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Abstract

Introduction Chronic exertional compartment syndrome
(CECS) is a common injury in young athletes, causing pain
in the involved leg compartment during strenuous exercise.
The gold standard treatment is fasciotomy, but most of the
reports on its effectiveness include relatively small cohorts
and relatively short follow-up periods. This study reports
the long-term results of a large cohort of young athletes
who underwent single-incision fasciotomy for CECS.
Materials and methods This a retrospective case-series
study. All patients treated by fasciotomies performed for
CECS between 2007 and 2011, in a tertiary medical
institution. CECS was diagnosed following history taking
and clinical evaluation, and confirmed by compartment
pressure measurements. Ninety-five legs that underwent
single-incision subcutaneous fasciotomy were included.
Data on the numerical analog scale (NAS), Tegner activity
score, and quality-of-life (QOL) as measured via the short
form-12 (SF-12) were retrieved from all patients preoper-
atively and at the end of follow-up.

Results The average time to diagnosis was 22 months and
the mean follow-up was 50.1 months. Sixty-three legs
underwent anterior compartment fasciotomy (an additional
30 legs also underwent lateral compartment release), and
two legs underwent lateral and peroneal compartment
releases. The average change in Tegner score was an
improvement of 14.6 points. Similarly, the patients
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reported a significant improvement in the SF-12 and NAS
scores. Satisfaction rates were high (average 75.5 %). The
main complications were wound infection (2 patients) and
nerve injuries (4 patients). Eight patients had recurrence.
Conclusion Single-incision fasciotomy leads to long-term
improvement in the activity level and QOL of patients with
CECS.

Keywords Chronic exertional compartment syndrome
(CECS) - Fasciotomy - Leg pain - Sports medicine

Introduction

Chronic exertional compartment syndrome (CECS) is a
common injury among young adult athletes involved in
endurance running, team sports (such as soccer, field
hockey, and lacrosse [1]), as well as among military
recruits. It is a recurrent, reversible ischemic condition
related to a marked increase in intramuscular pressure
within a specific compartment during exertion secondary to
a fibro-osseous space that is non-compliant with volume
expansion [2—4]. Risk factors include anabolic steroid and
creatine use which increases muscle volume and eccentric
exercise [5, 6]. The diagnosis of CECS is based on clinical
history and characterized by pain during strenuous activity
that is usually well localized for a specific compartment
and that disappears quickly after rest [7, 8]. The diagnosis
is confirmed by increased intramuscular pressure in the
involved compartment [7, 8].

Although the condition is well established, there is
usually a delay in diagnosis of up to 22 months [4] due to
low levels of awareness among clinicians and a wide range
of differential diagnosis for chronic exertional leg pain,
which includes medial tibial stress syndrome, stress
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fracture, fascial defects, nerve entrapment syndromes,
popliteal artery entrapment syndrome, and claudication
[9, 10]. Although some patients initially attempt conser-
vative treatment, such as activity modification, stretching,
and physiotherapy [6], the only definitive treatment for
CECS is fasciotomy, and it is the treatment of choice for
young and active individuals. The diverse surgical
decompression techniques in current use include open
fasciotomies, minimally invasive subcutaneous fas-
ciotomies through one or two incisions, partial fas-
ciotomies, and endoscopic-assisted fasciotomy [11].

Fasciotomies for the anterior and lateral compartments
of the leg, which present in up to 95 % of cases of CECS
[12, 13], have the best outcome, with a success rate of
around 80 % [5, 14]. The reported complications after
surgical compartment release are hemorrhage, keloids,
local pain, hematoma, deep vein thrombosis, wound
infection, nerve injury, and vascular injury [5, 7, 11]. The
incidence of complications ranges from 4.5 to 13 %, and
the recurrence rate of symptoms ranges between 6 and
19 % of surgical cases [7, 15, 16]. A recent systemic
review described that 84 % of patients are satisfied with
their surgical outcomes at short- to mid-term follow-up
[16]. The gold standard treatment is fasciotomy, but most
of the reports on its effectiveness over time include rela-
tively small cohorts and relatively short follow-up periods.
The purpose of this study is to report the results and
complications of a single minimal incision fasciotomy on a
large cohort with a long follow-up.

Methods
Study population

Between 2007 and 2011, 54 patients (95 legs) diagnosed as
having CECS who underwent single minimal incision
subcutaneous fasciotomy and were available to respond to
questionnaires at the time of study that were included in
this study. There were no exclusion criteria.

