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Abstract

Background: An effective military force is required to be agile, capable, efficient, and potent. Injuries to military
personnel interrupt active-duty service and can detract from overall capability. These injuries are associated with a
high individual and organizational burden, with lost work time and financial costs—all problematic for the ongoing
functioning of a military force. Injury control strategies have therefore been described as force multipliers. Female per-
sonnel form an integral part of any modern defence force, but little research has examined their specific experiences
of injury, to inform targeted injury control efforts. The aim of this review was to identify and synthesise findings from
studies of injury rates and patterns in female military personnel, comparing them to those of male personnel.

Methods: A systematic search was conducted for studies which compared injury rates between the sexes at any
stage of military service, from basic training through to deployment. Databases searched included PUBMED, CINAHL
and Medline through OVID. Methodological quality of eligible articles was assessed using the Critical Appraisal Skills
Program (CASP), and AXIS tools and data were extracted, synthesized, and, where possible, underwent meta-analysis.

Results: Of 2287 identified studies, a total of 25 studies were eligible and included. Methodological quality ranged
from 60% up to a perfect score of 100%, with an average of 82% across all studies. Relative risks for injuries (reported
as RR [95%Cl]) to females when compared to males were 2.10 [1.89-2.33] during basic training, 1.70 [1.33-2.17] dur-
ing officer training, and 1.23 [1.05-1.43] post initial training. After adjustment for differences between the sexes in
average fitness levels (2-mile run time), there was no longer a significant difference in injury rates (adjusted RR: 0.95
[0.86-1.05]). Female personnel tended to make bigger improvements in their fitness during basic training than males
and tended to report their injuries more frequently and sooner than males.

Conclusion: While this review found a higher rate of reported injuries in female military personnel when compared
to male personnel, differences between the sexes in average fitness levels and injury reporting behaviours may largely
explain this rate difference. The difference in rates of reported injuries was greatest during basic training, and reduced
thereafter, possibly due in part to a reduced difference in fitness between the sexes or increased opportunity to self-
determine workloads relative to fitness levels.
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and organizational burden, with lost work time, financial
costs and lost resources all problematic for the ongoing
functioning of a military force. Injury minimization strat-
egies have therefore been described as force multipliers
[2], with basic training being a focus for many interven-
tions, due to the higher reported rate of injury when
compared to other times during military careers [3].

Female soldiers are an integral part of any modern
defence force, with their contribution and involvement
essential for mission success [4]. In recent times, com-
bat related roles have become increasingly accessible for
women, highlighting the importance of their role within
military organisations [5]. There are several investiga-
tions which report that female military personnel have a
propensity to be injured at a higher rate than male per-
sonnel both during training [6, 7] and on deployment [8,
9]. There are numerous biomechanical, anthropometric,
anatomical, and physiological differences between men
and women which may all contribute to differences in
injury rates, body sites, and risk factors for injuries in
military personnel. Some of the identified reasons for the
disparity in injuries include biomechanical and anthro-
pometric differences between the sexes. For example,
female personnel on average have shorter leg lengths
(anatomical structure), leading to over striding when
marching in formation (biomechanical) when the pace is
set by generally taller male personnel [10]. Other authors
have postulated that anatomical differences such as bone
geometry and mineralization of the tibia predispose
female personnel to a higher incidence of injury, particu-
lar those classified as overuse injuries [11]. Differences
in body site of injuries have also been observed, with the
foot being injured more commonly during load carriage
marches in female soldiers, as opposed to the ankle in
male soldiers [12]. Likewise, integrated cohort training,
where female and male personnel train together, has been
highlighted as being a risk factor for injury in female per-
sonnel who show a higher cardiovascular strain during
mixed training than male personnel [13].

Another reason for the potential disparity in injury
rates between the sexes may be the way in which injury
data are reported and collected. Data may vary sub-
stantially based on whether the injury reporting system
involves self-reporting or adopts a point of care system,
where details of injuries are captured during health care
consultations [14]. Injury reporting systems which uti-
lize a self-reporting method have been found to sig-
nificantly under-estimate injury rates when compared
to rates derived through point of care methods [14]. In
addition, female personnel have been found to be more
likely to report an injury and seek medical assistance
than male personnel [15], with one study of US Marine
Corps recruits in particular showing no difference in

Page 2 of 14

injury rates between sexes when both reported and non-
reported injuries were pooled [16].

To date, there appears to be conflicting information
on true injury rates, risk factors, and body sites of injury
when female and male military personnel are compared.
It is imperative that injury minimization strategies are
informed by up-to-date, context specific, and evidence-
based strategies which are relevant for, and potentially
specific to, both sexes. Therefore, the aim of this review
was to identify and synthesise findings from studies that
have investigated compared injury rates in male and
female military personnel throughout the military career
span.

Methods

A systematic review was conducted to address the
research aim, guided by the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines [17]. This review was registered with Pros-
pero as part of a larger project (CRD42020170003). The
tool ‘systematic review accelerator’ (sr-accelerator.com)
was used when developing the final search strategy, to
refine and optimise initial proposed search strategies
and select databases. As most military personnel are
male, and therefore most military research is focused on
males, terms relating to female personnel were targeted
to ensure that retrieved studies compared injury rates
between the sexes. A search of three databases (PubMed,
CINAHL and Medline through OVID) was conducted,
using the search terms displayed in Table 1 in January
2020. Following removal of duplicates using Endnote
software (Endnote X9, version X9.3.3, Clarivate Analyt-
ics, Philadelphia, United States), remaining articles were
screened by title and abstract by two authors to remove
articles which were clearly unrelated to the focus of this
review and ineligible for inclusion. Any disagreements
were settled with consultation with a third reviewer.
Finally, remaining articles were scrutinised in full text to
determine their eligibility based on the detailed criteria
outlined below.

