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Effect of Dorsiflexion Balance Exercise on Leg Muscle Activity and
Balance in Stroke Patients
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Abstract This study was conducted to determine the effect of increased range of motion achieved by
dorsiflexion of the ankle joint in stroke patients. The subjects were 20 chronic stroke patients who met
the selection criteria. Ten were randomly assigned to a dorsiflexion posture balance exercise group (the
experimental group) and 10 to a flat ground balance exercise group (the control group). All then
received intervention 3 times a week for 4 weeks. Significant (p{.05) intergroup differences were found
between the tibialis anterior and soleus leg muscles and between balance results (p<.05). Presumably
because the tibialis anterior and soleus muscles were activated by exercise and improved balance
stability. The results suggest dorsiflexion should be used to increase ankle joint range of motion and

restore balance in stroke patients.
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Table 1. General characteristics

Experimental Control group
Items group (n=10) (n=10) b
M%SD M%SD
Age (years) 65.40+5.19 65.30+4.62 .964
Hight (cm) 155.10+2.02 155.60+2.41 .622
Weight (kg) 57.40+4.95 54.40+2.99 118
BMI (kg/mt) 23.84+1.68 22.47+1.27 .055
Disease (month) 17.40 £ 2.61 19.34 + 1.91 129
Stroke Type
(hemorrhage/ 4/6 5/5 .653
infarction)
Side of stroke
lesion (left/right) 6/4 73 639
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Table 2. Changes in muscle activity and BBS in
experimental group
E-group
Gruo T ,
Ttemes Pre-test Post-test p
M+£SD M+SD

Rectus | g1314 125 | 94424145 | -4750 | .001
Femoris (%)

. Biceps | g078+1.88 | 84.1042.60 | -3.992 | .003”
emoris (%)

Tibialis | 155374103 | 107.4843.45 | -5.206 | .001"
Anterior (%) T T : :
Soleus (%) | 52.2842.16 | 55.76+2.56 | -4.292 | .002"
BBS (scores)| 40.5+2.76 44.80+1.87 | -5.177 | .001"
p .05, "p<.01

E-group: dorsiflexion posture balance exercise group
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Table 3. Changes in muscle activity and BBS in
control group

C-group
Gruo T ,
Itemes Pre-test Post-test p
M+SD M+SD

Rectus 92.50+1.70 | 93.67£1.20 | -2.374 | .042°
Femoris (%)

Biceps | g170+235 | 83704230 | -2.739 | .023°
Femoris (%)

Tiblalis | 103 704264 | 105572201 | 2385 | .041°
Anterior (%) e Do)+ L. . .
Soleus (%) | 51.56+1.94 53.28+2.12 | -2.491 | .034
BBS (scores)| 41.00+1.33 | 43.10+1.73 | -3.473 | .007"

p €.05, "p<01
C-group: flat ground balance exercise group

3.3 ©E 7t 02| Z2EdEet 7Y HatH|w
g A T3 Bl B0
2 gt Zo|7F UERHATHPL.05)(Table 4).
Table 4. Changes in muscle activity and BBS between
the groups
Pre-test Post-test
Itemes group F p’
M%SD M£SD
E- 91.31+ 1.25(94.42+1.45
Rectus | "8O7P 1932 | 182
Femoris (%) C-group [92.50+1.70[93.67+1.20
i E- 80.78+1.88|84.10+2.60
Biceps | Z8TOTD 0.655 | .430
Femoris (%) C-group |81.70+2.35|83.70+2.30
hiali E- 102.37+1.93| 107.48+3.45 N
le,“ihso sroup 374193 3 4728 | .044
Anterior (%) C-group |108.79+2.64|105.57+2.01
E-group [52.28+2.16|55.76+2.56 .
Soleus (%) 4.579 047
C-group [51.5641.94(53.28+2.12
E-group [40.5%2.76 [44.80+1.87 .
BBS 5499 | .031
(scores) | C-group |41.00+1.3343.10%1.73
p (.05

E-group: dorsiflexion posture balance exercise group
C-group: flat ground balance exercise group

=}
=

4.1
Has BA0) A dAbgEe] B AR AL
A =, ol QI8 Y%l 74zt et g 9]
Pl 47 o] Gk, 10T AL FANE o
2% B0l FP50] Fiske] YPBE B
I S I S0, G & A 8
SAolA A HAA71Y] SR A

