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measures of disease burden, source of nonexposed controls).
Data Synthesis: Twelve articles met the inclusion criteria
and described retrospective cohort studies. Firefighters, activeduty military service members, and veteran military parachutists
consistently had a higher incidence or prevalence of knee, hip,
or any OA diagnosis (4 studies). Active-duty pilots and veteran
military parachutists may have a higher prevalence of spine OA,
but this was not statistically significant (2 studies). Occupational
risk factors for OA among tactical athletes include rank and
branch of military service. The risk of OA among individuals who
completed mandatory national military service remains unclear
(6 studies).
Conclusions: The incidence of OA among tactical athletes
appears to be significantly higher when compared with
nonexposed controls. Further research is needed to specifically
identify modifiable risk factors within this high-risk population to
develop and implement effective risk-reduction strategies.
Key Words: epidemiology, military, fire fighters, police, law
enforcement, first responders

Key Points





Active-duty military service members were signiﬁcantly more likely to experience knee osteoarthritis (OA), hip OA,
and any OA diagnosis, regardless of site, when compared with nonexposed controls.
The disparity between military service members and nonexposed controls appeared to exist regardless of age or sex
and increased with advancing age.
Military rank and branch of military service appeared to be occupational risk factors associated with OA incidence.
Fire ﬁghters were at increased risk for both knee and hip OA, with adjusted risk ratios of 2.93 and 2.52, respectively.

O

steoarthritis (OA) is a chronic degenerative disease
that involve the articular cartilage, bone, and
surrounding soft tissues in the affected joint. It is
estimated that more than 27 million adults in the United
States are affected by this debilitating condition.1 Known
risk factors for OA include female sex, obesity, history of
joint injury, and engaging in occupations that require a
signiﬁcant amount of repetitive bending, squatting, kneeling, and lifting.2–12 Although OA is typically thought to be
a disease that affects individuals later in life, studies5,13
suggest that OA can affect individuals in their third and
fourth decades of life, particularly in the presence of these
known risk factors. As a result, some individuals may live
more than half their lives with a chronic disease that limits
their function and diminishes their quality of life.
Speciﬁcally, OA has been associated with an increased
risk for several other chronic health conditions and
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comorbidities (eg, obesity, cardiovascular disease, type 2
diabetes), and OA negatively affects activities of daily
living and quality of life and can contribute to occupational
disability.14
Tactical athlete is a term that has been used to describe
individuals in service professions (eg, the military, ﬁre
ﬁghters, law enforcement, ﬁrst responders) that have
signiﬁcant physical ﬁtness and physical performance
requirements associated with their work. Tactical athletes
are regularly exposed to many of the known risk factors for
OA described earlier. Because of the physical training
requirements and the nature of their work, tactical athletes
are at increased risk for acute traumatic joint injury.15–19
Furthermore, the physical training and occupational
demands placed upon most tactical athletes require a
signiﬁcant amount of repetitive bending, squatting, kneeling, and lifting. Finally, even though most tactical athletes
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Objective: Although tactical athletes (eg, military service
members, law enforcement personnel, fire fighters) are exposed
to several known risk factors, it remains unclear if they are at
increased risk for osteoarthritis (OA). The purpose of this
systematic review was to investigate the association between
serving as a tactical athlete and the incidence and prevalence of
OA.
Data Sources: We completed a comprehensive systematic
literature search in November 2014 using 12 bibliographic
databases (eg, PubMed, Ovid, SportDiscus) supplemented with
manual searches of reference lists.
Study Selection: Studies were included if they met the
following criteria: (1) an aim of the study was to investigate an
association between tactical athletes and OA; (2) the outcome
measure was radiographic OA, clinical OA, total joint replacement, self-reported diagnosis of OA, or placement on a waiting
list for a total joint replacement; (3) the study design was a
cohort study; and (4) the study was written in English.
Data Extraction: One investigator extracted data from
articles that met all inclusion criteria (eg, group descriptions,

