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Abstract Compartment syndrome of the lower leg or
foot, a severe complication with a low incidence, is mostly
caused by high-energy deceleration trauma. The diagnosis
is based on clinical examination and intracompartmental
pressure measurement. The most sensitive clinical symp-
tom of compartment syndrome is severe pain. Clinical
findings must be documented carefully. A fasciotomy
should be performed when the difference between com-
partment pressure and diastolic blood pressure is less than
30 mm Hg or when clinical symptoms are obvious. Once
the diagnosis is made, immediate fasciotomy of all com-
partments is required. Fasciotomy of the lower leg can be
performed either by one lateral incision or by medial and
lateral incisions. The compartment syndrome of the foot
requires thorough examination of all compartments with
special focus on the calcaneal compartment. Depending on
the injury, clinical examination, and compartment pressure,
fasciotomy is recommended via a dorsal and/or medial
plantar approach. Surgical management does not eliminate
the risk of developing nerve and muscle dysfunction. When
left untreated, poor outcomes with contractures, toe
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deformities, paralysis, and sensory neuropathy can be
expected. In severe cases, amputation may be necessary.
Level of Evidence: Level III. See Guidelines for Authors
for a complete description of levels of evidence.

Introduction

Acute compartment syndrome is a complication following
fractures, soft tissue trauma, and reperfusion injury after
acute arterial obstruction [9, 10, 38, 49, 57]. It is caused by
bleeding or edema in a closed, nonelastic muscle com-
partment surrounded by fascia and bone [47]. The long-
term consequences of a compartment syndrome were
already described by Richard von Volkmann at the end of
the 19th century following application of casts [93]. A few
years later, the connection to elevated intracompartmental
pressure was made [37].

The incidence of compartment syndrome of the foot is
around 6% in patients with foot injuries due to motorcycle
accidents [39], while the incidence of compartment syn-
drome of the lower leg seems even lower (eg, 1.2% after
closed tibial diaphyseal fractures [17]). Ischemia causes
capillary wall damage and a vicious cycle of events results
in permanent nerve and muscle dysfunction [21, 52, 55].
While the existence and treatment of lower leg compart-
ment syndrome was described in 1958 [43], until recently
compartment syndrome of the foot was largely unrecog-
nized and only described in some case reports [7, 50, 87].
In 1988, Myerson described the clinical entity and pre-
sented surgical decompression as a therapeutic intervention
[68]. Trauma surgeons dealing with musculoskeletal inju-
ries must be familiar with treatment of acute compartment
syndrome [72].
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The aim of this review is to describe (1) the anatomy of
the compartments of the lower leg and foot, (2) the path-
ophysiology, and (3) the diagnosis of compartment
syndromes of the lower leg and foot. In contrast to previ-
ously published reviews [27, 66, 67], we additionally focus
on treatment and outcome of compartment syndromes of
the foot and lower leg.

Search Strategy and Criteria

We performed a comprehensive literature search using
PubMed at the National Library of Medicine using the
keywords “compartment syndrome” combined with
“lower leg” or “foot.” This search identified 156 and 194
publications for potential inclusion, respectively. With the
additional limits of English or German language and
studies on humans, we identified 130 and 157 papers,
respectively.

When the search terms “compartment syndrome” and
“lower leg” were combined with “outcome” only 24 items
and three reviews were identified. Five publications were
identified as case reports, and only one study evaluated
long-term results [25]. When the search terms “compart-
ment syndrome” and “foot” were combined with
“outcome” only 26 publications were identified, while
eight were identified as case reports. Two reviews of foot
injuries describing compartment syndrome as a relevant
entity following trauma were identified. None of the pub-
lications evaluated long-term results.

Abstracts of all papers were independently reviewed by
two authors (MF and FH). All studies dealing with inju-
ries and disorders causing compartment syndrome of the
lower leg or foot as well as case reports and case series
were included. We also evaluated cited references to
identify papers not identified in the original search. We
identified no prospective randomized controlled trials. We
did not evaluate study quality in those studies related to
treatment.

