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Chapter 10
Foot Compartment Syndrome Controversy

Julian G. Lugo-Pico, Amiethab Aiyer, Jonathan Kaplan, 
and Anish R. Kadakia

�Background

•	 Foot compartment syndrome is a rare but debilitating condition.
•	 Clinical presentation and evaluation can differ with classically reported signs 

and symptoms of compartment syndrome in other areas.
•	 Controversy exists in the amount of existing myofascial compartments of the 

foot.
•	 Multiple surgical approaches have been described for myofascial decompression.
•	 Controversy exists regarding acute versus delayed management of foot compart-

ment syndrome.
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�Foot Compartmental Anatomy

Early anatomic reports described four myofascial compartments of the foot: 
medial, lateral, central, and interosseous. Although surgical applications were 
previously based on these four compartments, recent research suggests the pres-
ence of nine myofascial compartments in the foot – medial, superficial, lateral, 
adductor, calcaneal [1, 2]  – and four interosseous compartments [3]. Some 
authors describe a tenth compartment, the dorsal compartment, bounded by the 
skin which contains the extensor digitorum brevis and the extensor hallucis bre-
vis [4, 5].

Table 10.1 shows compartments and associated muscles of the foot.

�Etiology of Foot Compartment Syndrome

Foot compartment syndrome (FCS) is relatively uncommon, accounting for less 
than 5% of limb compartment syndrome cases [6]. It is caused by increased 
pressure secondary to hemorrhage or edema within an anatomic compartment. 
Ischemia results when this intra-compartmental pressure exceeds the capillary 
perfusion pressure [6]. It may be seen in the setting of high-energy injuries 
including crush mechanisms with and without osseous injury, Chopart and 
Lisfranc fractures dislocations, mid- and forefoot trauma, and calcaneal frac-
tures [3, 7]. The most common cause of FCS is fracture of the calcaneus, 
accounting for 4.7–17% of cases [8–10]. This is likely in part related to the 
existing communication between the calcaneal compartment and the deep poste-
rior compartment of the lower leg. Similarly, FCS can also be seen in tibia frac-
ture and ankle fracture dislocations [11, 12]. Other causes of FCS include 
surgical procedures, occlusive dressings, frost bite, ischemia/reperfusion syn-
drome associated with vascular injuries, and exertional compartment syndrome 
[3, 5, 7, 13–15].

Table 10.1  Compartments and associated muscles of the foot

Compartment Muscular structures Location

Medial Abductor hallucis, flexor hallucis brevis Plantar medial to the first 
metatarsal

Superficial 
(superficial central)

Flexor digitorum longus
Flexor digitorum brevis

Lateral Abductor digiti minimi
Flexor digiti minimi brevis

Inferolateral surface of 
the fifth metatarsal

Adductor Oblique head of the adductor hallucis Plantar forefoot
Interossei (four 
compartments)

Each compartment includes the dorsal and 
plantar interosseous muscle of its location

Between each of the 
metatarsals

Calcaneal (deep 
central)

Quadratus plantae
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�Clinical Evaluation

FCS is a clinical diagnosis, based on signs and symptoms of muscle ischemia. Classic 
clinical findings associated with compartment syndrome include pain out of proportion, 
paresthesia, pallor, pulselessness, and paralysis; however, these tend to be less reliable 
for evaluation of FCS than previously thought [6, 16]. Many types of injuries in the foot 
produce considerable pain; thus, pain out of proportion is not a reliable clinical finding 
in FCS. Pain with gentle, passive dorsiflexion of the toes has been described for diag-
nosing FCS; however, its utility remains questionable since this mainly tests the long 
flexor muscles which reside within the leg as opposed to within the foot compartments. 
Paresthesias can also be unreliable for diagnosing FCS because of the difficulty in 
determining whether the sensory deficits occurred secondary to nerve ischemia or to the 
initial injury. Palpable pulses (dorsalis pedis/posterior tibial) are usually present in FCS 
since the common sites for palpating foot pulses are extracompartmental; therefore, it is 
thought that vascular examinations are not sensitive enough to rule out the diagnosis of 
a compartment syndrome [3]. Several studies describe tense swelling as the most con-
sistent physical examination finding in FCS [16, 17]. We have noted that tense swelling 
associated with severe pain not responsive to appropriate narcotic analgesia is a useful, 
though imperfect criteria in determining the presence of foot compartment syndrome.

