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Effects of detachable forefoot outsole angles and shapes on
muscle activity of the lower extremity during downhill walking

Haeng-Seob Lee, Jae-Hu Jung, & Woen-Sik Chae*
Kyungpook National University

[Purpose] The purpose of this study was to evaluate the effect of detachable forefoot outsole on
muscle activity of the lower extremity during downhill walking. [Methods] Thirteen male university
students (age: 23.5%2.1 yrs, height: 175.7+4.6 cm, weight: 651.9+55.5 N) who have no musculoskeletal
disorder were recruited as the subjects. Each subject walked down 20° ramp with forefoot’s design for
the detachable outsole’s angle(5°, 10° and 20°) and type(A and B). To assess the myoelectric activities of
selected muscles, six of surface EMG(QEMGS, Laxtha Inc. korea, sampling frequency = 1,024 Hz, gain =
1,000, input impedance > 1012 £, CMRR > 100 dB) electrodes with on-site pre-amplification circuitry
were attached to ES, RF, BF, TA, LG, and MG. For each dependent variable, two-way ANOVA with
repeated measures was used to determine whether there were significant differences among forefoot’s
design for the detachable outsole’s angle and type (p<.05). When correlation effect was not statistically
significant, post hoc analyses were performed using the multiple comparison through bonferroni, and if
correlation effect was statistically significant, one-way ANOVA was performed as for the form of outsole
which is an inter-group variable in order to find out simple main effect, and the paired t-test was
performed to find out the angle of outsole, which is an intra-group variable. [Results] In IDLS phase,
In terms of Rectus Femoris, 10°-B outsole showed statistically higher muscle movement than 5°-B, 5°-A
outsole showed statistically higher muscle movement than 5°-B, 20°-A outsole showed statistically higher
muscle movement than 20°-B. Among these outsoles, [Conclusion] 5°-B outsole was found to the
most useful outsole for improving stability and controlling the bodily movement due to the body

weight load when walking down the ramp.
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o A AY 38 S Qo] Hsthe Nt 34 B
o Hlgl A5 Eolxltta B ustgith(Redfern &
DiPasquale, 1997: Turner et al., 2008).

nze] A4 At T L A 68-82%7) g
o] SAb Fol 4 e AW AlgElu, a1 F
11-47% & 4=}, 5-59%7}F vlndd 2 92 Ala
2 Q% 44, #2242 YegtH(Gardner &
Hill, 2002).

W AR B30 79 AL 45Tt S71EE K
THol 27| AR 7)o A e AHE (shearing force)
o] A& 4 JH(McVay & Redfern, 1994). @&
Aof|A dojuye &4 e B5e] T &5
Aoz Qe TASA Ha TEe BEg oW
(eversion) oW 74&3] A (tibial rotation)< & 43}
(distortion) 5t ofujet F-Eo| v 14 5 ofA] B4
o] ¢4 99lo] Pt} (Hintermann et al., 1994).

Ounpuu(1990)= WH ZAIZ B A 2L
gk Afelld 75 2323 AH 2 50 71
3 AIA Al ofgk FA4Y HAo] STt Hasd
ok dig 9eivieh A7) FRA S s s THEHQ
A 2452 A 2E S (delayed onset muscle
soreness; DOMS), &4 % (Marqueste et al.,
2004), & (tenderness)= HAAIZITH Clarkson &
Hubal, 2002: Ebbeling & Clarkson, 1989: Mair
et al., 1992).
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Type-B) <} @efoll w2 Al 7k4] Zt=(5°, 10°, 20°)9
g5 Theek AR obE s A A tHFig.
1). 20°-A 2 20°-B o}&9] AF AR AEE 2
Hol Az} FFYZ o] F= Al W Bl el
FARH AZBIA L (Fig. 2), 2 9 ofx&L of-&
= 455 2042 £91(10°-A, 10°-B, 5°-A, 5°-B)
771e] ofg-& A4S B3 2EHYEE Hlu A st uat
Z-“Z]—O}'}J\

AZERS} BHES] Z-F- AV ZdellA] obE o] Zoj=
A HEete g F5A- A4 (articulationes
metatarsophalangeae)?] ZAlo] o|Fojx| & FES&
T3 v &2 AZstde}. T3 Type-B(5°-B, 10°-B
20°-B)e +AAHE 9 24 % (bending
and stretching exercises)S &°|4S Y3 A&F
Yo Lo HAp FolEA AA st Fig. 3).

