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ABSTRACT

de la Motte, SJ, Lisman, P, Gribbin, TC, Murphy, K, and Deuster,
PA. Systematic review of the association between physical
fitness and musculoskeletal injury risk: part 3—flexibility, power,
speed, balance, and agility. J Strength Cond Res 33(6): 1723-
1735, 2019—-We performed a systematic review and evaluation
of the existing scientific literature on the association between
flexibility, power, speed, balance, and agility, and musculoskel-
etal injury (MSK-I) risk in military and civilian populations. MED-
LINE, EBSCO, EMBASE, and the Defense Technical
Information Center were searched for original studies published
from 1970 to 2015 that examined associations between these
physical fitness measures (flexibility, power, speed, balance,
and agility) and MSK-I. Methodological quality and strength of
the evidence were determined after criteria adapted from pre-
viously published systematic reviews. Twenty-seven of 4,229
citations met our inclusion criteria. Primary findings indicate that
there is (a) moderate evidence that hamstring flexibility, as mea-
sured by performance on a sit-and-reach test or active straight
leg raise test assessed with goniometry, and ankle flexibility,
assessed with goniometry, are associated with MSK- risk; (b)
moderate evidence that lower body power, as measured by
performance on a standing broad jump or vertical jump with
no countermovement, is associated with MSK-I risk; (c) moder-
ate evidence that slow sprint speed is associated with MSK-I
risk; (d) moderate evidence that poor performance on a single-
leg balance test is associated with increased risk for ankle
sprain; and (e) insufficient evidence that agility is associated
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with MSK-I risk. Several measures of flexibility, power, speed,
and balance are risk factors for training-related MSK-I in military
and civilian athletic populations. Importantly, these findings can
be useful for military, first responder, and athletic communities
who are seeking evidence-based metrics for assessing or strat-
ifying populations for risk of MSK-I.

Key WoRDSs military, athletes, first responders, risk factors,
injury

INTRODUCTION

usculoskeletal injury (MSK-I) remains a signif-

icant health problem for all active populations

(24,37,43) despite it being mostly preventable

through primary and secondary prevention
strategies. Improving physical fitness, including cardiorespi-
ratory endurance, muscular strength, muscular endurance,
and flexibility, power, speed, balance, and agility, shows
promise in the ability to affect high rates of MSK-I
(1,27,34,40). However, current evidence regarding the rela-
tionships among MSK-I and specific components of physical
fitness in military and athletic populations is mixed
(1,21,22,27,29,32,34,40).

To effectively prevent MSK-I, specific modifiable risk
factors must first be understood, and then targeted. Injury
prevention programs commonly include exercises that focus
on flexibility, power, speed, balance, and agility, and when
properly conducted and adhered to, have been shown to
reduce injury (35,41,42). However, the ability of such meas-
ures to predict risk has yet to be firmly established.

The Consortium for Health and Military Performance
conducted a systematic review to evaluate existing scientific
literature regarding the association between physical fitness
components and MSK-I in military and civilian athletic
populations. Although the review was conducted in support
of the US Army Training and Doctrine Command’s initiative
to develop and validate baseline physical performance
assessments for all US Army Soldiers, independent of age
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and sex, the results should be useful for civilian communities
as well. This article is the last in a 3-part series written from
this review. In parts 1 and 2 of our series, we focused on
cardiorespiratory endurance (31) and muscular strength and
endurance (8). Here, the authors review the literature on the
relationship of MSK-I in military and active civilian popula-
tions to several remaining components of fitness: flexibility,
power, speed, balance, and agility.

METHODS

Experimental Approach to the Problem

Search Strategy. After the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(see checklist, Supplemental Digital Content 1, http://links.
lww.com/JSCR/A66), we conducted a systematic review of
the research literature to evaluate published, peer-reviewed
studies, and military technical reports examining the associa-
tion between components of physical fitness and the risk of
sustaining an MSK-I in a military or civilian population
between the ages of 18 and 65 (see PRISMA flow diagram,
Supplemental Digital Content 2, http://linkslww.com/
JSCR/A67). In consultation with a research librarian, the fol-
lowing databases were searched for relevant articles published
from 1970 to December 2015: MEDLINE, EBSCO, EM-
BASE, and the Defense Technical Information Center. A
combination of the following search items was used to cap-

» o«

ture all relevant studies: “injury”, “musculoskeletal diseases,”

“musculoskeletal injury,” “sprain,” “strain,” “fracture,” “athletic
injury,” “dislocation,” “tendonitis,” “bursitis,” “fasciitis,” “joints,”
“risk assessment,” “injury prevention,” “attrition,” “physical fit-

» «

ness,” “exertion,” “physical endurance,” “physical education,”
“training,” “exercise intervention,” “physical exercise,” “flexibil-
ity,” “muscular strength,” “muscular endurance,” “muscular
power,” “aerobic fitness,” “aerobic capacity,” “aerobic power,”
“anaerobic fitness,” “anaerobic capacity,” “anaerobic power,”
“speed,” “balance,” “agility,” “maximal oxygen consumption,”
“maximum oxygen consumption,” “Vo, Max,” “Vo, Peak,”
“military personnel,” “emergency medical technician,” “ath-
letes,” “dancer,” “emergency responder,” “police,” “firefighter,”
“soldier,” “army,” and “navy.” The search was last performed
in February 2016. This brief review was approved by Towson
University.

