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Abstract: Bite wounds are a common form of hand injury with the potential to lead to severe local and systemic sequelae
and permanent functional impairment. Mammalian bite wounds may be caused by a variety of animal class and species;
injuries resulting from dogs, cats and humans are the most widely discussed and reported in the literature. Bite wounds
may be contaminated with aggressive pathogens and the anatomical vulnerability of structures within the hand means that
without early recognition and treatment with irrigation and antibiotics, alongside a low index of suspicion for deep
structural involvement requiring formal surgical exploration and washout, the consequences of such injuries can be
disastrous. We review the literature and discuss the epidemiology, pathophysiology and microbiology relating to these
injuries, as well as clinical aspects including signs, symptoms, and management.
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INTRODUCTION
Injuries to the hand can have a significant impact on the
psychosocial well being of a patient [1]. Bite injuries to the
hand are predominantly caused by mammals: dogs, cats and
humans and represent a common emergency presentation.
The estimated lifetime risk of being bitten by a domestic
animal is around 50% [2], and these injuries account for
1-2% of emergency attendances in the US with an associated
annual medical cost of over $100 million [3]. Approximately
30-40% of all hand infections are attributable to human or
animal bites [4]. Infectious sequelae of mammalian bite
injuries occur most frequently in patients with injuries to the
hand, and such injuries are more likely to require surgical
treatment [5] than in other parts of the body. Human and
animal bites account for 30-40% of traumatic hand infections
[6]
Dog bite injuries are the most common, representing
80-90% of all mammalian bites [7], and most commonly
affect the hand [5]. Around 250,000 people per year in the
UK present with dog bite injuries to emergency and minor
injuries units [8], including an estimated 5,000 postal
workers per annum [9]. Dog bite injuries are more common
in males and during the summer months [9]. In particular,
elderly patients are more likely to suffer injuries to the
hands, and more often require operative treatment and
hospitalization [5]. Cat bite injuries are the second most
common and show a higher incidence in females compared
to dog bite injuries [11]. This is followed by human bites,
which account for around 2-3% of mammalian bites [12].
Human bites in adults are associated with alcohol
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consumption, male gender, and have an increased incidence
over the weekend and public holidays [13]. Dental personnel
are also noted to have increased risk [14].
Although dogs, cats and humans are the most common
sources of bite wounds, a wide range of mammals can cause
bite injuries, with a wide geographical variation depending
on local species populations, as well as risks associated with
occupation and recreational hobbies. For example, monkey
bite injuries are of increased prevalence amongst those who
use them for medical research, as well as in regions that have
large populations of free-roaming monkeys e.g. Gibraltar,
Bali and India [15].
PATHOPHYSIOLOGY
Mammalian bite injuries to the hand are often of an
occlusive nature. This occurs when the teeth close over the
tissue, causing injuries ranging from superficial abrasions,
puncture wounds, and lacerations to crushing injuries to
tendons and muscle, tissue loss and avulsions, arterial and
nerve injuries, fractures, dislocations and traumatic digit
amputations [2, 13, 16].
Canine jaws can have a bite force of up to 31,790 kPa
[8], with a significant potential for tissue damage. There may
be a sharp injury to the skin and soft tissues from penetration
of the teeth, as well as the potential for crush injury and
fractures from the significant bite force. There is also the risk
of a subtle injury to a tendon sheath, or penetration and
inoculation into the deep palmar spaces, with a high risk of
serious infection which may go unnoticed initially.
A notable subtype of human bite injury is the closed fist
injury, often termed the “fight bite”, occurring when the
subject attempts to punch another person and their fist strikes
their opponent’s teeth. Studies have suggested that closed
fist injuries account for around 50% of human bite injuries to
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the hand [17]. The metacarpophalangeal joint is at risk of
injury. This commonly leads to penetration of the skin over
the 2nd, 3rd, 4th or 5th metacarpal. Due to a relative paucity of
tissue protecting the underlying tendon and joint capsule,
this commonly results in a zone V extensor tendon injury.
The force of impact may result in a fracture of the
metacarpal neck, and occasionally an intra-articular fracture.
Violation of the joint capsule leads to complications such as
septic arthritis and osteomyelitis [18]. Furthermore, the
mobility and retraction of the lacerated tendon allows for
easy spread of the bacterial load away from the wound [19].
