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PURPOSE The purpose of this study is to analyze the biomechanical variables involved
in ballet dancers’ ankle muscle imbalance when performing relevé movements.
METHODS The subjects of this study (n=14, age: 22.29+1.73 years old, height:
161.4+5.06cm, weight: 51.88+7.51kg) were 14 ballet dancers with 9 years of experience.
Based on the reciprocal muscle strength ratio, the dancers were divided into the
following groups: Close to the normal value (RMIS) and far from the normal value (RMIB)

using the maximum values of plantar flexion and dorsiflexion of the ankle joint using
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an isokinetic measurement equipment (60°/sec). RMIB). The biomechanical variables,
namely the ankle joint movement and ground reaction force, were subsequently
measured. SPSS 26.0 was used for data analysis and independent t-test was used for
statistical verification. RESULTS The ground reaction force in the Z (vertical) direction
based on the ankle joint muscle strength imbalance of ballet dancers was significantly
lower in the RMIB group. In addition, although it was not a statistically significant

difference, the plantar flexion movement was lower in the RMIB group, and there was
a significant difference in the generation of ankle joint movement in the Z direction.
CONCLUSIONS In conclusion, in order for a ballet dancer to efficiently utilize the force
generated from the supporting leg when performing a movement, ankle imbalance
must be taken into consideration when training.
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A 59U 72 & AP AJHIRB No. 1041078-202011-HRBM-
346-01). & A7 hdA = SAl 24 tist 9d A2 o de F
&4 1490|th. AFEA Aol o] IETE Hd 29 4 5%
9 BIRlIC 29| JFS FAIsH ] Yot ﬂz" 67RE7 eI F
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4ol U3 e EX HIMl AY F
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Aotk ALY

Model, csmi iit, USA)E- ol-goto] =Y A& F4LA S =
I g L (peak torque)S SH3AT BE A= ERA
B2 IS0 2 QIS S Alely] Yoto] EHl E(Warm—up)
IS AR D5 9 thE I8k o3t S AIsH] ¢
sto] AAE 175k, 60°/sec Fol oA 33] S BHHS
A& AFZEo] o853t

Table 1. Characteristic subjects
Age (years) Work (yr.) Height (cm) Weight (kg) BMI (kg/m’)
22.29+1.73

9.4+2.6  161.4+5.06 51.88+7.51 19.86+2.17

Fig. 1. Maximal strength measurement
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<
.
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26.78..28.07..28.57
27.78..2824 30.14 31.15,..32.14..32.78 3404 3H38 3667 3846...386

30.3775% 33.33% 36.2825%

(-2.9525) (-2.9525)

Fig. 2. Group classification
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Fig. 3. Event definition

Eventl: 7] the] 2 WrelRA7} A dol ] Wol 7] Aae A1

Event2: 4] thel7k e A% 23w A4

Phasel(E1-E2): A|A] t}2] & AHFA| 7} Aol HofR]7] A&7k A]
ARE AU A5 25 He AR 73
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o A2 23 H AW Even27H] % Highe At

SAEA

B Aol EAZ BAL SPSS 26.0 for Window ZE 1S AR
B &oto] Yo BEHAE AESHAT &
AX 2SS Y5to] TEBE 55 2] Jdo] O 52k 98
S| %‘ﬂ i} 1 =Y T HASE o839y, &
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W2 28 2ol ©he RMIS Aeke RMIB UT 7H A|wre 2
4% 2% A% 2T L2 %+ﬂq4 o9 w5 F 492§

Aol et gtont, 4% 23 Hrh2y A% RMIB A2
RMIS A3} ] wstel & of 4 agi 37 LhebgteHTable 2).

rlo o

Table 2. Peak torque of ankle joint (unit: Nm)
RMIS (n=5) RMIB (n=9) t P
Plantarflexion  57.4+6.73  63.11£10.98 -1.048 315

19£2.55 19.67+£3.24  -395 700

Dorsiflexion

RMIS: the group close to the normal value RMIB: the group far
from the normal value

Fig. 4. Marker set
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A frelgt 2tol 7k YrebR] Frot, Z( W) ol A -9l st &}
o]& RMIS A2 Y= 34 RulE}, RMIB AohoAL 9= 3
A B EZF e Th(p<.05)(Table 3).
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g 2790 w2 RMIS JohT} RMIB Je 7 A ke 2}
o] Zz!% 23 XED), YEF) g3 L o[HlE AHolA fojgt
Zpol7k UehdA] eRgkot, Z(=3) WEollA RMIS ekt sl st
ol & u RMIB oA |5k Aol 2 & ZHA| e th(p<.05)
(Table 4).

