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Study on Gait Analysis of Elders and Hemiplegia Patients using 3D Motion Analysis
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Latest, many researchers do research on wearable robot. The purpose of the researches is very
diverse, it will improve efficiency in the industry, taken to replace the many workers in the military
field and taken to assist bodily functions run out by aging. However, there is no clear
Differentiated strategy depending on the purpose for design and control of the wearable robot.
Although a common purpose is to drive the robot by the sensor signal (intent signals), the
optimization about the mechanism and control studies must be done according to the user's
physical ability and purpose. In this study, the study's first phase for the development of wearable
robotic gait rehabilitation, gait characteristics were analyzed elders and hemiplegia patients using
a 3D gait analysis system (VICON512). As a result, asymmetric gait characteristics of the
hemiplegia patients were found compared with the normal elderly.
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Table 1 Brunnstrom stages of hemiplegia (lower-limb) >

Stages Function

1 flaccidity

5 Synergies developing
(minimal voluntary movements)

Voluntary synergistic movement
3 (combined hip flexion, knee flexion, and ankle
dorsiflexion, both sitting and standing)

Some movements deviating from synergy
(knee flexion beyond 90° and ankle
dorsiflexion with the heel on the floor in the
sitting position)

Independence from the basic synergies
(isolated knee flexion with the hip extended
and isolated ankle dorsiflexion with the knee

extended in the standing position)

Isolated joint movements (hip abduction in
the standing position and knee rotation with
inversion and eversion of the ankle in the

sitting position).
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Table 2 Subjects
Hemiplegia Normal
- Patients elders

(N=5) (N=5)
Sex M M

age 66.61+10.83 72.4+£3.51
Height (cm) 170.8£2.81 | 165.41+4.56
Weight (kg) 74.8+7.66 49.81+6.98
Duration(month) 53+30.8 -
Length of the Lower
Limbs (cm)

Knee to ankle length

79.6+1.82 75.7£3.96

40+£2.45 37.6%+3.29
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Fig. 2 Plug-in-Gait market set(Subject)
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Table 3 Measurable Angle rotation of Plug-in-Gait

Marker set
Angle Rotation Goniometeric
Pelvic Tilt Absolute
Pelvic Obliquity Absolute
Pelvic Rotation Absolute
Pelvis Hip Flexion/Extension Relative
Hip Ab/Adduction Relative
Hip Rotation Relative
Knee Flexion/Extension Relative
Knee Ab/Adduction Relative
Knee Rotation Relative
Ankle Dorsi/Plantar flexion Relative
Foot (Ankle) Rotation Relative
Foot Progression Absolute
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Fig. 3 Typical gait cycle(normal person)
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Table 4 Analysis results (mean and standard deviation)

RoM of hemiplegia patient-
. ) (D RoM of elders(deg) | (@RoM of hemiplegia @RoM 0 crmipiegla patien
Joint Motion (D-@ T-TEST, P-value) | patient-normal leg(deg) paralysis leg (deg)
R . -valu ient-
’ P gldeg (-3 T-TEST, P-value)
3.45+£1.79 9.57+1.90
, Up 9.62+1.95
Pelvic (0.0004) (0.96)
Tilt 0.57t1.41 -1.27+5.19
Down -0.76£4.76
(0.57) (0.87)
X 22.62£5.85 19.84 +6.64
. Extension 30.09£3.10
Pelvic (0.01) (0.02)
Hip . -19.67£3.77 -10.70£2.01
Flexion -15.98+3.85
(0.23) (0.04)
. 50.19£7.30 21.721+14.02
Extension 57.08 £8.55
(0.17) (0.002)
Knee
. 0.17%£5.83 -4.70+£5.20
Flexion 438+5.17
(0.19) (0.02)
. . 17.15+£3.19 15.13+6.21
Dorsi Flexion 19.56+3.20
(0.21) (0.21)
Ankle
. -10.06*£6.16 -3.931+6.23
Plantar Flexion -9.63+3.59
(0.87) (0.12)
23519 © 1), Extension & 79, A4} mw xR oF ot 1 9]9] Hip/ Knee / Ankle ¥22] 25, o/
8 ol% ¥ol LElt AT vhehdth ®@ Avl & Awe Avd FAVEL WS © vhZol
u) ghAe] dEel wgld @aol YEnis] Agel  A4Ee BAZENT % LEWAE 2AY,
W, AgZelA mhZe) J5e wxss] A8 ot AAA Agel ohlm, o AARE 7
Sroleia % 4 otk old@ A4 Knee BA  Ax AAE GAGIE o @A ZE ol Fol
o)A TS el UEndTh depdl @Al A4 & oo olae] B §do] JE AL ¢ & k.
5 94 ARE 44 39 Hadne fols oy A$ wa 2@y AUz e, ¢ ¢
Al(p>0.05) #Fel7F YA @¥A|RF Hip ¥4} Lol Aol B B3 J%+ Fig 8 ol 95 A
AEAoR 7 ~ 8 A% Aol7k Am, wWuZ % JlAels 2om @ 4 Ak E sl Age
dol A9, FAHAI 50%4 = EEH, F=g Al A4S BEE HHwt Hepy] 3
Flexion 52+ &1/ ©th Ankle BEY A9, &9 o] A& B4d +FHY 59 F AE & F
Fv el AoldE BAF A KIAAT, A A ATk wiH S Y SAAHANARYH F9 2
A AEANA vhHZe) sk RS BA 4 AE mel: AL % & ow ol nu|Ze
Rl ZulAE AL % 4 A B2 £5¢ §7] 9% Ao Arndy
3.4 HOHH| Zofjolel 2 S48 &4 4. dB
QA AUAL 54 Fugont frhy
of el BAaAE EAol @] Wi 73 B AT A%, A4 w@Amei) 8o 3
A 2 5L wolt A4 wAAS Avh Al RAS4 © AW BHL Boo 23 38
v gkate] wase S nlaskgith Fig 8 9] Pelvic g oz A WAYES Mee=d Festas )
Tilt ¢ 7%, AA Gait Phase T 50%<] Pattern At B =RolAe 72t Agde 5 ¥ AYPAE
Shift 7} A3t} ©o]= Time Domain Aol Al H.Qk oz 4 FA39AT, A= FF3] oYg
S W, AY FFo] 22 AR Fre o= st FEAE gteR 54 HAES st dov
AaZel el aol2 QRS Fol WY ol ATE A% WAAA Wop) Axo] we ndo



