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Abstract
Purpose  To investigate distributions and identify possible differences in intramuscular pressure (IMP) values at 1 min post-
exercise between the four muscle compartments of the lower leg, in patients with exertional leg pain with or without chronic 
exertional compartment syndrome (CECS).
Methods  A consecutive series of patients seeking orthopaedic consultation for exertional leg pain underwent IMP measure-
ments between 2009 and 2018. The diagnosis of CECS was confirmed (n = 442) or ruled out (n = 422), based on the patient’s 
history, clinical examination, and IMP measurements.
Results  The median (range) 1 min post-exercise IMP values in affected compartments in the patients diagnosed with CECS 
were 33 (25–53) mmHg (deep posterior), 35 (27–54) mmHg (superficial posterior), 40 (26–106) mmHg (lateral), and 47 
(24–120) mmHg (anterior). In patients with no CECS, the median (range) 1 min post-exercise IMP values in the compart-
ments were 12 (2–28) mmHg (deep posterior), 12 (2–27) mmHg (superficial posterior), 14 (2–26) mmHg (lateral), and 18 
(4–34) mmHg (anterior). The IMP was significantly lower in the lateral and both posterior compartments than in the anterior 
compartment in both patients diagnosed with CECS and patients without CECS.
Conclusion  The study demonstrates significantly lower IMP values in the posterior and lateral compartments compared to 
the anterior compartments. These findings suggest a lowering of the IMP 1 min post-exercise cut-off value for diagnosing 
CECS in the lateral and both posterior compartments, which may lead to improved treatment of patients with suspected 
CECS in the lower leg.
Level of evidence  Level II.

Keywords  Chronic exertional compartment syndrome · Intramuscular pressure · Intracompartmental pressure · Lower limb 
pain

Abbreviations
CECS	� Chronic exertional compartment syndrome
Non-CECS	� Patients without CECS
IMP	� Intramuscular pressure

Introduction

Chronic exertional compartment syndrome (CECS) causes 
exercise-induced lower leg pain, which is most commonly 
experienced by sportsmen and women [8]. Most patients 
with CECS have a high level of physical activity, with 
running being the most common individual sport activity 
and soccer being the most common team activity [4]. The 
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true incidence of CECS in the general population is dif-
ficult to determine, as many people tend to modify their 
activities to decrease the symptoms and do not seek health 
care [26]. Also, the diagnosis may be missed by clinicians 
since these patients are asymptomatic at rest and show 
minimal findings at physical examination [10]. Among a 
range of distinct entities causing exercise-induced leg pain 
CECS is one of the most common [19]. The differential 
diagnosis includes medial tibial stress syndrome, stress 
fractures, popliteal artery entrapment syndrome, and nerve 
entrapment syndromes [2]. In a retrospective review of 
150 athletes with exercise-induced leg pain, the prevalence 
of CECS in the lower legs was reported to be 33% [3]. 
Patients with CECS often have long-standing symptoms, 
up to several years, before being diagnosed [22]. Further, 
bilateral symptoms are common, and occur in 67–95% of 
the patients [12, 22, 24].

CECS is characterized by pain triggered by exertion, 
attributable to increased intramuscular pressure (IMP) and 
reduced tissue perfusion within the muscle compartment 
[20, 27]. Apart from pain, patients with CECS experience 
muscle tightness and impaired muscle function induced by 
different types of exercises [1]. There are four distinct mus-
cle compartments in the lower leg: anterior, lateral, super-
ficial posterior, and deep posterior. All four compartments 
are associated with CECS, but the anterior compartment is 
the most commonly involved [4]. The treatment for CECS 
is fasciotomy of the affected compartments.

The pathophysiology of CECS is not fully understood; 
nor is the relationship between increased IMP and pain. In 
healthy subjects, IMP increases during exercise and returns 
to normal on cessation of the activity [22]. In patients with 
CECS, however, the increase in IMP in the affected com-
partment becomes abnormally high during exercise and the 
time for the pressure to return to normal after activity is 
prolonged, leading to reduced microvascular flow [18, 20]. 
The abnormally elevated IMP may be related to increased 
muscle volume, aggravated by a muscle expansion of up to 
20% during exercise, in combination with tightness of the 
fascia [16]. It has been suggested that the pain is caused by 
traction of the fascia, due to increased IMP, resulting in the 
compression of sensory nerve endings [1].