Table 1. Compartments of the lower leg

Anatomy

The lower leg consists of four compartments: anterior,
lateral, superficial posterior, and deep posterior (Table 1).
In contrast, there is no consensus regarding the number of
foot anatomical compartments. In the late 1920s, three
compartments were described [32], which were confirmed
by Kamel and Sakla in 1961 [42]. However, Myerson later
identified four compartments [68] and nine compartments
were identified in one cadaver study [46] (Table 2). Only
three compartments (medial, lateral, superficial) run the
entire length of the foot. Five compartments (four inter-
ossei and adductor) are confined to the forefoot. A
calcaneal compartment was described by Manoli and
Weber in patients developing progressive claw-toe defor-
mities following calcaneal fractures [46]. In a cadaver
study exploring the clinical relevance of the barrier
between the superficial (flexor digitorum brevis) and the
calcaneal compartment (quadratus plantae), the authors
demonstrated the barrier became incompetent at a pressure
gradient of less than 10 mm Hg; thus, they presumed that
barrier would not impair tissue perfusion and allow an
independent compartment syndrome [33]. In a recent
cadaver study, the authors could not identify distinct
myofascial compartments in the forefoot and conclude that
a fasciotomy of the hindfoot compartments through a
modified medial incision would be sufficient to decompress
the foot [44]. Nonetheless, cadaver studies cannot simulate
the physiological conditions, and therefore conclusions
from these studies should be cautiously interpreted.

Pathophysiology

Acute compartment syndrome is either caused by bleeding
and edema in a closed, relatively nonelastic muscle com-
partment surrounded by fascia and bone [47] or by a
diminution of the intracompartmental space. The most
common cause for a compartment syndrome is bleeding,

Structure Compartments
Anterior Lateral Superficial Posterior Deep Posterior
Muscles Tibialis anterior muscle Peroneus longus Gastrocnemius Tibialis posterior
Extensor hallucis longus Peroneus brevis Soleus Flexor hallucis longus
Extensor digitorum longus Plantaris Flexor digitorum longus
Vessels Anterior tibial artery Peroneal artery
Anterior tibial veins Peroneal vein
Posterior tibial artery
Posterior tibial vein
Nerves Deep peroneal nerve Common peroneal nerve Tibial nerve
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Table 2. Compartments of the foot

Compartments Muscles Vessels Nerves
Medial Flexor hallucis brevis
Abductor hallucis
Lateral Abductor digiti quinti
Flexor digiti minimi
Superficial Flexor digitorum brevis Medial plantar nerve (?)

Lumbricals
Flexor digitorum longus tendons

Interosseus (x 4) Interossei
Adductor Adductor
Calcaneal Quadratus plantae

Posterior tibial artery Posterior tibial nerve
Posterior tibial vein
Lateral plantar artery Lateral plantar nerve
Lateral plantar vein

Medial plantar nerve (?)

which can develop after vascular injuries or from cancel-
lous bone following fractures or osteotomies. Another
cause is edema developing after an increased capillary
permeability which also may be due to an oxygen depri-
vation caused by bleeding. The edema increases the
perfusion barrier resulting in hypoxia and acidosis. Fol-
lowing a vicious circle, hypoxia and acidosis again increase
capillary permeability and fluid extravasation. Further-
more, the nonelastic osteofascial planes limit volume
expansion of the edema and therefore increase the intra-
compartmental pressure. This leads to a reduced transmural
pressure gradient between microcirculation and interstit-
ium, which induces ischemia within the affected
compartment [47].

Perfusion within a compartment is only present when
the diastolic blood pressure exceeds the intracompartmen-
tal pressure [8]. During vasoconstriction or hypertension,
perfusion ceases at even lower pressures [47]. Although it
is unclear at which pressure tissue damage occurs, clinical
studies suggest a difference between diastolic and intra-
compartmental pressure of less than 30 mm Hg as an
indication for fasciotomy. In tibial diaphyseal fractures,
this threshold detected all patients with compartment syn-
drome [53]. Although there are various theories of how
compartment syndrome develops, the exact mechanism is
unclear. One theory suggests arterial spasm after increased
intracompartmental pressure [64]. The most accepted
explanation is the theory of local venous hypertension
when the intraluminal venous pressure exceeds the inter-
stitial pressure within the compartment allowing a
continuous venous flow [47]. Increasing interstitial pres-
sure leads to an increased intraluminal venous pressure
preventing vascular collapse. This leads to a decreased
gradient between arterioles and veins, which in turn
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decreases capillary blood flow within the affected com-
partment. Only 3 hours of experimental ischemia induces
an increased capillary permeability and postischemic
swelling [26].

