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The Effect of High Heel Shoes on Muscles Forces and Joint Contact Forces
Sharifmoradi K!, Karimi M.T?,

Abstract

Purpose: It is important to recognize the mechanism of forces applied on lower limbs and
back during walking with high heel shoes. Raising public awareness about the disadvantages
of using these shoes is effective in reducing the incidence of related musculoskeletal
disorders. Therefore, the present study aims to investigate the effect of high heel shoes on
muscle forces and joint contact forces during walking.

Methods: A total of 9 young girls with a mean age of 21.34 + 3.83 years, height of 1.49 +
0.14 meters, and a weight of 593.25 + 17.24, were randomly included in this study. The
Qualysis motion analyzer and Kistler's Forces Plate were used to record data. Open-SIM
software was used to extract muscular force and joint contact force. Data were analyzed by
paired sample t-test at the set point of 0.05.

Results: Gluteus medius muscle forces during walking with high heels was 46.4 (N/BW)
which was 1.96 (N/BW) greater than walking without shoes (p=0.02). The forces applied on
the hip joint in mediolateral plane was significantly higher than walking with bare feet
(p=0.001). The vertical force applied on lumbosacral joint during walking with high heel
shoes was significantly greater than walking without shoe (p<0.001).

Conclusion: Gletus medius muscle force, hip joint contact force on the frontal plane, and the
vertical joint contact force of the lumbosacral joint was significantly increased while walking
with high heel shoes. It can be said that continuous use of high-heeled shoes, not only affect
the hip joint, but also affect the lumbosacral joint and can be a source of damage to theses
joints, and may endanger at the risk of osteoarthritis. Therefore, it is recommended that these
users avoid to wearing high heel shoes because of the traumatic consequences.

Keywords: Hip joint, Lumbosacral joint, OpenSim, high heel shoes, Walking

Received: 2018.05.09 Accepted: 2019.06.19

oy oly (e (hako (wlod 95 9 (SNAE G9 y S ALy gl ]
S (B dane 53l pe iy S
28T Gal8l .l Jloy93 5 Coonl 5oty anily slo (2aS L (38 ol (> 5o 2 00lg (slg s 035 it ibuR
oo I el e lagye SISl (Gae SIS 55 RS )0 e 285 cul Sl eslatal calae b LLS)| 55 (soges
il oo 58 ol (> (hake uled (S99 (e S5 p S ABL L)) ST o) S byl

el 58 (Bolas Gjgo 4 0 SIS FIOYEVVE (59 g yie VFRENT 08 aals b g 50 % olows oy 99
5 ooliiwl b 2aS et g (6 e (gile & oty aril (S L s ol (SELS g SlersS Slasine 058,58 18 adlas
oo gl gl OpenSim 5180 o5 51 o cus Kistler coly )98 3 Qualysis o5 > Jlss oKiws
el 5 452 gz a5 sylel gy 9 SPSS I8 a0 51wl eolital late ules 9,8 5 (Dlae (59,

Al oolawl Q=27+ 0) )l S haw o e ools

09 58 ol 51 (G (39 B gV AP aS 09 FITF wily 4l 2aS L (28, oy (o Slee (o abae (59,5 o A8
FAN ol asl paS b o8, ol s «5?)15 61510 Ao ;o o)) hate poodyly (g9 (P=2/0Y) 09 yidn uaS
led 509ae Gy (P20 o)) 09 iy aimyp sl L 38 ol 5l syl (Sxe b oS sl Sy (0 (39l )




http://WWW.muUmSs.ac.ir : agie Sij psle olKisls Col . Dlae g9, 5 aily anil 2aS glas,) 31 - g0l o iy & oS

SRS 9 385 ol Sl syle gime jeb 4 (G (59 T ee) IOA iy 4l maS L (38, ol ) (e (B (6505 ke
AP=el0 0 )) 090 yiien

o 5 JUigyd ambo 1o ol Jabe (ool 955 s Sloe (s p abae Cdlad il allly (2451 (28 o) i S Al
asly juaS 5l pglae oolawl cal len Wl aes o o8l ghls cae ek |y 2B (605 Jade wled (s0g0c
5 988 o B o ot 5, oy ke a8 o 2 (6 a8 ke 45 & shaie oled ity (s Jlasl Loy il

