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ABSTRACT

Introduction: Military missions involve stressful and life-threatening situations; however,
soldiers should have a healthy cognition on the battlefield despite their high-stress levels. This
is an ability that should be gained during prior military training. Successful and influential
training is suggested to be associated with structural and functional improvements of the brain.

Methods: This study investigated the pattern of brain activation while observing videos
relevant to life-threatening situations, in addition to brain structure. Accordingly, the obtained
data were compared between 20 military members and 26 healthy controls. The study
participants were all male, aged between 19 to 24 years, right-handed, studying BSc, and from
the same socioeconomic status.

Results: The obtained data presented a larger volume in a total number of 1103 voxels of
the brain (in 5 brain areas) in the military group. Furthermore, the military group suggested
higher brain activation in the visual processing areas of the brain when observing real combat
videos; however, this increment was mostly in the areas associated with motor processing and
executive functions in the controls.

Conclusion: This study indicated that military training is associated with positive structural
changes in the brain. Besides, it provided a different brain activation in response to stressful
situations. These findings highlighted the importance of qualified military training.
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Highlights
e Military training is positively associated with brain structure alternations.
e Military training is associated with brain functionality.

e Military officers present a different brain activation in response to the threat.

Plain Language Summary

The army of a country is protecting the land, residents, property, and independence of that country. The condition of a
battlefield is full of stress and life-threatening situations. Well, if an army member loses his attention and concentration
during the battle, he may easily lose his life. In addition, that group of soldiers may have a lower chance to complete
their mission. As a result, it is very important to know if an army member is ready for deployment and will be focused
on his duties during the battle. In this study, we compared a group of young under-training army members, who had
not been sent to any deployment, with a group of healthy controls. We aimed to understand if the military training in
the army group was correlated with the structure and function of the brain; in other words, we expected that all those
trainings suggest some associations with a healthier and more efficient brain in the army members. We observed larger
volumes in some areas of the brain in the army group, i.e. expected, due to receiving high biopsychological trainings.
Besides, the army group had less brain activation when observing real-combat, stressful movies. This finding reveals
that they had a better regulation of their emotions against life-threatening situations. This study highlighted that the

military training of our army members is efficient enough, to prepare them for deployment.

1. Introduction

ognitive failure is prevalent in individuals

under stress, which may disappear when

the stress decreases (van Wingen et al.,

2012); however, severe stress, like those

experienced in a military mission, can lon-
ger and more severely lead to cognitive impairments.
Accordingly, it influences the performance, cognitive
behavior, and occupational functioning of the individu-
als (“Self-reported illness and health status among gulf
war veterans: A population-based study”, 1997). Stress
is referred to as a state of threatened homeostasis in an
organism, due to internal or external effects (Chrousos,
2009). The physiological response towards it would be
the activation of the sympathetic nervous system and the
Hypothalamic-Pituitary-Adrenal (HPA) axis (Steinbeis,
Engert, Linz, & Singer, 2015a), as well as enhanced
cortisol level (Hellhammer, Wiist, & Kudielka, 2009).
This physiological response and the corresponding rises
in arousal, vigilance, aggression, and attention, enable a
behavioral response, called “fight-or-flight” (Steinbeis,
Engert, Linz, & Singer, 2015b).

Stress presents profound effects on human cognition
(van Wingen et al., 2012); this includes not only making
decisions and planning actions (Lerner & Keltner, 2001),
but also the memory and perception of sensory informa-

tion (Phelps, 2004). Adverse influences of stress are also
illustrated on the lack of time and place orientation (Cosi¢
et al., 2012), emotionality (Eiland & Romeo, 2013), the
structure of amygdalar neurons (McEwen, Nasca, &
Gray, 2015), enhanced anxiety-like behaviors (Padival,
Blume, Vantrease, & Rosenkranz, 2015), the atrophy of
hippocampal cells (McEwen et al., 2015), and the execu-
tive functions (van Wingen et al., 2012). As a military
example, the combat stress in the US army soldiers in Af-
ghanistan suggested reduced midbrain activity and integ-
rity, in association with compromised sustained attention,
as well as reduced functional connectivity between the
midbrain and prefrontal cortex (van Wingen et al., 2012).

Therefore, it is essential to empowering the soldiers
to maintain their proper cognition and performance on
the battlefield. Such measures enable them to protect
themselves and complete their mission. One method
to achieve this goal is through persistent military train-
ing and education. It has been suggested that military
training does enable professional soldiers (even uncon-
sciously) to control their brain activity and not being
affected by threats (Cosié¢ et al., 2012). This ability is
much weaker or unavailable in the general population. A
mindfulness-based series of training also positively im-
pacted the brain-behavior relationship in soldiers. Some
examples included enhanced stress recovery, decreased
plasma neuropeptide Y concentration, and attenuated
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brain activations in the insula and anterior cingulate.
Emotion regulation assists individuals to tailor their
emotional responses in a dynamic environment (Raio &
Phelps, 2015); however, stress exposure exerts detrimen-
tal effects on this ability among them. Mission success
depends on the soldiers’ ability to manage and leverage
their emotions (Raio & Phelps, 2015). Subsequently, it
is vital for the soldiers to practice and gain the required
skills to cognitively manage their emotions as a driving
force of attention, motivation, and learning (Oden, Lo-
hani, McCoy, Crutchfield, & Rivers, 2015).

