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PURPOSE Increased body mass index (BMI) increases ankle instability and adversely
affects human movement. This study aims to compare and analyze the muscle
function and proprioception of the ankle joint based on Body Mass Index (BMI)
to determine potential differences. METHODS Twenty-eight healthy male and
female college students were categorized into overweight (= BMI 23) and normal
(< BMI 23) groups. Measurements included BMI, isokinetic strength of dorsiflexion,
plantarflexion, eversion, inversion, ankle joint range of motion, and ankle joint
proprioception. RESULTS In dorsiflexion, right 30°/sec (p=.035), left 30°/sec (p=.009)
and right 120°/sec (p=.011); in plantarflexion, left 30°/sec (p<.001), right 120°/sec
(p=.007) and left 120°/sec (p=.006) in ankle inversion, left 30°/sec (p=.001), right
120°/sec (p=.021) and left 120°/sec (p=.007), left 30°/sec (p=.014), 120°/sec (p=.001)
in ankle inversion-eversion ratio, right (p=.003) and left (p=.003) in ankle joint range
of motion, right (p<.001) and left (p=.022) in total proprioception, and left (p<.001)
in left-right proprioception were significantly different between the normal and
overweight groups. CONCLUSIONS It was found that the overweight group had
lower muscle strength, joint range of motion, and proprioceptive control function of
the ankle joint than the normal group according to BMI. Therefore, exercise programs
should be provided to strengthen the periarticular muscles involved in ankle
movement, such as the tibialis anterior, soleus, and peroneus longus, and to control
dynamic proprioception to prevent ankle injuries and function of the ankle joint
according to BMI.
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Table 1. Characteristic subjects

Age Height Weight BMI

(years) (cm) (kg) (kg/m®)
Normal 20.00 + 1754 + 66.77 + 21.67 +
(n=17) 0.00 4.1 4.92 0.77
Overweight 20.35+ 175.0 + 80.00 + 26.07 £
(n=11) 1.42 7.4 9.42 1.71
mean £+ SD

Normal group: < BMI 23, Overweight group: > BMI 23

< 2 . P
Fig. 1. Isokinetic strength measurements for dorsiflexion and
plantarflexion
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Fig. 3. Range of motion measurements

flexion)¥ @utetE8(A &2, plantar-flexion)S &34 th
(Figure 3). $53Y2 oS Het Aol Goniometer?] %4
%2 71EE AP (lateral malleolus)oll YIXA7]1 3 T QA= Fotg
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A Fotem o] QS Mo i otA AXAIA A5 Lo o
W0l 7FeAE WA Sto] Wl Fotejet vt o R
0|4 &33Hh(Jeong & Lim, 2010).

T1G584 22 Biodex balance system (Biodex, USA)E ©]
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(platform)9] &2 o] 9lo] 7 b A1 A 8dA oA A=}
oto] 71 EQHg st TAIQl 19 AR AA 3] JP=y, T nE
WFo g2 A 200714 FZ ol o] itk A= 30% B¢t
HUE] #AEE 99 S4lol A AFHS fAsEE &
go g FFotE 43 FPHo] AEH M Figure 3). AHEH Fee
AAY 58 BEE YEHH H47t B255 5871 ol 3 &
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Fig. 4. Ankle joint proprioception measurement

PHo] =22 9|ttt H= A-SHH(AP: anterior-posterior),
W-2]&(ML: medial-lateral) 18|11 A-Z-Y-Q]& HE Q5 &
5H= overall®] 9H8 4 A (stability indexes, SDZ 2+ #7]%
HEom et al., 2014).
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59389 A9 224 30°/sec(p=.035), ¥ 30°/sec(p=.009)
23 QEW 120°/sec(p=.011)0lA B3- DT HAZSHD Alo]
A3k Zpol7t vepsk o, B dolA [ootkA =A YEbktTh
SRS A 120°/sec(p=0.327)= I3t AFo]7F UrebtbA] gkoket.

