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Abstract: Ergonomics aims to prevent injuries and prevent 
health costs in military personnel. Thus, the aim of this study 
was to investigate the types of ergonomic assessments and 
interventions used for the prevention of musculoskeletal injuries 
in military combatants. An integrative review of observational 
and experimental studies was carried out. Therefore, a systematic 
literature search was performed in May 2020 and updated in 
August 2020 in the MEDLINE, LILACS, Cochrane, CINAHL, 
Sportdiscus, SCOPUS and Web of Science databases with the 
DeCS and MeSH military personnel, ergonomics, and load 
carriage. A total of 955 studies were found in the databases, however 
14 studies were included (9 evaluation studies and 5 intervention 
studies). The following ergonomic assessments were recommended 
for military combatants: stress level, sedentary lifestyle, activity 
characteristics, presence of vibrations, posture during operational 
activities, evaluation of footwear, clothing and the load carried, the 
ration and the level of satisfaction with the job. As interventions: 
the realization of ergonomic guidelines and physical exercises, in 
addition to uniforms and protective equipment that provide a 
higher level of comfort during operational activities. 
Keywords: military personnel; overuse injuries; ergonomics.

Resumen: La ergonomía pretende prevenir lesiones y costos de salud 
en el personal militar. De esta manera, el objetivo de este estudio fue 
investigar los tipos de evaluaciones e intervenciones ergonómicas 
utilizadas para la prevención de lesiones musculoesqueléticas en 
combatientes militares. Se promovió una revisión integradora de 
estudios observacionales y experimentales. Con eso, se realizó una 
búsqueda bibliográfica sistemática en mayo de 2020 y se actualizó en 
agosto de 2020 en las bases de datos MEDLINE, LILACS, Cochrane, 
CINAHL, Sportdiscus, SCOPUS y Web of Science con descriptores 
del DeCS y MeSH military personnel, ergonomics, y load carriage.  
Se encontraron un total de 955 estudios en las bases de datos, pero se 
incluyeron 14 (9 estudios de evaluación y 5 estudios de intervención). 
Se encontraron las siguientes evaluaciones ergonómicas para los 
combatientes militares: nivel de estrés, sedentarismo, características de 
la actividad, presencia de vibraciones, postura durante las actividades 
operativas, evaluación del calzado, vestimenta y carga transportada, 
ración y nivel de satisfacción con el trabajo. Como intervenciones, 
la realización de pautas ergonómicas y ejercicios físicos, además de 
uniformes y equipos de protección que brinden un mayor nivel de 
comodidad durante las actividades operativas.
Palabras clave: personal militar; lesiones por uso excesivo; 
ergonomía.
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1. INTRODUCTION

Ergonomics aims at the use of methods and techniques in order to provide improve-
ments in the relationship between the work environment and the individual, and may cover 
physical and psychological aspects of workers. In addition to adapting jobs, through an ergo-
nomic evaluation of the activity, adjustments of work activities can be made in order to prevent 
musculoskeletal injuries and occupational diseases. The objective is to prevent workers from 
acquiring chronic occupational diseases, which can evolve with incapacity for work. 

In the military environment, several activities are associated with a higher risk of injury, 
especially those with higher physical demands. 

Combat activities are those carried out on an operational basis, constituting as exer-
cises or employment of activities to combat an enemy (CAMERON; OWENS, 2016). Such 
operations often require soldiers to carry a high load (individual equipment), nimbly, often on 
marches on long trajectories and on uneven terrain (KNAPIK et al., 2012), under conditions of 
need for immediate decision-making. 

Combatant personnel often perform as physical training, cargo transportation, 
marches of 8, 16 and 32 km, and training maneuvers (POPOVICH et al., 2000), making 
this population susceptible to a high incidence of various types of musculoskeletal injuries 
(CAROW et al., 2016). 

Musculoskeletal injuries are defined as any damage to the musculoskeletal system 
that promotes the need for medical attention, being related to operational activity and caus-
ing withdrawal from sports or work functions (HÄGGLUND et al., 2005). As a result, inju-
ries generate a large health cost, withdrawal from duties causes a reduction in performance 
(TOMES; ORR; POPE, 2017), premature dismissal of military personnel from active duty 
(LARSSON; TEGERN; HARMS-RINGDAHL, 2012), as well as reduced operational readi-
ness (HÄGGLUND et al., 2005; TAANILA et al., 2015).