In addition to mental training, Physical Activity (PA)
could positively influence the brain’s cognitive abilities
(Ang, Gomez-Pinilla, & Gomez-Pinilla, 2007); this im-
pact is to the extent that PA is described as the most effi-
cient manner to have a healthy mind (van Praag, 2009).
For example, aerobic exercise is observed to improve the
efficiency of attentional (Kramer et al., 1999), executive-
control (Colcombe & Kramer, 2003), and learning (Peri-
ni, Bortoletto, Capogrosso, Fertonani, & Miniussi, 2016)
processes; a higher fitness level was reported to be asso-
ciated with less cognitive decline in the elderly (Barnes,
Yaffe, Satariano, & Tager, 2003); with enhanced cogni-
tion, as well as improved learning and memory (Cot-
man & Berchtold, 2002), attention, reaction time, and
language (Snowden et al., 2011; Batouli & Sisakhti,
2019), and with visuospatial, and other neurocognitive
functions (Braskie et al., 2014). Additionally, resistance
training improved associative memory performance and
visual processing strategy (Liu-Ambrose, Nagamatsu,
Voss, Khan, & Handy, 2012). Besides, coordination
training was associated with improved cognition (Nie-
mann, Godde, & Voelcker-Rehage, 2016). Exercise also
reduces the incidence of stress-related disorders (Herrera
et al., 2016), such as depression, post-traumatic stress
disorder, and anxiety (Asmundson et al., 2013).

PA is positively correlated with the brain structure as
well. A review study demonstrated that >80% of the
brain’s gray matter is related to PA (Batouli & Saba, 2017).
The PAs included aerobic exercise, endurance, strength
and balance training, weight press and stretching, as well
as sports such as biking, running, martial arts, ball sports,
golfing, and diving. That study indicated the substantial
association of PA with the brain structure. Moreover, the
relevant findings emphasized implementing PA in the
programs related to improving mental abilities, including
military training.

As aresult, it is essential to evaluate the association be-
tween the biopsychological training of military officers
and the alterations of their brain structure and function.
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For this aim, this study acquired two groups of partici-
pants, consisting of military officers and controls. Both
study groups were matched in terms of age, educational
level, and socioeconomic status. We compared their
brain structure, as well as their brain activations pattern
while observing stressful movies of real combat. The
current research findings could help evaluate the efficacy
of our military training to prepare soldiers for deploy-
ment. Accordingly, we could save their lives and help
them to complete their mission.

2. Materials and Methods

This study was performed per the Ethics Statement of
Iran University of Medical Sciences (ethics approval
code: IRIUMS.REC.1395.899). All study participants
declared their assent during the initial interview after be-
ing informed about the general purposes of the study. Ac-
cordingly, they provided signed informed consent forms
on the test day. Forty-six right-handed male subjects were
included in this study. Of them, 26 were healthy con-
trols (Mean+SD age: 20.5£1.02 years; age range: 19-22
years), who were BSc students of Medicine, Nursing, or
Radiology. The test group included 20 young military of-
ficers (Mean#SD age: 22.8+0.8 years; age range: 20-24
years), who were also BSc students at an Iranian military
educational institution. Besides, they had successfully
passed the basic educational courses of the Iranian army,
including heavy physical, martial, and military training,
as well as the theoretical military educations. The two
groups were selected from the same socioeconomic sta-
tus; however, the military group members were older;
therefore, all estimations were corrected for age.

The control group was not sedentary; however, heavy
training and a few hours of physical exercise was a dai-
ly program of the military officers (for around 3 years).
Thus, the amount of time and effort that the military group
devotes to PA was higher than that of the controls. As evi-
dence, the Mean+SD Body Mass Index (BMI) scores of
the military and control groups were 21.4+1.89 (17.7-
24.8) and 23.1+3.22 (17.5-30.1), respectively. The BMI
measures of both research groups were in the healthy
range; however, the lower BMI in the military group was
statistically significant (Paired Samples t-test, P=0.047).

The biopsychological health of the study participants
was tested by a physician at the imaging center using
our developed questionnaire, i.e. based on the inclusion/
exclusion criteria of the International Consortium for
Brain Mapping (ICBM) (Mazziotta et al., 2009). The
study participants were excluded due to any current or
past chronic or acute neurological or internal conditions,
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medicine consumption, undergoing surgery, experienc-
ing trauma; being overweight (>100 kg); having a se-
rious family history of any diseases; smoking or drug/
alcohol abuse; being claustrophobic, or having implants
or any other metal objects in the body.

To assess the underlying emotional state of the partici-
pants, the Positive and Negative Affect Schedule (PA-
NAS) test (Tran, 2013) was performed before conduct-
ing the Magnetic Resonance Imaging (MRI). As a result,
the PANAS mean4SD scores (based on a 50-point scale)
of the military group was “positive= 38.1+4.3”; and
“negative= 18.5+5.5”; for the control group, the same
was “positive= 35.2+5.5”, and “negative= 17.6£5.9”.
The two groups did not differ in their negative or posi-
tive PANAS measures (P>0.05).