While early studies stated irreversible nerve and muscle
damage begin after 5 to 6 hours of ischemia [14], more
recent clinical studies revealed that muscle necrosis occurs
within the first 3 hours [91]. This is earlier than suggested
in experimental, tourniquet-induced ischemia studies in
which adenosine triphosphate levels were normalized
15 minutes after a 3-hour tourniquet application [36].
However, it seems unclear to which extent results from
animal studies can be transferred in the clinical situation.
Muscle tissue reacts to ischemia with scar formation
resulting in the formation of myotendinous adhesions and
contractures [78]. Muscle contracture results in stiffness
and deformity distal to the affected compartment. Addi-
tionally, muscle necrosis causes myoglobinemia, which
may induce renal dysfunction [73].

Accident-independent risk factors for the development
of a compartment syndrome are a medical history of anti-
coagulants and bleeding disorders [72]. Accident-related
risk factors include high-velocity or high-energy trauma
[5], burn injuries, snake bites, intravenous drug infiltration
[96], younger age, obtunded patients [72], and systemic
hypotension [81]. In our personal experience (unpub-
lished), 28 of 33 compartment syndromes of the foot were
caused by high-energy deceleration trauma. Fifteen cases
resulted from falls greater than 2 m, and 13 were caused by
motor vehicle accidents. The mean age of patients was
38.4 years.

Compartment syndrome of the lower leg is not only
described following trauma, arterial obstruction, lithotomy
position [35, 60], and fracture table positioning [2], but also
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the clinical entity of a chronic exertional compartment
syndrome [84] is described. It is an overuse condition
mostly in young athletic patients and causes exercise-
related pain. The etiology remains unclear. The most
affected compartment is the anterior compartment of the
lower leg [6], but there are also case reports and case series
describing a chronic exertional compartment syndrome of
the foot [41, 45, 59, 63, 83]. Although the chronic exer-
tional compartment syndrome is not an acute injury,
surgical release is the treatment of choice [89]. In contrast
to trauma-associated compartment syndrome, minimally
invasive approaches were used at the lower leg with
excellent results [18, 61].

Diagnosis

In 1948, Griffiths described four main symptoms of a
manifest compartment syndrome: pain, paresthesia, pare-
sis, and pain with stretch (the “four Ps” of an acronym)
[31]. More recently, pulse examination and pink skin color
were added [11].

Although this review focuses on the acute compartment
syndrome of the lower leg and foot, every extremity as well
as the abdominal cavity can be affected from a compart-
ment syndrome. Besides the lower leg and foot, the thigh
and the forearm especially can be affected by a compart-
ment syndrome [23, 57]. Although we could not find
information regarding incidence, high-energy trauma
seems to be a risk factor: In a study of industrial roller
injuries, three of 11 patients developed a compartment
syndrome [3]. The abdominal cavity can be affected as
well. It is defined as an intraabdominal pressure of greater
than 20 mm Hg and failure of one or more organs [79].
Relief of the compartment by a decompression laparotomy
is the treatment of choice [79].

Patients with certain injuries are at risk to develop a
compartment syndrome. Chopart and Lisfranc joint dislo-
cations are frequently associated with a foot compartment
syndrome. In a study with more than 100 patients, the
incidence of foot compartment syndrome in this injury was
described in 25% (Chopart dislocations) and 34% (Lisfranc
dislocations) of patients [76]. In isolated midfoot fractures,
compartment syndrome is rarely observed [24]. Recurrent
compartment syndrome of the foot is also a rare entity but
is described in the literature [4]. Only a few patients with
bilateral compartment syndrome of the foot are reported,
but the surgeon must be alert especially in entrapment
injuries of the lower extremity [56, 85].

