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Received 202211016. PURPOSE This study aimed to identify the lower limb muscle activity based on direction
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Accepted 20221222, prediction presence or absence an'd'gend(.er during side cutting in healthy college
students. METHODS The study participants included 14 healthy males and females (8
males; 6 females). All participants ran at full speed for a distance of 12m, and side-cutting
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Jong Chul Park was carried out at 45 degrees in a randomly indicated direction and in a fixed direction.

jcpark@pknu.ackr Simultaneously, data regarding vastus medialis, vastus lateralis, semitendinosus,
and biceps femoris muscle activity of the dominant leg were collected using an

Key Words electromyography sensor, and data regarding vertical acceleration were collected using

Side cutting, an inertial sensor attached to the pelvis. A sync webcam was used for obtaining the

Gender, initial contact of side cutting and the stance period time. During the 10 milliseconds

Direction prediction presence (pre-activation) prior to the initial contact and 50% of the stance phase (loading phase),

or absence, vastus medialis, vastus lateralis, semitendinosus, and biceps femoris average muscle

Neuromuscular control patterns activity and hamstring to quadriceps ratio included as variables. RESULTS During the
pre-activation and loading phase, the vastus medialis muscle activity of the male group
was higher in the unexpected condition than in the expected condition. Furthermore,
hamstring to quadriceps ratio was confirmed to be lower under unexpected condition
compared to under expected condition during on loading phase. CONCLUSIONS The
study results suggest that the risk of anterior cruciate ligament injury may increase with
side cutting under unpredictable conditions. It is expected to provide useful information
for identifying factors related to knee injury in the general population.

M2 HAYEE F5o] &3] AHE Aol A BAFol#(Tibia)7t 2

Id Ex HIA Ho] ZAR uto] S = AoE A 3

QAR (Anterior cruciate ligament) €A AX 20} WHSH O m(LaBella et al., 2014; Olsen et al., 2004), °|&st HAYZ

o] glow, HA FAARIY &4 F oF 70%7F HARAHE 7 I HHo] e AR QlE= AT EvxtP(Neuromuscular

<3} BgFAglo] Q 1 E = Alo]= AE(Side cutting)d T2 H|H imbalances) & gotelulZd#l 2 4 (Quadriceps dominance)

5 271004 EAYRTH(Agel et al., 2005). 53], o8 545= 4 T8 WA HN717] s okl Z#(Quadriceps)ll

=94 olf & gl @A FEATET HARRIY &4 48] o] AH o7 o&Est= FYH o]0 E A HH(Hewett et al., 2010;

AF FoFst Aoz BlE tH(Arendt et al., 1999). FAARIY &4 Sigward & Powers, 2000).
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Muscle Activity during Side Cutting

(Hamstring) gt uldei<at 352733 ctHA F7dois ] oF
& o) tigt A 4TS 7 L deiEdgdi 2 50 <
of SHAARRI O] 7t Als AEHAE JAHOR W=t 7|5t
THBaratta et al., 1988). SkA|qt, oF3} © Adkto] vt H F5
of thell 4 H T5L443 S Yehl= 49 AR &4
I o 9] BHE FAARIY o 9 &4 /o] Ut £ vk
(Baratta et al., 1988; Oliveira et al., 2013). wgtA], Ax= 7d
AE7FeS €49 714 oldfistal 74 dis H#E ot £4
MA-S AdYstr] Yall(Hewett et al., 2010), FE, T2 HJrof o=
HadE 2 Uiz 5552 Bl wstil(Hosseini et
al,, 2021), 222 I & ¢ FF dS {50l o2 oFA] 25
4L FRlste] A1H 84F Brloke AR ERlEt(Hanson et
al., 2008; Otsuki et al., 2021; Smith et al., 2021).

