
Copyright 1980 by The Journal of Bone and Joint Surgery, Incorporated

Diagnosis and Management of Compartmental Syndromes
BY FREDERICK A. MATSEN III, M.D.’~, ROBERT A. WINQUIST, M.D.t, AND

RICHARD B. KRUGMIRE, JR., M.D.~ +, SEATTLE, WASHINGTON

From the Departments of Orthopaedics and Surgery, School of Medicine, University of Washington, Seattle

ABSTRACT: Patients at risk for compartmental syn-
dromes challenge both the diagnostic and the thera-
peutic abilities of the physician. Suboptimum results
may be due to delays in diagnosis and treatment, to in-
complete surgical decompression, and to difficulties in
the management of the limb after decompression.
Although careful clinical assessment permits the diag-
nosis of a compartmental syndrome in most patients,
we have found measurement of tissue pressure and di-
rect nerve stimulation to be helpful for resolving am-
biguous or equivocal cases. In our experience, the
four-compartment parafibular approach to the leg and
the ulnar approach to the volar compartments of the
forearm provide efficient and complete decompression
of potentially involved compartments. The skeletal
stabilization of fractures associated with compartmen-
tal syndromes may facilitate management of the limb
after surgical decompression.

The goals of the physician who is caring for a patient
with a compartmental syndrome are early diagnosis,
prompt decompression, and an uncomplicated recovery.
These goals may not be realized because of problems in
recognition and management of affected compartments.
The symptoms and signs of a compartmental syndrome
may be sufficiently ambiguous that a definite diagnosis
cannot be made on clinical grounds alone i0,16,,_,3. The dif-
ferential :diagnosis of a compartmental syndrome may be
problematic as well 7,10,11,16.

Although surgical decompression is the definitive
treatment of a compartment syndrome, confusion concern-
ing the indications for such decompression may delay this
procedure until it is no longer beneficial and possibly de-
leterious2°. The advent of techniques for measurement of
tissue pressure has provided an objective means of evaluat-
ing the status of a compartmentr-’,~6’’:~, although it is im-
practical to measure the pressures in all compartments at
risk. Furthermore, the significance of a given pressure-
measurement value remains open to question~,8,1~,~’. Even
if the need for surgical decompression is determined
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promptly, an inadequate release of potentially limiting
fascial and cutaneous envelopes will obviate a good re-
sult3’9. Finally, a fractured limb that has required surgical
decompression often presents the combined problems of
bone instability and a large incision that cannot be closed
primarily.

This article presents a" practical approach to the pa-
tient at risk for a compartmental syndrome which is de-
signed to help the physician to avoid potential pitfalls in
management of the condition. The approach evolved from
a five-year experience gained at the University of Wash-
ington affiliated hospitals and through consultation with
other physicians.

Diagnosis
Clinical Symptoms and Signs

Many compartmental syndromes can be diagnosed
from clinical symptoms and signs alone. These include:
(1) pain out of proportion to the clinical situation; (2)
weakness and pain on passive stretch of the muscles of the
compartment; (3) hypoesthesia in the distribution of the
nerves running through the compartment; and (4) tense-
ness of the fascial boundaries of the compartment7,1°,t6.

We examine patients who are at risk for comp-ffrtmen-
tal syndromes at frequent intervals, and the results of each
examination are carefully documented. Any limb showing
signs of a compartmental syndrome is freed from circum-
ferential dressings and is placed at the level of the heart to
assure that local blood pressure is not compromised by
elevation of the extremity8,~3. If these signs do not resolve
promptly, surgical decompression usually is indicated.

Adjunctive Diagnostic Techniques

The physician may encounter situations in which
diagnosis of a compartmental syndrome cannot be made or
ruled out with certainty from clinical findings alone
The clinical findings may be equivocal and the patient may
have head, spinal cord, or peripheral nerve injuries; be un-
cooperative; or have communication difficulties. In these
situations, we have found the adjunctive diagnostic tech-
niques of tissue-pressure measurement and direct nerve
stimulation to be useful.