Studies were included if they: (a) reported on injury
rates, with comparisons between male and female per-
sonnel; (b) were conducted in the context of military
training, service, or deployment; and (c) investigated
injuries in general, rather than only specific types of
injuries. Intervention studies were only included if they
reported injury rates separately for men and women in
their control group—rates from personnel in experimen-
tal or intervention groups were not included.

Studies were excluded if: (a) they did not report injury
rates for personnel of both sexes; or (b) they reported
only on a specific injury type (e.g., stress fracture of the
tibia), or body site (e.g., lower limb injuries), or level of
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Table 1 Search terms used in each database
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Database Search terms

PUBMED

((((((female[Title/Abstract] OR women([Title/Abstract] OR woman([Title/Abstract])))) AND injur*[Title/Abstract])) AND ((defencel[Title/

Abstract] OR defense[Title/Abstract] OR military[Title/Abstract] OR army[Title/Abstract] OR "air force"[Title/Abstract] OR navy[Title/
Abstract] OR marines[Title/Abstract] OR tactical[Title/Abstract] OR recruit[Title/Abstract] OR soldier[Title/Abstract] OR cadet[Title/

Abstract] OR trainee[Title/Abstract]))
OVID MEDLINE

((((((female ti,ab,kw. OR women.ti,ab,kw. OR woman.ti,ab,kw.)))) AND injur*.tiab,kw.)) AND ((defence.ti,ab,kw. OR defense.ti,abkw. OR

military.ti,ab,kw. OR army.ti,ab,kw. OR air force.ti,ab,kw. OR navy.ti,ab,kw. OR marines.ti,ab,kw. OR tactical.ti,abkw. OR recruit.ti,abkw. OR

soldier.ti,ab,kw. OR cadet.ti,abkw. OR trainee.ti,ab,kw.))
CINAHL

((((((T1 female OR AB female OR SU female OR Tl women OR AB women OR SU women OR Tl woman OR AB woman OR SU woman))))

AND Tl injur* OR AB injur® OR SU injur*)) AND ((TI defence OR AB defence OR SU defence ORTI defense OR AB defense OR SU defense
ORTI military OR AB military OR SU military OR Tl army OR AB army OR SU army OR Tl "air force" OR AB "air force" OR SU “air force” ORTI
navy OR AB navy OR SU navy OR TI marines OR AB marines OR SU marines OR Tl tactical OR AB tactical OR SU tactical OR Tl recruit OR

AB recruit OR SU recruit OR Tl soldier OR AB soldier OR SU soldier OR Tl cadet OR AB cadet OR SU cadet OR Tl trainee OR AB trainee OR

SU cadet))

severity of injury (e.g., injuries which resulted in hos-
pitalisation, fatalities or time loss), or (c) solely focused
on combat injuries. Also excluded were articles which
reported injury rates without reporting underlying
cohort size data from which these were calculated or
reported injury data that were not separable from other
medical conditions or occupational performance out-
comes. Studies of specialist training or procedures (e.g.,
parachuting or military police training) were also not
included as they were deemed to not be representative
of training that most military personnel would typically
undertake. Finally, articles which did not report primary
research, abstracts, articles for which full text could not
be obtained, study protocols, and articles published in
languages other than English and several other languages
the research team could translate were also excluded.

The eligibility criteria were purposely broad, as studies
which did not have a primary aim of comparing injury
rates between sexes may still have reported injury rates as
additional findings.

The methodological quality of each included study was
appraised using the Critical Appraisal Skills Program
(CASP) [18] tool for cohort studies and the AXIS tool for
cross sectional studies [19] by two reviewers indepen-
dently. The CASP tool has 12 questions and a maximum
possible score of 12, with both questions 5 and 6 contain-
ing two sections, but questions 7 and 8 not being scored,
due to their subjectivity. The AXIS has 20 questions and
a total possible score of 20. The raw scores from each tool
were converted to percentage scores, whereby the quality
rating assigned to scores <45.4% was ‘poor, 45.4—-61.0%
‘fair; and >61.0% ‘good’ [14]. The methodological quality
score for each study was included in the key data table, to
allow for the data extracted from each study to be consid-
ered in context of the methodological quality of the study.

Key data from eligible studies were then extracted and
tabulated by two independent reviewers. The key data

included: author(s) and year of publication; the military
cohort studied and their country; the type of training and
duration of data capture; the aim of the study; the injury
identification method; and whether any adjustments were
made in data analyses, for fitness levels of participants.

Statistical analyses

Where the form of data allowed, available data were
entered into Review Manager (RevMan, version 5.4) to
calculate comparative statistics such as odds ratios, rela-
tive risks and 95% confidence intervals. Injury incidence
rates per 1000 soldier-years of military service were also
calculated where data allowed, whereby the number of
injuries reported was divided by the cohort size before
the resulting figure was then divided by the number of
full-time equivalent years (i.e., cumulative periods of
365 days) each participant served and was followed dur-
ing the study period and then multiplied by 1000. To ena-
ble valid comparisons between studies, for those studies
which reported incidence rates per person-year of expo-
sure, incidence rates were recalculated from the cohort
size and number of injured personnel, as some studies
used 365 days for an annual exposure, some 232 days
(estimated working days in a year), and some a number
of days that was not defined or stated, when calculating
incidence rates. For studies which reported incidence
rates but did not state the raw number of injuries, the
same formula was used, first solving for the number of
injuries based on stated incidence rate, period of follow-
up and cohort size.

Data from included studies were further analysed
through meta-analyses where possible using the
Cochrane Collaboration’s Review Manager (RevMan,
Version 5.3) software package. Given the differences in
intensity, hours of exposure, and duration of training or
deployments, studies were analysed by setting type, being
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basic training, advanced individual training, and enlisted,
active duty or deployed personnel.

