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Abstract

Background Inspiratory muscle training (IMT) has been shown to enhance respiratory efficiency, postural
stabilization, and neuromuscular coordination in athletic populations. However, its effects in precision sports such
as air pistol shooting remain insufficiently explored. This study investigated the impact of a 4-week IMT program on
respiratory muscle strength, explosive lower-limb performance, reaction time, and shooting accuracy in competitive
air pistol athletes.

Methods Twenty trained male air pistol athletes (age 18-35 years) were randomly assigned to an IMT group (n=10)
or a control group (n=10). The IMT group performed supervised inspiratory muscle training twice daily (30 breaths/
session), six days per week, for four weeks, using a threshold-loading device set initially at 40% of maximal inspiratory
pressure (MIP), with progressive overload applied weekly. Both groups maintained their regular shooting training
routines. Pre- and post-intervention assessments included countermovement jump (CMJ) and squat jump (SJ)
performance (OptoJump), visual and auditory reaction time (Cognitech), and shooting performance evaluated via the
SCATT system. A two-way repeated-measures ANOVA (group x time) was used for statistical analysis.

Results Significant group x time interactions were observed for CMJ height (p<0.001, n’p=0.618), CMJ power
(p=0.007, n’’p=0.345), SJ height (p=0.050, n°’p=0.184), and SJ power (p=0.050, n°p=0.181), indicating meaningful
improvements in explosive performance in the IMT group. Shooting accuracy demonstrated a large and statistically
significant interaction effect (p<0.001, n’p=0.532), with substantial improvement observed only in the IMT group.
Reaction time variables showed favourable but non-significant trends (p > 0.05).
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Conclusion A short-term IMT intervention significantly enhanced lower-limb explosive performance and shooting
accuracy in competitive air pistol athletes without altering overall training load. These findings suggest that IMT may
represent an effective, low-cost adjunct strategy to improve neuromuscular stability and fine-motor precision in

precision-sport athletes.

Trial registration This trial was registered at ClinicalTrials.gov under the title” Inspiratory Muscle Training Enhances
Jumping Power and Shooting Performance in Elite Air Pistol Athletes” (ClinicalTrials.govNCT07406451 registration date

06 February 2026 retrospectively registered).

Keywords Inspiratory Muscle Training, Jump performance, Shooting performance, SCATT, Reaction Time

Introduction

Air pistol shooting is a precision sport that requires
the integration of physiological control, neuromuscu-
lar coordination, and psychological stability. Optimal
performance depends on maintaining a steady posture,
fine motor coordination, and controlled breathing dur-
ing the aiming and triggering phases [1, 2]. Even minor
disturbances in body sway, muscle activation, or respira-
tory rhythm can affect aim stability and shot precision.
Consequently, the efficiency of the respiratory and neu-
romuscular systems plays a crucial role in sustaining
accuracy and consistency during competition.

The respiratory system contributes not only to venti-
lation but also to postural stability. The diaphragm and
accessory inspiratory muscles help regulate intra-abdom-
inal pressure and provide a stable foundation for dis-
tal limb movement [3]. This mechanism supports trunk
stability and balance, two essential elements of shooting
performance. Improved respiratory function can enhance
oxygen delivery, reduce fatigue, and support fine motor
control, all of which are critical for precision tasks [4].

Inspiratory muscle training (IMT) is a specific resis-
tance-breathing method designed to strengthen the
inspiratory muscles. Regular IMT improves maximal
inspiratory pressure (MIP), increases respiratory endur-
ance, and delays the onset of fatigue in both respiratory
and locomotor muscles [4, 5]. Enhanced inspiratory
muscle strength also contributes to improved core stabil-
ity and intra-abdominal pressure regulation, potentially
facilitating better postural control and steadiness during
aiming tasks [6, 7]. Breathing control is known to influ-
ence psychophysiological regulation, including heart
rate variability, attentional focus, and motor synchro-
nization [8, 9]. Elite shooters exhibit slower, more con-
trolled breathing patterns that synchronize with aiming
and trigger actions, suggesting a functional link between
respiratory control and performance stability [10, 11].
Strengthening the inspiratory muscles may enhance
these mechanisms by reducing respiratory effort and sta-
bilizing the trunk, thereby improving shot consistency
and accuracy.

