue growth factor (CTGF/CCN2) mediates 

collagen loss in chronically aged human skin, J Invest Dermatol 130:415–424, 2009.
 9.  Gans EH, Sadiq I, Stoudemayer T, et al: In vivo determination of the skin atrophy potential of the super- 

high potency topical corticosteroid fluocinonide 0.1% cream compared to clobetasol proprionate 0.05% 
cream and foam, and a vehicle, J Drugs Dermatol 7:28–32, 2008.



15

CHAPTER 4
Wound Healing and 
 Cosmetic Outcome

Key Practice Points

nn All lacerations produce scars.
nn The function of a scar is to repair a wound with collagen, not to restore 
the original appearance of the injured tissue.

nn The tensile or breaking strength of a repaired laceration is only 5% of 
normal skin at the time of suture removal.

nn Final scar appearance and tensile strength are not reached for several 
months.

nn The appearance and size of a scar can vary according to the mechanism 
of injury, anatomic location, wound infection, poor technique, and 
other factors.

nn Visibly embedded grit in the epidermis must be removed to prevent 
permanent tattooing.

nn Sutures can produce permanent marks in the skin if left longer than 7 
to 14 days.

nn Some people can react to wounds by producing excessive, hypertrophic 
or keloid, scars.

nn There are no chemical or surgical methods to eliminate scars.
nn Current research using growth factors has shown that regeneration of 
injured tissue, rather than collagen deposition, may be possible in the 
future.

 

Many of the elements of scar formation are beyond the control of the operator repairing 
a traumatic wound. In contrast to surgical incisions, wounds and lacerations are not 
planned with regard to location, length, depth, or cosmetic concerns. Wounds caused 
at random present a variety of biologic and technical problems that need to be solved 
to produce the best cosmetic outcome. Age, race, body region, skin tension lines, asso-
ciated conditions and diseases, drugs, type of wound, and technical considerations all 
affect scar formation. The choice of repair strategy depends on these and other fac-
tors. Finally, knowledge of the spectrum of wound healing ensures that patients with 
traumatically induced wounds receive the proper advice and counseling. A key biologic 
reality in wound healing is that the wounded tissue is replaced by collagen scar tissue. 
By definition, the scar will look different than uninjured skin. Only recently has tis-
sue regeneration research, studied in the lab, been tried with some success on animals.1 
True scar reduction, or even elimination, may become a valid therapy for lacerations 
and wounds.
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NORMAL WOUND HEALING
Although wound healing is commonly described as a discrete event, it is actually a 
continuum of overlapping phases. For the sake of clarity, these phases are described 
separately and their interrelationships are graphically depicted in Figure 4-1.

Hemostasis
At the moment of injury, several events take place that culminate in rapid hemostasis. 
The traumatic insult causes changes in skin architecture that result in wound edge 
retraction and tissue contraction, which lead to compression of small venules and arte-
rioles. Vessels also undergo intense reflex vasoconstriction for 10 minutes. Platelets 
begin to aggregate in the lumens of the severed vessels and on the exposed wound sur-
faces. The clotting cascade is activated by tissue clotting factors, and within minutes, 
the wound begins to fill with a hemostatic coagulum.

Inflammatory Phase
When hemostasis has been achieved and exudation begins, the inflammatory response 
rapidly follows. The complement system is activated, and chemotactic factors, which 
attract granulocytes to the wound area, are released. These cells are followed shortly by 
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Time of
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Figure 4-1. The various components of wound healing and their time frames.



CHAPTER 4 Wound Healing and Cosmetic Outcome 17

lymphocytes. Peak granulocyte numbers can be found 12 to 24 hours after the injury is 
sustained. The chief function of granulocytes and lymphocytes seems to be the control 
of bacterial growth and the suppression of infection. These cells are aided by immuno-
globulins that are included in the wound exudate. In most simple wounds, granulocyte 
counts diminish markedly after 3 days.

After 24 to 48 hours, macrophages can be detected in large numbers, and by day 5, 
they are the predominant inflammatory cells in the wound area. These cells play a major 
role in the inflammatory responses and in the early fibroblast and collagen formation.

Epithelialization
While the inflammatory response proceeds, epithelial cells undergo morphologic and 
functional changes. Within 12 hours, intact cells at the wound edge begin to form pseu-
dopod-like structures that facilitate cell migration. Replication takes place, and the cells 
begin to move over the wound surface. An advancing layer can be seen traveling over 
the damaged dermis and under the hemostatic coagulum. When these cells reach the 
inner wound area, they begin to meet other advancing epithelial extensions. The origi-
nal cuboidal shape of the epithelial cells is regained, and desmosomal attachments to 
other cells are made. Continued replication eventually reestablishes the normal layers 
of epidermis. After repair of lacerations, initial epithelialization can take place within 
24 to 48 hours, but the architecture and thickness of this layer continually change over 
the months of the wound maturation process.

Neovascularization
The phenomenon of new vessel formation is crucial to wound repair. These vessels replace 
the old injured network and bring oxygen and nutrients to the healing wound. Neovas-
cularization is evident by day 3 and is most active by day 7; this explains the marked ery-
thematous appearance of the wound at the time of suture removal. Vascularity decreases 
rapidly by day 21, with continued regression as the wound matures. New vessels form 
loops of capillaries that are surrounded by actively growing fibroblasts. These two com-
ponents on the wound surface give it the classic appearance referred to as granulation.

Collagen Synthesis
With the establishment of a vascular supply and stimulation by macrophages, fibro-
blasts rapidly undergo mitosis. They begin to produce new collagen fibrils by day 2. 
Peak synthesis occurs between days 5 and 7, and the wound has its greatest collagen 
mass by 3 weeks. By then, the wound is devoid of inflammatory infiltrate and edema.

New collagen is laid down in a random, amorphous pattern. It is a gel with little 
tensile strength. Over the months, however, this gel continually remodels itself, creat-
ing an organized basket-weave pattern that is achieved by the cross-linking of collagen 
fibers. The balance between synthesis and lysis of collagen creates a vulnerable period 
approximately 7 to 10 days after injury, when the wound is most prone to unwanted 
opening or dehiscence. The wound has only 5% of its original tensile strength at 2 weeks 
and 35% at 1 month (Fig. 4-2). Final tensile strength is not achieved for several months.

Wound Contraction and Remodeling
Every wound undergoes scar remodeling over several months. With this remodeling 
comes some degree of wound contraction. It is most pronounced in full-thickness skin 
losses. The scar that forms gradually contracts centripetally over the wound defect 
through the action of specialized fibroblasts called myofibroblasts. Contraction pulls 
normal surrounding skin over the defect. Practically speaking, a properly everted suture 
line contracts to a flat, cosmetically acceptable scar, whereas a wound closed with the 
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edges already inverted forms an unsightly depression in the epidermis that stands out 
because of shadow formation from incident light (see Chapter 10).

As scars remodel, they change in appearance as well. In a study of scar appearance 
at suture removal versus appearance 6 to 9 months later, there was little correlation in 
appearance.2 Patients need to be advised that the final appearance may not be evident 
for 6 months to 1 year after suture removal.

FACTORS AFFECTING COSMETIC OUTCOME (BOX 4-1)
There are numerous biologic and nonbiologic causes of scar and cosmetic outcome. 
In a study of 800 patients, followed for 3 months, who sustained traumatic lacerations 
or were surgically incised, several factors were found to be associated with a subopti-
mal wound appearance.3 These included extremity wounds, wide wounds, incompletely 
apposed wound edges, significant tissue injury, and infection. 3 Below is a more complete 
discussion of the mechanisms and factors that ultimately can affect the cosmetic result.

Mechanism of Injury
The mechanism of injury is important because it is a significant determinant in the 
choice of management technique and in estimating the probability of wound infec-
tion. The injury mechanism also plays a role in scar formation and in the eventual 
cosmetic outcome. The mechanism of injury can be described as three forces that 
are applied to the skin under injury conditions: shearing, tension, and compression 
forces.4,5 Table 4-1 lists the various causes of emergency department wounds and their 
frequency.

Shearing
Shearing injuries, which result in a simple dividing of tissues, are caused by sharp 
objects, such as knives or glass (Fig. 4-3). This mechanism accounts for most lacera-
tions seen in the emergency department.6 The skin is divided traumatically, but little 
energy is imparted to the tissues and minimal cell destruction occurs. These lacerations 
can be repaired primarily (primary intention), and they have a low incidence of wound 
infection. The resulting scar usually is thin and cosmetically acceptable.
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Figure 4-2. Percentage of tensile strength that develops in a wound in the days and months after injury.
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Technical Factors
Inadequate wound preparation
Excessive suture tension
Reactive suture materials
Local anesthetics

Anatomic Factors
Static skin tension
Dynamic skin tension
Pigmented skin
Oily skin
Body region

Associated Conditions and Diseases
Advanced age
Severe alcoholism
Acute uremia
Diabetes
Ehlers-Danlos syndrome
Hypoxia
Severe anemia
Peripheral vascular disease
Malnutrition

Drugs
Corticosteroids
Nonsteroidal antiinflammatory drugs
Penicillamine
Colchicine
Anticoagulants
Antineoplastic agents

 BOX 4-1   Interference with Wound Healing

 TABLE 4-1    Etiology of Traumatic Wounds

Cause of Wound No. of Cases (%)*

Blunt object 417 (42)

Sharp (nonglass) 338 (34)

Glass 133 (13)

Wood 35 (4)

Bites:
Human 5 (1)
Dog 29 (3)
Other 15 (2)

ToTals 972 (99)

*Taken from a study of 1000 wounds. The etiology of the wound was not described in 28 cases.
From Hollander JE, Singer AJ, Valentine S, Henry MC: Wound registry: development and validation, Ann Emerg Med 

25:675–685, 1995.
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Tension
Tension injuries occur as a result of a blunt or semiblunt object striking the skin at a 
glancing angle (Fig. 4-4). Under these conditions, a triangular flap, a partial avulsion, of 
skin often is created. Because the blood supply is interrupted on two sides of the flap, 
ischemia can occur, leading to devitalization and necrosis. The remaining blood vessels 
entering the flap from the base have to be preserved by careful handling and special 
suturing techniques, which are described in Chapter 11. If the flap base is distally based 
(i.e., the flap tip points back against the regional arterial flow), the compromise is even 
greater. The energy necessary to create this type of wound is greater than that caused 
by shearing forces. The combination of potential ischemia and greater cell destruction 
can increase the risk of wound infection. These wounds also tend to lead to greater scar 
formation.

Compression
Crushing or compression injuries occur when a blunt object strikes the skin at right 
angles (Fig. 4-5). These lacerations often have ragged or shredded edges and are accom-
panied by significant devitalization of skin and superficial fascia (subcutaneous tissue). 
Under these conditions, there is increased susceptibility to infection.7 These wounds 
require extensive cleansing, irrigation, and débridement. Despite a meticulous primary 
repair, the resulting scars can be cosmetically poor in appearance.

Figure 4-3. Examples of injuring objects and a resulting laceration caused by shearing forces.
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Wound Infection
The most common and serious complication of wound and laceration repair is infection. 
Because all accidentally induced wounds occur in unsterile conditions, they have to be con-
sidered contaminated with bacteria and debris on arrival to the emergency department. 
The epidermis normally acts as an effective barrier against the penetration of bacteria into 
the deeper layers of the skin and superficial fascia. Any violation of the epidermis pro-
vides a pathway for bacterial invasion. Not only do environmental microorganisms find 
their way into wounds, but also the skin, which is populated with a variety of indigenous 
microflora, can harbor a potentially infective inoculum of pathogenic bacteria.8 Areas of 
the body with high concentrations of bacteria include scalp, perineum, axillae, mouth, feet, 
and nail folds. The trunk and proximal extremities are sparsely populated with bacteria.

A crucial factor in determining whether contaminating bacteria go on to cause an 
established wound infection is the time elapsed from injury to cleansing and repair. It 
has been established that 100,000 (105) bacteria per gram of tissue constitute an infective 
inoculum.6 Wounds with counts less than that number heal without event. If bacterial 
counts are greater than that number, the risk of infection increases manyfold.9 In a series 
of patients studied in an emergency department, it was observed that wounds less than 
2.2 hours old contained 100 (102) bacteria per gram of tissue.10 Wounds that were 3 hours 
old harbored 102 to 106 bacteria per gram of tissue. Wounds more than 5 hours old con-
sistently grew more than 106 bacteria per gram of tissue. Despite experimental support 
for bacterial growth and invasion early after injury, the true clinical significance has not 
been established. It remains prudent, however, to cleanse and irrigate wounds in a timely 
manner. If antibiotics are considered necessary, early administration is appropriate.

Figure 4-4. Example of the mechanism of injury and the resulting flaplike laceration caused by tension forces.
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Technical Factors
Soil, in particular clay, can impair healing in two ways.11 First, the threshold infective 
inoculum is reduced to 102 bacteria, even in the presence of a small amount of dirt.12 
Second, soil and grit of any kind can lead to permanent tattooing if not aggressively 
removed. Consultation with a plastic surgeon may be indicated if wound cleansing 
and débridement cannot eliminate grit that is visibly embedded in the epidermis and 
superficial dermis.

Excessive tension when tying the suture knot created by improper suture technique 
can cause unnecessary wound ischemia.13 Ischemia promotes cellular necrosis with 
greater inflammatory and scarring responses. Deep sutures, undermining, and increas-
ing the number of sutures per laceration are methods that can reduce the danger of 
excessive tension.

Because tissue reactivity and inflammation vary with different suture materials, these 
materials can have differing effects on the healing process.14 Although silk has excellent 
mechanical properties, it has a propensity for causing marked tissue reactivity. Nylon 
and polypropylene are the least reactive of the nonabsorbable materials. Absorbable 
sutures act as foreign material, and excessive numbers can increase the risk of infection 
and may provoke a greater scarring response.15,16 Wound tapes and staples are the least 
reactive of wound closure alternatives and are associated with low infection rates even 
in contaminated wounds.

Experiments have shown that local anesthetics can cause retardation of wound heal-
ing.17 This negative effect is enhanced by increasing concentrations of local anesthetics 
and the use of epinephrine in anesthetic solutions.12 There is no question, however, 

Figure 4-5. Example of the mechanism and result of an injury caused by compression forces.
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that local anesthetics need to be used in wound care. Judicious amounts at the lowest 
concentrations possible are recommended.

Anatomic Factors
Body region and skin tension lines have a significant effect on wound healing, specifi-
cally on final scar morphology (see Chapter 3). Wounds over the anterior thorax or the 
extremities heal with the most evident scars, whereas wounds of the eyelid heal with the 
least obvious scars. Pigmented and oily skin also tends to heal with greater scar forma-
tion than fairer, less oily skin.

Associated Conditions and Diseases
Several conditions and diseases cause an alteration in wound healing. Advanced age has 
been implicated in slower healing of wounds.18 If an older patient is basically healthy, 
however, normal healing and scar formation ultimately take place.19 Wound healing 
can be retarded in a patient with chronic alcoholism who has advanced liver disease and 
impaired protein synthesis. Acute uremia has long been thought to impede healing.20 In 
patients with uremia, there is an inhibition of fibroblast growth and a decrease in tensile 
strength during wound healing. Patients with diabetes also have numerous problems with 
wound healing.21 Not only do they have an increased chance of wound infection, but also 
there is retardation of neovascularization and collagen synthesis. A rare disease that causes 
problems with collagen formation and wound healing is Ehlers-Danlos syndrome.22

Any condition that leads to failure of oxygen and nutrient delivery to the wound 
profoundly affects wound healing.23 Shock, severe anemia, peripheral vascular disease, 
and malnutrition all fall into this category. Patients with severe underlying diseases, 
such as advanced cancer, hepatic failure, and severe cardiovascular disease, are subject 
to poor wound healing. Victims of major trauma, particularly individuals who have 
undergone prolonged shock and complicated resuscitations, also are at risk for poor 
wound healing.

Drugs
Numerous drugs and pharmacologic preparations alter wound healing.24 Drugs that 
seem to have negative effects include corticosteroids, nonsteroidal antiinflammatory 
drugs (aspirin, phenylbutazone), penicillamine, colchicine, anticoagulants, and anti-
neoplastic agents. Of these drugs, corticosteroids have the most profound effect on 
healing and interfere with the process at many points. They adversely alter the inflam-
matory response, fibroblast activity, neovascularization, and epithelialization. Non-
steroidal antiinflammatory drugs depress the normal inflammatory response and can 
decrease overall wound tensile strength. Anticoagulants and aspirin increase the possi-
bility of wound hematoma formation with subsequent delays in healing time. Although 
in theory antineoplastic agents would be expected to inhibit wound healing, in actual 
practice it is not clear that they do so in a clinically significant manner.

Vitamins C and A, zinc sulfate, and anabolic steroids have a generally positive effect 
on wound repair.25 Vitamin C deficiency profoundly impairs collagen formation, but 
normal synthesis can be restored with administration of ascorbic acid. Vitamin A and 
anabolic steroids are able to reverse corticosteroid-induced suppression of the inflam-
matory response. Zinc deficiency seems to play a role in slowing the healing process. 
Correction of the deficiency reverses that effect. Use of zinc ointments in non–zinc-
deficient patients can cause a cross-linking failure during collagen maturation.25 
Experimental evidence that zinc sulfate can retard wound contraction supports this 
observation.25
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SUTURE MARKS
Skin suture marks can be an unsightly and unnecessary complication of laceration 
repair. There are several causes of suture marks, some within and some out of the con-
trol of the operator.26 The causes are as follows:
 •  Skin type: Some areas of the skin, including the skin of the back, chest, upper arms, 

and lower extremities, are more prone to retaining suture marks than others. On the 
face, skin of the lower third of the nose and cheeks adjacent to the nasal alae also is 
vulnerable. Suture marks are unusual on the eyelids, palms of the hands, and soles of 
the feet.

 •  Keloid tendency: Keloid formers have a higher risk of suture mark formation.
 •  Suture tension: Excessive suture tension during knot tying can cause tissue constric-

tion, which increases the risk for larger, more obvious suture marks.
 •  Stitch abscess: Occasionally a small abscess forms adjacent to the suture itself. Because 

suture material is a foreign body, the risk of abscess formation, although small, is 
inherent. Silk and braided sutures are more likely to provoke an inflammatory 
response at the suture site than monofilament nylon or metallic staples.13

 •  Duration sutures left in place: Sutures remaining in place for 14 days or longer uni-
formly leave behind suture marks.26 By 14 days, epithelialization of the suture track 
occurs, and a permanent epithelial “plug” is left behind. Conversely, no suture marks 
remain if sutures are removed before 7 days. The period between 7 and 14 days is less 
predictable with regard to retention and permanency of suture marks. These findings 
are independent of needle type or suture size.

KELOID AND HYPERTROPHIC SCARS
A keloid is an inappropriate accumulation of scar tissue that originates from a wound 
and extends beyond its original boundaries (Fig. 4-6). Keloids are more common in 
blacks but can occur in darkly pigmented skin areas of people of different races. These 
scars more commonly tend to be located on the ears, upper extremities, lower abdomen, 
and sternum. Eventual outcome and treatment depend on early recognition of keloid 
formation and prompt therapy.

Hypertrophic scars also have excessive bulk, but in contrast to keloids, they are con-
fined to the original borders of the wound (Fig. 4-7). They tend to occur in areas of tis-
sue stress, such as flexion creases across joints. The cause of this excessive scar response 
is not known. Physical therapy and splinting can be used during healing in patients 
who have a history of hypertrophic scarring. Interventions to minimize these abnormal 
scar formations are discussed in the next section on scar management and revision.

SCAR MANAGEMENT AND REVISION
Currently, there is no chemical or surgical intervention that can eliminate scars. There 
are many ointments, dressings, vitamins, and herbal preparations that have been used 
to reduce scar size, color, and symptoms such as itching.27 To date, the small number 
of clinical trials to compare these products has not shown a clear advantage of one 
product over another. 27 In the small but significant number of cases where the scar is 
unsightly after several months, there are many surgical and nonsurgical techniques to 
modify that result. Z-plasty and dermabrasion are surgical interventions that have been 
shown to alter scar appearance effectively and favorably.28,29

At the time of wounding, it is important to identify patients who have a history 
of keloid or hypertrophic scar formation. For these patients, interventions need to be 
started shortly after the initial repair. Nonsurgical techniques include cryotherapy, 
pressure dressings, radiation therapy, and antimitotics.30 Other techniques shown to 
be effective for these patients are laser therapy and intralesional corticosteroids.30,31 
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Figure 4-6. Example of a keloid scar. The scar extends beyond the margins of the original wound.

Figure 4-7. Example of a hypertrophic scar. The scar remains confined to the original borders of the 
wound.
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These patients need to be referred to specialists skilled in these therapies during the 
initial phases of wound healing.

In the future, regenerative therapy may replace traditional scar formation as a true 
advance in wound healing and cosmetic outcome.
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Diagram I 

FICA. I and 2. On the left side of each figure the lines shown are from an adult cadaver; those on the right 
side are from the cadaver of a 2:-year-old boy. 

FIGS. II and 12. The lines on the hand of an adult. 

FIG. 13. A variant pattern from another adult hand drawn more diagrammatically; 

Diagram 2 

FIG. 1. The pattern of lines on an adult head and neck. 

FIG. 5. The lines on the head of a neonate drawn diagrammatically. (Cadavers of the newborn make good 
controls because they provide more regular clefts and the soft underlaying bones give little hindrance to the 

penetration of the awl.) 

FIGS. 7 and 8. Taken from a thin adult cadaver. 

FIGS. 9 and IO. From another adult showing variations in the pattern of the lines and drawn more diagram- 
matically. 

Diagram 3 

FIGS. 14, 15, IX, 19, and 20. The patterns of lines on the leg and foot taken from adult cadavers. 

l;IGs. 16 and 17. Variations in the pattern drawn diagrammatically from the cadaver of a 3-year-old child. 





















































RELAXED SKIN TENSION LINES, Z-PLASTIES ON SCARS, 
AND FUSIFORM EXCISION OF LESIONS 

By ALBgRTO F. BORGES, M.D., and JOHN E. ALEXANDER, M.D. 
Falls Church, Virginia 

Prom the Departments of Plastic and Reconstructive Surgery, Arlington Hospital, 
National Orthopaedic and Rehabilitation Hospital, and Fairfax County Hospital 

IT is a well-known fact that the more a scar follows the relaxed skin tension lines 
(RSTL), commonly known as the "lines of skin tensio~l," the better a cosmetic 
and functional result is achieved. In this lies the paramount importance of a 
careful Study of these lines. I f  in a certain case, in a certain area, an antitension 
line scar gives a fair or even good cosmetic result, that would not preclude the 
above statement, since in that same area in that particular case a scar that had 
followed the RSTL would have been even better (Borges, 196o) .... 

Tension is the force that causes, or tends to cause, extension. In the case 
of  the skin, skin tension is the force that causes widening of a scar ; the force that 
makes a linear incision gape more widely if it is transverse to it than when it is 
aligned with it. 

The RSTL correspond to the directional pull which exists in the skin in an 
area in repose determined largely by the protrusion of the underlying bone and 
cartilage producing a tent-like effect. In Figs. I and 2 the "lines " of relaxed 
skin tension have been drawn. Actually these " lines " do not exist; it is the 
direction they convey which should be considered, therefore there is no set number 
of "lines " or separation between them. It is the constant tension, even during 
sleep, in a certain direction on the skin, only disturbed (increased, decreased, or 
abolished) temporarily by muscle contraction or any other extraneous force. I f  
we were to fillet or bone a head, the skin tension would disappear with the 
shrinking, whereas the "wrinkle lines " would persist. The RSTL are similar 
to the wrinkle lines in most instances but not always. The latter are influenced to 
a great extent by muscle pull, and muscle pull may accentuate the RSTL by 
relaxing the skin perpendicularly to them, but may produce folds which do not 
follow faithfully the RSTL or which even cut across them perpendicularly 
(Figs. 3, 4, 5, and 6) (Kraissl, I95I ). 

The strong facial lines that are visible in the display of emotion as expressed 
by facial grimaces are also produced by muscle pull and may or may not follow 
the RSTL. 

Langer's lines of skin tension are important only from a historical point of 
view. They do represent the lines of skin tension in a body with rigor mortis. 
They would also be the lines of skin tension if a living person was lying similarly 
to a corpse and contracting similar muscles. I f  the elbow of a cadaver were flexed 
and Langer's experiment (behaviour of punctured wounds) carried out, the lines 
of tension would not be longitudinal, as Langer pointed out, in th isarea  but 
transverse, as they normally would be in a living subject in a position of relaxation. 
This is the reason why we have named these lines the "relaxed skin tension lines " 
and not simply the "lines of skin tension," since the skin as any other pliable 
substance will form wrinkles depending on the direction of the pull applied, 
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whether it be muscle contraction, rotation of  a joint, pinching, or any other force, 
but will follow only one specific direction, the RSTL, if it be placed in a relaxed 
attitude (Webster, 1935; McGregor, 196o). 

FIGS. I to 6 

Fig. I .--Lateral view of face showing the direction of skin tension of areas in repose. 
Notice the obliquely downward direction at the temporal region, the transverse direction 

at the nasal dorsum, and the almost vertical direction at the cheek. 
Fig. ~.--Frontal view of face with relaxed skin tension lines (RSTL) drawn over it. 
Notice the oblique direction of tension at the medial end of eyebrow and almost 

vertical direction of lines at upper and lower lips. 
Fig. 3.--BY forceful closure of eyelids it is easy to obtain skin wrinkles which do not 

follow the RSTL at the temporal region and at the dorsum of nose. 
Fig. 4 . - - In  the act of crying, transverse expression wrinkles are formed at the lower 

lip which cross perpendicularly the RSTL.  
Fig. 5.--Muscle contraction when squinting creates vertical wrinkles in forehead 

which do not follow the RSTL. 
Fig. 6.--Solid lines show the direction of the R S T L  on the palm of the hand; dotted 
lines show the wrinkles that can be formed by hyperextending the thumb and flexing 
the fingers at the metacarpo-phalangeal joints giving wrong lines produced by 

joint mobilisation. 

The RSTL are very much the same in all individuals. This force is constant 
while the area is in repose in contradistinction to the skin tensions obtained during 
expressions or any muscle pull which are sporadic and temporary. It is a common 
error among plastic surgeons to identify them as the wrinkle lines in some old 
persons, the creases formed by contracting certain muscles, or the folds obtained 
by certain expressions. 



244 BRITISH JOURNAL OF PLASTIC SURGERY 

Let us consider certain areas where the RSTL do not coincide with the creases 
formed by muscle contraction. The vertical lines on the forehead in Fig. 5, the 
oblique lines on the nose and the upper portion of the fanned-out lines which 
originates from the lateral palpebral commissure in Fig. 3 do not follow the RSTL. 
The  muscle contraction during the crying expression originates lines below the 
lips which (Fig. 4) do not follow the RSTL. 

The relaxed skin tension lines can be found by relaxing the skin of a region 
either by a certain muscle pull, ioint mobilisation, or, better still, by passive 
manipulation. Typical examples of muscle pull are the vertical contraction of the 
frontalis muscle to obtain the RSTL on the forehead. By flexing the elbow 

FIGS. 7 and 8 

Fig. 7 . - -By relaxing the skin of an area, by muscle contraction, articular movements 
or pinching, as shown in this photograph, numerous  and deep wrinkles which 

fan out on each side in a similar fashion are formed ; these follow the RSTL.  

Fig. 8.--Pinching of skin in a different direction from Fig. 7 gives rise to S-shaped 
wrinkles which are not the RSTL.  

(joint mobilisation) we will find the transverse RSTL on the anterior elbow region ; 
by extending the elbow we will find the RSTL on the posterior elbow region. 
Twisting of skin by force or by rotating a joint gives false RSTL. An example 
o f  this we find in the nape of the neck or in the thenar region (Fig. 6). 

By "passive manipulation" is meant the ridges and furrows that are formed 
i f  we relax the skin of an area by slight pinching with the index finger and thumb 
(Fig. 7). Moreover, these ridges and furrows so produced tend to extend outwards 
for a greater distance than if we applied the force in the opposite direction ; they 
tend to follow the same direction on each side of the pinching, whereas if we 
performed it obliquely we would obtain an S-shaped pattern (Fig. 8). 

When pathological distortion of the skin occurs, either by cicatricial 
contractions or underlying tumours, the direction of the RSTL should be 
determined from the opposite normal side if possible or, if not, then by the use 
o f  a normal individual. 

When the direction of the RSTL for a given region is described, care should 
be taken to specify the plane and the side from which it is seen. For example, 
the RSTL of the supraclavicular region, between the shoulder and the neck, if  
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seen or photographed from in front might be erroneously described as " vertical" 
when in reality they are very nearly "hor izonta l"  if seen or photographed from 
the side. 

Notably vertical are the R S T L  at the cheek, lips, back, and the interdigital 
spaces. 

Body apertures (mouth, ear canal, nose, anus, vagina) have the R S T L  going 
perpendicularly or radially from their centres. The mouth commissure extends 
transversely but only for a very short distance. Since a scar is composed of rigid 
tissue, k would be unsightly and would interfere with function if placed circularly 
to follow the curve of  an aperture and thus cross the RSTL.  The palpebral fissure 
is an exception to this rule in that the R S T L  are perpendicular to its centre only 

I :::::::::::::::::::::::: ...... 
~::;i.! ~ ~i::~i:::::: i: ~ s 

B 

FIG. 9 

The planned 6o-degree angle Z-plasty over perpendicular antitension line 
scar AB on the left would make flaps which, when transposed~ would create 
the three connecting scars on the r ight:  one that follows correctly the 
RSTL and two which run obliquely, thus being superior msthetically to 

scar AB. 

at the commissures but  otherwise are parallel to the eyelid's free margin. A 
tentative explanation would be that in this aperture the skin has been held firm at 
both commissures by the palpebral ligaments and between these two points it has 
been stretched during embryological development by the eyeball, its underlying 
structure. 

Z-plastics to Improve Scars that do not follow the R S T L . - - T h e  use of Z-plastics 
to correct webbed deformities (webbed neck, webbed axilla, etc.) has been well 
studied and understood, and we will therefore limit this study to the use of  
Z-plastics to improve the cosmetic appearance of any linear scar that does not 
follow faithfully the RSTL,  that is, an unmsthetic scar. 

In making a " Z " all three lines should be of equal length. In case of doubt 
a caliper should be used. It should be noted that the centre line of a perfect 
letter " N "  or " Z " is longer than its limbs, thus it is not correct. 

One Z-plasty, with 6o-degree angles, improves only those antitension line 
scars which run perpendicular or almost perpendicular to the RSTL. It converts 
a perpendicular antitension line scar (with widening and hypertrophic tendency) 
into three scars: one that follows well the RSTL,  and two that run obliquely 
(Fig. 9). On the other hand, in oblique, slanting antitension line scars two or 
more Zs should be performed, since only one Z would just transform a Z into a 
reversed Z or vice versa, thus making the new scar follow a different direction 
but just as bad a direction from the RSTL point of view (Fig. IO). 
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The principal advantage of two small Z's over only one large Z in slanting 
antitension line scars is that it converts one long antitension line scar into two 
smaller antitension line scars which are separated by normal tissues and united 
only by scars following the RSTL. Normal skin separating small scars breaks 
up the rigid, unyielding contraction that one single long scar would have 

C A 

FIG. I0 

Only one Z-plasty, with angles less than 60 degrees over the entire length 
of an oblique scar, would change its direction but  would not improve its 

angle of deviation from the RSTL.  

Q . . . . .  A e A 

FIG. I I 

Two or more Z-plasties improve an oblique scar by  converting a long rigid 
scar into two smaller ones separated by normal tissue and only united by 

scars which follow the RSTL.  

J 
• 

FIG. I2 

0n ly  one Z-plasty placed within a long scar improves it by relaxing the 
straight rigid tension between its most distal points and by subdividing it 
into three smaller scars separated by normal tissue and running in different 

directions. 

( F i g .  I I ) ,  0nly one Z-plasty whose centre line does not cover the entire length 
of a scar would improve it by also breaking up the pull of a long scar and by 
lengthening, thus relaxing the scars so obtained (Fig. I2). 

In all Z-plasties increase in length is achieved at the expense of the tissue on 
each side. Consecutive Z's or multiple successive Z's have the advantage over 
a single Z in that they spread the lateral tension over several centre lines or 
transverse diagonals (see arrows in Fig. I I ) ;  the greater the number of Z's the 
more diffuse is the spread. Nevertheless, from a cosmetic standpoint there is a 
limit and disadvantage of a great number of Z's in multiple consecutive Z's. 
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A scar that crosses the relaxed skin tension lines perpendicularly ( a "  perfect" 
antitension line scar) can be improved by either a Z or a reversed Z. In all other 
oblique scars the direction and angles of the limbs are very important points 
which can be dealt with together if  we follow the simple rule : "Have  the limbs 
follow the RSTL."  In other words, if the scar is not too far from the RSTL,  then 

/ J 
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. . . .  j 
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FIG. 13 

Once the flaps of a planned Z-plasty (A) whose limbs follow the RSTL are 
transposed, a reversed Z is obtained whose limbs also follow the RSTL ; 
but if they are cut in the opposite direction (B) the resulting Z would cut 

across the RSTL.  

FIG. 14 

A small scar which very closely follows the RSTL would be improved by 
excising it within a fusiform piece of skin whose main axis follows the RSTL.  

the limbs would have very acute angles ; the more its direction differs from the 
RSTL, the greater will be the angle formed. This rule holds true up to the 
moment an angle reaches 60 degrees. Because of the difficulty in moving Z-plasty 
flaps over 6o-degree angles and the too extensive elongation of the region in one 
direction at the expense of the other, Z-plasties should not be done with limbs 
over 6o degrees away from the centre line. Whether to use a Z, a reversed Z, 
an N or a reversed N type of incision would automatically be evident by the 
previous rule. I f  a Z is correctly used to repair a scar in a given direction on one 
side of the face, a reversed Z would be correct to repair a scar with similar 
direction on the other side of the face. Incorrectly placed limbs of a Z-plasty 
would result in three antitension line scars, as shown in Fig. I3. 

In a small scar that very closely but not exactly follows the RSTL, the flaps 
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of the Z would have such acute angles that they would be very difficult to handle 
and would have precarious circulation. In such an event it is better to excise it 
within a fusiform piece of tissue (Fig. 14). 

The Use of Z-plasties on Circular and U-shaped Scars.--A circular scar could 
be considered as two U-shaped scars put together, so let us only study the 
U-shaped scar placed perpendicularly or parallel to the RSTL. Vertical 

a 

o  iii:iiii i!i: .... 

f "::: 

C !::i!:'! )~'" 

e 

FIG. 15 

A vertically placed U-shaped scar could be improved in the following 
fashion : fusiform excision at a and e ; two Z-plasdes with limbs following 
the R S T L  at b and d ; and one 6o-degree angle Z-plasty at G the point of 

greatest tension. 

_ . b ::~!!.i~ ~: 

FIG. 16 

Horizontally placed U-shaped scar could be improved by two 6o-degree 
angle Z-plasties (a and e) ; two Z-plasties with limbs following the RSTL 

(b and d) and fusiform excision of its central portion at c. 

U-shaped scars could be subdivided into five components and treated accordingly 
(Fig. 15): a and e, the portions that most closely follow the direction of the 
RSTL,  could form part of a fusiform excision ; b and d, obliquely situated 
in relation to the RSTL,  are corrected with Z-plasties whose limbs follow the 
R S T L ;  and c, which runs perpendicular to the RSTL,  is corrected with a 
Z-plasty whose limbs are 6o degrees away from the centre line. A horizontal 
U-shaped scar is corrected in a similar manner ; its technique is clearly seen in 
Fig. 16. 

Correction of Antitension Line Scar to or including the Eyebrow.--This can be 
achieved by two techniques, either a W-plasty or a Z-plasty technique (Figs. 
19. to 23). When this problem arises, the advantages of the W-plasty over the 
Z-plasty lies in the fact that the W-plasty can be done in one operation and that 
all its limbs follow the R S T L  more closely than the worst limbs of the Z-plasty ; 
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the advantage of the Z-plasty over the W-plasty is that its lines are larger than 
the W-plasty (Borges, 1959).. 

When a skin tumour is excised on the eyebrow, the Z-plasty technique in 

FIGS. 17 and 18 

Antitension line scars corrected with Z-plasties, using 
technique described in text. 

FIGS. 19 to 21 

Antitension line scar on forehead corrected by the W-plasty technique. 

Fig. 24 could be used in order not to create a large unmsthetic antitension line 
scar. 

In treating parallel scars, each scar should be operated on separately because 
of the danger of necrosis at the tips of the flaps if  both scars are done at the same 
time (Fig. 25). 

Fusiform Excision of Lesions.--All plastic surgeons might not agree on the true 
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FIG. 22 
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FIG. 23 

Figs. 22 and 23 .~A long antitension line scar, especially if situated on the 
forehead, could be improved in one operation by the W-plasty technique 
with a Z-plasty at its upper end or by two continuous Z-plastics with a 
secondary revision (fusiform excision) to reduce the extent of downward 

displacement of tissue. 

FIG. 24 

A lesion on the eyebrow can be excised by including it in an oblique fusiform 
excision and Z-plastics at its hairless portions. 

FIG. 25 

Close-by parallel antitension scars have to be corrected in two operations 
because of circulatory difficulties of flaps if done in only one operation. 
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Correct: 
A 

B 

J ~  

¢ 

|ncorrect: 

D 
P 

E 

FIG, 26 

In diagrams A, B, and C are shown three correct techniques in fusiform 
excision of tissues. Notice how the resulting scars follow more closely the 

R S T L  than the curvilinear post-operative scars in D and E. 
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direction of  the R S T L ,  but  they do agree that the more a linear scar follows them 
the better a cosmetic result is obtained. Surgical incisions to gain access to 
subcutaneous structures should follow these lines exactly or as nearly exact as 
possible. In  fusiform excision we have a different problem, since we have a loss 
o f  skin. T h e  direction the scalpel takes in tapering at each end is important  i f  
we are aiming at a fine scar, at a scar that is in accord with the R S T L .  T h e  ideal 

, I  "J 

FIG. 27 
Two crescent-shaped fusiform excisions can be used to advantage in 
blepharochalasis. This would give a curved post-operative scar that very 

closely follows the RSTL.  

m 

1[ j 

FIG. 28 
The defect left by a fusiform excision of skin whose long axis follows the 
RSTL (A) has also a straight spindle-shaped form ; if done obliquely (B) 

to the RSTL it takes more the shape of an S-shaped defect. 

scar, in most cases, would be one with a very slight curve on it, but  f rom a 
technical and practical point of  view, with few exceptions, this is not possible ; a 
straight scar is the best alternative. 

A curved scar might be obtained i f  the fusiform excision is done in a 
crescent-shaped fashion or i f  the inner or concave edge is modified in such a way 
as to make its length equal to its convex edge. In  either case one or both ends 
of  this curved scar will cut across a greater number  of  R S T L .  Th e  diagrams in 
Fig. 26 illustrate these eventualities. 

The re  is an exception to this concept of  a straight or nearly straight fusiform 
excision to obtain good R S T L  scars when skin is being removed in the t reatment  
of  blepharochalasis of  lower eyelids. Here  one may unite two crescent-shaped 
excisions in such a fashion as to place the ensuing scar in the normal R S T L  
(Fig. 27). 

Whether  one has or has not followed the R S T L  in excising a fusiform piece 
o f  skin will become apparent by the shape taken by the edges of  the defect (Fig. 28). 
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In excising two nearby lesions, an attempt should not be made to include both 
of  them in one fusiform-shaped excision unless they are very close together or 
both follow the same RSTL.  The diagrams in Fig. 29 show the correct and the 
incorrect techniques in different eventualities. 

Correct: Incorrect: 
RSTL 

<:2K  

D 

FIG. 29 

Small nearby lesions should be excised in such a way 
that the  ensuing scar follows the R S T L  even if two 

separate excisions have to be performed. 

CONCLUSIONS 

The relaxed skin tension lines (RSTL) are the direction of  constant tension 
in the skin while in repose and do not always coincide with the wrinkle lines, the 
lines of expression, or the ridges and furrows formed by muscle contraction or 
articular movements. 

Z-plasty and W-plasty techniques should be used to improve antitension 
line scars. W-plasty should specially be used in long antitension line scar of  the 
forehead. 

In most instances two or more Z-plasties are superior to only one Z-plasty 
in scar revision. 

Scars 6o degrees or more away from the R S T L  should be corrected by 
Z-plasties or reversed Z-plasties, whose limbs lie 6o degrees away from the centre 
line. 
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Scars that lie less than 60 degrees away from the RSTL should be corrected 
by Z-ptasties whose limbs fall on the RSTL.  

Small skin lesions should be excised by including them in a fusiform piece of  
skin whose long axis is a straight line that follows the direction of the RSTL.  

SUMMARY 

The direction of the tension which exists on the skin while in the state of repose, 
known erroneously by many as Langer's lines, should be more accurately named 
"relaxed skin tension lines " (RSTL). The reason for this name, the actual 
direction they follow, and the great importance they bear in the a~sthetic appearance 
of a scar are stated. 

The reasons, advantages, and disadvantages for the number, angles, size, and 
direction of Z-plasties to improve an unmsthetic antitension line scar are discussed. 

The surgical techniques used in scars at the eyebrow area are shown in detail ; 
these include W-plasty and Z-plasty techniques. 

The correct techniques which should be used in fusiform excision of a single 
lesion or two nearby lesions are graphically explained. 
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Abstract: This paper attempted to revisit the skin lines in forehead
and glabellar area.

Using PubMed, Scopus, and Google, papers describing skin
tension lines of face were searched. Papers with illustrations or
pictures of the facial lines were selected and reviewed. The studies
of the skin lines in the forehead and glabellar area were analyzed.

Langer used the term ‘‘cleavage of the cutis, anatomical lines.’’
Over the forehead, he found a border zone of horizontal folds that
were interrupted many times by the ascending folds coming from
the flabella area. Cox used the terms ‘‘cleavage lines of the skin’’
and ‘‘lines of increased tension.’’ In the glabellar area, cleavage
lines were vertical and extended to the forehead. Rubin used the
term ‘‘skin line.’’ In the midline area over the nose, the skin
wrinkled vertically. Kraissl used the term ‘‘normal wrinkle line.’’
Above the nose, ‘‘curving vertical lines’’ were observed. Straith
et al used the terms ‘‘normal tension line,’’ and ‘‘Langer line.’’ In
the glabellar area, the horizontal lines from the upper eyelids
became ‘‘curved vertically’’ until meeting the supra-brow horizon-
tal line. Borges used the term ‘‘relaxed skin tension line.’’ At the
medial end of the eyebrow, his relaxed skin tension line ran
obliquely upward and medially, to meet the contralateral line.
Namikawa et al used the term ‘‘cleavage lines of the skin.’’ It
ran mediosuperiorly to inferolaterally, bordering the linea mediana
anterior in glabellar area.

Following the consensus of most authors, a curved vertical line
following the glabellar frown is recommended for incisions for
flaps or grafts.

Key Words: Cicatrix, skin aging, surgical wound
(J Craniofac Surg 2018;29: 209–211)

urgeons have long searched for ideal guidelines to use for
Smaking elective incisions with less visible scars. Since Langer
made a diagram and provided explanations derived from his
cadaveric experiment (Langer lines), several modifications have
been introduced. Currently, Borges relaxed skin tension line
(RSTL) and Kraissl ‘‘normal wrinkle line’’ are the most frequently
used guidelines for the face and body, respectively.1–3
In the glabellar area, there have been disagreements among the
recommended lines for incision or excision.4–6 Discrepancies in the
recommended incision line in the glabellar area induce confusion in
scar revisions, as well as filler or botulinum toxin injections.
Moreover, few papers have investigated the origin and eponyms
of these lines in a historical perspective, despite their common
usage.

This paper attempted to review the history of the study of the
skin lines in the forehead and glabellar area.

METHODS
Using PubMed, Scopus, and Google, we searched for papers
describing skin tension lines of the face. Papers with illustrations
or pictures of the facial lines were selected and reviewed. Through
an examination of the discussion sections and references of the
papers, the history of the study of the skin lines in the forehead and
glabellar area was assessed, and different analyses were compared.

RESULTS
Seven authors published papers that have diagrams or pictures of
the facial lines. Each author used different terms of the skin lines.
The most frequently used term was ‘‘cleavage line’’ (3 authors). In
the glabellar area, most authors (6 authors) described curved
vertical or vertical lines (Table 1).

Karl Langer (1861, Vienna): Cleavage of the
Cutis, Anatomical Lines

Langer placed stab wounds in different areas of the body in
specimens of a fairly large number of different ages and condi-
tions.7–10 In the flabella area (fan, the base of which lies between the
eyebrows, converges from the medial angle of the eyes toward the
middle, and ascends vertically from the root of the nose toward the
head between those 2 angles of the eyes, glabellar area), there was
sometimes a short area where those folds ran horizontally directly
above the root of the nose. Over the forehead, he found a border zone
of horizontal folds that were interrupted many times by the ascending
folds coming from the root of the nose (Fig. 1A). The lines in this area
were not very definite, especially in adults. These folds sometimes ran
horizontally and sometimes in an ascending fashion.

Cox (1941, Manchester): Cleavage Lines of the
Skin, Lines of Increased Tension

Using different parts of 28 bodies, Cox pierced the skin with a
metal-pointed wooden marline-spike (point diameter 3/8 inch), and
took pictures.11 He cited 8 previous studies, including Langer.7–10

In his Figure 203, the cleavage lines were horizontal in the
supraorbital area. In the glabellar area between the eyebrows, the
cleavage lines were vertical and extended to the forehead (Fig. 1B).

Leonard Rubin (1948, New York): Skin Lines
Rubin examined 100 faces for ‘‘facial skin lines.’’ Using a pad

impregnated with a colorless chemical, skin ridges were imprinted
ion of this article is prohibited.
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TABLE 1. Skin Lines in the Glabellar Area According to Authors

Author Langer Cox Rubin Kraissl Straith Borges Namikawa

Year 1861 1941 1948 1951 1961 1962 1986

City Vienna Manchester NY NY, NJ Detroit VA Nagoya

Line Cleavage of the cutis,
anatomical lines

Cleavage line, line of
increased tension

Skin line Normal wrinkle line Normal tension line,
Langer line

Relaxed skin
tension line

Cleavage line

Number A fairly large number 28 100 1 N/M N/M 6

Material Cadavers Bodies Faces Old man N/M Living subject Cadavers

Method Stab wound Pierced with
spike (3/8 in)

imprinted
with chemical

Photography Followed Langer line Pinching Pierced the skin
with awl (5mm)

Line in glabella Go vertically up Vertical Wrinkled
vertically

Curving
vertical lines

Curved
vertically

Mainly
transverse

Mediosuperiorly to
lateroinferiorly

Cause Corrugator Corrugator

N/M, not mentioned; NJ, New Jersey; NY, New York; VA, Virginia.
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on sensitized paper.6 In the forehead, the skin lines were horizontal.
In the midline area over the nose (glabellar area), the skin was
wrinkled vertically because of the corrugator supercilii (Fig. 1C).
He acknowledged Langer’s work.

Cornelius Kraissl (1951, New York and NJ):
Normal Wrinkle Lines

Kraissl took a photograph of an old man showing excellent
pattern of wrinkles at the Veterans Administration Hospital, Bronx,
and made an exaggerated drawing, which was transferred onto a
drawing of the muscles of facial expression.2 The lowest supraor-
bital wrinkle lines, which were caused by insertion of the frontalis
into the lower forehead skin, were horizontal. Above the nose
(glabellar area), ‘‘curving vertical lines’’ were observed due to
the insertion of the corrugator supercilii into the skin (Fig. 1D). He
cited 24 previous studies, including Langer, Cox, and Rubin.6–11

Richard Straith (1961, Detroit): Normal Tension
Line, Langer Line

In his operative technique of subcuticular sutures, he empha-
sized that skin incisions should be made in the ‘‘normal tension
line’’ known as Langer line. He presented a very nice drawing of
rized reproduction of this article is prohibited.

FIGURE 1. Skin lines of the face. (A) Langer anatomical lines in the skin of the
adult head. Reproduced from Langer K. Zur Anatomie und Physiologie der Haut.
Über die Spaltbarkeit der Cutis. Sitzungsbericht der Mathematisch-
naturwissenschaftlichen Classe der Wiener Kaiserlichen Academie der
Wissenschaften Abt. 1861, 44. (B) Cox cleavage lines. Reproduced from Cox
HT. The cleavage lines of the skin. Br J Surg. 1941;29:234–240. (C) Rubin facial
skin lines compared with facial muscles. These lines are created by the resultant
contraction of the underlying muscle. This chart will vary for individuals.
Variation is due to different muscle pull intensities. Reproduced from Rubin LR.
Langers lines and facial scars. Plast Reconstr Surg. 1948;3:147–55. (D) Kraissl
normal wrinkle line. The black lines in this figure are tracings of the wrinkles
shown superimposed upon the muscles of facial expression. Note that these
wrinkle lines lie uniformly at right angles to the direction of contraction of the
muscles. Reproduced from Kraissl CJ. The selection of appropriate lines for
elective surgical incisions. Plast Reconstr Surg (1946). 1951;8:1–28. (E) Straith
normal tension line (Langer line), showing the direction of ideal excisions.
Reproduced from Straith RF, Lawson JM, Hipps CJ. The Subcuticular Suture.
Postgrad Med. 1961;29:164–173. (F and G) Borger relaxed skin tension line
(RSTL). (F) Lateral view of face showing the direction of the skin tension in
repose. (G) Frontal view of the face with RSTL drawn over it. Reproduced from
Borges AF, Alexander JE. Relaxed skin tension lines, Z-plasties on scars, and
fusiform excision of lesions. Br J Plast Surg. 1962;15:242–54. (H) Namikawa
cleavage line. The cleavage lines were horizontal in other areas of the forehead
than glabellar area. The cleavage lines run mediosuperiorly to inferolaterally,
bordering the linea mediana anterior in glabellar area. Reproduced from
Namikawa A, Sakai H, Motegi K, Oka T. Cleavage lines of the skin. Bibl Anat.
1986;27:1–60.
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lines in a 3-quarter view picture (Fig. 1E). He titled this picture
‘‘Langer line, showing the direction of ideal excisions.’’5 In his
drawing, the forehead lines were horizontal. In the glabellar area,
the horizontal lines from the upper eyelids became ‘‘curved verti-
cally’’ until meeting the supra-brow horizontal line.

Alberto Borges (1962, VA): Relaxed Skin
Tension Line (RSTL)

Borges used the term ‘‘RSTL’’ for the first time in his paper
published in 1962.1 Although he cited his previous papers published
in 1959 and 1960,12,13 no related content was found in those papers.
He wrote that the RSTL corresponded to the directional pull that
exists in an area of the skin, in a response determined largely by the
protrusion of the underlying bone and cartilage, producing a tent-
like effect. He believed that RSTLs are similar to wrinkle lines in
most instances but not always, since wrinkle lines are influenced by
muscle pulling, which accentuates the RSTL, but may not follow
the RSTL or even cut across it. For this theory, Borges cited Kraissl;
however, Kraissl did not use the RSTL or describe the same concept
in 1951.2 At the medial end of the eyebrow, he drew the RSTL
obliquely upward and medially, to meet the contralateral line
(Fig. 1F and G). Borges’ original figures are very similar to those
of Straith;5 however, Borges did not cite Straith’s paper. Later, in
his book (1973), Borges wrote that the RSTL in the glabellar area is
mainly transverse.14

Archika Namikawa (1986, Nagoya, Japan):
Cleavage Lines of the Skin

Using 6 Japanese cadavers, Namikawa pierced the skin with an
awl (5 mm diameter and 4.5 mm pointed).15 He cited 39 previous
studies including Langer and Cox.7–11 In his Figure 18, the cleavage
lines were horizontal in other areas of the forehead than glabellar
area. The cleavage lines run mediosuperiorly to inferolaterally,
bordering the linea mediana anterior in glabellar area (Fig. 1H).

DISCUSSION
Cox wrote that the crease lines are visible, and that if the crease line
coincides with the cleavage lines, the crease line reveals the
direction of the cleavage line.11 He observed that crease lines
coincide with cleavage lines, with certain notable exceptions (palms
of the hands, soles of the feet, flexor aspects of the knee and the
elbow, and extensor aspects of the ankle). Cox emphasized that
cleavage lines are ‘‘lines of increased tension;’’ the crease lines with
which they coincide must therefore also be lines of increased
tension, rather than lines of rest.

In the glabellar area, Langer, Cox, Rubin, Kraissl, Straith, and
Namikawa described curved vertical or vertical lines.2,5–11,15

Borges, although he wrote that the glabellar area is mainly trans-
verse, draw the line obliquely upward and medially to meet the
contralateral line1 (Table 1).

Glabellar furrows are regarded as an expression of suffering and
might produce an appearance of premature aging, even in a young
person.16 Thereafter, many treatments to reduce or eliminate the
action of the corrugator have been developed.17

Although Borges wrote that the RSTL is very much the same in
all individuals,1 it is thought that the line in the glabellar area varies
according to age, habit of facial expression, and ethnic groups in
which the height of the nose or the presence of the epicanthal
fold differs.
Copyright © 2017 Mutaz B. Habal, MD. Unautho
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Borges found the RSTL by pinching the skin with the index
finger and thumb, producing ridges and furrows.14 In excising a
tumor in the glabellar area in an old subject, shall we follow the
RSTL of Borges or the wrinkle line that we can see?

Following the consensus of most authors, a curved vertical line
following the glabellar frown is recommended for elective incisions
for glabellar area reconstruction,18 as well as designing flaps or
grafts to reconstruct the medial canthal area,19–21 or surgical
correction of deformed eyebrows.22
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CHAPTER 5
Wound Care and the 
 Pediatric Patient
Carolyn K. Holland, MD, MEd; Gregg A. 
DiGiulio, MD; and Javier A. Gonzalez del 
Rey, MD, MEd

Key Practice Points

nn Addressing the emotional needs of children and parents is as important 
as wound care.

nn If the history is inconsistent with the wounds, physical abuse of the 
child should be considered.

nn Examination of the child should begin at a site away from the wound so 
that the child can become accustomed to the examiner.

nn Physical restraints are more commonly used in the preverbal child. A 
gentle, empathetic approach can help avoid the need for restraints in 
older children.

nn Use of topical anesthetics and a gentle approach reduces the need for 
oral or intravenous sedation.

nn Topical anesthetics can be safely applied by parents.
nn Absorbable suture materials have the same cosmetic outcome as 
nonabsorbable sutures for superficial skin closure of the scalp, face, 
and hand. Absorbable sutures eliminate the need for a return visit for 
suture removal.

nn Because young children cannot accurately report loss of function in 
hand injuries, simple observation and special techniques are necessary 
to detect tendon and nerve injuries.

nn Fingertip amputations can heal with regeneration alone without 
surgical intervention.

nn Uncomplicated puncture wounds of the foot do not need prophylactic 
antibiotics.

nn Lidocaine 4% cream applied to a superficial skin abscess with an 
occlusive dressing can cause spontaneous drainage.

nn A dressing can be secured with Coban (3M, St. Paul, Minn.) to help 
prevent a young child from removing it.

 

Children commonly present to emergency departments (EDs) with lacerations, represent-
ing approximately 30% to 40% of all injuries seen in a pediatric ED.1,2 Estimates of the annual 
rate of lacerations are 50 to 60 per 1000 children.3,4 Lacerations often involve younger chil-
dren who lack the experience, common sense, and motor coordination of older children. 
Boys are involved twice as often as girls. Lacerations frequently result from falls from stair-
ways, bicycles, and furniture.5 In children, lacerations occur most often on the head (60% of 
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the time), followed by the upper and lower extremities.5 Overall, lacerations are a common 
type of pediatric injury requiring functional and cosmetic evaluation by a physician.

GENERAL APPROACH 
AND CALMING TECHNIQUES
Assessing the Child
Lacerations in pediatric patients represent not only a technical challenge for the pro-
vider, but also an emotional challenge for the clinician, the child, and the parent or 
caregiver. Thus, it is important to take time to explain the procedure, the approach, and 
the possible discomforts to the child and the parents. Time spent up front preparing 
the child for the procedure is gained back in the end.

Assuming that there are no life-threatening or limb-threatening injuries, the clini-
cian first should obtain the history while gaining the child’s confidence. The clinician 
should not undress the child or examine the wound immediately. A rapport should 
be established by talking directly to the child using age-appropriate terms. The clini-
cian can involve toddlers by asking them how they got their “boo-boo,” but one should 
not expect to obtain an adequate history from the child alone; the specifics are better 
obtained from the parent. Children 4 years old and older frequently can provide some 
of the history, which allows them a sense of control. Information recommended for 
wound care documentation can be found in Chapter 2, Box 2-1.

Distraction can be effective at any age, such as asking about toys, cartoon characters, 
friends, siblings, or favorite colors or activities at an age-appropriate level. Table 5-1 
summarizes the developmental abilities and distraction techniques for children of dif-
ferent ages.6 Toys, interactive books, bubbles, videos, music, and sparkle wands can all 
be used to engage a child and divert their attention from the procedure at hand. Mental 
imagery is most effectively used with children who are 4 years old and older. Children 
younger than 4 years of age are distracted best by visual and auditory stimulation such 
as songs, books, or toys, as well as personal comfort items such as pacifiers, blankets, and 
stuffed animals. The outcome frequently relates to the verbal abilities of the individual 
child. Often a parent can be an ally and help distract the child if he or she is permitted 
and wants to be at the bedside. A general understanding of developmental milestones is 
invaluable in enabling the physician to interact appropriately with children.

Child life specialists have been used successfully in inpatient settings for distraction 
during painful procedures. More and more pediatric EDs are employing child life spe-
cialists.7 These professionals can provide all of the following support to staff before and 
during procedures: coaching children through coping techniques such as deep breath-
ing, imagery, or story telling; distraction with bubbles, toys, and games; and parent 
and child preparation before procedures.8 Studies have found that child life specialists 
have a positive effect in reducing fears and improving satisfaction in children requiring 
repair for facial lacerations and angiocatheter placement.7,9 A general ED with as few 
as 15,000 pediatric visits annually can financially support the presence of a child life 
specialist.8

As in all trauma situations, the history should focus on the events of the injury and the 
potential for injury to other areas of the body. If the history is not consistent with the injury 
pattern, then the possibility of intentional injury is raised. Physical abuse should be consid-
ered when the history and the injury are not consistent with one another, or when the event 
cannot be explained by the developmental age of the patient (e.g., a 6-month-old climbing 
onto and falling from a counter). There are some specific injury patterns that should raise 
suspicion of abuse, including burns in an immersion pattern, linear marks or lacerations 
consistent with a belt or hanger, or an unusual injury location not usually prone to injury. 
A social services referral is necessary for any case in which abuse is suspected.
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Immunization Status
Special attention should be paid to the immunization status. Simply asking the par-
ent if the child’s shots are up to date most often elicits a positive response whether or 
not this is actually true. It is better to inquire about the number of “shots” and the age 
when the last one was given. Children should receive a total of 5 doses of diptheria/
tetanus/pertussis (DTaP) at pediatrician visits at 2, 4, 6, and 15 to 18 months and at 
4 to 6 years of age. For routine tetanus prophylaxis in children 6 years old or less who 
have not completed their primary immunization series, DTaP should be used instead 
of single-antigen tetanus toxoid (Td). The final booster for children should be around 
11 years of age.10,11 In the event a child is completely unimmunized and parents refuse 

	 TABLE	5-1	    Childhood Developmental Abilities by Age

Age	(yr)
Development	

Issues Fears Techniques
Distraction/	

Comfort	Items

Infant Minimal language
Feel like an exten-

sion of parents
Sensitive to physi-

cal environment

Stranger anxiety Keep parents in 
sight

Address possible 
hunger

Use warm hands
Keep room warm

Lullabies sung by 
parents

Pictures, cartoons
Nonnutritive sucking 

(pacifier)
Skin-to-skin contact
Swaddling

Toddler (1-3) Receptive language 
more advanced 
than expressive

See themselves as 
individuals

Assertive will

Brief separation
Pain

Maintain verbal 
communication

Examine in parent’s 
lap

Allow some choices 
(if possible)

Pop-up books
Suspension wands
Puppets
Water toys
Bubbles
Light-up toys

Preschool (3-5) Excellent expres-
sive skills

Rich fantasy life
Magical thinking

Long separation
Pain
Disfigurement

Allow expression
Encourage fantasy 

and play
Encourage partici-

pation in care

Pop-up books
Suspension wands
Puppets
Water toys
Bubbles
Distracting conversa-

tions
Deep breathing 

methods

School age 
(5-10)

Fully developed 
language

Understanding of 
body structure 
and function

Able to reason and 
compromise

Experience with 
self-control

Disfigurement
Loss of function
Death

Explain procedures
Explain patho-

physiology and 
treatment

Project positive 
outcome

Stress child’s  ability  
to master 
 situation

Respect physical 
modesty

Blowing bubbles
Singing songs
Squeeze balls
Relaxation breathing
Playing electronic 

devices
Music on headphones
Reading book
Imagery
Self-hypnosis

Adolescent 
(10-19)

Self-determination
Decision making
Realistic view of 

death

Loss of autonomy
Loss of peer 

acceptance
Death

Allow choices and 
control

Stress acceptance by 
peers

Respect autonomy

Video games

Adapted from Stein MT: Interviewing in a pediatric setting. In Dixon SD, Stein MT, editors: Encounters with children, ed 4, 
St Louis, 2006, Mosby.



30 CHAPTER 5 Wound Care and the Pediatric Patient

administration of tetanus prophylaxis, involvement of your local risk management 
department and local/state department of immunization may be necessary to facilitate 
appropriate treatment for the minor patient. Unfortunately, there are no alternatives 
to immunization for the prevention of tetanus because administration of antibiotics is 
“neither practical nor useful in managing wounds.”12 An in-depth discussion of tetanus 
prophylaxis is presented in Chapter 21.

Assessing the Wound
Next, the wound is assessed. Allowing the child to remain with the parent for as long as 
possible facilitates the examination. The physician can gain the child’s confidence by tell-
ing him or her that initially the physician is just going to “look.” However, it is important 
to avoid a “promise not to touch,” thus misleading the child about your plans for an 
examination. The physician should continue to involve the parent in the evaluation pro-
cess so that the child knows that the physician is there to help. Generally, kindness and 
patience should be accompanied by a thorough and directed approach. The examination 
should begin away from the injury, especially in a toddler or younger child. If the injury 
is on the hand or face, the physician should start by playing gently with a foot. This pro-
vides the child time to become comfortable with the exam and to develop confidence that 
the physician is not going to hurt him or her. After this development of trust, the pro-
vider can slowly advance to the site of the injury. Direct probing of the wound is painful 
and should not be done until after anesthesia is achieved. In cases in which hemostasis is 
necessary, pressure should be applied; this often can be done safely by the parent.

Parents can be of great help in calming and distracting their children, so they should 
be offered the opportunity to participate to the degree that their level of comfort allows. 
When asked, more than 80% of parents indicate that they would like to stay with their 
children through invasive procedures such as IV placement or laceration repair in EDs, 
and 90% of physicians and nurses support this parental presence.13-15 Some parents, 
however, cannot tolerate being present during the invasive treatment of their children, 
and these parents should also be given the option of going to the waiting area, if close by.

RESTRAINT FOR WOUND CARE
Physical restraints (Fig. 5-1) should be considered in a preverbal child if imagery and verbal 
calming techniques are ineffective. Limited language and limited ability to comprehend the 
situation make it difficult for preverbal children to cooperate with caregivers. Velcro restraint 
boards (Papoose Boards [Olympic Medical, San Carlos, Calif.]) are usually well tolerated, 
especially if used in conjunction with pharmacologic anxiolysis such as oral midazolam. It 
is our experience that, once in place on a board, an infant or toddler frequently becomes less 
agitated after infiltration is performed. Parents understand the need for restraints to protect 
the child from harming himself or herself and generally think that the child is comfortable 
in restraint and would be willing to have a Papoose Board used in a future visit.16

Regardless of the method used, the caregiver always must take the time to explain 
the need for restraints to the parents. Restraints protect the child and caregiver during 
the procedure and ensure the best result. Their use is not without complication, how-
ever. Restraints limit the child’s protective reflexes should he or she vomit. Excessive 
crying increases gastric pressure, and, together with a full stomach, the possibility of 
emesis increases. Suction should be readily available, and the child should be turned to 
a lateral decubitus position while in the papoose if emesis occurs.

PEDIATRIC PATIENT SEDATION
Despite caregivers’ best efforts, occasionally there are children who are not able to coop-
erate. When the child’s inability to cooperate interferes with the physician’s ability to 
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perform an adequate repair, or poses a danger to the caregivers or to the child himself 
or herself, the physician can consider the use of pharmacologic sedation. The type, loca-
tion, and complexity of the laceration, and the emotional state of the child, help to 
determine the type of sedative to use. In small, simple lacerations, the risk of sedation 
may outweigh the benefits. In our experience, by using the previously described tech-
niques and a topical anesthetic such as LET (lidocaine 4%, epinephrine 0.1%, and tetra-
caine 0.5% solution or gel), rather than an injected anesthetic, we are able to repair most 
small lacerations, including facial lacerations, without the use of sedatives.

For repair of a laceration, the physician usually induces moderate sedation, where the 
child retains protective reflexes, maintains his or her own airway, and is able to respond to 
a directed command. All sedation techniques can inadvertently evolve into deep sedation, 
which is a more depressed state of consciousness in which the child is not easily aroused 
and cannot maintain protective reflexes or an open airway, or even into general anesthesia, 
which is a drug-induced complete loss of consciousness with impaired ventilatory func-
tion. Titrating the sedative dose to the desired level of sedation may help prevent the evo-
lution of consciousness into deep sedation; however, practitioners must be prepared to 
intervene during any airway emergency. In the office or ED, conscious sedation should be 
limited to children with American Society of Anesthesiologists (ASA) classifications I and 
II (class I is a normally healthy patient; class II is a patient with mild systemic disease).17 
Additionally, the time of the last meal must be considered when deciding whether or not to 
sedate a child. ASA and American Academy of Pediatrics guidelines for fasting are 2 hours 
for clear liquids, 4 hours for breast milk, and 6 hours for formula, cow’s milk, and food.18 
However, there is controversy regarding the applicability of these guidelines in the ED set-
ting. The American College of Emergency Physicians Clinical Policy concerning sedation 
of pediatric patients in the ED specifically states that “procedural sedation may be safely 
administered to pediatric patients in the ED who have had recent oral intake.”19 Overall, as 
with any area in medicine in which there are conflicting recommendations, the relative risk 
of providing sedation must be weighed against the risk of delaying the procedure.

The room where sedation is performed must have equipment available for airway and 
cardiovascular interventions for children of all ages and sizes. The physician must have 
the ability to handle a sudden change in the child’s status. Whenever sedatives are used, 
there should be one practitioner present whose sole job is to monitor the patient and to 
assist in any resuscitative measures that become necessary.20 Continuous monitoring of 

Figure 5-1. Example of a restraining device to immobilize a child during a wound care procedure of the 
face and scalp. When placing the device, ensure that it is not too tight to impair breathing.
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pulse oximetry, pulse, and intermittent documentation of respiratory rate and blood pres-
sure are necessary in all of these patients. The monitoring of any child who has received a 
sedative continues until discharge criteria are met. Discharge criteria include an ability to 
converse at an age-appropriate level, maintenance of a clear airway, stable cardiovascular 
function, and the ability to sit unaided. Regardless of the agent used, parents should be 
informed of the type of sedative to be used and the potential side effects. Consent should 
be documented in accordance with hospital, local, and state requirements.

Medications for Sedation
For pain control during moderate sedation, fentanyl is an excellent choice (Table 5-2). It is 
a synthetic opioid agonist that is 100 times more potent than morphine. It is commonly 
used in combination with a sedative (e.g., midazolam) for conscious sedation.21 The ben-
efits of this agent are rapid onset of pain control, short duration, and predictability. Fen-
tanyl must be used with caution, especially when combined with another sedative agent, 
because of an increased risk of respiratory depression. If administered intravenously, it 
should be titrated in 1 μg/kg increments with a maximal dose of 5 μg/kg over 1 hour. 
Higher doses administered rapidly can induce chest wall rigidity with impaired ventilation.

Midazolam is a short-acting benzodiazepine frequently used both for anxiolysis and 
as a sedative in children.22 The main attributes of this drug are the provision of effective 
anxiety reduction and anterograde amnesia, combined with a favorable overall safety 
profile.23 To help calm a mildly anxious child, multiple routes of midazolam adminis-
tration are available. The intravenous route provides the quickest onset of action, and 
it is easiest to titrate dosing using this method.

The intranasal route can be limited by discomfort of application because of the vol-
ume of midazolam necessary and because of a burning sensation. If this route is cho-
sen, the operator uses the intravenous solution and draws it into a tuberculin syringe; 
the needle is removed, and, with the child supine, the dose is administered in aliquots of 
two drops per nostril over 2 to 5 minutes. Because the solution can be irritating to the 
mucosa, it is prudent to warn the child and the parent of a stinging sensation.

Alternatively, a Mucosal Atomization Device (Wolfe Tory Medical, Salt Lake City, 
Utah) can be used to anesthetize the nasal passages with lidocaine before administra-
tion of the midazolam, and the device can also be used to administer the midazolam 
itself.24 Sedation usually occurs within 5 to 10  minutes. Because of a significant and 
variable first-pass effect, there is considerable variation in the dose required to induce 
sedation. Another option is midazolam oral syrup (2 mg/mL), which is given at a dose 
of 0.25 to 0.5 mg/kg. In children 6 months to 6 years old, as much as 1 mg/kg is some-
times necessary, but the maximal dose should not exceed 20 mg. Onset of action is usu-
ally between 10 and 30 minutes.

Nitrous oxide in concentrations less than 50% has been used commonly in pedi-
atric dentistry. It is completely painless and has anxiolytic, sedative, and mild analge-
sic properties. Nitrous oxide has been used as an adjunct to local infiltration or nerve 
block in wound repair and has been shown to reduce suturing-related distress in pedi-
atric patients in EDs.19,25 Portable devices have made this modality more available to 
EDs than previously; however, there are still some drawbacks to the use of nitrous. The 
delivery and scavenging systems are expensive, and because of the need for cooperation, 
nitrous oxide should be used only in children older than 4 years.26

Ketamine (4 mg/kg intramuscularly or 0.5-2 mg/kg intravenously) is a dissociative 
agent that provides effective sedation without loss of airway reflexes. Its effectiveness 
and safety have been demonstrated in children in a variety of painful ED proce-
dures.27,28 Its use in pediatric sedations for these painful procedures is associated with 
high parental satisfaction.29 IV dosing is associated with shorter recovery times and 
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decreased length of stay as compared with IM dosing.30 However, IM administration 
may be an appropriate choice in a distressed child in whom establishing an IV would 
be exceedingly difficult. Ketamine’s disadvantages include increased incidence of post-
sedation vomiting, which is even worse with IM administration, high doses, and older 
children (i.e., adolescents).30,31 Emergence reactions, including vivid dreams, halluci-
nations, and/or frank delirium, can occur up to 24 hours after use. Although present 
in up to 12% of patients, they are much less common in the pediatric population. 
Severe reactions can be treated with a small dose of a short-acting benzodiazepine or 
barbiturate.32

Propofol is another agent that is gaining popularity for procedural sedation in chil-
dren in the ED. This drug is classified as a nonopioid, nonbarbiturate, sedative-hypnotic 
agent.33 The drug has a rapid onset and offset, antiemetic properties, and a smooth 
recovery profile. Its main drawbacks are the potential for respiratory depression and 

	 TABLE	5-2	    Selected Drugs for Sedation and Analgesia18

Medication
Recommended	

Dose
Route	of	

	Administration Additional	Information

Fentanyl 1-3 μg/kg IV or IM Immediate effect with IV. Effect within 
7-10 min with IM. Titrate slowly (1 μg/kg/
min). Maximal dose 5 μg/kg/hr.

2-3 μg/kg IN Effect within 5 min. Use in children age 1 yr 
and older. Repeat in 10 min if no effect. 
Best if used with atomizer.

Morphine 0.08-0.1 mg/kg IV or IM Effect within 10-20 min. Maximal dose: 
infants 2 mg, children (1-6) 4 mg, children 
(7-12) 8 mg.

Midazolam 0.025-0.1 mg/kg IV Effect in 1-5 min. Titrate over 3 min to 
desired effect. Maximal initial dose 5 mg. 
Higher dose/wt in patients younger  
than 6 yr.

0.25-0.5 mg/kg PO Effect in 10-20 min. Maximal initial dose 
20 mg; may repeat in 45-60 min if patient 
not sedated well. May need up to 1 mg/kg 
in children 6 yr or less.

0.2-0.5 mg/kg IN Effect within 5 min. Slowly drip into  
nostrils. May repeat in 5-15 min. Maximal 
initial dose 10 mg. Can cause stinging 
 sensation in nose.

0.1-0.15 mg/kg IM Effect within 5-10 min. Maximal dose 10 mg.

Diazepam 0.05-0.1 mg/kg IV Effect within 1-3 min. Titrate over 3 min to 
desired effect. Maximal dose 0.25 mg/kg.

0.2-0.3 mg/kg PO Effect in 45-60 min. Maximal dose 10 mg.

Ketamine 0.5-1 mg/kg IV Effect in 1 min. Administer slowly; do not 
exceed 0.5 mg/kg/min.

4 mg/kg IM Effect in 3-5 min. May cause vomiting.

Propofol 0.5-1 mg/kg IV Effect in 30 sec. Very short acting.

Reversal Agents

Naloxone 0.1 mg/kg IV or IM Effect in 1-2 min. For reversal of opiates. May 
repeat in 5 min if no effect.

Flumazenil 0.01 mg/kg IV Effect in 1-3 min. Maximal single dose 
0.2 mg/kg, 1 mg total.
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hypotension, both of which are dependent on the dose and speed of administration. 
Propofol is more commonly used in the management of fracture reduction, abscess 
drainage, wound exploration, and ocular examination after ocular burn, but propofol 
can also be used for procedural sedation in children with lacerations.33

LOCAL ANESTHETIC TECHNIQUES
The area of a wound or abscess should always be anesthetized before cleansing and 
irrigation. Wound cleansing is painful, and often the adequacy of anesthesia can be 
assessed during irrigation. Cleansing and irrigation techniques are the same for chil-
dren and adults and are described fully in Chapter 7.

Topical anesthetics such as LET are being used more frequently and are as effective as 
other local anesthetics34 (see Chapter 6). This preparation provides anesthesia without 
causing the discomfort associated with an injection, and it does not distort the local 
anatomy. Another potential advantage that we have noted is that we need to use physi-
cal restraints less often when we use LET. As LET contains epinephrine, there is always 
concern that areas of end artery flow, such as fingers, toes, and ears, could be at risk of 
ischemia. However, studies have demonstrated no harm from the use of LET in digital 
anesthesia in pediatric patients.35,36 Studies have shown that the application of LET at 
triage significantly reduces total treatment time for children with simple lacerations.37 
These topical anesthetics should be used before wound cleansing and repair. If the gel 
formulation is unavailable, the caregiver saturates with the solution a small pledget 
of cotton or a piece of gauze that is of similar size to the wound. The maximal dose is 
0.1 mL/kg (average dose 2 to 3 mL). Any blood coagulum is removed from the wound. 
The pledget is placed directly into the wound and can be held in place by an adhesive 
bandage or by tape, or it can be held directly by the parent. If held in place by hand, care-
givers should wear gloves to prevent absorption through their own fingers. The pledget  
is left in place for 20 to 25 minutes. The pharmacy also can compound LET with methyl-
cellulose to form a gel preparation. This gel preparation can be placed directly in the 
wound and can be covered with a Band-Aid or occlusive dressing. Effective application 
usually blanches the skin around the wound. The caregiver should show the parents the 
blanched skin and should explain its significance to the parent and the child. Topical 
and local anesthetic techniques are discussed further in Chapter 6.

Regional blocks are another useful method of providing anesthesia for children. 
Blocks do not distort the anatomy at the site of the injury and may be less traumatic 
than local infiltration because they often require only one or two injections, as opposed 
to the multiple injections sometimes required for local anesthesia. Digital, infraorbital, 
mental, and supraorbital blocks are probably the most commonly used, although all of 
the blocks described in Chapter 6 may be used in children.

CHOICE OF CLOSURE MATERIALS
A wide array of suture materials and sizes is available to the practitioner (see Chapter 8). 
Personal preferences often determine which material is used. In general, the choice of 
material to use is the same as described for adults, but there are particular situations 
in which children may benefit from other means of closure. Because suture removal 
often is fraught with the same anxiety and difficulties as suture application, the use of 
absorbable sutures sometimes is the best option in wounds that would be closed with 
nonabsorbable material in adult patients. For nail bed and scalp lacerations, we often 
use chromic gut or Vicryl Rapide (Ethicon, Somerville, NJ), which has been shown to 
have cosmetic results and an infection risk profile similar to those of nylon for repair of 
simple noncontaminated lacerations.38,39 If the sutures still remain at 5 to 7 days on the 
face or 8 to 10 days at other sites, the parent is instructed to remove the sutures by gently 
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rubbing the materials with gauze. This technique should be done parallel to the wound 
to minimize the potential for wound dehiscence. Removal is necessary to prevent the 
formation of suture marks.

Skin staples are a fast, effective method of closing scalp lacerations, especially in an 
uncooperative child, and staples provide the same cosmetic outcome as standard sutures.

Skin tapes are an alternative method of repair for simple lacerations. The advantages 
are that they are easy to apply, leave no marks, and no follow-up is necessary. The tapes 
are not reliable, however, for infants and young children, who may remove them prema-
turely. Tissue adhesives are fully described in Chapter 14. They have many advantages 
over sutures and staples, including ease of use, decreased pain, decreased procedure/
application time, and lack of the need for follow up.40 There is, however, a small but 
statistically significant increase in the risk of wound dehiscence; thus our recommenda-
tion is to use adhesives only for sites where there is minimal skin tension. Additionally, as 
previously discussed, children often have a difficult time sitting still and following direc-
tions during procedures. Initial use of tissue adhesives near and around the eye had some 
documented adverse events, specifically, eyelids glued together.41 In view of this risk, care-
ful application with precautions against accidental runoff into the eyes is warranted.

SPECIAL CONSIDERATIONS 
FOR DIFFERENT ANATOMIC SITES
Scalp
There are several closure options for scalp lacerations. Nonabsorbable sutures, such 
as 4-0 or 5-0 nylon, is widely used. Staples have become increasingly common because 
of their ease of use and speed of application. More recently, absorbable sutures—chro-
mic gut, Vicryl Rapide—are being used because suture removal is unnecessary, thereby 
decreasing the expense and inconvenience to the child and parent. Before closure, the 
wound has to be anesthetized and cleansed (see Chapter 7 for Wound Cleansing). If hair 
interferes with closure, it can be flattened away from the wound with a petroleum-based 
ointment. Trimming hair with scissors can also uncover a wound, but shaving is not rec-
ommended because of the possibility of skin injury with an increased rate of infection.

Rapid repair of a linear scalp laceration can be accomplished with staples. Stapling 
is less expensive, less time consuming, and provides similar cosmetic outcomes when 
compared with sutures; however, assistance may be required to bring wound edges 
close together to facilitate wound edge eversion in large gaping wounds.42 When using 
sutures, the simple interrupted technique or horizontal mattress can be applied. Sta-
ples and nonabsorbable sutures are removed at 6 to 7 days.

Simple, small scalp lacerations that are not grossly contaminated, are not actively 
bleeding, and have not interrupted the galea aponeurotica may be closed using the hair-
tie technique. An adequate length of hair from opposite sides of the wound is necessary. 
The caregiver twists the hair strands on both sides of the suture line, pulls them across 
the wound, and knots them (the number of knots should be equal to the number of 
stitches that normally would have been used in the care of this wound), or merely twists 
the hairs together and applies a drop of tissue adhesive.43 Postclosure wound care is 
similar to that of a routine scalp closure with sutures. The knot or glued area is allowed 
to grow away from the wound edge and can be cut free in 1 to 2 weeks.

Face
An assistant is invaluable and necessary when closing facial wounds in children. The 
assistant is needed to maintain immobilization, and this is best accomplished if he or 
she uses firm, consistent pressure, being careful to use the flat surfaces of his or her 
hands or forearms to immobilize the head. Use of fingertips alone, which can cause 
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localized pressure and pain, should be avoided. When closing chin lacerations, firm, 
consistent pressure can be applied to keep the jaw closed and minimize “quivering” of 
the chin.

Face lacerations can be closed with numerous materials. In low tension, uncompli-
cated, straight lacerations, wound adhesives are a good choice. Absorbable sutures—6-0 
Vicryl Rapide, fast-absorbing gut—can be used on the face with the same cosmetic result 
as nonabsorbable sutures.38,39 It is important to note that absorbable sutures need to be 
removed to prevent suture marks if they have not dissolved within 5 to 7 days. Absorb-
able sutures can be gently “rubbed off” by the parent with amoistened gauze sponge.

Hand
In the treatment of pediatric hand lacerations, difficulties most commonly arise during 
the evaluation of the wound. Cooperation for formal nerve and tendon function tests 
is difficult to obtain. Young children are unable to follow commands or verbalize the 
concepts of numbness and paresthesia. Often the practitioner must rely on observation 
rather than formal testing. The resting position of the extremity should be observed. 
Is there consistency in the amount of resting flexion between digits? A finger extended 
or flexed while the others are not raises the suspicion of a tendon injury and should 
prompt further investigation. The clinician should watch for spontaneous movement 
of the injured part. Does the child withdraw from touch or noxious stimuli? When anes-
thesia is obtained, does the depth of the wound suggest tendon or nerve involvement?

In children younger than 5 years old, the classic sensory examination is modified. 
Two methods are available to determine the sensory innervation in the area distal to the 
wound. The first method is based on the principle that denervated fingers do not sweat. 
If one runs the body of a clean plastic pen along an area with normal innervation, the 
sweat creates a slight drag, whereas in a denervated area, the pen moves more swiftly. 
Another popular method is the submersion test. Normal skin becomes wrinkled after 
20 minutes of being underwater, whereas denervated skin usually remains smooth.44 
Frequently the final answer cannot be determined at the initial encounter. Under such 
circumstances, only the skin should be closed, and serial examinations over the next 
few days will help clarify if there is any nerve or tendon involvement. Phone consulta-
tion for reevaluation with a hand specialist is indicated at this time to arrange follow-
up within 3 to 5 days after the initial injury. Tendon or nerve repair can be performed 
within the first 3 weeks after the injury with good results.

Uncomplicated hand and finger lacerations can be closed with either nonabsorbable 
or absorbable sutures. 5-0 nylon or polypropylene is effective and should be removed 
in 7 to 10 days. 5-0 chromic gut and Vicryl Rapide are the absorbable sutures of choice. 
They have the same cosmetic outcome as nonabsorbable sutures, and removal is not 
necessary.

Fingertip avulsions are common pediatric injuries. These injuries occur most often 
in toddlers when windows or doors close on their fingers. In cases of complete fingertip 
amputation, several studies have shown superior results when the fingertip is allowed 
to regenerate on its own.45,46 The granulation tissue that develops contains neural buds 
and provides superior sensation compared with a graft. In cases of partial amputa-
tion or a flap laceration of the fingertip, the flap may be reattached after blood clots 
are removed. In most cases an x-ray should be obtained to exclude the presence of a 
fracture. For a distal tuft fracture, copious irrigation should be followed by the use of 
prophylactic antibiotics. More proximal open fractures should be managed in direct 
consultation with a hand specialist. In cases in which the laceration involves the nail 
bed, the same principles described in Chapter 13 should be applied. Formal splinting 
of the injury after repair protects the repair and the injury. Children are quite skilled 
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at extricating themselves from dressings and bandages. The prognosis of these injuries 
depends on how much of the fingertip is involved. These injuries may take weeks for 
complete healing. It is advisable to arrange follow-up with a plastic or an orthopedic 
surgeon.

Foot
A foot injury presents problems with the injury itself and with postinjury ambula-
tion difficulties. Unless the child is more than 6 to 8 years old, crutches are not rec-
ommended because of insufficient motor coordination. Younger children may need 
to be carried or encouraged to crawl. Lacerations of the foot should be closed with 
nonabsorbable suture such as 5-0 nylon or polypropylene. They are removed in 8 to 10 
days. Foot dressings are reinforced with Coban to try to prevent premature loosening 
or removal.

Puncture wounds present some unique controversies. No prospective studies have 
addressed this common entity. Although some authors recommend routine coring for 
puncture wounds, we discourage this technique, because it is uncomfortable, increases 
local pain, makes ambulation difficult, and does not have proven efficacy.47 Every punc-
ture wound has the potential to harbor foreign material, however, which increases the 
risk of infection. Most foreign bodies are not radiopaque and are difficult to find on 
probing. Removal of any organic material or identifiable foreign body is recommended, 
and opening the wound with a small incision may be necessary in these instances. 
Because of the thick skin on the plantar aspect of the foot, topical anesthesia is much 
less effective, and direct injection of local anesthetic is usually required. Chapter 16 
discusses plantar puncture wounds further.

Serious complications can occur for puncture wounds through athletic shoes. Pseu-
domonas osteomyelitis has been reported in 4% of these cases.48 It is our opinion, and 
most authors agree, that antibiotics are not routinely required after puncture wounds 
to the feet. If cellulitis develops within the first few days of the injury, antibiotic coverage 
is needed and is directed toward the most common causes of infection— Staphylococcus 
and Streptococcus species.49 The quinolones that are frequently used in adults are rela-
tively contraindicated in preadolescents because of a concern for inhibition of cartilage 
growth and development. Pseudomonas osteomyelitis should be considered in cases of 
persistent inflammation despite adequate antistaphylococcal coverage or increasing 
bone tenderness over time.48

Perineum/Straddle Injuries
Careful and complete examination is necessary when evaluating injuries to the 
perineum or straddle injuries. Blunt straddle injuries occur when the perineum strikes 
a fixed object, such as the crossbar of a bicycle. This mechanism is associated with 
trauma to the labia and posterior fourchette in young girls.50 In young males, blunt 
injuries are unlikely to sustain any significant lacerations in the scrotum or perineum. 
With penetrating injury, such as occurs with falling onto a fence post, vaginal injury is 
more likely.51 If there is any concern for internal vaginal lacerations, unexplained bleed-
ing, or lacerations involving the rectum, complete visualization is required.52 Often the 
use of general anesthesia and consultation with a subspecialist are necessary. Straddle 
injuries in both male and female patients can be accompanied by trauma to the urethra 
and concomitant urinary retention.53 Foley catheterization is sometimes necessary if 
watchful waiting is unsuccessful. Small superficial labial or penile lacerations can be 
sutured within the ED. Because children are afraid of a stranger manipulating their 
genitalia, sedation may be necessary for appropriate repair of even small lacerations. 
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Chromic gut or any other appropriate absorbable material is recommended to avoid 
the stress and anxiety of suture removal.

ABSCESS DRAINAGE
Cutaneous and superficial abscess evaluation and treatment are fully covered in Chapter 
18; however, there are a few additional tips that can help with this disease process in the 
pediatric patient. Incision and drainage are painful as is the infiltration of a field block 
to provide local anesthesia. A normally quick and easy procedure in adult patients can 
rapidly devolve into a protracted battle with pain control and patient comfort. Use of a 
topical anesthetic cream, such as lidocaine 4% cream, applied and held in place with an 
occlusive dressing, has been associated with spontaneous abscess drainage in pediatric 
patients. Additionally, use of a topical agent significantly decreased the need for proce-
dural sedation in pediatric patients requiring abscess drainage.54 Because community-
acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) has become a common 
cause of skin infections, if antibiotics are necessary, local resistant patterns should be 
considered when choosing antibiotics. The primary care pediatrician may also be able 
to provide guidance in these situations.

WOUND AFTERCARE
Wound care after laceration repair in a pediatric patient is the same as described in 
Chapter 22. Bandages and dressings should be applied, but they need to be secured 
adequately because of the child’s curiosity. Materials such as Coban may be used, but 
the clinician should be careful to avoid creating a tourniquet effect. In general, sutures 
can be removed earlier than is done for the adult. Oral and written discharge instruc-
tions must be clear and concise, indicating possible complications, follow-up care, and 
the timing of suture removal. Written instructions are invaluable because parents often 
may not recall the details of the instructions after discharge from the ED.

Other important issues are related to the psychological well-being of the child. The 
clinician should always give a reward when the procedure is complete, such as a sticker. 
The parents should be encouraged to minimize the stress of the accident by making 
the event a positive experience and not a punishment. Throughout the encounter, the 
clinician should try to engage the child, gain his or her confidence, and possibly become 
a friend. In the end, the attentive clinician is rewarded with a satisfying experience for 
all involved.
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Study objective: To determine the efficacy of rectal midazo- 
lam as sedation for laceration repair in preschool children in the 
pediatric emergency department. 

Design: Randomized, double-blind, placebo-controlled trial. 

Participants: Thirty-four anxious children aged 14 to 51 
months with face or scalp lacerations 3 cm or less in length 
requiring two or more sutures and behavior scores of 3 or more. 

Interventions: Subjects received 0.45 mg/kg rectal midazolam 
or saline placebo rectally followed by a topical anesthetic 15 
minutes before repair. 

Results: Sixteen patients received rectal midazolam, and 18 
received placebo. The groups were similar in age, race, gender, 
laceration length and location, entry behavior score, and entry 
anxiety score. Ten patients in the rectal midazolam group and 1 
in the placebo group achieved adequate sedation (P<.001). 
Median behavior scores during suturing were more favorable in 
the rectal midazolam group (P<.005). The median anxiety score 
and median effort score during repair also were more favorable 
for the rectal midazolam group (,~ and P=.08, respectively). 
Two patients in the rectal midazolam group experienced incon- 
solable agitation after the repair. None of the patients suffered 
cardiopulmonary complications. 

Conclusion: Rectal midazolam is an effective method of seda- 
tion for facilitating uncomplicated laceration repair in preschool 
children. However, physicians must be aware of the possibility 
of paradoxical reactions when using midazolam in children. 

[Shane SA, Fuchs SM, Khine H: Efficacy of rectal midazolam for 
the sedation of preschool children undergoing laceration repair. 
Ann Emerg Med December 1994;24:1065-1073.] 
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INTRODUCTION 

Management of pain and anxiety has been receiving 
increasing attention in the pediatric emergency depart- 
ment. In our practice, pharmacologic sedation and anxiol- 
ysis have been reserved for complicated laceration repairs 
because of the relative risks and disadvantages of using 
IM and IV administration of medications. Toddlers and 
preschool children requiring repair of uncomplicated lac- 
erations often are extremely anxious. In addition, parents 
can be anxious, and optimal repair may not be possible 
secondary to patient movement. A painless, quick, and 
safe method of sedation and anxiolysis is desirable. 

Midazolam is an imidazobenzodiazepine that has char- 
acteristic benzodiazepine effects of anxiolysis, hypnosis, 
and amnesia. It has a much shorter elimination half-life 
than &azepam and is readily absorbed transmucosall3~ 
Both oral and intranasal midazolam have been used suc- 
cessfully for laceration repair in preschool children. 2-4 We 
believe this is the first report on the use of rectal midazo- 
lam for sedation in the ED. 

Rectal administration of midazolam has been demon- 
strated to be an effective and safe premedicant for general 
anesthesia, with an onset of action in as little as 5 
minutes.5-14 Because we had experienced the administra- 
tion difficulties with giving intranasal midazolam and 
sought a method with a faster and less variable onset of 
action than the oral route, we chose to determine the effi- 
cacy of rectal midazolam as a sedative for young children 
requiring laceration repair. 

MATERIALS AND METHODS 

Our study was conducted as a randomized, double-blind, 
placebo-controlled trial in the Children's Hospital of 
Pittsburgh ED. Study approval was obtained from the 
Human Rights Committee, and informed consent was 

Figure 1. 
Behavior score criteria. Intervention was d@ned as 
examination for the initial behavior score. 

1-Drowsy/asleep: Eyes closed, may respond to stimulation, accepts 
intervention passively 

2-Relaxed: Sitting or lying with eyes open, accepts intervention readily 
3-Anxious: Verbally or nonverbally seeks support but accepts intervention 

reluctantly 
4-Upset: Tearful, may be clinging to parent, considerable effort required to 

achieve compliance with intervention 
5-Agitated: General loud or high-pitched crying, requires significant physical 

restraint, strongly refuses intervention 

obtained from the parents of all subjects. Patients were 
enrolled over a 1-year period beginning April 1, 1992. 

Patients less than 5 years old with simple face or scalp 
lacerations (linear and 3 cm or less in length) requiring 
two or more sutures and with a behavior score of 3 or 
more were eligible. The behavior score was developed by 
Karl et al (Figure 1). 15 Exclusion criteria were as follows: 
history of cardiac, pulmonary, liver, renal, or colonic dis- 
ease; abnormal mental status; use of central-nervous- 
system--active medications; contraindication to using 
tetracaine 0.5%, adrenaline 1:2000, and cocaine 11.8% 
solution (TAC) as a local anesthetic; or plastic surgery per- 
forming the repair. Contraindications to using TAC 
included lacerations in areas of end-arteriolar blood sup- 
ply (ie, pinna and nasal alae) or on mucous membranes. 

We conducted an unblinded pilot phase to determine a 
dose for the randomized trial. Based on the doses of rectal 
midazolam reported in the anesthesia literature, we chose 
to enroll up to five children at each dose of an escalating 
schedule beginning with 0.35 mg/kg and increasing to 
0.50 mg/kg by 0.05-mg/kg increments. > 14 These doses 
also were consistent with the bioavailabihty of rectally 
administered midazolam being 5% to 20% compared to 
IV administration, for which 0.05 to 0.15 mg/kg is recom- 
mended. ~ .sjc,- is If any two subjects had unsatisfactory 
sedation at a particular dose, that dose was abandoned 
and the next higher dose was used. Adequate sedation for 
both the pilot phase and the randomized trial was deter- 
mined by meeting preset criteria for the change in the 
behavioral score from entry to both the behavioral score 
during the first suture and the behavioral score during the 
last suture. This was defined as a behavioral score 
decrease for both of these comparisons of two or more if 
the entry behavioral score was 4 or 5, or a behavioral 
score decrease of one or more points if the entry behav- 
ioral score was 3. The dose that adequately sedated the 
most patients was used for the randomized trial. 

ED personnel notified study investigators of potential 
subjects. The entry behavioral score was performed by the 
investigator while the wound was examined with the 
patient lying on the examination table. For the random- 
ized trial, the pharmacy prepared two identical vials, one 
containing 5 mg/mL midazolam and one containing 
saline. A nurse drew up the appropriate dose of the study 
drug into a 3-mL syringe. The investigator and parents 
were blinded to the assignment, which was determined by 
a compute>generated list of random numbers. 

The injection apparatus was constructed by inserting 
an 18-gauge angiocath 2 cm into the distal 6 cm of a 6F 
feeding tube. The angiocath then was attached to the 3- 
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mL syringe. The feeding tube was lubricated and then 
inserted 4 to 6 cm into the patient's rectum. Following 
rapid instillation of the study drug, the syringe was 
removed, and 2 mL of air was drawn up. The syringe was 
reattached to the catheter and the air was instilled to flush 
the tubing. The apparatus was removed and the subject's 
buttocks were held together for 1 minute after administra- 
tion. tf the study drug was expelled or fecal impaction 
prevented easy instillation, the patient was withdrawn 
from the study. 

After the study drug was given, 2 mL of TAC was 
applied by first filling the wound and then placing the 
remainder on a 2x2 cm gauze sponge that was held in 
place by a parent for 15 minutes. Following TAC applica- 
tion, the child was positioned on the examination table. 
Use of a papoose board was discouraged and used only if 
deemed necessary by the investigator. An assistant 

restrained the child's head while the parent held the 
child's hands. The investigator provided additional 
restraint if necessary 

The suturing physician (pediatric, family medicine, and 
emergency medicine housestaff) assessed wound analgesia 
by pinching the wound edges with toothed forceps or 
poking the edges with the suturing needle. If analgesia 
was inadequate, a 1% lidocaine solution was infiltrated 
locally and the wound was reassessed. The suturing 
physician then prepped the wound and placed sterile 
drapes in a fashion that left at least one of the patientg 
eyes uncovered. Suturing was performed. The child was 
discharged when alert and the majority of ataxia, if 
present, had resolved. 

Behavioral scores were performed by the blinded 
investigator at five specific times after entry: 10 minutes 
after TAC application, positioning on the examination 

Figure 2. 
Procedure protocol. 

