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When I was asked to w rite a foreword for this 
book Plastic Surgery Em ergencies, I m ust con-
fess, my first  thought was, “Is another book 
truly necessary?” But after reading it , I am  
both honored and flat tered by the request . 
The browser m ight first question if this rela-
t ively sm all book fulfills a need, and second 
ask if it  fulfills the need well. The answer to 
both questions is a resounding “Yes.”

With the body of m edical knowledge dou-
bling every 5 years or so, the inform ation  
that m ust either have been learned or be 
readily available and understandable to both  
the young as well as the experienced plast ic 
surgeon continues to increase exponentially. 
This book dist ills present knowledge into an  
easily readable guide to alm ost any em ergen-
cy a plast ic surgeon m ight face w ho is on call 
in  the em ergency room , or responding to a 
late-night/early-m orning call from  the hospi-
tal relat ing to a postoperative patient . 

The authors, w ho are general plast ic sur-
geons and specialists from  the Division  of 
Plast ic Surgery here at  the Baylor College 
of Medicine, have culled inform at ion  from  
their ow n surgical experiences, as well as a 
w ide variety of outside sources. They have 
condensed th is knowledge in to a sm all, 
handy volum e, w hich  could easily be read 
either at  one’s leisure or im m ediately prior 
to  assum ing the care of a pat ient . It  would 
be difficult  to find an  injury or com plica-
t ion  from  a plast ic surgery operat ion  w hose 
em ergency t reatm ent is not  covered in  th is 
book. The authors have detailed the speci-
fics in  term s of different ial diagnosis and 
the correct ive steps necessary to fu lfill the 
responsibilit ies of a plast ic surgeon answe-

ring em ergency room  call. There are m any 
references to the general principles of t reat-
m ents—those learned in  residency t rain ing 
and in  the early years of pract ice that  have 
stood the test  of t im e. The abilit y of the sur-
geon to present  an  organized t reatm ent plan  
and then  carry it  out  expedit iously w ill in-
st ill confidence in  the pat ient  and the health  
care personnel involved in  the t reatm ent 
of these pat ients. The form at of the book is 
conducive to allow ing readers to add both  
personal and technical notes, w hich w ill 
serve them  well in  the t reatm ent  of future 
pat ients w ith   sim ilar injuries.

I would be rem iss if I didn’t  call special at -
tent ion  to the lead author, Dr. Jam al M. Bull-
ocks, w hose abilit y and youthful en thusiasm  
has am algam ated the thoughts and experi-
ence of the other authors in to a volum e that  
w ill find great  value for all plast ic surgeons 
as well as general surgeons and em ergency 
room  physicians.

To those older plast ic surgeons who m ay 
believe that they have already learned the 
answers to m ost of the problem s presenting 
to the plast ic surgeon on call, I respectfully 
suggest that although the problem s that pre-
sented a decade or two ago m ay be the sam e, 
the answers (i.e., t reatm ent) today m ay be 
different . It  is to that difference that we are 
indebted to the authors of this book for their 
effort and t im e in  providing us w ith concise 
and practical answers.

Melvin Spira, MD, DDS
Division of Plast ic Surgery

Departm ent of Surgery
Baylor College of Medicine

Foreword from the First Edition
“The m an w ho graduates today and stops learn ing tom orrow  is uneducated the day after.”

—New ton D. Baker Jr.
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Preface
The goal in  creat ing Plast ic Surgery Em ergen-
cies is to provide a quick reference guide for 
health  care providers to rapidly assess, t r ia-
ge, and t reat  pat ients w ith  problem s that  are 
com m only referred to the plast ic surgeon. 
The first  version  targeted acute care scenari-
os com m only seen  in  the em ergency depar t-
m ent of acutely injured facial and hand t rau-
m a pat ients, as well as pat ients sustain ing a 
variety of soft-t issue injuries from  varying 
m echanism s of t raum a, including burns. This 
new  edit ion  provides the reader w ith  ad-
dit ional content , including added  chapters, 
photos, and sect ions w hich  w ill expand the 
book’s audience to  outpat ient  and hospital-
based physicians caring for chronically ill 
pat ients w ith  wounds. The  inform at ion  pre-
sented w ill prove significant ly beneficial to 
plast ic surgeons, otolaryngologists, derm a-
tologists, pediatr icians, fam ily pract ice, and 

hospitalist  and em ergency room  physicians 
for  t reat ing and t riaging pat ients in  the acu-
te and chronic disease set t ing. Ult im ately, 
the aim  is to demyst ify sim ple problem s 
that  present  to these providers and eluci-
date scenarios that  require a h igher level 
of care or follow-up w ith a plast ic surgeon. 
Our in tended audience addit ionally extends 
to  residents and students t rain ing in  these 
fields w ho experience these encounters as 
consultat ions and during on-call act ivit y.

The out line form at  was preserved w ith  
t runcated in t roductory vernacular to confer 
direct  m echanism s for inst ruct ions on how  
to work up, categorize, and in it iate the first  
level of t reatm ent . We hope that  th is focused 
and sim plified presentat ion  w ith  instruct ive 
illust rat ions, char ts, and diagram s w ill pro-
vide a single-source reference in  a conve-
nient  pocket-sized form at .
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1 Wound Management

Evaluation
Accurate assessm ent of the characterist ics of and circum stances sur-
rounding the presentat ion of wounds is crit ical to guiding treatm ent strat-
egies. Therefore, before wound m anagem ent is planned, a full evaluation  
of the wound m ust be undertaken w ith the follow ing considerat ions. 

Acute Wounds

• Assess size, shape, and locat ion.
• Determ ine the t im ing of the wound—acute (t im e elapsed since 

injury) versus chronic (persistent  > 3 m onths).
• Establish  lacerat ion , avulsion, or chronic open wound.
• Evaluate the wound for odor, exudate, purulent  drainage, bleeding, 

and debris.
• Determ ine if there is exposure of vessels, tendons, nerves, join t , 

m uscle, or bone.
• Evaluate for foreign bodies in  the wound; consider X-ray 

evaluat ion—if the h istory is inconsistent  w ith  clin ical evaluat ion.

Chronic Wounds

Chronic wounds require invest igat ion  in to reasons w hy proper wound 
healing is not  accom plished (Table 1.1).

Therefore, chronic wounds warrant  serologic evaluat ion to include

• White blood count .
• Hct/Hgb.
• Album in.
• Prealbum in.
• ESR, or sed rate.
• C-react ive protein .
• LFTs, hepat it is panel.
• Blood glucose.
• Biopsy of wound.
• Culture of wound.
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Treatment
Irrigation

Acute Wounds

Irr igat ion  in  the acute wound set t ing is designed to rem ove blood, 
foreign bodies, debris, and bacteria from  a wound. This can easily be 
accom plished w ith  a 1-L bot t le of norm al saline w ith  two or three holes 
punched in to the cap w ith  an  18-gauge needle. When squeezed force-
fully, it  serves as an  e ect ive pressurized irrigator. The wound should 
be irrigated unt il all visible debris is washed away. Anesthet izing the 
wound prior to irr igat ion and débridem ent provides for greater pat ien t  
com fort  and allows for aggressive decontam inat ion of the wound.

Chronic Wounds

Simple surface irrigat ion of a chronic wound is usually only m arginal 
and m inim ally e ect ive. It  can be useful at the bedside if there is debris 
grossly evident in the wound. Studies have shown that pressure irrigat ion  
at approxim ately 70 psi is needed to reduce bacteria count and  part iculate 

Table 1.1 Contributors to poor wound healing

Local factors that contribute to 
poor wound healing

Patient comorbid conditions that 
contribute to poor wound healing

Tissue ischemia
Venous hypertension
Edema

Anemia
Hypoxia
Advanced age

Infection Malignancy
Microbial contamination

Bacterial > 105 or 104 group 
B Streptococcus species
Fungus
Atypical mycobacteria

Poor nutrition
Vitamin de ciencies
History of radiation
Severe systemic disease 
(e.g., diabetes, hepatic disease)
Collagen vascular diseases

Wound tension or pressure > 30 mm 
Hg
Presence of foreign bodies

Immunosuppression
Smoking
Obesity
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m at ter. This is best done in  the operat ing room  w ith a pulse lavage or a 
jet lavage system . If needed, a thorough débridem ent of devitalized t is-
sue can also be done in  the operat ing room . Tangential hydrotherapy via 
the Versajet (Sm ith & Nephew ) device is often useful for irrigat ion and 
m echanical débridem ent. A chronic wound m ay bene t from  biopsy and 
t issue culture as clinically indicated.

Débridement and Hemostasis
Adequate débridem ent of devitalized t issue and skin edges is important in  
preparing the contam inated wound for closure. The skin is highly vascular 
and excessive skin rem oval is usually not necessary. Jagged skin edges should 
be trim m ed to facilitate an easier closure. Hem ostasis can be achieved with  
pressure, silver nitrate, topical  brin, Surgicel (Johnson & Johnson), topical 
throm bin or epinephrine (1:100,000), suture ligature (absorbable for sm all 
vessels and nonabsorbable for larger vessels), or cautery (Fig. 1.1).

If there is any quest ion  as to the viability of the t issue, it  is bet ter to 
allow  the t issue to dem arcate rather than to débride it  in it ially. Tissue of 
quest ionable viability can often undergo necrosis after débridem ent due 
to ret rograde throm bosis. Once dem arcated, the t issue can be débrided to 
healthy bleeding t issue. This approach allows conservat ive preservat ion 
of the t issues w ithout causing addit ional t issue loss and dis gurat ion.

Fig. 1.1 Useful tools for establishing hemostasis in acute wound management: (a) topical 
epinephrine diluted to 1:100,000, applied with gauze, (b) topical thrombin spray, (c) oxi-
dized methylcellulose (Surgicel), (d) coagulation with silver nitrate, or (e) disposable porta-
ble cautery device.
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Closure and Antibiotics
Prior to closure, irr igat ion , débridem ent , hem ostasis, and t rim m ing of 
the skin’s jagged edges should be perform ed. A tension-free closure w ill 
help to ensure healing w ith  an  opt im al scar.

Most  clean  lacerat ions, if addressed in  < 8 hours, have m inim al con-
tam inat ion and can be closed prim arily w ithout the need for ant ibiot ics. 
Clean wounds present ing after 8 hours can be closed after débridem ent 
of the ent ire wound and sharp débridem ent of edges. This would include 
stab wounds, lacerat ions by w indow  or glass, and clean avulsions. In  
e ect , sharp débridem ent and decontam inat ion of these late present ing 
wounds converts them  into fresh  wounds that  are m ore appropriate for 
closure. On the other hand, contam inated wounds, such as wounds w ith  
dir t  and debris, should be t reated w ith  system ic ant ibiot ics w ith  addi-
t ional considerat ion  for tetanus prophylaxis.

Choice of ant ibiot ics should usually cover gram -posit ive organism s 
(cefazolin  1 g IV). Due to the increase in  m ethicillin-resistan t  Staphy-
lococcus aureus (MRSA), cer tain  wounds m ay require other an t ibiot ics 
for coverage (clindamycin  600 m g IV or vancomycin  1 g IV). The astu te 
caregiver should take advantage of adm inist rat ion  of a single IV dose of 
ant ibiot ics to wounds at  r isk for contam inat ion w hile the pat ient  is in  a 
health  care set t ing undergoing evaluat ion.

If the wound is grossly contam inated w ith  debris or if the pat ient  is 
diabet ic, broader-spect rum  ant ibiot ics should be considered, for exam -
ple, Avelox (Bristol-Myers Squibb) 400 m g IV or by m outh  daily, Zosyn 
(Wyeth  Pharm aceut icals) 3.375 g IV every 6 hours, im ipenem   1 g IV 
every 8 hours, or com binat ion  therapy.

Contam inated wounds should be left  open except  for those on the 
face. Wet to dry dressing changes should be done at  least  tw ice a day. 
In  addit ion , the pat ien t  should shower frequently and wash the wound 
w ith  soap and water.

A 5- to 7-day course of outpat ient  ant ibiot ics m ay also be war-
ranted. Coverage should include gram -posit ive and MRSA coverage (oral 
 clindamycin  450 m g by m outh  four t im es a day, or oral t r im ethoprim /
sulfam ethoxazole tw ice a day). Cephalexin  is not  e ect ive in  t reat ing 
a contam inated wound. Rarely, acute wounds w ill require inpat ient  
t reatm ent w ith  IV ant ibiot ics. Usually débridem ent  and prophylact ic 
oral ant ibiot ics should su  ce. In  the case of m ore subacute or chronic 
wounds w ith  gross contam inat ion or purulence, considerat ion  should 
be given to adm ission, IV ant ibiot ics, and form al débridem ent .
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Skin-Flap Wound Closure

If the pat ient  has an  avulsed skin   ap, the  ap should be tacked dow n 
w here it  lies (Fig. 1.2). Do not put tension on the skin  ap for com -
plete closure . Tension  w ill lead to total  ap loss. First , débride all devi-
talized t issue and then inset  the  ap so that  no tension is present . Distal 
m argins of the  ap w ill usually undergo necrosis. Plan  on  addit ional 
débridem ent  as the  ap dem arcates.

Tetanus Prophylaxis

Tetanus-prone wounds are those that  are old (> 6 hours), deep (> 1 cm ), 
and/or contam inated, especially those that  involve rusty m etal, feces, or 
soil. Depending on the degree of contam inat ion , tetanus toxoid, teta-
nus im m unoglobulin , or com plete im m unizat ion m ay be required. Spe-
ci c recom m endat ions for tetanus prophylaxis are included in  Table 1.2  
through Table 1.4 .

Fig. 1.2 (a) Avulsed skin  ap. (b) Avulsed skin  ap tacked down without tension.
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Table 1.2 Tetanus-prone wounds

Clean (low  risk) Tetanus prone (high risk)

Clean incised wound Any wound or burn > 6 h old

Super cial graze Contact with soil, feces, compost, or 
saliva

Scalded skin Puncture-type wound
Avulsion wounds
Crush open wounds

Infected wound

Compound fracture

Large amount of devitalized tissue

Animal or human bite
Burns and frostbite

Table 1.3 Immunization status and tetanus risk

Immunization status Low  risk Moderate risk High risk

Fully immunized, < 5 y 
since booster

None None None

Fully immunized, 5–10 y 
since booster

None Td Td

Fully immunized, > 10 y 
since booster

Td Td Td + TIG

Incompletely immunized or 
uncertain

Full tetanus 
vaccine

Full tetanus 
vaccine + TIG

Full tetanus 
vaccine + TIG

Abbreviations: Td, tetanus toxoid; TIG, tetanus immunoglobulin.
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Table 1.4 Recommendations for vaccination with tetanus immunoglobulin

Patient Dosage Treatment

Adult 250–500 U For both patient groups, the 
vaccine should be given IM in 
the opposite upper extremity 
(arm) to the tetanus toxoid

Pediatric 250 U

Follow -up
Careful and frequent  follow-up is im perat ive for all wounds. Pat ients 
should be asked to return  to the clin ic or general pract it ioner w ith in  
3 days if possible and educated on all the signs and sym ptom s of an  
infect ion . Speci c inst ruct ions on wound care and ant ibiot ic therapy are 
crucial to guaranteeing pat ient  com pliance and ult im ately a favorable 
prognosis.
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2 Anesthesia and Wound Closure

All wounds should be clean of foreign bodies and adequately irrigated (see 
Chapter 1). Hem ostasis is achieved with pressure, silver nitrate,  brin, Sur-
gicel, throm bin, or suture ligature (absorbable for sm all vessels and nonab-
sorbable for larger vessels) to prevent hem atom a form ation. Any devitalized 
tissue, as well as jagged edges, should be trim m ed for optim al cosm esis.

Wounds can be closed w ith sutures, staples, skin tapes, or wound 
adhesives. Generally, wounds should be closed in  layers using appropriate 
sutures and the epiderm is reapproxim ated so that it  is relat ively tension 
free and everted if possible. Everted skin edges eventually  at ten out and 
produce a level wound surface, w hereas inverted skin edges have a ten-
dency to produce a depressed scar.

To guarantee a successful wound closure, a com fortable environm ent 
should be created for both  the pract it ioner and the pat ient . The use of 
analgesics, local anesthesia, and even sedat ion are helpful adjuncts in  
reducing pat ient  anxiety. This w ill u lt im ately increase the likelihood of 
m ore precise closure.

Anesthesia
Local Anesthetics

Local anesthet ics work by a ect ing the sodium  (Na+) channels on  a er-
en t  sensory nerves. Local anesthet ic enters the cell m em branes and 
reversibly binds to Na+ channels. This reversible binding incapacitates 
the cells so that  they are then unable to depolarize. Lidocaine is the m ost  
com m only used and easily accessible local anesthet ic agent  in  the em er-
gency room  (ER). Epinephrine should rout inely be used w ith  any local 
anesthet ic to assist  in  hem ostasis and to prolong durat ion . The vasocon-
st r ict ive propert ies lead to decreased absorpt ion so that  larger doses of 
anesthet ic can also be used w ithout system ic toxicit ies.

The m axim um  safe dose for lidocaine is 4 m g/kg. With  the addit ion  
of epinephrine (usually at  1:100,000 concentrat ion), the m axim um  dose 
increases to 7 m g/kg. A 1% solut ion of lidocaine is de ned as

1 g/100 m L = 10 g/1,000 m L = 10,000 m g/1,000 m L = 10 m g/1 m L
Example Maxim um  dose of lidocaine w ith epinephrine in a 70-kg 

(154-lb) m an
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70 kg × m ax dose (7 m g/kg) = 490 m g of lidocaine
490 m g × 1 m L/10 m g (concent rat ion  of 1% lidocaine) = 49 m L of 1% 

lidocaine w ith  epinephrine

Although m any textbooks have cited the contraindicat ion  for using 
epinephrine in  end ar teries such as those in  digit s and the nose, recent  
studies have exonerated epinephrine as the culprit  in  causing t issue 
necrosis. Therefore, it  is safe to use lidocaine w ith  epinephrine vir tually 
anyw here on the body. For the m axim um  e ects of epinephrine to take 
place, the pract it ioner should wait  10 to 15 m inutes. Table 2.1  provides 
other local anesthet ics that  m ay be used, w ith  their m axim um  dosages 
and durat ion  of act ion .

Once you have chosen your local anesthetic, it is useful to add bicar-
bonate to the solution, particularly when the patient is awake. The pH of 
local anesthetic solutions is generally bu ered to between 4 and 5 to pro-
long shelf life. This acidity routinely leads to a burning pain upon injection. 
Adding a base such as bicarbonate to the local anesthetic not only alleviates 
the pain but also accelerates the action  because the higher pH favors the 
nonionized form  of the anesthetic, which crosses the cell m em brane m ore 
easily. The addition of 1 m L of a 1-m Eq/m L solution of bicarbonate for every 
9 m L of local anesthetic can alleviate the burning and improve patient com -
fort. Warm ing the anesthetic, using a sm aller-caliber needle  (25 gauge or 
higher), and injecting by inserting the needle w ithin the wound (instead of 
through the skin) all help in reducing pain felt by the patient.

Table 2.1 Local anesthetics for wound closure

Drug Onset
Maximum dose mg/kg 
(with epinephrine mg/kg)

Duration (with 
epinephrine)

Lidocaine Rapid 4.5 (7) 120 min (240 min)

Mepivacaine Rapid 5 (7) 180 min (360 min)

Bupivacaine Slow 2.5 (3) 4 h (8 h)

Procaine Slow 8 (10) 45 min (90 min)

Chloroprocaine Rapid 10 (15) 30 min (90 min)

Etidocaine Rapid 2.5 (4) 4 h (8 h)

Prilocaine Medium 5 (7.5) 90 min (360 min)

Tetracaine Slow 1.5 (2.5) 3 h (10 h)
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Topical Anesthetics

• Eutect ic m ixture of local anesthet ics (EMLA): 2.5% prilocaine and 2.5% 
lidocaine cream .

• Lidocaine-epinephrine-tetracaine (LET) gel: 4% lidocaine, 1:2,000 
epinephrine, 1% tet racaine.

Topical anesthet ics are m ore com m only used in  the pediat r ic pat ient  to 
alleviate the pain  associated w ith  local inject ions. Although e ect ive, 
they are not  nearly as e ect ive as local anesthet ic in  lt rat ion  in  provid-
ing anesthesia. The durat ion  and depth  of the blockade is dependent on  
the am ount of t im e the cream  is in  contact  w ith  the skin . Apply to the 
wound and then cover w ith  a Tegaderm  (3M) or other occlusive dress-
ing. The cream  or gel w ill usually need to be in  place for at  least  45 m in-
utes before any  anesthet ic e ect  is achieved.

Digital and Facial Nerve Blocks

Please see respective chapters: Upper Extrem ity Injuries (Chapter 18) and 
Facial Traum a (Chapter 8).

Conscious Sedation

Most simple and even m oderately complex lacerat ions can be repaired 
w ith relat ive ease w ith local anesthetics alone in  the adult pat ient . How-
ever, fear and anxiety are com m on in the pediatric patient . Therefore, 
it  m ay be di  cult to repair a lacerat ion in the understandably uncoop-
erat ive pediatric pat ient . Conscious sedat ion m ay be used if condit ions 
are appropriate and the necessary precautions followed. A well-t rained 
pediatrician or anesthesiologist  should be consulted for adm inistrat ion of 
conscious sedat ion, especially if the surgeon’s experience is lim ited in  this 
 eld. Full m onitoring by a nurse is required throughout the procedure.

Prior to adm inistering conscious sedat ion , a com plete h istory and 
physical exam inat ion should be obtained, including

• Age.
• Weight  (m easured, not  est im ated, w henever possible).
• Vital signs.
• Oxygen saturat ion .
• Absence of head injury (docum ent).
• Heart , lung, neurologic, and m ental status.
• Com plexity and locat ion of injury.
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Prior to sedat ion, there should be

• No oral liquids for 2 hours prior to procedure in  children  < 2 years of 
age—3 hours if > 3 years.

• No m ilk or solid  food for 8 hours prior to the procedure.

During the procedure,

• Maintain  cont inuous oxygen saturat ion  and heart  rate m onitoring.
• Record vital signs and blood pressure every 15 m inutes for conscious 

sedat ion and every 5 m inutes for deep sedat ion.
• Record drug dose and t im e adm inistered.
• Record state of consciousness and response to st im ulat ion .

As precaut ionary m easures, ensure that

• Nasal cannula and in tubat ion t ray are available during the 
procedure.

• Reversal agents are ready, prepared in  syringe (Narcan [DuPont 
Pharm a] 0.4 m g IV push every 2 to 3 m inutes as needed,  um azenil 
0.2 m g IV push given over 30 seconds, then 0.3 m g IV push given 
over 30 seconds as needed, m axim um  total dose 3 m g).

• Suct ioning apparatus and canister are available.
• Nursing sta  is in  the room  during the procedure to assist .
• Drug com binat ions that  include am nest ic and analgesic e ects are 

used.

The drugs com m only used are as fo llow s (Table 2.2):

• For adults.
 – Short  procedure: Versed (Ho m an LaRoche) + fentanyl.
 – Moderate in terval procedure: Morphine + At ivan (Biovail 

Pharm aceut icals, Inc.).
• For pediat r ic pat ients.

 – Ketam ine + Versed.
For all pat  ients, star t  w ith  a subtherapeut ic dose, then rebolus in  sm all 
in tervals to t it rate sedat ive e ect .
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Sutures

A variet y of suture m aterials are available, and, in  general, they can be 
di eren t iated based on the follow ing categories (Table 2.3):

• Absorbable versus nonabsorbable.
• Braided versus nonbraided.
• Tensile st rength .
• Half-life.

A variety of needles are also available and can generally be classi ed as 
taper or cut t ing.

• Taper/round needle: Use in  m uscle, car t ilage, and m ucosa.
• Cut t ing needle: For skin .

 – Use a half-circle cut t ing needle for subcutaneous t issue.
 – Use a 3/8-circle cut t ing needle for skin .

Suture Techniques (Fig. 2.1)

• Sim ple interrupted: General t issue approxim at ion.
• Continuous running or running baseball: An e ect ive and fast  

cont inuous suture for long lacerat ions.
• Vertical m attress: Most  e ect ive st itch  for ever t ing skin  edges. Be 

careful to not  set  tension too t ight  to prevent  t issue necrosis.
• Horizontal m attress: E ect ive in  evert ing skin  edges. Be careful to 

not  set  tension  too t ight  to prevent  t issue necrosis.
• Running subcuticular: A buried derm al suture for closing skin  in  

clean wounds w ithout jagged edges.
• Staples: Sim ple and fast  closure com m only used in  the scalp or 

dir t y wounds to be closed loosely to allow  drainage. Staples should 
be rem oved in  5 days to avoid epithelializat ion  and a poor cosm et ic 
result .

• Adhesive skin tape: Used to reapproxim ate sm all lacerat ions w ith  
very lit t le tension.

• Derm abond (Ethicon): Skin  adhesive that  can  be used for clean  
lacerat ions w ithout jagged edges. After the wound is adequately 
prepared, reapproxim ate skin  edges w ith  a  nger and apply the  rst  
coat , let  it  dry for 20 seconds, and then apply a second coat .

• In  conclusion, the astute pract it ioner w ill repair lacerat ions and 
wounds in  the follow ing order:
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1. Anesthet ize the pat ient’s wound.
2. Débride it  m et iculously w ith  rem oval of jagged edges, 

devitalized t issue, and any foreign bodies.
3. Properly irrigate the wound in  preparat ion  for closure.
4. Obtain  hem ostasis.
5. Repair the wound in  layers w ith  care to reapproxim ate the 

derm al and epiderm al layers of the skin  to provide the pat ien t  
w ith  the best  cosm et ic result .

Fig. 2.1 Suture techniques.
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3 Pressure Sores

The t reatm ent  of pressure sores can be a long and di  cult  challenge. 
Pressure sores are frequently a secondary sequela to the sedentary 
pat ient  w ith  a m ore com plicated prim ary issue. Com m only, pat ients 
w ith  pressure sores present  w ith  m ult iple com orbidit ies. It  is essent ial 
to keep in  m ind that  the likely source of fever and infect ion  is oftent im es 
not  the sore it self, since m ost  sores are open to drain . Each case warrants 
a com plete evaluat ion  by the exam iner to rule out  the pressure sore as 
the likely cause of an  infect ion .

Pressure Sore Staging System (Fig. 3.1)
• Stage 1: In tact  skin  w ith  nonblanchable erythem a.
• Stage 2: Super cial u lcer involving par t ial th ickness of the 

ep iderm is and derm is; usually presen ts as an  abrasion , blister, or 
very shallow  u lcer.

Fig. 3.1 Pressure sore staging system.
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• Stage 3: Full-th ickness skin  loss dow n to the subcutaneous t issue, 
w hich does not  extend beyond underlying fascia.

• Stage 4: Full-thickness skin loss down through subcutaneous t issue 
w ith involvem ent of m uscle, bone, tendon, ligam ent, or joint capsule.

Evaluation
Posit ion the patient in a well-lit  area to facilitate visualizat ion of the 
ulcer. Gently probe the wound and assess for  uid collect ion  or purulent  
drainage. If pus is present , incision and drainage (I&D) should be per-
form ed and the wound irrigated copiously and packed wet to dry (see 
below ). Obtain  a culture and sam ples of the purulent  m aterial. Necrot ic 
soft  t issue is com m on. If it  is devoid of purulent  drainage, it  is unlikely 
to be the source of sepsis. Copious drainage m ay be indicat ive of a m uch 
larger wound beneath  the skin .

Subcutaneous fat  and m uscle are m ore prone to ischem ia than skin . 
Therefore, in tact  skin  (possibly w ith  sm all eschar) m ay harbor a large 
area of necrot ic t issue below, m aking the wound unstageable. Often , an  
eschar at  or above the adjacent  skin  layer is indicat ive of par t ial skin  
th ickness loss. An eschar that  is depressed m ay represent  fu ll-th ickness 
skin  loss.

Larger sores m ay warrant  radiographic evaluat ion  to assess the 
extent  of soft  t issue involvem ent and possible bony involvem ent . CT 
scan or MRI w ill provide m ore inform at ion versus t radit ional X-ray. An 
MRI should be perform ed to rule out  osteomyelit is if bone cultures are 
not  available. Check rout ine studies—CBC, blood cultures, CXR, blood 
sugar, album in and prealbum in, ESR, CRP, and urinalysis. Rule out  other 
possible system ic causes of fever—pneum onia, cen t ral lines, and urinary 
t ract  infect ions. Check for incont inence.

Treatment
General Treatment for All Ulcers

• Alleviat ion  of pressure—place pat ient  on  an  air- uid m at t ress; use 
pillows, egg car tons, donuts.

• Avoidance of shearing forces.
• Frequent turning of the pat ient , hourly if possible.
• Cleaning or diver t ing away incont inence—use of Foley and 

suprapubic catheter, rectal tube, or colostomy.
• Maxim izing nutr it ion  (album in > 3.0, prealbum in > 18).
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For Staged Ulcers

• Stage 1: Use m oisturizers to prevent  dryness.
• Stage 2: No débridem ent is necessary; use occlusive dressings such 

as polyurethane  lm  (Duoderm  [Convatec Inc.]) or hydrocolloids.
• Stages 3 and 4: Sharp débridem ent is often  necessary w ith  the 

addit ion of pulse lavage irrigat ion . Wounds are packed wet to 
dry w ith Kerlix (Kendall Co.). Consider bone biopsy to assess for 
osteomyelit is and to obtain  bone cultures to guide ant ibiot ic therapy.

The in it ial t reatm ent and m anagem ent of a pressure sore should 
include t rying to alleviate the pressure that  in it ially caused the wound. 
Even a clean  wound w ill have t rouble healing if the incit ing event  is st ill 
present . Proper débridem ent and washout is param ount . A m inim al to 
m oderate am ount of necrot ic t issue can  often  be débrided at  bedside 
w ith  local anesthesia, scissors, and a scalpel. Larger areas should be done 
in  the operat ing room  because of pain  and the potent ial for uncontrolled 
bleeding. Sharp débridem ent should be perform ed dow n to healthy 
vitalized t issue that  bleeds. Properly anesthet izing the pat ient  w ill help 
w ith  pain  control and hem ostasis. Refer to Chapter 2 for a list  of local 
anesthet ics to use.

Wet to dry dressings can be done w ith  norm  al saline, 0.25% Dakin’s 
solut ion , 0.25% acet ic acid, and gauze. Kerlix gauze is com m only used 
because of the large surface area it  can  cover. Kerlix gauze is soaked in  
one of the preferred solut ions and then squeezed dry. The m oist  gauze 
is then inser ted and packed direct ly in to the wound to cover the ent ire 
surface of the wound. Do not  place m oist  Kerlix direct ly on the skin , 
since th is can  lead to skin  m acerat ion . The dressing should be changed 
two to three t im es per day depending on how  dir ty the wound is. Wet to 
dry dressings keep the wound m oist  and allow  for m echanical débride-
m ent of devitalized t issue once the gauze dries, hence the nam e “wet  to 
dry.” Dakin’s 0.25% or acet ic acid 0.25% solut ion should be used in  the 
infected purulent  wound; however, it  should be discont inued once the 
wound is clean, since both  solut ions can inhibit  t issue grow th and heal-
ing. Most  hospitals have a wound care team  that  can  assist  w ith  bedside 
pulse lavage and a sm all am ount of sharp débridem ent  by the wound 
ostomy nurse. Consult  the wound care team  for assistance w ith  dressing 
changes, bedside pulse lavage, and m inor débridem ents. Duoderm  m ay 
be placed on either side of the wound, thereby avoiding frequent  tape 
contact  direct ly w ith  the skin .

Enzym at ic débridem ent is a com m on adjunct  to the m anagem ent of 
pressure ulcers. Agents such as Santyl (Sm ith  and Nephew ) are frequently 
applied to the wound to provide constant  proteolyt ic  débridem ent . 
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Although  frequently used, they are by no m eans a subst itute for sharp 
m echanical débridem ent of necrot ic t issue. These agents have low  m or-
bidity and assist  in  cleaning up the sm all am ounts of necrot ic t issue that  
are often  hard to com pletely rem ove during bedside débridem ents.

If the pat ient  is seen in  the em ergency room  and there is no cellu-
lit is, no elevat ion  in  w hite blood cell count , and no purulent  drainage, 
then the wound can be débrided as necessary and the pat ient  can be 
seen as an  outpat ient . In  these cases, inst ruct  the fam ily on (1) dressing 
changes every 8 hours, (2) the im portance of keeping the wound clean, 
and (3) the need for frequent  turning of the pat ient . If the pat ient  pres-
ents w ith  cellulit is and purulent  drainage of the wound, then adm ission 
to the hospital should be considered, especially if the pat ien t  has other 
com orbidit ies.

Silvadene (Sano -Avent is Pharm aceut icals), Mafenide Acetate 
Cream , or Betadine (Purdue Products LP) can be used in  selected cases 
of wounds w ith  super cial eschars. These are usually sm all sores that  
involve only the derm is. These ant im icrobial agents can  help decrease 
the chance of an  infect ion w hile the wound heals by secondary in ten-
t ion . Culture swabs are of lit t le use because all wounds are colonized, 
even in  the clean granulat ing wound. A quant itat ive t issue biopsy can be 
obtained to evaluate t issue bacterial counts (> 105 per gram  of t issue), 
and bone biopsy to rule out  related osteomyelit is.
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4 Bite Wounds

Bite wounds from  anim als, insects, and hum ans are com m only present  
in  the em ergency set t ing. More severe and violent  bites can  be associ-
ated w ith  com plex com posite t issue defects w ith  devitalized t issue.
General m anagem ent includes:

1. In  lt rate local anesthesia to anesthet ize the wound to allow  
thorough evaluat ion and débridem ent .

2. Rem oval of foreign bodies (teeth) and débridem ent of devitalized 
t issue.

3. Copious irr igat ion  w ith  NS.
4. Determ ine if tetanus or rabies prophylaxis is indicated.
5. Repair of wound/lacerat ion—consider loose closure or leaving open 

if infected or contam inated.
6. Postclosure ant ibiot ics and m onitoring.

Human Bites
Hum an m ouths contain  som e of the m ost  concentrated and varied bac-
teria. Organism s include Eikenella, Staphylococcus, viridans st reptococci, 
and Bacteroides. The general principles of contam inated wound m an-
agem ent , as m ent ioned above, apply to all hum an bite wounds. In  the 
acute bite, the wound m ust  be assessed fu lly and irr igated copiously. The 
pat ient  should be placed on appropriate prophylact ic ant ibiot ics and fol-
lowed closely for any signs of infect ion .

The in it ial injury often  appears m inor to the pat ient; thus no care 
is sought  unt il an  infect ion  develops. It  is im portant  to fu lly assess the 
pat ient  in  the urgent  care set t ing and t r iage for possible hospital adm is-
sion, IV ant ibiot ics, and operat ive m anagem ent . Bite injuries require 
careful evaluat ion for a deep infect ion because of the relat ively benign 
presentat ion  of their appearance. At  t im es, due to the close proxim ity of 
the skin  and underlying st ructures, nerve and tendon injuries m ay also 
be present . Also, due to the inherent  depth  of penet rat ion  by the teeth , 
m icroorganism s easily seed the depth  of wounds, allow ing rapid dis-
sem inat ion along the deep planes of the fascia and subcutaneous t issue. 
Therefore, rule out  a deep injury even w hen the presentat ion is a m inor 
wound such as an  abrasion.
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Assessment and Treatment

1. Evaluate wound for depth , foreign body, drainage, and cellu lit is.
2. Assess for crepitus (subcutaneous em physem a), w hich would 

indicate gas-form ing organism s along the deep planes.
3. Débride devitalized t issue and copiously irr igate.
4. Loose closure versus pack wound—facial bites should be closed for 

the best  cosm et ic results.
5. Treat  w ith  ant ibiot ics.

Closed-Fist Injury (Fight Bite)

With closed- st  injuries, the force of the blow  to the m outh  w ill often  
penet rate the skin  over the m etacarpophalangeal join t  to lacerate or 
infect  the extensor tendon and contam inate the underlying join t , such 
as the m etacarpophalangeal join t , w ith  bacteria from  the m outh . When 
the hand is placed back in to a neutral posit ion , the bacteria can be dis-
placed, result ing in  m ore proxim al contam inat ion . Fight  bite wounds not  
only involve soft  t issues but  also can infect  join ts and tendons. Aggres-
sive incision  and drainage, irrigat ion , and débridem ent in  the operat ing 
room  should be considered for grossly contam inated wounds and those 
that  present  late.

1. Evaluate wound for depth , foreign body, drainage, and cellu lit is.
2. Assess for crepitus (subcutaneous em physem a), w hich would 

indicate gas-form ing organism s along the deep planes.
3. Evaluate the in tegrit y of the extensor and  exor tendons ( exor 

tenosynovit is).
4. Assess for loss of join t  height , w hich would indicate m etacarpal 

head fracture.
5. Obtain  hand series (rule out  m etacarpal head fracture, 

osteomyelit is, and dental foreign body).
6. Débride devitalized t issue and copiously irr igate.
7. Close the wound loosely or leave the wound open and perform  

daily dressing changes w ith  gauze.
8. Treat  w ith  ant ibiot ics.

See Ch apters 14 and  16 for  m an agem en t  of fract u res of th e m etacar-
pal head  an d  extensor tendon  inju r ies, respect ively, associated  w ith  
 gh t  bites.
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Antibiotics

All pat ien ts seen in  the em ergency set t ing should receive a single dose 
of IV ant ibiot ics. IV ant ibiot ics should be cont inued in  those w ho require 
adm ission for m ore com plicated infect ions. Those w ho can  be  discharged 
hom e are released on the appropriate oral regim en w ith  close follow-up 
w ith in  1 week.

• First-line IV: Unasyn (P zer Pharm aceut icals) 1.5 g IV every 6 hours or 
clindamycin 600 mg IV every 6 hours + Levo oxacin 500 m g IV daily.

• First-line oral: Augm ent in  (GlaxoSm ithKline).
 – Adult: 875/125 m g tw ice a day × 10 days.
 – Pediatric: 45 kg/day tw ice a day × 10 days.
 – Alternat ives: Moxi oxacin  400 m g daily × 10 days or clindamycin  

450 m g four t im es a day + Bactr im  DS tw ice a day × 10 days.

Cat
Cat  bites are deeply penet rat ing wounds that  are heavily con tam inated, 
and approxim ately 80% of these wounds becom e in fected . Organism s 
include Pasteurella m ultocida and Staphylococcus species. Ir r igate heav-
ily, wash  daily, t reat  w ith  an t ibiot ics, and see below  for rabies vaccina-
t ion  cr iter ia . Evaluate for tet anus prophylaxis. Do not  close the wound.

Antibiotics

• First-line oral: Augm ent in .
 – Adult: 875/125 m g tw ice a day × 10 days.
 – Pediatric: 45 kg/day tw ice a day × 10 days.
 – Alternat ives: Doxycycline 100 m g tw ice a day × 10 days or 

cefuroxim e 0.5 g tw ice a day × 10 days.

Dog
Dog bites const itute 80 to 90% of all anim al bites. Organism s include P. 
m ultocida, Bacteroides, vir idans st reptococci, Fusobacterium , and Capno-
cytophaga. Massive force can often  cause signi cant  avulsion injuries; 
however, due to the lower bacterial count , infect ion  is not  seen as fre-
quently as in  cat  bites. Large avulsion injuries can be reapproxim ated 
loosely as long as the wound can be packed and allowed to drain  should 
an  infect ion  ensue. Elevate and t reat  w ith  ant ibiot ics. See below  for 
rabies vaccinat ion criter ia. Evaluate for tetanus prophylaxis.
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Antibiotics

• First-line oral: Augm ent in .
 – Adult: 875/125 m g tw ice a day × 10 days.
 – Pediatric: 45 kg/day tw ice a day × 10 days.
 – Alternat ives: Unasyn 1.5 g IV every 6 hours or clindamycin  450 

m g four t im es a day + Bactr im  DS tw ice a day × 10 days.

Rabies
Rabies is a viral infect ion of the central and peripheral nervous system  
that causes encephalit is w ith or w ithout paralysis. If left untreated, it  has 
close to 100% m ortality. In the United States, rabies is m ost com m on in  
bats, raccoons, skunks, foxes, coyotes, ferrets, cats, and dogs. Bats are the 
m ost com m on w ild anim als to carry rabies. Cats are the m ost com m on 
dom est ic anim als to carry rabies because of the high num ber of unvacci-
nated strays and their contact w ith raccoons, bats, and other w ild anim als.

Transm ission is through the m ucous m em branes and saliva through 
breaks in the skin. The virus then replicates locally in the m uscle and even-
tually travels through peripheral nerves to the spinal cord, then to the brain. 
Incubation tim es have ranged from  as short as 5 days to as long as 7 years; 
however, the average incubation tim e is approxim ately 1 to 3 m onths. Com -
m on signs and symptom s of rabies are detailed in the box below.

The most common signs and symptoms of rabies infection
Paresthesias at  the site of the bite
Hypersalivat ion
Hydrophobia
Altered m ental status
Anxiety
Hyperact ivit y
Bizarre behaviors
Hypertension
Hypertherm ia
Hypervent ilat ion
Spasm s and contract ions of the neck m uscles
Pharyngeal and respiratory m uscle paralysis
Seizures
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Treatment

The wound should be copiously irrigated w ith  norm al saline. Devital-
ized t issue should be adequately débrided, w ith  all wounds left  open to 
heal by secondary in tent ion. Tetanus status should be determ ined and 
vaccine adm inistered if indicated (see Chapter 1). A broad-spect rum  
ant ibiot ic m ay be adm inistered for 10 days (Augm ent in  875/125 m g by 
m outh  tw ice a day).

Domestic Animals

If the rabies status of the dom est ic anim al (e.g., cat , dog, ferret) is 
unknow n, the anim al should be quarant ined and observed for 10 days; 
prophylaxis can be postponed if suspicion is relat ively low. If the anim al 
is rabid or if the presence of rabies is h ighly suspected, hum an rabies 
im m unoglobulin  (RIG) and hum an diploid cell rabies vaccine (HDCV) 
should be adm inistered.

• RIG: 20 IU/kg, 50% into the wound and 50% given IM.
• HDCV: Given on days 0, 3, 7, 14, and 28.

Wild Animals

Regard all w ild  anim als (e.g., bats, foxes, coyotes, raccoons, skunks) as 
rabid. Test  the an im al if captured and adm inister RIG and HDCV to all 
pat ients as indicated above.

Snake

The m ajorit y of snakes are nonvenom ous; therefore, snakebite wounds 
w ill likely heal w ithout  extensive in tervent ion. Venom ous snakebites, 
however, can  pose a severe threat  to the local soft  t issues or cause 
life-threatening system ic react ions. The fam ily Viperidae is the largest  
fam ily of venom ous snakes worldw ide. The subfam ily Crotalinae (pit  
vipers) includes rat t lesnakes, cot tonm ouths, and copperheads; pit  vipers 
are the m ost  com m on t ype of venom ous snake in  the United States. The 
fam ily Elapidae is the next  largest  fam ily of venom ous snakes. Coral 
snakes are com m only found in  the southern  and southwestern  regions 
of the United States, w hile cobras, m am bas, and kraits are not  indige-
nous to the United States, but  are exot ic snakes that  can be found in  zoos 
or are kept  by private collectors.
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The ident i cat ion  of the snake’s species is im portant  in  determ in-
ing if envenom at ion is expected. Com m only pat ients w ill present  w ith  
knowledge of the t ype of snake that  was involved (see Table 4.1  for som e 
types of venom ous snakes). Alternat ively, the di erent iat ion  between a 
venom ous and a nonvenom ous snakebite can be m ade using  the pat tern  
of the bite or physical features of the snake if brought for presentat ion  
(Fig. 4.1).

Evaluation

Obtain  thorough history that  includes 
• Tim e of the bite.
• Descript ion  of the snake.

Assess the t im ing of events and onset  of sym ptom s. (Early and 
in tense pain  im plies signi can t  envenom at ion.)

Determ ine h istory of prior exposure to ant ivenin  or snakebite.

Table 4.1 Venomous snake species

Family Geographic range Common names

Viperidae Africa, Europe, 
Asia,
North and South 
America

Subfamily Crotalinae 
(pit  vipers) includes 
rat tlesnakes 
(diamondback, timber), 
cot tonmouths,
copperheads

Pit vipers 
are the most 
common type of 
venomous snake 
found in the U.S.

Elapidae North America,
Europe,
Africa,
Asia,
Australia

Coral snakes,
cobras,
mambas,
kraits

Coral snakes 
are commonly 
found in the 
U.S. in the 
southern and 
southwestern 
states
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Assessm ent  and physical exam inat ion should detail the follow ing:
1. Fang m arks.
2. Edem a.
3. Bullae.
4. Erythem a.
5. Necrosis.
6. Crepitus.
7. Petechiae.
8. Paresthesia.
9. Hem optysis.
10. Presence of compartm ent syndrom e if the bite occurs on an  

extrem ity (Fig. 4.2).

Fig. 4.1 Characteristics of (a) venomous versus (b) nonvenomous snakes and their bite patterns.
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Fig. 4.2 (a) Fang marks characteristic of a venomous snakebite. (b) Signs of severe local 
reaction and compartment syndrome. (c,d) Forearm and hand fasciotomy required for the 
treatment of compartment syndrome secondary to the reaction from a venomous snakebite.
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Treatment

1. Review  the ABCs and evaluate the pat ient  for signs of shock 
(e.g., tachypnea, tachycardia, dry pale skin , m ental status changes, 
hypotension).

2. Obtain  baseline laboratories (including PT, PTT, and INR) and CXR; 
type and crossm atch  pat ient  for FFP and PRBCs.

3. Rule out  com partm ent syndrom e and assess every 4 hours for signs 
of com partm ent syndrom e (see Chapter 19).

4. Tetanus prophylaxis.
5. Prophylact ic ant ibiot ic use is controversial; however, 

som e recom m endat ions include the follow ing: Rocephin  
(Roche Pharm aceut icals) 1 g IV every 12 hours or Tim ent in  
(GlaxoSm ithKline) 3.1 g IV every 6 hours.

