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Risk Factors for Chronic Exertional
Compartment Syndrome in a
Physically Active Military Population

Brian R. Waterman,*’ MD, Jet Liu,* BS, Ronald Newcomb, DO, Andrew J. Schoenfeld,’ MD,
Justin D. Orr,” MD, and Philip J. Belmont Jr,* MD

Investigation performed at Department of Orthopaedic Surgery and Rehabilitation,

William Beaumont Army Medical Center, El Paso, Texas

Background: Chronic exertional compartment syndrome (CECS) is a common source of lower extremity pain in physically active
military service members. While anatomic risk factors of CECS have been proposed, there is no existing study that evaluates the
correlation of demographic and occupational risk factors and the overall incidence rate of CECS in an active military population.

Hypothesis: Young, enlisted service members in the United States (US) ground military forces would demonstrate higher inci-
dence rates of CECS in the study population because of greater exposure to at-risk dismounted activity on the battlefield and
in training.

Study Design: Cohort study (prevalence); Level of evidence, 2.

Methods: A retrospective study of all US active military service members with diagnosed nontraumatic exertional compartment
syndrome of the lower extremity (code 729.72 in the International Classification of Diseases, 9th Edition) between 2006 and 2011
was performed using the Defense Medical Epidemiology Database. Demographic and occupational risk factors such as sex, age,
race, branch of military service, and military rank were individually subcategorized, and cumulative and subgroup incidence rates
of CECS were calculated using a multivariate Poisson regression model.

Results: A total of 4100 diagnosed cases of CECS were identified within an at-risk population of 8,320,201, which correlates to an
incidence rate of 0.49 cases per 1000 person-years. The annual adjusted incidence rate of CECS increased from 0.06 cases per
1000 person-years in 2006 to 0.33 cases per 1000 person-years in 2009. Increasing chronological age, female sex, white race,
junior enlisted rank, and Army service were significantly correlated with an elevated risk for CECS.

Conclusion: This study systematically evaluated the epidemiology of CECS among an idealized subset at risk for this condition.
Sex, age, race, military rank, and branch of service were all important factors associated with the incidence of CECS in this phys-
ically active population.

Keywords: chronic exertional compartment syndrome; exercise induced; epidemiology; military

Exercise-induced compartment syndrome, or chronic exer- and military cohorts. With prolonged, intense physical
tional compartment syndrome (CECS), is a frequently activity, elevated intracompartmental pressures and
encountered source of lower extremity pain in athletic increased metabolic demands contribute to relative tissue

ischemia, nerve dysfunction, and secondary leg pain. While
anatomic risk factors such as chronic fascial thickening
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factors for, general orthopaedic conditions in the military
population.?152° The capacity of this dataset to be meaning-
fully translated to the civilian population of the US has also
been addressed.>®111%2% On the basis of previous studies, we
hypothesized that young, enlisted service members in the
ground military forces would demonstrate higher incidence
rates of CECS in the study population because of greater
exposure to at-risk dismounted activity on the battlefield
and in training.

MATERIALS AND METHODS

After we obtained institutional review board approval, all
US active-duty military service members with diagnosed
nontraumatic exertional compartment syndrome of the
lower extremity (code 729.72 of the International Classifi-
cation of Diseases, 9th Edition [ICD-9]) between 2006 and
2011 were identified via electronic query of the DMED.
The methodology of this dataset has been extensively
described in prior publications.>®11420 Tt should be recog-
nized that the DMED captures all diagnoses for military
service members whether they are rendered at a military
installation or by civilian practitioners.

Military service members have intense physical
requirements that may vary by branch of service and mil-
itary occupational specialty (MOS), including the following
at-risk activities: daily aerobic fitness, weight training, tac-
tical field exercises, and military movements with heavy
fighting loads (eg, 60 to >80 1b [27 to >36 kg]). Addition-
ally, service members must meet specified height and
weight standards and successfully complete a physical fit-
ness test as measured by 3 events: timed push-up, sit-up,
and aerobic event. Lastly, military personnel must main-
tain the physical capacity to perform up to a 12-month
combat deployment in an austere environment.

Unadjusted incidence rates (IRs) were calculated using
subcategorized demographic and occupational risk factors
including sex, age, race, branch of military service, and mil-
itary rank. Age was organized according to the following
categories: <20, 20-24, 25-29, 30-34, 35-39, and >40 years.
Racial categories were identified as white, black, or “other,”
where “other” includes Hispanic/Latino, Native American/
Alaskan/Pacific Islander, Asian, other race, mixed race,
and no race reported. Military service branches included
Army, Marine Corps, Navy, and Air Force. Military rank
was classified as junior enlisted (lowest 4 ranks in any
branch), senior enlisted (noncommissioned officers), junior
officer (lowest 3 officer ranks in any branch, including war-
rant officers), and senior officer (highest 6 officer ranks in
any branch). Only “first occurrence” ambulatory data with
a primary diagnosis of CECS were used in the analysis to
exclude episodes in which repeat coding of the same injury
transpired during follow-up evaluations.