/ 

BS" 

J 
*Behavior scorn. 
*Effo~ scorn. 
*AnxinW scorn. 
w signs. 

BS 
3 

BS 
5 

J 
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table, prepping, first suture, and last suture (Figure 2). 
The investigator also rated the overall effort required to 
complete the procedure (Figure 3). Parents assessed their 
children's anxiety at entry and during the repair with a 
visual analog scale (anxiety score); scores were limited to 
whole numbers from 0 (no anxiety/fear) to 10 (maximal 
anxiety/fear). Parental satisfaction also was determined 
after the procedure. During the procedure, vital signs 
were recorded at points that did not interfere with 
behavior scoring (Figure 2). Heart rate and oxygen satu- 
ration were monitored continuously by pulse oximetry, 
and respiratory rate was assessed by the investigator. 
Blood pressure was recorded by automated blood pres- 
sure cuff before study drug administration and after 
repair was complete. The investigator followed up by 
telephone 24 to 48 hours after discharge to assess for any 
ill effects. 

We thought that demonstrating at least a 50% success 
rate in the rectal midazolam group would be clinically rel- 
evant. Based on the trial by Hennes et al, 2 in which 15% 
of the placebo group met their criteria for sufficient seda- 
tion, we calculated that 27 patients were necessary in each 
of our two groups to detect at least a 35% difference in 
the number of patients with adequate sedation with 
or=0.05 (two-tailed) and 13=0.20. Categorical data were 
analyzed by Fisher's exact test (two-tailed), ordinal data by 
the Mann-Whitney U test (two-tailed), and continuous 
data by the Student's t test (two-tailed). The ~ statistic was 
used to assess interobserver reliability. P<.05 was consid- 
ered statistically significant. 

We preplanned and performed one interim analysis 
when we had enrolled approximately half of the target 
sample size. Analysis of the first 24 patients revealed sta- 
tistically significant differences in favor of the rectal 
midazolam group. Study enrollment continued until 
analysis was performed again before presentation at a 
national meeting. Statistical significance was upheld, and 
rectal midazolam was being used outside the study proto- 
col in our ED. At this point we chose to end study enroll- 
ment. 

Figure 3. 
E ffoFt score. 

1-Procedure easily performed without assistance 
2-Minimal assistance required (minimal force to stabilize head) 
3-Moderate-to-maximal assistance required (significant force to stabilize 

head) 
4-Procedure abandoned (other method of sedation required) 

R E S U L T S  

The most successful dose in the pilot phase (which 
included 17 patients) was 0.45 mg/kg, adequately sedat- 
ing 4 of 5 patients. Two of the 3 patients who received the 
0.50 mg/kg dose had inadequate sedation. They were irri- 
table and restless, and the drug's duration of action was 
longer than desired. Therefore, 0.45 mg/kg was the dose 
used for the randomized trial. Onset of action for rectal 
midazolam was 5 to 10 minutes for both phases of the 
study. Sixteen patients received rectal midazolam, and 18 
received placebo; none were withdrawn. None of the 
patients in the pilot or randomized phases expelled the 
study drug. Subjects in both groups were similar in age, 
race, gender, laceration length, and location (Table), entry 
behavior score (Figure 4), and entry anxiety score (Figure 
5). In addition, there were no significant differences in the 
number of sutures, length of the procedures, use of lido- 
caine, and use of the papoose board (Table). 

The median postgraduate year for the suturing physi- 
cians was the second for both groups; however, statistical 
analysis revealed the level to be significantly lower in the 
rectal midazolam group (P=.07). 

During the procedure, al] median behavior scores were 
significantly lower in the rectal midazolam group (Figure 
4). Ten of 16 patients in the rectal midazolam group met 

Table. 
Patient characteristics. 

Rectal Midazolam Placebo 
(n=16) (n=18) P 

Mean age (me) 25.5___9.3 27.2-1-10.8 .62 
(range, 14 to 40 me) (range, 15 to 51 me) 

Sex (male/female) 10/6 12/6 1.00 

Laceration 
Mean length (cm) 1.4+0.7 1.1+0.4 

(range, 0.5 to Z5 cm) (range, 0.4 to1.5 cm) .13 

Location (face/scalp) 15/1 16/2 1.00 

Mean no. of sutures 44-2 44-2 .61 
(range, 2 to 9) (range, 2 to 8) 

Required papoose 4 3 .68 
restraint 

Required lidocaine 2 3 1.00 

Mean procedure 33+7 35+7 .39 
time (min) (range, 19 to 45 rain) (range, 25 to 50 mini 

Mean time in 59-1-13 424-8 <.001 
ED (min) (range, 37 to 80 rain) (range, 31 to 57 rain) 
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our adequate sedation criteria, whereas only 1 of 18 in the 
placebo group met these criteria (P<.001). The median 
anxiety score during repair was significantly lower for the 
rectal midazolam group (Figure 6). Median effort score for 
the rectal midazolam group was also more favorable 
(Figure 7). 

When parents were asked after the repair, "Do you 
think the medicine lessened your child's fear?," 87.5% of 
the rectal midazolam group and 55.5% of the placebo 
group answered "yes" (P=.06). When asked, "Would you 
like this medicine to be used if your child needed stitches 
in the future?," 81.3% and 72.2% of the rectal midazolam 
group and placebo group parents answered "yes," respec- 

tively (P=.69). Three of the placebo group parents who 
had responded "no" to the first question responded "yes" 
to the second question because they would be willing to 
give the medication another chance. 

Although the time from study drug administration to 
the last suture (procedure time) was similar for both 
groups, time from study drug administration to discharge 
(time in ED) was significantly longer for the rectal mida- 
zolam group than for the placebo group (Table, P<.001). 
Ataxia was often seen in the rectal midazolam group after 
repair was complete. 

The mean heart rate was less in the rectal midazolam 
group during TAC application and suturing (112_+22 ver- 

Figure 4. 
Behavior score. 

Rectal Midazolom Group 

Ne. of patients 

Median = 3.0* 
16 

12 

4 

0 
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No. of patients 
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12 

4 
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] 2 3 4 5 

BS1 

Mann-Whitney U test (two-tailed): 
*P=.29. 
tp=.02. 
*P<.001. 
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sus 134+25, P=.013; and 125_+31 versus 158_+28, P=.O09, 
respectively). Mean respiratory rate was less in the 
placebo group after the procedure (27_+7 versus 32_+6, 
P=.04); however there was no significant change within 
each group. Mean oxygen saturation was less in the rectal 
midazolam group during TAC application (98+1% versus 
99+_1%, P=.01); the lowest saturation recorded during the 
procedure in both groups was 95%. There was no differ- 
ence in mean arterial pressure between or within the 
groups. None of the patients (pilot phase and randomized 
trial) suffered serious cardiopulmonary complications; 
more specifically, there was no evidence of respiratory 
depression in any patient. 

All patients were contacted by telephone within 48 
hours of their visit; six children in the rectal midazolam 
group and four in the placebo group had adverse effects 
while in the ED or after discharge (P=.46). There were 
reports of mild irritability, drowsiness, sleep disturbances, 
and unsteady gait in five patients in the rectal midazolam 
group and four patients in the placebo group after dis- 
charge. None of the patients were poorly responsive 
at any time while in the ED or after discharge. The 
most concerning finding was inconsolable agitation 
at the end of the procedure in two patients in the rectal 
midazolam group. This resolved spontaneously within 
2 hours of drug administration in both cases. The be- 
havior consisted of loud crying and resistance to being 
held and comforted by their parents; it was atypical for 
both children. 

The ~ statistic was 0.77 on average for the three inves- 
tigators during simultaneous but independent behavior 
scoring (behavior scores of 1 to 6) of eight patients. 

DISCUSSION 

A number of pharmacologic modalities are available 
for sedating young children requiring laceration repair; 
however, all have certain disadvantages and are not 
effective for every patient. The well-known combination 
of meperidine, promethazine, and chlorpromazine 
(DPT) given by IM injection was shown to be effective 
in two prospective studies in children requiring laceration 
repair. In the series by Tern&up et a119 (76% of the pro- 
cedures were laceration repairs), mean onset of action 
was 27 minutes, mean duration of action was 105 min- 
utes, and mean time in the ED was 4.7 hours. A signifi- 
cant number of patients had delayed adverse effects 
(eg, emesis, 11% and sore leg, 16%), and 27% of those 
with lacerations had inadequate sedation. O'Brien et al 2~ 
compared IM DPT with rectal thiopental, finding 
thiopental to have a more rapid onset and offset of 
action. 2~ Despite this, mean time to suturing was still 
29 minutes and mean time in the ED was 89 minutes. 
No adverse reactions were reported. The DPT group 
experienced a 36% failure rate and the thiopental group 
experienced a 20% failure rate. Moreover, there have 
been reports of respiratory depression and cardiac arrest 
with the use of DPT. 21,22 

Figure 5. 
Anxiety score at entry. 
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Figure 6. 
Anxiety score during repair 
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Gamis et a123 investigated the use of nitrous oxide for 
sedating children undergoing laceration repair and found 
it to be significantly effective only in patients more than 8 
years old. Although nitrous oxide is a relatively safe agent, 
special equipment is required, and the patient cooperation 
needed is often suboptimal in those who are most anxious. 

Green et a124 used IM ketamine in children undergoing 
various distressing procedures (77% were laceration 
repairs). Sedation was quick and effective, and the major- 
ity of children required no local anesthesia. Mean time 
until discharge was 82 minutes. Two patients experienced 
emesis and laryngospasm--one occurring during enroll- 
ment for the study and one shortly after enrollment ended. 
Another patient had transient stridor. Other adverse 
effects included emesis in 10%, agitation in 20%, and 
disequilibrium after discharge in 31%. 

Billmire et a125 reported their prospective experience 
of using IV fentanyl in children undergoing outpatient 
repair of facial trauma. It was found to be effective, quick 
in onset, and short in duration. However, they noted that 
three children suffered apnea. Recently, Schutzman et a126 
gave fentanyl in lollipop form by the oral transmucosal 
route for laceration repair in children. This provided 
effective sedation, but commencement of suturing took 
place more than 45 minutes after administration in some 
patients. The mean discharge time after administration 
was 93 minutes, and 33% of patients experienced vomit- 
ing. One patient had transient, mild oxygen desaturation. 

Hennes et al 2 randomized anxious preschool children 
to receive 0.2 mg/kg midazolam orally or placebo for lac- 
eration repair; they found the drug to offer effective seda- 
tion in 70%. No adverse reactions were reported. Batten et 
al 3 randomized 0.2 to 0.4 mg/kg intranasal midazolam 
with placebo in young children during laceration repair. 
Subjective effectiveness by physicians and parents was sig- 
nificantly higher for midazolam. No serious adverse effects 
were seen, but nasal irritation was a frequent complaint. 

Theraux et al 4 also randomized 0.4 mg/kg midaz01am 
nasally with placebo and control groups in preschool chil- 
dren undergoing suturing. They found the midazolam 
group to have significantly more favorable cry and strug- 
gle scores, parental satisfaction, and physiologic parame- 
ters (ie, pulse and blood pressure). The only reported 
adverse effects were two patients with unsteady gait for 
several hours after discharge. 

Premedication for general anesthesia is the only clini- 
cal application of rectally administered midazolam in the 
literature. This situation is similar to laceration repair in 
the sense that a brief anxiety-provoking experience in a 
child can be facilitated by using a fast-acting sedative 

with a short duration of action. A number of investigators 
have used doses of 0.25 to 0.50 mg/kg. 5-7,9A>14 They 
have found rectal midazolam to be generally well 
accepted by patients and to be effective in calming chil- 
dren during the induction of anesthesia without incurring 
serious cardiopulmonary complications. Surprisingly, 
Spear et aP ~ used doses as high as 5.0 mg/kg in young 
children prior to general anesthesia and found no adverse 
effects. 

Our results further support the efficacy of using mida- 
zolam to facilitate suturing of lacerations in young chil- 
dren. Onset of action was quick and duration of action 
was brief. In addition, no serious cardiopulmonary effects 
were seen. Peak levels were obtained in 7.5 to 16 minutes 
with rectal administration. 5,16,1s Peak plasma levels were 
not obtained until 40 to 60 minutes on average with oral 
administration. 17,27,28 Administering midazolam rectally, 
as opposed to orally or intranasally, is potentially more 
reliable. Midazolam has a pH of 3.5 and is often irritating 
to nasal mucosa. None of the patients who were old 
enough to verbalize complaints of rectal pain or burning 
did so. Both nasal and oral midazolam can be difficult to 
administer to an agitated, combative child who is trying 
to expel the drug. Also, we have found that nasal conges- 
tion can hinder intranasal administration. In our study, 
the drug was easily instilled into the rectum in all patients 
and none expelled it. Rectal, as well as oral and intra- 
nasal, administration avoids the use of painful injections 
and requires no special equipment or skills. Tolksdorf et 
a113 compared oral, nasal, and rectal midazolam for pre- 

Figure 7. 
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medicating children prior to general anesthesia and con- 
cluded that the rectal route was preferable because of its 
high success rate and low incidence of side effects. 

Our study design selected for the most anxious of 
preschool children requiring laceration repair, and, like 
other modalities of sedation, rectal midazolam was not 
effective in all patients. Six of 16 patients did not meet our 
adequate sedation criteria. An additional 2 had behavior 
score improvement during suturing but fell short of preset 
criteria. There could be several reasons for sedation fail- 
ure. The 6 patients who did not respond favorably had 
longer lacerations (1.9 cm versus 1.1 cm, P=.019), a 
longer mean procedure time (37.8 minutes versus 29.3 
minutes, P=.019), and a lower median postgraduate year 
for the suturing physician (1 versus 2, P=.04) than did the 
10 patients who had adequate sedation. There was no dif- 
ference in the entry behavior scores, the number who 
received lidocaine, or the number who were restrained 
with the papoose board. Despite our efforts, it was very 
likely that inadequate local anesthesia was a factor in 
some cases. 

Other potential factors include individual variability in 
kinetics and response to the same dose. We did not evalu- 
ate rectal stool content, which may have altered absorp- 
tion. Rectal pH is another variable that has been suggested 
to affect absorption. 29 Rectal diazepam pharmacokinetics 
in adults have been shown to vary with positioning after 
administration. 3~ We did not control for positioning; 
whether this is an issue with midazolam in children is 
unknown. Finally, we may not have found the true opti- 
mal dose in the pilot phase of our study 

Although there was no significant difference in adverse 
effects between the two groups, we were concerned with 
the two children in the rectal midazolam group who 
developed inconsolable agitation that became most appar- 
ent after the repair. Four others developed brief, mild irri- 
tability after discharge; however this did not differ 
statistically from the placebo group. We also witnessed 
transient emotional lability in some patients, primarily 
after the procedure. These reactions are sometimes 
referred to as paradoxical or disinhibition reactions and 
are described predominantly in adults. This behavior has 
been documented with a variety of benzodiazepines 
administered by different routes. 31-35 Anecdotal reports 
suggest that paradoxical reactions are more likely to occur 
in those with poor impulse control, but reliable predictors 
of these reactions are unknown. 31,32,34,35 Some observa- 
tions have suggested a dose-response, with a higher inci- 
dence of reactions with higher doses. 31,32,34,35 This is 
supported by Roelofse et al, 12 who reported agitation, 

restlessness, and visual hallucinations in several children 
given rectal midazolam as a premedicant for general anes- 
thesia. They also found a higher incidence with higher 
doses. 12 Using diazepam for dental procedures in patients 
of all ages, Litchfield 35 found the greatest prevalence of 
adverse psychological reactions in younger children. 
Other factors that may play a role include genetics, phar- 
macokinetics, concurrent use of other medications, and 
the environment. 3~ 

The other midazolam trials mentioned above did not 
report such behavior. Perhaps our sample was overrepre- 
sented by patients prone to these reactions. Certainly, 
underreporting such reactions may occur because of the 
difficulty in defining this behavior, particularly in 
preschool children in whom adequate communication 
may be lacking. It may be very difficult to differentiate 
agitation from pain versus hallucination in a toddler. 
There have been reports of successful treatment of para- 
doxical reactions with the new benzodiazepine reversal 
agent flumazenil and with physostigmine in adults)  1 

Our study had some limitations. There was a trend 
toward the rectal midazolam group being less anxious at 
entry than the placebo group; however, this difference did 
not reach statistical significance. We could attribute this 
trend only to chance, and very likely this difference would 
have narrowed if our sample size had been larger. The 
anxiety scoring by parents resulted in more variability 
than initially anticipated. This most likely resulted from 
the more subjective nature of this assessment as compared 
to the assessment by the investigators. This difference 
could be attributed in part to the various experiences that 
each of the parents had to draw on to assess their child. 
Each parent's anxiety itself also could have been a factor. 
Despite our efforts to be clear and concise with instruc- 
tions, variability in parental interpretation of anxiety and 
fear also probably affected scoring. However, the anxiety 
scores did parallel the behavior scores, and we believe 
they provided another measure of effectiveness for our 
patient sample. 

Finally, we may receive criticism for including children 
with an entry behavior score of 3 in our study It is our 
personal experience that many preschool children who 
initially appear to be only mildly anxious often become 
progressively fearful once intervention is under way 
Supporting this observation is the fact that three of nine in 
the rectal midazolam group with an entry behavior score 
of 3 had higher behavior scores during suturing, whereas 
all six in the placebo group with an entry behavior score 
of 3 had higher behavior scores during suturing (P=.028). 
Moreover, the majority of pediatric sedation studies have 
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not required a preset level of anxiety as part of inclusion 
criteria, therefore potentially including children who were 
not anxious at all. 

C O N C L U S I O N  

Rectal midazolam appears to be a quick and effective 
adjunct to facilitating uncomplicated laceration repair 
in preschool children. However, physicians must take 
into account the possibility of paradoxical reactions as 
a relative risk when using midazolam or other benzodiaz- 
epines in children. Although we found no serious cardio- 
pulmonary effects, we still advocate close monitoring with 
resuscitation equipment at the bedside. 
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CHAPTER 6
Infiltration and Nerve 
Block Anesthesia

Key Practice Points

nn A gentle and empathetic approach to patients is necessary when 
administering local anesthesia because of the near universal fear of 
injections and needles.

nn The onset of action of lidocaine is almost immediate when giving the 
anesthetic around the wound. For nerve blocks, onset of action is 5 to 
10 minutes.

nn The addition of epinephrine reduces bleeding and extends the duration 
of local anesthesia.

nn Toxicity of local anesthetics can cause hypotension, bradycardia, and 
(rarely) seizures that are most often caused by inadvertent injection 
into a blood vessel. To avoid complications, aspirate before injecting.

nn Allergies to local anesthetics are uncommon and are often due to the 
preservative, methylparaben, in the solution.

nn Buffering local anesthetics with bicarbonate can reduce, in some 
patients, the pain of infiltration.

nn Moderate sedation with midazolam and fentanyl can effectively reduce 
pain in a procedure such as abscess drainage.

nn Topical anesthesia is most effective for small lacerations in pediatric patients.
nn Through-the-wound direct infiltration is the most common form of 
local anesthesia for lacerations repaired in emergency settings.

nn Nerve blocks create larger areas of anesthesia and do not cause tissue 
distortion with unwanted swelling of the wound.

 

Effective anesthesia is essential for successful patient intervention and wound repair. As 
with any procedure, success depends on a thorough understanding of the properties of 
anesthetic solutions and injection techniques. The choice of anesthetics and techniques 
must be individualized for every patient. The type, location, and extent of the wound 
and estimated length of time for repair are variables that make each patient unique. 
Besides technical considerations, patients have differing emotional characteristics and 
responses. Almost all patients often fear that injections and needles will cause excessive 
pain. A clear explanation of the procedure and gentle handling gain the confidence of 
the patient and ease any apprehension.

LOCAL ANESTHETICS: PRACTICAL POINTS
 •  Onset of action: Local wound infiltration of a laceration with lidocaine 1% brings on 

rapid anesthesia. If the anesthetic is delivered at the interface of the superficial fas-
cia and dermis, nerve fibers are vulnerable to immediate blockade (Fig. 6-1). Wound 
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cleansing and suturing can begin almost immediately. A slightly shorter onset of 
action is yielded by lidocaine 2% solutions than by 1% solutions, but clinically speak-
ing, this effect is negligible.1 The addition of epinephrine and the buffering of local 
anesthetics also can shorten the onset of action and are discussed later in this chap-
ter. When blocking larger nerve trunks, such as digital nerves, onset of action is sig-
nificantly slower. Technique of delivery is crucial, and knowledge of anatomy can 
mean the difference between a successful and an unsuccessful blockade. A bolus of 
local anesthetic delivered immediately adjacent to a digital nerve can lead to com-
plete digital anesthesia within 1 to 2 minutes. Poor technique and delivery of that 
bolus even 2 or 3 mm from the nerve trunk can delay onset of action or lead to inad-
equate blockade and the need for repeat injection.

 •  Duration of anesthesia: Duration of action is significantly affected by vasoactivity of the 
anesthetic, blood supply of the anesthetized region, addition of epinephrine to anes-
thetic solutions, and formulation (bupivacaine lasts longer than lidocaine). Of the 
commonly used anesthetics, lidocaine produces the most vasodilation. The duration 
of action can be significantly shortened in areas such as the face, which is highly vas-
cular. In addition, vasodilation can cause excessive bleeding in a wound during repair. 
The addition of epinephrine to lidocaine eliminates unwanted bleeding and extends 
the action of lidocaine by 1 hour for facial lacerations and 5 hours for extremity inju-
ries.2 Bupivacaine without epinephrine also extends the duration of action 2 to 4 
hours compared with lidocaine alone.

 •  Differential blockade: Myelin sheath coverings of nerve fibers within axons vary in 
diameter and thickness. Fibers that carry stimuli from pain receptors in the skin have 
no myelin sheath and have the smallest diameter. The sensations of pressure and 
touch and motor impulses are transmitted by larger, myelinated fibers. The thin pain 
fibers are blocked more rapidly and more easily by local anesthetic solutions. This 
fact is significant in wound care because a solution of 1% lidocaine might block pain 
stimuli only and not the sensation of touch and pressure. An overly anxious patient 
may react to touch and pressure as if in pain. A higher concentration of lidocaine 
(e.g., 2%) abolishes all awareness of stimuli and allows for unimpeded repair. Adding 
epinephrine to these solutions achieves the same effect.

 •  Addition of epinephrine: Adding epinephrine to local anesthetic solutions increases 
the duration of action and the amount of drug that can be used. Epinephrine not 
only extends the duration of action of lidocaine, but it also increases the intensity of 
the block without an increase in concentration of the anesthetic in the neuron.3 The 
extended action lasts 1.3 times to 10 times longer than the action of lidocaine alone.2 
The extension of time is shorter on the face than on other body locales. The most 
useful property of epinephrine is to decrease the amount of bleeding in a wound dur-
ing laceration repair. There are potential but infrequent complications to its use. The 
most serious side effect, ischemia, can occur if epinephrine-containing anesthetics 
are improperly injected into fingers, toes, tip of the nose, pinna of the ear, or penis. 
Caution in the use of vasoconstrictors has been expressed because of the potential 

Epidermis

Dermis

Superficial fascia

1 2 3

Figure 6-1. The plane of anesthesia for local skin infiltration is just below the dermis at the junction of the 
superficial fascia (subcutaneous tissue).
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for tissue damage and increased rate of infection.4 However, lidocaine mixed with 
epinephrine continues to be used successfully for laceration repair.5,6

ANESTHETIC SOLUTIONS
Three anesthetic solutions are commonly used for local infiltration and simple nerve 
block (Table 6-1): lidocaine, mepivacaine, and bupivacaine. The amide derivatives have 
largely replaced the older ester compounds such as procaine.

Lidocaine
Lidocaine is the most commonly used anesthetic solution. The drug has a rapid onset 
of action that is almost immediate in local infiltration. Lidocaine’s tissue-spreading 
properties are good, and it readily penetrates nerve sheaths. Duration of action for 
nerve blocks is approximately 75 minutes (range 60 to 120 minutes). Although there 
is no clear information in the literature concerning the duration of action for direct 
wound infiltration, the anesthetic effect wears off in approximately 20 to 30 minutes, 
which is much sooner than with a full nerve block. A small percentage of patients 
appear to metabolize lidocaine rapidly and require repeated local injections. Finally, 
it is important to note that the low pH environment of abscesses markedly reduces 
the anesthetic effect of lidocaine. Field blocks, sometimes supplemented by con-
scious sedation, might be necessary to achieve adequate pain control when draining 
abscesses.

Lidocaine with Epinephrine
With the addition of epinephrine 1:100,000, the duration of action is increased, and 
local hemostasis is better achieved. The maximal allowable doses of lidocaine and 
the other local anesthetics are summarized in Table 6-1. The addition of epineph-
rine increases the duration of action and reduces bleeding. It is effective for most lac-
eration repairs and foreign-body retrievals. I have found it the most useful anesthetic 

	 TABLE	6-1	    Local Anesthetics for Wound Care

Agent

Onset of Action

Concentra-
tion Infiltration

Block	
(min)

Duration	
of	Action	
for	Blocks	

(min)
Maximal	Allowable	

Single	Dose

Lidocaine 
(Xylocaine)

1%, 2% Immediate 4-10 30-120 4.5 mg/kg of 1% (30 mL per 
average adult)

Lidocaine (with 
epinephrine)

1% Immediate 4-10 60-240 7 mg/kg of 1% (50 mL per 
average adult)

Mepivacaine 
(Carbocaine)

1%, 2% Immediate 6-10 90-180 5 mg/kg or 1% (40 mL per 
average adult)

Bupivacaine 
(Marcaine, 
Sensorcaine)

0.25%, 0.5% Slower 8-12 240-480 3 mg/kg of 0.25% (70 mL 
per average adult)

Articaine 4% 1-6 min 6-10 60 7 mg/kg of 4% (12.5 mL per 
average adult)

Topical  
anesthesia

See text 5-15 min — 20-30 2-5 mL of mixture
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 combination for  common wound care problems requiring a local anesthetic. Anesthet-
ics with  epinephrine are contraindicated in anatomic areas with terminal circulation, 
such as the fingers, toes, ears, and nose. In a study comparing lidocaine 2% with and 
without epinephrine for digital blocks, there were no ill effects of vasoconstriction, and 
the anesthesia was more effective in the epinephrine group.7 Although one study should 
not lead to the elimination of a time-honored caution against the use of epinephrine in 
digital blocks, it does open the question to further investigation.

Mepivacaine
Mepivacaine is widely used as an emergency wound anesthetic but has some properties 
that are different from lidocaine. The drug has a slightly slower onset of action: 6 to 
10 minutes for a simple block. The duration of action is 30 to 60 minutes, which is lon-
ger than lidocaine. Mepivacaine has a less vasodilatory effect than lidocaine and usually 
does not require the use of epinephrine for local wound area hemostasis.

Bupivacaine
Bupivacaine is an amide that is widely used in emergency wound care. It is an effective 
anesthetic, but its chief drawback is that it has slow onset of action, approximately 8 to 
12 minutes for simple blocks of small nerves. The main advantage of bupivacaine is its 
duration of action, which is considerably longer than lidocaine and mepivacaine. In a 
study comparing lidocaine with bupivacaine, no significant difference was noted in the 
pain of local infiltration, onset of action, and level of satisfactory anesthesia.8 Because 
the anesthetic effects of bupivacaine lasted four times longer than those of lidocaine, 
and significantly extended the period of pain relief, bupivacaine was recommended by 
Fariss et al8 to be considered for anesthesia of lacerations sutured in the emergency 
department.

Articaine
Articaine hydrochloride 4% (Septocaine) is an amide local anesthetic that has been used 
in Europe and other parts of the world for years and has now been approved for use 
in the United States. The only preparation available contains 1:100,000 epinephrine. 
Articaine is particularly effective in dental procedures because of its ability to penetrate 
hard tissues such as bone. It has yet to be studied for nondental procedures but can 
be used for facial and oral blocks. Onset of action is 1 to 6 minutes, and the dura-
tion of action is approximately 1 hour. Its safety profile is similar to other local “caine” 
 anesthetics.9

TOXICITY OF LOCAL ANESTHETICS
The injection of local anesthetics can cause three toxic, but uncommon, reactions. Car-
diovascular reactions include hypotension and bradycardia and are caused by a myocar-
dial inhibitory effect of the anesthetic.10 Local anesthetic solutions can cause excitatory 
phenomena in the central nervous system that ultimately can culminate in seizure 
activity. The cardiovascular and central nervous system effects commonly are caused by 
an inadvertent injection of a solution directly into a vessel, causing a bolus effect on the 
heart or brain. A key principle in the use of local anesthetics is always aspiration of the 
syringe before injection to check for blood return. If blood is aspirated, the needle has 
to be moved to avoid injecting the solution into a vein or artery.

The most common reaction to local anesthetics is vasovagal syncope (fainting). The 
anxiety and pain of injection can cause dizziness, pallor, bradycardia, and hypotension. 
This reaction can largely be avoided with gentle handling of the patient, proper counsel-
ing, and slow and careful injection technique. No anesthetic infiltration is ever performed 
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on a patient who is not in the supine position. Preferably the patient should be placed so 
that he or she cannot see the injection being administered.

Treatment of toxic reactions is largely supportive. The airway is appropriately pro-
tected, and ventilations are maintained. Hypotension and bradycardia usually are self-
limited and can be reversed by placing the patient in the Trendelenburg position. An 
intravenous line is started with normal saline, and a bolus of 250 to 500 mL is infused 
to counteract hypotension in any patient who does not respond to that maneuver. 
Cardiac monitoring with frequent vital signs is instituted. Seizures also are self-lim-
ited but may need to be controlled by intravenous lorezapam (Ativan) or diazepam 
(Valium).

ALLERGY TO LOCAL ANESTHETICS
Allergic reactions are uncommon with the newer amide local anesthetics, such as lido-
caine, mepivacaine, and bupivacaine. Reactions were more frequent with the older ester 
solutions, procaine (Novocain) and tetracaine.11 Multiple-dose vials still contain the 
preservative methylparaben, which has been implicated as a possible mediator of aller-
gic responses.1 Allergic reactions are characterized by either delayed appearances of skin 
rashes or the acute onset of localized or general urticaria. Rarely, outright anaphylac-
tic shock can occur. True allergic responses occur in fewer than 1% of patients receiv-
ing local anesthetics.11 This observation was confirmed in a study of 59 patients who 
reported previous reactions to local anesthetic agents. None responded adversely to 
skin testing and provocative drug challenge.12

Management of Allergic Responses
Allergic responses are managed in the standard manner with airway control; establish-
ment of intravenous access; and administration of epinephrine, diphenhydramine, and 
steroids as needed.

Alternatives for Allergic Patients
Because patients cannot always describe accurately a prior adverse reaction to a local 
anesthetic, and it is usually impossible to perform skin testing in an emergency depart-
ment setting, the clinician may be faced with a patient who is truly allergic to local 
anesthetics. The following strategies are suggested:
 •  For calm patients who have small lacerations, no anesthetic should be used. Often 

the pain of injection exceeds the pain of placing two or three sutures.
 •  Ice placed directly over the wound can provide a short period of decreased pain 

sensation.
 •  Because the preservative methylparaben has been implicated in allergic reactions, 

local anesthetic preparations for spinal, epidural, and intravenous anesthesia should 
be used. They are preservative-free. They can be obtained from the operating room of 
the hospital.

 •  If the allergy-causing drug can be identified as an ester (tetracaine, benzocaine, chlo-
roprocaine, cocaine, procaine), it can be substituted with an amide (lidocaine, mepi-
vacaine, bupivacaine, diphenhydramine [Benadryl]).

 •  Diphenhydramine has properties similar to standard local anesthetics.13,14 Com-
pared with lidocaine, it provides adequate anesthesia for laceration repair for at least 
30 minutes.15 Compared with lidocaine, it is not as effective for procedures lasting 
longer than 30 minutes. A 50-mg (1-mL) vial is diluted in a syringe with 4 mL of 
normal saline to produce a 1% solution. Local infiltration is carried out in the usual 
manner. Diphenhydramine is more painful to inject than lidocaine, and this pain is 
not reduced by buffering.16,17
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REDUCING THE PAIN OF LOCAL 
ANESTHESIA
Anesthetic Buffering
It has been demonstrated that buffering of lidocaine can reduce the pain of injec-
tion.18-20 In addition, buffering can reduce the time to onset of anesthesia and increases 
the intensity of the blockade. However, more recent studies, although showing a posi-
tive effect of buffering, do not reach significance when compared with nonbuffered 
solutions.6,15 In addition, buffering can reduce the shelf life of local anesthetics. It 
seems that lidocaine alone, when buffered with bicarbonate, has a shelf life of at least 
7 days.21 Buffering also has been shown to degrade epinephrine, up to 20% of the total, 
within 24 hours in open containers exposed to light.22,23 Buffered solutions containing 
epinephrine do not show any significant epinephrine degradation in a 72-hour period if 
kept in a closed container that is stored in the dark. Shelf life studies of buffered mepi-
vacaine and bupivacaine have not been performed.

Because they have shown some positive effect, the following techniques are included 
for the buffering of local anesthetics:
 •  Lidocaine: 1 mL of bicarbonate per 9 mL of 1% lidocaine; buffering of 2% solutions 

may cause precipitates; shelf life 7 days
 •  Mepivacaine: 0.5 to 1 mL of bicarbonate per 9 mL of mepivacaine; shelf life unknown 

after 24 hours
 •  Bupivacaine: 0.1 mL of bicarbonate per 20 mL of bupivacaine; shelf life unknown after 

24 hours
When mixing a 20-mL lidocaine or mepivacaine vial, 2 mL of anesthetic is removed 

and is replaced with 2 mL of bicarbonate. This technique not only ensures the cor-
rect buffering mixture, but also maintains the original volume of solution in the vial. 
Because shelf life is shortened, the vial should be marked or labeled with the date of 
preparation. Bicarbonate is available in solutions of 8.4% sodium bicarbonate stored as 
50 mEq/50 mL (1 mEq/mL).

Choice of Needles
Experienced operators caring for wounds often limit themselves to 27-G or 30-G nee-
dles. Not only is a small gauge likely to reduce the pain of needle insertion, but also 
it reduces the rate of injection. Rapid injection and tissue expansion are significantly 
more painful than slow injection.22

Considerable experience is necessary in handling small-diameter needles. They bend 
easily, and it can be difficult to judge the amount of anesthetic injected without observ-
ing plunger movement past the syringe hatch marks. It is recommended that inexperi-
enced operators become familiar with the properties of a 25-G needle before proceeding 
to smaller 27-G and 30-G needles. A 25-G, 1½-inch needle can be used for most local 
infiltration procedures and for facial and digital blocks.

ADULT PATIENT SEDATION
Patient sedation for emergency wound care (see Chapter 5 for pediatric sedation) has 
become a common procedure, most commonly used for abscess drainage. Wound care 
can cause significant anxiety and discomfort, and patients can benefit by the adminis-
tration of anxiolytics or pain relievers that supplement local anesthesia. Opiates, such as 
fentanyl, morphine, and meperidine (Demerol), and the benzodiazepines, midazolam 
and diazepam, can be delivered orally or parenterally for this purpose. Other sedative 
agents used for painful procedures are ketamine and nitrous oxide. Commonly used 
sedative and pain-reducing agents are summarized in Table 6-2.
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Midazolam is an effective anxiolytic that comes in oral, intranasal, parenteral, and rec-
tal forms but is most commonly administered parenterally in adults.24-26 Intravenously, 
it achieves sedation in 3 to 5 minutes and has an elimination half-life of 1 hour. Alone 
or in combination with fentanyl, it has become commonly used for moderate sedation 
(Box 6-1). Hypoxia and oversedation are the most significant, but uncommon, side 
effects of midazolam. Administration must be in a controlled setting with readily avail-
able airway and resuscitation equipment. The reversal agent, flumazenil, is effective if 
needed to reverse the actions of this benzodiazepine. Caution must be used, however, in 
patients on chronic benzodiazepines, because reversal might cause seizures.

Fentanyl is a synthetic opioid with properties that make it an excellent agent for 
immediate pain relief and support during invasive procedures.27 Peak effect after intra-
venous administration is 2 minutes with a duration of action of 30 to 90 minutes. In 
contrast to other opioids, fentanyl does not commonly cause nausea and vomiting (<1% 
of patients). Its most serious side effect is respiratory depression, which can be reversed 
readily with naloxone. See Chapter 5 for sedation techniques for children.

When full moderate sedation in an adult is unecessary, but pain or anxiety relief 
are anticipated, single doses of an IV or IM opiate or benzodiazepine 5 to 10 minutes 
before the procedure can be administered. Several choices are available as delineated in 
Table 6-2. Ventilation support, intravenous fluids, and reversal agents should be imme-
diately available if needed.

Although ketamine has been in use worldwide for children, there is less experience 
in its use in the United States and in using it for adults.28,29 Most experience with ket-
amine use is in the intravenous or intramuscular form. Its onset of action intravenously 
is 1 minute, with a duration of action 10 to 15 minutes. This drug can cause a dissocia-
tive reaction in the patient during administration and an emergence reaction in 30% of 
adults in which there is misperception of visual and auditory stimuli by the patient.30 
However, when administered with midazolam in adults, the emergence reactions are 
considerably less.31 Ketamine can cause vomiting and laryngospasm and should be 
used with caution in adults with coronary artery disease because of its sympathomi-
metic properties.29-32 Parenteral ketamine requires significant experience and opera-
tor comfort with its sedation profile. Further studies of its oral use in wound care are 
needed to delineate fully its appropriate use in that setting.

Nitrous oxide is a sedative and an analgesic substance that can provide effective 
procedure sedation.33 It comes in 30% and 50% concentrations in combination with 
oxygen. Onset of action begins in 30 to 60 seconds with maximum effect in 5 min-
utes. Side effects include nausea, dizziness, and euphoria with laughter. Equipment 

	 TABLE	6-2	    Agents for Adult Sedation in Wound Care Procedures

Agent(s) Initial	Dose* Route

Midazolam† 0.02-0.1 mg/kg IV
0.3-0.5 mg/kg Oral

Diazepam 0.05-0.10 mg/kg IV

Fentanyl† 1-2 mg/kg IV

Meperidine 0.5-1 mg/kg IV, IM

Morphine 0.05-0.2 mg/kg IV, IM

*Often two doses are needed to obtain adequate sedation in many patients. The use of additional doses should be based on 
individual responses. In the elderly, smaller doses should be used in an incremental fashion.

†Midazolam and Fentanyl are commonly used in combination for moderate sedation.
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 requirements, including a gas scavenging system, and operator experience make this 
method of sedation of limited usefulness in laceration repair and wound care.

ANESTHESIA TECHNIQUES
Most minor lacerations and wounds can be managed by administering a local anes-
thetic directly into or around (parallel to) the wound area. Other wounds are best 
served by the application of a nerve block. The following are descriptions of the 
techniques for administering local anesthetics most useful in emergency wound and 
laceration repair.

 1.  Establish an intravenous infusion of normal saline (18-G catheter preferred 
in adults) in the supine patient with the bed rails in the up position.

 2.  Pulse, respiratory rate, blood pressure, and level of consciousness should 
be recorded initially, after every dose of each agent, and every 5 to 
10  minutes throughout the procedure.

 3.  Continous monitoring of oxygen saturation with a pulse oximeter probe (to 
maintain at >95% or no less than 3% to 5% less than the initial value) must 
be performed. Supplemental oxygen via nasal prongs can be administered 
based on need. ECG monitoring is optional but suggested in the elderly or 
in patients with a cardiac history.

 4.  A resuscitation cart with a bag-valve mask, oral and nasal airways, endotra-
cheal tubes, and a functioning laryngoscope must be nearby. Suction equip-
ment and naloxone should be at the bedside.

 5.  Administer 1 mg of midazolam over 30 to 60 seconds; if after 3 to 5 minutes 
there is no evidence of mild sedation (subjective relaxation by the patient 
with mild drowsiness and normal or minimally altered speech), additional 
1-mg doses can be administered in a similar fashion, up to a maximum of 
0.1 mg/kg.* The goal is mild sedation and anxiolysis, achievable in most 
patients with 1 to 2 mg of midazolam.

 6.  Reassess clinical status (see Step 2).
 7.  Administer fentanyl† 100 μg (2 mL) over 60 seconds; this may be repeated in 

0.5- to 1-μg/kg (50 to 100 μg) increments every 3 to 5 minutes until adequate 
analgesia and sedation have been obtained (slurred speech, ptosis, drowsy, 
but responsive to painful and verbal stimuli, and good analgesia with initial 
stages of procedure). The maximal total dose recommended is 5 to 6 μg/kg.*

 8.  Administer local anesthesia if indicated (this often helps gauge effectiveness 
of systemic analgesia).

 9.  Perform the procedure. Additional doses of fentanyl may be required based 
on the response and length of the procedure.

 10.  If hypoxemia, deep sedation, or slowed respirations unresponsive to exter-
nal stimuli are seen during or after procedure, ventilation should be assisted 
with a bag-valve mask, and naloxone (0.4- to 0.8-mg increments) should be 
administered. Naloxone should not be given routinely at the termination of 
procedures because it abruptly reverses all analgesia.

 11.  Continue close observation until the patient is awake and alert, and discharge 
the patient only after a minimum 1 hour of further observation. Instruct the 
patient not to drive or operate dangerous machinery for at least 6 hours.

	 BOX	6-1	   Procedure for Moderate Sedation in Painful Wound Care 
and Abscess Drainage Interventions

*For children, fentanyl alone is suggested in 0.5-μg/kg increments up to a maximal total dose of 2 to 3 μg/kg.
†Sublimaze, 50 μg/mL.
From Yealy DM, Dunmire SM, Paris TML: Pharmacologic adjuncts to painful procedures. In Roberts TR, Hedges TR, 

 editors: Clinical procedures in emergency medicine, Philadelphia, 1991, Saunders.
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Topical Anesthesia
Indications
Topical anesthesia is an established method to anesthetize uncomplicated lacerations.5 
Pediatric patients are ideal candidates for this technique. It requires no injection and 
can be administered by the parent. Because of the profuse vascularity of the face and 
scalp, lacerations of those areas are more effectively anesthetized than the trunk or 
proximal extremities. Because of tissue absorption of topical agents, this technique is 
best limited to lacerations of 5 cm or less. Contraindicated sites include the finger, toe, 
nose, pinna of the ear, and penis. Care is taken to avoid mucous membranes. The death 
of a 7½-month-old infant whose nasal mucous membranes and lips were inadvertently 
exposed to 10 mL of the solution underscores the need for caution.34

In emergency departments with triage systems, topical anesthesia can shorten the 
patient’s emergency department length of stay and improve the efficiency of care. Topical 
anesthetics can be applied at the triage for appropriate wounds. They take approximately 
20 minutes to achieve effect.35 Wounds can be cleansed and repaired in a shortened time 
frame with good outcomes and improved patient satisfaction. A newer topical preparation, 
EMLA (eutectic mixture of local anesthetics; see contents of EMLA in the following bul-
leted list), has been used in this setting with good effect compared with standard topical 
preparations.36,37 EMLA has two major drawbacks, however: It is only approved for intact 
skin (such as for IV needle use) but not open wounds, and it takes 60 minutes to take effect.

Numerous topical anesthetic mixtures have comparable efficacy. Because cocaine 
was one of the original components of TAC (tetracaine-adrenaline-cocaine), this prepa-
ration has proven efficacy, but preparations without cocaine are comparable in their 
effectiveness. 38 Topical anesthetics are commonly prepared as liquids but can be mixed 
in gels.39 Gels can decrease the risk of mucosal exposure and possibly reduce the total 
dose delivered. The following is a range of topical anesthetic alternatives:
 •  LAT (lidocaine-adrenaline-tetracaine): tetracaine (1%), epinephrine (1:2000), and lido-

caine (4%)40

 •  TLE (topical lidocaine-epinephrine): lidocaine (5%) and epinephrine (1:2000)41

These figures represent the final concentrations and dilutions when calculated 
amounts of each ingredient are combined and brought to a predetermined volume with 
saline. Preparation of a topical anesthetic solution should be carried out by or under 
the supervision of a pharmacist.
 •  LET (lidocaine, epinephrine, tetracaine): lidocaine (2%), epinephrine (1:1000), tetracaine (2%)
 •  EMLA: eutectic cream mixture, lidocaine (2.5%), Prilocaine (2.5%), suspended in oil 

and water emulsion

Technique
A 2 × 2 inch sponge is saturated but should not be dripping with solution. The sponge 
is placed in and around the laceration and left for at least 20 minutes. Shorter applica-
tion times are associated with higher failure rates. When the sponge is fashioned to 
conform to the wound, it can be secured with tape, and the caregiver or parent should 
apply gentle manual pressure over the taped sponge. Gloves are recommended to pre-
vent absorption by the caregiver. Common errors include failure to place a sponge fold 
into the wound, “dabbing” the wound, or releasing the manual pressure prematurely. 
For small lacerations, cotton swabs soaked with the solution can be used.

Complete anesthesia is reached when a zone of blanching is observed around the 
wound. Time to anesthesia is 20 to 30 minutes for all preparations previously listed 
except for EMLA, which is 60 minutes. The maximal dose of the solution is 2 to 5 mL. 
The average wound requires 2 to 3 mL. In approximately 5% of wounds, supplemental 
infiltration is required to achieve complete anesthesia.42
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Direct Wound Infiltration
Indications
Direct infiltration through the wound is indicated for most minimally contaminated 
lacerations in anatomically uncomplicated areas. Injecting directly into the wound is 
technically easy to do, and because intact skin is not pierced, needle-stick pain is less. 
Some patients may express concern, or even alarm, at this prospect. Explaining the 
advantage of less pain allays those fears.

Anatomy
The proper plane of injection is immediately beneath the dermis at the junction of 
the superficial fascia (see Fig. 6-1). Tissue resistance is less in this plane, and sensory 
nerves are reached easily by the spreading solution. Trying to inject directly into the 
dermis meets with great resistance. Injecting deep down into the fatty fascia unneces-
sarily delays onset.

Technique
Direct infiltration can be carried out with 25-, 27-, or 30-G needles of varying lengths 
(½ inch to 1¼ inches). The needle is inserted through the open wound into the superfi-
cial fascia (subcutaneous fat) parallel to and just deep to the dermis (Fig. 6-2). A small 
bolus of anesthetic solution is injected. The needle is removed, and another bolus is 
injected at an adjacent site just inside the margin of anesthesia of the previous injec-
tion. This practice ensures greater patient comfort. This process is repeated until all 
edges and corners of the wound are anesthetized. A simple laceration approximately 
3 to 4 cm in length requires 3 to 5 mL of an anesthetic solution.

Parallel Margin Infiltration (Field Block)
Indications
Parallel margin infiltration is an alternative to direct wound infiltration and has the 
advantage of requiring fewer needle sticks. It is preferred in wounds that are grossly con-
taminated so that the needle does not inadvertently carry debris or bacteria into uncon-
taminated tissues, although this potential complication has not been clearly documented.

Anatomy
The same plane as described earlier for direct wound infiltration is used, but it is 
approached through intact skin.

Technique
Parallel infiltration requires a 1¼- to 2-inch needle at least 25 G in diameter. The needle 
is inserted into the skin at one end of the laceration. The needle is advanced to the hub 
parallel to the dermis–superficial fascia plane (Fig. 6-3). Aspiration is followed by slow 
injection of a “track” of anesthetic as the needle is withdrawn down the tissue plane 
to the insertion site. The needle is reinserted at the distal end of the first track, where 
the skin is beginning to become anesthetized. The second insertion (if needed) is less 
painful. Reinsertion and injection are repeated on all sides of the wound until complete 
infiltration has been achieved.

Supraorbital and Supratrochlear 
Nerve Blocks (Forehead Block)
Indications
Supraorbital and supratrochlear nerve blocks are used for extensive lacerations and 
wounds of the forehead and anterior scalp.
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Anatomy
The supraorbital and supratrochlear nerves supply sensation to the forehead and ante-
rior scalp and exit from foramina located along the supraorbital ridge.

Technique
The easiest manner to block the nerves and their many branches is to lay a continuous 
subcutaneous track at brow level as shown in Figure 6-4. The actual injection technique 
is similar to that discussed earlier in the section on parallel margin infiltration. The 
plane of injection is just superficial to the bony plane. The needle is inserted to bone, 
then advanced until the hub is reached. The track laid down floods the nerves as they 
exit the foramina in the supraorbital rim.

Infraorbital Nerve Block
Indications
Lacerations of the upper lip are common. Local anesthetic infiltration can cause 
anatomic distortion leading to difficulty with exact wound edge approximation and 
repair. An infraorbital nerve block can circumvent this problem. This block also can 
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Direct wound infiltration

Figure 6-2. Direct infiltration of the wound is accomplished by multiple adjacent depositions of anes-
thetic solution to anesthetize the full length of the wound on either side.
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be used to repair lacerations of the lateral-inferior portion of the nose and lower 
eyelid.

Anatomy
The location and distribution of the infraorbital nerve is illustrated in Figure 6-5C. 
The infraorbital foramen is located approximately 1.5 cm below the inferior rim of the 
orbit and 2 cm from the lateral edge of the nose. This foramen can often be palpated 
(Fig. 6-5A).

Technique
The infraorbital nerve can be approached intraorally and extraorally, although the 
intraoral route has been shown to be significantly less painful. By the intraoral 
route, the upper lip is retracted, revealing the maxillary canine tooth. Before actual 
injection, the site of needle entry into the buccal mucosa can be pretreated with a 
topical anesthetic such as viscous lidocaine (Xylocaine Viscous). A cotton-tipped 
applicator soaked in this solution is applied to the gingival-buccal margin for 1 to 
2 minutes before the insertion of the needle (Fig. 6-5B). The needle is introduced 
at the gingival-buccal margin at the anterior margin of the maxillary canine (see 
Fig. 6-5C). It is advanced parallel and just superficial to the maxillary bone until 
the infraorbital foramen is reached. If paresthesia results, the needle is pulled back 
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Parallel margin infiltration
(field block)

Figure 6-3. Parallel margin infiltration is accomplished by laying down adjacent tracks of anesthesia paral-
lel to the wounded edge. Zone A represents the first track. The second track is begun by inserting the needle 
at the end point of zone A in an area that is anesthetized.
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slightly before injection to avoid injecting into the foramen and causing unwanted 
pressure on the nerve. The operator deposits 1 to 3 mL of anesthetic, and anesthesia 
results within 4 to 6 minutes. If there is uncertainty about the precise location of 
the nerve, injection is carried out by depositing multiple small boluses in a “fan” 
configuration.

Mental Nerve Block
Indications
Mental nerve block is used to repair lower lip lacerations without distorting the anat-
omy by local infiltration.

Anatomy
The mental nerve foramen lies just inferior to the second mandibular bicuspid, midway 
between the upper and lower edges of the mandible, and 2.5 cm from the midline of the 
jaw. This nerve provides sensation to the lower half of the lip but only a portion of the 
chin. The mental foramen can be palpated as shown in Figure 6-6A.

Technique
The mucosal injection site can be pretreated with viscous lidocaine as described earlier 
for the infraorbital nerve block (Fig. 6-6B). The lower lip is retracted, and the needle is 
introduced at the gingival-buccal margin inferior to the second bicuspid (Fig. 6-6C). 
When the foramen is approximated, 1 to 2 mL of anesthetic is injected after careful 

Figure 6-4. Forehead block. Note the path of the supratrochlear and supraorbital nerves that originate 
from the superior orbital rim. The needle is inserted to its hub at the plane adjacent to the bone itself.
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A

B

Figure 6-5. Infraorbital nerve block. A, The infraorbital foramen can be palpated before injection. 
B, A cotton-tipped applicator soaked in a topical anesthetic, lidocaine gel, is applied to the mucosal site 
where the needle will be inserted. 
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aspiration. Full anesthesia is achieved within 4 to 6 minutes. The fanning technique 
can be applied here as well.

Auricular Block
Indications
Lacerations of the auricle of the ear are common. The skin is tightly adherent to the 
cartilaginous skeleton, and the deposition of an anesthetic for large or complicated 
wounds can be difficult or may excessively distort the local tissue relationships. The 
auricular block is indicated for extensive repairs of the ear.

Anatomy
Sensory innervation of the auricle arises from branches of the auriculotemporal, greater 
auricular, and lesser occipital nerves. Sensory supply to the meatus derives additionally 
from the branch of the vagus. For this reason, an auricular block does not always com-
pletely block the meatal opening.

Technique
The technical goal of the auricular block is to achieve circumferential anesthesia 
around the ear. Beginning just below the lobule, the operator fully inserts a 1½- to 
2-inch 25-G needle attached to a preloaded syringe with 10 mL of anesthetic (without 
epinephrine) into the sulcus behind the ear, parallel and just superficial to the bone 

C

Figure 6-5, cont’d. C, With gentle retraction of the lip, using the maxillary canine as the landmark, the 
needle is advanced, and anesthetic is deposited at the infraorbital foramen. Note the path of the nerve as it 
exits the foramen.
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B

Figure 6-6. Mental nerve block. A, The mental nerve foramen can be palpated before injection. B, Lido-
caine gel is applied to the mucosal injection site. 
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(Fig. 6-7). Approximately 2 to 3 mL of anesthetic is left in a track back to the insertion 
site. Without leaving the insertion site, the needle is redirected anterior to the lob-
ule and tragus. A similar track is left in that area. The syringe is reloaded if necessary. 
Starting at a point just behind the superior portion of the helix, a similar track is left 
behind the superior portion of the ear. Without leaving the injection site, a bolus of 
anesthetic is deposited backward from the tragus. Anesthesia should be complete in 
10 to 15 minutes.

Digital Nerve Blocks (Finger and Toe 
Blocks)
Indications
The most common nerve block in minor wound care is the digital block. The block is 
the anesthetic method recommended for lacerations distal to the level of the midproxi-
mal phalanx of the finger or toe. It is the procedure preferred for nail removal, paro-
nychia drainage, and repair of lacerations of the digits. A study has shown that digital 
block, as described here, is more effective and less painful than the metacarpal block to 
achieve finger anesthesia.43

One of the most commonly stated cautions about digital blocks is not to use vaso-
constrictors, such as epinephrine, with the anesthetic. There is a theoretical concern 
that the vasoconstrictor can cause digital ischemia and permanent damage. Two stud-
ies that compare digital blocks with and without epinephrine have been published.7,44 
No complications were reported in either study.

C

Figure 6-6, cont’d. C, Using the second bicuspid as the landmark, the needle is advanced, and the anes-
thetic is deposited at the foramen. Note the path of the nerve as it exits the foramen.
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Anatomy
There are four digital nerves for each finger or toe, including the thumb and great 
toe (Fig. 6-8). The palmar digital nerves have the most extensive sensory distribution 
and are responsible for distal finger and fingertip sensation, including the nail bed. 
Although the dorsal nerves have a lesser distribution, there is sufficient overlap with 
the palmar nerves that all four branches on each finger must be blocked to achieve 

1
2

1
2

1
2

1
2

Figure 6-7. Technique to achieve field anesthesia of the ear.

Palmar digital nerves

Dorsal digital nerves
Figure 6-8. Four digital nerves of the digit. The two palmar digital nerves are dominant and provide sensa-
tion to the volar surface of the finger and the entirety of the volar pad and nail bed area.
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 complete digit anesthesia. The digital nerves are immediately adjacent to the phalanges, 
and these structures act as landmarks for locating the nerves.

Techniques
Technique for Digital Block
Needle size can vary from 25 to 30 G. Small-gauge needles, 27 G and 30 G, require expe-
rience and technical comfort of the operator. The technique requires two needle sticks 
and four small injections of anesthetic. Figure 6-9 illustrates the approach to the dorsal 
digital nerve followed by redirecting the needle to the palmar nerve. No more than a 
total of 4 mL of 1% lidocaine without epinephrine or 1% mepivacaine is recommended. 
The needle is introduced into the dorsolateral aspect of the proximal phalanx in the 
portion of the web space just distal to the metacarpophalangeal joint (Fig. 6-10). Depo-
sition into the web space prevents buildup of excessive pressure on the digital nerves 
and blood vessels. The needle is advanced until it touches bone. Approximately 0.5 mL 
of anesthetic is delivered to the dorsal digital nerve. The needle is withdrawn slightly 
and redirected adjacent to the bone of the phalanx to the volar surface of the digit, and 
1 mL of solution is deposited at the site of the volar or palmar nerve. The procedure 
is repeated on the opposite side of the digit to achieve full finger or toe anesthesia. A 
complete block usually is achieved within 4 to 5 minutes. Maintaining close proximity 
of the nerve to the bone at all times ensures good blockade because the course of the 
nerve is adjacent to bone. Figure 6-11 illustrates the digital nerve block technique for 
the thumb.

Alternative Technique for Digital Block
An alternative technique for achieving digital anesthesia is by single injection, using a 
volar approach.45 This technique provides anesthesia for the volar, or palmar, surface 
of the digit and the fingertip, including the nail bed and cuticles. Only the palmar 
digital nerves are blocked; the dorsal surface, with sensory innervation from the small 
dorsal digital nerves, remains sensate. In 10% of patients, this technique can cause 
pain at the injection site for 24 hours after the block.45 It resolves within 48 hours, 
however.

Palmar digital nerve

Dorsal digital nerve

Phalanx

Flexor tendons

Figure 6-9. Digital nerve block. To block a digit effectively, all four nerves, dorsal and volar, are approached 
as illustrated. The needle is introduced dorsally to anesthetize the dorsal nerve first. Without reinserting the 
needle, it is redirected toward the volar nerve, and anesthetic is deposited. The same procedure is done on the 
opposite side of the same digit to complete the block.
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A

B

Figure 6-10. Digital nerve block. Note the course of the volar and digital nerves. A, Within the web space, 
the needle is introduced and advanced toward the dorsal digital nerve. B, After deposition of the anesthetic, the 
needle is redirected, without withdrawing it from the skin, toward the volar nerve, and anesthetic is deposited. 
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C

D

Figure 6-10, cont’d. C and D, The same steps are repeated on the opposite side of the same digit.
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A

B

Figure 6-11. Thumb block. The basic procedure for digital block can be carried out for the thumb. Note the 
nerve pathways as illustrated. A, Within the web space, the ulnar dorsal digital nerve to the thumb is blocked. 
B, Through the same injection site, the ulnar volar nerve is blocked after redirection of the needle. 
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C

D

Figure 6-11, cont’d. C, The radial dorsal digital nerve is approached as illustrated. D, After redirection, 
the radial volar nerve is blocked.
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A 27-G needle is preferred with approximately 2 to 3 mL of 2% lidocaine or mepiva-
caine in an appropriate syringe. The skin is prepared carefully with alcohol or povidone-
iodine. The needle is inserted at right angles directly into the palmar flexor crease of the 
digit, through the flexor tendons, to bone. With gentle but insistent pressure applied to 
the plunger of the syringe, the needle is withdrawn gradually until fluid flows easily into 
the tendon sheath. Anesthetic quickly flows out of the tendon sheath along the vincular 
vessels until it surrounds the main digital nerves.

Toe Block Technique
Because the second to fifth toes are relatively thin at the proximal phalanx, a single mid-
line dorsal needle stick can be used to anesthetize both sides of the toe. After depositing 
the anesthetic on one side, the needle is withdrawn and passed down the opposite side 
without leaving the original puncture site (Fig. 6-12). The standard digital technique 
described earlier is best for the great toe.

Median Nerve Block
Indications
Median nerve block is used for lacerations and wounds of the palmar aspect of the 
thumb, index, and middle fingers and the radial half of the palm.

Anatomy
The median nerve can be found at the proximal flexor crease of the wrist between the 
palmaris longus and the flexor carpi radialis tendon (Fig. 6-13). The two tendons can 
be identified by having the patient voluntarily close the fingers into a fist and slightly 
flex the wrist. Some patients do not have a palmaris longus tendon, in which case the 
nerve is just radial to the flexor sublimis tendons of the fingers, which usually lie below 
the palmaris longus tendon. The nerve also can be located 1 cm to the ulnar side of the 
flexor carpi radialis.

Technique
On identifying the palmaris longus tendon, a 25-G needle is introduced immediately 
radial to it (Fig. 6-14). The needle is passed just deep to the flexor retinaculum. A “pop-
ping” sensation can be felt as the needle traverses the dense retinaculum. An attempt is 
made to elicit paresthesias by passing the needle slowly deeper into the wrist. If pares-
thesias are elicited, 2 mL of solution is deposited adjacent to but not into the nerve. If 
none are elicited, 3 to 5 mL of solution is injected, from deep to superficial as a track. 
Anesthesia might not be complete for at least 20 minutes.

Ulnar Nerve Block
Indications
Ulnar nerve block is used for repair of wounds to the ulnar dorsal and palmar aspects 
of the hand, fifth finger, and ulnar side of the fourth finger.

Anatomy
The ulnar nerve has two branches that provide sensory innervation to the ulnar side 
of the hand. The palmar branch of the ulnar nerve is found immediately radial to the 
flexor carpi ulnaris tendon at the proximal wrist crease. It accompanies the ulnar artery. 
The dorsal branch of the ulnar nerve divides from the palmar branch approximately 
4 to 5 cm proximal from the wrist and courses under the flexor carpi ulnaris tendon 
to the dorsal-ulnar side of the hand. Because of this division, both branches must be 
blocked to achieve successful anesthesia.
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Figure 6-12. Technique to provide anesthetic to toes other than the great toe (see text).

Palmar cutaneous
branch of median nerve

Median nerve

Palmaris longus

Flexor digitorum sublimis

Flexor digitorum
profundus

Flexor retinaculum

Skin

Flexor carpi ulnaris

Ulnar nerve Flexor carpi radialis

Radialis artery

Pronator quadratus

Left wrist (palm up)
Figure 6-13. Cross-sectional anatomy of the wrist. Note the positions of the palmaris longus, flexor digi-
torum sublimus, and median nerve.
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Technique
Using a 25-G, 1¼- to 2-inch needle, attached to a 10- to 12-mL syringe, the operator 
enters the wrist at the radial border of the flexor carpi ulnaris tendon (Fig. 6-15). The 
operator deposits anesthetic carefully and only after aspiration to prevent inadvertent 
ulnar arterial injection. If a paresthesia is elicited, 3 to 5 mL is deposited. If no pares-
thesia occurs, in a small fanlike action, the anesthetic is deposited. The nerve also can 
be approached from the ulnar aspect of the wrist. By inserting the needle lateral to the 
same tendon and slipping under it, the nerve can be blocked using the same amount of 
anesthetic. A block is achieved in 8 to 12 minutes. A separate branch, originating proxi-
mal to the wrist, of the ulnar nerve innervates the dorsum of the hand. To block that 
branch, a subcutaneous track of anesthetic is laid down from the dorsal midline of the 
wrist to the ulnar border of the flexor carpi ulnaris tendon.

Radial Nerve Block
Indications
Radial nerve block is used for wounds located on the dorsum of the thumb, index, and 
middle fingers and the radial portion of the dorsum of the hand.

Anatomy
Approximately 7 cm proximal to the wrist, a superficial cutaneous branch leaves the 
main radial nerve. At the level of the wrist, this branch begins to fan out into several 
rami that provide sensory innervation to the dorsoradial aspect of the hand. These rami 
lie in the superficial fascia just deep to the skin.

Figure 6-14. Median nerve block. Note the position and path of the palmaris longus and median nerves. 
Immediately radial to the palmaris longus tendon, the needle is inserted throughout the flexor retinaculum 
toward the median nerve as described in the text.
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Technique
Starting at the dorsoradial aspect of the wrist, a continuous subcutaneous track of 
anesthetic is laid down to block all the sensory branches (Fig. 6-16). The technique is 
similar to that described for ulnar nerve blockade. Approximately 10 mL of anesthetic 
is required. For this block to abolish sensation, 8 to 12 minutes is necessary.

Sural and Tibial Nerve Blocks 
(Sole of Foot Blocks)
Indications
One of the most painful areas in which to inject local anesthetic is the sole of the foot. 
This area is commonly injured and subject to puncture wounds, lacerations, and the 
embedding of foreign bodies. Sural and tibial nerve blocks are recommended. These 
blocks are much less painful to the patient than direct infiltration.

Anatomy
The sural nerve courses behind the fibula and lateral malleolus to supply the heel 
and lateral aspect of the foot. The tibial nerve can be found between the Achilles 
tendon and the medial malleolus. It can be located easily because it accompanies 
the posterior tibial artery at that level. This nerve supplies a large portion of the 
sole and medial side of the foot. As denoted in Figure 6-17, there is some over-
lap of distribution of these nerves and some overlap of sensation with the ante-
riorly located saphenous and superficial peroneal nerves. Complete anesthesia is 
not always achieved by a single block. It can be supplemented by local infiltration 

Figure 6-15. Ulnar nerve block. The ulnar nerve lies deep to the flexor carpi ulnaris tendon as shown. The 
needle is inserted at the radial border of the tendon and directed toward the nerve. Because the nerve lies 
adjacent to the ulnar artery, great care is taken to aspirate before injection (see text).
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with minimal discomfort to the patient because of the preexisting partial anesthesia 
from the block.

Techniques
Technique for Sural Nerve Block
The needle is introduced just lateral to the Achilles tendon approximately 1 to 2 cm proxi-
mal to the level of the distal tip of the lateral malleolus (Fig. 6-18). The needle is directed to 
the posterior medial aspect of the fibula, and 5 mL of anesthetic is deposited after aspira-
tion of the syringe. To ensure that all the branches of the sural nerve are properly infiltrated, 
a fan-shaped motion is made with the needle, and multiple small boluses are delivered.

Technique for Posterior Tibial Nerve Block
The posterior tibial artery is palpated as a landmark. The needle is passed adjacent 
to the Achilles tendon toward the posterior tibial artery behind the medial malleo-
lus (Fig. 6-19). When the area of the artery is approximated, careful aspiration of the 
syringe is performed. If there is no blood return, 5 mL of anesthetic is injected. Blocks 
of the posterior tibial and sural nerve take approximately 10 to 15 minutes to achieve 
appropriate anesthetic levels.

Figure 6-16. Radial nerve block. Note location and branching of the radial nerve. The needle is introduced to its 
hub. A continuous track of anesthetic is laid down as the needle is withdrawn across the branches of the radial nerve.
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Tibial
nerve

Sural
nerve

Figure 6-17. Plantar surface of the foot. Distribution of sural and tibial nerve sensory component. There 
is overlap between the two distributions.
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Figure 6-18. Sural nerve block. Note the path of the sural nerve and its relationship to the tip of the fibula. 
Because of the branching of the nerve, the injection is carried out in a fanlike manner to create an effective 
block.
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From The Curtis National Hand Center, Union Memorial Hospital, Baltimore, MD, USA
There are three commonly used methods of digital block anaesthesia: viz. subcutaneous, metacarpal

and transthecal. A randomized, single-blinded study on 50 healthy volunteers was performed to
determine time to onset, pain level and preference. Volunteers each received all three blocks,
serving as their own controls. Time to onset was significantly longer (Po0.001) for the metacarpal
block than for the subcutaneous or transthecal blocks. There was no significant difference in
average pain level between the methods, as measured on a scale from 1 to 10. Volunteers chose the
subcutaneous block (43%) as their first choice over the metacarpal block (33%) or the transthecal
block (25%). The transthecal block had prolonged discomfort lasting 24 to 72 hours after injection
in 20 subjects (40%). These findings suggest that subcutaneous block is effective and preferred by
healthy volunteers for digital anaesthesia.
Journal of Hand Surgery (British and European Volume, 2005) 30B: 6: 581–584
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INTRODUCTION

Digital block anaesthesia is one of the most commonly
performed blocks performed by care providers in several
medical fields. A number of studies have demonstrated
the efficacy and safety of administering local anaesthesia
as a digital block (Cummings et al., 2004; Hill et al.,
1995; Knoop et al., 1994; Low et al., 1997; Torok et al.,
2001; Whetzel et al., 1997). There are various methods
of performing this procedure (Ramamurthy and
Hickey, 1999) including the traditional subcutaneous
block with one or two palmar punctures, the ring
block where the base of the finger is circumferentially
injected, the transmetacarpal block via two dorsal
punctures and the transthecal block (Chiu, 1990) in
which local anaesthesia is injected into the flexor tendon
sheath.

Conducting studies on digital blocks in an injured
population receiving acute medical or surgical care can
be confounded by patient pain and anxiety and follow-
up on patients for the effects of digital blockade is not
commonly done. A blinded, randomized study of
healthy subjects avoids these problems. However, no
randomized, blinded, prospective study of the three
most common methods, viz. subcutaneous, transmeta-
carpal and transthecal, has been carried out in an
uninjured population to see which method is most
effective and preferred by healthy volunteers.

Our hypothesis was that one of the three blockade
methods would be associated with higher levels of pain
and prolonged discomfort. The study goals were to
compare time to abolition of distal sensation, pain from
the procedure and method preference in healthy
volunteers in response to the three different digital
block methods.
581
MATERIALS AND METHODS

The Institutional Review Board reviewed and approved
the protocol of this study and informed consent was
obtained. This was a randomized, single-blinded, con-
trolled study. The study was explained to the volunteers,
who signed a consent form and were reimbursed for
their time. Exclusion criteria included age under 18 years
or over 80 years, pregnancy, history of adverse reaction
to lidocaine, neurologic disease, peripheral vascular
disease or inability to understand the directions. The
volunteers were told they would receive local anaes-
thestic to three different fingers using three different
techniques of digital nerve block. They were not given
any further information about the three techniques.
They were instructed how to identify sharp and light
touch stimuli on the distal volar and distal dorsal
aspects of the finger. They were also instructed how to
rate the method using an analogue pain scale of 1 to 10.

All subjects received the subcutaneous block, the
metacarpal block and the transthecal block adminis-
tered consecutively on the same day by the same
investigator. All blocks were performed by a single
investigator and all sensory testing was performed by a
single, blinded, different investigator. The order of
blocks was determined by random selections of cards
printed with the technique name. All sensory testing was
performed by a blinded second investigator who did not
know which finger was being tested or which block had
been performed. Either the middle finger, ring finger or
index finger on either hand was injected. The thumb and
small finger were not injected in this study. Care was
taken to avoid injection of fingers with shared innerva-
tion. Fingers with common web spaces were not used on
the same hand. For example, if the middle finger was
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injected on one hand, the index and ring were injected
on the other hand.

The same dose and concentration of local anaesthetic
was used for each technique. The subcutaneous block
was performed by a single injection of 2ml of 2%
lidocaine at room temperature in a 3ml syringe with a
25 g needle into the palmar skin at the level of the A1
pulley (Fig 1a). The transthecal block was performed
with a single 2ml injection of an identical preparation of
lidocaine into the flexor tendon sheath at the level of the
palmar digital crease (Fig 1b), as described by Whetzel
(1997). The transmetacarpal block was performed by
injecting an identical preparation of lidocaine into the
dorsal web space with the tip of the needle aimed toward
the palmar skin at the level of the A1 pulley. Two
injections of 1ml each were carried out on either side of
the skeleton of the target finger (Fig 1c).
Fig 1 Three techniques of digital block: (a) subcutaneous block, (b)

transthecal block and (c) transmetacarpal block.
A stopwatch was started simultaneously with comple-
tion of injection of the digital block. The subject’s hand
was placed into a box with only the fingertip showing to
the level of the distal interphalangeal crease. The blinded
investigator immediately entered the room and con-
ducted sensory evaluation of light touch and sharp
discrimination on the palmar pulp and dorsal nail fold
at 15 second intervals until distal sensation was
abolished. The subject was asked to assess the block
method for pain on a scale from 1 to 10, with 1
representing very mild pain and 10 representing the
worst pain ever experienced. This sequence was repeated
for each of the remaining blocks. After receiving all
three blocks, the subjects were asked to rank the blocks
in order of preference, in terms of the pain suffered. One
week later, subjects were surveyed by telephone to see if
they had suffered any adverse effects from the blocks.

Differences in time to abolition of sensation were
analysed by two-factor analysis of variance, with both
factors (method of block and test) treated as repeated
measures for each subject. If any of the factors were
found to be significant (Po0.05), a post hoc Tukey’s test
was used to determine which levels of the factor were
different. To determine if there was a difference in pain
perception for the three methods, a Kruskal–Wallis test
was used to test for the ordinal scores of pain. To
determine if block method preference was distributed
randomly, or not, a w2 goodness of fit test was used.
Calculations were made using the statistical programme,
Statgraphics version 3 (Manugistics, Inc., Rockville,
MD), using the analysis of variance component, which
allows for entering the appropriate error terms for
repeated measures designs. With 50 observations in a
group, there is a greater than 90% chance (power) of
detecting a difference of at least 65 seconds, assuming a
standard deviation (SD) of 90 seconds (based on
observed estimate) at the 0.05 probability level.
RESULTS

Fifty subjects received all three digital blocks. If
abolition of sensation to sharp stimuli and light touch
were measured in both dorsal and palmar locations on
all fingers, a total of 600 data points were proposed. One
subject out of a total of 50 had data missing for one of
the blocks and was eliminated from the analysis of
variance. Of the 49 remaining subjects, five observations
were missing out of a possible 587 observations of
timing (0.8%), leaving the total observations at 582.
Reasons for observations missing included one patient
who submitted the incorrect finger for examination and
two patients who did not have extinction of the
sensation tested dorsally. The latter group likely had
additional innervation to the dorsal skin from the dorsal
sensory nerves. Means, standard deviations and stan-
dard errors of the means (SEM) were tabulated for the
results of the time to extinction (Fig 2). There was an
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overall significant difference (o0.001) between methods
evaluated, with the metacarpal block taking significantly
longer to abolish sensation as compared with the other
two methods. The average time for a digit to become
anaesthetized for all test endpoints for the metacarpal
block was 265 (11) seconds (mean (SEM)), as compared
with 176 (10) seconds for the transthecal block and 187
(10) seconds for the subcutaneous block. There was also
a significant interaction (P ¼ 0.003) between block
method and test method. Detailed analyses indicate
that time to abolition of sensation is greater with
metacarpal blocks for all tests except dorsal light touch.
There was also an overall difference (Po0.001) among
the tests, with palmar light touch taking longer to
abolish (253 (8) seconds) than the three other tests
(palmar sharp, 204 (8) seconds; dorsal sharp, 211 (9)
seconds; and dorsal light touch, 169 (8) seconds).

There was no significant difference (P ¼ 0.8) between
average pain scores, as perceived by the subject, for the
three different types of blocks (Fig 3). The average pain
score for the metacarpal block was 5.0 (2.0) SEM, the
transthecal block was 6.0 (2.0) SEM and the subcuta-
neous block was 5.0 (2.0) SEM. There was, however, a
wide range of responses by individual subjects to each of
the methods. Those subjects with low pain thresholds to
one block method tended to have low pain thresholds to
the other methods. There was a significant correlation in
pain scores among the nerve block methods (metacarpal
versus subcutaneous, correlation coefficient r ¼ 0.38,
P ¼ 0.005; metacarpal versus transthecal, r ¼ 0.47,
Po0.001; subcutaneous versus transthecal r ¼ 0.61,
Po0.001).

Despite the fact that subjects did not demonstrate
different pain scores with the administration of the
different blocks, 43% chose subcutaneous block as their
first choice, as compared with metacarpal block (33%)
or transthecal block (25%). At 1 week follow-up, 20 of
50 (40%) subjects reported prolonged discomfort in the
finger that had been injected using the transthecal
technique. A single subject had discomfort and swelling
lasting beyond 1 week. This subject was treated with
Coban wrapping and discomfort resolved by 2 weeks.
One of 50 (2%) subjects reported prolonged discomfort
at the site of injection using the subcutaneous technique
which resolved by 2 weeks. No subjects noted any
lasting effects on the finger that had been injected using
the metacarpal block technique.
DISCUSSION

The ideal method of digital block anaesthesia would
have a quick onset, be painless and result in dense
anaesthesia of both the volar and dorsal aspects of the
digit. The level of anaesthesia should provide total
abolition of pain and light touch sensations.

Evaluation of several techniques of digital block in an
injured patient is difficult to control, may add to the
patient’s distress and introduces the confounding factor
of a pre-existing pain level. Previous studies are difficult
to compare because of lack of standardization of the
nomenclature, variations in administration of individual
techniques, patient population variations (injured versus
uninjured) and the parameters measured.

Knoop et al. (1994) compared subcutaneous block to
metacarpal block on opposite sides of the same injured
digit in 30 patients. In this study, there was no
significant difference between perceived pain rating
and preferred method by patients. However, the
metacarpal block took significantly longer to achieve
abolition of sensation (6.35minutes as compared with
2.82minutes) and failed to achieve complete anaesthesia
in 23% of patients, as compared with a 3% failure rate
for the subcutaneous block. This study may have been
confounded by the fact that different doses of lidocaine
were used for each method and that each method was
applied to half of the same injured finger.

Another study by Hill et al. (1995) compared
transthecal and the metacarpal blocks in 31 healthy
volunteers. Different doses of lidocaine were used for
each method. The transthecal block took significantly
longer to completely abolish sensation than the meta-
carpal block (188 seconds versus 152 seconds) and was
slightly more painful (1.7 versus 1.4) but this may have
been related to the smaller dose of anaesthetic used in
the transthecal blocks. In our study, the metacarpal
block took significantly longer to completely abolish
sensation than the other two methods.



ARTICLE IN PRESS

THE JOURNAL OF HAND SURGERY VOL. 30B No. 6 DECEMBER 2005584
Low et al. (1997) performed a controlled blinded
study on 20 normal volunteers, comparing transthecal
and subcutaneous methods with identical doses of
lidocaine. No significant difference in onset or duration
of anaesthesia was found between the two methods. The
subcutaneous method was found to be easier to
administer, as observed by the person giving the
injection, and less painful at 24 hours after injection
than the transthecal method. Of interest, the transthecal
technique was found to be painful in 10 of 20 volunteers
24 hours after the injection.

A more recent study by Cummings et al. (2004)
compared transthecal block and traditional digital block
(metacarpal block) in 25 healthy subjects who measured
their own time to abolition of pinprick sensation in 12
zones. The metacarpal block was significantly faster to
onset of sensory blockade than the transthecal block
(3.91minutes versus 7.16minutes). There was no sig-
nificant difference in pain score between the two blocks.

In our study, there was no significant difference in
pain scores, although 43% of the subjects chose the
subcutaneous block as their first choice. Twenty of
the 50 subjects noted persistent soreness or swelling of
the digit which had received the transthecal block,
lasting 24 to 48 hours in the majority of cases. The
subjects were not asked to re-rank their preferences at 1
week, but several stated they preferred the transthecal
block even less after experiencing this prolonged
discomfort. This correlates with the findings of Low et
al. (1997), who also found 50% of subjects experienced
pain at the injection site at 24 hours after use of the
transthecal technique and none after the subcutaneous
technique. Their team also found the transthecal
technique more difficult to administer.

One possible explanation of the findings with
transthecal injections is that the flexor tendon sheath
has very little potential space. Introducing even a small
volume of fluid into the space must be done under
considerable pressure and may be enough to disrupt
small vessels within the sheath, which may cause
bleeding, swelling and prolonged irritation in the finger.
This is similar to the situation encountered in flexor
tenosynovitis in which a small amount of fluid in the
limited space of the tendon sheath causes intense
pressure and pain in the affected digit. Although the
safety and efficacy of the transthecal technique has been
established in over 1000 cases (Torok et al., 2001), since
first described by Chiu in 1990, little mention has been
made in the literature of prolonged discomfort as a
result of the technique. Most reports have described the
use of the transthecal technique in injured patients,
who may not be able to differentiate pain during the
postoperative period which results from the injury
as opposed to pain from the anaesthetic technique
(Cummings et al., 2004; Hill Jr. et al., 1995; Torok et al.,
2001). The subcutaneous and transmetacarpal methods
introduce anaesthetic into larger, less confined spaces. In
particular, the transmetacarpal method introduces
anaesthetic dorsally, where the skin is most compliant
and less resistive to increasing hydraulic pressure.
However, the increased time to abolition of sensation
and the need of two punctures made it less well favoured
in this study than the subcutaneous method. Future
studies are needed to determine the minimum effective
dose for the transthecal block. It is possible that a very
small volume dose may not have the same adverse
effects in the postinjection period.
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CHAPTER 7
Wound Cleansing 
and Irrigation

Key Practice Points

nn Thorough wound cleansing and irrigation are the most important steps 
in repairing wounds and lacerations.

nn Povidone-iodine solution (not scrub preparation) is the most effective 
skin, or periphery, cleanser.

nn Either water or saline can be used as a wound irrigant to flush debris 
and bacteria from inside a laceration.

nn Hydrogen peroxide has more negative than positive effects on wounds 
and is not recommended for wound care.

nn Shaving hair over wounds can lead to dermal injuries and an increased 
infection rate. It can be cleaned the same as skin and left alone, clipped 
with scissors, or flattened away from the wound with lubricants.

nn Never shave an eyebrow. It can grow back abnormally or not at all.
nn Wound care exposes the caregiver to pathogens such as human 
immunodeficiency virus (HIV) and hepatitis B and C. Blood and body 
fluid precautions should be observed.

nn Anesthesia should precede wound preparation to minimize the pain of 
a thorough cleansing and irrigation.

 

Cleansing and irrigation are the foundations of good wound care. These steps can be 
time-consuming and tedious. It is essential, however, that all contaminants and devital-
ized tissue are removed before wound closure. If they are not, the risks of infection and 
of a cosmetically poor scar are greatly increased. Neither clever suturing technique nor 
the use of prophylactic antibiotics can replace meticulous cleansing and irrigation and, 
if needed, judicious débridement.

WOUND CLEANSING SOLUTIONS
Several skin-cleansing preparations are available commercially (Table 7-1). Most of the 
clinical data that compare the efficacy of these agents come from studies of elective sur-
gery patients or experiments on laboratory animals.1-3 Only in more recent years have 
there been reports detailing the use of skin-cleansing preparations for emergency use.4-7 
Based on these studies and the properties of the cleansing solutions, guidelines for use 
in emergency wound care can be suggested.

Povidone-Iodine
Povidone-iodine (Betadine) is a complex of the potent bactericidal agent iodine and 
the carrier molecule povidone. On contact with tissues, the carrier complex slowly 
releases free iodine. Gradual release decreases tissue irritation and reduces potential 
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toxicity while preserving the agent’s germicidal activity. Povidone-iodine is effective 
against gram-positive and gram-negative bacteria, fungi, and viruses.8 In contrast to 
chlorhexidine, povidone-iodine has a shorter protective effect against bacterial buildup 
on the skin after hand washing and seems to be less effective than these agents for that 
purpose.9

Povidone-iodine is manufactured as a solution by itself (povidone-iodine solu-
tion) or in conjunction with an ionic detergent (povidone-iodine scrub preparation). 
The detergent in the scrub preparation seems to be toxic to several normal tissues 
and to components of an open wound.1,10 Excessive exposure of open wounds to 
scrub solutions by wound scrubbing or soaking is not recommended. Scrub solu-
tions were designed for preoperative preparation of intact skin before operative 
incisions.

Povidone-iodine, without the detergent, is distributed most commonly as a 10% 
solution. When diluted to a 1% concentration or lower, it can be applied safely to 
wounds, and it retains its bactericidal activity.11 It has no inherent negative effect on 
wound healing.12 The lack of clinical toxicity of povidone-iodine without detergent was 
shown with 225 patients undergoing ophthalmologic surgery.13 Povidone-iodine 10% 
solution, diluted with saline, was used to prepare the eye and its surrounding structures 
for surgery. There was no reported corneal, conjunctival, or skin toxicity. Adverse and 
allergic reactions are extremely rare, even when the solution is used in known iodine-
allergic patients.14

Chlorhexidine
Chlorhexidine (Hibiclens) is an antibacterial biguanide that is effective against gram-
positive bacteria. This agent also is effective against gram-negative bacteria but is less so 
than povidone -iodine.15 Its action against viruses is uncertain.8 Repeated use can lead 
to buildup on the skin and prolonged suppression of hand bacterial count.15 For this 
reason, it is an excellent hand-washing preparation. Under normal conditions of use, 
chlorhexidine has a low toxicity. The skin cleanser contains an ionic detergent similar 
to the povidone-iodine scrub preparation, and direct contact with an open wound is 
discouraged despite its low toxicity.13,16

	 TABLE	7-1	    Summary of Wound Cleansing Agents

Skin	
Cleanser

Antibacterial		
Activity

Tissue		
Toxicity

Systemic	
Toxicity Potential	Uses

Povidone-iodine 
surgical scrub

Strongly bactericidal 
against gram-positive and 
gram-negative viruses

Detergent can 
be toxic to 
wound tissue

Painful to open 
wounds

Hand cleanser

Povidone-iodine 
solution

Same as providone-iodine 
scrub

Minimally toxic 
to wound tissue

Extremely rare Wound-periphery 
cleanser

Chlorhexidine Strongly bactericidal 
against gram-positives, 
less strong against  
gram-negatives

Detergent can 
be toxic to 
wound tissue

Extremely rare Hand cleanser

Poloxamer 188 No antibacterial activity None known None known Wound cleanser 
(useful on face) 
Alternative wound 
periphery cleanser

Saline None known None known None known Wound irrigant
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Nonionic Surfactants
Potentially useful wound cleansers are the nonionic surfactants pluronic F-68 (Shur-Clens) 
and poloxamer 188 (Pharma Clens).17 These are surface-active agents with the cleansing 
properties of soap but virtually no tissue toxicity, including to the eye and cornea. There 
are no demonstrable adverse effects in wounds and lacerations. Poloxamer 188 has been 
used successfully in a trial of more than 3000 patients without serious side effects.18 The 
major drawback of the nonionic surfactants is that they have no antibacterial activity.19 
For this reason, alternative cleansing agents, such as povidone-iodine, are preferable for 
contaminated wounds. Conversely, surfactants are well suited for use on the face because 
they are nontoxic to the eye, and the face is naturally resistant to infection.

Hydrogen Peroxide
Without a clear scientific basis, as if by tradition alone, hydrogen peroxide is used com-
monly in emergency wound care. As it comes into contact with blood and tissue per-
oxidase, hydrogen peroxide makes visible bubbles from liberated oxygen. The reaction 
causes foaming that is thought to dislodge bacteria, debris, and other contaminants 
from small crevices in tissues. This effect gives the appearance of cleansing activity, but 
this agent has many drawbacks. It is naturally hemolytic, and the oxygen bubbles have 
been shown to separate new epithelial cells from granulation tissue.20 The germicidal 
action of hydrogen peroxide is weak and brief at best.8 In a controlled study of appen-
dectomies, hydrogen peroxide topically applied to the incision site before suture clo-
sure did not reduce the infection rate compared with the control.21 Under experimental 
wound conditions, it can delay healing.20 Because of its hemolytic effect, hydrogen per-
oxide is best limited to a role as an adjunctive agent for wounds encrusted with blood.

PREPARATION FOR WOUND CLEANSING
Before cleansing and irrigating a laceration or wound, several issues, including hand 
washing, personnel precautions, hair removal, anesthesia, foreign material, wound 
soaking, wound periphery cleansing, and irrigation, have to be considered.

Hand Washing
Because of the unsterile nature of traumatic wounds, fixed-time hand washing with pre-
operative scrubbing techniques are not necessary. Although a simple, brief hand wash-
ing suffices before each procedure, it is necessary to ensure that the fingernails have 
been well cleaned because they harbor more bacteria than other parts of the hand.22,23 
Chlorhexidine is a good choice for hand washing. As a skin cleanser, it is well toler-
ated by users. With repeated washings, it builds up in the skin, with an accompanying 
prolonged antibacterial effect, and it does not stain clothing the way povidone-iodine 
does. Compliance with hand washing among emergency personnel has been shown to 
be poor.24 Nurses have been observed to comply (hand washing after patient contact 
before proceeding to the next contact) after 58.2% of patient contacts, residents after 
18.6%, and faculty after 17%. Hand washing is just one of the defenses against the risks.

An advance in hand washing has made it much easier to comply with this require-
ment. Newer alcohol-based products allow for rapid, self-drying application. These 
agents are equally efficacious as soap-based products are in reducing bacterial counts, 
and the agents have equivalent cleansing power.25

Blood and Body Fluid Precautions
Because preparing and cleansing a wound brings wound care personnel into contact with 
blood and other secretions, it is recommended that appropriate protective gloves and 
eyewear are worn at all times. Gowns also are recommended but are not always practical.
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The main infective agents that are of concern in the emergency department are hepa-
titis B and C and HIV. The prevalence of HIV in urban emergency-department patients 
has been reported to be as high as 4% to 5%.26 More important, 25% of these patients are 
unaware of their HIV-positive status on presentation.27 It is common for practitioners 
to be diligent about protecting themselves during major trauma resuscitations. The 
bleeding laceration is no less a threat when suture needles, tissue scissors, and scalpel 
blades are in use.

Wound Area Hair Removal
It is common practice to shave hair around lacerations and other wounds before repair. 
Although there are no studies concerning hair removal in the wound care setting, shav-
ing has the potential to increase the wound infection rate. Close shaving of intact skin 
can cause small dermal wounds that can act as portals of entry for bacterial invasion and 
possible infection.23 Two studies of patients, shaved versus not shaved for elective sur-
gery, showed an increase in postoperative wound infection rates in the shaved groups.28,29 
Although hair shafts harbor bacteria, structures such as roots, glands, and follicles do 
not contain high bacterial counts under normal conditions.28 Hair can be cleansed easily 
and successfully using standard techniques for applying antiseptic solutions.30

A case for hair removal can be made on technical grounds. In areas such as the scalp, 
it is much easier to close lacerations without having the suture material become entan-
gled with hair. Hair that is inadvertently buried in wounds can result in wound infec-
tion.31 Clipping hair around the wound with scissors and shaving with a recessed blade 
razor are techniques for hair removal that avoid dermal damage.

Another technique to expose the wound surrounded by hair is to apply sterile exam 
lubricant to flatten the hair away from the wound. Antibiotic ointment can be used 
as well. However, the jelly lubricant is water soluble and easier to remove then the 
 petroleum-based ointment.

The only site from which hair is absolutely not shaved or clipped is the eyebrow 
(Fig. 7-1). Hair regrowth of the brow is unpredictable in many patients, and return to 
the original appearance cannot be guaranteed. Eyebrow hair can be cleansed readily, 
and the brow borders provide excellent landmarks for laceration alignment during 
wound closure.

NEVER!

Figure 7-1. Because hair grows inconsistently on the eyebrow, this structure is never shaved.
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Anesthesia
Because wound cleansing can be uncomfortable if not outright painful, most wounds 
should be anesthetized before cleaning. Not only is the patient more comfortable, but 
also the cleansing can be more vigorous and effective. Techniques for administering 
anesthetics are discussed fully in Chapter 6.

An issue that often arises concerning the administration of anesthetics before wound 
cleansing is whether bacteria can be embedded further into a wound if a needle is passed 
through a contaminated surface. There is no clear scientific evidence that needles can 
spread bacteria beyond the wound margins.32 In clean, sharp wounds, this issue is of no 
concern, and direct wound infiltration can be performed safely. For wounds that are vis-
ibly and heavily contaminated, the parallel injection technique or an appropriate nerve 
block can be used, if necessary, to avoid this hypothetical complication.

Foreign Material
As part of wound preparation, it is important to determine the presence or absence of 
foreign bodies in the wound. Foreign materials of all types should be considered harm-
ful with the potential for causing infection if left in the tissues. In addition, retained 
foreign objects are among the most common reasons for malpractice suits brought 
against emergency physicians.33 Although irrigation removes most debris, direct visual-
ization and removal by instruments often are required. An alert patient can report the 
“sensation” of a foreign body still in the wound. Radiographs are particularly useful 
to find tooth fragments, metallic objects, and glass. It is a popular misconception that 
glass cannot be visualized by radiographs; 90% of all glass (0.5 mm or larger) can be 
detected by radiographs.34 The removal of foreign bodies is discussed in more detail in 
Chapter 16.

Wound Soaking
Wound soaking is a common practice in wound care. Soaking is believed to loosen 
debris, to break up blood coagulum, and to help sterilize the wound. Under experi-
mental conditions, however, povidone-iodine solution was unable to penetrate beyond 
1.5 mm of tissue despite 20 minutes of wound soaking.6 Although bacterial counts are 
lowered with soaking in povidone-iodine solution, significant contamination remains. 
Wound soaking has some value in loosening, softening, and removing gross contami-
nants from the skin surrounding the wound, but it is not a substitute for thorough 
mechanical skin cleansing and wound irrigation.

Wound Periphery Cleansing
The main purpose for periphery wound cleansing or “scrubbing” is to remove any visi-
ble contamination and dried blood. Periphery cleansing alone is insufficient for wound 
preparation without accompanying irrigation. The end point of skin cleansing is when 
the area surrounding the wound or laceration is visibly clean. There is no fixed scrub-
bing time. If the skin itself cannot be cleansed of all particulates, the risk for “tattooing” 
increases. Visible particulate matter “ground” into the skin can become permanently 
entrapped within the epidermis and dermis of the skin. These particulates need to be 
removed by sharp débridement. Because tattooing can have serious cosmetic conse-
quences on the face, consultation and referral to a facial plastic surgeon should be con-
sidered if routine measures fail.

Scrubbing within the wound itself is controversial. In experimental wounds, scrub-
bing with surgical sponges has not been shown to decrease the incidence of infection 
and may produce mechanical trauma to the exposed tissues.19 The mechanical action 
of a surgical sponge can be effective in removing gross contaminants and debris from 
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within a wound. Because of the potential for tissue damage, scrubbing within a wound 
is best reserved for wounds with visible contaminants. The porosity of the surgical 
sponges used for wound cleansing is also an issue. The standard, common surgical 
sponge has 45 pores per linear inch. Sponges with 90 pores per linear inch (Optipore) 
are less irritating to tissues.22 If handled gently, standard sponges are minimally trau-
matic, and the increased expense of higher porosity sponges may not justify their use.

Irrigation
“The solution to pollution is dilution” is an old maxim of wound care that still rings 
true today. Wound irrigation is the most effective way to remove debris and contami-
nants from within a laceration.18 Irrigation also is the most effective method of reduc-
ing bacterial counts on wound surfaces.35,36 In comparing methods of irrigation for 
highly contaminated wounds, high-pressure streams (5 to 70 psi) of saline are clearly 
superior to low-pressure streams, such as those that might be obtained with a bulb-type 
syringe (0.5 to 1 psi).37 Current practice is based on work done with a 35-mL syringe 
attached to a 19-G catheter.37 This system develops 7 to 8 psi and is effective in reducing 
debris and bacterial contamination from the types of wounds and lacerations managed 
by emergency caregivers. Pulsatile lavage, which develops a psi of 50 to 70, is effective 
at lowering bacterial counts and wound infection rates.38 Significant amounts of irri-
gation fluid can dissect well beyond the wound margins, however.39 Pulsatile lavage 
systems are suited for larger, heavily contaminated wounds best managed by surgical 
specialists in the operating room.

Traditionally, saline has been used as the irrigant of choice. It is sterile and compat-
ible with body tissues. More recently, saline’s primacy as the best fluid for this task has 
been challenged.40 For example, in a large prospective trial of 530 pediatric patients 
comparing saline with running tap water, there was no difference in wound infection 
rates between groups (2.8% versus 2.9%).40 These were simple wounds with low levels of 
contamination.

CLEANSING SETUP AND PROCEDURES
The following are suggested guidelines for wound cleansing and preparation:
 •  Patient position: As in any procedure, proper preparation is essential. The patient is 

placed in a comfortable position, usually supine. It is impossible to predict how the 
patient will react to the discomfort of wound cleansing, the sight of blood, or the 
appearance of a wound. Vasovagal reactions (fainting) can occur if the patient is 
upright. Patients can sustain injuries by falling to the floor during the procedure. It 
also is prudent to ask relatives to leave the area or at least to monitor their responses 
to blood and the procedures that are being performed. Onlookers can experience 
vasovagal syncope as well.

 •  Anesthesia: For the most part, a wound or laceration should be anesthetized before 
periphery cleansing and irrigation. The pain of cleansing can inhibit the operator 
and lead to poor cooperation from the patient. The result is an incompletely cleansed 
wound.

 •  Periphery cleansing technique: Ten percent povidone-iodine solution (not the scrub 
preparation) diluted 10:1 can also be used as a periphery cleanser as well. If there is 
significant contamination or debris within the wound itself, the sponges can be used 
for mechanical, in-the-wound débridement. The technique for scrubbing the wound 
periphery is illustrated in Figure 7-2. It is essential to be gentle and to start at the 
wound itself. The cleansing motion is circular, with gradually larger circles away from 
the wound. The sponge is then discarded. At no time should the chlorhexidine or 
povidone-iodine sponge be brought from the periphery back toward the wound; this 
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maneuver carries unwanted organisms from unsterile skin areas back to the area of 
the cleansed wound site. There is no specified amount of time for periphery cleansing. 
Scrubbing continues until the skin is visibly free of contaminants and dried blood.

