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ABSTRACT
BACKGROUND: Although combat-deployed soldiers are at high risk for developing trauma-related psychopathology,
most will remain resilient for the duration and aftermath of their deployment tour. The neural basis of this type of
resilience is largely unknown, and few longitudinal studies exist on neural adaptation to combat in resilient
individuals for whom a pre-exposure measurement was collected. Here, we delineate changes in the architecture
of functional brain networks from pre- to postcombat in psychopathology-free, resilient participants.
METHODS: Tier 1 infantry recruits (n = 50) participated in this longitudinal, functional magnetic resonance imaging
study together with a comparison group of university students (n = 50). Changes in within- and between-network
functional connectivity were analyzed as a function of exposure group.
RESULTS: Significant group 3 time interactions manifested in the default mode, cognitive control, and ventral
attention networks; significant increases from baseline in both within- and between-network connectivity were noted
postdeployment in soldiers only.
CONCLUSIONS: These results indicate global changes in brain functional architecture in resilient combat-deployed
participants relative to age-matched students, suggesting that neural adaptation may support resilience to combat
exposure.

https://doi.org/10.1016/j.bpsc.2024.12.017
Exposure to traumatic events can induce posttraumatic stress
disorder (PTSD) (1), which is characterized by severe impair-
ment (2). Ample research in this area has examined relation-
ships among trauma, brain function, and symptoms,
suggesting that trauma may alter brain function in ways that
are related to symptoms. Through this research lens, a key
contrast of interest is between trauma-exposed participants
with PTSD and healthy exposed or nonexposed individuals. In
the current study, we adopted a different approach by focusing
on resilience manifested by the absence of notable PTSD
symptoms following potential trauma (i.e., combat).

Resilience is more common than PTSD, typically occurring
in over 95% of trauma-exposed individuals in the general
population (3) and 85% of combat-exposed veterans (4). One
associated pathway to resilience could reflect resistance in the
brain to the deleterious effects of combat. In such cases, the
brain function of trauma-resilient individuals would remain
unchanged following trauma and appear similar to the function
of healthy nonexposed comparison individuals (5). Another
pathway could reflect significant reorganization in the brain
following combat that enables healthy adaptation (6,7). In such
cases, adaptations in brain structure or function would mani-
fest from pre- to postexposure in ways that do not occur in
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healthy nonexposed individuals. The current study generates
data that bear on the likelihood of these 2 possibilities.

Two groups of young men were scanned twice using
functional magnetic resonance imaging (fMRI). One group
comprised trauma-resilient tier 1 infantry soldiers who were
scanned shortly after enlistment, before combat exposure, and
again following a prolonged combat deployment. The com-
parison group was scanned at a parallel interval and
comprised undergraduate university students of similar ages
who enrolled in an academic reserve program (ARP). In the
ARP, mandatory active military service is postponed until the
completion of undergraduate studies. In both groups, only
participants without clinical-level PTSD symptoms were
included.

Previous studies on trauma resilience have provided evi-
dence of changes in the brain’s functional connectome.
Compared with veterans with PTSD, combat-exposed healthy
veterans show weaker connectivity between the default mode
network (DMN) and the ventral attention network (VAN) or the
closely related salience network and within both the DMN and
the VAN (8). Other studies have indicated that compared with
healthy nonexposed individuals, combat veterans display
weaker connectivity within the DMN regardless of their PTSD
ical Psychiatry. Published by Elsevier Inc. All rights are reserved,
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status (9), as well as widespread, global increases in VAN
connectivity following trauma (10). In cross-sectional studies,
resilient war veterans have also been shown to express lower
amygdala-VAN connectivity, stronger amygdala-DMN con-
nectivity (11–13), and stronger DMN-hippocampal connectivity
(14) than veterans with PTSD. These and other cross-sectional
studies comparing trauma-exposed individuals with and
without PTSD to healthy comparison participants have
generally implicated brain connectivity patterns in resilience.
However, such single time point studies leave many questions
unanswered. In particular, differentiating acquired from pre-
existing neural properties related to trauma resilience requires
longitudinal study designs. These designs can include pre- and
postexposure measurements together with similar longitudinal
data from nonexposed control participants.

