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Characteristic Analysis of Lower Limbs Muscles in Young Normal Adults on a Tilting
Bed Using an Unstable Platform
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We investigated an early rehabilitation training system that increase the intensity of patient
rehabilitation training to shorten the time it takes for patients to progress to a secondary
rehabilitation training stage by allowing patients incapable of self-ambulation. It consisted of tilting
bed, unstable platform using strong springs and training program for lower limb rehabilitation. We
performed experimental study on the muscular activities of tibialis anterior(TA), soleus(SQO),
gastrocnemius(GA) in the lower extremities during training of straight line, circle, quardrangle
pattern during tilting angle of 30°, 60°. The muscle activities were higher during tilting angle of 30°
than 60°. In straight line pattern, the muscle activities were higher by SO, GA and TA during
medio-lateral direction, however, by TA, SO and GA during anterio-posterior direction. In circle
and quardrangle pattern, the muscle activities were higher by TA, SO and GA during clockwise
and counterclockwise direction. The results indicate that the early rehabilitation training system
could be applied to improve the lower extremity muscular strength for elderly and patients,
especially, stroke.

Key Words: Strong Spring (&8 2 Z3), Unstable Platform (& 2FS &), Tilting Bed (& AHEICH), Lower Limb Exercise (SHA|
23), Electromyogram (28 &)
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Fig. 1 Rehabilitation training system on tilting bed using
unstable platform with strong springs
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(a) Straight line pattern (b) Quadrangle pattern

(c) Circle pattern
Fig. 3 Training program for COP moving on various
patterns
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Table 1 The speculation of various patterns
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Fig. 4 Integrated EMG in straight pattern with different
tilting angle (*p<0.05, **p<0.01)

different tilting angle

pattern | tilting | right/left | TA/GA | TA/SO
direction | angle leg ratio ratio
30 right 0.59 0.28
medio- left 0.89 0.84
lateral 60 right 0.53 0.24
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left 6.67 3.63
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Fig. 5 Integrated EMG in circle pattern with different
tilting angle(*p<0.05, **p<0.01)

Table 3 TA/GA and TA/SO ratio in circle pattern with
different tilting angle

pattern | tilting | right/left | TA/GA TA/SO
direction | angle leg ratio ratio
right 9.17 7.33
clockwise 30 l'eft 5.87 4.40
right 4.50 2.25
60 left 7.00 2.63
30 right 11.71 5.13
counter left 7.05 3.50
clockwise 60 right 7.01 2.33
left 3.25 2.17
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Fig. 6 Integrated EMG in quadrangle pattern with
different tilting angle (*p<0.05, **p<0.01)
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Table 4 TA/GA and TA/SO ratio in quadrangle pattern

with different tilting angle

pattern | tilting | right/left | TA/GA TA/SO
direction | angle leg ratio ratio
30 right 21.23 11.93
. left 12.11 7.50

clockwise ;

60 right 9.02 3.14
left 6.02 2.25
30 right 18.50 12.33
counter left 16.40 6.83
clockwise 60 right 8.67 5.20
left 3.03 1.51




ol

FSZUSSE X M 28 H 125 pp. 1425-1433

December 2011 / 1431

5. A&

B oA E 7)Ee] e APauA o
2 g3HQ AFEA AHRE IS F JA=FE F
qazE BEQMARS kst AAEOE 27|AE
Nzde Aagle. AApel 30°, 60° zHeol
A A4, 98, 42 |l s 25 A £9