Tissue-Pressure Measurement

Although several techniques for measuring tissue
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pressure are availablelZ,18,’-’:~, we prefer the infusion tech-
niquev’, which permits continuous monitoring of tissue
pressure for periods of as long as three days. In this
method, saline solution is continuously infused into the
muscle of the compartment through a small catheter at a
rate of 0.7 milliliter per day, while the pressure necessary
for this infusion is monitored continuously*. Since its
original description and evaluation in rabbit and human
model systems v-,, this technique has been improved and
simplified: the fluid path has been shortened and made less
compliant (Fig. 1). Recent side-by-side comparison

FIG. 1

The infusion technique for the continuous monitoring of tissue pres-
sure. Necessary equipment includes a standard blood-pressure transducer
(T) (such as model 4-327 from Bell and Howell, Pasadena, California),
and calibrated monitor (M) (such as Pressure Module model 78205C
from Hewlett-Packard Medical Products Group, Waltham, Massachu-
setts), and a syringe-type infusion pump (I) (such as the Sage no. 17306,
model 341, from Orion Research, Cambridge, Massachusetts). Materials
include a three-milliliter syringe (S), a three-way stopcock (K), a sterile
transducer dome (D), arterial pressure tubing (P), and a small 18-gauge
to 22-gauge intravenous catheter (C) (for example, Intraeath, model
3166, Deseret Pharmaceutical Company, Sandy, Utah). An ordinary
22-gauge needle may be used instead of the catheter.

This system is filled with sterile saline solutions, excluding all air bub-
bles. The infusion pump is set to deliver approximately 0.7 milliliter per
day and then is turned on. The monitor is zeroed while the catheter is
held at the level of the tissue to be measured. The catheter is inserted
through a needle to a depth of two centimeters in the most tense part of
the intraeompartmental musculature. The needle is withdrawn, leaving
the catheter in place. After a few minutes for equilibration, the intracom-
partmental pressure may be read directly from the monitor. As long as
the infusion remains continuous, the monitor will read the value of the
intraeompartmental pressure directly.

studies in human limbs have revealed that the infusion
technique yields values that are virtually identical to those
obtained from wick catheters whose patency was assured
by occasional flushing ~1.

* Theoretically it could be argued that even this very slow infusion
of saline could be hazardous to the patient. For example, the data of
Hargens et al. 5 indicated that the acute infusion of two milliliters of
plasma into the canine anterolateral compartment (volume of forty mil-
liliters) raises the intracompartmental pressure from thirty to forty-five
millimeters of mercury. A pressure increment caused by infusion of
saline is unlikely to be a problem clinically, however, because of the
more rapid absorption of saline than of plasma and the fact that three
days of pressure monitoring would be necessary to infuse a volume of
two milliliters. Furthermore, most compartments in humans are well
over ten times as large as the canine anterolateral compartment. The data
obtained by Whitesides et al. e’-’ from a limb amputated for sarcoma of the
femur indicated that over the range of intracompartmental pressures from
ten to fifty millimeters of mercury, the infusion of one milliliter of saline
into the anterior tibial compartment produces an increment in intracom-
partmental pressure of one millimeter of mercury. Thus, assuming the
worst possible case, in which saline absorption is zero (a totally ischemic
compartment), a three-day infusion would give rise to an increment in
tissue pressure of only two millimeters of mercury.
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Correlation between maximum intracompartmental pressure (infusion
technique) and the presence or absence of a compartmental syndrome in
thirty-one compartments (thirty patients) at risk for this condition. The
abscissa indicates maximum intracompartmental pressure and the ordi-
nate shows the number of compartments having the indicated intracom-
partmental pressure.

