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PURPOSE This study aimed to characterize the kinematic variables of stair climbing
in adult women by analyzing the effects of varying heel heights on their climbing
behavior. METHODS A total of 24 adult women (age: 22.08+1.28years; height:
160.43+4.30cm; weight: 54.10+6.39kg) participated in this study. All subjects wore
the same type of high heels with heights of 1cm, 5cm, and 7cm while performing
stair climbing on stairs measuring 18cm in height. Ten infrared cameras (200Hz)
and ground reaction force sensors (1000Hz) were set up on the stairs, along with an
8-channel electromyography system (1000Hz) to analyze the maximum moments
at each joint and the muscle activation during stair climbing. Data were analyzed
using IBM SPSS Statistics version 27.0 (IBM., USA). All variables underwent the
Shapiro-Wilk normality test, with repeated measure analysis of variance or the
Friedman test applied based on the results. Post hoc tests were conducted using the
LSD test or Wilcoxon signed-rank test. RESULTS Our study found four key findings.
First, a significant decrease in maximum dorsiflexion, plantarflexion, inversion, and
adduction moments of the ankle joint was observed with increasing heel height.
Second, the maximum extension, adduction, and external rotation moments of
the knee joint significantly decreased as heel height increased, while the maximum
abduction and internal rotation moments significantly increased. Third, the maximum
flexion, extension, and abduction moments of the hip joint significantly increased
with higher heel heights. Fourth, muscle activity of the rectus femoris, vastus medialis,
vastus lateralis, semitendinosus, and gastrocnemius decreased with increasing heel
height compared to walking; however, muscle activity in the tensor fasciae latae
increased. CONCLUSIONS The results of this study suggest that as heel height
increases, the risk of injury may rise due to limited ankle use and increased moments
in the knee and hip joints, potentially leading to muscle strength imbalances in adult
women, particularly through the overuse of specific muscles.
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Al etz sZtolch. o] wijx]e} AAFA ols Al 48 44 &
P2 BPHTt o THZQ 5o Z A A QloH(Silverman et
al., 2014), ¥HEAQ1 =9 9 2 50| FAlo| Yeht7] wio
AiollA T A" AT A F sholtk(Cayless, 2001;
Pickle et al., 2014; Yoon, 2008).
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o leEd 7FeAdol BA EEt &4 vehdti EuEy gt
(Andriacchi et al., 1980; McFadyen & Winter, 1988; Pirker &
Katzenschlager, 2017; Protopapadaki et al., 2007).
oA K weo] w2 Ao thgt A7t o] Foj A WA AW

3} 2o w7 g of= Ao tigt S840] ARE L ed A
2(Shoes)> 8L 5 AALAHY thfet FH=E U= B3
oA & B, Wetel Y WA, 54 F5 5 22 Vs
HZE 9o E8=7] o] el g SukE Al Aol ui-$
2935} HYoon et al., 2014).

ST, ool AR ole] 7h] J15d Batio] ok
A9l 94 & SIy=E F&HH(Wiedemeijer & Otten, 2018).
American Podiatric Medical Association®] E.1lo] W2 g
71t 827 52 FEQl sto]d(High-heeled shoes)S oF
69%9] o14do] gt Aol shom, o % 40%7F Y AHgal
Zog BE 3 tH(Frey et al., 1993; Jang et al., 2009). A%t
9] ¥ ¥o] T7F= AdaEE FAAE WelstAY I s
S7HAA a9 o] verd 4 92H(Cronin, 2014; Tencer
et al., 2004), wol E=5 oUA 845 S7HIA 259 1
25 Z7HZ F EY(Gefen et al., 2002), ol AP} £}
A stoldE 7141 282 oA TEHFR W L3} sfe o] ws}
£ 4o 4 th(Mika et al., 2012).

oY Ak B Al A HelE AT APA+= w =
oo w2 X s} LA et 7He Y] HItE AA Y gt
9 73 5ol Y3 VA B S HSAZ 4= Qltk(Shang
et al., 2020)2L B15tlom, i wol7h A Zpol7h AlA o m|A|
= QTS IRl APAFolA =2 Fo2 Qs ¢ A
AAL} AT 75e BHo] Qo BEES WA = ok A7
s, A9 =44 I 984S Aot Hsue & Su, 2009).