The military most exposed to injuries are women (ARMSTRONG et al., 2004; 
BEDNO et al., 2014; BLACKER; WILKINSON; RAYSON, 2009; FINESTONE et al., 2008), 
individuals with prior injuries (HENDERSON et al., 2000; KNAPIK et al., 2013; MONNIER 
et al., 2016), people with obesity or overweight (BMI) (TAANILA et al., 2015), older mili-
tary (HEIR; EIDE, 1997; HENDERSON et al., 2000), individuals with lower aerobic fitness 
(MALLOY et al., 2016; ROSENDAL et al., 2003) and those with other risk factors (BOOTH-
KEWLEY; LARSON; HIGHFILL-MCROY, 2009; KAZMAN et al., 2015; MALLOY, 2016; 
ROY et al., 2016; SCHOENFELD et al., 2014).
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There are injuries arising from operational activities (combat), and others that do not 
have direct contact with the enemy. Within this context, non-battle injuries are responsible 
for a large part (or majority) of time spent on treatment and the number of medical evacua-
tions (CAMERON; OWENS, 2016). In this way, ergonomic strategies have been carried out 
in order to reduce the incidence of non-battle injuries associated with military combat activi-
ties (KNAPIK; REYNOLDS, 2010; LARSSON; TEGERN; HARMS-RINGDAHL, 2012; 
STEVENSON et al., 2007).

Examples of ergonomic interventions used to reduce the number of injured military 
personnel include physical training and ergonomic orientations, as well as the recognition of 
musculoskeletal injuries (LARSSON; TEGERN; HARMS-RINGDAHL, 2012), use of differ-
ent psychomotor performance materials and thermal comfort (MAJCHRZYCKA et al., 2016) 
and employment of different vests and backpack adaptations (STEVENSON et al., 2007). 
There is, therefore, a variety of ergonomic interventions that have been used in the military 
environment. Considering the importance of maintaining a greater number of individuals with 
adequate health conditions and physical performance for military activities, knowledge about 
ergonomic assessments and interventions has the potential to prevent injuries and health costs 
in military personnel. Thus, the objective of this review was to investigate the types of ergo-
nomic assessments and interventions used in military combatants.

2. METHOD

2.1 Study design

An integrative review of the literature was carried out, in which the ergonomic evalua-
tions and interventions used for the prevention of musculoskeletal injuries in military combat-
ants were investigated.

2.2 Eligibility criteria

For the selection of studies, the PICOS strategy (participant, intervention, compari-
son, outcome and study design) described in Table 1 was used. In order to investigate the eval-
uations and interventions used for combatants, studies with military pilots, administrative and 
health professionals were excluded. It was considered a control group, whose participants do 
not perform any activity (passive control) or who perform some activity, common to the experi-
mental group (active control). In this case, in addition to the common activity, the experimental 
group must have undergone some ergonomic intervention: preventive exercises, adaptation of 
clothing and/or individual load, modification of materials used in uniforms, backpacks and 
individual equipment, among others.



162 Coleç. Meira Mattos, Rio de Janeiro, v. 17, n. 59, 159-174, May/August 2023 

Table 1 – Inclusion Criteria – PICOS strategy

Acronym Definition Description

P Participants Military

I Intervention Ergonomic assessments or interventions

C Comparison Control

O Outcome/result Musculoskeletal injuries or symptoms

S Study design Not applicable

Source: The authors (2022).

2.3 Search Strategy

A systematic literature search was conducted in May 2020 and updated in August 
2020 in the databases MEDLINE, LILACS, Cochrane, CINAHL, Sportdiscus, SCOPUS and 
Web of Science. The descriptors of DeCS and MeSH were used: military personnel, ergonom-
ics, and load carriage, as well as words obtained in articles on similar topics. Table 2 lists the 
terms used in the search equations. The Boolean logic operators AND (between descriptors) 
and OR (between synonyms) were used. There was no language or time filter for the search.
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Table 2 – Database search strategy

Military OR Ergonomics OR
Military OR

A
N

D

Ergonomics OR

Armed Forces Personnel OR Human Factors and Ergonomics OR

Army Personnel OR Human Engineering OR

Marines OR Human Factors Engineering OR

Marine OR Human Factors Engineerings OR

Soldiers OR Cognitive Ergonomics OR

Soldier OR Cognitive Ergonomic OR

Recruit* OR Visual Ergonomics OR

Recruits* OR Visual Ergonomic OR

Submariners OR Organizational Ergonomics OR

Submariner OR Organizational Ergonomic OR

Sailors OR Physical Ergonomics OR

Sailor OR Physical Ergonomic

Military Deployment OR

Recruits* OR

Special Forces* OR

Special Operation OR

Load carriage OR

Weight Bearing OR

Weightbearing OR

Load bearing OR

Load-bearing OR

Load Bearing OR

Load carrying OR

Backpacking OR

Hiking OR

Walking OR

Armor OR

Armour OR

Protective gear OR

Rucksack OR

Haverstock OR

Backpack OR

Duffel OR

Body protection OR

Heavy equipment

Source: The authors (2022).