ANEE ETEHE HAage] 98 2ol 5.5 m, Y
H 1.2 m, ¥°] 1.88 m9 EF 7122 HAl2 FH LS
0 012 m A< W5 g3 Ad& AHgstglon, 23

F At B BEE g glo] Haskd §
9%35 g WA Heolzz W AHstd)

AR Ame] S PG 4mrh 2 20° of-Eol &
2l Al A e 2o Wiz 2 S8 4%
£ f=ah7] fs 20°2 AAstt

%% EVA
(Ethylene-Vinyl
Acetate)

w3 SBR

pan= MStyrene Butadiene

- Rubber)

Fig. 1. Material for the forefoot of shoe outsole

Fig. 2. Stair descending gait

Type-A Type-B

10°

Tem ET ! Tem T aem

Fig. 3. Different types of outsole angles
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Fig. 4. Experimental equipment
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Table 1. Electrode placement for selected muscles

Muscle Electrode placement
RF  50% of distance between ASIS and apex of patella

50% of distance between ischial tuberosity and

BE caput fibula

TA 35% of distance between patella bottom and
lateral ankle joint space

MG 35% of distance between medial knee joint space
and calcaneal tuberosity

LG 30% of distance between lateral knee joint space

and calcaneal tuberosity

ES 2 cm from the spine over the muscle mass

ZAE AR £ A 74 2AE771(QEMGS,
Laxtha Inc. korea, sampling frequency = 1,024
Hz, gain = 1,000, input impedance ) 1012 2,
CMRR ) 100 dB)E A3t Y& AALZ B A
AEE @-72Y ofx&o 4k 9 e W} A
TR A= = T’“OV] A3l A5 AFHS
(erector spinae: , EAZ(rectus femoris:
RF), ﬂ%éjé%(vastus medlahs, VM), 9538 (vastus
lateralis: VL), W¥o]F(biceps femoris: BF),
Z‘i%'é‘%(tibialis anterior: TA), 545
gastrocnemius: LG), WEHE(medial gastrocnemlus
MGl EAAFS (Table 1) #o] FZ3}% 1
(Hwang, & Park, 2008; U. S. Department of
health and Human Service, 1993). AA XL &

n

AAZ= (anterior superior iliacspine; ASIS)el] ¥
Z}'O]'MEKTable 1>

(lateral

B AFoA 49 Lol S el I} ARE A
st ot HEXE AW Z= FiH(left heel
contact 1@ LHC1), &% H4EX|7} A Hol|A] o

E &7k(right toe take-off: RTO), Q24 H&x|
7} AlH ] g $£7Hright heel contact: RHC), €
& kA7 AHA Holzle  wit(left toe
take-off: LTO), T €% H@x|7} AW &= <+
Zr(left heel contact2: LHC2)9 5/ &8 =AY

LHC1-RTOE A & A#]7](initial double limb
stance: IDLS), RTO-RHCE A h& 2]A]7] (initial
single limb stance: ISLS), RHC-LTOE v[A9 &
1 2]2]7] (terminal double limb stance: TDLS),
LTO-LHC2E miA|g} & 2]A]7](terminal single
limb stance: TSLS)Z AAsted 47 T8 73+ 4
et
A= AZE Telecan TEIH(Laxtha Inc.,
korea) oz HH-;;].O& ouﬁ 01;1};(4 oz okﬂz] x}e_
A3t 3 (Full-wave rectification) ¥, 10 Hz9|
%2 H 9t 350 Hzo] A95 ZEE AHgste] 2
Helsldt}. o]% dojd ARIAL Fre oly 223}
Zo] AA F2 Ato]Z(dynamic movement cycle:
DMC) W9l o ZA= e A8t 8} Al7]a

