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Actual studies in military training support the use of new methodological approaches such as high intensity interval
training and inverse periodization training rather than conventional approaches. However, the application and analysis
of success of these new methodologies are as yet unknown.
The military adapted the civil reverse periodization training system, composed of 6 wk and five sessions per week. For
the first 3 wk soldiers performed two sessions with the objective of increasing the maximal strength of the upper and
lower body muscles, and three sessions of short high-intensity interval training (HIIT). In the following 3 wk they
combined two endurance HIIT and two resistance HIIT sessions with military equipment while conducting a military
task.
After the training a significant body mass index decrease was found, along with an increase in lower limb muscular
strength, aerobic and anaerobic performance, resilience, stress tolerance, and psychological flexibility. Regarding the
ratio of acceptance there was an increased ratio compared to previous years of 7%. In addition, married soldiers with
children presented greater resilience, stress tolerance, psychological flexibility, and a higher ratio of success.
Accepted soldiers presented greater psychological status and stress tolerance, highlighting the importance of the work
of the unit psychologists to reinforce and monitor the psychometric profile of the soldiers as well as their intrinsic
characteristics of personality and emotionality. The greater baseline physical condition and higher performance in all
physical tests proves how reverse periodization training models are a great stimuli and training approach in soldiers.
stress, psychological flexibility, performance, periodization, aerobic performance.
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ongitudinal and descriptive studies show an increased
tendency of obesity,23 psychological disorders,22 and a
general decrease in physical capacity18 in young military
personnel. This phenomenon is a big challenge for military
training and recruitment of capable soldiers, since modern
military operations are highly physically demanding.12 Besides
military skills and physical performance, a successful military
operation, especially in actual theaters of operations, also
requires a good psychological status, self-confidence, and readiness.11,29 These actual psychophysiological demands for warfighters identified them as “tactical athletes,”21 eliciting in them
in military training, essential military knowledge, military skills,
and physical and psychological capacities.25
These tactical athletes must face physiological demands
such as increases in sympathetic modulation, blood lactate
concentrations, exceeding the anaerobic threshold similarly to
elite athletes,12 large muscular and cardiovascular responses,

and a down regulation of cortical arousal.5 However, regarding
the stressful nature of military combat, authors also describe
psychological alterations in perception and memory dysregulation as an acute effect of stress.16,17 In this line, new technological innovations have not reduced the physical demands of
soldiers; however, these may attenuate psychological stress,
such as the use of night vision systems in underground operations.29 These psychophysiological demands in these stressful
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environments have been widely reported either in close quarter,
symmetrical and asymmetrical combat, or tactical parachute
jumps,30–32 concluding there is a necessity to include specific
training models adapted to the military service which consider
the specific psychophysiological needs of the tactical athlete.
Actual military training approaches have been focused
either on the increase of physical fitness19 or on the decrease of
soldiers’ injuries and risks factors.3 However, these programs
are performed in a low stress environment, a situation opposite
to real combat. Thus, successful operations not only require
military skills, proper tactics knowledge, and advanced armor,
instruments, and systems, but good psychophysiological performance too. Therefore, identifying the most appropriate
physical and psychological approach is essential for the training
of new recruits, which is a key factor for developing future soldiers with improved mission survival and success ratio, especially in high demand units like special operations. For this
reason, we conducted the present study with the aims of: 1)
analyzing psychophysiological modifications after an experimental operative training previous to a special operations selection course; and 2) analyzing the ratio of candidates approved
after performing the experimental training in a special operations selection course. We hypothesized that the training
program would improve the psychophysiological profiles of
recruits, increasing the ratio of acceptance in the special operations selection course compared with previous years.