Legend: *Added terms in descriptor search
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2.4 Data extraction process

The following data were extracted from the studies: sample characteristics (age, gen-
der, armed force, specialty), military activities in which the ergonomic intervention was carried 
out (cargo loading, anti-aircraft exercises, special operations courses), ergonomic evaluations 
carried out, intervention protocol and control group, and the results obtained. The studies were 
categorized into two types: ergonomic assessment or ergonomic intervention.

2.5 Assessment of the quality of individual studies

For the evaluation of the quality of the experimental studies, the Jadad scale of meth-
odological evaluation was used (JADAD et al., 1996), which consists of the sum of the score 
of three domains, namely: 1) randomization of participants; 2) double-blind evaluation; and 
3) description of sample losses. Initially, one point was assigned for each question answered. If 
participant randomization and double-blind evaluation were not appropriate, one point was 
subtracted from domains 1 and 2. Therefore, the total score on the Jadad scale ranged from 0 
to 5 points.

3. RESULTS

The flow diagram of the included studies is in Figure 1. The results of this review 
show that there are several ergonomic variables related to military activity. A total of nine stud-
ies involving firefighters, army soldiers, military police, armored personnel carriers, and others 
investigated the ergonomic variables associated with musculoskeletal discomfort in military 
combatants (Table 1). On the other hand, ergonomic orientations, use of insoles, exercises and 
cervical collars were interventions used in order to reduce painful symptoms, increase comfort 
and acceptability of the military (Table 2).

Among the studies, the activities of infantry, armored personnel carriers, cargo load-
ing (backpack, personal protective equipment, clothing, weapons, etc.), missions in Iraq etc. 
were analysed. Despite the diversity of samples and activities, some factors were repeated in 
different studies. 
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Figure 1 – Flow diagram of the studies included in the Integrative review

Source: The authors (2022).
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Table 1 - Characteristics of the studies included in the review that investigated 
ergonomic evaluations in military personnel

Study Sample 
characteristics Activity Evaluation Result

McCaig e Gooder-
son (1986)

n=2000
Soldiers.

Military operations in 
cold and humid climates.

Interviews: assess reasons for dissa-
tisfaction.

Prolonged combat boots time; 
total weight loaded; physical 
fatigue. 

Daniels et al. 
(2005)

n=279
Army servicemen 
(men and women).

Infantry, driver, construc-
tion equipment operator 
and repairman, vehicle 
mechanic, systems opera-
tor and nurse.

Factors associated with low back 
pain in Air Force activities.

Frequency of movements, such 
as bending, twisting, standing 
and sitting, is associated with 
low back pain.

Leyk et al. (2006)
n=1337 
healthy Army candi-
dates (301 women).

Environments with inte-
gration with machines, 
seated.

Anthropometry, hand grip test and 
isometric strength test for dominant 
forearm flexors and knee extensors 
in the sitting position.

There were differences between 
the sexes in all tests. Only 26% 
(knee extensors) and 3% (fore-
arm flexors) of women generate 
forces greater than the corres-
ponding 5 percentiles of men.

Rozali et al. 
(2009)

n=159
Drivers of armored 
vehicles.

Armored missions.

A self-administered questionnaire 
on specialty, low back pain symp-
toms and human vibration meter 
were used in this study.

The prevalence of low back pain 
among drivers of tracked armo-
red vehicles was higher (81.7%) 
compared to drivers of wheeled 
armored vehicles (67.0%). 
Driving in a sitting posture with 
a forward tilt and exposure to 
vibration increased the chance of 
low back pain.

Vitari, Francisco e 
Mello (2012)

n=208
Military firefighters.

Military firefighter 
activities.

Questionnaire (age, gender, 
education, BMI, time of service, 
frequency of health tests, practice of 
physical activity, work environ-
ment and demands of the activity 
performed. 

Most of the military were 
sedentary, with high BMI, with 
musculoskeletal symptoms and 
mental work overload, complai-
ned of the demands of work, 
environment and comfort. 

