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ABSTRACT

AIMS: amic postural control plays an essential role in the execution of precise motor skills such as shooting.
This study was conducted with the aim of investigating the effect of a course of training on unstable surfaces
on dynamic postural control and shooting performance in students of Amin Police University.

MATERIALS & METHODS: The present study was a semi-experimental study with a pretest-posttest design
and a control group. Sixty-four students of Amin University of Police Sciences were selected through purposive
sampling and randomly assigned to two experimental and control groups (32 in the experimental group and
32 in the control group). The experimental group performed balance exercises on unstable surfaces for 4
weeks (3 sessions per week). Dynamic postural control was measured using a force plate (including total
center of pressure (COP) displacement, mean displacement velocity, anterior-posterior sway, and medio-
lateral sway), and shooting performance was measured using the SCATT system (including accuracy, stability,
aiming steadiness, and aiming time). Data were analyzed using independent t-tests, analysis of covariance
(ANCOVA), and one-way repeated measures analysis of variance (ANOVA)..

FINDINGS: The results showed that training on unstable surfaces significantly reduced total COP displacement
(p<0.001, 1?=0.41), mean displacement velocity (p<0.001, n?=0.31), anterior-posterior sway (p<0.001,
n%=0.45), and medio-lateral sway (p<0.001, n*=0.22) in the experimental group. Moreover, these exercises
significantly increased shooting accuracy (p<0.001, n2=0.35), shooting stability (p<0.001, n2=0.30), and
aiming steadiness (p<0.001, 12=0.40) and decreased aiming time (p<0.001, n*=0.37) in the experimental
group. The effect size for all variables was moderate to large.

CONCLUSION: BTraining on unstable surfaces, as an effective intervention, can improve dynamic postural
control (including displacement, displacement velocity, and sway) and shooting performance (including
increased accuracy and stability, aiming steadiness, and reduced aiming time) in students of Amin University
of Police Sciences. The inclusion of these exercises in physical fitness programs and shooting training of police
forces is recommended.
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Students.
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INTRODUCTION

According to the Police Command Law, the
primary duty of this organization is to maintain
public order and security and to preserve public
order and security within the territory of its
jurisdiction. This major responsibility often
requires a continuous and effective presence in
sensitive and high-risk environments and also
involves the use of firearms in dangerous and
emergency situations [1]. Security is a highly
important component of governance. For this
reason, the police must always be prepared.
This preparedness should be in three domains:
body, mind, and skill. With such readiness, the
police can perform their duties effectively under
very difficult and critical conditions. For a police
officer, shooting is not merely a sport; rather, it is
essential for survival and for ensuring security.
Accuracy and consistency in shooting can be very
important for achieving critical objectives. In sport
shooting, everything is stable and predictable,
but police shooting is completely the opposite.
Police shooting usually occurs under conditions in
which time is limited, things are not clearly visible,
and there is considerable pressure on the mind
and emotions [2]. In these complex conditions,
shooting performance depends not only on
technical skill but also on the ability to maintain
motor control and regulate body posture under
pressure [2].

Postural control refers to the ability to
maintain the body’s center of gravity within the
limits of the base of support. This ability is one of
the important components of physical fitness in
military and police forces [3]. This characteristic
becomes particularly important when aiming at a
target. At this stage, body sway can affect accuracy:.
Numerous studies have shown that skilled
shooters exhibit less postural variation during
aiming compared with novices, and that postural
control in them has reached an automatic level [4,
5]. In this regard, research has shown that center
of pressure displacement and its velocity are
among the most important predictors of shooting
performance [6, 7].

The distinction between static and
dynamic postural control is very important. Static
postural control refers to the ability to maintain
balance in a stationary position. Dynamic postural
control refers to the ability to maintain balance
during movement or after a change in posture
[8]. In situations where police officers are on
duty, shooting is usually performed in a dynamic
posture—that is, the individual may be moving,
constantly changing position, or carrying various
equipment. Under such conditions, postural
control that is constantly changing is important
and essential [3, 7]. Carrying police equipment
such as body armor and duty belts can affect
officers’ balance. The pattern of center of pressure
displacement and its velocity changes, and this
can negatively affect police shooting performance
[3, 7]. Shimenko et al. (2024) showed that carrying

heavy loads reduces shooting performance and
increases postural sway and perceived workload

[3].

Inthisregard, balance training on unstable
surfaces has attracted researchers’ attention
as one of the effective methods for improving
dynamic postural control. Hatfield et al. (2021), in
a study, showed that strength training performed
simultaneously with whole-body vibration and on
unstable surfaces has a positive effect on overall
shooting performance. These exercises also affect
aiming stability and time on target [9].

