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Background

Whereas ankle-foot injuries are ubiquitous and affect ~16% of military service-members,
granularity of information pertaining to ankle sprain subgroups and associated variables
is lacking. The purpose of this study was to characterize and contextualize the burden of
ankle sprain injuries in the U.S. Military Health System.

Methods

This was a retrospective cohort study of beneficiaries seeking care for ankle sprains,
utilizing data from the Military Health System Data Repository from 2009 to 2013.
Diagnosis and procedural codes were used to identify and categorize ankle sprains as
isolated lateral, isolated medial, concomitant medial/lateral, unspecified, or concomitant
ankle sprain with a malleolar or fibular fracture. Patient characteristics, frequency of
recurrence, operative cases, and injury-related healthcare costs were analyzed.

Results

Of 30,910 patients included, 68.4% were diagnosed with unspecified ankle sprains, 22.8%
with concomitant fractures, (6.9%) with isolated lateral sprains, (1.7%) with isolated
medial sprains and 0.3% with combined medial/lateral sprains. Pertaining to recurrence,
44.2% had at least one recurrence. Sprains with fractures were ~2-4 times more likely to
have surgery within one year following injury (36.2% with fractures; 9.7% with
unspecified sprains) and had the highest ankle-related downstream costs.

Conclusion

Fractures were a common comorbidity of ankle sprain (one in five injuries), and operative
care occurred in 16.4% of cases. Recurrence in this cohort approximates the 40%
previously reported in individuals with first-time ankle sprain who progress to chronic
ankle instability. Future epidemiological studies should consider reporting on
subcategories of ankle sprain injuries to provide a more granular assessment of the
distribution of severity.
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Level of evidence
3b

BACKGROUND

Ankle-foot injuries are ubiquitous and one of the most com-
mon injuries, particularly in individuals who engage in
physical activity and sport. The largest single contributor to
all reported injuries in collegiate athletes was ankle sprains
(14.8%), occurring at a consistent rate of 0.83 per 1000 ath-
lete exposures between 1988 and 2004.! In military service
members, who experience considerable physical demands
and are required to function in diverse environments, an-
kle-foot injuries can substantially curtail the ability to com-
plete duty requirements and operational objectives. Ankle-
foot injuries were the third leading factor of lost work time
of the US Armed Forces in 2002, and by 2017-2018 they
were ranked first for all U.S. Army soldiers.> Among ankle
foot-injuries, lateral ankle sprains (LAS) are among the
most common.*

The rate of ankle sprains in military personnel (~35 per
1000 person-years)%> is nearly five times greater than that
reported in the civilian population.® While several epidemi-
ological studies have assessed the incidence of ankle
sprains in military populations,%7-9 none have provided
treatment fidelity and contextualized morbidity (e.g. per-
sistence of symptoms, recurrence, type and severity of in-
jury). This is especially problematic since injury pathome-
chanics and the resulting ankle-foot neuromusculoskeletal
impairments following ankle sprain are highly variable.10
Outcomes such as health care utilization, cost, and length
of disability are likely mediated by injury severity and con-
comitant conditions. For example, presence of a comorbid
fracture may complicate management of the injury and lead
to a protracted recovery.

Recurrence of ankle sprains is also common in military
members!! with repeat injuries occurring anywhere from
two weeks to eight years or more following the index
sprain.12 There is inconsistency in the reported rates of an-
kle injury recurrence, a consequence that is likely attrib-
uted to methodological heterogeneity and relatively short
follow-up periods employed by most studies.13 In the first
study to prospectively assess long term outcomes following
a first-time lateral ankle sprain evaluated in a civilian emer-
gency department, 40% of these individuals progressed to
develop chronic ankle instability (CAI)14 a complex and het-
erogeneous neuromusculoskeletal condition characterized
by episodic or perceived instability of the ankle that results
in activity limitation and participation restriction at least
12 months following injury.15> While the prevalence of CAI
in the military is currently unknown, it is highly plausible
that the burden is similar to that found among the general
populous. Epidemiological studies are currently underway
to substantiate this supposition.

