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The involvement of the Brazilian Armed Forces in war and/or peace operations can be 
attributed to the economic, social and political developments that have been observed in many 
nations throughout the twentieth and twenty-first centuries. Since World War II (1939-1945), when 
the Brazilian Expeditionary Force (FEB) took part in the conflict, there have been profound changes 
in the policy, strategies and characterization of conflicts. Even with these major changes, there is a 
perennial component: the military deployed on the ground. To them, the academic studies concern-
ing peace and war have relegated, in our country, a space of lesser prestige.

The academic approach in the area of defense studies in Brazil originates in the 1990s, 
when social scientists began to problematize the area, seeking to understand the transformations 
in the national and international political contexts in the changing world. This origin has a strong 
connection with political science and international relations (MARQUES; FUCCILLE, 2015), 
which explains the fact that statements No. 1,295/2001 (BRASIL, 2001) and No. 147/2017 
(BRASIL, 2017) place military sciences and defense, respectively, in the list of sciences studied 
in the country along with political sciences and international relations. However, more recent 
epistemological reflections recognize that studies on peace and war, notably pertaining to the 
area of defense, may be organized into networked knowledge structures, to which the studies of 
war materials belong; in technology, and military components; in administration and logistics 
(MEDEIROS, 2015). In addition, we may point out:

From these elements, we can also highlight another point of possible intersection 
from the war, linked to the processes. There are valid processes from the admin-
istrative and logistical point of view, but also those related to the formation of 
human resources, training, qualif ication, formation. Sectors of knowledge linked 
to education, pedagogy or andragogy reverberate in this f ield. But other f ields 
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bordering this one are those of psychology and medicine, which are endowed by 
the needs of war, of human physical and psychological limits. These fields in turn 
are associated with those of sociology, with regard to the conflicts caused by ever 
human decisions, as well as the new faces of the defense exercise, in social sectors and 
support to the State. (MEDEIROS, 2015, p. 48, our translation, emphasis added)

Specifically, regarding the military sciences, Ordinance No. 734/2010 defines them 
as a “system of knowledge related to the art of warfare, obtained through scientific research, 
practices in the military sphere, experience and observation of the phenomena of wars and 
conflicts” (BRASIL, 2010), subordinated to the great area of defense knowledge. Along with 
this, 36 areas of study are established, including health, military instruction, human resources, 
military operations and physical education. Finally, it should be noted that:

the research and study of Military Sciences in the Brazilian Army have as their pur-
poses the formulation of the Terrestrial Military Doctrine, the advancement of 
knowledge in Defense and the preparation of military leaders, researchers, planners 
and managers of the resources made available to the Institution for the fulfillment 
of its constitutional mission, in time of peace and war. (BRASIL, 2010, our transla-
tion, emphasis added)

Revisiting the definition of defense studies and military sciences as a mean for a reflec-
tion on its scope, we argue that the research themes in these areas do not limit themselves to 
high politics, geopolitics, logistics, defense economics and the like, as would address the most 
traditional approach in Brazil. In fact, a survey in the literature ratifies this argument, since there 
is, in the international scenario, substantial scientific production in the areas of defense and 
military sciences, either in the scope of tactical dimensions or of the operational dimensions.

Specifically with regard to the themes of health and operability of military personnel, 
the  Scopus1 platform catalogs 40,0652 articles, books, book chapters and congress abstracts, in 
a continuous growth since 1943 – the date of the first two publications on the subject –, which 
is more accentuated from 2001 (Figure 1).

The journals that most publish scientific articles on the topics are precisely the military 
journals, and military agencies are also the largest funders of research on the themes of health and 
operationality. Likewise, the researchers are mostly affiliated with military organizations (Figure 2, 
3 and 4). Ergo, it is difficult not to infer that such topics are of interest to the Armed Forces, of mil-
itary researchers or of military institutions, and are therefore legitimate in this context.

There is a marked predominance of North American institutes, organizations, 
journals and sponsors in the epistemological production. In turn, the Brazilian role has been 

1	 Scopus is a multidisciplinary search base that indexes five thousand publishers and more than 25 thousand scientific journals, books 
and chapters, review, notes, letters and conferences from the humanities, health sciences, earth sciences, biological sciences and exact 
sciences. Cf.: https://www.elsevier.com/?a=69451

2	 Survey taken on May 22, 2023.
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minimal, with 242 scientific productions in the said period (1943-2022), representing approxi-
mately 0.60% of the world publication.

We do not ignore that the approach and characteristics of the current Brazilian 
academic production derive, to a large extent, from the direction of graduate courses dedicated 
to defense studies and military sciences – almost entirely linked to area 39 (political science 
and international relations) of the Coordination for the Improvement of Higher Education 
Personnel (Capes). Of all the courses and programs in civilian universities or military educa-
tional institutions, only one escapes the rule of studying military issues in the political-strategic 
perspective, directing its attention to operational human performance and being linked to area 
21 of Capes (Physical Education). There is no criticism in this observation, it is a fact.

Figure 1 – Scientific documents published per year from 1943 onwards
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Figure 2 – The ten journals that most publish research articles on the subject
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Figure 3 – Number of documents per sponsor (15 largest sponsors of research on the subject)
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Figure 4 – The 15 institutions/organizations that publish the most on the subject
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If Brazilian research in military sciences and defense studies starts adopting both the 
bottom-up and top-down perspectives to understand, analyze and suggest changes in the policy, 
strategy, preparation and employment of the troops, there is a possibility, with this, of expand-
ing the exchange between researchers dedicated to the themes legitimately pertinent to the 
area.  The recent changes caused by the covid-19 pandemic in the area of science have shown 
that the union of researchers from different backgrounds can bring great advances in less time. 
This movement alone could be a boost in our national production, and could strengthen mili-
tary magazines for the defense area (FRANCHI, 2021).
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The creation of this special issue was a move in this direction, that is, a call for the inte-
gration of perspectives in defense studies and military sciences. We sought, therefore, to present 
the readers of the Coleção Meira Mattos with other topics that are under debate and that are 
pertinent to the military sciences.

Finally, we emphasize that one should not overlook, especially in the study of military 
sciences and defense, the human dimension of the operational environment, since this would 
disregard a relevant part of the agents responsible for strategic and political decision-making. 
Therefore, it is necessary to bring the human dimension to the scope of research so that, during 
the planning and conducting of military operations, all levels – political, strategic, operational 
and tactical – are interconnected, generating a more accurate information framework for 
decision making. At the very least, one who does not know the troop may not deploy it well 
and, therefore, the best results are not achieved in the process of ensuring the sovereignty and 
effective presence of the State in the national territory.
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Ergonomics for military combatants: an integrative review

Ergonomía para combatientes militares: una revisión integradora

Received: 06 jan. 2022
Approved: 28 jun. 2022

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.
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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.
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Abstract: The Portuguese Army has experiencing a diff icult 
renewal of human resources, in particular, in the rank of Private. 
With the purpose of studying the reasons that interfere in this 
target population, the present article aims at analyzing the socio-
demographic profiles of young men incorporated, through the 
application of an internal questionnaire, of admission to the 
Army's Common General Training Course for enlisted men. 
The results allowed the identification of four groups of young 
volunteers for military service through the intersection between 
the zone of residence, academic background, reasons for joining 
and perceptions about the Institution. The data obtained revealed 
that during the recruitment phase, the promotion of military service 
should enhance the diffusion of the values and incentives it provides.
Keywords: Portuguese army; recruitment; ingress; military profile; 
attractiveness.

Resumen:El Ejército portugués ha registrado una difícil renovación 
de recursos humanos, en particular, en la categoría de Alistados. 
Con el propósito de estudiar los motivos que interfieren en esta 
población objetivo, este artículo tiene como objeto analizar los 
perfiles sociodemográficos de los jóvenes incorporados mediante 
la aplicación de un cuestionario interno, de carácter reservado, en 
el momento de su ingreso al Curso de Formación General Común 
de Alistados de Ejército. Los resultados permitieron identificar 
cuatro grupos de jóvenes voluntarios para el servicio militar a través 
de la intersección entre el área de residencia, la historia escolar, los 
motivos de ingreso y las percepciones sobre la Institución. Los 
datos obtenidos revelaron que, durante la fase de reclutamiento, 
la divulgación del servicio militar debe potenciar la difusión de los 
valores y los incentivos proporcionados por el mismo.
Palabras clave: Ejército Portugués; reclutamiento; ingreso; perfil 
militar; capacidad de atraer.
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1 INTRODUCTION

In 2004, the Portuguese Army (EP) was faced with the end of compulsory mil-
itary service and the implementation of a human resources (HR) model based on volun-
teering (Coelho et al., 2019). With this transformation, the EP was faced with the need to 
resort to hiring young people for the ranks, thus being dependent on their attraction and 
competitiveness compared to the rest of the available labor market, requiring new efforts 
in recruiting and managing the human capital necessary to fulf ill the assigned missions. 
The adaptation of the EP to the new paradigm has revealed challenges that have resulted 
in an increasing diff iculty in attracting and retaining young people for military functions 
(Silva et al., 2019). This phenomenon is not restricted exclusively to the Portuguese context 
and has been the subject of studies (Lievens, 2007; Marrone, 2020; North Atlantic Treaty 
Organization; Research And Technology Organization, 2007), largely due to the f inan-
cial and operational costs that the diff icult regeneration of HR entails, essentially in the 
category of Private (Lievens, 2007; Marrone, 2020; North Atlantic Treaty Organization; 
Research And Technology Organization, 2007).

The low adherence of young people, especially to the Private rank, currently represents 
one of the great challenges facing the EP. Chart 1 shows the evolution of the annual figures for 
open vacancies and their applications. The growing need to increase the military force and a 
concomitant decrease in young candidates have resulted in a negative trend in the number of 
candidates per vacancy, with values that can be considered critical reported in 2018 (Silva et al., 
2019). The difficulty of attraction has been verified in the data collected, during the attraction 
that occurs throughout the selection and training process of the new military, in the voluntary 
departure (of the active military) and in the mandatory departure (of the military that reaches 
the maximum limit of contractual renewals). The relationship between the phenomena triggered 
the notion of a vulnerability at the level of the Army’S HR, which motivated the development 
and application of intervention measures, among which the following stand out: the decrease 
in waiting time from the application to the call for the selection process, the elimination of 
minimum physical fitness requirements, greater geographical distribution of military training 
courses, the increase in salary during training and the flexibility of tattoos (Silva et al., 2019). In 
the same sense, the regulation on incentives for the provision of military service was also updated 
(Decreto-Lei nº 76/2018), however, the set of measures implemented did not prevent the lack 
of adherence to military service and a voluntary exit that represents amorphous models for the 
system itself.

Faced with the problem and considering its similarities with the challenges also felt 
in the international military context (for example, in the USA and Belgium, among others) 
(Bertonha, 2008), the following analysis intends to know and differentiate the young peo-
ple who are incorporated into the Army and, thus, contribute to the improvement of the 
recruitment system. 
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Chart 1 – Annual number of open places and applications received for the category of Private

Source: adapted from Silva et al. (2019).

Research on the topic suggests the need to investigate the different factors, individual 
and organizational, that can contribute to a greater attractiveness of military personnel (Lievens, 
2007; Marrone, 2020; North Atlantic Treaty Organization; Research And Technology organiza-
tion, 2007). The present study aims to analyze the profiles of young people incorporated in the 
category of squares of the EP. The analysis is based on data collected at the time of incorporation, 
when individuals do not yet have a tacit knowledge of the institution and distinguishes profiles 
based on the individual characteristics of the trainees, but also their perception of organizational 
characteristics, attractiveness factors and the level of information of the institution. The results 
obtained allow us to have a greater knowledge of the young people who have been recruited by 
the organization and to formulate contributions to new recruitment strategies.

2 METHODOLOGY

The investigation carried out is intended to provide information to support the deci-
sion of the Army Command. Thus, a questionnaire was constructed to monitor and measure a 
set of variables about young people who are starting military life in the EP. This questionnaire is 
carried out online through the LimeSurvey platform and its application takes place during the 
incorporation process. The moment of incorporation refers to the day on which candidates, 
determined in the selection tests, begin the military training necessary for the provision of mil-
itary service on a voluntary or contract basis. The data collection carried out at this time has 
as main objective to know the HR that are in the process of integration in the organization, 
in order to improve internal processes, promote the institutional image and intervene in the 
investment without return associated with the early exit of the organization (Lomascolo, 2008; 
North Atlantic Treaty Organization; Research and Technology Organization, 2007; Lomascolo 
Strand; Berdndtsson, 2015). In total, 2,082 young people participated in the Army’s Common 
General Training Course for enlisted men, held between 2018 and 2020 and, for the purposes 
of the study, data on gender, area of residence, school and professional path, motivations and 
perceptions about the institution were used. It should be noted that to carry out this study in the 
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Portuguese Army, there is no need to submit a research protocol to an ethics committee, it is only 
necessary to obtain the superior authorization of the Command. It is also added that it was the 
Army Command itself that assigned responsibility to the Army Center of Applied Psychology 
for the continuation of the analysis of the phenomenon. 

2.1 Statistical Analysis

Multiple correspondence analysis (MCA) is an exploratory method that aims to 
verify and study the interrelationships between the categories of variables under analysis. 
Being a method of investigation, the interpretability of the plan of the categories is undoubt-
edly the essential element for the study. The graphical analysis of the MCA allows, in a rep-
resentative way, to visualize the relationship of the distribution between the variables. The 
respective categories to the variables under analysis are represented by points and the dis-
tance between them allows to interconnect the existence or not of relationships, translating 
into the construction of prof iles.

The graphic construction has preponderance according to the variables that focus on 
the axes (which represent the dimensions created) and that their categories are strongly correlated 
between them and the axes, as can be seen in the following table:

Table 1 – Measures of Discrimination and contributions of variables

 
Source: Portuguese Army 

The software used for the analysis was IBM SPSS. 
According to the table presented, it is observed which are the variables that contribute 

most to the definition of the axes composed of Dimension 1 and Dimension 2, which were called 
“Area of residence and history of school failure” and “Reasons for admission and perceptions 
about the institution”.
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3 PRESENTATION OF RESULTS AND DISCUSSION

3.1 Characteristics of new recruits

To understand the prof ile of young people who joined the category of Private of 
the EP, a set of questions about sociodemographic characteristics was analyzed. These data 
described in Table 2 revealed that most of the graduates have a history of school repetition 
(64%) and at the level of education, the secondary completed (63.3%), registering, however, 
a signif icant percentage of cases (34.3%) that had only the 3rd cycle of basic education, not 
completing, thus, the 12th year of schooling (in Brazil, the 3rd cycle of Portuguese basic 
education corresponds to elementary education and the 12th year of schooling corresponds 
to Brazilian High School), as described in national legislation (Decreto-Lei nº 176/2012). 
It should be noted that, since the 3rd cycle is the minimum schooling for applying for the 
Private rank (Portugal, c2021), obtaining HR with low qualif ication level may negatively 
influence the professional performance of the recruited workforce (Ng; Feldman, 2009). 
Table 2 shows that most of the respondents come from the north of the country. These data 
are grouped by “area of residential “ and result from the combination of cases with a bet-
ter distribution of the sample and a geographical relationship between residential districts.  
As an example, the districts belonging to the territorial units of Alentejo and Algarve were 
grouped into “South” residential zone for statistical analysis purposes.

Table 2 – Characteristics of graduates at the time of incorporation

Characteristics of trainees N %

Gender

Male 1736 83%

Female 346 17%

History of school repetition

Repeated 1339 64%

Never repeated 743 36%

Education

3rd cycle 714 34%

Secondary education 1317 63%

Higher Education 49 2%

Other 2 0%

Professional status prior to entry

Unemployed 1401 67%

Employed 681 33%
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Characteristics of trainees N %

Area of residence

North 1072 51%

Centre 514 25%

South 307 15%

Autonomous Regions 189 9%

Source: Portuguese Army

3.2 Ingress characteristics

After analyzing the characteristics of the young people incorporated in the EP, it is 
also important to know their motivations, aspirations and perceptions about the institution. 
Regarding the motivation for joining, in Table 3, it is possible to observe that the majority of 
young people (69%) decided to enlist because of the possibility of “serving the homeland and 
defending the country”, contrary to a minority who joined because of the conditions offered and 
opportunities provided.

To understand the attractiveness of military service, we resorted to the theory 
of Moskos (1986), which distinguishes occupational values from institutional values. 
According to the author, the entry motivated by the defense of the country can be classif ied 
as an institutional value def ined as an intrinsic and differentiating attribute of the military 
institution that appeals to a cause superior to the individual interest of the young person. 
In contrast, motivations based on working conditions, among others, can be included in 
occupational values characterized as personal interests or motivations (Helmus et al., 2020. 
According to the author, the current voluntary military service would lead the military orga-
nization to lose its institutional values in favor of occupational values oriented to salary 
and other benef its (idem.). However, the results obtained reveal that institutional values 
continue to prevail over occupational values, suggesting the importance of promoting orga-
nizational identity as a factor of attractiveness (LIEVENS, 2007).

The analysis described in Table 3 shows that most of the new graduates (62%) felt 
informed about the institution, however, a significant percentage had a low or moderate level 
of knowledge. Regardless of the conditions offered at the time of admission, the decision to 
enter also depends on the path that the institution provides to the young person. In this sense, 
it was observed that, at the time of incorporation, most recruits aspire to compete for a higher 
category (77%) and many have the necessary qualifications for this ascent in the military hierar-
chy (63%, see Table 1). With the increase in the level of education in the Portuguese population 
(PORDATA, 2021), admission based on academic qualifications tends to increase eligibility for 
higher categories1, facilitating upward movements that make it difficult to fill vacancies at the 

1	  As an example, both categories of Privates and Sergeants compete for young people with secondary education and a 
similar age range.
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base of the pyramid. It is also added, in references to future aspirations, that the majority of 
respondents expressed a desire to continue their studies (70%). The data reinforce the relevance 
of disseminating and ensuring access to incentives related to professional and academic training 
provided for in regulation (Decreto-Lei nº 76/2018).

Table 3 – Ingress characteristics of graduates

Ingress characteristics N %

Reason for ingress

Serve the motherland and defend the country 1436 69%

Working conditions offered 333 16%

Fitness, action & adventure 117 6%

Be independent 169 8%

Not having another opportunity 27 1%

Market conditions

Better conditions 1131 54%

Not worse, not better 904 44%

Worst conditions 47 2%

Perception of remuneration

Well paid 1126 54%

Neither well nor poorly paid 488 23%

Poorly paid 468 23%

Level of information about the Army

Very informed 1292 62%

Moderately informed 491 24%

Poorly informed 299 14%

Want to appl

Intends 1599 77%

Not intended 483 23%

Willingness to pursue studies

Yes 1430 69%

No 652 31%

Source: Portuguese Army
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3.3 The Profile of the Military that competes for the Portuguese Army

Based on the variables under analysis and proceeding to a multiple correspondence 
analysis (MCA) as an exploratory method (Carvalho, 2017), it was possible to materialize 
the construction of distinct prof iles of recruits. Graph 2 shows the representation of the 
exploratory prof iles, supported by a preliminary analysis. The expressed results identify two 
dimensions that relate the history of school repetition and the area of residence, with the 
reasons for admission and perceptions about the institution. The f irst dimension was called 
“Area of residence and history of school repetition” and allows us to visualize the differences 
between schooling, academic success and willingness to continue studies among individuals 
in the north of the country and the autonomous regions. The second dimension was desig-
nated as “reasons for entry and perceptions about the institution” which demonstrates the 
perception of the graduates in relation to the salary they will obtain, the conditions offered, 
the main reason for entry, their perception of the information they have about the Army and 
if they intend to apply for a higher category.

Figure 2 – Profiles of reasons for joining

Source: Portuguese Army
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The analysis of the f irst dimension allows identifying different prof iles that suggest 
interesting reflections which discriminating variables are related to the area of residence and 
school course. Thus, we f ind the group of subjects who lived in the north and who had asso-
ciated the attributes of 12th grade of schooling, a school course without failures and without 
the desire to continue their studies. On the other hand, on the same axis, there is the group 
of individuals with basic education, resident in the autonomous regions, with a history of 
school failure and with a desire to continue their studies. 

Taking into account the second dimension, a group of recruits is observed, whose 
main reason for joining was “to serve the motherland and defend the country”. These indi-
viduals demonstrated an intention to compete for a higher category, felt very informed 
about the EP at the time of incorporation, considered the military profession well paid and 
with better conditions compared to other jobs. In contrast, there is also a group of young 
people who did not intend to apply for a higher category, felt little informed about the insti-
tution and perceived unfavorable conditions and opportunities compared to alternatives in 
the market.

4 CONCLUSION

Knowing the young recruit is essential to rethink the intended candidate prof ile 
and outline recruitment strategies aimed at the target audience. The relevance of this theme 
is unquestionable in view of the HR needs registered in recent years that can compromise 
the response to institutional missions.

In order to analyze the prof iles of young people incorporated into the category of 
Private of the EP, a sample of 2,082 respondents obtained through a questionnaire applied 
at the time of incorporation was used. The data analysis made it possible to identify a set 
of characteristics of the new graduates, namely the prevalence of young men, unemployed 
and with a history of failing school education. It was found that the vast majority of military 
personnel have higher qualif ications than necessary for entry into the Private rank, a situ-
ation that is inseparable from their intention to compete for a higher rank, and the impor-
tance of promoting HR management capable of predicting upward movements within the 
Organization. Different prof ile patterns were observed, depending on the area of residence, 
school characteristics and professional perspectives. From a recruitment and dissemination 
perspective, it should be noted that institutional values remain a main attraction factor for 
young Portuguese people. The importance of improving information about the institution, 
the target audience and their influencers was identif ied. In the patterns identif ied, it was 
observed that graduates from the northern region have a successful school career contrary to 
those from the autonomous regions, who enter less qualif ied, but with the intention of con-
tinuing their studies. In this case, the school and academic incentives of the Armed Forces 
should play an important role in attracting young islands residents to the EP.
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Thus, the data obtained are still in line with other studies that point to a change in the 
patterns of interests of the new generations and for which there should be great attention, to 
highlight in young Portuguese the value associated with the military Institution and that should 
be enhanced and explored.

Finally, this study shows that, given the dimensions raised, there are different profiles of 
candidates at the level of the country’s areas, so this factor can also be taken into account in the 
dissemination and recruitment strategies of HR.

The continuity of the monitoring implemented by the EP may stimulate studies capa-
ble of obtaining new measures to respond to the problem of recruiting young people to the 
military Institution. 
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Abstract: The objective was to compare physiological responses, 
during a 12-km march following Brazilian Army protocols, between 
two groups carrying different loads (personal equipment plus 
machine gun and personal equipment plus rifle). Additionally, we 
investigated whether there is a correlation between load weight, in 
percentage of total body mass (%TBM), and those physiological 
responses. The following variables were analyzed: mean heart 
rate, heart rate variation, blood lactate variation and mean rating 
of perceived exertion. The personal equipment + machine gun 
group presented significantly higher median values for mean heart 
rate and heart rate variation. Furthermore, our data showed that 
load (%TBM) was positively and significantly correlated with all 
physiological variables assessed, except for blood lactate variation. 
Performing long-distance load carriage with a machine gun caused 
greater cardiovascular effort than carrying a rifle. 
Keywords: military; weight-bearing; walking; physical exertion; 
physiological responses.

Resumen: El objetivo fue comparar las respuestas fisiológicas, durante 
una marcha de 12 km siguiendo los protocolos del Ejército Brasileño, 
entre dos grupos que transportaban diferentes cargas (equipo personal 
más ametralladora y equipo personal más fusil). Además, investigamos 
si existe una correlación entre el peso de la carga, en porcentaje de la masa 
corporal total (%MCT) y esas respuestas fisiológicas. Se analizaron las 
siguientes variables: frecuencia cardiaca media, variación de la frecuencia 
cardiaca, variación del lactato sanguíneo y percepción subjetiva del 
esfuerzo media. El grupo de equipo personal + ametralladora presentó 
medianas significativamente más altas para la frecuencia cardíaca 
media y la variación de la frecuencia cardíaca. Además, nuestros 
datos mostraron que la carga (%MCT) se correlacionó positiva y 
significativamente con todas las variables fisiológicas evaluadas, excepto 
con la variación del lactato sanguíneo. Realizar un transporte de carga 
de larga distancia con una ametralladora provocó un mayor esfuerzo 
cardiovascular que llevar un fusil. Además, las cargas más pesadas (% 
MCT) se correlacionan con una mayor respuesta cardiovascular y una 
mayor clasificación de percepción subjetiva del esfuerzo.
Palabras clave: militar; soporte de peso; caminata; esfuerzo físico; 
respuestas fisiológicas.
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1 INTRODUCTION

Military training and operations often depend on personal mobility. In these 
situations, soldiers carry their own equipment and supplies on their body, usually in 
backpacks and webbings, thus forming a load-carriage system (BIRREL; HOOPER; 
HASLAM, 2007; KNAPIK; REYNOLDS; HARMAN, 2004). Service members are thus 
required to maintain proper physical conditioning, as they may often f ind themselves in 
extreme situations where they must endure higher levels of fatigue than usually required 
from the population in general.

Among military preparation activities, marching training stands out, as it is one of 
the physical activities most required during military operations, representing about 60-70% 
of the Australian military tasks, for example (ORR, 2012). Lack of available motorized 
transport, tactical or terrain impositions and even military instruction or physical training 
are situations where troops are required to march (BRASIL, 2019). In addition, after 
marching, the troops must arrive at their stated destination on schedule and able to f ight 
and fulf ill the assigned mission.

Although terrain, weather conditions and psychological factors exert a considerable 
influence on marching (JOVANOVIĆ et al., 2014; MCCORMICK; MEIJEN; MARCORA, 
2015; VOLOSHINA, 2013), physiological factors should be given special attention, as 
physical f itness has a decisive relation to performance (KNAPIK et al., 1990; KRAEMER 
et al., 1987; SWAIN, 2011), and thus to the fulf illment of the task. Military personnel with 
platoon marching experience report there are more exhausting roles to be performed, due 
to the heavy load carried. Therefore, researches are being conducted to assess physiological 
responses of service members while carrying different loads (FAFUNDES et al., 2017; 
HOLEWIJN, 1990; PAL et al., 2009; PHILLIPS et al., 2016; QUESADA et al., 2000; 
STUEMPFLE; DRURY; WILSON, 2004), analyzing heart rate (HR), oxygen consumption 
(VO2), rating of perceived exertion (RPE) and other physiological (ventilatory threshold, 
minute ventilation, respiratory exchange ratio, energy expenditure, inspiratory and expiratory 
mouth pressures, blood lactate, glucose concentration), biomechanical (electromyography 
activity, joint rotations and moments, isometric maximal voluntary contraction) and 
cognitive (correct responses, false alarms, sensitivity) variables (FAFUNDES et al., 2017; 
FAGHY; BLACKER; BROWN, 2016; GILES, 2019; GRENIER et al., 2012; HOLEWIJN, 
1990; PAL et al., 2009; PHILLIPS et al., 2016; QUESADA et al., 2000). However, study 
results still differ somewhat, with a set of studies not f inding any effect of different loads on 
physiological responses (FAGHY; BLACKER; BROWN, 2016; FAGUNDES et al., 2017; 
PHILLIPS, 2016) and another set that does (BORGHOLS; DRESEN; HOLLANDER, 
1978; GILES, 2019; GRENIER et al., 2012; PAL et al., 2009; PIHLAINEN et al., 2014), as 
described up below.

One of the f irst studies on this topic found that during a walk carrying weights of 
up to 30 kg, each extra kg of weight increased VO2 by 33.5 milliliters per minute (ml/min), 
heart rate by 1.1 beats per minute (bpm) and pulmonary ventilation at 0.6 liters per minute 
(l/min) (BORGHOLS; DRESEN; HOLLANDER, 1978). Another study compared a 
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50-minute march at an average speed of 5.7 km/h while carrying 5.4 kg of equipment with 
the f irst 60 minutes of marching at an average speed of 5.4 km/h while carrying 24.4 kg of 
equipment, both on terrain with variable inclines (PIHLAINEN et al., 2014). The study 
results showed signif icant increases in VO2, %VO2max, HR and %HRmax when carrying 
24.4 kg (PIHLAINEN et al., 2014). Grenier et al. (2012) also identif ied a signif icant 
variation in mean HR (91 bpm to 139 bpm) depending on the load (23 kg or 47 kg) and the 
positive elevation change (240 m and 570 m) over the course of the 15-km march. Another 
study also found that walking speed interferes with HR (modif ied Harbor protocol), which 
increases according to speed and load (unloaded: 88.7 bpm at 3.5 km/h, 94.8 bpm at 4.5 
km/h; with a 40-kg load: 114.4 bpm at 3.5 km/h, 127 bpm at 4.5 km/h) (PAL et al., 2009). 
More recently, Giles et al. (2019) found a signif icant load carriage impact on %HR reserve, 
with values ​​progressively increasing for load carriage conditions of 47.2 kg and 50.7 kg, 
compared with 8.8 kg.

Other studies, however, have found different results. Fagundes et al. (2017) found 
no signif icant differences in HR and RPE when varying the load from 0% to 15% of body 
mass both in maximal running tests and in a submaximal test at 90% of the ventilatory 
threshold. Phillips et al. (2016) also did not f ind signif icant HR variations when comparing 
loaded (25 kg; 189 bpm) and unloaded (187 bpm) maximal stress tests using the modif ied 
Balke protocol, despite a reduction in test duration in the loaded condition. Faghy, Blacker 
and Brown (2016) found no signif icant differences in blood lactate values when comparing 
60-minute submaximal tests performed on a treadmill, with varying loads ranging from 0 
to 20 kg.

In addition to this lack of consistency in f indings, most studies carried out laboratory 
tests (FAGHY; BLACKER; BROWN, 2016; FAGUNDES et al., 2017; HOLEWIJN, 1990; 
PHILLIPS et al., 2016; PAL et al., 2009; QUESADA et al., 2000; STUEMPFLE, DRURY, 
WILSON, 2004) and did not vary the weight of weaponry, only of backpacks. However, 
weapons are usually carried during marches, training activities and military operations, 
and should be considered and assessed. The function which involves carrying a rifle has 
great importance for platoon tactical organization, as it is the most basic one and performed 
by most platoon soldiers, as well as carrying a machine gun, due to the f irepower of this 
armament. Knowing the variations in physiological responses involved in each of the platoon 
duties will help to establish differentiated training activities aimed at developing a level of 
physical conditioning adequate to the effort required for loaded marching.

Therefore, the aim of this study was to compare physiological responses between 
a group of individuals carrying personal equipment (PE) plus a machine gun with another 
group carrying personal equipment plus a rifle during a 12-km march. In addition, we 
examined whether there is a correlation between the load carried, in percentage of total body 
mass (%TBM), and the physiological responses measured.
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2 METHODS

2.1 Study design

An experimental study was carried out in which military service members were 
randomly assigned to two groups to perform a 12-km march: carrying either a rifle (lighter, 
control group) or a machine gun. Physiological responses were measured before, during and 
after marching.

2.2 Ethical aspects

The study research protocol was approved by the local ethics committee (CAAE: 
83493618.1.0000.5235).

2.3 Sample

The sample consisted of 30 volunteer military off icers (lieutenants and captains) 
serving in a Brazilian Army garrison in Rio de Janeiro (convenience sample). Inclusion 
criteria were as follows: participants should be military volunteers, male, aged between 20 
and 32 years old (median: 26.50; 1st quartile: 25.00; 3rd quartile: 28.00 years old), in active 
service from 7 to 15 years (median: 8; 1st quartile: 7; 3rd quartile: 10 years), have achieved a 
minimum score of “Good” (B) in the Army Physical Fitness Test (APFT) and have signed 
the Free and Informed Consent Form (FICF). Were excluded from the study those who had 
just ended their period of assigned daily duties; with orthopedic, rheumatologic, respiratory 
or neurological conditions; with acute or chronic musculoskeletal pain; or who used 
medication that could alter the visual and vestibular systems. Health information was self-
reported by participants and confirmed with their military organization’s Health Section.

2.4 Test procedures

All participants performed a 12-km march in accordance with the Brazilian Army 
f ield manual (BRASIL, 2019). The march was divided into three 4-km stages, with a total 
duration of three hours. The f irst stage lasted 45 minutes (average speed of 5.3 km/h), 
followed by a 15-min rest period. The second and third stages were completed in 50 minutes 
each (average speed of 4.8 km/h), with a 10-min interval between them (BRASIL, 2019). The 
12-km march was performed on a 1-km track, with the start and f inish lines at the same place. 
Two persons at checkpoints located about 500 meters apart were tasked with monitoring the 
participants’ average speed and alerting them to increase or reduce their pace.

All participants marched wearing personal equipment (PE), consisting of belt, 
suspenders, two 1-liter canteens f illed with water, helmet and a large capacity backpack. 
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However, the sample was randomly divided into two equal groups of 15 participants, each 
group armed with a different weapon: one used a rifle simulator (4.7 kg) and the other a 
machine gun simulator (10.8 kg). Both simulators consisted of Mauser Model 1935 rifles 
with different loads attached to their centers in order to reach the approximate weight of 
the rifle and the machine gun.

Marching took place in the facilities of the Army’s Physical Training Center (CCFEx), 
Rio de Janeiro. Three volunteers were selected each day between 17:00 and 22:00. Average 
temperature during marches was of 22.94 ± 1.93ºC and relative humidity was 79.61 ± 4.78%.

Volunteers showed up at the laboratory half an hour before marching for f illing 
the anamnesis form (informing their last APFT score, length of service, age and presence or 
absence of pain or injury), signing the FICF and having total body mass (TBM, with and 
without the equipment), pre-effort lactate and resting heart rate measured. They were then 
randomly assigned to a group by drawing of lots. First we used 10 pieces of paper (10 days 
of data acquisition) with different sequences of three conditions (we collected data from 
three military off icer per day). The distribution of rifle and machine gun in these sequences 
was organized in order to ensure a total of 15 individuals for each group. Then, we used 
simple pieces of paper in a small box with letters F and M, for rifle (F from “fuzil”, rifle in 
Portuguese) and machine gun groups, respectively. After knowing which weapon would 
be used, we presented instructions on the sequence of activities, the route to be taken and 
safety rules.

Before marching, all participants ate a cereal bar containing 79 kilocalories and 
hydrated themselves with at least 200 milliliters of water. Each volunteer marched alone and 
to this end they started the march at intervals of about 20 minutes. During the rest periods, 
participants were allowed to remove the backpack and were fed a cereal bar and hydrated.

Heart rate was recorded continuously and perceived exertion was recorded at 0.5 
km intervals (while marching) and at the end of the march. After marching, lactate was 
measured again. The assessments were performed by trained examiners who were working 
with the main output variables for, at least, six months. Furthermore, the heart rate monitor 
and the blood analyzer employed in this study are worldwide used and well respected for 
scientif ic purposes.

2.5 Instruments

Heart rate (HR) was measured with a V800 heart rate monitor (Polar, Finland), 
f itted with a Polar H7 strap. After marching, data (HR, distance covered, pace, among 
others) were transmitted via bluetooth for storage with the Polar Flow software (Polar, 
Finland). Lactate was measured by analyzing capillary blood with an Accutrend Plus 
monitor (Roche, Portugal). Perceived exertion was assessed using the modif ied Borg rating 
of perceived exertion (RPE), ranging from zero (no exertion) to ten (maximum exertion) 
(BORG, 1998); participants were given instruction on the scale before marching, which was 
later reinforced during data collection. 
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Participants’ height was measured with a Professional Sanny stadiometer (American 
Medical do Brasil Ltda, Brazil) and their Total Body Mass (TBM) with a model 876 digital 
scale (Seca, Germany). Temperature and relative humidity were measured with a digital 
thermo-hygrometer (Incoterm, model TTH100, Brazil) at the beginning of each marching 
stage.

2.6 Data Analysis

Outcome variables were mean heart rate during the 12-km march excluding rest 
periods (Mean HR); heart rate variation (HR Var), calculated by subtracting the maximum 
value reached and the rest value; lactate variation (Lac Var = post-march value - pre-march 
value); and the average of all recorded values ​​of RPE over the 12 km (Mean RPE).

The Shapiro-Wilk test was used to assess the normality of the data set. For 
descriptive statistics, the median was used [1st quartile; 3rd quartile], because most data have 
a non-parametric distribution. Statistical comparison of groups was performed using the 
independent samples Student’s T test for Mean HR, age, TBM, height and total load carriage 
weight (parametric data), and the Mann-Whitney U test for HR Var, Lac Var and Mean 
RPE (nonparametric data). Categorical data of APFT scores were presented in absolute and 
relative frequency, and the two groups were compared using the chi-squared test.

Correlation between load (% of total body mass) and outcome variables were 
assessed using the Pearson test (r) for Mean HR and the Spearman test (rho) for HR Var, 
Lac Var and Mean RPE. The correlation coeff icient (r/rho) was classif ied as: very strong 
for r values ​​ ≥ 0.90; strong for r between 0.6 (inclusive) and 0.9; regular for r between 0.3 
(inclusive) and 0.6; and weak between 0 and 0.3 (CALLEGARI-JACQUES, 2003).

Statistical signif icance was set at p ​​<0.05, and the analyzes were performed using 
the SPSS software (version 27.0).

3 RESULTS

Sample characterization data are shown in Table 1. The groups were not different 
for age, total body mass, height nor Army physical f itness test scores (APFTS). They differed 
only in the conditions set for the purpose of this study, the total load carriage weight: PE + 
rifle = 24.7 [24.4; 24.8] kg and PE + machine gun = 30.7 [30.7-30.8] (p <0.001).
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Table 1– Characterization of the sample

Total PE + rifle PE + machine gun p value

Age (years) 26.50 (25.00 - 28.00) 27.00 (25.00 – 28.00) 26.00 (25.00 – 29.00) 1.00α

TBM (kg) 79.72 (73.96 - 85.88) 79.05 (74.15 – 85.85) 80.00 (69.55 – 86.00) 0.96 α

Height (m) 1.77(1.71 - 1.82) 1.79 (1.70 – 1.87) 1.77 (1.71 – 1.81) 0.70 α

APFTS (%)
E - 46.7%

VG - 20.0%
G - 33.3%

E - 53.3%
VG - 20.0% 
G - 26.7%

E - 40.0%
VG - 20.0%
 G - 40.0%

0.71β

Source: the authors.

Subtitle: PE = Personal equipment, TBM = Total Body Mass, APFTS = Army physical fitness test score, E = Excellent,  
VG = Very good, G = Good. αp value for Student’s T test; βp value for chi-squared test.

Mean HR and HR Var data for only 26 of the 30 participants were used, due to the 
loss of data due to operational problems with the frequency meters.

Considering the sample as a whole, the following results were obtained: Mean HR = 
117.19 (110.24 - 123.91) bpm; HR Var = 75.00 (59.75 - 81.25) bpm; LacVar = -0.35 (-0.83 - 
0.30) mmol/L; Mean RPE = 2.38 (2.03 - 3.21). Comparisons between groups revealed that the 
PE + Machine Gun group showed higher Mean HR and HR Var (Graphic 1) compared with 
the PE + Rifle group. No difference was found for Lac Var, with values of PE + rifle = -0.40 
[-0.80; 0.60] mmol/L and PE + machine gun: -0.30 [-0.90; 0.10] mmol/L (p = 0.983); and for 
Mean RPE, with values of 2.25 [2.00; 2.88] and 2.83 [2.33; 3.83], respectively (p = 0.065).

Graphic 1 – Box plot with median, quartiles (1st and 3rd), and minimum and maximum values for Mean 
HR (mean heart rate) and HR Var (heart rate variation)

Source: the authors. 
Subtitle: A) Mean HR (mean heart rate) and B) HR Var (heart rate variation) for PE (personal equipment) + Rifle and PE + 

Machine Gun groups. * p < 0.05.
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Except for Lac Var (rho = 0.15), all variables showed positive, regular and signif icant 
correlations with load (% of total body mass) (Graphics 2, 3).

