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Analysis of characteristics and establish gait reference data for 20s
Korean Part 1: Temporospatial variables and pelvic tilt

Hyun-Seob Lee*

Korea University

The purposes of this study were to establish gait reference data for 20s Korean and to analysis
between Korean and foreigner. Male 34 and female 36 were selected for a subject group in accordance
with the classification system of Korean standard body figure and age by Korean Agency for
Technology and Standard. The sample size was calculated by GPower which is used for power analysis.
The power of this study was 80.7%. 3D motion capture system and force platform were used to
measure in this study. Gait data were collected by 8 cameras and 2 force platform. Each camera was
operated at 120 frames/sec for sampling frequency and 1/1000 sec for shutter speed. The sampling
frequency of force platform was 1200Hz. As a result of the study, the following results were obtained.
A statistically significant difference in analysis between gender and within gender was appeared
differently dependent on whether or not standardized. No significant difference appeared between legs
for a female group in all temporospatial variables. But the significant difference with support time ratio
and swing time ratio appeared for a male group. In analysis between gender, a significant difference
appeared about walking speed and cadence. In pelvic tilt, a significant difference between right and left
was found only in frontal plane for a male but found in a frontal plane and a horizontal plane for a
female. In analysis between gender, a significant difference was found in sagittal plane both legs. In
conclusion, normal gait pattern between gender was different and showed the difference between
Korean and foreigner.

Key words: Normal gait pattern, Korean, Temporospatial variables, Reference data, Pelvic tilt KISSW
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Table 1. Anthropometric data of groups

Male(n2=34) Female(n=36)
Mean (SD) Mean (SD)
Age(year) 21.59 (2.03) 22.89 (241)
Height(cm) 176.54 (6.28) 161.96 (4.00)
Weight(kg) 72.79 (8.10) 57.76 (5.93)
Leg length(cm) 96.28 (5.69) 88.53 (3.28)
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Table 2. Descriptive statistic about temporospatial variables(non-standardized data)

Male(n=34) Female(1.=36)
Mean SD SE Mean SD SE
Step width(cm) 10.466 1.832 0.314 9.681 1.945 0.324
+ Right  69.123 T 4.488 0.770 61.996 2382 0.397
Step length(cm) +
Left 68.281 4.081 0.700 61.813 3.404 0.567
. t Right 137.657" 8.230 1.411 123.921 5.526 0.921
Stride length(cm) T
Left 137.669 8.394 1.440 123.957 5.728 0.955
. + Right 0.529" 0.023 0.004 0.518 0.021 0.004
Step time(sec)
Left 0.525 0.021 0.004 0.518 0.022 0.004
o Right 1.053 0.040 0.007 1.034 0.042 0.007
Stride time(sec)
Left 1.055 0.041 0.007 1.035 0.044 0.007
. Right 0.626 0.027 0.005 0.617 0.027 0.004
Support time(sec) +
Left 0.633 0.028 0.005 0.614 0.033 0.005
. . + Right 0.103" 0.010 0.002 0.097 0.014 0.002
Initial double support time(sec)
Left 0.103 0.012 0.002 0.099 0.012 0.002
. . Right 0.103 0.012 0.002 0.099 0.012 0.002
Terminal double support time(sec) +
Left 0.103 0.010 0.002 0.097 0.014 0.002
. . Right 0.423 0.017 0.003 0.422 0.020 0.003
Single support time(sec)
Left 0.427 0.019 0.003 0.418 0.023 0.004
. Right 0.427 0.019 0.003 0.418 0.023 0.004
Swing time(sec)
Left 0.423 0.017 0.003 0.422 0.020 0.003
. ) ) Right  59.473* 1.054 0.181 59.546 1.175 0.196
Support time ratio(% gait cycle) +
Left 59.925 0.779 0.134 59.220 1.239 0.206
Initial double support time ratio Right 9.791 0.874 0.150 9.344 1.196 0.199
(% gait cycle) Left 9.707 0.965 0.166 9.542 1.103 0.184
Terminal double support time ratio Right 9.736 0.989 0.170 9.552 1.123 0.187
(% gait cycle) Left 9.763 0.855 0.147 9.333 1.170 0.195
. . . . + Right  40.149 T 0.768 0.132 40.786 1.248 0.208
Single support time ratio(% gait cycle)
Left 40421 1.119 0.192 40.331 1.493 0.249
. . . Right  40.527* 1.054 0.181 40.454 1.175 0.196
Swing time ratio(% gait cycle) +
Left 40.075 0.779 0.134 40.780 1.239 0.206
. Right 114.170 4276 0.733 116.249 4.663 0.777
Cadence(step/min)
Left 114.062 4.338 0.744 116.219 4.747 0.791
: : + Right 130.668" 4301 0.738 120.143 7.354 1.226
Walking velocity(cm/sec) +
Left 130.676 4.509 0.773 120.254 7.862 1.310