Few longitudinal studies have examined trauma resilience
using a pre-exposure baseline. Existing studies have mapped
how changes in task-fMRI activation patterns (15–19) and
structural measures (20–22) are related to changes in symp-
toms. Here, we adopt a different focus, examining functional
neural network architecture using resting-state fMRI (rs-fMRI).
While longitudinal studies on trauma exposure that utilize rs-
fMRI exist, they often examine recently traumatized in-
dividuals at numerous time points and do not provide a pre-
exposure baseline (23–25). Here, to evaluate the impact of
combat exposure on neural functional adaptation, changes in
functional connectivity within and between predetermined
neural networks (26) were compared within and between
combat-deployed participants and students. A lack of PTSD
pathology at baseline and postcombat was verified using a
gold-standard PTSD measure.

We expected no group differences in functional network
connectivity at baseline. Furthermore, we expected that neural
network connectivity patterns would remain stable over time
for the nonexposed student group. In contrast, based on
previous studies, we expected the resilient combat-deployed
participants to exhibit adaptations in functional connectivity
mirroring the behavioral and psychological adaptation that
resilience to combat exposure requires.

METHODS AND MATERIALS

Participants

Participants were 100 males including 50 Israel Defense Force
(IDF) tier 1 infantry recruits (mean age = 19.6 years, SD = 0.8)
and 50 control participants (mean age = 19.0 years, SD = 0.7)
who enrolled in the ARP, which allows high school graduates
to delay their mandatory service and complete an undergrad-
uate degree before being enlisted. Exclusion criteria were MRI
contraindications (e.g., claustrophobia, metal implants, tat-
toos) or neurological conditions (e.g., epilepsy, traumatic brain
injury). Use of psychiatric medication, an existing psychiatric
diagnosis, and use of illicit drugs are standard exclusion
criteria from both the ARP and tier 1 infantry programs. Four
participants were excluded from analyses due to clinical-level
symptoms and probable PTSD either at baseline (1 soldier
and 1 student) or at the second time point (1 soldier and 1
student) as measured by the PTSD Checklist for DSM-5 (PCL-
5) questionnaire (27,28) and defined by the DSM-5-TR (29). All
participants provided written informed consent. The study was
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approved by the Tel Aviv University Institutional Review Board
and the IDF’s Medical Corps Ethics Committee.

Study Timeline

Each participant was scanned twice. The soldiers were first
scanned soon after enrollment in the IDF (time point 1, n = 50)
and then again 15 months later (time point 2, n = 45) following
the soldiers’ basic and advanced training and their first combat
deployment. This period entailed accumulated combat expo-
sure in the form of regular patrols in high-conflict areas, stone
and Molotov cocktail attacks, occasionally being shot at, and
being in constant friction with combatants. Five participants
dropped out of the soldiers group: 1 dropped out due to injury;
2 were expelled from the brigade; and 2 decided to stop
participation in the study. The control students were also
scanned twice, first during the first semester of their freshman
year (time point 1, n = 50) and again 12 months later, during the
first semester of their sophomore year (time point 2, n = 37).
Thirteen students dropped out of the study: 9 left the ARP and
enlisted in regular mandatory service, and 4 discontinued
participation in the study. The 18 participants who dropped out
of the study did not differ in baseline PTSD severity from those
who completed participation (p . .50). After excluding 4
nonresilient participants (see below), the final sample
comprised 43 combat-deployed soldiers and 35 control stu-
dents. See Table 1 for demographic details.

MRI Data Acquisition and Preprocessing

MRI data were acquired on a 3T Siemens Magnetom Prisma
with a 64-channel head coil. Anatomical high-resolution
(1 mm3, matrix 224 3 224 cm) images were acquired using a
standard 3-dimensional magnetization-prepared rapid acqui-
sition gradient-echo (MPRAGE) T1-weighted sequence.
Resting-state functional data were acquired with T2*-weighted
gradient-echo echo-planar imaging protocol with the following
parameters: TR = 1000 ms; TE = 30 ms; GRAPPA acceleration
factor = 2, multiband acceleration factor = 4, matrix size 204 3

