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I.A &

T

dH(Foot) 26709 W (Bones), 337]¢ A
(Joints) Z12]1L 1007] ©]A+9] olth(Ligaments)}
T(Muscles) 2 74 53¢ sfohd 25
& (Manganaro, Dollinger, Nezwek & Sadiq, 2023)

E
+H5E0| ’53%3@ Al ]% Aet 43 ‘I(')I’Xlél'
+ o #H4)A 9] 35S FITHChinpeerasathian, Sin

Oo, Siriphorn & Pensri, 2024), £3|, W2 2|}
Sl e TlRoR $23 9
0|5 E35t o1& A& (Lower extremity kinetic
chain) 7} DASHA AZAE] o] glo] Hro] Lx2 U 7]
57 oY (Dystunction)o] HAE A9 AHeHS
vake zestel ot 224 48] A 91
< 274 4= 9tk (Lazzarini, O Rourke, Russell,
Clark & Kuys, 2012; Tong & Kong, 2013), E3t,
5 W23k A (Foot pathology) =

Q7
4 754 %‘lﬂ_ 2 Y (Gait ‘HL w2712
o
=

AAHo 7 AZ

7}/\]7]% Ao g BEQcHEker & Belgen
Kaygisiz, 2019; Zhang & Lu, 2020),

A7k vre. 7735} uhrbekol A wlEEm oAl
9] uhlet 2 A W7Fek(Hallux) & 3 A 7]
S Y2 A=2 533 93 433th(Slomka
& Michalska, 2024), {A|2712ke] 7154 22419]
2 AcgtA WAYZ(Windlass mechanism) I} 2+
o ThRE Ak 2 49f At o] low(Welte

et al,, 2021; Gémez—Carrién et al,, 2024) £3],
AR 71 #7159 (Range of motion; ROM)
L 58 A] AlFQ) oMYA 2N EL A 1 97
gl=g| A A0l 8k 5}l (Menz, 2015; Tavara—
Vidalén, Lafuente—Sotillos & Manfredi— Marquez,
2017; Castro—Ménde, Canca— Sanchez, PabOn-—
Carrasco, Jiménez—Cebrian & Cordoba— Fernandez,
2023) I A7) 4T A L Bpozol A
% ol Al U 24 5] BeH RAR A
SIH(Doi, Pataky, Tateuchi, Nagai— Tanima &
Aoyama, 2024), WebH, AAEjete] SR Y
ZHEHS7E SEEH WS aHoR Yoju

A3}t AF ol W My}t =2 (Forward pro-

pulsion)= Ao ZHN At Bl £ol HE
= AT 4= A B W, AR Tt
SHA7E AN A 23 agAdo] AshEIL 244
M B oY FEo] FAA Y nA 9
Q3lo] Z7}at 4= QIth(Wisdish, Rice & Farris,
2025)

wsh oA 222 W AR AN Asks
BAZ oz WA olo] et Qi) B
F5we) Ed 9AA0R Fashs 4 el

(Nuflez—Lisboa, Valero—Breton & Dewolf, 2023).
71E Aol w2 604 o] mele) dAL7E

e A AR 20~30% Hashe A
1% % 0 (Mickle, Angi, Crofts & Nester,

AAE =d7] YA Bk
4g 23 N Aoz
e AeAA b
o

A Sl 9 1A ¢ e 8o

3
do
lo
)
rﬁi'
<
Al



A2 9 YR

=9 tHWei, Zeng, Liu & Wang, 2022). E3t 719
A1 8+ (Flexor hallucis longus; FHL)Z} %2
A A8 Z(Flexor hallucis brevis; FHB)S] 7]
5 Aohe B A] A15EAAA (First meta—
tarsophalangeal joint; 1% MTP joint)2] A|%| &
g ohlH] o]z QI8 ZA% 21 (Plantar
Propulsion)©] Ztasta Aufxog B &x U
HES Zols F8 89107 g3ty HuEg]
th(Péter, Hegyi, Finni & Cronin, 2017). ©|&3t
A AT AT wile] 12 29 59 2 1Y
O] FA A 901 2 gxdyleke] B 7=
§ Ast7 S8 719 OlX}E 23th HL AA}

