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Abstract - Introduction: Musculoskeletal injuries pose significant challenges to military personnel involved in load
carriage activities, affecting both operational readiness and individual well-being. However, there is a notable lack of
comprehensive understanding regarding the risk factors and effective prevention measures for such injuries. Thus, this
study aimed to investigate the risk factors and prevention strategies for musculoskeletal injuries associated with load
carriage. Methods: A systematic review was conducted in 2020 and updated in 2022, encompassing eight databases
using keywords such as “load carrying”, “injuries,” and “military”, alongside their synonyms. Extracted data included
sample characteristics, load carriage specifics, intervention protocols, and musculoskeletal injury incidence. A meta-
analysis using StatsDirect software was performed to estimate relative risk (RR). Results: Out of 7,673 articles initi-
ally screened, 13 met the eligibility criteria. Primary risk factors examined included sex, age, body mass, distance tra-
veled while carrying loads, and load weight. The meta-analysis revealed females had a relative risk of 1.56 (95%
CI = 1.11 to 2.20) for musculoskeletal injuries during load carriage compared to males. Prevention strategies such as the
use of antiperspirants, socks, and ballistic vests were evaluated. Conclusions: Findings from this systematic review
suggest that factors such as female sex, smoking, greater walking distances with loads, and longer load carriage dura-
tions, and increased duration of load carriage may elevate the incidence of injuries. However, limited studies on preven-
tion strategies precluded definitive conclusions. Further research is warranted in this area.
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Introduction
Soldiers must be prepared to execute the missions
assigned to them by their superiors at any time (day or
night) and anywhere (domestic or even foreign)1,2,3. Due
to the challenging and often hostile conditions of opera-
tional environments, soldiers are frequently required to
undertake long marches on foot while carrying substantial
external loads2,3. With ongoing transformations in opera-
tional contexts and continuous advancements in military
operations, there has been a progressive increase in the
loads carried by military personnel2,3,4.

The external load carried by the military comprises
basic equipment for conducting operational activities
(weapons, ammunition, GPS, night vision goggles, ballis-
tic vests, helmets and nutrition supplies)5,6. The literature
reports that total load mass can range from 86 to 52 kilo-
grams7. Load carriage reduces soldiers' mobility, reaction
time, and operational efficiency3,8,9. In addition to hinder-

ing the execution of tactical tasks, load carriage imposes
significant physiological and biomechanical strain on sol-
dier3. Such strain leads to increased fatigue and raises the
risk of musculoskeletal injuries by up to 8%3.

Musculoskeletal injuries resulting from load carriage
can negatively affect not only the individual soldier but
also the Military Organization (MO)3,10,11. An injured sol-
dier can reduce the MO's readiness and the combat effec-
tiveness of the unit3,10,12,13, thereby influencing the
success of the mission3,11,13,14. Data from Knapik et al.
(1992), in which soldiers marched 20 kilometers while
carrying loads, indicated that 24% of them experienced
musculoskeletal injuries, with 4% unable to complete the
mission due to injury severity5, leading to additional costs
for the force, including medical evacuation expenses13,15.
Moreover, treatment and rehabilitation costs, as well as
human and financial resources invested in the mission,
further increase the burden on the organization3,6,11.
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There are numerous consequences of musculoskele-
tal injuries associated with load carriage, affecting both
the military personnel and the Armed Forces. Several stu-
dies have investigated the main risk factors associated
with this issue, including increasing age6,7,16, female
sex2,3,6,15,17, higher body mass index7,16,18,
smoking7,16,18,19, alcohol consumption7,18, carrying loads
exceeding 25% of body mass6,19, greater distances tra-
veled under load2,3,5,7,13,15,19, and a prolonged load car-
riage duration (more than four hours)13,15,16,19. The
interaction of multiple risk factors may further contribute
to the incidence of musculoskeletal injuries among mili-
tary personnel12.

Approaches to minimize the risk of musculoskeletal
injuries related to load carriage may include (1) identify-
ing and mitigating modifiable risk factors and (2) adapting
military equipment such as backpacks, vests, socks, and
boots7,20,21,22. Some studies suggest that optimizing mili-
tary gear can help reduce the incidence of musculoskeletal
injuries by decreasing biomechanical or physiological
strain7,20,21,22.

Given the wide range of risk factors for musculoske-
letal injuries associated with load carriage reported in the
scientific literature, as well as the diversity of intervention
studies seeking preventive strategies and the lack of con-
sensus among experts, the present systematic review with
meta-analysis is justified. Therefore, this review aimed to
identify and synthesize scientific evidence regarding the
risk factors and prevention strategies for musculoskeletal
injuries associated with load carriage in military p,erson-
nel.

Methods

Study design
This systematic review was written in accordance

with the recommendations of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA 2020)23. To ensure consistency, transparency,
and integrity, a study protocol was developed and regis-
tered in the International Prospective Register of Systema-
tic Reviews (PROSPERO) under the number
CRD42020197586.

Search strategy
Searches were conducted in August 2020 and upda-

ted in October 2022 in the CINAHL, Cochrane,
EMBASE, LILACS, MEDLINE, SCOPUS, SPORTDis-
cus, and Web of Science databases. No filters were applied
for language or publication year. The descriptors “load
carrying,” “injuries,” and “military,” as well as their
respective synonyms, were used, including terms from the
controlled vocabulary Medical Subject Headings (MeSH)
and additional terms identified through a review of other

studies. Search equations were constructed using the Boo-
lean operators “AND” (to combine descriptor terms) and
“OR” (to combine synonyms and plural forms). In addi-
tion to database searches, reference lists of relevant studies
were also screened to identify additional eligible articles.

