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Introduction

uncture wounds are a com-

mon cause of minor trauma

in children. These injuries
can lead to serious infectious
complications if not managed
properly, especially if there is in-
volvement of the plantar surface
of the foot.! There is a striking
paucity of data in the pediatric lit-
erature on the management of
plantar puncture wounds. This re-
view on the evaluation and man-
agement of plantar puncture
wounds in children is based on ex-
isting data in children, extrapola-
tion of appropriate adult data,
and our own experience in clini-
cal practice.

Epidemiology

Plantar puncture wounds are
the most frequent type of punc-
ture wounds seen in the pediatric
emergency departments.! One re-

port states that over 4-year period
0.82% of the pediatric emer-
gency department visits were for
the treatment of plantar punc-
ture wounds, and in another
study 7.4% of patients with
lower extremity trauma who
came to the emergency depart-
ment had plantar puncture
wounds.?2 Other common sites
for puncture injuries are the
upper limb, legs, and trunk.
These wounds are more com-
mon in the summer months
when children are playing out-
doors and often are barefoot.
The common etiologic agents
are nails, needles, glass, wood,
plastic, and metal. Osteomye-
litis is a relatively common com-
plication in children, with an
incidence ranging from 0.6% to
1.8%.% The true incidence of
complications associated with
plantar puncture wounds is un-
known, since not all people with
such injuries seek medical
attention.?
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Pathogenesis

The most common organisms
causing soft tissue infections are
Staphylococcus and Streptococcus.
Pseudomonas aeruginosa is the most
frequent cause of osteomyelitis
and osteochondritis of the foot,
when the puncturing object pene-
trates though the sole of the shoe.
According to one study, Pseudo-
monas grows well in the moist in-
ner layers of the sole of actively
used tennis shoes and it does not
grow as readily in new or unused
shoes.? P aeruginosa appears to in-
volve the cartilaginous structures
of the foot. The possible reason
for invasion of the foot by this par-
ticular organism is the avascular
nature of the cartilage and the rel-
ative greater amount of growth
plate cartilage in children as com-
pared with adults.# It has also
been postulated that perhaps the
penetrating object may push
foam particles contaminated with
bacteria into the wound.! Other
organisms that cause infections
after penetrating wounds are Ser-
ratia marcescens, Klebsiella, E. coli,
Salmonella typhi, and Bacteroides
melaninogenicus.!

Various factors are associated
with the increased incidence of
secondary infection and delayed
wound healing of plantar punc-
ture injuries. One of the most im-
portant factors is the depth of the
wound.! Superficial wounds gen-
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erally have a better prognosis
than deeply situated wounds. If
there is breakage of the object,
there could be a delay in wound
healing, which leads to increased
incidence of infection. Involve-
ment of underlying structures
such as blood vessels, nerves, ten-
dons, and ligaments can give rise
to vascular or neurologic compli-
cations. The highest risk of infec-
tion (osteomyelitis and septic
arthritis) is in the region of the
foot extending from the meta-
tarsal neck to the distal toes.> Em-
bedded foreign bodies made of
inert material such as gold may
not cause any symptoms for a long
time and their removal can be
challenging, particularly if they
are found buried in soft tissues.

History and Physical
Examination

A detailed history of the injury
is necessary to manage these in-
juries properly, to improve the

outcome, and to prevent compli-
cations. The size, nature, and
condition of the penetrating ob-
ject, mechanism of injury, loca-
tion of the wound, and extent of
soft tissue involvement and
whether there is penetration of
the footwear and contamination
from the environment are some
of the essential historical aspects
to be noted by health care pro-
fessionals.> The other important
factor is the time interval be-
tween the onset of the injury and
commencement of medical at-
tention. Chudnofsky and Sebast-
ian® state in their review article
that the infection rate for early
presenters was 2.2% as compared
to 10.8% in late presenters. Iden-
tifying possible immunocompro-
mised conditions (diabetes,
chronic renal disorders, on im-
munosuppressive medications)
of the child is also an important
element of the history. Immu-
nization history will determine
the need for appropriate tetanus
prophylaxis.

The area of the injury should
be examined in great detail,
and trimming of irregular wound
edges or external cleansing of dirt
and debris from the wound
should be done if deemed neces-
sary. If a laceration is present, it
should be explored completely. A
complete neurologic assessment
of the affected limb should be per-
formed and signs of vascular in-
sufficiency should be looked for.

Diagnosis

Radiography is indicated if a
wound examination is not fully
possible or if there is a high index
of suspicion of retained foreign
material. Most of the causative ob-
jects are radioopaque and will be
easily seen on a plain film (Figure
1). Certain objects such as wood
and plastic are radiolucent and
may require other radiologic di-
agnostic procedures such as ultra-
sound or computed tomography
(CT) scan. Sonography has a

Figure 1. Foreign body identified in plantar aspect of the foot.
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reported sensitivity, specificity,
and accuracy of 90-100% and can
localize a foreign body as small as
1 x 0.5 mm.7 It is particularly use-
ful in detecting small metallic for-
eign objects that can cause arti-
facts on CT and magnetic
resonance imaging. Sonographic
evaluation has been reported to
be questionable if a hyperechoic
foreign body is located immedi-
ately adjacent to the echogenic
bony cortex. Air in the soft tissues
due to a puncture wound may
also appear hyperechoic by ultra-
sound techniques and could po-
tentially be mistaken for a re-
tained foreign body. In a small
number of cases, surgical explo-
ration to localize suspected for-
eign bodies needs to be per-
formed under fluoroscopic
guidance using hypodermic nee-
dles.® These procedures require
general anesthesia. Blind wound-
exploration, deep probing or cor-
ing, and high-pressure irrigation
should not be performed.