To diagnose CECS in patients with exercise-induced 
leg pain, objective IMP measurements of the lower leg, 
performed after an exercise test that elicits the pain, are 
regarded as the gold standard. The IMP criteria for diag-
nosing CECS are usually based on the Pedowitz diagnostic 
criteria from 1990, with the IMP cut-off values for all mus-
cle compartments being set at ≥ 15 mmHg pre-exercise, ≥ 
30 mmHg at 1 min post-exercise, or ≥ 20 mmHg at 5 min 
post-exercise [11]. Currently, there is no consensus as to how 
best to perform or evaluate the IMP measurements in sus-
pected CECS patients, i.e. regarding the symptom-provoking 

exercise protocol, the timing of IMP measurements in rela-
tion to exercise, and the exact IMP cut-off values [15, 17, 
23].

One of the challenges in diagnosing CECS, is to consider 
the anatomical differences in the four muscular compart-
ments of the lower leg. Our current knowledge of post-exer-
cise IMP values are mostly based on measurements of the 
anterior compartment, and studies of IMP values in all four 
compartments in larger cohorts of patients with exertional 
lower leg pain are limited [4]. Comparing post-exercise IMP 
values between the different compartments in the lower leg 
may challenge or confirm the most commonly used diagnos-
tic criteria for CECS, and thereby contribute to the accurate 
treatment of patients with exercise-induced leg pain.

The aim of the present study was to investigate distribu-
tions and identify possible differences in IMP values at 1 
min post-exercise between the four muscle compartments 
of the lower leg, in a large cohort of patients with lower leg 
pain during exercise who were diagnosed to have CECS or 
not.

Material and methods

The study protocol was approved by the Regional Ethics 
Committee in Gothenburg, Sweden (ID number 589-18).

The study population was a consecutive series of 864 
patients (486 women and 378 men) who were referred to 
the Department of Orthopaedics, between May 2009 and 
December 2018 for evaluation of exertional lower leg 
pain. The patients underwent IMP measurements as part of 
the consultation. The median age of the overall cohort of 
patients was 26.3 (range 11–82) years and the median BMI 
was 24.2 (range 16.6–41.3).

The diagnosis of CECS was either confirmed or ruled 
out based on the patient’s history, clinical examination, and 
invasive measurement of IMP following an exercise test. The 
diagnostic criteria used for CECS included: (1) exercise-
induced leg pain and possible impaired muscle function with 
reversal of symptoms at rest; (2) swelling and/or tenderness 
over the affected compartment immediately after exercise; 
(3) IMP ≥ 30 mmHg at 1 min post-exercise and/or IMP ≥ 
20 mmHg at 5 min post-exercise. All three criteria were 
required for the diagnosis of CECS in the anterior, lateral 
and superficial posterior compartment. The deep posterior 
compartment was not accessible for evaluation of swelling 
and more difficult to access for evaluation of tenderness.

Clinical visits

At the clinical appointment, the medical history was col-
lected and a clinical examination was performed by one of 
two orthopaedic surgeons, both of whom had several years 



1334	 Knee Surgery, Sports Traumatology, Arthroscopy (2021) 29:1332–1339

1 3

of experience of the patient group. The lower limbs, includ-
ing the hip and knee joints, were physically examined. All 
patients underwent an exercise test aimed at inducing their 
symptoms, which was followed by measurements of IMP 
in the symptomatic compartments of their leg(s) at 1 min 
post-exercise.

The exercise test was individualized and aimed at elicit-
ing the pain that the patient experienced during physical 
activity, and led up to the referral to the specialist clinic. A 
typical test started with running on a treadmill, followed by 
repeated dorsiflexion of the ankle and heel raise in a standing 
position, alternating between straight and flexed knees. The 
exercise test was terminated when pain hindered the patient 
from continuing to perform the activity.