o %0| #isto] 2 B3 fe-g EAS APATE A F
8 A9 EFE AREEE stold o AFoely FEjrt 1A gt
, &Y SHAA Y ARt AU HET RN L5 A Y,
ety B4 123t FHY é}"] gdQasita Xﬂ
StHOh & Kim, 2009). E3t, YL 5 HIHSHA EAY 5=
sto]d 283t o] mE A 27] F2 EH°} ohZHA Q] A 0]
g gotr}, o]of] & AtofA= A7 20t oS TR 3714
7 =01, 5, 7em) W3] WE AT Q27] A| YA ATH EJ5
59 AU EASt, i =o] Aol whE thFdt BilS A
Sto] AASEAL  olof] wE B mfe o] 54 1S ol AA9
7 o] nA e JFE Brhoka b S At HehE A
£ A ABtaAL Bk
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E A3 tjdats At e27] 9 5to]d HePg $=e85k=t]| o]4f
o] Qi A2 & A7(size)E 230~235mm, < 370€¥ oy 85
9 5hA] BAEEGR, & 24 5ol fle F 2439 A 4
9l oA S tjAto g BAFALE B A= Prshe] S99
oA 9] $0& Woo (5l WS 1041386-202202-HR-15-
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02) RE A7 YRS AT Fol S48 we T WPt A
TGRS AAH ERE (Table D3t 2t

2 Aol gt BE hAAES stold 7 Eolo wE YA Y
HlS =H57] Hal AHEE 7] (FP4060-08, Bertec, USA,
Sampling rate: 1000Hz)7} WA A A2 ASFZ 60cm x Al
2 40cmx 0] 18cm)¥} 10H9] & )47t 2HOqus, Qualisys,
Sweden, Sampling rate:200Hz), 8389 LA E==%7](Mini
DTS, Noraxon., USA; Sampling rate: 1000Hz)E AH&-3131tt. 3f
o|d2 54 3ALY & =ol(1, 5, 7Tem)T THE 22 tARIoE A
A5+l 2 W (Hamandi & Ruken, 2019), Ald =o|= AZE4 311
Z51& A152(ADTY AA7189)E FAste 18cmE A7gst] &
IS 5 Sl ARt tHFigure 1).
HE dAE S8l 9 stoldo] H-g5t7] sl oF 58719 A
G A ZEE stg o, 28 oA FAYE wiAstltt. At
2E7] &= WAL 7P Hele A Wyl £ 28 A5kt
AAe] 2 THO| Helen Hayes Marker Setting 70| =5
Jsto] §hAL upA S F2betgl o, B4 EXo] uheh B Q9 v
o I HEO] npA= Aottt AlF £ A= A 7THA =
£=7](Seventh spinous process of the cervical spine), &4|%
A(Sternoclavicular joint), AE(Acromion), AZ(Sacrum), A
AA&=(Anterior superior lliac spine), A34-&=(Posterior

superior iliac spine), E &A1 WY =(Femur epicondyle

Table 1. Characteristic subjects (Mean £ SD)
Variables Female (n=24)
Age (years) 22.08+1.28
Height (cm) 160.43+4.30
Weight (kg) 54.10+6.39
BMI (kg/m’) 28.84+4.08
Foot Size (mm) 232.29+2.54

Fig. 1. High—-heeled shoes & staircase setup
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medial or lateral), W 2]&(@)(Malleolus medial or lateralis), &
(Foot)9 1917 & 537 FZZ(Metatarsalbone) % B8 F&
A2 2y AA B4 3~470F F716t0] & 34719] ¥hAL mpAE R
ST A e B4 fE2ZZRE), Y=FHVD), WSFHVM),
AAZ(TA), FF71H2ES), HECIFE(BE), SPAGFE(ST), W
HEL(GM) F 87 &5& Astelon, ¥d9o AsE 47
of 22 2915 W72 A B3 & I FO 8 AF o3tk
ol% 7 22mm2] Ag/AgCl EH AL 4=}t A o F3F
stlom, A= H X o= SENIAM(Surface electromyography
for non-invasive assessment of muscle) 7}°| =& #1513 TH
(Figure 2).