Although IMT has been extensively studied in endur-
ance and strength-based sports, limited evidence exists

regarding its potential benefits in precision disciplines
such as shooting. Air pistol shooting provides a unique
opportunity to explore how respiratory muscle strength-
ening might influence both fine-motor control and neu-
romuscular efficiency. Improved inspiratory function
could decrease tremor amplitude, enhance oxygenation,
and reduce psychophysiological strain, factors that col-
lectively promote more stable and accurate performance
[12]. Emerging evidence also indicates that respiratory
muscle training can induce cross-system adaptations,
enhancing limb strength and explosive power through
shared neuromuscular pathways [6]. These effects may
benefit performance measures beyond respiration, such
as lower-limb power, balance, and reaction time.

Importantly, air pistol athletes must maintain pro-
longed, static postural alignment while minimizing invol-
untary sway, and even low levels of respiratory fatigue
can destabilize this delicate balance. This makes inspira-
tory muscle strength particularly relevant for sustaining
fine-motor precision under competitive conditions.

Given these findings, inspiratory muscle training may
offer multidimensional advantages by improving respi-
ratory efficiency, postural control, and neuromuscular
coordination. However, the evidence in precision sports
remains scarce. Taken together, these physiological and
neuromechanical mechanisms reinforce the rationale
that IMT could enhance both gross motor capacities and
the fine-motor precision required in shooting perfor-
mance. No previous studies have examined the effects of
IMT on shooting performance in air pistol athletes. The
combined effects of IMT on both neuromuscular (e.g.,
jumping performance) and precision-based outcomes
(e.g., shooting accuracy) have not been simultaneously
investigated. Furthermore, the underlying mechanisms
linking respiratory muscle function to performance in
precision sports remain unclear.

The primary aim of this study was to examine the
effects of a four-week IMT on shooting accuracy and
reaction time in elite air pistol athletes. Secondary out-
come included lower-limb explosive performance. It was
hypothesized that IMT would enhance respiratory mus-
cle strength and neuromuscular coordination, resulting
in improved explosive power and shooting precision.
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Materials and methods

Research design

This study was designed as a 4-week parallel-group ran-
domized controlled trial with pre— and post—assess-
ments. The primary aim of this study was to examine
the effects of a four-week IMT on shooting accuracy
and reaction time in elite air pistol athletes. Secondary
outcome included lower-limb explosive performance.
These performance components are widely recognized
as essential contributors to success in precision sports
that rely on postural stability, attentional control, and
neuromuscular coordination [13, 14]. Their inclusion
was based on existing literature and expert consultation
to ensure a comprehensive and sport-specific evaluation
framework. Reaction time were selected as indicator of
rapid sensorimotor responsiveness, while jumping per-
formance reflected joint mobility, muscular function,
and explosive strength capacity [15]. After baseline test-
ing, athletes were randomly allocated to an IMT group
or a control group, after which the IMT group completed
a 4-week training protocol in addition to their regular
practice, whereas the control group maintained standard
training routines. All outcome measures were collected
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at identical pre- and post-intervention time points to
determine short-term adaptation to IMT. The primary
outcome measures were shooting performance (SCATT)
and reaction time. Secondary outcomes included lower-
limb explosive performance (CMJ, SJ). The overall exper-
imental procedure is illustrated in Fig. 1. No adverse
events were reported during the training or testing
procedures.

Participants

Twenty male volunteer air-pistol athletes from various
regions of Turkey participated in the study. All partici-
pants were registered athletes competing at the national
level and were ranked within the top 20 in their respec-
tive categories. Additionally, 95% of the sample had
experience representing the national team. The required
sample size was estimated using G*Power 3.1.9.7 (Uni-
versity of Diisseldorf, Germany) for a repeated-measures
ANOVA (within—-between interaction), assuming a
medium effect size (f = 0.30) based on previous SCATT
performance research [16], an alpha level of 0.05, and a
statistical power of 0.80. The minimum required sam-
ple size was 18; therefore, 20 athletes were recruited to
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ensure adequate power while accounting for potential
dropouts. Randomization followed a two-stage proce-
dure. First, 20 numbers were generated, placed in sealed
envelopes, and drawn by the participants. Second, ath-
letes were allocated to the IMT group or control group
using a computerized randomization tool (https://www.
randomizer.org/). Each group included ten participants.
Inclusion criteria were as follows: (i) male athletes aged
18-35 years; (ii) no diagnosed musculoskeletal, respira-
tory, or chronic disease; (iii) engagement in continuous
physical training for at least six months; (iv) possession
of a valid federation license and active participation in
national-level competitions; (v) a minimum of 5 years of
competitive experience, and ranking within the top 20 at
the national level All participants completed a compre-
hensive medical screening prior to enrolment and pro-
vided medical clearance to participate. Efforts were made
to ensure comparability between groups regarding demo-
graphic and training-related characteristics, thus allow-
ing performance outcomes to be interpreted independent
of confounding factors [17]. Participants were instructed
to maintain their usual diet and sleep patterns during the
study period to minimize potential confounding effects.
The study was approved by the Cankir1 Karatekin Uni-
versity Health Sciences Ethics Committee and conducted
in accordance with the Declaration of Helsinki (Meeting
No: 19; Decision No: 10-04-2025). All athletes provided
written informed consent prior to participation. This
trial was retrospectively registered at ClinicalTrials.gov
(NCT07406451; registration date: 06 February 2026, ret-
rospectively registered).