O.'Jé) 01) s d......ubu.,.os‘w ngj‘ ‘b.?l.'i G)ASJ@‘Q‘)J@:‘SA#Q&JS

ORCID: 0000-0001-6123-0035

ksharifmoradi@gmail.com . sol e i 1o l5aS :J ghomand 0kinns 99

SN ey 05,5 ¢ Shudl pale g lusl saSzils oy LalS olKizsls oy LilS z w0l
Oyl e lals lals ol8iils ¢ Sludl pole g laol caSlisls « 35,9 pole 09,5 Lokl -
Oyl eolepal (lppol (S pole olKiils ¢ tsuilyy ouSiils o 8 (saug5 ) 09,5 Luiils -Y

S9h (5o $o5 o oste 5 N 50 S s S5 9 O
sl L cumsg o bome 85 18 (V=) )
@ ool lagys iz 0 L ge Uy poe b ool
olie 5 ol g ool b & e ol Joli
Sy, (lali8l a5 0ol Dl (g iy Hlade 4y g SV
ol 58 el 5 000 4 jzmie Wil e paS 0 rec
RYWRVENE

15 il 42l slo S a0 oo
i 5 (V-1 0) ams w i |y ol s
sty G (V) o) s sl
il el Gl Ss S (VAN +) gyaS
A gAY 08 g agly pelS 5 S
0% b 608 woB augly 4o i pae Slinios
W0, IS L OA AY A ol assl sle uas
Cadled paal asl sl eSS bls ) o sliass
o5y a2l S 8, o, e S 5 45 AL
S S o ol ae) ol o ]y (Felite mlS
FS )l odas (oS edld ) s poe lidss
2 S pae Slides 1K (Fp 0% el
7o Uil Slidos Koo g (V) (oSl ODLas collad
wldly slo S Gl (e 1) 608 DOl b
G5 e Glaione (Vo0 YI-TY) Wil 0,5 (35155 auly
Oby (bl el Mlae (S sl cdld o (6 s
oy pin (T+) iy 5 oSt e b 5 (1)
8,55 sanline aily arsl (S o3,

doddo
zh b ol e e ol il gl mas i eolanl
oo il adly gla 23S 05 TV oS 6 0k 4 ol
LetsS ol 5l ailisy sob 4 o ol 5l asys Fog aiis
Sl 0,90 5o plaaxis a ST .(V)auS o oolaiul
Olzred 0b) (S axes (o jlaia b 23S ol )Lk
4 W)y oo bl il adly glo LS Gande 4
o (25 4gS cnl 5105 b geles 039l &5 55k
(V) QS oo colanl

—datuio g (8 oly p oy alll sl (a5 yalg
Odsy bl S S 8 o]y (Sles o
DL Cemdy oo b oge il aily sl S
5 S5 AL pwyge (V) 008 oo Ja8 (asds

=

St G axl 5B B ardly 4yl 5B Sl eS 1))
sl S L 28 | i S0 cod Jake j3 et
b 3,5as oyl (F) b odalie wil 4zl
B e pasls Ll Jold a5 (28 o) e b e
5L ot o 6 TSl s il 4,0
ot il 5 Sl Bl K 5 Azl et i
oo ) 0l s e S5l s il 36 b asly
Coxdy So o b plinnl Gl 0 5 WS (e
5O DEL o Bl IS sl Sl el
coly g5 & ols (Sl bl Cndy o b 05,5
58 raSL alidl el aSly 098 (oo by e 3y0 9 xS

! Plantar Flextion
2 Dorsi Flexion



http://jpsr.mums.ac.ir : alowe colu

(\VQA uLa.m.a)) f O)LQ..':: -A 0)5¢ 7% ‘5...\.7(“‘9_\ 9 Gi“*’)“):‘ [n9J.C AJ.?(A

cubloge 2l as Sl jlams Sialidl 1, o 51 eolaswl
daol> calizee Lzl GQ:L?T Ol b dsel> jo coges
Sy Baa byl gdss 1 el pdy Sl
ooled Sy 9 (e Sy p wib il S el

