creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Mg kB

M

zHol Y7t BAFISAAA A
X 284 U SEUY PASHo)
n X
14d

Aoy sta sty
R &5t

20249 24



IHo

S (@)
48 4 &

34

N~

H
-
I

—_—

20234 12€

\ W
e
KO o o
o
oF
g
xH oF oF



mr

)

A

%0

o]
Gzl

o)
B

< 10 O >

3. od:llg] 7]./‘\:1

A, QTEO] A BT cereereerseeessees ettt

5. %o] 7(394

II.

14
14
15

?_ﬂ_:rL/\é 7;"
D QT TETJJ A weerreessssresssssessssssessssss s

1.

T
a

K
Hr

;00

0

Nr

18
18
19
20
9]

A, FFELZ] T weeveeeseesseesssessseesse st

ol
T
JJo

jnate]

5
Ho

el

X
Nr

%0

B
M

A

3} A

(1)

rvze)

X
_Zr!

wjr

23

24
49
53

v.

=
il
H
W



Table

1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

Table 9.

< List of Tables >

Demographic Characteristics ........................................................................................ 16
Results of one-way ANOVA for demographic characteristics -«::«ssweseeeeeeees 17
SEMG sensor locatiOHS ................................................................................................. 22
Manual mMUSCle 1eSt MELROAS - w-wrrerererserersrrsirsirisrsessersesse s snas 29

Descriptives for normalized reach distance during mSEBT among the arch
o (01115 ISR L L LI I L 24
Results of one-way ANOVA for normalized reach distance during mSEBT
among the arch QT OLIDS *7err e e s s e e s 25
Descriptives for muscle activation in anterior direction during mSEBT
among the arCh o 01518 S LI 27
Results of one-way ANOVA for muscle activation in anterior direction
during mSEBT among the arch groups « et 28
Descriptives for muscle activation in posteromedial direction during mSEBT

among the arCh o 01518 T L e e L L T R 30

Table 10. Results of one-way ANOVA for muscle activation in posteromedial

Table

Table

Table

Table

Table

Table

11.

12.

13.

14.

15.

16.

direction during mSEBT among the arch groups e 31
Descriptives for muscle activation in posterolateral direction during mSEBT
among the arCh o 401818 IR L e L L L I 33
Results of one-way ANOVA for muscle activation in posterolateral
direction during mSEBT among the arch GTOUPS treerrrrrerresssssnsssssnnseninnninnneees 34
Descriptives for motor unit firing behaviors of tibialis anterior and peroneus
longus in anterior direction during mSEBT among the arch groups « 36
Results of one-way ANOVA for motor unit firing behaviors of tibialis
anterior and peroneus longus in anterior direction during mSEBT among
thE ATCR GTOUDS +#rewersrereesssesssses sttt 37
Descriptives for motor unit firing behaviors of tibialis anterior and peroneus
longus in posteromedial direction during mSEBT among the arch groups -+ 40
Results of one-way ANOVA for motor unit firing behaviors of tibialis

anterior and peroneus longus in posteromedial direction during mSEBT



AMONG the ArCR GrOUDS «rw s tsrereessserssessttssttt sttt 41
Table 17. Descriptives for motor unit firing behaviors of tibialis anterior and peroneus
longus in posterolateral direction during mSEBT among the arch groups - 44
Table 18. Results of one-way ANOVA for motor unit firing behaviors of tibialis
anterior and peroneus longus in posterolateral direction during mSEBT

among the arCh G OULDS *r e rr s er s s s s sttt 45



Figure 1.
Figure 2.
Figure 3.
Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

< List of Figures >

The decomposition of EMG signals into constituent individual motor

unit aCtiOl’l potentials ..................................................................................... 12
FIOW Chart Of the eXDerimental procedure .............................................. 14
Surface EMG sSensor locations ................................................................... 20
The wireless sEMG NeuroMap system and sensor placements ----21

Normalized score for three different directions of modified star
excursion balance test among the arch groups «weseerremeerrmemerien. 26
EMG activity of the gastrocnemius medialis, the gastrocnemius lateralis,
the soleus, the vastus medialis, the rectus femoris, the vastus lateralis,
the long head of biceps femoris in anterior direction during mSEBT
AMONG the ArCh GrOUDS w++wwsweseresrsrerssssssstsssststsst sttt 29
EMG activity of the gastrocnemius medialis, the gastrocnemius lateralis,
the soleus, the vastus medialis, the rectus femoris, the vastus lateralis,
the long head of biceps femoris in posteromedial direction during
MSEBT among the arch @roups e, 32
EMG activity of the gastrocnemius medialis, the gastrocnemius lateralis,
the soleus, the vastus medialis, the rectus femoris, the vastus lateralis,
the long head of biceps femoris in posterolateral direction during
MSEBT among the arch groups st 35
The number of motor unit recruitments of the tibialis anterior and
peroneus longus in anterior direction during mSEBT among the

arch DTS *rtr e et s r st s et 38

Figure 10. The mean firing rates of the tibialis anterior and peroneus longus

in anterior direction during mSEBT among the arch groups - 39

Figure 11. The coefficient of variance of inter-pulse interval of the tibialis

anterior and peroneus longus in anterior direction during mSEBT



Figure

Figure

Figure

Figure

Figure

Figure

12.

13.

14.

15.

16.

17.

AmoNg the arch Groups sttt s 39
The number of motor unit recruitments of the tibialis anterior and
peroneus longus in posteromedial direction during mSEBT among
the ArCh GTOUDS wwererrerereresssesssesssss sttt 42
The mean firing rates of the tibialis anterior and peroneus longus
in posteromedial direction during mSEBT among the arch groups43
The coefficient of variance of inter—pulse interval of the tibialis anterior
and peroneus longus in posteromedial direction during mSEBT among
the ATCh GIOUPS «rwwssseeessersssssensesssss sttt 43
The number of motor unit recruitments of the tibialis anterior and
peroneus longus in posterolateral direction during mSEBT among
the ATCR GIOUDS w+weeesrssessessessesssssis sttt e 46
The mean firing rates of the tibialis anterior and peroneus longus
in posterolateral direction during mSEBT among the arch groups47
The coefficient of variance of inter-pulse interval of the tibialis
anterior and peroneus longus 1in posterolateral direction during