gt o] 49 A8 30°/sec(p<0.001) 228 120°/sec
(p=.007), 183 A 120°/sec(p=.006)°014 FAH G A4ZH
o Aol foJgt Atol7t Uebgom, AR TolA FootA =4 |
eyt SR @ 249 30°/sec(p=0.076)= 528t X}o|7} YERLEA]

o IR IR 9 VERY 544 ZHAA 23k (Table 3)
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Table 2. Strength of dorsiflexion and plantarflexion (%BW)
Normal group Overweight group p-value
Rt 30°sec 53.94 +12.85 4438 +£8.53 .035
o Lt 30°/sec 55.30+9.25 43.15+9.95 .009
Dorsiflexion =
Rt 120°/sec 35.69 +6.62 28.89 +£5.32 011
Lt 120°/sec 28.39+7.20 25.40 +3.66 327
Rt 30°/sec 189.56 + 58.71 141.17 + 34.66 .076
Lt 30°/sec 203.96 + 46.34 135.15+28.89 <.001
Plantarflexion =
Rt 120°/sec 119.69 + 38.81 81.37 £26.13 .007
Lt 120°/sec 120.41 £36.97 75.14 £33.39 .006
mean + SD
Rt: Right, Lt: Left
Table 3. Strength of eversion and inversion (%BW)
Normal group Overweight group p-value
Rt 30°sec 80.29 +29.46 72.70 + 13.67 533
. Lt 30°/sec 73.44 +£9.30 64.98 + 11.89 103
Eversion =
Rt 120°/sec 63.54 +24.31 50.13 +14.39 .094
Lt 120°/sec 50.40 + 12.85 46.49 +10.07 423
Rt 30°/sec 67.46 +24.61 58.76 + 14.16 269
) Lt 30°/sec 71.73 £10.54 52.11+12.22 .001
Inversion =
Rt 120°/sec 45.99 +10.23 36.14 £ 8.60 021
Lt 120°/sec 48.34 £ 10.66 3593 +9.14 .007
Rt 30°/sec 0.86 £0.17 0.82+£0.17 .056
Ratio Lt 30°/sec 0.98 +0.12 0.81+£0.19 014
(E-Inversion) Rt_120°/sec 0.77+0.21 0.75£0.19 775
Lt 120°/sec 0.97 +£0.12 0.77 £0.12 .001
mean + SD

Rt: Right, Lt: Left

EA A A 30°/sec(p=.001), L2 120°/sec(p=.021)
293 49 120°%/sec(p=.007)°1A 4 dat A4S HE Aol
OJgt Zpol 7k Ueptom, Aol Fo5tA =4 UEht T

ZHERA A B de] IASHYE Bt & FFS UEHA
9k fol3t Aol = LrERRA] QE9k

AEAY T 7HE A 9] W]&0] - L 30°/sec(p=0.014)2 &
W 120°/sec(p=0.001)°N14] FA ol A FolobAl A Uretsttt.

AeE 289 30°/sec(p=0.056)2 2% 120°/sec(p=0.775)°1
Ae BAXHLE Fo35 Aol YEh A eigtth

Aoy g2y S =¥ o] Al A7 (Table 49} 2t}

= © Q2uHp=0.003)7} A(p=0.003)14 A=
OB {OJFt Aol7} Uehytth ohAINL, WHlEEE o] A9 o2
(p=0.800)7 AH(p=0.467)o A= EAZH 02 8o]gt Zo|i= Lie}
vz okgket.
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AR o] RAFSHTE By SAZCRE
OJstA] A 1)rFJH)r 7‘4 QA 1583070 2 20 & ey

-5 155807 2452 (AP: anterior-posterior)2] 35 2
E49H(p=0.058) 18I A(p=0.144)04 SAZOZ {25t Z}o]
7} UERA] kot

-9 1/4+807 2458 (ML medial-latera)9] 3¢ 4%
(p<0.001)0ll A A eto] A S Bt BAZHOE FosHA &
A Gep -9 I15587070] £2 A0 E YET ohA|T 02
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Table 4. Ankle joint range of motion ©
Normal Overweight
p-value
group group
Rt 21.14+4.49 15.00+4.13 .003
Dorsiflexion
Lt 23.43+6.58 16.15+4.52 .003
Rt  37.71£12.00 36.60+9.16 .800
Plantarflexion
Lt 40.57+£12.33 37.05+10.36 467
mean + SD