Approximately 2% of diaphyseal tibial fractures are
complicated by a compartment syndrome [13, 51]. Intra-
medullary nailing is associated with an increase in

compartment pressure but not with an increased incidence
of a compartment syndrome [51]. Reamed intramedullary
nailing lowers the pressure in the deep posterior compart-
ment [70]. On the other hand, external fixation was
associated with an increased incidence of compartment
syndrome compared to intramedullary nailing [54].

Although diagnostic devices are commercially available
a complete and careful examination of patients suspected
for compartment syndrome is necessary. However, the
most important step in diagnosing a compartment syn-
drome is the surgeon’s awareness of this complication and
appropriate clinical examination.

The typical clinical presentation of compartment syn-
drome of the lower leg and foot is not different from other
affected body regions. In a systematic review, pain was
identified as the earliest and most sensitive clinical sign of
a manifest compartment syndrome [90]. In a retrospective
study, foot pain was present in all patients with a manifest
compartment syndrome of the foot [66, 69] but it is not
specific when other injuries are present. In contrast to
injuries without compartment syndromes, immobilization
and casts do not reduce the pain. In one study, exacer-
bation of pain due to passive motion was present in 86%
of patients with compartment syndrome of the foot [66].
Pain with passive stretch had comparable sensitivity,
specificity, and predictive values [90]. Severe and spon-
taneous pain is the earliest and most frequent sign of
compartment syndrome. The indiscriminate use of anal-
gesics in patients with severe pain can potentially mask
the key symptom. Additionally, intoxicated patients suffer
from less pain resulting in the underdiagnosis of com-
partment syndrome.

Sensory deficits are also common in patients with
compartment syndrome [90]. Decreased two-point dis-
crimination seems more reliable than decreased pinprick
sensation [66]. Frequent examination is needed in the acute
phase, if a compartment syndrome is suspected. Although
evidence-based recommendations cannot be made, serial
examinations at least every hour are essential, since muscle
necrosis occurs within 3 hours [91].

Muscle strength is not a good parameter since it is dif-
ficult to judge in a patient with injuries and is dependent on
pain that may be due to those injuries. Examination of
pulses is unreliable in the diagnosis of compartment syn-
drome since intracompartmental pressure does not reach
systolic blood pressure.

Invasive measurement is a quick and safe procedure to
diagnose a compartment syndrome. This method was first
described in 1975 [94]. Gerngross et al. later developed a
system for measurement of the intracompartmental pressure
using the principle of piezo-resistance [28, 88]. Recently,
devices for continuous pressure monitoring have become
commercially available [1, 34]. However, in a cohort study
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with more than 200 patients with tibial diaphyseal fractures,
the use of continuous compartment pressure monitoring did
not reveal any differences in outcome and time delay from
injury to fasciotomy as compared to clinically examined
patients [1]. Another study demonstrated that complication
rates and late sequelae were similar in alert patients with or
without continuous compartment pressure monitoring [34].
Because at least nine foot compartments have been identi-
fied, continuous pressure monitoring is not feasible for
patients at risk for developing compartment syndrome
of the foot. Only one compartment can be monitored
continuously per measuring device. Therefore, serial
examinations of the clinical status are necessary to prevent a
delay between the established compartment syndrome and
surgical release. The highest compartment pressure values
are often found after 12 to 36 hours [72]. In uncertain cases,
intracompartmental pressure monitoring should be per-
formed in all compartments requiring multiple sticks. Some
authors suggest the calcaneal compartment is susceptible to
increased pressure [46, 67, 69]. Therefore, special attention
should be paid to the calcaneal compartment pressure. The
normal pressure values in the foot were investigated by
Dayton et al. and revealed values between 4.7 and 6 mm Hg
depending on the technique used [15]. This confirms results
from the lower leg and other body regions [71, 82], sug-
gesting a comparable physiology.