mSEBT among the aICh GTOUPS rrorererrresssssssnssssssittttisittttitet e 4’7



zRol A Ge)7} FAFF 5D AN A
=
[6)

ohA S84 3%

ERS
AFoistal gkl A5k
T EE
L Fol AJRIE dUide=z 5 olx9 Y H 54 mE modified
star excursion balance test (mSEBT) A 48359, 5% &4 2 &5
¢ wHd EA AolE BAEe AE HAHo=R Sk 7rE e 1Akst g A

dbaim 317 AN navicular drop test)E AAste] HHZ(low arch (LA)

group), 4= (normal arch (NA) group), 2 (high arch (HA) group) 7 14%

# A %o BRANUT. mSEBT A o4 284 2 e wA54e

stolsly] 93te] oFE HwA]Z(gastrocnemius medialis, GM), 7}F&% #wx]| &

(gastrocnemius lateralis, GL), 7FAFv]Z(soleus, SOL), <& Y& (vastus
medialis, VM), Wttt Z-&(rectus femoris, RF), 7}& Y& (vastus lateralis,
VL), o852 8= #F(ong head of biceps femoris, BF)dl surface EMG 4l

S skl o, oA 7F(tibialis anterior, TA)¥} 1% o} < (peroneus longus,
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L (foot)= AlAe] 7Hd spetiel fAlete] AT A At T4S F56HH,
TS FAZ v AAHE AFstes TS rh(Cote et al, 2005; Hertel et
al., 2002). o]# 3 7]5<S &= woli= 7FEo}X|(transverse arch)9} 71& A 2o}
Z| (lateral longitudinal arch), <t A& o}x](medial longitudinal arch) 37}%]¢]
o} 27} #£ A st (Yamauchi & Koyama, 2019). o]e]3t o}x] +x&= AT H3H7}
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2018) ¥ T FA(Kelly et al., 2012)E 933t} oFE M Zolx] 9] wolo| ue}
A "% Z(low-arched foot), A= (neutral foot), &= (high—-arched foot) . & -

2 & JH(Obrien & Tyndyk, 2014). AP Aol vl o}x] 2] =o]7}
v 5l 3 (subtalar joint)9] @3 < F (hyperpronation) @] 57-& Ho]al,

8% oA Fo|7t Eow HwF F 3l (hypersupination)®] 54& Hlth
(Tsai et al, 2006). o}x] o] eo] WE <¢lAo] AAATH W= 2H4A
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u
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Fo|l F7MA 7= Ao e HH(Zhao et al, 2017). £3], AHEE YSAHAZF1E
d~F % (medial tibial stress syndrome, MTSS)¥ o] E &% %5 (patellofemoral
pain syndrome)?] A9 d o] =11(Neal et al, 2014; Noh et al, 2015), &5 &
A #(lateral ankle sprain)®} 78 1l 5w (iliotibial band syndrome)®] A3 <]
glo] =& Aog Hu¥ i JrH(Williams et al, 2001). FH-o}x 2] Hejo] ulz}
ol A A A HA e Zpol7} A7|=dHl, ol Eubeel 4 72t A E(plantar
sensory information) W3S F2A| A (Hertel et al., 2002) 523 A=A

(postural control)el] &S v XAl FtH(Cote et al., 2005).



TP e AAS] AXH ol A AA ] FAFA (center of gravity)S 9124
71+ T8 Wl (Guskiewicz et al, 1996), BA Q0 Arejo] A2 & 5 (static
balance)9} A< AEjolA 2] 7852 (dynamic balance)® ¥ tHGribble et
al., 2004; Gribble et al., 2006; Olmested et al., 2004, Winter et al., 1990). %]

FREYEe Arde Mo FAA AR fA%E FHL ovsn,

S on|gti(Gribble et al, 2012). AT F 8 dFAALH Ax =S 5o A
AAFA, FAed 2 RS GAs dietr] e A olnE olE: A%
= Aol F Qa3 tHCote et al, 2005 Neptune & Vistamehr, 2019, Ringhof &
Stein, 2018). T 4T sHS SAHSE o8] WH T EA SR star excursion
balance test (SEBT)”7} it} SEBT+ 3 t}#] £ single leg squat AHA|Z -%] 84
Uit the]E Y (anterior, ANT), 7F(lateral), F(medial), F17F5(posterolateral, PL),
ok (posteromedial, PM), 271 (anterolateral), 2F¢F&(anteromedial), ¥1Zposterior)] 8
N Wgoz wo must Agle] mel P TE Y AAzES Hrtste Aot
(Gribble & Hertel, 2003). 2&8jy} #tol= SEBTE ANT, PM, PLe 3wWgo=
FeSAA 71 AN AR dHA S AL FARARS doFE e
modified SEBT (mSEBT)E AF&3lal ATHPicot et al, 2021). <5 o}x] el
wek SEBTE o83 47 d s AolE 249 Gribble & Hertel (2003)3}
Olmsted & Hertel (2004)9] Aol A= o}x] Fejel we} FA47F5H 9 Ao
7F YERYA] kgkthar B a8kl ok Sudhakar et al. (2018)3 149 5(2020)2]
ATFAAE 8FddA o F2 dP58ES /HA e Aoz YEhd Arkd Z
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ZH ofx]= A or A 2 (local stabilizer) 9&S sl WA (intrinsic muscles)

B eAelS gitals ¢ Al(extrinsic muscles)S Ea] dA 2 %X @ H(Mckeon
et al, 2015). o] &3k oy} W& o] Z 88 olx S FA AN oy} &2 A
o T3 9stS 3th(Zhao et al, 2017). 3+ A 7F(tibialis anterior, TA),

71%o}] H(peroneus longus, PL) 53 22 oA+ FA4S dwslr] 93 &
2 o] 7 Y& (dynamic defense mechanism)9] ¢S = Aoz d#A 3l

o (Mitchell et al., 2008), o}x] el we} A +52] A7 Z4(neuromuscular



contro)o] ®WslelA Hrk AL ZHd Host= 820 F U g€
(Karagiannakis et al., 2020)& A#HE Ao mp=2w AP He 250
U Ao w)s] Ba Al TAS FA =7 F7Fsar, PLe S == Aast=
Ao g2 Vet Murley et al, 2009). T3k 229 A AlA= zhzte] 2214 &