As the penetration of such tissues occurs when the fist is in a
clenched position, it is vital to examine the wound in both
open and clenched positions to evaluate the true depth of the
wound [6]. This may require formal exploration under
regional or general anaesthesia to track the path of the injury
through different layers.
Infection is the most common complication of
mammalian bite injuries to the hand, and may include
cellulitis, tenosynovitis, septic arthritis and osteomyelitis. In
a study examining bacterial isolates from 50 dog bite and 57
cat bite wounds, cultures were found to be predominantly
polymicrobial, with a median of 5 bacterial isolates per
culture, with 56% of wounds containing both aerobes and
anaerobes. Pasteurella species were the most common
isolates, followed by Streptococcus, Staphylococcus,
Moraxella and Neisseria [20]. Studies suggest cat bites to
have an increased risk of infection; a retrospective analysis
of 525 bite wounds found 37.5% of cat bites became
infected, compared to 14.9% of dog bites [21]. Cats, due to
their sharper teeth, more often cause deep puncture wounds,
as opposed to the higher likelihood of fracture or crush
injury from dog bites. It has been postulated that the
increased infection rate is due to the deep inoculation of
bacteria through these narrow puncture wounds, which also
have the tendency to rapidly seal off with haematoma,
therefore inhibiting drainage and promoting infection and
abscess formation [22]. Dog bite injuries can also be
associated with Capnocytophaga canimorsus, an aggressive
organism associate with disseminated sepsis and death,
particularly in immunocompromised individuals [23].
Human bites are also at high risk of infection, with a
reported infection rate of 48% in untreated hand bites [12].
The bacterial load of saliva has been estimated at 900 x 106
per ml [24] which may explain the considerable infection
rate. A study examining cultures from 50 human bite injuries
found that, like cat and dog bites, cultures are often
polymicrobial (median number of isolates=4), with mixed
anaerobes and aerobes in 54% of wounds. Common
organisms included Streptococcus anginosus (52%),
Fusobacterium nucleatum (32%), Staphylococcus aureus
(30%), Eikenella corrodens (30%) and Prevotella
melaninogenica (22%), and Candida species (8%) [25].
In addition to pathogens from the biting animal, bacteria
may also inoculate a wound by entering from the
surrounding physical environment; thus bites occurring in
marine environments are associated with pathogens such as
Vibrio species, Plesiomonas shigelloides, Aeromonas
hydrophila, and Pseudomonas species [26].
Injuries occurring in the farmyard environment are at
very high risk of contamination with microbial organisms,
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many of which will be atypical bacteria, notably
Actinomycetes, as well as highly virulent species which may
result in significant necrosis and gas gangrene, such as
Clostridia. If the patient has not had tetanus toxoid
immunization in the last 5 years, tetanus prophylaxis should
be administered, and those with large and grossly
contaminated wounds should be considered for
administration of tetanus immunoglobulin [27].
INITIAL MANAGEMENT
When taking a history from the patient it is pertinent to
clearly document both the timing and mechanism of injury.
It has been shown that a significant proportion of those with
human bite injuries may give alternative presenting histories
and only declare the true mechanism on direct questioning,
due to a fear of prejudice if the patient confesses to violence
being involved in sustaining the injury [28]. Possible causes
given by patients presenting with such injuries include falls
and work accidents, which would not immediately raise the
suspicion of a laceration penetrating through different layers
or being contaminated by atypical pathogens. Often no clear
history can be obtained due to the patient being under the
influence of alcohol or recreational drugs at the time of
injury. Therefore, the level of suspicion for a significant
injury must remain high until proven otherwise.
Patients with delayed presentation have been shown to
have a significantly higher incidence of positive bacterial
growth (100% versus 54% in non-delayed patients), and a
significantly higher likelihood of requiring surgical
intervention (86% versus 48% in non-delayed patients) [29].
Closed-fist injuries in particular have been found at
significantly increased likelihood of delayed presentation
[19], increasing the risk of unfavourable outcome in this
severe subtype of human bite injury. Clinical findings should
be meticulously documented; dog bite injuries in particular
are associated with litigation, both against animal owners
(under the Dangerous Dogs Act 1991, United Kingdom), and
clinicians for alleged mismanagement of the injury [9]. The
history should also include risk factors for overwhelming
infection and sepsis, such as being immunocompromised.
Diabetic patients in particular are more likely to warrant
admission and aggressive surgical treatment; studies have
suggested that diabetic patients with hand infections have a
48% risk of requiring amputation compared with a 5% risk
in non-diabetics [30].
