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| Abstract |

PURPOSE: This study compared ankle joint exercise and
thigh exercise on the isometric strength of the lower limb and
balance ability.

METHODS: Twenty-seven subjects were divided into
ankle joint exercise (AEG, n=9), tight exercise (TEG, n=9),
and control group (CON, n=9). AEG and TEG performed
ankle joint and tight exercises three times a week for four
weeks. The following were measured before and four weeks
after each exercise: isometric strength at knee flexion and
extension of the lower limb; isometric strength at ankle
plantar flexion and dorsiflexion of the lower limb; static
balance of trace length and C90 area; and the dynamic

forward, backward, leftward, and rightward balance for each
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region.

RESULTS: The results showed that the isometric strength
of plantar flexion (p<.05) was increased significantly in AEG
compared to those in TEG and CON. The dynamic leftward
(p<.05) and rightward balance (p<.05) were increased
significantly in both AEG and TEG compared to that in CON.
On the other hand, the static balance of the trace length and
C90 area, isometric strength of ankle dorsiflexion, knee
flexion and extension of the lower limb, and dynamic forward
and backward balance did not show significant differences
between the groups.

CONCLUSION: Ankle joint exercise improves the
isometric strength of plantar flexion compared to tight

exercise.

Key Words: Ankle joint exercise, Tight exercise, [sometric

strength, Dynamic balance, Static balance

I.ME

=53 (ankle joint) AH|F -5 T AA ok



154 | J Korean Soc Phys Med Vol. 14, No. 4

ha o=

o 2Yg TYW s N B 482 Bl S
A3 A7), obere] 2248 F8) A f200] o

EIREEuE ] )
%%Lxé 47:%(ankle strategy)olal-l H s}
olsly, Wiy Ak =

—rE(ankle joint exermse)% Es =
AAA A - 5 ko] 28F
2 oba B ashE A,
-2 ob& Zwtz| L(medialgastrocnemius) Tt
Z}L(tibialisanterior)2] 2L =3 $-x|Hhal 5
I 5 ATALE AAE A o SRR AlF 5
0] -?—1:1 X]X] O]’Ei U‘]X—] DZ]—A%QQL— CﬂE]—o ‘5}13:1
A Fi&og A9IA]7] Aol A 2
Shohar A qleHe]. whebA AlA 9
Hohe 459 ofae] B U=

@]{7]5 AlA 9] Qb it Aol
FAAZIT T A ZbE ) ofe HhE

AR
=
=
=

)
od oo Jr v mx L

w3
A eEe
A -

Fl
T.‘]

go Mo ®
o

?R HO
i)

N

1,d jaad

ox
0¥

_1;1_0

i

e

N r.% 18
oL ﬂ_l_?l_’,
oX o

y
i‘é tlo
l~>

&
_qo
1o
rH
i) J
rlo
:Ll
2
S
Zi
N
=)
Pﬂ
2L
:Ll
o
lo

o2 oo do

¥ o o
By
>

wa oo
EIY
i)
&

p
i
N
rE
I
o
(o]
r ok

EN|
oflt
olr
1%
o

&4
ox
>

N

\

it

-

ot
- =l
A
i
o
=

]Z:_*ﬂ{%(quadriceps femoris muscle)
Fgtolu, 20| QlrEat gl B

I 7101?4 &k opy e}, el HE S v7\l

5} 0?]'6]—0 5]-;]."1 01’3474 011:].[9

(vastus medialis oblique)> F-S1 2] ﬂ = 0}

2] ’é‘]-_T’_, 7} 42 (vastus lateralis)S 75

Lo]-ubq Aol ezolat oFA S ;q]

-

L lo 4o
o 2]
3

ox T

~ M

o

12

- M rlr
1] T

in)

oL, P‘Iﬁ O{N

8 o
b
iil i

{o
H
Ql',
;@
2
_&
a
_>|:
119
41
o
Eroggs
N
é

ol
L
_IlN
c
Xy
o
Ak
4o
offl
flo
-
Hl
r

X—lv/] o}-z-] [e]