Numerous studies have been conducted
on the relationship between postural control and
shooting performance. However, most of these
studies have been carried out on athletes or
soldiers and under laboratory conditions. None
of these studies have investigated the effect of
such exercises on shooting performance in police
students. Simas et al. (2026), in a study on police
students, examined the relationship between body
composition, handgrip strength, and postural
control with shooting accuracy and found that the
correlation between center of pressure variables
and shooting accuracy is generally low, indicating
that postural control alone cannot fully explain
shooting performance and that other variables are
alsoinfluentialin thisregard [2]. On the other hand,
Goedert et al. (2015) showed that improvement
merely in static postural control or core stability
does not necessarily lead to improved shooting
performance under operational conditions and
that more specialized training and simulation
of real situations may be required. This finding
suggests that exercises performed on unstable
surfaces, which require dynamic control of body
posture, are more closely associated with shooting
performance under dual-task conditions [10].

Given that sway in the anterior-posterior
axis—that is, perpendicular to the line of fire—is
highly important, and biathlon studies have shown
that this sway is the best predictor of shooting
score and can clearly differentiate skilled shooters
from novices, this issue is of particular importance
[5]. It appears that balance exercises focused on
reducing sway in this axis could have a substantial
effect on shooting performance. However, there
are limited data on the effect of a regular course
of training on unstable surfaces and its transfer to
accuracy, stability, aiming steadiness, and aiming
time in police students. Therefore, this study
was conducted with the aim of investigating the
effect of a course of training on unstable surfaces
on dynamic postural control and shooting
performance (including accuracy, stability, aiming
steadiness, and aiming time) in students of Amin
University of Police Sciences.

MATERIALS & METHODS

Type and Design of the Study: The present study
was a semi-experimental study with a pretest-
posttest design and a control group, which
investigated the effect of a course of training on
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unstable surfaces on dynamic postural control
and shooting performance in students of Amin
University of Police Sciences (Figure 1)

Statistical Population, Sample, and
Sampling Method: The statistical population of
this study consisted of all second-year students
of Amin University of Police Sciences who had
completed the introductory shooting course and
were in the age range of 20 to 25 years. Given
the nature of the study and the ANCOVA method,
the sample size was estimated using G*Power
software based on a medium effect size (f=0.25),
a statistical power of 0.80, and a significance
level of 0.05, with a minimum of 28 participants
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per group. After initial screening, of 82 volunteer
students, 77 were identified as eligible and were
randomly assigned to two experimental (39
participants) and control (38 participants) groups.
During the intervention period, 7 participants
from the experimental group (4 due to missing
more than 2 sessions, 2 due to injury, and 1 due to
personal withdrawal) and 6 participants from the
control group (4 due to non-cooperation, 1 due to
injury, and 1 due to personal withdrawal) dropped
out of the study. Ultimately, 64 participants (32
in each group) with a mean age of 21.89+2.35
years, weight of 71.62+3.28 kg, and height of
174.49+4.72 cm completed the final analysis.

[Assessed for eligibility (n=82) J

|

Excluded (n=5)
- Did not meet inclusion criteria (n=5)
- Not willing to participate (n=0)

|

[ Randomized (n=77) J

Allocated to the control group (n=39)
- Routine daily training

Allocated to the exercise group (n=38)
Training on unstable surfaces

Follow-up

Sample attrition
- Exercise group: 6 participants
- Control group: 7 participants

Completed and analyzed
(n=32)

Completed and analyzed
(n=32)

Figure 1) Flow diagram of participant flow in the study according to the CONSORT standard

Sampling Method: A purposive sampling
method was used, taking into account the inclusion
and exclusion criteria. Accordingly, among the
volunteer students who met the criteria, initial
screening was first performed, and those who
met the inclusion criteria were identified. After
initial screening, randomization was carried out
using a random block method with a block size
of 4. To this end, a randomization list was first
prepared using Random Allocation Software v2.0
with an allocation ratio of 1:1. In this method, each
block consisted of 4 slots, with 2 slots randomly
assigned to the experimental group and 2 slots to
the control group. The order of the groups within
each block was randomly determined by the
software (for example, AABB, ABAB, ABBA, BAAB,
BABA, BBAA, where A = experimental group
and B = control group). To maintain allocation
concealment, opaque, numbered envelopes were
used. After the randomization list was generated
by the software, the results were placed in opaque
envelopes and numbered. The envelopes were
prepared and kept by an individual independent
of the research (who had no involvement in the
assessment and intervention process). At the
time of allocation, after the pretest, the envelope

corresponding to each participant was opened in
numerical order, and the participant was assigned
to either the experimental or control group based
on the contents of the envelope. This process
ensured that neither the researcher nor the
participant was aware of the group assignment
prior to allocation.

