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([ ABSTRACT

Chronic Exertional Compartment Syndrome (CECS) is a prevalent and often debilitating cause of exercise-induced pain in athletes and

military personnel. It is characterized by recurrent, reversible elevations in intracompartmental pressure (ICP) within an osteofascial envelope,

leading to ischemia, pain, and neurologic symptoms. While the clinical history remains paramount, diagnostic modalities are evolving beyond

traditional ICP measurement. This article synthesizes current literature, exploring novel pathophysiological theories, the growing role of non-

invasive imaging, advancements in minimally invasive surgical techniques, and the ongoing debate regarding conservative management. By
L integrating over 15 recent references, we provide a state-of-the-art overview for clinicians and researchers.

Chronic Exertional Compartment Syndrome (CECS) is a
significant and often debilitating condition affecting athletes and
military personnel, characterized by exercise-induced pain resulting
from transient elevations in intracompartmental pressure (ICP)
within a non- compliant osteofascial compartment. These reversible
increases in ICP lead to ischemia, pain, and neurologic symptoms
that impair performance and quality of life. While clinical history
and ICP measurement have long been the cornerstone of diagnosis,
emerging evidence highlights limitations of traditional methods
and emphasizes the utility of advanced, non- invasive imaging
modalities. This review synthesizes contemporary literature,
addressing evolving pathophysiological insights, diagnostic
innovations, and comparative effectiveness of conservative
versus surgical management strategies, with a particular focus on
minimally invasive techniques. By integrating findings from over
15 recent peer-reviewed studies, this article provides a state-of-the-
art overview aimed at guiding clinicians, researchers, and sports
medicine specialists toward evidence-based decision-making in the
diagnosis and management of CECS.

Introduction

Chronic Exertional Compartment Syndrome (CECS) is a
significant source of morbidity for active individuals, particularly
affecting runners, soccer players, and military recruits [1,2].

The condition is defined by a pain cycle triggered by exercise
and relieved by rest, distinct from the limb-threatening
acute compartment syndrome. Despite its prevalence, CECS
remains a diagnostic and therapeutic challenge. Recent years
have seen substantial progress in understanding its complex
pathophysiology and refining diagnostic and treatment
algorithms [3,4].

Anatomic Reminder

A compartment is an enclosed space. The key structural
component is the fascia (specifically the deep fascia). This fascia
is a sheet of dense, fibrous connective tissue that does not stretch
or expand easily.

Each Compartment Contains a Functional Unit

A compartment is an anatomically confined space bounded

primarily by deep fascia, a dense and non-elastic connective

tissue that limits expansion. Within each compartment lies a

functional unit composed of muscles, nerves, and blood vessels

that share a common physiological and biomechanical role:

*  Muscles: A group of muscles that work together to perform
a specific movement (e.g., the muscles that bend your wrist
and fingers are in the same compartment in the forearm).
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e Nerves: The specific nerve that supplies motor function (to
make the muscles move) and sensation to those muscles.

e  Blood Vessels: The arteries and veins that supply oxygenated
blood and drain deoxygenated blood from these muscles.

The compartment ensures the efficient movement by grouping
functionally related muscles together, the structural integrity,
keeps the muscles in place and provides a firm surface for them
which increases the force of movement.

The fascia offers a degree of protection to the nerves and vessels
running through the compartment.
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Pathophysiology

The traditional model posits that exercise-induced muscle swelling
within a non-compliant fascia leads to reduced perfusion, ischemia,
and pain. While this hemodynamic compromise is central,
contemporary research suggests a more multifactorial process.

Microvascular Dysfunction and Reperfusion Injury
Ischemia during exercise is only part of the story. Davis et al.
propose that the subsequent reperfusion injury upon cessation
of activity contributes significantly to the pain and inflammation
cycle, releasing reactive oxygen species and pro-inflammatory
cytokines [5].

Abnormal Fascial Biomechanics

The focus is shifting from the muscle to the fascia itself.
Franklyn-Miller et al. highlighted the role of fascial tightness
and abnormal shear forces between muscle and fascia,
suggesting that pain may arise from mechanoreceptor irritation
and compromised tissue gliding rather than ischemia alone [6].

Biomarkers and Genetic Predisposition
A pioneering study by Roberts et al. identified differential

Non-Invasive CECS Diagnosis Techniques

expression of specific pain-related biomarkers (e.g., Substance
P, NGF) in the fascia of CECS patients compared to controls,
pointing toward a potential neurogenic inflammatory component
and a possible genetic predisposition to fascial non-compliance

[7].

Diagnosis
A meticulous clinical history is the cornerstone of diagnosis, but
objective confirmation is often necessary.

The Classic Presentation Remains

A predictable onset of tightness, cramping, or burning pain
that forces activity cessation and resolves with rest, often
accompanied by neurological symptoms [8].

Intra Compartmental Pressure (ICP) Measurement

ICP testing, using the Pedowitz or similar criteria, remains the
widely accepted diagnostic standard. However, its limitations
are increasingly recognized. Waterman et al. demonstrated
significant inter-operator variability and poor correlation
between pre-operative pressure values and surgical outcomes,
questioning its absolute reliability [9]. Non-Invasive Diagnosis

Dynamic Magnetic Resonance Imaging (MRI)

MRI is now a powerful adjunct. Ringler et al. showed that
quantitative T2-mapping obtained pre- and post-exercise can
objectively measure muscle edema and compartment compliance,
providing a robust and reproducible non-invasive diagnostic
correlate [10]. Heck et al. further validated that a post-exercise
T2 value increase of >15 ms in the affected compartment had a
95% sensitivity and 88% specificity for CECS [11].

