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Abstract: Balance and coordination are essential motor skills vital for daily activities, posture,
and academic performance. While functional training is gaining interest, the use of inflatable
equipment remains underexplored. Aim: This study evaluated a 14-week inflatable equipment-
based training program for non-PE university students. An experimental group (n=40; 20 male,
20 female; age 20.7 + 1.4 years; weight 67.3 + 8.2 kg; height 173.8 + 8.4 cm; BMI 22.0 + 1.6 kg/m?)
trained twice weekly, focusing on balance and coordination exercises using inflatable
equipment. The control group (n=45; 22 female, 23 male; age 20.4 + 1.6 years; weight 66.1 +7.9
kg; height 172.5 + 7.8 cm; BMI 22.2 + 1.8 kg/m?) attended only standard physical education
classes and received no additional intervention. Balance was tested using a static balance board
(bilateral and unilateral stance), and coordination was tested using a 360° rotational jump test
(Matorin Test). Significant improvements were observed in the experimental group for all
balance conditions: bilateral stance (A =3.125 s, d = 1.76, p < 0.001), right unilateral stance (A =
2.447 s, d = 1.79, p < 0.001), and left unilateral stance (A = 2.300 s, d = 1.40, p < 0.001). For
coordination, the left-side jump improved most (A = 139.38°, d = 2.96, p < 0.001), followed by
the right-side jump (A =112.25°, d =2.75, p <0.001). All effect sizes exceeded 0.8, indicating very
large effects. The control group showed no significant change in any parameter (all p >0.05). A
14-week inflatable equipment training program significantly improved balance and
coordination in medical university students, supporting its integration into university physical
education curricula.

Keywords: bilateral balance; unilateral balance; general coordination; functional training; inflat-
able bag

1. Introduction

Balance is the ability to maintain the center of gravity over a base of support
through static or dynamic postural control, involving the continuous adjustment of
body segments in response to internal and external perturbations [1,2,3]. For university
students, balance is essential for everyday activities such as walking, running, and
transporting objects, as well as for recreational activities that require movement on un-
stable surfaces [4,5,6]. From a neuroscientific perspective, balance maintenance during
exercise depends on the central nervous system's integration of vestibular, visual, and
kinaesthetic inputs to regulate postural stability. This process engages cortical struc-
tures associated with working memory, selective attention, and concentration, thereby
establishing a meaningful link between physical balance training and cognitive perfor-
mance [7,8]. Balance is typically classified into two components: static balance, de-
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fined as the ability to maintain a fixed body position, and dynamic balance, which re-
fers to postural stability during movement or positional transitions [3,9,10]. Static bal-
ance can be improved through exercises that require maintaining body position on un-
stable surfaces, such as balance boards or BOSU balls [11,12]. Dynamic balance benefits
from exercises such as walking on narrow surfaces or balance beams [11,13].

General coordination is the capacity to efficiently synchronize the entire body
or its segments during motor actions [11,14]. General coordination encompasses global
body movements essential for daily activities, whereas specific coordination involves
the precise control of limb segments required in sport and recreational contexts. Bal-
ance and coordination are intrinsically linked: adequate postural stability is a prereq-
uisite for coordinated movement, and coordinated inter-segmental control, in turn,
contributes to maintaining balance.

Functional training is an exercise modality designed to improve physical fit-
ness through multi-planar, dynamic, multi-joint movements that replicate the de-
mands of everyday life [15,16]. Its foundational components include coordination, bal-
ance, muscular strength, and flexibility [17,18,19]. The versatile structure of functional
training allows for the integration of a wide range of motor components and equip-
ment, including both traditional and novel devices [20,21,22].

Inflatable equipment comprising inflatable bags, balls, kettlebells, and dumb-
bells is an innovative addition to functional training. These tools create variable levels
of instability through internal water displacement, which can be adjusted to partici-
pants' fitness levels. Smaller inflatable dumbbells are particularly well-suited to coor-
dination-focused exercises, while larger devices, such as bags and balls, are more ap-
propriate for balance training [23]. The use of inflatable equipment in functional train-
ing programs for university students has not been systematically investigated, repre-
senting a relevant gap in the literature.