2Bl (0 0y 5 (BB oS (Lt

I3 OP9)
N Ggeil (alod w09 (0285 dad 58 5] ol BB
oo 235 oly 5 bl (Ul 5 (g Cudls
0uSily b gziils (3udos (g, kel drals aings Lo 45 5
ol Golel diges il o Gladol oKy asiles
ouStils plgmdils G 5l Bolal Djgo 4y Gedod
55 Y giladae aSl 4 axgi Lol Ol caseslys
> IR e o Sl b aal Jdas de Sogesl |
VY ragh o bogesl wes pdy ISkl «Visual 3D
adllas ol )0 i gl el ol aid )5 ks o 44
Som (T 65 Jate e o 3l wSle
ol slag o OMae s g ol Jabe e
s3] o o e 4 Plas glagys  laks

ok pYle
4SS s SeilenS o 0ol (5,5 ojlail g
V Jels Qualysis o5 > oo giecas 5 i
axio 3 (g H9aS QUAlYSIS 8 20) e
(g a8 Kistler cs,2) Kistler g5
(YA) o solaw! (SA 960 Joe o Lo £eede )
VP olaws g0 daxmio g b 0,00 (el S 51
Syl glo Sz p g oS S S b
ez Jolis N ez (rizen Wb el Goges]
Ceoly 5 oz G Oy 5 Bl Sl ced S L
gl &8 Jojo Sl el SG o (oo Jate
TSRS e D &85 S ooliwsl g5 amio (59,
s S ) ely e b Sogel (28, ol o
b Se oS 5ysb a ols plaxl ) (23, o) 1SS T (S0ge5]
b oga3l (28 ol 28,5 (oo 58 950 ambo (55, »
s 65t oo £ il assly G5 b ol S 90
B ol a5 ¥ 1S5 50 oy s ol i sl
Ded (Sl b Sogeil Hul s 1L cdls
Lo ools g og 55,8 Voo laools (90 po ilS )3
JBpr 5 wab Al e Ve L ol ld

Cel aaly asl gl iaS 5l Gae  SYeb colaul S
Sl A e Sl e 350 55,080 a8l
s pulidl Slidss 0o )5 alae 5 il g ksl
asl gl S Hade pllie oS ol jo Odlac
el il L (Ve e YI-YY) Canl 00,5 (3,155 1wl
3 G5 Dlae ST g0 oS iSlas ras aily
Sl g)ls gxe jsb 4 (6568 i g 5l 0t 4b
Wads Jd 505 cpbawl HexS )l oMae 5 (Vo) cél
olyor 4y bl jguS )l OMae &8s 595 codled (YY)
S & ol o 5 aes Gl | o s
Cads 50 (VoY) 0ed e 0085 5 Sdlac
Gya8 iSlas as 0 ¥V Plas b 68 Sdlae alslal
SYob Clolasl g was als 1) cdl 5ensT wilgs oo
oS 5 el ol b o ol 50 G eg ] o
clld ol zehe > cplple (VF) o)l bls)|
(YO) 05 (8L e (6 )55l a4 yomie ol (o
O% R :\.:lf.).,.} Saio Q‘J.ﬂ &b :\.M..»Ls sl juaS
OealS orwgs (o8, oly sy s Jolds a5 05 ls
asl oo (YY) boaw s mol8l o (VF) Jols
g ail g uas gl Goj‘é oolaiwl pizmen
Gyob a4 Cewl LT 31 WS L eSSl e sl
il el 5 S e 0)ls b e gyl g Hlad &S
el uld bisl) ks 098 (oo b o ol s
culled g gl g SOpSU cdled Sl o
g (Voo VI-TY) a8 5 glow plasl Odlac
g 220 (oo sl Jolie cpl jo ) g s 568 (rimen
50 Sl Mae oo s 5l o s Liss Wil o
o5 DNae Colld g g @iy e Bk S
D9l ol yer gy 8L o Lsle jo Slpass b wily oo
oy (e 605 o oy p ooy JLid e )
Sl ildae @ wil Al gl S L8,
W (o2h) o Slawle 5 (35 o) e (SDlas
ekl cpl gog Lo L Open-SIM 581 o5 s )ls
w22 1) 6305 sla oo 2 03)l5 Sl 9 oy p Sl
o‘) O )45 » °‘>)‘3 Lngﬁ)'“" rb).u&o sl .0)9] <
CBlae g LzaS ol 5l 8 easuS eolaiwl s Wil oo



http://MwWwW.mums.ac.ir : agie Sip ssle olKisls ool

neae Sy p aily ansly aS el ) ST -gole i pd (lgeS

Dynamic (ID), Residual Reduction
(YO Llpl 5l was sl Algorithm (RRA)
Computer Muscle Control Tool (CMC)
s e ol eolaiul SMac Gl ou aslbre Cye
Open- 138l e 5 y0 dslne Al o 0,31 Sl Jelos
Som 9 Jate el (5950 al>pe (nl 0 45 35 SIM
ool Sy D Apule GMas b 8 g Jld
O Sy 9 shate Joadl Se (5955 ggeme Slaks
dole 53 Ve B Gkl a5 all e SDlas