The functional MRI (fMRI) paradigm was designed
to simulate a stressful and life-threatening situation for
the study participants. For this aim, 5 conditions were
randomly set up in a block-design paradigm using short
web-downloaded video clips. The conditions were as
follows: I) videos relevant to a European football league
(football); IT) short videos of real combat footage, with-
out scenes relevant to murder, violence, or brutality
(war-1); IIT) real footage of combat, with scenes relevant

Figure 1. Sample screenshots of the presented videos
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to murder and violence, but without brutality (war-2);
IV) videos of combat, with murder, violence, and brutal-
ity (war-3); and V) the rest condition, which included a
black cross on a white background (rest). Providing three
types of war conditions was to assure that approximately
all kinds of real-combat situations were presented to the
research participants. The football videos were presented
as neutral stimulations. The sample screenshots of the
videos are provided in Figure 1.

The paradigm lasted 11:55 minutes. It comprised 6 rest
conditions (24s each), 3 football conditions (30s each),
3 videos of war-1 condition (30-50s each), 2 videos of
war-2 condition (30s each), and 5 videos of war-3 con-
dition (34-60s each). The conditions were initially ran-
domly distributed; then, the same paradigm was present-
ed to all study participants. The videos and their sounds
were presented to the research participants during the
MRI scan using a goggle (800x600-pixel resolution in
a 0.25 square area and refresh rate of up to 85 Hz) and
an earphone (30 dB noise-attenuating headset with 40Hz
to 40 kHz frequency response), i.e. appropriate to up
to 4.7T magnetic fields (VisuaStim, The Pennsylvania
State University, USA).

Sample screenshots of the videos being presented to the research participants during the fMRI scanning per three conditions;
War-1: Real combat footage, without scenes relevant to murder, violence, or brutality; War-2: Real footage of combat with
scenes relevant to murder and violence, but without brutality; War-3: Real videos of combat, including murder, violence, and
brutality. Football: Videos relevant to a football game, presented as neutral stimulations.
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A checklist was followed by the examiner before each
MRI scan to confirm the consent of the study subject
and recognizing the study purposes. Additionally, no
consumption of any antineuropathic medication, no con-
sumption of any doping food (e.g. coffee, alcohol), or
medicine on the exam day was checked. Moreover, the
performance of clinical checks by the physician, setting
lenses for better visualization of the goggle (if required),
as well as goggle cleanness, training the participant for
tasks during the scanning, requesting the participant to
imaging being in the situation presented to him in the
videos, and setting the headset volume on a comfortable
level were observed.

The brain MRI was performed by a Siemens 3 Tesla
MRI scanner (Prisma; Siemens Healthcare GmbH,
Federal Republic of Germany; Production: 2016) with
a 64-channel head coil, at the National Brain Mapping
Lab, Tehran City, Iran (www.nbml.ir). Functional T2x-
weighted images were collected using Blood Oxygen
Level Dependent (BOLD) contrast, with 40 mT/m
gradients, and by the coverage of the whole head. The
protocol included a single-shot, spin-echo, Echoplanar
Imaging (EPI) sequence (TR= 3000ms, TE= 30ms, flip
angle= 90°, FOV= 192mm?, matrix size= 64x64, & slice
gap= 0mm), and was used to acquire 40 slices with iso-
tropic resolution (3x3x3 mm?). A Three-Dimensional
(3D) T1-weighted anatomical scan was acquired prior to
the EPI scan, using a gradient echo pulse sequence (TR=
1800ms, TE= 3.44ms, TI= 1100 ms, flip angle= 7°, vox-
el size= 1x1x1mm?3, FOV= 256x256 mm?, matrix size=
256x%256, slice thickness= Imm, & slice gap= 0 mm).
All obtained data were anonymized before processing.

Details of our volumetric analysis methods were previ-
ously published (Batouli, Sachdev, et al., 2014; Keihani
et al., 2017). As a summary, initially, the quality of the
T1-weighted scans was visually checked for a correct
orientation and matrix size, for a proper signal to noise
ratio, and no artifacts, using the Display toolbox, SPM12
(Welcome Department of Imaging Neuroscience: http://
www.fil.ion.ucl.ac.uk/spm), in MATLAB (version 9.0).
No scan was excluded in this step. Next, VBM analysis
was performed as follows. The scans were segmented
into GM, WM, and CSF employing the segmentation
toolbox, which created the native space plus Diffeomor-
phic Anatomical Registration Through Exponentiated
Lie Algebra (DARTEL) imported outputs (Ashburner,
2010). This process was conducted using the default set-
tings of the “Run DARTEL: create template” toolbox;
the accuracy of inter-subject alignment was improved
by iteratively averaging the DARTEL-imported data of
the GM and WM tissue types to generate population-
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specific templates. Furthermore, after generating the
templates, all the GM and WM images were normalized
to the Montreal Neurological Institute (MNI) standard
space, using the Normalize to MNI space toolbox. Even-
tually, all images were smoothed with a Gaussian kernel
(10mm FWHM) before running the statistical analyses.

The total cerebral volume of all study subjects was
estimated by adding the probability estimates of the
GM and WM maps then multiplying the resulted val-
ues to 3.375 mm? (the volume of one voxel). The total
volumes were required for statistical inferences. Using
global calculation, the study groups were compared in
a voxel-wise manner, using Independent Samples t-test
at the significance level of P<0.001 (corrected for voxel-
level multiple comparisons using the family-wise error
correction). The implicit masking of the final images
was eventually performed with a relative threshold. This
measure helped to eliminate any effect of edge differ-
ences between the research groups.

