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Clinical Feasibility of Wearable Robot Orthosis on Gait and
Balance Ability for Stroke Rehabilitation: A Case Study
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'Deptartment of Prosthetics & Orthoics, Korea National University of Welfare, Pyeongtaek; 2Department of Physical Therapy, Gyeonggi-Incheon
Medical Rehabilitation Center, Incheon; *Department of Occupational Therapy, Howon University, Gunsan, Korea

Purpose: The emphasis on gait rehabilitation after stroke depends on training support through the lower limbs, balance of body mass
over the changing base of support. However, muscle weakness, lack of control of lower limb, and poor balance can interfere with training
after stroke. For this case study report, a wearable robot orthosis was applied to stroke patients in order to verify its actual applicability

on balance and gait ability in the clinical field.

Methods: Two stroke patients participated in the training using the wearable robot orthosis. Wearable robot orthosis provides patient-
initiated active assistance contraction during training. Training includes weight shift training, standing up and sitting down, ground
walking, and stair up and down Training was applied a total of 20 times, five times a week for 4 weeks, for 30 minutes a day. Gait ability
was determined by Stance phase symmetry profile, Swing phase symmetry profile, and velocity using the GAITRite system. Balance ability

was measured using the Biodex balance system.

Results: Subjects 1, 2 showed improved gait and balance ability with mean individual improvement of 72.4% for velocity, 19.4% for
stance phase symmetry profile, 9.6% for swing phase symmetry profile, and 13.6% for balance ability.
Conclusion: Training utilizing a wearable robot orthosis can be useful for improvement of the gait and balance ability of stroke patients.
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Figure 1. (A) Weight shift training utilizing wearable robot orthosis. (B)
Gait training utilizing wearable robot orthosis.
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Table 1. Comparison of functional outcome measure

Measurement Baseline Post-intervention Difference

Velocity (cm/sec)

Subject 1 16.5 26.4 60%

Subject 2 137 253 84.7%
Stance phase symmetry profile

Subject 1 022 0.17 22.7%

Subject 2 0.25 0.21 16%
Swing phase symmetry profile

Subject 1 0.42 0.36 14.2%

Subject 2 0.41 0.39 5%
Balance ability

Subject 1 345 2.58 252%

Subject 2 2.89 2.04 29.4%

www.kptjournal.org 125



KPT The Journal of
Korean Physical Therapy

uy

at

ZHAT= Table 10f] JERJQITE B34 = A} 10] 16.5 cm/sol]
A 264 cm/s= 60% SFAE AL, HAFAF 2= 13.7 cm/sof| A] 25.3 cm/s 2.
2 84.7% SPAPEIQIC 217] SR AR R 10] 022 0.17
o & 227% MAEIQIL, AR} 2= 0257 0| A] 0.21- 2. & 16% 7Y
AEEE 271 A G= AR 10] 042704 0365 2 =2
14.2% A=, AR} 2= 04178001 A4] 0.397 0 & 5% SFAFE|QICE
T35 2 T AL 10] 34570l A 2.58% 0. = 25.2% /AL, o
AR} 22 897 0f| A 2,047 © 2 29.4% TFATE| QT

oz
& A Ao A e HES EAIA 283 2RE27]E o83t
TS AR & B 1o ol Maprh Ueh=A] dopE an
A} SRl 475710] FRo) A Haidte of WP R| 4 T1e Al ot Y
s ol Al Bl LElT

B5S EE3 AEEAS = ko] =g W o g A|A]
S a1 Qlok oA 7R = B ARl W 0 = ARRE A QT 955
I AR5 E S EAP = A2 shaL QAT 4178 7140 1
3] YA A= QAT ST 2R A A A2 ARE &
of 2| &elele B-88h o A= Ao] AL, 28 RO AR
= UF EEe 7o shol dAfe s BEAE ST 4 jlo]
H-E5 £Y 5 Q& Zoltk” HEF SRtoll A A 2RAAE
< T2 1P e s Ef i oA AlgE AAET = st AE
Sl As& ARS8k, thel o] FA|US ot B 2HA]
250 7 SAE|olglT) o5 AHIE FRt HEH o2 257159
FA} B0l HYPH e BAo] S At ek

HEFHLL Pt 7154 A2 FofE EAES slEs]
9ol T 54L& Holste Zlo] Sasteh o3 IAIE el
Qlo] AFA WA (abstract-tasks) 2 T 71312 A (concrete-tasks) S 4
k= o] Fasittt 53] HEFEA] 7 S fldiA=
L) 2 WollA 71521 e Ee] 3E o = =4 9L
< 7154 IAIE Algshs Aol S5t & Aol A= 283
EREZ7|E S8 Yo R o dojA7], 7] AT 2=
715 AEsteict ole gt S-S ol A7) &5 BA| 27, At 2
2719 155 S/ 4= QlHk7 o9 B2 3 S AR
5ol 3HA19) 2 AUS B Tl Basv S SHIA &
mHH]E SR8 ASAIA] 589 S 1S 24719 A St
£ 7Pk ARARA ASAAEH S SR A o B L=
O} 589] S 7PA R 2 oA HEFT] Fetol HAke

126 www kptjournal.org

Young Il Shin, et al.