Data Sources and Searches

Data Extraction and Quality Assessment

A comprehensive literature search was conducted by 1
investigator (K.L.C.) between November 5 and 9, 2014.
The 12 primary databases searched were (1) PubMed, (2)
Ovid: MEDLINE, (3) Ovid: MEDLINE Daily Updates, (4)
Ovid OLDMEDLINE, (5) Your Journals@Ovid, (6) Ovid:
MEDLINE In-Process and Other Nonindexed Citations, (7)
Ovid Healthstar, (8) Cochrane Database of Systematic
Reviews, (9) American College of Physicians Journal Club,
(10) Database of Abstracts of Reviews of Effects, (11)
Global Health, and (12) SPORTDiscus. Studies were
identiﬁed using predetermined search criteria: (osteoarthritis OR degenerative joint disease) AND (prevalence OR
incidence OR epidemiology OR odds ratio) AND (military
OR army OR navy OR naval OR air force OR special
forces OR paratroopers OR servicemen OR servicewomen
OR soldier OR ofﬁcers OR occupation OR ﬁreﬁghters OR
ﬁremen OR ﬁrst responders OR police OR detective OR
law enforcement OR paramedics) AND (case control OR
cross section* OR cohort OR surveillance system). The
reference lists of full-text articles were also manually
searched to identify potential additional articles not indexed
by electronic databases. We also screened our personal
libraries to ensure we had identiﬁed all relevant articles.
Because all of the included articles were from journals
listed on PubMed, only PubMed was monitored for updates
through March 13, 2015. This systematic review had no
external funding source.

The quality of the included studies was assessed by 2
raters (K.L.C., J.B.D.) using the Newcastle-Ottawa Scale
(NOS). We chose this scale because of its ease of use and
applicability for assessing cohort study designs.20 It
assesses studies in 3 areas: selection (4 items), comparability (1 item), and outcome of cohort studies (3 items). The
maximum score is 9 points, with higher scores indicating
better quality.20 Coding rules and procedures were clariﬁed
as necessary between the 2 raters before their independent
assessments. Speciﬁcally, comparability was scored based
on a study’s controlling for sex and age, and outcome was
scored based on follow-up for 10 years or greater in 80% or
more of the cohort. Authors (K.L.C., J.B.D.) independently
rated each study in random order using the NOS instrument,
and a third author (S.J.S.) provided consensus as needed.
Consensus scores were determined using the following
process. If the scores of authors 1 and 2 agreed, then that
score was used as the consensus score. If the scores of
authors 1 and 2 differed by 1 point (ie, 4 articles), the
authors agreed on a consensus score through discussion. If
the scores of authors 1 and 2 varied by 2 or more points or
consensus could not be reached, author 3 scored the article,
and all authors participated in discussion and reached a ﬁnal
consensus score. During this quality-assessment process,
we excluded 1 article because of an inappropriate study
design (ie, case control). This left 12 articles that had
sufﬁcient information and an appropriate study design to be
included in the quantitative synthesis (Figure).
A data-extraction spreadsheet was generated and reviewed by 2 of the authors (K.L.C., J.B.D.). One author
(K.L.C.) collected key information from each article: (1)
publication data: ﬁrst author, publication year, journal,
country, study design, and quality-assessment score; (2) OA
(outcome) details: deﬁnition of OA and time of follow up;
(3) group descriptions: source of nonexposed cohort, source
of exposed cohort, matching variables, sex, percentage lost
to follow up, sample size, participant age; and (4) outcome
measures. The outcome measures were studied joints;
incidence or prevalence of OA; crude odds ratios, risk
ratios, or rate ratios; adjusted odds ratios, risk ratios, or rate
ratios; confounding variables; and associated 95% conﬁdence intervals (CIs). A second author (J.B.D.) then
compared the extracted data with the original articles to
assess the accuracy of the extracted data.

Study Selection

We included studies if they met the following 4 criteria:
(1) an aim of the study was to investigate an association
between tactical athletes and OA (see search criteria noted
earlier); (2) the outcome measure was radiographic OA,
clinical OA, total joint replacement, self-reported diagnosis
of OA, or placement on a waiting list for a total joint
replacement; (3) the design was a cohort study; and (4) the
study was written in English. A cohort study design was
deﬁned as a study that compared the incidence or
prevalence of OA among groups of people according to
whether they had a history of working as a tactical athlete
or not (exposure). We also included articles that examined
OA incidence or prevalence in tactical athletes without a
control group if comparable reference values (eg, OA
incidence or prevalence) for the general population were
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METHODS

available in the literature. Articles were excluded if the
authors reported incidence or prevalence of arthritis instead
of speciﬁcally OA. If the primary reviewer (K.L.C.) was
unsure if a study met the inclusion and exclusion criteria,
the other 2 authors (J.B.D., S.J.S.) reviewed the article and
reached a consensus.
The Figure provides an overview of the selection of
studies. Initially, we performed electronic and manual
searches of reference lists. Articles clearly not meeting the
inclusion or meeting the exclusion criteria were eliminated;
if insufﬁcient information was available in the abstract to
assess inclusion and exclusion criteria, then we obtained the
full-text article. After the initial screening process, full-text
articles were retrieved and subsequently rescreened and
independently assessed for meeting the inclusion and
exclusion criteria by 2 authors (K.L.C., J.B.D.).