Graphic 2 – Scatter plot for load %TBM (% of total body mass),  
Mean HR (Mean heart rate) and HR Var (Heart rate variation)

Source: the authors

Subtitle: A) Mean HR (mean heart rate) and B) HR Var (heart rate variation). r = Pearson’s correlation coefficient;  
rho = Spearman’s correlation coefficient.

Graphic 3 - Scatter plot for load %TBM (% of total body mass)  
and Mean RPE (Mean rating of perceived exertion) 

Source: the authors.

Subtitle: rho = Spearman’s correlation coefficient; RPE = rating of perceived exertion; TBM = total body mass
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4 DISCUSSION 

This study aimed to compare physiological responses in a 12-km loaded march 
between two groups of participants: one carrying PE plus a machine gun and the other 
carrying PE plus a rifle. Additionally, we investigated whether there is a correlation between 
load carriage weight, in percentage of total body mass (% TBM) and physiological responses. 
Study results show that carrying the heaviest armament resulted in higher cardiovascular 
stress, with participants showing higher values ​​for Mean HR and HR Var. With the 
exception of Lac Var, all variables showed a positive, regular and signif icant correlation with 
load carriage weight, as a percentage of total body mass.

The greater cardiovascular demands showed by the group that carried the 
heaviest load can be explained by the fact that physical activity increases the body’s energy 
requirements, provoking several physiological responses aimed at meeting the increased 
metabolic demand (BRUM et al., 2004). Cyclical activities such as marching cause an 
increase in the activity of the sympathetic nervous system (FORJAZ; TINUCCI, 2000), 
and as a result in heart rate (HR), stroke volume (SV) and cardiac output (CO) (FORJAZ et 
al., 1998). According to Forjaz and Tinucci (2000), the greater the intensity of the exercise 
the greater the physiological responses, but these responses do not change during exercises 
performed at an intensity below the anaerobic threshold. Thus, holding and moving around 
with the additional weight of the machine gun requires greater CO, which can be achieved 
through greater HR and SV (MCARDLE; KATCH; KATCH, 2014), explaining the 
signif icantly greater values showed by the PE + machine gun group.

These results agree with those of Quesada et al. (2000), who identif ied that each 
15% increase in load weight resulted in an increase in metabolic cost of about 5 to 6% when 
performing a 40-minute treadmill walk; however, the results differ from those of Fagundes 
et al. (2017), who found no signif icant difference in submaximal effort tests performed on 
a treadmill with loads ranging from 0 to 15% of body mass. Phillips et al. (2016) found no 
signif icant difference in Mean HR between groups carrying no load and a 25-kg load in 
incremental tests on the treadmill.

Grenier et al. (2012) found a variation of 81 bpm in a 4-hour march while carrying 
a 43-kg load for a simulated military mission, very similar to our results for the PE + machine 
gun group, which showed a median variation of about 80 bpm.

Unlike our Mean HR and HR Var results, lactate data indicate that differences 
in the weight carried do not signif icantly alter blood lactate levels, in agreement with the 
f indings of Faghy, Blacker and Brown (2016), who also did not f ind signif icant differences 
in lactate levels. The likely cause for this result is that both groups performed a long-duration 
aerobic activity, which leads to a predominance of the oxidative system, resulting in a small 
concentration of lactate produced by the muscle (MCARDLE; KATCH; KATCH, 2014). 
The increase in blood lactate concentration is related to an increased lactate production 
in the muscles, which in turn is directly linked to the use of the lactic anaerobic system 
to generate enough energy for physical activity (MCARDLE; KATCH; KATCH, 2014).  
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The lactic anaerobic system is mainly used by the body in more intense physical activities, 
which require a large amount of energy in a short period of time (MCARDLE; KATCH; 
KATCH, 2014). Marching, for physically f it individuals, does not have the characteristics 
of these intense activities, and thus the energy system mostly used by the study participants 
was the aerobic system. In addition, because it requires greater CO, there is an increase in 
the blood flow, leading to a faster removal of lactate from the muscles and its transport to 
the liver to be converted into glucose. Therefore, it is understandable that there have been 
no major changes in lactate levels.

Perceived exertion data, in turn, showed no signif icant difference between the 
groups rifle and machine gun (p=0.065). However, when considering the relative load (a 
percentage of the individual’s total body mass), it could be noted a positive signif icant 
correlation between load and RPE values. These results are in agreement with those of 
Quesada et al. (2000), who found a signif icant increase in RPE for loads equal to 30% of 
body mass (BM) in relation to 0%-BM and 15%-BM loads, possibly indicating that RPE 
increases for loads heavier than 30% of body mass.

A particularity of actual military operations is that, with respect to load carriage, 
all individuals carry similar absolute weight values, regardless of their body mass. This may 
cause smaller individuals to expend more energy, possibly generating more fatigue and 
greater risk of injury. To address this possibility, a correlation analysis was performed to 
assess the correlation between physiological responses and the weight of the load carried 
as a percentage of total body mass. Three of the four variables analyzed showed a positive 
and signif icant correlation with load (% of total body mass), confirming that a higher BM 
percentage load generates a greater physiological response.

One of the study limitations is that physiological responses were measured by 
simpler techniques compared with the direct measurement of oxygen consumption (VO2) by 
gas-exchange analysis, which would allow energy expenditure estimation for a given physical 
activity (MCARDLE; KATCH; KATCH, 2014). This knowledge, however, would not be 
applicable to combat situations, with military personnel transporting their equipment on 
a foot march. To this end, heart rate measurement is a tool often used for estimating the 
intensity level of a physical activity. Another limitation was analyzing the load carried as 
a percentage of TBM and not of lean body mass. Using the latter in the analysis would 
allow distinguishing between individuals with the same body mass value but different body 
compositions. Percentage of body fat and lean body mass assessments should be added in 
future studies. This will make possible the analysis of load as a percentage of lean body 
mass or even specif ically muscle mass, which will present a better data about muscle quality 
and function. It should be noted, however, that the troops’ lean body mass values would 
hardly be available, and, on the other hand, TBM measurement is easy to perform, making 
this study’s approach more realistic and applicable to large military contingents. Moreover, 
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only the armament varied in weight, but machine gun ammunition is known to be heavier, 
adding to the backpack weight and further impacting the results.

One of the study’s strengths was conducting the march outside the laboratory 
environment, with an uneven route and external climatic conditions, thus improving the 
study’s external validity. Another highlight was using equipment provided by the Brazilian 
Army’s supply chain, which allowed reproducing the same load-carriage conditions 
that Brazilian troops face in actual military operations, especially with regard to weight 
distribution, balance and comfort. The only exception was the boots used, which belonged 
to each participant, in order to ensure greater comfort and avoid possible foot injuries.

It is also worth mentioning that this study aimed to analyze physiological responses 
in conditions as close as possible to those of actual operations: the load was carried not only 
in the backpack but also distributed among helmet, armament, belt and suspenders. Finally, 
marching distance was greater than in most studies (BEEKLEY et al., 2007; QUESADA et 
al., 2000), so as to observe the behavior of the variables over a longer time period.

5 CONCLUSIONS

Performing long-distance load carriage with a machine gun caused a greater 
cardiovascular effort than load carriage with a rifle. Moreover, carrying heavier loads 
(%TBM) is correlated with greater cardiovascular responses and greater RPE values. Military 
personnel that usually carry a machine gun during operational marching should pay more 
attention to improving their aerobic training than those that usually carry a rifle. Another 
practical implication of this fact is that commanders should select soldiers with better 
aerobic conditioning to carry machine guns, since this weapon demands a greater effort of 
the cardiovascular system.
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Sleep quality, sleepiness level and their connection with 
obesity indicators in Brazilian military pilots

Calidad del sueño, grado de somnolencia y su relación con indicadores de 
obesidad en pilotos militares brasileños

Abstract: This article aimed at evaluating sleep quality and 
sleepiness levels in order to connect them to obesity indicators 
in Brazilian military pilots. In total, 40 men answered validated 
questionnaires to evaluate sleep quality and daytime sleepiness, as 
well as an assessing form. We measured their body mass, height, 
perimeters (waist and hip), and body composition. We also calculated 
their Waist-to-height ratio (WTHR), waist-to-hip ratio (WHR), 
and body mass index (BMI). Visceral adipose tissue was measured 
by magnetic resonance imaging. We used Stata 14.0 (p < 0.05) for 
statistical analysis. We observed that 47.5% of the pilots presented 
low sleep quality, 25% slept less than six hours a day, and that there 
are positive correlations of low magnitude between poor sleep 
quality with WTHR (r = 0.3364; p = 0.0338) and fat percentage 
(r = 0.3451; p = 0.0292). We concluded that approximately half of 
the individuals presented poor sleep quality, but almost all of them 
depicted normal daytime sleepiness.
Keywords: health; sleep disorder; anthropometry; aviators; Armed 
Forces.

Resumen: Este artículo tuvo como objetivo evaluar la calidad del 
sueño y el grado de somnolencia y su relación con indicadores de 
obesidad en pilotos militares brasileños. Los 40 participantes varones 
respondieron a un cuestionario validado para evaluar la calidad del 
sueño y somnolencia diurna, y a una anamnesis. Se obtuvieron 
mediciones de masa corporal, altura, perímetros (cintura y cadera) 
y composición corporal. Se calcularon la relación cintura/altura 
(RCA), la razón cintura/cadera (RCC) y el índice de masa corporal 
(IMC). El tejido adiposo visceral se midió mediante imágenes 
de resonancia magnética. Para el análisis estadístico se utilizó el 
programa Stata 14.0 (p < 0,05). El 47,5% de los pilotos tenían mala 
calidad del sueño, el 25% dormían menos de seis horas diarias, y se 
observaron correlaciones positivas de baja magnitud de mala calidad 
del sueño con RCA (r = 0,3364; p = 0,0338) y porcentaje de grasa 
(r = 0,3451; p = 0,0292). Se concluyó que cerca de la mitad de la 
muestra tenía mala calidad del sueño, pero casi todos los individuos 
presentaban un grado normal de somnolencia diurna.
Palabras clave: salud; trastorno del sueño; antropometría; 
aviadores; Fuerzas Armadas.
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1 INTRODUCTION

Sleep is defined as the lowering of the consciousness level characterized by reduced 
motor activity and decreased response to stimulation (KANDEL; SCHWARTZ; JESSELL, 
2014). It is a set of synchronized behavioral and physiological changes originating from 
two distinct mechanisms responsible for regulating the sleep-wake cycle – a sleep pro-
moter (homeostatic impulse) and the circadian cycle, which promotes awakening (NEVES; 
MACEDO; GOMES, 2017).

Sleep has restorative and protective functions, thus, alterations in its quantity or 
quality can negatively interfere with organic functioning, short or long-term reflexes, and var-
ious aspects of human life, including social, somatic, psychological, cognitive, and metabolic 
(CHATTU et al., 2018).

Although the required number of sleep hours varies individually, on average, seven 
to nine hours of sleep per night is considered satisfactory (HIRSHKOWITZ et al., 2015). 
However, short sleepers (those who sleep less than seven hours per night), as well as long 
sleepers (those who sleep more than nine hours per night), have a higher risk of disease and 
mortality (GALLICCHIO; KALESAN, 2009).

Among the biggest impacts on health, influenced by inadequate sleep hours, is the 
increase in body mass, especially regarding the fat component. Meta-analyses conducted with 
prospective studies have shown that short sleep is associated with elevated body mass index 
(BMI) and risk of developing obesity (ITANI et al., 2017; WU; ZHAI; ZHANG, 2014).

The mechanisms involved in the relationship between sleep and obesity, as well as 
the meaning of this chain, are yet not fully elucidated. Nevertheless, changes in the circadian 
cycle influence appetite, satiety, and, therefore, food consumption, favoring weight gain and 
obesity. Interferences in the biological clock impact the length and quality of sleep, bringing 
negative consequences for the control of food intake, as they modify the hormonal release 
linked to homeostasis in the composition both of the body (CRISPIM et al., 2007) and the 
sleep (PEYRON et al., 1998).

Literature has long evidenced the close relationship between the short 
duration of sleep time and an increase in BMI in different populations (SEKINE et al., 
2002), and, in this sense, the military is not immune to the harms of this relationship. 
Corroborating this fact, a study conducted with 27,034 active-duty military workers, 
to evaluate the relationships between demographic characteristics, self-reported health 
behaviors, and reported medical conditions, found that, of the 17 assessed health 
behaviors, shorter sleep time was the practice most associated with overweight/obesity 
(HRUBY; LIEBERMAN; SMITH, 2018).

Military professional occupations, including pilots, regardless of the aircraft type, 
can be compromised when proper rest does not occur. It is an activity that requires concen-
tration, emotional control, the ability to work under pressure, the ability to quickly adapt to 
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operational changes, quick reasoning, and spatial orientation, among others (PALMEIRA, 
2016). Therefore, the absence of restful sleep can compromise the safety conditions of the 
flight, whose professional failure can cause irreparable damages.

Inappropriate sleep can also lead to excessive sleepiness, defined as an increased 
propensity to sleep with a subjective compulsion to sleep and take involuntary naps 
(BITTENCOURT et al., 2005). Under this condition, the pilot tends to be less careful and 
more prone to not identifying emergencies in a timely manner, as well as being unable to 
efficiently respond to adversities in due time (LYZNICKI, 1998).

In addition, poor sleep can lead to worsening physical performance, evidenced by 
decreased muscle strength (HALSON, 2014), and a greater likelihood of facing barriers to 
adopting a healthy diet and appropriate exercise behaviors (BARON et al., 2017).

During work, quality sleep is key to maintaining productivity. For pilots, perform-
ing tasks sleepy can lead to errors or accidents, since they are often subjected to gravitational 
loads on the Z axis (+Gz load) that promote physical and mental wear and tear, including flight 
fatigue (CUNHA, 2007). This condition can be aggravated in pilots whose sleep quality is con-
sidered poor, especially if associated with overweight or obesity.

Thus, verifying the relationships between sleep quality, sleepiness level and obesity indi-
cators in military pilots is important to elaborate future care protocols for these professionals, 
with a view to promoting physical and mental health to ensure flight safety.

Given the above, this article aimed at evaluating the quality of sleep, level of sleepiness 
and its connections with obesity indicators in Brazilian military pilots.

2 METHODOLOGY

This was a cross-sectional observational study, with a convenience sample, which eval-
uated the sleep habits of 40 active pilots of the Brazilian Air Force (FAB). The military person-
nel were all male and worked at the air bases in Rio de Janeiro, Brazil, in 2021.

The study was approved by the Human Research Ethics Committee (CAAE: 
53174321.7.0000.5256, Opinion Nr: 5.202.697), with participation by informed consent.

2.1 Instruments and Measurements

We applied the Pittsburgh questionnaire (Pittsburgh Sleep Quality Index - PSQI) 
online, via Google Forms, in April 2021, as well as the Epworth Sleepiness Scale and an assess-
ment form for sample characterization. After that, we performed anthropometric and body 
composition assessments, including an evaluation of visceral adiposity.
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2.1.1 Pittsburgh Sleep Quality Index (PSQI)

The PSQI (BUYSSE et al., 1989) is a self-administered questionnaire already vali-
dated in Brazil (Cronbach’s alpha: 0.82; BERTOLAZI et al., 2011). This instrument evalu-
ates the subjective quality of sleep over the last month, from seven perspectives: subjective 
quality of sleep; sleep latency; sleep duration; sleep efficiency; sleep disorders; use of sleep 
medications, and daytime dysfunction. Its score ranges from zero to 21, with each compo-
nent having weight distributed on a scale of zero to three points. In the f inal questionnaire 
points sum, values of up to f ive points indicate good sleep quality, from six to ten poor 
quality, and higher than ten indicate possible sleep disturbance.

2.1.2 Epworth Sleepiness Scale

The Epworth Sleepiness Scale (JOHNS, 1991), validated in Brazil (Cronbach’s 
alpha of 0.83; BERTOLAZI et al., 2009), evaluates sleepiness through eight questions that 
verify the probability of the respondent napping in different daily situations, whether active 
or passive. The individual answers what their chance of napping is in each of the situations 
presented, scoring zero, one, two, or three, respectively, for the situations: (I) never nap-
ping; (ii) small probability of napping; (iii) average probability of napping; and (iv) high 
probability of napping. The overall score ranges from zero to 24 points. Values lower than 
or equal to ten indicate normal sleepiness, between 11 and 15 indicate excessive daytime 
sleepiness, and higher than or equal to 16, severe excessive daytime sleepiness.

2.1.3 Anthropometric Assessment

After answering the questionnaires, the military workers underwent an anthropo-
metric assessment, and their body mass was measured using the InBody ® bioimpedance 
device, model 230 (Biospace Corp. Ltd., Seoul, Korea), their height was measured using a 
wall-mounted tape measure and their waist and hip perimeters were also measured.

2.1.3.1 Body Mass Index
BMI was calculated using body mass in kilograms (Kg) divided by the square of 

height in meters (m).
2.1.3.2 Waist-to-height Ratio (WTHR) and Waist-to-hip Ratio (WHR)
The perimeters were measured with a Sanny® flexible and inelastic metallic mea-

suring tape (American Medical do Brasil, São Paulo, Brazil), with a two-meter extension and 
accuracy of 0.1 centimeters (cm), three times, by a single evaluator, being considered the 
average of the values. The waist measurement point was the one with the smallest perime-
ter, between the last rib and the iliac crest, at the end of a normal exhalation. Hip circum-
ference was measured in the largest gluteal protuberance. With the waist, height, and hip 
values, the waist/height ratio (WTHR) and waist/hip ratio (WHR) were calculated.
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2.1.4 Body Composition

The fat percentage was the considered variable regarding the body composition, 
being evaluated through InBody® tetrapolar bioimpedance, model 230 (Biospace Corp. 
Ltd., Seoul, Korea). The pilots were evaluated only once, without carrying metallic objects, 
ingesting alcoholic or caffeinated beverages, and without performing intense physical activ-
ity in the 24 hours before the test. We requested that they emptied their bladder 30 minutes 
before evaluation.

2.1.5 Visceral Adipose Tissue

Visceral adipose tissue (VAT) was measured by magnetic resonance imaging, and 
images were obtained with GE Signa HDxt 1.5 T (General Electric Healthcare, Waukesha, 
United States). Weighted images were acquired in gradient T1 (in phase and out of phase) 
in the axial plane, for the measurement of VAT at the umbilical level (not including intes-
tinal loops), and these areas were defined with the grow region function of Osirix, being 
measured in square centimeters (PARENTE et al., 2018).

2.2 Data Analysis

The data analysis was developed in Stata version 14.0. Descriptive analysis was per-
formed, and the results were presented in frequencies (%), means, and standard deviations. 
The normality of the data was verified by the Shapiro-Wilk test, and deviation was observed 
in the PSQI score. The Pearson correlation was used to assess the relationship between obe-
sity indicators and Epworth questionnaire score (level of sleepiness), while Spearman’s cor-
relation was used to evaluate the same relationship, but with the PSQI (sleep quality) score, 
since this variable did not present a normal distribution. The correlation classification was 
made according to Margotto’s analysis (2012) in 1 or -1 = perfect; 0.80 < r < 1 or -1 < r < 
-0.80 = very high; 0.60 < r < 0.80 or -0.80 < r < -0.60 = high; 0.40 < r < 0.60 or -0.60 < r < 
-0.40 = moderate; 0.20 < r < 0.40 or -0.40 < R < -0.20 = low; 0 < r < 0.20 or -0.20 < r < 0 = 
very low and 0 = null. Values of p < 0.05 were considered significant.

3 RESULTS

The characteristics of the sample are presented in Table 1, and it should be noted 
that, on average, they are young, in addition, most belong to transport aviation and have 
prolonged sleep latency.

Regarding sleep characteristics, it was observed that 47.5% of the pilots had low 
sleep quality, distributed among poor sleep quality with a higher percentage, followed by 
possible sleep disturbance in a lower proportion. More than a third of the military person-
nel had reduced sleep eff iciency. Although 25% of the military personnel slept less than six 
hours a day, most of the sample had normal daytime sleepiness (Table 2).
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The results of the correlations can be seen in Table 3. A low magnitude positive 
correlation was observed between poor sleep quality and WTHR, and between poor sleep 
quality and fat percentage (both p<0.05). For the other variables, no signif icant relation-
ships were observed in the correlations.

Table 1 – Characteristics of the evaluated Brazilian Air Force pilots

Variable N % Mean SD
Age (years) - - 29.33  3.52
Marital status
Single
Married / In a stable relationship

15
25

37.50%
62.50%

- -

Aircraft (specialty)
Rotary wings
Transport
In-flight inspection

10
22
8

25.00%
55.00%
20.00%

- -

BMI - - 25.64 2.11
Waist circumference (cm) - - 83.95 6.12
Waist/height Ratio - - 0.48 0.04
Waist/hip Ratio - - 0.84 0.05
Body Fat (%) - - 20.90 6.15
Visceral adiposity (cm2) - - 60.13 45.15
Sleep latency (min) 25.04 22.54

Abbreviations: BMI= body mass index. Source: prepared by the authors, 2022

Table 2 – Sleep characteristics of the evaluated Brazilian Air Force pilots

Variable N %

Quality of sleep
Good
Bad
Possible sleep disturbance

21
17
2

52.50
42.50
5.00

Sleep efficiency
Good
Reduced

26
14

65.00
35.00

Daytime sleepiness
Normal
Excessive sleepiness
Severe sleepiness

33
06
01

82.50
15.00
2.50

Hours of sleep
> 7 hours
Between > 6 and ≤ 7 hours
Between > 5 and ≤ 6 hours
≤ 5 hours 

12
18
08
02

30.00
45.00
20.00
05.00

Sleep latency (min)
≤ 15 min
16 to 30 min
31 to 60 min
> 60 min

09
17
11
03

22.50
42.50
27.50
07.50

Source: prepared by the authors, 2022
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Table 3 – Correlation between anthropometric and body composition variables  
with sleep quality and level of sleepiness.

Variable
Quality of sleep

(PSQI Score)
Sleepiness Level
(Epworth score)

r p r p 
BMI 0.2616 0.1030 0.0881 0.5888
WC 0.2803 0.0758 0.1156 0.4774

WTHR 0.3364 0.0338* 0.0688 0.6732
WHR 0.2282 0.1568 0.1720 0.2886
Fat % 0.3451 0.0292* 0.0558 0.7323
VAT 0.3053 0.0554 0.1525 0.3476

Abbreviations: PSQI = Pittsburgh Sleep Quality Index; BMI = body mass index.  
WC = Waist Circumference; WTHR = Waist / Height Ratio WHR = Waist / Hip Ratio;  

Fat % = Fat Percentage; VAT = Visceral Adipose Tissue.
* Spearman p < 0.05.

Source: prepared by the authors, 2022

4 DISCUSSION

This study aimed at evaluating the quality of sleep, levels of sleepiness, and connec-
tions with obesity indicators in Brazilian military pilots, since this can provide the develop-
ment of more assertive care protocols for these professionals, thus ensuring the stability of flight 
safety. We observed that 42.5% of the pilots presented poor sleep quality, 82.5% normal daytime 
sleepiness level and there was a low magnitude positive correlation between poor sleep quality 
and WTHR, and between poor sleep quality and fat percentage.

The prevalence of poor sleep quality found in this analysis is similar to that 
described by Morais (2019) who probabilistically evaluated 129 military f iref ighters in 
southern Brazil. However, that study showed a high prevalence of individuals with possible 
sleep disorders (34.9%) when compared to ours, in which only 5% of the sample presented 
the outcome found by Morais.

On the other hand, Bernardo et al. (2018) evaluating 438 military police officers from 
Florianópolis, found a prevalence of 79.2% of poor sleep quality. Also, in southern Brazil, a 
study conducted with 22 elite military workers (PINTO et al., 2018) showed that 100% of the 
military had at least some type of sleep-related disorder or complaint. In addition, 63.6% of the 
sample had poor sleep quality. It is important to note that in Pinto’s study et al., (2018) all mil-
itary workers underwent polysomnography, clinical evaluation, and answered the Pittsburgh 
Sleep Quality Assessment Questionnaire and the Epworth Sleepiness Scale. A survey conducted 
with 68 soldiers of the Brazilian army, however, showed that 66.2% of participants had poor 
sleep quality (IAHNKE; MORAES, 2022).

We can attribute as a possible explanation for the difference found between the stud-
ies, the higher imminent risk faced daily by these professionals, such as military police officers 
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and firefighters, when compared to the pilots and army personnel. We must draw attention 
to the fact that military police officers, especially elite ones, and firefighters work in high-risk 
situations, with a high load of physical and mental stress, which can negatively affect the sleep 
quality of these professionals.

Regarding sleep efficiency, we observed that in 65% of pilots it was classified as good, 
that is, when the ratio between the time the pilot remains asleep and the time, he remains in 
bed is taken into account, this is higher than 85%, a cutoff point to consider good efficiency 
(BUYSSE et al., 1989). Nevertheless, 35% of military pilots show reduced sleep efficiency, indi-
cating the need for more detailed medical monitoring. A study conducted with 156 active mil-
itary workers of the US Air Force (PETERSON et al., 2008) who were supporting Enduring 
Freedom Operation in Southwest Asia, showed that 40% of military personnel had reduced 
sleep efficiency (<85%). Although it is not possible to directly compare the two situations 
(military personnel employed in real mission vs. military personnel who were not in operation), 
in both studies the percentage of military personnel with reduced sleep efficiency is worrisome 
and needs to be further investigated.

Excessive daytime sleepiness was observed in 15% of the pilots and severe sleepi-
ness in 2.5%. Even though these indices are low, both should not be neglected, since piloting 
requires concentration and constant decision-making, which can endanger flight safety. Exces-
sive daytime sleepiness contributes to impaired cognitive function and a decrease in alertness 
(DE PINHO et al., 2006), fundamental activities for perfect flight performance.

Akter et al. (2021), while evaluating 175 servicemen of the Norwegian Air Force, 
observed a 41% prevalence of excessive daytime sleepiness. On the other hand, Pinto et al. (2018) 
and Bernardo et al. (2018) found, respectively, 22.7% and 35.8% of individuals with excessive 
daytime sleepiness. We should note that in Pinto’s study et al. (2018), the prevalence of exces-
sive daytime sleepiness was associated with obstructive sleep apnea syndrome, work accidents, 
and worse quality of life. The results of these studies showed that investigations related to day-
time sleepiness in military personnel should be carried out, as well as seeking to identify the 
factors that are associated with this condition so that, with this information, strategies can be 
developed to mitigate this occurrence.

The recommended number of sleep hours for an adult individual varies between 
seven to nine hours (HIRSHKOWITZ et al., 2015). Most pilots reported sleeping seven hours 
or less (70%) with 25% of them sleeping a maximum of six hours per night. Other studies in the 
literature corroborate our results, as they also showed that the military routinely sleeps less than 
recommended (BULMER et al., 2022; HARRIS et al., 2015). Thus, it is necessary to expand 
studies related to sleep in military populations, to better understand the dynamics of this pro-
fession and, consequently, optimize the health and performance of these individuals.

It is important to highlight that, throughout the life cycle, there is a great interindi-
vidual variability in the need for sleep, and there is no ideal standard value of sleep hours for all 
individuals. However, it is important to promote adequate hours of sleep, according to individ-
ual characteristics, so that it does not cause, in the medium or long term, damage to the health 
of the military. In this context, a study conducted in 2011 in the United States showed that 
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short sleep duration was closely related to medical problems, including overweight and obesity 
(HRUBY; LIEBERMAN; SMITH, 2018).

Sleep latency consists of the total time (in minutes) that the individual takes between 
turning off the lights and effectively starting to sleep (SHRIVASTAVA et al., 2014). This measure 
can contribute to the evaluation of sleepiness and sleep restriction/deprivation since values below 
five minutes indicate severe sleep restriction/deprivation; from five to ten minutes, a problem-
atic case; from ten to 15 minutes, a mild case and from 15 to 20 minutes, little or no sleep debt 
(JUNG et al., 2013). Conversely, an inability to sleep within 30 minutes can mean prolonged 
sleep latency (KIRSCH et al., 2020). In this study, the mean sleep latency was 25.02 ± 22.54 min-
utes, with a minimum latency of five and a maximum of 120 minutes. These data show military 
personnel in a situation of severe sleep restriction and with prolonged sleep latency. The study 
conducted by Peterson et al. showed a sleep latency of 32.15 ± 35.20, with 41.7 % of the military 
having latency > 30 minutes (PETERSON et al., 2008). On the other hand, Harris et al., (2015) 
reported a latency of 25.8 ± 15.85 minutes. Both results are close to those presented in our study, 
showing that there is a wide variety of sleep latency in military personnel.

In terms of the relationship between sleep variables and obesity indicators, we 
found a low-magnitude positive correlation between WTHR and poor sleep quality 
(r = 0.3364; p = 0.0338) and between fat percentage and poor sleep quality (r = 0.3451; 
p = 0.0292). Despite that, because this is a cross-sectional study, it is not possible to infer 
causality. One of the possibilities of not f inding signif icant data with high magnitude is 
the fact that the sample was composed of young military personnel (aged 29 ± 4). It is 
well known that among military personnel, the ability to adapt to diff icult situations or 
signif icant sources of stress is somewhat common (COTIAN et al., 2014), including inad-
equate sleep during these adversities. This probably stems from the culture among military 
personnel, in which depriving oneself of sleep is a demonstration of physical and mental 
endurance. In addition, because they are pilots – the most important and representative 
specialty of the FAB, they must present anthropometric standards and a body composition 
profile compatible with the function and organic hygiene, aspects required of all mili-
tary personnel. Future research will be able to more accurately elucidate the relationship 
between the military, obesity, sleep quality, and resilience.

Although these correlations are classified as low (MARGOTTO, 2012), we emphasize 
that there is evidence in the literature that sleep-related problems may lead to morbidities due 
to changes in energy metabolism, for example, obesity (KERVEZEE; KOSMADOPOULOS; 
BOIVIN, 2020). In this regard, Ferreira et al. (2022), in a study with 80 urban bus drivers, 
found a correlation between sleep quality and the variables fat percentage (r = 0.343, p = 0.002) 
and abdominal circumference (r = 0.261, p = 0.019).

Lentino et al. (2013), through questionnaires with 14,148 American military per-
sonnel, evaluated various health behaviors and habits and their relationship with poor sleep 
quality. Their results indicated significant associations between sleep quality and physical per-
formance, nutritional habits, measurements of obesity, lifestyle behaviors, and of psychosocial 
state. The authors found that military personnel who slept poorly were significantly (p < 0.001) 
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less likely to have adequate BMI and waist circumference. In our study, the fact that we did not 
find relationship between poor sleep quality and waist circumference is probably due to the 
small sample size, when compared with the aforementioned study.

Hasler et al., (2004) had already pointed out that a sleep duration of less than six 
hours was associated with increased BMI and obesity. A possible explanation for this is that 
sleep shortening alters the Ghrelin/Leptin ratio, increasing appetite and the feeling of hunger 
(ROMERO; ZANESCO, 2006) and causing the individual to increase their caloric intake. 
In addition, there may be lower caloric expenditure due to fatigue promoted by lack of sleep, 
which decreases the practice of physical activity (PATEL et al., 2006). As the quality of sleep 
involves different aspects, among them the number of sleep hours, attention should be drawn 
to this relationship.

This study presents a limitation in the sample size, which does not allow extrapolation 
to the entire universe of FAB pilots. However, it was not possible to recruit a larger number of 
participants due to the cost of magnetic resonance imaging and the need to perform the tests 
with strict prevention protocols during the covid-19 pandemic. Another limitation concerns 
the lack of access to the equation used by the Inbody® device to calculate the percentage of 
fat. This made it impossible to verify possible errors in the choice of the equation, as well as its 
specificity for the studied sample.

As strengths, we can highlight the use of a gold standard imaging method to mea-
sure visceral adiposity; the use of validated questionnaires and scales that minimize biases and 
enable reliable results; and the methodological rigor of data collection, which included trained 
interviewers, standardized protocols and anthropometric measurements performed by a single 
Examiner, thus ensuring the accuracy of the results.

5 CONCLUSION

The data obtained in this article indicated that,  about sleep quality, approximately 
half of the individuals presents poor sleep quality, but despite that, for almost all of them, the 
level of daytime sleepiness was normal. Regarding obesity indicators, only WTHR and fat per-
centage showed positive correlations, but of low magnitude, with poor sleep quality.
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Zoonoses and vector diseases in the Brazilian Army 
military personnel (2017/2018) and the role of the 
military veterinarian in disease prevention

Zoonosis y enfermedades vectoriales en militares del Ejército Brasileño 
(2017/2018) y el papel del veterinario militar en la prevención de enfermedades

Abstract: Several studies worldwide indicate high morbidity and 
mortality associated with infectious diseases in military personnel. 
This study aimed to learn the biological risks in activities of the 
Brazilian Army military personnel and to discuss the role of the 
military veterinarian in actions of Health Protection of the Force. 
An ecological study focused on the twelve Military Regions of the 
Force was carried out, analyzing data on notifiable diseases in military 
personnel, referring to 2017 and 2018. Notifications and the relative 
risk for diseases in military personnel were compared to the general 
population. The results showed that arboviruses transmitted by the 
Aedes spp. had the highest notifications among the military personnel 
and that the relative risk for various diseases was higher in the military 
personnel. The main hypothesis is the greater exposure to zoonoses 
during military activities. The veterinarian is qualified to play the role 
of health officer in the prevention and control of biological risks.
Keywords: Armed Forces; biological risks; military health.

Resumen: A nivel mundial, varios estudios indican una alta 
morbilidad y mortalidad asociada a enfermedades infecciosas en el 
personal militar. El objetivo de este estudio fue conocer los riesgos 
biológicos en las actividades de los soldados del Ejército Brasileño 
y discutir el papel del médico veterinario militar en las acciones de 
Protección de la Salud de la Fuerza. Se realizó un estudio ecológico 
destacando las 12 Regiones Militares de la Fuerza, analizando datos 
de enfermedades de declaración obligatoria en el personal militar, 
referentes a los años 2017 y 2018. Se compararon las notificaciones y 
el riesgo relativo de afecciones en el personal militar con la población 
general. Los resultados mostraron que los arbovirus transmitidos 
por el mosquito Aedes spp. tuvieron las mayores notificaciones 
entre los militares y se verificó que el riesgo relativo fue mayor en 
esta categoría en diversas situaciones de afecciones. La principal 
hipótesis para esto es una mayor exposición a las zoonosis durante 
las actividades militares. El veterinario, por tanto, está capacitado 
para desempeñar el papel de funcionario sanitario, actuando en la 
prevención y control de los riesgos biológicos.
Palabras clave: Fuerzas Armadas; riesgos biológicos; sanidad militar.
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1 INTRODUCTION

Biological health risk is the probability of exposure to biological agents such as bac-
teria, viruses, fungi, parasites, protozoa, in addition to vectors (arthropods) and animal bites. 
Here, this concept can be understood as a risk factor, which is a condition or set of circum-
stances with potential adverse effect, such as diseases (BRASIL, 2001; BRASIL, 2008). It is 
worth noting that many of these diseases are vector-borne or zoonotic.

The occurrence of infectious and parasitic diseases depends on the conditions or circum-
stances in which the work is performed and on the occupational exposure, which favors contact, 
contagion or transmission. Etiological agents are widespread in the environment, depending on 
environmental and sanitation conditions, as well as on the prevalence of diseases in the general 
population. As exposure to biological agents also happens in situations outside the workplace, 
establishing a causal link is difficult (BRASIL, 2001). Infectious diseases cause many problems 
for deployed military forces around the world. Historically, those transmitted by vectors were 
responsible for more casualties than combat (MACEDO; PETERSON; DAVIS, 2007). In low- 
and middle-income countries, infectious diseases are of great concerning in terms of morbidity 
and mortality for troops, especially due to the current emergence or re-emergence of vector-borne 
diseases (PAGES et al., 2010).

In the 62 United Nations’ peacekeeping missions (UN), between 1947 and 2015, 30% 
of deaths occurred due to diseases, mostly infectious diseases associated with the environment 
where the missions were caried out. In the UN peacekeeping missions that Brazil participated in 
between 1957 and 2015, several diseases affecting the troops were identified, including yellow 
fever, malaria, leishmaniasis, dengue, chikungunya and rabies. Then, 38 deaths from various 
causes were confirmed, three of them due to malaria (ANDRADE LIMA, 2016).

In Brazil, there are several reports of military personnel affected by infectious dis-
eases due to their work. Cases of leishmaniasis have already been confirmed in the states of 
Amazon (GUERRA et  al., 2003; LORENZI, 2014) and in Pernambuco (ANDRADE, 
2004; ANDRADE et  al., 2009; BRANDÃO-FILHO et  al., 1998); leptospirosis in Paraná 
(MARASCHIN; ESTRELA; FERREIRA, 2005), Ceará (BRAZ, 2014) and Rio de Janeiro 
(DE LORENZI, 2014;); severe acute respiratory syndrome in Rio de Janeiro (DE LORENZI, 
2014), in addition to cases of chikungunya in military personnel who returned from the  
UN peacekeeping mission in Haiti in 2014 (LORENZI, 2014).

This article aimed to know the biological risks in the activities of military personnel of 
the Brazilian Army and discuss the role of the military veterinarian in actions of Health Protec-
tion of the Force.

2 MATERIALS AND METHODS

An ecological study was carried out adopting the 12 Military Regions (MR) of the 
Brazilian Army as area analysis units, with their respective federal units of coverage: 1st MR 
(Rio de Janeiro and Espírito Santo), 2nd MR (São Paulo), 3rd MR (Rio Grande do Sul), 4th 
MR (Minas Gerais), 5th MR (Paraná and Santa Catarina), 6th MR (Bahia and Sergipe), 7th MR 
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(Rio Grande do Norte, Paraíba, Pernambuco and Alagoas), 8th MR (Pará, Amapá and Mara-
nhão), 9th MR (Mato Grosso do Sul and Mato Grosso), 10th MR (Ceará and Piauí), 11th MR 
(Federal District Goiás and Tocantins), and 12th MR (Amazonas, Acre, Rima and Rondônia) 
(Figure 1). The data considered in the study are comprised in the biennium 2017 and 2018.

Figure 1 – Map of jurisdiction of the Military Regions (MR) of the Brazilian Army

Source: CENTRO ROSA DA FONSECA, 2023

Data on diseases in military personnel were obtained from endemic disease control 
maps (compulsory notification diseases included) requested from the Army Health Direc-
torate, so to identify the most frequent diseases the military personnel are exposed to in their 
activities. These maps are sent monthly by all Military Organizations (OM) that have a health 
section in the MR to which they are subordinated. Finally, the MR send the cartographies to 
the Army Health Directorate. Some OM, such as military hospitals, also serve reserve military 
personnel and dependents of military personnel, thus, the number of cases does not necessarily 
correspond only to occurrences in active-duty military personnel. Only data on diseases that are 
related to zoonoses and/or those transmitted by vectors were used. The incidences of reported 
diseases in military organizations were also calculated, using the number of cases divided by the 
estimate of the number of military personnel of each MR, according to the Army Statistical 
Yearbook (BRASIL, 2019a), and expressed per 100,000 individuals. 
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General population data on chikungunya, dengue and Zika were obtained from 
the epidemiological bulletins about arboviruses of the Brazilian Ministry of Health (MH) 
(BRAZIL, 2019c; BRAZIL, 2019d); data on Chagas disease, cutaneous leishmaniasis, vis-
ceral leishmaniasis were obtained from the website of the National Notifiable Diseases System 
(Sinan), in which there were no data available for 2018 (BRAZIL, 2019g); data on yellow fever 
were obtained from the epidemiological bulletin and from the MH reports (BRAZIL, 2017b; 
BRAZIL, 2018b; BRAZIL, 2019b); data on spotted fever, hantavirosis, leospirosis, plague, 
and rabies were obtained from the website of the MH (BRAZIL, 2019f), and data on malaria 
were obtained from the Strategic Management Room of the Ministry of Health (BRAZIL, 
2019b). Data on the size of the Brazilian population were obtained from the website of the Bra-
zilian Institute of Geography and Statistics (INSTITUTO BRASILEIRO DE GEOGRAFIA 
E ESTATÍSTICA, 2019). Data on yellow fever were made available by seasonal period, which 
runs from July of one year to June of the following year and, therefore, it was not possible to 
separate the number of cases for each year; hence, the sum of the cases of 2017 and 2018 was 
considered. Data used refer to the reported cases confirmed and under investigation, excluding 
those discarded. The incidence of reported diseases was calculated using the number of cases 
divided by the estimated population of a given geographical area, according to the Brazilian 
Institute of Geography and Statistics (IBGE), and expressed per 100,000 inhabitants.