We investigated the clinical significance of different
intracompartmental pressures using the infusion technique
to prospectively evaluate thirty-one compartments (thirty
patients) at risk for compartmental syndromes. The pa-
tients were carefully observed for clinical evidence of a
compartmental syndrome and we correlated the clinical
observations with the results of tissue-pressure monitor-
ing, particularly with the maximum intracompartmental
pressure. Twenty-five anterior tibial compartments, three
deep posterior tibial compartments, two volar compart-
ments 0~ the forearm, and one quadriceps compartment of
the thigh were monitored. The duration of pressure
monitoring ranged from less than fifteen minutes to sev-
enty hours, depending on the clinical situation. Even-for
the longer periods of monitoring, the infusion system con-
tinued to maintain patency of the catheter. In no case did
the system require flushing or discontinuance because of
obstruction of the catheter. All patients in this series who
had maximum intracompartmental pressures of forty-five
millimeters of mercury or less did not require fasciotomy
and demonstrated no residua of a compartmental syndrome
at follow-up (Fig. 2). All patients having maximum in-
tracompartmental pressures of more than fifty-five mil-
limeters of mercury displayed significant losses of
neuromuscular function attributable to a compartmental
syndrome.

Perhaps the most significant observation in this series
of patients was that individuals varied in their tolerance for
increased tissue pressure. Thus, there was a range of in-
tracompartmental pressures in which some patients dem-
onstrated neuromuscular deficits while others did not. This
variability in pressure tolerance was evident in our investi-
gation of model compartmental syndromes in rabbits "~ and
humans~:~. We have also demonstrated that the pressure
tolerance of a limb may be affected by its position relative
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to the heart8. Thus, the concept of a critical pressure above
which surgical decompression should be performed5,I~ is
of limited value. If a low value is selected as a critical
pressure, all patients with significant compartmental syn-
dromes would certainly be included. Yet it is likely that
surgery would be performed in a number of patients who
would have no significant functional losses without such
intervention. For example, thirteen patients in our series
had tissue pressures in excess of thirty millimeters of mer-
cury, yet because of their benign clinical examinations
they did not undergo surgical decompression. None of
these patients demonstrated residua of a compartmental
syndrome at follow-up. If a high value is selected as a crit-
ical pressure, unnecessary surgery would be unlikely, but
some patients who would benefit from fasciotomy would
not receive it. For these reasons we have not used the con-
cept of a critical pressure in determining the need for sur-
gical decompression.

Currently measurement of tissue pressure is used for:
(1) the evaluation of a compartment in which the diagnosis
of compartmental syndrome cannot be made or ruled out
with certainty, and (2) the prospective evaluation of 
compartment at high risk, as in a patient with a severely
swollen limb but with no neural deficits. Because it is im-
practical to monitor tissue pressure in all parts of all com-
partments at risk, the catheter is placed in the part of the
limb that clinically appears most tense. Monitoring is con-
tinued until the question of a compartmental syndrome is
resolved. The data from pressure measurement are inte-
grated with all other available data on the patient in deter-
mining the need for surgical decompression.

Sheridan et al. "~, Rorabeck and Clarke, and more re-
cently Hargens et al. 4 have demonstrated that the duration
of pressure elevation is fully as important in the production
of neuromuscular deficits as is the magnitude of pressure
elevation. Pressures that are benign for a few hours may be
detrimental if allowed to persist for longer periods. Thus,
continudus monitoring of tissue pressure provides clini-
cally useful information as to the trend of intracom-
partmental pressure.

Direct Nerve Stimulation

If a patient is unable to voluntarily contract the mus-
cles of a compartment after an injury to an extremity, the
physician must differentiate between a compartmental
syndrome and a primary nerve injury proximal to the com-
partment. In this situation, an objective method for differ-
entiating the two diagnoses can be clinically useful. We
have found a small, battery-powered nerve stimulator
(NS-2A peripheral nerve stimulator, Professional Instru-
ments Company, Houston, Texas) to be of value in evalu-
ating the integrity of the myoneural junction in patients
who are unable to contract the intracompartmental muscles
voluntarily. The motor nerve supplying the muscles of the
compartment is stimulated just proximal to the compart-
ment, using either surface or needle electrodes. We have
found that the stimulus is best tolerated by the patient if

