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Abstract

Background Injuries are a common occurrence in military recruit training, however due to differences in the capture
of training exposure, injury incidence rates are rarely reported. Our aim was to determine the musculoskeletal injury
epidemiology of military recruits, including a standardised injury incidence rate.

Methods Epidemiological systematic review following the PRISMA 2020 guidelines. Five online databases were
searched from database inception to 5 May 2021. Prospective and retrospective studies that reported data on mus-
culoskeletal injuries sustained by military recruits after the year 2000 were included. We reported on the frequency,
prevalence and injury incidence rate. Incidence rate per 1000 training days (Exact 95% Cl) was calculated using meta-
analysis to allow comparisons between studies. Observed heterogeneity (e.g,, training duration) precluded pooling
of results across countries. The Joanna Briggs Institute Quality Assessment Checklist for Prevalence Studies assessed
study quality.

Results This review identified 41 studies comprising 451,782 recruits. Most studies (n=26; 63%) reported the number
of injured recruits, and the majority of studies (n=27; 66%) reported the number of injuries to recruits. The preva-
lence of recruits with medical attention injuries or time-loss injuries was 22.8% and 31.4%, respectively. Meta-analysis
revealed the injury incidence rate for recruits with a medical attention injury may be as high as 19.52 injuries per 1000
training days; and time-loss injury may be as high as 3.97 injuries per 1000 training days. Longer recruit training pro-
grams were associated with a reduced injury incidence rate (p=0.003). The overall certainty of the evidence was low
per a modified GRADE approach.

Conclusion This systematic review with meta-analysis highlights a high musculoskeletal injury prevalence

and injury incidence rate within military recruits undergoing basic training with minimal improvement observed

over the past 20 years. Longer training program, which may decrease the degree of overload experienced by recruit,
may reduce injury incidence rates. Unfortunately, reporting standards and reporting consistency remain a barrier

to generalisability.

Trial registration PROSPERO (Registration number: CRD42021251080).

Keywords Injury epidemiology, Navy, Marine, Army, Air force, Injury surveillance
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Introduction

Military recruits, like other tactical operators [1],
undergo strenuous physical conditioning during basic
training to become qualified military personnel [2]. Ini-
tial military qualification courses often differ between
countries based on duration [3-7] and whether service
is voluntary or mandatory [6, 8]. Training programs
can also vary by including only basic training [9] or
combine basic training and trade training [10]. Further
differences include the level of conditioning required
by recruits, which often varies by service (e.g., air force,
army, navy or marine), [11-13] and whether they are
full- or part-time recruits [14]. Regardless of these
differences in qualification training, military recruit
training programs in all countries are burdened by
musculoskeletal injuries [5, 9, 13, 15-20].

Injuries in military recruits account for a substantial
amount of time-loss from basic training [4] and can
result in medical discharge or delays in completion of
qualification training [21]. Reduced graduate num-
bers impact qualified soldier availability and collec-
tively impacts military capability. Furthermore, injuries
impose substantial financial burden on military organi-
sations and compensation systems. Prior research has
indicated that over a seven-year period, recruit injuries
during basic training within the United States airforce
cost over $43.7 million USD. The scale and magnitude
of the financial and health burden is compounded when
considering other countries (i.e., beyond the United
States) and military recruits from other professions
(e.g., army recruits) [22]. For these reasons, injury miti-
gation is repeatedly highlighted as an organisational and
research priority to protect personnel health and pre-
serve military capability [23].

Currently, there is no international consensus guid-
ing the recording and reporting of musculoskeletal
injury epidemiology in military recruits [24]. Therefore,
navigating the literature in this space can be confusing
and challenging to translate the research findings into
clinical practice. However, guidance can be obtained
from an international consensus statement of recom-
mendations for reporting of epidemiological data in
physical activity and sport published in 2020 [25], with
more specific reporting guidelines in military popula-
tions released in 2022 [26]. These guidelines are the
product of increasing attention being afforded to the
improvement of injury surveillance methods in mili-
tary populations in order to encourage a consistent and
comprehensive approach to collecting injury data to
direct mitigation efforts and improve knowledge-shar-
ing between nations [26]. These publications guided
our definition of injury, the data we opted to extract,
and how we reported results.
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The purpose of this systematic review with meta-analysis
is to adapt recent injury surveillance guidelines in the mili-
tary to quantify the frequency, prevalence and incidence
of musculoskeletal injuries sustained by military recruits
to guide translation into policy and practice. Furthermore,
we aimed to calculate the injury incidence based on esti-
mated training duration, to provide the first review allow-
ing between country, and service comparisons.