Age, race, and sex were considered primary risk factors
with immediate translation to the general civilian population.
Military rank and branch of service may be viewed as proxies
for activity level and at-risk occupational exposure, with Army
and Marine Corps branches of service and junior enlisted per-
sonnel expected to have elevated activity levels as compared
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with other subcategories within the cohorts of interest.'® Cal-
endar year was also evaluated to determine temporal trends
in the diagnosis of CECS of the lower extremity.
Multivariable Poisson regression was subsequently uti-
lized to estimate the IR of CECS of the lower extremity in
strata with preset controls and at-risk variables of interest.
Adjusted incidence rate ratios (IRRs), derived by compari-
son of risk factors in subcategories of interest to predeter-
mined referents, were generated along with 95%
confidence intervals (CIs). By convention, referents were
identified as the variable within the subcategory of interest
that maintained the lowest unadjusted IR. For the category
of race, only the variables of white or black were considered
as viable potential referents because of the heterogeneity
that exists in the racial category of “other.” All statistical
analyses were performed with SAS (SAS Institute, Cary,
North Carolina), and a P value less than .05 was deemed
statistically significant. To be considered important inde-
pendent predictors of CECS, risk factors had to maintain
an IR above the population mean and demonstrate an IRR
and 95% CI exclusive of 1.0 as compared with their referent.

RESULTS

During the study period, a total of 4100 cases of CECS
were identified in an at-risk population of 8,320,201
person-years. There was an average of 683 incident cases
of CECS diagnosed per year between 2006 and 2011,
with an overall unadjusted IR of 0.49 cases per 1000
person-years. The adjusted annual IR increased from
0.06 cases per 1000 person-years in 2006 to 0.33 cases
per 1000 person-years in 2009 (Table 1).

Independently categorized demographic and occupational
risk factors such as sex, age, race, military rank, and branch
of service expressed varied IRs of CECS throughout the
study period (Tables 2 and 3). When evaluating by age,
a sequential increase in IRR was noted in each successive
age group, with service members >40 years old demonstrat-
ing the highest IRR for CECS, nearly 9 times (IRR, 8.77; 95%
CI, 7.31-10.52) greater than those <20 years old. Female ser-
vice members had significantly higher IRRs for CECS than
their male counterparts (IRR, 1.11; 95% CI, 1.01-1.21).
When evaluated by race, white service members had signifi-
cantly higher IRRs than black service members (IRR, 1.14;
95% CI, 1.05-1.24), while service members of other races
demonstrated no statistically significant difference.

When evaluating by military rank, junior enlisted per-
sonnel had the highest IRR for CECS (IRR, 8.54; 95% CI,
7.04-10.36), and enlisted service members overall demon-
strated significantly higher IRs than their officer counter-
parts. Army service members had the highest rates of
CECS, followed by Air Force, Marine Corps, and Navy,
respectively (Table 2).

DISCUSSION

Chronic exertional compartment syndrome of the lower
extremity has long been recognized within the military
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TABLE 1
IRs of CECS Among US Military Service Members by Calendar Year, 2006-2011¢
No. of Unadjusted Increase From Adjusted IR Increase From
Calendar Year Cases Person-Years IR® Previous Year, % (95% CI) Previous Year, %
2006 144 1,361,504 0.11 — 0.06 (0.05-0.07) —
2007 751 1,360,444 0.55 422 0.32 (0.29-0.35) 418
2008 758 1,375,058 0.55 0 0.31 (0.28-0.35) -1
2009 842 1,430,271 0.59 7 0.33 (0.30-0.36) 5
2010 818 1,378,298 0.59 1 0.33 (0.30-0.37) 0
2011 787 1,414,626 0.56 -6 0.31 (0.28-0.34) =7

“CECS, chronic exertional compartment syndrome; IR, incidence rate.
®Per 1000 person-years.
‘Adjusted for sex, age, race, branch of military service, and rank.