AY G FES v 4 ZAE 7 BojAA] FEE AL
glo] & Apgoto] 15ty ow, HolE Y 52 5to]d Eold
AR 3719 HlolHE E55tal HatghS 4o AHEsait

o v

A= A2

obA 9 X H;xet AWErE, ZHE YA E(Raw Data)E
Qualisys Track Manager SoftwareE &3l 57|85t 5519
oh 84 72 2R Al (Heel Strike; HS)OIA o] HolAl= Al
HA(Toe Off; TOZHA Y] A F#+7Fo&2 AAstgom, HSe TOE
AHEF 9] 10N 7|&2o.2 A5k th(Figure 3).

IR A 9] #A W (front plane)dt A4 M (sagittal plane), 5
H(transverse plane)olA 2] HYRHAE AAHS Y3 Visual3D
v5.01(C-Motion, USA)E A5t o, AX}Z oA TAYSI= =
o] Z AAE ¥l Butterworth 4th order low-pass filter cut-off
frequency 15HzE &8s tHDonnelly et al., 2012).

AT 227 AA 7+ T4 E B4 Yol 4 5ol Higt 7
& A& ==(Reference Voluntary Contraction, RVC)& &4
3FtHKim et al., 2011). RVC 22 6.62m F5 135 A=
7t ASohs S FAATL BPS 35k 9 SAEY
715 710 st o, & 33 WihZ AFEcto] A 240
AMEEQITE £ e AEE 5 g2 WES%RVOE At
SHNormalization)dtth. A= dlo]g 9 AZEAL Noraxon
MR3 3.14 SoftwareE AF25t9 o YA 52 &L E(Band
pass filter) 20-500Hz2] WE]Y S (Nene et al., 2004) RMS(Root
Mean Square)E Al4lstal RVCO| tfgt WE2-&2 FET}oto] A4

ZHE BE A7 SPSS ver. 27.0(IBM, SPSS Statistics, USA) &
| T2IHE AMgoto] Hotd BEHAE AASHA T 5 =0]
of tigt 2ol & Hlwsty] Yol RE W2 AR E Y3 (Shapiro-
Wilk)e] 84 RS AAlst o Ao et yHEES7 EAb
E X4 (Repeated Measure ANOVA) = ZE|=H A4 (Friedman
test)S AFEOLA T ARGE 99 LSD A Ee= €3 £S5 A
4 H4(Wilcoxon signed-rank test) & AA|stPoH ojf & &
A f5EL 0=.052 45t

L
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7 %o] Hsto] w2 Ad 0 27] A s1ATE o RRIES
A= (Table 2~4)¢F 2.

WEyg o] Ao WiEEE Rl E(X’=10.750, p=.005) EXHZ
HHE(F=73.414, p=.001) B5F |25 2o]& YEtRlct ARE
J 3 Eo|7t 7S wiE&2 3 (a)b,0), AZ=ZH(a)b)o)
L% Zashe 4%S vebdth &g o Wy ZWE
38, p=.001)¢} WA HHE(X*=14.083, p=.001)°14 &4
|t ol & Hepion, AFA dit & wol7t 71
NE(a)byc)t WA EHE(a)b,0)E Hadhes 2oz
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Taste A% (@byoS Uebdch B4 Ao Hd W miE
(X?=20.583, p=.001)¢} Mt 9|A RUIE(F=6.044, p=.005) &

T 93t 2ol & Yt on, AR HA At F Eol7t SIS
Yd ZHEE A5k A3 adbyo)o] YeEPEAIE, od RHEE
5cm9] @o] 1, 7em9] & Eo] Bt v & 9 EHE(bya, o Y