6. Im m obilizat ion , neutral posit ion ing (splin t) of ext rem ity, and 
support ive care. Suct ion devices on the bite can be e ect ive in  the 
 rst  15 to 30 m inutes. Do not  at tem pt  incision over the bite, m outh  
suct ioning, tourniquets, or ice packs.

7. Elevate the involved extrem ity. This m ay require the aid of an  
IV pole, w ith  w hich the ext rem ity is hung using a stockinet te.

Grading of Envenomation

1. Mild envenom at ion .
a. Local pain  and edem a.
b. Signs of system ic toxicit y are absent .
c. Laboratory values are norm al.

2. Moderate envenom at ion.
a. Local react ion—severe pain , edem a greater than 12 inches 

surrounding the wound.
b. Mild system ic toxicit y present , including nausea, vom it ing.
c. Abnorm al laboratory values—decreased hem atocrit  or platelet  

values.
3. Severe envenom at ion.

a. Severe local react ion  and generalized petechiae, ecchym osis.
b. Severe system ic react ion—respiratory dist ress, airway edem a, 

blood-t inged sputum , hypotension, renal dysfunct ion.
c. Changes in  coagulat ion  pro le—PT, APTT, and DIC.

Antivenin is give n for m oderate and severe cases of snake envenom ation. 
Serum  sickness is possible w ith antivenins, w hich are m ade w ith horse or 
sheep serum  venom . A test dose is recom m ended; watch for an anaphylac-
tic reaction. CroFab (BTG International Inc.) is a puri ed pit viper antivenin  
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that has fewer hypersensit ivity reactions, so that serum  sickness is less of 
an issue. CroFab is the preferred antivenin for pit viper envenom ation.

Ant ivenin  is given  in  am pules. One should star t  w ith  5 to 10 vials and 
cont inue therapy for up to 24 hours from  the in it ial bite. If the pat ient  
responds (a decrease in  both  local and system ic react ion), then a dosing 
regim en of ant ivenin  can be weaned. If the pat ient  responds par t ially, 
plan  to redose the ant ivenin . Pat ients should be m onitored in  an  ICU 
set t ing during adm inist rat ion  of ant ivenin  for signs of allergic react ion . 
Bites from  coral snakes (“red on yellow  kills a fellow ”) are not  t reated 
w ith  ant ivenin  in  the United States due to lack of product ion of speci c 
coral snake ant ivenin  and a halt  by the FDA on the product ion of Wyeth’s 
North  Am erican coral snake ant ivenin . Because a speci c ant ivenin  for 
coral snakes is not  available, pat ients are curren tly t reated w ith  m oni-
tored support ive care.

Spider

There are over 20,000 species of spiders on  Earth . Dangerous species 
often  encountered in  North  Am erica include the brow n recluse, the 
black w idow, the hobo or aggressive house spider, and the yellow  sac 
spider. Of these, only the brow n recluse and the black w idow  have ever 
been associated w ith  sign i cant  disease (Fig. 4.3).

Fig. 4.3 The black widow 
and brown recluse spiders.
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The Brown Recluse Spider

The brow n recluse spider has six eyes and a violin-shaped pat tern  on it s 
thorax and is found alm ost  exclusively in  the Midwestern  and southeast-
ern  states. Although the venom  is m ore toxic than that  of the rat t lesnake, 
m orbidity is usually not  as severe because of the sm all am ount of venom  
that  can actually be injected by the creature. One of the speci c enzym es 
in  the venom  causes dest ruct ion  of skin , fat , and blood vessels. This pro-
cess eventually leads to soft  t issue necrosis at  the site of the bite.

The venom  also has a profound e ect  on  the im m une response, t r ig-
gering the release of various in  am m atory cytokines, h istam ines, and 
in terleukins that  can  them selves cause fur ther injuries and system ic 
responses. Although rare, these include hem olysis, throm bocytopenia, 
coagulopathy, acute renal failure, com a, or death .

One should carefully assess the pat ient  for any of the above sym p-
tom s, and adm ission is warranted for anyone exhibit ing system ic toxic-
it y. Apply ice to decrease pain  and swelling, and elevate the site of injury 
above the hear t . Wash the area thoroughly w ith  soap and water, and 
inst ruct  the pat ient  to avoid any st renuous act ivit y, w hich can facilitate 
the spread of the venom . Do not  place heat  on  the area; th is can acceler-
ate t issue dest ruct ion. Do not  at tem pt to suct ion  the venom  out , and the 
use of steroid cream s is not  advised.

Brow n recluse spider bites are usually pain less at   rst , and sym p-
tom s are slow  to develop. Pain  w ill usually present  around 4 hours after 
the in it ial bite, w ith  the bite wound present ing w ith  a bull’s-eye appear-
ance. Blistering is then com m only seen 12 to 24 hours later, w ith  soft  t is-
sue necrosis to follow. Early débridem ent is not  indicated, and necrot ic 
lesions should be kept  clean and carefully dressed unt il spreading stops 
and the area of necrosis is well de ned. A w ide area of t issue around 
the necrot ic skin  can then be rem oved, w ith  subsequent skin  graft ing 
as needed.

1. Baseline laboratories should include CBC, Chem -7, PT, PTT, and INR.
2. There is no an t ivenin  available; however, dapsone 100 m g by m outh  

daily can be reserved for people w ith  severe system ic disease 
(anem ia, DIC, acute renal failure).

3. Acetam inophen or opiates for pain . Avoid aspirin , ibuprofen (Motrin  
[P zer Pharm aceut icals], Advil [Wyeth  Pharm aceut icals]), and 
naproxen  (Aleve [Bayer Consum er Care]).

4. Diphenhydram ine 25 to 50 m g by m outh  every 6 hours as needed.
5. Ant ibiot ics should be adm inistered if signi cant  soft  t issue necrosis 

ensues. Pat ients should be watched very closely, w ith  follow-up the 
next  day if possible.
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The Black Widow Spider

Black w idow  spiders are nocturnal and are found in  the southern  states. 
This spider has a dist inct ive red-colored hourglass  gure on it s under-
belly. It s in it ial bite is usually associated w ith  local pain  followed by 
system ic react ions that  can  carry m ortalit y as h igh as 5% (usually in  chil-
dren or the elderly). Generalized sym ptom s usually include

• Nausea, vom it ing.
• Faintness, dizziness.
• Chest  pain .
• Hypotension.
• Tachycardia.
• Respiratory di  cult ies.
• Abdom inal pain  m im icking gallbladder disease or appendicit is.

There is m inim al t issue toxicit y, and the wound should be irrigated and 
cared for in  the usual m anner. Treatm ent for system ic sym ptom s is sup -
port ive, and an  ant ivenin  is available for severe cases. It  should only be 
used if the pat ient  is unstable.

Cold com presses have been used to ease the pain  at  the site, as well as 
over-the-counter pain  m edicat ions. Over-the-counter pain  m edicat ions 
(e.g., acetam inophen, naproxen, ibuprofen, Advil) can be used, as well 
as Benadryl 25 to 50 m g by m outh  every 6 hours for itching. In  general, 
ant ibiot ic prophylaxis and extensive m edical follow-up is not  needed.
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5 Burns and Frostbite

Evaluat ion  and m anagem ent of the acutely burned pat ient  is a com m on 
requirem ent of the plast ic surgeon on call. Rapid assessm ent , stabili-
zat ion , and t riage are essent ial for decreasing m orbidity and m ortalit y 
associated w ith  burn  injury. Com m only, the in it ial encounter w ill be 
as a consultant  subsequent  to the evaluat ion  perform ed by the em er-
gency room  personnel. It  is im perat ive, however, to rem em ber to in it i-
ate m easures to stop the burning process and pract ice universal safety 
precaut ions to confer increased safet y for both  the pat ient  and the care-
giver. Burn injury is often  associated w ith  t raum a; therefore, a com plete 
assessm ent of other injuries should be perform ed. If a child is burned and 
the m echanism  of injury does not   t  the burn  pat tern  or if the pat ient  
was burned under unlikely circum stances or condit ions, consider abuse.

Thermal Burns
Initial Assessment—Starting w ith the ABCs

Airway

• Establish  a patent  airway and begin  oxygenat ion.
 – Em ploy m anual techniques—chin lift , jaw  thrust .

 ▪ Utilize nasal t rum pets and oral airways.
 ▪ Consider creat ing a surgical airway w hen there is upper airway 
obst ruct ion (cricoidectomy, t racheostomy).

• Assess for inhalat ion  injury (Fig. 5.1).
 – Determ ine w hether the burns occurred w hile the pat ient  was in  

an  enclosed space.
 – Signs and sym ptom s of inhalat ion  injury.

 ▪ Soot deposits in  the oropharynx.
 ▪ Carbonaceous sputum .
 ▪ Singed nasal hair.
 ▪ Facial edem a, tongue edem a, hoarseness.

 – Measure carboxyhem oglobin  level.
 ▪ > 10% requires oxygen therapy and is h ighly suggest ive of an  
inhalat ion  injury that  requires in tubat ion.
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• General criteria for in tubat ion.
 – Glasgow  Com a Scale score < 8 (Table 5.1).
 – Inhalat ion  injury.
 – Deep facial and neck burns.
 – Facial burns w ith  associated TBSA burns > 40%.
 – Large TBSA burns—to allow  adequate resuscitat ion .
 – Oxygenat ion or vent ilat ion  com prom ise.

 ▪ PaO2 < 60.
 ▪ PCO2 > 50.
 ▪ RR > 40.

Pat ients w ho present  w ith  burns of the head and neck and inhalat ion  
injury m ay require early in tubat ion  to protect  the airway from  late 
edem a and edem a that  occurs during resuscitat ion .

Fig. 5.1 Signs of potential air-
way burns and inhalation injury.
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Breathing

• Provide hum idi ed oxygen by face m ask.
• Expose the chest  to assess vent ilat ion , chest  excursion, degree of 

chest  wall injury, and presence of circum feren t ial burns to the 
thorax.

• Consider thoracic escharotomy for deep injury to the chest  w ith  
associated vent ilatory com prom ise.

Table 5.1 The Glasgow Coma Scale (score = E + M + V)

Eye opening (E)

 Spontaneous 4

 To speech 3

 To pain 2

 No response 1

Best motor response (M)

 Obeys verbal command 6

 Localizes painful stimulus 5

 Flexion: withdrawal 4

 Flexion: abnormal 3

 Extension 2

 No response 1

Best verbal response (V)

 Converses and oriented 5

 Converses but disoriented 4

 Inappropriate words 3

 Incomprehensible sounds 2

 No response 1
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Circulation

• Establish  vascular access w ith  large-bore, h igh- ow  venous 
cannulat ion . Avoid the injured area if possible.

• In it iate m onitoring: BP, pulse, tem perature.
• Consider invasive ar terial lines for m onitoring and frequent 

laboratory blood draws.

Disability

• Gross assessm ent of neurologic status (m nem onic tool = AVPU).
 – Aler t .
 – Responds to Vocal st im uli.
 – Responds only to Painful st im uli.
 – Unresponsive to all st im uli.

• Glasgow  Com a Scale (Table 5.1).

Exposure

• Rem ove all cloth ing and debris to assess for gross injuries and for 
burn  severit y.

• Prevent  hypotherm ia by increasing the room  tem perature, covering 
the pat ient  w ith  clean warm  linens, and infusing warm  IV  uids.

Burn Severity Assessment

For in it ial acute resuscitat ion , the follow ing inform at ion is necessary:

• Height , weight , and age of the pat ien t .
• Depth  of the burn  injury.

 – Universal burn  wound classi cat ion  (Fig. 5.2).
• Percentage of the total body surface area burned that  is second or 

th ird degree.
 – The percentage of total body surface area (TBSA) can be est im ated 

by the “rule of n ines” (Fig. 5.3).
 – More accurate calculat ion  can be done w ith  burn  char ts 

(Table 5.2), w hich is im portant  in  the pediat ric populat ion .
 – Generally, the pat ien t’s hand (palm  and  ngers) is est im ated as 1% 

of their total body surface area.
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Epidermal Burns, First Degree (Fig. 5.4)

• Zones of injury are con ned to the epiderm is.
• Sim ilar to sunburn .
• Nonblanching erythem a.
• Very painful.
• Heals in  1 week.
• No signi cant  scarring.

Partial-Thickness Burns, Super cial Second Degree 
(Fig. 5.5)

• Con ned to the upper th ird of the derm is.
• The edem a layer between the injured layer and norm al derm is 

causes blistering.
• Com m only, these are the result  of brief hot-liquid exposure.
• Wounds are wet , pink, and blistering.
• Wounds heal in  10 to 14 days w ith  m inim al scarring.

Fig. 5.2 Burn wound classi cation.
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Fig. 5.3 The rule of nines for adults and children.

Fig. 5.4 First-degree epidermal burn.
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Partial-Thickness Burns, Mid-dermal Second Degree 
(Fig. 5.6)

• Result  from  longer hot-liquid exposure, grease, and  ash   am es.
• Wounds are red w ith  m inim al exudates and m oderately painful.
• Wounds heal in  2 to 4 weeks w ith  m oderate scarring.

Partial-Thickness Burns, Deep Dermal Third Degree 
(Fig. 5.7)

• Result  from  exposure to  am es, grease, chem icals, and elect r icit y.
• Wounds are usually dry, w hite, and m in im ally painful (due to 

dam age to nerve endings).
• Generally, wounds heal in  3 to 8 weeks w ith  severe hypert rophic 

scarring.
• Excision and graft ing w ill accelerate closure.

Fig. 5.5 Super cial second-degree burn with blistering and epidermolysis.
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Full-Thickness Burns, Third Degree (Fig. 5.8)

• Result  from  high energy and prolonged therm al exposure 
(chem icals,  am es, elect r icit y, explosions).

• Wounds are dry and w hite, or exhibit  im m ediate eschar form at ion .
• Wounds are painless and insensate.
• These wounds need débridem ent and graft ing to prom ote healing.

Burn Patient Resuscitation

Pat ients w ho require in t ravenous crystalloid resuscitat ion  and possibly 
 uid balance m onitoring w ith  a Foley catheter placem ent are

• Adults w ith  second- and th ird-degree burns > 20% TBSA.
• Children (< 14 years of age) w ith  burns > 15% TBSA.
• Infants (< 2 years of age) w ith  burns > 10% TBSA.

Fig. 5.6 Mid-dermal second-degree burn.
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All other pat ients can be m anaged w ith  oral hydrat ion .
Urine output  is used to gauge the success of  uid resuscitat ion . If 

there is any quest ion as to the pat ien t’s abilit y to pass urine, place a 
Foley catheter. Lactated Ringer’s solut ion  should be star ted as soon as 
possible after the t im e of the burn . The volum e of  uid given in  the  rst  
24 hours for adult  vict im s is determ ined by the Parkland form ula:

4 × weight  (kg) × % BSAB = volum e of  uid for 24 hours
These est im ates are based on second- and th ird-degree burn  injuries 
only.

Pediat r ic pat ients have increased  u id requirem ents secondary to 
di erences in  BSA-to-weight  rat io and require larger volum es of urine 
for excret ion  of waste products. The volum e required in  the  rst  24 hours 
for the burned pediat r ic pat ient  is est im ated using the  Galveston  form ula 
(established at  the Shriners Inst itute for Burned Children, Galveston, TX):

 u id volum e for  rst  24 hours of resuscitat ion  (m L) =
[2,000 m L × TBSA] + [5,000 m L × BSA (m 2)]

Total Body Surface Area (TBSA)
TBSA (m 2) = 0.007184 × (height  in  cm )0.725 × (weight  in  kg)0.425

Burn Surface Area (BSA)
BSAB (m 2) = TBSA × % surface area burned (using rule of n ines or 

calculated from  burn  % chart)

The rate of infusion  w hen using the Parkland and Galveston form ulas 
is as follows:

• Half of the determ ined volum e is given w ith in  the  rst  8 hours of 
the tim e of the burn.

• The rem aining volum e is given during the succeeding 16 hours.

Fig. 5.7 (a) Deep dermal third-degree burn. (b) Deep dermal burn with areas of full-thick-
ness involvement.
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Fluid requirem en ts beyond the  rst 24 hours are determ ined based on 
the pat ient’s weight and evaporat ive losses, and adjusted according to the 
patient’s response (i.e., urine output). Maintenance volum e  of  uid is 
calculated in L/d as

• 100 m L/kg for  rst  10 kg.
• 50 m L/kg for second 10 kg.
• 20 m L/kg for each addit ional kg of body weight .

In  addit ion:

evaporated losses related to the burn  wounds per day =
3,750 m L × BSAB (m 2)

This volum e is then added to the m aintenance volum e and divided over 
24 hours.

Alternat ively, the m aintenance volum e per day in  the postacute 
resuscitat ion  period is calculated as

[1,500 m L × TBSA (m 2)] + [3,750 m L × BSAB (m 2)]

Ult im ately, th is calculat ion  should be adjusted to ensure adequate 
end-organ perfusion as m onitored by the pat ient’s urine output , w hich 
should be > 0.5 m L/kg/h  for adults or 1 m L/kg/h  for children . Bolus 
 addit ional IV  uid to m aintain  adequate urine output .

Fig. 5.8 Full-thickness burn injury.
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Escharotomy

Late t issue edem a m ay lead to vascular com prom ise secondary to 
decreased elast icit y of a burn  scar. This is par t icularly hazardous in  deep 
burns of the ext rem it ies and circum ferent ial burns of the chest  wall. An 
escharotomy is perform ed early for circum feren t ial deep derm al and 
full-th ickness burns to the ext rem it ies and chest . Generally, escharoto-
m ies should be perform ed by a surgeon or a physician  experienced in  
the procedure to decrease m orbidity.

Procedure (Fig. 5.9, Fig. 5.10)

• Use elect rocautery or a scalpel to incise the burned skin .
• Extend dow n through eschar in to the subcutaneous fat .
• Cut m idm edially or m idlaterally.

Fig. 5.9 Incision locations for escharotomy.



Burns and Frostbite 45

Fig. 5.10 Lateral and dorsal escharotomy of the upper extremity.

• Extend the incision the length  of the const r ict ing burn  eschar and 
across involved join ts.

• Avoid m ajor vessels, nerves, tendons, and pressure surfaces.

Associated Conditions

Inhalation Injury

The leading cause of death  in   res is sm oke inhalat ion , not  burns. Inha-
lat ion  injury is present  in  one-th ird of burn  pat ients and doubles the 
m ortalit y rate from  burns.

Signs and Symptoms of Inhalation Injury

• Anatom ical distort ion  of the face and neck edem a.
• Inabilit y of the pat ien t  to clear secret ions.
• Altered m ental status.
• Decreased oxygenat ion.
• Increased carboxyhem oglobin .
• Lact ic acidosis.

Management of Inhalation Injury

• Evaluate pat ient  for in tubat ion.
• Perform  a  beropt ic laryngoscopy and bronchoscopy for diagnosis 

and soot /secret ion  rem oval.
• 100% oxygen supplem entat ion .
• Assess for carbon m onoxide poisoning.
• Elevate chest /head to 20 to 30 degrees at  all t im es.
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• Liberal use of bronchodilators such as albuterol.
• Transfer pat ient  to a burn  center or crit ical care set t ing.

For advanced m anagem ent  of severely burned airway:

• In tubate; apply posit ive pressure vent ilat ion .
• Posit ive end-expiratory pressure (PEEP); m aintain  patency of 

sm aller airways.
• Give the pat ient  N-acetylcysteine.
• Adm inister nebulized heparin .
• Transfer pat ient  to a burn  center or crit ical care set t ing.

Carbon Monoxide Toxicity

Carbon m onoxide toxicit y is one of the leading causes of death  associ-
ated w ith   res and is produced in  the process of O2 com bust ion. Carbon 
m onoxide preferent ially binds to hem oglobin  in  place of oxygen and 
form s carboxyhem oglobin  (COHb), w hich shifts the oxyhem oglobin  dis-
sociat ion  curve to the left , reducing oxygen delivery. Signs and sym p-
tom s of carbon m onoxide poisoning are outlined in  Table 5.3.

Management of Carbon Monoxide Toxicity

• Adm inister h igh- ow  oxygen by m ask (FiO2 100%) unt il 
carboxyhem oglobin  is < 10%.

• For obtunded pat ients.
 – In tubate.
 – 90 to 100% oxygen via posit ive pressure vent ilat ion .

If the pat ient  is not  responding to 100% oxygen:
• Consider advanced m odes of vent ilat ing.

 – Volum e Di usive Respirator (VDR; Percussionaire), h igh 
frequency percussive vent ilat ion

 – Bi-level inverse rat io vent ilat ion  (IRV).
 ▪ Hyperbaric therapy.
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Burn Patient Triage

Once the burned pat ient  is stabilized, the appropriate facilit y to care for 
the pat ient  is determ ined. Triage of the burn  pat ient  includes outpat ient  
m anagem ent , inpat ient  m anagem ent , m anagem ent by a t raum a service, 
or referral to a specialized burn  center. The criter ia for referral to a burn  
center are out lined in  Table 5.4 .

The criter ia for the m anagem ent of burn  vict im s as outpatients 
include the follow ing:

• Burns are < 10% part ial-th ickness burns w ithout inhalat ion  injury.
• Pat ients are responsive to oral analgesics.
• Vict im s are com pliant  pat ients w ho w ill care for their wounds and 

present  for follow-up evaluat ion w ith in  3 to 5 days.
• There is no im m ediate or delayed risk to specialized areas (i.e., 

circum ferent ial burns).

All other burn  vict im s require hospital adm ission for m ore extensive 
t reatm ent or m onitoring. At t im es, pat ients w ith  m inor burns m ust  be 
adm it ted for pain  control or personal safety/caut ion, as in  the case of 
abuse or pat ients w ith  m ult iple preexist ing com orbidit ies or t raum a.

Table 5.3 Symptoms of carbon monoxide poisoning

COHb (%) Symptoms

0–10 Normal value

10–20 Headache, confusion

20–40 Disorientation, fatigue, nausea, visual changes

40–60 Hallucination, combativeness, coma, shock state

> 60 Mortalit y > 50%
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Table 5.4 Burn Center Referral Criteria

A burn center may treat adults, children, or both. Burn injuries that should be 
referred to a burn center include the following:
•   Partial-thickness burns of greater than 10 percent of the total body 

surface area.
•   Burns that involve the face, hands, feet, genitalia, perineum, or major joints.
•   Third-degree burns in any age group.
•   Electrical burns, including lightning injury.
•   Chemical burns.
•   Inhalation injury.
•   Burn injury in patients with preexisting medical disorders that could 

complicate management, prolong recovery, or a ect mortality.
•   Burns and concomitant trauma (such as fractures) when the burn injury 

poses the greatest risk of morbidity or mortality. If the trauma poses the 
greater immediate risk, the patient’s condition may be stabilized initially in 
a trauma center before transfer to a burn center. Physician judgment will 
be necessary in such situations and should be in concert with the regional 
medical control plan and triage protocols.

•   Burns in children; children with burns should be transferred to a burn center 
veri ed to treat children. In the absence of a regional pediatric burn center, 
an adult burn center may serve as a second option for the management of 
pediatric burns.

•   Burn injury in patients who will require special social, emotional, or long-
term rehabilitative intervention.

Source:  From Commit tee on Trauma: American College of Surgeons. 
Reproduced with permission.

Burn Wound Management

The pat ient  should be prem edicated w ith  analgesics prior to wound 
t reatm ent to decrease discom fort  and increase pat ient  cooperat ion .

General Principles

• Cleanse the wounds of par t icles and débride devitalized t issue.
• In it iate tetanus prophylaxis.
• Daily or tw ice-daily wound cleansing and dressing.
• Ant ibiot ics only for gross soft  t issue infect ion .
• Aggressive pain  control.

Use chlorhexidine, 0.5% silver n it rate com bined w ith  chlorhexidine glu-
conate, norm al saline, or soap and water to cleanse the burn  wound. To 
prevent wound infect ion  and deeper wound conversion, topical ant im i-
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crobials are used un t il epithelializat ion  of the wound is com plete. The 
topical ant im icrobials are provided via gauze applicat ions, oin tm ents, 
cream s, or solu t ions; dressings are changed at  least  tw ice a day. Com -
m only used topical ant im icrobials are outlined in  Table 5.5  and ant im i-
crobial dressings in  Table 5.6 .

Outpatient Wound Dressings

Epidermal First-Degree Burns

• Heal spontaneously w ith  lit t le in tervent ion required.
• Moisturize the wound to alleviate pain .

Partial-Thickness Burns, Super cial Second-Degree Burns

• Treat  blisters.
 – Minor blisters over a sm all surface area require no in tervent ion.
 – Large, tense, turbid, painful blisters.

 ▪ Using asept ic technique, aspirate w ith  a large-bore needle, 
leaving epiderm is as a biologic dressing.

 ▪ Débride epiderm is if wounds are contam inated.
 ▪ Clean wound thoroughly and dress.

 ▫ Antibiot ic im pregnated pet roleum   gauze.
 ▫ Biobrane (UDL Laboratories, Inc.) for clean scald burns.
 ▫ Aquacel Ag (ConvaTec) for wounds w ith  excessive exudate.

• Apply soft  bulky gauze dressing.
• Adm inister analgesics as needed.
• Follow  up in  2 to 3 days. If the pat ien t  is free of pain  and wounds are 

healing, then inst ruct  the pat ient  or caregiver on how  to cont inue 
dressing changes at  hom e.

Mid- to Deep Dermal Burns, Second- and Third-Degree 
Burns

• Clean wounds thoroughly w ith  chlorhexidine.
• Débride super cial devitalized t issue.
• Dress wounds w ith  ant im icrobial m aterial.

 – Silvadene.
 – Sulfamylon for burns w ith  eschar form at ion.
 – Act icoat  (Sm ith  & Nephew ) and Mepilex Ag (Mölnlycke Health  

Care) are great  alternat ives to cream s that  o er a m ore organized 
and easier applicat ion  w ith  a greater ant im icrobial spect rum .

• Apply soft  bulky gauze dressing.
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• Adm inister analgesic.
• Adm inister ant ibiot ic (Bact r im   DS by m outh  tw ice a day) for signs 

of infect ion  (i.e., cellulit is).
• Follow  up in  3 to 5 days.
• Refer for possible excision and graft ing if healing is delayed beyond 

3 weeks.

Management of Burns to Speci c Anatomical Regions

Hand Burns

• Assess for neurovascular com prom ise.
• Perform  escharotom ies for deep circum ferent ial injury.
• Stabilize open join t  deform it ies w ith  K-w ires.
• Elevate.
• Splin t  in  a posit ion  of safety.
• Refer pat ient  for occupat ional therapy.
• Wound care.

 – Apply Xeroform  gauze.
 – Use Biobrane glove for super cial burns.
 – Silver-im pregnated dressings for deeper injury.

• Full-th ickness burns are referred for early excision and graft ing to 
prevent  scarring and contracture leading to dysfunct ion.

Facial Burns

• Evaluate for inhalat ion  injury.
• Assess for injury to eyes and ears.
• Keep head elevated.
• For super cial and deep burns.

 – Daily cleansing.
 – Apply bacit racin  oin tm ent .

• For full-th ickness burns.
 – Allow  5 to 7 days of healing before com m it t ing to graft ing.
 – Cover tem porarily w ith  am nion or bacit racin .
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Ear Burns

• Assess external canal and drum  for ot it is m edia or externa and 
tym panic m em brane perforat ion .

• Apply topical Sulfamylon or gentam icin  oin tm ent to exposed 
car t ilage.

 – Beware of chondrit is.
 – Avoid placing pillows under the head.

Eyelid Burns

• Irrigate the a ected eye w ith  bu ered saline solut ion .
• Perform   uorescein  exam inat ion to ident ify corneal injury; consult  

an  ophthalm ologist .
• Super cial burns.

 – Thin  layer of bacit racin  oin tm ent—do not  contam inate eye.
• Full-th ickness burns.

 – Excise and graft  w ith  full-th ickness skin  early to prevent  
ect ropion and corneal exposure.

Burns to the Genitalia

• Inser t  Foley catheter to m aintain  patency of urethra.
• Penile escharotomy for circum ferent ial injury.
• Par t ial-th ickness burns heal spontaneously w ith  conservat ive 

m anagem ent—am nion, Polysporin  (P zer Pharm aceut icals), 
bacit racin .

• Refer fu ll-th ickness burns for graft ing; dress w ith  Silvadene.

Electrical Burns

Electrical burn  injury results from  a spect rum  of low- to h igh-volt-
age elect rical exposure from  lightning, direct  elect rical contact  (elec-
t r ic shock), and elect rical arching. The passage of the elect ric current  
th rough the body causes therm oelect ric burns. Flash burns are ther-
m al burns caused by the heat  generated by an  arc of elect ricit y. Flam e 
burns m ay result  from  ignit ion  of cloth ing. The system ic m anifestat ions 
of elect rical injury are generally greater than the local t issue injury and 
are poten t ially fatal. The system ic com plicat ions of elect rical injury are 
outlined in  Table 5.7 .
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Table 5.7 Systemic E ects of Electrical Exposure

•  Cardiovascular
– Changes in the permeability of myocyte membranes
– Cardiac arrest and ventricular  brillation
– Conduction defects
– Creation of arrhythmogenic foci due to myocardial necrosis

•  Neurologic
– Loss of consciousness
– Confusion
– Amnesia
– Seizures
– Visual disturbances
– Delayed onset paralysis

•  Respiratory
– Apnea from damage to cerebral respiratory center

•  Renal
– Acute tubular necrosis
– Myoglobinuria

•  Musculoskeletal
– Myonecrosis
– Rhabdomyolysis
– Compartment syndrome
– Fractures and dislocations from tetany

Management of Electrical Burns

• Acute airway m anagem ent and resuscitat ion .
• Adm it  for observat ion or refer to burn  unit .
• 24-Hour cont inuous cardiac m onitoring and serial assessm ent 

of myocardial dam age (creat ine kinase [CK], t roponin , L-lactate 
dehydrogenase [LDH]).

• Evaluat ion for rhabdomyolysis and myoglobinuria.
 – Diagnosis:

 ▪ Increased urine pigm ent—red.
 ▪ Urine dipst ick is hem e posit ive, but  no RBCs are seen on 
m icroscopic evaluat ion.

 ▪ Increased urine myoglobin .
 – Treatm ent:

 ▪ Increase renal perfusion.
 ▪ Aggressive resuscitat ion  w ith  in t ravenous  uids.
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 ▫ To m aintain  adequate urinary output , at  least  0.5 m L/kg/h  
of urine (35 m L/h for a 70-kg pat ient), but  preferably 50 to 
100 m L/h.

 ▫ Mannitol 0.25 to 1 g/kg over 20 m inutes every 4 to 6 hours.
 ▪ Alkalin ize urine.

 ▫ Add sodium  bicarbonate—1 to 2 m Eq/kg/d to IV  uids; adjust  
dose according to serum  and urinary pH.

• Evaluat ion  of the lim bs for com partm ent  syndrom e and need for 
escharotomy.

• MRI or CT evaluation for deeper injuries.
• Ophthalm ologic and otoscopic evaluat ion.
• CT scan of the head is indicated in  all h igh-voltage injuries.
• Evaluat ion  for h idden injuries—spinal cord injury, blunt  thoracic or 

abdom inal t raum a.
• Support ive care.

Chemical Burns

Approxim ately 3% of all burns are secondary to chem ical exposure, and 
30% of burn  deaths are due to chem ical injuries. More than 25,000 hom e 
or indust r ial products are available that  can cause chem ical injury. The 
resultant  injury from  chem ical solut ions causes t issue protein  coagula-
t ion  and necrosis. The o ending agent  cont inues to dest roy the t issues 
un t il the agent  is neutralized or com pletely rem oved. Deeper penet ra-
t ion  of the chem ical com pound can result  in  severe system ic toxicit y. 
Com m on household agents and neutralizing substances are outlined in  
Table 5.8.

Characteristics of Chemical Burns

• Acid burns.
 – Tissue dam age leads to coagulation necrosis.
 – Cause exotherm ic react ions w ith  exposure.
 – Associated w ith  hypocalcem ia and hypom agnesem ia.
 – Exposure m ay lead to inhalat ion  injury.
 – System ic toxicit y m ay lead to hepat ic or renal failure.

• Alkali burns.
 – Const ituent  of lye exposure.
 – Tissue dam age leads to liquefaction necrosis and saponi cat ion  

of fats.
 – Tissue injury appears less severe than the actual depth  of injury.
 – Alkali burns are associated w ith  a h igher incidence of system ic 

toxicit y.
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Table 5.8 Common household agents associated with chemical injury

Agent Common use Treatment

Phenol Deodorant
Sanitizer
Plastics
Dyes
Fertilizers
Explosives
Disinfectants

Polyethylene glycol
Vegetable oil
Bacitracin ointment

Phosphorus Explosives ( reworks)
Poisons
Insecticides
Fertilizers

Lavage with 1% copper 
sulfate
Castor oil

Sodium hypochlorite Bleach Milk

Potassium permanganate Deodorizer Egg white

Disinfectant Paste
Starch

Lye Drain cleaner Water lavage
Mafenide acetate

Chromic acid Metal cleansing Water lavage

Management of Chemical Burns

• Obtain  a thorough history to ident ify o ending agent .
• Carefully inspect  hands, face, and eyes.
• Rem ove all cloth ing and sources of chem ical contact .
• Im m ediately irr igate w ith  water (except  phenol). If the pat ient  

presents w ith  a severe chem ical exposure, plan  on irr igat ion  for 
hours in  a shower (especially lye exposures). Sm all exposures can  be 
t reated w ith  sm aller volum es of  uid. Always err on  the side of m ore 
 uid irr igat ion  than needed.

• Resuscitate based on am ount of surface exposed and m onitor urine 
output .

• Consider ant idote—refer to toxicologist , poison control center, or 
local burn  center for assistance w ith  m anagem ent .

• Monitor elect rolytes and obtain  blood gas to assess for system ic 
toxicit y.
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• Provide support ive therapy in  a m onitored environm ent for large 
burns.

• Once irrigated, dress wounds w ith Silvadene or silver-impregnated 
dressing.

• Refer pat ients to burn  centers and specialized facilit ies for excision  
and graft  of m id-derm al to full-th ickness chem ical burns.

Treatments for Speci c Chemical Burns

• Sodium  or lith ium  m etal, m ustard gas.
 – Cover w ith  oil, sand, or Class D  re ext inguisher; excise 

im m ediately.
 – Do not  irr igate w ith  water.

• Phenol.
 – Wipe w ith  polyethylene glycol.
 – Do not  irr igate w ith  water.

• Phosphorus.
 – Copper sulfate irr igat ion .

• Hydro uoric acid.
 – Irrigate w ith  5% calcium  gluconate or m assage w ith  2.5% calcium  

gluconate gel. If pain  persists, inject  5% calcium  gluconate 
subcutaneously un t il pain  is relieved.

 – Magnesium  sulfate subcutaneous inject ion  m ay also be used.

Chemical Burn Triage

Due to the unique m echanism  of chem ical burn  injury, specialt y assis-
tance should be sought from  the Am erican Associat ion of Poison Cont rol 
Centers’ help line (800–222–1222) or a local burn  unit . Pat ients w ith  the 
follow ing characterist ics should be adm it ted and possibly referred to a 
burn  unit:
• Chem ical injury > 15% TBSA.
• Full-th ickness burns.
• Burns to the perineum , eye, foot , hand.
• Mult iple com orbidit ies.
• Pat ients at  ext rem es of age.

Intravenous Injection Injuries (IV In ltrates)

Inject ion injuries are a form  of chem ical burn that results from  extravisa-
t ion of an irritat ing chem ical during intravenous injection. The result is an  
interst it ial in am m atory process that w ill lead to local t issue necrosis and 
possibly system ic toxicity. The degree of injury is dependent on the tox-
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icity, am ount, and concentrat ion of the m aterial injected. The m echanism  
of injury is  by either induced ischem ia, osm otic derangem ent w ithin the 
t issue, or direct cytotoxicity (Table 5.9). The reaction is progressive and 
worsens in the acute phase that can last days (Fig. 5.11). The local reac-
t ion is painful and begins as erythem a that can progress to full-thickness 
necrosis of the skin and even deeper penetrat ion through the fascia to the 
m uscle.

Table 5.9 Common agents associated with injection injuries

•   Ischemia-inducing agents
– Dobutamine
– Dopamine
– Epinephrine
– Norepinephrine
– Vasopressin

•  Hypertonic solutions
– Calcium chloride
– Calcium gluconate
– Intravenous contrast agents
– Potassium
– TPN
– 30% urea
– 10% dextrose

•  Cytotoxic agents
– Chemotherapy drugs
– Digoxin
– Doxorubicin
– Nafcillin
– Tetracycline
– Sodium bicarbonate

Treatment of Injection Injuries

The m ajorit y of inject ion injuries involving dangerous agents occur in  a 
 m onitored environm ent . Therefore, the am ount of exposure is lim ited 
and the m anagem ent is conservat ive due to the relat ively sm all burden 
of injury.

The basic principles of conservat ive m anagem ent are as follows:
• Rem ove the IV line.
• Obtain  a h istory of the agents being infused.
• Elevate the a ected area.
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• Apply a cold com press.
• If the hand is involved, ut ilize a splin t  in  the safe posit ion  (w rist  in  

dorsi exion, MCPs  exed).
• Diligent  observat ion.

 – The soft  t issue react ion m ay progress for 4 to 5 days.
• Ant ibiot ics for signs of cellulit is.

In  rare situat ions w here there is m ore severe progressive t issue dam age, 
consider a m ore aggressive approach. This would include the inst illat ion  
of an  ant idote in to the a ected soft  t issue. Possible ant idotes include:
• Hyaluronidase: Hyperosm olar and cytotoxic agents.
• Phentolam ine: Vasoconstricting agents.
• Corticosteroids: Chem otherapy drugs.

Early surgery is rarely indicated and is reserved for cases of m assive soft t is-
sue injury associated w ith injection, compartm ent syndrom e, or vascular 
comprom ise. The patient is referred for excision and reconstruction of areas 
that have failed after 2 to 3 weeks to heal w ith conservative m anagem ent.

Frostbite
Cold injury results from  both  t issue freezing (frostbite) and nonfreezing 
injury (t rench foot). Frostbite is the result  of t issue freezing after expo-
sure to tem peratures < 28°F (–2°C). At such tem peratures, ice  crystals 
form  in t racellularly that  cause t issue dest ruct ion , and in t ravascular 
crystals contr ibute to m icrovascular occlusion. The pathogenesis of 
t rench foot  is secondary to exposure, usually of an  ext rem ity to a m oist  
environm ent at  tem peratures of 32 to 50°F (1 to 10°C) for long periods. 
This creates a scenario of excessive heat  loss in  the involved region. There 
is also ischem ic perfusion secondary to vasoconst rict ion . Pat ients w ith  
cold therm al injury w ill com m only experience severe pain , pruritus, 
num bness, paresthesias, and hyperem ia, w hich  m ay last  up to 6 weeks.

Fig. 5.11 IV in ltrate injury to the lower extremity demonstrating the progression from 
super cial to full-thickness injury.
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Management of Cold Thermal Injury

• Rapid rewarm ing of the involved area.
 – Water im m ersion—heated to 104°F (40°C).

• Adm inister.
 – Parenteral analgesics.
 – Tetanus prophylaxis.
 – System ic prostaglandin  inhibitors—ibuprofen.
 – Topical th rom boxane inhibitors, e.g., aloe vera.

• Débride necrot ic t issue.
 – Whirlpool (hydrotherapy débridem ent).
 – Allow  com plete wound dem arcat ion before com m it t ing to radical 

surgical débridem ent .
• Elevate a ected areas.
• Begin  early passive range of m ot ion to all involved ext rem it ies.
• Dress wound tw ice a day and protect  from  fur ther injury.
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6 General Assessment and 
Management of Facial Trauma

Facial t raum a varies in  severit y from  a sim ple lacerat ion  to life-threat-
ening injury (Fig. 6.1). All pat ients require an  appropriate t raum a eval-
uat ion beginning w ith  the ABCs (airway, breath ing, circulat ion). The 
pat ient  m ust  also be evaluated for other serious injuries before focusing 
on t reat ing the facial injury. Usually, t reatm ent of any in t ra-abdom inal, 
thoracic, or neurologic injury takes precedence. Evaluat ion and t reat-
m ent should be coordinated between the t raum a, thoracic, vascular, 
ENT, or thopaedic, ophthalm ic, and neurosurgical services.

The exam  should star t  w ith  a detailed m edical, surgical, social, and 
previous craniofacial injury h istory. The m echanism  of injury should be 
ascertained to gauge the force of contact  and to determ ine the locat ion 
of potent ial fractures or soft  t issue injuries. Addit ional considerat ions 
include loss of consciousness, breath ing di  cult ies, vision and  hearing 
de cit s.

Fig. 6.1 Severe (a) penetrating and (b) blunt trauma to the face.
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Airway Establishment
Avoid nasal in tubat ion  in  pat ients suspected of having a skull base frac-
ture or excessive m idface t raum a to prevent  the possibilit y of in t racranial 
disrupt ion. Elect ive oral endotracheal in tubat ion should be considered 
in  pat ients w ith  severe panfacial t raum a, especially in  the m idface and 
m andible. Pat ients w ith  large posterior base of tongue injuries (includ-
ing lacerat ions) should be elect ively in tubated. Any in tubat ion  should 
be done w ith  cervical spine (C-spine) precaut ions: 10% of facial t raum as 
harbor a C-spine injury. Tracheostomy should be considered in  com plex 
cases, par t icularly w hen nasal or oral t raum a precludes upper airway 
cannulat ions.

Patient Evaluation
Examination

Rem ove all ar t icles of cloth ing and jewelry. Irr igate dir t , debris, foreign 
bodies, and dry crusted blood to avoid obscurat ion  of the injury. Note 
all lacerat ions, asym m etries, bleeding, bruising, or foreign bodies. An 
organized, system at ic approach is recom m ended to avoid any m issed 
injuries. A careful exam inat ion should include assessm ent for
• Raccoon eyes (periorbital ecchym osis)—skull base fracture.
• Bat t le’s sign  (postauricular ecchym osis)—skull base fracture.
• Otorrhea—skull base fracture, condylar fracture.
• Hem otym panum —skull base fracture.
• Perforated t ym panic m em brane.
• Epistaxis—nasal fracture.
• CSF rhinorrhea—cribriform  plate fracture, NOE fracture.
• In t raoral injury.

 – Edem a.
 – Bleeding.
 – Gingival bleeding.
 – Fractured/loose/displaced teeth .
 – Dental caries.

• Nasal septal hem atom a.
• Assess the pat ient’s dental occlusion and have the pat ient  com pare 

th is w ith  the preinjury occlusion. Abnorm al occlusion is h ighly 
suggest ive of m andibular, m axillary, and Le Fort  fractures.

• Test  for m otor and sensory de cits (Table 6.1). Test  all m uscles of 
facial expression and follow  w ith  a detailed sensory exam .



General Assessment  and Management of Facial Trauma 65

T

a

b

l

e

 

6

.

