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| Abstract |

PURPOSE: This study sought to investigate the effects of
treadmill gait training combined with a thoracic mobility
exercise on gait and balance in patients with stroke.

METHODS: In this single-blinded, randomized, controlled,
comparative study, a total of 20 patients at a rehabilitation

hospital who had suffered a hemiplegic stroke were randomly
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assigned to the experimental group (treadmill gait training
combined with a thoracic mobility exercise, n=11) or control
group (treadmill gait training without the thoracic mobility
exercise, n=9). All the participants underwent comprehensive
rehabilitation therapy (5 x /week for 4 weeks). Additionally,
the experimental group underwent 20 min of treadmill gait
training combined with 10 min of a thoracic mobility exercise
(3 x / week for 4 weeks) and the control group underwent the
former but not the latter. Gait and balance were measured
before and after the 4-week training.

RESULTS: Significant improvements were observed in the
10-m walking test (10 MWT), timed up-and-go (TUG) test,
center of pressure (COP) velocity, and COP length in the
experimental group (p <.05). This group also showed a larger
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decrease in the 10 MWT and COP velocity than the control
group (10 MWT, -3.02 sec vs. -1.68 sec, p <.05; COP velocity,
-.07 mm/sec vs. .08 mm/sec, p <.05).

CONCLUSION: Treadmill gait training, combined with
the thoracic mobility exercise, could be effective in improving
the gait and balance of stroke patients. It could also be more
effective in improving walking speed and static balance than

the treadmill gait training alone.
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Table 1. General characteristics of all the subjects
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4l o]F <4 (center of pressure path velocity, COP path
velocity) 5 H] gt A= Table 29} 2k A2 54
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Experimental group (n = 10) Control group (n = 9) t/x
Sex (male/female) 5/5 6/3 .540
Affected side (right/left) 3/7 2/7 .148
Damage factor (hemorrhage/infarction) 3/7 2/7 148
Height (cm) 162.70 + 7.21 166.88 + 8.85 1.136
Weight (kg) 64.20 + 9.85 69.66 £ 1532 935
Onset time (months) 5.50 £ 2.68 6.11 £ 2.93 475
Age (years) 51.60 £+ 16.30 55.77 £ 12.96 613

Values are expressed as means * standard deviations or numbers.
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Table 2. Comparison of gait and balance before and after training within each group and between the two groups

Experimental group (n = 10) Control group (n = 9) VA

Pre 19.29 + 9.18 14.88 + 7.35 -1.225

10 MWT Post 16.27 + 8.16 13.20 + 7.65 -.898
(sec) z -2.805* 2.431%

change -3.02 £ 1.58 -1.68 + 1.17 -1.716*

Pre 21.26 + 10.28 16.96 + 6.60 -.653

TUG Post 17.54 + 9.50 13.86 + 5.53 -816
(sec) z -2.803* 2.420%

change 371 £ 1.32 -3.09 + 2.99 -.898

Pre 290 + .38 2,64 £ 24 -1.513

COP path velocity Post 2.83 = .50 272 = .10 -.041
(cm / sec) z -1.683* -1.126

change -07 £ 28 08 £ 21 -1.676*

Pre 88.78 = 11.20 79.40 + 7.22 -1.551

COP path length Post 84.84 = 14.06 81.95 + 9.13 -.082
(mm) z -1.682* -1.125

change -1.95 + 842 2.55 £ 6.50 -1.551

Values are expressed as means + standard deviations

10 MWT, 10 m walking test; TUG, timed up and go test; COP path velocity, center of pressure path velocity; COP length,

center of pressure path length.
*p < .05

mm §-0J517) 2019, 91E FAH o SEL
07 cm/s §-9J5F a7 < X

3
Aol wlsl 34 0] % A mE fofak olt glalck

o
o
2

A FAUH o]F SRl FAHOE Ga Hol

7} Q9P < 05).

H7] flste] Attt 1 A3, swrleees 2
Aot EFETY e HY £e9k 54 Y HH 14
sEe FrefsH FAIZH. 53] By S} 44
T3 sHoMe EM=T SN AR e o
ol el AR o] Ak SwMrsEee A%
gt B B E7o] 71 el o anpad Ao
2hal ARt A+ 7MY dAJske Aol
SHleEs AU EfEY Y EH A
S YolE7] §laf AAIRE 10 m HPHA|A S 71s
5o A9t Eged By T2 SA Ao vls)
10 m EHPHAR AZE Fo5HA| AL SW71s
e A o2 AR H ot AR Tl
AT olet de Avts EF=Y HaY Ed Ao
AR SH7Esol EYET HY T 5 55
of ¢ 22de ¥ 4 Lol 5= A=F =313
moll By L7 P Ao e Pak