The relative risk for diseases in the military was estimated in relation to the general 
population, based on the ratio between the incidence of injury in the military and the incidence 
of injury in the population, to identify if the risk of illness was higher among the military.

3 RESULTS

Table 1 shows data on zoonotic and vector diseases recorded in military personnel.
Table 2 shows data on zoonotic and vector diseases recorded in the general population.
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Table 3 shows data on the incidence of zoonoses and vector diseases recorded in the 
military personnel and in the general population, as well as relative risk data for zoonoses and 
vector diseases in the military personnel in relation to the general population.

In 2017, the relative risk was higher in military personnel in the following diseases: 
chikungunya in the 5th MR (5.61), 7th MR (2.64), 8th MR (1.66), 10th MR (1.82) and 12th MR 
(7.11); dengue in the 1st MR (3.80), 2nd MR (8.24), 4th MR (4.07), 6th MR (7.50), 7th MR (5.07), 
8th MR (12.81), 9th MR (2.05), 10th MR (2.06) and 12th MR (17.03); Zika in the 8th MR (34.93), 
10th MR (4.49) and 12th MR (20.62); yellow fever in the 2nd MR (13.12) and 8th MR (613.94); 
Chagas disease in the 3rd MR and 5th MR (the relative risk value could not be determined since 
the incidence in the general population was zero); cutaneous leishmaniasis in the 1st MR (2.82), 
5th MR (68.22), 7th MR (36.00), 8th MR (3.72) and 12th MR (2.96); visceral leishmaniasis in 
the 3rd MR (65), 4th MR (3.12), 7th MR (26.13), 9th MR (8.89), 10th MR (7.13) and 12th MR 
(21.94); leptospirosis in the 2nd MR (4.64), 3rd MR (1.49) and 8th MR (7.56); and malaria in the 
2nd MR (20.71), 7th MR (108.54) and 9th MR (2.18). The relative risk in military personnel for 
dengue in the 5th MR (1.01) presented a value very close to 1, showing no association between 
exposure to the risk factor and the occurrence of the disease.

In 2018, the relative risk was higher in military personnel for the following diseases: 
chikungunya in the 6th MR (10.82), 7th MR (8.54), 9th MR (1.64), 10th MR (1.22) and 12th MR 
(9.03); dengue in the 1st MR (1.17), 4th MR (2.02), 5th MR (2.73), 7th MR (5.80), 8th MR (4.12), 
10th MR (2.15) and 12th MR (11.61); Zika in the 1st MR (2.27), 6th MR (4.94), 7th MR (3.02), 
9th MR (2.67), 11th MR (1.35) and 12th MR (7.76); yellow fever in the 4th MR (1.92); leptospi-
rosis in the 5th MR (5.72) and 12th (33.90); and malaria in the 1st MR (4.82), 7th MR (379.82) 
and 12th MR (1.19). The relative risk for Chagas disease, cutaneous leishmaniasis and visceral 
leishmaniasis in the military personnel could not be estimated in relation to the general pop-
ulation due to the unavailability of data on the incidence in the general population (Table 3).
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4 DISCUSSION

The results show that urban arboviruses transmitted by the mosquito Aedes spp.  
(chikungunya, dengue and Zika) are the diseases with the most notifications among the military 
personnel, considering the years 2017 and 2018. With the exception of the 3rd MR, all MRs had 
reported cases of at least one of them. In general, the cases in the military personnel presented 
the same pattern of increase or decrease in 2018 relative to 2017 as in the general population.

Studies show that arboviruses are an occupational risk for military personnel in sev-
eral countries. Gibbons et al. (2012) pointed out that dengue is a threat to military troops in 
endemic areas and that, between 1960 and 1990, dengue occurred frequently in American 
troops deployed in Asia, Africa and Central America, with an attack rate of up to 80%.

Frickmann and Herchenröder (2019) reviewed the literature on Chikungunya virus 
infections in troops from several countries on missions abroad and concluded that this disease 
is a real threat to military personnel deployed in endemic areas due to the mode of vector trans-
mission and in an outbreak scenario. On the other hand, the transmission frequency appears to 
be low outside the outbreak scenario.

Two cases of Chagas disease were reported in the 3rd MR and three in the 5th MR in 
2017, while Sinan data show that there were no cases reported in the same areas and period. 
Military personnel is constantly transferred and can serve anywhere in Brazil; therefore, these cases 
can be of professionals who have been transferred from areas with notification to places without 
notification history. However, the notification of cases of acute Chagas disease must be immediate 
(within 24 hours of care, by the fastest possible means) to the Municipal Health Department/
State Health Department. The health authority that receives the immediate mandatory notifica-
tion must notify the other management spheres of the Unified Health System within 24 hours 
(BRASIL, 2016b). Thus, the differences between the information from the Army Health Direc-
torate and those from the Sinan may result from the failure in the chain of notifications. The cases 
reported in the military personnel could not be compared to those reported by the general popu-
lation in 2018, since no data on this condition were available in Sinan.

Of the nine diseases with positive reports in military personnel in 2017 and 2018, yellow 
fever was the one with the lowest number of reports among MRs (three). This can be explained 
by the fact that vaccination against yellow fever is mandatory in the military personnel (BRASIL, 
2014). However, in MRs that reported it, the incidence was higher than in the general population 
(although the comparison was impaired because the yellow fever data in the population were not 
annual but seasonal). Non-compliance with mandatory vaccination, vaccine failure, interference of 
cases occurring in military dependents may justify the higher incidence in military personnel.

According to researchers Leggat and Frean (2006), the military personnel compose 
the high-risk group for yellow fever if in endemic areas. However, since there is a vaccine against 
this disease, the risk will be reduced if the military is vaccinated.

Izurieta et al. (2009) published a study with the results of an investigation of an out-
break of hemorrhagic fever in military personnel on a mission in the interior of the Ecuadorian 
Amazon rainforest. In total, 44 cases of yellow fever and three deaths were identified among 
the 341 individuals who had not been immunized. The spread of the outbreak was quickly 
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controlled by vaccination of military personnel who had not been affected. Detachments and 
outposts within the Amazon rainforest were significantly associated with yellow fever infection 
due to increased exposure to the transmitting mosquito.

The 8th and the 12th MRs, which cover states in the northern region of the country, 
showed the highest number of diseases, with the highest incidence. When transferred to one 
of these MRs, every soldier mandatorily performs the Adaptation Stage to Life in the Jungle, 
whose objective is to provide adaptation and aggregate military knowledge of combat and sur-
vival techniques in the jungle. In these MR there are other internships and operational courses, 
of a voluntary nature, carried out by military personnel from all over the country. These courses 
and internships take place in the Amazon operating environment, where there are reservoirs and 
vectors of leishmaniasis, leptospirosis and malaria. These soldiers usually had no previous contact 
with these diseases and, therefore, have no immunological memory, which makes them vulnera-
ble. Several military personnel serve in border outposts and patrol the jungle, increasing exposure 
to these diseases. A study by Dhiman et al. (2011) corroborates these claims and points out that 
the high incidence of malaria in the local population also increases the risk of infection, since it 
functions as a reservoir for the disease. The studies by Guerra et al. (2003) and Lorenzi (2014), 
which describe outbreaks of cutaneous leishmaniasis in military personnel who participated in 
operational courses in the Amazon, showed similar findings to those of this research.

The high incidence of cutaneous leishmaniasis in the two years of the study in the 7th 
MR, which was higher than in the general population in 2017, may be associated with the training 
that takes place at the Newton Cavalcanti Instruction Center in the state of Pernambuco. In this 
location, several outbreaks have been reported according to the studies by Brandão-Filho et al. 
(1998), Andrade (2004) and Andrade et al. (2009).

Approximately 75% of emerging or re-emerging diseases affecting humans at the beginning 
of the 21st century are zoonotic diseases (BROWN, 2013). Work environments with animals increase 
the risk of transmission of zoonotic infections (BIENZ; TOMASZEWSKI; MCDONALD, 2018).

The risk in epidemiological surveillance is shown by the incidence. Incidence measures 
the risk of becoming ill due to a given disease in a given population in a given period. A high 
incidence means a high collective risk of getting sick (BRASIL, 2005). The relative risk estimates 
the magnitude of the association between exposure to the risk factor and the onset of the disease, 
indicating how often the occurrence of the disease in those exposed is greater than that among 
those not exposed (WAGNER; CALLEGARI-JACQUES, 1998). The results showed that, in 
2017, the risk of military personnel becoming ill due to chikungunya was higher in five MRs; 
dengue in nine MRs; Zika in three MRs; Chagas disease in two MRs; yellow fever in two MRs; 
cutaneous leishmaniasis in five MRs; visceral leishmaniasis in six MRs; leptospirosis in three MRs, 
and malaria in three MRs. In 2018, the risk of the military personnel becoming ill due to chiku-
ngunya was higher in five MRs; dengue in seven MRs; Zika in six MRs; yellow fever in one MR; 
leptospirosis in two MRs and malaria in three MRs; Chagas disease, cutaneous leishmaniasis and 
visceral leishmaniasis could not be estimated in the general population due to data unavailability.

A review article prepared by Leggat (2010) concluded that even with the advance of 
measures to prevent tropical diseases, these continue to represent a significant risk for military 
troops deployed in other countries and in terms of infectious diseases, those transmitted by 
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vectors, in particular, malaria and arboviruses and, more recently, leishmaniasis, stand out as a 
major risk for the military personnel.

The causes for the increased risk of these diseases in the military personnel must be inves-
tigated. One of the hypotheses is the greater exposure to vectors and reservoirs of diseases during 
operational activities. Davoust, Marié and Boni (2008) pointed out that the military personnel, by 
their profession, take risk and constitute a group particularly exposed to zoonotic diseases during 
operations or training in various environments. In addition, according to these authors, they 
appear to be more sensitive to exotic zoonoses when they enter a new ecosystem because they do 
not have immunological memory. Biselli et al. (2022) say that the military are exposed to the risk of 
infectious diseases for a number of reasons, including community life, often in poor environmen-
tal conditions regarding hygiene of water and food supply, sanitation, trauma with contaminated 
wounds and possibility of exposure to extreme temperatures and unknown diseases at their place 
of origin, for which no natural immunization has therefore been developed.

4.1 Health protection and the role of the military veterinarian

Most of these risks can be mitigated by strict adherence to a comprehensive Force 
Health Protection plan. Regarding operational health, there is more than one publication that 
addresses preventive measures.

According to the Health Support in Joint Operations manual of the Ministry of Defense:

Operational Health is the set of actions related to the conservation of human poten-
tial in the best conditions of physical and psychological fitness, aiming to maintain 
the operational capacity of a Force regarding health aspects; its scope is to mitigate 
the effects that diseases and injuries can generate on the efficiency, availability and 
morale of a troop, contributing to the fulfillment of its mission. (BRASIL, 2017a)

While there is a manual from the Ministry of Defense, there is also a Doctrinal Coordi-
nation Note (DCN) on 01/2016, prepared by the Department of Education and Culture of the 
Army. There, the Health Support in the Operations of the Component Ground Force can be 
found, whose purpose is to present the structuring of operational health in the Brazilian Army and 
describe the characteristics necessary for the Functional Health Group to support health opera-
tions at the Component Ground Force level. Its focus is on operative medicine, whose actions aim 
to minimize the effects of injuries, diseases and illnesses acquired in military operations, in addi-
tion to conducting health actions in peacekeeping missions and in response to disaster situations 
and humanitarian support in Brazil and abroad, with the objective of safeguarding the physical 
and mental health of the military and the assisted population (BRASIL, 2016a).

The NCD mentions that, to ensure the health of the military, measures of sanitary 
and environmental surveillance, zoonosis control, inspection of food and water consumed by 
the troops and preventive medicine (sanitation, hygiene, disease control, immunization and 
sanitary education) should be applied. It highlights health intelligence as a vital activity for the 
planning and success of health support in operations (BRASIL, 2016a).
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Health Intelligence “deals with the collection, evaluation, analysis, interpretation and 
dissemination of health-related knowledge, such as environmental, medical, epidemiological, 
public health information” (BRASIL, 2018a), among others. It has several purposes, for exam-
ple, detecting, identifying and minimizing health threats, collaborating in the search for data, 
contributing to measure the health and environmental risks that troops may be exposed to, 
with recommendations related to the protection of the health of the Force. It is useful for the 
development and execution of preventive medicine actions and necessary prophylactic mea-
sures (BRASIL, 2016a).

The Ground Military Logistics Field Manual, of the Land Operations Command, says that:

Health Logistics Function is the set of activities related to the conservation of 
human capital in the appropriate conditions of physical and psychological fitness, 
through sanitary measures of prevention and recovery (BRASIL, 2018a).

In addition, it lists measures aimed at disease prevention, water analysis, purification 
and treatment; environmental management; and, finally, sanitary measures for prevention, san-
itary control and food inspection, food safety and biological defense, control of zoonoses and 
pests. Among the activities of the Health Logistics Function are health protection and health 
intelligence. Health protection “is related to the conservation and preservation of the general 
health of contingents, through the prevention of diseases and injuries”, through prophylactic 
measures and adequate sanitary conditions (sanitation, hygiene, disease control, immunization 
and sanitary education), among others (BRASIL, 2018a).

Prevention of disease is one of the responsibilities of command; however, the importance of 
health education cannot be underestimated. For the commander to play his primary role, it is necessary 
that the importance of prevention be emphasized for him, through the communication of environ-
mental risks and infectious diseases for the health of the troops. This awareness has to be made by the 
health officer, who must assess the risks, specify the prevention and control measures of the diseases, 
guide the command and the troop and inspect if the measures are being complied with (LYNCH 
et al., 2014). Correct and timely perception of the threat is essential, as protective behavior is linked to 
risk perception. This can be achieved if the soldier has real knowledge about the risk to which they are 
exposed, if a health team is available to pass on this knowledge and oversee its execution, if the com-
mand is committed to ensuring that protection and control measures are complied with.

Another fundamental factor is the availability of health data for the correct dimen-
sioning of risk and prevention planning by the health team (KUNWAR; PRAKASH, 2015). 
The awareness of each military is important as disease prevention and control measures are not 
intuitive, and the risk will not be reduced if not implemented or poorly executed. The impor-
tance of prevention must be constantly reinforced by theoretical and practical instructions. The 
commander should work closely with the health officer and his team (CROFT; BAKER ; VON 
BERTELE, 2001). Campaign manuals with these guidelines must be published. The military 
veterinarian, as a health officer, may exercise this function with the commander.

The veterinarian has a wide range of activities such as prevention and treatment of 
animal diseases, hygiene and inspection of animal products, animal health defense, public 
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health (control and eradication of zoonotic infections, food safety), environmental and ecolog-
ical preservation. The veterinarian’s training presents a multidisciplinary nature, enabling the 
professional to work both with humans and with animals, especially when it comes to public 
health. Moreover, the veterinarian has a fundamental role in the promotion, prevention and 
assistance to human, animal, and environmental health (POSSAMAI, 2011).

In the military sphere, there are several activities related to the health of the personnel 
that can be performed by a veterinarian, both in peacetime and in operations. These activities 
involve food security, prevention of waterborne diseases, control of zoonotic infections, control 
of pests and vectors, and health intelligence (MARQUES; ANDRADE LIMA, 2016).

According to the Ground Military Logistics Campaign Manual, the 

Veterinary officer acts with the objective of preserving the health of the troop, 
through sanitary and environmental surveillance measures, water and food inspec-
tion and control of zoonotic infections and pests. It also performs clinical and surgi-
cal treatment of work animals used in military operations, as well as composes mul-
tidisciplinary health teams, in order to evaluate the possible health threats inherent 
to the operational environment. (BRASIL, 2018a)

To reduce the risk of the troop becoming ill, MRs need to employ the ability of the 
veterinarian to control the biological risks to the health of the troop: to carry out epidemiologi-
cal surveillance of the areas in which the OMs are located and where operations occur; depend-
ing on the biological risks identified, to propose prevention and control measures for the troop, 
especially those related to vectors and zoonotic diseases; to carry out sanitary surveillance of the 
facilities where food is produced and stored, as well as to carry out the inspection of the food 
itself, including the quality of the water consumed; to control vectors, pests and rodents; to pro-
pose measures to avoid and/or reduce environmental damage arising from military activities; 
to carry out the planning of troop sanitary education, with matters related to protection against 
vectors, rodents and venomous animals, care with storage and consumption of food and water 
and the importance of good personal hygiene.

5 CONCLUSION

We found that, for some diseases and in some regions of the country, the risk of getting 
sick is higher in the military personnel than in the general population, especially concerning 
vector diseases. According to the data analyzed in this article, the main biological risks to which 
military personnel were exposed to were those caused by chikungunya, dengue, Zika, Chagas 
disease, yellow fever, cutaneous leishmaniasis, visceral leishmaniasis, leptospirosis, and malaria.

The main hypothesis for this risk is the greater exposure to reservoirs and vectors of 
zoonotic infections during the performance of their activities, especially those of operational 
nature. However, more studies are needed to confirm and deepen these results.

Among the limitations of the research, we can mention the difficulties of obtaining 
data on diseases in the general population, since for some of them there was no information 
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regarding 2018. In addition, we face the lack of standardization of elements or provision of sea-
sonal information, such as for the systematization of yellow fever. We also had to deal with the 
unavailability of data by category of workers, which otherwise would have resulted in a more 
reliable comparison between populations, since the comparison made in this article was between 
the military (population of workers aged 18-60 years) and the general population (range 0-90 
years). Finally, by surveying the diseases that affect the military personnel, we found data on 
some compulsory notification diseases; however, it was not possible to identify if all reported 
cases occurred in active-duty military personnel, since military hospitals also serve reserve mili-
tary personnel and military dependents.

The military veterinarian is qualified to exercise the role of health officer in the pre-
vention and control of biological risks, as the veterinarian is a professional qualified for this task 
due to the multidisciplinary nature of the career, conferring knowledge about human, animal 
and environmental health.
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Factors associated with time of permanence in activity 
of military personnel wearing Personal Protective 
Equipment against Nuclear, Biological, Chemical and 
Radiological Agents

Factores asociados al tiempo de permanencia en servicio del personal militar 
que porta Equipos de Protección Individual contra Agentes Nucleares, Biológicos, 
Químicos y Radiológicos

Abstract: This study aimed to investigate the factors that can 
increase or decrease the time in which the military can remain in 
activity using Personal Protective Equipment (PPE) and provide 
assistance to decision-makers at the tactical level of what influences 
can be decisive for the time in the field. fulfillment of the different 
missions of Nuclear, Biological, Chemical and Radiological Defense 
(DefNBQR). A review of the literature, where the reviewed articles 
presented as influencing factors in the tolerance time, to a greater 
degree the state of hydration prior to the activity, the climate, the 
physical demand of the task and the type of PPE; and to a lesser extent 
aerobic condition, sex, body composition and acclimatization. 
The effectiveness of extra and intracorporeal cooling methods in 
prolonging time of the permanence was also observed.
Keywords: Personal Protective Equipment; Military Personnel; 
Work Performance.

Resumen: El objetivo de este artículo fue investigar los factores 
que pueden aumentar o disminuir el tiempo en que los militares 
pueden permanecer en actividad utilizando Equipos de Protección 
Personal (EPP), así como brindar asistencia a los tomadores de 
decisiones a nivel táctico cuyas influencias pueden ser determinantes 
para el tiempo en el cumplimiento de las diversas misiones de 
Defensa Nuclear, Biológica, Química y Radiológica (DefNBQR). 
Este análisis se trata de una revisión de la literatura cuyos artículos 
revisados presentaron como factores influenciadores en el tiempo 
de tolerancia, en mayor grado, el estado de hidratación previo a la 
actividad, el clima, la demanda física de la tarea y el tipo de EPP; 
y, en menor grado, la condición aeróbica, el sexo, la composición 
corporal y la aclimatación. También se observó la efectividad de los 
métodos de enfriamiento extra e intracorpóreo en la prolongación 
de la permanencia.
Palabras clave: Equipo de protección personal; militar; desempeño 
profesional.
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1 INTRODUCTION

The use of Nuclear, Biological, Chemical, and Radiological Agents (NBCR) dates 
back to the beginnings of warfare, such as the use of Greek fire by the Byzantine Navy in the 7th 
century. However, the use of chlorine gas during the First World War represented the start of 
employing chemical elements systematically as combat weapons. Thus, to deal with these var-
ious threats, the Brazilian Navy (MB) created, in 2011, the Nuclear, Biological, Chemical, and 
Radiological Defense System (SisDefNBQR-MB) (BRASIL, 2011).

Three basic requirements are established to deal with NBCR threats: early warning 
(ability to anticipate threats), protection (ability to protect oneself from the harmful effects of 
agents), and recovery (ability to mitigate the effects suffered due to the agent) (BRASIL, 2020). 
Addressing the physical performance of the military in combat with NBCR threats requires 
observing the protection requirement and seeking to reduce the physiological effects of NBCR 
agents on the military by using Personal Protective Equipment (PPE) (BRASIL, 2020).

However, combining body protection clothing with respiratory protection equip-
ment reduces the combatant’s capacity due to the physical wear and tear resulting from its use 
and causes a reduction in mobility (BRASIL, 2020). The North Atlantic Treaty Organiza-
tion (NATO) considers that the use of PPE generates damage to physiological functions and 
causes other effects on the human body, which may result in an increase in the time to perform 
tasks and a reduction in the accuracy of their executions, leading to performance degradation 
(NORTH ATLANTIC TREATY ORGANIZATION, 2004).

MB adopts the classification of PPE for NBCR in four levels: level A is hermetically 
closed and fully encapsulated (including gloves and boots), presenting positive pressure and 
total facial protection. Furthermore, the supply of breathable air uses autonomous air cylinders 
or external air source, as long as it allows the maintenance of positive pressure; level B requires 
the same level of respiratory protection as level A but with a lower level of skin protection; level 
C is the average level of protection when less respiratory and skin protection is required; finally, 
level D is characterized by the lowest level of protection, without respiratory protection equip-
ment (overalls or jackets and pants chemically resistant to partial splashes, with resistant gloves 
and boots, and goggles) (BRASIL, 2020).

Four main factors are considered when carrying out tasks involving such PPE: the 
time required to perform the task, level of clothing protection, weather conditions, and work-
load (NORTH ATLANTIC TREATY ORGANIZATION, 2004). However, there was a gap 
regarding the factors associated with the time wearing PPE in NBCR activities, particularly 
those related to the physical demands of the NBCR operator. Therefore, the objective of this 
article was to investigate the main factors associated with the time that the military can remain 
working with PPE.

2 METHOD

This article was a narrative review of the literature based on the recommenda-
tions of Sanra, with a systematic search carried out in February 2021 in electronic scientific 
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databases: Scopus, National Library of Medicine (Medline), and Web of Science (BAETHGE; 
GOLDBECK-WOOD; MERTENS et al., 2019). The factors associated with the time of use 
of the PPE were defined as independent variables, and the time of permanence or tolerance in 
activity using PPE as the dependent variable. The search descriptors were obtained from que-
ries in the Health Sciences Descriptors (DeCS) and Medical Subject Headings (MeSH) data-
bases, as shown in Chart 1.

Chart 1 – Descriptors used in the search in the databases.

DESCRIPTOR 1 DESCRIPTOR 2
nuclear, biological, and chemical (NBC) clothing Work performance

OR OR
NBC protective clothing Dehydration

OR OR
chemical defense clothing Heat

OR OR
Protective clothing ensembles Heat stress

OR OR
Biological and chemical protective clothing Water stress

OR OR
Chemical protective ensemble Physiological

OR
Chemical protective mask

OR
Chemical protective equipment

OR
Chemical, Biological, Radiological, and Nuclear

OR
CBRN

OR
Hazmat clothing

OR
Hazmat suit

OR
CBRN suit

OR
Encapsulated clothing

Source: Prepared by the authors, 2022

Analyzed articles investigated the length of stay as a study variable, including those 
assessing PPE levels from C to A of NBCR protection against physical wear and tear. A strategy 
based on analyses whose population was military and security forces was adopted to establish 
common parameters for the eligibility of articles, mentioning the exposure of officers to the 
use of NBCR protective clothing in activities with physical demand and resulted in the time 
spent in the activity. Studies carried out with a civilian population of a similar age group and 
body mass were included due to the few articles conducted with military personnel and secu-
rity force agents. Finally, to standardize the presentation of the results, studies using the PPE 
classifications of the National Fire Protection Association (NFPA) or the Committee for the 
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Standardization of Products for the European Common Market had the results described in 
this article equivalently to the classification of PPE adopted in the MB.

3 RESULTS

Figure 1 presents the results of the search in the databases. We considered the articles 
that analyzed the use of NBCR PPE from level C to level A during some demanding physical 
activity and that, among their observations, presented the permanence time, i.e., computing 
and analyzing the time when the subjects remained using the protective clothing until reach-
ing some physiological or volitional criterion established for the test interruption. The articles 
analyzed enabled us to obtain their characteristics, presented in Chart 2. Tables 1 and 2 show 
the tolerance times in minutes according to the Maximum Oxygen Consumption (VO2max), 
measured in milliliters (mL) per kilo (Kg) per minute (min) reached during the NBCR activity 
and the PPE used in several studies.

Figure 1 – Literature search flowchart
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Table 1 – VO2max and tolerance time wearing Level B PPE

VO2max (mL.Kg-1.min-1) Tolerance time (min)
Author PPE

Mean Standard 
deviation Mean Standard 

deviation

45.1 1.5 48.0 2.0 AOYAGI, MCLELLAN e  
SHEPHARD (1998) Level B

45.7 2.1 49.0 3.0 AOYAGI, MCLELLAN e  
SHEPHARD (1998) Level B

46.0 1.9 52.0 3.0 AOYAGI, MCLELLAN e  
SHEPHARD (1998) Level B

46.3 2.3 47.0 2.0 AOYAGI, MCLELLAN e  
SHEPHARD (1998) Level B

47.2 1.7 120.0 10.0 AOYAGI, MCLELLAN e  
SHEPHARD (1995) Level B

48.1 1.8 112.0 6.0 AOYAGI, MCLELLAN e  
SHEPHARD (1995) Level B

48.6 2.1 108.0 10.0 AOYAGI, MCLELLAN e  
SHEPHARD (1995) Level B

49.5 2.2 97.0 4.0 AOYAGI, MCLELLAN e  
SHEPHARD (1995) Level B

VO2max = maximum oxygen consumption; PPE = personal protective equipment.
Source: Prepared by the authors, 2022

Table 2 – VO2max and tolerance time in minutes wearing Level C PPE

VO2max (mL.Kg-1.min-1) Tolerance time (min) Author PPE

Mean Standard 
deviation Mean Standard 

deviation

46.0 2.9 96.6 19.6 CHEUNG e MCLELLAN 
(1998a) Level C

48.4 4.9 145.2 26.7 MCLELLAN (1998) Level C

59.8 2.8 114.5 27.4 CHEUNG e MCLELLAN 
(1998a) Level C

51.6 4.0 89.0 19.0 BACH et al. (2019) Level C

VO2max = maximum oxygen consumption; PPE = personal protective equipment.

Source: Prepared by the authors (2022)

4 DISCUSSION

The analyzed results enabled us to relate the time a military person could remain 
operating in an environment with the presence of NBCR agents. In this case, the combat-
ant’s factors (aerobic capacity, sex, and hydration status) and external factors (climate of the 
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operating environment, type of work to be performed, and the type of PPE required for the task) 
were observed. In addition, it was also possible to relate this time to factors that can be inserted 
to prolong the military’s ability to remain in military action, such as intra and extracorporeal 
cooling methods and acclimatization.

4.1 Aerobic Capacity

Aerobic capacity is undoubtedly a preponderant factor when physical exertion is 
required. However, this perception comes from the analysis of activities in which the subject 
can exchange heat with the environment, which is not the case when using equipment for pro-
tection that aims to contain the exchange of fluids between the person and the external envi-
ronment. Thus, the analyzed studies sought to understand if this premise would also be valid 
for this type of activity.

When comparing subjects with a mean VO2max of 46.1 ± 2.9 mL.Kg-1.min-1 with 
subjects with mean VO2max of 59.8 ± 2.8 mL.Kg-1.min-1, researchers Cheung e McLellan 
(1998a) pointed out that, in addition to the more prolonged stay in activity using PPE, 
subjects had their tests interrupted after reaching the ethical limit of abdominal tempera-
ture (39.3ºC), in addition to those who had the test terminated at their request due to the 
perception of exhaustion.

Aoyagi, McLellan, and Shephard (1998), when analyzing subjects who went through 
a physical training program based on indoor running or on a treadmill in sessions of 30 to 
45 min and three to four days a week, during eight weeks, reaching 60% to 80% of each one’s ini-
tial VO2mas, resulting in VO2max increased from 39.9 ± 1.7 mL.Kg-1.min-1 to 46.3 ± 2.3 mL.Kg-1.
min-1 found no significant increase in permanence time. However, they noted that the rectal 
temperature for trained subjects remained lower during the exercise with the PPE, which is a 
critical determinant in the permanence time. A possible explanation for this significant change 
in the permanence time of better-conditioned subjects is pointed out by the accumulation of 
sweat inside the clothes and the impossibility of effective heat exchange with the evaporation of 
sweat, which ends up overlapping the effect of training on aerobic capacity of subjects, main-
taining high heart rate indices, which turns out to be the determining factor for the end of the 
exercise. Both tests used walking on a treadmill at 4.8 kilometers per hour (km/h) as an exer-
cise, differing in the adopted inclination. Aoyagi, McLellan, and Shephard (1998) used a single 
inclination of 2%, while Cheung and McLellan (1998b) employed inclinations between 3 and 
7%. Possibly, this variation of slopes and a more significant number of tests have led to a slight 
variation in the permanence time of the more conditioned subjects in the second study.

Jovanović et al. (2014a) support the importance of aerobic capacity when developing 
a test with military personnel and comparing them with results obtained by Nag et al. (1997), 
whose data indicated that men subject to work in which the abdominal temperature is 39º C 
manage to remain at work for 40 to 45 minutes, while in the tests by Jovanović et al. (2014a), 
a minimum number of military personnel completed the test before 45 minutes, establishing 
a relationship with the regularity in which the studied military personnel perform strenuous 
physical activities related to their profession.
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While it is well known that better aerobic capacity promotes benefits for per-
forming activities with physical demand (NINDL et al., 2017), evidence on how aerobic 
physiological indices are related to the length of stay is still scarce, therefore requiring 
further investigations.

4.2 Sex

Faced with the limitation of analyses that investigated differences between the sexes 
when wearing NBCR protective clothing, the study by McLellan (1998) stands out, found-
ing a thermoregulatory disadvantage for women, which would influence the reduction of the 
length of stay for women. However, as the thermal advantage presented by men would be 
based on the amount of sweat they can produce and, consequently, offer greater regulatory 
efficiency, using PPE insulating evaporation could compensate for such differences, leading 
to a similar storage capacity of heat between men and women. Therefore, this article divided 
by the similarity of the percentage of fat associated with VO2max and, with this division, the 
tolerance times became similar regardless of the sex of the participant.

Therefore, even though sex may influence due to differences in general body 
composition between female and male averages, such differences are minimized in the 
case of an exercise with no heat compensation with the PPE. Thus, with aspects related to 
body composition and aerobic capacity prevailing for the variation in the length of stay, 
men and women with similar indices of fat percentage and VO2max seem to have identical 
tolerance times.

4.3  Hydration status

McLellan (1998), Jovanović et  al. (2014a), and Aoyagi, McLellan, and Shephard 
(1998) observed an increase in the sweat rate during activity using NBCR PPE, which makes 
it possible to infer that there is indeed an increase in dehydration during this type of activity. 
Allied with this, due to the need to isolate, mainly, the airways from the environment, the con-
sumption of water during operation in a contaminated environment is challenging, thus having 
the NBCR operator as the only opportunity for hydration the moments before starting work 
and during rest breaks in a decontaminated area.

Cheung and McLellan (1998a) then observed that the state of hypohydration at 
the beginning of the activity signif icantly increased the effects of thermal stress, even in 
acclimatized subjects. Likewise, those who had a normal state of hydration at the begin-
ning of the exercise could remain active with PPE longer than those who were hypo-hy-
drated, regardless of the benefits of acclimatization and aerobic condition. Therefore, it is 
essential that when starting operations, subjects are in good hydration conditions. It  is 
also possible to consider if hydration during the execution of the task brings about any 
effective gain in tolerance time, which, according to another study by Cheung e McLellan 
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(1998b), there is indeed this correlation when it occurs during the practice of light exercises 
with PPE. However, there is no determining effect on the lengthening of the permanence 
time when this hydration during activity occurs when carrying out high-intensity work. 
This  investigation supported, therefore, the evidence that the hydration level before the 
exercise’s beginning affects the operating time.

Thus, the importance of hydration is also highlighted during rest periods so that 
the person can return to activity with the necessary hydration level. Thus, the tolerance 
time is not reduced due to the hypohydration process. However, even if less evident, it is 
essential to avoid hyperhydration during rest. Analyzing several subjects wearing level A 
PPE in different climates and during other activities, Rubenstein et al. (2017) concluded 
that during rest periods after 60 minutes of activity, hydration with 0.7 liters (L) of water 
safely rehydrates 90% of operators and prevents under- and over-hydration for the subse-
quent work cycles. It  is worth mentioning that the study also found that excessive rehy-
dration (1.5 L at each rest cycle alternating with a 60-min work cycle) increases the risk of 
hyperhydration to 39% from the third work/rest cycle onward.

4.4 Operating environment climate and type of work to be performed

DenHartog et al. (2017) analyzed different workloads and weather conditions on tol-
erance time. Considering three climates and work intensities (moderate, hot, and humid, and 
hot and dry climates; and work – 127 W.m-2, 205 W.m-2 e 314 W.m-2).

Considering that the workload increases when using NBCR PPE (Dorman; Have-
nith, 2009), predicting an inversely proportional relationship between workload and length 
of stay is possible. Therefore, DenHartog et al. (2017) showed a strong relationship between 
workload and tolerance time in inverse proportion.

Finally, it is worth confirming that the higher the region’s temperature, the shorter the 
working time. Air humidity is assumed to have no direct influence on time due to the low or no 
exchange of fluids between the subject and the environment. However, the lack of studies in the 
literature on this specific relationship prevents confirming this assumption. Thus, according to 
DenHartog et al. (2017), the length of stay is inversely proportional to the work demand within 
the same climate.

However, due to some limitations in the article by DenHartog et  al. (2017), 
age appeared as another possible factor influencing the length of stay. The age/tolerance time 
relationship was statistically verified, showing a minimal relationship of directly proportional 
variation, i.e., older subjects would endure longer in operation. However, as this research ana-
lyzed professional firefighters, it can be argued if people with more experience operating with 
PPE over the years have developed some physiological adaptation to withstand more extended 
periods under conditions of uncompensated thermal stress.
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4.5 Type of PPE used

When the Armed Forces require levels C and B of protection, they use the layer system, 
i.e., when an NBCR threat is detected, the protective clothing, usually made of activated car-
bon, is placed on top of the combat uniform. From this conception, McLellan et al. (2013) 
compared the current system of layers to a combat uniform capable of filtering NBCR agents 
and which has ventilation openings (Protective Assault Uniform), requiring only the closure 
of these openings when detecting an NBCR threat for user’s effective protection. When com-
paring these two protection systems, it was evident that the continuous use of a single combat 
uniform in activity, which allows a quick transition from a normal condition to an NBCR 
protection condition, significantly increases the time in the operation of the military personnel 
in a contaminated environment wearing the PPE. Thus, even if the soldier remains throughout 
the entire operation in a uniform with less gas exchange with the environment, the open parts 
of the uniform allow heat exchange with the environment. There is a significant benefit when 
the military needs NBCR protection. Although this advantage exists, in Brazil, this military 
technology is not yet available. In the case of a study with the Canadian military, this type of 
PPE would hardly be applicable in operations of our Armed Forces.

Level A protective clothing used in the armed forces is similar to that employed by fire 
departments and chemical industry companies, with greater commercial availability. DenHar-
tog et al. (2017) investigated whether there are considerable differences between various level A 
clothing available on the market regarding tolerance time. The only difference noted occurred 
with one suit compared with the others in a moderately hot climate. Significant differences 
from this suit are a double layer of chemical protection (against one layer of the others) and its 
reflective aluminized outer layer. This clothing had reduced permanence time, as DenHartog 
et al. (2017) pointed out, which could result from its two layers increasing thermal stress and/
or because it is an average climate, the aluminum layer prevented the exchange of heat from the 
clothing to the environment. In a hot environment, this suit did not present significant differ-
ences compared with the others, indicating the aluminized layer’s efficiency in heat reflection.

Reflective clothing is usually used in services where there are fires combined with the 
release of NBCR agents, being more focused on the use of firefighters. However, concerning 
the armed forces, there is a latent need to check the importance of the number of protective 
layers in level A suits, considering that multi-layer clothing will tend to reduce the length of stay 
of military personnel in operation.

Finally, Xu et al. (2019) noted that improving the thermal properties of the fabrics 
currently used in military PPE can reduce thermal stress and increase the length of stay. How-
ever, even so, these advantages depend on the climate of the environment in which the opera-
tions are performed.

4.6 Cooling methods

Increasing body temperature is an intrinsic factor to exercise and becomes even more 
evident when heat exchange with the environment is reduced due to PPE. Thus, body cooling 
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can be a good alternative to reduce the effects of thermal stress resulting from operations with 
NBCR threat. Bach et al. (2019) and Maley et al. (2020) investigated three cooling suits and 
one associated with the intake of ice slurry by the subjects 30 minutes before the beginning of 
the exercise. The first study used level C PPE and the second level A PPE, with disagreement 
between the efficiency of the two suits concerning the length of stay in PPE. While the ice 
vest showed a significant improvement during tests with level C PPE, the same result was not 
observed in the test with level A PPE. On the other hand, the whole body suit with water 
perfusion improved the permanence time only when using the level A clothing.

When discussing this difference, it is essential to note that the ice vest differs from 
the whole body suit concerning the body surface area covered, area of effective contact 
with the body, storage temperature, and physical state of the cooling method. Level A 
clothing encapsulates the subject, isolates them from any gaseous exchange with the envi-
ronment, limits breathing by the flow of the air valve attached to the cylinder, and restricts 
the amount of breathable air by the capacity of the cylinder. Thus, it presents, as a rule, a 
shorter time of permanence compared to level C clothing.

Therefore, for this suit, the water perfusion favors a greater heat exchange surface 
between the fluid and the body due to its fluid passing through small tubes throughout 
the body surface. It is more effective in maintaining the entire body refrigerated in a short 
time. When analyzing the use of level C, the average permanence times compared with level 
A are much longer, with time available for the entire fluid to have its temperature elevated 
and balanced with the body’s high temperature, causing the subject to lose from then the 
benefit of external cooling. However, when analyzing the ice vest (stored at -18ºC), even if 
only the torso is refrigerated, the time the vest will spend absorbing heat from the person 
until it reaches thermal equilibrium will be much longer than that of the suit with water, 
thus benefiting the use of level C PPE. Despite these differences, it cannot be said that, 
in  some way, specif ic cooling clothing is not suitable. Still, these characteristics must be 
considered when it is necessary to use cooling with different levels of PPE.