As previously mentioned, intracompartmental pressure
should be correlated with the diastolic blood pressure. The
threshold at which a compartment should be decompressed
is still debatable. While some authors still favor an absolute
value of 30 mm Hg [95], others define 30 mm Hg below
the mean arterial pressure or 20 mm Hg below the diastolic
blood pressure as a threshold for fasciotomy [72]. Today,
the indication for fasciotomy should either rely on clinical
findings (neurologic deficits) or on a differential pressure
between compartment pressure and diastolic pressure of
less than 30 mm Hg [53]. Although most of these recom-
mendations are derived from studies investigating other
body regions, there is no reason to presume a different
pathophysiological background in foot compartment syn-
dromes. We emphasize that a decreased diastolic blood
pressure because of regional anesthesia may have impli-
cations for diagnosing compartment syndrome by pressure
monitoring systems [58].

Documentation of clinical findings is important in
patients with compartment syndrome since serial examin-
ations are necessary and the findings over time must be
compared. Recently, inadequate documentation was iden-
tified as the most common cause for paid claims in
orthopaedic malpractice cases [11]. In another study of
patients with suspected compartment syndrome, the
authors reported inadequate documentation in 70% of the
patients [11].
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In summary, the history of substantial trauma and the
presence of severe injuries should raise clinical suspicion
for the diagnosis of compartment syndrome. Open injuries
do not implicitly release the compartments since all nine
compartments are rarely affected. Invasive pressure mea-
surement should be considered for a swollen, contused foot
with a history of a crush injury. Adequate documentation is
necessary to compare the results during the clinical course.

Treatment

Although the management of compartment syndrome
consists of immediate surgical treatment, dressings and
casts must be completely opened in patients with severe
postoperative pain to release extracorporal pressure. In
cases with impending compartment syndrome, the
extremity should not be elevated since this reduces the
already impaired blood flow. A diagnosed compartment
syndrome needs immediate fasciotomy as an emergency
surgical procedure to release pressure from the affected
compartment. The earlier a manifest compartment is
released the less likely that long-term sequelae will
develop: In patients with tibial fractures, McQueen et al.
demonstrated that the time between apparent onset of
compartment syndrome and surgical release influenced the
outcome rather than the time between trauma and fracture
stabilization [51, 52]. Generally, the existing literature is
lacking guidelines on what the optimal management of
tibial fractures is in the presence of compartment
syndrome.

Multiple approaches have been used to decompress the
foot compartments [27]. Incisions of the fasciotomy should
be planned according to the affected compartments.

Lower Leg

Once a compartment syndrome of the lower leg is diag-
nosed, many authors recommend all four compartments
(anterior, lateral, deep posterior, and superficial posterior)
be decompressed throughout the entire length including the
retinacula [19]. Decompression can be performed either by
a single lateral incision or by combined anterolateral and
posteromedial incisions [12]. In tibial fractures, a single
incision is recommended to sustain stability of the fracture
[17]. Double incision can reduce soft tissue support for the
fracture [17]. The parafibular incision must extend the
entire length of the lower leg [77]. Incomplete decom-
pression of the affected compartment results in
suboptimum outcomes [48]. The intermuscular septum
between the lateral and superficial posterior compartment
can be identified and should be split longitudinally. Care
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Fig. 1 Anatomical section view of the lower leg. The lateral
approach uses one longitudinal incision as preferred in our trauma
center. L = lateral compartment; A = anterior compartment; DP =
deep  posterior  compartment;  SP = superficial  posterior
compartment.

must be taken not to injure the common and superficial
peroneal nerves. The skin is dissected anteriorly and the
anterior compartment can be opened. After retracting the
peroneal muscles anteriorly, the fascia of the deep posterior
compartment becomes visible and must be split along the
entire length (Fig. 1).

Foot
Plantar Approach

In the case of an isolated compartment syndrome of the
calcaneal compartment with compression of medial and
lateral plantar nerves and vessels, a single plantar incision
can be considered. However, since lateral compartments
are difficult to decompress, we do not generally recom-
mend this approach. The approach starts with an incision
following the plantar aspect of the first metatarsal. The
medial compartment becomes visible and is split longitu-
dinally. The abductor hallucis should be retracted to reach
the other compartments. All wounds are left open to obtain
secondary healing, skin graft, or vacuum-assisted closure.