are not obese, many are required to endure heavy
equipment loads during training and the performance of
their occupational tasks. This may produce joint damage
due to excessive loading that is similar to that observed in
obese individuals. Despite their being regularly exposed to
several known risk factors for OA, based on the available
evidence, it remains unclear if tactical athletes are at
increased risk for OA.
The purpose of our study was to conduct a systematic
review of the literature to investigate the association
between working as a tactical athlete and the incidence
and prevalence of OA. A secondary objective was to
identify gaps in the existing literature with regard to OA
risk among tactical athletes.

Data Synthesis and Analysis

We extracted OA incidence or prevalence; risk, rate, or
odds ratios; and 95% CIs. If only incidence or prevalence
data were reported, then we calculated risk, rate, or odds
ratios and 95% CIs (Table 1). All calculations were
performed using STATA (version 10.1; Stata Corp, College
Station, TX). Signiﬁcant odds ratios were deﬁned as 95%
CIs that did not encompass 1.00. To assess the association
between a history of being a tactical athlete and OA, we
classiﬁed occupations into 1 of 3 categories: (1) signiﬁcant
association with OA, (2) unclear but possible association
with OA, and (3) unclear but unlikely association with OA.
Unclear but possible association with OA was deﬁned as an
odds ratio that was not statistically signiﬁcant but was
,0.70 or an odds ratio .1.50. Unclear but unlikely
association with OA was deﬁned as an odds ratio between
0.70 and 1.50. These cut points were based on odds ratios
that correspond to a small standardized effect size (d ¼
0.20).33 These cut points are the same as those used by
authors of another systematic review34 that evaluated the
association between sport participation and knee OA.

extensive screening (Figure), we extracted data from 12
articles (Table 2), all of which were classiﬁed as
retrospective cohort studies. Quality-assessment (NOS)
scores ranged from 3 to 7, with higher scores representing
higher-quality studies (Table 2). Various OA outcomes
were examined across studies (Table 1). One group
examined the cumulative incidence of knee and hip OA
in Swedish ﬁreﬁghters compared with the general population in low-exposure occupations.21 The remaining researchers either examined the incidence or prevalence of
OA in active-duty or veteran military populations22–26 or
examined the prevalence of OA in European countries
where national military service is mandatory.27–32 Two
studies examined OA incidence rates in active-duty military
populations22,23 and compared them with published reference rates in the general population.3,35,36 No studies were
identiﬁed that examined OA incidence or prevalence in
other tactical athlete populations (eg, law enforcement, ﬁrst
responders). The heterogeneity among the studies regarding
the type of OA and study outcome (ie, prevalence,
incidence, cumulative incidence) prohibited us from
conducting a meta-analysis as part of this review.

RESULTS

Osteoarthritis in Firefighters, Active-Duty, and
Veteran Populations

Study Characteristics

In the single study21 that examined OA incidence in
ﬁreﬁghters, the results suggested that ﬁreﬁghters were at
increased risk for both knee and hip OA, with adjusted risk

We identiﬁed a total of 492 potential articles using the
electronic search and additional search strategies. After
954
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Figure. Overview of the study identiﬁcation, screening, and review process.

Mandatory National Military Service and OA

When we compared the prevalence of OA among those
who had engaged in mandatory national military service
with controls (elite-level male orienteering or track-andﬁeld athletes), the results were inconclusive (Table 1). In 3
studies,27,28,31 the prevalence of OA was lower in those with
mandatory national military service requirements than in
controls; however, the prevalence of OA was signiﬁcantly
lower in only 1 of these studies.31 Conversely, investigators
in 5 studies27–30,32 reported a higher prevalence of OA in
those with mandatory national military service requirements compared with controls, but again, the prevalence of
OA was signiﬁcantly higher in only 1 of these studies.30
Authors of 2 studies37,28 found a higher prevalence for some
OA outcomes and a lower prevalence for others.
DISCUSSION