Table 2. Maximum ankle joint moment (Unit: Nm/BW)

lem® HeeSlc}rlzight Tem® Fp) 1 X () I})l(())it
+ 0.281£0.194 0.181+0.116 0.18440.089 10.750°(.005) a>b,c
- 1.411£0.178 1.245+0.253 1.046+0.173 73.414(.001) a>b>c
P + 0.638+0.159 0.453+0.163 0.363+£0.142 84.138(.001) a>b>c
- 0.013+0.013 0.013+0.017 0.001£0.059 0.583(.747) -
+ 0.191£0.057 0.152+0.057 0.145+0.055 14.083°(.001) a>b,c
- 0.068+0.048 0.057+0.031 0.054+0.039 1.750(.417) -

SP : Sagittal plane(Dorsi-flexion +, Plantar-flexion -)
FP : Frontal plane(Inversion +, Eversion -)
TP : Transverse plane(Adduction +, Abduction -)

" : Non parametric statistics

Table 3. Maximum knee joint moment (Unit: Nm/BW)

Heel height Post
Fp) 1 Xp)

lem* 5cm” 7ecm
+ 1.408+0.219 1.343+0.251 1.360+0.201 2.469(.096) -
- 0.440£0.191 0.246+0.176 0.110£0.065 71.890(.001) a>b>c
+ 0.312+0.150 0.213£0.123 0.19140.093 20.583°(.001) a>b.c
- 0.374+£0.232 0.429+0.204 0.4914+0.173 6.004(.005) b,c>a
+ 0.242+0.074 0.267+0.066 0.278+0.084 3.731(.031) b,c>a
- 0.096+0.035 0.071+0.031 0.055+0.024 26.083"(.001) a>b>c

SP : Sagittal plane(Dorsi-flexion +, Plantar-flexion -)
FP : Frontal plane(Inversion +, Eversion -)
TP : Transverse plane(Adduction +, Abduction -)

" : Non parametric statistics

Table 4. Maximum hip joint moment (Unit: Nm/BW)

Hef;lclrlzight — Fp) 1 Xp) I;Zit
P + 0.191£0.123 0.256+0.177 0.331+0.183 24.333%(.001) c>b>a
- -0.545+0.154 -0.693+0.187-0.751+0.208 25.446(.001) c>b>a
+ 0.149+0.056 0.147£0.071 0.163£0.079 2.250"(.325) -
- -0.591£0.136 -0.664+0.151 -0.655+0.177 4.196(.033) b,c>a
+ 0.069+0.022 0.070+0.025 0.081+0.038 1.750°(.417) -
- -0.264+0.094 -0.275+0.082 -0.255+0.098 1.333°(.531) -

a

lecm

FP

TP

SP : Sagittal plane(Dorsi-flexion +, Plantar-flexion -)
FP : Frontal plane(Inversion +, Eversion -)
TP : Transverse plane(Adduction +, Abduction -)

¥ . Non parametric statistics
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s AoE FRIFth Hf HId BRHE(F=3.731, p=.031)
94?% RHE(X?=26.083, p=.001) 55 A0 9|3t 3}
et on, A28 A1} 7 017t S7FESE Q3 Bdl
Aaot= AeHadbyo)Z UrEl
o} A 23 BUE(X=24. 333 p=.001)2} A1
446 p=.001) EF & ol o3t 2ol 5 Uty
5 AH A3} B F ko|7} _7}%}# 233 AH ZHE
BFoba)S Uetdoh I 4 Hd WAl ZHEE &
}0171' UErA] FSkAIRE, Q- HHIE(F=4.196, p=.033)=
} £ yetdlod, Ar3-a4 23 5cm@ 7em?t lem Rk
BEb,cra) YERRT. FBH A9 o WKt 3]
‘_E.Oﬂiﬂ% BAH R {3t Aol 7t UEptA] gkok

e
_?l’,olN:E?FOE_}'dﬂllm
: —ﬁxﬁ

1o ¢

Ol' r_(\)_ll‘
).Il

Il‘

=L

2 OlN Jo 1o 1o [o |m

Hil

rd
ﬂ-@
ox,
H1

gto]d i Fo] W] 2 I8 LS A7) FHE Ve &
A%t A¥= (Table 5)9F Zth.