=9
B AT SAE U T840 48 29 2@go| nE g2
W 53 49 A &5 oAskd Wl olE ASTHALE. X

=

W AEUd 2HE 23 FAHCE §O7F AAe ‘4":4"4'7‘] %
kot RMIS A ekt Blisto] & uf, RMIB oA A% 2= &
HWEZ} AREA 0 2 A LrErst.

82 B ZHE o IS A= 20 g2A 59, A
oY $E0l BE4E T4 Y A THEE ZHE QA =A 4
A= }(Lisee et al., 2019; Samuel et al., 2012). 184 £ A+

Table 3. Ankle net joint moment (unit: Nm/kg.m)

RMIS(n=5)  RMIB(n=9) t P
X Pl -02%02 -0.13£0.05  -829 423
Y Pl -0.01£0.06  0.01£0.03  -755 465
Z Pl 0.02£0.02 -0.01£0.01 2984 011"

X(+):Dorsiflexion(-):Plantarflexion, Y (+):Inversion (-):Eversion,
Z(+):Internal rotation (-):External rotation. RMIS: the group
close to the normal value. RMIB: the group far from the normal
value. Data are mean + standard deviation.

p<.05
Table 4. Ground reaction force (unit: N/BW)
RMIS (n=5) RMIB (n=9) ¢ P
X Pl 0.04+0.14 0.05+0.02 -.591 .566
Y Pl -0.08+0.01 0.07+0.03 911 .380
zZ P1 1.32+0.12 1.134£0.11 2.954 012°

X(+):Right(-):Left, Y(+):Anterior(-):Posterior, Z(+):Superior
(-):Inferior. RMIS:the group close to the normal value. RMIB:
the group far from the normal value. Data are mean + standard
deviation.

'p<.05
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oA Hd 28 AZ A3 RMIB oA RMIS Het} v ws}ho]
E o §oJ3t Aol oy} £ HE FF £28 AU £ AU
= OIL 71%— AYAT FAE AREEE AT AAZ A ThA] T

Al 28 B0l Aot RMIB DY A F5 A5 25 F
‘Hla ‘}l\‘_ég.‘ =ou, 5AS YT U AS 23 HHESE 88
Ao 2 WRoHA] oS © E’] ghet o] 2 A7} YERd olf
of tisf Aol 5 50l A= T FAR o A48T &
Qltt. Wierzbicka & Wiegner(1992)= 2¢+9] fsh7t 521 +3
Al 5 5 = (movement speed)E AAAA ZIHO R &
5 9 58of AtAQl g9lo] E 4= ot H15t o Baker &
Newton(2005)2 A9 s/t 529 23k (muslce power
output) %*"}Oﬂ At el 22102 A H oz ASSIATE B AT
9o &2 E3dRMIB) JT9 A9 EEE H4H FFH] oA
W Yo 7§—°r§ Feol e 429 o] otAY
gt AR ARH o7 E24| & £ A 5L ZHUE UF o A
i}o 1 7Feli RS 202 Helrh

B8 49 A FFT QY THE 9 B3] Yol E F8%
==

o
u|7k Qlow, E5], A A e & E2H] 52 Al 52U AS =F
DHEE 545 dFH 52 g840=2 F9sl7] 9%t Fa% 2
olog R E 1 QuKKim, 2019; Park, 2004; Park et al., 2014;

Shim, 2004; Youm, 2005). o] ¥d]| 8571 U5 42 E43
52 AA HE 524S 3T o, a&H0 R I EFotx] £
= Ua= e

Agte Axt £ Jd 2F Z2(53) B A-lA |25k 2ol 7t
e oW (p=.012), RMIS T3} H|wsto] & wf RMIB oA

