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PURPOSE This study compared unilateral force control capabilities between 13
elite soccer players and 16 healthy controls using the isometric ankle force control

paradigm. METHODS Participants were instructed to perform unilateral ankle force
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control tasks across vision and no-vision conditions with their dominant and non-
dominant ankles at 10% and 40% of their maximal voluntary contraction, respectively.
Force control capabilities were analyzed using mean force, force accuracy, and force

variability. Furthermore, force regularity and force smoothness were estimated using
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sample entropy (SampEn) and YANK analysis, respectively. RESULTS The groups
did not differ significantly in mean force, force accuracy, and force variability across
different visual conditions and targeted force levels. However, the soccer players
showed significantly lower regularity (increased SampEn values) in the non-dominant

lower limb and lower smoothness (increased YANK values) in both lower limbs during
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S A7) 5 o] FHlolA Hzlste] o|So] o]g7| wiiol Azt
ZgEo] o5t A Z-Q1A] A2j7t Al&SHA o] o)A of gth(Zhongfan
& Inomata, 2003). AP Al oJotH, £AH AFA5E A2
T g AT FAE FFAEAY 7150l o A3k AR Yt
Yo Hunter et al., 2022; Kim et al., 2014). o]|&gF A1 ZH-2% A
g 7152 434l F7] S AT 52T 210 E(Erickson,
2020; Klatt & Smeeton, 2022), E8|&, =& A 9 #4¢ 5
9] A 7|&S F&otal Ao dth(Ben Kahla et al., 2022;
Hunter et al., 2022). 53], 34 AYE AFEL2 13484 1
Tu o 217 g el gh8ofo] 3o HFolut A A9 FX%
< g5t dSste] B3R B7] £ IR H(Hunter et
al., 2022; Snyder & Cinelli, 2020; Yilmaz et al., 2024).
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ankle isometric force control tasks. CONCLUSIONS These findings indicate that
soccer players use more adaptive force control strategies in the lower extremities to
successfully achieve task goals.

FHstE F 7EeS A AdiAdE A9 2dY 2F
g 73 58t oy}, W& 3 24 S3(ankle force control
abilities)o] WA o|th(Beato et al., 2021). £HH AFLELFE
7371 3% 5 B3RSt Aol JAg & 24Fsto] 79 e

=0l A0 et on, oj= vHEAQ] £ Bof H¥ g

o] e H A0 HRlk(Izovska et al., 2016). 4541

= O
ZHo] g7 SAE 7[ed FPEE Eole d4 8
Z-8-5FcHBen Kahla et al., 2022; Hunter et al., 2022).5
S84 ¥ 24 A= A5 A2 3EE B9l Q1
Z4 58S gUlst= 8379 E3o|ti(Hu & Newell, 2011a,
P

GO R 255 &8 9 4ok A5 B 18 S o2 o
tHBaweja et al., 2009; Sosnoff & Newell, 2005). ©]2{3+ %
2 1H5-84 e 5 ot A7 JHet st} s HiE
(submaximal targeted level)oll H gt F&stA F-& FAL 5= AU
L& i}
A4 @ 24 59 Brlols A58 Yo EE: 99 A
Z

H
A(accuracy) ¥ 7FHA (variability)¥ 22 A9 % linear
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analysis)?] 1tH(Lee et al., 2025; Christou & Enoka, 2011;
Enoka et al., 2003). A& £°1, ¥ 2d A 7MAA0] BS45 53
ohe 2 YA 0B fAJsto] £ HEo] w52 vttt
&, 22 7ML @ 249 AT dstA A=l Slo] &5
Alo] 589 A&4S BUlote A7t Aot 9], SHE AYE A
FEL FHste &4 A 45EA A =3 sl H84
(adaptability) FA4(flexibility)oll 75t &5 Ao AZFS 7}
A3 Y= Aoz HrkExel et al., 2019; Silva et al., 2016). ©]
23 A2k EFolHA L |A% A2y 54 7L 3loH, o]
£ Utz Yol vlAAE A E4(nonlinear analysis) B8 % 5
42l Sample Entropy (SampEn)E 53l 39| 1#24(regularity)
= AT AAE £98E AYE &545E(e.g, HUA, HIE
e, 9 Ao guielEth Wo| 7t =2 MVC 40% 3 24 IHA|