The fMRI data analysis detailed was also previously
published (Batouli, Hasani, Gheisari, Behzad, & Ogha-
bian, 2016). This analysis was performed using the
fMRI Expert Analysis Tool (FEAT), part of FMRIB’s
Software Library (FSL, http://www.fmrib.ox.ac.uk/fsl)
(version 5.0.9). Pre-processing steps included motion
correction using FSL, Motion Correction from FMRIB’s
Linear Image Registration Tool (MCFLIRT); skull-
stripping for the removal of non-brain tissue using Brain
Extraction Tool, FSL (BET); slice-timing correction by
Fourier-space time-series phase-shifting; the normaliza-
tion of the functional images to the standard Montreal
Neurological Institute (MNI) brain atlas in two steps, as
follows: 1) the co-registration of each individual’s func-
tional images to his high-resolution T1-weighted scan,
using FMRIB’s Linear Image Registration (FLIRT) and
7 Degrees of Freedom (DOF); II) the linear registration
of the structural T1 images to the MNI space, with 12
DOF; using a Gaussian kernel of FWHM= 6.0 mm for
spatial smoothing; the multiplicative mean intensity nor-
malization of the volume at each time point; and high
pass temporal filtering (Gaussian-weighted least-squares
straight-line fitting, with sigma = 60.0s).

The parametric statistical analysis was based on a Gen-
eral Linear Model (GLM) and performed using FEAT
(version 6.0.0), FSL. The FMRIB Improved Linear
Model (FILM) pre-whitening was implemented for the
statistical analysis of the fMRI time-series. This proce-
dure helped to make the statistical approaches valid and
maximally efficient, which devoted a z-score to the cor-
responding BOLD signal. Three regressors were defined
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in the analysis, corresponding to the three war condi-
tions. The individual GLM analyses were performed by
creating a boxcar function of tasks (different conditions)
against rest; being convolved with a canonical hemody-
namic response function and its temporal derivatives. As
explained above, we also registered the estimated func-
tion map to the corresponding structural image and ulti-
mately the MNI space. For each subject, three contrast
images were produced.

The group-level analysis was conducted applying FM-
RIB’s Local Analysis of Mixed Effects (FLAME) to es-
timate within-group averages. Besides, it was employed
for between-group comparisons using the three contrast
images of the study subjects. Cluster thresholding was
performed to only reveal the significantly-active clusters.

Figure 2. The fMRI data analysis results

Basic and Clinical

The initial criteria for identifying active clusters was a
voxel-level probability threshold of Z>2.3; a false dis-
covery rate (PFDR<0.05) was also used to correct mul-
tiple comparisons; however, for a higher assurance of the
findings, we finally selected a more stringent P<0.005,
which corresponded to a Z>2.6. The effect size of the
comparisons between the two groups, based on Cohen’s
d formula (Kim, 2016) was estimated to be d= 0.38, i.e.
regarded as a “medium” effect size (Kim, 2015). Fur-
thermore, it is interpreted as 65% of the military group
being above the mean value of the controls.

3. Results

The average brain activations of study groups in the three
conditions were initially estimated. The details of these

The results of the contrasts between the fMRI maps of the military and control groups; the brain maps in the three war condi-
tions were contrasted between the study groups to test any differences between their brain activations while observing the
relevant videos; the military group presented higher activations in the occipital lobe of the brain, and this was mostly detected

in the frontal areas for the control group.
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Table 1. Active brain areas during the three conditions

September, October 2020, Volume 11, Number 5

Control Group:

ndition Mili roup: Aver: Mili > Control ntrol > Mili
Conditio ilitary Group: Average Average ilitary > Control Control ilitary
Cluster No.; # of voxels; Z-max; x,y,z of Z-max; brain regions
1;27691; 7.39; 50,-66,6 1;1217;3.57;-2,18,54
B: Inf Occ; R: Occ pole; L:  1;33585; 7.46; 34,-
Sup Occ 86,-14 36
. . . . n. No effect.
2;1054; 4.41; -56,-32,10 B: Occ pole; R: Inf LSMA 35
L: planum temporale, Ocg, lingual gyrus 21854
parietal operculum, SMG,  2;502; 3.83; -34,- g 34
War-1 L SFG
STG 8,52 121256
3;1042;4.71; 60,-34,18 L: Precentral, SFG R:SM’A
R: SMG, STG, planum 3;288; 3.53; 12 6,58
temporale -38,10,26 r
4;331;4.06; -42,-4,44 L: IFG, MFG
L: precentral gyrus, SFG
1; 520; 4.56; 4,-64,2 1; 4261, 4.06; -14,-46,52
Rlingual 6. 4642 46 P 14465 41
neus
1;34831; 7.44; _
249212 2;499; 5.17; 20,-86,26 Lprecen- 3488 39
1;29143; 6.58; 48,-80,0 o 187 Fveres [P Fye tral
R: Inf Occ, lingual gyrus; L: fBrr:fGOEch fu5||— B
fusiform orm¢a, L: e pole © 208626 517 LMFG  -34,1228 38
2;1469; 5.29; Occ
War-2 2;552; 4.55; 14,-36,-6 46,1622
B: Parahippocampus R: IFG 'MF'G Pre- R cuneus 8,-90,16 3.8 LSMA -8,0,58 3.8
3;458; 4.49; 40,2,60 el el L postcen
R: MFG, IFG; L: Precentral 3,1224;4.22; -38,- iral G. -18,-44,52 3.6
G
6,64
L: Precentral, IFG LSFG -18,0,56 36
2;2824;3.82;60,8,32
RAEEE egmen 38
tral
1;36139; 7.46; 1;421;3.72; 10,-94,-8 1; 3565; 3.91; -40,14,30
50,-76,2 .
B: Inf Oc; L: Sup R lingual G. 10,-94,-8 3.7 L MFG -40,14,30 39
. . 6.83-50.- Occ L precen-
1,.30701, §.§3, 50,-66,6 2,75: 4.81; tral -34,8,28 3.8
B: Inf Occ; R: Occ pole,
lingual G; L: Sup Occ 46,16,24
gual @; L oup R: IFG, MFG, Pre- 37
2;425; 3.89;-70,-32,20
War-3 L: SMG. STG. planum central G LSMA
oG, 518, p 3;519, 3.46; -38,- -10,-2,60
temporale 664 LISF(’S
5 338P féfjéjjf’“ L: MFG, SFG, Pre- 012,56
' central G 3.6
4, 436; 3.55;
-50,0,40
L: IFG

