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Effects of Stair gait Training After Heel-raise Exercise on Balance, Muscle Strength, Muscle Tone, and Muscle
Stiffness in Stroke Patient : Single Subject Reserch Design
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Purpose The aim of this study is to investigate the effects of stair gait training after heel-raise exercise on balance,
muscle tone, muscle stiffness, and manual muscle strength in stroke patients. Methods This study conducted stair gait
training after heel raise exercise in a 53-year-old patient with right hemiparesis due to cerebral infarction. The study was
designed and conducted using an ABA design among single-subject research methods and was carried out over a total of
8 weeks. Measurements used were posture analyzer, plantar pressure analyzer, 10 meter walk test(10MWT), Time up and
20(TUG), Five Times Sit To Stand(STSTS), Berg Balance Scale(BBS), MyotonPRO and Wireless muscle tester. Results
The Standing posture analysis, Plantar pressure, IOMWT, TUG, 5TSTS, BBS, Muscle tone and stiffness, MMT values
showed significant changes in the intervention stage B, and this was maintained in the regression stage A'. Conclusion
The stair gait training conducted after heel-raise exercises was effective in improving balance, gait ability, and muscle
strength in stroke patients. It was also effective in reducing muscle tone and stiffness in the affected lower limb.
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Table 1. General characteristics of the subjects

Gender Male
Age (year) 53
Weight (kg) 60
Height (cm) 170

Hemiplegic side Right
Stroke type CI (Lt. BG)

Onset (month) 16
K—MMSE 24

Cl: Cerebral infarction, BG: Basal ganglia, K—MMSE: Korean version
Mini Mental Status Examination
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(A) (B) (®)
Figure 1. (A) Plantar flexor stretching exercise (B) Heel
raise exercise (plantar flexor concentric contraction) (C)
Heel lower exercise (plantar flexor eccentric contraction)
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Figure 2. Stair training
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Figure 3. (A) exbody® 9100 MOMI analyzer (exbody Inc.
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Figure 4. (A) Myoton®PRO (MyotonAS, Estonia) (B) Commander echo wireless muscletester (J—tech, USA)
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Figure 5. Comparison of standing posture alignment in the frontal plane
(A) Baseline Phase (B) Intervention Phase (C) Regression Phase

@ 53 57| 25 & TE AT

Fob

20|

==
=S

2HE0f DIxl= P © SRR « 55

rio

xfe| 2

02

28, 27iEE o



NEUROTHERAPY 2024;28(2):51-65

Figure 6. Comparison of standing posture alignment in the sagittal plane
(A) Baseline Phase (B) Intervention Phase (C) Regression Phase
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Figure 7. Comparison of plantar pressure analysis in static posture
(A) Baseline Phase (B) Intervention Phase (C) Regression Phase
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Figure 8. Comparison of plantar pressure analysis in dynamic posture
(A) Baseline Phase (B) Intervention Phase (C) Regression Phase

o], o] 299le] el HukRO0o] V1A WANTE FE ok BTt SAEAE AR g7 A ke g

3 542 HYlckFigure 7). o] ZIEUT, T57] A9 X WY Qo] At
4 A1) B AL 4 I I B e sl ©

Ao QIs) hl% o] ) PP gelo] EAHG)

56 = Effects of Stair gait Training After Heel-raise Exercise on Balance, Muscle Strength, Muscle Tone, and Muscle Stiffness in Stroke Patient : Single Subject Reserch Design



U, ol

Table 2. 10 meter walk test

Variable AlPre—baseline) BllIntervention) A’(Regression)
10 meter walk test (sec) 33.27+0.80 36.91+2.01 34.85+1.03

M+SD: mean + standard deviation
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mean

M-28D
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w
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30 A(Pre-baseline) B(intervention) A'(Regression)
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Figure 9. Comparison of 10MWT Times at the Baseline Phase, Intervention Phase, and Regression Phase. The dashed line
represents phase averages, while the solid line is twice the standard deviation of the baseline phase.

3. 100|Ef Z7| ZHAK10—meter walk test, 1OMWT) 4, AojLtM Z7| ZAL (Time up and go, TUG)
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Table 3. Time up and go test

VELETI) A(Pre—baseline) BlIntervention) A’(Regression)
Time up and go test (sec) 40.49+1.17 35.35+0.83 34.58+1.63

M+SD: mean + standard deviation
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Figure 10. Comparison of TUG Times at the Baseline Phase, Intervention Phase, and Regression Phase. The dashed line
represents phase averages, while the solid line is twice the standard deviation of the baseline phase.
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Table 4. 5 times sit to stand

VELETI) A(Pre—baseline) BlIntervention) A’(Regression)
S times sit to stand (sec) 16.71£1.36 13.85+0.62 13.65+0.6

M+SD: mean + standard deviation
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12 | J L ] L J
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Figure 11. Comparison of 5TSTS times at the baseline phase, intervention phase, and regression phase. The dashed line
represents phase averages, while the solid line is twice the standard deviation of the baseline phase