1

 

E

v

a

l

u

a

t

i

o

n

 

o

f

 

c

r

a

n

i

a

l

 

n

e

r

v

e

 

f

u

n

c

t

i

o

n

 

i

n

 

p

a

t

i

e

n

t

s

 

w

i

t

h

 

f

a

c

i

a

l

 

t

r

a

u

m

a

C

N

N

a

m

e

I

n

n

e

r

v

a

t

i

o

n

F

u

n

c

t

i

o

n

a

l

 

t

e

s

t

D

y

s

f

u

n

c

t

i

o

n

P

o

t

e

n

t

i

a

l

 

i

n

j

u

r

i

e

s

I

O

l

f

a

c

t

o

r

y

S

m

e

l

l

C

o

 

 

e

e

,

 

p

e

r

f

u

m

e

,

 

a

l

c

o

h

o

l

L

a

c

k

 

o

f

 

s

m

e

l

l

C

r

i

b

r

i

f

o

r

m

 

p

l

a

t

e

 

o

f

 

t

h

e

 

e

t

h

m

o

i

d

 

b

o

n

e

I

I

O

p

t

i

c

S

i

g

h

t

V

i

s

u

a

l

 

a

c

u

i

t

y

B

l

i

n

d

n

e

s

s

,

 

n

o

n

r

e

a

c

t

i

v

e

 

p

u

p

i

l

O

r

b

i

t

a

l

 

a

p

e

x

 

s

y

n

d

r

o

m

e

,

 

p

o

s

t

e

r

i

o

r

 

o

r

b

i

t

a

l

 

v

a

u

l

t

 

f

r

a

c

t

u

r

e

,

 

e

d

e

m

a

,

 

h

e

m

a

t

o

m

a

I

I

I

O

c

u

l

o

m

o

t

o

r

P

u

p

i

l

l

a

r

y

 

c

o

n

s

t

r

i

c

t

o

r

s

;

 

l

e

v

a

t

o

r

 

p

a

l

p

e

b

r

a

e

 

s

u

p

e

r

i

o

r

i

s

;

 

t

h

e

 

s

u

p

e

r

i

o

r

,

 

i

n

f

e

r

i

o

r

,

 

a

n

d

 

m

e

d

i

a

l

 

r

e

c

t

i

;

 

i

n

f

e

r

i

o

r

 

o

b

l

i

q

u

e

 

m

u

s

c

l

e

s

O

c

u

l

a

r

 

m

o

v

e

m

e

n

t

,

 

p

u

p

i

l

l

a

r

y

 

c

o

n

s

t

r

i

c

t

i

o

n

P

t

o

s

i

s

,

 

o

u

t

w

a

r

d

 

t

u

r

n

e

d

 

e

y

e

 

(

e

x

o

t

r

o

p

i

a

)

,

 

d

i

p

l

o

p

i

a

,

 

b

l

u

r

r

e

d

 

v

i

s

i

o

n

,

 

n

o

n

r

e

a

c

t

i

v

e

 

p

u

p

i

l

P

o

s

t

e

r

i

o

r

 

o

r

b

i

t

a

l

 

v

a

u

l

t

 

f

r

a

c

t

u

r

e

 

i

n

v

o

l

v

i

n

g

 

S

O

F

I

V

T

r

o

c

h

l

e

a

r

S

u

p

e

r

i

o

r

 

o

b

l

i

q

u

e

 

m

u

s

c

l

e

A

l

l

o

w

s

 

v

i

e

w

i

n

g

 

t

i

p

 

o

f

 

n

o

s

e

E

x

o

t

r

o

p

i

a

 

w

i

t

h

o

u

t

 

p

t

o

s

i

s

,

 

d

i

p

l

o

p

i

a

 

w

h

e

n

 

w

a

l

k

i

n

g

 

d

o

w

n

 

s

t

a

i

r

s

,

 

b

l

u

r

r

e

d

 

v

i

s

i

o

n

P

o

s

t

e

r

i

o

r

 

o

r

b

i

t

a

l

 

v

a

u

l

t

 

f

r

a

c

t

u

r

e

 

i

n

v

o

l

v

i

n

g

 

S

O

F

V

T

r

i

g

e

m

i

n

a

l

 

V

1

—

o

p

h

t

h

a

l

m

i

c

S

e

n

s

a

t

i

o

n

 

t

o

 

f

o

r

e

h

e

a

d

F

o

r

e

h

e

a

d

 

s

e

n

s

a

t

i

o

n

A

n

e

s

t

h

e

s

i

a

P

o

s

t

e

r

i

o

r

 

o

r

b

i

t

a

l

 

v

a

u

l

t

 

f

r

a

c

t

u

r

e

 

i

n

v

o

l

v

i

n

g

 

S

O

F

T

r

i

g

e

m

i

n

a

l

 

V

2

—

m

a

x

i

l

l

a

r

y

S

e

n

s

a

t

i

o

n

 

t

o

 

m

i

d

f

a

c

e

C

h

e

e

k

 

s

e

n

s

a

t

i

o

n

A

n

e

s

t

h

e

s

i

a

F

r

a

c

t

u

r

e

s

 

o

f

 

t

h

e

 

m

a

x

i

l

l

a



General Assessment  and Management  of Facial Trauma66

C

N

N

a

m

e

I

n

n

e

r

v

a

t

i

o

n

F

u

n

c

t

i

o

n

a

l

 

t

e

s

t

D

y

s

f

u

n

c

t

i

o

n

P

o

t

e

n

t

i

a

l

 

i

n

j

u

r

i

e

s

T

r

i

g

e

m

i

n

a

l

 

V

3

—

m

a

n

d

i

b

u

l

a

r

S

e

n

s

a

t

i

o

n

 

t

o

 

l

o

w

e

r

 

t

e

e

t

h

,

 

c

h

e

e

k

,

 

a

n

d

 

c

h

i

n

;

 

m

o

t

o

r

 

t

o

 

m

u

s

c

l

e

s

 

o

f

 

m

a

s

t

i

c

a

t

i

o

n

S

e

n

s

a

t

i

o

n

 

o

v

e

r

 

l

o

w

e

r

 

t

h

i

r

d

 

o

f

 

f

a

c

e

,

 

b

i

t

e

A

n

e

s

t

h

e

s

i

a

 

o

f

 

t

h

e

 

l

o

w

e

r

 

t

h

i

r

d

 

o

f

 

f

a

c

e

,

 

w

e

a

k

 

b

i

t

e

F

r

a

c

t

u

r

e

s

 

o

f

 

t

h

e

 

m

a

n

d

i

b

l

e

V

I

A

b

d

u

c

e

n

s

M

o

t

o

r

 

t

o

 

l

a

t

e

r

a

l

 

r

e

c

t

u

s

A

b

d

u

c

t

 

e

y

e

I

n

w

a

r

d

 

t

u

r

n

e

d

 

e

y

e

 

(

e

s

o

t

r

o

p

i

a

)

,

 

d

i

p

l

o

p

i

a

,

 

b

l

u

r

r

e

d

 

v

i

s

i

o

n

P

o

s

t

e

r

i

o

r

 

o

r

b

i

t

a

l

 

v

a

u

l

t

 

f

r

a

c

t

u

r

e

 

i

n

v

o

l

v

i

n

g

 

S

O

F

V

I

I

F

a

c

i

a

l

,

 

t

e

m

p

o

r

a

l

,

 

z

y

g

o

m

a

t

i

c

,

 

b

u

c

c

a

l

,

 

m

a

n

d

i

b

u

l

a

r

,

 

c

e

r

v

i

c

a

l

M

o

t

o

r

 

t

o

 

f

a

c

i

a

l

 

m

u

s

c

l

e

s

,

 

t

a

s

t

e

 

t

o

 

a

n

t

e

r

i

o

r

 

t

w

o

-

t

h

i

r

d

s

 

o

f

 

t

o

n

g

u

e

F

a

c

i

a

l

 

e

x

p

r

e

s

s

i

o

n

—

r

a

i

s

e

 

e

y

e

b

r

o

w

s

,

 

c

l

o

s

e

 

e

y

e

s

,

 

s

m

i

l

e

,

 

p

u

 

 

 

o

u

t

 

c

h

e

e

k

s

T

o

t

a

l

 

f

a

c

i

a

l

 

p

a

r

a

l

y

s

i

s

 

o

r

 

s

e

l

e

c

t

i

v

e

 

d

e

p

e

n

d

i

n

g

 

o

n

 

b

r

a

n

c

h

L

a

c

e

r

a

t

i

o

n

s

 

o

r

 

a

v

u

l

s

i

o

n

s

 

t

o

 

m

a

i

n

 

n

e

r

v

e

 

(

n

e

a

r

 

s

t

y

l

o

m

a

s

t

o

i

d

 

f

o

r

a

m

e

n

)

 

o

r

 

a

s

s

o

c

i

a

t

e

d

 

b

r

a

n

c

h

e

s

V

I

I

I

V

e

s

t

i

b

u

l

o

c

o

c

h

l

e

a

r

H

e

a

r

i

n

g

/

v

e

s

t

i

b

u

l

a

r

 

f

u

n

c

t

i

o

n

s

H

e

a

r

i

n

g

H

e

a

r

i

n

g

 

l

o

s

s

 

e

v

e

n

 

w

i

t

h

 

t

u

n

i

n

g

 

f

o

r

k

 

o

n

 

m

a

s

t

o

i

d

R

u

l

e

 

o

u

t

 

C

N

 

i

n

j

u

r

y

 

v

e

r

s

u

s

 

e

x

t

e

r

n

a

l

 

o

r

 

m

i

d

d

l

e

 

e

a

r

 

i

n

j

u

r

y

I

X

G

l

o

s

s

o

p

h

a

r

y

n

g

e

a

l

S

e

n

s

o

r

y

 

i

n

n

e

r

v

a

t

i

o

n

 

o

f

 

t

h

e

 

p

o

s

t

e

r

i

o

r

 

t

h

i

r

d

 

o

f

 

t

h

e

 

t

o

n

g

u

e

 

a

n

d

 

t

h

e

 

p

h

a

r

y

n

x

G

a

g

 

r

e

 

 

e

x

L

o

s

s

 

o

f

 

s

e

n

s

a

t

i

o

n

 

t

o

 

p

o

s

t

e

r

i

o

r

 

t

h

i

r

d

 

o

f

 

t

h

e

 

t

o

n

g

u

e

 

a

n

d

 

t

h

e

 

p

h

a

r

y

n

x

(

C

o

n

t

i

n

u

e

d

)



General Assessment  and Management of Facial Trauma 67

C

N

N

a

m

e

I

n

n

e

r

v

a

t

i

o

n

F

u

n

c

t

i

o

n

a

l

 

t

e

s

t

D

y

s

f

u

n

c

t

i

o

n

P

o

t

e

n

t

i

a

l

 

i

n

j

u

r

i

e

s

X

V

a

g

u

s

V

i

s

c

e

r

a

l

,

 

s

e

n

s

o

r

y

,

 

m

o

t

o

r

,

 

a

n

d

 

p

a

r

a

s

y

m

p

a

t

h

e

t

i

c

 

i

n

n

e

r

v

a

t

i

o

n

G

a

g

 

r

e

 

 

e

x

,

 

s

w

a

l

l

o

w

i

n

g

,

 

h

o

a

r

s

e

n

e

s

s

 

w

i

t

h

 

r

e

c

u

r

r

e

n

t

 

l

a

r

y

n

g

e

a

l

 

n

e

r

v

e

 

i

n

j

u

r

y

L

o

s

s

 

o

f

 

g

a

g

 

r

e

 

 

e

x

,

 

u

v

u

l

a

 

d

e

v

i

a

t

i

o

n

 

t

o

 

n

o

n

i

n

j

u

r

e

d

 

s

i

d

e

X

I

A

c

c

e

s

s

o

r

y

M

o

t

o

r

 

i

n

n

e

r

v

a

t

i

o

n

 

t

o

 

S

C

M

 

a

n

d

 

t

r

a

p

e

z

i

u

s

S

h

r

u

g

 

s

h

o

u

l

d

e

r

s

,

 

c

o

n

t

r

a

l

a

t

e

r

a

l

 

r

e

s

i

s

t

a

n

c

e

 

t

o

 

r

o

t

a

t

i

o

n

,

 

n

e

c

k

 

 

 

e

x

i

o

n

W

e

a

k

 

i

p

s

i

l

a

t

e

r

a

l

 

s

h

o

u

l

d

e

r

 

s

h

r

u

g

,

 

w

e

a

k

 

i

p

s

i

l

a

t

e

r

a

l

 

S

C

M

 

f

u

n

c

t

i

o

n

D

e

e

p

 

l

a

t

e

r

a

l

 

n

e

c

k

 

l

a

c

e

r

a

t

i

o

n

s

X

I

I

H

y

p

o

g

l

o

s

s

a

l

M

o

t

o

r

 

i

n

n

e

r

v

a

t

i

o

n

 

t

o

 

t

h

e

 

t

o

n

g

u

e

T

o

n

g

u

e

 

p

r

o

t

r

u

s

i

o

n

D

e

v

i

a

t

i

o

n

 

o

f

 

t

h

e

 

t

o

n

g

u

e

 

t

o

 

i

n

j

u

r

e

d

 

s

i

d

e

D

e

e

p

 

s

u

b

m

e

n

t

a

l

 

l

a

c

e

r

a

t

i

o

n

s

A

b

b

r

e

v

i

a

t

i

o

n

s

:

 

C

N

,

 

c

r

a

n

i

a

l

 

n

e

r

v

e

;

 

S

C

M

,

 

s

t

e

r

n

o

c

l

e

i

d

o

m

a

s

t

o

i

d

;

 

S

O

F

 

s

u

p

e

r

i

o

r

 

o

r

b

i

t

a

l

 

 

 

s

s

u

r

e

.

(

C

o

n

t

i

n

u

e

d

)



General Assessment  and Management  of Facial Trauma68

Facial Palpation

• Tenderness.
• Crepitus/subcutaneous em physem a.
• Bony step -o s.
• Scalp—gently palpate to uncover depressions/crepitus.
• Forehead—frontal sinus fracture.
• Orbital r im .
• NOE (naso-orbital-ethm oid)—palpate in t ranasally and inward from  

m edial canthus; bony m ovem ent to diagnose NOE fracture.
• Nasal bridge.
• Zygom a.
• Maxilla—gently depress the m axilla w ith  both  thum bs to rule out  

Le Fort  fractures. If m obile, grab the cent ral incisors between thum b 
and index  nger w ith  one hand and hold the nasal spine w ith  other 
hand. Movem ent of the ent ire dental alveolus indicates a Le Fort  I 
fracture; m ovem ent  of the nasal bridge indicates Le Fort  II or III.

• Mandible—preauricular pain  on palpat ion can be indicat ive of a 
condylar fracture.

• Neck exam —perform ed w ith  caut ion  in  relat ion  to the C-spine.

Ophthalmic Assessment

• Inspect ion.
 – Correct ive lens (contacts or eyeglasses).
 – Enophthalm os/exophthalm os.
 – Retrobulbar hem atom a.
 – In terpupillary distance—norm ally 30 to 32 m m ; greater than 

norm al m ay indicate an  NOE fracture.
 – Hyphem a—blood layering in  the inferior aspect  of the anterior 

cham ber. An ophthalm ologist  should be consulted im m ediately 
based upon the potent ial increase in  in t raocular pressure.

 – Corneal abrasion.
 – Subconjunct ival hem orrhage.
 – Chem osis—scleral edem a.
 – Upper eyelid ptosis m ay indicate superior  ssure syndrom e.
 – Fat  prot rusion.

• Visual acuity.
 – Test  each eye separately by m easuring pat ient’s abilit y to read 

legible  ne prin t  (ID card).
 – Diplopia.
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 – Red color saturat ion— rst color a ected in  im pending opt ic nerve 
injury.

 – Com pare and contrast  red color percept ion in  each eye 
individually.

 – Variat ion  in  exam  m ay indicate opt ic nerve injury.
• Extraocular m uscle funct ion—m uscle ent rapm ent; perform  forced 

duct ion test  (Chapter 9).
• Pupillary response—react ivit y, dilated, const ricted.

 – Consensual light  response.
 ▪ If one eye is exposed to light , there should be ipsilateral and 
contralateral const rict ion  of the pupils.

 ▪ An injured eye m ay be  xed and dilated secondary to in t rinsic 
dam age to that  eye, but  m ain tain  norm al a erent  opt ic nerve 
funct ion. In  th is scenario, there w ill be loss of ipsilateral 
pupillary const r ict ion; however, contralateral const r ict ion  is 
m ain tained.

 – When contralateral pupillary const rict ion  is lost , th is indicates an  
a erent  pupillary defect  (APD) in  the a ected eye.

 ▪ In  a pat ien t  suspected of an  a erent  pupillary defect , exposing 
the una ected eye to light  w ill cause both  pupils to const r ict .

 ▪ When the light  is brought back to the a ected pupil, th is 
pupil w ill dilate (due to consensual relaxat ion), instead of 
const r ict ing, con rm ing an  a erent  pupillary defect  in  th is eye.

 – Medial/lateral canthal tendon stabilit y—tract ion  test: pull 
laterally on m edial aspect  of lower eyelid; laxit y is indicat ive of 
m edial canthal tendon disrupt ion.

Im m ediate at tent ion  should be paid to any signs of acute opt ic com pres-
sive neuropathy, penet rat ing globe injuries, or vision loss. Any quest ion-
able injury or condit ion  warrants an  ophthalm ologic consult /evaluat ion.

Radiographic Evaluation

If facial fractures are suspected, a CT scan of the face is warranted 
(Fig. 6.2). High-resolut ion  (axial, sagit tal, and coronal) views should be 
obtained, and 3D reconst ruct ions obtained if possible (Fig. 6.3).

In  the case of a m andible fracture, a Panorex radiograph is the only 
plain   lm  that  should st ill be rout inely obtained even if a CT scan of the 
face is also obtained (Fig. 6.2). Panorex radiograph  lm s are excellent  for 
evaluat ing fractures and condyles, and they provide a single plain   lm  
view  of the ent ire m andible. They are also useful in  evaluat ing dent it ion  
such as im pacted m olars. Panorex  lm s are not  good for evaluat ing frac-
tures of the sym physeal region.
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Fig. 6.2 (a) Panorex radiograph of a mandible with fractures of the parasymphysis 
and angle. CT scan of the mandible demonstrating the same fractures of (b) angle and 
(c) parasymphysis.

Fig. 6.3 3D reconstruction of the facial bones.
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Addit ional plain   lm s (rarely used) include:
• Waters view : PA view  that  requires neck extension. Occipital-m ental 

project ion  that  opt im izes superior and inferior orbital r im s, nasal 
bones, zygom a, and m axillary sinuses.

• Caldw ell view : PA view  that  requires neck  exion. Occipital-orbital 
project ion  that  opt im izes frontal bones and sinus, lateral walls of the 
m axillary sinus, orbital r im s, and zygom at icofrontal sutures.

• Lateral view : Opt im izes anterior frontal sinus wall, anterior and 
posterior m axillary sinus walls.

• Subm ental view : Opt im izes view  of zygom at ic arches.

Urgent Interventions

Hemorrhage Control

Large, deep lacerat ions can  rst be treated w ith irrigation, followed by 
applicat ion of pressure to control bleeding. Active arterial bleeders can be 
t ied o  or suture ligated w ith 4–0 Vicryl suture. Wounds can be extended 
w ith a scalpel to gain exposure. Because of the extensive collateral vascu-
lar supply of the face and scalp, even lacerat ions to the facial artery can be 
ligated if necessary to control bleeding. To avoid injury to nerves and other 
vital structures, do not blindly clamp any vessels. If direct visualizat ion  
is not possible due to excessive bleeding, place 4x4 gauze on the wound, 
place pressure on the wound, and take the patient to the operating room .

Epistaxis can  be controlled w ith  anteroposterior nasal packing. 
Obtain  a nasal speculum  and bayonet  forceps, along w ith  a Cot tonoid 
(Codm an & Shurt le ) soaked in  epinephrine (1:200,000) (Fig. 6.4a). 
Four percent  cocaine m ay also be used, but  w ith  great  caut ion  (Afrin  in  
an  alternat ive). If a Cot tonoid is not  available, cut  Xeroform  gauze in to 
st r ips and layer those in to the nasal cavity. Under direct  visualizat ion  
using a nasal speculum , layer (do not  stu   or pack) the gauze or Cot ton-
oid in to the posterior nasal pharynx (Fig. 6.4). When nasal packing is 
used, star t  the pat ient  on  prophylact ic an t ibiot ics to prevent  st reptococ-
cal toxic shock syndrom e.

Occasionally, m idface and m andibular fractures can result in severe 
bleeding. Com m on vascular structures include the m axillary artery, alve-
olar artery, retrom andibular vein, facial artery/vein, or buccal branches 
of the facial artery. Access to these structures is di  cult , and at tempts 
should be m ade to obtain som e crude reduction to tamponade the bleed-
ing. A Barton bandage can be applied using Kerlix reinforced w ith an Ace 
 bandage to apply compression to the face. The Kerlix is w rapped coronally 
m ult iple t im es to hold the m andible in occlusion, then w rapped around 
the forehead. Reinforce w ith an Ace w rap (Fig. 6.4c).
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Mandibular Stabilization

Com m inuted or com plex fractures of the m andible can be acutely 
 stabilized to reduce oral airway edem a and reduce pain . A bridle w ire 
(25-gauge w ire passed around two teeth   anking a fracture) can be 
used to help stabilize a fracture. Stabilizat ion  w ill also help to o set  
the pat ient’s pain . A m ore e ect ive technique m ay be Essig w iring. 
This involves passing a 25-gauge w ire around two teeth  on either side 
of the fracture and then  placing in terdental w ires above and below  the 
 rst  w ire.

Fig. 6.4 Techniques for achieving hemostasis. (a) Anterior nasal packing. (b) Posterior 
nasal packing. (c) Barton bandage head wrap. (d) Selective arterial ligation or embolization.
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Nasal Septal Hematomas

Nasal septal hem atom as should be drained in  the em ergency room  to 
prevent  septal necrosis. Using an  18-gauge needle or 11-blade scalpel, 
m ake a sm all perforat ion  in  the m ucosa w ith  a nasal speculum  under 
direct  visualizat ion. Evacuate the hem atom a and apply a com pressive 
dressing (Xeroform  layered packing w ith  bacit racin  oin tm ent) to pre-
vent  reaccum ulat ion  (Fig. 6.4a). Note that  if there was no epistaxis at  
the t im e of the injury, the presence of a nasal bone fracture is less likely.

Auricular Hematomas

Auricular hem atom as should be t reated like septal hem atom as. Drain  
w ith  a scalpel or an  18-gauge needle (aspirate) and apply pressure dress-
ing. Bolster the ear w ith  rolled-up Xeroform  gauze sutured in  place w ith  
th rough-and-through 2–0/3–0 nylon or Prolene (Fig. 6.5).

Fig. 6.5 Ear bolster dressing 
technique.
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Acute Optic Compressive Neuropathy

Acute opt ic com pressive neuropathy  requires em ergent  lateral can thotomy 
(Fig. 6.6) along w ith  m annitol, acetazolam ide, and m ethylprednisolone 
to decrease in t raocular pressure and to control orbital nerve edem a 
(see Chapter 8).
• Mannitol: 50 to 100 g (1.5 g/kg) of 5% solut ion IV over 2 hours; 

repeat  dose to m aintain  urine output  (> 30 to 50 m L/hour), w ith  a 
m axim um  of 200 g/d. Test  dose w ith  200 m g/kg.

• Acetazolam ide: 250 m g by m outh  every m orning or 5 m g/kg IV 
every 24 hours.

• Methylprednisolone: Loading dose of 30 m g/kg; then, after 2 hours, 
15 m g/kg every 6 hours.

Fig. 6.6 (a) Lateral canthotomy. (b) Release of the lateral canthal tendon.
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Treatment Sequence and Timing

Polyt raum a pat ients w ill be adm it ted to the t raum a service. Bony repair 
is delayed unt il the pat ient  is stable. If possible, repair should be per-
form ed im m ediately to avoid excessive edem a or delayed from  10 days 
to 2 weeks after injury to allow  the edem a to subside. Soft  t issue inju-
ries should be irr igated and repaired w ith in  8 hours. Do not  leave open 
wounds on the face to granulate; at tem pt  closure by any m eans. Rem em -
ber that  closure does not  need to be de n it ive because revisions can be 
m ade later during bony repair.
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7 Facial Lacerations

Facial soft  t issue injuries range from  sim ple lacerat ions to com plex avul-
sions of the facial skin  and appendages (Fig. 7.1). These injuries contrib-
ute to a large num ber of visit s to em ergency room s in  the United States 
each year. The m echanism  of injury varies from  penet rat ing to blunt  
t raum a and also includes shearing m odalit ies. Motor vehicle accidents 
(MVAs) com prised the m ajorit y of these injuries. Advanced autom obile 
safety equipm ent  has reduced the prevalence of these injuries. However, 
the overall incidence of facial injuries due to sports- and job-related 
injuries, an im al bites, and factors related to dom est ic and in terpersonal 
violence has rem ained constant . Treatm ent ranges from  sim ple lacera-
t ion  repair to repair of specialized anatom ical st ructures and m icrovas-
cular replantat ion .

Fig. 7.1 Complex facial laceration (a) before and (b) after repair.
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Assessment
The im m ediate priorit y for pat ients w ith  facial injuries is to rule out  a 
life-threatening airway or in t racranial injury and to control the airway 
and stop any bleeding. Detailed evaluat ion of the facial t raum a pat ient  is 
outlined in  Chapter 6.

The physical exam inat ion proceeds w ith  inspect ion  and palpat ion  
of the pat ient . Using a system at ic approach from  the scalp to the base 
of the clavicles, inspect  for lacerat ions, localized areas of edem a, and 
ecchym osis that  m ay indicate underlying injury. Care m ust  be taken to 
adequately rem ove any debris and dried blood in  th is region, w hich can 
easily cam ou age lacerat ions and lead to m issed injuries.

Diligently assess cranial nerve funct ion by speci c provocat ive 
m aneuvers. Facial injuries associated w ith  lacerat ions are grossly iden-
t i ed by inspect ion of facial asym m etry at  rest  and during anim at ion 
and by assessing sensory funct ion (see Table 6.1  in  Chapter 6). However, 
be cognizant  that  soft  t issue edem a m ay lim it  norm al facial m ovem ent , 
leading to false readings of facial nerve funct ion.

Ut ilizing palpat ion , appreciate focal areas of tenderness, depressions, 
crepitus, and edem a that  m ay indicate hem atom a or a bony fracture. 
Pat ients w ho have injuries suspicious for facial fractures should have 
their wounds thoroughly irrigated, débrided, and closed, and should 
be referred for radiographic evaluat ion (see Chapter 6, Radiographic 
Evaluat ion).

Treatment
General Procedures

• Follow  basic lacerat ion  closure procedures (see Chapter 3).
• Measure the lacerat ion  and assess for anatom ical distor t ion  of 

specialized st ructures.
• Irrigate and perform  conservat ive débridem ent . Be m indful that  

overly aggressive débridem ent around the nose, eyelids, and brow  
m ay lead to severe dis gurem ent .

• For pat ien ts w ith  severe “road rash” or a blast  injury, clean  the 
wound m et iculously under loupe m agni cat ion . This procedure is 
t im e-consum ing, but  you w ill have bet ter results.

• Tetanus prophylaxis.
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• Local anesthesia prior to débridem ent and lacerat ion  repair w ill help 
facilitate the procedure.

 – Field blocks w ith  1% lidocaine/1:100,000 epinephrine th rough a 
25- or 27-gauge needle.

 – Consider regional blocks for large lacerat ions isolated to a single 
nerve dist r ibut ion .

 – Regional blocks of the t rigem inal nerve are perform ed by 
inst illat ion  of 2 to 4 m L of local anesthesia (1% lidocaine or 0.25% 
Marcaine [Abbot t  Laboratories]) above the periosteum  in  the 
region of the nerve (Fig. 7.2).

• Manage super cial lacerat ions w ith  m inim al dis gurem ent 
conservat ively.

 – Cleanse abrasions daily and apply ant ibiot ic oin tm ent (bacit racin  
tw ice a day).

 – Close sm all wounds w ith  Steri-St r ips (3M) or Derm abond or 
Derm abond Prineo (Ethicon).

• Close larger lacerat ions as soon as possible; wait ing 2 or 3 days 
w ill com prom ise the results. Lacerat ions that  present  6 to 8 hours 
after injury need to be thoroughly irrigated and the wound edges 
freshened prior to closure.

Fig. 7.2 Placement procedures for regional blocks of the trigeminal nerve for the repair of 
facial soft tissue trauma.
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• To avoid depressed scarring, close deep t issue w ith  the appropriate 
sutures.

 – Muscle—Monocryl 4–0, Vicryl 4–0.
 – Skin .

 ▪ Deep layer—Monocryl 5–0, 6–0.
 ▪ Super cial layer—nylon/Prolene 6–0, 7–0.

 – Mucosa—chrom ic 3–0, 4–0.

Pediat ric pat ien t  considerat ions:

• Pursue radiographic evaluat ion to rule out  any associated fractures.
• Use conscious sedat ion (Chapter 2) to reduce em ot ional t raum a for 

the pat ient  and to repair di  cult  lacerat ions in  specialized areas 
safely (e.g., periorbital region).

• Use absorbable sutures.
 – Skin .

 ▪ Deep layer—Monocryl 5–0, 6–0.
 ▪ Super cial layer—fast-absorbing plain  gut  5–0, 6–0.

 – Mucosa—chrom ic 5–0.
 – Muscle—Vicryl 4–0.

Lip Lacerations

• Approxim ate each layer of a fu ll-th ickness lacerat ion  (Fig. 7.3).
 – Muscle—Monocryl 3–0, 4–0; Vicryl 3–0, 4–0.
 – Skin—nylon/Prolene 6–0, 7–0.
 – Mucosa (all surfaces of lip)—chrom ic 3–0, 4–0.

• Inst ruct  the pat ient  to m inim ize oral m ovem ent as m uch as possible 
for 5 days after repair.

• Recom m end a liquid diet  for large in t raoral lacerat ions, and 
cleansing wounds 5 t im es a day w ith  Peridex m outhwash—sw ish 
and discard.

Lacerat ions through the w hite roll (skin–verm ilion border):

• Align the w hite roll (skin–verm ilion  junct ion), philt ral colum ns, and 
cupid’s bow  before inject ion  w ith  local anesthesia. These anatom ical 
landm arks w ill be distor ted by the edem a that  occurs after inject ion .

• Approxim ate the w hite roll exact ly to obtain  the best  cosm et ic 
outcom e.

• Approxim ate the orbicularis oris at  the appropriate height  to avoid a 
depressed scar.

• The skin  is approxim ated w ith  a nonabsorbable suture (nylon, 
Prolene 6–0) at  the w hite roll.

• Suture the verm ilion  w ith  5–0 chrom ic gut  sutures.
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Ear Lacerations

• Irr igate ear lacerat ions thoroughly, but  débride conservat ively to 
prevent  car t ilage exposure.

• Ensure skin  closure over car t ilage to avoid chondrit is.
• Approxim ate skin  and perichondrium  in  a single bite using 

nonabsorbable sutures (Prolene, 5–0 or 6–0).
• Prescribe oral prophylact ic an t ibiot ics (Bact r im  DS by m outh  tw ice a 

day) for 5 to 7 days.
• Clean and cover incisions tw ice a day w ith  ant ibiot ic oin tm ent 

(Sulfamylon or gentam icin  oin tm ent).
• Prepare dressings to avoid hem atom a form at ion (Fig. 6.5).
• Apply Xeroform  w ith   u  ed gauze in  a pressure dressing w ith  

circum ferent ial head w rap.
• Assess for perichondrial hem atom as (Chapter 6).

Fig. 7.3 Layered closure of lip lacerations.
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Large Ear Defects

Large defects w ith  either com posite or excessive skin  loss m ay require 
secondary reconst ruct ive procedures for closure (i.e., skin  graft , par t ial 
com posite resect ion).
• Cover ear w ith  Xeroform  and em ploy frequent dressing changes 

un t il reconst ruct ion to avoid desiccat ion of the car t ilage.

Avulsion Injuries (Fig. 7.4)

• Treat  im m ediately to avoid vascular com prom ise.
• Assess for perfusion of the avulsed fragm ent .

 – Laser photography w ith  indocyanine green perfusion test  (Spy, 
Novadaq) is useful to determ ine if there is perfusion to the 
par t ially am putated par t .

• Débride, t r im , and at tach sm all avulsion fragm ents as a com posite 
graft  (< 1.5 cm ).

Am putat ion  and large avulsions m ay require m icrovascular at tachm ent 
depending on the site of avulsion and residual vasculature. Alternat ively, 
the car t ilage architecture m ay be preserved by derm abrasion of the 
avulsed par t  w ith  storage under a postauricular  ap or in  the abdom inal 
subcutaneous t issue (“pocket  principle”). This w ill allow  use of th is frag-
m ent for delayed reconst ruct ion. However, th is procedure is not  as opt i-
m al as reat tachm ent of the ear, if reat tachm ent is possible. Microsurgical 

Fig. 7.4 (a) Ear avulsion injury with preservation of the posterior circulation (b) allowing 
at tachment with complex repair.
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replantat ion  can be perform ed to the super cial tem poral ar tery or the 
posterior auricular ar tery. Venous out  ow  is provided by drainage to the 
external jugular vein . Ut ilize vein  grafts w hen necessary.

Venous congest ion  is a com m on problem  after repair of avulsions. 
Large avulsed fragm ents and am putated ears w ill require leech therapy 
for survival.

Scalp Lacerations

• Rule out  in t racranial injury.
• Prom ote hem ostasis w ith  a pressure dressing unt il the environm ent 

is appropriate for explorat ion .
• Ident ify all lacerat ions by carefully rem oving debris and blood w ith  

hydrogen peroxide and water. Shaving is rarely necessary.
• Irr igate wounds w ith  am ple am ounts of norm al saline and rem ove 

any m issed foreign bodies.
• Layered closure.

 – Galea—Vicryl or Monocryl 2–0.
 – Skin—full-th ickness bites, cont inuous suture for hem ostasis; 

Prolene (blue) 3–0, 4– 0, or staples.
• Use sm ooth  pickups to pull hair out  from  the wound and from  

underneath  the sutures.
• Use a Penrose drain  cut  longitudinally under scalp  ap for wound 

drainage for 1 to 2 days, closed suct ion  drains for large scalp 
avulsions.

• Large scalp avulsions (Fig. 7.5).
 – Determ ine adequacy of perfusion.

 ▪ Look for bleeding at  the skin  edges.
 ▪ Utilize indocyanine green angiography.

 – Thorough irrigat ion  and layered closure over drains.
• Scalp am putat ions.

 – A sharp cut t ing am putat ion  m ay provide vital targets for 
m icrosurgical at tachm ent . Leeches can be applied for venous 
congest ion  if veins are weak or unavailable.

 – Shearing and shredding injuries m ay not  have reliable vessels in  
the am putated port ion  for successful m icrosurgery.

 ▪ Consider defat t ing the am putated par t  and graft ing to the galea 
if in tact .
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Eyelid and Eyebrow  Lacerations

• Rule out  ocular injuries (see Chapters 9 and 10).
• Beware of lacrim al duct  injury.
• Copious irr igat ion  to rem ove ocular foreign bodies.
• Layer-by-layer closure of conjunct iva, tarsus, and skin   using 6–0 

fast-absorbing gut  w ith  inver ted knot away from  the cornea. 
Conjunct ival closure is not  always needed w hen there is good 
in tegrit y of the other layers.

 – Orbicularis—6–0 Vicryl suture.
 – Skin—6–0 fast-absorbing gut  or 6–0 nylon.

For eyebrow  lacerat ions:

• Do not  shave.
• Layered closure.

 – Deep layer and m uscle—Monocryl, Vicryl 5–0.
 – Skin—exactly align  brow  elem ents using Prolene 5–0, 6–0.

Eyelid Margin Lacerations (Fig. 7.6)

• Approxim ate lid m argin .
• Evert  the lid m argin  to prevent  lid notching w ith  ver t ical m at t ress 

suture.
• Antem arginal tarsus.

 – Two or three 6–0 Vicryl su tures.
 – One-half to th ree-quarters of the th ickness of the tarsus.
 – Knot ends directed away from  the cornea.
 – SkinProlene 7–0.

Fig. 7.5 (a) Large scalp avulsion perfused by lateral circulation. (b) Closure after irrigation 
and débridement over Penrose drains.
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Nasal Lacerations

• Achieve nasal hem ostasis (see Chapter 6).
• Inspect  nasal cavity to rule out  nasal septal hem atom a.

 – Drain  hem atom a under direct  vision w ith  an  11-blade scalpel.
• Layered closure of full-th ickness lacerat ions.

 – Mucosal layer—plain  gut  4–0.
 – Align skin  and car t ilage together w ith  Prolene 6–0.

• Splin t  nose w ith  Steri-St r ips.

Facial Hematomas

• Evaluate for in t racranial injuries and C-spine injury.
• Adm inister pain  m edicat ion.
• Apply cold com presses for 48 hours, and then apply warm  

com presses unt il resolut ion .
• Drain  hem atom as that  com prom ise the airway or visual axis.
• Explore hem atom as that  are expanding despite adequate pressure 

therapy.
• Evacuate hem atom as that  predispose the overlying skin  to pressure 

necrosis.
• When a hem atom a is coupled w ith  a lacerat ion , use the lacerat ion  as 

an  access point  for evacuat ion.
• Aspirate hem atom as that  occur in  the m alar region using an  

in t raoral incision to avoid in  ict ing addit ional facial scars.

Fig. 7.6 Repair of full-thickness 
eyelid laceration with repair of 
tarsus.



Facial Lacerat ions 85

Facial Nerve Injuries
• Lacerat ions through the super cial m usculoaponeurot ic system  

(SMAS) and facial m usculature put  the nerve at  r isk at  any point  
along it s route (Fig. 7.7).

• Injury to the tem poral or zygom at ic branch causes an  inabilit y to 
elevate the brow  or close the eye, respect ively.

• Dam age to the buccal branch causes loss of the nasolabial crease and 
an  inabilit y to elevate the lip.

• Marginal m andibular nerve injury causes weakness of the lower lip 
depressors (frow ning).

Fig. 7.7 The course of the 
facial nerve: (a) frontotemporal 
branch, (b) zygomatic branch, 
(c) buccal branch, (d) mar-
ginal mandibular branch, and 
(e) cervical branch.
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Facial Nerve Lacerations

• Once the lacerat ion  is ident i ed, nerve repair should be perform ed 
w ith in  72 hours. Repair w ith in  th is t im e fram e allows for the 
iden t i cat ion  of severed nerve ends using a nerve st im ulator before 
the m otor end plates are depleted of neurot ransm it ters.

• At tem pted repair after 72 hours is ext raordinarily di  cult  
secondary to contract ion  of the cut  segm ent  and the inabilit y to 
st im ulate the distal end for exact  m atching to the proxim al end.

• Repair the nerve in  the operat ing room  under loupe m agni cat ion  
or w ith  the m icroscope.

• Ident ify and t r im  the proxim al and distal nerve ends prior to 
anastom osis.

• Anastom ose the fresh  nerve ends using tension-free 9–0 or 10–0 
nonabsorbable (nylon) sutures in  an  epineural fashion. Fibrin  glue is 
also useful.

• Signi cant  nerve loss or tension m ay require nerve graft ing or the 
use of ar t i cial nerve conduits.

For blunt  injuries to the face that  cause neuropraxia to the facial nerve:

• These do not  require im m ediate operat ive m easures.
• Monitor for signs of im provem ent over the course of 3 weeks.
• If there is no evidence of healing, refer the pat ient  for 

elect rodiagnost ic test ing (ENoG, EMG).
 – Ident i cat ion  of advanced architectural injury to the nerve at  th is 

point  warrants explorat ion  and repair.

Parotid Duct Injuries
The parot id duct  t raverses in  a plane from  the t ragus to the m iddle of the 
upper lip . The duct  ori ce is in  the buccal m ucosa opposite the second 
m axillary m olar. Ext raoral or in t raoral lacerat ions in  th is locat ion  place 
these st ructures at  r isk for injury. Injury to the buccal branch of the facial 
nerve should also raise suspicion for parot id duct  injury. A pat ient  w ith  a 
suspected parot id duct  lacerat ion can be tested easily by placing tooth-
paste in  the pat ien t’s oral cavity. Excessive saliva w ill be expressed from  
the lacerat ion .
• Evaluate a parot id duct  injury by cannulat ing the in t raoral segm ent 

w ith  a 22-gauge Angiocath  (BD Medical).
• Inject  1 m L of m ilk or m ethylene blue to assess patency.
• Repair lacerated duct  over a stent  in  the operat ing room  using 7–0 

m ono lam ent nylon sutures (Fig. 7.8).
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• Keep the stent  in  place for 5 days to allow  patency and prevent  
 stula form at ion.

• Give the pat ient  prophylact ic ant ibiot ics during th is 
period—clindamycin .

• Reconst ruct  ost ia for the proxim al segm ent or duct  ligat ion  if there 
is severe irreparable dam age of the parot id duct .

• Oversew  parot id gland injuries w ithout duct  injuries w ith  
absorbable suture—Monocryl 3.0, 4.0, or Vicryl.

Fig. 7.8 Repair of parotid duct injury over Silastic (Dow Corning) stent.
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8 Orbit and Zygoma Fractures

The Orbit
Anatomy

The orbit  is com posed of seven bones:
• Zygom a. 
• Greater and lesser w ing of the sphenoid.
• Ethm oid.
• Frontal.
• Palat ine.
• Maxilla.
• Lacrim al.

These seven bones create a bony pyram id w ith  the opt ic canal at  the 
apex. The orbit  is com posed of the follow ing st ructures:

• Floor: Roof of the m axillary sinus.
• Medial wall: Lam ina papyracea of the ethm oid bone and the 

lacrim al bone.
• Lateral wall: Zygom a and greater w ing of the sphenoid bone.
• Roof: Frontal bone,  oor of the frontal sinus.

The m edial wall is the weakest  st ructure, followed by the  oor. The roof 
and the lateral wall are generally the st rongest . The opt ic nerve exits 
the opt ic canal situated superom edially and approxim ately 40 to 45 m m  
from  the inferior orbital r im . The superior orbital  ssure separates the 
greater and lesser w ings of the sphenoid.

• St ructures that  pass through the superior orbital  ssure.
 – Oculom otor nerve (CN III).
 – Trochlear nerve (CN IV).
 – Abducens nerve (CN VI).
 – Ophthalm ic division of the t rigem inal nerve (CN V1).

• St ructures that  pass through the inferior orbital  ssure.
 – Maxillary division of t r igem inal nerve (CN V2).
 – Branches of sphenopalat ine ganglion.
 – Branches of the inferior ophthalm ic vein .
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Physical Examination

Orbital fractures are usually associated w ith  blunt  t raum a. Nearly 30% 
of orbital fractures w ill have injuries to the globe. It  is im portant  to per-
form  a detailed ophthalm ic exam  that  includes visual acuity, pupillary 
react ion , ret inal exam , and red color saturat ion , as described in  Chap-
ter 6. Any deviat ion  from  norm al warrants an  em ergent  ophthalm ic 
consultat ion .

• Pathologic physical  ndings.
 – Orbital ecchym osis.
 – Periorbital edem a.
 – Subconjunct ival hem orrhage.
 – Epistaxis.
 – Orbital r im /zygom a bony step -o s.
 – Diplopia.
 – Extraocular m uscle ent rapm ent .

 ▪ Exam ine the act ive range of m ot ion of the ext raocular m uscles 
to rule out  m echanical ent rapm ent .

 ▪ In  unconscious pat ients, perform  the forced duction test: 
using Adson forceps, grasp the in ferior capsulopalpebral fascia 
of the inferior rectus m uscle and gently rotate the globe, w hile 
feeling for any rest r ict ions.

 – Int raorbital edem a.
 – Opt ic nerve neuropraxia.
 – Pupillary shape—oblong pupil is suggest ive of ocular perforat ion .
 – Pupillary response—a erent  pupillary defect  (see Chapter 6)
 – Supraorbital, infraorbital, alveolar nerve paresthesias.
 – Crepitus/subcutaneous em physem a—disrupt ion of m axillary or 

ethm oid sinus m ucosa.
 – Enophthalm os—not iceable w ith  > 2-m m  shift; however, rarely 

evident  im m ediately after injury because of edem a.
 – Proptosis/exophthalm os.
 – Hyphem a— uid in  the an terior cham ber of the eye.
 – Superior orbital  ssure (SOF) syndrom e , result ing from  

fractures of the SOF.
 ▪ Fixed dilated pupil (CN III).
 ▪ Upper lid ptosis (CN III).
 ▪ Loss of corneal re ex (CN V1).
 ▪ Ophthalm oplegia (CN IV, CN VI).

 – Orbital apex syndrom e—SOF syndrom e plus im pairm ent of opt ic 
nerve as it  exits the opt ic canal; blindness.

 – Nausea, vom it ing, bradycardia—oculocardiac response to 
ext raocular m uscle ent rapm ent (Fig. 8.1).
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Acute Compressive Optic Neuropathy (ACON)

Orbital injuries sustained from  high-velocity t raum a can result  in  a 
rapid increase in  orbital pressure due to the accum ulat ion  of edem a or 
blood  (ret robulbar hem atom a) in  the orbital pyram id. This can cause 
vision-threaten ing com pression of the opt ic nerve.

• Signs and sym ptom s of acute com pressive opt ic neuropathy.
 – Proptosis.
 – Severe eye pain .
 – Diplopia.
 – Vision loss.
 – Reduced ocular m ot ilit y.
 – Chem osis.

Treatment of Acute Compressive Optic Neuropathy

Pat ients suspected of having acute com pressive opt ic neuropathy should 
undergo em ergent decom pression .

• Decom pression is perform ed w ith  a lateral can thotomy (Fig. 6.6) or 
by fracturing the m edial orbital  oor.

• Star t  m ethylprednisolone (load 30 m g/kg followed in  2 hours by 
15 m g/kg every 6 hours), acetazolam ide (250 m g by m outh  tw ice a 
day), and m annitol (1 g/kg IV, repeat  every 6 hours as needed).

Fig. 8.1 (a) Hypoglobus at rest . (b) Diplopia with upper gaze associated with entrapment 
of the inferior rectus muscle limiting ocular mobility. (c) Coronal CT scan; arrow indicates 
inferior rectus within the trapdoor of the fracture.
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To perform  a lateral canthotomy, ret ract  the upper and lower lid superi-
orly and inferiorly, respect ively, w ith  your index and th ird  nger. Incise 
the lateral canthal skin  4 to 5 m m , then  palpate the lateral canthal ten-
don w ith   ne scissors and release overlying soft  t issue lateral to the con-
junct iva all the way dow n to the lateral bony orbit . Disinser t ion  of the 
canthal tendon w ill result  in  a m ore freely m obile eye, along w ith  com -
plete m obilit y of the lower lid.

To fracture the m edial orbital  oor,  rst  m anually ret ract  the lower 
lid. With  a pair of  ne hem ostats, push th rough the  oor m edially to 
allow  drainage in to the m axillary sinus.

Traumatic Optic Neuropathy (TON)

A subset of pat ients w ith ocular injuries w ill present w ith vision loss sec-
ondary to opt ic nerve t raum a (compression or edem a) w ithout increased 
extraocular orbital pressure. These pat ients are suspected of having t rau-
m atic opt ic neuropathy. The et iology m ay be direct secondary to bony 
fragm ents w ith in the opt ic canal. Indirect  injury is secondary to ischem ia 
and edem a of the opt ic nerve. Em ergent high-resolut ion CT of the orbit  is 
perform ed to ident ify speci c anatom ical opt ic nerve pathology. Pat ients 
w ith decreased light  percept ion should be started on a m egadose of 
steroids for 48 hours (m ethylprednisolone load 30 m g/kg followed in  
2 hours by 15 m g/kg every 6 hours). Pat ients w ho exhibit  worsening light 
percept ion or w ho present w ith  no light percept ion should be considered 
for operat ive opt ic nerve decompression.

Types of Orbital Fractures

Orbital fractures can occur anyw here along the m edial or lateral walls, 
 oor, roof, and apex. Most  com m only, they w ill be localized to the m edial 
wall and  oor, the weakest  st ructures. Medial wall fractures are par t  of a 
com plex of fractures associated w ith  the nasal and ethm oid bones; they 
are discussed in  Chapter 10.

Orbital Floor

Orbital  oor fractures (blow-out) m ost com m only occur at the m edial 
wall and  oor of the orbit  along the infraorbital groove (paresthesia). A 
fracture defect m ay entrap periorbital fat and possibly the inferior rectus 
m uscle (Fig. 8.2). The pathom echanics of the injury include two theories:
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1.  The hydraulic theory—direct  t raum a to the globe leads to increased 
in t raorbital pressure result ing in  a decom pressing fracture at  the 
weakest  point .