delivered via two 3.8-centimeter (one and one-half-inch)
25-gauge hypodermic needles sterilely placed one cen-
timeter apart near the nerve in question. Because the
myoneural junction is the part of the motor unit that is
most sensitive to ischemia ~,~, a muscle that is paralyzed, by
a compartmental syndrome would be expected not to have
a response to stimulation of its motor nerve. However,
when paralysis is due to an acute nerve injury proximal to
the compartment, stimulation of the motor nerve as it en-
ters the compartment would be expected to produce a nor-
mal muscle response. Obviously, when the patient can
voluntarily contract the muscles within the compartment in
question, nerve stimulation is not necessary. However, in
patients with more proximal injuries to the nerves, spinal
cord, or head, the physician’s ability to diagnose com-
partmental syndromes on clinical grounds alone is greatly
hindered. It is in these cases that direct nerve stimulation
proves most useful. Nerve stimulation is not a useful
technique for prospective monitoring of patients at risk for
this condition, however, because of the importance of
diagnosing compartmental syndromes before paralysis en-
sues.

Diagnostic Problems: Illustrative Case Reports

The following five cases demonstrate the usefulness
of continuous monitoring of tissue pressure and direct
nerve stimulation in resolving ambiguous clinical as-
sessments in patients who are at risk for a compartmental
syndrome.

CASE 1. A twenty-five-year-old male pedestrian was hit by an au-
tomobile and sustained a fracture of the third cervical vertebra and a se-
verely comminuted fracture of the proximal end of the right tibia. On
admission, he had hypoesthesia in the distribution of the deep peroneal
nerve and could not actively extend the toes. Active flexion of the toes
was strong, and the sensation in the tibial-nerve distribution__was intact.
There was no pain on passive flexion or extension of the toes. The prox-
imal end of the leg was swollen and bruised. Stimulation of the right
peroneal nerve at the level of the fibular neck produced strong extension
of the toes, indicating that the paralysis was not due to a compartmental
syndrome. Anterior tibial compartment pressures reached a maximum of
twenty millimeters of mercury. Thesedata indicated that the loss of ac-
tive toe extension was due to a more proximal nerve injury, probably a
traction neurapraxia.

CaSE 2. An eighteen-year-old man sustained an anterior dislocation
of the left knee while playing football. Following reduction of the dislo-
cation, examination revealed swelling of the proximal end of the leg, no
active extension of the toes, hypoesthesia in the distributions of the deep
and superficial peroneal nerves, and a diminished dorsalis pedis pulse.
An arteriogram revealed an intimal tear near the origin of the anterior
tibial artery. Stimulation of the peroneal nerve at the fibular neck pro-
duced strong extension of the toes. Pressure measurements in the anterior
compartment reached a maximum of fifteen millimeters of mercury.
These data indicated that the paralysis was not due to compartmental is-
chemia, but rather to an injury of the peroneal nerve proximal to the fib,-
lar neck.

CASE 3. A thirty-four-year-old woman lay on her left side for
twenty-four hours after a barbiturate overdosage. After awaking, she was
unable to extend her foot or toes. The anterolateral aspect of the left leg
was swollen, but the compartments did not appear clinically tense.
Stimulation of the peroneal nerve distal to the fibular neck elicited nor-
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mal extension of the foot and toes. Anterior compartment pressures
reached a maximum of twenty-two millimeters of mercury. Subsequent
formal measurement of the conduction velocity of the nerve and electro-
myography confirmed our initial impression of common peroneal-nerve
palsy caused by direct pressure. There was no subsequent evidence of
compartmental or crush syndrome. There was no myoglobinuria.

