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ABSTRACT

The purpose of this study was to evaluate the effects of forefoot rocker shoes equipped with a metatarsal bar on lower extremity muscle
activity and plantar pressure distribution. Ten healthy women in the age of twenties were participated in this study as the subjects. All
subjects walked on a treadmill(Gait Trainer, BIODEX, USA) wearing normal shoes and metatarsal bar shoes, during which the plantar
pressure distribution and muscle activity were measured. Using Pedar-X system(Novel Gmbh, Germany), the plantar pressure was measured for
six regions of the foot: forefoot, midfoot, rearfoot, Ist metatarsal, 2-3th metatarsal, and 4-5th metatarsal, and for each sub-region, 4 features
such as maximum force, contact area, peak pressure, and mean pressure were analyzed based on the plantar pressure. EMG(Electromyography)
activity was measured by attaching surface electrodes to the rectus femoris, biceps femoris, tibialis anterior, and gastrocnemius medial head,
and magnitude of muscle contraction was analyzed in IEMG(Integrated EMG) value. The results show that the maximum force, contact area,
peak pressure, and mean pressure in the midfoot all increased while maximum force, peak pressure, contact area, mean pressure in the Ist
metatarsal and 2-3th metatarsal all decreased when wearing functional shoes. Also, muscle activities in the four muscles were all decreased
when wearing the functional shoes. This paper suggests that forfoot rocker shoes equipped with a metatarsal bar can help disperse the high
pressure and absorb the shock to the foot as well as give positive influence on gait pattern and postural stability by reducing muscle fatigue
during walking.
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Figure 3. Bignoli-8 EMG System

Figure 5. Plantar pressure and EMG measurement
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Table 1. Result of EMG measurement (unit: pVrms*sec)

NS MBS p-value
Left 37194836  24.44+1.04 0.000*

RF
Right 3850771  26.48+1.02 0.000*
BF Left 3119759  19.409.03 0.000*
Right 19724638  12.30+4.87 0.002*
A Left 31214829 23924836 0.023*
Right 34.0818.67  25.9419.02 0.019*
Left 27304879  18.00£6.89 0.001*

GM
Right 28931923  19.80+7.36 0.008*

ocM+SD, *significant difference between NS and MBS at p<.05

ENS OMBS

[*] w - wn
=] (=) =] (=

Integrated EMG(// rms*sec)
L
=)

RF(L) RF(R) BF(L) BF(R) TA(L) TAR) GM(L) GM(R)

Figure 7. Results of EMG measurement

2. £X Y4 EX(Distribution of plantar pressure)
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A% 2700 w2 NS¢ MBSAIAS] Hlf 319 AFE ulus] B
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N, REOIA= NS MBS 247} 352.12+44.20 Nol| 4] 337.98+55.57
N, Ist MTellA1= NS€F MBS 217} 87.60+28.32 NojlA| 78.52+27.67
N, 2-3th MTolMe NS¢t MBS ZHZ} 104.67+13.54 NojlA
90.11£12.62 N(p=0.000), 4-5th MTS|XE NS} MBS 7zt
100.69£17.03 NollA] 79.09+11.81 N(p=0.000)°.2 UFERstom,
MBSE Z83s W 72t FolXe] A o] FhasAR,
MFoll4= NS¢+ MBS 217} 170.22+13.98 Nol|A] 242.77+34.83
N@p=00000 22 Hdj 3o] FostA F7I 2 & + ot
(Figure 8, Table 2).
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Figure 8. Maximum force
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Z47b 30641562 cm2o)4] 44.04+7.30 em2(p=0.000), RFoIX+=
NS¢} MBS 27} 39.38+7.27 cm20W1 4] 41.4949.07 em2, 1st MTol|
AE NS¢+ MBS ZHzZt 820£2.62 cm2ollA] 8.36+2.58 cm2, 2-3th
MTolAE NS¢ MBS 2H2} 11.83326 cni201 4] 11.87+3.30 cm2,
4-5th MTO|AE NSSF MBS 242}t 11.5943.26 em2ol|A] 12.38+3.41
cm2E MBSE Alal A0S o) A HEHA o] F71eia L
o, MFolAe] FHEH A o] T2 Yo HEm 2o Hlsf #25}
A 7RIt 2 &8 4= AtKFigure 9, Table 2).