*: (.05 within gender, T2 (.05 between gender.
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Table 3. Descriptive statistic about temporospatial variables(standardized data)

Male(n=34) Female(n=36)
Mean SD SE Mean SD SE
Step width .109 .018 .003 .109 022 .004
Right 719" .037 .006 701 026 .004
Step length
Left 710 .037 .006 699 037 .006
Right 14317 .066 011 1.401 061 .010
Stride length
Left 1.432 .072 012 1.401 061 .010
Right 1.688" .055 .009 1.724 082 014
Step time +
Left 1.677 .056 .010 1.726 087 .014
Right 33627 .097 017 3.446 163 027
Stride time t
Left 3.371 .099 017 3.449 170 .028
Right 1.999" .059 .010 2.055 104 017
Support time
Left 2.021 .066 011 2.044 123 .020
Right 329 .030 .005 323 047 .008
Initial double support time
Left 327 .032 .006 329 .040 .007
Right 327 .032 .006 329 .040 .007
Terminal double support time
Left 329 .030 .005 323 047 .008
Right 1.350 .051 .009 1.405 072 012
Single support time
Left 1.363 .060 .010 1.391 085 .014
Right 1.363 .060 .010 1.391 085 014
Swing time +
Left 1.350 .051 .009 1.405 072 .012
Right 59.469* 1.062 182 59.638 1.421 237
Support time ratio +
Left 59.959 .893 153 59.243 1.388 231
Right 9.791 .874 150 9.344 1.196 199
Initial double support time ratio
Left 9.707 .965 .166 9.542 1.103 184
Right 9.736 .989 170 9.552 1.123 187
Terminal double support time ratio
Left 9.763 .855 147 9.333 1.170 195
Right 40.149" .768 132 40.786 1.248 208
Single support time ratio
Left 40.421 1.119 192 40.331 1.493 249
Right 40.531* 1.062 182 40.362 1421 237
Swing time ratio +
Left 40.041 .893 153 40.757 1.388 231
Right 35726 1.021 175 34.920 1.632 272
Cadence t
Left 35.692 1.011 173 34911 1.656 276
) ) Right 055" 1.361 233 40.770 2271 379
Walking velocity t
Left 42.558 1.507 258 40.806 2.429 405

*: (.05 within gender, T2 (.05 between gender.
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Table 4. Descriptive statistic and ¢-test for pelvic tilt on frontal plane(male) unit : degree
Event N M SD t daf D
. Right 34 -0.198 1.328
Heel-strike(°) -3.414 66 .001
Left 34 0.954 1.454
. Right 34 3.889 1.645
Toe-off of opposite foot(°) -3.506 63.439 .001
Left 34 5.165 1.342
. . Right 34 -0.992 1.484
Heel-strike of opposite foot(°) -3.498 66 .001
Left 34 0.240 1.420
Right 34 -5.244 1.485
Toe-off(°) -3.709 66 .000
Left 34 -3.814 1.688
] Right 34 4.577 1.718
Ist arrow(Highest)(°) -3.542 66 .001
Left 34 5.955 1.482
Right 34 -5915 1.491
2nd arrow(Lowest)(°) -3.518 66 .001
Left 34 -4.538 1.727