subject stood up, barefoot, with the head oriented in the Frankfort plane that joins the inner edge of the eye socket and the
upper one of the external auditory meatus, arms on both sides
of the trunk, extended and with palms touching the external
face of the thighs, heels together touching the lower end of the
vertical surface with the inner edge of the feet at 45 to 60°, with
the occipital area, scapular, buttocks, and the posterior face
of the knees and calves touching the vertical surface of the
anthropometer.
Body mass index (BMI 5 mass in kg/height2 in m) was calculated according to the World Health Organization.
Lower limb strength manifestation was measured through a
maximal horizontal jump test. Subjects performed a standardized warm-up consisting of 10 min of running (light aerobic
intensity). Then, participants performed two maximal horizontal jumps as in a previous report.15 Both jumps were performed
with the hands on the waist to avoid inertial arm movement
and the best attempt was used for the statistical analysis.
Running performance was measured through two tests.
First a 50-m run and a 2000-m run at maximal effort, with the
last being associated with the maximal aerobic speed measured
in the laboratory test.15 After the horizontal jump test, participants were instructed to run 50 m at maximal speed, rest 10 min,
and then start the 2000-m run at maximal speed on a regulation
competition track field (temperature 16.5 6 1.2°C; 62.2 6 1.2%
humidity). The time to complete both tests and heart rate (HR)
were recorded. HR was measured using a Polar V800 HR monitor (Polar Electro, Kempele, Finland).

METHODS
Subjects

A sample of 61 volunteer participants were recruited. All of
them were aspirants for a special operations selection course of
the Spanish Army (24.9 6 4.7 mean age; 177.8 6 6.0 cm; 77.4 6
9.6 kg; 24.6 6 3.2 body mass index; 1.4 6 4.4 yr of military
experience; 0.2 6 0.5 yr in their unit; 0.2 6 1.1 yr on international missions). Prior to starting the research, the experimental
procedures were explained to all the participants, who gave
their voluntary written informed consent in accordance with
the Declaration of Helsinki. The procedures conducted in the
present research were designed and approved by the Headquarters of the unit (e thical committee of clinical research with
medicines of the Hospital central de la defensa; Code: 68/18).
Equipment

The following dependent variables were analyzed before and
after completing the training. Body mass was measured using a
Seca scale (model 714; Seca, Hamburg, Germany) with a precision of 100 g (range 0.1–130 kg) located on a flat and smooth
surface and calibrated at zero. Subjects were barefoot with minimal clothes. Once located in the center of the platform, they
remained still without their body being in contact with surrounding objects, with the mass evenly distributed on both feet
facing forward.
Height was measured with a height rod incorporated in the
Seca scale with a precision of 0.1 mm (range 60–200 cm). The
2

Life Engagement Test (LET). This scale has 6 items and it was
designed to measure the purpose of people in life. In this line,
this scale analyzes the degree of involvement of the person in
activities that are important within their daily surroundings.
Item Example: “For me, all the things I do deserve the punishment.” Answers on a Likert scale of 1 to 5 where 1 5 Strongly
disagree and 5 5 Strongly agree.26
The Coping Flexibility Scale (CFS). This scale was designed to
measure the flexibility in coping with different situations. It
refers to the presence of adaptive coping strategies that are associated with better psychological health. This test has 10 items
and is answered on a Likert scale of 1 to 4, with 1 5 very applicable to 4 5 not applicable.24
Perceived Stress Scale (PSS). This scale assesses the level of perceived stress in a 1-mo period. It is composed of 14 items that
are answered with a 5-point Likert scale, where 0 5 never and
4 5 very often. High scores are related with a higher perception
of stress.24
Attitudes to Ageing Questionnaire (AAQ). This scale assesses
the subjective perception of ageing focusing primarily on three
different aspects of ageing. The first subscale focuses on psychosocial losses relevant to older adults in which the perceived
negative experiences of ageing are collected together in a single
composite scale. The second subscale (physical change) has a
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more mixed physical functioning focus with items related primarily to health, exercise, and the experience of ageing itself.
The third subscale (psychological growth) has an explicitly
positive focus and could be summarized as ‘wisdom’ or ‘growth’
as it recognizes a lifespan development perspective on ageing as
viewed by the individual.4
Procedures