IMP measurements

To measure IMP, a micro-capillary infusion system (Hemo 
4; Siemens, Erlangen, Germany) and a monitor (SC9000; 
Siemens, Gothenburg, Sweden) were used [9, 14, 21]. The 
measurements were started 1 min after exercise, with the 
patient in supine position and the legs extended. Exter-
nal pressure was avoided by using elastic soft supports 
(ESWELL, Simonsen & Well, Denmark) under the heel and 
the knee. The IMP needle was connected to a transducer line 
(length 150 cm) filled with saline, which was linked to the 
pressure recording system before insertion. To avoid occlu-
sion of the IMP needle tip, the skin over the symptomatic 
compartment was first penetrated using a separate needle, 
1.2 mm in diameter, which was withdrawn before insertion 
of an 18-gauge (1.2 × 50 mm) IMP needle with four side-
holes at its tip. This was inserted into the symptomatic mus-
cle compartment at a 30° angle to the long axis of the leg 
in a distal direction. At the beginning of the measurements, 
a slow (0.2 mL/h) infusion of 0.9% saline was maintained 
through the system and out of the tip of the needle, to main-
tain the bulging of the fluid at the tip of the IMP needle. 
The tip of the IMP needle and the transducer were placed 
at heart level to minimize hydrostatic artefacts. The pres-
sure recording system was calibrated before and after each 
measurement.

IMP values were measured in the clinically symptomatic 
compartments of the lower leg, where the pain was local-
ized and/or the muscles were tight on palpation. The 1 min 
post-exercise IMP values are presented in the present study. 
When multiple compartments were measured, the most 
symptomatic compartment was measured first. In patients 
with bilateral symptoms, only the most symptomatic leg 
was measured. The 5 min post-exercise IMP values were 
recorded in patients whose 1 min post-exercise IMP val-
ues were between 20 mmHg and 29 mmHg, however only 
obtained from a small number of patients, and not presented 
in this study. Measurements of the distance between the 

fascia and the tip of the IMP needle in the anterior com-
partment were performed under ultrasound guidance using a 
linear probe (L10-5, Acuson CV70; Siemens) and performed 
in 131 patients (68 CECS and 63 non-CECS) and presented 
in a previous publication; no correlations between the depth 
of the IMP needle and the IMP measured were found [13].

Statistical analysis

The IMP data from the four compartments were not nor-
mally distributed in patients with CECS, but they were 
normally distributed in patients without CECS. Results are 
presented as median and range. Mean IMP values (with SD) 
in patients without CECS were calculated to determine cut-
off values for each compartment in diagnosing CECS. Fre-
quency counts and percentages have been used for categori-
cal variables. Correlations are given with Pearson’s r value. 
Continuous variables between groups were compared using 
the Mann–Whitney U test, and Pearson’s Chi-square test 
was used for categorical variables. The IMP values for the 
four compartments in patients with CECS and those without 
CECS were compared using the Kruskal–Wallis test. Signifi-
cance was set at p < 0.05. Analyses were performed using 
IBM SPSS software version 26 (IBM Corp., Armonk, NY).

Results

Differences in characteristics of patients with CECS 
and those without CECS

There were significantly more male patients in the CECS 
group than in the group of patients where the diagnosis 
was ruled out. The patients with CECS were significantly 
younger and their BMI was significantly higher. A higher 
proportion, more than two-thirds, of the patients with CECS 
had experienced symptoms for ≥ 24 months, as compared to 
less than three-fifths of those without CECS. Furthermore, 
a higher proportion of the CECS patients reported having 
bilateral symptoms (Table 1).