S’o=E

N
>
X
H
ot

< > ofN rl oof mu wl o

(baroceptor) 2] 7+ZHAl & H S (sensory receptor transduction)
o] TS AN 57, 7 Ak FH w2 S
)2 2= kil HarEo] Qirh12]. Eb], wHEEo) ok

W7} 7pz2w R 0] 2219)-2 A4 7FZHA| (somatosensory
system)of| Al - == L] ¥l 9 HEHO Ml

QTS WA Hed, oleid MESE 280 HEe
WS4 el SAAE AT 4 ook B3
SEATHI3). E3H =] =0 Al WEAFot
2] 91 tfj(calcaneofibular ligament)= Type-II (&4 F2+
= Fzof AAsk= A7) | Type (G2 52 2
2ol Bosh= AA7DAR7E o QLo XP\ﬂ‘n‘
Aol Sa3t 9 itk B
b4 of spel i WY S5 gache %%E
o e 54 28 9 P55 AL Roleke
7HIE AR, AAZ ol 73S AFS] Sistel
427}/] [l s .‘%%*r dHAte] 52 7hzt Alg)

<

1. SITiCHAL
QAT CAle) 24 Nefstazol Ajst %l s
A F 279820224, N=27)y o= i &F
THankle joint exercise group; AEG=9), & 2] t}g]
?1ch(thigh exercise group; TEG=9) 2! £ 4| %] Th(control
group; CON=9) .5 A4k9] ERagict. B uad A=
A7) Ao Qs Bgeka Qi ke gl o
- 877 4] glos], T g A= sl
o W@ AR H SAL <Tible 150 AAHEC
2t @A) ATl 27 UgS BEe AEe
AupA 07 Fv} ol ool

<]
=
<]

E o
Mo o

>

do¢ & 32 ri



239 Hlul | 155

Table 1. Characteristics of the Subjects

Group (n) Age (yrs.) Height (cm) Weight (kg)
AEG (9) 21.55+1.59 167.00+9.04 64.96+14.19
TEG (9) 21.11£1.29 164.40+8.95 62.96+13.69
CON (9) 21.05+1.33 165.88+5.81 61.28+15.67
Table 2. Ankle Joint Exercise
Position Pattern Program Intensity
Warm-up Stretching & Dynamic Stretching 5 min
Left/Right -2 Total 3 sets
Heel Standing with Ankle Dorsiflexion 10 times 1 set, week
Raising for 20 s. 1 min rest / 34
between sets k Total 5 sets
Ankle Joint . wee
Exerci Standing s
Xercise i ~
Left/Right Total 3 sets
Heel Standing with Ankle Plantar Flexion 10 times 1 set, week
Standing for 20 s. 1 min rest / 34
b Total 5 sets
etween sets week
Cool-down Stretching 5 min
2. EN5= o, 7k AJ& Ato]o]l 18740 F4] A)ZHE: 71A] 1, 33]
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Table 3. Tight Exercise

Position Pattern Program Intensity
Warm-up Standing Stretching & Dynamic Stretching S min
Left/Right 1~2
. After knee extension, roll towel ? & cek Total 3 sets
- Quadriceps 10 times 1 set, wi
Sitting . under knee, press towel and .
Exercise 1 min rest / 34
hold for 20 s. Total 5 sets
between sets week
Tight Exercise )
. 1~
Hamsiri Hold the 1 kg cuff weight on IOLe.ﬂ/ng]ht week Total 3 sets
Standing amstr.mg the ankle and hold for 20 s after tlr.nes set,
Exercise . . . 1 min rest / 34
the 90" knee flexion against the wall. Total 5 sets
between sets week
Cool-down Standing Stretching 5 min
54 23 79 58 24 312 BT (Balance S AeelA] lkge] mAFUUS BB 2§

3

Trainer 4, HUR, Finland)& AR§-3F3 o™, SHE4 1A
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Table 4. Differences in Isometric Strength Between

