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Abstract: The main purpose of the study was to determine whether a pistol shooting efficiency
score could be predicted by plantar force distribution patterns. In this cross-sectional study, par-

ticipants were special police male officers (N = 30), members of the Anti-Terrorist Unit “‘Lucko

check for

ok (agemeantsp = 40 £ 6 years, heightpeanisp = 180 £ 5 cm, weightyeantsp = 89 £ 8 kg). Shooting
updates

efficiency at a target 10 m away was tested on a scale from 0 to 5, while standing on a Zebris pedo-
barographic platform. Higher absolute (N; g = —0.19, p = 0.002) and relative (%; = —0.12, p = 0.043)
forces beneath the hindfoot were associated with poorer shooting efficiency. A significant positive
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higher relative forces beneath the forefoot region exhibited better shooting values (8 = 0.12, p = 0.043).
When the force was normalized by weight (N/kg), similar associations remained. This study shows
that higher force values under the hindfoot region may lead to a lower shooting performance, while
higher force values under the forefoot region can increase shooting performance.

Keywords: special populations; biomechanics; precision; performance; efficiency

Received: 12 April 2022
Accepted: 20 May 2022

Shooting performance from a standing position is one of the most complex activities,
requiring accuracy, precision, and consistency [1]. The shooter aims at a target and the
efficiency is mainly based on shooting score [2]. However, previous evidence has shown that
shooting performance must be analysed at a more specific level, describing the movement
and the interaction between the feet and the ground [1,2]. A biomechanical approach often
includes kinematical, kinetical, and electromyography behavioural parameters responsible
for a more efficient performance [3].

Most of the previous research aiming to describe the associations between shooting
performance and biomechanics has been carried out in Olympic sports [1,3-9]. Specifi-
cally, elite shooters have been found to produce smaller body-sway amplitudes indicated
by the centre of pressure movements during standing [4,6] and shooting activities [5,7].
Attribution (CC BY) license (https:// Furthermore, postural balance has been shown to discriminate between successful and un-
creativecommons.org, licenses /by / successful shooters, i.e., unsuccessful shooters have worse postural balance during shooting
10/). activity [5]. In general, a recent systematic review has shown that the most important factor
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affecting shooting performance is rifle stability, while some physiological or psychological
factors, such as heart-rate stability and anxiety/stress, seem to have small influence on shot
score [9].

Although a great effort has been made in order to investigate the most important
determinants for better shooting efficiency in sports, less evidence has been provided
for ground reaction forces during shooting performance in special police. Special police
officers are trained to perform specific shooting tasks and demands at maximal level [10].
While shooting training is part of the everyday activities among special police officers, the
associations between shot score and produced forces beneath different foot regions remain
unclear. A quality shooting position should ensure the highest level of stabilization of the
abdomen, leg, and feet muscles and generate a significant amount of ground reaction forces
through the feet. Recently, a study by Kim [1] showed that plantar forces during shooting
performance might be associated with the shot score. However, the study was conducted
among four rifle shooters and the possibility of low statistical power cannot be excluded.
By examining how ground reaction forces may be associated with shooting performance,
the new biomechanical approach to training protocols and better shooting efficiency may
be incorporated within the police system.

Therefore, the main purpose of the study was to examine the associations between
plantar pressure distribution patterns and shooting performance among special police
officers. We hypothesized that lower peak ground reaction forces beneath the feet would
be associated with better shooting performance.

2. Methods
2.1. Study Participants

In this cross-sectional study, participants were 30 randomly selected full-time special po-
lice officers from the Anti-Terrorist Special Police Unit ‘Lucko’ with more than 5 years of service.
Before entering and during the study, none of the participants had any health or injury condi-
tions. All subjects were male between 28 and 51 years of age (agemeantsp = 40.0 & 6.0 years,
heighteantsp = 180.0 & 5.0 cm, weightyeantsp = 89.0 = 8.0 kg). All procedures conducted
in this study were anonymous and in accordance with the Declaration of Helsinki [11]. The
Ethical Committee of the Faculty of Kinesiology and the Anti-Terrorist Special Police Unit
‘Lucko” approved the study.

2.2. Testing Protocol and Measurements

The study was conducted in 2021 in the closed shooting range of the Anti-Terrorist
Unit “Lucko’ in the city of Zagreb with consent from the Special Police Command and
their shooting instructor. Participants were required to wear only the basic equipment,
which included a special police uniform, a belt containing fastening devices with a holster,
a telescopic pole with a holster, a holster with a short HS XDM-9 firearm, 4.5”-barrel length
with tank, a tactical lamp TLR-1 Stream light, as well as a holster with a spare tank and
associated ammunition (both tanks contained a total of 20 pieces of ammunition calibre
9 x 19 mm? 124 Luger FMY]). The basic equipment and shooting position are presented in
Figure 1.