Despite the growing body of evidence on functional training interventions, a
critical review of the literature reveals several unaddressed gaps that the present study
aims to fill. Most functional training research has focused on athlete populations in-
cluding volleyball players, tennis players, and martial arts practitioners, with compar-
atively little attention to medical university students [24,25,26,27]. This population has
distinct characteristics, including sedentary academic routines, high cognitive work-
load, and limited structured physical activity, which may produce training responses
different from those observed in competitive sport contexts. The transferability of find-
ings from athletic samples to non-physical education students therefore remains un-
certain. Simultaneously assessing balance and general coordination within a single
functional training intervention is uncommon in the literature. Although inflatable
equipment has been examined in isolated biomechanical contexts, specifically, the
aquabag and water-filled tubes have been shown to increase core muscle activation
[28], and improve proprioception during squats [29], no study to date has examined
the use of a full set of inflatable implements (bag, ball, kettlebell, and dumbbells) within
a structured, periodized functional training program. The potential of these devices to
simultaneously challenge neuromuscular control, proprioception, and inter-segmental
coordination across multiple exercise modalities has therefore not been evaluated. Ex-
isting functional training interventions with student populations have rarely incorpo-
rated active control groups, relying instead on pre-post designs without comparison
conditions [22,30,31]. These gaps highlight the need for controlled intervention studies
that target medical university students, simultaneously assess multiple motor capaci-
ties, and evaluate the specific contribution of inflatable equipment within a compre-
hensive functional training framework. The present study was designed to directly ad-
dress these shortcomings.
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Although the existing literature acknowledges the benefits of functional train-
ing on balance and coordination across various subject populations, only a few studies
has investigated the effects of a structured 14-week experimental program based ex-
clusively on the use of inflatable equipment (bag, ball, kettlebell, and dumbbells) on
these motor capacities in medical students, thus conferring the present research a novel
and original contribution to the current scientific landscape.

The aim of this study was to evaluate the impact of a 14-week functional train-
ing program using inflatable equipment on the balance and overall coordination of
medical university students. It was hypothesized that participants in the experimental
group would show significantly greater improvements in both balance and coordina-
tion than the control group, as a result of the structured intervention.

2. Materials and Methods

2.1. Study Design

The present study employed a quasi-experimental pre-test/post-test design with
a parallel, non-randomized control group. This design was selected because it allows
evaluation of intervention effects in a naturalistic educational setting, and the inclusion
of a concurrent control group enables between-group comparisons that strengthen
causal inference compared with single-group pre-post designs [32].

The study spanned 16 consecutive weeks during the spring academic semester.
The timeline was structured as follows: Week 1 served as the initial assessment phase
(IT), during which all baseline measurements were collected; Weeks 2 through 15 con-
stituted the experimental intervention phase, comprising the 14-week functional train-
ing program for the EG and standard physical education classes for the CG; Week 16
served as the final assessment phase (FT), during which all outcome measures were
repeated under identical conditions to those of the initial assessment.

All assessments and training sessions were conducted in a university sports fa-
cility equipped with standardized flooring, adequate lighting, and sufficient space for
balance and coordination tests and for group-based functional training activities. Us-
ing a single, consistent venue throughout the study ensured environmental standard-
ization across all measurement points and sessions, minimizing potential confounding
attributable to venue variability. To ensure measurement consistency, all assessments
were administered by the same trained evaluator at each testing phase. Testing ses-
sions were scheduled at the same time of day for all participants to control for potential
diurnal variation in motor performance. Before each assessment, participants were
asked to refrain from vigorous physical activity for at least 24 hours and to arrive rested
and hydrated. A standardized verbal protocol was used for test instructions to ensure
uniformity across participants and assessment phases. The test sequence was kept con-
stant (balance test followed by coordination test) to avoid order effects.