Eligibility criteria
For observational studies, the PECOS strategy

(Population, Exposure, Comparison, Outcome, and Study
design) was used to define inclusion criteria: Population =
military personnel exposed to marching with load car-
riage; Exposure = risk factors (e.g., female sex, smoking,
load carriage longer than 4 h); Comparison = absence of
the investigated risk factor (e.g., male sex, non-smoker,
load carriage shorter than 4 h); Outcome = incidence of
injuries; Study design = observational.

For experimental studies, the PICOS strategy (Popu-
lation, Intervention, Comparison, Outcome, and Study
design) was applied: Population = military personnel per-
forming marching with load carriage; Intervention = inju-
ry prevention strategies (e.g., adapted vests, shoes, or
socks); Comparison = control group (not exposed to adap-
ted equipment or using standard gear); Outcome = injury
incidence; Study design = experimental.

Selection of the studies
Study selection was carried out independently by

two reviewers familiar with the subject. Studies retrieved
from the databases were imported into EndNote Web
(Clarivate Analytics). for reference management, and
duplicates were removed. After de-duplication, all records
were exported in RIS format to the Rayyan platform
(QCRI), where an additional duplicate check was per-
formed.

The two reviewers then independently screened
titles and abstracts, followed by full-text assessment of
potentially eligible studies. To identify additional relevant
papers, the reviewers also examined the reference lists of
included studies.

Excluded studies and reasons for exclusion were
recorded. Each study was classified as “included,” “exclu-
ded,” or “uncertain.” Disagreements were resolved
through consensus meetings without requiring a third
reviewer. When necessary, study authors were contacted
for clarification or to obtain missing information.

Extracted data
Data extraction was conducted independently by two

evaluators. Any discrepancies between the extracted data
were resolved through a consensus meeting, without the
need for a third evaluator. Data from each included study
were extracted and organized in tabular format using
Microsoft Excel.

Generally, the extracted information included study
characteristics (author and year), sample characteristics
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(participant profile and sample size), and characteristics of
the load carriage activity (type of load, loading activity,
and load mass).

For observational studies, in addition to general
information, data on risk factors associated with injuries
(relative risk and 95% confidence intervals) and outcomes
(injury definitions, results for exposed groups, and results
for unexposed groups) were extracted. For experimental
studies, information on prevention strategies aimed at
minimizing musculoskeletal injuries associated with load
carriage was extracted, along with outcomes reported in
the included studies (injury definition and incidence in
groups subjected or not subjected to preventive interven-
tions).

Assessment of the risk of bias of studies
To evaluate the risk of bias of the selected observa-

tional studies, the two evaluators independently applied
the National Institutes of Health (NIH) Quality Assess-
ment tool for observational cohort and cross-sectional stu-
dies (available at https://nhlbi.nih.gov/health-topics/study-
quality-assessment-tools). This tool consistis of fourteen
questions that cover three fields of possible bias: selection
bias, comparison bias and outcome bias. Each question
was answered as “Yes”, “No”, “Cannot determine”, “Not
applicable” or “Not reported”. Responses of “Yes” were
given a score of 1, while questions answered “No”, “Can-
not to determine”, or “Not reported” received a score of 0.
The total score classified the risk of bias as low (10-14),
moderate (5-9), or high (0-4). Any disagreements were
resolved through consensus without the need for a third
reviewer.

For experimental studies, the Cochrane risk of bias
tool RoB2.0 (available at website). was used independently
by the two evaluators. Five domains were assessed for
each outcome: bias in the randomization process, devia-
tions from intended interventions, bias due to missing
data, bias in outcome measurement, and bias in reporting
outcomes. Each domain was judged as low risk, some
concerns, or high risk based on signaling questions. Dis-
crepancies between evaluators were resolved through con-
sensus meetings, without requiring a third reviewer.

Statistical analysis
A statistical analysis, including a meta-analysis, was

carried out on the results of observational studies that
compared the incidence of musculoskeletal injuries asso-
ciated with load carriage between femal and male military
personnel. “Sex” was the risk factor used for the meta-
analysis due to data availability24.

The following parameters were used for the analysis:
1) Dichotomous Variable; 2) Mantel-Haenszel statistical
method: used to weight the measures of associations
between the studies included in the review; and 3) hetero-
geneity was assessed using the value provided by the Hig-

gins or I2 inconsistency test, automatically calculated by
the StatsDirect software application (version 3). I2 values
up to 50% were classified as low heterogeneity, 50-75% as
moderate, and above 75% as high25. A random-effects
analysis model for analyzing the effect estimate was used
because of the existence of varying risk factors among the
studies included in the review. A random-effects model
(DerSimonian and Laird) was used due to methodological
heterogeneity across studies. Adjusted effect measures
(odds ratios, prevalence ratios, or risk ratios) were extrac-
ted when available; otherwise, crude measures were used.
Statistical heterogeneity was assessed using Cochran's Q
test and I2 statistic. Sensitivity analysis was conducted by
sequentially removing each study to reassess I2 and the
pooled effect estimate. Relative risk (RR) represents the
ratio of injury probability in the exposed versus non-
exposed groups. An RR of 1 indicates no difference;
RR < 1 indicates a protective factor; RR > 1 indicates a
risk factor26.

