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The Comparative Study on Age-associated Gait Analysis in Normal Korean
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Department of Physical Therapy, Mokpo Science College; 1Department of Physical Therapy, College of Medicine, Seonam
University; 2Department of Occupational Therapy, College of Medicine, Seonam University; 3De;oartment of Physical Therapy,
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Purpose: This study was done to establish reference data for temporo-spatial, kinematic and kinetic parameters for
normal Koreans as they age.

Methods: Normal adults and children without a previous history of musculoskeletal problems were enrolled in this
study. The normal subjects were divided by age into three groups: Group I: children (11.95+0.29 years); Group II: young
adults (23.90+3.67 years); Group II: older adults (71.40+4.08 years). The temporo-spatial and kinematic data were
measured using 6 MX3 cameras while each subject walked through a 10 m walkway at a self-selected speed. The kinetic
data were measured using 2 force plates and were calculated by inverse dynamics.

Results: Motion patterns are typically associated with a specific phase of the gait cycle. Our results were as follows:
1. There were significant differences between the different age groups in temporo-spatial parameters such as cadence,
double support, time of foot off, stride length, step length, and walking speed. 2. There were significant differences
between the groups in kinematic parameters such as range of motion (ROM) of the hip, knee and ankle in the sagittal
plane, ROM of the pelvis, hip and knee in the coronal plane and ROM of the pelvis, hip and ankle in the transverse
plane. 3. There were significant differences between the groups in kinetic parameters such as joint moments of force,
joint mechanical power generation or absorption and ground reaction forces.

Conclusion: The results of this study can be utilized (a) as a reference for kinematic and kinetic data of gait analysis
in normal Koreans, and (b) as an aide in evaluating and treating patients who have problems relating to gait.

Keywords: Normalgait, Temporo-spatial parameters, Kinematic parameters, Kinetic parameters, Three dimensional gait
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General characteristics of the subjects

U, R31F, WA, Aok A

Children Young adults Older adults 3 P
Male 15 15 15
Sex
Female 15 15 15
Total 30 30 30
Age (years) 11.95+0.29 23.90+3.67 71.40+4.08 2945.37 0.00
Height (cm) 150.46+6.35 166.37+8.04 158.87+9.28 29.80 0.00
Weight (kg) 45.40+9.80 62.36+12.85 64.45+7.72 30.62 0.00
Body mass index (kg/mz) 19.94+3.42 22.34+3.23 25.58+2.71 24.52 0.00
Leg length (mm) 77.33+3.23 83.75+3.63 79.78+4.73 20.47 0.00
Knee width (mm) 9.42+0.88 10.17+0.57 10.07+0.52 10.71 0.00
Ankle width (mm) 6.55+0.54 6.74+0.61 7.03+0.47 6.04 0.00
Values are mean+SD
(older adults)9] A HIYFTAE Folf HPFr]o] HeHE 2 5 Qe oA T & sheh SNk =8 wEY %
hL—‘:v'—ﬁOVl HO}W /\0} 30%9(15/15), 7421 307(15/15), = of EAAHmarken)®} EHASZS FAshal, (1080 Hz,
ol 309(15/15) & 4 AMTI, Watertown, MA, u]=) ol 7|38 AR AefolA Z+

ol gz ARl e tidAEelA & Ao 54
g2 23 sl 5 st &4

S 2 AT sttt A7 chdel ok
otolR 7] 9]3f| InBody JO5 system(Biospace Co., H|=)& O]
sfo] BLA3 AFl= Table 13} 2tk

2, A
H Mol ohA ARG 9| B AT EHde =
77111 U= M HAeHA el AEs 26°CE A8t
2 AT AR FHRIONAl el el Fe] A
Sok $ERE AU AH AAE Lol S o
1'_3_1:1 iéz}] ol O]‘&]—X—l
E ARAA £
S slolgt &A1Y, A%, vk} 2he oaiRke) ot
2 of #pA)2] 7o), o REAY U WRBH Hwideh)
SAEA Al 712 ER Fast YA AlSE InBody JO5
system} QA =4 7](Lafayette Instrument Co, U|=h)E A&
sto] Algsielct
gAAES] E3YHAR= Vicon Motion Systems Limited
(Oxford, ¥=)%] Vicon IQ motion capture and analysis
software (Oxford Metrics Group, ¥=) 5= A3 PCo
6-camera Vicon MX motion analysis system (120 Hz, Vicon,
Oxford, F=9)& ol&sto] H3 A9 3204 ¥ 25343t
% F9H] WskE ARtk AAR A FhHEtoll A Ay

IIE

PAQ] HA]E Vicon optical motion capture system©f] 424
g HFE ol FA AAE AlFsaL, A 2R
2 Vicon IQ softwareE ARSI == Qlc}y. A A= Plug-
In-Gait model& 93+ Vicon guidelinesS we} F-21515%2
A7 14 cm® FPoz Rz Holu oxjm ma|xle] Ao
H20] SIsioIEm B9, 9 B T 29| Sir
AW PEL I RS A RS S 3
= REune 9HE ddsts Yl FaE 93 B
= slolck 9% WAt EAAE WAtk o 130 alg
St 9% BelA B A Aoliele Be) SEE Aash
GHE Bolo] B9l O MEHY WAL Aue] SEn
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Comparison of temporo-spatial gait parameters among groups