A military adaptation of civil reverse periodization training was
applied as in previous research.9,13,14 This new training model is
based on specific high-intensity and low-volume training, which
are some of the training methodologies recently proposed as
basic for military training in actual theaters of operations.14
Training was composed of 6 wk with five sessions per week
having a duration between 30 min during the first week and
50 min the following weeks. During the first 3 wk soldiers performed two sessions at a gym with the objective of increasing
maximal strength of the upper and lower body muscles (load
between 70–85% of the maximum strength) and three sessions
of short high-intensity interval training (HIIT).30 In the following 3 wk they combined two short HIIT sessions and two
resistance HIIT with military equipment while conducting a
military task.
Statistical Analysis

To analyze the data, we used the SPSS statistical package (version 22.0; SPSS, Inc., Chicago, IL, USA). Means and SD were
calculated using traditional statistical techniques. Normality
and homoscedasticity assumptions were checked with a
Kolmogorov-Smirnov test. To analyze differences between preand post-training samples, a t-test for dependent samples was
administered and to analyze differences between accepted and
non-accepted participants in the operation selection course, a
t-test for independent samples was used. The effect size (ES)
was tested by Cohen’s d [ES 5 (Posttest mean – Pretest mean)/
Pretest SD]. The level of significance for all the comparisons
was set at alpha , 0.05.

RESULTS
The results are reported as mean 6 SD. Significant body mass
and BMI decrease were found. Regarding physical performance, a significant increase in the 50-m, 2-km tests and lower
limb strength manifestation was measured, as well as in rating
of perceived exertion (RPE) values. In relation to the psychometric tests, a significant increase was found in the LET test,
and the PSS the AAQ tests presented a significant decrease.
Finally, no significant changes were found for the CFS (Table I).
Soldiers with higher age and experience, less body mass, and
less BMI presented a higher ratio of success. In addition, higher
scores on the LET and CFS psychometric tests as well as being
married and with children, predicted a greater ratio of acceptance. Finally, 77% of the candidates were accepted and 23%
were rejected; this ratio of accepted candidates was higher than
previous years, where this ratio was between 65–70% (Table II).

DISCUSSION
The aim of the present research was to analyze the psychophysiological modifications after an experimental operative training
previous to a special operations selection course and the ratio
of candidates approved after performing the experimental
training. The initial hypothesis was confirmed since the psychophysiological profile of the recruits improved and the ratio
of soldiers’ acceptance in the operation selection course was
higher than in previous years.
Previous researches conducted in urban combat,11,12 symmetrical and asymmetrical combat,14,31 close quarter combat,10
and tactical parachute jumps5,8,9 showed a high activation of the
anaerobic metabolism and a high demand on aerobic capacity,
highlighting the importance of training both metabolic pathways. In this line, the HIIT used in the present training program and proposed as an effective tool to improve the anaerobic
metabolic pathway6 resulted in a performance improvement,

Table I. Mean 6 SD Values for the Psychophysiological Parameters Analyzed Before and After Training.
95% CI OF
THE DIFFERENCES
Weight (kg)
BMI (kg · m22)
Horizontal jump (cm)
50 m (seconds)
50 m HR (bpm)
RPE 50 m
2 km (seconds)
2 km HR (bpm)
RPE 2 km
LET
CFS
PSS
AAQ

PRE

POST

COHEN’S d

% OF CHANGE

D

P

LOWER

UPPER

77.7 6 9.8
25.6 6 1.18
214.7 6 25.4
7.7 6 0.6
181.8 6 15.2
11.2 6 2.4
540 6 4.8
161.8 6 19.2
15.2 6 1.7
17.4 6 1.3
18.7 6 2.9
30.2 6 3.9
6.4 6 4.1

76.0 6 9.6
24.0 6 3.12
219.8 6 24.9
7.4 6 0.5
192.6 6 10.1
14.6 6 2.5
480 6 4.8
172.6 6 11.1
15.8 6 1.9
26.8 6 2.6
18.1 6 4.4
18.8 6 7.1
10.9 6 3.2

0.17
0.17
20.20
0.53
20.3
21.36
0.53
20.5
20.3
27.46
0.21
2.87
21.10

21.76 6 20.16
20.55 6 20.03
5.11 6 0.98
20.34 6 0.05
11.8 6 7.06
3.32 6 0.10
20.45 6 0.03
10.8 6 8.06
0.6 6 0.10
9.4 6 21.4
20.6 6 1.5
211.4 6 3.1
24.5 6 0.9