The quantitative assessments of publication bias
were conducted using Begg's test and the Begg-Mazumdar
rank correlation test (Kendall's Tau with continuity cor-
rection). Meta-analysis and forest plot construction were
performed using the Review Manager software (version
5.4.1). The StatsDirect software (version 3) was used to
evaluate the risk of publication bias. All analyses were
performed with 95% confidence intervals (CIs). The sig-
nificance level adopted was p ≤ 0.052727.

Certainty of evidence in the meta-analysis
The certainty of evidence in the meta-analysis was

independently assessed using the Grading of Recommen-
dations Assessment, Development, and Evaluation
(GRADE) approach28 by two evaluators. Evidence was
classified as high, moderate, low, or very low through the
GRADEpro website28. Evidence from randomized con-
trolled trials initially starts at high certainty, whereas
observational studies start at low certainty due to potential
confounding factors. Five domains can decrease the cer-
tainty of evidence28: risk of bias (when study results do
not accurately represent the truth due to limitations in
study design or conduct); imprecision (associated with
small sample sizes, few events in comparator groups, or
wide confidence intervals); inconsistency (assessed by
inspecting the similarity of point estimates, the overlap of
confidence intervals, and statistical measures of hetero-
geneity); indirectness (occurs when the studied interven-
tions differ from the actual intervention of interest, or
when the studied population differs from the target popu-
lation); and publication bias (the selective publication of
studies based on their results). Conversely, three domains
can increase the certainty of evidence: large effect size
(when a very large magnitude of effect provides strong
evidence of a cause-effect relationship); dose-response
gradient (when greater exposure leads to a greater effect);
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and residual confounding (when unmeasured or uni-
dentified confounding factors influence study outcomes in
a way that increases confidence in the observed effect).
For each domain that met the criterion, certainty was
increased by one level; if the criterion was not met, cer-
tainty was decreased by one level. Any disagreements
regarding the certainty of evidence were resolved by con-
sensus, without the need for a third evaluator.

Results

Overview
A total of 9,738 studies were identified in searches

carried out across eight databases (7,673 records in August
2020 and 2,065 records in October 2022). Through a man-
ual search conducted independently by two evaluators,
and with the assistance of the EndNote reference manager
and the Rayyan platform, a total of 1,543 duplicate titles
were removed. After eliminating duplicates, the two eva-
luators independently and carefully screened the titles and
abstracts of the remaining 8,195 studies.

The full texts of 90 potentially eligible studies were
then independently reviewed by the two evaluators for
inclusion in the present review, according to the pre-
defined criteria. During the full-text screening process, the
authors conducted a secondary search among the reference
lists of these 90 studies. Thirty additional titles were iden-

tified as potentially eligible, and their full texts were also
reviewed by the evaluators. In total, the full texts of 120
studies were assessed independently and in pairs
(Figure 1).

Thirteen studies met the eligibility criteria and were
included in the systematic review. Of these, 10 studies
investigated risk factors associated with musculoskeletal
injuries (MSI) resulting from load carriage, while 3 studies
examined potential preventive strategies for such injuries.
A summary of the search results and the reasons for study
exclusion are presented in Table 1, along with the char-
acteristics of the studies included in the systematic review.

The included studies were published between 1992
and 2018 and were written in English. They examined
military personnel from six different countries (Australia,
Korea, the United States, Finland, Israel, and Switzerland)
who experienced musculoskeletal injuries during load car-
riage activities performed while marching.

A total of 10 studies focused on evaluating risk fac-
tors contributing to MSI in military personnel. The exam-
ined risk factors included sex, age, body mass, distance
marched under load, and load weight. Notably, five studies
specifically investigated sex as a risk factor, enabling a
more detailed statistical analysis, including meta-analysis,
of the impact of sex on MSI during load carriage activities.
Further details on the statistical analysis of the sex risk
factor are provided in the subsection “Analysis of Obser-
vational Studies.”

Figure 1 - Flow diagram of studies included in the systematic review about risk factors and prevention strategies for musculoskeletal injuries associated
with load carriage23.
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To provide a clearer understanding of the risk factors
examined in the included studies, data were systematically
extracted and are presented in tabular form. Table 1 sum-
marizes the characteristics of the observational studies
(author and year), sample characteristics (participant pro-
file and sample size), and details related to load carriage

(type of activity, nature of the load, and load mass).
Table 2 outlines the risk factors assessed in the observa-
tional studies along with the outcomes reported by the
respective authors.