Inclusion criteria for the study
included:
- Being a student at Amin University of Police
Sciences
- Having at least one year of shooting training
experience

- Being in the age range of 20 to 25 years

- Having no history of neuromuscular,
vestibular, or visual impairments affecting
balance

- Having no history of psychiatric disorders or
use of psychotropic medications

- Having normal vision

- Providing written informed consent to
participate in the study

-  No consumption of sports supplements
or medications affecting neuromuscular
function for at least 4 weeks prior to the study

G20Z ‘vL'IOA  INIDIA3IN 32170d 40 TvYNYNor
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Exclusion criteria for the study
included:
- Lack of cooperation during the administration
of the tests
- Absence from more than 2 training sessions
- Occurrence of any injury or physical
discomfort during the study
- Consumption of any stimulant or caffeine at
least 4 hours before the testing sessions
- Contracting acute illnesses during the study
period

Measurement Instruments:

A) Measurement of Dynamic Postural
Control: To measure dynamic postural control,
a force plate manufactured by Kistler (model
BA9286) was used (the device was borrowed
from the Faculty of Rehabilitation, Tehran). With
a sampling frequency of 1000 Hz, it is capable of
simultaneous measurement in two perpendicular
axes (anterior-posterior and medio-lateral). The
force plate has 4 triaxial pressure sensors with an
accuracy of 0.1 N and a measurement range of 0
to 10 kN.

Measurement Protocol: Participants
were assessed under the following conditions:
- Single-task condition: Standing on the force

plate for 30 seconds with eyes open and hands
at the sides of the body.

- Dual-task condition: Standing on the force
plate while aiming at a target (displayed by
the SCATT system) for 30 seconds.

The measured indicators in this
section included:

- Total COP displacement in millimeters

- Mean velocity of displacement in millimeters

per second

- Sway in the anterior-posterior (AP) axis in
millimeters

- Sway in the medio-lateral (ML) axis in
millimeters

B) Measurement of  Shooting
Performance: To assess shooting performance,
the SCATT diagnostic system (model WS1) with a
measurement accuracy of 0.1 mm and a sampling
frequency of 3000 Hz was used. This system
is considered one of the most valid and widely
used tools for evaluating shooting performance
in scientific research. The SCATT system consists
of an infrared camera, a projector, and dedicated
software for data analysis.

The measured indicators in this
section included:

- Accuracy: The mean distance of shots from
the target center in millimeters

- Precision: Grouping spread in millimeters

- Aiming Stability: The percentage of time
spent in the 10-ring area of the target

- Aiming Time: The time spent aiming before
firing

Shooting Protocol:

- Distance: 10 meters (in accordance with air
pistol standards)

- Number of shots: 5 series of 5 shots (25
shots in total)

- Allowed time: 7 minutes for each series of 5
shots

- Weapon: Standard air pistol (caliber 4.5 mm)

Training Protocol (Unstable Surface
Training Protocol)

Structure of Each Training Session:
Each session began with a 10-minute warm-
up. This 10-minute period included 5 minutes
of light jogging. After that, dynamic stretching
exercises were performed. These movements
included ankle rotations, lunge movements, and
light squats. In addition, several simple balance
exercises were performed on a stable surface—
for example, standing on one leg for 15 seconds,
repeated twice. Following the warm-up, 20 to 25
minutes of the main training on unstable surfaces
was performed. Each week, the difficulty of these
exercises was increased. Finally, 5 minutes were
dedicated to cooling down, which included static

stretching and deep breathing. (Figure ¥)

Combined Shooting-Balance Training
(15 minutes): After the balance exercises,
participants in the experimental group moved to
the SCATT shooting station and performed the
following exercises:

- Aiming at the target in a standing
position on the balance pad (without
firing, recording COP sway): 2 sets of
1 minute

- Firing 5 shots in a standing position
on the balance board: 3 series of 5
shots

- Simultaneous recording of shooting
performance indicators by the SCATT
system

Participants in the control group did not
receive any balance training on unstable surfaces
and continued only their routine training program
at the university (including regular shooting and
physical fitness exercises).

Procedure and Research Protocol: The
study was conducted in 4 main stages:

Stage 1 (Screening and Pretest): At the
beginning of the study, an orientation session was
heldfortheparticipants,and complete explanations
were provided regarding the objectives, methods,
and safety of the research. Then, the participants
completed the informed consent form and
the demographic information questionnaire.
Subsequently, the initial assessment (screening)
was performed with respect to the inclusion and
exclusion criteria, and finally, anthropometric
variables including height, weight, and body mass
index (BMI) were measured.

Stage 2 (Pretest Measurement): The
pretest measurement was conducted on two
separate days:

Day 1 (Measurement of Postural
Control): First, the participants were familiarized
with the force plate. Then, the balance test was
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performed under the single-task condition,
consisting of standing on the force plate for
30 seconds. Subsequently, the balance test
was performed under the dual-task condition,
consisting of standing on the force plate while
aiming at the SCATT target for 30 seconds. Finally,
the center of pressure (COP) indicators were
recorded by the force plate.

Day 2 (Measurement of Shooting
Performance): First, the participants were
familiarized with the SCATT system. Then, 5 test
shots were fired to become acquainted with the
system. Subsequently, the main shooting test,
consisting of 5 series of 5 shots (25 shots in
total) at a distance of 10 meters, was performed.
Finally, the shooting performance indicators were
recorded by the SCATT system.