= B A 02 YESFE BA o it A7t Eolx= A
02 YR tH(Kim et al., 2021). ol& A7|7H9] T3S 53 4
E H450] alx_ Hoh A1Zb-85 ¥t AlZF Q1A 2 AEE '3
SBHEE =0, FEtetA Wstol=s 25 el 2
Aztd H3EES % —ir7ﬂ HAE AARIHHuU & Newell, 2011b;
Hiilsdiinker et al., 2018). oJ4 ¥ &3H HYE LFAHAFES 7
24 A Al %“E‘_}?lebl' Apdshe 9 24 Ag &8ols Zo®
Helot,

SFAFENAE FE(dominant)?] F et 52 Alo] 5} H]
ZF9Hnon-dominant)?] XX 9 oFgAo] FAlo] QFE7| W&
of S} vEke] gt 3 23 FEo| 9
|4 S £ Qlvy. ditdo R e 33 JuotA HEESH=
7Fe3 g, vl AAY 433 A S T 1 |
of P9 7154 Aol upet 2pEsHE Alo] A 7
o= ‘3_](‘?_}51‘:} JE‘OHE ok, dZHWPZ]J ‘_:rL%% ST

d

_,d
>,
ki
o)
o
e Y, [

Z\J%ﬁﬂ %E}(Chtara et al 2018 Hunter et al., 2022; Lee et al
2024). webAl, AlZF HH O] [ 5o} IHA| ol ko wheh 242 k)
H|gbo] ofw gk Xﬂ°1 AgFE 7121 3 248 FAE FHPot=A 0

gt A7t ]kt

SHEAE HZole @ 24 58& Hrke] Ao @ 4tE
Aol Al WAgok= do] A% Wil g W9 WMs&(change in
force fluctuations; YANK)' & #4J5t0] 32] H&/J(smoothness)
£ sk 9ol AAEI AeKLin et al., 2019; Yacoubi &
Christou, 2024a, 2024b). YANK %2 ¥A| do|=u 37 #s}
of wet gl 249 =9 A8/44S Foke Axolrh APATol
A otAl @ 2 A Al A2 FEIT 2 AdgollA 7o) PR
A e g, YANK 22 =2 A0 2 YePEtH(Kim et al.,
2026). °]A€, YANK %J:O] EHe A2 g0l B2 9vlsH,
ol AFAZE A 38 F Yok Ao TFsHA W-gote] &

g FASFLAL “*] o & HIMisH 3& g5t s EgoR
At 4= Qlet. olE gt B oA AAFA 7 &5 (motor unit)E
At DoAY dakgS w55 2857 wizo] 3 §igkEo]
S7kett. £3], A&H £ FFI AAIZE 750] 7E= A
oA= t7t eate] RIFASHA ¥Hgoto] 508 W EU=
£ #EA Sh= 2ol YANK 2% Eol= 90] 2 4= AUrk(Brown,
2000; Laine et al., 2015). Z2% 0 & YANK 9] S71= o2&
Hasolr] Qs § 24 Al FATIAL §IAS £ 542 Fdoto]

Nn:l.lz?éi:t:l
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FE B8-S vHdS Alo] Ao R Brhg 4= k.

= T v djs) AlZ R
44 ¥ 11101 HA=k(isometric force control strategies)©ll
<A }-*}O}b g e & AolAe Al HE
9] 5ol wh=t ﬂtﬂ AFA] =290 10%2}F 40%2] 2ol A
HiFde] o 24 BAE & OO]'ME]' Y 24 592 B Y(mean
force), & A=A, P4, #24, 2 H24S S BrHEHAS
(Kim et al., 2021; Ko et al., 2025, Kim et al., 2026). & 9130
Me SFAAG7E SRRl 33t B3 i 9431 9] 28 59
= B Aolges 7MdS AASY. FAIAY 7ML vt Eh
A, Az B o e 7 2 IA A ST FEOIA
o =0 A5 W 1O shHA Uo FHA O o PEHL By

