J Korean Soc Phys Med, 2025; 20(2): 83-93
https://doi.org/10.13066/kspm.2025.20.2.83

Online ISSN:2287-7215
Print ISSN:1975-311X

Research Article

AAAEAD

T

filo
o
oSk
=
[»
4
(m
Mo
o
(o]
-ﬁn
<)l
£
&,
f
N
3
rl:l
o
.
i
N

Effects of Squat Exercise with Whole-Body Vibration on Proprioception in Chronic Stroke Patients
with Knee Hyperextension

Hee Jin Lee, PT, MS - Han Suk Lee, PT, PhD'

Department of Physical Therapy, SRC Rehabilitation Hospital
'Department of Physical Therapy, Eulji university

Received: March 4, 2025 / Revised: March 24, 2025 / Accepted: May 6, 2025

(©2025 J Korean Soc Phys Med

| Abstract |

PURPOSE: This study examined the effects of the squat
exercise combined with whole-body vibration (WBV) on
proprioception in chronic stroke patients with knee
hyperextension.

METHODS: A randomized controlled trial was conducted
with 25 chronic stroke patients assigned to either the
experimental group (n= 11), performing squat exercises with
WBYV, or the control group (n = 14), performing only squat
exercises. Both groups exercised five times per week for six
weeks. Proprioception was assessed using the joint position

sense test. Statistical analyses included the Friedman test for
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within-group comparisons, the Mann-Whitney U test for
between-group differences, and the Wilcoxon signed-rank
test for post-hoc analysis. Two-way ANOVA was used to
assess the interaction effects of time and group.
RESULTS: Both groups showed significant improvements
in proprioception over the 6 weeks (p < .05). A greater
improvement was observed between 0 and 6 weeks in the
experimental group compared to the control group (p <.05).
The Mann-Whitney U test confirmed a significant difference
in proprioception enhancement, favoring the experimental
group.

CONCLUSION: The squat exercise combined with WBV
effectively enhances proprioception in chronic stroke patients
with knee hyperextension. This intervention demonstrates
superior benefits compared to squat exercises alone and may
serve as a valuable rehabilitation strategy for improving

proprioceptive function.

Key Words: Knee joint, Proprioception, Stroke
Rehabilitation, Whole body vibration
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Fig. 1. Galileo Med L, Novotec-Germany, 2018.
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Table 1. Whole body vibration stimulation with squat exercise
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Warm up Exercise:

Smin Lower extremity stretching exercise

Core stability exercise

Starting position

20min

Ending position

Maintain squat 15second, Total 10 times x 3set

Vibration setting:

Amplitude 4mm, frequency 21~29Hz

Posture and movement: Squat
1 set, 1 minute rest

Smin

Cool down Exercise:
Relax breathing exercise

Whole body stretching exercise
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Table 2. Squat exercise
Warm up Exercise:
Smin Lower extremity stretching exercise

Core stability exercise

Starting position

Ending position

20min
Maintain squat 15second, Total 10 times x 3set
Posture and movement: Squat
1 set, 1 minute rest
Cool down Exercise:
Smin Relax breathing exercise

Whole body stretching exercise
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Table 3. General characteristics of the subjects
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Category Experimental group(n = 11) Control group(n = 14) p
Gender(Male/Female) 9/2 6/8 .014*
Age(yr) 66.55 + 14.35 56.64 £ 11.40 432
Weight(kg) 71.18 + 12.95 71.14 £ 9.16 254
Height(cm) 166.09 + 9.35 165.14 = 11.37 137
MMSE-K 28.64 + 1.29 2836 + .93 .091
MAS 2.09 + .30 243 £ .76 132
FAC 3.00 £ 0.89 2.50 £ .65 304

Values are mean + standard deviation

MMSE-K: Mini-Mental Status Examination-Korean version
MAS: Modified Ashworth Scale

FAC: Functional Ambulation Category

*p < .05
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Table 4. Intra- and inter-group comparison of proprioception changes using friedman and mann-whitney U tests

Change Mann-Whitney

2
Group 0 week(a) 3 week(b) 6 week(c) X p Post-hoc (pre-post) U test (p)
" >
EXper(lI’:’e_ml‘ll)Gm“p 12467 £ 508 1135° £ 444 6267 +3.10° 1962 000" ° 7% 6200 £ 217
ot ’ 19.500 (.001%)
. >
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Values: mean + standard deviation

X2 p: Friedman test

a,b,c: Post-hoc (Wilcoxon Signed-Rank test): Comparison between time points
Mann-Whitney U test: Inter-group comparison of pre-post changes

*p < .05

Table 5. Change of proprioception according to group and time (Two-Way Repeated Measures ANOVA)

SS df MS F P
Time 313.862 2 156.931 137.764 001"
proprioception Time*Group 30.671 2 15.335 13.462 .081
Error 52.400 46 1.139

SS: Sum of Squares, df: degree of freedom, MS: Mean Square.
*p < .05
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