Pre and Post Each Exercises

Index Time AEG TEG CON F (P)
Dorsiflexion Pre 29.01+13.74 27.12417.28 28.33+13.30 G 035 (.860)
T 3.091 (.131)
Post 38.81£13.86 30.84+17.14 29.84+19.77 GxT 2.604 (.714)
Ankle
Plantarflexion Pre 28.40+8.74 26.4149.17 29.11+9.34 G 171 (347)
T 6.998" (.045)
Post  43.02+17.32" 32.17+11.44 30.27+13.49 GxT 2173 (331)
Flexion Pre 141.51+24.89 149.57+44.99 138.30+37.36 G 1.969 (.150)
T 2483 (.814)
Post  149.42+40.18 171.39:£62.39 143 44£18.59 GxT 2401 (.147)
Knee
Extension Pre 249.11+87.12  250.56£100.92  244.57+77.97 G 1.189 (.340)
T 2.141 (.739)
Post 25512410371 2744411243  249.13+108.81 GxT 2334 (447)
means+SD. “p<.05. 'p<.05 vs. CON. p<.05 vs. TEG
Hlste] &5 Fo ok Z7lshs Ao Lkt V. &= 9o
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e
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FAZOR folg 4Btg AR e otk BAA 22 9 2AREe Al el 4%
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Table 5. Differences in Opened and Dlosed Eyes on the Static Balance Between Before and After Each Exercise

Index Time AEG TEG CON F (P)
Trace Length  pre 741.66+126.92 811.48+166.81 752.24+117.25 G 366 (.959)
(mm) GxT 877 (741)
post 790.87+95.87 841.64+134.46 758.34+108.42 T 903 (332)
Opened
Eves 90 Area  pre 418.27+174.40 575.194300.29 443.25+174.28 G 020 (317)
(mm?) GxT 964 (.195)
post 589.81+195.93 759.86+385.56 450.22+174.20 T 917 (.570)
Trace Length  pre 1766.59+366.97 1711.39+201.86 1732.22+332.01 G 308 (.692)
(mm) GxT 713 (315)
post  2193.94+164638  1681.68+443.56 1802.214521.75 T 873 (479)
Closed
Eyes C90 Area pre 1757.40+471.65 1765.82+304.47 1767.70+487.22 G 204 (.786)
(mm?) GxT 903 (577)
post 1393.76+413.27 1633.85+543.06 1764.22+477.27 T 1.604 (310)
means£SD.
Table 6. Differences in Dynamic Balance Between Before and After Each Exercise
Index Time AEG TEG CON F (P)
Pre 7.08+1.42 6.95 +1.36 7.13+£1.22 G 929 (.611)
Forward (°) T 3.091 (.174)
Post 7.51+.89 7.88+.50 7.23+£27 GxT 153 (.692)
Pre 3.02+.61 3.31£1.23 3.11+.89 G 1.023 (.150)
Backward (*) T 3.107 (232)
Post 3.47+£.58 4.26+.67 3.09+.71 GxT 177 (.841)
Pre 7.02+.58 6.32+1.33 7.05+.82 G 7.118 (.102)
Leftward () T 3.091 (.061)
Post 8.59+.73" 8.36+.89° 7.20+32 GxT 992 (.077)
Pre 7.23+.68 6.90+1.12 7.07+.29 G 7.504* (.045)
Rightward (") T 233 (.617)
Post 8.53+.51" 8.12+1.16' 7.21£.76 GxT 989 (.147)
means+SD. “p<.05. 'p<.05 vs. CON. p<.05 vs. CON
A gt Gipronation) S FEVAY £ & 5Y AE L REUAY IE F2(arus)S 74
(internal rotation) 4| 7] tFe] QHEwo] Fxel RETA  Qrkn BISIACH23]. ufeby SR HUe
o v Fe(valgu)e Z7PA7) T, o) 2 mmede] A3t o) $X¢lo] o FolHof ey Alel newky
QFEH A (inversion) 7} L (adduction) D Wkt FE 0] AL ST 4 QY] E| YEPHE HEF
O 4450l = F A (supination) FEHE O = © =59 Aot dalolgtal Azt At
S v & (external rotation)A] A TF2] Q] Q=M o] 71 oJstd, =9lE iAo ® 65778 Fobe] Az
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9 wlo] A4 ZEo] TRt olfi= WETE &F ofg]& A 27t AlsHA] FetAleh, AlA| 9] e
S Bl AHof|A] Hho] a1 E o] Ql= Aejol A F] FAEE7] S8 Bagt FHE0] FAUe A2t
2o g 2Ao|= Heel raising?} Heel standing 2-%5°] = AL Yujgitta B uskic) E3ok Lee [32]S 32
FHA TEE A A Hhle Bl S84 2Es T A ARlE LR w2 EAHY =5
FIAHE 7Hs7d0] lvkar AZHE . Wb TEGO] e AH ] A4 S vlask Ay, Y Es et
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e mIF A otk SHY $ES BHel  UeiA 9o AS 277 AS e Keiy
8709 gol 240 SRAE £EOR A4 24 7| ol Aol L oIAA ULE A 4el el
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2¢ il R0 ATE ARAY $EU 24 o] AT U U W 2.8 W) 54 FYL
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A] Trace length®}t C90 area> ek, Al7], ek & A]7] & =S e 8] a5 AA
7ol FAANCE o7t oA a7 UehuhA] o o Ay}, =919 #F IE = 9&5}3’— Hist
et APt ostd, F4 4 24 Yslisl= ATk wEhA] o] AFrollA] 47t AEHRE S5
ARl S0l 877 9 A7 FE L F 4 o] FFH o= e 55 F 5
Q3FaL SFITH28]. A2 9 T AHES TS o] Yuuds Aot L{-871E 215k