Jt->

4 Qo] v s} 2ol
A 7R JEvE R Sl HeE HekE A
A 7FeAo] oA w2 AoR HilEal gl
(Mickle et al,, 2016; Jankowicz—Szymarfska,
Wodka, Bibro, Smota & Bac, 2022), AA# 9]l K
PG QM= 60~65%9 YAEbrfEte] #H
(Extension)o] ZQ3FAF oA w010 AL A
A% 57t S5 F4a(Sarcopenia), AER
o 59 A2ty Hetz Qs wE7kE
2 ofg}, gEets A2 £
e 7% Asizh UERke Aol ot
(Yokozuka, Okazaki, Sakamoto & Takahashi,
2019, Jankowicz—Szymar’lska et al, 2022;
Zhang et al,, 2024). o]g|st HA¥7}eke] A7}
EHJT] xﬂ L% 4 :rlxx4 31} ‘524 ;(1]6}2_ =2

R Xl A 71Tk X}*ﬂ i %‘i*lﬂﬂ 7%4

(E o

ot

o
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ox,
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TE =50l AGAE o4 =9 dAL7iE e 2 o
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27} a8l Al 4l
QoL) A3tz ojojd 4
Bujas, Omorczyk, Jandzis & Zak, 2017; Omae et
al,, 2021, Santos, Prado—Rico,
Cirino & Perracini, 2021). @WatA], o4 w219 ¢
Azree] Bz S A S ¥

FuAs ZHolx 293 = 182 da

2(Quality of Life;

QltH(Puszczalowska— Lizis,

de Oliveira

ofefole 2] Fasict, Al gHge
YA (Intrinsic muscles of the foot)dt
H(Extrinsic muscles of the foot)2] &-2-0]
3| 2= th(Ridge et al., 2022). 4 YA & o
ol 9131l A7kt 0 W o Aje] RS
Al

e

J—gl‘m
>

Z2Aete 9k distal B 3 AAE7REe] oF
AL 97)54=t] 7]ojstcH(Kelly et al., 2014;

Glasoe, 2016), Tj340] ¥ Uz|Zo 2= x4
Z(Abductor hallucis; AH), Z->-¢ 2|13 ‘{L(Flexor
hallucis brevis; FHB), %-24
digitorum brevis; FDB) 5-¢| Slch, Hhd, 8 9|7
2o Eel S0 2a Y A o
S5 SRS S5 ) LR Bgstel 2
& Aol 7152 $tth(Sukprasert, Boonyarom
& Somthavil, 2024). tE#2l ¥ QA Fo2E 7]
712k 3 (Flexor digitorum longus; FDL), 7l

]

rio
o ML
N
-
Jﬂi
il
mol
E
=
@D
>
(@)
=

= = TN

A3l E(Flexor hallucis longus; FHL), FA7%
Z(Tibialis posterior; TP) S0] it} Futrell,
Roberts & Toole(2022)2] A7tof| w2 HF A

o) o3k %5 AAteel B SR AR
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1. B fA
o AP ASEEA AR T 27 2]

(IRB)ZHH 591(KMU-202409-HR-429)<

L4

FA

0]
T

gho| HHEg 7hs/dol
2022). o=

=} B 13} HRidge et al.,
o AN 75 FAE

& Aol ofekd A B T AS
= =9

1

.

Y AT Ak A 2 A2 ot dA
ofef

168
Aol A

oy

& Y%, 2018; AFH, AL, AF
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=
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=

FAISE

Al 24

Al
=2

o gick. et

WA ool
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upo.
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Hj A (Random assignment)d}$3.o.™
80,6915 564, BMI: 24.17+4 14