» « » «

» « » «

» «

» «

Study Inclusion/Exclusion Criteria

Included articles met the following criteria: original research;
full-text available; populations aged 18-65; reported meas-
ures of physical fitness; study outcomes included acute/trau-
matic (e.g., dislocation, fracture, sprain/strain, etc.) or
overuse (e.g., stress fractures, tendonitis, bursitis, etc.)
MSK-I (36); and a reported measure of association with
injury (e.g., odds, hazard, risk or rate ratio). Musculoskeletal
injury was defined as an event that resulted in damage to the
musculoskeletal system for which the subject visited a med-
ical care provider or went to the emergency room (28).
Publications were excluded if (a) injury data reported were
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related to heat or cold injuries, animal bites, or other non-
musculoskeletal MSK-I; (b) injury data were self-report in
nature; (c) study populations were composed of children,
elderly, or adults with ill health or physically/mentally dis-
abled; or (d) studies were systematic reviews, literature re-
views, case studies, or case series in design.

Data Abstraction

Data extraction was split among the study investigators, with
articles evenly divided among the authors. Relevant data
were independently extracted using a standardized set of
abbreviations and reporting methods and finally compiled in
a single database. Data abstraction categories included
population characteristics: MSK-I type and assessment,
fitness components measured, fitness measurement tests,
statistical analysis performed, and the reported odds, risk, or
hazard ratios of injury with and without adjustments.

Methodological Quality Assessment

Each study was assessed for methodological quality using
one of 2 modified assessments from Bullock et al. (5) (see
quality assessments, Supplemental Digital Content 3, http://
links.lww.com/JSCR/A68). The assessment tools were com-
posed of 3 sections: (a) problem (1 item); (b) study design
and methodology (6 items); and (c) data presentation and
statistical analysis (4 items). Each question was scored from
0 to 2, with a maximum total score of 22. After initial scor-
ing, the investigators met to compare scores and a discussion
ensued (in cases of disagreement) until consensus was
reached.

As all studies received maximum points for clearly
identifying the research problem, scores were converted to
a 20-point scale and expressed as a percentage. Studies were
then ranked according to their methodological quality based
on percentage of total possible points, resulting in the
following groups: (a) poor (below 70th percentile: <13.5
points); (b) fair (70-79th percentile: 14-15.5 points); (c)
good (80-89th percentile: 16-17.5 points); or (d) excellent
(90th percentile and above: >18 points).

Assessment of Evidence Summary-Strength of the Evidence

Studies that found significant crude or adjusted associa-
tions between measures of flexibility, power, speed,
balance, and agility were distinguished from those that
did not with symbols representing the level and direction
of association. Significant associations between low levels
of flexibility, power, speed, balance, and agility (less fit),
and elevated MSK-I risk with univariate and multivariate
analyses were denoted by the symbols “+” and “++,”
respectively, whereas associations between high levels
of flexibility, power, speed, balance, and agility (more
fit), and elevated MSK-I risk were noted with “—” and
“— —”. Next, the overall strength of the evidence was
compiled and rated after criteria adapted from previous
systematic reviews (5,6,19). The level of evidence for the
relationship between flexibility, power, speed, balance,
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and agility, and MSK-I was ultimately determined to be as
follows:

e Strong: three studies of at least good methodological
quality or at least 2 studies of excellent methodology
with consistent multivariate findings

e Moderate: consistent results from 2 studies of good
methodology or one study of excellent methodology
with multivariate findings

e Limited: one study of good or fair methodological qual-
ity with multivariate findings and multiple studies of
good methodology with univariate findings

e Insufficient: results from studies of exclusively poor
methodology and no evidence from multivariate analy-
ses in excellent quality studies

REsuLTS

Search Results

The database search yielded 4,229 articles. In addition, 5
potential articles were identified from a manual search and
subject matter expert recommendations. After duplicates
were removed, the 3,321 remaining articles were divided
alphabetically into 4 groups (one group per author). The
titles and abstracts were reviewed for inclusion or exclusion,
and full-text articles were retrieved if exclusion could not be
determined by title and abstract alone, or if the article passed
the first eligibility screening. After preliminary review for
inclusion, 234 full-text articles were reviewed for associations
between MSK-I and one or more fitness components.
Ultimately, 27 articles met final inclusion criteria for this
systematic review and reported the association between
MSK-I and flexibility, power, speed, balance, or agility in
military or athletic populations. The primary reasons for
exclusion were (a) no objective assessment of fitness; (b)
outcome data not specific to MSK-I; and (c) statistical
analyses did not include measures of association, such as
odds, hazard, or risk ratios.

Characteristics of Included Studies

Sixteen of the 27 studies (59.3%) investigated the association
between MSK-I and fitness (flexibility, power, speed, and
balance) in athletic populations, 9 (33.3%) were composed of
military cohorts, and one each (3.7%) was composed of
Federal Bureau of Investigation trainees or foreign physical
education students. Of the 16 studies composed of athletic
populations, 5 included collegiate athletes, 3 each were
composed of Australian football or professional soccer
players, 2 each included Australian rugby or professional
hockey players, and one study included male volleyball
players. Five of the 9 military studies were composed of basic
training populations. Of the 27 studies, 25 (92.5%) used
a prospective cohort study design, and one each used
a retrospective cohort or nonrandomized control study
design. Nineteen studies (70.4%) included only male partic-
ipants, 2 (7.4%) were limited to female participants, and 6
(22.2%) studies included both male and female participants.