160 | J Korean Soc Phys Med Vol. 14, No. 4

] holskn gaaet, 4R o

ofN
(ot
>

[
2,
>
N,
o)
1,
r
L
T
:L
o
2
jn
N
o}ﬂ
J¥
o
e o
J
r_l
oo il

o,
o
N ol),]
N
N
>
2t
=l
oflt
olr
d
o
ool
o
o
32
tlo
N
"ol g
I\ e
1o ox

%,
=
ofy
Fo
o

i

=
_‘YZ it
o

ol

H

o
ol
~

r jil
i
4N oXx
o

o flo g
olN
N
Ral

f
oF

)
oZ & o
of

1o

2 Ho TLoox
kel
oZ
1=
i)

o &
H
ot
H
=3
Q
&
of
A
Mo

[} m_[rﬁd

oo o E

OPH
Hir
o
x
K
)
o
£l
o
kior
_O|L

Wl A

o 32
gl

oS
)
v
rH
1o
rH
I
oy,
[
= o
=
2 oft mY o lo N o

=
)
° ol
Nt
or e
HT
b

% ¥

& o 3
oo

10 ox
N
of 2
C o 2
_IO H Ol')‘l
W oz
> A
N
B
ok
ol
L2 0
4o &
e Lol i

Oru

H1
o
=
olo
>
(S
o
)

[P R Do =S|
X0 r
off . Ho
ki
O oz Ho
bas ox
ok
'% rir
= o
g 1o
RO
i
o
y H
)
10
18
Lo
>

i)
tlo
ol
[
>
a2
>
—_>L,
offt
#0
do &

~
_\;
S
~
~
= rlr

st AR A

7] fleliA= vl 229 et

H =
oft 2
o
L
ol
jubad
_~ m{o

e

2

e 2
p

N
fo
o

o o
=

el i—E filo
_?L
¥R
£ 2
X
=~
5
E
rlo
[ o]

Y
ox
do
Of
filo
o)
Og-l_i,
ot
i)
~{
N
ol
o,

E
flo x2
o
Kl
o
k=
_?l’,
R
M
o =
3
2
rlo
[oe]
N
~
o od K 1o do go

TG
__YE

Bl 4o 1o
il

|

* 1o o
g-lo ;g r—‘:-‘
N
oo
filo
off

L ol
r
O
=
1o
=
5
>,
%
N
il
Y
44
i)

Huorl
%
o
ok
c,>~
E
P~y
_Q
K
T
o B
" %
fr 2

3 ANE Holot oo, o
g 4 U=g telel 39 23 9

ofo} FIEFTL B IS, Namt Le
B 29| 28 Aol 1y A B A7 Ale] Bofs
of #3] GFL vk B usglet uteb of A
FoH TEGAA §7 #@o] Z71 ol 4 go