Near-Infrared Spectroscopy (NIRS)

NIRS measures tissue oxygen saturation (StO2). De Bruijn et al.
and a subsequent larger trial by Willems et al. confirmed that a
characteristic pattern of delayed StO2 recovery after exercise is
a highly sensitive and specific marker for CECS, offering a real-
time, dynamic assessment of compartment perfusion [12,13].

Shear Wave Elastography (SWE)

This emerging ultrasound-based technique measures muscle
stiffness. Boyd et al. found that SWE could detect a significant
increase in shear wave velocity (indicating higher stiffness) in
the affected compartments of CECS patients both at rest and
post-exertion, presenting a potentially accessible office-based
tool [14].

Characteristic Principle
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Management Strategies

Re-Evaluating Non-Operative Care

While often the first line, the efficacy of conservative
management is debated. A comprehensive systematic review
by Campano et al. concluded that evidence for modalities like
physical therapy and dry needling is low-quality, though some
patients with mild symptoms may benefit [15]. However, more
targeted approaches are emerging: Gait Retraining: Miller et
al. showed that a protocol focused on increasing cadence and
reducing step length significantly reduced pain and delayed
symptom onset in a cohort of runners with anterior CECS by
decreasing impact loading [16].

Biologics

Case reports on platelet-rich plasma (PRP) or fascial fenestration
have emerged, hypothesizing that modulating the fascial
inflammatory environment could improve symptoms, though
robust evidence is lacking [17].

Surgical Innovations and Outcomes
Fasciotomy remains the definitive treatment for refractory cases,
with techniques evolving toward minimal invasiveness.

Minimally Invasive Fasciotomy
Single-incision or endoscopic techniques are now standard.

Howard et al. reported a 92% success rate with a minimally
invasive approach, highlighting advantages of less post-
operative pain, smaller scars, and a faster return to sport (mean
7.2 weeks) [18].

Outcome Predictors

Research is focusing on predicting who will benefit most.
Roscoe et al. identified that younger age, shorter symptom
duration, and involvement of the anterior (vs. deep posterior)
compartment were the strongest predictors of excellent surgical
outcomes [19].

Novel Techniques

For recurrent or complex cases, fascial defect creation or limited
fasciectomy are being explored. A pilot study by Schuster et
al. demonstrated that targeted fasciectomy provided superior
pain relief compared to fasciotomy alone in patients with
exceptionally thick, fibrotic fascia identified on pre-operative
ultrasound [20].

Special Place of Botulic Toxin

Botulinum toxin (BTX) is not a first-line treatment for Chronic
Exertional Compartment Syndrome (CECS) but serves as a
novel salvage therapy for a specific patient subset. Its rationale
diverges from the standard surgical approach: instead of
enlarging the fascial "container" (fasciotomy), BTX chemically
weakens the muscle "engine" within. This temporary, partial
paralysis reduces muscle bulk, metabolic demand, and force
generation during exercise, thereby attenuating the pathological
rise in intracompartmental pressure [21,22].

The evidence, while promising, is limited to small studies
and case series, showing that BTX can delay pain onset and
improve exercise tolerance. However, its clinical utility is

significantly constrained by two major factors: its temporary
effect (typically 3-6 months, requiring repeated injections) and
the dose-dependent muscle weakness it induces, which can be
functionally limiting for athletes [21,22].

In a recent case reports study, Sumathipala et al. demonstrated
that symptoms related to recurrent CECS status after multiple
fasciotomies can successfully be treated with BTX-A, the
mobility issues resolved within 2 weeks after the injection and
remained that way for over 31 months; symptoms and rest pain
recurred at 9 months. He concluded that suggesting that BTX-A
injections are not completely curative [23].

Conclusion

The management of Chronic Exertional Compartment
Syndrome is in a dynamic state of evolution. While the classic
clinical picture remains the diagnostic anchor, the integration
of advanced, non-invasive tools like NIRS and T2-mapping
MRI is refining diagnostic accuracy. Simultaneously, a deeper
understanding of the multifaceted pathophysiology, involving
fascial biomechanics and reperfusion injury, is opening doors for
potential future biologic therapies. For now, minimally invasive
fasciotomy offers excellent outcomes for most, but patient
selection is increasingly guided by a sophisticated, multi-modal
diagnostic workup.

(BTX occupies a niche role in the CECS treatment algorithm. It
is primarily considered for patients who have failed or are not
candidates for the gold-standard treatment of fasciotomy, such
as those with recurrent symptoms post-surgery or those who
refuse an invasive procedure. It provides the context for why
BTX is considered an alternative rather than a primary solution.)

Botulinum toxin (BTX) occupies a limited yet important role
in the therapeutic approach to CECS. It is mainly reserved for
patients who are either unsuitable for, unwilling to undergo, or
have experienced symptom recurrence after the gold-standard
treatment of fasciotomy. This positioning underscores BTX as
an alternative option rather than a first-line intervention.
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