Number of affected compartments in patients 
with CECS

The numbers of affected compartments in patients who were 
diagnosed with CECS, based on the currently used diag-
nostic criteria, are presented in Table 2. Isolated CECS of 
the anterior compartment was the most common diagnosis 
(64%), followed by CECS of both the anterior and lateral 
compartments (21%).
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Variations in median IMP values between muscle 
compartments of the lower leg in patients with CECS 
and those without CECS

The 1 min post-exercise IMP values in the affected com-
partments in patients with CECS and in all compartments 

measured in patients without CECS are presented in 
Table 3. There were 21 patients diagnosed with CECS who 
had a 1 min post-exercise IMP < 30 mmHg. The CECS 
diagnosis of these patients was based on IMP values ≥ 
20 mmHg 5 min post-exercise, in addition to the patient’s 
history and the clinical findings.

The highest IMP values in the anterior and lateral com-
partments in patients with CECS were 120 mmHg and 
106 mmHg, respectively. In the superficial and deep pos-
terior compartments of patients with CECS, the highest 
IMP values were just above 50 mmHg. The IMP values 
in the anterior compartment were 50 mmHg or higher in 
15 (83%) of the patients with CECS in all compartments.

The comparison between IMP levels in the four muscle 
compartments is presented in Fig. 1. In affected compart-
ments in patients with CECS, the median IMP values in 
the superficial posterior and deep posterior compartments 
were significantly lower than in the affected anterior com-
partments, median difference more than 10 mmHg (p < 
0.001). Furthermore, the median IMP values were signifi-
cantly lower in the affected superficial posterior compart-
ments (p = 0.026) and deep posterior compartments (p < 
0.001) than in the lateral compartments. The median IMP 
was also significantly lower in the affected lateral com-
partments than in the affected anterior compartments (p 
= 0.005). In patients without CECS, the median IMP val-
ues in the lateral, superficial posterior, and deep posterior 
compartments were significantly lower than the median 
IMP in the anterior compartment (p < 0.001).

Distribution of 1 min post‑exercise IMP 
for compartments in patients with CECS and those 
without CECS

The distributions of the 1 min post-exercise IMP values for 
the affected compartments in patients with CECS and in 
patients without CECS are presented in Fig. 2. The mean 
IMP value and the mean plus two standard deviations (2 
SD) are shown for the compartments in the patients for 
whom the CECS diagnosis was ruled out.

Table 1   Characteristics of the patients with chronic exertional com-
partment syndrome (CECS) and those without CECS (non-CECS)

a n = 815 (418 CECS and 397 non-CECS)

CECS Non-CECS p value
n = 442 n = 422

Median age (range) 25 (13–82) 28 (11–75) 0.002
Males 236 (53%) 142 (34%)  < 0.001
Median BMI (range)a 24.9 (18–41) 23.4 (17–36)  < 0.001
Symptoms ≥ 24 months 307 (69%) 247 (59%)  < 0.001
Bilateral symptoms 382 (86%) 294 (70%)  < 0.001

Table 2   Number of isolated or combined compartments affected in 
patients with chronic exertional compartment syndrome (CECS)

Affected compartments (n = 630) No. of 
patient 
(n = 442)

Percentage of 
patients with 
CECS

Isolated anterior 281 63.5
Isolated lateral 9 2
Isolated superficial posterior 3 0.7
Isolated deep posterior 9 2
Anterior and lateral 91 20.6
Anterior, lateral, and deep posterior 3 0.7
Anterior, lateral, and superficial 

posterior
3 0.7

Anterior and deep posterior 5 1.1
Anterior and superficial posterior 3 0.7
Anterior, superficial, and deep pos-

terior
6 1.4

Superficial and deep posterior 11 2.5
All compartments 18 4.1

Table 3   Intramuscular pressure 
(IMP) in patients with chronic 
exertional compartment 
syndrome (CECS) and without 
CECS (non-CECS)

Compartment Median
IMP (mmHg)

Interquartile range
IMP (mmHg)

Min–Max
IMP (mmHg)

CECS 
(n = 442)

Non-CECS 
(n = 422)

CECS Non-CECS CECS Non-CECS

Anterior 47 18 37–60 13–25 24–120 4–34
Lateral 40 14 33–55 8–18 26–106 2–26
Superficial posterior 35 12 31–42 10–18 27–54 2–27
Deep posterior 33 12 30–38 8–17 25–53 2–28
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Discussion