 •  Irrigation: After periphery cleansing, the wound is irrigated with the syringe and 
splash shield (Fig. 7-3). Periphery cleansing and irrigation can be alternated until 
there are no visible skin or wound contaminants. The amount of irrigation fluid can 
vary from 100 to 250 mL or more, depending on the level of contamination of the 
wound. The 35-mL syringe and splash shield are held close to the wound so that the 
force of the stream is not dissipated by distance. Whatever cannot be irrigated out of 
the wound is removed by mechanical scrubbing with a sponge or sharp débridement.

 •  Débridement: If visible contamination remains despite thorough cleansing and irriga-
tion, sharp débridement is performed with tissue scissors or a surgical scalpel with a 

Figure 7-2. Note the spiral technique of scrubbing a wound periphery by beginning at the center and mov-
ing away to the periphery without crossing back over the actual wound area.

Figure 7-3. Technique for wound irrigation. The shield is held close to the wound.
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no. 15 blade. Ultimately, other strategies, such as wound excision, might be necessary 
to handle wounds that cannot be managed with these steps. Strategies for the dif-
ficult wound are discussed in Chapter 9.
Cleansing is complete and a wound is ready to close when, literally, the wound looks 

clean to the eye. There should be no visible contaminants, and the tissue should appear 
pink and viable. Usually there is slight fresh bleeding. A sterile sponge can be laid over 
the wound until the operator is ready to proceed with repair.
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he goals of wound cleansing are to decrease the
T risk of infection, minimize patient discomfort,

and achieve the best cosmetically appealing scar.1

ED practitioners recognize that wound infection rates vary

depending on the patient (eg, age, presence of chronic

disease, immunosuppression, and malnutrition), the mech-

anism of injury (eg, foreign body retention and contami-

nation), and the type of traumatic wound. However,

although wound care is commonly performed in emer-

gency departments, there is great variability in the irrigating

solutions used and the techniques employed.
Irrigating solutions

Irrigating solutions with bactericidal and detergent prop-

erties have anticellular effects that impede wound healing

and/or resistance to infection.2,3 To decrease cytotoxic ef-

fects, a stock solution of 10% povidone iodine (1% avail-

able iodine) should be diluted to a 1:1000 solution (1 mL/L).

Even the dilute preparation is best used on the intact

skin surrounding the wound, rather than in the wound

bed, to prevent further wound contamination and mini-

mize harmful effects.2,4 Normal saline solution is the sol-

ution used most commonly for irrigating acute traumatic

wounds.1,4-6 It is cost-effective, readily available, isotonic,

and the least toxic to exposed tissues.4 Therefore, it is

less likely to impede the natural healing process compared

with other commercial irrigants or detergents such as po-

vidone iodine and pluronic F-68 (Shur-Clens, Calgon

Vestal Laboratories, St Louis Mo).

Some practitioners question whether tap water is clean

enough to use for wound irrigation, but analysis of water

from one emergency department found no pathogenic
JOURNAL OF EMERGENCY NURSING 31:2 April 2005



TABLE 1

Comparison of irrigating solutions

Study N Solutions Outcomes

Infection rates ( P = .571*)

Dire & Walsh4 (human study) 189 Normal saline solution 6.9%

184 1% povidone iodine 4.3%

184 Pluronic F-68 (Shur Clens) 5.6%

Mean reduction in
bacterial counts ( P = .34*)

Moscati et al9 (animal study) 10 Normal saline solution 81.6%

10 Tap water 65.3%

(m) Post-irrigation cultures ( P = .200*)

Bansal et al10 (human study) 24 Normal saline solution 29% (positive in 7 of 24)

21 Tap water 52% (positive in 11 of 21)

Infection rates*

Valente et al11 (human study) 271 Normal saline solution 2.8% (95% confidence interval)

259 Tap water 2.9% (95% confidence interval)

Among the solutions studied, normal saline solution seems superior to antiseptics in terms of cost-effectiveness, low infection rates, and reduced toxicity, but tap
water may be a viable option.
*Not statistically significant.

C L I N I C A L / D u l e c k i a n d P i e p e r
bacteria in the sample.7 Nevertheless, the water should

come from a tap that it is used frequently and through a

nozzle that is cleaned frequently.8
April
Irrigating solutions with bactericidal and
detergent properties have anticellular
effects that impede wound healing and/
or resistance to infection.
In a review of the most recent literature, 4 studies

compared the effectiveness of irrigating solutions in

preventing infection (Table 1). The study by Dire and

Welsh4 compared irrigants in simple, acute, traumatic

wounds that were subsequently closed with suture. The

researchers concluded that there was no added benefit in

using 1% povidone iodine or pluronic F-68 rather than

normal saline solution for wound irrigation.

Moscati et al9 compared bacterial counts in rat

lacerations that were inoculated with equivalent amounts

of Staphylococcus aureus and then were irrigated with either

normal saline solution or tap water. The post-irrigation

bacterial counts were not significantly different between
2005 31:2
the normal saline solution and tap water groups. These

investigators concluded that, compared with saline solu-

tion, tap water irrigation was faster, required less equip-

ment, and was less expensive.
JOUR
Some practitioners question whether tap
water is clean enough to use for wound
irrigation, but analysis of water from
one emergency department found no
pathogenic bacteria in the sample.
Bansal et al10 and Valente et al11 compared wound

irrigation in pediatric patients with simple lacerations, ex-

cluding patients who were immunocompromised or were

receiving antibiotic therapy, and wound irrigation in

patients who sustained a complicated laceration or bite

wound. In the blinded study by Bansal and colleagues,10

ED practitioners performed irrigation using a 35 mL

syringe attached to an irrigation shield to achieve a higher

irrigation pressure between 25 to 40 psi. Although positive

post-irrigation cultures were not significantly different
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An irrigation pressure of 5 to 8 psi seems to provide the most effective wound irrigation.

TABLE 2

Comparison of irrigation techniques

Study Technique Pressure Outcomes

Stevenson et al14 (laboratory
animal study)

High-pressure 35-mL syringe and
19-gauge needle

8 psi Post-irrigation bacterial counts
were significantly lower in
the high-pressure groupLow-pressure 50-mL bulb syringe 0.05 psi

Singer et al15 (human study) 35-mL syringe and 19-gauge needle 17-35 psi Irrigation using a human model
delivery system delivers much
higher pressures than previously
predicted from the laboratory

65-mL syringe and 19-gauge needle 11-27.5 psi

Intravenous fluid bag pierced with
19-gauge needle, compressed manually

4 psi

Plastic saline bottle pierced with 19-gauge
needle through the cap, compressed
manually

2.3 psi

IV bag with 400 mm Hg pressure cuff
and 19-gauge needle

6-10 psi

IV bag with 400 mm Hg pressure cuff
and 16-gauge needle

4-6 psi

C L I N I C A L / D u l e c k i a n d P i e p e r
between the normal saline solution and tap water groups,

the researchers recommended further validation of the

safety and efficacy of tap water as an irrigation solution.

In the unblinded study by Valente and colleagues,11

additional irrigation was performed with both normal

saline solution and tap water if deemed necessary by the

treating physician. Once again, the difference between the

2 groups was not statistically significant.

A major difference between use of a saline solution

irrigant and tap water from the faucet was the amount of

pressure the wound bed received. Although infection rates

were not significantly different, wounds undergoing

irrigation with tap water received a higher pressure from

the faucet than did those irrigated with a syringe. Previous

studies have considered the question of whether the low

infection rate was related to the amount of water used, to

the higher pressure of irrigation, or to both factors.11,12
Irrigation pressure

The purpose of wound irrigation and cleansing is to

remove debris, bacteria, and loose tissue from the wound.

To be effective, the mechanical force used must exceed that

of the adhesive forces of the contaminant. Low-pressure

irrigation removes negligible small particles but can re-

move large particulate matter, such as devitalized tissue.6
158 J
However, when irrigating solutions are applied to the

wound bed at high pressure, destruction of vital tissue may

occur,5 and end cosmetic results may be affected.6

The amount of pressure needed for adequate wound

irrigation with minimal damage to vital tissue is approxi-

mately 5 to 8 psi of continuously applied pressure.1,5,6

Heavily contaminated wounds should only be soaked in

saline solution after the wound has been irrigated and/

or debrided.13
OUR
[W]hen irrigating solutions are applied
to the wound bed at high pressure,
destruction of vital tissue may occur,
and end cosmetic results may be affected.
Stevenson et al14 obtained irrigating pressures of 5 to

8 psi when they used 35- to 60-mL syringes with 19-gauge

angiocatheters for irrigation in the laboratory (Table 2).

However, Singer and colleagues15 used this equipment on

human subjects and obtained significantly higher median

peak and trough pressures. To obtain continuous irrigation

pressures of 5 to 8 psi, they recommended using a saline

bag inside a pressure cuff inf lated to 400 mm Hg and con-

nected to intravenous tubing with a 19-gauge angiocatheter
NAL OF EMERGENCY NURSING 31:2 April 2005



TABLE 3

The effect of irrigation versus no irrigation before wound closure

Study N Method Outcome

Hollander et al17

(pediatric study)
833 No irrigation Wound infection rates P = .28*

1090 Irrigation with normal saline solution End cosmetic appearance results P = .07*

Hollander et al18

(adult and
pediatric study)

2771 (adults)
853 (children)

No irrigation
Irrigation with normal saline solution

Children were less likely to receive wound
irrigation before wound closure
( P b .001), but nonetheless, they had
better cosmetic results ( P = .0003)

Maharaj et al19

(adult study)
147 No irrigation of any wounds Overall infection rate of 1.4%

Irrigating noncontaminated wounds in highly vascular areas does not alter the rate of infection or the final cosmetic result.
*Not statistically significant.

C L I N I C A L / D u l e c k i a n d P i e p e r
attached. In addition, one noteworthy study demonstrated

that various practitioners using the same irrigation tech-

nique applied different amounts of pressure.16
Irrigation versus no irrigation

More than 50% of lacerations treated in the emergency

department are found on the face and scalp, both of

which are highly vascular areas.17 Recently there have been

questions regarding the need to irrigate clean, nonconta-

minated wounds in these areas17-19 (Table 3). In a study by

Hollander et al,17 the authors concluded that irrigation

before primary closure of clean, noncontaminated facial

and scalp lacerations did not significantly alter the rate of

infection or cosmetic appearance.

In another large study, Hollander et al18 compared

the wound care practices (ie, type of irrigation solution,

method of irrigation, and debridement) that physicians

performed on adults compared with those performed on

children and found that children were less likely to receive

wound irrigation before wound closure and yet they had

better cosmetic results after their wounds healed.

Maharaj et al19 looked at infection rates of clean-

appearing wounds that were not irrigated before being

closed with sterile adhesive strips (Steristrips; 3M). The

study lacked a control group. The researchers concluded

that this technique was quick and inexpensive and was

an effective alternative to other wound care practices per-

formed in emergency departments. This is an important
April 2005 31:2
issue in economically poor areas where funding for health

care is low and the number of traumatic wounds is high.

Although wound care practices vary among institu-

tions and practitioners, evidence-based guidelines can help

standardize care using the most efficient solutions and

methods available.
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ABSTRACT
This study reports the use of an overturned plastic gallipot
from a sterile wound dressing pack as a splashguard
during the irrigation of traumatic wounds with a device
consisting of a 20 ml syringe and a 21F gauge
hypodermic needle. This simple, effective and cheap
device can be constructed from items readily available
within the emergency department or operating theatre

and minimises exposure to biologically hazardous material
during wound irrigation.

Open traumatic wounds represent approximately
15% of the attendances at emergency departments.
The initial management of such wounds that are
contaminated requires thorough debridement to

Figure 1 Removal of the needle from the hub of a 21F gauge hypodermic needle using the cap. The cap is lifted from
the needle (A) and bends the needle in a continuous path in opposite directions (B and C) so that the needle is broken
leaving the hub (D).
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remove devitalised tissue and irrigation to eradicate debris and
bacteria, thereby minimising the high risk of infection.1 2

Currently, these wounds are usually irrigated thoroughly with
a jet of saline under pressure and various methods of generating
this pressure have been described in the literature. These include
manual lavage either with saline from a syringe, with or
without a hypodermic needle, or from an intravenous fluid bag
either under direct manual pressure or using a manual pressure
cuff, or from a pressurised cannister.3–7

However, these methods of irrigation are all hindered by
splash exposure to biologically hazardous material from the
wound during irrigation. We describe a novel, cheap, readily
available and disposable device that can be used to irrigate open
traumatic wounds thoroughly and safely in the operating
theatre or emergency department. This device is particularly
well suited for irrigating traumatic wounds of the hand.

METHOD

Equipment
The irrigation device consists of an overturned plastic 60 ml
gallipot from a sterile wound care pack (Frontier Multigate,
Blackwood, South Wales, UK) through which the hub of a 21F
gauge hypodermic needle (Stericam, B-Braun, Melsungen,
Germany) has been passed. The needle is broken off from the
hub using the needle sheath as previously described by Lam et al4

(fig 1), allowing the small fragment of the needle to pierce the
centre of the gallipot carefully. The hub of the needle is
connected to a 20 ml syringe (Omnifix, B-Braun) filled with an
irrigating solution of 0.9% sodium chloride (Versol, Lyon,
France). The overturned plastic gallipot acts as a splash guard
to minimise splash exposure during irrigation (fig 2).

DISCUSSION
In animal and human studies, continuous high-pressure syringe
irrigation has been shown to be most effective at removing
contamination by debris and bacteria while avoiding trauma to
the soft tissues.6–8 The recommended irrigation pressure is

between 5 and 8 psi (between approximately 250 and
400 mm Hg).

Although needlestick injuries could be sustained as the needle
is carefully broken off from the hub using the needle sheath as
depicted in fig 1, our experience of doing this on over 500
occasions has shown that no needlestick injuries have been
sustained.

The use of an overturned plastic gallipot as a splash guard to
irrigate wounds has recently been described by Govilkar and
colleagues9 using a syringe attached to an intravenous cannula.
Their method describes a syringe attached to an intravenous
cannula that is passed through a hole made with a 2 mm punch
in the base of an overturned polypropylene plastic gallipot.
However, we believe that our modification of their method is an
improvement for three reasons. First, by using a hypodermic
needle a small fragment of the needle remains that can easily
puncture the gallipot. This obviates the need to use extra
instruments such as a punch or scalpel blade if an intravenous
cannula is used. Second, as the plastic is more malleable, we
have found that it is less likely to crack than the gallipot made
from polypropylene plastic used in the method of Govilkar et al.9

Third, by using a hypodermic needle instead of an intravenous
cannula, the jet of irrigation can be maintained. In our
experience, we have found that the cannula tends to bend and
prevent irrigation. Although commercial plastic splash guards
are available that effectively prevent splash exposure,10 our
adaptation of the use of a gallipot is cheaper and more readily
available in the National Health Service. However, to address
this formally, a clinical trial should be undertaken to compare
the complications of our technique with other methods of
wound irrigation.
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Figure 2 Wound irrigation device with a
plastic gallipot acting as a splash guard.
The laceration (A) is irrigated with 0.9%
sodium chloride (B).
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A life-threatening sign, gas in the
kidney is produced by bacteria:
bilateral emphysematous
pyelonephritis

A 39-year-old woman presented to the emergency department
with severe abdominal pain and pain in both flanks for 3 days.
She had a history of treatment for pyelonephritis 7 days
previously. Her blood pressure was 80/60 mm Hg. Laboratory
findings were significant for a creatinine level of 4.3 mg/dl.

On conventional abdominal radiograph, air was seen within
the kidney shadow. A non-contrast computed tomography
(CT) scan revealed mottled air within both kidneys (fig 1).

Gas in the urinary system is produced by bacteria and may be
a life-threatening sign. Emphysematous pyelonephritis repre-
sents a severe necrotising infection of the renal parenchyma and
perirenal tissues. Gas can be detected in the kidneys on various
imaging studies, including plain radiograph, ultrasound and CT.
CT is the most sensitive method.

The common presentation is non-specific and the clinical
significance is easily overlooked. Early diagnosis is important as
the disease may advance rapidly.1

Physicians should take a careful look at the gas pattern in the
kidneys during plain abdominal film interpretation, and any
abnormalities implying a complicated lesion require an immedi-
ate CT evaluation.
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computed tomography scan showing air within both kidneys (arrows).
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CHAPTER 8
Instruments, Suture 
Materials, and Closure 
Choices

Key Practice Points

nn Lacerations and wounds can be managed with a few well-chosen 
instruments: needle holders, tissue forceps, and scissors.

nn Each instrument requires special handling (described in this chapter) to 
close lacerations and repair wounds correctly.

nn Proper instrument technique reduces tissue damage and excessive 
scar formation.

nn There two basic suture types: absorbable for deep, subcutaneous 
closure and nonabsorbable for superficial skin closure.

nn In recent years, however, absorbable sutures with rapid absorbing 
properties have been used for superficial skin closures.

nn Studies have shown that there are no cosmetic differences between 
absorbable and nonabsorbable superficial skin closures.

nn Older suture types, such as silk, cause greater tissue reaction than do 
newer synthetic materials.

nn Reverse cutting needles are atraumatic and are recommended more 
highly than older, tapered needles.

 

It is not necessary to have large numbers of instruments and suture materials for emer-
gency wound care. Wounds and lacerations can be managed with three or four well-cho-
sen instruments and a few wound closure products. Although the type of instruments 
remains relatively constant, each wound has differing requirements for wound closure 
materials. Absorbable and nonabsorbable sutures and a variety of wound tapes, staples, 
and tissue adhesives can be selected according to the specific patient problem. The fol-
lowing are guidelines for the selection of suture materials and the choice and proper 
handling of instruments. Tapes, staples, and adhesives are discussed in Chapter 14.

BASIC INSTRUMENTS AND HANDLING
Most wounds can be cared for with the following set of instruments: needle holders, tis-
sue forceps, and suture scissors. For more complex wounds that may require revision or 
débridement, iris (tissue) scissors, hemostats, a knife handle, and appropriate knife blades 
might be required. A bewildering array of instruments is currently available through the 
major suppliers of surgical instruments, but only the types and configurations of instru-
ments necessary to manage wounds and lacerations are discussed here. Also, numerous 
disposable instrument sets meet the needs of many emergency wound care problems.
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Needle Holders
Because most lacerations are closed with relatively small suture materials, the needle 
holder need not be bulky or large. A 41⁄2-inch needle holder can accommodate most 
curved suture needles. Occasionally, large needles are used, and a 6-inch needle holder 
is necessary.

Technique for Handling Needle Holder
Just as important as the choice of needle holder is the technique used for holding and 
arming it with the needle. Figure 8-1 shows the right way and the wrong way to hold 
the instrument during introduction of the needle into tissue for routine emergency 

A Correct

B Incorrect

Figure 8-1. Technique for properly holding the needle holder. A, The correct way allows for proper needle 
entry into the skin. B, The incorrect way—the finger holes are not used when introducing the needle holder 
into the skin.
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 laceration closure. The rings are used only to clamp and unclamp the jaws by closing 
and releasing the locking mechanism. When introducing the needle into the skin, better 
precision can be gained by grasping the needle holder close to the jaws in the manner 
illustrated. This precision is particularly important when closing lacerations on the face.

The needle holder is armed with the needle by closing the tip of the jaws onto the 
body of the needle (Fig. 8-2). If the needle is pushed farther back into the jaws of the 
instrument, the curve is flattened, significantly weakening the needle and making it sus-
ceptible to breakage. The needle itself is grasped at right angles, approximately one third 
of the way down the body shaft from the end to which the suture is attached (the swage).

Forceps
Grasping and controlling tissue with forceps during skin closure is essential to proper 
suture placement. Whenever force is applied to skin or other tissues, however, inadver-
tent damage to cells can occur if an improper instrument or technique is used. Forceps 
still are widely used and are safe when proper technique is applied. The currently recom-
mended forceps are 43⁄4-inch forceps with small teeth. Teeth decrease the need to apply 
excessive force to grasp and secure tissue. The use of forceps without teeth is discouraged, 
because the flat surface of the jaws of the forceps tends to crush tissue more easily.

Technique for Handling Forceps
When handling tissue, the jaws of the forceps are never closed on skin itself. The epi-
dermis and dermis are avoided in favor of the superficial fascia (subcutaneous tissue). 
By grasping superficial fascia gently, the wound edge is stabilized for needle placement 
and inadvertent damage to the dermis is avoided (Fig. 8-3). Forceps also can serve as a 
surrogate skin hook as illustrated. The needle entry point can be immobilized and sup-
ported without closing the jaws.

Figure 8-4 illustrates the correct and incorrect methods for grasping forceps. The 
“pencil grasp” technique allows for better control of the forceps and tends to diminish 
the amount of force delivered to the tissue.

Figure 8-2. Technique for arming a needle holder. The needle is held approximately one third of the way from 
the swage and is grasped at the tip of the needle holder. The angle of the needle to the holder is exactly 90 degrees.
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Scissors
Standard 6-inch, single blunt-tip, double-sharp suture scissors are most useful for cut-
ting sutures, adhesive tape, sponges, and other dressing materials. Because of their size 
and bulk, these scissors are durable and practical. Curved and straight, 4-inch iris, or 
tissue, scissors are used to assist in débridement and wound revision. These scissors 
are extremely sharp and provide excellent precision in cutting tissue for whatever task. 
They are delicate, however, and are not recommended for cutting sutures. Occasionally, 
when small sutures have been used in the face area, iris scissors can be used for suture 
removal.

Technique for Scissor Tip Control
Whenever scissor tip control is essential, for example, when cutting close to the 
knots of deep or dermal closures with absorbable sutures, the technique illustrated 
in Figure 8-5 is recommended. The tips of the scissors are brought gently down to 
the knot. Just before cutting, the tips are rotated slightly to avoid cutting the knot 
itself.

Correct

Incorrect

Correct

A

B

C
Figure 8-3. The correct and incorrect methods for grasping tissue with a forceps. A, The correct way is 
to grasp the tissue by the superficial fascia (subcutaneous tissue). B, The incorrect way to grasp tissue is by 
crushing the dermis and epidermis between the jaws of the forceps. C, Forceps can be used as a skin hook to 
retract or stabilize the wound edge for exploration or suture needle placement.
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Hemostats
Hemostats have three functions in emergency wound care. Originally, hemostats 
were designed to clamp small blood vessels for hemorrhage control. Another use is 
to grasp and secure superficial fascia during undermining and débriding wounds. 
Finally, this instrument is an excellent tool for exposing, exploring, and visualizing 
the deeper areas of a wound. Two types of hemostats are commonly used in wound 
care. For general use, the standard hemostat is recommended. Finer work in small 
wounds is often best served by the 5-inch curved mosquito hemostat with fine ser-
rated jaws.

A Correct

B Incorrect

Figure 8-4. The correct and incorrect ways of holding the forceps manually. A, The forceps is held in the 
pencil grasp fashion as the correct technique. B, The incorrect technique is to grasp the forceps.



CHAPTER 8 Instruments, Suture Materials, and Closure Choices 87

Knife Handles and Blades
The choice of scalpels can be limited to three blade configurations, no. 10, no. 15, and 
no. 11. For safety, the retractable scalpel is recommended (Fig. 8-6). The no. 10 blade is 
not usually needed in emergency wound care but occasionally is helpful for larger exci-
sions during wound revision. Commonly used and quite versatile is the no. 15 blade, 
which is small and well suited for precise débridement and wound revision. This blade 
is also preferred for foreign-body excision and the intricate work necessary around eyes, 
lips, ears, and fingertips. The no. 11 blade is configured ideally for incision and drainage 
of superficial abscesses. It also can be used to help remove small sutures such as might 
be placed in the face.

Figure 8-5. Proper technique for tip control for scissors.

Figure 8-6. Examples of retractable no. 11 and no. 15 scalpels. Top, no. 11 in retracted position; middle, no. 
11 in open position; bottom, no. 15 in open position.
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SUTURE MATERIALS
Several criteria must be met before a particular suture can be used to close a laceration. 
A good suture must have appropriate tensile strength to resist breakage, good knot 
security to prevent unraveling, pliability and workability in handling, low tissue reac-
tivity, and the ability to resist bacterial infection. Currently, there are two main classes 
of suture materials: absorbable and nonabsorbable. Tables 8-1 and 8-2 summarize the 
characteristics of suture types. In general, absorbable sutures are placed deep for clo-
sure of dead space in large wounds or to reduce closure tension. Nonabsorbable sutures 
are used most commonly for percutaneous or skin closure. However, there has been a 
growing trend toward using alternatives for skin, superficial closure (including staples), 
wound adhesives (see Chapter 14), and absorbable sutures. Table 8-3 lists recommenda-
tions for suture and closure materials by anatomic site.

Absorbable sutures have been traditionally used for deep closures to close dead 
space and to lessen tension of the superficial skin sutures. Numerous studies have dem-
onstrated that absorbable sutures have a cosmetic outcome equal to nonabsorbable 
sutures when used to close superficial skin layers.1-6 Vicryl Rapide has been effective in 

	 TABLE	8-1	   Absorbable Suture Materials

	Absorbable	
Suture	

	Materials Structure
Tissue	

Reaction
Tensile	

Strength

Half-	
Life	

(Days) Uses	and	Comments

Gut Natural ++++ ++ 5-7 For mucosal closures, rarely 
used

Rapid absorbing 
gut

Natural +++ ++ 7-10 Skin closure (face), mucosa

Chromic gut Natural ++++ ++ 10-14 For oral mucosa, perineal, 
and scrotal closures; can be 
annoying to patients because of 
stiffness

Polyglycolic acid 
(Dexon)

Braided ++ +++ 25 For subcutaneous closure; 
coated version easier to use but 
requires more knots (Dexon 
Plus)

Polyglactin 910 
(Vicryl)

Braided ++ ++++ 28 For subcutaneous closure; do 
not use dyed suture on face

Polyglactin 
910 (irradiated, 
Vicryl Rapide)

Braided ++ +++ 5-7 Scalp, mucosa, child hand 
and face

Polyglyconate 
(Maxon)

Monofila-
ment

+ +++++ 28-36 For subcutaneous closure; less 
reactive and stronger than poly-
glycolic acid and polyglactin 910

Poliglecaprone 
25 (Monocryl)

Monofila-
ment

+ ++++ 7-10 Deep (subcutaneous) closures

Polydioxanone 
closures (PDS)

Monofila-
ment

+ ++++ 36-53 For subcutaneous that need 
high degree of security; stiffer 
and more difficult to handle 
than polyglycolic acid or 
 polyglyconate

www.sutureonline.com
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closing scalp incisions when compared with nonabsorbable sutures.3 Patients expressed 
considerable satisfaction with not having to have stitches removed. Fast-absorbing gut 
and Vicryl Rapide has been successfully used to close adult facial lacerations.2,5 Much of 
the experience with absorbable suture superficial skin closure has been in children.4,6,7 
The cosmetic differences between absorbable and nonabsorbable sutures were not sig-
nificant. One study did show a difference at 6 weeks, but the difference disappeared by 
6 months.1 At 1 month, some Vicryl-sutured wounds, particularly on the hand, were 
more erythematous compared with nylon-sutured wounds. By 6 months the erythema 
had disappeared, and the wounds could not be distinguished from one another. An 
important characteristic of sutures of any type is that they cause suture marks if left in 
the skin longer than 10 to 14 days. If absorbable sutures on the face have not fallen out 
by 7 days, the patient or parent can be instructed to gently rub them off with a moist-
ened sponge or cloth.

Absorbable Suture Materials
Polyglactin 910 (Vicryl, Vicryl Rapide)
Polyglactin 910 is a braided synthetic polymer used for deep closures. It has similar 
dry tensile strength compared with polyglycolic acid (Dexon) but maintains in vivo 
function and strength somewhat longer. However, polyglycolic acid has greater knot 
security. Polyglactin 910 can be modified by irradiation (Vicryl Rapide), which greatly 
increases its tissue absorption.8 Its half-life is only 5 to 7 days, and the sutures fall off 
in 10 to 14 days. This quality makes Vicryl Rapide ideal for closure of oral mucosa, 
face, scalp, scrotal skin, and perineum. The suture can be placed, and because of rapid 
absorption, no return visit is necessary for removal.

Polyglycolic Acid (PGA) (Dexon, Dexon II)
PGA is a synthetic, braided polymer. When compared with plain or chromic catgut, 
PGA is much less reactive and is experimentally better able to resist infection from 

	 TABLE	8-2	   Nonabsorbable Suture Materials

Material Structure
Tissue	

Reaction
Tensile	

Strength
Knot	

Security Uses	and	Comments

Silk Braided ++++ ++ ++++ Easy to handle but has increased 
potential for infection

Nylon 
(Ethilon, 
Dermalon)

Monofila-
ment

++ +++ ++ Commonly used in skin closure 
but high degree of memory; 
requires several throws for 
secure closure

Polypropyl-
ene (Prolene)

Monofila-
ment

+ ++++ + High degree of memory,  
low tissue adhesion; good for 
subcuticular pull-out technique

Dacron 
(Mersilene)

Braided +++ ++ ++++ Easy to handle, good knot 
 security; similar to silk but less 
risk to tissue for inflammation 
and infection

Polybutester 
(Novafil)

Monofila-
ment

+ ++++ ++++ Excellent handling, strength, 
and security; expands and 
contracts with changes in tissue 
edema
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	 TABLE	8-3	   Wound Closure Type per Anatomic Site

Anatomic	
Site Layer Closure	Type Alternatives

Scalp Deepa

Skin
4-0 Polyglactin 910b

Staples
4-0 Polyglycolic acidc

5-0 Vicryl Rapide
4-0 Nylon, polypropylene

Face Deep
Skin

5-0 Polyglactin 910
6-0 Nylond

5-0 Polyglycolic acid
6-0 Polypropylenee

Wound adhesive 
(pediatrics)f

5-0 Fast-absorbing gut, Vicryl 
Rapide

Ears Skin 6-0 Nylon 6-0 Polypropylene

Lip Muscle/subcutaneous 5-0 Polyglactin 910 5-0 Polyglycolic acid

Skin 6-0 Nylon 6-0 Polypropylene, Vicryl Rapide

Intraoral Mucosa 5-0 Chromic gut 4-0 Polyglactin 910

Tongue Mucosa 4-0 Chromic gut 4-0 Polyglycolic acid

Eyelid Skin 6-0 Nylon 6-0 Polypropylene

Neck Deep 5-0 Polyglactin 910 5-0 Polyglycolic acid

Skin 5-0 Nylon 5-0 Polypropylene

Trunk Deep 4-0 Polyglactin 910 4-0 Polyglycolic acid

Skin 4-0 Nylon 4-0 Polypropylene, staplesg

Arm/forearm Deep 4-0 Polyglactin 910 4-0 Polyglycolic acid

Skin 4-0 Nylon 4-0 Polypropylene

Hand Skin 5-0 Nylon 5-0 Polypropylene, Vicryl Rapide 
(pediatrics)

Leg Deep 3-0 Polyglactin 910 3-0 Polyglycolic acid

Skin 4-0 Nylon 4-0 Polypropylene

Staplesg

Foot Skin 5-0 Nylon 5-0 Polypropylene

Penis Skin 5-0 Nylon 5-0 Polypropylene

Scrotum Skin 5-0 Chromic gut 5-0 Polyglactin 910

Introitus Labia majora 5-0 Nylon 5-0 Polypropylene

Labia minora 5-0 Chromic gut 5-0 Polyglactin 910

Vagina 5-0 Chromic gut 5-0 Polyglactin 910

aSubcutaneous layer.
bPolyglactin 910 (Vicryl).
cPolyglycolic acid (Dexon).
dNylon (Ethilon, Dermalon).
ePolypropylene (Prolene).
fChildren.
gAvoid weight-bearing surfaces.

 contaminating bacteria.9 PGA has excellent knot security and maintains at least 50% 
of its tensile strength for 25 days.10 The main drawback of PGA is that it has a high 
friction coefficient and “binds and snags” when wet. For this reason, some experience 
is required to pass this material properly through tissues and to “seat” the throws dur-
ing knotting. The manufacturer has modified PGA (Dexon Plus) by coating it with 



CHAPTER 8 Instruments, Suture Materials, and Closure Choices 91

 poloxamer 188, an agent that significantly reduces the friction and drag through tis-
sues. Although handling has become easier with this modification, more throws (four 
to six) are required to prevent knot slippage than for plain PGA (three to four). The 
main uses of PGA are for deep closures of superficial fascia (subcutaneous tissue) in 
wounds and ligature of small bleeding vessels to effect hemostasis.

Gut (Plain, Chromic, Fast-Absorbing)
An older and less commonly used absorbable suture material is gut. Gut is an organic 
material manufactured from sheep intestines. A newer form of this suture is gut treated 
with chromium trioxide (chromic gut) to retard absorption in tissues; however, its hold-
ing security is only 14 days. Compared with PGA, plain gut and chromic gut appear 
to have inferior tensile strength and wound security.11,12 Because of its relatively rapid 
absorption, the main use of chromic gut is to close lacerations within the oral mucosa, 
perineum, and scrotal skin. Wounds within the oral cavity tend to heal rapidly and do 
not require prolonged suture support. Chromic gut is absorbed more rapidly than PGA 
on the oral mucosa and does not require suture removal.13 Fast-absorbing gut is heat 
treated also to create more rapid absorption than chromic gut. Fast-absorbing gut is 
useful for wounds that only need 5 to 7 days of holding, such as intraoral mucosa. It 
also can be used as superficial skin closures in children when suture removal is prob-
lematic.

Polyglyconate (Maxon) and Polydioxanone (PDS)
These are two monofilament absorbable suture materials that have some advantages 
over PGA and polyglactin 910. The main advantage of these suture materials is that 
they maintain their in vivo tensile strength longer than PGA and the other absorbable 
suture materials.10,14 They also appear to have greater knot security and lower friction 
coefficients. Polyglyconate is less stiff and easier to handle than polydioxanone. Because 
they are monofilaments, they enjoy the theoretical advantage of creating a lower poten-
tial for infection.

Poliglecaprone (Monocryl)
A newer, effective absorbable suture is poliglecaprone (Monocryl).15 This suture mate-
rial has high initial tensile strength and low tissue reactivity. It has excellent handling 
characteristics, with low friction and good knot security. Another intriguing finding is 
that Monocryl causes less hypertrophic scar formation compared with Vicryl Rapide.16 
Monocryl is a monofilament, whereas Vicryl Rapide is multifilament, and this differ-
ence might account for the reduced scar formation. With many patients with this ten-
dency, it is important know that there is a suture material with a lower potential for 
hypertrophic scar formation. Even though Monocryl is an absorbable suture, it has 
been recommended for superficial skin closure of surgical incisions in numerous ana-
tomic sites such as face, eyes, ears, neck, abdomen, and other sites.15 It is also being used 
in emergency settings.

Nonabsorbable Suture Materials
Nylon (Ethilon, Dermalon)
Of all the nonabsorbable suture materials, monofilament nylon (Ethilon, Dermalon) is 
used most commonly for superficial closure of skin (see Table 8-2). The monofilament 
configuration makes it minimally tissue reactive and makes it able to resist infection 
from experimental wound contamination compared with braided suture material.10 
Nylon has tensile strength that ensures wound security. The main disadvantage of nylon 
is the difficulty in achieving good knot security. Because monofilaments have greater 
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memory (the tendency to return to their packaged shape) than braided sutures, they 
tend to unravel if not tied correctly. At least four to five carefully fashioned “throws” or 
knots are required to achieve a secure final knot.

Polypropylene (Prolene)
The polymer polypropylene (Prolene) is another nonabsorbable monofilament. Poly-
propylene appears to be stronger than nylon and has better overall wound security.12 It 
is also less reactive and is able to resist infection at least as well as nylon.10 It has greater 
memory than nylon, however, and is more difficult to manage. The main uses of poly-
propylene are for percutaneous and subcuticular pull-out closures.

Polybutester (Novafil)
Another monofilament suture material is polybutester (Novafil).17 Polybutester appears 
to be stronger than other monofilaments. This material does not have significant mem-
ory, nor does it maintain its packaging shape the way nylon and polypropylene do. For 
this reason, it is reported to be easier to work with, and it has greater knot security. 
A unique feature of polybutester is that it has the capacity to adapt or “stretch” with 
increasing wound edema. When the edema subsides, polybutester resumes its original 
shape. Compared with nylon, this suture material has a lower risk of causing hypertro-
phic scarring.18 The ability to adapt to the swelling and changing configuration of a 
healing wound is credited for this reduction in risk.

Less commonly used for minor wound care problems are braided, nonabsorbable 
suture materials, including cotton, silk, braided nylon, and multifilament Dacron. 
Until the advent of synthetic fibers, silk was the mainstay of wound closure. It is the 
most workable of sutures and has excellent knot security. The usefulness and popular-
ity of silk have declined, however, because of its propensity to cause tissue reactivity 
and infection.10,12 Research has shown that, similar to silk, the braided synthetics have 
a greater tendency to cause wound infection when exposed to contaminating bacte-
ria.10,19 These materials have excellent workability and knot security, however. Because 
of the properties just mentioned, braided sutures are useful on the face, where maximal 
control and precision are needed. The earlier removal time for facial sutures and the 
natural resistance of the face to infection make the chances of developing inflamma-
tion and infection almost negligible.

NEEDLE TYPES
Similar to instruments and suture materials, a bewildering array of needles is manufac-
tured for wound closure. Most wound closures can be accomplished, however, with a few 
needles. Curved needles have two basic configurations: tapered and cutting (Fig. 8-7). 
For wound and laceration care, the cutting needle is used almost exclusively. Needles 
that now are commonly referred to as cutting needles are reverse cutting needles. The 
needle is made in such a way that the outer edge is sharp so as to allow for smooth and 
atraumatic penetration of the skin, and the inner portion is flattened so that the needle 
puncture wound is not inadvertently enlarged when the suture is passed through the 
hole and the knot is tied.

Needles come in two grades: cuticular and plastic. These grades differ significantly 
in their usefulness for wound care. Cuticular needles are less expensive but are notice-
ably less sharp than plastic-grade needles. The increased sharpness of plastic nee-
dles allows the operator better to control entry and passage of the needle through 
tissues. Plastic needles also are less traumatic. Although they are more expensive, 
these needles are recommended for emergency wound and laceration repair. There 
is a  bewildering number of code designations for needles. Cuticular needles can be 
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 recognized by the letters C (cuticular) or FS (for skin). Plastic-grade needle codes usu-
ally start with the letter P.
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Figure 8-7. Basic needle configurations: The standard round, tapered needle (left); the reverse cutting 
needle (right). The sharp edge is on the convex portion of the needle.
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Table 1. Suture Materials Useful in Outpatient Wound Care 
Class Strength/Duration Reactivity Comment 

Non-absorbable, monofilament 
Nylon 
Polypropylene 
Polybutester 

High, long lasting Minimal Low knot security (5 to 6 throws). 

 

Absorbable, synthetic 

Braided: 
Polyglactin 910 
Polyglycolic acid 

Monofilament: 
Polyglyconate 
Polydioxanone 

High 

Intermediate duration. 50 % at 2-3 wk 
 

Prolonged duration. 50 % at 4 wk 

 

Modest 
 
 

Slight 

Degradation by hydrolysis. Lower infection 
rate than gut 

Absorbable, natural 

Surgical gut: 
Fast-absorbing 
Plain 
Chromic 

Rapidly diminishing 

 
0 % at ~ 4-5 d 
0% at 14 d 
~ 33 % at 14 d 

Highest 
 

Degradation by phagocytosis. Sticky and 
brittle when coated with blood. 

Staples High Minimal Careful removal to avoid discomfort. 

Tissue adhesives, cyanoacrylate 

 

Low Minimal Small wounds under no tension. FDA 
approved late 1998 

  
Materials cited (Table 1): 
Nylon (Dermalon, Davis & Geck; Ethilon, Ethicon) Polyglycolic acid (Dexon, Davis & Geck) 
Polybutester (Novafil, Davis & Geck) Polyglyconate (Maxon, Davis & Geck) 
Polydioxanone (PDS, Ethicon) Polypropylene (Prolene, Ethicon; Surgilene, Davis & Geck) 
Polyglactin 910 (Vicryl, Ethicon) 
 
Table 2. Approach to Specific Wounds 
Location Superficial Layer Deep Layer Removal Comment 

Face 6-0 nylon, prolene, or gut (fast-
absorbing) 

OR 

Surgical tapes 

OR 

Tissue adhesives 

5-0 vicryl in frontalis fascia; 
dermis 

 

3-5 days (longer for 
chin, unless dermal 
sutures in place) 

Meticulous layered repair. 

Dermal sutures permit early 
removal 

Intraoral 5-0 chromic gut, vicryl, (silk?) 4-0, 5-0 vicryl in muscle NA for absorbable  

(~ 7 days for silk) 

 

Scalp 4-0, 5-0 prolene, nylon (vicryl or 
chromic gut) 

OR 

Staples 

4-0, 5-0 vicryl in galea, 
occipitalis or frontalis fascia 

7-10 days Shaving not necessary. 

Explore for galea tear, fracture 

Trunk and extremity 3-0, 4-0 or 5-0 nylon or prolene 

(chromic OK if layered;  or 
monocryl for subcuticular) 

2-0, 3-0, 4-0 vicryl sparingly. 
None in hand. 

7-10 days. 

Longer near joints 

Near joint, consider saline 
arthrogram.. 

Consider splint. 

Fingertip 5-0 chromic gut for skin; 
6-0 chromic gut for nail bed (5/0 
vicryl sparingly to secure 
landmaks for gaping wound) 

None N/A Use nail as stent.  

Radiographs, antibiotics 
controversial. 

  
Most face, scalp, intraoral wounds do not require specific wound checks as they are at low risk for infection. Exception 

might be grossly contaminated wounds or bite wounds. 

 Revised 12/27/00 
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CHAPTER 9
Decisions before  Closure: 
Timing,  Débridement, 
and Consultation

Key Practice Points

nn Because wounds are often contaminated with bacteria, there is a time 
limit (the “golden period”) between the laceration and closure with 
sutures. It varies between 6 hours (hand and feet) and 24 hours for the 
vascular face.

nn Wounds outside the “golden period” can heal by secondary intention 
or by delayed primary closure.

nn Whenever suspicion exists that a wound has injured a tendon, nerve, 
joint, or other important anatomic structure, or has been caused by a 
foreign body, the wound should be explored before repair.

nn Because blood vessels often run in bundles with nerves, the use of 
“blind” clamping with a hemostat to achieve hemostasis is strongly 
discouraged. Most hemostasis in wound care can be achieved with 
pressure alone.

nn Some contamination requires sharp débridement and excision of 
foreign material, to lower the risk of infection, before the wound can 
be closed.

nn If débridement is necessary, it is important to sacrifice as little tissue 
as possible.

nn Wound drains can act as an ingress of bacteria and should be avoided 
unless there is active drainage, such as in the case of an abscess.

 

Before proceeding with definitive management, such as suture placement, several issues 
have to be considered and decisions made that are separate from the choice of closure 
method. Time from the injury, tissue condition, level of contamination, and poten-
tial for foreign material all are factors that affect the total care. Planning the care and 
 closure is as important as the repair itself.

TIMING OF CLOSURE
Determining the time of injury is important for wound repair. The chance of develop-
ing a wound infection increases with each hour that elapses from the time of injury.1 
Traditionally, it has been taught that there is a “golden period” within which a wound 
or laceration can be safely closed primarily (primary intention). The exact length of that 
period is influenced by factors such as the mechanism of injury, anatomic location, 
and level of contamination. As a rough guideline, 6 to 8 hours from the time of injury 
has been considered a safe interval within which to repair the average uncomplicated 
laceration. This period can range from 6 hours for wounds of the hand and foot to  
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24 hours or more for clean lacerations of the face. The following is a summary includ-
ing recommendations for wound closure.

Primary Closure (Primary Intention)
Lacerations that are relatively clean and uncontaminated, with minimal tissue loss or 
devitalization, are considered for primary closure. These can be caused by sharp-edged 
objects such as knives (common injury during food preparation) and glass. Repair of 
these wounds usually is necessary within 6 to 8 hours from the time of injury on most 
regions of the body. Wounds of the highly vascular face and scalp often can be sutured 
24 hours after injury.2 Because there are no definitive rules that govern every possible 
situation, the following recommendation is offered: Any injury, less than 24 hours from 
time from injury, that can be converted with cleansing and débridement to a fresh-
appearing, slightly bleeding, nondevitalized wound, with no visible contamination or 
debris after aggressive cleansing, irrigation, and débridement, can be considered for 
primary closure.

Secondary Closure (Secondary Intention)
Skin ulcerations, abscess cavities, punctures, small cosmetically unimportant animal 
bites, and partial-thickness (abrasions, second-degree burns) tissue losses often are 
better left to heal by secondary intention. Wound care consists of thorough cleansing, 
irrigation, and débridement of devitalized or contaminant-impregnated tissue. These 
wounds are not closed with sutures and are allowed to heal gradually by granulation 
and eventual reepithelialization. They heal best if covered with a sterile, nonadherent 
dressing that can be changed every 1 to 3 days.

Tertiary Closure (Delayed 
Primary Closure)
Some wounds are candidates for delayed closure.3 Bite wounds and lacerations beyond 
the golden period can be considered for this technique. Although there are no techni-
cal contraindications to sutures or staples, these wounds have a high bacterial count 
and excessive devitalized tissue. In a study of human bites to the face, primary closure 
led to a 40% wound infection rate.4 None of the wounds closed after débridement and 
48 hours of antibiotics became infected. Delayed wounds can be “converted” to “fresh” 
ones by cleansing, irrigation, and débridement followed by a 3-day to 5-day period 
 during which the natural host defenses reduce the bacterial load to acceptable minimal 
levels (Fig. 9-1).3,5 Antibiotics can aid these defenses.

Technique for Delayed Primary Closure
The clinician cleanses, irrigates, and débrides as much as possible during the ini-
tial encounter. The wound is covered with a bulky, absorbent gauze dressing. Oral  
antibiotics are administered after initial care before delayed closure. Dicloxacillin or 
a first-generation cephalosporin is appropriate. Erythromycin or clindamycin can be  
administered to patients who have a significant history of allergy to the penicillins. 
Amoxicillin/clavulanate can be used for bite wounds.

If no signs of infection or excessive discomfort develop beforehand, the patient should 
return in 4 to 5 days. If the wound appears clean and uninfected, it can be closed with 
sutures, tapes, or staples. Dermal (deep) or subcutaneous sutures are avoided in this set-
ting. These wounds can accumulate excessive granulation tissue during the 4-day to 5-day 
period. This tissue can be excised judiciously to permit better wound edge apposition. 
The intervals for suture or staple removal are the same as for primary closure starting  
at the time of closure. Delayed closure is associated with a low (2% to 3%) infection rate.5,6
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WOUND EXPLORATION
Some surface wounds and lacerations require thorough inspection and explora-
tion. It is always important to evaluate the functional status of the relevant nerves, 
tendons, arteries, joints, and other related structures of the wounded area and to 
remain alert for potentially occult, serious underlying structural damage. Although 
more specific information is included in other chapters and sections specific to spe-
cial anatomic sites and problems, the following are general guidelines for wound  
exploration:
 •  Suspicion of a foreign body, particularly if it is potentially organic, such as wood or 

plant material. Radiographs are taken before exploration when glass, gravel, or metal-
lic foreign bodies are suspected.

 •  Lacerations in the proximity of joint capsules.
 •  Lacerations over tendons, particularly if functional testing of the hand or foot is 

 “normal.” It is common to find serious partial tendon lacerations solely by direct 
 visualization. Unrepaired partially lacerated (≥50%) tendons can undergo delayed 
rupture within 12 to 48 hours if untreated.

 •  Scalp lacerations that are large or are caused by a significant force. Unrecognized skull 
fractures can be found by exploration and palpation of the skull through the wound.

 •  Lip lacerations, if a tooth or fragment of a tooth cannot be accounted for. A radio-
graph is another method to reveal missing teeth.

Techniques for Wound Exploration
Often the wound can be exposed adequately with a hemostat by separation of the 
wound edges. In other cases, the hemostat can be used to grasp the superficial  fascia 
(subcutaneous tissue) of one wound edge while the tissue forceps are applied to the 
other edge to retract and gain exposure. If available, small self-restraining retractors 
(mastoid or Wheatlander retractors) are recommended. A second pair of hands is  
optimal. An assistant can retract the wound with small retractors or skin hooks.

If exposure is still not adequate, a small wound extension incision can be made 
through the dermis with a knife handle and a no. 15 blade or with iris scissors. The 
extension begins at one wound end and should proceed carefully to avoid accidental 
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Figure 9-1. Graph showing the incidence of wound infection risk after injury and optimal timing of tertiary 
or delayed wound closure. (Adapted from Edlich R, Rodeheaver GT, Morgan RF, et al: A manual for wound 
closure, St Paul, Minn, 1979, Surgical Products Division, 3M.)
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injury to underlying structures (Fig. 9-2). On the face, extension incisions are made 
parallel to the skin tension lines discussed in Chapter 3. When the epidermis and 
dermis are divided, the superficial fascia (subcutaneous tissue) is not incised but is 
spread apart gently with forceps or tissue scissors to reveal any suspected foreign body 
or tendon or joint capsule injury.

HEMOSTASIS
Wounds often bleed actively, particularly during assessment and exploration. In addi-
tion to the problem of adequate wound visualization with active bleeding, hemato-
mas can cause an increase in the rate of wound infection and can delay the healing 
process.7

The simplest and most effective way to stop bleeding is to apply direct pressure 
to the wound with handheld surgical 4 × 4 sponges. Continuous pressure has to be 
applied for a minimum of 10 minutes. Because of the time involved, sponges secured 
with an Ace wrap can be substituted if the wound is in an anatomic area that lends itself 
to wrapping.

An epinephrine-moistened (1:100,000) sponge applied, also with pressure, to the 
wound for 5 minutes often suffices in cases in which direct pressure fails. Epineph-
rine is contraindicated, however, for use on the fingers, toes, ears, penis, and tip of the 
nose. Packing the wound with topical hemostatic agents, such as Gelfoam, Surgicel, 
and others, is another hemostatic strategy. These agents are useful for persistent oozing 
or minor capillary bleeding. Arterial “pumpers,” even small ones, can wash these agents 
out of the wound. Use of these agents should be considered only if all other methods 
fail. These products can have adverse effects such as interference with suture closure 
and foreign-body reactions.8

Direct clamping with a hemostat and a hand-tied ligature with an absorbable suture 
is reserved for larger, single-bleeding vessels that can be directly visualized under opti-
mal conditions of lighting, instrument preparation, and operator comfort. Because 
blood vessels often travel with nerves and arteries, “blind” clamping in a bleeding 
wound, in the hope of grasping the bleeder, is strongly discouraged. Unnecessary tissue 

15°

Figure 9-2. Technique to extend a wound for better deep-structure exploration and evaluation. The inci-
sion is at a slight angle from the original axis of the wound and is parallel to underlying structures.
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damage can occur, particularly in areas where important structures such as nerves and 
tendons are likely to be found.

Tourniquet Hemostasis
Definitive hemostasis of the extremity can be achieved by the use of tourniquets. Strict 
observance of proper technique and the time limits of application is imperative. Com-
plications of tourniquets include ischemia of the extremity, compression damage of 
blood vessels and nerves, and jeopardy to marginally viable tissues.9

Technique for Large-Extremity Tourniquet 
Application
Before placing a single-cuff sphygmomanometer, the extremity is elevated for approxi-
mately 1 minute.10 The cuff is inflated to a pressure higher than the patient’s systolic 
pressure or to a point when the bleeding stops. However, the pressure should not exceed 
250 mm Hg. The clinician clamps the cuff tubing with a hemostat instead of closing 
the air release valve to prevent slow leakage of air and to ensure a rapid release method 
if needed. Patient discomfort becomes apparent by 30 to 45 minutes of cuff time.11 The 
maximal cuff inflation time is 2 hours, although a limit of 30 to 60 minutes is recom-
mended to ensure patient safety.

Technique for Digital Tourniquet Application
A digital tourniquet is often used to repair finger wounds. Lacerated fingers can bleed 
profusely and visualization is difficult. The clinician unfolds a 4 × 4 gauze sponge to its 
fullest length and folds it in half so it appears to be an 8-inch band. The band is moist-
ened with saline. The clinician wraps the band firmly around the finger, starting at the 
tip and proceeding to the base. A Penrose drain is stretched around the base of the fin-
ger in a slinglike fashion, and a hemostat is applied to the drain to form a tight “ring” 
at the base of the finger. The sponge wrapping is removed. A Penrose drain also can 
be substituted for the gauze sponge wrap. A digital anesthetic block is recommended 
before applying the tourniquet.

There are preformed disposable tourniquets (Tourni-Cot, T-Ring) that “roll” or slide 
onto the finger and exsanguinate it before coming to rest at the digit base (Fig. 9-3). 
After use, they can be easily removed. These tourniquets are easier to apply and are 
effective in most cases in which the digit circumference can accommodate them. The 
maximal allowable tourniquet time for a finger is 20 to 30 minutes.

TISSUE DÉBRIDEMENT AND EXCISION
Before actual suturing and knot tying, the wound has to be made free of contaminants 
and devitalized tissue.12 Devitalized tissue can be recognized by its shredded, ischemic, 
or blue-black appearance. Occasionally, these appearances can be misleading, and true 
demarcation between viable and devitalized skin cannot be made until 24 hours after 
wounding.13 One overriding principle of wound débridement is to spare as much skin, 
epidermis, and dermis as possible immediately after the injury, particularly for the face 
and hand. Subcutaneous fat can be liberally débrided. Revision of the complex wound 
can be made at later interventions by consultant surgeons. The surgeons will be grate-
ful if as much preserved skin as possible is left at the wound site.

Static skin tension plays an important role in wound edge débridement and revision. It is 
tempting to excise jagged wound edges to convert an irregular laceration into a straight one. 
If the wound is already gaping because of static tension, débridement of tissue increases 
the tension necessary to pull the new edges together. The resulting scar might be wider and 
more noticeable than it would have been by piecing together the original irregular edges.
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A

B

Figure 9-3. Tourniquet hemostasis for finger injuries. A, The tourniquet is placed on the finger by rolling 
it from the nail to the base of the digit. B, To avoid disturbing the repaired wound, the tourniquet is removed 
by cutting it off with scissors.
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Technique for Simple Excision and Wound 
Edge Revision
Most débridement can be performed by simple, minimal excision of debris-laden tissue 
bits, using tissue forceps and iris scissors (Fig. 9-4). Superficial fascia (subcutaneous fat) 
under the skin can be freely excised without concern for deleterious cosmetic results. 
Soiled, devitalized fatty tissue is a fertile substrate for the growth of bacteria with subse-
quent development of infection.14 More care has to be taken in débriding and excising 
epidermis and dermis. The best principle is to trim as little skin as possible, particularly 
on the face and hand. It is preferable to repair wound edges in a jigsaw-like pattern than 
to excise the irregular edges only to be left with a wound under excessive tension.

The proper method to trim a dermal wound edge is shown in Figure 9-5. Iris (tissue) 
scissors or a no. 15 blade can be used. The wound edge is cut or incised at a slight angle 
so that the epidermal surface of the skin edge juts out slightly farther than the dermal 
portion. In this manner, when the wound is closed, it naturally everts with the proper 
suture placement technique and resulting suture loop configuration.

Technique for Full Wound Excision
Full wound excisions are reserved for injuries in which all wound edges are devitalized 
and are obviously impossible to salvage. There also must be sufficient tissue redundancy 
in the anatomic location of the wound. If redundancy is inadequate, excision  creates a 
gap or defect that can be closed only under excessive tension. Areas where there is suf-
ficient tissue to accommodate excision include the chest, abdomen, arms, and thighs. 
Whenever there is doubt about this procedure, it is best to consult a surgical specialist.

The clinician uses the scalpel with a no. 15 blade to outline the tissue to be removed 
by partially incising or “scoring” the dermis (Fig. 9-6). Generally the excision is lenticu-
lar (i.e., shaped like an ellipse). To achieve proper closure without excessive tension or 
creating tissue “humps” at either end of the wound, the length of the ellipse should 
exceed the width by at least a 3:1 ratio. When the ellipse is defined, the clinician uses the 
scalpel or iris scissors, or both in combination, to complete the excision (Fig. 9-7). The 

Figure 9-4. Technique to débride deep dermis and superficial fascia (subcutaneous fat).
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wound edges are incised at the same angle as described for dermal edge trimming. Not 
only do the edges have to be excised, but also the excised tissue has to be released from 
its base in the superficial fascia (subcutaneous tissue). Considerable bleeding often 
ensues, and hemostatic measures may have to be used before proceeding to closure. 
Excisions usually require deep (dermal) and percutaneous sutures for closure.

SURGICAL DRAINS
Surgical drains for emergency wound care are controversial. Drains can act as retro-
grade conduits for contaminating bacteria from either the wound or the skin. Under 
experimental wound conditions, subinfective inocula of bacteria have been shown to 
greatly increase the infection rate in drained versus undrained control wounds.15 For 
this reason, they should be used only for wounds in which the benefit clearly outweighs 
the risk. Drains are indicated to remove large collections of pus or blood or to assist in 
eliminating large pockets of dead space. As a general rule, wounds that can be managed 
in an emergency department do not need drains.

IMMEDIATE ANTIBIOTIC THERAPY
For uncomplicated wounds and lacerations, including wounds in key structures such 
as tendons, there is no good clinical or investigative evidence that systemic antibi-
otics provide protection against the development of wound infection.16-18 Occasion-
ally, however, the physician is faced with a wound or laceration that necessitates the  

Figure 9-5. Technique for excision by careful tissue scissor trimming of devitalized epidermis and dermis. 
Note the angle of excision, which facilitates wound edge eversion during percutaneous closure.
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consideration of immediate antibiotic coverage during or even before wound man-
agement itself. Under these conditions, there is experimental evidence that antibiotic 
action rapidly decreases in effectiveness if it is not initiated within 3 to 4 hours of the 
injury.1 If prophylactic antibiotics are thought necessary by the physician, they need 
to be administered without delay by the intravenous route. The following are situ-
ations in which the immediate administration of intravenous antibiotics should be 
considered:
 •  Complex or mutilating wounds, especially of the hand or foot (e.g., lawnmower or 

chainsaw injuries)
 •  Grossly contaminated wounds with penetrating debris and “ground-in” foreign 

 material
 •  Lacerations in areas of lymphatic obstruction and lymphedema
 •  Extensive lacerations of the ear and its cartilaginous skeleton
 •  Suspected penetration of bone (open fractures), joints, or tendons
 •  Amputation injuries, especially where replantation is a consideration
 •  Extensive or distal extremity animal bite wounds (see Chapter 15)

Figure 9-6. Technique for incising or “scoring” the epidermis and dermis before full wound excision. The 
fingers are used to provide tension to the skin and to the axis of the wound. This tension facilitates easier 
application of the scalpel to the skin.
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 •  Significant lacerations in patients with preexisting valvular heart disease
 •  Presence of disease or drugs causing immunosuppression or altered host defenses 

(e.g., diabetes)
The initial intravenous antibiotic of choice is usually a first-generation cephalospo-

rin, such as cefazolin (Kefzol, Ancef). For penicillin-allergic patients, ciprofloxacin and 
clindamycin are reasonable alternatives. For animal bites, the recommended agents 
are discussed in Chapter 15. It is recommended that a wound culture be taken, before 
 initiation of antibiotics, to assist in later modification of therapy if necessary.

A

B
Figure 9-7. Technique for full wound excision. A, The scalpel can be used to excise the wound in its 
entirety. B, Tissue scissors can be used to follow the original wound outline created by the “scoring” of the 
epidermis and dermis with the scalpel blade.



CHAPTER 9 Decisions before Closure 105

GUIDELINES FOR CONSULTATION
Inevitably, physicians are faced with wounds, lacerations, and related problems that 
cause them to consider consulting a specialist. There are no definitive rules governing 
consultations. Because there are many different circumstances under which a consul-
tation might be considered, it is impossible to make comprehensive recommendations. 
In addition, each emergency physician has his or her own level of expertise, experi-
ence, and comfort. The following guidelines are based on practice realities governing  
emergency care.

Standard of Care
Driven largely by the legal system, medical care often is defined in terms of some stan-
dard. In the case of wound care, emergency physicians often are held to the same stan-
dard of care as might be practiced by a surgical specialist. In reality, there is no fixed 
standard for any specialty or type of care. Through board certification, emergency phy-
sicians are qualified to provide emergency wound care. The “practice” line between an 
emergency physician and a surgical specialist is blurred, however. Each practitioner 
of wound care has to understand his or her strengths and limitations and has to act 
accordingly. It also is important to have knowledge of community-defined patterns of 
care. In some locales, only specialists perform tendon repairs, whereas in others, emer-
gency physicians comfortably treat extensor tendon lacerations.

Logistics of Care
Certain wounds technically can be managed by emergency physicians, but the time nec-
essary to close the wound would significantly impede the operation of the emergency 
department. If direct physician involvement time exceeds 30 minutes, consultation 
might be considered.

Cosmetics and Patient Expectation
Patients or family members often have expectations that “specialists” need to be 
involved in the care and repair of wounds. Parents frequently request a “plastic” sur-
geon for their child’s facial laceration. If the emergency caregiver can repair the lacera-
tion confidently, most parents can be made comfortable with a clear explanation of the 
actual repair needed and the skills of the caregiver. Some patients or relatives are fixed 
on the need for a specialist, however. Usually, it is best to accede to those wishes.

Continuity of Care
Certain wounds, particularly wounds of the hand, require close follow-up and reha-
bilitation. It may be best to involve a specialist in the initial care to ensure continuity. 
It is a common arrangement between emergency physicians and hand specialists to 
have the emergency physician do the primary closure with follow-up care going to the 
specialist. Specific circumstances include uncomplicated injuries to tendon or digital 
nerves. The emergency physician does the initial injury assessment and skin closure. 
The specialist can follow the patient and can schedule a delayed repair of the tendon or 
nerve. This collaboration can be extremely successful and is built on trust between the 
different caregivers.
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Abstract—Background and Objectives: This report pro-
ides an overview of advances in wound repair devised by
ur research team during the last four decades. This col-
ective review is presented in two parts. Discussion: The
ollowing components are included in Part I: 1) search and
reat life-threatening trauma; 2) conduct a thorough his-
ory; 3) examine the wound using aseptic technique; 4)
nesthetize the wound before cleansing; 5) hair removal,
kin disinfection, hemostasis, surgical debridement, and
echanical cleansing; 6) antibiotics, drains, and open
ound management. Conclusion: On the basis of these

omprehensive research studies, we have noted a marked
eduction in the incidence of wound infection in traumatic
ounds. © 2010 Elsevier Inc.

Keywords—trauma wound repair; life-threatening
rauma; aseptic technique; local anesthesia; hair removal;
ntibiotics; open wound management
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INTRODUCTION

e have written this report about our comprehensive
esearch program involving studies of the biology of
raumatic wound repair. Our investigations of the mech-
nism of wound injury, soil infection-potentiating fac-
ors, dynamic and static tensions, and the microflora of
he skin have led to these factors becoming important
redictors of the outcome of wound repair. In this col-
ective review, we will provide an overview of these
dvances in traumatic wound repair.

SEARCH AND TREAT
LIFE-THREATENING TRAUMA

he proper evaluation of the patient hinges on an expe-
itious but comprehensive assessment. This initial as-

t 2008;
ugus
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essment can be divided into primary and secondary
urveys. The primary survey deals with the diagnosis and
reatment of life-threatening conditions that produce
eath within minutes unless treatment is initiated. These
ife-threatening issues must take precedence over any
ound repair concerns. External bleeding almost always

an be controlled by direct pressure over the site of
leeding (1). Bleeding of an injured extremity that is
efractory to direct pressure will stop after inflation of a
phygmomanometer placed proximal to the bleeding site.
fter elevating the injured extremity for 1 min, the cuff

s inflated to the lowest pressure that will arrest the
leeding. This measured level of inflation pressure can
e maintained for at least 2 h without injury to the
nderlying vessels and nerves. Once the patient’s condi-
ion has stabilized, a careful head-to-toe examination of
he patient, searching for other injuries, must follow.

CONDUCT A THOROUGH WOUND HISTORY

efore inspecting the wound, the Emergency Physician
EP) must carefully question the victim regarding the
iming and mechanism of injury. The time in which the
ccident occurred has considerable influence on wound
anagement decisions. A delay in treatment lasting

onger than 6 h often is associated with a proliferation of
acteria to a level (106 bacteria or greater per gram of
issue) that may result in the development of infection
2). Exposure of the wound for this length of time has
ther side effects that limit the therapeutic efficacy of anti-
iotics. The vessels within the open wound exhibit in-
reased vascular permeability with extravasation of blood
roteins into the wound. By 3 h, this developing coagulum
s of sufficient magnitude to surround the bacteria and
rotect them from contact with either systemic or topical
ntibiotics (3). This inflammatory exudate on the surface of
he wound provides an explanation for the resistance of the
pen wound to delayed antibiotic treatment. Consequently,
ntibiotics are administered intravenously to patients who
ave obviously contaminated wounds.

Clinically, one of the most important consequences of
ny wounding process is that the divided edges of the
ound are more susceptible to infection than the un-
ounded tissue. The magnitude of this enfeebled resis-

ance varies with the mechanism of injury. Some soft
issue injuries are due to cuts by either a piece of glass or
he metal edge of a knife (4). In such cases, shear forces
f equal magnitude are applied to this tissue in opposite
irections in two adjacent parallel planes separated by a
mall distance, and result in a linear laceration. The
mount of tissue volume contacted by sharp devices is
xtremely small, and, consequently, very little total en-

rgy (� 100 joules) is required to produce tissue failure. h
he resultant wound exhibits considerable resistance to
he development of infection, with the infective dose
eing 106 bacteria per gram of tissue or greater. This
emarkable resistance to bacterial infection has been
dentified in all soft tissues tested (e.g., tongue, fat,
uscle, skin) (2).
Occasionally, the soft tissue wound is due to a colli-

ion of two bodies, with the mechanism of injury being
ompression or tension rather than shear forces. A soft
issue wound resulting from an automobile accident is a
ase in point. Such wounds usually can be easily recog-
ized by their characteristic appearance, a stellate lacer-
tion with abrasions of the skin adjacent to the wound
4). The energy requirement for tissue failure as a result
f these forces is considerably greater than for shear
orces, because the energy results in demonstrable dam-
ge to the wound edges, which is associated with a
eduction in blood flow and an increased susceptibility to
nfection (104 bacteria per gram of tissue) (1).

A collision between a missile and the human body
epresents a considerably higher level of energy absorp-
ion per unit volume of tissue than that encountered in an
utomobile accident. As tissues are struck by a missile, a
ombination of shear, tensile, and compressive forces
nteract to produce a relatively predictable amount of
estruction (4). At speeds up to 300 M/s, the “low-
elocity” projectile penetrates the target, making a deep,
arrow tract. In such injuries, the tissue damage is con-
ned to the immediate pathway of the bullet. When a
igh-velocity projectile (� 2000 M/s) strikes the human
ody, considerably more energy is absorbed by the body
han with low-velocity missiles. The magnitude of this
esultant tissue injury is extensive and difficult to ascer-
ain until 4 or more days after the injury.

The environs in which the injury occurred may be
redictive of the number of pathogens in the wound.
acerations inside or in contact with the oral cavity are
sually heavily contaminated with facultative species
nd obligate anaerobes. Within the oral cavity, the larg-
st numbers of organisms are encountered in the gingival
revices and in plaque on the teeth. The debris removed
rom the crevices and the plaque on the teeth are com-
osed primarily of bacteria in the range of 1011 per gram
et weight, a number that is far greater than infective
oses of bacteria (� 106 bacteria per gram of tissue) for
ost soft tissue wounds. This potential source of heavy

ontamination accounts for the reported high infection
ate of wounds resulting from human and animal bites
5,6). Feces also contain an abundant microflora occur-
ing in a concentration of 1011 per gram of passed feces.
pproximately 20–30% of the net weight of stool is a

olid mass of bacteria, nearly all anaerobes. Wounds
ontracted by human or animal fecal contaminants run a

igh risk of infection despite therapeutic intervention.
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The likelihood of non-viable foreign bodies being in
ounds also can be predicted by a careful history. In
issile injuries, clothing and missile fragments are en-

ountered in the wounded tissue. Soil and dirt frequently
re found in lacerations resulting from industrial or farm-
ng accidents. Although it has been widely recognized
or centuries that severe bacterial infection often devel-
ps in wounds containing dirt and soil, there has been
ittle knowledge until recently of the role of components
f soil in this infection process.

Interdisciplinary research in this area has clarified the
ole of soil in the development of infection. Specific
nfection-potentiating factors have been identified in the
oil, which include its organic components as well as its
norganic clay fractions. For wounds contaminated by
hese fractions, only 100 bacteria are necessary to elicit
nfection (7). Their ability to enhance the incidence of
nfection seems to be related to their damage to host
efenses. In the presence of these fractions, leukocytes
re not able to ingest and kill bacteria (8). This delete-
ious effect on white blood cell function is a result of a
irect interaction between the highly charged soil parti-
les and white blood cells. Soil infection-potentiating
ractions also have considerable influence on non-
pecific humoral factors. Exposure of fresh serum to
hese fractions eliminates its bactericidal activity. As
xpected, these particles, which are highly charged spe-
ies, react chemically with amphoteric and basic antibi-
tics, limiting their activity in contaminated wounds (9).

The concentration of these fractions in soil can be cor-
elated with their location. Environmental conditions in
wamps, bogs, and marshes encourage the production of
oil with as much as 98% organic infection-potentiating
ractions. The major inorganic infection-potentiating parti-
les are the clay fractions, which reside in heaviest concen-
ration in the subsoil rather than in topsoil. Consequently,
raumatic soft tissue injuries occurring in swamps or exca-
ations run a high risk of being contaminated by these
ractions, which predispose the wound to serious infection.

A corollary to these observations is that some soil con-
aminants, such as sand grains, are relatively innocuous.
his fraction, which has a large particle size and a low level
f chemical reactivity, exerts considerably less damage on
issue defenses than do the other infection-potentiating frac-
ions. Surprisingly, the black dirt on the surface of highways
lso seems to have minimal chemical reactivity.

EXAMINE THE WOUND USING
ASEPTIC TECHNIQUES

he EP must wear powder-free latex-free gloves that
omply with the comprehensive performance require-

ents of the National Fire Protection Association p
NFPA). Glove selection for emergency medical care has
ecome an especially important clinical consideration
fter the development of the latex allergy epidemic (10).
s of March 1999, the total number of latex allergic

eactions associated with exposure to gloves containing
atural rubber latex (NRL) reported by the Food and
rug Administration (FDA) was 2330, including 21
eaths. NRL is a substance composed of hundreds of
omplex proteins from the rubber tree, Hevea brasilien-
is, including enzymes involved in biosynthesis as well
s lipids, nucleotides, and co-factors. Glove manufactur-
rs use chemicals such as accelerators and antioxidants
o change the durability, stretch, and thermal stability of
RL (11). Two to three percent of the final glove product

s natural protein. Investigations have isolated and iden-
ified the rubber elongation factor, designated as Hev b1,
n this natural protein as the major allergen causing the
RL allergy (12). NRL allergy was first reported in
orth America in 1989 (13). The increased frequency of
RL allergies has been attributed to many factors, from

hanges in the manufacturing process to an increase in
he quantity of gloves produced at a reduced cost. These
anufactured gloves were found to contain higher levels

f the NRL proteins, which increased health care work-
rs’ exposure to NRL (14).

Reported reactions to latex include contact urticaria,
hinitis, asthma, and anaphylactic shock, and the devel-
pment of reactions to latex exposure has been linked to
eople’s production of IgE antibodies to natural latex
fter repeated exposure to the substance. Once formed,
his IgE antibody will induce an anaphylactic response
timulated by the latex antigen (15–24). Some individu-
ls may tolerate an unknown amount of exposure before
eacting, but continual exposure will eventually progress
o anaphylaxis. Before anaphylaxis, certain general
ymptoms are observed, such as erythema, excessive
earing, chemosis, sore throat, hoarseness, allergic rhino-
onjunctivitis, urticaria, or facial edema (19,20).

In addition, powder has been shown to be a vector for
atex allergy. Currently, cornstarch is the lubricant found
n many surgical and examination gloves used by health
are workers. Most health care personnel have an un-
ounded confidence in cornstarch and mistakenly believe
t is safe. Experimental and clinical studies have con-
rmed that cornstarch causes toxic reactions in every

issue in the body (21). These cornstarch particles also
erve as an agent for exposure and sensitization to latex
rotein during donning procedures (22,23). Therefore,
owdered latex gloves present a twofold threat via con-
act with openings in the skin as well as respiratory
nhalation of aeroallergens (24). The National Institute
or Occupational Safety and Health has recognized this
ink and the danger that the continued use of these

owdered gloves presents to workers (25). A safety



r
A
p
h
l

t
t
b
b
n
p
t
l
n
F
g
c

g
p
l
t
r
t
l
r
w
s
p
s
t
g
t
t
w
u
O

p
d
m
h
s
l
i
i
E
n
o
a
i
d
G

g
w
N
u
t
n
s
N
s
d
s
s
a
d
r
a
t
d
e
g
i
d

f
i
c
s
i
d
l
c
o
t

s
T
v
(
f
l
t
m
s
p
o
p
t
i
l
t
v
r
c

Advances in Traumatic Wound Management 43
eport alert released in June 1997 entitled, Preventing
llergic Reactions to Natural Rubber Latex in the Work-
lace, alerted the public, employers, and safety and
ealth officials to this increase in allergic reactions to
atex, particularly among health care workers.

Consequently, there is an urgent need for a safe al-
ernative to NRL emergency medical gloves. One attrac-
ive alternative to NRL had been nitrile, a copolymer of
utadiene and acrylonitrile. This NRL-free product has
een used extensively by glove manufacturers because
itrile gloves are extremely durable and extensible and
ermit the user to maintain excellent tactile discrimina-
ion. Because the patient often is not aware of having a
atex sensitivity, our emergency medical personnel wear
on-NRL, nitrile gloves (Intercept Elite Nitrile Gloves;
irstLine, LLC, Buelton, CA) to avoid eliciting an aller-
ic reaction (26). These gloves comply with the stringent
odes and standards established by the NFPA (27).

The testing procedures for NFPA approval for emer-
ency medical gloves include well-defined conditioning
rocedures. After room temperature conditioning, the
iquid type integrity test, biopenetration test, ultimate
ensile strength, elongation and modulus test, puncture
esistance test, and dexterity test are performed. Even
hough the nitrile examination gloves are thinner than the
atex examination gloves, they exhibit a greater puncture
esistance (27). Because the NFPA realizes the unique
ork conditions in emergency medical care, it has de-

igned three special conditioning tests to evaluate glove
erformance that include accelerated heat aging, expo-
ure to isopropanol, and flexural fatigue. It is important
o emphasize that the glove hole leakage rate for emer-
ency medical examination gloves is only 1%, compared
o 4% for the hospital examination gloves approved by
he FDA. Concerned about the dangers of NRL gloves
ith cornstarch, Legacy Healthcare System banned the
se of cornstarch glove products in all of its hospitals in
regon and Washington in 2001.
During closure of the traumatic wound, emergency

ersonnel must wear sterile powder-free surgical gloves
esigned to protect them and their patients against trans-
issible deadly blood-borne viral infections. The FDA

as set compliance policy guides for manufacturers of
urgical gloves. The FDA allows surgeons’ gloves whose
eakage defect rates do not exceed 2.5% acceptable qual-
ty level to be used in surgical wound closure. The
mplications of this policy are potentially enormous to
Ps and their patients. This unacceptable risk to person-
el and patients could be significantly reduced by the use
f double surgical gloves. Because double-gloves are
lso accessible to needle puncture, a double-glove hole
ndication system was developed to detect surgical nee-
le glove puncture (28). Molnlycke Health Care (Norcross,

A) has devised a powder-free NRL and nitrile double- fi
love hole puncture indication system. A recent study
as undertaken to test the accuracy of the non-latex and
RL double-glove hole puncture using five commonly
sed sterile surgical needles: taper point surgical needle,
apercut surgical needle, reversed cutting edge surgical
eedle, taper cardiopoint surgical needle, and spatula
urgical needles. After subjecting both the non-latex and
RL double-glove hole puncture indication systems to

urgical needle puncture in each glove fingertip, these
ouble glove systems were immersed in a sterile basin of
aline, after which the double gloved hand manipulated
urgical instruments. Within 2 min, both the non-latex
nd NRL hole puncture indication systems accurately
etected needle punctures in all of the surgical gloves,
egardless of the dimensions of the surgical needles. In
ddition, the size of the color change visualized through
he translucent outer glove did not correlate with needle
iameter. On the basis of these extensive experimental
valuations, both the non-latex and the NRL double-
love hole puncture indication systems should be used
n all wound treatment procedures in the emergency
epartment (ED).

Examination of the injured site begins with a search
or any sensory, motor, and vascular injuries. When the
njury occurs in an extremity, this examination can be
onducted in the absence of hemorrhage by inflating a
phygmomanometer (� 200 mm Hg) proximal to the
njury. Palpation of the bone adjacent to the wound may
etect tenderness or instability consistent with an under-
ying bony injury. X-ray studies of the injured site will
onfirm this diagnosis. Injuries requiring open reduction
f fractures, neurorrhaphy, vascular anastamosis, or a
endon juncture usually are best treated outside the ED.

Although not commonly used, EPs may want to con-
ider using magnifying lenses to assist in wound repair.
oday, the EP has a choice of magnifying loupes with
arying powers, fields of view, and working distances
29). There is a choice of loupes with powers ranging
rom 1.7� to 8�. Surgical procedures that exceed these
imits are performed with operating microscopes outside
he ED. The purpose of loupes is to achieve maximal
agnification with a field of view that encompasses a

uitable working area. Loupes with 2.5� magnification
rovide excellent magnification with a sufficient field
f view for meticulous wound repair (30). These low-
owered loupes are so small and compact in design that
hey can be mounted on spectacle frames, incorporated
nto spectacle lenses, or attached to a headband. Regard-
ess of the design, the loupes must be exactly adjusted to
he pupils for true binocular vision and maximal field of
iew. When the loupes are attached to headbands, they
equire frequent position adjustment with each use. In
ontrast, the loupes incorporated into the spectacle are

tted to the eye measurements of each individual, and
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equire no adjustment after repeated use. The loupes are
esigned to be coaxial to the EP’s line of sight and to
onform to the interpupillary distance at a specific work-
ng distance. The individual’s refraction is incorporated
nto the loupe’s oculars and the surrounding spectacle.
oupes with a 2.5� magnification incorporated into the
pectacle are available with either the Galilean lens sys-
em (surgical telescope standard field) or the Keplerian
ystem (surgical telescope expanded field). We prefer the
eplerian loupes, even though they are slightly heavier

nd longer than the Galilean loupes. This additional
eight is not uncomfortable. The maximum field of view
f the Keplerian telescope is 4.4 inches, allowing visu-
lization of the entire laceration. Construction of knots
ith instruments can be easily visualized in this ex-
anded field of view. The Keplerian lens system also
rovided a brighter and clearer peripheral image than the
alilean lens system (31).
Important considerations in the management of a

ound are its location, configuration, biomechanical
roperties, and endogenous microflora. The level of en-
ogenous bacteria (� 105) in the hairy scalp, axilla,
oreskin, nails, mouth, perineum, and vagina is sufficient
o be a potential source of infection. In the remaining
kin regions, the microflora (102, 103) usually are sparse
nd not a possible source of infection. The unique bio-
echanical properties of the skin at the site of wounding

lso must be carefully evaluated (4).
Skin is an elastic membrane that is stretched across a

ony framework by static skin tensions. Clinical evi-
ence of these tensions is the retraction of the edges of
raumatic lacerations, allowing visualization of the un-
erlying tissue. The magnitude of pre-existing static ten-
ions varies among individuals, at different sites in the
ame individual, and in different directions in many sites.
arge differences in the magnitude of static skin tensions
re readily apparent in various anatomic sites within the
ame person. The skin in one region may be relatively
aut; in others it is lax. In a human volunteer, the esti-
ated static skin tension of the arm skin subjected to

igh tension exhibits marked retraction of the skin edges
nd heals with wide scars. In contrast, wounds with
inimal separation of their edges, being subjected to low

tatic tensions, heal with fine, narrow scars.
When treating patients with gaping wounds with

arked retraction of their edges, it is best to warn the
atient that this wound may heal with a widened scar,
ecessitating revisional surgery 12 or more months after
he injury. Because simple excision and closure of the
idened, healed scar seldom gives a gratifying result, in

ontrast, W- and Z-plasties often result in a narrow scar,
eing subjected to lower tensions per length of wound
erimeter than a straight scar. These scar revisions are

est performed by plastic surgeons. a
Dynamic forces have an important influence on static
kin tensions. The dynamic tensions are caused by a
ombination of forces that are associated with joint
ovement, mimetic muscle activity, or gravity. The im-

act of these forces on the linear wound can be estimated
y conducting rather simple measurements. Mark points

and B at the ends of the laceration and then points C
nd D, which are perpendicular and equidistant between
oints A and B. Measure first the distances between
oints A and B and then C and D before and after flexing
he underlying joints or contracting the mimetic muscles
f the face. If the distances between points A and B
hange considerably while C and D remain relatively
tationary, the wound often will heal with an unattractive
ide scar. If the reverse is true, the wound usually will
eal with a narrow, imperceptible scar. The clinical sig-
ificance of the dynamic changing skin tensions on the
ealing of scars can be best appreciated in wounds over
oints. Scars in the direction of the transverse axis of the
oint are imperceptible as compared to the hypertrophic
cars that develop along its longitudinal axis. At a later
ate (� 12 months), the directional orientation of the
car can be altered by a W- or Z-plasty so that it follows
ore closely the direction of the lowest dynamic skin

ensions.

ANESTHETIZE THE WOUND
BEFORE CLEANSING

atients with traumatic soft tissue injuries often complain of
ain, which usually is localized to the site of the injury.
mmobilization of the injured site reduces the discom-
ort. Cleansing of bacteria, soil, and other debris from
raumatic injuries as well as surgical debridement cannot
e accomplished without adequate analgesia, from either
ocal anesthesia or procedural sedation. The patient’s
atural response to cleansing of a non-anesthetized
ound is withdrawal, making cleansing difficult. Many
f the principles of pain management for children are
dentical to those used for adults (32).

Lidocaine hydrochloride (1%) is routinely used as the
ocal anesthetic agent. Loss of sensation occurs within 5
in and lasts an average of 97–156 min. This agent does

ot damage local defenses, invite infection, or exhibit
ny demonstrable antibacterial activity that would limit
he recovery of organisms from infected wounds. The
mount of lidocaine administered should be limited to
.5 mg/kg and not exceed 300 mg (30 mL of a 1%
olution). When the duration of anesthesia must be pro-
onged, bupivicaine rather than lidocaine should be used
ecause its duration for anesthesia is nearly four times
onger than that of lidocaine (33). Vasoconstrictors, such

s epinephrine, should not be used as adjuncts to anes-
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hetic agents injected directly into the wound. These
gents exert deleterious effects on tissue defenses and
otentiate the development of infection (34).

Treatment of the majority of lacerations may be per-
ormed under infiltration anesthesia using a no. 27 nee-
le. The subcutaneous branches of the sensory nerves to
he wound are anesthetized by the injection of 1% lido-
aine into intact skin at the periphery of the wound.
njections by inserting the needle through the cut edge of
he wound may be less painful.

Regional nerve block is a valuable clinical tool that
an be safely mastered when the nerve is superficial in its
natomic location. Its clinical value becomes especially
pparent when anesthetizing lacerations of the palm of
he hand or the sole of the foot. Infiltration of a local
nesthetic agent into this exquisitely sensitive skin is
ften deemed unbearable. Fortunately, the nerve supply
f these anatomic regions is very susceptible to regional
erve block through more proximal skin, which has a
onsiderably higher threshold to pain than skin of the
alm or sole.

HAIR REMOVAL, SKIN DISINFECTION,
HEMOSTASIS, SURGICAL DEBRIDEMENT,

AND MECHANICAL CLEANSING

air is a source of wound contamination, and removal of
air prevents hair from becoming entangled in suture and
he wound during closure. Hair removal can be mini-

ized by clipping with scissors around the wound edges
r by applying lubricant or ointments, such as bacitracin,
o keep hair out of the wound edges. Eyebrows should
ever be removed as part of wound preparation. They
rovide an important landmark for the precise reapproxi-
ation of the divided tissue. Misalignment of the wound

dges in an eyebrow may be exceedingly difficult to
orrect at a later date.

The infection rate in surgical wounds after razor prep-
ration of the skin is significantly greater than that after
air removal by electric clippers (35). This increased
ncidence of infection after razor preparation is probably
elated to the trauma inflicted by the razor. Wounded hair
ollicles provide access to and substrate for bacteria.
urgical electric clippers cut hair close to the skin sur-
ace without nicking the skin. We use a surgical clipper
ith a disposable clipper blade assembly (Allegiance
ealthcare Corporation, McGaw Park, IL) to remove

xtensive amounts of hair from the skin around the
ound. Clipping hair immediately before wound repair
as been associated with a lower risk of surgical site
nfection than shaving (36). The vast majority of ED

acerations, however, require no hair removal. Using g
terile lubricant or bacitracin ointment to keep hair from
ntering the wound is often enough.

Disinfection of the skin around the wound by antisep-
ic agents should be initiated without contacting the
ound itself. Two groups of antiseptic agents, containing

ither an iodophor or chlorhexidine, exhibit activity
gainst a broad spectrum of organisms and suppress
acterial proliferation. The superiority of one antiseptic
gent over another has not been shown. Although these
gents can reduce the bacterial concentration on intact
kin, they seem to damage the wound defenses and invite
he development of infection within the wound itself
37). Consequently, inadvertent spillage of these agents
nto the wound should be avoided.

During any wounding process, blood vessels will be
ivided, resulting in bleeding into the wound. The mag-
itude of blood loss is directly related to the size of
he divided vessels. Fortunately, most bleeding can be
topped by applying direct pressure to saline-soaked
int-free sponges placed within the wound. Rubbing or
brading the wound must be avoided, because this dis-
odges thrombi and may cause further bleeding. Bleeding
rom cut ends of large vessels whose diameter is over 2
m can be stopped with a suture ligature of non-reactive

ynthetic absorbable braided suture materials. The di-
ided end of the vessel should be isolated over a short
ength and clamped with a small curved hemostat. This
echnique is preferred over clamping the retracted vessel
long with the contiguous bloodstained tissue. In the
atter case, the amount of strangulated tissue is about five
imes greater than with the vessel-isolating technique.

Occasionally, as with a patient with a bleeding dia-
hesis, primary wound closure cannot be accomplished
ue to persistent bleeding. In such cases, the wound
hould be packed with gauze sponges and elevated, if the
natomic site of the wound allows. The wound then
hould be reexamined within a few hours to determine if
emostasis is now sufficient to allow primary closure.
efore closure, any residual hematoma should be evac-
ated from the wound because it can serve as a culture
edium for bacteria.
Debridement removes tissue heavily contaminated by

oil infection-potentiating fractions and bacteria, and ex-
ises devitalized tissues that impair the wound’s ability
o resist infection. The capacity of devitalized fat, mus-
le, and skin to enhance bacterial infection is comparable
38). However, as little tissue as possible should be
ebrided. Devitalized soft tissue enhances infection by
cting as an anaerobic culture medium promoting bacte-
ial growth, and by inhibiting phagocytosis. Identifica-
ion of the exact limits of devitalized tissue in wounds
emains a challenging problem, especially in muscle.
iability of muscle can be determined by the “4C”

uidelines (color, consistency, contraction, circulation).
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on-viable muscle is identified by its dark color, its
ushy consistency, its failure to contract when pinched
ith forceps, and the absence of brisk bleeding from its

ut surface. If delayed primary closure is considered,
hese clinical indicators of muscle viability are most
ccurate when the wound is examined 4–5 days after the
nitial wound repair.

The viability of skin is considerably easier to judge
han that of muscle. At 24 h after injury, a sharp line of
emarcation is often apparent between the devitalized
nd viable skin. For fresh skin wounds in which this
emarcation is not precise, as little tissue as possible
hould be removed. In some anatomic sites, like the
runk, debridement is best accomplished by more com-
lete excision of the skin and deep tissues. The soft
issues are usually free of specialized tissues such as
erves or tendons. In these regions, heavily contaminated
ounds with serpiginous defects can be converted into

lean wounds by more generous tissue excisions. The
dequacy of debridement may be monitored either by
orcibly packing the wound with gauze or by coloring the
ound surface with a vital dye. Complete excision of the
ound, back to a margin of normal tissue, is judged by
issecting in a plane that does not expose the gauze or the
lue dye.

When a heavily contaminated wound contains spe-
ialized tissues, such as nerves or tendons, consultation
s recommended. A specific exception to the general
rinciple of removing all devitalized tissue is made in
reating specialized tissues that perform important phys-
cal functions, regardless of their viability. Tissues like
ura, fascia, and tendon may survive as free grafts with-
ut living cells if immediately covered by healthy pedi-
le flaps. Cells from the wound may then invade the graft
s part of the healing process. If these tissues can be
endered clean, they should be left in the wound.

After debridement, the selection of wound closure
echnique is dependent on the level of wound contami-
ation and the amount of residual devitalized tissue. In
ounds contacted by gross pus or feces, an infective
ose of bacteria often remains on the wound surface
espite the most aggressive wound cleaning. Infection
an be minimized by utilizing delayed primary closure of
he wound before granulation tissue forms: 5–7 days. If
he wound is not clean at this time, a further delay in
losure is warranted, and the wound can be closed sec-
ndarily; after granulation tissue is formed. If the wound
s still not clean, it should not be closed, but allowed to
eal by tertiary intent. As the wound heals, it gains
ncreased resistance to infection, permitting closure on or
fter the fourth post-wounding day without subsequent
nfection. For high-energy-depositor missile injuries, tis-
ue injury is extensive and difficult to ascertain accu-

ately soon after injury. In these cases, the wound should s
e explored in the operating room to remove devitalized
issue and foreign bodies, to rule out damage to vessels
nd nerves, and to relieve increased compartmental pres-
ure that may follow edema or slow bleeding into a
ascia-enclosed muscle compartment. Open wound man-
gement is the method of choice with delayed primary or
econdary closure.

Traumatic wounds resulting from impact injuries usu-
lly contain devitalized tissue that is easily recognized.
ebridement, cleansing, and antibiotic treatment usually

onvert these wounds into clean wounds that are amena-
le to primary closure. Debridement of skin and under-
ying tissue leaves a significant soft tissue defect that
esists reapproximation. As a result of strong static skin
ensions on the edges of the debrided wound, repair is
ccomplished with a wide scar. In general, extensive
ound debridement is best performed in an operating

oom with adequate lighting and surgical instruments.
Mechanical forces are employed to rid the wound of

acteria and other particulate matter that is retained on
he wound surface by adhesive forces. The two tech-
iques used are irrigation and scrubbing. Low-pressure
rrigation can be used for clean wounds, and high-
ressure irrigation should be reserved for dirty or heavily
ontaminated wounds. High-pressure irrigation is de-
ned as 7 psi (pounds per square inch) and low-pressure
s 0.5 psi (39).

The magnitude of the hydraulic forces is a function of
he relative velocities and the configuration of the parti-
le. When subjected to the same irrigating stream, par-
icles with a smaller frontal surface area experience less
orce than particles with a similar configuration, but with

greater surface area. Consequently, it takes signifi-
antly smaller hydraulic pressures to rid the wound of
arge foreign bodies than it does to remove small parti-
les and bacteria.

The level of hydraulic forces experienced by the par-
icle is also increased considerably as the velocity of the
rrigating stream is raised. The simplest and most prac-
ical methods of raising the velocity are to increase the
ressure within the irrigating syringe, and to reduce the
nternal diameter of the needle or catheter. The pressure
xperienced by a wound surface from fluid delivered
rom a 19-gauge needle and 35-mL syringe is 7 psi. In
ontrast, the pressure encountered by a surface irrigated
y a bulb syringe is only 0.5 psi. The bacterial removal
fficiency of the irrigating stream is proportional to the
ressure experienced by the wound surface. High-pressure
rrigation with a 35-mL syringe attached to a 19-gauge
eedle operated manually by one hand effectively de-
reases the level of bacterial contamination (40). The
leansing effect of the bulb syringe irrigation is negligi-
le because the wound bacterial concentration is not

ignificantly affected by this low-pressure irrigation sys-

18G = roze, 20G = geel
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em. High-pressure syringe irrigation markedly reduces
he incidence of wound infection in contaminated
ounds.
Continuous high-pressure irrigation is an effective

eans of removing soil infection-potentiating factors in
irt from the wound. High-pressure irrigation removes
0% of the soil infection-potentiating factors from the
ound. Changing the composition of the wound irrigant
y adding chelating agents, flocculants, and dispersants
r a non-ionic surfactant does not significantly enhance
he efficiency of removal of soil infection-potentiating
actors from wounds.

In the clinical setting, high-pressure irrigation is ac-
omplished with an inexpensive disposable irrigation
ssembly consisting of a 19-gauge plastic needle or cath-
ter attached to a 35-mL syringe. Sterile electrolyte so-
ution (usually 1000 mL of 0.9% sodium chloride) is
elivered through a one-way valve attached to the sy-
inge barrel via standard intravenous plastic tubing. The
ip of the needle, fastened to the syringe filled with
aline, is placed perpendicular, and as close as possible,
o the surface of the wound; then the plunger is de-
ressed. The benefits of high-pressure irrigation must be
eighed against potential side effects. In our studies,
igh-pressure irrigation did not enhance the dissemina-
ion of bacteria into soft-tissue wounds. However, the
rrigation fluid disseminates into the interstices of the
ound, predominantly in a lateral direction. This lateral

pread occurs within the loose areolar tissue, contribut-
ng to the development of post-operative edema. Conse-
uently, high-pressure irrigation may make the wound
ore susceptible to infection, so this technique should

e reserved for contaminated wounds. Contaminated
ounds will benefit from irrigation, but should not be

losed primarily.
The occupational risk to the EP of exposure to blood-

orne viruses by virtue of accidental splashing of the
rrigant is another potential complication. Several tech-
iques, such as cupping the double gloved hand around
he wound and irrigating through the space between the
humb and index finger, are recommended to reduce
platter. Recently, a cuplike device was marketed to
revent splatter while allowing irrigation with appropri-
te pressures. Another solution to splashing is to position
he tip of the needle perpendicular to and in contact with
he wound surface. The intimate contact of the needles
ith the wound diminishes splashing and ensures that the
aximum wound irrigation force is used to decontami-

ate the wound.
Although scrubbing is an effective means of removing

acteria from wounds, tissue trauma inflicted by scrub-
ing impairs the wound’s ability to resist infection and
llows residual bacteria to elicit an inflammatory re-

ponse (41). Sponges with a low porosity are more c
brasive and exert more damage to the wound than
ponges with a higher porosity. We have found that the
ddition of a non-toxic surfactant, poloxamer 188 (Shur-
lens®; ConvaTec Professional Surfaces, Skillman NJ),

o a fine-pore-size sponge, minimizes the tissue damage
t inflicts while maintaining the bacterial removal effi-
iency of mechanical cleansing (42). Shur-Clens® is so
nnocuous that it does not irritate the patient’s conjunc-
iva. This wound cleanser does not alter the wound’s
esistance to infection and healing, or the cellular com-
onents of blood. However, it exhibits no antibacterial
ctivity. Exposure of the wound to either Hibiclens™
Mölnlycke Health Care US, LLC; Norcross, GA) or
etadine® (Purdue Products L.P., Stamford, CT) surgi-
al scrub solution has been shown to damage tissue
efenses, and cause pain or irritation to tissues.

Embedded foreign debris should be removed as soon
s possible. Removal of embedded foreign particles re-
uires either local or regional anesthesia. A natural-fiber
crub brush soaked in saline or Shur-Clens® removes the
mbedded debris from most wounds. When the embed-
ed particles remain in the wound despite wound cleans-
ng in the ED, the patient should be transferred to the
perating room to remove the particles.