T2 APARSHE GhS A3 gt

raw

nEMG= ————
EMGpye

x 100

SAHANzE|

B AgE AR g-
ZAALZ B 1 Ae &S s dsl A =
% SPSS 22.0% o] %
A A U °}°+

( two-way ANOVA with repeated
measure) & AAISAT o] W 9 FE p(.05=
39932 Mauchly9] :rLﬁé"é*% nESA] ¥ AT
Greenhouse-Geisser® 7% 3%

FoAE I BAHCE FosiA s AT At
(post-hoc test)< bonferroniE £3f t}5H|
o, dsAg a3t AR foE B¢

& F 33 (simple main effect)E golR7] 3l
ATz WQIQI ob2& el LY EAREA (one-way
ANOVA) 2.2 AFatia, ol Wil ofx&ef 7t

-HA%(paired t-test) S A3t

O

o7
FHA
=

|
ol
ol
;O
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2 3
IDLS 77t HHAEZA L gtoll v H3 ¥+
HAE (Table 2), (Fig. 5-6)9 #t}.

oA 2(RF) ) ARARDAE gho] 0l o549
7o} sﬂavu BEAG A7 GerTh(F=T.515,

p=.001). ol21& AzE e AAl2 wadA o}k
Zze gl ofsde] Geol Ml HEAREAE 3
o Tk e 218 SITIQs, ded o e
Zazl g 4L fra, 4oee) 248 &
A3 90 WEE WA 5 Ak ey wel

o o} A Y
WA, okl Fefol o
B9 ok Lol ohede] 2wst 744 E B
&e %zﬂ@ A e
(F=.433, p=.652). ]
$&e 5 oksy mo}oq afrza%exdg gel e
6}711 Z78l9rH(F = 3 470, s
°, 10°¢ 20° o}2-£&< Hlloﬂ/\i
E}»m i

rodE

ol g 2po] 7} 1

B-Type*

Average |EMGH#RYC)

Shoe gutsole angles

Fig. 5. Average IEMG in the RF during IDLS

5

Awerage |EMGSRYE)