Training protocol

Inspiratory muscle training (IMT)

IMT was performed using a POWERbreathe® Classic
device (IMT Technologies Ltd., Birmingham, UK). The
program consisted of two daily sessions (morning and
evening) performed six days per week for four weeks.
Each session included 30 resisted breaths, resulting in
a total of 60 breaths per day [18]. The protocol followed
previously validated IMT methods shown to be effec-
tive in healthy and athletic populations [19]. Training
resistance was initially set at 40% of each participant’s
maximal inspiratory pressure (MIP) and was increased
weekly by approximately 10 cmH,0, in line with estab-
lished recommendations [20]. All IMT sessions were
supervised by a sports science specialist to ensure correct
technique and training adherence. To minimise observer
bias, the supervisor was not involved in data collection,
outcome assessment, or statistical analysis. Performance
testing was conducted by an independent evaluator
blinded to group allocation. Participants were blinded to
the expected effects of the IMT to reduce performance
bias. Athletes in the IMT group performed the program

(2026) 18:278

Page 4 of 11

in addition to their regular training, while the control
group continued their usual training routines without
IMT. Compliance with the IMT program was high (mean
adherence: 96%), with most athletes completing 22-24
supervised sessions during the intervention period.
Adherence logs were recorded daily.

Measurement procedures

All performance assessments were conducted under
standardized laboratory and sports hall conditions by
experienced sports scientists, physiotherapists, and cer-
tified coaches. Before each testing session, participants
completed a 10-minute standardized warm-up, widely
employed in performance-testing protocols. The warm-
up included dynamic stretching (e.g., leg swings, arm
circles), light jogging or brisk walking, and joint-mobi-
lization exercises designed to increase muscle tempera-
ture, enhance neuromuscular activation, and improve
the viscoelastic properties of the muscle-tendon unit
[21]. Following the warm-up, evaluators confirmed that
athletes had reached an adequate physiological state for
safe and valid performance testing. Minor adjustments to
warm-up intensity or duration were made individually to
ensure optimal readiness and to minimize any potential
influence of fatigue or under-activation.

Reaction time tests

Visual and auditory reaction times were assessed using
a high-precision Reaction Time Tester (Cognitech Ltd.,
UK). Reaction time is a key cognitive—motor component
in shooting performance, reflecting the ability to respond
rapidly and accurately to external stimuli [12]. Partici-
pants were exposed to two stimulus types: (i) visual (sud-
den light signals) and (ii) auditory (brief sound cues).
Three trials were executed for each stimulus type. Each
trial lasted 5 s, yielding a total of nine measurements.

Testing was conducted in a quiet, distraction-free
laboratory to ensure internal validity [22]. The device
recorded the latency between stimulus onset and motor
response in milliseconds. The mean value of the trials
was used for analysis. Reaction time is regarded as a mul-
tidimensional neuromotor indicator related to cognitive
processing, neural conduction velocity, and motor execu-
tion [14].