While a through history and physical examination is the most important aspect to 
the diagnosis of FCS, it is not always clear if FCS is present. In this setting, the most 
objective means of diagnosing FCS is through compartment pressure monitoring [17–
20]. This is particularly useful for diagnosing compartment syndrome in obtunded 
patients, patients with severe head or spinal cord injuries, or those who present with 
peripheral nerve injuries [3, 18]. Several techniques for compartment pressures mea-
surement have been described, but a commercial pressure monitor is likely the most 
reproducible, accurate, and easiest to use and is available in most hospitals [1, 2]. Due 
to the inconsistency regarding the anatomical compartments of the foot, there is no 
consensus regarding which or how many compartments’ pressures should be mea-
sured. Currently, no evidence exists to provide a recommendation on how many com-
partment pressures should be measured in the diagnosis of FCS. The general consensus 
seems to be that the calcaneal compartment consistently demonstrates the highest 
pressures. Therefore, if pressure monitoring is utilized in the diagnosis of acute com-
partment syndrome of the foot, the calcaneal compartment should be checked [7]. 
Indications for treatment should be based on history/mechanism of injury, clinical 
findings, serial examinations over time, and a differential pressure reading between 
diastolic blood pressure and intra-compartmental pressure of less than 30 mm Hg [3].

�Treatment Options

Initial management of suspected compartment syndrome includes the removal of all 
restrictive dressings, prevention of systemic hypotension, and serial examinations [18, 
21]. Maligned osseous injuries of the forefoot/midfoot injuries should be reduced imme-
diately. While reduction of calcaneal injuries may not be feasible, hindfoot dislocations 
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should be reduced immediately if this is the suspected etiology of FCS. Additionally, the 
foot should be elevated to facilitate venous drainage, but not higher than the level of the 
heart to avoid compromising arterial blood flow [13, 18]. It has been described that a 
third of patients may develop FCS after more than 24 hours from the time of injury. 
Hence, in high-risk patients, serial examinations should be performed looking for signs 
of increased pain or until symptoms resolve [18, 21]. Once the diagnosis of foot com-
partment syndrome has been established, several authors recommend fasciotomies of 
the foot compartments [3, 11, 14, 18, 20, 22, 23]. Conversely, others do not consider the 
diagnosis of FCS to be an emergency and recommend against surgical management 
with the expectation of managing the sequelae of nonsurgical treatment [24].

�Surgical Compartment Release

Multiple fasciotomy techniques have been described for the surgical management of 
FCS. The goal is to prevent ischemic contracture deformity of the foot and minimize 
development of neuropathic pain. The potential benefits of this procedure diminish the 
further out the decompression is completed from the time of diagnosis [6, 7]. Surgical 
techniques include the medial approach of Henry, combined medial and lateral inci-
sions, two dorsal incisions, or a combination of these based on the underlying injury [3, 
7, 18, 21, 25, 26]. A long plantar medial utilitarian incision has also been described [27, 
28]. Currently, the three-incision approach is most commonly used, and it is based on 
the nine-compartment model of the foot. A medial incision is made 4 cm anterior to the 
posterior aspect of the heel and 3 cm superior to the plantar surface of the foot and is 
extended 6 cm distally. Through this medial approach, the media, superficial central, 
deep central, and lateral compartments are released. Two dorsal incisions are made to 
release the interosseous and adductor compartments. One incision just medial to the 
second metatarsal and one just lateral to the fourth metatarsal, this ensures an adequate 
skin bridge [6, 13, 28]. Overall, there are multiple fasciotomy techniques that exist for 
treating foot compartment syndrome, but no clear consensus on which technique pro-
vides the best patient outcome [3]. Additionally, the underlying nature of the injury as 
well as the potential for surgical intervention to treat the injury should be considered 
when planning incisions for compartment release, as specific placement of certain inci-
sions is critical for definitive surgical treatment of these conditions.

