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ABSTRACT

Objective : The purpose of this study is to evaluate the effects of hip joint exercises and orthotics on RCSP, ankle’s range of motion, and
core muscle strength of middle school students with pes planus.

Method : Out of the original pool of 200 students, 60 students with pes planus (RCSP < -2) were selected for the study. The selected 60 students were
then divided into four groups. The first group was a combined orthotics and exercise group (12 students), the second was the orthotics-only group (9
students), the third was the exercise-only group (8 students), and the last was the control group (10 students). Exercise groups worked out twice a week
for 60 minutes per session over 8 weeks. The independent variables were corrective hip joint exercises and orthotics. The dependant variables consisted of
kinematic and kinetic variables. The kinematic variables were RCSP, and ankle’s range of motion (dorsiflexion and plantarflexion). The kinetic variables
were muscles forces that consist in core muscle strength, which are hip joint adduction, abduction, and flexion muscles forces. Statistical analysis was
performed via SPSS 180 with multivariate analysis of covariance (MANCOVA) and a paired t-test was used.

Results : The left foot was more responsive to the treatments, both exercise and orthotics, than the right foot. RCSP improved significantly in
the left foot for the first and third groups. Only the first group significantly improved hip joint adduction, abduction, and flexion muscles’
strengths. As for the ankle’s range of motion of the left foot, plantarflexion showed improvement when treated with exercise, orthotics, or both.

Conclusion : This study found that exercise is more effective in correcting RCSP and foot orthotics is more effective in reinforcing core
muscle strength. Future studies should expand on these results to examine the relationship between the ankle, hip, and pelvis.
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FoE NS ATe Al AP 56%004 e BiFo)
Sl E%h(Yi, Kim & Kim, 2012). 71 5 43.9%+< A3 (pes
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Table 1. Subjects

N age(yr) weight(kg)  height(cm)
M=SD M+SD M+SD
group I 12 139+.50 530+11.98  162.916.34
group 11 9 14.4+.86 56.7+11.51  166.419.65
group III 8 149+.34 4931676  161.614.12
gontrol 10 15.0£.00 47.7+447  163.1£6.49
2. Yuyy

A= Ezﬂ(shell),
W A3 g el ﬂ‘ﬂ(cover) ?L*éﬂ?iﬁ‘# A= 1
7 A (semi-rigid) Q] E]z =, EAES EVA(Ethylene
Vinyl Acetate), “12]321 #H+: vinyl XHXE]E A2 ek A2
WAL AugtE o]gst 59 71" (negative casting)
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Figure 1. custom-made foot orthotics
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1) RCSP(HIA £ 7134 %)

RCSP= &% ARAlClA] x| o] o]g-do] A}
o|F = AL TXO 7|F07 KX o]5iMo] AH}

o] o]F= AL US HE Al )%k 95 BN Dk
HoJ8}9IthRoot, Orien, Weed & Hughes, 1971; Root, Orien
& Weed, 1977). S A0S vl 919l (prone) A=
el 5olal, Fwe WelS AAEE g dow sto] £
2 O]5+(calcaneous bisection)S 13 & A&7} A
7148 Ao F= oleiado] AW FAAY o) F= 7}
2 43k Ao]tKValmassy, 1996).
F=9 oS S4s] S8l tactographE ARE-SHH,
718 Al e S4sb7] 918l digital vertical goniometerE
ARE-3HITE RCSPOl Tk #-5+= Song, Hillstorm, Secord}
Levitt (1996)°] A7-9] 712S A€5kSItHTable 3).

brt

Table 2. Hip joint correction exercise

program configuration equipment

(5~8mi1113 stretching of major joint and muscle group

1. hip joint movement
-extension, flexion, adduction, abduction
exercise, lower body

main
exercise (bare f(.)Ot’ surfaces, and ball) elastic
40~50min) > hamstring movement band
-hamstring stretching
3. ankle joint
-dorsiflexion, plantarflexion, supination,
pronation exercise
cool down s . .
(5min) hip joint extension & stretching
Table 3. classification of foot type
pes planus pes rectus pes cavus
RCSP > 4° +2° <3
(Song et al., 1996)

Figure 2. measurement of RCSP

2) Ankle’s range of motion(ROM)

HIE o] Szlelo. g AdAE Higle AAME FA s
of, A} sl2E AAA, e JWJH &S AT A
Hleld 233k W)z AEAE B F PR 002
Al e TR AN FEoR Hufjd SejlzaySA
=3 AR F, 7hERISlE S et (Figure 3).