In the 2021 revision of the ankle instability clinical prac-
tice guideline put forth by the American Academy of Or-
thopaedic Physical Therapy, the authors emphasized the
importance of evaluating and contextualizing granular ex-
amination findings following LAS to aid in prognostication
and when developing individualized care plans.!0 In the

same context and applied at a more macro level, greater
granularity for contextualizing burden is needed to properly
plan medical staffing and resource requirements to mitigate
the impact of ankle sprains and optimize recovery following
injury.> Therefore, the purpose of this study was to charac-
terize and contextualize the burden of ankle sprain injuries
in the U.S. Military Health System. A secondary aim was to
assess disparities in healthcare utilization and costs strati-
fied by ankle injury type.

METHODS

This was a retrospective cohort study of all beneficiaries of
the U.S. Military Health System that assessed ankle injury
burden, stratified by injury type, in a five-year epoch. Ethics
approval was provided by the Institutional Review Board at
Brooke Army Medical Center (Research Evidence Level 3b).
The REporting of studies Conducted using Observational
Routinely collected health Data (RECORD) statement from
the STROBE checklist was used to guide reporting.1¢

DATA SOURCE

Data were sourced from the US Military Health System Data
Repository (MDR) using billed diagnosis (International
Classification of Diseases, 9th edition [ICD-9-CM]) and pro-
cedure (Current Procedural Terminology® [CPT]) codes.
The MDR contains validated data derived from medical en-
counters provided within the Department of Defense’s
(DoD) worldwide network of more than 260 health care fa-
cilities and from the TRICARE Purchased Care program. It is
a closed, single-payer government health system of all ac-
tive and retired military members, their families, and other
affiliated beneficiaries. More information about the MDR
can be accessed at health.mil.

COHORT SELECTION

Individuals diagnosed with an ankle sprain with and with-
out concomitant fracture between 01 January 2009 and 31
December 2012 were included in this study, regardless of
whether they were active-duty, retired service members or
dependents. Anyone under the age of 18 or over the age
of 50 was also excluded, to best capture the age range of
most military service members. Rank and military service
is based on the sponsor status (individual on active duty).
Table 1 details the diagnosis codes used to identify the re-
spective cases. To ensure included injuries were an initial
diagnosis or episode, individuals diagnosed with an ankle-
foot injury or surgery in the 12 months prior were excluded
from analysis. Individuals that were not diagnosed with an
ankle sprain or had an isolated fibular fracture, a fracture
of the tibia or fibula superior to the malleoli or sustained
an injury less than 12 months before the end of the study
epoch were excluded from analysis. Figure 1 details the case
selection in the identified cohort.

International Journal of Sports Physical Therapy



Fractures and Chronic Recurrence are Commonly Associated with Ankle Sprains: a 5-year Population-level Cohort of Patients...

Table 1. Diagnosis Codes Used for Cohort Selection

Description

Code
845.00 Sprain of ankle, unspecified site
845.01 Sprain of deltoid (ligament), ankle
845.02 Sprain of calcaneofibular (ligament) of ankle
845.03 Sprain of tibiofibular (ligament), distal of ankle
845.09 Other sprains and strains of ankle

824.0 Fracture of medial malleolus, closed

824.1 Fracture of medial malleolus, open

824.2 Fracture of lateral malleolus, closed

824.3 Fracture of lateral malleolus, open

824.4 Bimalleolar fracture, closed

824.5 Bimalleolar fracture, open

824.6 Trimalleolar fracture, closed

824.7 Trimalleolar fracture, open

824.8 Unspecified fracture of ankle, closed

824.9 Unspecified fracture of ankle, open

Values represent codes from the International Classification of Diseases and Related Health Problems (ICD), 9th Edition

OUTCOME VARIABLES

A 60-day period without any foot or ankle related care, fol-
lowed by an encounter for an ankle-related injury, was con-
sidered a new injury episode. These criteria have been pre-
viously employed to define discrete episodes of care,!” and
can be considered a proxy for symptom recurrence or re-in-
jury. Total costs for all encounters with an ankle-foot re-
lated diagnosis or procedure in the follow-up period were
calculated and cases that required surgery or sought urgent
care during the same timeframe were identified. Each dis-
tinct case was classified in only one category (i.e., an indi-
vidual with a concomitant fracture was only counted once
in that injury category). The actual cost of claims incurred
by the DHA for care obtained in civilian network clinics and
DHA-assigned costs for all encounters and procedures for
care in military treatment facilities were utilized to deter-
mine costs of ankle-related care; both of which are provided
in the MDR.