Wgd (o
Fmus + GRF + JCFdist +JCFprox=Mseg.Aseg

haie Wl 59,0 JCFiSt sy Sl oS
JeosSsn late pules 55 JCFProx . Jiws
sl s # ASEQ 5 askd o> MSEQ il o
56T 5 5l 4 1581 0 3 S, Open-SIM 15l ¢ 5
g Ol > Judow Gl aS sl Sl SISl g
Sae @y $955 g hate gl Glagps GeesS
il 4t bl pdy Ol 3 cnl g
Sae (59,5 (V) 3,00 0929 (ol 28 9 SO3elgly
YLy Gosail 58 o 035 & Jake oS S5 9
Shsgmls osoil g b oools Jloy mies ol
Sz o ools Jloji w8 3l Gliebl 5lam s (s
P bezme 5o aly (5 05T 5l 05,5 99 G amlie
(P</°0) )5 xe b 5 SPSS 22 )38
A eolaul

b ail
039 9y VAR N Y 08 alo b Q‘B'? JrEN VY oolows
D0, ES b Guiss ol 0 SeLS £e/OYEN/VE
led‘-é)d)ozt-"‘;“-ﬁggil@‘)@fymlo\Jj.\_?
@l s oo liS S e g Wiy ally S
50 sols 1 Kile S oy oyl Shygmg L (yg03]
sl amy sl 0g)S 5 s il Foadly 095 90

& ol 3l gl (Y Jgaz) weg by xe

cole V0 ax.s) Qualysis Track Manager
sl osls el cux (500l Heus Qualysis es
Qualysis 133l o5 9,5 o oolitnl Jloj olas
e Open-SIM 1531 » 5 4 Track Manager
Som slo pite (S350l G (siledie 3l an ad
() USs) wias

Open-SIM |58l 65 0 Sogesl (g5ladoe 1) JSCo

Qualysis 1531 s 5 5l sl b  SesleiS (sloools

LB B s b ools .o <os Track Manager
oy 5l s Jae Open-SIM 180 1531 6 5 o .c3d
o ygisliwl oSiils o ¥ asns) Open-SIM 5l
S99 shate uled S9 (omyp yebite 4 (K0l
sohie o b ooliiul b e e Glibl cdlac
e sl O R 00 (ogesl o Sl Jaw
Selos gla Jby sl eolaiwl b e 0 Scale
Inverse kinematic (IK), Inverse >l



http://jpsr.mums.ac.ir : alowe colu

(\VQA uLa.m.a)) f O)LQ..':: -A 0)5¢ 7% ‘5...\.7(“‘9_\ 9 Gi“*’)“):‘ [n9J.C AJ.?(A

S5 A g Sy
sy adly 2iS el Sl gy pole Gaiow ) Sun
5 ZB 55 laie oS 59y 9 (lae 950 2
sob a4 asl gl galsal ols las bl wg o,
2 03)ly Soys (Slo e dbae S5y 61 (e
GOges S99 (T (Pl amie 3 oy Jate

ols Gl 538, oly e |y 2l o yeS e yoles
drao yo ol Jate wled (595 a5 Sl i s
—e sk il sl A5 L (58 of) (> (oS0
GRS g (585 o) Candg 5o 9y al 5l e )l
O O (o, a0 Sllug aS &L?L;T 3l 0g
Lis 5 5 b me slo 5l il Byl 5l i ool
P (533 oy (@bl 5B (> o3l Gl g 090 (o
i) 3L o B, 515 055 o 00eiS llx
(V) 055 (o0 )18 il )Ly Comdg )0 by o aily
boze spliml o (FeTF) 09 (go jlbl b o o)l
Ol oo awlS Loy ambo 0 Ol Le> Cys
Gl 28 als b ol Jate 31l cnlply
oS 4l ol o odlae el 5 a5 ol ) b e
y asl (oo poe amio 0 (S SIS Joias
ooy gaw 5l X el )l o8l odlay wums iolsél
Sz o oasS wais Jele ol 4 Wlgy o jud 095
Ol dsgezme g WS Jas s, amans o X (g lubl
2P Sr Ry e &5 (9,00 45 Wigd el Jalge
L e g Wb GBI S e sy oy axmio
Ol Jade (o258 amio o (lade (uled 6950 SIS