ror

LSSt X H 29¢ 73 pp. 730-736 July 2012 / 735

Pelvic Tilt g BzAAQ 57 RzHvte 2a2 A7)

2 _

2 T H ERE ) 5 3 Wele awA 2 @AY olFNEe B

L HOM| SXCIYS) .

E N P Z7F 3 eRbe] Hojof Bxe] JhdE ol
10 Aol aairt vetd ¢ vk & Ao dis
s I~ Nt AL 2RhS Avpd] Ao 52 54S W st
LT e 2| BR AR FHEG] sdES A5 A

o 2 40 60 80 100 ofe] Z&ettd AL aAE 9L ot & F
¢’ As Aot

g Gait Phase(%)

10
Hip Flexion/Extension -?— 7|

o] =L 2011 W% AR (WG HET| L&)
Ahow FmATAG-TTEAIEAG A
t A4 (No. 2011-0020938).

FI Aoy
%.30 Gait Phase(%) 1. Jang,J. H., Lee, H. D., Jang, H. Y., Han, J. S., Han, C.

S., and Shon, W. H., “Development of Wearable

Knee Flexion/Extension .
Robot System based the Analysis of the Lower

Limbs,” Journal of the Korean Society for Precision
Engineering, Vol. 26, No. 7, pp. 7-14, 2009.

2. Johansson, B. B., “Brain Plasticity and Stroke
Rehabilitation : The Willis Lecture,” Stroke, Vol. 31,
pp- 223-230, 2000.

3. Robertson, 1. H. and Murre, J. M., “Rehabilitation of

5§20 Gait Phase(%) brain damage: Brain plasticity and principles of
Foot Dorsi/Plantar guided recovery,” Psychological Bulletin, Vol. 125,

g No. 5, pp. 544-575, 1999.

530 ] 4. Karbe, H., Thiel, A., Weber-Luxenburger, G., Herholz,

,§ K., Kessler, J., and Heiss, W.-D., “Brain Plasticity in

Poststroke Aphasia: What Is the Contribution of the
Right Hemisphere,” Brain and Language, Vol. 64, No.
2, pp. 215-230, 1998.

5. Perry, J., “Gait analysis : Normal and Pathological
Function, 1% Ed.,” Slack Incorporated, 1992.

a0 6. Neumann, D. A., “Kinesiology of the musculoskeletal

Fig. 8 Gait analysis (Normal/Hemiplegia Patient) system foundations for physical rehabilitation, 1%
Ed.,” Mosby, 2002.

TEH BEAAS =EstaA s 7. Kerrigan, D. C., Lee, L. W., Collins, J. J., Riley, P. O.,
71Ee e A f=Fe ASg giFE ¢ and Lipsitz, L. A., “Reduced Hip Extension During

Hle] F2F Ztxe 7|dtalr| = SRRk, AlA gk Walking: Healthy Elderly and Fallers Versus Young

o 93 FRAZA HZ/ FElFFo] o]Fo] X Adults,” Arch. Phys. Med. Rehabil., Vol. 82, No. 1,

A ok AN HEFE AF ARl AFE nt pp. 26-30, 2001.

9} o] ¥ A7 Al 9F FEHo| 7HEs 8. Sutherland, D. H., “The evolution of clinical gait



ror

H2

YUSES|X| M 29H 75 pp. 730-736

July 2012 / 736

10.

11.

12.

analysis : part2 kinematics,” Gait & Posture, Vol. 16,
No. 2, pp. 159-179, 2002.

Dufty, C. M., Hill, A. E., Cosgrove, A. P., Corry, L. S.,
Mollan, R. A. B., and Graham, H. K., “Three
dimensional gait analysis in spina bifida,” Journal of
Pediatric Orthopedics, Vol. 16, No. 6, pp. 786-791,
1996.

Oberg, T., Karsznia, A., and Oberg, K., “Joint angle
parameters in gait: reference data for normal subjects,
10-79 years of age,” Journal of Rehabilitation
Research and Development,” Vol. 31, No. 3, pp. 199-
213, 1994.

Malinzak, R. A., Colby, S. M., Kirkendall, D. T., and
Yu, B., “A comparison of knee joint motion patterns
between men and women in selected athletic tasks,”
Clinical Biomechanics, Vol. 16, No. 5, pp. 438-445,
2001.

Chen, C. L., Wong, M. K., Chen, H. C., Cheng, P. T.,
and Tang, F. T., “Correlation of Polyelectromyographic
Patterns and Clinical Upper Motor Neuron Syndrome
in Hemiplegic Stroke Patients,” Archives of Physical
Medicine and Rehabilitation, Vol. 81, No. 7, pp. 869-
875, 2000.