NP

Degreeﬂ T T

Down _4

% Gait cycle

— gt e—aft

Fig. 1. Pelvic tilt on frontal plane(male)
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=S By dFe] Afde A7 Sk Y 7b e AL Yetgth(Table 5 %), H= JH=
AA 7|7 2RA] e A Yl o] 22 2 Feze o7k e AXE HolARt gAH2E 2}
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Table 5. Descriptive statistic and ¢-test for pelvic tilt on sagittal plane(male)
Event N M SD t df P
oo Right 34 6.537 5.801
Heel-strike(®) Left " 6.800 6.017 -.184 66 .855
. o Right 34 5.980 5.814
Toe-off of opposite foot(°) Left U 6214 5974 -.164 66 .870
. . o Right 34 6.756 6.034
Heel-strike of opposite foot(°) Left " 6.569 5775 131 66 .896
o Right 34 6.183 5.965
Toe-off(°) Left u 5053 5787 .161 66 872
o Right 34 5.936 5.761
Ist arrow(°) Left 2 6.150 5951 -.151 66 .881
o Right 34 6.975 5.965
2nd arrow(®) Left u 6.767 5761 .147 66 .884
o Right 34 6.118 5.955
3rd arrow(®) Left 2 5900 5744 .147 66 .883
o Right 34 6.659 5.743
4th arrow(°) Left u 6.910 5873 -178 66 .859
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Fig. 2.

Pelvic tilt on sagittal plane(male)
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Table 6. Descriptive statistic and t-test for pelvic tilt on horizontal plane(male)

Event N M SD t df P
. Right 34 5.520 2.490
Heel-strike(®) -.280 66 780
Left 34 5.722 3.376
. Right 34 3.668 2211
Toe-off of opposite foot(°) =721 59.707 474
Left 34 4.138 3.097
. . Right 34 -5.635 3.433
Heel-strike of opposite foot(°) -.035 66 973
Left 34 -5.610 2.448
Right 34 -4.084 3.125
Toe-off(°) -.360 60.063 720
Left 34 -3.845 2.257
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2% Gait cycle
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Fig. 3. Pelvic tilt on horizontal plane(male)
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o} alye] 9ol fel@ Aol7k A gtk oF 25% ~ 5% TN 8Fo| 9% ur} we Awg
AgRAAS B SN Q2B 9% $49)  Ho|q glort 1 ¥l TRl 9%o] ur} e Aus
Wah Juvh ARG o SAM Uehgort kEzlel  molm glrk TEi AR A3 B4 A1 nel fel @
ol e 2oz} 9 dES By ey B8R Aolsl WA 29t} ol YA T 243 Aujold),
ke efs) B9 o] e Aol 7t Aol Bl FERAA e B FAYe 2 E wepe] @A
YD RS RAFUe I Aol2 Uehd Ao KA UEhtont oo A$ egZe) 3y 9%
2 e Zo B 998 0w A4At NS Pis Bo 4 g el oz 24Edt $AR
ool e Befo] A Howtk 0 B3} 9% ko] A3t 3ol Ao thEA BRI BEA fofd
Rsks frAaket vebstth, @3t sdshl 2719 ael7h e Aoz EAHAT
Table 7. Descriptive statistic and t-test for pelvic tilt on frontal plane(female)
Event N M SD t daf P
) Right 36 0.563 2.001
Heel-strike(®) 2483 60.252 .016
Left 36 1.551 1.307
. Right 36 4.662 3352
Toe-off of opposite foot(°) 1.370 70 175
Left 36 5.699 3.064
) i Right 36 -1.440 1.199
Heel-strike of opposite foot(°) 2.534 58.096 .014
Left 36 -0.472 1.954
Right 36 -5.603 3.088
Toe-off(°) 1.151 70 254
Left 36 -4.741 3.265
Right 36 5.255 3.817
Ist arrow(®) 1.404 70 .165
Left 36 6.461 3.468
Right 36 -6.367 3412
2nd arrow(°®) 1.346 70 183
Left 36 -5.231 3.747
B
I
- I/‘"\\
oL AN
w L NN
2 7 \\
Degree © T T =] T ——,
Hs 1o 20 40 r\’\ 5o /l/- 9g
B To
> (Opp.) R,/
R A