2 2 1A A2 (neuromuscular recruitment and firing strategies)S 38t 3 &

A& E E&(decomposition) st
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1 As Frete 98s o
3, ~2Zg3 pe Ags o 78S $A3E= dh(Donatelli, 2009). ¢HzE
A& obx] Eolo] we} AFH A4S 8F IFHAE FEE F 2™ (Obrien
& Tyndyk, 2014), o}x|] ol wWsl= s}x ¢ &3 o] l=u(Gabel et
al, 2012) AHFL &% A EolA] &
- (forefoot)?] <F&E2(varus), Z% H-(rearfoot)e] 71&E1 2 (valgus)® SAHS 7}
ki B skl at(Root, 1977), ol#l g A=E ] ZAlol 7]Qlske] =424 (Pohl
et al., 2009), MTSS (Newman et al., 2013; Noh et al, 2015)°|t} EHEEFSF
o (Neal et al, 2014)3} 22 74 24 o] F7tstes Aoz defA

sk ol e 2~ A (achilles  tendinitis), FA&]WrS(hallux valgus), A&7

(tibialis posterior)®} TA<®] FHALEFF 7 (over-use syndrome)®= HH=F3 I
o] JATH(AHE &, 2020). WA, 82 QFE MEolx] Eo|rt i, HEddd

o Hr=gk HA, Lok JtEw s, HHTY HEwFe 534S 7 (Root,
1997), S2%5 s9o] "ojxa, wHgdFH(lateral ankle sprain) (Willilam &
McClay, 2000)2} &7l =5+ (Williams et al., 2001)3} 722 £4S f-43k)
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s

foot exercise), 21<:(insole) 2-& o}x] A EE|(arch supporter) A3} 7S HPHo] AL
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Raw EMG Signal

Skin

DECOMPOSITION

Individual Motor Unit Action

a-Motoneurons

Potential Trains (MUAPTS)

Figure 1. The decomposition of EMG signals into constituent individual

motor unit action potentials (De Luca et al., 2006).
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1. A7MA

BoAqo AA= REF"E Aol Al wheiw 37 7 Ab(navicular drop
test, NDT)E 2 A]3Fe] high arch (HA) group, normal arch (NA) group, low
arch (LA) group®] Al I35 22 &7F3te] mSEBT HAF A 2} O25¥ 5449
9 2 oA 284, Eds Bd 54Ss ASedr B Ao dAHa A

g d 2= <Figure 2>9F 2t}

[ Written informed consent ]

[ 77 participants recruited ]

[ Navicular drop test ] Excluded (n=35)
| *  Did not meet the inclusion
[ 42 participants ] criteria (n=35)

Lowarchgroup | [ Normalarch group High arch group
(n=14) ) (n=14) (n=14)
| | |
]

[ modified star excursion balance test ]
|
[ | |
Motor unit firing properties for TA, PL
*  Motor unit number of recruitment
*  Motor unit mean firing rates
+  Coefficient of variance of inter-
pulse interval

Dynamic balance ability Muscle activation

*  Normalized score (%) * %MVIC of each tested muscle
(GM, GL, SOL, VM, RF, VL, BF)

[ Data analysis and statistics ]

Figure 2. Flow chart of the experimental procedure.
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rob

(G¥Power 3.1.9.2. Franz Faul, University of Kiel, Kiel, Germany)< A}-&3}¢]
T (@)=005 #HAHA-P)=08, =ZH=27]=05 M M+ 372 F-testE
ol &S W HA 4 JodH 4H o R AMAHNY AT HdAES SHLETE
670 ollol w@ N, AARFVIAES B F=AA HSo] gle AlgHer T 77
gl A7 RYHAT. AT EAEdAE Ad A A9 543 ol

el 23 AE AEstal, A Folol o3 A= Fo TAME

7F 5 mm "%kl F$Z= HA group, 5-9 mm ¢ H$= NA group, 10 mm ©]
Aol HA$E LA groupd Al 2Fo® EHF31(Brody, 1982; Langley et al.,
2016), 7+ 2HE =do FRHEA 2 JPA0=30)F A 2 JdE 147

Aol Frofet=
o] (age), 7l(height), & Al(weight), A& %A (body mass index), &% ©}A]

=o](foot arch height)®} the] 4 ol(leg length)E =433
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E AT AEY EA S <Table 1>, <Table 2>¢} Zt}.

Table 1. Demographic characteristics.

Low arch Normal arch High arch
(n=14) (n=14) (n=14)
Age (years) 214 +19 225 = 2.1 228 £ 25
Height (cm) 167.2 £ 6.6 1682 = 5.1 170.1 = 99
Weight (kg) 65.6 + 9.8 64.1 + 9.1 70.1 = 14.7
BMI (kg/m?) 234 £ 25 226 £ 22 240 + 34
Mean arch height (mm) 114 + 1.7 73 + 1.3 40 + 04
Dominant leg length (cm) 86.1 + 4.3 86.1 + 2.8 873 £ 56
Non-dominant leg length (cm) 86.2 £ 44 86.3 £ 2.9 873 £ 59

Mean + Standard deviation, BMI; body mass index.
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Table 2. Results of one-way ANOVA for demographic characteristics.

Variables SS df MS F P ES
Age Between
(years) Groups 14.333 2 7.167 1.492 0.237  0.079
Within
Groups 187.286 39 4.802
Total 201.619 41
Height Between
(cm) Groups 61.223 2 30.612 0.545 0584  0.018
Within
Groups 2189.313 39 56.136
Total 2250536 41
Weight Between
(kg) Groups 277.166 2 138.583 1.051 0.359  0.027
Within
Groups 5143.063 39  131.873
Total 5420.219 41
BMI Between
(kg/m?) Groups 14.812 2 7.406 0.992 0.380  0.037
Within
Groups 291.264 39 7.468
Total 306.077 41
Mean arch Between
height G 385.528 2 192764 125992 0.000 0.896
(mm) roups
Within
Groups 59.669 39 1.53
Total 445.196 41
Dominant
leg length B(ftwee“ 12.968 2 6484 0334 0718  0.003
(cm) roups
Within
Groups 756.165 39 19.389
Total 769.133 41
Non-dominant Between
leg length G 10.914 2 5.457 0.261 0.772  0.004
(cm) roups
Within
Groups 815.687 39 20.915
Total 826.601 41
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1) Zufw sk7 HA