dEHZRPT LESFL(VD2 =4
Hrp 259] Ao Zoppon TAHOE Fogt Zpo] 7t ek
THF=3.985, p=.025; X*=6.333, p=.042). A+¥ 47 AY} RF, VL &
F lemZt 7emE o 2 28 A4S Y+ @) o& Y
Wt WESE(VMIT A SHTA) E3 SAH 02 93t Zpo]
£ YE v (X?=7.583, p=.023; X*=6.333, p=.042) A4 2
T VML Iem7F Sem 9 7emB o 52 28 FHEE Y= 4
FHayb,0= HEFH oY, TAE= 7cm7t lcmi‘:} =I5 E“EIE
£ Uetd= 4o a)S UErdth AE71-H2ESS} thElo]
(BF)Z & o] Wsto] wzt Ag =27 %&P Al 59 %X—]%‘IOH
Al BAROR [KOF Aol e A GFotth. BHAF(ST) H|

EH(CM)2 L5 BAZOR fogt Aol 8 el o v (X*=7.583,
p=.023; X’=18.083, p=.001), AFEHH A3} ST lem7} 5cmE
=2 @) 0)S YEHL, GM2 F 0] 7t weh &2 2
A Z(aybyc)S YEFTH

¥ol7t Z7U4E 17 54

Table 5. Muscle activity of lower extremity (Unit: %RVC)

Hee;::]lfht 7em® Fip) 1 X ()
RF 204.63+95.91 189.66+101.03 166.81£72.04 3.985(.025) a>c
VL 236.40+101.09 212.60+81.42 199.30+66.36 6.333°(.042) a>c
VM 310.66+103.24 252.99+82.21 253.32+90.85 7.583"(.023) a>b,c
TA 74.30+21.80 72.88+22.70 84.45+23.04 6.333"(.042) c>a
ES 137.92+63.06 127.62+74.22 136.29+71.04 5.583"(.061) -

BF 91.60+£35.53  96.45+36.22 103.67+46.40 2.240(.118) -

ST 72.03+£14.92 59.92+12.82 66.14+19.55 7.583"(.023) a>c
GM 109.27£61.32 83.81+42.95 69.01+24.14 18.083°(.001) a>b>c

VL: Vastus Lateralis

TA: Tibialis Anterior

BF: Biceps Femoris

GM: Gastrocnemius Medial

Post
hoc

a

lcm

RF: Rectus Femoris

VM: Vastus Medialis

ES: Erector Spinae

ST: Semitendinosus

" : Non parametric statistics
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=9

& ATFEAlD .27] 5 F Eolol ©hE Al o4 sHAl9] 5
o314 Hlolx} 2.8 Bhgo] LER}E xjo]9} o] & Q18 B wElo]
3 EA4L dobR vA 3T

47149 stol B2 H-g-2 A gAY 2HH JFL A
° S 2e) E& oA B % o @ el el

= 15
o2 83t 4= Qk(Stiirmer et al., 2000). © ”}% Aol A Tk
&3t B3 Al i ol w2 5hA] "nzﬂoﬂ"m Ao ojw gt JF

WA BR] $19) B o) ol olFolA gk, wE

A2 AA AEH 43S 24 2 fAHAY, B2 F AWy S
A& F4dote 523 9otk (Park et al., 2013). YutFoz =
2 B2 283 Aol A By Al IEE2 EPIT 4E S
Ao R [R5 Qo) B2 FRot g2 YA A5y Q7 T
A 5= 9lo] o] = FH &89 T 2E ¥t A4S HIAA B
A S SN Z 4 Ath(Foster et al., 2012)1 H11E3 Q1O
), Ald R 27] A] A WA 9 zolof Afo]F H W AT AP

T9] A3(Shang et al., 2020) E3JF 0] =252 TEHH A
A 7HER 7T S el W 9 W rHesR e Facke
AIE Yot} §H, Di Sipio et al.(2018) A-tollAl= Ho
S5 UETEY AW TFe AT At 2RE UE
o} o]2Rt A= i =0l SVl Wt AAE A& fAI5H]
o EEHEe FAAE Aofstr] AT HAREY 4 vk A4
H(Shang et al., 202008 AFAT9] AFE 7|grez B A+ 2
T E5 HEE JJEH &30 AS5=23, WA, HId ZHE

