PUNCTURE WOUNDS OF THE FOOT

Stephen V. Corey, D.P.M.

Puncture wounds of the foot are a relatively common
problem confronting the physician. Patients sustaining
this seemingly innocuous injury frequently receive in-
adequate therapy. Often an incomplete clinical history is
recorded in the emergency room followed by superficial
cleansing of the involved foot, inappropriate antibiotic
coverage, and tetanus prophylaxis (1). Many patients do
not even seek medical attention for the injury. Although
most patientsdowellwith suchtreatment, serious compli-
cations can develop such as cellulitis, retained foreign
bodies, and osteomyelitis. Many injuries are caused by
nail punctureswhich constituted 98% oftheinjuriesinone
large study (2). Other objects identified as causing such
injuries are glass, tree branches, and wire.

History

The goal of taking a history is to determine the potential
for contamination and depth of the wound. The informa-
tion should include the type of penetrating object, the
condition of the material, location in which the injury
occurred, depth of penetration, and type of foot covering
wornduringtheinjury. Anaccurate history of tetanus pro-
phylaxis must be obtained since such injuries carry an
increased risk fordevelopmentoftetanus. Upon complet-
inganaccurate history a proper treatment plan can be de-
veloped and carried out.

Treatment

Treatment should include adequate tetanus immunity,
cleansing of the wound, removal of any foreign bodies,
provision of a path for drainage, and appropriate antibi-
otic coverage.

Patientswho have nooranincomplete historyoftetanus
immunization require a full series of immunization. This
consists of three doses of 0.5 ml of tetanus toxoid given
intramuscularly. The second dose of this toxoid should be
administered four to six weeks after the initial dose, and
a third dose should be given six to 12 months after the
second. The patient should also be given 250-500 units of
tetanusimmuneglobin,dependinguponthecondition of
the wound. The dose should be given intramuscularly at
a different site from the toxoid.

Patients who provide a history of adequate immuniza-
tion buthave nothad aboosterinthelastfiveyearsrequire
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administration of 0.5 ml of the tetanus toxoid intramus-
cularly [if the wound is older than 24 hours or considered
tetanus prone.] Clean wounds only require a booster if
tetanus immunization has been administered within the
last ten years (3).

The history should serve as a guide to how aggressively
the wound should be treated. Mechanical cleansing with
ascrubbrushanddilutepovidoneiodineorchlorhexidine
solution should be the initial step. Sterile saline or sterile
water should be used as the diluent instead of tap water
due to possible contamination with pseudomonas aeru-
ginosa (4). Most patients will not tolerate this cleansing
welland will require alocal anesthetic. Anesthesiacan be
accomplished by a posteriortibial nerve block or through
infiltration ofanesthesiain theareaofthe puncturewound
(Fig. 1). After cleansing the wound should be probed to
determine the depth and path of the puncture (Fig. 2).
Adequate probing may require enlargementofthewound
ordebridementof thewound edges. Woundswhich pene-
trate the deep fascia or a joint space tend to have a greater
risk for infection (5).

Pedal x-rays should be taken to determine if any foreign
bodies remain. Often the implanted material is of a non-
metallic nature such as wood, plastic, rubber, or fabric
andtherefore, cannotbeseen by routineradiographs. The
use of xeroradiography may be helpful in these cases. If a
foreign body cannot be removed with gentle probing a
surgical excision may be necessary.

High pressure irrigation using a 20 cc syringe and an 18
gaugeblunt-tipped needle should be performed afterade-
quateprobingofthe puncture(Fig.3). Thisallows forirriga-
tion and mechanical debridement of the wound. A drain
should be placed inthewound toallow foradequatedrain-
age and prevent premature closure of the wound (Fig. 4).
The wound should be dressed with a sterile compressive
dressing. The patient should be instructed to be non-
weightbearing and should have a follow-up appointment
in three to four days.

Theuseofantibioticsis controversial. Noantibiotic ther-
apy cantakethe place ofadequatedebridementandirriga-
tion of the wound. Antibiotic selection will be discussed
in the section on complications.



Fig. 1. Anesthesia may be obtained through local infiltration
around the puncture site (as shown) or by a tibial nerve block.

Complications

The three most serious complications that result froma
puncture wound of the foot are cellulitis, osteomyelitis,
and retention of a foreign body (6). Infections develop in
about815% of the patients followinga punctureinjury (7).
Cellulitis, secondary to gram positive organisms,accounted
for the majority of these cases (8). The most common or-
ganismisolated is staphlococcusaureus. The second most
common organism is beta hemolytic streptococcus (8).
Therefore empiric therapy should consist of a beta lacta-
mase resistant penicillin (oxacillin, cloxacillin, dicloxacillin).
Dicloxacillin at 12-25 mg. per kg. per day given every six
hoursisthe drug of choice due to its high serum levels. In
patientswhoexhibitatruepenicillinallergy, erythromycin
orally or vancomycin intravenously may be used as a sub-
stitute. Therapy should be continued for a minimum of
seven days with a usual course of approximately 10 days.
Oral cephalosporins should be considered second-line
drugsduetotheirinferiorcoverage of the mostcommonly
found organisms(9). More serious infections may require
incision and drainage and intravenous antibiotics.

Osteomyelitis can be adevastating complication of punc-
ture injuries. Pseudomonas aeruginosa is, without ques-
tion, the most common organism responsible. Johanson
first reported this prevalence in 1969 (10). He termed this
injury osteochondritis since the site of involvement usu-
ally involves cartilagenous tissue. Since that time many
authors have reported this occurrence in both children
and adults(11-16). The reason forthe prevalence of pseudo-
monas as a cause of osteomyelitis following puncture
woundsisamatterof speculation. Theearly literature con-
tended that the overuse of penicillin was the cause (17).
It was felt that the use of penicillin caused a decrease in
the gram positive population in the wound and pseudo-
monas aeruginosa was then left uninhibited to flourish.
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Fig. 2. Probing of the wound is necessary to determine the
depth and path of the injury, and to identify any foreign bodies.