NDT+= 4384, FEAEES 0% =33 ez grol S 34 (subtalar
joint)9] & H’E(neutral position)ES WHEo] AT F-3F Ay o wajw AXA
(navicular tuberosity) & ZRE W7} 9] =o] Ao]lE =AUt T ZH o
o] &3t= tElE A= tEl&E A AHSIa(Jaber et al, 2018) HAE o]&3o] %
AZ whelo] e obA EolE 3WH FAZ ¥, WS AbEsinh daju
d A A4 g AFES Fsr] e FulAEA
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(intraclass correlation
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o 54 old, tEAelA

2 ekl 43 o

TAEP T HHAE mSEBTE o] &3te] 743}
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o

N

A2 mSEBT AAF 9G4S o] 83l =83 dys3s)
55 A A THGribble et al., 2012; Powden et al,, 2019). <8 AAE AHS
nlel R 3 =2 Fale] XA AR ugte] EAE X Ho| $A= thale] w
a, b gEs o] Uk AT B3 RE A we] 9%
T ANTY 24§ 29 S#AE, Aq%y FArpge 49 It 71 H
olub-2 s EAIE ghelel AA I THEarl et al, 2001). FARAS] F AT
of g WA thelS ANT, PM, PLo] Al waFo s Hojgh e wo] we] 7}
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F4e 29T + UES x4 4Pd 198 HMEZ F MEES 34

(Gribble et al., 2012; Powden et al., 2019)tt. =4 Al z+ W3k 7+ &2 A7+

2 Aoz rFete] dld SAES AvIstar A5 AtHGribble et al., 2012
Picot et al., 2021).

mSEBT®] =2718]& FF3}st7] e theldols S48 veldol= vt
Z2A % AAl(supine)oll A 91 G 7}A] (anterior superior iliac spine)%-E <+
% B AL (medial malleolus)7h41 9] Ad& FAstAvh 2 Hakd =37 e o
75 g Zdol2 Ui, 100S #3te] =278 9 normalized score® & a}aL
FEo A3 tHGribble et al., 2003; Gribble et al., 2012). mSEBT A] 3AE

SAge] Bk AEan FAM ddatel Aol ol &aart,
. _ Mean of the trials
Normalized score (%) = Tested limb length > 100 (1)
3) FA gHIAHE
PE FA gHIAE dT(wireless surface EMG (sEMG) electrodes) S # %
TLHE A3 (surface EMG for a non-invasive assessment of muscles, SENIAM)

o] 7}ol=gtel(Table 3)o] wz} U HE O] ZE AFE3te] H23}9 tH(Hermens et
al, 2000). sEMG A=& HFzsl7]d oA, 2 B9 48 WEr|E o] &3
AAE L d3e ~gor Dol sEMG A5 FHd a7t ¥+ 298 H43)

i

_19_



(1) &A1 4= 54

l{l ;”

Figure 3. Surface EMG sensor locations. (A) Anterior view. (B) Posterior

view (Hermens et al., 2000).

mSEBT A] 3F#] &89 FAHEE dolr 7] 9 <F& x| Z(gastrocnemius
medialis, GM), 7} & - (gastrocnemius lateralis, GL), 7FAH7](soleus, SOL),
QHE& Yl &H(vastus medialis, VM), Hohe]&Z-2(rectus femoris, RF), 7FE5H -2
(vastus lateralis, VL), dtt&]+2#+ & F(long head of F187%< BF) 770 +
Sof FA sEMG AlAM(Trigno sensors, Delsys Inc., Boston, MA)E 23}l
(Figure 3). &4d% 213 HHES 93t 2000 Hze ¥ FZE(sampling

Fith 1% dlo]lEl= a second order bandpass filter

ol

frequency)® Hlo]EE +H
10450 HzE ©o]&3star 3 AF(full wave rectification)9} ¥ &38Hsmoothing) 2+
¥ W3t AlH (root-mean square) &2 A eFeith. B3, AT E s H Akl oA
AFHAAE AN A =48 7 AHmanual muscle test)E E3] MVICE A3

tH(Table 4). MVICE 13 324 F 33|12 AAsdeor, =4 7+ FAATLS 1

A 7b e 2ge] 84 ARE %MVICE XEsele] A6 A&l b
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olg o] ¥ AHgl= EMGworks acquisition and analysis software (Delsys

Inc., Boston, MA)E A}-&3}9 T}

1 ',‘\‘.

N R
Iy il
auhl AN

Figure 4. The wireless sSEMG NeuroMap system and sensor placements.

(A) NeuroMap system. (B) Anterior view of dEMG sensor locations.

il

mSEBT 2] &&5&919 &4

we,
Jm

s dolry] 918 TASE PLe] 2719
5o 1789 wireless sEMG AlAel 47§9] #jdo] A&H decompose EMG
(dEMG) A4 (Trigno Galileo sensors, Delsys Inc., Boston, MA)E FZalith
(Figure 4). mSEBT A ®#&kd 27 +59 599 5 <U(motor unit number of
recruitments), A& (motor unit mean firing rates), &5 d 9 Alo] 7HA <] WHEA
(CV of inter-pulse interval, CV of IP)& At=3tal, 3% dolH e 339 Hat
Hs Aol ol g3ttt daAdT wel =E deoly 5 g (Accuracy)7t
80% o]/l Ag-elgt Ao A&t Aoyama & Kohno, 2022). dlo]E] 3]
SEMG$} 549 EMGworks acquisition softwareES AR&3lo] REFZEHE 2000 HzE
TR38A e dlolE A 2]= Neuromap and Explorer software (Delsys Inc., Boston,

MA)E ol&3te] =43t

Standarddeviation of inter — pulse interval 100 (2)

Coefficient of variance ofinter — pulse interval = Mean ofinter — pulse inferval
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Table 3. sEMG sensor locations.