1S o e J’]— ﬂ_‘%
< At HEle] 284k, Il viAl=

o

il O

o}
=

=
IS

509

ot A} S},

Lee®} Chol21]2 &% T5ad Ze7} 10° vRhel
A8 o $I Aol W5 it
o} AmA| o] ANALT) AT B 1SR, Lee
o} Park[22] WEHE 710 wet gttt ‘”01’\171
L=o] Y=o 7 HAgE AR Q3 g 2=

o) %82 3sh7] ol 2ol ool 9B
3} WAL et Fol7h Uehdg Bustgow,

Cho®t Choil23]2 E=849] 7]'501] w2} P,
7R, @R, g2 2845t
—v—ZPS‘]__i 2718 B skt 183 Jacobs S124]
Y] FPAH A &5 Bt EEud AAlA
A &50] B EIGS FTA FEHEE © &
& Husigith £ AFolME UEEd AAlolA
TS ST AT, BEI A AN 4B
AL 2 Jdt LH o] 459 2T E H|
3t A3, %j‘jr‘j/]cg‘:} doe =g, 87 7t
Au|Lof| A EAEH o R 895t xjo|7t VR Ytk
oM 87823 71| 2ol| ARt BAEH R {9
g Aol7t Yehyth 11 o] fEe UeuEd AAllA +
P25 Al S FHS] At £ &0l 8
Elo] EA] Hofst= LT TR 84
37 o yehd Aeg moEch
A ZAeA AAE FFAIZ17] IsliA]
g UEd ko] o o, E9)
Fol o B2 7]o}E Slal Yl Z 08 HIE0(A]
tH25,26]. 1HEE R {A4T E7FEH LY
Fae d33E AFFE AA ATH27]. Tsai 5
28] =T AAo] e HEF T W=
71FABAHE ol&sto] WEHES 541 SASHH
Fole] 59 5RHY TR0l F5HA Hastod
TEde] 5 WAV E 7 SV Baskel,
Waller 52912 HEF A& &2 A AAoflA
A5 SA5t] #3358 FFE Basigion,
Kim 53012 4R0& HAo & vt dE3A 4 s
Be FPEH0] 4o WE 54 FFol "I A
#35Eo] PHET Y Rusyich & AfoAE Es
T AN HBEe< SAT AP, BT AR
oM #FE5Z AT 2 I W +38< vl
3t A, AEF dixgte] #olA AR
OIgt Zpol7t ey, Fd oAz FASE o=
Ozt A7k UEdth 1 ol E+= = AAY

o
F2eol dgxd 9 ARl Aede SV st

F

R o

L
1=l

7]

=27 ‘—l

od A
ol &
a3

ol

L HIE.
i 20H

Jo Jo K rI:L

o



9]
pil

V71 &85 =82 A25d Al1E, 2024

: A7 e s

o] ;q,L H]—O]—

J2=0] 174 4&7]4 ol Al Jstod
9y Qe HES EREZ Ay, AT
AR A 7 A, 45 AG X5} AR 5
= A8 X3k7] meel B HEF SRl it
LRSS A717100 APE deke A, @A Fofstal

o 280k W B83lret YT 5 FAHA
Sstalel WAvh BAY - GEt dold. Tene

5 AT oleigt AAS Betsto] g7t Ay
Holof & Aoltt.

5. 22
T5EY AN d82-E2 SA Aot B
g AN Wt B eE= XH‘ET o] ek Yol A
EEJ%?% FHoNA EASHEOR 8ol o]} Lhet

et ZolMs P73 7ol 123 3ol
*1”& SASHOE §olg Holsk vebiteh. HALY 74
£ 8| A Bt F1El 29S W) Az
%Z*%F AEoA olo] B Hi thel 280] 2

Po} 0%7(47}.1_],} 7};(]-1::]:!. iug = 57}9]. \:_1%01
Fuol 298 Aoz WHHT, oy HEE B4
chele] 2843 YRS AT BHo2 ASFY A
AIE Z&3foF & Aoz A,

References

[1] B. Belgen, M. Beninato, P. E. Sullivan, K. Narielwalla,
“The association of balance capacity and falls self-
efficacy with history of falling in community-dwelling
people with chronic stroke”, Archives of physical
medicine and rehabilitation, Vol.84, No.4, pp.554-561,
Apr. 2006.

DOI: https://doi.org/10.1016/j.apmr.2005.12.027

S. B. O'Sullivan, T. J. Schmitz,
rehabilitation: FA Davis, 2019.

[2] G. Fulk, Physical

3] T. Ro, T. Ota, T. Saito, O. Oikawa, “Spasticity and range
of motion over time in stroke patients who received
multiple-dose botulinum toxin therapy”’, Journal of
Stroke and Cerebrovascular Diseases, Vol.29, No.1,
pp.1044-1081, Jan. 2020.

DOI: https://doi.org/10.1016/i.istrokecerebrovasdis.20

19.104481

510

4]

[8]

[10]

[11]

[12]

(13

[14]

E. De Vlugt, J. H. De Groot, K. E. Schenkeveld, J.
Arendzen, F. C. van Der Helm, C. G. Meskers, “The
relation between neuromechanical parameters and
Ashworth  score stroke patients’, Journal of
neuroengineering and rehabilitation, Vol.7, No.1,
pp.1-16, July. 2010.