DATA INTEGRITY

Because the MHS is a single payer closed health system,
the MDR is a robust data repository with few missing data.
The MDR receives continuous data inputs in "RAW”’ form
which are continuously validated for a minimum of 90 days
through cross-referencing of other data sources, before the
variable converts from “RAW” to “FINAL’. Absence of
healthcare utilization data in the MDR implies either that
servicemembers did not experience these injuries or could
have sustained an injury but self-managed (non-care seek-
ing behaviors) following injury. While less than 3% of bene-
ficiaries were found to have supplemental health insurance
listed in the MDR, the widespread presence of billed en-
counters for ankle sprain indicates they are likely relying
on their primary coverage for the care of this condition.18

Anyone with an initial foot or ankle diagnosis of any kind
rendered between 1 January 2010 and 31 December
2011, with a full 12-month look back and full 24-month

follow-up eligibility period
(surveillance period of 1 January 2009 - 31 December 2013)

:

Removed individuals without an ankle sprain or related
fracture diagnosis

!

Removed individuals without at least 1 year of follow-up
after ankle sprain diagnosis
(initial ankle injury could take place between 1 January 2009
and 31 December 2012)

'

Removed individuals with prior ankle surgery
(to include surgery on the index date)

'

Removed individuals with an isolated fibular fracture
(no associated ankle sprain or malleolar fracture)
FINAL COHORT

N = 289,680

LOOY D

Figure 1. Flow of Cohort Selection

Active-duty service members are much less likely to have
other health insurance as all their medical needs are priori-
tized in the MHS, at zero cost to them.

RESULTS

There were 289,680 unique individuals with an ankle-foot
musculoskeletal injury identified during the study epoch.
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After isolating the cohort to only ankle sprain related in-
juries and applying exclusion criteria (Figure 1), there were
30,910 unique individuals remaining in the final cohort
(mean age: 31.7#8.9, male sex: 60.8%, active-duty service
component: 63.2%). The mean time a case was available for
follow-up in this dynamic cohort was 729+147 days, with a
median of 730 days. The follow-up times did not substan-
tially differ between the injury subgroups. Almost one quar-
ter of all cases (22.8%, n=7049) were diagnosed with a frac-
ture. The generic diagnosis “unspecified ankle sprain” was
employed for most individuals (68.4%; n=21,135). A small
proportion of the cohort had the specific diagnoses of iso-
lated lateral sprain (6.9%; n=2128) or isolated medial sprain
(1.7%; n=513), and less than one percent (0.3%; n=85) were
diagnosed with a combined medial and lateral sprain (Fig-
ure 2). Service members who served in the Army, were ju-
nior enlisted, and on active duty accounted for the largest
proportion of cases with ankle injuries (Table 2).

About half of all cases (55.9%) had only a single episode
of medical care (any kind, to include rehabilitation), 41.4%
had two to four distinct care episodes, and 2.8% had five
or more distant episodes following the index injury (Table
2). This means that 44.1% of the entire cohort had at least
one recurrence. Cases that had a sprain with concomitant
fracture had the highest mean costs (USD $4161£656), with
cases that had both medial and lateral complex injury had
the highest one-year median costs ($1924). Sprains that
were unspecified had the lowest median one-year cost (USD
$780). Compared to the other injuries, cases that experi-
enced a sprain with fractures were up to four times more
likely to have surgery during the surveillance period (36.2%)
compared to the other categories. The group with the
fewest surgeries was the unspecified sprain group (9.7%).
Patients with a concomitant fracture were also the most
likely compared to any other group to have had an urgent
care visit associated with their injury (4.5%). Approximately
41.9% of individuals received physical rehabilitation inter-
ventions to manage their ankle injury (i.e., exercise, thera-
peutic modalities, manual therapy), with the mean days to
the first rehabilitation intervention being 72.6 (Table 2).