Measurements of all participants were conducted at the same time in the evening
hours and at the same place. All respondents were familiar with the measurement protocol
before the measurements. First, the anthropometric characteristics of the examinees were
measured, including body height and weight. Ground reaction forces (absolute in N and
relative in %) were measured during ammunition shooting at the shooting range. The
measurements were performed in small groups (N = 5). Each participant stepped on the
Zebris medical platform for the measuring of pedobarographic plantar characteristics (type
FDM 1.5), 10 m away from the static target. The Zebris platform uses 11.264 micro sensors,
arranged across the walking area, with the frequency of 300 Hz. It has been a highly
universal diagnostic device for supporting a few modes of operation [12], including static
analysis while a participant is standing still. The Zebris platform was connected via USB
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cable with an external unit (laptop). The data were gathered in real time using WinFDM
software for extraction and calculation. Measurement values could be additionally exported
in the form of text, picture, and video, while simultaneously comparing the data from
both feet. The capacity sensor technology is based on the calibration of every single sensor
automatically integrated into a platform. The Zebris platform has been extensively used
in previous research for measuring and understanding plantar pressure distribution in
various populations [13-17]. The task was to stand on the platform in the direction of the
target and, on the shooting instructor’s command, take the pistol out of its holster and load
it (put a charge into the barrel). The standing shooting position was done by their choice
(left or right foot forward or parallel stance), while allowing maximum stability. After an
audible signal, participants were asked to fire a total of ten two-handed shots from an HS
XDM-9 pistol in the target within 20 s, to score as many points as possible. When shooting,
each hit within the target was scored, with points from a minimum of one to a maximum
of five, and zero denoted hits outside the marked area. In order to measure repeatability
properties, 10 special police officers were randomly chosen and were instructed to return
for a second day of testing. Notably, the repeatability for all variables was high (Cronbach’s
o > 0.90).

Figure 1. Basic equipment and shooting position.

The target used in the study was static, circular-shaped, 40 cm in diameter, and
consisted of five circles of an equal distance and numbered from one to five, representing
the number of points (Figure 2). The number five was the maximum number of points that
a shooter could achieve, while the number one was the lowest achievable number of points.
All hits outside the marked outer edge of the target were not scored and numbered as zero.
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Figure 2. View of the circular target (40 cm in width with points).

2.3. Data Analysis

Basic descriptive statistics are presented as mean and standard deviations for nor-
mally and median (25th—75th interquartile range) for not normally distributed variables.
Categorical variables are displayed in percentages. The associations between the absolute
(N) and relative (%) forces generated beneath the forefoot and hindfoot regions of both feet
with the shot score were examined by Spearman’s and beta regression coefficients with 95%
CI. Two-sided p-values were used, and significance was set at o« < 0.05. All the analyses
were calculated in Statistical Packages for Social Sciences v.23 (SPSS, Chicago, IL, USA).

3. Results and Discussion

Basic descriptive statistics are presented in Table 1. Peak plantar forces beneath the left
forefoot were 36% lower compared with the peak plantar force beneath the left hindfoot
region (p < 0.001). On the other hand, peak plantar forces beneath the right forefoot
were higher, compared with the hindfoot region, by 42% (p < 0.001). Relative forces are
predominantly observed beneath the hindfoot region of the left foot and the forefoot region
of the right foot, but no significant differences in total relative plantar force percentage are
observed (p = 0.878).

Higher peak plantar pressure values beneath the hindfoot region were significantly
correlated with worse shooting performance (5 = —0.19, 95% CI —0.39 to —0.09, p = 0.002).
No significant associations in other peak plantar forces with shooting performance were
observed (p > 0.05). When the model was adjusted by weight, similar associations remained
(B8 =—-0.20,95% CI —0.41 to —0.11, p < 0.001) (Figure 3).

Relative forces generated beneath the forefoot and hindfoot of both feet associated
with shot score are presented in Figure 4. Higher levels of force beneath the forefoot region
of the foot were significantly associated with better shooting performance (5 = 0.12, 95%
CI 0.01 to 0.31, p = 0.043). The same magnitude of the association between the level of
force beneath the hindfoot region and shot score was observed, only in a different direction
(B =-0.12,95% CI —0.31 to —0.01, p = 0.043).
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Table 1. Basic descriptive statistics of the study participants (N = 30).
Study Variables Mean SD
Age (years) 40.0 6.0
Stature (cm) 180.0 50
Weight (kg) 89.0 8.0
Body-mass index (kg/ m?) 27.5 1.8
Shooting performance (scale 0-5) 3.3 1.3
Peak force front leg forefoot (N) 265.5 91.5
Peak force front leg forefoot normalized by weight (N /kg) 3.0 1.0
Peak force front leg hindfoot (N) 416.0 108.6
Peak force front leg hindfoot normalized by weight (N/kg) 4.7 1.2
Peak force back leg forefoot (N) 182.2 93.9
Peak force back leg forefoot normalized by weight (N/kg) 2.0 1.1
Peak force back leg hindfoot (N) 107.3 81.2
Peak force back leg hindfoot normalized by weight (N/kg) 1.2 0.9
Relative force front leg forefoot (%) 37.7 36.2-39.3
Relative force front leg hindfoot (%) 62.3 60.7-63.8
Relative force back leg forefoot (%) 64.4 61.5-67.1
Relative force back leg hindfoot (%) 35.6 32.9-38.5
N Forefoot N Hindfoot
360 440
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Figure 3. The associations between absolute ground reaction forces beneath the forefoot and hindfoot

region of both feet with shot score in the study participants.
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Figure 4. The associations between relative ground reaction forces beneath the forefoot and hindfoot
region of both feet with shot score in the study participants.

