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PURPOSE This study aimed to: 1) compare the differences in static lower-extremity
alignment (SLEA) between female ballet dancers (BD) and non-ballet dancers (NBD);

2) investigate the differences among gesture leg (GL) and supporting leg (SL) in BD
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and dominant leg (DL) in NBD; and 3) compare limb asymmetry between groups.
METHODS Twenty-nine female BD and 20 NBD were recruited for this study. The
quadriceps, tibiofemoral, rearfoot, and genu-recurvatum angles, tibial torsion

and varum, and navicular drop height were measured. An independent t-test
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was conducted to compare SLEA and limb asymmetry between groups. One-way
analysis of variance with Bonferroni post-hoc tests were performed to determine
the differences among the GL, SL and DL. RESULTS BD showed lower quadriceps
and rearfoot angles, less tibial varum and navicular drop, and greater tibiofemoral
angle (p<.005) than NBD. BD showed less quadriceps angle asymmetry but greater

tibial torsion asymmetry (p<.01) than NBD. GL and SL in BD showed differences in
quadriceps, tibiofemoral, rearfoot angle, tibial torsion and navicular drop compared
to NBD. CONCLUSIONS Repetitive dance movements can transfer varying forces to
the GL and SL, potentially contributing to SLEA asymmetry. An intervention strategy
that can reduce SLEA asymmetry in BD is needed, as is the identification of elements
of ballet training that contribute to maintaining a normal SLEA.
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HAFTA = ofA] Aol A2 RE P =& o] vt 57%2
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(Mean + SD)
Control (n=20)

Table 1. Participants demographics

Ballet (n=29)

Age (years) 23.3842.62 25.90+4.02
Height (cm) 163.90+4.37 166.79+4.09
Body mass (kg) 49.77+5.32 56.37+5.38

lower extremity alignment, SLEA) & Bt F =& A]¥sl= A
T7F A "art Qlrt ol & A= 1) oA dEd-g3Aet v
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2 AFNA 53" F 107149 B4 oA FE 2 A &
/\1], T A 4 %‘Eﬂ AAloll A vz EA = et AlFHoF &
AMl(weight bearing, WB)°lAl rearfoot angle(RF angle, &%
Z}; Jonson & Gross, 1997), quadriceps angle(Q-angle, QZ};
Caylor et al., 1993), tibiofemoral angle (TF-angle, HE4Z
Z}; Nguyen et al., 2013) Z12]3 navicular drop height(ND, &
iw] 517} =0]; Lee & Hartel, 2012)E 4ottt BAISHE
5} Z}A(non-weight bearing, NWB)°lA4l+= Q-angle(Caylor et
al., 1993), TF angle(Nguyen et al., 2013), genu recurvatum
angle(GR angle, ¥4 Ahn et al., 2020), RF angle(Jonson &
Gross, 1997), tibial torsion(Z & 3142z} Shultz et al., 2008) 2
tibial varum(9t&+#-2; Hubbard et al., 2009)°] &4 =] it}

Q-angle, TF angle. GR-angle, tibial torsion ¥ tibial varum
2 Aol2 MAet 7tvetE &85 o] &g Aol d(Alignment,
v1.0.2)Z °]-&3sto] S = ArHFigure 1). ND 54& flslixe =
o] Z47](Height gage. Mitutoyo, Kawasaki, Japan)S AM&5I
o] STUIEO FH AAoIA AH o ZRE dfjw AZIH7FA 9
AYE &745t9h(Figure 2). 829 AF = 8209 2 &
AA|4 (intraclass correlation coefficient, ICC)S YERETE.
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Fig. 1. Static lower extremity alignment measurement. a) Q-angle, b)
tibiofemoral angle, c) rearfoot angle, d) tibial torsion, e) genu—
recurvatum angle, and f) tibial varum.

