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CHAPTER 1

INTRODUCTION
Introduction and terminology
A  Dr Edward Adrian Wilson compartment syndrome (CS) may occur following increased
tissue pressure within a confined body space having (too) limited capacity for expansion. It may
arise in any body compartment but usually involves distal extremities. The acute form (ACS,
acute compartment syndrome) may be due to severe trauma such as a long bone fracture,
burns, crush injury, or revascularisation following vascular intervention. Ischaemic damage in
ACS may be irreversible if not treated within 6 hours. ACS is beyond the scope of this thesis.
The chronic version of CS is termed chronic exertional compartment syndrome (CECS).
In this condition, pressures in lower leg muscle compartments are above normal due to
repetitive exercise such as running, ice skating or soccer (or occasionally after daily activities
such as walking). Although immediate therapy is not required as limb survival is not at stake,
symptoms often have a progressive character and a negative impact on quality of life.  
Landmark events
CECS was likely first described in the diary of Dr Edward Adrian Wilson who was the
first physician to ever set foot on the South Pole in 1912 (Figure 1.1).7 While skiing back to
civilisation he noticed an “exceedingly painful” swollen left leg covered by a red and oedematous
skin and a feeling of intense tightness of the anterior portion of the leg. After shifting to
walking, his leg recovered some days later.23 Unfortunately, the entire expedition perished. An
objective proof of CECS of the anterior tibialis muscle (ant-CECS) was therefore not provided.
Since this description, several publications reported on ischemic necrosis of the lower
leg anterior muscle compartment following exercise without any acute trauma. In 1956, Mavor
was the first to surgically treat ant-CECS in a 24-year old football player having a feeling of
tightness that increased in severity with each consecutive exercise.36 The patient made a full
recovery after opening the fascia (‘fasciotomy’) and repair of the spontaneous fascial tears
by a fascia lata graft.
Even though it was long hypothesized that an elevated intracompartmental pressure
(ICP) was the cause of CECS,24, 30 it was not until 1971 that the Dutch physiologist Reneman
confirmed this supposition.43 In his case-control study, 60 patients with symptoms suggesting
ant-CECS demonstrated an elevated ICP compared to 11 asymptomatic control individuals.
After a fasciotomy, ICP dropped to normal values though slightly higher than compartment
pressures in the control group (Figure 1.2).42
10

in transmural arter
t from an increase
pressure as well as
ravascular pressure.
partmental syndrome
pressure is probably
tramuscular pressure
rises to pathological
r exercise.
hronic antcrior com
he increase in total
causes such a de
rterial pressure that
re levels are ap
h the circulation may
the patient will have
rcise when the blood
eet the requirements
The increased total
diminishes or abol
post-exercise hyper
erefore, kceps suffer
e exercise until the
sure decreases to a
ow can meet muscle

the blood flow is
the syndrome leads
veral muscles in the
urbances of this type
the total intramus
igh for a long period
ewise suffer from the
pressure in the com
d compression cause
f the deep and super
The anterior tibial
zed in the anterior
remains patent since
l the pressure in the
as approached the
e.45
rtmental syndromes,
es often show con

Introduction and outline

1

Figure 1.1 Dr Edward Adrian Wilson
Compartmental Syndrome of the Leg
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Muscle pressures and volume expansion
Exercise may have a major impact on the circulatory system. For instance, cardiac
output may increase 4-5 fold in the non-athlete, and up to 7 times in well-trained individuals
allowing sufficient amounts of blood for effective skeletal muscle functioning. During an
extreme exercise, skeletal muscles blood flow may even increase 15-25 fold. This increase
in blood flow is achieved by vasodilatation of arterioles and opening of dormant capillaries
that is provoked by muscle deoxygenation.27 These events may lead to an up to 20 percent
muscle volume expansion. Moreover, intramuscular pressure can be over 500 mmHg during
contractions.10, 19 Once a muscle is in a relaxed state, perfusion occurs only when the arterialvenous gradient overcomes the intramuscular resting pressure of 30-50mmHg.35, 48 It is likely
that this intricate feed-back system may suffer from flaws under certain conditions as in CECS.

Figure 1.3: Lower leg compartment anatomy (adapted from “Anatomie des Menschen: ein Lehrbuch für
Studierende und Ärzte”, 1921)
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Some remarks on potential pathophysiology of CECS
The pathophysiology of CECS is still not fully understood. The majority of available
literature has hitherto focused on the anterior compartment and male populations.29, 41, 46, 48
It is generally assumed that exercise-induced increased intracompartmental pressures (ICP)
cause relative muscle ischemia and associated symptoms, a theory which heavily depends
on findings during an acute compartment syndrome.6, 33 However, several studies dispute the
dominant role of muscle ischemia in CECS.1, 4 Therefore, it seems that (relative) ischemia is
not the only player in the pathophysiological arena of CECS.
There are several other mechanisms possibly contributing to the onset of CECS. Some
believe an increased ICP is secondary to fascial alterations following chronic muscle expansion.
These fascias are thought to change their mechanical properties and thicken.16, 29 However,
this hypothesis is not shared by all.12 Others think that an elevated ICP is related to muscle
hypertrophy and/or oedema following bouts of strenuous exercise.16, 41 Some authors feel that
a higher ICP lowers the arteriovenous pressure gradient or cause capillary compression.3, 34 It
is clear that a unifying pathophysiological concept explaining CECS is far from agreed upon,
even in the year of 2020.
Different types of lower leg CECS
Depending on anatomic location, 3 different types of lower leg CECS may develop
although combinations are frequent. CECS of the superficial flexors as a fourth type potentially
exists but series of any volume were never published. Therefore, it is generally accepted that
the majority (40-60%) of CECS patients suffers from ant-CECS.15 A CECS of the deep flexor is
less frequently observed (20-40%). CECS of the peroneal or lateral compartment (lat-CECS) is
the third and most infrequent type (10%).
General diagnostic considerations of CECS
Patients with CECS may present at any age and with any level of previous activity.
Traditionally however, a CECS patient is a young athlete or soldier reporting a combination of
pain, tightness, muscle weakness, cramps and/or paraesthesia. Often, the discomfort tends to
start earlier after each consecutive training session or march. Findings during examination are
often subtle including mild pain upon deep muscle palpation. However, the most important role
of a physical examination is to exclude other causes of lower leg pain including medial tibial
stress syndrome (MTSS) or vascular/nerve entrapments (PAES, popliteal artery entrapment

13
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syndrome; CPN, common peroneal nerve entrapment).
Although it is an ongoing subject of debate, the diagnostic gold standard of
CECS is a dynamic intracompartmental pressure measurement (ICP). Several other,
non-invasive diagnostic tools including near-infrared spectroscopy, MRI, MIBI and
P-NMR spectroscopy were studied but were hitherto of no additional diagnostic value.
Treatment of CECS
A nonoperative treatment generally consists of activity modification, gait pattern
adaptation, physical therapy, icing, podiatry, deep tissue massage, dry needling or a combination
thereof.9, 17, 49, 55 Results of these conservative treatments generally show reduction of symptoms,
but only 25-43% is able to return to their previous activity level.49, 55 If conservative treatment
is unsuccessful, patients may undergo different types of surgery including incision of the
compartment’s enveloping fascia via a single incision (semiblind fasciotomy), endoscopy
assisted fasciotomy, ultrasound guided fasciotomy, or even a fasciectomy (removal of fascia).5,
14, 18, 31, 32, 54

Results of an open fasciotomy of the anterior and deep posterior compartment

are well documented, with success rates between 83-100% and 33-65%, respectively.28, 45, 46,
51-53

Patients with ant-CECS were more likely to return to previous levels of sports activities

compared to dp-CECS patients (77-100% vs 38%).39, 49, 53
CECS of the lateral (or peroneal) compartment
Reneman was the first to hypothesize that CECS could also develop in the lateral (or
peroneal) compartment (lat-CECS).43 He judged that 6 of 60 of his ant-CECS patients were
also having this lat-CECS. Moreover, one patient was ‘diagnosed’ with a solitary lat-CECS in
the absence of an ant-CECS. Unfortunately, diagnostic methods by then solely focused on the
easily accessible anterior compartment as it was believed that measurements of the (hidden)
lateral compartment were too difficult. Therefore, elevated ICP in this compartment were not
provided in his paper.
CECS of the lateral compartment is only scarcely discussed in literature since the early
days of Reneman. Moreover, the limited literature is rather confusing as consensus regarding
almost all characteristics of lat-CECS is lacking. For instance, some are convinced that lat-CECS is
always combined with ant-CECS (referred to as ‘anterolateral-CECS’) necessitating a combined
surgical treatment of both compartments.22, 25, 26, 28, 44, 50 In contrast, others do consider lat-CECS
as a separate clinical entity mandating a tailored approach. 13, 16, 33, 37
It is obvious that lat-CECS is by far the most unknown CECS type at present.
14
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A focus on anatomy of the leg’s lateral compartment
The leg’s lateral compartment contains the peroneus longus and peroneus brevis
muscle. Both muscles contribute to eversion of the foot and are innervated by the superficial
peroneal nerve (SPN). This sensomotor nerve also provides normal skin sensation of the foot’s
dorsum via the dorsal medial and intermedial cutaneous branches.
The SPN is one of two end branches of the common peroneal nerve (CPN) (Figure
1.4). This CPN travels on the medial side of the femoral biceps muscle, around the fibular
head to the anterior side of the lower leg where it bifurcates into the deep and a superficial
peroneal nerve. The SPN runs through the lateral compartment as it perforates the fascia
in the lower one third of the lower leg from where it runs subcutaneous. However, nerve
variations are rather common.

Common
peroneal nerve

Deep peroneal
nerve

Anterior tibial
muscle
Superficial
peroneal nerve

Figure 1.4: Anatomy of the peroneal nerve (adapted from “Atlas of Human Anatomy, 7th edition”, Netter
2018)

Diagnosis and therapy of lat-CECS
Characteristics of a patient’s history regarding lat-CECS are largely unknown. However,
as in ant-CECS and dp-CECS, one may suppose that pain, tightness, muscle weakness, cramps,
paraesthesia’s or a combination thereof are also prevalent in lat-CECS. In addition, patients

15
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may report an irradiating sensation to the dorsum of the foot suggesting nerve involvement
although this may also occur in ant-CECS or in nerve entrapments per se.8, 13, 16
During physical examination, the lateral compartment can be tense or tender when
palpated. Skin sensation testing is required as a CPN entrapment may co-exist.2, 11, 20, 21, 47 As
in other types of CECS, the gold standard is an ICP measurement. Treatment modalities are
likely similar compared to ant-CECS and dp-CECS, although data are only scarcely reported at
present. The first report on a fasciotomy for lat-CECS was by Martens in 1984 reporting on a
total of 3 patients.33 The first results of fasciotomy were not reported until 1999.37 Since then, 2
more studies reported on results of fasciotomy, and Packer operated on the largest population
of patients with a combined ant-CECS and lat-CECS (n=26).32, 39 In this study, outcome was
successful in 69% of all patients. The smaller studies by Micheli et al (n=3) and Maffulli et al
(n=8) reported good results in 33-100%.32, 37 The study of Mouhsine was the only one reporting
on results of minimal incision fasciotomy (n=4, all lat/ant-CECS). All patients returned to full
activity with minimal or no symptoms at 2 year follow-up.38
General aim of thesis
To study several aspects of anterolateral lower leg pain syndromes with emphasis
on lateral chronic exertional compartment syndrome (lat-CECS) and common peroneal nerve
(CPN) pathologies.
Specific aims
1.

To identify factors associated with lower leg chronic exertional compartment syndrome
(CECS) in patients with exercise-induced leg pain.

2.

To determine whether a lateral chronic exertional compartment syndrome (lat-CECS)
may occur as an isolated entity.

3.

To describe characteristics and symptomatology of patients with lat-CECS.

4.

To report results of surgery for lat-CECS in retrospective and prospective patient
populations.

5.

To report on characteristics of CPN pathology in patients with anterolateral leg pain.

16
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1

The current literature reporting on characteristics associated with lower leg CECS
varies widely whereas predictive factors are largely unknown. In chapter 2, a large population
of civilian patients with exercise-induced leg symptoms is studied allowing for identifying
factors that are predictive of leg CECS.
Some patients with CECS report persisting discomfort following a surgical incision
of the fascia enveloping the compartment (fasciotomy). The diagnostic role of a repeat
intracompartmental pressure measurement (ICP) in these recalcitrant patients is unclear. In
chapter 3, we report on the role of a repeat ICP regarding the diagnosis of recurrent CECS.
Most patients with CECS of the lateral compartment are also thought to have a
simultaneous CECS of the anterior compartment. It is unknown if CECS of the lateral
compartment may occur as an isolated entity, so independently of the presence of ant-CECS.
A study in patients with symptoms suggesting anterolateral CECS who underwent ICP
measurement of both the anterior and the lateral compartment simultaneously in chapter 4
demonstrates that lat-CECS does exist and may occasionally present as a separate syndrome.
Since lat-CECS occurs less frequently than ant-CECS or dp-CECS, knowledge regarding
lat-CECS is limited. In chapter 5 we describe characteristics and symptoms in a consecutive
group of 28 patients with isolated CECS of the lateral compartment.
An invasive fasciotomy is the preferred operative treatment for patients with lat-CECS,
once conservative treatment is to no avail. In chapter 6, a retrospective study on lat-CECS
patients reports on the efficacy of a two-incision surgical technique in this population.
Characteristics of symptom patterns and physical examination in patients with lat-CECS
were never studied prospectively. In chapter 7, a variety of aspects including history, physical
examination and results of surgery were studied in detail in patients who were diagnosed
with lat-CECS.
Some patients with lower leg pain suggesting CECS have a normal ICP. In a portion
of these patients, symptoms are due to a nerve entrapment. In chapter 8 we provided an
overview of entrapments of the common peroneal nerve (CPN) and the tibial nerve (TN).
Chapter 9 reports on history, physical examination and results of a CPN neurolysis in
a case series of patients with CPN entrapment mimicking lat-CECS.
In chapter 10 a rare case of a patient with a neurogenic anterolateral leg pain is
reported. She made an uneventful recovery following removal of a nerve swelling. Analysis of

17
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the swelling attached to her CPN demonstrated that she was having a Schwannoma.
The results of this thesis are summarized and discussed in chapter 11. In addition, an
overview of future perspectives is given. Valorisation is provided in chapter 12, and chapter 13
includes a Dutch summary, acknowledgements, list of publications and curriculum vitae auctoris.
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CHAPTER 2

ABSTRACT
Knowledge about lower leg chronic exertional compartment syndrome (CECS) is
largely obtained from highly selected populations. Patient characteristics may therefore not
be appropriate for the general population. Our purpose was to describe a heterogeneous
population of individuals suspected of lower leg CECS and to identify predictors of CECS.
Charts of individuals who were analysed for exercise-induced lower leg pain in a referral
centre between 2001 and 2013 were retrospectively studied. Patients were included if history
and physical examination were suggestive of CECS and if they had undergone a dynamic
intracompartmental pressure measurement. Six hundred ninety-eight of 1411 individuals were
diagnosed with CECS in one or more of three lower leg muscle compartments (anterior tibial,
deep flexor, lateral). Prevalence of CECS peaked around the age of 20–25 years and decreased
thereafter, although a plateau around 50 years was found. Age, gender, bilateral symptoms,
previous lower leg pathology, sports (running and skating) and tender muscle compartments
were identified as independent predictors of lower leg CECS. The proposed predictive model
has moderate discriminative ability (AUC 0.66) and good calibration over the complete range
of predicted probabilities. The predictive model, displayed as a nomogram, may aid in selecting
individuals requiring an invasive dynamic intracompartmental muscle pressure measurement.
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INTRODUCTION
Chronic exertional compartment syndrome (CECS) may cause exercise-induced
extremity pain in young individuals.20,26,29 CECS is most commonly found in the anterior (antCECS), deep flexor (dp-flex-CECS), or lateral (lat-CECS) compartment of the lower leg.3,5,33
The aetiology is a subject of ongoing discussion, but a pathologically elevated muscle
compartment pressure is a key factor in the pathogenesis.1,27 The diagnosis is based on a
suggestive clinical history and is supported by elevated intracompartmental pressure. The
latter is mostly determined with a dynamic (rather than static) intracompartmental pressure
(ICP) measurement.19
The stereotypical lower leg CECS patient is a young individual who reports a
progressively painful and tense muscle compartment during and after exercise.3,9,26 Cramps,
muscle weakness and altered skin sensation are also experienced.14 Symptoms usually subside
within half an hour of rest.34 The current knowledge on CECS is largely based on small or highly
selected cohorts such as athletes or military service members and may therefore be biased.6,15
The department of Sports Medicine of Máxima Medical Centre serves as a referral
centre for a variety of exercise-induced pain syndromes, exposing it to a large number of
individuals who may have CECS.25,30 This population is highly diverse with patients of all ages and
levels of sports. The goal of the present study was to describe this heterogeneous population of
individuals suspected of CECS who were referred for a dynamic ICP measurement. Furthermore,
we aimed to identify predictors for lower leg CECS.

METHODS
Patient selection
All patients evaluated for lower leg CECS in our department of sports medicine between
January 2001 and December 2013 were eligible for this retrospective cohort study. Patients
were previously evaluated by a range of clinicians, both from within and from outside of our
hospital. As a diagnosis was unclear by then, they were referred to our centre for additional
analysis. Patients were included for the present study if history and physical examination
were suggestive of CECS and if they had undergone a dynamic ICP. A history was considered
‘suggestive’ if one or more lower leg compartments were reportedly painful or felt tense during
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training or thereafter. Patients who did not receive an ICP measurement were excluded, as
were patients with recurrent CECS or with a CECS of the lower arms or upper legs. The local
medical ethical committee judged that the rules laid down in the Medical Research Involving
Human Subjects Act (WMO) did not apply to the study protocol. All procedures performed in
this study are in accordance with the ethical standards of our institutional research committee,
the ethical standards in sports and exercise science research and with the 1964 Declaration
of Helsinki and its later amendments.11
Consultation and ICP measurements
At presentation, one of two highly experienced sport physicians reviewed the patient’s
history. Comorbidities such as intermittent claudication, earlier lower leg surgery, venous
insufficiency or neurological deficits were tabulated. Significant previous traumatic events
including fractures, extensive soft tissue damage, tendon rupture or major vessel damage
were also documented. A physical examination was conducted on all individuals. Signs of
arterial or venous insufficiency were identified and distal arterial pulses were palpated. Muscle
compartments were tested for tenderness and, when indicated, a neurological examination
or pedal pulse test was performed. If history and physical examination were suggestive of
CECS, ICP measurements of the anterior tibial muscle compartment, the deep posterior
compartment, the lateral compartment, or a combination thereof were performed. The choice
and number of compartments that were measured were not standardized but dictated by
location of symptoms and findings during physical examination. If a patient reported bilateral
pain, an ICP measurement was performed in just one leg. Patients with bilateral symptoms
and elevated muscle compartment pressure in one leg were considered as having a bilateral
CECS. By doing so, the number of invasive ICP measurements was limited, thus minimizing
the risk of potential complications such as pain, bleeding, and nerve damage. Details of the
slit-catheter technique were described earlier.4,32
Patients were diagnosed with a CECS if they had a suggestive history and physical
examination and at least one ICP value above the three suggested cut-off points (≥ 15 mm Hg
at rest, ≥ 30 mm Hg 1 min after provocative exercise or ≥ 20 mm Hg 5 min later).19 After the
diagnosis, most patients were sent back to their referring physician for treatment. However,
some patients underwent surgical treatment in our hospital.
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Data collection
Data were obtained from two electronic sources. Between January 2001 and March
2010, data were extracted from a custom-made Microsoft Access database. We supplemented
this database with recordings from paper patient files. Between April 2010 and December 2013,
electronic patient files were used. Both databases were combined into one comprehensive
data file.
Statistics
Analyses were performed using SPSS Statistics version 22.0.0.0 (IBM Corp., Armonk,
NY, USA) and R version 3.1.3 (R Foundation for Statistical Computing, Vienna, Austria). Data
are expressed as mean (± SD) when normally distributed, or as median (with range) when
nonparametric. A P ≤ 0.05 was considered significant. The relation between previous history
and unilateral complaints was assessed using chi-square testing. Graphs illustrating the relation
between age and risk on CECS were smoothed to improve visual clarity (GraphPad Prism
6). Associations of patient-related variables and the diagnosis CECS were determined using
univariate logistic regression. Only variables that were present in > 50 % of the patients were
included. Significant variables were included as co-variates in a multivariate logistic regression
model. Missing values were handled by means of multiple imputation.24
The strength of the association of each variable with the diagnosis CECS is displayed
by its multivariate odds ratio (OR), together with its 95 % confidence interval. Variables without
a significant association with the outcome were excluded from the model in a backward
approach. The discriminative ability of the final model was assessed with the area under the
receiver operating characteristic curve (AUC). In a useless test, such as a coin flip, the AUC
is 0.5; a model that discriminates perfectly has an AUC of 1.10 The validity of the model was
tested with the Hosmer and Lemeshow test and agreement between predicted probabilities
and observed frequencies was visualized with a calibration plot. We used boot- strapping to
correct the final AUC for optimism. The final model is presented as a nomogram.
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RESULTS
General
We evaluated 1867 individuals suspected of having CECS between 2001 and 2013
in our facility. Based on an atypical clinical history and/or physical examination, CECS was
considered highly unlikely in 153 patients. The remaining 1714 patients underwent an ICP
measurement. After exclusion (previous CECS analysis, n = 201; symptoms in lower arms or
upper legs, n = 102), 1411 unique patients suspected of lower leg CECS were included in the
present study (Figure 2.1).
Single or multiple ICP measurements
We performed 1938 ICP measurements in these 1411 patients. (Figure 2.2)
Measurement of just one compartment occurred in 70 % (983/1411, Figure 2.2, left panel),
whereas the remaining 30 % of the individuals underwent ICP measurements of multiple
compartments (Figure 2.2, right panel). Half of these patients (698/1411, 49 %) had elevated
intracompartmental pressure in at least one compartment. The number of patients with
elevated ICP values depended on type of CECS (ant-CECS, 53 % (433/814); dp-CECS, 38 %
(344/904); lat-CECS, 35 % (78/220).

Figure 2.1: Study flow chart of unique patients undergoing dynamic intracompartmental pressure
measurement (ICP) for suspected lower leg chronic exertional compartment syndrome (CECS). Multiple
ICP:≥1 previous CECS evaluation including ICP’s.
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Figure 2.2: 1938 lower leg muscle compartments of 1411 patients were studied, 70% of the patients
underwent an intracompartmental pressure measurement (ICP) of just one compartment (left), 30%
underwent ICP in >1 compartment. Ant = anterior tibial compartment, DP = deep flexor compartment,
Lat = lateral compartment.

Patient characteristics
Table 2.1 depicts characteristics of individuals with CECS (n = 698) and without CECS (n
= 713). Earlier treatment modalities were comparable between the two groups. CECS patients
were 8 years younger (median, 25 yr, range 12–81) than non-CECS patients (33 yr, range 14–90).
The prevalence of CECS decreased with age (Figure 2.3). Patients with unilateral symptoms
more often had a history of previous lower leg trauma than patients with bilateral symptoms
(14.4% vs 3.9%, p < 0.01). Moreover, vascular pathology was more often present in patients
with unilateral complaints than in patients with bilateral complaints (7.2% vs 3.6%, p < 0.01).
Table 2.2 shows patient characteristics of the three subtypes of isolated lower leg
CECS. Patients with dp-CECS were 4 and 2 years younger than patients with ant-CECS or latCECS, respectively (p < 0.01). Approximately three quarters of patients with ant-CECS (72%)
and dp-CECS (78%) had bilateral symptoms compared to just a little over half of the lat-CECS
patients (53%, p = 0.04). Patients with dp-CECS played soccer more often, whereas patients
with ant-CECS were more often engaged in speed skating. Patients not engaged in sports
were occasionally found to have ant-CECS but seldom suffered from other types of lower leg
CECS (Table 2.2).
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Figure 2.3: Ratio of n patients diagnosed with CECS divided by total n of evaluated patients (y-axis) in
relation to age (x-axis). Ant-CECS = isolated anterior tibial compartment CECS, DP-CECS = isolated deep
flexor compartment CECS, Lat-CECS = isolated lateral compartment CECS.
CECS
Non-CECS
Total
n (%)
698 (50)
713 (50)
1411 (100)
Gender (n=1411)
Female n (%)
352 (50)
426 (60)
778 (55)
Age (n=1411)
Median (years)
25
33
28
Range (years)
12-81
14-90
12-90
Duration symptoms (n=1131)
Median (months)
18
18
18
Range (months)
1-360
1-300
1-360
Clinical history
Data available, n(%)
595 (85)
610 (86)
1205 (85)
No relevant clinical history, n (%) 429 (72)
362 (59)
791 (66)
Relevant clinical history, n (%)
166 (28)
248 (41)
414 (34)
Surgery leg, n (%)
64 (11)
66 (11)
130 (11)
Trauma leg, n (%)
33 (6)
56 (9)
89 (7)
Peripheral artery disease, n (%)
8 (1)
10 (2)
18 (1)
Peripheral venous disease, n (%) 15 (3)
25 (4)
40 (3)
Other, n (%)
46 (8)
91 (15)
137 (11)
Previous treatment
Data available, n (%)
455 (650)
495 (69)
950 (67)
Conservative treatment, n (%)
433 (95)
472 (95)
905 (95)
Rest, n (%)
266 (61)
260 (56)
526 (58)
Cooling, n (%)
47 (11)
37 (8)
84 (9)
Physiotherapy, n (%)
339 (78)
379 (81)
718 (79)
Inlays, n (%)
266 (60)
270 (58)
536 (59)
CECS = chronic exertional compartment syndrome, ICP = intracompartmental pressure measurement.
Table 2.1: Characteristics of unique patients (n=1411) who underwent ICP for suspected lower leg CECS.
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Ant
DP
Lat
Chi square p-value
n (%)
300 (43)
239 (34)
19 (3)
Gender
Female, n (%)
155 (52)
115 (48)
10 (53)
0.72
0.70
Age
Median (years)
27
23
25
8.9 #
<0.01*
Range (years)
14-81
12-70
17-77
Duration symptoms
Median (months)
18
21
18
0.2 #
0.75
Range (months)
1-360
3-284
4-120
Bilaterality
Bilateral symptoms, n (%)
214 (72)
184 (78)
10 (53)
6.68
0.04 *
Type of sport, n (%)
273
218
19
No
26 (10)
5 (2)
1 (5)
10.81
<0.01 *
Soccer
35 (13)
69 (32)
4 (21)
25.75
<0.01 *
Running
54 (20)
45 (21)
3 (16)
0.28
0.87
Hiking
28 (10)
12 (6)
1 (5)
3.91
0.14
Hockey
22 (8)
12 (6)
1 (5)
1.32
0.52
Skating
24 (9)
2 (1)
1 (5)
14.99
<0.01 *
Handball
11 (4)
6 (3)
0 (0)
1.29
0.52
Military service
14 (5)
4 (2)
0 (0)
4.58
0.10
Level of sport, n (%)
189
164
10
No
26 (14)
5 (3)
1 (10)
13.43
<0.01 *
Social
66 (35)
44 (27)
3 (30)
2.69
0.26
Local
56 (30)
90 (55)
5 (50)
23.34
<0.01 *
National
17 (9)
13 (8)
1 (10)
0.16
0.93
International
5 (3)
2 (1)
0 (0)
1.15
0.56
Professional
18 (10)
10 (6)
0 (0)
2.31
0.32
Influence complaints
173
158
9
Ceased sports
45 (26)
36 (23)
1 (11)
1.32
0.52
Different sport
2 (1)
4 (3)
0 (0)
1.07
0.59
Lower level
62 (36)
67 (42)
6 (67)
4.29
0.12
Same level with complaints
38 (22)
46 (29)
1 (11)
3.20
0.20
Only isolated CECS are shown (77% of total 538/698), combinations are excluded from this table.
Only sports with >20 patients are depicted, for categorical variables chi-square test was used, for
continuous variables a one-way ANOVA test was used (marked with #). Statistically significant
differences are marked with *
Table 2.2: Characteristics of patients with isolated anterior (Ant), deep flexor (DP), or lateral (Lat)
chronic exertional compartment syndrome.

Predictors of CECS
Univariate analysis of the whole population of 1411 individuals demonstrated that
gender, age, clinical history, bilateral symptoms, type of sports, competitive level of sports
and painful palpation during physical examination were associated with the diagnosis CECS
(Table 2.3).
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After multiple imputation (5 times), we used the predictive variables that were
identified with univariate analysis in a multivariate regression model. Age, gender, history of
lower leg pathology, bilateral symptoms, type of sports (running and skating) and a painful/
tensed compartment during palpation were identified as independent predictors of CECS
(Table 2.4). The AUC of the final model was 0.68. After bootstrapping to correct for optimism
to improve the predictive capabilities in a different population, the AUC of the final model
was 0.66. The predicted probabilities were grouped into deciles and the mean probability for
each decile was compared with the observed proportions of the diagnosis CECS (Figure 2.4).
Calibration was good for the complete range of predicted probabilities. The final model is
displayed as a nomogram (Figure 2.5).

Figure 2.4: Calibration plot of the final model for predicting CECS. The distribution of predicted risks is
displayed at the bottom of the graph. Triangles indicate the observed proportion by deciles (y-axis) of
predicted risks (x-axis). AUC = area under the receiving operating characteristic curve.
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Figure 2.5: Nomogram predicting CECS. To calculate an individual’s probability of having CECS, first
determine his or her risk factor values (e.g., male, 20 years old, speed skater, bilateral complaints, no
previous medical history, painful compartment during palpation). Once determined, individual risk
points associated with each risk factor are obtained by drawing a line straight up from each predictor
value towards the “points axis” (1.4, 1.8, 5, 0.8, 1.2, and 1.8 respectively). Lastly, all points are totalled
to obtain a sum risk score (12 points). The probability of having CECS is then calculated by drawing a line
down from the “total points” axis to the probability “CECS” axis (approximately 91%).