Muscles

Sensor placements

Gastrocnemius medialis
Gastrocnemius lateralis

Soleus

Vastus medialis

Rectus femoris

Vastus lateralis

Biceps femoris
(long head)

Tibialis anterior

Peroneus longus

On the most prominent bulge of the muscle

At 1/3 of the line between the head of the fibula
and the heel

At 2/3 of the line between the medial condyle of
the femur to the medial malleolus

At 80% on the line between the anterior superior
iliac spine and the joint space in front of the
anterior border of the medial ligament

At 50% on the line from the anterior superior iliac
spine to the superior part of the patella

At 2/3 on the line from the anterior superior iliac
spine to the lateral side of the patella

At 50% on the line between the ischial tuberosity
and the lateral epicondyle of the tibia

At 1/3 on the line between the tip of the fibula
and the tip of the medial malleolus

At 25% on the line between the tip of the head of
the fibula to the tip of the lateral malleolus

Table 4. Manual muscle test methods.

Muscles

Procedures

Gastrocnemius ~ The participant lying supine with knee extended and

plantarflexion against the pressure.

Soleus The participant lying prone with knee flexed at 90° and

plantarflexion against the pressure.
Quadriceps The participant seated with hip and knee flexed at 90°
and knee extension against the pressure.
Biceps femoris  The participant lying prone with knee flexed at 25° and

(long head) knee flexion against the pressure.
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4. Rt2XE

A= A 2l SPSS statistics for Windows (version 24.0, IBM Corp., Armonk,
NY, USA)S Apg3ste] 7z} wele]l Hif(mean)d # W X}(standard deviation),

95% A1#T-37H95% confidence interval), & ¥=7](effect size)E AF&3FITH =

=

it

Az o] At AL Shapiro-Wilk test® o] 83t mSEBT Al 7t g

m

W =22 9] normalized score, dHA] @A =9} SETh

f

A E4 W

o= T

e
lo

Mo

A 7+ Ht ZolE BA5H] f8 L v x] EAHEA (one-way ANOVA)S A

ASa, Ae g AFEA e LSDE AT BE B4 EAA fo5E

i

(a)& 05% st

_23_



=5 obx el 42 FHTYTY

ol
ol
N
rld
]
oX,
o)
Mo
offl
e
Ao
Lo
ok
20
A
X,

Lo
2

ol% W] S8l ANE A4 Ave et 2
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<Table 5>, <Table 6>, <Figure 5>+ =4 o}x] ulo] W& HHAITH

9] zFo]lE BA35L7] ¥98l mSEBT #HAF Al normalized scoreE AF&3 2 wjo|t},

Table 5. Descriptives for normalized reach distance during mSEBT among
the arch groups.

Directions Low arch Normal arch High arch
ANT (%) 63.0 £ 5.1 634 £ 55 60.2 £ 7.0
PM (%) 101.8 = 7.3 100.3 + 9.2 977 + 11.0
PL (%) 977 £ 6.0 982 + 8.8 93.0 £ 10.0

Mean + Standard deviation; ANT, anterior; PM, posteromedial; PL, posterolateral.
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Table 6. Results of one-way ANOVA for normalized reach distance during
D ES

318 0.058

mSEBT among the arch groups.
Directions SS df MS F

ANT (%) B(}eﬁ;’z%es“ 82023 2 41461 1179

Within
Groups 1371.234 39  35.16
Total 1454.157 41

Between 119330 9

59.666  0.69 008 0.112

PM (%) Groups
(‘ggﬂgg 3372454 39 86.473
Total 3491787 41

PL (%) B(fﬁgl%esn 295999 2 113 159 216 0.157
ggﬂg; 2761058 39  70.796

Total 2087057 41
ANT, anterior; PM, posteromedial; PL, posterolateral.

3

=1 o}z e WE mSEBT A ¥53% “2A7 (normalized score)<]
= o2 & g 9

o7} thEREA] gol

=5 okl FEfel
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Figure 5. Normalized score for three different directions of modified star

excursion balance test among the arch groups.
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Zrol APl wWE FAFAEARA A A cBYEe] Aolg FHe7]
98l mSEBT A Al 70 H-9lo] Bvl 2AE ANE HAee] 2aAE
Fet.

<Table 7>, <Table 8>, <Table 9>, <Table 10>, <Table 11>, <Table 12>,

A

I

Ll

{1

[«

=
=

<Figure 6>, <Figure 7>, <Figure 8> =45 o}x] o & mSEBT FA}

Al ZEAYEZS ST Aot

1) Anterior direction

Table 7. Descriptives for muscle activation in anterior direction during mSEBT
among the arch groups.

Muscles Low arch Normal arch High arch
GM (%) 147 £ 56 140 = 2.1 129 £ 65
GL (%) 223 £ 10.8 22.8 £ 10.3 236 £ 20.1
SOL (%) 115 + 64 14.1 £ 96 184 + 9.8
VM (%) 264 £ 14.0 216 £ 124 334 £ 116
RF (%) 6.1 = 47 75 + 86 70 £ 46
VL (%) 144 + 64 142 + 74 20.2 £ 6.7
BF (%) 6.1 + 2.7 46 = 2.2 53 = 2.1

Mean * Standard deviation; GM, gastocnemius medialis; GL, gastrocnemius lateralis;
SOL, soleus; VM, vastus medialis; RF, rectus femoris; VL, vastus lateralis; BF, long
head of biceps femoris
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Table 8. Results of one-way ANOVA for muscle activation in anterior direction
during mSEBT among the arch groups.

Muscles SS df MS F P ES
Between

GM (2%) Groups 24271 2 12.135 0.297 745 0.051
Within
Groups 1594.39 39 40.882
Total 1618.661 41
Between

GL (%) Groups 13.16 2 6.58 0.032 969 0.021
Within

Cromin 8140124 39 208721
Total 8153283 41
Between

SOL (%) Stween  3a1723 2 170862 2220 122 0091
Within
Crooin 3001301 39 T6.9%
Total  3343.024 41
Between

VM (%) NSWEN 976155 2 488078 3039 059 0.044
Within
i 6263855 39 160,612
Total 724001 Al
Between

RF (%) e 15531 2 7765 0199 820 0013
Within
Qb 1518136 39 38927
Total 1533667 A4l
Between

VL (%) TEween gopdez 2 162731 3484 041 0142
é’}‘;ggl;g 1821452 39 46.704
Total 2146914 41

BF (%) B(}ertgl%? 15532 9 7766 1407 257  0.057
(\g g&gg 915277 39 5.52
Total 230809 41

GM, gastocnemius medialis; GL, gastrocnemius lateralis; SOL, soleus; VM, vastus
medialis; RF, rectus femoris; VL, vastus lateralis; BF, long head of bicpes femoris.
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Figure 6. EMG activity of the gastrocnemius medialis (GM), the gastrocnemius
lateralis (GL), the soleus (SOL), the vastus medialis (VM), the rectus femoris
(RF), the vastus lateralis (VL), the long head of biceps femoris (BF) in anterior

direction during mSEBT among the arch groups. Asterisks denote statistically
significant differences at p < 0.05.
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2) Posteromedial direction

Table 9. Descriptives for muscle activation in posteromedial direction during

mSEBT among the arch groups.