Aok, B, AL HlZEoA o 8 A3 W e b,

T o=

2O FAY, U e WHHE HY A0 9L Yttt

4 Hol: 23 7 0.1,
EH*J'OE oo, Ad 24417 A 7l AAFH E Tt AAE:
S At Lee et al., 2023). A ATl ot A 3 A E
E 7Y F£50] Hi= 4 geloh] flsf “FE o' WS A9
o & AU AES 59 FEHE FRlstrKSatas et al.,
2020). E3H 47| AA(Declaration of Helsinki)9] A+ Z2E&
= 5900 w2 Aol APt & A-tol ot BE A
oAl AF BES AAsHAl Aotden, 594 24 A AL
ol YakE Flstgint. A WFAEY AAHQN 42 (Table

D3} 2o B a7l Qavska 7y eeAaseld A
A4 9] 5-91-& ol AgYsFH HIRB7007971-202003-001-01).

274 v

£ APolAE ST B4 Y ©E 514 9 24 A 9

off ZpA| 7Y % ‘%?% =23 g 24 &% ] (isometric ankle-

dorsiflexion force measurement system: SEED Technology

Table 1. Characteristic subjects (Mean+SE)

Soccer players Control group

(n=13) (n=16)
Age (years) 23.7+0.1 29.0+0.5
Height (cm) 176.1 £1.3 176.3+£1.3
Weight (kg) 729+13 80.2+1.8
History (years) 10.1£0.8 -
Dominant side 13 Right 16 Right
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Inc., South Korea)& AR5t HAAES HSE AA 2 54.6 cm
LED 2UE2 80 cm 7HAS Fil kgtor, vigto] 17gd 3] Hek
7](Micro Load Cell-CZL635-3135, range = 330 lbs, Phidgets
Inc., Calgary, Canada)7} W Z3Zo] Het AFA|(knee flexion
90-100°, hip flexion 90-95°, and ankle dorsiflexion 90°)& &
2 90| AL AT, HUAES 2] ol W 2710 5
A3 A ZHEotglon, &5 9 24 34| F YA ok ofx] B
9 Fastel7] 9l WA FF(metatarsal)

S1Hol SAAE 2 ) ol g w3 A WEol AEYS
olgsto] e WY, 0|9t S UGN LB HZTZ 4
2 0|83 534 Yol AEHL Foto] Z4H ot
ol Aol uet 3] © @ 28 HAZ AN A
3 42 A 9l MHABL 9 Y 247

~
[S)
=]
Eal
)
(@}
[N
<z
RUE LSO

AAZE 18-S AlZetAct zH 24 Awold g Ko A
Z Flof i3t WHZHS olgsto] Q1o Hofsl B § e 7
10%2} 40%2 A5tk B A= Y 5% 9 Al 7H 02E8 2
a3}st7] 918 6029 A&5tA9HLee & Kang, 2025). I

£

>

S AlO.

Nl =1
YA 9] B 9 28 IAS 47 10%9k 40%e] B EolA
Az AR §-57k B 1719 25 394 Sgstgon, 2

i
ook
N

9 w5 227t 47

Aol & 8749 B2 AHoR 55
shiet. @ 24 34 A ZUH

Y 23 S8 W] 99 2

£ 5 42 WPAeA HolA|
SRS AT W 28 A A BHT 4 U Y2 Moot
7] 918 Al 8 B2 7k 217} 3029} 129 FAARS AFHAt,

