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Abstract

Aim Defining universally accepted guidelines for the diagnosis and treatment of chronic exertional compartment syndrome
(CECS) is hampered by the absence of high-quality scientific research. The aim of this Delphi study was to establish con-
sensus on practical issues guiding diagnosis and treatment of CECS of the leg in civilian and military patient populations.

Methods An international expert group was queried using the Delphi technique with a traditional three-round electronic
consultation. Results of previous rounds were anonymously disclosed in the questionnaire of rounds 2 and 3, if relevant.
Consensus was defined as > 70% positive or negative agreement for a question or statement.

Results The panel consisted of 27 civilian and military healthcare providers. Consensus was reached on five essential key
characteristics of lower leg CECS. The panel achieved partial agreement regarding standardization of the diagnostic protocol,
including muscle tissue pressure measurements. Consensus was reached on conservative and surgical treatment regimens.
However, the experts did not attain consensus on their approach of postoperative rehabilitation and preferred treatment
approach of recurrent or residual disease. A summary of best clinical practice for the diagnosis and management of CECS
was formulated by experts working in civilian and military healthcare facilities.

Conclusion The Delphi panel reached consensus on key criteria for signs and symptoms of CECS and several aspects for
conservative and surgical treatment. The panel did not agree on the role of ICP values in the diagnostic process, postopera-
tive rehabilitation guidelines protocol, or the preferred treatment approach for recurrent or residual disease. These aspects
serve as a first attempt to initiate simple guidelines for clinical practice.

Abbreviations
54 Sanne Vogels CECS Chronic exertional compartment syndrome
svogels @alrijne.nl; s.vogels @erasmusmc.nl ICP Intracompartmental Pressure

Department of Surgery, Alrijne Hospital, Simon Smitweg 1,
2353 GA Leiderdorp, The Netherlands .
) 1 Introduction

Trauma Research Unit, Department of Trauma Surgery,
Erasmus MC, University Medical Center, Rotterdam,

The Netherlands

Department of Surgery, Maxima MC, Veldhoven,
The Netherlands

Department of Sports Medicine, Royal Netherlands Army,
Utrecht, The Netherlands

Department of Military and Emergency Medicine,
Uniformed Services University of the Health Sciences,
Bethesda, MD, USA

Defense Healthcare Organization, Ministry of Defense,
Utrecht, The Netherlands

Department of Surgery, Leiden University Medical Center,
Leiden, The Netherlands

The chronic exertional compartment syndrome (CECS) is
considered a disabling overuse injury that may occur in
myofascial compartments of lower or upper extremities of
active individuals, athletes, or military service members.
This syndrome manifests itself upon the performance of
repetitive movements and is usually reported as an exercise-
related muscular pain, causing a sensation of pressure or
tightness that lessens after cessation of provocative activi-
ties. These symptoms are thought to result from a reversible
elevation in intracompartmental pressures (ICPs), second-
ary to a mismatch between expansion of muscular tissue
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Defining universally accepted guidelines for the diag-
nosis and treatment of chronic exertional compartment
syndrome (CECS) of the leg is hampered by the absence
of high-quality scientific research.

A comprehensive overview of current state-of-the-

art opinions of a large group of professionals who are
deeply involved in the daily care and treatment of CECS
patients is provided.

Outcome of this Delphi analysis on CECS may serve
as a platform to initiate simple guidelines for clinical
practice.

within a relatively noncompliant fascia [1]. However, there
is increasing evidence that CECS is a multifactorial problem
and more than just a temporary elevation of ICP [2]. CECS
is mostly encountered in the anterior compartment of the
leg. However, reliable incidence or prevalence rates are not
available [3, 4].

The diagnostic pathway of CECS starts with a suspicion
that is raised after a suggestive patient’s history in combi-
nation with painful palpation of affected muscles, ideally
immediately after symptom provocation. In clinical practice,
an invasive needle or catheter manometry may be used to
confirm the presence of CECS [3]. These ICP measurements
yield absolute pressure values before, during, and/or after
exercise, but diagnostic cut-off criteria differ substantially
[2, 5-8]. Moreover, the execution of an ICP measurement
suffers from interobserver variability in the absence of a
standardized test-protocol [9, 10]. In addition, the invasive
nature of these measurements comes with a risk of incorrect
needle placement, hematoma formation and nerve damage
[11, 12]. Alternative diagnostic tests are currently not widely
used in the diagnostic work-up, because the evidence for
their use is of low quality or the practicality for clinical use
low [13]. Conventional radiographs and MRI scans may be
used to exclude alternative diagnoses [3].