DOLI: https://doi.org/10.1186/1743-0003-7-35

I. S. Kim, Effects of Exercise With Flossing Band in
Paretic-Side Ankle Joint on Range of Motion, Muscle
Tone and Balance of Patients with Stroke, Master’s
thesis, Graduate School of Medical and Health
Industry, Daegu Catholic University, pp.5-7, 2022.

C. R. Basnett, M. J. Hanish, T. J. Wheeler, D. J.
Miriovsky, E. L. Danielson, J. B. Barr, T. L. Grindstaff,
“Ankle dorsiflexion range of motion influences
dynamic balance in individuals with chronic ankle
instability”, International journal of sports physical
therapy, Vol.8, No.2, pp.121-128, Apr. 2013.

in

F. Gao, Y. Ren, E. J. Roth, R. Harvey, L. Q. Zhang,
“Effects of repeated ankle stretching on calf muscle—
tendon and ankle biomechanical properties in stroke
survivors”. Clinical biomechanics, Vol.26, No.5,
pp.516-522, Jun. 2011.

DOL: https://doi.org/10.1016/i.clinbiomech.2010.12.003

H. R. Kim, H. J. Kim, J. W. Lee, J. Y. Lee, J. E. Lee,
H. M. Koo, ‘The Effect of Adjusted Balance Training
and Muscle Training on Balance Using Ankle Strategy”,
PNF and Movement, Vol.12, No.3, pp.133-142,
August. 2014.

DO https://doi.org/10.21598/]KPNFA.2014.12.3.133

G. L. Almedia, R. L. Carvalho, V. L. Talis, “Postural
strategy to keep balance on the seesaw”, Gait and
Posture, Vol.23, No.1, pp.17-21, Jan. 2006.

DOI: https://doi.org/10.1016/j.gaitpost.2004.11.020

H. S. Lee, Dose ankle joint exercise improve isometric
strength and balance ability than thigh exercise?,
Master’s thesis, Graduate School of Sports Science
Dankook University, pp.1-2. 2019.

J. E. Pérez Parra, C. P. Henao Lema, “Effect of joint
mobilization on the H Reflex amplitude in people
with spasticity”, Revista Ciencias de la Salud, Vol.9,
No.2, pp.125-140, 2011.

A. D. Kay, A. J. Blazevich, “Effect of acute static
stretch on maximal muscle performance: a systematic
review”, Medicine & Science in Sports & Exercise®,
Vol.44, No.1, pp.154-164, Jun. 2012.

DOI: https://doi.org/10.1249/MSS.0b013e318225cb27

T. Van Criekinge, W. Saeys, L. Vereeck, W. De
Hertogh, S. Truijen, “Are unstable support surfaces
superior to stable support surfaces during trunk
rehabilitation after stroke?”, Disabil Rehabil, Vol.40,
No.17, pp.1981-1988, Aug. 2018.

DOI: https://doi.org/10.1080/09638288.2017.1323030

N. L. Lewis, J. M. Brismée, C. R. James, P. S. Sizer, S.
F. Sawyer, “The effect of stretching on muscle responses
and postural sway responses during computerized




HES EAY o 289 2459 43 EE5FAA 45 0] vAE IF

(15]

[16]

(171

(18]

(19]

[20]

[21]

[22]

(23]

[24]

dynamic posturography in women and men”, Archives
of physical medicine and rehabilitation, Vol.90, No.3,
pp.454-462, Mar. 2009.

DOI: https://doi.org/10.1016/j.apmr.2008.09.570

H. M. Lee, The Effect of Pilates Exercise and
Transcranial Direct Current Stimulation on Core
Stability, Balance and depression of stroke patients,
Master’s thesis, Sahmyook Universtity, pp.22. 2023.

D. K. Lee, J. S. Kim, T. H. Kim, J. S. Oh, “Comparison
of the electromyographic activity of the tibialis
anterior and gastrocnemius in stroke patients and
healthy subjects during squat exercise”, Journal of
physical therapy science, Vol.27, No.1, pp.247-249,
Jun. 2015.

DOTI: https://doi.org/10.1589/ipts.27.247

L. Blum, N. K. Bitensky, ‘Usefulness of the Berg
Balance Scale in stroke rehabilitation: a systematic
review’, Physical therapy, Vol.88, No.5, pp.559-560,
May. 2008.

DOI: https://doi.org/10.2522/pti.20070205

J. Y. Lee, H. L. Roh, “Comparison of Balance Ability
between Stable and Unstable Surfaces for Chronic Stroke
Patients”, Journal of the Korea Academia-Industrial
Cooperation Society, Vol.12, No.8, pp.3587-3593,
Aug. 2011.