=ares

Figure 3. measurement of ankle ROM

(Lee et al., 2004; Park, 2011).

3) 3-dimension of plevic motion
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Figure 4. measurement of pelvic motion

4) Core muscle strength
EIEUSSRe iR :LE':]/] E_;doloﬂ ue v3d F232 — qA
&, WdZo® ol SAsglon, 54 Xe dE =7
7175 LafayetteADE ARESIITE 13HEC] =K flexion),
ﬂx*(abduction) WA (adduction)= &J&fo] ok bAoA H=
0° wd AN Hd 5249 75 A AHE S99
ﬁﬂ(Song et al, 2010; Jun, Shin, Park, Lee & Lee, 2011)
(Figure 5).

(MANCOVA; multivariate analysis of covanance)a S
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1. Biomechanical examination

1) RCSP
SRR A 1k es 3 AP tellA]
A 7+ 2ol YERSITHF=7.343, p<.001). 2E4°] RCSP
M= A I 723 AolE KolA AGttHTable 4).
Agalek e ARIARE gl group (=286, p<.05,

£-3.813, p<01), group I(~=-2.309, p<05, =-2.828, p<.0l),
group I(=-4244, p<.001, =-3.838, p<OD)or Q8w it
BT frolet 7 UYERTH(Table ).

2) Ankle’s ROM

HERE] Zullmare iter] dwATo] EEo]
&l YERO M (F=16.186, p<.001), group IIeJx A3 3
s Sl 457t Skl tht=-5,575, p<.001) (Table
6, Table 7).

WERHY EAFHE 1Y 5T 2
FrostAl veh kA ke Wl groupsl A
e deolME group I(#-2.409, p<.05), group II(=-3.988,
p<01), group II(=-2.773, p<03)& roJatAl ZF7klon, o
Z91 group IV(#2.746, p<.05)= 28l aslal, o2
Hho M= group MMI(=-2.492, p<.05)°14 28k S7lagict
(Table 7).

3) 3-dimensional pelvic motion

=R 3k FAUS BE Jdelx] FAA R fost
°§?‘% S XA EFckTable 8). Aeh W APALE Aol A
SAASR ol Wl QISIthTable 9).
2. Core muscle strength
I ==Y de HudTTr YS5F=14413,
<001 $Z(F=11.998, p<001)°ﬂ A e J3Es e
Uz ud iy sfdes duATel 59 B3

Ago] fFolgt S v]HTHF=9.278, p<.01) (Table 10).

ARG U] AR AR HTollde %] udkd =
28 group I(=-4.304, p<.001), group II(=-2.795, p<.05),
group III(=-3.013, p<.05)¥} group IV(=-2.668, p<.05)°1H
A3l TSI 2250 vk #3EES goup [(+-4.155,
p<01), group II(=-2.845, p<.05), group III(~=-4.362, p<.01)°]
A BARCRE FosH 7FetSitk(Table 11).

