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Abstract

The present research aimed: i. to analyse the psychophysiological response of soldiers undertaking a special operation selection
course; ii. to study the relationship between fat and muscle loss and the psychophysiological response of soldiers undertaking a
special operation selection course. We analysed 46 professional soldiers from a special operations unit (25.1 £5.0 years, 1.8 +
0.1 cm, 76.8+7.9 kg, 24.4 +2.5 kg/m?) undertaking the last phase of their 10 weeks special operation selection course. Before
and immediately after the exercise the following variables were assessed: Stress subjective perception, fatigue subjective per-
ception, rating of perceived perception, cortical arousal, body temperature, blood oxygen saturation, spirometry, isometric hand
strength, lower body muscular strength, urine, body composition, life engagement test, coping flexibility scale, acceptance and
action questionnaire, perceived stress scale, anxiety state, visual analogue scale and differential aptitude test. A special operation
selection course induced an intense stress and physical response as suggested by the psychophysiological changes with a
significant (p <0.05) increase in fatigue and stress subjective perception, blood oxygen saturation, Ph, cognitive impairment
and motivation-loss. Moreover, decreased leg strength, peak expiratory flow, cortical arousal, body composition, body weight, fat
and muscle mass, anxiety stress, alertness, sadness and tension decreased after the exercise. Regarding body composition, higher
muscle mass loss participants were related to a higher cognitive impairment and similar psychophysiological response than lower
fat mass loss participants.

Keywords Cortical arousal - Stress - Anxiety - Military - Sleep deprivation

Introduction

The physiological and psychological response has been exam-
ined on different extreme contexts where the limits of human
body could be attained such as in ultraendurance running
events [1, 2], parachuting [3—5] or different military situations
[6-8]. These circumstances produce a stress response activat-
ing the sympathetic nervous system, inducing a succession of
physiological and psychological modifications [9]. The
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organic response subsequently to this activation produces an
increase in metabolic, muscular, and cardiovascular response,
a decrease in cortical arousal, misinterpretation of rated of
perceived exertion (RPE), as well as impairment in superior
cognitive process as memory [1, 8, 10]. Military personnel are
generally expected to execute their training and missions un-
der these psychophysiological responses while supplies and
occasions for readjustment are limited. Specifically, in special
operations units, an urban combat and survival maneuvers
produced a significant increase in RPE, blood lactate, HR,
muscle strength, sympathetic modulation and anxiety re-
sponse [11] as well as stress and dehydration [12].

Level of experience has also been previously proved to
have a strong influence in physiological and psychological
responses such as in combat simulation [6] or paratroopers
[5, 13] where elite soldiers reflected a better cognitive predis-
position and lower psychophysiological stress response than
novel soldiers who also experienced a large anticipatory anx-
iety response. This psychophysiological responses against
variables within the military requires high survival and
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strength capacities which could also be compromised by dif-
ferent collateral factors such as high daily energy expenditures
and limited sleeping time related to continuous low-to-
moderate-intensity physical activity [12, 14, 15]. This has an
impact on the warfighters body composition, physical perfor-
mance and physiological response [16, 17] which needs deep-
en understanding.

To the best of our knowledge there is limited knowledge
about operative training approach either at physiological and
psychological level [7, 11, 18], and especially in the effect of
cognitive impairment [19]. Therefore, the present research
presented the following objectives: i. to analyse the psycho-
physiological response of soldiers undertaking a special oper-
ation selection course; ii. to study the relationship between fat
and muscle loss and the psychophysiological response of sol-
diers undertaking a special operation selection course. The
initial hypothesis was that 4 days of a special operation selec-
tion course would increase psychophysiological strain and
participants with higher body composition variation would
present higher cognitive impairment.

Methods
Participants

We analysed 46 professional soldiers from a special opera-
tions unit (25.1 £5.0 years, 1.8+ 0.1 cm, 76.8 +7.9 kg, 24.4
+2.5 kg/m?) undertaking the last phase of their 10 weeks spe-
cial operation selection course. All subjects had 29.1 +
59.3 months of professional experience at the Armed Forces,
4.3+7.7 months at the unit and 0.5 +2.5 months of experi-
ence of real-life combat in Lebanon, Afghanistan, Bosnia,
Kosovo, or Irak. Prior to participation, the experimental pro-
cedures were explained to all the participants, who gave their
voluntary written informed consent in accordance with the
Declaration of Helsinki. The study protocols and procedures
were approved by Headquarter of the unit and the University
Etic Committee.

Procedure

For this manoeuvre, soldiers undertook the last phase of their
special operation selection course during four consecutive
days where psychophysiological demands started with a low
stress level and continuously increased as days went by. The
situation went as follows:

The exercise started on Day 1 with 12 h simulated NATO
Capability Evaluation drill consisting in several scenarios
where soldiers were evaluated on decision-making and appli-
cation of operating procedures learnt during the course. Day 2
soldiers carried out different task regarding water survival
training like using floater trousers, flouter jackets, apnoea
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diving and propelling a boat while swimming on their uni-
forms. During day 3, soldiers were asked to perform tactical
manoeuvres under fire, different activities on urban combat
such as room breaching and clearing and rappel from a twenty
meters five floors tower. Day 4 soldiers executed once again
water survival training as part of a high stress activity wheel
including an obstacle course, harbour breaching and clearing,
group heavy lifting, and different courage and endurance
stations.