DISCUSSION
Most previous studies on CECS were performed in highly selected populations including
elite athletes or military personnel.2,31 The present study describes a heterogeneous patient
population with only one selection criterion: all individuals were suspected of having lower
leg CECS by their referring physician. Half of these individuals were indeed diagnosed with
lower leg CECS as determined by a suspected clinical history and elevated intracompartmental
muscle pressures. Age, gender, history of lower leg pathology, bilateral symptoms and a painful/
tensed compartment were identified as predictors of CECS.
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Previous studies reporting on the relation between gender and CECS are conflicting.
Early literature reported a higher male prevalence, whereas two recent large studies suggested
a female predominance.3,5,9,31 It is likely that the earlier suggested male predominance is due
to selection bias because mostly military personnel and athletes were studied. Moreover,
previous cohorts described only patients who were diagnosed with a CECS whereas patients
who tested negative for CECS were not studied. The present study included patients with and
without CECS. Our analysis demonstrates an equal prevalence of females and males having
CECS. However, the initial population of 1411 individuals contained more females (55 %). As
a consequence, the portion of females with exercise-induced lower leg symptoms that was
diagnosed with CECS was smaller than their male counterparts. Indeed, multivariate analysis
confirmed that male gender was associated with a higher likelihood for the diagnosis of CECS.  
The available literature suggests that CECS is associated with young age, although
CECS was occasionally also identified in older individuals.5,7,13,15,27,31 The present study confirms
that young patients are more prone to develop CECS. Median age at time of diagnosis was
25 years. However, our oldest CECS patient was 81 years. The prevalence of CECS decreases
with age. Interestingly, the prevalence stabilized in patients aged around 50 years. Moreover,
this plateau is consistently observed in all three types of lower leg CECS. We hypothesize that
these older individuals increased their sportive activities because leisure time became more
available around this age. Univariate and multivariate analysis confirm that age is an influential
factor for the occurrence of CECS.
Lower leg CECS is a predominantly bilateral syndrome.3,7,16,17,21,28 Findings of the
present study confirm this bilaterality because 74% of our total population had CECS in both
legs. A novel finding is that bilaterality is CECS type dependent. Fifty-three percent of the
isolated lat-CECS patients had a bilateral syndrome compared to 72% of the ant-CECS and 78%
of the dp-CECS patients. Furthermore, multivariate analysis demonstrated that patients with
unilateral complaints were less likely to be diagnosed with CECS than patients with bilateral
complaints. Higher prevalence of previous trauma or vascular pathology in patients with
unilateral complaints may explain this finding. Thus, bilateral lower leg symptoms are predictive
of CECS, whereas unilateral symptoms may be associated with vascular or traumatic pathology.
Evidence indicates that CECS predominantly occurs in populations engaged in sports
activities and military service.2,3,31 Nevertheless, less active individuals or diabetics can also
suffer from CECS.7,8 Results of the present study are in line with previous literature. Although
not significant, we found a trend that increasing sport intensity appeared to associate with
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a higher likelihood of the diagnosis of CECS. However, we also found that patients who are
not engaged in sports at all may also suffer from CECS, usually of the ant-CECS type. In our
population, a wide variety of sports was practiced. Interestingly, only speed skating was
associated with an increased likelihood of (ant-)CECS. We suspect that this type of CECS is
related to posture during skating, and this finding may also be applicable for inline skating,
PREDICTORS
Gender
Age (years)
Duration symptoms
(months)
Clinical history

n
778
633
1411
1131

Female
Male

OR
ref
1.46
0.98
1.00

95% CI
LL
UP
ref
ref
1.18
1.80
0.97
0.99
1.00
1.00

p-value
ref
<0.01 *
<0.01 *
0.46

Not relevant
789
ref
ref
ref
ref
Lower leg pathology
416
0.57
0.45
0.72
<0.01 *
Bilaterality
Bilateral
941
ref
ref
ref
Ref
Unilateral
449
0.54
0.45
0.72
<0.01 *
Type of sport
None
98
ref
ref
ref
ref
Soccer
218
2.16
1.33
3.51
<0.01 *
Running
303
0.91
0.69
1.44
0.58
Hiking
105
1.00
0.57
1.74
0.99
Hockey
79
1.69
0.93
3.08
0.08
Fitness
52
1.49
2.93
0.76
0.25
Cycling
48
0.64
0.31
1.32
0.22
Skating
39
5.85
2.35
14.53 <0.01 *
Tennis
37
0.61
0.28
1.36
0.23
Handball
36
1.79
0.83
3.88
0.14
Military Service
31
3.13
1.31
7.48
0.01 *
Other
207
1.32
0.81
2.14
0.26
Level of sports
None
98
ref
ref
ref
ref
Social
328
0.98
0.62
1.54
0.92
Local
341
1.65
1.05
2.59
0.031 *
National
56
2.30
1.17
4.53
0.016 *
International
14
4.69
1.23
17.87 0.024 *
Professional
56
1.98
1.01
3.86
0.046 *
Influence complaints Ceased sports
231
ref
ref
ref
ref
Different sport
14
0.83
0.28
2.45
0.73
Lower level
325
1.13
0.81
1.59
0.46
Same level with complaints 205
1.13
0.78
1.65
0.52
Painful anterior tibia No
648
ref
ref
ref
ref
Yes
332
0.89
0.68
1.15
0.37
Painful/tensed
No
483
ref
ref
ref
ref
Yes
687
1.88
1.49
2.39
<0.01 *
compartment
Odds ratio (OR) > 1.0 indicates a positive predictive value of the variable for the diagnosis chronic
exertional compartment syndrome (CECS). Odds ratio <1.0 indicates a negative predictive value for
CECS. CI = confidence interval, LL = lower limit, UL = upper limit. Statistically significant predictors
are marked with *
Table 2.3: Univariate associations of potential predictors of CECS (n=1411)
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PREDICTORS
Full set
Gender
Age (years)
Bilaterality
Clinical history
Type of sport

Level of sports

Painful/tensed
compartment
Final selected model
Gender
Age (years)
Bilaterality
Clinical history
Type of sport
Painful/tensed
compartment

Female
Male
Unilateral
Bilateral
Not relevant
Lower leg pathology
None
Soccer
Running
Hockey
Handball
Fitness
Hiking
Cycling
Skating
Tennis
Military Service
Other
Social
Local
National
International
Professional
No
Yes
Female
Male
Unilateral
Bilateral
Not relevant
Lower leg pathology
Other
Running
Skating
No
Yes

95% CI
UP

OR

LL

p-value

ref
1.69
0.99
ref
1.35
ref
0.63
ref
1.19
0.57
1.01
1.15
1.30
0.84
0.54
3.22
0.47
1.55
0.84
ref
0.95
1.16
3.02
0.90
ref
2.03

ref
1.32
0.98
ref
1.05
ref
0.49
ref
0.57
0.35
0.43
0.45
0.65
0.44
0.25
1.01
0.17
0.36
0.43
ref
0.61
0.57
0.77
0.30
ref
1.57

ref
2.16
1.00
ref
1.74
ref
0.81
ref
2.48
0.93
2.35
2.95
2.60
1.59
1.15
10.26
1.25
6.58
1.65
ref
1.47
2.36
11.83
2.70
ref
2.62

ref
<0.01 *
0.02 *
ref
0.02 *
ref
<0.01 *
ref
0.65
0.03 *
0.98
0.76
0.46
0.59
0.11
0.05 *
0.13
0.55
0.61
ref
0.80
0.68
0.11
0.85
ref
<0.01 *

ref
1.73
0.98
ref
1.39
ref
0.64
ref
0.61
4.03
ref
1.98

ref
1.37
0.98
ref
1.09
ref
0.50
ref
0.46
1.70
ref
1.54

ref
2.17
0.99
ref
1.78
ref
0.83
ref
0.80
9.59
ref
2.55

ref
<0.01
<0.01
Ref
0.01
ref
0.01
ref
<0.01
<0.01
ref
<0.01

Multivariate analysis performed on variables that were predictive during univariate analysis (full set).
OR = odds ratio, CI = confidence interval, LL = lower limit, UL = upper limit. Statistically significant
predictors (*) were included in the final model.
Table 2.4: Multivariate associations of predictors of CECS
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rollerblading and other types of skating. In contrast to previous studies, running was associated
with a reduced likelihood of CECS. Furthermore, soccer conferred a higher risk on dp-CECS.
The present study has several limitations. Firstly, due to its retrospective nature and the
13-year study period, we were not able to obtain complete datasets in all patients. Therefore,
the number of variables that were analysed was suboptimal and the power of the univariate
analysis was reduced. Also, the potential of introducing bias is larger in retrospective studies.
Secondly, the current study used ICP measurements (and the Pedowitz criteria) to confirm the
diagnosis CECS. Recent literature debates the discriminative value and the role of proposed
cut-off points.12,22,23 However, the methods and cut-off points used in the current manuscript
are widely accepted and the best currently available. Moreover, it must be appreciated that
CECS is not solely based on ICP measurements but also requires a suggestive history and
physical examination. Thirdly, results of surgery were not available. A favourable outcome after
invasive therapy is likely the most valid parameter supporting the diagnosis. Most patients
underwent surgery in their referring hospitals and surgical results were, therefore, not available.
Lastly, we corrected for optimism with bootstrapping. Although this is an accepted method
to test external validity, validation of the current predictive model in a different population
is desirable. Also, with an AUC of 0.66, the predictive model is far from perfect (AUC 1.0).
Clinicians should therefore use this model to support decision making but should not blindly
rely on its outcome. The predictive model should not be considered a substitute for dynamic
ICP measurements. Strengths of the study are its volume and the heterogeneous population.
Furthermore, it is one of few studies to include individuals without CECS, thereby enabling
us to provide independent predictors for lower leg CECS.
The differential diagnosis in lower leg pain is extensive. This often results in delay of
diagnosis and treatment, with a consequential negative impact on the quality of life, especially
in athletes and military personnel.18,31 Furthermore, the CECS diagnosis is largely based on a
suggestive history and physical examination, but additional invasive testing, such as an ICP
measurement, is pivotal.1,3 The literature may suggest characteristics associated with CECS but
predictors were hitherto not identified. A simple diagnostic bedside tool for CECS is currently
lacking. The present study is the first to provide non-expert clinicians with a method to assist
in predicting the likelihood of CECS in a patient with exercise-induced lower leg complaints. By
inserting gender, age, bilaterality, previous lower leg pathology, sports (skating and running),
and a tensed/painful compartment into the included nomogram, less experienced clinicians
can approximate the risk for CECS in a patient with exercise-induced lower leg complaints. This
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bedside tool may reduce a delay in diagnosis and may aid in selecting individuals that require
invasive ICP measurements. In the near future, we plan to validate the current predictive
model in a different population.
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ABSTRACT
Background: The diagnostic gold standard for diagnosing chronic exertional compartment
syndrome (CECS) is a dynamic intracompartmental pressure (ICP) measurement of the muscle.
The potential role of a repeat ICP (re-ICP) measurement in patients with persistent lower leg
symptoms after surgical decompression or with ongoing symptoms after an earlier normal
ICP is unknown.
Purpose: To study whether re-ICP measurements in patients with persistent CECS-like symptoms
of the lower leg may contribute to the diagnosis of CECS after both surgical decompression
and a previously normal ICP measurement.
Study Design: Case series; Level of evidence, 4.
Methods: Charts of patients who underwent re-ICP measurement of lower leg compartments
(anterior (ant), deep posterior (dp), and/or lateral (lat) compartments) between 2001 and 2013
were retrospectively studied. CECS was diagnosed on the basis of generally accepted cut-off
pressures for newly onset CECS (Pedowitz criteria: ICP at rest ≥15 mmHg, ≥30 mmHg after 1
minute, or ≥20 mmHg 5 minutes after a provocative test). Factors predicting recurrent CECS
after surgery or after a previously normal ICP measurement were analysed.
Results: A total of 1714 ICP measurements were taken in 1513 patients with suspected CECS
over a 13-year observation period. In all, 201 (12%) tests were re-ICP measurements for
persistent lower leg symptoms. Based on the proposed ICP cut-off values, CECS recurrence
was diagnosed in 16 of 62 previously operated compartments (recurrence rate, 26%; 53
patients (64% female); median age, 24 years; age range, 15-78 years). Recurrence rates were
not different among the 3 lower leg CECS compartments (ant-CECS, 17%; dp-CECS, 33%;
lat-CECS, 30%; c2 = 1.928, p = 0.381). Sex (c2 = 0.058, p = 0.810), age (U = 378, z = 1.840, p =
0.066), bilaterality (c2 = 0.019, p = 0.889), and prefasciotomy ICP did not predict recurrence.
Re-ICP measurements evaluating 20 compartments with previously normal ICP measurements
(15 patients (53% female); mean age, 31 ± 10 years) detected CECS in 3 compartments (15%,
all ant-CECS).
Conclusion: Previous fasciotomy for lower leg CECS or previously normal muscle pressure (ICP)
do not rule out CECS as a cause of persisting lower leg symptoms. Repeat ICP measurement
may have a potential role in the evaluation of patients with persistent lower leg complaints.
However, other reasons for lower leg exertional pain must always be considered prior to
secondary surgery.
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INTRODUCTION
Chronic exertional compartment syndrome (CECS), if present, is usually observed in
the lower leg.11 Typically, patients report muscle pain during sports such as running or soccer
that may briefly persist after cessation of exercise.12-14,19-,33 Cramps, tightness, weakness, and
altered skin sensation may also be present. Symptoms usually subside within half an hour of

3

rest after exercise.41
Consensus regarding the pathophysiology of CECS is lacking, but elevated
intracompartmental pressures (ICPs) are believed to play a central role.27 If history and physical
examination suggest CECS, results of a dynamic ICP measurement determine management.
Most patients with elevated ICP are initially treated with conservative therapies such as rest,
pain medication, or adjustment of running technique.16 However, some CECS patients do not
respond favourably to such treatment regimens and require fasciotomy.9
The most frequently used muscle compartment cut-off points are the modified
Pedowitz criteria, which confirm CECS if pressures are elevated up to ≥15 mmHg in rest, and
≥30 mmHg and/or ≥20 mmHg 1 and 5 minutes after provocation, respectively.27 Recently, the
pivotal role of a dynamic ICP and these criteria have been subject of debate, as correlations with
therapeutic efficacy, including surgical outcome, were never demonstrated.25-27  Furthermore,
a recent magnetic resonance imaging (MRI) study on lower leg deep posterior CECS found
that ICP pressure catheters were often positioned suboptimal, also indicating a more relative
than absolute role of ICP in the diagnostic process.40
After fasciotomy, some patients continue to report symptoms possibly associated
with ongoing CECS. Other patients might experience CECS-like symptoms although earlier
ICP tests were normal. The diagnostic value of a repeated ICP measurement (re-ICP) in these
patient populations is unclear. A re-ICP may be considered once alternative diagnoses for
persistent lower leg complaints (e.g., medial tibial stress syndrome (MTSS), popliteal artery
entrapment syndrome (PAES), stress fracture, tarsal tunnel syndrome, common peroneal
nerve entrapment) are excluded.21
The general aim of this study was to examine the potential role of a re-ICP measurement
in the management of patients with suspected CECS in the lower leg. To answer this question,
we studied 2 patient groups that underwent re-ICP measurement of a lower leg compartment.
The first population presented with recurrent or persistent lower leg pain after an earlier
fasciotomy for CECS. The second population demonstrated persistent lower leg symptoms
suggestive of CECS despite earlier normal ICP.
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METHODS
Patient selection
Our hospital is a teaching facility with a catchment area of 200,000 individuals. The
Department of Sports Medicine serves as a national referral centre for exercise-induced
pain syndromes of the extremities. All individuals who underwent ICP measurement for
CECS between January 2001 and December 2013 because of a history (exertional lower leg
symptoms such as pain, feeling of tightness, cramps, and/or muscle weakness) and physical
examination (painful or tense compartment on palpation before exercise) suggestive of CECS
were prospectively entered in a database. Patients were included in the present study if they
received a re-ICP measurement for recurrent or ongoing CECS-like symptoms after fasciotomy
of the same lower leg compartment(s) or if they experienced persisting symptoms in a lower
leg muscle compartment after an earlier normal ICP measurement of that same compartment.
Patients were excluded if they had undergone conservative treatment after a positive ICP
measurement, if they did undergo a fasciotomy after an initial normal ICP measurement, or if
the re-ICP measurement was performed in a different/contralateral compartment. The hospital’s
medical ethical committee judged that the regulations dictated in the Medical Research Involving
Human Subjects Act (WMO) did not apply to the study protocol. No informed consent was
required according to local directives for retrospective studies. The study complies with the
Helsinki Declaration on research ethics.
Consultation and intracompartmental pressure
Patients were standardly consulted by 1 of 2 sports physicians with several years of
experience in diagnosing CECS. The muscle compartment was tested for tenderness, distal
arterial pulsations were palpated, a pedal pulse test was executed, and medial portions of the
lower medial tibial rim were palpated to exclude MTSS. If history and physical examination were
possibly consistent with recurrent or persisting CECS, a re-ICP measurement was proposed
to the patient.
A re-ICP measurement of the anterior tibial muscle compartment, the deep posterior
compartment, the lateral compartment, or a combination thereof was performed by 1 of 2
experienced sports medicine physicians. In cases of bilateral complaints, the most symptomatic
leg was measured. A slit catheter was connected to an arterial line manometer and display
(Indwelling Slit Catheter Set; Stryker Instruments and pressure monitor device 783547; Hewlett
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Packard).2,23 The catheter was inserted in the compartment using a hollow needle while the
patient was in a supine position with 20° plantar flexion of the ankle and 10° to 30° flexion
of the knee joint. Before insertion of the needle in the bulky portion of the muscle, the skin
was infiltrated with 2 mL of 1% lidocaine. After removing the needle, the catheter was left
in situ and connected to the manometer. Correct placement was confirmed by movement
of the ankle joint against resistance. After recording a resting ICP value, the catheter was
disconnected from the monitor and taped onto the skin. Patients were then instructed to run
on a treadmill until maximal provocation of symptoms. Directly after cessation of exercise,
patients returned to the supine position, the catheter was reconnected to the monitor, and
pressures were recorded. Patients were diagnosed with recurrent or newly-onset CECS on
the basis of a suggestive history, physical presentation, and elevated ICPs according to the
modified Pedowitz criteria (ICP ≥15 mmHg at rest, ≥30 mmHg after 1 minute, or ≥20 mmHg
5 minutes after a provocative test).27
Data collection and statistics
Data were obtained from 2 sources. Between January 2001 and March 2010, data
were retrieved from a custom-made Microsoft Access database supplemented by information
from hardcopy files from the archive. Between April 2010 and December 2013, electronic
hospital patient files were used. Analysis was performed using SPSS Statistics, Windows version
22.0.0.0 (IBM Corp). Normality of distribution was determined using the Shapiro-Wilk test.
When distributed normally, data are expressed as mean ± SD. If not, data are expressed as
median and range. Potential group differences in prefasciotomy ICP values were assessed
using an independent-samples t test. We used the chi-square test to assess differences in
recurrence rates in the 3 lower leg CECS types. Equality of variances in these groups of patients
was assessed using the Levene test. Factors potentially predicting CECS recurrence (age, sex,
bilaterality, affected compartment) were also evaluated using a chi-square test (parametric)
or Mann-Whitney U test (nonparametric). The Kruskal-Wallis H test assessed differences in
preoperative ICP values during rest regarding anterior (ant), deep posterior (dp), and lateral
(lat) compartments. Because ICP values 1 and 5 minutes after a provocative test were not
systematically reported, these variables could not be statistically evaluated as predicting
factors. A P value ≤.05 was considered significant.
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RESULTS
General
During the 13-year study period, a total of 1714 ICP measurement sessions were
performed in 1513 patients. Of these, 201 tests were re-ICPs of all extremity compartments.
After exclusions, 71 re-ICP measurements of the lower leg in 68 patients were eligible for analysis
frequently reported symptoms prior to re-ICP measurement were pain (53/55, 96%; n=13

(after fasciotomy, n=55; after a previously normal ICP, n=16) (Figure 3.1). The most frequently
missing) and a feeling of tightness (30/47, 64%; n=21 missing). Most patients reported

reported
symptoms prior to re-ICP measurement were pain (53/55, 96%; n=13 missing) and
symptoms during exercise (42/61, 69%; n=7 missing) whereas 20% (12/61; n=7 missing)
a experienced
feeling of tightness
(30/47,
n=21
missing).
Most
patients(26/39;
reported
symptoms
during64%;
normal
daily
activities.
Two-thirds
n=29symptoms
missing) ofduring
all
exercise
n=7 missing)
whereas
n=7 missing)
experienced
patients(42/61,
had to 69%;
stop their
sports activities
or20%
lower(12/61;
their sports
activity level
becausesymptoms
of their
exertional
symptoms.
during
normal
daily activities. Two-thirds (26/39; n=29 missing) of all patients had to stop

their sports activities or lower their sports activity level because of their exertional symptoms.
ICP measurements
n=1714
(patients n=1513)
1 Jan 2001 – 31 Dec 2013
Excluded
n= 1513
Single ICP
Repeat ICP (re-ICP)

Excluded

n=201
Second ICP
Third
Fourth
Fifth

n=130

n=171
n=27
n=2
n=1

Lower leg re-ICP
after fasciotomy

Lower leg re-ICP
after earlier normal
ICP

n=55

n=16

Patients
n=53
Compartments n=63

- Other compartment
- Contralateral leg
- Incomplete
documentation
- Conservative
- Arm
- Compartment already
included
- History of surgery
- History of fracture

n=54
n=35
n=25
n=4
n=4
n=4
n=3
n=1

Patients
n=15
Compartments n=20

Figure 3.1: Intracompartmental pressure (ICP) measurements for chronic exertional compartment
syndrome between January 2001 and December 2013.
Figure 3.1: Intracompartmental pressure (ICP) measurements for chronic exertional compartment
syndrome between January 2001 and December 2013.
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Re-ICP measurement for suspected recurrent CECS after fasciotomy
A total of 53 patients (62 compartments; female, 34/53; median age, 24 years; range,
15-78 years) had previously undergone fasciotomy for ant-CECS (n=28), dp-CECS (n=24), or
lat-CECS (n=10). (Table 3.1) At remeasurement, 16 compartments (26%), met the criteria for
CECS. Differences in rates of elevated compartment pressures were not statistically significant
for the 3 lower leg CECS types (p = 0.38, χ2 = 1.93; ant-CECS, 17%; dp-CECS, 33%; lat-CECS,
30%). Sex (χ2 = 0.058, p = 0.810), age (U = 378, z = 1.840, p = 0.066), bilaterality (χ2 = 0.019, p =
0.889), and prefasciotomy ICP at rest also did not predict elevated pressures during re-ICP
measurement of either CECS subtype (ant-CECS, p = 0.290; dp-CECS, p = 0.136; lat-CECS, p =
0.905).
Re-ICP after earlier
fasciotomy
Patients, n
Compartments, n

Re-ICP after earlier
normal ICP

53
62
28 (5)
24 (8)
10 (3)
53
34 (64)
19 (36)
53
22 (42)
31 (58)
22 (14-77)
(95% BI 23.88-32.46)

15
20
13 (3)
5(0)
2 (0)
15
8 (53)
7 (47)
15
3 (20)
12 (80)
29 (+/- 10)

Age at re-ICP, y, median
(range)/mean +/- SD

24 (15-78)
(95% BI 25.80 -34.12)

31 (+/-10)

Time since start of
symptoms at re-ICP, mo,
median (range)

17.5 (1-140)

14 (6-120)

Sex, (n)%
CECS at first ICP
measurement, n (%)
Age at first ICP, y, median
(range)/mean +/- SD

Anterior, n(+)b
Deep posterior, n (+)b
Lateral, (+)b
Female
Male
Unilateral
Bilateral

CECS = chronic exertional compartment syndrome, ICP = intracompartmental pressure, re-ICP =
repeat ICP measurement
b
+ indicates elevated intramuscular pressure according to Pedowitz criteria27
Table 3.1: Characteristics of populations undergoing lower leg re-ICP measurement for chronic
exertional compartment syndrome (CECS)
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Re-ICP measurement for ongoing suspicion of CECS after a previously normal ICP
A total of 15 patients (20 compartments; female, n=8; mean age, 31 ± 10 years)
underwent re-ICP measurement for an ongoing suspicion of CECS despite a normal first ICP
measurement (Table 3.1). Diagnostic criteria for CECS were found in 3 compartments in 3
patients (15% of measured compartments, all ant-CECS). In the remaining 12 patients, re-ICP
values did not meet the criteria for CECS in anterior (n=10), deep posterior (n=5), and lateral
compartments (n=2).

DISCUSSION
The aim of this study was to evaluate the yield of a repeat dynamic ICP measurement
in the management of lower leg CECS. Patients who are suspected of having CECS again after
a seemingly successful fasciotomy or having CECS after a previously normal ICP result may
undergo a repeat ICP measurement if other exertional pain syndromes such as PAES, MTSS,
and intermittent claudication are ruled out.1,8,19,21,22,24,31,35 However, it remains unknown whether
re-ICP measurement has any potential diagnostic value in these patients, especially since the
diagnostic value of an ICP measurement per se is nowadays frequently questioned.5,17,29 If one
continues to assume that ICP measurement is the gold standard of CECS testing (in the absence
of a better one), results of the present study may indicate that a re-ICP measures pressures
that are consistent with CECS in up to 23% (19/82) of all compartments. Moreover, these data
also suggest that an earlier fasciotomy for CECS, or previously normal ICP measurements, do
not exclusively rule out CECS as a cause for persisting lower leg symptoms.
The present study is the first to report on re-ICP measurements, either after a
fasciotomy or an earlier normal ICP measurement. The study has a number of limitations
associated with its retrospective nature. It is possibly flawed by the risk of information bias as
data on patient history and clinical evaluation were occasionally missing. Moreover, some of
the patients were not operated on at our hospital. As a consequence, details on experience
of surgeons as well as surgical procedure and follow-up were not available. Therefore, a
future study including data such as re-ICP measures and surgical details of patients that were
prospectively obtained in a single institution will possibly provide more valuable information
on the role of re-ICP measurements in CECS.
Both in patients with a previously normal ICP measurement and in patients with
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ongoing lower leg complaints after a fasciotomy for CECS, causes for exercise-induced symptoms
other than CECS must always be ruled out prior to the execution of a re-ICP test. This differential
diagnosis includes intermittent claudication (ankle brachial index <0.9, drop after exercise
>0.15), PAES (abnormal pedal pulse test, abnormal Duplex after provocation), or MTSS (painful
palpation ≥5 cm along distal medial tibial rim). If these diagnoses are excluded, conservative
treatment regimens such as rest, cooling, orthotics, compression stockings, adjustments in
running technique, as well as manual, prolo-, and shockwave therapy may be considered,
although the evidence is not strong.6,7,15,16 When these conservative regimens fail, the diagnosis
CECS may once again be considered. A re-ICP measurement may aid in the differential diagnostic
approach, but one may also, somewhat pragmatically, decide to directly proceed to surgery
in a patient with a typical clinical presentation. For instance, Verleisdonk et al performed a
fasciotomy in 18 patients possibly having a de novo CECS of the anterior compartment based
on a typical medical history and physical examination in the presence of normal ICP and
found a 66% success rate.38 In the present study, 26% (16/62) of all compartments showed
elevated pressures at re-ICP measurement, either after a fasciotomy or after an earlier normal
ICP. Postoperatively elevated re-ICPs may possibly be explained by an incomplete fasciotomy,
postoperative development of excessive fibrous tissue, or reformation of the fascia.4,20,30 An
elevated re-ICP after an earlier negative ICP measurement is potentially caused by either
an initial false-negative ICP result due to inadequate provocation at first ICP measurement,
prolonged inactivity leading to muscle atrophy and consequent low muscle pressures, or it is
just a false positive result in itself. A normal re-ICP measurement, despite ongoing complaints,
may be explained by a false-negative measurement result or, for instance, by a muscle strain
caused by an ongoing changed gait pattern, previously provoked by the CECS symptoms,
explaining the accurate normal compartment pressures. Moreover, the possibility of an
unknown syndrome other than CECS (or the aforementioned differential diagnosis) must be
considered. We strongly feel that the diagnosis of CECS and subsequent decision for invasive
surgery should never be made based on results of ICP measurements alone. We recommend
a combined approach including detailed history taking, physical examination, and exclusion
of other lower leg pathologies, with or without elevated re-ICP measurements.
Timed ICP values obtained during rest and immediately after a provocative test
(running, hopping, tip-toeing) are considered the diagnostic gold standard for CECS.32,34 The
modified Pedowitz criteria are widely accepted as cut-off points to confirm or reject this
diagnosis.27 However, a correlation between these cut-off values and treatment outcomes has
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never been demonstrated, fuelling a discussion regarding its absolute role in the diagnostic
process as well as its prognostic value.5,17,29 Moreover, ICP pressure catheters may be positioned
suboptimally when introduced using a “blind” technique, especially in the deep posterior
compartment.40 It is therefore not a surprise that fasciotomy after a positive ICP test does not
always confer success.41 It must be appreciated that a suboptimal clinical outcome is the end
result of all management steps, including faulty diagnostic tests and suboptimal conservative
and/or surgical techniques. Conversely, if only clinical characteristics are used as the basis
of CECS management, overdiagnosis and treatment may be as frequent as 50%.3 Whether a
23% elevated re-ICP rate, as detected in the present population, really represents CECS or just
reflects a high false-positive rate is unclear. A prospective study initiated in our institution from
January 2013 onward including all patients with a history and physical examination suggestive
of CECS and ICP values may allow for the determination of the relationship between ICP and
clinical outcome. Alternative diagnostic tools such as MRI and near-infrared spectroscopy
are under investigation but are not yet generally accepted.28,36 Unless alternative diagnostic
tools for CECS become available, a dynamic ICP will continue to be regarded as the diagnostic
gold standard.
In general, fasciotomy is successful in 33% to 90% of operative patients.18,37,39 Success
largely depends on CECS type, with treatment in the deep posterior compartment frequently
reported to be the least successful. Therefore, reoperations are not unusual. 4-6,13,18,30,39 In the
present study population, 1 of 4 patients undergoing a re-ICP measurement demonstrated
elevated compartment pressure. Assuming an unknown false positivity rate and having
reservations regarding the absolute discriminative value of the Pedowitz criteria, it is reasonable
to assume that some of these patients do suffer from (recurrent) CECS. Interestingly, rates of
repeat elevated compartment pressures were not different across the 3 compartments (antCECS, 17%; dp-CECS, 33%; lat-CECS, 30%). Possible reasons for high ICP after surgery are an
incomplete fasciotomy or development of excessive fibrous tissue.4,20,30 A “fifth compartment”
consisting of the tibialis posterior muscle with its own fascia that is left intact during the
surgical exploration probably also contributes to an inferior outcome after surgery in patients
with dp-CECS.18,41 In our opinion, a surgeon should always explore all muscles of the affected
compartment to make sure the fasciotomy is complete.
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CONCLUSION
A re-ICP measurement may be considered in patients with persisting lower leg
symptoms after surgery for CECS as well as after a previously normal ICP, since both scenarios
do not rule out CECS. However, other reasons for lower leg exertional pain must always be
considered prior to embarking on repeat ICP and secondary surgery.
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CHAPTER 4

ABSTRACT
Background: Chronic exertional compartment syndrome (CECS) mostly occurs in the anterior
or deep posterior compartments (ant-CECS and dp-CECS, respectively) of the leg. It is generally
accepted that CECS of the third or lateral compartment (lat-CECS) always occurs together with
ant-CECS. However, whether exertional leg pain (ELP) can be caused by an isolated form of
lat-CECS is unknown.
Purpose: To determine the existence of isolated lat-CECS and study whether history taking
and a physical examination aid in discriminating between different subtypes of CECS.
Study Design: Case series; Level of evidence, 4.
Methods: Patients were eligible for this single-centre study, conducted between January 2013
and February 2018, if they reported anterolateral ELP and completed a questionnaire scoring
the frequency and intensity of pain, tightness, cramps, muscle weakness, and paraesthesia
during rest and exercise. They were asked to mark areas of altered foot skin sensation, if
present, on a drawing. All patients underwent a dynamic intracompartmental pressure (ICP)
measurement of the anterior and lateral compartments simultaneously. The diagnosis of
CECS was confirmed by elevated ICP (Pedowitz criteria). There were 3 patient groups: (1)
isolated ant-CECS with elevated ICP in the anterior compartment and normal ICP in the lateral
compartment, (2) isolated lat-CECS with elevated ICP in the lateral compartment but normal
ICP in the anterior compartment, and (3) ant-/lat-CECS with elevated ICP in both the anterior
and lateral compartments.
Results: A total of 73 patients with anterolateral ELP fulfilled study criteria (isolated ant-CECS:
n = 26; isolated lat-CECS: n = 5; ant-/lat-CECS: n = 42). Group differences were not observed
regarding age (isolated ant-CECS: median, 26 years [range, 13-68 years]; isolated lat-CECS:
median, 20 years [range, 17-63 years]; ant-/lat-CECS: median, 28 years [range, 17-57 years];
χ2 (2) = 0.466; P = .79), sex (isolated ant-CECS: 50% male; isolated lat-CECS: 40% male; ant-/
lat-CECS: 62% male; P = .49), or bilateral symptoms (isolated ant-CECS: 54%; isolated lat-CECS:
80%; ant-/lat-CECS: 69%; P = .40). However, cramps at rest were present in a portion of the
patients with isolated ant-CECS (38%) and ant-/lat-CECS (57%) but not in those with isolated
lat-CECS (P = .032). Patient drawings of altered foot skin sensation did not contribute to the
diagnosis (P = .92). ICP values after provocation were all lower in patients with isolated antCECS and isolated lat-CECS compared with those with ant-/lat-CECS (P < .05).
Conclusion: Seven percent of patients with CECS and anterolateral ELP have symptoms due
to isolated lat-CECS in the presence of normal muscle pressure in the anterior compartment.
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INTRODUCTION
The differential diagnosis of exertional leg pain (ELP) includes a range of entities such
as medial tibial stress syndrome, stress fractures, neurovascular entrapment, and chronic
exertional compartment syndrome (CECS).11 The pathophysiology of CECS is poorly understood,
but crucial is elevated intracompartmental pressure (ICP) that may cause exercise-induced
pain, tightness, and cramps.9 In over 90% of patients with CECS, tibialis anterior or deep
posterior (flexor) muscle compartments are affected (ant-CECS and dp-CECS, respectively). An
early study found that 1 in 7 patients who were evaluated for ELP had ant-CECS of the leg.10
Ant-CECS or dp-CECS each have a characteristic patient history and physical examination
and are considered 2 distinct syndromes.4,17 Ant-CECS or dp-CECS usually present in an isolated
form, although combinations of both do occur. The status of the third or lateral (peroneal)
compartment is unclear. Some are convinced that lat-CECS will only occur in combination with
ant-CECS.5,13 Others have suggested that lat-CECS can occasionally present independent from
ant-CECS.2,8,15 ICP of the tibialis anterior muscle is routinely measured when a patient with
anterolateral ELP is suspected of CECS. ICP of the lateral compartment, however, is often not
obtained simultaneously.
With this study, we aimed to determine whether isolated lat-CECS can exist in patients
with anterolateral ELP. Moreover, we wanted to determine whether history taking and a
physical examination aid in discriminating between different subtypes of CECS. If so, tailored
management in patients with CECS may be justified.