The method that demonstrated the most signif icant increase in tolerance time in 
both studies was the combination of an ice vest with the ingestion of 7.5 g.Kg-1 of ice slurry 
at -2ºC (2.2% of carbohydrate), at the rate of 1.25 g.Kg-1 every f ive minutes, 30 minutes 
before the beginning of the exercise. Jovanović et al. (2014b) pointed out, when studying 
cooling suits for PPE of the Serbian Armed Forces, that the use of these implements cooling 
the torso area causes the abdominal temperature to increase more slowly and the average 
skin temperature to be signif icantly lower. Thus, its use under NQBR protective clothing 
improves the military’s physiological stability, contributing to confidence and eff iciency in 
military missions against NBCR threats.

When analyzing the national military reality, it is emphasized that the ingestion 
of ice slurry can be performed quickly since machines for producing this type of food are 
available on the market or even using improvised means for its production, maintaining the 
proportion of ice/weight indicated in the studies. Regarding coolant clothing, even though 
it is not customary to use them in NBCR missions in the Marine Corps, the Marine Corps 
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Engineering Battalion currently has water perfusion cooling clothing to perform tasks 
to deactivate explosive devices with the use of the anti-bomb suit (EOD-9). Therefore, 
it is adaptable to the service with NBCR PPE.

4.7 Acclimatization

Operating using PPE for NBCR agents requires working at temperatures above aver-
age. Therefore, it is worth observing the influence of heat acclimatization by subjects and if 
there is a relationship with tolerance time. According to the acclimatization protocols specified 
in the results, three studies observed the relationship between acclimatization and length of stay.

Aoyagi, McLellan, and Shephard (1995) found a significant increase in the tolerance 
time in acclimatized subjects, contrary to their work (1998), which indicated that there was 
no variation in the length of stay for acclimatized subjects, similar to Cheung and McLellan 
(1998a). Analyzing these different perspectives, Cheung and McLellan (1998a) promoted 
the rehydration of the studied subjects in continuous intervals. Therefore, such continuous 
hydration may have overcome the beneficial effect of acclimatization. Comparing the two 
articles by Aoyagi, McLellan, and Shephard, it is clear that acclimatization helps reduce the 
physiological effects caused by thermal stress due to using PPE. However, there are still certain 
doubts regarding the direct impact on the length of stay, since in their conclusions, Aoyagi, 
McLellan, and Shephard (1998) found that the greater the effort required in the exercise, the 
smaller the effect of acclimatization in the prolongation of the tolerance time. This decrease 
is likely due to the higher sweating rate in high-intensity activities without heat exchange 
with the environment, making the temperature increase in the internal microclimate of the 
PPE sufficiently high to eliminate the physiological differences between acclimatized and 
non-acclimated subjects. Other investigations point to the advantages of acclimatization in 
situations of activities that result in thermal stress, helping to reduce heart rate, oxygen con-
sumption, perception of exertion, and thermal sensation (Thake et al., 2009)

Thus, the acclimatization time of the study protocols can be assumed as insuffi-
cient for a physiological adaptation that effectively promoted the necessary acclimatization. 
However, Aoyagi, McLellan, and Shephard (1995) noted no significant physiological differ-
ences between the groups studied with acclimatizations of six and 12 days, as adaptations to 
heat occurred in the first days.

Therefore, further analyses would be needed to confirm the actual effectiveness of 
heat acclimatization in extending the length of stay, despite the already proven benefits. For the 
reality of the armed forces, it is possible to establish simple acclimatization protocols, similar to 
those pointed out in studies, to improve the performance of military personnel when there is 
enough time available preceding a specific mission for NBCR defense.

5 CONCLUSION

From all the data analyzed, it is possible to conclude that several important factors 
must be considered when the use of NBCR PPE is necessary, some more related to the time 
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spent in activity (aerobic capacity, sex, hydration status, climate of the operating environ-
ment, and type of activity performed) and others prolonging the tolerance time indirectly 
by acting on the subject’s physiological adaptation and their perception of effort (intra and 
extracorporeal cooling and acclimatization). Thus, it is essential to highlight the initial state 
of hydration of the subject as a critical condition for the development of tasks since a dehy-
drated state will significantly reduce their permanence at work, suggesting intakes of 0.7 L of 
water every 60 minutes of the work cycle.

The type of task and the type of PPE also appear as factors that will influence the 
working time since the more significant the work intensity and the lower the permeability of 
the PPE to heat transfer between the subject and the environment, the lesser the influences 
of other factors will be, since the levels of sweat and its non-evaporation will cause the per-
manence times to be drastically reduced, regardless of different physiological and perceptual 
factors. Allied to these two factors is the operating environment, which, as the temperature 
increases, decreases the ability to remain active without; however, having a significant influ-
ence of humidity given the rare exchange of fluids between environment and subject.

Refrigeration methods, either with the help of cooling clothing or through the 
ingestion of ice slurry, proved to be effective in reducing thermal stress and consequent exten-
sion of the time spent in activity with PPE, thus being an efficient tool to increase the time of 
work of activity specialists, and therefore very important for tasks that require long exposure 
times to NBCR agents.

Finally, sex does not seem to influence the duration of PPE use. Although incipiently, 
subjects with better aerobic fitness and a lower fat percentage arguably performed better with 
PPE and more extended periods of permanence, which can be optimized if acclimatization 
occurs during activities conducted at high temperatures.
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Acceptability and consumption: a study on the perception 
of the operational rations of the Brazilian Army in the 
operational environment of jungle

Aceptabilidad y consumo: estudio sobre la percepción de las raciones operativas 
del Ejército Brasileño en el ambiente operativo de la selva

Abstract: Acceptability and consumption of operational rations are 
objects of study in several world armed forces, due to the frequent 
history of underconsumption. In this scope, the present work sought 
to identify, in an unprecedented way, the perception of military 
personnel about the menus in the operational environment of the 
jungle, a strategic region for national defense, through the association 
of data obtained through an electronic questionnaire and a qualitative 
instrument of focus groups. The results showed the perception of 
high technology, but showed opportunities for improvement in terms 
of monotony, nutritional profile and well-being in consumption. 
The focus groups emphasized demands for nutritional adaptations 
and increased menu variety. It was observed that a fraction of 
the menus present consumption lower than 75% of the volume 
offered, indicating the need for reformulations, aiming to mitigate 
underconsumption and impacts on operability. Therefore, it is 
suggested that complementary studies be carried out, providing 
opportunities for the development of products that are more adapted 
to the strategic environment of the jungle.
Keywords: focus group; nutritional profile; monotony; variety.

Resumen: La aceptabilidad y el consumo de raciones operativas 
son objeto de estudios en varias fuerzas armadas del mundo debido 
a la frecuente historia de bajo consumo. Dentro de este ámbito, 
este artículo buscó identificar, de forma inédita, la percepción 
del personal militar sobre los menús en el ambiente operacional 
de la selva, región estratégica para la defensa nacional, a través de 
la asociación de datos obtenidos por cuestionario electrónico e 
instrumento cualitativo de grupos focales. Los resultados mostraron 
la percepción de alta tecnología, pero destacaron las oportunidades 
de mejora en términos de monotonía, perfil nutricional y bienestar 
en el consumo. Los grupos de discusión destacaron las demandas de 
adaptaciones nutricionales y mayor variedad de menús. Se observó 
que una fracción de los menús presenta consumo inferior al 75% 
del volumen ofrecido, indicando la necesidad de reformulaciones, 
a fin de mitigar el bajo consumo y los impactos en la operatividad. 
Así, se sugiere la realización de nuevos estudios, proporcionando 
oportunidades para el desarrollo de productos mejor adaptados al 
ambiente estratégico de la selva.
Palabras clave: grupo de discusión; perfil nutricional; monotonía; 
variedad.
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1 INTRODUCTION

Military work demands high energy expenditures during varied training, such as 
personnel employment on border strips, engineering missions, actions coordinated with 
government agencies, and refugee protection, among others. Therefore, appropriate food 
sources, including operational rations, represent one of the most important conditions for 
maintaining these professionals’ physical and mental health (BOTELHO et al., 2014).

With the publication of the Armed Forces Food Manual (MD42-M-03), through 
Normative Ordinance No. 219/MD, dated February 12, 2010, the Armed Forces now have, 
in accordance with standardized guidelines, access to safe, balanced, and adequate food for 
the different operational situations inherent to military life, and it was considered, from 
that time, a security matter by the Brazilian Armed Forces Food Commission (BRASIL, 
2010; SILVA, 2015).

The activities carried out daily in the exercise of the military function 
are closely dependent on the physical, social, and mental state, hence the importance of 
food factor, not only in relation to satisfaction with eating, but also in relation to the con-
ditions of elaboration of the food produced within food safety standards. The economic 
context in which Brazil is inserted demands operability at the lowest cost possible for the 
country’s survival, and the search for lower logistical costs meets the Brazilian society’s aspi-
rations (SILVA, 2015).

Military forces often operate far from supply bases and have to be prepared to operate 
in extreme environments, which can be ultra-cold and low-pressure locations, cold at high alti-
tude, or jungle environment. Food format and nutritional composition should also be varied 
to meet the military’s specific needs and activities in these environments, while preserving food 
and nutritional quality (STANLEY; FORBES-EWAN; MCLAUGHLIN, 2019).

When these soldiers are on missions or training in hostile environments, such as 
the jungle biome, energy expenditure may increase, which may impair troop performance. 
Therefore, to ensure good performance in these activities, it is necessary to have a diet with 
sufficient energy demand to meet different basal nutritional needs and additional psychologi-
cal stress (BOTELHO et al., 2014; CARVALHO et al., 2019; MILLET et al., 2021).

The determination of energy requirements is, therefore, based on intrinsic fac-
tors, such as the soldier’s physical state, and also extrinsic ones, such as different types of 
maneuvers or environmental elements. Demanding military missions often involve activities 
that lead to lack of sleep and long alertness periods. Thus, providing adequate nutrition is 
extremely relevant to mitigate stressors and favor physical, cognitive, and immune perfor-
mance (TASSONE; BAKER, 2017).

In this context, Brazil has continental dimensions, with a territory that covers differ-
ent geographic regions and operational environments, from the pampas of the extreme South 
to the Amazon region biome, characterized by high electrolyte depletion and a demand for 
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foods with better digestibility. The different Brazilian Armed Forces have autonomy to out-
line their technical employment demands, developing products that are more adequate to 
their strategic objectives.

Thus, the Brazilian Army’s combat operational ration (R2) was designed to keep a sol-
dier in operations for a 24-hour period, consisting of a set of main basic foods (thermoprocessed 
meals in retort pouch packaging, in this case, lunch and dinner), complementary food items 
(cassava flour, coffee, chocolate milk, sugar, hydroelectrolytes replenisher and snacks, among 
others), and accessories for cooking, such as stoves and cutlery, which are provided when it is 
impossible to deploy a field kitchen, and should have a good acceptability by the supported 
troop (BRASIL, 2022).

The concern with acceptability is not recent and is not only related to the develop-
ment of new food technologies. Scientifically, it began during World War II, when balanced 
diets developed by nutritionists had a very low level of acceptability by soldiers. It was in this 
context that the American Armed Forces began to finance studies with the aim of improving 
the sensory quality of meals offered to the Army (MINIM, 2006).

When the soldier stops consuming their nutritional and caloric demands effec-
tively, impacts such as weight and basic nutrients losses can interfere with their health 
and activity maintenance, which is a vulnerability for the deployment of an operation 
(AHMED et al., 2019). Existing historical and experimental data indicate that decreases 
in physical performance begin in individuals when 10% or more of initial weight is lost 
(THARION et al., 2004).

Thus, research should be continuously developed to map a food type that will better 
meet demands of a soldier who, in theory, is exposed to extreme stress conditions, seeking in 
food a way of comfort that can be provided with the help of a safe and palatable meal, reinforc-
ing the food restorative role. Still in this scope, when the operational ration components are not 
completely consumed, a financial waste is inferred, since the products have a high added value 
and their acquisitions are expensive for the government.

Therefore, it is important to investigate the consumption profile of operational 
rations in the Amazon jungle environment, a nationally strategic region, contemplating 
approximately 22,000 soldiers, and submitted to different profiles of operations, with high 
consumption of operational rations. Due to the lack of studies in this area, the methodology, 
at the limit, covered the application of electronic data collection combined with the qualita-
tive focus group technique, allowing also the military’s free expression of opinions, therefore 
bringing reliable results.

The focus group technique was chosen because it is one of the main qualitative 
tools used to develop the preliminary stages of a piece of research, based on group dynamics 
whose objective is to stimulate discussion through the exchange of opinions among the partic-
ipants, enabling the approach of different themes and ideas (WRIGHT, 2015; ELDESOUKY; 
MESÍAS, 2014; ESMERINO, 2017).
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In view of this, this article intends to identify the military’s perception of menus in 
an operational jungle environment, with the help of the association of data obtained through 
an electronic questionnaire and focus groups, a qualitative instrument, in order to investigate 
general impressions, consumption and acceptability, and, then, open gaps to propose studies 
aimed at possible reformulations of existing operational ration menus in the search for food 
types more adapted to the demands of activities and operations deployed in the Amazon biome.

2 MATERIAL AND METHODS

2.1 Participants

This study was carried out between July and September 2020, in a Military Organi-
zation of the Brazilian Army located in the Amazon region, and the participation criteria were 
being a professional military man and having completed the Jungle Operations Course (COS). 
The total group of participants consisted of 162 soldiers, aged 24 and 32 years, all male, with 
an average age of 27 years old. As to the school level, 66% had secondary education, while 34% 
had tertiary education, and in relation to graduations and ranks, 62% participants were privates 
and 38% were officers. Most of the participants (59%) came from the Southeast region and the 
others from the South (19%), Northeast (14%), and North (8%) regions, respectively. There 
were no participants from the Central-West region.

The research was approved by the Ethics and Research Committee of UFAM 
(Universidade Federal do Amazonas) under number CAAE 53496121.1.0000.5020.

2.2 Online Survey

After authorization from the Command of the Military Organization, an electronic 
questionnaire was prepared and made available to the participants on Google Forms platform, 
aimed at investigating topics in three main themes:

(i) general impressions about menus in the jungle, with answers on a 9-point Likert 
Scale (1 – totally disagree; 9 – totally agree) (DALMORO; VIEIRA, 2017). The variables in 
Chart 1 were analyzed;

(ii) acceptability of menu items, with responses on a 9-point hedonic scale (1 – dislike 
extremely; 9 – like extremely), presented to participants in a balanced complete block design 
(DALMORO; VIEIRA, 2017);

(iii) consumption of menu items, with responses in five options (0%, 25%, 50%, 75 % 
and 100%), representing the approximate intake projection of each menu, according to the form 
developed by the US Army at Natick Center Soldier Center (FOX; WENKAM; HIRSCH, 
1988) and associated countries of the North Atlantic Treaty Organization (NORTH ATLAN-
TIC TREATY ORGANIZATION, 2019).
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Chart 1 – Variables analyzed on the Brazilian Army soldiers’ general impressions  
about the menus available in the jungle environment

Questions Description

1. The existing menus in the Brazilian Army are 
adapted to the jungle environment.

The physiological and nutritional impacts, interfering with 
performance and operability, may vary based on varied 
consumption profiles, depending on each region where the 
personnel have the intake.

2. Menu options are sufficient for jungle 
operations.

The military are directed to make impressions about the 
amount of menus offered during operations.

3. I manage to consume the menu options in 
longer jungle operations without causing a feeling 
of monotony.

The monotony aspect is related to the impact of repeating 
menus in situations of prolonged consumption.

4. I notice the feeling of well-being when 
consuming menus in the jungle environment.

The feeling of well-being is closely related to pleasure in 
consumption, as well as to impacts on troop morale.

Source: Elaborated by authors, 2022.

2.3 Focus Group

Four Focus Groups were conducted, with the presence of ten military men in each 
session, totaling 40 participants. The military in the focus groups were selected from a random, 
non-probabilistic convenience sample, according to interest and availability to participate in the 
study. The age group was between 24 and 31 years old, with an average age of 26 years old. As to 
schooling, 72% had secondary education and 28% had tertiary education. The majority (60%) 
was represented by privates, and 40% by officers.

The total number of sessions was established by the moderator, after the saturation 
point had been reached. Data saturation is reached when there is information to replicate the 
study (FUSCH; NESS, 2015), that is, when the ability to obtain additional new information 
is no longer feasible (GUEST; BUNCE; JOHNSON, 2006).Each session lasted one hour on 
average, supervised by a moderator and an assistant. In this way, the most significant impres-
sions about general attributes were collected, such as packaging, variety and menu components, 
ease of preparation, satiety, digestibility, well-being, and waste disposal and quality, following a 
script of pre-established questions, present in Chart 2, however deepened as needed. The mili-
tary were given instructions about no right or wrong ideas, and were encouraged to express their 
opinions freely (ELDESOUKY; MESÍAS, 2014).

The sessions were recorded after participants’ authorization and held in an appropri-
ate room, free of external distractions. Data were analyzed by the main researcher after tran-
scription of the recorded files, according to the topics covered.
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Chart 2 – Thematic areas and verbal comments of participants from Focus Groups

Themes/Questions Verbal Comments

1. Are the quality and 
quantity of operational 
ration menus satisfactory?

“I think the quantity of menus is good, but they could be a little more tasty” 
(29 years old, FG* I);
“There is little variety in the menus offered” (25 years old, FG III);
“I consider it a safe product with good technological quality” (24 years old, FG II).

2. Do you consider the 
menus suitable for all 
operational environments? 
From low mountain 
temperatures to jungle 
weather conditions?

“The menus in the Amazon region could have more highly digestible proteins, 
facilitating jungle operations, fish, for example” (29 years old, FG I);
“I experience more digestive difficulties in hot and humid environments, with 
a lot of intestinal discomfort, interfering negatively with operability” (31 years 
old, FG III);
“Menus are very tasty, I think they are perfectly adapted” (28 years old, FG II).

4. In the case of a longer 
consumption, would the 
food still be attractive, that 
is, is there a perception of 
fatigue due to the menu 
monotony?

“I don’t see any problems in extending consumption, because I see good 
quality in general” (28 years old, FG I);
“When it’s possible, we take supplements, such as straw potatoes, cereal bars 
and even condensed milk, to improve consumption” (27 years old, FG IV).

5. Is there full component 
consumption?

“Some items have a good flavor, such as chicken stroganoff, which is well 
consumed by the majority; rice, for example, is dry, tasteless, and waste is high” 
(28 years old, FG II);
“I open the general packaging and select only the items of interest to me” 
(27 years old, FG IV);
“I don’t think I consume 100% of all content, just the items I like the most” 
(30 years old, FG I).

6. Is there a feeling of 
pleasure, stress reduction 
and socialization? Does it 
generate well-being?

“Some items, such as chicken and beef stroganoff, generate a good feeling, 
well-being and satiety” (24 years old, FG IV);
“I end up repeating the items with the best taste, which is fine for me” 
(26 years old, FG II);
“Items with more carbohydrates, sweeter, give us a lot of pleasure too, but some 
products should be improved, such as rice, which is dry” (29 years old, FG III);

7. What is the 
consideration on a possible 
development of protein 
pack, and energy?

“It would be awesome to have an alternative to help in situations of fatigue” 
(24 years old, FG III);
“It would be a good option; whenever I can, I take BCAAs and carbo gel” 
(27 years old, FG IV);
“I believe that operability would improve, even with products containing 
caffeine” (25 years old, FG I).

8. Do you have the 
impression about being 
supplied by food? In the 
proposed interval, for each 
feeding stage, is there a 
feeling of satiety?

“Yes, for example, the stroganoffs is very good” (31 years old, FG I);
“I feel very hungry between breakfast and lunch” (24 years old, FG III);
“Breakfast is too early, and items like crackers don’t last until lunch” 
(25 years old, FG IV).

9. Would you like to 
propose changes to the 
menus? Which changes?

“Inclusion of more baked goods, pasta and pizza” (25 years old, FG II);
“Increase in the amount of hydroelectrolytes replenishers” (28 years old, FG III);
“Inclusion of more fiber in the diet, a lot of constipation [occurs] and poor 
digestibility (29 years old, FG IV);
“I would like more fish and chicken products” (28 years old, FG I);

continue
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Themes/Questions Verbal Comments

10. Is the packaging of 
adequate volume and easy 
to handle? Does a tired and 
exhausted person accept 
instructions correctly?

“The packaging is easy to handle, but the volume does not help”  
(27 years old, FG I);
“We open the packages beforehand and select the items, we don’t even take what 
will not be consumed to relieve weight and volume” (28 years old, FG IV);
“Simple instructions and easy handling” (24 years old, FG III);
“Vacuum packaging would help a lot in reducing volume” (30 years old, FG I).

11. Do you consider 
packaging environmentally 
appropriate?

“No, but I think it’s an important topic” (28 years old, FG III);
“The packaging could be biodegradable, causing less environmental impact” 
(28 years old, FG I).

12. Can you infer benefits 
from research in this area?

“Yes, because I consider it fundamental that the end of the line be heard”  
(28 years old, FG III).
“It is very important to improve the menu quality and variety”  
(27 years old, FG II);
“The menus do not necessarily need to be regionalized. Simple optimization can 
be advantageous, such as replacing low-consumption items” (25 years old, FG I).

Note: *Focus Group
Source: Elaborated by authors, 2022.

2.4 Data Analysis

The questionnaire answers on general impressions and acceptability were analyzed 
based on descriptive interpretation and frequency, with the support of the R Project for Statis-
tical Computing software. A central median axis of answers was identified and categorized by 
neutrality. The other results were positioned according to acceptability bias, positive or nega-
tive. Data interpretation based on the graphic representation makes it possible to measure the 
intensity degree of positive or negative answers.

Consumption responses were interpreted by frequency analysis, using Microsoft Excel 
Spreadsheet software, in order to facilitate the consolidation and objective interpretation of data on 
consumption in the jungle environment operations. The results were expressed in two main Groups: 
the first one, contemplating consumption greater than or equal to 75%; the second one, with con-
sumption below 75% (NORTH ATLANTIC TREATY ORGANIZATION, 2010).

With regard to the Focus Groups, the collected data, due to the qualitative nature of 
the research, did not undergo specific statistical treatments, only a thematic organization of 
ideas that seek the objective expression of the impressions about a certain group on the subject 
under analysis (VIEIRA et al., 2013).

3 RESULTS AND DISCUSSION

3.1 Online Questionnaire

3.1.1 Adaptation of Menus to the Jungle Environment

Regarding the adaptation of menus to the jungle environment, characterized mainly 
by high temperatures and high humidity, 45% participants consider that these are not adapted, 

Chart 2 – Continuation
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and 32% consider them suitable for the jungle environment; however, there is a range of neu-
trality of approximately 23%, as shown in Figure 1. Thus, it is noted that almost half of the 
respondents considers this item as a sensitive point for feeding the military on mission in this 
type of environment.

Figure 1 – Adaptation of operational ration menus to the jungle environment

45% 32%

100 50 0 50

Moderately agree

Strongly agree

100

23%

Extremely 
agreeExtremely disagree

 Strongly disagree Slightly disagree

Moderately disagree Indifferent
Slightly 
agree

Source: Elaborated by authors, 2022.

The hot and humid jungle environment already demands a nutritional profile with 
proteins of better digestibility, reducing the intake postprandial effects, since the military do 
not have a pre-established rest period, that is, they always have to stay alert. Seeking a nutritional 
adaptation, the rations used for hot and humid climates should advocate the following adap-
tations: provide additional energy and contain components less susceptible to degradation by 
heat; emphasize complex carbohydrates, with adequate protein and moderate fat, and provide 
additional dry drink mixes to increase fluid intake and help reduce the risk of dehydration due 
to excessive sweating and consequent loss of body fluids (NORTH ATLANTIC TREATY 
ORGANIZATION, 2019).

As a result of low adaptation to the environment, a possible underconsumption can 
be observed, impacting on the body and cognitive score. According to the US Committee on 
Military Nutrition Research, a gradual loss of body weight between 3% and 10% during mili-
tary training lasting three to 30 days is unlikely to affect performance, but, a rapid loss of 6.2% 
weight over a one-week period will lead to worse cognitive outcomes including more tension, 
depression, anger, fatigue and confusion (TASSONE; BAKER, 2017).

The reduction in menu intake is probably the final result of a combination of factors 
that include appetite suppression and palatability/variety of feed provided, which is aggravated 
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in situations of extreme stress, as in the Amazon biome (FALLOWFIELD et al., 2014; JOHN-
SON et al., 2018). In this sense, there is need for improvements that provide more stimuli for 
ingestion, such as greater food variety, and better palatability and digestibility.

3.1.2 Nutritional Profile in Longer Jungle Environment Operation

It was found that, for 56% military, the rations would not provide energy, proteins, 
nor macro and micronutrients needed for a longer-lasting activity, impacting the activity opera-
tionalization, with possible direct effects on individual performance, as shown in Figure 2:

Figure 2 – Nutritional profile in longer operations

56% 36%

100 50 0 50 100

8%

Moderately agree

Strongly agree

Extremely 
agreeExtremely disagree

 Strongly disagree Slightly disagree

Moderately disagree Indifferent
Slightly 
agree

Source: Elaborated by authors, 2022.

However, there is a relevant aspect to be mentioned: the current feeding doctrine does 
not foresee the use of rations for more than three days. The current menus are doctrinally rec-
ommended to maintain health and body score in operational conditions in missions of up to, 
and only, three days, from preparation activities – such as varied training aimed at combatant 
qualification – to real employment situations – such as deployments of peacekeeping missions 
or operations in hostile environments, as the Amazon jungle (BRASIL, 2022).

It exposes the relevance of showing that this three-day period was defined by Ordinance 
nº 721, of December 30, 1999, just citing aspects of monotony and without a technical or 
physiological basis, besides having been elaborated more than 20 years ago in a logistical and 
operational context divergent from the current one (BRASIL, 1999).
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Military missions have a highly imprecise and variable time of employment, with 
a tendency to prolonged operation periods. As an illustration, in the North Atlantic Treaty 
Organization (NORTH ATLANTIC TREATY ORGANIZATION, 2010), the nutritional 
recommendations allow that the combat ration be used exclusively for a maximum 30-day 
period, and there may be emergencies in which the military will be obliged to subsist on the 
ration for a longer duration, until fresh food can be provided.

In the United States Army, the military food policy allows combatants to consume 
three meals of operational rations for up to 21 consecutive days as their sole source of suste-
nance (MCCLUNG et al., 2020).

Still, 36% military consider that the current rations can supply the combatant in lon-
ger periods, maintaining the body score and the adequate nutrient delivery, that is, guaranteeing 
the macro and micro nutritional balance necessary for their homeostatic maintenance. In order 
to analyze this population group’s profile, answers were also evaluated according to each mili-
tary man’s region of origin, seeking impressions by geographic region, thus obtaining Figure 3:

Figure 3 – Nutritional profile in prolonged operations x military man’s region
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Source: Elaborated by authors, 2022.

Military men from the Southeast and South regions have a more demanding con-
sumption profile, in which 66% and 56%, respectively, considered the menus adequate for lon-
ger-term employment. These characteristics may be in accordance with the profile of the Gross 
Domestic Product (GDP) of these regions, respectively first and second in Brazil, leading to 
greater product diversity and, thus, forming a profile of more selective consumers (RESENDE; 
MAGALHÃES, 2013). Regarding the participants from the North and Northeast regions, 
52% and 46% considered the menus unsuitable, respectively.
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3.1.3 Menu Monotony in the Operational Jungle Environment

Thermoprocessed foods sterilized in an autoclave form the basis of the operational 
ration meals (lunch and dinner) and are packaged in long-lasting flexible laminated packaging 
(retort pouch), without the need for refrigeration, and are represented by chicken stroganoff, 
beef stroganoff, chopped beef in sauce, beef with goulash sauce, vaca atolada (beef ribs with 
cassava), beef with vegetables, feijoada, minced beef with potatoes, pinto beans with sausage, 
rice with beans and beef. Cassava flour, which does not undergo thermal processing, was also 
included in this analysis because it is part of the menu options.

It was observed that 51% military consider the menus monotonous, with little variety, 
not meeting individual demands in possible situations of longer operations, which infers a wor-
rying negative impact on consumption due to the loss of attractiveness and food fatigue. Such 
a situation can interfere with individual performance due to the nutrient underconsumption 
that would mitigate the combatant’s physical and psychological exhaustion (AHMED, 2019). 
It should be noted that 35% consider the quantity of menus to be satisfactory, with 14% having 
a neutral range, forming a balance profile, as shown in Figure 4:

Figure 4 – Menu monotony in the jungle environment

51% 35%

100 50 0 50 100

14%

Moderately agree

Strongly agree

Extremely 
agreeExtremely disagree

 Strongly disagree Slightly disagree

Moderately disagree Indifferent
Slightly 
agree

Source: Elaborated by authors, 2022.

The monotony may be directly related to the quantity of existing menus, but the 
consolidation of a larger amount and in a rotation system could help improve this aspect. As 
an example, among NATO member countries, menu options vary from two units (Czech 
Republic) to 24 items (United States), covering the main meals, given the general requirement 
to provide a varied diet to combatants that encourages its consumption (NORTH ATLANTIC 
TREATY ORGANIZATION, 2010).
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Crawford (2020) observed, in a study with Canadian rations, that boredom is worry-
ing and refers to the inevitable monotony of eating the same food for a long period. Logistical 
and resource challenges make it difficult an unlimited rotation of menu items, however main-
taining a reasonable variety of menu items is important to reduce menu monotony and fatigue. 
To avoid boredom, the Canadian Army currently supports a rotation of approximately 20 dif-
ferent main menu items per year, which may be a plausible strategy to implement nationwide.

3.1.4 Well-being in the Operational Jungle Environment

As shown in Figure 5, for 53% military, ration menus do not provide well-being, that 
is, they do not provide that feeling of pleasure in consumption, in addition to some psychologi-
cal comfort. Only 32% perceive positive wellness effects from eating. In operations, food should 
work as an element that raises the combatant’s morale and reduces stress, an extreme factor.

Figure 5 – Menu monotony in the jungle environment
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Source: Elaborated by authors, 2022.

There are few variables to mitigate operational stress, sometimes configured by 
exhaustive actions with few hours of rest and at inappropriate places. A diet that provides 
comfort and well-being can mitigate individual stress, impacting performance positively. 
Thus, food, in addition to the primary function of nutritional and physiological support, 
has to provide a feeling of comfort and pleasure in its ingestion, particularly in real military 
operations (SPENCE, 2017). The perception of food discomfort can compromise intake and 
potentially determine a serious weight loss, which will lead to a reduction in operational 
performance (HIRSCH et al., 2005).
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3.1.5 Acceptability of Staple Food in the Operational Jungle Environment

In evaluating the acceptability of the operational rations, based on previous experi-
mentation of the items, it was observed that the most accepted menus were the beef and chicken 
stroganoff, with respectively 91% and 85% positive evaluations. However, on the other hand, 
beef with vegetables and rice had low acceptability, 36% and 25%, respectively, as shown in Fig-
ure 6. Also noteworthy is the high acceptability of the cassava flour, 78%, a product that has 
little added technology, however, with high consumption throughout the national territory 
and an excellent source of carbohydrates.

Figure 6 – Acceptability of Staple Food in the Operational Jungle Environment
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Thus, of the 12 analyzed menus, only three formulations (rice with beans and beef; 
beef with vegetables; and rice – 25%) presented results with levels below 50% of acceptability. 
The results obtained raise an alert regarding the sensory quality of the products offered and sug-
gest that, given the evaluated acceptability, there may be an underconsumption of these menus 
by the military.
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Perceptions of the existence of a low sensory acceptance and underconsumption 
profile in Brazilian operational rations have already been reported. According to researchers 
Campos and Marques:

In all evaluated sensory attributes, the results obtained were considered undesirable. 
Complementary research should be carried out in a controlled environment, with 
specialized troops, to assess whether the complexity of the theater of operations 
interferes with the situation and eating behavior of the combatant. (CAMPOS; 
MARQUES, 2020, p. 13)

According to De Graaf et  al. (2005), little research on the acceptability of combat 
rations has been performed, showing the importance of studies that demonstrate the military’s 
real needs in the most divergent profiles of operational environments, optimizing physical and 
cognitive health.

In the United States, the use of the 9-point hedonic scale (1 – dislike extremely and 
9 – like extremely) to assess acceptability, developed by the US Army in the 1950s, is widely 
disseminated. Most commercial food products intended for the general public average between 
five and eight (NORTH ATLANTIC TREATY ORGANIZATION, 2010). Based on this 
methodology, the results obtained can be seen in Table 1:

Table 1 – Acceptability mean and standard deviation of menus in the jungle environment

Menu Mean Standard Deviation
Chicken stroganoff 7.4 1.5

Beef stroganoff 7.0 1.9
Cassava flour 7.0 2.4

Beef with goulash sauce 6.5 2.4
Chopped beef in sauce 5.6 1.9

Minced beef with potatoes 5.5 2.5
Vaca Atolada (beef ribs with cassava) 5.5 2.6

Feijoada 5.2 2.5
Pinto beans with sausage 5.1 2.4

Beef with vegetables 4.3 2.3
Rice with beans and beef 4.2 2.4

Rice 4.0 2.4
Source: Elaborated by authors, 2022.

In this context, three menus (beef with vegetables, rice with beans and beef, and rice) 
also would not potentially be commercially acceptable, corresponding to 25% analyzed items. 
Also, the results of low acceptability of the items rice, rice with beans and beef, and beef with 
vegetables, with scores below five points, give rise to a concern with possible impacts on con-
sumption according to a study carried out by De Graaf et al. (2005), o who observed that the 
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consumption of portions of items with scores below 5 points in the acceptability criterion was 
below 77% total amount. Thus, there is an additional concern regarding the item rice, since it 
constitutes the main source of carbohydrates in the diet and is present in all the menu options 
offered, causing impacts on the balance of calories ingested, which becomes an aggravating fac-
tor in high-demand jungle environment.

The Brazilian territory has continental dimensions and diverse biomes and native 
populations, with regionalized food profiles. Certainly, the Amazon region’s impressions may 
differ from others, but they have to be scientifically based for menu optimization, aiming at 
increasing consumption, reducing material losses, and mitigating physical, cognitive, and per-
formance deficits.

3.1.6 Acceptability of Staple Food in the Operational Jungle Environment

Of the 12 basic food menu items, two (12.5%) of these (rice with beans and beef; 
rice) presented consumption below 75% offered portion, by approximately 50% participants, 
causing a concern about possible impacts on the consumption and, consequently, on the body 
score. The results are shown in Figure 7:

Figure 7 – Consumption of staple food operational ration in the operational jungle environment

91.4
86.4

83.3
80.9

69.8
69.1
69.1

66.7
66.1

62.3
53.1

49.4

8.6
13.6

16.7
19.1

30.2
30.9
30.9

33.3
33.9

37.7
46.9

50.6

0 20 40 60 80 100 120

Beef stroganoff
Chicken strogonoff

Flour
Beef with goulash sauce

Beef rib with cassava
Beans with sausage

Beef with potato
Chopped beef

Feijoada
Ground beef with vegetables

Rice with beans and beef
Rice

Military personnel (%)

Consumption equal to or greater than 75% Consumption under 75%

Source: Elaborated by authors, 2022.

Aligning with the good acceptability of beef and chicken stroganoff menus, 91% and 
86% participants indicated their consumption equal to or greater than 75% offered portion, 
respectively. The same trend can be observed with cassava flour and beef with goulash sauce, 
both with good acceptance and consumption.
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However, it was found that 51% participants reported rice consumption below 75% 
package volume. It is observed that under these circumstances, a caloric deficit of 260 kilo-
calories (Kcal) occurs according to the Brazilian Table of Food Composition, representing 8% 
total calories in a dietary demand of 2,800 Kcal indicated for an adult in normal conditions of 
activity, inferring an interference in the body score (BRASIL, 2010; UNIVERSIDADE DE 
CAMPINAS, 2011).

The results are in line with reports on inadequate calorie intake and possible impacts 
on energy deficits during intense periods of operations and field training, which can reach 
about 40% military’s total energy needs (FALLOWFIELD et  al., 2014; MARGOLIS et  al., 
2014; MARRIOTT; 1995).

Booth, Coad and Roberts (2003), in a study on the exclusive consumption of rations 
for a 23-day period in the Australian Army, observed that there was a high rate of discarding 
items, with foods rich in carbohydrates being the most discarded: on average 46% crackers, 72% 
mushroom bars, 81% baked beans, 93% chocolate, 94% white sugar, 96% candies, 99% potato 
powder and 100% rice – i.e., 40% energy available.

According to a randomized clinical trial carried out in the US Army, when rations are 
consumed as intended, for a 21-day period, soldiers are nutritionally adequate in terms of energy 
and micronutrients (LENFERNA DE LA MOTTE et al., 2021; MCCLUNG et al., 2020). 
Nevertheless, several studies report that rations are rarely consumed as should be (BOOTH; 
COAD; ROBERTS, 2003; FALLOWFIELD et  al., 2014; HILL et  al., 2011; MARGOLIS 
et  al., 2014; ZINN C et  al., 2017). Waste, underconsumption, and negative energy balance 
are commonly reported issues, resulting in weight loss, body fat reduction, protein catabolism, 
immune suppression, increased perceived fatigue, decreased military performance (reaction 
time, marksmanship, and decision making), increased risk of injury and decreased resistance 
(BEALS et al., 2019; BOOTH; COAD; ROBERTS, 2003; HILL et al., 2011; LENFERNA 
DE LA MOTTE et al., 2021).

With regard to the item rice with beans and beef, consumption below 75% was regis-
tered in approximately 47% answers. This means that in a portion of 350 grams (g), at least 87g 
are not ingested by approximately half of the participants, representing a deficit of 203 Kcal, 
in addition to micronutrients such as vitamin C, B vitamins, iron, and calcium (UNIVERSI-
DADE DE CAMPINAS, 2011).

The protein genres are and additional concern: in addition to being a caloric source, 
proteins participate in complex metabolic activities in the body structure, especially in the 
health of the body score. For example, a 100g portion of feijoada contains 8.7g of protein, 6.5g 
of lipids, 32 milligrams (mg) of calcium and magnesium, 11g of fiber and 22mg of cholesterol, 
which participate in several metabolic processes, including the hormonal modulation and neu-
romuscular functioning (UNIVERSIDADE DE CAMPINAS, 2011).

Despite the results of this work demonstrating compatibility between acceptability 
and consumption, De Graaf et al. (2005) found that acceptability plays an important role in 
food intake and choice, but this is not the dominant factor at all. In this sense, one verifies that 
additional research on the factors that determine food intake by the military is necessary and 
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should analyze the interaction between mission, food, and the environment where the opera-
tion will be carried out.

3.2 Focus Groups

According to Gaspar, Escribano and Mesias (2016), the main advantage of using 
focus groups in relation to other more structured research methods, for example, question-
naires, is that this method allows promoting greater freedom of expression in the discussion of 
varied topics (CHALOFSKY, 2001; MESÍAS; MARTÍN; HERNÁNDEZ, 2021; STEWART; 
SHAMDASANI, 2014).

In this way, through discussions and debates in Focus Groups, the most significant 
impressions were collected about general attributes, such as packaging, variety and menu com-
ponents, ease of preparation, satiety, digestibility and well-being and disposal of waste, as results 
expressed in Table 2, with the most relevant participants’ comments.

Menus were a widely discussed subject, and they were considered monotonous by the 
military. Simpler diet solutions were presented, approaching homemade products with greater 
acceptance, such as grilled/roasted dishes, pasta, carreteiro rice, tropeiro beans, among others, 
which already occurs in other countries and which would improve the “well-being” component,” 
favoring pleasure in consumption, as reported by a participant in the Focus Group (FG) II, who 
describes the desire to see “inclusion of more baked goods, pasta and pizza.” Ideas regarding 
improving product options were also noted, rather than increasing the amount of food offered.