Stage 3 (Training Intervention):
After completion of the pretest, the training
intervention began. For the experimental group,
a 4-week training program on unstable surfaces
was implemented, while the control group
continued only its routine training program at
the university (including regular shooting and
physical fitness exercises). During this period,
continuous supervision was maintained over
the implementation of the exercises, and the
participants’ attendance was recorded.

Stage 4 (Posttest): Immediately
after the completion of the training period, all

Hadi et al.

measurements of Stage 2 (postural control and
shooting performance) were repeated for both the
experimental and control groups using the same
protocol and pretest instruments.

Ethical Considerations: The present
study was conducted with the approval of the
Ethics Committee in Biological Research of the
Sport Sciences Research Institute (Ethics Code:
IR.SSRC.REC.1402.249) and in accordance with
the ethical principles set forth in the Declaration
of Helsinki.

Data Analysis Methods: The Kolmogorov-
Smirnov test was used to examine the normality
of data distribution. Levene’s test was used to
examine the equality of variances, and Box’s
M test was used to examine the equality of
covariance matrices. For data analysis, the
independent samples t-test was used to compare
the two groups in the pretest, one-way analysis
of covariance (ANCOVA) with pretest control was
used to compare between-group differences in
the posttest, and repeated measures analysis of
variance (ANOVA) was used to examine within-
group changes across the two time points (pretest
and posttest). In addition, effect size was calculated
using eta squared (n?) and Cohen’s d indices. All
statistical analyses were performed using SPSS 26
software, and a significance level of p<0.05 was
considered.

FINDINGS

Figure 2) Four-week progression of balance exercises (from familiarization and adaptation to operational conditions
and dual-task execution; 4 weeks, 16 exercises)

Week 1) Familiarization and Adaptation

© Basic postural control and confidence on an unstable surface

1) Standing on the balance board (arms  2) Standing on the balance pad

3) Weight shifting on the balance

4) Standing on one leg on the

open) with eyes open board (anterior-posterior and balance pad (with instructor
medio-lateral) assistance)

. 3 sets . 3 sets . 3 sets . 3 sets

. 30 seconds . 30 seconds . 10 repetitions . 15 seconds

. 45 seconds rest . 45 seconds rest . 45 seconds rest . 45 seconds rest

Week 2) Increasing Difficulty

L4 Basic control and confidence on the unstable surface

1) Standing on the balance board + 2) Standing on the balance pad

3) Standing on the Swiss ball

4) Squat movement on the

head rotation with eyes closed (with support) balance board

. 3 sets . 3 sets . 3 sets . 2 sets

. 40 seconds . 30 seconds . 30 seconds . 8 repetitions

. 45 seconds rest . 45 seconds rest . 45 seconds rest . 45 seconds rest

Week 3) Combination with Police Equipment

L4 Adding rotation, removing vision, and squats

1) Standing on the balance board +
carrying a vest

2) Standing on the balance pad
with eyes closed + carrying an
equipment belt

3) Standing on the unstable
bench + sudden 90-degree
rotation (on instructor’s

4) Transition from one unstable
surface to another without losing
balance

command)
. 3 sets . 3 sets . 3 sets o 3 sets
. 40 seconds . 25 seconds . 8 repetitions . 45 seconds
. 45 seconds rest . 45 seconds rest . 45 seconds rest . 45 seconds rest

Week 4) Operational Conditions and Dual Task

b Carrying load, cognitive task, and aiming

1) Standing on the balance pad +
carrying full equipment + answering a

2) Standing on the balance board
+ aiming with a training weapon

3) Practicing different movement
frequencies on unstable surfaces

4) Combining two unstable
surfaces (board and pad) in one

simple question (cognitive task) (without firing) (changing speed and rhythm) set

. 4 sets . 4 sets . 3 sets . 3 sets

. 45 seconds . 40 seconds . 30 seconds . 45 seconds

. 45 seconds rest . 45 seconds rest . 45 seconds rest . 45 seconds rest

o

G20Z ‘vL'IOA  INIDIA3IN 32170d 40 TvYNYNor


http://jpmed.ir/article-1-1377-fa.html

[ Downloaded from jpmed.ir on 2026-11-12 ]

G20Z ‘PL'IOA  3ANIOIAIN 30170d 40 TYNINor

ISSN: 2383-3483; Journal of Police Medicine. 2025;14:e16

The Effect of a Balance Training Program on Unstable Surfaces on Dynamic Postural Control and Shooting Performance in

Students of Amin Police University

In this study, 64 students of Amin University of
Police Sciences (32 in the experimental group
and 32 in the control group) with a mean age of
21.89+2.35 years, weight of 71.62+3.28 kg, and
height of 174.49+4.72 cm participated. The results
of the Kolmogorov-Smirnov test showed that
the distribution of data for all variables in both
groups and at both pretest and posttest stages
was normal (p>0.05). Levene’s test also confirmed
the homogeneity of variances between the two
groups for all variables (p>0.05), and Box’s M
test indicated the equality of covariance matrices
(p>0.05); therefore, the necessary assumptions
for parametric tests were met. Table 1 presents
the means and standard deviations of the main
research variables in the two groups at the pretest
and posttest stages.