Military service members and other tactical athletes
likely share similar occupational exposures and risk factors
for OA. These include an increased risk for joint injury;
occupational and physical training demands that require
frequent and repetitive kneeling, squatting, bending, and
lifting; and wearing and carrying heavy equipment loads.
Therefore, we hypothesized that tactical athletes would
have a higher prevalence or incidence (or both) of OA when
compared with nonexposed controls in the general
population. The ﬁndings of our systematic review seem to
support this hypothesis.
Osteoarthritis has consistently been a leading cause of
disability discharge from the military for more than a
decade, regardless of whether the estimates are from
peacetime or periods of active combat.37,38 As a result, it
is not surprising that the incidence and prevalence of OA
among military service members and other tactical athletes

in the current systematic review appeared to be higher than
in nonexposed controls in the general population. This was
particularly evident when we reviewed studies that
speciﬁcally examined these OA outcomes in tactical athlete
populations (Table 1).21–26 Active-duty military service
members were signiﬁcantly more likely to experience knee
OA,24 hip OA,23 and any OA diagnosis regardless of site22
when compared with nonexposed controls. The disparity
between military service members and nonexposed controls
was present regardless of sex or age and increased with
advancing age (Table 1). Though the prevalences of lumbar
and cervical OA were 49% to 76% higher in speciﬁc
military populations,24–26 the observed differences were not
statistically signiﬁcant. However, the magnitude of the
observed odds ratios suggests an unclear but possible
association with OA. Finally, based on the ﬁndings of a
single study,21 the incidences of hip and knee OA appear to
be 2.52 to 2.93 times higher, respectively, among
ﬁreﬁghters than in nonexposed controls (Table 1). Despite
the increased incidence and prevalence of OA observed
among tactical-athlete populations, it remains unclear
which speciﬁc risk factors or occupational exposures are
contributing to the observed disparities between tactical
athletes and nonexposed controls in the general population.
Further study is needed to identify important modiﬁable
and nonmodiﬁable risk factors for OA within this unique
high-risk population in order to develop and implement
effective primary and secondary risk-reduction strategies.
Military service members experience incidence rates for
acute traumatic joint injuries that are an order of
magnitude higher than rates observed in the general
population,15–17,19,39 and acute traumatic joint injury has
been identiﬁed as an important risk factor for OA.4,5,40,41
Although estimates are that posttraumatic OA accounts for
12% of all OA cases in the general population,42 the
prevalence of posttraumatic OA in tactical athletes remains
unclear and is probably much higher. Joint trauma in
military populations has been associated with high rates of
disability and medical discharge from service38,43–46 and
likely contributes to the high rates of disability discharge
associated with OA observed in this population.37,47,48
Limited data are available on acute traumatic joint injuries
in other tactical athlete populations, but they are also
probably at increased risk for these injuries. Based on the
available data, it is unclear how many of the OA cases in
our systematic review were associated with acute traumatic
joint injury; however, given the observed disparities in the
incidence and prevalence of OA and the high rates of joint
trauma among tactical athletes, it is likely that posttraumatic OA is contributing to these differences.22 A possible
association is also suggested by the highest rates of acute
traumatic joint injury and OA, which are both seen within
the junior enlisted ranks.15 As a result, in future studies, it
is critical to accurately account for the number of OA cases
among tactical athletes that may be related to a history of
acute traumatic joint injury. Military service members
offer a unique opportunity to study the progression of
posttraumatic OA from the preinjury state due to the closed
Military Health System and the available surveillance
resources in this population.22,49 It is also critical to
develop and implement primary prevention strategies to
limit the effects of acute traumatic joint injuries in tacticalathlete populations. Emerging evidence suggests that
Journal of Athletic Training
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ratios of 2.93 and 2.52, respectively (Table 1). Active-duty
military service members appeared to be at signiﬁcantly
greater risk for any OA diagnosis22 and for hip OA,23
regardless of sex or age, in comparison with reference rates
in the general population. Furthermore, the disparity
between active-duty military service members and nonexposed controls increased with advancing age.22,23
Military rank and branch of military service also seem to
be associated with the incidence rate of OA in active-duty
military service members (Tables 3 and 4).22,23 After
controlling for the inﬂuence of sex, age, branch of military
service, and race, those in the junior enlisted ranks had the
highest incidence rates for both any OA diagnosis and hip
OA, followed by senior enlisted personnel and senior
ofﬁcers (Table 3). Service in the Army was also associated
with the highest incidence rate of any OA diagnosis and of
hip OA after controlling for sex, age, race, and military
rank (Table 4). Veteran military parachutists appeared to be
signiﬁcantly more likely to experience knee OA than sport
parachutists.24 Although the odds ratios for lumbar and
cervical OA in active-duty military pilots26 and veteran
parachutists25 suggested a higher prevalence compared with
controls, the observed differences failed to reach statistical
signiﬁcance. Regardless of signiﬁcance, the incidence or
prevalence of OA among ﬁreﬁghters, active-duty military
service members, and veterans appeared to be consistently
higher than in controls.