ANTIBIOTICS, DRAINS, AND OPEN
WOUND MANAGEMENT

he relative success of antibiotic therapy in the preven-
ion of infection in wounds is influenced by the time of
dministration, the concentration of bacteria in the
ound, the presence of soil infection-potentiating frac-

ions, and the mechanism of injury. In laboratory and
linical studies, antibiotic therapy is significantly more
ffective when the drug is administered immediately.
elay in antibiotic treatment diminishes its therapeutic
erit. When there is an unavoidable delay in adminis-

ering these drugs, the length of time during which the
ound is left open becomes significant. Exposure causes
sequence of events that substantially limits the thera-

eutic value of antibiotics.
When any wound is left open, its vessels exhibit a

arked increase in vascular permeability. Fluids from
he intravascular space extravasate and fill the wound
rater (2). This exudate is rich in a wide variety of
roteins, including fibrinogen. Once outside the vessels,
uch of the protein exudate is reabsorbed and partly

olymerizes to form fibrin. This resulting fibrinous co-
gulum surrounds the bacteria and protects them from
ontact with the antibiotic. The cause of this exaggerated
nflammatory response in the open wound has not been
efined. However, it may be related to environmental

onditions. The temperature of the ED is usually consid-

loodrecht op dus 90° hoek
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rably below the systemic body temperature, encourag-
ng loss of heat from the wound. In addition, evaporation
f fluid from the wound surface results in further heat
oss and cooling of the tissues. A consequence of fluid
eat loss from the wound is desiccation. Warming the
reatment room or covering the wound with wet sponges
hould reduce these environmental effects. Paradoxi-
ally, the fibrinous wound coagulum, which limits the
ffectiveness of antibiotics, may be a crucial positive
actor in the host’s defense against infection. The coag-
lum may serve as a plug in the open mouths of lym-
hatics, preventing dissemination of bacteria. Occlusion
f lymphatics by the coagulum then becomes an obstacle
o the invasion of bacteria and, in part, accounts for the
esistance of an open wound to systemic sepsis. This
urface coagulum may be disrupted by mechanical
orces. Gentle scrubbing of the surface of the wound with
gauze sponge disturbs the fibrinous cover and allows an
ntibiotic to gain intimate contact with the bacteria.
onsequently, the therapeutic effectiveness of antibiotics

s measurably enhanced by this treatment.
Antibiotics must be administered to patients with

ounds in which the magnitude of tissue injury is ex-
ensive and difficult to ascertain accurately soon after
njury. In such cases, open wound management is the
ethod of choice, with subsequent additional debride-
ent as dictated by the appearance of the wound. Anti-

iotic therapy is an adjunct to debridement, rather than a
eplacement. In all missile injuries, adequate blood levels
f penicillin or an antibiotic (cephalasporin) with a sim-
lar spectrum of activity should be established as soon as
ossible after wounding to prevent streptococcal bacte-
emia. Streptolysin produced by the virulent streptococ-
al species breaks down the fibrin that has been depos-
ted in the body in an attempt to wall off collections of
acterial pathogens (43).

Drainage evacuates potentially harmful collections of
ertain fluids, such as pus and blood, from wounds. In
nstances in which no definite localized fluid exists,
rainage is prophylactic and its potentially harmful ef-
ects become more important. Drains act as retrograde
onduits through which skin contaminants gain entrance
nto the wound. Placement of drains within experimental
ounds exposed to subinfective inoculations of bacteria
reatly enhances the rate of infection compared with
ndrained controls (44). In our experiments, both Silastic
nd Penrose drains dramatically increased the infection
ate of soft tissue wounds. The rate of infection when the
rain is brought out through the wound is similar to the
ate when the drain lies entirely within the wound, sug-
esting a deleterious effect from the drain per se.

The timing of the closure is critical. A decision must
e made as to whether the closure should be immediate

r delayed. Immediate closure should be reserved for u
raumatic wounds that have not been contacted by feces,
aliva, purulent exudate, or soil infection-potentiating
ractions. Immediate approximation of the skin edges of
his group of wounds should be accompanied by an
xtremely low infection rate (� 5%, regardless of the
losure technique employed). Open-wound management
ith delayed primary closure is recommended for
ounds that exhibit a high risk for infection after pri-
ary closure. The fundamental bases for delayed pri-
ary closure were the experiences of military surgeons
ho learned repeatedly over the centuries that immediate

losure of battle wounds frequently results in infection
45). These wounds are best left open until delayed
rimary closure can be undertaken 4 days after traumatic
njury. All wounds resulting from missile injuries, re-
ardless of their appearance, are candidates for delayed
rimary closure. In these cases, the wound should be
xplored to remove foreign bodies, to rule out the pres-
nce of damage to specialized structures (e.g., vessels,
erves), and to relieve increased compartmental pressure
hat may follow edema or slow bleeding into a fascia-
nclosed muscle compartment. The removal of devital-
zed tissue is advisable, but in practice is difficult, as its
efinition is unclear. Wounds contacted by feces, saliva,
urulent exudates, or soil infection-potentiating fractions
re also candidates for open wound management. Be-
ause a delay in wound care that lasts longer than 6 h in
ompromised tissue is associated with an increased risk
or infection, open-wound management is also an option.

The rationale for delayed primary closure is that the
ealing open wound will gain resistance to infection and
ermit an uncomplicated closure. The reparative process
f open wounds associated with this developing resis-
ance to infection in the open wound undergoing primary
losure is associated with accelerated skin healing. In
ddition, Johnson and co-workers showed that secondary
losure of the subcutaneous tissue and skin results in
tronger fascial strength than that encountered after pri-
ary closure (46).
Although the type of open-wound management must

e individualized for each wound, aseptic technique is
andatory. For an infected wound filled with purulent

ischarge, the major objective is to remove the inflam-
atory exudate that will interfere with wound repair.
acking the wound with sterile gauze is a reliable
ethod of absorbing the purulent exudate from the crev-

ces of the wound. Periodic dressing changes are usually
ecessary every 4–6 h until a granulating wound bed
ecomes evident. The presence of residual necrotic tis-
ue, foreign bodies, or soil infection-potentiating frac-
ions demands additional meticulous debridements as
ictated by the appearance of the wound. This reinspec-
ion of the wound with debridement must be continued

ntil the wound is free of devitalized tissue and foreign
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odies. Management of wounds heavily contaminated by
acteria is accomplished by packing the wound with
terile, dry, fine-meshed gauze that is then covered by a
terile dressing. This wound should not be disturbed for
he first 4 days after the initial cleansing operation, unless
he patient develops an unexpected fever. Unnecessary
nspection during this period increases the risk of con-
amination and subsequent infection. On or after the
ourth day, the wound margins can be approximated with
inimum risk of infection. The selection of the tech-

ique for delayed primary closure will be based on the
ame considerations as used in primary closure. If per-
utaneous sutures are selected for wound closure, they
an be passed through the wound edges at the end of the
nitial procedure and left untied until the time of delayed
rimary closure. This step spares the patient the addi-
ional administration of a local or general anesthetic
gent that is required for sutural closure. The occasional
ound that is destined to develop infection after delayed

losure can be identified with quantitative microbiology.
hen the bacterial count of the tissue is lower than 105

rganisms/g of tissue, delayed closure can be accom-
lished without infection (46). After wound cleansing,
he physical integrity and function of the injured tissue
ust be restored. The technique of wound closure se-

ected depends on the type of wound. Primary closure
an be accomplished with clean wounds without tissue
oss.

CONCLUSIONS

ur investigations of the mechanism of wound injury,
oil infection-potentiating factors, dynamic and static
ensions have become important predictors of the out-
ome of wound repair. In Part I of this collective review,
e have highlighted the first six steps that are necessary

o achieve trauma wound repair with the lowest inci-
ence of wound infection.

The first step is the proper evaluation of the patient
sing an expeditious but comprehensive assessment.
hese life-threatening issues must take precedence over
ny wound repair concerns. External bleeding almost
lways can be controlled by direct pressure over the site
f bleeding.

Before inspecting the wound, the EP must carefully
uestion the patient regarding the timing and mechanism
f injury. The time in which the accident occurred has
onsiderable influence on wound management decisions.
t is essential that the EP continually examine the wound
sing aseptic techniques. The EP must wear powder-free
atex-free gloves. Sterile, powder-free surgical gloves

hould be used during wound management. Although not
ommonly used, magnifying lenses should be considered
o enhance the EP’s visualization of the wound.

Cleansing bacteria, soil, and other debris from trau-
atic wounds, as well as surgical debridement, cannot be

ccomplished without adequate analgesia, from either
ocal anesthesia or procedural sedation. Lidocaine hydro-
hloride (1%) is routinely used as a local anesthetic.
egional nerve block is a valuable clinical tool that can
e safely mastered when the nerve is superficial in its
natomic location.

Hair removal with electric clippers before wound
epair has been associated with a lower risk of surgical
nfection than shaving. Bleeding from cut ends of large
essels whose diameter is � 2 mm can be stopped with
suture ligature of non-reactant synthetic absorbable

raided suture materials. Debridement removes tissue
eavily contaminated by soil infection-potentiating frac-
ions and bacteria, and excises devitalized tissues that
mpair the wound’s ability to resist infection. Identifica-
ion of the exact limits of devitalized tissue in wounds
an be challenging, especially in muscle. However, the
iability of muscle can be determined by the “4C” guide-
ines (color, consistency, contraction, circulation). If de-
ayed primary closure is considered, these clinical indi-
ators of muscle viability are more accurate when the
ound is examined 4–5 days after the initial wound

epair. Mechanical forces are applied to rid the wound of
acteria and other particulate matter that are retained on
he wound surface by adhesive forces. The two tech-
iques used are high-pressure irrigation and scrubbing
ith a non-toxic surfactant.
The relative success of antibiotic treatment in the

revention of infection in wounds is influenced by the
ime of administration, the concentration of bacteria in
he wound, the presence of soil infection-potentiating
ractions, and the mechanism of injury. Antibiotics must
e administered to patients with wounds in which the
agnitude of tissue injury is extensive and difficult to

scertain accurately soon after injury. In such cases, open
ound management is the method of choice, with sub-

equent additional debridement as dictated by the ap-
earance of the wound. Drainage evacuates potentially
armful collections of fluids, such as pus and blood, from
ounds. In instances in which no definite localized fluid

xists, drainage is prophylactic and its potentially harm-
ul effects become more important.
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Abstract—Background and Objectives: During the last four
ecades, our research team has devised advances in wound re-
air that are highlighted in Part II of this collective review.
iscussion: There are several different methods to provide an
ccurate and secure approximation of the skin edges—sutures,
apes, staples, and tissue adhesives. Ideally, the selection of the
ound closure technique will be based on the biologic interaction
f the materials employed, tissue configuration, and biomechani-
al properties of the trauma wound. Selection of the appropriate
ound dressing is another important consideration in the man-
gement of the trauma wound. Conclusion: On the basis of the
omprehensive research and clinical studies, we have individual-
zed the wound closure techniques for traumatic wounds so that
ealing can be achieved with more aesthetically pleasing
cars. © 2010 Elsevier Inc.

Keywords—trauma wound repair; sutures; tapes; sta-
les; tissue adhesives

INTRODUCTION

here are several different methods to provide an
ccurate and secure approximation of the skin edges—

ECEIVED: 17 November 2008;

CCEPTED: 17 November 2008

201
utures, tapes, staples, and tissue adhesives. Ideally,
he choice should be based on the biologic interaction
f the materials employed, the tissue configura-
ion, and the biomechanical properties of the wound.
he tissue should be held in apposition until tensile
trength of the wound is sufficient to withstand stress.
election of the appropriate wound dressing is another

mportant consideration in the development of appro-
riate wound repair with a lower risk for infection. A
ommon theme of the few reportable investigations is
hat all biomaterials placed within the tissue damage
he host defenses and invite infection.

SUTURES AND NEEDLES

utures remain the most common method of approximat-
ng the divided edges of tissue. All sutures damage the
ocal tissue defenses to infection, and several mecha-
isms are implicated. First, the trauma of inserting a
eedle is sufficient to cause an inflammatory response.
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202 R. F. Edlich et al.
econd, the suturing technique is very important. Sutures
ied too tightly impair tissue defenses and invite infec-
ion. In addition, sutures that penetrate the intact skin
rovide an avenue for wound contamination by means of
he perisutural cuff. Finally, the presence of suture ma-
erial increases the tissue’s susceptibility to infection.
he magnitude of this local injury to defenses is related

o the quantity of suture within the wound (i.e., diameter,
ength) and its chemical composition.

Important considerations in skin closure are the type
f suture, the tying technique, and the configuration of
he suture loops. Selection of a suture material is based
n its biologic interaction with the wound as well as its
echanical performance in vivo and in vitro. Sutures are

ivided into two general classes on the basis of their
n vivo degradation. Sutures that undergo rapid degrada-
ion in tissues, losing their tensile strength within 60
ays, are considered “absorbable” sutures. Sutures that
aintain their tensile strength for longer than 60 days are

nonabsorbable” sutures. This terminology is somewhat
isleading, because some so-called nonabsorbable su-

ures (e.g., silk, cotton, and nylon) lose some tensile
trength during this 60-day interval (1).

The nonabsorbable sutures also may be characterized
y their physical configurations. Sutures constructed
rom one filament are called monofilament sutures (ny-
on, polypropylene, polybutester, polytetrafluoroethyl-
ne, and stainless steel). Sutures containing multiple
bers are called multifilament sutures (nylon, polyester,
tainless steel, silk, and cotton). Only nylon and stainless
teel sutures are available as both a monofilament and a
ultifilament suture.
Absorbable sutures are made from either collagen or

ynthetic polymers. Collagen sutures are derived from
he submucosa of either ovine or bovine small intestine
gut suture). The collagenous tissue is treated in an
ldehyde solution that cross-links and strengthens the
uture, and makes it more resistant to enzymatic degra-
ation. Suture materials treated in this way are called
lain gut or plain collagen. If the suture is additionally
reated with chromium trioxide, it becomes chromic gut
r chromic collagen, which is more highly cross-linked
nd more resistant to absorption than plain gut or colla-
en. The shortcomings of collagen and gut sutures in-
lude variable strength and unpredictable absorption.

All sutures compromise the local tissue defenses
gainst infection. The infection-potentiating effects of
uture materials have been documented in our research
rogram (2). The incidence of infection from monofila-
ent sutures is less than that of multifilament sutures

onstructed from comparable materials (3). There are
wo techniques for sutural closure of skin: percutaneous
nd dermal (subcuticular). Percutaneous sutures are

assed through the epidermal and dermal layers of skin. U
ermal, or subcuticular, sutures reapproximate the di-
ided edges of the dermis without penetrating the epi-
ermis. Occasionally, dermal and percutaneous sutures
re used together. Either type can be used as a continuous
“running”) suture or as an interrupted suture.

Percutaneous sutures of either monofilament nylon or
olypropylene are excellent for skin closure because
hese materials have the least effect on the wound de-
enses. Polybutester sutures have unique performance
haracteristics that may be advantageous for wound clo-
ure (4). With this type of suture, low forces yield
ignificantly greater elongation than with other sutures.
n addition, polybutester sutures have superior elasticity,
llowing the suture to return to its original length once
he load is removed. In a clinical setting in which the tied
uture loops are enlarged by the edema of the wound and
et are expected to return to their original length once the
dema disappears, the performance of the polybutester
uture would be expected to be superior to that of other
utures. Sutures with less extensibility under low forces,
ike nylon, polypropylene, polyester, or silk, will fre-
uently lacerate or necrose the encircled tissue, thereby
ncreasing its susceptibility to infection.

Percutaneous sutures are recommended for closure of
tellate lacerations resulting from crush injuries. In these
ounds, meticulous closure with percutaneous sutures

pproximates the skin edges more exactly than does tape.
losing these wounds is often like putting together a

igsaw puzzle, and tapes have little practical value. The
ore accurate the approximation of skin edges by skill-

ully applied sutures, the more pleasing the cosmetic
esult.

Because the magnitude of damage to the local tissue
efenses is related to the quantity of the suture within the
ound (that is, diameter and length), we use the suture
ith the narrowest diameter (5-0 or 6-0) whose strength

s sufficient to resist disruption of the closure. Approxi-
ating the midportion and the bisected portions of the

nclosed wound with percutaneous sutures allows the
east length of suture to be used in the skin closure. An
nterrupted dermal suture placed in each quadrant of the
ound subjected to strong static and dynamic skin ten-

ions provides sufficient strength to permit early suture
emoval. Closure of the adipose tissue by placing sutures
eneath the skin should be avoided. Obliteration of this
otential space between the cut edges of adipose tissue
y even the least reactive suture increases the incidence
f infection (5).

When wounds of different thickness are to be re-
nited, the needle should be passed through one edge of
he wound and then drawn out before entry through the
ther edge. This maneuver ensures that the needle is
nserted at comparable levels on each side of the wound.

nless appropriate adjustment of the bite is made on the
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hinner side, uneven coaptation of the skin will occur,
esulting in a step-off scar. During closure of the wound,
rasping or crushing of the skin edges by forceps should
e avoided.

Dermal sutures can be used alone or as adjuncts to
ercutaneous sutures in wounds subjected to strong skin
ensions, to serve as an added precaution against disrup-
ion of the wound. Some emergency physicians prefer a
ynthetic absorbable suture for dermal closure, whereas
thers favor a synthetic nonabsorbable suture. When
ontinuous dermal nonabsorbable sutures are employed,
uture removal is recommended before the eighth day
fter wound closure to prevent the development of nee-
le puncture scars.

Percutaneous sutures should be avoided in favor of
ermal sutures in the following circumstances: 1) in
nfants frightened at the prospect of suture removal; 2)
hen follow-up appointments will be difficult for the
atient to keep; 3) when wounds are covered by casts;
nd 4) in patients who are prone to the development of
eloids. When dermal closure alone is used, it is advis-
ble to immediately apply Reinforced Steri-Strip™ (3M,
t. Paul, MN) tape closures to the wound edges to
rovide a more accurate approximation of the epidermis.

However useful, the dermal skin closure technique
otentiates wound infection more than percutaneous su-
ures. This increased infection rate seems to be related to
he large quantity of suture material that is required for a
ontinuous dermal skin closure. Once infection develops,
he collecting purulent exudate spreads preferentially
etween the divided edges of fat rather than penetrating
he tightly sutured skin edges. By the time the infection
ecomes clinically apparent, it has involved the entire
xtent of the wound. In contrast, the localized collections
f purulent discharge encountered in infected tape-closed
ounds first exit between the wound edges before

preading preferentially between the divided layers of
dipose tissue.

Despite the immediate aesthetically pleasing appear-
nce of dermal skin closure, it does not improve the
ltimate cosmetic appearance of the healing wound (6).
he scar width after dermal skin closure is comparable to

he scar width of wounds healing in the absence of
ermal sutures. In contrast, galeal sutures limit the width
f scalp scars. In fact, the use of nonabsorbable polypro-
ylene galeal suture reduces the postoperative stretching
nd depth of skin scars more than does the use of
olyglycolic acid galeal suture of comparable size (7).
nother effective method of reducing width is to under-
ine the skin edges before wound closure, thereby di-
inishing the static skin tensions. However, this benefit
ust be weighed against the potential damage to the skin

lood supply, which may compromise the host’s de-

enses and invite infection. Consequently, undermining e
he wound edges of lacerations is not recommended in the
mergency Department (ED), but is reserved for elective
urgery. To prevent the development of needle puncture
cars, skin sutures must be removed before the eighth day
fter wound closure. Immediately after suture removal, the
ound edges should be reinforced with tape skin closure to
revent wound dehiscence.

The ideal surgical needle is designed to introduce a
uture that provides meticulous approximation of the
ivided wound edges with the least damage to tissue (8).
ll surgical needles are produced from stainless steel

lloys, which have excellent resistance to corrosion. All
rue stainless steels contain a minimum of about 12%
hromium, which allows a thin protective surface layer
f chromium oxide to form when the steel is exposed to
xygen. High-nickel stainless steels have found exten-
ive use in structural materials in many applications
equiring a combination of high strength and toughness.

high-nickel stainless steel needle is composed of 7.5–
.5% nickel, 0.8–1.4% titanium, and 11–12.5% chro-
ium. Surgical needles made of a high-nickel stainless

teel have a greater resistance to bending and breakage
han stainless steel needles without nickel.

Every surgical needle has three basic components:
wage, body, and point. Its swage is the point of attach-
ent of the suture. The swaging process provides a

mooth juncture beneath the needle and suture. Today, a
aser is used to produce uniform holes in the ends of
mall needles, resulting in a smooth swage. Channel
eedles have a channel with an underlying receptacle for
ttachment of the suture. Laser-drilled swages should be
ssociated with less mechanical trauma to tissues than
hannel swages.

The geometry of the length of the needle will have
onsiderable influence on the physician’s use of a surgi-
al needle. The curvature of the needle is described in
egrees of the subtended arc. The radius of the needle is
he distance from the center of the circle to the body of
he needle if the curvature of the needle was continued to
ake a full circle. The curvature of the needle with one

adius of curvature may vary from 90° (1/4), to 135°
3/8), to 180° (1/2), to 225° (5/8). A compound curved
eedle has two distinct radii of curvature. The tight
urvature of its tip extends 35° before it assumes its
egular uniform curvature in the remaining portion of the
eedle body (100°).

One should use needles with a curvature of 135° to
pproximate divided edges of thin planar structures that
re readily accessible (e.g., skin), requiring a limited arc
f wrist rotation to pass the needle through the tissue. It
s difficult to use the 135° needle in deeper tissue (e.g.,
uscle, fascia) because the limited arc of wrist rotation

nvolved in passing this needle usually is not sufficient to

xpose the needle point, which will remain buried in the
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204 R. F. Edlich et al.
issue, a challenge for the physician to retrieve. The 180°
eedle is ideally suited to use in deeper tissues because a
imited arc of wrist rotation will successfully pass the
ntire needle through the tissue, allowing adequate ex-
osure of the needle point for easy retrieval of the needle.

The compound curved needle primarily has been used
o alter the geometry of 135° needles. Its straight point
eadily facilitates its initial entrance through the tissue
nd also controls the depth. Its tight needle curvature
eyond its point permits rapid, accurate needle passage at
selected depth and controlled exiting. Its design also

ffers a mechanical advantage over the standard needle
ith one radius of curvature. The compound curved
eedle is ideally suited for dermal skin closure.

The point of the needle extends from the tip of the
eedle to the maximum cross-section of the body. Each
ype of needle point is designed to penetrate specific
ypes of tissue. In general, there are needles with cutting
dges, taperpoint, or a combination of both. Cutting-edge
eedles have at least two opposing edges that are de-
igned to penetrate through tissue.

When the cutting-edge needles have three cutting
dges, the position of the third cutting edge categorizes
he needle as either a conventional cutting-edge needle or a
everse cutting-edge needle and will influence its perfor-
ance. Because the apical cutting edge of the conventional

utting edge is located on the inner, or concave, surface, it
uts tissue beneath the surface and directs the needle point
oward the skin (surface-seeking). Because the physician
as a tendency to apply greater force toward the concave
ide of the needle, there is a potential danger of dividing
ome tissues that ultimately will be encircled by the
uture. As the needle passes through the skin, it produces
triangular defect, the apex of which is closest to the

ncision and is the site for the tied suture ligature. Posi-
ioning of the suture ligature at this point may predispose
o skin cut-through.

In contrast, reverse cutting-edge needles differ from
onventional cutting-edge needles in that the third cut-
ing edge is located on the outer, convex, curvature of the
eedle. This configuration offers the advantage of having
he flat surface of the needle closest to the edges of the
ncision or wound, limiting the opportunity for tissue
utout and directing the point of the needle toward the
epth of the wound (depth-seeking). The hole in the skin
eft by the needle leaves a flattened wall of tissue for the
uture to be tied against, which should resist suture
ull-through.

The taperpoint needle tapers to a sharp tip. It spreads
he tissue without cutting it. It is used in soft tissue that
oes not resist needle penetration, such as vessels, fascia,
nd muscle. It is preferred for making the smallest holes
ossible in tissue, and to avoid cutting small incisions

xtending from the hole periphery. Tapercut needles o
ombine the unique features of taperpoint and cutting
dge needles. The cutting edges of the tapercut needle
xtend only a very short distance from the needle tip and
lend into a round taper body. This needle provides
mooth passage through oral mucous membrane, yet its
ound shaft without cutting edges will not cut through the
eeper tissues.

Selecting the appropriate needle holder for a desig-
ated needle is another important consideration. The
aws of the needle holder that grasp the needle have been
esigned to enhance needle-holding security. Tungsten
arbide inserts with teeth, varying from 2500 to 16,000
eeth/inch2, have been incorporated into the jaws of the
eedle holders to enhance needle-holding security. Teeth
imit twisting and rotation of the needle, allowing accu-
ate passage of the needle through the tissue. A textured
eedle holder jaw metalurgically bonded with tungsten
arbide particles seems to be an attractive alternative to
ither smooth needle holder jaws or those with teeth.
lthough its needle-holding security is significantly less

han the needle holder with jaws with teeth, it provides
reater needle-holding security than the smooth jaws.

TAPE

he superior resistance to infection of wounds closed
ith Reinforced Steri-Strips™ microporous tapes (devel-
ped in our laboratory), compared with sutured wounds,
ndicates that tape closure is a significant clinical tool (9).
ince we developed this product, it has been used suc-
essfully in an estimated 20 billion patients (10). The
ncidence of infection of contaminated wounds whose
dges are approximated even with the least reactive
uture is significantly greater than the infection rate of
aped wounds subjected to a comparable level of bacte-
ial contamination. The ease with which wounds can be
losed by tape varies according to the anatomic and
iomechanical properties of the wound site. Linear
ounds in skin subjected to minimal static and dynamic

ensions are easily approximated by tape. The relatively
ax skin of the face and abdomen makes it amenable to
ound closure by tapes. Contrary to the usual expecta-

ion, tape closure without sutures is more easily accom-
lished in obese patients, and the thick cut edges of
dipose tissue tend to evert the skin. The taut skin of the
xtremities, which is subjected to frequent dynamic joint
ovements, requires dermal sutures before taping. The

opious secretions from the skin of the axilla, palms, and
oles discourage tape adherence.

The difficulties encountered in performing sutureless
ape closure of wounds subjected to strong tensions can
e explained by the deformation of skin at the periphery

f the wound. When the skin is cut, its inherent skin
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ensions retract its edges. As with any elastic membrane,
he shrinkage in surface area of the skin is greatest at the
ound margin, becoming progressively less as the dis-

ance related to the wound increases. The extent of these
hanges is directly related to the magnitude of the static
nd dynamic forces within the skin. The use of dermal
utures before taping stretches the skin of its uninjured
imensions and makes application of tape skin closures
onsiderably easier (11). In wounds subjected to weak
kin tension, tape skin closure can be accomplished
ithout the use of reinforcing dermal sutures. In such

ases, the tape skin closure is first attached to the skin at
ne wound edge. The other wound edge is then pulled
oward the taped edge before the remaining portion of
he tape skin closure is applied to the skin.

When tape skin closures are properly employed to
lose linear wounds subjected to weak tensions, cosmetic
esults are excellent. The discomfort of anesthetic infil-
ration and suture removal, as well as the development of
uture puncture scars, is avoided. In the child or woman
ith hairless skin, tape skin closures are especially valu-

ble for closing transverse lacerations over the brow, or
cross the malar prominence.

Wound closure tapes will not adhere to wet skin.
rying with a gauze sponge sometimes does not com-
letely remove wet exudate, and the residual fluid con-
inues to impair tape adhesion. Compound benzoin tinc-
ure can be applied to the wound edges with applicator
ticks before tape application. Compound benzoin tinc-
ure should not be spilled into the wound, as it increases
he likelihood of infection.

STAPLES

kin closure by metal staples is quick and economical
12). Stapling is the fastest method of skin closure. An
dditional advantage of staples is their low level of tissue
eactivity. There is uniform agreement that wounds
losed by metal staples exhibit a superior resistance to
nfection than wounds subjected to the least reactive
uture. These advantages of skin staples must be weighed
gainst one notable drawback. The skin staple does not
rovide the same meticulous coaptation of lacerations
ith irregular skin edges than do skin sutures. The
ound edges must be accurately aligned before wound

losure to permit simultaneous implantation of the staple
oints. Because this accurate pre-positioning of the
ound edges is very difficult in most lacerations, staple

mplantation will often result in malapposition of wound
dges, an invitation to the development of scar defor-
ity. Consequently, we reserve skin staples for lacera-

ions in anatomic sites in which the healing scar is not

eadily apparent (e.g., hair-covered scalp). o
A variety of stapling devices are commercially avail-
ble for use in the ED. All staplers implant stainless steel
taples, which assume an incomplete rectangular or ar-
uate shape when fully formed. The selection of a stapler
hould be determined by its performance. Ideally, the
evice should be designed so that it does not obstruct the
hysician’s view of the wound edge. Moreover, the sta-
ler should have a pre-positioning mechanism that per-
its the physician to hold the staple securely during its

ormation. The configuration of the stapler should allow
he position of its cartridge to be adjusted manually to
acilitate placement of the staple. In addition, the stapler
hould have an ejection spring that automatically re-
eases the staple. Finally, the handling characteristics of
he stapler should be such that the physician can easily
mplant a large number of staples without becoming
atigued.

TISSUE ADHESIVES

ore than two decades ago, our laboratory assessed
he potential value of tissue adhesives for repair of
kin wounds (13). In these studies, we examined the
ffects of isobutyl-cyano-acrylate monomer (IBC) and
rifluoropropyl-cyanoacrylate (MRB-4197) on the bi-
logy of wound repair and infection in guinea pigs.
hese tissue adhesives were added to the base of each
ound, after which the edges of the wound were approx-

mated. The bonding action of these tissue adhesives
ccurred within 30 s.

When these tissue adhesives are used for bonding skin
ounds, the adhesives seem to act as a barrier between

he growing edges of the incision. This barrier prevents
ntimate apposition of the wound edges and delays
ound healing. The breaking strength of wounds closed
ith adhesives is significantly lower than that of taped
ounds without the adhesive. In addition, the tissue adhe-

ives potentiate the development of infection in contami-
ated wounds. Since our report, the use of IBC and MRP-
197 has been abandoned due to their histotoxicity. Several
ifferent forms of these compounds have been developed to
inimize tissue toxicities. Recent attention has focused on
longer chain monomer, N-butyl-2-cyanoacrylate (NBC)

Histoacryl®; TissueSeal LLC, Ann Arbor, MI), which
emonstrates minimal histotoxicity. Since its approval for
linical use in human subjects in Europe, Israel, and
anada, NBC has enjoyed widespread applications, es-
ecially in skin closure. Its success in wound closure is
ttributed, in part, to technique in its application. Rather
han instilling the adhesive into the base of the wound, it
s applied onto the epidermal surface (“spot welding”) of
he fully approximated edges of the wound. This method

f application dramatically reduces the amount of tissue



a
e
a
a
p
a
l
w
s
d
I
w
t
S
w
s

I
a
r
S
a
t
e
t

c
i
(
r
t
S
4
t
f
u
i
d
w
t
p

e
d
fl
p
d
i
t
t
I

l
s
l
g
s
a
T
r
e

m
w
W
o
e
o
r
d
s
t
r
t
b
w
d
t
U
n

w
w
o
U
k
e
r
p

l
a
P
w
fi
c
m
c
i
w
u
h
c
c

206 R. F. Edlich et al.
dhesive that gains access to the wound. In another
xperimental study, we compared the effect of the tissue
dhesive NBC on the wound’s ability to resist infection
nd gain strength with the effect of percutaneous
olypropylene suture (14). Percutaneous sutures dam-
ged tissue defenses, inviting the growth of bacteria to a
evel that was significantly greater than that encountered
ith the tissue adhesive. Immediately after wound clo-

ure, percutaneous sutures provide a more secure imme-
iate closure of the wound than do tissue adhesives.
mmediately after closure, the breaking strength of
ounds with intact percutaneous sutures is more than 12

imes stronger than wounds closed with tissue adhesives.
even days after wound closure, the breaking strength of
ounds closed by tissue adhesives and percutaneous

utures do not differ significantly.

DRESSING

n primarily closed wounds, the dressing acts as a barrier
gainst exogenous bacteria. Soaking dressings with se-
um permits passage of bacteria through the dressing.
aturation of a dressing with fluid that wets both inner
nd outer surfaces of the dressing is called fluid strike-
hrough. As long as its outer surface remains dry, how-
ver, a dressing will remain an effective barrier to bac-
erial contamination.

The length of time that dry dressing should cover the
losed wound is based on knowledge of the period dur-
ng which the wound is susceptible to bacterial penetration
15). As sutured wounds heal, they become increasingly
esistant to the development of infection from surface con-
amination. Swabbing the surface of the wound with either
taphylococcus aureus or Escherichia coli during the first
8 h after closure causes localized gross infections. Con-
amination after the third day may not produce gross in-
ection in the sutured wound. Thus, barrier dressings are
seful to protect the fresh incision from surface contam-
nation in the first few days. Thereafter, removal of the
ressings permits daily inspection and palpation of the
ound. Wounds closed with tape have a greater capacity

o resist infection than sutured wounds and do not need
rotective dressings.

Another important purpose of some dressings is to
xert pressure on the underlying tissues. A pressure
ressing minimizes the accumulation of intercellular
uid within the wound and limits dead space. Maximal
ressure should be applied to the wound site as well as
istal to it. Proximal to the wound, the pressure applied
s decreased to minimize any chance of compromising
he venous or lymphatic return. A pressure dressing, by
he very nature of its bulk, immobilizes what it covers.

mmobilization of the site of injury is of great value; i
ymphatic flow is reduced, thereby minimizing the
pread of the wound microflora. Furthermore, immobi-
ized tissue demonstrates the best resistance to the
rowth of bacteria. Whenever possible, the site of injury
hould be elevated above the patient’s heart to limit the
ccumulation of fluid in the wound interstitial spaces.
he injured wound with little edema proceeds more

apidly to complete rehabilitation than does the markedly
dematous wound.

Dressings should also provide a physiologic environ-
ent that is conducive to epithelial migration from the
ound edges across the surface of the fresh wound.
hen an area of epidermis is lost, water vapor begins at

nce to evaporate from the exposed dermal tissue. The
xudate on the surface dries, and becomes the outer layer
f the scab, which does not prevent water from evapo-
ating from the dermis underneath. The surface of the
ermis itself dries progressively (within 18 h). This dry
cab and dried dermis resist migration of epidermal cells
hat must seek the underlying fibrous tissue of the upper
eticular layer of dermis where enough moisture remains
o support cellular viability. When the wound is covered
y a dressing that prevents or delays evaporation of
ater from the wound surface, the scab and underlying
ermis remain moist. Epidermal cells can easily migrate
hrough the moist scab over the surface of the dermis.
nder such dressings, epithelialization is more rapid and
o dry dermis is sacrificed.

The dressing that delays evaporation of water vapor
ould seem to be ideal for coverage of primarily closed
ounds, and has been usefully employed in the treatment
f donor sites, meshed grafts, and dermabraded skin.
nfortunately, excessive exudate may make it difficult to
eep the fully occlusive dressing in place, and the moist
xudates that provide an ideal medium for epidermal
epair also provide a suitable culture medium for the
roliferation of microorganisms.

Primarily closed wounds, with the exception of those
ocated on the face, should be covered by non-adhesive,
bsorbent foam dressings (Tegaderm™, 3M, Inc., St.
aul, MN), which are attached to surrounding skin by
ide strips of microporous tape with no reinforcing
bers. In facial lacerations, the development of blood
lots between the edges of the sutured wounds is of
ore concern than the potential dangers of surface

ontamination. These clots will be replaced by a heal-
ng scar that can be easily avoided by swabbing the
ound with half-strength hydrogen peroxide every 6 h
ntil the wound edges are free of blood. Because
ydrogen peroxide causes the sutures to lose their
olor, the decolorized suture becomes a sign of patient
ompliance with our post-suture wound care regimen.

In abraded skin, this method of suture line care is

neffective. Even if the wound is washed with hydrogen
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eroxide, it develops a scab that makes suture removal
edious and often painful to the patient. In such cases, we
wab the wound and its adjacent edges with a water-soluble
ase, such a polyethylene glycol with mupirocin (Bactro-
an; GlaxoSmithKline, Brentford, Middlesex, UK), which
isrupts the wound exudates, thereby encouraging their
xodus from the wound. These percutaneous sutures must
e removed before the eighth post-repair day because
eedle puncture scars can develop. The wound edges
hen should be supported by sterile Reinforced Steri-
trip™ microporous tape skin closures.

CONCLUSIONS

here are several different methods to provide an accu-
ate and secure approximation of the skin edges—
utures, tapes, and tissue adhesives. Sutures remain the
ost common method of approximating the divided

dges of tissue. Important considerations in suture skin
losure are the type of suture, the tying technique, and
he configuration of the suture loops. Selection of a
uture material is based on its biologic interaction with
he wound as well as its mechanical performance in vivo
nd in vitro. Sutures are divided into two general classes
n the basis of their in vivo degradation: absorbable
utures and nonabsorbable sutures. There are two tech-
iques for sutural closure of skin: percutaneous and
ermal (subcuticular). Either type can be used as a con-
inuous suture or an interrupted suture. Percutaneous
utures of either monofilament nylon or polypropylene
re excellent for skin closure because these materials
ave the least effect on wound defenses. Percutaneous
utures are recommended for closure of stellate lacera-
ions resulting from crush injuries. Because the magni-
ude of damage to the local tissue defenses is related to
he quantity of suture within the wound (i.e., diameter
nd length), we recommend the use of the suture with the
arrowest diameter (5-0 or 6-0) whose strength is suffi-
ient to resist disruption of the closure. Dermal sutures
an be used alone or as adjuncts to percutaneous sutures
n wounds subjected to strong skin tensions, to serve as
n added precaution against disruption of the wound.

The superior resistance to infection of wounds closed
ith Reinforced Steri-Strips™ compared with sutured
ounds indicates that tape closure is a significant clinical

ool.
Skin closure by metal staples is quick and economi-

al. Stapling is the fastest method of skin closure. Be-
ause staple implantation will often result in malapposi-
ion of the wound edges, we reserve skin staples for
acerations in anatomic sites in which the healing scar is

ot readily apparent (e.g., hair-covered scalp).
When tissue adhesives are used for bonding skin
ounds, they must be applied to the external surface,
therwise the adhesives act as a barrier between the
rowing edges of the incision, which prevents intimate
pposition of the wound edges and delays wound heal-
ng. In addition, tissue adhesives potentiate the develop-
ent of infection in contaminated wounds. However,

ew tissue adhesives have been developed that may
inimize tissue toxicity; they must be subjected to clin-

cal trials in the ED.
Primarily closed wounds, with the exception of those

ocated on the face, should be covered by non-adhesive,
bsorbent foam dressings that are attached to the sur-
ounding skin by wide strips of microporous tape with no
einforcing fibers.
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CHAPTER 10
Basic Laceration  
Repair: Principles  
and Techniques

Key Practice Points

nn Applying the principles of wound closure is key to acceptable wound 
and scar appearance.

nn Matching the layers of the wound surfaces with sutures is critical to 
scar appearance.

nn Because scar tissue contracts over time, wound edge eversion prevents 
“pitting” of the scar and eliminates a poor result.

nn Excessive wound tension, caused by sutures placed too tightly, can 
cause ischemia of the edges and an increased amount of scar tissue.

nn Deep sutures become foreign material when buried in a wound. Placing 
as few deep sutures as possible is recommended to reduce the risk of 
infection and the risk of an increase in the amount of scar tissue.

nn “Dead” space is created when the skin of deep wounds is closed 
without deep or subcutaneous sutures to eliminate the dead space.

nn The final sutured wound should have all of the knots aligned to one side 
of the wound. This appearance inspires confidence in the patient and, 
more important, prevents the knots from interfering with laceration 
healing.

 

Each wound and laceration has technical requirements that have to be met to repair 
a wound effectively. By understanding the basic principles that underlie the technical  
requisites of wound care, lacerations and wounds can be closed with the best chance 
for an optimal result. During actual closure, every attempt is made to match each 
layer evenly and to produce a wound edge that is properly everted. Proper knot-tying 
technique is paramount to facilitate eversion and to prevent excessive tension on the 
wound edge. When necessary, dead space is closed, and finally, sutures are spaced and 
sequenced to provide the best and most gentle mechanical support.

DEFINITION OF TERMS
Several techniques and maneuvers used in wound care are referred to by terms that can 
be confusing. These terms are defined so that the reader thoroughly understands the 
material contained in this chapter.
 •  Bite: A bite is the amount of tissue taken when placing the suture needle in the skin or 

fascia. The farther away from the wound edge that the needle is introduced into the 
epidermis, the bigger the bite.

 •  Throw: Each suture knot consists of a series of throws. A square knot is fashioned with 
two throws. Because of nylon’s tendency to unravel, several additional throws are  
necessary to secure the final knot when this material is used.
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 •  Percutaneous closure (skin closure): Sutures, usually of a nonabsorbable material, which 
are placed in skin with the knot tied on the surface, are called percutaneous closures. 
They also are referred to as skin closures. Recent clinical studies have shown that, 
in certain circumstances such as lacerations of the face and fingertip, absorbable 
sutures can be used to close skin.1,2

 •  Dermal closure (deep closure): Sutures, usually of an absorbable material, which are 
placed in the superficial (subcutaneous) fascia and dermis with the knot buried in 
the wound, are called deep closures.

 •  Interrupted closure: Single sutures, tied separately, whether deep or percutaneous, are 
called interrupted sutures.

 •  Continuous closure (running suture): A wound closure accomplished by taking several 
bites that are the full length of the wound, without tying individual knots, is a 
 continuous or running suture. Knots are tied only at the beginning and at the end of 
the closure to secure the suture material. Continuous closures can be percutaneous  
or deep.

BASIC KNOT-TYING TECHNIQUES
Several knots can be used to tie sutures during wound closure. The most common is 
the surgeon’s knot (Fig. 10-1). The advantage of this knot is that the double first throw 
offers better knot security, and there is less slipping of the suture material as the wound 
is gently pulled together during tying. The wound edges remain apposed while the  
second and subsequent single throws are accomplished. The knot-tying sequence 
shown in Figure 10-1 illustrates the proper instrument technique required to obtain a 
surgeon’s knot. The instrument tie can be used for almost all knots, whether for deep 
or superficial closures.

PRINCIPLES OF WOUND CLOSURE
Layer Matching
When closing a laceration, it is important to match each layer of a wound edge to its 
counterpart. Superficial fascia has to meet superficial fascia. Dermis to dermis neces-
sarily brings epidermis to epidermis. Failure to appose layers meticulously can cause 
improper healing with an unnecessarily large scar (Fig. 10-2).

Wound Edge Eversion
Just as important as layer matching is proper wound edge eversion during the initial 
repair. Because of the normal tendency of scars to contract with time, a wound edge 
slightly raised above the plane of the normal skin gradually flattens with healing and 
has a final appearance that is cosmetically acceptable (Fig. 10-3). Wounds that are not 
everted contract into linear pits that become noticeable cosmetic defects because of 
their tendency to cast shadows.

Techniques for Wound Edge Eversion
The key to achieving proper wound edge eversion is to use the correct technique for 
introducing the needle into the skin and for producing the proper suture configura-
tion. As illustrated in Figure 10-4, the point of the needle should pierce the epidermis 
and dermis at a 90-degree angle before it is curved around through the tissues. To 
ensure a 90-degree angle, the needle holder has to be held in the manner described in 
Chapter 8. It is mechanically difficult to maneuver the needle correctly if the opera-
tor’s fingers remain in the finger rings of the needle holder. Figure 10-4 illustrates the 
correct and incorrect final configuration of an interrupted suture to achieve wound 
edge eversion.
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A

B

C

D

Figure 10-1. A-G, Sequence for instrument tie of a standard percutaneous suture closure. Note the 
 surgeon’s knot and final square knot configuration in the inset illustration in G.

Continued
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E

F

G

Figure 10-1,  cont’d. For legend, see previous page. 
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Vertical Mattress Suture
Another useful method for wound edge eversion is the vertical mattress suture. This 
suture is placed by first taking a large bite of tissue approximately 1 to 1.5 cm away 
from the wound edge and crossing through the tissue to an equal distance on the 
opposite side of the wound. The needle is reversed and returned for a small bite (1 or  
2 mm) at the epidermal/dermal edge to approximate closely the epidermal layer  
(Fig. 10-5). The vertical mattress suture is helpful in areas of lax skin (e.g., elbow, dor-
sum of hand), where the wound edges tend to fall or fold into the wound. Another 
advantage of the vertical mattress suture is that it can act as a deep and a superficial clo-
sure all in one suture. Some wounds are not deep enough to accommodate a separate, 
absorbable suture but still need some deep support to close dead space. This technique 
can meet that need.

A modification of the vertical mattress suture, the shorthand technique, allows the 
suture to be placed more rapidly.3 Instead of taking the large bite first, as described 
earlier, the small bite is taken, then the large one. By placing simultaneous traction on 

Figure 10-2. Incorrect technique to provide for layer matching.
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the trailing and leading portions of the suture after the small bite, the wound edges are 
elevated so that the needle easily takes the large bite.

Horizontal Mattress Suture
Another technique, the horizontal mattress suture, can be used to achieve wound 
edge eversion (Fig. 10-6). The needle is introduced into the skin in the usual manner 
and is brought out at the opposite side of the wound. A second bite is taken approxi-
mately 0.5 cm adjacent to the first exit and is brought back to the original starting 

B

A

Figure 10-3. Wound edge eversion. A, Correct technique allows for a slight rise of the wound edges above 
the skin plane. These edges eventually contract to flatten out at the skin plane. B, Wound edges that are not 
properly everted contract below the skin plane and allow incident light to cause unsightly shadows.
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edge, also 0.5 cm from the initial entry point. The knot is tied, leaving an everted 
edge. This is a suture technique often used in closing hand (palm and dorsum)  
lacerations.

Wound Tension
Whenever wound edges are brought together by suturing, there is inevitable tension 
and pressure created in the tissue within the suture loop. It is important to minimize 
tension to preserve capillary blood flow to the wound edge. Excessive force exerted on 
the tissue leads to ischemia and can cause some degree of cellular necrosis.4 Necro-
sis provokes a more intense inflammatory response with the eventual formation of an 
irregular, cosmetically unacceptable scar. When tying knots, the first throw is crucial. 
As the wound edges are brought together, they are allowed just barely to touch. Bring-
ing the edges together more forcibly by making the first throw too tight promotes  

A

90

B

C

°

Figure 10-4. Technique for proper wound edge eversion. A, The suture needle is introduced at a 90-degree 
angle to the epidermis. B, The proper configuration of the suture should be square or bottle shaped. This 
configuration is difficult to achieve in practice; however, this figure illustrates the correct principle. C, The 
incorrect technique of needle placement and suture configuration leads to wound edge inversion, which leads 
to “pitting” of the eventual scar.
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Figure 10-5. Technique for a vertical mattress suture. The second bite barely passes through the dermis to 
provide meticulous apposition of the epidermal edges.
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ischemia. Wound edges tend to become slightly edematous after repair; a small amount 
of slack between them disappears. The addition of edema to a suture line that already 
is too tight can be disastrous.

Techniques for Reducing Wound Tension
Deep Closures
Proper placement of deep closures to bring the dermis close together before suture 
 closure reduces final wound edge tension. Figure 10-7 illustrates the method for plac-
ing and tying deep closures. To start this suture, the needle is introduced into the 
superficial fascia, close to the underside of the dermis. Then the needle is brought up 
through the dermis. At this point, the needle has to be rearmed with the needle holder. 
The needle is introduced into the dermis of the matching opposite wound edge and is 
carried down into the superficial fascia to complete the second bite.

Crucial to this technique is that the trailing and leading portions of the suture 
remain on the same side of the portion of the suture that crosses from dermis to dermis. 

Figure 10-6. Technique for placing a horizontal mattress suture.
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In this manner, when the knot is tied, it is buried. If the trailing edges are on opposite 
sides of the dermal crossing, the knot is pushed superficially and interferes with epider-
mal healing. Three or four throws are adequate to secure the knot, and the suture ends 
are cut close to the knot itself, leaving no more than 2-mm “tails.” The temptation to 
place numerous deep closures must be resisted. These sutures act as foreign bodies and 
become a nidus for wound infection.5 They also provoke a greater healing response and 

B

A

C
D

E
Figure 10-7. Technique for placing a deep suture. A, Suture placement is initiated by driving the needle 
from deep in the wound to superficial. B, The needle is driven superficial to deep on the opposite side of the 
wound. C, The leading and trailing sutures come out on the same side of the cross suture. D, This same-side 
technique allows for the knot to be tied deep and away from the wound surface. E, If the same-side technique 
is not followed, the knot is forced to the wound surface by the cross suture and may protrude out of the 
wound.



CHAPTER 10 Basic Laceration Repair: Principles and Techniques 117

can increase the total bulk of a scar. Only as many sutures as are necessary to accom-
plish the task of reducing wound tension should be placed.

Wound Undermining
Another technique for reducing tension is wound undermining. Undermining releases 
the dermis and superficial fascia from their deeper attachments, allowing the wound 
edge to be brought together with less force. Anatomic areas where undermining is useful 
include the scalp, forehead, and lower legs, particularly over the tibia, where the skin is 
under a great deal of natural tension. Caution has to be exercised in deciding to under-
mine, because this procedure can spread bacteria into deeper tissues and can create a 
deeper, larger dead space.

The technique for undermining is illustrated in Figure 10-8A. For most minor 
wound care problems, the proper tissue plane for wound undermining is between the 
superficial fascia (subcutaneous tissue) and deep fascia overlying the muscle. Staying in 
this plane maintains the integrity of the blood and nerve supply to the skin (dermis and 
epidermis). Scissors can be inserted parallel to the deep fascia where it joins the super-
ficial fascia. The instrument is spread gently to create a plane of dissection. Undermin-
ing also can be performed with a no. 15 blade on a standard knife handle. The blade is 

3 cm

3 cm

A

B

3 cm

Figure 10-8. Technique for tissue undermining. A, Scissors are used for dissection at the dermal-superficial 
fascia level. Tissue spreading is preferred to cutting the sharp edges. B, The zone of undermining.
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rotated away from the deep fascia and is used as a combination cutting instrument and 
probe. Actual cutting is kept to a minimum to prevent excessive bleeding.

Wounds are undermined from end to end, to a distance from the wound edge that 
approximates the extent of “gapping” of the wound edges. In other words, if a wound 
gaps open 3 cm from edge to edge, undermining is carried out to 3 cm under the der-
mis, perpendicularly away from the wound edge. A common mistake in using this tech-
nique is to fail to include the wound ends. Figure 10-8B illustrates the proper zone of 
undermining during dissection.

Additional Suture Placement
Placing more sutures closer together also reduces wound tension (Fig. 10-9). Mechani-
cally, a greater number of sutures lessens the total force exerted on each suture, reducing 
potential tissue compression. The caregiver has to keep in mind, however, that sutures 
act as foreign bodies and can potentiate infection. When closing a wound, a balance has 
to be struck between the number of sutures used and the desired tension reduction.

Dead Space
In the past, it was axiomatic that no open or dead spaces should be left behind during 
wound closure. These spaces tend to fill with hematoma and can act as potential sites 
for wound infection (Fig. 10-10). Hematoma formation in these areas also can delay 

A

B

Figure 10-9. A technique for reducing wound tension. A, A few sutures, placed far apart and far from the 
wound edges, will increase wound tension. B, More sutures, placed closer together and closer to the wound 
edges, will reduce tension.
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wound healing. There is experimental evidence, however, that suture closure of these 
spaces, when they are contaminated with bacteria, increases the chance of wound infec-
tion.4 It is recommended that deep closures be used only to close dead space in clean, 
minimally contaminated wounds. Even in these cases, as few sutures as possible should 
be used.

Closure Sequence and Style
Students learning to care for wounds often ask how close together sutures should be 
placed. As a general rule, sutures should be placed just far enough from each other 
so that no gap appears between the wound edges. As a general guideline, the distance 
between sutures is equal to the bite distance from the wound edge (Fig. 10-11); however, 
the great variability of lacerations dictates that experience rapidly teaches the practitio-
ner the proper distances at which sutures should be placed to close the wound.

The final appearance of a suture line should be neat and organized. The knots are 
aligned to one side of the laceration. In addition to appearing orderly, knots are placed 
away from the wound edge to prevent a further inflammatory response that can be 
provoked by an increased amount of foreign material directly over the healing surface. 
Aligning the knots to one side or the other contributes to wound edge eversion.

Deep sutureDead space
Figure 10-10. Example of dead space and a two-layered closure to obliterate that space.

X

2X

Figure 10-11. Example of closure style and sequence. The knots should be placed evenly on one side of the 
wound. Knots directly over the wound increase inflammation and scar tissue formation.
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Clinical Notes 

The Shorthand Vertical Mattress Stitch: 
Evaluation of a New Suture Technique 

JEFFREY S. JONES, MD, MICHAEL GARTNER, MD, 

The shorthand vertical mattress suture is a new suture technique that 
provides the same amount of wound eveNion in less time than the classic 
method. A randomized, pmspective clinical trial was designed to test this 
hypothesis In a University-affiliated community hospital. Thirly patlents 
who presented to the emergency department with traumatic lacerations 
requiring primary closure were eligible for this study. Wounds involving 
the hands, feet, or face were excluded. Patients meeting inclusion cri- 
teria were allocated randomly to have either shorthand or classic vertical 
mattress sutures. Wound information was collected on data sheets and 
included physician training level, repair time, number of knots placed, 
and degree of wound-edge eversion for each suture technique. Subjects 
were then asked to return to the emergency department in 7 to 10 days for 
wound assessment and suture removal. Thirty-six lacerations to the 
scalp, tNnk, and extremities were evaluated. Shorthand vertical mattress 
sutures were used on 20 wounds (56%) and classic mattress sutures were 
used on 16 (44%) wounds. The shorthand stitch provided the same 
amount of wound aversion in half the time as the classic technique. No 
htfectiour complications, delayed wound healing, or cosmetic problems 
weN observed with the shorthand technique. The shorthand vertical mat- 
tress stitch described is an efficient, alternative method for laceration 
repair without compromising wound eve&on or cosmetic results. (Am J 
Emerg Mad 1993;11:463-465. Copyright 0 1993 by W.6. Saunders Com- 

pany) 

Lacerations are a frequent complaint of patients present- 
ing to the emergency department (ED). Management of 
these wounds can be time consuming depending on the lac- 
eration and extent of the injury. Several techniques for 
wound closure have been used, but suturing remains the 
most common method of skin closure used by emergency 
physicians. ’ 

The vertical mattress repair is a desirable technique be- 
cause of its excellent wound margin approximation, ever- 
sion, and cosmetic result. It is often used to pull tissue to- 
gether that is under mild tension and to provide hemostasis.’ 
However, it can take almost twice as long to complete as a 
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simple interrupted repair because it requires two passes of 
the needle between wound edges. An anecdotal report has 
cited a shorthand method of vertical mattress repair,3 but to 
date there have been no prospective studies comparing this 
technique with the more traditional method. 

The purpose of our study was to determine the effective- 
ness of the shorthand vertical mattress stitch for traumatic 
lacerations in patients presenting to the ED. 

MATERIALS AND METHODS 

Before study initiation, ED faculty and residents were inserviced 
on both suture techniques. As commonly executed, the vertical mat- 
tress suture is placed in a “far-far, near-near” sequence (Figure 
l).3.4 Specifically, the needle is first deeply inserted far from one 
skin edge (within 5 to 10 mm) and exited at an equidistant point on 
the opposite skin margin. The needle is then reversed and a super- 
ficial pass back through the wound is performed near the skin edge 
(within 1 to 2 mm). 

The shorthand vertical mattress suture uses a “near-near. far-far” 
sequence.3 The needle is first superficially inserted close to the 
wound edge (within 1 to 2 mm) and removed at a point equidistant 
on the opposite wound edge (Figure 2). This step approximates the 
epidermal edges. Next, the opposing skin margins are elevated by 
lifting up the free end and proximal portion of the suture. The needle 
is then reversed and deeply inserted far from the wound edge and 
passed through the deep dermis or subcutaneous tissue to an equi- 
distant point on the opposite edge. A surgeon’s knot may then be 
tied quickly because the lifted skin edges approximate and evert the 
wound in a single step. After inservicing. ED faculty and residents 
practiced both suture techniques on porcine skin lacerations. 

The study was approved by the institutional review board of But- 
terworth Hospital for the use of human subjects in biomedical re- 
search. The study population comprised all adult patients presenting 
to the ED with traumatic lacerations (>l cm length) requiring pri- 
mary closure. Wounds involving the feet, hands. or face were ex- 
cluded. Additional exclusion criteria were patients younger than I8 
years of age, grossly contaminated wounds, lacerations more than 
12 hours old, flap or crush injuries with necrotic wound edges, or 
any patient on antibiotics. 

After signing an informed consent, patients were allocated ran- 
domly to have either shorthand or traditional vertical mattress su- 
tures. Wound closure was performed after the lacerations were eval- 
uated routinely for neurovascular function, foreign body, or other 
associated injury. Local anesthesia was established by 1% lidocaine 
followed by wound exploration and irrigation with normal saline. 
Subcutaneous repair of galea or fascia with Vicryl (Ethicon, Inc, 
Somerville, NJ) was performed before skin closure of the wound. 

Wound information was collected on data sheets and included 
location and type of injury, length and depth of laceration, presence 
of foreign bodies, repair time, number of sutures needed, and degree 

483 



484 AMERICAN JOURNAL OF EMERGENCY MEDICINE n Volume 11, Number 5 n September 1993 

6 

FIGURE 1. Schematic diagram demonstrating classic vertical 
mattress stitch. (A) Deep loop followed by (B) superficial loop (far- 
far, near-near). (Reprinted with permission.3) 

of wound eversion for each suture technique. Repair time was from 
the first needle bite to the last knot ending the repair, and did not 
include wound preparation or subcutaneous repair. Subjects were 
asked to return to the ED in 7 to 10 days for wound assessment. The 
sutures were removed at this time, and any complications were 
noted. The cosmetic result was assessed for cross-hatching, hyper- 
trophy, scar width, or other deformity by different ED personnel. 

Wound characteristics were analyzed (x2 and t tests) to compare 
mean age, location and length of lacerations, number of sutures 
needed, and repair times. For all analyses, P < .05 was considered 
significant. 

RESULTS 

Thirty patients (I5 patients for each suture technique) met 
the inclusion criteria and were entered onto the study during 
a 6-week period. A total of 36 traumatic lacerations were 
evaluated. All of the wounds were linear or curvilinear in 
shape and ranged from 2 to 9 cm in length; lacerations 3 cm 
in length were the most common. Penetrating trauma was 
the most frequent cause of these lacerations (72%), usually 
resulting from glass, knives, or other sharp metal objects. 
The remaining patients had wounds secondary to blunt inju- 
ries, eg, falls or physical violence. 

C 
FIGURE 2. Three-step technique for placement of vertical mat- 
tress stitch. (A) superficial loop, (B) elevation of wound edges by 
lifting up superficial loop before passing deep loop, and (C) complete 
shorthand vertical mattress (near-near, far-far). (Reprinted with per- 
mission.3) 

Shorthand vertical mattress sutures were used on 20 lac- 
erations (56%) and traditional mattress sutures were used on 
16 (44%). Table 1 summarizes the age, wound location, 
length, number of sutures, and repair times. Suture repair 
times were significantly shorter using the shorthand vertical 
mattress stitch compared with the traditional method (88.4 
vs 45.6 seclsuture; P < 0.05). The 95% confidence interval 
for the difference between mean suture repair times was 24.6 
to 60.9. None of the other variables were statistically signif- 
icant. 

No infectious complications were observed in our study. 
Twenty-seven patients (90%) returned for suture removal 
and were assessed for cosmetic appearance. No incidents of 
significant scar widening, cross-hatching, or prolonged in- 
flammation were noted with the shorthand vertical mattress 
technique. One patient, who received a traditional mattress 
repair, was noted to have accentuated suture tract marks and 
inversion gapping. 

DISCUSSION 

The final cosmetic appearance of a wound depends on 
many variables, of which the suture technique is one of the 
most important. The ideal suture would not only approxi- 
mate skin edges but also evert the wound. It would provide 
prolonged support until adequate wound strength is achieved, 
leave no suture marks, and be easy to place. Most emer- 
gency physicians use a combination of suture techniques to 
achieve the ideal result. 

The traditional vertical mattress suture is unsurpassed in 
its ability to control wound edges.5 The outside stitch pulls in 
the wound to relieve tension from the edges and provides a 
“tensionless repair,” and the “inside stitch” secures perfect 
apposition. This suture technique is helpful in areas of lax 
skin (elbow, dorsum of hand) in which the wound edges tend 
to fall or fold into the wound. Another advantage of the 
vertical mattress suture is that it can act as a deep, as well as 
superficial, closure all in one suture.4 Some wounds are not 
deep enough to accommodate a separate, absorbable suture 
but still need some deep support to close dead space. 

The major disadvantage of this stitch is the time that it 
takes to place.z,5 The knot must be tied slowly and smoothly 
to accurately approximate the separated skin edges with 
eversion. If the defect to be closed is wide and under mild 
tension, it may be difficult or impossible to pass the needle 

TABLE 1. Clinical Features of Mattress Suture Techniques 

Variable Traditional Shorthand 

No. of patients 15 15 
Age (years) 27.9 ? 6.3 25.3 5 5.5 

No. of wounds 16 (44%) 20 (56%) 

Wound location 
Scalp 19% 15% 
Trunk 6% 0% 

Extremity 75% 85% 

Laceration length (cm) 3.2 ? 2.0 3.0 i 2.0 
No. of sutures 7.4 * 5.7 7.0 i 4.6 

Suture time (secisuture)’ 88.4 2 31 .O 45.6 F 22.7 

NOTE. Values are given as mean 2 SD. 
l Statistical analysis (t test) yielded P < ,005. 
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from one distant wound edge to the other in a single motion. 
In this case, an extra step of grasping the needle after passing 
it through the first distant skin edge into the defect becomes 
necessary.* 

The shorthand vertical mattress suture illustrated may 
avoid this extra step. We found this simple technique, which 
uses a near-near, far-far sequence, to provide the same 
amount of wound eversion in half the time as the traditional 
method. No infectious complications, delayed wound heal- 
ing, or cosmetic problems were noted with the shorthand 
technique. Hecause this stitch requires blind placement of a 
deep loop, lacerations involving the hands, feet, or face were 
excluded from our study. 

In the conventional execution of the shorthand vertical 
mattress suture, the superficial and deep loops are placed 
using the forehand (supination) followed by the backhand 
(pronation) rotations.4 However, in actual practice we have 
found it more advantageous to use the backhand rotation for 
easier superficial loop placement (Figure 2). This leaves the 
more dexterous forehand rotation for passing the deep loop. 

CONCLUSIONS 

The shorthand vertical mattress stitch described in this 
study is an efficient, alternative method for laceration repair 
that does not compromise wound eversion. Because this 
shorthand technique requires blind placement of a deep 
loop, we suggest that this technique be used only after the 
traditional technique is mastered. 
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Skin Suture Marks
GEORGE F. CRIKELAIR, M.D ., New York, New York

From the Division of Plastic Surgery, Department of
Surgery, Presbyterian Hospital and College of Physicians
and Surgeons, Columbia University, New York, New
York .

AT the termination of most operative pro-
cedures the surgeon sutures the cut skin

edges . It is his aim to place each stitch in the
skin properly, to have it do its work well and
to remove it, leaving no mark . Any mark
that a suture may form is nothing less than
scar tissue [1] .

Figure I illustrates a well healed rotation
flap . The patient had a decubitus ulcer which
was excised and the defect closed using a
rotating flap. The right half of the incision was
closed by the surgeon and the left half by
his assistant . The same needles and sutures
were used by both and all sutures were re-
moved at the same time . As seen in the post-
operative picture (Fig . 1), one-half has promi-
nent suture marks and the other has none .
This suggests that the control of skin suture
marks can be at the proximal rather than at the
distal end of the needle holder .

There is comparatively little in the medical
literature dealing with suture marks although
much attention has been given to scars and
wound healing. Buck [6] in 1876 stressed the
liberation of the wound edges to prevent
strain on the cut edges . He first advised the
proper placing of a skin suture to avoid
inversion : " . . . the deepest part of the
track will be farther from the confronted
edges of the wound than it is at points of
entrance and exit upon the surface ." He stated
that many sutures could be removed in twenty-
four hours and that metallic sutures were as
liable to cause ulceration as thread .

Gillies [a], in discussing suturing, says,
" How tight to tie is a matter of experience
and lies between that adequate to bring the
edges closely apposed and that that cuts
through by causing tissue necrosis . Err on

the loose side . Stitch marks are indisputable
evidence of a stitch that has caused a local pres-
sure necrosis and its accompanying infection ."
Webster [3], in presenting the general prin-

ciples of plastic surgery, calls attention to the
possibility of suture marks : "Careful hemos-
tasis, use of the finest needles and suture
material, and gentle handling of tissues are
essential for the best results . Buried sutures
take the burden of tension from the skin
sutures and allow the early removal of the
latter so that they leave no scars . Constriction
of the skin by sutures causes necrosis, and
necrosis means scarring and deformity . The
more loosely the skin sutures can he tied,

FiG . i . A sacral decubitus ulcer was excised and the
defect closed with a rotation flap. Note the suture
marks in the left half of the incision .
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in conformance with good approximation of
the cut surfaces, and the earlier they are
removed, the smaller will be their permanent
mark on the skin."

Kazanjian and Converse [4] state that a
tight suture tends to cut the skin surface,
leaving a permanent stitch mark . They advise
placing interrupted sutures only a few milli-
meters apart if necessary .

Davis [S] advised incisions in skin tension
lines, right angle incisions and subcuticular
sutures. "The single on end or vertical mattress
suture" was described as his most satisfactory
skin suture. He cautioned against tying sutures
tightly and advocated the use of tension
sutures, buried or removable, to prevent scar
spreading .

Straatsma [7 1 has stressed the importance
of right angle incisions, the following of tension
lines for incisions, relaxation of the skin edges,
fine suture material, early removal of sutures
and support to the skin edges .

Halsted [8] described the "epithelial stitch"
in which "hardly more than the epithelium
is pierced by a needle, and the suture when
completed describes almost a straight line ."
This produces no irritation and needs no
further attention . It rubs off or may be pulled
off like plaster .

Howes [9] has advised against inserting and
tying in such a manner as to create necrotic
tissue in which bacteria may grow . He notes
that the edema which develops in a wound
in the first forty-eight hours tightens the
sutures further. He suggests that sutures
should be used sparingly, that skin edges
should be everted and that attention to
details and meticulous care in handling tissues
cannot be overemphasized .
Gosis [10] in 1939 and Radcliffe [ii] in 1943

have both described closure of the skin by
passing sutures between strips of adhesive
tape fastened to the skin parallel to the cut
edges. No sutures are needed in the skin, and
skin suture marks are thus eliminated .
Gillman and Penn [1] state that it is usual

to remove sutures in humans between the
sixth and tenth days. In their opinion, the
"punctate" suture scars may persist for
months and even years but " . . . such
punctate marks manifest all the histological
features of incisidnal scars and yet, according
to our clinical observations in man, these
scars can and usually do ultimately disappear ."
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Brown [12] advised removing coaptation
sutures as early as healing seems to warrant,
if practicable during the first two or three
days. He said further, " . . . a careful opera-
tor will always remove a suture when blanching
of the tissue indicates that it has been tied
too tightly, but beyond this there is still need
for studying the effect of a suture when tied ."
The many points stressed in the literature

apply not only to the prevention of suture
marks but also to the formation of fine scars
because both problems are intimately related
and often affected by similar factors . Of the
many points stressed, tension has been saluted
as the major factor in the formation of suture
marks and certainly this is not to be contested .
There are other possible causes, however,
and for a better understanding of the problem,
all warrant further comment .

POSSIBLE FACTORS IN THE FORMATION
OF SUTURE MARKS

Keloid Tendency . Although much has been
written about keloids, this problem is not
understood [3] . The inherent "something"
that causes keloids and keloidal scars may
also lead to keloids at the site of skin sutures .
(Fig. 2A and B .)
Stitcb Abscess . Due to the activity of

bacteria, usually low grade skin contaminants,
an abscess may occur around the exits of the
sutures from the skin . In some instances this
is associated with the necrosis caused by too
much tension of a tied suture [9] . The suture
then behaves as a foreign body, and only
after its removal will the inflammation subside.
Boyd [131 states that all repair is fundamentally
the same. If the infection is destroyed, at-
tempts at repair begin . If the cavity is small,
it becomes filled first with granulation tissue,
then scar tissue [13] . The size of the suture
mark secondary to a stitch abscess will depend
then on the size of the abscess .
Skin Type . Suture marks do not seem to

occur as commonly in some areas of the body
as in others. The thin skin of the eyelids
seldom shows suture marks, and the marks
seem to be less common on the palms of the
hands and the soles of the feet . The skin of
the back, chest, the upper arms and the lower
extremities, by comparison, is more likely to
produce suture marks . The same may be
true of the skin of the lower third of the nose
and cheeks adjacent to the nasal alae as com-
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FIG. 2 . A, a large keloid of the neck. B, the keloid has been excised, the base treated by radio-
therapy and a split-thickness skin graft sutured in place . Note the marks from the sutures .

pared to the rest of the face . It may be that
the presence of secondary skin appendages or
rather the type of these structures present
in a given area is a contributing factor to the
formation of suture marks .
An abnormal type of skin can be caused

by a pathologic process. An outstanding
example is seen in chronic lymphedema where
suture marks are very commonly seen after
skin closure .

Type of Suture Material . There are many
reports on the effects of suture materials,
notably absorbable versus non-absorbable su-
tures, and the relative merits of the various
non-absorbable sutures : silk, nylon, cotton,
linen and wire [14-19,27] . As a result of these
studies there is general agreement that non-
absorbable sutures are preferable for skin
closure [9], but the type of non-absorbable
material may perhaps always remain a matter
of personal preference. Localio et al . [17] ob-
served little difference among wounds sutured
with non-absorbable suture material . It has
been pointed out [20] that the method of
using the stitch in skin closure is of much
greater importance than the suture material .

Tension . The tension of a suture on a
wound can be considered as intrinsic or ex-
trinsic (intrinsic or extrinsic as pertaining to
the suture, not the patient) .

Skin Suture Marks
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FIG. 3 . Intrinsic tension . If a suture is tied too tightly,
the force is toward the center, as indicated by the
arrows. Ischemia and necrosis occur in the encom-
passed tissue, as shown by the stippled area .

Intrinsic the constricting tension within the
suture loop : This tension depends on the tight-
ness of the suture in relation to the tissue
mass it encompasses . (Fig. 3.) This is the
tension referred to earlier by other authors
[2,3] . If the suture is too tight, local pressure
gives rise to ischemia and to tissue necrosis
with subsequent scar formation and visible
suture marks. These marks not only may be
punctate but also may actually be linear .
(Fig . 4.) If the suture is too snug, the tissues
encompassed by the tied suture may become
edematous and may indirectly increase the
tightness of the suture .

As stated by Gillies, the proper suture



FIG . 4 . A scar on the lower part of the abdomen showing
both punctate suture marks and linear scars . The linear
scars are due to the tension of the retention sutures .

tension is best arrived at by experience [2] .
Tension may also be affected by the suture
size or the bulk of tissue encompassed by the
suture. The heavier the suture material, the
easier it is to apply greater tension. A No. 6-o
suture has a limited tensile strength in itself
as compared to a No . 2-0 suture, and therefore
can exert only a certain amount of tension

-before breaking. This does not imply that a
smaller suture will not cause tissue necrosis
and suture marks ; it is only a comparison
between small and large sutures .

The mass of the tissue included in a skin
suture may also make a difference . The greater
the bulk of tissue (or the farther from the cut
skin edge the suture is placed), the greater
the force needed to approximate the edges .
Also, there is greater bulk of tissue which
may become edematous after the suture has
been placed . With greater force needed to
approximate the increased bulk of tissue,
heavier suture material with greater tensile
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FIG . 5 . Extrinsic tension ., External tensions tend to
distract the approximated edges and the force is
directed away from the center as shown by the arrows .
The zone of necrosis is represented by the stippled
area and is similar to the area affected by "intrinsic
tension" as shown in Figure 3 .

studying the physical properties of scar tissue .
Inasmuch as the sutures, while in place, are
sustaining the approximation of the cut edges,
any force applied against the cut surfaces is
transmitted through the sutures to the tissues
encompassed by the tied sutures . The sutures
act as a fixed entity. These tensions are in-
fluenced by the direction of the incision in
relation to the normal skin tension lines and
by the tensions on the edges being approxi-
mated. The latter is partly dependent on the
size of the gap to be sutured and the looseness
of the cut edges . Thus undermining has been
advised to relieve tension. Movement of a
sutured incision that runs at right angles to
the skin tension lines will exert force away
from the center with possible necrosis . (Fig . 3 .)
Rest and immobilization while the sutures
are in place may help to eliminate this force
and exert an influence on the prevention of
suture marks . Not being concerned primarily
with the direction of an incision as it relates
to normal tension lines, but being concerned
only with the best in wound healing, Reid
[22] states, "Rest of the wound has been
recognized as one of the essential aids to
wound healing."

strength may be required . As noted by Meade If the first five factors are considered care-
and Oschner [rs],	not only is a heavy

	

fully, it is noted that with the exception of
suture frequently unnecessary but it is actually tension they are variables not always con-
harmful because it permits by virtue of its trollable by the surgeon . Keloid formation is
increased strength greater tension, mass liga- inherent in a given individual . Stitch abscesses
tion and strangulation ." may reflect an error in skin preparation or

Extrinsic pulling tension from without : Ex- operative technic or may arise from too much
trinsic tension pertains to the tensions applied tension, but they do occur even in the most
to the cut surfaces themselves, as was so well guarded situations . The type of skin sutured
explained and demonstrated by Ju [2r] in

	

will depend on the disease and the anatomical
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location of the disease, and little can be done
to change this . The type of suture material
certainly can be altered, but clinically there is
as yet insufficient evidence for stating that
one type is more likely to cause suture marks
than another type .

Size of Suture Needle, Size of Suture, and
Number of Days Sutures Are Left in Place .
These three factors will be discussed together
since they are variables that can be investigated
if the previously discussed factors can be
eliminated . The experimental aspect of this
paper deals with these three factors .

Before initiating this study it was my
impression that of the three, the size of the
needle was of first importance because of the
tear it makes in the skin ; the size of the suture
was next in importance . Thus, in plastic
surgery, where fine scars and absence of
suture marks are so important, small needles
and sutures are used . In 1936 Sheehan [23]
devised a needle with a suture thread and
screw head assembly " . . . for delicate su-
turing the needle with an eye was larger at
the head than in the shaft and so produced
an aperture in the skin that was needlessly
large ."

STUDY

Skin Suture Marks

SKIN CLOSURE

Fic . 6 . The combination of sutures and suture needles
used in closing wounds. Group A : No. 6-o silk, eve needle .
Group B : No . 2--o silk, eye needle . Group C: No . 2--0

silk, Martin's needle . Group D: No. 6-o silk, Martin's
needle .

pressure dressings held „in place with adhesive
tape . The tape was first applied in a direction
perpendicular to the incision, bunching the
skin slightly to relieve tension further . The
tape support was continued for two weeks or

The investigation of the effects of the needle as long as there were any sutures still in place .
size, suture size and the number of days the
sutures were left in place was made in a series
of six adult, healthy, white male patients .
Transverse incisions within the skin tension
lines were similarly placed over the right
lower rib cage . Through these incisions, rib
cartilage was obtained for grafting to the
face. The incisions were all about 1o cm . in
length and were made at right angles to the
skin surface . The edges were undermined . No
skin was removed ; the skin was merely incised .

None of the six patients showed any tend-
ency, pre- or postoperatively, toward keloid
formation . There were no visible stitch ab-
scesses or reaction about any of the sutures .

After obtaining the cartilage, the deeper
portions of the wounds were closed in a
similar manner, the anterior rectus sheath
with interrupted No . 3-o black silk sutures,
and the superficial fascia and the subcuticular
closure with interrupted No . 5-o white silk
sutures .

After the skin closure, which will be described
later, all the wounds were dressed with gauze
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The several basic fundamentals of skin
closure as presented earlier were followed in
suturing the skin . Sutures were placed about
3 mm. from the cut surface and about this
same distance from each other . The cut edges
were lightly coapted, everting the cut surfaces
by being closer to the cut edge on the epidermis
and further out on the dermis side .

Two types of needles were used : (I) No . 4,
a~8 circle, cutting edge eye needle by Berbecker
and (2) the large, curved, cutting Martin's
uterine needle. Except for two sutures of
No. j-o dermalon used on one patient, the
suture material used was No . 2-0 and No. 6-o
black braided deknatel silk .
Using the two needles and two sizes of

sutures, four combinations were possible and
all were used in closing each incision : (I) eye
needle, No. 2-o black silk ; (2) eye needle,
No. 6-o black silk ; (3) Martin's uterine needle,
No . 2-0 black silk ; (4,) Martin's uterine needle,
No. 6-o black silk .
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FIG. 7 . Diagrammatic sketch of one of the sutured
incisions . Each suture is numbered and the type of
needle and suture used is recorded, as are the times
when the sutures were removed . This is a sketch of the
incised wound seen in Figure 8 .

These four combinations of needles and
sutures were then used in groups . (Fig. 6 .)
No definite pattern of combinations was
followed. A diagrammatic sketch was made
of each wound . Each .suture was marked on
the sketch as to the type of needle and suture
and the day on which it was removed . (Fig . 7 .)
The sutures were removed without pattern
or plan, one from each group of three starting
at twenty four hours in four patients, two
days in one and four days in another . The
second suture of each group of three was
removed in seven days and the last in fourteen
days .

Five of the patients were operated upon
by the author and one procedure was per-
formed by Dr. E. Throop Geer to eliminate
the possibility of one operator as a variable .

In addition to careful clinical observation,
black and white and color photographs were
taken of the wounds . Figure 8 illustrates an
incision sutured as diagrammed in Figure 7 .
The suture marks are from sutures removed in
fourteen days .

RESULTS

Regardless of the size of the needle or the
size of the suture, the greatest marks in all
instances were left by the sutures which were
left in place fourteen days . The others re-
moved at or before seven days left no ap-
preciable permanent mark. The marks made
by the fourteen-day sutures were all about
the same size, regardless of the size of the
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FIG . 8. Low power photograph of the scar sketched in
Figure 7, taken nine months later .

needle or suture. Most of the marks were
round ; a few were slightly more linear .

In all these cases it was thought that the
variables were the needle and suture size
and the number of days the sutures were
left in place, inasmuch as the other causes of
suture marks were eliminated as much as
possible. Yet there are many surgeons who
can demonstrate wounds in which sutures
were left in place much longer than fourteen
days, with no visible suture marks . There are
others who, apparently having followed all
the precepts of good wound closure, can
demonstrate suture marks from sutures taken
out seven days or earlier . Six patients may be
too few a number from which to draw any
far reaching conclusions, but the results are
identical in all and do give pause for some
consideration .
Many other problems and unanswered

questions arose and needed further study .
Because these involved such things as intended
closure with tension and prolonged inten-
tional retention of sutures with photographic
and microscopic data, it was decided that
laboratory animal study was needed .
Suture marks are rare in animals . However,

since suture marks have been seen in castration
incisions on pigs, and since among animals
the skin of the pig most closely resembles
that of the human, further work was done on
pigs of the "miniature variety" obtained
from the Hormel Foundation in Austin,
Minnesota .
Under open drop ether, after shaving and

sterile preparation of the skin, numerous
experiments were made following the same
general plan in suturing the wounds. Many
types and sizes of both needles and sutures
were used. By removing blocks of skin, tension
factors were introduced . Sutures were placed
at varying distances from the cut edges .



Contaminated sutures were used in some
instances to obtain stitch abscesses . Sutures
were left in place up to three months. The
data of the animal experiments are not pre-
sented here in any detailed pattern because
the results were so disappointing . There were
only three isolated marks that in any way
resembled suture marks seen all too frequently
in patients postoperatively . It is concluded
thatt such work can be properly done only on
human beings .

WOUND HEALING

The problem of suture marks is incomplete
without some review of the basic fundamentals
of wound healing since the sutures are used to
facilitate this process . A total bibliographical
review will not be given here since many of
the authors referred to have most extensive
bibliographies .

The great stress on the importance of the
early removal of sutures does not coincide
with the basic work on wound healing . Reid
[22] states, " . . . I am repeatedly asked
when skin sutures should be removed and
my answer is when the wound is sufficiently
healed ."

I n 19 i o Carrel [24] described the "quiescent
period" of healing as being from the first to
fifth days . Hooves et al . [25], in describing the
tensile strength of incised wounds in dogs,
found a similar lag period : " . . . for it is
during this period of from four to six days
that the strength of the wound must be
artificially- reinforced by the use of sutures
. . . The rapid ascent of the curve from the
6th to i oth day as expressed in tensile strength
has great practical significance as regards
the type of suture used and the stress thrown
on the wound must be adjudicated with this
in view." According to these workers, the
first reaction in an incised wound is "fibrin
formation in the blood or plasma exuded
between the surfaces" which corresponds to
the quiescent period . The next stage is f bro-
plasia during which fibroblasts grow along
this fibrin scaffolding . In discussing the treat-
ment of wounds Harvey and Howes [26] point
out that "the time relation of the circulation
and organizing reaction in healing by first
intention" are not fixed times but they can be
estimated both histologically and by tensile
strength . "The period of circulatory reaction
continues from four to six days after the
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inception of the wound, the period of fibro-
plasia from the 5th to the I2th . These relations
hold true for skin, muscle fascia, and intestine,
and the curve of healing is in general the same
for all tissues . For the first period, the tissue
has practically no tensile strength, but as the
period of organization starts the wound in-
creases rapidly in strength until it reaches a
maximum in from the Loth to the 13th days .
This maximum, of course, is the maximum
of a tissue at rest, not hypertrophied to the
stress and strain of function . . . non-ab-
sorbable sutures, such as silk or tension
sutures, can be removed any time after the
7th day, depending on the discretion of the
operator, as they have ceased to fulfill a
function [26] ."
Gillman and Penn [r], in reporting their

findings from serial microscopic sections of
incisions, state that " . . . the tensile strength
of the incision, during the first three to live
days, seems to be a function primarily of'
regenerated epithelium and connective tissue
repair in fat, in muscle, and around sutures ."

In comparing incisions sutured with silk
with incisions approximated with tape only,
they concluded that microscopically, " .
connective tissue repair of an incision was
found to succeed the epithelia[ bridging of
incisions by several days, and became well
marked, in human skin, only between the
6th and 12th postoperative days [1] ." They
recommend support to the wound edges for
at least fifteen to twenty days in order to
allow dense collagenization of the incised
derma .

The custom of removing sutures very early
must be scrutinized . Is this advised to prevent
the added tension which may result from
edema after the operation? Can a wound be
closed improperly with too much tension and
subsequently show no suture marks as long
as this suture tension is not present too long?

In some instances, after removing rib
cartilage through an incision comparable
with those used on other patients described
earlier, identical wound closures were per-
formed except for the suturing of the skin
itself. This was done with No . 4-o black silk
sutures in what might be called a conventional
general surgical manner. Fewer sutures were
used and they were placed at a greater distance
from the cut surfaces and from each other .
This resulted in some bunching of the cut



edges . Sutures removed early, despite the
initial bunching of the cut edges and the
slight reaction about their points of exit from
the skin, left practically no visible marks .
Sutures removed late showed not only punctate
but also linear scar formation . This has perhaps
been best demonstrated clinically in thyroidec-
tomy incisions where sutures are often so
placed and removed very early .

In plastic surgery small instruments, sutures
and suture needles are generally used . This
is in part due to the delicacy of the work .
Larger instruments may even occlude the
view of the operating surgeon working in a
small, confined area . The small tools also
inflict less damage to the tissues . A very small
thumb forceps, for example, will spring loose
if subjected to too much tension or too rugged
a task. A small suture has less tensile strength
and so cannot encompass as much tissue or
exert as much tension as a heavier one . On
occasion larger needles and sutures may be
helpful. They can be used with the same
results as small sutures and needles if the
basic fundamentals of wound suturing are
remembered .

CONCLUSIONS

There are many potential causes of skin
suture marks . Tension, both intrinsic and
extrinsic, may be considered the greatest
offender. Keloid formation and stitch ab-
scesses are occasionally guilty . The skin type,
referring to its bodily location or its inherent
pathologic condition, may sometimes be a
causative factor .

Within reasonable limits the size of the
suture or the size of the suture needle are
not offenders per se, but heavy suture material
may indirectly be responsible for excessive
tension. If sutures are properly placed without
tension and the other causes of suture marks
reasonably eliminated, sutures left in beyond
seven days are more likely to cause suture
marks. These marks are not dependent on the
size of the needle or suture material . Usually
sutures tied without tension, with the wound
immobilized, can be left until the seventh day
without causing suture marks. By this time
some tensile strength has developed in the
wound so that it can maintain itself, although
some support to the wound is advisable for a
longer period of time .

Crikelair

It is also suggested that sutures tied with
undue tension but removed within the early
postoperative period will not be apt to form
suture marks .

Obviously, this is not an "all or none" law
but it does help our thinking and planning
in surgery where fine scars and absence of
suture marks are so important .

SUMMARY

I . The medical literature has been surveyed
to find the causes of suture marks .

2 . The several causes of suture marks are
listed and discussed .

3 . Clinical experimental work relating to
the suture size, needle size and the number of
days the sutures are in place are reported .

4. Animal experimentation was done on
pigs to investigate suture marks, with negative
results .
g. A survey of wound healing and wound

tensile strength is included .
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"James Marion Sims, one of the gynecological pioneers in America, was born in Lan-
caster District, South Carolina, January 25, 1813. Sims was given the degree of Bachelor
of Arts at the College of South Carolina in 1832 . He started the study of medicine in the
office of Dr . B . C . Jones, a practitioner of Lancaster, South Carolina . He began his first
lectures at the Medical College of Charleston, South Carolina, in 1834 . He graduated
from Jefferson Medical College, Philadelphia, in 1835 . For eighteen years he engaged in
general practice in Alabama. At a time in life when most physicians would have thought
they were permanently settled he was attacked with a diarrhea . Inasmuch as this type
of diarrhea was fatal to those who remained residents of the South, Sims began to wander
from place to place . Having a growing family and being in want of funds he settled in
New York City at Madison Avenue and 29th Street . This was in 1853 . His residence was
out in the `sticks' as at that time there was no first-class dwelling north of 23rd Street .
Within a short time recognition came and he was a busy man . He founded the State
Hospital for Women in 1855 (New York City) . In 1868 he was made Governor and
Senior Consulting Surgeon of The Woman's Hospital (New York City) . During the
France-Prussian war he was Surgeon in-Chief of the Anglo-American Ambulance Corps .
Dr. Sims was president of the American Medical Association in 1876 and of The Ameri-
can Gynecological Society in 188o . . . . His epoch-making papers had to do with Silver
Sutures in Surgery (1849) and Vesicovaginal Fistula (1852) . His surgical treatment of
vesicovaginal fistula gave him world renown . . . Sims' operation revolutionized the
handling of these cases and proved a boon to womankind . While practicing in Alabama
Sims, by chance, discovered that air entered the vagina when a woman is examined in
the knee-chest position . In time he changed his method of examining the woman to that
of lying on her left side (Sims' position) . . . Sims enjoyed one of the largest practices
of his time in New York City. His first patient was referred to him by Dr . Valentine
Mott. The patient had a vesicovaginal fistula . It has been written that he was 'a kind
hearted but impulsive man .' He was one of America's most gifted surgeons and his name
will be a permanent one in medical history . He died, in his seventieth year, on Novem-
ber 13, 1883 ." (T . S . W., Am. J. Surg ., 13 : 578, 1931 .)
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CHAPTER 11
Complex Skin Wounds: 
Advanced Repair 
 Techniques

Key Practice Points

nn Most lacerations can be closed with one or two simple techniques. 
However, some wounds and lacerations are more complicated and 
require advanced repair techniques to close.

nn Long, straight lacerations can take a long time to close. Techniques to 
save time include running sutures, staples, and wound adhesives.

nn The corner, or flap stitch, is an important suture technique for the 
surgeon to master to preserve the blood supply of the tip of the flaps or 
corners in an irregular wound.

nn Injured fat in a laceration or in the underside of a flap has no value and 
can act as substrate for bacterial growth. Injured fat should be débrided 
before closing the wound with sutures.

nn When closing a curving laceration, a “dog-ear” defect can be created. 
The “dog-ear” technique can repair that defect and can improve the 
cosmesis of the wound.

 

Most lacerations and wounds are straightforward and can be closed with the basic 
techniques described in Chapter 10. Some wounds are more complicated, however, 
and present with a variety of technical challenges. This chapter describes some of the 
more complicated wound problems that can be encountered in a wound care setting. 
 Techniques for “solving” these “puzzles” are suggested.

RUNNING SUTURE CLOSURE
Description
Lacerations, usually caused by simple shearing forces, can be quite long and time con-
suming to close. Lacerations often are caused by slash wounds from a knife or a piece 
of glass. The continuous “over-and-over” (running) suture technique can be used when 
a shortage of time is a factor.1 Wounds longer than 5 cm can be considered for this 
technique. The time saved is beneficial to the person repairing the wound, because he 
or she can return quickly to other emergency-department duties. There are drawbacks 
to this technique. If one loop of the suture breaks or is imperfectly positioned, the 
whole process has to be repeated. Wound edge eversion can be difficult to control with 
this technique. Continuous sutures are reserved for straight lacerations in healthy, 
viable skin that would not collapse in with suturing. If this technique is applied to 
curved lacerations, it can create a “purse-string” effect that bunches up the wound. 
Another technique that can be used for long, straight lacerations is wound stapling 
(see Chapter 14).
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Technique for Continuous Over-and-Over 
(Running) Suture
The technique for continuous over-and-over suturing is shown in Figure 11-1A. The 
closure is started with the standard technique of a percutaneous interrupted suture, 
but the suture is not cut after the initial knot is tied (see Fig. 11-1A). The needle is used 
to make repeated bites, starting at the original knot and making each new bite through 
the skin at a 45-degree angle to the wound direction (Fig. 11-1B through 11-1F). The 
cross stays of suture, on the surface of the skin, are at a 90-degree angle to the wound 
direction. The final bite is made at a 90-degree angle to the wound direction to bring 
the suture out next to the previous bite exit (Fig. 11-1G). The final bite is left in a loose 
loop. The loop acts as a free end of suture for knot tying. The first throw of the final 
knot is made by looping the suture end held in the hand around the needle holder, then 
by grasping the free loop (Fig. 11-1H). The first throw is snugged down to skin level 
(Fig.  11-1I). The knot is completed in the standard instrument-tie manner with several 
more throws at skin level (Fig. 11-1J and 11-1K).

BEVELED (SKIVED) WOUNDS
Description
A common problem in layer matching is the beveled-edge, or “skived,” laceration. 
Beveled edges are created when the striking angle of the wounding object is not 
perpendicular, but the angle and force are not acute enough to create a true flap 
deformity.

Technique for Closure of a Beveled Edge
A common misconception about the repair of a beveled-edge wound is that a larger 
bite is taken from the thin edge of the laceration rather than from the bigger edge. The 
opposite technique is the solution to proper layer matching. The technique for closing 
a beveled laceration is shown in Figure 11-2. By taking unequal bites as shown, the edge 
is brought into correct apposition with the opposite edge. If sufficient tissue redun-
dancy exists in the wound area, excision of the edges can equalize the wound so that 
simple sutures can close the wound.

PULL-OUT SUBCUTICULAR CLOSURE
Description
A favorite technique of plastic surgeons is the pull-out subcuticular stitch using a 
nonabsorbable suture material, such as polypropylene (Prolene). This suture mate-
rial is stiffer and stronger than nylon and allows for easier removal.2 A newer, non-
absorbable suture material, polybutester (Novafil), is also useful for this technique.3 
The pull-out closure is limited to straight lacerations less than 4 cm long, because 
the suture would be too difficult to extract at removal time. Children have naturally 
higher skin tension, so this technique is thought by some clinicians to be superior for 
children because it prevents suture marks. Despite this fact, the pull-out subcuticular 
closure has no distinct advantage over percutaneous closure when final wound and 
scar appearance is compared.4 Another use for this technique is for closure of lac-
erations over which splinting materials or plaster will be placed. It also can be used 
in patients who are at risk for keloid formation to prevent keloid formation at the 
needle puncture sites.

Technique for Pull-Out Subcuticular Closure
Before placement of a pull-out subcuticular closure, the superficial fascia (subcutane-
ous tissue) has to be apposed adequately with absorbable suture to bring the dermis 
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Figure 11-1. A-K, Technique for continuous over-and-over suture (running suture). The needle bites are 
made at a 45-degree angle to the axis of the wound. By taking bites at this angle, the cross stay of the suture 
at the skin surface is at a 90-degree angle to the wound axis. See text for complete description of technique.
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close to approximation. The actual closure is begun by passing the needle of 4-0 or 5-0 
nylon or polypropylene 1 to 1.5 cm from the wound end through the dermis layer and 
bringing it out of the wound parallel to and through the plane of the dermis. Subse-
quent bites are made (Fig. 11-3) parallel to the dermis at a depth of 2 to 3 mm into the 
dermis. Each bite should “mimic” the other with regard to bite size and dermal depth 
on each side of the wound until the “tail” is brought out at the opposite end of the 
wound. The beginning and final tail can be secured by wound tape. In the face, this 
suture can remain in place for 7 days. This technique often is used in conjunction with 
wound taping to match dermal and epidermal layers accurately. The suture is removed 
merely by pulling on one end with forceps or a needle holder and sliding the suture out 
of the dermal layer.

SUBCUTICULAR RUNNING CLOSURE
Description
Surgeons often use a subcuticular running closure to close straight incisions. The sub-
cuticular running closure can suffice to close the wound alone, or it can be supple-
mented with interrupted skin sutures. In wound care, this closure should be reserved 
for straight, clean lacerations with sharp, nondevitalized wound edges. It can be used 
to close wounds that have been excised or trimmed where the edges are left fresh and 
straight.

Figure 11-2. Technique for closing a beveled edge. There is a larger bite taken on the larger wound edge; 
there is a smaller bite taken on the flap portion of the wound edge.

Figure 11-3. Technique for pull-out dermal closure. See text for complete description of technique.
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Technique for Subcuticular Running Suture
An absorbable suture material (e.g., Dexon, Vicryl, PDS, Maxon, or Monocryl) can be 
used. One strand is used, without interruption, for the entire laceration. As shown 
in Figure 11-4, the suture is anchored at one end of the laceration. The plane chosen 
is either the dermis or just deep to the dermis in the superficial subcutaneous fascia. 
While maintaining this plane, “mirror image” bites are taken horizontally the full 
length of the wound. The final bite leaves a trailing loop of suture (see Fig. 11-4) so 
that the knot can be fashioned for final closure. This technique commonly is sup-
plemented with wound tapes, particularly if some degree of gapping of the edges 
remains.

CORNER STITCH
Description
Many wounds are irregular and jagged, with corners that need to be secured during 
closure. Corners and flaps are particularly vulnerable because they receive their blood 
supply only from an intact base. Improper suturing of the tip of a corner can compro-
mise an already tenuous vascularity.

Technique for Closing a Corner
A simple technique to secure a corner without interrupting the small capillaries at the 
tip is shown in Figure 11-5. The technique used is the half-buried horizontal mattress 
suture. A nonabsorbable (nylon, Prolene) suture is introduced percutaneously through 
the skin in the noncorner portion of the wound. The needle is brought through the 
dermis, is then passed horizontally through the corner dermis, and is brought back to 
the same plane of dermis on the opposite side of the noncorner portion. Finally, it is led 
out through the epidermis.

The key to this suture is that the flap portion of the suture passes horizontally 
through the dermis and not vertically through the epidermis and the dermis. When 
the tip is in place with the corner stitch, the remainder of the flap can be closed with 
interrupted percutaneous or half-buried horizontal mattress sutures, which should be 
placed far enough from the tip to allow for unrestricted dermal circulation.

A single corner stitch can encompass several corners of stellate lacerations by cap-
turing all of the corners of flaps (Fig. 11-6) until the final percutaneous reexposure is 
completed to tie the knot. The corner suture is one of the most useful suture techniques 
in emergency wound and laceration care for complex wound closure.

PARTIAL AVULSION, FLAP WOUNDS
Description
Flap lacerations are the result of forces that tear up, or avulse, a flap of skin from the 
subcutaneous tissue. The vascular supply of a complicated flap is even more tenuous 
because it derives blood from only its intact dermal attachment. A general rule for via-
bility is that the flap base should exceed flap length by a ratio of 3:1.5 Flaps with lower 
ratios are less likely to survive. The rule varies according to anatomic site and other 
considerations. A long, narrow-based flap is in greater jeopardy than a short, broad-
based flap.