Results

From the initial search, a total of 2587 articles were iden-
tified, from which 1035 duplicates were removed, leaving
1552 articles for further screening (Fig. 1). After screen-
ing by titles and abstracts, 79 articles remained and were
examined in full text. Finally, 25 studies were deemed eli-
gible for inclusion in the review. Reasons for exclusion of
articles examined in full text can be found in Fig. 1.
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Included studies were mainly cohort studies (n=19)
[6, 20—37]. The remaining studies included five cross sec-
tional studies [4, 38—41], and one case control study [42].
Methodological quality ranged from 60% [4] to a per-
fect score of 100% [22], with an average of 82% across all
study types. Key data from each included study are pre-
sented in Table 2.

The studies were from a range of countries, with 19
from the United States [4, 6, 20, 21, 24—-26, 28, 29, 31—
36, 39, 41, 42], two from both the United Kingdom [22,
37] and one each from Norway [38], Greece [27], Ireland
[30], and Slovenia [40]. Army was the most represented

Records removed before
screening.
Duplicate records removed (n
=1034)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Records excluded**
(n=1473)

Reports not retrieved
(n=0)

Reports excluded: 54

* Did not compare to a male cohort, or had
insufficient information to draw comparisons
(n=22)

* Focused on a specific injury or location,
symptoms, disease, organ, or systemic condition
(n=12)

* Focused only on more severe injury warranting
hospitalisation/time loss. (n=10)

* Related to a specialist skill, task or occupation or
part of training (n=5)

* Cohort subject to an intervention (n=4)

* Included injuries suffered prior to training (n=1)

‘ Identification of studies via databases and registers
.
% Records identified from*:
ﬁ Databases (n =2587) —»
E Registers (n = 0)
v
P —
Records screened .
(n =1552)
v
Reports sought for retrieval
E (n=79) >
s
-]
o
5 v
Reports assessed for eligibility
(n=79) —>
—
° Studies included in review
g (n = 25)
Reports of included studies
= (n=0)
Fig. 1 Prisma diagram depicting results of the search, screening and selection processes




Page 5 of 14

(2022) 22:310

Schram et al. BMC Women'’s Health

cco=d
[r1'1-650] 280

sco=d
[6t'1-0601 911

1000>d

1834/0001/9/L=9
1894/0001/9v9 =&

1894/0001/£50L =9
1834/0001/5€C1 =8

1824/0001/0°78L7=9

(cro=4d)

S19ped 001/88E =9
S19ped00L/cTE=6
(Burutely Jo pouad yiuow-9
puz) J2152Was puz Jo puj

(cro=4d)

S19ped 00L/S0r =9

7 S19ped 00L/S' /P =38
(Buruien

1O §9am Qg uanbasqgns)
19159WS 15| JO pUa Ag
(saunfur ajdiynw buipndur)
Ajsnoinaid 001/£ 9t 03
pasoddo se ‘s19ped 00 1/02
AJUO SeM S3jews) pue
S9PW USIMID] 9DUIYIP
‘ssauly 4oy bunsnipe Jayy
S19ped> 001/1°CE

S19PeD €/7/7S5L =9
S19ped

(USW €/1 'USUIOM
Gg) Bulule |je Jo syauow 9

%6 (167907 S¥'C 1B9A/0001/€6789=5  001/8'8/ SI9PBD 58//9=6 [eniul pue bujules diseq
Bujutesy diseq JO S323M 9 Ul S19pRD
JO S$Y9aMm g Ul 1el AInfu| SSaULl SpI0d31 [BDIP3N 192J0O 1UI0d 1S9\ 856 [9] infig
[cLc-87 0l vl'L =yye 1894/0001/£9L1 =9 %LC=9 (UsW
%26 -8 1T 1834/0001/8'17LE =6 %L5=6 605 "USLLIOM 7GE) SaaM g
Bujulesy diseq 120 Bululel| diseg Ay
JO S32am @ 1aA0 3.l Anfu) 9ol pue abe ‘ssaull SpJodal [eDIPAN SN bulobispun sasuel] (12l 11e9
ceo=d 1894/0001/0'87¢= 9 Lauow/000L/061 £
[ev1-9€0] L£0 1894/0001/0'891 =& LUow/000L/0L &
1uaWAo|dap-up
ego=d 189A/0001/S ¥y =9 UYauow/0001/2'9€
%¢E8 [651-/8018LL 1894/0001/7 115 =8 Yruow/0001/9c & syIUoW 7|
1uaWAo|dap-ald JOAO (UBW /7 / "USUIOM
218l Aunfuy SUON AdnIns paniodal-f|as €f) AUy SN AINg-2AndY [07] uosiapuy
[SO'1-98°0] S60="4ye 1894/0001/027= 9 %Cr =9
%09 (L00>d[or L1971 1834/0001/0€5 =6 %ES=5 puewsap |e1sAyd stpuow 71
syuowl 7| ssauly ‘bupiows 190 (S3]eW $8E ‘S9jeuay
19A0 9dUapIdUl AInful '4g ‘obe 1spuan Aanins pauodal-fos  €9¢€) Ay SN AINg-aA11DY [7] uosiapuy
2101s paisnipe
|estexdde «1e2£/0001 /33184 249Mm sbulpuy
1eanud (£:5) uy axuapnul Linfu) sbuipuy £3)y  Yd1ym 10} si01de4 poylaw bHuinioday uone|ndod sadudIRYY