Three studies investigated prevention strategies
aimed at reducing the incidence of MSI among military

Table 1 - Sample, task and external load characteristics of observational studies

Study/author
(year)

Age
(years
old)

Height
(cm)

Body
mass (kg)

BMI
(kg/m2)

(n) Activity External load

Knapik et al.
(1992)

21± 3 177.9 ± 6.4 76.1 ± 9.8 NR 335 (M) 20 km tactical march Backpack weight: 35 kg
Uniform weight: 5 kg

Weight other equipment:
5.8 ± 2.0 kg

Reynolds et al.
(1999)

21.4 ± 3.9 175.6 ± 7.0 75.5 ± 9.2 24.5 ±
2.6

218 (M) 161 km tactical march
(5 days) (32 km/day)

Backpack weight: 47 ± 5 kg

Mäkela et al.
(2006)

20 ± 2 178.6 ±
0.05

73 ± 0.8 22.8 ±
0.3

152,142 total:
149,814 (M)
2,328 (W)

Tactical march
(± 7 h per day)

Backpack weight: ±30 kg, back-
pack with and without support

frame

Roy et al.
(2012)

26.6 ± 6.0 172.7 ± 13 81.4 ±
17.4

NR 593 total: 536 (M)
57 (W)

Tactical march of 61.77 ±
123.93 m (14 weeks)

Backpack and rifle weight:
21.3 ± 13.6 kg

Heaviest load: 37.6 ± 20.8 kg,

Kim & Kim
(2015)

20.6 ± 1.5 NR NR 23.9 ±
4.1

209 total 30 km tactical march Backpack weight: 20 ± 5 kg

Roy et al.
(2015)

27.3 ± 7
(W)

26.5 ± 5.8
(M)

158.1 ±
12.7 (W)
174.3 ±
11.9(M)

64.2 ± 9.2
(W)
83.2 ±
12.7 (M)

27.6±
5.1(M)
26 ± 4.6
(W)

593 total: 536 (M)
57 (W)

Tactical march (12
months)

7.06 ± 4.63 km (W)
6.79 ± 4.52 km (M)

22.25 ± 13.43 kg (M)
10.32 ± 9.82 kg (W)

Orr and Pope
(2015)

NR NR NR NR 112 total: 111 (M)
11 (W)

Tactical march (2 years) Combat equipment and vest

Roy et al.
(2016)

25 ± 6 160 ± 7.6 66.3 ±
14.2

25 ± 4.1 160 (W) Tactical activities (9
months)

Uniform/vest weight: ± 17 kg
Backpack weight: ± 21.77 kg

Orr and Pope
(2016)

NR NR NR NR 24,876 total: 22,435
(M); 2,441 (W)

Tactical activities (2
years)

Load weight: 45 kg

Schuh et al.
(2017)

25 NR NR 25.6 831 total: 822 (M);
8 (W)

Tactical march with an
average of 23.8 km

(6 months)

Average load weight: 20 kg

Table 2 - Characteristics of risk factors and outcomes found in observational studies.

Author (year) Risk factors Relative risk Chi-square Injury definition

Knapik et al.
(1992)

Walking with external load NR Blisters, Sprains, Low back pain, and Joint pain

Reynolds et al.
(1999)

Age RR = 0.88; p < 0.01 Blisters, sprains, backache, joint pain, fractures, and
neuropathySmoking RR = 1.58;p < 0.01

Alcohol p = 0.20

Body mass p = 0.02

Walking with external load NR

Mäkela et al.
(2006)

Sex p = 0.6 Brachial plexus injury; Compressive neuropathy

(continued)
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personnel engaged in load carriage. However, during the
evaluation of these studies and their corresponding inter-
vention factors, no quantitative data suitable for detailed
statistical analysis were found. The authors examined var-

ious preventive measures, including the use of anti-
perspirants, wool-blend socks, and modified ballistic
vests. Notably, no randomized controlled trial (RCT)
investigating physical exercise as a primary prevention

Table 2 - continued

Author (year) Risk factors Relative risk Chi-square Injury definition

Konitzer et al.
(2008)

Smoking Neck pain: RR = 0.12; p < 0.05 Neck pain, low back pain and lower limb pain

Wearing a vest for more than 4 h Backache: RR = 0.14; p < 0.05

Age Pain in upper limbs: RR = 0.15;
p < 0.05

Roy et al. (2012) Average load in relation to body mass chi = 16.23; p < 0.001 Lower back pain, knee pain, and on the shoulder;
sprains, and neuropathiesLargest load carried chi = 11.46; p < 0.02

Greater load carried in relation to
body mass

chi = 7.90; p < 0.0048

Age chi = 12.77; p < 0.03

Sex chi = 6.37; p < 0.01

Kim & Kim
(2015)

Nonuniform backpack loading NR Brachial plexus injury and upper limb paresthesia

Strap problems NR

History of paresthesia or paresis NR

History of shoulder pain or dislocation NR

History of neck pain NR

History of low back pain NR

Alcohol NR

Smoking NR

Roy et al. (2015) Sex NR Backache, knee injury, foot and ankle injury

Walking with external load RR = 3.00 (95% CI = 1.52-5.93)

Charge charging time NR

Orr and Pope
(2015)

Sex NR Backache, neck pain, sprain, ankle injury, knee injury,
and shoulder injuryWalking with external load NR

Orr and Pope
(2016)

Sex RR = 1.02 (95%CI: 0.74-1.41) Neck pain; shoulder injury; backache; knee injury; foot
injury; ankle injuryWalking with external load NR

Roy et al. (2016) Ballistic vest usage time (h/day) 1 to 4: RR = 1.62 more than 4 h:
RR = 1.84

Muscle injury, tendon injury, bone injury; joint damage;
and neuropathy

Backpack usage time (h/day) RR = 1.85 95% CI: 1.23-2.80

External load with % BMI RR = 2.00 95% CI: 1.31-3.06

Greater external load carried in rela-
tion to %BMI

RR = 5.83 95% CI: 1.51-22.50

Orr and Pope
(2016)

Sex RR = 1.02; 95% CI: 0.74-1.41 Neck pain; shoulder injury; backache; knee injury; foot
injury; ankle injuryWalking with external load NR

Schuh et al.
(2017)

Age RR = 2.89 95% CI: 1.17-7.16
p = 0.02

Back injury, knee injury, injury ankles, sprains

Walking with external load RR = 1.81 95% CI: 1.38-2.37

Long distance walking (>53 km) RR = 1.92 95% CI: 1.17-2.41

Load >25% of body mass RR = 2.09 95% CI:1.08-4.05
p = 0.03

Smoking RR = 3.39 95% CI: 1.43-10.80
p < 0.01
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strategy for load carriage-related MSI during marching
has been conducted to date.