Approval from the local institutional review board was
obtained for this study and informed consent was waived.

Diagnosis of CECS

CECS was diagnosed according to a positive history for
exercise-induced leg pain or paresthesia, which was
relieved with rest, and the results of a clinical assessment
of the affected leg(s). The diagnosis was confirmed by
compartment pressure measurements before and after
exercise by a sports physician using the Stryker® (Stryker
Surgical, Kalamazoo, MI, USA) pressure monitoring sys-
tem as described previously [9]. Due to the unpleasant
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nature of this test and the frequent occurrence of CECS in
anterior and lateral compartments, only the anterior com-
partment pressure was measured in each involved leg,
unless the pain arose directly from the posterior compart-
ment. Patients who presented with symptoms in both legs
underwent bilateral measurements.

All measurements were standardized for the knee and
ankle joint position, and taken while the patient was supine,
to avoid unwanted effects on the intra-compartmental
pressures. After baseline pressure measurement, the
patients performed the culpable exercise (e.g., by running
on a treadmill with 2°-3° of elevation) until the onset of
severe symptoms. They then rested for 5 min and com-
partment pressures were measured. The diagnosis of CECS
was made according to the Pedowitz criteria [8] as follows:
a resting pressure of >15 mmHg and/or a pressure of
>30 mmHg at 1 min post-exercise in any compartment.

Data acquisition

This study is a retrospective review of clinical and opera-
tive notes of patients treated for CECS with single-incision
subcutaneous fasciotomy. At the time of the study, all
available participants were contacted and a telephone
questionnaire was used to obtain data on self-reported
complications, recurrence of symptoms, current activity
level, and the level of satisfaction. The Tegner activity
score was used to evaluate the level of activity before and
after the surgery [17, 18] at the latest follow-up in the
clinic, and quality-of-life was measured via the short form-
12 (SF-12), a questionnaire with 12 health survey questions
which combined the scoring results in two scales of mental
and physical functioning [19, 20]. A numerical analog
score (NAS) was used to measure pain, with 0 = no pain
and 10 = worst pain imaginable [21].

Operative technique

All the procedures were performed in an ambulatory set-
ting. Patients were under general anesthesia. Each limb was
operated upon individually and without the use of a
tourniquet. The anterior and lateral compartment fascias
were released through 4-cm long incisions. The incision
was located between the middle and the distal third of the
leg, and placed at 3—4-cm lateral to the anterior tibia crest
within 2 cm from the anterior intramuscular septum that
divides the anterior and lateral compartments (Fig. 1),
thereby allowing easy access to both compartments. Blunt
dissection and exposure of the fascia were then carried out
(Fig. 2). The fascia of the anterior and lateral compart-
ments was dissected using laparotomy scissors (Fig. 3a—c),
after which an Esmark Rubber Bandage was applied over
the leg for 7-10 min for bleeding control. The wound was
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Fig. 2 Blunt dissection and fascial exposure

irrigated and closed, and a compressive Jones bandage
dressing was applied.

Patients were allowed full weight-bearing immediately
following the operation, and there, for prophylactic anti-
coagulation, was not administered. Crutches were recom-
mended for the first 2-3 postoperative days for comfort and
support. Local massage was recommended as well. Return
to running was allowed after 1 month.

Statistical analysis

Analyses were performed on demographic data and out-
comes. Categorical data were compared using Fisher’s
exact test. Continuous data were analyzed using Student’s
t test. A P value <0.05 was considered to be significant.

Results

A total of 95 single minimal incision fasciotomies for the
treatment of CECS were performed in our institution
between 2007 and 2011. The study population consisted of
49 men and 4 women with an average age of 23.6 years
(range 1643 years). The time to establish the diagnosis
since symptom onset ranged between 2 weeks and

10 years, with a mean of 22.2 months. This study analyzed
the treatment of these 53 patients, of whom 42 (88.4 %)
underwent bilateral compartment release. Table 1 shows
the patients’ demographics.

There was a significant difference (P < 0.001) in intra-
compartment pressures between pre-exercise and post-ex-
ercise measurements (24.9 + 10.8 and 61 + 29.3 mmHg,
respectively). Figure 4 presents pressure measurements for
each side separately.