Rt: Right, Lt: Left

Table 5. Proprioception of the ankle joint (Score)
Normal Overweight
group group p-value
Overall 1.37+0.23 2.66+1.20 <.001
Right AP 1.23+0.39 2.06£1.06 .058
ML 0.84+0.17 1.62+1.00 .056
Overall 1.41£0.76 2.84+1.46 .022
Left AP 1.17+£0.64 1.96+1.32 .144
ML 0.76+0.14 1.67+0.93 <.001

mean+SD
AP: anterior-posterior, ML: medial-lateral

=9

o] AL AIFA4] U2 PSS WERE 275 L F
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WAZFG Bk H5EY 2L PEY 2 )50l S5 2L
A0E Uehgon, wutet =N oI HAU o] HAF AT
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2kl st tH(Cohen et al.,1993). o|E%, AAE&9] A /4
of glo] & 259 Z8AFL2 vi-¢ F85HCho et al., 2006). &
gt I EHEY 75 EQMEAES BUFohe ARARI A W o
+48& S4ste Aol AAFolH st HChoi et al., 2015). &
53 284 B71E 9% 654 28 HAAIA =9 445 E(30°
[secks E2AFOR IHE HE AEE(120°/sec)s B2AT

o
N
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o

1979; Rahnama & Bambaeichi, 2008). ©] T4 L5E319]
73S o2d-9d 30°/sec 18]2 24 120°/secoll A A A
T BAAATe] AAFHDE Bk {FOotA =A dEbson, ks
F3919] AL Y9 30°/sec 1]l QE-8F 120°/secoll Al HA
Aol BASHGE T |FOotA =4 Uepstth. B2 A4AE0]
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= BT ForelZ(calf muscle) oF3ete] WS WS
V5P A (Balduini®} Tetzlaff) Fote]l 4sE AR =R 714
% 847 AAskSiTh o7t WA &, o] Aol &
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© & FA|IFH o] 7T QbR o] oFsto] B3 Al AlA]
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al.(1997) = 715 -rEZ U Y| E 1 EA17|&= Zo] 5T
] B A mollA w9 SR8, 30°/sec ZHEHEAA 0.7~
0.9, 120°/sec Zt&4 4] 0.65~0.855 FAIst= Ao] 7HEHASE
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FE 71EHA-E A L= 30°/sec ZHEEOA LEZ9 T
F Aol Bt 0.86, BAIFHT] B 0.82, %KY B A
Aol B4t 0.98 181 A S Tol 0.81=2 U om, 120°
[sec ZFETOA QLEZL] AL FAAFTe] Bt 0.77, FASHE
o] B4t 0.75, 9% AS Aol B+ 0.97 181 FAFH
o] 0.772 IAFTHTo] YA ETG Ay o g @2 =27}
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3

¢

_|

=
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& Goldie, 1994), T ROMI} o}2] 28 Fofl a2 42U I
ROM°] B4 ¢#39 24 597 7M & dB8E vehdo 21
SFATHKIm & Kim, 2018). o|g%, L9 ROMZ W 82 4l
A EE5Y WA 58 A5 B T 5= UtH(Trajkovic et
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2E5AFEY A EE A3V 8 A5 dAskL, W ROMe| A
gho] W5 EQM/A4 9] A8 oS =9t B =W Slth(Rein et
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BAl(Mechanoreceptor)ol Al AAst= 53 Q9] 491, 71
e, 283 389 YA 9 FF Ay #AH 7S 9H|o}
(Akbari et al., 2006), ¥&-2 #H9] 2 At FHF o] X7
Hhg3ta 71530 TE g 7ot (Reider et al., 2003).
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|=4
Ao 5H BAAL opste oleis ARA Berge v