Twelve of the 27 articles (44.4%) examined multiple
components within the same study. The most commonly
investigated components in order were flexibility (18 studies;
67.7%), power (11 studies; 40.7%), speed, and balance (5
studies each; 18.5%). Our search did not yield any studies
that investigated the association between agility and MSK-I
and met our inclusion criteria.

Musculoskeletal Definitions and Injury Ascertainment

Most studies (15 of 27; 55.6%) used a broad definition of
MSK-I and reported “acute/traumatic” and/or “overuse”
injury as their outcome variable. Eleven studies (40.7%) spec-
ified a particular anatomical site and/or injury of interest,
including ankle injuries (» = 4), hamstring (7 = 4), or hip
adductor/groin strains (7 = 2), and Achilles tendon overuse
injury (7= 1). Last, one study investigated “contact injury” in
Australian professional rugby players. Injury data were ob-
tained directly from health care professionals responsible for
the medical care of the athletic teams or military members in
20 studies (74.1%), whereas 6 studies (22.2%) obtained injury
data from review of medical records and/or electronic
administrative clinical encounter databases. One study ob-
tained injury data using uniform injury-reporting forms filled
out by the coaching staff.

Methodological Quality

Four studies were categorized as “excellent,” 14 were clas-
sified as “good,” 8 were categorized as “fair,” and one had
“poor” methodological quality. The mean quality score *
SD of the studies was 16.1 = 1.6, ranging from 14 to 19.
Strengths of most studies were noted in the 4 items cate-
gorized in the data presentation and statistical analysis sec-
tion. By contrast, weaknesses of some studies were noted in
the study design and methodology category. The most
common items receiving either partial or no credit in order
were (a) failure to state whether a power analysis was con-
ducted, (a) inadequate description of the source of subjects
including inclusion and exclusion criteria, and (c) insuffi-
cient inclusion of relevant confounders in the data collec-
tion. Table 1 provides a summary of the study
characteristics, quality ratings and scores, and outcomes
and directions of associations for all studies of “excellent”
and “good” methodological quality that investigated the
association between flexibility and MSK-L Table 2 presents
these results for all studies of “excellent” and “good” meth-
odological quality that investigated the association between
MSK-I and power, speed, and balance. Supplemental Dig-
ital Content 4 (see Table, http://links.lww.com/JSCR/
A69) presents results for all studies of “fair” and “poor”
methodological quality that investigated the association
between flexibility and MSK-I while Supplemental Digital
Content 5 (see Table, http://links.lww.com/JSCR/A70)
presents these results for studies that examined the associ-
ation between MSK-I and power, speed, and balance. Stud-
ies were grouped into tables by physical fitness measures;
therefore, studies that investigated the association between
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TasLe 1. Study methodological characteristics and results for the association between flexibility and MSK-.*

Strength of association

Author, country, Quality rating Follow- Flexibility Crude Association with Direction of
population (score) Sample size up MSK-l type measurement  association adjustments association
Quadriceps and Hip
Arnason et al. (2), Good (16.5) M= 249 4 mo AT &O Thomas test No data NS +*
Iceland, Pro Soccer provided
Passive knee NS NS +
flexion
Passive hip No data NS *
abduction provided
Gabbe et al. (12), Good (17) M=126 1 Hamstring Modified - Greater quad flexibility: ++
Australia, Football season injury Thomas test RR=0.3(0.1-0.8,p=
(community level) 0.02)+
Active hip ER & - NS *
IR
Knapik et al. (25), Good (16) F=138 3y AT &O Active hip Right/left NS +
USA, College extension asymmetry
Athletes >15%: RR =
2.63 (p <
0.001)
Active knee NS NS *
flexion
Active hip ER NS NS *
Active hip NS NS *
abduction
Hamstring
Arnason et al. (2), Good (16.5) M= 249 4 mo A/IT & O  Passive knee NS NS *
Iceland, Pro Soccer extension
Bell et al. (4), USA, Good (16.5) M = 509 8 wk A/T & O  Sit-and-reach - NS +
Army (BCT) F =352 - NS +
Cowan et al. (7), USA  Good (17) M = 303 13wk A/T&O  Sit-and-reach NS Most flexible quintile: OR --
Army (BCT) =2.88 (1.16-7.17)
Least flexible quintile: ++
OR = 3.30 (1.33-
8.18)
Gabbe et al. (12), Good (17) M=126 1 season Hamstring  Active knee - NS +*
Australia, Football injury extension
(community level) Passive SLR - NS *
Sit-and-reach - NS *
Henderson et al. (20), Good (16.5) M= 36 1 season Hamstring  Active SLR - Increased AROM: OR = ++
England, Pro Soccer injury 0.77 (0.62-0.97, p =
0.02)
Passive SLR - NS *

Amfuy [eyopayso[masnjy] pue ssamL]



‘panqryoad st o[onae siyy Jo uononpoidal pazuoyneun UOREBIOOSSY JUIUONIPUO)) pue YISuang [euoneN 10z O ysuido)

ykdAR | 610z annr | 9 ¥3gNNN | €€ INNTOA

Knapik et al. (25), Good (16)
USA, College
Athletes

Knapik et al. (28), Good (17)

USA, Army (BCT)