METHODS
One focus of our department of sports medicine is diagnosing the causes of ELP. Yearly,
approximately 500 patients with ELP, the vast majority (>95%) engaged in sport activities, are
evaluated, and over 200 of these undergo dynamic ICP measurements.
This study included patients who were analysed between January 2013 and February
2018 in a Dutch centre of referral. Inclusion criteria were a history and physical examination
suggesting CECS of the anterolateral leg, an ICP measurement performed in both the anterior
and lateral compartment simultaneously, and complete data sets of questionnaires and patient
drawings. Patient history was consistent with anterolateral CECS if both the anterior and
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lateral compartments were subjectively painful or felt tense during exercise or some hours
thereafter. During the physical examination, patients often reported discomfort after deep
palpation of the tibialis anterior or peroneal muscle. Patients with ELP and deep flexor CECS,
peripheral neurovascular disease, a history of lower leg trauma, recurrent CECS, or previous
leg surgery were excluded.
All procedures in the current study complied with the Declaration of Helsinki and its
amendments. The rules laid down in the Medical Research Involving Human Subjects Act did
not apply to this research, as confirmed by the local medical ethical review board.
Symptoms questionnaire
Patients were asked in the 15-minute waiting period before an ICP measurement to
complete a questionnaire investigating the severity and frequency of pain, tightness, cramps,
muscle weakness, and paraesthesia using a 5-point verbal rating scale. These verbal rating scale
scores of symptom severity and frequency were converted into a numerical scale to allow for
statistical analyses. Severity was quantified as non-existent (1 point), mild (2 points), moderate
(3 points), severe (4 points), and very severe (5 points). Frequency was expressed as never (1
point), sometimes (2 points), half of the time (3 points), most of the time (4 points), and all
the time (5 points). A severity score was multiplied by a frequency score for each symptom
to calculate a symptom score. For instance, when a patient experiences severe pain (4 points)
half of the time (3 points), the symptom score for pain in this patient is 4 × 3 = 12 points.
A symptom score was calculated for all 5 symptoms associated with CECS (pain, tightness,
cramps, muscle weakness, and paraesthesia). These 5 scores were summed to create an
aggregate total symptom score, representing an approximation of the total discomfort that is
experienced by a patient because of CECS (minimal: 5 points (never any of the 5 symptoms);
maximal: 125 points (always very severe discomfort due to all of the 5 symptoms)).
Pain drawings
It is our experience that some patients with ELP spontaneously report altered foot
skin sensation, possibly reflecting compromised leg peripheral nerves in the presence of
CECS.5 A recent study indicated that patient pain drawings may offer a potential instrument
contributing to identifying the cause of ELP.12 Therefore, when patients experienced altered
foot skin sensation and/or tingling, they were asked to mark this area on a drawing (Figure 4.1).
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Dynamic ICP of 2 Compartments Simultaneously
The diagnostic gold standard of CECS is currently provided by a dynamic ICP
measurement using the Pedowitz cut-off points (ICP ≥15 mmHg at rest, ≥30 mmHg after 1
minute, or ≥20 mmHg at 5 minutes after exercise).3 Before a provocative treadmill test, 2 slit
catheters (Indwelling Slit Catheter Set; Stryker) were inserted in the most symptomatic leg:
1 in the anterior compartment and 1 in the lateral compartment. Both slit catheters were
alternatingly connected to an arterial line manometer and a display (pressure monitor device
783547; Hewlett-Packard). In both compartments, ICP was measured at rest and after a
provocative treadmill running test with a speed of 8 km/h and an 8% inclination. Running was
aborted if patients experienced familiar leg symptoms. They were then asked to lie down on the
stretcher, and ICP was again measured in both compartments immediately after cessation and
1 and 5 minutes thereafter. Line flushing was always performed between the 2 measurements.
Specifics on the dynamic ICP measurement procedure of each of the 2 compartments have
been published previously.3,15

Figure 4.1: Areas of the foot and their associated nerves: (1) saphenous nerve, (2) deep peroneal nerve,
(3) superficial peroneal nerve, (4) medial plantar nerve, (5) lateral plantar nerve,
(6) calcaneal nerve, and (7) sural nerve.
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3 Groups of Anterolateral CECS
Study patients were grouped on the basis of ICP results. The first ELP group (ant-CECS)
had elevated ICP in the anterior compartment and normal ICP in the lateral compartment, the
second group (lat-CECS) had elevated ICP in the lateral compartment and normal pressure in
the anterior compartment, and the third group (ant-/lat-CECS) had elevated ICP in both the
anterior and lateral compartments.
Statistical Analysis
Statistical analysis was performed using SPSS Statistics for Windows (version 25; IBM).
The Shapiro-Wilk test was used to assess the normality of distribution of continuous data.
When distributed normally, data were expressed as mean ± standard deviation. If data were
not distributed normally, they were expressed as median and range. The Kruskal-Wallis H test
determined possible group differences in age and the (total) symptom score. The percentage
of patients reporting altered foot skin sensation suggesting superficial or deep peroneal nerve
compression (possibly reflecting CECS of the lateral or anterior compartment, respectively) was
compared with the percentage of patients reporting altered skin sensation corresponding to
other peripheral nerves (sural, saphenous, and tibial) using the Fisher exact test. This test was
also used to determine possible group differences in sex, bilaterality, and presence of symptoms.
Repeated-measures analysis of variance was used to assess potential interactions between ICP
in the anterior and lateral compartments and the number of affected compartments at the
different ICP measurement points (i.e. ICP in patients with isolated ant- or lat-CECS compared
with patients with ant-/lat-CECS). Because the assumption of sphericity was violated, we used
the Greenhouse-Geisser correction. The Mann-Whitney U test was used to determine if there
were between-group differences in ICP at rest as well as immediately, 1 minute, and 5 minutes
after exercise. Statistical significance was set at the P < .05 level.

RESULTS
During the 5-year period of observation, 747 patients underwent ICP measurements
for possible CECS. A total of 73 patients fulfilled study inclusion criteria (isolated ant-CECS:
n=26; isolated lat-CECS: n = 5; ant-/lat-CECS: n = 42). The other 674 patients did not meet study
criteria for a variety of reasons (tendon and/or muscle injury or not specified: 36%; elevated
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ICP in the anterior or lateral compartment but not in both compartments: 25%; elevated ICP
in the deep posterior compartment: 20%; medial tibial stress syndrome: 14%; nerve injury:
4%; vascular injury: 1%).
ICP at 5 minutes after exercise was above the Pedowitz cut-off point (≥20 mmHg)
in all patients with isolated lat-CECS. In contrast, just 40% of these patients had elevated ICP
beyond the cut-off point at 1 minute after exercise (≥30 mm Hg) (Figure 4.2).
Group differences were not observed regarding age (isolated ant-CECS: median, 26
years [range, 13-68 years]; isolated lat-CECS: median, 20 years (range, 17-63 years); ant-/latCECS: median, 28 years (range, 17-57 years); χ2 (2) = 0.466; P = .79), sex (isolated ant-CECS: 50%
CECS: 50% male; isolated lat-CECS: 40% male; ant-/lat-CECS: 62% male; P = .49), or

male; isolated lat-CECS: 40% male; ant-/lat-CECS: 62% male; P = .49), or bilaterality (isolated
bilaterality (isolated ant-CECS: 54%; isolated lat-CECS: 80%; ant-/lat-CECS: 69%; P = .40).

ant-CECS: 54%; isolated lat-CECS: 80%; ant-/lat-CECS: 69%; P = .40).

Figure 4.2: Percentage of patients with isolated lateral chronic exertional compartment syndrome (latCECS; n=5), isolated anterior CECS (ant-CECS; n=26), and anterior and lateral CECS (ant-/lat-CECS; n=42)
with
positive
or negativeofintracompartmental
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Figure
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depicted
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Table 4.1. During exercise, all patients reported pain,
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symptoms during the night. However, none of the patients with isolated lat-CECS had

lat-CECS did (p = 0.032).

cramps at rest, while 38% of the patients with isolated ant-CECS and 57% of the patients
with ant-/lat-CECS did (p = 0.032).
One-third of all patients (25/73) reported
67 alterations in foot skin sensation in areas
that may suggest compression of the deep or superficial peroneal nerve due to pathologically
elevated ICP in the anterior or lateral compartment. In contrast, almost 66% (48/73) felt
sensation only in skin areas that are not innervated by the deep or superficial peroneal nerve
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One-third of all patients (25/73) reported alterations in foot skin sensation in areas
that may suggest compression of the deep or superficial peroneal nerve due to pathologically
elevated ICP in the anterior or lateral compartment. In contrast, almost 66% (48/73) felt
sensation only in skin areas that are not innervated by the deep or superficial peroneal nerve
(Table 4.2). These findings suggest that the patient-reported location of neurological disorders
may not aid in diagnosing anterolateral CECS.
There was a statistically significant interaction between ICP and the number of affected
compartments (isolated vs combined CECS) in both the anterior and lateral compartments
(F(3,168) = 11.235; P < .001; partial η2 = 0.167; e = 0.609 and F(3,111) = 3.497; P = .048; partial
η2 = 0.086; e = 0.517, respectively). ICP after exercise was significantly higher in patients with
ant-/lat-CECS than in patients with isolated ant-CECS immediately and 1 and 5 minutes after
exercise (U = 752, z = 3.635, P < .001; U = 778, z = 3.994, P < .001; and U = 685, z = 4.216, P <
.001, respectively) and in patients with isolated lat-CECS 1 minute after exercise (U = 122; z =
1.975; P = .048) (Figure 4.3).
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Ant-CECS
(n=26)

Lat-CECS
(n=5)

Ant/lat-CECS
(n=42)

p-value

Pain
Tightness
Muscle weakness
Cramps
Paresthesia
Symptom score, rest median (range)

22/26 (85)
21/26 (81)
12/26 (46)
10/26 (38)
12/26 (46)

2/5 (40)
5/5 (100)
1/5 (20)
0/5 (0)
2/5 (40)

34/42 (81)
37/42 (88)
14/42 (33)
24/42 (57)
25/42 (60)

0.103
0.549
0.437
0.032*
0.461

Pain
Tightness
Muscle weakness
Cramps
Paresthesia
Total

12 (1-25)
9 (1-25)
2 (1-16)
1 (1-16)
2 (1-16)
34 (5-85)

4 (1-6)
9 (6-12)
1 (1-6)
1 (1-1)
1 (1-9)
18 (13-24)

4 (1-20)
12 (1-25)
1 (1-25)
4 (1-16)
4 (1-20)
29 (5-89)

0.057
0.538
0.377
0.082
0.715
0.408

26/26 (100)
25/26 (96)
16/26 (62)
14/26 (54)
15/26 (58)

5/5 (100)
5/5 (100)
3/5 (60)
2/5 (40),
3/5 (60)

42/42 (100)
42/42 (100)
25/42 (60)
29/42 (69)
31/42 (74)

>0.999
0.425
>0.999
0.275
0.360

20 (9-25)
20 (1-25)
8 (1-25)
6 (1-25)
14 (1-20)
63 (16-110)

20 (9-25)
16 (16-25)
12 (1-25)
1 (1-25)
4 (1-25)
57 (43-125)

20 (6-25)
16 (8-25)
4 (1-25)
5 (1-25)
4 (1-25)
57 (18-94)

0.799
0.962
0.332
0.820
0.601
0.564

17/26
16/26
13/26
11/26

3/5
3/5
1/5
2/5

23/42
28/42
22/42
20/42

0.804
0.928
0.496
0.932

Symptom rest, yes/total (%)

Symptoms exertion, yes/tot (%)
Pain
Tightness
Muscle weakness
Cramps
Paresthesia
Symptom score, exertion, median
(range)
Pain
Tightness
Muscle weakness
Cramps
Paresthesia
Total
Symptoms night, yes/total (%)
Pain
Tightness
Cramps
Paresthesia

See methods section for calculation of the symptom score (minimum, 5; maximum, 125). Ant-CECS,
isolated anterior chronic exertional compartment syndrome; ant-/lat-CECS, anterior and lateral chronic
exertional compartment syndrome; lat-CECS, isolated lateral chronic exertional compartment syndrome.
* p<0.05
Table 4.1: Symptoms and symptom scores during rest, during exertion and at night
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Ant-CECS
(n=26)

Lat-CECS
(n=5)

Ant/lat-CECS
(n=42)

p-value

immediately and 1 and 5 minutes after exercise (U = 752, z = 3.635, P < .001; U = 778, z =
3.994, P < .001; and U = 685, z = 4.216, P < .001, respectively) and in patients with isolated
Paresthesia
lat-CECS
1 minute after exercise
(U = 122; z = 1
1.975; P = .048) (Figure
7 4.3).
7
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nerve
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2 deep peroneal nerve
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Figure 4.3: Median intracompartmental pressure (ICP) at rest, immediately, and 1 and 5 minutes after
Figure
4.3: Median
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pressure (ICP) atand
rest, (B)
immediately,
and 1 and 5 minutes
after
provocative
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in the
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lateralexercise
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different:
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0.05
(ant-CECS), or isolated lateral CECS (lat-CECS). Error bars represent standard error of the mean.
* Statistically significantly different: p< 0.05
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DISCUSSION
If CECS is present in the leg, it is mostly ant-CECS or dp-CECS.3 However, sporadic
reports suggest that the lateral (peroneal) compartment can also develop CECS (lat-CECS).7,8 AntCECS and dp-CECS are clearly separate entities with characteristic features, but the status of latCECS is unclear. Interestingly, 7% (5/73) in our population of patients with CECS and anterolateral
ELP was found to have such isolated lat-CECS. This percentage is probably an underestimation,
as it is currently not a standard procedure to perform a dynamic ICP measurement of both
the anterior and lateral compartments simultaneously in patients with ELP with anterolateral
complaints.
A distinction between CECS of the tibialis anterior and peroneal muscles is seldom
made in anterolateral ELP, but instead, the somewhat generic term of “anterolateral CECS” is
preferred.13 If the type of CECS is not reported in a study, one assumes that the study participants
have tibialis anterior muscle compartment syndrome.6 Most researchers are convinced that
lat-CECS, if present, is obligatorily combined with ant-CECS.5,13 Others consider lat-CECS as an
entity that is possibly separate from ant-CECS.7,8,15 The present study suggests that a small
portion of patients with anterolateral ELP indeed suffer from isolated lat-CECS. We advise that
subtypes of CECS are standardly reported in future studies, allowing for a better comparison
of management and treatment results.
Certain clues in history taking and a physical examination point toward the presence
of a certain type of leg CECS. For instance, pain halfway up the calf combined with tender deep
palpation of distal deep flexor muscles is associated with dp-CECS.17 In contrast, differentiating
between isolated anterior and isolated lateral CECS based on a combination of history taking and
a physical examination is difficult, if not impossible. Although group size is limited, the present
study demonstrates that symptoms in patients with isolated ant-CECS, isolated lat-CECS, or both
(ant-/lat-CECS) are rather alike. History taking and a physical examination may therefore not
allow for a discrimination of these anterolateral subtypes. Therefore, a simultaneous dynamic
ICP measurement of both the anterior and lateral compartments is justified in patients with ELP
having anterolateral pain and tightness that are potentially caused by CECS. Future research
should establish whether these 3 subtypes require a tailored treatment.
As history taking and a physical examination probably do not aid in diagnosing each
of the 3 types of anterolateral CECS, we explored the use of simple tools such as patientreported alterations in skin sensation of the foot. A recent study indicated that patient pain
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drawings can be a valuable instrument in diagnosing various causes of ELP.12 Patients with high
muscle pressure in the anterior or lateral compartment occasionally experience awkward foot
sensations in the dermatome of the deep peroneal nerve (web space between first and second
toes) or the superficial peroneal nerve (dorsum of foot), respectively.5 Our patients were asked
to indicate areas of altered skin sensation of the foot, if present, on a drawing. Approximately
one-third of our patients reported alterations in skin sensation, possibly reflecting compression
of either the deep or superficial peroneal nerve. In contrast, almost 66% reported altered
sensation in territories of nerves that are located outside of the anterolateral compartments
such as branches of the tibial nerve or saphenous or sural nerve (Table 4.2). Therefore, patient
drawings of altered skin sensation of the foot did not contribute to diagnosing the type of
anterolateral CECS.
A dynamic ICP measurement is still the gold standard diagnostic tool in CECS.1,14 As
some are convinced that the anterior and lateral compartments are always simultaneously
affected in anterolateral CECS, they advise fasciotomy of both compartments in recalcitrant
patients, even if elevated ICP is demonstrated in the anterior compartment only.5,13 The
presence of elevated muscle pressure of both compartments would support their approach.
The present study challenges their method, as just 58% (42/73) of all patients with CECS
reporting anterolateral ELP who underwent ICP measurements of both the anterior and
lateral compartments had elevated pressure in both. Therefore, it is likely that pressure in
the anterior and lateral compartments may not always be related. Interestingly, the present
study also found that ICP values immediately after a treadmill run were consistently higher in
patients with CECS in both compartments compared with patients with either isolated antCECS or isolated lat-CECS. The clinical relevance of these significantly higher ICP values is yet
to be determined. However, 1 study suggested that surgery was more successful in patients
with higher ICP.16
The present study has limitations, including a restricted number of patients. Moreover,
it is not standard procedure in our department to measure both the anterior and lateral
compartments of patients with anterolateral ELP, potentially introducing selection bias. In
addition, patient selection is based on dynamic ICP measurements, a diagnostic tool that is
under debate but still preferentially used in the absence of a generally accepted alternative.1,14 A
correlation of the ICP measurement patterns with results of compartment release would have
strengthened the conclusion that isolated lateral compartment syndrome exists. Finally, we
used a symptom score that is not yet validated, which makes an analysis of the symptoms
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even more challenging.
In conclusion, this study is the first to demonstrate that 7% of a general population
with CECS in the area of the anterolateral leg has symptoms due to elevated muscle pressure
in the lateral compartment only. A physical examination and patient-reported symptoms are
not always helpful in differentiating between lat-CECS and ant-CECS. Future research should
establish whether these patients require individualized treatment.
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CHAPTER 5

ABSTRACT
Background: Exercise-induced lower leg pain may be caused by chronic exertional compartment
syndrome (CECS). The anterior (ant-CECS) or deep posterior compartment (dp-CECS) is usually
affected. Knowledge regarding CECS of the lateral compartment (lat-CECS) is limited.
Purpose: To describe demographic characteristics and symptoms in a consecutive series of
patients with isolated CECS of the lateral compartment of the leg.
Study Design: Case series; Level of evidence, 4.
Methods: Since 2001, patients undergoing dynamic intracompartmental pressure (ICP)
measurements for suspected CECS in a single institution were prospectively monitored.
Individuals with a history possibly associated with lat-CECS and elevated ICP measurements
(Pedowitz criteria) were identified. Exclusion criteria were concomitant ipsilateral ant-CECS/
dp-CECS, acute compartment syndrome, recent significant trauma, peroneal nerve entrapment,
or vascular claudication.
Results: During an 11-year time period, a total of 26 patients with isolated lat-CECS fulfilled
study criteria (15 females; median age, 21 years; range, 14-48 years). Frequently identified
provocative sports were running (n=4), walking (n=4), field hockey (n=3), soccer (n=3), and
volleyball (n=2). Exercise-induced lateral lower leg pain (92%) and tightness (42%) were often
reported. The syndrome was bilateral in almost two-thirds (62%, n=16). Delay in diagnosis
averaged 24 months (range, 2 months to 10 years).
Conclusion: Young patients with exercise-induced pain in the lateral portions of the lower leg
may suffer from isolated CECS of the lateral compartment. ICP measurements in the lateral
compartment in these patients are recommended.

78

Isolated chronic exertional compartment syndrome of the lateral lower leg.

INTRODUCTION
Young athletes occasionally suffer from exercise-induced lower extremity symptoms
caused by a chronic exertional compartment syndrome (CECS). The aetiology of CECS is largely
unsolved but pathologically elevated pressures in muscle compartments are consistently
demonstrated.3,28 The diagnostic standard is provided by a dynamic intracompartmental
pressure (ICP) measurement after a standard provocative treadmill test.20 Current literature
shows some controversy to as which compartment is most frequently affected in CECS. However,
CECS of the anterior tibialis muscle (ant-CECS) or posterior flexor muscles (dp-CECS) are most
frequently studied.1
High ICPs may also occur in lower leg lateral muscle compartments (lat-CECS). The
limited body of literature on the incidence of lat-CECS is confusing as studies were often
executed in mixed CECS populations and did not always differentiate between types of
CECS.4,6,8,11,13,14,20,22,30 A first case of isolated lat-CECS was reported in the early 1970s.22 A recent
study reported on ICP characteristics in 32 patients with lat-CECS.6 To date, no large studies
describing demographics, risk factors, and symptomatology associated with an isolated latCECS were reported. Since the lateral compartment may be symptomatic in up to 35% of all
CECS patients, more knowledge regarding this syndrome is desirable.4
Since the year 2001, patients with lower leg pain referred to our Department of Sports
Medicine (Máxima Medical Centre, Veldhoven, The Netherlands) for an ICP measurement are
prospectively monitored. The aim of the present study was to describe demographics and
baseline characteristics in a consecutive series of patients diagnosed with isolated lat-CECS.
Based on clinical experience, it was hypothesized that a subset of patients may have isolated
lat-CECS.

METHODS
General Study Characteristics
Our departments of sports medicine and surgery have a long-term interest in
diagnosing and treating patients with exercise-related lower leg syndromes.7,32,35 Our
institution acts as a national referral centre for sports physicians and general practitioners. ICP
measurements in patients suspected of CECS have been performed since 1997. Demographic
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and clinical data of all individuals undergoing an ICP measurement have been prospectively
entered into a separate database since 2001. The first patient with a lat-CECS underwent an
ICP measurement in November 2001.
Patients who presented to our department between November 2001 and December
2012 underwent history taking and physical examination. If the patient experienced exerciseinduced symptoms, such as pain, in the lateral lower leg, a lat-CECS was suspected. Suspicion
rose if there was tenderness of the peroneal muscles on palpation. However, a pitfall in all
CECS patients is the absence of signs and symptoms at rest. Patients with a possible lat-CECS
underwent ICP measurements of the affected compartments. Patients were eligible for the
present study if ICP values met the Pedowitz criteria for CECS of the lateral compartment
only.20 Additional imaging using radiographs, magnetic resonance imaging (MRI), and bone
scans were previously performed at the referring institution in a small subset of patients and
excluded other pathologies such as stress fractures or medial tibial stress syndrome. Patients
with an acute compartment syndrome, a history of recent trauma or lower leg surgery other
than for CECS, or with vascular claudication were excluded. Between January and July 2014,
patient sex, age at time of diagnosis, number of affected legs, symptoms, ICP measurements,
and other electronically stored patient data were analysed. The study was approved by our
local ethical committee.
Dynamic ICP Measurement
At presentation at the outpatient department of sports medicine, patients underwent
history taking and physical examination. If findings were suggestive of a lat-CECS, a dynamic
ICP measurement of the lateral compartment was performed by 1 of 2 experienced sports
medicine physicians (M.C., A.H.). The measurements were performed using a slit catheter
(Indwelling Slit Catheter Set; Stryker) connected to an arterial line manometer and a display
(pressure monitor device 783547; Hewlett Packard).1,16 Patients were studied in a supine position
with 20° of plantar flexion of the ankle joint and 10° to 30° of flexion of the knee. Before the
hollow needle containing the catheter was introduced, the overlying skin was infiltrated with
2 mL of 1% lidocaine. After needle introduction into the bulky portion of the lateral muscle
compartment some 5 to 7 cm distal to the fibular head, the catheter was left in situ and the
needle was removed. The catheter was connected to the manometer and patients were
instructed to evert the foot against resistance to confirm correct placement.
After a resting ICP value was recorded, the catheter end was disconnected and taped
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onto the skin. Patients were instructed to run on a treadmill starting with a speed of 8 km/h
until symptoms were maximal. Pressures were recorded immediately after cessation of exercise
in the supine position and 1 and 5 minutes thereafter. Only the most symptomatic leg was
measured if patients reported bilateral symptoms. If patient history and physical examination
were also suggestive of ant-CECS (pain in anterior lower leg muscles, tender on palpation) or
dp-CECS (deep calf muscle pain, muscle tenderness halfway up the lower leg on palpation),
these compartments were also measured. Again, signs and symptoms of CECS at rest are
often absent.
If an isolated lat-CECS was diagnosed based on a combined history, physical
examination, and ICP values (preexercise pressure ≥15 mmHg, 1-minute postexercise pressure
≥30 mmHg, or 5-minute postexercise pressure ≥20 mmHg), conservative and surgical treatment
options were discussed with the patient. As the majority of patients were referred for a
diagnostic ICP measurement only, results on outcomes were not available.
Statistical Analysis
Statistical analysis was performed using SPSS statistical software version 22.0 (IBM
Corporation). Normality of distribution was determined using the Shapiro-Wilk test. If normal,
data were expressed as mean ± SD; if not, data were expressed as median and range.

RESULTS
Between January 2001 and December 2012, 1384 patients suspected of having
CECS underwent an ICP measurement. A total of 678 of these patients demonstrated ICP
measurements consistent with CECS in at least 1 compartment according to the Pedowitz
criteria. Numbers of patients potentially having a lat-CECS gradually increased during this
11-year time period (Figure 5.1). A total of 247 patients had signs and symptoms suggestive
of lat-CECS. Moreover, 78 patients (32%) also had ICP measurements demonstrating lateral
CECS. Therefore, 12% of all positive ICP measurements concerned a lat-CECS (78/678 positive
compartments) (Figure 5.2).
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CECS. Therefore, 12% of all positive ICP measurements concerned a lat-CECS (78/678
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Figure 5.1: Number of patients with normal (white) and elevated (black) intracompartmental pressures
(ICPs) of the lateral lower leg presenting to a single institution between January 2001 and December
2012 (total number of lateral ICP measurements, n=247; elevated ICP during rest or after provocation,
n=78)
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Figure 5.2: Flowchart of patients undergoing a dynamic intracompartmental pressure (ICP)
measurement for suspected chronic exertional compartment syndrome (CECS) of any type during 11
years in a single institution.

Almost two-thirds (64%, 50/78) of patients with a lat-CECS had at least 1 other type
of CECS. The combination ant/lat-CECS was most frequently found (42%, 33/78). Less frequent
combinations were lat/ant/dp-CECS (13%, 10/78) or lat/dp-CECS (9%, 7/78). In contrast, onethird (36%, 28/78) had an isolated lat-CECS. As 2 patients were excluded for reasons listed
in Figure 5.2, 26 patients fulfilled the current study inclusion criteria. The following data are
based on this population.
A little over half of the study population (58%, 15/26) was of female sex. Symptoms
started at a median age of 21 years (range, 14-48 years; unknown, n = 6). The median age at
diagnosis was 27 years (range, 16-78 years). Delay in diagnosis after initial presentation to a
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physician averaged 24 months (range, 2 months to 10 years). Sports activities most commonly
provoking symptoms of CECS were running (n=4), walking (n=4), field hockey (n=3), and soccer
(n=3). Two patients did not engage in sports (Figure 5.3). The intensity of symptoms variously
affected sports activities. For instance, 27% (4/15; unknown, n=11) completely abstained from
sports whereas 47% (7/15) were able to continue, albeit at a lower level; 13% (2/15) were
able to engage in sport but with substantial additional effort.
Unknown
n=1

No sports
n=2

Running
n=4

Walking
n=4

Other
n=7

Field hockey
n=3
Volleybal
n=2

Soccer
n=3

Figure 5.3: Sports participation by patients with an isolated lateral chronic exertional compartment
syndrome of the lower leg.

The cardinal symptom was pain (92%, 24/26). A feeling of tightness was frequently
reported (42%, 11/26). Patients also occasionally complained about cramps (19%), diminished
sensibility (15%), and muscle weakness (12%). These complaints were usually reported by
the patients and typically experienced at the lateral aspect of the lower leg. Examination
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of diminished skin sensations suggesting superficial peroneal nerve compression was not
documented. Two-thirds (67%, 16/24; unknown, n = 2) of patients reported bilateral symptoms.
The presence of lateral compartment muscle herniations was not reported. Specifics on
demographics and other baseline characteristics are depicted in Table 5.1.
Isolated lat-CECS (n=26)
11/15 (42/58)

Male/female, n (%)
Age, y, median (range)

at onset of symptoms (n=20)
at diagnosis (n=26)
Delay in diagnosis, mo, median (range) (n=20)
Unilateral/bilateral, n (missing)
History of earlier CECS: yes/no, n, (missing)
Symptoms reported/not reported, n (%)
Pain
Tightness
Cramps
Loss of sensibility
Muscle weakness
ICP, mmHg, median (range)
Rest (n=26)
Directly after exercise (n=25)
1 minute (n=22)
5 minutes (n=22)
Level of sports activities, n (%)
International
National
Local
Social
No
Unknown*
Effect on sports activities, n (%)
Forced to stop
Change of sports activities
Sports at a lower level
Sports possible with complaints
Did not practice any sports
Unknown*
CECS, chronic exertional compartment syndrome; ICP, intracompartmental pressure
* Not included in percentage calculation

21 (14-48)
27 (16-78)
24 (2-120)
8/16 (2)
11/15 (0)
24/2 (92)
11/15 (42)
5/21 (19)
4/22 (15)
3/23 (12)
20 (12-42)
38 (27-80)
36 (16-71)
29 (15-60)
3 (14)
3 (14)
4 (19)
9 (43)
2 (10)
5
4 (27)
0 (0)
7 (47)
2 (13)
2 (13)
11

Table 5.1: Characteristics of patients with an isolated lateral lower leg chronic exertional compartment
syndrome
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DISCUSSION
The aim of the present study was to describe demographics and baseline characteristics
in the largest series to date of patients diagnosed with isolated CECS of lateral portions of
the lower leg (lat-CECS). Results indicate that lat-CECS was located bilaterally in two-thirds
of patients. While lat-CECS is most commonly seen in association with involvement of other
compartments, one-third of patients presented with an isolated lat-CECS.
The available lower leg CECS literature is unclear regarding the most frequently
affected compartment. The present study showed a predilection of anterior (58%, 395/678) or
deep posterior (50%, 338/678) CECS. Lat-CECS was observed in just 12% of patients (78/678).
In contrast, other studies reported that anterior and lateral compartments are frequently
involved.6,12,19,28,30,31 Differences in incidence are probably due to patient selection or ignoring
the lateral compartment as a separate compartment. For instance, some classify lower leg
CECS as either anterolateral or posterior.5,12,28,30,31 Other authors have distinguished anterior
and deep posterior from lateral compartments, and a distribution similar to ours is also
reported.8,13,34 However, different incidence rates are not completely explained by neglecting the
lateral compartment as a separate entity.6,14,20 It is highly likely that lat-CECS is underdiagnosed
in general. If this were true, this phenomenon may explain some of the suboptimal results of a
fasciotomy for ant-CECS (or dp-CECS). Therefore, ICP measurement of the lateral compartment
is recommended in a patient who has symptoms and signs suggestive of lat-CECS, including
exercise-induced pain on lateral portions of the lower leg.
The present study is the first to report on symptoms and signs in a substantial group
of patients with an isolated type of lat-CECS. Pathologically elevated compartment pressures
following gold-standard dynamic measurements indeed confirmed the diagnosis of isolated
lat-CECS. A typical isolated lat-CECS patient is between 20 and 30 years old and consistently
reports exercise-related pain on the lateral aspects of the lower leg. Occasionally, they also
experience an exertional feeling of tightness, cramps, loss of skin sensation, and/or muscle
weakness. Moreover, these symptoms are frequently experienced in both legs. It is quite
understandable that most sport physicians are not triggered to think of a lat-CECS in the
presence of these somewhat aspecific findings. An up-to 10-year delay in diagnosis in some
patients illustrates this lack of awareness. However, a steady increase in number of patients
harbouring an isolated lat-CECS during the 11-year study period was found. Besides the
growing number of patients undergoing pressure measurements in the lower leg, an increased
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awareness of isolated lat-CECS as a cause of exertional lower leg pain possibly explains why
isolated lat-CECS was more frequently diagnosed.
Studies of populations with various types of CECS reported that lat-CECS patients are
usually healthy and active individuals who are engaged in sport activities.6,8,21,22,29 The present
study also found that most individuals were involved in a variety of sports activities, including
running, walking, field hockey, and soccer. However, sport is not conditional, as 2 of our latCECS patients refrained from sport activities whereas their symptoms were already evoked
during normal daily activities (8%). This might be due to anatomic variations in tightness of
the muscle fascia or the course of the superficial peroneal nerve.
Earlier studies suggested that lat-CECS could result in pain, tightness, muscle weakness,
cramps, and loss of sensibility on lateral aspects of the lower leg.22,29 The present study found
that pain was the only constantly reported symptom in lat-CECS. Tightness, muscle weakness,
cramps, and loss of sensibility are occasionally also present on the lateral aspects of the lower
leg. The impact of these symptoms on quality of life is substantial considering the finding that
6 of 26 patients competed at a national or international level (see Table 5.1). However, these
symptoms are also characteristic of ant-CECS and dp-CECS.35 Therefore, ICP measurements of a
lateral lower leg compartment may be justified in each young individual with running-induced
lateral lower leg pain or tightness. This is even more true when considering that most patients
are often not able to make a distinction between pain in the anterior or lateral compartments.
The present study found that just 6% (78/1384) of all patients who were referred
for an ICP were indeed having lat-CECS during an 11-year time period. The syndrome was
bilateral in two-thirds of these lat-CECS patients. The phenomenon of bilaterality is commonly
observed in mixed CECS populations (56%-88%) 6,10,18,21,30 as well as in other lower leg types,
including dp-CECS (67%) and ant-CECS (56%-61%).15,21 Conversely, a unilateral form of CECS
is seldom found. Patients presenting with unilateral complaints may be prone to develop
contralateral symptoms over time. This bilateral preponderance may have consequences for
therapeutic strategies.
Muscle hernias may occur in symptomatic CECS. This phenomenon may be considered
as an almost physiological response to elevated compartment pressures.17,20,27 In general,
10% to 60% of patients with CECS were found to harbour small fascia defects.5 These muscle
hernias are rarely palpated, and their contribution to (or alleviation of) symptoms of CECS
is unknown.5 Because the superficial peroneal nerve is perforating the fascia of the lateral
compartment, a higher incidence of muscle hernias in patients is hypothesized with lat-
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CECS. However, herniations in the area of the lateral compartment are rarely reported.17 The
present study also did not diagnose herniations in lat-CECS. However, ultrasound studies
were not performed. Nevertheless, physicians should be aware of these phenomena as
muscle herniations probably contribute to local pain and different skin sensation. Conversely,
a fasciotomy should probably incorporate these herniations.
When CECS is diagnosed, an initial conservative management including rest, physical
therapy, cooling, or inlays is the treatment of choice. If this regimen fails, a fasciotomy may
be advocated. Several different surgical methods have been promoted,8,9,24,30,37 but there is
no evidence regarding the most successful procedure. The majority of patients that were
evaluated in our hospital only underwent ICP measurements for confirmation of the diagnosis.
Therefore, results of conservative treatment or surgeries performed in referring institutions
were not available.
The present study suffers from methodological flaws due to its retrospective nature.
Documentation of baseline characteristics that were retrieved from the electronic patient
files was occasionally incomplete, with a risk of information bias. Follow-up studies were not
performed. Results of surgery were also not obtained. These limitations have prompted us
to prospectively monitor characteristics, diagnosis, and surgical treatment of all patients with
lat-CECS from January 2013 onward using a standard case report form.