S8 Slggran pol> asllas 5l ol mls b asS 00
S sld g a5 sl lis uen s
dlie jo auly acsly gaS L 8 oy e o)y ade
Sops oiplS e wls b o pelS amy L L
L o8, ol e Vsl 45wl [bls ol 4y ils ol
o o 51l on 8IS IS o il axtly S
IR sl a4 gy o5 G ez S a5 ol b
Slo 513 gl 4 g, Jlbl Comdy S o w0 nS (o0
Sz Sop e Odlae i Slal 4 gl
GreS S (o8 5oy (nlnly 3l Se2s 59,0
OLi J polo Gliod @l 358 (o0 0l ) Jade 4
S I S S

AR

as 4.’; UL"‘Q’ A eolaw! "n.g 4"“'.’.L°"° S W|5
gep aib ail 2aS L 38 o) (> 09l (oo ovalie
O ly e (S5 asals 1o gils pre Dglas digS
i odslive aidy b b a8y of, b aslas o 4
XQENIREY

OJA—‘ Y de? )0 M u)La.c LS’M 65)..4 Cj‘
095 9 Sym olw & aiily 09,5 50 ;0 b ool .Sl
S ol (V Jgaz) wogs Jlo i mje slls amp sl
A ookl b ysie awlie Cyo alwly g Q}A)'T
oy a4l RASTL (38 ol (> Dae (59,5 y0 )b
az ST.(P>-7-0) ais cvnlin 4o,y b L awlis jo
A1 Ll ais esalin gyls goe S| 4Tz
e Shae (955 8l Gamw 4 gy, So ODlae
Gy L iols glas aaly asl eSS L8, ol
Lo clls ol Paw alas 5 S5 ooy DDlac
oy plas 1) gyl g S gl gy alac
bl juaS b (58 ol ) e Sl (o alae (595
oly 51 s el crigs VAP Llade 4 aS og T/ ol
(V Jgu2) (P=+/Y) 09 yliew (iS5 gy (18,

Y dssz 30 (2B 668 5 o) Jate uled (59,0
d)&a}‘ slo QLW) &5—5)...:@ L)?A)T GL».: | o.\.n]
09)5 9 6).».0 G».:Lw 4 MLS 05; 99 )é > ool u,‘il.ue
S olnle (V Jsaz) wog Jboy mis shls ey sl
W oolao! LQ,...:;..A MLA.A u.e > M‘s t5, ujA)T
30 Gl sime BB 04l oo cdnlin a5 @555 len
odalice (P=+/++1) >, L5 axio 5 (P=/))
‘5?)[5 L’>‘L>L) dnoo 9 U‘) Jm » oo)|5 65)..4 W)
@ a5 del Cowas FAA ol aiily 2SS L 58, ol
Dy yud amp b b8, ey 5l gl e b
&3S Jaie P=/+2Y) so90e late uled (59,
e ek a4 sl Al 2S5 ol e (2
0308 (Soy Oy Yoo SRS (9 38 ol 5l 55le
sl jmaS b id,oly e 2 (6008 Jare wled
gy o2l 31l sime ysb 4 aS ael casns < /OA ails
D fden GRS g (158, ol (e



http://MwWwW.mums.ac.ir : agie Sip ssle olKisls ool

neae Sy p aily ansly aS el ) ST -gole i pd (lgeS

Sou plail Jolas 25 > aals :) Jgax

X S99l 9031 Hludio—P w2y sl G il F il . .
Hladeo—p _ . . _ _ Axiuo Jaio
09,5 90 M| S Byl £ LSl S Byl E LSl
\idd <IN~ \Y/-\NEYNF ARVAREA VAR ™ ol
<1A¥7 < [OY ya/74+ Y/PY Ya/NFE Y/IPA L]
<IAYE - [OY VF/IVAZ VIYY VF/- 2% 0/FQ ey
SAhid < [OA FIYOE \/FA YIOAE VIYY PEIERY] u.il
AR AR «/aYt - /fF [ZAR = AVERY G508
ARIA <IVY YA/-A £ O/F4 \PIFE VIES RS EES
<I¥AA % /A% Y/AA APEYE Y/A0 Gl el ol ges
AR [+# YIYYE - /Y4 gleat VY. G508
<IYF¥ [+# ARVARZRVEYN ANEYE YITH S EES