Children Young adults Older adults 3 P
Cadence (steps/min) 116.70+6.39 115.45+6.34 110.89+8.32 5.59 0.01
Stride time (s) 1.03+0.06 1.05+0.06 1.09+0.08 5.63 0.01
Opposite foot off (% cycle) 9.66x1.70 8.95+1.91 11.71£1.87 18.42 0.00
Opposite foot contact (% cycle) 49.98+0.06 50.02+0.40 50.03+0.53 0.10 0.90
Step time (s) 0.52+0.03 0.52+0.03 0.54+0.04 5.82 0.00
Single support (s) 0.42+0.03 0.43+0.03 0.41+0.04 1.21 0.30
Double support (s) 0.20+0.04 0.20+0.04 0.26+0.04 23.27 0.00
Foot off (% cycle) 59.55+£1.90 59.14+1.76 61.80+1.57 20.17 0.00
Stride length (% LL) 1.17+0.09 1.32+0.12 1.11+0.11 30.82 0.00
Step length (% LL) 0.58+0.05 0.66+0.06 0.55+0.05 34.28 0.00
Walking speed (m/s) 1.14+0.10 1.27+0.13 1.03+0.10 37.10 0.00
Values are mean+SD
it 21Zee] kel Bastgleh P RUTHEE ol get Al tigh 7 71| Aolo] HFTE sl UYEAHEA(one-way
585 Ao Heeg we} 2o| HaPS AAste ZF dox  ANOVA)& AASIHE e A frolds A5t ¢
Qelsi T BT BT ool giA] elstct o foE al 0052 S 2 57 AFEApost hoc
574 A EAT BANE HLT Ao 10m A S Tukey BB BT AFHHE AHgSIsict
£ AP Heldt How A 3P Qom, 103] o) HHe
2 T AQARS wa e 38 de) walslole)
Vicon optical motion capture system% 3] HojA visual [, ZAat
and analogue datat= real-time data captureE ARE5}0] Vicon
Nexus and Polygon X202 A}l o]& thA] 4% 1. A7 X7 24
Spelol 7t WHel 3R SEWYS HHE ok £EQ MR AT0A Auel ta 2 2o WaE B4 g
SH BAL ofejs SERAHY ARGl MRS S b L 0T} LTHTable 2. HUTE FHOR 1 ATE /)%
coll AAEof Sl 2719] ke olgsl o wet Wor Wy WO AZRA A H&ps Bt 115.4526.34 steps
S8 A 3 doldl B HF/E Aies I FHEA /min, BeEEE 1.2720.13 m/s, WoRA] 2|A]71€F FElA] 4]
£ ol 34 A=l & 2Aselch & A9 SASH 4 A7) AREE 0.430.03 sec, 0.20+0.04 sec®] ATE Hict.
AEEAZZ M) SPSS/win(version 12.0)2 ARR5FQth = E"E—E—@,Q—] IR A FEQl EHAY HARS ZFZF 1.32:0.12
AR BE Azt WP BERAE UERIon, dde]  m, 0.66:006 mo) A7S Uehjelon], mazslo] v
oe B0 A% SEA 3 SEOE PGS o1 895151 cycle, S L 50.02:0.40% cycle
Comparison of Kinematic parameters among groups (°)
Children Young adults Older adults F P
Pelvic tilt ROM 2.58+0.84 2.14+1.10 2.06+0.81 2.80 0.07
Pelvic obliquity ROM 8.91+2.63 10.51+2.28 6.77+2.97 15.11 0.00
Pelvic rotation ROM 12.25+4.00 10.21+3.64 9.18+3.47 5.30 0.01
Hip flex/ext ROM 44.67+3.44 45.55+3.95 42.30+3.89 5.96 0.00
Hip add/abd ROM 14.23+2.75 15.29+3.70 13.07+3.07 3.63 0.03
Hip rotation ROM 38.84+7.45 32.92+9.71 44.71£12.58 10.16 0.00
Knee flex/ext ROM 49.79+3.41 55.87+5.25 49.38+8.61 10.50 0.00
Knee var/valg ROM 19.48+4.36 16.45+6.01 21.81+8.83 4.88 0.01
Ankle dorsi/plantar ROM 28.21+5.22 33.10+5.39 27.00+6.35 9.73 0.00
Foot rotation ROM 12.14+3.92 14.72+4.84 11.25+3.43 5.76 0.00

Values are mean+SD
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Ak, WA 2olgat Al Aolg A
S A v s G, B 2 S
(p<0.01), #4200} 9I2] 712 sk AFE myoL}
2 7 el Aol vehA Yol ezt welze] Aol
£ W Lol wel BE4x(p<0.05), B 2 EEA K

] o5 o) Rt
aum, §31%, W, e A

a3

l=1

ALEWS) 27Hp<0.01), Jekolalel LU HLEY
o1 57Kpe0.05)7F ol Ao Uepsror, tealo] u A
riolel B A5 A0 F7Kp005)9 §HRA
(p<0.05), T4 9 WEFHo FHHAS A(p<0.01),
erdol e JRUALEUY FPh fUT A0 eyt
TH(p<0.01)(Table 3, Figure 1).