Z2(523]) W43F AHRtg o] |-9J8t Aol 2 ZHA YErytth. E2H] 52
3 Al A2 Oy 52 HAAS QW Et FA|ok: 52
2o 4PS A= F2 2024 FLIITHGwon & Lee,

2005; Park, 2004). wrebA, A ] & BIIES Z3E Aot
of A I 28 EWE2 A5 2% ZUE 9 Augte 44 A
St& Qlsto] % 52 39 ﬁ%*é 9 QYA SHOIA AL
f8%lo] g A0 R Holn, o]z % AA E2H& FAISHHA 5&
= F¥ok= FHY T 58S F8oto] BAL AH AL A
7} Za st

482 ARt B0 g PlA= 8% F SPHEMHN i
Y 20| 2255 548 Y A A== AWntE AT =4 U
ElyE= Ao g2 B 1E T QtiHaischer et al., 2021; Taishi et al.,
2015). 28 & Ao A4+= (Table 2)°l AAE v} Zo] RMIB
A2 RMIS Jetd} Blwsto] & wf JHoR 2 AF 25 &
g 55 BojFa glo, o]of ¥isto] XA {93t Ato| &
A FAYE AT o= FA AFT 71 APAFL} sl AT
Aot} b Al o 28 =23 55 £ A "_’3«] ggolgt=
ZFo] o] ZFotsto] Gwon & Lee(2005)= ¥ B2 3 A] A
o] & UE AS S ZEo] SE9] EFstkA 50}71] Be, 4
TH o2 At S AAE = Qlrt. wEbA], 52 5 A
I3E= AS 23 9 %L'Q“O]E]'L HolA] & f, A& I
HWE F39) FF A HiAIL & gls AR HQlrh &2 AofA
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333 B feo) A A& o] 9Jsto] A o= o
oA 2(53) FF AetE S B35t (Hayot et al., 2013), &
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(Elhafez et al., 2019; Kim et al., 2017). o] |3t Hof 2ot '3}0‘1 =
ot 2 9] RMIB Aehe] A Hete A= A& 23 RHES
50| &&okA] ZFo R et A2 dtErt.
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HEHTHp.05). ol 45HE AS a5 LS 2 248 &
4ol wet E2H] 52 =9 A Z(HHA) FFolA 35 22d
Aol 7t b ougith. 2% A5 B AS 232 WS 2
F 7 29 BEA0) YA U £ FUL 5 YE 29
£ H5t3 Qlty. Baumhauer et al.(1995)9] AFoAE 54
1459 A& A SERE AS SIS 232 7 A0S
Y v &S AFET T A& V% E“]Eia%iokﬁ 5 4 e
WS A viE S Hgte] 2 AS I35 2Y S B
QA oA = WEIA &5 &40] UERTH ETE Mineta et

al.2017)9] AFolAE BH= (1G) MY Ao AZ d1 HIAE
(SLT)oA] F2TE i 23 ZA ) tiste] A 23 Z4o] Ta

$E Y9 H S gujets 9= &g Burt ZU1etgch o A+
£ Aot & Z 3o Hjste] AS F3o] FelAY 2 wiE 2
Zof| H|gto] A& Fo] et 28 BE4FY A WEdH &5 &
A 715 A3S Qu|gitt, o] B 13Lo] RMIBO] 2 v 252
of Hlgte] A& Fato] AkstAY ek 2 Bwt o] EAeke J
Holgts EA43 BEXo] HH & 04%14 Ao} AutEls et
B 59t 28y 2 s A= YL fEsh= E24
B 29 A BEEHE AF éﬂr‘aoﬂ H%} A& BUEY &5 &
2 A2 I HAEY 22 A& 23 A4S FEokA G 57

olekis Aol Ausfsiol 2k 18 Ao S A2 3 9 )
A

wyES F2
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L AR B B0 $Y5] A% T L2 B
£ 449 12 58 gelo] AYAA HAT 4+ Uk B WL
AN % % ek WA A7 77t e Aoz Bold