Average brain activations of the military and control groups, as well as the contrasts between them, in addition to the number
of voxels, z-value, coordinates, and included brain regions of each cluster; Maximum z-value and coordinates of the brain areas
which showed different activations between the two groups are also provided; B: bilateral; R: right; L: left

activations, including size, coordinates, and the maximum
Z-value of the activation clusters are provided in Table 1.

brain areas, reflecting different activations between the
research groups.

Table 1 presents the average brain activations of the
military and control groups, as well as the contrasts
between them, in addition to the number of voxels, Z-
value, coordinates, and included brain regions of each
cluster; maximum Z-value, and the coordinates of the

The first type of movies relevant to war activated bi-
lateral Inf. Occ, planum temporale, Superior Temporal
Gyrus (STG), and Supramarginal Gyrus (SMG) in the
military group. These alternations were in addition to
the right Occ pole, and the left Superior Occipital Gy-
rus (SOC), parietal operculum, Superior Frontal Gyrus

675
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Figure 3. The volumetric analysis data
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The five areas of the brain which illustrated a larger volume in the military group, compared to controls, using a VBM analysis
method; the areas included the right middle temporal gyrus, right hippocampus, left precentral gyrus, right thalamus, and left
posterior cingulate. The colored pixels represent the brain regions overlaid on a standard (in the MNI space) T1-weighted scan

of the brain.

(SFQG), and precentral gyrus. The control group also pre-
sented brain activations in this condition in bilateral Occ
pole, right Inf. Occ, lingual gyrus, left precentral, SFG,
IFG, and MFG.

War-2 videos activated bilateral parahippocampus,
right Inf. Occ, lingual gyrus, MFG, IFG, left fusiform,
and precentral gyri in the military group. The brain ac-
tivations of this condition in the control group included
bilateral Inf. Occ, precentral, IFG, right fusiform, MFG,
and left Occ pole.

The War-3 videos activated bilateral Inf Occ, right Occ
pole, lingual gyrus, left SOG, SMG, STG, planum tem-
poral, and precentral gyri in the military group. Further-

more, the brain activations of the control group relevant
to this condition were bilateral Inf Occ, IFG, MFG, pre-
central gyri, as well as the left SOG and SFG.

The brain activations of the study groups in the
three conditions were contrasted during the analysis
(military>control & control>military); the relevant maps
are provided in Figure 2. In the war-1 condition, the mili-
tary group presented no higher brain activations, com-
pared to the controls. However, bilateral SMA and left
SFG were more active in the controls in this condition.
During the war-2 condition, the right lingual gyrus, su-
perior lateral Occ, and cuneus were more active in the
military group, compared to the controls. Besides, the
bilateral precentral gyrus as well as the left precuneus,
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MFG, SMA, SFG, and postcentral gyrus were more
active in the controls, compared to the military group.
Finally, the right lingual gyrus was more active in the
military group during the war-3 condition, whereas left
MFG, SMA, SFG, and precentral gyri demonstrated
higher activations in the controls.

The VBM analysis data revealed differences between
the brain structures of the research groups, as illustrated
in Figure 3. Accordingly, the military group presented
larger volumes in 1103 voxels in 5 brain areas, including
right middle temporal gyrus (421 voxels; x,y,z: 57,-31,-
2), right hippocampus (288 voxels; x,y,z: 28,-28,0), left
precentral gyrus (207 voxels; x,y,z: -36,6,36), right thal-
amus (131 voxels; x,y,z: 2,-22,4), and left posterior cin-
gulate (56 voxels; Xx,y,z: -17,-59,3). These results were
obtained at a P<0.001, 43 DOFs, and t=3.29.

4. Discussion

We compared structural and functional MRI scans of
two groups of participants, including 20 professional
military members and 26 healthy controls. Furthermore,
the study groups were of the same age, educational level,
socioeconomic status, and emotional state. Our results
reported 1103 voxels in 5 brain areas to have a larger
volume in the military group. In addition, the fMRI maps
indicated differences between the brain activations of the
two groups during observing movies relevant to stressful
combat situations.