CONCLUSION
Chronic exertional compartment syndrome of the lateral compartment of the lower
leg (lat-CECS) should be considered in young, active individuals with exercise-induced lower
leg pain and/or a feeling of tightness on the lateral side of the lower leg. ICP measurements
of the lateral compartment should be routinely performed in these patients.
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CHAPTER 6

ABSTRACT
Exercise-induced lower leg pain may be caused by chronic exertional compartment
syndrome (CECS). Anterior or deep posterior compartments are usually affected. Knowledge
about CECS of the lateral compartment (lat-CECS) is limited and outcome after fasciotomy
is unknown. The purpose of this study is to report on success rates of fasciotomy in patients
with lat-CECS.
Surgical success rates in patients with lat-CECS diagnosed with a dynamic
intracompartmental pressure (ICP) measurement were studied using a questionnaire
(success: excellent or good as judged by the patient; unsuccessful: moderate, fair or poor).
We conducted ICP measurements in 247 patients for suspected lat-CECS, of whom 78 were
positively diagnosed. Following exclusion (n=11), 30 of the eligible 67 patients completed the
questionnaire. Bilateral (70 %, n=21/30) exertional pain (97%, n=29) and a feeling of tightness
(93%, n=28) were the most frequently reported symptoms. Four years after fasciotomy, severity
and frequency of symptoms had dropped significantly. Long-term surgical success was reported
by 33 % (n=10; excellent n=4, good n=6). Seventy-three percent (n=22) had resumed sports
activities (9 same level, 13 lower level).
In conclusion, a fasciotomy for lat-CECS was successful in the long term in just one
of three operated patients in this retrospective study.
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INTRODUCTION
One of eight young patients with exercise-provoked leg pain suffers from a chronic
exertional compartment syndrome (CECS).18 This syndrome is characterized by severe pain
and tightness that is located in one or more lower leg compartments.27 Patients with anterior
and deep flexor CECS (ant-CECS, dp-CECS) are most frequently affected.2 A recent study found
that 12 % of all CECS patients had involvement of the third compartment, termed the lateral
lower leg compartment (lat-CECS).24
In general, results of an invasive, dynamic intracompartmental pressure measurement
(ICP) are pivotal in the management of CECS. Pathologically elevated muscle compartment
pressures according to predefined cut-off points are used for diagnosis and may support
therapeutic measures.17 If conservative therapy including rest and physical therapy fails, a
fasciotomy is considered the therapy of choice.3 Although results of surgery for ant-CECS and
dp-CECS are well documented, the surgical literature on lat-CECS is exceedingly scarce. Surgical
success rates on a total of only 57 lat-CECS patients were identified from the literature (Table
6.1).7,11-14,16,22,25 Interestingly, most surgical data were obtained from operations on patients
with a combined ant-CECS/lat- CECS syndrome. Conversely, just one case series of small volume
(n=3) reported on operative results for isolated lat-CECS.13
Our department of sports medicine is a referral centre for evaluation of CECS. Since
2001, demographics, baseline characteristics and ICP have been prospectively entered in a
digital database. The aim of this study was to evaluate surgical outcomes in patients who were
operated on for CECS involving the lateral compartment.

METHODS
Since January 2001, characteristics including history, physical examination and ICPmeasurements of patients referred to our facility for suspected CECS have been recorded in an
electronic data-base. At the end of 2012, this database contained 1,384 patients. The first patient
with a possible lat-CECS was evaluated in November 2001. For inclusion in the present study,
patients were required to have at least one ICP above one of 3 threshold levels associated with
CECS (Pedowitz criteria; ≥15 mmHg at rest, ≥30 mmHg 1 min after provocative exercise, or ≥20
mmHg 5 min after provocative exercise).17 Details of our dynamic intracompartmental pressure
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measurement procedure were recently published.24 All included patients had undergone a
fasciotomy of the lateral compartment. A history of vascular claudication, significant lower
leg trauma or surgery of the lower leg other than for CECS were considered exclusion criteria.
The study was conducted according to the Declaration of Helsinki. The local ethics committee
judged that evaluation of the study protocol was not required because this effort was considered
a normal evaluation of the patient-related outcome (PRO) and an audit of the results. The
hospital’s medical ethical committee judged that the regulations specified in the Medical
Research Involving Human Subjects Act (WMO) did not apply to the study protocol.8
Author, year

Population
Isolated
Lateral
lat-CECS /
compartments
combined lat/ (n)
ant-CECS (n/n
patients)

Treatment

Martens et al.,
1984

Not reported
(NR)

3

Athletes

Conservative
NR
and fasciotomy

Detmer et al.,
1985

NR

29

Athletes

Fasciotomy

Turnipseed et al., NR
1989

245

Predominantly Fasciotomy and NR
athletes
fasciectomy

Verleisdonk et
al., 1996

NR

2

Predominantly Fasciotomy
military

NR

Micheli et al.,
1999

3/16

NR

Female
athletes

Fasciotomy

Mouhsine et al.,
2005

0/4

7

Athletes

Minimal
incicion
fasciotomy

1 excellent,
2 fair
“Good
results in all
4 patients
at 2 years
follow-up)

Packer et al.,
2013

0/26

NR

NR

Conservative
18 successful
and fasciotomy (excellent/
good), 8 not
successful
(fair/poor)

Maffulli et al.,
2016

0/8

11

Athletes

Fasciotomy

Total

3/54

297

Table 6.1: Literature involving treatment for lat-CECS.
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If history, physical examination and ICP were consistent with lat-CECS, the patient
was informed of the diagnosis and management options. A portion of the patients decided on
conservative therapy including rest, cooling, inlays or physical therapy. If the patient preferred
an operation, he/she was offered the option to undergo the procedure in their referring
facility or in our hospital. They were informed of the specifics of an operation and possible
complications including hematoma, superficial peroneal nerve damage and wound infection.
If patients decided to undergo an operation in our hospital, they underwent an
outpatient procedure under general or spinal anaesthesia. One hour before the operation,
they received 2500 IU of a low-molecular heparin subcutaneously. Outlines of the lateral
compartment including bony landmarks (fibular head, lateral malleolus) were identified by
palpation and marked on the skin with a skin marker. The area of pain was determined by
palpation. After sterile exposure, access to the fascia was obtained using two to three 4–5 cm
longitudinal incisions. The length and number of incisions depended on the length of the leg
and area of pain following preoperative palpation. The peroneal fascia was freed bluntly and
opened in a longitudinal manner using a knife and scissors beyond the area of pain (Figure 6.1a).
The superficial peroneal nerve that runs underneath ventral portions of this fascia was usually
identified, thus preventing accidental damage. The skin incisions were closed intracutaneously
(Figure 6.1b) followed by a one-day compressive bandage that was replaced by compressive
stockings thereafter, 24 h a day for 2 weeks. A bilateral lat-CECS was surgically treated in a
one-stage procedure. If a patient was diagnosed with a combined lateral and anterior CECS,
an anterior tibialis muscle fasciotomy was performed simultaneously via a separate one-inch
incision as reported.6 If a patient suffered from a combined lat/dp-CECS, a fasciotomy of the
lateral and deep flexor compartment was performed on one side. If successful, and if the patient
suffered from a bilateral CECS, the contralateral side followed 6 weeks later. After one day,
normal daily activities were allowed except for sports activities or jumping. If wound recovery
was satisfactory at the 2-week postoperative outpatient check-up, patients were instructed
to start bicycling and light jogging. Between week 4 and 8 postoperatively, the patient was
allowed to intensify the exercise regimen to maximal levels.
In December 2013 and January 2014, efforts were made to contact all eligible patients
by telephone. Once they were given study information and had provided verbal consent, they
were asked to complete a set of questions that was sent later that day by mail or email. The
questionnaire was developed to investigate the severity and frequency of 5 cardinal symptoms
including pain, muscle weakness, cramps, a feeling of tightness and paraesthesia as experienced
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before surgery and at present using a verbal rating scale.10 Terms such as “all the time”, “most
of the time”, “half of the time”, “sometimes” and “never” were used to quantify frequency
whereas the terms “not at all”, “mild”, “moderate”, “severe” and “very severe” were used
to grade severity. Patients also judged outcome at present using the adjectives “excellent”,
“good”, “fair” or “poor”. If patients had undergone a two-staged bilateral surgical procedure,
they were instructed to report the outcome after completion of both operations. If patients
had undergone an additional operation for ant-CECS or dp-CECS at a later time point, they
were instructed to report on residual symptoms in the lateral aspect of the lower leg, being
the area reflecting the lateral compartment. Non-responders received two reminders by
telephone, mail or email.

Figure 6.1: a The peroneal fascia is opened in a longitudinal manner using knife and scissors. b The skin
incisions are closed intracutaneously.

We calculated the area under the 4-point pressure curve in each patient having a
complete set of 4 ICP measurements as suggested (0.5 * resting pressure + pressure immediately
after exercise + pressure 1 min after exercise + 0.5 * pressure 5 min after exercise).27
In order to approximate the overall effect of surgery, VRS scores of symptom frequency
and symptom severity were converted into a numerical scale (symptom frequency: all the
time = 5 points, most of the time = 4, half of the time = 3, sometimes = 2, never = 1; symptom
severity: very severe = 5 points, severe = 4, moderate = 3, mild = 2, not at all = 1). For instance,
if a patient experienced pain before the operation “most of the time” (4 points) as “severe” (4
points), his preoperative pain symptom score was 16 (4 × 4). Conversely, if he judged his pain
after the operation as “sometimes” (2 points) “severe” (4 points), he received a postoperative
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score of 8 (2 × 4). The outcome after surgical treatment was defined as a success if patients
reported the end result as excellent or good. In contrast, the outcome was unsuccessful if an
average, fair or a poor result was achieved.
Statistical analysis was performed using SPSS statistics 22.0.0.0 (SPSS Inc. Chicago,
IL, USA). Normality of distribution was determined using the Shapiro-Wilk test. If normal,
data were expressed as mean ± standard deviation (SD). If not, median and range were used.
Differences between groups with respect to patient characteristics were analysed using
Pearson’s chi-squared test, or by Fisher’s exact test if expected values in more than one cell
of the cross Table were below 5. A Mann-Whitney U test was used to compare differences
between two independent groups (either responders versus non-responders, or lat-CECS only
versus combined lat-CECS) and to compare not normally distributed dependent variables that
were either ordinal or continuous. An independent samples t-test was used to determine if
there was a statistically significant improvement in symptom score after operation. A KruskalWallis H test was used to determine if there was a relation between preoperative area under
the ICP curve and postoperative outcome. Similarity of the shape of distribution was assessed
by visual inspection of a boxplot. If distribution was similarly shaped, differences in medians
were investigated. If distribution was not similarly shaped, differences in mean rank were
investigated. A p ≤ 0.05 was considered significant for all tests.

RESULTS
In our facility, a total of 1,384 ICP measurements for suspected CECS were performed
during the 12-year study period and 247 (18%) were related to an ICP of the lateral lower leg
compartment (Figure 6.2). Based on the Pedowitz criteria, 78 patients were diagnosed with
lat-CECS (12% of all positive ICPs, 78/678). Two-thirds of this patient group (64%, n=50) had a
combination of a lat-CECS with a CECS of the anterior (ant-CECS; 42%, 33/78), deep posterior
(dp-CECS; 9%, 7/78) or both compartments (13%, 10/78). In contrast, an isolated lat-CECS
was detected in the remaining 36% (n=28). After exclusion of 11 patients for reasons depicted
in the flow diagram, 67 patients were eligible for the long-term follow-up via questionnaire.
A total of 30 patients responded to this questionnaire (45% response rate). Questionnaires
from the nonresponding patients were not available because their current whereabouts were
unknown (n=11) or repetitive requests were not acknowledged for unknown reasons (n=26).
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Sex distribution among patients undergoing a fasciotomy for lat-CECS (n=30) was
almost equal (53% female, Table 6.2). The median age at the time of diagnosis was 25 years
Sex distribution
patients undergoing
a fasciotomy
for lat-CECS
(range 17–65), and
follow-up among
was conducted
at 4 years
(median,
range (n=30)
1–11 was
years). Ten
almost equal (53% female, Table 6.2). The median age at the time of diagnosis was 25 years

patients had an isolated lat-CECS. If lat-CECS patients suffered from a combined CECS
(range 17–65), and follow-up was conducted at 4 years (median, range 1–11 years). Ten

(n=20), the anterior compartment was frequently involved (90%, 18/20). The combination dppatients had an isolated lat-CECS. If lat-CECS patients suffered from a combined CECS (n=20),

CECS with
was determined
in just involved
4 patients
thelat-CECS
anterior compartment
was frequently
(90%,(20%).
18/20). The combination dp-CECS
with lat-CECS was determined in just 4 patients (20%).

Figure 6.2: Flow chart of patients undergoing an intracompartmental pressure measurement (ICP) for

chronic
(CECS) of the lateral pressure
lower-leg compartment.
Figure 6.2:suspected
Flow chart
of exertional
patientscompartment
undergoingsyndrome
an intracompartmental
measurement (ICP) for

suspected chronic exertional compartment syndrome (CECS) of the lateral lower-leg compartment.
The majority of the 30 lat-CECS patients reported bilateral symptoms (80%, 24/30).
Two frequently reported symptoms were exertional pain (97%, 29/30) and a feeling of tightness

The majority of the 30 lat-CECS patients reported bilateral symptoms (80%, 24/30).
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pain (97%, 29/30) and a feeling of

tightness (93%, 28/30). Patients also often experienced exertional muscle weakness (73%,
22/30), paraesthesia’s (73%, 21/30) and/or cramps (70%, 21/30). Except for one patient, all
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(93%, 28/30). Patients also often experienced exertional muscle weakness (73%, 22/30),
paraesthesia’s (73%, 21/30) and/or cramps (70%, 21/30). Except for one patient, all patients
participated in sports activities. Prior to the operation, half (52%, 15/29, 1 missing value) of
the patients had to completely terminate sports activities, 24% (7/29) pursued sport at a lower
level, 10% (3/29) pursued sport with complaints and 14% had changed sports activities due to
lat-CECS. No statistically significant differences in baseline characteristics were found between
patients with an isolated lat-CECS or a combined compartment syndrome (age U=77.0, z=1.015,
p=0.328; BMI U=106.5, z=0.540, p=0.599; rest ICP U=137.5, z=1.652, p=0.100; ICP 1 min after
exertion U=65, z=0.617, p=0.570; ICP 5min U=108.5, z=1.505, p=0.135).
N°

Affected
Sex
Age at
BMI (kg/m2)
compartment* (f/m) baseline (y)
1
Lat
F
49
21
2
Lat
F
30
24
3
Lat
F
35
28
4
Lat
M
28
21
5
Lat
F
23
31
6
Lat
M
25
25
7
Lat
F
65
32
8
Lat
F
22
30
9
Lat
M
18
22
10 Lat
M
25
27
11 Dp-lat
F
19
21
12 Ant-dp-lat
F
43
33
13 Ant-lat
M
22
26
14 Ant-lat
F
30
33
15 Ant-lat
M
21
23
16 Ant-lat
F
30
34
17 Ant-dp-lat
F
19
27
18 Ant-lat
F
23
23
19 Ant-dp-lat
F
40
38
20 Ant-lat
F
17
25
21 Ant-lat
F
23
26
22 Ant-lat
M
23
26
23 Ant-lat
M
18
24
24 Ant-lat
M
48
26
25 Ant-lat
M
26
24
26 Ant-lat
M
36
35
27 Ant-lat
M
50
26
28 Dp-lat
F
23
24
29 Ant-lat
M
17
24
30 Ant-dp-lat
M
24
28
(*lat = lateral, ant= anterior, dp = deep posterior)
Table 6.2: Characteristics of questionnaire responders.
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Unilateral/
Bilateral
Unilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Unilateral
Unilateral
Unilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Bilateral
Unilateral
Unilateral

Level of sport
baseline
Social
Social
Social
Local
National
International
Social
National
International
Local
National
Social
Social
Social
Local
Social
Local
Social
No
International
Local
National
Local
Social
Local
Local
Social
Local
National
National

Outcome
operation
Good
Poor
Average
Fair
Good
Average
Poor
Average
Average
Excellent
Excellent
Average
Excellent
Average
Average
Fair
Fair
Fair
Poor
Fair
Fair
Average
Good
Average
Average
Excellent
Good
Good
Fair
Good
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Sixty percent (18/30) received surgery in referring institutions and 40 % (12/30) in our
facility. Decrease in severity of symptoms after a median 4 years after surgery are depicted in
Figure 6.3. Pain, muscle weakness, cramps, feeling of tightness and paraesthesia all showed
a significant decrease in mean pain score after fasciotomy (minimal 50%). Long-term surgical
success was attained in 33% of cases (n=10; excellent n=4, good n=6; 30% of all lat-CECS
patients (3/10), 35% of all combined CECS patients (7/20)). Conversely, the operation was
deemed unsuccessful in 67 % (n=20; moderate n=10, fair n=7, poor n=3). A total of 73% (22/30)
had resumed sports activities (9/30 same level, 13/30 lower level). There was no significant
difference in outcome between isolated lat-CECS or combined syndrome (p=0.768, χ(1)=0.087).
Moreover, there was no significant difference in symptom relief between both groups (p
> 0.05). Also, no statistically significant associations between outcome and sex (p=0.442),
uni- or bilaterality (p=0.372), operating hospital (blinded for review, 42% successful, referral
hospital 28% successful; p=0.461) or level of sports (p=1.00) were present. Lastly, there was no
statistically significant difference in preoperative “area under the ICP curve” between the five
postoperative outcome groups at long-term follow-up (“excellent”, “good”, “moderate”, “fair”,
“poor”; χ2(4)=3.918, p=0.417). Nevertheless, mean rank increased from “poor” (7.00), “fair”
(9.50), “moderate” (11.31), “good” (12.25), to “excellent” (17.33). This suggestive trend was
not observed 3 months after surgery (χ2(4) = 1.066, p = 0.900; “poor” (7.50), “fair” (11.92),
“moderate” (12.10), “good” (12.50), “excellent” (10.33)).

DISCUSSION
The aim of this study was to report on outcome in patients with lower leg lat-CECS
undergoing a fasciotomy. The present report is the first large case series evaluating results of
surgery for isolated lat-CECS or for a combined CECS including the lateral lower leg compartment.
Four years after surgery, the severity and frequency of CECS-specific symptoms such as pain
and tightness had dropped by at least 50 %. However, just one third of the patients rated the
outcome as excellent or good even though most patients (73%) had resumed sports activities.
Chronic exertional compartment syndrome is most common in young healthy athletes
with a predisposition in women.5,7,19,20,26 Patients in our study population diagnosed with lat-CECS
were 25 years old (median, range 17–65). The vast majority participated in sports activities and
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suffered from bilateral (80%) exertional pain (97%, 29/30) and a feeling of lower leg tightness
(93%, 28/30). Sex distribution was almost equal (53% female). A striking 60% of all patients
with lat-CECS also had an ant-CECS. Therefore, each patient with exertional complaints of the
anterolateral lower leg may suffer from a lat-CECS justifying a low threshold for ICP testing.
The Pedowitz criteria are the gold standard for diagnosing CECS. These generally
used cut-off points were arbitrarily determined and a correlation with treatment outcome
was never attained. Also, the Pedowitz criteria were never specified for the 3 different lower
leg compartments.17 Moreover, a recent study showed significant improvement of symptoms
after fasciotomy in patients with normal ICP measurements who were treated surgically
based on clinical examination only.15 Therefore, the diagnostic value of the Pedowitz criteria
is questionable. Overestimating the number of lat-CECS patients using this diagnostic tool may
partially explain the present suboptimal outcome. We did not find a statistically significant
correlation between preoperative ICP (area under the ICP curve) and surgical outcome for CECS
in the lateral compartment. However, mean rank associated with degree of result increased
substantially (poor, (7.0) to excellent (17.33)), possibly suggesting an improved outcome in
patients with higher preoperative ICP. From January 2013 onwards we initiated a prospective
study analysing surgical outcome in lat-CECS that may possibly allow us to determine whether
ICP values predict surgical outcome.
There is some controversy regarding the exact frequency of the three types of lower
leg CECS. Some studies suggest that the lateral compartment is second after the anterior
compartment.5,9,23 One study reported an up to 35 % lat-CECS rate.2 It is therefore somewhat
strange why published results on surgery for this supposedly frequent type of lower leg CECS
are scarce.11,13,14,16 To date, the outcome of isolated CECS of the lateral compartment is reported
in just 3 individuals, one with an excellent and 2 with a fair postoperative result.13 In the
largest population of combined lat-CECS patients (n=26, all ant/lat-CECS), 73% were satisfied
with the results of surgery.16 Our population is the largest to date, consisting of 30 lat-CECS
patients of whom 10 had an isolated lat-CECS. Even though all preoperative symptoms showed
a significant decrease in mean pain score after fasciotomy, only a disappointing one of three
patients undergoing fasciotomy rated their overall postoperative improvement 4 years later
as excellent or good. In two patients with a failed operation (fair and poor, respectively), ICP
measurements were again conducted demonstrating normality. Clinical reassessment did not
provide an alternative diagnosis. The possibility of a condition other than CECS causing the
symptoms such as neurovascular entrapments or medial tibial stress syndrome must always
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be considered, because the differential diagnosis of persisting exertional leg pain is rather
extensive.1,4
The presence of untreated CECS is often very incapacitating for active individuals
and negatively affects quality of life.11,14 Up to 85 % of CECS patients are unable to practice
sports activities at the desired level before surgery.11,21 The aim of the operation is to facilitate
a return to a desired level of sports activity, but success is not always achieved. Just half of all
operated CECS patients returned to sports practice in one study.14 One other study of operated
dp-CECS patients reported that only 38% returned to pre-injury levels and 41% performed at
lower levels.28 The present study found that only 30% were able to resume sports activities at a
similar level compared to their preoperative condition, whereas the remaining 70% performed
at a lower level than previously. The profound effect of the presence of CECS on quality of life
should not be underestimated in these active individuals. Therefore, more prospective research
is needed to improve surgical outcome and return to desired level of sports.
The retrospective nature of this study is associated with several limitations. The
response rate was only 45%. Moreover, there is a risk of both recall bias and information bias
because patients were asked to recall severity and frequency of preoperative symptoms,
sometimes even up to 10 years after the operation. Furthermore, documentation of baseline
characteristics was occasionally incomplete, and operations were done at various institutions.
Therefore, a prospective study concisely monitoring patient characteristics and surgical results
for lat-CECS was set up from January 2013 onwards. Results of this prospective study will
determine whether outcome of fasciotomy for lat-CECS is indeed inferior compared to other
types of lower leg CECS.

CONCLUSION
Four years after surgery, just one in three patients who underwent a fasciotomy for
lateral lower-leg chronic exertional compartment syndrome rated their outcome as excellent
or good.
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APPENDIX 6.1
For each question, only one response is allowed, unless stated differently. The first
questions apply to your status before surgery:
Question 1: Which leg was affected?
a. Left leg

b. Right leg

c. Both legs

Question 2: When were the exercise-related complaints perceived? (Multiple answers
allowed)
a. During exercise
b. After exercise
c. During normal, daily activities
d. In rest/at night

6

e. Other circumstances (please specify)
_________________________________________________________________________
Question 3: What sport/activity caused the exercise-related complaints?
_________________________________________________________________________
___________________________________ ____________________ _________________
_________________________________________________________________________
Question 4: What was the level of sports activities when complaints were first noticed?
a. None

d. Nationally competitive

b. Social level

e. Internationally competitive

c. Locally competitive
Question 5: How did the complaints affect your sports activities?
a. Unable to continue sports activities, normal daily activities cause complaints
b. Participation in a different sports activity (please specify)
_________________________________________________________________________
c. Participation at a decreased level of activity
d. Participation at the same level of activity, but with complaints
_________________________________________________________________________
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Question 6: At what point in your activities did you experience complaints?
After ________ hours + ________ minutes
Question 7: Did the complaints decrease after cessation of activities?
a. Yes, after ________ hours + ________ minutes
b. No
c. Complaints persist to a limited extend
d. Different (please specify)
_________________________________________________________________________
Question 8: Did you experience complaints at night?
Pain

a.. always

b. most of the time

c. sometimes

d. never

Cramps

a. always

b. most of the time

c. sometimes

d. never

Diminished sensibility

a.. always

b. most of the time

c. sometimes

a.. always

b. most of the time

c. sometimes

d. never
Tightness
d. never
Different (please specify)
_________________________________________________________________________
Question 9a: To what extent did you experience pain at rest?
a. Not at all

b. Mild

c. Moderate

d. Severe

e. Very severe

Question 9b: How often did you experience pain at rest?
a. All the time

b. Most of the time

c. Half of the time

d. sometimes

e. never

Question 9c: To what extent did you experience pain during activities?
a. Not at all

b. Mild

c. Moderate

d. Severe

e. Very severe

Question 9d: How often did you experience pain during activities?
a. All the time

b. Most of the time

c. Half of the time
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Question 10a: To what extent did you experience muscle weakness at rest?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 10b: How often did you experience muscle weakness at rest?
a. All the time

b. Most of the time

c. Half of the time

d. sometimes

e. never

Question 10c: To what extent did you experience muscle weakness during activities?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 10d: How often did you experience muscle weakness during activities?
a. All the time

b. Most of the time

c. Half of the time

d. sometimes

e. never

Question 11a: To what extent did you experience cramps at rest?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

6

Question 11b: How often did you experience cramps at rest?
a. All the time

b. Most of the time

c. Half of the time

d. sometimes

e. never

Question 11c: To what extent did you experience cramps during activities?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 11d: How often did you experience cramps during activities?
a. All the time

b. Most of the time

c. Half of the time

d. sometimes

e. never

Question 12a: To what extent did you experience tightness at rest?
a. Not at all

b. Mild

c. Moderate

d. Severe

e. Very severe

Question 12b: How often did you experience tightness at rest?
a. All the time

b. Most of the time

c. Half of the time

d. sometimes

Question 12c: To what extent did you experience tightness during activities?
a. Not at all

b. Mild c. Moderate

d. Severe
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Question 12d: How often did you experience tightness during activities?
a. All the time

b. Most of the time

c. Half of the time

d. sometimes

e. never

Question 13a: To what extent did you experience diminished sensibility at rest?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 13b: How often did you experience diminished sensibility at rest?
a. All the time

b. Most of the time

c. Half of the time

d. sometimes

e. never

Question 13c: To what extent did you experience diminished sensibility during activities?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 13d: How often did you experience diminished sensibility during activities?
a. All the time

b. Most of the time

c. Half of the time

d. sometimes

e. never

Question 14: Were you treated for your complaints prior to the pressure measurements?
a. Rest
b. Cooling
c. Physiotherapy
d. Inlays
e. Different (please specify)
_________________________________________________________________________
Question 15: What specialist examined you earlier for your complaints?
a. General practitioner b. Physiotherapist
c. Sports physician
d. Neurologist
e. Surgeon
f. Different please specify)
_________________________________________________________________________
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Question 16: What additional tests were conducted for your complaints?
a. X-ray
b. MRI
c. Bone scan
d. EMG
e. Muscle pressure measurements
f. Echo
g. Ankle-arm index
h. Near infrared spectroscopy
i. Different (please specify)
_________________________________________________________________________
Question 17: Do you have a history of:
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a. Varicose veins No/Yes/with surgery
b. Claudication

No/Yes/Yes with surgery

Question 18a: Did you undergo surgery to the lower legs prior to this operation for
compartment syndrome? (Multiple answers possible)
a. No
b. Yes, for a compartment syndrome
c. Yes, for (please specify)
_________________________________________________________________________
Question 18b: If yes, in which hospital?
a. Maxima Medical Centre
b. Different (please specify)
_________________________________________________________________________
Question 18c: If yes, when was/were the operation(s)?
a. Date surgery 1:
b. Date surgery 2:
c. Date surgery 3:
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Question 19: Which treatment did you undergo for your complaints after pressure
measurements? (Multiple answers possible)
a. Rest
b. Cooling
c. Physiotherapy
d. Inlays
e. Surgery
f. Different (please specify)
_________________________________________________________________________
The following questions apply to your status after surgery:
Question 20a: At what point after onset of complaints did you undergo surgery?
a. < 3 months
b. 3–6 months
c. 6–12 months
d. 1–2 years
e. > 2 years
Question 20b: In which hospital did you undergo surgery?
a. Maxima Medical Centre
b. Other (please specify)
_________________________________________________________________________
Question 21: Were there any complications in the first 2 weeks after surgery?
a. No
b. Yes, hematoma
c. Yes, infection
d. Yes, something different (please specify)
_________________________________________________________________________
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Question 22: How would you evaluate the overall improvement of complaints 3 months
after surgery?
a. Excellent
b. Good  
c. Average
d. Fair
e. Poor
Question 23: How would you evaluate the overall improvement of complaints now?
a. Excellent
b. Good
c. Average
d. Fair
e. Poor

6

Question 24a: Did you resume your sports activities after surgery?
a. Yes, at the former level of activity
b. Yes, at a decreased level of activity
c. No
d. Different (please specify)
_________________________________________________________________________
Question 24b: If yes, what sports activity do you practice?
_________________________________________________________________________
Question 25a: Did you undergo surgery of the lower leg(s) after the operation for chronic
compartment syndrome?
a. No
b. Yes, again for chronic compartment syndrome
c. Yes, for something else (please specify)
_________________________________________________________________________
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Question 25b: If yes, in which hospital?
a. Maxima Medical Centre
b. Different (please specify)
_________________________________________________________________________
Question 25c: If yes, when was/were the operation(s)?
a. Date surgery 1:
b. Date surgery 2:
c. Date surgery 3:
Question 26a: To what extent do you currently experience pain at rest?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 26b: How often do you currently experience pain at rest?
a. All the time

b. Most of the time

c. Half of the time

d. Sometimes

e. Never

Question 26c: To what extent do you currently experience pain during activities?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 26d: How often do you currently experience pain during activities?
a. All the time

b. Most of the time

c. Half of the time

d. Sometimes

e. Never

Question 27a: To what extent do you currently experience muscle weakness at rest?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 27b: How often do you currently experience muscle weakness at rest?
a. All the time

b. Most of the time

c. Half of the time

d. Sometimes

e. Never

Question 27c: To what extent do you currently experience muscle weakness during
activities?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 27d: How often do you currently experience muscle weakness during activities?
a. All the time

b. Most of the time

c. Half of the time
114

d. Sometimes

e. Never

Fasciotomy for lateral lower-leg chronic exertional compartment syndrome.