DISCUSSION

The primary finding of this study was that recurrence of
ankle sprain post injury approximated the 40% previously
reported in individuals with first-time ankle sprain who
progress to chronic ankle instability.14 Fractures were a
common comorbidity (one in five injuries), and operative
care occurred in 16.4% of cases. Regardless of ankle injury
diagnosis and complexity, more than half of individuals did
not receive rehabilitation care following injury. Of the in-
dividuals who received care by a rehabilitation specialist,
there was a substantially protracted delay from the time of
injury to the first visit (mean of 72.6 days). This is the first
study to have assessed and qualified population-level bur-
den of ankle injuries at this level, with concomitant multi-
morbidity in the military. This is also innovative since this
is also one of the first to report healthcare cost and utiliza-
tion of rehabilitation services of ankle injuries within the
US Military Health System. The mean healthcare cost for
the treatment of ankle injuries was similar to the care of

Proportion of Injury Subgroups

2128, 7%

513,2%

85,0%
7049, 23%

21135, 68%

1 Medial

= Lateral Medial & Lateral Unspecified  m Sprain with Fracture

Figure 2. Proportion within ankle injury subgroups

service members with low back pain, the leading sources of
burden and cost in the Military Health System.!%:20

Several previous studies have reported the burden of an-
kle sprain injuries in the military. One report found that
423,581 service members sustained an ankle sprain at a rate
of 34.9 per 1000 person-years from 1998 to 2006.# Between
2000 and 2006, 16% of all US Army soldiers sought care for
an ankle sprain.2! In a more recent epidemiological study
assessing lateral ankle sprain risk in the military, 360,256
service members incurred this injury from 2006 to 2015 at
a rate of 28.8 per 1000 person-years in enlisted members
and 13.2 per 1000 person-years in military officers.5 It is
therefore no surprise to see the number of service members
with these injuries and the substantial burden these injuries
placed on the military health system. Considering there are
a large subset of service members who do not seek care for
ankle sprains, the true burden is likely even larger.22

Females in this study comprised 37.7% of the cohort, and
approximately one third (29.3%) of the females were on ac-
tive duty (11.1% of the total cohort; 21.2% of those on ac-
tive duty), a proportion slightly higher than that of the pop-
ulation at risk (in 2019, female service members comprised
16.9% of the force).23 There are a few reasons this is likely.
Female sex has been found to be a non-modifiable intrin-
sic risk factor for lateral ankle sprains, especially in the ath-
letic population?4 This finding was similarly observed in
service members across most military occupations, with fe-
male service members found to be 1.09 to 1.68 more likely
to be diagnosed with an ankle sprain. This was also ob-
served in another study where female service members were
21% more likely to sustain an ankle sprain than their male
counterparts. These findings are likely attributed, in part,
to footwear choices, hormonal influences, and differences
in joint phenotypes observed in females.5 This may also be
attributed to greater care seeking in females,> a factor that
is quite plausibly mediated by cultural influences in the mil-
itary.22

The mean age of this study cohort (31.7£8.9 years) and
specifically for those on active duty (30.4£7.4 years), gen-
erally reflected that of the military population as a whole
(mean age in 2019 = 28.2).23 While the cohort includes de-
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Table 2. Summary of Patient and Healthcare Utilization Characteristics Between Ankle Injury Subgroups