Objectives
Determine the musculoskeletal injury epidemiology among
military recruits.

Methods

Guidelines

This systematic review was designed and reported in
accordance with the Preferred Reporting Items for Sys-
tematic Review and Meta-analyses (PRISMA) [27], and
recent military consensus guidelines on musculoskeletal
injury surveillance [26].

Prospective registration
Prospectively registered with PROSPERO (CRD42021251080)
[https://www.crd.york.ac.uk/prospero/].

Data management

Covidence (Veritas Health Innovation, Melbourne, Aus-
tralia) was used to record and store data related to study
selection. Extracted data were inputted into Microsoft
Excel and stored using Microsoft Teams and password-
protected laptop computers.

Criteria for considering studies for this review

Types of studies

Prospective and retrospective studies were included. This
included cross-sectional and longitudinal studies and
randomised controlled trials of injury prevention inter-
ventions. For example, randomised controlled trials that
examined injury prevention (e.g., the effect of an injury
prevention program in preventing injuries within mili-
tary recruits) were included, provided they had a control
arm without an intervention (i.e., the control arm was
included within this review).

Only published studies were included within this
review (i.e., grey literature was excluded). Non-English
language studies were also excluded. Prior work sug-
gested that inclusion or exclusion of non-English articles
do not influence the effect estimates, yet may narrow
confidence intervals [28].

Types of recruits
We included military recruits of any military service
(i.e., air force, army, navy, and marine), entrance type
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(mandatory or voluntary, reserves or full-time), sex,
and geographical location. Studies that solely included
recruits from before the year 2000 were excluded as cur-
rent training procedures and policies are likely to be sub-
stantially different from those implemented more than
20-years ago [2, 29, 30].

Types of injuries

Studies that reported data inclusive of musculoskeletal
injury of all regions and injury types in military recruits
were included. Studies that only recorded specific injury
types (e.g., the study only recorded bone stress fracture
or ankle ligament sprains) were excluded as they would
bias injury frequency, prevalence, and incidence. Specifi-
cally, whilst recognising that studies assessing one single
injury type have their place, as recruits who sustained
injuries to other regions who be incorrectly classified as
‘un-injured’ for the purposes of this review and could not
be pooled. All injury case definitions were included, such
as all injury, medical attention injury, time-loss injury, or
injury resulting in a medical discharge.

Search methods for identification of studies

A single study author (MCM) implemented search
strategies from inception until the 5™ of May 2021 and
exported the records into Covidence.

Electronic searches

Searches were performed using free text and MeSH
terms (Appendix A) within the following electronic data-
bases: PubMed, CINAHL, CENTRAL, SPORTDiscus,
and Web of Science. Peer review, English language and
human trials were included as limiters; however, they
were modified for each database as necessary (Appendix
B). The search strategy was informed by a prior system-
atic review [31].

Searching other resources

Backwards citation tracking was performed via Web of
Science and a screening of relevant reviews [32, 33] to
identify studies missed by the search strategy. Studies
available online, yet not indexed were also screened via
the available online first section of key journal websites.

Selection of Studies

Pairs of two contributors (VRS/BP, VRS/MCM, or VRS/
MM) independently assessed the titles and abstracts of
potential studies identified by the search strategy for their
eligibility. Studies also proceeded to full-text screening
when the eligibility of a study was unclear from the title
and abstract. Pairs of two contributors (VRS/BP or VRS/
MCM) also independently assessed the full-text record of
potential studies identified by the search strategy for their
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eligibility. Full-text studies which did not meet the inclu-
sion criteria were excluded, and the reasons for exclusion
were documented [34]. Disagreements between authors
regarding study inclusion were resolved by discussion.
Studies were not anonymised prior to assessment. This
process was performed within Covidence.