2.  The bone conduct ion theory—an indirect  t ransm ission of forces 
around the orbital r im  leading to fracture of the  oor.

Orbital Roof

Fractures of the orbital roof are rare due to protect ion by the supraor-
bital r im  and st rong frontal bone. These fractures are m ore com m on 
in  children  secondary to the di erences in  the architecture of the cra-
nium . When fractures in  the roof occur, displacem ent  can be either 
in to the an terior cranial fossa or, m ore com m only, in to the orbit , caus-
ing a “blow-in” fracture. Evaluat ion  of these pat ients by CT should ru le 
out  both  in t racranial and in t raocular involvem ent . Blow -in  fractures 
are characterized by a decreased orbital volum e (i.e., exophthalm os) 
and com m only warrant  urgent  surgical in tervent ion to decrease the 
increased in t raocular pressure (Fig. 8.3). Addit ionally, injury to the 
supraorbital ar tery can result  in  a ret robulbar hem atom a.

Fig. 8.2 Schematic of an orbital  oor fracture with entrapment of inferior rectus.
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Radiographic Evaluation

CT scans should be obtained w ith  1.5-m m  thin  cuts through the orbit  
w ith  sagit tal and coronal reconst ruct ions. Evaluate radiographs for the 
follow ing:

• Displaced fracture fragm ents.
 – Trapdoor fracture.
 – Bony fragm ent im pingem ent on the opt ic canal.

• Area of  oor defect .
• Soft  t issue ent rapm ent .
• Enophthalm os.
• Lens dislocat ion.
• Retrobulbar hem atom a.
• Other associated fractures (m edial wall fracture).

Management

Pat ients w ithout  evidence of ent rapm ent , TON, ret robulbar hem atom a, 
ACON, or any signs of globe injury can be discharged hom e. Nondis-
placed fractures m ay be associated w ith  diplopia secondary to edem a 
and blunt  t raum a to the globe. Diplopia alone is not  an  indicat ion for 
surgery. Pat ients should be followed closely for 2 weeks to ensure reso-
lut ion  of sym ptom s. Pain  m edicat ion  should be prescribed as indicated; 
ant ibiot ics are not  indicated. Pat ients should be inst ructed to use ar t i-
 cial tears to keep the eye lubricated, and to m inim ize nose blow ing to 
avoid orbital em physem a and displacem ent of a fracture.

Fig. 8.3 (a) Axial and 
(b) 3D reconstruction 
CT scans of a patient 
with an orbital roof 
fracture.
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Pat ients w ho do require delayed surgical in tervent ion  should be 
seen by an  ophthalm ologist  prior to surgery to rule out  open  globe inju-
ries. Fractures are opt im ally operated on after 2 to 4 weeks once edem a 
resolves.

Em ergent surgery is indicated for those pat ients w ho have clear bony 
displacem ent  in to the opt ic canal or globe as con rm ed by CT, ent rap -
m ent , or signs and sym ptom s suggest ive of oculocardiac response.

Surgical Indications—Orbital Floor Fractures

Urgent surgical indicat ions are

• Orbital ent rapm ent .
• Oculocardiac response—bradycardia, nausea, syncope.

Indicat ions for delayed surgical in tervent ion are

• Early enophthalm os > 2 m m  w ithin  6 weeks.
• Enophthalm os w ith  sym ptom at ic diplopia last ing longer than 

2 weeks (prim ary  eld).
• Displaced fracture w ith   oor defect  > 1 cm 2.
• Hypoglobus—low-lying globe.

Zygoma/Zygomaticomaxillary Complex 
Fractures
The zygom a ar t iculates w ith  the frontal, sphenoid, m axillary, and tem -
poral bones com prising the characterist ic tet rapod (Fig. 8.4). It  is com -
posed of two faces, the m alar face, w hich com prises the lateral orbit , and 
the body, w hich gives project ion  to the cheek. The zygom at ic process of 
the tem poral bone ar t iculates w ith  the body of the zygom a to create the 
zygom at ic arch . The zygom a has m ult iple m uscular at tachm ents; m ost  
im portant  is the m asseter, w hich produces a m ajor inferior deform ing 
force on the body and arch  w hen fractured. Fractures and disar t icula-
t ions of the zygom a usually result  in  an  inferior displacem ent , leading to 
increased in t raorbital volum e producing enophthalm os. These fractures 
are m ost  com m only referred to as t r ipod, tet rapod, or a zygom at icom ax-
illary com plex (ZMC) fracture, so called because it  involves separat ion  
of all of the m ajor at tachm ents of the zygom a to the rest  of the face 
(Fig. 8.5). Occasionally, there can be an  isolated fracture of the zygo-
m at ic arch  or lateral wall w ithout concom itant  ZMC fracture (Fig. 8.6).
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Fig. 8.4 Zygomatic tetrapod bone articulations.

Fig. 8.5 ZMC fracture illustrating disruption 
of the (a) lateral orbital wall, (b) nasomaxillary 
suture, and (c) orbital  oor.
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Symptoms and Physical Findings

• Enophthalm os.
• Flat tening of the m idface/m alar asym m etry.
• Diplopia.
• Trism us.
• Im pingem ent  on the coronoid process.
• Periorbital and subconjunct ival hem atom a (Fig. 8.7).

 – “Flam e sign .”
• Epistaxis.
• In ferior displacem ent of globe.
• Inferior displacem ent of lateral canthus.
• Infraorbital nerve injury—paresthesia of the cheek, upper lip , 

anterior incisors, and ala of the nose; V2 dist ribut ion.
• Mandibular occlusion and range-of-m ot ion disturbances—trism us.
• In t raoral hem atom a.

Fig. 8.6 Displaced zygomatic 
arch fracture with impingement 
of the coronoid process of the 
mandible.
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Fig. 8.7 Flame sign—suggestive 
of an orbitozygomatic fracture.

Radiographic Evaluation

• CT scan.
 – Axial.
 – 1.5 m m  cuts.
 – Coronal.
 – Orbital evaluat ion.
 – Reconst ruct ions.

 ▪ 3D reconst ruct ions.
• Plain  radiographs (less com m only used).

 – Caldwell view.
 – Subm ental ver tex.
 – Waters view.

 ▪ Most helpful plain   lm .
 ▪ 30 degrees of occipitom ental project ion , extension.
 ▪ Visualizat ion  of zygom at ic but t resses.
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Management

Pat ients w ith  nondisplaced ZMC fractures can  be discharged hom e, 
observed, and t reated conservat ively. Ant ibiot ics are not  indicated. Keep 
pat ients on a soft  diet  (nonchew ) for 6 weeks w ith  protect ion of the 
m alar em inence. Follow -up should be in  2 weeks to assess for displace-
m ent  and enophthalm os. This can occur over the long term  w ith  the 
m asseter pull on  the fractured zygom a.

Pat ients w ith  displaced ZMC fractures should be prepared for sur-
gery to realign  the lateral orbital wall and  oor and to correct  contour 
irregularit ies of the m alar em inence. An ophthalm ologist ’s evaluat ion is 
warran ted w ith  orbital involvem ent . Orbital  oor and rim  fractures are 
com m only associated w ith  ZMC fractures. Im pacted ZMC fractures m ay 
hide orbital defects on  radiographs. If there is an  indicat ion  for urgent  
in tervent ion  due to orbital involvem ent (i.e., en t rapm ent), then the 
pat ient  should be adm it ted and prepared for reduct ion of the ZMC and 
orbital  oor reconst ruct ion.

Pat ients w ith  nondisplaced isolated zygom atic arch fractures 
require no surgical in tervent ion . They can be discharged hom e w ith  
m alar em inence protect ion . Pat ients w ith  displaced isolated zygom atic 
fractures do not  need adm ission and can be discharged hom e to have 
their fracture repaired elect ively. Repair can be done w ith in  24 hours or 
delayed unt il 2 weeks after edem a resolves.

Those pat ients w ith  t r ism us secondary to im pingem ent on the cor-
onoid or m asseter and cosm et ic tem poral deform it ies also warrant  con-
siderat ion  for operat ive reduct ion.
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9 Nasal and Naso-Orbital-Ethmoid 
(NOE) Fractures

Injuries to the m idface involve the com plex union of the nose, the orbit , 
and the base of the skull. Fractures of these areas can occur in  isolat ion 
or in  conjunct ion at  the union of these st ructures (NOE).

Anatomy
Nasal anatomy (Fig. 9.1):

• Nasal bone.
• Frontal processes of the m axilla.
• Nasal car t ilage.
• Nasal septum .
• Quadrilateral car t ilage.
• Perpendicular plate of the ethm oid.
• Vom er.

Blood supply:

• Ophthalm ic ar tery is the  rst  branch of the in ternal carot id.
• Anterior and posterior ethm oidal branches of in ternal carot id.
• Facial ar tery branches.
• Superior labial branch.
• In ternal m axillary branches of external carot id (sphenopalat ine, 

greater palat ine, and infraorbital).

External innervat ion:

• Nasociliary nerve V1.
• Suprat rochlear nerve V1.
• Infraorbital nerve V2.

In ternal innervat ion:

• Anterior ethm oid nerve V1.
• Greater palat ine nerve—lateral wall.
• Nasopalat ine nerve V2.
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Nasal Fractures
Physical Examination

Evaluate the nose in  a well-lit  area w ith  the pat ient  com fortably seated 
and reclined at  a 45-degree angle to facilitate inspect ion  of both  the 
external and in ternal nasal cavity. Suct ion, irrigat ion , nasal speculum , 
headlight/handheld light , and cot ton-t ip  applicators should be readily 
available. 

Fig. 9.1 (a) Bony and cartilag-
inous vault anatomy. (b) Nasal 
septal anatomy.
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Com m on physical  ndings include

• Tenderness.
• Crepitus.
• Nasal deviat ion .
• Mobilit y.
• Epistaxis.
• Airway obst ruct ion.
• Septal deviat ion .
• Septal hem atom a.
• Saddle deform ity.
• Mucosal lacerat ion .

Septal Hematomas

Septal hem atom as are caused by bleeding between the septum  and 
m ucosa. Diagnosis is m ade by direct visualizat ion of a hem atom a beneath  
the m ucosa (Fig. 9.2). Septal hem atom as require im m ediate drainage 
in  the acute set t ing. If left undrained, the accum ulat ion of blood in  the 
m ucoperichondrium  can lead to septal ischem ia w ith potential septal 
necrosis. Complications include perforat ion, loss of dorsal support , and 
saddle deform ity. Nasal septal hem atom as should be drained appropri-
ately, w ith the proper pressure dressing applied (see Chapter 6, Fig. 6.4a). 
Packing should be rem oved on day 3 to prevent sinusit is or toxic shock. 
Place the patient on clindamycin or Augm entin w hile packing is in place.

Fig. 9.2 (a) Nasal septal hematoma that requires immediate drainage. (b) CT scan con-
 rms diagnosis.
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Radiographic Evaluation

Plain   lm s and CT scans (Fig. 9.3) are not  absolutely necessary. They 
becom e m ore relevant  if other injuries are suspected (e.g., naso-orbit -
al-ethm oid fractures [NOE], orbital  oor fracture, in t racranial bleeding). 
If one has a low  clin ical suspicion of any other injury, nasal fractures in  
general do not  require any radiography. In  selected clin ical scenarios, a 
nasal series (anterior and lateral view ) can be ordered to aid in  diagnosis 
and for docum entat ion .

Stranc-Robertson Nasal Fracture Classi cation 
(Fig. 9.4)

• Type I.
 – Anterior port ion  of the nasal pyram id.
 – Septum .

• Type II.
 – Com m inut ion of the nasal pyram id.
 – Dislocat ion of the septum .

• Type III.
 – Frontal processes of the m axilla.
 – NOE fractures.

Nasal Fracture Treatment

The t im ing of the repair is usually bim odal and correlated w ith  the 
am ount of edem a. Any repair should be perform ed w ith in  the  rst  
2 hours, before the onset  of signi cant  edem a. A pat ient  rarely presents 
w ith in  th is t im e, and typically, repairs are perform ed after 1 to 2 weeks, 
w hen the edem a subsides.

Fig. 9.3 CT scan of nasal bone and septal fracture with orbital component.
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Closed Reduction

Adequate anesthesia can be achieved locally if a reduct ion is at tem pted 
in  the em ergency care set t ing. Epinephrine 1:100,000 or 4% cocaine-
soaked Cot tonoid/pledgets or Afrin  (Schering-Plough Corp.) spray on 
pledgets can be applied in t ranasally for 5 m inutes.

A regional block—1% lidocaine w ith  0.25% Marcaine m ixed 1:1—pro-
vides long-last ing pain  relief w ith  fast  onset . Epinephrine can also be 
added at  1:100,000.

• Regional block (see Chapter 7, Fig. 7.1).
 – Nasociliary nerve.
 – Infrat rochlear nerve.
 – Infraorbital nerves.
 – Tip—colum ella.

Asch or Walsham  forceps can be used to realign  and reduce the fracture 
(Fig. 9.5). The blunt  end of a scalpel handle can also be used. Reduct ion 
should be aim ed at  reposit ioning the nose to the m idline. Reshaping 
the nasal pyram id often  involves “outfracturing” of the nasal sidewalls. 
Assess reduct ion by visualizat ion  and palpat ion.

Fig. 9.4 Stranc-Robertson nasal fracture classi cation.
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Postreduction Care
• Packing—place packing in  dist inct  layers, if necessary, to achieve 

hem ostasis (see Chapter 6, Fig. 6.4).
 – Merocel (Merocel Surgical Products), Xeroform  gauze, Vaseline 

(Unilever PLC)/bacit racin-im pregnated gauze, Cot tonoid soaked 
w ith  epinephrine 1:100,000.

 – Rem ove packing w ith in  3 days to avoid sinusit is or toxic shock 
(see Chapter 6, Fig. 6.4a).

 – Prescribe ant ibiot ics for pat ients w ith  in t ranasal packing.
 ▪ Augm ent in  875 m g by m outh  tw ice a day × 3 days or 
clindamycin  450 m g by m outh  four t im es a day × 3 days. 

 ▪  A silicone in ternal nasal splin t  can  also be used if bleeding is 
controlled (Fig. 9.6).

 ▫ In ternal splin ts are sutures through the septum  (2–0 Prolene) 
to prevent  m igrat ion  and are rem oved in  2 weeks.

Fig. 9.5 Closed reduction of nasal fracture using Walsham forceps.
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• Splin t—apply an  external nasal splin t  to the dorsum  (Fig. 9.6); keep 
splin ts in  place for 7 to 10 days.

 – Fashion a splin t  out  of a sm all piece of plaster over Steri-St r ips if 
prefabricated therm oplast ic splin ts are not  available.

• Have the pat ient  avoid nose blow ing for several weeks.
• Have the pat ient  avoid contact  to nose.
• Follow  up w ith in  1 week.

Pat ients w ith  nasal fractures that  are signi cant ly displaced or w ith  
signi cant  edem a hindering reduct ion  in  the acute set t ing can be dis-
charged hom e w ith  contact  precaut ions. Ant ibiot ics are not  needed, and 
pat ients should follow  up in  2 weeks for at tem pted closed or open oper-
at ive reduct ion.

Naso-orbital-ethmoid Fractures
NOE fractures result  from  force direct ly over the nasal pyram id. The nose 
is depressed between the orbits, result ing in  fractures of the nasal bone 
and m edial orbital wall. Fractures are com m only bilateral, but  one-th ird 
of the t im e they are unilateral. The high-velocity im pact  w ill often  be 
accom panied by orbital blow-out fractures or can extend in to the cranial 
base (Fig. 9.7).

Fig. 9.6 Postreduction intranasal and dorsal splints.
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Anatomy

• Posterior.
 – Sphenoid bone.

• Roof.
 – Anterior cranial fossa.

• Lateral extension of in terorbital space.
 – Medial orbital walls.

• Anterior st ructures.
 – Maxilla, frontal and nasal bones.

The m edial canthal ligam ent is the direct  extension of the orbicularis 
oculi m uscle w ith  inser t ion onto the m edial orbital wall. The ligam ent 
is com posed of three lim bs, w hich help provide m edial support  to the 
globe, along w ith  keeping the eyelids tangent ial to the globe. The supe-
rior, anterior, and posterior lim bs together form  a tent  that  houses the 
lacrim al sac. This ligam ent is im portant  in  the classi cat ion of NOE 
fractures.

Fig. 9.7 Open complicated NOE fracture with disinsertion of the medial canthal tendon 
extending into the orbital  oor and maxilla.
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Physical Findings That May Indicate an NOE 
Fracture

• Loss of dorsal-nasal prom inence (saddle deform ity).
• Glabellar, periorbital, nasal ecchym osis.
• Bony crepitus over canthal region.
• Telecanthus   35 m m  (norm al 30–32 m m ).
• Bowstring test—lateral t ract ion  of lower eyelid w ill result  in  

telecanthus if ligam ent  is disrupted.
• Rhinorrhea—indicat ion of a cribriform  plate fracture.
• Olfactory disturbance.

Radiographic Evaluation

• CT scan—1.5-m m  cuts axial and coronal.

Markowitz Classi cation (Fig. 9.8)

• Type I: Single-segm ent central fracture w ith m edial canthal tendon 
at tached.

• Type II: Com m inuted fracture w ith  m edial canthal tendon at tached.
• Type III: Com m inuted fracture w ith  avulsed m edial canthal tendon.

Treatment and Management

Pat ients w ith  NOE fractures need to be adm it ted and m onitored, and 
in t racranial injury should be ru led out . Urgent ophthalm ologic evalu-
at ion  is warranted to rule out  injury to the globe. The pat ient  should 
be assessed for leakage of cerebrospinal  u id (CSF), w hich m ay indicate 
dam age to the cribriform  plate, frontal sinus, or anterior cranial fossa. 
CSF rhinorrhea is evaluated by perform ing the halo test  (form at ion of 
a halo w hen CSF is placed on t issue paper) or by laboratory analysis of 
glucose or  -t ransferr in  in  the nasal drainage. If potent ial dural contam -
inat ion is suspected, a neurosurgical consult  is appropriate.

• Place pat ient  on  IV ant ibiot ics (clindamycin  600 IV every 6 hours, 
Rocephin  1 g IV every 24 hours).

• Fractures w ill likely be explored and repaired.
• Elevate head of bed.
• No nose blow ing.
• Follow  appropriate preoperat ive procedures (nothing by m outh , 

IV  u ids, etc.) if surgery is planned.
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Fig. 9.8 Markowitz classi cation of naso-orbital-ethmoid fractures.
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10 Frontal Sinus Fractures

The frontal bone is the st rongest  bone of the face. The anterior table can 
w ithstand 800 to 2,200 lb of force; therefore, a direct  isolated h igh-en-
ergy im pact  is usually needed to fracture th is bone. The frontal sinuses 
are absent  in  4% of individuals, rudim entarily developed in  5%, and uni-
lateral in  10% of individuals. The developm ent of the frontal sinus begins 
at  age 2; it  becom es radiographically present  at  age 8 and cont inues to 
develop unt il the age of 12. Frontal sinus fractures are rare in  the pediat-
r ic populat ion . Instead, the forces applied to th is area are t ransm it ted to 
the orbital r im  (upper or the weaker lower) and the nasal ethm oid area 
in  younger pat ients.

Anatomy
The anatomy of the frontal sinuses com prises (Fig. 10.1)

• Two paired irregular cavit ies.
 – Anterior wall = anterior table.
 – Posterior wall = posterior table.

Physical Examination
Physical  ndings that  suggest  a frontal sinus fracture:

• Forehead contusion.
• Forehead lacerat ion .
• Forehead or orbital hem atom as.
• Epistaxis.
• Otorrhea or rh inorrhea from  dural tears—test  for halo sign  on paper 

towel; send  uid for glucose and β-t ransferr in  analysis.
• Palpable step -o  deform it y secondary to underlying fracture; m ay 

be obscured by overlying swelling in  the acute set t ing.
• Paresthesias in  the supraorbital nerve dist r ibut ion.
• Extension in to the supraorbital r im  and superior orbital  ssure can 

lead to superior orbital  ssure syndrom e (see Chapter 8).
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Radiographic Evaluation

CT of the face w ith 3-m m  axial cuts and coronal reconstructions is the 
m ost sensit ive m odality for diagnosing frontal sinus fractures. Manage-
m ent w ill often be dependent on w hether or not there is a nasofrontal 
duct injury. Fractures that are located inferiorly and m edially should raise 
a high level of suspicion for nasofrontal duct injury (Fig. 10.2, Fig. 10.3).

Fig. 10.1 The frontal sinuses.
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Management
All pat ients w ith frontal sinus fractures should be adm it ted and observed.

• In it ial evaluat ion.
 – Subarachnoid hem orrhages.
 – Subdural hem atom as.
 – Epidural hem atom as.
 – Cerebral contusions.
 – Pneum ocephalus.

• Elevate head of bed to m inim ize edem a.
• Begin  in t ravenous ant ibiot ics.

 – Ceft r iaxone 1 to 2 g IV every 24 hours.
• Have the pat ient  avoid act ivit ies that  could increase in t racranial 

contam inat ion from  the sinuses.
 – Avoid nose blow ing.
 – Cough and sneeze w ith  m outh  open and not  through nose.

Fig. 10.2 Frontal sinus fracture pat terns. (a) Normal relationship. (b) Anterior table. 
(c) Comminuted anterior and posterior table.
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Fig. 10.3 CT of anterior table fracture.

Operat ive m anagem ent is dependent  on  degree of fracture displace-
m ent , nasofrontal duct  involvem ent , and dural in tegrit y. Anterior table 
fractures induce a cosm et ic deform ity. Nondisplaced fractures do not  
require operat ive in tervent ion . Obliterat ion  of the nasofrontal duct  is 
indicated w hen the duct  is involved in  the fracture. Otherw ise, displaced 
fractures m ay by reduced and  xed in  a delayed fashion.

Posterior table fractures occur in  com binat ion  w ith  anterior table 
fractures and can produce the sam e sequelae, w ith  the addit ion  of the 
potent ial for anterior cranial fossa involvem ent and dural penet rat ion . 
CSF leak is evident  w hen the pat ien t  presents w ith  signi cant  rh inor-
rhea that  is posit ive for β2-t ransferrin  or creates a yellow  ring on t issue 
paper (halo test). If the posterior table is not  displaced, the pat ient  is 
observed for 4 to 7 days. Pat ients w ith  persistent  leakage of CSF or dis-
placem ent and com m inut ion of the posterior table require cranializa-
t ion . Speci c fracture m anagem ent  st rategies are out lined in  Fig. 10.4 .
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Fig. 10.4 (a) Algorithm for anterior table fracture. (b) Algorithm for posterior table fracture.
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11 Mandibular Fractures

Anatomy
• A U-shaped bone that  contains two equal segm ent hem im andibles.
• St ructures unite at  m idline called sym physis.
• Each hem im andible consists of several st ructures (Fig. 11.1).

 – Body.
 – Angle.
 – Ram us.
 – Coronoid process.
 – Condyle.

• Muscles of m ast icat ion .
 – Jaw  prot rusion.

 ▪ Lateral pterygoid (lateral pterygoid plate to condylar neck).
 – Jaw  elevators.

 ▪ Tem poralis (tem poral fossa to coronoid).
 ▪ Masseter (zygom at ic arch  to the body).
 ▪ Medial pterygoid (m edial pterygoid plate to angle).

 – Jaw  depressor-ret ractors.
 ▪ Lateral pterygoid.
 ▪ Digast r ic.
 ▪ Geniohyoid.
 ▪ Mylohyoid.
 ▪ Genioglossus.

• Condyle ar t iculates w ith  cranium  at  the glenoid fossa of the 
tem porom andibular join t  (TMJ).

• Blood supply of m andible.
 – Inferior alveolar ar tery from  the in ternal m axillary ar tery enters 

at  m andibular foram en and exits at  m ental foram en.
 – Branches from  the m uscles of m ast icat ion .

• Nerve supply.
 – Inferior alveolar nerve from  CN V3 enters at  m andibular foram en 

and exits at  m ental foram en.
• Mental foram en.

 – Located between  rst  and second prem olars.
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Dental Relationships
Child:

• 20 deciduous or prim ary teeth  labeled A through T.
 – Right—A B C D E F G H I J.
 – Left—T S R Q P O N M L K.

Adult:

• 32 perm anent teeth  labeled 1 through 32.
 – Num bering begins w ith  the th ird r ight  m axillary m olar as tooth  

no. 1 and the last  m axillary m olar as no. 16.
 ▪ Num bering cont inues w ith  the m andibular left  th ird m olar 
as no. 17 and ends w ith  the m andibular right  th ird m olar as 
no. 32.

Each hem im andible or hem im axilla consists of

• One central and one lateral incisor.
• One canine (cuspid).
• First  and second prem olar (bicuspid).
• First , second, and th ird m olar.

Fig. 11.1 Anatomy of the mandible.
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Angle Classi cation of Occlusion

Based on the  rst  m axillary m olar and its posit ion  relat ive to the  rst  
m andibular m olar (Fig. 11.2):

• Class I—norm al occlusion.
 – Mesiobuccal cusp of the m axillary  rst  m olar occludes w ith  

buccal groove of the m andibular  rst  m olar.
• Class II—overbite.

 – Lower  rst  m olar is distal (posterior) to the upper  rst  m olar.
• Class III—underbite.

 – Lower  rst  m olar is m esial (anterior) to the upper  rst  m olar.

Fig. 11.2 Angle classi cation of occlusion.
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Mandibular Fractures
Fractures of the m andible are often  the resu lt  of physical altercat ions 
and have the h ighest  frequency in  m en  bet ween  the ages of 25 and 
35. Fractures com m only ar ise in  the th innest  por t ions of the bone in  
the angle and condylar region . The th ick ram us is fractured the least  
(Fig. 11.3). Mandibular fractures often  occur at  t wo sites on  the m an-
dible due to the coup -con t recoup  phenom enon .

Symptoms and Physical Findings

• Pain .
• Malocclusion—docum ent the angle class of occlusion.
• Trism us—inabilit y to com pletely open m outh  due to pain .
• Crepitus/bony step -o s.
• Mandibular instabilit y.
• Edem a and ecchym oses over fracture site.
• Contusions, lacerat ions, and excoriat ion .
• In t raoral.

 – Dental in fect ion/abscess.
 – Buccal or lingual ecchym osis.
 – Avulsed teeth /loose teeth .

 ▪ Use the num bering system  to account for avulsed, loose, 
fractured, or m issing teeth .

• Open  bite.
• Deviat ion  of jaw  on opening—suggest ive of condylar fracture.
• Paresthesia/anesthesia—docum ent funct ion of inferior alveolar, 

lingual, and m ental nerves.
 – Transect ion  of the in ferior alveolar nerve can result  in  

paresthesia/anesthesia at  the lips, teeth , and gum s.
• TMJ dislocat ion or derangem ent .

 – Assess TMJ w ith  a  nger in  external auditory canal—condylar 
head should t ranslate anteriorly w ithout signi cant  pain  if join t  is 
not  injured.
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Radiographic Evaluation

A Panorex radiograph  (Fig. 11.4) o ers the best  d iagnost ic tool in  sus-
pected  m andible fractures. It  is a qu ick and inexpensive radiograph  
that  o ers a com plete view  of the m andible. It  provides an  easy m eans 
of iden t i cat ion  of sym physeal and angle fractures, as well as show -
ing the relat ion  of the fracture line to teeth . Som e m in im ally d isplaced 
fractures at  the sym physis m ay be d i  cu lt  to visualize on  a Panorex. 
Pat ien ts are required , however, to have their  C-sp ines cleared  because 
the Panorex radiograph  is t aken  in  the sit t ing posit ion . Otherw ise, an  
in tubated  or obtunded pat ien t  can  undergo a panoram ic zonography 
or Zonarc (a panoram ic evaluat ion  in  the supine posit ion).

CT evaluat ion  is cost-e ect ive and o ers nearly 100% sensit ivit y for 
diagnosing m andibular fractures (Figs. 11.5). A CT scan of the face w ith  
coronal reconst ruct ions should be ordered for pat ients w ho dem onstrate 
a h igh index of suspicion for a m andible fracture. Each CT scan should 
be com plem ented w ith  a Panorex radiograph to show  the relat ion  of the 
fracture line to the teeth . This detailed inform at ion on dental occlusion 
in  relat ion  to the fracture is not  easily seen on CT im ages and is im port-
ant  w hen assessing w hich teeth  m ay need to be ext racted to allow  for 
opt im al m andibular union. Coronal CT evaluat ion  is also helpful in  diag-
nosing m andibular coronoid and condyle fractures (Fig. 11.5c).

Fig. 11.3 Inc idence of mandibular fractures by region.
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Classi cation of Fracture

Types of Fracture

• Closed versus open.
• Displaced versus nondisplaced.
• Com plete versus incom plete.
• Linear versus com m inuted.
• Favorable—w hen the m uscles draw  the bony fragm ents together.
• Unfavorable—w hen the fragm ents are displaced by the forces of the 

m uscles.

Fig. 11.4 Mandibular fractures of the symphysis commonly occur in combination with 
fractures of the contralateral condylar region. Panorex radiograph clearly illustrat ing the 
fracture of the parasymphysis.
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Location of Fracture (Fig. 11.1)

• Sym physeal—between central incisors.
• Parasym physeal—between distal border of canine and central 

incisor.
• Body—between distal edge of canine and distal border of th ird 

m olar.
• Angle.
• Ram us.
• Coronoid.
• Condyle.

 – Condylar head.
 – Condylar neck.

Fig. 11.5 (a) CT evaluation of a fracture of the symphysis. (b) Evaluation of the parasymphyseal 
fracture by coronal CT. (c) CT coronal scan of the same patient as in Fig. 11.4 demonstrating a 
subcondylar fracture not easily seen on the Panorex radiograph. (d) CT evaluation of a fracture 
of the angle.
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Nonoperative Management

The a bsolu te goa l in  the t r ea t m en t  of m a ndibu la r  fr a ct u r es is r ees-
ta blishm en t  of pr ein ju r y occlusion . Addit ionally, at tent ion should be 
placed on reestablishm ent of facial contour, height , sym m etry, and pro-
ject ion . These goals are accom plished by achieving anatom ical reduct ion 
of the fracture fragm ents w ithout  in fect ion  and w ith  norm al m andibu-
lar m ot ion.

Im m obilizat ion  techniques depend on the degree of displacem ent 
and the fracture locat ion. Nonoperat ive m anagem ent is inst ituted w hen 
the fractures are single and nondisplaced and w hen pat ients exhibit  pre-
injury occlusion (Table 11.1).

These patients are counseled to comply w ith a nonchew diet and to per-
form  aggressive oral hygiene for 6 weeks. Nonoperative candidates treated 
conservatively should be m onitored closely at 1- or 2-week intervals until 
fracture healing. During this observation period, patients should be evalu-
ated for m aintenance of occlusion and signs of infection. Deviation from  a 
norm al prognosis m ay portend operative m anagem ent.
• Nonoperat ive hom e discharge regim en.

 – Nonchew  diet  for 6 weeks.
 – Good oral hygiene—toothbrushing and Peridex m outhwash, sw ish  

and spit  every 2 to 4 hours.
 – Follow-up in  clin ic w ith in  2 weeks—obtain  addit ional Panorex 

radiographs and assess occlusion.

Table 11.1 Criteria for nonoperative and operative treatment of mandibular 
fractures

Indications for nonoperative 
treatment of mandibular fractures

Indications for operative treatment 
of mandibular fractures

Isolated to one region Fractures of multiple regions

Nondisplaced Displaced

Simple Comminuted

Patient exhibits preinjury occlusion Poor occlusion

Failed nonoperative management

Associated infection
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Surgical Treatment

Generally, surgical t reatm ent for m andibular fractures is recom m ended 
for pat ients w ith  com m inuted, displaced, infected, or m ult iple inju-
ries. Treatm ent st rategies in  the acute set t ing include bridle w iring and 
closed reduct ion  in  m axillom andibular  xat ion  (MMF) w ith  arch  bars 
and w ires or elast ics (Fig. 11.6).

The speci c fracture m anagem ent depends on  the region. Once oper-
at ive t reatm ent has been  decided, reduct ion of the fragm ents should be 
undertaken to reduce the possibilit y of infect ion , pain , and m alunion. 

Fig. 11.6 (a) Closed reduction of mandible fractures utilizing arch bars with elastics or wire 
 xation. (b) Rapid placement of MMF can be accomplished using the Hybrid MMF system 
(Stryker).
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If fracture reduct ion  is to be delayed m ore than 5 days, the fracture 
 fragm ents should be stabilized w ith  a Barton bandage (see Chapter 6, 
Fig. 6.4), a cervical collar externally, or alternat ively w ith  MMF unt il sur-
gery. Fixat ion of open fractures should be at tem pted w ith in  72 hours.

Instructions for patients adm itted for operative treatm ent:

• Prophylact ic ant ibiot ics—clindamycin  600 m g IV every 8 hours.
• Ensure patent  airway. Pat ients w ith  m andibular fractures m ay have 

tongue-based airway obst ruct ion (lacerat ions, etc.) that  m ay require 
t racheostomy.

• Rule out  C-spine injuries.
• Clear liquid or nonchew  diet .
• Oral hygiene—toothbrushing and Peridex m outhwash , sw ish  and 

spit  every 2 to 4 hours.
• IVFs to prevent  dehydrat ion  secondary to poor oral in take.
• Preoperat ive work-up.

 – Nutrit ion  consult

Condylar Fractures

Condylar fractures are t reated conservat ively w ith  closed reduct ion  or 
open reduct ion depending on the degree of displacem ent and lateralit y. 
Treatm ent st rategies in  th is region are em ployed to decrease the inci-
dence of ankylosis of the TMJ. Closed reduct ion is advocated in  children 
or w hen the fracture pat tern  is h igh  and contained w ith in  the capsule. 
Open  reduct ion  and in ternal  xat ion  (ORIF) is advocated w hen there 
is signi cant  displacem ent outside the capsule of the TMJ or in to the 
m iddle cranial fossa (Fig. 11.7). Foreign bodies w ith in  the capsule and 
failed closed reduct ion are addit ional indicat ions for open  reduct ion and 
in ternal  xat ion.

Unilateral nondisplaced fractures in  pat ients w ith  norm al occlusion 
can be t reated conservat ively. Pat ients are placed on a nonchew  diet  and 
encouraged to perform  rehabilitat ion  protocols to prevent  ankylosis.

Displaced unilateral fractures in  pat ients w ith  m alocclusion are 
t reated w ith  closed reduct ion for 7 to 10 days, after w hich rehabilitat ion  
is begun.

Bilateral nondisplaced fractures in  a pat ient  w ith  a stable m idface 
are t reated w ith  closed reduct ion. However, bilateral displaced fractures 
or bilateral fractures in  a pat ient  w ith  an  unstable m idface should be 
considered for ORIF of at  least  one side to preserve m andibular height  
and ensure occlusion.
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Coronoid and Ramus Fractures

Coronoid fractures, if isolated, are m anaged conservat ively provided the 
pat ient  can open and close the m outh  norm ally. Those pat ients w ho are 
unable to range norm ally or w ho have sign i cant  pain  should undergo 
ORIF. When coronoid fractures occur in  com binat ion w ith  other m an-
dible fractures, ORIF of the concom itant  fracture is recom m ended over 
closed reduct ion to prevent  ankylosis.

Due to the splin t ing m echanism  of the inser t ion  of the m uscles of 
m ast icat ion  on the ram us, ram us fractures are stable unless severely dis-
placed. Ram us fractures in  isolat ion  are t reated w ith  closed reduct ion.

Angle Fractures

The angle of the m andible is the th innest  port ion of the bone and is 
addit ionally weakened by the presence of the th ird m olar. Fractures in  
th is region com m only occur secondary to direct  t raum a and in  isolat ion. 
The angle lacks dent it ion  and incurs signi cant  dist ract ing forces from  

Fig. 11.7 Subcondylar fracture with extracapsular displacement of the condylar head should 
be considered for ORIF.
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the m asseter and the tem poralis, w hich negates the abilit y of closed 
reduct ion  to establish  occlusion. Therefore, angle fractures are t reated 
w ith  ORIF.

Body and Symphyseal Fractures

Due to the presence of dent it ion  in  the body and sym physis, fractures 
in  th is region are t reated w ith  closed reduct ion  if they are single and 
easily reducible. If signi cant  dent it ion  is m issing or the fracture pat-
tern  is com m inuted or irreducible, ORIF is considered. Fractures in  th is 
region of the m andible com m only occur w ith  contralateral fracture to 
the subcondylar area. Therefore, careful exam inat ion of the condyles is 
warranted in  these pat ients.

Severely Comminuted Fractures

Severely com m inuted fractures are associated w ith  severe bony 
displacem ent , as well as possible soft  t issue loss. These fractures m ay 
require external  xat ion  and débridem ent  in  the operat ing room . Estab-
lishm ent of an  airway and ru ling out  C-spine injury are of param ount 
im portance.
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12 Examination of Hand Injuries

When evaluat ing a pat ient  w ith  a hand injury, begin  w ith  a detailed 
physical exam inat ion.

History
• Age.
• Sex.
• Hand dom inance.
• Occupat ion.
• Other m edical problem s.
• Locat ion of the injury.
• Cause of the injury.
• Tim e of the injury.
• Durat ion of the injury process.

Physical Examination
• Verify any physical hand deform it ies.
• Establish  if there is any bleeding, pain , swelling, or ecchym osis.
• Con rm  open wounds.
• Note old scars.
• Assess posture of the hand.

 – Angulat ion  of digits signals possible dislocat ions and fractures.
• Palpate  ngers, palm , and w rist  for tenderness.
• Determ ine the tem perature of the hands and if they are dry or 

m oist .

After a h istory is taken and a physical exam inat ion is perform ed, obtain  
appropriate radiographs (standard X-rays in  three views).

All patients w ith hand injuries should have radiographs m ade to  
evaluate for fractures and foreign bodies.
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Range of Motion

Check the rest ing hand posit ion; th is m ay indicate tendon injuries if the 
natural arcade is disrupted. Exam ine the m otor funct ion, st rength , and 
m obilit y of all join ts of the hand. Observe m ovem ent globally and each 
individual join t’s m ovem ent . Star t  w ith  the  ngert ips and m ove proxi-
m ally. Table 12.1  lists the norm al ROM for each join t  in  the hand.

Distal Interphalangeal Joint

Evaluate for tuft  fractures distal to the DIP join t . Norm al ROM is 0 degrees 
of extension and 65 degrees of  exion. Stabilize the m iddle phalanx w ith  
the PIP join t  extended to test   exion of the  exor digitorum  profundus 
(FDP).

Lack of extension of th is join t  m ay indicate m allet   nger, w hich is a 
result  of the avulsion of the term inal extensor tendon, leaving the DIP 
join t  in  a  exed posit ion .

Table 12.1 Normal range of motion for joints of the hand

Joint Degrees of  exion

Finger DIP 65

Finger PIP 110

Finger MCP 85

Thumb IP 90

Thumb MCP 45–60
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Proximal Interphalangeal Joint

Full ROM is from  110 degrees of  exion to 0 degrees of extension in  
the PIP join t . Inabilit y to  ex the PIP join t  can  result  from  disrupt ion  of 
the  exor digitorum  super cialis (FDS) tendon/m uscle, volar plate dis-
rupt ion, or contracture of the in t r insic m uscle of the hand. Inabilit y to 
extend the join t  m ay be a result  of extensor m echanism  injury (bouton-
nière deform ity) or contracture of the  exor m echanism .

Metacarpophalangeal Joint

The digit  MCP joints progress through 85 degrees of  exion  and 0 degrees 
of extension. Often , tendons or the join t  capsule m ay be exposed in  cases 
of lacerat ion . In  cases of assault , look for an  open lacerat ion  over the 
join t  along w ith  decreased prom inence of the  fth  m etacarpal head. 
This signals the possibilit y of fracture of the  fth  m etacarpal neck (box-
er’s fracture). Joint  dislocat ions m ay also be present . These m ay be di  -
cult  to reduce if tendon or volar plate ent rapm ent occurs.

The Thumb

Norm al MCP joint  ROM for the thum b is 45 to 60 degrees of  exion and 
0 degrees of extension . Exam ine for radial and ulnar deviat ion  and pain  
in  the MCP and CML join ts. Radial deviat ion  at  the MCP join t  is a sign  of 
weakness of the ulnar collateral ligam ent (gam ekeeper’s thum b).

Common Hand Deformities

Boutonnière Deformity

• PIP  exion w ith  DIP extension caused by disrupt ion of the extensor 
inser t ion  of m iddle phalanx and volar m igrat ion  of the lateral bands.

Swan Neck Deformity

• PIP hyperextension w ith  DIP  exion caused by lateral band t ightness 
and volar plate laxit y.
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Extrinsic Muscles of the Hand (Table 12.2)

Flexors

Each of the ext rinsic  exors is responsible for  exion across one or m ore 
join ts. Care m ust  be taken to isolate and test  each of these tendons indi-
vidually. The  exors can  be injured at  their m uscle bellies in  the fore-
arm  or their tendinous port ions in  the hand. The ext rinsic  exors of the 
digits include the FDP, the FDS, and the  exor pollicis longus (FPL). The 
w rist  is  exed by the com binat ion of the  exor carpi ulnaris (FCU) and 
 exor carpi radialis (FCR) m uscles and secondarily w ith   exion of the 
 nger  exors.

Table 12.2 Intrinsic and extrinsic  exors and extensors of the hand by joint

Joint Flexion Extension

Finger DIP FDP Lumbricales, interossei

Finger PIP FDP, FDS, FDM EDC, lumbricales, interossei

MCP Lumbricales, interossei EDC, EIP, EDM

Thumb IP FPL EPL

Thumb MCP FBP EPB

Wrist FCR, FCU, PL ECU, ECRL, ECRB

Abbreviations: FDP,  exor digitorum profundus; FDS,  exor digitorum super cialis; 
FDM,  exor digiti minimi; FPB,  exor pollicis brevis; EDC, extensor digitorum com-
munis; FPL,  exor pollicis longus; EIP, extensor indicis proprius; EDM, extensor digiti 
minimi; EPB, extensor pollicis brevis; EPL, extensor pollicis longus; FCR,  exor carpi 
radialis; FCU,  exor carpi ulnaris; PL, palmaris longus; ECU, extensor carpi ulnaris; 
ECRL, extensor carpi radialis longus; ECRB, extensor carpi radialis brevis.
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Testing

FDP. Hold the pat ient’s PIP join t  in  extension and ask the pat ient  to 
 ex the DIP join t . The FDP can   ex both  join ts if one is not  im m obilized 
(Fig. 12.1).

FDS. Hold all  ngers in  full (PIP and DIP) extension except  the one 
digit  w hose FDS tendon you are test ing. Ask the pat ient  to  ex h is or her 
 nger. If the FDS is uninjured, then the PIP w ill  ex. The m uscle bellies 
of the FDS tendon can work independently of each other w hen the FDP 
tendons are pulled together. Therefore, im m obilize all of the digits in  
extension so the FDS tendon can be tested for each digit  (Fig. 12.2). The 
only except ion to th is rule is the FDS of the index  nger. To determ ine 
if the FDS is in tact  in  the index  nger, have the pat ient  hold a sheet  of 
paper between the thum b and index  nger. If the PIP join t  in  the index 
 nger is  exed (due to the presence of the FDS), then the FDS is in tact . If 
the PIP join t  is extended, then the FDS is not  in tact . Fifteen percent  of the 
general populat ion  do not  have a sm all  nger FDS; it  is not  funct ional in  
another 15%.

FPL. Elicit   exion of the thum b IP join t .

Fig. 12.1 Physical examination of  exor digitorum profundus (FDP). Isolate the FDP by 
immobilizing the PIP joint, thereby minimizing the contribution of the FDS tendon.
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Extensors

The ext rinsic extensors can be dam aged from  their m uscle bellies in  the 
dorsal forearm  all the way to the distal phalanx. They are grouped in to 
six com partm ents. The MCP join t  is extended by the ext rinsic extensors 
only w hile the PIP and DIP join ts are extended by the com binat ion of 
the in t r insic and ext r insic extensors. The com partm ents and tests of the 
ext rinsic extensors are as follows:
•  Com pa r t m en t  1: Abductor pollicis longus (APL; abducts thum b) and 

extensor pollicis brevis (EPB; extends MCP join t).
 – APL: Abduct ion of thum b on  at  surface (Fig. 12.3).
 – EPB: Extension of thum b MCP joint .
 – Finkelstein’s test: Tests for de Quervain  tenosynovit is. Have the 

pat ient  m ake a  st  over thum b and deviate hand ulnarly. This 
reproduces pat ient’s pain  over the  rst  com partm ent (Fig. 12.4).

•  Com pa r t m en t  2: Extensor carpi radialis longus and brevis, extend 
w rist .

 – Make a  st  and extend w rist  against  resistance.

Fig. 12.2 Physical examination 
of the  exor digitorum super-
 cialis (FDS). Immobilize other 
digits in extension to minimize 
contribution of FDP to  nger 
 exion.
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Fig. 12.3 Physical examination 
of abductor pollicis longus (APL) 
and extensor pollicis brevis.

Fig. 12.4 Finkelstein’s test. See text for details.
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• Com pa r t m en t  3: Extensor pollicis longus.
 – Put hand on a table and raise thum b o  the table (Fig. 12.5).

• Com pa r t m en t  4: Extensor digitorum  com m unis (EDC) and extensor 
indicis proprius (EIP).

 – EDC: Extend all  ngers.
 – EIP: Ask pat ient  to hold the index  nger in  extension w hile 

 exing other  ngers. EDC tendons are grouped and therefore 
cannot act  independently of each other.

• Com pa r t m en t  5: Extensor digit i m inim i.
 – Hold sm all  nger in  extension w hile m aking a  st  w ith  other 

 ngers.