2.2. Participants

All participants were enrolled in the medicine program at the University of Med-
icine, Pharmacy, Sciences and Technology "G.E. Palade" in Targu-Mures. Based on a
medium effect size (Cohen's d = 0.50), an alpha level of 0.05, and a statistical power of
0.80 for a two-tailed independent samples t-test, the minimum required sample size
was calculated at 34 participants per group. The final sample exceeded this threshold,
ensuring adequate statistical power for the study. The experimental group (EG) com-
prised 40 students (20 male, 20 female; age: 20.7 + 1.4 years; body mass: 67.3 + 8.2 kg;
height: 173.8 + 8.4 cm; BMI: 22.0 + 1.6 kg/m?) who volunteered for the functional train-
ing program. The control group (CG) consisted of 45 students (23 male, 22 female; age:
20.4 £ 1.6 years; body mass: 66.1 + 7.9 kg; height: 172.5 + 7.8 cm; BMI: 22.2 + 1.8 kg/m?)
who attended only standard physical education classes and received no additional
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physical training outside the standard curriculum. Participants were excluded if they
had a history of musculoskeletal injury, neurological conditions, or cardiovascular con-
traindications to exercise.

2.3. Assessment Instruments

Balance assessment was conducted using a static balance board test. Participants
stood on the board with toes pointing outward at 15° and heels 15 cm apart. Three
conditions were evaluated: bilateral stance (both lower limbs), right unilateral stance,
and left unilateral stance. The outcome measure was the time (in seconds) each position
could be maintained without loss of balance. Three trials were performed per condition,
and the mean was recorded.

General coordination was assessed using a 360° rotational jump test (Matorin
Test). Participants stood within a graduated circle (diameter: 40 cm) drawn on the floor
and performed maximume-effort rotational jumps around the longitudinal body axis,
both clockwise (right) and counterclockwise (left). The outcome measure was the num-
ber of degrees completed. Three trials were performed per direction, and the mean was
recorded.

2.4. Experimental Program using inflatable equipment’s

The experimental program consisted of 28 sessions delivered over 14 weeks (two
sessions per week, 60 minutes each). Each session was structured as follows: (a) general
warm-up (10 min) — dynamic exercises including joint mobilization, light jogging, and
coordination drills; (b) main training component (40 min) — functional exercises using
inflatable equipment to target balance and coordination; (c) cool-down (10 min) —
static stretching and breathing exercises.

The inflatable equipment used included an inflatable bag (adjustable water fill:
0-15 kg), an inflatable medicine ball (0-5 kg), an inflatable kettlebell (0-10 kg), and a
pair of inflatable dumbbells (0-2 kg each). Water volume was progressively increased
over 14 weeks to match participants' improving fitness levels, in line with the overload
principle. Inflatable dumbbells were used preferentially for coordination exercises (e.g.,
bilateral arm swings with rotational jumps, diagonal reaching patterns), whereas the
bag, ball, and kettlebell were used for balance exercises (e.g., single-leg stance with bag
stabilization, dynamic step-ups with kettlebell, bilateral squat with instability ball). Ex-
ercises targeting each motor quality were systematically rotated across sessions to en-
sure comprehensive development.

2.5. Statistical Analysis

Data were analyzed using IBM SPSS Statistics (version 26.0). Descriptive statis-
tics included the mean, standard deviation (SD), minimum, maximum, variance, and
coefficient of variation (CV%). Within-group differences between initial and final test-
ing were assessed using a paired-samples t-test, and effect sizes were calculated using
Cohen's d (small: d < 0.3; medium: 0.3 <d <0.5; large: 0.5 <d <0.8; very large: d > 0.8).
Between-group differences at initial and final testing were assessed using an independ-
ent-samples t-test, preceded by Levene's test for homogeneity of variance. Statistical
significance was set at p < 0.05. An a priori power analysis was conducted using
G*Power (version 3.1.9.7) [33], to determine the minimum sample size required to de-
tect a statistically significant intervention effect. Based on a conservative assumption
of a medium effect size (Cohen's d = 0.50), a two-tailed alpha level of 0.05, and a target
statistical power of 0.80, the minimum required sample size for the paired-samples t-
test was calculated as n = 32 per group. The enrolled experimental group (n = 40) and
control group (n = 45) both exceeded this threshold, confirming adequate statistical
power prior to data collection. Post hoc power analyses confirmed that, given the ob-
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served effect sizes (d = 1.40-2.96 for the experimental group across all outcome varia-
bles), statistical power exceeded 0.999 for all primary comparisons, indicating that the
sample size was more than sufficient to detect the effects of the intervention.

