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A Study on Kinematic Analysis of Trunk and Lower Extremities in
Stance Phase of Walking according to Turning Direction

Tae-Young Oh

Department of Physical Therapy, College of Medical and Life Sciences, Silla University

Purpose: The purpose of this study was to conduct an analysis of kinematics of lower extremities and trunk in stance phase of

walking according to turning direction.

Methods: Ten university students (five male, five female) who were in their 20s (mean age was 20.6 years old) participated
in this study. Participants did not have participants did not have any problem with skeletal muscular system. We used the
“Qualisys motion capture system” for analysis of trunk and lower extremity movement in stance phase of walking according
to turning direction. We collected data while subjects walked a distance of 10 m, and at the 6 m line, subjects were required
to turn to the left side and the right leg was positioned in stance phase and the left leg was positioned in swing. For data
analysis, the SPSS for Windows ver. 20.0 statistics program was used in performance of one way analysis of variance according

to turning direction.

Results: Significant difference of trunk and lower extremities was observed for turning direction according to walking cycle
(p<0.05). Upper trunk movement showed a greater increase at three dimensions than lower trunk, and in heel off phase,
pelvic movement showed a greater increase than lower trunk (p<0.05). In 45 degree and 90 degrees of turning direction, all
movements of trunk and lower extremities were significantly different among three events of stance phase (p<0.05).

Conclusion: We suggest that three-dimensional movement analysis of trunk and lower extremities during turning movement
was very important in order to indicate increasing balance or walking ability for people with impaired movement or walking.
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Table 1. ANOVA of each joint angle among turning direction in heel strike

WS A2 WS vty f1sf 9127 (stance phase)2] ¥k
0= SHA| & o8-8k HEhes wahH, Q A(spin) H2ke- w4
S Ao ek viE uf 1747 ] Mo g 3 HeEks

53 e kinematics)}> A &3}k I O] 7R o) &
L, 7t 9 fiRof thgt W O = RE B3-S 7|sdh= Ao
™, 25 8Hkinetics)> th/e] x| Wikl Adakglo
(force), =HI E(moment), A 5Hmasses), 7+ 5= A -ok=
Hofolt},

A 2 At 200 A4 A dle T o2 WAl Hleke
ZAgke uf A7t shA] TE o] A UE s o=
Algto] Wk o} &5 &4 sREolA 7S A

T Sli= TAE vhdsk= dl L 53 o] it

ot

1, ¢ CHA
E A=20104 1€ 109 5E 29 20472] FoAE Stfjstol| A

Straight 45 turning 90 turning F-value p-value
Head Frontal 27.01£7.25 29641564 29.87£7.13 045 0.61
Sagittal 3.60+1.88 2.80+1.85 451£290 144 0.25
Horizontal 3.07£2.99 3.15£3.06 538%334 1.60 0.22
Upper trunk Frontal 148+1.24 2.74£156 352£2.66 2.85 0.08
Sagittal 7.66%3.29 5411194 4871234 327 0.05*
Horizontal 350%2.84 11.53+5.66 17.89+12.83 761 0.00*
Lower trunk Frontal 10.77+9.64 10.37+8.52 11.56+8.54 0.04 0.96
Sagittal 1.93£1.56 1.53£1.05 1.80£1.14 034 0.71
Horizontal 4311279 334£1.70 3.14£231 0.73 049
Pelvis Frontal 260£2.27 346£2.72 5.02£4.89 1.24 0.30
Sagittal 14.28+8.65 15.85+7.55 14.40+7.17 013 0.88
Horizontal 82631564 7437%7.05 67.85+13.72 6.10 0.01*
Hip Frontal 11.35%£8.16 7.771+8.86 11.38£8.95 0.59 0.56
Sagittal 146%1.20 1.90£1.79 469+3.07 6.51 0.01*
Horizontal 4411423 3.80£2.72 338£297 0.24 0.79
Knee Frontal 3.71£357 1951194 4791365 2.07 0.14
Sagittal 129+1.04 1631+1.18 1.881+1.65 0.50 0.61
Horizontal 8.79%3.55 516%3.21 3.40£2.00 8.39 0.00*
Ankle Frontal 585511049 59.20+10.19 57.17+885 0.1 0.90
Sagittal 8.08+4.21 3621234 7.1714.16 4.04 0.03*
Horizontal 11.371£554 1524+7.18 1732+8.17 1.70 0.20