Question 28a: To what extent do you currently experience cramps at rest?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 28b: How often do you currently experience cramps at rest?
a. All the time

b. Most of the time

c. Half of the time

d. Sometimes

e. Never

Question 28c: To what extent do you currently experience cramps during activities?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 28d: How often do you currently experience cramps during activities?
a. All the time

b. Most of the time

c. Half of the time

d. Sometimes

e. Never

Question 29a: To what extent do you currently experience tightness at rest?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe
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Question 29b: How often do you currently experience tightness at rest?
a. All the time

b. Most of the time

c. Half of the time

d. Sometimes

e. Never

Question 29c: To what extent do you currently experience tightness during activities?
a. Not at all

b. Mild c. Moderate

d. Severe

e. Very severe

Question 29d: How often do you currently experience tightness during activities?
a. All the time

b. Most of the time

c. Half of the time

d. Sometimes

e. Never

Question 30a: To what extent do you currently experience diminished sensibility at rest?
a. Not at all

b. Mild

c. Moderate

d. Severe

e. Very severe

Question 30b: How often do you currently experience diminished sensibility at rest?
a. All the time

b. Most of the time

c. Half of the time

d. Sometimes

e. Never

Question 30c: To what extent do you currently experience diminished sensibility during
activities
a. Not at all

b. Mild c. Moderate

d. Severe
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Question 30d: How often do you currently experience diminished sensibility during
activities?
a. All the time

b. Most of the time

c. Half of the time

d. Sometimes

e. Never

Question 31a: If you are still experiencing complaints, where are they located? (Multiple
answers possible)

No complaints

Both legs

Right leg

Left leg

a. Yes

a. 1

a. 1

a. 1

a. No

b. 2

b. 2

b. 2

c. 3

c. 3

c. 3

			d. 4			d. 4		d. 4
Question 31b: Is this the same location compared to the location before surgery?
a. Yes
b. No
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ABSTRACT
Background: Lower leg chronic exertional compartment syndrome (CECS) is predominantly
occurring in the anterior compartment (ant-CECS) or deep flexor compartment (dp-CECS).
Some patients with anterolateral exertional leg pain (ELP) have CECS also involving the lateral
(peroneal) compartment (lat-CECS). This type seldom occurs in isolation but is usually combined
with ant-CECS. Patient characteristics in lat-CECS and outcome after surgery are largely unknown.
The aim of this study is to describe patient characteristics and symptoms in lat-CECS and to
report on outcome following a fasciotomy in a subpopulation.
Study design: Prospective case series
Methods: Civilian individuals with anterolateral ELP possibly associated with CECS completed
an intake questionnaire investigating symptoms during exercise and at rest. All     patients with
elevated intra-compartmental pressures (ICP, Pedowitz criteria) of the lateral compartment
(lat-CECS) were included. Outcome in a portion of lat-CECS patients undergoing a fasciotomy
was obtained at 3 and 12 months postoperatively.
Results:  Between January 2013 and April 2019, 881 ELP patients were analysed for possible
CECS in a single facility, and 88 (male, 57%; mean age 27 yr, range 15-72 yr) were diagnosed
with lat-CECS (isolated lat-CECS n=10; combined as lat/ant CECS n=54, lat/ant/dp CECS n=19,
or lat/dp CECS n=5). Severe pain during exercise and moderate tightness during rest were
frequently reported symptoms in lat-CECS. Complications following a fasciotomy (n=49 legs)
were minor (wound infection requiring antibiotics, n=3; temporary complex regional pain
syndrome with spontaneous recovery, n=1). Superficial peroneal nerve damage was not
observed. One year after surgery, 64% rated outcome as excellent or good whereas 71% had
resumed sports activities.
Conclusion: A small portion of patients (10%) who were evaluated in a tertiary referral center
for ELP have CECS of the lateral leg (lat-CECS). Pain and tightness are present during exertion
but often also during rest and at night. A fasciotomy is safe and long term beneficial in most
of these lat-CECS patients.
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INTRODUCTION
The differential diagnosis of exercise induced lower leg pain (ELP) includes a wide
range of entities. One in seven ELP patients is thought to have chronic exertional compartment
syndrome (CECS).14 There are three distinct types of lower leg CECS. The majority (>90%) has
either the anterior (ant-CECS) and/or a deep flexor variant (dp-CECS). However, CECS of the
lateral (peroneal) compartment may also cause ELP. It was estimated that 12% of all CECS
cases also involves the lateral compartment.20
Most CECS studies report on young athletes and military personnel. Moreover, CECS
is traditionally considered a bilateral entity causing pain and tightness during, or immediately
after repetitive exercise.6, 9, 25 Interestingly, recent studies have shed a different light on this
traditional clinical picture. One study in civilians found that one in seven individuals with
CECS is over 50 years of age and were more often having a unilateral form of CECS.5 Another
prospective study using a symptom questionnaire found that 85% of all CECS patients also
reported symptoms at rest, or even at night.22 These new findings illustrate that diagnosing
CECS is even more challenging than previously thought.
If conservative treatments are unsuccessful, a fasciotomy is advised. The efficacy of
surgery in ant-CECS and dp-CECS is well documented.

16, 17, 23, 24, 27

In contrast, surgical outcome

for lat-CECS is scarcely reported, often in small retrospective case series and frequently
combined with ant-CECS.6-8, 10-12, 19, 21, 24 Aim of this prospective case series is to describe patient
characteristics and symptom patterns in lat-CECS, and to report on the efficacy of surgery in
a portion of these lat-CECS patients.

MATERIALS AND METHODS
General information
Approximately 600 patients are evaluated yearly for ELP at our department of sports
medicine. It serves as a national referral center of expertise for patients with ELP. Most patients
(> 95%) are civilians engaged in sportive activities. They are referred from within our hospital
as well as by general practitioners and a range of specialists from other hospitals across the
country.
Eligible for the present study were individuals with ELP who were analyzed for possible
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lower leg CECS between January 2013 and April 2019. They all had a history including lateral
lower leg pain and tightness provoked by repetitive exercise, and tenderness of the lateral
muscle compartment upon palpation. All patients completed a standard questionnaire
just before intracompartmental pressures (ICP) testing. All had at least one positive lateral
compartment ICP reading according to the Pedowitz criteria (ICP ≥15mmHg at rest, and/or
≥30mmHg after 1 minute, and/or ≥20 mmHg 5 minutes after exercise) following a provocative
treadmill test.13 A portion of these patients underwent a fasciotomy in our facility and completed
a 3 and/or 12-month postoperative questionnaire. Excluded were patients with a history of
earlier CECS surgery, a recent lower leg trauma or peripheral neurovascular disease.
All study procedures complied with the Declaration of Helsinki (1964) and its
amendments. As confirmed by the local medical ethical review board, the rules laid down in
the Medical Research Involving Human Subjects Act did not apply to this research.  
Questionnaire
During a 15minute waiting period prior to the dynamic ICP measurement, it is standard
procedure in our department to complete a questionnaire. This set of questions evaluates
severity and frequency of symptoms that are traditionally associated with CECS including pain,
tightness, cramps, muscle weakness and paresthesia. These cardinal symptoms are scored
using a 5-point verbal rating scale (VRS) as reported previously.20
Briefly, symptom severity is quantified as no (1 point), mild (2 points), moderate
(3 points), severe (4 points), or very severe (5 points). Symptom frequency is quantified as
never (1 point), sometimes (2 points), half of the time (3 points), most of the time (4 points),
or all of the time (5 points). For each of these 5 symptoms, a symptom score is calculated by
multiplying severity score with its frequency score. For instance, if a patient reports moderate
pain (3 points) most of the time (4 points), he obtains 3 x 4 = 12 points for the item pain. A
total symptom score is calculated as the sum of each of the 5 symptom scores. Consequently,
this total symptom score ranges from a minimum of 5 points (‘never any of the 5 symptoms’)
to a maximal of 125 points (‘each symptom always very severe’). These sets of scores are
obtained during rest as well as during exercise.
All patients who were operated in our hospital were also asked to complete a 3-month and
12-month questionnaire scoring residual symptom patterns after the fasciotomy. They also
rated outcome as excellent or good (successful), or average, fair or poor (unsuccessful).
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Dynamic intracompartmental pressure measurement
The patient’s history and physical examination dictate which compartment (lateral,
anterior and/or deep flexor) undergo an ICP measurement. After infiltrating skin and
subcutaneous tissue using 2 mL of 1% lidocaine, a slit catheter is inserted in the belly of each
potentially symptomatic compartment of the most affected leg (Indwelling Slit Catheter
Set; Stryker Instruments, Kalamazoo, Michigan) as previously reported.3, 20, 26 Values of ICP
are obtained during a 5 minute rest before initiation of a provocative treadmill test, and
immediately, 1 and 5 minutes after cessation of the test. Speed of the treadmill running is
set at 8 km/h and an 8% inclination. If necessary, running speed and inclination are adjusted
to provoke symptoms. If this exercise does not provoke any symptoms, a patient is instructed
to perform speed skater jumps for provocation of symptoms of the lateral compartment. An
arterial line manometer and a display were used (pressure monitor device 783547, Hewlett
Packard, Palo Alto, California).
Fasciotomy of the lateral compartment
If history, physical examination and ICP values were all consistent with the presence
of lat-CECS, patients received information on conservative and operative treatment options.
If a patient opted for a fasciotomy in our department of surgery, they were informed on the
procedure and possible complications such as wound infection, hematoma and peroneal nerve
damage. It was up to the patient to decide whether he/she wanted to undergo therapy in our
center, or in the referring hospital.
In our hospital, a fasciotomy is performed as an outpatient procedure. The lateral
compartment is opened via two 4-6 cm incisions as previously reported.21 If ant-CECS is
simultaneously present, the anterior compartment is also opened via a separate 2 cm incision
as reported.3 In case of a bilateral lat/ant CECS, all four compartments are opened during one
surgical session. If a lat/ant patient also has a bilateral dp-CECS, one leg additionally undergoes
a deep flexor fasciotomy via a 8-10 cm incision along the medial tibial rim during this index
operation.27 If required, the contralateral deep flexor compartment is operated approximately
3 months later.
Postoperatively, patients receive a bandage for one day and compressive stockings for two
weeks thereafter, 24 hours a day. They are allowed to resume normal weight bearing activities
at day one but jumping and sports activities are prohibited. Two weeks postoperatively, a
physical examination and wound inspection are performed at the surgical outpatient clinic,
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and patients are allowed to start light jogging and bicycling. Exercise regimen is intensified to
maximal levels between 6- 8 weeks after the operation.
Data analysis
Statistical analysis was performed using SPSS Statistics, Windows version 25 (IBM
Corp).  The Shapiro Wilk test was used to assess normality of distribution of continuous data.
When distributed normally, data are expressed as mean ± standard deviation. If not, they are
expressed as median and range. A Kruskal-Wallis H test determined possible group differences
regarding age and symptom scores. Fisher’s exact test was used to determine possible group
differences in sex, bilaterality, presence of symptoms and sports level.

RESULTS
A total of 881 ELP patients were analyzed at our department of sports medicine
outpatient clinic for possible CECS during the almost 6.5 years of interest, and 88 patients
with lat-CECS fulfilled study criteria (Figure 7.1). Ten of these 88 patients were diagnosed with
an isolated lat-CECS whereas the remaining 78 patients had combinations with other CECS
types (lat/ant CECS n=54, lat/ant/dp CECS n=19, lat/dp CECS n=5, Table 7.1). Interestingly,
the majority (83%) reported discomfort at night. Statistically significant group differences
were absent. Isolated lat-CECS patients (n=10) mostly participated in soccer (n=5) or (ice)
skating (n=3). Half of the population could not continue with any sort of sportive activities as
symptoms were too disabling.
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Figure 7.1: Flow chart of patients undergoing an intracompartmental pressure measurement (ICP) for
Figure
7.1: Flow
chartexertional
of patients
undergoing
an intracompartmental
measurement (ICP) for
suspected
chronic
compartment
syndrome
(CECS) of the lateral pressure
lower leg compartment.
suspected chronic exertional compartment syndrome (CECS) of the lateral lower leg compartment.
Lat-CECS, isolated
(n=10)

Lat-CECS, combined with other
CECS-types (n=78)

p-value

Sex (m/f), n (%))
Age (median, range)

5/5 (50/50)
25 (16-63)

45/33 (58/42)
27 (15-72)

0.740
0.636

During exertion
(yes/no; n (%))
Pain
Feeling of tightness
Cramps
Muscle weakness
Paresthesia

10/0 (100/20)
10/0 (100/0)
8/2 (80/20)
6/4 (60/40)
6/4 (60/40)

78/0 (100/0)
78/0 (100/0)
55/23 (71/29)
47/31 (60/40)
52/26 (67/33)

0.718
1.000
0.730

Bilateral symptoms (yes/no; n (%))
Symptoms at night (yes/no; n (%))

8/2 (80/20)
9/1 (90/10)

60/18 (77/23)
64/14 (82/18)

1.000
1.000

Sports level (n; (%))
No sports
Social
Local competitive
National
International

0 (0)
3 (30)
5 (50)
2 (20)
0 (0)

7 (9)
23(29)
32 (42)
15 (19)
1 (1)

1.000
1.000
0.736
1.000
1.000

Table 7.1: Characteristics of patients with isolated lat-CECS or combined with other CECS types.
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Data sets of characteristics and 12-month outcome following surgery were complete in
28 patients (49 legs, Table 7.2). All other lat-CECS patients underwent an other than suggested
surgical treatment (n=18), were still in follow-up (n=17), were lost to follow-up or unwilling
to complete questionnaires (n=15), had a history of surgery or trauma in affected leg (n=4),
were participating in other study (n=2), continued ongoing conservative treatment (n=3), or
underwent additional surgery within 12 months after fasciotomy (n=1).
Median postoperative recovery time was 3 weeks (range 1-6 weeks). Complications
were wound infection requiring antibiotics (n=3) and complex regional pain syndrome (CRPS)
(n=1, recovered spontaneously after 4 weeks). No patient sustained a superficial peroneal nerve
damage or required a reoperation for complications. After 3 months, surgery was considered
successful by over half of the patients (55%). After 12 months, this percentage had increased
to 64%. By then, symptom scores during exercise were lower compared to preoperative in 26
of 28 patients, and 71% had resumed their sports activities.
P

CECS

Sex

Age

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Lat
Lat
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant
Lat/ant/dp
Lat/ant/dp
Lat/ant/dp
Lat/dp

Female
Female
Female
Male
Male
Male
Male
Male
Male
Female
Female
Male
Male
Male
Male
Male
Male
Female
Male
Male
Female
Male
Female
Female
Male
Male
Male
Female

17
63
52
58
19
22
47
18
46
22
50
46
25
39
50
29
19
21
41
43
22
55
24
25
20
36
16
39

Symptom score, exercise
Baseline 12 months
57
18
125
8
58
5
44
24
87
5
46
5
57
8
41
14
69
92
44
55
38
32
35
18
48
26
94
59
68
5
62
58
50
19
75
62
64
5
74
8
84
20
53
33
38
36
75
11
104
17
51
19
64
60
625
5

Patient reported outcome
3 months
12 months
Good
Average
Excellent
Excellent
Poor
Excellent
Excellent
Good
Good
Excellent
Good
Excellent
Good
Excellent
Average
Fair
Good
Good
Fair
Good
Good
Fair
Average
Average
Good
Good
Poor
Good
Poor
Excellent
Excellent
Excellent
Excellent
Excellent
Good
Average
Average
Fair
Fair
Fair
Good
Average
Good
Average
Fair
Poor
Excellent
Excellent

Table 7.2: Outcome of patients undergoing fasciotomy including lat-CECS (13 patients, 22 legs).
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Symptom scores during rest and exercise at various time points are depicted in Figure
7.2. Three months after the fasciotomy, all symptom scores had significantly dropped, and
these beneficial effects were sustained at 12 months.

A

C

B

D

7

Figure 7.2 Symptom scores before, and 3 and 12 months after fasciotomy during rest (A, B) and during
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See
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characteristics and symptom patterns in lat-CECS, and to report on efficacy of a fasciotomy
in a portion of this population. The results in 88 lat-CECS patients indicate that just 10
individuals had an isolated form of lat-CECS. Conversely, the majority of lat-CECS patients
also had other CECS types, most often in combination with ant-CECS (69%). Apart from
severe pain and tightness during exercise, 83% of these CECS patients also reported
ongoing mild to moderate discomfort during
127rest and at night. A fasciotomy of the lateral

110

CHAPTER 7

and symptom patterns in lat-CECS, and to report on efficacy of a fasciotomy in a portion of
this population. The results in 88 lat-CECS patients indicate that just 10 individuals had an
isolated form of lat-CECS. Conversely, the majority of lat-CECS patients also had other CECS
types, most often in combination with ant-CECS (69%). Apart from severe pain and tightness
during exercise, 83% of these CECS patients also reported ongoing mild to moderate discomfort
during rest and at night. A fasciotomy of the lateral compartment in 49 legs (28 patients) was
safe as nerve damage or reoperations were absent. One year after surgery, a 64% success rate
was attained whereas 71% of all patients had resumed sports activities.
The traditional view of a patient with CECS is an individual who reports symptoms
associated with exercise that subside during rest. The discomfort is often described as a feeling
of pain and tightness, but muscle weakness, cramps, paresthesia or a combination thereof
may also be experienced. In lat-CECS, these symptoms are reportedly located on the lateral
side of the lower leg.1, 2, 6 In our study population, 8 of 10 patients with an isolated lat-CECS
experienced bilateral symptoms. Pain and a feeling of tightness were dominant. Interestingly,
9 of these 10 patients also experienced these symptoms during rest and at night. These new
findings were not reported before and may alert a sport physician to lat-CECS once an ELP
patient has pain and stiffness on the lateral side of the lower leg, both during exercise as well
as nocturnally.  
The scarcely reported results of a fasciotomy for lat-CECS in current literature show
varying outcomes. Packer et al reported on the largest population to date, all diagnosed with
lat/ant/ CECS (n=26). In his study, surgical outcome was successful in 69%.12 Small studies
by Micheli et al (n=3), Mouhsine et al (n=4) and Maffulli et al (n=8) report good results in
33-100%, but all authors used a different method of rating their results.7, 10, 11 Our study is
the largest prospective report demonstrating a 64% success rate, defined as a self-reported
excellent or good result at 12 months postoperatively. By then, 71% had resumed their sports
activities at a desired level.
Most physicians who are reluctant to refer a CECS patient for an anterolateral
fasciotomy use an unacceptable risk of a superficial peroneal nerve (SPN) damage as their most
important argument. Although its course may be variable, the SPN usually perforates the fascia
in the lower one third of the leg, some 10-12 cm proximal to the lateral malleolar bone. Due
to this location, this nerve is potentially at risk while performing a fasciotomy of the lateral as
well as the anterior compartment.15, 18 However, nerve damage was absent in a recent study in
120 legs with ant-CECS if the 2 cm incision is placed at the proper location.4 In addition, nerve
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damage was also absent in the present study encompassing 49 legs undergoing a fasciotomy
of the lateral compartment. It must be appreciated that the SPN always penetrates the crural
fascia at a ventral rather than a dorsal level, usually in the groove between the anterior and
the peroneal muscle. Therefore, the SPN will likely not be harmed once the fascia of the lateral
compartment is opened at a relatively dorsal location.
The present study has a number of limitations including a relatively small number
of operated patients who reached the 12 months postoperative evaluation. However, it must
be appreciated that just a very small percentage of ELP patients having CECS suffer from latCECS. In addition, data of patients who chose to undergo surgery in one of the numerous
referring hospitals were not available. Self-reported success as well as return to sports were
considered important outcome parameters but these items may not be universally accepted
by others as such.

CONCLUSION
One in ten civilian patients with exercise induced leg pain undergoing an analysis
for possible CECS in a tertiary referral center suffers from chronic exertional compartment
syndrome of the lateral leg (lat-CECS). Pain and tightness are present during exertion but often
also during rest and at night. A fasciotomy for lat-CECS is safe and long term beneficial in the
majority of these patients.
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ABSTRACT
Young individuals with chronic exercise-induced lower leg pain (ELP) who have
normal compartmental muscle pressures and normal imaging occasionally suffer from a nerve
entrapment syndrome. These patients have consistently undergone a variety of diagnostic
tests and often futile therapies prior to arriving at the correct diagnosis. Awareness among
traumatologists regarding these nerve entities is low. A lower leg discomfort that is frequently
present at night but worsens during exercise combined with altered foot skin sensations
suggests an entrapment of the common peroneal or tibial nerve. If conservative therapies
fail, neurolysis is advised.
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INTRODUCTION
Some persons with longstanding exercise-induced lower leg pain (ELP) have a chronic
exertional compartment syndrome (CECS).1 They report a combination of pain, tightness,
cramps, or loss of muscle power.2 Chronic exertional compartment syndrome is associated
with exercise-induced elevated muscle compartment pressures as diagnosed by a dynamic
intracompartmental pressure measurement (ICP). In most cases, CECS occurs in the anterior
tibialis or posterior flexor muscles (ant-CECS; dp- CECS, together >90%) although the lateral
muscle compartment of the lower leg may also be affected (lat-CECS, <10%).3 Some CECS
patients do not benefit from conservative treatments and opt for a fasciotomy, which has a
70–90% success rate.
If pain is ongoing despite ICP being normalized following CECS surgery, alternative
diagnoses must be considered. A small portion of these unsuccessfully treated patients are
eventually found to have a lower leg nerve entrapment. Awareness among traumatologists
regarding nerve entrapment syndromes is poor.4 Our group has gained ample experience in
diagnosing neurogenic pain syndromes of the abdominal wall and groin.5 In these patients,
assessing abnormalities in skin sensation using a cotton swab or alcohol-soaked gauze as
well as pinching represented sensitive tools reflecting entrapments of the intercostal or
groin nerves such as observed in anterior cutaneous nerve entrapment syndrome (ACNES) or
following caesarean section.6 Supported by the growing confidence in the precision of these
simple tests, we started to evaluate ELP patients who were suspected of having CECS but had
normal muscle pressures, or unsuccessfully operated CECS patients, with the use of a swab or
an alcohol-soaked gauze. Interestingly, some individuals were subsequently found to harbour
a nerve-related lower leg entity.
The aim of this article is to increase awareness of lower leg nerve entrapments in the
domain of traumatologists and to discuss these simple tools that are very useful for diagnosing
a nerve-related lower leg pain.

NEURO-ANATOMY OF THE LOWER LEG
Just above the knee joint, the ischiadic nerve divides into two branches, the common
peroneal nerve (CPN) and the tibial nerve (TN). The CPN twists around the fibular head and
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branches into two major nerves, the superficial peroneal nerve (SPN) and the deep peroneal
nerve (DPN). The TN travels deep in the dorsal leg toward the foot and divides into three
branches. All three nerves have sensory end twigs ensuring normal skin sensation of the
lower leg and foot. Skin sensation in the foot area is often altered once entrapment occurs.
Therefore, evaluation of skin sensation of the lower leg and foot using a swab or pinching is
crucial for the detection of nerve entrapment syndromes (Figure 8.1).

Figure 8.1: Peroneal nerve from the front (a), tibial nerve from the back (b). 1 Saphenous nerve, 2 deep
peroneal nerve, 3 superficial peroneal nerve, 4 medial plantar nerve, 5 lateral plantar nerve, 6 calcaneal
branch, 7 sural nerve
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A CASE OF CPN ENTRAPMENT
In 2017, a 23-year-old law student presented with a history of continuous lower leg
pain that worsened during climbing of stairs, running, and standing. Bicycling was troublesome
after 30 min. She did not report locoregional altered skin sensation or tingling although her
toes occasionally felt awkward or numb, particularly after a strenuous exercise. Her sleep was
disturbed owing to lower leg pain. She had undergone a bilateral operative decompression of
the lower leg deep flexor muscles for dp-CECS 8 years previously. She was pain free for some
time but had gradually developed discomfort again in both lower legs. Her score on a visual
analogue scale (VAS) during everyday activities was 5 but increased to 10 during running.
A sport physician considered recurrent CECS but ICP measurements of the deep flexor and
anterior tibialis muscle compartment were normal on two different occasions. Analysis by an
orthopaedic surgeon including magnetic resonance imaging (MRI) of the hip joints and lower
legs was without abnormalities. A vascular surgeon who considered popliteal artery entrapment
syndrome (PAES) performed a duplex ultrasound analysis and magnetic resonance angiography,
which were both normal. A neurologist was not consulted. She had received physical therapy,
inlays, neuro-prolotherapy, and compressive stockings but with minimal effect.
On examination, skin sensation of the anterolateral aspect of both lower legs including
the dorsal portions of the foot following light touching with a swab was reported as “strange”
whereas pinching the skin was extremely painful (Figure 8.2).
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Figure 8.2: a. Gently brushing the anterolateral skin of the leg with a cotton swab is reported as being
“different” from the other side in common peroneal nerve (CPN) entrapment. b. Pinching the skin of the
area with altered sensation is disproportionally painful in CPN entrapment.

Digitally applying pressure or finger tapping just distal to the fibular head was also
painful with irradiation toward dorsal portions of the foot (positive Tinel sign). Palpation of
the popliteal fossa just medial to the biceps tendon also resulted in pain. Toe extension of
both feet was diminished.
The possible diagnosis of bilateral CPN compression was communicated and she
consented to a surgical exploration. One day after right sided CPN neurolysis, she reported
total pain relief and normal sleep. The patient underwent a similar procedure on the left leg
2 months later. Skin sensation and lower leg functioning normalized overtime. Ten months
postoperatively, she considered herself cured.

A CASE OF TN ENTRAPMENT
A 16-year-old girl practicing Thai boxing sustained a contusion of her right foot after
hitting an elbow during training. In the months after a 2-week conservative treatment, she
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developed painful cramps in the right calf, particularly following intense training sessions
and at night. She also experienced numbness in all the toes and sole of her right foot as well
as tingling sensations in the medial portions of the calf. These symptoms were progressively
bothering her during daytime. After analysis including X-rays, ICP, MRI and duplex ultrasound,
the diagnoses of CECS and PAES were rejected. Intensive physical therapy and medication
were to no avail. An electromyogram (EMG) and nerve conducting velocity (NCV) testing by
a neurologist suggested normal functioning of the TN and CPN. However, the referring sport
physician thought of a possible TN entrapment.
On examination, skin sensation of the medial aspect of the left lower leg and foot
sole following light touching with a swab was reported as different from the contralateral leg.
The pinch test of the skin of the medial lower leg was positive. Deep palpation of the soleal
sling was extremely painful with awkward sensations radiating toward the foot. The possible
diagnosis of TN entrapment was discussed, and the patient consented to a soleal sling release.7
She reported total relief immediately after the operation and is currently scheduled for left
sided TN neurolysis.

PATIENT HISTORY IN LOWER LEG NERVE ENTRAPMENTS
The patient’s history of a nerve entrapment is often vague. However, certain body
positions such as falling asleep with crossed legs or working in a crouched position may elicit
symptoms.8 A direct or indirect trauma to the lower extremity may occasionally be identified
as a causal event.9 A lower leg pain diagnostic algorithm in athletes suggested that pain at
rest always excludes the diagnosis of CPN entrapment.10 By contrast, it is our experience
that patients with CPN or TN entrapment consistently report leg discomfort also at rest, as
reflected by disturbed sleep. However, exercise worsens the symptoms. Patients often have
trouble finding the words to exactly describe the nature of their discomfort. A quality such as
“awkward and unpleasant feeling” along the anterolateral portion of the lower leg or dorsum
of the foot (CPN) or the medial portion and foot sole (TN) is often used.7
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PHYSICAL EXAMINATION
Testing skin sensation in the area of the CPN or TN is pivotal in the diagnostic process.
Skin sensation that is assessed using a gently brushing swab or an alcohol-soaked gauze (“less
cold”) is disturbed compared with other lower leg portions. We have also observed that pinching
these skin portions is often painful. Diminished toe function (dorsal flexion, NPC; plantar flexion,
TN) indicates concomitant motor loss. Applying pressure to the CPN at the fibular head or the
TN underneath the soleal sling is painful and may lead to tingling sensations toward the foot.7

IMAGING
The role of imaging in suspected nerve entrapment is restricted to excluding other
diagnoses (e.g., herniated disc) or to identifying the presence of anatomical anomalies
compromising the nerve. For instance, a schwannoma may lead to symptoms suggesting
NPC entrapment.11 It is a consistent finding that entrapment patients have undergone a host
of imaging modalities including MRI, EMG, or NPC studies that were often normal.4,7

THE DIAGNOSIS OF LOWER LEG NERVE ENTRAPMENT IN A
NUTSHELL
The presence of an awkward, intense lower leg pain in a young and active individual
that is also present at night but worsens during exercise combined with altered lower leg
or foot skin sensations and normal imaging is suggestive of a CPN or TN entrapment. These
patients have often undergone a variety of consultations, diagnostic procedures, as well as
surgery including fasciotomies.

THERAPY
Diminishing provocative exercises, physiotherapy, inlays, or iontophoresis may be
effective. If not, injections using local anaesthetic agents combined with steroids at the nerve
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exit sites may be helpful.12 One may decide to embark on surgery if these minimally invasive
strategies are to no avail. The efficacy of a CPN neurolysis is possibly related to the presence
of motor deficits and a short observation period.8 During CPN release, fascial layers covering
the CPN are opened and the nerve’s entrance into the tunnel between both heads of the
peroneus longus muscle is widened (figure 8.3 and 8.4).4

Figure 8.3: a. The fascia overlying the nerve is incised as pointed out with the tweezers. b. The common
peroneal nerve is freed from its surroundings while the entrance to the peroneal muscle is widened
(underneath small retractor)

8

Figure 8.4: For tibial nerve entrapment, the soleal sling is detached from the tibial bone.
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Concomitant Syndromes and Differential Diagnosis
Patients with ELP who have a nerve entrapment have often received a number of
wrong diagnoses and treatments. The absence of concomitant CECS is confirmed by normal
compartmental muscle pressures. Popliteal artery entrapment syndrome is excluded by duplex
ultrasound analysis of the popliteal artery flow patterns with various foot positions. An X-ray
or computed tomography (CT) scan will rule out tibial or fibular stress fractures, while MRI
imaging may be used to exclude soft tissue abnormalities. The interrelationship between all
of these different ELP diagnoses is unclear. However, it is very likely that the presence of one
ELP diagnosis is a risk factor for the development of other ELP diagnoses.