& 40T (4ol
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H(Active extension) 7FEH¢](Range of
]_
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Az 2 g2

leg anterior reach: SLAR),

¥
(Functional reach test; FRT) o7 Z2A5}9 1

1) YRR SEXEAHMIPIY 58X WIS

oo

A Qlth(Allan et al,, 2020),

QA (IE DI o] Sl Y A
B2 grop B2 90X #¢(Flexion), T 5
(Neutral ankle position) Q.2 3t Alefof| A whajct
o] Aol 23] B2k % gJEs 27T, 2
ApRje) ALl ek e Ak i B
o] 1 AfelE 827 $A 5 UER Fge
olnfj, AARR= Zt=A|(Goniometer, SAEHAN, Korea
= A]«Qo].o:] x]x%/do] 1&% ZZxa gm, J—’—XJZHE HE]—

J

Nl

7} Bysiee Eim;q AT ENE 24519

o
o 24 LA

Nl
rlo

] =
& g H A 2 23] AAJsaL 7}

F 250 AN o4 A9 AW BAAEHY 9 2

B vA= 9F 169

2 AMgstgith(Allan et al,

2020). &4 =% 19 FE5Z0] AHAA HojAA
o oL AHO
= HA T

=
G 29E B8 4 gl 49, T Wikl
SHolE ALelE 7|Z 0% AgaA o A2
& AAstett

% 1. 9 SENERHNTPIS 58
2271542 ROW)

\*)
—

$t CR2IR|X] 2t =2 ZAKSLAR)
g o A4 Xd‘jc} =9 HAHSLAR)= 443
2 A 53], =2l
o 4 F5 4y 8L AEstir fag AL
2 B 159 tH(Tivadar & Kotnik, 2024).
B7}= Y-Balance test kit(Functional Move—
ment Systems, Danville, VA)E o]&-3}o] AlA|5}
fom S4L (Y 29 o] qiAt g tel=
A A8k Ao A W7o 2 KitQ] reach indicator
by me) BE 4 98 UE Ao Yol
2 ANa, 1] A8 ¥ 5
384 Aok P S 8 0.50m B2 7|2
920 24 55 29S 42 5 WAL Ko

reach indicator® 9=z 2= 7L dhrigho] oy

i
[¢]

sheWHoR £

=3,

i

[¢]

Ak gl b)oxar 7b
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(Merchdn—Baeza, Gonzéalez—Sanchez & Cuesta—

Vargas, 2014).

4) Y LI ¥ Q2 5§ 28 ZRES

B oare % WA 9 o 5 eFe
Fraser & Hertel(2019), PabOn—Carrasco et al.
(2020), Okamura et al,(2020), Ridge et al,(2022)
Y A= Faste] Hsglon &5 A =

ETS H UAD &5 T U2 &F B A2

33 2. ChX|X| M £2 ZAKSLAR)

3 71sH 8 £ AR 9 oA B SF 202 FAalel At
F 00 u} 21 ©.7] W uy L
7= A Tek AAKFRT)S A A7 24 9 T WAS &5 ue ofx] £:A] % W7k 7]
o Aol A A0l HeS Fu(Fraser & Hertel,

=

2019; Okamura et al,, 2020; Pabon— Carrasco et
al., 2020) QAT &5 A A FEAEL}
@ FA o 7]ofgh= 242 d#A QItHRidge et
al,, 2022), WA B ATE A7 BAI AES
2Z37] 93 24 AFog T 2187S Heslo]

ook AAT 25 $A4 ZREES the (E DI
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E1 % UH2 2 U2 S 25 m2E3

72 39 2583 e5yE = N Y HE A
Big toe extension&flexion
R PR Toes extension&flexion 15 rep X 2 sets
- Toes rolling (15 min)
Toe spread