A8 2740 w2 NS MBSolAM Q] AU ol tisk s
AR FSE 28l A0S W i o] Frelx= NS¢}
MBS 27} 255.78+56.20 kPaollA] 255.53£69.90 kPa, MFO| A& NS
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Table 2. Distribution of Plantar Pressure

NS FS pvalue NS FS pvalue
360,00 350.19 5122 5181
FF 1663 7135 0526 FF £11.06 1130 0819
17022 W77 30.64 404
MF 1398 483 0.000* MF 1562 730 0.000*
Maxim 32,12 337.98 3938 41.49
force | RF 4420 3557 0.068 Cgrnet;ct RF 1727 1907 0252
™) st 87.60 7852 820 836
MT 832 2767 0.101 (cm) Ist MT 262 58 0.767
23th 10467 9%0.11 23th 11.83 11.87
MT 1354 2.6 0.000* MT 326 £330 0.954
45th 10069 79.09 4-5th 1159 1238
MT +17.03 £11.81 0.000* MT 326 341 0231
25578 255.53 3659 3551
FF 15620 $69.90 0531 FF 1632 6,54 0531
17202 13850 1926 2649
MF 3074 2613 0.000* MF 218 070 0.000*
185.38 17478 51.90 4970
Peak RF 1935 1926 0.001* Mean RF 419 16,07 0.001*
pressure Ist 210.56 175.65 pressure 84.07 75.03
(kPa) MT 1935 +61.90 0.009* (kPa) IstMI 5504 6,50 0.080
23h 165.60 14783 23th 6498 57.09
MT 1481 1498 0.000* MT 510 6,74 0.000*
45h 17825 12880 45th 4.5 5075
MT +4541 +16.04 0.000* MT +12.73 885 0.000*
ocM=SD, *significant difference between NS and MBS at p<.05
75 ENS O0MBS 350 E NS OMBS
60 300
E 50 ’—V g 250
3 £ 200
2™ g
2 30 £ 150
1=}
S 20 E 100
10 50
0 0
FF MF RF 1stMT 2-3thMT 4-5thMT FF MF RF 1stMT 2-3thMT 4-5thMT

Figure 9. Contact area

o} MBS 217} 172.02+32.74 kPaoll*] 138.50+26.13 kPa(p=0.000), RF
oME NS MBS ZH7t 185.38+19.35 kPaollA 174.78+19.26
KPa(p=0.001), 1st MTAE NS¢} MBS 242} 210.56£19.35 kPaoll
A 175656190 KPa(p=0.009), 2-3th MT| A& NS9F MBS 2z}
165.60+14.81 kPaollA] 147.83+14.98 kPa(p=0.000), 4-5th MTollA]
E NS¢ MBS ZH7Z 17825+4541 KPaolA 128.80+16.04
kPa(p=0.000)Z 74¢t A& & 4 3lom FF Y99S A9t =
€ Yol TAA Feidol sITHFigure 10, Table 2).
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Figure 10. Peak pressure

217} 3659632 kPaollA 3551+6.54 kPa, RFoA= NS MBS
217} 51.90+4.19 kPaolA] 49.70+6.07 kPa(p=0.001), Ist MTel| A=
NS¢+ MBS 717} 84.07+25.94 kPaollA] 75.03+26.50 kPa, 2-3th MT
o] A& NSO} MBS 212} 64.98+5.10 kPacllA] 57.09:6.74kPa(p=0.000),
4-5th MTOME NS¢+ MBS ZH2 64551273 kPaollA]
50.75+8.85 kPa(7=0.000)Z H1 ¥Elo] NSE Z-43S wrr}
Haske AS 4§ don, MPAE OE d9dMe Ha
o szl 2] NSO MBS 7t 19.26+2.18 kPaollA
26494270 kPa(p=0.000)Z <&o] FoJ5HA SVl the A
3218t 4= SIT(Figure 11, Table 2).
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Figure 11. Mean pressure
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Figure 12. Plantar pressure distribution pattern
(a) Normal Shoes(NS), (b) Metatarsal Bar Shoes(MBS)
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