�Potential Complications and Sequelae

�Surgical

Many authors recommend fasciotomy as treatment of choice for acute compartment 
syndrome of the foot; however, this is not without morbidity. After the fasciotomy 
has been performed, many recommend maintaining skin incisions open and per-
forming secondary debridement, with or without the use of negative pressure wound 

J. G. Lugo-Pico et al.



101

dressing. This can be utilized until the swelling subsides enough for delayed primary 
closure or application of a split-thickness skin graft [3, 17, 18, 20, 22]. Even with 
this technique, the rate of superficial infection has been reported to be as high as 
20%. Skin sloughing, necessitating split-thickness skin grafting, has also been 
described [20, 22]. In one study, near two-thirds of patients who underwent decom-
pressive fasciotomy complained of pain, discomfort, and stiffness with ambulation 
at a 1-year follow-up, and 17% of patients developed postoperative paresthesias 
[17]. In addition, residual claw toe, injury to the medial plantar nerve, and severe 
scarring have also been reported [3]. Results have been variable with regard to qual-
ity of life after fasciotomy for FCS. In a prior retrospective study, only four of 26 
patients who underwent foot fasciotomies were able to return to work [17]. However, 
most recent data reports that 78% of patients who underwent fasciotomies for FCS 
were able to return to work [29]. While these studies do provide outcome informa-
tion after fasciotomies of the foot, the impact of the underlying bony injury on the 
overall patient outcome compared with the impact of the fasciotomy is unclear [3].

�Nonsurgical

The goal of nonsurgical management is to achieve a functional, plantigrade, and pain-
less foot. Potential sequelae include development of ischemic contractures, neuropa-
thy, deformity, and chronic pain [11, 30, 31]. Ischemic contractures of the lesser toes 
can arise secondary to soft-tissue damage within the foot compartments and have 
been reported to occur within 13 months after the time of injury [11, 17, 28]. The type 
of toe deformity depends on the involved muscles, and the most commonly associated 
with contractures in the foot are hammertoe and claw toe deformity [3, 11, 18, 20, 
28]. Hammertoes occur as a result of an imbalance between the extrinsic and intrinsic 
muscles of the foot. Due to FCS, the intrinsic toe flexors are weakened, thereby 
resulting in overpull of the flexor digitorum longus muscle. This leads to a flexion 
contracture of the proximal interphalangeal (PIP) joint with the distal interphalangeal 
joint in neutral or extension [28, 32]. Claw toe deformity also results from extrinsic 
muscle overpull against relatively weak intrinsic toe musculature (short flexors, inter-
ossei, and lumbrical muscles) [7]. This leads to extension of the metatarsophalangeal 
(MP) joint with flexion in the proximal and interphalangeal (PIP and DIP) joints. The 
key component in differentiating claw toes from hammer toes is hyperextension of 
the MP joint [32]. Neurologic deficit and chronic pain may result from injury to the 
posterior tibial nerve as it crosses near the calcaneal compartment [3, 11].

�Controversies

Failure or delay to diagnose acute compartment syndrome may lead to irreparable 
soft-tissue damage and poor long-term function [3, 7, 22, 33]. Controversy exists 
regarding acute versus delayed management of FCS. Limited data exists regarding 
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long-term outcomes of patients who develop an acute FCS. Many authors advocate 
toward emergent fasciotomy in attempts to improve blood flow by decreasing intra-
compartmental pressures and prevent nerve-based pain; however, this belief is not 
universally shared due to the inherent risks of these procedures. Techniques for 
compartment release are inconsistent in the literature, likely arising from the debate 
regarding the number of foot compartments that exist and the compartments that are 
clinically relevant for decompression. To this date, there are no prospective, ran-
domized trials comparing alternative approaches in the treatment of foot compart-
ment syndrome. Further research on the outcomes of acute fasciotomy versus 
delayed management is needed. Patients must be counseled on the reported out-
comes and potential complications of both surgical compartment release and non-
surgical management, thus allowing the patient to make an informed decision 
regarding treatment.
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Take-Home Message
•	 Failure or delay to diagnose acute compartment syndrome may lead to 

irreparable soft-tissue damage and poor long-term function.
•	 Limited data exists regarding long-term outcomes of patients who develop 

an acute FCS.
•	 Near two-thirds of patients who underwent decompressive fasciotomy 

complained of pain, discomfort, and stiffness with ambulation at 1-year 
follow-up.

•	 Potential sequelae of nonsurgical management include development of 
ischemic contractures, neuropathy, deformity, and chronic pain.

•	 Patients must be counseled on the reported outcomes and potential compli-
cations of both surgical compartment release and nonsurgical manage-
ment, thus allowing the patient to make an informed decision regarding 
treatment.

•	 If considering surgical FCS release, surgical approach should take into 
consideration definitive treatment of the underlying injury.
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Open Access   This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter's Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.
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