Majchrzycka et al. 
(2013)

n=10 
Military

Ergonomic evaluation 
of bulletproof vests and 
fragments.

An obstacle course and subjective 
ergonomic assessment questionnai-
res were used in the tests. Thermal 
discomfort and psychological 
evaluation.

The tests did not show any 
decrease in comfort wearing the 
new pads with better ballistic 
resistance compared to the 
currently used pads.

Nissen et al. 
(2014)

n=680
Soldiers on mission 
in Iraq

Mission in Iraq.

Questionnaire with demographic 
and personal characteristics, charac-
teristics of missions, lifestyle and 
pre-employment health; aspects of 
leadership at work and relationship 
at work. 

Age, poor support from 
leaders, psychological stress, 
inappropriate work postures 
and working in warehouses were 
associated with low back pain.

Ramstrand et al. 
(2016)

n=21
Police officers. Loading cargo.

Biomechanical and self-report data 
were collected on two test occasions, 
comparing situations without and 
with loads (standard belt and ballis-
tic protective vest; or a load-bearing 
vest with ballistic protective vest). 

The load-bearing vest was 
associated with a significant 
reduction in the range of motion 
of the torso, pelvis and hip 
joints. Biomechanical changes 
associated with the load-bearing 
vest seemed to reduce with 
longer time of use. Self-report 
data indicated a preference for 
the load-bearing vest. 

Source: The authors (2022).

Caption: BMI = body mass index.
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Table 2 - Characteristics of the studies included in the review that 
investigated the effects of ergonomic interventions on military

Study Sample 
characteristics Activity Evaluation Intervention Outcome Result Jadad 

Score

Larsen, 
Weidick e 
Lebo-
euf-Yde 
(2002)

n=249 
Recruits 
Age=21±1.5 years.

Military 
service.

Complaint of 
back pain.

EG: ergonomic 
orientations and 
passive spine 
extension exerci-
ses in the prone 
position daily.
CG: no interven-
tions.

Number of 
recruits with 
back pain.

GE: menor número 
de recrutas com 
dor nas costas em 
3 meses (RR = 0,6 
(0,5–0,9), 1 ano 
RR = 0,7 (0,4–1,1); 
e na busca pelo aten-
dimento na enfer-
maria (RR = 0,3 
(0,2–0,7).

3

House, 
Dixon e 
Allsopp 
(2004)

n=38 
Marine Corps 
recruits.

Military 
service.

Comfort ques-
tionnaire.

Recruits were 
matched in pairs 
according to body 
mass and then 
randomly given a 
pair of shock-ab-
sorbing insoles 
with a thickness 
of 3mm (CG) or 
6mm (EG).

Comfort level 
of footwear.

Both insoles promo-
ted comfort in the 
military, but there 
was worsening in 
damp conditions.

1

Breeze et 
al. (2011)

n=71 
Army cadets and 
marines.

Movement 
under fire.

Rifle shooting; 
simulation of 
movement under 
fire and climbing 
a 20 m firefighter 
lift carrying a 
simulated victim.

Six kinds of 
cervical collars 
from different 
countries.

Comfort and 
potential 
restriction 
of military 
performance.

Higher and stiffer 
collars showed the 
worst overall and 
designs with over-
lapping segments 
were the most 
comfortable when 
shooting.

1

Breeze et 
al. (2013)

n=10 
Infantrymen.

Armed and 
equipped 
treadmill 
test.

Troop accepta-
bility, heart rate, 
tympanic and 
skin tempera-
tures.

6 kinds of 
protective collars 
for cervical: no 
neck protection; 
three-piece collar; 
two-piece collar; 
nape pad; ballistic 
scarf; EP-UBACS.

Comfort.

The ballistic scarf 
showed a comfort 
of 30%, while the 
other five types had a 
comfort of 90%.

0

Breeze et 
al. (2014)

n=20 
Soldiers on mission 
in Afghanistan.

Mission in 
Afghanis-
tan.

Comfort.

Three confi-
gurations of a 
combat shirt with 
neck protection 
(EP-UBACS) 
compared to 
the standard 
(UBACS) were 
compared.

Comfort, 
heat 
dissipation 
and overall 
acceptability.

Silk fabric was the 
most comfortable, 
but the collars did 
not hold up after 
repeated use. Cros-
sover collars incor-
porating UHMWPE 
or felt had similar 
acceptance to stan-
dard UBACS.