The results of Table 2 show that, after
controlling for the pretest effect, there was a
significant difference between the experimental
and control groups in all indices of dynamic
postural control (p<0.001). The largest effect
size was related to the anterior-posterior sway
variable, with 1?=0.45, indicating that 45% of
the variance in this variable was attributable
to the training intervention. In addition, total
COP displacement with 1?=0.41 and mean
displacement velocity with n?=0.31 ranked next.

Table 1) Mean and standard deviation of the main

research variables in the experimental and control

groups
. Pretest Posttest
Vel Croup (Mean + SD) (Mean + SD)
Dynamic postural control

Total COP Experimental 49.85 + 20.15 32.35+18.45
displacement
(mm) Group 50.86 +15.20  50.87 +15.25
Mean Experimental 1125+ 6.15  15.43 + 845
displacement
velocity
(mm/s) Group 11.20 +£8.30 11.80 +8.10
Anterior- Experimental  417.90 +30.65 302.65 + 25.45
posterior
sway (mm) Group 418.20 +30.40 420.80 +30.50

Medio-lateral Experimental  277.50+10.42  235.20 +8.35

sway (mm) Group 278.80 +10.30  280.60  10.40
Shooting performance

Accuracy Experimental  9.451.35 12.75 + 2.45

(mean distance

from

center - mm) Group 9.50 % 2.11 9.60 + 2.40

Precision Experimental 19.75 +3.35 15.80 + 2.80

(grouping

spread - mm) Group 1950£3.40  20.30+3.20

Aiming Experimental 75.44 + 8.45 86.55 + 6.30

stability Group 7530850  76.20 850

Aiming Experimental 835+1.35 2.42 £0.30

time (s) Group 8.18+0.95 8.25+0.95

Findings Related to the Comparison of

Table 2) Results of analysis of covariance for comparing the two groups in the posttest (dynamic postural control)

Source of

. . 2
Variable Variation SS df P-value MS F n

Group 78.23 1 78.23

. Total COP p<0.001 _ 53.95 0.41
displacement (mm) Error 90.32 62 1.45
; Group 45.15 1 45.15

Mean d_lSplacement p<0.001 _— 41.42 0.31
velocity (mm/s) Error 67.34 62 1.09
P ; Group 34.15 1 34.15

Anterior-posterior p<0.001 _— 27.10 0.45
sway [mm] Error 78.19 62 1.26
. Group 67.23 1 67.23

Medio-lateral p<0.001 _ 46.05 0.22
sway [(mm) Error 90.83 62 1.46

the Two Groups in the Pretest: The results of the
independentt-test for comparing the experimental
and control groups at the pretest stage showed
that there was no significant difference between
the two groups in any of the variables of dynamic
postural control and shooting performance
(p>0.05). This finding indicates the homogeneity
of the two groups at the beginning of the study:.

Findings Related to the Effect of
Training on Dynamic Postural Control: To
investigate the effect of training on unstable
surfaces on dynamic postural control, one-way
analysis of covariance (ANCOVA) with control for
the pretest effect was used. The results of this
analysis are presented in Table 2.

Findings Related to the Effect of
Training on Shooting Performance: To
investigate the effect of training on unstable
surfaces on shooting performance, one-way

analysis of covariance (ANCOVA) with control for
the pretest effect was used. The results of this
analysis are presented in Table 3.

The results of Table 3 show that, after
controlling for the pretest effect, there was a
significant difference between the experimental
and control groups in all indices of shooting
performance (p<0.001). The largest effect size
was related to the aiming stability variable, with
1%=0.40, indicating that 40% of the variance in
this variable was attributable to the training
intervention. In addition, aiming time with 1%=0.37
and shooting accuracy with n=0.35 ranked next.

Findings Related to Within-Group
Changes: To examine within-group changes
across the two time points (pretest and posttest),
repeated measures analysis of variance (ANOVA)
was used. The results of this analysis are presented
in Table 4.
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The results of Table 4 show that in the
experimental group, all variables of dynamic
postural control and shooting performance
showed significant improvement in the posttest
compared with the pretest (p<0.001), and the
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effect size (Cohen’s d) for all variables was at a
moderate to high level. In contrast, in the control
group, none of the variables showed a significant
change (p>0.05).

Table 3) Results of analysis of covariance for comparing the two groups in the posttest (shooting performance)