3. Results

3.1. Balance Test

Descriptive statistics for the balance test are presented in Table 1. In the EG, mean
values increased substantially across all three balance conditions, with relative gains
of approximately 59% for bilateral stance (5.826 s to 9.265 s), 63% for right unilateral
stance (3.882 s to 6.329 s), and 65% for left unilateral stance (3.293 s to 5.423 s). CV%
decreased for bilateral and right unilateral stance at final testing (32.51% to 21.57%;
31.25% to 23.80%), reflecting increased group homogeneity, whereas a slight CV% in-
crease for left unilateral stance (29.76% to 35.17%) suggests greater inter-individual
variability in this condition, likely related to limb dominance differences. In the CG,
mean values remained virtually unchanged across all parameters, confirming the ab-
sence of spontaneous improvement without structured intervention.

Table 1. Descriptive statistics for the balance test

Parameters Group Test Mean SD Min Max Variance CV (%)
EG IT 5.826 1.894  3.00 9.00 3.590 3251
EG FT 9.265 1998  6.00 12.67 3.992 21.57
Both lower limbs
CG IT 5411 1576 256 8.00 2.487 29.13
CG FT 5415 1574 256 8.00 2.478 29.07
EG IT 3.882 1213 2.00 6.22 1.472 31.25
EG FT 6.329 1506  3.91 8.91 2.268 23.80
Right lower limb
CG IT 3.618 1.037  1.50 6.12 1.076 28.66
CG FT 3.638 1.035  1.50 6.12 1.071 28.45
EG IT 3.293 0.980  1.80 5.12 0.961 29.76
EG FT 5.423 1907 234 8.80 3.637 35.17
Left lower limb
CG IT 2.904 0.824 150 4.12 0.681 28.38
CG FT 2917 0.815  1.66 4.12 0.665 27.94

EG = experimental group; CG = control group; IT = initial test; FT = final test; SD = standard
deviation; CV% = coefficient of variation.

Results of the paired-samples t-test and effect size analysis are presented in
Table 2. All within-group differences in the EG were statistically significant (p <0.001).
The largest absolute improvement was observed for bilateral stance (A =3.125s; d =
1.76), whereas the right unilateral stance produced the highest effect size (A = 2.447 s;
d =1.79), suggesting more consistent neuromuscular adaptation in the dominant limb.
Left unilateral stance also improved significantly (A =2.300 s; d = 1.40), with the small-
est — though still very large — effect size, likely reflecting greater inter-individual var-
iability in non-dominant limb balance control. A marginally significant change was
detected for the left unilateral stance in the CG (p =0.029; d = 0.016); however, the effect
size is trivially small, and the mean difference (A =0.013 s) has no practical significance,
suggesting test-retest habituation rather than genuine motor improvement.
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Table 2. Paired-samples t-test and Cohen's d for the balance test

Diff 95% CI 95% CI
P D EM t hen'
arameters Group (XFT-XIT) S S Lower Upper P Cohen's d
EG 3.125 1284 0.203 2.714 3.535 15.38  <0.001 1.76
Both lower limbs
CG 0.004 0.020  0.003 0.001 0.010 1431  0.160 0.003
EG 2.447 0.571 0.090 2.264 2.630 27.083 <0.001 1.79
Right lower limb
CG 0.019 0.085 0.012 0.006 0.044 1.523  0.135 0.02
EG 2.300 1.080 0.170 1.784 2.475 12.466  <0.001 1.40
Left lower limb
CG 0.013 0.038  0.005 0.001 0.024 2.258  0.029 0.016

EG = experimental group; CG = control group; Diff = mean difference (FT - IT); SD = standard
deviation; SEM = standard error of the mean; CI = confidence interval; p = level of statistical sig-
nificance.

Between-group comparisons are shown in Table 3. At baseline, no significant
differences were observed between EG and CG for bilateral or right unilateral stance
(p > 0.05; d =0.24), confirming baseline equivalence for these parameters. A borderline
difference was noted for left unilateral stance (p = 0.050; d = 0.43), which should be
considered when interpreting between-group comparisons for this condition. At final
testing, the EG demonstrated significantly superior performance across all three bal-
ance parameters (all p <0.001), with very large effect sizes (bilateral: d =2.15; right: d =
2.11; left: d = 1.74), confirming the substantial practical impact of the intervention rela-
tive to standard physical education.