The patterns of brain activation varied between the study
groups during the war conditions. Considering the three war
conditions together, the military group suggested higher ac-
tivations in the lingual and superior lateral occipital gyri, as
well as the cuneus, all in the occipital lobe. In general, this
brain lobe is involved in visual perception (Li et al., 2015);
perceiving the external stimuli; and transferring data to the
brain regions related to emotion processing and responding
(Adolphs, 2001). Additionally, these areas are involved in
feature-extraction, shape recognition, and the integration of
visual, phonological, and semantic information (Merriam
& Colby, 2005); visuomotor transformations necessary to
orient in space, like juggling (Goodale & Milner, 1992);
processing an object’s position (Gerber et al., 2014), or the
speed of a moving stimulus (Rodman & Albright, 1987).
There are specific functional roles of the brain areas, i.e.
more active in the military group, such as the occipitotem-
poral areas involved in feature extraction, shape recogni-
tion, as well as the integration of visual, semantic, and pho-
nological information (Merriam & Colby, 2005); or being
active in tasks that stimulate visuospatial processing (Nie-
mann, Godde, Staudinger, & Voelcker-Rehage, 2014).
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These data suggest that the military group allocated more
resources for perceiving and processing the visual informa-
tion, compared to the controls, i.e. consistent with previous
research (Li et al., 2015).

On the other hand, the brain areas more active in the
controls in this condition were Supplementary Motor
Area (SMA), Primary Motor Cortex (PMC), superior
and middle frontal gyri, and primary somatosensory, as
well as the premotor cortices. These areas impact motor
planning and execution (Doyon & Benali, 2005). They
also affect working memory, executive functions, and
decision making (Jacini et al., 2009). The activation lev-
el of these areas also altered during stressful conditions
(Cosié et al., 2012). The suggestions for this pattern of
activation in the controls could address their higher sus-
ceptibility towards stressful events, their lower inhibition
capacity, and less experience of stressful situations. The
specific roles of the active areas support this suggestion.
For example, increased activation of precentral, postcen-
tral, and middle frontal gyri is associated with negative
emotional imaging (Li et al., 2015); the SMA is strongly
associated with the primary motor, as well as the mid-
cingulate cortices (Schlaftke et al., 2014). Therefore, it is
involved in motor control (Dayan & Cohen, 2011) and
the planning of complex and coordinated movements
(Chouinard & Paus, 2006). Furthermore, this area influ-
ences coordinating the temporal sequences of actions,
bimanual coordination, postural stability, and internally
generated movements (Goble et al., 2010); the PMC af-
fects response selection based on arbitrary cues, and the
control of arms (Schlaffke et al., 2014), and sequential
movements (Schubotz & von Cramon, 2001). Besides,
the ventral PMC is associated with mental imagina-
tion and movement observation (Caspers, Zilles, Laird,
& Eickhoff, 2010). The right PMC also reflects spatial
processing, whereas the left is mainly involved in later
phases of motor learning (Ghilardi et al., 2000).

We observed a lower functionality of the brain areas
corresponding to motor actions and executive functions
in the military group. One explanation could be their
higher capacity for emotion regulation and response
inhibition. This quality enabled them to modulate their
brain activity. A study revealed that individuals who
performed well under severe $tress presented a more ef-
ficient functioning of the insula, i.e. a lower activation
(Paulus et al., 2010). Another study indicated that a mili-
tary group receiving a mindfulness training presented
attenuated activations in the insula and ACC. These
alternations occurred when observing emotional faces,
the areas being involved in cognitive control, emotion
regulation, reward monitoring, and interoception (Lutz
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et al., 2014). The extent of brain activation reduction in
these areas was also associated with the level of resil-
ience improvement after receiving mindfulness training.
Reduced activation of ACC during a flanker task was
also reported, being interpreted as a more efficient in-
formation processing in this region (Voelcker-Rehage,
Godde, & Staudinger, 2011). Furthermore, meditators
reflected lower posterior insula activation during atten-
tional control, compared to non-meditators (Brefczyns-
ki-Lewis, Lutz, Schaefer, Levinson, & Davidson, 2007).
One other explanation for lower brain activation in the
military group could be the forebrain-to-midbrain switch
when the threat is proximal, and the role of vmPFC in
fear inhibition (Mobbs et al., 2009). The default network
of the brain becomes deactivated when a critical external
cue is presented (Greicius, Krasnow, Reiss, & Menon,
2003). Besides, this deactivation, like the one in the PFC,
is associated with devoting external attention to the envi-
ronment (Buckner, Andrews-Hanna, & Schacter, 2008)
to more specifically react to a potential threat. These
findings suggest that specific types of mental training are
correlated with the decreased requirement of cognitive
resources to perform a task (Ph et al., 2015); they also
help in more efficient processing of stress cues.

The biopsychological training also assisted soldiers
with their recovery from stress after the deployment (Ph
etal., 2015). Furthermore, practicing emotion regulation
methods helps individuals to replace ineffective deci-
sion-making with a productive response to stressful and
challenging conditions (Oden et al., 2015). This result is
important, as the military relies on preparing warfighters
for highly-complex situations.