Ae BASHE] B4
Eths 22 A1A19] 7]50]
oAl 7FAku]Z(soleus), A F(gastrocnemius)< A1A|9] ¥S}
g 99E 1948 AR 385 94F EHA tkLakie
& Loram, 2006)= #HAA 144E07 24 58 dojs 5
43S f & ok AZE Lentell et al.(1990)= TH3 W=
EHES FAES e E T AolA #3787 A&(balance
deficit)}& H7FsH= Romberg HAFIA 25t Alo]& Hof, W=
4 FHY ALF 582 proprioception) A5}7} 7154 £
A9 Fdolgtal B skt

re

A2 2 A
BMIo] ket FARIRHR T T % Qgo] wE
W9 9 54 144847 29 59 71%50] Aol
Eht oleist 20 vhgoz dgARIA &

% 91 Aol

gS0], BMIo] whe o] &4 o @ WEIHA] A 7
2 9lgh w24 9o] Tolshs YHBT, MAEE, uA TS
TaFY 94, 22 49 2 54 1958704 242 A% &5
Hote 3AE Jo stof A BE LELR o] AT
wojof & olc}.

CONFLICT OF INTEREST

2

SN oy
=2

[o Hd

rol

QlolAl ofme 2HoRRE AHL B AA ] A
ororon] o] aFe ud 4 QI olu s PAE ge

w

=

o o

w1
=

AUTHOR CONTRIBUTION

Conceptualization: J-H Cho, S-T Lim and E Lee, Data
curation: J-H Cho and E Lee, Formal analysis: J-H Cho and
E Lee, Methodology: J-H Cho S-T Lim and E Lee, Writing-
original draft: J-H Cho and E Lee, Wirting-review&editing:
J-H Cho and E Lee

Korean Journal of Sport Science 2023, 34(4), 579-587

https://doi.org/10.24985/kjss.2023.34.4.579



Effects of Body Mass Index on Ankle Joint Muscle Function and Dynamic Proprioceptive Control

585

FAuEH

Aiyer, A. A., Zachwieja, E. C., Lawrie, C. M., & Kaplan, J. R. M.
(2019). Management of isolated lateral malleolus fractures.
Journal of the American Academy of Orthopaedic Surgeons,
27(2), 50-59.

Akbari, M., Karimi, H., Farahini, H., & Faghihzadeh, S. (2006).
Balance problems after unilateral lateral ankle sprains. Journal
of Rehabilitation Research and Development, 43(7), 819-824.

Bennell, K. L., & Goldie, P. A. (1994). The differential effects
of external ankle support on postural control. Journal of
Orthopaedic & Sports Physical Therapy, 20(6), 287-295.

Bernier, J. N., & Perrin, D, H. (1998). Effect of coordination training
on proprioception of the functionally unstable ankle. Journal of’
Orthopaedic & Sports Physical Therapy, 27(4),264-275.

Brown, L. E. (2000). [sokinetics in human performance. Champaign,
IL: Human Kinetics.

Capodaglio, P., Gobbi, M., Donno, L., Fumagalli, A., Buratto, C.,
Galli, M., & Cimolin, V. (2021). Effect of obesity on knee and
ankle biomechanics during walking. Sensors, 21(21), 7114.

Cho, S.-K., Lee, J.-P., Oh, J.-K., & Kim, H.-S. (2006). The effect of
12 weeks strengthening and stretching combined exercise for
balancing ability in elderly women. Journal of Korean Physical
Education Association for Girls and Women, 20(1), 53-64.

Choi, S.-M., Park, J.-K., Ha, Y.-W., & Cho, B.-K. (2015).
Measurement of muscle strength of ankle joint using isokinetic
dynamometer in normal Korean adults. Journal of Korean Foot
and Ankle Society, 19(4), 142-150.

Chun, S., & Choi, O. J. (2012). A study on a football on university
soccer players ankles isokinetic strength and lower leg function.
The Korean Journal of Sport, 10(1), 175-184.

Cohen, H., Blatchly, C. A., & Gombash, L. L. (1993). A study of
the clinical test of sensory interaction and balance. Physical
Therapy, 73(6), 346-351.

Curwin, S., & Stanish, W. D. (1984). Tendinitis: Its etiology and
treatment. Lexington, MA: Collamore Press.

Eom, J.-R., Moon, D.-C., & Kim, J.-S. (2014). The changes of
balance performance by low-dye taping application on flexible
flatfoot. Journal of the Korean Society of Physical Medicine,
9(4), 355-361.