Agow 4d 4% GA
o] A= (plantar flexion)®ll
AA AT Sl dd

r
fo
o
fit
]
ofl
BN
o2l

ok
O
4
)

o H to
H
>
r
o
Q
> 1
rd
i
w
o
rd
1o
i)
odt

ek ol rll
X, ot & [o o

e o
Lo o

0,
H
o >
e
(o
N

S ¢ F U B 2 Fd Ay
QHg el wnjtto] whol glo], AAHE T
=2 34 255 sty Z3-o] A% (locking)
inverted pendulum® %<& &7 Hr} olw &
TEZ ATAE 4017 s FHH W=
(dorsiflexion) ¥ A =3o] TN 3o
StHA Bt RS 7)ol A "k mebs A
O AAMETZE wolithd, AFAe A 7F ot
A3 EQHgel woldle @A FF74ETL
ZholA) 7] wiitel] FH ARG R AT AAE
WA 717]7F o)Al Ho £3d 2K ALEF

o

M2 M e e o BN

ox JH

A48 Wee A4S H9ua

Al SO, GA, TA =AQl Wi, 5o s &=

f
ol
o
)
Mo

&

[e]
&5 A& TA, SO, GA #2222 FA37t =t
ol Fweked vjs A MSEIL FAH=
=& wrEdor i AF Wk &F 54 A
TA ©-°] GA ¢} SO ol vl3] o @o] &Ad3tE S
25 2 5 It 98y A4E e A$

Alek WEAA] EFell A 8hA] &5 Al TA, SO, GA
=

3 (pronation)2} 3] 9] (supination)E A}-&3f|oF 3}
= 53 ddeld ER4dY A% A EE AFA
T ARG wWFA 7= 259 Al A
o

ol

r
12 s
+

o,
rd
2
Hox

o,

o
-

Q
>
%@ i
R
o
w2
o

[
05
ol
r_Yki
¥ 4 o ML

of i ol FHIHIUS
Ao wEpE 2
[e)
RS

i 32
r

dol A&HE Aol
[e)
=
(o]
[*)

o M

Koo rlu fo rou

X H}EEY

=)
LY

e, o
>4
0 dlo

ES
$1&  Posturomed(Hider
Bioswing, Germany)Z W&E#d 58 4% o
ToAAME dAA=T 2457 =4 dede A
F& BHYonB® B Aol ALgE Hetgda
7V f-AEskthal = = Air Cushion(Terapi Master,
Norway)® 2 AHldA = AujEd, 9@¥SS,
ZbAm 23 Ze 255 A
ol AFHAT? mEpA
A3AM = FRRYgs B3
Aol aFAQYE Ao E AAFST) gk
s AAl =S AAE, 93, AME H-
9 & 24319 Aol =
gol| grFo] gAgo R A T A& AA

=] O A=
7heee o AT

ST
> rll
i)
oy
S
Mo
Mo oL off tz

i
f
o
o

ooft rle okt rlr ot ¥R

P A7k e AARFen FH A 9
TA &9 A3 =7 29d AL A9

o SAM ot ¥ we SRS
otk ol SAtEle] #a o] 1
7] W, BF AvE S
v @A 3 vjaz) FrhE ook gt}

X, (5
e
9

6. 48

 ATelM s A

NS 27 LTS
ool 307, 607 Aol A

tlo
o

M
rot

=
i3

ol

ok
3R

=2

onl

~

~ =
N,

_E_&Xi
2 4

I oft

1> e
Ol
ol

e Ane Aotk AAzE
ANAEI Fess G480} A
N4 A5 =

nglth HALE dAele)
g, 99, A4y e 2

o

rlr o oft

0%t N
©
SR =D

v
ooy
=2

ox X

to
i
r
iic]

b

o 7



December 2011 / 1432

o1 wolv], ol Mg FH %Fo] Wi
Hom #AE A4 AN A5Ee &+ 9
ok,

oyl AT AR APy BodRe FF
& AAANY 2ABA 2 9 B4 5
o 2% FANsUCE S48 & dnh =
@ B9 oS AREAY TP FH, AE
2 7} A9 A4 sj" el Faysolop shm,
e 2/ A% Fdo wdst me4 ol
BA4E WO F JFH dolE FHol B4
of Ylg A7t Wasih

“o] =i 2011 | S AF A ST E
1y Skl eg i dH A A AR o2
H Aol FaE AFY” HIARATFEHA
At /A=A A7) DAL A S, QoLT 7= /ALY
/No. 10036494)

A

o

028
1. Anderson, T. P., “Rehabilitation of patient with

complete stroke, Krusen's Handbook of Physical
Medicine and Rehabilitation, 4th ed.,” WB Saunders
Co., pp. 656-678, 1990.