Table 3 presents the characteristics of the experi-
mental studies (author and year), sample characteristics
(participant profile and sample size), and load carriage
details (activity type, load type, and load mass). The stu-
dies evaluating prevention strategies did not demonstrate
statistically significant effects, and the information extrac-
ted from these studies is summarized in Table 4.

Assessment of the risk of bias of observational studies
The bias scores of the studies included in this sys-

tematic review ranged from 3 points (indicating a high
risk of bias) to 9 points (indicating a moderate risk of
bias) according to the NIH assessment tool (Table 5).
Three studies were classified as having a high risk of
bias: Orr and Pope (2015)3, Orr and Pope (2016)2, and
Schuh et al. (2017)19. The remaining studies received
scores between 5 and 9 points, indicating a moderate risk
of bias.

With regard to the specific NIH tool criteria, all stu-
dies adequately addressed their research question or
objective (item 1). Except for Orr and Pope (2015)3, all
studies clearly defined the study population (item 2). Con-
versely, most studies did not provide a justification for
their sample sizes (item 5) and did not employ blinding for
outcome assessors (item 12).

Assessment of the risk of bias of experimental studies
The methodological quality of the included experi-

mental studies was evaluated using the Cochrane Risk
of Bias Tool (ROB 2.0), as shown in Figure 2. Notably,
all three studies demonstrated a “high risk” of bias
regarding deviations from the intended interventions
(domain D2) and the measurement of reported outcomes
(domain D4). Additionally, the randomization process in
Studies 1 and 2 was assessed as having a “low risk” of
bias. The overall risk of bias for all three studies was
considered “high.” The main methodological weaknesses
identified included the absence of intergroup compar-
isons, the lack of blinding for participants and evalua-
tors, and limitations in the methods used for outcome
measurement.

Statistical analysis of the observational studies
According to an in-depth examination of the studies

included in this systematic review, five articles analyzed
“sex” as a risk factor. This allowed for a statistical analysis
of the exposure variable “sex” and its association with the
incidence of musculoskeletal injuries among male and
female soldiers engaged in tactical load carriage activities.
Using StatsDirect software, data from these five studies
were pooled and subjected to meta-analysis, as illustrated
in Figure 3. The meta-analysis revealed a moderate to high
level of heterogeneity (I2 = 73%). Sensitivity analysis
indicated that excluding Roy et al. (2012) resulted in the

Table 3 - Sample and external load characteristics of the experimental studies.

Study author
(year)

Age
(years)

Height
(cm)

Body mass
(kg)

Sample
size

Task performed (task dura-
tion)

External load

Reynolds et al.
(1995)

22 ± 2.9 177.5 ±
5.5

78.5 ± 8.3 23 (M) Walking with load on a tread-
mill for 200 min

Tactical equipment weight: 20.9 ± 0.8 kg

Bogerd et al. (2012) 20.8 ±
2.0

178 ± 7 76.3 ± 9.8 37 total 6.5 km walk for 60 to 70 min Tactical equipment weight: 22 kg

Palmanovich et al.
(2016)

NR NR NR 240 (W) Tactical training for 4 months Standard ballistic vest weight: 1350 g Adapted
ballistic vest weight: 1950 g

Note: M = men; W = women; NR - data not reported; cm- centimeters; kg- kilogram.

Table 4 - Interventions and outcomes of experimental studies.

Study author
(year)

Prevention strategies Group control Group interven-
tion

Outcomes

Definition of
Injury

Intervention Group
Results

Control group results

Reynolds et al.
(1995)

Using antiperspirants
with moisturizer

23 (placebo) 23 antiperspirants
with moisturizer

Blisters and
dermatitis

39% (9 soldiers) 52% (12 soldiers)

Bogerd et al.
(2012)

Use of socks with wool,
polyamide and poly-
propylene (BLEND)

37 polypropylene
and elastane socks

37 BLEND socks Bubbles BLEND (Greater
hydration; Lower inci-
dence of blisters)

Polypropylene (less
comfort; greater ther-

mal sensation

Palmanovich
et al. (2016)

Use of adapted ballistic
vest for women

101 standard vests 139 adapted vests Stress frac-
ture

20% (27 soldiers) 12.9% (13 soldiers)

Backache 86% (119 soldiers) 81% (81 soldiers)

Note: NR - data not reported; RR- Relative Risk; CI- confidence interval; GI- Intervention Group; GC- Control Group.

Mizuno et al. 7



greatest reduction in heterogeneity (I2 decreased to 52%),
suggesting that specific methodological features of this
study may have substantially contributed to the variability
in effect sizes. Furthermore, publication bias was assessed
using a funnel plot and quantified with Begg's and
Begg� Mazumdar rank correlation tests (Kendall's

Tau = 0.40; p = 0.48), indicating no evidence of publica-
tion bias (Figure 4).