Table 3. Independent-samples t-test for balance (EG vs. CG)

Levene Levene Mean 95% CI

Parameters = Test F p t P Diff. SED LL: UL Cohen's d
Both lower T 3.335 0.071 1103 0.273 0415 0376  -0.333;1.164 0.24
limbs FT 6.468 0.013 9919 <0.001 3.849 0388  3.077;4.621 2.15
Right lower IT 1.011 0.318 1.081  0.283 0263 0244  -0.211;0.749 0.24
limb FT 16.28 <0.001  9.691 <0.001 2691 0277  2.139;3.244 211
Left lower T 2.487 0.119 1.986  0.050 0.389  0.195  0.000;0.778 0.43
limb FT 56.45 <0.001  8.031 <0.001 2505 0.312 1.885; 3.126 1.74

IT = initial test; FT = final test; Levene F = Levene's test statistic; SED = standard error of the
difference; CI = 95% confidence interval for the difference between means, LL- lower level, UL
—upper level.

3.2. Coordination Test

Descriptive statistics for the Matorin test are presented in Table 4. In the EG,
mean values increased markedly in both jump directions: the right-side jump im-
proved from 224.38° to 336.63° (+50%), and the left-side jump from 169.13° to 308.50°
(+82%), indicating greater relative improvement on the non-dominant side. CV% de-
creased substantially at final testing (right: 18.90% to 11.62%; left: 27.20% to 15.60%),
reflecting convergence in performance levels across the group. A potential ceiling ef-
fect should be noted, as the maximum final value reached 360° for both directions in
the EG. In the CG, mean values remained virtually unchanged, and CV% was stable,
confirming the absence of meaningful spontaneous change.
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Table 4. Descriptive statistics for the Matorin test

Parameters Group Test Mean SD Min Max Variance CV (%)

EG IT 22438 4240 180 260 1797.62 18.90

EG FT 336.63 39.12 250 360 1530.58 11.62

Jump to the right
CG IT 204.00 2093 180 245 438.18 10.26

CG FT 20578 1994 180 245 397.67 9.69

EG IT 169.13  46.01 125 270 2117.21 27.20

EG FT 30850 48.12 225 360 2315.53 15.60

Jump to the left
CG IT 18556 23.63 145 245 558.21 12.73

CG FT 18722 2354 145 245 554.04 13.21

EG = experimental group; CG = control group; IT = initial test; FT = final test; SD = standard
deviation; CV% = coefficient of variation.

Results of the paired-samples t-test and effect size analysis are presented in
Table 5. All within-group improvements in the EG were statistically significant (p <
0.001). The greatest gain was observed for the left-side jump (A = 139.38°%; d = 2.96),
which produced the largest effect size among all outcome variables in the study, fol-
lowed by the right-side jump (A = 112.25°% d = 2.75). The higher SD for the left-side
jump (49.12° vs. 29.13°) reflects greater inter-individual variability on the non-domi-
nant side. In the CG, changes were negligible in both directions (right: A =1.78°, d =
0.021; left: A =1.67°, d = 0.050), with no practical significance despite borderline statis-
tical values.

Table 5. Paired-samples t-test and Cohen's d for the Matorin test

Diff 95% CI  95% CI ,
Parameters Group (XET-XIT) SD SEM Lower Upper t P Cohen's d
EG 112.25 29.13  4.61 102.93 121.57 24.37 <0.001 2.75
Jump to the right
CG 1.78 1.04 0.16 0.09 0.54 1431  0.160 0.021
EG 139.38 49.12 777  123.66 155.09 17.94 <0.001 2.96
Jump to the left
CG 1.67 144 021 0.01 0.88 2.072  0.044 0.050

EG = experimental group; CG = control group; Diff = mean difference (FT - IT); SD = standard
deviation; SEM = standard error of the mean; CI = confidence interval; p = level of statistical sig-
nificance.