Reynolds et al. (38), Good (16.5)
USA, Army

Yeung et al. (562), Good (17)
China, Amateur &
College Sprinters

Ankle

Fousekis et al. (10), Good (17)
Greece, Pro Soccer

Gabbe et al. (12), Good (17)
Australia, Football
(community level)

Knapik et al. (25), Good (16)
USA, College
Athletes

Mabhieu et al. (33), Good (17)
Belgium, Army
(BCT)

F=138
M=169
F=164
M= 181
Total = 44 (M =
35; F=9)
M=100
M=126
F=138
M= 69

1y AT &O Active hip NS
flexion
8 wk A/T & O  Sit-and-reach Least flexible:
RR=12.4
(1.1-5.0, p =
0.02)
NS
1y A/T & O  Sit-and-reach NS
1y Hamstring  Passive SLR -
injury
10 mo Ankle sprain  Active DF -
Active PF -
1 season Hamstring DF lungez -
injury
1y AIT&O Active DF NS
6 wk Achilles Active DF -

tendon (knee
(overuse) extended)
Passive DF -
(knee
extended)
Active DF -
(knee 45°
flex)
Passive DF -
(knee 45°
flex)
Active PF (knee -
extended)
Passive PF -
(knee
extended)
Active PF (knee -
45° flex)
Passive PF -
(knee 45°
flex)

NS +
NS +
NS +
NS +
NS +
NS +
NS +*
NS +
NS +*
NS +
Increased Passive DF: - -
OR =1.23 (1.03-
1.46, p = 0.02)
NS +
NS +*
NS +
NS +
NS +*
NS +

(continued on next page)
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several measures of fitness and MSK-I are listed more than

once.
To Il
c .2
SeTy EVIDENCE SUMMARY—STRENGTH OF EVIDENCE
=230
t # S i; ko 3_::_ Flexibility
= 2 T% é Hip and Quadriceps Flexibility. Seven studies investigated the
o § £g association between hip or quadriceps flexibility and MSK-I
o~ 0 % 3 5 E in athletic populations (2,9,11,12,25,48,50), 2 of which were
ST, 4 @ .
2aY g0 <5 & g composed of women only (25,50). Assessments of hip flex-
2 -2 - . o : .
2 % AI: 0 CI\I: o) .E kS "2 I ibility C(')ns1sted. prlmanl.y of active range of‘ mot19n mea-
E5000w s -S% sured with goniometry in any of the 6 possible directions
) BPth » O . .
° EENE & 2 % SEX for the hip (2,9,11,12,25,48,50), whereas quadriceps (namely
E OF :I 2= °58 _é rectus femoris) flexibility was assessed with either the mod-
£o0g%g 2 2 I ified (11,12) or standard Thomas test (2,48). One additional
¥ NETE § ge *% study used a prone knee flexion measure to assess quadriceps
—
$c <o flexibility (2). In one study of good methodological quali
T g y y ol g gical quality,
2 % gé greater quadriceps flexibility, as determined by a modified
28 Thomas test, was found to be an independent risk factor for
zmnagd g
! ! S % E hamstring injury occurrence in Australian rules football play-
=+ 2] 3 . 1eTs 0 .
§+o3 ers; players with greater flexibility were 70% less likely to
‘%?‘g § 1 suffer a hamstring injury than those with poor flexibility
_ @: .. . .
- § c|o ?f) (I'_I) o (12). An adﬁhtlf)nal stud?f of good m.etl.lodologmal qual.1ty
S EQq | ls@x reported a significant univariate association between active
E i 25 £3 g8 hip extension asymmetry (right-to-left, >15%) and MSK-I in
o % & = g a;s, 5 female collegiate athletes (25). Overall, the evidence support-
< 5 2 g g ing the association between hip and/or quadriceps flexibility
o 20957 and MSK-I is limited.
@) £ > -ﬂg ié %)
3 52 | §252 : . o -
= g £ § S E & Hamstring Flexibility. Ten studies investigated the association
< T S £33 between hamstring flexibility and MSK-I; of these, 6
s 8 2 <3 % included athletic populations (2,11,12,20,25,52), whereas 4
> o £ gl Et; were composed of military cohorts (4,7,28,38) and 3 of
— Q2 . . .. . .
& =3 2 2 which were basic training populations (4,7,28). Four studies
- 23 . . .. .
e 5 3 ) specifically looked at hamstring injury risk (11,12,20,52),
K § g ﬁ _é whereas the remaining 6 studies used any acute/traumatic
® © 3882 'g or overuse injury as their outcome of interest (2,4,7,25,28,38).
‘H ‘H 5 § 2 o Assessments of hamstring flexibility included a sit-and-reach
s s E g ﬁ% E test (6 studies) (4,7,11,12,28,38), active (2 studies) (11,12) or
2 2§= ST passive knee extension (1 study) (2), and active (2 studies)
kS $-§)£ .E_.‘% (20,25) or passive (3 studies) (12,20,52) straight leg raise
© — clog 3 (SLR) tests. One study of good methodological quality re-
- = 2800 ©O¢ .. ..
bt = 52 f S ¥s ported a multivariate association between performance on
S 3 %; #t_% ég a sit-and-reach test and incidence of MSK-I in male US
§ 8 $'§ ¥ £ §5 Army basic trainees; recruits with the highest and lowest
w 8 E)E Egox hamstring flexibility were 2.9 and 3.3 times more likely to
_ E (ﬁ 2 Alz s g -% suffer a hamstring injury compared with those with average
= 8T | E+o el ¥ flexibility (7). Another study of good methodological quality
0 %5 N-o-g X201 a N .
5!r . o = |§ > 52 g 8650 reported that poor hamstring flexibility, as determined per-
w E S ®,E £2 01568 formance on a SLR test measured with a goniometer, was an
T < § >0 g UE;%’ E g 12 E independent risk factor for hamstring injury in English pro-
C = = @ . . T
S5 = '_6% @ § g f,",;:,(% g8 fessional soccer players; athletes with lower flexibility had
% L 22T 3 . . e
ED g é & <=\, 83 8 ST roughly a 30% greater risk of injury than those with higher
o) 239F flexibility measurements (20). Finally, an additional study of

