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The Influence of Shoes with Different Heels on Movement of Lower

Limb Joints during Sit-to-stand

Yun-Jin Kim', Ji-Won Park?

'Department of Physical Therapy, General Graduate School, Catholic University of Daegu, “Department of Physical Therapy, College of Medical

Science, Catholic University of Daegu

Purpose: The purpose of this study was to investigate changes in movement strategies of lower limb joints depending on the

type of heel during sit-to-stand.

Methods: Twenty healthy females participated in this study. All subjects performed sit-to-stand three times each with three
different types of heels - bare feet, 9 cm high-heeled shoes, and unstable shoes. Trails were conducted in random order. Three-
dimensional motion analysis systems were used for collection and analysis of the kinematic data of lower limb movements.

Results: Results of this study showed kinematic differences in pelvis, hip joints, knee joints, and ankle joints during sit-to-
stand based on the type of heels. At the initial sit-to-stand, hip joint flexion, knee joint flexion, ankle joint flexion, and ankle
joint inversion showed significant differences. The maximal angles of hip joint flexion, hip joint adduction, knee joint flexion,
ankle joint flexion, and ankle joint inversion were significantly different, while hip joint adduction, pelvic forward tilt, hip joint
rotation, knee joint flexion, ankle joint flexion, and ankle joint inversion differed significantly during the terminal of sit-to-

stand.

Conclusion: Therefore, the type of heel played an important role in selection of lower limb movements during sit-to-stand

which were essential parts of daily life movements.

Keywords: Sit-to-stand, Different types of heels, Lower limb joints

Received March 15, 2013 Accepted April 10, 2013
Corresponding author Ji-Won Park, mylovept@hanmail.net

Copyright © 2013 by The Korean Society of Physical Therapy

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

o v 2 A o] F o] ohf} k& Sl 1t
oRgol= AR o] Hed)) & o= Eeh e 4]
At S F AT HEH Elxmé}ﬂf B Al
& AR Eo =M Hao] aa-s FAICE ojg% we

Bool Bae] RolS Sl AkS 2ot Ee B2
whebA] SHAS $Iat T, $5S BaoR 3 L5, AR
o) ZAE EF o Z 3 A Y ARIE & 227} thokal| R 1L

Al 2ek=] AL Rl

K
A

o], e oS el mS 93] ke Al
o AR 28 3He A BRItk shelm, AAA

J Korean Soc Phys Ther 2013:25(2):117-125 117



Yun=jin Kim and Ji-Won Park: Movement of Lower Limb Joints during Sit—to—stand

e B S MY SFET LFATES WP
o, 8 458 e, 5 20018 b o A1

B 23l 2y} upE by

991, A AH A= g F7HIZICY Ee 7| A E S FA
taL A S 9] ARE 7 stod B Al Bt AAIE 2E
A ﬂ-‘&tﬂ,”‘ %E’—. 7114“5 T2l FEA7F A el B2 =4t
B8] el HHEA]7E 2]l (pronation)
HLH}EL_J oPEﬂo] oFIz| @ ZalA vpsl 1z
l:ﬂ— =

Zx) 23, Tl 7

_1_10 E@j‘

ez
g,
2 9
A
T
o
e}
£
Ho
O
12,
o
2
Q

i
(2
X
o Y
4
i%
i_,
é
E
p:

=
o
flo

mH m
i)
N
X
m]I
rlr mg o,
N
ir
LN
s
o
> ©
(¢}
n-{o
0
juls

o

Hets A BT} PelE Bl
2Z o) o 7k T8 B 7, ZEe o
2 HU]— 31 QPR A| %A Q) 4232 Bl 1

)
ke 3}
==

rd
o M
<
N
X
ED
oL

4 B
_>*L

i

O

}_

[ex]
- =
=) Ez‘sg% ]Es} r,}oh;} 7]% 20| FHEL 2O

x oo ko e oY ook onZ rl 2

o
4
o
)
-0,
o

Rl }*11011*1 Ao} 47| (sit-to-stand) B2 A4 ¢l
HoJow 2 Qhdagols 714 Ak o g RE 715
E5H BT} 2L 715AQ) BES 51| 95t
£ Fagt Frolm? 71e3 At U A Aol
A A ARESH= Al-8-A 9] o) Qq%b NERE ==
S A7 AT 22T & Z#El:} A ﬂrﬂiﬂi} A 7]-‘£M