=

£ =2 ol Hlo] W2 oA ZA Yelel=d], ols w2 ol 1
o gol Rg® WS A8H A WPHS RANE Aoz
A Zr=E th(Mackey & Robinovitch, 2006). E3F, @&534d ¥ &
29| A= o =oI7t S7Il et AAEEY 25 24 S
SHe F7h SR AAT, WS BT 28 RS FadHe 23
£ YUEtHSlt. ol 83t A3= & =ol7t Vel "ol whet dol

HAETo| Hol 5T 77 AL, AFF5Hol A
© 2 o]F3h= Z(Puszezalowska-Lizis et al., 2019; Stefanyshyn
et al., 2000)7} #&Aste] M} L8 PA L +F FAE Sl
AR S A&5H /o] yehd a3 4= Qlrta AZte &
gt W& HEZY Ade gl #2545 FET A AT AL
T 2 & Q] dFEA 9ol —r—4* Ao YAl gk —4
LR & S0 R Qs S H|ELo] F4] oo =Esh=
I} FHAsto], 55 o] Eoj50] Zoxl AR 1°lE olsf &
9] Z0] ZAast AW 4= ttal ABZETHLee et al., 1987).
By Al BRE53d RAEQ HH-2 477 -:_Joﬂ Ad &5
A&t PA71NA 27 AFS A9 o ovA S5

AoE UeRE=d, ol 348 93t
AlZ17] Yol FEEE 9 Z3o] - Aol YEhA] g2 Ao
2 gerEti(Zabala et al., 2013). AA|, & o] & 23 wj=l
2ol & At A(Simonsen et al., 2012)°14 & &°]9] E7H=

By S HIA7| I HAe 3 AE Pollote 800 4
HtH(Chien et al., 2013). & AollA A HEAFZH vHA
F9 A= F =ol7t SR HAaste

il
nm
=2
0
T
o
=
32
rr

kjss.sports.re.kr

), ol V1%t F Eol7t Ald B A BE¢E 2 289 414
A& wsha l%l‘:h_’_ Y218 4= Qlch(Zabala et al., 2013). "J%,
A FEE0 Y o 9 W3l BHE F7= sto]d
&ol1 Haoh= A W 9 SBHY 229 S 29
A8 A (Hsue & Su, 2009)2F o] il AJzb=rct.

EIEU e EEJ—}@_ AA| FAF] /1A 517] wiiZe] £78 ¥Rle
2 QIgt ggFo] ZeiZIttH shA] MA| A Lol BA7F vebE 5=
(Neumann, 2010). T 134E 7]50] AAHOoZ YEFXA] ?%f
ol BT BE AT 7748 7HEw 9] S3} Zo] QubAol W
of =&d}A] &= Ao 2 vebdHtkBahadori et al., 2022). -1_:7
o =o|Y ALY FHl= By Hed BE &5y Helo] I
2 WA= Aeg EEtk(Shang et al, 2020) B Aol 1
Ao A od BHEE= W2 FHTE 22 FolA A YEld=d
ozt Ait= Al 2.27] A 5149 9]’51% 9 Heol5 3ol 8
TEE Z(Hsue & Su, 2009)7 149 b9 E F&of gt
5515 WA sl vebeth sl A2 th(Chien et al., 2013).

O

ol _4

£ Q7L 49 olde BgoR A 027 A ol ol ne
25T olg FHSEE BHo] AT ATAHE FH
2, a3t 2L AL AU

RA, F ol Sl vzt wEwEe) M) A5
A 2 foE v} Uehie B4, FE2ES] 2 4

Z7to] wpet 018 2t ehgt
o, 6] S4B RAEL Sol F7E Uehzch, A, o
901 0) 3o} 354994 LA 5 3ol 74l vk 10
BV ebaek A, clsla, d9l5 4, e, e

© & Eol 710l et 27] BA] vle) &S 2 BHE ekA
U AABTL 2 28 B4 et

4240z B AT AT B9 5o]Y F kol W] me} &5
S5t el Aols} sl AS2 sole, § ol gt
9] A1go] AT F53} Jgol BA §4 57l v

S 9ol SrAEAct, B e 3 AL A ol Al
of W2 3} Aol 59| AT WAY O AL,
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