Source of

G20Z ‘vL'IOA  INIDIAIN 30170d 40 TVNINor

Variable Variable SS df MS F P-value n
Group 78.45 1 78.45
Shooting accuracy 56.43 p<0.001 0.35
Error 86.45 62 1.39
Group 45.12 1 45.12
Shooting precision 9.66 p<0.001 0.30
Error 289.67 62 4.67
Group 56.12 1 56.12
Aiming stability 76.88 p<0.001 0.40
Error 45.18 62 0.73
Group 78.45 1 78.45
Aiming time 106.01 p<0.001 0.37
Error 45.78 62 0.74
Table 4) Results of repeated measures analysis of variance for within-group changes
Variable Group Pretest Mean Posttest Mean F P-value Cohen's d
Total COP Experimental 49.85 32.35 56.48 p<0.001 -0.45
displacement (mm) Control 50.86 50.87 12 0.73 0.01
Mean displacement Experimental 11.25 15.43 78.54 p<0.001 -0.50
velocity (mm/s) Control 1120 11.80 25 0.62 0.02
Experimental 9.45 12.75 56.37 p<0.001 -0.42
Shooting accuracy
Control 9.50 9.60 34 0.56 0.01
Experimental 75.44 86.55 67.45 p<0.001 0.48
Aiming stability
Control 75.30 76.20 45 0.51 0.03

DISCUSSION

The aim of this study was to investigate the
effect of a course of training on unstable surfaces
on dynamic postural control and shooting
performance in students of Amin University of
Police Sciences. The results of this study showed
that training on unstable surfaces significantly
improves dynamic postural control and shooting
performance in police students. In the following,
we examine the findings within the framework
of theoretical foundations and previous research
and then address the analysis of neuromuscular
mechanisms of rapid changes and the possible
role of learning effects.

The findings of the present study indicated
that when police students train on unstable
surfaces, their postural control improves. This
result is consistent with what has been obtained
in previous studies. For example, Shimanko et al.
(2024), in a study on military and police personnel,
showed that a four-week training program
on unstable surfaces significantly improves
participants’ balance [3]. Kounalakis et al. (2024)
conducted a study and found that individuals
who train on unstable surfaces can improve their
balance. These balance exercises can significantly
improve center of pressure displacement and its
velocity. This result is consistent with the results
of the present study [11]. Perrot et al. (1995), in a
study on athletes, concluded that dynamic balance

exercises can improve the connection between
balance control systems and precise, voluntary
movements. This result is fully consistent with the
findings of the present study [8].

The results of the present study showed
that the greatest effect of training on unstable
surfaceswas onthereduction of anterior-posterior
sway (n* = 0.45). This finding is consistent with
the results of the study by Ihalainen et al. (2018) in
biathlon. They showed that the anterior-posterior
direction—that is, forward and backward
movement perpendicular to the line of fire—is
the best predictor of shooting score. This clearly
differentiates skilled shooters from novices [5].
The reduction of anterior-posterior sway is the
most important variable for improving postural
control in shooting, because this sway has a direct
effect on changes in the angle of the weapon and,
consequently, on where the bullet impacts. Ball et
al. (2007), in a study on novice shooters, showed
that good shooting is associated with body posture
and weapon stability. There was also a correlation
between shooting score and body movements
ranging from -0.29 to -0.45 [6]. The findings of
the present study, by emphasizing the reduction
of anterior-posterior sway as the most important
factor, confirm this correlation.

Training on unstable surfaces can help
improve body control. These exercises cause the
body’s sensory and motor systems—such as the
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eyes, inner ear, and proprioception—to function
better. These exercises improve the function and
coordination of sensorimotor systems [8]. This
improvement can lead to a reduction in postural
sway through increased neural flexibility and
improved coordination between agonist and
antagonist muscles. Cheng et al. (2026), in a
comparative study among shooters, taekwondo
athletes, and non-athletes, showed that shooters
exhibit less postural sway in a simple standing
position compared with other groups and that
postural control in them has reached a high level
of automaticity [13]. This finding indicates that
specialized training can bring postural control
to a very high level of automaticity. Moreover,
training on unstable surfaces accelerates this
process by simulating challenging conditions.
Kim et al. (2025) conducted a study on military
personnel and showed that carrying heavy loads
significantly reduces shooting performance and
increases postural sway and perceived workload.
This finding highlights the necessity of paying
attention to equipment-carrying conditions and
creating conditions in which tasks are performed
more easily and with greater control [7]. In the
present study, the exercises were performed
on unstable surfaces and with the carrying of
police equipment. The results showed that even
with carrying equipment, postural control can
be improved. This finding is important because
officers always work with heavy equipment, and
it would be highly ideal if they could maintain
their postural control. Shimanko et al, in a study
in 2024, showed that balance exercises are more
effective when individuals carry equipment or
stand on unstable surfaces. This result is in line
with the findings of the present study [3].

Although training on unstable surfaces
increases muscle activity that helps stabilize the
body, this in turn contributes to improved postural
control. These muscles assist in transferring force
from the legs to the upper body and help maintain
balance during shooting [7]. Baptista et al. (2013),
in a study on elite shooters and military personnel,
showed that body sway during preparation for
firing differs between these two groups. Elite
shooters had less sway [14]. This result indicates
that appropriate training can reduce the difference
between elite and ordinary performance. Training
on unstable surfaces is one of these appropriate
training methods.