Initial Ankle Injury Type*

Total Isolated Isolated Medial and Unspecified Sprain with
Lateral Medial Lateral P t Ankle
. Ankle . . . Sprain
Variable Iniuri Sprain Sprain Sprain i Fracture
njuries n=21,135
N=30.910 n=2128 n=513 n=85 (68.4%) n=7049
’ (6.9%) (1.7%) (0.3%) e (22.8%)
18,626 1364 12,367
Male Sex, n (p) (60.8) (64.7) 308 (60.7) 52(62.7) (59.1) 4535 (64.4%)
Mean Age (SD) 31.7(8.9) 31.8(8.5) 32.7(9.1) 32.4(9.3) 31.5(8.8) 32.3(9.2)
Age Groups, n (p)
15,343 1060 10,623
18-30 (49.6) (49.8) 225(43.9) 41(48.2) (85.9) 3394 (48.1)
9327
31-40 (30.2) 662(31.1) 164 (32.0) 22(25.9) 6437 (30.5) 2042 (29.0)
6238
41+ (202) 406 (19.1) 124(24.2) 22(25.9) 4074 (19.3) 1612(22.9)
Military Status, n (p)
. 19,520 1552 13,200
Active Duty (63.2) (72.9) 305(59.5) 53(62.4) (62.5) 4410(62.6)
. 1588
Retired (5.1) 83(3.9) 34 (6.6) 4(4.7) 998 (4.7) 469 (6.7)
Family Member/ 9506
Dependent (30.8) 474 (22.3) 166 (32.4) 26(30.6) 6665 (31.5) 2075(29.4)
Other/Unknown 396(1.3) 19(0.9) 8(1.6) 2(2.4) 272(1.3) 95(1.3)
Service Branch, n (p)
12,812
Army (41.4) 950 (44.6) 185(36.1) 36(42.4) 8776 (41.5) 2865 (40.6)
. 8773
Air Force (28.4) 658(30.9) 143 (27.9) 27(31.8) 6130(29.0) 1815(25.7)
5207
Navy (16.8) 294(13.8) 93(18.1) 13(15.3) 3457 (16.4) 1350(19.2)
. 2641
Marine Corps (8.5) 136 (6.4) 58(11.3) 4(4.7) 1736 (8.2) 707 (10.0)
1018
Coast Guard (3.3) 66(3.1) 24(4.7) 3(3.5) 725(3.4) 200(2.8)
Other/Unknown 459 (1.5) 24(1.1) 10(1.9) 2(2.4) 311(1.5) 112(1.6)
Rank, n (p)
Cadets 195 (0.6) 26(1.2) 5(1.0) 0 116(0.5) 48(0.7)
. . 18,621 1275 12,851
Junior Enlisted (60.2) (59.9) 282 (55.0) 47 (55.3) (60.8) 4166 (59.1)
. . 6572
Senior Enlisted (21.3) 411(19.3) 127 (24.8) 24(28.2) 4483 (21.2) 1527 (21.7)
. 2400
Junior Officer (7.8) 192 (9.0) 40(7.8) 5(5.9) 1610(7.6) 553(7.8)
. 2732
Senior Officer 8.8) 205 (9.6) 51(9.9) 7(8.2) 1807 (8.5) 662(9.4)
Other/Unknown 390(1.3) 19(0.9) 8(1.6) 2(2.4) 268 (1.3) 93(1.3)
Distinct Episodes of
1.76(1.1) 1.9(1.2) 1.9(1.2) 1.9(1.1) 1.7(1.1)
Care Mean (SD) 1.9(1.1)[1.0]
[median] [1.0] [2.0] [1.0] [2.0] [1.0]
Frequency, n (p)
17,268 1034 12,338
1 (55.9) (48.6) 275(53.6) 41(48.2) (58.4) 3580 (50.8)
7604
2 (24.6) 573(26.9) 126 (24.6) 23(27.1) 4954 (23.4) 1928 (27.4)
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Initial Ankle Injury Type®
Isolated Isolated Medial and . Sprain with
Total Lateral Medial Lateral Unsqe?ﬁed Ankle
. Ankle . . . Sprain
Variable Iniuri Sprain Sprain Sprain Fracture
njuries n=21,135
N=30 910 n=2128 n=513 n=85 (68.4%) n=7049
! (6.9%) (1.7%) (0.3%) o (22.8%)

3 (31514 51) 292(13.7) 60(117) 15(17.6) 2286 (10.8) 888 (12.6)