0

EG = experimental Group; CG = control group; RR = relative risk; UBACS = body armour combat shirt;  
UHMWPE = a layer of ultra high molecular weight polyethylene

Source: The authors (2022).
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4. DISCUSSION

Factors such as stress and sedentary lifestyle were associated with musculoskeletal 
symptoms (VITARI; FRANCISCO; MELLO, 2012). At the same time, individuals with 
high physical demand had higher rates of low back pain (DANIELS et al., 2005). In older 
individuals, under stress, and in inappropriate work positions, there were higher incidences 
of low back pain (NISSEN et al., 2014). Factors such as model of footwear and excessive 
load carrying were reasons for dissatisfaction with work (MCCAIG; GOODERSON, 1986).  
In armored vehicle drivers, low back pain was associated with excessive vibration conditions 
(OR=1.95 and 95% CI = 1.02-3.69) and a sitting posture with anterior torso inclination  
(OR = 3.63 and 95% CI = 1.06-12.42). 

Regarding prevention strategies (ergonomic interventions), a total of five studies were 
included, with 388 military participants. In this case, the samples were composed of marines, 
army cadets and marines, conscripts and soldiers on mission in Afghanistan. Interventions 
occurred during military service activities, cargo loading and crawling (Table 2). 

For recruits, the risk of back pain was significantly decreased with interventions based 
on ergonomic guidelines and spinal extension exercises in the prone position. The interventions 
occurred in a period of 3 months (RR = 0.6 (0.5–0.9), 1 year RR = 0.7( 0.4–1.1), in which 
search for care in the ward reduced considerably (RR = 0.3 (0.2–0.7) (LARSEN et al., 2002). 

The use of shock-absorbing insoles in military recruits marines seems to increase the 
comfort of the military, although there was no difference between the groups (thickness of 3 or 
6 mm). In addition, there was worsening discomfort in conditions of increased foot dampness 
(HOUSE; DIXON; ALLSOPP, 2004).

The uniform and protective equipment were investigated in three studies (BREEZE 
et al., 2011, 2013, 2014) in crawling tests, equipped armed cargo loading and in ordinary com-
bat activities. The use of shorter and thinner cervical protectors were classified as more com-
fortable and the ballistic scarf presented a comfort of 30%, while the other five types had a 
comfort of 90%.

The results of the present study corroborate the high incidence of musculoskeletal 
symptoms in military combatants, whether related to risk factors (NISSEN et al., 2014) or 
to the activity itself (MCCAIG; GOODERSON, 1986). In addition to a strong need for the 
regular practice of physical exercises, the control of stress, the loaded load, clothing care and 
factors related to organizational ergonomics (worker suitability for the activity, considering 
their expectations and qualifications) and cognitive ergonomics (in particular, stress), or in 
the employment of activities to combat an enemy (CAMERON; OWENS, 2016). It was also 
found that in situations related to training, injuries of the type non-battle are responsible 
for a large part (or majority) of musculoskeletal symptoms (CAMERON; OWENS, 2016).  
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Thus, strategies based on ergonomic orientations, exercises and adaptation of shoes and uni-
forms seemed to be effective. 

However, this study is not free of limitations. First, despite the fact that all the mili-
tary personnel included were combatants, there was a great diversity among the samples of the 
included studies. Thus, the heterogeneity between studies is great. There have been a small 
number of studies that objectively performed ergonomic interventions. At the same time, the 
studies showed low methodological quality. Of the five studies, only one (LARSEN et al., 2002) 
presented a good evaluation by the jadad scale (three points), which demonstrates that the level 
of confidence that can be had as a result of the present study is low. Despite the difficulty in 
performing double blinding in ergonomic intervention studies, most studies failed because they 
did not perform adequate randomization of participants, with a consequent risk of selection 
bias. As strengths, this study conducted an extensive search of databases, including the main 
ones related to ergonomics and related areas.

5. CONCLUSION

The present review concludes that the following ergonomic evaluations have been per-
formed for military combatants: stress level, sedentary lifestyle, activity characteristics, presence 
of vibrations, posture during operational activities, evaluation of footwear, clothing and the 
load carried, the ration and the level of satisfaction with the work. Regarding interventions, 
strategies of ergonomic orientations, use of insoles, physical exercises and cervical collars seem 
to reduce painful symptoms, increase comfort and acceptability of the military. Considering the 
low methodological quality of most of the included studies, these results should be extrapolated 
with caution. Thus, it is suggested to conduct new experimental studies with greater method-
ological rigor, especially in order to minimize selection biases and confusion.