A g @L.m plail &dlae @)La;' Sy Y Jga

p<‘/‘a L_g)‘OL;.!A 6}4‘»

i S99l 9031 sludio—P oy sl S il £ adly ,
P 09,5 95 SO Sbro Bzl (ko jleme Syl £ (Sl s
<I\YA /YA ARV SV ek NY ol ouisS Ky
IV “/-A [$VE <[+ <50 L VE NCTTRNICEL ST PP
-/\ay AR Nat /- f SVEE /)Y Sy 0SSy
[y AR clEVEN . SINVEELNY sy (il pow 98
- Y- - 1OA SYEE N NIAE-RYAN: ol S yuw (ily yurgd
- [$5A -8 - JOYE /YA [k Y RN
-[fOV -1\ SNAYE )8 ARERIIIN S5 9 Ao
/Y04 -1\ VEAL <Y VEYE XY Sy ol
YS! - 1OY NIGE-RYAT SIYEE oNE S P

[\Y - 150 INOE +/V) J[f0E /Y- Sl (s
-15Y4 -16Y “/YYE <Y SIYEE VY S g5 (S
-/FFF ny VSV E VOAE <Y o
- 1384 [+ AARERIAN \ARERIAR 1 o pols

P<e/od s bolixe mhw ams oo plis ], g)ls St

\Y



http://jpsr.mums.ac.ir : alowe colu

(\VQA uLa.m.a)) f O)LQ..':: -A 0)5¢ 7% ‘5...\.7(“‘9_\ 9 Gi“*’)“):‘ [n9J.C AJ.?(A

SLs plal Lade wled (5958 Jgo

S 99 3 L 9031 P yladio

Sl
05; 99 o)y

apy sl
Jxo Byl £ Sl

S0 il £ Al
Slmo Szl £ (il

N¥

VfYE -
\ARE- V4
FI¥EAAAD

Iy

YIVNE < /70
ASYE </AN
V£ /20

7&[}‘ > ‘SOLXE
S3ges
IS EREN

NAE -7 PRI PR
oY GOg0s

A% IS EREN

=B o
NS
AT

Wlgh (o0 g 980 (oo )18 15 Cod G ], oy Jade aSLy
e oy ol 5008 Jolas cnl o o] 3y Lo
oolawl 09l oo Slpriong 1 aws I3 el s
Sloe @ azg bl adly slo a5 ) Bus
b b GhaS ol Gandisy Sl o (1S cnl 6y o]
diles (g,log>

& onl 05 B axsi 990 Wb AT Gdiod Cudgue
IR s 9590 Bei ol o plle sl Soge3] ks
S8 o 0g)F S0 4 gl sy b a5 W8S
2Ogdo

yob 4 aS gol Bl (g9, oan] Glidss 5o oo olgrioy
Gl aS e soliiul aily axdl, LS 5wl
oles slog i oan ] Slidod )0 uizmen 9,5 &g
DpS B oy n 0y50 Oy Jade 5 505 00)ly (late

135wl
Sl Mac Dliaxi (5 e acgasme jl alewgin
oBiils cimgh Soglee g leasl ikl casuils
Lo |y QL;:,%Lc)'T ploul aiwey a5 leaol Siy pole