Contrarily, we observed a higher activation in the mili-
tary group during the war condition in the brain areas rel-
evant to visual processing. There is substantial evidence
that coordination training leads to increased activation of
the visuospatial network (Voelcker-Rehage et al., 2011).
In general, physical training could provide functional
changes in specific brain areas, leading to a general im-
provement in human cognition (Duchesne et al., 2016).
Scholars documented alternations in the electrical oscil-
lations of the brain due to physical training (Ermutlu,
Yiicesir, Eskikurt, Temel, & Isoglu-Alkag, 2015). Twelve
months of resistance training demonstrated functional
changes in two brain areas associated with response inhi-
bition, middle temporal gyrus, and anterior insula extend-
ing into lateral OFC (Liu-Ambrose et al., 2012); even one
week of training-induced learning-related changes in the
functional connectivity of brain areas was reported (Del-
la-Maggiore & McIntosh, 2005). One suggested mecha-
nism for the association between PA and the brain func-
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tion alteration is that chronic exposure to cardiovascular
and resistance training is correlated with increased meta-
bolic demands. Therefore, the need for glucose and oxy-
gen increases in the active neurons (Ding et al., 2004).
Besides, a lower BMI is associated with a healthier brain
and an improved cognitive capacity (Floel et al., 2010).

The brain volume was larger in 5 areas in the military
group, compared to the controls. The human brain is elas-
tic, i.e. its structure alters to adapt to new demands (Lov-
dén, Backman, Lindenberger, Schaefer, & Schmiedek,
2010). Our previous review study suggested that >80%
of the GM of the brain was positive associated with PA
(Batouli & Saba, 2017). Moreover, all the 5 brain regions
in that review study presented such association; the num-
ber of studies (among 53 studies) that reported these 5
regions to correlated with PA was 14 for the hippocam-
pus, 9 for the middle temporal gyrus, 4 for the precentral
gyrus and posterior cingulate, and 1 for the thalamus.

It is reported that those areas of the brain which pres-
ent structural changes in association with PA are mainly
essential for motor-related functions (Lerch et al., 2011;
Martensson et al., 2012). For instance, the hippocampus
presents increased neurogenesis and a higher cerebral
blood volume induced by exercise (Pereira et al., 2007).
It is also responsible for the encoding and consolidation
of motor skills (Albouy et al., 2008); the middle tempo-
ral gyrus is significantly involved in motor learning and
memory (Doyon & Benali, 2005); the precentral gyrus
is a primary site of the motor cortex; cingulate cortex
coordinates complex motor movements concerning
higher-order attentional demands (Rovio et al., 2010);
PCC mediates executive functions (Hillman, Erickson,
& Kramer, 2008), and in particular, integrates multimod-
al sensory data for the planning and execution of com-
plex movements (Amiez & Petrides, 2014); thalamus
relays sensory-motor signals to the cerebral cortex and
is known as a subcortical motor center. Despite involve-
ment in motor-related functions, these areas are engaged
in other cognitive abilities as well. These data explain
the association of PA with general cognitive improve-
ments among individuals. For example, the hippocam-
pus impacts navigation and spatial representation skills
(Stickgold, Malia, Maguire, Roddenberry, & O'Connor,
2000), spatial memory (Lee, Miyasato, & Clayton,
1998), and retrieval (Brodziak, 2013); PCC is associated
with navigation ability (Maguire et al., 2000), spatial
memory (Friedman et al., 1998), the recognition and re-
trieval of previously encountered information (Liégeois
etal., 2004), semantic priming (O’Hare, Dien, Waterson,
& Savage, 2008), and moral judgments (Raine & Yang,
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2006); and precentral gyrus is involved in spatial work-
ing memory (Weinstein et al., 2012).

There are some candidate mechanisms for the activi-
ty-related structural changes of the brain. PA results in
elevated blood flow and volume in the brain (Yau, Gil-
Mohapel, Christie, & So, 2014). PA is also related to the
growth of capillaries (Palmer, Willhoite, & Gage, 2000)
and the number of small blood vessels (Bullitt et al.,
2009). Considering that 5% of GM tissue is accounted
for vasculature (Barbier, Lamalle, & Décorps, 2001),
any elevation of the above-mentioned factors could con-
tribute to the increment of the neural volume. In addi-
tion, the increment of blood flow in the brain could be
associated with the development of new neurons (Dish-
man et al., 2006; Draganski & May, 2008; Pereira et al.,
2007), i.e. interpreted as a larger GM volume or density.
A few candidate mechanisms include elevated cell pro-
liferation (Maguire et al., 2003), angiogenesis (Cotman
& Berchtold, 2002), neurogenesis (Heo et al., 2014; van
Praag, Kempermann, & Gage, 2000), synaptogenesis
(Kleim et al., 2002; Kobilo et al., 2011), and myelination
(Canu, Carnaud, Picquet, & Goutebroze, 2009; Ruegg,
Kakebeeke, Gabriel, & Bennefeld, 2003). Hippocampus
is among the brain regions where neurogenesis mostly
occurs (Gross, 2000). One explanation could be that PA
elevates the level of some proteins in the brain, such as
High-Density Lipoprotein-Cholesterol (HDL-C); Insu-
lin-Like Growth Factor 1 (IGF-1); Vascular Endothelial
Growth Factor (VEGF) (Cassilhas et al., 2007); the level
of Brain-Derived Neurotrophic Factor (BDNF) (Tang,
Chu, Hui, Helmeste, & Law, 2008; Voss, Vivar, Kramer,
& van Praag, 2013), and the Nerve Growth Factor (NGF)
(Ang, 2007). Besides, these proteins and factors sup-
port the above-mentioned processes, such as the neural
growth and survival (Cao et al., 2007), cell genesis (van
Praag, 2009), and the formation of new blood vessels
(Hillman et al., 2008). Finally, PA alters the concentration
of brain metabolites, such as glutamate/glutamine (GLX)
(Biedermann et al., 2012), NAA (Erickson et al., 2012;
Gonzales et al., 2013), and lactate (Kuipers, Keizer,
Vries, Rijthoven, & Wijts, 1988). It has been documented
that one explanation for BV changes could be alterations
in the level of brain metabolites (Pajonk & et al., 2010).