16-bit 2 kSPS, Z4 7A] 3 = 0.0192 N)E AR5l 200 Hz2 4]
o1& Sttt S 5 V AL9] INA122 (Texas Instruments
Inc., Dallas, TX, USA)E ARE3slo] SZ5 109, Microsoft Visual
C++ Z &I (Microsoft Corp., Redmond, WA, USA)S &3] 7l
UE ATEojE o]gsto] A2t FE 2 3] ASE S35kl

glole A=

Matlab R2022a (Math WorksTM Inc., Natick, United States)
£ o]&5to] 9 HlolE A4S AAISHA o, AIAE 2400 qlof &
e = Sl BEER3 ko|=2E AASH] Yol FHIF 43 HE Y
2~ ¥ (bidirectional fourth-order Butterworth filter)& ©]-8-3]
o] 30 Hz cut-off A9 &3 S A HEA=0] HHE
Fofl Edol= HPAR] JHE Ao E46H7] Yol 3t 14%
£ BAototh B3, @ 24 3 F 7] DACIA i Fo B
st7] 9l © 249 & o] =

==
£ 34 9 B2 A 28 Y2 $45H: 57 280] o|gEwA 4

)
=
o
of»
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i
I
ox L
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N
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:O;I—_1
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[
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Fig. 1. Unilateral lower limb force control task. (A) Unilateral ankle
force control position. (B) Vision on the screen during unilateral
ankle isometric force control task. (C) No-vision on the screen
during unilateral ankle isometric force control task.
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3 AIAL dlelelolA m (Aol7t Fsixl 3 sig)gkel r (5
o]zl 518 2ap) gt WA o2 A9 e vHEE= RIEE 9
u|gtct, thA] Tl m-Z v gi/de] Ee sihe] Zolg, & HHE
9] FAMES Wlste 58 24 71ES UERdth Cm ()2 A7)
A41719] A (self-match)E BiAIE Aol 4], Aol mQl &4 sd
o] AIAIE HollAl sHEH o R vehd e rlgtt(Richman &
Moorman, 2000; Yentes et al., 2013). o]ufl, A&eI7o| wret m
=2, r=0.2 x ¢ go|g9 xFHXZ HH5F¥HYentes et al.,
2013).
—’?‘-7}14 o7 B dFoAE BEA B4 95 YANK (dF/dpE
Z8oldt. o= Fo] 3}% Lo E UYed= A HE 1/200%
‘:H—H AEgt Az E‘i vhdoto] B4t Brgolt. ESh, g
o] #Ho] Aslet= B7}st A YANK O] B#AF(root
mean square, RMS) %lg AArotet. olw A Al o] ®§ist
Fo] AFo v = JFE viAsH] Yol AEd g 9 BE
H2}(standard deviation of force, SDF)& Yo AH3lslqich
(Yacoubi & Christou, 2024b).0] A&+ <=3t 3]9] XZ H3lr}
oid, g 44 T—V“ﬂ/ﬂ -2 REZZ UeiH Fto] 245 3
ZJG_/] ﬁﬂﬁ—lé ] 7< ]ﬂ-LH]:]—

lmfiﬁ

L L N (VANK,)?

YANKws (51) = 55 7351 2

A A=

£ Aol £=-H dlolE 9] BA 42 Window & SPSS Z21
(ver 28.0, SPSS Inc, IBM)& AHEol9Ith S4H BE 32 Bt
+ ¥ Q3 Hmean =+ standard error)& ArESHh & 1E 71
A FH g v FEke] MVC bl S wlwsky] 915 247 SHRE T A
A(independent t-test)2 AAISIT) 2 B3 3] $FA &5 7]
5 Wl AJZF FHO] {-F zlolo| whE H|wE Yo FI v
£ 71F0 7 717 A &35t EAF B4 (three-way mixed measures
ANOVA; 2 x 2 x 2; Group X Force Level x Vision)& AA|s}
Aot BAA o422 ¢ = .052 A5

A1t
Maximal and Submaximal Force Production

ofA] i @ H|SY] MVCe] HE 158 SHEE T A44 23,
55 ZF FYHIEE Zol= YAl gttt &, ol tigt OE 1t
BAA p #ke] 0.116(F+44= = 356.3 + 13.0 N, ¥4kl = 383.6 +
11.7 N (1, = 1.624, p = .116), v|Zuto]] o3t 12 7+ SAH p 7t
0] 0.582(F7414 = 346.1 + 14.8 N, ?—-_]H}O] =356.7 £ 13.1 N
(t;; = 0.558, p = .582)= 7} Iof| tgt 1F 1+ F-oJm|eh Zol=
ERA] 2ttt