I R E AT U AR AR AFelA
T 8% 13 Yol goup I(#=-3.119, p<0l), group
(2372, p<.05)°llA oJst S7Hs BItHTable 11). 113
7§ 94@ E‘a 7H/Hoﬂ‘~ 0201]/\1 —,AE_‘,]- —yxi:ll irﬂ xﬂloﬂ
A frofgh G HERITHE=9.278, p<001 Table 10). A&
Ak uie] AR AR ASelMe 95 A-THol ] group
1(#-2.491, p<.05), group II(=-2.512, p<.05), group IMI(~=-2.467,
p<05)0IA] frejet A ants, e8F odTE oA group
1(=-3.369, p<O)OlATE f-2]3HA S7F8l3IthTable 11).
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Table 4. MANCOVA of RCSP

left Foot right Foot
RCSP tottz:lpe squgre df MS F P toIaylqufJgre df MS 4 P
exercise 15.046 1 15046 7.343 008** 7.701 1 7.701 3.395 069
foot orthotics 2.383 1 2383 1.163 284 1.989 1 1.989 877 352
exercise*foot orthotics 7434 1 7434 3.628 061 3479 1 3479 1.534 220
error 149.579 73 2.049 165.595 73 2.268
total 624 78 929 78
**p<,01
Table 5. Paired t-test of RCSP
left Foot right Foot
group pre M£SD post M£SD t p pre M+SD post M+SD t p
group 1 2.92+1.78 -1.00+1.28 -4.244 001 %% -3.75+1.42 -1.83+1.27 -3.838 003
group 1I 2.80+1.76 -1.56£1.13 -2.309 050% -3.67+1.66 2.33£1.50 -2.828 022+
group I 2.75£1.83 -63£1.19 2.862 024% -3.25+1.83 2.13£1.81 -3.813 007**
group IV -3.540.85 -2.90+1.29 -1.5 168 -3.40+.84 -4.10£1.20 2.09 066
*p<.05, **p<.01, ***p<,001
Table 6. MANCOVA of ankle ROM
left Foot right Foot
type 1II type 1II
total df MS F D total df MS F P
square square
exercise 109.723 1 109.723 1672 200 2.661 1 2.661 5 833
ankle foot orthothics 1062215 1 1062215 16186  .000%** 230.952 1 230952  3.887 032
dorsifl  exercise*foot orthothics 2,634 1 2.634 040 842 0.002 1 0.002 .000 996
exion error 4790721 73 65.626 4337.177 73 59413
total 5442023 78 53082.17 78
exercise 19.714 1 19.714 459 .500 2971 1 2971 .050 824
ankle foot orthothics 12.981 1 12.981 302 584 120.753 1 120753 2017 160
plantar  exercise*foot orthothics ~ 115.265 1 115265 2684 .106 183.479 1 183479  3.065 084
flexion error 3134501 73 42938 437052 73 5987
1514084 78 175930.5 78
Table 7. Paired t-test of ankle ROM
left Foot right Foot
group pre M+SD post M+SD t p pre MtSD post M+SD t p
group 1 19.42+5.09 20.82+6.65 -1.063 310 22.67+5.80 23.57+8.73 -475 644
;?ldorsiét:l group I 23.45+6.31 22.3349.36 543 602 23.1619.24 23.84+4.87 -263 79
exion  &roup III 28.138.72 27.78+9.45 182 861 23.88+7.62 20.34+8.22 -5.575 001 7%%*
group IV 29.02+8.63 30.94+11.27 -551 595 2547+7.83 28.4749.17 -1.665 130
group I 42.00+7.10 45.52+7.86 -2.409 035* 45.83+7.49 47.88+8.99 -1.572 144
T;lndtZr group 1T 39.14+5.84 45491599 -3.988 004%* 44.5249.06 43,78+7.53 252 807
Eexion group 1T 40.00£4.00 44.25+5.57 2773 028* 43.63%5.66 48.91+6.87 2492 o1
group IV 47.70+6.36 43.50+6.14 2.746 023* 51.6046.15 47.93+8.56 1.250 243