9.840
9.430
22.742
7.764
22.954
210.308
7.654
23.954
22.087
225.013
0.942
10.717
7.045

0.000
0.009
0.008
0.000
0.000
0.000
0.000
0.000
0.041
0.000
0.350
0.000
0.000

1.390
0.438
28.894
0.258
215.293
23.973
0.343
216.293
21.245
210.233
20.699
9.280
3.169

2.341
0.671
21.389
0.438
25.346
22.689
0.578
25.346
20.026
28.717
1.954
13.539
5.683

BMI: body mass index; RPE: rate of perceived exertion; HR: heart rate; LET: Life Engagement Test; CFS: Coping Flexibility Scale; PSS: Perceived Stress Scale; AAQ: Attitudes to Ageing
Questionnaire.

AEROSPACE MEDICINE AND HUMAN PERFORMANCE Vol. 90, No. 11 November 2019

3

Q3

PSYCHOPHYSIOLOGICAL TRAINING—Tornero-Aguilera et al.

Table II. Mean 6 SD Values for the Psychophysiological Variables Analyzed in Relation to Acceptance After the Special Operation Selection Course.
ACCEPTED
Weight (kg)
BMI (kg · m22)
Horizontal jump (cm)
50 m (seconds)
2 km (seconds)
LET
CFS
PSS
AAQ

REJECTED

PRE

POST

P

COHEN’S d

PRE

POST

P

COHEN’S d

77.1 6 9.7* (0.001)
24.9 6 3.1
223.6 6 20.8* (0.019)
7.62 6 0.5* (0.021)
522 6 0.6* (0.008)
27.3 6 2.5* (0.000)
19 6 2.3
30.8 6 2.8* (0.000)
10.8 6 3.1* (0.000)

75.2 6 9.5* (0.000)
23.0 6 3.2* (0.012)
234.7 6 12.7* (0.010)
7.2 6 0.1* (0.010)
498 6 36.2* (0.002)
23.4 6 2.7* (0.000)
19.8 6 2.3* (0.000)
29.2 6 6.2* (0.000)
11.1 6 3.6

0.040
0.048
0.031
0.431
0.021
0.004
0.877
0.403
0.671

20.20
23.65
20.53
0.84
1.40
21.50
0.34
20.36
0.09

79.9 6 10.4
25.9 6 1.2
212.1 6 26.3
7.82 6 0.6
546.1 6 48
17.3 6 1.3
18.6 6 3.1
19.1 6 6.8
6.4 6 3.6

78.6 6 9.8
24.6 6 3.0
218.4 6 25.5
7.4 6 0.6
516.1 6 54
17.5 6 0.9
17.4 6 4.6
16 6 7.9
6.5 6 3.2

0.560
0.534
0.671
0.480
0.031
0.867
0.631
0.016
0.760

20.13
20.62

0.18
20.31
20.41
0.03

BMI: body mass index; RPE: rate of perceived exertion; HR: heart rate; LET: Life Engagement Test; CFS: Copy Flexibility Scale; PSS: Perceived Stress Scale; AAQ: Attitudes to Ageing
Questionnaire.
* P , 0.05 between accepted and rejected.