Fig. 2. Navicular drop test during weight-bearing position

SEER

SLEAS] BE F&olA] A2 29789 58712 o}A|et v AF
2 20789 40709] SFAE EA Gt & AFte 7HE A5S 4
3 3% A7 9] glolg EAL [BM SPSS version 25.0 (SPSS,
Chicago, IL, USA)E AH&SIIHE. & 1§ 7+ SLEAY] Zfol& H]
wot7] ol LEAFA GL 3 SL ¥ BHlA-FAe] $-A1E v
(dominant leg, DL)2} B]-9-A|= t}&](non-DL, NDL) B3} &
FHAE 47 AREStT. B3 Bl A Afo] f-7E thetstr] 9
g GL¥} SL2 ¥ 75-A2] DL NDLOY| tha) 2+t v E4 =] qict.
SFA1 9] v H = A AFAHGL 2 SL), ¥l-3AHDL 9 NDL)
9] 7k 34 k9 Atolg Bl AFEEH A F 1F 7t SLEAY] Ao
\:ﬂ H]EH?Q,] ;(]-O]E E]-O]o]_7] SH—“H E%EE. t—ﬁ?(‘].g. QJ\];].oﬂo
W, 83} 37| Cohen's d2 AAFsch a3t37|= o33 242
k=t 5}16‘151‘1]' DAL, 2=d=49;2)%7 5<d=<.79;
3) &, d = .8 B3 T Ao w2 SLEAS] Ao|& ERIsH] 9
RIEIEL 1 —5‘_— AHEA] 9 Bonferroni AFFHEEE AASHG oM, &
3t A7) F& ollet AlF(Eta squared) 2 &2 YT 1) 2H, .01
G B 06 G F, 14 BE B0 st BAY foeES a =
052 AAsoirt.
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o A 2989 58709 oFA|ek vAHFA 208 9] 40709 oFA|
7F SLEA 75 Hlwgh A1}, 1071419 3 5 671 FEolA 574]31
O F {3t Aol g Kot FHHFA = v FA ] Hls) A2
Q-angle(p < .001; ES:.90)3 NWB Q-angle®] ¢]¥H(valgus; p (
.001; ES: .72), NWB RF-angle(p < .001; ES: 1.37) 2] (eversion),
tibial varum W3A(p = .020;: ES: .49), ND °}4] 37 %=°|(p
(.001; ES: .79) 3= Eow, & TF angle Y¥(p <.001; ES:
.81)°] YEeFFtH(Table 2). NWB TF- angle, NWB RF angle, WB
Q-angle ¥E2 & 83 7|8 HIOoH(d = .8), NWB Q-angle
I ND2 57 &3 37|(.5 < d < .79), tibial varum, tibial
torsion, WB TF-angle @ WB RF angle &2 22 a3} 37](.2
=d = 495 B3t

o2 9] o] whE SLEA 2}

e H-F3A] 29789 GL, SL# v -FAF 208 9] 9-Alvhe] ZF SLEA
9] Zpolg 4t A3, NWB Q-angle(p = .002; ES: .22), NWB
TE-angle(p < .001; ES: .15), NWB RF-angle(p < .001; ES:.40),
tibial torsion(p = .001; ES: .16), WB Q-angle(p = .002; ES:

Table 2. Difference in static lower extremity alignments between
ballet dancersr and control

(Mean £ SD)

