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ABSTRACT

Compartment syndrome can be defined as an increase in pressure in an anatomical compartment in the body resulting in muscle and 
nerve damage. Acute compartment syndrome mostly develops after crushing traumas and fractures to the extremities and is a condition 
that requires urgent intervention. Fasciotomy of the affected extremity segment in the early stage of the compartment syndrome is the 
gold standard in treatment of crush injury. Rehabilitation after fasciotomy is extremely important in regaining extremity functions. In this 
review, we discuss current approaches to compartment syndrome and rehabilitation principles following fasciotomy.
Keywords: Compartment syndrome, fasciotomy, rehabilitation.

Compartment is a closed area of muscles groups, 
nerves, and vessels surrounded by a fascia.[1] The 
f lexibility of the fascia is limited. Although it varies 
according to the region, the average intra-tissue pressure 
ranges between 5 and 15 mmHg.[2] Compartment 
syndrome (CS) is an increase in the tissue pressure 
within a myofascial compartment that exceeds the 
resting pressure of the capillary system.[3] Increased 
pressure impedes local muscle blood flow, thereby 
impairing neuromuscular function of tissues within 
the specific compartment.[4] It was first described by 
Richard von Volkmann, a German physician, in 1881 
as a permanent contracture of the forearm due to 
ischemia in the muscle compartments.[5] Although CS 
is rarely seen in the trunk, the extremities are much 
more affected. It can be acute or chronic. Chronic 
exertional CS is a rare diagnosis among athletes. The 
typical presentation is seen in running athletes who 
have recurrent anterior, posterior, or lateral leg pain 
with repetitive physical activity and alleviation of 
symptoms with rest.[6] On the other hand, acute CS is a 
medical emergency that should be treated promptly to 
prevent irreversible damage.[7]

ANATOMY
There are two compartments in the upper arm. 

The anterior compartment contains biceps, brachial 
muscle and ulnar, median and radial nerves. The 
posterior compartment has the triceps muscle. 
In the forearm, there is the dorsal compartment 
containing the wrist and finger extensors, and the 
volar compartment containing the f lexors of the hand 
and fingers. In the hand, there are 10 compartments: 
dorsal interossei (4 compartments), palmar interossei 
(3 compartments), adductor pollicis, thenar, and 
hypothenar.[8] The lower leg is comprised of four 
compartments: anterior, lateral, superficial posterior, 
and deep posterior.[9]

ETIOPATHOGENESIS
Any event, external or internal, that increases the 

pressure within a compartment can cause CS. It most 
often occurs following a fracture or a crush injury 
to the extremity.[10] Accumulation of blood and other 
tissue f luids after tissue injury creates a mass in the 
myofascial compartment. Due to the non-elastic nature 
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of muscle fascia, this accumulation of mass leads to an 
increased pressure within the compartment, which is 
transmitted to the thin-walled venous system, causing 
venous hypertension and further transudation of f luid. 
Increased pressure in the compartment causes collapse 
of vascular structures, impairing local perfusion and 
causing direct compression of muscles and nerves. This 
leads to transcellular pump failure and, ultimately, 
tissue ischemia.[10] The pressure increase can be acute 
or chronic. Common causes of CS are given in Table 1. 

CLINICAL PRESENTATION

 The initial complaint is often increasing pain 
and pressure disproportionate to the initiating 
event. The pain is accompanied by a feeling of 
pressure and stiffness and increases, when the 
compartment is stretched actively or passively. 
Paresthesia, hypoesthesia, and paralysis may develop 
over time. Although there are classic seven P's 
(i.e., pain, pressure, pain with passive stretch, pallor, 
pulselessness, paresthesia, and paralysis) in patients, 
some of these findings may occur late and lead to a 
delay in diagnosis. Ischemia may be at the capillary 
level and pulses are normal, but pallor may not be 
evident. The earliest sign may be burning pain and 
pain with passive stretching of the muscle. Pain 
and aggravation of pain by passive stretching of the 
muscles in the compartment are the most sensitive 
(and usually the only) clinical findings, before the 
onset of ischemic dysfunction in the nerves and 
muscles.[11] Paresthesia may be present at this time. 
The time to develop drop foot in the lower extremity 
may vary, and pain with passive hyperextension of 
the toes should be considered as an early finding. In 
chronic CS, patients complain of pain and cramps 
which increase with exercise, but these complaints 
usually decrease with rest.

