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PURPOSE This study aimed to investigate the effect of an ankle strap on kinetic
variables of the lower limb during forward jump landing. METHODS Twelve healthy
adult men (mean age, 23.58+2.22 years; mean height, 177.83+5.37 cm; mean
weight, 75.00+7.72 kg) participated. The participants stood barefoot on both legs
at a horizontal distance of 40% of their body height from the center of the force
plate, then jumped forward and landed on the force plate with their dominant or
non-dominant leg over a 30-cm hurdle while wearing or not wearing an ankle strap.
Joint angle, peak vertical force, loading rate, and leg stiffness were calculated. Paired
t-test and repeated-measures two-way analysis of variance with Bonferroni’s post
hoc tests were used to compare the characteristics of both lower limbs and the
effect of wearing an ankle strap. The significance level was a < .05 RESULTS Our
results showed significant differences in kinematic variables between the dominant
and non-dominant legs without the ankle strap. With the ankle strap, the inversion
angles at the ankle joints of both lower extremities were significantly decreased,
and an interaction effect between both legs and the ankle strap occurred in the
internal rotation angle of the ankle joint. Kinetic variables did not differ significantly.
CONCLUSIONS The ankle strap did not completely compensate for ankle instability
in the non-dominant leg, but it significantly reduced the angle of internal rotation
at the ankle joint. Thus, we recommend that correct wearing of the ankle strap in
sports since it reduces the possibility of lateral ankle sprains to some extent.

LAS B4 Z 9F 70 %= ¥E =9 HAH A (anterior
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al., 2012).
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talofibular ligament, ATFL)9] £A4o] Yty §F ¥ LAS7| dF
Aot & & oF 40~70 %= 7 AEEE T EE EF
A(chronic ankle instability, CAD2.2 XY HHChinn et al.,
2013; Doherty et al., 2014; Jeon & Park, 2021). CAl= &5
(giving way), 7148 444, 175+848 34 &4
E 4071 o] A2 AAY XA 2E 7] 5S HIAIA
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(Gabriner et al., 2015; Mineta et al., 2021).
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HHEZ QL HhE A0 = QIgh Bohy 7V
512 9] IEF F/detel JAd ze#fob7] g
I3} BARS st Zo] F2 3tk (Miklovic et al., 2018). ©]
Q3 WETE 8 3t 25 Hall et al., 2015; Loudon et

, 2008; Smith et al., 2012), X/F5887 4 5 (Eils et
al 2010; Ha et al., 2018; McGuine & Keene, 2006) & @2 ¥
ol AAX =L YA, o] T Y-S HE 7|7H0] &50] Rst
ng SZHAl 54 a adtE B7] of#& SAEE 7HA L
(Donovan & Hertel, 2012). o33 59 @S H4s17] 9
O 8 W Byt AFEEIL QloH, tefet AR x FEoA W
Hodi7h 35 et 22 B4 ool &bt ok Baskeict
(Frey et al., 2010).
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7% 58 FdS 96l 2 A8 AHOmori et al., 2004;
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Table 1. Information of participants

Variables M+SD
n 12
Age (years) 23.58+2.22
Height (cm) 177.83+5.37
Weight (kg) 75.00+£7.72

Note. Data are mean =+ standard deviation.
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Fig. 1. Experiment setup

Fig. 2. Ankle strap

AFTh ZA]) & it Q) A E THEEE ot (Figure 1),
02 g3 §lof7] Hal S8 F4S FHote s oFq

H Ao AHEEH W5 H S d(ankle support sp-719,
Taiwan)= ¥4 AR o]Fo]A glon UFFEAE AT 44|
2 A= 285k FeHjoltt. IR0 YA E FHoto] 11 ¢
2hg9k 4= 9o, O] F7]of| whE Ao =7t thoFs 2-g & Qe
= AT gloy, AA AlFolA ol BiE 1 Ql= e U
B39 g FFo|th & A7 AoA = A Baog 28 A,
Hojet 3A gErE e MR sfglom, 28 Azl (Figure 29+
Ztt.