Another fact pointed out by practically everyone refers to satiety. Although breakfast 
was not the subject of this article, there were significant recurrent reports on the insufficiency 
of nutrients in this meal, with emphasis on the low caloric amount, as reported by a FG IV 
participant: “Breakfast is too early, and items like crackers don’t last until lunch.” Besides the 
nutritional gap between breakfast and lunch, it is still possible to infer the underconsumption 
of some basic foods already mentioned, which leads the military to seek alternatives to meet the 
demands, such as eating food in the environment or carrying personal items, such as assorted 
crackers or straw potatoes, which unbalances the profile of the food offered by the supply chain, 
modifying the institutionally proposed diet. It is essential to explain that the periods between 
meals are usually long and many military men, in a compensatory way, consume breakfast items 
fractionally, mitigating the feeling of hunger. Also with the same objective, they usually carry 
commercial supplements, such as high absorption carbohydrates and protein bars, which was 
expressed in FG IV: “It would be a good option; whenever I can, I take BCAAs and carbo gel”.

In the view of McClung et al. (2020), designing ration menus that meet numerous 
military requirements (e.g., weight, volume, shelf life, and nutrient intake), all with similar pri-
ority, requires reasoning and skill. Having a higher ration fat content can be a partial solution 
because it allows for a more energy-dense ration (i.e., energy per unit volume). This characteris-
tic favors the development of products with a smaller volume, meeting the military’s desires and 
reducing individual logistical efforts. 
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Digestive difficulties aggravated by the profile of the hot and humid environment, 
causing the sensation of heartburn and indigestion, have also been reported. Due to the military 
profession profile, the absence of long rest intervals after eating should be considered. That is, 
after consumption, which is normally carried out in a short period of time, the military will be 
immediately ready for action, taking into account that the digestibility of the menu should not 
interfere with its performance. In this sense, the adoption of proteins with high digestibility 
would have a positive impact on performance and operability aspects, which is in line with the 
possibility of including fish in the diet.

Fish proteins are easily digestible and have a high biological value. Fats are rich in 
polyunsaturated fatty acids from the omega three series, which have reducing effects on blood 
cholesterol levels, decreasing the risk of vascular diseases (BRASIL, 2010). Still on digestibil-
ity, the military cited the lack of dietary fiber, as reported by a FG III participant, on the pos-
sibility of “inclusion of more fiber in the diet.” This finding was already mentioned in a study 
on the nutritional quality of operational rations, carried out by Barros and Koglin (2022), 
in which a lack of dietary fiber was found in three of the five menus offered. Adequate fiber 
intake is essential for the normal maintenance of the gastrointestinal tract and health, and it 
is important that this be part of the healthy population’s diet, reducing the risk of chronic 
degenerative diseases (CUPPARI, 2005).

It is worth mentioning the high technological quality involved in the product, con-
firming the testimony of FG II: “I consider it a safe product with good technological quality” in 
line with the results identified by researchers Avena and Ginani (2009), who concluded that the 
thermoprocessed meal is microbiologically safe.

As to the preparation for food consumption, the processes were considered adequate, 
allowing even tired soldiers to be able to correctly manipulate the preparation components. 
However, the excess of waste generated by packaging was profusely mentioned, in addition to 
the excess of waste resulting from the underconsumption of some items.

The participants (34.8%) mentioned considerations about the large volume of oper-
ational rations, making transportation and packing in backpacks difficult. As a proposal, the 
vacuum system could facilitate operations. Additionally, some participants (8.2%) mentioned 
the possibility of using packaging, with less environmental impact. Currently, only one ration 
component (cutlery) is derived from biodegradable components (BRASIL, 2022).

Thus, depending on the results presented, it is evident that research in the area of mil-
itary food, with data collected from the assisted troops and their reading at the end of the line, 
is of great relevance and provide fundamental data for a better understanding of consumption, 
acceptance, and performance in the various operational and tactical niches, providing opportu-
nities for continuous improvement in the quality of the items offered.

It should also be noted that the combination of electronic questionnaires and inter-
views in Focus Groups allowed participants to express, objectively and freely, their impressions 
about the product profile (operational ration) in the jungle environment, providing in-depth 
understanding and impressions about the entire feeding dynamics in the jungle environment, 
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and thus helping the design of strategies aimed at the development and/or reformulation of 
products and processes in the operational environment under study.

Finally, it is noted that this article has limitations due to both the sample size and 
the sampling used (non-probabilistic), and its results cannot be externalized to the country’s 
entire military population, but, as evidenced, it opens opportunities for investigations in other 
regions, with more military personnel and other operational environments. In addition, one 
suggests that studies on the perception and consumption of menus should be performed in the 
field, for example, with ethnographic approaches.

4 CONCLUSION

The association of the tools employed (electronic questionnaire and focus groups) 
proved to be efficient to obtain information about general impressions, acceptability, and con-
sumption of operational rations in the jungle environment. Despite all the excellent technology 
involved in existing products, the results showed profiles of monotony, nutritional deficit, little 
variety and low well-being in consumption, in addition to underconsumption and low acceptabil-
ity of the main menus. In this context, the constant evaluation of the acceptability of the menus 
is suggested, providing opportunities for sensorial, nutritional and digestibility improvements, 
which guarantee the military’s adequate energy and nutritional balance in the jungle environment.

Additionally, the possibility of inserting new processes and food products in the feed-
ing routine was highlighted, and also of materials used in packaging, optimizing the combat-
ant’s operability and the military activity sustainability. Finally, given the importance of food 
for the performance and success of military exercise, it is recommended that similar studies 
should be reproduced in the most different operational environments, conducted in addition 
to observational on-site techniques.
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Pulmonary function of combat pilots: What are the 
chronic effects of exposure?

Función pulmonar en pilotos de combate: ¿Cuáles son los efectos crónicos  
de la exposición?

Abstract: The effects related to work at high altitudes and 
acceleration force overload can generate physiological compensation 
mechanisms and eventual short-, medium- and long-term changes in 
lung function. Therefore, this study aimed to describe the chronic 
changes in lung function in combat pilots of the Brazilian Air Force. 
The sample consisted of 19 combat pilots and 20 controls. For 
pulmonary function measurements, we observed an increase in the 
mean values of Forced Vital Capacity (FVC) and Forced Expiratory 
Volume in the First Second (FEV1), a decrease in lung volume, an 
increase in resistance and work of breathing, in the exposed group 
compared to the control, with significant modifications to Residual 
Volume (RV) by Total Lung Capacity (TLC) in liters (L) and 
percentage (%). Similar behavior when evaluated according to flight 
hours, with an increase proportional to the increase in exposure time. 
Discrete changes, such as those observed in this research, may reflect 
adaptations of the respiratory system, bringing a complementary 
view to changes in chronic conditions.
Keywords: pilots; military; high altitude; acceleration force; 
lung function.

Resumen: Los efectos inherentes al trabajo en altitudes elevadas y 
sobrecarga de la fuerza de aceleración pueden generar mecanismos de 
compensación fisiológica y eventuales modificaciones de la función 
pulmonar a corto, mediano y largo plazo. Ante eso, el objetivo de 
este artículo fue describir las modificaciones crónicas de la función 
pulmonar en pilotos de combate de la Fuerza Aérea Brasileña 
(FAB). La muestra estuvo compuesta por 19 pilotos de combate 
del grupo expuesto y 20 voluntarios del grupo control. Para las 
medidas de función pulmonar se observó un aumento de los valores 
medios de Capacidad Vital Forzada (CVF) y Volumen Espiratorio 
Forzado en el Primer Segundo (VEF1), disminución del volumen 
pulmonar, aumento de la resistencia y del trabajo respiratorio. 
En el grupo expuesto, en comparación con el grupo control, 
observamos cambios significativos para el Volumen Residual (RV) 
por Capacidad Pulmonar Total (TLC) en litros (L) y porcentaje (%), 
es decir, VR/CPT. Comportamientos similares cuando se evalúan 
según las horas de vuelo, con aumento proporcional a la elevación 
del tiempo de exposición. Las modificaciones sutiles, según las 
observadas en esta investigación, pueden ser reflejo de adaptaciones 
del sistema respiratorio, trayendo una mirada complementaria para 
los cambios en condiciones crónicas.
Palabras clave: piloto; militar; altitud elevada; fuerza de aceleración; 
función pulmonar.
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1 INTRODUCTION

The pilot is exposed to the adverse effects of working at high altitudes during air 
activity. Extreme vibrations, dysbarism, hypoxia, the action of acceleration loads (G-Force), 
and other environmental stressors are frequent, especially in flights above 15,000 feet (GÜL; 
SALMANOĞLU, 2012). This air segment requires supplemental oxygen, the cabin environ-
ment can present controlled pressurization, and the effects of working at altitude may seem 
more evident (ALVES et al., 2008; GÜL; SALMANOĞLU, 2012; PETRASSI et al., 2012).

The literature describes that reducing air pressure with increasing altitude leads to 
hypoxia, also known as hypobaric hypoxia (ALVES et al., 2008). Lowering the alveolar partial 
pressure of oxygen lowers arterial blood pressure. Thus, in an acute ventilatory response, the 
body works to recover homeostasis of oxygen concentration, causing hypocapnia and respira-
tory alkalosis (PETRASSI et al., 2012). This compensation causes respiratory muscle fatigue 
(BUSTAMANTE-SÁNCHEZ; DELGADO-TERÁN; CLEMENTE-SUÁREZ, 2019; 
POLLARD et al., 1997), with possible psychomotor impairment in acute hypobaric patients, 
which may affect the postural control of the crew. Therefore, it increases proportional postural 
sway as altitude increases (NORDAHL et al., 1998).

In addition, acceleration force tolerance in the aerospace context is considered 
a particular factor and may have physiological effects related to the respiratory system, 
vision (commonly called blackout – complete loss of vision), and the level of conscious-
ness (with  loss of consciousness, known as Induced Loss of Consciousness – G-LOC) 
(RUSSOMANO; CASTRO, 2012).

In addition to these, with the G-Force overload acting on the thorax, the airways in 
the lower third of the lung may collapse, evolving up to 50% of the lung as the acceleration 
force progresses, generating consequent changes in the distribution of lung blood flow (WEST, 
2013). Pulmonary capillaries must be thin and exposed directly to the alveolar space for effi-
cient gas exchange. Thus, changes in ambient pressure are transmitted to the alveolar capillaries, 
impacting pulmonary circulation both by lung deformation and by changes in the distribution 
of hydrostatic pressure in the lung (PRISK, 2011).

Additionally, individual biopsychological factors can be decisive when engaging in 
aerial combat. Aviation troops must be able to deal with these conditions, whether in routine 
situations or a high workload (GINDHART, 1999; GÜL; SALMANOĞLU, 2012; SAUVET 
et al., 2009). The acclimatized subject may experience less deleterious effects on the body, which 
makes it possible to carry out daily work even at very high altitudes (4400 to 5500 meters), with 
efficiency close to that of the subject working at sea level. However, the possibility of develop-
ing diseases or adaptations due to continuous exposure should be considered (ARISTIZABAL 
et al., 2019; DUISHOBAEV et al., 2018).

External offsets can be used in high-performance military aviation to reduce the del-
eterious effects of exposure during flight. In addition to personalized training and acclimatiza-
tion, oxygen supplementation between 70 and 100% can occur to solve the effects of hypoxia, 
which can occur from 15,000 feet of altitude or 4,572 meters (BUSTAMANTE-SÁNCHEZ; 
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DELGADO-TERÁN; CLEMENTE-SUÁREZ, 2019). Mechanical assistance measures are 
used to maintain adequate venous return. Anti-G suits, positive breathing pressure, and anti-G 
effort maneuvers, such as the Anti-G Strain Maneuver (AGSM), are seen as fundamental means 
to tolerate acceleration (ÖZTÜRK; İLBASMIŞ; AKIN, 2012).

Some instruments are commercially available to estimate pulmonary function 
assessment indices, among which spirometry and plethysmography are the most established 
(MUNGOGE et al., 2016; SOCIEDADE BRASILEIRA DE PNEUMOLOGIA E TISIO-
LOGIA, 2009; TRINDADE; SOUSA; ALBUQUERQUE, 2015). In addition, the Forced 
Oscillation Technique (FOT), described by DuBois et al. in 1956, stands out for being com-
plementary to traditional instruments and has the advantage of being a method performed in 
spontaneous ventilation (OOSTVEEN et al., 2003).

A more detailed analysis of lung function under exposure conditions described above 
may contribute to better coping and improvement of human performance and the man-machine 
relationship in the Brazilian armed forces, providing parameters for diagnostic evaluation and 
longitudinal follow-up of these subjects.

Thus, this article aimed to (1) compare changes in lung function between volunteers 
in the control group and fighter pilots of the Brazilian Air Force (FAB); (2) analyze the effects 
of the flight exposure period on the lung function of combat pilots; (3) analyze the effects of 
work at high altitudes considering the particularities of exposure with low and high exposure 
to the G-load.

2 MATERIAL AND METHODS

The proposed protocol was carried out at the Biomedical Instrumentation Laboratory 
of the State University of Rio de Janeiro (UERJ), based on applying a sociodemographic ques-
tionnaire and pulmonary function tests performed by duly trained technicians. The sequence 
in which the tests were carried out was FOT in the multifrequency version, spirometry, and 
full-body plethysmography.

The sample was selected for convenience. The group of exposed subjects enrolled 
volunteer fighter pilots from the First Group of Fighter Aviation (1st GavCa) and pilots from 
Transport Squadrons from Santa Cruz Air Force Base and Galeão Air Force Base. All could 
fly according to the criteria proposed by the current military legislation – ICA 160-6/2016 
(BRASIL, 2016) and identified for this research according to the abbreviations: GFighter 
and GTransport, respectively. For the control group, the subjects were: non-flying personnel, 
military or not, non-sedentary, and similar to the exposed group in age, weight, and height. 
The exclusion criteria for all groups were respiratory infections in the last 30 days, chest dis-
eases, and smoking.

Lung flow and volume were measured using the BPd full-body plethysmograph 
(nSpire Health, Inc., 1830 Lefthand Circle, Longmont, CO 80501). The tests followed 
the guidelines for pulmonary function tests (GRAHAM, 2019; NEDER et  al., 1999; 
PEREIRA; MOREIRA, 2002; SOCIEDADE BRASILEIRA DE PNEUMOLOGIA E 
TISIOLOGIA, 2009). The FOT was previously described in detail (MELO; WERNECK; 
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GIANNELLA-NETO, 2000) and follows international standards (NAVAJAS e FARRÉ, 
2001; OOSTVEEN et al., 2003; SÁ et al., 2013).

Results were presented using mean and standard deviation. Commercial software was 
employed to compare group differences (STATISTICA for Windows, release 5.0). The analysis 
between the two groups used the independent t-test for samples with normal distribution and 
Mann-Whitney for non-parametric samples. The comparisons between the three groups used 
the Analysis of Variance (ANOVA), followed by Tukey’s test when the distribution presented 
a parametric characteristic, and Kruskal Wallis ANOVA, followed by Mann Whitney when 
non-parametric. Results with p < 0.05 were considered statistically significant. Finally, Pearson 
and/or Spearman correlation coefficients determined correlation analyses.

3 RESULTS

The study involved 37 volunteers, 18 from GControl and 19 from GPilots (6 from 
GTransport; 13 from GFighter). The analysis based on the biometric parameters showed a 
homogeneous distribution (Table 1).

Table 1 – Anthropometric data of the analyzed volunteers – GControl × GTransport × GFighter

Parameters GControl
N = 18

GTransport
N = 6

 GFighter
N = 13 p

Age (years) 33.27 ± 5.63 30.16 ± 2.31 31.46 ± 1.98 ns*

Weight (kg) 80.22 ± 8. 62 82.61 ± 6.19 82.6 ± 8.32 ns*

Height (cm) 175.16 ± 5.28 178.16 ± 7.67 177.25 ± 5.71 ns*

BMI (kg/m2) 26.06 ± 2.13 26.60 ± 1.95 26.01 ± 2.14 ns*

Note: Results presented as mean ± standard deviation. *Anova/Tukey test, **Kruskal Wallis Anova/and Mann 
Whitney. P < 0.05. Ns = not significant.

Source: Prepared by the authors, Soares et al. (2022).

In the evaluation of pulmonary function based on spirometry, in the comparison 
between the GControl, GTransport, and GFighter, we observed slightly higher mean values in 
the Forced Vital Capacity (FVC), Forced Expiratory Volume in One Second (FEV1), and Forced 
Expiratory Flow (FEF25-75%) in the groups of fighter pilots compared with the other groups, 
although without significant changes (Table 2).

Table 3 presents the pulmonary function results from the plethysmographic param-
eters, in which Residual Volume (RV), Total Lung Capacity (TLC), and RV/TLC showed 
lower mean values in the group of f ighter pilots compared with the other groups. Signif i-
cant RV and RV/TLC modif ications were observed in the analysis between the control and 
f ighter groups. Resistance, whether measured using plethysmography or FOT (Table 4), 
showed progressively higher mean values, with a proportional drop in conductance.  
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In addition, we  also saw an increase in ventilatory workload measured through Z4Hz, 
although without statistically significant changes.

Table 2 – Spirometric measurements of the studied groups – GControl × GTransport × GFighter

Parameters GControl GTransport GFighter p

FVC L 4.97 ± 0.22 5.11 ± 0.34 5.47 ± 0.61 ns*

FVC % 98.39 ± 7.24 96.46 ± 7.35 102.52 ± 7.44 ns*

FEV1 L 3.97 ± 0.49 4.36 ± 0.47 4.32 ± 0.55 ns*

FEV1 % 95.59 ± 10.70 98.76 ± 8.10 97.91 ± 9.55 ns* 

FEV1/FVC L 80.8 ± 5.87 85.48 ± 8.72 79.11 ± 5.39 ns*

FEV1/FVC% 96.95 ± 7.37 102.46 ± 10. 70 95.23 ± 6.70 ns*

FEF 25-75 % L 4.02 ± 1.20 4.69 ± 25. 47 4.1 ± 0.97 ns*

FEF 25-75 % 86.84 ± 23.99 95.07 ± 25. 47 85.96 ± 20.25 ns*

FEF 25-75/FVC L 0.82 ± 0.24 0.92 ± 0.27 0.75 ± 0.17 ns*

FEF 25-75/FVC % 88.27 ± 23.58 99.85 ± 31. 30 84.17 ± 20.94 ns *

Subtitle: FVC – Forced Vital Capacity; FEV1 – Forced Expiratory Volume in One Second;  
FEF – Forced Expiratory Flow. Results presented as mean ± standard deviation.  

*Anova/Tukey test, **Kruskal Wallis Anova/and Mann Whitney. P < 0.05. Ns = not significant.
Source: Prepared by the authors, Soares et al. (2022).

Table 3 – Plethysmography measurements of the studied groups – GControl × GTransport × GFighter

Parameters GControl (0) GTransport (1) GFighter (2) p

RV L 2.63 ± 0.98 1.91 ± 1.05 1.79 ± 0.82 ns*

RV % 147.3 ± 53.36 105.46 ± 61. 81 100.16 ± 46. 101 0-2 *

TLC L 7.49 ± 1.29 6.65 ± 0.88 7.23 ± 0.99 ns*

TLC % 110.25 ± 15.79 93.46 ± 13. 65 100.71 ± 12. 55 ns**

RV/TLC L 33.96 ± 9.28 27.57 ± 11. 42 24.2 ± 9.05 0-2*

RV/TLC % 130.2 ± 37.08 108.56 ± 46. 75 93.96 ± 35. 64 0-2*

Raw L 2.54 ± 1.25 2.61 ± 1.93 3.08 ± 1.27 ns*

Raw % 186.7 ± 94.28 190.4 ± 132. 30 229.63 ± 93. 70 ns*

Sgaw L 0.15 ± 0.08 0.14 ± 0.05 0.1 ± 0.03 ns**

Sgaw % 68.33 ± 39.30 64.05 ± 26. 98 46.89 ± 14. 81 ns**

Subtitle: RV – Residual Volume; TLC – Total Lung Capacity; Raw, Resistance of the respiratory system;  
Sgaw, Conductance of the respiratory system. Results presented as mean ± standard deviation.  
*Anova/Tukey test. **Kruskal Wallis Anova/and Mann Whitney. P < 0.05. Ns = not significant.

Source: Prepared by the authors, Soares et al. (2022).
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Table 4 – FOT measurements of the studied groups – GControl × GTransport × GFighter

Parameters  GControl (0)  GTransport (1) GFighter (2) p

fr 12.80 ± 3. 62 10.69 ± 2.91 11.13 ± 3.43  ns **

Xm 0.38 ± 0.33 0.53 ± 0.31 0.54 ± 0.36 ns *

R0 2.86 ± 0.74 2.33 ± 0.75 3.08 ± 0.82 ns *

S 2.83 ± 16.73 3.23 ± 18.41 10.44 ± 16. 59  ns **

Rm 2.89 ± 0.77 2.37 ± 0.64 3.18 ± 0.81 ns*

Cdyn 0.02 ± 0.00549 0.025 ± 0.009 0.02 ± 0.005 ns*

Z4Hz 3.57 ± 0.99 2.93 ± 1.10 3.72 ± 0.98 ns*

Subtitle: fr, Resonance Frequency; Xm, Mean Reactance; R0, Total Respiratory System Resistance; S, Slope 
Coefficient of the Resistance Curve; Rm, Mean Resistance; Cdyn, Dynamic Compliance of the Respiratory 

System; Z4Hz, Impedance Module of the Respiratory System. Results presented as mean ± standard deviation. 
*Anova/Tukey test, **Kruskal Wallis Anova/and Mann Whitney. P < 0.05. Ns = not significant.

Source: Prepared by the authors, Soares et al. (2022).

We analyzed the subjects based on subgroups of flight hours to clarify whether the 
changes found would be related to exposure to the G-load alone or to the time of exposure to 
altitude. For this characterization, the sample lost homogeneity for anthropometric parame-
ters, with a significant change for age (Table 5). Furthermore, we identified a significant inverse 
correlation in comparing flight hours and the spirometric parameters FEV1/FVC and FEF25-75% 
in their absolute values (Table 6). For correlations between plethysmography and FOT param-
eters, there were no significant changes.

Table 5 – Anthropometric data from characterization by flight hours

Parameters GControl GPilots P

(N = 18) (0) Up to 1000 h
(N = 4) (1)

1000 to 1500 h
(N = 10) (2)

> 1500 h
(N = 5) (3)

Age (years) 33.27 ± 5.63 28.75 ± 0.5 30.77 ± 1.56 33 ± 1.78 1-2, 1-3, 2-3**

Weight (kg) 80.22 ± 8. 62 80 ± 5.58 85.96 ± 7.10 79.31 ± 8.14 ns*

Height (cm) 175.16 ± 5.28 178 ± 9.20 178.36 ± 5.46 176 ± 5.93 ns*

BMI (kg/m2) 26.06 ± 2.13 25.94 ± 2. 13 26.98 ± 1.40 25.2 ± 2.62 ns*

Note: Results presented as mean ± standard deviation. *Anova/Tukey test. **Kruskal Wallis Anova/and 
Mann Whitney. P < 0.05. Ns = not signif icant.

Source: Prepared by the authors, Soares et al. (2022).

In Tables 7, 8, and 9, we observe the behavior of lung function with the progression 
of time of exposure to air activity given the results of spirometric, plethysmographic, and FOT 
parameters, respectively.
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Overall, we observed a slight increase in the average values of FVC in liters (L) and 
percentage (%) and FEV1 (L and %) with increasing flight hours. We also noted increased mean 
values of FEV1/FVC (L and %), FEF25-75% (L and %), and FEF/FVC (L and %) when comparing 
the GControl and subjects with up to 1000 flight hours, with a subsequent decrease in the 
subjects with 1000 to 1500 and those with more than 1500 flight hours. However, values were 
within normal limits. The plethysmographic parameters RV, TLC, and RV/TLC (L and %) 
decreased when comparing GControl with GPilots, with increasing exposure in flight hours. 
The resistance progressively increased compared with the GControl, with a slight decrease in 
conductance observed only in the groups with more than 1000 flight hours. The increase in the 
work of breathing was seen when comparing GControl with Pilots, with increased mean values 
with increasing exposure in flight hours.

Table 6 – Correlation between flight hours and spirometric parameters

Horas de voo FVC L FEV1 FEV/FVC FEF25-75%
FEF/
FVC

R .042 -.318 -.498 -.468 -.476

p .865* .184* .030* .044* .039*

Note: Results presented in correlation. P < 0.05 was considered significant.  
* Pearson correlation, **Sperman correlation.

Source: Prepared by the authors, Soares et al. (2022).

Table 7 – Spirometric results with the characterization by flight hours

Parameters G Control GPilots P

(N = 18) (0) Up to 1000 h
(N = 4) (1)

1000 to 1500 h
(N = 10) (2)

> 1500 h
(N = 5) (3)

FVC L 4.97 ± 0.22 5.08 ± 0.21 5.46 ± 0.62 5.37 ± 0.62 ns*

FVC % 98.39 ± 7.24 95.95 ± 8.58 102.08 ± 8.25 101.4 ± 5.91 ns*

FEV1 L 3.97 ± 0.49 4.53 ± 0.47 4.32 ± 0.57 4.21 ± 0.49 ns*

FEV1 % 95.59 ± 10.70 102.07 ± 7.85 97.47 ± 9.93 96.5 ± 8.28 ns*

FEV1/FVC L 80.8 ± 5.87 89.20 ± 8.17 79.12 ± 5.22 78.67 ± 5.45 ns*

FEV1/FVC % 96.95 ± 7.37 106.45 ± 11.17 95.25 ± 6.63 94.9 ± 6.17 ns*

FEF 25-75 % L 4.02 ± 1.20 5.275 ± 1.34 4.095 ± 0.97 3.89 ± 0.92 ns*

FEF 25-75 % 86.84 ± 23.99 104.25 ± 27.24 84.78 ± 19.99 84.64 ± 19.21 ns*

FEF 25-75/FVC L 0.82 ± 0.24 1.03 ± 0.25 0.75 ± 0.16 0.73 ± 0.18 ns*

FEF 25-75/FVC % 88.27 ± 23.58 110.32 ± 34.26 83.36 ± 20.78 83.7 ± 19.29 ns* 

Subtitle: FVC, Forced Vital Capacity; FEV1, Forced Expiratory Volume in One Second; FEF, Forced Expiratory 
Flow. Results presented as mean ± standard deviation. *Anova/Tukey test, **Kruskal Wallis Anova/and Mann 

Whitney. P < 0.05. Ns = not significant.
Source: Prepared by the authors, Soares et al. (2022).
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Table 8 – Plethysmographic results with the characterization by flight hours

Parameters G Control GPilots P

(N = 18) (0) Up to 1000 h
(N = 4) (1)

1000 to 1500 h
(N = 10) (2)

> 1500 h
(N = 5) (3)

RV L 2.63 ± 0.98 2.23 ± 1.19 1.76 ± 0.67 1.6 ± 1.07 ns*

RV % 147.39 ± 53.36 124.77 ± 69. 20 97.94 ± 33.82 91.3 ± 65.66 ns*

TLC L 7.49 ± 1.29 6.85 ± 1. 06 7.2 ± 0.98 6.91 ± 1.07 ns*

TLC % 110.25 ± 15.79 96.75 ± 16.31 99.71 ± 10.17 97.2 ± 17.84 ns** 

RV/TLC L 33.96 ± 9.28 31.26 ± 12. 54 24.22 ± 7.13 22.57 ± 11.84 0-2, 0-3**

RV/TLC % 130.22 ± 37.08 124.47 ± 50. 38 93.88 ± 28.04 87.24 ± 46.95 0-2, 0-3**

Raw L 2.54 ± 1.25 2.60 ± 2. 32 3.01 ± 1.31 3.06 ± 1.32 ns*

Raw % 186.78 ± 94.28 183.65 ± 151. 24 223.92 ± 93.06 230.76 ± 108.12 ns*

Sgaw L 0.15 ± 0.08 0.15 ± 0.06 0.10 ± 0.03 0.10 ± 0.03 ns**

Sgaw % 68.33 ± 39.30 70.12 ± 31.34 46.86 ± 14.38 48.96 ± 16.08 ns**

Subtitle: RV, Residual Volume; TLC, Total Lung Capacity; Raw, Resistance of the respiratory system; Sgaw, 
Conductance of the respiratory system. Results presented as mean ± standard deviation. *Anova/Tukey test. 

**Kruskal Wallis Anova/and Mann Whitney. P < 0.05. Ns = not significant.
Source: Prepared by the authors, Soares et al. (2022).

Table 9 – FOT results with the characterization by flight hours

Parameters G Control
(0)

Up to 1000 h
(1)

1000 to 1500 h
(2)

> 1500 h
(3) P

fr 12.80 ± 3. 62 10.32 ± 2.48 11.45 ± 3. 96 10.74 ± 2.70  ns**

Xm 0.38 ± 0.33 0.56 ± 0.24 0.45 ± 0.36 0.65 ± 0.37 ns*

R0 2.86 ± 0.74 2.18 ± 0.92 2.98 ± 0. 76 2.96 ± 0.68 ns*

S 2.83 ± 16.73 0.97 ± 22. 70 11.57 ± 17.57 7.84 ± 13.29  ns**

Rm 2.89 ± 0.77 2.19 ± 0.75 3.09 ± 0.75 3.05 ± 0.61 ns*

Cdyn 0.02 ± 0.00549 0.029 ± 0.009 0.02 ± 0.003 0.01 ± 0007 ns*

Z4Hz 3.57 ± 0.99 2.75 ± 1. 12 3.62 ± 0.87 3.73 ± 1.23 ns*

Subtitle: fr, Resonance Frequency; Xm, Mean Reactance; R0, Total Respiratory System Resistance;  
S, Slope Coefficient of the Resistance Curve; Rm, Mean Resistance; Cdyn, Dynamic Compliance of the 

Respiratory System; Z4Hz, Impedance Module of the Respiratory System. Results presented as mean ± standard 
deviation. *Anova/Tukey test, **Kruskal Wallis Anova/and Mann Whitney. P < 0.05. Ns = not significant.

Source: Prepared by the authors, Soares et al. (2022).
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4 DISCUSSION

We will begin the discussion by considering the first and second objectives of this arti-
cle, in which we seek to compare changes in lung function between GControl and GPilots vol-
unteers and analyze exposure to flying in its different spheres, i.e., the transport pilot with low 
exposure to G-load, and the fighter pilot with high exposure.

Initially, we believed that exposure of the respiratory system to all the undesirable 
effects of aviation could trigger some process of lung damage. However, this was not identi-
fied in this study.

Despite the non-significant results, we must consider that all the subjects analyzed are 
healthy and practitioners of regular activity, with physical fitness for flying regulated by ICA 
54-1 (BRASIL, 2011) and inherent to military readiness. With these characteristics, our results 
showed parameters with a predicted cutoff point for pulmonary function behavior within nor-
mal limits, as described in the literature (GRAHAM, 2002; NEDER et al., 1999; SOCIEDADE 
BRASILEIRA DE PNEUMOLOGIA E TISIOLOGIA, 2009).

In the sample studied, the specif icity of physical training was not monitored. Apti-
tude for work was based on previously established norms for military service (BRASIL, 
2011). However, Bateman et al. (2006) report in a review article that the effects of muscle 
strength training, aerobic f itness, and resistance to fatigue on G-force tolerance are still a 
complex subject to be discussed and without evident results. Previous analyses describe 
that neither aerobic training can be considered always harmful nor strength training can 
be regarded as universally effective in improving tolerance to the G force (BULBULIAN, 
1986). For the respiratory system, there is an improvement in lung capacity and oxygen 
consumption rates by increasing the pulmonary vascular network with the practice of 
regular physical activity (MCKENZIE, 2012).

Subtle modifications such as those observed in this research, with a slight progressive 
increase in lung function in the comparison between GControl, GTransport, and GFighter, 
expressed with the help of spirometric parameters, may be a reflection of adaptations of the 
respiratory system to exposure in small doses and over many years of work and therefore must be 
considered. The reduction in RV for the same comparisons may be associated with an increase 
in FVC, optimizing the air volume available for ventilatory exchanges. Despite this, the mean 
values of TLC also decreased, countering this analogy.

Contradicting our results, other authors analyzed pulmonary function in athletes of 
different sports. They observed more significant static pulmonary volumes and greater pulmo-
nary diffusion capacity in elite swimmers compared to runner athletes. These authors credited 
their findings to possible age differences between the combined controls in addition to genetic 
characteristics, suggesting further studies for clarification (CORDAIN; STAGER, 1988).

Aerial activity and swimming practice can be similar, especially regarding the 
combination of labor gestures, as the swimmer combines periods of immersion in water, 
exercises, and apnea, with evidence of subtle changes in the permeability of the lungs 
(DROBNIC et al., 2018). For such high-performance swimming athletes, physical train-
ing at high altitudes is often used to increase physiological adaptations and, consequently, 
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improve activity performance (LUNDBY; ROBACH, 2016; RODRIGUEZ et al., 2015). 
These reflections, ultimately, shed light on the understanding that exposure to high alti-
tudes can act as a modifying factor in lung performance even in the presence of adequate 
physical conditioning, that is, analyses aligned with the results presented in our study since 
GControl and GPilots differ only in the criterion of exposure to the flight, with physical 
f itness being common to both.

There are no reports in the literature about late adaptations of the respiratory sys-
tem in exposure to high altitudes and G-force overload in combat pilots. In high-performance 
athletes, previously documented adaptations consider the pulmonary response to exercise 
much greater than the cardiovascular or peripheral muscular system (WARBURTON, 
SHEEL; MCKENZIE, 2008). Under conditions of acclimatization to work at high altitudes 
and G overload, the result may be similar.

In studies with elite athletes, minute ventilation can increase about 20 times 
compared with resting values, showing that the lung can handle heavy work demands 
(WARBURTON; SHEEL; MCKENZIE, 2008), despite suffering the consequences relat-
ing to such action.

However, in the air work environment, connotations of glory do not coexist, and the 
literature shows that flying in high G-load environments imposes strong cardiometabolic wear 
on the body (TESCH, HJORT; BALLDIN, 1983).

Bustamante-Sánchez; Delgado-Terán; Clemente-Suárez (2019) conducted a study 
with 23 male airmen in a hypobaric chamber, including pre- and post-exposure measure-
ments. The sample comprised seven transport aviation crew members, three transport 
pilots, ten helicopter pilots, and three F-18 f ighter pilots from the Spanish Air Force. 
The authors report that exposure to hypoxia increased the perception of stress and exertion 
and decreased respiratory muscle function regardless of the crew group. Transport pilots 
were more negatively affected than helicopter pilots and transport aircrew (BUSTAMAN-
TE-SÁNCHEZ; DELGADO-TERÁN; CLEMENTE-SUÁREZ, 2019). Since the f ighter 
pilot is led to experience moments of low oxygen, such as routine aerial activity, possibly, 
acclimatization conditions are established, which causes a better physiological response 
when the pilot is exposed to it again.

In that same study by Bustamante-Sánchez; Delgado-Terán; Clemente-Suárez 
(2018), FEV1 and PEF were reduced in the studied population, with this drop being 
signif icant in PEF for helicopter pilots and in PEF and FEV1, for transport crew mem-
bers, suggesting that these may be associated with symptoms of muscle fatigue respira-
tory effects after hypoxic exposure (BUSTAMANTE-SÁNCHEZ; DELGADO-TERÁN; 
CLEMENTE-SUÁREZ, 2019; POLLARD et al., 1997). Comparing the groups, the trans-
port pilots had signif icantly lower FEV1 values in the post-tests. FVC increased, and FEV1 
and PEF decreased for the group of f ighter pilots, but with no signif icant changes for the 
pre- and post-test. The authors associate the result with the different profiles of physical 
training and technical preparation of these populations (BUSTAMANTE-SÁNCHEZ; 
DELGADO-TERÁN; CLEMENTE-SUÁREZ, 2019).
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Aligned with these authors, Beer et al. (2017) observed a significant reduction in mean 
values of flows and lung capacities measured with the help of spirometry in ten US Air Force 
fighter pilots under conditions of confinement and high loads of oxygen supplementation. 
Measurements were made in the pre-flight and post-test 12 hours after the end of the flight.

Hormeño-Holgado; Clemente-Suárez (2019) evaluated 29 Spanish Air Force pilots’ 
psychophysiological responses under combat and air defense exercise conditions lasting approx-
imately 30 minutes each. Combat maneuvers were performed at altitudes between 8,000 and 
18,000 feet (with oxygen supplementation) and with G-force between 0.5 and 5.9. Spirome-
try measurements were taken two hours before and 30 minutes after the flights. The results 
presented by the authors showed a slight reduction in FVC and an increase in FEV1 and PEF, 
without significant changes, in the attack exercise condition. A similar result was seen for the 
defense exercise but with a significant modification for the FVC (HORMEÑO-HOLGADO; 
CLEMENTE-SUÁREZ, 2019).

The reduction in lung flows and volumes in acute situations such as those nar-
rated by the studies mentioned above, under conditions of immediate post-flight assess-
ment, conditions of fatigue of the respiratory muscles are plausible. Öztürk; Ilbasmiş; 
Akin (2012) describe that evidence of respiratory muscle fatigue may be associated with 
vigorous muscle maneuvers performed throughout the flight to provide mechanical assis-
tance to minimize the effect of thoracic distortion and maintain adequate venous return 
(ÖZTÜRK; İLBASMIŞ; AKIN, 2012). However, in chronic situations, such as those eval-
uated in this research, long-term low-dose exposure seems to trigger an increase in respira-
tory performance.

The strength and resistance of the respiratory muscles improve with training, sim-
ilar to what happens to the peripheral skeletal muscle. However, cellular changes in humans 
(WARBURTON; SHEEL; MCKENZIE, 2008) – or even the impact of this response on the 
pulmonary function of combat pilots – are not yet documented.

It is admissible that continuous exposure to thoracic deformations, pulmonary 
vascular alterations, airway closures, and other repercussions peculiar to the combat avia-
tion environment lead to the reproduction of tissue, airway, and lung parenchyma adapta-
tions. These facts were observed in this research through the increase in the mean values of 
respiratory system resistance measured with plethysmography and FOT, either for compar-
ison between GControl and GPilots, or for the progressive mean increase in the Control, 
Transport, and Fighter groups, proportionally to the decrease in conductance, providing a 
measure of lung gas transfer.

Additionally, the Xm measured using FOT reflects changes in lung homogeneity 
based on the elastic characteristics of the system (MELO; WERNECK; GIANNELLA-NETO, 
2000; OOSTVEEN et al., 2003). More positive mean values were observed in this research, in 
the analysis between the Control and Pilots groups, and comparing GControl, GTransport, and 
GFighter. Despite the increase in resistance and decrease in conductance, a possible improve-
ment in lung elasticity may be associated with long-term muscle gain, with better pressure vari-
ation and, thus, better ventilatory use.
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While the effects described in previous studies with combat pilots have been observed 
in acute conditions and with fewer subjects, it is possible to infer that the singularity of each 
aviation profile can create different patterns of physiological responses.

In addition, our study highlights the late changes in exposure to the deleterious effects 
of aviation, bringing a complementary look to the behavior of the respiratory system in chronic 
conditions. Considering that it is part of the fighter’s routine to use anti-G protection maneu-
vers and against the effects of G-LOC throughout the occupational flight journey (ÖZTÜRK; 
İLBASMIŞ; AKIN, 2012), it would be relevant to associate the improvement of lung function 
observed by our study in GFighter compared with the other groups to this specificity.

Healthy individuals living in these high-altitude regions have slightly better lung 
function than subjects residing at lower altitudes or sea levels (ARISTIZABAL et al., 2019; 
DUISHOBAEV et al., 2018).

Seeking to clarify whether the changes found would be related to the time of exposure 
to altitude or exposure to the G-load alone, we analyzed the subjects considering subgroups of 
flight hours, our third objective.