DIAGNOSIS

The key to rapid diagnosis is to recognize clinical 
symptoms and clues in the patient’s medical history. 
Another important factor is to have a high index 
of suspicion in case of trauma. If the diagnosis is 
clinically evident, it is not necessary to measure 
the compartment pressures.[4] In cases where the 
diagnosis is uncertain or the patient is unconscious, 
the measurement of compartment pressure is the 
gold standard for surgical decision. Currently, a 
solid-state transducer intracompartmental catheter 
(Stryker STIC) is used to measure compartment 
pressure.[12] Although there is no consensus on the 
critical level of intracompartmental pressure, the 
general opinion is about 30 to 50 mmHg.[13] However, 
experimental studies have shown that there are 
differences between individuals in terms of exposure 
to ischemia and oxygen saturation that would result 
in tissue damage. Another proposed method is to use 
the delta pressure (ΔP) obtained by subtracting the 
measured compartment pressure from the patient’s 
diastolic pressure. A ΔP of less than 30 mmHg 
indicates critical CS.

Mühlbacher et al.,[14] in their cadaveric study, 
suggested that the intracompartmental pressure could 
be estimated with ultrasound using the tibiofascial 
angle in the anterior compartment; however, the 
findings are too preliminary to be used in clinical 
practice currently.

Similarly, although it has been suggested by some 
researchers that magnetic resonance imaging may aid 
in diagnosis, it is currently of secondary importance 
and can be used in confusing cases and for estimating 
surgical margins.[15] Laser Doppler f lowmetry and 
scintigraphy have only been evaluated in chronic CS 
to date.

TABLE 1
Common causes of compartment syndrome

Increased compartment contents Decreased compartment volume

Trauma Fractures (tibia & forearm most common)
Crush Injury

Tight casts
Lying on limb

Vascular Hemorrhage (vascular puncture in patients, 
postoperative bleeding etc.)

Muscle overuse (increased capillary 
filtration & pressure)

Excessive exercise
Seizures
Tetany

Burns Thermal & electrical burns-can increase compartment contents and decrease compartment 
volume (circumferential eschars)
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TREATMENT

Immediately all circumferential dressings must 
be removed, normal blood pressure should be 
achieved to manage any cause of hypotension. The 
extremity should not be elevated, but kept at heart 
level, to maintain perfusion in the compartment. 
Supplementary oxygen, to improve the tissue 
oxygenation, is helpful.[4] Tissue pressure at rest over 
30 mmHg or ΔP is below 30 mmHg requires urgent 
surgical intervention (fasciotomy). The changes that 
occur in the muscles within 3 to 4 h are reversible. 
While various damages occur in 6 h, they become 
irreversible after 8 h. Compression on the nerves 
for more than 2 h leads to loss of nerve conduction, 
4 h to neuropraxia, and after 8 h irreversible changes 
occur. If the fasciotomy is performed within the 
first 6 h, complete recovery is most likely. Prognosis 
worsens over time. Permanent motor impairment, 
contracture, crush syndrome (acute renal failure with 
myoglobinuria, shock, and cardiac complications), 
and even death may occur.

Fasciotomy of the affected extremity segment 
in the early stage of the CS is the gold standard in 
treatment of crush injury.[16] It must, however, be 
kept in mind that the correct indication and timing 
of fasciotomy can be only decided on the basis of a 
thorough examination of the patient and the affected 
body parts and consultation with a surgical team 
experienced in traumatology.

Surgery

Fasciotomy, by definition, is the surgical incision 
of the skin and the underlying deep fascia of an 
extremity. There are several important aspects of this 
relatively simple intervention.