THH, BAFZ afstal 714 olslstr] {13t k¥ 1ehA A
o gt 34 EEAFE HAFeE S W, 87 §&2 1
st7] fls B2 Bilo] V&Rl o, LA} AAFES TRl
et g2 24802 o]F2o]x 1 Qlth(Bencke & Zebis, 2011;
Sigward & Powers, 2006). StA|qF, 4§l GA] QHHARITY &4
o] FI:Le} Afo|&E AYo] Q= A= SFoA 7HE SoHA W
Aotal, Az o] 9 AR A7t AFFE A= A 2L
AL T(Gianotti et al., 2009), TS sl o|&)|5
7] 98 2AE T 8ol AREATT T 5 UAT, Rkl
= LR olE At A= dHH R 153 Aot
(Gianotti et al., 2009). °l= &4t Lutel Afo] SHAIARIT
£33 B " XA 9 A7 EAct= AS Jnd = AtH(Smith
et al., 2021). wehA 2 A4 4733 e die s gdy
W& {570 W oA 2EAAE Aol H|WEA sho] gyl
oA LYotz FAARIN £49 9F 290 Yot gict
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Table 1. Characteristic subjects

Variables Male (n=8) Female (n=6) t(p)
Age (years)  21.13+10.72 20.67+2.06  0.453 (.659)
Height (m) 1.74+0.05 1.59+0.05 3.167 (.008)
Weight (kg) 75+14.79 54.03£7.35  5.103 (.001)

kjss.sports.re.kr

555
Addar
1. 4%
Z 259 284x 3L Y8 4 2HZ(mini DTS,

Noraxon, USA) 441'do] ARE-E| et BE 7= EHE kA
£ 289t & A4S ol QbEY-2F(Vastus Medialis; VM), 7t
&8 21(Vastus Lateralis; VL), ¥rgd&2 F(Semitendinosus;
ST), doha]lFZ#Z(Biceps Femoris; BF) 450 <59 H|d%&
A H7HE Qe £ - = AAKSurface Electromyo graphy for
the non- invasive Assessment of Muscles; SENIAM, n.d.)9] 7}
ol=gkel e Hx3lo] H(single electrode T246)S H-2H8}9 .
ol A Has}ol] ol oF EHO & AASHY dTE &
= AHEEl RS FEsklon, A5 e TR S5
A= vl 2 FESFATHMok et al., 2018). A= AR S <
A 7} £L8-9] AHA 7]1& $=(Reference voluntary contraction;
RVO)YE 457 918l 5m A E A48 HEd a2 JL g g
Aok, B8 7] F dZ47100 sigets 7t 33 BHa=S 7]
R dHgstArt.

=

2. TYAA

2 1&g 6] Yol B4 (myo MOTION, Noraxon,
USA) 131g o] AME-E 1 tH(Reenalda et al., 2021). myoMOTION9]
7ol Egielof| wt XFo] 912 ot Ihto] F2lolall gloj
£ ol @es] 15t BE A HHEE A JEE 1027
FA|5to] B A (Calibration)stTt.

3. AolE A”

Aol AYLZ 12m9] AF #7431} F5 T 95 W 455
8t Hck(Sigward & Powers, 2006; Figure 1). #]d& 24
517] Yol AUtE WFA|AlS(Witty SEM, Microgate Slr, Bol
Italy)o] AMEEQloH, A3 7t 5 2/3AH & ot <3k AW
o YAt ARLE WRFR|Al GO FARIE WeFo] AAHEE A5t
At A& 20 dAACIA A" HFS A A Asko] G
WO R Abo|E AYE S ol WA 0E APsoint. dF 1t
oA &2 & RYUEFY o7l B4 SZ-AIZF S EolH(Witty,
Microgate Slr, Bolzano, Italy)7} AF&-E|%} 0, &7 3.5~4m/s ©]