Autoria e Colaborações: Todos os autores participaram de modo equivalente na ela-
boração do artigo.

Thank: To the Admiral Adalberto Nunes Physical Education Center (CEFAN), 
Brazilian Navy.



170 Coleç. Meira Mattos, Rio de Janeiro, v. 17, n. 59, 159-174, May/August 2023 

Ergonomics for military combatants: an integrative review

References

ARMSTRONG, D. W. 3RD et al. Stress fracture injury in young military men and women. 
Bone, New York, v. 35, n. 3, p. 806-816, Sep. 2004. 

BEDNO, S. et al. Effects of personal and occupational stress on injuries in a young, physically 
active population: a survey of military personnel. Military Medicine, Washington, DC, 
v. 179, n. 11, p. 1311-1318, Nov. 2014. Available at: https://academic.oup.com/milmed/
article/179/11/1311/4159905. Accessed: 17 Aug. 2022.

BLACKER, S. D.; WILKINSON, D. M.; RAYSON, M. P. Gender differences in the 
physical demands of British Army recruit training. Military Medicine, Washington, 
DC, v. 174, n. 8, p. 811-816, Aug. 2009. Available at: https://academic.oup.com/milmed/
article/174/8/811/4335684. Accessed: 17 Aug. 2022.

BOOTH-KEWLEY, S.; LARSON, G. E.; HIGHFILL-MCROY, R. M. Psychosocial predictors 
of return to duty among marine recruits with musculoskeletal injuries. Military Medicine, 
Washington, DC, v. 174, n. 2, p. 139-152, Feb. 2009. 

BREEZE, J. et al. Developmental framework to validate future designs of ballistic neck 
protection. The British Journal of Oral & Maxillofacial Surgery, Edinburgh, v. 51, n. 1, 
p. 47-51, Jan. 2013. Available at: https://www.bjoms.com/article/S0266-4356(12)00086-1/
fulltext. Accessed: 16 Aug. 2022.

BREEZE, J. et al. Ergonomic assessment of enhanced protection under body armour combat 
shirt neck collars. Journal of the Royal Army Medical Corps, London, v. 160, n. 1, p. 32-37, 
Mar. 2014. Available at: https://www.researchgate.net/publication/257599996_Ergonomic_ 
assessment_of_enhanced_protection_under_body_armour_combat_shirt_neck_collars. 
Accessed: 16 Aug. 2022.

BREEZE, J. et al. Face, neck, and eye protection: adapting body armour to counter the changing 
patterns of injuries on the battlefield. The British Journal of Oral & Maxillofacial Surgery, 
Edinburgh, v. 49, n. 8, p. 602-606, Dec. 2011. Available at: https://www.bjoms.com/article/
S0266-4356(10)00316-5/fulltext. Accessed: 16 Aug. 2022.

CAMERON, K.; OWENS, B. (ed.). Musculoskeletal injuries in the military. New York: 
Springer, 2016.

https://academic.oup.com/milmed/article/179/11/1311/4159905
https://academic.oup.com/milmed/article/179/11/1311/4159905
https://academic.oup.com/milmed/article/174/8/811/4335684
https://academic.oup.com/milmed/article/174/8/811/4335684
https://www.bjoms.com/article/S0266-4356(12)00086-1/fulltext
https://www.bjoms.com/article/S0266-4356(12)00086-1/fulltext
https://www.researchgate.net/publication/257599996_Ergonomic_assessment_of_enhanced_protection_under_body_armour_combat_shirt_neck_collars
https://www.researchgate.net/publication/257599996_Ergonomic_assessment_of_enhanced_protection_under_body_armour_combat_shirt_neck_collars
https://www.bjoms.com/article/S0266-4356(10)00316-5/fulltext
https://www.bjoms.com/article/S0266-4356(10)00316-5/fulltext


Bunn; Miranda

171Coleç. Meira Mattos, Rio de Janeiro, v. 17, n. 59, 159-174, May/August 2023 

CAROW, S. D. et al. Risk of lower extremity injury in a military cadet population after a 
supervised injury-prevention program. Journal of Athletic Training, Dallas, v. 51, n. 11, p. 
905-918, Nov. 2016. 

DANIELS, C. et al. Self-report measure of low back-related biomechanical exposures: clinical 
validation. Journal of Occupational Rehabilitation, [New York], v. 15, n. 2, p. 113-128, 
June 2005. 