204 cm, 64 contiguous oblique axial slices covering the whole
brain, and voxel size = 2 mm3. The total number of volumes
collected was 600. Image processing for the rs-fMRI data
followed the minimal preprocessing pipeline suggested by the
Human Connectome Project (30) and included high-pass
filtering at 0.01 Hz, correction for motion artifacts, linear
registration to the T1-weighted anatomical scan, nonlinear
registration to Montreal Neurological Institute (MNI) 152 space,
and smoothing with a 5-mm Gaussian kernel. Preprocessing
was done using the FMRIB Software Library (http://www.fmrib.
ox.ac.uk/fsl). Residual noise was cleaned using FMRIB’s in-
dependent component analysis–based Xnoiseifier [FIX (31)],
which is a semiautomatic independent component analysis–
based method to identify and remove structured noise from
fMRI scans. Framewise displacement, an estimate of frame-to-
frame motion during the rs-fMRI scan, was extracted for all
participants, per time point.

rs-fMRI Analysis

The preprocessed rs-fMRI scans were parcellated into 100
regions (32) by averaging the fMRI signal of all voxels within
each region, which resulted in a 100 3 600 matrix (100 regions
nuary 2026; 11:39–47 www.sobp.org/BPCNNI
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Table 1. Demographic Characteristics of Study Participants
as a Function of Group

Demographic Details Soldiers Students

Group
Comparison
Significance,

p Value

Age, Years 19.56 (0.765) 18.97 (0.707) ,.001***

Born in Israel, % 91% 97% n.s.

Matriculation
Eligibility, %

98% 100% n.s.

Education, Years 12 (0) 12.1 (0.34) n.s.

Self-Reported
Dyslexia, %

0% 3% (0.17%) n.s.

IQ 64.2 (15.6) 83 (12.4) ,.01**

Time Between Scans,
Months

15.12 (2.21) 11.4 (1.1) ,.001***

Framewise Displacement, mm

Time point 1 0.07 (0.02) 0.07 (0.03) n.s.

Time point 2 0.08 (0.03) 0.07 (0.02) ,.05*

Baseline Trauma
Exposure

0.9 (1.1) 0.63 (0.84) n.s.

PCL-5

Time point 1 5.69 (7.79) 9.41 (9.55) n.s.

Time point 2 4.91 (6.43) 7.8 (8.82) n.s.

GAD-7

Time point 1 1.42 (1.67) 2.66 (3.92) n.s.

Time point 2 2.56 (2.76) 3.26 (2.51) n.s.

PHQ-9

Time point 1 4.26 (3.48) 4.91 (4.09) n.s.

Time point 2 4.88 (3.66) 5.06 (3.51) n.s.

Values are presented as % or mean (SD).
*p , .05, **p , .01, ***p , .001.
GAD-7, Generalized Anxiety Disorder-7; n.s., not significant; PCL-5, PTSD

Checklist for DSM-5; PHQ-9, Patient Health Questionnaire-9.
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by 600 volumes). Next, the Pearson’s correlation coefficient
between the time course of every pair of regions was calcu-
lated and subjected to Fisher’s r-to-z transformation, which
resulted in a 100 3 100 connectivity matrix per participant, per
time point. The matrices were then grouped into 7 large-scale
cortical networks (26), and thus individual 7 3 7 connectivity
matrices were computed for each participant per time point.

From these network matrices, 2 measures were derived:
between-network connectivity and within-network connectiv-
ity. Between-network connectivity is the average of all corre-
lations between all regions from different networks (e.g., the
functional connectivity of all regions from the dorsal attention
network and all regions from the DMN). Within-network con-
nectivity is the average correlation of regions of the same
network (e.g., the functional connectivity between all regions
that make up the VAN). These measures were calculated for all
78 participants included in the final analysis, at both time
points.

Self-Reported Symptom Measures and
Demographic Details

PTSD Symptoms. Past-month PTSD symptoms were
assessed using the PCL-5 (33). Cronbach’s a for the first and
Biological Psychiatry: Cognitive Neuroscience and N
second time points for the soldiers group were 0.85 and 0.88,
respectively, and 0.88 and 0.89 for the control group,
respectively. Probable PTSD, which was applied as an exclu-
sion criterion, was determined according to DSM-5-TR criteria
with endorsement of the following: at least 1 cluster B item
(intrusions), 1 cluster C item (avoidance), 2 cluster D items
(alterations in cognition and mood), and 2 cluster E items
(arousal). Four participants (2 soldiers and 2 students) were
removed from the analysis due to these exclusion criteria.