45 ) 45

5.2m Timing gate

Fig. 1. Experimental set-up
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Sl2 oA = AL BAoA A Q59 tHeong et al., 2021). Afo]E W Z(Milliseconds; ms)2 ZZAE A5 5 FE3HSmoothing)
AY AFT 52 525 Yol PA(CI22, Logitech)o] AHE-E| ATt SHTh B E 2P LS 200Hz2 B3P o, 27HE
= WA= AU ASTolA Bao] Z4lo] AHotd 253 = A757] ol Sutol] F2et WAL 4] 7HE 7L AFEE
2-gota, FE71E 96 553 AlTte] Folzlon, AtolE A A THReenalda et al., 2021). £3h Y78 29 2 9] 4=(Frame per
2o Ql&al A = AEE 33] AHS 585t AP<eA = v second; fps)Z 30fpsE AR, AZH719] 50% A7 517
& A AlolE AY F dl& A Alo]E AY S 2513 ol GG R ERIE= D7) PZ7] ARt 23] BahS WEEN)E
o, q&3} Hd& A 7} 23] F 43]9] FFH < HolHE Atstete] 50%0 sligsle A7 AMESkT) Be S84 % Hlo]
% Q7hA] Aol AR S £HLE @ okt (Figure 2). 2} A Hie MM R FE2H 27|85 AP o2 8E 10ms H(Oliveira et
I Abo] o 5EO] F41S AF5ct al., 2013; Zebis et al., 2009)% 42171 50% &<t 23] Hatgke A
SoF9L, APEH 7| FFol it HEE%RVOE A4bsto] F+F
4. A7 AT sloltt. F5833s A ALY 7)E 500 disl Ziste 25
oA &5 274, I8 3 7HEE 9 P42 MyoResearch 3.8 & Argoto] apEIlow @97t Qs HIEE EAIETHSmith
(MyoResearch 3.8, Noraxon, USA) AZEgo]& o]&3}o] =3 et al., 2021). Fgctal2 o gl g2 v]&(Hamstring
ook FA 2AEE AEF-E(Sampling rate) 1500HzZ A3} quadriceps ratio; H/Q ratio)< gt Zeio] gt Hdrtel
3L, 50-500Hz9] &L E(Band pass filter, BPHE AA *= ([ST+BFI/[VM+VL) 2. & A5 thJeong et al., 2021).

o|ZE AAst1 AlFHFAFE(Root mean square; RMS)Z 100

SAAE

E AoA 3" 2E Az SPSS 27.00BM, Armonk, USA)
EATZ WS AFESto] BAS1A, ShapiroWilke] B4 A3
Aol et K Eim v RS HAY S AAISH. ] OE
TEATH 541} 5tA] 2L Aol & FRlotr] Qo SHER ¢
A& (Independent t-test) B= WFEY UHH(Mann-Whitney
U test)= AAIGHAIL, B A& f-5 W& Aol& &Rlst7] {5
S HE A A (Paired t-test) B Y2L BS54 H(Wilcoxon
signed rank test) = AAIStY . LE A= o+ EEHAGE X
Fig. 2. Side cutting task Alstglon, EAA F94E2 0=.05% A5t

Table 2. Pre-activation at 10ms before initial contact

Group Male (n=8) Female (n=6) Hp)/Z(p)

Unexpected condition 457.2+482.76 415.73+£552.76 -0.775 (.439)°

VM Expected condition 352.09+359.44 604.93+825.15 -1.033 (.302)°
12 -1.96 (.050)° -1.153 (.249)°

Unexpected condition 607.56+894.86 452.45+474.51 -0.146 (.884)°

VL Expected condition 417.5+482.37 561.30+615.45 -0.258 (.796)°
()X (p) -1.54 (.123)° -0.529 (.625)

Unexpected condition 446.42+305.25 409.69+212.27 0.251 (.806)

ST Expected condition 319.49+161.63 357.3+289.65 -0.312 (.760)
Hp)/x’(p) 0.987 (.357) 0.535 (.615)

Unexpected condition 187.55+68.66 259.83+£201.51 -0.896 (.389)

BF Expected condition 348.40+258.79 231.79+157.56 -1.162 (.245)°
()X (p) -1.352 (.176)° 0.314 (.767)

Unexpected condition 1.03+0.92 1.2+0.83 -0.301 (.771)

H/Q ratio Expected condition 0.91+0.52 0.99+0.74 -0.216 (.833)
H(p)/X°(p) 0.164 (.878) 2.423 (.094)

*non-parametric statistics
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p=.03
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OT o

23}

2). B3 AF487

=.032). B, YA
{70 T Ul Hol S vehiA 9
B g0l et AHOR oIt o]

2 thehiA) elgge.

