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Extended Abstract

Background and Purpose

As individual’s age, there is a natural decline in physical capabilities, especially in balance,
muscular strength, and proprioception. This decline increases the risk of falls, a major concern
among the elderly population. Exercise, particularly aquatic exercise, has been demonstrated as
an effective method to improve physical fitness and reduce fall risk. Water-based exercises are
gentler on the joints due to water’s buoyancy, making them especially beneficial for elderly
individuals with joint pain or mobility limitations. Despite the broad use of aquatic exercises,
limited research exists regarding the specific effects of water trampoline exercises on balance,
muscle strength, proprioception, gait performance, and fall risk. This study aimed to investigate
how an eight-week water trampoline exercise program affects these physical attributes in elderly
men.

Methods

This semi-experimental study involved 30 elderly male participants aged 6080 years, recruited
from a local elderly care center. Participants were randomly assigned to either the experimental
group (n=15), which took part in an eight-week water trampoline exercise program, or the control
group (n=15), which did not receive any exercise intervention.

The intervention consisted of three 60-minute sessions per week for eight weeks. Exercises began
with fundamental movements such as stepping on and off the trampoline and two-legged jumps,
progressively advancing to more complex exercises including single-leg jumps, combined arm
movements during jumping, and twisting motions. The aquatic environment added challenge by
providing an unstable surface, requiring enhanced coordination and muscular engagement to
maintain balance.

Before and after the intervention, all participants underwent assessments measuring physical
parameters. Static balance was evaluated using the Functional Reach Test (FRT), and dynamic
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balance via the Timed Up and Go (TUG) test. Muscle strength, including knee flexors and
extensors, was measured with an isokinetic dynamometer and the 30-second sit-to-stand test.
Proprioception was quantified by assessing participants’ ability to replicate a knee joint angle
using the dynamometer. Gait performance was analyzed using a foot scan system. Fall risk was
assessed through the Hopkins Fall Risk Questionnaire.

Statistical analysis employed repeated measures ANOVA to evaluate differences within and
between groups before and after the intervention, with significance set at p < 0.05.

Results

The study demonstrated significant improvements in the experimental group following the eight-
week program. Statistically significant enhancements were observed in static balance, dynamic
balance, proprioception, muscle strength measures, and fall risk reduction. Certain gait variables
did not exhibit significant changes

Anova repeated measure

Variable . .
Time Interactive effect Group

Static Balance (FRT)

Dynamic Balance (TUG)

IMC (Right Leg)
IFF (Right Leg)
HO (Right Leg)
COP (Right Leg)
IMC (Left Leg)
IFF (Left Leg)
HO (Left Leg)
COP (Left Leg)
Knee Proprioception
Knee Flexor Strength

Knee Extensor Strength
Lower Limb functional strength

H/Q Ratio
Fall Risk

p=0.001 (1°=0.548)
p=0.001 (1°=0.332)
p=0.812 (1?=0.002)
p=0.145 (1?=0.074)
p=0.064 (1?=0.117)
p=0.005 (1°=0.249)
p=0.921 (1?=0.001)
p=0.821 (1?=0.002)
p=0.002 (1°=0.284)
p=0.181 (1?=0.063)
p=0.001 (1?=0.405)
p=0.001 (1°=0.413)
p=0.010 (11°=0.146)
p=0.001 (1?=0.380)
p=0.567 (1°=0.012)
p=0.001 (1°=0.398)

p=0.001 (1?=0.488)
p=0.001 (1?=0.312)
p=0.015 (1?=0.192)
p=0.945 (1?=0.001)
p=0.351 (1?=0.031)
p=0.000 (712=0.009)
p=0.932 (1?=0.001)
p=0.962 (1?=0.001)
p=0.030 (1?=0.158)
p=0.481 (1?=0.018)
p=0.020 (1?=0.159)
p=0.001 (1?=0.465)
p=0.030 (1?=0.146)
p=0.001 (1?=0.341)
p=0.049 (1?=0.131)
p=0.001 (1°=0.398)