Data management

Data extraction

Pairs of two study authors (VRS/MCM or BP/MCM)
extracted data from included studies independently
using a Microsoft Excel spreadsheet. Disagreements
were resolved by consensus between review authors. The
following items were extracted from full-text records:
primary author, year of publication, country of origin,
funding source, study design (retrospective or prospec-
tive data collection), military service (air force, army,
navy or marines), sample size (n), duration of recruit
training (weeks), mean (SD) baseline demographics for
all recruits and injured recruits (age (years), sex (male/
female), height (cm), weight (kg) and body mass index
(BMI) (kg/m?), as well as the injury case definition (all
injury, medical-attention injury, time-loss injury or injury
requiring medical discharge), the number of injured
recruits and the number of injuries.

Dealing with missing data

Where a method of exposure was not provided, the study
was excluded from the injury incidence rate analysis.
Authors were not contacted to request missing data as
studies reported data from injury databases, indicating
further data was unlikely to be available.

Dealing with multiple records representing a single trial
Where multiple identified studies used the same data-
set, these were pooled to represent a single record, with
the first study published being assigned as the reference
study. Sharma et al. 2015 and 2017 used the same data-
set; therefore, Sharma et al. 2015 was used as the primary
study reported within this systematic review [10, 35].
Sharma et al. 2011 and 2019 used the same dataset; thus,
Sharma et al. 2011 was used as the primary study [7, 36].
Cowan et al. 2011 and Bedno et al. 2013 used the same
dataset, so Cowan et al. 2011 was used as the primary
study [15, 37].

Assessment of quality in included studies

The quality of included studies was independently
assessed by two review authors (MCM and JS) using the
Joanna Briggs Institute (JBI) Quality Assessment Check-
list for Prevalence Studies. The appraisal items and crite-
ria used to assess these items is presented in Appendix
C. Studies were assessed against these checklist items
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as ‘yes, ‘no, or ‘unclear’ An overall high-quality rating
was awarded if six or more checklist items were catego-
rised as ‘yes. Quality assessment results were compared
between reviewers, and disagreements were resolved by
discussion.

Assessment of diversity and heterogeneity

Our protocol included a statistical assessment of het-
erogeneity between studies to explore the total variation
across all included studies.

Assessment of reporting biases

The potential influence of small study biases, especially
given that we allowed control arms from randomised
controlled trials within our study was considered. Sam-
ple size bias in this review was in relation to the number
of injuries, whereas the JBI checklist assessed the over-
all sample size. As previously reported, the influence of
small study biases can be highlighted by the criterion
‘study size’ [31]. Specifically, studies with fewer than 50
injuries were considered as representing a high risk of
study size bias, studies with between 50 and 200 injuries
were classified as a moderate risk of study size bias and
studies with greater than 200 injuries were classed as a
low risk of study size bias [38].

Assessment of the Certainty of the Body of Evidence
Assessing the certainty of the body of evidence in sys-
tematic epidemiological reviews is different to systematic
reviews of interventions, and the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) approach may be adjusted for different models
(e.g., exposure) [39]. Within our review, we adapted the
GRADE approach as per existing recommendations [39]
for use in our epidemiological systematic review. There-
fore, our judgement of the certainty of the body of evi-
dence was based upon the number of injuries per study,
overall study quality, indirectness, and inconsistency.

Data synthesis

Demographic data were described using count, mean
(M), standard deviation (SD) or percentage (%), as appro-
priate. Injury prevalence was presented as a percentage,
with the exposure denominator as the recruit train-
ing duration for the number of injuries. Evident clini-
cal diversity of the population groups was seen between
countries (e.g., duration of training or structure of train-
ing) precluded data pooling of all studies and subsequent
statistical analysis of heterogeneity.

The injury incidence rate for the number of injuries
was presented as the number of injuries per measure
of exposure. Injury incidence rates were calculated per
1000 training days (Exact 95% CI) to allow meaningful
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comparisons between studies. Only studies that reported
initial as well as subsequent/ recurrent injuries were
included for analysis of injury incidence within this
manuscript. However, we recognise many studies do not
report these data and present the results for the injured
recruit injury incidence rate within Appendix D.

Training days were selected as the measure for ‘expo-
sure. Exposure was calculated based on one week of
recruit training representing six days of exposure, as this
is the number of training days/week most commonly
reported within individual studies. The pooled injury
incidence rate per country was calculated, injuries/1000
training days (Exact 95% CI), as training regimes were
comparable. As previously reported, clear clinical diver-
sity of the populations used between studies precluded
a meta-analysis (including sensitivity analysis) of all
studies.