¥ = wg= B-Type

Shoe outsoleangles

Fig. 6. Average IEMG in the MG during IDLS

Table 2. Average IEMG during initial double limb stance

(unit: % RVC)
5° 10° 20°
M 1.28 1.05 0.92
Type-A
ES SD 0.69 0.45 0.41
M 0.90 1.15 0.94
Type-B
SD 0.27 0.59 0.42
M 1.94 1.95 232
Type-A
SD 1.28 0.94 1.37
RF
M 1.43 237 1.60
Type-B
SD 0.76 1.19 1.04
M 1.98 2.15 2.02
Type-A
SD 1.54 1.52 1.21
VM
M 1.79 2.07 1.63
Type-B
SD 1.03 1.32 1.18
M 321 3.38 3.27
Type-A
SD 2.53 1.90 1.75
VL
M 3.01 3.40 2.79
Type-B
SD 1.38 1.88 1.73
M 1.49 1.01 1.00
Type-A
SD 1.30 0.39 0.46
BF
M 1.01 1.23 0.86
Type-B
SD 0.40 0.70 0.56
M 2.23 232 2.62
Type-A
SD 1.23 1.31 1.32
TA
M 242 2.70 2.75
Type-B
SD 1.10 0.85 1.49
M 1.11 1.05 0.97
Type-A
SD 0.58 0.42 0.43
MG
M 0.82 0.84 0.71
Type-B
SD 0.53 0.40 0.29
M 1.19 1.33 1.28
Type-A
SD 0.68 0.45 0.68
LG
M 1.01 1.23 0.96
Type-B -
SD 0.56 0.58 0.08
ngow obgsel Ztwd B SRR WS
AN Adks 5° okEl M AGE 7 BEH R E
Aoz folep S7bskAAIRH(t=3.075, p=.010),
10° ob%&e) A% BAA folare YA e
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(t=-1.411, p=.184). A% 20° o}2& 45 ¥ Table 4. Average IEMG during terminal double limb stance
FAL2AEE AGHY} BEH LT $A4 02 folel (unit: %% RVE)
A Z743HaTH6=2.659, p=.021). —
ISLS T7tel|A obée ZtE 2 Fejo] e BE Type-A — 0:90 0:81 0:79
459 HAAEIAE gholl gt FAA F9A3b= e ES M 267 272 238
UA e¥gkeh(Table 3). PP T e L e
TDLS 77te] HAARZAT o]l g Fo3 % Typed — 222 18 141
ZHAE (Table 4), (Fig. T)3 2} RF 2 e e
peB =127 120 L8
Table 3. Average IEMG during initial single limb stance M 1.76 1.68 1.49
(unit: % RVC) " ped =07 111 s
= e o TypoB M 1.77 2.10 1.57
o T xn SD 1.01 1.64 1.05
TP o 03 024 050 TypeA — o270 238 23]
ES : : : SD 1.56 121 1.40
TypeB M 065 1.09 0.69 VL M 3.04 208 259
SD 028 127 0.34 Type-B D 209 160 136
Typod M 200 1.89 2.12 . M 0.66 067 0.80
RE SD 085 0.76 1.03 Yype- D 032 030 046
ypep M 211 2.32 1.85 BF s M08 06t 0
SD 1.02 1.07 1.09 ype SD 0.24 0.28 0.28
Type-A M 2.35 1.97 2.19 oA M 1.32 1.63 1.65
VM SD 1.30 1.01 1.43 A ype SD 0.68 0.82 1.01
Type-B M 2.11 292 2.03 ToeB M 1.23 147 1.40
SD 1.11 2.60 1.42 ype SD 0.56 0.64 101
Type-A M 4.00 3.61 3.70 TvoeA M 0.53 0.52 0.42
VL SD 207 1.87 2.02 G P SD 035 027 027
Type-B M 3.68 4.59 337 TvoeB M 0.48 043 0.35
SD 208 338 228 ype SD 022 027 0.15
Typod M 087 0.77 0.79 oA M 0.97 1.28 1.16
- SD 031 031 0.28 G P SD 054 085 088
_ M 085 0.81 0.73 TypoB M 127 1.03 0.87
SD 042 0.28 0.38 SD 1.01 0.56 0.87
M 1.26 121 1.38
Type-A
A SD 052 0.66 0.94
Topo M L1 1.46 117
SD 048 1.19 0.97
M 0.89 0.82 0.86
Type-A
MG SD 032 0.22 0.29 ——
TypoB M 084 0.71 0.71 - - BTipe
SD 030 0.29 0.30
M 127 122 L13 o
Type—A 5 10® 20°
G SD 072 0.54 0.50
M 123 128 1.04
Type-B

SD 0.70 0.63 0.58 Fig. 7. Average IEMG in the RF during TDLS
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HEAZ(RF)Q 7% BaAE2AE ghol] gt of
5AE arks JERR] skt

ol FENE AWEHW,

o 27 Ve
F= 139, p=‘713), Ztwol| gigk F87)
= ot }017} Uebgth(F=5.461, p=.007). u
2 ofx&o 2w Aol & dolry] S AR AT
AAe A3} E A 2] FHAEZHEE 5° ofxEH
10° obz&e] HlwolA frol gk AFol 7t YEhA] $ekar
(p=.701), 10° o}%-&o°] 20° o}--%3} H|walo] frolah
Aol 7} VERA] e88ktHp=.148). owﬂ 20° o}g-£0]
5° ob-&3} Hlwate] fefaiA s tHp=.014).