p=0.049 (1?=0.131)
p=0.429 (1?=0.022)
p=0.570 (1?=0.012)
p=0.170 (1?=0.066)
p=0.545 (1?=0.013)
p=0.000 (1?=0.025)
p=0.326 (1°=0.034)
p=0.988 (1?=0.001)
p=0.090 (1?=0.098)
p=0.237 (1?=0.050)
p=0.935 (1?>=0.001)
p=0.450 (1?=0.020)
p=0.230 (1>=0.050)
p=0.252 (1?=0.047)
p=0.094 (1?=0.097)
p=0.780 (1?=0.003)

o Balance: The experimental group demonstrated significant improvements in both static and
dynamic balance. The Functional Reach Test (FRT) score for static balance increased from
11.60 £ 1.95 cm to 15.60 + 3.37 cm after the eight-week program (p = 0.030). Dynamic
balance, measured by the Timed Up and Go (TUG) test, significantly improved from 12.00 £
3.02 seconds to 9.06 *+ 2.28 seconds (p = 0.001).

o Gait Performance: Significant improvements were observed in gait in terms of IMC in the
right leg and HO in the left leg, while other gait-related variables did not reach statistical
significance (p > 0.05).

e Proprioception: Proprioceptive awareness showed a notable enhancement, with
proprioception scores improving from 3.77 + 1.04 to 2.39 + 1.13 (p = 0.020), indicating better
joint position sense after the intervention.
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e Muscle Strength: Significant increases in muscle strength, particularly in the knee flexors
and extensors, were observed. Knee flexor strength improved from 18.28 + 7.54 to 37.13 +
13.12 (p = 0.001), and knee extensor strength rose from 63.70 + 4.98 t0 92.14 + 6.21 (p =
0.030). These results suggest that water trampoline exercises provide sufficient resistance to
stimulate lower limb muscle strength gains.

o Fall Risk: A key outcome was a substantial reduction in fall risk within the experimental
group. The fall risk score decreased from 15.86 + 3.94 to 12.33 + 1.49 (p = 0.001).

Conclusion

The findings provide strong evidence that an eight-week water trampoline exercise program
significantly improves static and dynamic balance, muscle strength, proprioception, and reduces
fall risk among elderly men. These functional gains are crucial for maintaining independence and
enhancing quality of life in older adults. Given the positive effects, water trampoline exercises
are recommended for incorporation into routine physical activity programs targeting the elderly,
especially those at elevated risk of falls. Future research should investigate long-term effects and
compare water trampoline training to other balance and strength interventions to determine
optimal approaches for improving mobility and minimizing fall risk in aging populations.

Keywords: Water Trampoline Exercise, Balance, Strength, Gait Performance, Proprioception,
Elderly.