[e)
o5 S o e og% 3120 971 310 2140 44
BT AP 20| Hastet”

271 ololxl Aal ATES A, ThE E50) 41
WF ARG 5 R A AEEe) e Bl e F AN Hay
A 20 3%kl whE e wigo] s BebA A Al 2
ol T2 2] A7 AA) L A A HBF 5 ] Tiek
3 opo] g5eo] o]ojx|a oLt i ake] wske
o5l eEolsbAel Yo ATSI, AR

118 J Korean Soc Phys Ther 2013:25(2):117-125

02 I e} ohE Al 2he- 5 QAR WS o]
R7) 52 A 51 T 2] T S50 THe] A
1= o] mlgat A0 Upetdeh mhebd s A7 Q)
oS O o S Fefo] At Fgo] we B
QA S O] AlS 2§ B UolAl7] B2 A
3hx] 9| 2= SAsle] 2t P9] Bdo] 4 a5}
= AelA] ofd £219)0] ATk RIS dob i) 3
k. ofeig AL sk Fok U 5 Fejrh che A
2402 5 THEolAle] 3 B S elo] waksALL Ak
3 7ol ThE ol BAAHE o] et Flo] 1, §7
9Jo] wistopAto] ot i o] Al Fiyo] ke et
-5 i e o] AMIZES] Bt Aol Lpebd: ole) of
Ao, QAolA7] A A] QLA TR SR, A
22 Zel] 7L

(ESEEREL SRR T E

1. GICHAL 2 77
2 A= e distae] sk F2l At Al o
208 o2 20124 8YRE 997HA] AAISHATE it
A} *d"* 7|2 ok 2k
AR, H 193 sHA| o] FEA A o) o] §l= A+
SR, AHAR] 713, A F Yt Agtou HEgo] gl=At
KA, A7
A, -4 dro] @ 2dke] 2Kright-footed)
HE hAAREY LEUo] A&
(kicking}& =383t wf ARg-Sl= The] 2 @ 2% the|E A5t
= A= AP RS Ash] A, Adaigel o
51 S 31 AF ool APk © 2 Eol5lar,

= =

6‘]'7(‘] = .JJl—o] 9= x].

=

32 H2F 2417 (Motion Analysis Corp., Santarosa, CA,
USA»R= 87119 A )X 7| etz A =]o] QAT cortex motion
capture software 1.1.4.386 =213 (Motion Analysis Corp.)
= o]-gsto] Zh|et a9 vl& 120 Hzoll A 71542l 52t
= Yok Bt tidAke] =k, vk, sk, R o
A Y-S SAsthFigure 1). 32 §2F B417]9] 4]}
(marker)= Helen-hayes market set Y02 F2ls}o] F2}

R9j chewt ek A

AA-E-Hanterior superior iliac spine),



BIXIE: LOIM7| SE Al 2 S22l et shx| 2 2ol 0|kl F&

Figure 1. 3D motion capture system.
Motion capture software (SIMM bio-
mechanics software 6.0.2 program;
Motion Analysis Corp., Santarosa, CA,
USA).

F A (posterior superior iliac spine), ZZH(sacral), 3]
Z|(thigh), 9 F-=(medial knee), BZ2Z: F-E(lateral knee),
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H Figure 2. Shoes for experiment. (A) High-
_‘3’. heeled shoes, (B) unstable shoes.
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Table 1. Sit-to-stand of lower limb joints angle (initial)
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B2 A AJZF ZLAf| o) A ZRE ZHE 9] (forward tilt),
=4} 3 A (rotation)2] 2 Wk S
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2) I&A Z=(hip joint angle)

o] A7) E2} A] AJZF Ao A 3 Z3(flexion)] 2
Ay 94 FE 210 whet FASH & §-o03t 2tol 7} Q)
S B o] Awk2 BFRY}HH, BF} US 2H& A] G2t 2}
o]7}F A THp<0.05). 13+ W (adduction), 27 (rotation)
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3) 22 2= (knee joint angle)
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I S152] e 27 BF, HH, US X5 §-2]3F Z}o]7} QI ict

=2 ANd

(p<0.05) (Table 1.