Subgroup analysis

At a study level, without pooling data, the association
between the medical attention injury incidence rate
(95% CI), and the duration of the training program
(weeks) was assessed using a generalised linear model
within SPSS Statistics Version 28.0.1.0 and all studies
that reported the injury incidence rate were included
(n=26) and statistical significance was set at p <0.05.
Time-loss studies were not included due to the small
number (n=3). Model fit was assessed using the Akai-
ke’s Information Criterion (AIC).

Results

Selection of studies

Collectively, 3,727 records were identified. After full-text
screening, 44 records, representing 41 studies after com-
bining publications that used shared datasets, met prede-
fined eligibility criteria (Fig. 1) [3-20, 22, 35-37, 40-61].

Study information

Included studies reported injuries across military ser-
vices: air force (n=6;14.6%), army (n=30;73.1%) and
marines (1=4;9.8%). One study did not clarify details
regarding service [16]. An overview of study data is
provided in Table 1. Geographical locations included
the United States of America (n=12;29.3%) [8, 19,
20, 22, 37, 40, 41, 44, 53-55, 58], the United King-
dom (n=9;22.0%) [4, 7, 10-13, 18, 57, 59], Australia
(n=7;17.1%) [3, 9, 14, 17, 43, 45, 48], Switzerland
(n=3;7.3%) [6, 60, 61], Greece (n=2;4.9%) [49, 50], Ire-
land (7 =2;4.9%) [47, 52], Canada (n=1;2.4%) [16], Den-
mark (n=1;2.4%) [42], Germany (n=1;2.4%) [5], Iran
(n=1;2.4%) [56], Malaysia (n=1;2.4%) [46], and Sweden
(n=1;2.4%) [51]. Recruit training periods ranged from
6-32 weeks [3, 4, 6-20, 22, 35-37, 40-43, 45-61], with
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Records removed before
screening:
Duplicate records removed (n
=1,373)

v

Records marked as ineligible
by automation tools (n = 0)
Records removed for other

reasons (n = 0)

Records excluded

g Records identified from
g databases (n = 3,727)
=
3]
)
) S
\ 4
T
Records screened
(n =2354)
v
Reports sought for retrieval
g (n = 160)
= "
[
: I
&
Reports assessed for eligibility
{n = 160)
v
Studies included in review
§ {n = 44, representing 41 different
§ cohorts)

Fig. 1 PRISMA flow chart

two studies not reporting the training period duration
[5, 44]. Data collection for most studies (z=37;90%)
was prospective (e.g., medical records), however, injury
records were obtained retrospectively from the relevant
military organisation. Funding sources are presented
within Appendix E with few studies (n=18/44;40.9%)
reporting funding, which tended to be self-funded via
the military.

Participant demographics

The demographic details for each study are presented in
Table 2. Overall, there were 451,782 recruits included
across the 41 studies [3-20, 22, 35-37, 40—61]. The sam-
ple size for studies ranged from 22-184,670 recruits.
Female representation in studies varied from 0-100%
female inclusion. Seven studies did not report the sex
of participating recruits. The mean age for the included
studies ranged from 18—22 years.

v

(n=2194)

Reports not retrieved
(n=0)

Reports excluded:
Wrong population — pre
2000’s (n = 47)
Specific injury regions
reported only (n=35)
Wrong population — not
recruits (n = 8)
Unpublished study (n=6)
Conference abstract (n=5)
Wrong study design (n =5)
Wrong population — other
(n=4)
Duplicate (n=3)
Commentary (n=2)
Study protocol (n=1)

Assessment of heterogeneity

A substantial amount of missing data from participant
demographics, as per Table 2, across studies precluded
an assessment of heterogeneity. Furthermore, we consid-
ered the duration of recruit training sufficiently different
between countries. Due to the substantial clinical diver-
sity, data were not pooled between countries, and statis-
tical heterogeneity was not calculated.

Injury profiles

Thirty-five studies reported injury occurrence based on
medical attention injuries [3, 6-11, 13-16, 18-20, 22, 35-37,
40-46, 48-58, 60, 61], whereas six studies reported based on
time-loss injury case definitions [4, 5, 12, 17,47, 59].