Flaps that are distally based have the tip pointing opposite to the natural cutaneous 
arterial flow. These flaps rely solely on venous backflow for oxygen and nutrients. The 
repair technique has to be meticulous and gentle, and has to be dictated by the condi-
tion of the flap, the width of the total wound, and the anatomic location. Flaps that are 
proximally based usually have adequate perfusions, but the repair has to be handled no 
less carefully.
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Figure 11-4. A-I, Technique for subcuticular running suture. See text for complete description of technique.
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Figure 11-5. A-D, Technique for closing a corner (flap stitch). See text for complete description of technique.

A B C D
Figure 11-6. A-D, Technique for using the corner stitch to close a stellate or multiflap laceration.
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Technique for Preparing and Repairing 
a Complicated Flap
Excessive fatty superficial fascia (subcutaneous tissue) on the underside or dermal 
part of the flap can impair healing when it is secured with sutures. A raw dermal sur-
face is preferable to damaged fat when the flap is replaced in the laceration defect. 
In this sense, flaps are similar to grafts. To improve the chance of flap survival dur-
ing early healing, it is best to remove the excessive fat from the flap before suturing 
(Fig. 11-7). Iris scissors can be used to trim the fat until only a fresh tissue surface 
remains.

If the flap is otherwise in good condition with viable edges, the initial suture is the 
half-buried mattress suture described earlier for corner closure. The remainder of the 
flap can be closed with the same suture technique for the corner closure with simple 
interrupted percutaneous sutures.

Technique for Closing Flaps with Nonviable 
Edges: V-Y Closure
Often flaps have damaged edges that are not viable, in which case the edges can be 
excised to create a smaller but more viable flap. Figure 11-8 shows how this flap is 
secured by converting a V closure to a Y closure to accommodate the smaller amount 
of tissue available. With iris scissors, the edges of the flaps are trimmed back to viable 
tissue. The remaining flap is not large enough, however, to accommodate the resul-
tant defect. By using a modified corner stitch technique, the flap tip can be brought 
together with the wound edges in a Y configuration. The remainder of the wound is 
closed with small-bite percutaneous interrupted sutures. Similar to the previously 
mentioned complicated flap, defatting also is recommended if appropriate.

Line of
dissection

Figure 11-7. Technique for defatting the base of a flap for better union and vascularization to occur after 
suture anchoring. Fat is removed at the dermal–superficial fascia plane.
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Technique for Closing a Wound 
with a Completely Nonviable Flap
Some flaps are beyond revision or repair. In this case, closure can be achieved by 
“ellipsing” the flap (Fig. 11-9) and completely closing the wound by following the 3:1 
length-to-width ratio rule for ellipse closure (see Chapter 9). In some cases, there is 
insufficient tissue redundancy so that ellipsing is not feasible, and the wound has to 
be considered for open healing (secondary intention) or grafting.

GEOGRAPHIC LACERATIONS
Description
One of the most challenging wounds is the geographic laceration, a wound that can be 
irregular in configuration and depth. These lacerations are caused by differential forces 
occurring at the same time to create a complex wound. Closure requires some creativity.

Technique for Closure of Geographic 
Wounds
The first principle in closure of geographic wounds is to appose the natural geographic 
points (Fig. 11-10). After that, simple percutaneous interrupted sutures might suffice, 
but a creative mix of different techniques and suture sizes ultimately might be required. 

Figure 11-8. Technique for closure of flaps with nonviable edges: the V-Y closure. The edges of the flap are 
excised. The remaining flap is not large enough to fill the defect; a corner stitch is placed to close the wound 
as a Y instead of its original V configuration.
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Figure 11-9. A-D, Technique for closure of a wound with a completely nonviable flap. In this case, a com-
plete ellipse can be fashioned and closed primarily.

Figure 11-10. Technique for closure of geographic wounds. Obvious geographic points are apposed first 
with either simple percutaneous sutures or with corner sutures.
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Closure techniques may appear unorthodox, but for traumatic wounds, the maxim 
“whatever works” should be followed to obey basic closure principles and to achieve the 
best possible result.

COMPLETE AVULSIONS
Description
When tissue is lost or avulsed through the primary wounding event, several consider-
ations have to be addressed. Full-thickness losses are identified by the complete loss 
of dermis. Superficial fascia (subcutaneous fat) “shows” through the wound. Partial-
thickness losses are identified by the raw appearance of underlying dermis without its 
covering epidermis. Partial-thickness losses, especially when intact dermal elements are 
visible, heal well without aggressive intervention. Generally, any full-thickness defects, 
less than or equal to 1 to 2 cm2 in area, can be left to heal by open healing (secondary 
intention). This rule also applies to wounds on fingertips.

Full-thickness gaps or defects that are greater in area than 2 cm2 need to be consid-
ered for grafting. Whenever questions arise about the possibility of grafting, consulta-
tion with a specialist is recommended. Some defects can be closed primarily, without 
grafting, and suggested techniques are described subsequently.

Technique for Converting a Triangle 
to an Ellipse
If the avulsion defect is configured as a triangle, conversion of that defect to an 
ellipse can be made by extending with excision the “defect” (see Fig. 11-9B through 
11-9D). If the basic 3:1 length-to-width rule can be maintained during this process, 
the whole defect can be closed with a few dermal (deep) supporting sutures and a line 
of percutaneous sutures with the result of a simple, single suture line. Undermining 
may be required to bring the wound edges together to reduce wound edge tension. 
There must be sufficient tissue redundancy to perform this closure successfully (see 
Chapter 10).

Technique for Closing a Circular or 
Irregular Defect
The simplest way to close a circular or irregular defect is to turn it into an ellipse as 
shown in Figure 11-11. If the defect is too great, a double V-Y closure technique can 
be used. In this case, the defect is covered by two sliding pedicle flaps created by a no. 
15 blade (Fig. 11-12). It is crucial not to disturb the fascial attachments of the flaps 
and not to interrupt the blood supply. The dermis is incised without including the 
subcutaneous tissue to allow the flaps to move forward on their vascular base into  
the gap.

DOG-EAR DEFORMITIES
Description
Trying to close a laceration evenly, particularly if it has a curving configuration, can 
lead to bunching of one or both of the wound edges as the suture closure proceeds. One 
edge of the wound can become redundant and can lead to the creation of a “dog ear.”

Technique for Closing a Dog Ear
To correct a dog-ear deformity, an incision is made with a no. 15 blade, beginning 
at the end of the wound and at a 45-degree angle from the direction of the lacera-
tion on the side of the redundancy (Fig. 11-13). The redundant tissue flap is excised 
along an imaginary line that directly corresponds with the incision. The remaining 
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Figure 11-11. Technique for closure of a circular defect by the ellipse method.

Flap
pedicles

Figure 11-12. Technique for closure of a circular or irregular defect by advancing flap pedicles to effect a 
double V-Y closure. (Adapted from Zukin D, Simon R: Emergency wound care: principles and practice, Rockville, 
Md, 1987, Aspen Publishers.)
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portion of tissue fits the new configuration of the laceration incision and is appropri-
ately sutured. The final outcome is a slightly angulated wound with a “hockey-stick” 
appearance.

PARALLEL LACERATIONS
Description
Two or more parallel lacerations that are in close proximity are often the result of self-
inflicted wounds on the wrists or forearms. They are usually superficial, but because 
of the nature of the anatomic site, these wounds can result in significant injuries to 
the underlying flexor structures of the wrist. Careful functional testing of nerves and 
 tendons with wound exploration often is necessary before closure.

Technique for Closure of Parallel Lacerations
After close inspection and exploration to rule out tendon or nerve damage, the care-
giver will choose from several methods for closing parallel lacerations without com-
promising the blood supply to the tissue “strips” between lacerations. Some wounds 
can be closed with the horizontal mattress suture, modified to cross all lacerations  

45°

Line for
excision

Figure 11-13. Technique for closure of redundant tissue, or a dog ear. The incision is made at an approxi-
mately 45-degree angle from the original axis of the wound. See text for complete description of technique.
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(Fig. 11-14A). Wound tapes are particularly effective if the lacerations are superficial 
(Fig. 11-14B). Finally, the alternating percutaneous approach can be used if the vascular 
supply of the tissue would not be compromised (Fig. 11-14C).

THIN-EDGE, THICK-EDGE WOUNDS
Description
Occasionally a wound can be created in which the thickness of one edge is markedly 
different from the other wound edge. There is unequal dermal loss during injury. To 
appose the two edges properly, simple percutaneous interrupted sutures do not suffice. 
The thin edge has to be elevated to meet the appropriate layers of the full-thickness edge.

A

B

C 
Figure 11-14. Three techniques for closure of parallel lacerations. A, The horizontal mattress technique 
is used to cross all lacerations for closure. B, Wound tapes can be used to close these lacerations. C, If the 
island of tissue is wide enough, alternating sutures can be used on each laceration. It is necessary, however, to 
be careful not to compromise vascular supply when using this technique. (Adapted from Zukin D, Simon R: 
Emergency wound care: principles and practice, Rockville, Md, 1987, Aspen Publishers.)
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Technique for Closing a Thin-Edge, 
Thick-Edge Wound
A technique for closing a thin-edge, thick-edge wound is to use the half-buried horizon-
tal suture in the manner shown in Figure 11-15. The thin edge (dermis lost) is captured 
by the suture and is brought up to match the thick edge (dermis preserved).

LACERATION IN AN ABRASION
Description
Another complex wound is the loss of surface skin accompanied by a laceration in the 
defect.

Technique for Closing a Laceration 
in an Abrasion
The laceration can be repaired by using the deep (dermal) closure with the knot 
buried under the wound surface (see Chapter 10). When the laceration is closed  
(Fig. 11-16), the defect can be managed by allowing it to close by secondary intention 
or grafting.

Figure 11-15. Technique for closure of a thin-edge, thick-edge laceration. The horizontal mattress tech-
nique is used; however, one portion is buried and is not brought through the opposite side of the wound 
surface.
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Defect

Wound edge

Figure 11-16. Technique for closure of a laceration within a deep abrasion. The deep-suture technique is 
used, and the abraded surface is avoided.
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CHAPTER 12
Special Anatomic Sites

Key Practice Points

nn Although scalp lacerations can appear small and innocuous, they can 
bleed profusely to the point of hypotension.

nn Hair does not increase the risk of wound infection. Shaving hair 
increases the risk of wound infection. Hair can be clipped or cleaned to 
prepare the laceration for closure.

nn Closing scalp lacerations with absorbable sutures, particularly in 
children, avoids the need for the patient to return for suture or staple 
removal.

nn The forehead has little redundant tissue. Débride as little as possible to 
preserve skin for later revision if necessary.

nn Face lacerations do not require dressings. Have the patient apply a 
small amount of antibiotic ointment daily to the sutured laceration to 
facilitate easy removal of sutures.

nn Lacerations near the eye can cause several serious complications, such 
as hyphemas, tear duct injuries, and other problems. Carefully examine 
the eye and its structures before closure.

nn Never shave an eyebrow. Eyebrow hair does not grow back in some 
patients, or it grows abnormally.

nn Lacerations to the side of the face can injure the parotid gland or the 
seventh nerve. Examine these structures before repair.

nn Injuries to the nose can cause a septal hematoma. Use an otoscope to 
look in the nares to detect hematoma of the septum or exposed cartilage 
or bone.

nn Lacerations to the ear can involve cartilage. However, it is not necessary 
to suture cartilage. Closure of skin over the cartilage will bring cartilage 
into proper position.

nn Alignment of lacerations through the vermilion border of the lip is 
critical to avoid a noticeable cosmetic defect.

nn If a tooth is knocked out, the prognosis for salvage worsens by the 
minute. If not replaced within 30 minutes, it is not likely to remain viable.

 

Although the wound closure principles and suture techniques discussed in Chapters 
10 and 11 can be applied to all lacerations and wounds, several areas of the body have 
unique anatomic considerations that require special attention. Particular emphasis is 
placed on facial wounds because of cosmetic concerns. Initial management and wound 
closure are crucial to the way that scars eventually form and to the final appearance of 
the injury. Table 8-3 in Chapter 8 presents a reference guide for sutures and closure  
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materials for each anatomic region of the body. Because of the importance and com-
plexity of the hand, this anatomic feature is covered separately in Chapter 13.

SCALP
There are five layers of the scalp: skin (epidermis, dermis), dense superficial fascia, galea 
aponeurotica, loose areolar connective tissue, and periosteum (Fig. 12-1). The skin is 
densely covered with hair. Ragged lacerations often are closed without regard to cos-
metics because of the assumption that hair will hide the scar. Most men experience 
some balding in their lifetimes, however, a fact that must be taken into consideration 
during wound closure.

Underlying the skin is a dense layer of connective tissue that corresponds to the 
superficial fascia. This layer is richly invested with arteries and veins. Although this 
profuse vascularity protects against the development of infection, the denseness of the 
connective tissue tends to hold vessels open when the scalp is lacerated. For this reason, 
even small lacerations can cause considerable bleeding, leading to hypovolemia, hypo-
tension, and even death.1 Hemorrhage is worsened if alcohol is present in the blood, 
which is a finding in 50% of patients with scalp lacerations.2

The next layer of skin is the galea aponeurotica (Fig. 12-2). It is a dense, tendon-
like structure that covers the skull and inserts into the frontalis muscle of the fore-
head anteriorly and into the occipitalis muscle posteriorly. Failure to repair large, 
horizontal lacerations of the aponeurosis can cause the frontalis muscle to contract  

Skin

Dense connective
tissue

Loose connective
tissue

Periosteum

Emissary vein

Diploic vein

Lacuna

Frontooccipital
aponeurosis (galea)

Figure 12-1. Cross-sectional anatomy of the scalp. Note the emissary vein; it can act as a conduit for 
 bacteria to brain tissues if the scalp wound becomes infected.
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asymmetrically, which can cause a significant cosmetic deformity of the forehead. 
 Closure of galea lacerations also is important for protection of the loose connective 
tissue that is vulnerable to infection.

Blood and bacteria can spread easily from a laceration of the skin through the 
injured galea to the loose connective tissue. Within this layer are emissary veins that 
drain into the skull and intracranial veins. Infection of this space can lead to osteomy-
elitis or brain abscess. Beneath the loose connective tissue layer is the periosteum of the 
skull itself. The periosteum can be mistaken for the galea but is not as dense, and it does 
not readily accept sutures without the risk of tearing.

Preparation for Closure
Visual inspection and digital palpation of large wounds are recommended to identify 
galeal or bone injuries. The periosteum frequently is injured during trauma. Injuries 
to this layer often can be seen or palpated through a laceration. Because of its close 
adherence to the bone, a laceration of the periosteum can be mistaken for a skull frac-
ture. Computerized tomography is recommended to rule out a true fracture, even if the 
published criteria for computerized tomography in minor head injury are not met.2,3

Hair removal before closure is necessary only if hair interferes with the actual 
 closure and knot tying. Hair is not contaminated with high levels of bacteria and can be 
cleansed easily with standard wound preparation solutions.4 In a study of 68 patients 
with traumatic scalp lacerations, no wound infections were documented in patients 
whose hair had not been removed before closure.5 If removal is necessary for mechani-
cal reasons, clipping with scissors or shaving with a recessed blade razor suffices.6 
Shaving at skin level can increase the chance for wound infection.7,8 Another method 
to expose the laceration before closure is to apply ointment such as Vaseline or antibi-
otic ointment to the hair around the wound. The hair is then flattened away from the 
wound before closure.

Because of the scalp’s propensity to bleed profusely, hemorrhage control is necessary 
before attempting closure. Trying to suture a bleeding scalp wound can be difficult and 

Occipitalis
muscle

Galea

Frontalis
muscle

Figure 12-2. Lateral view of galea aponeurotica. Repair of large lacerations of the galea is required to 
maintain the integrity of facial structures.
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frustrating. The vessels do not lend themselves to easy clamping or ligation because 
they are encased in the dense connective tissue. Direct pressure, applied in the man-
ner described in the following text, is an effective way to gain hemostasis. First, gross 
contaminants, if present, are removed immediately with a brief cleansing or irrigation. 
Then the wound is covered with sterile, saline-moistened sponges and is compressed 
with an elastic bandage. This bandage can be left in place for 30 to 60 minutes. After 
compression, significant bleeding is usually under control.

Injection of lidocaine with epinephrine can also control bleeding. It can anesthetize 
the wound before formal closure or the application of horizontal mattress (Fig. 12-3) or 
figure-of-eight sutures, which can also aid in controlling bleeding.

Another method to control scalp hemorrhage is the use of hemostatic agents. In a 
review of the available agents, oxidized cellulose (Surgicel) and gelatin foams (Gelfoam) 
are effective for use in skin and scalp wounds.9 Hemostatic agents should be considered 
as a last resort. These agents can interfere with suturing of a scalp wound and can take 
2 to 6 weeks to be absorbed.

Galeal Lacerations
Because the galea is a key anchoring structure for the frontalis muscle, large frontal 
galeal lacerations need to be repaired separately with 3-0 or 4-0 absorbable sutures to 
prevent a serious cosmetic deformity from developing. If the frontalis muscle loses its 
anchoring point at the muscle-galeal junction along the frontal scalp line, facial expres-
sions dependent on that muscle appear distorted and asymmetric. Closure of large 
galeal lacerations in other areas of the scalp also is recommended to protect the loose 
connective tissue layer from infection.

Uncomplicated Lacerations
Uncomplicated, shearing lacerations can be closed with nonabsorbable 5-0 or 4-0 
monofilament nylon, staples, or fast absorbable gut suture. The fast absorbable gut 
material often is preferred for children, because suture removal becomes unnecessary. 
Some practitioners find this strategy equally effective for adults. Absorbable irradiated 
polyglactin-910 (Vicryl Rapide) also can be used to close scalp wounds, obviating the 
need for later suture removal.10,11 Closure outcomes with this material are similar to 

Figure 12-3. Horizontal mattress suture technique for closure of scalp wounds with uneven or macerated 
edges.
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outcomes for other methods, in that low rates of dehiscence and infection result.12 The 
use of staples is common for scalp wounds. Stapled wounds heal in the same way as 
wounds treated with standard closure methods.13,14 In children, the cosmetic outcome 
of stapled scalp lacerations is no different from the outcome of lacerations closed with 
standard sutures.15 In an analysis of stapling versus suturing, stapling was significantly 
faster and less costly.16

A simple, “low-tech” approach to scalp laceration closure is hair braiding. Because 
hair removal is not necessary for scalp laceration cleansing and repair, the hair itself can 
become the closure material.17 This technique works best for straight and superficial 
lacerations with enough hair to tie in small knots. The wound is cleansed and irrigated 
(see Chapter 7). About 10 to 20 hairs on each side of the wound are moistened with 
saline or water and are clumped together to form a “thread.” The two threads are tied 
together in a simple square knot. Forceps can be used to tighten the knot to prevent 
slippage. A small amount of cyanoacrylate glue (Dermabond) can be applied to the 
knot to increase security. Sutures and staples provide more overall wound security, but 
patients must return for removal of these closures.

Compression Lacerations with Irregular 
Margins
Lacerations of the scalp are often caused by blunt rather than sharp shearing forces. 
In these cases, the wound and its edges are irregular and macerated. Simple closure 
with percutaneous, interrupted sutures can be difficult under these conditions. The 
scalp does not have excessive tissue redundancy, so débridement has to be kept to a 
minimum, or the wound cannot be approximated without abnormally high tension. 
The rich vascularity of the scalp allows for eventual successful healing even if less than 
optimal tissues are brought together. After judicious wound edge trimming, the hori-
zontal mattress suture technique is recommended to approximate the remaining edges 
(see Fig. 12-3). This technique also is useful for closing an excessively bleeding wound.

Compression injuries can result in complex, stellate lacerations. Judicious débride-
ment is advised. The corner closure (flap) technique, described in Chapter 11, often 
approximates all of the corners and flaps in one suture. The remainder of the repair is 
performed with simple percutaneous or half-buried mattress sutures.

Avulsion or Scalping Lacerations
High-speed forces that are delivered in a tangential manner to the scalp can cause 
large flaps or complete loss of portions of the scalp. Associated intracranial injury 
also can occur. These wounds are best managed by a consultant. Preserved portions 
of complete scalp avulsions, similar to other amputated parts, are wrapped in saline-
moistened gauze, are placed in plastic bags, and are cooled over ice. It is possible that 
they might be reimplanted in the defect by grafting or microvascular anastomosis 
techniques.

Aftercare
After repair, it is sometimes necessary to place a temporary (24-hour), light-pressure 
compression wrap with an elastic bandage over the scalp dressing of large lacerations 
to prevent formation of wound hematoma. The patient can be instructed to remove the 
bandage after the recommended compression period.

Most scalp lacerations do not require dressing, just a thin layer of an antibacterial 
ointment. Scalp sutures are left in place for 7 to 9 days for adults and for 5 to 7 days 
for children. Gentle bathing of the scalp can commence 24 hours after closure. Daily 
application of ointment after cleansing is recommended.
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FOREHEAD
The forehead is a common site of injury in children and adults. The forehead is also of 
paramount cosmetic importance because of its visibility. Three principles govern the 
initial repair of a forehead injury, as follows:
 •  Skin tension lines that parallel skin creases play a major role in the outcome of any 

laceration. A laceration that is perpendicular to dynamic skin tension lines tends to 
heal with a more visible scar than one that is parallel to these lines (see Chapter 3).

 •  The forehead has little excess tissue to permit extensive revisions and excisions. The 
temptation to excise ragged wounds has to be assessed carefully or resisted. A small 
defect can inadvertently become larger by overaggressive repair efforts.18 It is often 
best to preserve as much tissue as possible just by “tacking down” ragged tissue tags 
so that later cosmetic revisions can be made when conditions are more favorable.

 •  Whenever possible, avoid the use of dermal (deep) absorbable sutures. Excessive tis-
sue reaction with increased scar size can result from deep sutures.

Preparation for Closure
Anesthesia for small or single lacerations of the forehead can be accomplished by the 
direct or parallel injection techniques, using an anesthetic with epinephrine to decrease 
bleeding. Large or multiple lacerations often are managed best by a forehead block (see 
Chapter 6). This block reduces the number of needle-sticks and prevents distortion of 
the tissues to allow for more accurate wound edge approximation.

When anesthesia is achieved, the wound can be explored for any bony abnormality 
or foreign body; radiographs are recommended when the suspicion for either is raised. 
Large pieces of glass can be discovered under small and innocuous-appearing wounds. 
After gentle scrubbing with a sponge, after irrigation, and after débridement with the 
tip of a no. 11 blade, most foreign material should have been removed. Any remaining 
permanent material can be surgically removed. Every effort is made to remove potential 
tattooing tar or grit at the time of the first repair. When in doubt, consultation with a 
specialist should be considered.

Uncomplicated Lacerations
Most lacerations can be closed with the simple percutaneous technique using a 6-0 
monofilament nonabsorbable suture. Absorbable sutures, such as Vicryl Rapide, can 
be used for superficial skin closure as well.19 Deeper lacerations may require placement 
of a few supporting dermal (deep) 5-0 absorbable sutures. The percutaneous tech-
nique in any laceration should be performed by taking small bites (close to the wound 
edge) with several sutures rather than large bites with few sutures. This technique 
reduces wound edge tension and allows for more accurate wound edge apposition.

Complex Lacerations
Multiple Small Flaps, Lacerations, 
and Abrasions (Windshield Injury)
One of the most daunting wounds is a “windshield” injury, characterized by multiple 
lacerations, abrasions, gouges, and small flaps. The anesthetic technique of choice is 
the forehead block. Flaps that are smaller than 5 mm in width and length are tacked 
down with single 6-0 percutaneous nonabsorbable sutures (Fig. 12-4). Larger flaps can 
be closed using the corner technique. Partial-thickness abrasions and shallow gouges 
(<5 to 10 mm wide and 1 to 2 mm deep) can be left to heal by secondary intention. 
Other lacerations are closed as necessary with percutaneous sutures. A petroleum-
based antibiotic ointment applied three times a day suffices as a dressing. Because of 
cosmetic concerns, a consultant might be helpful, especially if the wounds are severe. 
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Consultation also is appropriate if the estimated time of repair would interfere with  
an emergency physician’s other duties, even if there is little technical challenge.

Ragged-Edge Lacerations, Large Flaps, 
and Tissue Defects
Lacerations with ragged and macerated edges can be trimmed as described in Chapter 
9. If the unevenness or maceration is not extensive, complete excision is an option if 
the laceration is parallel to the skin tension lines and there is sufficient tissue redun-
dancy. Lacerations perpendicular to skin tension lines have less tissue redundancy 
and cannot tolerate wide excision. The principle of tissue preservation has to be kept 
in mind when considering excision. When there is any doubt about tissue availability 
for excision, the caregiver should try to preserve what is viable or should obtain a 
consultation.

Large avulsion flaps and near-scalping injuries are prone to what is called the trap-
door phenomenon, in which congestion and lymphedema lead to unsightly bulging of 
the flap after repair. The flaps are U-shaped with the base in a superior position on the 
forehead. These injuries are best managed by a consultant.

Aftercare
Facial lacerations usually do not require dressings. Daily application of an antibacterial 
ointment after gentle cleansing is recommended for protection and to allow for easier 
suture removal (by reducing crusting). Cotton swabs moistened with a mild soap and 
water solution are useful for cleaning in and around facial lacerations. A small amount 
of antibiotic ointment applied to the laceration after cleaning makes it much easier 
to remove the sutures. Facial sutures are removed within 3 to 5 days to prevent suture 
mark formation. Larger lacerations (>2 cm) are supported by wound tape for 1 week 
after suture removal.

Figure 12-4. Small abrasions/lacerations, caused by a windshield injury, often can be closed by using simple, 
single, percutaneous sutures or single corner sutures.
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EYEBROW AND EYELID
The eye and periorbital tissues are susceptible to serious injury by relatively minor 
trauma. Figure 12-5 illustrates various structures that must be checked for damage 
before repair proceeds. If any of the important anatomic parts discussed here are 
involved, immediate referral to a consultant is recommended.

Lacerations of the medial lower lid can injure the tear duct apparatus (lacrimal cana-
liculus and nasolacrimal duct) or the medial palpebral ligament at the medial canthus. 
Copious tears running down the cheek of the patient are a sign of possible tear duct 
injuries. A laceration of the medial palpebral ligament displaces the lid apparatus later-
ally, giving the appearance that the patient is “cross-eyed.”

The levator palpebrae muscle is responsible for maintaining the eyelid in its normal 
position when open. Interruption of the muscle causes traumatic ptosis. Injury to the 
muscle is suspected when periorbital fat can be seen to extrude from a laceration of the 
upper lid. Periorbital fat signifies that the orbital septum has been violated. The levator 
muscle originates from the septum; any septum injury risks this muscle.

Close inspection of the eye itself is necessary to rule out a hyphema, corneal abra-
sions, blow-out fracture, and foreign bodies. A complete examination of the eye includes 

Levator palpebrae
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Figure 12-5. Important anatomic structures that can be injured during eye trauma. The integrity of these 
structures must be confirmed before the closure of any laceration (see text).
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extraocular muscle function, pupil reaction, and corneal staining. Of these injuries, 
hyphema is the most serious. It is caused by a direct blow to the eye and is recognized 
by a blood layer in the anterior chamber of the eye in patients in the upright position. 
In patients who are supine, blood distributes evenly in the anterior chamber over the 
iris and gives the iris a color different from the opposite iris. The patient also complains 
of decreased vision in the affected eye. Having the patient sit up reveals the hyphema as 
the blood settles with gravity.

Preparation for Closure
It is best to deliver an anesthetic to the eyelid by direct wound infiltration, using a 
small 27-G or 30-G needle. Epinephrine-containing anesthetics are not necessary. For 
the eyebrow, the same technique is used, but epinephrine in the anesthetic can be 
useful to control minor bleeding. Special care is taken to minimize spillage of cleans-
ing agents into the eye to prevent unnecessary corneal irritation. Povidone-iodine 
solution (not a detergent-containing solution) diluted 1:10 with saline and nonionic 
surfactants (Shur-Clens) are the cleansing agents of choice.20 Inadvertent spilling 
of these preparations can be prevented by holding a folded 4 × 4 sponge over the 
closed eyelid margin to absorb free solution. The caregiver should never shave the hair 
from the lid margin or brow because of the unpredictability of hair regrowth in these  
locations.

Closure of Extramarginal Lid Lacerations
Extramarginal lacerations are usually horizontal and occur most commonly in the 
upper lid. If extramarginal lacerations are simple and superficial, they can be repaired 
with a single layer of 6-0 nonabsorbable suture material (Fig. 12-6). No dressing is 
applied. These lacerations heal well enough that scars become virtually unnoticeable 
with time.

Until more recently, nonabsorbable suture was the only material recommended 
for skin closure of the face. In practice, some physicians have started closing face 
and eyelid lacerations with rapidly absorbable polyglactin-910 (Vicryl Rapide).21 The 
principal advantage of these sutures is that a return visit to the physician for removal 
is not required. The rapid resorption property of this material causes the sutures to 
fall away naturally within 7 to 10 days. In a study of periophthalmic skin wounds 
closed with 7-0 Vicryl Rapide, healing was observed to be equal to healing with non-
absorbable nylon.22 No suture marks were present at 2 months in the Vicryl Rapide 
group.

Closure of Intramarginal Lid Lacerations
Intramarginal lacerations involve the lid margin and, similar to lip lacerations, require 
extremely precise repair to ensure proper alignment. Abnormal eversion (ectropion) or 
inversion (entropion) is a complication of improper alignment. Intramarginal injuries 
probably are best left to a consultant for repair (Fig. 12-7).

Figure 12-6. Extramarginal lacerations of the upper lid are usually horizontal and can be closed with a 
simple row of percutaneous closures.
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Closure of Eyebrow Lacerations
Simple, uncomplicated eyebrow lacerations can be closed with a 5-0 nonabsorbable 
monofilament. As previously mentioned, the eyebrow is never shaved or trimmed. Occa-
sionally, one or two dermal (deep) closures are necessary to approximate the superficial 
fascia. Great care is taken to align the brow margins properly to prevent a cosmetic defor-
mity. Alignment sutures at the superior and inferior margins of the brow hair are placed 
to initiate closure. Deep sutures, if required, can be placed after the alignment sutures.

If the laceration has particularly ragged or macerated edges, trimming or careful 
excision can be performed. A basic principle to observe is that any débridement has to 
be parallel to the brow hair shafts (Fig. 12-8). Failure to observe this principle can lead 
to an unnecessary defect after the repair.

Aftercare
No dressing is necessary for lid or brow lacerations. Daily cleansing followed by applica-
tion of an antibacterial ointment is recommended. Sutures are removed in 3 to 5 days 
in children and adults.

CHEEK OR ZYGOMATIC AREA
There are two major structures underlying the cheek area, just anterior to the ear, 
that can be injured by penetrating lacerations: the parotid gland and the facial nerve  
(Fig. 12-9). If the parotid gland is injured, salivary fluid can be seen leaking from the 
wound. Inspection of the inside of the mouth often reveals bloody fluid coming from 
the opening of the parotid duct located on the buccal mucosa of the cheek at the level 

Figure 12-7. A vertical, intramarginal lid laceration is best left to a consultant to repair.

Figure 12-8. Most eyebrow lacerations can be closed without tissue débridement. If macerated or devital-
ized tissue must be removed, however, it is important to excise this tissue parallel to the hair shaft. This exci-
sion technique prevents an unsightly cosmetic defect.
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of the upper second molar tooth. The parotid gland is approximately 1.5 cm beneath 
the skin.

Lacerations of this region also can injure the facial nerve. It is necessary to test all 
five branches of the nerve to ensure that each one is intact. The temporal branch is 
tested by asking the patient to contract his or her forehead to elevate the brow. The 
function of the zygomatic branch is observed by asking the patient to open and shut 
the eyes. The act of sniffing with flaring of the nasal alae is also evidence for preserved 
function of that branch. Buccal and mandibular branches innervate the lips during the 
acts of smiling and frowning. Finally, the cervical branch is tested by requesting that 
the patient shrug the neck through contraction of the platysma muscle.

Preparation for Closure
The cheek is anesthetized and cleansed in the standard manner described earlier in this 
chapter and in Chapters 6 and 7. Care is taken to avoid spilling cleansing solutions onto 
the eye.

Closure of Uncomplicated Cheek 
Lacerations
The standard percutaneous technique using 6-0 monofilament closes most lacerations. 
Uncomplicated lacerations can be closed with absorbable gut sutures. These sutures 
usually dissolve within 7 days. If they do not, the patient is instructed to rub them 

Temporal branch

Zygomatic branch

Facial nerve

Parotid gland

Cervical branch

Parotid duct

Buccal branch

Mandibular branch

Figure 12-9. The parotid gland and facial nerve underlie the zygomatic and cheek areas. Any lacerations 
anterior to the ear must be assessed carefully for injuries to the various branches of the facial nerve, parotid 
gland, or parotid duct.
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off gently to prevent the formation of suture marks. In linear low-tension lacerations, 
wound adhesives are an option. Many people have natural creases in the skin of the 
cheek and face. These creases have the same importance cosmetically as the vermilion 
border of the lip. Proper alignment of the creases requires special attention. Often the 
initial percutaneous suture is placed in alignment with the crease before proceeding 
with the remainder of the closure.

Deep or Through-and-Through 
Lacerations
Complex lacerations that travel deep into the soft tissues of the cheek, or those that 
penetrate the oral cavity, are at risk for injuring the parotid gland or facial nerve as 
mentioned earlier. If neither the parotid gland nor the facial nerve is injured, repair can 
proceed. If there is any doubt, a consultant is required. The oral cavity portion of a pen-
etrating laceration is left open unless it is large (>3 to 5 cm). Large mucosal lacerations 
are closed with 5-0 chromic gut suture. The external wound is irrigated and is closed 
with 6-0 monofilament.

Aftercare
Dressings are usually unnecessary for lacerations in the cheek area. Daily cleansing and 
application of an antibacterial ointment allow for easier suture removal at the 3- to 
5-day interval for children and adults.

NASAL STRUCTURES
The nose is composed of a bony and a cartilaginous skeleton. Similar to the ear, direct 
blows to the nose can cause the formation of a hematoma and a late abscess that com-
press and injure the nasal infrastructure, including the septum23 (Fig. 12-10). If not 
drained, a hematoma can lead to collapse through pressure necrosis of the septum. Lac-
erations of the nose are common and are often associated with fractures. Radiographs 
do not always identify fractures, and palpation is a more sensitive indicator of bone 
injury and displacement.

The skin of the nose is inflexible with little redundancy. It also tears easily with 
 percutaneous suture placement. Consequently, repairs must be performed with great 
care. Any débridement should be considered only in consultation with a facial specialist.

Septal hematoma

Figure 12-10. Septal hematoma in the area of the anterior nasal septum. Failure to drain this hematoma 
leads to septal necrosis and collapse.
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Preparation for Closure
Before preparation and closure, the nose is inspected for the injuries mentioned in the 
previous section. Septal hematoma is recognized by its bluish, bulging appearance in 
the anterior septal area (Kiesselbach’s area). The preferred method of examination is 
with a nasal speculum and an appropriately powerful light source. Penlights and oto-
scopes may be inadequate.

Anesthesia of the nose is best accomplished by the direct wound infiltration tech-
nique with a 27-G or 30-G needle, using an agent without epinephrine. Nasal blocks are 
difficult to achieve and usually are reserved for major repairs. Cleansing of the nose is 
done using povidone-iodine solution and saline irrigation.

Skin Lacerations
Most skin lacerations can be repaired with 6-0 nonabsorbable percutaneous monofila-
ment sutures. Sutures are placed with small bites because nasal skin tends to invert. The 
skin also is torn easily, so great care must be used to avoid creating excessive tension. If 
tension is present, the placement of one or two deep 6-0 or 5-0 absorbable sutures sup-
ports the percutaneous sutures. Complex and irregular skin wounds have to be handled 
carefully. Because there is little redundancy of nasal skin, débridement must be mini-
mal. The best strategy is to “tack down” small tags or flaps percutaneously or to obtain 
consultation.

Nostril and Cartilage Wounds
Nostril lacerations involve the rim with skin, cartilage, and mucosal injuries. Align-
ment of the rim is crucial to prevent “notching.” The skin is closed with 6-0 nonabsorb-
able suture, and the mucosa is sutured with 5-0 or 6-0 absorbable suture. Placement of 
sutures in the cartilage is not necessary during repair. Closing the skin and mucosa over 
the cartilage ensures adequate healing. Complete coverage of cartilage is mandatory 
because of its tendency to develop chronic chondritis if exposed. Avulsion and mutilat-
ing injuries of either the skin or the cartilage are best managed by a consultant.

Septal Hematoma
A hematoma over the septal cartilage is drained with a hockey-stick or a crescent-shaped 
incision (Fig. 12-11). The incision is always made in the dependent portion of the hema-
toma. To prevent reaccumulation, an anterior nasal pack is placed with gauze that is 
impregnated with petroleum jelly (Vaseline), and the patient is referred to a consultant 
within 24 to 48 hours for follow-up. When packing is placed, antibiotics are often rec-
ommended to prevent sinus infection. Amoxicillin and trimethoprim-sulfamethoxa-
zole (Bactrim) are reasonable choices.

Lacerations with Bone Involvement
Uncomplicated lacerations of the skin over nondisplaced nasal fractures can be closed 
using previously described techniques. Complex lacerations with fracture displace-
ment, mucosal injury from bone fragmentation, or extensive cartilage involvement are 
best managed by a consultant. An uncommon but serious complication of nasal inju-
ries is cerebrospinal fluid leak. It can be detected if clear fluid or diluted blood is seen 
dripping from the nose. A drop of this fluid placed on filter paper will leave a clear 
“halo” around a central bloody point.

Aftercare
Dressings are optional for nasal lacerations. Often a simple Band-Aid suffices. Percuta-
neous sutures are removed in 3 to 5 days in children and adults. The value of antibiotics 
for nasal lacerations is unclear. The natural vascularity of the face is protective against 
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infection. Any decision to use antibiotics is based on the circumstances of individual 
cases. Injuries with fractures should be referred to a specialist. If these injuries are  
edematous and the anatomy is obscured, referral is planned for 3 to 5 days following 
the injury.24 When the underlying deformity and anatomy are revealed after the swell-
ing is reduced, a more accurate repair of the broken nasal bones can be performed with 
a better cosmetic result.

EAR
The ear consists of a cartilaginous skeleton covered by tightly adherent skin with little 
intervening superficial fascia (subcutaneous tissue). A direct blow to the ear can cause 
a hematoma to form, usually in the area of the antihelix, with a resultant breakdown 
of the cartilage caused by pressure between the skin and cartilage (Fig. 12-12). The 
eventual result is the well-known “cauliflower” ear. The most important objective for 
repair of open wounds is the coverage of any exposed cartilage. Failure to do so leads to  
chondritis and breakdown.

Preparation for Repair
In addition to inspecting the external ear for hematoma formation and cartilage injury, 
the internal canal and tympanic membrane are visualized to complete the examination. 
Blunt injuries to the ear can cause perforations of the tympanic membrane. The most 
significant injury that can accompany lacerations to the ear is a basilar skull  fracture, 
which can be recognized by hemotympanum or Battle’s sign (ecchymosis of the  
mastoid area).

Small, uncomplicated lacerations to the ear can be anesthetized by direct infiltra-
tion with a 27-G or 30-G needle using an anesthetic solution without epinephrine. 

Figure 12-11. Technique to drain a septal hematoma. A no. 11 blade is used to create a hockey-stick inci-
sion. After drainage, the nose is packed with gauze impregnated with petroleum jelly (Vaseline). (Adapted 
from Zukin D, Simon R: Emergency wound care: principles and practice, Rockville, Md, 1987, Aspen Publishers.)
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The need le is introduced carefully between the skin and the cartilage, and only a small 
amount of anesthetic is deposited to minimize distortion of the wound edges. For 
large, complex lacerations and wounds, the ear block described in Chapter 6 can be 
used. Cleansing is done with povidone-iodine solution and irrigation. Because of the 
complicated topography of the ear, cotton-swab applicators can be particularly useful 
for cleansing and removing dried blood in crevices.

Uncomplicated Lacerations
Simple lacerations of the helix and lobule that do not involve cartilage can be closed 
with interrupted 6-0 nonabsorbable monofilament sutures (Fig. 12-13). To prevent 
wound edge inversion, small 1- to 2-mm bites are taken. If débridement is necessary, it 
should be kept to a minimum to prevent exposure of the cartilage. Sutures are removed 
4 to 5 days after repair.

Lacerations Involving Cartilage
Sharp, shearing lacerations that penetrate cartilage can be managed by carefully appos-
ing the skin overlying the cartilaginous interruption. The skin is sufficiently adherent 
and supporting so that sutures do not have to be placed through the cartilage itself 
to bring together the lacerated cartilage edges. In addition, cartilage tears easily and 
does not hold sutures well. Sharp, through-and-through lacerations can be managed 
by suturing the anterior and posterior portions of the laceration. The cartilage comes 
together without sutures. Care is taken to ensure that the skin over the helix rim is 
everted so that scar contraction does not cause notching.

Irregular wounds that involve cartilage must be managed with two principles in 
mind: (1) Débridement must be kept to a minimum, and (2) no cartilage must be left 
exposed. If cartilage is exposed and the skin cannot be brought together over it without 
undue tension, it can be débrided conservatively to match the skin and cartilage edges. 
A total of 5 mm of cartilage can be sacrificed without deforming the cartilaginous 
skeleton. No sutures are placed in the cartilage (Fig. 12-14). Complex cartilage injuries 
require consultation.

Helix

Antihelix

Antitragus

Tragus

Perichondral
hematoma

Figure 12-12. Anatomy of the external ear. Note the presence of perichondral hematoma; hematoma for-
mation can occur after blunt trauma to the ear and can accompany lacerations.
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Figure 12-13. Simple noncartilaginous lacerations of the ear are closed with either interrupted or running 
percutaneous skin sutures.

A

B

Skin

Cartilage

Figure 12-14. A, Cartilage that extends beyond the margins of the skin injury can be trimmed back, using 
tissue scissors, to ensure complete coverage anteriorly and posteriorly by skin. B, Skin is closed with simple 
percutaneous sutures. No sutures are necessary for the cartilage. (Adapted from Zukin D, Simon R: Emer-
gency wound care: principles and practice, Rockville, Md, 1987, Aspen Publishers.)
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Perichondral Hematoma
When a perichondral hematoma is present, it has to be drained adequately. There is 
a 72-hour window for hematoma drainage beyond which the risk of cauliflower ear 
increases.25 A small incision is made over the hematoma, and the hematoma is evacu-
ated from the space between the perichondrium and the cartilage. Placement of a small 
rubber drain is optional. After drainage, a mastoid dressing is placed (see Chapter 20). 
The dressing is removed within 24 hours, and the site is inspected for reaccumulation. 
More often than not, complex lacerations and hematomas of the ear are best cared for 
by or under the guidance of a consultant.

Aftercare
Because the ear is difficult to dress, it is often left open. Daily gentle cleansing, followed 
by application of an antibacterial ointment, is recommended. If there is any question 
of possible perichondral blood accumulation after the patient is discharged, a mastoid 
dressing is recommended (see Chapter 20) as discussed above. Sutures are removed after 
4 to 5 days for adults and after 3 to 5 days for children. When cartilage is involved or 
a septal hematoma has been drained, antibiotic prophylaxis is recommended. Choices 
include dicloxacillin, a first-generation cephalosporin, or amoxicillin with clavulanate. 
Erythromycin or clindamycin can be used in a penicillin-allergic patient. Uncompli-
cated, noncartilaginous injuries do not require antibiotics.

LIPS
Lacerations of the lip can cause devastating cosmetic defects if not properly and 
meticulously repaired. A misalignment by 1 mm of the vermilion border, or “white 
line,” can be noticed by a casual observer. It is a defect that cannot be revised easily 
after primary healing has taken place. Other important anatomic structures include 
the mucosal border (the portion of the lip that divides the intraoral and extraoral 
portion of the lip) and the underlying orbicularis oris muscle. Each of these struc-
tures requires careful and exact apposition to achieve the best structural and cos-
metic result. Vertical through-and-through lacerations often violate all three of these  
structures.

Preparation for Closure
Although the mouth is replete with bacteria, and a lip laceration would not remain 
clean during the repair procedure, cleansing is performed only to remove gross debris 
and dirt. If any teeth are broken, a careful search is made in the wound for teeth frag-
ments. Retained tooth particles can cause marked inflammation and infection leading 
to a complete breakdown of any attempted repair. Whenever a portion of a tooth can-
not be accounted for, a lateral radiograph of the face using the soft tissue technique can 
reveal the missing fragment.

Anesthesia for lip repairs is best accomplished by either an infraorbital nerve block 
for the upper lip or a mental nerve block for the lower lip (see Chapter 6). Direct infiltra-
tion of the laceration can cause excessive distortion of the lip and can create difficulties 
when an attempt is made to align wound edges properly.

Uncomplicated Lacerations
Most lip lacerations do not require extensive revision or débridement. The key to clo-
sure is proper alignment of the anatomic structures listed previously. If the vermilion 
border is violated and the laceration is superficial, the repair begins with placement 
of the first suture, with careful precision, through that border on each side of the 
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wound (Fig. 12-15). When alignment is judged to be appropriate, the remainder of 
the wound is closed with 6-0 nonabsorbable monofilament sutures. If the mucosal 
border is violated, it also is aligned meticulously. As a general rule, if the laceration 
extends beyond the mucosal border into the oral cavity, 5-0 absorbable suture, such 
as chromic gut, is used to close that portion. Irradiated polyglactin 910 (Vicryl) is also 
recommended because it does not “stiffen” as much as gut, and it is absorbed rapidly.

Complicated and Through-and-Through 
Lacerations
In contrast to many other structures of the face, the lip can be revised, and significant 
portions of devitalized tissue (25% of the upper or lower lip) can be excised in a V shape 
without causing significant deformity except for the area of the upper lip just below 
the nose, the philtrum, and the oral commissures. Considerable judgment is required 
to handle these cosmetic problems in image-conscious patients who have high expec-
tations for excellent results. Consultation is advised for lacerations and injuries that 
would affect the patient’s appearance.

Repair of a vertical through-and-through laceration is illustrated in Figure 12-16. 
The repair begins with closure of the vermilion border. Next, the orbicularis oris muscle 
is reapproximated carefully with deep 5-0 absorbable suture material, such as polygly-
colic acid. The deep sutures should include the fibrous covering of the muscle to ensure 
anchoring. The remainder of the repair proceeds with 6-0 nonabsorbable sutures for 
the skin and exposed lip. For the oral cavity portion inside the mucosal border, 5-0 
absorbable sutures are used.

Aftercare
No dressing is placed on the lips. The patient is reminded not to bring excessive pres-
sure to bear on the suture line while the sutures are in place. Rinsing the mouth after 
eating is recommended to prevent small particulate matter from penetrating the 
suture line. Extraoral sutures are removed after 4 to 5 days in adults and after 3 to  
5 days in children to prevent the formation of suture marks. A controlled study of 
intraoral lacerations suggests that there is some benefit to administering oral peni-
cillin V potassium (Penicillin VK) four times daily for 5 days as prophylaxis against 
infection.26 Erythromycin or clindamycin may be considered as alternatives for a 
penicillin-allergic patient.

Figure 12-15. The major goal when closing any lip laceration is to align the appropriate borders. Initial 
suture placement and alignment of the vermilion border are shown. When the vermilion border or white line 
is aligned, the remainder of the laceration is closed.
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ORAL CAVITY
The oral cavity consists of several structures, each of which requires separate consid-
erations during management and repair. These are the buccal mucosa, gingiva, teeth, 
salivary glands and ducts, tongue, mandible, and alveolar ridge of the maxillary bone. 
Injuries to the oral cavity can be a potential threat to airway patency.

Preparation for Repair
Other than airway considerations, the most important part of the evaluation of the oral 
cavity is the determination of the integrity of salivary structures, bone, and teeth. Visual 
inspection and palpation are necessary to complete the examination. Particularly trou-
blesome are teeth, fragments of which must be accounted for if possible. They can lodge 
easily in the mucosa and the deep tissue of the lip, where they can cause severe inflam-
mation and infection if not removed before closure. If there is any question about the 
location of a tooth or fragment, radiographs of the soft tissues should be obtained.

Buccal Mucosal and Gingival Lacerations
As a general rule, lacerations of either the buccal mucosa or the gingiva heal without 
repair if the wound edges are not widely separated or if flaps are not present. Wounds 
that gape open (usually ≥2 to 3 cm) need only one to three sutures for closure. Flaps that 
interpose between teeth can be excised or closed; 5-0 chromic gut or another absorbable 
material can be used. The oral cavity tissues heal remarkably quickly, and most lacera-
tions, even large ones, close without sutures. After repair, the patient is instructed to eat 
soft food and to rinse the mouth gently after each meal.

Occasionally a flap of tissue overlying the mandibular or maxillary ridge is cre-
ated during injury to the gingiva. Because of the lack of support provided by thin 
supporting tissues, the gingival flap cannot be sutured easily. A technique illustrated 
in Figure 12-17 shows how sutures are brought circumferentially around teeth to 

A

B

C

D

Figure 12-16. A, Demonstration of a through-and-through laceration of the lip involving the orbicularis 
oris muscle. B, Closure of the orbicularis oris muscle is performed by the use of absorbable deep sutures, 
such as polyglycolic acid. C, When the orbicularis oris muscle is approximated, the vermilion border or white 
line is approximated. D, The remainder of the laceration is closed with simple percutaneous monofilament 
nylon sutures.
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provide the necessary anchor for the repair; 4-0 or 5-0 chromic gut or other absorb-
able material is used.

Tongue Lacerations
Repairing a lacerated tongue can be challenging. Small lacerations ≤1.5 cm, which do 
not gape widely when the tongue is extended, heal without intervention. Lacerations 
that gape widely, actively bleed, are flap shaped, or involve muscle probably need clo-
sure. The key to repairing these lacerations is to gain the confidence of the patient. With 
frightened children, gaining confidence is often difficult, and the patient may be best 
served in a surgical setting where sedation and anesthesia can be delivered. An assistant 
is required to control the tongue with dry gauze sponges, or a towel clip is placed in 
the previously anesthetized tip. A bite-block can be fashioned to prevent injury to the 
assistant or to the operator. The wound area is anesthetized by direct infiltration with-
out epinephrine. The tongue heals rapidly and can be closed with an absorbable suture  
(e.g., 4-0 chromic, polyglycolic acid, or Vicryl). The sutures are placed in large bites to 
include the mucosa and muscle.

Aftercare
For the first 2 or 3 days after repair of an intraoral laceration, soft foods and liquids are 
recommended. Rinsing the oral cavity after eating also is helpful.

Dental Trauma
Teeth often are loosened by trauma to the oral cavity. Minimal loosening (<2 mm), as 
determined by gentle “rocking” of the tooth between the examining fingers, usually 
reverses without intervention. Marked loosening or subluxation with an accompanying 
fracture of the alveolar ridge needs to be repaired with dental stabilization.

Figure 12-17. Avulsion of gingival/mucosal tissue. The technique to close this injury is shown. The 
sutures are brought around the teeth and through the avulsed tissue flap. (Adapted from Zukin D, Simon R: 
Emergency wound care: principles and practice, Rockville, Md, 1987, Aspen Publishers.)
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Intact teeth also can become avulsed. These teeth can be replaced in an anatomically 
intact socket, but the prognosis for salvage decreases with each minute that passes. On 
arrival in the emergency department, an attempt should be made to insert the avulsed 
tooth in the socket if possible.27 If the socket contains debris, gentle removal is tried. 
Vigorous intervention should be avoided. The tooth can be handled by the crown but 
not by the root. To avoid damage to the periodontal ligament, cleaning of the tooth is 
not recommended. Even saline may be harmful to ligament cells.

If the tooth cannot be reinserted easily, it can be “stored” in one of three ways until a 
dentist or an oral surgeon can be consulted. The three storage methods are (1) between the 
buccal mucosa and gum of the patient’s mouth, (2) in Hank’s solution, or (3) in milk.28 
Saline is avoided. After 30 minutes outside of the socket, the prognosis for salvage worsens 
rapidly. Even if the periodontal ligament survives and the tooth reattaches, later root canal 
intervention is necessary to deal with the sequelae of the loss of neurovascular supply.

PERINEUM
Injuries to the perineum (i.e., penis, scrotum, and female introitus) can involve impor-
tant structures that need special attention. During the examination of wounds of the 
perineum, the urethra, corpora, testicles, and rectum must be assessed. Blood coming 
from the urethral meatus, or difficulty urinating, suggests urethral injury. The shaft 
of the penis is covered by thin skin; violation of the corpora cavernosa or spongiosum 
often accompanies lacerations of the penis. The testicle is covered with a capsule-like 
fibrous covering called the tunica albuginea. Interruption of the corpora or tunica 
requires repair by a specialist. Most labial lacerations are uncomplicated, but occasion-
ally the female urethra or rectum is involved.

Preparation for Closure
Wounds to the perineum are prepared with a cleansing agent and are irrigated with 
saline as previously described. Uncomplicated lacerations can be anesthetized directly 
with lidocaine or bupivacaine. Care is taken not to use epinephrine-containing solu-
tions for anesthetizing the penis because of potential ischemia and constriction of end 
arteries.

Lacerations of the Penis and Scrotum
Because the skin of the penis is so thin, lacerations are closed with a single layer of 
nonabsorbable suture (e.g., 5-0 nylon). Closure of the scrotal skin is carried out with 
chromic gut sutures that fall out within 10 days. If chromic material is unavailable, 
another absorbable suture material can be substituted, but it may not fall out as soon. 
Healing occurs rapidly, and removal of sutures from the rugated skin, which can be  
difficult, is unnecessary.

Lacerations of the Introitus
Lacerations of the labia can involve the deeper supporting muscles. In this case, closure 
must occur in two layers to ensure reapproximation of the muscles. The skin over the 
labia majora can be closed with a nonabsorbable material, such as nylon or polypropyl-
ene. The labia minora is covered with mucosa and can be closed with absorbable mate-
rial. Uncomplicated lacerations of the vagina, unless they are extensive, heal without 
sutures. Extensive or complex wounds are best referred to consultants.

Aftercare
Dressings for the genital area are hard to fashion. Gauze sponges supported by an ath-
letic supporter are an option for men. Perineal pads are suggested for women. Hygiene 
of the genital area is important; daily gentle cleansing with soap and water is acceptable.  
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Topical antibiotic ointment (Neosporin) applied after bathing and before application 
of the dressing is recommended. Sutures of the penis are removed in 7 to 10 days for 
adults and 6 to 8 days for children.

KNEE
Careful examination of knee lacerations is important because of the structures that 
can be damaged. The peroneal nerve, patellar tendon, medial and lateral collateral liga-
ments, and patella all have to be tested for function and integrity before repair. Of par-
ticular importance is the joint space itself. If penetration is suspected, 50 mL of normal 
saline with a few drops of methylene blue is injected into the joint, in a sterile fashion, 
at a site distant from the laceration. Arthrocentesis technique is used. If the capsule is 
violated, the dye leaks out of the laceration. For more subtle injuries, fluorescein dye 
can be used with an ultraviolet light detection lamp.

Knee lacerations can be contaminated with grit and ground-in dirt. Although time 
consuming, meticulous cleansing, irrigation, and débridement are often necessary to 
render the wound ready to close. Uncomplicated, nonpenetrating lacerations are closed 
with monofilament nylon after local anesthetic infiltration. Occasionally, deep (dermal)  
sutures using an absorbable material are required.

Aftercare
The key to good healing of knee lacerations is proper immobilization and elevation 
for several days. Crutches can be used for at least 48 to 72 hours if the extensor surface 
of the knee is involved or if the wound is extensive. Knee flexion can be reduced by the 
application of a bulky dressing. Sutures are removed in 10 to 14 days for adults and  
8 to 10 days for children.

LOWER LEG
The most vexing consideration related to lower leg (shin) lacerations is the significant 
tension that occurs at the wound edge. Skin overlying the tibia is under higher natural 
tension than most other regions of the body. Figure 12-18 illustrates a technique for 
approximating the wound edges with as little tension as possible; 4-0 monofilament 
nylon is passed through sterile, cotton-retaining pledgets obtained from the operating 
room. This technique allows for even distribution of tension along the wound edge 
without tearing. This pledget technique is particularly useful for older and thinner 
skin. Undermining and deep suture placement can assist in reducing tension.

Another technique for the closure of avulsion/flap wounds of the shin in older 
patients is the use of wound tapes29 (see Chapter 11). Tapes avoid the problem of skin 
tearing that can occur with sutures and staples. Tapes can be left on until they naturally 
fall off. This technique allows for minimal potential disruption of the healing wound.

Aftercare
Elevation is an important element for lacerations and wounds of the lower leg. Depen-
dent edema should not be allowed to develop. Sutures are removed after 8 to 12 days for 
adults and 6 to 10 days for children.

FOOT
The foot is anatomically complex and in that way is similar to the hand. Complete 
lacerations to the flexor tendons need to be repaired, as they also need to be repaired in 
hands (see Chapter 13). Extensor tendons can be treated with primary skin closure and 
splinting. Consultation is recommended under these circumstances. Anesthesia for the 
plantar surface of the foot is best achieved by a posterior tibial nerve or sural nerve 
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block (see Chapter 6). Occasionally, this method of administering anesthesia needs to 
be supplemented by local infiltration. Superficial dorsal lacerations are closed with 4-0 
or 5-0 monofilament nylon. Lacerations of the plantar surface, or sole, can be closed 
with 3-0 monofilament. Lacerations of the web spaces between the toes have the same 
significance as lacerations of web spaces of the hand. There are no crucial structures 
passing through these areas, and repair of the skin alone should suffice.

Aftercare
Similar to any lower extremity injury, elevation is an important adjunct to care. Crutches 
are useful, particularly for wounds on the plantar surface. Sutures are removed in 10 to 
12 days for adults and 8 to 10 days for children.
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CHAPTER 13
The Hand

Key Practice Points

nn Patients with hand injuries are treated in the supine position to prevent 
syncopal falls induced by pain.

nn Remove all jewelry from the injured hand to prevent constriction and 
ischemia secondary to swelling.

nn The “golden period” for repair of hand lacerations and wounds is 6 to 
8 hours from the time of injury. Beyond that period, the risk of infection 
rises.

nn Although two-point discrimination is the standard test to measure 
sensation following possible nerve injuries to the hand, a normal test 
does not rule out nerve injury if the patient has a subjective feeling of 
numbness.

nn Innocuous-appearing wounds, such as punctures, can cause significant 
wounds to tendons and nerves. Careful testing is still necessary.

nn Tendons can appear to function normally after wounding because 
of partial injury or cross-linking of extensor tendons. It is prudent to 
explore wounds over tendons to detect these types of injuries.

nn Absorbable sutures are becoming more common in the closure of hand 
wounds, because they produce the same results as nonabsorbable 
sutures.

nn If the nail is attached firmly to the nail bed, subungual hematomas 
(even if the subungual hematoma is >50% of the nail surface) can be 
treated with trephination alone without nail removal or nail bed repair.

nn Fingertip avulsions, without nail bed disruption or bone exposure, heal 
well without surgical intervention or grafting.

nn Tendon or nerve injuries can undergo delayed repair. The skin is closed 
at the time of injury and the patient is referred to a specialist for nerve 
or tendon repair of the hand.

nn Infections and antibiotic prophylaxis of hand wounds have recently 
become more complicated because of the appearance of community-
acquired methicillin-resistant Staphylococcus aureus (CA-MRSA).

 

INITIAL TREATMENT
Before a thorough and careful examination of a patient with an injured hand can take 
place, certain preparatory steps must be taken. Except for the most trivial injuries, the 
patient is best managed by placement on a stretcher on arrival at the medical care facil-
ity. Hand injuries often are painful and provoke anxiety. Placing the patient in a supine 
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position prevents unexpected vasovagal syncope. The recumbent position allows for 
easy placement of the hand in an elevated position to decrease the swelling that occurs 
after injury.

Any rings or constricting jewelry are removed to prevent ischemia of a digit. Most 
rings can be removed by using a lubricant and applying gentle, persistent traction. Ring 
removal from swollen fingers can be accomplished by using a specially designed ring 
cutter and spreading the ring open with two Kelly clamps applied to the edges of the 
cut portion (see Fig. 2-1). Patients who are concerned about damaged rings can be reas-
sured that jewelers can restore rings to their original condition. Another method for 
the removal of rings is shown in Figure 13-1. Umbilical tape or O-silk suture can be 
wrapped firmly around the finger and passed under the ring with a small forceps. The 
ring is extracted as the tape or suture is unwound proximally to the ring.

Occasionally, a patient arrives with a ring or band made of hardened steel or even 
titanium. If routine removal procedures, including cutting, do not succeed in removing 
the ring, the following procedure can be tried1:
 •  Wrap elastic tape, 1 inch in width, tightly around the finger starting from the tip 

of the finger and moving toward the ring. Extra wraps adjacent to the ring may be 
needed, because more edema accumulates in that area.

 •  Elevate the hand above heart level for 15 minutes. Securing the arm gently to an IV 
pole will help. Apply an ice pack to the finger as well.

 •  After 15 minutes, apply a blood pressure cuff to the upper arm and inflate it to 
250 mm Hg to prevent blood refilling the arm and finger.

 •  Quickly remove the tape, apply a light coating of lubricant to the finger, and remove 
the ring.

 •  If this procedure does not work the first time, there may be residual edema. The pro-
cedure can be repeated.

Figure 13-1. The technique to remove 
a ring by finger wrapping with large silk 
suture or umbilical tape. The suture is begun 
distally over the distal interphalangeal joint 
and is brought back to the ring. The tail 
end portion of the wrap is brought under 
the ring, usually with a small hemostat. The 
removal of the ring is begun by unraveling 
the wrap and tugging on the string that is 
proximal to the ring portion. As it unravels, 
the ring gently travels forward distally over 
the finger.
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Most patients attempt to bandage the injured hand before proceeding to a medical 
care facility. These hastily fashioned, unsterile dressings should be removed carefully. 
Until treatment can be administered, sterile sponges moistened with normal saline 
should be applied, followed by a 2- or 3-inch gauze wrap. Any active bleeding requires 
manual pressure with gauze sponges. An extremity tourniquet rarely is needed to stop 
excessive hemorrhage.

If the wound is grossly contaminated with soil or other debris, and if there will be a 
delay before treatment can be administered, the hand is cleaned gently with a wound-
cleansing agent followed by irrigation with normal saline.2 The chance of infection 
increases with each passing hour from the time of injury to repair. Early cleansing and 
irrigation can extend this safe period.

It is a common but unsupported practice to soak hand injuries in a wound-cleansing 
solution before repair. Soaking is believed to loosen debris and to help kill contaminat-
ing bacteria, but there is no scientific evidence to support these beliefs.3,4 Brief extremity 
immersion is recommended only to help remove gross soil and debris from the area sur-
rounding the wound before proper skin cleansing and wound irrigation is undertaken.

TERMINOLOGY
Knowledge of conventional terminology is required to properly document and commu-
nicate information about injuries to the hand and fingers. All lacerations and wounds 
can be located accurately by the use of appropriate terms. A 1⁄2-inch laceration on the 
back of the index finger at the first knuckle is described accurately as “a 1-cm superfi-
cial laceration of the index finger on the dorsal surface at the proximal interphalangeal 
joint.” Figures 13-2 and 13-3 illustrate the various descriptive landmarks and joints. 
The back of the hand is the dorsal surface, whereas the palm side is the palmar or volar 
surface. Common landmarks of the palm are the thenar and hypothenar eminences. 
The digits are best remembered and recorded, when necessary, as the thumb, index, 
middle, ring, and little finger. Each segment of the finger is named for the underlying 
bony phalanx. Although the joints are descriptive of their location, it is the convention 
to use the abbreviations noted in Figure 13-2.

Instead of using terms such as inside and outside or medial and lateral, the sides of the 
hands and fingers are referred to as radial and ulnar. This convention eliminates the 
confusion elicited by the other terms. Any injury to any surface on the side of the hand 
or finger corresponding to the radius is so described. A laceration of the side of the little 
finger is either radial or ulnar depending on whether it is on the side of the ulna or on 
the side of the radius (see Fig. 13-3).

PATIENT HISTORY
Certain key historical facts help determine the timing and choice of repair and other 
supportive treatment. As previously discussed, the amount of time that has elapsed 
from the time of injury influences the decision of when to repair the wound. Clean 
wounds that are caused by shearing forces probably can be safely repaired 6 to 8 hours 
after the injury. Wounds caused by tension and compression mechanisms are more vul-
nerable and should be considered for closure sooner. Severely contaminated wounds, or 
wounds caused by mutilating forces, are best left for consultation and possible delayed 
closure. This decision is made on a case-by-case basis.

A seemingly innocuous mechanism of injury is the puncture wound of the hand. 
Although the entry point is quite small and appears innocent, special care has to be 
taken not to miss a transected nerve or tendon. In addition, the possibility of a foreign 
body being retained in a puncture wound has to be considered, and a radiographic 
examination should be performed when the suspicion is raised.
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Other historical points of importance are the patient’s hand dominance, history of 
previous hand deformities, profession, and hobbies. Although these considerations are 
seemingly not very important for patients with emergency lacerations and wounds, a 
simple matter of a mismanaged fingertip injury can significantly affect an activity such 
as playing the guitar. For a guitar player, every step is taken to preserve the nail matrix. 
Preservation attempts might not be as crucial for an individual who does not require 
this anatomic part for either a job function or for a hobby.

Any allergies the patient may have should be verified when taking the history. Many 
drugs, including tetanus toxoid, local anesthetics, pain medications, and a variety of 
antibiotics, are administered to patients with hand injuries.

EXAMINATION OF THE HAND
The actual examination of the injured hand consists of careful inspection of the wound 
and thorough functional testing. Nerve function is evaluated by assessment of motor 
and sensory components. The integrity of tendons most often can be determined by spe-
cific functional maneuvers. Because tendons often are only partially severed, and func-
tion is preserved, direct visualization by exploration may be necessary. For wounds in 
emergency situations, circulation is so profuse that severed, bleeding vessels, which travel 
in neurovascular bundles, often are better indicators of nerve injury than actual threats 
to perfusion of the hand or finger. When necessary, radiographs are obtained to assist in 
the examination to rule out fractures or foreign bodies. Finally, there is no substitute for 
exploration and direct visualization to discover if there is structural damage of any type.
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Figure 13-2. Descriptive anatomy of the joints and bones of the hand.
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Nerve Testing
Motor Function
Three major nerves are responsible for motor and sensory function of the hand. The 
radial nerve innervates the extrinsic muscles of the forearm that are responsible for 
extension of the wrist and fingers. This nerve does not innervate any muscle within 
the confines of the hand itself. The motor function of this nerve is tested by having the 
patient dorsiflex his or her wrist and fingers against a resisting force, such as the exam-
iner’s hand (Fig. 13-4). Intact motor strength, as provided for by an intact radial nerve, 
should prevent the examiner from overcoming the dorsiflexed wrist when a good deal 
of counterforce is applied.

In addition to the flexor carpi ulnaris and part of the flexor digitorum profundus, 
the ulnar nerve innervates most of the intrinsic muscles of the hand itself, including all 
of the interossei muscles and the little and ring finger lumbricals. The motor portion 
of this nerve is responsible for the ability of the fingers to spread and close in a fanlike 
manner. A specific test for ulnar motor function is to have the patient adduct (close) the 
fingers against an object, such as a pen (Fig. 13-5). With an intact nerve, the examiner 
cannot easily remove the object. Each finger can be tested in this manner.

The median nerve provides motor innervation to wrist flexors, the flexor digitorum 
superficialis, part of the flexor digitorum profundus (shared with the ulnar nerve), and 
the remaining intrinsic muscles of the hand, most notably the muscles of the thumb 
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Figure 13-3. Descriptive anatomy of the surface of the hand. Note the ulnar and radial borders.
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Figure 13-4. Testing for radial nerve function. With the patient’s fist dorsiflexed, the examiner tries to 
“break” the resistance created by the dorsiflexion.

Figure 13-5. Testing for ulnar nerve function. The patient is asked to resist the examiner’s attempt to pull 
an object, such as a pen, from between the adducted fingers.
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that are responsible for opposition. To some degree, opposition also is mediated by 
the adduction component of the interossei as supplied to the ulnar nerve. The testing 
maneuver is completed by having the patient oppose his or her thumb with the tip 
of the little finger. A properly made “ring,” consisting of the thumb and little finger, 
should be difficult to break by the examiner if the median nerve is intact (Fig. 13-6).

Sensory Function
A variety of stimuli can be delivered to the skin of the hand to test sensory function. 
Gross touch with a blunt object is the easiest but is the least specific. Gross touch can be 
useful, however, for rapid screening to assess the possibility of nerve damage, especially 
when comparison testing of the injured and noninjured hands is done. If there is a 
nerve injury, the patient often is able to report a difference in feeling. Pinprick stimulus 
is the most commonly used modality for testing. Pinprick is useful when alternated 
with blunt stimulus. In a complete nerve transection, the patient cannot tell the dif-
ference between a blunt and a sharp stimulus. Pinprick testing nevertheless is difficult 
to assess on the fingertips, especially in a manual laborer whose fingerpads are covered 
with thick calluses.

A more accurate method of assessing sensory function is two-point discrimination.5 
A paper clip can be fashioned so that two ends can be opened or closed to varying 
distances from each other (Fig. 13-7). Because the ulnar and radial side of each finger 
has separate innervation, testing each side of the finger is necessary. A patient with 
a normally innervated finger should be able to distinguish two simultaneously deliv-
ered stimuli that are 6 mm or more distant from each other. Most patients can tell a 

Figure 13-6. Testing for median nerve function. The thumb is apposed to the little finger to form a tight 
ring. This ring should not be easily broken by the examiner.
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 difference down to 3 mm. When identification of separate stimuli is reported by the 
patient at 8 mm apart or more, the examination is clearly abnormal.

Of the major nerves, the radial nerve provides the least important sensory innerva-
tion to the hand. This nerve supplies sensation to the radial portion of the dorsum 
of the hand, the dorsum of the thumb, and the proximal portion of the dorsal side of 
the second and third digits and half of the ring finger (Fig. 13-8). To test gross radial 

Figure 13-7. Technique for testing sensory nerve function by two-point discrimination. A paper clip is 
bent in a manner to provide variable distance stimuli. See text for a complete description.

Pure median

Median

Median

Palmar surface Dorsal surface

Pure ulnar

Ulnar

Pure radial

Radial

Figure 13-8. The distribution of the three major nerves providing sensory innervation of the hand. Note 
the areas of pure median, ulnar, and radial sensation.
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 sensory function rapidly, a stimulus is supplied to the first web space, which is an area 
of pure radial distribution.

Sensory distribution of the ulnar nerve includes the dorsal and volar surfaces of the 
ulnar side of the hand, the entire fifth digit, and the ulnar half of the fourth digit. To 
test an intact sensory component of the ulnar nerve, an appropriate stimulus is deliv-
ered to the area of purest ulnar distribution: the tip of the fifth digit.

The remainder of the hand is innervated by the median nerve. The area of sensory 
distribution comprises the radial side of the palm; volar surfaces of the thumb, index, 
and middle fingers; and the radial half of the ring finger. As depicted in Figure 13-8, 
median nerve innervation extends to the fingertips of the thumb, index, and middle 
fingers, including the dorsal portion of the distal phalanges. Pure median sensation can 
be found at the tip of the index finger.

More common than injuries to the major nerves are injuries and lacerations to the 
digital nerves that lie within the hand itself. There are four digital nerves for each digit. 
The two palmar nerves (Fig. 13-9) are the largest and most important. (The others are 
the dorsal digital nerves.) Sensation is carried through these two nerves to the palmar 
surface and the nail bed area of the fingertip. A laceration or puncture wound to the 
palmar or dorsal surface of the hand or to any individual digit requires careful sensory 
testing of the digits distal to the injury.

As previously described, a variety of stimuli can be used for sensory testing. The most 
accurate method of detecting a nerve injury in this setting is the two-point discrimina-
tion test. Objective documentation of digital nerve injuries is not always possible at the 
time of the first examination immediately after injury. Patient pain, anxiety, and factors 
such as the presence of callused hands can interfere with two-point testing. Even though 
stimulus testing is inconsistent and does not clearly document nerve injury, any subjec-
tive “numbness” reported by the patient has to be taken seriously, and consultation with 
a hand specialist should be considered. Under these circumstances, it is common to close 
the skin and to refer the patient for evaluation within a few days after the initial care.

Tendon Function
Extensor Function
Extensor tendon function can be tested simply by having the patient extend his or her 
fingers against the force of the examiner (Fig. 13-10). Although this maneuver appears to 
be easy enough, there are complexities of the tendon anatomy that can cause  confusion 

Palmar digital nerves

Dorsal digital nerves
Figure 13-9. Each digit is supplied by four digital nerves. The palmar digital nerves predominate and 
provide most of the sensation to the volar aspect of the finger and fingertip proximal to the distal interpha-
langeal joint. The nail bed often is included in the palmar digital nerve distribution.
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when results of the examination are interpreted. The wrist itself has three main exten-
sor tendons that are responsible for proper extension at the wrist. If these tendons are 
cut, the wrist can be extended by the finger extensors but with far less force, and that 
force can be overcome easily by the examiner. The thumb is served by an abductor and 
two extensor tendons. If one extensor is cut, the second still can function. Each finger 
has one main extensor tendon responsible for extension with power. The second and 
fifth digits, however, have small accessory tendons that can extend these fingers weakly 
if the main extensors are knocked out of action.

Another anatomic point that can possibly cause misinterpretation in the examina-
tion for extension of the digits is the fact that as extensor tendons cross the wrist, they 
flatten out and interconnect with other extensors over the dorsum of the hand (Fig. 
13-11). Weak extension of a severed tendon can occur by the action of the adjacent 
interconnecting tendon. These interconnections also can prevent severed extensor ten-
dons from slipping back into the forearm after they are cut. This anatomic property of 
extensors makes anastomosis easier for extensors than for flexor tendons, because the 
two severed ends can be readily retrieved during repair.

When there is doubt about extensor tendon function, careful exploration has to be 
performed through the laceration itself. Extensor tendons are superficial and can be 
identified easily with proper and gentle exposure. A key factor to remember is that the 
position of the hand at the time of examination and exploration may be different from 
the position of the hand during injury. If that should be the case, the actual laceration 
to the tendon may be at a location away from the laceration on the skin (Fig. 13-12). 
Active flexion/extension of the finger to cause the tendon to slide back and forth is 
encouraged during the exploration.

Flexor Function
The thumb has only one flexor tendon, but the index, middle, ring, and little fingers 
have two main flexor tendons. The volar surface of the wrist is a complex and vulner-
able area, replete with important structures. As illustrated in Figure 13-13, the median 

Figure 13-10. Testing the extensor tendon function. Each finger is extended against a resisting force. This 
force should not be easily overcome.
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nerve lies just deep and radial to the palmaris longus, the most superficial tendon. Even 
lacerations to the wrist that appear trivial can cause serious tendon and nerve damage.

The flexor tendons to each finger are paired. The flexor digitorum profundus ten-
dons are responsible for power and mass action, such as is needed for gripping. These 
tendons run deep to the flexor digitorum superficialis tendons, but at the level of the 
middle phalanx, the profundus splits through the superficialis and goes on to attach to 
the distal phalanx (Fig. 13-14). To test profundus function, the action of the sublimis 

Figure 13-11. Extensor tendon anatomy of the hand. Note in particular the cross-linkages of extensor 
tendons at the distal metacarpal level. Severance of an extensor tendon proximal to these cross-linkages can 
give the examiner the false sense that the affected digit can be extended because of the help that cross-linkage 
provides through the adjacent tendon.

A

B

Figure 13-12. Tendon-skin wound mis-
match. A, A tendon can be partially lacerated in 
one position, such as a closed fist. B, When the 
wound is explored, however, the tendon injury 
might be missed because the site of the tendon 
injury has retracted when the hand is extended 
for care. The examiner must perform the explo-
ration by trying to re-create the position of the 
hand during injury.
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tendon has to be blocked by holding each digit, one at a time, in extension at the  
middle phalanx (Fig. 13-15). The patient is asked to flex the distal phalanx, which now 
can be accomplished only through the action of the profundus. During this maneuver,  
60 degrees of flexion is normal.

The flexor digitorum superficialis tendons are responsible for the positioning of the 
fingers so that power flexion can occur. These tendons run superficial to the deep ten-
dons until they are split at the distal portion of the middle phalanx by the profundi. The 
superficialis tendons attach to the proximal portion of the middle phalanx. To test for 
superficialis action, the profundus group has to be blocked by the examiner. As illustrated 
in Figure 13-16, the examiner holds all the fingers in extension except the one being tested. 
The patient is asked to flex the finger fully at the metacarpophalangeal and proximal inter-
phalangeal joint. If the superficialis is lacerated, the patient is unable to flex that finger.

Palmar cutaneous
branch of median nerve

Median nerve

Palmaris longus

Flexor digitorum sublimis

Flexor digitorum
profundus

Flexor retinaculum

Skin

Flexor carpi ulnaris

Ulnar nerve Flexor carpi radialis

Radialis artery

Pronator quadratus

Figure 13-13. Cross-sectional anatomy of the wrist. Note in particular the superficial location of the 
median nerve. Any visible tendon laceration, such as to the palmaris longus, has to raise the suspicion of an 
injury to the median nerve.

Flexor
digitorum
profundus

Flexor
digitorum
superficialis

Figure 13-14. Note the relationship of the flexor digitorum profundus to the flexor digitorum superficia-
lis. The profundus splits through the superficialis, which is attached on the middle phalanx. The profundus 
attaches to the distal phalanx.
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CIRCULATION
The circulation of the hand is extraordinarily rich and redundant (Fig. 13-17). Most 
people can have complete loss of either the radial or the ulnar arteries and can main-
tain adequate perfusion. Loss of perfusion because of damage to the vessels is usually 
the result of an extensive injury not ordinarily repaired by emergency wound care per-
sonnel, and consultation is obtained. Although pulses are always documented in any 

Figure 13-15. Testing for function of the flexor digitorum profundus. The distal phalanx of the finger is 
forcibly flexed, while the action of the superficialis tendon is blocked. Only the profundus can flex the distal 
phalanx.

Figure 13-16. Testing for function of the flexor digitorum superficialis. The mass action of the profun-
dus can be blocked by holding the nontested fingers in extension. The tested finger can be flexed only at the 
proximal interphalangeal joint by the superficialis tendon.
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hand injury, the best indicators of perfusion are color, skin blanching with pressure, 
temperature, and capillary refill at the nail bed. Because arteries travel with nerves in 
neurovascular bundles, profuse arterial bleeding of the digit should raise the suspicion 
of an accompanying digital nerve injury.

RADIOGRAPHY
Radiographs are used liberally to assist in the evaluation of the hand. For any blunt 
trauma associated with a laceration, underlying fractures must be ruled out. Not only 
do hand fractures require careful and sometimes specialized management, but also a 
fracture with a laceration has to be considered an open fracture. Open fractures usu-
ally are managed by consultants. Foreign bodies frequently are associated with hand 
injuries. Radiographic examinations are particularly useful to detect metal and other 
debris. Contrary to a common misconception among clinicians, almost all types of 
glass, in 90% of cases, are easily detectable by radiographs (see Chapter 16).6

WOUND EXPLORATION
Ultimately, each laceration of the hand should be explored gently and carefully just 
before repair. Despite normal functional testing, partial tendon lacerations and viola-
tion of joint capsules might remain undetected until exploration is performed. This 
procedure usually is accomplished by retracting the wound with an Adson forceps or 
a skin hook and using a mosquito clamp to spread open the deeper tissue for a good 
look, preferably in a bloodless field. Because small wounds can harbor serious injury 
to underlying structures, extension of the skin laceration sometimes is necessary to 
gain adequate exposure. Chapter 9 provides further details concerning tourniquet  

Figure 13-17. The profuse and redundant 
vascularity of the hand. It is common to be able 
to sacrifice either the radial artery or the ulnar 
artery and still have complete perfusion of the 
hand. Lacerations of the digital arteries arouse 
suspicion of a lacerated digital nerve.
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application, wound extension, and exploration. If there is a doubt about an injury to an 
important structure of the hand, the advice of a specialist should be sought.

SELECTED HAND INJURIES 
AND PROBLEMS
Although there is a large variety of wounds and lacerations to the hand, the wounds 
and lacerations described here are those that are commonly managed and repaired by 
emergency wound care personnel. Serious, complex injuries, especially ones that cause 
functional deficits, are best cared for by specialists. Animal bites and burns to the hands 
are discussed in Chapters 15 and 17.

Uncomplicated Lacerations
The principles and techniques of wound repair discussed in Chapter 10 also apply to 
closing hand lacerations. Most lacerations of the dorsal and volar surfaces of the hand 
can be anesthetized by direct wound infiltration (see Chapter 6). Large lacerations can 
be managed by wrist blocks. Wounds beyond the proximal phalanx are best anesthe-
tized with digital blocks.

Débridement of the hand, when indicated, is carried out with great caution. Exces-
sive removal of skin can lead to failure of adequate coverage, eventual wound contrac-
tion, and a resulting functional deficit. Fat is a good substrate for bacterial growth, and 
less care has to be taken when débriding away contaminated and devitalized tissue. 
Injured fat does not regenerate, however, and the padding role that fat provides the 
volar surface of the hand can be endangered. In cases in which large amounts of fat 
must be sacrificed, the opinion of a consultant is recommended.

Because of the number of important structures that lie within the small confines of 
the hand, deep closures with any suture material are discouraged. Any “foreign” material 
can provoke inflammation and tissue scarring that might interfere with such important 
and vulnerable functions as tendon gliding. By closing the skin alone, little dead space 
is left behind in hand injuries. In addition, natural tension across the wound usually is 
minimal in hand lacerations, and deep closures are not needed to reduce that tension.

The recommended suture material for skin closure is 5-0 nonabsorbable monofila-
ment nylon. The volar surface of hand lacerations can also be closed with absorbable 
sutures such as gut and rapidly absorbing Vicryl Rapide.7 When compared to nonab-
sorbable sutures, the outcome is no different than closure with absorbable sutures. 
Nonabsorbable sutures are recommended for the dorsal surface of the hand, because 
flexion stress requires longer support.

Only as many sutures as are necessary to achieve appropriate wound edge approxi-
mation are placed. Hand lacerations heal with little scarring, and no purpose is served 
by excessive sutures in search of the perfect repair. Simple interrupted technique suf-
fices for most wounds. Skin on the hand tends to invert with closure, however, particu-
larly on the dorsal surface. In this case, the horizontal mattress technique is useful.

Fingertip Injuries
The management of fingertip injuries is controversial. There are few actual controlled 
studies of fingertip and fingernail problems. The strategies and choices of repair tech-
niques vary considerably among personnel who care for these problems. The issue of 
whether to remove the nail after an injury evokes widely varying opinions. Certain prin-
ciples guide the repair process, however. These are preservation of finger length, nail 
growth capacity, fingertip padding, and sensation.8

The fingertip and fingernail apparatus form a complex anatomic and functional unit 
(Fig. 13-18). The fleshy volar pad is replete with nerve endings and capillaries. There is 
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sufficient soft tissue to pad the fingertip and distal phalanx effectively against undue 
trauma. Preservation of sensation of the fingertip is crucial to all manual activities. 
Even with full-thickness loss of the fingerpad, healing and regeneration of tissue usu-
ally can be relied on to restore a functional pad. Numerous fibrous bands called septa 
anchor the skin to the underlying bone structure (Fig. 13-19). These structures prevent 
sliding or slipping of the skin during use of the fingers. Septa should be kept anatomi-
cally intact whenever possible.

The nail apparatus has several components. The nail itself is divided into the nail 
root, which is the portion that lies under the eponychium, and the nail plate, which 
adheres to the sterile matrix. The matrix also has two parts, the germinal matrix, 
from which new nail is generated, and the sterile matrix, or nail bed, over which the 
nail passes during normal growth. The eponychium, commonly referred to as the 
cuticle, is the fold of skin that overlies the nail root. One of the main principles of 
nail management is to prevent the eponychium from adhering and scarring down 
onto the germinal matrix. Should this take place, nail regeneration can be impaired 
significantly. Techniques to prevent this occurrence are discussed in the following 
sections.

Nail plate

Nail
plate Nail root

Distal
phalanx

Germinal
matrix

Lunula Eponychium
(cuticle)

Eponychium
(cuticle)

Hyponychium

Lateral nail
fold

Nail bed
(matrix)

Figure 13-18. Anatomy of the distal finger and nail components.

Septa
Figure 13-19. The fibrous septa 
that connect the skin to the under-
lying phalanges. The septa provide 
stability to the soft tissue of the 
finger.
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Fingertip injuries can be divided into three groups: (1) blunt injuries (subungual 
hematoma), (2) nail and nail bed lacerations, and (3) avulsion injuries with tissue loss. 
Foreign bodies lodged under a fingernail are discussed in Chapter 16.

Blunt Injuries (Subungual Hematoma)
It has been thought and taught that the presence of a large hematoma (>50% of 
the nail surface) signifies a probable laceration of the nail bed and the need for 
nail removal and repair.9 Studies have shown, however, that nail plate removal 
and bed repair is not necessary when the nail is still intact over a large subungual 
hematoma. In a study of 45 patients with subungual hematoma who were followed 
for at least 6 months posttreatment, all patients, including 16 patients with a 50% 
hematoma and 14 with distal phalanx fracture, had trephination as their only treat-
ment.10 They were splinted for protection for 1 week. The outcome was uniformly 
good, with no wound infections, osteomyelitis, or significant later nail deformities. 
Excluded from the study were patients with nail disruption and previously existing 
nail deformities.

A more recent comparison of simple trephination versus nail removal and bed repair 
showed a better outcome in the simple trephination group.11 There were more compli-
cations in the repair group, and the cost was four times that of trephination. Both of 
these studies are consistent with the author’s experience. Regardless of the size of the 
hematoma or the presence of a tuft fracture, simple trephination is preferable if the nail 
remains well attached to the bed.

Nail trephination can be carried out by a variety of methods. A heated paper clip cre-
ates an appropriate-diameter drainage hole, but this technique requires considerable 
practice and skill. The clip has to be heated until it is red hot and transferred quickly to 
the nail. Heat is lost quickly, and the procedure commonly has to be repeated to gain 
full nail penetration. To create a drainage site, 18-G needles and no. 11 scalpel blades 
can be used by employing a rotating or drilling motion. The drainage holes are often 
small and close prematurely with a blood clot. There is considerable pressure brought 
to bear on the fingertip when applying this technique. More effective and less painful 
is a battery-powered drill.

The most efficacious and least painful device is the disposable electric cautery, which 
can be handled like a pencil and placed with ease and precision over the hematoma 
(Fig. 13-20). The drainage hole is adequate, and the patients tolerate the procedure well 
when they understand that the heat tip will not burn them. With appropriate tech-
nique, when the heat tip passes through the nail, heat is rapidly dissipated by the under-
lying hematoma.

The following guidelines are offered for the evaluation and management of subun-
gual hematomas:
 •  Trephination alone is appropriate for subungual hematomas of any size in which 

the nail remains attached and there is no deformity of the fingertip suggesting a 
displaced fracture. Even if a nail bed laceration or nondisplaced tuft fracture is pres-
ent, healing proceeds without event, and full function is restored to the finger with 
splinting.

 •  Nail removal is reserved for patients in whom the nail is already partially avulsed, 
torn, or deformed from this injury. Under these circumstances, when the nail is 
removed, as described in the following section, the bed is inspected, and lacerations 
are repaired with 6-0 absorbable suture.

 •  Although subungual hematomas with associated fractures technically can be consid-
ered open fractures, in reality they do not need to be treated as such. Antibiotics are 
not indicated if the nail is left in place.
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Nail Bed Lacerations
Exposed nail bed lacerations of the matrix, caused by blunt trauma, are repaired by 
careful reapposition of the wound edges and suturing with 5-0 or 6-0 absorbable suture 
material. If intact, an avulsed or removed nail can be replaced, for temporary splinting 
purposes, under the eponychium (Fig. 13-21). The main reason for using the nail as a 
splint is to prevent adhesions and granulation tissue buildup between the eponychium 
and the germinal matrix of the bed. The nail also serves to splint any accompanying 
fracture and to mold the healing wound site. To maintain the nail in place, two 5-0 
nonabsorbable sutures can be placed through trephined holes (see Fig. 13-21). If the 
nail cannot be used, a small piece of nonadherent dressing, such as Adaptic or a Penrose 
drain, can be tucked under the eponychium (Fig. 13-22). The nail or packing is usually 
left in place for 7 to 10 days.

Crush injuries of the fingertip in children can be complicated, and the extent 
of the injury may not be evident during the first emergency-department visit.12 
The swelling, pain, and tissue distortion can make treatment decisions difficult. 
For these complex injuries, cleansing, tissue preservation, antibiotics, dressing, 
and referral are recommended. Closure can be delayed up to 2 weeks with good 
 long-term results.12

In less complicated injuries, it is common for the nail root to avulse partially from 
the bed under the cuticle (eponychium). The nail root is excised, and the eponychium 
is packed with a nonadherent dressing material for 7 to 10 days for the same reasons 
described earlier (Fig. 13-23). A new nail eventually grows out and extrudes the remain-
ing portion of the old nail.

Figure 13-20. Electric cautery to penetrate a nail to drain a subungual hematoma.

vaselinegaas
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Lacerations of the fingertip and nail apparatus caused by sharp or shearing forces usually 
can be managed by simple suturing. Transverse lacerations through the nail plate and matrix 
can be repaired by removing the distal portion of the nail plate to expose the lacerated nail 
bed. Repair of the matrix is performed with 6-0 absorbable suture (Fig. 13-24). Maintaining 
the integrity of the nail root prevents nail growth problems with the germinal matrix.

Longitudinal lacerations through the matrix and eponychium require careful repair 
of both structures. The nail bed is repaired with 6-0 absorbable suture (Fig. 13-25). 
The eponychium and surrounding skin are closed with either nonabsorbable or absorb-
able material such as gut or rapidly absorbing Vicryl. If the nail plate is removed in its 

Figure 13-21. Nail bed injury. If the decision has been made to remove 
the nail, and a laceration of the bed is discovered, this laceration is repaired 
with 6-0 absorbable suture (e.g., polyglycolic acid). The nail, if removed 
intact, can be replaced as a splint for 7 to 10 days. The nail prevents adher-
ence of the germinal matrix to the eponychium. The nail is anchored by 
placing sutures as shown in the lateral aspect of the plate.

Figure 13-22. Nail bed injury. If the nail is not in a condition to be 
replaced, a small stent is fashioned to separate the eponychium from the 
germinal matrix. This stent or packing is removed within 5 to 7 days.
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entirety, a nail replacement or packing for 10 to 14 days, as previously described, is nec-
essary to prevent eponychial adherence to the germinal matrix. Only the nonabsorbable 
sutures are removed after 10 to 12 days.

Nail Removal Technique
When the decision is made to remove the nail, the techniques illustrated in Figure 
13-26 are suggested. A small hemostat or iris scissors is inserted under the nail plate 
along the nail bed. The instrument is advanced slowly as it is spread open to lift the nail 
plate off the matrix. This process is carried back through to the nail root and germinal 
matrix area. Care is taken to avoid undue injury to the nail bed and germinal matrix. 
The eponychium also is gently pushed away from the nail plate. When the nail plate 

Figure 13-23. Nail root avulsion. If the nail root cannot be replaced, the nail root can be excised, and a 
small Penrose drain or Adaptic packing is placed under the eponychium for 5 to 7 days. A new nail germinates 
and extrudes the remainder of the old portion.

Figure 13-24. Transverse lacerations of the nail bed often can be managed by leaving the nail root intact. 
The proximal portion of the nail is excised with tissue scissors proximally to the injury. The nail bed is 
repaired with absorbable suture. The nail continues to grow over the suture line well after the sutures have 
been absorbed.
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Figure 13-25. Longitudinal lacerations of 
the nail bed often are best closed by removal of 
the nail entirely. When the nail bed is repaired, 
a Penrose drain or Adaptic packing is used to 
separate the eponychium from the germinal 
matrix for at least 5 to 7 days.

A B C

D E F
Figure 13-26. Technique for removal of a nail. A, Introduce a small hemostat or iris scissors between the 
nail and the nail bed. B, Gently dissect the nail from the nail bed. C, Extend the dissection all the way back to 
the germinal matrix. D, Grasp the nail firmly and remove it from the nail bed (E). F, If the nail plate remains 
intact, it can be replaced as a splint or stent and anchored as shown with two 5-0 nonabsorbable sutures.
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has been loosened, a hemostat is used to grasp the nail plate firmly and pull it out from 
under the eponychium. The nail does not always come off easily, and some measure of 
force must be applied.

Avulsion Injuries
Another area of controversy in fingertip management surrounds avulsion injuries with 
loss of tissue (Fig. 13-27). At issue is whether to close these avulsions by grafting or 
whether to leave them to heal spontaneously. There is consensus that any fingertip avul-
sion with <1 cm2 area of tissue loss and no accompanying bone or nail bed injury can be 
managed by allowing spontaneous healing to occur.13 Also at issue are avulsion injuries 
of larger areas or bone exposure. Losses of 1.8 × 2.6 cm, even with bone exposed, in pedi-
atric and adult age groups, have been treated successfully without grafting.14-18 When 
bone was exposed, spontaneous soft tissue covering of the distal phalanx occurred with 
adequate pad formation.18,19 When comparing complication rates and time lost from 
work, conservative management is comparable to grafting.20 In one study, the infection 
rate of the conservatively managed group was markedly lower than that of surgically 
grafted patients.21 To summarize, nonoperative management of fingertip avulsions 
heal in 20 to 30 days; the regrown pulp is of high quality with good size, bulk, and func-
tion; two-point discrimination returns to an average of 2.5 mm (near normal); and 90% 
of patients are satisfied with the result.22 The one area in which conservative manage-
ment seems less optimal compared with more meticulous surgical repair is when the 
nail bed is involved and repair is indicated. Unrepaired nail matrices tend to lead more 
frequently to deformed nails.21

Guidelines for the management of avulsion injuries are offered as follows:
 •  If the defect is <1 cm in diameter and no bone is exposed, spontaneous healing is the 

treatment of choice.
 •  For losses >1 cm, but with an intact nail apparatus and no bone exposure, conserva-

tive management can be considered as an alternative to grafting. Children do well 
with conservative treatment. Local practice, which may necessitate consultation, 
often dictates the management of these injuries.

 •  For avulsions with nail apparatus involvement, repair or revision of the matrix is nec-
essary. Consultation may be required.

Figure 13-27. Avulsion injury of the fingertip.
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 •  For injuries with exposed bone, consultation is recommended to assist in the deci-
sion regarding the treatment choice.

 •  Proper dressings for fingertip avulsions include a nonadherent base, such as Xero-
form or Adaptic, with a sponge covering and gauze wrapping as described in Chapter 
20. As discussed later, antibiotics are suggested for injuries with exposed bone.

Tendon Lacerations
All lacerations of flexor tendons (in the upper or lower extremity) are referred to 
specialists for care. An emergency wound care setting is not the place to repair flexor 
tendon injuries. Besides requiring a controlled surgical environment, these tendons 
are managed most effectively by trained surgeons using the proper instruments and 
magnification. Under the best of circumstances, flexor tendon injuries present con-
siderable technical challenges, and repair can be fraught with complications. Inju-
ries in zone II, known as no man’s land, present the greatest challenge to the caregiver 
(Fig. 13-28).

In many cases, flexor tendon lacerations can be repaired primarily 3 weeks postin-
jury.23 Anastomoses done within 7 to 10 days may have a better outcome.24 After 
3 weeks, reconstructive procedures must be used. With agreement from the consultant, 
the skin can be closed and arrangements can be made for follow-up evaluation and a 
decision regarding formal tendon repair. The skin closure is done after standard skin 
cleansing and irrigation. A splint is placed. An intravenous dose of a first-generation 
cephalosporin is administered in the emergency department, followed by oral cepha-
losporin or dicloxacillin. Clindamycin can be given to the allergic patient. Immediate 

I

II
No man's
land

IV III

V

VI

Figure 13-28. Zones of tendon repair. The 
hand can be divided into zones that have dif-
ferent implications when considering tendon 
repair strategy and technique. Injuries in zone 
II, also referred to as no man’s land, are difficult 
to repair because of the complex and close 
relationship of the tendons and surrounding 
structures.
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operative intervention may be necessary for injuries with excessive contamination, skin 
loss, unstable bony skeleton, or missing tissue.