The natural course of CECS was shown to cause persis-
tent symptoms over time [14]. Traditionally, management
of CECS starts with conservative measures. Gait retraining
[15-17] and botulinum injections [18] may have positive
outcomes. If conservative interventions fail or if a patient
experiences severe symptoms, surgical treatment is con-
sidered. Fasciotomy is the described surgical intervention,
opening the fascia enveloping the affected muscle with an

open, a minimally invasive, or an endoscopic technique [4].
Moreover, the partial removal of fascia (fasciectomy) is used
in some military populations [19], and is advised in cases of
residual or recurrent disease [20]. However, a clear treatment
algorithm and clinical guideline are not available, whereas
presentation of treatment outcomes in the scientific literature
is far from standardized [21].

Defining universally accepted guidelines for the diagnosis
and treatment of CECS of the leg appears to be hampered
by the absence of robust empirical evidence. Randomized
controlled trials are currently not available and the level of
evidence is often limited to level 3 or 4 [21]. The aim of this
Delphi study was to establish consensus on practical issues
guiding diagnosis and treatment of CECS in civilian and
military patient populations.

2 Materials and Methods
2.1 Study Design

Opinions of an international expert group were collected
by the Delphi technique as initially developed by Dalkey
and Helmer in 1963 [22-26]. The consensus process was
conducted with a traditional three-round electronic consulta-
tion (Linstone 1978, literature search for statement develop-
ment) [27] between May 2020 and July 2021. Statements
were attained regarding diagnosis and management of CECS
of the leg in both (recreational) athletes and military ser-
vice members. An online survey platform was used (Sur-
veyMonkey®, Momentive inc., San Mateo, CA, USA) and
individualized links were sent to all participants. Anonymity
was warranted for all rounds. Consensus was defined prior
to the investigation and fixed at a response rate of >70% of
the panel and a positive or negative agreement of > 70% for
a question or a statement [26, 27].

2.2 Panel Selection

Panel participants were considered experts on CECS of the
leg on the basis of their scientific track record by the authors.
Sports medicine physicians, surgeons, clinical investigators,
and physiotherapists actively treating patients with exercise-
related leg pain in civilian and/or military patient popula-
tions were considered eligible members for an international
study group. A portion of the panel members was suggested
by all co-authors based on these criteria. Additionally,
all invited panelists were asked to suggest potential panel
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members as well. Upon invitation, a clear explanation of the
objectives of the study and specific instructions for member
participation were provided and consent was obtained. All
panel members were asked to confirm their expertise with
respect to the diagnosis and management of CECS, as well
as to estimate their annual case load of ICP measurements
and/or surgeries.

2.3 Search Strategy, Data Extraction,
and Statement Development

The literature search was conducted in PubMed, EMBASE,
Web of Science, Cochrane, CENTRAL, and Emcare using
the keywords “chronic exertional compartment syndrome,”

99 < LLINY3

“anterior compartment,” “posterior compartment,” “pero-
neal compartment,” “exertional leg pain,” “medial tibial
pain,” “overuse injuries,” “diagnosis,” “therapy,” “surgical

treatment,” and “conservative treatment.” All related MeSH
terms, synonyms and plurals were entered. Studies published
between 1 January 1970 and 1 May 2020 were eligible. In
addition, relevant publications identified outside this strat-
egy were added manually, based upon recommendations by
co-authors.

A core group with the study’s facilitator (SV) and pri-
mary researchers was formed. The facilitator screened all
titles and abstracts for relevance. Articles were included if
they defined, described, or recommended appropriate clini-
cal information related to CECS of the leg, including (1)
history-taking questions that aided in the differential diag-
nosis of exercise-related leg pain; (2) physical examination
and special tests; (3) indications for and types of diagnostic
investigations; and (4) treatment interventions. All members
of the core group independently performed a second screen-
ing to verify the completeness of the initial list. Additional
relevant publications were provided by the core group. Full
texts of studies were retrieved and reviewed for eligibility.