Muscles Low arch Normal arch High arch
GM (%) 142 + 56 147 + 74 129 £ 5.0
GL (%) 184 + 104 174 £ 77 182 £ 122
SOL (%) 10.1 + 44 139 £ 97 15.1 £ 5.8
VM (%) 262 £ 11.7 224 + 125 309 + 134
RF (%) 1277 = 7.2 105 = 7.2 11.0 £ 59
VL (%) 157 £ 7.0 159 + 82 196 £ 7.0
BF (%) 6.3 + 2.1 49 + 22 52+ 19

Mean * Standard deviation; GM, gastocnemius medialis; GL, gastrocnemius lateralis;
SOL, soleus; VM, vastus medialis; RF, rectus femoris, VL, vastus lateralis; BF, long

head of biceps femoris.
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Table 10. Results of one-way ANOVA for muscle activation in posteromedial
direction during mSEBT among the arch groups.

Muscles SS df MS F P ES
Between

GM (%) Groups 22.672 2 11.336 0.306 738 0.029
Within
Groups 1447.013 39 37.103

Total 1469.685 41

GL (%) BGertng%eS“ 7.893 2 3947 0037 963 0.007

Within
Groups 4116.665 39  105.556

Total 4124558 41
SOL (%)  Between 493047 9 96524 1975 152 0.071

Groups
Within
Groups 1905653 39  48.863
Total 20987 41
VM (%) ngl%esn 504.051 2 252026 1594 216 0.007
Within
Croups 6165.156 39  158.081

Total 6669.207 41

RF (%) Bé?rtgfl%esn 36.174 2 18087 0394 677 0.006

Within
Groups 1790191 39  45.902

Total 1826.365 41

VL (%) B(}eglvl%esn 133.747 2 66.874 1207 310 0.043

Within
Groups 2160.105 39 55.387

Total 2293.852 41

BF (%) Bcfrtgl%esn 16.289 2 8145 1881  .166 0.061

Within
Groups 168.825 39 4.329

Total 185.114 41

GM, gastrocnemius medialis; GL, gastrocnemius lateralis; SOL, soleus; VM, vastus
medialis; RF, rectus femoris; VL, vastus lateralis; BF, long head of biceps femoris.
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Figure 7. EMG activity of the gastrocnemius medialis (GM), the gastrocnemius
lateralis (GL), the soleus (SOL), the vastus medialis (VM), the rectus femoris

(RF), the vastus lateralis (VL), the long head of biceps femoris (BF) in
posteromedial direction during mSEBT among the arch groups.
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3) Posterolateral direction

Table 11. Descriptives for muscle activation in posterolateral direction during
mSEBT among the arch groups.

Muscles Low arch Normal arch High arch
GM (%) 16.1 = 6.0 168 + 74 159 + 6.6
GL (%) 16.4 £ 89 157 + 84 156 + 115
SOL (%) 115 £ 56 165 £ 12.3 172 + 66
VM (%) 226 + 10.8 188 + 12.7 276 £ 10.2
RF (%) 98 + 64 8.8 + &1 96 + 6.2
VL (%) 13.0 £ 56 12.8 £ 6.6 176 £ 69
BF (%) 73 + 29 71 + 33 79 + 31

Mean * Standard deviation; GM, gastocnemius medialis; GL, gastrocnemius lateralis;
SOL, soleus; VM, vastus medialis; RF, rectus femoris, VL, vastus lateralis; BF, long

head of biceps femoris.
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Table 12. Results of one-way ANOVA for muscle activation in posterolateral
direction during mSEBT among the arch groups.

Muscles SS df MS F ) ES
Between
GM (%) Groups 6.24 2 3.12 0.069 933 0.009
Within
Groups 1758.658 39 45.094

Total 1764.898 41

GL (%) B(ifgfl%i“ 5.012 2 2.506 0027 974  0.004

Within
Groups 3661.117 39  93.875

Total 3666.129 41

SOL (%) BGe;chlfJ%eSn 268.988 2 134494  1.781 182 0.073

Within
Groups 2945.89 39 75.536

Total 3214878 41

VM (%) Bc;e%%esn 546.614 2 273307 2142 131  0.025

Within
Groups 4975137 39  127.568

Total 5521.751 41

RF (%) Bégfl%i“ 7.628 2 3.814 0078 925  0.000

Within
Groups 1901.84 39 487765

Total 1909.468 41
VL (o)  Between 204.73 2 102365 2516 094  0.100

Groups
Within
Gt 1586818 39 40688
Total 1791547 41
BF (%) B(}ert;ﬁ%f;“ 42 2 2.1 0215  .808  0.000
Within
Jtin 81448 39 9781

Total 385.648 41

GM, gastrocnemius medialis; GL, gastrocnemius lateralis; SOL, soleus; VM, vastus
medialis; RF, rectus femoris; VL, vastus lateralis; BF, long head of biceps femoris.
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Figure 8. EMG activity of the gastrocnemius medialis (GM), the gastrocnemius
lateralis (GL), the soleus (SOL), the vastus medialis (VM), the rectus femoris
(RF), the vastus lateralis (VL), the long head of biceps femoris (BF) in
posterolateral direction during mSEBT among the arch groups.
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<Table 13>, <Table 14>, <Table 15>, <Table 16>, <Table 17>, <Table
18>, <Figure 9>, <Figure 10>, <Figure 11>, <Figure 12>, <Figure 13>,
<Figure 14>, <Figure 15>, <Figure 16>, <Figure 17> ZHo}lx&eo] w}&
sHEE HAAN A Fedd WA 549 ZolE ety flsl mSEBT AL
Al TASH PLel dEMG AIME F&3to] &ode] &9 7, Wids, 2599

Aol 2tAe] WEAS AEF Aeltt

%

1) Anterior direction

Table 13. Descriptives for motor unit firing behaviors of tibialis anterior and
peroneus longus in anterior direction during mSEBT among the arch groups.