Simple, single lacerations of an extensor tendon on the dorsum of the hand, between 
the distal wrist and the metacarpophalangeal joints (zone VI), can be repaired in the 
emergency wound care area by appropriately trained wound care personnel.25 It is rec-
ommended that training for extensor tendon repair include several supervised repairs 
under the guidance of a specialist. It is important to master appropriate techniques and 
to understand proper splinting and the necessary follow-up care. The specialist should 
agree with the plan of care because he or she will take over the aftercare treatment.

Single extensor tendons can be repaired in the emergency department under the 
following circumstances: (1) if the injury is between the distal wrist and the metacarpo-
phalangeal joints (zone VI), (2) if the skin and tendon wounds are sharp and not heavily 
macerated or contaminated, (3) if the injury is <8 hours old, (4) if the two ends of the 
tendon are easily visualized, (5) if appropriate instruments are available to minimize 
trauma to the tissues, and (6) if the patient is cooperative and will comply with follow-
up care. The technique for repairing an extensor tendon is shown in Figure 13-29. A 4-0 
nonabsorbable suture, such as nylon or polypropylene, on a straight needle is passed 
through the tendon in the figure-eight pattern until it is secure. The skin is closed with 
5-0 nonabsorbable suture material. A plaster splint is placed on the palmar surfaces 
of the forearm-wrist-hand-digit, over the appropriate nonadherent base and the gauze 
sponge/wrap surface dressing. The wrist is placed at a 30-degree angle of extension, and 
the metacarpophalangeal joints are placed at a 20-degree angle of flexion. The fingers 
are only slightly flexed. The splint remains in place for 3 weeks; however, the patient is 
referred much sooner to the consultant for follow-up care.

On careful exploration of a laceration of the hand, it is common to discover partially 
lacerated extensor or flexor tendons. The management of these injuries is controversial. 
Unrepaired, these injuries have been reported to rupture, cause “triggering,” or become 
entrapped.26 Successful treatment of these injuries has been reported with skin clo-
sure alone followed by splinting.26,27 Treatment can be guided by cross-sectional size of 
the laceration. As a general rule, if the tendon is more than 50% transected, it should 
be repaired as if fully severed. Lesser injuries can be trimmed to prevent triggering or 
entrapment. Appropriate splinting, rehabilitation, and follow-up care are carried out 
under the direction of the specialist.

Nerve Injuries
Lacerations associated with sensory or motor deficits of one of the major nerves of 
the upper extremity require immediate referral to a consultant. Injuries to the dig-
ital nerves can be handled differently, however. Surgical repair is indicated if two-
point discrimination exceeds 10 mm.28 For uncomplicated severed nerves, delayed 
repair can have significant advantages over early repair.29,30 The repair setting and 
time are better controlled, the cut nerve ends and epineurium are better delineated, 
and early skin closure is an effective barrier against infection. The delayed repair is 
done through a sterile field and incision. In the emergency department, with con-
sultative support, simple skin suturing is done, a dressing is placed, and the patient 
is referred to the specialist within 1 to 2 days. Nerve repair can be performed on an 
elective basis 10 days after the injury. When the injury is complicated by contamina-
tion, tissue devitalization, or associated injuries, early consultation is recommended. 
A recent study of volar digital nerve injuries by using ultrasound can accurately pre-
dict transection of the nerve.31 A 12- to 14-MHz linear array hockey-stick transducer 
is used. Sonographic exam is performed several days after injury to lessen the effect 
of  distortion from edema.
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Amputated Parts
Emergency physicians often are involved in the early management of patients with 
amputated parts. Although the injury is not within the realm of emergency wound 
care personnel to manage, proper handling of the injured extremity and severed part is 
important, especially if there is a chance of reimplantation by a specialist.

Figure 13-29. The figure-eight technique to reappose sharply divided lacerated extensor tendons. See text 
for further explanation.
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The injured extremity is gently cleansed and wrapped in lightly saline-moistened 
gauze sponges followed by gauze wrapping. A tourniquet rarely is needed to stop hem-
orrhage because natural vasospasm and platelet plugging of the severed vessels occur 
rapidly after injury. It is common to administer a dose of intravenous first-generation 
cephalosporins to the patient as prophylaxis.

The severed part is placed in a dry, sterile sponge wrapping. Saline soaking causes 
unnecessary and unwanted edema and makes reimplantation much more difficult. The 
wrapped severed part is placed in a small plastic covered cup or bag. The cup and its 
contents can be put in a container with ice to cool the tissue. Great care has to be taken 
to ensure that ice does not come into direct contact with the severed part so as not to 
cause necrosis from freezing. When these steps have been taken, the patient can wait for 
the specialist or can be transported to an appropriate care facility.

Paronychia
The most common hand infection is a paronychia.32 A paronychia is an infection 
of the eponychium, and it usually is associated with a collection of pus between the 
eponychium and the nail root. The infection is localized most often to one side of the 
eponychium, in the lateral nail fold. It can include the eponychium in the midline, 
however, or can proceed in “horseshoe” fashion to involve the entire eponychium. Pus 
also can invade the space under the nail plate. The most common bacteria found in a 
paronychia are gram-positive cocci, either Streptococcus pyogenes or penicillin-resistant 
Staphylococcus aureus.32,33

One of the most serious events in soft tissue infections is the appearance of 
community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA).34 This 
organism has been cultured from hand infections including paronychia.

The simplest and most effective manner to drain a paronychia is to insert a no. 11 
blade between the eponychium and the nail plate and gently to sweep the blade to ele-
vate the eponychium (Fig. 13-30). With deft technique in a calm patient, this procedure 
can be done without anesthesia. Otherwise, a digital block is performed before drainage. 
After drainage, a simple adhesive bandage (Band-Aid) dressing is applied. The patient 
is instructed to remove the Band-Aid and to soak the finger in warm, soapy water twice 
a day. Band-Aids can be reapplied between soakings. Some authorities recommend 
placing drains under the eponychium. Uncomplicated paronychia in patients, who do 
not have risk factors such as diabetes, does not necessitate these measures. Antibiotics 
often are prescribed but are unnecessary if the pus is completely drained and there is 
no surrounding digital cellulitis. If there is cellulitis, a first-generation cephalosporin 
or clindamycin (for allergic patients) can be prescribed for 7 days. If CA-MSRA is sus-
pected, recommended antibiotics are trimethoprim-sulfamethosoxazole, clindamycin, 
or doxycycline.

Occasionally a paronychia extends below the nail plate between the nail and matrix. 
Pus can be seen through the semitranslucent nail. If pus is suspected to be in this space, 
partial or complete nail removal is recommended. Merely sweeping a no. 11 blade under 

Figure 13-30. Technique for draining a simple 
paronychia. The no. 11 blade is brought between 
the nail and the eponychium parallel to the nail 
plate. This simple maneuver drains most parony-
chias.
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the eponychium does not suffice. Figure 13-31 shows a method of partial nail removal 
to accomplish the drainage of the paronychia and the pus under the nail plate. A paro-
nychia that involves the entire eponychium and nail root area can be managed as illus-
trated in Figure 13-32. An incision of the eponychium is made to free the nail root 
for removal. Occasionally the entire nail must be removed to effect complete drainage.  

Figure 13-31. When a paronychia extends below 
the nail and insinuates between the nail bed and 
the nail plate, partial nail removal must take place. 
When nail removal is accomplished, a small packing 
or drain is left in place for 5 to 7 days.

Figure 13-32. A complex “horseshoe” paronychia 
usually needs to be drained by incising the paro-
nychia directly and removing either a portion or all 
of the nail. Packing is left in place for 5 to 7 days to 
prevent adherence of the eponychium to the germi-
nal matrix.
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Antibiotics often are recommended for complex paronychia. Antibiotics for hand 
wounds are discussed in the text that follows.

Felon
A felon is an infection with a collection of pus in the pulp space of the fingertip (Fig. 
13-33). The finger pad is quite swollen and is exceedingly tender. The most common 
bacteria found in these infections are S. pyogenes and penicillin-resistant S. aureus.32,33 
The previous discussion regarding CA-MRSA applies to felons as well. Whenever paro-
nychia and felons are present, the patient needs to be assessed for extension of the infec-
tion to the tendon. Suspicion for tenosynovitis is raised if the patient has the four signs 
of Kanavel35:
 •  Uniform symmetric swelling of the digit
 •  At rest, digit is held in partial flexion
 •  Excessive tenderness the whole length of the flexor tendon sheath
 •  Pain of the tendon sheath and finger with passive extension

Several methods to drain felons have been recommended through the years. The so-
called fish-mouth and lateral incisions that cut through the supporting fibrous septa of 
the finger pad are thought to increase the occurrence of unnecessary sequelae.36

The simplest technique to drain a felon is to make a longitudinal incision directly 
through the finger pad on the volar surface of the digit into the pulp space and pus collec-
tion (Fig. 13-34).36 The incision is kept open with a small, loose-fitting wick made of a non-
adherent dressing material or by a small sliver of rubber, such as part of a Penrose drain 
or a rubber band. The drain is removed at follow-up at 48 hours, after which a soaking 
routine similar to the one used for paronychia is encouraged. Patients are then started on 
antibiotics. The treatment protocol should include the possibility of CA-MRSA infection.

Pressure Injection Injuries
An injury to the hand that is caused by a high-pressure injection device, such as a paint 
sprayer or grease gun, initially seems benign. Through a pinhole, such a device can cre-
ate a needle-thin stream that can have a pressure of 15,000 psi. A variety of paints, 

Felon
Figure 13-33. Felon in the pulp of the finger space.

Figure 13-34. Technique for draining a felon. The 
incision is made directly over the area of maximal ten-
derness and fluctuance.
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petroleums, and other chemicals can easily pierce the skin and, under the pressure 
created, spread throughout the hand along natural tissue planes and tendon sheaths. 
Grease and paint are the two most commonly injected substances.31

The entry wound is often no more than a small puncture. The most common site of 
entry is the tip of the index finger, which happens as a result of “testing” to see if the 
device works. Some of the injectable chemicals, such as the petroleums, do not cause an 
immediate reaction or pain. The patient often has minimal complaints. The combina-
tion of the small wound and relative lack of symptoms is deceptive. These injuries can 
progress over hours to marked pain, swelling, and inflammation of the entire hand. 
They require immediate consultation. Some authorities recommend fasciotomies 
of the hand, before significant swelling develops, to forestall ischemia created by an 
increase in tissue pressure from the intense reaction, to remove the chemical, and to 
débride necrotic tissue. The overall incidence of amputation has been reported to be 
48%.37

ANTIBIOTICS FOR HAND WOUNDS
The use of antibiotics in patients with hand injuries is largely empirical, because there 
are few definitive, well-designed studies examining their use. Several studies have 
shown that prophylactic antibiotics are of no value in uncomplicated lacerations of the 
hand.4,12,38 In more complicated injuries, such as avulsions of the fingertip, antibiotics 
often are prescribed, but there are no definitive studies to support this practice. Some 
studies have shown that antibiotics are of no value.15,17

It is common to treat fingertip injuries with prophylactic antibiotics. In a large study 
of 299 patients treated without antibiotics for injuries ranging from simple lacera-
tions to avulsions, only two infections developed.39 One group found a decrease in the 
infection rate with the use of antibiotics when bone was exposed under severe crushing 
forces.40 It has not even been shown in the face of a paronychia that antibiotics improve 
outcome. Despite this controversy, some recommendations that rely more on tradi-
tional practice and clinical judgment can be made. Antibiotics should be used in the 
following situations:
 •  Wounds >8 hours old
 •  Wounds caused by a crushing mechanism in which some tissue compromise is 

 suspected
 •  Contaminated or soiled wounds in which extensive cleansing and débridement have 

been necessary
 •  Fingertip avulsions with exposed bone
 •  Open fractures
 •  Tendon or joint involvement
 •  Mammalian bites (see Chapter 15 for further discussion and special circumstances)
 •  Complex paronychia with pus under the nail
 •  Felons
 •  Immunocompromised patients or patients who have diabetes

The choice of antibiotics for hand injuries also generates debate. First-generation 
cephalosporins, which are effective against most of the common gram-positive and 
gram-negative organisms that are implicated in wound care, are a good first choice41; 
these include cephalexin (Keflex) or amoxicillin/clavulanate. For penicillin-allergic 
patients, the azithromycin (Zithromax) and clindamycin (Cleocin) are appropriate. 
For antibiotics to have any value, they must be administered as soon as possible in the 
emergency department, preferably within 3 to 4 hours after the time of injury.42 For 
maximal effectiveness, the initial dose should be administered intravenously. A recom-
mended intravenous first-generation cephalosporin preparation is cefazolin (Ancef); 



190 CHAPTER 13 The Hand

clindamycin (Cleocin) can be used for penicillin-allergic patients. For prophylaxis, the 
duration of administration is 4 to 5 days. As discussed previously, if CA-MRSA is a 
possible contaminant, antibiotics that cover CA-MRSA need to be considered. Risk fac-
tors for CA-MRSA include children, parenteral drug abusers, men who have sex with 
men, prisoners, military personnel, and members of athletic teams.40 Antibiotic choices 
include clindamycin, TMP/SMX, or doxycycline. It is important to consult local sensi-
tivity patterns for CA-MRSA.

DRESSINGS AND AFTERCARE
The basic finger dressing is described in Chapter 20. Xeroform is a popular nonadherent 
base, as is Adaptic. As a nonadherent dressing, Adaptic is followed by the application 
of a gauze pad and a wrap overlay. 43 Adaptic has been shown superior to other dress-
ing for avulsion and fingertip repairs. The latter is probably less adherent in wounds 
in which there is more exudate and crusting. All fingertips are well padded with gauze 
sponges. A metal protective splint is recommended for patients who are going to return 
to work or resume manual activities.

Most hand wounds are best followed up within 48 hours with dressing removal for 
inspection. If a suture line becomes infected, suture removal and wound cleansing with 
thorough irrigation are performed as soon as possible. Infections of the hand can be 
disastrous and can often spread rapidly to important structures from a small nidus. 
Most sutures of the hand are removed in 8 to 10 days.
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CHAPTER 14
Tissue Adhesives 
and Alternative  
Wound Closure

Key Practice Points

nn Alternatives to sutures for wound closure include wound adhesives, 
tapes, and staples. For the most part, all wound closure materials 
ultimately have the same cosmetic outcome.

nn Of the available wound adhesives, octyl cyanoacrylate (Dermabond) 
has the best wound closure characteristics.

nn The proper technique for applying adhesives restricts their use to the 
skin surface. Adhesives are toxic to subcutaneous tissue.

nn Adhesives are in liquid form as they exit the applicator; therefore 
care is taken to prevent “runoff” of the adhesive into the eyes and the 
mouth.

nn Wound tapes are appropriate for narrow, straight lacerations (commonly 
on the face), for flaps, and for the fragile skin of the elderly.

nn Staples are less reactive than sutures, and staples potentially cause 
less scarring and infection.

nn During the stapling of wounds, it is important to apply the stapler gently 
to the skin before activating the trigger to prevent driving the staple too 
deeply.

 

Through the years, sutures and their alternatives — wound adhesives, tapes, and staples — 
have become established and are routinely used in wound care. Emergency physicians 
value staples, because they are easy to apply, they save time, and the outcome of their 
use is good. Staples are particularly useful for scalp and truncal lacerations. After they 
were introduced in the 1980s, wound tapes commonly were used for straight lacera-
tions that were under little tension, for surgical incisions, and for supporting lacera-
tions with recently removed sutures. With the advent of adhesives, a new alternative has 
become available.

TISSUE ADHESIVES
Tissue adhesives are relatively new to wound and laceration closure in the United 
States; they were approved by the Food and Drug Administration in 1998. Since the 
1980s, tissue adhesives have been successfully used in Europe, Canada, the Middle East, 
and Asia. These compounds derive from the cyanoacrylate adhesives used in common 
household super glues. Formulated for medical purposes, they are well tolerated, effec-
tive, and nontoxic.1

Until 1998, n-butyl cyanoacrylate (Histo-Acryl Blue, Indermil) was the most com-
monly used tissue adhesive worldwide.2 In 1998, a new compound, octyl cyanoacrylate 
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(Dermabond), was released for general use.3 Dermabond has many advantages over 
Histo-Acryl Blue.4 Dermabond contains a plasticizer that makes it flexible and use-
ful for irregular or moving surfaces. Dermabond has a bacterial protection effect and 
a higher breaking strength.5 Finally, in contrast to Histo-Acryl Blue, Dermabond 
is packaged sterilely and can be stored at room temperature. In the United States, 
Dermabond is currently the tissue adhesive with the most desirable characteristics for 
wound care.

Dermabond can be used in many wounds and lacerations ordinarily closed with 
sutures, tapes, or staples. It is particularly effective for lacerations on the face. There 
are no limits to laceration length, and it can be used over joints if properly splinted.6 
Dermabond is an improvement over sutures for the closure of wounds of thin, aged, or 
corticosteroid-affected skin. If easy approximation can be achieved, Dermabond closes 
wounds with flaps and corners. Tissue adhesives are not used on mucous membranes 
or hair-bearing or weight-bearing areas. The following criteria can guide the decision to 
use tissue adhesives:
 •  Fresh lacerations that are within the “golden period”
 •  Laceration under low tension that are easy to approximate
 •  Lacerations with clean and even edges that can be closed with no gaps
 •  Lacerations with little or no blood oozing
 •  Situations in which adhesive runoff can be controlled or avoided

The cosmetic result of wounds closed with adhesives is indistinguishable from that 
of sutured wounds.1,7,8 Investigators have followed wounds for 3 months and have used 
“blinded” observers who could not tell the difference between adhesive-closed wounds 
and sutured pediatric lacerations.7 For reasons of convenience and patient comfort, 
parents prefer closure of their children’s lacerations with wound adhesives when asked 
to compare with previous experiences of standard suturing techniques.9 It has been 
reported, however, that children occasionally pick off the glue with their fingers,10 and 
in these cases, wounds have been closed successfully with sutures as delayed primary 
closures. Finally, although not statistically significant, the infection rate for adhesive-
closed wounds tends to be lower than that for sutured wounds, and under experi-
mental conditions, adhesive-closed wounds resist contamination more than sutured 
wounds do.2

The most attractive features of wound adhesives are short wound closure time and 
no requirement for anesthesia. Wound closure time is approximately 20% to 50% of 
the time necessary for standard suturing.7,8,10 Adhesives polymerize within seconds 
after application, and the wound needs manual support for only 30 to 60 seconds after 
application of the adhesive. Wounds closed with adhesives are at greater risk for break-
ing open immediately after closure than sutured wounds.2 After 7 days, there is no 
difference, however, in tensile or bursting strength between adhesive-closed and 
sutured lacerations. Breaking strength of adhesives is equivalent to a 4-0 nylon suture.4 
Less technical expertise is required for adhesive closures, and patients do not have to 
return for suture removal.1,2 For increased strength in long lacerations, a combination 
of wound tapes and wound adhesive can be considered.11

In emergency wound care, wound adhesives are restricted to skin surfaces, and care 
must be used to prevent penetration into the wound. Cyanoacrylates applied within 
tissue can cause acute inflammatory responses, giant cell reactions, inclusion body for-
mation, and seromas.12 Subcutaneously or within organs, they can remain in tissues 
for extended periods (1 year).13 Cyanoacrylates have accumulated an excellent and safe 
record for use in wound care.1,14 In large amounts, cyanoacrylates generate exothermic 
heat that can cause pain. In wound care, small amounts of adhesive are applied exter-
nally, and the adhesives peel off after the wound heals.
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Adhesive Wound Closure Technique
Dermabond comes in a sterile, plastic-covered glass vial with an applicator tip (Fig. 14-1). 
Until recently, there was only one choice of adhesive viscosity and applicator tip. Because 
of concerns about runoff of adhesive from wounds, a new, higher viscosity formulation 
has been introduced.1,15 When compared with the low-viscosity formulation, the higher 
viscosity adhesive had significantly less runoff from the wound area. Otherwise, the out-
comes were comparable.16 The standard applicator tip is rounded and has a tendency 
to depress or invert the wound edges if excessive pressure is applied during application. 
A new, chisel tip is more versatile and allows for even application of adhesive without 
undue pressure on the wound edges to cause inversion. The procedure for application of 
adhesive is as follows (Fig. 14-2):
 •  After wound cleansing and any necessary débridement, any significant bleeding 

should be controlled. The wound does not have to be strictly dry, however, because 
polymerization occurs in the presence of a liquid, either water or blood.

 •  The patient is placed in a position so that the wound is facing directly up, and adhe-
sive runoff is prevented. It is advisable to have nearby or to hold a gauze sponge to 
mop excessive adhesive quickly. A rim of petrolatum ointment placed around the 
wound helps block runoff.

 •  The eye is especially vulnerable to “runoff” and inadvertent gluing of the eyelids 
together. Therefore, if the laceration is above the eye, place the patient in a slight 
Trendelenburg position.17 For lacerations below the eye, the patient is placed in the 
reverse Trendelenburg position.

 •  When the patient is properly prepared and placed, the plastic Dermabond applicator 
is crushed and squeezed until adhesive covers the applicator tip.

 •  The wound is approximated gently with fingers or forceps. In some wounds, a 
second person can assist with wound edge approximation and excess adhesive 
removal.

 •  Adhesive is layered over the wound with a margin of 5 to 10 mm. Finger or forceps 
approximation is maintained for 30 to 60 seconds to allow for polymerization.  

Figure 14-1. Dermabond wound adhesive applicators: Left, ProPen. Right, Precision tip.
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A

B

C
Figure 14-2. Wound adhesive application technique. A, Wound edges are apposed with fingertips or forceps followed 
by application of adhesive. B, The applicator tip is drawn gently over the length of the wound. C, Three to four layers are 
applied to complete the closure.

After 15 to 20 seconds, more adhesive can be applied. Three separate layers are  
recommended to complete the closure. It takes 2.5 minutes for adhesive to reach its 
full tensile strength.18

Histo-Acryl Blue is a combination of adhesive and blue dye. It is not as versatile 
as Dermabond and is recommended for short, straight lacerations. It comes in a 
container with an applicator tip but is applied more easily by cutting off the tip and 
replacing it with a 25-G needle. Because of its consistency, Histo-Acryl Blue requires 
a different technique for application than does Dermabond. After the wound edges 
are approximated, small drops, “spot welds,” are placed along the wound until it 
is closed. The wound has to be supported for 30 to 60 seconds to ensure proper 
polymerization. Histo-Acryl Blue is more brittle than Dermabond and can break 
more readily.19

Adhesive Closure Aftercare
The patient is instructed to keep the wound clean and dry for 24 hours. After this 
period, gentle cleansing can be done with great care and caution so as not to disrupt the 
closure. If a wound dehisces, the patient is instructed to return so that delayed primary 
closure with wound tapes or sutures can be performed. No follow-up is necessary for 
glue removal because it peels off on its own or comes off with the natural sloughing of 
keratinized epidermis.
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Inadvertent Adhesive Runoff and Removal
Because adhesives are liquid, they can run off the wound area by accident or drip onto 
unwounded surfaces. Vulnerable areas include the eyes, nose, mouth, ears, and fingers. 
If possible, the runoff should be wiped up before drying. If polymerization occurs, 
petroleum ointment can be applied to accelerate breakdown and peeling. Antibiotic 
ointments can be used for this task. The most effective removal substance is acetone. 
Because acetone is toxic to delicate tissues, great care must be taken around the eyes. 
Forceps also can be used when the adhesive is completely dry to flake it away gently.

WOUND TAPING
There are several advantages to wound taping compared with suturing. Advantages 
include a reduced need for anesthesia, ease and speed of application, even distribution 
of tension across the wound, no residual suture marks, application by nonphysician 
personnel, and the elimination of the need for suture removal.20 Tapes also have advan-
tages in closing flap lacerations and have a greater resistance to wound infection than 
sutures.21,22 Tapes do not work well on surfaces that are oily or hair bearing, on joint 
surfaces, on lax skin, on gaping wounds under tension, or on very young or uncoopera-
tive children. The cosmetic outcome is equivalent to adhesive closure.23

A bewildering variety of wound tapes are currently on the market. Steri-Strips are 
the best known; other brands include Shur-Strip, Cover-Strips, Suture-Strip, Clearon, 
Nichi-Strip, and Curi-Strip. The various brands have differing porosity, adhesion, flex-
ibility, breaking strength, and elongation capability. An early study that compared 
Clearon and Steri-Strips showed a better overall performance by Steri-Strips.24 In 
another comparison study of six tapes (Curi-Strip, Steri-Strips, Nichi-Strip, Cicagraf, 
Suture-Strip, and Suture-Strip Plus), an overall scoring method was devised to rank 
their performance under laboratory conditions.25 The three highest ranking tapes were 
Nichi-Strip, Curi-Strip, and Steri-Strips. Under experimental conditions, tape closures 
resisted wound infection better than nylon sutures. Tapes also are well suited for sup-
porting grafts and flaps.

Indications for Taping
Wound taping can be considered under the following conditions:
 •  Superficial, straight lacerations under little tension. Areas suitable for taping include 

the forehead, chin, malar eminence, thorax, and nonjoint areas of the extremities.
 •  Flaps in which sutures might compromise vascular perfusion at the wound edges.
 •  Lacerations with a greater-than-usual potential for infection.
 •  Lacerations in an elderly or steroid-dependent patient who has thin, fragile skin.
 •  Support for lacerations after suture removal.

Tapes do not work well on irregular wounds, wounds that cannot be made free of 
blood or secretions, intertriginous areas, scalp, and joint surfaces.

Taping Technique
Most taping of emergency wounds can be done with 1⁄4-inch-wide tape of varying 
lengths. For wounds that are greater than 4 to 5 cm in length, 1⁄2-inch width is prefer-
able. The following steps are performed:
 •  The wound is cleansed, irrigated, and débrided if necessary. Hemostasis has to be 

complete and the skin surface completely dried.
 •  Benzoin is applied to the surrounding skin to increase adhesion. Care is taken not to 

spill this agent into the wound. Benzoin is left to dry until it becomes tacky.
 •  Tapes are cut to the length desired while they are still on the backing sheet. Usually 

2 to 3 cm of overlap is allowed for each side of the wound.
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 •  One of the perforated end tabs is gently removed to prevent deforming of the tape 
ends (Fig. 14-3).

 •  Individual tapes are removed from the backing with forceps by pulling directly away 
from the backing (Fig. 14-4).

 •  One half of the tape is securely placed on one side of the midportion of the wound 
and is held securely. The opposite wound edge is apposed with a finger of the oppo-
site hand (Fig. 14-5). After edge apposition, the tape is completely secured (Fig. 14-6).

 •  Further tapes are placed evenly adjacent to the original midwound tape. This pro-
cess is repeated with further tapes until the wound edges are completely apposed 
(Fig. 14-7). Wound tapes should have a gap between them that is at least 2 to 3 mm 
wide. Complete occlusion of the wound by tapes can cause normal wound seepage 
to dissect under the tapes and can lead to premature removal.

 •  The final step is to place cross stays to prevent elevation of the tape ends and minor 
skin blistering caused by tension of the tape ends (Fig. 14-8).

Tape Aftercare
Tapes are maintained in place for at least as long as sutures would be for the anatomic 
area in question. In contrast to a sutured wound, a taped wound cannot be washed 
or moistened, because premature tape removal can lead to wound dehiscence. Tapes 
should never be wrapped around a digit in a circumferential manner, because they are 
not expandable and can act as a constricting band.

WOUND STAPLING
Since the introduction of automatic skin-stapling devices, there has been a reluc-
tance to use them beyond their intended purpose of closing surgically made incisions. 
Despite the remarkable amount of time saved by placing staples instead of sutures, early 

Figure 14-3. The perforated end tab is gently removed to prevent deforming of the tape ends.
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an imal and clinical investigations included questions about the capacity of staples to 
appose wound edges as accurately or to promote wound tensile strength as effectively 
as sutures.26 Studies in animals have suggested, however, that wound tensile strength is 
actually greater for staples compared with sutures.27,28 In addition, less wound inflam-
matory response has been noted with staples, and they resist infection more effectively 
than sutures.29

Clinical studies of staple use in traumatic lacerations showed that, compared with 
standard suturing methods, the ultimate cosmetic result as judged by blinded observ-
ers is no different.30,31 In these studies, body regions that were chosen for the com-
parisons included the scalp, neck, arm/forearm, trunk, buttocks, and legs. Adult and 
pediatric age groups were studied. The time required for staple closure was approxi-
mately four to five times less than that required for suture placement. Cost has been 

Figure 14-4. Individual tapes are removed with forceps.

Figure 14-5. The tape is firmly secured on one side of the wound.
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Figure 14-6. The tape is brought over the wound after the wound is apposed with the finger of the opposite 
hand.

Figure 14-7. Enough tapes are placed so that wound gaping does not occur. Usually there is 2 to 3 mm 
between tapes.

Figure 14-8. Cross stays are placed over the tape ends to prevent skin blistering and premature removal.
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cited as a drawback to the use of staples; however, the time saved by a busy physician 
and the reduced need for wound closure instruments balances that factor.32 Patients 
seem to tolerate staples well while they are in place; however, there does seem to be 
increased discomfort on removal compared with sutures.27

Indications for Stapling
Wound stapling can be recommended under the following circumstances:
 •  Linear, sharp (shearing mechanism) lacerations of the scalp, trunk, and extremities. 

Although they have been used in hand lacerations, experience is not extensive enough 
to recommend staples confidently for that area. Stapling similarly is avoided for facial 
wounds.

 •  Temporary, rapid closure of extensive superficial lacerations in patients requiring 
immediate surgery for life-threatening trauma.
Staples are avoided in anatomic areas to be studied by computed tomography or 

magnetic resonance imaging. Staples can produce streak artifact on a computed 
tomography scan, but in critical circumstances, clinically useful scans can be obtained 
despite the presence of staples. Staples can move when magnetic resonance imaging is 
used, and staples should not be placed if a study is anticipated.

Stapling Technique
Stapling devices have evolved significantly, and many products are available. The Reflex 
One is representative of a multiple-staple device (35 staples per cartridge) with a wide 
staple that closes into a rectangular configuration (Fig. 14-9). This stapler commonly 
is used for surgical incisions or long lacerations of the trunk or extremity. The Precise 
Ten Shot stapler holds 10 staples that close into a smaller arcuate configuration. This 
device is useful for shorter, traumatically induced lacerations that might require greater 
precision and control. In addition to the stapler, the equipment required includes 
basic wound care instruments and standard anesthetic agents. The following steps are  
followed to insert staples:
 •  Forceps are used to evert the wound edges before placement of each staple (Fig. 

14-10). When possible, a second operator can help evert the edges while the primary 
operator uses the stapler.

 •  Before triggering, the stapler should be placed gently on the skin over the wound 
without indenting the skin (Fig. 14-11).

 •  The trigger, or handle, is squeezed gently and evenly to advance the staple into the 
tissue (Fig. 14-12).

 •  When the staple is placed, a space should be visible between it and skin. A common 
mistake in placing staples is to apply excessive downward pressure, causing the sta-
ples to seat deep in the wound.

 •  Because of the configuration of the bending mechanism of the stapler, when the 
 staple is seated, the stapler has to be “backed out” of the staple loop to disengage it.

Staple Aftercare
Staples are kept in place for the same length of time as are sutures in similar anatomic 
sites. Staple removal requires a special device that is provided by each manufacturer. 
The lower jaw is placed under the crossbar of the staple, and the upper jaw is closed to 
open the loop of the staple (Fig. 14-13).
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Figure 14-9. Examples of wound stapling device (top) and staple remover (bottom).

Figure 14-10. Forceps are used to approximate and evert wound edges during stapling.
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Figure 14-11. During stapling, the stapler is placed gently on the skin before triggering. Indenting the 
skin with too much pressure causes staples to be placed too deep.
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Figure 14-12. During triggering, the staple is reconfigured to approximate wound edges. Do not apply 
excessive downward pressure on stapler.
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A

B C
Figure 14-13. The following procedure is used to remove staples. A, The lower jaws of the staple-removing 
device are positioned under the staple crossbar. B, The upper jaw is used to compress the staple gently. 
C, When complete compression has taken place, the staple has been reconfigured for easy, gentle withdrawal.
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Use of a skin adhesive (octyl-2-cyanoacrylate) and the optimum
reinforcing combination for suturing wounds

MIHO CHIGIRA & MASATAKA AKIMOTO
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Abstract
The adhesion strength of a skin adhesive, octyl-2-cyanoacrylate (DermabondTM), was measured under various conditions
using porcine skin. The combined use of a skin adhesive and a skin closure tape (n�/5) was significantly stronger than a
single application of skin adhesive (n�/5) (p B/0.01). We have tentatively named the wound closure in which a skin adhesive
and reinforcement material were combined the Reinforcing Combination Method. To obtain optimum conditions, further
studies were done for sequence of application, type of reinforcement material, a number of layers, and width of the suture.
The optimum condition for the reinforcement combination was established by applying one layer of skin adhesive over a
skin closure tape, over one layer of skin adhesive, with a suture width of 4 cm. This reinforcement combination might be
useful in clinical practice.

Key Words: Octyl-2-cyanoacrylate, RC (Reinforcement Combination) method, skin adhesive, skin closure tape, strength test

Introduction

A skin adhesive, octyl-2-cyanoacrylate (Derma-

bondTM), is being used as a new option for wound

closure in many fields including plastic surgery,

emergency medical care, and treatment of wounds

in children [1�/5]. In our previous study we quanti-

tatively measured the strength of adhesion of

DermabondTM and suggested the reinforcing combi-

nation method of closure, by which increased tensile

strength could be obtained by combining skin

adhesive and a reinforcement material. We first

applied the skin adhesive, then added a reinforcing

material (skin closure tape), and then applied more

skin adhesive so that it infiltrated the tape. A few

further layers of skin adhesive were then added to

complete the treatment.

In the present study, we tested the strength of the

reinforcement combination method under various

conditions (before and after treatment, types of

reinforcing materials, and width of suture). Several

measures to improve the strength of skin adhesives

were found when we investigated the optimum

conditions for use of the method.

Material and methods

Sixty flaps (4�/4 cm) of the ventral skin of five

specific pathogen-free pigs raised under general

anaesthesia were used to test adherence (Figure 1a).

To eliminate bumps of the epidermis before we

applied the skin adhesive, the dermis was sutured

subcutaneously with a polypropylene suture, and the

skin adhesive then applied under various conditions

(Figure 1b). The skin adhesive was applied as

follows: crush the vial and press out the adhesive

through the tip. Paint the adhesive on to the wound

edges, recording the width of the application. One

layer is one application of paint. Apply three times

for a three-layer-coating, allowing each to dry before

applying the next one. After the skin adhesive had

dried, the suture was removed. The flaps were

sectioned at the base immediately before measure-

ment.

The tensile strength was continuously loaded at

the base of the flap until the suture broke using an

industrial stress strain test workbench (Autograph,

Shimadzu Co.), and the strength (g) was measured

(Figure 2a , b).
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Experiment 1: Need for pretreatment

The conditions to adhere and suture the skin in each

group were as follows: in the first group, three layers

of the skin adhesive were applied (the adhesion

method recommended by a manufacturer); in the

second group, a skin closure tape was attached,

following which three layers of the skin adhesive

were applied; and in the third group, one layer of the

skin adhesive was applied first, then a skin closure

tape was attached, followed by three further layers of

skin adhesive.

The width of suture in all three groups was

4 cm.

Five samples were prepared for each group (total

n�/15).

Experiment 2: Comparison of adhesion strength between

four different reinforcing materials

The reinforcing materials used were as follows (n�/5

in each group): in the first group, skin closure tape;

in the second group, silicone gauze; in the third

group, gauze (cotton); and in the fourth group,

polypropylene mesh (PoreneMeshTM). In each

group, one layer of skin adhesive was applied, and

then a reinforcing material was attached, followed by

one further layer of skin adhesive.

The width of suture in all groups was 2 cm.

Experiment 3: The number of layers of skin adhesive

required after reinforcement

In the first group, one layer of skin adhesive was

applied, followed by a skin closure tape, and then a

further layer of skin adhesive; and in the second

group, one layer of the skin adhesive was applied,

followed by a skin closure tape attached, and then a

further three layers of skin adhesive.

The width of suture in all groups was 2 cm.

Five samples each were prepared for these two

groups (n�/5 in each).

Experiment 4: Differences in the strength of adhesion

depending on the width of the suture

One layer of the skin adhesive was applied, a skin

closure tape was attached, and then a further layer of

the skin adhesive in the two groups (n�/5 in each): in

the first group, width of suture 4 cm; and in the

second group, 2 cm.

Experiment 5: Control groups (n�/5 in each)

In the first group, only one layer of skin adhesive

applied; in the second group, a skin closure tape

alone was used; in the third group, seven stitches

with 5/0 polypropylene were inserted; and in the

fourth group, seven stitches with 6/0 polypropylene

were inserted.

Statistical analysis

Statistical analysis was done using the Statistical

Package for the Social Sciences (SPSS 11.5 software

for Windows). For comparison between several

groups (such as experiments 1 and 2), an overall

difference between the groups was calculated by

one-way analysis of variance (ANOVA). If this gave a

significant result, difference between each groups

were estimated using Tukey’s test. Student’s t test

was used for comparisons between groups. Prob-

abilities of less than 0.05 were considered to be

significant.

Results

The tensile strength was expressed as the strength

(g)/1 cm of the wound edge at the time when the raw

surface was opened.

Figure 1. (a ) Preparation of the flaps (4�/4 cm) on the ventral skin in specific pathogen-free pigs. (b ) The epidermis was bound by a

subcutaneous continuous suture before application of the skin adhesive, and the tips of the flaps were stuck down under various conditions.
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Figures 3�/7 show the results of the measure-

ments.

Discussion

Octyl-2-cyanoacrylate is a synthetic adhesive for

the surface of the skin that uses the chemical

properties of cyanoacrylate monomer (water-cata-

lysed polymerisation and solidification). A general

adhesive is used to bond one plane to the other

plane. It is recommended to use it as a skin

adhesive so that it coats the wound edges, by

applying it to the skin after the wound is closed. As

a result a flexible film covers the closed region, and

other dressings with materials (including gauze) are

not necessary.

Many investigators [4,6,7] have suggested that a

skin adhesive is useful for lacerations and surgical

incisions in children, as it causes no pain, does not

require the removal of a suture, and allows patients

to shower immediately. For these reasons we often

used a skin adhesive for children. This closure

method is also used because it is aesthetically equal

or superior to conventional sutures [8,9], but care

should be taken when applying skin adhesives to

regions upon which there is much strain [5,10,11].

We propose the new closure method with greater

adhesion strength, because it makes full use of the

characteristics of the materials by combining a skin

adhesive and skin closure tape.

In the first experiment, the tensile strength was

significantly greater in the group that were given a

first layer of the skin adhesive before tape was

applied. This indicated that the skin adhesive

increased the stickiness of tape to skin.

In the second experiment, there were no signifi-

cant differences among tensile strengths among the

reinforcement materials. Tape had many advantages
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One layer of treatment,
then three layers
(n=5)
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or
ce
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Figure 3. Experiment 1: Need for pretreatment. The groups

comprised three layers of the skin adhesive; with no pretreatment,

skin closure tape being attached, and three layers of the skin

adhesive applied, and after a pretreatment (one layer of the skin

adhesive applied), and the three layer treatment applied as before.

Figure 2. (a ) An industrial stress strain test workbench, Autograph (Shimadzu Co.) (b ) After the skin adhesive had dried, the suture was

removed, and the flaps were sectioned at the base immediately before measurement of the samples. The load was applied to the sample until

the closed region was opened, using the industrial stress strain test workbench to measure the tensile strength.
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(cost-effective, and easy to use), but gauze was an

acceptable substitute.

In the third experiment, the tensile strength of the

group with three layers of the skin adhesive was

slightly greater than that with one layer of skin

adhesive, but the difference was not significant.

Application of one layer of skin adhesive could

therefore provide sufficient strength.

In the fourth experiment, the tensile strength of

the group with sutures 4 cm wide was roughly twice

as large as that in the group with sutures 2 cm wide.

This tensile strength might be almost proportional to
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Figure 4. Experiment 2: Comparison of adhesion strength between four different reinforcing materials.
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Figure 5. Experiment 3: The number of layers of skin adhesive

required after reinforcement. In the first group, one layer of the

skin adhesive was applied, a skin closure tape was attached, and

then a further layer of skin adhesive was applied after treatment. In

the second group, one layer of skin adhesive was applied, then a

skin closure tape, and then three further layers of skin adhesive

were applied after treatment.
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Figure 6. Experiment 4: Differences in the strength of adhesion

depending on the width of the sutures.
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the width of suture (the adhesion area). Because the

mean tensile strength in the group with a 6/0

polypropylene suture was 327 g /cm and similar to

that in the group with a 5/0 suture (392 g /cm), the

suture width of 2 cm might be enough to close the

eyelid.

The optimum condition for our method was

therefore established by applying one layer of the

skin adhesive, then skin closure tape before one

further layer of skin adhesive with the suture width of

4 cm. The strain of about 800 g could be applied/

1 cm of the wound edge treated with our method. In

the United States Pharmacopoeia (USP), the stan-

dard knot-pull tensile strength for a 5/0 non-absorb-

able suture (Class I) was stated as 400 g [12]. We

cannot discuss skin adhesive and sutures under the

same conditions, but we would simply like to

compare the strain to reach the destruction between

these two materials. Assuming that the wound edges

were sutured with two stitches of a 5/0 non-absorb-

able suture/1 cm wide, the obtained tensile strength

was almost equal to the strength obtained through

the reinforcing combination method in theory.

Shapiro et al. report that the tensile strength of a

skin adhesive is almost the same as that of a 4/0

polyglicaprone absorbable suture (three subcuta-

neous stitches for the wound of 3.5 cm in width)

[10].
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CHAPTER 15
Bite Wounds

Key Practice Points

nn All animal bites exhibit similarities, but there are enough differences 
that each one needs to be evaluated and managed individually.

nn The most important steps in bite wound management are cleansing, 
irrigation, and débridement of devitalized tissue. Dilute povidone-
iodine solution (not the scrub preparation) is used for cleansing and 
irrigation, because it is both bactericidal and virucidal.

nn Puncture wounds, especially those caused by cats, have a high risk of 
seeding deep tissue with bacteria and causing infection with Pasteurella 
multocida. It is important to open those wounds for thorough irrigation.

nn Dog bites, which are the most common mammalian bite, have the least 
virulent bacteria and the lowest infection rate. Cat and human bites 
have more virulent bacteria with a higher infection rate.

nn All of the important bacteria of dog, cat, and human bites are susceptible 
to ampicillin/clavulanate. For patients allergic to penicillin-based 
antibiotics, other choices are effective for prophylaxis or for treating 
established infections, and these antibiotics are listed in the text.

nn Because suture material is a foreign body, suturing mammalian bite 
wounds is not recommended except for cosmetic concerns such as bite 
wounds on the face. Proper and vigorous local wound care will likely 
protect a sutured wound from becoming infected.

nn Clenched-fist human injuries (striking human teeth) are very likely to 
penetrate tendon and metacarpophalangeal joints. These wounds 
often require the advice of a consultant for exploration and irrigation of 
the wound, tendon, and joint.

nn Since 2000, no cases of human rabies have been contracted from 
domestic animals. The most common cause of human rabies is from 
bats. No human has contracted rabies from a properly immunized animal.

nn Wound care and local injection of rabies immune globulin, as soon as 
possible after the bite occurs, are the key steps for rabies prevention.

nn Optimal timing of postexposure prophylaxis is 48 hours from the bite 
occurs. However, because the average rabies incubation period is 30 
to 90 days, up to 2 years’ postexposure prophylaxis should never be 
denied the patient. Local public health officials and the Centers for 
Disease Control and Prevention (CDC) can assist in complicated cases.

nn Recent recommendations in postexposure rabies prophylaxis from 
the CDC have reduced the number of postexposure human diploid cell 
vaccine (HDCV) injections from 5 to 4.

 



CHAPTER 15 Bite Wounds 207

Animal and human bites are common wounds managed by emergency caregivers. Bites 
can be from a multitude of sources, but most are caused by dogs, cats, and humans.1,2 
Despite apparently similar mechanisms of injury, each type of bite has different clinical, 
microbiologic, and treatment considerations that affect the management of bite wound 
patients. With animal bites, there is also the possibility of secondary systemic infectious 
complications, the most important of which is rabies. It is the responsibility of any person 
caring for an animal bite victim to investigate thoroughly the biting circumstances and 
to make an appropriate decision about whether or not to administer rabies prophylaxis.

The mechanism of injury from an animal bite or attack plays an important role in 
predicting the chance of infection and the choice of management technique. All animal 
bites are to be considered contaminated with potentially pathogenic bacteria. These 
injuries frequently are associated with crushing, tearing, and avulsion forces and devi-
talized tissue. The combination of bacterial contamination with accompanying devital-
ized skin and fascia creates a setting ripe for the establishment of infection. The risk of 
infection is greater for certain circumstances listed in Box 15-1.

GENERAL BITE WOUND MANAGEMENT
Wound management depends on the type of wound, its severity, and its anatomic loca-
tion. Simple contusions and superficial bite abrasions, in which no obvious skin puncture, 
laceration, or avulsion is present, can be treated by thorough cleansing alone. Despite the 
relatively minor appearance of many of these wounds, the patient still is at risk for devel-
oping rabies, and this possibility has to be addressed. For larger wounds that violate the 
epidermis and dermis, standard wound care techniques are performed as follows:
 •  Povidone-iodine solution (not the detergent scrub preparation) is the wound cleans-

ing solution recommended for periphery cleansing. 3,4 The standard 10% solution is 
diluted 10:1 to 20:1 with saline and can serve as the cleansing agent and the irrigant. 
Povidone-iodine is virucidal and the potential for rabies in animals and human immu-
nodeficiency virus (HIV) in humans make it the preferred bite wound cleansing agent.

 •  After thorough scrubbing of the wound periphery, copious high-pressure irrigation 
is the next step, using a 19-G needle, catheter, or splash shield attached to a 20-mL or 
35-mL syringe. Delivering diluted povidone-iodine solution directly into the wound 
enhances its microbicidal action.

 •  Débridement of all devitalized tissue and wound edges is essential for reducing the 
possibility of wound infection. Irrigation after débridement is recommended because 
it provides greater exposure of the wound. Retrospective and prospective studies have 
shown that wound infection is reduced significantly after débridement.5-7

 •  For fang wounds, particularly slender cat teeth wounds, there is often minimal devital-
ization of the skin. Edge débridement might not be necessary. The problem of adequate 
wound cleansing remains, however. To facilitate effective irrigation, after local infiltra-
tion of anesthesia, the entry site can be widened with a simple 1- to 1.5-cm incision 

	 BOX	15-1	   Wound Factors That Increase Risk for Infection

Puncture or crush wounds
Bites to hands, face, and feet
Bone, joint, tendon involvement
Delayed presentation, >8 hours from bite incident
Immunocompromised or asplenic host
Wound requiring surgical repair
Presence of prosthetic appliance
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across the puncture with a no. 15 knife blade (Fig. 15-1). The new wound is retracted 
open with a hemostat or forceps to permit irrigation. These incisions are left to close 
without sutures. If the edges are devitalized, they should be trimmed back to viable skin.

 •  Purulence or suspected infection is cultured.
 •  Radiographs are obtained when fracture or joint penetration is suspected.
 •  Proper tetanus immunization is ensured.
 •  The wound is covered with a nonadherent base (an antibiotic ointment is optional). 

The base is covered with gauze pads and tape or a gauze wrap to secure the dressing.
 •  Assessment and treatment for rabies exposure are performed if necessary.

SPECIFIC INJURIES
The most important steps in the management of animal and human bites are cleans-
ing, irrigation, and débridement. However, the most controversy exists over the choice 
of antibiotics for prophylaxis and for the treatment of established infections. Antibiotic 
choices listed here are based on the likely pathogenic organisms in a bite wound and  
the antimicrobial susceptibility of the available antibiotics. Except for amoxicillin/ 
clavulanate, no single antibiotic covers all of the important organisms. For this rea-
son most of the  recommendations include two antibiotics to ensure broad-spectrum 

A

B

C

D
Figure 15-1. Fang wound management. A, A fang wound with a suggested line of incision to open the 
wound for effective irrigation and débridement. B, A small 1- to 1.5-cm incision can be made with a scalpel and 
a no. 15 blade. C, When incised, the wound can be exposed with forceps and can be copiously irrigated. D, The 
incision also facilitates wound edge débridement if devitalization or excessive contamination is present.
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 coverage. Coverage can always be changed based on the clinical course of the patient 
and available wound cultures.

Dog Bites
Microbiology and Risk for Infection
More than 80% of animal bites are dog bites.8 The mouths of animals, including dogs, 
have a bewildering number and variety of bacteria. However, only a few of those bac-
teria actually cause the majority of established infections.9 Therefore, prophylaxis 
should cover at least the likely infecting organisms (Table 15-1). Fifty percent of bac-
teria recovered from infected wounds are Pasteurella canis.9 Other organisms include 
S. aureus, streptococi, Moroxella spp., and anaerobes. An unusual organism, but virulent, 
is Capnocytophaga canimorsus. Multiorgan failure, disseminated intravascular coagula-
tion, and gangrene have been associated with this gram-negative bacillus, but infection 
most often occurs in immunosuppressed or chronically ill patients. The overall infec-
tion rate from dog bites varies from 2% to 20%.1 Infection is more likely to occur in 
patients with risk factors, as listed in Box 15-1.

Dog Bite Wound Management
Dog bites are managed according to the general bite wound management guidelines 
mentioned previously.

Dog Bite Prophylaxis
The most controversial area of dog bite management is the use of prophylactic anti-
biotics for wounds that appear to be noninfected.10 The preponderance of evidence 
is that antibiotics do not reduce the infection rate in low-risk dog bite wounds.5,11-13 
Meta-analyses and systematic reviews of available controlled trials found, however, that 
prophylactic antibiotics were beneficial in high-risk settings.14,15 The high-risk setting 
for which there is the best evidence for the prophylactic effect of antibiotics is for non-
infected-appearing hand wounds.5,14,16 Based on the potentially infecting organisms, 
ampicillin/clavulanate provides good coverage in this setting (see Table 15-1). Alterna-
tives for penicillin-allergic patients are listed as well.

Suturing
The issue of whether to suture dog bite wounds is controversial. Investigational data 
and the author’s personal experience support the practice of primary suture closure 

	 TABLE	15-1	   Outpatient Empirical Antibiotic Treatment (Including 
Prophylaxis) for Mammalian Bites*

Bite	Wound Treatment

Dog, cat, human Adults

Amoxicillin/clavulanate 875/125 mg PO bid
Cefuroxime 500 mg PO bid plus clindamycin 300-450 mg PO tid
†TMP/SMX DS 2 tabs PO bid plus †clindamycin 300-450 mg PO tid

Children (1-12 yr)

Amoxicillin/clavulanate 25 mg/kg (amox) PO bid
Cefuroxime 15 mg/kg PO bid plus †clindamycin 7 mg/kg PO tid
†TMP/SMX 4-6 mg/kg PO bid plus †clindamycin 7 mg/kg PO tid

*Established infection: treat for 14 days. Prophylaxis: treat for 3-5 days.
†Includes activity against community-acquired community-associated methicillin-resistant Staphylococcus aureus.
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of low-risk dog bite wounds.5,6,16-18 In a study by Chen,19 suture closure of dog bites 
was 94% successful compared with 97% in nonbite wounds.4 Caution is recommended 
for wounds more than 8 to 12 hours old, fang (puncture) wounds, hand lacerations, 
or wounds that are at high risk.4 When risk to closure exists, delayed primary closure 
(tertiary union) or open closure (secondary union) can be considered. Because of the 
cosmetic concerns associated with facial bites and a low potential for infection, sutur-
ing, even after 8 to 12 hours, can be considered.17 Consultation with a specialist is 
recommended to assist in the decision. Whenever primary closure of any dog bite is 
performed, deep closures are avoided to minimize the potential for infection.4

Established Dog Bite Infection
For wounds with signs of infection (i.e., purulence, redness, heat, tenderness, and lym-
phangitis), the initial empirical dose of intravenous antibiotics should be broad spec-
trum.20 Ampicillin/sulbactam (Unasyn) provides coverage for the most likely infecting 
organisms (Table 15-2). If a patient requires admission to the hospital, this agent can be 
continued until wound culture results are available to determine further therapy. If the 
patient can be treated as an outpatient, oral ampicillin/clavulanate (Augmentin) can be 
used after the initial parenteral ampicillin/sulbactam. Culture results can guide outpa-
tient therapy as well. Total treatment time is approximately 14 days; however, the patient 
is recommended to return in 48 to 72 hours for assessment of treatment effectiveness.

Cat Bites
Microbiology and Risk Factors for Infection
Cat wounds can be inflicted by both teeth and claws. In a study of infected cat bites, 
Pasteurella multocida was found in 75% of cases.9 It is important to remember that cats 
lick their paws, which can be covered with P. multocida. This organism is particularly 
virulent. Because cat teeth are long and slender, deep tissue, tendon, or joint seeding 
can occur. Infection is characterized by rapid onset and spreading (less than 24 hours), 
pain, and thin grayish discharge. Other organisms that can be cultured are aerobes, 
including S. aureus and streptococci, and anaerobes. Other risk factors for infection are 
similar to the factors listed for dog bites.

Cat Bite Wound Management
Cat bites are managed according to the general bite wound management guidelines 
listed previously. Because of the potential for deep penetration, it is important to open 
fang bites for irrigation to reduce the risk for infection. Injuries to deep structures, such 
as tendons and joint spaces, can be assessed.

	 TABLE	15-2	   Initial Empirical Parenteral Antibiotic Choices for Inpatient 
Treatment of Established Mammalian Bite Infections

Bite	Wound Treatment

Cat, dog, human Adults

Ampicillin/sulbactam 1.5-3.0 g IV q6h
Ceftriaxone 1 g IV q12h plus metronidazole 500 mg q8h
TMP/SMX 4-10 mg/kg (TMP) IV q12h plus clindamycin 600 mg IV q8h

Children (1-12 yr)

Ampicillin/sulbactam 50 mg/kg IV q12h plus clindamycin 7.5 mg/kg IV q8h
TMP/SMX 2-3mg/kg IV q12h plus clindamycin 7.5 mg/kg mg IV q8h
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Cat Bite Prophylaxis
Prophylaxis for uninfected-appearing cat bites is less controversial than prophylaxis 
for dog bites.16,21,22 Most cat bites, unless they are minor scratches or are limited to the 
superficial dermis, are candidates for oral prophylactic antibiotics.23 For prophylaxis 
to be effective, the first dose should be delivered in the emergency department and, 
preferably, in intravenous form. Either ampicillin/sulbactam or ceftriaxone plus met-
ronidazole cover the likely pathogens (see Table 15-2). For outpatient management, 
amoxicillin/clavulanate also can be used. Alternatives and recommendations for chil-
dren are found in Tables 15-1 and 15-2.

Suturing
Unless tissue coverage and cosmesis are important considerations, cat bite and scratch 
wounds are probably best left open and unsutured. Cat fangs can penetrate deeply into 
the soft tissues, and because the infection potential of these wounds is great, the most 
judicious course of action is to cleanse, irrigate, and débride the wound and to leave it 
open.24 Another option is to open the wound with a simple incision as described previ-
ously in the section on bite wound management (see Fig. 15-1). Delayed primary clo-
sure can be used for wounds that need suturing for cosmetic or functional reasons, but 
primary closure at the time of wounding is considered too risky for inducing infection. 
Exceptions to this recommendation include large, easily cleansed lacerations that are 
not on the hand or the foot. Most lacerations of the face are protected by the good vas-
cular supply of the face, and suturing is recommended for cosmesis. Whenever sutur-
ing is chosen, only percutaneous nonabsorbable sutures are used. Deep closures are 
avoided because of the increased risk of infection.

Established Cat Bite Infections
For initial empirical therapy, as with dog bites, an intravenous dose of ampicillin/sul-
bactam can be delivered in the emergency department (see Table 15-2). This agent can 
be continued during inpatient admission until culture results are known. For outpa-
tient treatment, ampicillin/clavulanate can be prescribed for a full course of 14 days. 
This course can be modified with culture results and can be reviewed at the recom-
mended 48- to 72-hour return visit. Infection with P. multocida is often characteristic 
with onset of symptoms within 24 hours of the bite, with prominent pain and swelling, 
and with a serosanguinous and grayish exudate.25 Intravenous antibiotic treatment is 
administered as soon as possible because of the rapid spread of this organism.

Human Bites
Microbiology
The microbiology of human bites differs from that of cat and dog bites and is more com-
plex. Aerobic organisms recovered from human bite infections include Streptococcus (α-,β- 
hemolytic), Staphylococcus (S. aureus, S. epidermidis), and Corynebacterium. Eikenella corrodens 
has been recovered from 29% of human bites, including 25% of all clenched-fist injuries.26-28 
E. corrodens is a particularly virulent organism that can result in serious, chronic, and indo-
lent infections. Human bite infections in hospitalized or institutionalized patients often 
are caused by gram-negative organisms, such as Escherichia coli, Proteus, and Pseudomonas.

Infectious complications of human bites also can derive from viruses and other 
organisms.1 Viruses transmitted through human bites include hepatitis B and C and 
herpes virus types 1 and 2. Mycobacterium tuberculosis and Treponema pallidum have been 
reported to be transmitted through human bites. To date, although it is biologically 
possible, no case of human immunodeficiency virus infection has been reported from 
transmittal through a human bite.1
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Bite Wound Management
The basic wound care steps are carried out as previously described. For clenched-fist 
injuries (“fight bite”), both x-rays and exploration are recommended to rule out fractures 
and/or penetration of key structures such as joints or tendons. A fist struck against the 
mouth can drive teeth into the lightly padded knuckles. Suppurative complications are 
common, and violation to tendon, bone, or joint has been reported in 75% of cases.29 
These injuries require aggressive intervention with exploration, irrigation, débridement, 
and early parenteral antibiotic administration. Care is best performed in consultation 
with a specialist.

Prophylaxis
Most authorities and clinicians recommend antibiotic prophylaxis for most human 
bites with the possible exception of superficial human bite wounds.30-33 Until reliable 
clinical studies are performed to clarify the true risk of human bites and the value of 
prophylaxis, it is best to err on the side of treatment. Uninfected nonhand bite wounds 
can be treated on an outpatient basis. Simple abrasions or superficial occlusional bites 
can be cleansed and observed. Antibiotics are given at the discretion of the caregiver 
(see Table 15-1). Wounds penetrating into the dermis or subcutaneous tissue are best 
treated with antibiotics. Any bite of the hand needs careful follow-up in addition to 
antibiotics. Because of the potential seriousness of these bites, consultative support is 
recommended. To ensure early and appropriate antibiotic levels, an initial parenteral 
dose of ampicillin/sulbactam should initiate prophylaxis. For children, amoxicillin 
plus clavulanate or trimethoprim/sulfamethoxazole plus clindamycin can be used.

Suturing
As a general rule, closure of human bite wounds traditionally has been avoided.1 A 
study has cast doubt, however, on the practice of not closing human bite wounds.34 
Sutured versus nonsutured hand lacerations from human bites had the same outcome. 
Further studies are needed to confirm these results. Large, easily cleansed and irrigated 
proximal extremity or truncal wounds can be closed with a single layer of nonabsorb-
able material. Facial human bites can be disfiguring. A fresh facial bite (<24 hours old) 
that does not show signs of infection can be closed safely with sutures.35 Consultation 
is recommended when there is doubt about what management steps should be under-
taken for human bites. All clenched-fist bite injuries, with penetration of the dermis, 
should be managed in consultation with a specialist.

Established Hand Infections
For established infections, ampicillin/sulbactam can be initiated intravenously in the 
emergency department (see Table 15-2). It provides excellent coverage against S. aureus, 
E. corrodens, and the relevant anaerobic species. Most patients with established hand 
infections are admitted to the hospital for continued intravenous antibiotics, and 
ampicillin/sulbactam can be continued until culture results are known. An alternative 
with similar good coverage against the relevant pathogens is ceftriaxone plus metro-
nidazole. Children can be treated with cefuroxime or trimethoprim/sulfamethoxazole 
plus clindamycin. In human bites inflicted by institutionalized patients, coverage for 
gram-negative organisms should be considered, and the addition of an aminoglycoside 
to one of the above mentioned regimens might be  indicated.

Rat Bites
Most reported rat bites occur in domestic settings. In a study of 50 cases, Staphylococcus 
epidermidis was the most common organism cultured from the open, fresh wound.36 
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Other organisms included Bacillus subtilis, diphtheroids, and α-hemolytic streptococci. 
Although 30% of wounds had positive cultures, only one case became infected. No 
patient was treated with prophylactic antibiotics. Antibiotics are recommended only if 
wound infection is evident. Ampicillin/clavulanate and doxycycline are recommended. 
Rats do not carry rabies, and patients do not need postexposure prophylaxis.

Fish Bites
People who work with or own fish are susceptible to infection by the small, gram-
positive rod Erysipelothrix. This organism causes a slowly spreading cellulitis of the 
affected area, usually the hand. The organism responds to penicillin, ceftriaxone, and 
ciprofloxacin for patients who are allergic to penicillin.37

WOUND AFTERCARE AND FOLLOW-UP
All animal bite victims or members of their families have to be instructed about the 
signs of infection: pain, redness, swelling, and purulent drainage. Dressings have to 
be removed approximately 24 hours after the initial visit to the physician so that the 
wound can be inspected. A wound infection with P. multocida usually is apparent by 
that time.25 If signs of infection are present, the patient should return to a medical 
care facility for treatment. A routine follow-up visit for deep, extensive face or hand 
wounds, 24 (particularly for cat bites) to 72 hours after care, is a prudent recommen-
dation. Tetanus prophylaxis is administered according to the guidelines outlined in 
Chapter 21.

RABIES EXPOSURE AND PROPHYLAXIS
Since 2000, 31 cases of human rabies have been reported in the United States.38 Of 
those cases none were caused by domestic animals. Eight cases were contracted abroad 
and were diagnosed in the United States. Eighteen of the cases were traced back to bat 
bites, and 4 other cases were implicated as likely bat exposures. One case was caused by 
a raccoon, and 4 were transmitted by organ transplantation from a donor before it was 
determined that the donor was associated with bat rabies.

Because they treat many animal bites, emergency departments (EDs) frequently are 
the facilities that administer rabies postexposure prophylaxis. The most common expo-
sure treated in EDs is from dog bites.39 Approximately 6% of dog bites require prophy-
laxis. Of raccoon and bat bites, 80% receive prophylaxis. Of patients with animal bites 
that qualify for prophylaxis, 6% of these patients do not receive it. The most common 
reason for the lack of prophylaxis is the failure to find or account for the status of the 
biting animal.

Because of the control programs, almost all (85%) of wildlife rabies occurs in 
skunks, raccoons, and bats.40 Although canine rabies has been reduced dramatically, 
it has not been completely eradicated, particularly along the United States–Mexico 
border. In the rest of the world, including Asia, Africa, and Latin America, dogs remain 
the most significant threat to humans for rabies transmittal. Eighty-one cases of dog 
rabies were reported in 2009 in the United States, and 300 cases of cat rabies were 
reported.38

Rabies is a neurotropic virus that, on entering the peripheral nervous system, 
becomes protected from immune response.41 For this reason, immediate wound care 
and postexposure prophylaxis should be initiated to prevent that crucial access. The 
size of the rabies inoculum, the richness of nerve innervation at the bite site, and the 
proximity to nerve terminals are crucial risk factors for active disease susceptibility. 
Animal wounding studies have shown that thorough wound cleansing using soap and 
water can reduce 90% of the inoculum.40
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When confronted with a bite victim, the emergency physician has to consider  several 
factors before initiating postexposure prophylaxis, These factors include (1) type of 
exposure, (2) epidemiology of animal rabies in the area, and (3) circumstances of the 
exposure incident. Tables 15-3 and 15-4 summarize the current postexposure guide-
lines and treatment schedule.

Type of Exposure
An exposure to rabies can be considered to have happened if the bite of a poten-
tially rabid animal or exposure of saliva or neural tissue contacts an open wound 
or mucous membrane. Petting or handling an animal with intact skin exposure 
to blood, feces, or urine does not constitute an exposure. Any penetration of skin 
on any body site constitutes a potential risk. A special and potentially dangerous 
exposure is to bats. Cases have been reported of aerosolized bat rabies in caves and 
laboratories. Even finding a bat in a room of a person who has slept there can be 
considered an exposure. Bat contact with humans can be so slight, with transmis-
sion of rabies, as to be undetectable by the person exposed. Exposures can occur to 
unattended children, the mentally challenged, or intoxicated persons. If the bat can 
be safely caught, it should be transported to public health officials for immediate 
examination for rabies. The risk of contracting rabies through a bite from a known 
rabid animal ranges between 5% and 80%.42 The risk of exposure of rabies to a skin 
scratch is 0.1% to 1%.

	 TABLE	15-3	   Rabies Postexposure Prophylaxis Guide: United States, 
2008

Animal	Type
Evaluation	and	Disposition	

of	Animal
Postexposure	Prophylaxis	

Recommendations

Dogs, cats, and ferrets Healthy and available for 10 days 
observation

Persons should not begin prophylaxis 
unless animal develops clinical 
signs of rabies.*

Rabid or suspected rabid Immediately begin prophylaxis.

Unknown (e.g., escaped) Consult public health officials.

Skunks, raccoons, 
foxes, and most other 
 carnivores; bats†

Regarded as rabid unless animal 
proven negative by laboratory 
tests‡

Consider immediate prophylaxis.

Livestock, small rodents 
(rabbits and hares), large 
rodents (woodchucks 
and beavers), and other 
mammals

Consider individually Consult public health officials. Bites 
from squirrels, hamsters, guinea 
pigs, gerbils, chipmunks, rats, 
mice, other small rodents, rabbits, 
and hares almost never require 
 antirabies postexposure prophylaxis.

*During the 10-day observation period, begin postexposure prophylaxis at the first sign of rabies in a dog, cat, or ferret that 
has bitten someone. If the animal exhibits clinical signs of rabies, it should be euthanized immediately and tested.

†Postexposure prophylaxis should be initiated as soon as possible following exposure to such wildlife, unless the animal 
is available for testing and public health authorities are facilitating expeditious laboratory testing or it is already known 
that the brain material from the animal has tested negative. Other factors, which might influence the urgency of decision 
making regarding initiation of postexposure prophylaxis before diagnostic results, are known to include the species of 
the animal, the general appearance and behavior of the animal, whether the encounter was provoked by the presence of a 
human, and the severity and location of the bites. Discontinue vaccine if appropriate laboratory diagnostic test (i.e., the 
direct fluorescent antibody test) is negative.

‡The animal should be euthanized and tested as soon as possible. Holding for observation is not recommended.
From Manning SE, Rupprecht CE, Fishbein D, et al: Human rabies prevention—United States, 2008: recommendations of 

the Advisory Committee on Immunization Practices, MMWR Recomm Rep 57(RR-3):1–28, 2008.
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Epidemiology of Animal Rabies 
in a Geographic Area
Wild Carnivores and Bats
Approximately 3% to 20% of all bats submitted for rabies testing are positive for the 
virus.40 Bats are responsible for most cases of human rabies in the United States and 
its territories. Skunks, raccoons, foxes, woodchucks, and wild carnivores should be 
 considered rabid, unless they are in a geographic area known to be free of wildlife rabies. 
Postexposure prophylaxis should be initiated when patients are exposed to wild carni-
vores and bats unless (1) the exposure occurred in an area of the continental United 
States known to be free of terrestrial rabies, and the results of immunofluorescence 
antibody testing are available within 48 hours, or (2) the animal already has been tested 
and shown not to be rabid. If the animal cannot be captured or tested, prophylaxis 
is begun immediately. Because the issue of geographic location and the incidence of 
wildlife rabies can be complicated, consultation with local public health officials is rec-
ommended. If there is any delay in obtaining that consultation, or if the caregiver has 
any doubt whatsoever about the nature of the biting species, postexposure prophylaxis 

	 TABLE	15-4	   Rabies Postexposure Prophylaxis Schedule: United States, 
2010

Vaccination	
Status Intervention Regimen*

Not previously 
vaccinated

Wound 
 cleansing

All PEP should begin with immediate thorough cleansing of all 
wounds with soap and water. If available, a virucidal agent (e.g., 
povidine-iodine solution) should be used to irrigate the wounds.

HRIG Administer 20 IU/kg body weight. If anatomically feasible, the full 
dose should be infiltrated around and into the wound(s), and any 
remaining volume should be administered at an anatomic site 
(IM) distant from vaccine administration. Also, HRIG should not 
be administered in the same syringe as vaccine. Because RIG might 
partially suppress active production of rabies virus antibody, no 
more than the recommended dose should be administered.

Vaccine HDCV or PCECV 1.0 mL, IM (deltoid area†), 1 each on days 0,‡ 3, 7, 
and 14.§

Previously 
 vaccinated¶

Wound 
 cleansing

All PEP should begin with immediate thorough cleansing of all 
wounds with soap and water. If available, a virucidal agent such as 
povidine-iodine solution should be used to irrigate the wounds.

HRIG HRIG should not be administered.

Vaccine HDCV or PCECV 1.0 mL, IM (deltoid area†), 1 each on days 0§ and 3.

HDCV, human diploid cell vaccine; HRIG, human rabies immune globulin; IM, intramuscular; PCECV, purified chick 
embryo cell vaccine; PEP, postexposure prophylaxis; RIG, rabies immune globulin; RVA, rabies vaccine adsorbed.

*These regimens are applicable for persons in all age groups, including children.
†The deltoid area is the only acceptable site of vaccination for adults and older children. For younger children, the outer 

aspect of the thigh may be used. Vaccine should never be administered in the gluteal area.
‡Day 0 is the day that dose 1 of the vaccine is administered.
§For persons with immunosuppression, rabies PEP should be administered using all five doses of vaccine on days 0, 3, 7, 

14, and 28.
¶Any person with a history of preexposure vaccination with HDCV, PCECV, or RVA; previous PEP with HDCV, PCECV, or 

RVA; or previous vaccination with any other type of rabies vaccine and a documented history of antibody response to the 
previous vaccination.

From Rupprecht CE, Briggs D, Brown CM, et al: Use of a reduced (4-dose) vaccine schedule for postexposure prophylaxis to 
prevent human rabies: recommendations of the Advisory Committee on Immunization Practices, MMWR Recomm Rep 
59(RR-2):1–9, 2010.
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should be initiated until clinical clarity is obtained. Treatment can be discontinued if it 
is determined that the risk does not warrant prophylaxis.

Dogs and Cats
The likelihood of a dog carrying rabies varies with geographic area. The area of highest 
risk in the United States is along the Mexican border; 80% of all dogs submitted for 
testing in that region have been positive for the rabies virus.43 Away from the border 
region, in areas where rabies exists in terrestrial wildlife, only 0.1% to 1% of dogs test 
positive.

Cats have been reported to have a higher rate of rabies infection than dogs. The 
region for the greatest rabies risk in cats is the Mid-Atlantic. Transmittal of rabies to 
cats is probably through raccoons.

No case of animal rabies has been reported from dogs that have been documented to 
be fully vaccinated (two shots).40 Only three cases of rabies have been reported in dogs 
and cats that have been reported vaccinated. In all of these cases, it was discovered that 
the animals had been incompletely vaccinated and had received only one of the two 
recommended immunization shots.

Treatment guidelines are as follows: When the animal is known to be rabid or is sus-
pected to be, prophylaxis is initiated without delay. For bites from healthy captured but 
unvaccinated animals, quarantine for 10 days is recommended. Any illness that develops in 
that period is followed immediately by initiation of prophylaxis. Treatment is not delayed 
for animal sacrifice and rabies immunofluorescence testing of the brain. For truly wild, 
unwanted animals that have been captured, immediate sacrifice and testing can be per-
formed. If the animal cannot be captured and tested, postexposure prophylaxis is guided 
by the risk of endemic, wildlife rabies in that geographic area. In these circumstances, 
consultation with public health officials is recommended. In cases in which consultation 
cannot be obtained within 48 hours of the biting incident, initiation of prophylaxis is 
recommended if there is any uncertainty regarding the status of the biting animal.

Rodents and Lagomorphs
Rodents include mice, rats, squirrels, hamsters, guinea pigs, gerbils, and chipmunks. 
Lagomorphs are rabbits and hares. The overall rate of rabies infection in this group 
is 0.01%. No case of human rabies has ever been documented after a rodent or a lago-
morph bite. Woodchucks and groundhogs are an exception because of reported rabies 
carriage in some regions of the land. In the event of a rodent or groundhog/woodchuck 
bite, guidance from the local public health officials is recommended.

Exotic Pets
Included among exotic pets are ferrets, exotic wild animals, and domestic animals 
crossbred with wild ones. The true risk of rabies in these animals is unknown, and it 
is recommended by authorities that they be sacrificed and tested rather than observed. 
Rabies prophylaxis can be initiated and terminated if immunofluorescence is nega-
tive. Occasionally the animal is of such rarity or value that immunoprophylaxis might 
be chosen over animal sacrifice. Consultation with public health officials or zoologic 
experts can assist in these rare cases.

Livestock
Livestock, particularly cattle, are susceptible to rabies infection from skunks. Horses, 
mules, sheep, goats, and swine also are susceptible but at a lower rate than cattle. 
Because of the logistical problems created by large animal exposure, consultation in 
these cases with a veterinarian or public health official is recommended.
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Circumstances of Biting Incident
Unprovoked attacks by animals capable of carrying rabies can indicate that the animal 
might be rabid. Factors to be considered when evaluating a bite incident include local 
rabies epidemiology, potential exposure of the animals possibly carrying rabies, biting 
history and behavior of the animal, and vaccination history of the biting animal. Ani-
mals should receive their first vaccine at 3 to 4 months of age. The next inoculation is 
at 1 year and then every 3 years thereafter. It takes 28 days after the initial vaccination 
to acquire adequate antibody.

Timing of Postexposure Prophylaxis
In optimal circumstances, and because the stakes can be high, every attempt is made 
to administer postexposure prophylaxis, if indicated, within 48 hours of contact. This 
timing is based on the fact that the incubation period of rabies can be only 5 days, and 
a margin of safety is desirable.43 The incubation period can be 2 years, with an average 
of 30 to 90 days.40 For this reason, prophylaxis is administered to any patient found to 
have a rabies-risk bite or exposure regardless of the interval from contact to treatment. 
The average interval between exposure and care is 5 days, and that delay has not been 
found to increase the risk of contracting the disease.44 Because the risk of canine rabies 
is low in the United States, other than along the Mexican border, a delay of 10 days is 
considered acceptable if the animal can be confined for observation. Dogs infected with 
the rabies virus almost always become clinically rabid well before the 10-day period has 
elapsed.43

Immunosuppression, HIV, and Pregnancy
Corticosteroid administration, immunosuppressive therapy or disease, and antima-
larials can impair the protective immune response of rabies prophylaxis vaccination. 
Rabies postexposure prophylaxis is administered per schedule. Under these circum-
stances, however, serum testing for rabies antibody response is recommended.45 HIV 
patients with a CD4 count <100 are less likely to develop immunity.45 With counts 
> 200, adequate antibody formation is likely. In these patients, it is particularly impor-
tant to cleanse and irrigate the wound thoroughly and to surround the wound locally 
with rabies immune globulin. Rabies postexposure prophylaxis provides no risk to a 
fetus; pregnant women are treated in the same manner as other exposed persons. Preg-
nant women undergo normal delivery of a healthy baby.46

POSTEXPOSURE PROPHYLAXIS
The new, currently approved regimen for rabies postexposure prophylaxis includes the 
administration of human rabies immune globulin and four doses of human diploid 
cell vaccine.3 The CDC’s Prevention Advisory Committee on Immunization Practices 
has recommended reducing the number of vaccine doses to four from five3,47 (see 
Table 15-4). No additional benefit is conferred with the fifth shot. Virtually all vaccines 
undergo an appropriate antibody response, and antibody titer testing is not necessary.48 
Alternative vaccine dose schedules, often administered in other countries (e.g., intrader-
mal or intramuscular three doses), are not recommended for use in the United States.48

The use of rabies vaccine induces local reactions, such as pain, erythema, swell-
ing, or itching, at the injection site in 30% to 74% of recipients.40 Approximately 5% 
to 40% of vaccinees report systemic reactions, such as headache, nausea, abdominal 
pain, muscle aches, and dizziness. Extremely rare, with only three cases reported in 
the literature, are neurologic illnesses resembling Guillain-Barré syndrome.40 All three 
cases resolved without sequelae within 3 months. Another reaction, occurring in 6% 
of recipients, is an immune complex–like illness characterized by urticaria, arthralgia, 
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arthritis, angioedema, nausea, vomiting, and fever. Local pain and low-grade fever have 
been reported with human rabies immune globulin.

Because of the seriousness of rabies, if possible, rabies prophylaxis should not be 
interrupted or discontinued. Attempts are made to manage local or mild systemic reac-
tions with antiinflammatories and antipyretics. Ultimately, in serious reactions, the 
risk of acquiring rabies must be weighed against the nature of the reaction. In cases 
such as these, advice and assistance should be sought from public health officials or 
from the Centers for Disease Control and Prevention in Atlanta, Georgia.

Postexposure Therapy of Previously 
Vaccinated Bite Victims
Patients who previously have undergone preexposure or postexposure rabies pro-
phylaxis are treated with two doses of the vaccine alone, one dose immediately and 
the other 3 days later.48 Human rabies immune globulin is unnecessary because the 
vaccination booster provides an effective amnestic antibody response. Cleansing and 
irrigation of the wound, however, remain just as important for these patients as for 
those who have not previously undergone preexposure or postexposure rabies pro-
phylaxis.
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CHAPTER 16
Common Wound Care 
Problems

Key Practice Points

nn The most common soft tissue foreign bodies (FBs) are wood, metal, 
and glass.

nn Foreign bodies, such as wood, should be removed if they are reactive, as 
wood and other reactive materials can cause infection or granulomas. 
Nonreactive objects, such as metal, need not be removed if they are 
in a noncritical area. If these objects can interfere with weight-bearing 
areas or joints, they should be removed.

nn Lead objects can increase blood lead levels, but if they are in 
anatomically unimportant areas, they need to be removed only if 
symptoms of toxicity (fatigue, headache, nausea, or other symptoms) 
are present, and blood lead levels confirm toxicity.

nn The majority (80%) of foreign bodies, including glass, are visualized 
directly or indirectly with radiographs. Wood and other organic objects 
are the least likely to be seen on radiographs. Computerized tomography, 
MRI, and ultrasound are alternative methods to localize FBs.

nn Exploration and removal of FBs can be difficult and frustrating. As a 
rule, if exploration exceeds 20 to 30 minutes, assistance from or referral 
to a consultant is recommended.

nn Clean plantar puncture wounds without visible inflammation or foreign 
material have a low complication rate, and there is no evidence that 
prophylactic antibiotics have any value.

nn Plantar puncture wounds with suspected foreign material or contami-
nation should be opened, irrigated and débrided, and treated with 
 antibiotics.

 

Common nonlaceration problems lend themselves to emergency wound care tech-
niques. These problems include retained foreign bodies and fishhooks, plantar puncture 
wounds, and abrasions. Although they can appear trivial, each of these problems presents 
special challenges and occasionally requires sophisticated diagnostic and management 
procedures. In addition, certain anatomic areas of the body, particularly the structures of 
the face, hand, and foot, can be fraught with unique difficulties, which are best managed 
by a thorough understanding of the issues and an application of the proper technique.

FOREIGN BODIES
Any object becomes a foreign body when it penetrates the skin and lodges in the soft 
tissue. In a study of 490 cases of foreign-body injuries presenting to an emergency 
department, the majority of the injuries were caused by wood, metal and glass.1 Other 
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reported foreign bodies were pencil leads, thorns, nails, and plastic objects.2 Generally, 
foreign bodies are classified by material—inert (nonreactive) and organic (reactive). The 
vast majority of patients presented within 48 hours.1

Inert (Nonreactive) Objects
Inert objects include bullets, needles, and other metallic items. Although they do not 
provoke inflammation, these objects can cause chronic pain and discomfort, especially 
in weight-bearing areas or near joints. Metals that oxidize (i.e., rust) can cause mild 
to moderate tissue reaction. The clinical decision to remove an inert object has to be 
weighed against the potential damage that could be created during a search for the 
object. Inert objects can be left in place if they are inaccessible and will not cause tissue 
damage or functional deficit. If left alone, noncritical inert foreign bodies encapsulate 
within soft tissue and cause no further problem.

A question sometimes arises concerning lead foreign bodies, usually bullets, and 
the risk of lead absorption and toxicity. When compared with controls, patients with 
extraarticular retained missiles (lead bullets) show a rise in lead levels over time, but 
the vast majority (96%) of level increases were shown not to be clinically significant.3 In 
a study of patients with retained bullets, lead levels averaged 17 μg/dL compared with 
7 μg/dL in the control patients (P < .002).4 Levels greater than 10 μg/dL are considered 
toxic. Clinical signs of toxicity are uncommon, however. Symptoms, such as fatigue, 
headache, and nausea, can be low grade and vague. If toxicity is suspected, patients are 
referred for lead level testing and evaluation.

Although glass is considered inert, glass foreign bodies are often symptomatic. If the 
glass is accessible, removal is recommended except for small, insignificant fragments. 
Pencil “lead” (i.e., graphite) is inert but can cause tattooing. It also can be accompanied 
by wood fragments during injury. For these reasons, even though it is inert, graphite 
should be removed from the injury site.

Organic (Reactive) Objects
Objects that are not inert—wood, bone, soil, stones, rubber, and other organic materials 
such as thorns—must be removed in their entirety. These materials can cause a variety 
of bacterial and fungal infections.5,6 Synovitis from joint penetration, periosteal reac-
tions, foreign-body granulomas, draining fistulas, and pseudotumors of the soft tissue 
all have been reported with noninert foreign objects.2,7,8 Retained wood objects have 
been reported to cause chronic inflammation, drainage, and pain for 7 years after pen-
etration.7 A missed diagnosis or failure to remove all fragments of a noninert object can 
lead to prolonged disability and patient discomfort.

Clinical Evaluation
When a foreign object penetrates the skin, patients cannot reliably report its pres-
ence. In glass wounds, reliance on the patient’s history alone would lead to 50% 
missed fragments.9 For cases in which no foreign body is reported, certain clinical 
settings carry a higher risk for one being present. Any injury with glass should raise 
the suspicion of a retained fragment. For glass injuries, the head and foot are more 
likely to have retained fragments.10 For lip or perioral injuries in which there is 
traumatic loss of dentition, a tooth fragment might be embedded in the soft tissue. 
Injuries to the feet or hands with needles, nails, or splinters should be suspected 
of retention if the patient cannot account for the entirety of the injuring object. If 
the suspicion is strong, the caregiver is obligated to perform a diagnostic evalua-
tion and local exploration to rule in or rule out the possibility of a retained foreign 
object.
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Before anesthetic is administered, gently running a gloved finger over the suspected 
foreign-body site can elicit in a patient the characteristic sensation. In the anesthetized 
wound, gently probing and drawing a closed hemostat in and through the wound 
can alert the operator to the presence of a wood, glass, or metallic foreign body. The 
hemostat transmits a distinct “grating” sensation. Probing can reveal the presence of 
an inert object or a wood splinter before it has been softened by the absorption of 
 tissue fluids.

Imaging
Plain Radiography
For the most part, radiographs are ordered when there is patient belief or clinical suspicion 
of a foreign object. Most objects (80%) can be visualized directly or indirectly with the use 
of radiographs.2 Radiodense objects, even the size of a pinpoint, are easily seen. Metallic 
objects, with the exception of aluminum, can be visualized in almost all cases. A common 
misconception is that glass is not visible by radiograph.11 In experimental conditions, vir-
tually all types of glass (95%) 2 mm in size can be seen by x-ray.12 Fragments 0.5 mm or 
larger can be visualized in 50% to 60% of cases. In a clinical study of 98 patients presenting 
to the emergency department (ED) with foreign-body retention, 24% were radionegative.1 
Other radiodense objects include pencil graphite, some plastics, and gravel.

Nonradiodense objects include wood, thorns, chicken bones, and some plastics. 
Radiodensity of wood and organic objects depends to some degree on the time in tissue 
and the absorption of body fluids. Wood has been reported to be visible by radiography 
in 15% of cases; however, after 48 hours, fluid absorption renders it invisible.2 Nonra-
diodense objects (e.g., splinters or plastic fragments) can be revealed as a filling defect 
or can be outlined by air drawn into the wound during the injury.

Ultrasonography, Computed Tomography, 
and Magnetic Resonance Imaging
Ultrasonography has become an increasingly important bedside diagnostic aid in 
emergency departments. Compact portable equipment with versatile transducer probes 
allows for diagnosis of nonradiodense objects and assisted removal.13,14 Ultrasonogra-
phy can detect nonradiodense foreign bodies 1 × 2 mm or larger.15 In experimental 
studies, in which various foreign bodies are introduced to chicken or cadaver flesh, 
the sensitivity of ultrasound detection varied from 43% to 83%.16-18 The specificity ranged 
from 59% to 86%. In a small clinical study of patients with actual nonradiodense for-
eign bodies, ultrasound detected 21 of 22 foreign bodies found at operation.19

Tendons, deep scar tissue, fresh hematoma, and tissue calcifications can produce 
false-positive ultrasound readings. Similar to any technical procedure, experience 
increases the accuracy and effectiveness of the operator.

Computed tomography (CT) scans offer an alternative to ultrasound.20 Not only 
can a CT scan identify vegetative objects, such as splinters and thorns, but also it 
can localize objects in relationship to the surrounding anatomic structures. Magnetic 
resonance imaging has capabilities similar to CT but should never be used to locate 
objects that contain metal.21 CT and magnetic resonance imaging are expensive imag-
ing alternatives and require a high degree of patient cooperation, which often is not 
possible for a pediatric patient.

Radiodense Objects
For objects that are located below the surface and out of direct sight, careful localiza-
tion is necessary before proceeding with exploration. Radiodense objects can be local-
ized by a variety of techniques using markers and radiographs. A simple  technique 
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recommended by the author is to bend a paper clip to form a flat plane with an 
extended arm. The extended arm is placed directly over the skin entry wound created 
by the foreign object, and the paper clip is secured with a small piece of tape (Fig. 16-1). 
Two radiographs are taken exactly at an angle of 90 degrees to each other (anteropos-
terior and lateral views) using the plane of the clip as a geometric point of reference 
(Figs. 16-2 and 16-3). In this manner, the location and the depth of the object relative 
to the extended arm of the paper clip can be determined. Magnification by this tech-
nique occurs, and the distance between the object and the clip on the radiograph is 
greater than the actual distance. After appropriate cleansing and the administering of 
an anesthetic, a small incision is made, and exploration is performed until the object 
can be removed. The radiographs are needed for reference in the care area during the 
removal.

Nonradiodense Objects
If ultrasonography is not available to assist in removal, nonradiodense objects are best 
approached through a more generous incision and thorough exploration by direct visu-
alization. Incisions permit débridement and removal of tissue that is embedded with 
foreign material. When the foreign body is located in the hand or the foot, the exsan-
guination tourniquet technique (see Chapter 9) is recommended. Even a small amount 
of bleeding can make visualization impossible.

Figure 16-1. Technique for placing a reconfigured paper clip with the extended arm of the clip directly 
over the entry point of a foreign-body penetration.
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Techniques for Removal
When attempts to remove foreign bodies are made by an emergency physician, removal 
was successful in 89% of cases.1 Consultation by surgical specialist occurred in 47 cases 
with a success rate of 65.6% of those cases.1

The following steps are recommended for buried foreign bodies:
 •  The first step is to decide whether a removal attempt should be made in the ED. 

Removal is likely to be successful if the object has been under the skin for less than  
1 week, the object is visible, the entry wound is fresh, the object can be localized with 
an imaging procedure, the object is radiodense, or the object can be felt during prob-
ing. Success is less likely if the object is deep, if it has been present for several weeks or 
months (as is often the case with needles), if no entry point is present, if the object is 
nonradiodense, and if the object cannot be localized.

 •  Ideally, foreign bodies seen in the ED are more easily removed elsewhere in bloodless 
conditions; however, most FBs are small and superficial enough to be located and 
removed.

 •  After the decision is made to remove the FB, the area is cleaned with Betadine or 
chlorhexidine.

 •  In order to prevent excessive swelling, anesthesia should be administered by nerve 
block if possible. Swelling of local anesthesia can make locating the FB more difficult. 
If no alternative is available, as little local anesthesia as possible should be used.

 •  A no. 15 scalpel blade is used to make an incision over the entry point, parallel to the 
axis of the FB if it can be determined.

Figure 16-2. Direct anteroposterior view of the paper clip and foreign body.
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 •  A small curved clamp can be used to explore the incision site for the FB. The clamp 
tip is gently “raked” through the site to feel steel against glass, wood, or metal to 
assist localization.

 •  Once localized, the FB is grasped and removed. See the following text for an explana-
tion of the removal of wood or organic objects.

 •  After removal, the wound is irrigated and a dressing is applied. Incisions, except if 
they are large and gaping, should not be sutured.
Simple retrieval is not always possible, however. As a rule, if attempts at retrieval 

exceed 20 to 30 minutes, serious consideration should be given to terminating the 
 procedure and obtaining consultation.

Protruding Objects
For objects that are partially protruding from the skin, the temptation to “grab and 
yank” must be resisted. If a wood splinter is pulled out injudiciously through a small, 
tight entry wound, small fragments can be stripped off the splinter and can be left 
behind to cause future difficulty.15 The technique illustrated in Figure 16-4 shows how 
a small incision is made in the finger parallel to the course and angle of the object. By 
creating an incision, the splinter can be removed without leaving behind smaller splin-
ters. In addition, the wound can be copiously irrigated to decrease the level of bacterial 
contamination. These small incisions must not be closed with sutures. They should be 
left open to drain the site, if necessary, and to prevent the accumulation of purulence 
that might lead to the formation of an abscess.

Figure 16-3. Direct lateral view of the 
paper clip and foreign body. This type of 
radiograph and that in Figure 16-2 can be 
used to locate accurately the position of the 
foreign body relative to the extended arm of 
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Objects under Nail Plates
A common problem is a splinter or other object that is lodged under a nail plate. If the 
object can be grasped by a hemostat, it can be pulled out carefully from under the nail. 
Care has to be taken not to strip fragments off a wooden object. For a splinter that can-
not be grasped, removal of a small part of the nail plate in a wedge-shaped fashion can 
be carried out to expose the splinter, as shown in Figure 16-4 (top).

A simple technique for removing small splinters lodged under the nail plate is to 
bend the tip of a 25-G or 27-G needle so that a small barb equal in size to the diameter 
of the needle is created.22 The shaft of the needle is introduced adjacent and parallel 
to the splinter and is carried back to the most proximal portion of the object. Then 
the barb is raked along the splinter, and the needle and the foreign object are pulled 
out from under the nail. Removing objects from under nails is best performed when 
the patient is anesthetized. The anesthetic usually is delivered via a digital block (see 
Chapter 6).

Thorns and Cactus Spines
Particularly troublesome are small thorns and cactus spines that can become embed-
ded accidentally in the skin in large numbers, usually in children. In a controlled 
rabbit experiment, Elmer’s Glue-All was applied under a single layer of gauze and was 
allowed to dry. Gentle peeling successfully removed 95% of all spines.23 The next most 
effective method was the manual removal with tweezers, with a 76% rate of spine 
removal. The combination of tweezer removal of large spines followed by glue appli-
cation is effective.

Line of incision

Figure 16-4. Top, Technique for removing a small splinter 
from between the nail plate and the nail bed. A small wedge 
of nail has been removed to gain exposure to the protruding 
splinter. A small hemostat is used to extract the splinter gen-
tly. Bottom, Technique for removing a penetrating foreign 
body, a splinter, which is protruding from the skin. A small 
incision is made directly away from the entry point, parallel 
to the shaft of the foreign body. The splinter can be removed 
in its entirety without leaving smaller splinters.
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When to Consult
Occasionally a foreign body cannot be retrieved successfully by attempts at localiza-
tion and exploration in an emergency wound care setting. This situation most com-
monly arises in the case of deep foreign objects in the foot. These foreign bodies are 
best removed in radiology department suites where ultrasound, image intensifiers, and 
stereotaxic localization can be applied while a consultant explores the affected area.24,25

PLANTAR PUNCTURE WOUNDS
Plantar puncture wounds are a common presenting complaint. Most wounds (≥90%) 
are caused by stepping on nails.26 In many cases, the patient seeks only a tetanus shot 
and does not seek care for the wound itself. Because many patients do not seek care for 
punctures, the true complication rate is unknown. The complication rate for patients 
who do seek care, however, ranges from 2% to 8%.26,27 The time from injury to presenta-
tion is significant, because patients who present after 48 hours are more likely to have 
complications.28 In actuality, these patients are brought to care because of persistent or 
worsening symptoms.

In addition to delay of presentation, other circumstances increase the risk for infec-
tion and other complications. Punctures suffered outdoors are more likely to be con-
taminated or caused by rust-covered nails. Remnants of socks or shoes can be carried 
into wounds, with tennis shoes creating an increased risk for osteomyelitis secondary to 
Pseudomonas aeruginosa.29,30 The forefoot, including the metatarsal heads and toes, is far 
more vulnerable to complications, particularly pyarthrosis and osteomyelitis, than are 
the midfoot and heel. In one study, 34 of 35 serious plantar puncture injuries occurred 
in the forefoot.31 Deep punctures can penetrate bone, tendon, or joints. Finally, patients 
with diabetes, peripheral vascular disease, or immunosuppression carry a greater risk 
for complications.

Treatment of Puncture Wounds
The management of puncture wounds is controversial and ranges from minimal skin 
cleansing to surgical management of the puncture wound site.32 In addition, there are 
no clinical studies that establish whether antibiotics prevent plantar puncture infec-
tion.33 The following guidelines are based on different clinical presentations.

Simple Punctures
Most patients present with benign-appearing puncture wounds caused by clean 
objects, such as tacks, needles, or small nails that are exposed and unrusted. These 
patients often present less than 24 hours after the injury.34 Realistically, cleaning and 
irrigating the length and depth of the actual wound might cause more complications 
than it would prevent. If there are no indications of retained foreign material, if the 
wound edges are clean and not devitalized, and if the puncture site is not indurated or 
excessively tender to palpitation, skin cleansing and a small application of antibiotic 
ointment, followed by an adhesive bandage (Band-Aid), should suffice. The patient is 
advised to return if signs of infection or foreign-body retention develop.

Puncture with Suspected Retained Material
In puncture wounds with suspected retained material, the puncture is often larger than 
the small sites noted previously. The wound edges are contaminated, stellate, or appear 
shredded. Old nails, exposed bolts, and miscellaneous sharp objects are causes of these 
punctures. By history, the puncturing object is not clean, has broken during the punc-
ture, or possibly has forced sock or shoe fragments into the wound. Patients with these 
wounds are more likely to complain of significant pain or a foreign-body sensation on 
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palpation of the puncture site. They often present more than 48 hours after the injury 
after having tried to treat themselves or having ignored the symptoms, without success.34

After anesthesia is provided, either through a foot block or by local infiltration, a 
transverse incision (parallel to the wrinkle line of a curled foot) is made through the 
puncture site, long enough to provide good exposure of the puncture site and proximal 
wound track (Fig. 16-5). Any foreign material or devitalized tissue can be débrided. With 
the wound edges retracted, thorough irrigation is performed. No attempt is made to 
suture this wound. The wound edges close without difficulty after application of a small 
amount of an antibiotic ointment and a Band-Aid. For comfort and protection, it is rec-
ommended that the patient use crutches to reduce pressure and irritation of the wound. 
These patients are treated with antibiotics that are effective against gram-positive organ-
isms, and the patients should return for follow-up reexamination within 48 to 72 hours.

Complicated Punctures
In cases in which the puncture site is obviously infected, inflamed, or devitalized, more 
extensive débridement is performed. Foreign material is suspected until proved other-
wise through exploration. In these cases, opening the wound site as shown in Figure 16-5 

A

B

C

D
Figure 16-5. Plantar puncture wound management. A, A suggested incision line, parallel to the wrinkle 
lines, through the puncture wound. B, The incision can be made with a scalpel and a no. 15 blade through the 
thick dermis. C, A hemostat is used to expose the wound for exploration and irrigation. D, The wound edges 
can be débrided if necessary and can be left unsutured to heal by secondary intention.
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can be done to expose the wound track and to provide for the necessary irrigation, explo-
ration, and débridement. Suturing is not recommended, and crutches, as noted earlier, 
can be used. Antibiotics, as discussed in the following section, might be indicated. Surgi-
cal consultation can be considered.