• Com pa r t m en t  6: Extensor carpi u lnaris.
 – Extend the w rist  ulnarly and palpate tendon over  fth  

m etacarpal.

Intrinsic Muscles of the Hand (Table 12.2)

The m uscle bellies and tendons of the in t rinsic m uscles of the hand are 
contained w ith in  the hand. Together these m uscles act  to  ex the MCP 
join t  w hile extending the IP join ts. The in t r insic m uscles of the hand are 
listed below, together w ith  the appropriate tests.
• Thena r  m uscles: Abductor pollicis brevis, opponens pollicis,  exor 

pollicis brevis.
 – Palpate thenar em inences. If hypotrophic, consider m edian nerve 

dam age. To test  these m uscles, ask the pat ient  to perform  thum b-
pulp -to-sm all- nger-pulp opposit ion .

• Adductor  pollicis: Involved in  pinching.

Fig. 12.5 Physical examination of extensor pollicis longus.
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• Hypothena r  m uscles: Abductor digit i m inim i,  exor digit i m inim i, 
and opponens digit i m inim i.

 – Palpate hypothenar em inence. Ask the pat ien t  to abduct  sm all 
 nger.

• In ter osseous m uscles: MCP  exion and IP extension.
 – Dorsal: Digital abduct ion.
 – Palm ar: Digital adduct ion.

 ▪ Hold IP join ts in  extension and ask the pat ient  to  ex the MCP 
join t .

• Lum br ica les m uscles: MCP  exion and IP extension.
 – Ho ld MCP in   exion and ask pat ient  to extend IP join ts.

Vascular Examination
• Test  to see if the hand is cold, congested, or edem atous.
• Check capillary re ll by pinching  nger t ips and count ing the t im e it  

takes to re ll; 2 to 3 seconds is norm al.
• Check for blue or necrot ic spots on  the  nger t ips.
• Palpate radial and ulnar ar teries. If not  palpable, then use a handheld 

Doppler probe.
• Perform  Allen  test  to determ ine the in tegrit y of the palm ar arch .

 – First , ask the pat ient  to m ake a  st  w hile you occlude the radial 
and ulnar ar teries.

 – Then have the pat ient  open the exsanguinated hand.
 – Let  go of the radial vessel and determ ine if the hand returns to 

its norm al pink hue. Repeat  th is procedure and let  go of the ulnar 
ar tery. Take special note of return  of vascularit y to the thum b.

 – If the pat ient  cannot m ake a  st , then  use Doppler ult rasound to 
 nd the palm ar arch . Occlude the radial or ulnar ar tery and check 
to see if there is a Doppler signal in  the palm ar arch . Perform  test  
on  both  radial and ulnar ar tery.

 – Make sure to exam ine the arch  throughout  its course in  the palm .
• Exam ine each of the digital ar teries by assessing tem perature, color, 

and capillary re ll.

Neurologic Examination
The radial, u lnar, and m edian nerves supply the hand; Table 12.3  gives 
dist ribut ion and innervat ion. First  determ ine if the pat ient  has sensat ion 
over the radial dist ribut ion (the back of the hand).
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Next , turn  the hand volar and determ ine if the pat ient  has general 
sensat ion  over the radial three digits and palm  (m edian nerve). Be sure 
to exam ine the proxim al port ion  of the palm  for sensat ion. Finally, 
exam ine the volar and dorsal u lnar port ion  (ulnar nerve dist ribut ion).

To determ ine if digital nerves are in tact , perform  the Weber test . 
Using a caliper or bent  paper clip , m easure the m inim um  distance 
of two-point  discrim inat ion. Norm al is 2 to 3 m m  in  the  nger pulp. 
Pat ients involved in  occupat ions w here heavy labor is required m ay have 
a two-point  discrim inat ion of 5 to 6 m m . Pat ients w ho are blind m ay 
have a discrim inat ion of 1 to 2 m m . The pat ient  needs to be correct  in  
7 tests out  of 10 for good two-point  discrim inat ion.

Test ing of m otor nerve funct ion of the upper ext rem ity is perform ed 
by elicit ing contract ion  of speci c m otor un its.
• Musculocutaneous nerve: Flexes the elbow.
• Radial nerve: Elbow  extension.
• Median nerve: Wrist ,  nger (index, long)  exion , and thum b  exion.
• Ulnar nerve: Wrist ,  nger (ring, sm all), and in t rinsic hand m ot ilit y, 

including abduct ion and adduct ion of the  ngers.
• Radial nerve: Wrist ,  nger (MCP join t), and thum b extension.

Speci c nerve–m uscle associat ions are listed in  Table 12.3 . In  assessing 
m otor funct ion , the Medical Research Council m uscle scale is useful for 
quant ifying st rength  (Table 12.4).

Table 12.3 Nerve and motor innervations of the hand

Nerves Motor Sensory

Radial Triceps Dorsal wrist capsule

Anconeus Dorsal radial hand

Brachioradialis Dorsal thumb, index  nger, 
middle  nger, and radial half of 
ring  nger to PIP joint

Supinator

Extensor carpi radialis brevis

Extensor carpi radialis longus

Extensor carpi ulnaris

Extensor digitorum communis

Extensor indicis proprius

Extensor digiti minimi

Abductor pollicis longus

Extensor pollicis longus
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Extensor pollicis brevis

Ulnar Flexor carpi ulnaris Ulnar half of the dorsum of hand

Flexor digitorum profundus

(small and ring  ngers) Volar and dorsal aspect of small 
 nger, ulnar side of ring  ngerPalmaris brevis

Dorsal interosseous muscles

Palmar interosseous muscles

Ring and small  nger lumbricales

Adductor pollicis

Flexor pollicis brevis deep belly

Hypothenar muscles:

Abductor digiti minimi

Flexor digiti minimi

Opponens digiti minimi

Median Pronator teres Volar wrist, thumb, index  nger, 
middle  nger, and radial half of 
ring  nger extending to the DIP 
joint

Pronator quadratus

Palmaris longus

Flexor carpi radialis

Flexor digitorum super cialis

Flexor digitorum profundus 
(index and middle  ngers)

Flexor pollicis longus

Index and middle  nger

lumbricales

Thenar muscles

Abductor pollicis brevis

Opponens pollicis

Super cial belly of  exor pollicis
brevis

(Continued)
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Table 12.4 The Medical Research Council muscle grading system

Observation Muscle grade

No contraction 0

Flicker or trace of contraction 1

Active movement, with gravity eliminated 2

Active movement against gravity 3

Active movement against gravity and resistance 4

Normal power 5
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13 Anesthesia and Splinting of the 
Hand and Wrist

Anesthesia
The applicat ion of nerve blocks not  only provides com fort  to pat ients 
but  also assists the physician  in  exposing and repairing injuries to the 
upper ext rem ity.

Com m on local anesthet ics available in  the em ergency set t ing are:

• Lidocaine 1 to 2%.
 – Toxic dose > 4 m g/kg.

• Lido caine 1% w ith  epinephrine 1:100,000.
 – Toxic dose > 7 m g/kg.

• Marcaine 0.25%.
 – Toxic dose > 2.5 m g/kg.

• 1:1 m ixture of lidocaine/Marcaine.
 – Toxicit y is the sam e for both  agents.
 – Toxicit y is not  addit ive.

Injection of Local Anesthetics

There are several techniques to consider w hen adm inistering local anes-
thesia to increase pat ient  com fort  and to reduce com plicat ions:

• Dilute the concentrat ion .
 – Dilu te w ith  sterile injectable saline.

 ▪ Provides addit ional volum e for inject ion  over a larger area 
w ithout increasing the total dose adm inistered.

 ▪ Aids in  decreasing the total dose required.
• Adm inister the local anesthet ic agent  slowly.

 – Toxicit y develops due to peak serum  concentrat ion .
 – Inject  each site sequent ially rather that  all at  once.
 – Spread the total dose of local anesthet ic over a longer period; th is 

leads to lower peak serum  levels.
• Add epinephrine.

 – E ect ive concentrat ions 1:1,000,000.
 – Im proves safety and allows adm inist rat ion  of lower doses.
 – Im proves hem ostasis, thus decreasing durat ion  of procedures.
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 – Helps prevent  the need for subsequent inject ion .
 – Beware of epinephrine use in  pat ien ts w ith  cardiac h istory.
 – Avoid adm inistering epinephrine in  the digits and to pediat ric 

pat ients.
• Add bicarbonate.

 – Decreases burning on adm inist rat ion .
 – Add 1 m L of a 1-m Eq/m L bicarbonate for every 9 m L of local 

anesthesia.
• Consider m ixing agents.

 – Use m ore than one local anesthet ic to take advantage of the 
unique propert ies of each local anesthet ic.

 – Use a short-act ing local anesthet ic (lidocaine) w ith  a long-act ing 
agent  (Marcaine).

 – Provides prolonged anesthesia w ithout causing toxicit y from  
either agent .

 – The toxicit y of the m ixture does not  exceed the individual toxicit y 
of each agent .

 – Toxicit y of m ult iple agents in  a solut ion  is not  addit ive.
• Draw  back prior to  injection to ensure no anesthetic is given 

intravascularly.

Digital Nerve Block

Two volar and two dorsal nerves innervate the digit . The com m on digital 
nerve and dorsal sensory nerves are blocked via a dorsal approach w ith  
one needlest ick. Using a 25-gauge needle, a 1-m L w heal is m ade over 
the extensor m echanism  at  the level of the MCP joint  to block the dorsal 
sensory nerve. The needle is then  advanced volarly on either side of the 
join t  in  the web space un t il it  is palpated in  the palm . An addit ional 1 m L 
of local anesthet ic is placed on each side to block the digital nerve.

Alternat ively, a digital nerve block m ay be perform ed w ith  direct  
inst illat ion  of the 1 to 3 m L of anesthet ic agent  in  the adjacent  web 
spaces dorsally and dorsal over the MCP joint  (Fig. 13.1). Care m ust  be 
taken not  to perform  circum ferent ial inst illat ion  around the digit  that  
m ay subsequently im pair perfusion.

Wrist Block

Wrist  blockade includes anesthesia of the m edian, ulnar, and radial 
nerves. The e  cacy of a w rist  block is increased by applicat ion of a tour-
niquet  at  the m idforearm . Wrist  blocks are applied as follows.
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Media n  ner ve. Inject  5 m L of agent  between the palm aris longus 
and  exor carpi radialis tendons at  the proxim al w rist  crease using a 
25-gauge needle. Avoid injection directly into  the m edian nerve . If the 
pat ient  feels t ingling during inject ion, w ithdraw  the needle 1 to 2 m m  
and reinject .

Ulna r  ner ve. Inject 5 m L of agent radial to the  exor carpi ulnaris ten-
don at the w rist  crease w ith the w rist in   exion. Take care not to inject  
into the ulnar artery. Rem em ber to draw  back on the syringe  rst .

Ra dia l ner ve—super  cia l bra nch. Inject 5 m L of agent from  the m idpoint  
of the dorsum  of the w rist to the radial border of the anatom ical snu box 
(Fig. 13.2). Draw back on the syringe so as not to inject into the radial artery.

Fig. 13.1 Digital nerve block.
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Splinting
The proper splin t ing of fractures and dislocat ions is of param ount 
im portance. The use of a splin t  in  tendon, nerve, and ar tery repair pro-
tects against  t ract ion  and disrupt ion  of the repair. Splin ts of the hand for 
infect ions and soft  t issue t raum a prevent dysfunct ional bone and soft  
t issue contractures. The use of a splin t  also helps to decrease a pat ien t’s 
pain  and discom fort .

Fig. 13.2 Wrist blocks. (a) Radial sensory nerve block. (b) Median nerve block. (c) Ulnar 
nerve block.
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General Procedures (Fig. 13.3a)

• Use local and regional blocks to allow  painless m anipulat ion  of the 
ext rem ity w hile splin t ing.

• Splin t ing m aterials used.
 – Kerlix gauze.
 – 4-inch (10-cm ) Webril roll.
 – 4-inch plaster m aterial.
 – 4-inch Ace bandage.
 – 4-inch Coban (3M).

• After injury repair, clean  and dry the ext rem ity.
• Place a single layer of Webril (Kendall Com pany) around the hand 

and forearm  loosely (Fig. 13.3b).
• Measure the length  of the area to be splin ted; cut  a 10-ply piece 

of plaster m aterial at  that  length . Alternat ively, prem ade plaster/
gauze of  berglass com posites (e.g., OCL [Orthopedic Cast ing Lab 
m anufacturers] splin t  roll) can  be cut  to length  and used (Fig. 13.3c).

• Place plaster in  Webril w rap (Fig. 13.3d).
• Wet the plaster m aterial and place it  on  the hand/forearm  in  the 

desired posit ion  (Fig. 13.3e).
• Hold the plaster m aterial in  posit ion  by w rapping w ith  a single layer 

of Kerlix (Fig. 13.3f).
• Hold the hand in  the desired posit ion  (Fig. 13.3 g).
• Apply either Ace or Coban in  a single loose layer over the splin t  

(Fig. 13.3h).
• Apply circum ferent ial w raps loosely  to avoid const rict ion .
• Elevate the ext rem ity to prevent  dependent edem a w hile in  the 

splin t .
• Prescribe a short-term  follow-up protocol, especially in  outpat ient  

t reatm ent , to allow  assessm ent for edem a, digital perfusion, and 
splin t  displacem ent .

Splint Types

Volar Splin t  (Fig. 13.3)

• Most  versat ile splin t  for radial-sided injuries.
• Index and long  nger fractures.
• Index and long  nger infect ions.
• Wrist  neurovascular injuries.
• Forearm  infect ions.
• Metacarpal fractures.
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Fig. 13.3 (a) Volar splint. The gray shading denotes plaster position. (b–g) Placement of 
a plaster, step-by-step. 
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Fig. 13.3 (Continued) (b–g) Placement of a plaster, step-by-step. (h) Plaster in place.
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Posit ion  In t rinsic Plus Posit ion  - “Safe Posit ion”

• Proxim al forearm  to DIP join t .
• Apply on volar surface of the forearm /w rist  and hand.
• Include index through sm all  nger.
• Keep thum b free.
• Extend w rist  35 degrees.
• Flex MCP join t  90 degrees.
• Flex PIP/DIP join ts 0 to 10 degrees.
• For extensor tendon injuries, place MCP join t  in  extension.

Ulnar Gut ter Splin t  (Fig. 13.4)

• Ulnar-sided injuries.
• Ring and sm all  nger fractures.
• Ring and sm all  nger in fect ions.
• Extensor tendon injuries.
• Ulnar-sided m etacarpal fractures.

Posit ion

• Proxim al forearm  to DIP join t .
• Apply on ulnar volar surface of the forearm /w rist  and on the hand to 

the m id-dorsum .
• Include r ing and sm all  ngers.
• Keep thum b and index and long  ngers free.
• Wrist  extended 35 degrees.
• Flex MCP join t  90 degrees.
• Flex PIP/DIP join ts 0 to 10 degrees.

Fig. 13.4 Ulnar gutter splint. The gray 
shading denotes plaster position.
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Thum b Spica Splin t  (Fig. 13.5)

• Most  versat ile splin t  for thum b injuries.
• Thum b fractures and dislocat ions.
• Thum b and thenar infect ions.
• Thum b tendon injuries.
• Scaphoid injuries.
• First  m etacarpal fractures.

Posit ion

• Proxim al forearm  to IP join t .
• Apply two plaster splin ts.

 – One on volar surface of the forearm /w rist  and thum b.
 – One radially to the m id-dorsum .

• Keep index through sm all  nger free.
• Extend w rist  35 degrees.
• Flex MCP join t  10 to 15 degrees.
• Flex IP join t  0 to 10 degrees.

Fig. 13.5 (a,b) Thumb spica 
splint. The gray shading denotes 
plaster position.
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Proximal and middle phalangeal fractures

• Consider in t r insic plus posit ion  w ith  plaster dorsal to block 
extension.

 – Include adjacent  digits.
 ▪ Wrist  in  neutral posit ion  or slight  extension.
 ▪ MCP join t  in  70 to 90 degrees of  exion.
 ▪ IP join t  extended.

Extension  Block Splin t  (Fig. 13.6)

• Flexor tendon injuries.
• Proxim al and m iddle phalangeal fractures.

Posit ion

• Splin t  from  proxim al forearm  to DIP join t .
• Apply on dorsal surface of the forearm /w rist  and hand.
• Include index through sm all  nger.
• Flex w rist  45 degrees.
• Flex MCP join t  90 degrees.
• Flex PIP join t  45 degrees.
• Flex DIP join t  20 degrees.

 – Splin t  from  proxim al forearm  to DIP join t .
 – Apply on dorsal surface of forearm .

Fig. 13.6 Extension block splint. The 
gray shading denotes plaster position.
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14 Hand and Wrist Fractures and 
Dislocations

Hand Fractures
Physical Examination

Pat ients w ith  suspected hand fractures require a thorough physical 
exam inat ion (Chapter 12).

• Perform  a com plete physical exam inat ion to determ ine the in tegrit y 
of the nerves, the ar teries (perfusion), the tendons, join t  m obilit y, 
and the soft  t issues.

• Radiographs are param ount for establishing and con rm ing the 
correct  diagnosis.

 – Plain  radiographs—a hand series should include AP, t rue lateral, 
and oblique views.

 – In  selected cases of carpal fractures and m ore com plex w rist  
injuries, a CT scan m ay be indicated.

 – Consider radiographs of the join t  proxim al to the injury so as not  
to m iss associated injuries.

Fracture Classi cation

• Open versus closed.
• Displaced versus nondisplaced.
• Transverse versus oblique versus spiral versus com m inuted or 

avulsion.
• Traum at ic versus pathologic.
• Adult  versus pediat r ic

 – In  pediat r ic pat ients—greenst ick versus epiphyseal plate.
 – Epiphyseal plate fractures—Salter-Harris classi cat ion  (Fig. 14.1).



Hand and Wrist  Fractures and Dislocat ions 149

Fracture Treatment

In  general, hand fractures can  be t reated in  the em ergency room  w ith  
closed reduct ion and splin t ing. However, if the fracture is open, dis-
placed, or unstable, or if the angulat ion  is not  acceptable, then operat ive 
t reatm ent m ay becom e necessary.

Open Fractures

• Perform  a digit  or w rist  block.
• Culture and irr igate open fractures profusely.
• Adm inister IV ant ibiot ics (ER t reatm ent or inpat ient).

Fig. 14.1 Salter-Harris classi cation of epiphyseal fractures.
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 – Am picillin  500 g IV every 8 hours + gentam icin  3 to 5 m g/kg daily 
divided every 8 hours (check peak and t rough serologic levels).

 – Vancomycin  1 g IV every 12 hours + ceft riaxone 1 to 2 g IV every 
24 hours.

 – Outpat ient  prophylact ic ant ibiot ics for pat ients w ith  a plan  for 
later surgery includes Bact r im  DS by m outh  tw ice a day.

• Irr igate the wound and splin t  the pat ien t  in  preparat ion  for 
operat ive reduct ion.

Phalangeal and Metacarpal Fractures

Indications for Operative Treatment

• In t ra-ar t icular fractures.
• Irreducible fractures.
• Malrotat ion .
• Subcapital phalangeal fractures.
• Open fractures if displaced or angled.
• Bone loss.
• Mult iple fractures.
• Fractures w ith  soft  t issue injury.

Phalangeal Fractures

Distal Phalanx Fractures

Distal phalanx fractures are the m ost  com m on fractures in  the hand. The 
thum b and m iddle  nger are m ost  likely involved. Pat ients present  w ith  
tuft  fractures, shaft  fractures, and in t ra-ar t icular injuries due to crush.

Tuft Fractures

Open Fractures

• Perform   nger or w rist  block.
• Rem ove nail.
• Irr igate.
• Repair nail bed w ith  6–0 to 7–0 chrom ic suture and stent  the nail 

m atrix (see Chapter 17, Fig. 17.2).
• Im m obilize DIP join t  in  extension w ith  tongue blade or alum inum  

splin t  for 3 to 4 weeks w ith  PIP free.
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• In  cases of severe com m inut ion , soft  t issue repair is adequate for 
splin t ing fractures.

• Treat  w ith  Bact r im  DS by m outh  tw ice a day ×5 days.

Closed Fractures

• Perform   nger or w rist  block.
• If a hem atom a is present  under the nail, drain  it  using a puncture 

technique.
 – Sterile 18-gauge needle t ip , heated paper clip , or elect rocautery.
 – If the hem atom a > 50% of nail bed, likely nail bed injury 

 ▪ Rem ove and repair nail bed and splin t  w ith  piece of foil 
from  chrom ic package or use the nail itself (see Chapter 17, 
Fig. 17.2).

 ▫ Splin t   nger for 2 weeks.
 ▫ Treat  w ith  outpat ient  ant ibiot ics ×5 days.

Shaft Fractures - Distal Phalanx

• Nondisplaced.
 – Repair soft  t issue.
 – Splin t  for 3 weeks.
 – Bactr im  DS by m outh  tw ice a day.

• Displaced.
 – Likely nail bed lacerat ion .
 – Repair nail m atrix (see Chapter 17, Fig. 17.2).
 – Stabilize fracture w ith  K-w ire or 18-gauge needle.
 – Splin t   nger w ith  PIP free for 3 weeks.
 – Outpat ient  ant ibiot ics ×5 days.

Intra-articular Fractures - DIP

• Open  fracture.
 – Repair nail bed.
 – Splin t  DIP join t  in  extension for 6 to 8 weeks.
 – Outpat ient  ant ibiot ics.

• Closed fracture.
 – Splin t  DIP join t  in  extension.
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Dorsal Base

An int ra-ar t icular fracture of the dorsal base (m allet  fracture) is a hyper-
 exion injury in  w hich  a port ion  of the dorsal bone breaks o  w ith  extensor 
m echanism . It  causes extensor lag w ith  a m allet   nger deform ity. Treat-
m ent requires st r ict  pat ient  com pliance. In  the pediat r ic populat ion  th is 
m ay require a K-w ire th rough the DIP join t .

• Treat  w ith  splin t  in  extension  for 6 to 8 weeks.

Volar Base (FDP Avulsion)

An int ra-ar t icular fracture of the volar base is a hyperextension injury in  
w hich the  exor digitorum  profundus (FDP) pulls o  the distal phalanx.

• Treat  w ith  ORIF because FDP m ay ret ract  in to palm .
• Splin t  hand in  em ergency room  w ith  tongue blade or alum inum  

splin t .
• If open, wash out , repair nail bed, star t  ant ibiot ics, and splin t .

Middle and Proximal Phalanx Fractures

Middle and proxim al phalanx fractures are caused by crushing forces 
rather than direct  blow, tw ist ing, or angular forces. If these fractures are 
nondisplaced or stable, sim ply buddy tape or splin t  w ith  IP extended for 
3 to 4 weeks. A com m inuted, displaced fracture of the m iddle or proxi-
m al phalanx to the ar t icular surface is called a pilon  fracture.

Articular Fractures - PIP

• In  ER set t ing.
 – Fracture of single digit—ensure involved join t  is in  extension .

 ▪ Alum inum  or tongue blade splin t .
 – Mult iple fractures—splin t  hand in  in t r insic plus.
 – Follow  up in  clin ic for operat ive m anagem ent .

• Nondisplaced—inherently unstable.
 – Operat ive m anagem ent  using either closed or open reduct ion or 

 xat ion  by m ult iple K-w ires or screws or a com binat ion .
 – If nonoperat ive m anagem ent chosen, then close follow -up 

required.
• Displaced.

 – Dorsal base fractures of m iddle phalanx.
 ▪ ORIF to avoid boutonnière deform it y.
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 – Dorsal base fractures of proxim al phalanx.
 ▪ Require ORIF.

• Unicondylar (displaced).
 – Inherently unstable—either closed or open reduct ion and  xat ion  

w ith  m ult iple K-w ires or screws.
 – Extension splin t  2 to 3 weeks.

• Bicondylar.
 – Requires ORIF.
 – Noncom m inuted.

 ▪ Fix condyle to condyle  rst , then to the shaft  w ith  K-w ires or 
screws.

 – Com m inuted.
 ▪ Di  cult  to t reat .
 ▪ DIP join t .

 ▫ Minim al displacem ent—closed reduct ion.
* Splin t  2 weeks in  extension.
* Physical therapy in  2 weeks.
 ▫ Displaced.
* ORIF w ith  K-w ire/screw   xat ion .
* Early m ot ion at  2 weeks.

 ▪ PIP join t .
 ▫ Skeletal t ract ion  of the m iddle phalanx for 3 to 4 weeks w ith  
forearm  splin t .

 ▫ Active  exion of PIP join t  im m ediately.

Fig. 14.2 Transverse fracture of the proximal phalanx.
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Nonarticular Fractures

• Shaft .
 – Nondisplaced and stable—not r ota ted , a ngu la ted , or  

com m inu ted.
 ▪ Splin t  the  nger in  extension w ith  an  alum inum  splin t .

 ▫ Must cover proxim al and distal join t .
 ▫ Durat ion  of 1 week.
 ▫ Once pain  and swelling resolve, buddy tape to adjacent   nger 
and begin  range of m ot ion.

 – Displaced but  am enable to stable closed reduct ion.
 ▪ Usually transverse  fractures (Fig. 14.2), not  oblique or spiral.
 ▪ Attem pt  reduct ion and stabilizat ion .

 ▫ Perform  digit  block (See Chapter 13, Fig. 13.1).
 ▫ Flex MCP join t  m axim ally.
 ▫ Flex distal fragm ent to correct  volar angulat ion .
 ▫ Dorsal splin t  in  in t r insic plus posit ion .
* Plaster should be placed dorsally for extension 

blocking—MCP 90 degrees, IP extended, include adjacent  
digits in  splin t  for stabilizat ion .

 ▫ Splin t  for 3 weeks, then  buddy tape for addit ional 2 weeks.
 – Unstable—if potent ial for rotat ion  or angulat ion  exists.

 ▪ Open, oblique, spiral, com m inuted fractures.
 ▪ Radiographically angulated.
 ▪ Assess by having pat ient   ex  nger.

 ▫ Fingers overlap.

Fig. 14.3 Comminuted fracture of the proximal phalanx.
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 ▫ Plan closed reduct ion w ith  percutaneous pinning w ith in  
3 to 4 days.

 ▫ Use 0.035-  to 0.045-inch K-w ire.
 ▪ Unstable t ransverse fractures.

 ▫ In t ram edullary longitudinal  xat ion  through m etacarpal 
head w ith  K-w ire.

 ▫ Extension block splin t  in  in t rinsic plus posit ion  w ith  IP join ts 
free for 3 to 4 weeks.

 ▪ Com m inuted fractures (Fig. 14.3).
 ▫ Require operat ive m anagem ent .
 ▫ Attem pt closed K-w ire  xat ion .
 ▫ External  xat ion  device often  indicated for com plex 
com m inut ion and shortening.
* Preserves length .
* Assists w ith  m anagem ent of soft  t issue injuries.

 ▪ For unsuccessful percutaneous pinning, perform  ORIF w ith  
plates or in terosseous w iring.

Base Fractures of Proximal Phalanx

• Extra-ar t icular.
 – Angulat ion  of 25 degrees in  adults and 30 degrees in  children  

requires t reatm ent .
 – To reduce.

 ▪ Flex MCP m axim ally.
 ▪ Flex distal fragm ent to correct  volar angulat ion .

 – Splin t  in  in t r insic plus (dorsal plaster) for 3 weeks.
 – Failed closed reduct ion.

 ▪ K-w ire  xat ion .

Metacarpal Fractures

Head Fractures

• Open  fractures secondary to closed- st  injury, or  ght  bite (also see 
Chapter 15, Fig. 15.9).

 – Wrist  or local block.
 – High-pressure irrigat ion  and débridem ent .
 – Leave wound open.
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 – Delay  xat ion  unt il signs that  in  am m at ion or infect ion  has 
subsided.

 – Splin t  in  in t r insic plus volar splin t  (see Chapter 13, Fig. 13.3).
 – Augm ent in  875 m g by m outh  tw ice a day × 10 days or Bact rim  DS 

by m outh  tw ice a day.
 – Short-term  follow -up.

• Index  nger m ost  com m only involved due to axial loading, and often  
int ra-ar t icular.

• AP, lateral, and oblique X-rays; if not  clear, then Brewerton view.
• Nondisplaced—splin t  in  volar splin t  for 4 weeks (see Chapter 13, 

Fig. 13.3).
 – If > 25% of ar t icular surface or > 1 m m  step -o , splin t  in  safe 

posit ion , plan  ORIF.
 – Miniplate  xat ion  preferred, to allow  early m obilizat ion  

(Fig. 13.3).
• If com m inuted, perform  w rist  block and wash out  wounds.

 – Splin t  acutely in  safe posit ion .
 – Plan  for im m obilizat ion  for 2 weeks w ith  skeletal t ract ion , 

external  xat ion , or ar throplasty.

Neck Fractures

• Indicat ions for reduct ion.
 – Pseudoclaw ing (claw ing of  ngers w ith  u lnar nerve in tact).
 – MCP hyperextension/PIP  exion.
 – Rotat ional deform it y.
 – Scissoring of  ngers.
 – Unacceptable angulat ion .

Apex dorsal angulation occurs from  intrinsic m uscle contraction.
Treatm ent  is based on angulat ion :

• Sm all digit  (boxer’s fracture)—50 degrees angulat ion  acceptable.
• Ring  nger—30 to 40 degrees angulat ion  acceptable.
• Middle and index  nger—10 to 15 degrees acceptable.

If angulat ion  is unacceptable, and pseudoclaw ing or rotat ion  deform ity 
is present:

• In  a fresh  fracture, at tem pt closed reduct ion.
• Fracture > 7 days old m ay require operat ive reduct ion .
• Closed reduct ion by Jahss m aneuver (Fig. 14.4)— rst  perform  a 

w rist  block (w rist  block for boxer’s fracture).
• Next ,  ex MCP join t  to 90 degrees and PIP join t  to 90 degrees.



Hand and Wrist  Fractures and Dislocat ions 157

• Apply upward pressure on the proxim al phalanx w hile pressing 
dow n on the m etacarpal shaft .

 – If reduced, splin t  in  safe posit ion  for 3 to 4 weeks and m onitor 
reduct ion regularly (Fig. 13.3) for second and th ird m etacarpal.

 – For fourth  and  fth  m etacarpal fracture, use ulnar gut ter splin t  
(see Chapter 13, Fig. 13.4).

 – If not  reducible, use in ternal  xat ion  w ith  K-w ires, plates, or 
dorsal tension band w ires.

 ▪ Splin t  in  a safe posit ion  acutely.
 – After reduct ion, take radiograph to con rm  reduct ion.
 – Also consider splin t ing w ith  MCP join ts extended
 – PIP join ts are left  free of im m obilizat ion

Fig. 14.4 Jahss maneuver for reduction of metacarpal fractures.
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Shaft

The types are:
• Spiral: Torsional forces w ith  5 degrees of m alrotat ion  causing a 

1.5-cm  digital overlap.
• Oblique: Lateral bending forces w ith  axial load.
• Transverse: Lateral bending force versus axial load.
• Com m inuted: Direct  im pact  on  the m etacarpal, w hich m ay cause 

shortening.

If angulat ion  is acceptable (see Neck Fractures above), then close 
reduce the fracture using t ract ion  and a w rist  block.

• Flex MCP join t .
• Press on the fracture apex dorsally w ith  a palm ar-directed force.
• Place in  volar in t r insic plus splin t .

If there are m ult iple fractures (Fig. 14.5), the fracture is unstable/open, 
or there is scissoring and severe angulat ion , then  perform  ORIF w ith  
K-w ires, in terosseous w ires, plates, lag screws, or external  xat ion . In  
the em ergency room , place the pat ient  in  a safe-posit ion  splin t .

Fig. 14.5 Fractures of multiple metacarpals.
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Base Fractures/CMC Joint Fracture-Dislocation

Base fractures and CMC joint  fracture-dislocat ion are inheren tly unsta-
ble fractures caused by axial load versus direct  blow. Index  ngers and 
m iddle  ngers are less likely to undergo th is t ype of fracture because 
these join ts are less m obile. A ham ate– fth  m etacarpal in t ra-ar t icular 
fracture is a baby (reverse) Bennett fracture .

• Because the extensor carpi ulnaris pulls on  the  fth  m etacarpal, in  
the X-rays you w ill see that  the ulnar port ion  subluxates proxim ally 
and dorsally.

• Closed reduct ion w ith  K-w ires versus ORIF. In  the em ergency room , 
place the pat ient  in  a volar splin t  in  safe posit ion  (see Chapter 13, 
Fig. 13.3).

Thumb Fractures

Injuries occur from  direct  t raum a and angular or rotary forces.

Thumb Phalangeal Fractures

Extra-ar t icular:

• Proxim al phalanx fracture w ith  > 20 to 30 degrees apex volar 
angulat ion  is unacceptable and requires reduct ion.

• Com m inuted fractures require reduct ion and either open or closed 
 xat ion  (K-w ire) (Fig. 14.6).

 – Severe com m inut ion m ay require external  xat ion  to preserve 
length .

• In  the em ergency room , splin t  in  a thum b spica splin t  and plan  
operat ive t reatm ent (Fig. 13.5).

• Distal tuft—associated w ith  subungual hem atom a, nail bed injuries, 
and com m inuted fractures.

 – Finger block.
 – Rem ove nail.
 – Irrigate thoroughly.
 – Repair nail bed.
 – Splin t  3 to 4 weeks in  extension w ith  tongue blade or alum inum  

splin t .
• Transverse shaft .

 – Finger or w rist  block.
 – Close reduce.
 – Splin t  in  extension; if unstable, then ORIF.
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Intra-articular—(occurs when axial load is placed on partially  exed thum b):

• Dorsal base avulsion  = m allet  thum b.
 – Treat  w ith  6 to 8 weeks of extension splin t .
 – Consider ORIF if subluxat ion present .

• Volar base fracture.
 – Consider avulsion of  exor pollicis longus.

• Fractures of the ulnar base represent avulsion of the ulnar collateral 
ligam ent and are also called skier’s thum b or gam ekeeper’s thum b.

• If the fragm ent is displaced > 2 m m  or > 25% of ar t icular surface, 
then K-w ire  xat ion  versus ORIF.

• In the em ergency room , place in a thum b spica splint (see Chapter 13, 
Fig. 13.5).

Thumb Metacarpal Fractures

Head and shaft  fractures result  from  torsional, direct  im pact , angulatory, 
or rotary forces.

Extra-ar t icular:

• Fractures up to 30 degrees angulat ion  are acceptable due to 
com pensat ion by CMC m obilit y.

• Head—rare fracture that  requires reduct ion and K-w ire  xat ion  
versus ORIF if displaced. Can at tem pt closed reduct ion by Jahss 
m aneuver (Fig. 14.4).

Fig. 14.6 Fracture of the thumb proximal phalanx that requires  xation.
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• Shaft—after radial and m edian nerve block at  the w rist , close reduce 
and splin t  in  thum b spica splin t  (Fig. 13.5).

Int ra-ar t icular:

• Bennett fracture—occurs w hen  par t ially  exed thum b is axially 
loaded.

 – It is de ned as intra-articular fracture-subluxation of the base of the 
 rst m etacarpal. On X-rays, the volar ulnar aspect of the m etacarpal 
base rem ains stable due to the anterior oblique ligam ent. However, 
the rest of the m etacarpal m oves dorsally, proxim ally, and radially 
due to the pull from  the abductor pollicis longus.

 – If the bone fragm ent  is > 20% of CMC joint  surface, then reduce 
closed and stabilize w ith  a K-w ire.

 – If the fracture cannot be reduced in  a closed fashion, then ORIF.
 – In  the em ergency room , splin t  in  a thum b spica splin t  and plan  

operat ive t reatm ent (Fig. 13.5).
• Rolando fracture—any com m inuted in t ra-ar t icular fracture of the 

base of the  rst  m etacarpal, but  t radit ionally referred to as Y- or 
T-shaped in t ra-ar t icular fractures.

 – If severely com m inuted, use skeletal t ract ion  and perform  
percutaneous  xat ion .

 – If fracture contains large fragm ents, on ly ORIF.
 – In  em ergency room , place in  thum b spica splin t  (Fig. 13.5) and 

plan  operat ive t reatm ent .

Pediatric Phalangeal and Metacarpal Fractures

Children rarely present w ith fractures of the hand. When they do, the 
chance of displacem ent is less than in adults. This is due to the m alleability 
of the child’s bones, as well as the tougher periosteum . Fractures are classi-
 ed into either nonepiphyseal fractures (66%) or fractures that involve the 
epiphysis. Epiphysis fractures are categorized by Salter-Harris classi cation  
(Fig. 14.1). Fractures in children heal tw ice as fast as those in adults, and the 
epiphyseal plate compensates for angular deform ity of the fractures. How-
ever, accurate reduction is crucial in intra-articular fractures.

Extra-articular Fractures

Fractures com m only occur in  the m iddle and proxim al phalanx in  
children .

• If the fracture is not  displaced (t ype I), splin t  in  a safe posit ion .
• If decreased (t ype II) or no (t ype III) bone contact  between the 

fragm ent and rem ainder of the bone, then use K-w ire  xat ion .
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• In  the em ergency room , splin t  the hand in  a safe posit ion  
(see Chapter 13, Fig. 13.2).

 – In  infants, consider including the elbow  in   exion along w ith  
dorsally placed plaster in  the splin t .

Intra-articular Fractures

• In cases of displaced fractures, ORIF w ith m iniaturized w ires 
(0.028–0.039 inches) and screws—especially in children > 2 years old.

Epiphyseal Fractures (Fig. 14.1)

Sa lter -Ha r r is I. This is a fracture through the epiphyseal plate w ith  sep-
arat ion  of epiphysis from  the m etaphysis (shear injury). This usually 
occurs in  early childhood w hen the plate is th ick w ith  a zone of hyper-
t rophying chondrocytes and sparse calci cat ion. The prognosis is good 
w ith  a w rist  block, reduct ion, and splin t ing the hand in  a safe posit ion  
(see Chapter 13, Fig. 13.2). May require dorsal plaster in  young children .

Sa lter -Ha r r is II. This fracture involves a m etaphyseal fragm ent  asso-
ciated w ith  an  epiphyseal fracture. This is the m ost  com m on  Salter-Harris 
fracture. The prognosis is good w ith  adequate reduct ion and splin t ing.

Sa lter -Ha r r is III. This fracture occurs in  children  > 10 years of age 
due to avulsion force. It  is an  in t ra-ar t icular fracture through the epiph-
ysis and the epiphyseal plate. Unless accurate reduct ion  is perform ed, 
the prognosis is poor.

Sa lter -Ha r r is IV. This is a rare fracture that  occurs at  any age. The 
fracture extends from  the ar t icular surface through the epiphysis and 
through the epiphyseal plate, and it  also involves a port ion of the m etaph-
ysis. It  has a poor prognosis un less an  accurate reduct ion  is perform ed.

Sa lter -Ha r r is V. This is an ext rem ely rare fracture that  occurs at  any 
age. It  is caused by crushing of the epiphyseal plate by axial load. It  has a 
poor prognosis due to grow th arrest .

Dislocations
Phalanx and Metacarpal Dislocations

Proximal Interphalangeal Joint

The PIP join t  is stabilized by a com binat ion of th ick collateral ligam ents, 
accessory collateral ligam ents, and the volar plate. This is a h inge join t  
w ith  an  arc of rotat ion  of 100 to 110 degrees and is the m ost  com m on 
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site of ligam entous injury. The direct ion  of dislocat ion  is dependent on  
the posit ion  of the m iddle phalanx at  the m om ent of join t  dislocat ion.

Types of Dislocation

• Volar: Rare, caused by rotary longitudinal com pression force on a 
sem i exed m iddle phalanx.

• Dorsal: Result  of longitudinal com pression  and hyperextension.

Stability

• Active: Ask pat ient  to m ove through full ROM. If subluxat ion occurs, 
the pat ient  has severe ligam entous injury. If the pat ient  has full ROM 
w ithout subluxat ion, then adequate stabilit y exists.

• Passive: Hold  nger in  full extension and then at  30 degrees of 
 exion. Test  lateral st ress on the collateral ligam ents. Com pare 
stabilit y to una ected PIP join t .

Grades

• Mild: Join t  stable w ith  m icroscopic tears.
• Moderate: Join t  w ith  abnorm al laxity w ith  m oderate degree of tear.
• Com plete: Collateral ligam ents are com pletely torn .

Treatment

Sprains:
• Splin t  join t  in  extension for 2 to 3 days (w ith  alum inum  splin t).
• If it  rem ains stable, star t  early m ot ion.

Dislocat ions:

• Volar : Exam ine  nger for the in tegrit y of the cent ral slip . After 
giving  nger block, then reduce using t ract ion  and splin t  2 to 3 days 
in  extension (alum inum  splin t  or tongue blade). If stable, star t  early 
m ot ion.

• Dorsal: If dislocat ion is stable after reduct ion, then splin t  in  
extension for 3 weeks. If dislocat ion is unstable after reduct ion, then 
surgery is required. These dislocat ions often  involve > 40% of the 
volar ar t icular surface. Plan  ORIF or volar plate ar throplasty.

• Lateral: Use a com binat ion of buddy taping and extension splin t ing 
for 3 weeks. In  nearly all cases, the ligam ents return  to their norm al 
posit ion  even though they m ay have been com pletely disrupted.
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Distal Interphalangeal Joint and Thumb Interphalangeal 
Joint

Because both   exors and extensors inser t  on  the distal phalanx and help 
stabilize the join t , distal in terphalangeal join t  and thum b in terphalan-
geal join t  dislocat ion  is rare. Dorsal and lateral dislocat ions w ith  open 
wounds are m ost  com m on.

• Perform  a digital block (see Chapter 13, Fig. 13.1).
• Although these dislocat ions are rarely reducible, t ry to reduce it  by 

using longitudinal t ract ion  and direct  pressure on the dorsum  of the 
distal phalanx; m anipulate the distal phalanx in to  exion.

• Im m obilize in  a dorsal splin t  for 2 to 3 days w ith  PIP join t  free.
• Then buddy tape and star t  conservat ive act ive m ot ion.

Finger Metacarpophalangeal Joint

The condyloid join t  is usually dislocated in  a dorsal or ulnar direct ion .
Dorsal dislocat ion  m ost  com m only occurs in  the index or sm all  n -

ger, caused by forced hyperextension. In  a sim ple subluxat ion the volar 
plate usually stays w ith  the proxim al phalanx.

Treatment

Flex the w rist  to relax  exor tendons. Then  ex the MCP join t  by apply-
ing distal and volarly directed pressure to the proxim al phalanx. Do not  
apply t ract ion  or hyperextend because th is w ill convert  the injury to a 
com plex dislocat ion.

• Com plex dislocat ion: Volar plate is usually jam m ed in to the join t; 
therefore,  exion and reduct ion are im possible.

 – ORIF and im m obilize for 2 weeks.
• Lateral: Radial collateral ligam ent  is ruptured by the forced ulnar 

deviat ion  w hile the MCP join t  is  exed.
 – Reduce and im m obilize in  30 degrees of  exion  for 3 weeks.
 – Buddy tape w ith  m ot ion  for 2 to 3 weeks.

• Volar: This is ext rem ely rare.
 – At tem pt  closed reduct ion.
 – If reduct ion not  stable, then ORIF.
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Thumb Metacarpophalangeal Joint

Gamekeeper’s Thumb

Gam ekeeper’s thum b is the m ost  com m on thum b MCP joint  injury, 
w hich occurs w hen the par t ially  exed thum b is axially loaded. This is 
de ned as an  avulsion fracture from  the ulnar base of the proxim al pha-
lanx due to disrupt ion of the ulnar collateral ligam ent .

Treatment

Im m obilize the join t  for 6 weeks in  a thum b spica splin t . Surgical explo-
rat ion  is indicated if the join t  cont inues to be unstable or if the ulnar 
collateral ligam ent is blocked by in terposit ion  of the adductor pollicis 
m uscle (Stener lesion).

Wrist Injuries
The w rist  is an  anatom ically com plex st ructure that  plays a vital role 
in  all aspects of hum an life. The distal radioulnar (DRU) join t  is a site at  
w hich hand supinat ion and pronat ion occur as the radius rotates around 
the ulna. Distal to the DRU joint  is the proxim al carpal row, w hich is 
com posed of the scaphoid, lunate, t r iquet rum , and pisiform . These 
bones ar t iculate w ith  the distal por t ion  of the radius and ulna and allow  
for  exion and extension of the hand, as well as u lnar and radial devia-
t ion . Distal to the proxim al row  of carpal bones is the distal carpal row, 
w hich is com posed of the t rapezium , t rapezoid, capitate, and ham ate. 
The distal carpal row  and the second and th ird m etacarpals form  the 
“ xed unit” of the hand.

A detailed h istory that  includes pat ient’s occupat ion , hand dom i-
nance, and detailed characterizat ion  of the m echanism  of injury, as well 
as the locat ion and level of pain , should be the  rst  step of evaluat ion . 
Three pat terns of w rist  injury exist: the perilunate pat tern , the axial pat-
tern , and injury from  localized force concentrat ion .

Perilunate Injuries

Perilunate injuries occur in  an  arc em anat ing from  the lunate. The bones 
involved include the scaphoid, t r iquet rum , and capitate. If any of these 
bones are fractured, then the others should be checked for a fracture.
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Axial Pattern Injuries

Axial pat tern  injuries result  from  anteroposterior com pression forces. 
These forces, generally occurring from  an explosion or crush injury, 
propagate on either the ulnar or the radial side of the capitate.

Carpal Bone Fractures

Single-bone fractures of the carpus usually are the result  of a concen-
t rated localized force.

Scaphoid

Most carpal bone fractures occur in  the w rist . By ar t iculat ing w ith  the 
lunate proxim ally and the capitate distally, the scaphoid stabilizes the 
w rist . Upon disrupt ion, the w rist  becom es m ore suscept ible to collapse.