The device was calibrated before each session in accor-
dance with manufacturer guidelines. Tests were admin-
istered by trained sports scientists and physiotherapists,
ensuring strict adherence to protocol. Rest intervals
of 2-3 min were provided between trials to minimize
fatigue effects [23]. All recorded data were securely trans-
ferred to a digital database for subsequent statistical
analysis.
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The jump performance test

Explosive lower-limb performance was evaluated using
the OptoJump Next optoelectronic measurement system
(Microgate S.rl, Italy), which provides high-precision
measurements of jump height, flight time, and contact
dynamics [21]. Participants performed two vertical jump
tests: the countermovement jump (CMJ) and the squat
jump (S]). The CM]J assessed elastic—reactive strength
through a rapid stretch—shortening cycle, while the SJ
evaluated concentric force production from a static semi-
squat position [24, 25]. Each athlete performed three
attempts per test, and the highest jump height and asso-
ciated power output were used for analysis. Reliability
was confirmed through intraclass correlation coefficients
(ICC): CMJ = 0.819 and SJ = 0.871. Rest intervals of 2—3
min were provided to avoid fatigue. The OptoJump sys-
tem uses infrared light barriers to record take-off and
landing times with millisecond precision. Flight time
was used to determine jump height, and take-off power
was estimated using established biomechanical formulas.
These variables provide objective indicators of explosive
strength, neuromuscular coordination, and lower-limb
power output [21, 25].

SCATT performance measurement

Shooting performance was assessed using the SCATT
simulation system, a widely validated tool for evaluating
technical precision in shooting sports. SCATT quantifies
aiming stability, trigger execution, and barrel movement
immediately before and during shot release using laser-
based tracking technology. The system records micro-
movements, involuntary oscillations, and shot dispersion
with high temporal and spatial resolution. The SCATT
system provides a quantitative measure of shooting accu-
racy and stability, reflecting factors such as aiming preci-
sion, shot dispersion, and hold stability.

All assessments were conducted under controlled labo-
ratory conditions by an experienced shooting coach and
a sports scientist. Each athlete performed the standard-
ized number of shots prescribed by the test protocol,
and measurements were repeated three times to ensure
reproducibility. Reliability analysis yielded an intraclass
correlation coefficient (ICC) of 0.883 for SCATT perfor-
mance. This method provided objective insight into ath-
letes’ technical steadiness and aiming control, supporting
performance evaluation based on scientifically validated
criteria [26].

Maximum inspiratory pressure (MIP) measurement

Maximum inspiratory pressure (MIP) was assessed
using a portable respiratory pressure meter (MicroRPM,
CareFusion Micro Medical, Kent, UK), following
the standards of the American Thoracic Society and
the European Respiratory Society [20]. Participants
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performed maximal inspiratory efforts from residual
volume while standing, breathing through a mouthpiece
equipped with a 1 mm aperture to prevent glottic clo-
sure and minimize buccal muscle involvement. A nasal
clip was used to eliminate nasal airflow. Three maximal
attempts were performed, and values were recorded in
c¢cmH,0; the mean of the trials was used. Measurement
reliability demonstrated an ICC of 0.871. This assessment
was used solely to determine IMT resistance settings and
was not included as an outcome variable.

Data collection process

Data collection was conducted over three standardized
laboratory visits. First, participants were familiarized
with all testing procedures to minimize learning effects
and ensure consistent performance. One week later,
baseline (pre-intervention) measurements were obtained
during the second visit, establishing a reference point for
subsequent comparisons. Finally, post-intervention mea-
surements were collected during the third visit, following
the 4-week training period, allowing for the evaluation of
short-term adaptations to the IMT protocol. To ensure
measurement accuracy, all equipment was calibrated
according to manufacturer specifications before each
session, and calibration was verified again at the end of
each session. Whenever irregular or technically invalid
data were detected, measurements were immediately
repeated, maintaining data reliability. Once collected,
the data were carefully managed. All measurements
were securely transferred to a pre-designed digital data-
base with encryption and restricted-access protocols.
Participant information was anonymized in accordance
with ethical standards. To minimize potential confound-
ing factors, routine checks were performed to ensure that
participants adhered to study guidelines regarding diet,
sleep, and additional physical activity. To prepare the
dataset for analysis, routine backups and audit logs were
maintained throughout the study. The dataset was sys-
tematically organized and verified, ensuring methodolog-
ical consistency and readiness for statistical evaluation.