Dorsal Approach

On the assumption that the interosseus compartments are
the most affected compartments, Mubarak and Owen

Fig. 2 Anatomical section view of the forefoot. The dorsal approach
uses one or two longitudinal incisions. It facilitates access to the
interosseus and adductor compartments. MT = metatarsal; M =
medial compartment; A = adductor compartment; S = superficial
compartment; L = lateral compartment.

recommended a dorsal dermatofasciotomy [62]. This is the
incision we most frequently use. The approach can be
modified to two dorsal incisions over the second and fourth
metatarsals [68]. This approach allows direct access to all
compartments, and provides exposure for open reduction
and internal fixation of Chopart or Lisfranc fracture dis-
locations and tarsometatarsal fractures. However, calcaneal
fractures cannot be reached via this approach and require
other techniques. After the recognition of the calcaneal
compartment, surgeons realized that the dorsal approach
does not allow its decompression of this compartment [46].
If two dorsal incisions are used, we recommend performing
the medial incision medial to the second metatarsal and the
lateral incision lateral to the fourth metatarsal. To minimize
the risk of skin bridge necrosis, these two incisions are
made through the subcutaneous tissue to preserve perfu-
sion. Additionally, superficial veins and nerves should be
preserved. The dorsal fascia of each interosseous com-
partment is opened longitudinally. In the first interosseous
compartment, the muscle is stripped from the medial fascia
and retracted medially. The white fascia of the adductor
compartment becomes visible and is carefully split. All
wounds are left open to obtain secondary healing, skin
graft, or vacuum-assisted closure (Fig. 2).

Medial Plantar Approach The necessity for calcaneal
compartment decompression required a medial plantar
approach in combination to the dorsal approach to
decompress all foot compartments [7, 65]. The medial
incision begins at the origin of the abductor hallucis
(approximately 3 cm above the plantar surface and 4 cm
from the posterior aspect of the heel) and is extended
parallel to the plantar surface for 6 cm [46]. Following the
incision, the fascia of the abductor hallucis muscle is vis-
ible and should be split in line with the dermal incision.
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Fig. 3 Anatomical section view of the forefoot. Compartments
accessible through the medial plantar approach. MT = metatarsal;
M = medial compartment; A = adductor compartment; S = super-
ficial compartment; L = lateral compartment.

After release of the medial compartment, the abductor
hallucis muscle is detached from the fascia and retracted
superiorly. The visible white fascia is the barrier to the
calcaneal compartment and should be split longitudinally.
Although splitting of the muscle is described in the liter-
ature [30], other authors favor a blunt dissection since it is
more tissue preserving [75]. After reflecting the medial
compartment superiorly, the superficial compartment is
identified lateral to the medial compartment. A longitudinal
incision of the fascia releases this compartment. The flexor
digitorum brevis is retracted inferiorly and the medial
fascia of the lateral compartment can be identified. This
compartment is decompressed when the abductor digiti
quinti and flexor digiti minimi are visible and can be
identified. All wounds are left open to obtain secondary
healing, skin graft, or vacuum-assisted closure (Figs. 3, 4).

In a recent cadaver study, the authors found only three
compartments extending from the hindfoot to the midfoot.
The authors suggest that fasciotomy of the hindfoot would
be a sufficient treatment for compartment syndrome of the
foot [44]. However, we recommend that the dermatofas-
ciotomy should be performed including the forefoot to
verify the release of the forefoot compartments.

Lateral Approach

In 1982, Echtermeyer et al. described a lateral approach
[20]. The incision begins at the lateral malleolus and is
extended to the forefoot between the fourth and fifth met-
atarsals. Since the firm skin, especially of younger patients,
may compress the leg and thereby diminish the therapeutic
effect of fasciotomy, a primary wound closure is not rec-
ommended although studies are not available so far [25].
Temporary wound closure may either be carried out using a
vacuum dressing system or artificial skin. A definitive
closure is possible after the swelling has subsided. In
patients with persistent swelling, a mesh graft must be
used.
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Fig. 4 Anatomical section view of the hindfoot. The plantar medial
approach allows access to the calcaneal compartment. It uses one or
two longitudinal incisions. M = medial compartment; C = calcaneal
compartment; S = superficial compartment; L = lateral
compartment.