T oA 2§ S v
(Table 2, 3)3} Zt} H8F o= 8o ulg} o
o A SR} A48 7] Eot AR} v ]z 210]
= 25 Aol f9otA =A ver iz p=.050
| &< AdES o ‘d"%alﬂlé‘ﬂﬂ
H &2 B3 o EH} H|ofE 2204 o6t 2A et
2 AAGA s A587] Bt W o

T APIEAdstet A

207} THSHYE O Abo]= AT A At

=9

B2 AT AT

W oS {5l o2 5h4 T__L% 4L v
AHAEA B} A E487] ot G- T
dl&ET} H|d|E 2700A &

gote 2 of @ vl |

A e

g4 WA 1 HE

FERE L Ca s

FEY LT 2 YHL

UEbg T E3 AEe87] 5 T
&2 dS2dEn oS 224

AT &4 A71= Y47 50%

sk A54-87 o 27145 5 50ms W9 & DA

Fo(Krosshaug et al.,

2007; Jeong et al.,

2021), /1A% 2 5=

) AU Zo] FARE ol 4 Y FEY AR sty of

20| AtH(Zebis et al.,

2009). ebA] BIE 229 F AW HE

Table 3. 50% loading phase of stance phase after initial contact

A B2 Z229 AHEASH= 114 HFgAS

o
“ T
FE g3 Sl $8% 4TE 7= ALz FA-HOrtsuki

et al., 2021; Zebis et al.,

Ql 2L AHo| 512 AR 2L 2A=Y FEI AZF

B=Ran =
1A 55}17] " Eo(Mornie
o ol FskA] Fgt 2204 7

2009). stAIRE, AldE 4= gl EUF
ux et al., 2014), A4 7Fsst 2 AR
5 I 749 982 S 4 3

O H(Ford et al., 2005), ©]2]3F 8202 & Andrews et al.(1977)3}
Colby et al.(2000)= © & dog 3 &8 4L 23T & Qi

ARt AA, 2 AFolA

T AREsle A58

e SR L EESE R
Bt AF4-87] 5% HYchT o dohugd Nee o
= 27 Bk ulo)S A § WA trehgeh. olefat Zak o

2 9718 24014 34 28 B4o] Aol 23] 9% BEE

o A7 SRk AE
B 5 Y U 7
s A %

Q1o ™ (Mornieux et al., 20

T #HPE W (Mornieux et al., 2014),
FHo 7tei A= F-shs HAsHA e

AFoE Jrheu|ge e SH0E A8 AL &

21; Sankey et al., 2020), & AlAZ

9] =50] FolME YFO R PN F2 BE F3 ZHEofA ¢F
AR el AE-AE Zhote I8 7Rt AL 1S o
(Colby et al., 2000), Z7FaF &5 &2 B L SkalzFole) £4]
HAAHOR 7199 &= th(Landry et al., 2009). stAITE, F& 4
Ao 2207 WAl 3lulo @ QHARIQIE EAFAZ & 9]
=X EEYS Ao I A lov(Landry et al., 2009), &=
G 259] Fo] AY¥HoR A¥d 4 glenz AIg 4T
ufj o] 2|3t SAIE A sfiof grha 2

orAIZIOIT] £AFS AESHY W 3147 Q9107 olg] YART}H
Ao AlA § o] EAYSIH(Arendt et al., 1999; Hewett et al.,