Materials

Before and immediately after the exercise the following vari-
ables were assessed using protocols performed by previous
research in military area [9, 19, 20]:

» Stress subjective perception (SSP) in a 1-100 scale.

+ Fatigue subjective perception (FSP) in a 1-100 scale.

» Rating of perceived exertion (RPE), Borg 620 scale [21]

* Cortical arousal (CFTT) and fatigue of the Central
Nervous System (CNS) using the Lafayette Instrument
Flicker Fusion Control Unit (Model 12,021) by the aver-
age of 5 incremental test (20 to 100 Hz) [1].

*  Body temperature (BT) was measured by a digital infra-
red thermometer (Temp Touch; Xilas Medical, San
Antonio, TX).

* Blood oxygen saturation (BOS) and HR by a pulse oxim-
eter (PO 30 Beurer Medical).

»  Spirometry: Forced vital capacity (FVC), volume exhale
at the end of the first second of forced expiration (FEV1),
the peak expiratory flow (PEF), the forced expiratory flow
during the middle portion given at 25% portion (FEF,s),
the forced expiratory flow during the middle portion given
at 75% portion (FEF5) and the average forced expiratory
flow during the mid (25-75%) portion of the FVC (FEF,s.
75) using a QM-SP100 (Quirumed, Spain) spirometer in a
maximum inhale-exhale cycle.

* Isometric hand strength (IHS) by a grip dynamometer
(Takei Kiki Koyo, Japan).

* Lower body muscular strength by means of horizontal
jump test. Subjects performed a standardized warm-up
consisted in 2 x 10 vertical jumps with 30 s of recovery
and then, they performed two maximal horizontal jumps
as previous report [22] and the best attempt was used for
the statistical analysis.

» Urine samples were collected to analyse dehydration
levels which were examined by the urine colour chart
(colour range 1—8; where 1 =very pale yellow urine,
reflected a good level of hydration and 8 = very dark yel-
lowish brown, reflected a significant level of dehydration);
the number closest to the sample colour was recorded [23].
Urine nitrates, protein, glucose and pH were measured
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with the Urine Combur-Test (Roche, Madrid, Spain)
stripes.

*  Body mass index (BMI), muscle mass, and fat mass were
determined by using bioelectrical impedance analysis
(InBody 720, Biospace Co., Ltd., Seoul, South Korea)
[7, 24]

+ Life Engagement Test, designed to measure purpose in
life, defined in terms of the extent to which a person en-
gages in activities that are personally valued [25]

» The Coping Flexibility Scale. This scale was designed to
measure the flexibility in coping to different situations.
Refers to the presence of adaptive coping strategies that
are associated with a better psychological health. This test
has 10 items and is answered on a Likert scale of 1 to 4,
being 1= Very applicable and 4 =Not applicable. Item
example: “I am aware of the success or failure of my
attempts to deal with stress” [26]

e Acceptance and Action Questionnaire- AAQ-II.
Psychological inflexibility, considered a transdiagnostic
process across psychological disorders [27]

» Perceived Stress Scale. PSS. This scale assesses the level
of perceived stress in a one-month period. Composed of
14 items that are answered in a five-point Likert scale,
where 0 =Never and 4 = Very often. An item of
Example: “In the last month, how often have you felt that
had everything under control?”. High scores are related
with a higher perception of stress [28]

* Anxiety was evaluated using the Spanish validated STAI
version as in previous researches [8].

» Visual Analogue Scale (VAS) technique to measure global
Motivation-loss and affect was administered to detect
changes in mood and subjective activation. The present
method is based on eight unipolar VAS ratings, four pri-
marily concerned with subjective activation or
Motivation-loss (alertness, sleepiness, motivation loss
and weariness) and four concerned more with feelings or
“affective State” (happiness, sadness, calmness, and ten-
sion). This method yields two summary measures: global
Motivation-loss (GV) and global affect (GA), each rang-
ing in value from 0 to 100 [29].

» Differential Aptitude Test- Spatial Relations Subset test
(DAT-SR5) to analyse spatial and abstract reasoning
[30], evaluating the number of questions responded right,
wrong and the difference between right and wrong ques-
tions [31-34]

Statistical analysis

Statistical analysis was performed with the SPSS 21.0 statis-
tical program. The descriptive statistics used to report the re-
sults were the mean + standard deviation (SD). Normality of
the sample was determined with the Shapiro-Wilk test. Then,

to analyse differences between pre and post samples a T test
for related measurement was conducted. To analyse differ-
ences between fat mass loss and muscle mass loss groups a
T test for independent measurement was used. The effect size
was calculated with Cohen D. The level of significance for all
the comparisons was set at p < 0.05.