Management

The management of plantar
puncture wounds remains contro-
versial, and recommendations
range from simple cleansing of
superficial wounds to surgical in-
terventional techniques for deep
and contaminated wounds.6

Conservative treatment is per-
formed for children who present
within 24 hours of sustaining an
uncomplicated plantar puncture
wound by a clean object, have a
low risk of infection, and have no
evidence of a retained foreign
body. Conservative measures in-
clude rest, elevation of the foot,
intermittent warm water soaks,
and surface cleansing. According
to an emergency department
study done in 1995, application of
dilute povidone-iodine solution

to the wound surfaces has been
shown to reduce bacterial counts
without adversely affecting the
outcome of healing.? It provides
surface cleansing without the risk
of infection. Because of Pseudo-
monas colonization of hexachloro-
phene when stored in open con-
tainers, its use for cleaning
wounds is discouraged.#
Prophylactic antibiotic ther-
apy is reserved for high-risk pa-
tients or for wounds at or distal to
the metatarsophalangeal joints.
The usual antibiotic prophylaxis is
limited to staphylococcal and
streptococcal species, in spite of
the fact that a small number of pa-
tients have developed Pseudomonas
osteomyelitis while receiving pro-
phylactic antibiotics. Previous re-
ports have indicated that the
usual antistaphylococcal prophy-
lactic antibiotics may promote the
growth of gram-negative bacteria
and might contribute to subse-
quent pseudomonal infections.*
If there is no evidence of a foreign
body and the wound occurred
more than 24 hours but less than
72 hours before, oral antibiotics
for staphylococcal and streptococ-
cal species such as first-generation
cephalosporins or dicloxacillin
may be given.! The patient should
return within 48 hours to ascer-
tain efficacy of treatment. Pa-
tients who do not show signs of
clinical improvement with conser-
vative measures and with outpa-
tient antibiotic therapy or who
present more than 72 hours after
onset of injury with foot pain,
swelling, erythema, or drainage
from the wound should be treated
with parenteral antibiotics.? A
complete blood count, erythro-
cyte sedimentation rate, and radi-
ographs should be obtained to
look for changes suggestive of os-
teomyelitis or osteochondritis. If
after 48-72 hours of parenteral
antistaphylococcal and antistrep-

tococcal treatment there is no im-
provement and/or if the pene-
trating object has gone through
the sole of the shoe, Pseudomonas
infection should be suspected
and intravenous antipseudo-
monas antibiotics such as tobra-
mycin, ticarcillin, or fluoro-
quinolones should be initiated.
The clinical presentation of post-
puncture wound osteomyelitis dif-
fers from signs and symptoms of
hematogenous osteomyelitis.5
Most patients with puncture
wound osteomyelitis are afebrile
and appear nontoxic; the erythro-
cyte sedimentation rate is ele-
vated, but the white count is usu-
ally normal.? Postoperative
antibiotic treatment of pseudo-
monal osteomyelitis involves a
parenteral route for 10-14 days
with the combination of an
aminoglycoside and an anti-
pseudomonal penicillin.# Surgical
referral is indicated in the pres-
ence of a deep or unrecoverable
foreign body or for debridement
of the wound in cases of suspected
osteochondritis.> The possibility
of the puncture wound being in-
fected with atypical mycobacteria
must be entertained when bone
specimens are sent for culture.
Tetanus prophylaxis is often
forgotten in caring for children
with penetrating wounds. If the
child has received less than 3 doses
of tetanus toxoid, the child should
receive tetanus booster and
Tetanus Immune Globulin (TIG).
If the child has received more than
3 doses of tetanus toxoid, the child
does not need TIG; however the
child may need a tetanus toxoid if
more than 5 years have elapsed
since the previous dose. For a child
less than 7 years of age, diphtheria
and tetanus toxoid and acellular
pertussis vaccine (DTaP) should be
given; after 7 years of age, adult-
type diphtheria and tetanus toxoid
(dT) should be administered.10
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Conclusion

If plantar penetrating wounds
are managed appropriately, the
outcome is generally good with-
outresidual deformity or any neu-
rologic sequelae. Close follow-up
of these injuries is essential, espe-
cially if the object has entered
through the sole of the shoe, and
the patient presents with tender-
ness, swelling, and inability to
bear weight on the injured foot,
since Pseudomonas osteomyelitis is
a known complication of such
wounds. Tetanus prophylaxis is an
important part of management of
plantar puncture wounds. There
is considerable debate about
whether a foreign body embed-
ded in the foot should be re-
moved surgically or left alone.
One school of thought is to treat
with conservative management

and observe closely for infection
and other complications, where-
as some clinicians believe in ag-
gressive management and prompt
removal of the foreign object.
Observation may be acceptable if
an object is buried deep in soft
tissue and removal may prove dif-
ficult and potentially injurious to
the child.
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