TABLE 2
Unadjusted and Adjusted IRs and Adjusted IRRs of CECS Among US Military Service Members, 2006-2011¢

Category No. of Cases Person-Years Unadjusted IR® Adjusted IR (95% CI)° Adjusted IRR (95% CI)®
Sex

Male 3476 7,123,978 0.49 0.26 (0.24-0.28) N/A

Female 624 1,196,223 0.52 0.29 (0.26-0.32) 1.11 (1.01-1.21)
Race

Black 735 1,422,040 0.52 0.27 (0.24-0.29) N/A

Other 455 1,097,961 0.41 0.26 (0.23-0.29) 0.97 (0.87-1.10)

White 2910 5,800,200 0.50 0.30 (0.28-0.33) 1.14 (1.05-1.24)
Military rank

Junior enlisted 1934 3,644,024 0.53 0.71 (0.66-0.76) 8.54 (7.04-10.36)

Junior officers 277 829,764 0.33 0.27 (0.24-0.31) 3.24 (2.62-4.00)

Senior enlisted 1752 3,308,854 0.53 0.36 (0.34-0.39) 4.37 (3.66-5.23)

Senior officers 137 537,559 0.25 0.08 (0.07-0.10) N/A
Branch of service

Army 2059 3,189,887 0.65 0.40 (0.37-0.43) 2.72 (2.45-3.01)

Navy 446 1,980,190 0.23 0.15 (0.13-0.16) N/A

Air Force 1164 1,989,453 0.59 0.37 (0.34-0.41) 2.54 (2.28-2.84)

Marine Corps 431 1,160,671 0.37 0.26 (0.23-0.29) 1.78 (1.56-2.03)

“CECS, chronic exertional compartment syndrome; IR, incidence rate; IRR, incidence rate ratio; N/A, not applicable because this category
was used as the referent category.

®Per 1000 person-years.

“Adjusted for sex, age, race, rank group, and service.

TABLE 3
IRRs of CECS Among US Military Service Members by Age Group, 2006-2011¢
Age Group, y No. of Cases Person-Years Unadjusted IR® Adjusted IR (95% CI) Adjusted IRR (95% CI)°
<20 174 543,860 0.32 0.11 (0.09-0.13) N/A
20-29 1963 4,710,807 0.42 0.17 (0.16-0.19) 1.60 (1.37-1.87)
30-39 1029 2,188,404 0.47 0.32 (0.29-0.34) 2.90 (2.44-3.46)
40+ 934 877,130 1.06 0.95 (0.87-1.04) 8.77 (7.31-10.52)

“CECS, chronic exertional compartment syndrome; IR, incidence rate; IRR, incidence rate ratio; N/A, not applicable because this category
was used as the referent category.

*Per 1000 person-years.

“Adjusted for sex, race, rank group, and service. The <20-year-old group was used as the referent category.

community. While early descriptions are attributed to American soldiers.”'® This condition would later be
civilian physicians, Vogt is credited as being one of the ear- defined using the military appellation of “march gan-
liest medical sources to describe the atraumatic onset of grene.” The pathophysiology of CECS has been debated

ischemic necrosis of the anterior tibialis muscle among in subsequent series involving military cohorts.!10:13:16.19
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However, because of its infrequent presentation, no known
studies have systematically evaluated the epidemiology of
CECS or described risk factors associated with its
development.

With 4100 cases of CECS among active-duty military ser-
vice members, the current study revealed the overall inci-
dence to be approximately 1 in 2000 persons per year. The
diagnosis of atraumatic compartment syndrome of the leg
showed a significant increase over the course of this study
(Table 1), likely reflective of the fact that ICD-9 coding for
this condition was only formally introduced in 2005. While
there is inconsistency in diagnostic criterial” and specificity,
the increased annual IRs at the beginning of the study can be
largely attributed to greater awareness among treating
physicians of coding for CECS, while the later sustained
high IRs of CECS likely reflect the increasing tempo of cur-
rent military engagements, rapid deployment cycles, and
cumulative physical burdens among service members over
the study period. The major strength of the current study
is the large sample size of active-duty service members cap-
tured in the military health care system and included in
the DMED. Further, this study includes a unique population
of highly functional patients to best determine the incidence
of CECS in such an active cohort.