4 (156;)3 160(7.5) 0(5.8) 3(3.5) 1025 (4.8) 425 (6.0)

5+ 854 (2.8) 69(3.2) 2(4.3) 3(3.5) 532(2.5) 228(3.2)
Ankle-Related ED
Visits, n (p) 430 (1.4) 6(0.3) 2(0.4) 0 101 (0.5) 321(4.5)
Physical Rehabilitation, 12,963 1176
n (o) (41.9) (55.3) 250(48.7) 51(60.0) 8066 (38.2) 3420 (48.5)
Time to Physical
Rehabilitation 1100 905 1021 53.0(59.6) 116.6 103.2 (135.5)

. (158.6) (145.6) (150.0) (170.0)
Evaluation (days), Mean [50.0] (35.0] [41.0] [32.0] [35.0] [62.0]
(SD) [median] ’ ’ ’ ’
Time to Physical
Rehabilitation 72.6 58.8 422 60.2 71.5(195.5) 82.3(141.1)
L (181.0) (182.2) (182.9) (148.4)

Intervention (days), [37.0] [25.0] (22.5] [29.0] [27.0] [57.0]
Mean (SD) [median] ’ ’ ’ ’
Ankle Surgeries, n () (510672) 389 (18.3) 61(11.9) 16(18.9) 2052(9.7) 2554(36.2)
Healthcare Cost per $2725 $3256 $2807 $3430 $2188 $4161
Patient-Year (USD), (5052) (4834) (4231) (3927) (4368) (6569)
Mean (SD) [median] [1003] [1408] [1284] [1924] [780] [1808]

ED, Emergency Department; SD, standard deviation.

Note: *Individuals are present only once in each category, which defaults to the more specific or more severe category (e.g., if someone had a lateral ankle sprain and a fracture, they
were included only in the fracture count); tUnspecified can include both medial and lateral sprains, as well as syndesmotic sprains (high ankle). p'= proportion within group

pendents and retirees, the cohort selection parameters were
set to exclude anyone over the age of 50 (mean age for re-
tired service members in this cohort was 44.7+4.9). How-
ever, this finding is disparate from previous studies that
have identified younger age as a risk factor. This may be at-
tributed, in part, as a function of exposure. In the civilian
sector, participation in physical activity and athletic com-
petition is voluntary and typically performed by younger in-
dividuals. In the military, engaging in high levels of phys-
ically demanding tasks is compulsory and tied to military
requirements. This finding may also be attributed to age-
related disparities in care-seeking behaviors and perceived
access to care, a supposition that will need to be elucidated
in future research.

Almost one quarter of all cases (22.8%) in this study were
diagnosed with a fracture. This finding is consistent with
a previous study that found the prevalence of fractures to
be approximately 22% of all inversion ankle injuries.2 In a
separate study of civilian beneficiaries with private health
insurance, 67.8% of all individuals with ankle sprain re-
ceived imaging, with only 7.3% of individuals with ankle
sprain found to have a fracture.26 The disparity between
the observations in this study and those reported by Feger
and colleagues2 is likely attributed to differences in care-
seeking behaviors and a function of grit, resilience, and
other psychosocial factors specific to the military.22 Due to
the morbidity associated with more severe injuries such as

fractures, a service member is likely to be more compelled
to seek care following injury. This is stark contrast to an-
kle sprains, where self-management, injury minimization,
and perceptions of “it is only an ankle sprain” is pervasive
among service members. 22