DISCUSSION
One of three young individuals engaged in sportive activities with longstanding
ELP is found to have elevated muscle pressures due to a CECS.13 However, if muscle tissue
pressures are normal (or normalized following an adequate fasciotomy) and imaging has
excluded other diagnoses (PAES, bone or soft tissue abnormalities), nerve entrapments must
be considered. The two most frequently occurring lower leg entrapment syndromes are CPN
and TN entrapment. The aim of this article was to increase awareness of these two lower
leg nerve entrapments in the domain of traumatologists and to provide simple tools that are
useful in establishing the diagnosis.
A literature search of CPN entrapment identified a limited number of case series
from various specialties including neurosurgery, plastic surgery, orthopaedics, and sports
medicine.4,7-9 However, a generally low level of awareness is reflected by an almost 3-years
diagnostic delay as observed in a recent case series on CPN entrapment.4 Exceedingly long
delays of up to 24 years were also reported regarding TN entrapment in large case series.7
At first glance, a patient’s history in lower leg nerve entrapment may seem rather
vague. One study on CPN entrapment concluded that the diagnostic term “idiopathic” CPNE was
therefore appropriate.8 However, a 48-patient case series reported that most had sustained a
previous trauma.7 Pain characteristics may also contribute to a suspicion of a nerve entrapment.
Most patients would argue that the pain is present 24 h per day. During night time, they have
trouble attaining the least painful position of the affected leg. During daytime, the level of pain
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is related to movement intensity. Overall, pain levels are rather high. For instance, TN patients
reported a maximum 9-point VAS score and an average 6-point VAS score prior to surgery. All
14 TN patients reported pain and numbness in the foot sole in one study.7 These important
clues in the patient’s history may be used as a first step in the differentiation of nerve-related
pain syndromes from other ELP entities.
The role of a physical examination in CPN and TN entrapment is crucial. Although often
unaware, all patients have altered skin sensation (hypoesthesia, hyperesthesia, dysesthesia) in
parts of the lower leg or foot that are simply detected with a gently brushing swab. Pinching
the skin of these areas may be disproportionally painful. Tapping the nerve at the fibular
head or just medial to the biceps tendon in the popliteal fossa (CPN) or at the soleal sling
(TN) is very painful, and tingling sensations toward the foot may then be provoked. If nerve
entrapment is present on one side only, the contralateral leg serves as a control. However,
it must be appreciated that the syndrome may be bilateral in the case of a non-traumatic
cause. For instance, up to 80% of patients with bilateral TN entrapment were found to suffer
from diabetes mellitus.7 The presence of altered foot skin sensations combined with a painful
palpation of the CPN (at fibular head or in popliteal fossa) or TN (at soleal sling) is a pivotal
second step in differentiating a nerve entrapment syndrome from other lower leg pain entities.
The diagnosis of lower leg nerve entrapments is an old-fashioned “clinical diagnosis.”
The role of EMG or NCS in CPN is limited, probably because symptoms and signs are discrete
at rest and related to posture or exercise.4 However, we are not aware of EMG test results
immediately following provocative manoeuvres in patients with nerve entrapments. X-rays,
ultrasound, duplex ultrasound, bone scans, and CT may be useful for excluding other ELP
diagnoses (PAES, stress fractures, MTSS [medial tibial stress syndrome], muscle and tendon
strains). However, their yield in lower leg nerve entrapments is negligible. A recent MRI study of
patients with TN entrapment suggested a normal appearance and T2-weighted signal intensity
at the level of the knee. However, there was T2-weighted TN hyperintensity just proximal and
distal to the level of the soleal sling. The nerve also appeared mildly flattened as it passed
anterior to the soleal sling when compared with the nerve at the level of the knee joint.14 In
general, EMG and imaging are useful for exclusion of other ELP syndromes but have a very
low sensitivity for lower leg nerve entrapments.
Once the diagnosis of possible CPN entrapment is likely, several conservative
treatments are available such as modification of the offending activities, physiotherapy,
stretching, or massage.12 Some authors suggest iontophoresis or blocks but an incomplete
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nerve recovery is common.10,12 If minimally invasive strategies are to no avail during a short
period (3–6 months) of observation, surgery is indicated. Results in most patients are generally
beneficial, particularly if motor deficits are present and the wait-and-see approach is short.8,9
Crucial for success is opening of the fascia covering the CPN while the nerve’s entrance at
the lower leg’s peroneal muscle is sufficiently widened.4,8,9 In TN entrapment, a sufficiently
long stretch of soleus muscle must be detached from tibial bone.7 The role of an additional
fasciotomy of the posterior tibial muscle is controversial but is probably not indicated in
patients with normal ICP.

PRACTICAL CONCLUSION
-

Exercise-induced lower leg pain due to lower leg nerve entrapment is a diagnosis
that is based on a suggestive history and physical examination.

-

The presence of an awkward, intense lower leg pain that is always present but worsens
during exercise combined with altered sensations in the skin of the lower leg or
foot and normal imaging is suggestive of a common peroneal nerve or tibial nerve
entrapment.

-

The efficacy of minimally invasive therapies is unknown.

-

Neurolysis in recalcitrant patients is often beneficial.
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CHAPTER 9

INTRODUCTION
Young individuals engaged in sports activities who report lower leg discomfort may
have various conditions, including medial tibial stress syndrome, stress fractures, neurovascular
entrapments, or chronic exertional compartment syndrome (CECS).2,5 CECS is caused by elevated
muscle pressure leading to locoregional pain and tightness following running or walking or
even during rest. The gold standard diagnostic tool is a dynamic intracompartmental pressure
(ICP) measurement.17 Three subtypes of CECS may be identified. CECS of the anterior tibialis
muscle and CECS of the posterior flexor muscle are most frequently studied. However, CECS
may occur exclusively in a lateral muscle compartment (lat-CECS). Elevated muscle pressures
in lateral portions of the lower leg have been found in the presence of normal tissue pressures
in the anterior tibialis muscle and the posterior flexor muscle.20
A number of patients with symptoms suggesting isolated lat-CECS who were
evaluated at the Department of Sports Medicine of our clinic demonstrated a normal ICP.
Some of these patients were eventually diagnosed with a common peroneal nerve entrapment
syndrome (CPNE). Patients with CPNE may be seen by a range of specialists, including
neurologists, neurosurgeons, orthopaedic surgeons, physical or sports medicine specialists,
or rehabilitation doctors, or by reconstructive surgeons treating sensory deficits in patients
with diabetes.4,6,8,9 CPNE is occasionally considered by sports physicians evaluating lower
leg syndromes.2,14 The present study describes characteristics and surgical management of
patients who were initially evaluated for CECS by sports physicians but were found to have
CPNE. Our aim was to increase awareness in the domain of sports medicine and orthopaedic
surgery regarding this syndrome.

CASE SERIES
Case 1
The lateral aspect of the right knee of a 34-year-old woman was hit by a wheelchair
5 years previously, leading to chronic, severe neuropathic pain in her lower leg. Radiographs,
bone scans, common peroneal nerve (CPN) ultrasonography, and magnetic resonance imaging
(MRI) revealed no abnormalities. A lower leg electromyograph (EMG) including nerve conducting
velocity (NCV) analyses of the CPN and superficial peroneal nerve (SPN) was normal. The patient
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received physical therapy and oral medication including neuroleptic agents for intractable pain
of unknown cause, but with minimal effect. At our clinic, she reported that pain ruled her life.
Activities such as walking, and bicycling were almost impossible, and normal sleeping was
hindered because of flashing pain and annoying lower leg skin sensations. On examination, she
demonstrated an antalgic gait pattern. Skin sensation of the anterolateral aspect of the lower
right leg after light touching with a cotton swab was reported as “uncomfortable” compared
with the left leg. Pinching the skin was extremely painful (positive pinch test). Digitally applying
pressure or finger tapping just distal to the fibular head was also painful, with pain radiating
toward lateral portions of the foot (positive Tinel sign). Palpation of the popliteal fossa and
the lateral compartment was painful.
CECS of the lateral compartment, possibly associated with CPN nerve compression,
was hypothesized. However, both peroneus and anterior tibialis muscle pressures after dynamic
ICP measurement were below the Pedowitz cut-off values, ruling out the diagnosis of CECS
(ICP 15 mmHg at rest or 30 mmHg after 1 minute or 20 mmHg after 5 minutes of a provocative
test).17 The patient was informed of the possible diagnosis of CPNE following a traumatic
event, and she consented to a surgical exploration. The CPN appeared oedematous and was
entrapped in scar tissue. Following a neurolysis over a 10-cm length between the popliteal
fossa and peroneal muscle entrance, skin sensation and lower leg functioning normalized in
the following months. Ten months postoperatively, the patient experienced no pain at rest and
had normal sleep. She received physical therapy for enthesopathy of various knee tendons
that was due to an acquired antalgic gait pattern.

9
Case 2
A 41-year-old woman reported pain in her lower left leg for 5 years that had started
after childbirth. Normal functioning was not possible because of the pain. Rest, orthotics,
surgery for varicose veins, and physical therapy did not result in relief. The pain was continuously
experienced along the lateral aspect of her lower left leg. Sleeping on the left side of the body
was impossible because of immediately occurring lower leg tingling. MRIs of the vertebral
column, knee, and lower leg were judged normal. The letter from the referring neurologist
stated that the outcomes of EMG and NCV analyses testing CPN functioning were entirely
normal. CECS was excluded because peroneus and anterior tibialis muscle pressures were
normal. The referring sports physician considered CPNE, but a local injection of lidocaine did not
relieve the pain. The patient was referred to us for analysis and management of possible CPNE.

151

CHAPTER 9

On inspection, the skin of the lower leg appeared shiny compared with the contralateral
side, suggesting a sympathetic-parasympathetic imbalance, possibly due to nerve entrapment
(Figure 9.1). Lower leg skin sensation following light touch with a swab was reportedly normal.
In contrast, digital pressure just distal to the fibular head was very painful, with pain radiating
toward the lateral aspect of the foot. The patient consented to CPN neurolysis and made an
uneventful recovery thereafter. She reported total relief and normal functioning 13 months
postoperatively.

Figure 9.1: Inspection of both lower legs of a patient with a left sided common peroneal nerve
entrapment. The skin on the left side appears shiny compared with the contralateral side, suggesting a
sympathetic-parasympathetic imbalance associated with nerve entrapment.

Case 3
A 61-year-old woman had experienced spontaneous pain of unknown cause in her
lower left leg for 2 years. The pain was continuously experienced along the lateral aspect of
her lower left leg. Bicycling was difficult, as the leg lacked power. She was bothered by tingling
feelings during sleep. She received physical therapy and neuroleptic medication but with
minimal effect. Orthopaedic and neurological consultations were not diagnostic. Radiographs,
a lower leg MRI and EMG, ultrasonography of the CPN, and a vascular evaluation including
ankle-brachial index revealed no abnormalities. The referring neurologist performed NCV
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tests of the SPN and sural nerve that were normal. The vascular surgeon suggested that the
altered skin sensation was possibly associated with peroneal nerve dysfunction in the presence
of CECS. However, the referring sports physician measured normal peroneus and anterior
tibialis muscle pressures. The patient was referred to us for analysis and management of the
possible diagnosis of CPNE.
On examination, skin sensation of the lateral aspect of the lower left leg following light
touching with a swab was reported as different from the contralateral leg. The circumference
of the lower leg was 1 cm less, suggesting a discrete muscle atrophy. The possible diagnosis of
CPNE with sensory and motor deficit was discussed, and the patient chose to undergo surgery.
At exploration, a small artery compressing the CPN at the level of the knee joint was ligated
followed by neurolysis from the popliteal fossa to the peroneal muscle entrance. The patient
reported total relief and normal functioning 8 months postoperatively.
Case 4
A 44-year-old woman reported pain in her lower right leg for 2 years, which had
possibly started after a temporary antalgic gait pattern following a lower leg muscle tear. Rest,
taping, physical therapy, and pain medication including nonsteroidal anti-inflammatory drugs
and neuroleptic agents did not result in relief. She had noticed that touching the outside part
of the lower leg was painful. The pain frequently bothered her during sleep. Walking and
bicycling aggravated the pain. Evaluations by a neurologist, a vascular surgeon, and orthopaedic
surgeons were not diagnostic. Normal results were found on radiographs; MRIs of the brain,
vertebral column, knee, and lower leg; EMG; and arterial and venous ultrasonography. The
neurologist had performed lower leg nerve conduction studies indicating normal function of
tibial, peroneal, and sural nerves. The referring sports physician noticed that pressure on the
fibular head intensified the pain, which radiated toward the foot. He considered the diagnosis
of CPNE, but an injection of 15% of glucose (proliferation therapy, or “prolotherapy”) did
not attenuate the pain. CECS was excluded because deep flexor and anterior tibialis muscle
pressures were normal.
On inspection, the skin of the lateral aspect of the lower leg was painful following
pinching. Skin sensation following light touching with a swab was abnormal. Digital pressure
just distal to the fibular head was very painful, with severe pain radiating toward the lateral
aspect of the foot. The possible diagnosis of CPNE was discussed with the patient, and she
chose to undergo a neurolysis. During surgical exploration, the nerve was found to be covered

153

9

CHAPTER 9

by a very tight fascial layer, which was opened followed by CPN neurolysis. The patient reported
total relief of pain and normal functioning 37 months postoperatively.
Case 5
A 63-year-old woman reported pain in her lower left leg for 6 months. She had noticed
that touching the lateral aspect of her lower leg felt “uncomfortable.” The pain increased during
the first 10 m of walking and then decreased again. When standing, the patient had an urge
to constantly move her leg in all directions. Her sleep was disturbed because of the pain. Pain
medication and physical therapy did not result in relief. A neurologist found a minimal loss of
power in the anterior tibialis muscle and skin hypesthesia on the lateral aspect of the lower
leg. He noticed that pressure on the fibular head intensified the pain, which radiated toward
the foot. An MRI of the vertebral column as well as SPN conduction studies were normal. The
referring sports physician measured peroneus and anterior tibialis muscle pressures, which
were also normal.
During physical examination, the skin of the lateral aspect of the lower leg was painful
following pinching. Skin sensation following light touching with a swab was abnormal. Digital
pressure just distal to the fibular head was very painful, with severe pain radiating toward
the lateral aspect of the foot. The possible diagnosis of CPNE was discussed with the patient,
and she chose to undergo a neurolysis. During surgical exploration, the nerve was found to
be covered by a very tight fascial layer, which was opened followed by neurolysis. Two days
later, the patient reported that she had her “normal leg back.” Three months postoperatively,
she reported pain along the medial tibial bone, which was diagnosed as medial tibial stress
syndrome, necessitating prolotherapy. However, the lateral portion of the leg demonstrated
normal skin sensation without pain.

HOW TO PERFORM CPNE NEUROLYSIS
The patient is positioned on her back with a pillow underneath the ipsilateral buttock,
resulting in a slightly endorotated knee. The skin covering the fibular head is obliquely opened
over a 5- to 8-cm length (Figure 9.2a). A fascial layer partially covering the CPN is incised (Figure
9.2b). The CPN emerges from a fat pad (Figure 9.2c). The CPNE including its side branches is
freed from its surroundings (Figure 9.2, d and e). The tendinous arch narrowing the nerve’s
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entrance between both heads of the peroneus longus muscle is widened (fibular tunnel, Figure
9.2f). The nerve’s exit from the popliteal fossa in a plane medial to the biceps tendon is also
widened (Figure 9.2g). Neurolysis is complete (Figure 9.2h), and the skin is closed (Figure 9.2i).
Crucial for success is opening of the fascia covering the CPN, whereby the nerve’s entrance
at the lower leg’s peroneal muscle is sufficiently widened.6,8

DISCUSSION
One in 3 young athletes with exercise-induced lower leg pain is found to have elevated
muscle pressures due to CECS.3 However, if muscle tissue pressures are normal, other diagnoses
must be considered. The present study reports on patients who tested negative for CECS
at our clinic but who were subsequently found to have CPNE. A literature search for CPNE
identified studies from the neurosurgery, plastic surgery, orthopaedics, and sports medicine
domains.2,4-6,8-10,13,14,16 Interestingly, CPNE is not mentioned in a widely used book on sports
medicine.1 CPNE in athletes is thought to occur because of repetitive lower leg inversion and
eversion in activities such as running and cycling.5,14 The relative unfamiliarity regarding CPNE
is possibly reflected in the large number of consultants, non-contributing functional tests,
and diagnostic delays as observed in the present case series. Our aim was therefore to create
awareness regarding the diagnosis of CPNE, particularly in sports physicians and orthopaedic
surgeons treating patients with lower leg pain. Interestingly, not imaging or functional tests
including nerve conduction studies, but rather, specific clues found in patient history and
physical examination were pivotal in the diagnostic process of CPNE. A correct diagnosis is
crucial, as a CPNE neurolysis is often successful.
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Figure 9.2: Surgery for common peroneal nerve entrapment neurolysis. (A) Making the skin incision.
(B) Incising the fascial layer. (C) Identifying the nerve. (D) Freeing the nerve from its surroundings.
(E) Freeing the side branches. (F) Widening the fibular tunnel. (G) Widening at the biceps tendon. (H)
Neurolysis complete. (I) Closing the skin.

Awareness starts with a concise history. An orthopaedic study6 reporting on 60 patients
with CPNE found that a small portion reported a history of their leg “falling asleep” with crossed
legs or after working in a crouched position. However, the vast majority of patients had a
nonspecific history, leading to a commonly used diagnostic term, “idiopathic” CPNE.6 A study
involving 48 patients treated by reconstructive surgeons reported that most cases were due
to trauma.8 The present case studies confirmed that CPNE was either idiopathic (n=3) or had
developed after a previous trauma (n=2). Another orthopaedic study proposing a diagnostic
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algorithm for lower leg pain in athletes suggested that pain at rest is never associated with
CPNE.5 Pain in our patients was provoked by exertion or normal walking but was also present
during rest. Moreover, pain often depended on body posture, as previously suggested.6 For
instance, all 5 of our patients had consistently disturbed sleep, indicating that symptoms
were induced by unfavourable leg positions compressing the CPN. This important clue in the
patient’s history may be used to differentiate CPNE from other lower leg pain syndromes.2,5
The role of a detailed physical examination is controversial. One study found that a
combined sensory and motor deficit was demonstrated in two-thirds of patients with CPNE,
whereas a sensory deficit alone was demonstrated in the remaining one-third.6 We have
observed interesting features in our patients. For instance, the lower leg skin may look shiny,
as also observed in complex regional pain syndrome or deep venous thrombosis (patient 2).
As well, the examiner may observe limb atrophy, suggesting CPN motor involvement, that
can be quantified using a tape measure (patient 3). All of our patients demonstrated sensory
involvement that was reflected by altered lateral lower leg skin sensation, which can be
detected simply with a swab or alcohol-soaked gauze. Skin hyperesthesia or hypoesthesia
may be accompanied by an inappropriate pain sensation following skin pinching. Tapping
(Tinel sign) or palpating the nerve at the fibular head was very painful in 4 of our 5 patients,
whereby a radiating pain may be provoked following this manoeuvre. Two studies also reported
a positive Tinel sign in most of their patients.6,8 A recent study of 24 patients with CPNE showed
0.77 sensitivity for the “scratch collapse test” compared with 0.65 sensitivity for the Tinel
sign.7 The superior diagnostic characteristics of this novel test require confirmation in future
CPNE studies. We have provided a Video Supplement demonstrating a positive scratch collapse
test in a patient with CPNE. It is clear that the combined results of a swab test, a pinch test,
a Tinel test, a tape measure, and possibly a positive scratch collapse test strongly contribute
to the diagnosis of CPNE.
Is there a role for EMG, including nerve conduction studies, in CPNE?5 Sensory deficits
are reflected by markedly decreased amplitudes of sensory potentials, whereas motor deficits
are suggested by decreased nerve conduction velocities.6 A second EMG study also found
motor weakness in most of the patients.8 Interestingly, however, sensory or motor deficits with
EMG, including nerve conduction studies, were not present in any of our 5 patients. In general,
these tests and imaging methods are useful for exclusion of other lower leg pain syndromes.
In contrast, we claim that the diagnosis of CPNE is an old-fashioned “clinical diagnosis” that is
predominantly established by a physician’s ears, eyes, and hands. However, we are currently
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unaware of tests that are able to discriminate between CPN and SPN entrapment.
Once the diagnosis of possible CPNE is made, several conservative treatments are
available, such as modification of the offending activities, physical therapy, stretching, and
massage.2 Some authors suggest iontophoresis or nerve blocks, but an incomplete nerve
recovery is common.2,5,12,19 If minimally invasive strategies are to no avail during a short
period of observation, surgery is indicated. Results in most patients are generally beneficial,
particularly if motor deficits are present and the wait-and-see approach is short.6,8,12,18 All of
our 5 patients were again interviewed in December 2016 (mean follow-up, 14 ± 6 months) and
rated their outcome as excellent (n = 3) or good (n = 2) (Table 9.1). The literature regarding
athletes undergoing surgery for CPNE is limited to a handful of case reports and 2 case series,
encompassing a total of 8 runners and 12 competitive athletes.6,11,15,19
Sex Age
Patient
No.

Delay, Trauma Leg Sleep
mo

Skin
lateral lower
leg (swab
test)

Painful
Painful Scan
pressure skin
results*
at fibular pinching
head
(Tinel
sign)

Subjective
outcome
after surgery
(mo of followup)

1F
34
60
Yes
R disturbed Hypoesthetic Yes
Yes
Normal good (10)
2F
41
60
No
L disturbed Normal
Yes
Yes
Normal excellent (13)
3F
61
24
No
L disturbed Dystrophic
No
No
Normal good (8)
4F
44
24
Yes
R disturbed Hyperesthetic Yes
Yes
Normal excellent (37)
5F
63
6
No
L disturbed Hypoesthetic Yes
Yes
Normal excellent (3)
Mean
49± 5 35± 6
(14± 6)
F, female; L, left; R, right.
* Scans included electromyography, magnetic resonance imaging, ultrasonography, radiography, and bone scans.

Table 9.1: characteristics of 5 patients with common peroneal nerve entrapment.

CONCLUSION
Sports physicians treating patients with lower leg pain should consider the diagnosis
of CPNE in patients reporting pain, disturbed sleeping, and an uncomfortable feeling in lateral
portions of the lower leg. Pain following tapping at the fibular head and altered skin sensation
determined with a swab or pinching are key to the diagnosis. Imaging, EMG including nerve
conduction studies, and muscle compartment pressure measurements are useful for exclusion
of other lower leg syndromes. A CPN neurolysis is often beneficial.
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CHAPTER 10

ABSTRACT
The differential diagnosis of exercise-induced lower leg pain in young individuals is
extensive and includes entities such as chronic exertional compartment syndrome, popliteal
arterial entrapment syndrome, cystic adventitial disease, medial tibial stress syndrome and
tibial stress fractures. Peripheral nerve-related lower leg pain syndromes are unusual. We
present a 41-year-old woman who was diagnosed with an ancient schwannoma of the right
common peroneal nerve (CPN) as a rare cause of lower leg pain. This case report provides
simple diagnostic bedside tools that may be used to diagnose CPN abnormalities. Altered
lateral lower leg skin sensation was found using a simple cotton swab, whereas a nodule was
palpated at the fibular head. A positive Tinel sign indicated CPN dysfunction. MRI confirmed
the diagnosis. Surgical resection is simple and curative.

BACKGROUND
The differential diagnosis of exercise-induced lower leg pain in young individuals
includes chronic exertional compartment syndrome (CECS), popliteal arterial entrapment
syndrome (PAES), cystic adventitial disease (CAD), medial tibial stress syndrome (MTSS)
and tibial stress fractures.1-3 However, lower leg nerve-related syndromes are rare. A young
woman was diagnosed with an ancient schwannoma of the common peroneal nerve (CPN)
as an uncommon cause of lower leg pain. Aim of this report is to discuss simple bedside tools
for an early diagnosis and to report outcome following surgery.

CASE PRESENTATION
A 41-year-old woman presented with pain of the lateral aspect of the right knee.
Symptoms had started 8 years earlier during pregnancy and were progressive. The pain
radiated towards dorsal portions of the foot and the big toe and was provoked by touching
the lateral aspect of her knee but also while crouching and sitting. In addition, electrical shocks
and unpleasant feelings were constantly experienced in her right foot. Doing sports activities
such as running was virtually impossible because of these debilitating symptoms.
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One year after the start of first symptoms, the patient was referred to the neurologist
who considered an entrapment of the CPN. He referred the patient to a musculoskeletal
doctor for mobilisation and manipulation of the proximal and distal fibula. The mobilisation
was conducted several times over a 3-year period but provided only temporary pain relieve
with a 10 to 4 decrease on a numerical rating scale (NRS).4 The symptoms kept recurring and
became more intense over the years. Eventually, an ultrasound of the swelling on the right
side of the knee was performed which suggested a cyst of the common peroneal nerve (Figure
10.1). As symptoms were greatly interfering with daily functioning by then, she was presented
to the department of surgery in our hospital.

Figure 10.1: Ultrasound of the common peroneal nerve (blue arrow) demonstrating a 1.3 cm x 0.74 cm
echodense swelling behind the fibular head (red arrow).

On examination, a 1–2 cm swelling was palpated just behind the right fibular head.
Finger tapping of the swelling elicited pain that radiated towards the dorsum of the foot
(positive Tinel sign). Skin sensation of the anterolateral side of the right lower leg and dorsum
of the foot (area of distribution of the common peroneal nerve) were abnormal compared
with the left leg and foot, as demonstrated using a cotton swab. Lower leg and foot motor
functions were normal.
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INVESTIGATIONS
An MRI suggested the presence of a schwannoma of the CPN (Figure 10.2).

Figure 10.2: Transversal Y2-weighted MRI slide of both lower legs. The right leg shows a lesion of the
common peroneal nerve at the level of the fibular head suggesting a schwannoma.

Differential Diagnosis
The differential diagnosis of lower leg pain in young sportive individuals is extensive.
Different groups of entities must be considered. A CECS is characterised by exercise-induced pain
that is usually relieved during rest. The diagnostic gold standard is a dynamic intracompartmental
muscle pressure measurement.5 MTSS is a clinical diagnosis as palpation along distal portions
of the inner tibial bone is painful.6 In other patients, constant lower leg pain may be due to a
stress fracture that is confirmed by an X-ray, bone scan or a CT scan.2 A PAES is diagnosed by
loss of distal arterial pulsations at extreme plantar or dorsiflexion whereas ultrasound/Doppler
analysis may determine the location of arterial entrapment.1 CAD typically presents with
intermittent claudication and is diagnosed by angiography, ultrasound, CT scan or MRI.3 CPN
entrapment can be caused by different aetiologies, for instance fibular head malformation,
soft tissue tumours or anatomical variations of the biceps femoris muscle. It is diagnosed by
a positive Tinel, altered skin sensation and imaging of the lower leg.
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TREATMENT
The patient was informed regarding the potential diagnosis, surgical options and
possible complications and consented to a surgical exploration. Once the swelling was identified
by palpation, it was exposed via a 6 cm longitudinal incision along the lateral aspect of the
knee joint. The nerve’s protective layer termed the perineurium was opened longitudinally
followed by enucleation of the schwannoma under direct vision (Figure 10.3A,B). Loupes or
other magnification are not required. It must be appreciated that the swelling is surrounded
by nerve fascicles but not firmly attached to them.

Figure 10.3: Lateral aspect of the lower leg. (A) The overlying fascia is incised. (B) After incision of the
nerve’s perineurium, a 2x1 cm swelling was removed.

Outcome and Follow-Up
Pathological examination revealed an ancient schwannoma. Immediately
postoperatively, the patient was completely free of pain. Two years later, she is unrestricted
regarding all movement and sport activities.

DISCUSSION
A schwannoma (or neurilemmoma) is a benign nerve sheath neoplasm originating from
the Schwann cells in peripheral nerves. Ancient schwannomas are longstanding neurilemmomas
showing degenerative changes.7 This abnormality is preferentially located intracranially,
especially at the vestibular nerve. In contrast, extracranial schwannomas are most frequently
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found in the head and neck area (45%) or at lower extremities flexor sites (13.5%), upper
extremities (19%) and trunk (8.5%).8 CPN schwannomas are exceedingly rare and only scarcely
reported in the last four decades, leading to a long doctor’s delay as in our patient.9-14
If a patient reports lower leg altered skin sensations, a neuropathy is a probable cause.
However, one has to differentiate whether the neuropathy has a central or a peripheral origin.
Simple bedside tests may aid in locating a peripheral problem (i.e. tibial, sural or common
peroneal nerve involvement). Gently touching the skin with a cotton swab may identify areas
of altered skin sensation. A different sense of temperature may be tested using an alcoholsoaked gauze. Pinching the skin may be more painful than usual and finger tapping may evoke
electrical sensations along the affected nerve (Tinel). These tests must be executed on both legs.
MRI can confirm the diagnosis. Schwannomas have an isointense signal similar to the
skeletal muscle on T1-weighted images and increased signal intensity on T2-weighted images.
Distinctive features such as a mass located in the area of a major nerve and the presence of
a split fat sign, fascicular sign or target sign, can help identifying the neurogenic origin of the
mass.7
Surgery is the treatment of choice for symptomatic schwannomas as resection is easily
possible without damaging the nerve fascicles.15 Unrestricted recovery is often accomplished.
Complication rates for surgery of peroneal nerve schwannoma are unknown. However,
decreased motor function after surgery for brachial plexus schwannoma was documented in
12% of patients previously having normal functioning (3/25).15
In conclusion, altered lower leg skin sensation due to CPN dysfunction combined with
a palpable mass along the nerve and a positive Tinel sign may be due to a CPN schwannoma.
Confirmation using MRI is indicated. Surgery is usually curative.

PATIENT’S PERSPECTIVE
Before surgery I had been experiencing nerve pains for 8 years. I was limited in sports
activities and constantly ‘watchful’ that nothing or nobody would touch my leg, because that
would provoke the pain. From the first moment after surgery, the nerve pain I have been
experiencing for so many years, was completely gone. Everyone can ‘accidentally’ touch my
leg again without feeling an electrical shock and more important, I am unrestricted regarding
all physical activities. There is only a small area of skin next to the incision that is a little numb.
I am extremely happy with the result.
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SUMMARY
Anterolateral lower leg pain syndromes are common in active populations often
limiting sports activities. In the present thesis, we studied several anterolateral lower leg pain
syndromes with emphasis on the lateral chronic exertional compartment syndrome (CECS)
and common peroneal nerve (CPN) pathologies.
Symptoms in CECS are believed to be caused by exercise-induced elevation of
intracompartmental pressures (ICP) resulting in relative muscle ischemia, but details regarding
the underlying pathophysiology are lacking. CECS can occur in any muscle compartment but is
most frequently diagnosed in one of the 3 lower leg compartments; the anterior (ant-CECS),
deep posterior (dp-CECS) or lateral compartment (lat-CECS). Numbers on prevalence of these
3 distinct compartment syndromes are contradictory, with the lateral compartment mostly
referred to as the least affected.15, 36, 40, 53, 65 However, studies reporting a high lat-CECS prevalence
consider the anterior and lateral compartment syndrome as one entity (‘anterolateral-CECS’),
although this diagnosis is made by an ICP of the anterior compartment only.53, 65 Until today,
consensus is not only lacking regarding prevalence but to almost all aspects of lat-CECS,
ranging from unknown patient characteristics to type of optimal conservative and surgical
treatment.
Current knowledge on characteristics of CECS patients is largely based on studies with
selected cohorts of athletes or military service members.11, 39, 40, 71 In chapter 2, we describe
a large heterogenous civilian cohort of 1411 patients with exertional lower leg pain that was
evaluated for possible lower leg CECS between January 2001 and December 2013 in our
institution. Half of these patients was diagnosed with CECS in one or more compartments
based on history and elevated ICP measurements. Median age was 25 years ranging from 12
up to 81 years. CECS prevalence decreased with advancing age. Using a multivariate regression
model, young age, male gender, bilateral symptoms, clinical history without earlier lower leg
pathology, a painful/tensed compartment on physical examination and skating were identified
as positive predictors of CECS. Running was labelled as a negative predictor of CECS. These
predictors were combined in a nomogram having a moderate discriminative ability (AUC
0.66). This predictive model may be used to support decision making in selecting patients
who require invasive ICP measurements, but not as a diagnostic tool in itself.
If a physician suspects CECS of the lower leg, an ICP measurement is used to confirm
or reject the diagnosis.47 However, the value of a repeated ICP measurement (re-ICP) in patients
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with recurrent or ongoing CECS-like symptoms after fasciotomy or an earlier normal ICP is
unknown. In chapter 3 we aimed to examine the role of re-ICP in these two groups of patients.
We retrospectively studied 1714 ICP measurement sessions in 1513 patients between January
2001 and December 2013. Seventy-one re-ICP measurements were found in 68 patients (after
fasciotomy, n=55 measurements; previous normal ICP, n=16). Re-ICP was positive in 26% of all
operated compartments, and in 15% of all compartments where a previous ICP was normal.
It may be concluded that, if other causes of lower leg exertional symptoms in patients with
recurrent or residual symptoms are excluded, a re-ICP may be considered. However, false
positive ICP measurement outcomes are not uncommon.
As mentioned earlier, there are three types of lower leg CECS: ant-CECS, dp-CECS
and lat-CECS. The contribution of each subtype to a total CECS population is unknown and
up for discussion. In general, ant-CECS and dp-CECS are considered 2 distinct syndromes that
each can occur as an isolated form.5, 75 The lateral compartment, however, is often seen as an
entity that is only present in combination with ant-CECS.24, 54 In chapter 4, we aimed to study
whether lat-CECS can also present as an isolated entity. Moreover, we questioned whether
specific clues in history taking and physical examination can be found that aid in discriminating
between subtypes, in particular between ant-CECS and lat-CECS. This retrospective study
included 73 of the total of 747 patients who underwent ICP measurements for possible CECS.
Patients were included if they had a simultaneous ICP measurement of both the anterior and
lateral compartment. Seven percent of this heterogenous CECS population with anterolateral
pain and tightness was diagnosed with an isolated lat-CECS (isolated ant-CECS, n=26; isolated
lat-CECS, n=5; ant/lat-CECS, n=42). There were no group differences regarding age (antCECS: median 26 years (range 13-68); lat-CECS: median, 20 years (range 17-63); ant/lat-CECS
median 28 years (range 17-57); c2 (2) = 0.466; P=0.79), sex (ant-CECS 50% male, lat-CECS 40%
male, ant/lat-CECS 62% male; P =0.49), and bilaterality (ant-CECS 54%; lat-CECS 80%, ant/latCECS 69%; P=0.40). All patients reported pain and all but one (72/73, 99%) reported some
grade of tightness during exercise. Surprisingly, half had symptoms at night. Patient reported
location of alterations in skin sensation did not correspond with areas that are innervated by
the deep or superficial peroneal nerve in two thirds of the patients indicating that this type
of information does not aid in the diagnosis. Since history and physical examination do not
help in differentiating between ant-CECS and lat-CECS whereas both subtypes can occur as
an isolated entity, dynamic ICP measurements of both compartments in patients reporting
anterolateral symptoms are justified.