Complicated Puncture with Deep Foot 
Symptoms
In cases in which infection has been established, foreign material has had a chance to cre-
ate significant tissue reaction, or the bone/joint has been violated, the patient complains 
of deep foot pain. The foot might appear swollen well beyond the puncture site itself, lym-
phangitic streaks could be evident, or both. In these cases, a radiograph or computerized 
tomography is recommended to screen for foreign objects, bone injury, or gas pockets. In 
addition, consultation with a surgical specialist is recommended. Established infection 
or significant tissue inflammation well beyond the actual puncture site is often a result 
of a retained foreign body. These patients usually present several days after the original 
puncture. Every effort has to be made to discover or rule out retained foreign material.

Antibiotics
The use of prophylactic antibiotics in uninfected puncture wounds is not supported 
by clinical studies.28,33,35-38 Because P. aeruginosa is sensitive to ciprofloxacin in vitro, it 
has been used as a prophylactic agent. This is not a first-line agent for the treatment of 
Pseudomonas; it is contraindicated in children, which is the group most at risk for this 
type of infection.19 Reliance on prophylactic antibiotics is undercut by a study in which 
cellulitis was shown to occur in nine patients despite receiving appropriate antibiotic 
coverage.26 The most important finding of this study was that five of the nine patients 
had a retained foreign object. In uninfected puncture wounds of the foot, the recom-
mended course of action includes careful instructions to the patient regarding the signs 
of infection and the arrangement of appropriate follow-up. If an infection occurs, a well-
informed patient returns for appropriate treatment. It cannot be overemphasized that, 
if an infection develops, retained foreign material is the cause until proved otherwise.

In patients with established infection secondary to puncture wounds, the most com-
mon organisms involved are Staphylococcus aureus, Staphylococcus epidermitis, and Strepto-
coccus species.35 P. aeruginosa is the most common cause of postpuncture osteomyelitis 
and is associated with punctures through rubber tennis shoes. In one series of 15 cases of 
Pseudomonas osteochondritis in children, however, half of the children were not wearing 
shoes at the time of injury.36 It is common for these patients to have initial improvement 
after the injury followed by a return of pain and disability. P. aeruginosa infection can be 
suspected if symptoms and signs of infection persist beyond 4 to 5 days despite the use 
of antistaphylococal and antistreptococal antibiotics.37 Unless Pseudomonas is suspected, 
established infections should be treated with a broad-spectrum antibiotic with cover-
age of common gram-positive organisms. The first-generation cephalosporin cefazolin 
(Ancef), ampicillin/sulbactam (Unasyn), or clindamycin (Cleocin) in allergic patients can 
be initiated until culture results are known. If Pseudomonas is suspected, the addition of 
an aminoglycoside to any of the previously mentioned antibiotics provides appropriate 
coverage. In addition, a complete blood count, sedimentation rate studies, and imaging 
studies should be done to diagnose bone or cartilage involvment.32

FISHHOOKS
Many techniques have been described to remove fishhooks. As a rule, hooks with small 
barbs can be removed with retrograde techniques, and hooks with large barbs often 
are best managed by the push-through and cut method. In a 1991 study of 97 patients 



230 Chapter 16 Common Wound Care Problems

with fishhook injuries, the most common and successful removal technique was the 
 push-through and cut method.38 Several methods for fishhook removal are described 
here, and their success rates accompany the descriptions.

Retrograde Removal
Hooks with small barbs or hooks that are only superficially embedded often can be 
backed out through the original site of penetration. Gentle pressure is applied to the 
eye and shank to push the barb away from tissue. Simultaneously a hemostat is applied 
to the curved portion of the shaft. Traction with the hemostat “backs” the hook out.

Experienced fishermen sometimes make a small incision in the dermis at the entry 
site and pull the hook out retrograde with needle-nose pliers. Dermis is the most likely 
layer to resist removal of the hook and barb because of its naturally tough consistency. 
This extraction procedure can be duplicated easily in an emergency wound care facil-
ity. After basic cleansing with an appropriate solution (e.g., povidone-iodine), a small 
amount of anesthetic is injected adjacent to the penetrating shaft. With a no. 11 or no. 
15 blade, a small incision is made in line with the barb, inside the concave portion of the 
hook (Fig. 16-6). The portion of the shaft at skin level is grasped with a hemostat, and 
the hook is removed with a sharp, rapid pulling motion. The pulling motion is in direct 
line with the length of the shaft closest to the barb of the hook.

String Traction
Another method for removing a hook with small barbs requires the use of some string with 
good tensile strength, such as umbilical tape or 0 silk suture (Fig. 16-7). The string is looped 
around the curved portion of the shaft of the hook and is gently drawn parallel to and in 
the opposite direction of the straight portion of the shaft. The straight shaft and eyelet 
portions are depressed against the skin to rotate the barb slightly from its point of attach-
ment in the skin. The string is given a sharp pull to release the hook. Caution is suggested 
because bystanders might be in the pathway of the hook’s trajectory when it is extracted. 
This method of hook removal does not require the administration of an anesthetic.

Figure 16-6. Technique for removing a fishhook with a small barb. A small incision is made in line with 
the concavity of the curve of the hook. The needle is backed out gently through this incision.
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Barb Cover Technique
Another removal method uses an 18-G or 16-G needle. As illustrated in Figure 16-8, the 
needle is introduced into the skin through the original wound entry site. It is passed 
adjacent to the shaft until the hollow portion of the needle point can be placed over, or 
“cover,” the barb. While both are held firmly together, the needle and hook are brought 
back out through the wound site. The needle effectively sheaths the barb and prevents it 
from snagging on tissue during removal.

Hook Push-Through
For deeply embedded hooks or hooks with large barbs, the push-through method is 
recommended. Trying to back out a deeply penetrated or large barbed hook can cause 
excessive tissue damage. Basic skin preparation is carried out, and a small amount of 
local anesthetic is injected at the site through which the hook point is to be extruded. 
Using a hemostat as a grasping instrument, the hook shaft is manipulated in such a 
manner so as to push the hook point out through the dermis (Fig. 16-9). The hook is 
clipped off with wire cutters, and the shaft is backed out of the wound.

Figure 16-7. Technique for removing a fishhook with a small barb by using traction with 0 silk or umbili-
cal tape. Pressure is applied to the shaft of the hook toward the skin as a swift “yank” of the cord is applied 
in the direction opposite the barb. Bystanders need to be warned that the fishhook could fly across the room. 
Placing a small piece of adhesive tape around the hook and string might help avoid this hazard.

18-G needle

Figure 16-8. Technique for removing a fishhook by placing an 18-G needle on the barb of the hook and 
backing it out through the puncture wound.
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Certain anatomic sites merit separate mention. Hooks embedded in cartilage, most 
commonly the ear or nose, cannot be backed out successfully. The push-through 
method is recommended for these sites. Hooks that penetrate into joint capsules also 
are best removed by the push-through method because barbs can break off in the joint 
space when backed out. Violation of a joint space can lead to serious complications; 
consultation is encouraged. Occasionally, fishhooks penetrate the cornea or other 
part of the globe. This complication constitutes an emergency. No attempt is made to 
remove the hook in an emergency wound care area. Ophthalmologic consultation is 
mandatory. If the patient has to be transferred to another facility for hook removal, he 
or she should be placed in a semirecumbent position to decrease eye pressure. A metal 
eye shield is taped gently over the eye, avoiding any direct contact or pressure on the eye. 
Pressure patching with gauze sponges is absolutely contraindicated to avoid extrusion 
of intraocular contents through the eye wound.

ABRASIONS AND TATTOOING
Abrasions are skin wounds caused by tangential trauma to the epidermis and dermis 
(i.e., the “skinned knee”). The skin is forced against a resistant surface in a rubbing 
or scraping fashion. The resultant injury is analogous to a burn. Varying thicknesses 
of epidermis and dermis can be lost, including tissue as deep as the superficial fascia, 
and bone can even be lost as well. Abrasions can be small or can cover large body sur-
face areas. Frequently these injuries are impregnated with dirt, debris, and road tar. 
The principles for management include prevention of infection, promotion of rapid 

Figure 16-9. The push-through technique for removing hooks with large barbs or removing hooks that 
are lodged in cartilage or joint spaces. The anesthetic is infiltrated in the area of the hook and the projected 
exit site. When the exit has been accomplished, the barb is removed, and the shaft is backed out through the 
original puncture site.
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 healing, and prevention of “traumatic tattooing” from the retained foreign material. 
The last-mentioned problem is of special cosmetic importance because when the heal-
ing process traps unsightly debris in the epidermis and dermis, it cannot be removed 
easily by later surgical intervention. At the time of the injury and “tattoo,” as much is 
done as possible to remove the impregnated dirt, because it will become a permanent, 
unsightly wound. If all of the foreign material cannot be removed, it is best to inform 
the patient of this reality. Patients can be referred to plastic surgeons or dermatologists 
who can use instruments such as lasers to remove the particles.39

Most abrasions are small and relatively uncomplicated. Similar to burns, however, 
they are extremely sensitive and painful to the touch. Cleansing has to be gentle, yet 
thorough. An appropriate wound cleansing solution suffices to remove surface con-
taminants and to prepare the wound for dressing. Povidone-iodine solution, without 
detergent, and chlorhexidine (see Chapter 7) are effective in cleaning abrasions. Abra-
sions, similar to lacerations, are contaminated with bacteria that can lead to infection 
and cellulitis. Under experimental conditions, cleansing with povidone-iodine within 
6 hours of injury can reduce bacterial counts effectively.40 After 6 hours, the counts 
remain the same despite cleansing, increasing the risk of local infection.

Cleansing of contaminated and debris-laden abrasions can be tedious and difficult. 
If the abrasion is small, a local anesthetic can be injected around the area in a “field” 
or circumferential pattern. When the pain is eliminated, scrubbing can be done with a 
sponge or a soft surgical brush, using an appropriate cleansing solution. If necessary, 
meticulous removal of all particulate debris can be aided by using a needle, a no. 11 
surgical blade, or a small-jaw tissue forceps.

Large abrasions (i.e., “road rash”) that are heavily contaminated are difficult to man-
age in an emergency wound care area, because the volume of local anesthetic necessary 
to achieve anesthesia would exceed toxic limits. In these cases, parenteral sedation is 
recommended, and, in extreme cases, the patient might be better served in the operat-
ing room.

One of the most common foreign contaminants of abrasions is road tar or asphalt. 
If permanently impregnated in skin, tar is a cosmetic disaster because of its dark 
color. All tar or asphalt particles must be removed during initial wound cleansing and 
débridement. A cleansing adjunct that is useful for tar removal is polyoxyethylene 
sorbitan, a nonionic surface-active agent with hydrophilic and lyophilic properties.41 
It is an emulsifying agent that is virtually nontoxic to tissue. This substance is most 
commonly available as a component of Neosporin antibacterial ointment. Polysporin 
ointment, with a petrolatum base, is helpful in dissolving tar.42 The ointment is not 
as effective, however, and is not water soluble as is the cream. The water solubility of 
the cream makes it easy to wash off after it has been applied to the tar-laden abrasion. 
Other effective commercial tar removal agents are citrus-based agents derived from 
orange peels. They are both effective and nontoxic to skin.

When an abrasion is initially cleansed and débrided, follow-up management is usu-
ally the patient’s responsibility. The abrasion must be kept clean to prevent secondary 
infection. Nature’s dry “dressing,” the scab, ultimately does the job, and most abra-
sions heal without event (neither infectious nor cosmetic). Wound desiccation has been 
shown experimentally in humans to slow wound healing, however, and impede epithe-
lial cell covering of the injured surface.43 Dressings provide a moist environment that 
promotes rapid and effective healing.

For wounds that can be covered easily with a dressing, any nonadherent dressing 
can be applied over a thin coating of an ointment, such as Neosporin or Polysporin. 
A variety of dressing materials are available. Adaptic, Telfa, and Vaseline gauze are the 
least expensive. Other options include products such as membrane (Tegaderm), foam 
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(Epilock), and hydrocolloid (Duoderm) dressings.44 The dressing can be removed every 
2 or 3 days for gentle cleansing and redressing.

Experimentally, topical antibiotic ointments alone have been shown to increase the 
rate of wound reepithelialization as well.45 It is recommended that wounds that cannot 
be dressed easily should be kept moist with a thin coating of an antibiotic ointment 
(e.g., Neosporin or Polysporin).26 The ointment usually is applied two or three times a 
day to maintain the moist wound environment.

A new and different approach to managing superficial skin wounds and abrasions is 
octylcyanoacrylate liquid tissue adhesive (Dermabond). Dermabond currently is used 
to close lacerations and surgical incisions. This liquid adhesive bandage can be applied 
directly to fresh abrasions with an applicator brush after cleansing and drying.46 Com-
pared with standard Band-Aid application, liquid adhesive bandage reduces pain and 
bleeding. It also stays on the wound for 5 days, which is more than 3 days longer than 
Band-Aids adhere. The patient is allowed to bathe and can reapply the liquid adhesive 
bandage as needed. On average, healing is complete in 12 days, which is similar to Band-
Aid–treated wounds. Liquid adhesive bandage also has been formulated as a spray that 
can be applied directly to abrasions.47
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CHAPTER 17
Minor Thermal Burns

Key Practice Points

nn The first responsibility of a clinician when evaluating a burn patient 
is to ensure that there is no airway involvement, inhalation injury, 
associated trauma, constricting burn, or large burn with potential fluid 
loss.

nn The first treatment step of a minor burn is to cover it with a cool (not 
cold) wet cloth to stop continued thermal injury and to relieve pain.

nn Splash or scalding burns (water or grease) result in superficial injury. 
Immersion burns (hot liquid or flame) often cause deep tissue injury.

nn Signs of inhalation injury include cough, shortness of breath, singed 
nasal hair, and soot in the mouth or nasal passages.

nn The extent of burn is measured by the total area of second-degree 
and third-degree burns. First-degree burns do not count in that 
determination.

nn Patients with second-degree burns covering <15% of the body surface 
area can be treated as outpatients.

nn Intact blisters act as good burn dressings and do not always need to be 
removed.

nn Burn dressings should be nonadherent so that delicate epidermal and 
dermal cells will not be torn off during dressing changes.

nn Burned patients are at risk for tetanus, and patients’ inoculations 
should be up to date, or patients should receive boosters at the time of 
treatment.

nn There is no evidence that prophylactic oral antibiotics are necessary for 
minor burns treated on an outpatient basis.

 

The treatment of burns is a common activity for personnel in facilities that care for 
emergency wounds and injuries. A thorough understanding of the treatment require-
ments of burns is necessary for proper selection of patients who can be managed 
appropriately on an outpatient basis and for selection of patients who need referral for 
specialized care. The depth, type, and extent of the burn; the anatomic location; and the 
underlying patient condition all are important factors in making the treatment deci-
sion. Although individual treatment aspects of minor burns remain controversial, basic 
management principles do not vary greatly. The three main principles for treating burn 
patients are (1) relief of pain, (2) prevention of additional infection and trauma, and  
(3) minimization of scarring and contracture.1
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INITIAL MANAGEMENT AND PATIENT 
ASSESSMENT
No matter how small or how trivial a burn appears, the patient must be assessed for 
more severe associated problems and injuries. If the patient sustained the burn at 
the scene of a fire or explosion, immediate evaluation for inhalational injury, carbon 
monoxide exposure, cyanide exposure, and other trauma is mandatory.2 Inhalational 
injury is the most common cause of mortality in fire victims.3 Clinical signs of inha-
lational injury include burned nasal hairs, soot on the face, hoarseness, coughing, 
shortness of breath, and wheezing. Even if these signs are not present at the outset, 
an inhalational injury must be suspected in patients who were trapped in an enclosed, 
smoke-filled space. Respiratory tract injury often is delayed, and observation of the 
patient for 24 hours may be indicated.4 Carbon monoxide exposure is suspected in 
any patient who is alert and has a headache or in a patient with confusion or other 
alteration of mental status.

When the patient has been initially stabilized, when vital signs have been taken, and 
when unnecessary articles of clothing have been removed from the burned area, atten-
tion can be turned to the burn itself. The most salient clinical symptom of minor burns 
is pain. Epidermal (first-degree) and superficial partial-thickness (superficial second-
degree) burns can be extremely painful and require immediate pain relief. The simplest 
and most rapid manner in which to abolish burn pain is to place moist, cool towels over 
the burned area.5 Clinical and experimental evidence shows that the cooling of burned 
surfaces can decrease the eventual damage to burned tissues.6-9 The water should not be 
very cold because excessive cold can compound the burn injury. A water temperature of 
8°C (45°F) to 23°C (75°F) seems to be optimal to obtain pain relief and some measure 
of protection for burned tissue.7

Cooling can be effective for 3 hours postburn.7,10 In a study of children with burns, 
it was found that only 22% received adequate first aid, including cooling.11 Immediately 
on arrival at the care facility, cooling should be initiated to abort the continuing tissue 
injury. Care must be taken to ensure that large burn areas are not covered with cool, 
moist towels for excessive periods, because hypothermia can set in. In addition to cool 
towels and sponges, parenteral pain medicine, such as morphine sulfate or meperidine, 
can be used, especially for patients who have a significant component of anxiety associ-
ated with their burns.

While the patient is being stabilized and pain relief is being administered, a thor-
ough history is taken. Important items in the history include the age of the patient, 
any associated conditions and illnesses, psychosocial considerations, and drug allergies. 
Patients younger than 2 years old have thin dermis and immature immune systems.12,13 
These children rarely are treated on an outpatient basis. Likewise, patients older than 
65 years tolerate burns poorly and often need inpatient care. Patients with underlying 
diseases, such as diabetes, pulmonary disease, severe cardiac problems, and disorders 
requiring long-term immunosuppressive therapy, are at higher risk for additional com-
plications with burns, and these patients require special consideration from hospital 
management.

Frequently, burn victims have significant psychosocial problems. Similar to auto-
mobile trauma victims, burn victims often have alcohol-related or drug-related disor-
ders. Although these impairments may have nothing to do with the treatment of the 
burn itself, severe alcohol or drug dependency may preclude outpatient management, 
even for minor burns. The worst psychosocial problem associated with burns is child 
abuse. Experienced burn care personnel see this catastrophe frequently and tend to 
think of all children with burns as potential victims of child abuse until proved other-
wise. Finally, during the history, a thorough detailing of allergies is necessary, because 
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many drugs may be administered or applied to a burn victim during the course of his 
or her management.

BURN ASSESSMENT
Cause of the Burn
Knowing the cause of a burn can make a difference in predicting its depth and extent. 
Brief scalding burns, which occur with the spilling or splashing of hot water, usually 
result in epidermal or superficial partial-thickness burns. Burns caused by immer-
sion in a hot liquid or contact with a flame more frequently result in deep partial-
thickness or full-thickness burns. These burns can be complicated and serious, 
especially when important anatomic parts, such as the hands or face, are involved. 
Electrical burns almost always cause full-thickness injuries at the burn site. In addi-
tion, electrical injuries can be associated with muscle necrosis, fractures, and cardiac 
arrhythmias.14

Body Location
The anatomic location of a burn is an important factor in determining management. 
Because of the complexity and crucial function of the hands, extensive partial- thickness 
or full-thickness burns on the hands are best managed, at least at the outset, in a con-
trolled setting. Not only do hand burns require careful cleansing, débridement, and 
dressing, but also there is a danger of joint stiffening secondary to the immobility 
caused by pain and edema. Patients must observe strict elevation of the burned extrem-
ity in addition to early motion exercises to prevent “freezing” of the hand. This freezing 
complication occurs more frequently in patients older than age 50. Partial-thickness 
burns of the face not only raise the possibility of airway obstruction and inhalational 
injury, but they also can be difficult to manage surgically.

Burns of the perineum are technically difficult to manage and are extremely uncom-
fortable for the patient. It is beyond the capabilities of most patients or families to 
care for these problems at home. Among the most frustrating burns to manage on an 
outpatient basis are burns of the foot. The dependent nature of this anatomic part 
and its weight-bearing function cause frequent failure of outpatient management. It is 
difficult for patients to maintain voluntarily the necessary strict elevation of the legs, 
and failure to elevate properly can lead to edema, pain, and tissue breakdown at the 
burn site.

Depth of the Burn
Burns traditionally are divided into four depths of tissue injury: epidermal (first-degree 
burns), partial-thickness (second-degree burns), full-thickness (third-degree burns), 
and deep thermal (fourth-degree burns) (Fig. 17-1). Partial-thickness, or second-degree, 
burns are subdivided further into superficial and deep partial-thickness burns.
 •  Epidermal burns (first-degree): These burns are the most common. Heat induces der-

mal vasodilation, giving the epidermis its characteristic red color. Blistering does not 
occur, and these burns heal without treatment. The superficial epidermis sloughs or 
peels about 5 to 7 days after the burn is sustained, and the vasodilation gradually 
disappears. Sunburn is the most common example of an epidermal burn. Occasion-
ally, if the heat exposure was especially intense or prolonged, what appears to be an 
epidermal burn blisters and becomes a superficial partial-thickness burn after 12 to 
24 hours.

 •  Superficial partial-thickness burns (second-degree): These burns are so designated because 
the epidermis and part of the dermis are injured. Superficial partial-thickness burns 
classically blister and are extremely painful. When the necrotic epidermis is removed, 
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the injured dermis is homogeneously pink and moist in appearance. It is extremely 
sensitive to touch but heals without scarring over 2 to 3 weeks. The dermis and der-
mal appendages, such as pilosebaceous units and eccrine sweat glands, survive and 
give the skin a chance to regenerate epidermis.

 •  Deep partial-thickness burns (second-degree): Clinically, it is important to distinguish 
between superficial and deep partial-thickness burns. There are important differ-
ences in the time they require to heal and in eventual cosmetic appearance. Deep 
partial-thickness burns are not as painful to touch, and they appear drier and whiter 
when débrided. Sometimes the surface of these burns is interspersed with reddish 
spots, indicating underlying dermal appendages such as sweat glands and hair fol-
licles. There still is some awareness of pinprick, however, and some of the dermal 
appendages are preserved. New skin can grow from these appendages, but some need 
supplemental grafts. These burns take longer than 3 weeks to heal.

 •  Full-thickness burns (third-degree): With full-thickness, or third-degree, burns, the der-
mis and the dermal appendages are totally destroyed. A dry, taut, leather-like sur-
face that is insensitive to examination or pinprick characterizes the appearance of 
these burn injuries. The color of these burned areas can vary from white to brown to 
black. There is frequent difficulty in distinguishing between deep partial-thickness 

Superficial (1°)   Example: sunburn

Superficial partial thickness (2°)
    Blisters, red moist dermis

Deep partial thickness (2°)
    Some adnexal structures
    preserved (hair follicles)

Full thickness (3°)
    Dry, leathery tissue

Deep thermal (4°)
    Burn depth to bone

Figure 17-1. Cross section of skin with illustration of different burn depths, including superficial (1°) to 
deep thermal (4°).
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and full-thickness burns on initial presentation of a patient to a wound care facility. 
Often these two types of burns are treated in the same manner and require grafting 
for final coverage of the damaged area.

 •  Deep thermal burns (fourth-degree): All soft tissue is burned away in these burns, leaving 
exposed bone.

Extent of the Burn
Proper estimation of the extent of body surface area affected is crucial to burn manage-
ment. Only partial-thickness (second-degree) and full-thickness (third-degree) injuries 
are considered in the calculation. The “rule of nines” is adequate for initially estimating 
burn size in adults (Fig. 17-2). Surface anatomy can be divided into areas that represent 
9% or multiples of 9% of the body surface. The head and each arm constitute a 9% sur-
face area apiece, whereas one leg is 18%. The entire surface area of the thorax and abdo-
men combined, anterior and posterior, is 36%.

9%

9%9%

18%

18% 18%

18%

1%

Anterior

Posterior

Figure 17-2. Rapid estimation of burn extent can be deter-
mined by the rule of nines. Only partial-thickness (second-degree) 
and full-thickness (third-degree) burns are considered for percent-
age area determination.
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Greater precision in estimating burn size can be obtained by using standard, more 
detailed charts that subdivide the anatomic parts. These diagrams also take into 
account the variations in surface area that occur with age (Fig. 17-3). In young chil-
dren, the surface area of the head constitutes a much greater area relative to the 
rest of the body than it does in adults. As an individual grows, the lower extremities 
become proportionately larger, whereas the trunk and arm proportions stay rela-
tively the same throughout life. Final surface area proportions are not reached until 
after age 15.

A

B B

C C

B B

C C

Area

A = 1/2 of head

B = 1/2 of one thigh

C = 1/2 of one leg

91/2%

23/4

21/2

21/2

13/4 13/4

11/2

11/4

11/2

11/4

1 1

2 2

13%

A

1

13%

81/2%

31/4

21/2

61/2%

4

23/4

51/2%

41/4

3

41/2%

41/2

31/4

Age 0 1 yr 5 yr 10 yr 15 yr

Figure 17-3. Estimation of burn size in children. The relative area sizes change significantly with age.
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GUIDELINES FOR HOSPITALIZATION 
AND OUTPATIENT MANAGEMENT
Box 17-1 lists suggested criteria for hospital management of burns. Patients not meet-
ing these criteria can be considered victims of minor, partial-thickness burns and can 
be treated as outpatients. Opinions of different authorities vary on what constitutes 
an appropriate burn size that can be treated without having to admit the patient to a 
hospital. The total extent of burn limit for outpatient management varies from 10% to 
15% of the area that has sustained a superficial burn.6,13,15 Superficial partial-thickness 
burns can vary from 3% to 5%, and full-thickness can vary from 1% to 3%. Highly moti-
vated, responsible adults with good support systems are likely to do well on an outpa-
tient basis with burns approaching the more extensive ranges.

Children are managed best on an inpatient basis with any partial-thickness burn 
that is greater than 10%. Pain relief, wound cleansing, débridement, and dressings are 
easier to manage in the hands of experienced personnel. After the parents recover from 
the trauma, they can be educated properly in the care of the burn before the child is 
discharged. Except for the most trivial burn, children younger than 2 years should be 
managed in the hospital. On the other end of the age scale, it is recommended that 
patients older than age 65 be considered for similar treatment.

As previously discussed, burns in crucial anatomic locations, such as the hands, 
feet, face, and perineum, are managed best in an inpatient setting. Full-thickness 
burns of greater than 3% of the body surface area require surgical management and 
grafting. Even smaller full-thickness burns, if initially treated outside the hospital, 
need to be referred to a specialist for continued management and possible later skin 
grafting.

If there is any suspicion of inhalational or airway injury, no matter how small or 
superficial the burn, the patient must be admitted for observation. Inhalational injury 
can be insidious, and overt signs and symptoms often do not appear for several hours 
postexposure.4 Finally, the decision to treat patients in the hospital often is determined 
by the extent of underlying disease, alcohol or drug abuse, and suspicion of potential 
child abuse.

TREATMENT OF MINOR BURNS
Most burns that are treated on an outpatient basis are epidermal or superficial 
 partial-thickness burns. Because these burns tend to have an overwhelmingly favorable 
outcome regardless of treatment, some of the controversies over management are not 
crucial. For the sake of completeness, however, these controversies are mentioned in 
context with each management step.

 1.  Partial-thickness burns >15% surface area (>10% surface area of child)
 2.  Full-thickness burns >3% surface area
 3.  Suspected inhalational injury
 4.  Age <2 or >65 years
 5.  Partial-thickness or full-thickness burns of hands, face, perineum, or feet
 6.  Electrical burns
 7.  Severe underlying systemic disease
 8.  Acute alcohol or drug abuse
 9.  Suspected child abuse

	 BOX	17-1	   Guidelines for Hospital Admission of Burn Victims
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Epidermal Burns (First-Degree)
Epidermal, or first-degree, burns usually are called to the attention of medical care per-
sonnel only if the burns are extensive or extremely painful. A gentle cleansing with a 
nonirritating soap, such as Ivory Flakes or Dreft, mixed in a solution of cool saline is 
recommended. Diluted (with 2 to 4 parts cool saline) chlorhexidine (Hibiclens) also can 
be used.1 For symptom relief at home, the patient can apply many commercial prepara-
tions containing at least 60% aloe vera. Not only does aloe vera have some antimicro-
bial activity, it also provides local pain relief.12,13 Analgesia can be supplemented with 
aspirin, ibuprofen, acetaminophen, or codeine for 48 to 72 hours, after which the acute 
pain eventually subsides.

Epidermal burns usually heal within 5 to 7 days after going through epidermal des-
quamation. Occasionally, epidermal burns convert to superficial-thickness injuries, 
with blistering 12 to 24 hours after heat exposure. If this conversion occurs, the patient 
should return to a medical care facility or contact the primary care physician.

Superficial Partial-Thickness Burns 
(Superficial Second-Degree)
Cleansing
Partial-thickness burns also are managed best by an initial cleansing with a nonirritating 
soap (e.g., Dreft) or with chlorhexidine (Hibiclens) diluted in 2 to 4 parts of cool saline. 
Ice chips can be mixed into the solution to provide a cooling effect. Hair can be clipped 
but should not be shaved with a razor in the burn site in order to prevent any further 
damage to the remaining dermal appendages from which new epidermis arises.16 To 
clean and débride effectively a partial-thickness burn, which is extremely sensitive to 
touch or manipulation, a parenteral narcotic often is recommended for the patient.

Blisters and Débridement
When cleansing has taken place, the next step is débridement (Fig. 17-4). Necrotic and 
partially sloughed epidermis and dermis are removed using forceps and tissue scis-
sors. This skin is dead and insensitive; therefore local anesthetics are not required. The 
dead tissue is incised with scissors at the edge of viable epidermis, taking care not to 
cut into sensitive intact skin. A controversy in burn management is whether to remove 
intact blisters. Proponents for blister removal point to the ideal culture media that 
blister fluid represents with a concomitant risk of burn infection.13 There is clinical 
and experimental evidence, however, that leaving blisters intact has several beneficial 
effects on burn wounds.17-19 Intact blisters tend to prevent capillary stasis and retard 
necrosis within burn injury sites and decrease desiccation of the burn wound. It also is 
believed that the retention of blisters aids in the control of pain, a benefit that is espe-
cially important over joint surfaces, where pain can limit active movement, leading to 
potential joint stiffness.20 As a general rule, large confluent blisters are likely to break 
easily and should be removed. Small intact blisters on the hands, feet, and over joints, 
should be left intact. It can be argued that blisters on noncompliant patients should be 
removed to prevent infection from neglect or improper home care.

Burn Dressing
Preferences for burn dressing vary widely among practitioners. Topical treatments range 
from no agent at all to a variety of topical antibiotics and several newer synthetic wound 
coverings. Because the eventual outcome of limited superficial partial-thickness burns 
is uniformly good, there is no clear preference for one agent or dressing over another.

Uncomplicated partial-thickness burns of the head and neck, for practical reasons, 
are best left open during treatment. Gentle cleansing one to two times daily, followed 
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by the application of an antibacterial ointment such as bacitracin or Polysporin, leads 
to complete healing in 2 to 3 weeks.

Most other partial-thickness and full-thickness burns are treated with burn dress-
ings (Fig. 17-5).21 After cleansing and débridement, the burned area is covered with an 
antibacterial ointment with a gloved finger or sterile applicator. Petroleum-based oint-
ments, such as bacitracin or polymyxin B sulfate/bacitracin (Polysporin), are preferred 
for ease of application, enhanced wound healing, and good suppression of bacterial col-
onization.13 Ointment is followed by a single layer of fine-mesh gauze or a nonadherent 
material, such as Adaptic. A nonadherent base is important to protect fragile epidermal 
and dermal cells during dressing changes. Gauze “fluffs,” created by the unfolding of 
gauze 4 × 4 sponges, are packed over the fine-mesh gauze layer. The fluffs absorb copi-
ous drainage created by the fresh wound. The dressing is anchored with a gauze ban-
dage roll and tape strips.

Silver sulfadiazine (Silvadene) is the most commonly used burn product, but it 
is impractical for open treatment and can form a pseudomembrane over partial-
thickness burns that is difficult and painful to remove. It cannot be used in patients 
with sensitivity to other sulfa drugs, and transient leukopenia has been reported 
with this agent.22 Silver sulfadiazine has a long record of effectiveness in large burns 
but has been challenged as the agent of choice for minor burns.23 In a large lit-
erature review, there was not enough evidence to support or refute the use of silver 
sulfadiazine as a treatment for minor, ambulatory burns.24 At the burn center at the 
University of  Cincinnati,  petrolatum-based antibacterial agents are preferred over 
silver sulfadiazine for the treatment of minor burns.

Line of débridement
(blister is insensate)

Blister

Figure 17-4. Blister debridement (side view): Hold dead blister skin with forceps and (top view) trim dead 
skin away at border of intact skin.
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The interval between dressing changes varies among practitioners. Many burn 
authorities recommend twice-daily changes to maintain the effectiveness of the anti-
bacterial ointment or cream. In practicality, once-daily changes are probably sufficient 
for limited partial-thickness burns. Patients are sent home with specific instructions 
and burn supplies as listed. The follow-up interval varies based on the compliance and 
motivation of the patient and the extent and location of the burn. Burns of the hand 
need close follow-up with a visit to a caregiver within 48 to 72 hours of the injury. Fur-
ther visits are individualized.

Synthetic dressings offer another alternative for patients with limited partial- 
thickness burns. Many products are on the market, including DuoDerm, Opsite, Vigilon, 
and Biobrane. These dressings can be applied to fresh burns that have been cleaned and 
débrided of dead skin and any debris.25 The dressing is cut in a customized manner to 
correspond to the burn site with approximately a 1-cm to 2-cm marginal overlap. An 
outer gauze wrap is applied to maintain dressing adherence and to absorb excessive 
exudate. These dressings afford good pain relief and can be left on for the duration of 
the healing. The dressings are time-consuming and difficult to apply, however. They 
can dry, crack, and peel at the edges.26 These dressings are not suitable for covering 
joints or large areas. Use of these dressings should be in consultation and agreement  

A B

C D

Figure 17-5. Burn dressing application. A, Petroleum-based antibiotic ointment is applied to fine mesh gauze. B, The impreg-
nated gauze is placed over burn area. C, Gauze “fluffs” made from sponges are added to the base to absorb burn wound exudate. 
D, The dressing is completed with a gauze bandage wrap and strips of adhesive tape.
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with the caregiver responsible for follow-up and ongoing care when the patient leaves 
the emergency department.

Home Management and Follow-up
Burn supplies, including gauze sponges, gauze wrap, antibacterial soap, and a sterile 
tongue depressor, are dispensed or prescribed along with written and verbal instruc-
tions on how to use them. A small jar or tube of topical antimicrobial agent also is dis-
pensed or prescribed. The patient is instructed to remove the first dressing the morning 
after his or her first wound care visit. The burned area is washed gently with the soap 
and two or three of the sterile sponges that have been provided. A topical agent is spread 
over the wound, and gauze wrapping is applied. Some authorities believe that the first 
dressing can remain in place for 2 or 3 days. At the University of Cincinnati burn center, 
it is believed that once- or twice-a-day changes prevent the exudate buildup and crusting 
that can disrupt epithelialization when infrequent dressing changes are made. There is 
no clear evidence to support any specific dressing change interval for minor burns.

All minor burn victims are seen in follow-up 48 hours after initial treatment. From 
that time on, individualized treatment regimens are prescribed. Strict elevation of the 
burned part is essential to proper healing. The use of slings for upper extremity and 
hand burns can accomplish this goal while the patient is in an upright position. Gentle 
but frequent motion of joints within the burn-injured anatomic parts also is mandatory. 
Pain often deters a patient from this activity, so appropriate oral medication, such as 
aspirin, ibuprofen, acetaminophen, or codeine, may be required early during convales-
cence. Usually, however, if the patient thoroughly understands the need for joint motion, 
cooperation with burn care personnel quickly follows despite some wound discomfort.

Deep Partial-Thickness and Full-Thickness 
Burns
Full-thickness burns that cover less than 3% of the body surface area and that are in 
a noncritical site (hand or face) can be treated in the manner described previously for 
partial-thickness burns. Before proceeding, however, it is best to discuss the case with a 
consultant. These patients require close follow-up care, and initial treatment decisions 
are best made in concert with a consultant.

Tetanus and Antibiotic Prophylaxis
Finally, tetanus prophylaxis and the possibility of wound infection need to be consid-
ered. Tetanus toxoid and tetanus immune globulin should be given to all burn patients 
in accordance with the recommendations in Chapter 21. Currently, no studies support 
the use of prophylactic oral or parenteral antibiotics in minor superficial burns.18,27,28 
Control and antibiotic-treated groups consistently yield the same infection rate of 
approximately 3% to 4%. Should a burn wound infection develop, it is best managed 
with local wound care and appropriate antibiotics at that time.29
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CHAPTER 18
Cutaneous and 
 Superficial Abscesses

Key Practice Points

nn In recent years, there has been a threefold increase in superficial soft 
tissue infections (SSTI) including abscesses. The rise in community-
acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) is 
behind that increase.

nn Abscesses can begin as solid nodules—furuncles—that suppurate and 
form a pus-filled mass. Abscesses are fluctuant and soft to palpation 
because of the pus-filled center.

nn CA-MRSA is now found in 50% to 80% of abscesses.
nn Breast abscesses can be complicated because of the involvement of 
the occluded periareolar ducts, and they might require consultation for 
treatment.

nn Bartholin’s gland abscesses can be associated with sexually transmitted 
diseases that need to be treated at the time of drainage.

nn Buttock abscesses can be drained by emergency caregivers. Perianal 
and perirectal abscesses are best managed by consultants.

nn The decision to drain an abscess requires the presence of pus. If there 
is doubt, needle aspiration or ultrasound examination can resolve the 
issue.

nn When pus is not present, the patient is treated with antibiotics that 
include coverage for CA-MRSA. Treatment continues until the lesion 
heals or becomes an abscess.

nn The most common mistake in abscess drainage is making the incision 
too small. It should be at least two thirds of the size of the abscess cavity.

nn Whereas simple abscesses caused by CA-MRSA will heal with drainage 
alone, the role of antibiotics has not been completely defined. Coverage 
is recommended for those with risk factors, which include associated 
cellulitis, immunosuppression, fever, and so forth.

nn After initial incision and drainage, the patient returns in 2 to 3 days for 
packing removal and reevaluation.

nn Uncomplicated, properly drained abscesses, including those caused by 
CA-MRSA, resolve without antibiotics. Antibiotics are recommended 
for abscesses with surrounding cellulitis, toxicity, diabetes, immuno-
compromise, location on the face, and cardiac valve disease.
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Cutaneous and other superficial abscesses commonly are diagnosed and treated in 
emergency departments (EDs). From 1993 to 2005 there was a threefold increase in 
superficial soft tissue infections (SSTI) presenting to EDs.1 The increase is largely due 
to the emergence of community-acquired methicillin-resistant Staphylococcus aureus 
(CA-MRSA).2 The majority of abscesses and other SSTIs that present to EDs are now 
due to CA-MRSA. In some EDs, the rate of CA-MRSA SSTIs exceeds 80%.2 Although 
drainage is the key therapeutic intervention for all abscesses, significant differences 
between types and locations exist and necessitate individualized treatment. Most cases, 
including those caused by CA-MRSA, can be managed in the ED with routine outpa-
tient follow-up care. A few cases require specialist consultation, however, for possible 
operative intervention or inpatient management.

CLINICAL PRESENTATIONS
Cutaneous Abscesses
A cutaneous abscess is defined as a “localized collection of pus causing a fluctuant soft 
tissue swelling surrounded by firm granulation tissue and erythema.”1 Abscesses can 
begin as furuncles, which are firm, red, tender solid nodules that can become abscesses 
if not treated with antibiotics. Cutaneous abscesses can occur on any body surface but 
tend to be more common in certain areas.3 The most common sites are the head, neck, 
axillae, and buttock and perineal areas. Carbuncles are deep abscesses, with multiple 
loculations, that occur at the nape of the neck, chin, back, and thighs.

Any interruption of the protective layers of the skin, even trivial, with subsequent 
invasion of exogenous or endogenous microflora, can lead to abscess formation. 
Abscesses can also be the result of an obstruction of the apocrine and sebaceous glands. 
Sebaceous glands are widely distributed over the body, and apocrine glands are found 
most commonly in axillae and anogenital regions. These glands frequently form cysts 
that are prone to abscess formation. CA-MRSA now makes up the majority of soft tissue 
abscesses, up to 80% depending on the local microbiology.2 Other organisms include 
methicillin-sensitive S. aureus (MSSA), Proteus mirabilis, and group A streptococci. It is 
important to know what the local sensitivities to antibiotics are so that appropriate 
antibiotics can be selected.

Abscesses caused by CA-MRSA can be characterized by an abscess-like lesion but 
with a central black eschar. Satellite lesions can also occur. Certain populations are 
at higher risk for CA-MRSA. They are children, athletes, those who have contact with 
a CA-MRSA patient, urban underserved individuals, incarcerated people, the military, 
those with HIV, men who have sex with men, and animal handlers.2 Studies have shown 
that simple abscesses without surrounding cellulitis or other complicating factors can 
be treated with incision and drainage alone.4 However, the role of antibiotics has yet to 
be completely defined.5

Of special note are abscesses that arise on the upper lip and nose. Infections in these 
sites drain through the facial and angular emissary veins to the cavernous sinus. As 
discussed in the following section, antibiotics are indicated in the treatment of these 
lesions.

Hidradenitis Suppurativa
A common and difficult condition to manage that predisposes to abscess formation 
is hidradenitis suppurativa, which is a chronic, relapsing, inflammatory involvement 
of apocrine glands of the axillae and pubic regions.6 Abscess formation is followed by 
extensive, excessive scarring. The microbiology of these infections is complex. Coagu-
lase-negative Staphylococcus and S. aureus are the most common organisms.7 The rate of 
CA-MRSA has yet to be determined but is highly likely to be causal in some abscesses. 
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Anaerobes are also present. Recurrent abscess formation also predisposes to fistula 
tracks, skin and subcutaneous induration, and inflammation in various stages of pro-
gression. Emergency management is limited to incision and drainage of the discrete 
abscesses. These patients require long-term care and a program of management best 
coordinated and administered by specialists (e.g., dermatologists or surgeons). A strong 
relationship between hidradenitis and smoking has been found, and patients should be 
strongly encouraged to stop smoking.7

Breast Abscesses
Although breast abscesses commonly are associated with the postpartum period, more 
than 90% occur outside of that period.8 Postpartum mastitis, which can occur in nurs-
ing mothers 2 to 6 weeks after delivery, predisposes to abscess formation. Mastitis is 
caused by an invasion of S. aureus through sore, abraded nipples. Like other SSTIs, 
postpartum infections are increasingly a result of CA-MRSA.9 Other organisms are 
MSSA, anaerobes, and mixed flora. These patients are often quite sick from extensive 
local involvement, pain, chills, and fever. Initial treatment of mastitis without abscess 
includes ice packs, breast support, analgesics, and antistaphylococus antibiotics. Breast 
feeding can continue and is beneficial.

Nonpuerperal abscesses can occur in superficial and deep tissues of the breast. 
Superficial abscesses can be cutaneous or periareolar. Periareolar abscesses, the most 
common breast abscess, arise from occluded ducts and are associated with the multiple 
organisms listed previously. These abscesses involve mammary and ductal tissue.

Deep breast abscesses are either intramammary or retromammary. As is the case for 
periareolar abscesses, fluctuance can be difficult to detect. Fluctuance also is difficult 
to diagnose when overlying cellulitis is deep and extensive. In these cases, needle aspira-
tion or ultrasound may be required to ensure the proper treatment (i.e., incision and 
drainage). Because of the complexity of breast abscesses, and the frequent involvement 
of ductal tissue, consultation should be considered.

Bartholin’s Gland Abscesses
Bartholin’s glands, located in the posterior portion of the vestibule of the vagina, can 
form cysts from ductal occlusion. These cysts can go on to form abscesses. In addi-
tion to the abscess, the labium usually is inflamed and tender. Studies have cultured a 
wide range of organisms from these abscesses. These include Neisseria, Chlamydia, gram 
positives, gram negatives, and anaerobes. The most recent study, however, did not show 
any primary sexually transmitted disease (STD) organisms.10 Despite that fact, it is 
still considered necessary to culture the cervix for those organisms or to treat for them 
empirically.

Pilonidal Abscesses
A common abscess presenting to EDs can arise from the sacrococcygeal pilonidal sinus 
in the midline of the superior buttock divide at the base of the coccyx.11 Patients often 
present with painful induration of the buttock crease. Fluctuance may not be appreci-
ated; needle aspiration or ultrasound is sometimes necessary to diagnose purulence. 
Cultures reveal gram-negative enteric organisms and anaerobes. These abscesses often 
recur unless the sinuses are excised after initial drainage.

Buttock and Perianal Abscesses
Buttock abscesses are common but must be clinically distinguished from perianal and 
perirectal infections (Fig. 18-1). Buttock abscesses occur cutaneously and do not involve 
the anus. They can be incised and drained by an emergency caregiver. Perianal abscesses 
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arise from anal crypts and impinge on the anal sphincter. A consultant surgeon is usu-
ally involved in the care of these patients. In contrast to patients with buttock abscesses, 
rectal examination is painful for patients with perianal abscesses. Perianal abscesses 
often are associated with fistula in ano. The presence of a perianal abscess also might 
point to other serious, related abscesses and infections of the ischiorectal, intersphinc-
teric, and pelvirectal areas. Patients with these deeper abscesses complain of deep rectal 
or pelvic pain. They often have fever and appear toxic, as manifested by diaphoresis 
and tachycardia. A rectal examination reveals marked tenderness of the anal sphincter 
and rectum. Masses can be palpated with the examining finger. This condition requires 
urgent intervention by a consultant in an operative setting. Until recently, the predomi-
nant organisms cultured from perirectal abscesses were gram negatives and anaerobes 
with some gram positives.12 Common organisms include Escherichia coli, Bacteroides, and 
Streptococcus species. Recently, CA-MRSA has been cultured in up to 20% of cases.13,14

Parenteral Drug SSTI
A common problem seen by emergency physicians is abscess formation in parenteral 
drug users. Not only are the patients at risk for bacterial tissue invasion, but also chemi-
cal irritants can provoke intense and extensive involvement. These abscesses are often 
extensive and involve the thighs, buttocks, or forearms. Parenteral drug users have a high 
incidence of other infectious complications, such as hepatitis, endocarditis, and human 
immunodeficiency virus–related disorders. Local complications include soft tissue necro-
sis, intraarterial injection, septic arthritis, and osteomyelitis. Common organisms include 
streptococci, staphylococci (MSSA, MRSA), and anaerobes.15 Caregivers are urged to 
observe strict blood and body fluid precautions when draining the patient’s abscesses.

MANAGEMENT OF ABSCESSES
When confronted with a suspected abscess, palpation does not always reveal fluctuance. 
Abscesses on the back of the neck, sacrococcygeal area, buttocks, and thighs can be 
deep or accompanied by significant overlying tissue induration. Whenever an abscess is 
suspected but is clinically not evident, needle aspiration can be performed with an 18-G 
needle attached to a 5-mL or 10-mL syringe.

Buttock
abscess

Buttock

Perianal
abscess

Anus
(Anal crypts)

Figure 18-1. View of buttocks and anus. A buttock abscess is located away from anus. Perianal abscesses 
involve the anal crypts and anus.
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With the emergence of ultrasound as a diagnostic tool in the ED, this technique can 
be used to diagnose pus accumulation in cases in which aspiration has failed, but the 
clinical setting is consistent with abscess formation16 (Fig. 18-2). Ultrasound can guide 
needle aspiration to confirm the presence and location of the abscess cavity. Drainage is 
facilitated, and ultrasound can be used in follow-up to confirm resolution.

When pus is not aspirated, the inflammatory mass, or furuncle, has not suppurated. 
Attempts at incision and drainage are not indicated. In this setting, the patient is placed 
on antibiotics and twice-daily warm compresses or soaks. The furuncle either heals or 
goes on to form pus that requires drainage. The patient is advised of either possibil-
ity and is provided with appropriate follow-up, even if antibiotics are administered. 
Usually, within 48 to 72 hours, the furuncle “declares” itself (i.e., begins resolution or 
suppurates). For choice of antibiotics, see the section in the following text regarding 
antibiotic use.

In patients with cardiac valvular disease, prophylactic antibiotics as recommended 
by the American Heart Association should be administered before incision and drain-
age.17 Antibiotic prophylaxis is also recommended in patients with implanted ortho-
pedic or other medical devices. Cefazolin, 2 g intravenously, is recommended to be 
administered before the procedure. In β-lactam–allergic patients, 900 mg of clindamy-
cin intravenously or 1 g of azithromycin intravenously is an appropriate choice.

Technique for Incision and Drainage
 •  When the presence of pus has been established, the abscess site is briefly cleaned 

with a wound cleansing solution, such as povidone-iodine or chlorhexidine. Wound 
cleansing of these obviously contaminated sites is performed to render the field clear 
of gross contaminants and to prevent extraneous microflora from contaminating any 
wound cultures should they be indicated.

Figure 18-2. Abscess cavity as viewed by ultrasound.
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 •  Incision and drainage manipulations are painful. For small abscesses (<5 cm in 
 diameter), a field block followed by injection of the abscess roof often suffices for 
pain control (Fig. 18-3). Before administering the local block, parenteral narcotics 
can bring considerable relief to the patient. Intramuscular or intravenous morphine 
or hydromorphone allow the patient to be more comfortable for the local anesthetic, 
which can be very painful to the sensitive tissue surrounding an abscess. For larger 
abscesses or those in difficult areas such as the breast or the perineum, conscious 
sedation, as described in Chapter 6, is effective. If formal conscious sedation is not 
necessary or feasible, a parenteral dose of morphine, meperidine (Demerol), or hydro-
morphone (Dilaudid) can be given 15 to 30 minutes before the procedure.

 •  The instruments and items needed to drain an abscess include a knife handle and a 
no. 11 blade, a hemostat, gauze packing, and an irrigation syringe mated to a 16-G 
or 14-G plastic intravenous catheter. When the field of local anesthesia is created, an 
incision that is the full length of the fluctuance or, at minimum, two thirds of the 
diameter of the abscess cavity itself is made (Fig. 18-4). A common mistake is to make 
a small, stablike incision. Wide incisions are necessary to provide for adequate cavity 
probing and loculation disruption, irrigation, and packing placement.

 •  After the incision is made, the operator gently probes the abscess cavity with either 
a hemostat or a finger. When all of the abscess cavity surfaces have been explored 
and loculations have been broken up, irrigation with saline is performed through the 
catheter until all purulence is evacuated. Drainage is considered adequate when the 
saline effluent is free from pus and appears blood tinged.
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Figure 18-3. Field block approach to local anes-
thesia for abscess. Note: Wait 5 to 10 minutes follow-
ing block for full anesthesia to occur.
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Figure 18-4. Procedure for abscess drainage. A, Typical cutaneous abscess. B, A scalpel with no. 11 blade 
is used to “lance” fluctuant mass. C, The incision should be generous and at least two thirds of the diameter 
of the cavity. D, A hemostat is used to probe the cavity and gently break up loculations. E, The cavity is irri-
gated until the effluent is clear of purulence. F, Gauze tape is used to pack the cavity. Caution is taken not to 
overpack and obstruct subsequent flow and drainage of remaining purulence. G, A 2- to 3-inch tail is left to 
prevent incision site closure and to aid in packing removal at a later time (2 to 3 days postprocedure).
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 •  The next step in the procedure is to pack the abscess cavity gently and loosely with 
plain or medicated ribbon gauze. For small abscesses drained in the ED, ¼-inch-wide 
gauze strips are adequate. The purpose of the gauze packing is to promote continued 
drainage from the abscess cavity. Excessive packing of the cavity can create the oppo-
site of the intended outcome. Packing at the incision opening can become encrusted 
with dried purulence, causing an iatrogenic obstruction to further drainage.

 •  A bulky dressing, with gauze sponges or layers, is placed over the site to absorb the 
inevitable continued purulent drainage. This dressing remains in place for 48 to  
72 hours, at which time it is removed and the abscess is inspected.

Special Treatment Settings
Cutaneous abscesses caused by sebaceous cysts are drained in the manner described 
previously. These abscesses recur, however, as long as the cyst remains. After drainage, 
the abscess cavity should be allowed to heal completely. The cyst can be removed eas-
ily in its entirety when it is not inflamed. Attempts to remove the cyst at the time of 
abscess intervention are met only with failure. The cyst wall, at that time, is friable and 
easily tears. Even if a small fragment of the wall is left behind, a new cyst forms with the 
resultant return in risk for new abscess formation. After incision and drainage, patients 
should be referred for later cyst removal after all inflammation has subsided.

Because of the cosmetic concerns involved in the treatment of facial abscesses, if 
possible, drainage can be accomplished through the intraoral mucosal surface. When 
draining a facial abscess on the cutaneous surface, any incision has to conform to the 
tension lines as discussed in Chapter 3. Some facial abscesses may require consultation.

Uncomplicated superficial breast abscesses can be incised and drained as described 
previously. It is important, however, to make the skin incision in a radial orientation 
using the nipple as the “hub.” Periareolar, intramammary, and deep breast abscesses 
can be difficult to drain and often are best drained under general anesthesia by a con-
sultant in an operative setting.

The drainage of Bartholin’s abscesses is achieved using a specially designed Word cath-
eter18 (Fig. 18-5). To avoid excessive bleeding during the procedure, the drainage incision 
is made on the medial wall of the abscess closest to the introitus. Incisions carried out lat-
erally on the labial surface tend to bleed secondary to the vasodilation in that area caused 
by the inflammatory response to the infection. When the incision is made and irrigation 
is completed, the catheter is inserted and inflated. In contrast to other abscesses, the inci-
sion for Bartholin’s abscesses is smaller so that the catheter, which has a narrow diam-
eter, remains secure and does not fall out prematurely. Sitz baths can begin immediately 
for comfort and to encourage drainage. The catheter is left in for 4 to 6 weeks to allow 
epithelialization of the drainage track and to lessen the risk of recurrence.

Pilonidal abscesses are drained through generous incisions and are packed in the 
standard manner. These patients are referred for definitive treatment by a consultant, 
particularly if recurrence has become a problem. Buttock abscesses also are treated as 
described earlier. Caution is urged in attempting to drain a perianal abscess. These 
abscesses are exceedingly painful to manipulate and can indicate deeper involvement 
within the pelvirectal spaces. Consultation should be considered for these abscesses.

FOLLOW-UP CARE
Most small cutaneous abscesses treated in the ED require a single packing that stays 
in place 2 to 3 days. On the first return follow-up visit, the dressing and packing are 
removed. With successful drainage, the patient reports significant pain relief, and there 
is minimal continued drainage. For these patients, a regimen of daily wound soakings 
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for 20 to 30 minutes for approximately 5 to 7 days suffices to maintain any further 
drainage until the abscess heals. Abscess cavities heal within 1 to 2 weeks. If the abscess 
is large and there is continued drainage, repacking can be performed at 2- to 3-day 
intervals as necessary. If the patient complains of unremitting pain and discomfort at 
the drainage site on the first return visit, an undrained cavity or loculation should be 
considered.

ANTIBIOTIC USE IN ABSCESS CARE
For common, uncomplicated cutaneous abscesses, incision and drainage is curative, 
including those caused by CA-MRSA.2,19 Antibiotics offer no advantage in immuno-
competent patients.20-22 Under certain conditions, however, antibiotics are recom-
mended, for example, when the abscess is surrounded by cellulitis that extends well 
beyond the margins, or when diabetes, immunosuppression, signs of toxicity (fever, 
tachycardia), or face and valvular disease are present. There is some recent data that 
indicate treatment of uncomplicated abscesses may not change the immediate  outcome, 

Word catheter with
“slip-tip” syringe

(no needle needed)

Bartholin’s abscess

Labia
minora

Incision

A

Inflated
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Small
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C

B

Figure 18-5. A, Location of Bartholin’s abscess and medial location of incision. B, Example of Word cath-
eter. C, Word catheter insertion with balloon inflated.
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but administration of antibiotics could lower the recurrence rate.23 Because of the high 
incidence of CA-MRSA in abscesses, the choice of antibiotics should include coverage 
for that organism. Local sensitivities can vary and can affect that choice. If an initial 
intravenous antibiotic is considered necessary, vancomycin, daptomycin, linezolid, and 
tigecycline can be used. Oral therapy choices include TMP/SMX, doxycycline, clinda-
mycin, and linezolid. At the University of Cincinnati, when empirical oral antibiotics 
are prescribed for a complicated abscess, TMP/SMX plus cephalexin or clindamycin is 
administered for 7 days. Linezolid alone can be used as well. The rationale is to ensure 
that coverage is effective against both CA-MRSA and MSSA.
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CHAPTER 19
Complicated, Chronic, 
and Aging Skin Wounds

Key Practice Points

nn Deep cutaneous and necrotizing infections are often heralded by severe 
pain before skin signs appear.

nn Microorganisms responsible for deep infections can include community-
associated methicillin-resistant Staphylococcus aureus (CA-MRSA), 
group A Streptococcus, and clostridia, in addition to a variety of gram-
positive, gram-negative, and anaerobic bacteria.

nn Treatment of severe, deep necrotizing infection requires a combination 
of surgical débridement and broad-spectrum antibiotics.

nn Sutured wounds have a low infection rate. Infection is recognized 
by increasing pain, cloudy or purulent discharge, and palpable 
tenderness.

nn If a sutured wound becomes infected, all of the sutures have to be 
removed. Attempts to maintain some sutures will lead to continued 
infection even if antibiotics are prescribed.

nn Chronic skin ulcers are most often caused by diabetes, peripheral 
arterial or venous disease, and pressure.

nn The main responsibility of an emergency caregiver when confronted 
with a chronic skin ulcer is to assess for life-threatening or limb-
threatening emergencies.

nn The goals of the emergency caregiver are to begin the process of 
reducing necrotic tissue load and to disinfect the wound to prepare for 
the growth of granulation tissue.

nn Reduction of tissue load can begin with wet-to-dry dressings, and 
disinfection can begin with antibiotic therapy.

nn Skin tears most often occur in aging skin or skin compromised by drugs 
such as corticosteroids.

nn Skin tears are often best closed with wound tapes or wound adhesives. 
Compromised skin does not hold sutures well.

nn Like skin ulcers, skin tears that have led to tissue loss should be referred 
to specialists in chronic wound care.

 

Although acute wounds and lacerations compose the bulk of wound care prob-
lems that present to emergency and urgent care facilities, the patients with com-
plicated and chronic wounds can present a variety of challenges. Rarely, a small, 
even trivial, wound can become infected with bacteria that cause deep cutaneous 
and necrotizing infections. These wounds require rapid, aggressive diagnosis and 
intervention.
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Despite the best efforts to cleanse and repair lacerations, a few patients return with 
symptoms and signs of infection. The diagnosis of infection has to be confirmed and 
followed by the steps needed to treat the infection and to promote healing.

Patients with chronic skin ulceration, a condition that affects more than 2 million 
people in the United States annually, can require emergency care.1 The goals of that care 
are limited but important. Professionals best perform the ongoing care, with  eventual 
healing occurring, in a setting designed for and with expertise in chronic wound care.

Finally, a challenging wound care problem is skin tears in aged patients or skin 
affected by drugs such as corticosteroids. Sutures do not hold well and can tear through 
compromised skin. Treatment choices include wound tapes and wound adhesives. If 
there is tissue loss, these patients, like those with skin ulcers, should be referred to care-
givers with experience in complicated wounds.

DEEP CUTANEOUS AND NECROTIZING 
INFECTIONS
The most feared complication of a laceration, puncture, or other traumatic wound 
is a deep cutaneous and necrotizing soft tissue infection. This complication is rare. 
These infections are more likely to occur in older patients with diabetes, vascular com-
promise, and other chronic, debilitating illnesses.2 For these patients, deep infections 
are caused by a variety of gram-positive, gram-negative, and anaerobic organisms. The 
lower extremity is the most commonly affected site. The perineum and surgical inci-
sions also are vulnerable to these infections.3 The overlying skin becomes discolored 
and swollen and can evolve into blebs and exudative lesions. These patients require 
extensive evaluation, including radiographs of the involved site. Broad-spectrum anti-
biotics are administered. A surgical consultation is obtained as soon as possible if the 
infected area is life threatening or limb threatening.

In a young, healthy patient with a minor wound, the most important feature of a 
developing deep necrotizing and fascial infection is pain out of proportion to clinical 
findings.4 Patients may or may not present to a care facility at the time of the wounding. 
Within hours, however, they begin to complain of severe pain at the wound site. The 
surrounding skin and soft tissue are minimally involved. The most likely organisms 
to be present in this setting are beta-hemolytic streptococci or the clostridia. These 
infected wounds can progress to full toxic streptococcal syndrome or gas gangrene.

Because these infections are rare, they often are not recognized until skin changes 
occur and the patient exhibits systemic symptoms, including tachycardia, tachypnea, 
acidosis, and eventually hemodynamic instability. A high index of suspicion and a will-
ingness to act early in the course may lessen the severity and improve the outcome.

Evaluation and Treatment
Whenever a deep, necrotizing infection is suspected after a laceration or other wound 
occurs, the following diagnostic and treatment steps are performed:
 •  Complete hematologic tests, including clotting studies, and biochemical profiles are 

obtained.
 •  Oxygen saturation is determined and oxygen supplementation is begun if indicated.
 •  Intravenous fluids are begun with normal saline or lactated Ringer’s solution.
 •  Radiographs of the involved area are taken to assess for foreign-body or gas formation.
 •  A Gram stain is performed on any exudates or bleb fluid to determine the presence 

of organisms. Gram-positive rods can be present in clostridial infections, and gram-
positive cocci are indicative of beta-hemolytic streptococci.

 •  Broad-spectrum antibiotics, such as piperacillin/tazobactam, or clindamycin/genta-
micin, are administered. In cases in which the diagnosis of clostridia is confirmed, 
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high-dose penicillin is given. It is important to note that prompt administration of 
antibiotics can improve outcome.5

 •  A surgical consultation is obtained. Immediate surgical intervention may be neces-
sary as a limb-saving or lifesaving measure.

 •  In cases of suspected or confirmed clostridial myonecrosis or gas gangrene, hyper-
baric oxygen has been shown to be an effective adjunct. If available, consultation with 
an hyperbaric oxygen specialist is recommended.2

INFECTIONS OF LACERATION REPAIR
Approximately 3% to 6% of wounds and lacerations treated in an emergency depart-
ment (ED) become infected.6 Signs of infection include increasing pain and tenderness 
of the wounded area, redness spreading away from the wound edges, and discharge or 
pus formation. Most patients return to the original facility or caregiver for treatment.

Before any action is taken, the diagnosis of infection needs to be confirmed. Patients 
react differently to healing wounds. Normal discomfort for most can be very painful 
for others. All wounds exude a small amount of thin, bloody material for 1 or 2 days. 
A narrow margin of erythema is normal. When to declare these findings abnormal and 
consistent with infection can be a judgment call. Sometimes, when the diagnosis is 
unclear, the patient can be reexamined in 24 hours. If a true infection is present, it 
becomes apparent in the next 24 to 48 hours. Some clinicians place the patient on anti-
biotics during that period in an attempt to stop an early infection. If an infection has 
become established, however, antibiotics are unlikely to suppress it while the sutures 
are still in place.

Management of Infected Lacerations
When an infection has been diagnosed, the following guidelines are suggested:
 •  Removal of sutures: Sutures act as foreign bodies. In the face of infection, all sutures, 

including deep and skin closure sutures, must be removed. Attempts to remove only 
some of the sutures or every other one only prolong the infection.

 •  Cleaning and irrigation: When sutures are removed, the wound is drained and irrigated 
to remove any collection of pus or infected exudates.

 •  Wound exploration: The wound is explored for retained foreign material or debris.
 •  Antibiotic therapy: Because most infections are caused by Staphylococcus aureus or 

 streptococci, a first-generation cephalosporin, cephalexin, can be administered for 
7 to 10 days. If there is significant cellulitis, therapy can be started with a dose of 
intravenous cefazolin. In the event of allergy to β-lactam antibiotics, clindamycin or a 
macrolide can be substituted. If CA-MRSA is suspected, trimethoprim/sulfamethox-
azole (TMP/SMX) or tetracyline can be substituted or added. Local sensitivities to  
CA-MRSA can dictate the appropriate antibiotic.

 •  Home care: The wound is cleansed daily with soap and water. Hydrogen peroxide can 
be added or used alone. Cotton swabs or small sterile sponges can be used to remove 
debris and exudates until the infection is brought under control. The wound is cov-
ered with a gauze pad and tape between cleanings.

 •  Consultation: Wounds in cosmetically unimportant locations can be left to heal by 
secondary intention. If cosmesis is a concern, the patient can be referred to a plastic 
surgeon for further care.

CHRONIC SKIN ULCERATIONS
Although no statistics define the numbers of patients presenting to the ED with skin 
ulcers, it is a frequent occurrence, particularly in EDs serving socially and economi-
cally disadvantaged groups. Skin ulcers stem from specific systemic or regional dis-
orders. The most common are vascular diseases, diabetes, and neurologic disorders.7 
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Cofactors include chronic systemic disease, prolonged bed rest, malnutrition, body 
size,  suboptimal care, weight-bearing surfaces, and patient neglect. The net result of 
the combined pathophysiologic process is localized loss of integrity of the epidermis, 
dermis, and subcutaneous tissue secondary to ischemia. If unchecked, the ulcerative 
process can involve deep fascia, muscle, and bone. Skin ulcers most likely to be encoun-
tered by the ED physician include ulcers caused by pressure, venous stasis, arterial 
insufficiency, and diabetes.2

The ischium, sacrum, and trochanter of the hip account for 60% of pressure ulcers; 
17% occur in the foot area.8 These ulcers almost always occur in chronically debilitated, 
bedridden patients and neurologically impaired patients, such as quadriplegics and 
paraplegics.

Chronic venous insufficiency is the setting for venous ulceration. Venous ulcers are 
most common over the inner aspect of the distal leg and ankle. Most ulcers lie along 
the saphenous vein system. Edema of the lower extremity and stasis dermatitis can pre-
cede ulcer formation. Venous ulcers are shallow and tender and have variably shaped 
borders.

The hallmark of arterial ulcers is resting pain.2 These ulcers are most common over 
the lateral ankle, toes, and base of the fifth metatarsal head and heel and ball of the foot. 
The other signs of arterial insufficiency are usually present, including pale atrophic 
skin, hair loss, and nail dystrophy. A history of claudication is common, and peripheral 
pulses are either weak or absent.

Most diabetic ulcers occur in the forefoot and toes.9 The ulcerated foot is classified 
as ischemic or neurotrophic. Clinically, if the ankle pulses are present and there are 
good signs of arterial profusion, the ulcer is neurotrophic in origin. By comparison, 
ischemic ulcers present with diminished pulses in pale and atrophic tissue.

Evaluation of Chronic Ulcerations
The first duty of the ED physician in evaluating a patient with a chronic skin ulcer is 
to assess for a life-threatening or limb-threatening condition. Patients presenting to 
the ED with skin ulcerations often do so because of changes in their general medical 
condition, rather than for the ulcer itself.2 The four major threats to life and limb that 
should be considered are venous thrombosis, acute arterial occlusion, severe (systemic 
or regional) infection, and metabolic abnormalities. For patients with systemic symp-
toms or potential life threats, the initial stabilization steps consist of providing oxygen 
supplementation, establishing intravenous access, and placing the patient on a cardiac 
monitor. Evaluation includes obtaining hematologic and metabolic profiles, an elec-
trocardiogram, and radiographs as needed. Specifically, the ulcer site is evaluated by 
radiograph to look for tissue gas or osteomyelitis.

When life-threatening and limb-threatening conditions have been considered, a 
more focused evaluation can be performed. An attempt should be made to define the 
cause of the ulcer and to determine its extent. Because ulcers occur most commonly  
in the lower extremities, the focus of the examination is mostly on the buttocks, legs, 
and feet.

The vascular and neurologic examination of the lower limbs necessitates the most 
attention. When arterial disease is suspected, femoral, popliteal, dorsalis pedis, and pos-
terior tibial pulses should be examined. Further evidence of arterial disease includes 
bruits in the midabdominal, femoral, or popliteal regions. Capillary refill (<4 to  
8  seconds in normal individuals) can be tested. An ankle systolic pressure of <60 mm 
Hg or an ankle-brachial index (the ratio of lower leg to arm blood pressure) <0.4 is 
highly indicative of severe arterial disease. Assessment of the venous system is more 
difficult and often requires specialized testing, such as Doppler ultrasound of the lower 
extremity venous system.
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Management of Skin Ulcerations
When the general health of the patient has been addressed and the cause of the ulcer has 
been determined, specific ulcer therapy can be initiated. The goals of care for patients 
with ulcers are as follows7:
 •  To decrease the necrotic tissue load and to maintain wound cleanliness
 •  To disinfect the wound site
 •  To initiate stimulation of granulation tissue

The specific management recommendations for the infected, necrotic ulcer are as 
follows:
 •  Cleansing: All ulcers should be cleaned. At the initial ED visit, standard wound cleans-

ing solutions, such as povidone-iodine and chlorhexidine, can be used. They should 
be diluted with saline before use.

 •  Irrigation: Probably more important than wound cleansing is saline irrigation under 
pressure. This technique has been shown effective in removing bacteria, loose debris, 
and exudates from ulcers. In the ED, a 20-mL or 50-mL syringe with an 18-G needle 
is an appropriate choice for irrigation.

 •  Wet-to-dry dressings: For all but the cleanest wounds with viable granulation tissue, the 
initial choice of dressing is the traditional wet-to-dry saline dressing.2

 •  The ulcer cavity is packed with moistened saline gauze. This technique permits 
 tissue and debris to embed in the gauze matrix as it dries. Removal of dried gauze 
effectively débrides the wound. The gauze is kept in place by a gauze bandage wrap 
(Kling).

 •  This process is repeated at least two or three times daily. Patients and families are 
instructed in this technique if they have the initiative and resources to assist in man-
aging the procedures.

 •  It is important to let the dressing dry completely and be removed without moisten-
ing. The gauze attaches to and lifts up the necrotic tissue debris only if dry.

 •  Wet-to-dry dressings are continued for several days until the exudate and debris are 
significantly reduced, and granulation tissue appears.

 •  Discharge: The patient is given specific instructions on discharge.
 •  In addition to the frequent dressing changes, the patient should elevate the affected 

extremity as much as possible. Continued dependency of the extremity encourages 
unnecessary edema and retards healing.

 •  As previously mentioned, antibiotics can be prescribed for the patient. Amoxicillin/
clavulanate, ciprofloxacin, cephalexin, and clindamycin have shown efficacy in treat-
ing chronic wounds and ulcers.9

 •  The patient should be returned to the care of a physician who has chronic wound 
care support and ability. Only after the wound has been débrided and rendered 
infection free can other interventions be applied to continue ulcer healing.
Ultimately, patients with chronic ulcers can benefit from a variety of newer synthetic 

dressings, wound vacs, Unna boots, skin grafting, wound growth factors, and hyper-
baric medicine.10 These options can be tailored to the individual case. Ideally, patients 
should be referred to specialized wound care centers, which often are associated with 
hyperbaric medicine facilities.

SKIN TEARS IN AGED 
OR  COMPROMISED SKIN
Skin tears and pretibial lacerations most often occur in the elderly and in patients 
being treated with corticosteroids. The majority (80%) of skin tears occur in the upper 
extremity, the forearm, and 20% of skin tears occur in the pretibial area.11 Aging and 
corticosteroids reduce the amount and strength of elastin in the dermis.12 The skin is 

hier lijkt tegenwoordig negatief over gedacht te worden. arbeidsintensief en pijnlijk. indicatie mechanisch debridement.
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dry, wrinkles, and sags. It is very friable and is susceptible to minor wounding forces.  
It also does not hold sutures well. Sutures increase the risk for wound edge necrosis and 
delayed healing.13

There are multiple categorizations of skin tears, but they fall into three general types 
described by Payne and Martin14:
 •  Type 1: Skin tears without loss of tissue: linear lacerations or flaps that, when unfurled, 

fill the wound defect.
 •  Type 2: Wound, usually a flap, with ≤25% loss of tissue. The flap cannot completely 

cover the defect.
 •  Type 3: Wound avulsion with complete loss of tissue and a remaining defect.

Repair of Skin Tears: General Principles
 •  Any necrotic tissue should be carefully débrided. When in doubt, retain the tissue for 

closure to provide for more coverage. The tissue can always be removed later.
 •  Hematoma in the wound is removed to prevent interference with wound closure. 

Hematomas can particularly interfere with attachment of a flap to its base.
 •  Fat is débrided from the underside of a flap and/or base also to prevent closure and 

coverage of the defect.
 •  If anesthetic is required for débridement, use lidocaine 1% or 2% without epinephrine 

to prevent excessive vasoconstriction in thin, compromised skin.
 •  Cleansing of skin tears before closure is performed with 0.9% saline or a non-

toxic wound cleanser. The saline or cleanser is best delivered by gentle irrigation  
(Fig. 19-1).

 •  Laceration and flap edges are never closed under tension. Tension can interfere with 
blood flow and can cause tissue necrosis.

 •  Because skin tears can take up to 21 days to heal, after initial wound care, the patient 
should be referred to a physician or center with experience in skin tears or chronic 
wound care.15

Repair of Type 1 Skin Tears: Lacerations
 •  Observe General Principles listed previously.
 •  Gently appose wound edges and apply wound tapes.
 •  As an alternative, wound adhesive can be used in lacerations under low tension16 (see 

Fig. 19-1).
 •  Wound adhesive is painted on the apposed wound edges with a 1-cm to 2-cm border. 

Two to three layers are laid down letting each layer dry before applying the next.
 •  Closed lacerations do not require dressings. If protection is needed, then a gauze 

wrap can be applied. Be sure that the wound adhesive is completely dry before apply-
ing a gauze wrap.

Repair of Type 1 Skin Tears: Flaps 
Without Tissue Loss
 •  Observe General Principles described previously including the principles for hema-

toma and fat removal.
 •  Using a gloved finger or saline-moistened gauze pad, push and flatten flap until it fills 

the defect caused by the wound.
 •  Apply wound tapes to the wound edges for closure.
 •  As an alternative, wound adhesive can be used as well. It is applied as described previ-

ously for lacerations. Gentle traction on the flap tip with the physician’s fingers may 
keep the flap in place during adhesive application. The flap tip can be anchored with 
a wound tape.
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A

B

C

D

E

Wound
adhesive

Figure 19-1. Closure of a type 1 skin tear laceration. A, Example of skin tear laceration. B, Cleanse wound irrigation using saline 
or povidone-iodine diluted 10:1 with saline. C, Gently appose skin flap with gauze pads. D, Apply wound tapes as illustrated. E, 
Cover wound with nonadherent gauze wrap or tube gauze. Inset, Wound adhesive is an alternative to wound tapes. Leave open to 
air after application. Do not cover with gauze. (From Singer AJ, Dagum AB: Current management of acute wounds, N Engl J Med 
359:1037–1046, 2008.)
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 •  Closed lacerations do not require dressings. If protection is needed, then a gauze 
wrap can be applied. Be sure that the wound adhesive is completely dry before apply-
ing a gauze wrap.

Repair of Type 2 Skin Tears: Flap Formation 
with Partial Tissue Loss (Usually <25%)
 •  Observe General Principles described previously.
 •  Using a gloved finger or saline-moistened gauze pad, push and flatten flap until it fills 

the as much of the defect as possible.
 •  Apply wound tapes to close wound edges that can be brought together.
 •  Cover the flap and defect with a nonadherent dressing such as Adaptic, and cover 

with gauze pads and a gauze wrap. Do not use ointments. Hydrocolloid or hydrogel 
nonadherent dressings can be used as well.

 •  Refer the patient to a specialist in wound care or a wound care center to continue 
management of the wound, particularly of the defect.

Repair of Type 3 Skin Tears: Complete Avulsion 
or Loss of Tissue with Remaining Defect
 •  Gently débride defect and wound edges of necrotic tissue, hematoma, and fat. Use 

lidocaine anesthetic as described previously.
 •  Cover the defect with a nonadherent dressing such as Adaptic, and cover with gauze 

pads and a gauze wrap. Do not use ointments. Hydrocolloid or hydrogel nonadher-
ent dressings can be used as well.

 •  Refer the patient to a specialist in wound care or a wound care center to continue 
management of the wound, particularly of the defect.
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CHAPTER 20
Wound Dressing and 
Bandaging Techniques

Key Practice Points

nn Wounds heal faster and with less pain when a moist environment is 
created by an ointment or a dressing.

nn Neat, well-applied dressings inspire the patient to be confident in the 
physician and in the prognosis for healing.

nn A basic wound dressing has four parts: antibiotic ointment, a 
nonadherent base, absorbent gauze sponges (gauze wrap if needed), 
and wound tape.

nn Antibiotic ointments can enhance the moist environment; however, 
studies have not conclusively shown that ointments reduce wound 
infection.

nn Uncomplicated facial and scalp wounds do not require dressings. 
Antibiotic ointment should be applied two to three times daily to 
prevent dried coagulum buildup that can interfere with suture removal.

nn Never wrap tape circumferentially completely around an extremity or 
finger. Circumferential tape can cause a tourniquet effect as the wound 
area undergoes natural swelling.

nn The first dressing change after discharging the patient should be in 24 
to 48 hours to check for infection and to clean away residual blood and 
wound exudate.

nn Patients can shower between bandage changes, starting 24 to 48 hours 
following repair. Soaking baths, however, are discouraged.

 

This chapter discusses the general principles of wound dressing and some recommen-
dations for dressing and bandaging. The recommendations depend on the type of 
wound, body location, and other factors. Specialized dressings for burns are discussed 
in Chapter 17.

WOUND DRESSING PRINCIPLES
The first decision to make after repairing a wound is whether to apply a dressing at 
all. Uncomplicated lacerations of the face and scalp are often left open. The head and 
face are extremely vascular, and wounds in these areas are resistant to infection. If the 
patient is careful and keeps the wound clean, a sutured laceration heals without event. 
These wounds need the regular application of a petrolatum-based antibacterial oint-
ment to maintain a moist environment and to help prevent crusting that can interfere 
with suture removal.1,2 The generally accepted practice for wounds and lacerations that 
are not on the head or the face is to apply a wound covering, although there is little 
evidence that a dressing improves the eventual scar appearance of sutured lacerations. 

kan natuurlijk ook vaseline zonder AB zijn
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One study of uncovered surgical incisions that were sutured postoperatively could not 
document an increase in the rate of infection compared with dressed incisions.3

When the decision is made to apply a dressing, the following principles should be 
observed:
 •  Moist Environment

The wound must remain moist. Experimental studies convincingly show that des-
iccation by exposure can delay epithelial layer formation significantly.2,4 A moist 
environment has been shown to decrease the number of days to healing and reduces 
wound pain.5

Figure 20-1 illustrates the pathways for epidermal healing in moist and dry envi-
ronments. In an uncovered wound, epithelial cells are forced to find a pathway 
beneath dry coagulum/exudate and dermal remnants. In practice, synthetic dressings 
(e.g., Adaptic, Xeroform, Telfa, and Band-Aids) are nonadherent, porous coverings 
that allow for the drainage of exudate but do not permit excessive desiccation. Topi-
cal antibiotic ointments can provide a moist environment for unbandaged wounds.

 •  Tidiness
A dressing must be neat and uncomplicated. Sloppy or poorly applied dressings and 
bandages do not convince a patient that good wound care has been delivered. Many 
small wounds are served best by one or two simple adhesive bandages (Band-Aid). This 
dressing remains one of the most versatile and appropriate wound coverings yet devised.

 •  Nonadherent, Porous Base
The base of a dressing, the portion in direct contact with the wound surface, should 
not be adherent. Plain, fine-mesh gauze is an example of a dressing that sticks to 
wounds by becoming incorporated in the coagulum. When the gauze is removed, it 
can  disrupt healing by disturbing the delicate epithelial covering. A good wound cov-
ering also has to allow for the passage of exudate so that excessive accumulation does 
not occur. Adaptic, Xeroform, and Telfa are examples of nonadherent materials.

 •  Protection
Protection from contamination is best accomplished by ensuring that, in addition 
to the nonadherent base, the wound is well covered with gauze sponge material and 
an appropriate gauze wrap. Gauze sponges help meet the protection requirement of 
wound dressing. Most minor wounds and lacerations produce little exudate; a simple 
2 × 2 or 4 × 4 gauze sponge, or even a Band-Aid, suffices for this purpose. Complicated 
or contaminated wounds with a potential for infection are likely to exude freely and 

Occlusive dressing

Moist exudate
Epidermis

Wound surface

No dressing

Dry exudate

Dry dermis

Normal scab

Wound surface

Figure 20-1. The different pathways necessary for epithelial cells to migrate to provide an epithelial cell 
covering of an open wound. The moist environment experimentally appears to provide for more rapid heal-
ing than a dry environment as seen in open, uncovered wounds.
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copiously. In addition to several layers of gauze sponges, frequent dressing changes 
often are necessary.

 •  Partial Immobilization
Finally, dressings should protect the healing wound and should provide partial 
immobilization of the injured part. Many forces can disrupt a suture line, ranging 
from contact with clothing to accidental minor trauma to the wound. Gauze sponges 
in combination with gauze wrapping suffice for the purpose of wound protection. 
Occasionally, rigid splinting, particularly for lacerations over joints, is necessary. In 
general, excessive wrapping should be avoided, however, to prevent complete immo-
bilization of a moving anatomic part, particularly the hand. Although rest for the 
injury is necessary, some movement is encouraged within the bandage. The goal is to 
prevent the stiffening of joints that can occur, especially in elderly patients.

Young children present a particularly difficult challenge in wound dressing. Their 
wounds heal rapidly and, in practice, seem to be resistant to infection. The principle of 
simplicity is important. A Band-Aid, when it can be used appropriately, is the dressing of 
choice for small wounds. If the Band-Aid is removed by the child, it can be replaced easily 
by the parent. Children are more likely to leave Band-Aids in place, because this dressing 
is recognized as a “badge” for other children to appreciate. When more complicated dress-
ings have to be used on the hand, a “mitten-like” bandage that encompasses the entire 
hand is often recommended. If the laceration or wound is serious, older children generally 
seem to have an instinctive understanding that prevents them from removing dressings.

BASIC WOUND DRESSINGS
Unbandaged Wounds: Topical Antibiotics
Topical antibiotic ointments are currently recommended for facial wounds (e.g., lac-
erations, abrasions, burns) or any other wound, such as an abrasion, that is treated 
without bandaging. These ointments provide a moist wound healing environment 
in the absence of a bandage. They also reduce dry exudate, or scab, formation, which 
makes suture removal much easier. Suppression of infection and improved wound edge 
healing, particularly for flaps, are reasons to support the use of topical agents.6-8 In an 
evidence-based review of the application of ointment to lacerations and other small 
wounds, however, all of the cited studies had significant weaknesses.9 The question of 
whether ointment reduces wound infection remains unanswered.

Topical ointments should be thinly applied two to three times daily to maintain con-
sistent coverage. Petrolatum-based antibacterial ointments (e.g., polymyxin B sulfate/
neomycin [Neosporin] and silver sulfadiazine [Silvadene]) have been shown experimen-
tally to encourage epithelialization effectively as compared with other ointments (e.g., 
nitrofurazone [Furacin] and Pharmadine, which contains povidone-iodine).10 Neospo-
rin is easier to apply to the face than silver sulfadiazine, which needs to be applied in 
a thick layer. Other agents that can be used for this purpose are polymyxin B sulfate/
bacitracin (Polysporin) and zinc salt/polymyxin/neomycin (Bacitracin). If a patient is 
known to be sensitive to neomycin, plain petrolatum ointment can be used. Petrolatum- 
based topical antibiotic ointments should not be used on wounds closed with wound 
adhesive. The petrolatum will soften and disrupt the adhesive.

Bandaged Wounds
The basic wound covering consists of four materials:
 •  Antibacterial ointment
 •  Nonadherent base
 •  Absorbent gauze sponges (gauze wrapping if needed)
 •  Tape to secure the dressing
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Dressing Application
After repair, an antibacterial ointment can be thinly and gently spread over the wound. 
Based on the preceding discussion, application of a topical agent for sutured lacera-
tions can be considered optional. The main use of these ointments under bandages is 
to lessen dry exudate formation and to add to the moist environment of the dressing. 
Ointments can be applied at each bandage change. Neosporin, Polysporin, and Bacitra-
cin are commonly used.

In a sterile fashion, the nonadherent base is cut to conform with the general wound 
area (Fig. 20-2). Depending on the potential for wound drainage and exudation, gauze 
sponges are placed over the base. On an extremity, a gauze wrap is applied, followed 
by tape. On flat surfaces where gauze wrapping is not appropriate, the tape is placed 
directly over the gauze sponges.

A common tape adhesive adjunct is tincture of benzoin. This substance is effective in 
keeping tape adherent to the skin for the duration of the dressing. Precautions have to 
be taken, however, so that benzoin is not spilled directly into the wound. Under experi-
mental conditions, this compound has been shown to increase the potential for wound 
infection when it comes into direct contact with the raw wound surface.11

One of the most important precautions in dressing and bandaging is never to wrap 
tape circumferentially around an extremity or a digit (Fig. 20-3). If brought around 
the finger or wrist to adhere to itself, tape becomes a nonexpanding band that causes a 
tourniquet effect on the vascular blood supply to the distal regions of a hand or finger. 

A

C D

B

Figure 20-2. Basic components of a wound dressing. A, A nonadherent base over a layer of antibiotic ointment. B, Gauze sponge 
covering. C, Gauze wrap. D, Tape application to secure dressing.

betadine zalf goed alternatief
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Pressure builds as congestion and edema develop. This pressure can cause complete 
cessation of blood flow with attendant ischemic necrosis of the anatomic part. This 
tourniquet effect is one of the worst potential complications of wound care.

HOME CARE AND DRESSING CHANGE 
INTERVALS
Dressing change intervals vary considerably and can depend on the patient, wound 
characteristics, and home care plan. In general, dressings should be kept clean and  
dry. Because the initial dressing is placed while the wound might be oozing blood or 
exudate, and the dressing may thus be bulky, it is often useful to instruct the patient  
to change the dressing 24 to 48 hours after the repair. This change serves several 

A

B

Correct

Incorrect

Figure 20-3. Technique for correct taping of a bandage. A, Correct: Tape does not overlap if it surrounds 
an extremity. B, Incorrect: Overlapping tape can cause unwanted constriction and distal edema.
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 purposes: The wound can be inspected for early signs of infection, the new dressing 
is free of exudate and blood, and the second dressing is less bulky than the original 
one. Dressing changes thereafter can be individualized based on the patient’s ability to 
maintain the integrity and protective function of the dressing. The patient can shower 
between bandage changes after 24 to 48 hours following repair. Water can be allowed 
to run over the wound, but soaking baths are discouraged. See Chapter 22 for further 
home care information and instructions.

BODY AREA DRESSINGS
Scalp
Most simple sutured lacerations of the scalp can be left open to the air. A small amount 
of blood coagulum develops quickly along the suture line and acts as a wound covering. 
Because the scalp is extremely vascular and tends to bleed profusely when injured, how-
ever, a dressing occasionally needs to be applied to the area after repair is completed. 
Figure 20-4 shows the basic bandage and the method used to continue that wrapping as 
a recurrent dressing for wounds closer to the crown of the head. The initial gauze wrap 
should include the greatest diameter of the skull to prevent inadvertent slippage. The 
forehead just above the brow and the external occipital protuberance are the landmarks 

A
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B

Figure 20-4. Technique for application of a scalp dressing. A, Dressing is begun by wrapping gauze around the midforehead and 
directly over the occipital protuberance. This beginning allows for stabilization of the scalp dressing. Attempts to wrap the dressing 
higher on the scalp lead to inevitable loosening of the dressing. B, If a recurrent portion of the dressing is necessary to cover lacera-
tions or wounds on the top of the head, or vertex, the recurrent portion is begun as illustrated. C, The recurrent portion is brought 
back and forth over the area of concern. The recurrent portion is anchored by repeat circumferential wraps. D, View of a completed 
recurrent scalp dressing. If possible, lift gauze above ear.
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acting as center points for the wrap. Otherwise the dressing slips over the crown and 
falls off.

Great care must be taken not to cause excessive pressure on the ears when applying 
a scalp dressing. Whenever possible, the ears should be brought out from underneath 
the bandage to prevent the complication of an ischemic necrosis of the skin of the ear 
or of the cartilage skeleton.

Face
As mentioned previously, facial lacerations can be left uncovered after repair. Small, 
uncomplicated lacerations of the ear, eyelid, nose, and lip are included in this recom-
mendation. The patient can apply a thin film of an antibacterial ointment (e.g., Neo-
sporin) daily. The antibiotic nature of this ointment is of questionable value at best, 
but the ointment base is useful in preventing the crusting of coagulum around the 
wound. When crusting is prevented, sutures are removed much more easily with mini-
mal wound disruption. When a facial wound needs a covering to protect it from the 
environment, Band-Aids are recommended. Bulky bandages of the face are poorly toler-
ated by patients and tend to come off quickly.

Ear and Mastoid
Complicated ear injuries that are at risk for forming perichondral hematomas require 
a more involved dressing that applies pressure evenly over all of the contours of the ear. 
One or two 4 × 4 gauze sponges are cut in the contoured fashion shown in Figure 20-5. 
The sponges are placed around and behind the ear to provide support and a “bed” for 
the cartilaginous skeleton. The area within the helix is filled with petrolatum gauze and 
is “molded” over the antihelix, antitragus, and external canal. Two intact sponges are 
placed over the entire ear, and a 3- or 4-inch gauze bandage is brought around the head 
and over the ear several times. After the bandage is taped, it is tightened by placing a 
gauze tie just anterior to the ear. The net effect is to provide even pressure over the ear 
without compromising the blood supply.

Neck
The neck is an uncommon site for lacerations and other wounds. Dressings need to 
be secured effectively without compromising the airway or venous return through the 
jugular system. Simple wrapping with a gauze bandage over the dressing base suffices 
in most cases. For wounds of the posterior neck in the region of the occiput, the gauze 
bandage can be wrapped around the head and the neck to provide for adequate cover-
age and security (Fig. 20-6).

Shoulder
The shoulder can be a difficult area to dress, especially if the wound is large, is in the 
axilla, or is directly over the articular surfaces. The dressing illustrated in Figure 20-7 
takes advantage of the trunk to anchor the shoulder portion. The wrap is brought alter-
nately around the trunk and the shoulder/upper arm until it is complete. This dressing 
configuration also is useful for the upper arm, an area in which bandages tend to slip 
down with arm motion and gravity. A schematic of the shoulder dressing is illustrated 
in Figure 20-8.

Trunk
Most wounds on the trunk can be covered with the standard base described previ-
ously, and these wounds can be taped over benzoin. Larger wounds, such as burns, need 
larger bandages. The dressing described earlier to cover the shoulder can be extended  
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Figure 20-5. Technique for application of a mastoid dressing. A, With bandage scissors, cut a center portion out of two or three 
4 × 4 gauze sponges so that they fit behind the cartilaginous skeleton of the ear. It is important that the cartilaginous skeleton is 
well supported and is not “crushed” against the scalp. B, Petrolatum gauze packing is placed and molded within the cartilaginous 
skeleton. C, Fresh sponges are placed over the molded petrolatum gauze. D, Circumferential gauze wrapping is placed from the 
midforehead directly over the external occipital protuberance. This portion is secured with tape. E, A gauze tie is inserted anterior 
to the affected ear using a tongue blade. F, This gauze is tied firmly in a square knot to provide even pressure over the ear, and the 
final appearance of the mastoid dressing is shown here.
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downward over the trunk, and this dressing does not slip toward the abdomen. Another 
method to dress the trunk is illustrated in Figure 20-9.

Groin, Hip, and Thigh
The groin, hip, and thigh also are difficult regions to cover properly. The technique 
illustrated in Figure 20-10 is an all-purpose covering that protects most large wounds in 
those areas. Similar to the method for covering the shoulder, the gauze wrap is brought 
alternately around the trunk and thigh until it is complete.

A

B

Figure 20-6. Technique for application of dressing of the posterior neck area. A, After placement of 4 × 4 
sponges, gauze wrapping is brought gently around the neck to secure the gauze. B, In a recurrent manner, 
the dressing is continued around the frontal area and neck in a figure-eight fashion to secure the dressing 
completely. The ear is clear of the dressing.
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A B

C

Figure 20-7. Technique for application of shoulder and 
upper arm dressing. A, The gauze base is placed in the area of 
injury, and the gauze wrapping is begun by circumferentially 
placing it around the trunk and shoulder area. B, The gauze is 
continued around the upper arm and the chest in an alternat-
ing manner. C, Final appearance of a shoulder dressing.

Figure 20-8. A schematic of the shoulder dressing is presented for 
clarification.
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BackFront
Figure 20-9. Technique for application of a truncal dressing. Gauze wrapping is brought around the 
hemithorax and is secured with benzoin and tape.

Figure 20-10. Technique for dressing the groin and upper thigh area. Similar to the shoulder dressing, the 
gauze is brought in an alternating manner first around the trunk and then the thigh.
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Hand and Finger
Fingers can be bandaged in one of two ways: gauze wrapping or tube gauze application. 
After applying ointment and a nonadherent base, 2 × 2 sponges are placed over the 
actual wound. One or two layers of a 2-inch gauze bandage are placed over the finger 
(Fig. 20-11). The bandage is then turned to wrap the entire finger circumferentially 
from the finger base to the tip and back to the base again. To complete the bandag-
ing, the gauze is carried in a figure-eight pattern down around the palm and finally is 
anchored at the wrist. Gauze bandaging of the finger alone tends to be inadequate, and 
the dressing can come off prematurely. The basic technique of tube gauze bandages is 
illustrated in Figure 20-12.

Injuries of the hand itself are bandaged as shown in Figure 20-13. Depending on 
the size of the hand, 2- or 3-inch gauze wrapping is placed over the nonadherent base 
and sponge covering. The gauze wrap includes the wrist to ensure proper anchor-
ing. When two or more fingers are incorporated in a hand dressing, they have to be 
separated by gauze or sponge strips to prevent skin-to-skin contact and subsequent 
maceration.

Elbow and Knee
The elbow and knee can be wrapped circumferentially with 4-inch gauze. Although the 
dressing is adequate, it limits motion of the joint. When placed with the joint in some 
flexion, the figure-eight technique allows for more freedom of movement (Fig. 20-14). 
Incorporated into the bandaging are 4 × 8 gauze sponges that are placed over the exten-
sor surfaces. These large sponges allow for “travel” as the joint is flexed and extended.

Ankle, Heel, and Foot
Ankle and foot dressings are straightforward. The gauze bandage wrapping is in the 
same figure-eight style used for the knee and elbow. When the foot is bandaged, the 
ankle always is included as the anchoring point.
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A B

C D

Figure 20-11. Technique for dressing a finger and fingertip. A, The dressing begins with a nonadherent base to cover the wound. 
B, A small 2 × 2 gauze sponge is molded over the tip. C, A 2-inch gauze bandage is wrapped around the finger, from tip to base. 
D, The dressing is secured with adhesive tape. Do not apply tape circumferentially to avoid digital edema and vascular compromise.
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D

Figure 20-12. Technique for placement of a tube gauze finger bandage. A, Sufficient tube gauze is slid 
onto the applicator and is then brought over the finger. B, The first layer of tube gauze is secured as the 
applicator is brought distally from the finger and is rotated 180 degrees. C, The next layer of tube gauze is 
placed by the applicator over the digit. D, This process is repeated until an adequate number of layers of tube 
gauze have been applied.
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A

B

Figure 20-13. Technique for placing a dressing on the palmar or dorsal surface of the hand. A, The non-
adherent base and 4 × 4 gauze sponges are placed on the palm or dorsum of the hand. The gauze wrapping  
is begun by securing this dressing base. B, The dressing is completed by alternate wrapping of the palm and 
the wrist with the gauze wrap. Tape is applied in a noncircumferential manner to complete the dressing.
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Figure 20-14. Technique for elbow or knee dressing. A, The 
gauze sponge is placed over the extensor surface of the knee 
or elbow and is secured with the beginnings of a gauze wrap. 
B, The gauze wrap is brought over to the opposite side of the 
gauze dressing base. C, An example of a completed dressing. 
Most elbow and knee dressings are fashioned with the knee or 
elbow in a slightly flexed position to provide for better patient 
mobility.
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CHAPTER 21
Tetanus Immunity 
and Antibiotic Wound 
Prophylaxis

Key Practice Points

nn All patients with abrasions, lacerations, burns, or other wounds require 
a tetanus immunization history.

nn Tetanus occurs almost exclusively in patients with incomplete primary 
immunization.

nn Tetanus prophylaxis for wounds provides an opportunity to boost 
immunity for pertussis and diphtheria with Tdap (combined tetanus, 
diphtheria, and pertussis) vaccines.

nn Tetanus immune globulin (TIG) can be administered to patients with a 
true allergy to tetanus toxoid or patients who have not completed primary 
immunization, but TIG does not confer immunity for future wounds.

nn Local pain and swelling are the most common reactions to tetanus 
prophylaxis, either Td or Tdap.

nn Uncomplicated lacerations in otherwise healthy patients usually do not 
need prophylactic antibiotics.

nn Although there is no clear scientific evidence, prophylactic antibiotics 
are recommended for complicated wounds, mammalian bites, impaired 
host defenses, and so forth (see text).

nn Antibiotics should be started at the time of wound care to maximize 
their effect.

nn In recent years, community-acquired methicllin-resistant Staphylococcus 
aureus (CA-MRSA) has become an important cause of wound infection.