'Y

P<e/ob s lobize mhaw ams o lis |y gls e

O 9y ol 5l eS aily adly STl 335 6l e
D am b b 23, ol
el (95as (59, a5 ol Ll ysres gl
ol asl eSS b yid, oy e 2 (6508 Jade
Loog jlien M5 oen o35 ol 5l o)l (pre j5b
Sepe g 397 p Sop Se0p adly gl Gl
1053 n oy Rl (TF) b oo Gl ()15
GRS IR JdN ke 50 g Dd pas s B)b S
s Jal 4 e o paSdE L Counsg jo b e
S)ls 53508 Sy plple sd oo YL Jolae 4y 93
o) e 6 (e ok 4 (2B (505 Jake j3 00l
G g R ol 5l i wily andly aST L (8,
Sl 5l s Sliiss mls ,Ses Bk 5 wsl
oy g ;o Olyad gt ouS Cowl, OMas codled
$99) Sudlad 5 (V+VY) (6505 oxty 5 p)lk2 po Slo
L o8y oy o (YY) &lja8 gt 0aisS Sl Olac
olidl g cudled aolial ol waily asl sl s
a8 gt ouiS Cewly Odlae cldld by os
‘5‘o]e,ouul.®&~wo);‘_g‘<\3l,a‘)b450—‘fos)l$
OB aS colaiwl o 08 gleo,s Lice § Wjluil o>
S99 (#2)8 amho ;0 Oy Jade (wled (69500 (Sl
6> e ysb a ]y (2B 6508 Jate uled Gog0e
oS 5l palae colaiwl caS ey wld ams oo il
G iy bake el gop Jlesl oy acly azaly
a8 b cod 1) (2B (608 Jeaie Wl oo Lo



http://MwWwW.mums.ac.ir : agie Sip ssle olKisls ool

neae Sy p aily ansly aS el ) ST -gole i pd (lgeS

Kerrigan DC, Todd MK, Riley PO. Knee
osteoarthritis and high-heeled shoes. The Lancet
1998; 351(9113): 1399-1401.

Sussman R, D'Amico J. The influence of the height
of the heel on the first metatarsophalangeal joint.
Journal of the American Podiatry Association
1984; 74(10): 504-505.

Foster A, Blanchette MG, Chou Y-C, Powers CM.
The influence of heel height on frontal plane ankle
biomechanics: implications for lateral ankle
sprains. Foot & ankle international 2012; 33(1):
64-9.

Wang C, Geng X, Wang S ,Ma X, et al. The impact
of high-heeled shoes on ankle complex during
walking in young women—In vivo kinematic study
based on 3D to 2D registration technique. Journal
of Electromyography and Kinesiology 2016; 28(2):
7-16.

Cronin NJ, Barrett RS, Carty CP. Long-term use of
high-heeled shoes alters the neuromechanics of
human walking. Journal of Applied Physiology
2012; 112(6): 1054-1058.

Simonsen EB, Svendsen MB, Nagrreslet A,
Baldvinsson HK, Heilskov-Hansen T, Larsen PK,
et al. Walking on high heels changes muscle
activity and the dynamics of human walking
significantly. Journal of applied biomechanics
2012; 28(1): 20-28.

Russell BS. The effect of high-heeled shoes on
lumbar lordosis: a narrative review and discussion
of the disconnect between Internet content and
peer-reviewed literature. Journal of chiropractic
medicine 2010; 9(4): 166-173.

Snow RE, Williams KR. High heeled shoes: their
effect on center of mass position, posture, three-
dimensional kinematics, rearfoot motion, and
ground reaction forces. Archives of physical
medicine and rehabilitation 1994; 75(5): 568-576.

Opila KA, Wagner SS, Schiowitz S, Chen J.
Postural alignment in barefoot and high-heeled
stance. Spine 1988; 13(5): 542-547.

10.

11.

12.

13.

14.

15.

16.

17.

18.

V¥

&l

Lee C-M, Jeong E-H, Freivalds A. Biomechanical
effects of wearing high-heeled shoes. International
journal of industrial ergonomics 2001; 28(6): 321-
326.

Ebrahimian M, Ghaffarinejad F, editors. The
survey of the effect of heeled shoes on lumbar
lordosis and pelvic tilt angles in females 20-30
years old. Proceedings of the 5th Interdisciplinary
World Congress on Low back and pelvic pain;
2004 ;7-10.

Kim B-G, Gong W-T, Kim H-S. The effect of heel-
height on the lumbosacral region angle of young
ladies. Journal of the Korean Society of Physical
Medicine 2007; 2(1): 49-509.

Opila-Correia K. Kinematics of high-heeled gait
with consideration for age and experience of
wearers. Archives of physical medicine and
rehabilitation 1990; 71(11): 905-909.