Results

Values are reported as mean + SD. The last phase of a special
operation selection course produced a significant increase in
stress and fatigue subjective perception, BOS, and a decrease
in motivation, happiness, weariness and calmness from VAS,
GA and wrong answers from DAT-SRS.

Values of CFTT, PEF, lower body muscular strength, de-
hydration level and urine Ph, BMI, weight, muscle and fat
mass, state anxiety, alertness, sadness and tension from GV
and correct answers from DAT-SRS decreased significantly
after the exercise (Table 1).

Regarding fat mass loss division group (Table 2), the group
with higher fat mass loss showed a significant decrease in
FVC and lower fat mass loss group significantly increased this
parameter. Leg strength, Ph, weight, muscle and fat mass,
parameters of alertness from VAS significantly decreased in
both higher fat mass loss and lower fat mass loss, while pa-
rameter of calmness increased for both groups after the course.
Higher fat mass group showed significant lower values on
weight and fat mass, alertness, and higher values on calmness
than lower fat mass loss group. On the other hand, lower fat
mass loss group showed significant lower values in leg
strength, Ph, muscle mass than in higher fat mass loss group.

Comparing higher muscle loss group and lower muscle
loss group (Table 3), both higher muscle mass loss and lower
muscle mass loss groups showed a significant increase in fa-
tigue subjective perception, HR, parameter of calmness from
VAS and correct answers from DAT-SRS5, while muscle and
fat mass, wrong and correct/wrong answers relation from
DAT-SRS significantly decreased in both. Higher muscle
mass loss group showed significant higher values in fatigue
subjective perception and HR, and a higher loss on muscle
mass, while lower muscle mass loss group showed a higher
loss on fat mass, higher values on parameters of calmness
from VAS, correct answers and wrong/correct answers rela-
tion from DAT-SRS than the higher muscle mass loss group.

Discussion

The aim of this study was to analyse the psychophysiological
response of soldiers undertaking a special operation selection
course. The first hypothesis was complied since 4 days of a
special operation selection course increased
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Table 1 Modification of the psychophysiological variables analyzed

PRE POST % Change t P Effect Size 95% confidence interval
Lower Higher

SSP (1-100) 67.4 £ 153 779 £11.3 15.6 -5.195 .001 .69 —14.56 —6.41
FSP (1-100) 64.4 £16.3 80.1£9.5 244 -5.999 .001 .96 -20.95 —-10.40
RPE (1-100) 15.0 9.1 16.1 £2.0 7.3 =776 442 12 -3.85 1.71
CFTT (Hz) 33.9+£28 31.5+43 -7.1 3.767 .000 —-.86 1.08 3.57
BT (°C) 365+ 1.1 36.5+0.5 0.0 165 .870 .00 -.37 43
BOS (%) 98.0 = 1.1 98.7 £ 0.7 0.7 -3.774 .001 .64 -1.00 -.30
HR (bpm) 80.7 £ 16.4 829 +12.7 2.7 —.676 .503 13 -8.71 434
FVC (ml) 48+0.8 48+0.8 0.0 201 .842 .00 -.20 25
FVEL (ml) 39+0.8 38+0.8 2.6 .635 529 -.13 -.13 26
PEF (ml) 9.0+25 8.0+£27 —-11.1 2.366 .023 —.40 .14 1.77
FEF25 (ml) 72+£23 6.9 +£2.0 —4.2 675 .505 -.13 —.45 .90
FEF75 (ml) 35+49 2.4 +0.7 -314 1.411 .166 -22 —.46 2.59
FEF25/75 (ml) 48 +£26 45+13 —6.3 .802 427 -12 —.44 1.03
Isometric hand strength (N) 44.8 £69 46.5 + 8.1 3.8 -1.656 .105 25 -3.74 37
Horizontal jump (m) 1.6 02 14+£02 -12.5 6.880 .001 -1.00 18 33
Urine colorimetry 2613 20+£09 —23.1 2.402 .021 —.46 .10 1.21
Nitrate (Mg/dl) 0.0 +£0.0 0.0 +£0.2 — —1.431 .160 - —11 .02
Ph Mg (d) 59+0.6 54+0.5 -85 4.559 .001 -.83 .29 74
Protein (Mg/dl) 1.3+0.7 14+£09 7.7 -274 785 14 -39 30
Glucose (Mg/dl) 0.0 0.0 71.1 £216.5 - —2.203 033 - —136.16 -6.07
Weight (Kg) 78.0+79 75.6 £7.7 -3.1 18.097 .001 -.30 2.10 2.62
BMI (Kg/m?) 244 +2.5 239+24 2.0 7.370 .001 =20 .37 .65
Muscle (Kg) 37.3+4.0 362 +£3.7 29 6.923 .001 =27 18 143
Fat (Kg) 16.0 £ 5.1 120 £ 42 -25.0 10.433 .001 =78 3.20 4.74
LET 277 +22 282 £ 1.7 1.8 —-1.704 .096 23 -1.04 .09
CFS 18.7+5.0 189 +49 1.1 —.261 796 .04 -1.71 1.32
AAQ-IT 6.0+44 57+43 =5.0 717 478 -.07 —.61 1.28
PSS 203+72 212+74 44 —-1.161 253 13 -2.38 .65
STAI S/A 21.7 £ 10.1 10.6 £ 6.6 =512 6.220 .001 -1.10 7.47 14.69
STAI T/A 99 +5.1 93 +£5.6 —6.1 .823 416 -12 -92 2.18
Alertness 252+ 6.6 12.0 £ 10.3 -52.4 8.499 .001 -2.00 10.04 16.33
Sadness 95+9.1 28+35 -70.5 5.112 .001 =74 4.03 9.33
Tension 22.0 £9.1 9.1 +11.0 —58.6 5.909 .001 -1.42 8.47 17.32
Motivation-loss 18.5+82 233 £10.0 259 —3.498 .001 .59 =7.56 -2.01
Happiness 214 +92 31.9+6.5 49.1 —6.290 .001 1.14 —13.95 =7.15
Weariness 21.9£89 259+79 18.3 -2.270 .029 A5 —7.42 —-42
Calmness 154 +£9.1 224 +£11.5 455 -3.020 .005 77 —11.61 -2.29
Sleepiness 18.6 £ 11.7 179 £ 11.1 -3.8 299 766 —-.06 -3.95 532
Global Vigour 67.0+45 63.1+62 -5.8 3.848 .001 -0.87 1.89 5.99
Global Affect 51.4 £ 6.0 592 £6.9 152 —6.236 .001 1.30 —-10.33 -5.29
DAT-SR5 (correct) 78 +£18 6.8+22 -12.8 2.659 .011 -.56 .23 1.67
DAT-SRS (correct-wrong) 52+37 35+42 -32.7 2.520 .016 —.46 .33 2.99
DAT-SR5 (wrong) 22+18 3.0+2.1 36.4 -2.352 024 44 -1.54 -12