Table 1. Incidence and Prevalence of Osteoarthritis Among 12 Retrospective Cohort Studies Extended on Next Page
Tactical Athletes
Study (Year)

Sex(es)

Age Range,
y

Type of
Osteoarthritis

Outcome

Osteoarthritis

No
Osteoarthritis

Total

Incidence/
Prevalence

Firefighters
Vingard et al21 (1991)

Male
Male

38–78
38–78

Knee
Hip

Cumulative index
Cumulative index

8
11

1232
1229

1240
1240

Both
Both
Both
Both
Both
Male
Male
Male
Male
Female
Female
Female
Female

20–24
25–29
30–34
35–39
40
20–29
30–39
40–49
20–49
20–29
30–39
40–49
20–49

Any
Any
Any
Any
Any
Hip
Hip
Hip
Hip
Hip
Hip
Hip
Hip

Incidence
Incidence
Incidence
Incidence
Incidence
Incidence
Incidence
Incidence
Incidence
Incidence
Incidence
Incidence
Incidence

Male
Male

23–70
23–70

Knee
Lumbar

Male
Male

31–35
31–35

Sarna et al31 (1997)

Male
Male
Male
Male
Male
Male
Male
Male
Male
Male

21–85
21–85
21–85
47–71
47–71
38–86
38–86
47–99
47–99
NA

Iosifidis et al32 (2015)

Male

50–51

0.65%
0.89%

12 859
14 260
15 446
25 721
37 950
713
1129
1425
3267
302
299
296
897

4 549 717
2 855 135
1 995 313
1 784 737
1 372 453
5 425 162
3 021 556
1 074 946
9 521 664
1 015 238
406 951
151 358
1 573 547

4 562 576
2 869 395
2 010 759
1 810 458
1 410 403
5 425 875
3 022 685
1 076 371
9 524 931
1 015 540
407 250
151 654
1 574 444

Prevalence
Prevalence

19
39

27
7

46
46

41.30%
84.80%

Cervical
Lumbar

Prevalence
Prevalence

31
18

219
232

250
250

12.40%
7.20%

Knee
Hip
Ankle
Hip
Knee
Knee
Hip
Hip
Knee
Ankle, knee,
and hip
Ankle, knee,
and hip

Prevalence
Prevalence
Prevalence
Prevalence
Prevalence
Prevalence
Prevalence
Prevalence
Prevalence
Prevalence

18
20
0
13
19
119
80
81
120
36

1385
1383
1403
166
160
388
400
400
388
1676

1403
1403
1403
179
179
507
480
481
508
1712

1.30%
1.40%
0.00%
7.30%
10.60%
23.50%
16.67%
16.80%
23.60%
2.10%

Prevalence

39

124

163

23.90%

Active-duty US military
Cameron et al22 (2011)

Scher et al23 (2009)

2.82a
4.97a
7.68a
14.21a
26.91a
13.14b
37.35b
132.39b
34.30b
29.73b
73.42b
195.18b
56.97b

Veteran military parachutists
Murray-Leslie et al24 (1977)
Murray-Leslie et al25 (1977)
Active-duty military pilots
Aydog et al26 (2004)
Mandatory national military
service
Kujala et al27 (1994)

Kujala et al28 (1999)
Kettunen et al29 (2006)
Kettunen et al30 (2001)

Abbreviation: NA, not able to calculate due to lack of observed cases.
a
Incidence rate per 1000 person-years.
b
Incidence rate per 100 000 person-years.