Certainty of the evidence
To evaluate the overall evidence related to the risk

factor “sex,” this study placed emphasis on the outcomes

Table 5 - National Institutes of Health (NIH) Quality Assessment tool for observational cohort and cross-sectional studies

Study (author/year) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. Score

Knapik et al. (1992) Yes Yes CD Yes No NR Yes No Yes Yes Yes No No No 7 points

Reynolds et al. (1999) Yes Yes CD NR No No Yes No Yes Yes Yes No NR Yes 7 points

Mäkela et al. (2006) Yes Yes CD No No Yes Yes No Yes CD Yes No NR No 6 points

Roy et al. (2012) Yes Yes CD Yes No No Yes Yes No NR No No CD Yes 6 points

Kim & Kim (2015) Yes Yes Yes Yes No No Yes No No CD No No CD No 5 points

Roy et al. (2015) Yes Yes CD Yes No NR Yes Yes Yes No No No NR Yes 6 points

Orr and Pope (2015) Yes No CD Yes No No CD Yes No NR No No CD No 3 points

Roy et al. (2016) Yes Yes CD Yes No Yes Yes Yes Yes No No NR Yes Yes 9 points

Orr and Pope (2016) Yes Yes Yes No No No Yes No No CD No No CD No 4 points

Schuh et al. (2017) Yes Yes CD No No NR Yes No No CD No No CD Yes 3 points

Item 1 = Was the research question or objective in this article clearly described?; Item 2 = Was the study population clearly specified and defined?; Item 3
= Was the participation rate of eligible people at least 50%?; Item 4 = Were all participants selected or recruited from the same or similar populations
[including the same time period]?; Were the inclusion and exclusion criteria for being in the study prespecified and applied uniformly to all participants?;
Item 5 = Was a sample size justification, power description, or variance and effect estimates provided?; Item 6 = For the analyzes in this article, were the
exposure(s) of interest measured before the outcome(s) were measured?; Item 7 = Was the time frame sufficient to reasonably expect to see an association
between exposure and outcome, if one existed?; Item 8 = For exposures that may vary in quantity or level, did the study examine different levels of expo-
sure in relation to the outcome (e.g., exposure categories or exposure measured as a continuous variable)?; Item 9 = Were exposure measures (indepen-
dent variables) clearly defined, valid, reliable and implemented consistently across all study participants?; Item 10 = Were the exposure(s) evaluated more
than once over time?; Item 11 = Were the outcome measures (dependent variables) clearly defined, valid, reliable and implemented consistently across all
study participants?; Item 12 = Were outcome assessors blind to participants' exposure status?; Item 13 = Was the loss to follow-up after baseline 20% or
less?; Item 14 = Were the main potential confounding variables measured and statistically adjusted for their impact on the relationship between exposure
(s) and outcome(s)?; NA = Not applicable; NR = Not informed. Risk of bias classification: low risk of bias (10-14), moderate risk of bias (5-9), and high
risk of bias (0-4). CD = cannot determine.

Figure 2 - Cochrane Risk of Bias assessment tool - RoB2.0. D1 = randomization process. D2 = deviations from intended interventions. D3 = missing
outcome data. D4 = measurement of the outcome. D5 = selection of the reported result.

Figure 3 - Forest plot of the meta-analysis of studies that compared the incidence of injuries between men and women exposed to load carriage march. A
random effects analysis of the meta-analysis was performed, and the relative risk and 95% confidence intervals were calculated. The size of each square is
indicative of the relative weight of the study in the meta-analysis. Pooled relative risk = 1.56 (95% CI = 1.11 to 2.20); I2 (inconsistency) = 71.7%.
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derived from the studies included in the meta-analysis.
Following the GRADE methodology, the initial quality
rating for all five studies was classified as low due to their
observational design. After examining key domains-
including risk of bias (very serious), inconsistency (ser-
ious), indirectness (not serious), imprecision (not serious),
and the confidence interval range (1.11-2.20) - the identi-
fied limitations led to a one-level downgrade in the cer-
tainty of the evidence (Table 6).

Discussion
An important motivation for the present study is that

musculoskeletal injuries (MSI) can negatively affect both
individual performance and unit readiness, and in some
cases, may even compromise mission success. Therefore,
a deeper understanding of the causal factors underlying
these injuries, as well as the development of effective pre-
vention strategies to reduce their incidence, is crucial for
the continual enhancement of military operational perfor-
mance.

The present systematic review aimed to synthesize
the available evidence on risk factors and preventive stra-
tegies related to musculoskeletal injuries associated with
load carriage in military personnel. A total of 13 studies
were included, and a meta-analysis was performed,
encompassing 10 observational studies that examined
potential risk factors for MSI and 3 clinical trials that

investigated preventive interventions. As indicated in the
included studies, MSI are prevalent among military per-
sonnel engaged in load carriage, with incidence rates ran-
ging from 20.6%3 to 53.1%16.

Two major risk factors are associated with tasks
commonly performed by military personnel: “marching
with an external load” and “load carriage.” With the
advancement of weapons and protective equipment, ser-
vice members are increasingly required to carry heavier
loads over long distances and across diverse terrains2,3.
Regarding the risk factor “marching with an external
load,” Roy et al. (2015) reported that when marching with
an external load occurs over distances of 6.44 km or more,
military personnel are three times more likely to sustain
injuries (RR = 3; 95% CI 1.52-5.93)15. Another relevant
finding was reported by Knapik et al. (1992) and Schuh
et al. (2017), indicating that approximately 23% of mus-
culoskeletal injuries were associated with load-carriage
march5,19. Consistent with these findings, the factor
“marching with an external load” shows a direct relation-
ship between the distance covered and the injury inci-
dence.