Subjective Stress Perception (SSP), Fatigue Subjective Perception (FSP), Rated Perceived Exertion (RPE), Critical Flicker Fusion Threshold (CFFT),
Body Temperature (BT), Blood Oxygen Saturation (BOS), Heart Rate (HR), Forced Vital Capacity (FVC), Forced Expiration Volume (FVE1), Peak
Expiratory Flow (PEF), Forced Expiratory Flow (FEF), Body Mass Index (BMI), Life Engagement Test (LET), Coping Flexibility Scale (CFS),
Acceptance and Action Questionnaire (AAQ-II), Percieved Stress Scale (PSS), State Anxiety (STAI S/A), Trait Anxiety (STAI T/A), Differential
Aptitude Test- Spatial Relations (DAT-SRS5)
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psychophysiological response. Second hypothesis was partial-
ly complied since higher muscle mass loss group presented
cognitive impairment and same psychophysiological response
than lower fat mass loss group.

In line with previous studies where there were a stressful,
energy deficit and a sleep deprivation environment, fatigue
subjective perception, motivation-loss and weariness increased,
and alertness, sadness and tension decreased immediately after
the finalization of the exercise [ 14, 35]. This could be explained
by the sense of self-accomplishment and the end of the full
training program [17], mitigating the adverse effects of sleep
deprivation [35] and also reflecting the increase on Global
Affect and the decrease on Global Vigour. The increase on
the perceived stress could be related to the inherent aspect of
survival and obstacles confrontation, that in line with the in-
crease of global affect during the exercise, referred the affective
and psychophysiological response of the anxious experience
derived by the eliciting combat situations [11, 18]. In this ex-
ercise the stress was caused by the uncertainty of the unknown
and the high physical and psychological demands.

In contrast with previous researches in military population
[11, 36], leg strength decreased significantly while hand
strength slightly increased. Decreases in body composition
have been related to a decline in leg strength but not in hand
strength as in other studies [16, 37, 38], showing different
effect of fatigue in muscular systems. The body mass loss after
the exercise could also be related to the stress of the continu-
ous effort which decreased body weight, fat mass and fat and
muscular mass [16]. This fact was in line with other military
training programs were, along with all above-mentioned, there
was an energy deficit [14]. The organic response in a stressful
situation in which the physical integrity of the individual is
endangered is modulated by the activation of fight-flight sys-
tem [39, 40]. this activation causes an increase in the epineph-
rine and norepinephrine secretion, inhibiting digestion, dilat-
ing the bronchial tubes in the lungs, dilating heart vessels, and
tensing muscles [41] and a consequent increase in blood oxy-
gen saturation as previous research [5]. The decrease of leg
strength could be explained by the fatigue and the parasym-
pathetic backlash after the fight-flight system activation. After
a large sympathetic activation there is a violent reaction of the
parasympathetic nervous system which could explain together
with sleep deprivation the increase in fatigue having an effect
on a decreased alertness, leg strength, peak expiratory flow
and cortical arousal [42]. Regarding this transient emotional
state, data also demonstrate the decrease in state anxiety and
tension. In line with studies with this combat situations and
non-experienced subjects [7, 43, 44] the excessive alertness
can lead to symptoms of central nervous system fatigue and a
shortfall in cortical arousal, also found in our research. This
decrease in cortical arousal was associated with fatigue and
impairment in executive functions required for information
processing and decision-making [45], fact reflected in the
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increase of bad answers on DAT-SR35, results also found and
by previous studies where cognitive functions were negatively
affected by combat stress [8, 46]. Stressors that influence
warfighters physical performance are exertional fatigue, sleep
deprivation, caloric deficit where provisions for full recovery
are limited resulting on a degradation of proteins increasing
blood glucose levels [14, 17, 38]. This fact could also affect
the hydration during the manoeuvre since urine test showed a
dehydration and an increase on Ph level. This dehydration,
related to possible low ingest of fluid and an increase of sweat-
ing rate due to heavy exercise, had a negative effect on sus-
taining physiological function and worsening physical perfor-
mance [47].