 

Two issues of prophylaxis arise for virtually all patients with wounds and lacerations. 
A careful history is taken to establish the tetanus immune status of every patient. 
Although nurses in most emergency departments (EDs) are required to document 
immune status in their notes, the ultimate responsibility lies with the physician to 
ensure that the patient’s tetanus prophylaxis is up to date.

Far more controversial and problematic is the issue of antibiotic prophylaxis. Despite 
the fact that 90% to 95% of all patients with uncomplicated lacerations do not acquire 
an infection, there remains an excessive use of prophylactic antibiotics.1-5 As discussed 
subsequently, multiple large studies have failed to support the use of prophylactic anti-
biotics, and they may increase the risk for infection.

TETANUS PROPHYLAXIS
For all patients with an emergency wound or laceration, a decision has to be made 
about whether to administer tetanus prophylaxis. Although contaminated wounds 
with extensive devitalized tissue are considered more tetanus-prone than are clean 
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minor wounds, one third of documented cases of tetanus have originated from seem-
ingly trivial injuries.6,7 A common portal of entry for tetanus is a puncture wound to 
the foot.7 The importance of tetanus prophylaxis was underscored during a shortage 
of immunization doses in 2001.8 During this period, the number of cases of tetanus 
increased.9

Despite widespread immunization programs, 40 to 50 cases of tetanus are reported 
each year. Tetanus occurs almost exclusively in patients who have never been immu-
nized or who have never completed a proper immunization program.10 Probably for 
this reason, most cases are reported in patients who are older than age 50.10 A high 
proportion of older adults, when tested for serum tetanus antibody, have been shown 
to have inadequate levels of protection.11,12 Young adults and children are more likely 
to have appropriate levels of protection because of widespread immunization pro-
grams that have been put into place in recent years. Regardless of the circumstances, a 
careful immunization history is taken for every patient with a minor wound. This his-
tory should establish whether initial immunization has been properly completed and 
should establish the date of the last tetanus toxoid dose.

Immunization Schedules
When patients present for wound care, the opportunity is taken to boost immunity 
to diphtheria and pertussis as well as tetanus. Diphtheria, although rare, still occurs, 
and a diphtheria toxoid booster will help maintain immunity.13 Pertussis is more 
common, with 25,000 cases reported in 2005.14 In 2005, a tetanus toxoid, reduced 
diphtheria toxoid, and acellular pertussis vaccine (Tdap) was approved for use in 
adults from ages 11 to 64 years.13 DTaP, which contains a higher concentration of 
diphtheria and pertussis than Tdap, continues to be the primary vaccination agent 
for children. In 2010 the Advisory Committee in Immunization Practices (ACIP) of 
the Centers for Disease Control and Prevention recommended that Tdap could be 
safely given to children from ages 7 to 10 and for adults >64 years old.15 Tdap is 
particularly important for patients <64 if they will have contact with children aged 
12 months or less. These updated recommendations are reflected in Figure 21-1. 
The standard interval between doses of tetanus booster is 10 years. In regions with 
increased risk for pertussis, this interval can be as little as 5 years (2 years in Canada), 
if the patient has never received a Tdap as an adult. Thereafter, Td is given at 10-year 
intervals.13 The ACIP recommends Td for pregnant women because of the lack of 
safety data for Tdap in pregnancy.16 However, if protection from pertussis is consid-
ered important, Tdap can be administered as long as the patient is made aware of the 
lack of that safety data.16

Complications of Tetanus Toxoid and Tdap
Occasionally a patient reports an allergic reaction to a previously administered tetanus 
shot. In a study of 740 patients who claimed to be allergic to tetanus shots, the true inci-
dence of allergy on skin challenge testing was low.17 Of the 740 patients, 7 developed 
local reactions that were self-limited. One patient became syncopal, and one developed 
a fever that lasted for 4 days. Only 1 of 740 patients had a true urticarial response but 
still tolerated a full immunizing dose. Despite these reassuring figures, the possibility 
of a serious reaction still must be considered.17 For patients considered at high risk 
for a reaction, tetanus immune globulin (250 to 500 U) is provided in the ED. Tetanus 
immune globulin confers immunity for that injury but not for future exposures. This 
preparation consists only of antitetanus antibody and does not cross-react with the tox-
oid. Referral to an allergist for skin testing and subsequent immunization with toxoid 
is recommended as prudent follow-up.
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ASSESS WOUND

A clean, minor wound

Has patient completed
a primary tetanus

diphtheria series?1,7

No/Unknown Yes No/Unknown Yes

No Yes No Yes

Administer vaccine
today. 2,3,4

Instruct patient to
complete series

per age-appropriate
vaccine schedule.

Was the most
recent dose within
the past 10 years?

Administer
vaccine today.2,4

Patient should receive
next dose per

age-appropriate
schedule.

Vaccine not
needed today.
Patient should

receive next dose
at 10-year interval

after last dose.

All other wounds
(contaminated with dirt, feces, saliva,

soil; puncture wounds; avulsions;
wounds resulting from flying or crushing
objects, animal bites, burns, frostbite)

Has patient completed
a primary tetanus

diphtheria series?1,7

Administer vaccine
and tetanus immune

globulin (TIG)
now.2,4,5,6,7

Was the most
recent dose within
the past 5 years?7

Administer
vaccine today.2,4

Patient should receive
next dose per

age-appropriate
schedule.

Vaccine not
needed today.
Patient should
receive next

dose at 10-year
interval after

last dose.

Figure 21-1. Summary guide to tetanus prophylaxis in routine wound management. 1, A primary series 
consists of a minimum of three doses of tetanus- and diphtheria-containing vaccine (DTaP/DTP/Tdap/DT/
Td). 2, Age-appropriate vaccine: DTaP for infants and children from 6 weeks through 6 years of age (or DT 
pediatric if pertussis vaccine is contraindicated); Tdap for persons 7 through 10 years of age if they have not 
completed vaccination with DTaP; Tdap for persons >64 years of age if they have not previously received 
Tdap—otherwise, Td can be administered; and Tdap for persons 11 through 64 years of age, unless they have 
received Tdap previously. 3, No vaccine or TIG is recommended for infants <6 weeks of age with clean minor 
wounds (and no vaccine is licensed for infants <6 weeks of age). 4, Tdap is preferred for persons 10 through 
64 years of age who have never received Tdap. Td is preferred over tetanus toxoid (TT) for persons 7 through 
10 years of age or >64 years of age or for those who have previously received Tdap. If TT is administered, 
an adsorbed TT product is preferred to fluid TT. (All DTaP/DTP/Tdap/DT/Td products contain adsorbed 
tetanus toxoid.) 5, Provide TIG 250 U for all ages. It can and should be administered simultaneously with 
tetanus-containing vaccine. 6, For infants <6 weeks of age, TIG (without vaccine) is recommended for “dirty” 
wounds (wounds other than clean, minor). 7, Persons who are HIV positive should receive TIG regardless 
of tetanus immunization history. (Modified with recommendations from Centers for Disease Control and 
Prevention: Updated recommendations for use of tetanus toxoid, reduced diphtheria toxoid and acelleular  
pertussis (Tdap) vaccine from the Advisory Committee on Immunization Practices, 2010, MMWR Morb 
Mortal Wkly Rep 60:13–15, 2011.)
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Local and systemic reactions to Td are uncommon but occur in 7% to 9% of pediatric 
patients.18 Pain, swelling, and erythema can occur at the injection site, but these reac-
tions usually are self-limited. When Tdap and Td are compared, the safety and adverse 
event profiles are similar to one another.13 Common local symptoms include pain at 
the injection site, erythema, and swelling. Systemic symptoms observed in both Tdap 
and Td are headache, body aches, fatigue, and nausea. No cases of Guillain-Barré were 
observed in the safety studies.13

PROPHYLACTIC ANTIBIOTICS 
FOR EMERGENCY WOUNDS
For small, uncomplicated, minor, nonbite wounds and lacerations, there is no convinc-
ing clinical evidence that systemic antibiotics provide protection against the develop-
ment of wound infection.5,19-21 A randomized, controlled study using oral cephalexin 
for prophylaxis showed no efficacy of the antibiotic for minor lacerations.5 In two 
randomized, controlled studies using oral or parenteral cephalosporins for minor 
hand lacerations, there was no increase in the infection rate of non–antibiotic-treated 
patients compared with patients treated with antibiotics.1,19,20

In a study of 2834 pediatric patients, not only was there no protective effect, but there 
also was a significant increase in the infection rate in the antibiotic-treated patients.22 
Other studies also support this contradiction.3,5,20,23 It is thought that selection for 
resistant organisms, rebound bacterial proliferation after the initial effect, or impair-
ment of host defenses by the drugs might account for this paradox.

Although not all authorities agree, and there is no strong scientific evidence under-
lying any specific set of recommendations for wound antibiotic prophylaxis, clinical 
and empirical experiences suggest that there are wound characteristics and circum-
stances that warrant antibiotic intervention.24-26 If antibiotics are indicated, there is 
some evidence that the initial dose has to be administered as soon as possible to obtain 
an effect.23,25,26 Delays in treatment beyond 3 to 5 hours from injury have been shown 
in some studies to lead to an increase in the infection rate.24 Other investigators have 
found little correlation between the interval between injury and antibiotic delivery and 
the ultimate risk of wound infection.

The following are guidelines for when antibiotics should be considered:
 •  Wound age: Relative indications include hand and foot wounds more than 8 hours 

old, facial wounds more than 24 hours old, and wounds at other sites more than 12 
hours old.

 •  Wound condition: Crushing mechanism wounds for which extensive débridement and 
tissue revision are needed.

 •  Contamination: Wounds initially contaminated with soil, vegetative matter, and other 
particulates that require extensive cleaning and irrigation.

 •  Suspected CA-MRSA contamination: Risk factors for CA-MRSA include HIV, previous 
or current incarceration, previous MRSA infection, athletes, veterinarians, indigents, 
and children.

 •  Mammalian bites: See Chapter 15 for indications regarding wound prophylaxis in dog, 
cat, and human bites.

 •  Vulnerable anatomic sites: Wounds of cartilage (ear, nose), tendon, bone, and joint.
 •  Circulatory impairment: Wounds in impaired areas of drainage, such as lymphedema 

secondary to venous disease or surgical procedure (radical mastectomy).
 •  Impaired host defenses: Diabetes, immunosuppressive agents (corticosteroids, anti-

cancer agents), and diseases with altered immune status.
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 •  Cardiac valvular disease: Guidelines published by the American Heart Association 
should be followed relative to wounds in patients with cardiac valvular disease. Pro-
phylaxis is not indicated in patients who have clean, uncomplicated lacerations.

 •  Orthopedic implants: Prophylaxis should be considered in patients with orthopedic 
implants who have contaminated wounds. Prophylaxis is not indicated for clean, 
uncomplicated wounds.

ANTIBIOTIC CHOICES
The choice of antibiotics for nonbite wound prophylaxis is based on the likely infecting 
organisms. Multiple studies have shown that for common, uncomplicated wounds and 
lacerations, S. aureus and Streptococcus species have been the most common infecting 
agents in more than 90% of cases.20,21,23,27 In recent years, there has been an explosion of 
CA-MRSA cases.28 More extensive wounds, involving contamination with soil, increase 
the spectrum to include gram-negative organisms and Clostridium species.29 Wounds 
involving fresh water, including lakes, streams, and swimming pools, may be contam-
inated with Aeromonas hydrophila.30,31 Injuries occurring in salt water can be infected 
with Vibrio vulnificus.32

 •  For prophylaxis to be effective, the initial dose should be delivered as soon after the 
injury as possible, preferably in parenteral form, to ensure an adequate level of anti-
biotic activity.25,26,33,34 For a common, uncomplicated, nonbite wound requiring 
prophylaxis, the first-generation cephalosporin cefazolin (Ancef) can be adminis-
tered parenterally, followed by a 3- to 5-day course of cephalexin (Keflex), cephradine 
(Velosef), cefadroxil (Duricef), or dicloxacillin. Cefadroxil has the advantage of once-
a-day or twice-a-day dosing, which may encourage greater compliance.

 •  For patients allergic to penicillin and cephalosporins, an intravenous dose of clinda-
mycin (Cleocin) followed with oral clindamycin provides coverage of common infect-
ing organisms. Because of the short course, the risk of diarrheal complications from 
clindamycin is negligible. The macrolides, including erythromycin and azithromycin, 
are another alternative.

 •  If CA-MRSA is suspected, trimethoprim/sulfamethoxazole (TMP-SMX), clindamycin, 
or doxycycline can be used prophylactically.

 •  When the offending organism cannot be determined clinically, the combination of 
TMP-SMX with cefalexin will provide coverage for CA-MRSA, methicillin-sensitive  
S. aureus, and group A Streptococcus. Clindamycin is an alternative.

 •  If A. hydrophila is suspected, ciprofloxacin (Cipro), TMP/SMX (Bactrim, Septra), or an 
aminoglycoside provides adequate coverage. V. vulnificus is more difficult to treat but 
is sensitive to doxycycline (Vibramycin), chloramphenicol, and ceftazidime (Fortaz).
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CHAPTER 22
Suture Removal and 
Wound Aftercare

Key Practice Points

nn Suture removal times vary from 4 to 14 days depending on the location 
of the laceration.

nn Sutures are removed from the face within 4 to 5 days to prevent the 
formation of epithelial plugs or “stitch” marks).

nn Most repaired lacerations are minimally painful. Discomfort can be 
managed with acetaminophen or nonsteroidal antiinflammatories.

nn Elevation of the wounded part can significantly reduce pain and 
swelling.

nn Sutured or stapled wounds can be bathed (without immersion) in a 
shower within 12 to 24 hours after repair.

nn Signs of wound infection include pain, swelling, redness, purulent 
discharge, and red streaks.

nn A laceration can take up to 1 year to reach its final appearance. In the first 
few weeks, it can be red and swollen but eventually lose its red color and 
flatten out. Informing the patient of these phases can be very helpful.

 

Wound aftercare includes return scheduling for suture removal, aftercare instructions 
to the patient, and information on what to expect as the wound heals. When carefully 
and fully informed, most patients take good care of their wounds and dressings. Writ-
ten instructions are followed best when reinforced with unhurried verbal explanations. 
Because each wound and patient differs, information about dressing care, limitations 
of activity, bathing, and suture removal has to be individualized. Patients often expect 
that healing is complete when the sutures are removed. If educated about the changes 
that a wound undergoes over months, patients are more likely to understand and 
accept the wound’s appearance.

SUTURE AND STAPLE REMOVAL
Timing of Removal
The recommended intervals between wound repair and suture or staple removal are 
listed in Table 22-1. In the face, where cosmetic appearance is paramount, sutures are 
removed as early as possible; this is done with the knowledge that a facial wound has 
barely begun to gain tensile strength at the time of suture removal. Minimal accidental 
force can cause disruption and can dehisce the laceration. The application of wound 
tapes for continued support over healing lacerations is recommended. A return visit for 
tape removal and wound adhesive closure is not necessary.

If wound tapes are the primary method of wound closure, they can be left in 
place for 10 days without causing complications. Adhesives flake off in 5 to 10 days.  
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At  minimum, these alternative closures should support the wound for the time recom-
mended for sutures.

Suture punctures are small wounds. Epithelial cells invade these small wounds, leav-
ing keratinized epithelial “plugs” caught in the healing suture wound. This phenom-
enon produces unsightly “railroad tracks” that can be avoided if sutures are removed 
in fewer than 7 to 8 days.1,2 Skin tapes and wound adhesives as wound closure methods 
are alternative techniques to avoid suture tracking. The subcuticular and pull-out  
dermal closures described in Chapter 11 are other closure options.

In other areas of the body, where cosmetic appearance is not as important and wound 
healing is not as rapid as in the highly vascular face, sutures are left in place for longer 
periods. Extensor surfaces of joints require longer times before removal because of the 
mechanical forces brought to bear on the healing wound. Because of the dependency of 
the lower extremities and their relatively slower rate of healing, sutures in those lower 
extremity sites are left in place longer as well.

Technique for Removal
The technique for suture removal is illustrated in Figure 22-1. Staple removal is dis-
cussed in Chapter 14. The suture is cut under the knot, close to the skin surface, so that 
when it is pulled from the wound, the previously exposed and contaminated portion 
of the suture does not travel back through the wound. Although standard scissors can 
be used for most suture removal tasks, iris scissors or a no. 11 scalpel blade is recom-
mended to cut the fine sutures used on the face. Bandage or commercial suture removal 
scissors have tips that often are too blunt to cut small, closely spaced sutures easily. 
Before removal, all dried coagulum is removed gently from the suture line with cot-
ton swabs and hydrogen peroxide. Cleaning away the coagulum makes locating small 
sutures and knots much easier. In addition, it prevents the unnecessary tugging and 
pulling that often accompany suture removal when sutures are excessively crusted.

ANALGESIA
Pain after wounding can range from trivial to severe. Simple lacerations are well toler-
ated by the patient after repair and dressing. The pain of abrasions and partial- thickness 
(second-degree) burns can be unbearable. For most patients with uncomplicated lacera-
tions, aspirin, acetaminophen, or other nonsteroidal antiinflammatory drugs relieve 

	 TABLE	22-1	    Recommended Intervals for Removal of Percutaneous 
(Skin) Sutures

Location Days	to	Removal

Scalp 6-8

Face 3-5

Ear 4-5

Chest/abdomen 8-10

Back 12-14

Arm/leg* 8-12

Hand* 8-10

Fingertip 10-12

Foot 12-14

*Add 2 to 3 days for joint extensor surfaces.
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residual discomfort after repair. Occasionally, codeine or hydrocodone is necessary. 
Burn victims require more powerful analgesics, such as oxycodone. In addition to drugs, 
elevation of the injured part, proper immobilization, and cool compresses applied to 
the affected area can greatly enhance pain relief.

The pain of lacerations and burns tends to subside significantly within 24 to 
48 hours. A key follow-up instruction to the patient is to be concerned when pain 
increases or recurs. The most likely cause of this change in the pain pattern is wound 
infection. If pain increases, the physician must be notified immediately.

INSTRUCTIONS TO THE PATIENT
Wound Protection
Patients need to be instructed carefully in nonmedical terms about how to care for their 
wound at home. The key principles of home care are protection, elevation, and cleanli-
ness. Most patients instinctively protect wounds from further trauma, but the caregiver 
should remind the patient that although sutures are in place, undue pressure or other 
mechanical forces on the wound can cause disruption and possible infection. Counsel-
ing and admonition against premature use of a repaired hand or foot are especially 
necessary for patients who are anxious to return to work or sporting activities.

Elevation is particularly important in extremity wounds. The tendency of lower 
extremities and hands to develop edema from lymphatic stasis is well recognized. Ele-
vation helps prevent these complications, lessens pain, and improves wound healing. 
Lower extremity wounds have a higher rate of wound infection, a complication that can 
be abetted by edema and stasis. Crutches and slings for extremity wounds are useful 
adjuncts for home wound care.

Fresh healing wounds and repaired lacerations are vulnerable to direct sunlight. 
Excessive exposure can result in irreversible darkening or hyperpigmentation of the 
healing epidermis.3 The wound is at risk for 1 year or until the scar fully matures. 

Yes

No

Figure 22-1. Top, Technique for cor-
rect removal of a suture. The scissors cut 
between the knot and the skin. The lower 
figure shows the incorrect technique to 
remove sutures. (Modified from Zukin D,  
Simon R: Emergency wound care: prin-
ciples and practice, Rockville, Md, 1987, 
Aspen Publishers.)
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 Sunblock agents are recommended when prolonged exposure to the sun or ultraviolet 
light, such as in a tanning facility, is anticipated.

Dressing and Bandage Change Intervals
For uncomplicated, bandaged lacerations, the first change should occur 1 to 2 days 
after repair. The wound can be cleansed of dried blood and wound exudate. It can 
also be inspected for signs of infection. Complicated and contaminated wounds are 
undressed in 24 hours because of the higher likelihood of infection. Early recognition 
of infection is important for successful treatment. Subsequent bandage changes can be 
carried out at 2- to 3-day intervals.

Wound Cleansing and Bathing
Cleanliness is an important issue in wound aftercare. Sutured wounds of the scalp and 
face can be left open, provided that they are kept clean. In a controlled study of 200 
head and neck incisions and traumatic lacerations, the investigators concluded that 
early washing (8 to 24 hours) after wound repair did not significantly alter wound heal-
ing or increase the potential for infection.4 Wounds on other body sites can be cleansed 
gently after suture repair without ill effect.5

Patients can begin to bathe 12 to 24 hours after wound repair. They can be allowed to 
bathe once a day, or with each bandage change, provided that the wound is not immersed 
and soaked in water. Showers are preferable to tub baths. Gentle soaping and rinsing are 
followed immediately by patting the wound dry with a soft towel. Application of an 
antibiotic ointment or reapplication of a dressing is recommended after each washing.

Signs of Wound Infection
Most wounds heal without problems or complications. A few wounds become infected, 
however, despite compliance with accepted wound care procedures. In an analysis of more 
than 5000 patients, characteristics of wounds that became infected were identified.6 The 
overall infection rate was 3.5%. Patients with wound infection were likely to be older or to 
have diabetes. Large wounds and wounds with visible contamination or foreign bodies also 
were at risk. Recommendations for prophylactic antibiotics are discussed in Chapter 21.

Every patient must be instructed in the signs of wound infection. If any of these 
signs develop, the patient needs to return immediately for examination. Signs of infec-
tion include the following:
 •  Excessive discomfort: Most minor wounds are only mildly uncomfortable.
 •  Excessive swelling: Swelling can accompany wound infection.
 •  Discharge: Continued drainage, particularly if it is purulent appearing, is a sign of 

infection.
 •  Redness: Erythema from neovascularization and capillary dilation accompanies most 

wounds. Redness that extends well beyond the wound margins (>5 mm) with accom-
panying swelling, induration, or tenderness does not occur in normal healing wounds.

 •  Lymphangitic streaks, local nodal enlargement, and fever all are signs of advanced 
infection.
If a wound becomes infected, sutures or staples act as foreign bodies and have to be 

removed. Attempts to remove alternate sutures and to start the patient on antibiotics 
are likely to fail. Chapter 21 discusses the care of infected wounds in greater detail.

Written Instructions
Patients should receive specific written instructions reinforcing and detailing general 
principles and any other specifics for the given wound problem. Follow-up visits, dates, 
and times have to be written clearly and understood by the patient and, whenever 
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 possible, by accompanying family members. Figure 22-2 is an example of simple, yet 
effective, written wound care instructions.

UNDERSTANDING WOUND HEALING
Patients are most concerned about the size and appearance of the scar that will result 
from their laceration or wound. Because traumatic injuries occur randomly on the 
body surface, the final outcome, to a certain extent, is predetermined. It is the duty of 
the caregiver to advise the patient about the kind of scar he or she can expect. Candidly 
discussing various aspects of wound healing, such as the effects of wound mechanism, 
associated diseases, body region, and skin tension, allows the patient to accept and cope 
with the healing process better:
 •  Early (Inflammatory) Phase: Days 1 to 4
 •  Wound is red, swollen, warm, and painful
 •  Blood vessels dilate
 •  Wound fluid (exudate) can be normal
 •  Early Scar Formation (Proliferative) Phase: Days 4 to 42
 •  New vessels form
 •  Early scar material (collagen) laid down by fibroblast cells

WOUND CARE INSTRUCTIONS

You have been treated for a laceration. Please follow the instructions below to care for
your wound.

TREATMENT

   Sutures/staples: Keep the wound and bandage clean. Bandages can be changed every
1 to 3 days. After removing the bandage, gently clean the wound with soap and water. A
shower can be taken starting 24 hours after repair. After cleansing the wound, apply a
coating of antibiotic ointment and a new bandage. Face wounds can be left uncovered.

Return or see your doctor for suture/staple removal in ____ days or on ______date.

   Wound adhesives: Adhesives do not need to be removed. The adhesive flakes off in 5
to 10 days. Do not pick at or rub the adhesive. Do not place adhesive tape, antibiotic
ointment, or skin cream on wound. You may take a shower but do not soak wound in hot
water. Return if the wound opens up. 

   Wound tapes: Keep tapes dry and clean. Do not pick at or rub tapes. Do apply
ointments or creams on tapes. 

Keep tapes on for ____ days.

NOTIFY YOUR DOCTOR OR RETURN TO THE EMERGENCY
DEPARTMENT IF YOU EXPERIENCE

Any signs of infection such as redness, swelling, drainage, increased pain, red streaks, or 
fever.

Figure 22-2. Sample discharge instructions for patients with lacerations.
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 •  Wound is swollen and red appearing
 •  Sutures or staples removed 4 to 14 days
 •  Wound strength low but increasing
 •  Remodeling Phase: 6 weeks to 1 year
 •  Scar tissue gradually finds its final shape
 •  Scar contracts 40% to 80% and flattens
 •  Red color disappears. Scar slightly lighter than skin
 •  Final tissue strength 80% of normal skin
 •  Most patients satisfied with final scar appearance
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A

ABCs, severe soft tissue injury and, 5
Abrasion, 232–234

forehead, 142–143, 143f
laceration in, 135, 136f

Abscess, 248–257
Bartholin’s gland, 250
breast, 250
buttock, 250–251, 251f
clinical presentation of, 249–251
cutaneous, 249
formation adjacent to suture, 24
hidradenitis suppurativa, 249–250
management of, 251–255, 252f

antibiotics for, 256–257
follow-up care in, 255–256
incision and drainage in, 48b, 252–255, 

253f–254f
in special treatment  

settings, 255, 256f
in parenteral drug users, 251
in pediatric patient, 38
perianal, 250–251, 251f
pilonidal, 250
ultrasound of, 252, 252f

Absorbable suture materials, 88–91, 88t
for pediatric patient, 34–35
wound healing and, 22

Abuse, child, 28
Adaptic padding, 178, 181f, 190
Adhesives, tissue. See Tissue adhesives
Adolescent, developmental abilities of, 29t
Adrenaline. See also Epinephrine

in LAT, 49
in TAC, 49

Advanced repair, 121–136
of beveled wound, 122, 124f
of complete avulsion, 131, 132f
corner stitch in, 125, 127f
of dog-ear deformities, 131–133, 133f
of flap injury, 125–129, 128f–130f
of geographic lacerations, 129–131, 130f

Advanced repair (Continued)
of laceration in abrasion, 135, 136f
of parallel lacerations, 133–134, 134f
of partial avulsion injury, 125–129
pull-out subcuticular closure in, 122–124, 124f
running suture closure in, 121–122, 123f
subcuticular running closure in, 124–125, 126f
of thin-edge, thick-edge wound, 134–135, 135f

Aeromonas hydrophila, 286
Aftercare

for adhesive wound closure, 195
for bite wounds, 213
for cheek injury, 148, 153
dressing and bandage change intervals in, 291
for eyelid and eyebrow injury, 146
for foot injury, 159
for forehead injury, 143
for hand injury, 190
instructions to patient regarding, 290–292
for knee injury, 158
for lip injury, 154
for lower leg injury, 158
for nose injury, 149–150
for oral cavity injury, 156
for pediatric patient, 38
for perineal injury, 157–158
for scalp injury, 141
signs of infection in, 291
for stapling, 200, 204f
for taping of wound, 197
understanding wound healing and, 292–293
wound cleansing and bathing in, 291
wound protection in, 290–291
written instructions for, 291–292, 292f

Age, childhood developmental abilities by, 29t
Aging skin

healing of, 23
skin tears in, 262–265
special wound care of, 14

Airway
pediatric pharmacologic sedation and, 31–32
severe soft tissue injury and, 5

Page numbers followed by f indicate figures; b, boxes; t, tables.
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Alcoholism, wound healing and, 23
Alignment in lip injury repair, 153–154, 154f
Allergy

to local anesthetics, 45
to penicillin, 104, 286
to tetanus toxoid, 283

Alternative wound closure
stapling, 197–200

aftercare for, 200, 204f
indications for, 200
technique, 200, 201f–203f

taping, 196–197
aftercare for, 197
indications for, 196
technique, 196–197, 197f–199f

tissue adhesives, 192–196
aftercare for, 195
inadvertent runoff and removal of, 196
technique, 194–195, 194f–195f

Aminoglycosides, 229
Amoxicillin/clavulanate

for bite wound
human, 212
mammalian, 209t

for hand injury, 189–190
Ampicillin/sulbactam

for cat bite, 210–211
for dog bite, 210
for human bite, 212
for mammalian bite, 210t
for plantar puncture wound infection, 229
for rat bite, 212–213

Amputation
fingertip, in pediatric patient, 36–37
as hand injury, 185–186

Anaerobic infection
of dog bites, 209
hidradenitis suppurativa due to, 249–250

Analgesia, 289–290. See also Pain relief
pediatric, 33t

Anatomic factors in cosmetic outcome, 19b, 23
Anatomic site. See also specific sites

wound closure type per, 90t
Anatomy of wound repair, 10–14

alterations of skin anatomy and, 14
skin and fascia in, 11–12, 11f–12f
skin tension lines in, 12–14, 13f

Ancef. See Cefazolin
Anesthesia and anesthetics, 41–72, 78

for abscess drainage, 253, 253f
allergy to, 45
anatomic considerations in, 12
auricular block, 55–57, 58f
buffering of, 46
digital nerve blocks, 57–64, 58f–63f, 65f
direct wound infiltration in, 50, 51f

Anesthesia and anesthetics (Continued)
duration of, 42, 43t
for ear injury, 150–151
effects on wound healing, 22–23
for eyelid injury, 145
for forehead injury, 142
as goal of wound closure, 1
infraorbital nerve block, 51–53, 54f–55f
lidocaine added to, 42–43
median nerve block, 64, 65f–66f
mental nerve block, 53–55, 56f–57f
for nasal injury, 149
onset of action, 41–42
pain reduction for, 46
parallel margin infiltration in, 50, 52f
for pediatric patient, 34
practical points regarding, 41–43, 42f
radial nerve block, 66–67, 68f
sedation with, 46–48, 47t, 48b
solutions for, 43–44
supraorbital nerve block, 50–51, 53f
supratrochlear nerve block, 50–51, 53f
sural nerve block, 67–68, 69f–70f
tibial nerve block, 67–68, 69f, 71f
topical, 49
toxicity of, 44–45
ulnar nerve block, 64–66, 67f
for wound cleansing, 77

Animal bites, 206–219
aftercare and follow-up in, 213
antibiotic treatment of, 208–213, 285
bat, 214–215
cat, 209–210
dog, 209–210
etiology of, 19t
exotic pet, 216
fish, 213
general management of, 207–208, 208f
infection of, 207, 207b
lagomorph, 216
livestock, 216
rabies exposure and prophylaxis in, 213–217, 

214t–215t
rat/rodent, 212–213, 216
wild carnivore, 214–215

Ankle-brachial index, 261
Ankle injury, dressings for, 277
Antibiotics. See also specific types

for abrasion, 234
for abscess, 256–257
for bite injury, 208–213, 209t–210t
for burn injury, 244, 246
for deep, necrotizing infections, 259–260
under dressings, 268
for hand injury, 189–190
immediate, 102–104
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Antibiotics (Continued)
for laceration repair infection, 260
for plantar puncture wound, 229

in pediatric patient, 37
prophylactic, 3, 285–286

for abscess management, 252
for cat bites, 210–211
choices for, 286
for dog bites, 209
for human bites, 212
for lip injury, 154
for plantar puncture wound, 229
in severe soft tissue injury, 7
in wound care delay, 5

Anticoagulants, impaired wound healing due to, 23
Antimalarials, effects on rabies prophylaxis, 217
Antineoplastic agents, impaired wound healing 

due to, 23
Arming of needle holder, 83–84, 84f
Arm injury, suture materials for, 90t

removal of, 289t
Arterial ulceration, 261
Articaine, 43t, 44
Asphalt in abrasions, 233
Aspiration of abscess, 251–252
Aspirin, impaired wound healing due to, 23
Assessment. See also specific injuries

of pediatric patient, 28, 29t
of wound, 7–9, 8b

in pediatric patient, 30
severe soft tissue, 7

Assistant for closure of pediatric facial wound, 
35–36

Auricular block, 55–57, 58f
Avulsion injury

complete, 131, 132f
fingertip, 182–183, 182f

in pediatric patient, 36–37
gingival, 155–156, 156f
nail root, 178, 180f
partial, 125–129

cosmetic outcomes of, 20
scalp, 141
shin, 158
teeth, 157

Azithromycin
for abscess management, 252
for hand injury, 189–190

B

Bacillus subtilis infection in rat bite wound, 
212–213

Bacitracin ointment, 268
Bacteria

dog bites and, 209
invasion of, 21

Bacteria (Continued)
irrigation for reduction of, 78
surgical drains and, 102

Bactrim. See Trimethoprim-sulfamethoxazole
Bandage. See also Dressings

change intervals, 291
Band-Aid, 268
Barb cover fishhook removal, 231, 231f
Bartholin’s gland abscess, 250, 255,  

256f
Bat bite, 213–215, 214t
Bathing in aftercare, 291
Battle’s sign, 150
Beaver bite, 214t
Benzodiazepine, 47
Benzoin

for securing of dressing, 269
for wound taping, 196

β-Hemolytic streptococci infection in severe soft 
tissue injury, 7

Betadine. See Povidone-iodine
Beveled wound, 122, 124f
Bicarbonate for anesthetic buffering, 46
Bite (of skin) in suturing

for beveled edge wound, 122, 124f
continuous, 122, 123f
defined, 107
horizontal mattress, 112–113
for pull-out subcuticular closure, 122–124
subcuticular running, 125, 126f
vertical mattress, 111, 114f

Bite wounds, 206–219
aftercare and follow-up in, 213
antibiotic treatment of, 208–213, 285
bat, 214–215
cat, 209–210
dog, 209–210
etiology of, 19t
exotic pet, 216
fish, 213
general management of, 207–208, 208f
human, 211–212
infection of, 207, 207b
lagomorph, 216
livestock, 216
rabies exposure and prophylaxis in, 213–217, 

214t–215t
rat/rodent, 212–213, 216
wild carnivore, 214–215

Blade, knife, 87, 87f
for abscess drainage, 253, 254f
for wound undermining, 117–118

Bleeding
control of, 4, 98–99
scalp injury and, 138–140
in severe soft tissue injury, 7
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Blisters, burn injury and, 238–239, 239f, 243
Block. See Nerve block
Blockade in local anesthesia, 42

anesthetic buffering and, 46
Blood precautions, 75–76
Blunt injury

cosmetic outcomes of, 20
etiology of, 19t
of fingertip, 177, 178f
of scalp, 141
straddle, 37–38

Board, pediatric restraint, 30
Body fluid precautions, 75–76
Bone(s)

fingertip avulsion and, 182
as foreign body, 221
fracture of (See Fracture)
of hand, 164f
infection of in plantar puncture  

wounds, 229
in pediatric patient, 37

Bradycardia from anesthetics, 44–45
Braided hair for scalp injury, 141

in pediatric patient, 35
Braided sutures, 88t–89t, 92
Breast abscess, 250, 255
Breathing, severe soft tissue injury and, 5
Buccal facial nerve injury, 147, 147f
Buccal mucosal laceration, 155–156, 156f
Buffering, anesthetic, 46
Bullet as foreign body, 221
Bupivacaine, 43t, 44

buffering of, 46
Burns, 236–247

assessment of, 237–241
cause of, 238
deep partial-thickness, 246
depth of, 238–240, 239f
epidermal (first-degree), 243
extent of, 240–241, 240f–241f
hospitalization for, 242, 242b
location of, 238
superficial partial-thickness, 243–246
treatment of, 242–246

antibiotics for, 246
blisters and, 243
cleansing in, 243
débridement in, 243, 244f
deep partial-thickness, 246
dressings for, 243–246, 245f
epidermal (first-degree), 243
follow-up in, 246
full-thickness, 246
home, 246
initial, 237–238
outpatient, 242

Burns (Continued)
superficial partial-thickness, 243–246
tetanus prophylaxis in, 246

Buttock abscess, 250–251, 251f

C

Cactus spines, removal of, 226
CA-MRSA. See Community-acquired methicillin-

resistant Staphylococcus aureus (CA-MRSA)
Capillary refill in chronic ulceration assessment, 

261
Capnocytophaga canimorsus infection, 209
Carbocaine. See Mepivacaine
Carbon monoxide exposure, 237
Carbuncle, 249
Cardiac valvular disease, 286
Cardiovascular reactions to anesthetics, 44
Caregiver. See Parent
Cartilage involvement

in ear injury, 151, 152f
fishhooks and, 232
in nasal injury, 149

Cat bites, 209–210, 215–216. See also Animal bites
rabies and, 214t

“Cauliflower” ear, 150
Cefadroxil, 286
Cefazolin, 286

for abscess management, 252
for hand injury, 189–190
for immediate antibiotic therapy, 104
for laceration repair infection, 260
for plantar puncture wound infection, 229

Ceftazidime, 286
Ceftriaxone, 210t
Cefuroxime, 209t–210t
Cellulose, oxidized, for scalp injury  

bleeding, 140
Central nervous system reactions to  

anesthetics, 44
Cephalexin, 286

for abscess care, 256–257
for hand injury, 189–190
for laceration repair infection, 260
prophylactic, 285

Cephalosporins, 286
for hand injury, 189–190

of flexor tendon, 183–184
for laceration repair infection, 260
for plantar puncture wound infection, 229
prophylactic, 285

Cephradine, 286
Cervical facial nerve injury, 147, 147f
Changing of dressing, 270–271, 291
Cheek injury, 146–148

aftercare for, 148
anatomic considerations in, 146–147, 147f
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Cheek injury (Continued)
deep or through-and-through, 148
preparation for closure, 147
uncomplicated, 147–148

Child. See Pediatric patient
Child abuse, 28
Child life specialists, 28
Chipmunk bite, 216
Chloramphenicol, 286
Chlorhexidine

for hand washing, 75
for periphery cleaning, 78–79
for wound cleansing, 74, 74t

of burn injury, 243
Chromic gut sutures, 88t, 91

for pediatric patient, 34–35
Chronic skin ulceration, 260–262
Cipro. See Ciprofloxacin
Ciprofloxacin, 286

for immediate antibiotic therapy, 104
for plantar puncture wound management, 229

Circular defect closure, 131, 132f
Circulation

assessment of in hand injury, 173–174, 174f
pediatric sedation and, 31–32
prophylactic antibiotic treatment in impairment 

of, 285
severe soft tissue injury and, 5

Clamping of bleeders, 4, 98–99
Clay, impaired healing due to, 22
Cleansing of wound, 73–81

abrasions, 233
in aftercare, 291
anesthesia for, 77
bite wound, 207
blood and body fluid precautions in, 75–76
burn injury, 243

first-degree, 243
superficial second-degree, 243

fang wound, 207–208, 208f
foreign material removal in, 77
hair removal for, 76, 76f
hand injury, 163
hand washing before, 75
irrigation in, 78
laceration repair infection, 260
periphery, 77–79
preparation for, 75–78
procedures for, 78–80, 79f
in rabies postexposure prophylaxis, 215t
setup for, 78–80
skin tears, 263, 264f
soaking in, 77
solutions for, 73–75, 74t
ulcer, 262

Clenched-fist bite wound injury, 211–212

Cleocin. See Clindamycin
Clindamycin, 286

for abscess care, 256–257
for bite wound

human, 212
mammalian, 209t–210t

for deep, necrotizing infections, 259–260
for flexor tendon injury, 183–184
for hand injury, 189–190
for immediate antibiotic therapy, 104
for laceration repair infection, 260
for lip injury, 154
for plantar puncture wound infection, 229

Clipping hair, 76
Clostridium infections

antibiotics for, 286
of severe soft tissue injury, 7

Closure materials. See Suture materials
Closure of wound

alternative methods for (See Alternative wound 
closure)

for complex skin wounds (See Advanced repair)
dead space and, 118–119, 119f
deep, 108, 115–117, 116f
delayed primary, 96, 97f
goals of, 1–2
“golden” period for, 95–96
interrupted, 108
knot-tying in, 108, 109f–110f
layer matching in, 108, 111f
materials for (See Suture materials)
primary, 96
secondary, 96
sequence and style of, 119, 119f
timing of, 95–96
undermining in, 117–118, 117f
wound edge eversion in, 108–113, 112f–115f
wound tension and, 2, 113–118, 118f

Clotting cascade in wound healing, 16, 16f
Cocaine in TAC, 49
Colchicine, impaired wound healing due to, 23
Cold application for burn injury, 237
Coliform infections of severe soft tissue injury, 7
Collagen

effects of corticosteroids on, 14
in wound healing, 17, 18f

Comfort, patient, 4
Community-acquired methicillin-resistant 

Staphylococcus aureus (CA-MRSA), 186, 188–190, 
249, 256–257, 285

Complete avulsion injury, 131, 132f
Complex skin wounds, 121–136

beveled edge, 122, 124f
complete avulsion, 131, 132f
corner stitch for, 125, 127f
dog-ear deformity, 131–133, 133f
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Complex skin wounds (Continued)
flap injury, 125–129, 128f–130f
forehead, 142–143, 143f
geographic lacerations, 129–131, 130f
laceration in abrasion, 135, 136f
lip, 154
parallel lacerations, 133f–134f
partial avulsion injury, 125–129
plantar puncture, 228–229
pull-out subcuticular closure for, 122–124, 124f
running suture closure, 121–122, 123f
subcuticular running closure for, 124–125, 126f
thin-edge, thick-edge wound, 134–135, 135f

Compression injury
cosmetic outcome, 20, 22f
scalp, 141

Compromised skin, skin tears in, 262–265
Computed tomography (CT) of foreign  

bodies, 222
Conditions in alteration of wound healing, 23
Connective tissue, scalp injury and, 138–139,  

138f
Conscious sedation, pediatric, 31
Consultation, 105

for extramarginal lid laceration, 145, 146f
for fishhook imbedded in eye, 232
for foreign-body removal, 227
for laceration repair infection, 260
for nasal injury with fracture, 149–150
for severe soft tissue injury, 7
for tendon injuries, 183

Continuity of care, 105
Continuous closure, 121–122, 123f

defined, 108
of ear injury, 108
subcuticular, 124–125, 126f

Contraction of wound, 17–18
Cooling of burned surfaces, 237
Cornea, fishhook imbedded in, 232
Corner stitch, 125, 127f

in V-Y closure, 128, 129f
Corticosteroids

effects on rabies prophylaxis, 217
effects on wound healing, 14, 23
history of, 7–8

Corynebacterium infection in human bite 
wound, 211

Cosmetic outcome, 18–23
absorbable versus nonabsorbable sutures and, 

88–89
of adhesive wound closure, 193
anatomic factors in, 23
associated conditions and diseases and, 23
of compression injuries, 20, 22f
consultation and, 105
effects of drugs on, 23

Cosmetic outcome (Continued)
keloid and hypertrophic scars, 24, 25f
mechanism of injury and, 18–20, 19t
of shearing injuries, 18, 20f
suture marks and, 24
technical factors in, 22–23
of tension injuries, 20, 21f
wound infection and, 21

Cotton sutures, 92
Crushing injury

cosmetic outcome, 20, 22f
of fingertip, 178

CT. See Computed tomography (CT)
Curved needle, 92
Cutaneous abscess, 249. See also Abscess
Cutaneous layer. See Skin
Cuticle, 176

infection of, 186–188, 186f
Cuticular needle, 92–93
Cutting needle, 92, 93f
Cyanoacrylate adhesive, 192–193. See also Tissue 

adhesives
Cyst, sebaceous, abscess of, 255

D

Dacron sutures, 89t
Daptomycin in abscess care, 256–257
Dead space, 118–119, 119f
Débridement, 79–80, 99–102

of bite wound, 207
of burn injury, 99–102, 244f
of eyebrow injury, 146, 146f
of hand injury, 175
of skin tears, 263
static skin tension and, 13

Deep cutaneous and necrotizing infection, 
259–260

Deep fascia, 12
Deep foot symptoms in puncture wounds, 229
Deep laceration of cheek, 148
Deep partial-thickness burn, 239f, 246
Deep sutures/closure, 2, 115–117, 116f

anatomic considerations in, 11, 12f
defined, 108
of hand laceration, 175
of laceration in an abrasion, 135, 136f
pull-out, 122–124, 124f

Deep thermal burn, 239f, 240
Delayed primary closure, 96, 97f
Delayed repair of nerve injury of hand, 184
Dental injury, 155–157
Depth of burn, 238–240, 239f
Dermabond. See Octyl cyanoacrylate
Dermabrasion for scar management, 24
Dermal closure. See Deep sutures/closure
Dermalon sutures. See Nylon sutures
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Dermis
aging of, 14
anatomy of, 10–11, 12f
débridement of, 101, 102f
incising or “scoring” of for full wound excision, 

101–102, 103f–104f
Dexon and Dexon II sutures. See Polyglycolic acid 

(PGA) sutures
Diabetes

ulcers in, 261
wound healing and, 23

Diazepam
for adult sedation, 47t
for pediatric sedation, 33–34

Dicloxacillin, 183–184, 286
Differential blockade, 42
Digital nerve block, 57–64, 58f–63f, 65f
Digital nerve injury, 169, 169f, 184
Digital tourniquet application, 99, 100f
Dilaudid. See Hydromorphone
Diphenhydramine for anesthesia, 45
Diphtheria/tetanus/pertussis (DTaP) vaccine, 

29–30, 283
Direct wound anesthesia infiltration, 50, 51f
Dirt, impaired healing due to, 22
Discharge

instructions on, 291–292, 292f
as sign of infection, 291
skin ulcers and, 262

Discomfort, due to infection, 291
Disposition of patient, documentation of, 8b, 9
Distance between sutures, 119, 119f
Distraction in pediatric patient care, 28, 29t
Documentation of wound evaluation and care, 

7–9, 8b
Dog bites, 19t, 209–210, 209t–210t, 215–216. See 

also Animal bites
rabies and, 213, 214t

Dog-ear deformity, 131–133, 133f
Dorsal digital nerve injury, 169, 169f
Dorsal surface of hand, 163
Doxycycline, 286

in abscess care, 256–257
Drain, surgical, 102
Drainage

of abscess, 251–255, 253f–254f
moderate sedation for, 48b
in pediatric patient, 38

of felon, 188, 188f
of paronychia, 186, 186f
of septal hematoma, 149, 150f

Dressings, 2, 266–281
for abrasion, 233–234
for abscess, 254f, 255
ankle, 277
antibiotic ointments for, 268

Dressings (Continued)
application of, 269–270, 269f–270f
basic components of, 268
for burn injury, 243–246, 245f
change intervals, 270–271, 291
for delay in wound care, 5
ear, 272, 273f
elbow, 277, 281f
face, 272
finger, 277, 278f–279f
foot, 277
groin, 274, 276f
hand, 190, 277, 280f
heel, 277
hip, 274
home care of, 270–271
knee, 277, 281f
mastoid, 272, 273f
neck, 272, 274f
principles of, 266–268, 267f
scalp, 141, 271–272, 271f
shoulder, 272, 275f
thigh, 274, 276f
trunk, 272–274, 276f
for ulcer, 262

Drugs. See also Anesthesia and anesthetics; specific 
types
abuse of, abscess formation in, 251
effects on wound healing, 19b, 23
for pediatric sedation, 32–34, 33t

DTaP vaccine. See Diphtheria/tetanus/pertussis 
(DTaP) vaccine

Duricef. See Cefadroxil
Dynamic skin tension lines, 12–14

E

Ear injury, 150–153
aftercare for, 153
auricular block for, 55–57
cartilage involvement in, 151, 152f
dressings for, 272, 273f
perichondral hematoma, 153
preparation for repair of, 150–151
suture materials for, 90t

removal of, 289t
uncomplicated, 151, 152f

Edge of wound
beveled, 122, 124f
débridement and revision of, 99, 101,  

101f–102f
eversion of, 108–113
in flap injury, 128, 129f–130f
irregular

ear injury with, 151
forehead injury with, 143
scalp injury with, 141
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Edge of wound (Continued)
static skin tension and, 13
thin and thick, 134–135, 135f

Eikenella corrodens infection of human bite wound, 
211

Elbow, dressings for, 277, 281f
Electrical burn injury, 238
Electric cautery for subungual hematoma, 177, 

178f
Elevation of wound, 290
Ellipse/ellipsing

closing of circular defect with, 131, 132f
conversion of triangle defect to, 131
of flap, 129

Elmer’s Glue-All for thorn and spine  
removal, 226

EMLA. See Eutectic mixture of local anesthetics 
(EMLA)

Epidermis
anatomy of, 10–11
bacterial invasion due to violation of, 21
burn injury of, 238, 243
débridement of, 101, 102f
incising or “scoring” of for full wound excision, 

101–102, 103f–104f
Epinephrine

added to local anesthetics, 42–43
digital block and, 57
effects on wound healing, 22–23
for hemostasis, 98
in LET, 34, 49
lidocaine with, 43–44, 43t

duration of anesthesia and, 42
for scalp injury, 140

in TLE, 49
Epithelialization in wound healing, 16f, 17

moist environment and, 267, 267f
Eponychium, 176

infection of, 186–188, 186f
Erysipelothirx infection in fish bite, 213
Erythromycin for lip injury, 154
Escherichia coli infection in human bite 

wound, 211
Ethilon sutures. See Nylon sutures
Eutectic mixture of local anesthetics (EMLA), 49
Evaluation of wound. See Assessment
Eversion, wound edge, 108–113, 112f–115f
Examination

of hand injury, 164–172, 166f–169f
in pediatric patient, 36

physical, 8b
screening, 8–9

Excision, wound, 99–102, 101f–104f
Exotic pet bites, 216
Expectations of patient, 2

consultation and, 105

Exploration of wound, 97–98, 98f
as goal of wound closure, 2
hand, 174–175
laceration repair infection, 260

Extensor tendon injury
of foot, 158–159
of hand

function testing in, 169–170, 170f–171f
laceration as, 184, 185f
risks associated with care of, 3

Extramarginal lid laceration, 145, 145f
Eye, fishhook imbedded in, 232
Eyebrow and eyelid injury, 144–146, 146f

aftercare for, 146
anatomic considerations in, 144–145, 144f
extramarginal lid, 145, 145f
hair removal and, 76, 76f
intramarginal lid, 145, 146f
preparation for closure, 145
suture materials for, 90t

F

Face, skin tension lines of, 13, 13f
Facial injury

abscess, 255
dressings for, 272
of eyebrow and eyelid, 144–146, 144f–146f
of facial nerve, 147, 147f
of forehead, 142–143, 143f
in pediatric patient, 35–36
suture materials for, 90t

removal of, 289t
Fainting. See Syncope
Fang injury, 207–208, 208f, 211
Fascia, anatomy of, 11–12
Fast-absorbing gut sutures, 88–89, 88t, 91
Fasting, pediatric sedation and, 31
Fat, subcutaneous, 11–12

complicated flap repair and, 128, 128f
débridement of, 101, 101f

Fears, pediatric, 29t
Felon, 188, 188f
Fentanyl

for adult sedation, 47, 47t
moderate, 48b

for pediatric sedation, 32–34
Ferret bite, 214t, 216
Fibroblast, 11
Field block, 50, 52f

for abscess drainage, 253, 253f
“Fight bite,” 211-212
Figure-eight technique for tendon repair, 184, 185f
Finger injury

amputation as, 185–186
anatomic considerations in, 165f
digital nerve block for, 57–64, 58f–61f
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Finger injury (Continued)
dressings for, 277, 278f–279f
jewelry removal and, 5, 6f, 162, 162f
median nerve block for, 64
of nerves, 169, 169f
radial nerve block for, 66–67
of tendons, 169–172, 170f–173f
terminology associated with, 163
tourniquet hemostasis for, 99, 100f
ulnar nerve block for, 64–66

Fingernail injury. See Nail injury
Fingertip injury, 175–183

anatomic considerations in, 175–176, 176f
avulsion, 182–183, 182f
blunt (subungual hematoma), 177, 178f
dressings for, 277, 278f–279f
nail bed laceration, 178–180, 179f–181f
nail removal for, 180–182, 181f
in pediatric patient, 36–37
prophylactic antibiotics for, 189
suture removal in, 289t

First-degree burn, 238, 243
First-generation cephalosporin, 286

for hand injury, 189–190
of flexor tendon, 183–184

for immediate antibiotic therapy, 104
for laceration repair infection, 260
for plantar puncture wound infection, 229

Fish bites, 213
Fishhook removal, 229–232, 230f–232f
Flap injury, 125–129, 128f–130f

aftercare for, 143
corner stitch for, 125, 127f
cosmetic outcomes of, 20, 21f
due to skin tears, 263–265, 264f
fingertip, in pediatric patient, 36–37
forehead

large, 143
small, 142–143, 143f

gingival, 155–156, 156f
shin, 158

Flexor tendon injury
of foot, 158–159
of hand

functional testing of, 170–172, 172f–173f
laceration as, 183–184, 183f

Flumazenil, 33t
Follow-up care, 2

in abscess, 255–256
in bite wounds, 213
in burn injury, 246

Foot injury, 158–159
diabetic ulceration, 261
dressings for, 277
in pediatric patient, 37
plantar puncture wound, 227–229, 228f

Foot injury (Continued)
suture materials for, 90t

removal of, 289t
Forceps, 84, 85f–86f

in wound stapling, 200, 201f
in wound taping, 197, 198f

Forearm injury, suture materials for, 90t
Forehead block, 50–51, 53f
Forehead injury, 142–143

complex, 142–143
preparation for closure of, 142
uncomplicated, 142
windshield, 142–143, 143f

Foreign bodies, 220–227
in abrasions, 233
clinical evaluation of, 221–222
consultation in, 227
forehead, 142
glass, 3
imaging of, 222
inert (nonreactive) objects, 221
under nail plates, 226
organic (reactive) objects, 221
protruding, 225
radiodense objects, 222–223, 223f–225f
removal of, 77, 224–227
thorns and cactus spines, 226

Fortaz. See Ceftazidime
Fourth-degree burn, 239f, 240
Fox bite, 214–215, 214t
Fracture

finger, in pediatric patient, 36–37
hand, 174
nasal, laceration with, 149
skull, 139

Full-thickness burn, 239–240, 239f, 246
dressings for, 244, 245f

Full-thickness defect, 131
Full wound excision, 101–102, 103f–104f
Furacin. See Nitrofurazone ointment
Furuncle, 249, 252

G

Galea aponeurotica
anatomy of, 138–139, 139f
injury of, 138–140, 138f–139f

Gaping, scar formation and, 12–13
Gauze. See also Dressings

for abscess drainage, 254f, 255
in dressing application, 269, 269f
protective function of, 267–268
for ulcer treatment, 262

Gelatin foam for scalp injury bleeding, 140
Gentamicin for deep, necrotizing infections, 259–260
Geographic factors in rabies exposure and 

prophylaxis, 214–216
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Geographic laceration, 129–131, 130f
Gerbil bite, 216
Gingival injury, 155–156, 156f
Glass injury, 3, 18, 19t, 221

evaluation of, 221
Globe, fishhook imbedded in, 232
Gloves, protective, 75
Glue for thorn and spine removal, 226
Goals of wound closure, 1–2
“Golden” period for wound closure, 95–96
Gown, protective, 75
Grafting for fingertip avulsion, 182
Gram stain in deep, necrotizing infections, 259
Granulocytes in wound healing, 16–17, 16f
Graphite foreign body, 221
Grasping of forceps, 84, 85f–86f
Grease gun, pressure injection due to, 188–189
Grit, impaired healing due to, 22
Groin, dressings for, 274, 276f
Groundhog bite, 216
Guinea pig bite, 216
Gut sutures, 88t, 91

for pediatric patient, 34–35

H

Hair, removal of, 76, 76f
before scalp repair, 139–140

Hair-tie technique for scalp laceration, 141
for pediatric patient, 35

Hamster bite, 216
Hand injury, 161–191. See also Finger injury; 

Fingertip injury
aftercare for, 190
amputation as, 185–186
anatomic considerations in, 163, 164f–165f
antibiotics for, 189–190
burns as, 238
circulation assessment in, 173–174, 174f
dressings for, 190, 277, 280f
examination of, 164–172

nerve testing in, 165–169, 166f–169f
sensory function testing in, 167–169, 

168f–169f
tendon function testing in, 169–172, 

170f–173f
exploration of, 174–175
felon as, 188, 188f
fingertip (See Fingertip injury)
history of, 163–164
initial treatment of, 161–163, 162f
median nerve block for, 64
nerve, 184
paronychia, 186–188, 186f–187f
in pediatric patient, 36–37
pressure injection, 188–189
radial nerve block for, 66–67

Hand injury (Continued)
radiography in, 174
suture materials for, 90t

removal of, 289t
tendon, 183–184, 183f, 185f

risks associated with care of, 3
terminology associated with, 163
ulnar nerve block for, 64–66
uncomplicated, 175

Handling
of forceps, 84, 85f–86f
of needle holder, 83–84, 83f–84f
of tissue, 2

Hand washing, 75
Hare bite, 214t, 216
HDCV. See Human diploid cell vaccine (HDCV)
Head injury. See Facial injury; Forehead injury;  

Scalp injury
Healing. See Wound healing
Heart disease, 286
Heel, dressings for, 277
Hematoma

formation in dead space, 118–119
perichondral, 150, 151f, 153
septal, 148–149, 148f, 150f
in skin tear, 263
subungual, 177, 178f

Hemorrhage. See Bleeding
Hemostasis, 98–99

as goal of wound closure, 1
initial, 4
scalp injury and, 139–140
tourniquet, 7, 99
in wound healing, 16, 16f

Hemostats, 4, 86, 98–99
for abscess drainage, 253, 254f
in wound exploration, 97

Hepatitis B transmission
precautions against, 76
through human bites, 211

Hepatitis C transmission
precautions against, 76
through human bites, 211

Herpes virus transmission through human bites, 
211

Hibiclens. See Chlorhexidine
Hidradenitis suppurativa, 249–250
Hip

dressings for, 274
pressure ulcer of, 261

Histo-Acryl Blue. See Cyanoacrylate adhesive
History

in burn injury, 237
in hand injury, 163–164
in pediatric patient assessment, 28
in wound evaluation, 7–8, 8b
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HIV
precautions against, 76
rabies prophylaxis and, 217

Hockey-stick incision for septal hematoma 
drainage, 149, 150f

Home management
of burns, 246
of dressings, 270–271
of laceration repair infection, 260

Horizontal mattress suture, 112–113, 115f
for parallel lacerations, 133–134, 134f
for scalp injury, 140
for thin-edge, thick-edge laceration, 135, 135f

Hospitalization for burn injury, 242, 242b
HRIG. See Human rabies immune globulin (HRIG)
Human bites, 19t, 211–212

rabies and, 213
Human diploid cell vaccine (HDCV), 215t, 217
Human immunodeficiency virus

precautions against, 76
rabies prophylaxis and, 217

Human rabies immune globulin (HRIG),  
215t, 217

Hydrogen peroxide, 75
Hydromorphone for abscess drainage, 253
Hypertrophic scar, 24, 25f
Hyphemia injury, 144–145, 144f
Hypotension from anesthetics, 44–45

I

Imaging
of foreign bodies, 222

glass, 3
in hand injury, 174

Immersion burn injury, 238
Immobilization

dressings for, 268
of pediatric patient, 30, 31f

Immune globulin
human rabies, 215t, 217
tetanus, 283

Immunization(s)
pediatric patient and status of, 29–30
rabies, 215t
tetanus, 282–285, 284f

Immunosuppression, rabies prophylaxis and, 217
Implants, orthopedic, 286
Incision

for abscess drainage, 252–255, 253f–254f
for dog-ear deformity closure, 131–133, 133f
for fang wound management, 207–208, 208f
for felon drainage, 188, 188f
for fishhook removal, 230, 230f
for paronychia drainage, 186–188, 187f
for plantar puncture wound management,  

228, 228f

Incision (Continued)
for septal hematoma drainage, 149, 150f
for wound exploration, 97–98, 98f

Indermil. See Cyanoacrylate adhesive
Inert (nonreactive) foreign bodies, 221
Infant, developmental abilities of, 29t
Infection, 2

of bite wound, 207, 207b
cat, 210–211
dog, 209–210, 209t
human, 212
risk for, 207, 207b

cosmetic outcomes and, 21
dead space and, 118–119
deep cutaneous and necrotizing, 259–260
delayed primary closure and, 96, 97f
granulocytes and lymphocytes in control of, 

16–17
of hand

felon, 188, 188f
paronychia, 186–188, 186f

of laceration repair, 260
of plantar puncture wound, 229

in pediatric patient, 37
of severe soft tissue injury, 7
signs of, in aftercare, 291
skin and soft tissue, in parenteral drug users, 

251
surgical drains and, 102

Infiltration, anesthetic, 43t
direct wound, 50, 51f
parallel margin, 50, 52f
practical points regarding, 41–43, 42f
solutions for, 43–44, 43t

Inflammatory phase of wound healing, 16–17, 16f
Infraorbital nerve block, 51–53, 54f–55f
Inhalation injury, with burns, 237, 242
Instruments, 82–87

forceps, 84, 85f–86f
hemostats, 86
knife handles and blades, 87, 87f
needle holders, 83–84, 83f–84f
scissors, 85, 87f

Interrupted closure, 108
of ear injury, 108

Intramarginal lid laceration, 145, 146f
Intranasal midazolam administration, pediatric, 32
Intraoral wound. See Oral cavity injury
Introitus laceration, 157

suture materials for, 90t
Irregular defect

closure of, 131, 132f
of scalp, 141

Irrigation, 2, 78–79, 79f
of bite wound, 207
of fang wound, 207–208, 208f
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Irrigation (Continued)
of laceration repair infection, 260
of skin tears, 263, 264f
of ulcer, 262

Ischium, pressure ulcer of, 261

J

Jewelry removal, 5, 6f, 162, 162f
Joint(s)

fishhook imbedded in, 232
of hand, 164f

K

Keflex. See Cephalexin
Kefzol. See Cefazolin
Keloids, 24, 25f

suture marks and, 24
Ketamine

for adult sedation, 36
for pediatric sedation, 32–34

Knee injury, 158
dressings for, 277, 281f

Knife handles and blades, 87, 87f
for abscess drainage, 253, 254f

Knot-tying, 108, 109f–110f
in continuous over-and-over suturing, 122, 123f
in deep closure, 115–117, 116f
excessive tension in,

impaired healing due to, 22
suture marks due to, 24

Kraissl’s lines, 13

L

Labial laceration, 157
in pediatric patient, 37–38
suture materials for, 90t

Laceration(s). See also Wound entries; specific types
in abrasion, 135, 136f
geographic, 129–131, 130f
parallel, 133f–134f

Lagomorph bite, 216
Langer’s lines, 12–13
LAT. See Lidocaine-adrenaline-tetracaine (LAT)
Layer matching, 108, 111f
Lead foreign body, 221
Leg injury

lower, 158, 159f
suture materials for, 90t

removal of, 289t
LET. See Lidocaine-epinephrine-tetracaine (LET)
Levator palpebrae muscle injury, 144, 144f
Lid injury. See Eyebrow and eyelid injury
Lidocaine, 43, 43t

buffering of, 46
differential blockade, 42
duration of, 42

Lidocaine (Continued)
epinephrine with, 43–44, 43t

duration of anesthesia and, 42
for scalp injury, 140

onset of action, 41–42
in TLE, 49
viscous, for injection pretreatment, 52–53, 

54f–57f
Lidocaine-adrenaline-tetracaine (LAT), 49
Lidocaine-epinephrine-tetracaine (LET), 49

for pediatric patient, 34
Linezolid in abscess care, 256–257
Lip injury, 153–154

aftercare for, 154
complicated, 154
exploration of, 97
infraorbital nerve block for, 51–53
mental nerve block for, 53–55
preparation for closure of, 153
suture materials for, 90t
through-and-through, 154, 155f
uncomplicated, 153–154, 154f

Livestock bite, 214t, 216
Local anesthesia. See Anesthesia and anesthetics
Logistics of care, 105
Loose connective tissue, scalp injury and, 138–139, 

138f
Lower leg injury, 158, 159f
Lymphocytes in wound healing, 16–17

M

Macrophages in wound healing, 16f, 17
Magnetic resonance imaging of foreign bodies, 222
Malpractice, 2–3
Mandibular facial nerve injury, 147, 147f
Marcaine. See Bupivacaine
Mastoid dressing, 272, 273f
Mastoid retractor, 97
Mattress suture

horizontal, 112–113, 115f
for parallel lacerations, 133–134, 134f
for scalp injury, 140
for thin-edge, thick-edge laceration,  

135, 135f
vertical, 111–112, 114f

Maxon sutures. See Polyglyconate sutures
Mechanism of injury

bite wounds and, 207
cosmetic outcome and, 18–20, 19t, 20f–22f

Medial palpebral ligament injury, 144, 144f
Median nerve block, 64, 65f–66f
Median nerve injury

flexor function and, 170–171, 172f
functional testing of

motor, 165–167, 167f
sensory, 168f, 169
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Medical history, 7–8
Medication. See Drugs
Mental nerve block, 53–55, 56f–57f
Meperidine, 47t

for abscess drainage, 253
Mepivacaine, 43t, 44

buffering of, 46
Mersilene sutures. See Dacron sutures
Metallic foreign bodies, 221

imaging of, 222
Methicillin-resistant Staphylococcus aureus (MRSA), 

186, 188–190, 249, 256–257, 285
Methicillin-sensitive Staphylococcus aureus (MSSA), 

249
methylparaben, allergy to, 45
Metronidazole for mammalian bite infection, 210t
Mice bite, 216
Microbiology

cat bites and, 210
dog bites and, 209
human bites and, 211

Midazolam
for adult sedation, 47, 47t

moderate, 48b
for pediatric restraint and sedation, 30, 32–34

Minor thermal burns. See Burns
Moderate sedation, 48b
Moist environment, for dressing, 267, 267f
Monitoring

during moderate sedation, 48b
during pediatric sedation, 31–32

Monocryl sutures. See Poliglecaprone sutures
Monofilament sutures, 88t–89t
Moroxella infection of bite wound, 209
Morphine

for abscess drainage, 253
for adult sedation, 47t
for pediatric sedation, 33–34

Motor function testing in hand injury, 165–167, 
166f–167f

MRSA. See Methicillin-resistant Staphylococcus 
aureus (MRSA)

MSSA. See Methicillin-sensitive Staphylococcus 
aureus (MSSA)

Mucosal Atomization Device, 32
Muscle, deep fascia as enclosure for, 12
Mycobacterium tuberculosis transmission through 

human bites, 211

N

Nail injury
anatomic considerations in, 175–176, 176f
foreign body under nail plate, 226, 226f
nail bed laceration, 178–180, 179f–181f
subungual hematoma as, 177

Nail removal, 177, 180–182, 181f, 187f

Naloxone, 33t
Nasal injury. See Nose injury
N-butyl cyanoacrylate, 192–193, 195
Neck injury

dressings for, 272, 274f
suture materials for, 90t

Necrosis, 113–115
Necrotizing infection, 259–260
Needle(s)

for anesthesia
digital block, 59
direct wound infiltration, 50
parallel margin infiltration, 50
selection of, 46

in deep closure, 115, 116f
for fishhook removal, 231, 231f
as foreign body, 221
types of, 92–93, 93f
in wound edge eversion, 108, 113f

Needle aspiration of abscess, 251–252
Needle holders, 83–84, 83f–84f
Neosporin ointment, 268
Neovascularization in wound healing, 17
Nerve block

auricular, 55–57, 58f
digital, 57–64, 58f–63f, 65f
field, 50, 52f
forehead, 50–51
infraorbital, 51–53, 54f–55f
median, 64, 65f–66f
mental, 53–55, 56f–57f
for pediatric patient, 34
radial, 66–67, 68f
supraorbital, 50–51, 53f
supratrochlear, 50–51, 53f
sural, 67–68, 69f–70f
tibial, 67–68, 69f, 71f
ulnar, 64–66, 67f

Nerve injury of hand, 184
Nerve testing in hand injury, 165–169,  

166f–167f
in pediatric patient, 36

Nervous system reactions to anesthetics, 44
Nitrofurazone ointment, 268
Nitrous oxide

for adult sedation, 47–48
for pediatric sedation, 32

No man’s land in tendon injury, 183, 183f
Nonabsorbable suture materials, 88, 89t,  

91–92
for pull-out subcuticular closure, 122

Nonadherent base of dressing, 267, 269, 269f
Nonionic surfactants, 75
Nonreactive foreign bodies, 221
Nonsteroidal antiinflammatory drugs, impaired 

wound healing due to, 23
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Nose injury, 148–150
aftercare for, 149–150
anatomic considerations in, 148, 148f
bone involvement in, 149
cartilage, 149
nostril, 149
preparation for closure, 149
septal hematoma, 149, 150f
skin laceration, 149

Novafil sutures. See Polybutester sutures
Nylon sutures, 89t, 91–92

wound healing and, 22

O

Octyl cyanoacrylate, 192–193
for abrasions, 234

Oral cavity injury, 155–157
aftercare for, 156
buccal mucosal, 155–156, 156f
dental, 156–157
gingival, 155–156
preparation for repair of, 155
suture materials for, 90t
tongue, 156

Orbicularis oris muscle injury, 154, 155f
Organic (reactive) foreign bodies, 221
Orthopedic implants, 286
Osteomyelitis in plantar puncture wound, 229

in pediatric patient, 37
Outpatient management of burn injury, 242
Over-and-over running suture, 121–122, 123f
Oxidized cellulose for scalp injury bleeding, 140

P

Packing of wound for hemostasis, 98
Pain relief, 289–290

for anesthetic administration, 46
for burn injury, 237
in initial patient evaluation, 5
pediatric, 33t
in severe soft tissue injury, 7

Paint sprayer, pressure injection due to, 188–189
Palmar digital nerve block, 58–59, 58f
Palmaris longus tendon, 64, 65f
Palmar nerve injury, 169, 169f
Palmar surface of hand, 163, 165f
Palpation of nerve before injection, 52–53, 54f–55f
Paper clip

for foreign-body localization, 222–223, 
223f–225f

for trephination of nail, 177
for two-point discrimination testing in hand 

injury, 167–169, 168f
Papoose Board, 30
Parallel lacerations, 133f–134f
Parallel margin infiltration, 50, 52f

Parent, role of, 5, 30, 38
Parenteral drug users, abscess formation in, 251
Paronychia, 186–188, 186f–187f
Parotid gland injury, 146–147, 147f
Partial avulsion injury, 125–129

cosmetic outcomes of, 20
Partial-thickness burn

deep, 239f, 246
dressings for, 244, 245f
superficial, 238–239, 239f, 243–246

Partial-thickness defect, 131
Pasteurella canis infection in dog bite wound, 209
Pasteurella multocida infection in cat bite wound, 

210
Past medical history, 7–8, 8b
Patient

comfort and safety of, 4
disposition of, documentation of, 8b, 9
expectations of, 2

consultation and, 105
instructions to, 290–292
positioning of

for hand injury repair, 161–162
for wound cleansing and preparation, 78

Patient history
in burn injury, 237
in hand injury, 163–164
in pediatric patient assessment, 28
in wound evaluation, 7–8, 8b

PDS sutures. See Polydioxanone (PDS) sutures
Pediatric patient, 27–40

abscess drainage in, 38
adhesive wound closure in, 193
antibiotic treatment for bite wound in, 

209t–210t
assessment of, 28, 29t
burn injury in, 241–242, 241f
child abuse of, 28
childhood developmental abilities by age in, 29t
closure materials for, 34–35
crush injury of fingertip in, 178
facial injury in, 35–36
foot injury in, 37
hand injury in, 36–37
immunization status and, 29–30
initial evaluation of, 5
local anesthetic techniques for, 34
perineum/straddle injury in, 37–38
restraint of, 30, 31f
scalp injury in, 35
sedation for, 30–34

medications for, 32–34, 33t
wound aftercare for, 38
wound assessment in, 30
wound dressing in, 268

Pencil injury, 221
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Penicillamine, impaired wound healing due  
to, 23

Penicillins
allergy to, 104, 286
for lip injury, 154

Penicillin-resistant Staphylococcus aureus
felon due to, 188
paronychia due to, 186

Penile laceration, 157
in pediatric patient, 37–38
suture materials for, 90t

Penrose drain, 99, 178, 181f
Percutaneous closure, defined, 108
Perianal abscess, 250–251, 251f
Perichondral hematoma, 153
Perineal injury, 157–158

aftercare for, 157–158
burns as, 238
in pediatric patient, 37–38
penile, 157
preparation for closure of, 157
scrotal, 157

Periosteal scalp injury, 139
Periphery wound cleansing, 77–79, 79f
Petroleum-based antibiotic ointment, 268

for burn injury, 244, 245f
PGA sutures. See Polyglycolic acid (PGA) 

sutures
Pharma Clens. See Poloxamer 188
Phenylbutazone, impaired wound healing due  

to, 23
Physical examination, 8b

pediatric, 30
Physical restraint, pediatric, 30, 31f
Pilonidal abscess, 250, 255
Pinprick testing in hand injury, 167
Piperacillin/tazobactam, 259–260
Plain radiography of foreign bodies, 222
Plantar puncture wounds, 227–229, 228f

in pediatric patient, 37
Plastic needle, 92–93
Pluronic F-68 solution, 75
Poliglecaprone sutures, 88t, 91
Poloxamer 188, 74t, 75, 89–91
Polybutester sutures, 89t, 92

for pull-out subcuticular closure, 122
Polydioxanone (PDS) sutures, 88t, 91
Polyglactin 910 sutures, 88t, 89

for eyelid repair, 145
for pediatric patient, 34–35

Polyglycolic acid (PGA) sutures, 88t, 89–91
Polyglyconate sutures, 88t, 91
Polypropylene sutures, 89t, 92

for pull-out subcuticular closure, 122
wound healing and, 22

Polysporin ointment, 233, 268

Positioning of patient
for hand injury repair, 161–162
for wound cleansing and preparation, 78

Posterior tibial nerve block, 68, 71f
Postexposure prophylaxis, rabies, 213–218, 

214t–215t
Povidone-iodine, 73–74, 74t

for bite wound cleaning, 207
for periphery cleaning, 78–79

Precise Ten-Shot stapler, 200
Pregnancy, rabies prophylaxis and, 217
Preparation

for closure
of cheek injury, 147
of ear injury, 150–151
of eyelid and eyebrow injury, 145
of forehead injury, 142
of lip injury, 153
of oral cavity injury, 155–157
of perineal injury, 157
of scalp injury, 139–140

for wound cleansing, 75–78
Preschooler, developmental abilities of, 29t
Preservation of tissue, 2
Pressure injection hand injury, 188–189
Pressure ulcer, 261
Primary closure (primary intention)

delayed, 96, 97f
timing of, 96

Procedures and techniques
adhesive wound closure, 194–195, 194f–195f
beveled edge closure, 122, 124f
complete avulsion repair, 131, 132f
corner stitch, 125, 127f
deep closure, 115–117, 116f
delayed primary closure, 96
documentation of, 8b, 9
dog ear deformity closure, 131–133, 133f
flap injury repair, 128, 128f, 130f
forceps handling, 84, 85f–86f
foreign-body removal, 224–227
geographic laceration repair, 129–131, 130f
knot-tying, 108, 109f–110f
laceration in abrasion closure, 135, 136f
nail removal, 180–182, 181f
needle holder handling, 83–84, 83f–84f
parallel lacerations closure, 133–134, 134f
removal of sutures and staples, 289, 290f
running suture, 122, 123f
scissors tip control, 85, 87f
stapling, 200, 201f–203f
subcuticular running closure, 125, 126f
taping, 196–197, 197f–199f
thin-edge, thick-edge wound repair, 135, 135f
tourniquet hemostasis, 99, 100f
V-Y closure, 128, 129f
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Procedures and techniques (Continued)
wound cleansing, 78–80, 79f
wound edge eversion, 108–113, 112f–114f
wound exploration, 97–98, 98f
wound tension reduction, 115–118
wound undermining, 117–118

Prolene sutures. See Polypropylene sutures
Prophylaxis

antibiotic, 3, 285–286
for abscess management, 252
for burn injury, 246
for cat bites, 210–211
choices for, 286
for dog bites, 209, 209t
for human bites, 212
for lip injury, 154
for plantar puncture wound, 229
in severe soft tissue injury, 7

rabies, 213–218, 214t–215t
tetanus, 282–285

in burn injury, 246
complications of, 283–285
in pediatric patient, 29–30
schedules for, 283, 284f

Propofol for pediatric sedation, 33–34
Protection of wound, 290–291
Protective equipment, 75
Proteus infection

cutaneous abscess due to, 249
in human bite wound, 211

Protruding foreign body, removal of, 225
Pseudomonas infection

in human bite wound, 211
in plantar puncture wounds, 227, 229

in pediatric patient, 37
Psychosocial problems, burn injury associated 

with, 237–238
Pull-out subcuticular closure, 122–124, 124f
Puncture, suture, 289
Puncture wounds

of hand, 163
plantar, 227–229, 228f

in pediatric patient, 37

R

Rabbit bite, 214t, 216
Rabies exposure and prophylaxis, 213–217, 

214t–215t
Raccoon bite, 213–215, 214t
Radial artery injury, 173–174, 174f
Radial border of hand, 163, 165f
Radial nerve, functional testing of

motor, 165, 166f
sensory, 168–169, 168f

Radial nerve block, 66–67, 68f
Radiodense foreign bodies, 222–223, 223f–225f

Radiography
of foreign bodies, 77, 222

glass, 3
in hand injury, 174

Ragged-edge laceration of forehead, 143
Rat bite, 212–213, 216. See also Animal bites
Reactive foreign bodies, 221
Redness, as sign of infection, 291
Redundant tissue flap (dog-ear),  

131–133, 133f
Reflex One stapling device, 200
Regional block. See Nerve block
Remodeling

of scar, 17–18
of wound, 17–18

Removal
of fishhooks, 229–232, 230f–232f
of foreign bodies, 77, 224–227
of hair, 76, 76f

before scalp repair, 139–140
of jewelry, 5, 6f, 162, 162f
of nail, 177, 180–182, 181f, 187f
of sutures and staples, 200, 204f, 288–289, 

289t, 290f
in infection of laceration repair, 260

of tissue adhesives, inadvertent, 196
Repair. See Wound repair
Restraint of pediatric patient, 30, 31f
Retractable scalpel, 87, 87f
Retractors in wound exploration, 97
Retrograde fishhook removal, 230, 230f
Reversal of pediatric sedation, 33–34
Reverse cutting needle, 92, 93f
Revision, wound edge, 101, 101f–102f
Reward for pediatric patient, 38
Ring removal, 5, 6f, 162, 162f
Risks of wound care, 2–3
Road tar in abrasions, 233
Rodent bite, 212–213, 214t, 216. See also 

Animal bites
Rubber foreign body, 221
“Rule of nines” in burn assessment, 240, 240f
Running closure. See Continuous closure

S

Sacrum, pressure ulcer of, 261
Safety, patient, 4
Saline

for wound cleansing, 74t
for wound irrigation, 78

Scalding burn, 238
Scalpel, 87, 87f

for abscess drainage, 253, 254f
for full wound excision, 101–102,  

103f–104f
Scalping laceration, 141
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Scalp injury, 138–141
aftercare for, 141
anatomic considerations in, 138–139, 138f–139f
avulsion, 141
compression, with irregular margins, 141
dressings for, 271–272, 271f
exploration of, 97
galeal, 140
in pediatric patient, 35
preparation for closure, 139–140, 140f
suture materials for, 90t

removal of, 289t
uncomplicated, 140–141

Scar/scarring
cosmetic outcomes and (See Cosmetic outcome)
hypertrophic, 24, 25f
keloid, 24, 25f
patient expectations and, 2
patient understanding regarding, 292–293
remodeling of, 17–18
skin tension lines and, 12–14

Schedules for tetanus prophylaxis, 283, 284f
School-age child, developmental abilities of, 29t
Scissors, 85, 87f

for débridement, 101, 102f
for wound undermining, 117–118, 117f

“Scoring” of epidermis, 101–102, 103f–104f
Screening examination, 8–9
Scrotal laceration, 157

suture materials for, 90t
Scrubbing, 77–79, 79f

of abrasion, 233
Sebaceous cyst, abscess of, 255
Secondary closure (secondary intention), 96
Second-degree burn, 238–239, 239f
Sedation, 46–48, 47t

for abscess drainage, 253
moderate, 48b
for pediatric patient, 30–34

Sensorcaine. See Bupivacaine
Sensory function testing in hand injury, 167–169, 

168f–169f
in pediatric patient, 36

Septa, of fingertip, 175–176, 176f
Septal hematoma, 148–149, 148f, 150f
Septra. See Trimethoprim-sulfamethoxazole
Severe soft tissue injuries, 5–7
Sharp objects, shearing injury due to, 18, 19t
Shaving hair, 76, 76f
Shearing injury

cosmetic outcomes of, 18, 20f
of scalp, 140–141

Shin injury, 158, 159f
Shorthand technique for vertical mattress suture, 

111–112
Shoulder, dressings for, 272, 275f

Shur-Clens. See Pluronic F-68 solution
Silk sutures, 89t, 92

wound healing and, 22
Silvadene. See Silver sulfadiazine
Silver sulfadiazine

for burn injury, 244
for dressings, 268

Skin
abscess of (See Abscess)
aging

skin tears in, 262–265
special wound care of, 14

anatomy of, 11–12, 11f–12f
alterations in, 14

chronic ulceration of, 260–262
deep infection of, 259–260
preservation of in tissue débridement and 

excision, 99
suture marks and type of, 24

Skin and soft tissue infection (SSTI), in parenteral 
drug users, 251

Skin closure, defined, 108
Skin tears, 262–265
Skin tension lines

anatomy of, 12–14, 13f
forehead injury and, 142

Skived wound, 122, 124f
Skull fracture, 139
Skunk bite, 213–215, 214t
Soaking, 77

for hand injury, 163
Social history, 8b
Soil

as foreign body, 221
impaired healing due to, 22

Sole of foot block, 67–68
Solutions

anesthetic, 43–44, 43t
for wound cleansing, 73–75, 74t

Specialist. See Consultation
Sphygmomanometer for tourniquet hemostasis, 

99
Splinter removal, 225–226, 226f
Sponge

for digital tourniquet hemostasis, 77–78
for wound cleansing, 77–78

Squirrel bite, 216
SSTI. See Skin and soft tissue infection (SSTI), 

in parenteral drug users
Standard of care, 3, 105
Staphylococcal infection in plantar puncture 

wound, 37
Staphylococcus aureus infection

antibiotics for, 286
of bite wound

cat, 210
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Staphylococcus aureus infection (Continued)
dog, 209
human, 211

of cutaneous abscess, 249
felon, 188
methicillin-resistant, 186, 188–190, 249, 285
paronychia, 186
penicillin-resistant

felon due to, 188
paronychia due to, 186

of plantar puncture wound, 229
of repaired laceration, 260
of severe soft tissue injury, 7

Staphylococcus epidermis infection
of bite wound

human, 211
rat, 212–213

of plantar puncture wound, 229
Stapling, 197–200

aftercare for, 200, 204f
indications for, 200
in pediatric patient, 35

for scalp injury, 35
removal of, 288–289, 289t, 290f
for scalp injury, 140–141
technique, 200, 201f–203f

Static skin tension, 12–14, 99
Stent for nail bed injury, 179f
Stitches. See Suture
Stone as foreign body, 221
Storage of tooth, 157
Straddle injury in pediatric patient, 37–38
Streptococcal infection

antibiotics for, 286
β-hemolytic, of severe soft tissue injury, 7
of bite wound

cat, 210
dog, 209
human, 211

of plantar puncture wound, 229
in pediatric patient, 37

of repaired laceration, 260
Streptococcus pyogenes

felon due to, 188
paronychia due to, 186

String traction fishhook removal, 230, 231f
Subcutaneous tissue, 11–12

anatomy of, 11–12
complicated flap repair and, 128, 128f
débridement of, 101, 101f
local anesthesia and, 41–42, 42f
scalp closure and, 138

Subcuticular closure
pull-out, 122–124, 124f
running, 124–125, 126f

Submersion test in pediatric hand injury, 36

Subungual hematoma, 177, 178f
Sunburn, 238
Sunlight, wound protection from, 290–291
Superficial fascia

anatomy of, 11–12
complicated flap repair and, 128, 128f
débridement of, 101, 101f
scalp closure and, 138

Superficial partial-thickness burn, 238–239, 239f, 
243–246

Supraorbital nerve block, 50–51, 53f
Supratrochlear nerve block, 50–51, 53f
Sural nerve block, 67–68, 69f–70f
Surfactants, nonionic, 75
Surgeon’s knot, 108, 109f–110f
Surgical drain, 102
Surgical sponge for wound cleansing, 77–78
Surgicel. See Oxidized cellulose for scalp injury 

bleeding
Suture(s)

abscess formation adjacent to, 24
for bite wounds

cat, 211
dog, 209–210
human, 212

corner, 125, 127f
deep (See also Deep sutures/closure), 2, 115–117, 

116f
for delayed primary closure, 96
distance between, 119, 119f
ischemia due to improper technique, 22
mattress

horizontal, 112–113, 115f
vertical, 111–112, 114f

removal of, 288–289, 289t, 290f
in infection of laceration repair, 260

running, 121–122, 123f
sequence and style of, 119, 119f
for wound edge eversion, 108, 113f
wound tension reduction and, 113–118, 118f

Suture marks, 24
Suture materials, 88–92

absorbable, 88t, 89–91
by anatomic site, 90t
nonabsorbable, 89t, 91–92
for pediatric patient, 34–35
wound healing and, 22

Suture punctures, 289
Swelling, due to infection, 291
Syncope

from anesthetics, 44–45
during wound preparation, 78

T

TAC. See Tetracaine-adrenaline-cocaine (TAC)
Tapered, round needle, 92, 93f
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Taping
of dressing, 269, 269f–270f
of wound, 196–197

aftercare for, 197
indications for, 196
for pediatric patient, 35
removal of, 288–289
technique, 196–197, 197f–199f
wound healing and, 22

Tar in abrasions, 233
Tattooing, 232–234
Tazobactam for deep, necrotizing infections, 

259–260
Tdap vaccine, 283, 284f

complications of, 283–285
Tear duct injury, 144, 144f
Technical factors in cosmetic outcome, 19b, 22–23
Techniques. See Procedures and techniques
Teeth

injury to, 155–157
storage of, 157

Temporal facial nerve injury, 147, 147f
Tendon injury

of foot, 158–159
of hand, 183–184, 183f, 185f

function testing in, 169–172, 170f–173f
risks associated with care of, 3

Tensile strength
healing and, 17, 18f
of suture materials, 88

absorbable, 88t
nonabsorbable, 89t

Tension injury, cosmetic outcome of, 20, 21f
Tension in wound closure, 2, 113–118, 116f–118f

excessive
impaired healing due to, 22
suture marks due to, 24

reduction of
additional suture placement for, 118, 118f
deep closures for, 115–117, 116f
wound undermining for, 117–118, 117f

shin injury and, 158, 159f
Tertiary closure (delayed primary closure), 96, 97f
Testicular injury, 157
Tetanus immune globulin, 283
Tetanus prophylaxis, 282–285

in burn injury, 246
complications of, 283–285
in pediatric patient, 29–30
reaction to, 285
schedules for, 283

Tetracaine
in LAT, 49
in LET, 34, 49

Tetracaine-adrenaline-cocaine (TAC), 49
Tetracycline for laceration repair infection, 260

Thermal burns. See Burns
Thick-edge, thin-edge laceration, 134–135,  

135f
Thigh, dressings for, 274, 276f
Thin-edge, thick-edge laceration, 134–135, 135f
Third-degree burn, 239–240
Thorns

as foreign body, 221
removal of, 226

Through-and-through laceration
of cheek, 148
of ear, 151
of lip, 154, 155f

Throw, in knot-tying
defined, 107
wound tension and, 113–115

Thumb
digital nerve block for, 62f–63f
median nerve block for, 64
radial nerve block for, 66–67
tendon injury of, 169–172

Tibial nerve block, 67–68, 69f, 71f
Tidiness of dressings, 267
Tigecycline in abscess care, 256–257
Timing

of suture and staple removal, 288–289, 289t
of wound closure, 95–96

Tissue
forceps handling of, 84, 85f
handling of, 2
preservation of, 2
removal of, 2, 99–102

Tissue adhesives, 192–196
for abrasions, 234
aftercare for, 195
for pediatric patient, 35
removal of, 288–289

inadvertent, 196
for skin tears, 263
technique, 194–195, 194f–195f

Tissue defects, forehead, 143
TLE. See Topical lidocaine-epinephrine (TLE)
TMP/SMX. See Trimethoprim-sulfamethoxazole
Toddler, developmental abilities of, 29t
Toe block, 57–64, 58f–61f, 65f
Tongue injury, 156

suture materials for, 90t
Topical anesthesia, 49. See also Anesthesia and 

anesthetics
Topical antibiotic ointment, 268–269
Topical lidocaine-epinephrine (TLE), 49
Tourniquet hemostasis, 7, 99
Toxicity of local anesthetics, 44–45
Traction in fishhook removal, 230, 231f
Trapdoor phenomenon, 143
Trephination of nail, 177
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Treponema pallidum transmission through human 
bites, 211

Triangle defect, conversion to ellipse defect, 131
Trimethoprim-sulfamethoxazole, 286

for abscess care, 256–257
for bite wound

human, 212
mammalian, 209t–210t

for laceration repair infection, 260
Trochanter of hip, pressure ulcer of, 261
Trunk injury

dressings for, 272–274, 276f
suture materials for, 90t

removal of, 289t
Tube gauze finger bandage, 277, 279f
Two-point discrimination testing in hand injury, 

167–169, 168f
Tying of knots, 108, 109f–110f
Tympanic membrane injury, 150

U

Ulceration, chronic skin, 260–262
Ulnar artery injury, 173–174, 174f
Ulnar border of hand, 163, 165f
Ulnar nerve, functional testing of

motor, 165, 166f
sensory, 168f, 169

Ulnar nerve block, 64–66, 67f
Ultrasonography

of abscess, 252, 252f
for needle aspiration of, 252, 252f

of foreign bodies, 222
Unasyn. See Ampicillin/sulbactam
Uncomplicated laceration

cheek, 147–148
ear, 151, 152f
forehead, 142
hand, 175
lip, 153–154, 154f
scalp, 140–141

Undermining, wound, 117–118, 117f
Upper arm dressing, 272, 275f
Uremia, wound healing and, 23
Urethral injury, 157

V

Vaccine, rabies, 215t, 217–218. See also 
Immunization(s)

Vaginal injury, 37–38
suture materials for, 90t

Valvular disease, 286
Vancomycin in abscess care, 256–257
Vasoconstriction in wound healing, 16, 16f
Vasovagal syncope

from anesthetics, 44–45
during wound preparation, 78

Velcro restraint board, 30
Velosef. See Cephradine
Venous ulceration, 261
Vertical mattress suture, 111–112, 114f
Vibramycin. See Doxycycline
Vibrio vulnificus, 286
Vicryl Rapide sutures. See Polyglactin 910 sutures
Vicryl sutures. See Polyglactin 910 sutures
Viral infection of human bite wound, 211
Viscous lidocaine for injection pretreatment, 

52–53, 54f–57f
Vital sign assessment, 8
Vitamin A, wound healing and, 23
Vitamin C, wound healing and, 23
Volar digital nerve block, 59, 60f–63f
Volar surface of hand, 163, 165f
V-Y closure, 128, 129f, 131, 132f

W

Washing of hands, 75
Wet-to-dry dressing for ulcer, 262
Wheatlander retractor, 97
Wild carnivore bites, 214–215, 214t
Windshield injury, forehead, 142–143, 143f
Woodchuck bite, 214–216, 214t
Wood injury, 19t, 221

imaging of, 222
removal of splinter in, 225–226, 226f

Word catheter, 255, 256f
Wound care

common problems in, 220–235
abrasions and tattooing, 232–234
fishhooks, 229–232, 230f–232f
foreign bodies (See also Foreign bodies), 

220–227
plantar puncture wounds, 227–229, 228f

definition of terms associated with, 107–108
delay in, 5
documentation of, 7–9, 8b
initial steps in

initial hemostasis, 4
jewelry removal, 5, 6f
pain relief, 5
patient comfort and safety, 4
for pediatric patient, 5
severe soft tissue injuries, 5–7
wound care delay, 5

overview of, 1–3
patient expectations regarding, 2
risks of, 2–3

Wound cleansing, 73–81
of abrasion, 233
in aftercare, 291
anesthesia for, 77
of bite wound, 207
blood and body fluid precautions in, 75–76
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Wound cleansing (Continued)
of burn injury

first-degree, 243
superficial second-degree, 243

of fang wound, 207–208, 208f
foreign material removal in, 77
hair removal for, 76, 76f
of hand, 163
hand washing before, 75
irrigation in, 78
of laceration repair infection, 260
periphery, 77–79
preparation for, 75–78
procedures for, 78–80, 79f
in rabies postexposure prophylaxis, 215t
setup for, 78–80
of skin tears, 263, 264f
soaking in, 77
solutions for, 73–75, 74t
of ulcers, 262

Wound closure
alternative methods for (See Alternative wound 

closure)
for complex skin wounds (See Advanced repair)
dead space and, 118–119, 119f
deep, 108, 115–117, 116f
delayed primary, 96, 97f
goals of, 1–2
“golden” period for, 95–96
interrupted, 108
knot-tying in, 108, 109f–110f
layer matching in, 108, 111f
materials for (See Suture materials)
primary, 96
sequence and style of, 119, 119f
tension in (See also Tension in wound closure), 

113–118, 118f
timing of, 95–96
undermining in, 117–118, 117f
wound edge eversion in, 108–113, 112f–115f

Wound edge
beveled, 122, 124f
débridement and revision of, 99, 101, 101f–102f
eversion of, 108–113, 112f–115f
in flap injury, 128, 129f–130f
full wound excision and, 101–102
irregular

ear injury with, 151
forehead injury with, 143
scalp injury with, 141

static skin tension and, 13
thin and thick, 134–135, 135f

Wound healing
anatomic factors in, 23
cosmetic outcome of, 18–23, 19t, 20f–22f
effects of conditions and diseases on, 23
effects of drugs on, 23
interference with, 19b
keloid and hypertrophic scars and, 24, 25f
moist environment and, 267, 267f
normal, 16–18, 16f, 18f
suture marks and, 22–23
technical factors in, 22–23
understanding of by patient, 292–293

Wound repair
anatomy of, 10–14

alterations of skin anatomy and, 14
skin and fascia in, 11–12, 11f–12f
skin tension lines in, 12–14, 13f

infection of, 260
Wound stapling, 197–200

aftercare for, 200, 204f
indications for, 200
technique, 200, 201f–203f

Wound taping, 196–197
aftercare for, 197
indications for, 196
for pediatric patient, 35
technique, 196–197, 197f–199f
wound healing and, 22

Wrist
anatomy of, 65f
median nerve block and, 64, 65f–66f
radial nerve block and, 66–67, 68f
tendon injury of, 169–172, 170f–171f
ulnar nerve block and, 64–66, 67f

Written instructions for aftercare, 291–292, 292f

X

Xylocaine. See Lidocaine
Xylocaine Viscous. See Viscous lidocaine for 

injection pretreatment

Z

Zinc, wound healing and, 23
Zithromax. See Azithromycin
Zone II flexor tendon injury, 183, 183f
Zone of undermining, 117f
Z-plasty for scar management, 24
Zygomatic area injury. See Cheek injury
Zygomatic facial nerve injury, 147, 147f
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