Data analyses

All statistical analyses were performed using SPSS ver-
sion 22.0 (IBM Corp., Armonk, NY, USA). Data dis-
tribution was evaluated using the Shapiro—-Wilk test,
complemented by visual inspections of histograms, Q-Q
plots, and skewness—kurtosis values. Normally distrib-
uted variables are reported as mean + standard deviation
(SD). Between-group differences at baseline were exam-
ined using independent-samples t-tests. Intervention
effects were analysed using a two-way repeated-mea-
sures ANOVA (group x time), followed by Bonferroni-
adjusted post-hoc comparisons where appropriate. Effect
sizes for ANOVA outcomes were calculated using partial
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Table 1 Comparison of participants’ defining characteristics according to their participation status in the final

Variable Group n Mean SD t P

Weight(kg) IMT 10 72.51 13.92 1.079 0.295
Control 10 66.83 9.14

Height (cm) IMT 10 173.1 6.06 0.254 0.803
Control 10 172.5 438

BMI (kg/mz) IMT 10 23.07 525 0.308 0.763
Control 10 2249 2.83

BFP (%) IMT 10 18.92 10.55 0.561 0.582
Control 10 16.45 9.08

Experience (year) IMT 10 7.1 1.05 0.550 0.593
Control 10 6.5 267

Values are presented as mean + standard deviation (SD). Independent-samples t-tests were used to compare baseline characteristics between groups. No significant

differences were observed at baseline (p >0.05)

Abbreviations: BVIBody Mass Index, BFPBody Fat Percentage, SD Standard Deviation

Table 2 Comparison of participants’ jumping performance based on their qualification status for the final

Variable Group Pre-test Post-test 95% Confidence Group x Time Interaction
Mean+SD Mean+SD Interval
Lower Upper F p n’

Countermovement Jump (cm) IMT 26.56+8.55 32.68+8671 22.10 30.71 29.076 p<0.001 0618
Control 26.25+9.73 28.72+9.601 2640 34.99

Countermovement Jump (W) IMT 767.92+134.5 85341+£115.72% 695.96 821.75 9.460 0.007 0.345
Control 749.78+£133.28 787.87+£126.071 763.79 87748

Squat Jump (cm) IMT 2596+848 29.37+9.771 20.81 28.95 4.054 0.05 0.184
Control 23.8+8.86 25.5+8.991 23.03 31.85

Squat Jump (W) IMT 75645+127.58 800.84+131.101 675 795.29 3.978 0.05 0.181
Control 713.84+12847 734.53+133.33¢ 705.57 829.80

Values are presented as mean+SD. A two-way repeated-measures ANOVA was used to examine group X time interaction effects. 1 indicates improvement from
pre- to post-test. p < 0.05 denotes significant time or interaction effects. Effect size is reported as partial eta-squared (np?): small =0.01, medium =0.06, large 2 0.14

eta-squared (n’p), interpreted as small (> 0.01), medium
(= 0.06), or large (> 0.14) effects [27]. Measurement reli-
ability across repeated trials was assessed using the
intraclass correlation coefficient (ICC), interpreted as
moderate (0.50-0.75), good (0.75-0.90), or excellent (>
0.90) reliability [28]. Statistical significance was set at p
< 0.05.

Results

Table 1 presents a comparison of participants’ baseline
characteristics according to their final participation sta-
tus. No statistically significant differences were observed
between the IMT and control groups in any of the
descriptive variables, including weight, height, BMI, body
fat percentage, or experience (all p>0.05). This indicates
that the two groups were comparable at baseline.

Table 2 shows the effects of training conditions on
jumping performance. Two-way repeated measures
ANOVA revealed significant group x time interactions
for all jumping variables: CMJ height (F(1,18)=29.08,
p<0.001, n’p=0618), CMJ] power (F(1,18)=9.46,
p=0.007, n°p=0.345), SJ height (F(1,18)=4.05, p=0.05,
n’p=0.184), and SJ power (F(1,18)=3.98, p=0.05,
n’p=0.181). Post-hoc Bonferroni tests indicated

significant pre-to-post improvements in the IMT group
across all measures (p<0.05), with medium-to-large
effect sizes (Cohen’s d =0.38-0.70). In contrast, the con-
trol group showed only small, non-significant changes.
These results suggest that IMT had a meaningful impact
on lower-limb explosive performance.

Table 3 summarizes changes in visual and auditory
reaction times and shooting performance. Neither visual
nor auditory reaction time showed statistically significant
group x time interactions, although moderate effect sizes
were observed (visual: F=2.861, p=0.108, n’p=0.137;
auditory: F=3.708, p=0.071, n’p =0.179). The IMT group
showed minimal improvements, while the control group
slightly worsened. In contrast, shooting performance
measured via SCATT demonstrated a very large and sta-
tistically significant group x time interaction (F=20.452,
p<0.001, n’p=0.532). Post-hoc tests confirmed substan-
tial improvement in the IMT group (A=+15.50+~6.8
points, Cohen’s d=1.10), whereas the control group
showed only a small, non-significant increase (A=+5.40
points). These findings indicate that IMT selectively
enhanced both explosive lower-limb performance and
shooting accuracy.
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Table 3 Comparison of visual and auditory reaction performance based on participation in the final

