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ABSTRACT

Objective: The aim of this study was to investigate the effects of forefoot rocker bottom shoes with metatarsal bar on gait
during the stance phase of human walking. Background: In recent years, many studies related to various functional shoes
have been conducted. One of the most important factors in developing the functional shoes for more efficient gait is the
shoe outsole. As metatarsal bar transform the shape of the outsole as well as take forefoot rocker, more specific research
related to the effects of shoe outsole structure and metatarsal bar on gait is needed. Method: Ten healthy young females
participated in this study as the subjects. Each subject walked on a treadmill at a speed of 3km/h for 1 minute while under
the following conditions: (1) with normal shoes and (2) with forefoot rocker bottom shoe with metatarsal bar. Muscle
activities of four muscles (rectus femoris, biceps femoris, tibialis anterior, and medial gastrocnemius) were acquired by the
surface electrodes, and these data were rectified and normalized to the average activity to determine relative changes in
muscles during walking. Also, plantar pressure distributions were obtained by using the Pedar Insole-system and various
pressure parameters (force, peak pressure, and mean pressure) were analyzed during the stance phase of walking. Results:
Muscle activity in rectus femoris, biceps femoris, and medial gastrocnemius decreased significantly (p < 0.05) from initial
contact to terminal stance while tibialis anterior activity decreased insignificantly during initial contact and loading response,
and medial gastrocnemius activity increased during terminal stance when wearing forefoot rocker bottom shoe with
metatarsal bar. The force and mean pressure increased significantly (p < 0.05) while peak pressure decreased significantly
(p < 0.05) during the stance phase of gait. Conclusion: The structure of the forefoot rocker bottom shoe with metatarsal bar
can help to push the ground efficiently during walking and to walk more comfortably by reducing the fatigue of muscle and
reliving the peak pressure. Application: This paper might help to design the structure of shoes and evaluate various
functional shoes for more efficient gait.

Keywords: Forefoot rocker bottom shoe, Metatarsal bar, Muscle activity, Plantar pressure, Stance phase

1. Introduction HEs A7 H4E Fa AR E oI tHDemura et

al., 2012).
A 75 e xRS ek e dek AE
AR A Aol A Ae wf yehds 2t A Afe] o] @o] aqHH gtom, ojF VA At aEA
o] AFeIN FAS FFsta 2o HgaS T B Bkl 9lo] Ale] mix= A ARl Gl el &
gk oluet A AdEie} ol Aol HE BEsty 21X Aeke A2 vl Fesithal @ 5 3t (Myers et al, 2006).
She S Fdste] A&Fow FHAQ BAS fAT VT A Aol mE SAUNY Fxo 542 T5
T QA molEh dubHow AAY £EE ) AMEEE 500X Ho ol A4 21%, %R sk A
ARFEL A9} WS ePEAIT| L ol JleiRE =2 Ho]3(Stewart et al., 2007), ¥4 E 7l E(joint moment)$} %=



Z)(center of pressure)oll A= 71573 Aol oJ&l] /e w
E gtk a7t wASHA Hw olglk Aol wigl
B Y Al A 7P foskAl eI THNIgg et al,

2010). sl xekA eEoddkx 2 AT EAJS W)
AFS v A A Fo) (Nigg et al.,

3

rz

3} HFe] o}-%-Zx(outsole) FEi=
HEEA] A#sof o= S8t Q4 Fof sz o]2fsth 4l
ko] o5 W32 §17}7](stance phase)$} -2}7](swing phase)

M2 wma EAe AA R G wAA Ak TF
= HYH(metatarsal bar)i= Ae] o}-Z&of $]x]5lo] Aldte] 3
HE eFAom MEgAye FAR I HA wel ook
gt A (L, FeledE, 324 5)E HEoith 13
Al FF & F(metatarsal head)°ﬂ 7Rl =& ) vk
= ARG st FAlo] FFEel ol2A He Y] 4]
(terminal stance) TAIONA A2 3FEHTE olgfol 7 EA)
UEPAl H=dH(Perry., 1992), S5 vhe AW wbdeEs
TEET FIBOE o FAITIHA 2 dEom Qs Y
3= o= AT BAlOl EHEEA =7 (heel-off)ol
A 27 (toe-of)) 2] g0 FA o]FolA F UEF 0}
T A% 2 (forefoot rocker)E A 2 &
AZe]  ThlA=E 4EE ERrrIa ?’#Z]X“Jrﬂ
(metatarsophalangeal joint, MTPI)eIAS] F2|3t Fullar
(dorsiflexion)S BlolErA] bl S3F 1771 E AF

s Ty wwel ok 7 WEF o] Wi
gow niHHA A7 ke w yold W U &8
F2E& T 5 A stk 7S AT e ol e =
HEE Al 9l QlEe] A83qlE Wl Wt AU
Fop7b AAasklr] wiiel 5= vivF Bl 54
Qs mRITka 3k THOwings et al., 2008, Deshaies et
al,, 2011).