A total of 63 legs (66.3 %) underwent anterior com-
partment fasciotomy, 30 legs also underwent lateral com-
partment release, and 2 legs underwent lateral and peroneal
compartment releases. The postoperative follow-up for the
entire group ranged from 4.6 to 97.5 months, with an
average follow-up period of 50.1 months.

The Tegner activity score was calculated before and
after the operation. The average preoperative Tegner score
was 79 (SE 1.18, median 80), and the average postopera-
tive Tegner score was 93.6 (SE 1.35, median 100), yielding
an average change of 14.6 (SE 1.52, median 14). Similarly,
patients reported a significant improvement in SF12 scores
(both the physical and mental summary scores) after the
surgery, as well as in pain reduction [as expressed by a
NAS (Fig. 5)]. The results indicated that 75.5 % (40/53)
were satisfied from the surgery and would have chosen to
undergo it again in retrospect. No correlation was found
between the degree of satisfaction from the surgery and the
level of activity (P = 0.332), with the type of activity
(P = 0.630) or with the patients’ age groups [high school
student (age 16-18), an army soldier (age 18-21), or older
than 21 years old] (P = 0.399).

Analysis of the surgical complications showed that
4.2 % (4/95) of the legs had nerve injuries: two of the
affected patients reported altered sensation over the surgi-
cal scar, while the other two displayed decreased sensation
at the superficial peroneal nerve distribution. One of the
latter underwent surgical release of the nerve entrapped in
the surgical scar 1 year after the compartment pressure
release procedure. CECS symptoms recurred in 8.4 % legs
(8/95). The surgery-related complications reported for the
95 operated legs are detailed in Fig. 6.

Discussion

The majority of patients with CECS of the leg that had
been treated with single minimal incision fasciotomy
reported satisfactory outcome rates (75.5 %) associated
with the improvement in the level of activity and reduction
in the level of pain compared with pre-fasciotomy scores.
This study results are in line with those of the previous
reports of favorable long-term outcome for anterolateral
compartment release, i.e., 60—100 % [22-25]. The single
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Fig. 3 a—c Dissection of the
fascia of the anterior and lateral
compartments

minimal incision method has an esthetic advantage by
reducing the number of scars.

In the current cohort, bilateral pain was reported by
88.4 % of the patients (42/53 patients) who were even-
tually operated upon both legs. Other publications
reported bilateral pain in 70-82 % of the cases
[6,9, 13, 22, 26, 27]. The diagnosis of CECS was based
on clinical signs and confirmed by compartment pressure
testing after exercise [6, 9]. The current group did not
include patients with posterior compartment syndrome,
which is reported to achieve less favorable outcomes
[10].

There was no significant difference in satisfaction from
surgery among patients with preoperative Tegner scores
which were below or above the median value (median 80,
P = 1.0). This suggests that patients benefit from the
operation regardless of the levels of functional limitation
following it. In addition, unlike Parker et al. [28], we did
not find any correlation between the occupation of the
patients and their satisfaction levels from the surgery.
Furthermore, while other studies [6, 29] found that soldiers
exhibit lower levels of satisfaction following fasciotomy,
this was not the case among the military recruits in our
cohort, of whom 43.4 % (23/53) were in the army at the
time of operation.
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As reported in the previous studies [6, 9, 10], fasciotomy
for the treatment of CECS can be associated with various
complications. Recurrence of symptoms may occur as a
result of inadequate release, failure to decompress a
symptomatic compartment, postsurgical fibrosis, or nerve
compression [6]. Eight of our patients (8.4 % of the legs)
experienced symptom recurrence, and three of them are
among the unsatisfied patients. These results are similar to
other reports of recurrence rates up to 17 % [6]. Nerve
injuries occurred in four (4.2 %) legs, similar to the find-
ings of Finesone et al. who reported that 4.5 % (3/67) of
their patients suffered from injury to the superficial per-
oneal nerve [27]. The deficit in sensation in one of our
three dissatisfied patients who suffered nerve injury
developed within weeks after the fasciotomy as a result of
pressure from the scarred tissue that flattened the nerve.
The fourth patient who presented with sensation deficit in
the superficial peroneal nerve distribution soon after the
fasciotomy was nevertheless highly satisfied: this patient
was not operated again, and it is reasonable to assume that
iatrogenic damage to the nerve had occurred at its exit from
the fascia during the fasciotomy. Finally, two of our
patients had wound infection which was treated unevent-
fully with antibiotics. A comparison of our results to those
of others is presented in Table 2. It is important to note that
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Table 1 Patients demographics and medical history Preoperative Pressure Measurements
Age, years 100.00
1 T
Average 23.63 H Pressure before 80.00
Range 16.73-46.36 exercise 60.00
SE 0.91 (mm Hg)
Sex, n (%) M Pressure after 40.00
Male 49 (92.5) exercise (mm Hg)  20.00 -
Female 4 (7.5) *p.<0.05 0.00 - .
Comorbidities, n (%) Right Left
Hypertension 1(1.9) ) .

