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ABSTRACT

The purpose of this study was to evaluate the effect of angle change of forefoot's adhesive outsole on the electromyographic
activity (EMG) of the erector spinae and selected lower limbs muscle during downhill walking over -20° ramp. Thirteen male uni-
versity students (age: 25.443.9 yrs, height: 176.2+5.1 cm, weight: 717.4£105.0 N) who have no musculoskeletal disorder were
recruited as the subjects. To assess the myoelectric activities of selected muscles, six of surface EMG electrodes with on-site pre-
amplification circuitry were attached to erector spinae (ES), rectus femoris (RF), biceps femoris (BF), tibialis anterior (TA), lateral
gastrocnemius (LG), and medial gastrocnemius (MG). To obtain maximum EMG levels of the selected muscles for normalization,
five maximum effort isometric contraction were performed before the experimental trials. Each subject walked over 0° and 20°
ramp with three different forefeet's EVA outsole (0, 10, 20°) in random order at a speed of 1.2+0.1 m/s. For each trial being ana-
lyzed, five critical instants and four phases were identified from the recording. The results of this study showed that the average
muscle activities of MG and LG decreased in 20° shoes compared to 0° and 10° ones in the initial double limb stance (IDLS).
In initial single limb stance (ISLS) phase, the average muscle activities of ES increased with the angle of forefoot's adhesive out-
sole, indicating that the increment of shoes' angle induce upper body to flex anteriorly in order to maintain balance of trunk. In
terminal double limb stance (TDLS) phase, average muscle activities of TA significantly increased in 20° outsole compared to 0°
and 10° ones. There was no external forces acting on the right foot other than the gravity during terminal single limb stance (TSLS)
phase, all muscles maintained moderate levels of activity.
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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

BF tuberosity and caput fibula
35% of distance between patella
TA bottom and lateral ankle joint
space
35% of distance between medial
MG  knee joint space and calcaneal
tuberosity
30% of distance between lateral
LG  knee joint space and calcaneal
tuberosity
ES 2 c¢m from the spine over the

muscle mass
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Table 2. MVIC measruement

Muscle Body position

Sit on the table; shank vertically down.

RF Resistance applied backward against the ankle.

Sit on the table; shank vertically down.
BF Resistance applied forward against the ankle
Gastrocnemius.

TA Sit on the table; shank vertically down. Resistance
applied backward against the toe.

Standing upright. Resistance applied downward
MG LG against the shoulders.

ES Lie face down; Resistance applied downward
against the thigh and the shoulders.
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Figure 3. Critical instants & phases
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Table 3. Average IEMG and peak IEMG during initial double limb stance
Average IEMG(%MVIC) Peak [IEMG(%MVIC)
muscle Walking over -20 degree ramp Walking over -20 degree ramp
0° shoes 10° shoes 20° shoes 0° shoes 10° shoes 20° shoes
RF 5.2(1.9)" 4.7(1.6)" 47(1.5) 78G.1) 7.4(2.6) 8.7(1.5)
BF 5.2(2.6)° 6.2(3.8) 6.1(2.9)’ 10.8(4.6) 11.9(6.6) 11.6(5.8)
TA 16.2(7.2) 15.0(6.2) 14.6(5.4) 30.3(4.3) 32.0(9.0) 30.6(6.5)
MG 11.5(5.5) 10.4(6.2) 10.3(4.8) 20.8(8.8) 17.2(4.7) 18.4(8.1)
LG 5.7(3.9) 7.0(4.6)° 5.1(3.3)° 8.8(5.7) 10.5(5.3) 8.6(4.7)
ES 24(.8) 3.1(1.7)° 2.3(.7)° 5.02.1) 5.90(2.5)° 4.5(1.5)°

note. ¥ Significant difference between downhill walking of 0° shoes and 10° shoes at p<.05
/ Significant difference between downhill walking of 0° shoes and 20° shoes at p<.05
aSigniﬁcant difference between downhill walking of 10° shoes and 20° shoes at p<.05
RF (Rectus femoris), BF (Biceps femoris), TA (Tibialis anterior), LG (Lateral gastrocnemius), MG (Medial gastrocnemius), ES (Erector spinae)
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Table 4. Average IEMG and peak IEMG during initial single limb stance

Average IEMG(%MVIC) Peak IEMG(%MVIC)
muscle Walking over -20 degree ramp Walking over -20 degree ramp