. Ballet Control
Variables (n=58) (n=40) t P ES

Q-angle (°)  -14.45+599 -2033+£9.92 3.660 <001 .72

TF-angle (°) -11.52+2.41 -9.39+2.85 -3.983 <.001 .81

GR-angle (°) -2.04+3.16 -2.39+433 441 .661 .09

RF angle (°) -1.85+2.87 3.88+5.17 -6.361 <001 1.37

Tibial varum (°) 1.45+2.41 254+198 -2357 .020 .49

Tibial torsion (°) 17.99 +10.97 20.57 + 12.10 -1.100 .274 .22

WB Q-angle (°) -15.83 +8.59 -22.63 +6.37 4.255 <.001 .90

WB TF-angle (°) -10.39+4.49 -11.19+3.67 971 334 .20

WB RF angle (°) -7.32+3.90 -9.48+7.02 1.765 .083 .38

ND (cm) 0.65+0.69 1.15+0.57 -3.834 <.001 .79

Abbreviation: ES, effect size; GR-angle, genu-recurvatum angle;
ND, navicular drop; NWB, non-WB; Q-angle, quadriceps angle;
RF angle, rearfoot angle; TF-angle, tibiofemoral angle; WB,
weight bearing;

Q-angle = valgus (-), TF-angle = valgus (-), GR-angle =
hyperextension (-), RF angle = varus (+)/valgus (-), tbial varum
= varum (+), tibial torsion = external torsion(+).
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Table 3. Difference in static lower extremity malignment among
gesture and supporting leg of ballet dancers and dominant leg

of control
(Mean + SD)
. GL SL DL
Variables (1=29) (n=29) (n=20) F p  ES Post-hoc
Q-angle -14.50+ -14.39+ -21.46+ GL<DL,

10.550 <.001 .22

©) 590 618 544 SL<DL
T TSI w1 O
ek 195 395 s
e A o a0 S
R
R e 0
0 KU im0
R R
W T e o
ND (cm) 073% 036= 115+ 4924 010 .12 SL<DL

0.92 031 0.52

Abbreviation: Abbreviation: ES, effect size; GR-angle, genu-
recurvatum angle; ND, navicular drop; NWB, non-WB; Q-angle,
quadriceps angle; RF angle, rearfoot angle; TF-angle, tibiofemoral
angle; WB, weight bearing.

Q-angle = valgus (-), TF-angle = valgus (-), GR-angle =
hyperextension (-), RF angle = varus (+)/valgus (-), tbial varum
= varum (+), tibial torsion = external torsion(+).

.15) @ ND(p = .010 ES: .12)°lA SAZ o2 Fo|5t Afo]& H Y
k. NWB Q-angle, NWB TF-angle, NWB TF-angle, NWB RF-
angle, tibial torsion ¥ WB Q-angleolA & &3} A7|& B3O
™, ND &2 57+ a3 37], GR-angle, tibial varum ¥ WB
TF-angle @& 22 a7 97|15 B} ZF FEo] tigt AlE &
A A3}, GLI SL2 NWB % WB Q-angle¥t NWB RF-angle &
oA DLET W& valgus @ eversionZ2 2 #3, TF-angle &
Zo A= FYoH &2 valgus ZHo] YEFgtt SL tibial torsion
FEO|A GL, DL} Blasto] 9F 8° ~ 9° Y3 =3lem, ND &
Eo|A &= DL B 5k] 9F 1em B2 72 H A tH(Table 3).

£ 7F SLEA H|T|H
Y AFA 2989 GL ¥ SL, H|AFA 209 DL 9 NDL9] Z+
2 7ho] Ajo|2 B AL2H T 29| SLEA ¥ 25 @w

37HA] FEOA §ogk Aol & Bt ¥ AF =2 vHTA Y
dHEh 2 GR angle(p = .016; ES: .70), tibial torsion(p = .004;
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Table 4. Comparison of static lower extremity asymmetry between
ballet dancers and control

(Mean * SD)
Variables (iilzlgt) ((::2;;))1 p ES
Q-angle (°)  -0.11+£2.62 -2.26+12.61 896 375 .24
TF-angle (°) -031+1.76 022+3.0 -780 .439 .22
GR-angle (°)  1.07+2.12 -0.83+321 2498 .016 .70
RF angle (°) 040+2.87 1.17+3.06 -898 .374 .26
Tibial varum (°) 0.12+2.39 -0.68+1.64 1287 .204 .39
Tibial torsion (°) 9.82+12.14 1.55+6.64 3.066 .004 .85
WB Q-angle (°) 2.39+839 -1.18+4.16 1.756 .086 .54
WB TF-angle (°) -0.03+1.51 -0.93+3.75 1.157 253 .31
WBRF angle (°) 1.18+3.6  -0.99+3.27 2.151 .037 .63
ND (cm) 0.17£094 -0.01+042 .796 430 .25