Comparison among groups showed that the group with
lower fat mass loss presented a significative increase post
course in full vital capacity in relation to higher fat mass loss.
This could be explained by the fact that the group with higher
fat mass loss experienced a higher physical and caloric de-
mands showing fatigue of inspiratory muscle in line with pre-
vious research [48] also demonstrated by significative com-
parison post course on weight and muscle mass. Calmness
values increased significantly within higher fat mass loss
group probably due to the parasympathetic backlash after this
high demanding exercise. Regarding muscle the group with a
higher muscle mass loss presented a significant increase on
wrong answers from DAT-SRS while lower muscle mass loss
group presented a significant increase on correct answers. This
could be related with cognitive impairment caused by higher
stress and higher muscle degradation as studied in previous
research in special operations units such as SEAL’s [46].
Higher muscle mass loss activation was reflected in increase
in HR which might be caused by the greater physical activity
and sympathetic activation as in previous studies during stress
combat situations [7].

Limitation of the study

The principal limitation of the present research was the small
sample size analysed and the no control of stress hormones as
amylase or cortisol. These limitations were unavoidable since
the difficulty access to this population group and it was also
subjected to financial and technological constraints that
foreclosed a larger study.

Practical application

Results on psychophysiological response of soldiers undertak-
ing a special operation selection course enhance the impor-
tance of a training programme with strength sessions in order
to prevent the decrease in muscle strength when high volume
and low intensity aerobic effort are performed. In addition,
training should consider psychological effects under high
stress situations as it could be an optimal tool to improve
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cognitive impairment and manage combat stress. Also, caf-
feine could be useful to mitigate many of the adverse effects
caused by sleep deprivation improving mood in a dose-related
manner [20, 46].

Conclusion

A special operation selection course induced an intense stress
and physical response founding an increase in fatigue and
stress subjective perception, blood oxygen saturation, Ph, cog-
nitive impairment motivation-loss. Moreover, decreased leg
strength, peak expiratory flow, cortical arousal, body compo-
sition, body weight, fat and muscle mass, anxiety stress, alert-
ness, sadness and tension right after the finalization of the
exercise In addition, higher muscle mass loss participants pre-
sented higher cognitive impairment and a similar psychophys-
iological response than lower fat mass loss participants.

Funding This study had no funding support.

Compliance with Ethical Standards

Conflict of Interest  Author Alberto Hormefio-Holgado declares that he
has no conflict of interest. Vicente Javier Clemente-Suarez declares that
he has no conflict of interest.

Ethical Approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Informed Consent Informed consent was obtained from all individual
participants included in the study.

Publisher's Note ~Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

References

1. Belinchon-deMiguel, P., and Clemente-Suarez, V. J.,
Psychophysiological, body composition, biomechanical and auto-
nomic modulation analysis procedures in an ultraendurance moun-
tain race. J] Med Syst 42(2):32, 2018. https://doi.org/10.1007/
$10916-017-0889-y.

2. Clemente-Suarez, V. J., Psychophysiological response and energy
balance during a 14-h ultraendurance mountain running event. Appl
Physiol Nutr Metab 40:269-273, 2015. https://doi.org/10.1139/
apnm-2014-0263.

3. Allison, A. L., Peres, J. C., Boettger, C. et al., Fight, flight, or fall:
Autonomic nervous system reactivity during skydiving. Pers
Individ Dif 53:218-223, 2012. https://doi.org/10.1016/j.paid.
2012.03.019.

4. Cavalade, M., Papadopoulou, V., Theunissen, S., and Balestra, C.,
Heart rate variability and critical flicker fusion frequency changes
during and after parachute jumping in experienced skydivers. Eur J
Appl Physiol 115:1533—-1545, 2015. https://doi.org/10.1007/
s00421-015-3137-5.

10.

11.

12.

15.

16.

17.

18.

19.

20.

21.