Between-group comparisons are shown in Table 6. At baseline, statistically sig-
nificant differences were already present between the EG and CG for both jump direc-
tions (right: t = 4.248, p <0.001, mean diff. = 20.375°, d = 0.90; left: t = 2.968, p = 0.004,
mean diff. = 16.43°, d = 0.64), reflecting pre-existing baseline advantages in the EG for
rotational coordination. These differences, likely attributable to self-selection bias in-
herent in the non-randomized design, constitute an important caveat in interpreting
between-group post-intervention comparisons and underscore the need for within-
group analyses — which are unaffected by this confound — as the primary evidence
of intervention efficacy. At final testing, the performance gap between groups widened
dramatically. The mean difference for the right-side jump reached 128.73° (95% CI:
[118.95; 138.49]; t = 26.212; p < 0.001; d = 5.66), and for the left-side jump 121.27° (95%
CL: [106.19; 136.37]; t = 15.984; p < 0.001; d = 3.41). The increase in effect sizes from
baseline to final testing — from d = 0.90 to d = 5.66 for the right jump, and from d = 0.64
to d = 3.41 for the left jump — demonstrates that the intervention produced a diver-
gence in group performance of exceptional magnitude, far exceeding the pre-existing
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baseline differences. The significant Levene's test for the left-side jump at final testing
(F=16.919; p <0.001) further indicates that the assumption of homogeneity of variance
was violated, consistent with the greater inter-individual variability in adaptation ob-
served on the non-dominant side of the EG. Taken together, the within-group and be-
tween-group results converge to confirm that the 14-week functional training program
was the primary driver of the observed coordination improvements in the experi-
mental group.

Table 6. Independent-samples t-test for the Matorin test (EG vs. CG)

Levene Levene Mean 95% CI ,

Parameters  Test F p t P Diff. SED LL; UL Cohen's d
Jump to the IT 1.032 0.313 4248 <0.001 20375 4916  10.83;29.92 0.90
right FT 0.815 0.396 26212 <0.001 128.73 4.910 118.95;138.49 5.66
Jump to the IT 2.279 0.315 2968 0.004 1643 5535 5.42;27.44 0.64
left FT 16.919 <0.001 15984 <0.001 121.27 7.587 106.19;136.37 3.41

IT = initial test; FT = final test; Levene F = Levene's test statistic; SED = standard error of the
difference; CI = 95% confidence interval for the difference between means, LL- lower level, UL
—upper level.

4. Discussion

The present study investigated the effects of a 14-week functional training pro-
gram using inflatable equipment on the balance and general coordination of 40 univer-
sity students, comparing outcomes with a control group of 45 students attending
standard physical education classes. The results demonstrated statistically significant
and practically meaningful improvements in all assessed parameters within the EG,
with very large effect sizes across all balance and coordination measures. These find-
ings are consistent with and extend the existing literature on functional training inter-
ventions.

Regarding balance, the observed gains align with evidence of previous study,
who demonstrated the efficacy of functional balance training on a sample of 11 colle-
giate volleyball players using unstable surfaces, including balance boards, foam rollers,
and Swiss balls [24]. Similarly, another study confirmed the positive effects of func-
tional exercise on balance and vestibular function in a narrative review [15]. Compared
with these studies, the present program is distinctive for its use of inflatable imple-
ments that create hydraulic instability, a property not achievable with conventional
equipment, which may have further challenged the neuromuscular control systems
underpinning postural stability [23,34,35].