5 ox H40 o

S 4% 23S UE9lon)(p<0.01), B 57] 2
kst A7), 77 71zke A F715HAHp<0.01)
(Table 2).

2. SSTASIN 24

o 2 Z7jo)4 7 BHLEWUIE £50] olRolA: Ay
H, W, gl Ik e, FEEd, wEed
2 PESlel SR, 2 2o SEPHNY wekE BAT
Aik= o2 Zti(Table 3, Figure 1). 9ol w2 &53AF
kA w7 W3t v|wo| A= RS ulel AJAbHo|A <)

Comparison of Kinetic parameters among groups

Ql

1_°ﬂ Hlﬁﬂ/ﬂ—‘:—

s
L ‘I‘X]% EO "E.'

sopt 1k
SARE R0z

Children Young adults Older adults F p
Hip flex/ext moment ROM (Nm/kg) 1.54+0.22 1.98+0.50 1.66+0.36 11.51 0.00
Hip add/abd moment ROM (Nm/kg) 0.83+0.16 0.93+0.18 0.94+0.16 4.32 0.02
Hip rotation moment ROM (Nm/kg) 0.18+0.05 0.21+0.06 0.18+0.05 1.88 0.16
Knee flex/ext moment ROM (Nm/kg) 0.65+0.14 0.90+0.21 0.69+0.23 14.04 0.00
Knee var/valg moment ROM (Nm/kg) 0.50+0.14 0.59+0.15 0.57+0.19 2.64 0.08
Knee rotation moment ROM (Nm/kg) 0.15+0.04 0.18+0.05 0.18+0.06 2.66 0.08
Ankle dorsi/plantar moment ROM (Nm/kg) 1.39+0.11 1.53+0.20 1.22+0.25 19.35 0.00
Hip power max (W/kg) 1.04+0.29 1.18+0.49 1.04£0.43 1.21 0.30
Hip power min (W/kg) -0.81x0.32 -1.06£0.65 -0.84+0.51 2.11 0.13
Knee power max (W/kg) 0.37+0.33 0.94+0.83 0.35+0.18 11.89 0.00
Knee power min (W/kg) -0.94+0.30 -1.23+0.34 -0.95+0.39 6.86 0.00
Ankle power max (Wrkg) 3.70+0.77 4.56+1.03 3.24+0.78 17.72 0.00
Ankle power min (W/kg) -0.68+0.21 -1.21£1.50 -0.70+0.17 3.52 0.03
Fz1 max (% BW) 110.96+6.00 108.50+9.13 104.01%5.73 7.35 0.00
Fz0 max (% BW) 79.07+4.58 70.94+7.97 83.40+3.87 36.16 0.00
Fz2 max (% BW) 108.59+4.48 109.87+8.10 104.05+4.75 7.79 0.00
FMLI max (% BW) 2.77+1.07 3.51£1.66 3.58+1.81 2.56 0.08
FML2 max (% BW) -5.09:1.15 -5.94+1.34 6.10+1.41 5.24 0.01
FAP1 max (% BW) 16.93+2.49 19.50+3.83 14.47+2.84 19.64 0.00
FAP2 max (% BW) -19.54+2.25 -21.47+2.97 -15.25+2.55 44.72 0.00
Values are mean+SD
max: maximum
min: minimum
BW: body weight
ML: mediolateral
AP: anteroposterior
fa|uet APH HARA HlwH
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Children
essessscee Young adults
Older adults
Hip Angle Knee Angle
(Flex/Ext) (Flex/Ext)
Ankle Angle
! (DF/PF)
Hip Moment - Knee Moment Ankle Moment
(Flex/Ext) (Flex/Ext) (DF/PF)
Hip Power Knee Power Ankle
' Power A
A
¥ i\\‘. X ) )
Fr1 NormalisedGRF(Z) -t Ful NormalisedGRF(X) r Farl NormalisedGRF(Y)
» \ ............. Fz2 ) /\ - v‘ ! 3
H w Fz0 W R . /
e Fm2 e Far2
SEMG
- SR

Comparison analysis of 3D kinematics and kinetics in the sagittal plane using a 6-camera Vicon MX motion
analysis system.

Flex: Flexion, Ext: Extension, DF: Dorsiflexion, PF: Plantar flexion, GRF: Ground reaction forces, ML: Mediolateral, AP
Anteroposterior, SEMG: surface Electromyography, RF: Rectus femoris, BF: Biceps femoris, TA: Tibialis anterior
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SHEAE frohg Hal7l= ol2fgt AZIE diEF 21 A= A #FESHnormalization)sh= S 26k Hrk ol#et S
Al Aom defA] QIeh” Hao] ofEx} o] Audhe %BH B o SR, Sreof 2= Be)o) Alg7HA A tfef
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