Clinical examination should include thorough assessment
of the depth of the wound, infectious signs and damage to
associated structures such as tendons, nerves, blood vessels
and bony injury [31, 32], and to exclude compartment
syndrome [33]. Documentation may be augmented by the
use of clinical photography. Dorsal wounds suggestive of
clenched fist injury, associated with a history of altercation
should be considered human bite injuries until proven
otherwise. As previously mentioned, such wounds should be
examined in both open and clenched fist position to give
better demonstration of wound depth. Wounds overlying
joints are of high risk of joint penetration; one study showed
that 62% of all wounds overlying the metacarpo-phalangeal
or proximal inter-phalangeal joints were found to have
violated the underlying joint on surgical exploration [34]. A
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low threshold for formal surgical exploration is therefore
indicated in such injuries.

need for surgery include depth, size, location, evidence of
infection and damage to underlying structures,

Although evidence is unclear as to the risk of tetanus
inoculation from mammalian bite wounds, randomised
controlled trials to examine this would be considered
unethical. It is therefore current practice that all patients who
have no record of tetanus vaccination in the last 5 years
should receive vaccine at presentation with mammalian bite
injuries [35]. Patients bitten by dogs abroad should be
considered for rabies vaccine and immunoglobulin, with
further advice sought from relevant agencies such as the UK
Health Protection Agency [9].

A delay of over 24 hours before necessary surgical
debridement has been shown to be a risk factor for the
development of osteomyelitis [45]. Conversely, as expected,
with early and thorough washout and debridement regimens,
rates of infection can be reduced to 0.5% [9]. Formal
surgical exploration and debridement should therefore occur
in a timely fashion, ideally within 24 hours of initial injury.

Human bite injuries should undergo assessment for risk
of Hepatitis B and C transmission; inoculation has been
described in case reports [36]. Administration of hepatitis B
post-exposure prophylaxis is recommended by the UK
Health Protection Agency for at risk groups, alongside
testing for Hepatitis C, Hepatitis B and HIV at 6 weeks, 3
months and 6 months [37]. Risk of HIV transmission is
thought to be low, however, it is recommended that advice
from a specialist infectious disease team be sought regarding
post-exposure prophylaxis, should the assailant have a
known diagnosis of HIV or presence of an AIDS defining
illness [37].
Prophylactic antibiotics are recommended for all bite
injuries involving the hand – a Cochrane review of 8
randomised controlled trials found a statistically significant
reduction in the rate of infection with a number needed to
treat of just 4 [38]. Current NHS guidelines recommend
empirical co-amoxiclav for 7 days as the 1st choice antibiotic
prophylaxis in dog, cat and human bite injuries [39]. Bites
associated with marine environments require cover for
associated organisms – ciprofloxacin has been suggested as a
recommended agent for both fresh-water and salt-water
wounds [40]. Patients who are systemically unwell or with
deeper injuries are likely to warrant admission for
intravenous antibiotics [41]. A suggested antibiotic regimen
is 10-14 days in cellulitis, three weeks for tenosynovitis, four
weeks for septic arthritis and six weeks for osteomyelitis,
with conversion to oral antibiotics when the serum
C-reactive protein is below 50 mg/L [9].
SURGICAL MANAGEMENT
Debridement and Lavage
All mammalian bite wounds should undergo an initial
thorough washout and decontamination, including copious
irrigation with a minimum of 1 litre of saline [35]. A survey
of 45 plastic surgery units in the UK found that this was
performed in the emergency department in 91% of cases
[42]. It has been suggested that local anaesthetic should be
infiltrated into adjacent uninvolved skin to aid thorough
initial washout and debridement [43]. However, infected
tissue is associated with a lower pH, an environment which
leads to a reduced efficacy of local anaesthesic [44].
Therefore, the use of local anaesthetic infiltration may be of
limited value if there is a clinical suspicion of infection.
Wounds often require further formal exploration,
washout, and debridement in theatre. Factors affecting the

Wounds should be extended proximally and distally as
appropriate, to allow adequate examination of underlying
structures and assessment of any damage to structures and
evidence of infection. This is especially important with
puncture wounds and clenched fist injuries where there may
be deep inoculation of infection, and structural damage
disproportionate to the overlying skin breakage. A study
examining surgical findings in 191 patients taken to theatre
with clenched fist injury found joint capsule violation in
67.8%, tendon involvement in 20.3% and articular-bone
indentation in 16.5% [46]. In a review of 12 cases of
osteomyelitis of the hand after clenched fist injury, 11
patients were found to have a tooth mark in the bone or
cartilage at the site of inoculation [45]. Thorough exploration
including arthrotomy with thorough washout is therefore
recommended for clenched fist injuries and other bites
overlying joints to prevent septic arthritis and osteomyelitis.