The change in sample homogeneity based on anthropometric parameters, with a sig-
nificant difference in the age of the subgroups analyzed, was expected since subjects who recently 
joined the FAB have yet to have the opportunity to experience more significant moments of 
exposure to flying. However, the group with the longest flight time has an average age equiva-
lent to that of the control group.

The inverse correlation between flight hours and FEV1/FVC and FEF25-75% param-
eters may clarify the possible occurrence of small airway dysfunction with increased expo-
sure to flight. These results may reflect areas of entrapment and limitation of expiratory flow 
(AZEVEDO; SANTOS, 2018), which may be associated with changes in the pulmonary 
vascular network. Results are in line with the behavior of higher mean values of resistance 
and decreased conductance of the respiratory system, also observed in this article. However, 
parameters such as RV/TLC (L and %) showed reduced values, contradicting these findings 
(AZEVEDO; SANTOS, 2018). Thus, it is plausible that we are facing initial changes and 
that not all dysfunction markers are altered.

For this sample, exposure to work at high altitudes, based on the characterization of 
accumulated flight hours, seems to bring more harmful effects to the respiratory system in the 
analyzed combat pilots. Such occurrence is independent of the presence of G overload.

The literature lacks articles describing changes in lung function in populations 
similar to the one analyzed in this study. There are previous reports of populations resid-
ing in high-altitude environments, considering the temporary effects or long-term accli-
matization (TALAMINOS-BARROSO et  al., 2020). The adaptation matches changes 
in respiratory control mechanisms (WEITZ; GARRUTO; CHIN, 2016), genetic adapta-
tions that are transferred through generations, such as the development of larger lung vol-
umes; changes in arterio-alveolar oxygen gradients; and increased uterine artery blood flow 
during pregnancy, thus suggesting a better efficiency in oxygen transport and consumption 
(TALAMINOS-BARROSO et al., 2020). The increase in RV is also reported and justified 
by the improvement in the alveolar area and a moderate increase in the number of red blood 
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cells (FRISANCHO, 2013). However, in this study, we observed a reduction in the mean RV 
values with the progression of exposure to flying.

While the changes in the respiratory system of subjects living in high-altitude 
regions aim to improve the eff iciency of oxygen consumption and transport, these seem 
to follow different adaptation pathways among people (EICHSTAEDT et  al., 2014; 
LORENZO et al., 2014).

Therefore, it is possible to infer that there is a sum of actions that influence the adap-
tations of the respiratory system of combat pilots in the face of the aerial activities that they 
carry out, from certain factors, such as exposure to high altitudes to the demands related to an 
overload of G-Force.

Indeed, more studies are needed to clarify the chronic changes in lung function in the 
population of combat pilots and if these changes remain after the exposure ends.

5 STUDY LIMITATIONS

During the data collection period, the volunteers who applied for this study were relo-
cated to other bases in Brazil, given the renovation of the airstrip at Santa Cruz Air Base in 
Rio de Janeiro, where most of the pilots in this sample were. Subsequently, in resuming the 
collection flow, the lockdown began due to the COVID-19 pandemic, remaining for almost 
two years. These facts hindered data collection with these individuals, reducing the number of 
subjects per group.

Furthermore, it is necessary to point out the complexity of the scheduling and collec-
tion scale for this group of professionals since they belong to an elite group of aviators among 
the other FAB military personnel and, therefore, have an overloaded agenda of commitments 
and missions inherent to such a function.

While the possible characterization of the practice of physical activity carried out as a 
routine by each subject in the sample could provide further clarification about the results, it was 
not the object of study of this research.

Future studies should consider these issues and the possibility of reassessing these 
groups in situations at the beginning, middle, and end of a military career, such as for combat 
pilots, with the possibility of bringing up additional information for analysis.

6 CONCLUSION

We observed a slight increase in lung function in transport and fighter pilots compared 
with the control group. For this analysis, no changes indicative of abnormalities or obstructive 
and restrictive disorders were observed.

Concerning the period of exposure in flight, we noticed a slight increase in lung 
function as exposure progressed, with possible initial damage to the small airways. However, 
the parameters continued within normal limits.

Exposure to work at high altitudes over the long term seems to have more harmful 
effects on the respiratory system than the presence of G overload.
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This study highlights the need to better understand chronic lung changes in combat 
pilots since there are no reports in the literature on such aspects. Indeed, better elucidation of 
gaps in the respective knowledge may provide strategies for improving human performance and 
the man-machine relationship.

As a future perspective, we present the research proposal on exposure to flying, analyz-
ing the aviator from school to the most advanced levels of training. This strategy could provide 
relevant data for understanding long-term lung behavior and complement the results described 
in this research.
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Food defense and operational health: Protection against 
Intentional Food Contamination in the Armed Forces

Defensa Alimentaria y Salud Operacional: Protección Contra la Contaminación 
Intencional de Alimentos en las Fuerzas Armadas

Abstract: The intentional adulteration of the food supply chain is a 
concern for governments, organizations, and societies, especially after 
the terrorist attacks of September 11, 2001, resulting in measures 
against intentional food contamination, known as Food Defense. 
This study aimed to systematize evidence on threat assessment and 
procedures that promote Food Defense actions in countries and 
the Armed Forces. The method consisted of a integrative literature 
review with searches in the Web of Science, SciELO, Lilacs, and 
Google Scholar databases. The results of this research reveal the 
application of concepts on the subject through the adoption of 
tools, such as software and checklists, with the development of Food 
Defense systems. In the government area, initiatives related to the 
implementation of legislation on intentional food contamination 
are incipient, except for the United States of America. In Brazil, it is 
necessary to address the Food Defense subject as a national security 
policy to preserve the operational health of the military.
Keywords: Food Defense; Armed Forces; Operational Health; 
Intentional Food Contamination.

Resumen: La adulteración intencional de la cadena de suministro 
de alimentos es una preocupación de gobiernos, organizaciones y 
sociedades, principalmente a partir de los atentados terroristas del 
11 de septiembre de 2001, lo que motivó la adopción de medidas 
frente a este proceso de contaminación, que pasó a denominarse 
defensa alimentaria . El objetivo de este artículo fue sistematizar las 
evidencias en cuanto a la evaluación de amenazas y procedimientos 
que promuevan acciones de defensa alimentaria en países y Fuerzas 
Armadas. El método consistió en una revisión integrativa de la 
literatura, con investigación en las bases Web of Science, SciELO, 
Lilacs e Google Académico. Los resultados revelan la aplicación de 
conceptos sobre el tema mediante el uso de herramientas, como 
software y listas de cotejo, con el desarrollo de sistemas de defensa 
alimentaria. A nivel gubernamental, las iniciativas relacionadas 
con la implementación de legislaciones sobre la contaminación 
intencional de los alimentos son incipientes, con la excepción de 
los Estados Unidos de América. En Brasil, por su parte, es necesario 
tratar la defensa alimentaria como política de seguridad nacional 
para preservación de la salud operacional del efectivo militar.
Palabras clave: Defensa Alimentaria; Fuerzas Armadas; Salud 
Operativa; Contaminación intencional de alimentos.
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1 INTRODUCTION

The global population is expected to reach at least nine billion inhabitants by the 
year 2050, requiring up to 70% more of the resources currently used. This will create the need 
for other productive food systems and the development of sustainable logistics articulations 
(FRITSCHE, 2018).

According to Pitaluga and Le Bourlegat (2022), the food system is the junction 
of elements and activities related to production, processing, distribution, preparation, and 
consumption, with particularities intrinsic to the food supply chain. This configuration pres-
ents a continuous increase in complexity, diversity, and interdependence of domestic and 
global systems, with the development of risk management strategies to protect food supply 
processes from possible adulterations, regardless if intentional or not, establishing param-
eters in order to minimize economic impacts and public health problems (ANDRADE; 
OLIVEIRA; SILVA, 2021).

For decades, the intentional contamination of food has been a concern to various 
sectors in developed countries. In December 2004, at a press conference in which he would 
announce his departure from the U.S. Department of Health and Human Services, then-secre-
tary Tommy Thompson questioned why terrorists had not attacked the food chain in Ameri-
can territory, “because it was so easy to do” (NATIONAL ACADEMY OF SCIENCES, 2006). 
The World Health Organization recognizes the intentional contamination of food as one of 
the greatest health threats of the 21st century, which can be used as a tool for terrorist attacks 
(WORLD HEALTH ORGANIZATION, 2007).

The issue of Food Defense is an important topic in protecting businesses and consum-
ers from internal and external threats (INTERNATIONAL ORGANIZATION FOR STAN-
DARDIZATION, 2019), especially after September 11, 2001, which has since brought a con-
cern about food supply chain security to governments, organizations and societies worldwide. 
The topic of food defense relates to all forms of malicious action to contaminate batches or 
supply chains (MANNING, 2023). The United States Food and Drug Administration (FDA) 
(2022) defines food defense as the effort to protect food from acts of intentional adulteration.

The potential impact of intentional contamination on human health can be esti-
mated by extrapolating the many documented examples of unintentional outbreaks of Food 
and Waterborne Diseases (FWD) (SOBEL, 2005). However, some typical cases of intentional 
contamination have gained repercussions among consumers. For example, the contamination 
of lots of strawberries with needles in Australia in 2018, which brought a very negative impact 
on the product with economic losses and the drastic reduction of consumption due to the loss 
of confidence in its sanitary quality.

According to Andrade, Oliveira and Silva (2021), there is a knowledge gap about 
which food defense strategies need to be addressed, with the need for organizations in the food 
chain to adopt different defense plans. To identify these strategies, it is important to recognize 
the different agents that can be qualified as threats, and which are classified by Manning (2023) 
into five categories: agents that practice espionage; extortion; sabotage; extremists and activists.
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Causing food shortages has always been a method of warfare, with the restric-
tion or destruction of food being a way to obtain military advantage either by offensive or 
defensive actions, and that not infrequently determines the results of a battle (SEVERINO; 
ALMEIDA, 2017).

The objectives of this article were to systematize the evidence on the evaluation of 
threats and procedures that promote actions in food defense, ensure the food supply chain 
protection against intentional contamination; the protection of health and operationality in 
the Brazilian military and abroad, as well as present the history and concepts of food defense 
addressed by different organizations and researchers.

2 METHODS

This article was developed by means of a integrative literature review through research 
conducted by the authors. The research sought initial information of a reality for the formu-
lation of hypotheses on the reality of food defense. Bibliographic sources, documents, laws, 
regulations and technical references were used. In addition, existing systems related to food 
defense were studied.

The following guiding question was used to complete the research: what are the evi-
dence, concepts and actions in Food Defense used in the military and civilian environments of 
different countries? With this, the history of incidents of intentional food contamination, as 
well as the possible characteristics of the individuals who carry out these actions were consid-
ered. For the selection of the studies, the PICO (Participant, Intervention, Comparison, and 
Outcome) strategy was chosen, according to Schveitzer et al. (2016), and described in Table 1. 
The elaboration of the research question and the literature search allowed obtaining the best 
information available and directing the literature review performed. Finally, it is emphasized 
that the search was limited to articles written in English and Portuguese.

Table 1 - Inclusion criteria adopted by means of the PICO strategy

Acronym Definition Description

P Participants Military and Civilian Agencies

I Intervention
Analysis of actions (procedures) in food defense in the 

military and civilian environments of various countries,  
in face of intentional food contamination

C Comparison
Situation of food defense in Brazil and in other nations  

(civil and military environment). History of malicious actions 
of food contamination in Brazil and in the world

O Outcome Armed Forces presenting functional food defense plan

Source: Prepared by the authors, 2023.
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A retrospective observational study was conducted, organized according to the 
Preferred Reporting Items for Systematic Reviews and Meta Analysis (Prism), based on the 
literature on food defense.

Literature review was independently performed by the main author and a researcher, 
assisted by a selection of studies published in Pubmed; Capes; Scielo; Lilacs; Web Science and 
Google Academic, using the same search criteria for all databases. Regarding the location of 
the articles, the following combinations were used: food defense OR food fraud AND food 
defense AND food fraud OR intentional food contamination AND intentional adulteration. 
The references of eligible studies were analyzed to find other publications of interest by the 
cross-reference method.

Thus, the inclusion factors were defined according to the words and combi-
nations essential to the search, the conceptualizations needed to understand the factors 
linked to intentional food adulteration, and the key characteristics intrinsic to the types 
of threats of this intentional contamination. After the search, the articles were selected by 
title and abstract. Figure 1 presents the sequence for establishing the criteria for inclusion 
of studies in the search.

Figure 1 - Sequence of Criteria for Including Studies

CHARACTERISTIC 
TERMS OF THREATS

SEQUENCE OF CRITERIA FOR 
THE INCLUSION OF STUDIES

TERM COMBINATIONS

01 02 03

food defense OR food fraud
food defense AND food fraud

intentional food contamination
intentional adulteration

Changes for economic reasons
Malicious contamination of food
Integrity of people and products

espionage
extortion
sabotage

extremism
terrorism

CONCEPT OF FRAUD. 
FOOD DEFENSE AND 

INTEGRITY

Source: Prepared by the authors, 2023.

There was no limitation as to the period of publication, in order to contemplate the 
scientific production up to the time of the research.

After reading the title and abstract, we adopted as exclusion criteria the studies 
that predominantly focused on food safety, whose concepts refer to unintentional contam-
ination of food.

Reading the articles in their entirety was the final step of inclusion. Original articles meet-
ing the inclusion and exclusion criteria were consulted and selected. The search was conducted 
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from February 2018 to September 2022. The levels of evidence were ranked according to the 
Grid system of the Methodological Guidelines handbook of the Brazilian Ministry of Health 
(BRASIL, 2014), presented in Chart 1.

Chart 1 - Ranking of levels of evidence

LEVEL DEFINITION IMPLICATIONS SOURCE OF INFORMATION

HIGH

There is strong 
confidence that the true 

effect is close to the 
estimated one

It is unlikely that additional 
work will change confidence 

in the effect estimate

- Well-designed clinical trials with a 
representative sample

- In some cases, well-designed 
observational studies with 

consistent findings

MODERATE

There is strong 
confidence that the true 

effect is close to the 
estimated one

Future work may change 
confidence in the effect 
estimate, and may even 

modify the estimate

- Clinical trials with mild 
limitations

- Well-designed observational 
studies with consistent findings

LOW Limited confidence in 
the effect

Future work is likely to 
have a major impact on 

our confidence in the effect 
estimate

- Clinical trials with moderate 
limitations. - Comparative 

observational studies:  
cohort and case-control

VERY LOW

Confidence in the effect 
estimate is very limited. 
There is an important 

degree of uncertainty in 
the findings

Any effect estimate is 
uncertain

- Clinical trials with  
severe limitations

- Comparative observational studies 
with presence of limitations

- Non-comparative  
observational studies

Expert opinion

Source: Brazilian Ministry of Health (2014).

3 RESULTS AND DISCUSSION

The objectives of this article were to systematize the evidence on the evaluation of 
threats and procedures that promote actions in food defense capable of ensuring the food logis-
tic chain protection against intentional contamination; the protection of health and operation-
ality in the Brazilian military and abroad. In addition, it intends to present a history regarding 
voluntary contamination, and to investigate some food defense concepts addressed by different 
organizations and researchers.

In total, 32 articles were included in the final review, as indicated in the flow diagram 
(Figure 2). The results of this review show the diversity of the variables between the types of 
malicious threats practiced, of system vulnerabilities, and the strategies used for analysis and 
adoption of measures related to food defense.

The total of 12 studies surveyed addressed tools for applying food defense checklists 
in a system, infrastructure, or mass food service, enabling assessing the risk of intentional food 
contamination and their levels of evidence, as shown in Table 2.
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Figure 2 - Flow diagram of the studies included in the integrative literature review

Number of studies 
identified on the 
searched database

(n = 50)

Studies available
(n = 50)

Duplicates
(n = 2)

Number of complete 
articles evaluated for 

eligibility
(n = 48)

Studies included in 
the review

(n = 32)IN
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Studies excluded 
after reading the title 

and abstract
(n = 5)

Studies excluded after 
reading the full text

(n = 11)
Exclusion reasons:

Studies with different 
populations;

Studies that solely 
evaluated vulnerabilities;

Studies about 
the psychology of 

food crimes;
Studies solely about the 

safety of food.

Source: adapted from Moher et al., 2009

Table 3 presents 20 studies included in the review after evaluation for inclusion in this 
article. The studies listed in Tables 2 and 3 were those included in the review (n = 32). Based on 
the results obtained in the use of these tools (Table 2) and, together with the application of the 
conceptual bases (Table 3), the conditions for adopting measures that promote actions in food 
defense and ensure the protection of the food supply chain were provided.
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3.1 History

History describes several examples of supply disruptions or purposeful food con-
tamination being used as military attacks on the enemy (BUCHANAN; APPEL, 2010). 
The  importance of logistical support has long been considered vital to staying in combat, 
legitimizing the famous phrase asserted by Napoleon Bonaparte: “An army marches on its 
stomach” (BRAZIL, 2019a).

The history of intentional contamination events is highlighted in the studies pre-
sented by Dalziel (2009), Severino; Almeida (2017) and Praia; Henriques (2021) (Table 3).

During the siege of Leningrad in World War II, Hitler sought extermination by starva-
tion of the dominated populations, as recorded by Max Hastings (2012):

Professor Ernst Ziegelmeyer of the Munich Nutrition Institute - one of the many 
scientists who gave diabolical advice to the Nazis - was consulted about the practi-
calities (imposing starvation on Leningrad). He agreed that there was no need for a 
battle; it would be impossible for the Russians to provide their besieged citizens with 
more than 250 grams of bread per day, a ration insufficient to sustain human life for 
an extended period of time. (HASTINGS, 2012, p. 183-184)

In 2001, material found at the Tarnak farm training camp in Afghanistan sug-
gested the interest of the terrorist group Al-Qaeda in pathogens of plant and animal origin 
(DALZIEL, 2009).

From 1998 to 2008, the following agents have been identified as being involved in 
deliberate food contamination events: arsenic, cyanide, feces, herbicide, household cleaning 
chemical, insecticide, nicotine sulfate, pesticide, rodenticide, and tetramine. It is worth noting 
that some countries have already experienced intentional contamination events with repercus-
sions on public health, for example, Australia, Canada, China/Hong Kong, Iraq, Italy, Japan, 
Korea, the Philippines, Taiwan, Thailand, and the United States of America (DALZIEL, 2009).

In Brazil, the Figueiredo Report describes that the Cinta Larga tribe in Mato Grosso 
would have been exterminated in July 1963 due to dynamites thrown from an airplane toward 
the indigenous community. In addition, it is known that strychnine, a toxic substance, was 
added to sugar. This crime became known as the Massacre of Parallel 11, resulting in 3,500 
indigenous deaths (VANÇAN; RODRIGUES, 2021).

In 1981, Spain had one of the largest outbreaks in history, in which a case called Toxic 
Oil Syndrome was reported, leaving 19,904 people sick and more than 300 people dead. The 
Raelca company was distributing olive oil characterized as pure, but in a suspect product dena-
tured rapeseed oil was found with 2% aniline mixed with animal and vegetable fat (MCKAY; 
SCHARMAN, 2015). This case refers to a crime against public health, due to an adulteration 
for economic reasons (food fraud).

In 1989, a shipment of grapes from Chile was identified as being contaminated with 
cyanide. An anonymous tip made to the United States Embassy in Santiago alerted the authori-
ties about the potential intentional contamination. The FDA banned imports of fruit produced 
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on Chilean territory, including nectarines, plums, peaches, apples, pears, raspberries, and straw-
berries, among others. At the time, fruit exports represented the second most important eco-
nomic activity in the Latin American country. The incident resulted in the loss of US $300 
million in revenue, and consumers became suspicious of products of Chilean origin (FOOD 
AND DRUG ADMINISTRATION, 2015).

In the last three decades, there have been some cases caused by the deliberate use of 
biological agents. Noteworthy is the salmonellosis outbreak that, in 1984, affected 751 peo-
ple, with 45 hospitalizations due to contamination of a restaurant salad buffet perpetrated by 
an Indian religious sect (RAMBAUSKE; CARDOSO; NAVARRO, 2014).

In 2018, Australia investigated a series of cases in which sewing needles were found 
inside strawberries sold at retail, a fact reported in at least six states and territories. One man 
was taken to hospital after eating one of the fruits. Several brands of the product have been 
pulled from the country’s shelves, while New Zealand’s largest supermarkets have stopped 
selling Australian strawberries as a precautionary measure. At the time, Australia’s Minister 
of Health, Greg Hunt, said that such an action was a brutal crime as well as an attack on the 
public. In 2018, Australia revised its food protection regulations based on these incidents of 
intentional adulteration (BASHURA, 2020).

Brainard and Hunter (2016) verified 84 incidents of water supply poisoning, of 
which 65% were against the consuming community and 9.5% affected the water supply of 
police, military, or refugees. With regard to food, the authors report that out of a total of 224 
attacks, 25% were unaccounted for; 22% were for extortion; 10% were for other financial rea-
sons; 16% were politically motivated; 9% were malicious attacks; 5% were for labor disputes, 
and 12% were for other reasons.

Chart 2 lists some incidents in which malicious actions of intentional food contam-
ination had repercussions in the media for the consequences (social, political, economic or 
health) of the malicious act.

Chart 2 - Incidents of intentional food contamination with media repercussions and their motivations

Date Site Event Motivation

1984 Oregon (USA) Salmonella sp. contamination in  
ready-to-eat salads in a restaurant 

Boycott of local elections by  
the Rajneesh sect

1990 United 
Kingdom

Food contamination with  
glass and razor blades Malicious contamination

2005 England Contamination of bread with  
needle fragments Malicious contamination

2008 China Infant milk powder adulterated with melanin Economic Motivation

2013 Not reported Substitution of alcoholic beverages with acids Malicious contamination

2018 Australia Series of cases where sewing needles were 
found inside strawberries sold in retail No rational reason for the action

Source: Adapted from Dalziel (2009); Severino; Almeida (2017); Praia; Henriques (2021).
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3.2 Concepts

The concepts of safety, accessibility, defense, fraud and quality share some seman-
tic features, and hold proximity to each other when it comes to food area (SEVERINO; 
ALMEIDA, 2017).

The term food safety, associated with food sanitary safety, refers to the conditions 
and practices to preserve the safety of food in the production chain. Its goal is to pay atten-
tion to biological, physical or chemical hazards in order to avoid contamination and food- 
and water-borne illnesses (DTHA) (SEVERINO, 2016).

In turn, food security (accessibility) is def ined by the World Health Organiza-
tion(2002) “as suff icient, safe access to food with suff icient nutrients to maintain peo-
ple’s health and life”. The concept of accessibility is multidimensional and refers both to 
the security of food supply and the physical and economic accessibility of nutritious food 
(SEVERINO; ALMEIDA, 2017).

Food fraud, in turn, including the subcategory of economically motivated adul-
teration (EMA), is an intentional illegal action for economic gain (SPINK, et al., 2019). 
Incidents of this type of fraud pose a considerable threat to the economic stability of 
the agri-food industry, as well as the health and welfare of consumers (LEE; FENOFF; 
SPINK, 2021).

The broader concept of food quality refers to the characteristics that determine 
the value of the product for customers and consumers, and the ability of food to satisfy the 
needs of those who consume it (SEVERINO; ALMEIDA, 2017). According to Moerman 
(2018), food quality also refers to the technical specif ications of a given food.

The Institute of Food Science & Technology (2018) understands that food integ-
rity is associated not only with the nature, composition, quality, and safety of food, but 
also with other aspects of production, including modes of procurement and distribution. 
Manning and Soon (2016) describe four types of food integrity issues: (i) product integrity 
(authenticity); (ii) process integrity; (iii) people integrity; and (iv) data integrity.

According to the Food Safety System Certif ication 22000 (INTERNATIONAL 
ORGANIZATION FOR STANDARDIZATION, 2019), food defense is an important 
topic for protecting businesses and consumers from internal and external threats.

There are several def initions of food defense by technical entities and off icial 
bodies, and all have similarities in their fundamentals. Table 4 presents these concepts and 
their different objects.

According to Robson et al. (2021), all concepts about food defense refer to actions 
to protect against willful contamination whose purpose is to cause some kind of harm.
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Table 4 - Concepts in Food Defense

REFERENCE CONCEPT CONCEPT OBJECTS

British Retail Consortium 
(2015)

It considers Food Defense as the procedures 
adopted to ensure the safety of raw materials and 

products against malicious contamination

Certifiable standards and new 
methodologies in Food Defense

Manning; Soon (2016)
Food Defense reflects the protective activities and/
or the process or procedures that ensure product 
safety regarding intentional acts of adulteration

Food fraud and Food defense

PAS 96 (2017)

These are procedures adopted to ensure that 
food and beverage and their supply chains are 

protected from ideological or malicious attacks 
leading to contamination or disruption of supply

Types of threats to  
the supply chain; describes 

threat evaluation and  
critical control points

GFSI (GLOBAL FOOD 
SAFETY INITIATIVE 
FOUNDATION, 2017)

Process for ensuring the safety of food and 
beverages regarding all forms of intentional 

malicious attacks, including those ideologically 
motivated that lead to contamination

Types of supply chain threats

FDA (2009)

It is the effort to protect food from intentional 
adulteration through acts intended to cause large-

scale harm to public health, including acts of 
terrorism targeting the food supply

Prevention of actions against 
food terrorism, agroterrorism, 
national security and defense, 
and supply chain protection

Moerman (2018)

Food Defense focuses on reducing the occurrence 
and impact of intentional contamination 
or adulteration of food that is politically, 

economically motivated, or revenge-based

Framework in Food Defense 
from “field to plate”

Source: the authors (2023).

3.3 Food Defense and the International Reality

The global food trade is very connected, and a country’s food supply must be domes-
tically monitored to prevent contamination, adulteration, and fraudulent activities (LOPES 
et al., 2020). This trade is complex and constantly evolving. Due to discrepancies in the food law 
systems of different countries, the standardization of international food safety rules is of utmost 
importance to reduce trade barriers (PRAIA; HENRIQUES, 2021).

The studies presented in Table 3, such as World Health Organization (2002, 2007), 
Dalziel (2009), Moerman (2018), Manning (2019) approach food defense as a topic of interna-
tional relevance in the military and civilian spheres.

Intentional contamination can have diverse origins and be caused by employees or 
individuals external to the food preparation environment, such as members of terrorist groups 
(BRITISH STANDARD INSTITUTION, 2017). Furthermore, this adulteration can be the 
result of a process of food counterfeiting or product detour (PRAIA, 2017).
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Another possibility is the specific activity linked to agroterrorism, an action per-
petrated by a person or a group aimed at destroying the agricultural industry and/or dis-
rupting a country’s food supply (MOERMAN, 2018). Food terrorism is an act of deliberate 
post-harvest contamination, in which the product is adulterated with chemical, physical and 
biological agents or radioactive material in order to cause illness or death in the civilian popu-
lation, in addition to causing social, economic and political instability (WORLD HEALTH 
ORGANIZATION, 2008).

In recent years, regulatory authorities, food companies and consumers have glimpsed 
the need to develop effective defense systems regarding these products (DAVIDSON et al., 
2017). Given this reality, food business operators have been required to develop and implement 
defense strategies and thus ensure market entry by having their management systems certified 
by specialized companies (MANNING, 2019).

The importance of food defense has been recognized by becoming a requirement 
in global certifying standards, such as International Featured Standards (IFS) (INTERNA-
TIONAL FEATURED STANDARDS, 2020), British Retail Consortium (BRC) (BRITISH 
STANDARD INSTITUTION, 2017) and Food Safety System Certification 22000 
(INTERNATIONAL ORGANIZATION FOR STANDARDIZATION, 2019), as well as 
in government strategies, for example, those adopted by the FDA, the American body respon-
sible for controlling and regulating the production of food and medicines in the United States 
(CAVALHEIRO; RUIZ, KUSHIDA, 2021).

After the event of September 11, 2001, several countries started to adopt measures 
against malicious actions in food. In China, the Certification and Accreditation Administra-
tion (CNCA) - established under the administration of the Supervision of Quality, Inspection 
and Quarantine (AQSIQ) - has published 40 guidelines and some requirements for regulating 
food defense plans for export companies. It is worth noting that both the United Kingdom and 
Germany also have robust food defense initiatives (MOERMANN, 2018).

In late 2001, the FDA and the United States Department of Agriculture (USDA) tried 
to determine the readiness of the U.S. food system against an intentional attack, thus emerging 
the first law passed in June 2002, also known as the Public Health Security and Bioterrorism 
Preparedness and Response Act (SEVERINO; ALMEIDA, 2017). 

The Asia-Pacific Economic Cooperation (APEC) Counter-Terrorism Force (CTTF) 
started examining this issue in 2006, with initiatives to mitigate the food supply terrorism 
threat (DALZIEL, 2009).

3.3.1 Food Defense in the United States of America and European Countries

Cited in Table 3, the studies by Mara; McGrath (2009) and USDA (2018) address 
food defense in the United States of America. In addition, analyses by the Association Française 
de Normalisation (2015); Severino; Almeida (2017); Davidson, et al. (2017); Centre for the 
Protection of National Infrastructure (2021); Alves (2021); Praia; Henriques (2021); Rapid 
Alert System for Food and Feed (RASFF) (2022) in European countries.
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The United States of America considers the food and agriculture industry as one 
of the 16 critical infrastructure sectors, and the USA is the country where the concepts 
of food defense emerged. The FDA plays a leading role in various initiatives to protect 
food from acts of intentional and unintentional adulteration, as well as to help organiza-
tions prevent, prepare for, respond to, and recover from acts of intentional adulteration 
of the food supply (FOOD AND DRUG ADMINISTRATION, 2022). The Federal 
Bureau of Investigation (FBI) has already demonstrated concern about the dangers 
related to agroterrorism and food terrorism and their consequences, promoting work-
shops on the subject among several state and non-state agencies (FEDERAL BUREAU 
OF INVESTIGATION, 2007).

After the September 11, 2001 attacks, food defense gained legal consistency through 
the Public Health Security and Bioterrorism Preparedness and Response Act in 2002. In Janu-
ary 2011, a new legal framework was adopted for food safety in the United States through the 
Food Safety Modernization Act (FSMA), when the development of management systems for 
food supply defense, analysis methodologies, support software, and educational resources was 
intensified (SEVERINO; ALMEIDA, 2017).

The United States Food Safety and Inspection Service has functional food 
defense plans, an important tool that a producer can use to prevent, protect, mitigate, 
respond, and recover from an intentional contamination incident (UNITED STATES 
OF AMERICA, 2018).

Several actions are taken by various agencies and institutes around the country, such 
as the National Center for Food Protection (FOOD PROTECTION AND DEFENSE 
INSTITUTE, 2022), which has developed multidisciplinary research and guided programs 
that address the vulnerabilities of the nation’s food system to attacks by intentional contam-
ination with biological or chemical agents. The Indiana State Department of Health (2011) 
presents a food protection program with a food defense section. The FBI (2014), with the FDA 
participation, has held a few workshops demonstrating the real threat and the devastating effect 
of a successful malicious food contamination action.

Although the threat of intentional and malicious contamination is a reality of food 
terrorism, European policy-makers have not yet legally defined food defense, let alone framed it 
in legislation (ALVES, 2021). According to Moermann (2018) there are few government regu-
lations that deal with food defense.

In Portugal, issues regarding vulnerabilities are contained in the strategic concept of 
national defense (PORTUGAL, 2013). The legal framework of food defense in Portugal will 
be done through the European food legislation. However, companies certified by BRC Food, 
IFS Food and FSSC 22000 standards present a more robust concept regarding food defense 
(SEVERINO; ALMEIDA, 2017).

France has the methodological guide Protection de la chaîne alimentaire con-
tre les risques d’actions malveillantes, criminelles ou terroristes, which was prepared by 
the French Association of Technical Standards (ASSOCIATION FRANÇAISE DE 
NORMALISATION, 2015), which formed a pool of organizations to reflect on the 
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solutions they could implement within a Food Defense approach, considering, above all, 
the requirements of the IFS Food 6.

In the United Kingdom, the Critical National Infrastructure (CENTRE FOR THE 
PROTECTION OF NATIONAL INFRASTRUCTURE, 2021) has identified the food sec-
tor as one of 13 sectors necessary for the functioning of the country. Unlike the continental 
Europe, the United Kingdom has followed the United States in food defense (SEVERINO; 
ALMEIDA, 2017).

As part of the studies and discussion, the British Standards Institution (2017) 
published the PAS 96:2017, i.e. a guide intended to protect and defend food and drink 
from deliberate attacks.

3.3.2 Food Defense in Brazil

Brazil is internationally recognized for its agricultural vocation. It produces and 
exports meats, fruits, cookies, chocolates, wines, cachaça, special coffees, organic products, 
honey, dairy products, nuts and other products, which support the image of a competi-
tive, innovative and sustainable country (AGÊNCIA BRASILEIRA DE PROMOÇÃO 
DE EXPORTAÇÕES E INVESTIMENTOS, 2022). In the food sector, the National 
Health Surveillance Agency (Agência Nacional de Vigilância Sanitária, Anvisa) coordi-
nates, supervises, and controls the activities of registration, inspection, surveillance, and 
risk control, and is responsible for establishing norms and quality standards (BRASIL, 
2022). This  agency has a library that gathers documents and all the current food regu-
lations. Added to this is the fact that the Ministry of Agriculture, Livestock and Supply 
(Mapa) performs activities throughout the country related to the areas of safety, quality 
and fraud in food related to agricultural defense.

Research addressing food defense in Brazil is found in Table 3, including: Figueira 
(2018), Chammem et al. (2019), Lopes, et al. (2020).

Although it has active laws and bodies, Brazil and countries such as Argentina and 
China usually present a lower classification regarding food quality and safety scores, even though 
there are internal control programs and verification of origin in commercial partner countries, 
for example, some members of the European Union (CHAMMEN et al., 2018). These data, 
if compared to the current situation of actions in food defense, unveil the vulnerability, consid-
ering the lack of national laws pertinent to intentional actions of food contamination.

According to Chammen et al. (2018), Rasff, a European platform for alerts on public 
health risks related to food safety, showed 23% of observed notifications corresponding to food 
originating from Brazil, especially meat products and seasonings containing food pathogens 
above the permitted limits.

Despite the relevance of the topic to strengthen the food chain, few countries have 
established the principles in food defense as a legal requirement, including Brazil (LOPES et al., 
2020). Indeed, Brazil, when compared to major economies, presents a limited number of com-
panies prepared to meet food defense requirements (FIGUEIRA, 2018).
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Although food defense is not a legal requirement in Brazil, it has taken on an increas-
ingly important role in Brazilian programs, notably those related to dairy products, as many 
of the producers need to meet foreign regulatory requirements for exports to these markets 
(LOPES et al., 2020).

Among the measures taken - not exactly targeted to food defense, but which can be 
considered as one of the first steps - is the measure of December 4, 2009 by the Chamber of 
Foreign Relations and National Defense of the Government Council of Brazil, which edited 
CREDEN Resolution No. 02/2009, in which it formulated guidelines related to intelligence 
activities with the following resolution:

Art. 1 Establish the following priorities for the agencies and entities integrating 
the Brazilian Intelligence system, which will direct their efforts, in the national and 
international spheres, to the areas listed below, all considered of equal relevance:
*d) biodefense of the population, and of natural and agricultural resources. 
(BRASIL, 2023)

This measure, which defined guidelines to the areas of biodefense of the population 
and of agricultural resources, may impact the action against agroterrorism and food terror-
ism, making it possible to encompass the intelligence area in issues related to Food Defense. 
However, it is worth noting that Brazil’s cultural diversity, as well as its continental size, may 
facilitate terrorism’s access in the territory (FIGUEIRA, 2018).

3.3.3 Food Defense and the Armed Forces

Research by the Brazilian Ministry of Defense (BRAZIL, 2018) and by Mara; Mcgrath 
(2009), which addresses the military issue, are presented in Table 3. The supply chain is known 
to be long and complex, which makes a comprehensive examination of military food defense 
extremely difficult (MARA; MCGRATH, 2009).

After the events of September 11, 2001, the United States Armed Forces began to show 
more concern about intentional food contamination, with the development and implementation of 
methods to prevent or mitigate these actions. In the risk evaluation methodology, operational risk 
management is a tool developed by the medical services of the United States Air Force, with the purpose 
of acting in the articulation between food safety and food defense (SEVERINO; ALMEIDA, 2017).

In the USA, every military installation is required to have a food defense plan, in which 
the Army provides a framework for its development, and every installation must have a defense 
team defined and prepared (MARA; MCGRATH, 2009).

In developed nations, the goal of malicious actions against the agri-food chain is 
mainly to create political instability and undermine socioeconomic stability, impacting the mil-
itary power (MOERMAN, 2018).

In Europe, the North Atlantic Treaty Organization (NATO) has the Allied Medical 
Publication (NORTH ATLANTIC TREATY ORGANIZATION, 2019): Defense Food 
Safety and Production Standards in Deployed Operations, which was approved by the member 
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nations of NATO at the Medical Standardization Council of the Military Committee. The agree-
ment of the 28 member nations of the organization to use this publication is recorded in the 
Standard Agreements (Stanag), which defines processes, terms and conditions for common mili-
tary-technical procedures among the alliance member nations (NORTH ATLANTIC TREATY 
ORGANIZATION, 2019).

In Brazil, the Ministry of Defense, following the evolution of the theme and inter-
ested in maintaining national security, included a new content in the Doctrine of Food and 
Nutrition of the Armed Forces - MD42-M-05, Chapter IV - Food Defense (BRAZIL, 2018). 
In 2019, the Chief of Logistics and Mobilization of the Ministry of Defense established the 
Food Defense Working Group, made up by food safety experts from the Army, Navy and Air 
Force, in order to draft the Food Defense Regulations of the Armed Forces (BRASIL, 2019c).

Among the actions of the group established, and as a result of the regulation prepared 
by the Ministry of Defense, we could mention:

•	 Diagnosis, mapping and evaluation of threats, defined as the ability of a malicious 
action to cause harm or damage to health, and of vulnerabilities, which indicates 
the ease that the threat has to perform a malicious action through the characteri-
zation of the target and facilities;

•	 Ensure that the food supply logistic chain is protected from contamination and 
disruption;

•	 Provide the mechanisms for health protection and operationality as provided in 
the Military Logistics Doctrine (MD42-M-02, 2016).

Food Defense measures should prioritize the operational health of the military per-
sonnel, including actions to prevent malicious contamination of food, in order to ensure health 
protection and military operations in Brazil and abroad.

The Brazilian Army, through a partnership with the Universidade Federal de São 
Paulo (Unifesp) and the Logistics Command (Colog) in 2020 carried out a pilot project in one 
of the 12 Military Regions. A Food Defense checklist was developed and applied to 24 Military 
Organizations (OM) located in the state of São Paulo, allowing the audited OMs to assess the 
degree of risk to intentional food service attacks. This article sought available data on threat 
evaluation and procedures in food defense in different environments. However, one limitation 
was the small number of available research in Brazil. Future studies evaluating the situation of 
food defense in Brazil are needed, proposing measures regarding the topic.

4 CONCLUSION

The current global scenario has introduced the need for greater attention to the issue 
of intentional food contamination. The history and existing concepts on the subject have pro-
moted the development of threat evaluation methodologies through checklists and software, 
as well as procedures adopted in food defense plans. However, at the governmental level, the ini-
tiatives relevant to legislation are incipient, with the exception of the United States of America. 
In Brazil, where the concepts of food defense are relatively new and little researched, the Armed 
Forces, through the establishment of a working group assisted by its technical staff and the 
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partnership with Unifesp, have been working to deepen the issue, following the good practices 
of the global military context, which pays special attention to the subject.

Facing the countless forms of malicious actions of food contamination that, although 
uncommon, may have serious consequences, it is necessary to handle food defense as a national 
security policy, preserving the consumer’s health, political and social stability, and maintaining 
the operational health of human resources and the Armed Forces.
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Does physical fitness level affect body balance and 
physiological responses after a 4 km load carriage task?