Regarding the risk factor “load carriage” among
military personnel, the results of the included studies
revealed that the loads transported included uniforms,
weapons, and backpacks, with average load weights ran-
ging from 20 kg19 to 52 kg7. Kim et al. (2015) reported
that Korean military personnel, who carried lighter loads

Figure 4 - Funnel plot for the publication risk of bias according to Begg's test. Begg-Mazumdar: Kendall's 0.4; p = 0.48.
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than Finnish personnel, experience a lower incidence of
upper limb injuries compared to their Finnish counter-
parts18. Roy et al. contributed three of the ten studies
included in this systematic review, all addressing the “load
carriage” risk factor. In a 2012 study, Roy et al. reported
that the risk of musculoskeletal injuries increased for
female military personnel carrying loads exceeding 16.1%
of their body mass and for male personnel carrying loads
greater than 26.4% of their body mass6. In a 2015 study,
Roy et al. further reported that women carrying loads for
more than 4 h and 45 min and men carrying loads for more
than 6 h and 59 min were at a higher risk of injury15.

The findings reported by Roy et al. in 2012 and 2015
are reinforced in their 2016 study, which indicated that
military personnel carrying loads exceeding 10% of their
body mass were twice as likely to sustain injuries com-
pared to those carrying lighter loads13. Additionally, Roy
et al. reported an 84% increase in injuries among service
members who engaged in load carriage for more than 4
h13. Taken together, these data suggest that both the mag-
nitude of the load and the duration of load carriage are
directly associated with an increased risk of musculoske-
letal injuries.

Considering the biopsychosocial factors affecting
military personnel, the present study identified statistical
significance for the risk factor “female sex” (RR = 1.56;
95% CI = 1.11-2.20). In other words, female military per-
sonnel performing tasks involving load carriage are 56%
more likely to sustain musculoskeletal injuries than their
male counterparts performing the same tasks. Sex is an
intrinsic characteristic of military personnel and directly
contributes to the increased incidence of injuries, as
demonstrated in the meta-analysis conducted in this
study2,4,6,11,15. A likely explanation for the elevated injury
risk among female personnel relates to their physical con-
stitution (e.g., height, muscle mass, and BMI) and physical
conditioning (e.g., load-bearing and load-carrying
capacity)13,15.

With the removal of barriers limiting women's parti-
cipation in military and combat roles, there is increased
potential for female personnel to be exposed to tasks
involving load carriage2. Therefore, it is timely to assess
the risk of injury for women performing load carriage
tasks and to compare it with the risk faced by men per-
forming the same activities, with the aim of determining
whether the risk factor “sex” may adversely affect indivi-
dual performance, unit operability, or even mission suc-
cess.

Tasks involving load carriage also elicit different
musculoskeletal responses depending on the age of the
soldier, as reported in four of the ten studies included in
this review. The impact of age on injury risk varies across
studies. Reynolds et al. (1999) reported that military per-
sonnel under 20 years of age experienced a higher inci-
dence of injuries compared to older personnel (RR = 0.88;Ta
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p < 0.01)7. Conversely, Schuh et al. (2017) found that
military personnel over 35 years of age were at greater risk
of load carriage-related injuries than younger personnel
(RR = 2.89; p < 0.02)19. However, due to the limited
number of studies addressing age as a risk factor, it was
not possible to conduct a more detailed analysis or to draw
definitive conclusions regarding the influence of age on
the incidence of musculoskeletal injuries among military
personnel.

It is possible that the training experience accumu-
lated by military personnel with age acts as a protective
factor29, such that injuries among younger personnel may
be more frequently associated with overuse. In contrast,
older personnel tend to engage in less physical exercise
and operational activity, resulting in reduced exposure to
load carriage tasks and other high-risk activities for mus-
culoskeletal injury, and a higher likelihood of experien-
cing acute injuries compared to younger personnel29.

Among the lifestyle-related risk factors for military
personnel, smoking was the most frequently studied, eval-
uated in four of the ten observational studies included.
Smoking is considered an extrinsic risk factor, and
according to Reynolds et al. (1999), 39.9% of military
smokers sustained musculoskeletal injuries after perform-
ing tasks involving load carriage (RR = 1.58; p < 0.01)7.
Similarly, Schuh et al. (2017) reported that smokers had a
higher risk of musculoskeletal injury than nonsmokers
(RR of 3.39 and 95% CI 1.43-10.80)19. The other two stu-
dies did not provide precise statistical data on smoking,
which precluded a meta-analysis of this risk factor.

Since smoking is a modifiable risk factor that con-
tributes to increased mortality (14.7% of total deaths in
Brazil in 2011)30, and is associated with numerous dis-
eases and high healthcare costs (estimated at 23.3 billion
Reais per year for the public health system)30, it is recom-
mended that future studies investigate the relationship
between smoking and the incidence of musculoskeletal
injuries in military personnel using more robust statistical
data. One hypothesis proposed regarding the association
between smoking and load carriage-related musculoskele-
tal injuries is that high levels of cigarette smoking induce
cellular damage31 and slow wound healing, making mus-
culoskeletal tissues more susceptible to injury, particularly
during activities that increase mechanical load on compro-
mised tissues31, making musculoskeletal tissue more
prone to injury, especially when associated with activities
that increase the load on these damaged tissues.