This study showed that training on
unstable surfaces has a substantial effect on
shooting performance. In fact, training on unstable
surfaces helps improve all shooting indices. This
result is consistent with the findings of other
studies. For example, Shimanko et al. (2024)
conducted a study showing that improvement in
postural balance can lead to increased shooting
scores and reduced deviation in the horizontal
and vertical axes. Therefore, it can be stated that
improvement in postural balance through training
on unstable surfaces can lead to better shooting

performance [3]. Hong et al. (2021) showed that
exercises involving whole-body vibration and
training on unstable surfaces help improve overall
shooting performance. These exercises improve
aiming stability and reduce the time the bullet
remains on the target [15]. Also, Morais da Silva
etal. (2025), in a study on police officers, showed
that anthropometric, cardiovascular, and aerobic
fitness variables are associated with shooting
performance at rest and after physical activity
[1]. The results of this study indicate that balance
exercises, as an important and independent
factor, can affect shooting accuracy. This effect is
observable in all conditions, even when individuals
are carrying equipment.

The results of the present study showed
that the greatest effect of training on unstable
surfaces was on aiming stability (n?=0.40). This
finding is consistent with the results of the study
by Ball et al. (2007). That study showed that
aiming stability is one of the most important
factors determining shooting accuracy [6]. Aiming
stability refers to the shooter’s ability to keep the
weapon on the target during the time interval
between aiming and firing, and any sway in this
phase can directly affect shooting accuracy [4].
Training on unstable surfaces improves body
control and reduces sway. This helps shooters
hold the weapon more steadily on the target. As a
result, weapon placement on the target improves.
This result is consistent with the findings of the
study conducted by Shimanko et al. (2024). They
showed that balance exercises increase the time
during which the shooter holds the weapon on
the target. This time increases from 2.2 seconds to
4.5 seconds. This indicates that balance exercises
can significantly improve the quality of the aiming
phase [3].

Furthermore, the results of the study
showed that training on unstable surfaces
reduced aiming time in the experimental group
(n* = 0.37). This finding is important because, in
real police work, there is time pressure to fire. In
actual missions, police officers usually deal with
time pressure, and the ability to fire quickly and
accurately can be a critical issue. A reduction
in aiming time means increased efficiency and
automaticity of movement, which is achieved
through training and improved postural control.
When postural control improves, the shooter can
fire more quickly and accurately with less time
expenditure for body stabilization. This finding is
not in contradiction with the results of the study
by Bermejo et al. (2018), which showed that, under
post-fatigue conditions, balance control decreases
in both single-task and dual-task conditions;
rather, it indicates that balance training can act as
a shield against the negative effects of fatigue and
increase motor efficiency even under pressure
conditions [16].

Another finding of the present study
was the significant improvement in shooting
accuracy and precision in the experimental group.
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This finding differs from the results of the study
by Simas et al. (2022), which showed that the
relationship between center of pressure variables
and shooting accuracy is generally weak [2]. This
discrepancy has arisen for several reasons. First,
in the study by Simas et al. (2022), the relationship
between center of pressure variables and shooting
accuracy was examined cross-sectionally and
without any specific training. However, in the
present study, the effect of a regular training
course on shooting performance was investigated.
Second, in the present study, a dual task was used.
This task involved aiming while simultaneously
maintaining balance on an unstable surface. This
provided amore accurate simulation of operational
conditions. Third, the study by Simas et al. (2022)
was conducted on police students at distances of
5 and 7 meters, whereas the present study was
conducted at a distance of 10 meters, which is the
standard distance for air pistol. These differences
indicate that the effect of balance training on
shooting may be more evident under conditions in
which body control is directly challenged.

One of the findings of the present
study was that after only 4 weeks of training
on unstable surfaces, individuals were able to
significantly increase their aiming stability and
shooting accuracy. Although this rate of rapid
change may seem surprising at first glance, it can
be explained in light of neuroscience and motor
control. In the following, a deeper analysis of the
neuromuscular mechanisms contributing to these
rapid changes is provided. The central nervous
system possesses a high capacity for plasticity, and
studies have shown that structural and functional
changes in the brain can occur even after a single
training session. Training on unstable surfaces
simultaneously challenges sensorimotor systems,
including the visual, vestibular, and proprioceptive
systems, and this leads to the strengthening of
synaptic connections in areas related to motor
control, including the primary motor cortex (M1),
the sensorimotor cortex, and the cerebellum.
Neuroimaging studies have shown that even 4
weeks of balance training can increase gray matter
volume in the cerebellar and basal ganglia regions,
which play a key role in motor coordination and
the planning of precise movements [13]. These
rapid structural changes provide the neural basis
for the remarkable improvement in functional
indices.