Fractures
There is a paucity of evidence in the literature regarding
timing of repair of associated structural injuries. Fractures,
with or without associated dislocation, are the most common
associated structural injury [47]. There is a lack of clear
guidance specific to open fractures secondary to bite injuries,
however, the general principles of open fracture management
should be followed.
The Swanson, Szabo & Anderson classification is
specific to open fractures of the hand (distal to the carpus).
Fractures secondary to bites would be classified as type II
injuries, for which they advocate delayed closure. They
found that the type of fixation does not affect infection rate,
and the method of fixation should instead be influenced by
the fracture pattern and rehabilitation needs [48]. However, a
survey in the UK found that a large proportion of plastic
surgery units do not provide definitive fixation of fractures
during the initial washout (57%), and this rises to 87%
preferring delayed fixation if there is clinical suspicion of
infection at initial washout [42]. Clearly there is still a fear of
the metal implants becoming infected despite adequate
debridement.
In other parts of the body, such as open tibia fractures,
we know that adequate debridement and definitive fracture
fixation, with soft tissue flaps if necessary, is the
recommended treatment and is not associated with a high
rate of infection [49, 50]. Despite the hand being a highly
vascular area, there is little soft tissue coverage of the bones,
and therefore of any implants, and thus may still be prone to
infection [51]. In addition, there are very real concerns about
the amount of deep bacterial contamination. Despite
evidence that primary fixation may safely be performed at
the time of debridement, it is a decision that must be made
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by the clinician on a case-by-case basis, and there may be a
role for external fixators [52, 53].
Tendon, Nerve and Vascular Injuries
Tendon and peripheral nerve injuries, particularly
lacerations, are also found in such wounds. Peripheral nerve
injuries are seen in around 2% of complicated bite cases
[54]. Although there have not been any clear comparative
studies in the literature, delayed reconstructions of tendons
once clear of infection, staged if necessary, has been
recommended [10, 40]. However, Evgeniou and colleagues
found that 47% of plastic surgical units surveyed in the UK
preferred to repair tendons and nerves at initial washout in
theatre [42]. There is therefore a lack of clear consensus on
whether tendon reconstruction should be primary or staged.
Tendon retraction may occur due to the delay between
surgical debridement/lavage to treat the infection and
definitive tendon reconstruction, but this may be minimised
by preventing active or passive use of the hand, with formal
immobilisation if necessary. Patients may require repeated
washout and debridement in theatre alongside antibiotics
depending on the clinical response.
Mammalian bites, in particular, may also be associated
with vascular injuries; Akingba et al studied 371 patients
presenting with dog bites and found 5.4% had a significant
vascular injury requiring surgical intervention, with 85% of
these injuries occurring in the upper limb. Injuries were
repaired at initial debridement with primary anastomosis,
bypass, ligation or a combination of techniques. Although
there was a high rate of post-operative wound infection in
this patient group (20%), all limbs remained viable at 1-year
follow-up [55].
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treat such injuries leads to a high risk of deep infection,
structural damage and permanent loss of function, with the
possibility of sepsis in high-risk patients. This is both due to
the anatomical vulnerability of structures within the hand as
well as polymicrobial inoculation with aggressive and
atypical pathogens. Prophylactic antibiotics, a high index of
suspicion of deep structural involvement and early and
thorough washout and debridement are recommended to
prevent the development of such serious limb-threatening
sequelae.
There is a significant risk of persistent infection if bite
injuries are primarily closed, and there must be a high index
of suspicion for deep infection that would be better treated
with debridement and washout, followed by either allowing
the wound to heal or by delayed secondary closure. The
environment of injury must be considered, e.g. farmyard
environment, as these are associated with a high risk of
bacterial contamination, particularly with atypical bacteria.
There have been few studies performed examining the
optimal reconstruction methods and timing of reconstruction
in associated injuries such as fracture, tissue loss, tendon,
nerve and vascular lacerations. We recommend further
studies to evaluate methods of surgical management of such
injuries to provide optimal functional outcomes.
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