https://doi.org/10.24985/kjss.2023.34.1.32



Imbalance of Ankle Muscle Strength

037

AUTHOR CONTRIBUTION

Conceptualization: EK Chung & BO Lim; Data curation:
EK Chung & SH Kim: Formal analysis: EK Chung: Funding
acquisition: SH Kim: Methodology: EK Chung & SH Kim:
Project administration: BO Lim; Visualization: BO Lim;
Writing-original draft: EK Chung; Writing-review & editing:
BO Lim

kjss.sports.re.kr

Korean Journal of Sport Science 2023, 34(1), 032-040


http://kjss.sports.re.kr

038

E. Chung, S.-H. Kim and B.-O Lim

FAuEH

Baker, D., & Newton, R. U. (2005). Acute effect on power output
of alternating an agonist and antagonist muscle exercise during
complex training. Journal of Strength and Conditioning
Research, 19(1),202-205.

Baumbhauer, J. F., Alosa, D. M., Renstrom, A. F., Trevino, S., &
Beynnon, B. (1995). A prospective study of ankle injury risk
factors. The American Journal of Sports Medicine, 23(5), 564-
570.

Bickle, C., Deighan, M., & Theis, N. (2018). The effect of pointe
shoe deterioration on foot and ankle kinematics and kinetics in
professional ballet dancers. Human Movement Science, 60, 72-
77.

Bruyneel, A. V., Bertrand, M., & Mesure, S. (2018). Influence of
foot position and vision on dynamic postural strategies during the
“grand plie” ballet movement (squatting) in young and adult ballet
dancers. Neuroscience Letters, 678, 22-28.

Cho, J. H. (2020). Analysis of the relationships among toe linear
velocity, hip joint angular velocity, ground reaction force and
center of mass for the best performance of the ballet movement
grand battement devant. Journal of Korean Society of Dance
Science, 37(1), 19-27.

Elhafez, S. M., Ashour, A. A., Elhafez, N. M., Elhafez, G. M., &
Abdelmohsen, A. M. (2019). Percentage contribution of lower
limb moments to vertical ground reaction force in normal gait.
Journal of Chiropractic Medicine, 18(2), 90-96.

Gwon, A. S., & Lee, G, B. (2005). The research for method of GRF
(Ground Reaction Force) on rotational moment in arabesque.
Korean Journal of Sport Biomechanics, 15(2), 1-10.

Haischer, M. H., Krzyszkowski, J., Roche, S., & Kipp, K. (2021).
Maximal strength in relation to force and velocity patterns during
countermovement jumps. /nternational Journal of Sports
Physiology and Performance, 17(1), 83-89.

Hayot, C., Sakka, S., & Lacouture, P. (2013). Contribution of the six
major gait determinants on the vertical center of mass trajectory
and the vertical ground reaction force. Human Movement
Science, 32(2),279-289.

Hong, M. Y. (2004). Study on the foot deformity and plantar pressure
distribution during ambulation in ballet dancer. Doctoral
dissertation, DONG-A University.

Jessica, A. (2019). Biomechanical comparison of “dead” and “new”
pointe shoes in female professional ballet dancers. The Sport
Journal, 4,1543-9518.

Joo, S. Y. (2017). The immediate effects of one-leg jump rope by
wearing 5-toed forefoot shoes on the pressure distribution and
the lower extremity alignment during the first position releve
demi-point. Master's thesis, Ewha Women University.

Kang, H. N., Song, L. A., & Choi, S. L. (2007). The kinematic analysis
of ballet motion -Focusing on the motion pas de chat- The Journal
of Korean Society Of Dance Science, 15, 1-13.

Korean Journal of Sport Science 2023, 34(1), 032-040

Kim, E., & Choi, K. (2000). An Analysis of the Ground Reaction Force
of a Rotational Movement in Dance. Korean Journal of Sport
Biomechanics, 10(1),259-269.

Kim, J. M. (2019). 4 biomechanical comparison of successful and
unsuccessful triple-turn pirouette en dehors trials in ballet.
Texas Women University.

Kim, J. H., & Jung, S. M. (2019). Effects of strength exercise on H/
Q ratio and joint position sense in adult women with imbalanced
ipsilateral muscle strength ratio of the knee joint. Korean Society
for Wellness, 14(1),363-370.