Clemente-Suarez, V. J., Robles-Pérez, J. J., and Fernandez-Lucas,
J., Psychophysiological response in parachute jumps, the effect of
experience and type of jump. Physiol Behav 179:178-183, 2017.
https://doi.org/10.1016/j.physbeh.2017.06.006.

Tornero-Aguilera, J. F., Robles-Pérez, J. J., and Clemente-Suérez,
V. J., Effect of combat stress in the psychophysiological response of
elite and non-elite soldiers. J Med Syst 41(6):100, 2017. https://doi.
org/10.1007/s10916-017-0748-x.

Clemente-Suarez, V. J., Palomera, P. R., and Robles-Pérez, J. J.,
Psychophysiological response to acute-high-stress combat situa-
tions in professional soldiers. Stress Heal 34:247-252, 2018.
https://doi.org/10.1002/smi.2778.

Delgado-Moreno, R., Robles-Pérez, J. J., and Clemente-Suarez, V.
J., Combat stress decreases memory of warfighters in action. ] Med
Syst 41:1-7, 2017. https://doi.org/10.1007/s10916-017-0772-x.
Sanchez-Molina, J., Robles-Pérez, J. J., and Clemente-Suarez, V. J.,
Assessment of psychophysiological response and specific fine mo-
tor skills in combat units. J] Med Syst 42(4):67, 2018. https://doi.
org/10.1007/s10916-018-0922-9.

Clemente-Suarez, V. J., and Robles-Pérez, J. J., Mechanical, phys-
ical, and physiological analysis of symmetrical and asymmetrical
combat. J Strength Cond Res 27:2420-2426, 2013.
Sanchez-Molina, J., Robles-Pérez, J. J., and Clemente-Suarez, V. J.,
Effect of parachute jump in the psychophysiological response of
soldiers in urban combat. J Med Syst 41(6):99, 2017. https://doi.
0rg/10.1007/s10916-017-0749-9.

Hormefo-Holgado, A. J., Perez-Martinez, M. A., and Clemente-
Suarez, V. J., Psychophysiological response of air mobile protection
teams in an air accident manoeuvre. Physiol Behav 199:79-83,
2019. https://doi.org/10.1016/j.physbeh.2018.11.006.
Clemente-Suarez, V. J., de la Vega, R., Robles-Pérez, J. J. et al.,
Experience modulates the psychophysiological response of air-
borne warfighters during a tactical combat parachute jump. Int J
Psychophysiol 110:212-216, 2016. https://doi.org/10.1016/].
ijpsycho.2016.07.502.

Margolis, L. M., Murphy, N. E., Martini, S. et al., Effects of winter
military training on energy balance, whole-body protein balance,
muscle damage, soreness, and physical performance. Appl Physiol
Nutr Metab 39:1395-1401, 2014. https://doi.org/10.1139/apnm-
2014-0212.

Tharion, W. J., Lieberman, H. R., Montain, S. J. et al., Energy
requirements of military personnel. Appetite 44:47-65, 2005.
https://doi.org/10.1016/j.appet.2003.11.010.

Ojanen, T., Jalanko, P., and Kyrdldinen, H., Physical fitness, hor-
monal, and immunological responses during prolonged military
field training. Physiol Rep 6:1-10, 2018. https://doi.org/10.14814/
phy2.13850.

Keramidas, M. E., Gadefors, M., Nilsson, L.-O., and Eiken, O.,
Physiological and psychological determinants of whole-body en-
durance exercise following short-term sustained operations with
partial sleep deprivation. Eur J Appl Physiol 118:1373—-1384,
2018. https://doi.org/10.1007/s00421-018-3869-0.

Diaz-Manzano, M., Fuentes, J. P., Fernandez-Lucas, J. et al., Higher
use of techniques studied and performance in melee combat pro-
duce a higher psychophysiological stress response. Stress Heal.,
2018. https://doi.org/10.1002/smi.2829.

Tornero-Aguilera, J. F., Robles-Pérez, J. J., and Clemente-Suarez,
V. J., Use of psychophysiological portable devices to analyse stress
response in different experienced soldiers. J Med Syst 42(4):75,
2018. https://doi.org/10.1007/s10916-018-0929-2.

Diaz-Manzano, M., Robles-Pérez, J. J., Herrera-Mendoza, K. et al.,
Effectiveness of psycho-physiological portable devices to analyse
effect of ergogenic aids in military population. ] Med Syst 42(5):84,
2018. https://doi.org/10.1007/s10916-018-0945-2.