First of all, the fasciotomy incision must 
extend to the full length of the affected segment 
in a longitudinal fashion. To illustrate, effective 
decompression of the forearm can be only achieved 
by starting slightly above the cubital area and ending 
in the palmar area distal to the carpal tunnel. Such 
an extended exposure allows thorough exploration 
of not only the crushed muscles, but also the major 
arteries and nerves, which may not infrequently be 
injured in this type of trauma. Immediate repair 
of the thrombosed arteries is crucial to prevent 
persistent ischemia and recurrence of the CS.[17-19] 
Special attention must be directed to the anatomical 
constriction points in the course of major nerves, 
which may easily become compressed in the crush 
process. Complete opening of the carpal tunnel is a 

good example of preemptive decompression of such 
nerves; the median nerve in that case.[19]

All severely injured muscle parts must be 
detected carefully and debrided during the 
fasciotomy, otherwise, ischemic muscle segments 
would continue to secrete myoglobin, potassium, 
and other toxic compounds, maintaining the 
vicious cycle of ischemia-CS. Indeed, it is now 
well understood that previous negative reports in 
the literature on early fasciotomy in CS can be 
attributed to less effective debridement of the non-
viable muscle tissue rather than the decompression 
itself.[20] Surgical re-exploration of the wound and 
additional debridement should be always considered 
in the cases where expected recovery of the patient 
or the extremity in question is not observed.

Fasciotomy wound management

In most cases, it is neither possible nor advisable 
to perform primary closure of the fasciotomy incision 
due to the persisting edema in the extremity. The open 
wound created by fasciotomy can easily be managed 
with strict sterility and wound care protocol in the 
ward. The vacuum-assisted closure (VAC) systems 
can be employed in the prolonged open wounds.[21] 
Most fasciotomy wounds eventually become smaller 
in several weeks and a skin graft applied over the 
healthy granulation tissue of the wound finalizes the 
repair phase.

REHABILITATION AFTER FASCIOTOMY 

Rehabilitation steps after fasciotomy include 
PRICE, (P [Protection], R [Resting], I [Ice] 
C [Compression] E [Elevation]) restoration of range 
of motion (ROM) of the joint, mobilization of soft 
tissues, neurodynamic mobilization, stretching, and 
strengthening.[22]

PRICE is required in the proliferation phase. It 
takes about three to 20 days. During this period, the 
tensile strength may decrease to 15% of the normal 
tissue, and it is essential to protect it.[23] Fasciotomy 
can lead to severe edema and hematoma and, 
therefore, elevation is very important. Elevation and 
compression can reduce f luid volume in the affected 
extremity, reducing the amount of granulation tissue 
formed in the injured compartment.[24] Reducing tissue 
swelling with elevation also reduces postoperative 
pain. Cold applications also help to reduce edema and 
relieve pain.[25] However, it should be kept in mind 
that the extremity may have sensory impairment and 
ice burns should be avoided.
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Range of motion and soft tissue mobility

In the proliferation phase, a large amount of 
collagen, edema, and intense stress to the healing tissue 
cause more inf lammation and collagen deposition, 
resulting in dense scar tissue, which adversely affects 
functional results. Wound contraction usually begins 
on Day 5 and peaks around Week 2. The maturation 
phase begins after approximately Day 9 and is the 
longest phase. Factors such as the orientation of 
the collagen fibers in the maturation phase and 
the synthesis/lysis balance of collagen may play a 
role in determining the structure of the final scar 
tissue.[26] Collagen in scar tissue is less organized 
than in uninjured tissue. Internal and external stress 
determines the development of final scar tissue. 
Joint movement, muscle tension, fascial gliding, and 
mobilization have a positive effect. Postoperative 
active and passive ROM is important to develop a 
well-organized scar tissue. Prolonged immobilization 
may cause limitation of motion in the adjacent joints, 
as well as the joints in the affected area. Therefore, 
active and passive ROM of adjacent joints should be 
started as early as possible.

Sensory re-education

 There may be short- or long-term hypersensitization 
due to stretching of the injured tissue. Desensitization 
approaches can reduce fear and anxiety of touching 
the scar. It starts with soft and light fabrications and, 
then, continues with stiffer, thicker materials. Care 
should be taken not to damage the injured skin.