ofr

= dgt Ao R AR M F 2
5 okt FAEAE A8l (Figure 3)2F 2ol, sHA 54
9 & modified Helen Hayes Markers setZ 7|HFO.& 3}o] 197}
9] BhAF 1A (10 mm)E F-2Foto] B AJefol A st ZAE
Z7d3tltHKadaba et al., 1989). o]F A= ¥& ol 7
£ 4 AEFEY YSof 23T 4749 REAL ulAE AlASEL 1570
9] mAE Aot B2 S0t 53 F FolES A=A
U 2H2] & o] ARk 7] vro 2 glojuAY MY H JHE §A
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T 5 E 2598 EAS 9ol 8ty FA=A 7t
(Eagle & Raptor-E System, Motion Analysis Corp., USA)2} 1H]
] 21A¥F 7] (OR6-5-2000, AMTI Inc., USA)E A&ttt 52
53 A QFEA M SEEAS SRS 2T £ UEE T
EE ARSI -2 H(calibration) st oW, FAHE
A Fhet FYEHE MEY H[E2 120 frames/secS & A7}
o, @2t Hel= 0.3 mm oJWHE AAsEort. ARt o] A9
29 1,200 Hz2 WE 3},

FAEA 9 AU AR ofdREI-tAE HAHE(A/D
converter, NI USB-6218, National Instruments, Hungary)% &
715ksto] EAorqitt. ARk Ml R WAE = X 3 AW
9 (Fz) 32 £4019 o, 7 A9 AFo R Uiro] ®E3H
SHATH% BW). ZE 52 A3 WF2 Ao, A5 TS
Y&, 3 HFE XF, $A GFS 7502 45 o 3
A HEE Aol A 9] JETE, FETE, IETE 9] Ztrel Ay
AHEH 7} Fokg, otx] 7/ HlolE B4 9o 44 AZE
o191 Cortex 5.0(Motion Analysis Corp., USA)S &-835}30H,
o AT A9 FREA HolHE AHESHTE ARAYE
Aol AAE AR A4E ZAXNNAROR AARE FH™S F
3ot

Hok&(Loading rate)2 thadt 22 FA| 0 & AEH T
$ A 2 HEHE (peak vertical force, PVE)= A HEH 7| o 4] dhA)sH
7} 5tA)1 9] Hof 23] AU 7 A AFo s mEshet gt
olH, o 42| At o] =dsl= Al7Htime to peak vertical
force) 27| & AFRE Hdf =2 AHRrE A-7H29 A7t

olt.

Loading Rate = Peak Vertical Force / Time to
Peak Vertical Force
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A 4L Tt 2o FAOE 4EHAG PVFE A 28 Fowl(p=.000), Wit L 9314 2t §5H A9krhp=.004,
AR 7 oAt ABOE e golm, Lk 271 & A p=.000). olw], B BET) 3§ FRo] w2 AT ekt
ARE A SA AW QYA B AGFA £H Ashul Gheh R AT, SOl FE 5 1k FaI L
golh. ol 514 74 gol 4% A 1 Awwe Adol B epdeh FAMOR 94 7k HI9A SHART 4522 9 U3
o QA0 £4 Wshge] R, Aol o AAE AAE £ A 4Esh 35 AUTHp=.000, p=.007). FE BRI 2§ o
PPtn 2 5 et Sof mg Faae TYolA WAL, IE 5 BE ww

BT %8 Ao H8) %8 5 W Zwsk S5 dastent

(0=.000). ¥ G2 W= oo oA L WEBAEe)

WA 2ol A B ATH=0.030). ALFEA A3} 2 w5

218 7 W94 A7k 94 ShAlo] wla) wRakgel Wald o)

A feIsHA AedtHp=.001). W BEhot F% sl He

A AN $okg, A 34 19 Fan % 4TEES e
QFSXTH(Table 2).

Peak Verical Force
AL

Leg stiffness =

EAAYE Windows & SPSS Z& 1 (version 25.0, SPSS Inc.,
IBM, USA)E AH&st9ioH, 54E LE F2 B3 EHxE

AbEsiglth WY M R A] EE BET 28 ojio] IE 94 = 9
3179} 194 812 T o] &5t WQl Ao] vl T 95 o] A
BA(two-way ANOVA)S AA|3t9t}. {2 aargo] wayst B ATE A AZ A A LB 8o 2 ojRo] w2 94 g
Helof tigt AFF AL E¥2Y(Bonferroni) B4L stk BE |94 5hA] B o] 25tH Wlo] A YIS Yolr v} of
EAH 995FL =05 ugto 2 A5 gt B AolA ) Awute QoMo IE mEd g AF
£ u@etge u, 89 shx o] wEIEoA Y, WA 27}
oAt gastgon, 94 iAo REWENN 2F 4w 7
o < I &, FEFHLA A2, Y3 A Z=rt foJstA F71st gt
B BT 23g T YYWEAE $4 A7} 8194 S
ol HAHEA AT} JPBANME FZ SHA 7t FAI L TE ujs) 23 2tErt 33, oA ZErt ZA e R 25t 2o
2o 28 ojio] mE FEIE e Yottt FEBEA L yehg] rghh AR ATolA W Bat)o] 8 o 5o} A
L A4, B, S BT R 51 7 2Ry} e glo] The 31 TEo] vls| YHPTE 2T 4w W7 ZA 1
FAGoR 24 |7} u]$A4 SHA|o] v]s| 2 2=} fol5H B, ol AgdTold FEwET Y2 A ofv] 7