Newcomer, J. W., Craft, S., Hershey, T. et al., Glucocorticoid-
induced impairment in declarative memory performance in adult

@ Springer


https://doi.org/10.1007/s10916-017-0889-y
https://doi.org/10.1007/s10916-017-0889-y
https://doi.org/10.1139/apnm-2014-0263
https://doi.org/10.1139/apnm-2014-0263
https://doi.org/10.1016/j.paid.2012.03.019
https://doi.org/10.1016/j.paid.2012.03.019
https://doi.org/10.1007/s00421-015-3137-5
https://doi.org/10.1007/s00421-015-3137-5
https://doi.org/10.1016/j.physbeh.2017.06.006
https://doi.org/10.1007/s10916-017-0748-x
https://doi.org/10.1007/s10916-017-0748-x
https://doi.org/10.1002/smi.2778
https://doi.org/10.1007/s10916-017-0772-x
https://doi.org/10.1007/s10916-018-0922-9
https://doi.org/10.1007/s10916-018-0922-9
https://doi.org/10.1007/s10916-017-0749-9
https://doi.org/10.1007/s10916-017-0749-9
https://doi.org/10.1016/j.physbeh.2018.11.006
https://doi.org/10.1016/j.ijpsycho.2016.07.502
https://doi.org/10.1016/j.ijpsycho.2016.07.502
https://doi.org/10.1139/apnm-2014-0212
https://doi.org/10.1139/apnm-2014-0212
https://doi.org/10.1016/j.appet.2003.11.010
https://doi.org/10.14814/phy2.13850
https://doi.org/10.14814/phy2.13850
https://doi.org/10.1007/s00421-018-3869-0
https://doi.org/10.1002/smi.2829
https://doi.org/10.1007/s10916-018-0929-2
https://doi.org/10.1007/s10916-018-0945-2

47

Page 8 of 8

J Med Syst (2019) 43: 47

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

humans. J Neurosci 14:2047-2053, 1994. https://doi.org/10.1523/
JNEUROSCI.14-04-02047.1994.

Clemente-Suarez, V. J., Delgado-Moreno, R., Gonzalez, B. et al.,
Amateur endurance triathletes” performance is improved independently
of volume or intensity based training. Physiol Behav S0031-9384(18):
30182-30183, 2018. https://doi.org/10.1016/j.physbeh.2018.04.014.
Armstrong, L., Soto, J., Hacker, F. J. et al., Urinary indices during
dehydration, exercise and rehydratation. Occup. Heal. Ind. Med. 8:
345-355, 1998.

Suarez, V., Campo, D., and Gonzalez-Rave, J., Modifications to
body composition after running an alpine marathon: Brief clinical
report. Int Sport J 12:133-140, 2011.

Scheier, M. F., Wrosch, C., Baum, A. et al., The life engagement
test: Assessing purpose in life. J Behav Med 29:291-298, 2006.
https://doi.org/10.1007/s10865-005-9044-1.

El-On, J., Ben-Noun, L., Galitza, Z., and Ohana, N., Case report:
Clinical and serological evaluation of echinococcosis of the spine.
Trans R Soc Trop Med Hyg 97:567-569, 2003. https://doi.org/10.
1016/S0035-9203(03)80031-7.

Wolgast, M., What does the acceptance and action questionnaire
(AAQ-II) really measure? Behav Ther 45:831-839, 2014. https://
doi.org/10.1016/j.beth.2014.07.002.

Cohen, S., Kamarck, T., and Mermelstein, R., A global measure of
perceived stress. J Health Soc Behav 24:385-396, 1983. https://doi.
org/10.2307/2136404.

Monk, T. H., A visual analogue scale technique to measure global
vigor and affect. Psychiatry Res 27:89-99, 1989. https://doi.org/10.
1016/0165-1781(89)90013-9.

Bennett, G. K., Seashore, H. G., and Wesman, A. G., The differen-
tial aptitude tests: An overview. Pers Guid J 35:81-91, 1956. https://
doi.org/10.1002/j.2164-4918.1956.tb01710.x.

Sorby, S. A., and Baartmans, B. J., The development and assess-
ment of'a course for enhancing the 3-D spatial visualization skills of
first year engineering students. J Eng Educ 89:301-307, 2000.
https://doi.org/10.1002/.2168-9830.2000.tb00529.x.

Gerson, H. B. P, Sorby, S. A., Wysocki, A., and Baartmans, B. J.,
The development and assessment of multimedia software for im-
proving 3-D spatial visualization skills. Comput Appl Eng Educ 9:
105-113, 2001. https://doi.org/10.1002/cae.1012.

Contero, M., Company, P., Saorin, J. L., and Naya, F., Learning
support tools for developing spatial abilities in engineering design.
Int J Eng Educ 22:470-477, 2006.

Martin-Gutierrez, J., Saorin, J. L., Martin-Dorta, N., and Contero,
M., Do video games improve spatial abilities of engineering stu-
dents? Int J Eng Educ 25:1194-1204, 2009.

Temesi, J., Amal, P. J., Davranche, K. et al., Does central fatigue
explain reduced cycling after complete sleep deprivation? Med Sci

@ Springer

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Sport Exerc 45:2243-2253, 2013. https://doi.org/10.1249/MSS.
0b013e31829¢ce379.

Delgado-Moreno, R., Robles-Pérez, J. J., Aznar, S., and Clemente-
Suarez, V. J., Inalambric biofeedback devices to analyze strength
manifestation in military population. J Med Syst 42:60, 2018.
https://doi.org/10.1007/s10916-018-0914-9.