Injury frequency, proportion and prevalence

Five studies did not report the number of injured recruits
or the number of total injuries. Most (n=26;63%) studies
reported the number of injured recruits, and the majority
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Table 1 Study information for military recruits
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Study Country Military service Study design Sampling Duration of Injury case Injury reporting
timeframe recruit training  definition (prospective/
(weeks) retrospective)
Billings 2004 [40]  United States Airforce Cohort study 2002 6 Medical atten- Prospective
of America tion
Blacker 2008 [11]  United Kingdom  Army Cohort study 2003-2005 12 Medical atten- Retrospective
tion
Booth 2006 [3] Australia Army Cohort study 2003 6 Medical atten- Prospective
tion
Brooks 2019 [41]  United States Army Cohort study 2007 9 Medical atten- Retrospective
of America tion
Brushgj 2008 [42] Denmark Army Randomised 2004-2005 12 Medical atten-  Prospective
intervention trial tion
Burley 2020 [43]  Australia Army Randomised Not reported 12 Medical atten- Prospective
intervention trial tion
Chassé 2020 [16] Canada Not reported Cohort study 2016-2017 12 Medical atten- Prospective
tion
Cowan 2011 United States Army Cohort study 2005-2006 10 Medical atten- Retrospective
[15,37] of America tion
Cowan 2012 [44]  United States Army Cohort study 2005-2006 Not reported Medical atten- Prospective
of America tion
Dawson 2015 Australia Army Cohort study 2013 12 Medical atten- Prospective
[45] tion
Din 2016 [46] Malaysia Army Cohort study 2013-2014 26 Medical atten- Prospective
tion
Esterman 2005 Australia Airforce Randomised Not reported 10 Time-loss Prospective
[17] intervention trial
Everard 2018 [47] Ireland Army Cohort study Not reported 16 Time-loss Prospective
Fallowfield 2020  United Kingdom  Airforce Cohort study 2008 9 Time-loss Prospective
[12]
Goodall 2013 Australia Army Randomised 2007 12 Medical atten- Prospective
[48] intervention trial tion
Hall 2017 [13] United Kingdom  Army Cohort study 2009-2011 14 Medical atten- Prospective
tion
Hauschild 2018 United States Army Cohort study 2016 10 Medical atten- Prospective
[8] of America tion
Havenetidis 2011  Greece Army Cohort study Not reported 7 Medical atten- Prospective
[49] tion
Havenetidis 2017 Greece Army Cohort study Not reported 7 Medical atten- Prospective
[50] tion
Heagerty 2018 United Kingdom  Army Cohort study 2012-2016 28 Medical atten- Prospective
[18] tion
Heller 2020 [4] United Kingdom  Army Cohort study 2016-2017 14 Time-loss Prospective
Hofstetter 2012 Sweden Army Randomised 2009-2010 7 Medical atten- Prospective
[51] intervention trial tion
Jones 2017 [19]  United States Army Cohort study 2009 - 2012 10 Medical atten- Prospective
of America tion
Kerr 2004 [52] Ireland Army Cohort study 2000 - 2001 16 Medical atten- Prospective
tion
Knapik 2006 [54]  United States Army Non-randomised 2003 9 Medical atten- Prospective
of America intervention trial tion
Knapik 2010a United States Airforce Randomised 2007 6 Medical atten- Prospective
[53] of America intervention trial tion
Knapik 2010b United States Marines Randomised Not reported 12 Medical atten- Prospective
[55] of America intervention trial tion
Mohammadi Iran Army Cohort Study Not reported 8 Medical atten- Prospective