S3IpN1s papN|DUl WOl e1ep A3y T dqel



Page 6 of 14

(2022) 22:310

Schram et al. BMC Women'’s Health

9/0=d 1834/0001/8'5957 =9 %LLE=P
%.9 [90C-65010L'L 1894/0001/1°£09C =5 %SE=3 (S3[PWI £€T ‘sa]eW3) 07)
Buluren jo SY29M / Joj Bululesy ul
S¥oam / bunnp a1es Ainfuj SUON pPapI0da URDISAYd  S19PED) 40O AUy 391D [£7] SIplauaneH
_ 1000>d %9e=2 (s9[eul /5. 'sa[ew) g6t)
%€E8 [¥8'1-95'L10/'L %L9=8 (9A1D2dS0N2I PUB SAN  S9M 9 |—6 Wiol) Buibuel
Buluren -d>adsold) spiodal [eDIpaW  SISINOD YIM [O0YDS SdURU
SH2IM 9| —6 10§ 33eJ AInfu) payiens . pue A3AIns payodal-jas  -IpIO AWy SN 1e saaulel] [97] 121D
) ) . (seleW 0018
6c0=d 1834/0001/1'LST =9 (%1'57) 0018/7E07 =9 S31e WY 890 1) SYILUOW 7|
%58 [81'1-G6'01 90'L 1834/0001/6'597="5 (%997) 8901/¥8C =25 JOAO USWIOM AJRY|IN
SYIUOW 7| J9A0 sa1el Ainful SUON Aanins pariodal-j[as uelbamioN AINg-aARdY [8€] winpe-
NEEI
/S131P[0S 0001/8'L L =9 (s3jeW 101 ‘s3[eway
1000>d 1894/0001/9°€19=29 MEEI €1¥) buluiesy snonunuod o
%¢E8 [cec—vSIleeL 1894/0001/8°06LL =5 /SIRIP|0S 0001 /6TC=8 skep /€ BuLInp SI9IP|OS UOIS
sAep /¢ ur a1es Ainful SUON SPI0D3l [BDIPIN  -IAIJ JOWY SN AINJ-9AIDY [s2] Aereg
gyo=d 1e34/0001/8 79 =P %E05 =9
%G/ [80°C-1T01 990 1894/0001/9°Cr =& %EE=3 (S3]eW €47 ‘sa]eWa) 9)
SYUOW ' SYIUOW G'6 JDAO SIBIp
Ul duapPUl AInful SUON SpJ40d3l [BIIPIN -|0s AWy SN AINP-2ARDY  [17] BWIT-01S0D)
(100°0>d) Linfur 10y 10108}
SSU auedYIubIs e sem awf
unJs w ¢ su Ainfur bul
-10Ipaid [9pow d1eleAlNW
3U} Ul 2IN1e3) 10U PIP X3S
1000>d
[eve-8Tl L6T UH
(L€6'L 1/0SS)
shep uosiad 001/1900=9
1000> d tmw\A\OOO (NNNN = MV Aowﬁ —\NONV Amwfmft Nmm\ Ll
%001 [re-5571 96C 1834/0001/5'1€9=8  skep uosiad 001/€/1'0=5 S3RWSY 081 L) SHOOM 7|
Bujulely Jiseq sHIM 7 | 19A0 Bululel] diseg
J9A0 ddUIpIdUL AInful SSaULl4 SpIodai [eDIPAN Auiy Ysiig ul sunioay radPERL:|
sAep Ainp pa1diiisal
JO J2gqWINU Ul 9DUI3YIP ON )
1824/0001/9°G19= 9 $19Pe2 0001/9G19=9 (Usw 986 %Emi
%S/ (081291 €/L 1834/0001//90L =8  s13pe2 0001 Jod /901 =& ¥CC) SUOW Z 1 4310 bul
-Uel] diseg Awapedy
wnuue Jad aousppul AInfu) SUON  SWI1SAS € JO uopeUIqUIOD) 32104 Iy SN Ul S)NId3Y [€2] sbuljjig
9100s paisnfpe
|esteadde «1eak/000L/31e1 219m sbuipuy
1eonud (9:8) ¥y @duapnul Ainfu) sbuipuy A3y  Yo1ym 1oy sioldeq poylaw Huinioday uonejndod S9DUIDYDY

(panunuod) g ajqey



Page 7 of 14

(2022) 22:310

Schram et al. BMC Women'’s Health

L000>d
[LUz-e£1 161

1000>d
[187-0071 L£T

1000>d

1834/0001/0°1641 =9
183K/0001/¥ LTvE=&

1894/0001/T LECL =9
1834/0001/97C6C=5

lled
1834/0001/2'60C =9

SL/cy =29
Geol/6es=4

sajes Ainful [e30|
%68l =9

%Yy =258

sa1es Aunfuy |jed
%0/ IPUWNS =P

(s3]ew

018 ‘S3[PWi3) 165 :[[e)
(s3]ew

€€/ 'S9|eWd) HEH LAWIWING)

%¢6 [e6'l-TSLl 1L 1824/0001/0SL LY =3 %L°€9 JBWUNS =5 syPam g 1oy Bulules
JRwwng sa1es AInful Jawiwing SUON SpI0D3l |eDIPSN dIseq Awly SN Ul S3NId3Y [e€] yideuy
VSE/LLT=P
ov/¥5=8
sa1e) Aunfuy
SHOIM UeW
-0001/s2Un(u1 9696 =9
me\A\OOO _‘\_‘.m. 196C= mu SYoom uew Amw_mg G¢ \mwfmft@u_
%S/ [v67-90'119L'L 1834/0001/51915=8 -0001/59UNMUI 9766 =5 Ob) $439M 91 J0j BuILIRI]
2duapPUI AInfu SUON SPI0D3I [BDIPSN  DISeg AW UsH| Ul S)NIOSY [0g] 1oy
1000>d 1894/0001/€ €201 =9 %LGL=F (9leW 86E'E | 'S3(eW3)
%¢8 [l9T-tsal /ST 1894/0001/£929C =8 %EOr =23 /27" 1t) S199m g Joj Buiurel|
sa1el AInfu] SUON Sp10d3l [BDIPAN J|seg AWy SN Ul SHNIDaY l67] sauor
L000>d 182A/0001/T /841 =9 % LT=F (s3jew b7 1 ‘sojewa)
%<8 PSTvE L v8L 1894/0001/0767€ =8 %S05=153 081) syoam g 1oj Bulures|
sa1es AInfu) SUON SPI0D3J [eDIPAN oIseg AWy SN Ul sHNIoaY [87] sauor
8/00=d 183K/0001 /€ 5ECL =9 (6Ev/¥01) %L EC=P
[09'1-86°0] ST'L 1894/0001/€7vSL =5 (£87/58) %967 =3
2dUspPU (s3jew
AV funfur sngenund 1y 6EY ‘S9[PWS) /87) (199M (O1)
1000>d 194/0001/1 %0/ L =$ (1£€/L6) %19 =9 LIV S2paw 1equioo s ul
%S [£77-651] /6L 1834/0001/7'SSEE =6 (LET/TT) %S'LS=8 s93UIes} pUE (S3[eW L /€
S3|BWID) /£7) SY99M 8
9dUapIdUl 10} Buluel] oiseg buiob
109 Ainful aaienwind 1Og SUON Splodai [eoIpaN -J9puUn sUNIDaY AWy SN [6€] UOSIapusH
9100s paisnfpe
|esieadde «1eak/0001/21e4 aJ1am sbuipuy
1eonud (9:8) ¥y @duapnul Ainfu) sbuipuy A3y  Yo1ym 1oy sioldeq poylaw Huinioday uonejndod S9DUIDYDY