¿El nivel de aptitud física afecta el equilibrio corporal y las respuestas fisiológicas 
después de realizar un ejercicio en el cual se transporta una carga durante 4 km?

Abstract: It is not known whether higher physical fitness level 
(PFL) is really an advantage for military personnel in operational 
tasks. Objective: To investigate the effects of PFL on body balance 
and physiological responses in a 4 km load carriage task. Body 
balance was analyzed (n=22) using personal equipment (22 kg) 
before and after the 4km load carriage (treadmill). Heart rate (HR) 
was assessed throughout the task and PFL considered the result 
of the most recent Brazilian Army physical fitness test. Two-way 
mixed ANOVA and independent t-tests were applied (p<0.05). 
Load carriage significantly increased sway area (72.21±30.94 to 
102.68±48.57 mm2) and other balance variables, without effects 
of PFL. The group with excellent PFL had lower mean HR values 
(104.55±9.37 bpm) compared with the group with good or very 
good PFL (115.07±10.14 bpm). Carrying 22 kg for 4 km worsened 
body balance and the military personnel with better PFL performed 
this task with less cardiac effort.
Keywords: postural control; cardiovascular system; weight-bearing; 
military sciences; military personnel.

Resumen: No está claro si un mejor nivel de aptitud física (PFL) 
es realmente una ventaja para el personal militar en funciones 
operativas. Propósito: investigar los efectos del PFL en el equilibrio 
corporal y las respuestas fisiológicas, en un ejercicio en el cual se 
transporta una carga durante 4 km. Se registró el equilibrio corporal 
(n=22) utilizando el equipo personal (22 kg), antes y después del 
transporte de la carga durante 4 km (cinta ergométrica). La frecuencia 
cardíaca (FC) se evaluó a lo largo del ejercicio, y con el resultado 
más reciente de la prueba de aptitud física del ejército se consideró 
el PFL. Se aplicaron pruebas del tipo ANOVA de diseño mixto 
bidireccional y t independientes (p<0.05). El transporte de carga 
aumentó significativamente el área de oscilación (72,21±30,94  a 
102,68±48,57 mm2) y otras variables de equilibrio, sin efecto del 
PFL. Se observaron valores medios de FC más bajos para el grupo con 
el PFL excelente (104,55±9,37 lpm), en comparación con el grupo 
con el PFL buena/muy buena (115,07±10,14 lpm). Transportar 
22 kg durante 4 km empeoró el equilibrio corporal y los militares 
con mejor PFL realizaron este ejercicio con menos esfuerzo cardíaco.
Palabras clave: control postural; sistema cardiovascular; soporte de 
peso; ciencias militares; militares.
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1 INTRODUCTION

Military personnel are required to perform many combat qualification and training 
activities. These physical and operational tasks involve complex challenges of varying degrees 
of difficulty, such as physical activities and strenuous tactical and technical maneuvers. For exam-
ple, military troops walk long distances carrying heavy loads of supplies, ammunition, and 
equipment, besides facing psychological and physical obstacles, often resulting in what the lit-
erature calls combat fatigue (MALA et al., 2015).

The load carried by soldiers is usually stored in backpacks or packages that tend to 
require a mechanical body response and postural adjustments to maintain standing balance 
(KNAPIK; REYNOLDS; HARMAN, 2004). Postural balance can be defined as the processes 
for maintaining the body within a base of support by the congruence between the inputs of the 
visual, proprioceptive, and vestibular systems and the appropriate outputs of the neuromus-
cular system (KLEINER; SCHLITTLER; SÁNCHEZ-ARIAS, 2011; SHUMWAY-COOK; 
WOOLLACOTT, 2016). Usually, this physical capacity is objectively measured by a force plate 
(DUARTE; FREITAS, 2010) to evaluate the displacement of the center of pressure (COP). 
This parameter refers to the location of the vector resulting from the ground reaction forces 
applied on the base of support, which constitutes of the base of the feet (WINTER, 1995). 
Many variables are estimated from the COP displacements, such as area, velocity, amplitude, 
standard deviation, and frequency, which help understand the individual’s body sway pattern 
(DUARTE; FREITAS, 2010).

Previous studies showed that supporting a load (without carrying it) significantly 
increases the COP sway area, mean velocity, and sway path length (SPL) (GOLRIZ et al., 2015; 
HELLER; CHALLIS; SHARKEY, 2009; RUGELJ; SEVŠEK, 2011; ZULTOWSKI; ARUIN, 
2008). However, the behavior of these COP-based variables after load carriage tasks, which are 
very common in the routine of military troops, who need to carry equipment and armaments 
by themselves, is still unknown. Although Dahl et al. (2016) evaluated the effect of this activity 
on postural alignment (but not postural balance), resulting in greater forward head posture 
after a six-minute walk with a two-strap backpack, their studied time (only six minutes) does 
not represent real occupational tasks.

Moreover, load carriage can clearly become very strenuous depending on the specific 
performance conditions, and measuring heart rate (HR) during the activity is a way to quan-
tify the level of effort made by the troops. The scientific literature describes this parameter as 
a physiological marker of fatigue and effort used to quantify the stress resulting from physi-
cal training load (FERREIRA et al., 2017; FREITAS; MIRANDA; BARA FILHO, 2009). 
HR recording is a simple, non-invasive, and frequently applied method, which has been widely 
used to prescribe training loads due to its ease of use in monitoring the intensity of physical 
activities (LOPES; OSIECKI; RAMA, 2012).

Besides HR, rating of perceived exertion (RPE) is another physiological marker 
of physical activity intensity. This scale was developed by Gunnar Borg (1982) as a tool 
to quantify the perception of effort in a given task and is widely used for training pre-
scription due to its low cost and easy application (ESTON, 2012). In general, studies on 
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the physiological demands of individuals who carry loads over long distances showed an 
increase in HR and other variables such as oxygen consumption and RPE (GILES et al., 
2019; GRENIER et al., 2012; PIHLAINEN et al., 2014). The joint assessment of postural 
balance, HR, and RPE during a load carriage task shows biomechanical, neurological, and 
physiological responses. This integrated view would help evaluate the physical performance 
of soldiers in this operational task.

Brazilian operational military bases (which include long-distance load carriage tasks) 
require military units to have a high physical fitness level (PFL), and this level is classified as 
good, very good, or excellent in Brazilian Army (BRASIL, 2022). However, although mili-
tary personnel are recognized as a well-conditioned group, it is not known whether higher 
PFL is really an advantage for operational tasks such as load carriage. Moreover, no study 
has assessed whether the aforementioned variables are associated with each other and could 
really promote an integrated view, as previously proposed. Individuals with better cardio-
pulmonary fitness are expected to have lower mean absolute HR during physical activities, 
according to a previous study (DU et al., 2005). However, to our knowledge, no study has 
evaluated the association between physiological demand and PFL for this specific military 
task: load carriage. We hypothesize that well-conditioned military personnel would perform 
load carriage tasks with lower body balance and physiological responses, suggesting a possible 
delay in the development of fatigue.

Studying the effects of load carriage on postural balance and physiological variables may 
show the physical repercussions of this task performed by many occupational groups, such as 
military personnel, both during training and in real-life scenarios. With this knowledge, military 
physical instructors will be able to develop specific strategies to minimize the effects and ensure 
the readiness of the troops even after a long-distance load carriage. Therefore, this study aimed to 
investigate the effects of PFL on body balance and physiological responses in a 4 km load carriage 
task and the relationship between balance and physiological changes caused by the task.

2 METHODS

2.1 Sample and study design

This cross-sectional observational study included a sample of 22 men from the Phys-
ical Education College of the Brazilian Army(EsEFEx), a military organization located in Rio 
de Janeiro, Brazil (convenience sample). Being men aged 18 to 30 years with a minimum score 
of “good” on the latest Army physical fitness test (APFT – Teste de Aptidão Física), which is 
applied every four months, were the inclusion criteria. These criteria represent the military 
personnel who usually perform load carriage tasks in the Brazilian Army: soldiers serving in 
operational bases, which require a minimum score of “good.” No individual had a history of 
musculoskeletal or neurological disease. All participants completed and signed the informed 
consent form. This study was approved by the local Research Ethics Committee (Protocol 
No. 83493618.1.00000.5235).
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A sample size of 20 was estimated by G*Power (version 3.1.9.7, Germany) for the 
following parameters: power (0.80), coefficient α (0.05), and effect size (0.35). This study also 
used a F-tests and ANOVA (repeated measures, within-between interaction). Since no previous 
study had done this assessment (before and after load carriage with body balance variables), 
the effect size value was chosen to classify this effect as a “not high” effect size. Usually, 0.40 or 
0.50 is adopted as the limit for high effects (for eta analysis), thus, a value just below it (0.35) 
was used in G*Power. In total, 22 soldiers were selected to prevent that possible dropouts could 
reduce the study analysis power.

2.2 Simulated 4 km road march

All participants walked the distance of 4 km in 45 minutes at a constant speed of 5.3 
km/h on a treadmill (Technogym Excite Run 900, Italy) at the same time of the day, in a tempera-
ture and humidity controlled environment at the EsEFEx Biosciences Laboratory. This protocol 
was based on the characteristics of road marches established by the guidelines of the Brazilian 
Army (BRASIL, 2019). Participants wore their personal equipment (mean: 21.8±0.77 kg), which 
included a rifle, a helmet, a medium-sized backpack weighing 15 kg, suspenders, and a tactical belt 
with a one-liter water canteen attached on the left side, during the whole experimental protocol.

The experimental procedures were performed in the following order: (i) assessment of 
postural balance when carrying personal equipment; (ii) HR assessment (Polar FT1, Finland) 
and RPE when carrying load during a simulated 4 km road march on the treadmill; and (iii) 
assessment of postural balance with personal equipment after road march (Figure 1). All data 
for each participant were collected in about 80 minutes.

Figure 1 – Schematic representation of the experimental protocol for postural balance and  
physiological (heart rate and rating of perceived exertion – RPE) assessments

Balance 
variables

Balance 
variables

Heart rate
RPE

4 Km
5.3 km/h

∆ carriage = variation (Post – Pre)

Source: prepared by the authors, 2023
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All personal equipment was weighed on a Filizola® scale, model PL 2007 (Brazil), 
which was also used to measure the participants’ total body mass. Their height was measured 
with a Sanny® stadiometer (Brazil), according to a standard protocol.

2.3 Assessment of postural balance (stabilometry)

A force plate (Bertec, USA) was used to evaluate the displacement of the center 
of pressure (COP). Three trials of postural balance assessment were performed to ensure 
greater data reliability (RUHE et al., 2010), and their mean was used for analysis. Each 
stabilometric trial lasted 80 seconds, with the initial 20 seconds discarded to avoid possible 
transient disturbances (CARROLL; FREEDMAN, 1993; LIN et al., 2008). The interval 
between each measurement was 45 seconds, during which participants remained seated, 
but without removing the personal equipment. Stabilometric data were collected at a sam-
pling rate of 1 kHz and f iltered using a 2nd order bidirectional Butterworth low-pass f ilter 
with a cutoff frequency of 5 Hz (DUARTE; FREITAS, 2010).

Participants were instructed to remain in a comfortable position, with their feet 
approximately shoulder width apart. The position of the participant’s feet was marked on a 
sheet of paper on the force platform to avoid changes in the area of the base of support during 
the tests. All participants were instructed to avoid movements during the measurements and 
fixed their eyes on a point 3 m in front of them.

The following dependent variables were estimated from the COP displacement: sway 
area (mm2), sway path length (SPL; mm), and, separately, velocity, standard deviation, and 
amplitude in the anterior-posterior (AP) and medial-lateral (ML) directions (PRIETO et al., 
1996). These COP variables were estimated using specific routines in the MATLAB 2020 soft-
ware (MathWorks, USA).

2.4 Assessment of physiological variables

During the simulated road march, HR was monitored and recorded every five min-
utes by a portable heart rate monitor (FT1, Polar, Finland). RPE was also recorded every five 
minutes, using the modified Borg scale, which ranged from 0 (no exertion) to 10 (maximal 
exertion) (BORG, 2000). Before the task, participants were introduced to the scale and the 
researchers highlighted the meaning of each number, stating, for example, that the number 
5 did not refer to “moderate exertion,” as many might think (since it is the midpoint between 
0 and 10), but to “severe.” Mean HR and mean RPE were estimated considering the nine 
measurements obtained during the 45-minute walk. Maximal heart rate (max HR) and RPE 
(max  RPE), which represented the highest value measured in the last 15 minutes of load 
carriage, were also analyzed.
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2.5 Physical fitness level (PFL)

The participants’ PFL was obtained using their score on the latest Brazilian Army 
physical fitness test (APFT), which was recorded in individual institutional files. The APFT 
consists of a 12-minute run, floor push-ups, bar pull-ups, and sit-ups. Military personnel are 
classified into fitness scores according to their test results: I (insufficient), R (regular), G (good), 
VG (very good), or E (excellent) (BRASIL, 2022). The final PFL, which is recorded in the indi-
vidual institutional file, is the worst score among the four tests.

To avoid selection bias and bias from other sources, some standard conducts were 
established: (i) eligibility data were assessed in the anamnesis form by specific questions; (ii) the 
researcher who helped the participant to complete this form did not evaluated him in the simu-
lated 4 km road march; and (iii) the APFT scores were the last data included in the spreadsheet 
used for the analysis.

2.6 Data analysis

Initially, participants were divided into two groups according to their PFL: one 
group included participants with an excellent APFT score (EX; n = 11) and the other par-
ticipants with a good or very good APFT score (GVG; n = 11). Data distribution was 
assessed using the Shapiro-Wilk normality test. In order to identify the effects of load car-
riage, considering PFL, two-way mixed ANOVA (for postural balance variables) and t-tests 
(for independent samples - cardiac behavior during the load carriage task: mean HR and 
max HR) were performed. For RPE, the PFL of groups was analyzed using Fisher’s exact 
test, which compared the frequencies of RPE scores for both groups (EX vs. GVG).

Finally, Pearson’s correlation tests between stabilometric and HR variables were 
used to assess the relationship between changes in postural balance caused by load carriage 
(Δ carriage, for variables with signif icant changes from the previous analysis) and the car-
diac demand of the task (mean HR and max HR).

Data were presented as mean ± standard deviation and frequency. All analyses 
were performed using IBM SPSS Statistics version 27. Statistically signif icant differ-
ences were considered for p-values < 0.05. The correlation coeff icient (r) was consid-
ered very strong when r ≥ 0.9, strong when r ranged from 0.6 (inclusive) to 0.9, reg-
ular when r ranged from 0.3 (inclusive) to 0.6, and weak when r ranged from 0 to 0.3 
(CALLEGARI-JACQUES, 2003).

3 RESULTS

We evaluated 22 soldiers (27.09 ± 2.07 years of age, 75.70 ± 9.14 kg body weight, and 
1.77 ± 0.07 m tall). Regarding the latest APFT score, 31.80% of participants had good (G) PFL, 
18.20% had very good (VG) PFL, and 50.00% had excellent (EX) PFL. The anthropometric 
characteristics of the EX group (n = 11) were 27.09 ± 1.97 years of age, 70.26 ± 7.73 kg body 
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weight, and 1.75 ± 0.07 m tall. Participants in the GVG group (n = 11) were 27.09 ± 2.26 
years old, 1.79 ± 0.07 m tall, and weighed 81.13 ± 7.13 kg.

Two-way mixed ANOVA showed changes due to the main effect of load carriage, with 
significantly increases in sway area (F = 13.174; p = 0.002), medial-lateral (ML) standard devia-
tion (F = 16.836; p = 0.001), and ML amplitude (F = 26.648; p < 0.001) (Table 1). We observed 
no difference for the main effect of PFL or interaction.

Table 1 – Body balance variables before and after the 4 km load carriage for the total sample (n = 22)  
and for the groups with excellent (n = 11) and good or very good (n = 11) physical fitness level

Variables Before load carriage After load carriage
Sway area (mm2)

EX
GVG
Total

69.03 ± 38.59
75.39 ± 22.33
72.21 ± 30.94

94.04 ± 57.18
111.32 ± 38.98
102.68 ± 48.57*

Mean ML velocity (mm/s)
EX

GVG
Total

2.61 ± 0.75
2.56 ± 0.50
2.59 ± 0.62

2.53 ± 0.73
2.71 ± 0.56
2.62 ± 0.64

Mean AP velocity (mm/s)
EX

GVG
Total

4.51 ± 0.76
4.68 ± 1.15
4.59 ± 0.95

4.37 ± 0.93
4.86 ± 0.97
4.61 ± 0.96

ML standard deviation (mm)
EX

GVG
Total

1.88 ± 0.71
1.80 ± 0.41
1.84 ± 0.57

2.46 ± 0.97
2.56 ± 0.55
2.51 ± 0.77*

AP standard deviation (mm)
EX

GVG
Total

3.28 ± 1.01
3.72 ± 0.83
3.50 ± 0.93

3.64 ± 1.55
3.79 ± 1.01
3.71 ± 1.28

ML amplitude (mm)
EX

GVG
Total

9.88 ± 3.44
9.37 ± 1.95
9.62 ± 2.74

12.15 ± 4.30
13.47 ± 2.40
12.81 ± 3.46*

AP amplitude (mm)
EX

GVG
Total

17.24 ± 5.07
19.10 ± 3.81
18.17 ± 4.48

17.67 ± 5.66
19.91 ± 5.18
18.79 ± 5.41

SPL (mm)
EX

GVG
Total

340.11 ± 60.55
347.05 ± 65.98
343.58 ± 61.90

328.33 ± 71.38
362.36 ± 62.94
345.34 ± 67.94

Data are presented as mean ± standard deviation. AP: anterior-posterior direction.  
EX: group with excellent PFL (n = 11). GVG: group with good or very good PFL (n = 11).  

ML: medial-lateral direction. SPL: sway path length. * p< 0.05
Source: prepared by the authors
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Regarding cardiac behavior, according to PFL, the difference was statistically signifi-
cant between the groups. Participants with excellent PFL showed less cardiac effort than partic-
ipants with good or very good PFL, with lower mean and maximal HR values (Figure 2).

Figure 2 – Boxplots (minimum, 1st quartile, median, 3rd quartile, and maximal values)  
for mean heart rate (A) and maximal heart rate (B).  

*Statistical difference between the groups (t-test for independent samples)
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Despite the difference found for heart rate, RPE showed no difference between the 
EX and GVG groups for both mean and max RPE. The analysis of mean RPE values for the EX 
group showed that seven participants reported score 2 and four reported score 3. In the GVG 
group, four participants reported 2 and seven reported 3. Fisher’s exact test showed no statisti-
cal difference for mean RPE (p = 0.40). Regarding max RPE, six participants in the EX group 
reported 2, four reported 3, and one reported 4. In the GVG group, two participants reported 
2, eight reported 3, and one reported 4. Similarly to mean RPE, max RPE showed no statistical 
difference in Fisher’s exact test (p = 0.19).

Finally, cardiac variables showed a significant, positive, and regular correlation with Δ 
carriage ML standard deviation (mean HR: r = 0.50, p = 0.019; max HR: r = 0.46, p = 0.033) 
and Δ carriage ML amplitude (mean HR: r = 0.56, p = 0.007; max HR: r = 0.56, p = 0.007) 
(Figure 3). Another significant correlation was found between mean HR and Δ carriage sway 
Area (r = 0.45, p = 0.038). The correlation between max HR and Δ carriage sway Area showed 
no significant results (r = 0.38, p = 0.083).
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Figure 3 – Scatter plots for Δ carriage ML amplitude vs. mean heart rate (A) and maximum heart rate (B)
r: Pearson correlation coefficient
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4 DISCUSSION

This study aimed to identify the effects of 4 km load carriage (with about 22 kg) on 
postural balance and cardiac responses, comparing individuals with different physical fitness 
levels. The results showed that: (i) carrying the personal equipment for 4 km changed sway 
area, ML amplitude, and ML standard deviation; (ii) PFL was associated with HR during 
treadmill walking, but not with changes in postural control; and (iii) postural and physiolog-
ical changes resulting from load carriage have a positive correlation.

4.1 Postural balance and load carriage

The changes observed in postural balance after load carriage may be due to a possi-
ble fatigue caused by the task. In prolonged military exercises, carrying personal equipment 
seems to lead to significant lower limb muscle fatigue, which affects body balance, increas-
ing the challenge and changing proprioception (ARLIANI et  al., 2013; MARCHETTI; 
ORSELLI; DUARTE, 2013). Maintaining postural balance after minor disturbances is 
difficult due to changes in position sense (ALLEN; PROSKE, 2006) and ankle joint stability 
(YAGGIE; MCGREGOR, 2002), and the impaired synergy of hip and knee muscles to react 
to these disturbances (GRIBBLE; HERTEL, 2004). Moreover, fatigue affects neuromuscu-
lar function itself, worsening the ability to contract muscles quickly and appropriately for 
postural adjustments.

Many studies point to fatigue as a factor that impairs postural balance (ALLEN; 
LEUNG; PROSKE, 2010; NARDONE et al., 1997; RAHNAMA et al., 2003). For example, 
Baroni et  al. (2011) confirmed the direct dependency relationship between fatigue and 
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postural balance (in which increased fatigue leads to greater imbalance), but their study used 
a cycle ergometer fatigue protocol, unlike our study. Other authors found similar results 
using isokinetic dynamometry of isolated muscles (GRIBBLE; HERTEL, 2004; YAGGIE; 
MCGREGOR, 2002). Our study shows that postural balance is modulated by a previous 
load carriage task and the positive correlations observed between postural and physiological 
changes enhance this discussion, highlighting that the higher the cardiac effort during the 
task, the worse the body balance. Since this is an observational cross-sectional study, this cor-
relation does not guarantee a cause and effect relationship, but considering all these results, 
the integrated view (biomechanical, neurological, and physiological behavior) mentioned in 
the introduction section seems to make sense.

Our results showed significant changes in ML postural adjustments after load car-
riage, which could be due to a possible load asymmetry in the limbs (ZULTOWSKI; ARUIN, 
2008). During the 4 km walk, participants were allowed to carry the rifle in the position they 
considered most comfortable, but they alternated the weapon between the two hands, which 
may have caused the differences observed mainly in the ML axis. The human body has pos-
tural strategies to maintain balance in relation to the axes of movement. Studies observe more 
ankle and hip strategies for the AP axis (HORAK; NASHNER, 1986) and the load-unload 
strategy for the ML axis (WINTER, 1995), which shows a certain postural asymmetry. Thus, 
unsurprisingly, the ML axis had the greatest effect on stabilometric parameters after physical 
demand in this study.

To our knowledge, this study was the first to assess postural balance after a long-distance 
walk with load carriage. The only study that addressed static postures after load carriage assessed 
postural alignment after a six-minute walk. Dahl et al. (2016) found an increase in neck hyper-
extension after the walk, but did not analyze postural balance.

4.2 Physical fitness level relationship with heart rate and stabilometric changes

Our results showed that the physical fitness level was associated with cardiac behavior 
in the load carriage task. Participants with better APFT scores performed the 4 km walking with 
lesser cardiac effort, reflected in lower mean and maximal HR values. In addition, the increase 
in post-walking stabilometric parameters was not the same for all individuals in the sample. 
Those who presented more changes in postural balance after the 4 km walk are those who also 
showed greater cardiovascular effort. Participants who showed better physical fitness were prob-
ably more adapted to the task, which may have contributed to less HR adjustments during low 
physical effort.

Although the association between cardiac behavior in a long-distance load carriage task 
and fitness levels has never been investigated, the results corroborated the traditional findings of 
exercise physiology studies. Individuals with better fitness levels would present better efficiency/
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economy of movement, demanding less of their cardiovascular system in a given physical task 
(LITLESKARE et al., 2020). Although physical fitness level was found to have influence on 
the HR behavior, no impact on body balance was observed. The high level of experience of the 
participants and the low difficulty level of the balance assessment (60 s keeping upright position 
with personal equipment) may explain this result.

4.3 Limitations and highlights

No tests were made to specif ically assess muscle peripheral fatigue associated with 
the 4 km walking, which is one of the limitations of the present study. Another important 
limitation was the use of a treadmill to simulate a road march in a controlled environ-
ment, when actual load carriage tasks are usually carried out by the troops on uneven 
terrain, with steep slopes, and under the most varied weather conditions. However, as 
this was the f irst study examining the effects of long-distance load carriage on postural 
balance, we opted to work in a controlled environment to allow a comprehensive and 
individualized follow-up.

Using the RPE scale with military service members is not an easy task. Since these 
individuals are usually physically fit (due to their military training), they commonly under-
estimate the perceived effort in most tasks. Thus, being familiar with the meaning of each of 
the scale’s values is essential, which was employed in the present study. Finally, we note that 
among the studies issuing load carriage and support, a sample of 22 individuals is larger than 
many of them, further increasing the relevance of our findings.

5 CONCLUSIONS AND FUTURE PERSPECTIVES

Carrying 22 kg for 4 km worsened the body balance with modifications in the sway 
area, medial-lateral standard deviation and amplitude. Participants with better physical fit-
ness level performed this task with less cardiac effort but no influence was observed on body 
sway. Finally, participants performing the 4 km load carriage with less cardiac effort also pre-
sented less postural balance variations, in function of load carriage.

Further research on this topic could evaluate heart rate behavior after the perfor-
mance of the load carriage task in order to identify for how long military personnel are able 
to maintain conditions close to the pre-effort, which would improve the ability to accomplish 
assigned missions. Another suggestion is assessing the effects on postural balance of symmet-
rical load carriage and verifying whether these effects disappear, as usually occurs in load sup-
port tasks. Furthermore, verifying the modifications after load carriage under field conditions 
and for longer distances would also be valuable.
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Analysis of the Metabolic and Cardiorespiratory Profiles 
of Female Military Personnel Belonging to Operative and 
Non-operative Military Organizations of the Brazilian Army

Análisis del perfil metabólico y cardiorrespiratorio de mujeres militares pertenecientes 
a organizaciones militares operativas y no operativas del ejército brasileño

Abstract: The metabolic and cardiorespiratory profiles of 301 
female soldiers from Non-Operative Military Organizations 
(OMNOP) and Operative Organizations (OMOP) of the Brazilian 
Army were compared. This is an analytical cross-sectional study, 
which analyzed the following variables:cardiorespiratory fitness, 
biochemical markers and body composition. In the difference of 
VO2max averages, the OMOP military had statistically higher scores 
(M = 36.2 ± 4.4 ml/kg/min) than the OMNOP (M = 34.2 ± 5.7 
ml/kg/min). VO2max correlated positively with HDL cholesterol 
and negatively with triglyceride and BMI. On the other hand, BMI 
correlated negatively with HDL cholesterol and positively with 
triglyceride and glucose. Glucose correlated with HDL cholesterol. 
The results of the study corroborated the evidence in the literature 
regarding productive, positive and negative associations between 
VO2max and indicators of cardiovascular health.
Keywords: cardiorespiratory fitness; metabolic profile; body 
composition.

Resumen: Se compararon los perfiles metabólicos y cardiorrespiratorios 
de 301 mujeres militares, integrantes de Organizaciones Militares No 
Operativas (OMNOP) y Organizaciones Militares Operativas (OMOP) 
del Ejército Brasileño. Se trata de un estudio transversal analítico, en el 
que se analizaron las siguientes variables: aptitud cardiorrespiratoria, 
marcadores bioquímicos y composición corporal. En la diferencia 
de medias de VO2máx, las militares de OMOP tuvieron puntuaciones 
estadísticamente más altas (M = 36,2 ± 4,4 ml/kg/min) que las de 
OMNOP (M = 34,2 ± 5,7 ml/kg/min). El VO2máx, se correlacionó 
positivamente con el colesterol HDL (lipoproteína de alta densidad) y 
negativamente con los triglicéridos y el índice de masa corporal (IMC). 
El IMC se correlacionó negativamente con HDL y positivamente con 
triglicéridos y glucosa. La glucosa, a su vez, se correlacionó negativamente 
con HDL. Los resultados de este artículo corroboran las evidencias 
halladas en la bibliografía sobre las asociaciones significativas entre el 
VO2máx, y los indicadores de salud cardiovascular. 
Palabras clave: aptitud cardiorrespiratoria; perfil metabólico; 
composición corporal.
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1 INTRODUCTION

The inclusion of women in the Brazilian Armed Forces dates back to the late 1980s and 
early 1990s. In the Brazilian Army (EB), the pioneering military women, who entered the career 
through public tender, recently completed the cycle of 30 years of service provision and, in 2017, 
the first group of women joined the Army Cadet Preparatory School, in the line of military educa-
tion. Brazil is part of the agreements included in the United Nations’ Women, Peace and Security 
program, which aims to increase women’s participation in peacekeeping missions. According to 
the guideline on increasing EB participation in UN Peacekeeping Operations (BRAZIL, 2022), 
minimum percentages of female soldiers must be met for the deployment in peacekeeping opera-
tions, as recommended in the UN Uniformed Gender Parity Strategy 2018-2028. In this context, 
the importance of maintaining the health and physical fitness of military women is emphasized 
for the fulfillment of the various functions of the craft, at the national and international levels 
(FIELDHOUSE; O’LEARY, 2020; JONES et al., 2019; MACGREGOR et al., 2021).

The Armed Forces around the world strive to maintain their personnel in condi-
tions of physical health for combat (NINDL et al., 2012; OJANEN et al., 2018; OJANEN; 
JALANKO; KYRÖLÄINEN, 2018).

Nevertheless, there is a growth in cardiometabolic diseases, for example, obesity and 
type 2 diabetes mellitus. Within the scope of the military career, some factors can contribute 
to this risk, such as stress, reduced physical activity, decreased sleep time and poor food choices.

In view of the necessary adjustments for the full integration of the military during their 
training, the Department of Education and Culture of the Army (DECEx) structured the Project 
for the Insertion of the Female Sex in the War Teaching Line (PISFLEMB), and the Army Physical 
Training Research Institute (IPCFEx) is responsible for actions regarding the physical training and 
monitoring of the health status of the combatant military. With regard to the female military, there 
are few scientific studies dedicated to this segment, considering its physiological particularities and 
life stages and, allied to these, the relationship with military activity, a gap that this article proposes 
to fill (O’LEARY; WARDLY; GREEVES, 2020; SCHRAM et al., 2022). Thus, this article intends 
to make a comparative analysis of the biochemical and cardiorespiratory profiles of female military 
personnel, in Non-Operative Military Organizations (OMNOP) and Operative Organizations 
(OMOP) of the EB, as well as to verify the association between the biochemical variables BMI and 
VO2max. Therefore, this research is based on data collected in field surveys carried out by IPCFEx in 
2018, with a sample of military personnel, representative of EB. The answers provided in this study 
will allow for the adoption of strategies to contribute to the improvement of the health and quality 
of life of the female military personnel of both types of OM, in addition to assuming that the military 
physical training (TFM) carried out in preparation for the physical assessment test (TAF) is consis-
tent with the purpose of achieving better health indicators.

2 THEORETICAL REVIEW

In a survey carried out between 2014 and 2016 among EB military personnel and mem-
bers of the UN peacekeeping mission contingents, the prevalence of metabolic syndrome (MS) 
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was 15% (ROSA et  al., 2018). Another study, with 2,719 EB military personnel, found a 
prevalence of 12.2% (FORTES et al., 2019). It is noteworthy that both surveys included only 
male soldiers in the samples, although epidemiological data demonstrate that military train-
ing and operational environments induce greater damage in females when compared to males 
(NINDL et al., 2016).

Biochemical variables considered as MS risk factors, namely blood glucose (GLU), 
HDL-cholesterol (high-density lipoprotein) and triglycerides (TRIG), are related to an 
increased risk of developing cardiovascular diseases (LEE et  al., 2021; TOTH et  al., 2013). 
In relation to blood glucose, the decrease in the sensitivity of insulin receptors in the target tis-
sues causes a condition of insulin resistance (IR) and elevation of blood glucose (YARIBEYGI 
et al., 2019), being related to the development of type 2 diabetes mellitus. In this sense, several 
studies have already been carried out to understand the effects of IR on metabolism in differ-
ent tissues, for example, liver, muscle and fat, in addition to inflammation and other import-
ant biological processes (BÓDIS; RODEN, 2018; PETERSEN; SHULMAN, 2018; YANG; 
VIJAYAKUMAR; KAHN, 2018). As for HDL-cholesterol, studies show an inverse relation-
ship between its systemic levels and cardiovascular risk (CVR) (NICHOLLS; NELSON, 
2019). In addition to its key role in the reverse transport of cholesterol, HDL-c has a range of 
functional properties, which may exert a protective influence on inflammation, oxidative stress, 
angiogenesis and glucose homeostasis. Regarding TRIG levels, epidemiological analyzes have 
shown that high levels, even within the reference range, are related to higher CVR (BUDOFF, 
2016; VALLEJO-VAZ et al, 2020). The desirable value of TRIG measured in the fasted state for 
adult subjects is less than 150 milligrams per deciliter (mg/dL).

Physical training is an important, effective and recommended non-pharmaco-
logical intervention for improving health and treating metabolic diseases such as obesity 
(KHALAFI et al., 2021). Recent data suggest that cardiorespiratory fitness (ACR) plays an 
important role in reducing not only cardiovascular mortality, but also myocardial infarction, 
hypertension, diabetes, atrial fibrillation, heart failure, and stroke (AL-MALLAH; SAKR; 
AL-QUNAIBET, 2018; SEALS; NAGY; MOREAU, 2019). Regarding the differences in 
physical performance between the sexes, it can be explained, according to literature review, 
due to the physiological and morphofunctional differences of men and women (FORTES 
et al., 2015). In military personnel, when the treadmill walk with progressive load (0%, 20% 
and 40% of body mass) was analyzed, the physiological demands increased with heavier loads, 
however, there was no difference between the sexes when compared to the relative VO2max. 
In addition, in all load conditions, women worked with a higher relative intensity than men. 
(VICKERY-HOWEet al., 2020).

3 METHODOLOGY

This is an analytical cross-sectional study carried out in a convenience sample 
with 301 female military personnel, with a mean age of 34.6 ± 6.9 years and a mean BMI 
of 24.6 ± 4.1 kg/m2. The sample was selected from a group of volunteer military personnel 
from all military regions of Brazil, participating in the Physical Assessment Test Project, 
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which  was carried out by IPCFEx in 2018. The sample was divided into two groups: 
62 military operative OM (OMOP) and 239 military non-operative OM (OMNOP). The 
OMOP are those organized and trained for use in military operations, while the OMNOP 
refer to the units that perform activities, mainly administrative, teaching, health and 
research. Female active-duty EB military personnel who were under health conditions 
considered f it to perform the physical evaluation test (TAF) and who delivered the results 
of laboratory tests (GLUC, TRIG, HDL-c) were included. This research was approved 
by the Ethics Council of the Marcílio Dias Naval Hospital, No. 1,551,242, CAAE No. 
47835615.5.0000.5256, on July 11, 2019.

Cooper’s test (COOPER, 1968) was performed in a straight plane with distance mark-
ings every 50 meters, between seven and half and nine o’clock in the morning, being applied 
by physical education professionals. From the result, VO2max was calculated using the formula: 
(D - 504.9) / 44.73, in which D is the distance reached in meters (COOPER, 1968). In the 
assessment of body composition, mass and height were measured to estimate BMI, according 
to international standards (NORTON, 1996).

As for statistical analysis, according to the Central Limit Theorem, if a sample is large 
enough (greater than 30), whatever the distribution of the sample mean, it will be approximately 
normal. In this sense, in descriptive statistics, the measures of central tendency used were disper-
sion (mean and standard deviation) for continuous variables. In the statistical inference, to evalu-
ate the differences in means between the two groups (OMOP and OMNOP), a parametric anal-
ysis was used with the helpof Student’s t-test (GLU, HDL-c and TRIG) or Welch’s test (VO2max), 
depending on the violation of the assumption of homogeneity of variances, verified with the help 
of Levene’s test. In addition, Pearson’s Correlation test was used to evaluate the level of associ-
ation between continuous variables, with Pearson’s correlation coefficient values categorized as 
follows: from 0 to 0.3 (weak correlation); from 0.3 to 0.6 (moderate correlation); and from 0.6 to 
0.9 (strong correlation) (CALLEGARI-JACQUES, 2009). The significance level adopted was 
p < 0.05, and the JAMOVI program (version 2.3.9) was used for the statistical analysis.

4 RESULTS

The results of this research will be presented with the help of tables.

Table 1 – Mean (M) and Standard Deviation (SD) values of the variables:  
Age, Body Mass, Height and BMI of the military women of the sample

OMOP OMNOP
Age (years) 32.9 ± 6.5 35.1 ± 7.0

Body mass (kg) 64.2 ± 9.3 66.3 ± 10.9
Height (cm) 164.3 ± 7.1 163.8 ± 7.1
BMI (kg/m2) 23.9 ± 3.7 24.8 ± 4.2

OMOP = Military Operative Organization; OMNOP = Military Non-Operative Organization; BMI = Body 
Mass Index. Data were expressed as means and standard deviations

Source: Prepared by the author, 2023.
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Table 2 – T-test for independent samples in military women of OMNOP and OMOP

GROUP M DP p-value

VO2max (mL/Kg/min) OMNOP 34.2 5.7 0.002*OMOP 36.2 4.4

GLU (mg/dL) OMNOP 87.7 8.6 0.375OMOP 86.6 7.8

HDL-c (mg/dL) OMNOP 62.3 14.5 0.821OMOP 62.8 15.1

TRIG (mg/dL) OMNOP 89.8 39.3 0.730OMOP 91.7 33.6
VO2max = Maximum Oxygen Consumption; GLU = glucose; HDL-c = high-density lipoprotein;  

TRIG = triglycerides; OMOP = Military Operative Organization; OMNOP = Military Non-Operative Organization. 
* = significant difference. Data were expressed as means and standard deviations.

Source: Prepared by the author, 2023.

So, to investigate the extent to which VO2max levels were different between OMNOP and 
OMOP, Welch’s t-test for independent samples was performed, since the assumption of homo-
geneity of variance, evaluated by Levene’s test, was violated (p < 0.05). For biochemical markers, 
Student’s t-test was performed. The result obtained shows there were significant differences only 
in the variable VO2max, in which the OMOP military obtained a statistically higher result (M = 
36.2 ± 4.4 ml/Kg/min) than the military of OMNOP (M = 34.2 ± 5.71 ml/Kg/min). In the other 
variables, however, no significant results were found. One should note the percentage of military 
personnel of OMOP with blood glucose, HDL-c, and triglycerides levels within the reference val-
ues, according to the Brazilian Society of Dyslipidemias and the Brazilian Society of Diabetes, was 
99%, 95.4% and 98.7%, respectively. In relation to the military of OMNOP, the percentages were: 
96.4%, 81.1% and 95%, respectively.

Table 3 – Correlation Matrix between all variables of the study of female military of the EB 

TRIG GLU HDL-c BMI VO2max

TRIG Pearson r —
p-value —

GLU Pearson r 0.089n.s —
p-value 0.123n.s —

HDL-c Pearson r -0.030n.s -0.194*** —
p-value 0.604 <0.001 —

BMI Pearson r 0.129* 0.154** -0.224*** —
p-value 0.026 0.007 < 0.001 —

VO2max
Pearson r -0.168** -0.051n.s 0.123* -0.288*** —
p-value 0.004 0.380 0.033 <0.001 —

BMI = Body Mass Index; GLU = glucose; HDL-c = high-densitylipoprotein;  
TRIG = triglycerides; VO2max = Maximum Oxygen Consumption.

Note. * p <05, ** p <.01, *** p <.001,  
n.s. = non-significant relationship

Source: Prepared by the author, 2023.
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In the matrix above, one can observe that VO2max correlated significantly and positively 
with HDL-c (r =0.123; p=0.03) and negatively with both TRIG (r=-0.168; p=0.004) and BMI 
(r = -0.288; p < 0.001). BMI, in addition to VO2max, correlated with all variables of the analysis, 
namely: negatively with HDL-c (r = -0.224; p < 0.001); and positively with TRIG (r = 0.129; 
p=0.026) and GLU (r = 0.154; p = 0.007). GLU, in addition to BMI, was statistically negatively 
correlated with HDL-c (r = -0.194; p < 0.001).