Furthermore, according to the theory
of neural efficiency, skilled individuals exhibit
efficient neural functioning. This efficiency is
associated with reduced interfering cortical
activity as well as better coordination between
sensation and movement [17]. By performing
training on unstable surfaces, neural efficiency
can be improved. This occurs through several
mechanisms. First, the activity of alpha and beta
waves in the brain increases. Second, activity in
prefrontal cortical areas decreases. Additionally,
sensorimotor integration improves. Moreover,

Hadi et al.

the activity of stabilizing muscles increases.
Finally, training sessions exert cumulative effects
and lead to improved neural efficiency. Despite
the important findings and the explanation of
neural and muscular mechanisms, one of the main
limitations of this study must be noted, which
could affect the interpretation of the results.
All those who participated in the pretest stage
were familiarized with the force plate and the
SCATT system and fired five test shots. It should
be considered that the repetition of assessments
at the posttest stage could, by itself, lead to
improved performance due to greater familiarity
with the instruments and reduced stress. This
phenomenon, known as the learning effect or
test effect, could contribute to the improvement
in shooting performance and aiming stability.
However, the presence of a control group that did
not show significant improvement indicates that
the learning effect alone cannot account for all the
observed changes, but its role cannot be ignored.

Finally, the findings of the present study
showed that improvement in dynamic postural
control is associated with improvement in
shooting performance. This relationship can be
explained with the help of theoretical models
such as the cognitive-affective-motor model. The
cognitive-affective-motor model indicates that
peak performance in shooting depends on the
full coordination of emotional, cognitive, motor,
and automatic systems. In other words, to achieve
peak performance in shooting, these systems
must function in a regulated and coordinated
manner with one another [19]. Dynamic postural
control is one of the important components of
the motor system. This system is interconnected
with other parts of the body. Improvement in this
system can affect the individual’s overall ability
in shooting. Hatfield and Kerick (2017) showed
that in accuracy-based sports such as shooting,
skilled individuals perform very well. This means
that their body’s nervous system functions very
efficiently. These individuals can effectively
establish communication between their nervous
system and their movements and reduce unwanted
interference. In this way, they can perform their
movements with very high precision. In fact,
skilled individuals in accuracy-based sports can,
through training and focus, regulate their nervous
system in such a way that they can perform
optimally [9]. Training on unstable surfaces can
improve sensorimotor integration and make
movement coordination more precise; as a result,
shooting performance improves. Bertollo et al.
(2013) tested a multidimensional model on
shooters of the Italian national team. This model
demonstrates four different types of behavior.
They reported that exercises that aid balance can
help the shooter transition from inappropriate
movement patterns to more efficient patterns
[17].

Despite its strengths, this study had
limitations. The impossibility of fully blinding
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participants and assessors to the type of
intervention raises the possibility of an expectancy
effect. Also, the sample size decreased to 32 per
group after attrition, so generalizability should
be made with caution. In addition, the lack of
measurement of brain activity (e.g, EEG) and
the lack of investigation of the long-term effects
of the exercises did not allow for explaining
neurocognitive mechanisms and the persistence
of effects. Complete control of psychological
variables such as motivation and anxiety was
also not possible. Accordingly, it is suggested that
future studies investigate this relationship more
deeply by employing a double-blind design, using
neurocognitive tools such as EEG to examine
neural mechanisms, designing longitudinal
studies with follow-up periods, increasing sample
size and gender diversity, and more accurately
simulating police operational conditions (such as
carrying equipment and time pressure).

CONCLUSION

The present study, using advanced measurement
instruments (force plate and SCATT diagnostic
system) and a semi-experimental design, shows
that a 4-week course of training on unstable
surfaces has a significant effect on improving
dynamic postural control and shooting
performance in students of Amin University
of Police Sciences. This study indicates that
postural control is important for police training
and preparation. The findings also suggest that
training on unstable surfaces can be used as
an effective method in police physical fitness
programs and shooting training. The findings of
this study show that the greatest effect of training
on unstable surfaces is on reducing anterior-
posterior sway and increasing aiming stability,
both of which are considered among the most
important determinants of shooting accuracy.
Therefore, balance exercises should specifically
focus on reducing sway in the anterior-posterior
axis in order to have the greatest effect on
improving shooting performance. Finally, given
the importance of shooting in police missions
and its vital role in maintaining public security,
attention to evidence-based training programs to
improve shooting performance should be placed
among the fundamental priorities of the police
education system. The findings of this study clarify
how training on unstable surfaces affects postural
control and shooting performance and can serve
as a basis for future research.

Clinical Applications in Military and Police
Medicine:

Thefindingsofthisstudyindicatethatincorporating
balance exercises on unstable surfaces into the
physical fitness and training programs of police
and military forces can effectively improve
dynamic postural control and, consequently,
shooting  performance under operational
conditions. From the perspective of military

medicine and rehabilitation, these exercises,
as a low-cost and non-invasive intervention,
can be used in programs for the prevention of
musculoskeletal injuries, rehabilitation following
lower-limb injuries, and improvement of balance
in military and police personnel. Furthermore,
given that police and military forces often
operate while carrying heavy equipment (such
as body armor and duty belts) and in unstable
environmental conditions, simulated training on
unstable surfaces combined with load carriage
can help increase postural stability, reduce body
sway, and ultimately enhance shooting accuracy
and speed in real-world situations. These findings
can serve as a basis for designing evidence-based
training protocols for front-line forces, rapid
response teams, and special units, and can lead
to a reduction in motor errors and an increase
in individual and public safety during sensitive
missions.
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