showing a significant decrease in the 50-m test time. In addition, HIIT has also been proven to be effective for increasing
the maximal oxygen uptake and aerobic endurance,14 which is
in line with the significant performance increase measured in
the 2-km test. When analyzing differences between accepted
and rejected soldiers, the first ones presented higher baseline
levels of aerobic and anaerobic capacity as well as a better adaptive response, presenting higher post results in both the 50-m
and 2-km tests, which highlights the importance of optimal
physical fitness in order to succeed in the special operations
selection course.
The cardiovascular response in both the 50-m and 2-km
tests supported the training program efficiency, since the significant HR increases showed higher cardiovascular adaptation
and, therefore, greater ability to perform both tests at greater
intensity, consequent with the time reduction found in the
50-m and 2-km tests. In addition, the training program could
elicit and reach the cardiovascular requirements of actual combat scenarios,30–32 a fact essential for soldiers’ operability and
performance. The RPE modification found after training
also sustained the previous affirmations, since the significant
increases were in line with the ability to perform the test with
higher intensity and effort, as well as to endure and tolerate
higher effort, a vital fact in the high demand and stressful field
of special operations activities. However, a misinterpretation of
the RPE has been reported in this population in different combat situations.2,29 This fact was related to the increased sympathetic activation and negative effect in cortical structures such
as the hippocampus and brain areas related to information processing.16,17 Therefore, caution should be taken when interpreting RPE results in soldiers. Future research should try to address
a new subjective effort scale for this population.
Muscle strength capabilities are basic for soldiers, since they
must conduct their missions with the extra weight of equipment and actions conducted in the battlefield require high manifestations of strength and endurance, independently of the
previous level of training and experience, especially on the
lower limbs.16 In this line, previous authors reported that experienced soldiers presented higher levels of muscular strength
than new soldiers,29,31,32 a fact consequent with our data since
accepted soldiers had the most experience and presented higher
4

significant pre and post lower limb muscular strength than the
rejected ones. Regarding the possible training interferences
reported by authors due to the difference between the mechanisms of adaptation induced by resistance and endurancebased training, since each exercise activates or represses specific
subsets of genes and cellular signaling pathways,20 no negative
interferences were found when resistance exercise and HIIT
were administered together.33 This result was in agreement
with our data regarding the parallel increase in lower muscular strength and 50-m and 2-km performance. Regarding body
composition, both accepted and rejected soldiers presented
with an overweight BMI, consequent with the tendency of
obesity among young military personnel in recent years.23
However, both groups showed a significant BMI decrease,
most acutely in accepted soldiers. These results are in accordance with similar interventions in civil populations.27 In addition, BMI is correlated with physical performance,28 which
would explain the higher ratio of success and performance of
accepted soldiers in all physical tests.
According to the psychometric analysis, improvements in
resilience, stress tolerance, and psychological flexibility were
found, all of them basic constructs for soldiers who must face
highly stressful and demanding situations. Specifically, accepted
soldiers presented higher significant increases on the psychometric tests—LET, CFS, and AAQ—showing an ideal psychological status, behaviors, and stress tolerance, which lead them
to success in the special operations selection course. In relation
to the PSS scale, there was a significant decrease after the training program, probably due to the complexity of the training
and the added stress of the special operations selection course,
as it tested physical and psychological capacities, adding a considerable amount of stress. In this line, authors showed that
working under stress could improve working memory and
strategy selection, justifying the success of accepted soldiers1
and the reason for the higher significant PSS pre and post values when compared to rejected soldiers. Finally, our data led us
to improve the knowledge of the psychophysiological variables
that predispose success on the special operations selection
course since the ratio of candidates accepted increased compared with previous years, making the training program a success since 77% of the candidate were accepted; in previous years
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this ratio was between 65–70%. This result allows us to improve
knowledge regarding the effectiveness of military training programs that would improve soldiers’ performance.
In conclusion, this research showed how a specific training
program for a special operations selection course increased
muscular strength, aerobic and anaerobic performance, resilience, stress tolerance, and psychological flexibility, and the
ratio of candidates accepted increased compared with previous
years. Finally, accepted soldiers presented better psychological
status and stress tolerance, highlighting the importance of the
work of psychologists in the units, which is to reinforce and
monitor the psychometric profiles of the soldiers as well as
their intrinsic characteristics of personality and emotionality.
In addition, accepted soldiers presented better baseline physical
condition and higher performance in all physical tests, proving
how reverse periodization training models are effective not
only in a civil population (athletes), but also in a military population. Thus the direct application of this knowledge and new
training approach could be used by other tactical athletes such
as firefighters and police, as well as private security corps, and
other units and brigades in where there is a large physical
demand in their preparation and considerable stress as part of
their duty. However, the lack of hormone analysis and direct
evaluation of maximal oxygen uptake were limitations of the
present study, which was subjected to a financial and technological lack, something future research might seek to address.
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