Group Male (n=8) Female (n=6) () Z(p)
Unexpected condition 695.9+£565.44 904.89+1225.36 -0.129(.897)°
VM Expected condition 550.52+488.61 861.72+1039.66 -0.516(.606)°
)X (p) 2.66(.032) -0.314(.753)°
Unexpected condition 1125.9+1503.54 578.08+553.48 -1.033(.302)°
VL Expected condition 746.3+869.89 896.11+958.31 -0.129(.897)°
()X (p) -1.26(.208)° -1.153(.249)°
Unexpected condition 741.29+433.37 542.11£339.75 0.929(.371)
ST Expected condition 632.73+366.8 521.92+351.93 0.569(.578)
)X’ (p) 1.140(.292) 0.269(.798)
Unexpected condition 444.68+321.41 524.7+440.97 -0.516(.606)°
BF Expected condition 509.89+288.08 496.27+455.92 -0.516(.606)°
1(p)/x(p) -1.26(.208)° -0.943(.345)°
Unexpected condition 0.98+0.78 1.21£0.55 -0.590(.567)
H/Q ratio Expected condition 1.56£1.21 0.68+0.20 2.006(.082)
1p)X'(p) -2.783(.032) 2.424(.072)
$non-parametric statistics
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2010), #HAH gt AAE B4 5 HEAARE 492 4R
o oA FEAFAAN SoHA BES = = ABE BT F
shtolth(Hewett et al., 2010; Hewett e

al., 1996; Hughes &
Dally, 2015). S}AITE, 2 Aol AZFeE d¥kelS thyo = gd
o W oFA] &5 TS eI A At A48T B
oA ZpolE UEtlA gSttt. ol & A JdTt of/do] 7t
A= 71e A5 Apo] 2 15 F/do] Alo]E AR Al AlA L 240
g3t 271 S718S 4 2 ™(LaBella et al., 2014; Uhorchak
et al., 2003), 873 29| Ho|=r} 7k oA FLsHA A&
HA Aok 4= Qlvh whEbA AT Aol WS e S Ha
NFAZ 4 U Otsuki et al., 2021). AA|, A= AR 24| &
2% AR £33 HREE L5 24 gl gk gE e Aol
£ BA3F A A 1&AF(Otsuki et al., 2021914 = A+ AR}
o} @75tz Aol et & HE8E AFStHA AEo] e Ao]
E RIS ATET] AR 9] AqtEo] A% HE Y ApolE T
AsHA] Eotttal A dth(Bencke & Zebis, 2011; Fagenbaum
& Darling, 2003). 12|22, 85t A3} o4& 9Iaf odA19] 7]

ERAE BASAY AdxA 2 dol=E HEokA 44T g
QA40] ZFzHEtha & 4 JUH(Otsuki et al., 2021).

ARz @A WA ot FF B TYES 2549 gt
¢ HEoAA w2 AR FRIHEHGray & Buford, 2015). 5t4]
o, g REO] A7 E5AE tAdo 2 ehAARITe TRE 9 E
QQ1S AEsl= o FQlFE g duloA B4 oufe 4
0 & A 7hseh AA] W E ol tigt kY EA= RETH A
Aot whebA], £ A 47T e S o2 AlolE AF A
SHA] LEAEE AHL SRl ot B4 ste] yklolA
Aok PRI &9 93 89S skl 74 oS gt
&3 AEE AFotA} spqietk. shA|Rt, & A= @4 oFA] 42
ALEqhE o] &ato] ARRIT &4 T 1Y 80 2AFSHS
o, 5tA] TEH L FFE vE 5 U= WIAY 719 FRAE
BAHAY &4 dol=g HdstA HAAstA] Zollch g &

|

A=Y %
selsta, 41 DBYEG HEo] 255 L LEAT WAL 1
#oto] Aol = A A| A8k 5570l B ol vl BH T
® ok fofule JuE AT + UL Ao Yo,

2E XA

A7 200 EHYS YR Aol = AY A W oS f7et 4
ol 02 5 T8 BYS Nl LEAY 23 GHYTE AADA
o AF487] B HER LT 28 BHo] oS et vl 24
oM A Uebon], 15587 Bt Hdrtel2 o grke
2 gL cZuc velE 2404 WA ekt oleld Ak
WG o5 Rt PAAAY £ B Z7HI7IE ol HE
L v WY 5 90w, 25 AL X 2 B
3} vo] 58 U LFAA WIS Tefeky, o] FFS vl
A % gl TR ¥elo] SAs ojo} & W Rt ek,

re
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