The super cial palm ar branch and the dorsal carpal branch of the 
radial ar tery enter at  the distal aspect  of the scaphoid. A loss of blood 
supply due to fractures at  the waist  or the proxim al port ion  of the 
scaphoid leads to avascular necrosis of the scaphoid (Preiser’s disease) 
and fu ture pain/instabilit y.

Mechanism

Scaphoid fractures result  from  a fall on  an  outst retched hand.

Diagnosis

The patient has tenderness in the anatom ical snu box and radial w rist  
pain. Order X-rays in AP, pronation oblique, supinat ion oblique, and lateral 
views. Addit ionally, CT scans are useful in establishing the vascularity and 
degree of displacem ent . A clenched- st  posit ion m ay improve view. Look 
for a radiolucent line radial to the scaphoid on an AP view. If the line is 
preserved, then the scaphoid is intact . If the scaphoid is fractured, the line 
is displaced or obliterated (navicular fat stripe sign) (Fig. 14.7).
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Fig. 14.7 Scaphoid fracture.

Types of Fracture

• Horizontal oblique: Fracture of the scaphoid oblique to the 
longitudinal axis of scaphoid but  perpendicular to the long axis 
of the lim b (m ost  com m on fracture of the scaphoid). Stable and 
usually t reated w ith  closed t reatm ent in  thum b spica for 6 to 8 
weeks (see Chapter 13, Fig. 13.5).

• Transverse: Scaphoid fractures that are perpendicular to the 
longitudinal axis of the scaphoid, but oblique to the lim b. Less stable 
and less com m on than horizontal oblique fractures, these usually heal 
w ith 6 to 12 weeks of closed treatm ent (thum b spica) (Fig. 13.5).

• Vertical oblique: Rare and less stable; requires longer cast ing.

Treatment

• Closed t reatm ent—reserved for suspected fractures and stable 
fractures w ith  < 1 m m  displacem ent or a scapholunate angle 
< 60 degrees or radiolunate fractures < 15 degrees.

• Place pat ient  in  thum b spica cast  (Fig. 13.5) for 12 weeks (long arm  
thum b spica cast  for the  rst  6 weeks and then 6 weeks in  short  arm  
thum b spica cast).
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Suspected Fractures

• Place the pat ient  in  thum b spica.
• Technet ium  99m  m ethylene diphosphonate (Tc 99m  MDP) bone 

scan  in  2 weeks (t im e for bone at  fracture site to resorb).
 – If negat ive, then no fracture exists.
 – If posit ive, order a CT scan for determ inat ion of fracture site and 

fur ther t reatm ent .

Nondisplaced Fractures

• Thum b spica cast  unt il fracture heals.
• Check for union.
• Im m obilize in  a long arm  cast  for 6 weeks, then a short  arm  cast  for 

an  addit ional 6 weeks.

Pediatric

• Rarely displaced; ORIF only in  severe displacem ent .
 – Otherw ise, im m obilize unt il skeletal m aturit y.

• Surgical t reatm ent .
 – For open fractures of the w rist .
 – Failed closed t reatm ent (no healing in  12 weeks or nonunion after 

6 m onths of cast ing).
 – Displacem ent > 1 m m  or scapholunate angle > 60 degrees or 

radiolunate fracture > 15 degrees.
 – Very proxim al fractures that  are prone to avascular necrosis.
 – If a pat ient  has a nondisplaced fracture that  cannot  be 

im m obilized, an  ar throscopic approach can be taken.
 ▪ Com plicat ions.

 ▫ Malunion.
 ▫ Avascular necrosis.
 ▫ Nonunion.
 ▫ Arthrit is.
 ▫ Carpal instabilit y.
 ▫ Scaphoid advance collapse.

Other Carpal Bone Fractures

Mechanism

Other carpal bone fractures can result  from  a fall on  an  outst retched 
hand.
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Diagnosis

The pat ient  has pain  in  the w rist; X-rays dem onst rate fractures of carpal 
bones. If a fracture is suspected, then the Tc 99m  MDP w ill be posit ive 
in  2 weeks. A CT scan can also be perform ed for diagnosis of fractures, 
especially in  the distal row. Triquet ral fractures are caused by w rist  
hyperextension. Trapezial fractures are seen using the Bet ts view  and 
often  occur in  cyclists.

Treatment

• Closed t reatm ent .
 – Nondisplaced carpal bone fractures should be im m obilized for 

6 weeks.
 – Use a thum b spica for lunate fractures.
 – Splin t  the hand in  a safe posit ion  for capitate fractures.

• Surgical t reatm ent .
 – Use for all open fractures and displaced fractures.

Lunate Fracture

Lunate fractures m ay cause Kienböck’s disease by a ect ing the lunate 
blood supply and causing avascular necrosis.

Hook of Hamate Fracture

Hook of ham ate fractures are associated w ith  racquet  sports and golf; 
pat ients present  w ith  ulnar and volar w rist  pain . The fracture occurs on  
im pact  w ith  the ball. Nonunion is diagnosed w ith  a CT scan. Rem oval of 
the hook relieves the pain .

Pisiform Fracture

Nonunion is a com m on com plicat ion  of pisiform  fractures. Supinated 
oblique and carpal tunnel X-rays are m ost  useful in  diagnosing the frac-
ture. Pain  on nonunion resolves w ith  rem oval of the pisiform s.
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Scaphocapitate Syndrome

Scaphocapitate syndrom e results from  fractures in  both  the scaphoid 
and capitate, along w ith  rotat ion  of the capitate fragm ent 90 to 180 
degrees. Treat  w ith  ORIF early. If m issed, then t reat  expectantly. If sym p-
tom s persist , perform  a w rist  ar throdesis.

Dislocations of the Wrist
Dislocat ions of the w rist  range from  perilunate ligam entous inju-
ries to lesser arc injuries (dislocat ions only) to greater arc injuries 
(dislocat ion + fracture).

The pat ien t  m ay present  w ith  acute onset  carpal tunnel syndrom e 
due to pressure from  dislocated carpal bone, speci cally the lunate. 
Em ergent  reduct ion and decom pression are indicated.

Scapholunate Ligamentous Injuries

As the force causing perilunate ligam entous injury increases, there is a 
predictable pat tern  of injury. The progression proceeds from  scaphol-
unate sprains to scapholunate dislocat ion , perilunate dislocat ion , and 
 nally dislocat ion of the lunate. In  severe cases, pat ients present  w ith  
ext rem e dorsi exion of the w rist .

Diagnosis

• Watson shift  test—put thum b on distal pole of scaphoid. Next , m ove 
join t  radially, ulnarly, in to extension and  exion .

 – Assess for pain  or subluxat ion, w hich m ay herald instabilit y.
• St ress radiographs.

 – Scapholunate disrupt ion.
On the AP X-ray, a scapholunate disruption can be seen between the 
scaphoid and lunate > 3 to 4 m m  (Terry Thom as/Let term an/gap sign), or 
as a wedge-shaped lunate (piece of pie sign). If the lunate is rotated dor-
sally, then the pat ient has a dorsal intercalated segm ent instability (DISI) 
deform ity. A volar dislocat ion of the lunate w ill be apparent as the spilled 
teacup sign on lateral view  (not associated w ith scapholunate disruption).
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Reduction Techniques

If the pat ient  presents w ith in  3 to 4 days of injury, then  at tem pt closed 
reduct ion , w hich usually requires K-w ire for  xat ion . If the pat ient  can-
not  be taken to surgery, then one can at tem pt  closed reduct ion in  the 
em ergency room . This m ust  be preceded by a thorough neurovascular 
exam inat ion. A hem atom a block or brachial block can be perform ed.

Perilunate Dislocation

In it ially, dorsi ex the w rist , and then slowly  ex the w rist  volarly w hile 
holding the posit ion  of the lunate w ith  the thum b of your other hand. 
Reart iculate the capitate and the lunate using pronat ion . Use  uoros-
copy if needed. If pat ient  presents w ith  acute carpal tunnel syndrom e, 
reduce fracture and release carpal tunnel if sym ptom s persist .

Lunate Dislocation (Fig. 14.8)

Star t  w ith  the procedure for perilunate reduct ion , then  stabilize the 
lunate w ith  your thum b and bring the capitate in to palm ar  exion. 
Em ergency reduct ion and decom pression of carpal tunnel are indicated 
if acute carpal tunnel syndrom e sym ptom s exist .

Scapholunate Dislocation

First  dorsi ex the w rist  and then radially deviate the w rist . If reduct ion 
is perform ed in  the operat ing room  (preferred), then K-w ire the reduc-
t ion . If reduct ion is perform ed in  the em ergency room , then at tem pt to 
place the pat ient  in  a splin t  in  a thum b spica. If reduct ion  does not  hold, 
then you m ust  perform  ORIF.

Fig. 14.8 (a–c) Reduction of a dislocated lunate.
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Fig. 14.8 (Continued) (a–c) Reduction of a dislocated lunate.



Hand and Wrist  Fractures and Dislocat ions 173

Fracture-Dislocations of the Wrist (Major Arc Injury)

The m ost  com m on type of fracture-dislocat ion  of the w rist  is the t rans-
scaphoid perilunate fracture-dislocat ion . Use X-rays taken in  t ract ion  for 
diagnosis. These usually require ORIF.

Ulnar-Sided Ligamentous Injuries

The patient presents w ith tenderness on the ulnar side of the w rist (over 
lunotriquetral ligam ent) w ith possible avulsion fractures of the triquetrol-
unate ligam ent.

Diagnosis

• Ballot tem ent test  (Reagan test)—displacem ent of the t r iquet rum  
dorsally and volarly on the lunate w ith  painful crepitus.

• Lichtm an test—subluxat ion and pain  w ith  axial loading and 
deviat ion  of w rist  ulnarly.

• X-ray—AP view dem onstrates volar intercalated segm ent instability 
(VISI) w ith volar- exed scaphoid. Lunate is volar- exed and triangular.

Treatment

Im m obilize for 6 weeks in  short  arm  cast .

Triangular Fibrocartilage Complex (TFCC) Tears

The TFCC is a ligam entous and cart ilaginous st ructure, w hich stabilizes the 
distal radioulnar joint and is the art iculat ing surface for the ulnar carpus.

Diagnosis

• When pat ient  grasps an  object , w rist  pain  worsens.
• X-ray.

 – Ulnar posit ive variance on  X-ray.
 – Arthroscopy versus MRI.

Treatment

• Short  arm  cast  for 6 weeks.
• Consider ar throscopy and débridem ent of tears.
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15 Hand Infections and Injection 
Injuries

Hand Infections
Hand infect ions are classi ed as super cial, deep, acute, subacute, or 
chronic. Hand infect ions range from  super cial cellulit is to osteomy-
elit is. Cellulit is is a super cial in  am m at ion  of the derm al/epiderm al 
com ponents of the skin  secondary to bacterial contam inat ion . Deep to 
the derm is, infect ion in  the subcutaneous t issue m anifests as an  abscess. 
Cont inuous deep infect ious penet rat ion  w ill a ect  the fascia or the 
synovial sheaths of the  exor and extensor tendons, par t icularly in  the 
hand and forearm . These deeper infect ions warrant  rapid evaluat ion and 
t reatm ent to prevent  necrot izing in  am m at ion w ith in  the deep t issue 
planes and erosive extension in to the hand and forearm .

History and Physical Examination

• Ascer tain  the cause of the infect ion , anatom ical locat ion, and length  
of durat ion .

• Inspect ion and palpat ion to determ ine locat ion and to assess the 
depth  of the infect ion .

 – Rem ove all jewelry (watches, r ings, etc.) to prevent  secondary 
vascular const r ict ion  from  a tourniquet  e ect  w hen edem a 
develops.

• Assessm ent of neurovascular status.
• Passive ROM assessm ent of all join ts.
• Obtain  radiographs of the involved hand/digit—three views.

Management

The an t im icrobial t reatm ents for com m on hand infect ions are presen ted 
in  Table 15.1 . The ant im icrobial therapies delineated in  Table 15.1  rep -
resent  em pirical recom m endat ions unt il de n it ive culture results are 
available for speci c therapy.
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Types of Hand Infections

Acute Paronychia

Acute paronychia is an  infect ion  that  involves the eponychial or 
paronychial fold or the nail m atrix. This process usually begins under the 
skin  of the lateral nail fold, causing erythem a and edem a (paronychia). 
Persistent  disease m ay cause extension in to the eponychium  (eponychia) 
or under the nail sulcus to the contralateral fold (runaround infect ion  or 
horseshoe infect ion).

Etiology

• Poor  ngernail hygiene.
• Minor t raum a.
• Nail bit ing.
• Finger sucking.
• Manicures.
• Art i cial nails.
• Hangnails.

Treatment

An early infect ion  w ithout  evidence of  uctuance can  be t reated 
conservat ively:

• Warm  soaks th ree t im es a day w ith  a 1:1 solut ion  of 3% hydrogen 
peroxide and norm al saline.

• Oral ant ibiot ics for 1 week; consider anaerobic coverage 
(clindamycin  450 m g by m outh  four t im es a day) for associated nail 
bit ing or  nger sucking et iologies (hum an bite).

• Elevat ion.
• Short-term  follow -up.

A paronychia that has developed a collection of purulence requires drainage:

• Perform  a digital block (see Chapter 13, Fig. 13.1).
• Use the incision technique (Fig. 15.1a).

 – Incise along the lateral nail fold w ith  a scalpel.
 – Elevate the nail fold using sm all elevator from  the paronychial/

eponychial junct ion to the proxim al nail edge.
 – Drain  the purulent  m aterial.
 – Excise the distal th ird of the nail to evacuate purulent  m aterial 

and, if needed, for addit ional exposure.
• Excision technique (Fig. 15.1b).

 – Begin  w ith  a longitudinal incision along the lateral nail fold w ith  
a 15-blade scalpel beveled away from  the nail.
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 – Repeat  bilaterally if both  sides are involved.
 – Drain  purulent  m aterial at  the base of the nail by elevat ing the 

eponychial fold.
 – Excise a longitudinal st r ip of the nail adjacent  to the fold w ith  an  

edge of the eponychium  for drainage.
 – Extensive eponychial and subungual infect ions require rem oval of 

the nail plate and sten t ing of the fold w ith  iodoform  gauze.

Postoperative Care

• Warm  soaks three t im es a day w ith  a 1:1 solut ion  of 3% hydrogen 
peroxide and norm al saline.

• Oral ant ibiot ics for 1 week.
• Elevat ion.
• Short-term  follow-up.
• Avoid nail bit ing and t rim m ing nails too closely.

Chronic Paronychia

Chronic paronychia is de ned as an infect ion that involves the eponychial 
or paronychial fold or the nail m atrix last ing longer than 6 weeks. Fungi 
are m ost com m only associated w ith these infect ions. C. albicans is the pri-
m ary infect ious organism . However, atypical mycobacteria are implicated 
in hand infections of persons chronically exposed to water. Generally, 
these infect ions are found in sw im m ers, dishwashers, and housekeepers 
w ho have prolonged exposure to m oist environm ents and repeated expo-
sure to chem ical irritants.

Fig. 15.1 (a) Incision and drainage of a paronychial infection. (b) Partial nail excision 
technique.
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Treatment

• Topical m iconazole tw ice a day or terbina n  tw ice a day.
• Oral ketoconazole 200 m g by m outh  daily or  uconazole 100 m g by 

m outh  daily for 4 weeks.
• Consider biopsy to rule out  squam ous cell carcinom a for recalcit rant  

disease.
• Marsupializat ion.

 – Perform  a digital block.
 – Apply  nger tourniquet .
 – Using a 15-blade scalpel, incise along the proxim al and distal 

edge of the eponychium  in  a crescent  fashion.
 – Excise the eponychial skin  and infected t issue, leaving the 

germ inal m at rix in tact .
 – Irr igate the exteriorized germ inal m atrix, then  pack the region 

w ith  iodoform  gauze.
 – Rem ove the nail plate if grossly deform ed.

• Change the dressing every day unt il com plete epithelializat ion  has 
occurred.

Felon

The volar pad of the distal phalanx is divided in to 15 to 20  brous fas-
cial com partm ents by ver t ical  brous septa extending from  the derm is 
to the distal phalanx. Infect ions in  th is area are com partm entalized, 
causing the form at ion of sm all abscesses. S. aureus, st reptococci, and 
anaerobes cause m ost  felons. Evaluat ion should rule out  the presence of 
a foreign body, w hich occasionally can be detected radiographically. Per-
sistent  disease w ill result  in  extension to the distal phalanx and possibly 
the tendon sheath  of the  exor digitorum  super cialis (FDS), causing 
osteomyelit is or  exor tenosynovit is, respect ively.

Treatment

The volar pad septa m ust  be com pletely obliterated, w hile m inim izing 
dam age to the neurovascular bundle:

• Perform  a digital block.
• Apply a  nger tourn iquet .
• Mark the nondom inant  side of the  nger for the incision . This is 

usually the ulnar side of the index  nger, long  nger, or ring  nger. 
For the thum b and lit t le  nger, release via an  incision on the radial 
side of the digit .
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• Incisions.
 – High  lateral incision (Fig. 15.2).
 – Fish  m outh  incision.
 – Palm ar longitudinal incision.

• Obtain  culture.
• Spread through septa-disrupt ing all of the com partm ents.
• Irrigate thoroughly.
• Pack w ith  iodoform  gauze.

Fig. 15.2 Incision and drainage of a felon. (a) High lateral incision avoiding neurovascular 
bundle. (b) Disruption of the ventral  brous septa. (c) Packing of the space with iodoform 
gauze after thorough irrigation. (d) Complicated felon demonstrating epidermolysis extend-
ing to the ulnar posit ion of the index  nger. (e) Débridement of the detached epidermis and 
ulna-based incisions and drainage of felon. (f) Follow-up 1 month after surgery. The arrow 
indicates site of felon.
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Postoperative Care

• Warm  soaks th ree t im es a day w ith  a 1:1 solut ion  of 3% hydrogen 
peroxide and norm al saline.

• Oral ant ibiot ics for 1 week.
• Elevat ion.
• Short-term  follow -up.

Herpetic Whitlow

Herpes sim plex is the causat ive organism  associated w ith  vesicular 
erupt ion of the distal digits. The viral contam inat ion is usually second-
ary to exposure to oral secret ions. Health  care workers, par t icularly den-
t ists and anesthesiologists, are at  increased r isk. Physical exam inat ion 
reveals clear vesicles that  progress to u lcerat ion  w ith in  14 days. The 
volar pad is edem atous, but  soft  and painful to palpat ion . Diagnosis can 
be con rm ed by viral cultures and a Tzanck sm ear that  dem onst rates 
m ult inucleated giant  cells. The abilit y of the virus to live in  the dorsal 
root  ganglion prom otes the recurrence of th is disease.

Treatment

• Do not  a t tempt  incision a nd dra inage.
 – This a self-lim ited disease that  resolves in  10 to 14 days.

• Cleanse wound tw ice a day to prevent  a bacterial superinfect ion .
• Cover wound w ith  loose dressing.
• Oral ant iviral drugs decrease the clin ical course and recurrence.

 – Acyclovir 200 m g by m outh  every 4 hours × 10 days 
(recurrence × 5 days), suppression 400 m g by m outh  tw ice a day.

 – Valacyclovir 1 g by m outh  tw ice a day × 10 days (recurrence 500 g 
by m outh  tw ice a day), suppression 500 g by m outh  daily.

Flexor Tenosynovitis

Synovit is of the  exor tendon sheath  occurs from  in  am m atory and 
infect ious et iologies. In  the acute set t ing, suppurat ive stenosing infec-
t ion  of the  exor tendon sheath  requires rapid evaluat ion  and t reatm ent 
to prevent  extension  to the forearm . Infect ions of the  exor tendon 
sheath  result  from  either direct  extension from  a subcutaneous abscess 
(e.g., felon, m idpalm ar space abscess) or direct  inoculat ion  from  pene-
t rat ing t raum a. A pat ient  w ho presents w ith   exor tenosynovit is w ill 
exhibit  the four Kanavel signs (Fig. 15.3). 
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Hallmark of Flexor Tenosynovitis is Pain—on passive 
extension

Pat ient  com plaints of severe pain , paresthesia, and swelling of the hand 
m ay indicate  exor tenosynovit is. These sym ptom s can be explained by 
Kanavel signs.

Kanavel Signs
Pain  over tendon sheath
Fusiform  swelling of digit
Finger held in   exion
Pain  on passive extension (hallm ark sign)

The tendon sheath is a closed space from  the DIP to the A1 pulley. 
The thum b and sm all  nger tendon sheaths com m unicate w ith the radial 
and ulnar bursae, respectively, and continue into the w rist . The radial and 
ulnar bursae com m unicate via the Parona space. The intricate architec-
ture and proxim ity of the tendon sheaths and bursae allow  extension of 
the infect ion to the hand proxim ally. Addit ional potential complicat ions 
include carpal tunnel syndrom e, tendon necrosis, and tendon adhesions.

Treatment

Pat ients w ith   exor tenosynovit is require hospital adm ission , 
broad-spect rum  ant ibiot ics, and urgent  operat ive explorat ion .

Fig. 15.3 Presentation of  exor tenosynovitis of the thumb illustrating Kanaval signs.
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• Bring the pat ient  to the operat ing room .
• Place tourniquet  and exsanguinate arm  by elevat ing arm  for 

2 m inutes and occluding the brachial ar tery. Raise tourniquet  
to 100 m m  Hg greater than the SBP. Do not  exsanguinate using 
m echanical exsanguinat ion techniques.

• Lim ited incision  and catheter drainage (Fig. 15.4d).
 – Incise the m idaxial border of the involved distal phalanx. (Avoid 

contact  and pressure surfaces of the digit).
 – Make a separate t ransverse incision at  the level of the A1 pulley.
 – Through these incisions, expose the  exor tendon sheath .

 ▪ Evacuate purulence.
 ▪ Obtain  culture.
 ▪ Thoroughly irr igate both  wounds.

 – Inser t  a sm all catheter for irr igat ion  in to the tendon 
sheath—6 French pediat r ic feeding tube.

 ▪ Irrigate.
 – Keep catheter in  place for cont inuous irr igat ion .

 ▪ 500 m L norm al saline + 1 g vancomycin .
 ▪ Infuse at  20 to 50 m L/hour, depending on pat ient  tolerance.

 – Rem ove catheter in  48 hours.
• Extensive explorat ion  and débridem ent—required for delayed 

diagnosis and extensive soft  t issue necrosis.
 – Mark the nondom inant side of the  nger for the incision. This 

is usually the ulnar side of the index  nger, long  nger, and r ing 
 nger. For the thum b and lit t le  nger, release via an  incision on 
the radial side of the digit .

 – Make Brunner (Fig. 15.4b) zigzag incisions from  the distal 
phalanx to the palm .

 ▪ Take care not  to dam age the neurovascular bundles or cross the 
 exion creases volarly at  r ight  angles.

 – Evacuate purulence.
 – Obtain  culture.
 – Rem ove necrot ic debris.
 – Thoroughly irr igate both  wounds.

• Close skin  loosely over a sm all catheter for cont inuous catheter 
irrigat ion  using a 6 French pediat r ic feeding tube.

 – 500 m L norm al saline + 1 g vancomycin .
 – Infuse at  20 to 50 m L/h, depending on pat ient  tolerance.
 – Rem ove catheter in  48 hours.

• Splin t  in  safe posit ion .
• Begin  ROM protocols after catheter is rem oved to decrease 

adhesions.
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Fig. 15.4 (a–d) Incision techniques for drainage of the  exor tendon sheath.

• If there is signi can t  soft  t issue dest ruct ion, w hirlpool therapy as an  
adjunct  is useful for débridem ent of the devitalized soft  t issues after 
operat ive drainage.

Deep Fascial Space Infections

Deep space infect ions begin  from  penet rat ing wounds of the hand or 
by extension of a super cial infect ion  (Fig. 15.5). The com plex anatom -
ical relat ionship of the deep fascial spaces in  the hand is illust rated in  
Fig. 15.6; Fig. 15.7  shows the incisions for deep palm ar abscesses.
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Fig. 15.5 (a,b) Presentation of a midpalmar space infection with dorsal cellulit is.

Fig. 15.6 Deep fascial spaces of the hand.
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Treatment

• Place tourniquet  and exsanguinate arm  by elevat ing arm  for 
2 m inutes and occluding the brachial ar tery. Raise tourniquet  to 
100 m m  Hg greater than the SBP.

• Incision and drainage.
 – The wound is left  open.
 – Wound packed w ith  iodoform  or a Penrose drain  is placed.
 – Daily dressing changes are perform ed.

• Sm all dorsal abscesses can  be safely drained in  the em ergency room . 
Make incisions in  between extensor tendons to avoid injury to the 
tendons.

• Volar abscesses are explored in  the operat ing room .
• Ant ibiot ics.
• Whirlpool therapy tw ice a day.

 – Aids w ith  débridem ent  of devitalized t issue.
 – Edem a m ay be increased throughout the durat ion  of therapy.

Fig. 15.7 (a–d) Incision tech-
niques for drainage of deep 
hand abscesses. Avoid damage 
to neurovascular structures.
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Collar Button Abscess

A purulent  infect ion  of the web space is referred to as a collar but ton 
abscess (Fig. 15.8). Fissures and blisters are com m only im plicated as et i-
ologies. Pat ients present  w ith  an  hourglass con gurat ion  at  the base of 
the digit  in  an  abducted posit ion . Collar but ton infect ions are drained 
through two longitudinal incisions on the dorsal and volar surfaces of 
the web space (Fig. 15.7a).

Dorsal Subaponeurotic and Subcutaneous Abscesses

Beneath  the extensor tendons on the dorsum  of the hand, an  infect ion  
m ay reside in  the subaponeurot ic space, w hich is di erent iated from  an 
infect ion  above the extensor tendons (subcutaneous space). Drainage is 
perform ed through  longitudinal incisions. A suspected subaponeurot ic 
infect ion  is approached through longitudinal incisions over the index 
and sm all  nger m etacarpals (avoid dam age to extensor tendons).

Fig. 15.8 Presentation of a collar but ton abscess of the second web space with abduction 
of the digits and dorsal cellulitis.
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Fight Bite

Closed  st  injuries occurring during  st icu s m ay result  in  inoculat ion 
of the MCP join t  w ith  oral anaerobes from  the assaulted. When th is 
occurs there should be the considerat ion  of a concom itant  fracture to 
the m etacarpal head. Pat ients often  neglect  these injuries due to the 
incit ing circum stance and present  in  a delayed fashion (Fig. 15.9). All 
pat ients w ith  th is m echanism  of injury should have thorough irrigat ion  
of the join t  space and ant ibiot ic therapy. Pat ients w ith  m ore advanced 
presentat ions (cellu lit is and abscess form at ion) should be adm it ted, irr i-
gated in  the operat ing room , and placed on IV ant ibiot ics (see Chapter 14 
for a detailed m anagem ent st rategy for  ght  bite injuries).

Thenar and Midpalmar Space Abscess

Thenar space infect ions occur in  the volar soft  t issues of the thum b and 
 rst  dorsal in terossei. The thum b is held in  abduct ion and pain  is elicited 
w ith  adduct ion. Drainage is perform ed w ith  an  incision  that  is parallel 
to the thenar crease.

Fig. 15.9 Presentation of a  ght bite injury with associated abscess and MCP joint contam-
ination. A fracture of the metacarpal head is often associated with these injuries.
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Fig. 15.10 (a–d) Incision techniques for drainage of thenar abscesses.
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The m idpalm ar space com prises an  area deep to the  exor tendons. 
Pat ients presen t  w ith   uctuance, erythem a, and palpable tenderness in  
the m idpalm . Transverse or oblique volar incisions are ut ilized to explore 
the  exor tendons and m idpalm ar space (Fig. 15.10). After drainage, the 
wounds are closed loosely over a cont inuous irr igat ion catheter. Pat ients 
are adm it ted and IV ant ibiot ics are adm inistered.

Osteomyelitis and Septic Arthritis

Infect ions of the join t  and bone are usually the result  of open fractures, 
an  extension of chronic soft  t issue infect ions, or secondary to direct  
inoculat ion  from  a penet rat ing object  (e.g., a tooth). Sept ic ar thrit is and 
osteomyelit is are less com m only the result  of hem atogenous contam -
inat ion  from  a distant  focus. This m echanism  is par t icularly com m on 
in  im m unosuppressed and pediat r ic pat ients secondary to the in t r in-
sic vascular architecture at  the physis/epiphysis. Diagnosis is based on 
history and radiographic evaluat ion. Pat ients have a h istory of chronic 
infect ion , nonhealing wounds, or nonunions. Elevated CRP and ESR are 
nonspeci c w hen acute in  am m atory condit ions occur sim ultaneously. 
Plain  radiographs w ill reveal bony erosion and periosteal elevat ion. MRI 
is m ore speci c than plain   lm s.

Osteomyelit is is t reated w ith  débridem ent of the infected bone and 
rem oval of the sequest ra and sinus t racts. Bone specim en is sent  for 
pathology and culture. Ant im icrobial t reatm ent is inst itu ted for 6 weeks.

Pat ients w ith  pyogenic ar thrit is present  w ith  the involved join t  
held in  a dist racted posit ion  to m axim ize volum e. Tenderness and ery-
them a is localized over the join t . Pain  is elicited w ith  passive ROM. A 
subset  of pat ien ts w ith  in  am m atory ar thrit ides (e.g., gout , rheum atoid 
arthrit is) m ay present  w ith  join t  signs and sym ptom s sim ilar to those 
of sept ic arthrit is. In  these cases, a careful h istory w ith  serology w ill 
assist  in  m aking the diagnosis. Joint  aspirat ion is indicated for diagno-
sis (Table 15.2) and for purposes of culture ident i cat ion (Table 15.1). 
Incision  and drainage of the MCP join t  is perform ed through dorsal inci-
sions proxim al to the sagit tal band. The thum b MCP joint  is approached 
through a m idaxial ulnar incision. The IP join ts are also approached 
through a m idaxial incision and irrigated w ith  a but ter y needle.

Hand Injection Injuries
These injuries occur m ost  com m only secondary to indust rial guns 
loaded w ith  pain ts, grease, or fuels. Pressure of approxim ately 100 psi 
(7 kg/cm 2) is required to penet rate the epiderm is, but  indust r ial guns 
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can inject  w ith  a power of 10 to 100 t im es greater than th is pressure. The 
nondom inant index  nger is the m ost  a ected site.

Although the site of inject ion  and penet rat ion  of  uids under pres-
sure m ay seem  sm all in it ially, m ost  such injuries require w ide surgical 
incision of the hand, m et iculous lavage, and débridem ent .

Sym ptom s are in it ially subtle, at  t im es only a sm all pinpoint  puncture 
in  the skin . After several hours, however, pat ients com plain  of increasing 
edem a, pain , dysesthesia, and discolorat ion. If left  unt reated, th is w ill 
progress to necrosis, gangrene, lym phangit is, and bacterial infect ions.

Examination

• Determ ine the precise locat ion of injury, the t im e of injury, t ype of 
 uid injected, and tetanus vaccinat ion status.

• Exam ine the ent ire upper ext rem ity because the super cial 
appearance of the injury often  belies the extent  of t issue dam age.

• Neurovascular evaluat ion and docum entat ion  are essent ial.
• Check X-rays to ru le out  fractures and visualize radiographically 

opaque m aterial.

Treatment

• Tetanus vaccine.
• Broad-spect rum  ant ibiot ic coverage (vancomycin  1 g IV every 

12 hours + cefepim e 1 g IV every 12 hours or Zosyn 3.375 m g IV 
every 6 hours).

• Elevate lim b.
• Im m ediate surgical explorat ion .
• Evaluate the need for fasciotomy if injury presents late.

Operative Treatment

Use an upper ext rem ity tourniquet  w ithout  using m echanical exsan-
guinat ion . Instead, raise the arm  for 3 m inutes w hile com pressing the 
brachial ar tery prior to in  at ion  of the tourniquet . Use an  axillary block 
for anesthesia.

Perform  Brunner (Fig. 15.4b) or m idlateral (Fig. 15.4a) incisions in  
the  ngers. Brunner incisions are m ade by  rst  cut t ing along a diagonal 
line from  the lateral nail bed site to the  exion crease on the opposite 
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side. The incision  is then zigzagged back diagonally to the next   exion 
crease on the opposite side. It  can  be carried proxim ally across the palm . 
A m idlateral incision  is  rst  m arked by  exing the  nger. Next , a line is 
draw n that  in terconnects the m ost  dorsal aspect  of the  exion creases to 
each other and to a point  lateral to the nail plate. The nondom inant side 
of the  nger is usually the ulnar side of the index  nger, long  nger, and 
r ing  nger. For the thum b and lit t le  nger, release via an  incision on the 
radial side of the digit .

Culture any purulent  m aterial that  m ay be present . The m ost  com -
m on infect ing agent in  these wounds is Staphylococcus epiderm idis, and 
polym icrobial infect ions are com m on. It  is im portant  to débride all non-
viable t issues w hile preserving neurovascular st ructures that  are not  
a ected. Depending on the spread of the m aterial, a carpal tunnel release 
m ay be required. In  addit ion , open all involved tendon sheaths and the 
radial and ulnar bursae. Irr igate all involved st ructures thoroughly. Do 
not  at tem pt to neutralize any chem icals because the neutralizing chem -
icals often  cause dam age. Pack the wound w ith  wet (saline-soaked) 
gauze, and be prepared for fur ther débridem ent in  the operat ing room  
if necessary 24 to 48 hours later. Splin t  the involved ext rem ity in  a safe 
posit ion  (see Chapter 13). If the injected m aterial was radiopaque, then 
a postoperat ive X-ray m ay help to determ ine if all m aterial was rem oved.

Postoperative Care

Ensure the wound is clean and clear of devitalized t issue through as 
m uch débridem ent as is necessary. Whirlpool therapy m ay be used 
postoperat ively to provide addit ional débridem ent . Elevate the involved 
ext rem it y w hen the pat ient  is in  a splin t . At tem pt to star t  act ivit y in  
the ext rem ity as soon as possible to decrease the am ount of contrac-
tures. In  subsequent surgeries, at tem pt to close par ts of the wound that  
are clean and granulat ing. Use a skin  graft  or synthet ic/acellular derm al 
m atrix and a skin  graft  to close wounds. Alternat ively, severely contam -
inated wounds can be closed by secondary in tent ion . Begin  the pat ien t  
on  hand/occupat ional therapy as soon as possible, because therapy is a 
m ajor determ inant  of the pat ient’s ult im ate level of funct ion .
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16 Hand and Forearm Tendon 
 Injuries

Injuries of the distal upper ext rem ity range from  sim ple lacerat ions to 
com plex open blast  injuries involving dest ruct ion  of vital soft  t issue, 
nerve, and vascular st ructures (Fig. 16.1). E ect ive evaluat ion  and t reat-
m ent requires detailed at tent ion  to the m echanism , t im e, and level of 
injury. The in it ial evaluat ion of an  injured hand or forearm  consists of 
a com plete assessm ent for bony, vascular, and soft  t issue injuries. Com -
plex injuries m andate priorit izing reconst ruct ion. First , the osseous 
st ructures are stabilized w ith  in ternal or external  xat ion  m ethods. Fol-
low ing r igid stabilizat ion  of the ext rem ity, soft  t issue repair is under-
taken to protect  and provide m inim al tension  over delicate vascular and 
nerve reconst ruct ions. When loss of soft  t issue is extensive, priorit y is 
placed on bony stabilizat ion  and revascularizat ion. Soft  t issue coverage 
is then em ployed, and the soft  t issue is allowed to stabilize and heal for 
3 weeks. Tendon and nerve reconst ruct ion  is delayed unt il soft  t issue 
coverage has stabilized.

Fig. 16.1 Complex forearm injury involving tendons, neurovascular structures, muscle, 
and bone.
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Tendon injuries of the forearm  and hand range from  a simple incom -
plete lacerat ion of a single tendon to lacerat ion and structural loss of 
m ult iple m usculotendinous units. The m echanism  of injury dictates the 
m ethod of repair. Simple tendon lacerat ions are repaired directly w ith any 
fam iliar tendon repair techniques (Fig. 16.2). The repair of tendon lacer-
at ions that are the result of blast and avulsion injuries is usually delayed 
because the extent of tendon dam age is not im m ediately know n. A delay 
of 3 to 4 weeks allows the determ inat ion of viable tendon, at w hich point , 
tendon reconstruction w ith tendon grafts is perform ed. Over the course 
of the delay, the tendon path and m uscle length can be preserved utilizing 
Silast ic tendon rods sutured to the injured tendon ends.

Extensor Tendon Injuries
Pat ients w ith  extensor tendon injuries present  w ith  obvious lacerat ions 
over the involved tendon or palpable pain  in  the region of a closed injury. 
The  rest ing hand posit ion  w ill display the involved digit  in   exion  sec-
ondary to the loss of the counterbalancing extensor. The pat ient  w ill also 
be unable to extend the involved digit  act ively w hile the palm  of the 
hand is face dow n on  a  at  surface (tabletop test).

Extensor tendon injuries are com m only the result  of open lacerat ions, 
but they also occur secondary to a variety of closed et iologies. Closed trau-
m atic rupture of the extensor tendon includes but isn’t  lim ited to rupture 
of the extensor tendon at  distal insert ion of the distal phalanx (m allet 
 nger), central slip from  the dorsum  of the m iddle phalanx (boutonnière 
deform ity), and rupture of the extensor pollicis longus associated w ith  
radius fractures. Pat ients w ith rheum atoid arthrit is develop at t rit ion rup-
tures at m ult iple levels that can also present in a sim ilar fashion.

Fig. 16.2 Tendon injury repairs. (a) Modi ed Kessler st itch. (b) Bunnell st itch. (c) Massa-
chuset ts General Hospital repair. (d) Epitendinous suture.
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Anatomy

The extensor com partm ents of the hand are separated in to six dorsal 
com partm ents:
1. Abductor pollicis longus and extensor pollicis brevis.
2. Extensor carpi radialis longus and brevis.
3. Extensor pollicis longus.
4. Extensor indicis and extensor digitorum  com m unis.
5. Extensor digit i m inim i (quint i).
6. Extensor carpi ulnaris.

Longitudinally the extensor tendon is divided in to n ine zones from  its 
course from  the m uscle to inser t ion  in to the distal phalanx (Fig. 16.3):

• Zone I: Distal in terphalangeal join t .
• Zone II: Middle phalanx.
• Zone III: Proxim al in terphalangeal join t .
• Zone IV: Proxim al phalanx.
• Zone V: Metacarpophalangeal join t .
• Zone VI: Metacarpal.
• Zone VII: Carpus.
• Zone VIII: Distal forearm .
• Zone IX: Musculotendinous junct ion proxim al forearm  m uscle.

The thum b has only  ve zones (Fig. 16.3):

• Zone I: In terphalangeal join t .
• Zone II: Proxim al phalanx.
• Zone III: Metacarpophalangeal join t .
• Zone IV: Metacarpal join t .
• Zone V: Carpus.

The extensor tendon zones are a useful tool for describing the level of 
injury; they also correlate to funct ional prognosis. For ease of reference, 
the odd-num bered zones are located over the join ts and the even-num -
bered zones are located over the bone.

In  the proxim al forearm , the extensor digitorum  com m unis tendons 
arise from  a com m on m uscle belly and disallow  independent  extension  
of the m iddle and r ing  ngers. The except ions are the index and sm all 
 ngers, w hich have their respect ive independent  extensors (extensor 
indicis proprius, extensor digit i quint i). In  zone VI, the juncturae tendi-
num  connect  the long, r ing, and sm all  nger tendons, allow ing approx-
im ately 30 degrees of extension of the MCP join t  even  if the speci c 
extensor digit  to that  tendon is cut . This anatom ical con gurat ion  m ay 
confuse physical exam inat ion   ndings w hen obvious lacerat ions  suggest  
 proxim al injury.
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Timing of Repair

The t im ing of a repair depends prim arily on the extent  of the injury. 
Sim ple extensor tendon lacerat ions m ay be repaired easily in  the em er-
gency room  w ith  adequate local anesthesia. However, com plex injuries 
of m ult iple tendons at  m any levels or w ith  gross contam inat ion require 
repair in  the operat ing room , w hich allows the pat ient  the bene t  of sus-
tained anesthesia in  a tourniquet-controlled environm ent . Tendon inju-
ries that  are not  associated w ith  ischem ia-related injury to the hand or 
digit  are repaired w ith in  1 week. If it  is not  feasible to repair the tendon 
at  the in it ial evaluat ion , the wound is irrigated and tem porarily closed 
and the pat ient  is placed in  a volar splin t  w ith  w rist , MCP, and IP join ts 
in  slight  extension.

Treatment

Due to the com plex architecture of the extensor tendon, the t reat-
m ent regim en and aftercare are dependent  on  area of injury.  Generally, 
 com plete open lacerat ions are repaired acutely, w hile closed and 
 par t ial (< 50%) injuries can  be t reated w ith  appropriate splin t ing to 
allow  healing.

Fig. 16.3 Extensor tendon zones.
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Zone I

Mallet  deform it ies are classi ed in to four t ypes:

• Type I: Closed lacerat ion  w ith  or w ithout fracture of the distal 
phalanx (less than one-th ird of the ar t icular surface).

• Type II: Open injury w ithout fracture of the distal phalanx.
• Type III: Open injury w ith  loss of skin  and subcutaneous cover.
• Type IV: Fracture of the distal phalanx involving one th ird or m ore of 

the ar t icular surface.

Closed m allet  deform it ies (t ype I) are t reated by splin t ing the DIP 
join t  in  extension for 6 weeks. The splin t  is isolated to the DIP join t  and 
spares the PIP join t . Open injuries are repaired by derm atotenodesis. The 
skin  and tendon are repaired in  a com posite fashion w ith  m at t ress or 
cont inuous 4–0 m ono lam ent nonabsorbable sutures.

The addit ion  of K-w ire  xat ion  of the DIP join t  in  extension for 
6 weeks is advocated in  t ype III/IV injuries. K-w ire  xat ion  of the DIP 
join t  should also be considered in  all pediat ric zone I extensor tendon 
injuries because of the h igh incidence of noncom pliance w ith  splin t ing.

Zone II

Derm atotenodesis is also recom m ended in  zone II, w ith  m at t ress or con-
t inuous 4–0 m ono lam ent nonabsorbable sutures for open injuries.

Zone III

Injuries at  the PIP join t  level involve the central slip  and lateral bands. 
Disrupt ion of the cent ral slip causes volar displacem ent of the lateral 
bands. This results in  a con gurat ion in  w hich the PIP join t  is  xed in  
 exion and the DIP join t  is  xed in  extension—the boutonnière defor-
m ity. Closed injuries at  th is level m ay not  be clin ically apparent  in  the 
in it ial period after injury and usually develop 2 to 3 weeks after cent ral 
slip rupture secondary to progressive m igrat ion  of the lateral bands.

Closed acute boutonnière deform ity is t reated w ith  either splin t ing 
of the PIP join t  in  full extension or K-w ire  xat ion  of the PIP join t  in  
extension. Splin tage places the PIP join t  in  m axim um  extension w ith  the 
MCP and DIP join ts free for 6 weeks. Act ive and passive ROM is encour-
aged in  the DIP join t , w hile the PIP join t  is held stat ic in  extension. Open 
injuries of the cent ral slip or lateral bands are repaired direct ly. The lat-
eral bands are repaired w ith  5–0 or 6–0 m ono lam ent nonabsorbable 
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m at t ress sutures. Com plete lacerat ion  of the central slip is repaired w ith  
4–0 m ono lam ent nonabsorbable m odi ed Kessler or Bunnell sutures. 
The pat ient  is then splin ted w ith  the w rist  in  15 to 30 degrees extension 
and the MCP and PIP join ts in  full extension.

Placing K-w ires obliquely across the PIP joint is a reliable way to hold 
the joint in   rm  extension for closed injuries or in complex cases of soft  
t issue loss. K-w ires are ut ilized for 3 weeks, after w hich they are rem oved 
and the patient is placed in a PIP joint extension splint  w ith the MCP and 
DIP joints free, sim ilar to that described above, for an addit ional 3 weeks.

Zones IV and V

The extensor tendon over the MCP join t  and the proxim al phalanx is 
com posed of the cent ral slip  and the sagit tal bands. At th is level, injuries 
of the extensor tendon are associated not  only w ith  open injuries, but  
also w ith  closed injuries secondary to forceful  exion or extension. This 
is m ost  com m on in  the m iddle  nger and is usually secondary to a tear 
of the radial sagit tal band. Rupture of the radial or ulnar sagit tal bands 
causes contralateral subluxat ion  of the central slip . Physical exam ina-
t ion  reveals incom plete  nger extension w ith  unilateral displacem ent 
of the tendon.

The cent ral slip is repaired prim arily w ith  4–0 m ono lam ent non-
absorbable m odi ed Kessler or Bunnell sutures. The sagit tal bands are 
repaired w ith  5–0 m ono lam ent  nonabsorbable horizontal m at t ress 
sutures. In  cases in  w hich there is loss of substance of the sagit tal band 
m echanism , the tendon should be centered on the MCP join t  by either 
suturing the t ransverse  bers to the join t  capsule or tethering the tendon 
w ith  the juncturae tendinum  or a ret rograde slip  of the tendon. Splin t-
ing in  these zones after repair is w ith  the w rist  in  45 degrees extension, 
the MCP join t  in  15 degrees  exion, and the PIP join ts in  full extension.

Open  injur ies in  zone V are also associated  w ith  hum an  bites, the 
so-called   ght bite  wound. In  th is case, the contam inated  wound 
should  be explored and the join t  inspected  if the capsu le is violated . 
The wound is then  cu ltured , thorough ly ir r igated, and left  open . The 
associated  tendon  lacerat ion  is repaired  secondarily in  5 to 7 days, 
depending on  the status of the surrounding soft  t issue. The pat ien t  is 
t reated  w ith  Augm ent in  875 m g t w ice a day (clindam ycin  for pen icil-
lin -allergic pat ien ts) for 10 days. Pat ien ts that  presen t  w ith  an  obvious 
in fect ion  after a hum an  bite  injury are adm it ted  and placed on  Unasyn . 
Refer to Chapters 14 and 15 regarding m anagem ent  of these injur ies.