F71= Q18] B o] A W 62
0] AL 7SS R0l
FAL QAN T E BYA 02 Saetkar, o5

A7) Sl BeAole HEF BAe)

N
o
jiAA
i
10
)

N

%
)

3!

e
o

ol
g
lo
ol
i

i

ot
o|N
)
o
4o
<t
o
-4
fujr
o o
[isd
c
N
olr
Yy
é
ﬁ
~
o
r
o
f
ol
ol
jubad

2 A g9 PN W IR A B E B A

ol

2 oA e tRT-S ARSI (7] WiEel HES S =1
A7} 289 2 B 279 S RS 4= qlglk sk 45
7He) FA717kell Baat o] 7]z RTt imof] B 3 A
289 ZREE 7] 7]0071 QS Ao &2 A7t 28 2R
27| SO R AT RET 1A 7|52 EoE 4 e IS
2l A 52 (capacity)o]] FE3}e] 2t 4=8(performance) & o] & o]
2= Qltk o] & I8l 2 7o) Bt Ak SHES HAIE = Qlrk ot
£ oH] 2EEI} v walA = Fu)7} 2har, A HolofA] ZgtAde]
Hojutt o] %] Ateli= 289 R 271E o] 8% 153t
o] ek A5 AleliA] 71 A E Alwutol g Zo|ck
ACKNOWLEDGEMENT

This paper was supported by research funds provided from Howon Uni-

versity.

REFERENCES

1. Janet C, Roberta S. Neurological rehabilitation: optimizing motor per-
formance. 2nd ed. New York, Churchill Livingstone, 2010:104-15.

2. Refshauge K, Ada L, Ellis E. Science-based rehabilitation: theories into
practice. Elsevier Health Science, 2005:168-71.

3. Shim HB, Cho HY, Choi WH. Effects of the trunk stabilization exercise
on muscle activity in lumbar region and balance in the patients with
hemiplegia. ] Kor Phys Ther. 2014;26(1):33-40.

4. Lee KH, Kim HS, Han DW,, et al. The effect of bobath and conventional
method in gait of adult hemiplegic patients. ] Korean Soc Phys Med.
2008;3(4):277-84.

5. Mehrholz ], Werner C, Kugler ], et al. Electromechanical-assisted gait
training with physiotherapy may improve walking after stroke. Stroke.
2008;39(6):1929-30.

J Kor Phys Ther 2015:27(2):124-127



Training with Wearable Robot Orthosis

6. Ryerson SD. Hemiplegia. In: Umphred DA. Neurological rehabilitation.
3rd ed. St. Louis (MO): The C. V. Mosby Company; 1995:681-721.

7. Sale P, Franceschini M, Waldner A,, et al. Use of the robot assisted gait
therapy in rehabilitation of patients with stroke and spinal cord injury.
Eur ] Phys Rehabil Med. 2012;48:111-21.

8. Wong CK, Bishop L, Stein J. A wearable robotic knee orthosis for gait
training: a case-series of hemiparetic stroke survivors. Prost Orthot Int.
2012;36(1):113-20.

9. Bilney B, Morris M, Webster K. Concurrent related validity of the GAI-
TRite" walkway system for quantification of the spatial and temporal pa-
rameters of gait. Gait & posture. 2003;17(1):68-74.

10. Patterson KK, Parafianowicz I, Danells CJ,, et al. Gait asymmetry in
community-ambulating stroke survivors. Arch Phys Med Rehabil. 2008;
89(2):304-10.

11. Arnold BL, Schmitz R]. Examination of balance measures produced by
the biodex stability system. ] Athl Train. 1998;33(4):323-7.

12. Stein J. Robotics in rehabilitation: technology as destiny. Am J Phys Med
Rehabil 2012;91(11 Suppl 3):199-203.

13. Stein J. Adopting new technologies in stroke rehabilitation: the influence
of the US health care system. Eur ] Phys Rehabil Med. 2009;45:255-8.

14. Wu C, Trombly CA, Lin K., et al. A kinematic study of contextual effects

on reaching performance in persons with and without stroke: Influences

J Kor Phys Ther 2015:27(2):124-127

JKPT

of object availability. Arch Phys Med Rehabil. 2000;81(1):95-101.

15. Yoo JS, Park CH, Ha HG,, et al. Neuroplasticity induced by robot-assist-
ed gait training in a stroke patient-a case report. Brain & NeuroRehabil.
2008;1(1):1-9.

16. Thielman GT, Dean CM, Gentile A. Rehabilitation of reaching after
stroke: task-related training versus progressive resistive exercise. Arch
Phys Med Rehabil. 2004;85(10);1613-8.

17. Horst RW. A bio-robotic leg orthosis for rehabilitation and mobility en-
hancement, Conf Proc IEEE Eng Med Biol Soc. 2009:5030-3.

18. Kim SH, Chot JD. The effect of gait training of progressive increasing in
body weight support and gait speed on stroke patients. ] Kor Phys Ther.
2013;25(5):252-9.

19. Lee JS, Nam KW, Kim KY,, et al. Effect of weight bearing exercise on
weight bearing and balance for patients with chronic stroke. ] Kor Phys
Ther. 2012;24(4):253-1.

20. Kim JY, Han KJ, Seo TH. The effects of action observational training and
visualization training on balance and gait in stroke patients. Korea En-
tertainment Industry Association. 2012;6(4):305-12.

21. Lee DS, Lee KH, Kang TW, et al. Effect of early robot-assisted training
using virtual reality program in patient with stroke. ] Kor Phys Ther.
2013;25(4):195-203.

www kptjournal.org 127