(panunuod) g ajqey



Page 8 of 14

(2022) 22:310

Schram et al. BMC Women'’s Health

[LeT-60Tl CTT=1yge

1824/0001/9'SPyL =9

(0998/62¢ 1
[T67-1'97] Stam
uosiad 0001/8' L= 9
(0szs/evLl)
[$'69-9°09] ¥oom

(sojew

%€8 losz-€0T 91T 1e24/0001/0°9LTE =& uosiad 0001/0€9=5 0998 's3jeWa} 057S) ‘sAep
pujuren Bululesn gg 104 buutes|
2Iseq Jano a1es Ainful SUON SysiAJuaieding  DIseg 92I0MIY SN Ul SHNID3Y [9€] Joopaus
€000>d 189A/0001/£°5L15=9 %565="9
%S/ [EoL-LULlpEL 1B9A/0001/7'7569= 6 %08=5 (s3[eW 0Sh ‘s3jewa} 0g)
S99M 9 Ul 3DUIP "SH99M 9 Joj Bululesy diseg
-puUl AInful sApeinUWIND SUON SPI0OJ3I [BDIPAIN  J9DLJO SSULIB SN UISIopeD)  [GE] eplueiueld
(5£675/9855)
Sy9am uosiad 00 | /saunful
[FSl=,PILSL=P
(05S+71/2980)
1000>d 1894/0001/5 LF9 =9 $oam uosiad 0001/
%08 [v6'1-6£'11 /8L 1834/0001/996L 1 =& saunlul [£0€-9'87) Y67 =5 (s3leW 6/6'75 'sajeway
Buiuien syeem 6'g 05571 (499m §'g) Bututel]
Ul 91eJ 9DUIPIDUI |[BISAQ SUON aseqeie JIseg 4ySN Ul SUnIday [1¥] 2AN
1000>d 1B2A/0001/6'56=9  (905'19/8/T'L¥) %L /9=9 (s3jewW 90S' 19 's3[eway
%C6 [60'1-S0°L] ZOL 1894/0001/9°70L =& (86€9/165V) %L/ =5 86€9) SIPAK / 1IN0 PaIO)
sIeak / Jan0 saiel Ainfu) SUON aseqeleq -luow 4ysn AIng-aAndy €] 9AN
(Soew
lzo=d 1834/0001/5'805 = 9 %8'05=9 gL 1 ‘saewsay | 1) 1eak
%S/ [€v'1-020] ¥50 1894/0001/£°LT=8 %LLT=8 3UO J3A0 530104 PaULLY
ERJIEIAETE| SUON wlioy Jodas Ainfu UBIUSAOIS AINJ-9ANDY [0f] uedaoy
1000>d 1834/0001/0%70C = £ shep uosiad 001/950 £ (soJew €€/ ‘sajewdy
%6 [sez-€8'11£0¢ 1834/0001/07ECy =8 skep uosiad 001/91°L & 7S¥) (S199Mm g 10j Buuiel]
S91eJ 3dUIPPUL AINfU| SUON SpJ0d3l [BIIPAN JIseg AWy SN Ul SHNIDY [ze] yideuy
(£95/8L1)
sAep uosiad 001/950=9
1000>d 18394/0001/2907 = 9 (Lve/syl)
%¢8 ce-€91l L6l 1834/0001/4'S06E =& skep uosiad 001L/L0'L =8 ,
(S9lPW /9G 'S9lRWDY
dnoib [¥7) S4oom g 104 bulutesn
|0J3U0D, 10} 3181 AInfu| SUON Splodai [eoIPaN Jiseq AWy S Ul SHNJDY [1€] yideuy
9100s paisnfpe
|esteadde «1eak/000L/31e1 219m sbuipuy
1eonud (9:8) ¥y @duapnul Ainfu) sbuipuy A3y  Yo1ym 1oy sioldeq poylaw Huinioday uonejndod S9DUIDYDY

(panunuod) g ajqey



Page 9 of 14

(2022) 22:310

Schram et al. BMC Women'’s Health

1eak Jad [puuosiad pQ | 49d o1el dUIPIdUI AInful paje|ndjed,
uedYIubIS 10U ‘S/N 18y APOQ ‘g HS1 dAIIR|D paisnIpe ‘Yye Hisi dAle[dl ‘YY