From a physiological standpoint, the balance improvements observed in the
EG are consistent with neuromuscular adaptations resulting from repeated exposure
to unstable loading conditions. Inflatable equipment, due to dynamic water displace-
ment within its interior, generates unpredictable reactive forces that require continu-
ous sensorimotor integration across the vestibular, visual, and proprioceptive systems
[23,29]. This multisystem challenge aligns with the principle that balance training on
unstable surfaces yields greater improvements than training on stable surfaces alone
[12,36]. A modest asymmetry in balance gains was observed between the right and left
unilateral stances, consistent with the known influence of limb dominance on postural
control [2,3,37]. The increase in CV% for left unilateral stance at final testing reflects
greater inter-individual variability in adaptation for the non-dominant limb, a pattern
documented in laterality research [2,37]. The mechanisms underlying these inter-limb
differences remain to be clarified in future studies with explicit laterality-focused de-
signs.
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Regarding coordination, the improvements align with previous research that
reported enhanced coordination and movement speed in athletes after functional train-
ing, with early gains evident in the first weeks of intervention [38,39]. Wang et al. (2024)
likewise observed significant coordination improvements across a 12-week functional
training program in a large sample of martial arts practitioners (n = 474). The present
study extends these findings to a non-athlete university population, demonstrating
that functional training with inflatable equipment yields very large coordination gains
in this context [26]. The greater improvement in coordination on the left-side jump
compared to the right is noteworthy. The lower pre-test performance on the left-sided
jump reflects a pre-existing non-dominant side deficit, and the larger absolute and rel-
ative gains on this side are consistent with the generally greater trainability of lower-
performing limbs [2,37]. Whether this pattern reflects differential neural plasticity,
greater room for improvement, or both, cannot be determined from the present data
and warrants investigation in future laterality-focused studies.

Regarding inflatable equipment specifically, researches demonstrated that an
inflatable bag significantly increased trunk muscle activation during bicep curl exer-
cises in 20 participants, while another reported improvements in balance, propriocep-
tion, and stabilizer muscle activation following squat exercises with an inflatable bag
in 18 football players [28,29]. The present study complements and extends these find-
ings by showing that a comprehensive program combining multiple types of inflatable
implements (bags, balls, kettlebells, and dumbbells) produces substantial functional
benefits across two distinct motor qualities, balance and coordination, in a medical stu-
dent population.

4.1. Limitations of study

Several limitations should be acknowledged. First, the quasi-experimental design
without randomization limits causal inference and may have introduced selection bias;
future studies should adopt randomized controlled designs. Second, the sample was
restricted to medical students aged 19-23 years at a single institution, limiting the gen-
eralizability of the findings to other university populations, age groups, and cultural
contexts. Third, the program duration was limited to 14 weeks, and long-term retention
of the observed gains was not assessed. Fourth, no control was implemented for phys-
ical activity performed outside study sessions, which may have introduced confound-
ing variation. Fifth, blinding of assessors was not possible given the nature of the as-
sessment protocols.

4.2. Practical implications of study

The findings of the present study have direct implications for physical education
practice in higher education. The significant improvements in balance and general co-
ordination achieved by a 14-week functional training program using inflatable equip-
ment, conducted in two weekly sessions within the standard physical education sched-
ule, demonstrate that this approach is feasible and effective for non-sport university
students. The progressive adjustability of inflatable equipment through variable water
filling enables systematic load progression without additional apparatus, making it an
accessible and cost-efficient training modality. Furthermore, the concurrent develop-
ment of two distinct motor capacities within a single program supports its integration
into university curricula, particularly for student populations with limited time for
structured physical activity. A 14-week inflatable equipment-based functional training
program conducted within standard university physical education classes produced
very large improvements in postural balance and rotational coordination in medical
students, motor capacities directly relevant to clinical tasks requiring sustained posture,
precise manual control, and rapid sensorimotor adjustment. Given the sedentary de-
mands of medical education, integrating structured functional training with inflatable
equipment into compulsory physical education curricula represents a low-cost, time-
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efficient strategy to develop the neuromuscular foundations that underpin safe and
effective clinical performance.

5. Conclusions

The present study demonstrates that a 14-week functional training program
incorporating inflatable equipment produced statistically significant and practically
substantial improvements in both balance and general coordination among non-phys-
ical education university students, with very large effect sizes across all assessed pa-
rameters. The experimental group consistently outperformed the control group at the
final assessment, confirming the intervention's efficacy relative to standard physical
education classes. The bilateral stance condition showed the greatest absolute balance
gain, whereas the left-side rotational jump showed the greatest coordination gain.
These findings suggest that inflatable equipment, by generating hydraulic instability,
provides a sufficiently challenging motor environment to stimulate neuromuscular ad-
aptations relevant to postural control and inter-segmental coordination. Based on these
results, it is recommended that inflatable equipment be integrated into university
physical education curricula as a cost-effective and adaptable tool for developing bal-
ance and coordination. Future research should address the identified limitations
through randomized designs, longer follow-up periods, and the inclusion of diverse
student populations.
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