5 DISCUSSION

Since military physical training is compulsorily inserted into the routines of corpo-
rations, the results of this article point to the positive effects of its practice on the metabolic 
profile and body composition, regardless of the end activity of the OM in which the military 
woman performs its job. This inference is consistent with studies that examined long training 
programs, for example, a six-month study that examined a mixed sample of both healthy and 
sedentary men and women, and demonstrated significantly positive changes in total choles-
terol and HDL-c (DUNN, 1997). In relation to cardiopulmonary capacity, female military per-
sonnel from OMOP presented higher values compared to military personnel from OMNOP. 
This  result can be explained by the higher physical demand required in OMOP to perform 
imediate missions, which leads to improved aerobic conditioning.

The mean BMI in both types of OM considered as normal (BMI ≤ 25) and the favor-
able metabolic profile were evidenced, with all averages of biomarkers concentrations within 
the reference values (RV) (GLU RV < 100 mg/dL, HDL-c RV > 50 mg/dL and TRIG RV 
< 150 mg/dL). In these lipid and glycemic profile variables, no significant difference was found 
between the OMOP and OMNOP groups. These results are consistent with those presented 
in the literature, according to research by Lemura (2000), which exclusively examined women 
under the effects of 16 weeks of resistance exercises, with a significant increase in HDL-c and 
a decrease in TRIG concentration. Another study should be highlighted, in which women 
underwent 24 weeks of functional training, showing an increase in the strength variable, 
which directly contributed to improved metabolism and, therefore, better expression of 
biomarkers (NINDL et al., 2017).

Regardless of the training programs (aerobic and neuromuscular) used by both 
types of military organizations, favorable metabolic prof iles are observed (AHMETI 
et  al., 2020; MOGHARNASI et  al., 2017). In the study by Schroeder et  al. (2019),  
it was observed that the changes induced by three distinct training programs for 8 weeks 
in fasting lipids and glycemia were small and did not vary between the training groups and 
the control without training. Another study with women from two different countries, 
despite cultural and socioeconomic differences that led to a different involvement in 
physical training programs, reported differences in cardiometabolic parameters, HDL-c 
and total cholesterol; however, no difference in TRIG levels was observed between 
the groups. In the case of this study, women with a higher age group and BMI (Age:  
50 years; BMI: 29.5 Kg/m2) were evaluated than in that study. 
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Cardiorespiratory fitness (ACR) refers to the ability of the circulatory and respira-
tory systems to deliver oxygen to the mitochondria of skeletal muscle for the production of 
energy required during a physical activity (ROSS et al., 2016). Namely, OMOPs are those 
that, due to their functional characteristic, of operational activities, are employed in combat 
situations; therefore, it becomes interesting that this group presents an optimal ACR. In this 
context, the OMOP group had a significantly higher mean compared to OMNOP. Accord-
ing to the American Society of Sports Medicine, the VO2max results of OMOP and OMNOP 
are classified as excellent and good, respectively (RIEBE et al., 2018). In addition, the posi-
tive association between HDL levels and VO2max in this research corroborates the results 
that point to the fact that women with better cardiorespiratory f itness had higher levels 
of HDL-c (APARICIO, 2012). In this scenario, we list this result as satisfactory, as individ-
uals with a better VO2max have positive associations with health indicators and are associated 
with a lower prevalence of metabolic syndrome (KELLEY et al., 2018). This article therefore 
found an association between ACR and the biochemical markers TRIG and HDL-c, which 
corroborates studies that demonstrate that aerobic training and higher levels of ACR are 
related to lower cardiometabolic risks (AHMETI et al., 2020; HAAPALA et al., 2022).

Despite the limitations found, particularly regarding the control of temperature, 
humidity and the phase of the menstrual cycle, which can interfere with physical performance, 
we highlight, with the help of the results found, the positive effects of the practice of TFM 
on the glycemic lipid panel and on the cardiopulmonary capacity of female soldiers from the 
various OM of the EB. However, no differences were evidenced between the biochemical and 
body composition parameters of the military from OMOP and OMNOP, probably because 
these markers present positive results in the physically active sample of this research. Another 
limitation refers to laboratory tests having been performed in different laboratories, which may 
lead to possible differences in the analysis methodologies.

It is worth mentioning the importance of monitoring the health status of military per-
sonnel who perform different missions within the EB, as the increase in the prevalence of cardio-
vascular risk factors in the civilian and military population is alarming (FORTES et al., 2019). 
In this context, this article, which involved physically active female participants, apparently 
healthy and with BMI within the normal range, contributes with knowledge to outline the 
profile of the EB military and association between the physical parameter and biochemical and 
morphological markers.

6 CONCLUSION

This article involved healthy female participants with BMI within the normal range, 
however, due to the alarming trends of increasing cardiovascular risk factors in the civilian and 
military population, it is of paramount importance to monitor the health status of officers of 
military units in different missions.

A good metabolic profile was observed, with no difference between the groups stud-
ied; however, there was a difference in the cardiopulmonary fitness of the groups. Although a 
weak association was found between BMI and biochemical variables and VO2max with TRIG and 
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HDL-c, these data are in agreement with the established literature, since body composition and 
cardiopulmonary fitness are related to better indicators of cardiovascular health.

Finally, this research provides a profile of the female population of the EB, thus con-
tributing to advances in management strategies to control chronic non-communicable diseases 
and improve the physical and operative capacity of the ground troops.
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Abstract: Humanitarian demining is one of the activities of peace 
and assistance missions that involve, even with the preparations, 
risks in their execution. Since the enhancement during the Civil War 
in the United States, landmines have been a part of virtually every 
conflict. The lifespan of an anti-personnel mine can be up to 30 years, 
which poses a long-term threat and the ongoing conflict makes it 
almost impossible to identify all mined areas. Operational medicine 
is the integrated and comprehensive medical care, consultation and 
management of medical information in tactical operations, which 
contributes to the security and success of a mission that is primarily 
military. This study shows the need to expand knowledge of injuries 
caused by explosives, especially for members of Humanitarian 
Demining missions, reducing mortality and loss of limbs.
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1 INTRODUCTION

Mines, particularly anti-personnel mines, are a danger to human life and an impeding factor 
to the free movement of people and goods, hindering national reconstruction in the post-war period.

The Brazilian Armed Forces have extensive experience in humanitarian demining. Since 1993, 
within the scope of multilateral organizations, Brazil has collaborated in Ação contra Minas na Missão 
de Assistência à Remoção de Minas na América Central (Marminca – Mine Action with the Assistance 
Mission for Mine Clearance in Central America); the Missão de Assistência para a Remoção de Minas na 
América do Sul (Marminas – Assistance Mission for Mine Clearance in South America); and currently 
with the Grupo de Monitores Interamericanos na Colômbia (GMI-CO – Group of Inter-American 
Monitors in Colombia), as well as with the Grupos de Assessores Técnicos Interamericanos na Colômbia 
(GATI-CO – Group of Inter-American Technical Advisors in Colombia), providing specialists for pro-
grams linked to the Junta Interamericana de Defesa (JID – Inter-American Defense Junta), in addition to 
missions in Benin and Angola. It is noteworthy that Marminca pioneered the development of techniques 
and operational procedures, forming the basis for international standards on humanitarian demining 
(DA CÁS, 2018). In the documents generated by the missions mentioned, there is no presentation of 
an objective and efficient health support plan.

In a civilian environment, the recommendation is that pre-hospital care be given within ten 
minutes (platinum minutes) at the most. In addition, the recommendation is that the injured person 
receive hospital care within one hour (golden hour) (NATIONAL ASSOCIATION OF EMERGENCY 
MEDICAL TECHNICIANS, 2017). Because of the geographical difficulty of demining areas, the 
transportation time (medical evacuation) often exceeds the above recommendation. However, according 
to international protocols (INTERNATIONAL MINE ACTION STANDARDS – Imas), medical 
evacuation from the accident area to a hospital with surgical capability should not exceed three hours. 
If this is not possible in the emergency process, the humanitarian demining organization should have 
an additional health care structure in place to stabilize the injured person before the medical evacuation 
to a higher level of care place.

Humanitarian demining is one of the activities of peace and assistance missions involving, even 
with all the preparations and precautions, risks in its execution. To reduce the consequences of accidents 
or incidents in these activities, we have to worry about health support in several stages: technical study; 
victim assistance; and, especially, minefield clearance.

Most undergraduate and graduate health and trauma care courses have little or no content for 
explosives injuries. Health professionals, doctors, nurses, nursing technicians and assistants need specific 
training on the effects of explosives on the human body, especially if they are going to work as health 
support in humanitarian demining operations and in primary care in conflict areas.

Therefore, it is necessary to increase the knowledge about explosives injuries and to train the 
members of the demining missions so that, in case of an accident, they can provide the best possible 
health care, reducing mortality and loss of limbs.

This article consists of a theoretical essay supported by bibliographic research on issues related 
to the historical evolution of mine action, humanitarian demining, and health support in these actions, 
in books, manuals and articles from a broad scope, including those provided by the web. We comple-
mented the study with the experience in the mission of the Grupo de Monitores Interamericanos na 
Colômbia (Inter-American Monitors Group in Colombia), assuming, therefore, a qualitative and 
exploratory approach.
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2 THE FIGHT AGAINST ANTI-PERSONNEL MINES

Since their enhancement in the American War of Secession in the American summer 
of 1862, landmines have been part of almost every major armed conflict, resulting in millions 
of victims. However, due to their nature as an insidious weapon hidden under the ground, 
mines continue to kill and maim for decades after conflicts have ended. When wars are over, the 
victims are no longer mostly military, but civilians. By blurring the distinction between civilian 
and military targets and causing damage disproportionate to the military objective, mines vio-
late some of the most important principles of international humanitarian law and the Geneva 
Convention (ROMERO; GARCIA, 2017).

In October 1992, the Non-Governmental Organizations (NGO) Handicap Inter-
national, Human Rights Watch, Medico International, Mines Advisory Group, Physicians 
for Human Rights, and Vietnam Veteran of America Foundation founded the International 
Campaign to Ban Landmines – ICBL. Four years later (1996), Canadian Foreign Minister 
Lloyd Axworthy makes a public challenge to governments and NGO to sign a definitive treaty 
banning the use of anti-personnel mines within one year. On December 3, 1997, in Canada, 
the first member states sign the Convention on the Prohibition of the Use, Stockpiling, Prohi-
bition and Transfer of Anti-Personnel Mines and on their Destruction, which becomes known 
as the Ottawa Treaty. In addition to the duties expressed in its title, the treaty also provides for 
an obligation on the part of member states (currently 156 countries and territory) (Figure 1) to 
provide assistance to mine victims. The treaty initiative awarded the ICBL and its coordinator, 
Jody Williams, the 1997 Nobel Peace Prize (INTERNATIONAL CAMPAIGN TO BAN 
LANDMINES, 2020).

Figure 1 – Countries that ratified the Ottawa treaty

Source: INTERNATIONAL CAMPAIGN TO BAN LANDMINES, 2020
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3 THE USE OF ANTI-PERSONNEL MINES

In Colombia, Law No. 759 of 2002 (COLOMBIA, 2002) defines Anti-Personnel 
Mine (APM) as one that has the potential to incapacitate, injure or kill one or more persons by 
presence, proximity or contact. It is estimated that there are more than 100,000 mines laid in 
Colombia (Figure 2) and close to residential, school, agricultural, business and military areas, 
with the majority of the affected territory being rural (ROMERO; GARCIA, 2017).

The lifespan of an anti-personnel mine can be up to 30 years, which poses a long-last-
ing threat. Added to this, the ongoing conflict makes it almost impossible to identify all mined 
areas with complete certainty, so suspicion alone turns large territories into unusable zones 
and clearing these areas is a long, dangerous and expensive process (INTERNATIONAL 
CAMPAIGN TO BAN LANDMINES, 2020).

The problem with APM is more complex because it is possible to use any object to 
make an explosive artifact, making them more difficult to detect. For example, the quiebrapatas 
type mine, which is activated by pressure or pressure relief, is made of ammonium nitrate (80%), 
sawdust (15%) and aluminum powder (5%), that is, cheap materials that are easy to buy and can be 
added to batteries, wires, tubes, bags, nails. Thus, it is possible to camouflage a mine in inoffensive 
objects such as household appliances, toys and even food (ROMERO; GARCIA, 2017).

Figure 2 – Countries affected by anti-personnel mines

Source: INTERNATIONAL CAMPAIGN TO BAN LANDMINES, 2020
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4 TYPES OF EXPLOSIVES INJURIES

Blast injuries are multi-systemic with life-threatening and caused by various types of 
disasters. Victims of this type of injury tend to suffer more traumatic damage in varying anatomi-
cal locations, as well as higher severity scores compared to other trauma victims. The predominant 
post-blast injuries among survivors involve conventional penetrating and blunt traumatic injuries 
(NATIONAL ASSOCIATION OF EMERGENCY MEDICAL TECHNICIANS, 2017).

Explosions are physical, chemical or nuclear reactions that result in the almost 
instantaneous release of large amounts of energy in the form of heat and highly compressed 
gas, which expands violently, becoming capable of projecting fragments at very high velocities 
(FELICIANO; MATTOX; MOORE, 2021).

The static component (expansive overpressure) envelops the objects in the flow field 
of the explosion and charges them on all sides with a discontinuous increase in pressure called 
the shock front or shock wave, up to a peak overpressure value (NATIONAL ASSOCIATION 
OF EMERGENCY MEDICAL TECHNICIANS, 2017).

The dynamic component (dynamic pressure) is directional and experienced as wind. 
The main importance of wind is that it propels fragments with velocities exceeding several thou-
sand meters per second (faster than standard ballistic weapons such as bullets and warheads) 
(NATIONAL ASSOCIATION OF EMERGENCY MEDICAL TECHNICIANS, 2017).

Although the effective range of static and dynamic pressures is measured in tens of feet, 
fragments accelerated by dynamic pressure will quickly overcome the shock wave to become the pre-
dominant cause of damage in ranges of thousands of feet (FELICIANO; MATTOX; MOORE, 2021).

There are five types of injuries in an explosion: primary, blast shock wave; secondary, 
projectiles (the most common source of blast injury); tertiary, propulsion of the body 
toward another object; quaternary, heat and flame; quinquennial, radiation, chemicals, 
bacteria (FELICIANO; MATTOX; MOORE, 2021; NATIONAL ASSOCIATION OF 
EMERGENCY MEDICAL TECHNICIANS, 2017).

4.1 Primary Blast Injury

Primary blast injuries result from the direct effect of the blast wave (traveling 
at supersonic speeds) on the body. They affect the organs that contain gas, such as, the 
lung, the ear, and the gastrointestinal tract. The most common lung injury is a pulmonary 
contusion. Other lung injuries range from pneumothorax/hemothorax to arteriovenous 
f istulas (source of air emboli). Abdominal blast injuries are a signif icant cause of mortality 
and morbidity. Abdominal blast injuries can be hidden and diff icult to diagnose and vary 
from hemorrhage to mucosal ischemia, bowel necrosis, and perforations. The middle ear is 
particularly sensitive to blast injuries, and rupture of the tympanic membrane (eardrum) 
can be a useful marker for blast injuries. However, isolated rupture of the tympanic mem-
branes without other symptoms is not a high risk marker for associated blast injuries 
(FELICIANO; MATTOX; MOORE, 2021).
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4.2 Secondary Blast Injury

Secondary blast injuries are caused by debris in flight generated by the blast. A com-
mon practice in bombings is to pack an Improvised Explosive Device (IED) with screws, nuts, 
and other small sharp objects. Significant soft tissue trauma, internal and orthopedic trauma 
often occurs from propelled projectiles (NATIONAL ASSOCIATION OF EMERGENCY 
MEDICAL TECHNICIANS, 2017).

4.3 Tertiary Blast Injury

Tertiary blast injuries are caused by the body being propelled by the shock wave 
into solid objects (for example, walls). Victims of tertiary blast injuries suffer great damage 
from blunt trauma, for example, traumatic brain injuries, solid organ injuries, and complex 
orthopedic injuries. Penetrating injuries are not uncommon, causing impaling victims on 
objects present in the environment (FELICIANO; MATTOX; MOORE, 2021).

4.4 Quaternary Blast Injury

Various blast injuries encompass all other blast injuries, including burns, crushing, 
compartmental syndromes, and toxic inhalations (carbon monoxide, dust, hot gases).

4.5 Quinary Blast Injury

Various blast injuries cover injuries caused by the blast in association with radiation, 
chemicals, and bacteria (GIANNOU; BALDAN, 2010).

4.6 Umbrella-type injury

In addition to the injuries mentioned, anti-personnel mines have a type of lower 
limb injury known as an umbrella-type injury. At the same time, the leg muscles are pushed 
up and outward in what can be described as the operation of an umbrella. The localized 
shockwave from the blast gases separates the periosteum and the attached muscles from 
the remaining bone: the umbrella opens. All muscles then fall away: the umbrella closes 
(Figure 3). The superf icial muscles (gastrocnemius) are projected outward more and suffer 
less damage than the deeper muscle layers of the anterolateral compartment and the soleus 
muscle. The fascial planes are separated proximally causing irregular and variable skin loss 
(GIANNOU; BALDAN, 2010).
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Figure 3 – Mechanism of Umbrella Blast Injury

Source: Giannou; Baldan, 2010

The surgeon should remember the pathology of the umbrella effect: the deeper mus-
cle layers suffer greater damage than the more superficial ones, and the distal skin is still viable. 
Thus, a level of amputation based on knowledge of civil trauma would be too radical with 
respect to superficial tissues and not radical enough with respect to deeper tissues (Figure 4). 
In addition, the effects of the primary blast can produce tissue edema and compartment syn-
drome near the open injury (GIANNOU; BALDAN, 2010).

Figure 4 – Anti-personnel mine injury demonstrating the umbrella injury

Source: Giannou; Baldan, 2010
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5 TRAUMATIC AMPUTATIONS

Traumatic amputations mainly affect adolescents and young adults, who are more 
exposed to accidents at work and in transportation. Armed conflicts and anti-personnel mines 
cause traumatic amputations in several countries (STARNES, 2006).

The second most common indication for amputation is trauma, and in adults under 
50 years old it is the main indication. An acute injury is an indication for amputation when the 
blood supply to the limb is irreparably destroyed or when the limb is so badly injured that rea-
sonable reconstruction is impossible. About 20% of all amputations are due to trauma, usually 
vehicle accidents, burns, explosions, and crush injuries from tools or machines, and they occur 
in men. These data are valid for countries without armed conflict (DÍAZ, 2010).

The prevalence of arterial extremity injury among contemporary war injuries is around 
7% and extremity bleeding is the leading cause of preventable death in war. Special training of 
health care teams in conflicts after World War II resulted in improved management of massive 
hemorrhage with increased survival rates, as well as a substantial reduction in amputation rates. 
The use of the tourniquet, practically abolished in the civilian environment, can be an import-
ant tool for saving lives in the chaotic environment of war (SADAUSKAS, 2003).

Technical and doctrinal changes in the U.S. Army contributed to the decline in ampu-
tation rates after arterial wounding from 50% to 72% in World War II (1939-1945) to about 
10% to 13% in the Korean (1951-1953) and Vietnam Wars (1964-1973), even with the increased 
destructive power of small arms (STARNES, 2006).

Fox et al. (2005) published a review of the wounded evacuees from the Iraq-Afghan 
conflict to an upper echelon hospital – Walter Reed Army Medical Center – and they 
found known or suspected vascular injury in 107 of 1524 war wounds, or a prevalence of 
7%. Most of the injuries (64%) were due to explosives, including grenades, anti-personnel 
mines, mortars and improvised explosive devices. As for the anatomical distribution of 
injuries, 51% were located in the lower limbs, 39% in the upper limbs, 7% in the neck, and 
3% in the pelvis.

Stannard et al. (2009) evaluated the experience in treating vascular injuries in British 
Armed Forces combatants in Iraq-Afghanistan war operations. In 1203 war injuries, 121 (9.9%) 
were direct injuries to medium or large caliber vessels. Of the 121 patients, 77 died before any 
opportunity for surgical treatment. All who had vascular lesions in the abdomen or chest died. 
Of 87 patients with extremity vascular injuries, 37 underwent surgery and two died postopera-
tively. Among the interventions for 38 extremities (of the 37 patients), they included 15 primary 
amputations, four ligatures, and 19 revascularizations resulting in 15 successes (limbs saved) 
and three late amputations.

The growth in the number of improvised explosives injuries in warfare is an obser-
vation reported by Fox et al. (2005) and reflects the modern predominance of urban guerrilla 
tactics. Included therein are elements of surprise against troops investing in the locality, such as 
defensive weapons in unpredictable locations, the employment of mines, traps, and prepared 
demolitions (SADAUSKAS,2003).
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6 PRE-HOSPITAL CARE

Prehospital care (PHC) began in the late 18th century with Baron Dominique 
Jean Larrey, Napoleon Bonaparte’s chief military surgeon. Larrey developed the flying 
ambulances because he noticed the need for quick removal of combatants acting at the 
battle front. This surgeon further noted that the men working in these ambulances should 
be trained in medical care to assist the victims at the scene of the incident and in trans-
porting them to their f inal treatment. (NATIONAL ASSOCIATION OF EMERGENCY 
MEDICAL TECHNICIANS, 2017).

Demands of war caused an evolution in military medical care, such as innovations 
in equipment. Lessons learned during the American Civil War, 1861-1865, were later applied 
in the civilian environment for pre-hospital care (NATIONAL ASSOCIATION OF EMER-
GENCY MEDICAL TECHNICIANS, 2017).

Health support in tactical emergencies formally began in 1989, with the first formal 
course in medical support to special law enforcement operations, with a team from Swat (Spe-
cial Weapons And Tactics), nos Estados Unidos (FELICIANO; MATTOX; MOORE, 2021).

7 OPERATIONAL MEDICINE

Operational medicine is the integrated and comprehensive medical care, consultation, 
and medical information management in tactical operations contributing to the safety and 
success of a primarily military mission (NATIONAL ASSOCIATION OF EMERGENCY 
MEDICAL TECHNICIANS, 2017).

It is emergency medical support to tactical operations, such as, providing emergency 
medical service to military special operations, and providing comprehensive health care to 
members of tactical units on an ongoing basis, maintaining their physical and mental health to 
enhance tactical team performance (Figure 5).

Tactical emergency medicine is a rapidly expanding medical specialty that requires and 
utilizes a wide range of physician skills. It is medicine performed together with or in response 
to military operations, defined as a subspecialty of emergency medicine (FELICIANO; MAT-
TOX; MOORE, 2021). Tactical combat victim care is a system of pre-hospital trauma care spe-
cifically designed, with all its particularities, for the tactical environment (TIEN et al., 2009).

Medical care generally did not occur during combat throughout most of history, so 
wounded soldiers were left to their own devices and waited until the end of combat to receive 
proper health care. It was only with Napoleon Bonaparte’s French Army that this problem 
found a first solution (NATIONAL ASSOCIATION OF EMERGENCY MEDICAL 
TECHNICIANS, 2017).

The concepts of quick evacuation from the battlefield and quick transport of the 
wounded to field hospitals emerged with the French army, and were widespread during the 
American Civil War. Nevertheless, in the early stages of the War of Secession, wounded soldiers 
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stayed up to five days on the battlefield waiting for help (NATIONAL ASSOCIATION OF 
EMERGENCY MEDICAL TECHNICIANS, 2017).

Figure 5 – A soldier wounded by an anti-personnel mine in Colombia.

Source: Record made by the author, 2013

During the Vietnam War in the 1960s, military doctors began to provide first aid 
where combatants had been shot, that is, on the battlefield, and to quickly evacuate soldiers 
to trauma hospitals (NATIONAL ASSOCIATION OF EMERGENCY MEDICAL 
TECHNICIANS, 2017).

The support of the health teams to the tactical emergencies allows, besides an adequate 
and agile assistance to those who need it, a quick post-incident medical triage and the execution 
of small treatments (FELICIANO; MATTOX; MOORE, 2021). However, the potentially 
volatile and dangerous atmosphere surrounding tactical operations can cause serious injuries to 
those involved in the operation, whether they are officers, hostages, suspects, or even passersby. 
Given the particularity and dangerousness of these situations, a traditional Emergency Medical 
Services (EMS) approach can expose the PHC team to great risks, and even disrupt and/or 
interrupt the military mission. To meet these needs, the EMS must be specialized and trained 
to work together and provide support to the tactical teams (FELICIANO et al., 2021). In addi-
tion, they also warn that tactical medicine varies from ATLS (Advanced Trauma Life Support), 
in which the safety of the team is advocated and the means necessary for the initial and definitive 
care of the patient are presented.

The primary role of the health support team is to provide the link between the site of 
injury and the appropriate admission of the patient to the health care system (NATIONAL 
ASSOCIATION OF EMERGENCY MEDICAL TECHNICIANS, 2007). The presence of 
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these teams on the scene decreases morbidity and mortality from injuries incurred during oper-
ations, contributing to the success of the mission and the safety and health of the tactical team 
(FELICIANO; MATTOX; MOORE, 2021).

8 THE ANTI-PERSONNEL MINE PROBLEM IN COLOMBIA

Colombia ranks second in the world, after Afghanistan, in the number of victims of 
APM and Explosive Remnants of War (ERW), as well as first in the number of victims in the 
Public Force due to these explosive artifacts (Figure 6). It is the only country in America where 
guerrillas use these weapons, despite the ban since 1992 by the Ottawa Convention under IHL 
(International Humanitarian Law). “Anti-personnel Mines do not distinguish between a com-
batant and someone who is not” (ROMERO; GARCIA, 2017, p. 20) and that is why their 
victimization is indiscriminate. The victims are not only the combatants, but also boys, girls 
and adolescents, women and men who live in the rural areas of the country.

Figure 6 – Countries affected by anti-personnel mines

Source: INTERNATIONAL CAMPAIGN TO BAN LANDMINES, 2020

9 HEALTH SUPPORT IN MINE ACTION

Imas 10.10 (INTERNATIONAL MINE ACTION STANDARDS, 2020) describes 
the responsibilities of the National Mine Action Authority (NMAA), employers and employees 
for providing and maintaining a safe working environment. This goal is achieved with the help 
of developing safe work practices and operating procedures, effective supervision and control, 
adequate education and training for men and women, safe equipment, and the provision of 
effective and appropriate personal protective equipment (PPE).
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Developing a capability to provide an adequate response to a mine accident requires 
good planning, well-trained staff, and the availability of medical services capable of providing 
effective emergency treatment. Notwithstanding the legal and moral obligations placed on man-
agers to provide the best possible medical support, particularly in the mine clearance workplace, 
planning must recognize the realities of field operations.

Table 1 – Types of Injuries Occurring in anti-personnel Mines Accidents with the Public Forces in Colombia

Lower limbs, abdomen, thorax and genitals 51%
Polytrauma 14%

Upper limbs and thorax 11%
Eye, face and neck injuries 5%

Superficial wounds and burns 4%
Amputation 31%

Source: Colombian National Army/AICMA, 2021

Health support in humanitarian demining operations is guided by Imas 10.40 
(INTERNATIONAL MINE ACTION STANDARDS, 2014), which defines, in a generic 
way, the capabilities, attributions and minimum structure to develop the activities, especially 
the cleaning of the mined area. In this framework there is a request that each country affected 
by anti-personnel mines has its own protocol for health support, making this document more 
feasible given the realities of each country.

It is also mandatory for each organization, coordinated by IMAS 10.40, to submit its 
protocols for supporting humanitarian demining operations with details of the health condi-
tions of each member of that organization, capabilities and training (especially of health pro-
fessionals), techniques and forms of medical evacuation in the work area, and finally, the health 
plan and medical insurance.

Many countries, especially the poorest ones, which are the most affected by the anti-per-
sonnel mine problem, do not have a health structure that can adequately support humanitarian 
demining operations. Generally, because of the problems mentioned, these countries do not have 
a national protocol for health support to humanitarian demining operations and are subject to 
this standardization by Imas and the organization’s mandatory humanitarian demining protocol.

Motivated by the lack of national protocols and the need for the standardization 
of health support, protocols have been developed by some humanitarian demining entities 
because of the importance of the subject. For example, we have the protocol in support of 
humanitarian demining operations of the JID and the protocol for Marminas operations – 
which guided preparations in health matters all the way to techniques and forms of evacua-
tion in the clearance areas.

Therefore, the Mine Action Course was created at CCOPAB, which aims to 
prepare the military in humanitarian demining missions under the scope of interna-
tional organizations. This center is a reference in the preparation of military personnel 
on an international level, and may be an opportunity to expand cooperation in this area 
by providing courses for participants in the many demining programs (DA CÁS, 2018). 
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This course also trains its members in the administrative issues of health support (need 
for ODH protocols, medical evacuation plans, and care in a hospital environment) and 
notions of basic explosives casualty care (Figure 7), with special focus during humanitarian 
demining (area clearance).

Figure 7 – Mine Action Course at CCOPAB – First Aid Instruction

Source: Record made by the author, 2017

10 HEALTH SUPPORT IN THE ACTIONS OF THE GMI-CO

In mine action, no work site, scenario or safety situation is identical, preventing 
the general use of established procedures and schedules. That said, Humanitarian Demining 
Organizations (HDO) have a responsibility to provide or ensure access to appropriate medical 
support for their staff. Imas 10.40 provides specifications and guidelines for the development 
of medical support for mine clearance operations. It identifies the minimum requirements for 
medical emergency preparation, including the planning necessary before the team mobilizes 
on mine clearance operations. In addition, it provides training for mine clearance and for the 
medical support of men and women teams.

Health support for humanitarian demining actions in Colombia, in the form of 
training, was provided by doctors from the Marminas mission until 2012 with training courses 
(first aid to the injured) for members of demining organizations, which until then was the 
responsibility of Bides – Colombian Army.

On March 1, 2011, the Organization of American States (OAS) requested the JID, 
through document GS/SMS/DPS/OHMA-017/11 (Mar. 1, 2011), the support of a medical 
monitor for the mission, with the following objectives:

•	 Objective 1: Strengthen the education, training or update needs in Pre Hospital 
Trauma Life Support (PHTLS) and Advanced Trauma Life Support (ATLS) 
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program standards to physicians and paramedics supporting humanitarian 
demining operations in remote areas of Colombia Programs.

•	 Objective 2: Promote in the teams the concept of trauma, combining the two 
main (independent and interdependent) trauma education programs, for para-
medics who initiate the attention at the scene where the accident happened.

•	 Objective 3: Demonstrate to physicians and paramedics the roles, duties, and 
responsibilities of each of them.

•	 Objective 4: Determine how groups can work together to provide the best care for 
patients (doctors, paramedics, and deminers).

•	 Objective 5: To deliver a certificate, in the standards of the PHTLS and ATLS 
course, to the physicians and paramedics who pass the courses, according to 
the standards of the National Association of Emergency Medical Technicians 
(NAEMT).

•	 Objective 6: Conduct visits to observe medical procedures and medical evacuation 
in work areas and offer recommendations.

Figure 8 – Training Colombian military personnel for health support

Source: Record made by the author, 2014

10.1 Training course for health support to humanitarian demining actions in Colombia

The planning of the course for the training of the members of the civilian and military 
HDO followed the needs and requests of the AICMA-CO. The topics, subjects, and disciplines 
cover initial care of the injured, care of multiple victims, and medical evacuation. Accidents 
caused by anti-personnel mines and other explosives have their own characteristics, which were 
highlighted in the various levels of training offered. After approval of the content, focus, and 
target audience by JID and AICMA-CO, the GMI-CO began activities to structure and con-
duct the training course for health support in humanitarian demining operations.
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The course is designed on the established PHTLS and ATLS frameworks with focus 
on the changes resulting from explosives injuries and the social, economic, and geographic char-
acteristics of Colombia. At the beginning of the course, presentations of the Imas and current 
health support protocols are introduced, and the course ends with the current plans carried 
out in each region where the course is offered. The first training event took place in Bogotá, 
the Colombian capital, after which courses were held in Río Negro, Medellin, and in Nariño, 
in Antioquia state – one of the cities most affected by the armed conflict in Colombia.

10.2 Proposed Protocol for Health Support to Humanitarian Demining Operations for 
Colombia (General Notions)

This protocol provides the specifications and guidelines for the implementation of 
medical support techniques for humanitarian demining in the Colombian territory. Likewise, 
this protocol provides details on the responsibilities and obligations of the actors involved in the 
execution of the medical support.

Civilian Humanitarian Demining Organizations (CHDO) accredited by the National 
Government to conduct Humanitarian Demining activities must comply with the provisions 
of this standard; and implement their plans, programs, projects and operations in a coordinated 
manner with the Presidential Program of Comprehensive Action against Anti-Personnel Mines.

Medical care varies depending on where it is performed, the complexity of the situa-
tion, and its duration. However, in all cases, these general principles should be applied:

1.	 All medical support should be provided by the Humanitarian Demining Organi-
zation (HDO) accredited by the National Government and in coordination with 
the Programa Presidencial de Ação Integral contra as Minas Antipessoal (AICMA 
- Presidential Program for Comprehensive Action against Anti-Personnel Mines).

2.	 All medical support must be performed in accordance with a Standard Operating 
Procedure approved by the Inter-Institutional Humanitarian Demining Agency 
(IHD) and must be subject to quality assurance and quality control.

3.	 All information collected or developed (data, documents, etc.) during medical care 
must be sent to the President’s Comprehensive Anti-Personnel Mine Action Program.

During the medical care, the community of the intervention area and other stake-
holders must be consulted and informed, in order to ensure the best health structure and med-
ical evacuation routes in case of accident or incident with Anti-Personnel Mine / Improvised 
Explosive Device / Unexploded ordnance (APM/IED/UXO).

Medical care must be performed in accordance with the provisions of the other 
National Humanitarian Demining Standards and will always be a mandatory requirement for 
the removal of APM/IED/UXO.

There are no APM/IED/UXO release operations without an acceptable level of med-
ical care and a casualty evacuation plan. Everyone involved must fully understand and practice 
a medical evacuation plan.

If the medical support provided in this national protocol was eliminated or is not 
available, the authorization will cease immediately until it is restored.
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Demining teams should conduct victim evacuation training at least once a month and 
when changing work sites. These drills will be recorded in the authorization task log.

Each demining activity will provide adequate medical support and evacuation of the 
injured. Humanitarian demining organizations (HDO) need to define precisely what kind of 
support is provided at each demining work site.

In each work area, the demining organization will have an equipped nursing assistant 
capable of performing victim rescue and Advanced Life Support (ALS) within five minutes 
of the accident. Each nursing assistant should have up to 15 minutes access to an emergency 
vehicle and the driver, which, during working hours, will not be used for any other purpose. 
The vehicle must be adequate to transport the victim quickly and safely to the nearest medical 
center, heliport, or landing strip.

For the Non-Technical and Technical Study Teams, a nurse’s aide must be available 
and the investigation team must maintain proper communications, regarding the removal 
operations of APM/IED/UXO.

Medical support should be sufficient to stabilize large scale shrapnel wounds, trau-
matic amputation and multiple wounds and administer saline solution within 15 minutes of 
the accident or incident caused by APM/IED/UXO.

Organizations are responsible for ensuring that a properly equipped hospital with 
qualif ied surgical and medical equipment is available within 60 minutes of the transfer of 
any removal team of APM/IED /UXO. All organizations must clearly indicate in their 
Operating Procedure the implementation plans and the means provided for the evacuation 
of the injured.

The method of evacuation of victims should always be specified and understood 
by everyone. The primary method of evacuation is overland to the nearest hospital with 
operating capability.

Medical support and evacuation should contribute to the following goal: rapid and 
effective response to any accident or incident related to APM/IED /UXO for humanitarian 
demining activities.

11 CONCLUSION

Health support in non-warfare area clearance operations is not yet supported by 
Brazilian Army manuals, but the initial methodology can be found in the International Mine 
Action Standards (Imas).

In line with the issues raised, there is a need to develop a doctrine for the use of the 
health service in actions against mines, especially in the area clearance operation in a non-war 
situation (humanitarian demining), aiming first to provide support for these activities and then 
evolve into a guideline in a war situation.

The long period of conflict motivated the indiscriminate use of mines, causing 
serious effects for 31 states of the 32 existing in Colombia. Today Colombia is one of 
the countries most afflicted by this evil. In addition, despite great efforts to clear mined 
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areas, new contaminations by landmines or improvised explosive devices, particularly 
those launched by non-state actors who disregard the international legislation prohibiting 
their use, have emerged.

By supporting Colombia in the solution of its intrinsic problems, in the field of 
humanitarian actions and peace missions, Brazil strengthens its diplomacy and increases its 
influence in its strategic environment. The expansion of multilateral relations and coopera-
tion actions will favor the reduction of humanitarian problems, as well as demonstrate Brazil’s 
capacity to help and support international security efforts, increasing the country’s legitimacy 
to the principles of world peace, as mentioned by Borlina (2015) and Geraldo (2020). The par-
ticipation of Brazilian military personnel in humanitarian demining is a relevant support to the 
integration processes being developed in South America, especially in Colombia, by promoting 
dialogue, trust, and military cooperation for mutual defense.

CCOPAB is a reference center for training military personnel on humanitarian dem-
ining in association with the Engineering Instruction Center, in the city of Araguari, Minas 
Gerais. These two structures are in tune with the most modern techniques and equipment 
in use, but we still need a doctrine for humanitarian demining in its various phases, in addi-
tion to the health support offered for these activities. At the CCOPAB, training in the area of 
health was structured for Brazilian and foreign military and auxiliary forces, which would act 
in the various humanitarian demining missions. The participants of these trainings were also 
presented with a proposed protocol for Colombia for health support to humanitarian dem-
ining, demonstrating the need to specify and detail this health support for each region, area, 
or country in which the actions against mines would be carried out.

Army Planning, at the strategic and sectoral levels, must be oriented towards 
the acquisition of land military capabilities and operational capabilities that will enable 
the Brazilian Army to fulfill its mission and achieve its vision of the future (BRASIL, 2015). 
There  is a need for these health operational capabilities to support humanitarian demining 
activities, with future application in military demining.

This paper, therefore, aims to stimulate debate about the topic, as well as to raise the 
interest and importance of health support about the activities involved in mine action.
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1)	 It must be original and unpublished;
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an eventual submission to another journal will only occur after the assessment return;
3)	 A substantially similar version must not have been published in annals of events.

Guidelines for Authors
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to be sure that your article meets all requirements. Complete regulatory requirements must be 
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The papers should be submitted in Word or RTF format.
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Title: The title should be brief, limited to 22 words (including, if any, the subtitle). 
Abstract: with a maximum of 150 words in the language of the text and in English (when submit-
ted in Portuguese or Spanish). It must describe the objectives, methodology and results.
Keywords: at least three and at most five. 
Tables, graphics and images: Use editable formats whenever possible so that translations can occur 
directly in the image. The quality of the images should be 300dpi when they are not from Word/
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sable information for the article’s understanding.
Word limit: The article should have between 6000 and 8000 words, including pre-text and references. 
However, major or minor articles may be published as long as justified by the content of the contribution.
Footnotes: Notes should be included as little as possible and only for essential information. They 
should be included on the same page as the note, do not use endnote. Avoid using notes to reference, 
privilege the use of author-date citations directly in the text. For notes of informative texts available 
on the Internet that are of interest to the reader and which are not direct or indirect citations, such as 
news, institutional or corporate websites, electronic documents, tables or statistical data, the link and 
access date must be indicated, as following example:

[Explanatory text]. Available at: [website]. Access on: [month abbr. Day, year].
More information available on the Brazilian Army website. Available at: www.eb.mil.br. Access on: 
Jul. 2, 2019.
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Citations and References
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and 10520:2002. 
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Copyright Statement
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