Article Message

This study shows that an eight-week water trampoline exercise regimen significantly enhances
balance, muscle strength, and proprioception in elderly men, contributing to a meaningful
reduction in fall risk. As a joint-friendly and effective intervention, water trampoline training
supports safer mobility and greater independence among aging populations.
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Figure 2- Timed up and Go test
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1. Timed Up and Go Test (TUG)
2. RsScan International, Belgium with dimensions of 578/418/12mm, equipped with 4096 sensors and a
sampling rate of 253Hz
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Figure 3- Muscle strength and proprioception assessment using isokinetic
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Table 1- Experimental group exercise program
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Table 3- Anthropometric characteristic of subjects
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5 il Byl 5 couSilao 5 laibiusl Byl 5 cyuSiloo Vatiable
Mean £ SD Mean £ SD
Lw .
63.5+3.4 63.6+35 (Wb e
Age (years)
. "‘LM-‘ M
1750+ 5.2 1710+ 7.6 R
Height (centimeters)
79.8+6.0 75.40 +5.9 (755 039
Weight (kg)
JERVRRYY, ol
261421 258426 (e 2 £, 5S)
Body mass index
kg/m2)
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Table4- Mean and standard deviation of research variables
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Sylteul Szl s ool Slteul Szl s ool Groups Variable
Mean + SD Mean + SD
12.40 + 2.41 12.13 + 1.88 JAT Rl Pl b (g9, es (g i
Control ().'.‘.n‘:'»‘.iLw) (FRT)
15.60 + 3.37 11.60 + 1.95 GPres Functional Reach or Static
Exercise Balance (FRT) (centimeters)
11.26 + 2.91 11.33 + 3.06 AT el gl wgeil) gy Jol
Control (TUG 3, 5
9.06 + 2.28 12.00 + 3.02 e Dynamic balance (timed get
Exercise up and go TUG test)
22.90 + 9.10 19.31 + 7.55 Jas
Control (4l o) canly s IMC
17.66 + 5.81 21.99 + 6.90 ww Right leg IMC (milliseconds)
Exercise
49.92 + 16.10 5549+ 18.93 JAs sl sl IFF
Control
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Table4- Mean and standard deviation of research variables
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8 yliliw! Bl yzeil g pSileo 3 1wl Bl yzeil g Sl Groups Variable
Mean + SD Mean + SD
4389 +11.14 50.00 + 14.62 u-’)—‘” IFF right foot
Exercise
49.78 + 9.07 59.28 + 12.73 Jas
Control cwly s HO
55.04 + 6.35 58.28 + 20.12 O IO gt ot
Exercise
Js
7.18 £+ 4.52 11.94 + 8.31
Control Cenly s COP psLi
6.56 + 3.23 9.96 + 5.00 Cped Right leg COP index
RN DA Exercise
17.79 £+ 7.95 17.37 £ 9.58 J=s
Control w2z sk IMC
19.73 + 8.25 19.70 £ 8.20 G I1E (it (2
Exercise
5514 + 11.28 53.89 + 21.39 JAs
Control oz gL IFF
55.01 + 16.34 54.19 + 25.19 o IFF left foot
Exercise
57.80 £ 13.11 60.29 £ 6.70 J=s
Control <= gL HO
46.28 + 12.42 61.38 £ 9.79 2 A9 LBt o
Exercise
Jrs
7.69 +£5.69 8.88 + 5.88
Control oz st COP asli
- R Exercise
Js
2.89 + 0.95 3.32+0.6 H
Control (4’"”_ (DP)‘FM o
. Proprioception (DP)
2.39+1.13 3.77 + 1.04 o (degrees)
Exercise
2950 +10.15 30.50 + 8.22 Jas , .
Control (QF) ¢ilj oS v wdliae @ ,yud
37.13 + 13.12 18.28 +7.54 s Knee flexor strength (QF)
Exercise
72.68 £ 6.21 70.24 + 4,98 JAs HS o313 ouocS 3L woMas & yad
Control S 2 °
. Knee extensor muscle
92.14 +6.21 63.70 + 4.98 o strength Hs
Exercise
10.93 + 2.60 11.06 + 2.89 Jrs o LEP Gl elwil g9 8hes 93
Control (o}m')
840 + 2.02 11.60 + 2.74 e Lower Extremity Functional
Exercise Strength (LEP) (score)
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Table4- Mean and standard deviation of research variables
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S lasliw! Bl il g (5l S laslivw! Bl il g (Sl Groups Variable
Mean + SD Mean + SD
Jrs
45.88 + 11.85 45.74 +11.82 Control | 4 <5 yiaed cLde &8 caps
40.50 + 9.74 37.02 +7.39 O HIQ Ratio s ez
Exercise
Jrs
13.80 + 2.93 13.80 + 3.54
Control (0 503) bgiduw ylas
12.33+1.49 15.86 + 3.94 G Fall risk (score)
Exercise
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Table 5- Leven Test results between groups

olobxe foyi obj yaio
Significance F-score Time Variable
0.86 0.02 apoiflufen b $0 S dos oaw yiwsd
Pre—_test (FRT) biows! Jobas
0.38 0.79 093l Functional Reach or
Post-test Static Balance
(FRT)
0.92 0.01 S Mogle) ool by Jols
Pre—_test (TUG) 58, 9 cysmls
0.18 1.84 093l Dynamic balance
Post-test Timed get up and go
(TUG) test
0.19 1.72 Seollfen cuwly b IMC
Pre-test IMC right leg
0.06 3.64 o3l
Post-test
0.19 1.72 o905 L cwwly b IFF
Pre-test IFF right foot
0.06 3.64 o9o5lom
Post-test
0.16 2.01 o303 ey sy gy HO
Pre-test HO right foot
0.12 2.46 o3l
Post-test
Pre-test
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0.25 1.33 o995l Right leg COP index
Post-test