Abbreviation: ES, effect size; GR-angle, genu-recurvatum angle;
ND, navicular drop; NWB, non-WB; Q-angle, quadriceps angle;
RF angle, rearfoot angle; TF-angle, tibiofemoral angle; WB,
weight bearing.

Asymmetry value was calculated as the differences in
ballet major(gesture leg and supporting leg) and non-ballet
major(dominant leg and non dominant leg)

ES: .85), WB RF angle(p = .037; ES: .63)9] v A<
torsion 2o A & &3} 77|12 B2 H(d = .8), GR-angle, WB
Q-angle @ WB RF angle2 &7+ a3 37](5 < d £ .79), NWB
Q-angle, NWB TF-angle, NWB, RF angle, tibial varum, WB

E?&‘:}. tibial

TF-angle & ND §&2 A2 g3 7|5 B2 < d £ .49)
(Table 4).

=)

2 A= S EATAL} v A 2 SLEA, the]e] JEo] ukE &}

o] 181 B AEE glsty] Yol +=F= et A+ 23t 1)
W AT AE=E A2 WB, NWB Q-angle, NWB RF-angle, tibial
varum 2 @ ND 0|5 H 9o, 2) =2 NWB TF-angle Z°]
et oY ggd] ©E ZolE H]-U- AT AT, 3) T
349l GLIF SL2 WB ¥ NWB Q-angle® NWB RF-angle &=
of| A B]AFAe] DLE AL valgus 212 E 24, 4) NWB TF-
angle ZEof| A= valgus ® oHA] FE& &I5kTt. 5) SL GL
I} DLET} tibial torsionZ} ND &4 FoJotA W 7+ Hof
e AFAY] SLEAE o] G| wpet v AF3A e} e EA4S B
¥}, E3E 6) GR-angle, tibial torsion¥t WB RF-angle &-50f
ool I AFA7E v AL} H W sto] =2 Bt AdE H]loh
T d34H9] GLI SLO| NWBH WB Q-angle2 HZd54+2] DL
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Hop ok 7° A2 74k Y EHiJ AL skt o= A%7] wHE
BHEA 0 &2 33t "ol ApA|7L AlFFot Al 1E o] AT o
IHE Aoz 2 QZtol| 7S 7hsAdol E2Ag A
FAo] W29, QZH9] Bt Fr= AP &4 04]?
o ol 9E 8910 & AAF 4= IthHa et al,, 2013). &

Tl Uebd o AT AR SLEAE o e F 5'\‘;
HAHAAAY BAE 1,0008] =& & 0.0057F o4 5F-45

o] AARIY RAE 1,0008] =& T 0.31Ec} dxﬁobﬂ s
2 dA gt SAE AAT 4 AtkLiederbach et al., 2008;

APATto] =W FAAAQl =57F9] W= 1° 0|4 7° ost=
H 1K Buchanan & Davis, 2005). ¥ A5A9] NWB &7

2 -1.85°& H|HFAe} Bl sto] oF 4° W2 eversion H L]
ZE B 3 tibial torsiond H]AZARe} w]w ko] oF 3° v
5 HEE A ol BTN FEHOE TMEEH] Fof
OF otz Blok AAlollA &S B HY 7HsHAE EAsH] 9
3t FAYY REEo R yehd AE JHE A¥T 5 don, dE
FE&ET AZAECNA HEHOE Yeht= @408 H1H vt
tHKaufmann et al., 2021). Hol-22 JF L2 A5 53l