DOL: https://doi.org/10.5762/KAIS.2011.12.8.3587

B. H. Ryu, Effects of physical therapy intervention
methods for enhancing ankle joint range of motion
on range of motion, muscle tone, plantar pressure,
balance and gait in subjects with chronic stroke, Ph.D
dissertation, Graduate School of Namseoul University,
pp.21-22. 2019.

M. S. Cho, “The Effect on Ankle Joint Movement by
FES Application on Tibialis Anterior Muscle in Chronic
Stroke Patients’, Journal of Korean Society of Physical
Medicine, Vol.6, No.3, pp.277-286, Jun. 2011.

J. H. Lee, ]J. W. Cho, “Comparative Study on the
Immediate Effect of Performing Gastrocnemius
Stretching with and without Myofascial Release of the
Sole on Ankle Dorsiflexion Angles and Gastrocnemius
Muscle Tone in Subjects with Limited Ankle
Dorsiflexion”, Korean Society of Physical Medicine,
Vol.77, No.1, pp.109-116, December. 2022.

DOI: https://doi.org/10.13066/kspm.2022.17.1.109

M. M. Lee, D. S. Park, “A Comparison of Muscle
Activation and Mechanical Loading according to the
Degree of Ankle Joint Motion during a Sit-to-stand
Task”, Korean Society of Physical Medicine, Vol.12,
No.4, pp.113-122, October. 2017.

DOI: https://doi.org/10.13066/kspm.2017.12.4.113

Y. H. Cho, J. H. Choi, “Muscle Activities of the Lower
Extremity based on Ankle Plantar-flexion in Elderly
Women”, Journal of Korean Physical Therapy, Vol.21,
No.4, pp.57-63, November. 2009.

J. V. Jacobs, J. S. Lou, J. A. Kraakevik, F. B. Horak,
“The supplementary motor area contributes to the

timing of the anticipatory postural adjustment during
step in participants with and without
Parkinson's disease”, Neuroscience, Vol.164, No.2,
pp.877-885, December. 2009.

DOI: https://doi.org/10.1016/j.neuroscience.2009.08.002

[25] K. B. Lee, Y. H. Park, E. K. Song, T. R. Yoon, K. 1.
Jung, “Static and dynamic postural balance after
successful mobile-bearing total ankle arthroplasty”,
Archives of physical medicine and rehabilitation,
Vol.91, No.4, pp.519-522, Apr. 2010.

DOL: https://doi.org/10.1016/i.apmr.2009.12.017

initiation

[26] S. Vedula, R. E. Kearney, R. Wagner, P. J. Stapley,
“Decoupling of stretch reflex and background muscle
activity during anticipatory postural adjustments in
humans”, Experimental brain research, Vol.205, No.2,
pp.205-213, Aug. 2010
DOI: https://doi.org/10.1007/s00221-010-2357-5

[27] J. M. Lim, Effects of Ankle Strength and Range of
Motion on Static Balance Capacity of the Elderly,
Master's thesis, Graduate School of Public Health
Gachon University, pp.24-25, 2012.

[28] K. H. Tsai, C. Y. Yeh, H. Y. Chang, J. J. Chen, “Effects
of a single session of prolonged muscle stretch on
spastic muscle of stroke patients”, Proceedings-National
Science Council Republic of China Part B Life
Sciences, Vol.25, No.2, pp.76-81, Apr. 2001.

[29] S. M. Waller, M. G. Prettyman, “Arm training in
standing alsoimproves postural control in participants
with chronicstroke”, Gait Posture, Vol.36, No.3,
pp.419-424, Jul. 2012.

DOI: https://doi.org/10.1016/i.gaitpost.2012.03.025

[30] N. Kim, K. Kim, J. Lee, H. Lee, Y. Cha, “Effects of
Balance Training through Various Ankle Inclination
on Dynamic Balance in Healthy Adults”, Journal of
Korean Physical Therapy Science, Vol.25, No.3,
pp.61-67, Jun. 2018.

DOI: https://doi.org/10.26862/ikpts.2018.12.25.3.61

8 & 2(Seung-Yun Baek) EER)
* 202049 24 : ARtegta oistd
SR (EYAETHAD
20239 29 AltEhn ek
EX T} (EYXETHA
20229 3¥ ~ @A : AYEw
EA g Fdus

(TAEoR
AZ2 A, AFA 25



A7 &5hE =1 A A25d A%, 2024

Z H 2Jeong-Il Kang) (M5

« 200749 29 : YYgstw stolst
A& kel (o]3kEAp
+ 20084 3¥Y ~ @A : Mgt

Ex st

512