i
-8
% Gait cycle

Fig. 4. Pelvic tilt on frontal plane(female)
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Table 8. Descriptive statistic and t-test for pelvic tilt on sagittal plane(female)

Event N M SD t daf P
Right 36 9.206 3.576
Heel-strike(® -542 .
eelstrike(") Left 36 9,668 3,661 > 70 0
. o Right 36 9.434 3.440
Toe-off of opposite foot(°) Left 36 9,650 3390 -.269 70 789
. . Right 36 9.541 3.575
Heel-strike of te foot(° 240 70 811
celstrike of opposite fool(*) Left 36 9336 3.655
Right 36 9.530 3.350
Toe-off(° .081 70 935
oe-ofi() Left 36 9,464 3475
. Right 36 9.506 3.383
Ist arrow(°) Left 16 9917 3404 -514 70 .609
Right 36 9.767 3.354
2nd ° 194 70 .847
nd amow(’) Left 36 9612 3443
Right 36 8.936 3.759
3rd arrow(®) eh -282 70 779
Left 36 9.188 3.850
100 @
a5 /\
Degree 82
9.0
8.8 ﬁ
8.6
8.4 L L I L L o g |
HS TO a0 HS 60 80 a9
(Opp.) (Opp.] TO
% Gait cycle
Fig. 5. Pelvic tilt on sagittal plane(female)
Table 9. Descriptive statistic and ¢-test for pelvic tilt on horizontal plane(female)
Event N M SD t df P
. Right 36 5.440 2.660
Heel-strike(®) -2.495 70 015
Left 36 7.080 2911
. Right 36 4.138 2427
Toe-off of opposite foot(°) -3.170 70 .002
Left 36 5.859 2.174
. . Right 36 -7.084 3.089
Heel-strike of opposite foot(°) -2.718 70 .008
Left 36 -5.246 2,632
Right 36 -5.860 2268
Toe-off(°) -3.474 70 .001
Left 36 -3.957 2378
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Degree © T T T T L T T
. HS o C:j ; zo \\-D (OI— 5‘1] ?g W 99
Qur \\ //
© % Gait cycle
Right Left
Fig. 6. Pelvic tilt on horizontal plane(female)
Mzt o b A 2 R 9 2% FAe A dA T
WA o] JEZt 0 853 A5 FRIAALE & ol o] Hl=gk FeE Hth(Fig. 8 %), AAA L
HHW (Table 10), (Table 11), (Fig. 7, (Fig. 8 2 ojido] PRt} HA| M3l Zo] F AR ehgo
o 2o e85 IutAANe] 7, kAl gL o o] ofdo] WA ET HaA] St et £5E o
s}t Boke FARE Fe Yestou 27134 ol st= AS ulgtt. aev BAEA A 2 2%
QA7 o 4207 ool ARG B 2 BWRAS FUSA BE BRG] frel@ Aol7)
=5 Holon O o] FRE {24711 o 85%7HA = VPR e 3tTt. AldH A o] Azt 0 853t %5
ofdo] FET B @& A4EE Hiv. 12y 2 ZW7AALE A3 EH (Table 12), (Table 13), (Fig.
o[ME A3 (Fig. Tl sHEER #AIE A4 thal 9), (Fig. 1003 2tk L% WAL 75, W
A BARAE FY Ad RE BARHCAAN FoA oAl FHAAL wigtel= ] A A M E AT o
Aok UehbA gttt ol 0B% BN A% Adl W Gt v dehgon] A4 23] §
B3 o 3hel| Aol 7t Gl mlgitt. 9% St Qhol of/ge] IR Zto] FARTE A Vet
Table 10. Descriptive statistic and t-test for right pelvic tilt on frontal plane(male & female)
Event N M SD t daf 4
o Male 34 -0.198 1.328
Heel-strike(°) Female 36 0.563 2001 -1.884 61.135 .064
. o Male 34 3.889 1.645
Toe-off of opposite foot(°) Female 36 4,662 3352 -1.236 51.564 222
. . o Male 34 -0.992 1.484
Heel-strike of opposite foot(°) Female 36 1,440 1199 1.393 68 168
o Male 34 -5.244 1.485
Toe-off(") Female 36 -5.603 3.088 14 68 e
o Male 34 4.577 1.718
Ist arrow(®) Female 36 5955 1817 -.967 49.215 338
o Male 34 -5.915 1.491
2nd amow(’) Female 36 -6.367 3412 712 68 A7
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Degree ©