The main finding of the present cohort study of CECS 
patients was that the median IMP values in affected pos-
terior and lateral compartments were significantly lower 
than that in affected anterior compartments. Furthermore, 
the median IMP values in patients with no CECS showed 
a similar variation in distribution regarding the four com-
partments to that seen in the CECS patients, with the high-
est IMP values in the anterior compartment. These find-
ings suggest an adjustment of the IMP 1 min post-exercise 
cut-off value for diagnosing CECS in both of the posterior 
compartments and the lateral compartment.

In the present cohort, isolated CECS in the anterior 
compartment was the most common diagnosis (64%)—as 
reported in earlier studies [1, 4]. In the present study, the 
highest measured IMP values were obtained in the ante-
rior compartments. The mean IMP 1 min post-exercise 
value plus 2 SD, recorded in 280 anterior compartments 
in patients with no CECS, was 31 mmHg. The currently 
used IMP 1 min post-exercise cut-off value of 30 mmHg 
for CECS appears to fit well with the distribution curves 
of the IMP measurements for the anterior compartments 
in the present study.

The finding of variation in median IMP values between 
the different compartments in the lower leg—both for 
affected compartments in patients with CECS and for com-
partments in patients with no CECS—may be explained 
by anatomical differences. The diagnosis of CECS is usu-
ally based on patient history combined with the Pedowitz 
diagnostic criteria, in which the cut-off IMP values of ≥ 
30 mmHg at 1 min post-exercise or ≥ 20 mmHg at 5 min 
post-exercise for CECS, have been suggested to be the same 
for all four muscle compartments of the lower leg. The sug-
gested cut-off value was based on the total mean IMP value 
for all four compartments plus 2 SD in patients with no 
CECS, a total of 210 compartments [11].

In the present study, the IMP values recorded in 182 
superficial posterior and 187 deep posterior compartments 
in patients with no CECS showed a mean IMP 1 min post-
exercise plus 2 SD (representing the 95% CI) of 25 mmHg 
and 24 mmHg, respectively. Based on these findings, the 
most commonly used IMP 1 min post-exercise cut-off value 
of 30 mmHg appears to be too high for the posterior com-
partment, and lower cut-off values might be considered. In 
addition, the mean 1 min post-exercise IMP plus 2 SD was 
26 mmHg based on IMP recordings in 119 lateral compart-
ments of patients with no CECS. This value is also below 
the currently recommended IMP cut-off value.

The IMP differences between the four compartments both 
for CECS and non-CECS patients suggest a customization 
of the cut-off values for IMP measurements. Based on the 
95% CI for IMP measurements in patients without CECS, we 
propose a lowering of the IMP 1 min post-exercise cut-off 
value for diagnosing CECS in both of the posterior com-
partments and the lateral compartment. The use of a lower 
cut-off value may improve the possibility of setting a cor-
rect diagnosis, and thereby improve the treatment of patients 
with suspected CECS in the posterior compartments and/or 
the lateral compartment of the lower leg. However, the clini-
cal effect of such adjustment of the diagnostic cut-off IMP 
values should be investigated further in studies evaluating 
the results of fasciotomy for patients with IMP measure-
ments in the lower intervals.

In the present study, there were significantly more male 
patients in the group with CECS than in the group of patients 
for whom the diagnosis was ruled out, even though there was 
a higher proportion of women (56%) in the overall study 
population. The male predominance in the present study in 
patients with CECS is supported by the findings of earlier 
studies [6, 11, 13]. However, in some more recent stud-
ies, the opposite—a higher proportion of female patients 
with CECS—has also been reported [4, 26]. The median 
age of the patients with CECS was significantly lower and 
their symptoms were more commonly bilateral than in 
the patients with no CECS. Male gender, young age, and 
bilateral symptoms have been put forward as independent 