2013 [56]

tion
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Study Country Military service Study design Sampling Duration of Injury case Injury reporting
timeframe recruit training  definition (prospective/
(weeks) retrospective)
Muller-Schilling ~ Germany Army Cohort Study 2012 -2014 Not reported Time-loss Prospective
2019[5]
Munnoch 2007  United Kingdom  Marines Cohort Study 2001 - 2002 32 Medical atten- Prospective
[57] tion
Nye 2016 [22] United States Airforce Cohort study 2012-2014 8.5 Medical atten- Prospective
of America tion
O'Connor 2011 United States Marines Cohort study 2009 16 Medical atten- Prospective
[20] of America tion
Orr 2020 [14] Australia Army Cohort study 2006-2011 12 Medical atten- Prospective
tion
Australia Army (Reserves)  Cohort study 2006-2011 4 Medical atten- Prospective
tion
Roos 2015 [6] Switzerland Army Non-randomised Not reported 21 Medical atten- Prospective
intervention trial tion
Schram 2019i [9]  Australia Army Cohort study 2012-2014 12 Medical atten- Retrospective
tion
Australia Army (Reserves)  Cohort study 2012-2014 4 Medical atten- Retrospective
tion
Sharma 2011 United Kingdom  Army Cohort study Not reported 26 Medical atten- Prospective
[7,36] tion
Sharma 2015 United Kingdom  Army Cohort study 2006 - 2008 26 Medical atten- Prospective
[10, 35] tion
Trone 2014 [58]  United States Marines Cohort study 2007 12 Medical atten- Prospective
of America tion
Withnall 2006 United Kingdom  Airforce Randomised 2003 - 2004 9 Time-loss Prospective
[59] intervention trial
Wyss 2012 [61] Switzerland Army Cohort study Not reported 18 Medical atten- Prospective
tion
Wyss 2014 [60] Switzerland Army Cohort study Not reported 18 Medical atten- Prospective

tion

(n=27;66%) of studies reported the number of injuries to

recruits.

Prevalence of medical attention injuries
Medical attention injuries were sustained by 22.8% of
recruits (94,552 injured recruits within 414,498 recruits).

Prevalence of time-loss injuries
Time-loss injuries were sustained by 31.4% of recruits
(822 injured recruits within 2,617 recruits).

Injury incidence and injury incidence rate

Two studies were not included within the calculation
of injury incidence as they did not indicate the recruit
training duration [5, 44]. Five studies were not included
in calculating injury incidence as they did not provide
either the sample size or the number of injuries/ injured
recruits [37, 51, 53-55].

Total injury incidence rates

The injury incidence rate for medical attention injuries
ranged from 0.62 injuries/1000 training days [16] to 19.52
injuries/1000 training days [49]. The injury incidence rate
for recruits with a time-loss injury ranged from 0.75 inju-
ries/1000 training days [17] to 3.97 injuries/1000 training
days [59]. The complete layout of injury incidence rate,
per country, is presented in Table 3 and the pooled injury
incidence rate by country is also presented within Fig. 2.

Influence of training duration in injury incidence rate

The injury incidence rate appeared to be associated with
the duration of recruit training. The generalised linear
model (Appendix F) demonstrated that every week longer
in duration a recruit training protocol, there appeared to
be an associated reduction of (95%CI=-0.616 to -0.131)
in the injury incidence rate (p=0.003). The AIC was 160,
demonstrated adequate model fit.
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Table 3 The injury incidence rates for recruits by country
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Injury case definition Country Study Incidence per
1000 training days
(95%ClI)
Medical Attention Australia Burley 2020 349 (1.80t0 5.05)
Schram 2019 3.85(3.64 t0 4.07)
Orr 2020 4.76 (4.61 t0 4.90)
Goodall 2013 8.97 (7.92 t0 10.02)
Booth 2006 7(12.011t0234)
Pooled 465 (4.53t04.77)
Australia (Reserves) Schram 2019 (reserves) 3.83(3.22t0 4.45)
Orr 2020 (reserves) 7.31(6.93t07.71)
Pooled 6.71 (6.37 to 7.05)

Canada
Denmark
Greece

Iran

Ireland
Malaysia
Switzerland

United Kingdom

United States of America

Time-loss Australia
Ireland
United Kingdom

Chasse 2020
Brushgj 2008
Havenetidis 2017
Havenetidis 2011

0.62 (0.55 t0 0.69)
14.54 (13.28 to 15.80)
7.64 (6.02 10 9.26)
19.52 (16.75 t0 22.29)