The main purpose of the study was to examine the associations between plantar
pressure distribution patterns and shooting performance among special police officers. The
main findings of the study are: (i) higher absolute peak plantar pressure values beneath
the hindfoot region are associated with poorer shooting performance; (ii) higher levels of
relative force beneath the forefoot region are associated with better shooting performance;
and (iii) higher levels of relative force beneath the hindfoot region are associated with
poorer shooting performance.

The finding that the shooter’s performance was associated with absolute and relative
peak plantar forces is supported by previous empirical findings [1]. Being able to generate
foot forces more adequately without additional movements may lead to better postural
sway during walking [4,6] and shooting activities [5,7]. For example, a study by Ball et al. [3]
showed that an increase in body sway, indicated by centre of pressure, was associated
with an increase in aim-point fluctuation and a decrease in performance. Earlier research
has also illustrated that postural stability and stance characteristics play an important
role in determining shooting performance [2]. However, standing position often leads
to instability, because of the high position of the body’s centre of gravity and relatively
small body support area with the ground [18]. To be able to perform a correct shot at
maximal level, previous evidence has highlighted the importance of physical effort being
associated with body stability [19]. A more stable body and rifle stability have been
associated with the static and dynamic balancing of the destabilizing forces of gravity
and inertia by stimulating the appropriate muscle groups [20]. In that way, the forces
generated by muscles compensate for disturbing the stability. Moreover, it has been
well documented that the efficiency in shooting strongly relies on the motor ability to
‘freeze’ during shooting, creating the smallest possible amplitudes and generating lower
ground reaction forces, while maintaining the standing [5,21]. Our findings showed that
higher absolute and relative ground reaction forces beneath the hindfoot region of the
foot were associated with poorer shooting performance. During shooting, the vertical
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projection of the rifle falls out of this area, causing additional movement corrections of the
shooter’s body posture. In addition, the posture of top-class shooters is often modified by
twisting, including maximal support of the body by bones and ligaments and the minimal
activation of postural muscle groups [18]. This was supported by our results, since the
position of standing by maintaining a stable posture using the hindfoot region could not
efficiently amortize the external forces produced by the shoot. It has been highlighted
that postural stability during shooting is inversely associated to the distance between the
vertical projection of the position of the centre of gravity of the shooter-rifle system and
the point of action of ground reaction force vector [18]. Leg muscle activity [22] and foot
pressure distribution [23] change somatosensory information and may provide different
standing-position perception in the anteroposterior position. When leaning backwards
and producing higher ground reaction forces beneath the hindfoot region, a large increase
in muscle activity has been observed at about 25% of the foot length from the standing
position [24], and upward patellar movement has been detected more frequently while
gradually leaning backwards [25]. Thus, higher ground reaction forces under the heel may
significantly impact postural stability and shooting efficiency. Our findings also showed
that higher absolute and relative forces beneath the forefoot region were associated with
better shooting efficiency, even after adjusting for weight and body-mass index. Previous
evidence suggests that a challenge for performing a coordination task, such as shooting, is
to determine the distribution of the applied forces [26].

This study has a few limitations. First, by using a cross-sectional design, we cannot
determine the causality of the associations. Second, a relatively small sample size (N = 30)
may have led to insufficient statistical power. Third, no biological and physiological
measurements were collected, including blood samples, heart-rate monitoring, fatigue level
and sleep deprivation. Fourth, we did not collect, nor include, another variable, which
might moderate the associations between forces and shooting performance, such as officer’s
experience, type of weapon usually used in combat situations, and mental health.

4. Conclusions

In conclusion, this study shows that higher absolute and relative ground reaction forces
beneath the hindfoot region of the back foot are associated with lower shooting performance,
while higher relative forces beneath the forefoot region of the same foot are associated with a
better shot score. Our findings imply that leaning forward on the stance leg during shooting
may impact shooting efficiency and improve force amortization during rifle shooting.
On the other hand, higher ground reaction forces beneath the hindfoot region should
be unburdened, and the mechanical load shifted slightly forwards, in order to achieve
better shooting performance. Future research should focus on examining the associations
between kinematic parameters, such as postural sway, a pistol snatch during shooting, and
mental health (sleep deprivation, psychological distress) and shooting performance. In
this way, professionals who plan shooting protocols may adequately create special training
interventions and policies, which can enhance shooting ability and precision. Therefore,
training protocols which include biomechanical approaches to improve shooting should be
of a great interest for special police officers.
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