Baseline Traumatic Experiences. Traumatic experi-
ences predating enrollment in the study were assessed using
an 8-item yes/no questionnaire (34). Items included personal
experience of a terrorist attack, missiles or artillery attack,
motor vehicle accident, and sexual or physical assault.

Demographic Information. Country of birth, matriculation
eligibility, years of education, and self-reported dyslexia or
reading difficulties were all collected at the first time point.

IQ. IQ was assessed by the IDF in all draft candidates using a
standardized test administered during a Draft Board assess-
ment at age 17 (35). Scores range between 10 and 90 and
progress in steps of 10. It should be noted that in this particular
test, the average IQ score indicating normal intelligence in the
population is 50 rather than the usual 100.

Depression. Symptoms of depression were measured using
the depression module from the Patient Health Questionnaire-
9 (36). Cronbach’s a for the first and second time points for the
soldiers group were 0.75 and 0.80, respectively, and 0.84 and
0.75 for the control group, respectively.

Generalized Anxiety. Generalized anxiety symptoms were
measured using the 7-item Generalized Anxiety Disorder
questionnaire (37). Cronbach’s a for the first and second time
points for the soldiers group were 0.61 and 0.83, respectively,
and 0.92 and 0.76 for the control group, respectively.
Data Analysis

rs-MRI Analysis. After the calculation of between- and
within-network connectivity measures for all participants at
each time point, statistics were computed with SPSS (version
29; IBM Corp.). We computed 2 analyses of covariance
(ANCOVAs): one with the within-network connectivity at each
time point as the 2-level, within-subject dependent variable
and group as the between-subjects factor and the other with
between-network connectivity at each time point as the 2-
level, within-subject dependent variable, again using group
as the between-subjects factor. We also explored an interac-
tion effect between group and time. In both ANCOVAs, the
following covariates were included: age at baseline, framewise
displacement, months elapsed between the 2 MRI scans, IQ,
and baseline trauma exposure. The within-network ANCOVA
was corrected for 7 comparisons, and the between-network
ANCOVA was corrected for 21 comparisons (which is the
number of unique network-network couples for each partici-
pant or 1 triangle in a symmetrical 7 3 7 matrix).
euroimaging January 2026; 11:39–47 www.sobp.org/BPCNNI 41
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Clinical and Demographic Details. Possible group dif-
ferences, at either time point, were assessed using t tests for
continuous measures and c2 tests for dichotomous measures.
Significant baseline group differences were added to the
within- and between-network analyses as covariates. Another
covariate included in both ANCOVAs was baseline trauma
exposure. See Table 1 for group averages, standard de-
viations, and results of all statistical tests.

RESULTS

Within-Network Connectivity

Within-network connectivity was defined as the average of all
r-to-z transformed Pearson’s correlations between all regions
42 Biological Psychiatry: Cognitive Neuroscience and Neuroimaging Ja
from the same distinct network. Within-network connectivity
levels for all 7 networks are shown in Figure 1, and F values for
the ANCOVA are reported in Table 2. Within-network ANCO-
VAs were false discovery rate (FDR) corrected (38) for 7 com-
parisons. The FDR was used at q = .05.

A significant group 3 time interaction effect emerged for the
DMN (F1,69 = 8.9, pFDR , .05), the control network (CON)
(F1,69 = 9.0, pFDR , .05), and the dorsal attention network
(DAN) (F1,69 = 6.63, pFDR , .05). Post hoc analyses revealed
that within-network connectivity at time point 2 was signifi-
cantly stronger for combat-deployed soldiers than for students
in the DMN (t76 = 2.9, p , .01) and the DAN (t76 = 2.5, p , .05)
but not in the CON (p = .09). Post hoc tests in each group
revealed significant increases from pre- to postdeployment for
Figure 1. Within-network connectivity values of
the 7 Yeo networks as a function of group and time
point. Within-network connectivity is defined as the
r-to-z transformed Pearson’s correlation between
regions of the same network (e.g., the correlation
between all regions of the default mode network).
The soldiers group is presented in blue, and the
students group is presented in red. A significant
interaction effect of group 3 time was noted for the
default mode, control, and dorsal attention net-
works, controlling for age, resting-state functional
magnetic resonance imaging motion, months
elapsed between time points, IQ score, and baseline
trauma exposure. Networks with a significant inter-
action effect are filled, while nonsignificant networks
are not filled.
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Table 2. Results of the Within-Network Analysis of
Covariance

Network F1,69 pFDR
Visual 3.83 .077

Somatomotor 0.71 .401

Dorsal Attention 6.63 .033*

Ventral Attention 4.54 .065

Limbic 1.75 .222

Control 9 .014*

Default Mode 8.89 .014

F and p values for the group 3 time interaction. All analyses were corrected for
7 comparisons.