FY T H DL AR WA 250
2% B WAL, 148718 4T3
24 7RsAo] ek Azheln), Wake] $50] |
2 @ okl Rad R nE Y e

AL, vl 9] 715 A FAYe FIAAA FEREe

e 391 23 23

i

E HAAE Fshet =l Hods 7ol 3

SHY 29 2 FPSAS FYAAL del 4%
3 A, wEwd v Y9 SHY 22 Y

|o
i
i
Ruj
9w
o
.-
o r.
o M
O
=
o
i
q o%
) o
1o
OPH
_Iﬁ
o 1'

References

[1] Reid DT. The use of virtual reality to improve
upper-extremity efficiency skills in children with cerebral
palsy: a pilot study. Techn. 2002:14(9):53-61.

[2] Gribble PA, Delahunt E, Bleakley C, et al. Selection
criteria for patients with chronic ankle instability in
controlled research: a position statement of the
international ankle consortium. J Athl Train. 2014;49(1):
121-7.

[3] Gao F, Ren Y, Roth EJ, et al. Effects of repeated ankle
stretching on calf muscle-tendon and ankle biomechanical
properties in stroke survivors. Clin Biomech. 2011;
26(5):516-22.

[4] Lee JW, Kwon OY, Yi CH, et al. Effect of ankle strategy
exercise on improvement of balance in elderly with
impaired balance. Korean J Health Promot Dis Prev.
2008;8(3):158-66.

[5] Toulotte C, Faber C, Dangremont B, et al. Effects of
physical training on the physical capacity of fiail, demented



Cel 8459 28 3 2% sHM P L=24E a0 @50 289 diu | 161
patients with a history of falling; a randomized controlled 2009;18(3):1119-30.
trial. Age and ageing. 2003;32(1):67-73. [17] Sheehan DP, Katz L. The effects of a daily, 6-week
[6] Almeida FM, Tomiosso TC, Nakagaki WR, et al. Effects exergaming curriculum on balance in fourth grade
of Passive Stretching on the Biochemical and children. Journal of Sport and Health Science. 2013;
Biomechanical Properties of Calcaneal Tendon of Rats. 2(3):131-7.
Connective Tissue Research. 2009;50:279-84. [18] Jadelis K, Miller ME, Ettinger WH, et al. Strength, balance,
[7] Fenter P, Bellew J, Pitts T, et al. Reliability of stabilized and the modifying effects of obesity and knee pain: results
commercial dynamometers for measuring hip abduction from the observational arthritis study in seniors (oasis).
strength: a pilot study. Br J Sports Med. 2003;37:3314. J Am Geriatr Soc. 2001;49(7):884-91.
[8] Shumway-Cook, Wollacott MH. Motor control: theory [19] Johnson E, Bradley B, Witkowski K, et al. Effect of
and practical applications. 1st ed. 1995. a static calf muscle-tendon unit stretching program on
[9] Aniansson A, Hedberg M, Henning GB, et al. Muscle ankle dorsiflexion range of motion of older women. J
morphology, enzymatic activity, and muscle strength in Geriatr Phys Ther. 2007;30(2):49-52.
elderly men: A follow-up study. Muscle and Nerve. [20] Lee SM, Cynn HS, Yoon TL, Lee JH. Effects of different

1986;9(7):585-91.
[10] Boling MC, Padua DA, Creighton R. Concentric and
eccentric torque of the hip musculature in individuals
with and without patellofemoral pain. J Athl Train.
2009;44(1):7-13.
Lord SR, Ward JA, Williams P, et al. The effect of

a 12-month exercise trial on balance, strength, and falls

[11

[ha—)

in older women: a randomized controlled trial. J Am
Geriatr Soc. 1995;43(11):1198-206.

[12] Hagen M, Lescher S, Gerhardt A, et al. Shank muscle
strength training changes foot behaviour during a sudden
ankle supination. PLoS One. 2015;10(6):e0130290.

[13] Cote KP, Brunet ME, Gansneder BM, et al. Effects of
pronated and supinated foot postures on static and dynamic
postural stability. Journal of Athletic Training. 2005;
40(1):41-6

[14] Michelson JD, Hutchins C. Mechanoreceptors in human
ankle ligaments. J Bone Joint Surg Br. 1995;77(2):219-24.