Fig. 1   Differences in 1 min post-exercise intramuscular pressure 
(IMP) values in the four lower leg compartments. 1 min post-exer-
cise IMP values in the affected four lower leg muscle compartments 
in 442 patients diagnosed with chronic exertional compartment syn-
drome (CECS) and in all compartments measured in 422 patients 
without CECS (non-CECS). The IMP values for the anterior, lateral, 
superficial posterior, and deep posterior compartments were obtained 
by invasive measurements with a micro-capillary infusion system 
and compared using the Kruskal–Wallis test. The boxes represent 
the interquartile range and the whiskers represent the highest and 
lowest values. Outliers are indicated by circles. S. posterior, super-
ficial posterior; D. posterior, deep posterior. *p < 0.05, **p < 0.01, 
***p < 0.001
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predictive factors in a recent study of 1411 individuals with 
exertional lower leg pain [5].

A higher proportion of the patients with CECS in the 
present study had had their symptoms for ≥ 24 months 
compared to the patients in whom the diagnosis was ruled 
out. The finding of long-standing symptoms is in line with 
the results of a previous study, in which the mean duration 
of symptoms in patients with CECS was 24 months [22]. 
Long-standing symptoms before diagnosis may be due to 
a delay by the medical profession to diagnose the CECS. 
With incorrect diagnosis patients may undergo unsuccess-
ful treatments and athletes may give up their sports routine 
[10]. Further, repeated IMP measurements to confirm the 
diagnosis of CECS may be needed in some patients. In a 
recent study, CECS was diagnosed in 3 out of 15 patients 
undergoing a re-IMP measurement for an ongoing suspicion 
of CECS despite a normal first IMP measurement [25].

The limitations of the present study include recruitment 
of patients with clinical symptoms of exercise-induced leg 
pain only, and the lack of a healthy control group. As meas-
urement of IMP is an invasive method with associated pain 

and a risk for infections, there are ethical difficulties to per-
form such study in a large cohort. Moreover, IMP values 
were measured only in symptomatic compartments, due to 
the risk of complications associated with invasive measure-
ments [7]. For measurements from multiple compartments, 
the most symptomatic compartment was measured first. The 
sequence of the measuring procedure unfortunately does not 
allow all the compartments to be measured simultaneously, 
why a slight pressure decline might have occurred for the 
last measured compartment(s) when several compartments 
were measured. This delay between compartments poten-
tially could have contributed to the lower values in the lat-
eral and posterior compartments. However, the measurement 
takes approximately 15 s for each compartment. In CECS 
patients the time for the increase in IMP in the affected 
compartment(s) to return to normal values after activity is 
prolonged [18, 20], why this delay cannot explain the overall 
results.

One strength of the present study was the inclusion of 
such a large cohort of patients with exertional lower leg pain, 
all clinically examined and underwent IMP measurement in 

Fig. 2   Distribution of 1 min post-exercise intramuscular pressure 
(IMP) values in the four lower leg compartments. Distribution of 
IMP values 1 min post-exercise in affected anterior compartments 
(a), lateral compartments (b), superficial posterior compartments (c), 
and deep posterior compartments (d) of 442 patients with chronic 

exertional compartment syndrome (CECS) and in all compartments 
measured in 422 patients without CECS (non-CECS). In each histo-
gram, the mean IMP value and the mean plus two standard deviations 
(2 SD) are shown for the patients without CECS. Note the different 
scales on the x-axis between a, b and c, d 
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a standardized manner and were examined by one of two 
experienced clinicians at the same clinic.

The findings from the present study suggests adjustments 
of the IMP cut-off values which may improve the possibil-
ity of identifying patients with CECS in the posterior com-
partments and/or the lateral compartment of the lower leg, 
and thereby could improve the treatment strategy for these 
patients.

Conclusion

One minute post-exercise IMP values in patients diagnosed 
with CECS are significantly lower in affected posterior and 
lateral compartments compared to affected anterior com-
partments. Based on these findings, a lowering of the IMP 
1 min post-exercise cut-off value for diagnosing CECS in 
the lateral compartment and both posterior compartments 
could be suggested.
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