The use of tap water, which may harbor pseudomonas, in
the solution that was used for foot soaks was thought to
beasourceofcontamination(4). Atthistimeitis still recom-
mended thatsterile solutions be used to prevent this possi-
ble source of contamination.

Inthe early70’s shoe gearwas implicated as the possible
source of contamination of the wound. Studies performed
by Fritz (16) and Goldstein (18) did not recover pseudo-
monas from either the inside or the outside of children’s
footwear. However, inastudy performed by Fisher, in 1984,
he recovered pseudomonas aeruginosa from the inner
layers of the soles of sneakers (19). The organism was not
present in new sneakers that were examined. However,
whenthe soles becamewornand theinnerlayers became
damp, a suitable environment is created for the growth of
pseudomonas. Using a special enzyme typing, he proved
thatthesameorganism presentinthewound correspond-
ed with that found in the inner layers of the sole. Similar
resultswere reported by Jacobsand Rice in 1986 (20). There-
fore, the inner layers of the sole are a probable source of
these pseudomonas infections.

Pseudomonasaeruginosahasahigh predilectionforcar-
tilaginous tissue (the physeal plate or the articular sur-
face). Pseudomonasisfrequently responsible for bacterial
infectionsoftheexternal ear (perichondritis)and forother
cartilaginous structures including sternal chondral joints
and intervertebral discs (10). The relative avascularity of
this tissue allows the organism to multiply and survive. It
then penetrates the bone leading to osteomyelitis.

The clinical and laboratory presentations of this patho-
gen are well documented (10, 17). The course usually be-
gins with a decrease in clinical signs and symptoms fol-
lowing the initial care of the injury. However, localized
tenderness, erythema and edema return to the puncture



Fig. 3. Irrigation with a dilute disinfectant allows for proper
cleansing and mechanical debridement of the wound.

site usually one to three weeks following the initial inci-
dent. Constitutional symptoms are usually negligible; ab-
sent or low grade fever, no elevation in the white count,
and a moderate elevation in the erythrocyte sedimenta-
tion rate. Radiographic changes are not appreciated until
10 to 14 days following the clinical symptoms (Fig. 5).

The treatment of pseudomonal osteomyelitis is a mix-
ture of surgical and pharmacologic therapy. The literature
reports thatclinicalimprovement cannot be expected un-
til after adequate debridement of all involved tissues (21).
Simple drainage or joint aspiration was not effective in
irradicatinginfectionwhenbone orcartilagewas involved.
This can be explained by the fact that cartilage being rela-
tivelyavascular receives poor penetration of theantibiotic.

Presumptiveantibiotic therapy should includeacombi-
nation of an aminoglycocide and an anti-pseudomonal
penicillin (22). The patient’s serum creatinine, serum drug
levels, urine, auditory function and balance should all be
evaluated and monitored while receiving aminoglycocides
due to their potential nephro- and ototoxicity. These po-
tential side effects cause many physicianstoturn to mono
drugtherapywithathird generationcephalosporin.Single
drug therapy has not been shown to be effective against
pseudomonal osteomyelitis (9). Ceftazidime has exhibited
some successin clinical cases, however,a modestamount
of resistance has been reported when the agent was used
alone (9). Imipenem, a new antibiotic, has also met a sig-
nificant amount of organism resistance, thus limiting its
utilization (9).

Thequinilones, suchasciprofloxacin, show great prom-
iseinthetreatmentof pseudomonas osteomyelitis. Cipro-
floxacin achieves excellent bacteriacidal levels in bone
when given parenterally as well as orally (23). However,
greatertimeand experienceis necessarytodeterminethe

151

Fig. 4. A drain prevents premature closure of the wound.

Fig. 5. A 25 year old male who sustained a puncture wound
plantar to the first metatarsophalangeal joint. A. No apparent
radiographic changes on initial x-rays. B. Severe erosion of the
tibial sesamoid noted. 19 days after the injury the sesamoid was
subsequently excised.



possible development of resistance. Due to the devastat-
ing consequences of re-occurrence of osteomyelitis, this
author recommends the use of combination therapy to
insure proper irradication of the organism.

The duration of antibiotic coverage following debride-
ment is a matter of controversy. The usual time recom-
mended for the treatment of osteomyelitis is four to six
weeks. However, Jacobs reported in his study that only
10-14days is necessary following adequate surgical debride-
ment of the involved tissue (21). Most authors,however,
agreethatsixweeks of intravenous antibioticsisindicated
with an absolute minimum of four weeks (22).

Retained foreign bodiesoccursinabout3% ofthe patients
seeking medical attention for puncture wounds of the
foot(8). Objects commonly found are small pieces of foot-
wear or socks. The foreign body may cause granuloma
and/or abscess formation. Such circumstances require
incision and drainage with retrieval of the object.

Summary

Puncture wounds of the foot are relatively common in-
juries, especially in the summer months. Although these
injuries are often regarded asinnocuous, serious sequela
can develop. Treatment of acute injury should consist of
athorough history, proper tetanusimmunization, aggres-
sive wound irrigation and debridement, removal of any
foreign objectsand antibiotic coverageifindicated. Cellu-
litis, osteomyelitisand retained foreign bodiesare the most
common complications which follow puncture injuries.
These complications should be carefully evaluated and
treated to prevent devastating disability.
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