L000>d

1834/0001/5'895C =9

(0T0'6€E L/¥8LYS) %o =P

%l6 [66'1-56'L] Z6L 182A/0001 /42905 =8 (159'17/€€891) %l9=8 (s3]eW OZO'6E | 'Sajeway
Bujuren 159" 7) "$32am g 1oy bululel|
JIseq Ul AINful SUO 15e3| 1y SUON SpJ0J3J [BDIP3N J1seg AWy SN Ul S1NIDaY [z17] AsInS
1000>d 1894/0001/261€ =9 Y1uow/0001/99¢ =9 ,
%/9 [e6'L-57'1] /9L 182A/0001/07E5= & YIUOW/0001/S 7y =5 (S9[eW //€€ 's9[ewid}
8/ 1) 183K | IS0 [2UUOSIR
1234 | J3A0 2181 AUNnfu| SUON Sp40d3l [BIIPAN AWy ysiug Aing-aAndy  [/€] 9bpugmons
9103s paisnfpe
|esieadde «1eak/0001/31e4 249Mm sbulpuy
1eonuD (£:8) ¥y 2duapnul Kinfu) sbuipuy Ay Yd1ym Joj sio1oeq poyiaw Huinioday uonejndod S3DUIIRYY

(panunuod) g ajqel



Schram et al. BMC Women'’s Health (2022) 22:310

service, accounting for 18 studies [4, 6, 20-22, 24-33,
37, 39, 42], followed by Air Force, with four studies [23,
34, 36, 41]. Two studies were of the Armed Services
more broadly [38, 40] and the remaining study involved
Marines [35]. Investigations were most often conducted
in basic training contexts, accounting for 14 of the stud-
ies [21-23, 28-33, 36, 41, 43—45], followed by active duty
personnel for eight studies [4, 20, 24, 25, 34, 37, 38, 40],
officer training for three studies [6, 27, 35], and Advanced
Individual Training (AIT) or Initial Employment Train-
ing (IET) for two studies [26, 39]. All of the training per-
formed in contexts outside the United States occurred in
mixed sex training programs [27, 30, 37, 38, 43].

The most common method of obtaining injury data in
the included studies was by reviewing medical records
(n=19), while some studies used self-report surveys [4,
20, 38], or a mixture of methods [23, 26, 40]. Only four
studies accounted for fitness levels when comparing
injury rates between the sexes [4, 6, 21, 22].

Injury rates

A total of 20 of the included studies reported that female
personnel were injured at a higher rate than male person-
nel. One study reported that being deployed on opera-
tions was associated with lower injury rates for both sexes
than pre-deployment training, however a significantly
greater injury rate was found amongst female person-
nel when compared to male personnel, pre-deployment,
while rates were similar during deployment [20]. Four
studies reported that there were no differences in injury
rates between male and female personnel [24, 30, 38,
40]. Two studies [6, 39] followed personnel through to
later in their initial training, observing injury rates of
officer cadets either at the end of their first semester and
then second semester [6], or recruits after initial train-
ing and during Advanced Individual Training [39], and
found there were no significant differences in injury
rates between female and male personnel during those
later training stages, despite initial higher rates in female
personnel.

A total of 12 studies reported on injury rates during
basic training. A meta-analysis of key findings from these
studies (Fig. 2) yielded a higher incidence rate of injury
during basic training in female personnel than in males
(RR=2.10 [95% CI 1.89-2.33]), however with a high level
of heterogeneity across the 12 studies (I* =99%).

Four studies reported on injury rates during officer
training, including at the US Military Academy at West
Point [6], the US Air Force Academy [23], the Greek Hel-
lenic Army Academy [27], and Marine Corps Officer
training [35]. Cadets were monitored for a duration rang-
ing from six weeks [6, 35] to one year [23]. Meta-analysis
of the four studies (Fig. 3) found a higher incidence rate
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of injury amongst female personnel, with a RR of 1.70
[95% CI1.33-2.17].

Eleven articles reported on injury rates after the com-
pletion of basic training, including during AIT [26, 39],
at the latter stages of training at the US Military Academy
[6], during a Sergeant Majors’ course [24], in active duty
United States military personnel [4] and British Army
personnel [37], in a US armour division [25], in active
duty personne in the US Air Force 1 [34] and Norwegian
[38] and Slovenian Armed Forces [40], and both pre and
during deployment in the study by Anderson et al. [20].
Figure 4 shows a meta-analysis of these studies, which
found the overall injury incidence rate was higher in
female personnel than male personnel (RR=1.23 [95%
CI 1.05-1.43)).

Of the articles which took fitness into account, three
of the four [4, 21, 22] found that differences between
the sexes in injury incidence rates were no longer sig-
nificant once adjusted for fitness levels. However, the
fourth study, despite finding the difference in injury rates
between sexes decreased substantially, still showed a
significantly greater injury incidence rate among female
cadets [6]. Both the study by Anderson et al. [4] and that
by Bell et al. [21] provided risk estimates which were
combined in a meta-analysis (Fig. 5), which in turn found
no difference in injury rates between female and male
personnel (RR=0.95 [95% CI 0.86—1.05]). Despite not
providing adjusted risk estimates for each sex, the study
by Blacker et al. [22] found that gender did not feature in
a multivariate regression model which explored risk fac-
tors for injury, while fitness level did.

Discussion

The aim of this review was to identify and synthesise
findings from studies that have investigated and com-
pared injury rates in male and female military person-
nel throughout the military career span. The volume of
evidence from the included studies suggests that female
military personnel are injured at a higher rate than male
personnel in military populations. However, there are
confounding variables which were not adjusted for con-
sistently, including fitness, mixed training approaches,
and reporting methods. The point of time in a military
career at which comparisons were made also appears to
be an important factor, with a large difference in injury
rates between the sexes found during basic training,
which appears to decrease substantially during subse-
quent employment training and later in careers.