[15] Gribble PA, Hertel J. Effect of lower- extremity muscle
fatigue on postural control. Arch Phys Med Rehabil.
2004;85:589-92.

[16] Chun SY, Choi OJ. The ankle joint position sense, strength
and functional ability of the soccer player with functional
ankle instability. The Korean Society of Sports Science.

heel-raise-lower exercise interventions on the strength

of plantarflexion, balance, and gait parameters in stroke

survivors.. Physiother Theory Pract. 2017;33(9):706-15.
[21] Kristen A, Scopaz M, Sara R, et al. The effect of baseline
quadriceps activation on changes in quadriceps strength
after exercise therapy in subjects with knee osteoarthritis.
Arthritis Rheum. 2009;61(7):951-7.
Smith, Weiss, Lehmkuhl. Brunnstrom's Clinical
Kinesiology (Clinical Kinesiology (Brunnstrom's). Davis
Company. 1996
Schamberger W, Samorodin FT, Webster C. The
malalignment syndrome : implications for medicine and
sport. Edinburgh: Churchill Livingstone. 2002.
Nagayoshi T. The relationship between ankle dorsiflexion

[22]

torque and muscle size indices. Journal of Sports and
Health Science. 2003;1(2):216-21.
Shin SY, Jung YH, Lee KH, et al. Muscle Strength

Following Short Term Isometric and isotonic exercise.

[25

—_

The journal of Korean academy of physical therapy
science. 1999;6:4.

Lee KY, Yu YD, Kim HS. A Study of the Efficiency
of isometric exercise for quadriceps involved in hip joints
angle. The Korean Society of Sports Science. 2002;
11(1):629-40.



162 | J Korean Soc Phys Med Vol. 14, No. 4

[27] Braddom L, Randall L. Physical Medicine &
Rehabilitation (4th ed). Elsevier Science Health Science
div. 2006.

[28] Kim G, Kim SH, Seo SK, et al. Effects of elastic band
resistance exercise on improving the balance ability in
the elderly. The Korean Society of Physical Therapy.
2008;20(4):1-10.

[29] Horak FB, Nashner LM. Central programming of postural
movements: Adaptation to altered support-surface
configurations. J Neurophysiol. 1986;55(6):1369-81.

[30] Mann L, Klein JF, Pereira AR, et al. Effect of low back
pain on postural stability in younger women: influence
of visual deprivation. Journal of Bodywork. J Bodyw
Mov Ther. 2010;14(4):361-36.

[31] Sakellari V, Soames RW. Auditory and visual interactions
in postural stabilization. Ergonomics. 1996;39(4):634-48.

[32] Lee HS. A study of standing balance control between
nommal subjects and subjects with low back pain. Doctor’s
Degree. Daegu Univ. 2001.

[33] Lee WH. The influence of ankle strategy exercise on
equilibrium ability in women of Octogenarians. Journal
of Korean Physical Therapy Science. 2010;17(1);67-76.

[34] Cheng PT, Liaw MY, Wong MK. The sit to stand
movement in stroke patients and its correlation with falling,
Archives Physical Medicine and Rehabilitation.
1998;79(9):1043-6.

[35] Yun JS. The Effect of quadriceps isometric exercise
method on pain, muscle strenth and balance of early
phase of total knee arthhroplasty patients. Master’s Degree.
Daegu university. 2016.

[36] Kim HG. Effect of knee muscle power strengthening
using thera band on the balance control ability in the
elderly. Master’s Degree. Dankook university. 2003.

[37] Moxley D, Krebs DE, Harris BA. Quadriceps muscle
strength and dynamic stability in elderly persons. Gait
Posture. 1999;10:10-20.

[38] Spartano NL, Lyass A, Larson MG, et al. Objective
physical activity and physical performance in middle-aged
and older adults. Exp Gerontol. 2019;119:203-11.

[39] Nam HJ, Lee JH. The effects of modified straight leg
raise exercise on balance activity and electromyography
muscles activation of lower limbs muscle. Korean Journal
of Sports Science. 2016;25(3):1297-308.