Pooled 13.16 (11.61to 14.71)
Mohammadi 2013 3.33(1.02t0 5.64)
Kerr 2004 540 (4.681t06.12)
Din 2016 01 (0.81to 1.21)
Roos 2015 468 (3.551t05.81)
Wyss 2014 01 (4.68 to 5.33)
Wyss 2012 6.46 (5.75t0 7.16)
Pooled 5.28 (5.00 to 5.57)
Munnoch 2007 0.78 (0.66 to 0.89)
Blacker 2008 0.82(0.76 10 0.88)
Heagerty 2018 2.33(2.25 t0 2.40)
Sharma 2015 3.13(3.02t03.24)
Pooled 2.08 (2.04t0 2.13)
O'Connor 2011 3.22 (2.83t0 3.60)
Nye 2016 3.39(3.33t0345)
Cowan 2011 8.99 (8.76 10 9.22)
Hauschild 2018 10.19(10.11 t0 10.27)
Billings 2004 1942 (18.11t0 20.73)
Pooled 7.89 (78310 7.94)

Esterman 2005
Everard 2018
Withnall 2006

0.75 (0.00 to 2.24)
2.21 (13910 3.03)
3.13t04.81)

Assessment of quality in included studies

The overall quality for 26 studies (63.4%) was classified as
high and 15 studies (36.6%) were classified as low quality
(Appendix G). Twenty-five studies (61%) had an appro-
priate sample frame. Thirty-one studies (76%) sampled
participants appropriately. Twenty-five studies (61%) had
an appropriate sample size. Fourteen studies (34.1%) ade-
quately described the participants and settings. Thirty-
one studies (76%) had sufficient coverage of the included
sample within analyses. Thirty-four (83%) used valid
measures to identify the condition. Thirty-four (83%)

used reliable methods to quantify the condition (typically
the international classification of disease codes). Thirty-
seven studies (90%) had adequate response rates (typi-
cally due to studies being retrospective audits of medical
records).

Assessment of the certainty of the body of evidence

Injury incidence rates were calculated using the number
of injuries and the duration of the recruit training pro-
gram. However, the certainty for the injury incidence
rates we calculated were judged to be low, suggesting the
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true incidence rates might be markedly different from the
estimated rate. The certainty of the evidence was down-
graded due to several reasons. Firstly, over one-third of
studies were considered low quality and included less
than 200 injuries. Secondly, due to indirectness based on
65.9% of studies did not adequately report the partici-
pant demographics and setting, with no studies detailing
the physical training interventions. Lastly, due to incon-
sistency, based upon the poor overlap of the 95% confi-
dence intervals of the injury incidence rate assessed per
country.

Discussion
Injuries are prevalent across all counties in military
recruit populations, with our results indicating that one-
in-four recruits seek medical attention due to injury
in one training period. These injury outcomes are far
higher than recruits of other tactical populations, such
as law enforcement [1, 31]. Military recruit injury inci-
dence rates published within the last five years were
between 0.62-10.19 injuries/1000 days and may be over-
all trending less than those studies published between
2000-2017, with injury rates over this period between
0.78-19.52/1000 training days, however this seems
unlikely. Unfortunately, statistical analysis to confirm
this is not possible with the available data. These injury
incidence rates remain a concern as previous injury is a
known risk factor for future injury in the military [62].
Consequently, injuries sustained early in a recruit’s career
may lead to further problems once qualified [62]. Injuries
sustained as recruits (e.g., Anterior Cruciate Ligament
rupture) may also have lifelong implications to function
and quality of life [63, 64]. Thus, considering the current
high injury rates and vulnerability for future injury, mili-
tary recruits remain a significant priority military sub-
group for injury prevention.

The duration of recruit training was identified as being
associated with the recruit injury incidence rate. Our

results demonstrate that longer recruit training programs
are associated with a lower injury incidence rate. This
appears reasonable when considering longer programs
will be better able to spread physical training over the
duration of the program, as opposed to needing all fitness
to be completed in a short window. By having a longer
program, and reducing large increases in training vol-
ume, recruits are less likely to become acutely overloaded
and suffer an injury [65]. However, these results must be
interpreted with caution given many other factors con-
tribute to the injury incidence rate that were unable to be
controlled for within our model.