Double leg heel raise
Alternated leg heel raise

~ X
WA &F Dorsi flexion&Plantar flexion B2 A 1~4 15 r(elp5 mi)sets
Inversion&Eversion !
Ankle circle(inside&Outside)
2o 4 Lift object with ball, band 15 rep X 2 sets
AL =3t &= Short foot exercise with paper, towel, band (15 min)
A &= Self foot massage 5 min
Big toe extension&flexion
o oE Toes extension&flexion 15 rep X2 sets
= - o Toes rolling (15 min)
Toe spread
Double leg heel raise
Alternated leg heel raise
~ X
w2 &% Dorsi flexion&Plantar flexion A AA 5~8 15 rfl% mii)sets
Inversion&Eversion
Ankle circle(inside&Outside)
FIgRbip el Lift object with ball, band 15 rep X 2 sets
QAL &3t &% Short foot exercise with paper, towel, band (15 min)
A &= Self foot massage 5 min
5 & AQAZ 50 min
Zt} Mann-Whitney testS AA|slHom 8F7k9] vt
WA @ YT B &5 49 s A5
3. Xi=xiz| 915} Wilcoxon Matched—Pairs testS AA|5FTh
2ol $UE RE ARE B4 ZRIY Ed % g2 D o942 5T &F F E4U0
SPSS 28.0 WINS o|-&3lo] Hitd} FEHAZ A 7H] A AxE gelsly Spearman
= P
=390 AT o] w2 EAZQ] FA4 A correlation analysis& AA|SIFH oW BE FA 4
THH Ee S5 AR 4 BS A4 FYFES a=.052 AAHAt
3) dlolH A5 A 2}, A TESHA|
oot Hlms BAVIHE Healsi), WA, 7 18

1o

>
el
2
[y
oxt
)
—>|4—!
-
=
<
.
Hz
]
1o
r (o]

Ofr
ol
N
4o
ol



172 4

TestS AA|3F A3} Non—dominant single leg an—
terior reach, Dominant single leg anterior reach,

Dominant functional reach testo]]A] §-2J3t x}o]7}

H2 275 He

et (p(,08), ololl wak, AR ZAAROIA] thed
A 7 Aolg wASYl ool wEs A9
Quade’s Nonparametric ANCOVAES AAJSI3IL},

1.2 U2 Y o0 53 250 12 oK
Wiz 75 15 et

9| Mann-Whitney Test2t Wilcoxon Matched—Pairs Test Z1}

Mann—Whitney Wilcoxon Matched—Pairs

Variables Group pre post
t 0 t 0
Non—dominant TG (0=20) 30,2136 50,9%10.6 e - 3.922 000"
Big toe ROM g (n=90)  24.1416.1  20.7419.0 ' ' ~9.103 035"
Dominant TG (n=20)  29.8%114 49.9+8.9 . 08 3,827 000
Big toe ROM g (n=90)  92.5419.5 20,4210 ' ' -1.782 075
Non-dominant TG (n=20)  385%19.3  58.7%13.5 3.503 .000""
Single leg -3.592 .000
Anterior reach CG (n=20) 22,2490  27.3%13.1 ~1.000 317
Dominant TG (n=20) 46,3114  57.9%152 2888 004
Single leg —-4.007 .000
Anterior reach  CG (n=20)  27.3+131  27.2+13.0 ~1.000 317
Non—dominant TG (n=20) 16,5111 35.749.4 3.922 000"
Functional 1.612 108
reach test  CG (n=20)  22.1%12.8  22.3+12.3 1.342 180
Dominant TG (n=20) ~ 17.5%10.1 34,7838 3.753 000"
Functional 2.462 013
reach test G (n=20) 3484216  34.7+21.8 ~1.000 317
(M £ 8D), *p<.05, **p{ 01, ***p 001, ROM : Range of motion, AR : Anterior reach, FRT : Functional reach test
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UERATHpC. 001, p{05). EA, Sohe|A|A] A ESh AP & 2Y £ OE 7S 59 Aol
HAHAR)OIA &5 A H[$A|S 38,5119, 3(cm), 7F e ofof wE At 7k Aol & HA}7] ¢
QA2 46.3%11 4(cm)oflA] & f,i H| L&A= 3 v @ °] Quade’s Nonparametr1c ANCOVA