5. 53| oiict AojAM7| HAK5-times sit to stand, 6. 1 7?3 AT (Berg balance scale, BBS)
5TSTS) 7124 DAl 34.241.327, A TANA 39.2+0.87F,
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A A A BHaghEth W Fgks Hol Jo3t Aus HYrKTable 3).
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Table 5. Berg balance test

Variable A(Pre—baseline) BlIntervention) A’(Regression)
Berg balance test (score) 34.2+1.32 39.2+0.87 41.8+0.4

M+SD: mean + standard deviation
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Figure 12. Comparison of BBS score at the baseline phase, intervention phase, and regression phase. The dashed line
represents phase averages, while the solid line is twice the standard deviation of the baseline phase.
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Table 6. Change of Rectus femories muscle tone and muscle stiffness

Variable
Muscle tone (Hz)
Stiffness (N/m)

Muscle

Rectus femories

A(Pre-baseline)
16.4+0.68
310.6+17.79

A’(Regression)
14.01+0.37
303.13+£25.27

BlIntervention)
14.09+1.07
309.7+48.03

M+SD: mean + standard deviation

Muscle tone(Hz)
&
<’.
b

11 - I—'* I'—‘l*
10 AlPre-baseline) Biintervention) A'(Regression)
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Muscle stiffness({N/m)

220 — —_
* * *
200 A Pre-baseline) B{intervention)} A'{Regression)

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

B)

Figure 13. Comparison of rectus femories muscle tone and stiffness at the baseline phase, intervention phase, and
regression phase. (A) Rectus femories muscle tone (B) Rectus femories muscle stiffness. The dashed line represents
phase averages, while the solid line is twice the standard deviation of the baseline phase.
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Table 7. Change of Vastus medius muscle tone and muscle stiffness

Variable AlPre-baseline) BlIntervention) A’(Regression)
Muscle tone (Hz) 14.14+0.23 12.61+0.49 12.19+0.7
Vastus medius
Stiffness (N/m) 248.8+12.92 229.1+14.73 222.07+18.00
M+SD: mean + standard deviation
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14.5 270
260
M-25D 20
135 2d0 mean
ZE 13 f 230 A
,5 12.5 Z gl \/
E Z a0
2 1 o
= 5 200
g —_—
115 L < = 19 #
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Figure 14. Comparison of vastus medius muscle tone and stiffness at the baseline phase, intervention phase, and
regression phase. (A) Vastus medius muscle tone (B) Vastus medius muscle stiffness. The dashed line represents phase
averages, while the solid line is twice the standard deviation of the baseline phase.

Table 8. Change of Medial gastrocnemius muscle tone and muscle stiffness

Variable AlPre-baseline) BlIntervention) A’(Regression)
Muscle tone (Hz) 16.84+0.82 13.47+1.86 12.88+1.07
Medial gastrocnemius
Stiffness (N/m) 278.9+19.61 232.27+32.43 237.73+12.57
MxSD: mean + standard deviation
18 330

310
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270

250 AI-.‘SD
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Figure 15. Comparison of medial gastrocnemius muscle tone and stiffness at the baseline phase, intervention phase, and
regression phase. (A) Medial gastrocnemius muscle tone (B) Medial gastrocnemius muscle stiffness. The dashed line
represents phase averages, while the solid line is twice the standard deviation of the baseline phase.
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Table 9. Change of Lateral gastrocnemius muscle tone and muscle stiffness

Variable Al(Pre-baseline) BlIntervention) A’(Regression)
Muscle tone (Hz) 16.84+1.82 13.87+1.32 11.61+1.21
Lateral gastrocnemius
Stiffness (N/m) 297+38.43 275.67+52.82 215.73+32.37
M+SD: mean + standard deviation
21 400
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15 v " M 300 :
S " I\\.'..:I’ M.}s[) E
T 13 = mean
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e V .V/'\... » /\ / A
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(A) (B)

Figure 16. Comparison of lateral gastrocnemius muscle tone and stiffness at the baseline phase, intervention phase, and
regression phase. (A) Lateral gastrocnemius muscle tone (B) Lateral gastrocnemius muscle stiffness. The dashed line
represents phase averages, while the solid line is twice the standard deviation of the baseline phase.

Table 10. Change of Quadriceps muscle MMT

Variable AlPre —baseline) BlIntervention) A’(Regression)
Quadriceps muscle MMT(kg) 1.44%0.20 2.41+0.16 2.65+0.16

M+SD: mean + standard deviation

2.8

26 mean
/ \ mean

2.4 ~"

M+25D

18

1.6

14 mean

1.2
A(Pre-baseline) B(intervention) A'(Regression)

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Figure 17. Comparison of quadrices MMT at the baseline phase, intervention phase, and regression phase. The dashed line
represents phase averages, while the solid line is twice the standard deviation of the baseline phase.
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