Kim, C. J., Lee, K. I., & Hong, W. K. (2011). The effect of asymmetric
muscle force in the lower extremity on dynamic balance on during
drop landing. Korean Journal of Sport Biomechanics, 21(2),
173-179.

Kim, H. Y., Shin, H. S., Ko, J. H,, Cha, Y. H., Ahn, J. H., & Hwang,
J. Y. (2017). Gait analysis of symptomatic flatfoot in children: An
observational study. Clinics in Orthopedic Surgery, 9(3), 363-
373.

Kim, S. J., Seo, K. E., Kim, S. T., & Park, T. J. (2015). The effect of
ration of hamstring and quadriceps on support leg of knee joint
moment and ground reaction force during Tackwondo kicking.
The Korea Journal of Sports Science, 24(2), 1453-1462.

Lee, J. (2012). A biomechanical analysis of performing retire passe in
ballet. The Korean Society of Sports Science, 21(6), 1551-1560.

Lee, J., Lee, J. H., & Jeong, 1. S. (2014). A kinematic analysis of lower
extremity segment during the ballet renverse movement. Journal
of Sports and Leisure Studies, 56(2), 909-918.

Lee, S. Y., Kim, S. H., & Lee, J. P. (2009). The analysis of lower
extremities function between ballet dancers and non ballet dancers.
The Korean Society of Sports Science, 18(2), 1333-1344.

Lee, Y. J., & Lee, E. H. (1999). Isokinetic exercise evaluation for ankle
joint in ballet dancers. Journal of Sports and Leisure Studies, 12,
861-872.

Lim, J. M., & Yoon, J. R. (2014). Applied case study on evaluations
and diagnosis of isokinetic muscle function in elite collegiate
ballerina. Journal of Sports and Leisure Studies, 56(2), 959-918.

Lin, C. F, Su, F. C., & Wu, H. W. (2005). Ankle biomechanics of
ballet dancers in releve en pointe dance. Research in Sports
Medicine, 13(1),23-35.

Lisee, C., Birchmeier, T., Yan, A., & Kuenze, C. (2019). Associations
between isometric quadriceps strength characteristics, knee flexion
angles, and knee extension moments during single leg step down
and landing tasks after anterior cruciate ligament reconstruction.
Clinical Biomechanics, 70,231-236.

Mineta, S., Inami, T., Mariano, R., & Hirose, N. (2017). High lateral
plantar pressure is related to an increased tibialis anterior/fibularis
longus activity ratio in patients with recurrent lateral ankle sprain.
Open Access Journal of Sports Medicine, 8, 123-131.

Olaya Mira, N., Hernandez Marulanda, A. F., Guerrero Pena, A.
C., Cuartas Torres, D., & Correa Orrego, J. (2019). Study of
ballet dancers during cou-de-pied derriére with demi-plié to piqué

https://doi.org/10.24985/kjss.2023.34.1.32



Imbalance of Ankle Muscle Strength

039

arabesque. Journal of Dance Medicine & Science, 23(4), 150-
158.

Park, H. L. (2014). Association between biomechanical variables of
ballet “pointe” and its expert evaluation. Master's thesis, Korea
National Sport University.

Park, K. J. (2004). The biomechanical analysis on the demi-point
balance of the leg segment in modern dance. Journal of Korean
Society for the Study of Physical Education, 8(4),283-297.

Park, Y. S., & Kim, J. H. (2009). The kinetic analysis of arabesque
turn motion in modern dance by upper extremity usage. Korean
Journal of Sport Biomechanics, 19(3), 457-466.

Park, H. L., Ryu, J. S., Yoon, S. H., & Park, S. K. (2014). Ground
reaction forces during “pointe” in ballet. 32 International
Conference of Biomechanics in Sports, 547-549.

Ruas, C. V., Minozzo, F., Pinto, M. D., Brown, L. E., & Pinto, R.
S. (2015). Lower-extremity strength ratios of professional soccer
players according to field position. Journal of Strength and
Conditioning Research, 29(5), 1220-1226.