0° shoes 10° shoes 20° shoes 0° shoes 10° shoes 20° shoes
RF 5.6(2.1) 5.4(1.9) 5.2(1.8) 12.4(5.2)° 11.6(4.8) 14.1(3.6)°
BF 3.9(1.2)° 4.0(1.3)° 5.1(2.0)¢ °? 11.1(4.8) 10.9(4.9) 12.2(5.5)
TA 5.7(2.0) 5.9(.8) 6.0(2.0) 16.2(3.6) 15.6(3.8) 16.1(1.8)
MG 5.0(1.2) 6.0(2.4) 5.7(1.5) 14.1(3.7)" 16.5(4.5)9 15.4(5.1)
LG 7.5(5.2) 6.6(5.1) 6.6(5.4) 14.7(9.3)" 8.2(1.4)"% 10.6(4.6)
ES 1.8(.3) 1.9( 4) 2.0(.6) 8.5(2.6) 10.6(4.4) 9.8(4.5)

note. ¥ Significant difference between downhill walking of 0° shoes and 10° shoes at p<.05
! Significant difference between downhill walking of 0° shoes and 20° shoes at p<.05
? Significant difference between downhill walking of 10° shoes and 20° shoes at p<.05
RF (Rectus femoris), BF (Biceps femoris), TA (Tibialis anterior), LG (Lateral gastrocnemius), MG (Medial gastrocnemius), ES (Erector spinae)
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Figure 6 Average IEMG during ISLS (%MVIC)
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Table 5. Average IEMG and peak IEMG during terminal double limb stance

Average IEMG(%MVIC) Peak IEMG(%MVIC)
muscle Walking over -20 degree ramp Walking over -20 degree ramp
0° shoes 10° shoes 20° shoes 0° shoes 10° shoes 20° shoes
RF 3.5(1.7) 3.1(.8)° 2.8(.8)° 5.8(2.6) 6.6(1.8)° 5.3(1.2)°
BF 2.5(.8)° 3.3(1.8) 3.9(1.7)¢ 5.4(1.5)" 5.6(3.0)%7 7.9(3.7)°
TA 11.0(3.4)55¢ 13.1(3.6)" 14.0(5.1)° 19.6(5.7) 20.03.7) 22.1(4.4)
MG 2.5(1.3) 2.2(.7)° 2.8(1.1)° 5.2(3.8) 3.6(1.3)° 5.0(1.4)°
LG 3.6(2.8) 2.6(1.1) 2.9(1.7) 7.8(5.8)° 4.4(1.5) 5.0(2.6)°
ES 4.5(1.6)" 6.1(2.4)%7 5.0(1.6)° 9.3(2.7)¢ 13.0(5.0)"? 10.0(3.5)°

note. ¥ Significant difference between downhill walking of 0° shoes and 10° shoes at p<.05
! Significant difference between downhill walking of 0° shoes and 20° shoes at p<.05

? Significant difference between downhill walking of 10° shoes and 20° shoes at p<.05
RF (Rectus femoris), BF (Biceps femoris), TA (Tibialis anterior), LG (Lateral gastrocnemius), MG (Medial gastrocnemius), ES (Erector spinae)
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Figure 9 Peak IEMG during TDLS (%MVIC)
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Table 6. Average IEMG and peak IEMG during terminal single limb stance
Average IEMG(%MVIC) Peak IEMG(%MVIC)
muscle Walking over -20 degree ramp Walking over -20 degree ramp
0° shoes 10° shoes 20° shoes 0° shoes 10° shoes 20° shoes

RF 2.4(.7)7 2.4(0.7) ° 2.6(.8)"7 5.1CLT) 4.2(0.8)° 6.5(2.3)°
BF 53(2.8) 4.6(0.8)° 4.0(.9)° 13.1(4.8)" 11.8(2.4)"° 11.1(5.3)°
TA 5.0(3.4) 6.1(3.6) 7.0(5.1) 9.6(5.7) 10.0(3.7) 12.1(4.4)°
MG 2.7(1.1)¢ 2.2(1.1)°8 2.6(.8) 3.8(1.6) 3.5(1.3) 4.5(1.4)
LG 2.72.1) 2.9(1.5)° 2.1(1.1)° 4.2(2.5) 3.9(1.5)° 4.1(1.5)°
ES 2.2(1.0) 2.0( .8)° 2.4(1.1)° 5.9(2.3) 6.4(2.2) 6.4(2.8)

note. ¥ Significant difference between downhill walking of 0° shoes and 10° shoes at p<.05
¥ Significant difference between downhill walking of 0° shoes and 20° shoes at p<.05
? Significant difference between downhill walking of 10° shoes and 20° shoes at p<.05
RF (Rectus femoris), BF (Biceps femoris), TA (Tibialis anterior), LG (Lateral gastrocnemius), MG (Medial gastrocnemius), ES (Erector spinae)
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Figure 10 Average IEMG during TSLS (%MVIC)
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Figure 11 Peak IEMG during TSLS (%MVIC)
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