One key finding to highlight is the high prevalence of an-
kle sprain recurrence in this cohort. Almost half of all cases
(44.1%), regardless of injury type, had at least one recur-
rence within one year following injury. This finding is likely
attributed to persistent symptoms, ankle impairment, and
activity limitation that persisted beyond 60 days following
the index injury. Almost one in five (19.6%) cases had three
or more care episodes, indicating that symptoms and dis-
ability persisted for at least 120 days following injury. These
values align with reports in civilian populations showing
that as high as 40% of individuals proceed to have chronic
ankle instability.2” While the methodology employed in this
study does not allow for determination of a chronic ankle
instability diagnosis, !5 it does provide the foundation to de-
velop epidemiological approaches to define the condition
when chronicity persists beyond 12 months following index
injury, an effort that is currently underway. This highlights
the idea that care seeking for recurrent ankle sprains within
the first year of injury may be a useful indicator for pre-
dicting long term morbidity in service members. The cases
that experienced recurrence most likely reflected a higher
injury severity or persistence, reaching a threshold where
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the individual felt the need to seek care. It is likely that any
preconceived beliefs and attitudes of ankle sprains as self-
limiting are challenged when self-resolution does not occur,
which necessitates care-seeking. Furthermore, social deter-
minants of care-seeking may radically shift when a service
member is unable to complete their duties when recalci-
trant ankle-foot impairment, activity limitation, and partic-
ipation restriction preclude execution of the unit mission.
It is not uncommon for service members to be directed to
seek medical care by their command leadership when activ-
ity limitation is observed.

In this cohort 41.9% of cases were referred to a rehabil-
itation specialist following injury, a proportion that is sub-
stantially higher than the 11% reported in a large study
of civilian beneficiaries covered by private insurance.?8
Among the minority of individuals who were referred for
physical rehabilitation following ankle sprain in this cohort,
a protracted delay in care was observed; a finding that is
similarly observed in the civilian healthcare sector.26 This
is likely attributed to the predominant traditional referral-
based model utilized in the Military Health System, rela-
tively small number of rehabilitation specialists available to
provide care, and perceived or actual barriers to care. While
clinicians in the military health system are doing substan-
tially better than their civilian counterparts, this pattern of
care is still suboptimal. More than half of service members
with ankle injuries captured in this study were seen by pri-
mary care providers, a service that typically provides med-
ication and general instructions for self-management. Re-
ferral to specialty care, such as rehabilitation specialists, is
typically delayed until patients return to the clinic with re-
ports of persistent pain and impairment. Considering the
substantial physical requirements placed on service mem-
bers and that the proportion of individuals who progress
to develop chronic ankle instability and long-term disabil-
ity is not declining, increased and more timely access to
rehabilitation specialists is warranted.22 This is especially
salient since there is very strong evidence that rehabilita-
tion care improves functional outcomes and health-related
quality of life, more rapidly returns individuals back to work
and sport, and reduces injury recurrence in the long term.29

CLINICAL & RESEARCH IMPLICATIONS

Based on the substantial risk, associated morbidity, and
healthcare costs associated with ankle sprain observed in
this study, a radical shift in the management of ankle sprain
in the Military Health System should occur. Shifting the tra-
ditional mindset of ankle sprain mostly being a minor and
self-limiting condition is a substantial barrier that needs
to be overcome. Education of both military healthcare
providers and the military communities they serve is
needed to overcome gaps in knowledge, beliefs, and atti-
tudes toward injury and treatment and facilitate culture
change.?? Implementation of interdisciplinary teams, in-
cluding rehabilitation specialists, on the primary care level
with operational military units is also warranted to address
the varying complexity of ankle injuries, reduce barriers and
delay of care, and facilitate a more rapid return to func-
tion.>22 Health services research is needed to empirically
assess the effectiveness of more contemporary health deliv-

ery approaches in the military.

With the evidence of increased risk of recurrent ankle
sprain during the first year following injury, it behooves
clinicians to employ prophylactic measures to mitigate sec-
ondary injury. There is strong evidence for the employment
of ankle braces, which are cost effective, and balance exer-
cises for the secondary prevention of injury following ankle
sprain.10:29 Since it is not uncommon for individuals with
ankle sprain to have perceived or episodic instability within
the first 12 months following injury,!¢ clinicians should
consider use of prophylactic bracing during this period, es-
pecially when service members are required to function in
austere environments or during high risk activities (para-
chute jumping, marching on unimproved or improved sur-
faces or through foliage, when carrying external loads, etc.).
Based on the prevalence of recurrence and healthcare cost
per patient reported this study and operating under the as-
sumption that ankle braces cost approximately $25 and that
service members will be fully compliant and regularly wear
the device, a $154,550 per annum investment in ankle brace
prophylaxis would translate to a cost savings of $7.4 mil-
lion per annum. While compliance will likely be realistically
much lower,30 the return on investment in terms of health-
care cost savings and improved operational readiness is still
substantial if only a fraction of these patients employ pro-
phylaxis the year following injury. Future study of the ef-
fectiveness of braces on primary and secondary ankle pro-
phylaxis in the military is warranted. Furthermore, study of
the form, fit, and function of ankle braces among service
members in different military occupations may also eluci-
date factors that may influence compliance with prophy-
laxis.