Values are presented as mean=standard deviation.
Frontal: +abd/-add, sagittal: +fl/-ext, horizontal: rotation.
*p<0.05.
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Table 2. ANOVA of each joint angle among turning direction in mid stance

Straight 45 turning 90 turning F-value p-value
Head Frontal 27.21+8.05 28.16+634 27.90+7.41 0.05 0.96
Sagittal 2.75+2.26 3.04+296 597+362 353 0.04*
Horizontal 1.861+1.09 5.08+343 7.80£6.10 531 0.01*
Upper trunk Frontal 0912094 3031193 4571264 8.71 0.00*
Sagittal 7.04£243 586%267 526%3.14 1.08 035
Horizontal 3.58+1.83 21.07%£10.23 32181241 23.82 0.00*
Lower trunk Frontal 1121794 10441858 12.55+8.58 0.16 0.85
Sagittal 3.20+1.28 520t1.24 4671231 3.61 0.04*
Horizontal 3561268 333£207 297%1.73 1.81 0.84
Pelvis Frontal 349+2.20 505%3.19 6.6116.10 1.40 0.27
Sagittal 14.55+8.56 15.48+8.09 15.15+5.86 0.04 0.96
Horizontal 85491479 66.07+10.66 5491%1351 2251 0.00*
Hip Frontal 13.03£8.21 13.39£857 13.59£9.06 0.01 0.99
Sagittal 7294282 4924312 3.094+1.90 6.23 0.01*
Horizontal 6.60+5.18 741£6.19 742+4336 0.08 092
Knee Frontal 7.061+2.94 8.07+5.02 7.78+544 0.13 0.88
Sagittal 2701193 2.82+1.69 220£158 037 0.70
Horizontal 6.18+3.21 4434285 406+2.18 1.65 0.21
Ankle Frontal 64.33+10.54 60.90+16.62 58.104+19.84 038 0.69
Sagittal 1544£586 9.51+539 6.70+3.55 7.85 0.00%
Horizontal 8571341 1262%5.19 14.931+4.99 488 0.02*

Values are presented as mean=standard deviation.
Frontal: +abd/-add, sagittal: +fl/-ext, horizontal: rotation.
*p<0.05.
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Table 3. ANOVA of each joint angle among turning direction in heel off

Straight 45 turning 90 turning F-value p-value
Head Frontal 2847£9.74 23.82+6.71 23.07£7.64 1.30 0.29
Sagittal 2954232 3.90+2.60 5094456 1.05 037
Horizontal 4.72+364 471%£3.79 12.531+863 598 0.01*
Upper trunk Frontal 091%0.75 6.631222 9621348 3347 0.00*
Sagittal 6.55+2.77 560%257 267%2.18 6.47 0.01*
Horizontal 2171197 41.11+7.19 68.271+9.66 222041 0.00*
Lower trunk Frontal 10.96+8.07 13.93+7.19 10.37+7.94 061 0.55
Sagittal 437+340 404+2.02 356+233 0.24 0.79
Horizontal 403%3.67 4541349 4331229 0.06 094
Pelvis Frontal 353%348 12924519 10.9948.00 7.16 0.00*
Sagittal 15.98+8.11 11.87+6.09 398+244 10.26 0.00*
Horizontal 92.10%£5.37 46.36+8.07 2251802 236.91 0.00*
Hip Frontal 29.08+12.04 33.82+1347 26.00+12.07 097 039
Sagittal 4.56+2.08 6.39+333 6.31+£3.57 1.14 034
Horizontal 7.58+4.66 11.19£8.36 11.68£5.94 1.19 032
Knee Frontal 29.82t4.67 25.04£3.82 24.8716.84 2.85 0.08
Sagittal 2.78%222 294+163 353%£299 0.29 0.75
Horizontal 732%£392 878436 15.631+3.48 12.69 0.00*
Ankle Frontal 51.60+5.68 4536+£5.73 40.50+15.24 3.12 0.06
Sagittal 5.65+3.00 6.10£2.66 6.70+4.13 0.24 0.78
Horizontal 13.61£6.30 1542+6.07 17.55+6.64 097 039