on
=3
~
O
Ho
O
1=
Y
iy
re
Im
o=
N
ne
HL
02
Ha
i
1=l
HU
[}
0z
=
=
TR
[uh}
y

X 2 Jis % 2% s DiXE 4 S WX 2L | 99

A Aol vla) 3922 GEE kT SHoch
A3t 2 i) Zueh AXBCHIS). Parki} Lee
o AN SHLELES WY HEE B B
LT 5 39.64 (cm/sec) Of|A] 47.82 (cm/sec) = F7HA
Chal BBk o] G A3 E3F £ T Ao
ARTHI8). HEF A M uh| kel A
A S A B4 okl eI HobA T,
HE Wl &) Wy 27]7} GopxIth26,27]. whet
A, SH7FEE S AR EYeY By SHE HE
5 e B 715 A SHlA Fagh 4TS 9
o 5 S ACE AzrEdh
2 Aol A At B4 4E s Bt
sk7] flske] A Al7] A A Al ksS4 o E
ols Az|¢t olF £EE HASIE T e
Edfey 292 S Aol vlal dupe ¢
& Aot o5 HEE FYsHA HdaAIFTE
FABHE &2t AR SAkE 1A
3 sYo] FAEUSS ov|TTh o]}
& AAlolA RgE &
= the] o] oA
oA =S wwol the #E o
AR S vH AR FSHEH23).

)
rlo
rlr ol

ol

ofN Mo W o
o

ﬂil

ofN Mo 1o
y
?_?E

o>
1o
o,

s

ofi
=

o

N

N
[
&
rir
R
U
e}
=2
i
m
52

m

=

2]

o
ot o rlo rir rlr

A=
oY o

)

‘L?‘ '

o

)

ot

B

5

=

)
L

rO
ox,

2
=

=]
o SO A A7) AA| A Al ek 4 Qe 9
ol% WAL 7463 mm® ZAA AT &) o] it
o
AN

4 A& SA4sk7] Sl AARE dofu Zeof
7171 AALIA, SM7HESES AR By B
TR dojuf Ao7br| AAF AE Rl @5
AlFT} olet T2 A, T 7Hs A #5S B
7h5o] 3 A Qo] F EE7|E Bt g4 & 5
U= TS AlFI] thizolil, S EH 5% 5ol
Al o] A FAlo] ANtA o2 AFSEo] 229 ¥9
£ Z7MF7) oz AR TH28]. Park Jeong -
HES SAE Ao SMtesS AASHITh
1 A3 HEF Y] Yojut Aolrhr] AAMEE

24 Aol vla) 62 BEE AT s}, o] Auh
= o] Ao} A FEHIS). A} Parke] @l
L SWELES T AT 50 HEEuR e
QJojut Zoj7p7] ARAZHE 4112 FHAA 7k B
Sloick o] A7 AT} Ea B o Aze} A9

B olite) ATE lslalo] 2es)ylof AgHdol
olet. 45ehe WA gL 7o) FA) HE 1)
9 ol Agets d, A AEd 24 Zeagel

v

o
o
=

o

A S|, SA © %}
+ Ak AL 2 e HES TR By SRS
el et o AAEL e FA WYY a3E
Stiskelr] f1gt o s SHrEe-Eo VS B

th= HollA Aoz 7A7) 9ls Ao R dhEnh
FF 2 A AR E Rl Swvieee] ave
ASshe d-s0] ofFoih, & d= SM7ke®

oo AT EY=Y B EEe duelet 4 Qe

T
1o
N
A
»

Ml
~{
i

v.aE

B ATE HEF 5 ok S8 o Supt
FoHS AU EAST Ny A T2o] HE
F 9 B 7l W 3 S vA EyE
Stobr ] Slaf AN 1 AL, SHELES
2T BT B TS HEF B 1Y )
2 79 5L PR, EED BAEAT A
AR By S% 2 HH 23 58 Gl o

(O
2
rO

noo
lo
fu
i
o,
-
Ruagpt
=)
=
o)
o o
=)
N
ot
5
o
il

et

=y
Ex)
oflt
ofr
1
=
s
=2

References

[1] Song JM, Kim SM. The effect of trunk stability exercise

on balance and gait in stroke patients. J Korean Soc



100 | J Korean Soc Phys Med Vol. 17, No. 4

Phys Med. 2010;5(3):413-20.

[2] Verheyden G, Vereeck L, Truijen S, et al. Trunk
performance after stroke and the relationship with balance,
gait and functional ability. Clin Rehabil. 2006; 20(5):
451-8.

[3] Wagenaar RC, van Emmerik RE. Resonant frequencies
of arms and legs identify different walking patterns. J
Biomech. 2000;33(7):853-61.

[4] Hesse S. Rehabilitation of gait after stroke: Evaluation,
principles of therapy, novel treatment approaches, and
assistive devices. Top in Geriatr Rehabil. 2003; 19(2):
109-26.

[5] Kim NH, Cha YJ. Effect of gait training with
constrained-induced movement therapy (CIMT) on the
balance of stroke patients. J Phys Ther Sci. 2015;
27(3):611-3.

[6] OH YS, Woo YK. The effects of backward walking
training with inclined treadmill on the gait in chronic
stroke patients. Phys Ther Kor. 2016;23(3):1-10.