Hand and Forearm Tendon  Injuries202

Zones VI and VII

Tendon injuries in  zones VI and VII are usually secondary to open lacer-
at ing injuries. Fortunately, these injuries have the best  prognosis due to 
the well-de ned tendon substance and nourishing paratenon. Tendons 
are repaired in  these regions w ith  four-st rand core sutures w ith  the 
knots buried and an  epitendinous suture. A m odi ed Kessler suture w ith  
a 3–0 looped Supram id (S. Jackson, Inc.) suture w ill facilitate four-st rand 
core sutures w ith  one knot . The epitendinous repair is perform ed w ith  
a 6–0 cont inuous nylon suture. In  zone VII, the extensor ret inaculum  
is par t ially excised longitudinally over the repair to provide adequate 
excursion and to prevent  form at ion of adhesions. Repairs in  th is zone 
are splin ted w ith  the w rist  in  45 degrees extension, the MCP join t  in  
15 degrees  exion, and the PIP join ts in  full extension.

Zones VIII and IX

Proxim al and distal forearm  injuries to extensor com partm ents of the 
forearm  occur from  the extensor origin  at  the lateral epicondyle to the 
w rist . In  the proxim al forearm , lacerat ions involve the m uscle belly of 
the involved digit  extensor. These injuries com m only include lacera-
t ion  of the radial sensory nerve and signi cant  hem atom a. Penet rat-
ing wounds in  th is region are explored under tourniquet  and irr igated, 
and all hem atom a is evacuated. Repair of the m uscle belly is done w ith  
3–0 PDS  gure-eight  sutures.

In  the distal forearm , lacerat ions occur in  the distal m uscle belly, 
in  the m usculotendinous junct ion , or just  proxim al to the w rist . At 
the junct ion of the tendon and m uscle, the fascial m argins are iden-
t i ed w ith in  the m uscle and sutured to the distal tendon end using a 
3–0 looped Supram id-m odi ed Kessler suture. The fascial m argins are 
repaired around the junct ion  w ith  a 4–0 PDS suture. Injuries m ore distal 
to th is region are repaired sim ilarly to zone VI and VII lacerat ions.

The ext rem ity is splin ted in  an  elbow-im m obilizing fashion after 
repair for 4 weeks. The elbow  is placed in  90 degrees  exion , the w rist  
in  45 degrees extension, MCP join ts in  15 degrees  exion, and IP join ts 
in  full extension.
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Flexor Tendon Injuries
Pat ients w ho present  w ith   exor tendon dam age w ill have disrupt ion  
of the norm al rest ing arcade. The loss of one or both   exor tendons w ill 
result  in  unbalanced extension  of the involved digit . Usually lacerat ions 
w ill give clues to the level of injury. Deep lacerat ions of the volar surface 
of the  nger and hand not  only place the super cialis and profundus 
tendons at  r isk, but  also indicate that  neurovascular injury should be 
suspected. A thorough exam inat ion  of these pat ients includes radio-
graphs, sensory evaluat ion , and isolated m otor test ing of the super -
cialis and profundus tendons (see Chapter 12, Fig. 12.1 and Fig. 12.2 .). 
Isolated injury to one  exor tendon m ay st ill allow    exion of the digits 
at  the PIP join t . Therefore, to test  the in tegrit y of the  profundus tendon, 
the PIP join t  is held in  extension w hile  exion  of the DIP join t  is in it iated.

Flexor Tendon Injury Zones

The volar hand area is divided in to  ve zones that  describe  exor tendon 
injuries (Fig. 16.4):

• Zone I: Distal to the inser t ion  of the  exor digitorum  super cialis 
(FDS).

• Zone II: No m an’s land; distal palm ar crease to zone I.
• Zone III: Distal edge of the t ransverse carpal ligam ent to the distal 

palm ar crease.
• Zone IV: The carpal tunnel.
• Zone V: Distal port ion  of the forearm .

Fig. 16.4 Flexor tendon zones. 
TI, TII, and TIII are the  exor 
 tendon zones of the thumb.
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Fle xor Tendon Repair (Fig. 16.1)

• Perform  repair w ith in  48 to 72 hours.
• Acutely place pat ient  in  extension block splin t  (see Chapter 13, 

Fig. 13.6).
• Delay tendon repair unt il bony stabilizat ion  and soft  t issue 

decontam inat ion.
• Delay tendon repair w hen infect ion  is present .
• Perform  tendon repair in  the operat ing room  to allow  greater 

exposure for tendon ret r ieval.
• Repair both  the FDS and the  exor digitorum  profundus (FDP) 

w hen injured.
• Extension block splin t  after repair.

Techniques for tendon ret r ieval:

• Flex w rist  and MCP join t  to advance tendon.
• Mobilize proxim al end w ith  a suct ion catheter.
• Massage proxim al end in to wound using an  Esm arch bandage or 

m anually.
• Grab end w ith  18-gauge needle or skin  hook.
• Suture tendon end to rubber catheter to pass under pulleys or in to 

tendon sheath .

Zone I Repair

Repair of the FDP tendon distal to the inser t ion  of the FDS takes in to con-
siderat ion the status of the inser t ion  of the tendon onto the base of the 
distal phalanx. If an  avulsion fragm ent  is present  w ith  the FDP at tached, 
the repair is perform ed w ith  com posite pin   xat ion  of the tendon to the 
distal phalanx. When the FDP is detached, the distal por t ion  is secured 
to the distal phalanx w ith  a bone suture anchor (3–0 or 4–0) or pulled 
through the distal phalanx using a double-arm ed 3–0 Supram id suture 
and t ied over a but ton.

In  the repair of m ore proxim al zone I injuries, the proxim al tendon is 
ret racted in to the region of the m iddle phalanx. The distal stum p that  is 
at tached to the distal phalanx is exposed by dissect ion  of the A5 pulley. 
Care should be taken not  to disrupt  the A4 pulley. A core suture is placed 
in  the proxim al tendon end (3–0 Supram id), and the needle is passed 
under the A4, pulled, and sutured in to the distal tendon stum p.
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Zone II Repair

Due to the technical di  culty of repair and poorer funct ional outcom es, 
zone II is colloquially know n as “no m an’s land.” Exposure for repair of 
zone II  exor tendon injuries requires w ide exposure w ith  proxim al and 
distal Brunner incisions, as well as dissect ion of the  exor tendon sheath  
and pulley system . The A2 and A4 pulleys should be preserved during 
dissect ion. Once the proxim al tendon end is ident i ed, a core suture 
(3–0 Supram id) is placed and pulled under the pulleys so that  repair can 
be perform ed between a pulley sheath  w indow. The proxim al end can 
be held tension free by placing an  18-gauge needle in  the end through  
the pulley and the sheath . Repair is then perform ed w ith  four-st rand 
core sutures and an  epitendinous 6–0 running Prolene. Extrem e care is 
taken in  zone II to provide a repair that  is  at  w ithout fraying to avoid 
tethering during tendon excursion. Par t ial resect ion  of the adjacent  pul-
ley is acceptable to allow  excursion of the repair.

Zones III, IV, and V

Injuries proxim al to zone II have an improved prognosis w ith good func-
t ional recovery. However, in  these zones there is a higher propensity to 
injure tendons of m ult iple digits and m ajor nerve and vascular structures 
of the hand. Repair in  these zones is aided by extending palm ar and fore-
arm  incisions for exposure and tendon retrieval. Place a tourniquet on the 
patient’s upper extrem ity to achieve hem ostasis. The tourniquet should 
be raised to 100 m m  Hg above the systolic blood pressure. It  can be left on  
for 2 hours, but needs to be de ated for 20 m inutes prior to rein at ion for 
2 m ore hours (5 m inutes of de at ion for every 30 m inutes of in at ion).

Always  ex the in terphalangeal join ts, the MCP join t , and the 
w rist  to deliver the distal ends of the lacerated tendons in to the oper-
at ive  eld . The lacerated ends of the wound can  be extended prox-
im ally and distally to allow  for exposure of the tendons, nerves, and 
vessels. Any bone  xat ion  should precede any repair of soft  t issues, 
as descr ibed in  Chapter 17. Iden t ify all the  exor tendon ends. Often-
t im es, tendons are h idden  in  a sm all hem atom a in  the tendon sheath . 
Dissect  out  all the tendons and ident ify their funct ion  by pulling on  
the ends and not ing their act ion . Next , tag them  by perform ing tendon 
repair on  the distal end of the tendon , w ith  looped Supram id sutures
(Fig. 16.1 ; we use the m odi ed Kessler technique). Once all the ends are 
accounted for, m atch  them  to the proxim al ends of the tendons, based 
on  the posit ion  of the tendon ends in  the proxim al forearm . Having 
accounted for all the distal tendons and having m atched them  to their 
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counterpar ts in  the forearm , begin  repair ing the tendon by com plet ing 
the repair from  the deepest  tendon to the m ost  super cial. Rem em -
ber to perform  epitendinous repair w ith  6.0 Prolene suture (Fig. 16.1) 
after the core suture repair. If required, perform  revascularizat ion  of the 
hand by anastom oses of the severed ends of the u lnar or radial ar tery 
along w ith  the cephalic vein  or the venae com itan tes. Finally, repair the 
m edian  or u lnar nerve injuries. These repairs should involve lin ing up 
the fascicles and vasoneurium  in  the nerve and perform ing epineural 
repair using 9–0 nylon  suture. The repair can  be w rapped w ith  3- to 
4-m m  neurotube tubing, if desired. All at tem pts should be m ade at  pri-
m ary repair, since th is technique heralds the best  prognosis. Mobilize 
the nerve to allow  tension-free repair.
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17 Hand Vascular Injuries and 
Digit Amputations

Vascular injuries of the hand and digital am putat ions require im m edi-
ate at tent ion  by a specialist  to ensure proper revascularizat ion  and opt i-
m um  funct ional results for the pat ient .

Vascular System of the Hand
The hand is supplied w ith  blood by the ulnar ar tery and the radial 
ar tery. The radial ar tery is dom inant 57% of the t im e, w hereas the u lnar 
artery is dom inant 21.5% of the t im e (the two ar teries are codom inant 
the rem aining 21.5% of the t im e). The radial ar tery divides in to a sm all 
super cial palm ar ar tery and large dorsal radial branch. The ulnar ar tery 
divides in to super cial and deep branches. Next , the dorsal radial branch 
gives o  the princeps pollicis and radial digital index branch and then  
anastom oses to the deep branch of the ulnar ar tery to form  the deep pal-
m ar arch . The super cial branch of the radial ar tery anastom oses to the 
super cial u lnar artery to m ake the super cial palm ar arch . The com -
m on digital ar teries arise from  the super cial arch . The digital branches 
arise from  the com m on digital ar teries. The vascular supply is regulated 
by m etabolic dem ands, sym pathet ic tone, horm onal factors, and envi-
ronm ental factors.

Physical Examination

Basic tenets of the vascular exam inat ion of the hand include the 
follow ing:

• Test  each digit  for capillary re ll, sensat ion , edem a, color, gangrene, 
and petechiae.

 – If you are having di  culty perform ing a capillary re ll test  on  the 
digits due to ecchym osis or avulsion  of skin , you m ay use Doppler 
ult rasonography to determ ine the in tegrit y of the digital vessels.

 – For cont inuous m onitoring of the perfusion to a  nger, a pulse 
oxim eter m ay be used on the involved  nger.

• Test  the proxim al blood supply by taking the blood pressure in  both  
arm s for a di erence com parison.
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• Perform  an Allen  test  (see Chapter 12).
 – If you cannot feel a pulse, then check the w rist  for radial and ulnar 

Doppler ult rasound signals and use Doppler ult rasonography to 
perform  an Allen  test . Test  the in tegrit y of the palm ar arches.

• Ut ilize angiography w hen needed. If you are unable to perform  the 
above exam  or if the zone of injury to the vessels is in  quest ion , then 
an  angiogram  m ay be helpful.

• Finally, m ake sure to palpate the com partm ents of the forearm /
hand as well as m easure the com partm ent  pressures w ith  a St ryker 
needle or ar terial line to rule out  com partm ent syndrom e and the 
need for a fasciotomy (see Chapter 19).

Arterial Injuries

• Presentat ion: Pallor, lack of capillary re ll or pulse distally, pulsat ile 
bleeding. In t im al dam age m ay present  w ith  late throm bosis.

• Mechanism : Crush, stab, or avulsion injuries.

The indicat ions for repair of radial or ulnar artery injuries are

• Absolute indicat ion: Hand or digital ischem ia.
• Relat ive indicat ions: To im prove cold in tolerance, to provide bet ter 

circulat ion  for wound healing.
• Indicat ion  for digital vessel repair: Digit  ischem ia.

Treatment

Forearm and Hand Injuries

In  cases of sharp injuries to the ar tery, direct  repair can  be perform ed. 
When there has been a crush injury to the ar tery or an  avulsion, resec-
t ion  of the injured port ion  and the use of vein  grafts for reconst ruct ion 
are required. Signs of vessel dam age include telescoping of the vessels, 
petechial hem orrhages on the vessel wall, vessel throm bosis, cobwebs 
in  the vessels, or poor  ow  from  the proxim al end of the injury. In  these 
cases, reversed vein  grafts can be used. The dorsal hand veins can serve 
as a good donor site. If the pat ient  requires extensive forearm  fracture 
reduct ion prior to repair of the ar tery, Silast ic shunts can be used as a 
tem porary way to establish  perfusion to the hand unt il the fracture is 
stable in  the operat ing room . Then ar terial reconst ruct ion is perform ed 
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at  that  set t ing. A  forearm  fasciotomy should be perform ed if the pat ient  
has com partm ent syndrom e or com partm ent syndrom e is ant icipated.

Digital Vessels

Only one digital ar tery is required for adequate perfusion. Therefore, 
injuries to both  ar teries require repair of at  least  one ar tery. Venous out-
 ow  is also crit ical; in tact  skin  bridges m ay m aintain  capillary venous 
out  ow. However, if repair of the digital veins cannot be perform ed, then 
venous out  ow  and signs of congest ion should be followed, and out  ow  
should be augm ented w ith  leeches if necessary.

Cannulation Injuries

A vessel injury can often  occur from  cannulat ion  of the radial ar tery w ith  
an  ar terial line or ar terial blood gas sam pling. This can  result  in  pseu-
doaneurysm  form at ion, throm bosis, or ar teriovenous  stu la form at ion. 
The rate of throm bosis in  the vessel is directly correlated to the dura-
t ion  of cannulat ion. If the pat ient  has a loss of radial pulse, but  does not  
have any digital ischem ia, surgery is not  needed. This can be m anaged 
conservat ively. Ant icoagulat ion  should be considered in  these cases. 
The t reatm ent of these injuries entails surgical explorat ion  and throm -
bectomy w ith  direct  ar ter ial repair. Signi cant  vessel gaps are repaired 
via reversed vein  grafts harvested from  the cephalic or saphenous veins. 
An ar teriogram  m ay be bene cial preoperat ively or in t raoperat ively to 
ident ify the level and character of occlusion.

Hypothenar Hammer Syndrome

Hypothenar ham m er syndrom e, the m ost  com m on cause of throm bo-
sis in  the upper ext rem it y, results from  repet it ive t raum a to the ulnar 
artery caused by the pat ient  using the hand as a ham m er. This syndrom e 
usually occurs in  laborers in  their 50s w ho sm oke. There is dam age to 
the elast ic lam ina of the ulnar ar tery, and a throm bus and/or aneurysm  
can result . The throm bus m ay em bolize.

The pat ient  should refrain  from  the act ivit y causing the t raum a. 
Sm oking could exacerbate the condit ion; therefore, sm oking cessat ion  
is param ount . Hypothenar ham m er syndrom e m ay be t reated m edically 
w ith  throm bolyt ics (urokinase, st reptokinase, TPA). Alternat ively, throm -
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bectomy or resect ion  of the involved port ion  of the vessel is required 
w ith  either prim ary closure or reconst ruct ion  using vein  grafts from  the 
forearm  veins or dorsal foot . In  som e cases, ligat ion  of the ar tery allows 
for vasodilat ion  and collateral  ow. Keep a h igh index of suspicion for 
com partm ent syndrom e.

Digit Amputation
Replantation

Whereas revascularizat ion of a digit  refers to restorat ion of blood supply 
to an  incom pletely severed digit , replantat ion  refers to reat tachm ent of 
and restorat ion  of blood supply to a com pletely severed digit .

Indications for Replantation

• Am putat ion  of the thum b. 
• Mult iple digit  am putat ion .
• Par t ial hand am putat ion . 
• Wrist  or distal forearm  am putat ion . 
• Above-the-elbow  am putat ion .
• Any am putat ion  in  a child < 12 years old.

Relat ive Indicat ion
• Single-digit  am putat ion  distal to the inser t ion  of the  exor 

digitorum  super cialis (FDS).

Contraindications for Replantation

• If the severed digit  has undergone warm  ischem ia for > 12 hours or 
cold ischem ia for > 24 hours.

 – In  the case of am putat ions proxim al to the w rist , only a warm  
ischem ia t im e of 6 hours and a cold ischem ia t im e of 12 hours can 
be tolerated.

 – If the pat ient  is not  m edically stable enough to undergo a long 
operat ion .

 – Relat ive contraindicat ions are m entally unstable pat ients, 
sm okers, and pat ients w ith  diabetes m ellitus.
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Crush  and avulsion injuries can be expected to have a h igher failure 
rate for replantat ion . If a pat ient  presents w ith  a severely m angled digit  
w ith  m ult iple levels of injury, replantat ion  w ill likely be unsuccessful. 
Another predictor of poor outcom e is the presence of a red line on the 
skin  and on the neurovascular bundles.

Peri-Operative Considerations

The am putated digit  or par t  should be t ransported to the em ergency 
room  w rapped in  a saline-soaked sponge, placed in  a plast ic bag, and 
placed on top of ice. Do not  let  the  nger freeze or be subm erged in  ice 
because frostbite w ill result . Take X-rays and photographs of the hand 
along w ith  the am putated digit  to determ ine the level of injury. Prior to 
replantat ion , the am putated par t  should be exam ined under a loupe or 
m icroscopic m agni cat ion  to establish  the in tegrit y of the involved ves-
sels. Use th is inform at ion to determ ine if replantat ion  is feasible.

Provide good  uid resuscitat ion  for the pat ient  and discuss the r isks 
and bene ts of the surgery w ith  the pat ient  so he or she can under-
stand the procedure and the need for rehabilitat ion , and have realist ic 
expectat ions.

In  the operat ing room ,  rst , the bone is shortened and  xed w ith  a 
K-w ire, and then the repair is undertaken in  the follow ing order: exten-
sor tendons, dorsal veins, dorsal skin ,  exors, ar ter ies, and nerves. The 
sequence of veins, ar teries, and  exor tendons is controversial. Vessel 
repair and anastom oses should be perform ed outside of the zone of 
injury. The liberal use of vein  grafts and venous  ow -through  aps w ill 
allow  m icrosurgical repair in  a region w ith  m inim al in  am m at ion. If 
m ult iple digits are replanted at  the sam e t im e, replantat ion  should pro-
ceed par t  by par t  instead of  nger by  nger (i.e., sam e replantat ion  step 
for each  nger at  the sam e t im e).

Postoperat ively, splin t  the injury, place the pat ient  in  a com fortable 
warm  room , and elevate the ext rem ity. Leeches can be used to aid w ith  
venous congest ion  by providing the local ant icoagulant  h irudin  and 
rem oving blood. Usually the leeches are placed on the  ngert ip and they 
are engorged in  30 m inutes. The therapy is perform ed for 5 to 7 days. 
Prophylact ic ant ibiot ics such as th ird-generat ion  cephalosporins or 
gentam icin  or Bact r im  can be used to avoid infect ion  w ith  Aerom onas 
hydrophila.

The best  results are achieved w ith  thum b, w rist , and distal FDS 
replants. Overall viabilit y is reported at  80 to 90%.
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Complications

• Cold in tolerance.
• Nonunion .
• Malunion.
• Join t  contractures.
• In fect ion .

Fingertip Injuries

Tip avulsions and am putat ions are a subset  of injuries that  occur distal 
to the term inal arborizat ion  of the digital vessels. In  th is region of the 
distal phalanx, the digital ar teries and veins are unable to be repaired 
m icrosurgically. Addit ionally, these injures com m only occur w ith  con-
com itant  nail avulsion  and distal phalangeal fractures (tuft  fractures). 
Repair of t ip  injuries requires at tent ion to fracture reduct ion, nail repair, 
and soft  t issue restorat ion .

Nail Repair

Nail anatomy is depicted in  Fig. 17.1 . Com m only after injury, pat ients 
w ill present  w ith  subungual hem atom as that  indicate disrupt ion of the 
sterile m atrix. Sm all subungual hem atom as (< 40% of the nail) are t reated 
w ith  aspirat ion  of the subungual space and subsequent  irr igat ion  w ith  
an  18- or 20-gauge needle. When severe dam age to the sterile m atrix is 
suspected or larger subungual hem atom as are present , rem oval of the 
nail plate and direct  repair of the m atrix is appropriate.

Com plete nail plate avulsion injuries are repaired  rst  by direct  clo-
sure of the sterile m atrix w ith  6–0 plain  gut  suture. Next , the germ inal 
m atrix is stented w ith  a piece of  ne gauze, foil, or the nat ive nail plate 
w ith  two ver t ical m at t ress 5–0 chrom ic sutures. Preservat ion  of the ger-
m inal m atrix w ill prevent synechia and allow  grow th of a new  nail plate 
(Fig. 17.2). Pat ients should be counseled that  w ith  t im e the stent  w ill be 
replaced by the grow th of the new  nail plate from  beneath .

Fig. 17.1 Normal  ngertip 
anatomy.
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Fig. 17.2 Nail bed repair. (a,b) Suture repair of sterile matrix laceration. (c,d) Germinal 
matrix stenting. (e–h) Repair of nail bed in a patient with distal tuft fracture.
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Tuft Fractures

The m anagem ent  of distal phalanx fractures is discussed extensively 
in  Chapter 14. Tuft  fractures occurring w ith  t ip injuries are sim ple 
and uncom plicated. Restorat ion  of the norm al soft  t issue architecture 
by suturing and subsequent  im m obilizat ion  w ith  an  alum inum   nger 
splin t  is adequate for stabilizat ion . The insert ion  of an  axial K-w ire or 
20-gauge needle is also useful to reduce the fracture fragm ents.

Soft Tissue Repair

Repair of the  ngertip soft t issues depends on the degree of injury (ampu-
tation versus avulsion) and the availability of the amputated part. When 
avulsion of the t ip is apparent, assess the avulsed fragm ent to determ ine 
its viability. If the avulsed fragm ent is cyanotic or ischem ic, the fragm ent is 
amputated. If the avulsed fragm ent is viable, it is because the intact arterial 
capillary plexus between the tip and the fragm ent is providing perfusion. 
In these cases, the avulsed fragm ent is repaired by a suture to the t ip w ith  
4–0 nylon (5–0 chrom ic in children).

A prim arily or secondarily am putated t ip  can  be salvaged by rem ov-
ing the subcutaneous t issue from  the overlying glabrous skin . The skin  
is then sutured to the t ip  as a full-th ickness skin  graft  (Fig. 17.3). The 
injury is splin ted and protected w ith  an  alum inum  splin t  in  place for 
5 days.

If the am putated t ip fragm ent is unavailable, repair is dependent 
on  the size of the defect  and exposure of the underlying st ructures. 
Sm all defects of the t ip  (< 1 cm ) w ithout exposed distal phalanx heal 
well by secondary in tent ion. These injuries are dressed w ith  Xeroform  
gauze, and pat ients are counseled to perform  dressing changes tw ice a 
day. Large defects are closed w ith  full-th ickness skin  grafts from  either 
the hypothenar em inence or the forearm . When the distal phalanx 
is exposed, the wound is thoroughly irr igated and local  aps can be 
em ployed for closure if the surrounding soft  t issue is not  signi cantly 
devitalized (Fig. 17.4, Fig. 17.5).

Otherw ise, the wound is dressed w ith  Xeroform  gauze and local 
wound t reatm ent  is followed unt il declarat ion  of the viabilit y of the 
surrounding soft  t issues. Short-term  follow -up allows for assessm ent of 
the pat ient’s wound for closure w ith  local or regional  aps.
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Fig. 17.3 (a–c) Composite repair of t ip amputation with amputated portion placed as a 
full-thickness skin graft . (d) Presentation of distal amputation. (e) Amputated distal tuft. 
(f) Follow-up 1 month after repair.

Fig. 17.4 (a–c) Volar V-Y advancement coverage of transverse t ip injury.
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Fig. 17.5 (a–c) Kutler lateral V-Y advancement  ap coverage of t ip defect.
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18 Upper Extremity Peripheral 
Nerve Injuries

Nerve injuries in the upper extrem ity occur as the result of a blast, crush  
injury, a penetrating blow, or due to an injury caused by a sharp object. 
Managem ent is predicated on establishing nerve continuity in an environ-
m ent that w ill allow nerve grow th and regeneration. Wallerian degenera-
tion of the axons occurs at the t im e of injury. Reinnervation of the m otor 
end plates before 18 m onths w ill prevent m uscular atrophy and subse-
quent deform ity. Therefore, appropriate initial m anagem ent of these inju-
ries w ill confer successful results w ith m inim al functional m orbidity.

Classi cation of Injury (Fig. 18.1)
First Degree: Neuropraxia

First-degree injuries occur secondary to crushing, com pressing, or 
st retching of the nerve. In  these scenarios, the nerve architecture is 
not  disrupted and there is nerve cont inuity. Conservat ive m anagem ent 
including splin t ing of the involved ext rem ity and physical therapy is 
appropriate. The nerve should recover in  3 m onths; otherw ise, a sec-
ond-, th ird-, or fourth-degree injury should be suspected, w hich would 
require operat ive in tervent ion.

Second-, Third-, and Fourth-Degree Injuries

Injuries that  disrupt  the in ternal arch itecture of the nerve m ay consist  
of isolated axonal derangem ent  of nerve fascicles w ith  subsequent  scar 
form at ion (axonotm esis/second degree). However, there m ay exist  a 
scar conduct ion  block at  the fascicular level or across the ent ire nerve 
(th ird and fourth  degree). An axonotm et ic lesion  w ill heal w ithout sur-
gical in tervent ion if it  allows nerve grow th through the in tact  sheath  
at  1 m m  per day or 1 inch per m onth . Injuries that  heal w ith  a scar 
block cause incom plete conduct ion across the nerve. These lesions m ay 
require in ternal neurolysis or excision  and direct  repair, depending on  
the conduct ion drop across the scar. Di erent iat ion  of the degrees of 
these lesions is determ ined by EMG and nerve conduct ion studies done 
at  som e t im e in terval after the injury, if no nerve funct ion returns.
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Fifth- and Sixth-Degree Injuries

A com plete disrupt ion  of the nerve is referred to as neurotm esis. Neu-
rotm esis is repaired by direct  coaptat ion  or via nerve conduit  grafts. The 
sixth-degree injury is m ult iple lesions along the length  of the nerve. Due 
to the potent ial for longitudinal scar form at ion, these lesions require 
operat ive in tervent ion.

Management
The location of the injury is obvious in patients who present w ith peripheral 
nerve injuries. Com m only, the injury is open and associated w ith speci c 
traum a to an extrem ity. Nevertheless, a thorough physical exam ination is 
 warranted to determ ine the degree of function loss. The m otor exam ination  
should include assessm ent of all involved m uscle groups w ith docum enta-
tion of their strength. Sensory exam ination includes the assessm ent of two-
point discrim ination and response to light touch and vibratory stim ulus.

The speci c m anagem ent of these injuries depends on the degree 
of injury and the m echanism . Generally, closed injuries—neuropraxic 
or  axonotm etic—are m anaged conservat ively. Recovery of function is 

Fig. 18.1 The Seddon-Sunder-
land-Mackinnon classi cation of 
nerve injury.
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expected w ithin 3 m onths. Open injuries are repaired prim arily if the 
nerve and surrounding soft  t issue do not have the potential for devitaliza-
t ion. Sharp lacerat ions of the nerve should be explored and repaired at the 
t im e of injury after the wound bed is decontam inated. Repair is delayed 
in blast, crush, and avulsion injuries. With these lesions the nerve is 
considered “stunned,” w ith the potent ial for devitalizat ion of nerve and 
t issues in the subacute period. Often these injuries are open. Therefore, 
the nerve should be explored and exam ined. If the nerve ends are in  
close proxim ity, the nerve is repaired. Otherw ise, nerve ends are tagged 
for delayed repair in 4 to 6 weeks. Prim ary nerve graft ing is not recom -
m ended in blast , crush, and avulsion injuries. In  open injuries, nerve 
repair is perform ed after repair of bony and vascular dam aged st ructures.

Brachial Plexus Injuries
Injury to the brachial plexus is suspected in patients who present w ith  
high-velocity wounds or direct penetration in the region of the cervical 
roots. These patients w ill present w ith gross loss of sensation and weakness 
of the involved upper extrem ity. Care m ust be taken to rule out associated 
injury to the cervical spine, thoracic outlet vessels, and shoulder girdle.

Evaluation

Physical exam inat ion  is perform ed to determ ine the locat ion  of the 
lesion based on knowledge of the brachial plexus anatomy (Fig. 18.2). 
Exam inat ion includes assessm ent  of sensory loss, m otor funct ion, and 
vascular in tegrit y. In  addit ion  to the physical exam inat ion, radiographic 
evaluat ion  of the cervical spine and involved upper ext rem ity is per-
form ed. CT scans of the cervical region would reveal a cervical spine 
injury and assist  in  evaluat ion for root  avulsion.

Management

Managem ent of brachial plexus injuries is dependent  on w hether the 
lesion is an  avulsion or a rupture outside of the spinal cord. Avulsion 
lesions w ill require  delayed reconst ruct ion  after a thorough assessm ent  
of the funct ional anatomy of the plexus by EMG/NCS and SSEP studies. In  
the acute set t ing, these pat ients are t reated conservat ively w ith  splin t-
ing and rehabilitat ion . The upper ext rem ity is placed w ith  the elbow  in  
 exion and the hand and w rist  in  the safe posit ion .

Lesions outside of the CNS (ruptures) are m anaged sim ilar to iso-
lated peripheral nerve injuries (Fig. 18.3).
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Fig. 18.2 Anatomy of the brachial plexus.
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19 Upper Extremity Compartment 
Syndrome

Blunt crushing t raum a is the m ost  com m on cause of upper ext rem ity 
com partm ent  syndrom e. Although less com m on, com partm ent syn-
drom e can also occur in  the hand and  ngers. When confront ing upper 
ext rem ity injuries, it  is im portant  to closely m onitor the pat ients for t is-
sue ischem ia and to correct ly diagnose those w ho develop a t rue com -
partm ent syndrom e. Delay in  surgical in tervent ion leads to devastat ing 
consequences. Com partm ent syndrom e of the upper ext rem ity requires 
urgent  care due to its im m ediate sequela of m uscle ischem ia and long-
term  sequela of Volkm ann ischem ic contracture.

Increased compartm ent content or decreased compartm ent size leads 
to increased compartm ent pressures that cause t issue ischem ia. Pay spe-
cial at tention to compartm ent pressures in cases of crush injury, severe soft  
tissue dam age, fractures, intravenous in ltration, injection injuries, arterial 
insu  ciency, burns, snakebites, patients lying on the lim b, and tight casts 
or splints.

Diagnosis
The diagnosis of com partm ent syndrom e is prim arily a clin ical one. The 
pat ient  w ill have persistent  pain  that  becom es worse w ith  passive m us-
cle st retching (a hallm ark) or act ive  exion. The pat ient  com plains of 
dim inished sensat ion, m uscle weakness, and pain  on palpat ion of the 
com partm ents. The presence of palpable pulses or Doppler ult rasound 
signals does not  exclude increased in t racom partm ental pressures and 
com partm ent syndrom e.

Cardinal Signs

• Persistent , progressive pain  unrelieved w ith  im m obilizat ion  and 
elevat ion.

• Pain  w ith  passive extension.
 – Passive m uscle st retch  test .

 ▪ Forearm .
 ▫ Dorsal com partm ent: Finger, thum b, and ulnar w rist  
extensors—test  w ith  passive w rist   exion.
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 ▫ Mobile wad: Extensor carpi radialis longus, extensor carpi 
radialis brevis, brachioradialis—test  w ith  passive w rist  
 exion.

 ▫ Volar com partm ent: Flexors of the  ngers, thum b, and 
w rist—test  by passive extension of the  ngers, thum b, and 
w rist .

 ▪ Hand.
 ▫ In t r insic com partm ents: Keep MCP join ts in  fu ll extension  
and PIP join ts in   exion. Pain  w ith  passive abduct ion and 
adduct ion of the  ngers is diagnost ically signi cant .

 ▫ Thum b adductor com partm ent: Pull and abduct  the thum b.
• Dim inished sensat ion.
• Tense, tender forearm  or hand.

Although a cool, pale, and pulseless ext rem ity is often  described in  com -
partm ent syndrom e, these are considered secondary signs and are often  
not  present  unt il late. Their absence should not  delay surgery if cardinal 
signs are present . After 8 hours, the e ects of m uscle/nerve ischem ia are 
irreversible.

Pressure Measurement

Use a St ryker needle (Fig. 19.1) or ar terial line (Fig. 19.2) to m easure 
com partm ent pressure. Forearm  com partm ent pressures can be m ea-
sured in  the m obile wad and volar com partm ents w ith  a St ryker needle:

• Pressure < 25 m m  Hg: Norm al—clin ical observat ion; if situat ion  
worsens, repeat  m easurem ents.

• Pressure 25 to 30 m m  Hg: Suspicious—observat ion w ith  repeat  
m easurem ents every 2 hours.

• Norm otensive pat ients w ith posit ive clinical  ndings and pressure 
>30 m m  Hg for 8 hours: Diagnost ic for com partm ent syndrom e.

• Altered m ental status and pressure > 30 m m  Hg for ≤ 8 hours: 
Highly suspicious for com partm ent syndrom e.

• Hypotensive pat ients w ith  com partm ent pressure < 20 m m  Hg 
below  diastolic blood pressure for ≤ 8 hours: Highly suspicious for 
com partm ent syndrom e.

Fasciotomy
Perform  a fasciotomy w hen the above sym ptom s are present  or com -
partm ent pressures > 30 m m  Hg or if com partm ent pressures are w ith in  
20 m m  Hg of diastolic pressures. Perform  an im m ediate fasciotomy if (1) 
the t im e of onset  of signs and sym ptom s is unknow n, or (2) the pat ient  is 
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obtunded or unconscious. A prophylact ic fasciotomy is perform ed if an  
ar terial injury w ith  ischem ic t im e of 4 to 6 hours exists.

Hand com partm ent pressures are di  cult  to assess, and m easure-
m ents of these pressures are often  inaccurate. Rely on a clin ical exam -
inat ion in  m aking a diagnosis of com partm ent syndrom e.

Management

Fasciotomy and release of the compartm ents is the only treatm ent for com -
partm ent syndrom e. Do not elevate an extrem ity that has not been decom -
pressed, because the decreased perfusion causes an increase in ischem ic 
dam age. Elevation of the extrem ity after decompression is appropriate.

• Num ber of com partm ents: 4 in  forearm  and 10 in  the hand.
 – Forearm : Volar super cial and deep, dorsal, and m obile wad.
 – Hand: Dorsal in terossei × 4, volar in terossei × 3, hypothenar, 

thenar, and adductor pollicis.

Fig. 19.1 Stryker measurement of compartment pressure. Needle is placed in forearm 
compartment. Measure pressure of normal arm as control. Detailed instructions are on the 
back of the Stryker needle device.
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Fig. 19.2 Measurement of compartment pressure with arterial line setup. Needle is placed 
into forearm compartment. Zero the pressure at  the level where needle is placed prior to 
entering the compartment.

Forearm Fasciotomy (Fig. 19.3, Fig. 19.4)

Release the m edian nerve, the ulnar nerve, and all three volar compart-
m ents. Check m uscle bellies in super cial and deep volar compartm ents. 
Perform  an epimysiotomy if necessary. The incision is started between the 
thenar and hypothenar em inences (sim ilar to a carpal tunnel incision). At  
the w rist crease, the incision is carried transversely in the  exion crease 
directly to the Guyon canal, and the ulnar nerve is released. Avoid transect-
ing the palm ar branch of the m edian nerve, and m ake straight incisions per-
pendicular to the w rist crease. Next, carry out the incision approxim ately 
5 cm  proxim al to the w rist crease on the ulnar side of the forearm  to create 
a  ap for m edian nerve coverage. Next, curve the incision radially. The inci-
sion should reach its radial apex approxim ately one-half to two-thirds of 
the way up the forearm . The incision is then m ade in the ulnar  direction to 
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a point just radial to the m edial epicondyle, where it can be carried up to 
explore the brachial artery and avoids a straight incision across the ante-
cubital fossa. The incision should be extended above the elbow where the 
lacertus  brosus is released. If m uscles appear necrotic, do not débride them , 
because the extent of the injuries cannot be determ ined at the t im e of ini-
t ial fasciotomy. Cover the m edian nerve w ith the sm all w rist skin  ap. The 
m obile wad is released at the apex of the radial portion of the incision. After 
release of the super cial volar compartm ent, the deep volar compartm ent 
m ust be released in an interval between the sublim is tendons and the  exor 
carpi radialis. This w ill prevent ischem ic contraction of the m uscles of the 
deep volar compartm ent. Release of the volar compartm ents signi cantly 
decreases the tension of the dorsal forearm . However, if signi cant tension 
in this area persists after complete release of all volar compartm ents, an  
incision is m ade along the m idpoint of the dorsal compartm ent.

Hand Fasciotomy

Release the dorsal interossei, volar interossei, and adductor pollicis through 
incisions on the dorsum  of the second and fourth m etacarpals (Fig. 19.3). 
On either side of the m etacarpal, release the interossei fascia and expose the 
m uscles. Next, release the  rst volar interossei and the adductor pollicis, and 

Fig. 19.3 Rowland incision for forearm or hand fasciotomy.
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spread with blunt t ip scissors along the ulnar side of the second m etacarpal. 
In sim ilar fashion, release the second and third volar interosseous m uscles 
by spreading along the radial sides of the fourth and  fth m etacarpal.

Finally, release the thenar and hypothenar com partm ents using 
longitudinal incisions along the radial side of the  rst  and the ulnar side 
of the  fth  m etacarpal, respect ively.

Digits

In  severe injuries or burns to the digits, one perform s a  nger fasciot-
omy/escharotomy. Use a m idaxial incision along the nondom inant side 
of the  nger. The m idaxial port ion  of the  nger is m arked by  rst   ex-
ing the  nger. Next , a line is draw n that  in terconnects the m ost  dorsal 

Fig. 19.4 (a,b) Clinical evi-
dence of compartment syn-
drome of the forearm and hand. 
(c,d) After release of the volar 
compartments of the forearm 
and the carpal tunnel, hypothe-
nar, thenar, and dorsal compart-
ments of the hand.
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aspects of the  exion creases to each other and to a point  lateral to the 
nail plate. The nondom inant  side of the  nger is usually the ulnar side 
of the index  nger, long  nger, and r ing  nger. For the thum b and lit t le 
 nger, release via an  incision on the radial side of the digit . Then, release 
the  exor tendon by dissect ing along the volar side of the  exor ten-
don sheath  and releasing all ver t ical connect ions. Carry out  the incision 
across the m idline at  the t ip  of the  nger.

Perioperative Medical Management

Patients should be m onitored for crush syndrom e and the system ic sequela 
of m assive myonecrosis. This is done by analysis of serum  potassium , 
creatine kinase, and myoglobin. Additionally, renal protective strategies 
are warranted. These include bladder catheter drainage and aggressive 
hydration to ensure a urine output between 0.5 and 1 m L/kg/h. Addition-
ally, assessm ent of the urine pH and myoglobin sho uld be done. In cases 
of signi cant myoglobinuria, the urine should be alkalized w ith acetazol-
am ide (250 mg by m outh every m orning or 5 mg/kg IV every 24 hours) 
and m annitol (50 to 100 g of 5% solution IV over 2 hours, repeat dose to 
m aintain urine output w ith a m axim um  dose of 200 g/d). Serial assessm ent 
of serum  K+, CK, and urine myoglobin param eters allows one to follow the 
course of disease and dictates resolution of disease, as well as term ination 
of treatm ent.

Postoperative

Splin t  the w rist  in  extension, MCP joints at  90 degrees, thum b in  abduc-
t ion, and IP join ts at  180 degrees. Elevate the ext rem ity after decom pres-
sion. No e or ts should be m ade at  skin  closure; however, skin  should be 
loosely closed over exposed nerves and ar teries. Dress open  areas w ith  
Xeroform  or Adapt ic (Johnson  & Johnson, Inc.) gauze followed w ith  Ker-
lix and a volar splin t . Elevate the ext rem ity postoperat ively. Maintain  
neurovascular checks in  a m onitored care unit  to assess for adequate 
decom pression. In  severe cases, plan  for a second-look operat ion  in  24 to 
48 hours to débride necrot ic t issue.

Close wounds de n it ively by 10 days. If skin  cannot be closed, then 
place split-th ickness skin  grafts or tem porary skin  subst itutes on the 
wound. Prior to closure, all necrot ic t issue should be débrided. Alterna-
t ively, Silast ic vessel loops can be used to slowly close the wound w ith  
t ightening daily.
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20 Postoperative Evaluation of 
Free Flap Reconstructions

In  addit ion  to the basic postoperat ive approach to any surgical pat ient , 
the pat ient  w ith  a free  ap reconst ruct ion  requires speci c at tent ion to 
detect  and prevent  a potent ially com prom ised  ap. An im portant  rule 
of thum b is to physically inspect  a  ap w hen there is any quest ion  of 
a change in  status. Unless you are very experienced, a ny exa m ina t ion  
of a   a p w ith  a  suspected cha nge in  sta t us shou ld be r epor ted to the 
a t tending su r geon  r esponsible for  the  a p.

Assessment
Vital Signs

Heart  rate m onitoring is im portant  for assessing pain  control, in t ravas-
cular volum e status, and possible arrhythm ias. Inadequate pain  control 
is a frequent cause of tachycardia. Be sure to ask how  com fortable the 
pat ient  is and assess w hether addit ional pain  m edicat ion  is needed. 
Watch for bradycardia, w hich  can result  from  hear t  blocks or overuse of 
ant ihypertensive m edicat ions such as β-blockers and analgesics. Most  
free  ap pat ients w ill spend the  rst  n ight  in  a m onitored care unit  on  
telem etry; therefore, at ten t ion  should be paid to the t racing to rule out  
at r ial  brillat ion ,  u t ter, or other arrhythm ias. It  is im portant  to control 
these arrhythm ias, not  only for the safety of the pat ient , but  to m aintain  
the viabilit y of the  ap. Sudden  uctuat ions in  blood pressure can lead 
to turbulent   ow  across the m icrovascular anastom osis or w ith in  the 
 ap, w hich could lead to com prom ised perfusion of the  ap.

Blood pressure should be m onitored very closely in  the postoper-
at ive period. Most  free  ap pat ients should have a MAP > 90 and SBP 
> 120. Of param ount im portance is keeping the pat ient  from  becom ing 
hypotensive. Hypotension can result in recipient artery spasm s and 
venous stasis that can lead to  throm bosis. Due to the prolonged sur-
gery, insensible losses, and postoperat ive th ird spacing, free  ap pat ients 
are usually in t ravascularly depleted and often  require  uid supple-
m entat ion  in  the acute postoperat ive period. In t ravascular  uid status 
is m ost  accurately represented by the pat ient’s urine output . Free  ap 
patients should produce at least 0.5 m L/kg/h of urine (35 m L/h for a 
70-kg patient), but preferably 50 to  100 m L/h. Pat ients suspected to 
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be in t ravascularly depleted should receive LR or norm al saline boluses. 
After the  rst  24 hours, D5 1/2NS at  m aintenance rate is used for the 
stable pat ient .

Patients should never  receive diuretics to induce urine output unless 
there are clear signs of renal comprom ise in a well-hydrated patient . Like-
w ise, avoid use of pressors to t reat hypotension. Pressors should be a last  
resort  and only used when absolutely necessary (profound hypotension).

Hypertension (> 180/100) can lead to bleeding in  a fresh  postop -
erat ive pat ient . Elevated blood pressure is m ost  com m only a sign of 
inadequate pain  control. Extrem es in  hypertension unresponsive to 
analgesics should be m anaged w ith  low-dose ant ihypertensives (hydral-
azine 10 m g IV, or labetalol 5 to 10 m g IV as needed) to prevent  rapid 
decreases in  the MAP that  can ult im ately be det r im ental to a  ap.

Oxygenation should also be assessed w ith a pulse oxim eter to keep 
the blood oxygen saturat ion > 93%. In replants, the oxim eter is a useful 
tool for m onitoring the replanted digit . When the sensor is placed on the 
reat tached part , loss of the signal indicates arterial comprom ise, w hereas 
progressively declining saturat ions are suggestive of venous congest ion.

Hypotherm ia is avoided to prevent vasospasm . The pat ient’s room  
should be kept  above 70°F (21°C), w ith  heat ing units, lam ps, or Bair Hug-
ger warm ers (Arizant  Healthcare) used liberally if the room  tem perature 
cannot be adequately controlled.

Drain  output  should be closely m onitored. Although drainage m ay 
be h igh in  the im m ediate postoperat ive period due to expected oozing, 
a drop in  output  followed by a sustained increase m ay be indicat ive of 
venous throm bosis. Extensive drainage should prom pt im m ediate eval-
uat ion of the  ap.

Clinical Observation

Although re nem ent of m icrovascular techniques has brought failure 
rates dow n, it  is the early recognition of  ap com prom ise fo llowed by 
im m ediate surgery that prevents total  ap loss.

Always notify the attending surgeon  of any potential  ap comprom ise 
and keep the patient NPO in case there is any need for operative exploration.

