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INTRODUCTION 
Previously we have reported that healthy subjects display 
striking differences in the soleus (SO) H reflex modulation 
during walking [1]. A remarkable difference was observed in 
the swing phase during walking in which about 50% of the 
subjects showed an almost completely suppressed H reflex 
while the other half showed a gradually increasing H reflex 
towards heel strike [1]. This finding was disputed by Ethier et 
al. 2003 [2] who claimed that they were unable to reproduce a 
gradually increasing SO H reflex modulation in the swing 
phase. We reported a significant difference in the 
electromyographic (EMG) activity of the anterior tibial muscle 
(TA) as the group of subjects with the suppressed SO H reflex 
during the swing phase showed a higher level of TA activity 
[1]. This may be explained by the fact that when the activity in 
the TA muscle increases the amount of antagonist (or 
reciprocal) inhibition of the SO H reflex also increases [3]. 
Thus, in the present study we hypothesized that a reduction of 
the TA activity in the swing phase during walking would 
reduce the amount of antagonist inhibition on the SO H reflex 
and subsequently change the modulation. In the present study 
we demonstrated that a functional walking condition in the 
form of modern high-heeled walking reduces the TA activity 
and changes the SO H reflex modulation during walking 
significantly.  
 
  
METHODS 
Ten female subjects (mean (SD): age: 26.9 (5.4) years, height: 
1.65 (0.04) m, body mass: 58.4 (5.3) kg) participated in the 
study. It has previously been demonstrated that walking in 
high-heeled shoes reduces the EMG activity of the TA muscle. 
Thus, walking in high-heeled shoes (heel height 9 cm) was 
selected as an experimental model of reduced antagonist 
activity of the TA muscle. The subjects were exposed to two 
different walking conditions while they walked at 4.0 km/h on 
a motor driven treadmill (HS-1200 TechnoGym). One 
condition was barefooted walking while the other was high-
heeled walking. In each condition the SO H reflex was elicited 
by stimulating the tibial nerve in the popliteal fossa every two 
seconds. The stimulus was a 1-ms square pulse delivered by a 
custom-built constant current stimulator and surface EMG 
electrodes on the SO muscle were used to record the M wave 
and the SO H reflex. Maximal H reflex (Hmax) and M wave 
(Mmax) were measured with the subjects in a standing 
position. During walking the stimulation procedure was 
controlled by a computer program written in MATLAB. The 
stimuli that were given every 2 s, corresponded to 25% of the 
resting Mmax and were slightly out of phase with the gait 
cycle, which ensured the stimuli to be dispersed randomly in 
the gait cycle. Microswitches placed under the heel and the 
forefoot were used to measure the duration of the gait cycle as  
well as the stance and the swing phases. The microswitch 
placed under the subject's heel reset an integrator at heel strike 

and a ramp  function was generated from 0 to 2 V over a 2-s 
period. Knowing the slope of the ramp made it possible for the 
computer program to measure the temporal position in the gait 
cycle before applying the stimuli. The gait cycle was split into 
16 equal time slices and the H reflex amplitude was averaged 
within each time slice [1]. A minimum of four but typically 
ten H reflexes were averaged within each time slices. Surface 
EMG was recorded from the SO and TA muscles and the 
ankle joint position was recorded by goniometry. The EMG 
signals from gait cycles over a 1 min period of walking were 
processed to be transformed to linear envelopes, averaged and 
divided into 16 time slices. 
 

 
Figure 1:  Top: The SO H reflex modulation and EMG 
activity of SO and TA during barefooted (filled circles) and 
high-heeled (open circles) walking. Gait cycle has been 
divided into 16 bins. Transition from stance to swing phase 
occurs at bin 10. Values are means±SE. Asterisks indicate 
statistically significant differences between the two walking 
conditions.  
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RESULTS AND DISCUSSION 
In the high-heeled condition the mean EMG amplitude of the 
TA muscle was significantly reduced by 44.4% during the 
swing phase (Table 1, Figure 1). In contrast, the SO mean 
EMG amplitude was significantly increased during the swing 
phase in the high-heeled condition (Table 1, Figure 1). At the 
same time the SO H reflex excitability was significantly 
increased by 213% (p=0.002) (Figure 1). During the swing 
phase of the barefooted walking condition a suppressed SO H 
reflex pattern was observed in five subjects while in the other 
five subjects a gradually increasing SO H reflex pattern was 
observed. However, regardless of this the H reflex excitability 
in the high-heeled condition increased in all subjects (Figure 
1). It is difficult to determine if the increased excitability of 
the SO H reflex during the swing phase of high-heeled 
walking is solely due to the reduced TA activity or if the 
increased EMG activity of the SO during the swing phase of 
high-heeled walking also plays a role. However, it is important 
to note that if the SO EMG activity was normalized to Mmax 
the differences in the SO EMG reported in Table 1 
disappeared. The absolute amplitude of the SO H reflex and 
Mmax increased significantly from the barefooted condition to 
the high-heeled condition (Table 1). This may be due to 
changes in muscle architecture leading to changes in electrical 
conductance through the tissues. 
 
 
 

CONCLUSIONS 
High-heeled walking changed the SO H reflex modulation 
significantly. The changes were primarily located in the swing 
phase. It was reconfirmed that the SO H reflex may be 
suppressed or gradually facilitated during the swing phase of 
human walking. Despite these individual differences the SO H 
reflex became less suppressed during the swing phase of high-
heeled walking, which may be explained by the reduced TA 
activity and thus a reduced reciprocal inhibition of the 
motorneurones at the spinal level.  
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Table 1: Peak and mean EMG amplitudes of  SO and TA during the stance and swing  phases of barefooted and high-heeled 
walking. Absolute amplitudes of Hmax and Mmax were measured during standing position. Values are means (SD). 

Walking 
condition 

Peak 
amplitude 
SO stance 

phase 
(μV) 

Mean 
amplitude 
SO stance 

phase 
(μV) 

Peak 
amplitude 
TA stance 

phase 
(μV) 

Mean 
amplitude 
TA stance 

phase 
(μV) 

Peak 
amplitude 
SO swing 

phase 
(μV) 

Mean 
amplitude 
SO swing 

phase 
(μV) 

Peak 
amplitude 
TA swing 

phase 
(μV) 

Mean 
amplitude 
TA swing 

phase 
(μV) 

Mmax 
absolute 

amplitude 
(mV) 

Hmax 
absolute 

amplitude 
(mV) 

Bare-
footed 

132.0 
(67.2) 

54.9 
(30.7) 

93.2 
(39.8) 

21.5 
(4.35) 

19.9 
(17.0) 

11.3 
(8.0) 

92.7 
(39.4) 

48.6 
(20.9) 

9.4  
(3.6) 

4.7 
 (2.6) 

High-
heeled 

178.8 
(83.7) 

67.4 
(28.36) 

86.5 
(32.4) 

26.5 
(5.5) 

41.5 
(17.6) 

19.6 
(8.4) 

84.0 
(28.1) 

27.0 
(7.4) 

13.8 
(5.1) 

7.6 
 (2.8) 

P-value 0.018 0.092 0.411 0.012 0.023 0.045 0.302 0.003 0.001 0.001 
 