*p<.05, **p<.01, ***p<,001
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Table 8. MANCOVA of 3-dimensional pelvic motion

elevation rotation tilting
type Il
type 11 type III
total square o MS £ P tolal & MS £ 7 ol square - MS £ P
square
exercise 349 1 349 308 08 0213 1 213 279 .59 349 1 349 308 .083

foot orthothics 1219 1 1219 1076 303 0115 1115 151 698 1219 1 1219 1076 303

exercisetfoot 0o 1 166 1020 314 0001 1 001 001 978 L1661 1166 1029 314
orthothics

error 2718 73 LI 5614 T3 763 02718 73 LI

fotal o B 61 T8 o 7

Table 9. Paired t-test of 3-dimensional pelvic motion

elevation rotation tilting

pre M£SD post M+SD t p pre MiSD post MtSD ¢ p  pre MtSD post M+SD t D

group I -25+.97 00£00  -897 389 -33+.98 -33£78 000 1.000 -33t98  .00£00 -1.173 266
group I 22£1.09  -11£33  LI55 282 -22+97 -22+67 000 1000 .11£93 2+4  -286 782
goup I -1.25£276 0000 -1279 242  -25£1.04 -25+71 000 1000 -13£99  .00+00  -357 132
group IV .00+.47 10832 -557 591 .10+.88 -40£97 L1168 273 .10£99  -40+70 1246 244

Table 10. MANCOVA of hip joint muscle strength

left right
type I type III
total df MS F D total df MS F D
square square
_ exercise 91035 1 91035 345 .59 45000 1 145001 727 397
j};‘iﬁt foot orthotics 3800095 1 3800005 14413 000%** 2394560 1 2394560 11998  Q0I***
flexion exercise*foot orthotics 106654 1 106654 405 527 82.151 1 8151 412 523
‘;ﬁﬁg error 194736 73 263.663 14569713 73 199.585
total 9352016 78 84059.865 78
hip exercise 100675 1 100675 1867  .176 100675 1 100675 1867  .176
joint foot orthothics 105328 1 105328 1953 .166 105328 1 105328 1953  .166
WA ercisetfoot ohotics 5922 1 592 10 74l 592 1 s 110 74l
muscle error 3936135 73 5392 3986135 73 BR
group total 167754 78 167754 78
Hip exercise Q73 1 273 120 277 74.629 1 7469 259 .14
joint foot orthotics 76.851 1 76851 2159  .l46 16.149 1 16149 554 459
abg‘;m exercise*foot orthotics 51793 1 5L793 1455 232 270546 1 270546 9278 003
muscle error 25902 73 35603 228633 73 29.159
group total 1463137 T8 14225010 78

wpe 01
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Table 11. Paired #test of hip joint muscle strength

left right
group pre M+SD post M+SD t P pre M+SD post M+SD t D
p joint &P I 225441410 517742651 <4304 001%**  2115+1128 495042219 4155  002%*

floxion  @oup I 21.18+441 440342758 2795  (23* 21.87+857 391242183 2845 022*

muscle ooy M 14894613  2646:10.18  -3013  .020* 14.05+3.72 300451291 4362 003+

O o IV 17798331 2392:551 2668 026¢ 18.64+3.85 2409755 2080 067

hip joint  @oup 1 1L04#510  1483+7.60  -1807 0098 102045.53 15724883 3119 010

adductio  group IT 168741447  1249+659 1387 0203 11.46+9.25 1496890  -1227 0255

m;;de group I 9.16%5.07 1090558 0724 0493 9.12328 1284706 2372 (049*

goup  goup IV 1223+311 13544605 0723 0488 10.99+2.68 1241543 0901 0391

hip ot @oup I 1070+432  1549¢780 2491 030 9.63+2.71 1683833 3369 .006%*

abductio  gropp I 9.87+2.90 16024850 2512 036 10.29+4.26 12584583  -1262 243

murslde group I 7414330 1148+600 2467 043+ 7.33+2.90 9.75+3.64 -1.364 215

goup  goup IV 12124427 1305757 -310 763 13.0343.22 1554765  -1.000 344

#p<.05, <01, %% p<.001
v. = 9 Ao A 11 o] I T2A HHRE o]0
%S5 4 Sl AolthDuval, Lam & Sanderson, 2010).

g ARl AR AAEE FE53 71 J2] LR op] B3 S JWs] f% Hugye] B wugTel
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