ShA] o] Wt o et A £3 EA B4 A
9] Group X Force Level x Vision9 A&2-8 a3HF(1, 27) =
0.792: p = .381; partial * = 0.028] @ 1& 7+ FaIFA(, 27) =
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Dominant

Non-dominant

Mean Force (N)
=}
N
=)

SOC CON

Fig. 2. Unilateral mean force. (A) dominant ankle, (B) non-dominant
ankle.

2.894; p = .100; partial * = 0.097]°] df
WA ekSkth(Fig. 24).

v]Fake] A5 28 a3HA(1, 27) = 0.159; p = .693; partial 72
=0.006] ¥ 1% 7F Fa3HA(1, 27) = 0.403; p = .531; partial 2
=0.015]0] gt fofuleh 2ol YEA] ekkeh(Fig. 2B).

SoJu]gt zfoli= Let

Unilateral Lower Limb Force Capabilities

1. 39 geg
oA F9Fe] rRMSE &4 A3}, 99| Group x Force Level x
Vision®] 4528 &3HA(1, 27) = 0.912; p = .348; partial ° =
0.033] ¢ .1‘—:' FEFa3HAQ1, 27) = 2.805: p = .106; partial ° =
0.094]°1 gt f-2fm] 2k Zol= HERHA] AATHFig. 3A).
Eliscis) %—9—3}‘8‘ ATF(, 27) = 0.250; p = .621; partial #’=
0.009] & -1‘—:' t Fa3HF(1, 27) = 0.397; p = .534; partial * =
0.014]°] gt -2Ju] gt 2fol= UEhtA] oFokth(Fig. 3B).

2. 99 714
SHA] FHto] B4 CV 2y, FE9 Group X Force Level x
Vision®] A& 28 a1, 27) = 0.381: p = .542; partial #* =
0.014] € :l‘—:' P EFadHFAQ, 27) = 0.466; p = .501; partial * =
0.0171°1 &t f-2f w2k Zol= HEhtA] AUTHFig. 4A).
Eliseis) %—9—3}‘8‘ ATF(1, 27) = 0.996; p = .327: partial 5=
0.036] ¥ I5& 7+ F&IHFA(, 27) = 0.466; p = .501; partial #° =
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Fig. 3. Unilateral force accuracy (rRMSE). (A) dominant ankle, (B) non-

dominant ankle.
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0.30 -
Non-dominant

0.25

0.00
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Fig. 5. Unilateral force regularity (SampEn). (A) dominant ankle, (B)
non-dominant ankle. Asterisk (*) denotes significant difference
between soccer players and control group (p ¢ .05).
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Fig. 4. Unilateral force variability (CV). (A) dominant ankle, (B) non-
dominant ankle.
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Fig. 6. Unilateral force smoothness (YANK). (A) dominant ankle, (B)

non-dominant ankle. Asterisk (¥) denotes significant difference
between soccer players and control group (p ¢ .05).
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0.0171°1 thgt 2wt Zpol= HERUA] & 9keH(Fig. 4B). Y #& o] #3ES IHY + 2= AR 59, £ A
79 514 9 24 A0 dol s AT} 10% % 40%9] T &

EERE A5He A0 YNIIE ofele glo] 4o 7H5st W] el Qof 4l
SFA] 9] SampEn 4 21}, F¥9] Group x Force Level A 58 ol W B, A2, E 7PHAZ0] Higt 3ol

x Vision®] A2 2-& a3HA(1, 27) = 0.080; p = .779; partial 5
=0.003] 9 2% 2+ F&3HA(, 27) = 2.890; p = .101; partial #’=
0.097; Fig. 5Al°ll tigt f-oJu] gt Zfol= UrehtA] ekekt.