2. Cavell, G. E. and von Swearringer, J. M., “Neuro
muscular analysis,” Physical Therapy, pp. 656-678,
1990.

3. Shin, J. B., Moon, J. H., Oh, H. T. and Sohn, M. K.,
“A Clinical Study of Early Rehabilitation in Stroke,”
J. of Korean Acad. Rehabil. Med., Vol. 12, No. 1, pp.
78-84, 1988.

4. Brandstater, M. E. and Shutter, L. A., “Rehabilitation
interventions during acute care of stroke patients,”
Top Stroke Rehabil., Vol. 9, No. 2, pp. 48-56, 2002.

5. Burgar, C. O., Lum, P. S., Shor, P. C. and Machiel
Van der Loos, H. F., “Development of robots for
rehabilitation therapy: the Palo Alto VA/Stanford
experience,” J. Rehabil. Res., Vol. 37, No. 6, pp. 663-
673 2000.

6. David, C. and Good, M. D., “Treatment strategies for
enhancing motor recovery in stroke rehabilitation,”
Neurorehabil Neural Repair, Vol. 8, No. 4, pp. 177-
186, 1994.

10.

11.

12.

13.

14.

15.

16.

17.

Ernst, E., “A review of stroke rehabilitation and
physiotherapy,” Stroke, Vol. 21, No. 7, pp. 1081-
1085 1990.

Yu, C. H,, Kim, K., Kim, Y. Y., Kwon, T. K., Ryu,
M. H. and Kim, N. G., “A New Training System
Using a Tilting Bed for an Early Rehabilitation,”
International Joint Conference on SICE-ICASE, pp.
5858-5861, 2006.

Seo, N. S., Han, M. S. and Lee, J. S., “Effect of a
Tilting Training Program on Lower Extremities
Function, Depression, and Self-efficacy among
Stroke Inpatients,” J. Korean Acad. Nurs., Vol. 36,
No. 3, pp. 514-522, 2006.

Kim, B. J., Lee, S. K. and Kim, M. K., “The Effects
of Ankle Strength Exercise and Functional Electrical
Stimulation on the Ability of Balance Control and
Gait in Stroke Patients,” Journal of Sport and Leisure
Studies, Vol. 31, pp. 921-931, 2007.
Bohannon, R. W. and Larkin, P. A,
extremity weight bearing under various standing

“Lower

conditions in independently ambulatory patients with
hemiparesis,” Phys. Ther., Vol. 65, No. 9, pp. 1323-
1325, 1985.

Lee, Y. J., Kim, C. H., Choi, J. S. and Jo, G. Y.,
“Soleus Myopathy Induced by Passive Stretch in a
Stroke Patient-A case report,” J. of Korean Acad.
Rehabil. Med., Vol. 23, No. 3, pp. 664-669, 1999.
Yarkony, G. M., Roth, E. J., Heinemann, A. W., Wu,
Y. C, Kats, R. T. and Lovell, L., “Benefits of
rehabilitation for traumatic injury
Multivariate analysis in 711 patients,” Arch. Neurol.,
Vol. 44, No. 1, pp. 93-96,1987.

Shumway-Cook, A. and Woollacott, M. H., “Motor
Control 3/e:
Practice,” Lippincott Williams& Wilkins, pp. 203-210,
2006.

Daubney, M. E. and Culham, E. G,
extremity muscle force and balance performance in
adults aged 65years and older,” Phys. Ther., Vol. 79,
No. 12, pp. 1177-1185, 1999.