injury-prevention programs targeting high-risk biomechanical movement patterns may be effective in the primary
prevention of acute traumatic knee-joint injury,50,51 and
these programs may be applicable to military training
populations.52 Information on effective acute traumatic
injury-prevention strategies for other joints is currently
limited in the literature.
In addition to high rates of acute traumatic joint injury,
tactical athletes also routinely engage in occupational and
physical training activities that require frequent and
repetitive bending, squatting, kneeling, and lifting. A
substantial amount of evidence in the literature suggests
that high-level occupation-related physical demands, particularly those that involve frequent and repetitive bending,
squatting, kneeling, lifting, and climbing, may be associ956
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ated with knee6,9,53–57 and hip56–59 OA. In the current
systematic review, we observed that military rank and
branch of military service were associated with the
incidence of OA. Speciﬁcally, those serving in the Army
and the junior enlisted ranks experienced the highest rates
of OA after potentially important confounding variables,
including sex and age, were controlled. These occupationrelated factors may be surrogate measures for engaging in
the high-risk occupational demands noted earlier; however,
further research and analysis by speciﬁc Department of
Defense occupational groups (eg, Military Occupational
Specialty codes [MOS], Air Force Specialty Codes [AFSC],
Navy Enlisted Classiﬁcation system [NEC]) are warranted
to determine which occupational codes are associated with
the highest incidence of OA.22
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rate
rate
rate
rate
rate
rate
rate
rate
rate
rate
rate
rate
rate

Table 1. Extended From Previous Page
Nonexposed Athletes
No
Osteoarthritis

Total

Incidence/
Prevalence

Estimate

200
320

90 857
90 737

91 057
91 057

0.22%
0.35%

Risk ratio
Risk ratio

2.93 (1.32, 5.46)
2.52 (1.38, 4.64)

576
833
1336
2319
7486
0
2
4
6
0
1
0
1

257 285
264 586
288 908
325 155
596 057
20 669
25 461
19 039
65 169
21 888
24 948
18 812
65 648

257 861
265 419
290 244
327 474
603 543
20 669
25 463
19 043
65 175
21 888
24 949
18 812
65 649

2.23a
3.14a
4.60a
7.08a
12.40a
0b
7.85b
21.01b
9.21b
0b
4.01b
0b
1.52b

Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk
Risk

1.26
1.58
1.67
2.01
2.17

6
120

52
34

58
154

10.40%
77.90%

Odds ratio
Odds ratio

6.10 (2.00, 20.56)
1.57 (0.62, 4.55)

6
120

52
34

58
154

10.40%
77.90%

Odds ratio
Odds ratio

6.10 (2.00, 20.56)
1.57 (0.62, 4.55)

10
10
1
14
45
17
9
21
49
120

488
488
497
250
219
67
69
182
163
2561

498
498
498
264
264
84
78
203
212
2681

2.00%
2.00%
0.20%
5.30%
17.00%
20.20%
11.53%
10.30%
23.10%
4.50%

Odds
Odds
Odds
Odds
Odds
Odds
Odds
Odds
Odds
Odds

0.63 (0.28, 1.55)
0.71 (0.31, 1.70)
NA
1.40 (0.59, 3.30)
0.58 (0.31, 1.05)
1.21 (0.67, 2.28)
1.53 (0.72, 3.64)
1.76 (1.04, 3.08)
1.03 (0.69, 1.54)
0.46 (0.31, 0.67)

2

9

11

18.20%

Odds ratio

Military service members are required to meet minimum
height and weight standards, which limits the number of
military personnel who are overweight and obese (a known
risk factor for OA); however, a modern combat load can
range from 52 lb (24 kg) to well over 100 lb (45 kg).60
Routinely carrying a load of this nature during extended
military training or deployments may result in the same
overloading of joints in tactical athletes that is typically seen
in obese individuals in the general population. This excessive
loading combined with repetitive physical activity (eg,
marching, running) or joint injury (or both) may increase
joint vulnerability and the risk of OA, even in young and
physically ﬁt tactical athletes.11 Excessive occupational loads
are not limited to military personnel, as ﬁreﬁghters and law
enforcement ofﬁcers may also have to carry or bear heavy
equipment in the execution of their duties. For ﬁreﬁghters,
this equipment may include personal protective clothing,
breathing equipment, hoses, ladders, and axes, which have

ratio
ratio
ratio
ratio
ratio
ratio
ratio
ratio
ratio
ratio
ratio
ratio
ratio

ratio
ratio
ratio
ratio
ratio
ratio
ratio
ratio
ratio
ratio

Ratio
(95% Confidence Interval)