FE JPHEE 180° 7IEEE A7l AHAE, 299 7HsHE 97t

ESET F859 A 29 AP o= 7120 599 g, B

S WHY Aol HEY, 18 IEWHY] BTt AHS F H L}

ASHeHKim et al., 2021; Liederbach et al., 2008). €3]

9] 2 AHgote] IETREE IR EY Al BAARE2 &
o

= 7ol v
geieluio] ool EEY AFELE FIAL, ol 2
Bol MEYL 25 BE 20 £ AEALS Jste] RyoR

= > e
ojojd 4= Qlor, WY HAFAE2] F&EF H tibial torsion ZHo]
3t BAFER-S plig9} o] Q] E2to] 4]
ks ‘—}E]'U'E}(Grossman et al., 2008). °l& 9
g7d 7ZEYo] B3 Holel HAlShy] 93t MyE B2 9
Ao A 8] BHEA Q1 AF O & Qs Yehd SLEAR 5% 4= 1A
T ol MR elet 28 5 ohFet 8%lo] ¥k v £ 3l
7] ol & Atol A Uehd SLEAS] AFTERE SA 57 ofl= tha
Agto] Ut} Ao E+oka RHEA QI 53} i #Hd o] HAY
22 ARl oA RS 7H B4 °ﬂ7ﬂ Hehhs 384
ol dAro Z(Kaufmann et al., 2021) FAF o= 2 HAbo g 9lgh
e dEZ AHsty] flsf dBd H-ri gok AAME FA5t
= Zo] T AZ A=A 2= ofof gt
Cote et al.(2005)2] A+l w2, L sh7 =0]
A F9 AA 2 s ol Al Hof b Q] dhulje s=zo]e
A=, 5~9mm= B | PR EREC ”é #d
€ HAEAe} BlaLste] eversion © HO F2E VHEolE &
5t1 ND 3H2-S 4] AAHAl wro] ofx| 2 742 AL _QJ—O] st}
ol A= #8459 7"‘1’}%‘417‘]11—__"4 AdzxHY 5802 ¢
o A oA E FAYRE 7Hsol ok &% R85 Y/
UE 3 (multi-segment)] FEE AR Tofs| & 287t
om, o ® W] Y 9 g gRlo= &
e S0l A A ok= oFA] KA ool et W
QS #Aojt},
4452} GR angle, tibial torsion 12|31 WB RF angle 3

o rir
B

=

1 rlr

-“N
R
R e

T of
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oA vAEA e} vl ste] E HIH A2 Hlvh B3, s
Z49] SL2 GL¥ DL¥}F v]aLsto] £ tibial torsion 2t &2 ND Z

o] Uttt HelolA GLE F5olA 7|1E ®Hdsts AT
3o, SL2 GL 40| d¥atA 32 4 J=E AHT J5ot
o gt AAHE FHANAF= o] B& F2EHImura et al.,
2008). olofl what SLO| W& Tl IiEyhg o] A2 R A] 7]5tof A
HuteEglo] | =30 AHiE T YXAA FEet 24 9 Ao
S (Lin et al,, 2013). YA FAoFH A &oh= SL2 Foiol
A AAEeE AAEE ohnel w oz FYS fA
&, SLEAS] H|tjA/go] SLojA Cﬂ? —r;\om et e

2ZS Hg 9 1ok 3;__;_9_7]. Q& Ao 7 AyZHET)

2 A7o|4 Belgt B ARG 2 vl L oo B
A4 e SRR GLI} SLY Mg RH 3P nako] B

A A8 F stuE ¥ A vF Qo (Gamboa et al., 2008;
Twichett et al., 2010), IZAHE A] FHH9] oWz} 73w 9] H
£ 5 B4R 9 S opy|AIzItkal B E AHColplan, 2002;
Filipa et al., 2013; Mirochnitchenko et al., 2021; Welsh et al.,
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