After extensive review of full-text publications, a struc-
tured questionnaire for the first Delphi round was developed
by the study’s facilitator and a member of the expert panel.
Relevant questions were formulated from included studies
and covered best practices on how to diagnose and manage
patients presenting with possible CECS of the leg. The list
of questions was evaluated by the core group independently.
Each member grouped questions according to themes to
develop the final list of questions. Differences were resolved
by discussion. All items and questionnaires were tested by
all co-authors to identify ambiguities and to improve on fea-
sibility of administration [23].

2.4 Round 1

The first questionnaire consisted of 28 multiple choice
questions. Questions covering a specific statement were
answered using an ordinal 5-point Likert scale (strongly
agree, agree, neither agree nor disagree, disagree, strongly
disagree). Questions with nominal answer categories were
provided with the opportunity for comments and sugges-
tions in an open text box. Response frequencies for each item
were calculated and entered anonymously into a database by
the study’s facilitator. Ordinal or nominal answer categories
with >70% agreement from the panel were accepted and
omitted from the development of questions or statements
for the subsequent rounds. Statements not meeting a 70%
agreement were modified according to feedback provided
by the expert panel and redistributed to the panel members
for round 2.

2.5 Round 2

A second questionnaire containing 22 multiple choice ques-
tions was created with the purpose to further specify the
answers of the panel members. Experts were now asked to
judge statements with “agree” or “disagree,” or to answer
questions with fewer possible nominal answer categories.
Throughout this round, all panel members were informed on
the summarized scores and comments that were obtained in
round 1. Thus, panel members could reflect upon the group
results and adjust their opinion, while preserving the ano-
nymity of their responses. Questions and statements not
reaching consensus were retained for discussion in round 3.

2.6 Round3

This final questionnaire consisted of 11 questions. As
only a small increase in degree of consensus was expected
during this stage of the survey, four open questions were
implemented to clarify dispersion in previous answers. The
panel members were asked to revise previous answers or
to specify reasons for remaining outside of the consensus.
Non-responders in rounds 1 and 2 were excluded from this
final round.

2.7 Statistical Analysis

Statistical analysis was executed using SPSS statistics (v26,
IBM Corporation, Armonk, NY, USA). All the panel mem-
bers answers were registered in an electronic data file pro-
vided by the online survey platform. Descriptive statistics
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were used to present the data by frequencies (percentage).
A sub-analysis comparing non-surgical with surgical panel
members was performed for the questions regarding recur-
rent or residual disease, using Fisher’s exact test. For this
analysis, p values (two-sided) <0.05 were considered
significant.

3 Results
3.1 Delphi Panel Members

A total of 40 experts were identified and invited by email to
join as a panel member. Seven potential panel members did
not participate due to technical reasons (18%; digital invita-
tions bounced n =3, remained unopened n=4). Another six
candidates did not consider themselves an expert. Therefore,
the international Delphi consensus panel was performed
with 27 civilian and military care providers (sports medi-
cine physician n =12, surgeon n =12, physiotherapist n=2,
and clinical investigator n=1; Table 1). The first round was
completed by all panel members, whereas rounds 2 and 3
were completed by 24 members (89%). The majority of the
panel members were involved with civilian patient popula-
tions (89%) and were located in Europe (67%; Table 1).

3.2 Diagnosis of Chronic Exertional Compartment
Syndrome

3.2.1 Patient’s History

The panel members agreed that both pain (25/27; 93%) and
tightness (24/27; 89%) during exercise are essential clues
in the history of patients suspected of CECS. Additionally,
the specific location of symptoms (27/27; 100%), activity
modification (22/27; 81%), and the type of provocative activ-
ity (20/27; 74%) were considered conditional aspects of a
patient’s history. The provocative activity was further speci-
fied in the second round as “involvement in sports or activi-
ties that require repetitive activation of the same muscles,”
to which all panel members agreed as conditional (24/24;
100%).

Cramping, weakness, and paresthesia during exercise
were not considered essential symptoms (21/24; 88%). In
addition, duration of symptoms in the leg was not considered
conditional for the diagnosis (21/14; 88%).