good methodological quality reported a univariate associa-
tion between poor hamstring flexibility and elevated MSK-I
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TaBLe 2. Study methodological characteristics and results for the association between power, speed, balance, and MSK-I.*

Strength of association

Quality
Author, country, rating Association with Direction of
population (score) Sample size Follow-up  MSK-l type Fitness test Crude association adjustments association
Power
Arnason et al. (2), Good M=217 4 mo AT&O Squatt NS NS +
Iceland, Pro Soccer (16.5) Vertical NS NS +
jumpi
CMJ NS NS *
Single-leg NS NS *
CcMmJ
Gabbett et al. (13), Excellent M= 153 1t04 AT & O§ CMJ - NS +
Australia, Sub-elite (18) seasons
Rugby
Grant et al. (17), USA, Excellent M=79 8 AT&O CMJ NS NS +
Hockey (18) successive Olympic NS NS *
seasons clean
Henderson et al. (20), Good M= 36 1 season Hamstring Vertical - Increased jump height: --
England, Pro Soccer (16.5) injury jumpt OR = 1.47 (1.02-
2.21)
CMJ - NS #*
Knapik et al. (28), USA, Good (17) M=182 8 wk AT&O CMJ NS NS +
Army (BCT) F=168 NS NS +
Mahieu et al. (33), Good (17) M= 69 6 wk Achilles Standing - NS +
Belgium, Army (BCT) tendon broad jump
(overuse)
Roos et al. (39), Good (16) M=619 21 wk AT&O Standing NS - +
Switzerland, Army broad jump
(BCT) Seated shot NS - *
put
Taanila et al. (44), Good (17) M=1,411 180 d AT&O Standing  Shortest quartile: Shortest quartile: ++
Finland, Military broad jump Severe acute: Severe acute: HR =
HR =3.3 2.8 (1.2-6.4)
(1.5-7.1)
Overuse: HR =
1.6 (1.2-2.0)
Severe overuse:  Severe overuse: HR =
HR =123 1.8 (1.1-3.0)
(1.5-3.6)
Teyhen et al. (45), USA, Excellent M= 188 1y A/T & O  Triple cross- NS NS *
Army (18) over hop
Speed

(continued on next page)
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Gabbett et al. (13), Excellent M =153 1to4 A/T & O§  10-m sprint - Lower speed: OR = ++
Australia, Sub-elite (18) seasons 10.28 (1.40-75.67, p
Rugby = 0.022)
40-m sprint - Lower speed: OR =9.93 ++
(1.30-75.62, p =
0.027)
Knapik et al. (26), USA, Good (17) M= 426 21 wk A/T & O  300-m sprint Slowest quartile: Slowest 2 quartiles: HR ++
FBI trainees HR =1.71 = 1.84 (1.31-3.00, p
(1.08-2.84,p=  =0.01); HR=1.75
0.04) (1.01-3.04, p < 0.01)
F=105 Slowest tertile: HR NS +
= 2.23 (1.06-
4.70, p = 0.04)
Balance
Roos et al. (39), Good (16) M=619 21 wk AIT&O Single leg NS - #*
Switzerland, Army balance
(BCT) testq]
Teyhen et al. (45), USA, Excellent M= 188 1y AT&O Y-balance NS NS +
Army (18) test
Trojian et al. (47), USA, Excellent Total=230 (M= 1 season  Ankle sprain  Single leg Positive SLB  Positive SLB test#: OR ++
College athletes (19) 150; F= 80) balance test#: RR = = 2.54 (1.0d2-6.03, p
test 2.43 (1.15- = 0.05)
5.14)
*- - = Significant multivariate association between high levels of power, speed, or balance and increased MSK:-| risk; - = Significant univariate association between high levels of

power, speed, or balance and increased MSK-I risk; + = Significant univariate association between low levels of power, speed, or balance and increased MSK-| risk; ++ = Significant
multivariate association between low levels of power, speed, or balance and increased MSK-| risk; # = No significant association; A/T & O = Acute/Traumatic & Overuse; BCT =
basic combat training; CMJ = countermovement jump; F = Female; HR = hazard ratio; M = Male; MSK-| = musculoskeletal injury; NS = non-significant; OR = odds ratio; RR = risk
ratio.

+Maximal average power measured during extension phase of a squat (tests performed with external loads of 20, 40, 60, and 80 kg).

$Standing jump (participant bent knees to 90°, paused for 1-3 s, then extended knees and hips with no countermovement of the trunk or knee permitted).

§lnjuries included all injuries and contact injuries.

|Odds of sustaining a hamstring injury increased with every additional 1 cm achieved in vertical jump test.

flAssessed single-leg balance duration (average and right-to-left asymmetry).