The explored military group was trained with the basic
physical exercises of the army for approximately three
years. Studies have illustrated that different types, du-
rations, and volumes of PAs present various levels of
association with the brain structure. Different types of
PAs are associated with the brain structure; from aero-
bic exercise, endurance, and balance training, to sports,
such as biking, martial arts, and ball sports, as well as to
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general physical activities, such as dancing, gardening,
and walking (Batouli & Saba, 2017), albeit with different
levels of association. For example, a larger hippocampal
volume was observed in endurance athletes, compared
to martial artists (Schlaffke et al., 2014). The duration
of exercise is another determining factor in this respect.
The time-scale for the structural changes of the brain
in association with PA is much shorter than 10 years of
practicing Judo (Jacini et al., 2009) or 5 years of danc-
ing (Niemann et al., 2016); 6 weeks of aerobic exercise
(Thomas et al., 2016), 1 week of practicing a complex
visuomotor rotation task (Landi, Baguear, & Della-Mag-
giore, 2011), or even 4 days of practicing the signature
with the non-dominant hand (Hamzei, Glauche, Schwar-
zwald, & May, 2012). The PA volume is also critical, and
the reports range from 6.5 hours (Wei, Zhang, Jiang, &
Luo, 2011) or 45 minutes (Sehm et al., 2014) per day, to
180 (Colcombe et al., 2006; Niemann et al., 2014) or 120
minutes (Mueller et al., 2015) per week. It is suggested
that short-term and high-volume, as well as long-term
and low-volume PAs, are positively associated with the
brain structure (Ruscheweyh et al., 2011).

This study aimed at identifying the associations between
military training and the structural and functional chang-
es in the brain. We considered strict inclusion criteria for
the study participants, and selected robust imaging and
analysis methods, to obtain reliable results. We presented
real combat movies to the research participants to simu-
late the situation for them. Subsequently, it was revealed
that brain areas illustrated higher activity in response to
dynamic versus static emotional stimuli (Trautmann,
Fehr, & Herrmann, 2009). Despite its strengths, this
study had a few limitations. Although hurting humans is
morally prohibited, on some occasions, such as warfare,
killing enemy soldiers becomes justified (Molenberghs
et al., 2015). Besides, the neural circuits of justified and
unjustified killings may be different, i.e. not tested here.
Second, the optimal approach to examine the association
of PA with BV is comparing volumetric measures before
and after a period of exercise, i.e. impossible in the pres-
ent research. Additionally, although we tried to match
the participants of the two groups for age, handedness,
gender, educational level, socioeconomic status, and the
emotional state, the possibility of inter-individual differ-
ences and their influences on our findings could not be
neglected. Eventually, a PANAS test after the imaging
session, to assess the behavioral responses of the partici-
pants towards the movies, could have added useful data
to our findings.
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5. Conclusion

Our results were different with the only similar study
identified. A study (Cosié et al., 2012) presented that the
military group had higher activations in the posterior pa-
rietal, posterior temporal, premotor, and prefrontal areas
of the brain while watching the videos of combat, com-
pared to the controls. The number of active ROlIs, as well
as the overall number of active voxels, were also higher
in their military group. They interpreted their findings as
the military group to have a better understanding of the
conditions of the videos. We agree with their interpreta-
tion; however, this was a pilot study with only two com-
bat servicemen versus two mission-ready soldiers. Thus,
replication might be required.

Furthermore, several studies have reported negative
associations of military deployments with brain health
and cognitive abilities. Our military group was under
training and had never experienced a real combat situ-
ation; therefore, our results on the positive associations
of military training with the alteration of brain structure
and function could not be in contrast with previous in-
vestigations.

Besides the applications in the military, our findings
are beneficial for providing healthy aging. Brain volume
declines in the elderly (Batouli et al., 2014; Raz et al.,
2004; Sachdev et al., 2013), and the human brain is un-
der the influences of both genetic and environmental fac-
tors (Sachdev et al., 2013). Accordingly, the heritability
of brain volume decreases in old age, and the impact of
environmental factors increases (Batouli et al., 2014; Ba-
touli, Trollor, Wen, & Sachdev, 2014). Thus, providing
beneficial environmental factors and a healthy lifestyle
for the elderly seems to be the best approach for healthy
aging (Batouli et al., 2014). A study indicated that only
one year of aerobic exercise was equal to adding 1 to 2
years to brain health (Erickson et al., 2010).
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