3.2.2 Physical Examination

Initially, no signs upon physical examination were con-
sidered essential for diagnosis, although “pain induced by

Table 1 Demographics of the Delphi panel members (n=27)

n (%)

Gender

Male 26 (96)

Female 14)
Profession

Sports medicine physician 12 (44)

Orthopedic surgeon 6 (22)

Vascular surgeon 3(11)

Trauma surgeon 3(11)

Physiotherapist 2(7)

Clinical researcher 14)
Place of practice

Europe 18 (67)

North America 9 (33)
Patient population

Civilian 19 (70)

Military 3(11)

Both 5019
Intracompartmental pressure measurements in current prac-

tice, per year

<10 8 (30)

10-29 59

3049 59

50-99 4(15)

>100 59
Surgical procedures in current practice, per year

<10 11 (41)

10-29 7 (26)

30-49 3(11)

50-99 14)

>100 14)

Unknown 4 (15)

treadmill provocation” was close to consensus (18/27; 67%).
Following suggestions from an open textbox, this statement
was changed to “symptoms induced by provocative activi-
ties” for the second round. This change in wording was con-
sidered essential by 82% (22/24) of the panel. Signs such as
tenderness upon palpation of the symptomatic compartment
(10/27; 37%) or presence of a muscle herniation (6/27; 22%)
were not considered essential.

The panel did not reach consensus on any system used
for the scoring of symptoms during physical examination or
symptom provocation. Approximately half of the panel pre-
ferred a Visual Analogue Scale (14/24; 52%) or a Numeric
Rating Scale (13/24; 48%). Moreover, the proposal to use
either a Visual Analogue Scale or a Numeric Rating Scale
in the absence of a standardized scoring system for CECS
symptoms did not reach consensus either (18/24; 67%).
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3.2.3 Intracompartmental Pressure Measurements

The panel agreed that an ICP measurement is conditional
for the diagnosis (22/27; 82%; Textbox 1). In addition, five
panel members (21%) indicated that ICPs should be used
complementary to clinical signs and symptoms, due to the
existing variation in measurement protocols and cut-off

TEXTBOX 1

values. Another part of the panel indicated that ICP meas-
urements are used to differentiate between pathological eti-
ologies responsible for exercise-related leg pain (3/24; 13%)
or to establish the indication for surgical treatment (3/24;
13%).

Manometers or transducers used for intracompartmental pressure measurements:

1. STIC Intra-Compartmental Pressure Monitor System; Stryker, Kalamazoo, Michigan, USA.

2.

MX500 monitor; Philips, Eindhoven, the Netherlands.
3. Compass UniversalHg; Iskus Health, Ltd., Dublin, Ireland.
4. Mikro-Cath Pressure Catheter; Millar, Houston, Texas, USA.

Meritrans DTXPlus® Disposable Transducers; Merit Medical Systems, Jordan, Utah & IntelliVue

Needles used for intracompartmental pressure measurements:
1. Side-ported needle; Stryker, Kalamazoo, Michigan, USA.
2. Slit catheters with splitable needles; Stryker, Kalamazoo, Michigan, USA.
3. BD Venflon 18 or 16 gauge; Becton, Dickinson and Company, Franklin Lakes, New Jersey, USA.
4. BD Microlance 18 gauge; Becton, Dickinson and Company, Franklin Lakes, New Jersey, USA.
5. Intranule 18 gauge; Vygon, Valkenswaard, the Netherlands.

It was agreed upon that the ICP value obtained 1 min
after a provocative exercise is most meaningful and there-
fore preferred (20/24; 80%). The panel also thought that
ICP measurements ought to be performed in symptomatic
compartments of both legs (17/24; 71%). Where the deep
posterior compartment is measured, a medial approach is
preferred (21/24; 87%), whereas correct tip placement using
ultrasound is required (17/24; 71%).

The panel did not achieve consensus with respect to leg
and patient positioning. In the first round, supine positioning
was most popular (19/27; 71%), although panel members
also preferred a standing (5/27; 19%) or a sitting position
(7/27; 26%). In the second round this question was rephrased
as “are ICP measurements best performed supine compared
to sitting or standing.” This statement was agreed upon by 16
of the 24 panel members (67%). Reasons to perform an ICP
measurement in a standing position included: (1) a supine
position would falsely decrease the ICP by counteracting
the effect of gravity, (2) a standing position is similar to the
provocative situation, or (3) local diagnostic criteria were
developed using a standing position.