Forsyth, L., Bonacci, J., & Childs, C. (2022). A pilot randomised
control trial of the efficacy of stability-based training with
visualisation for people with chronic ankle instability. Medical &
Biological Engineering & Computing, 60(4), 1199-1209.

Gao, F, Ren, Y., Roth, E. J., Harvey, R., & Zhang, L.-Q. (2011).
Effects of repeated ankle stretching on calf muscle-tendon and
ankle biomechanical properties in stroke survivors. Clinical
Biomechanics, 26(5), 516-522.

Hendren, N. S., de Lemos, J. A., Ayers, C., Das, S. R., Rao, A.,
Carter, S., ... & Grodin, J. L. (2021). Association of body
mass index and age with morbidity and mortality in patients

kjss.sports.re.kr

hospitalized with COVID-19: Results from the American
Heart Association COVID-19 cardiovascular disease registry.
Circulation, 143(2), 135-144.

Hershkovich, O., Tenenbaum, S., Gordon, B., Bruck, N., Thein,
R., Derazne, E., ... & Afek, A. (2015). A large-scale study on
epidemiology and risk factors for chronic ankle instability in
young adults. The Journal of Foot and Ankle Surgery, 54(2),
183-187.

Jeong, H. C., & Lim, N. Y. (2010). Effect of taping therapy on the
ROM, pain, and discomfort of adults with ankle pain. Journal of
Muscle and Joint Health, 17(2), 124-131.

Jeong, Y., Heo, S., Lee, G., & Park, W. (2018). Pre-obesity and
obesity impacts on passive joint range of motion. Ergonomics,
61(9), 1223-1231.

Jiang, C., Huang, D.-B., Li, X.-M., Guo, J.-H., Guo, M.-M., Yu, S.-X.,
.. & Lin, Z.-H. (2022). Effects of balance training on dynamic
postural stability in patients with chronic ankle instability:
Systematic review and meta-analysis of randomized controlled
trials. The Journal of Sports Medicine and Physical Fitness,
62(12),1707-1715.

Kahan, J., Brand, J., Schneble, C., Li, D., Saad, M., Kuether, J.,
& Yoo, B. (2020). Open pronation abduction ankle fractures
associated with increased complications and patient BML. Injury,
51(4), 1109-1113.

Kim, S.-G., & Kim, W.-S. (2018). Effect of ankle range of motion
(ROM) and lower-extremity muscle strength on static balance
control ability in young adults: A regression analysis. Medical
Science Monitor, 24, 3168-3175.

Laird, C. E., Jr., & Rozier, C. K. (1979). Toward understanding the
terminology of exercise mechanics. Physical Therapy, 59(3),
287-292.

Lakie, M., & Loram, I. D. (2006). Manually controlled human
balancing using visual, vestibular and proprioceptive senses
involves a common, low frequency neural process. The Journal
of Physiology, 577(1), 403-416.

Lambert, L.-A., Falconer, L., & Mason, L. (2020). Ankle stability in
ankle fracture. Journal of Clinical Orthopaedics and Trauma,
11(3), 375-379.

Leanderson, J., Bergqvist, M., Rolf, C., Westblad, P., Wigelius-
Roovers, S., & Wredmark, T. (1999). Early influence of an
ankle sprain on objective measures of ankle joint function: A
prospective randomised study of ankle brace treatment. Knee
Surgery, Sports Traumatology, Arthroscopy, 7(1), 51-58.

Lentell, G. L., Katzman, L. L., & Walters, M. R. (1990). The
relationship between muscle function and ankle stability. Journal
of Orthopaedic & Sports Physical Therapy, 11(12), 605-611.

McKnight, C. M., & Armstrong, C. W. (1997). The role of ankle
strength in functional ankle instability. Journal of Sport
Rehabilitation, 6(1), 21-29.

Rahnama, N., & Bambaeichi, E. (2008). Musculoskeletal assessment

in soccer: A review. Journal of Movement Sciences & Sports, 1,

Korean Journal of Sport Science 2023, 34(4), 579-587


http://kjss.sports.re.kr

586

J.-H. Cho, S.-T. Lim and E. Lee

13-24.