Johnson, M. J., Friedl], K. E., Frykman, P. N., and Moore, R. J., Loss
of muscle mass is poorly reflected in grip strength performance in
healthy young men. Med Sci Sports Exerc 26:235-240, 1994.
Montain, S. J., and Young, A. J., Diet and physical performancevs
this review contributes to a special section on U.S. Army research,
guest-edited by M.L. Meiselman, F.M. Kramer, J. Soyer and P.
Pliner. Appetite 40:255-267, 2003. https://doi.org/10.1016/S0195-
6663(03)00011-4.

Sandin, B., El estrés : un analisis basado en el papel de los factores
sociales. Int J Clin Heal Psychol 3:141-157, 2003.

Cox, R. H., Martens, M. P., and Russell, W. D., Measuring anxiety
in athletics: The revised competitive state anxiety inventory—2. J
Sport Exerc Psychol 25:519-533, 2003. https://doi.org/10.1123/
jsep.25.4.519.

Grossman, D., and Siddle, B. K., Psychological effects of combat.
In: Encyclopedia of violence, peace, & conflict. Elsevier, pp 1796—
1805, 2008.

Grossman, D., and Christensen, L., On combat: the psychology and
physiology of deadly conflict in war and in peace. Warrior Science
Publications, 2004.

Clemente Suarez, V. J., and Robles Pérez, J. J., Respuesta organica
en una simulacion de combate. Sanid Mil 68:97-100, 2012. https:/
doi.org/10.4321/S1887-85712012000200006.

Clemente-Suarez, V. J., and Robles-Perez, J. J., Psycho-
physiological response of soldiers in urban combat. An Psicol 29:
598-603, 2013. https://doi.org/10.6018/analesps.29.2.150691.

Li, Z., Jiao, K., Chen, M., and Wang, C., Reducing the effects of
driving fatigue with magnitopuncture stimulation. Accid Anal Prev
36:501-505, 2004. https://doi.org/10.1016/S0001-4575(03)00044-7.
Lieberman, H., Tharion, W., Shukitt-Hale, B. et al., Effects of caf-
feine, sleep loss, and stress on cognitive performance and mood
during U.S. navy SEAL training. Psychopharmacology (Berl)
164:250-261, 2002. https://doi.org/10.1007/s00213-002-1217-9.
Murray, B., Hydration and physical performance. ] Am Coll Nutr
26:5425-5488S, 2007. https://doi.org/10.1080/07315724.2007.
10719656.

Bustamante-Sanchez, A., Delgado-Teran, M., Clemente-Suarez, V.
J., Psychophysiological response of different aircrew in normobaric
hypoxia training. Ergonomics 1-9, 2018. https://doi.org/10.1080/
00140139.2018.1510541


https://doi.org/10.1523/JNEUROSCI.14-04-02047.1994
https://doi.org/10.1523/JNEUROSCI.14-04-02047.1994
https://doi.org/10.1016/j.physbeh.2018.04.014
https://doi.org/10.1007/s10865-005-9044-1
https://doi.org/10.1016/S0035-9203(03)80031-7
https://doi.org/10.1016/S0035-9203(03)80031-7
https://doi.org/10.1016/j.beth.2014.07.002
https://doi.org/10.1016/j.beth.2014.07.002
https://doi.org/10.2307/2136404
https://doi.org/10.2307/2136404
https://doi.org/10.1016/0165-1781(89)90013-9
https://doi.org/10.1016/0165-1781(89)90013-9
https://doi.org/10.1002/j.2164-4918.1956.tb01710.x
https://doi.org/10.1002/j.2164-4918.1956.tb01710.x
https://doi.org/10.1002/j.2168-9830.2000.tb00529.x
https://doi.org/10.1002/cae.1012
https://doi.org/10.1249/MSS.0b013e31829ce379
https://doi.org/10.1249/MSS.0b013e31829ce379
https://doi.org/10.1007/s10916-018-0914-9
https://doi.org/10.1016/S0195-6663(03)00011-4
https://doi.org/10.1016/S0195-6663(03)00011-4
https://doi.org/10.1123/jsep.25.4.519
https://doi.org/10.1123/jsep.25.4.519
https://doi.org/10.4321/S1887-85712012000200006
https://doi.org/10.4321/S1887-85712012000200006
https://doi.org/10.6018/analesps.29.2.150691
https://doi.org/10.1016/S0001-4575(03)00044-7
https://doi.org/10.1007/s00213-002-1217-9
https://doi.org/10.1080/07315724.2007.10719656
https://doi.org/10.1080/07315724.2007.10719656
https://doi.org/10.1080/00140139.2018.1510541
https://doi.org/10.1080/00140139.2018.1510541

	Psychophysiological Monitorization in a Special Operation Selection Course
	Abstract
	Introduction
	Methods
	Participants
	Procedure
	Materials
	Statistical analysis

	Results
	Discussion
	Limitation of the study
	Practical application

	Conclusion
	References