Another aspect without consensus was the ICP cut-
off value. The majority of panel members either used the
Pedowitz criteria [8] or part of these (13/24; 54%). Nine
panel members (38%) indicated they were using locally

established cut-off values, or ICP values different from the
Pedowitz criteria [2, 5, 7].

3.2.4 Alternative Diagnostic Tests

Aside from ICP measurements, the panel considered “symp-
tom provocation by use of a treadmill test and repeat physi-
cal examination” a conditional test for the diagnosis (21/27;
78%). The majority of the panel did not use additional diag-
nostic examinations (e.g., conventional radiography, com-
puterized tomography scans, or magnetic resonance imag-
ing) to confirm the presence of CECS (23/24; 96%).

3.2.5 Diagnosis of Chronic Exertional Compartment
Syndrome

Panel members reached consensus that signs and symptoms
are the essential aspects of the diagnostic work-up (23/26;
88%). Based on the questions covering the diagnostic work-
up in rounds 1 and 2 of the Delphi procedure, five key
criteria were formulated (Textbox 2). All panel members
considered these criteria key to the clinical diagnosis of
CECS (24/24; 100%). In addition, six members (25%) sug-
gested adding the reversible or transient character of CECS
symptoms to this list. More specifically, they claimed that
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symptoms resolved within minutes of rest, rather than hours
or days. After introduction of the key criteria in round 3,
ICP measurements were still regarded essential by 38% of

TEXTBOX 2

the panel (9/24). Three of these panel members indicated
that if more evidence was available regarding the diagnostic
accuracy (i.e., sensitivity and specificity) of these criteria,
the measurement of ICPs might become non-essential.

compartment syndrome

AN

examination.

The following items were agreed on and considered key criteria for the diagnosis of chronic exertional

1. The patient is involved in sports oractivities that require repetitive activation of the same muscles.
The patient reports to experience pain during exercise.

The patient reports to experience tightness during exercise.

The patient indicates to prematurely cease or avoid specific sports or activities due to pain.

Signs and symptoms can be induced by provocative and repetitive activities during physical

3.3 Management of Chronic Exertional
Compartment Syndrome

3.3.1 Conservative Treatment

The panel agreed that gait retraining (23/26; 88%) and ces-
sation of provoking activities (17/24; 71%) are valuable
components of a conservative treatment program. The panel
considered guidance and treatment by a physical therapist
(15/24; 63%), shoe modifications (13/24; 54%), or botuli-
num injections (5/24; 21%) not essential for a conservative

Fig.1 Consensus was attained regarding a minimally invasive fasci-
otomy for CECS of the lower leg anterior compartment including a
single 2-cm longitudinal skin incision for introduction of the fasci-
otome (see also Textbox 3)

treatment regimen, but rather as potential additions depend-
ing on patient needs.

3.3.2 Surgical Treatment

The surgeons in the panel agreed that a fasciotomy of the
anterior compartment can be performed safely and effec-
tively using the entrance of a single small incision, 1-2 cm
laterally from the tibial crest, at the distal two-thirds of the
lower leg (10/12; 83%; Fig. 1). The surgical panel did not
agree on the type of fasciotome that was required for the
minimally invasive fasciotomy (Textbox 3). Additionally,
they also agreed that a fasciotomy of the lateral compart-
ment can be performed safely and effectively using two inci-
sions, each 5—8 cm in length, located in between the fibular
head and the lateral malleolus (11/12; 92%). In case both
compartments require opening during the same session, 83%
(10/12) agreed this can be done safely and effectively using
a single 4- to 6-cm incision, at the intramuscular septum
between the anterior and lateral compartment. No consensus
was reached on whether or not compartments other than the
affected ones require preventive surgery [for instance, the
lateral compartment in case only the anterior compartment
was affected (4/12; 33%) or vice versa (5/12; 42%)].
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TEXTBOX 3

The following instruments are used for a fasciotomy
1. Metzenbaum scissors (42%, 5/12)

Locally produced fasciotome (17%, 2/12)
Endoscopic instruments (17%, 2/12)
FascioMax, de Bruijn[29] (8%, 1/12)

AN ol N

Fasciotome, Due and Nordstrand[28] (17%, 2/12)

The panel agreed on the statement that the deep posterior
compartment should be approached medially using a large
incision (11/12; 92%) and that the superficial posterior com-
partment should be opened prior to approaching the deep
posterior compartment (8/12; 80%). Only half of the sur-
geons would actively look for and subsequently open deep
posterior sub-compartments (6/12; 50%).