Untreated compartment syndrome with ischemia of the
lower leg or foot may lead to muscle contractures resulting
in deformity and functional impairment [78]. Additionally,
nerve damage may cause weakness or paralysis of the
affected muscles and a dysfunctional painful extremity.
While nonoperative treatment aims at preserving joint
mobility, salvaging of late sequelae of compartment syn-
drome may require nerve decompression and surgical
correction of deformities (soft tissue releases, tendon
transfers, realignment osteotomies, joint fusions) [78].

Outcome

Although the etiology, pathophysiology, and treatment of
compartment syndrome are well-described, little is known
about the long-term outcomes. Since compartment syn-
drome of the lower leg and foot has a low incidence (1.2%
after closed tibia fractures, 6% after open tibia fracture)
[17], studies with a high number of patients are not
available. A long observation period with various surgeons
and different surgical techniques does not allow direct
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comparison of published outcomes. To the best of our
knowledge, only one study investigated quality of life after
compartment syndrome of the lower leg using the EQ-5D
[29]. Two studies investigated patients with compartment
syndrome of the lower leg but did not use validated out-
come measures such as the SF-36 questionnaire [25, 35].

Injuries below the knee reportedly determine the out-
come in patients suffering severe trauma [97]. Hence,
along with other injuries of the lower limb, compartment
syndrome plays a key role in the rehabilitation of affected
patients. Although surgical decompression is an emergency
procedure with an absolute indication to prevent further
damage and long-term impairment, several severe long-
term sequelae of fasciotomies have been reported. Besides
cosmetic issues, altered sensation and dry, scaly skin with
pruritus were frequent clinical findings [22].

Lower Leg

In a study of 30 cases, patients with a compartment syn-
drome of the lower leg reported more problems on the
dimensions of EQ-5D than the control group at least
12 months after treatment, although the overall self-rated
health was not statistically different [29]. Additionally, the
authors reported that patients with faster closure times of
the wound had better self-rated health status than patients
with longer wound closure times [29].

In one followup study of outcomes of 26 patients with
traumatic compartment syndrome of the lower leg, 15.4%
complained about pain at rest and 26.9% reported pain with
exertion 1 to 7 years after trauma [25]. In this population,
more than 50% of patients had reduced range of motion
and a reduced sensation, while in another study only 15%
were seen in patients with compartment syndrome due to
various causes [35]. Infections due to fasciotomy are
described in up to 38% of patients [40]. In patients in
whom a skin graft was performed for wound closure that
study demonstrated fewer infections. Additionally, patients
with a trauma-induced compartment syndrome and skin
grafts reported less frequent pain and discomfort [29, 40].
Patients with traumatic compartment syndrome have
reduced isokinetic strength and work [25]. In one report the
presence of associated injuries did not seem to influence
the long-term result following traumatic compartment
syndrome of the lower leg regarding motor or sensory
dysfunction and loss of muscle strength [25]. To the best of
our knowledge, there is no information available regarding
the resumption of work.

After surgical decompression of chronic exertional
compartment syndrome of the lower leg de Fijter et al.
reported unlimited exercise in 96% after a mean followup
of more than 5 years [16]. In a case series of 11 athletes

with chronic exertional compartment syndrome of the
lower leg, all patients reached the preinjury level of sports
activity at a 2-year followup [61]. In contrast, in another
study only 87% reported reduced symptoms after surgical
release of chronic exertional compartment syndrome of the
lower leg [92]. An early study of 28 patients reported better
results in patients in which the anterior compartment is
affected as compared to the deep posterior compartment
[80].