Variable Group Pre-test Post-test 95% Confidence Interval Group x Time Interaction
Mean+SD Mean+SD Lower Upper F p ﬂzp

Visual Reaction IMT 049+0.06 0.47+0.04] 0484 0.561 2.861 0.108 0.137
Control 0.55+0.10 059+0.12 0.490 0.571

Auditory Reaction IMT 049+0.05 047+0.04] 0.508 0.581 3.708 0.071 0.179
Control 0.59+0.10 0.63+0.10 0511 0.583

SCATT IMT 54850+£8.58 564+6.787 54833 564.17 20452 p<0.001 0532
Control 538+15.14 5434415621 532.78 54862

Values are presented as mean=+SD. Group X time interaction effects were analysed using repeated-measures ANOVA. 1 indicates improvement; | indicates
deterioration of performance. p<0.05 denotes a statistically significant interaction effect. Partial eta-squared (nzp) reflects effect magnitude: small>0.01,

medium >0.06, large >0.14

Discussion

The primary aim of this study was to examine the short-
term effects of a four-week inspiratory muscle train-
ing (IMT) protocol on multidimensional performance
variables, including jumping ability, reaction time, and
shooting accuracy, in competitive air pistol athletes. The
principal findings revealed that IMT produced signifi-
cant improvements in explosive lower-limb performance
and shooting accuracy, while reaction-time parameters
demonstrated non-significant yet favourable tendencies.
These findings highlight the multifactorial influence of
respiratory muscle conditioning on both biomechanical
and fine-motor components of precision sports. These
findings are consistent with previous literature suggest-
ing that inspiratory muscle training may influence trunk
stability and neuromuscular coordination; however, such
mechanisms remain speculative in the context of the
present data.

The significant improvements in CMJ and SJ height
and corresponding power outputs in the IMT group are
consistent with mechanistic models describing the role
of the diaphragm and accessory inspiratory muscles in
trunk stiffness, intra-abdominal pressure regulation, and
kinetic chain efficiency. The diaphragm serves not only as
a respiratory muscle but as a fundamental component of
postural stabilization, enhancing spinal rigidity and facili-
tating optimal force transmission during explosive move-
ments [29]. Reinforced inspiratory musculature yields
greater control of thoraco-abdominal pressure, enabling
more efficient hip-trunk coupling, which is critical for
jump mechanics. Although jumping is not a direct per-
formance factor in shooting, improvements in lower-limb
power may indirectly contribute to a more stable stance,
especially during long shooting sessions where postural
fatigue can accumulate.

Previous evidence supports the cross-transfer effects
of IMT on locomotor performance. Illi et al. (2012) and
McConnell & Lomax (2006) demonstrated that reduc-
ing respiratory muscle fatigue lowers sympathetic drive
and delays peripheral fatigue in limb muscles, thereby
enhancing power production [4, 6]. The moderate-to-
large effect sizes observed in the present study (n’p =

0.18-0.62) mirror those reported in systematic reviews
showing that IMT improves explosive performance
indices in trained populations [30, 31]. Taken together,
the evidence suggests that IMT may not act through a
single pathway but through a network of physiological
adjustments that support more efficient and coordinated
movement.

All these findings in the literature, taken collectively,
demonstrate that IMT not only provides increased
strength in respiratory muscles but also leads to neuro-
mechanical adaptations that improve posture control,
kinetic efficiency, and coordinated muscle activation pat-
terns [4, 6, 30, 31]. For athletes in precision sports, these
fine adjustments may have a disproportionate effect,
as even small reductions in wobble or micro-imbalance
can affect the final shot placement. This is particularly
important for air pistol athletes whose static shot pos-
ture requires precise trunk stabilization. It is important
to acknowledge that the absence of a sham IMT group in
this study limits the ability to isolate the specific physi-
ological effects of inspiratory loading. Non-specific fac-
tors such as increased attention, supervision, participant
expectations, and placebo effects may have contributed
to the observed improvements. The IMT group received
additional structured intervention and close monitoring;
this may have increased motivation and compliance and
potentially influenced performance outcomes indepen-
dently of respiratory adaptations.