58,7413 5(cm), SA|= 57,2415 2(cm)2 Qo5F &

A

=2

A =R 2w (pC 001, pC01) l%x—‘ I A= g g Rl E}S 33 7*4 a 7:‘4 /‘W %Xé
16.5%

HAHFRT) oM = &5 A H$AS 11.1(cm), e THFoR AR o= W WA E oA
HAE 175210 1(ecm)JA =5 & HHAS 23} &% At}ho] Non—dominant single leg ante—
35.7£9.4(cm), A= 34,718 8(cm)Z FoHA rior reach, Dominant single leg anterior reach,
SRAME) = A7) YRt (p 001, p< 001), Dominant functional reach test9] A S 44
o8 fogt ASE  YEHTHp 001, p<01,
¥ 3. Quade’s Nonparametric ANCOVA Zx} p<,05)_
Quade’s Nonparametric
Variable ANCOVA 2. 4 L2 2 Qxi2 St 20 [E x|
Xt 0 et 7k Betel ol 7+ AmiEb] 2y Zn)
Non—dominant
Single leg Anterior 38 5404 000" B oofiro] 240 Ayt IA7HEH 9
reach (ROM), ¥ the|AI 7] A =5 HAKSLAR), 7]%54

Dominant Single

leg Anterior reach 38 2.803 005 A =g 74}\]' (FRT) 7]'94 HAAS B4 0}7] HoH
Dominant ) H]E‘JI\‘ 74] 7]%0 /\-401‘?1' P%?_ﬂ]-ﬁ*@(Spearman
Functional 38 2.176 038 correlation analysis)= AIA|SFITHE 4). H]2A|
reach test

%p( 05, *¥p( 0L *#%p( 001 27} 2= 2% ROMI} SLAR (Non—dominant:

¥ 4. 23 70 @2 & HOl 7t Sprearman correlation analysis Z1t

Variable Non—dominant Non—dominant Non—dominant Variable Dominant Dominant Dominant
ROM SLAR FRT ROM SLAR FRT

Non—dominant 1 Dominant 1

ROM ROM
Non—dominant Dominant

SLAR 463 1 SLAR 635 1
Non—dominant Dominant

2 1 1
FRT 523 558 FRT .563 583

*p 05, ##pd 01, *#*p( 001, ROM : Range of motion, SLAR : Single leg Anterior reach, FRT : Functional reach test



174 A

r=,463, p<0.5, Dominant: r= 635, p{ 05), ROM}
FRT(Non—dominant: r=,523, p<0.5, Dominant:
r=.563, p{.05), SLAR¥} FRT(Non—dominant:
r=,558, p<0.5, Dominant: r=,583, p{ 05)°]A %
AZoz geld A(+)4 ARAE B,

o golaA FAhEgl,
S A e wteta ek Qo SjAlste]
Hog u olA|g A5l QAL BusiL

Q]ZH:LQ Hh,]. HI—E.__ EJ,].
73t of2] 9 of2 wiof WEFA
Aol vls) wluz} 27171 A4
55 % oA B 7158
2023),
oo

HO 2

re

i)

)

<

1;1 FIO ¢
= ruE

El

, 2016; Lai et al,,
AR 7 ‘?zf WA Q)AL
279 St £ 7o) Wz ojRol

A AEY 25 7|4tk

AAG S AFsh= A

o2 T2 Wizhurt o 743
o2 YA Qlth(McKeon,
Hertel, Bramble & Davis, 2015; Farris, Kelly,
Cresswell & Lichtwark, 2019), o|2{3t HA|d7}t
9 22 Yl 754 B4 EYolu 49
Ads Wofuhe 2408 AT A5 A Ao 44
A A ob o] S AT oR sly] AsiA =

T4 Al

i

O
O

)
Futt W77 SR ofof gtk (Goldmann
& Briiggemann, 2012) 2 oilofA W YA U
o BE B MR Wl NS 24
2 2% QiR BAZFEUS (001, pC,05)7)
oot = 297t HebdTh Arge, Lenzner,
Gapeyeva & Pidsuke(2012)9] dFoA 23 oA

g o ¥ 2% % Ale 5y 258

N 7 FAHOR AN 2 AFEA AR
o 454 8 455 2 55 el A
thal B5l4 O W Fraser & Hertel(2019)9] <14+

i A7 Aols LR 437 W YA
258 8T 23t ANt B 7N 2 25
Al QA EE o7t FolotA A EH = AE =

%5tk E3t  Cerrahoglu, Kosan, Sirin &
Ulusoy(2016) 2] 04:[7-01]/#5 s 3kajol|A| 43271
‘4 =13 LH;(H:L al Q]ZH 7L§]r _r.Eo] x—]u-]zKH =3
A HHAY %3%7}0 HAE FoAsHAl Az
= A0S gFsoint. of=et Avke W WAE ¥
OAT T wso] Al