173

11

CHAPTER 11

CECS of the anterior and deep posterior compartment is discussed extensively in the
large body of literature so far.3, 6, 52, 54, 55, 68, 70, 73 In contrast, literature on lat-CECS is exceedingly
scarce.6, 8, 15, 19, 36, 40, 47, 51, 65 In chapter 5, we describe demographics and baseline characteristics in
a retrospective series of patients diagnosed with isolated lat-CECS. Between January 2001 and
December 2012, 1384 patients underwent an ICP for suspected CECS, and 678 were diagnosed
with CECS according to the Pedowitz criteria.47 Twelve percent of all patients with a positive
ICP were diagnosed with lat-CECS, either isolated or in combination with other types of CECS
(lat-CECS: n=28, 4%; ant/lat-CECS: n=33, 5%; dp/lat-CECS: n=7, 1%; ant/dp/lat-CECS: n=10,
1%). Twenty-six of the 28 patients with an isolated type lat-CECS were studied in detail. The
small majority was female and median age at diagnosis was 27 years (range 16-78). Delay in
diagnosis was a median 24 months (range 2 months – 10 years). Pain (24/26, 92%) and a feeling
of tightness (11/26, 42%) were most frequently reported symptoms. Occasionally patients also
reported cramps (19%), diminished sensibility (15%) and/or muscle weakness (12%). These
symptoms were reported bilaterally in two-thirds of patients (16/24, 67%, unknown n=2). In
87% of lat-CECS patients (13/26, n=11 unknown), CECS symptoms affected sports activities to
a certain degree (27% completely abstained from sports activities, 47% continued at a lower
level, 13% continued sports with substantial additional effort). This study concluded that a
small portion of patients with CECS is having an isolated type of lat-CECS. However, lat-CECS
may not be distinguished from other types of CECS as symptom patterns are much alike.  
If CECS is diagnosed, a patient is informed about both conservative and surgical
treatment options. Often, conservative therapies such as modification of gait pattern, physical
therapy, icing or dry needling are first steps. If a CECS patient is not satisfied with the results of
conservative therapy, fasciotomy is treatment of first choice.7, 16, 61, 76 Currently, little is known
about results of fasciotomy in lat-CECS. In chapter 6, we report on outcome of fasciotomy in a
retrospective group of lat-CECS patients. A total of 247 patients underwent ICP measurements
for suspected lat-CECS between January 2001 and December 2012, and 78 were diagnosed with
lat-CECS. All patients were asked to complete a questionnaire scoring severity and frequency of
symptoms at various time points and outcome of surgery. Success was defined as an excellent
or good outcome as judged by the patient whereas a moderate, fair or poor result was termed
unsuccessful. A total of 30 questionnaires of the eligible 67 patients allowed for analysis.
Bilateral (80%) exertional pain (97%) and a feeling of tightness (93%) were the most frequently
reported symptoms. However, patients also often experienced exertional muscle weakness
(73%), paraesthesia’s (70%) and/or cramps (70%). Four years after the fasciotomy, severity and
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frequency of all of these symptoms had dropped significantly, with a decrease in mean pain
score >50%. Long-term surgical success was just 33%. Seventy-three percent had resumed
sports activities, albeit often at a lower level than before the start of CECS symptoms. It was
concluded from this retrospective analysis that long term outcome of surgery for lat-CECS
in general was beneficial although just one in three patients termed the outcome a success.
To optimally assess surgical outcome, we initiated a prospective study that is discussed
in chapter 7. Between January 2013 and April 2019, 881 patients with exertional lower leg pain
(ELP) were analysed for possible CECS in our institution, and 88 were diagnosed with lat-CECS
(male, 57%; mean age 27 yr, range 15-72 yr). Severity and frequency of cardinal symptoms
(pain, tightness, cramps, muscle weakness and paresthesia) were scored on a 5-point verbal
rating scale during exercise and at rest, before and 3 and 12 months after a fasciotomy. The
majority of lat-CECS patients had a combination with other compartments including antCECS (61%) or dp CECS (6%). An isolated lat-CECS was present in just 11%. The results in 47
operated patients (78 legs) indicated that severe pain during exercise (>90%) and moderate
tightness during rest (83%) were frequently reported symptoms. A 10% total complication
rate was found (2 wound infections requiring antibiotic therapy, 2 hematomas that recovered
spontaneously and 1 patient with complex regional pain syndrome (CRPS) like symptoms
that recovered without intervention after 4 weeks). One year after surgery, 77% reported
an excellent or good outcome whereas 85% had resumed sports activities. It was concluded
from this prospective trial that surgery for lat-CECS is successful in 3 of 4 operated patients.
Patients with exertional lower leg pain who exhibit normal intracompartmental
pressures occasionally suffer from a peripheral nerve entrapment. In the last three chapters
of this thesis, we describe the clinical characteristics of common peroneal nerve (CPN) and
tibial nerve (TN) entrapment. In addition, a small CPN case series and a unique case of a CPN
schwannoma are described. Aim of these contributions is to increase awareness and to provide
simple diagnostic tools. Patients with nerve entrapments often struggle to find the right words
to describe the nature of their symptoms. They often feel pain and/or paraesthesias in the
affected peripheral nerve territory that is more severe following exertion but may also be
present at night.  Skin sensation of lower leg portions is often abnormal. Imaging (ultrasound,
MRI) are usually normal but rarely suggest the presence of a schwannoma. Electromyography
(EMG) including nerve conduction studies (NCS) do not indicate abnormalities in case of
entrapments. Surgery such a neurolysis is often beneficial.
In chapter 8 we discuss characteristics and management of the two most frequent
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nerve entrapments of the lower leg, entrapment of the common peroneal nerve (CPN) and
the tibial nerve (TN). Patients report a continuous awkward feeling and pain and sometimes
paraesthesia’s in the domain of the CPN (anterolateral side of the leg and dorsum of the
foot), or TN (anteromedial side of the leg and sole of the foot, respectively), that increased on
exertion. Physical examination using a cotton swab (tactile sense) reveals areas of altered skin
sensation reflecting the affected nerve whereas pinching of the skin are painful. Tapping of the
nerve distal of the fibular head (CPN) or pressuring the soleal sling (TN) may evoking local and
distal symptoms (positive Tinel). Results of imaging (X-ray, ultrasound, MRI), electromyography
(EMG) and nerve conduction studies (NCS) were normal. The two examples in this overview
underwent a successful neurolysis of the entrapped nerve.
Our case series on common peroneal nerve entrapment (CPNE) in chapter 9 includes
5 female patients with a mean age of 49 years. All five reported pain provoked on exertion
which limited their physical activities. Moreover, they all experienced pain in rest and had a
disturbed sleep. Two patients developed CPNE following trauma and 3 patients developed
the entrapment spontaneously. At physical examination, altered skin sensation (4/5), painful
skin pinching (4/5) and a positive Tinel at the fibular head (4/5) were often present. Imaging,
EMG and NCS were normal. Diagnostic delay was 35 months (range 6-60). The CPN and its
side branches were freed from its surroundings through a 5-8 cm oblique incision of the skin
covering the fibular head. Both the nerve’s entrance at the muscle heads of the peroneus
longus muscle and the exit from the popliteal fossa were widened. Patients reported outcome
of neurolysis as excellent (n=3) and good (n=2) 14 months postoperatively.
Symptoms mimicking CPNE can occasionally be caused by a schwannoma of the
common peroneal nerve. In chapter 10 we describe an unique case of a 41-year old woman
with a radiating pain from the lateral aspect of the right knee towards the dorsal portions
of the foot, provoked by touching the lateral aspect of the knee, crouching and sitting. On
examination, a 1-2 cm swelling was palpated, and ultrasound and MRI confirmed the diagnosis
of a CPN schwannoma. Via a 6cm longitudinal incision the perineum was opened, and the
schwannoma was removed. The patient was completely pain free after surgery.
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Conclusions of this thesis
1.

Young age, male gender, bilateral symptoms, absence of a history of lower leg
pathology, a painful/tensed compartment on physical examination and type of sports
are predictors of CECS in patients with exertional lower leg pain.

2.

Seven percent of all patients presenting with anterolateral exertional lower leg pain
due to CECS was diagnosed with an isolated lat-CECS.

3.

Lat-CECS should be considered in young, active individuals with bilateral exerciseinduced lower leg pain and/or a feeling of tightness on the lateral side of the lower
leg. The majority of lat-CECS patients has a combination with ant-CECS although
combinations with the deep posterior CECS also occur.

4.

Fasciotomy of the lateral compartment is safe as nerve damage is absent. Three of
four prospectively studied patients judged outcome of surgery as successful and
were able to resume sports activities.

5.

Patients with common peroneal nerve entrapment report a disturbed sleep and
pain and altered skin sensations in lateral portions of the lower leg. Simple testing
of altered skin sensation is key to diagnosis.

11
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GENERAL DISCUSSION
An unknown portion of active individuals report exercise-induced lower leg pain
(ELP) causing a considerable diminished quality of life.35, 43, 45, 71 As the differential diagnosis of
ELP is extensive, delay in diagnosis and treatment of a variety of ELP syndromes such as CECS
(chronic exertional compartment syndrome), MTSS (medial tibial stress syndrome, formerly
known as ‘shin splints’), PAES (popliteal artery entrapment syndrome) or nerve entrapments
(common peroneal nerve, tibial nerve) is substantial. The research covered in this thesis is
aimed to study several aspects of anterolateral lower leg pain syndromes with emphasis on
lateral chronic exertional compartment syndrome (lat-CECS) and common peroneal nerve
(CPN) pathologies.
Part I

General studies on lower leg CECS
One in seven patients reporting ELP symptoms may suffer from a chronic exertional

compartment syndrome (CECS).48 A lower leg CECS patient is traditionally considered a young
active individual who experiences a progressive bilateral lower leg pain and tense muscles
with ongoing exertion, but not in rest. Cramps, muscle weakness and paresthesia may also
be experienced.13, 23, 36, 59 However, this stereotypical patient’s history is largely based on small
and selected cohorts such as athletes or military personnel.11, 39, 40, 71 The old fashioned view
of an exclusively exertion-related syndrome hampers awareness of the diagnosis CECS in a
general civilian population and likely contributes to a long diagnostic and therapeutic delay.46
For instance, studies in this thesis unequivocally demonstrate that the vast majority of CECS
patients also report substantial discomfort in resting conditions, and at night. In addition,
comparing study populations is hindered by the fact that there are three separate subtypes
of CECS (tibialis anterior muscle, ant-CECS; deep flexor muscles, dp-CECS; lateral or peroneal
muscles, lat-CECS) that have quite different characteristics as demonstrated in this thesis.   
In order to improve our understanding of CECS in civilian patients, we studied
characteristics of a large heterogenous cohort encompassing 1411 ELP patients that is described
in chapter 2. Half of these patients with ELP suggestive of CECS were eventually diagnosed
with one of the 3 subtypes of CECS (or a combination of) on the basis of a characteristic
history and elevated muscle pressures provided by a dynamic intracompartmental pressure
(ICP) measurement. In concert with earlier literature, young age, absent history of lower leg
pathology and bilateral symptoms were independent predictors.5, 9, 13, 15, 18, 29, 40, 43, 44, 62, 71 However,
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the study identified novel findings that were hitherto not known to the scientific community. For
instance, CECS can develop at any age as the range was 12-81 years. Until now, the literature
on older CECS patients (>50 years) was restricted to two cohorts of diabetic patients with
CECS.17, 18 Our typical CECS patient was 25 years of age, but the oldest patient was a healthy
active octogenarian indicating that progressive aging does not rule out CECS. A new finding was
also a relationship between subtype of CECS and sports type. For instance, speed skating was
associated with ant-CECS whereas soccer was related to dp-CECS. Also new is the construction
of a nomogram that incorporates abovementioned predictive factors allowing for a tool that
may potentially aid physicians in recognizing individuals with possible CECS who qualify for an
ICP measurement. The validity of this nomogram requires confirmation in other populations.
The gold standard objective diagnostic tool demonstrating CECS has been open
to debate for over two decades. In former days, an elevated ICP during rest or following a
provocative running test were used as an important diagnostic criterium for CECS. In practice,
criteria that were proposed by Pedowitz are currently (still) the most frequently used values
(≥15 mmHg in rest, ≥ 30 mmHg 1 minute after exercise or ≥20 mmHg after 5 minutes).47 In
recent years, the pivotal role of this system is under siege since they were arbitrary chosen
whereas correlation with treatment outcome was never demonstrated.28, 29, 44, 46, 47, 54 In addition,
normal resting and exercise pressures were never established. Furthermore, a recent study on
lower leg dp-CECS found that ICP measurement catheters were often positioned in the wrong
compartment as established using magnetic resonance imaging (MRI).74 In the absence of a
superior diagnostic tool, the Pedowitz ICP criteria remain the gold standard in CECS testing.
But what should a sports physician do if a patient continues to report CECS-like symptoms
after a normal ICP result, or if he has an elevated ICP reading following a seemingly successful
fasciotomy? Once alternative diagnoses for persistent lower leg complaints are excluded, is it
meaningful to repeat an ICP measurement?
In chapter 3, we aimed to answer this question by retrospectively studying 2 patient
groups who underwent a second ICP measurement (re-ICP) of the same compartment. The first
group reported recurrent (or persistent) CECS symptoms after a fasciotomy (n=53) whereas
the second group had persistent CECS-like symptoms after a normal first ICP (n=15). ICP of a
quarter of the postoperative group was elevated, and just 13% in the second group. Possible
causes of recurrent CECS are a technically suboptimal fasciotomy, or formation of excessive
fibrous tissue.4, 37, 55 In contrast, an elevated ICP after an initially normal reading may be due to
an earlier false-negative result. This may occur after an insufficient or inadequate provocation,
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due to catheter malpositioning, or muscle atrophy caused by immobility during the first ICP
measurement. Whether a 23% elevated re-ICP rate in the total study population (n=68)
represents true cases of CECS or is related to a false-positive outcome is unclear. Therefore,
alternative diagnoses such as MTSS, PAES, medial tibial stress syndrome, nerve entrapments
or intermittent claudication must always be excluded.1, 9, 12, 42, 64 Conversely, a decision for a
second fasciotomy (or fasciectomy) should never be based on outcome of ICP measurements
only. In these recurrent cases, we recommend a combined approach including a detailed
history taking and physical examination combined with imaging. This approach will exclude
other lower leg pathologies. If this diagnostic pathway is completed and CECS still is a likely
explanation, a re-ICP measurement may be considered.
Part II

Studies on CECS of lower leg lateral compartment
As stipulated earlier, comparison of CECS studies from the past is hampered by the fact

that the three different subtypes of CECS were often not analyzed separately. Rates of these 3
CECS subtypes among the various populations are largely unknown. One report suggested that
>90% of CECS cohorts have either ant-CECS or dp-CECS.6 Conversely, other studies suggested
that the lateral compartment may be involved in up to 35% of all CECS patients.13, 29, 65 Rates
of lat-CECS in larger civilian populations are unknown.
Prior to discussing rates of lat-CECS in a given cohort of CECS patients, one has
to demonstrate whether a lat-CECS exists at all. If it is a real entity, is a lat-CECS always in
conjunction with an ant-CECS, or does it also present in an isolated form? These questions
are hitherto not solved. This gap in knowledge is due to the fact that it is not a standard
procedure for a sports physician to simultaneously measure ICP of both anterior and lateral
compartments in patients with anterolateral ELP. This hesitance to obtain ICP of the lateral
compartment is possibly due to fear or damaging (branches of) the common peroneal nerve
(CPN) that runs in a relatively small compartment.
The majority of researchers assume that lat-CECS, if present, is obligatorily combined
with ant-CECS. This conviction is reflected by their proposed term ‘anterolateral-CECS’.24, 29,
53

As a consequence, they possibly consider an elevated ICP of the anterior compartment as

reflective of a CECS of both compartments.24, 29, 53 Our study in chapter 4 aimed to determine if
an isolated form of lat-CECS exists at all. We defined a case of an isolated lat-CECS as a patient
with anterolateral ELP who underwent a simultaneous ICP measurement of both the anterior
and lateral compartment, and who demonstrated an elevated ICP in the lateral compartment
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and a normal ICP in the anterior compartment. In 73 such patients, 7% was found to harbor
an isolated lat-CECS. In addition, 58% had elevated pressures in both muscle compartments.
This study irrefutably demonstrates for the first time that a lateral CECS exists and must be
regarded as a CECS type that is separate from ant-CECS or dp-CECS. It was also concluded that
a simultaneous bicompartmental ICP measurement is justified in anterolateral ELP patients
to prevent unnecessary fasciotomies. For future studies we advise that subtypes of CECS are
standardly reported allowing for a better comparison of management and treatment results.
In order to extend our knowledge on lat-CECS, we conducted a small cohort study to
describe a set of basic characteristics in isolated lat-CECS in chapter 5. A total of 12% (78/678)
of all positive ICP measurements during this 11-year time period concerned a lat-CECS, and 26
patients were diagnosed with an isolated lat-CECS. There were 15 females and 11 males with
a median age of 27 ranging from 14-48 years. All but two patients were involved in a variety
of sports activities. This is in line with other CECS populations usually reporting on young and
active individuals. 13, 15, 49, 51 Exercise-induced lateral lower leg pain (92%) and tightness (42%)
were often experienced and the syndrome was bilateral in almost two-thirds of the individuals
(62%). The phenomenon of bilaterality is common in all types of CECS (56-88%).13, 18, 44, 43, 49, 63
Moreover, it is quite possible that patients with unilateral CECS develop contralateral symptoms
over time. This largest study on isolated lat-CECS to date concluded that a small portion of
young individuals with lateral ELP indeed may suffer from lat-CECS. If history and physical
examination are suggestive of this subtype, it is justified to perform an ICP measurement of
the lateral compartment.
Conservative CECS treatments are modification of activity or gait pattern adjustment,
physical therapy, icing or dry needling, and a range of other minimal invasive therapies.
This combined approach generally reduces symptoms. However, just 25-43% of all these
conservatively treated patients is able to return to previous levels of sports activities.7, 16,
61, 76

If a CECS patient is dissatisfied following conservative options, sport physicians may

decide to consult a surgeon who is expedient in performing a fasciotomy. If indicated, the
fascia enveloping the muscle compartment is opened longitudinally via one or two lower
leg skin incisions. Results of surgery for lat-CECS are only scarcely reported in small, mostly
retrospective studies describing different surgical techniques and heterogenous outcome
measures. Success rates vary from 33% to 100%.35, 40, 43, 44 In chapter 6, we retrospectively
studied surgical success rates in a group of 30 lat-CECS patients who received a fasciotomy for
lat-CECS in a variety of hospitals in the south-eastern part of the Netherlands. Seventy-eight
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of a total of 247 patients who underwent ICP measurements were diagnosed with lat-CECS.
A total of 30 questionnaires were complete and allowed for analysis. Success was defined
as an excellent or good outcome as judged by the patient whereas a moderate, fair or poor
result was termed unsuccessful. Bilateral (80%) exertional pain (97%) and a feeling of tightness
(93%) were the most frequently reported symptoms. Four years after the fasciotomy, severity
and frequency of all of these symptoms had dropped significantly. Long-term surgical success
was just 33%. Seventy-three percent had resumed sports activities, albeit often at a lower
level. This study is the first to evaluate outcome using (changes in) severity and frequency of
a variety of symptoms associated with CECS. Moreover, this study provided an insight on the
potential disappointingly long-term efficacy rate of surgery for CECS. However, this study is
flawed by its retrospective character, different surgical approaches by a range of surgeons, a
heterogenous patient group, a mix of concomitant CECS subtypes, and an suboptimal 45%
questionnaire response rate. Therefore, robust conclusions regarding surgical efficacy of a
fasciotomy for lat-CECS cannot be drawn on the basis of this report.
Confronted with the drawbacks associated with this retrospective questionnaire study,
we subsequently initiated a prospective trial on the effects of surgery for lat-CECS (chapter
7). Aim was to concisely assess characteristics, symptom patterns and surgical outcome for
lat-CECS. Between January 2013 and April 2019, 881 ELP patients were analysed for possible
CECS, and 88 (male, 57%; mean age 27 yr, range 15-72 yr) were diagnosed with lat-CECS.
Severity and frequency of cardinal symptoms (pain, tightness, cramps, muscle weakness and
paraesthesia) were prospectively scored during exercise and at rest, before and 3 and 12
months after a fasciotomy by a single surgeon with ample experience. The majority of lat-CECS
patients had a combination with other compartments including ant-CECS (61%) or dp-CECS
(6%). An isolated lat-CECS was present in just 11%. The results in 47 operated patients (78
legs) indicated that severe pain during exercise (>90%) and moderate tightness during rest
(83%) were frequently reported symptoms. However, it must be appreciated that a fasciotomy
of any lower leg compartment may be associated with several possible complications such
as bleeding, haematoma formation, delayed wound healing, infection, nerve injury or even
deep venous thromboembolism.15, 29, 53, 55, 56 The overall complication rate after fasciotomy for
CECS is around 13%, but specific numbers in lat-CECS were never reported.10 Complications
following a fasciotomy in this study included 2 cases of wound infection that were treated with
antibiotics (3% complication rate). Superficial peroneal nerve damage was not observed. One
year after surgery, 77% reported an excellent or good outcome whereas 85% had resumed
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sports activities. Based on this first prospective trial in lat-CECS patients it was concluded that a
small portion of civilian ELP patients (10%) have an isolated type of lat-CECS. Contrary to current
beliefs, pain and tightness are not only present during exertion but often also during rest and
at night. A fasciotomy was safe and long term beneficial in >3 in four operated patients. The
current study indicates that the chance on superficial peroneal nerve damage is negligible if
a concise operative technique is adopted.
Part III

Studies on lower leg nerve entrapment
Although the vast majority of patients evaluated for chronic lower leg discomfort is

usually diagnosed with either tendinopathies, CECS, MTSS or PAES, a small portion may be
suffering from a lower leg nerve-related entity. These nerve entrapments are rare and are
often diagnosed ‘by exclusion’ following consultation by a large series of specialists and a
long doctor’s delay. This long and winding diagnostic road is also reflected by publications in
a variety of domains including sports medicine, neurosurgery, orthopaedic surgery, general
surgery and plastic surgery.9, 14, 22, 31 Our group of surgeons has gained experience in diagnosing
neurogenic pain syndromes of the abdominal wall and groin. In these patients, a cotton swab
or alcohol-soaked gauze as well as skin pinching were powerful tools reflecting entrapments of
intercostal or groin nerves.58 From 2014 on we evaluated lower legs of ELP patients who had a
normal ICP, or unsuccessfully operated CECS patients, using these simple tools. Interestingly,
some of these individuals were found to harbour a nerve-related lower leg entity.
In chapter 8, a general overview of characteristics of the two most important lower leg
nerve entrapments is provided, that is the common peroneal nerve (CPN) and the tibial nerve
(TN). The aim is to increase awareness of lower leg nerve entrapments among sports physicians
and to introduce these simple diagnostic tools. The history of a CPN (or TN) entrapment patient
is often characteristic. They describe pain and/or paraesthesias on the anterolateral (CPN) or
anteromedial (TN) side of the lower leg or foot dorsum (CPN) or sole (TN). They often have
trouble finding the exact words to describe the nature of their discomfort. Exercise is believed
to elicit symptoms but patients are seldomly pain free during rest.

32, 57

Certain positions may

also elicit symptoms, such as sitting with crossed legs or crouching (CPN).22, 32, 57 By gently
brushing the lower leg skin with a cotton swab or alcohol-soaked gauze, areas of altered skin
sensation, tactile or temperature sense can be found. Skin pinching of the peripheral nerve
field is often very painful. Tapping the CPN at the fibular head may evoke a radiating pain
towards the dorsum of the foot (CPN).22, 30 Conversely, digital pressure on the soleal sling may

183

11

CHAPTER 11

elicit sensations in the foot sole (TN). A diminished foot dorsal flexion or limb atrophy indicates
concomitant motor loss. The role of imaging (ultrasound, MRI) or electromyography (EMG)
including nerve conduction studies (NCS) is limited but may be used to exclude other nerve
entities.22, 30 Minimal invasive treatment strategies such as modification of offending activities,
physiotherapy, iontophoresis or blocks are frequently to no avail.9, 21, 34, 69 Results of neurolysis
are generally beneficial, especially in patients with motor deficits and a short diagnostic delay.22,
30, 33, 34, 41, 50, 69

The present overview concludes that ELP due to a nerve entrapment is a diagnosis

that is based on a suggestive history and physical examination. The presence of an awkward,
intense lower leg pain that is always present but worsens during exercise combined with altered
skin sensations and normal imaging is suggestive of a CPN or TN entrapment. The efficacy of
minimally invasive therapies is unknown. Neurolysis in recalcitrant patients is often indicated.
Chapter 9 reports on our surgical experience in a small case series of CPN entrapments.
Our aim was to increase awareness regarding these nerve entities in the domain of sports
medicine and (orthopaedic) surgery. Five patients (all females, mean age 49 year) had developed
this entity after a previous trauma (n=2) or spontaneously (n=3). Pain was provoked by exertion
but was also present during rest. All 5 reported a disturbed sleep. Altered skin sensation (4/5),
painful anterolateral skin pinching (4/5) and fibular head tapping (4/5) were often present.
All had normal imaging (ultrasound, MRI, CT) and EMG’s, and all were limited in physical
activities. Diagnostic delay was 35 months (range, 6-60). The subjective outcome 14 months
after neurolysis was excellent (n=3) or good (n=2). Complications were not observed. Results
of this small case series indicated that sports physicians treating patients with lower leg pain
should consider the diagnosis of CPN entrapment in patients reporting exertional anterolateral
leg pain, disturbed sleeping, and an uncomfortable feeling in lateral portions of the lower leg.
Pain following tapping at the fibular head and altered skin sensation determined with a swab or
pinching are key to the diagnosis. Imaging and the so-called ‘scratch collapse test’ may prove
positive in CPN entrapment.25 During this test, the examiner scratches the skin overlying the
CPN at the fibular head. Then the examiner forces endorotation of both flexed arms. A CPN
patient may demonstrate arm paralysis on the side of the affected CPN. EMG including nerve
conduction studies and muscle compartment pressure measurements are useful for exclusion
of other lower leg syndromes. A CPN neurolysis is often beneficial.
Chapter 10 described a unique case of a patient with symptoms mimicking CPN
entrapment. Ultrasound and magnetic resonance imaging (MRI) suggested the presence of
a Schwannoma that was confirmed after excision. The patient recovered uneventful. It was
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concluded that a CPN Schwannoma should be considered if simple bedside tests reveal an
altered anterolateral lower leg skin sensation, altered temperature sense and positive
Tinel sign, combined with a palpable mass at the fibular head. MRI can confirm the diagnosis.
Surgery is often safe and successful.