[7] Waagfjord J, Levangie PK, Certo CM. Effects of treadmill
training on gait in a hemiparetic patient. Phys Ther.
1990;70(9):549-58.

[8] Miller EW, Quinn ME, Seddon PG. Body weight support
treadmill and overground ambulation training for two
patients with chronic disability secondary to stroke. Phys
Ther. 2002;82(1):53-61.

[9] Kim JS, Ahn JH, Lee HH, et al. The effect of treadmill
gait training accompanied by visual feedback on the gait
and balance of chronic stroke patients. PNF and Movement.
2017;15(2):133-40.

[10] Karatas M, Cetin N, Bayramoglu M, et al. Trunk muscle
strength in relation to balance and functional disability
in unihemispheric stroke patients. Am J Phys Med Rehabil.
2004;83(2):81-7.

[11] Johnson KD, Grindstaff TL. Thoracic region
self-mobilization: a clinical suggestion. Int J Sports Phys
Ther. 2012;7(2):252-6.

[12] Tto M, Kakizaki F, Tsuzura Y, et al. Immediate effect

of respiratory muscle stretch gymnastics and diaphragmatic
breathing on respiratory pattern. Respiratory Muscle

Conditioning Group. Intern Med. 1999;38(2):126-32.

[13] Kim YH. The effect of pulmonary function with thoracic
mobility exercise and deep breathing exercise in stroke
patients. The Journal of Korean Academy of Orthopedic
Manual Physical Therapy. 2015;21(1):13-20.

[14] Cho J, Lee E, Lee S. Effectiveness of mid-thoracic spine
mobilization versus therapeutic exercise in patients with
subacute stroke: A randomized clinical trial. Technol
Health Care. 2019;27(2):149-58.

[15] Park SH, Jeong EY. The immediate effect of thoracic
self-mobilization on balance and gait of acute stroke
patients. The Journal of Korean Academy of Orthopedic
Manual Physical Therapy. 2019;25(2):11-20.

[16] Jeong HJ, Kim BI. The effect of thoracic joint mobilization
on the changes of the thoracic kyphosis angle and static
and dynamic balance. Biomed Sci Lett. 2019;25(2):149-58.

[17] Park SH, Jeong EY. The immediate effect of thoracic
self-mobilization on balance and gait of acute stroke
patients. J Kor Orthop Man Phys Ther. 2019;25(2):11-20.

[18] Park DH, Lee KS. Effects of 6 week thoracic flexibility
exercise on balance, gait parameters and fall risk in patients
with chronic stroke; a randomized controlled study. Journal
of Korea Academia-Industrial Cooperation Society.
2020;21(6):498-507.

[19] Kim TW, Cha YJ. Effects of a real-time plantar pressure
feedback during gait training on the weight distribution
of the paralyzed side and gait function in stroke patients.
J Korean Soc Phys Med. 2022;17(2):53-62.

[20] Gill YJ, Oh SJ, Cha YJ. Effect of treadmill training
with ankle joint taping on gait function and balance ability
in patients with subacute stroke: a randomized, controlled,
preliminary trial. J Korean Soc Phys Med. 2022;
17(1):21-30.

[21] Jeong WM, Kim BR, Kang M. Effect of treadmill training
and proprioceptive neuromuscular facilitation lower leg
taping on balance and gait ability in stroke patients. PNF



% Jls ¥ 28 s 0Kz dh: PAY WX WHISET | 101

and Movement. 2016;14(2):83-91.

[22] van Loo MA, Moseley AM, Bosman JM, et al. Test-re-test
reliability of walking speed, step length and step width
measurement after traumatic brain injury: a pilot study.
Brain Inj. 2004;18(10):1041-8.

[23] Podsiadlo D, Richardson S. The timed “Up & Go™ A
test of basic functional mobility for frail elderly persons.
Journal of the American geriatrics Society. 1991;39(2):
142-8.

[24] Holmes JD, Jenkins ME, Johnson AM. Validity of the
Nintendo Wii® balance board for the assessment of
standing balance in Parkinson’s disease. Clin Rehabil.
2013;27(4):361-6.

[25] Park DS, Lee DY, Choi SJ. Reliability and validity of
the balancia using wii balance board for assessment of

balance with stroke patients. Journal of the Korea

Academia-Industrial cooperation Society. 2013; 27(4):
175-82.

[26] Park JH, Hwangbo G, Kim JS. The Effect of
treadmill-based incremental leg weight loading training
on the balance of stroke patients. J Phys Ther Sci.
2014;26(2):235-7.

[27] Kim SC, Hur YG. The effect of treadmill and body weight
support treadmill training on balance and gait ability in
hemiplegia patients. J Kor Phys Ther Sci. 2018;
25(1):31-43.

[28] Umberger BR. Effects of suppressing arm swing on
kinematics, kinetics, and energetics of human walking.
J Biomech. 2008;41(11):2575-80.

[29] An SH, Park DS. The effects of trunk exercise on mobility,
balance and trunk control of stroke patients. J Korean
Soc Phys Med. 2017;12(1):25-33.