A2 # dAE T 250l A9 oA =Y dAEviE e 2 o

fstol waol 715
)] 7jo3t solet

ok o QR FEA|ZE(Medial longi-
tudinal arch; MLA)E 92 TAIHFE 943
Sl o} YAIL S el AZAZBMLA)Y A
At o] T2H AL ARFOTA
#(Talus) ¥ 9852 SHOE W=xo] T1 9
QA stth(Neville, Flemister &
Houck, 2010; Kelly et al,, 2014, McKeon et al,
2015). 53], & WAZ % Ao S T
L7iho] AwS oz AT 4 QA 3tof Al
A A SA& SAAAF] o] ol 7HeiA=
FAor 24 5 Q7 Hol +F
o QU Eoha A QIthRidge
et al,, 2018; Ferrari, Cooper, Reeves & Hodson—
Tole, 2020), & Lo A WF A 9 Qaf £3F
S5 AW AT A9 AR L EH 27 59,
5% H7ksk= SLAR(p(.001, p<.01),
FRT(pC.001, p{.001)o A B >-A|S3 AIS 25
FAACE oA s Bt e
A S SAR AReME 48 582

Aoz folshl sl g £5 S wny

_,
I
=

wy s rulo

g8 AT

A olE 7lse

= USBATHR 001, p{ 01, p<.05), EIF, A
7V A7 e 7 58 7] A gl
5t7] Slaff Aujointe] AiatA £4% é_l*]?ﬁ A3}
TE HRIoA F-o8 A(+) 4 AEAF YebS

= & 7 UAHp<.05). Moon & Jung(2021)9] A
TFollA= 657 4= £ 5(Short—foot exercise;
o =

= wa g Fojat 004 T

5o vjAe dF 175

_EL

BE 7R A% 49 SLARO] FAHIUL
Rodrigues et al, (2023) S04 A 7] &A}=o] i
=l YA s ol Zofet el % FRT
A7t W Es A3t e 2 WA oA

70@} BFE 1de 7154 1 5 29 e ¥
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Effects of Integrated Training Program for Intrinsic and Extrinsic
Foot Muscles on Hallux Range of Motion and Balance Ability in
Community—Dwelling Older Adults
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ABSTRACT

The purpose of this study was to investigate the effects of an 8-week integrated intrinsic and extrinsic foot
muscle exercise program on hallux range of motion (ROM) and balance ability in community-dwelling older
women. Forty healthy women aged 70 to 80 years were randomly assigned to either an exercise group (n = 20) or
a control group (n = 20). The exercise group received an integrated exercise intervention targeting both intrinsic and
extrinsic foot muscles. Hallux ROM and balance ability were assessed using active extension ROM, the Single-Leg
Anterior Reach (SLAR) test, and the Functional Reach Test (FRT). Nonparametric analyses, including the Mann -
Whitney U test, Wilcoxon signed-rank test, Quade’s nonparametric ANCOVA, and Spearman correlation analysis,
were conducted using SPSS (Version 28.0). The exercise group showed significant improvements in bilateral hallux
ROM (p<.001, p<.05), SLAR (p<.001, p<.01), and FRT (p<.001, p<.001). These improvements remained significant
after adjusting for baseline values (p<.001, p<.01, p<.05). Furthermore, significant positive correlations were found
between improvements in hallux function and balance-related outcomes (p<.05). These findings suggest that an
integrated intrinsic and extrinsic foot muscle exercise intervention is effective for enhancing joint mobility and

balance in older women and may serve as a useful strategy for fall prevention.

Key words: Intrinsic foot muscles, Extrinsic foot muscles, Hallux ROM, Balance ability, Fall prevention
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