Despite the evidence of an elevated injury rate among
female military personnel when compared to male per-
sonnel, studies which have performed multivariate
analysis have found differing results, suggesting that any
observed differences between the sexes in injury rates
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Females Males

Risk Ratio Risk Ratio

Study or Subgroup _log[Risk Ratio] SE Total  Total Weight IV, Random, 95% CI IV, Random, 95% CI

Bell 2000 0.7409 0.0842 352 509 8.2% 210[1.78,2.47] —
Blacker 2008 1.0852 0.0761 1480 11937  8.6% 2.96 (255, 3.44] I
Henderson 2000 0.6775 01077 237 37 7.3% 1.97 [1.59, 2.43] ==
Jones 1993 0.6115 0.1631 186 124 53% 1.84[1.34,2.54] —_——
Jones 2017 0.9427 0.0085 41727 143398 10.3% 2.57[2.52,2.61] -
Kerr 2004 0.5653 0.2587 40 354 3.0% 1.76 [1.06, 2.92]

Knapik 2001 0.6464 0.081 247 567 8.4% 1.91[1.63,2.24] =
Knapik 2001h 0.7299 0.0648 452 733 9.0% 2.07[1.83, 2.36] =
Knapik 2002 0.649 0.0509 1025 1543 9.5% 1.91[1.73,2.11] -
Nye 2016 0.6235 0.021 14550 52975 10.2% 1.87[1.79,1.94] bl
Snedecor 2000 0.7717 0.0319 5250 8660 10.0% 216[2.03,2.30] =
Sulsky 2018 0.6795 0.0049 21651 139020 10.3% 1.97 [1.95,1.99] -
Total (95% CI) 87197 360191 100.0% 2.10[1.89,2.33] <>

Heterogeneity: Tau*= 0.03; Chi*= 779.40, df=11 (P < 0.00001); F=99%
Test for overall effect: Z=13.86 (P < 0.00001)

Fig. 2 Meta-analysis of injury rates in basic training
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Test for overall effect: Z= 4.27 (P < 0.0001)

Fig. 3 Meta-analysis of injury rates in officer training

Females Males Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Bijur 1997 0.8961 0.0885 a5 473 287% 2.45(2.06, 2.91] ——
Billings 2004 0.5481 0.018 224 986 33.3% 1.73[1.67,1.79] =
Havenetidis 2011 0.0872 03195 20 233 104% 1.10[0.589, 2.06]
Piantanida 2000 0.2951 0.0992 30 450 27.6% 1.34[1.11,1.63] —_—
Total (95% ClI) 359 2142 100.0% 1.70 [1.33, 2.17] e
Heterogeneity: Tau®= 0.05; Chi*= 23.90, df= 3 (P < 0.0001); F=87% 015 U:T 155 é

Males injured More Females Injured More

Testfor overall effect: Z= 2.63 (P = 0.009)

Fig. 4 Meta-analysis of injury incidence rates post basic training

Females Males Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anderson 2015 Deployed -0.3384 0.3525 43 727 33% 0.71[0.36,1.42) —
Anderson 2015 Pre-Deployed 01655 0.1555 43 727 76% 1.18(0.87,1.60) —
Anderson 2017 0.2307 0.0526 363 4384 10.5% 1.26[1.14,1.40] -
Bijur 1997 1 Semester 0.1478 0.1278 85 473 8.5% 1.16[0.90, 1.49) T
Bijur 1997 2 Semester -0.2027 0.1691 85 473 7.2% 0.82[0.59,1.14] T
Cosio-Lima 2013 -0.4124 05833 6 143 1.5% 0.66 [0.21, 2.08)
Darakjy 2006 0.6575 0.1152 6 143 8.8% 1.93[1.54, 2.42) —
Fadum 2019 0.0573 0.0543 1068 8100 10.4% 1.06 [0.95,1.18) ™
Grier 2011 0.5277 0.0419 498 3757 10.7% 1.70[1.56,1.84) -
Henderson 2000 AIT 0.2233 0125 287 439 85% 1.25(0.98, 1.60) —
Kovcan 2019 -0.6229 0.5006 11 118 2.0% 0.54 [0.20,1.43]
Nye 2014 0.0682 0.0083 6398 61506 11.0% 1.07 [1.05,1.09) .
Strowbridge 2002 0.514 0.0744 178 3377 10.0% 1.67 [1.45,1.93) —_
Total (95% CI) 9071 84367 100.0% 1.23[1.05,1.43] <>
Heterogeneity: Tau®= 0.05; Chi*= 188.62, df= 12 (P < 0.00001); F= 94% 042 0:5 é é

Males Injured More Females Injured More

may not be due to biological sex, per se, but to other
factors which on average differ between the sexes. For
example, adjustment of injury incidence rates for level
of physical fitness [4, 21, 22] resulted in no difference
in injury rates being found between sexes and it is well
known that average fitness levels in female new recruits
are lower than average levels in male new recruits [21].

Despite most of the investigations involving United States
military personnel, military forces from other countries
have reported differing results, with British [46] and Slo-
venian [40] armed forces displaying a higher injury rate
among male personnel, and Norwegian military per-
sonnel observed to have similar musculoskeletal injury
rates between the sexes [38]. Likewise, evidence to date
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Heterogeneity: Tau®= 0.00; Chi*=0.17, df=1 (P = 0.68); F=0%
Test for overall effect: Z=0.97 (P =0.33)

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Anderson 2017 Adjusted -0.0513 0.0508 98.7% 0.95[0.86, 1.05)
Bell 2000 Adjusted 0131 04413 1.3% 1.14[0.48, 2.71]
Total (95% CI) 100.0% 0.95[0.86, 1.05] 4

Fig. 5 Meta-analysis of injury incidence rates from studies which adjusted for fitness
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indicates male military personnel may be at a higher risk
of more serious injury in some contexts [47], especially
while on deployment [48, 49] and with regard to specific
injuries, such as spinal cord injury or scaphoid fracture
(50, 51].