*False discovery rate (FDR)–corrected p , .05.
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the soldiers (DMN: t42 = 23.6, p , .001; CON: t42 = 23.63, p ,

.001, DAN: t42 = 24, p , .001), with no changes to these
networks in the students.

Between-Network Connectivity

Between-network connectivity was defined as the average of
all r-to-z transformed Pearson’s correlations between every
pair of regions from 2 separate networks. Functional connec-
tivity means by group and time point are shown in Figure 2.
Neural changes were noted in the combat-deployed group
relative to the control group. A significant group 3 time inter-
action was detected in the connectivity between most cortical
Biological Psychiatry: Cognitive Neuroscience and N
networks, as reported in Table 3 and Figure 3. The strongest
effects were for the connectivity between the DMN and the
somatomotor (SomMot), DAN, CON, and visual (VIS) networks
and between the CON and the SomMot and the DAN and VAN
networks. In addition, a significant effect was observed for the
connectivity between the CON and the VIS and between the
VAN and DAN. A weaker but significant interaction was also
found in the connectivity between the VIS and the SomMot,
DAN, and VAN; between the VAN and SomMot; and between
the limbic and SomMot networks. Between-network ANCO-
VAs were FDR corrected for 21 comparisons. FDR correction
was used at q = .05. The connectivity between these networks
was significantly stronger in the deployed soldiers than in the
control participants and denotes an increase in neural con-
nectivity from pre- to postdeployment. Post hoc values are
reported in Tables S1–S3.
DISCUSSION

The current study reveals significant network-level neural ad-
aptations following combat deployment. Combat-deployed
soldiers showed increased connectivity from pre- to post-
deployment within the DMN, CON, and DAN and between
most cortical networks compared with healthy, similar-aged,
nondeployed undergraduate students. The strongest in-
creases in between-network connectivity manifested between
the DMN, VAN, and CON, with weaker increases being noted
Figure 2. Between-network connectivity group
means for the soldier (top row) and student (bottom
row) groups at both time points. The mean func-
tional magnetic resonance imaging time series of
each functional network was calculated for each
participant and correlated with the time series of all
other networks, resulting in a 7 3 7 correlation
matrix per participant. Pearson’s correlations were
then z-transformed and averaged across all partici-
pants at each time point. The color bar is the z-
transformed Pearson’s r. Outlined are connections
with a significant interaction effect of group 3 time,
controlling for age, resting-state functional magnetic
resonance imaging motion, months elapsed be-
tween time points, IQ score, and baseline trauma
exposure.
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Table 3. Results of the Between-Network Analysis of Covariance

VIS SomMot DAN VAN Limbic CON DMN

VIS – – – – – – –

SomMot 7.322* – – – – – –

DAN 6.263* 3.328 – – – – –

VAN 5.08* 6.585* 8.007* – – – –

Limbic 1.645 5.156* 2.603 2.717 – – –

CON 11.118* 14.612* 14.383* 14.325* 2.624 – –

DMN 15.459* 13.47* 13.006* 9.92* 2.8 10.046* –

F values for the group 3 time interaction.
*Connections with a significant effect. False discovery rate–corrected p , .05.
CON, control network; DAN, dorsal attention network; DMN, default mode network; SomMot, somatomotor network; VAN, ventral attention network; VIS, visual

network.
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for the VIS and SomMot networks. These changes may sup-
port mental resilience in the face of combat adversity.