Table 2. Results of two—way ANOVA in kinematics and kinetics variables of the participants

. . Group (?ondition .
Without strap With strap (ND vs DO) (Wlthput strap  Interaction
vs With strap)

ND DO ND DO F P F P F p
) Flexion 24.33+£9.08 28.98+10.63 22.891+8.89 27.48+10.48 2.673 .109 270 .606  .000  .992
Ig;p Abduction  14.83£7.70  11.505.85 1502592 1251650 2403 .128  .102 751 048 828
Internal Rotation ~ 2.334+4.20 1.53+7.41 2.2945.81 3.73+7.64 .030 862 338 564 365 549
Flexion 19.41£7.50  28.73£8.67 18.33+£5.37  25.16+£7.79 14.160 .000™ 1.177 284 335  .565
Klzee Valgus -7.92+3.11 -5.1443.26 -7.90£3.32 -4.96+3.49  9.025 .004™ 010 923 007 .935
Internal Rotation -41.61+£7.04 -26.40+8.56 -37.98+8.05 -30.03+£8.06 25.463 .000™ .000 .998 2.503 .12l
PlantarFlexion 33.10+£7.45  23.02+6.94  31.94+4.05 27.17£591 17.080 .000™ .691 410 2.176 .147
Anokle Eversion -17.81£7.60  -19.16+8.30  -9.49+4.61  -11.26+4.96  .678 415 18279 .000™ .012 913
External Rotation -31.09+7.14  -20.72+7.28 -24.93+7.75 -23.46+6.72 8.052 .007" 672 417 4540 .039"
PVF (%BW) 3.40+0.34  3.3506+0.31 3.2451+0.37  3.36+0.37 .097 157 540 466 723 400

Loading rate (N/ms) ~ 100.17+28.04 87.88+15.98  98.71£26.91 94.78+15.67 1.571 217 A77 676 417 522
Legstiffness (N/em) ~ 39.74+12.38 37.29+12.44 38.34+8.78  38.04+7.94 202 .655 011 917 125 726

Note. Data are mean + standard deviation. *p < .05, **p < .01, ***p < 0.001; (+) is the movement on the table and (-) is the opposite
movement (+, Flexion, Abduction, Internal rotation, Valgus, Plantar flexion, Eversion; -, Extension, Adduction, External rotation,
Varus, dorsiflexion, inversion); PVF, peak vertical force
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F7F AESHA dolw7] wiigolgty Kugon, =
o|e} Zo] dA|5t=
2010)

STEAA 4 sHA]7t WA SR IS S G4 =T F A,
LH‘?J 9 Q31 Zte = AA UEheleh AW A 2R] A] A= <t
HE AAE Qo T4, F5HE, EIEAA 22 24:65:11
ol H| & & FEAFS Tttty B st o (Kotsifaki et al.,
2021), 20 wheh 22| =7t Dot Zo] AU o] HAEe BA
< 9ol FETEY 24 S7HZIHBoey & Lee, 2020). =zt
Al, AR AR E feiA = FEREOA 23 S1 U0l FE9

Uehfo} 54 o] 7 1% B5H2 Ak 4442 4 9]

Aol A =
A7 Y& Aoz AHZETHCordova et al.,

tH(Riemann et al., 2002). THeF 534 9] S8 =3o] dojut
A & o A -‘&147]“5@1401] o8l =2 shA] /ol FEEIL
ol& AAsHA BAMZIA] &ot7] g £ EAYEo] =ord &

QItK(Sinsurin et al., 2018).
A7 LAl S22 A uf AA| 9 TE-Z AT otal HA
ghto] 7158 dES do |l o