Visualization and localization of the superficial pero-
neal nerve during fasciotomy of the anterior compartment
remains a topic of discussion, as only 42% (5/12; round 1)
and 67% (8/12; round 2) of the surgeons considered this nec-
essary. Moreover, ultrasound was not considered an effec-
tive tool for visualization of the superficial peroneal nerve
(5/12; 42%).

No consensus was reached on the instruments that should
be used during surgery. An overview of suggested instru-
ments can be found in Textbox 3.

3.3.3 Postoperative Rehabilitation

Consensus was reached on the statement that a standardized
institutional rehabilitation protocol should be used postop-
eratively (21/24; 88%), not necessarily adjusted for the com-
partment requiring the fasciotomy (17/24; 71%). However,
the panel members could not agree on the type of restrictions
in such a protocol. Permissive weight bearing was allowed
according to 67% (16/24), whereas 33% (8/24) favored unre-
stricted weight bearing. In the first 2 weeks, sports partici-
pation is not allowed by 46% (11/24), but permitted if not
painful by 50% (12/24).

3.4 Treatment Outcome

The panel agreed that standardization of outcome measures
is preferred (100%, 24/24). They agreed that the treatment
outcome should be monitored using the parameters “Return
to previous level of sports” [round 1: 23/26 (89%); round 2:
22/24 (92%)], “Lower, similar, or higher level of physical
activity” [round 1: 19/26 (73%); round 2: 23/24 (96%)], and

the “Global Perceived Effect scale” [28] [round 1: 11/26
(42%); round 2: 19/24 (83%)].

3.5 Recurrent Disease

No consensus was achieved on management of recurrent or
residual disease after surgical treatment. In case of recur-
rent CECS, panel members considered the following actions:
conservative treatment [anterior compartment 6/23 (26%);
lateral compartment 7/24 (29%); deep posterior compart-
ment 9/24 (38%)], a re-fasciotomy [anterior compartment
3/23 (13%); lateral compartment 6/24 (25%); deep posterior
compartment 7/24 (29%)], a four-compartment fasciotomy
[anterior compartment 2/23 (9%); lateral compartment 2/24
(8%); deep posterior compartment 2/24 (8%)], and a fasciec-
tomy [anterior compartment 12/23 (52%); lateral compart-
ment 9/24 (38%); deep posterior compartment 6/24 (25%)].
This variation in answers was comparable amongst non-
surgical and surgical panel members (anterior compartment
p=0.11; lateral compartment p=0.11, posterior compart-
ment p=0.62).

4 Discussion

This three-round Delphi analysis established consensus on
several aspects regarding the clinical practice guidelines for
diagnosis and treatment of lower leg CECS in both civilian
and military patient populations. A panel with 27 interna-
tional expert members reached consensus on five key sign
and symptom criteria of CECS. Cessation of provocative
activities and gait retraining were considered valuable com-
ponents for a conservative treatment program. All surgeons
on the panel agreed on the size and location of the incision
for the fasciotomy. No consensus was reached on the diag-
nostic role of muscle compartment pressures (ICP). Addi-
tionally, opinions on postoperative rehabilitation protocol
and treatment of recurrent or residual CECS varied consid-
erably, although there was consensus these aspects should
be standardized.
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Current diagnosis and management of patients with
CECS occurs in the absence of universally accepted guide-
lines and standardized protocols. Earlier literature already
identified a large heterogeneity in evidence on diagnosis [5,
6] and treatment [21, 29] of CECS. The current study is
a first attempt forwarded by expert-based evidence initiat-
ing simple guidelines for clinical practice. The experienced
panel members are considered leading figures in the field
of exercise-related leg pain having declared ample work
experience with CECS. The international character of the
panel lends credit to the statements on which consensus was
achieved.