The current results are consistent with some, but not all,
previous research on the manifestation of resilience in the
functional connectome. Misaki et al. (10) found that veterans
had stronger connectivity between the VAN and the DMN,
DAN, VIS, SomMot, and CON networks than healthy com-
parison participants. Stronger connectivity within the VAN itself
was detected in a cross-sectional study of PTSD-resilient
typhoon survivors than nonexposed healthy control partici-
pants (39). These previous findings resemble results from the
current study. However, Misaki et al. (10) also reported weaker
44 Biological Psychiatry: Cognitive Neuroscience and Neuroimaging Ja
connectivity for DMN-VIS and DMN-SomMot connections. In
contrast, both these connections displayed stronger connec-
tivity following combat deployment in our resilient soldiers than
the healthy control students. Two other cross-sectional studies
of veterans found decreased connectivity within the DMN
among combat-exposed veterans both with and without PTSD
compared with healthy control participants (9,40). We found a
significant within-DMN increase in connectivity in resilient
combat-deployed participants relative to control participants.

The current study differs from previous studies in notable
ways. First, unlike cross-sectional studies (9,10,39,40), the
current study includes pre-exposure baseline and
Figure 3. The top left of the graph shows all
connections with a significant interaction effect be-
tween group and time in the between-network
analysis of covariance. The vertical color bar
marks the strength of the F value as reported in
Table 3. Letters correspond with the boxplots. The
top right and the bottom of the graph show group
distributions of all connections with a significant
interaction effect. The y-axis is the connection value
for the connectivity between networks. The x-axis is
both time points. The soldiers group is presented in
blue, and the students group is presented in red.
CON, control network; DAN, dorsal attention
network; DMN, default mode network; SomMot,
somatomotor network; VAN, ventral attention
network; VIS, visual network.
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postexposure measurements. Longitudinal designs leverage
within-subject factors to capture changes in neural connec-
tivity. Second, most previous studies applied a seed-to-voxel
approach in analyses, typically considering specific pre-
selected regions of interest. While seed-based fMRI connec-
tivity analysis is informative, such analysis restricts the scope
of inquiry and can bias findings toward some brain areas. In
contrast, in the current study, we applied whole-brain analyses
that allowed stronger effects across the entire brain to emerge.
Misaki et al. (10) applied a whole-brain analysis approach, but
in a cross-sectional design. Third, most previous studies
(9,10,39,40) used veterans whereas the current study focused
on active-duty soldiers. This difference could be important
because previous longitudinal studies on the effects of trauma
exposure suggest that some of the neural (41) and clinical (29)
effects may be transient and can subside or elevate in the
months or years after the trauma occurred.

The current findings support and extend previous neuro-
imaging research indicating that psychological resilience to
trauma is associated with widespread neurofunctional adjust-
ments. Specifically, increased engagement of the DMN (42),
CON, and VAN (43,44) following trauma exposure has been
associated with long-term resilience and reduced symptoms.
Previous findings on functional connectivity in individuals with
PTSD denote a decrease in connectivity within the DMN itself
together with decreased connectivity between the DMN and
VAN (9,10,40). Both networks have been associated with
cognitive and executive functions that are disturbed in PTSD
(29) including decreased emotional regulation, cognitive defi-
cits, and hypervigilance (8,45). Therefore, it is possible that the
opposite pattern (i.e., increased connectivity within the DMN
and between the DMN and VAN), which has been observed in
combat-exposed resilient individuals, is a mechanism that
promotes resilience after extended exposure. Given the scar-
city of evidence and its conflicting nature, additional controlled
longitudinal research on this topic is warranted.

The current findings also reveal enhanced connectivity
within the CON network. Elevated activation in the CON has
been associated with greater PTSD resilience (43). The noted
elevation in connectivity within the CON in the current study
might have promoted emotional control and cognitive reap-
praisal processes previously associated with this network
(6,41), thereby suggesting another potential neurobehavioral
mechanism for long-term resilience. Future studies could
measure these cognitive functions together with neural con-
nectivity to provide more direct tests of these hypotheses.