#Test performed with eyes closed for duration of 10 s. Positive test defined as participant describing a sense of imbalance or displaying an inability to perform the test on either or
both legs without error.
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risk in male but not female US Army basic trainees (28).
Collectively, there is moderate evidence supporting the asso-
ciation between hamstring flexibility and MSK-I risk,
although the exact direction of the association cannot be
stated.

Ankle Flexibility. Eight studies investigated the association
between ankle flexibility and MSK-I. Five of the 8 studies
were composed of athletic populations (10-12,18,25), 2 were
military cohorts (33,45), and one included college physical
education students (50). The most commonly performed
ankle flexibility assessment was non-weight-bearing active
dorsiflexion (DF) (5 studies) (10,18,25,33,50) and plantar-
flexion (PF) (4 studies) (10,18,33,50) measured with a goni-
ometer. One of these studies (33) obtained both DF and PF
measurements with the knee in 2 positions, 45° of flexion
and extended, while another measured DF in both knee
positions and included a measurement of subtalar inversion
and eversion (50). Three additional studies used a weight-
bearing measure of DF, which was obtained during a forward
lunge (11,12,45). Injury outcomes for these studies included
ankle sprains (3 studies) (10,18,50), hamstring injury (2 stud-
ies) (11,12), Achilles tendon overuse injury (1 study) (33),
and any MSK-I (2 studies) (25,45). One study of excellent
methodological quality reported a multivariate association
between ankle DF asymmetry and incidence of MSK-I in
male US Army Rangers; Rangers with asymmetry =6.5°
were 4.0 and 5.1 times more likely to suffer any and overuse
MSK-Is, respectively, than those without asymmetry (45).
Another study of good methodological quality reported that
increased passive DF ROM was an independent risk factor
for overuse Achilles tendon injuries; Belgian Army basic
trainees with increased DF ROM were 1.2 times more likely
to suffer an injury than those with less ROM (33). Overall,
there is moderate evidence supporting the association
between ankle flexibility and MSK-I risk, although the exact
direction of the association cannot be stated.

Other Measures of Flexibility. Three studies investigated
additional measures of flexibility not previously discussed,
including lumbar spine extension ROM from standing (12),
metatarsal phalangeal joint flexion and extension ROM (50),
and the TIGHT score (30), which assessed overall muscle
tightness by combining measures of flexibility for the iliop-
soas, iliotibial band, hamstring, rectus femoris, and gastroc-
soleus muscles. In one study of fair methodological quality,
collegiate athletes with a higher TIGHT score, which signi-
fied greater muscular tightness, were 1.2 times more likely to
suffer a MSK-I that those with lower scores (30). Based on
this study alone, the evidence supporting the association
between other measures of flexibility and MSK-I is limited.

Power
Eleven studies investigated the association between power

and MSK-I (2,13-15,17,20,28,33,39,44,45). Five of the 11

studies were conducted in military populations
(28,33,39,44,45), with 3 during basic training (28,33,39).
The most commonly performed power assessment was the
countermovement vertical jump (CMJ]) (6 studies)
(2,13,14,17,20,28); other assessments of lower body power
included the standing broad jump (3 studies) (33,39,44), ver-
tical jump without countermovement (2 studies) (2,20),
weighted jump squat (2 studies) (14,15), single-leg CMJ
(2), weighted squat (2), and triple cross-over hop for distance
(45) (1 study each). Upper body power assessments included
the bench press throw (14) and seated shot (39) put (1 study
each) while total body power was assessed with the Olympic
clean (17) and power clean (14) (1 study each). Two studies
of good methodological quality reported that lower body
power, as measured by a standing broad jump or vertical
jump with no countermovement, was an independent risk
factor for injury when considered in the multivariate models
(20,44). Finnish conscripts with shorter standing broad jump
distances were 2.8 and 1.8 times more likely to suffer severe
acute and overuse injuries, respectively, than those with lon-
ger jump distances (44). By contrast, professional soccer
players who jumped higher during a vertical jump with no
countermovement test were 1.5 times more likely to suffer
a hamstring injury than those with lower jump heights (20).
Collectively, moderate evidence supports the association
between lower body power and MSK-I risk, although the
exact direction of the association cannot be stated.

Speed

Five studies investigated the association between speed and
risk of MSK-I (13-15,26,49); only one study included
women (26) or was comprised of a military population
(49). Speed assessments included sprints of varying length—
from 10 to 300 m. In one study of excellent methodological
quality, slower sprint speeds on 10- and 40-m sprints were
both found to be independent risk factors for MSK-I in Aus-
tralian rugby players; athletes with low 10- and 40-m speeds
were 10.3 and 9.9 times more likely to be injured than those
with faster speeds (13). Similarly, a study of good methodo-
logical quality reported a multivariate association between
slower speed on a 300-m sprint and incidence of injury in
male FBI trainees and a univariate association in female
trainees (26). Consequently, there is moderate evidence that
slower sprint speed is associated with increased MSK-I risk.