Early studies have emphasized the prevalence of CECS
among young, active male patients, while more recent
investigators reported no difference between men and
women.> %13 Degpite these studies, a contemporary series
of 611 military service members undergoing fasciotomy for
CECS revealed the preponderance among this traditional
male cohort, with approximately 92% of patients being
male and being a mean age of 28 years.'® However, the cur-
rent study challenges this traditional dogma, with higher
IRs encountered among female patients and those of
greater chronological age. Edmundsson et al* also high-
lighted the presence of CECS among older patients as
well as women among 63 consecutive patients presenting
to a tertiary referral center. Given the closed patient pop-
ulation and consecutive enrollment, our findings may bet-
ter reflect the burden of CECS among athletic cohorts. In
addition, because of its design and utilization of the
DMED, this study may be less limited by sampling bias,
study power, and/or differences in rates of at-risk expo-
sure. With the current military conflicts, the fighting force
has expanded significantly, particularly among nontradi-
tional demographic groups (eg, older age, female), which
stands in sharp contrast to historical cohorts composed pri-
marily of young, active male recruits. Given the uniform
standards for physical fitness and routine occupational
demands among junior military service members, older
cohorts with an undetected predisposition toward CECS
might develop clinically significant symptoms, whereas
this may not have been previously appreciated given the
lack of at-risk activity. Additionally, we cannot exclude
a certain age-related phenomenon or morphological
changes within the fascia or vasculature of the leg in
response to repetitive loading common to the military.

In light of the unique physical demands of active-duty
service, military service members are at risk for developing
CECS. Junior enlisted personnel had the highest IRR
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within the category of rank, and Army service was associ-
ated with the highest IRR for CECS among the military
branches. Senior enlisted and commissioned officers gener-
ally have lesser physical demands than their junior
enlisted counterparts®'* as well as the ability to moderate
activity levels to accommodate certain limitations. Con-
versely, routine aerobic physical fitness, dismounted field
exercises, and prolonged marching with heavy load-
bearing equipment may contribute to the increased IR of
CECS among junior enlisted personnel, particularly those
in combat arms branches and ground military forces vis-
a-vis the Air Force and Navy. Given the uneven terrain,
mountain topography, and atypical warfare within the
Afghanistan theater of operations, land-based operations
required greater dismounted activity among more agile,
mobile units, largely among Army and Marine Corps
forces. Jones and colleagues’ have previously demon-
strated similar trends in injury epidemiology and health
care utilization when evaluating by branch of military ser-
vice. In their analysis of all medical encounters for nonde-
ployed, active-duty personnel between 2000 and 2006,
Army service members had the highest rates of overall
injury and specifically lower extremity overuse injuries
within the Department of Defense, while the Navy demon-
strated the lowest rates. Furthermore, Air Force and
Marine Corps personnel showed similarly increasing rates
of overuse lower extremity injuries over the study period,
although no measures of statistical significance were
performed.

While Marine Corps personnel also share many of the
activity-related risks associated with Army service, the
IR for the Marine Corps did not exceed the population
average. This may be indicative of cultural attitudes
toward health care utilization specific to that branch of ser-
vice, a finding that has been recognized in other works con-
ducted with the DMED.'? Those in the Marine Corps with
CECS may be more reticent to seek care for this condition
or separate from the service through other means before
a diagnosis can be made. We recognize that this may rep-
resent an element of underreporting that cannot be con-
trolled for, and this is reflective of some of the limitations
associated with the use of current military datasets.®

Other limitations include the fact that we cannot miti-
gate the potential role of provider miscoding or errors in
clinical diagnosis, such as may occur in patients with
underlying medial tibial stress syndrome or isolated fascial
defects. However, given the predisposition toward CECS,
surveillance and screening mechanisms for such conditions
are well developed within the military health care system.
As well, the data are based on patient-driven clinic visits,
and those who have symptomatic CECS but do not seek
medical care would not be identified in the data. An addi-
tional limitation is the absence of radiographic studies or
confirmatory manometry testing performed in association
with an exercise challenge. While these tests are generally
performed in the military setting as part of the standard
evaluation of CECS, their results are not registered with
the DMED. The occupational and demographic risk factors
evaluated in this study are also limited to those contained
within the DMED, and MOS, exposure to a combat/
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training environment, and/or temporal trends cannot be
fully controlled for. However, we believe that these results
can be appropriately used to compare with other physically
active patient populations with frequent exposure to high-
demand sporting (eg, running, ball sports) or occupational
activities (eg, police, firefighters).

CONCLUSION

The average annual incidence of CECS among US military
service members during the years of 2006 to 2011 was
found to be approximately 0.49 per 1000 at-risk person-
years. Using multivariate analysis, female sex, increasing
chronological age, white race, junior enlisted rank, and
Army service were factors significantly associated with
higher IRs of CECS in the current study. While judicious
clinical judgment and careful history and physical exami-
nation remain the hallmarks for diagnosis of this condi-
tion, our results suggest that the prevalence of CECS
among nontraditional demographic subgroups, such as
female patients and older service members, may have
been previously underreported. Further research is needed
to evaluate the role that these factors may play in influenc-
ing clinical outcomes, including their effect on the results
of nonoperative and surgical management.
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