FUTURE PERSPECTIVES
A vast body of articles on CECS and its symptoms were published since its first
description in the 1912 diary of Dr Edward Adrian Wilson. However, these study outcomes
were mainly based on highly selected cohorts of athletes and military personnel.11, 39, 40, 71
These “typical” CECS patients do not correspond to reality of normal daily practice (anymore).
Nowadays, CECS patients off all ages who are engaged at varying levels of sports activities
including walking present for evaluation of exertional lower leg pain to a variety of health care
workers. This current situation is characterized by an often protracted diagnostic delay. This delay
is likely due to the fact that these civilian patients often experience a complex of symptoms that
differs from athletes or soldiers. For instance, our studies in heterogenous, civilian populations
in chapter 4 and 7, report on CECS patients who, unlike traditional believes, also suffer from
symptoms during rest or at night. Future studies in large, heterogenous populations are required
to acquire a modern perspective on “the average” 21-century CECS patient.
Current management of CECS is in part directed by readings of muscle compartment
pressures during rest and immediately following exertion. Appropriate muscle perfusion
is believed to occur only when the arterial-venous gradient overcomes the 30-50 mmHg
intramuscular resting pressure.26, 38 It is possible that in CECS,  compartment pressures during
the muscle relaxation state do not decrease enough for sufficient perfusion, causing relative
muscle ischemia and associated symptoms during exercise.2, 38, 60 However, details of a failing
homeostatic mechanism causing CECS symptoms are still unknown and current hypotheses
do not explain the ongoing symptoms during rest or at night. Future studies should focus on
signal analysis of these intracompartmental pressures during exercise and during rest, with
special attention to pressures and perfusion during the muscle relaxation state. Moreover, the
underlying cause for muscle compartment pressure elevation should be further examined, such
as mechanical fascial and muscle alterations. The fascia is not just an enveloping sheath for
the muscle but also possesses potential proprioception and pain perception and connects the
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muscles mechanically. Furthermore, the fascia alters its stiffness with both cellular contraction
and modification of fluid characteristics.72 The (dys)functioning of these mechanisms possibly
play an important role in CECS. Unravelling these mechanisms using electrophysiological and
histological techniques will possibly contribute to our understanding of CECS.
An intracompartmental pressure measurement (ICP) based on the Pedowitz criteria
is still the gold standard in diagnosing CECS, assuming elevated pressures are a crucial factor
in CECS.47 Our studies in chapter 3, 6 and 7 identified a significant number of patients with
persisting or recurring CECS symptoms in the presence of an elevated ICP, even after a
fasciotomy. A disappointing outcome following surgery may be partly explained by false-positive
ICP test results in some patients. In other words, patients may not have been suffering from
CECS but from another exertional pain entity. It must be realised that the currently used ICP
criteria were arbitrary chosen back in the 1970’s and were never correlated with treatment
outcome. Moreover, normal values of resting and exercise pressures for the different lower
leg compartments were never established.28, 29, 44, 46, 47, 54   Accepting the premise of a relation
between CECS symptoms and elevated ICP, future studies should correlate ICP with outcome
following surgical treatment for each of the three lower leg compartments seperately. Moreover,
the role of non-invasive diagnostic tools such as magnetic resonance imaging (MRI), 99Tcmmethoxyisobutyl isonitrile (99Tcm-MIBI) scintigraphy and near-infrared spectroscopy (NIRS)
should be further assessed.20, 66, 67
If conservative therapies for CECS are to no avail, a fasciotomy is currently considered
first choice therapy.35, 40, 43, 44 However, an unknown number of postoperative patients remain
symptomatic, or develop symptoms again over time. Possible explanations are a technically
suboptimal fasciotomy, excessive noncompliant fibrous tissue invading the gap in the opened
fascia, or the development of CECS in another compartment.4, 37, 55 Unfortunately, comparative
studies on the effects of different surgical approaches on clinical outcome were never performed
in a randomized matter. For instance, an endoscopic technique allows visualisation of the fascia,
theoretically preventing suboptimal opening of the fascia. However, this technique was never
compared to an open fasciotomy or fasciectomy. Moreover, a trial randomizing between best
conservative treatment including modification of gait pattern and operative treatment was
not performed but is urgently needed.4, 27, 35
Exertional lower leg pain (ELP) has an extensive differential diagnosis. It is a great
challenge for health care professionals to distinguish CECS from a variety of often rare
entities such as PEAS and nerve entrapments. One of the aims of this thesis was to report
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on characteristics of CECS and CPN pathology and to provide simple tools that are useful
in establishing a differential diagnosis. A novelty in this thesis was the construction of the
nomogram predicting CECS in chapter 2. The validity of this nomogram requires confirmation
in other ELP populations, preferably in a prospective and heterogenous cohort.
These and other endeavours that were reported in this thesis have stimulated a
number of health care workers from a variety of domains to organize a network that is aimed
at optimizing care for ELP. Since 2017, a Dutch multidisciplinary network for exercise related
pain syndromes (Netwerk InspanningsAfhankelijke PijnSyndromen, NIAPS) is meeting at regular
intervals and is currently preparing a guideline to support healthcare workers in the diagnostic
and therapeutic process of ELP syndromes.
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Social and economic relevance
Even though exact numbers on exertional lower leg pain, with CECS and CPN
pathologies in particular, are unknown, CECS prevalence is estimated at 27-33% in patients
with exertional lower leg pain, and a large study in active duty military service members in the
United States showed an overall incidence of 1:2000 persons per year.3, 6 The real incidence
in the overall population is probably higher since one can assume that a significant portion of
people simply adapt their activity level in order to reduce symptoms and never seek medical
attention. Altogether, it may seem that a large part of the general population is suffering from
exertional lower leg pathology.
Many people depend on their mobility to make a living. In The Netherlands alone
we have 40.000 military personnel, and over 9 million other men and women have active
professions like sports instructors, farmers, gardeners, cleaners and catering staff (Infographic
personeelsaantallen Defensie op 1 juli 2019, Central bureau of statistics (central bureau voor
statistiek, CBS) opendata, second quarter 2020). Pain free mobility is not only important for
daily work but also for sports activities. Sports is important for both mental and physical
health. It can relieve stress and feelings of depression and anxiety, and sports membership
was even found to be positively associated with happiness.1 It has also been estimated that
approximately 12% of all mortality in the United States is related to the lack of physical activity,
and physical activity is inversely associated with the risk of more than ten types of cancer.4, 5
This thesis reports that CECS patients and patients with CPN pathologies not only
experience complaints on exertion during sports activities, but also with normal daily activities.
Moreover, patients even report symptoms at rest and at night. These often invalidating
symptoms can lead to disability and job loss, reduction of physical activity and thus a drop
in quality of life. This thesis aims to contribute to earlier recognition and treatment of these
syndromes, in order to prevent a prolonged negative impact on people’s life and to decrease
the financial burden on society.
Scientific relevance
Despite the growing number of publications on CECS in the last two decades from
less than 10 a year to 176 in 2019 alone, there are still many aspects of CECS up for discussion.
For instance, there is no consensus about the diagnostic role of intracompartmental pressure

194

Valorisation

measurements, the best treatment option, and even the exact pathofysiology is still not
completely clarified.2 This is not only the case for CECS but for exertional lower leg pain (ELP)
syndromes in general. In the Netherlands, no national evidence-based guidelines are available
on ELP syndromes. The availability of such a guideline would aid many physicians and patients
by speeding up the diagnostic and therapeutic process. With this thesis we aimed to contribute
to a broader scientific basis for the management of lower leg pain syndromes, in particular latCECS and common peroneal nerve pathologies. The NIAPS (Netwerk InspanningsAfhankelijke
PijnSyndromen), a 2017 conceived Dutch multidisciplinary network for exercise related pain
syndromes, endorses the importance of a general evidence-based guideline on ELP and is
currently developing one for all Dutch healthcare workers treating patients with exertional
lower leg symptoms.
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CHAPTER 13

NEDERLANDSE SAMENVATTING (Dutch summary)
Pijnsyndromen van het anterolaterale onderbeen komen regelmatig voor in actieve
populaties en beperken sportactiviteiten. In dit proefschrift bestudeerden we meerdere
pijnsyndromen van het anterolaterale onderbeen, in het bijzonder het laterale chronische
compartimentsyndroom (chronic exertional compartment syndrome, CECS) en aandoeningen
van de nervus peroneus communis (CPN).
Over het algemeen wordt aangenomen dat CECS symptomen veroorzaakt worden
door verhoogde drukken in één of meer spiercompartimenten (intracompartmental pressure,
ICP). Deze verhoogde drukken zouden ontstaan door inspanning en resulteren in relatieve
spierischemie, maar over de specifieke pathofysiologie is nog veel onbekend. CECS kan in
elke lichaamsspiercompartiment optreden maar komt het meest voor in één van de drie
compartimenten in het onderbeen; het anterieure (ant-CECS), diepe posterieure (dp-CECS)
of laterale compartiment (lat-CECS).
Volgens de huidige literatuur komt het laterale compartimentsyndroom het minst vaak
voor, maar de prevalentie cijfers zijn tegenstrijdig.7, 11, 13, 17, 21 De studies die een hoge lat-CECS
prevalentie beschrijven zien het anterieure en laterale compartimentsyndroom als één entiteit
(anterolaterale CECS), maar meten de ICP alleen in het anterieure compartiment.17, 21 Tot op
heden is er niet alleen onduidelijkheid over de prevalentie, maar over bijna alle aspecten van
lat-CECS, van patiënt karakteristieken tot optimale conservatieve en chirurgische behandeling.
De huidige kennis over CECS is grotendeels gebaseerd op studies met geselecteerde
cohorten zoals atleten en militairen.6, 12, 13, 24 In hoofdstuk 2 beschrijven we een groot heterogeen
cohort van 1411 patiënten uit een algemene populatie die tussen januari 2001 en december
2013 in ons ziekenhuis werden onderzocht voor inspanningsgebonden onderbeenpijn. Op basis
van anamnese en verhoogde ICP metingen werd de helft van de patiënten gediagnosticeerd
met CECS in één of meer compartimenten. De mediane leeftijd was 25 jaar met een range
van 12 tot 81 jaar. De prevalentie nam af met leeftijd. Met behulp van een multivariaat
regressie model werden jonge leeftijd, mannelijk geslacht, bilaterale symptomen, een blanco
onderbeen voorgeschiedenis, een pijnlijk/gespannen compartiment bij lichamelijk onderzoek
en schaatsen geïdentificeerd als positieve voorspellers voor CECS. Rennen bleek een negatieve
voorspeller voor CECS. Deze factoren werden gecombineerd in een nomogram welke een matig
onderscheidend vermogen heeft (AUC 0.66). Dit voorspellende model kan worden gebruikt
om de besluitvorming over de indicatie van een ICP  te ondersteunen, maar kan niet gebruikt
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worden als een diagnostisch instrument.
Wanneer een patiënt mogelijk CECS heeft, kan een ICP meting de diagnose bevestigen
of verwerpen.14 De diagnostische waarde van een herhaalde ICP meting (re-ICP) bij patiënten
met recidiverende of aanhoudende CECS-achtige symptomen na een fasciotomie of eerdere
normale ICP, is echter niet bekend. In hoofdstuk 3 onderzochten we de rol van een re-ICP in
deze twee groepen patiënten. Retrospectief bestudeerden we 1714 ICP drukmeting sessies
in 1513 patiënten tussen januari 2001 en december 2013. In deze groep waren 71 re-ICP’s in
68 patiënten (n=55 na fasciotomie, n=16 eerdere normale ICP). De re-ICP was positief in 26%
van alle geopereerde compartimenten en in 15% van alle compartimenten waarin de eerdere
ICP normaal was. We concludeerden dat een re-ICP overwogen kan worden bij patiënten met
recidiverende of aanhoudende symptomen wanneer andere oorzaken van inspanningsgebonden
onderbeenklachten zijn uitgesloten. Vals positieve uitslagen zijn echter niet uitgesloten.
Zoals eerder besproken zijn er drie typen CECS in het onderbeen: ant-CECS, dp-CECS en
lat-CECS. De bijdrage van elk subtype in de totale CECS-populatie is onbekend en onderwerp van
discussie. Over het algemeen wordt aangenomen dat ant-CECS en dp-CECS twee verschillende,
op zichzelf staande aandoeningen zijn die geïsoleerd voor kunnen komen.2, 26 Het laterale
compartiment wordt daarentegen vaak gezien als een aandoening die alleen in combinatie
met ant-CECS voorkomt.10, 18 In hoofdstuk 4 bestudeerden we of lat-CECS ook geïsoleerd voor
kan komen. Bovendien onderzochten we of bepaalde aanwijzingen in anamnese en lichamelijk
onderzoek kunnen helpen bij het onderscheiden van de verschillende subtypes, met name
van ant- en lat-CECS. In dit retrospectieve onderzoek werden 73 patiënten geïncludeerd van
de in totaal 747 patiënten die een ICP ondergingen bij de verdenking CECS. Patiënten werden
geïncludeerd als ze gelijktijdig een ICP meting hadden ondergaan in zowel het anterieure als
het laterale compartiment. Van deze heterogene populatie met anterolaterale pijn en een
strak gevoel werd 7% gediagnosticeerd met een geïsoleerde lat-CECS (geïsoleerde ant-CECS,
n=26; geïsoleerde lat-CECS, n=5; ant/lat-CECS, n=42). Er waren geen groepsverschillen in
leeftijd (ant-CECS: mediaan 26 jaar (range 13-68); lat-CECS: mediaan, 20 jaar (range 17-63);
ant/lat-CECS: mediaan 28 jaar (range 17-57); c2 (2) = 0.466; P=0.79), geslacht (ant-CECS 50%
man, lat-CECS 40% man, ant/lat-CECS 62% man; P=0.49), en bilateraliteit (ant-CECS 54%, latCECS 80%, ant/lat-CECS 69%; P=0.40). Alle patiënten rapporteerden pijn en op één patiënt na
(72/73, 99%) hadden allen een bepaalde mate van een strak gevoel tijdens inspanning. Een
opvallende bevinding was dat de helft aangaf ook ‘s nachts klachten te hebben. Een deel van
de patiënten vermeldde ook sensibiliteitsstoornissen aan onderbeen en/of voet. De locatie
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van deze stoornissen kwam in twee derde echter niet overeen met het innervatiegebied
van de nervus peroneus profundus of superficialis, wat erop wijst dat deze informatie niet
bruikbaar is voor het stellen van de diagnose. Omdat op basis van anamnese en lichamelijk
onderzoek geen onderscheid gemaakt kan worden tussen ant-CECS en lat-CECS terwijl beide
compartimentsyndromen geïsoleerd voor kunnen komen, is het gerechtvaardigd om bij
patiënten met anterolaterale klachten een ICP van beide compartimenten uit te voeren.
Het anterieure en diepe posterieure compartimentsyndroom zijn beide uitgebreid
beschreven in de huidige literatuur.1, 3, 16, 18, 19, 22, 23, 25 Literatuur over lat-CECS daarentegen is
bijzonder schaars.3, 5, 7, 9, 11, 13-15, 21 In hoofdstuk 5 beschrijven we de demografie en basiskenmerken
van een retrospectieve patiëntengroep met geïsoleerde lat-CECS. Tussen januari 2001 en
december 2012 ondergingen 1384 patiënten een ICP van wie 678 gediagnosticeerd werden met
CECS op basis van de Pedowitz criteria.14 Twaalf procent van alle patiënten met een positieve
drukmeting werden gediagnosticeerd met lat-CECS, deels geïsoleerd en deels gecombineerd
met andere compartimentsyndromen (lat-CECS: n=28, 4%; ant/lat-CECS: n=33, 5%; dp/lat-CECS:
n=7, 1%; ant/dp/lat-CECS: n=10, 1%).  Zesentwintig van de 28 patiënten met geïsoleerde latCECS werden verder bestudeerd. Een kleine meerderheid was vrouw en de mediane leeftijd op
moment van diagnose was 27 jaar (range 16-78). Vertraging vanaf het moment van ontstaan
van klachten tot aan diagnose was mediaan 24 maanden (range 2 maanden – 10 jaar). Meest
genoemde symptomen waren pijn (24/26, 92%) en een strak gevoel (11/26, 42%). Soms
vermeldden patiënten ook kramp (19%), een doof gevoel van de huid (15%) en/of spierzwakte
(12%). Twee derde van de patiënten had klachten aan beide benen (16/24, 67%, onbekend
n=2). Deze symptomen waren bij 87% (13/26, n=11 onbekend) in een bepaalde mate van
invloed op de sportactiviteiten (27% volledig gestopt met sporten, 47% ging sporten op een
lager niveau, 13% bleef op hetzelfde niveau sporten met klachten). Deze studie concludeerde
dat een klein deel van de CECS patiënten een geïsoleerd compartimentsyndroom heeft van het
laterale compartiment. Op basis van de symptomen kan lat-CECS niet onderscheiden worden
van andere soorten CECS omdat de symptomen erg op elkaar lijken.
Wanneer een patiënt gediagnosticeerd wordt met CECS wordt hij geïnformeerd over
de verschillende conservatieve en chirurgische behandelopties. Vaak ondergaan patiënten
eerst conservatieve behandelingen zoals aanpassing van looppatroon, fysiotherapie, koelen
of dry needling. Wanneer hiermee niet het gewenste resultaat bereikt wordt, is fasciotomie
de behandeling van eerste keus.4, 8, 20, 27 Momenteel is weinig bekend over de resultaten van
fasciotomie bij patiënten met lat-CECS. In hoofdstuk 6 beschrijven we de resultaten van
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fasciotomie in een retrospectieve groep lat-CECS patiënten. Tussen januari 2001 en december
2012 was er bij 247 patiënten de verdenking op een lateraal compartimentsyndroom en
werd een ICP uitgevoerd. Bij 78 van deze patiënten werd lat-CECS gediagnosticeerd. Alle
patiënten werden verzocht een vragenlijst in te vullen waarin ze de ernst en frequentie van
hun klachten voor en na de operatie aan konden geven. Ook konden ze aangeven wat ze van
het operatieresultaat vonden. Succes werd gedefinieerd als een uitstekend of goed operatie
resultaat, daarentegen werd een redelijk, matig of slecht resultaat beschouwd als onsuccesvol.
In totaal waren 30 vragenlijsten van 67 geïncludeerde patiënten geschikt voor analyse. De meest
frequent gerapporteerde symptomen waren bilaterale (80%) inspanningsgebonden pijn (97%)
en een strak gevoel (93%). Inspanningsgebonden spierzwakte (73%), paresthesieën (70%) en/of
kramp (70%) werden ook frequent vermeld. Vier jaar na fasciotomie waren zowel de ernst als de
frequentie van deze klachten significant afgenomen, met een gemiddelde daling van de pijnscore
van >50%. Slechts 33% van de patiënten gaf aan de operatie uitkomst op de lange termijn
succesvol te vinden. Drieënzeventig procent kon na de operatie de sportactiviteiten hervatten,
maar vaak op een lager niveau dan voor de start van de symptomen. Uit dit retrospectieve
onderzoek concludeerden we dat het operatieresultaat voor lat-CECS op de lange termijn over
het algemeen bevorderlijk was, maar dat slechts een derde van de patiënten het resultaat als
succesvol bestempelde.  
Om de chirurgische resultaten beter te kunnen bestuderen hebben we een
prospectieve studie opgezet die we beschrijven in hoofdstuk 7. In ons ziekenhuis waren
tussen januari 2013 en april 2019 881 patiënten met inspanningsgebonden onderbeen pijn
(ELP), waarvan 88 patiënten gediagnosticeerd werden met lat-CECS (man, 57%; gemiddelde
leeftijd 27 jaar, range 15-72). Ernst en frequentie tijdens rust en inspanning van de kardinale
CECS symptomen (pijn, strak gevoel, kramp, spierzwakte en paresthesieën) werden gescoord op
een 5-punts verbal rating scale (VRS). Dit werd op 3 punten in de tijd gedaan: voor fasciotomie
en 3 en 12 maanden na fasciotomie. De meerderheid van de lat-CECS patiënten had ook
CECS in een ander compartiment: 61% ant-CECS, 6% dp-CECS. Slechts 11% van de patiënten
had een geïsoleerde lat-CECS. De meest voorkomende symptomen (47 patiënten, 78 benen)
waren ernstige pijn bij inspanning (>90%) en een matig strak gevoel in rust (83%). In 10%
van de patiënten was er sprake van een complicatie (2 wondinfecties waarvoor antibiotische
behandeling nodig was, 2 spontaan herstelde hematomen en 1 patiënt met een na 4 weken
spontaan hersteld complex regionaal pijn syndroom). Een jaar na de operatie beoordeelde 77%
van de patiënten het resultaat als uitstekend of goed en 85% had zijn of haar sportactiviteiten
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hervat. Concluderend was een fasciotomie succesvol in 3 van de 4 geopereerde patiënten.
Patiënten met inspanningsgebonden onderbeenspijn die geen verhoogde
compartimentdrukken hebben, blijken soms te lijden aan een entrapment van een perifere
zenuw. In het laatste deel van dit proefschrift worden de klinische karakteristieken van nervus
peroneus communis (CPN) entrapment en nervus tibialis (TN) entrapment beschreven.
Bovendien beschrijven we een kleine case series van CPN entrapment en een casus van
een patiënt met een CPN schwannoom. Doel van deze bijdrage is het vergroten van de
bewustwording en het aanreiken van simpele diagnostische instrumenten. Patiënten met
een zenuwentrapment hebben vaak moeite om hun klachten goed te beschrijven. Ze hebben
vaak last van pijn en/of paresthesieën in het verzorgingsgebied van de aangedane zenuw. Deze
klachten zijn meestal erger na inspanning maar kunnen ook ’s nachts aanwezig zijn. Vaak is de
sensibiliteit van delen van het onderbeen gestoord. Beeldvorming (echo, MRI) zijn meestal
niet afwijkend maar kunnen bijvoorbeeld de aanwezigheid van een schannoom bevestigen.
Ook elektromyografie (EMG) en zenuwgeleidingsonderzoek (nerve conduction studies, NCS)
tonen over het algemeen geen afwijkingen bij een entrapment. De resultaten van operatieve
neurolyse zijn meestal succesvol.
In hoofdstuk 8 bespreken we de kenmerken en behandeling van entrapment van de
nervus peroneus communis en nervus tibialis, de twee meest voorkomende zenuw entrapments
in het onderbeen. Patiënten hebben vaak last van een continu vervelend en pijnlijk gevoel
en hebben soms ook last van paresthesieën in het verzorgingsgebied van respectievelijk de
CPN (anterolaterale zijde van het onderbeen en dorsale zijde van de voet), danwel de TN
(anteromediale zijde van het onderbeen en voetzool). Deze klachten zijn normal gesproken
erger bij inspanning. Bij lichamelijk onderzoek kan een verstoorde tastzin gevonden worden
door met een wattenstaafje over de huid te strijken of door in de huid te knijpen. Symptomen
kunnen opgewekt worden door net distaal van het fibulakopje op de zenuw te kloppen
(CPN) of door druk uit te oefenen ter plaatse van de “soleal sling”, de ruimte tussen de twee
aanhechtingspunten van de soleus spier waar de TN onderdoor loopt (positieve Tinel). De
resultaten van aanvullende beeldvorming (röntgenfoto, echo, MRI), elektromyografie (EMG)
en zenuwgeleidingsonderzoeken (nerve conduction studies, NCS) laten normal gesproken geen
afwijkingen zien. De twee voorbeeld patiënten in dit overzicht ondergingen een succesvolle
neurolyse van de zenuw.
In de case series in hoofdstuk 9 beschrijven we 5 vrouwelijke patiënten met een
gemiddelde leeftijd van 49 jaar met een nervus peroneus communis entrapment (CPNE). Ze
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rapporteerden alle 5 inspanningsgebonden pijn waardoor hun sportactiviteiten gehinderd
werden. Bovendien hadden ze ook alle 5 last van pijn in rust en een gestoorde slaap. Twee
van de patiënten ontwikkelden CPNE na een trauma, de andere 3 patiënten ontwikkelden de
entrapment spontaan. Bij lichamelijk onderzoek waren de meest voorkomende bevindingen
een gestoorde sensibiliteit van de huid (4/5), pijn bij knijpen in de huid (4/5) en een positieve
Tinel ter hoogte van het fibulakopje (4/5). Bevindingen bij beeldvorming, EMG en NCS waren
normaal. De vertraging tot het stellen van de diagnose was 35 maanden (range 6-60). Alle
patiënten ondergingen een operatieve behandeling: via een schuine incisie van 5-8cm boven
het fibulakopje werd de CPN inclusief zijtakken losgemaakt van de omliggende weefsels. Zowel
bij de aanhechting van de peroneus longus spier waar de CPN het onderbeen binnentreedt
als waar hij de knieholte weer verlaat werden de openingen verwijd. Veertien maanden na
de operatie beoordeelden de patiënten de uitkomst van hun operatie als uitstekend (n=3) en
goed (n=2).
Symptomen die sterk overeenkomen met CPNE kunnen veroorzaakt worden door
een schwannoom van de CPN. In hoofdstuk 10 beschrijven we de casus van een 41-jarige
vrouw met pijn die uitstraalt vanuit de laterale zijde van de rechter knie naar de dorsale zijde
van de voet. Klachten werden opgewekt door het aanraken van de laterale zijde van de knie,
zitten en hurken. Bij lichamelijk onderzoek van het onderbeen was bij palpatie een 1-2 cm
vast-elastische zwelling palpabel aan de laterale zijde van de knie, wat bij echo en MRI bleek
te berusten op een schwannoom van de CPN. Via aan longitudinale incisie van 6cm werd het
perineum geopend en het schwannoom verwijderd. Postoperatief was de patiënte volledig
pijnvrij.
Conclusies
1.

Een jonge leeftijd, mannelijk geslacht, bilaterale symptomen, de afwezigheid van
onderbeenpathologie in de voorgeschiedenis, een pijnlijk/gespannen compartiment
bij lichamelijk onderzoek en type sport zijn voorspellers voor CECS bij patiënten met
inspanningsgebonden onderbeenpijn.

2.

Zeven procent van alle patiënten die zich presenteerden met anterolaterale
inspanningsgebonden klachten veroorzaakt door CECS, werden gediagnosticeerd
met een geïsoleerde lat-CECS.

3.

De diagnose lat-CECS moet overwogen worden in jonge, actieve individuen met
bilaterale inspanningsgebonden onderbeenpijn en/of een strak gevoel aan de laterale
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zijde van het onderbeen. De meerderheid van de lat-CECS patiënten heeft ook een
ant-CECS, maar combinaties met dp-CECS komen ook voor.
4.

Een fasciotomie van het laterale compartiment is veilig aangezien er geen zenuwschade
optrad. Driekwart van de patiënten beoordeelden het operatie resultaat als succesvol
en konden hun sportactiviteiten hervatten.

5.

Patienten met een entrapment van de nervus peroneus communis hebben last van
een gestoorde slaap, pijn en een gestoorde sensibiliteit van het laterale onderbeen.
Een simpel onderzoek naar de sensibiliteit van het onderbeen is essentieel voor het
stellen van de diagnose.
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Dankwoord
Geachte prof. dr. Teijink, beste Joep,
In de tweede helft van mijn promotietraject werd duidelijk dat je mijn promotor zou worden
en daar ben ik nog altijd enorm blij mee. Met je snelle, kritische blik hielp je mijn artikelen
altijd weer naar een hoger niveau. Bedankt voor je steun en je adviezen.
Geachte dr. Scheltinga, beste Marc,
Om maar meteen met de deur in huis te vallen: zonder jou had ik dit nooit gekund. Toen ik als
coassistent voor het eerst bij de chirurgie binnen liep wist je me al meteen warm te maken
voor het doen van onderzoek wat uiteindelijk uitmondde in dit proefschrift. Met je aanstekelijke enthousiasme, nieuwsgierigheid en gedrevenheid wist je me altijd met gemak weer
aan het werk te krijgen. Je bent enorm inspirerend. Waar ook ter wereld of welk tijdstip op
de dag dan ook (ja zelfs midden op zee), je wist me te vinden als je weer nieuwe ideeën had,
of gewoon meer nieuw materiaal van me wilde. En ook toen ik besloot dat mijn hart niet bij
de chirurgie maar bij de longgeneeskunde lag, bleef je me steunen en hielp je me zelfs aan
een baan bij de longgeneeskunde. Dit laatste uiteraard wel met de voorwaarde dat ze me
daar de ruimte gaven om aan mijn onderzoek te blijven werken. Ik kan je voor dit alles niet
genoeg bedanken.
Geachte leden van de beoordelingscommissie: prof. dr. M. Poeze, prof. dr. I.C. Heyligers,
prof. dr. J. Zwerver, prof. dr. W.O. Zimmermann. Ik wil u allemaal hartelijk bedanken voor de
tijd en aandacht die jullie geinvesteerd hebben in het lezen en beoordelen van mijn proefschrift. Ik kijk ernaar uit om met u van gedachte te wisselen over de inhoud.
Beste leden van de onderzoeksgroep CECS, dit proefschrift is samen met jullie tot stand gekomen en jullie hulp was onmisbaar. Johan, ooit begonnen als coassistent met het samenstellen van de database waaruit later vele artikelen zijn komen rollen. Wie had gedacht dat
we uiteindelijk beide zouden promoveren? Jij ging me al voor met een prachtig proefschrift
waar je heel trots op mag zijn en ik hoop hiermee in je voetsporen te treden. Michiel, jij bent
natuurlijk degene geweest die als eerste aan dit avontuur is begonnen een paar jaar voordat
Johan en ik dat deden. Bedankt voor al je hulp en de basis waarop we verder konden bouwen
met als hoogtepunt de uitnodiging aan ons om je paranimfen te mogen zijn. Marike en Ad-
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win, dankzij alle geïncludeerde patiënten, drukmetingen en sportgeneeskundige input is dit
proefschrift geworden tot wat het is. Jullie hulp was onmisbaar. Rick en Kim, hartelijk dank
voor jullie hulp bij de totstandkoming van dit proefschrift tijdens jullie wetenschappelijke
stage.
Beste David van Klaveren, Jeanne Dielemans, Maikel Setz, Percy van Eerten en Paul Cuppen. Ik wil jullie als co-auteurs bedanken voor jullie hulp bij de totstandkoming van de verschillende artikelen.
Beste chirurgen en arts-assistenten chirurgie van het Máxima Medisch Centrum. Hartelijk
dank voor de leerzame maar ook gezellige jaren bij jullie in de groep. Dankzij de creatieve
banen combinatie heb ik in die eerste jaren als jonge dokter en onderzoeker enorm veel geleerd en dat neem ik de rest van mijn leven met me mee. Ondanks dat ik niet fulltime bij jullie
als ANIOS werkte heb ik me in die jaren altijd volwaardig onderdeel van de groep gevoeld.  
Beste longartsen van het Máxima Medisch Centrum. Bij jullie kreeg ik de kans om de longgeneeskunde te leren kennen en ik heb er mijn hart aan verloren. Bedankt dat jullie me deze
kans wilden geven en dat jullie me daarnaast de ruimte gaven om verder te werken aan mijn
promotieonderzoek. Hierdoor heb ik me in deze periode zowel wetenschappelijk als klinisch
enorm kunnen ontwikkelen. Dit zal ik nooit vergeten.
Arts-onderzoekers Máxima Medisch Centrum, het was fijn om de bekende ups en downs
die bij een promotie komen kijken met jullie te kunnen delen. En daarnaast zijn er natuurlijk
de goede herinneringen aan de weekendjes in het Belgische en Duitse land! Bedankt voor
de fijne jaren.
Longartsen en arts-assistenten longgeneeskunde Rijnstate. Jullie zijn waarschijnlijk een van
de weinige longartsen (in opleiding) die een chronisch compartimentsyndroom kunnen herkennen. Bedankt voor jullie interesse en steun de afgelopen jaren, niet alleen als het om mijn
promotie onderzoek ging, wat natuurlijk mijlenver van jullie dagelijkse praktijk afstaat, maar
ook op alle andere vlakken. Want laten we eerlijk zijn, het ziekenhuis is toch een beetje ons
tweede thuis. Op nog vele leerzame en gezellige jaren!
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Lieve Guusje en Marjolein, we go way back. Als pubermeisjes in V2G in Tilburg droomden we
van salsadansen op Cuba. Dat is even wat anders gelopen maar gelukkig zijn we elkaar blijven
zien door al die jaren heen! Bedankt voor jullie steun.
Lieve vriendinnen uit Maastricht, wat ben ik blij dat ik jullie nog steeds volop in mijn leven
heb ook al hebben onze wegen ons na onze studententijd naar andere steden toe geleid. Lieve Cé, Anne, Laura, Leo en Renate. We hebben met z’n allen een kleine tussenstop gemaakt
in Eindhoven na onze tijd Maastricht. De Eindhoven diners zijn inmiddels overal in Nederland
maar het belangrijkste is dat we daar nooit mee opgehouden zijn! We hebben samen zoveel
meegemaakt, meestal gelachen, soms gehuild. Altijd stonden jullie voor me klaar. En nu met
zijn vijven tegelijk zwanger, weer een hele nieuwe fase waar we met zijn allen ingaan. Ik kan
niet wachten op wat de rest van ons leven voor ons in petto heeft. Op nog heel veel jaren
samen! En lieve Sol, ondanks dat jij nooit in Eindhoven laat staan Brabant gewoond hebt, ben
jij diep van binnen rood-wit geblokt. Gelukkig ben jij als enige van de groep nu ook heel wijs
in het oosten van het land komen wonen. Laten we hopen dat we elkaar hierdoor weer extra
vaak gaan zien, en dan 1x per jaar samen traditiegetrouw met z’n allen carnaval in het mooie
zuiden. Bedankt voor je steun,  vriendschap en wijze raad.
Lieve Wiesje en Sepideh, wat een ontzettende eer dat jullie mijn paranimfen willen zijn!  
Wiesje, we kwamen elkaar voor het eerst tegen in het mooie jaar 2007 in Maastricht. En op
de dag van mijn promotie sta je gelukkig weer naast me in de stad waar het ooit allemaal
begon. We hebben in al die jaren al veel met elkaar meegemaakt: samen door de studententijd met eindeloze borrels en feestjes in een gekke geel-rode trui, maar inmiddels toch al
best volwassen, aan het werk en alle twee bezig met promoveren. Je nuchtere en relaxte kijk
op het leven, gecombineerd met een goede dosis humor, gastvrijheid en behoefte aan het
bourgondische leven maken je een hele fijne vriendin en natuurlijk de perfecte paranimf!
Sepideh, allerliefste huisgenootje! Wat ben ik blij dat we zonder er echt over na te denken
en zonder elkaar écht goed te kennen gewoon maar besloten om samen te gaan wonen in
Eindhoven. Helaas was het maar voor een jaar maar we hebben een geweldige tijd gehad. Jij
het koken (dat snijden duurde toch echt te lang als ik het deed) en ik de gin-tonics. En natuurlijk “samen” roken op het balkon. Ook al woon je nu in Den Haag en ik in Arnhem en wordt
er niet meer gerookt, het is altijd weer een feestje als ik je zie of spreek! Bedankt voor deze
heerlijke vriendschap en je steun en adviezen tijdens mijn promotie traject.  
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Lieve Sylvia, Charlotte en Jeroen. Over schoonfamilie natuurlijk niet meer dan goeds! Bedankt dat jullie tijdens de familiedinertjes, borrels, vakanties in Italië en boottochtjes ook
altijd even interesse toonden in mijn promotieonderzoek. En dan niet alleen zorgden voor
wetenschappelijke input (Sylvia), maar ook minstens zoveel aandacht hadden voor het kledingadvies (Sylvia en Lot), terwijl Jeroen zorgde voor het heerlijke eten en de goede grappen.
Lieve Tijn en Hena. De link tussen defensie en dit proefschrift is snel gelegd. Misschien wel
deels daardoor hadden jullie altijd een luisterend oor en interesse voor mijn medische verhalen. Maar ook voor al het andere kan ik bij jullie terecht en daarvoor wil ik jullie bedanken!
Weet dat jullie ook altijd naar mij kunnen komen voor vragen of om te praten. Zeker met
de grote klus van jullie nieuwe avontuur: jullie nieuwe huis! Heel veel succes en nogmaals
bedankt.
Lieve papa en mama, dit proefschrift draag ik op aan jullie. Want jullie hebben me altijd door
dik en dun gesteund. Waren trots op en ondanks alles wat ik deed en gaven me onvoorwaardelijke liefde en het vertrouwen dat ik alles kon bereiken wat ik maar wilde. Jullie leerden me
hard te werken maar ook dat er veel meer is in het leven dan dat. Jullie lieten me de ruimte
om te ontdekken wat ik het liefste doe in het leven en hier ook vol voor te gaan. Ik kan me
geen betere ouders wensen en kan jullie hiervoor nooit genoeg bedanken.
Lieve Bernhard, deze belangrijke laatste alinea is voor jou. Wat ben ik enorm dankbaar dat
je in mijn leven gekomen bent, 4 jaar geleden alweer. Door jou voel ik me enorm geliefd en
gesteund en dat is een onbeschrijfelijk gevoel. Met je spontane, creatieve, sociale en gekke
geest weet je me altijd weer aan het lachen te maken, te motiveren en vooral ook wat af te
laten remmen als het weer eens nodig is. Dankzij jou heb ik dit proefschrift af kunnen ronden. Met jou kan ik de wereld aan. Nu op naar de volgende mijlpaal: ons eerste kindje.  
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