Stretching

It is performed to obtain an antifibrotic effect 
and to prevent muscle shortening after surgery. The 
intensity, frequency, timing, and duration of stretching 
are critical to obtain anti-fibrotic effects. Scar tissue 
responds best to long-term low-intensity loads.[23]

Neurodynamic mobilizations

Inf lammation and scar formation can cause 
decreased nerve movement within the tissue. 
Neurodynamic intervention may be beneficial after 
surgical decompression.

Strengthening

Weakness in the muscles in the affected area after 
fasciotomy is an expected situation. The main goal of 
the strengthening programs is to return the muscles to 
their former condition. As the intramuscular pressure 
at rest is elevated following eccentric muscular activity 
compared to concentric muscular activity, eccentric 

muscle strengthening should be initially avoided 
postoperatively.

The program, which includes the basic rehabilitation 
approaches mentioned above, can be carried out 
according to the following phases:[22]

Phase I: 2 to 3 weeks following surgery: Protection 
and mobility

Phase II: 3 to 4 weeks postoperatively: Light 
strengthening

Phase III: 4 to 6 weeks following surgery: 
Progression of strengthening

Phase IV: 8 to 12 weeks following surgery: 
Activities of daily living/return to sports

Below is the rehabilitation guideline after 
fasciotomy of lower extremity developed by the 
University of Wisconsin-Madison Health Sports 
Rehabilitation and the UW Health Sports Medicine 
Physician group for lower extremity.[27]

Phase I: Goals in this period are to protect the 
postoperative compartment, minimizing postoperative 
swelling, maintain/restore knee, ankle ROM, ability to 
raise the involved leg painlessly in all directions while 
standing, controlling the leg in the open and closed 
kinetic chain during walking, pain-free walking with 
full weight and equal stride length without assistive 
devices.

Precautions: Avoiding activities that increase 
swelling (e.g., sitting for long periods of time, tight 
clothing proximal to the surgical area, hot pack or 
bath), friction to the new scar tissue (e.g., crossing legs, 
tight clothing, scar massage, or friction), and activities 
such as running and jumping. It is recommended 
not to bear weight (using crutches suggested) while 
walking for the first two weeks, and pain score should 
be less than 2 according to the Visual Analog Scale 
(VAS) (0-10) while walking with partial weight.

Exercise: Quadriceps sets for isometric 
strengthening and active ankle and knee ROM 
exercises are initiated with 10 reps in each direction 
1 to 2 times a day, and the number of repetitions is 
increased as tolerated. At post-operative Week 3, open 
kinetic chain strengthening exercises with TheraBand 
(1-2 level of resistance) may be started 10 reps in 
each direction, 1 to 2 sets daily. Hip strengthening 
exercises (f lexion/abduction/extension) are started in 
supine position, lying on side, continued in prone 
1 set of 10 reps in each direction 1 to 2 times daily 
and increased as tolerated. Muscle pumping exercises 
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are started at the ankle joint, while lower extremity 
is elevated to assist with venous return and swelling. 
Cardiovascular (CV) exercise using arm ergometer 
(begin with 5 to 10 min, 1 to 2 times daily, and 
progress) is also recommended.

Phase II: Goals in this period are as follows: the 
circumference difference between the two extremities 
is less than 1 cm, good healing of the incision site, 
minimal muscle atrophy and f lexibility deficit, ability 
to stand on one leg for 30 to 60 sec on an unstable 
surface, full f lexibility in the gastrocnemius muscle, 
maintaining strength and CV endurance in unaffected 
muscles, starting active and light resistance exercises 
on the operated extremity, painless and adequate 
lower extremity control during squats, and device-
free and non-antalgic equal stride gait.

Precautions: Similar to Phase I, avoidance of 
excessive pressure and friction on the new scar tissue, 
prolonged standing, and eccentric loading during 
activities.

Exercises: Scar massage/mobility and 
desensitization (3 to 5 min 12 times daily), gentle 
stretching (30 to 60 sec 2 to 3 times daily) and 
nerve mobilization in the affected compartment, 
and lower extremity straight leg raise in supine 
position (peroneal nerve is stretched with ankle 
plantar f lexion and inversion). Open kinetic chain 
and strengthening exercises are continued. Number 
of sets/repetitions and resistance increase according 
to tolerance. Balance and proprioception exercises 
are started. First bilaterally, then unilaterally on 
hard ground-soft ground, and then on balance 
board (eyes open-closed 30 to 60 sec; 2 to 3 reps, 
1 to 2 times/day). The CV endurance exercises are 
continued. If the wound has healed, stationary 
bike or treadmill walking may begin (starting with 
low resistance 5 to 10 min daily) and progressively 
increased by tolerance.