Despite small improvements in the IMT group, nei-
ther visual nor auditory reaction time reached statistical
significance. Reaction time is influenced predominantly
by cortical processing, sensorimotor integration, and
long-term perceptual-cognitive development rather than
respiratory musculature function alone [32]. Therefore,
the lack of significant change aligns with the known spec-
ificity of reaction-time adaptations to targeted neuromo-
tor drills. Still, the slightly improved reaction times in the
IMT group suggest that reducing respiratory effort may
free cognitive resources, potentially facilitating faster
information processing, a trend that may become mean-
ingful with longer training periods.
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However, the direction of the observed changes,
improved RT in IMT athletes versus slightly worsened
RT in controls, may represent an early neuromotor
facilitation resulting from reduced respiratory effort,
increased oxygenation, and diminished fatigue-related
interference in central motor pathways [33]. Longer IMT
durations may be necessary for significant changes in RT,
as suggested by neurocognitive training literature.

The most robust finding of the study was the large
effect of IMT on shooting accuracy (n°p=0.532). This
aligns with theoretical models linking respiration to sen-
sorimotor stability and fine-motor precision. Improved
diaphragm strength reduces breathing-induced sway,
stabilizes the trunk, and minimizes micro-movements
during the aiming phase. The observed improvements
in shooting accuracy may be related to enhanced pos-
tural stability and trunk control, although these mecha-
nisms were not directly assessed in the present study. The
observed 15.5-point increase in SCATT score should be
interpreted not only in terms of statistical significance
but also in practical terms. The SCATT system reflects
shooting precision and stability, and improvements in
this score may indicate enhanced control over aiming
and shot execution. In high-level shooting sports, even
modest gains in accuracy can translate into meaning-
ful competitive advantages. Therefore, the magnitude of
change observed in this study can be considered practi-
cally relevant. From a practical perspective, a 15.5-point
increase may indicate improved shot consistency and
reduced aiming error, which are critical determinants of
competitive shooting performance. In precision sports
such as air pistol shooting, even small improvements in
accuracy can influence ranking positions and competi-
tion outcomes. Although a minimal clinically important
difference (MCID) for SCATT scores has not been firmly
established, the magnitude of change observed may be
considered practically meaningful based on performance
context.

Previous studies have shown that elite shooters syn-
chronise their breathing cycles with trigger release and
use breath-holding phases to optimise postural immo-
bility [34-36]. IMT reduces involuntary oscillations by
decreasing fatigue in respiratory muscles. It improves
weapon control by enhancing postural-respiratory syn-
ergy [7]. It supports the precision of fine motor skills by
increasing corticospinal excitability [6]. It also stabilises
the core muscles, which are directly related to aiming
accuracy in precision sports [2], potentially enhancing
all these mechanisms. In practical terms, this means that
shooters may experience a calmer, more controlled aim-
ing process, an advantage that becomes especially valu-
able under competitive pressure.

Considering that performance changes in the control
group were minimal, the significant improvements in the
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IMT group indicate a direct physiological contribution
rather than an effect of practice or learning. The observed
improvements in shooting performance may be associ-
ated with enhanced postural stability and respiratory
control; however, causal mechanisms cannot be defini-
tively established due to the absence of a sham-controlled
design. Overall, these results suggest that even a rela-
tively short IMT intervention can produce meaningful,
real-world performance benefits for precision athletes.

The observed improvements in shooting performance
may be associated with enhanced postural stability and
respiratory control; however, causal mechanisms can-
not be definitively established due to the absence of a
sham-controlled design. While several physiological and
neuromechanical mechanisms may explain the observed
performance improvements, including enhanced pos-
tural stability, intra-abdominal pressure regulation,
and corticospinal excitability, these variables were not
directly measured in the present study. Therefore, any
mechanistic interpretation should be considered specu-
lative. Future studies incorporating direct assessments
such as electromyography, postural sway analysis, or neu-
rophysiological measurements are needed to clarify the
underlying pathways.