Unadjusted injury rates appear to be higher for female
personnel during basic training when compared to their
male counterparts. This difference is not as large between
the sexes during officer training and is smaller again post
initial training (during advanced individual training)
and at subsequent stages of military careers. The lower
injury rate difference between the sexes in officer train-
ing may be explained by the typically shorter duration
of some officer basic training courses (6—7 weeks officer
training vs 8—12 weeks basic training) or by the fact there
are fewer studies which have focused on officer training.
Entry as an officer is often governed by both academic
and fitness standards [23], which may also play a role in
the observed differences in injury rates.

The decrease in injury rate differences at latter stages
of military training may be due to increases in fitness
of female personnel due to military training itself, or
through ‘survivor’ bias, where those who are at higher
injury risk and thus injured may have been discharged
and therefore no longer remain within the training popu-
lation. For example, having completed an entire semester
of physical training similar to that undertaken by male
soldiers, female soldiers no longer had a significantly dif-
ferent injury rate [6]. The reason proposed for this lack
of difference was the physical fitness between the sexes
being more similar, subsequent to initial training com-
pletion [6]. This levelling of injury risk was also seen at
latter stages of training, in the study by Henderson [39],
where despite a significantly higher injury risk for women
during basic training, injury risks in the subsequent
Advanced Individual Training were similar between the
sexes.

Despite the decrease in injury risk for female person-
nel relative to male personnel following military train-
ing, there is some debate as to whether female personnel
training with male personnel is a risk factor for injury in
itself [52, 53]. Studies on mixed platoons in training have
shown that the intensity of training measured by heart

rate, ratings of perceived exertion, or energy expendi-
ture is typically much greater for female personnel than
their male cohort counterparts [13, 54], most likely due
to the lower average fitness levels of female personnel.
This increased intensity has been thought to place female
personnel at a greater risk of injury due to the increase
in physiological strain [13]. However a recent investiga-
tion found that, despite female trainees having a higher
internal training load as measured by time in heart rate
zones and training impulse, the overall injury rate was
not significantly different between the sexes in a mixed
platoon, albeit within a small sample size of a single pla-
toon (n= ~ 30) [46].

Additionally, the benefit to fitness levels for females
training with males needs to be considered. A study by
Bell [21] found that, despite male trainees still being able
to perform more push-ups and complete runs faster, on
average, than female trainees at the end of basic train-
ing, female trainees achieved greater improvements in
sit-ups, push-ups and run times than male trainees. This
greater improvement in performance is suggested to be
due to females, in general, entering military training less
physically fit relative to their training potential when
compared to males [21]. Finding the balance between an
intensity which is adequate for improvement in fitness
for both sexes, without a concurrent increase in injury
risk, is paramount, but a difficult task.

Most studies considered in this review concluded that
female personnel are injured at a higher rate than male
personnel. This finding should be interpreted with cau-
tion, however, as adjusting for fitness—a modifiable risk
factor—appears to substantially decrease this difference.
Four studies adjusted injury rates for fitness levels, and
three found no differences in injury risk between the
sexes [4, 21, 22]. The fourth found a 50% reduction in the
difference in injury rates between women and men, how-
ever the difference still remained significant [6].

Likewise, there is some evidence to suggest the method
of injury reporting and differences between the sexes in
reporting behaviours may explain some of the sex-related
differences in injury rates [15]. For example, female per-
sonnel are purported to be more likely to seek medical
care for injuries than their male counterparts [6] and
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so may be perceived to have higher injury rates sim-
ply because they report more of the injuries they suffer.
Consequently, if differences in injury rates can be largely
explained by average differences between the sexes in fit-
ness levels, the additional effect of reporting behaviours
may mean that male personnel are actually injured at a
higher rate than female personnel. This supposition may
be supported by the findings in British [46] and Slovenian
armed forces [40], which show an elevated injury rate
among male personnel. It is therefore advised that future
studies which examine injury rates between the sexes
adjust for both fitness and reporting methods and behav-
iours, to enable accurate attributions for any observed
differences in rates of injury between the sexes.
Limitations to this review include the various methods
of reporting of comparative levels of risk in the included
studies, such as with odds ratios, risk ratios, or propor-
tions of individuals who were injured. This led to many
risk ratios being calculated or converted from reported
odds ratios and sex-specific proportions, which may lead
to rounding errors. Sample sizes for female personnel
were typically small, highlighting how underrepresented
female personnel are within the research literature. Addi-
tionally, there are few large studies conducted on mili-
tary personnel outside of the United States, and so it is
difficult to gauge the extent to which the findings from
this review are generalisable to military forces of other
nations. Additionally, variations in what was considered
to constitute an injury existed across studies, with some
focusing more on time loss injuries, some more on inju-
ries which led to discharge, and some capturing all inju-
ries. It was the intent of this review to capture all injuries,
not just more severe injuries which led to lost time from
military service or admission to hospital, and the inclu-
sion of studies which used these sorts of limited injury
definitions may have affected the findings of the review.

Conclusion

Females in military service appear to be injured at higher
rates than their male counterparts, particularly during
basic training. The difference in injury rates decreases
after basic training, culminating in minimal differences
at latter stages of military careers. However, some and
perhaps the majority of these differences may be due to
average differences between the sexes in fitness levels,
particularly early in a military career. Additionally, some
reported differences may not represent true differences
in injury rates but rather a propensity for female person-
nel to more frequently report injuries they have suffered
than their male counterparts. These confounding factors
mean that observed sex differences in injury rates are
unlikely to be due to biological sex, per se, but rather to
average sex-based differences in fitness levels, reporting
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behaviours and possibly other factors. Taking this further,
the influence of these other factors may mean that, when
fitness levels, as a modifiable risk factor, are equalised,
in some contexts male military personnel may actually
experience higher rates of injury than female personnel.
Strategies to increase the fitness of female military per-
sonnel prior to them commencing basic training need to

be developed.
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