Prospective study of cohorts with recent ankle injuries
with specific emphasis on variability in treatment response
between the ankle sprain subgroups is also encouraged. Ex-
ploration of practice patterns in this patient population and
consistency with current clinical guidelines would be of
value, in addition to the intervention’s greatest reduction
in persistent morbidity and healthcare costs is also needed.
A more comprehensive approach to managing a variety of
types of ankle sprain injuries in the military may help to
minimize disability and maximize return to duty. Lastly,
due to the potential for ankle sprain to affect the long-term
health of military service members,22 methodological de-
velopment of epidemiological estimations of chronic ankle
instability in the military population and study of the long-
term burden and effect on health-related quality of life is
warranted.

STRENGTHS AND LIMITATIONS

The main strength of this study is the large size of the sam-
ple. This is a closed health system which reflects high fi-
delity with data capture and almost no missing data (little
to no care delivered outside the TRICARE footprint). At the
same time, that can also be a limitation as the results may
not be generalizable to other settings. This is the first study
characterizing injury severity based on healthcare utiliza-
tion variables. A limitation is that most variables were de-
termined from diagnosis and procedure codes entered by
clinicians into electronic medical records and are subject to
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the limitations inherent with this type of data (variability
in use of diagnostic codes, etc.). Many individuals could
have sustained an ankle sprain and not sought care or not
had the requisite of 12-month minimum follow-up required
for inclusion. Therefore, the rates of ankle sprain injuries
are likely much higher. The majority of ankle sprains were
coded as non-specific, limiting the assumptions that can
be made about subgroups, and highlighting the importance
and need for more precise diagnostic coding by providers
in the MHS. Comfort can be taken knowing lateral ligament
injuries represent 92% of all ankle sprains.3! With the wax
and wane of military operations and ongoing changes in
healthcare delivery, the external validity of these findings
may be limited and may not necessarily reflect the current
and future burden of these injuries. However, there is no
evidence to suggest that the problem of ankle sprains has
changed much over the last decade, and in fact the most re-
cent reports show it continues to be extremely pervasive.32
There is an inability to assess laterality of injury with ICD-9
codes. It is plausible that individuals experience a recur-
rence in the contralateral limb. While possible, these re-
search findings are still substantial since bilateral deficits
are common following ankle sprain.33 Estimates of burden
in this study were derived from healthcare visits. Based on
the prior evidence of self-management, injury minimiza-
tion, and psychosocial determinants of care-seeking, it is
likely that the burden is substantially greater than that re-
ported in this study.22

CONCLUSION

Ankle sprains in a military population were primarily di-
agnosed using non-specific codes. Fractures were a com-
mon comorbidity, which warrants routine clinical exami-
nation (approximately 1 in 5 injuries included a fracture).
Almost half of all patients (44.1%) had at least one recur-
rent episode following the initial injury. These recurrence
rates approximate the 40% previously reported in individ-
uals with first-time ankle sprain who progress to chronic
ankle instability. Very few cases were seen in an urgent
care setting (1.4%). For treatment 16.4% underwent sur-
gical care and 41.9% had at least one associated physical
rehabilitation procedure. Future epidemiological studies
should consider reporting on subcategories of ankle sprain
injuries to provide a more granular assessment of the dis-
tribution of severity. This can allow for assessment of treat-

ment response variability within injury subgroups and im-
proved precision for targeted interventions.
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