Case 4. A twenty-five-year-old woman sustained a closed fracture
of the distal end of the shaft of the right tibia in a fall. On initial exami-
nation, she had hypoesthesia in the distribution of the deep peroneal
nerve along with paralysis of the extensor digitorum brevis muscle.
Although the compartments were soft, she was unable or unwilling to
extend the toes voluntarily. Stimulation of the peroneal nerve at the fibu-
lar neck produced strong extension of the toes. Anterior compartment
pressure rose from an initial value of twenty-five millimeters of mercury
to a maximum of fifty millimeters of mercury without change in the pa-
tient’s neuromuscular status. Within one month of injury the strength of
toe extension was normal, although the distribution of the deep peroneal
nerve was still hypoesthetic and the extensor digitorum brevis muscle
was still weak. Subsequent measurement of nerve conduction velocity
and electromyography confirmed the diagnosis of injury to the deep
peroneal nerve at the level of the fracture, occurring at the time of the
accident.

CASE 5. A sixty-year-old female pedestrian was hit by an au-
tomobile which was traveling at approximately 133 kilometers (seventy
miles) an hour. She sustained multiple trauma, including a depressed
fracture of the skull, a pelvic fracture, an intertrochanteric fracture of the
right femur, and a spiral fracture of the right tibia with avulsion of the
anterior tibial artery. This woman was obviously at high risk for a com-
partmental syndrome in the right lower limb, but routine examination
was impossible because she was comatose from the head injury. Intermit-
tent stimulation of the right peroneal nerve provided assurance that the
local neuromuscular status was intact for the first seventy-two hours, in-
cluding the time when intracompartmental pressure rose to its maximum
of.forty-five millimeters of mercury. The patient continued to recover
from the injuries, and two months after the accident she had no
neuromuscular deficits in the right lower extremity.

Treatment

Indication for Surgical Decompression

In a~previous review"° of forty-six patients who had
surgical decompression for compartmental syndromes,
Sheridan and Matsen found that the quality of the
functional result was directly related to the promptness
with which decompression was performed. The frequency
and severity of complications were inversely related to the
promptness of decompression"°. Thus, delays in diagnosis
or indecision about decompression when the diagnosis of a
compartmental syndrome is made may be costly.

The prime indication for surgical decompression is
the presence of the characteristic clinical symptoms and
signs of a compartmental syndrome, including deficits in

neuromuscular function. Compartments demonstrating
equivocal or ambiguous clinical signs in the presence of
significantly elevated intracompartmental pressure are also
decompressed. As a result of the data shown in Figure 2,
we currently use a tissue pressure in excess of forty-five
millimeters of mercury as a relative indication for surgical
decompression, assuming a normal blood pressure, blood
volume, and peripheral vascular system. Obviously these
indications must be tempered by the patient’s over-all
condition and the trend of the symptoms, signs, and pres-
sure measurements.
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FIG. 3
Technique for decompression of the volar compartments of the

forearm. A, The incision extends from the medial epicondyle to the ul-
narmost extent of the flexor crease of the wrist. B, The lacertus fibrosus
and fascia overlying the flexor carpi ulnaris (FCU) are opened. C, The
flexor carpi ulnaris is retracted ulnarly and the flexor digitorum super-
ficialis (FDS) is retracted radially to permit opening of the fascia of the
deep volar compartment. Care is taken to avoid the ulnar artery and nerve
(U. a. & n.).

Techniques of Surgical Decompression

The goal of surgical decompression in compartmental
syndrome is the expedient, complete opening of all tight

fascial envelopes. One may be tempted to minimize this
procedure either by doing a fasciotomy through limited
skin incisions or by not decompressing all of the poten-
tially involved compartments. These limitations, however,
may yield poor results because of inadequate decompres-
sionz’’J. In a significantly involved limb, limited skin inci-
sions or subcutaneous fasciotomy are not used for two
reasons. First, complete decompression of all fascial and
epimysial envelopes cannot be assured’~; and second, the
postischemic hyperemia and swelling that are expected
within the first hour after decompression of an ischemic
compartment"" may well cause a secondary compartmen-
tal syndrome within the intact cutaneous envelopea’:J ’~r.

In decompressing the volar compartment of the
forearm, we prefer the technique illustrated in Figure 3.
This technique provides good access to all important struc-
tures through a linear ulnar incision which can be extended
proximally and distally if indicated. We frequently per-
form a release of the carpal tunnel in conjunction with this
procedure. After decompression the muscles of the
forearm are palpated; if they are soft, no further surgical
intervention is necessary. However, residual muscle ten-

sion may require epimysiotomy, as described by Eaton and
Green.