Samuel, D., Rowe, P., Hood, V., & Nicol, A. (2012). The relationships
between muscle strength, biomechanical functional moments and
health-related quality of life in non-elite older adults. Age and
Ageing, 41(2), 224-230.

Schons, P., Da Rosa, R. G., Fischer, G., Berriel, G. P., Fritsch,
C. G., Nakamura, F. Y., ... & Peyre-Tartaruga, L. A.
(2019). The relationship between strength asymmetries and
jumping performance in professional volleyball players. Sports
Biomechanics, 18(5), 515-526.

Seo, S. W., Kwon, J. H., & Lee, H. S. (2017). Effects of resistance
training speed on strength imbalance in middle-aged women. 7he
Korean Society of Sports Science, 26(3), 1205-1213.

Shim, J. H. (2004). Mechanical analysis of arabesque motion in
ballet. Doctoral dissertation, Hanyang University.

Sohn, J. H. (2019). The effect of knee muscle imbalance on motion of
back squat. Journal of Digital Convergence, 17(3),463-471.

Souza Gontijo, K. N., Tarrago Candotti, C., dos Santos Feijo, G.,
Ribeiro, L. P. & Fagundes Loss, J. (2015). kinematic evaluation
of the classical ballet step “pli¢”. Journal of Dance Medicine &
Science. 19(2), 70-76.

Taishi, T., Kenji T., & Yasuhiro, M., & Tomohiro, O. (2015). Ground
reaction force in sit-to-stand movement reflects lower limb
muscle strength and power in community-dwelling older adults.
International Journal of Gerontology, 9(2), 111-118.

Wathen, D. (1994). Exercise selection. In T. R. Baechle (Ed.),
Essentials of strength Training and Conditioning (p. 425).
Champaign, IL: Human Kinetics.

Wierzbicka, M. M., & Wiegner, A. W. (1992). Effects of weak
antagonist on fast elbow flexion movements in man. Experimental
Brain Research, 91(3), 509-519.

Wilson, M., Lim, B. & Kwon, Y. (2004). A three-dimensional
kinematic analysis of grand rond de jambe en I’air: Skilled versus
novice ballet dancers. Journal of Dance Medicine & Science,

kjss.sports.re.kr

8(4), 108-115.

Youm, C. H. (2004). Comparison of the kinematic analysis of grand
battement jete a la seconde in barre between skilled and unskilled
ballet majors. The Korean Society of Dance, 40(1), 18-32.

Youm, C. H. (2005). Kinetic analysis of the lower extremities
for grand battement jete a la seconde in ballet. Doctoral
dissertation, Pusan National University.

Korean Journal of Sport Science 2023, 34(1), 032-040


http://kjss.sports.re.kr

040 E. Chung, S.-H. Kim and B.-O Lim

SYTHBH HiAf
SYrista 14

[24] £ 479 BHL B 7§50 UE 28 2RPo] 42 S2¥] 52 29 A £F 9%

2
23
o
flo
[Shs
£
o

Ir

[EH] 2 A7) = Hn=14, Hol: 22.29+1.73A, 4% 161.4+5.06cm, H%: 51.88+7.51kg)= 4 oW <] &
g 785 1490]t}. 5= 2EHE 554 2471(60°/se0)E 0]-83to] BEAC] 4 Z43 v F30] gt
£ o] &sto] HAFA of 771 TFERMIST ¥ IHFERMISO.Z kS TR &5 95t Holo g Wy
Do et A Y-S &4 oH’iEP Hlo]E £4L SPSS 26.02 AMESIAT BAA A5 5 - A4S ARSIt
(23 I F-859] ¢ =8 E4¥0l w2 Z(2)HF AHEEE2 RMIBZOlA S-9lsHA] @A Uretsit.
F3t Aoz GOt Z}OlL ORI EXF T BHEE RMIBEOlA o WA Yepbg, 748 d538d o
WE LAY A = o)t o] 7} ekttt

[ZZ] g 5871 522 $3T o 2|7 ohe] Sl BT F& §87 02 &85] YofiAe IE 5432
1= &3] asit

Korean Journal of Sport Science 2023, 34(1), 032-040 https://doi.org/10.24985/kjss.2023.34.1.32