T

Sit-to-stand (initial) BF HH us F p
Pelvic forward tilt -5.75£4.19 -562+5.74 -493+598 0.22 0.803
Pelvic lateral tilt -044£1.70 0.12£1.83 -0.27£155 2.31 0.113
Pelvic rotation 067£341 0.61£3.08 1131266 1.01 0375
Hip flexion 64.37+£5.13 73.01+6.94 72401604 23.60 0.000*
Hip adduction -5.55%4.49 -6.59+453 -6.451t478 2.64 0.099
Hip rotation 0.49+347 1514340 0.77%3.21 0.84 0439
Knee flexion 90.47+6.36 101.15£6.14 96.78+5.24 5252 0.000*
Ankle flexion 8.651+4.89 -13.20£6.27 297+573 140.87 0.000*
Ankle inversion -1139+7.82 -5.10%£10.29 -7.111£852 6.73 0.003*

Values are presented as mean=standard deviation.

BF: barefoot group, HH: high-heeled shoes group, US: unstable shoes group.

*p<0.05.
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AR o] b2 BEE HH 218 Al rofet Aozt Qloiet 7o) 24428 Slse] el 221 BE, HH, US B 723k #}o]
(p<0.05). 2 WA o) Zof 2420 Slg o] e 4ol w7k IicKTable 3).
2 At 0 folat Ajolt AT, AT ATt
BF} HH 2R A] 5-2]gk Z1o] 7} AATHp<0.05). 38 3] 2) 1A 2tz (hip joint angle)
o] Z|e} 7k 9 SAF] Fel] 27 B, HH, US 5% G003t 3 Ao A7) F2h A] & 24|10 3k 23ho] 7k 5]
|7} g3t Table 2). e =7 BF, HH, US 25 f-2] ZFo]7} qigieh. aabd
o) k2w ige] Yej 2710] ujet BATIH 02 folgt A}
3) 22 2 (knee joint angle) o]7} QlQlom, AJE R o] Ante BFY} HH 2HE- A] G213t
Aolx7] B4} 5 Bre] ST 2T o) 22 W BT Aol7k AALKp<0.05). WA 3] zke 1 i) Yo
o e o) wef FASH o= [ofRt Zpo|7k qlglon,  2Hof wet FASH e {-o3k Aol 7} JIRlAL, AR 24
Table 2. Sit-to-stand of lower limb joints angle (maximal)
Sit-to-stand (maximal) BF HH us F p
Pelvic forward tilt 32.09£5.21 29.50%+6.39 32.34£853 2.78 0.075
Pelvic lateral tilt 155+1.58 1641165 1.861+1.97 048 0.626
Pelvic rotation 297£351 2.59%339 3.23%£3.02 048 0417
Hip flexion 88.631+4.43 92.11+4.07 90.431+14.00 5.00 0.013*
Hip adduction -1.64+3.49 -2.80+3.41 -1.731+356 3.86 0.030*
Hip rotation 291£398 3.71%£335 231%367 322 0.064
Knee flexion 9236644 102.74%+6.11 96.70+16.04 46.78 0.000%
Ankle flexion 16.74+£4.54 -3.2914.381 20.16%5.71 194.19 0.000%
Ankle inversion -8.01+10.65 1.54%+10.79 -2.3719.03 13.57 0.000*

Values are presented as mean=standard deviation.

BF: barefoot group, HH: high-heeled shoes group, US: unstable shoes group.

*0<0.05.
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Table 3. Sit-to-stand of lower limb joints angle (terminal)

Sit-to-stand (terminal) BF HH us F p
Pelvic forward tilt 15651443 13.75£4.08 14.48+4.21 574 0.007*
Pelvic lateral tilt -0.09+0.77 -0.23£0.91 -0.20£1.03 032 0.730
Pelvic rotation 0.01£245 -0.73+2.92 031£2.77 324 0.050
Hip flexion 7.20+6.95 6.9716.26 5.72+6.09 2.30 0.114
Hip adduction -2.74+325 -3.74%3.06 -3.08£295 3.70 0.034*
Hip rotation -4.29+6.80 -499+6.83 -7.54+6.47 9.87 0.000*
Knee flexion -209+£3.15 -060£3.67 -241+4.40 6.26 0.004*
Ankle flexion -6.18+4.72 -27.30£2.87 -13.21£2.70 317.86 0.000*
Ankle inversion -15.82+643 -8.17+10.840 -9.92+9.54 10.64 0.000*

Values are presented as mean = *standard deviation.

BF: barefoot group, HH: high-heeled shoes group, US: unstable shoes group.

*0<0.05.
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