Several techniques have been described for decom-
pressing the compartments of the leg ~4..,.,. Because of re-
luctance to use limited skin incisions or to sacrifice the

fibula, we use the four-compartment parafibular approach
as shown in Figure 4. Because of experience with two pa-
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TABLE I

PATIENTS WITH FOUR-COMPARTMENT PARAFIBULAR DECOMPRESSION

AND SKELETAL FIXATION OF ASSOCIATED TIBIAL FRACTURES

Tibial Compartments Internal

Case Age, Sex Fracture Involved Fixation End Result*

(Yrs.)

6 32, M Segmental Anterior, Closed
superficial, and intramed, nail
deep posterior

7 23, M Oblique (distal All four Plate
end of shaft)

8 22, M Segmental All four Closed
intramed, nail

9 18, M Spiral (distal Anterior and Plate
end of shaft) lateral

10 12, M Oblique (mid-shaft) All four Roger Anderson
pin fixation

11 25, M Oblique (distal third) Anterior and Closed
deep posterior intramed, nail

United fracture, normal
function

United fracture, normal
function

United fracture, normal
function except for
moderate contracture of
FHL

United fracture; 4/5 stxength
of EHL and tibialis anteri-
or, otherwise normal ~
function

United fracture, normal
function

United fracture, normal
function

* FHL = flexor hallucis longus and EHL = extensor hallucis longus.

tients who showed sequelae of a deep posterior com-
partmental syndrome after their anterior compartments
alone were decompressed, all four compartments of the leg
are decompressed if any one of them sustains an acute
compartmental syndrome. To date, we have decompressed
fourteen legs using the four-compartment parafibular ap-
proach. Satisfactory decompression was attained in all

cases, as demonstrated by the softness of all muscle groups
when palpated at operation and by the subsequent clinical
course of the patients.

Management of the Limb following
Surgical Decompression

After surgical decompression, the limb is splinted and

FIG. 4

Technique of four-compartment parafibular decompression of the leg. A, An incision is made from the fibular neck to the lateral malleolus. B, The
lateral compartment (LC) is opened. C, Retracting the anterior skin exposes the fascia of the anterior compartment (AC), which is opened, with 
being taken to avoid the superficial peroneal nerve (SPn). D, The posterior skin is retracted to expose the fascia of the superficial posterior compart-
ment (SPC), which is opened. E, The lateral compartment is retracted anteriorly. The soleus is released from the fibular shaft and is retracted poste-
riorly, exposing the fascia of the deep posterior compartment (DPC), which is opened.
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passive range-of-motion exercises are performed to pre-
vent contractures. Three to five days after decompression,
the patient is returned to the operating room for a dressing
change and skin closure. If delayed primary closure cannot
be accomplished, we use Patman and Thompson’s pro-
gressive wound-edge approximation technique, in which
sterile paper tapes are reapplied to the wound each day. On
two occasions we were able to reduce a fourteen-
centimeter-wide skin defect to a scar one-half centimeter
wide using this technique.

After surgical decompression of a fractured limb, the
surgeon may be faced with both a significant wound and an
unstable fracture. The increased intracompartmental pres-
sure that had given the fractured limb some stability (act-

ing much like an air-splint) is no longer present. Unless the
limb can be splinted in such a way that the fracture is main-
tained in proper alignment and the wound is available for
inspection and treatment, skeletal l:ixation of associated
fractures is considered at the time of compartmental de-
compression.

Rigid fixation maintains good position of the fracture
fragments, protects the soft tissues, and facilitates access
to the wound. The data on six consecutive patients with
tibial fractures treated in this manner are summarized in
Table I. Satisfactory results were obtained in all of them.
In each instance, we believe that management of the limb
without skeletal stabilization would have been difficult and
perhaps deleterious to the eventual outcome.
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