Down

% Gait cycle

| — A DT —O A QS |

Fig. 7. Pelvic tilt of rigth foot on frontal plane(male & female)

Table 11. Descriptive statistic and t-test for left pelvic tilt on frontal plane(male & female)

Event N M SD t daf D
) Male 34 0.954 1.454
Heel-strike(°) -1.810 68 075
Female 36 1.551 1.307
. Male 34 5.165 1.342
Toe-off of opposite foot(°) -936 68 353
Female 36 5.699 3.064
. . Male 34 0.240 1.420
Heel-strike of opposite foot(°) 1.735 68 .087
Female 36 -0.472 1.954
Male 34 -3.814 1.688
Toe-off(°) 1.479 68 .144
Female 36 -4.741 3.265
Male 34 5.955 1.482
Ist arrow(°) - 787 68 434
Female 36 6.462 3.469
Male 34 -4.538 1.727
2nd arrow(°®) 1.002 49.831 321
Female 36 -5.231 3.747
£
Up
Degree 2
DOWn HS " ITDI ' ' IZIDI

% Gait cycle

[ e o s |

Fig. 8. Pelvic tilt of left foot on frontal plane(male & female)
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AR AME FAAH BFelA] ol et zto] 7} 1 QE& Yo g9 3/ uys) B A}
ElygtH(Table 12 #%) Al GRHA = FARE AukA o 2 Fd 3} o o ko)

Ao A e 9% FRAAE @ 25T FUGA o 2 AMEE 3 Qe Aog Azt o9 Af %=
ol 9 Bt} =2 ARE fA5He A o2 Yo 7] o) FAA TRV D7) o] FAA| FRYel| A T AE Ko
o EARAGNE RE EMAYN F2]g xlo] 7} € o o] ASe 29 fARE AR A TR B
UERTHTable 13 &2). ofAlE Z¥& Holx Ith(Fig. 9, Fig. 10 3x).

Table 12. Descriptive statistic and t-test for right pelvic tilt on sagittal plane(male & female)

Event N M SD t df P
PN Male 34 6.537 5.801
Heel-strike(®) Female 16 9206 1576 -2.302 54.343 025
Mal 34 5.980 5.814
Toe-off of opposite foot(°) ¢ -3.003 52.970 .004
Female 36 9.434 3.440
. . o Male 34 6.756 6.034
Heel-strike of opposite foot(°) Female 16 9.54] 3575 -2.332 53.014 .024
Male 34 6.183 5.965
Toe-off(°® 2871 1.2 .
oe-offl”) Female 36 9530 3350 ¥ >129 006
L
Up 2
Degree