Rasmussen, O. (1985). Stability of the ankle joint: Analysis of
the function and traumatology of the ankle ligaments. Acta
Orthopaedica, 56(sup211), 1-75.

Reider, B., Arcand, M. A., Diehl, L. H., Mroczek, K., Abulencia, A.,
Stroud, C. C., ... & Staszak, P. (2003). Proprioception of the
knee before and after anterior cruciate ligament reconstruction.
Arthroscopy, 19(1), 2-12.

Rein, S., Fabian, T., Weindel, S., Schneiders, W., & Zwipp, H. (2011).
The influence of playing level on functional ankle stability in
soccer players. Archives of Orthopaedic and Trauma Surgery,
131(8), 1043-1052.

Trajkovi¢, N., Kozinc, Z., Smajla, D., & Sarabon, N. (2021).
Relationship between ankle strength and range of motion and
postural stability during single-leg quiet stance in trained athletes.
Scientific Reports, 11(1), 11749.

Tye, L. S., Scott, T., Haszard, J. J., & Peddie, M. C. (2020). Physical
activity, sedentary behaviour and sleep, and their association
with BMI in a sample of adolescent females in New Zealand.
International Journal of Environmental Research and Public
Health, 17(17), 6346.

Wilkerson, G. B., Pinerola, J. J., & Caturano, R. W. (1997). Invertor
vs. evertor peak torque and power deficiencies associated with
lateral ankle ligament injury. Journal of Orthopaedic & Sports
Physical Therapy, 26(2), 78-86.

Zabarsky, G., Beek, C., Hagman, E., Pierpont, B., Caprio, S., &
Weiss, R. (2018). Impact of severe obesity on cardiovascular risk
factors in youth. The Journal of Pediatrics, 192, 105-114.

Korean Journal of Sport Science 2023, 34(4), 579-587

https://doi.org/10.24985/kjss.2023.34.4.579



Effects of Body Mass Index on Ankle Joint Muscle Function and Dynamic Proprioceptive Control

587

HNERZX0 oE B=2E Vs 2

XM S0 0jxl= Y8

oo

ol

'SMfstE, 14
*Z0Ithst, a4
R Ermi L EnE

[24] o] @7 BMISH A50) Z7Hs w2e] B S7H171n AR 249 o

=
wEY 275, ARTEAAE v

o] @79 BAL AYFAFEM)] Tt W=
orobu 314} gk,

SX 194822

A%e A, e

Asto] Zol7t A=AE

3] 28799 7%t @t tidez AAFABMD 71E22 IS A= BMI 23) 117, 3D

BMI 23) 17922 E53513ct. tiik
A28, IERE e 19, HEE 15807 S5
[A7H H5+57 oA 225 30°/sec(p=.035), 4%
3 oA A2 30°/sec(p<.001), LEZ 120°/sec(p=.007) 121 A%
A2 30°/sec(p=.001), LEZ 120°/sec(p=.021) 121 &

A AR, PR, W, B

= =

30°/sec(p=.009) 18|11 Q2%

A= 120°/sec(p=.007), A= F-7}12&H

SRR REE

120°/sec(p=.011), gt
120°/sec(p=.0006), 5 Qr&EH K of|A]

N3 v EolA 9%

30°/sec(p=.014), 120°/sec(p=.001), =3 7HEHSIONA 22 (p=.003)7 B2(p=.003), W] 1558712}l
A QEW(p001), FiH(p=.022), o3 9 TGSHBUZOIAL D00 DN HA et BA5 Lkl
F218 Apo]7} Uit

(2] AYALe e JAggn B Ptel $Ewas] I8, UL U 54 IA8u 2 5
2 7)3%50] W el Rol7} Qi A0 BRIslo], AWgASo] B WEo) $AF o 9 wEEo] 4B /)
2 9% 0 SA9o] Tolshs WA, AT, AVATEY TAFH 28 45 2 54 195877 4L

< AlZHoloF g Aol

kjss.sports.re.kr

Korean Journal of Sport Science 2023, 34(4), 579-587


http://kjss.sports.re.kr