Smith, M. E., Garraway, W. M., Smith, D. L. and

Akhtar, A. J., “Therapy impact on functional outcome

spinal cord

Translating Research into Clinic

“Lower

in a controlled trial of stroke rehabilitation,” Arch.
Phys. Med. Rehabil., Vol. 63, No. 1, pp. 21-24, 1982.
Anderson, E., Anderson, T. P. and Kottke, F. J.,



ol

H2

Huzsts|x| H 28 H 125 pp. 1425-1433

December 2011 / 1433

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

“Stroke rehabilitation: Maintenance of achieved

gains,” Arch. Phys. Med. Rehabil., Vol. 58, No. 8, pp.

345-352, 1977.

Hesse, S., Bertelt, C., Jahnke, M. T., Schaffin, A.,
Baake, P., Malezic, M. and K. Mauritz, H.,
“Treadmill training with partial body weight support
compared with physiotherapy in nonambulatory
hemiparetic patients,” Stroke, Vol. 26, No. 6, pp.
976-981, 1995.

Miller, G. J. T. and Light, K. E., “Strength training in
spastic hemiparesis: Should it be avoided?”
NeuroRehabilitation, Vol. 9, NO. 1, pp. 17-28, 1997.
Sharp, S. A. and Brouwer, B. J., “Isokinetic strength
training of the hemiparetic knee: Effects on function
and spasticity,” Arch. Phys. Med. Rehabil., Vol. 78,
No. 11, pp. 1231-1236, 1997.

Ada, L. and O’Dwyer, N., “Do associated reactions in
the upper limb after stroke contribute to contracture
formation?” Clin. Rehabil., Vol. 15, No. 2, pp. 186-
194, 2001.

Piao, Y. J., Kim, K., Yu, M., Kwon, T. K., Kim, D.
W. and Kim, N. G., “Analysis on Training Effects of
Postural Control for Elderly Adults,” International
Journal of Precision Engineering and Manufacturing,
Vol. 10, No. 3, pp. 133-139, 2009.

Piao, Y. J,, Yu, M., Kim, Y. Y., Kwon, T. K. and
Kim, N. G., “Development of Training System for
Equilibrium Sense Using Unstable Platform and
Force Plate,” Journal of Korean Society for Precision
Engineering, Vol. 24, No. 6, pp. 121-129, 2007.

Lori, A., Bolala, L. and Timothy, U., “Reliability of
electromyographic  normalization methods for
evaluating the hip musculature,” Journal of

Electromyography and Kinesiology, Vol. 17, No. 1,
pp. 102-111, 2007.

Valmassy, R. L., “Clinical Biomechanics of the
Lower Extremities, Chap. 4, Spine, an integral part of
the lower extremity,” Mosby-Year Book Inc., St.
Louis, pp. 103-108, 1996.

Gage, W. H., Winter, D. A,, Frank, J. S. and Adkin,
A. L., “Kinematic and kinetic validity of the inverted
pendulum model in quiet standing,” Gait and Posture,
Vol. 19, No. 2, pp. 124-132, 2004.

Soderberg, G. L., Cook, T. M. and Rider, S. C.,
“Electromygraphic selected

activity  of leg

28.

29.

musculature in subjects with normal and chronically
sprained ankles with normal and chronically sprained
ankles performing on a BAPS board,” Phys. Ther.,
Vol. 71, No.7, pp. 514-522, 1991.

Muller, O. and Krauss, M., “Physical characterization
of the therapeutic device posturomed as a measuring
device presentation of a procedure to characterized
balancing ability,” Biomed. Tech., Vol. 49, No. 3, pp.
56-60, 2004.

Han, S. W., Kwon, M. J., Cae, Y. W, Baek, Y. Y.,
Jeong, H. B., Kim, K. T. and Yoon, J. R,
“Electromyographic of ankle

analysis muscles

according to unstable platforms,” Journal of

Coaching Science, Vol. 8, No. 2, pp. 231-239, 2006.