FINESTONE, A. et al. Overuse Injuries in Female Infantry Recruits during Low-Intensity 
Basic Training. Medicine Science in Sport and Exercise, [Madison], v. 40, p. 630-635, 2008. 
Suppl. 11.

HÄGGLUND, M. et al. Methods for epidemiological study of injuries to professional football 
players: developing the UEFA model. British Journal of Sports Medicine, London, v. 39, n. 
6, p. 340-346, June 2005. 

HEIR, T.; EIDE, G. Injury proneness in intantry conscripts undergoing a physical training 
programme: smokeless tobacco use, higher age, and low levels of physical fitness are risk factors. 
Scandinavian Journal of Medicine & Science Sports, Copenhagen, v. 7, n. 1 1, p. 304-311, 
Oct. 1997. 

HENDERSON, N. E. et al. Injuries and injury risk factors among men and women in U. S. 
Army Combat Medic Advanced individual training. Military Medicine, Washington, DC, v. 
165, n. 9, p. 647-652, 2000. Available at: https://bjsm.bmj.com/content/39/6/340. Accessed: 
16 Aug. 2022.

HOUSE, C.; DIXON, S.; ALLSOPP, A. User trial and insulation tests to determine whether 
shock-absorbing insoles are suitable for use by military recruits during training. Military 
Medicine, Washington, DC, v. 169, n. 9, p. 741-746, Sep. 2004. 

JADAD, A. et al. Assessing the quality of reports of randomized clinical trials: is blinding 
necessary? Controlled Clinial Trials, New York, v. 17, n. 1, p. 1-12, Feb. 1996. 

KAZMAN, J. B. et al. Physical fitness and injury reporting among active duty and National 
Guard/Reserve women: associations with risk and lifestyle factors. U.S. Army Medical 
Department Journal, Fort Sam Houston, p. 49-57, Apr./June 2015. 

https://bjsm.bmj.com/content/39/6/340


172 Coleç. Meira Mattos, Rio de Janeiro, v. 17, n. 59, 159-174, May/August 2023 

KNAPIK, J. J. et al. A systematic review of the effects of physical training on load carriage 
performance. Journal of Strength and Conditioning Research, Champaign, IL, v. 26, n. 2, 
p. 585-597, Feb. 2012. 

KNAPIK, J. J. et al. A prospective investigation of injury incidence and risk factors among army 
recruits in combat engineer training. Journal of Occupational Medicine and Toxicology, 
London, v. 8, n. 1, p. 1, Mar. 2013. Available at: https://occup-med.biomedcentral.com/
articles/10.1186/1745-6673-8-5. Accessed: 16 Aug. 2022.

KNAPIK, J.; REYNOLDS, K. Load carriage in military operations: a review of historical, 
physiological, biomechanical and medical aspects. [Fort Sam Houston]: Borden Institute, 2010. 

LARSEN, K.; WEIDICK, F.; LEBOEUF-YDE, C. Can passive prone extensions of the back 
prevent back problems? A randomized, controlled intervention trial of 314 military conscripts. 
Spine, Hagerstown, MD, v. 27, n. 24, p. 2747-2752, dez. 2002. 

LARSSON, H.; TEGERN, M.; HARMS-RINGDAHL, K. Influence of the implementation 
of a comprehensive intervention programme on premature discharge outcomes from military 
training. Work (Reading, Mass.), Amsderdam, v. 42, n. 2, p. 241-251, 2012. 

LEYK, D. et al. Recovery of hand grip strength and hand steadiness after exhausting manual 
stretcher carriage. European Journal of Applied Physiology, Berlin, v. 96, n. 5, p. 593-599, 
Mar. 2006. Available at: https://www.researchgate.net/publication/7356541_Recovery_of_
hand_grip_strength_and_hand_steadiness_after_exhausting_manual_stretcher_carriage. 
Accessed: 18 Aug. 2022.

MAJCHRZYCKA, K. et al. Ergonomics assessment of composite ballistic inserts for bullet- 
and fragment-proof vests. International Journal of Occupational Safety & Ergonomics, 
Abingdon, v. 19, n. 3, p. 387-396, Sep. 2013. 

MAJCHRZYCKA, K. et al. Ergonomics Assessment of Composite Ballistic Inserts for Bullet- 
and Fragment-Proof Vests Ergonomics Assessment of Composite Ballistic Inserts for Bullet- 
and Fragment-Proof Vests. v. 3548, n. March, 2016. 

MALLOY, P. et al. Hip external rotator strength is associated with better dynamic control of 
the lower extremity during landing tasks. Journal of Strength and Conditioning Research, 
Champaign, v. 30, n. 1, Jan. 2016. 