Values are presented as mean=standard deviation.
Frontal: +abd/-add, sagittal: +fl/-ext, horizontal: rotation.
*p<0.05.
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Table 4. ANOVA of each joint angle among stance phase events in 45 degree turning direction
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Heel strike Mid stance Heel off F-value p-value
Head Frontal 29.65+5.64 28.16+634 23.82+6.71 235 0.11
Sagittal 2.80+1.85 3.044296 3904260 0.54 0.59
Horizontal 3.15+3.06 5.08+343 471£3.79 0.89 042
Upper trunk Frontal 2.74£156 303£193 6.631222 12.71 0.00*
Sagittal 5411194 5861267 560%257 0.09 092
Horizontal 11.53+5.66 21.07%£10.23 41.11x7.19 36.30 0.00*
Lower trunk Frontal 10.37+8.52 10.44+8.58 13.93+7.19 0.63 0.54
Sagittal 1.53£1.05 520+124 404£2.02 15.72 0.00*
Horizontal 334£1.70 333%£207 4541349 0.75 048
Pelvis Frontal 345+272 5.05%3.19 12.92£5.19 17.30 0.00*
Sagittal 15.85+7.55 15.48+8.09 11.87+6.09 091 042
Horizontal 7437%7.05 66.071+10.65 46.35+8.07 27.20 0.00*
Hip Frontal 7.771+856 13.89£8.57 33.82+1347 17.18 0.00*
Sagittal 1.90£1.79 492+3.12 6.39+333 6.50 0.01*
Horizontal 380272 741%£6.19 11.19£836 3.54 0.04*
Knee Frontal 1.95£1.94 8.07£5.02 25.03+3.82 98.58 0.00*
Sagittal 1631+1.18 282+1.69 2944163 225 013
Horizontal 516%321 4431285 8.781+4.36 4.35 0.02*
Ankle Frontal 59.20+10.19 60.90+16.62 4536+£5.73 5.28 0.01*
Sagittal 362+234 9.52+539 6.10+2.66 6.32 0.01*
Horizontal 1524+7.18 12.62+5.19 1542+6.09 0.64 0.54

Values are presented as mean=standard deviation.
Frontal: +abd/-add, sagittal: +fl/-ext, horizontal: rotation.
*p<0.05.
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Table 5. ANOVA of each joint angle among stance phase events in 90 degree turning direction
Heel strike Mid stance Heel off F-value p-value
Head Frontal 29.97+859 27.90+7.41 23.07+7.64 2.00 0.15
Sagittal 451+290 597£362 5.09£4.56 038 0.69
Horizontal 538%3.71 7.81£6.10 12531863 3.16 0.58
Upper trunk Frontal 352%266 4571264 9.62+348 12.24 0.00*
Sagittal 4871234 526%3.14 267%2.18 292 0.07
Horizontal 17.89+12.83 32191241 28271966 49.10 0.00*
Lower trunk Frontal 11.56+8.54 12554858 10.37+7.94 0.17 0.84
Sagittal 195+1.14 4471231 356£233 408 0.03*
Horizontal 3.14£231 297£173 4331229 1.20 032
Pelvis Frontal 5.02+4.89 6.60%6.10 10.9948.00 229 0.12
Sagittal 1440+7.17 15.154+5.86 398+244 12.76 0.00*
Horizontal 67.851+13.73 5491%1352 22.51%£8.02 37.59 0.00*
Hip Frontal 11.38£8.95 13.59£9.06 26.00+12.07 6.06 0.01*
Sagittal 469+3.07 3.09£191 6.32+3.57 3.02 0.07
Horizontal 338£297 7431433 11.68+£5.94 822 0.00*
Knee Frontal 4791365 7.78t544 24871684 39.25 0.00*
Sagittal 1.881+1.65 2.20%1.58 353%£299 1.63 022
Horizontal 3404200 406£2.08 15.63+£3.48 67.94 0.00%
Ankle Frontal 57.17+885 58.10+19.84 40.50+15.24 418 003
Sagittal 7.18%4.16 6.70£3.55 6.70£4.13 0.05 0.95
Horizontal 17321+8.17 14.931+4.99 17.55+6.64 047 063
Values are presented as mean=standard deviation.
Frontal: +abd/-add, sagittal: +fl/-ext, horizontal: rotation.
*p<0.05.
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