In  assessing a  ap, good clin ical observat ion techniques are essent ial. 
To begin , always turn on all the lights in  the pat ient’s room  and eval-
uate the  ap’s general appearance. Healthy  aps should be pink, warm , 
and soft  w ith  a capillary re ll of approxim ately 2 seconds (Fig. 20.1). 
Any other appearance is worrisom e (Table 20.1). Fig. 20.2  dem onst rates 
a congested free  ap. Note that  pedicled  aps are often  congested post-
operat ively; th is usually resolves w ith  t im e (Fig. 20.3). A sign  of ar terial 
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com prom ise is a pale  ap that  is cool, w ith  poor t issue turgor. Check to 
see if the  ap blanches and for capillary re ll (2 seconds). If an  in  ow  
problem  is suspected, an  18- or 20-gauge needle can  be used to prick or 
scratch  the  ap to assess for bleeding. Check distally and proxim ally, but  
avoid the pedicle. Always approach the  ap at  a shallow  angle to avoid 
deeper vascular st ructures. Signs of poor venous out  ow  are a tense  ap 
w ith  increased turgor pressure and purple color; the  ap can be warm  
or cool (Fig. 20.4). The  ap w ill usually be oozing around the edges w ith  
venous blood, and if the  ap blanches, the capillary re ll is usually brisk. 
A pinprick to the  ap w ill also result  in  venous dark bleeding.

Doppler Signal

Doppler is used to m easure the velocit y and rate of blood  ow  through 
a vessel. Norm al  ow  dynam ics should possess three dist inct  audible 
phases. The  rst  phase is heard during systole w ith  the forward  ow  of 
blood distending the vessels. Early diastole represents the second phase, 
w here the elast ic vessel rebounds and there is a m om entary reversal of 
 ow. The last  phase is associated w ith  late diastole and at r ial cont rac-
t ion , w hen there is once again  a  forward  ow.

Therefore, any Doppler signal can  be described as being m onopha-
sic, biphasic, or t r iphasic. Sounds should be clear and dist inct . Triphasic 
signals are w hat one expects in  a healthy  ap. In  the early postoperat ive 
period, the signal is often  in it ially biphasic, represent ing the fact  that  the 
 ap has been cold and ischem ic for a period of t im e. As the  ap warm s 
and perfuses, the th ird phase w ill becom e audible. A m onophasic or 
“jackham m er” type of sound is indicative of venous occlusion . Any 

Table 20.1 Important clinical signs that di erentiate arterial versus venous 
problems while monitoring a  ap

Arterial Venous

Color Pale, white Blue, purple

Capillary re ll Sluggish (> 2 s) Brisk (< 2 s)

Tissue turgor Prunelike Tense, swollen

Dermal bleeding Scant Rapid dark oozing

Temperature Cool Cool

Doppler Absent Can still be present
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Fig. 20.1 (a) A normal muscle  ap with a skin graft . (b) A congested muscle  ap.

Fig. 20.2 Fasciocutaneous  ap congestion. (a) Early congestion. (b) Moderate congestion. 
(c) Late congestion.
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Fig. 20.3 (a) A congested ped-
icle paramedian forehead  ap. 
(b) A congested pedicle TRAM  ap.

Fig. 20.4 (a) An ischemic DIEAP  ap. (b) A congested DIEAP  ap.
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change in  the signal should prom pt a very careful exam inat ion  of the 
 ap status. The bat teries of the Doppler device should also be checked.

Im plantable Doppler devices are usually used w ith  buried free  aps, 
w ith  w hich there is no skin  paddle to m onitor externally. The Doppler 
cu  can be placed on the ar terial or venous pedicle, but  is m ore fre-
quently placed on  the vein . This is because venous com prom ise is m ore 
com m on and because an  ar terial signal can  st ill be t ransm it ted even in  
cases of com plete throm bosis. A loss of signal is m ost  frequently due to 
displacem ent  of the cu ; however, a clin ical exam  should st ill be under-
taken to assess the t rue status of the  ap.

Recent advances in free  ap m onitoring have resulted in the venous 
 ow coupler by Synovis (Fig. 20.5). The m onitoring device is incorporated 
into the already popular venous coupler and elim inates the need for w ire 
placem ent onto the vessels. The  ow coupler allows for easy m onitoring 
w ith a soft  exible w ire, sim ilar to the Cook implantable Doppler, and yields 
the sam e inform ation. The venous out ow can be continuously m onitored 
w ith less failure due to positional changes because of the integrated design.

Venous oxygen t issue saturat ion  m onitoring (ViOpt ix) is often  
em ployed on  aps w ith  skin  paddles. A t ranscutaneous m onitor is 
placed on the  ap skin , and through  ber opt ics, the m onitoring device 
m easures the t issue venous saturat ion .

• The m onitor has two indicators (Fig. 20.6):
 – Signal qualit y.
 – Venous saturat ion .

The signal quality m ust be above 80 to accurately assess the venous satura-
tion. The signal quality is related to the contact the transcutaneous m onitor 
has w ith the skin. If there is poor contact or a barrier between the skin and 
the sensor (blood, Doppler gel), then this m ay cause the signal quality to be 
low and lead to inaccurate readings of the oxygen saturation. The venous 
oxygen saturation curve of a healthy  ap should be a constant  ap line 
w ith m inim al  uctuations. Venous oxygen saturation levels above 30% are 
acceptable. Levels that are below 30% indicate poor perfusion. Large  uctu-
ations in saturation over short periods of t im e m ay indicate arterial spasm  
or kinking of the pedicle. Downward-trending saturations w ith changes 
> 20% in an hour m ay represent impending  ap comprom ise due to venous 
congestion, caused by either throm bosis of the venous anastom osis or pro-
gressive throm bosis of the pedicle or arterial anastom osis.

The venous oxygen t issue saturat ion is also a ected by system ic fac-
tors including blood pressure, hem oglobin  level, and oxygen saturat ion . 
Therefore, in terpretat ion of the venous oxygen saturat ion of the  ap 
m ust  take in to a ccount the overall condit ion  of the pat ient .
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Fig. 20.5 Flow Coupler device. (a) a Doppler probe is integrated into the venous coupler 
that is used to create a venous anastomosis. (b) After completion of the venous anastomo-
sis, the  exible wire is directly at tached to an external monitoring device.

Fig. 20.6 ViOptix  ap monitoring. Venous oxygen saturation curves of two free  aps 
(bilateral breast). Signal quality must be above 80 to ensure accurate reading. A healthy  ap 
should have a venous oxygen saturation that is steady and above 30%.
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Preventive and Salvage Techniques
Local factors possibly com prom ising the  ap should always be consid-
ered in it ially.

• Loosen all const r ict ive dressings to avoid any unnecessary pressure 
or com pression on the  ap (rem ove sutures im m ediately if they 
appear to place undue tension on the  ap). Sutures can be rem oved 
to help evacuate a hem atom a, or to relieve postoperat ive edem a and 
congest ion  a ect ing  ap perfusion.

• St rip  all drains to relieve clots that  m ay prevent  evacuat ion of a 
hem atom a.

• Reposit ion  the pat ient  to correct  any potent ial kinking or 
com pression of the pedicle. This m ay som et im es lead to im m ediate 
 ap viabilit y and relief of com prom ised in  ow  or out  ow.

• Elevate ext rem it ies w hen  possible to prevent  inadequate venous 
drainage from  the lim b and to reduce postoperat ive edem a, both  of 
w hich can  lead to tam ponade (ext rem ity free  aps and replants).

Anticoagulation
Leech therapy is usually used in  digital replants or w ith  m ildly congested 
free  aps (Fig. 20.7). Leeches secrete the pept ide h irudin  in  their saliva, 
w hich causes the  ap to bleed. They can salvage a  ap by relieving con-
gest ion . Leeches at tach  for approxim ately 30 m inutes and act ively suck 
blood from  the  ap. After they fall o , the bite wound cont inues to ooze 
due to the h irudin , w hich accounts for m ost  of the blood loss. When 
using leeches, the wound is m ore suscept ible to aerom onus hydrophila 
species and prophylact ic an t ibiot ics (Bact r im  DS by m outh  tw ice a day 
or cipro oxacin  500 m g by m outh  or IV tw ice a day) should be ut ilized. 
If the leeches do not  adhere, a 20-gauge needle can be used to in it iate 
bleeding from  the  ap. This should facilitate leech feeding. After one 
feeding, leeches are usually sacri ced. Leeches can be obtained from  
the pharm acy or from  other local hospitals, or they can be em ergency 
delivered from  Leeches USA Ltd. (telephone 800-645-3569). Although 
leeches m ay relieve m ild congest ion  tem porarily, a free  ap that  is con-
gested should return  to the OR for evaluat ion  of the venous anastom osis.

Heparin  is usually not  used postoperat ively, but  it  can  be indicated 
for som e replants and anastom ot ic revisions. Full heparin izat ion  in  the 
im m ediate postoperat ive period is associated w ith  a fairly h igh rate of 
signi cant  bleeding. In  com prom ised  aps, a heparin  bolus of 3,000 to 
5,000 U can be helpful in  prevent ing propagat ion of a clot  w hile a pat ient  
w ith  a com prom ised  ap is being prepared for the operat ing room .

Depending on surgeon preference, 10% dextran  can be rout inely used 
postoperat ively. It  not  only acts as a volum e expander, but  also has ant i-
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platelet  propert ies. A 5-m L test  dose is usually given, and then em pirical 
therapy is star ted at  25 m L/per hour per day for 3 to 5 days or 40 m L/h 
x 12 hours for 3 to 5 days. Side e ects include congest ive heart  failure, 
volum e overload, renal toxicit y, and allergic react ions.

The use of throm bolyt ics has been e ect ive in  laboratory protocols; 
however, their results in  the clin ical set t ing have been m ixed and contro-
versial. They have been described as being e ect ive in   aps w ith  venous 
com prom ise in  lysing throm bus w ith in  the  ap. St reptokinase (500,000 
to 750,000 U) or 2 to 4 m g of TPA is in fused in to the ar terial pedicle once 
the vein  has been cut  to prevent  system ic adm inist rat ion .

Salvage rates can approach 50 to 75% if problem s are diagnosed early. 
The evaluator m ust  be astute w hen assessing the free  ap and keep in  
m ind all the potent ial causes of  ap failure (throm bosis, in t im al  ap, 
back walled anastom osis, kinked pedicle, t ight  skin  closure, edem a, 
hem atom a, external pressure, vasospasm , hypotherm ia, hypovolem ia).

One should not  wait  unt il the  ap is purplish  blue and cold and has 
no Doppler signal. At that  t im e, the  ap is likely beyond salvage. Always 
consult  w ith  the at tending surgeon  or a surgeon of senior experience 
after a thorough exam inat ion of the  ap and be prepared to return  the 
pat ient  to the operat ing room  if necessary.

Fig. 20.7 (a) Leech therapy for a congested  ap. (b) A medicinal leech (Hirudo  medicinalis). 
(c) Use of a cut syringe for placement of the leech in the desired position.
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21 The Postoperative Aesthetic 
Patient

Postoperat ive evaluat ion  of the cosm et ic surgery pat ient  involves evalu-
at ion for early signs of com plicat ions, pat ien t’s com fort  level, quest ions, 
and desires. Always check the pat ient’s vital signs. A high hear t  rate, low  
blood pressure, and decreased urine output  can herald an  im pending 
com plicat ion . In  addit ion , ignoring h igh blood pressure due to pain  can 
result  in  a hem atom a form at ion. Hem atom a form at ion not  only m ay lead 
to life-threatening anem ia, but  also w ill com prom ise skin   aps and m ay 
lead to funct ional m orbidity. Ask the pat ient  if there is a di erence in  
the pain  w ith  respect  to lateralit y. This can often  indicate a hem atom a or 
infect ion . When there is an  indicat ion  of change, excessive pain , or any 
other concerns, dressings should be rem oved and the wounds checked 
(always rem ove dressings of pat ients w ho have had an  otoplast y and 
com plain  of asym m etric severe pain). Assessing the pa t ien t  a ccu r a tely 
a nd pr oposing a  concise a nd a ppr opr ia te pla n  to the pr im a r y su r geon  
shou ld be done pr ior  to a ny in ter ven t ion .

Abdominoplasty
Considerations

• Check vital signs for h igh or low  blood pressure, pulse oxim etry, and 
hear t  rate.

• Jackson-Prat t  (JP) drain’s output .
 – If the JP drain  output  is h igh and bloody and does not  turn  serous, 

consider a hem atom a.
• Beware of low  drain  output  and enlarging/painful m asses under 

the abdom inal skin   aps. Consider a hem atom a. The drain  m ay 
be clot ted. A clot  in  the drain , low  pressure, low  urine output  and 
tachycardia are consistent  w ith  a hem atom a and potent ially ongoing 
bleeding.

• Keep pat ien t  in  “law n chair” or  exed posit ion .
 – Put  a sign  above the pat ient’s bed to aler t  caregivers about the 

desired posit ion .
 – Unplug the bed controls.

• Incent ive spirom etry.
 – Reduce atelectasis.
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• Get pat ient  out  of bed (OOB) w ith  walker ± physical therapy 
postoperat ive day (POD) 1.

 – Use sequent ial com pressive devices on the lower ext rem it ies.
 – Consider start ing pharm acologic DVT prophylaxis—Lovenox 

(Avent is Pharm aceut icals) 40 m g SC daily or SC heparin  
5,000 U tw ice a day.

• Abdom inal binder w ill assist  w ith  pat ient  com fort , as w ill 
par t icipat ing in  act ivit y.

 – Caut ion—excessively t igh t  binders and garm ents can cause 
pressure necrosis and ischem ia-related changes to the abdom inal 
skin   ap. Therefore, consider periods of garm ent relief, especially 
w hen the pat ient  is rest ing.

• Um bilicus viabilit y.
 – Sm all areas of delayed wound healing w ill eventually heal 

th rough secondary in tent ion.
 – Keep the um bilicus clean .

Hematoma

• Diagnosis.
 – Asym m etric pain  or asym m etric bulging of incision/abdom en.
 – Increasing hear t  rate, decreasing BP, decreasing urine output , h igh 

drain  output , or clots in  the drain .
 – Dropping hem ogram .

• Treatm ent .
 – Strip drains and check serial hem oglobin and hem atocrit   

(every 6 hours).
 – Bolus  uids (NS 500 m L) and increase  uid rate appropriately 

(beware of pat ients w ith  cardiac h istory—overresuscitat ion  could 
cause pulm onary edem a and hear t  failure).

 – Hold all ant icoagulants.
 – Crossm atch blood type and hold PRBCs in  preparat ion  for 

t ransfusion .
 – Prepare for explorat ion  in  the operat ing room .

Respiratory Distress

Pulmonary Embolus

• Diagnosis.
• Clin ical signs and sym ptom s—dyspnea, pleurit ic pain , hypoxia, 

tachycardia, hem opt ysis, or thopnea, JVD.
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 – Arterial blood gasses (ABGs).
 ▪ Look for hypoxem ia, hypercapnia, and respiratory alkalosis.
 ▪ High probabilit y w hen low  PaO2 and dyspnea.

• Elevated D-dim er.
• ECG changes—AFib, RBBB, Q waves in  leads II, III, and aVF.
• Order a CT scan of the chest, pulm onary em bolism  protocol.
• Check for calf pain  and swelling—if DVT is suspected, then  request  a 

duplex ult rasound.
• Treatm ent .

 – If you have a very h igh suspicion of pulm onary em bolism , then 
star t  heparin  drip ,

 – Star t  pat ient  on  heparin  or Lovenox,
 ▪ Heparin—load w ith  80 U/kg bolus and then 18 U/kg/h  infusion; 
check PTT every 6 hours and keep PTT between 60 and 90.

 ▪ Lovenox 1 m g/kg every 12 hours SC (Lovenox has a longer half-
life than heparin).

Hem odynam ically unstable pat ients should be t ransferred to the ICU 
and m ay require support  for circulatory collapse.

Pulmonary Edema

• Diagnosis.
• Dyspnea, hypoxia, w heezes and crackles in  auscultat ion , 

palpitat ions, anxiet y.
• History of volum e overload, laryngospasm , or hear t  failure.

 – CXR—bilateral in  lt rates.
 – Check CVP if available; if above approxim ately 12, pat ient  is 

volum e overloaded.
• Treatm ent .
• Apply supplem ental oxygen.

 – Star t  Lasix (Avent is Pharm aceut icals) 20 m g IV.
 – Check urine output  to keep in takes/outputs (I/Os) negat ive.
 – Redose Lasix as needed.
 – Monitor elect rolytes.

Flash  pulm onary edem a or negat ive pressure pulm onary edem a m ay 
result  in  acute global pulm onary com prom ise that  m ay require pressure 
support  vent ilat ion  or in tubat ion and m echanical ven t ilat ion .
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Overaggressive Plication

• Pulm onary dysfunct ion—decreases in  funct ional residual capacity.
 – Signi cant  in  pat ients w ith  a h istory of asthm a or COPD.
 – Treatm ent .

 ▪ First  em ploy conservat ive m anagem ent by changing the 
pat ient’s posit ion  and by respiratory care to include incent ive 
spirom etry and bronchodilators.

 ▪ Explorat ion  in  the operat ing room .
• Abdom inal com partm ent syndrom e (ACS)—increased in t ra-

abdom inal pressure leading to organ dysfunct ion. This m ay be 
exacerbated by overresuscitat ion .

 – Diagnosis.
 ▪ Hypoxem ia, dyspnea, low  urine output , increased abdom inal 
disten t ion, and pain .

 ▪ Measure in t ra-abdom inal pressure—a bladder pressure 
> 20 m m  Hg m ay indicate ACS.

 – Treatm ent .
 ▪ Lim it   uid adm inist rat ion , use colloid resuscitat ion  if 
necessary.

 ▪ Nasogast r ic decom pression.
 ▪ Plan for the possibility of surgical decompression in the operating 
room .

Dehiscence

Small area

• Reinforce the nondehisced areas w ith  Steri-St r ips.
• Super cial sm all areas can be acutely repaired w ith  sim ple suture 

techniques (3–0 or 4–0 nylon).
• Deeper areas of delayed wound healing w ill require local wound 

care w ith  wet to dry dressing changes and future revision.

Large Area

• Operat ing room  débridem ent  and closure or vacuum -assisted 
closure therapy and tert iary closure.
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Breast Augmentation
Hematoma (Fig. 21.1)

• Diagnosis.
 – Unilateral pain , swelling, bruising, and occasional fever.
 – Ult rasound m ay be helpful in  pat ients w ho are obese or have 

large nat ive parenchym al volum es.
• Treatm ent .

 – St rip  drains if present .
 – Discont inue ant icoagulants and ant iplatelet  therapy.
 – Sm all hem atom as—observe if the pat ient  is asym ptom at ic.

 ▪ Apply circum ferent ial com pressive w rap or garm ent .
 – Large hem atom as—evacuat ion in  an  operat ing room .

Infection

• Usual presentat ion  is POD 5 to 10.
• Assess pat ient  for either super cial skin  or deep im plant  infect ion .
• Diagnosis.

 – Leukocytosis.
 – Warm th, erythem a, and edem a of the breast  or incisions.
 – Rule out  periprosthet ic infect ion .

• Order ult rasound/CT.
 – Look for  uid collect ion  or st randing/in  am m at ion around 

im plant .
• Treatm ent .

 – Super cial.
 ▪ Cellulit is can  be t reated w ith  ant ibiot ics.
 ▪ Mild cases can be t reated as an  outpat ient  w ith  oral ant ibiot ics.

 ▫ Minocycline 100 m g by m outh  tw ice a day or clindamycin  
300 m g by m outh  four t im es a day.

 ▪ More severe m anifestat ions or failure of outpat ient  therapy w ill 
require IV ant ibiot ics.

 ▫ Clindamycin  900 m g IV every 8 hours or vancomycin  1 g IV 
every 12 hours + cefepim e 1 g IV every 12 hours for severe 
infect ions; also consider an t ibiot ic therapy w ith  equal oral or 
IV bioavailabilit y (e.g., linezolid, Levaquin , and m oxi oxacin).
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Fig. 21.1 Right breast hematoma after breast augmentation.
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 – Exposed im plant .
 ▪ Minor contam inat ion w ithout infect ion .
 ▪ IV ant ibiot ics.
 ▪ Local wound care—Betadine paint .
 ▪ Plan for explantat ion  w ith  device change.
 ▪ Capsulectomy and pocket  débridem ent .
 ▪ ± Site change or  ap coverage in  reconst ruct ion cases.

 – Infected im plant .
 ▪ With evidence of periprosthet ic  uid collect ion  and react ion, 
star t  IV ant ibiot ics.

 ▫ Plan for explantat ion  and rem oval of contam inated 
prosthesis.

 ▫ Capsulectomy and irr igat ion .
 ▫ In t raoperat ive evaluat ion of the pocket .
* In  m ild cases, the new  prosthesis can  be placed w ith  a 

drain .
* In  severe cases, close the wound over a drain  and delay 

im plant  placem ent for 3 to 6 m onths.
* Inst itute an  extended course of culture-speci c ant ibiot ics 

postoperat ively.

Rhinoplasty
Airway Obstruction

• Nasal packing or in t ranasal splin t  aspirat ion .
 – Evaluate the nasal and oral airways and clear potent ial obstacles 

to air m ovem ent .
• Assess for aspirat ion  of blood causing laryngospasm s.

 – Prepare for airway protect ive m easures, suct ion, oxygen 
supplem entat ion , and possible in tubat ion.

Visual Impairment

• Vasospasm  from  local anesthet ic vasoconst r ict ion .
• Throm boem bolism  causing ophthalm ic ar tery ischem ia.
• Treatm ent .

 – Urgent ophthalm ology consult .
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Hemorrhage

• Localize source.
• Treatm ent .

 – Packing.
 ▪ Gauze.
 ▪ Surgicel.

 – Endoscopic cauterizat ion .
 – If all else fails: Posterior nasal packing (see Chapter 6, Fig. 6.4b).

Septal Hematoma

• Treatm ent .
 – Aspirat ion.
 – Incision, drainage, and packing.
 – Ant ibiot ic coverage to prevent  septal abscess,
 – Augm ent in  875 m g by m outh  tw ice a day.

Infection

Local

• Cellulit is.
• Abscess.
• Treatm ent .

 – Augm ent in  875 m g by m outh  tw ice a day.

Toxic Shock from Nasal Packing

• Postoperat ive fever, vom it ing, diarrhea, hypotension w ithout 
obvious blood loss, and an  erythem atous sunburnlike rash .

• The supertoxin  toxic shock syndrom e toxin-1 (TSST-1), produced by 
the organism  S. aureus, causes th is syndrom e.

• Treatm ent .
 – Rem oval of nasal packing and acquisit ion  of nasal cultures.
 – Appropriate β-lactam ase-resistant  ant istaphylococcal IV 

ant ibiot ics.
 ▪ Unasyn  3 g IV every 6 hours.

 – Aggressive hem odynam ic resuscitat ion .
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Intracranial Infections

• Meningit is.
• Subdural em pyem a.
• Cerebral abscess.
• Cavernous sinus throm bosis.

 – Diagnose w ith  CT and t reat  w ith  broad-spect rum  ant ibiot ics.
• Acute and/or chronic sinusit is.

 – Treat  w ith  Augm ent in  875 m g by m outh  tw ice a day.
Neurosurgery Consult

Edema

• Treatm ent .
 – Head elevat ion.
 – Cold com presses.
 – Blood pressure control.

Blepharoplasty
Retrobulbar Hemorrhage

• Pain , proptosis, ophthalm oplegia, ± blindness (see Chapter 6, 
Fig. 6.6).

• Treatm ent .
 – If pat ient  has visual changes.

 ▪ At bedside, open sutures and perform  lateral canthotomy 
em ergently.

 ▪ Decadron  (Merck & Co., Inc.) 10 m g IV.
 ▪ Plan im m ediate exploration in the operating room .

 – If pat ient  does not  have visual changes.
 ▪ Plan im m ediate explorat ion  in  an  operat ing room .
 ▪ Steroids controversial.

 – Control hypertension.
 – IV 20% m annitol (1 g/kg) and acetazolam ide (500 m g IV in it ially, 

then 250 m g IV every 6 hours) can be used to decrease the 
in t raocular pressure.

 – If access to the operat ing room  is delayed and pat ient  star ts to 
lose visual acuity, then lateral canthotomy and cantholysis m ay 
be perform ed at  bedside (Fig. 6.6).
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Corneal Abrasion

• Diagnosis.
 – Pain , tearing, and sensat ion of foreign body in  eye.
 – Diagnosis w ith  slit  lam p by ophthalm ologist .

• Treatm ent .
 – Rule out  a foreign body.
 – Maxit rol (Alcon Laboratories) eyedrops.
 – Lacri-Lube (Allergan, Inc.).
 – Ophthalm ic bacit racin  oin tm ent .
 – Resolves in  24-48 hours.
 – Pressure dressing w ith  eye closed for 24 hours.

Edema

• Treatm ent .
 – Elevat ion of head.
 – Sw iss Therapy eye m ask (Invotec) (cold com press).

Rhytidectomy
Hematoma

• Most  com m on com plicat ion , usually result ing from  high systolic 
blood pressure, aspirin  or nonsteroidal ant i-in  am m atory drug 
(NSAID) in take, or nausea and vom it ing.

• Sym ptom s.
 – Pain , agitat ion , hypertension, neck/facial swelling, buccal m ucosa 

ecchym osis, and skin  ecchym osis.
 – Can lead to skin  necrosis.
 – May present  w ith  respiratory distress w hen the neck is involved 

from  pressure on the airway.
• Treatm ent .

 – Large hem atom as.
 ▪ Require im m ediate surgical drainage in  the OR to avoid  ap 
necrosis and external airway obst ruct ion.

 – Sm all hem atom as.
 ▪ Evacuate at  bedside by expression or serial needle aspirat ions 
and pressure dressing.

 – Control blood pressure.
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Nerve Injury

• Assess the pat ient’s facial sym m etry by asking him  or her to raise 
eyebrows, sm ile, and pucker lips.

• Most  m otor nerve paralysis in  the acute postoperat ive pat ient  is 
due to local anesthet ic e ect , excessive t ract ion  of the super cial 
m usculoaponeurot ic system  (SMAS), infect ion , or hem atom a.

• The m ost  com m on nerve injured is great  auricular nerve—provides 
sensat ion to the inferior ear and ear lobule.

• The m ost  com m on m otor nerve injury is to the buccal branch of the 
facial nerve.

• Treatm ent .
 – Nerve paralysis im m ediately after surgery should be t reated w ith  

observat ion. Not ify the surgeon of speci c physical  ndings to 
help determ ine the origin /t reatm ent of the facial nerve paralysis.

Skin Flap Necrosis

• May  rst  present  as cyanosis or congest ion  that  m ay be reversible.
• Assess for hem atom as, serom as, or infect ion  and t reat  appropriately.
• Par t ial skin   ap necrosis.

 – Apply m oist  gauze or ant ibiot ic oin tm ent .
 – Treat  full-th ickness injury w ith  conservat ive débridem ent and 

healing by secondary in tent ion.
• If pat ient  presents w ith  skin  ulcers around the m outh , th is m ay 

indicate a herpes outbreak and the pat ient  should be star ted on 
Valt rex (GlaxoSm ithKline) 500 m g tw ice a day.

Liposuction
Fluid Balances

• Large volum e liposuct ion (> 4 L) can have large  u id shifts.
 – Monitor urine output  closely w ith  Foley catheter 
 – Calculate  u id balance in  term s of total in  and out  during the 

procedure.
 ▪ Input = IVF + wet t ing solut ion .
 ▪ Output = aspirate + urine output .

• Fluid replacem ent .
 – Sm all volum e < 2,500 m L aspirate.

 ▪ Maintenance IVFs only.
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 – Larger volum e > 2,500 m L aspirate.
 ▪ Fluid replacem ent  guideline below.

• General guideline for  u id replacem ent .
 – Total IVF supplem ent (m L).

 ▪ Perioperat ive IVFs + postop IVFs + wet t ing solut ion  = 
2× aspirate (m L).

 ▪ Postop  uid replacem ent = 2×aspirate – [perioperat ive  uid + 
wet t ing solut ion].

 – Tit rate to urine output .
 – Aggressive hydrat ion  w ill cause a hypervolem ic state and 

subsequen t  cardiopulm onary m orbidity.

Blood Loss

• Blood loss is calculated based on the wet t ing technique (Table 21.1).

Hematomas/Seromas

• Treat  w ith  com pression garm ents.
• Consider further padding w ith  foam  or bulky surgical dressings.

 – Large  uid collect ions that  cause excessive skin  tension and 
ischem ia requiring operat ive in tervent ion .

• Serom as m ay be aspirated at  the bedside or under ult rasound 
guidance.

 – Consider percutaneous placem ent of a catheter for large or 
recurrent  serom as.

 ▪ Ultrasound guided w ith  assistance of in tervent ional radiology.
 ▪ Seldinger placem ent of a serom a catheter (Serom aCath  
[Greer Medical, Inc.]) (Fig. 21.2).

Table 21.1 Wetting technique to calculate blood loss

Technique In ltrate EBL

Dry None 20–40%

Wet 200–300 mL/area 8–20%

Superwet 1 mL in ltrate: 1 mL aspirate 1%

Tumescent 2–3 mL in ltrate: 1 mL aspirate 1%

Abbreviation: EBL, estimated blood loss.
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Lidocaine Toxicity

Recom m ended dose w hen used at  0.05% = 35 m g/kg in  wet t ing solut ion.
• Diagnosis.

 – Circum oral num bness.
 – Metallic taste.
 – Tinnitus.
 – Lightheadedness, dizziness.
 – Im paired concentrat ion .
 – Visual disturbance.
 – Headache.
 – Sedat ion.
 – Trem ors.
 – Seizures.
 – Greater levels of toxicity m ay lead to com a or cardiopulm onary arrest .

• Treatm ent .
 – Support ive care.
 – Oxygen/hydrat ion.
 – Maintenance of airway.
 – Intralipid infusion: 1.5 m L/kg of 20% IV bolus, then 0.25 m L/kg/m in 

for 30 m inutes. May repeat 1 to 2 t im es if pat ient fails to improve.

Fig. 21.2 Seroma catheter. A seroma catheter can be placed, using the Seldinger tech-
nique, into the suspected cavity and connected to an active suction device (bulb suction).
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 – Benzodiazepines for seizure prophylaxis.
 ▪ Diazepam  5 to 10 m g or th iopental 50 to 100 m g.

Hypoesthesias

• Com m on and t ransient—sensat ion returns to norm al w ith in  
6 m onths.

Respiratory Distress

• Fat  em bolism  syndrom e.
 – Int ravenous fat  deposits that  cause pulm onary com prom ise and 

m ay lead to acute respiratory disease syndrom e.
• Physical exam inat ion.

 – Tachycardia, tachypnea, dyspnea.
 – Hypoxem ia due to vent ilat ion-perfusion  abnorm alit ies.
 – Bradycardia.
 – High  spiking fever.
 – Petechiae over the t runk.
 – Subconjunct ival and oral hem orrhages.
 – Agitated delir ium .
 – Stupor, seizures, or com a.
 – Ret inal hem orrhages.

• Diagnost ic studies.
 – ABGs—hypoxem ia, increased pulm onary shunt fract ion .
 – Throm bocytopenia.
 – Anem ia.
 – Hypo brinogenem ia.
 – Urinary fat  stains—fat globules in  the urine.

• Treatm ent .
 – Support ive therapy.
 – Monitored care environm ent .
 – Cont inuous oxygen and pulse oxim etry.
 – Hydrat ion.
 – DVT prophylaxis.
 – Gast roin test inal st ress prophylaxis.
 – Steroids.

 ▪ Decadron 4 m g IV every 8 hours.
• Pulm onary em bolism  and pulm onary edem as should also be 

considered in  the di erent ial diagnosis.
 – See Abdom inoplasty.
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22 Sternal Wounds

Early and aggressive in tervent ion and t reatm ent of sternal wound infec-
t ions is required to avoid catast rophic com plicat ions such as severe 
m ediast in it is and death . These wounds  nd their genesis in  cardiac sur-
gery, w hich m ay leave the sternum  w ith  a subopt im al vascular blood 
supply, ult im ately leading to a chronic contam inated wound or sternal 
osteomyelit is.

Sternal wounds can be divided in to three categories (Table 22.1).

• Class I wounds include wounds w ith  drainage, w ith  or w ithout 
sternal instabilit y, that  present  w ith in  the  rst  week postoperat ively.

• Class II wounds presen t  w ith  cellulit is, purulent  m ediast in it is, 
drainage, and sepsis (fevers), usually in  the second or th ird week 
postoperat ively.

• Class III wounds present  w ith  osteomyelit is and serosanguineous 
or seropurulent  drainage m onths to years after cardiac surgery 
(Fig. 22.1).

Obtain  a thorough history that  contains the follow ing:

• Type of cardiac surgery perform ed.
• Determ ine w hether the in ternal m am m ary ar teries had been 

harvested (and on w hich side).
• Elucidate w hether the cardiac surgeons engaged in  underm ining of 

the pectoralis myocutaneous  ap or harvest  of the om entum . 
• Determ ine if there is h istory of in t ra-abdom inal surgery.
• Review  concurrent  ant icoagulat ion  therapy and coagulat ion  pro le.

Physical Examination
• Clicking of the sternum  indicat ing loose w ires.
• Presence of purulent  drainage, locat ion of the drainage.
• Presence of cellu lit is should be noted.

Work-up
• Cultures should be taken from  the wound.
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Table 22.1 Pairolero and Arnold classi cation system for sternal wounds.

Class
Presentation 
time 
postoperatively

Location of 
infection

Diagnosis Treatment

I 1 wk Super cial Drainage +/- 
stable sternum

Débridement, 
t ighten wires, 
pectoralis 
 aps; single 
stage

II 2–3 wk Mediastinum Fluid collection 
and an 
unstable 
sternum, high 
WBC, purulent 
mediastinitis, 
sepsis and 
positive 
cultures

Débridement, 
remove wires, 
pectoralis 
 aps, omental 
 ap, +/- 
hardware; one 
or two stages

III Chronic Sternum/
wires

Osteomyelitis, 
draining 
 stula, 
localized 
cellulitis, rare 
mediastinitis

Débridement, 
remove wires, 
pectoralis 
 aps, omental 
 ap; single 
stage

Abbreviation: WBC, white blood cell.

• CT of the chest  w ith  contrast  for evaluat ion of  uid collect ions above 
or beneath  the sternum .

• Check WBCs, C-react ive protein , and ESR.

Fig. 22.1 Clinical examples of sternal wounds. (a) Class I sternal wound. (b) Early class II 
sternal wound. (c) Late class II sternal wound. (d) Class III sternal wound.
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• PT/PTT/INR.
• If the pat ient  is ant icoagulated on warfarin , he or she should be 

converted to a heparin  drip prior to extensive débridem ent .
• Com m unicat ion w ith  the cardiovascular surgery, cardiology, and 

infect ious disease team s is an  absolute requirem ent .

Treatment Paradigm
The pat ient  w ill require operat ive débridem ent to decontam inate the 
wounds and rem ove necrot ic t issue, and thorough explorat ion of hard-
ware w ith  determ inat ion of sternal stabilit y. In  the perioperat ive set t ing 
and in  the postoperat ive set t ing, culture-driven in t ravenous ant ibiot-
ics are a requirem ent . Based on the t ype of infect ion  that  the pat ient  
has, t reatm ent m ay be urgent  or elect ive. In  the case of class II purulent  
m ediast in it is, it  is im perat ive for the pat ient  to return  to the operat ing 
room  urgently for débridem ent of the wound and clearing of the infec-
t ion , since graft  rupture or throm bosis can occur. Class I wounds m ay 
be t reated by débridem ent and drainage in  the suprasternal area w ith  
t ightening of the w ires or placem ent  of sternal plates or devices. Class 
II wounds are t reated w ith  m et iculous débridem ent of the subcutane-
ous t issue, the sternum , involved r ibs, and all necrot ic t issue. Classically, 
class II wounds are also t reated as a staged operat ion , w ith  return  to the 
operat ing room  as necessary to rem ove all foreign bodies and necrot ic 
bone or t issue. Class III wounds are t reated w ith  rem oval of infected 
bony sequest ra or w ires, followed by im m ediate  ap coverage. If good 
bone stock is available after a m et iculous, thorough débridem ent  of all 
necrot ic t issue, and if the wound is com pletely clear of infect ion  and 
purulent  drainage, the sternum  can be  xated w ith  new  plates or sternal 
 xat ion  devices, either in  one stage or in  two separate stages. If staged, 
dressing changes can be perform ed w ith  Xeroform  and wet to dry dress-
ing changes on top of the Xeroform . Alternat ively the Vac can be used 
on top of a layer of Xeroform  w ith  very low  pressure set t ings (25 m m  
Hg). Care m ust  be taken not  to place the VAC direct ly over any vascular 
st ructures; these m ust  be protected.

Once the wound is clean, coverage can be provided w ith  pectoralis 
advancem ent  aps (based on the pectoral branch  of the thoracoacrom ial 
vessel), w hich are excellent  for coverage of the superior two-th irds of 
the sternum . In  the pediat ric populat ion, pectoralis advancem ent  aps 
can cover the ent ire sternum . The lower port ion  of the sternum  can be 
covered either w ith  a pectoralis turnover  ap (based on the in ternal 
m am m ary perforators) using the w hole pectoralis or a split  pectoralis, 
or w ith  the om ental  ap harvested from  the abdom en (based on the 
gast roepiploic vessels). If the pectoralis and om entum  are not  available, 
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the rectus abdom inis m uscle (or myocutaneous  ap) can be used to 
cover the lower port ion  and the upper port ion  of the sternum . It  is of 
the utm ost  im portance to determ ine the harvest  of the in ternal m am -
m ary arteries prior to perform ing a pectoralis turnover  ap or a rec-
tus abdom inis m uscle  ap. The rectus abdom inus can be based on the 
eighth  in t racostal ar tery. If none of these  aps are available, the lat issi-
m us dorsi  ap can be used to cover the sternum .

In  pat ients w ho do not  have enough healthy sternum  or r ib bone 
to allow  for  xat ion  of the chest  wall,  aps can be used by them selves 
for coverage of the hear t  and vessels. In  m ost  all pat ients w ithout pul-
m onary com prom ise, the in  am m atory react ion  caused by the infect ion  
results in  su  cient  r igidity for the chest  wall. Radiat ion  has the sam e 
e ect . Once coverage of vital st ructures has been provided, skin  can 
be closed over the m uscles by elevat ion of fasciocutaneous  aps from  
the chest  wall. Flaps can usually be raised up to the anterior axillary 
line; care m ust  be taken in  elevat ion  of the large  ap in  fem ale pat ients 
w ith  m acrom astia because the blood supply of skin  edges m ay becom e 
com prom ised.

Postoperative Care
• Drain  the subcutaneous and sub ap regions w ith  large closed 

suct ion drains that  are sequent ially rem oved over 2 to 3 weeks.
• Mam m ary support  or binder can be used in  fem ale pat ien ts.
• Ant icoagulat ion  can usually be started w ith in  the  rst  5 days 

postoperat ively depending on indicat ions for ant icoagulat ion .
• Long-term  ant ibiot ics, as determ ined by the infect ious disease team  

and extent  of infect ion , are required.
• Physical therapy and rehabilitat ion .
• Close follow-up over the  rst  m onth; it  is essent ial to ensure that  

the purulent  m ediast in it is has resolved.
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funct ion  evaluat ion , 65–67t
t r igem inal nerve, 78, 78f
w rist , 139–140, 141f

nerve injury, 248
NOE fractures

anatomy, 106
clin ical presentat ion , 105, 106f
Markow itz classificat ion , 107, 108f
physical exam inat ion , 107
radiographic evaluat ion , 107
treatm ent , m anagem ent , 107

O
oculom otor nerve funct ion  evaluat ion , 65t
olfactory nerve funct ion  evaluat ion , 65t
onychomycosis, 177t
opt ic nerve funct ion  evaluat ion , 65t
orbital fractures

acute com pressive opt ic neuropathy, 74, 74f, 90–91
anatomy, 88
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floor, 91, 92f, 94
m anagem ent , 93–94
physical exam inat ion , 89, 90f
radiographic evaluat ion , 93
roof, 92, 93f
surgical indicat ions, 94
t raum at ic opt ic neuropathy (TON), 91
types of, 91–92, 92–93f

osteomyelit is, 190

P
Parkland form ula, 42–43
parot id duct  injuries, 86–87, 87f
penicillin , 176t
phenol burns, 58t , 59
phosphorus burns, 58t , 59
PIP join t

dislocat ion , 162–163
injuries, 128, 129t , 130
t reatm ent , 200–201

pisiform  fractures, 169
pit  vipers, 24
plaster splin t ing, 143–144f
postoperat ive evaluat ion

abdom inoplasty, 238–239
blepharoplasty, 246–247
blood loss est im at ion , 249, 249t
breast  augm entat ion , 242–244, 243f
dehiscence, 241
hem atom a, 239, 245, 249–250, 250f
lidocaine toxicit y, 250–251
liposuct ion , 248–249
nerve injury, 248
overaggressive plicat ion , 241
principles, 238
pulm onary em bolus, edem a, 239–240
respiratory dist ress, 239–240, 251
rhinoplasty, 244–246
rhyt idectomy, 247
serom a, 249, 250f
skin  flap necrosis, 248

potassium  perm anganate burns, 58t
pressure m easurem ent , 223, 224f
pressure sores (ulcers), 16–19, 16f
prilocaine, 9, 9t
procaine, 9, 9t
propofol, 12
pulm onary em bolus, edem a, 239–240
pupillary response assessm ent , 69
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R
rabies, 23–24
radial nerve, 135, 135–136t , 140, 141f
respiratory dist ress evaluat ion , 239–240, 251
ret robulbar hem orrhage, 246
rhinoplasty, 244–246
rhyt idectomy, 247
rifam pin , 177t
Rocephin , 28, 107
rule of n ines, 35, 37fr

S
Salter-Harris classificat ion, 149f, 161–162
scalp lacerat ions, 82, 83f
scaphocapitate syndrom e, 170
scaphoid fractures, 166–167, 167f
scapholunate ligam entous injuries, 170–171, 171–172f
seawater contam inat ion , 177t
septal hem atom as, 72f, 73, 101, 101f, 245
sept ic ar thrit is, 190
serom a, 249, 250f
Silvadene, 19
silver n it rate, 50t
silver sulfadiazine, 50t
skier’s thum b, 160
skin-flap necrosis, 248
skin-flap wound closure, 3, 5, 5f
snakes, 24–29, 25t , 26–27f
sodium  hypochlorite burns, 58t
spider bites, 29–31, 30f
splin t ing

extension block, 147, 147f
general procedures, 142, 143f
plaster, 143–144f
principles, 141
proxim al, m iddle phalangeal fractures, 147
thum b spica, 146, 146f
types, 142–147, 143–147f
ulnar gut ter, 145, 145f
Volar splin t , 142, 143f

sternal wounds, 252–255, 253f, 253t
Stranc-Robertson nasal fracture classificat ion , 102, 103f
subcutaneous abscesses, 175t , 188
subm ental view  radiographs, 71
Sulfamylon, 19
superior orbital fissure syndrom e, 89
Surgicel, 3
sutures, 13–15, 14t , 15f
swan neck deform ity, 128
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T
tem poral nerve funct ion  evaluat ion , 66t
terbinafine, 177t
tetanus prophylaxis, 5–7, 5f, 6–7t
tet racaine, 9, 9t
TFCC tears, 173
thenar abscess, 175t , 189–191, 190f
thenar m uscles, 129t , 133
therm al burns, 32–35, 33f, 34t
thum b

anatomy, 198, 199f
fractures, 146f, 159–160, 160f
injuries, 128, 129t , 131, 132f
in terphalangeal join t  dislocat ions, 164
spica splin t ing, 146, 146f

Tim ent in , 28, 176t
TMJ dislocat ion , derangem ent , 117
toxic shock syndrom e toxin-1, 245
t raum at ic opt ic neuropathy (TON), 91
t rench foot , 62
t rigem inal nerve

funct ion  evaluat ion , 65–66t
regional blocks, 78, 78f

t rochlear nerve funct ion  evaluat ion , 65t
tuft  fractures, 150–151, 214

U
ulcers (pressure sores), 16–19, 16f
ulnar gut ter splin t ing, 145, 145f
ulnar nerve, 135, 136t , 140, 141f
Unasyn, 22, 176–177t
upper ext rem it y peripheral nerve injuries

blast , crush , avulsion , 219
brachial plexus, 219, 220–221f
classificat ion , 217–218, 218f
m anagem ent , 218–219

V
vagus nerve funct ion  evaluat ion , 67t
valacyclovir, 182
vancomycin , 4, 150, 175–177t
Versed, 12
vest ibulocochlear nerve funct ion  evaluat ion , 66t
Viperidae, 24, 25t
Volar splin t , 142, 143f
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W
Waters view  radiographs, 71
Weber test , 135
wet t ing technique, 249t
wound m anagem ent

ant ibiot ics, 4–7
closure, 4–5, 8
débridem ent , 3, 18–19, 254
evaluat ion , 1–2
follow -up, 7
hem ostasis, 3, 3f, 8
irr igat ion , 2–3
poor healing, factors affect ing, 2t

w rist  injuries. see also hand/w rist  injuries
blocks, 139–140, 141f
dislocat ions, 170–173, 171–172f
fracture-dislocat ions, 173
nerve blocks, 139–140, 141f

X
Xeroform , 52t

Z
ZMC fractures

anatomy, 94, 95f
displaced, 98
flam e sign , 96, 97f
m anagem ent , 98
nondisplaced, 98
radiographic evaluat ion , 97
sym ptom s, physical findings, 96, 97f
zygom at ic arch , 94, 96f, 98

Zosyn, 4, 177t , 194
zygom at ic nerve funct ion  evaluat ion , 66t
zygom a/zygom at icom axillary com plex fractures. see ZMC fractures