MCCAIG, R. H.; GOODERSON, C. Y. Ergonomic and physiological aspects of military 
operations in a cold wet climate. Ergonomics, [London], v. 29, n. 7, p. 849-857, 1986. 

https://occup-med.biomedcentral.com/articles/10.1186/1745-6673-8-5
https://occup-med.biomedcentral.com/articles/10.1186/1745-6673-8-5
https://www.researchgate.net/publication/7356541_Recovery_of_hand_grip_strength_and_hand_steadiness_after_exhausting_manual_stretcher_carriage
https://www.researchgate.net/publication/7356541_Recovery_of_hand_grip_strength_and_hand_steadiness_after_exhausting_manual_stretcher_carriage


Bunn; Miranda

173Coleç. Meira Mattos, Rio de Janeiro, v. 17, n. 59, 159-174, May/August 2023 

MONNIER, A. et al. Risk factors for back pain in marines; a prospective cohort study. 
BMC Musculoskeletal Disorders, London, v. 17, p. 1-12, 2016. Available at: https://
bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-016-1172-y. Accessed: 
18 Aug. 2022.

NISSEN, L. R. et al. Deployment-related risk factors of low back pain: a study among danish 
soldiers deployed to Iraq. Military Medicine, Washington, DC, v. 179, n. 4, p. 451-458, Apr. 
2014. 

POPOVICH, R. M. et al. Effect of rest from running on overuse injuries in army basic training. 
American Journal of Preventive Medicine, Amsterdam, v. 18, p. 147-155, Apr. 2000. Suppl. 
3.

RAMSTRAND, N. et al. Evaluation of load carriage systems used by active duty police officers: 
Relative effects on walking patterns and perceived comfort. Applied Ergonomics, Oxford, v. 
53 Pt A, p. 36-43, Mar. 2016. 

ROSENDAL, L. et al. Incidence of injury and physical performance adaptations during military 
training. Clinical Journal of Sport Medicine: official journal of the Canadian Academy of 
Sport Medicine, New York, v. 13, n. 3, p. 157-163, May 2003. 

ROY, T. C. et al. Heavy loads and lifting are risk factors for musculoskeletal injuries in deployed 
female soldiers. Military Medicine, Washintgon, DC, v. 181, n. 11, p. e1476-1483, Nov. 2016. 

ROZALI, A. et al. Low back pain and association with whole body vibration among military 
armoured vehicle drivers in Malaysia. The Medical Journal of Malaysia, Kuala Lumpur, v. 64, 
n. 3, p. 197-204, Sep. 2009. 

SCHOENFELD, A. J. et al. The influence of musculoskeletal conditions, behavioral health 
diagnoses, and demographic factors on injury-related outcome in a high-demand population. 
The Journal of Bone and Joint Surgery. American volume, Boston, v. 96, n. 13, 2014. 

STEVENSON, J. M. et al. Development and assessment of the Canadian personal load carriage 
system using objective biomechanical measures. Ergonomics, London, v. 46, n. 12, p. 37-41, 
Oct. 2007. 

TAANILA, H. et al. Risk factors of acute and overuse musculoskeletal injuries among young 
conscripts: a population-based cohort study. BMC Musculoskeletal Disorders, London, 
v. 16, p. 104, May 2015. Available at: https://bmcmusculoskeletdisord.biomedcentral.com/
articles/10.1186/s12891-015-0557-7. Accessed: 16 Aug. 2022.

https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-016-1172-y
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-016-1172-y
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-015-0557-7
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-015-0557-7


174 Coleç. Meira Mattos, Rio de Janeiro, v. 17, n. 59, 159-174, May/August 2023 

TOMES, C.; ORR, R. M.; POPE, R. The impact of body armor on physical performance of law 
enforcement personnel: a systematic review. Annals of Occupational and Environmental 
Medicine, London, v. 29, May 2017. 

VITARI, F. C.; FRANCISCO, H. S.; MELLO, M. G. da S. Ergonomic risks on the operational 
activities of firefighters from Rio de Janeiro. Work, Amsterdam, v. 41, p. 5810-5812, Feb. 2012. 
Suppl. 1.

YUAN, C.-K.; KUO, C.-L. Influence of hand grenade weight, shape and diameter on 
performance and subjective handling properties in relations to ergonomic design considerations. 
Applied Ergonomics, Oxford, v. 37, n. 2, p. 113-118, Mar. 2006. 