0.51 0.43 Sl «= b IMC
Pre-test IMC left leg

0.55 0.34 905
Post-test

0.42 0.65 Seoiflufn oz gL IFF
Pre-test IFF left foot

0.52 0.42 o9e3lm
Post-test

0.08 3.21 Sl «z sLHO
Pre-test HO left foot

0.78 0.07 o905l
Post-test

0.13 2.38 Sl « 6L COP w3l
Pre-test Left leg COP index

0.98 0.001 o993l
Post-test

0.06 4.160 Sl (DP) ios o
Pre-test Proprioception (DP)

0.27 1.24 o905l
Post-test

0.82 0.49 il B 0disS p Hlas & yud
Pre-test (QF) sil;

0.07 3.43 O9o3lom Knee flexor strength
Post-test (QF)

0.70 0.15 il 0diaS 3L wdlas &y
Pre-test Hs P

0.63 0.23 093l Knee extensor
Post-test muscle strength Hs

0.76 0.96 3ol Besy S plasl A5 @ yud
Pre-test LEP

0.25 1.33 99yl Overall lower limb
Post-test strength LEP

0.11 2.70 aeoiflufn EMas @408 Comwi
e il 4 S s

0.27 1.21 o903l H/Q Ratio
Post-test

0.78 0.078 Sroiiluden bgiw yhs
Pre-test Fall risk

0.12 414 5031 m
Post-test
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Table6- Results of ANOVA repeated measures between groups

2558 Sl s (il g 5T ol

Results of repeated measures analysis of variance g
09,5 lelas 3 ok Variable
Group Interactive effect Time
*p=0.049 *p-0.001 *p=0.001 Canas | Jlss
m"=0.131) m"=0.488) M'-0.548) Static balance
p-0.429 *p-0.001 *p-0.001 bgy Jols
" =0.022) m"-0.312) n'=0.332) Dynamic balance
p-0.57 p-0.015 p-0.812 caly 5 IMC
my =0.012) @y =0.192) "=0.002) IMC right leg
p-0.170 p-0.945 p=0.145 cewly b IFF
" =0.066) @' -0.001) m'=0.074) IFF right foot
p-0.545 p-0.351 p=0.064 Casly g4 HO
m" =0.013) @' -0.031) "=0.117) HO right foot
p=0.000 p=0.000 p=0.005 s4 COP asli
@" =0.025) @" =0.009) " =0.249) ol
Right leg COP
index
p-0.326 p-0.932 p-0.921 ez sk IMC
" -0.034) " =0.001) '=0.001) IMC left leg
p-0.988 p-0.962 p-0.821 = &b IFF
" -0.001) ar -0.001) " -0.002) IFF left foot
p-0.09 p-0.030 p-0.002 « g4 HO
" =0.098) " -0.158) n"-0.284) HO left foot
p-0.237 p-0.481 p-0.181 s COP asli
m" =0.050) m" =0.018) M"=0.063) Ps
Left leg COP
index
p-0.935 p=0.02 p-0.001 e u>
m" =0.001) m" =0.159) " =0.405) Proximity
OMae @ ud
p-0.45 p-0.001 p-0.001 15 oS pt
m" =0.020) " -0.465) n"=0.413) Knee flexor
muscle strength
OMase @ ud
p-0.23 p-0.03 p-0.01 15 i 3
m" =0.05) " -0.146) n"=0.146) Knee extensor

muscle strength
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sl IS @ yud
p-0.252 p-0.001 p-0.001 S
m" =0.047) m" =0.341) " =0.380) Overall lower
limb strength
M @ yad o
& SOy ymod
p-0.094 p-0.049 p-0.567 sl
m" =-/-3Y) m" =YY M =+/Y) Hamstring to
quadriceps
muscle strength
ratio
p=0.780 p-=0.001 p-=0.001 boiuw yhas
m" =0.003) M’ =0.398) m"=0.398) Risk of falling
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