AAMA 21Ee] o} FEHE WIAIT 71573
st Aol ol M ojx] gANE of&
v gEtete] A% e 7 x2E AlEshs 754
ek A= A9 glalom, oj#gh Alke] o)A
el mX|= s A om EAsh= <
Rz AAojc}

oo I ArelA= Ank Ak} F5= vk BR e S
e Ahks #gska BaAskals
e kA 25 843 SA 9 3
3to] FEH= vbE o] &S AR o)A WFPo] B A
A M A= YIS 7tk

gAgst

T > S i o
(Q rlo w2

=

1y
=

J

Y olN
off mZ N

-
FR
O L o 2

2. Method

2.1 Subjects
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Table 1. Characteristics of subjects

Subjects(female=10)
Age(years) 23.941.2
Height(cm) 162.8+4.8
Weight(kg) 51.343.6
Shoe size(mm) 224.544.2

2.2 Shoe conditions
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Figure 1. Shoe conditions
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2.3 Instruments
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Figure 2. EMG and plantar pressure measurement during
walking on treadmill

2.5 Data analysis
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3. Results

3.1 Muscle Activity
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Figure 3. EMG activity of rectur femoris, biceps femoris,

tibialis anterior and medial gastrocnemius(*p<0.05)
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Table 2. Muscle activity and plantar pressure

Stance phase of gait cycle
Initial Contact Loading Response Mid Stance Terminal Stance
Rectus NS 0.03140.002 0.030+0.001 0.029+0.001 0.0294+0.001
Femoris FRS 0.019+0.002* 0.019+0.001* 0.018+0.001* 0.018+0.001*
Biceps NS 0.026+0.001 0.026+0.001 0.025+0.001 0.02540.001
Left Femoris FRS 0.017+0.002* 0.017+0.001* 0.015+0.001* 0.015+0.001*
Tibialis NS 0.036+0.004 0.037+0.004 0.029+0.003 0.025+0.002
Anterior FRS 0.035+0.005 0.037+0.004 0.023+0.003* 0.018+0.002*
Medial NS 0.02340.003 0.02340.002 0.02540.002 0.033+0.002
Muscle Gastrocnemius | FRS 0.015+0.002* 0.015+0.002* 0.017+0.002* 0.027+0.002*
activity Rectus NS 0.03140.003 0.0314+0.003 0.031+0.003 0.03140.003
Femoris FRS 0.02140.003* 0.021+0.003* 0.020+0.002* 0.020+0.001*
Biceps NS 0.02140.003 0.020+0.003 0.019+0.002 0.018+0.002
) Femoris FRS 0.017+0.003* 0.0174+0.003* 0.014+0.002* 0.013+0.001*
Right Tibialis NS 0.038+0.006 0.039+0.006 0.030+0.005 0.027+0.004
Anterior FRS 0.036+0.007 0.037+0.007 0.022+0.004* 0.018+0.003*
Medial NS 0.02240.003 0.02240.003 0.02440.004 0.037+0.007
Gastrocnemius | FRS 0.015+0.002* 0.015+0.002* 0.017+0.003* 0.030+0.005*
Force NS 73.682+3.671 202.236+7.069 360.137+9.244 235.280+14.229
FRS 77.861+£5.366* 207.50549.126* 369.724+7.848* | 256.822+13.009*
NS 60.495+2.339 111.43742.926 135.442+5.213 102.365+7.525
Left Peak Pressure
FRS 56.384+3.047* 106.432+3.786* 117.172+4.879* 104.045+8.409
NS 5.954+0.342 16.137+0.579 28.617+0.731 18.639+1.134
Plantar Mean Pressure FRS 6.355+0.413* 16.646+0.729* 29.388+0.648* 20.284+1.061*
pressure Force NS 65.269+3.079 206.221+5.782 374.487+9.498 248.966:+16.041
FRS 78.356+5.101* 225.159+8.487* 390.196+5.433* | 253.044+12.001*
) NS 52.785+1.789 107.731£2.312 127.434+7.048 101.063+8.903
Right Peak Pressure
FRS 54.899+2.657* 103.696+3.697* 110.6464+4.654* 96.247+8.684*
NS 5.317+0.306 16.459+0.501 29.759+0.736 19.715+1.389
Mean Pressure
FRS 6.402+0.375%* 17.998+0.684* 31.027+0.418* 20.082+0.991*
Mean£SD, *p<0.05
P NSolMETr FRSE Aln AlE o 27 f29 = ArelM e 7] dAA F5E vk Bl Ay
A Aastdlst, 58] S3F 4247] Gl NSE AR 71 Aol wWale] vz JFE dotry] 918 sHA
s W A% QEH 747} 13544245213, 127.434+7.048 o AL} FAYY BExE S 5= vk g
2 7P =3d 4¥o] FRSE A3 § 1%y 0 8% 7} o AFH A AL Ay S v SAE dEHA
ZF 117.17244.879, 110.646+4.654% =7 adh= Zow 1 e o), AA=T, WSHIEI & ST
ERstTH SHAl ZHAEkith 71E AFelM = 71sA AldellA

4. Discussion
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