Variables Muscles Low arch Normal arch High arch
MU recruitments  libialis anterior 25+ 16 19 £ 1.2 25+ 13
(number) Peroneus longus 27 + 16 18 £ 12 26 + 22
Mean firing rates  Tibialis anterior 71 £ 2.6 83 £ 2.7 75 £+ 3.3
(pps) Peroneus longus 82 £ 40 9.7 £ 3.7 80 £ 24

CV of IPI Tibialis anterior 0.7 + 0.2 06 + 0.1 0.6 + 0.1
(%6) Peroneus longus 06 + 02 05+ 02 05 = 01

Mean + Standard deviation; MU recruitments, the number of motor unit recruitments;
pps, pulse per seconds; CV of IPI, coefficient of variance of inter-pulse interval.
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Table 14. Results of one-way ANOVA for motor unit firing behaviors of tibialis anterior and peroneus longus in
anterior direction during mSEBT among the arch groups.

Variables Muscles SS df MS F P ES
MU (;‘fnr%gems Tibilais anterior Between Groups 2.835 2 1.418 0.741 484 0.106
Within Groups 66.964 35 1.913
Total 69.799 37
MU (;icr;‘ggems Peroneus longus Between Groups — 6.112 2 3.056 1.025 369 0.125
Within Groups 107.287 36 2.98
Total 113.399 33
Mean {ggg% rateS  pipilais anterior  Between Groups — 8.461 9 4231 0.529 594 0.033
Within Groups 279.794 35 7.994
Total 288.256 37
Mean (fgég)g rates  poroneus longus  Between Groups 21.43 2 10.715 0.927 405 0.188
Within Groups 416.037 36 11.557
Total 437 467 38
CV of IPI (%) Tibilais anterior Between Groups 0.161 2 0.081 3.980 .028 0.189
Within Groups 0.71 35 0.02
Total 0.871 37
CV of IPI (%) Peroneus longus Between Groups 0.043 2 0.021 0.615 546 0.010
Within Groups 1.247 36 0.035
Total 1.29 38

MU recruitments, the number of motor unit recruitments; pps, pulse per seconds, CV of IPI, coefficient of variance of inter-pulse interval.
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groups.
1.0 . m LA group
NA group
OHA group
0.8 -
0.6 }
.
E }
=
004 |
0.2 -
0.0

TA PL
Figure 11. The coefficient of variance of inter-pulse interval of the tibialis
anterior (TA) and peroneus longus (PL) in anterior direction during mSEBT
among the arch groups. Asterisks denote statistically significant differences at
p < 0.05.
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2) Posteromedial direction

Table 15. Descriptives for motor unit firing behaviors of tibialis anterior
and peroneus longus in posteromedial direction during mSEBT among the
arch groups.

Variables Muscles Low arch  Normal arch  High arch
MU recruitments [libialis anterior 2.8 + 1.6 25 111 24 £ 12
(number) Peroneus longus 30 + 1.9 23 +09 28+ 17
Mean firing rates libialis anterior 6.4 + 2.1 83 + 24 70 + 29
(pps) Peroneus longus 88 + 26 95+ 28 91 + 24

CV of IPI Tibialis anterior 0.6 + 0.2 06 + 0.1 0.7 + 0.3
(%) Peroneus longus 04 £ 0.1 05+ 01 05 £ 01

Mean * Standard deviation;, MU recruitments, the number of motor unit recruitments;
pps, pulse per seconds; CV of IPI coefficient of variance of inter-pulse interval.
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Table 16. Results of one-way ANOVA for motor unit firing behaviors of tibialis anterior and peroneus longus in posteromedial

direction during mSEBT among the arch groups.

Variables Muscles SS df MS F P ES
MU (;‘fnrfgggems Tibilais anterior  Between Groups 1.367 2 0684 0524 596 0.085
Within Groups 46.95 36 1.304
Total 48318 38
MU (ﬁ%gems Peroneus longus  Between Groups 2.645 2 1323 0548 583 0.024
Within Groups 84.448 35 2.413
Total 87.094 37
Mean {ggsl)g rates Tibilais anterior ~ Between Groups 22.746 2 11373  1.806 179 0.092
Within Groups 226.724 36 6.298
Total 249.47 38
Mean (fglfsl)g rates Peroneus longus  Between Groups 2.383 2 1192 0175 840 0.037
Within Groups 238.124 35 6.804
Total 240.508 37
CV(S’/(f) IPI Tibilais anterior  Between Groups 0.021 2 0011 0242 786 0014
Within Groups 1.573 36 0.044
Total 1.594 38
CV((?/Of) IPI Peroneus longus  Between Groups 0.01 2 0005 0358 702  0.033
Within Groups 0.502 35 0.014
Total 0512 37

MU recruitments, the number of motor unit recruitments; pps, pulse per seconds, CV of IPI, coefficient of variance of inter-pulse interval.
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among the arch groups.
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Figure 13. The mean firing rates of the tibialis anterior (TA) and
peroneus longus (PL) in posteromedial direction during mSEBT among the

arch groups.
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Figure 14. The coefficient of variance of inter-pulse interval of the tibialis
anterior (TA) and peroneus longus (PL) in posteromedial direction during

mSEBT among the arch groups.
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3) Posterolateral direction

Table 17. Descriptives for motor unit firing behaviors of tibialis anterior
and peroneus longus in posterolateral direction during mSEBT among the

arch groups.

Variables Muscles Low arch  Normal arch  High arch
MU recruitments 1ibialis anterior 2.8 + 1.3 2.8 £ 1.7 3.0 £ 1.3
(number) Peroneus longus 38 + 28 25+ 10 34 + 20
Mean firing rates 1ibialis anterior 6.3 + 2.2 9.0 + 3.5 6.7 + 2.3
(pps) Peroneus longus 83 + 22 93 +28 103 + 15

CV of IPI Tibialis anterior 0.6 = 0.2 0.7 £ 0.1 06 + 0.2
(%) Peroneus longus 05 £ 0.2 05+ 01 05 £ 01

Mean * Standard deviation;, MU recruitments, the number of motor unit recruitments;
pps, pulse per seconds; CV of IPI coefficient of variance of inter-pulse interval.
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Table 18. Results of one-way ANOVA for motor unit firing behaviors of tibialis anterior and peroneus longus in
posterolateral direction during mSEBT among the arch groups.