AH&SHA 5]”1, O] AL TE
01 58S FAHAIIHMcGrath et al.,
/3 skAlol Hlsh SHEH &5 Al
=23 4Lt 3A Vet Ao
FESE9 Wt Z =7t v 2HA
AT AJHol A Wt B 9wt
71’5—4 *7}3& FEEY QI 44 Y& =olH, ol= 94 5t
A of] ulsf H]-9-4 5FA] 9] &5 Aol o] ojth= A& A 9
u]stcH(Stephenson et al., 2018). &322 9J3]Ad Zt:= 9] 7%,
73 SHAI7E B4 ShAlo Bl 23 2Tt §- o5t A AHA L}E]r
W, 2R Y F FEEEY QI ZEt Sl A T
E@E0 WIH E3E S7HA FETEY AHRAARIN 4
9 Q& HrE X HMIES =o|A HtH(Tran et al., 2016). E3t,
A Y F okA7E Aol 1Y H Aol R3] 93]H 7zt
57]' 71 A%, A= alHo] S7kste] RIS 24
E2 =9HSmale et al., 2017). ¥ AFAF oA 4 5129
FETHEY 93A =7 Ao B R, v-A] st Hls 4 st
A7 EL HE AR E T 5 UAS Yrgieh
AEEo A 4 SHA7L B4 sHAle] vl A &= 47t
ZHA et o] A2 o A o] WAYgE Ao A £/ 5HA]
o HEHEoA H & HiS=S A Yol UEit & & 3
22| Y F JBEd 9 FESEe 37 YEE Y “H#é’“—
=49 FES T FAA A Do FAFS A 5
234 4= Q1A tH(Gardner et al., 2012). A
o &4 s AAHE 750l &4 TETd
B3 &5 Aol 58L& BASH] Ao A «1F I3HET
HEgS oty BastHth(Kunugi
., 2018). #FA| 4 F vehd dEHE] A visES &
3]?40 WA Y F2TE BYE 3 9 =3 Zt=7t
Aaste A FAAE ¢ 374 A4 HYES =2k (Fong et al.,
2011). Eg TAg w2 S ME 77171 H6f &
A A IEHE ASETS ?7}*]7]31 ol &9 U A% ks
A& Eol= HEFRE Y YWH =& F7HA It Ardakani et al.,
2019). webA, &5 Aol sgo] B G v ofA 9] HETAE
o] ZraE wMiSE S UL YETHER ofy g} o BEe] &
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T Aol 50l ¥ & & U= Yu]gth

/4 ot} B4 SHA|ofA UE HEte] 28 Soff ET
Bol Yl 2ol N FETE ek B2 wed 248 5 Y3
At 9l 7o) 7t e, So] w94 s vl Zes
e Hof 28§, 4 st W Z4=et B3t 271 &
431 A0 et MATo] o5, 5 Aof o] 7
A% I gl &35] Uehte 95 TE ke U, Yo
ZAgto 2 A5ty g% ubA Wk Eoli Ao 7 HbE yhsAJo] uj
£ & 7Y gz BustIrH(DiStefano et al., 2008; Miklovic

et al., 2018). @etA], ERFFTL stA|A 9] 22| I F Y A
S flel E=E W E= WIHE FAA7]= Zo] Basit
(McCann et al., 2018). &2 B35 o)9] A|2} 2.2 A XA} A}
Ho A9 gt SEE Y] A9 Agtsta, 22 A 459 4
FEHE FAISH AA 42 adsetal P E 2HA o =) —7—7]
Hgoltt (DiStefano et al., 2008; Gardner et al., 2012). &

23, W UE 8o 82 B UREEY P 4Eg 7.&@1
Ak olefd At FEF PHOZ AT 4 Ak 9% LT ¥

o] AL Aqitd & & Ao 2 wdHEH(Fong et al., 2012).
ojo] ¥5 Horj Z.L%% HEFEO] B &5 Alo] 58S X

=2 T M =

452g anE ‘?—-_}%ﬂ'@_«] W3A ZtEof A f-oJ3t 5(}017]' gt
stoledl, A 2, FF SFA] 7] Ao A T} 2ok,
ShA] /ol A= 27t Aol 7t QIgleh. AP AFolA & 514 &
F WP EY & oA AR F oA FF 51A] I =] AWK 9
2to] 7} %i?i%‘ﬂ], o|AL A HI; Ao Hls A H& A7}
LAollA B H=st7] wf2ol FE ohA9] &55H 2ol yEh
A goks 5 %E}(de Britto et al., 2015). F-ol&olA= |Folet &
ol AAAT, 4 sHANA B ZA UErEt). ol= A H AA
AgE £ot7] 9ol 4 shA7F Ao g FEdd =23 4%

=

7H Z71S9L, oleiRt S Aol 23 Hokgol ul94 shAle] vl
AT ACE BT 23X 34 F HE FAFL FHo) 9
o) JYast FEwEol 24 welshd), YYwA AT &
QoI fofat Hol7k vt ghat7] W], Heh 51 A
S 34 B3 2 SEAsHY Belo|A] Kpolh WAYsHA] ke A

© 2 AZEH(Tsai & Powers, 2013).
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%}%L@_oﬂ A WaE A28 94 A9 Wald Z= SEuE
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do] 4 e 4 9k A% BF AR B A5HS ol HE 7
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