HS TO 20 40 HS 60 80 g9
(OpR.) (Opp.) TO

% Gait cycle

L Q=T e A Q= |

Fig. 9. Pelvic tilt of right foot on sagittal plane(male & female)

Table 13. Descriptive statistic and t-test for left pelvic tilt on sagittal plane(male & female)

Event N M SD t df P
_ Mal 34 6.800 6.017
Heel-strike(®) Feni:le 36 o ocs oo 2392 53903 020
Toe-off of opposite foot(°) FI::/IrjllaTe ;2 22; izgg -2.937 51.620 .005
Heel-strike of opposite foot(°) Ft/[rzze ;2 g;g? ;Z;g 2.380 55.239 021
Toe-off(°) Male 34 5953 5787 3056 53459 004

Female 36 9.464 3.475
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10

Up

Degree

HS TO 20 40 HS 60 BO 99
(Cpp.) [Opp.) TO
% Gait cycle
[ ga AUE oy eE |

Fig. 10. Pelvic tilt of left foot on sagittal plane(male & female)

oM AE7E @ 25} 91Zo] FUPAALE AlEH
(Table 14), (Table 15, {Fig. 11), (Fig. 12)<} &t}
QEZE Ente] A5 TAAA T o 32%7HA] = Aol
Ao Hlal =2 3 UEoY 1 o] T & dAo]
o JHt}h =& ghS YERL. o= o] dA o HlE
AEI} HpgEo 2 o] Ho| FWkE: 3|Hlske A nleitt
Y EAEM M E toe- off Aol M1t F-2] 8t Ajo) 7}
VRS B T2 A dlA = frefek alol7k UeRAA] 229k
53] HAHM(1st arrow) A= Frof ek zko] 74 LEhA]

A% F0] 9% e Aoz vehy
EARA 23 v %

UEhEA] gkt

A& o] = Rt AQl oF 5927k ool
B e UERT} o] F 80%717] S e vekd £
TP 52 ke vERint odo] 4 Het 1% Fto] 91
0= Y Bo] FAele AR vt EwA At vl

gttt A& Swke] A= ARt AR o 59%w A %5 29| toe-off AN frol gt 2po]7F Uit & #
Aol &L g HETIL ol F 80%7H4 we #E oE BAAAHCAME F Aol7F YAl 3kt
Table 14. Descriptive statistic and t-test for right pelvic tilt on horizontal plane(male & female)
Event N M SD t df P

Heel-strike() Fﬁa;e gg 2:4514218 izzg 130 63 897
Toe-off of opposite foot(°) Flt\s/[rize gz 431?22 ;i; -.845 68 401
Heel-strike of opposite foot(°) Ftdrzize ;2 jggj ig;; 1.859 68 067
Toe-off(°) FI:[niele :;2 :2223 3;22 2.708 59.994 .009

st o) fie 3 e sow W0 & o
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In

Degree © 1
99

Out

= i

% Gait cycle

e o=

ou == |

Fig. 11. Pelvic tilt of right foot on horizontal plane(male & female)

Table 15. Descriptive statistic and t-test for left pelvic tilt on horizontal plane(male & female)

Event N M SD t daf P
Male 34 5.722 3.376

Heel-strike(°) -1.806 68 075
Female 36 7.080 2911
) Male 34 4.138 3.097

Toe-off of opposite foot(°) -2.677 58.852 .010
Female 36 5.859 2.174
. . Male 34 -5.610 2.448

Heel-strike of opposite foot(°) -.598 68 552
Female 36 -5.246 2.632
Male 34 -3.845 2.257

Toe-off(°) 201 68 .841
Female 36 -3.957 2378
Male 34 -5.666 2.469

Ist arrow(°) -.584 68 561
Female 36 -5.309 2.633

e
In '_\

Degree 2

it Hs o 20

-2

% Gait cycle

Su s

g as |

Fig. 12. Pelvic tilt of left foot on horizontal plane(male & female)
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Establish gait reference data for Korean 743
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