Foot

Most reports about the outcome following foot compart-
ment syndromes are case reports. In a series of 14 patients,
Myerson [69] described four patients returning to work and
resuming preoperative exercise activities. While six
patients had occasional symptoms with daily activities or
mild discomfort with normal shoe wear, three patients
developed contractures with claw toes. In no patient was an
amputation necessary [69]. We found 15 of 33 patients had
a compartment syndrome associated with other severe
injuries (unpublished data). The mean ISS was 19.1, and
the mean NISS was 22.7 points. Eight of 33 patients had
impaired range of motion of the toes or ankle, while three
patients had a free flap resulting in decreased motor func-
tion. Paresthesia and numbness of the scars or distal to the
affected compartments were common long-term sequelae
in eight patients.

Discussion

Compartment syndromes of the lower leg or foot are severe
complications and require immediate treatment. Unrecog-
nized compartment syndrome causes irreversible damage
to the affected region. Aim of this review was not only to
evaluate the anatomy, pathogenesis, and diagnosis, but also
the outcome of compartment syndrome of the lower leg
and foot.

Our search suggests the literature is quite limited. First,
using PubMed we identified no prospective randomized
trials comparing alternate approaches. Second, we could
only identify one study using validated outcome measures
following compartment syndrome of the lower leg [29].
Thus, further studies are necessary to describe long-term
outcome in which data of validated outcome measures
should be performed. Third, since few studies deal with
anatomical structures [33, 46, 68], the number of foot
compartments stated in the literature is still debatable and
ranges from three to 10 compartments [33, 42, 74]. Fourth,
the literature on foot compartment syndrome are limited to
small case series with a maximum of 14 patients [69].
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Additionally, one report described foot compartment syn-
drome in seven children [86]. Studies regarding outcome
after trauma-induced compartment syndrome of the lower
leg did not include more than 40 patients [25, 29]. The
small incidence [17, 39, 53] required a long observation
period up to 6 years [35] with different surgeons and dif-
ferent surgical techniques. Thus, direct comparison of
published outcomes is nearly impossible.

While the pathophysiology of the compartment syn-
drome is well-described [8, 26, 47, 64], it remains unclear
when irreversible damage occurs. A study from 1991
suggested an ischemic time of 5 to 6 hours [14], while
more recent investigations reported muscle necrosis after
less than 3 hours in an animal model [91]. Thus, infor-
mation provided in the literature is inconsistent and further
studies are necessary to clear this controversy.

Although the clinical signs are well-described [90], the
most important step in diagnosing a compartment syn-
drome is the clinician’s awareness. In patients at risk for a
compartment syndrome, repeated examinations are
required to allow for this dynamic process. The clinician
must be aware that pain as clinical sign of compartment
syndrome may be masked in patients with reduced vigi-
lance or previously treated with analgesics. Although the
literature lacks recommendations regarding the intervals in
which serial examinations should be performed we rec-
ommend serial examinations in patients at risk at least
every hour since irreversible damage was described after
less than 3 hours [91]. In patients with uncertain signs,
invasive measurement of intracompartmental pressure is
available [28].

However, there are different recommendations as to
which differential pressure should be used as a clear indi-
cation for a fasciotomy [53, 72, 95]. In this regard, the
surgeon should be aware of differences in diastolic blood
pressure due to anesthetics during intraoperative measure-
ment as compared to awake patients [58].

The treatment of a compartment syndrome consists of
dermatofasciotomy. The literature describes splitting of the
fascia of the lower leg via one lateral approach or com-
bined anterolateral and posteromedial incisions. We could
not identify a study comparing both methods and hence the
literature lacks recommendations how a compartment
syndrome of the lower leg should be relieved. Recom-
mendations for surgical treatment of foot compartment
syndrome are even more controversial. Although multiple
approaches are described [7, 19, 62, 65, 68] the literature
lacks studies comparing different approaches for surgical
treatment of foot compartment syndrome as well.

In conclusion, compartment syndrome of the lower leg
and foot is a rare but serious complication of which a
surgeon should be aware. Although an immediate fasciot-
omy is the undisputed treatment for patients with

@ Springer

compartment syndrome, the literature lacks guidelines for
patients at risk. The fasciotomy of the lower leg can be
performed via one or two incisions. The approaches for
dermatofasciotomy of the foot should be planned on the
basis of associated injuries.
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