TSLS T3] HiAELAE gholl oIk a3} 23
HA}= (Table 5), (Fig. 8)Z 24}

I&FZ(VL) 3% A E2AE gt gt o}
&9 Ztmol ety AeAs g3 Jepgd
(F=3.283, p=.046). °|&g ul
ol A o2& Zwe] Wy} ofEe] g

A

I °}°¢°ﬂﬂk ofg-&e z
+2AE #E BAA FAbE vEA @i
(F=.679, p=.513). BIE|9 o}2%&9 7 &3l o}

&9 A&t S7HEEE foAte UEA 2%
o (F=.868, p=.428).

e IEMG(%RYC)

* o
I_I — A-TYpe
- wgp= B-Type

Shoe outsoleangles

Fig. 8. Average IEMG in the VL during TSLS

Table 5. Average IEMG during terminal single limb stance
(unit: % RVC)

5° 10° 20°

M 1.09 0.95 0.99

Type-A
ES SD 0.47 0.40 0.60
M 0.85 1.09 0.85

Type-B
SD 0.31 0.69 0.41
M 1.12 1.18 1.08

Type-A
RF SD 0.39 0.66 0.43
M 0.90 1.22 0.98

Type-B
SD 0.41 0.72 0.53
M 1.05 0.95 0.88

Type-A
VM SD 0.33 0.44 0.45
M 0.90 1.01 0.85

Type-B
SD 0.52 0.48 0.41
M 0.98 0.86 1.02

Type-A
VL SD 0.39 0.40 0.43
M 0.81 1.02 0.91

Type-B
SD 0.36 0.44 0.49
M 0.83 0.84 0.87

Type-A
BF SD 0.29 0.28 0.31
M 0.74 1.06 0.79

Type-B
SD 0.25 0.78 0.24
M 1.26 1.26 1.56

Type-A
TA SD 0.42 0.30 1.21
M 1.18 1.43 1.39

Type-B
SD 0.48 0.72 1.21
M 0.61 0.52 0.50

Type-A
MG SD 0.42 0.24 0.22
M 0.54 0.56 0.49

Type-B
SD 0.52 0.31 0.21
M 0.78 0.76 0.74

Type-A
LG SD 0.16 0.27 0.37
TvoeB 0.64 0.87 0.68

C-.
P SO 025 051 025

Lo 2 of&e] 7

2o ot gl EH%E% t-A5S
o)

A e 5 ok AR B

th(t=2.996, p=.011). o]—X]‘ﬂ- 10° o} 92:0] AL &

93k 2ol YERA] $kom(t=-1.302, p=.217), 20°
ob-&e] 7§ T3t frofaks VERA] 29kt (t=1.846,
p=.090).



Effects of detachable forefoot outsole on muscle activity 333

o] F2HE A3 2HEEL o
o 7ol 424 2ot e, &
< ANG 7&?% 5° orwoﬂﬂ AZH7E

o] ofEo A 10" °P°i°] 5° o}-z-& 3}
HE A2 Z5DF0| AXNCE FosH &
7Ftitt. 5° op&ol Al AFE 7t BEE ET} ﬂ}ﬂﬂ;
o] Z&LFo| BAACE fFoatA SUtetA A,
obEo A= AFE7} BEE Er} thE A 29 E%%%
o] BAHCR FelstAl STt

IDLS T3t A AR 2a) A e shatec) o

A el A 2R 7} o] FoI2|7] wiiTol A e F
Fota AlA =AE AR fAs] Al
z E]—]—-Z:]l?_]. TH5ETo| Trkete Ao Alad
Riener et al.(2002) 59| Zo|7} oA ¥4l
BTrEs % ) S| ggsts o] LI ETa o
%1, Franz & Kram(2012)< obg 2 HaE= 53
< 38l W7t e dE 2] 944 5]
FE Aty sk

5°9} 20° o}x£9 —°r AZH7} BEej R} tiE 4
=9 YT SUbe AL dE A2 94N FHoE
Qlsted B 7 AZEET Aia o2 Qg Al He
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