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Wrist Rehabilitation Training Device Using Pneumatic
Inflation and Deflation of Air Cells
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Abstract: In this paper, we propose a wrist rehabilitation training device using pneumatic inflation and deflation of
air cells. By alternating inflation and deflation of upper and lower air cells, the device makes the flexional and exten-
sional movement for wrist rehabilitation. With the angular displacement sensor, it measures the flexion-extension
angle of the wrist during the training and the bending angle is used for the automatic control of the device. Using
the sensor output, the regression equation was obtained to measure the bending angle of the wrist from a wrist reha-
bilitation training device. The measurement error of the device was evaluated by comparing the measurement output
with the angle from the photograph. The measurement error of wrist bending angle between the sensor and photo
was 3.2° in average. With additional test and improvement, the pneumatic wrist rehabilitation training device might

be used for rehabilitation training.
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Fig. 1. Configuration of the wrist rehabilitation training
device using pneumatic inflation and deflation of air cells.
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Fig. 2. The wrist rehabilitation training device and experi-
mental setup.
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Fig. 3. The control and status display of the wrist rehabilitation training device.
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analysis of wrist bending angle against the sensor output.

Kele]

Al =2

& (degree)
.

+

A s

root mean square error = 2.7 (degree)
35 I I L I I L I I L L
0 10 20 30 0 0 60 70 80 20 100 110

5
MHEtE& Al2H (second)

T2 5. 3 w@ate) 23, Al 28] HHE ofjA]. (11 9]EA}, @ A}
oA 24L&l 1HE 74w | O AlAo|A] 243t 48 L] Zhe),

ol T ‘l“\:l"1 o T

Fig. 5. Two cycles of ﬂexmn and extension of the wrist

4
22
==

(subject 11, ® bending angle from photo, O bending angle
from sensor).

7Y A%g ojgn.

y=110.8x — 136.0 )
PNERE 23 £ PRY ek Alonry
3 £% LRY 4ES wasts 24 @ An Golt
3.2+3.2°2 Rt 07 5= AR OoRHE Ja &2 L
Ny zheet &8 ARBUAAE ST £2 7Y g4
£ |wa Afolth. T 2wt AR GASP WS A
2 o 4 gtk
Atel gAE ol gsto] WHEAQl PAES Ba A8
oM &% ABEAS ATY 5 UL Akt 23
H £ 15 4ul mUEe) Ao] W A EASHHe
S WL 0] 18 7]
zom MAY £ THY 2w WA £5 250l



Journal of Biomedical Engineering Research 36: 37-42 (2015)

AoIA Ak &5 %
oflTt FU ol §3te] WA £ue| B} A 2%
bs !

P
>
oP

[0
=
2
B
m \(
Fot
re
o

ol
=

1o
=

4 2 o

=2 Y .

# AL ) 7 barkd AFY & A AU
U Qurle] A9 oF 1 bardlH AEFE Selstact. &
i

of o] AT SAE HiFe R Hrs EA 3k

oL} EBo] o] WAIT AetE YIS AT
s oz AT o] FsT o= Az,

ofof g}, B ATolA AakE AN AT AL o]

Ho] 42 WolF Yo LR ool meF ooz ¥

o] o B o} A5 S AMgSHE WAl okA
5

oA AR Ao AEANZ &5 2458 2450 §
QA ololdl V] S ZHT 5 glo] AFOR
S AT 0lF0 HARA AuElES THY 28

ol
ARt g L8] BAeE Wl et 2L 23
30°9h 4171 30° Atold] ZHE W91 Algte] o] glrk. o
BHe Aakst 44X o) 71750} ofolale] 27 Qs 9
A

LIS =

e
Z
2t

oAt A&kt FA = Ao Al MR Q] E5ol Z4y)
A #Eol 7R RISk el 71HRet ofofAl

o] s B9 == 60° AA 60% o

Lo
B
%
:

> &%
2 WAY ezt ek 3719 ool Sl up)
sfo] ool 19| B efo|PL s A, WA 7}
5% AR AzHE ojolue] £5u BYA AR B
PO MERE] g Aol Uglom, ol AutetAlz 2
o Y HES fEsle JHR Aol HET 5 U
Ao AZELh 717] B4 A o] ks ofoldl Eulo]
Mol Yol 71525 BAS Aos|AE o
052 AR AEet g A8 ART 5 9)
2 R0z Yz, A AAFANE FEHEE F)
She 71zl go] Yot HASP FIUETE AG
sfel 32 & 4 e o= Yz

#ito) AFEA7)Y) ok Ak, 7%, A WA

rlo
o
T,
2
©
0
B3
o
a)

AAA 29, 33 9
7t lo] Agle] WM A Mk
wFE T g Agelth 717]9)
7122) 71719] vjsh AR 717]
Jof Aele] Fukste] Ak el Fofurx
o] 7K Aoz Y2t

FoAME nhulE o] $HYS
ShEg 5] e WaloE 7}

Atste] £50] 23, A &

=2

& 52

X

oF o

41 o ot

i)Y
x5

Mo

1o

ol
o
rr

i)

)