The most prominent result of the current study was the
consensus attained on the five proposed key criteria sum-
marizing crucial signs and symptoms of CECS (Textbox 2).
Several studies attempted to identify prognostic clinical fac-
tors reflecting diagnosis of CECS. Examples are post-effort
muscle hardness and presence of a fascial hernia [30, 31].
Also, participation in running or skating, pain recidivism
upon performing the same exercise, and the absence of pain
at rest were also mentioned [31]. The panel members of the
current study agreed that CECS was considered likely if the
patient (1) is involved in activities that require repetitive
activation of the same muscle(s), (2) reports pain during
exercise, (3) reports tightness during exercise, (4) prema-
turely ceases or avoids specific activities, and (5) can induce
symptoms by performing provocative activities during phys-
ical examination. Contrary to the previously published lit-
erature is the lack of consensus amongst the panel members
with regard to tenderness upon palpation over the affected
compartment or the presence of a muscle herniation (37%
and 22%, respectively). The expert panel also indicated that,
aside from the ability to induce symptoms by provocative
activities, no other signs were considered essential for the
diagnosis of CECS. Future evaluation of the currently pro-
posed key criteria, in combination with previous literature,
can aid in the development of a proficient screening tool for
daily clinical practice.

Panel members did not reach consensus on the role and
execution of ICP measurements in the diagnostic process of
CECS. This disagreement could reflect the ongoing debate
in current literature, in which the value of test protocols and
cut-off values are repeatedly questioned [5, 6, 9, 32]. The
panel achieved consensus on the preferred timing of ICP
measurement (1 min after completion of a symptom provo-
cation test), number of legs and compartments (bilateral,
only affected compartments), and route of catheter admin-
istration in suspected deep posterior compartment (medial
approach). Yet, the ongoing lack of consensus on cut-off val-
ues and patient positioning is worrisome. However, several
members of the panel reported that ICP values could be con-
sidered as complementary or non-essential once the anam-
nestic key criteria strongly suggest CECS. If the proposed

set of specific key criteria is validated or alternative non-
invasive tests become available, invasive ICP measurements
will become obsolete.

The postoperative rehabilitation protocol and treatment of
recurrent (or residual) disease necessitates future research.
The lack of agreement amongst rehabilitation protocols was
already identified in previous literature [3]. For example,
surgeons encourage early mobilization of the limb in an
attempt to reduce scar tissue formation [33]. However, the
timing of mobilization or initiation of exercises varies in
current literature from directly after surgery to somewhere
in the first 7 days [34-39]. Also, the use of analgesics is not
univocally prescribed in these studies. This lack of agree-
ment was confirmed by current findings, as no consensus
could be reached on weight bearing and sports participation
after surgical treatment. The panel, however, was not spe-
cifically tabulated on the encouragement of early mobiliza-
tion or the use of analgesics throughout rehabilitation. In
addition, the experts did not agree on the most appropriate
approach for recurrent or residual disease after surgical treat-
ment. Interestingly, this variation in answers was present
amongst both non-surgical and surgical physicians. The vari-
ation in guidelines in current literature, in combination with
the absence of consensus in the current study indicate that
future research should also focus on these specific issues of
postoperative rehabilitation.

The current study has limitations that characterize every
Delphi analysis. First, selection of the Delphi panel mem-
bers was dependent on the scientific network and subjective
judgment of the authors. Bias might have been introduced
by the exclusion of potential panel members due to technical
reasons (18%). Secondly, although this analysis method is
an accepted methodology for gaining level 5 evidence, the
present findings require confirmation in future research. The
technique is based on expert opinions and does not replace
scientific reports with original research. Also, the currently
used 70% threshold level of consensus is debated as a scien-
tific rationale is not available [27]. Nevertheless, the present
study does provide a comprehensive overview of current
state-of-the-art opinions of a large group of professionals
who are deeply involved in the daily care and treatment of
CECS patients.

5 Conclusion

An international multidisciplinary expert panel reached
consensus on five key characteristics for the diagnosis of
CECS in the leg. The panel achieved partial agreement on
statements regarding ICP measurements and conservative
and surgical treatment of CECS. No consensus was reached
with respect to postoperative rehabilitation guidelines, nor
the preferred treatment for recurrent or residual disease. The
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outcome of this Delphi analysis on CECS may serve as a
platform to initiate simple guidelines for clinical practice.
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