Previous literature has identified that female sex is
a risk factor for injury [62]. This appears to be consist-
ent with our research. While more males were injured
than females overall, a higher proportion of females
sustained injuries when accounting for the number of
females included within the respective study. However,
females were represented in approximately half the stud-
ies identified, of which only 11 studies reported injury
incidence by sex. We recommend future research reports
total injury rates along with injury rates by sex to iden-
tify at-risk groups clearly. Only three studies reported on
height, weight, and BMI, thus it is unclear if such biom-
etric information is associated with higher injury rates in
recruits. Data related to age and BMI are important to
include when describing study populations, given their
influence on injury rates [66—69]. A recent meta-anal-
ysis has established high BMI as a predictor for injury
in general military populations, along with lower fit-
ness standards. Multiple countries have highlighted the
growing prevalence of obesity in the military [5, 70-72].
Concurrently, some military organisations are lower-
ing entry fitness standards required to enlist in military
service in specific roles. We recommend, where possible,
that future surveillance studies consider recording these
evidence-based risk factors to determine the relationship
between BMI, fitness and injury risk in military recruits
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to identify potential injury patterns associated with such
changes. Such information is essential to inform future
policies related to recruitment health and fitness stand-
ards and injury prevention.

These injury frequency findings are likely to under-
estimate the actual burden of injury in military recruits
due to the methods used to collect injury data. All stud-
ies used data based on recruits engaging in military
health systems. It is known that many recruits will pur-
posely avoid doing for various reasons [73, 74], such as
fear of affecting career aspirations. Research in combat
units suggests that approximately half of the personnel
do not report their injuries, and thus a significant num-
ber of injuries are not recorded by surveillance systems
[75]. Injury underreporting compromises the accuracy of
surveillance and limits the proper identification of pre-
vention prioritises. Injury consensus guidelines in the
military recommend alternative surveillance methods,
such as anonymous surveys where personnel can report
injury data without fear of repercussions [26]. Previous
literature differs on whether female military members are
more likely to engage with military healthcare systems
when injured compared to their male counterparts [62].
Such injury reporting behaviours could influence epide-
miological outcomes when using medical attention data
to calculate injury rates and should be considered when
considering sex-related subgroup injury risks [62].

There appeared to be considerable clinical diversity
and heterogeneity between studies in the studies identi-
fied, even with studies from the same country, service or
authors, as seen by the minimal overlap of the 95% con-
fidence intervals of the injury incidence rate between
studies. This heterogeneity may arise from differences
within the basic training program or different samples. It
is not possible to determine the influence of these given
the details of the training programs are not reported,
and few studies report extensive demographic informa-
tion of their recruits [9, 14, 18, 42, 43, 48, 53-55, 61].
The year difference between studies may also influence
the injury incidence rate as the training program, and
injury prevention interventions would likely change over
time. Again, this is difficult to quantify from the current
literature.

Limitations

Due to a lack of reporting of detailed exposure metrics
(e.g., hours of physical activity within the recruit training
program) within most studies, one week of recruit train-
ing was assumed to represent six training exposure days
when calculating the injury incidence rate. We are aware
that some military training programs may have fewer
or more training days in one week than this. Therefore,
our exposure calculations may not be entirely accurate,
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and exposure is likely to be marginally overestimated as
we could not remove training days post-injury from our
analyses. If a study did not report whether injuries were
based on the total number of injuries or the number
of injured recruits, for the purposes of calculating the
injury incidence, we assumed they reported the num-
ber of injured recruits. However, we contend that injury
rates during training programs from > 20 years ago would
provide limited evidence applicable to current training
approaches. While multiple authors completed screen-
ing and extraction, a single author (MCM) completed
database searches, which may lead to bias. However, the
author has completed search strategies for multiple sys-
tematic reviews [31, 76—78] and the influence of this was
deemed to be negligible.

Conclusion

This review identified 41 studies that reported the injury
epidemiology frequency of military recruits. Injuries are
prevalent in military recruits, with up to one-in-four of
recruits seeking medical assistance for injury in one train-
ing period. Such findings reinforce that military recruits
are an organisational priority for injury prevention. There
may be a pattern demonstrating improving injury rates
within recent years; however, the overall certainty for the
accuracy of our injury frequency results is low due to our
study quality assessment findings. Future research should
apply military-specific recommended injury surveillance
guidelines to improve future surveillance accuracy and
comparison. Further knowledge needs to be established
about specific basic training activities associated with
injury and injury risk associated with BMIL.
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