H|FEko] A} 28 avHA(1, 27) = 0.119; p = .733; partial =
0.0041°14= FoJu]gt Zol7} WAgskA] A, TIF 7 Fa7
[A(1, 27) = 12.891; p = .001; partial #* = 0.323; Fig. 5B]°] thgt
FJmigt 2ol 7} SRIE Qi) LA A 02, A4E9] H|Sdol A dbt
Qe Tt 2 2 gdo] T

O

4. 39 B&4

SHA] 99 Yank g ¥4 A3}, 9] Group x Force Level
x Vision®] A% 28 G371, 27) = 0.435: p = .515; partial 5’=
0.016]°MA= Fmigt 2po]7h Y] EtAIT 1F 1F a7}
[F(1, 27) = 6.716; p = .015; partial #* = 0.199; Fig. 6Al°] gt
OJH|gE 2ol 7t ER1E| et

v Zdo] s 2R GyHFA(1, 27) = 1.263; p = .271; partial * =

0.0451°141= F-oJu]gt Zol7t WAgskA] A, TIF 7 Fa7
[F(1, 27) = 8.606; p = .007: partial ° = 0.242; Fig. 6B]o] tigt
FYmigt Zol7t RISt FAHoR, A5 F4 4 v

oflA] Ayl T e g do] Tt

rr

9l
£ ATOIAE HTARY et vl it A2
3 oliol e 5344 U 1 23 eI

?lz}o ‘%E]"’]'Z] A%t 1‘“—1‘4’ 29| FAGT B
g vl gk 1F 7 YRRt Aol 7t e Th A
TALLE YRl Sy} vlSof A A1z} @H«] = |
dolwel BAglo] Bt 7, A, R Aol tiet f-ou| gt Aol
= YWEA] ghskeh. ey 248 HIS oA H’H’V} gkl
SR fYulsHA WA vehston, HE449] A SR 0
I v BT RIS HY {Fou|stA @A UEkth o=
H SFASE] A ERE HFH R $35t] ol o Egetal
BEAQ 2 AE 7H 20 & Helt}

APAte] MEH 7|71 EHH AYE AFE2 15584
B2E& 1=3f5to] A7 RS A Aol e A5H o H3
Y d3oke Aoz Yepgti(Talwar et al., 2024; Danion
et al., 2000). & & AFolA= AlZH S wEHo] glojke If
T84 Y-S 8ot AA9 5 £kt HlH sk g Al
(stable dynamics) 40|y, BHE HojE$E Q42 ¢ 34 7
= B9 OF(unstable dynamics) SHOAE JFH 02 TAE

Pol= A0 E Ve tHFranklin et al., 2007). A AFsE A
E% /‘]ﬂ BB} gl AT 15584 Telu A 2
Zrg Bof Al 3ol et 7PHA2 Eol1 FEYE =AU EH

=

u

AN' mi‘-

r.& —{>
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2tol7} gli= A0 = AtmHrt.

STAFo AN BEE 22 AL &5 Aol B4 =
2 A34E Yuioi, o= dERRIER E}ﬂT:ILHA—J v g 2
4 5ol & T FAgt Alo] Mg 7HA L Tkl sjA S 4= itk
(Barone et al., 2010). APAFNAE SFA4E0] AAZE I=
W E3) 90l HEl S S tAAE S0l Waht 744 o
Lo fAsHA th-gohs BT Alo] MeEghE Hol= 20 & YERTh
(Silva et al., 2021). 20| &1+ FLS 55807 ARSdfof 5F
= FE0E STAFES 4 i8S 9T w2t Alofsh= %E—.ﬂo]
Eoteojqls AR Helth wEhA, FAeE0lA H]Z‘*
& TeobA Exohe Aol ofuzt Hw sk AhAl
71 P8 At 58420 Alo] AA”HES ZE A
(Barone et al., 2010; Haaland & Hoff, 2003). =, 3‘7 d—r—4 H]
o] dhgt ‘7’33 AL 7154 211—7} oz} g%
w2t AedZ {ASH] e B3t
7§'_O_§EHHOI.‘:_7—]0§ aadat 2 ok,

YANK 24 7:‘4 S0 T vlso] gk HEhdol ¥
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