De Oliveira Pezzan PA, Jodo SMA, Ribeiro AP,
Manfio EF. Postural assessment of lumbar lordosis
and pelvic alignment angles in adolescent users and
nonusers of high-heeled shoes. Journal of
Manipulative & Physiological Therapeutics 2011;
34(9): 614-621.

lunes D, Monte-Raso V, Santos C, Castro F,
Salgado H. Postural influence of high heels among
adult women: analysis by computerized
photogrammetry. Brazilian Journal of Physical
Therapy 2008; 12(6): 441-446.

Franklin ME, Chenier TC, Brauninger L, Cook H,
Harris S. Effect of positive heel inclination on
posture. Journal of Orthopaedic & Sports Physical
Therapy 1995; 21(2): 94-99.

Giaconi R, Questad K, Ko M, Lehmann J.
Footwear and posture. Compensatory strategies for
heel height. American journal of physical medicine
& rehabilitation 1991; 70(5): 246-254.

Opila-Correia K. Kinematics of high-heeled gait.
Archives of physical medicine and rehabilitation
1990; 71(5): 304-309.



19.

20.

21.

22.

23.

24.

25.

26.

http://jpsr.mums.ac.ir : alowe colu

OV lio)) T ojlads -A 0,90 —aguie iduilel o (Sl pole dloxs

Joseph J. The pattern of activity of some muscles
in women walking on high heels. Rheumatology
1968; 9(7): 295-299.

Bendix T, S@rensen SS, Klausen K. Lumbar curve,
trunk muscles, and line of gravity with different
heel heights. Spine 1984; 9(2): 223-227.

Mika A, Oleksy L., Mikotajczyk E, Marchewka A,
Mika P. Changes of bioelectrical activity in
cervical paraspinal muscle during gait in low and
high heel shoes. Acta Bioeng Biomech 2011,
13(1): 27-33.

Mika A, Oleksy L, Mika P, Marchewka A, Clark
BC. The effect of walking in high-and low-heeled
shoes on erector spinae activity and pelvis
kinematics during gait. American journal of
physical medicine & rehabilitation 2012; 91(5):
425-434.

Barton CJ, Coyle JA, Tinley P. The effect of heel
lifts on trunk muscle activation during gait: a study
of young healthy females. Journal of
Electromyography and Kinesiology 2009; 19(4):
598-606.

McGill SM, Hughson RL, Parks K. Lumbar erector
spinae oxygenation during prolonged contractions:
implications for prolonged work. Ergonomics
2000; 43(4): 486-493.

Cronin NJ. The effects of high heeled shoes on
female gait: a review. Journal of electromyography
and kinesiology 2014; 24(2): 258-263.

Mika A, Kielnar R, Swierczek M. The influence of
high-and low-heeled shoes on balance in young
women. Acta of bioengineering and biomechanics.
2016; 18(3): 97-103.

27.

28.

29.

30.

31.

32.

33.

34.

AN

Hapsari VD, Xiong S. Effects of high heeled shoes
wearing experience and heel height on human
standing balance and functional —mobility.
Ergonomics 2016; 59(2): 249-264.

Doets HC, Middelkoop Mv, Houdijk H, Nelissen
RG, Veeger H. Gait analysis after successful
mobile bearing total ankle replacement. Foot &
ankle international 2007; 28(3): 313-322.

Thelen DG, Anderson FC, Delp SL. Generating
dynamic simulations of movement using computed
muscle control. Journal of biomechanics 2003;
36(3): 321-328.

Steele KM, DeMers MS, Schwartz MH, Delp SL.
Compressive tibiofemoral force during crouch gait.
Gait & posture 2012; 35(4): 556-560.

Kendella P, Andertona W, Gustafsona JA,
Farrokhia S. Quantifying Tibiofemoral Joint
Contact Forces in Patients with Knee Osteoarthritis
Using OpenSim. Highlighting Undergraduate
Research at the University of Pittsburgh Swanson
School of Engineering. 2015: 48-54.

Delp SL, Anderson FC, Arnold AS, Loan P, et al.
OpenSim: open-source software to create and
analyze dynamic simulations of movement.
Biomedical Engineering, IEEE Transactions on
2007; 54(11): 1940-1950.

Williams CM, Haines TP. An exploration of
emergency department presentations related to high
heel footwear in Victoria, Australia, 2006—-2010.
Journal of foot and ankle research 2014; 7(1): 4.

Voloshin A, Wosk J. An in vivo study of low back
pain and shock absorption in the human locomotor
system. Journal of biomechanics 1982; 15(1): 21-
27.