: . . Fig. 4 Preoperative pressure measurements. Pressure was measured
Diabetic mellitus 00 with the Stryker pressure monitoring system. After baseline pressure
Dyslipidemia 1(1.9) measurement, the patients performed the culpable exercise (e.g., by

Laterality, n (%) running on a treadmill with 2°-3° elevation) until the onset of severe
Right 5(5.3) symptoms. They then rested for 5 min and compartment pressures
’ were taken
Left 5(5.3)
Bilateral 42 (88.4) Quality of Life, Pain Assessments
Not available 1(1.1) L. ) .
. and Functioning Questionnaires
Previous stress fracture, n (%) 6 (11.32) 120.00
Previous compartment syndrome, n (%) 6 (11.8) ’ %
Sport, n (%) 100.00
Running 35 (66) 80.00 -
Soccer 504 J
X ©4) m preop  00.00
Other’ 504 40.00
Not available 8 (15.1) ¥ Post-OP '
Level of sports practice, n (%) 20.00 +
*
Amateur 38 (71.7) p.<0.05 0.00 -
Professional 6 (11.3) Tegner SF12  SF12 NAS
Not practicing sports 1(1.9) PCS MCS
Not available 8 (15.1) Fig. 5 Quality-of-life, pain assessment, and functioning question-
Treatment prior to admission, n (%) naires. Patients were asked to answer the Tegner, SF-12, and NAS
Conservative 46 (86.8) questionnaires before the operation and at the last follow-up. The
o . 3 (5.7 improvement in each parameter was significant. PCS and MCS refer
perative 67 to the physical and mental aspects of the SF-12 assessment
Not available 4(1.5) questionnaire respectfully. NAS (numerical analog scale) was used
Time to treatment (months) to asses pain levels
Average 22.23
Range 0.5-120 Surgical Complications
SE 4.35 M Hematoma
Involved compartments, n (%)
Anterior 63 (66.3) B Wound infection
Anterior and lateral 30 (31.6) B Nerve injury
Lateral and peroneal 2 2.1

M Scarring problems (including

Duration of follow-up (months) keloid f tion)
eloid formation

Average 50.1 M No improvement
Range 4.6-97.83 dhesi 10
SE 3.06 B Adhesions :

1(1.

# Basketball, walking, handball, gym trainer % Recurrence

) o ) ) Fig. 6 Surgical complications. A total of 25 complications were
while the preliminary results of fasciotomy using an noted in 21 patients. The most frequent being recurrence of symptoms

endoscopic approach seem promising [11, 30-32], large  in eight legs (8.4 %)
prospective studies have yet to be performed.
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Table 2 Comparison of fasciotomy results for CECS

Authors Method Legs Follow-up Satisfaction Nerve Wound Re-operation
duration (%) injury infection (%)
(months) (%) (%)
Finestone et al.  Single incision 67 26 71 4.5 N/A 1.5
[27]
Mouhsine et al.  Double incision 29 24 100 6.9 0 0
[29]
Slimmon et al. Single incision for each 148 compartments 51 60 243 1.4 8.1
[15] compartment
Sebik et al. [30] Endoscopic fasciotomy 9 24 100 0 0 0
Wittstein et al. Endoscopic fasciotomy 14 44 100 0 0 0
[11]
Lohrer et al. [31] Endoscopic fasciotomy 38 compartments 47 58.8 0 0 53
Current study Single incision 95 (127 50 75 4.2 2.1 1.1
compartments)
The limitations of this study include its retrospective  11. Wittstein J, Moorman CT 3rd, Levin LS (2010) Endoscopic

design and the absence of a control group.

To conclude, this report describes the treatment of
CECS in a large cohort (54 patients, 95 legs) with a rela-
tively long-term follow-up (mean 50.1 months). We found
the single minimal incision fasciotomy to be a successful
and reliable treatment for patients diagnosed as having
CECS, with relatively high rates of surgical success and
patient satisfaction and acceptable complication rates.
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