4.76
6.30
3.72
18.32
37.40

(1.16, 1.37)
(1.48, 1.70)
(1.58, 1.77)
(1.92, 2.09)
(2.12, 2.22)
NA
(1.31, 39.31)
(2.46, 23.16)
(1.71, 10.16)
NA
(3.26, 725.89)
NA
(6.70, 1478.92)

1.42 (0.28, 13.98)

been estimated to weigh between 45 lb (20 kg) and 75 lb (34
kg). For law enforcement ofﬁcers, this may include personal
protective equipment and clothing, shields, helmets, bulletproof vests, and other tactical gear. Further research is
needed to better understand the association between
exposure to these loads during the execution of occupational
tasks and joint loading in relation to the initiation and
progression of OA over time in tactical-athlete populations.
Although active-duty military service was consistently
associated with OA, ﬁndings were inconsistent among the 5
studies that included individuals who participated in
mandatory national military service in Finland or Greece.
Each nation requires less than 1 year of active service.61 In
a previous systematic review,34 individuals who participated in national military service were more likely to develop
knee OA than were former athletes, including the reference
groups selected for this systematic review (eg, former elite
track-and-ﬁeld athletes, former elite athletes, orienteering
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Osteoarthritis

5.0
3.0
3.0
6.0
NA
23–70
23–70
47–71
Finland
United Kingdom
United Kingdom
Finland
Sarna et al31 (1997)
Murray-Leslie et al24 (1977)
Murray-Leslie et al25 (1977)
Kujula et al28 (1999)

Abbreviation: NA, no data to extract.
a
All studies had a retrospective cohort design.
b
Scores range from 0 to 9, with a higher score indicating higher quality.
c
Based on International Classification of Diseases codes or a national hospital discharge registry.
d
Only range of average ages could be extracted.

Turkey
Greece
Finland
Finland
Aydog et al26 (2004)
Iosifidis et al32 (2015)
Kettunen et al30 (2001)
Kettunen et al29 (2006)

Former elite athletes
Sport parachutists
Sport parachutists
Orienteering endurance athletes

National military service
Veteran military parachutists
Veteran military parachutists
National military service

Knee, hip, or ankle
Knee and ankle
Cervical or lumbar
Knee and hip

4.0
6.0
4.0
5.0
31–35d
50–51d
47–99
38–86

Radiographs
Radiographs
Self-reported diagnosis
Self-reported physician
diagnosed
Physician diagnosedc
Radiographs
Radiographs
Self-reported physician
diagnosed
Military pilots
National military service
National military service
National military service

Active-duty US military
Firefighters

Worcester County, MA, population
Swedish general population
(low-exposure occupations)
Office personnel
Former elite track-and-field athletes
Former elite track-and-field athletes
Master track-and-field athletes
United States
Sweden
Scher et al23 (2009)
Vingard et al21 (1991)

Elite track-and-field athletes
Canadian general population
Finland
United States
Kujula et al27 (1994)
Cameron et al22 (2011)

Nonexposed
Country
Study (Year)

Cervical or lumbar
Knee, hip, or ankle
Knee and hip
Knee and hip

7.0
5.0
17–62
38–78
Physician diagnosedc
Physician diagnosedc

6.0
7.0
21–85
17–62
Physician diagnosedc
Physician diagnosedc

Knee, hip, or ankle
Any osteoarthritis
diagnosis
Hip
Knee or hip
National military service
Active-duty US military