Balance

Five studies investigated the association between balance
and MSK-I, with 2 each composed of athletic (18,47) or
military populations (39,45) and one collegiate physical edu-
cation students (50). Three studies investigated ankle sprains
as their sole injury outcome (18,47,50). Two studies used
instrumented measures of balance (i.e., stability limits as as-
sessed by the Neurocom Balance Master or force plate meas-
ures) (18,50), whereas 3 others used clinical assessments,
such as the single-leg balance test (39,47), which measured
static balance, and the Y-balance test (45), an assessment of
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dynamic balance. One study of excellent methodological
quality reported a multivariate association between single-
leg balance test performance and incidence of ankle sprains
in male and female collegiate athletes; athletes who failed the
test, as determined by an inability to maintain single-leg
balance without error on both legs for 10 seconds, were
2.5 times more likely to suffer an ankle sprain vs. those
who passed (47). Consequently, there is moderate evidence
supporting an association between poor balance and even-
tual ankle sprain injury.

DIScUSSION

Physical fitness is a broad concept that includes many
different components. This paper specifically focused on 5
important but often neglected components that might be
associated with MSK-I: flexibility, power, speed, balance,
and agility. Based on our synthesis of the evidence, our
primary findings were that there is (a) moderate evidence
that hamstring flexibility, as measured by performance on
a sit-and-reach test or active straight leg raise test assessed
with goniometry, and ankle flexibility, assessed with goni-
ometry, are associated with MSK-I risk; (b) moderate
evidence that lower body power, as measured by perfor-
mance on a standing broad jump or vertical jump with no
countermovement, is associated with MSK-I risk; (c) mod-
erate evidence that slow sprint speed is associated with risk
for MSK-I; (d) moderate evidence that poor performance on
a single-leg balance test is associated with increased risk for
ankle sprain; and (e) insufficient evidence that agility is
associated with MSK-I risk. Notably, our search did not yield
any studies that investigated the association between agility
and MSK-I and met our inclusion criteria.

Our examination of the scientific literature led to several
interesting findings. First, slower sprint speed was positively
associated with increased risk for injury in both rugby
players (13) and FBI trainees (26). Notably, sprint speeds
were measured across both short (10 and 40 m) and long
(300 m) distances. The reason that slower times were asso-
ciated with increased risk is unclear, but speed may be a sur-
rogate for aerobic fitness, and the evidence for associations
between MSK-I risk and aerobic fitness is strong (31). In FBI
trainees, Cox regression analyses determined the slowest 2
quartile-sustained MSK-I at greater rates compared with the
fastest. Those with slower 1.5-mile run times and lower over-
all physical fitness test scores were also at increased risk (26),
which again is consistent with the findings for our systematic
review on cardiorespiratory endurance (31).

The finding with balance is also of interest, but the specific
measures used seem to be important as well: clinical
performance measures which are noninstrumented and
require little or no equipment vs. those instrumented
requiring specialized equipment. A meta-analysis by Arnold
et al. (3) found poorer noninstrumented balance (foot lifts
during a static balance task and the Star Excursion Balance
Test) and instrumented measures (time to stabilization and
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other force plate measures) to be highly associated with
chronic ankle instability, but no study outside of the current
review has systematically examined balance in nonpatho-
logic populations within our search and inclusion criteria.
For the purposes of this study, poor balance as measured
by noninstrumented tasks in collegiate athletes was associ-
ated with greater risk of ankle sprain (47), whereas no such
association was noted for the instrumented tests investigat-
ing ankle sprain (18,50). Performance-based noninstru-
mented measures of balance are widely used and easy to
implement but do not identify the underlying mechanisms
of balance impairments, meaning instrumented assessments
still remain relevant. The expediency and ease of use of
clinical balance measures, together with the moderate level
of evidence, make for an attractive assessment in prospec-
tively examining ankle sprain risk. However, as all balance
studies looked at ankle sprain outcomes, we cannot gener-
alize these findings to other types of MSK-I.

The moderate yet conflicting evidence for hamstring and
ankle flexibility and injury also warrants further discussion.
More than half (6 of 10; 60%) of the studies on hamstring
flexibility used a broad MSK-I definition as their outcome
(2,4,7,25,28,38), whereas 4 specifically studied hamstring
injury (11,12,20,52). Only one of these was significant,
albeit in a small sample of male professional soccer players,
with results revealing an association between greater ham-
string flexibility as measured by performance on an active
SLR test and decreased injury risk (20). By contrast, one
study reported a bimodal association between hamstring
flexibility, as measured by sit-and-reach test performance
and injury risk (acute or overuse injury) in male basic train-
ees (7). Similar findings of conflicting directions of associ-
ation were found with regard to ankle ROM and risk of
injury in military populations (33,45). For ankle flexibility,
ankle dorsiflexion active ROM asymmetry was found to be
a significant predictor of MSK-I risk in US Army Rangers
(45), whereas greater DF-passive ROM was associated with
elevated risk of overuse Achilles tendon injuries in Belgian
basic trainees (33). Although it is routinely accepted that
poor flexibility is related to increased injury risk and
stretching is widely recommended as an injury prevention
practice, the evidence remains equivocal on the influence of
flexibility on training and sport-related injury (16,23,46,51).
Authors have suggested that muscles with less compliant
musculo-tendinous units (low level of flexibility) are more
susceptible to strains during stretch-shortening cycles
(16,51), which are especially potent and frequent during
sport- and training-related jumping and sprinting activities.
By contrast, proposed explanations for studies relating high
levels of flexibility to increased injury risk include the
potential effects ROM has on decreasing overall joint sta-
bility and positioning joints in positions where static (liga-
ments) and dynamic (muscle) stabilizing tissues are more
prone to sprain or strain when loaded (46). Given the find-
ings for both hamstring and ankle flexibility/ROM, it is
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clear that future research investigating the potential link
between flexibility and injury is warranted.