Variables Muscles SS df MS F P ES
MU &‘fgﬁg@?}ems Tibilais anterior Between Groups 0.189 2 0.095 0.047 0.954 0.009
Within Groups 71.996 36 2
Total 72185 38
MU éﬁfrﬁgg;;ems Peroneus longus Between Groups 11.038 2 5.519 1.304 0.283 0.096
Within Groups 160.788 38 4231
Total 171.827 40
Mean {ggsl% rates Tibilais anterior Between Groups 54.688 2 27.344 3.828 0.031 0.302
Within Groups 257.155 36 7.143
Total 311.844 38
Mean (fgég)g rates Peroneus longus Between Groups 27,583 2 13.792 2.779 0.075 0.108
Within Groups 188.596 38 4963
Total 21618 40
CV(% IPI Tibilais anterior  Between Groups 0004 2 0.002 0.049 0.953 0.029
Within Groups 1.309 36 0.036
Total 1.312 38
CV(%f) IPI Peroneus longus ~ Between Groups 0008 2 0.004 0.196 0.823 0.249
Within Groups 0.771 38 0.02
Total 0.779 40

MU recruitments, the number of motor unit recruitments; pps, pulse per seconds; CV of IPI, coefficient of variance of inter—pulse interval.
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e
=)

m LA group
NA group
OHA group

o
)

I
\:

e
o
.

e
[y

CV of IPI (%)
s o o
o W ~

e
=

0.0 -
TA PL

Figure 17. The coefficient of variance of inter—pulse interval of the tibialis
anterior (TA) and peroneus longus (PL) in posterolateral direction during

mSEBT among the arch groups.

_47_



2 AFoAE FH obx] PFHd mE FHTH Y, st 284 s a9
w8t stk 2 JAFE T 4L Aye oo
o (1) S5 oFx YHo wE FATY s = zbol7b YERA Zskth (2)
mSEBT® ANT wWakoA HA groupd VLe Z&X4 =7} NA group® LA
groupE.th =4 HEstew, VMo &4 =7F NA groupEth 2 43S HoJ
= Aoz yebgth (3) mSEBT ANT Wkl LA group? TAS 549
AbolztA el W39l ghol NA groupRtt =7 Wetstth (4) mSEBTS] PL %
ol Al NA group® TA9 Wdgo] LA group? HA groupE.t} =4 e
H LA group® PL2] Wd&o] HA groupHth $+& AeS Hole= Zo= e

WAEAe) ol

1. &5obA YHjol W& mSEBT 38 T oA <& %

mSEBT ANT ®W&oA HA groupe] VL &4 %=7F NA group? LA

S AFgS Hole Ao eyt SEBT A A73 A9S oz 319
2 ES A9E Earl et al. (20019 A7l wEw, ANT el VMt
VLe] &A4o] FolA= Ao= yeryth 1ely HA group®] 744 HdE#dol
N %=3kA F & (hypersupination) ¥ o 1ol =2 %] H ¥ (vertical ground reaction

force)2] WE wreko] iAoz upgZE(lateral) 2 ©]-& 3kl & & dl (Hillstrom et
al, 2013), °o]= HA groupdl Hthd oz o Hart fitxo] VLY ZAo]
NA group?t LA groupel BHl3] Zolxl Ao = deen) gk W&o gk 9

™
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A HH 2o v AdH ADAH s AR AR HHd JFgFS F
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ol FE(genu varum)E FE A Z1tHChun & Lee, 2018). ¢t ol F=9] 49 F
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I

29 AAAQ AH(normal genu varum)o|y Hiigo]F-E(genu valgum)ol 1] 3f

M3} VLe Z8Alo] Folxl= Aoz H % AtHSogabe et al, 2009). ©]+=
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S Kol HAog JAuET

o
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(anterior tilt)= <FE: Al Zo}lx] 9] Fo]7} Yrolx] Al W=t (Wright et al, 2012).
TAx= SEBT A AZw el AWdels S <& Azopx7t #AhaiA7y A
= Ae dWetes dES Sta, ofAE HASAIZIZ] 98 #HEst 2 9
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Characteristics of Lower Extremity Muscle Activation and
Motor Unit Firing Behaviors in response to Foot Arch Height
during mSEBT
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Abstract

The purpose of this study was to determine the differences in the lower
extremity muscles activities and motor unit firing behaviors in response to
foot arch height during the modified star excursion balance test (mSEBT). A
total of 42 healthy young adults who volunteered to participate were divided
into three groups (14 normal arch (NA) group, 14 low arch (LA) group, 14
high arch (HA) group) by the navicular drop test. Muscle activation data (%
maximum voluntary isometric contraction) from the gastrocnemius medialis
(GM), gastrocnemius lateralis (GL), soleus (SOL), vastus medialis (VM),
rectus femoris (RF), vastus lateralis (VL), and long head of biceps femoris

(BF) were measured during mSEBT. In addition, motor unit firing behaviors
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(number of motor unit recruitments, mean firing rates, and coefficient of
variance of inter-pulse interval) from the tibialis anterior (TA) and peroneus
longus (PL) during mSEBT. Normalized reach distances were measured in
each reached direction of mSEBT. One-way ANOVA was performed to
determine the differences in the measured values among the three arch
groups during mSEBT. During mSEBT in an anterior direction, the HA group
had a higher VL muscle activity than the NA and LA groups. The LA group
had a higher coefficient of variance of inter-pulse interval of TA than the
NA group (p<0.05). Compared to the LA group, the HA group had a higher
tendency for VM muscle activity during mSEBT in an anterior direction.
During mSEBT in a posterolateral direction, the NA group had higher mean
firing rates of TA than the LA and HA groups (p<0.05). Also, compared to
the HA group, the LA group had a lower tendency for mean firing rates of
PL in a posterolateral direction. However, there were no significant differences

in the dynamic balance ability among the three arch groups.

The findings of this study suggest that muscle activation of the VM and
VL and motor unit firing behaviors of the TA and PL during mSEBT may

provide a compensation mechanism in response to foot arch height.
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