>

o

¥

O
<
>
o
i
(e
W

il

Al

o
T N
il

§

- ol
o 0 X
= fru
2 et ol of

e > o
%

o nlo g "
[rf

(U ke

o] ol A2
=

)
o
et

=2 N o=

ol
i
op
ol
-
fr

2 rp

22 2 fo
ek
for
[
oX
)

i
=
i
_o|_15
2
=
it
iN_,‘
hu
r G
2
2

o

F‘(‘f Flot

ol l‘ﬂ

E =
04 & © oo ia

o

ol
o
N
1
o

T
=
S
>
Ko
o
)
ol
O
ot
iu)
O
0,
S
of
N
)
o
-
el
w o,
= 0
L e -

=

Fafstar Agstste] flojeglgol 3l
otk STt &5 7l AolE FESI7MAE 2
AejA =7] gigel gzl oA FArt A
Foll ARERA] 7] 913 l=Fo] Pas)
Sz Al 7)71E o8t AgTdS & A

2 Fejo] A T ZRIaFo| opd A
A7z} 7= (visual feedback) &=|7} 323hE A |
A T AlLgomo) o] Fasitt.

21t w0l 7kt 7171E AEe

32 b

N
R e
L

I

rlo

=]

-

B o e
N

Jgrﬂ:r

Reference

[1] J.T. Low, S. Payne, and P. Roderick, “The impact of stroke on
informal carers: a literature review” Soc. Sci. Med., vol. 49,
no. 6, pp. 711-725, 1999.

[2] A.Shumway-Cook and M.H. Woollacott, Motor control: the-
ory and practical applications: Williams & Wilkins Balti-
more, 1995.

[3] R.J. Nudo, “Remodeling of cortical motor representations
after stroke: implications for recovery from brain damage”
Mol. Psychiatry, vol. 2, no. 3, pp. 188-191, 1997.

[4] W.H. Chang and Y. Kim, “Robot-assisted Therapy in Stroke
Rehabilitation” Journal of stroke, vol. 15, no. 3, pp. 174-181,
2013.

[S5] A. Esquenazi and A. Packel, “Robotic-assisted gait training
and restoration” Am. J. Phys. Med. Rehabil., vol. 91, no. 11
Suppl 3, pp. S217-27; quiz S228-31, 2012.

[6] G. Kwakkel, B.J. Kollen, and H.I. Krebs, “Effects of robot-
assisted therapy on upper limb recovery after stroke: a sys-
tematic review” Neurorehabil. Neural Repair, vol. 22, no. 2,
pp. 111-121, 2008.

[7] M.H. Lee, J. Son, J.Y. Kim and Y.H. Kim, “Development of
an active training system for rehabilitation exercise of hemi-
plegic patients” J. Biomed. Eng. Res., vol. 32, no. 1, pp. 1-6,
2011.

[8] S.E. Fasoli, H.I. Krebs, M. Ferraro, N. Hogan, and B.T.
Volpe, “Does shorter rehabilitation limit potential recovery
poststroke?” Neurorehabil. Neural Repair, vol. 18, no. 2, pp.
88-94, 2004.

41



42

oS o] g7t &5 A2

e}

A - olgddl - 39R - Fasl

ot

[9] C.H. Hwang, J.W. Seong, and D.S. Son, “Individual finger

synchronized robot-assisted hand rehabilitation in subacute
to chronic stroke: a prospective randomized clinical trial of
efficacy” Clin. Rehabil., vol. 26, no. 8, pp. 696-704, 2012.

[10] H.I. Krebs, N. Hogan, M.L. Aisen, and B.T. Volpe, “Robot-

aided neurorehabilitation” Rehabilitation Engineering, IEEE
Transactions on, vol. 6, no. 1, pp. 75-87, 1998.

[11] D. Gijbels, I. Lamers, L. Kerkhofs, G. Alders, E. Knippen-

berg, and P. Feys, “The Armeo Spring as training tool to
improve upper limb functionality in multiple sclerosis: a
pilot study” Journal of neuroengineering and rehabilitation,
vol. 8, no. 5, pp. 1-8, 2011.

[12] Maestra Hand and Wrist CPM, Thera Thch Equipment.

[Online]. Available: http://theratechequip.com/products/kinetec-
maestra-hand-wrist-cpm/

[13] P. Heo, GM. Gu, S. Lee, K. Rhee, and J. Kim, “Current hand

exoskeleton technologies for rehabilitation and assistive
engineering” International Journal of Precision Engineering

and Manufacturing, vol. 13, no. 5, pp. 807-824, 2012.

[14] Y.M. Kim, I. Moon, “DULEX, A Wearable Hand Rehabilita-

tion Device for Stroke Survivals” Journal of Institute of Con-
trol, Robotics and Systems, vol. 16, no. 10, pp. 919-926, 2010.

[15] E. Koeneman, R. Schultz, S. Wolf, D. Herring, and J. Koen-

(16]

eman, “A pneumatic muscle hand therapy device,” in Proc.
26th Annual International Conference of the IEEE Engineer-
ing in Medicine and Biology Society. San Francisco, USA,
Sep. 2004. pp. 2711-2713.

S. Kang, S. Chen, GH. Kim, K. Kim, S. Back, H. Shin, G. Jo,
M. Hwang, and H. Choi, “Continuous passive motion(CPM)
devices using air pressure system,” in Proc. 2014 Bio-
Medical System and Smart-Care Conference, Jeong-
seon, Korea, Feb, 2014, pp. 83-86.

[17] J. Won, H. Sim and C. Han, “A development of rehabilitation

system for upper limb using robot manipulator” J. Biomed.
Eng. Res., vol. 24. no. 4, pp. 309-318, 2003.