Limitations

This study has several limitations that should be acknowl-
edged to properly contextualize the findings. First, the
sample size was relatively small, which may have limited
the statistical power to detect more subtle effects, espe-
cially for reaction-time variables. Considerable inter-
individual variability was observed in response to the
intervention. Therefore, the relatively large effect sizes
observed in this study should be interpreted with cau-
tion, as small sample sizes can lead to an overestimation
of true effects. Second, because the sample included only
male athletes, the results cannot be readily generalized
to female shooters or broader athlete populations. Third,
all participants were recruited from a limited number
of sports clubs in Turkey, which may restrict the cul-
tural and geographical representativeness of the results.
Another important limitation concerns the type of per-
formance assessments used. Most of the measurements
focused on general physical fitness rather than sport-spe-
cific neuromechanical indicators, which may reduce the
ecological validity of the findings in real competition set-
tings. Additionally, there is the absence of a sham control
group. Without a placebo or low-load IMT condition,
it is not possible to fully distinguish between the spe-
cific physiological effects of inspiratory muscle load and
non-specific effects such as increased attention, control,
or anticipatory effects. This limitation reduces the inter-
nal validity of causal inferences regarding the effective-
ness of IMT. Furthermore, it means that while objective
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device-based measurements (OptoJump, SCATT, Cog-
nitech) help reduce the possibility of measurement bias,
effects related to anticipatory or attention cannot be
completely ruled out.

Finally, the study did not include psychological vari-
ables such as attentional control, mental focus, or stress
regulation factors known to meaningfully influence
shooting performance. Incorporating these elements in
future research would help clarify whether IMT contrib-
utes not only to physical improvements but also to cogni-
tive and psychophysiological functioning during shooting
tasks.

Practical implications

The results of this study demonstrate that IMT is a prac-
tical, low-cost, and time-efficient method that can be sys-
tematically integrated into preparation programs for elite
athletes. Significant benefits have been identified, includ-
ing improvements in body stability and posture control,
increased explosive force production, increased shoot-
ing accuracy without changing the training load, reduced
respiratory effort during performance, and support for
greater attention control, which may indirectly relate
to performance-related factors such as concentration,
although these were not directly assessed. These findings
highlight the potential for IMT to become a standard
component of technical-tactical and physical preparation
for shooters. In addition, because the training requires
minimal equipment and can be performed almost any-
where, coaches can incorporate IMT into warm-ups,
recovery sessions, or individual training plans without
disrupting existing routines. Overall, the practicality of
IMT makes it highly suitable for precision sports, where
small physiological advantages can translate into mean-
ingful performance gains.

Future research

Future studies should aim to strengthen the eviden-
tial basis of IMT by employing larger and more diverse
samples that include female athletes, youth competitors,
and shooters from different cultural backgrounds. The
use of sham-IMT protocols will be essential for isolat-
ing the true physiological effects of inspiratory load-
ing from potential expectancy or supervision-related
influences. Additionally, future research should incor-
porate comprehensive psychological and psychophysi-
ological assessments, such as attentional control, mental
focus, and stress-regulation indices, to provide a deeper
understanding of how IMT influences cognitive-motor
processes relevant to shooting performance. Although
attention and cognitive control were not assessed in this
study, future research may explore whether IMT has indi-
rect effects on such variables. Advanced neuromechani-
cal and neurophysiological measurement techniques
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(e.g., EMG, eye-tracking, electroencephalography, intra-
abdominal pressure monitoring) should also be utilized
to elucidate the mechanistic pathways through which
IMT contributes to postural stability, movement coor-
dination, and fine-motor precision. Longitudinal studies
would also help determine whether the improvements
observed in this short-term intervention translate into
long-term competitive performance gains, retention of
gains, and changes across an entire shooting season.

Conclusions

The present study investigated the effects of a four-week
inspiratory muscle training (IMT) program on the physi-
cal and motor performance of air pistol shooters. The
findings indicate that IMT significantly increased lower-
extremity explosive strength, jump height, power output,
and shooting accuracy, while reaction-time improve-
ments did not reach statistical significance. However,
variables such as attention, cognitive control, and psy-
chological factors were not assessed and therefore should
not be inferred from the present results. Future studies
are warranted to examine these aspects. The moderate to
large effect sizes observed despite the short intervention
period highlight the potential of IMT to provide rapid
and meaningful contributions to athletic performance.
Importantly, these improvements were achieved without
altering the athletes’ normal training load, underscoring
the efficiency of IMT as a supplemental method. IMT
appears to be a promising adjunct training strategy; how-
ever, the findings should be interpreted with caution due
to potential non-specific effects. Overall, IMT appears
to be a safe, efficient, and practically applicable method
that can be incorporated into the physical preparation
practices of precision-sport athletes. IMT may contrib-
ute to improvements in performance, potentially through
mechanisms related to neuromuscular coordination and
stability. Given its accessibility and low time requirement,
IMT may offer a valuable competitive edge for shoot-
ers seeking consistent improvements in stability and
accuracy.
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