Phase III: Goals in this period are to prevent 
recurrence of postoperative symptoms during 
activities, ability to complete 15 to 30 min of 
uninterrupted aerobic activity without symptoms, 
full and painless ankle muscle strength with 
manual muscle testing in the affected compartment, 
appropriate lower extremity control and alignment, 
and painless single leg functional movements 
including squats and lunges. 

Precautions: No stretching until the wound is fully 
healed, no running until postoperative Week 6 to 8, 
and avoiding painful strenuous activities.

Exercise: Continue lower extremity stretching 
and nerve mobilization. Closed chain functional 
strengthening including lunges, step-backs and single 
leg squats. Plyometric exercises begin at Week 6.

Phase IV: Goals are to return to work/sports 
without pain, instability or swelling, adequate dynamic 
neuromuscular control and alignment with eccentric 
and concentric multi-plane activities.

Precautions: Avoiding pain with any exertional 
activity and post-activity swelling.

Exercise: For specific sports activities in addition 
to exercises in previous phases.

The main phases of the above rehabilitation 
program recommended for the lower extremity 
also apply to the upper extremity.[28] In the early 
postoperative period, it is of utmost importance 
to keep the hand in the functional position, as 
well as in elevation. The collateral ligaments of the 
metacarpophalangeal (MCP) joints are elongated 
when the joint is f lexed. The MCP joints should 
be positioned in at least 60 degrees of f lexion. The 
collateral ligaments of proximal interphalangeal (PIP) 
and distal interphalangeal (DIP) joints are elongated 
in extension and should be held in this position.[28]

Volkmann’s ischemic contracture (VIC) is 
an important complication that can develop after 
upper extremity CS.[29] Fibrotic proliferation after 
muscle injury causes cicatricial shortening, extensive 
fasciocutaneous and musculotendinous adhesions, and 
ultimately a dysfunctional contracture. According 
to the severity of the impact, it can be classified as 
follows:[30]

Mild Volkmann’s ischemic contracture: Limited 
area and segment is affected. There is partial f lexor 
digitorum profundus (FDP) damage and minimal 
sensory disturbance.

Moderate Volkmann’s ischemic contracture 
(classic type): Involvement is near-total in FDP and 
f lexor pollicis longus (FPL) and partial in f lexor 
digitorum superficialis (FDS) and other superficial 
muscles. There is a marked disturbance of sensation 
and typical clawing of the fingers.

Severe Volkmann’s ischemic contracture: All 
f lexors and even extensors are damaged. There is 
sensory and motor loss that may be irreversible and a 
high probability of amputation.

Treatment of Volkmann’s ischemic contracture: In 
cases with mild contracture, muscle stretching exercises 
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and splinting the affected fingers may be sufficient; 
however, a surgical intervention (i.e., debridement, 
tendon lengthening, muscle sliding) is not infrequently 
necessary to obtain functional recovery.

For moderate contracture, surgery is the only 
modality to correct the contracture by removing 
muscles, tendons, and decompressing nerves that are 
thickened, scarred, or dead. Intact muscles are advanced 
distally and/or shortened tendons are lengthened to 
obtain free musculotendinous excursion. In severe 
contractures, following extensive debridement of the 
non-viable muscle tissue there is usually not enough 
muscle tissue left and either free muscle transfer or 
amputation of the affected part is necessary. 

In conclusion, ACS is a condition that requires 
careful follow-up and emergency surgical intervention 
in most cases. There is a standard postoperative 
rehabilitation program in the literature. However, the 
protocol described in the current study can be applied 
after fasciotomy in ACS. There is also a lack of data in 
the literature on postoperative rehabilitation outcomes. 
Further studies on this subject may contribute to the 
development of better programs in the future.
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