Regarding the experimental studies meeting the elig-
ibility criteria, it is important to highlight the limited num-
ber of studies on strategies to prevent load carriage-related
musculoskeletal injuries. This limitation may stem from
several factors: some studies evaluate biomechanics rather
than injury outcomes; some do not include load carriage
tasks; others involve different populations of military per-
sonnel; and some lack randomized controlled trial designs.

Therefore, a scientific gap exists in the study of preventive
strategies for musculoskeletal injuries in load-carrying
military personnel, particularly regarding randomized stu-
dies. However, two studies reported reductions in the inci-
dence of musculoskeletal injuries during military load
carriage tasks: one evaluating the use of socks to prevent
foot injuries22 and another evaluating antiperspirants to
reduce injuries20. In contrast, a third study found no sig-
nificant difference in injury incidence between military
personnel using a standard ballistic vest and those using an
adapted ballistic vest8.

Since military operability is closely linked to load
carriage tasks, often involving marching, research into
preventive strategies can substantially improve service
members' performance. Bogerd et al. (2012) evaluated two
types of socks and their efficacy in reducing foot
injuries22. Their results indicated that polypropylene-
blend socks led to fewer blisters than polypropylene-only
socks22. Reynolds et al. (1995) evaluated the use of anti-
perspirants to prevent foot injuries, reporting that military
personnel who applied antiperspirants correctly had fewer
blisters than those in the placebo group20. The reports of
this study show that military personnel who properly used
antiperspirants had a lower incidence of blisters on their
feet than did those in the placebo group20. Despite these
favorable results, Yeung et al. (2011) reviewed lower limb
injuries in runners and military personnel and concluded
that there is no evidence that polyester-padded or double-
layer socks are more effective than standard socks in redu-
cing musculoskeletal injuries among military recruits32.

Palmanovich et al. (2016) hypothesized that a ballis-
tic vest adapted for the female body could reduce stress
fractures and overuse injuries8. Although the vest was
considered more comfortable and better fitting, no sig-
nificant differences were observed between the interven-
tion and control groups regarding stress fractures, low
back pain, or lower limb pain8. It is important to note that
ballistic vests are essential for body protection, particu-
larly in combat settings, and reduce fatal injuries. How-
ever, wearing the vest adds load and increases the risk of
musculoskeletal injuries. Konitzer et al. (2008) reported
that 24% of military personnel wearing ballistic vests
experienced cervical pain (r = 0.12; p < 0.05), 29% repor-
ted lumbar pain (r = 0.14; p < 0.05), and 27% reported
upper limb injuries (r = 0.15; p < 0.05)16. Given the cri-
tical role of ballistic vests in protection, the present study
encourages future researchers to conduct randomized clin-
ical trials on ballistic vests, examining not only modifica-
tions that reduce the incidence of musculoskeletal injuries
but also adaptations that do not compromise military tac-
tical performance (e.g., shooting).

Musculoskeletal injuries associated with load car-
riage significantly impact military personnel, leading to
activity restrictions and absences, which directly affect
performance. Existing studies evaluating preventive stra-
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tegies have limitations, including small sample sizes.
Therefore, future research should focus on randomized
clinical trials with larger sample sizes, ideally conducted
within military organizations or under conditions compar-
able to combat environments. Another limitation of this
review is variation in methods for measuring risk factors
and a lack of rigor in outcome evaluation across studies,
which may have compromised observational data collec-
tion and reduced the level of evidence for each risk factor.
These limitations also precluded additional meta-analyses,
which could have enhanced the review's scientific con-
tribution. Concerning the lack of rigor in outcome evalua-
tion, some studies relied on self-reported questionnaires
and interviews, increasing the risk of recall bias, whereas
others used medical records and databases, which may
underreport injuries or contain inconsistencies due to var-
ied record-keeping practices. Even with electronic medical
records, uniform reporting remains a challenge, and minor
injuries may go unreported, potentially distorting statis-
tical data relative to actual injury incidence.

Finally, considering the importance of load carriage
in military tasks and the relationship between external
load and musculoskeletal injury incidence, further studies
are needed to better understand the interplay between dis-
tance marched under load, appropriate marching equip-
ment (socks, shoes, belts, backpacks), physical
conditioning, and their influence on injury incidence dur-
ing load carriage activities.

Conclusions
The results of the studies included in this systematic

review indicate that the main risk factors contributing to
musculoskeletal injuries are female sex, smoking, long-
distance marching, increased load weight, and prolonged
load carriage duration. Based on these findings, the Armed
Forces should prioritize reducing modifiable risk factors to
decrease musculoskeletal injuries among soldiers per-
forming load carriage tasks.

Currently, evidence on effective preventive strate-
gies remains inconclusive. Therefore, further randomized
clinical trials are warranted to provide insights into strate-
gies for preventing musculoskeletal injuries among load-
carrying military personnel.

Finally, the authors hope that the conclusions of this
systematic review will contribute to improving the physi-
cal health of military personnel, reducing healthcare costs,
and enhancing overall military performance, thereby
increasing operational readiness and the likelihood of mis-
sion success.
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