Newcastle-Ottawa
Scaleb
Age
Range, y
Definition
Exposed

Outcome

Osteoarthritis
Table 2. Descriptive Characteristics of the Included Studiesa

Source
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athletes). In our review, we failed to conﬁrm that
individuals with a history of mandatory national military
service were at higher risk for OA. Unfortunately, the small
number of studies and variations in the study designs,
outcomes, ages, joint(s) of interest, and reference groups
prevented us from pursuing a meta-analysis to further
explore the association between mandatory national
military service and OA. Future researchers should
prospectively follow individuals in nations with various
lengths of mandatory military service to determine its effect
on OA. This is an interesting question because mandatory
national military service may expose untrained individuals
to episodes of overloading or increase their risk of injury,
which could increase their risk of OA. Conversely,
mandatory national military service may teach young
adults the importance of a physically active and healthy
lifestyle, which could reduce their risk for symptomatic
OA, particularly if the required terms of service are of short
duration. Finally, mandatory national military service may
spread a relatively short-duration occupational exposure to
OA over the entire population in comparison with an allvolunteer force, in which multiyear and career service
commitments are common among a narrower portion of the
national population.
Despite the ﬁndings of the current systematic review,
notable gaps remain in our understanding of OA in tacticalathlete populations. Foremost, we were unable to ﬁnd any
data on the incidence or prevalence of OA in tactical
athletes other than military service members and ﬁreﬁghters, and even the data in these populations are limited. No
information seemed to be available on the incidence or
prevalence of OA in law enforcement, ﬁrst responder, or
other tactical-athlete populations. Furthermore, outside the
military, limited information exists on occupational disability due to OA in tactical athletes. As noted previously,
the role of acute traumatic joint injury in the initiation and
progression of OA in tactical-athlete populations is still
poorly understood; however, examining the factors that
contribute to the initiation and progression of posttraumatic
OA in this population appears be warranted.22 Furthermore,
OA studies in tactical athletes have primarily focused on
the knee, hip, and spine, but few data are available on OA
incidence or prevalence in other joints. This is an important
gap, particularly when considering the high rates of joint
injury to the ankle16 and shoulder18 observed in tacticalathlete populations. We know that acute traumatic joint
injury—repetitive bending, squatting, kneeling, and lifting—and excessive joint loading are risk factors for OA
and that tactical athletes are regularly exposed to these risk
factors, but we still have a poor understanding of how these
factors interact in relation to the initiation and progression
of OA in tactical athletes.
Important limitations related to the interpretation of
ﬁndings from this systematic review should be noted. None
of the studies that we reviewed were conducted prospectively, and quality scores for all studies reviewed ranged
from a low of 3 to a high of 7 on the 9-point NOS. Highquality prospective cohort studies are the best way to
identify risk factors for OA within tactical-athlete populations. These studies are needed to better understand the
modiﬁable and nonmodiﬁable risk factors for OA in tactical
athletes so that effective prevention strategies can be
developed and implemented. Despite this limitation,

Table 3. Incidence Rate Ratios by Rank in Active-Duty US Military
Sex(es)

Age
Range, y

Type of
Osteoarthritis

Cameron et al22 (2011)b

Both

18–62

Any

Scher et al23 (2009)c

Both

18–62

Hip

Study (Year)

a
b
c

Rank

Unadjusted
Incidence Rate

Junior enlisted
Senior enlisted
Junior officers
Senior officers
Junior enlisted
Senior enlisted
Junior officers
Senior officers

3.57
11.61
5.74
17.45
16.60
24.80
46.40
112.00

Adjusted Rate Ratioa
(95% Confidence Interval)
1.67
1.49
1.00
1.12
1.90
1.31
1.00
1.50

(1.63, 1.72)
(1.46, 1.53)
(1.09, 1.15)
(1.63, 2.22)
(1.16, 1.48)
(1.31, 1.73)

Adjusted for sex, age, branch of military service, and race.
Incidence rate per 1000 person-years.
Incidence rate per 100 000 person-years.

factors within this high-risk population in order to develop
and implement effective risk-reduction strategies.
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authors of some of the studies we reviewed were able to
assess the incidence of OA as an outcome in comparison
with a previous review in athletes from which only
prevalence data were available.34 Tactical athletes may be
more physically active than the general population, and this
may inﬂuence OA risk for some activities, which could not
be controlled in the current review.34 Finally, despite the
observed differences in OA incidence and prevalence
between tactical athletes and nonexposed controls from
the general population, we still do not know which speciﬁc
occupational factors or combination of factors are contributing to the observed disparity.
Even with these limitations in the literature, we
consistently observed that speciﬁc subgroups of tactical
athletes (eg, ﬁreﬁghters, active-duty military, veteran
parachutists) were at elevated risk for various types of
OA. However, important gaps still exist in our understanding of the risk factors that contribute to the increased OA
risk among tactical athletes. Furthermore, data on the
incidence and prevalence of OA in some tactical-athlete
populations (eg, law enforcement, ﬁrst responders) are not
currently available. Research examining the risk of OA in
these tactical-athlete populations is needed. The inﬂuence
of mandatory national military service on the prevalence of
OA also remains unclear. It is important to appreciate that
tactical-athlete populations are at high risk for OA, which is
a chronic disease that can impair physical function, lead to
occupational disability and early retirement, and reduce
quality of life. It is also critical to identify modiﬁable risk
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