Similar to flexibility, results from this review revealed
inconsistent findings related to the association between
power and injury risk (2,13,17,20,28,33,39,44,45). Profes-
sional soccer players who demonstrated increased vertical
jump height were at greater risk for hamstring injury (20).
As most hamstring injuries occur with explosive movements
within this sport, this finding is not wholly surprising. It is
reasonable to suggest that athletes who generated greater
explosive force production, as measured by performance
on a non-countermovement jump test, were more likely to
achieve greater limb accelerations and decelerations during
play, which may have increased their risk for hamstring
injury. By contrast, Taanila et al. (44) reported that lower
levels of lower body power, as measured by standing broad
jump performance, were predictive of acute and chronic
injury in a large cohort of Finnish military conscripts. Given
this test requires both vertical and horizontal displacement
during performance, higher levels of both power and motor
control are needed for successful jump completion. These
factors, in addition to the population tested and use of
a broad injury definition (all acute and overuse injuries),
may help explain the relationship found. Conscripts with
lower levels of lower body power and motor control may
have perceived formal physical and field training exercises,
such as obstacle courses and runs/marches over various ter-
rains, as more difficult and thus had an increased likelihood
for injury. Given these collective findings, future studies may
want to further investigate associations between various
measures of power and injury across a multitude of
populations.

This systematic review has several limitations, many of
which have been presented in parts 1 and 2 of this series
(8,31). For instance, an important limitation is that some
studies may have been missed from the current literature
search. Our search strategy used broad injury search terms
(e.g., “injury,” “musculoskeletal injury,” “sprain,” “strain,” etc.)
and thus may not have captured all relevant literature mea-
suring the association between fitness components (flexibil-
ity, power, speed, balance, and agility) and a specific injury
and/or injury to a particular anatomical location. Conse-
quently, future systematic reviews and meta-analyses that
use search terms specific to particular injuries and/or ana-
tomical locations are warranted to investigate these potential
associations. Furthermore, we excluded all studies with
injury data that were self-report in nature due to the poten-
tial variance in both validity and reliability of self-reported
injury outcome measures across studies. Investigators may
also want to include self-report measures of injury in future
systematic reviews albeit taking into consideration the reli-
ability and wvalidity characteristics of self-report injury
assessments.

Specific to this study, an important limitation was the
number of various assessments used to measure each

component of fitness, which made comparing fitness com-
ponents across studies difficult. Ultimately, this limitation led
to numerous additional questions. For example—hamstring
flexibility can be measured in different ways—are the ones
used assessing flexibility or range of motion? What is the
best assessment for upper and lower body power? Should
a standardized noninstrumented measure of balance be
used? As suggested, a major limitation was that we made
a number of assumptions to try to bring the literature into
a coherent framework, and our assumptions could be chal-
lenged. However, this is an attempt to help develop a scien-
tific approach to synthesizing the vast and diverse literature,
so the results can be applied in practical ways. Finally, we
modified previous methodological scoring rubrics and devel-
oped our own level of evidence determinations for this study.
Both these metrics were modified from previously published
systematic reviews and both were made specific to our ques-
tions of interest However, as these are new measures, the
measurement properties of each could be questioned.

PRACTICAL APPLICATIONS

This is the last in a 3-part series of articles that systematically
reviewed the evidence and assessed the quality of relevant
scientific literature published on physical fitness and MSK-I
among military and civilian populations. Findings from this
article indicate that several measures of flexibility, power,
speed, and balance are moderately associated with increased
risk for MSK-I. Notably, our results also revealed conflicting
directions of association for the relationships between both
flexibility and power, and injury risk. When results from this
entire series of reviews are considered, several important
findings emerge. First, it is important to note that this review
was conducted in support of the US Army Training and
Doctrine Command’s initiative to develop and validate base-
line physical performance assessments for all US Army Sol-
diers, independent of age and sex. Given that most studies
were conducted in military populations, many of the assess-
ments used to measure components of physical fitness were
specific to military training, particularly branch-specific
physical fitness tests. Consequently, the most frequently re-
ported fitness components were cardiorespiratory endurance
and muscular endurance, which were commonly assessed
with set distances run for time, and push-up and sit-up tests.
Our review also revealed that studies assessing the relation-
ship between muscular strength, flexibility, power, speed,
and agility, and MSK-I were more scarce, and in the case
of agility, non-existent. It is clear that further study on these
associations and their implications for injury prevention pro-
gramming is warranted. Despite this disparity in the quantity
of reviewed studies examining the various components of
fitness, we believe our results can still be of use for military,
first responder, and athletic communities who are seeking
evidence-based metrics for assessing or risk-stratifying pop-
ulations or individuals for risk of MSK-I. Second, our results
indicate that the scientific literature supports the association
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between low levels of cardiorespiratory endurance and mus-
cular endurance, especially of the upper body, and increased
MSKA-I risk. The evidence is particularly strong because it
pertains to the relationship between low CRE and injury;
therefore, including an assessment of CRE when stratifying
these populations for injury risk is advised. Finally, although
much work remains with regard to prioritizing what meas-
ures would be most useful in various situations and across
multiple populations, selected tests presented in this series of
articles could be used now to help mitigate injury risk
by providing countermeasures to improve functional
limitations.
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