The results of this study should be interpreted in the context
of some limitations. First, although it is important to study the
impact of combat exposure as an interesting topic of its own
(1,46), the homogeneity of the current sample (e.g., male par-
ticipants, same trauma type, one country) limit the generaliz-
ability of the results. Future studies that replicate and extend
the current results to other populations and psychological
trauma types could shed important light on the generalizability
of the current findings. However, targeting other trauma types
and populations may be challenging with a longitudinal design
due to the difficulty of predicting trauma exposure in the
general population (41). Here lies the potential of military and
military-adjacent populations such as first responders, for
whom trauma exposure is highly prevalent (4,47,48), and it may
Biological Psychiatry: Cognitive Neuroscience and N
be possible to acquire a baseline measurement before any
trauma occurs. Second, the current study did not include a
group of participants with PTSD. Such a group in a longitudinal
study design could have added valuable insights into mecha-
nisms of resilience and vulnerability. Accomplishing such a
longitudinal design entails massively increasing the number of
participants recruited at baseline, thus accounting for the
relatively low base rates of PTSD (49–51). A large longitudinal
3-armed study with combat-exposed individuals with and
without PTSD and a nonexposed control group would offer the
ultimate design to study the neural correlates of resilience and
psychopathology. Nevertheless, researching resilience is a
worthy goal in and of itself. As mentioned above, direct com-
parisons between healthy exposed and healthy nonexposed
individuals are rarely performed and are underreported. Un-
derstanding the mechanisms of resilience, from pre- to post-
exposure, is important for psychopathology prevention and
treatment. The scarcity of longitudinal studies on resilience
that have focused on the brain’s functional architecture high-
lights the importance of this work and its finding of significant
reorganization to the functional connectome of the brain after
extended, accumulated combat deployment only in resilient,
trauma-exposed soldiers. Additional limitations stem from the
nature of the selected control group. Undergraduate students
may differ from soldiers not only in their military training and
combat experiences but also in other parameters not directly
assessed in this study (e.g., the type of knowledge acquired
during the study period—academic for the students vs. military
faculties for the soldiers, physical fitness, sleep quality).
Although such unmeasured parameters are characteristic of
most psychological neuroscience research, their potential
impact on the results cannot be dismissed. Notably, much like
the between-group variability in such parameters, the soldiers
and students likely vary in these parameters among them-
selves, perhaps mitigating these concerns to some extent.
Another potential source of noise may lie in the fact that
deployment can take different forms for different soldiers,
potentially leading to variability in combat experiences within
the soldiers group. This concern may be valid in many
deployment circumstances. However, the specific period in the
military cycle documented in the current report renders this
possibility highly unlikely. We relied on a clear knowledge of
participants’ whereabouts during deployment. The studied
cycle consisted of a highly structured package of training fol-
lowed immediately by participants’ first combat deployment.
During this time, all the soldier participants remained within an
organic structure: the same recruitment cycle of the same tier 1
infantry brigade. The soldier participants shared the same
physical locations and regimens during training, as well as the
same missions and geographic locations during deployment. It
is only after this first deployment that soldiers in tier 1 IDF units
are dispersed and thus may experience different exposures.
Although variability in combat exposure may exist, it is highly
probable that all the soldier participants were exposed to valid
DSM-5-TR PTSD criterion A, i.e., death, threatened death, or
actual or threatened serious injury, either directly experienced
or witnessed. This assumption is based on the following: 1) the
entry-level infantry combatant role that all the participants held
during the studied deployment; 2) the nature of the deployment
mission, which included patrols, arrests, and confrontations
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with combatants on a daily basis; 3) the hostile, beyond-the-
fence locations in which the participants operated; and 4) the
length of the deployment (in excess of 6 months), reducing the
chance of a participant not being exposed to nearly zero.
Therefore, the current sample reflects a very high degree of
overlap in individual exposure experiences. Finally, an open
question in trauma and resilience research was not addressed
in this study: the neural correlates of trauma load. Future
studies could include a more in-depth analysis of the features
of the traumas experienced between time points (i.e., intensity
of combat, number of occurrences, details on nonmilitary-
related trauma exposure) and examine the neural changes
that correspond to the accumulated trauma load.

Despite the limitations reviewed above, the results pre-
sented here suggest involvement of the DMN, CON, and VAN
in the brain’s adaptive response to combat deployment. Most
studies that have examined the impact of combat exposure on
brain function have concentrated on PTSD symptomatology,
typically contrasting trauma-exposed healthy individuals with
trauma-exposed participants with PTSD to isolate the
distinctive characteristics of PTSD beyond the effects of
traumatic exposure per se (45). Studying the resilient brain is
an important goal on its own and is critical for shedding light on
the development of psychopathology. Understanding the
brain’s adaptive response to trauma exposure can inform in-
terventions designed to enhance resilience in deploying
soldiers.
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