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Abstract

Objective:Muscle tone abnormalities are one of the main problems of patients with central nervous system disease. There are several methods to 
normalize muscle tone. One of them is vibration therapy. Applying vibration to different parts of a muscle may display different responses, but the 
differences have not yet been studied. The aim of this study was to evaluate these potential differences.
Material and Methods: Participants were twelve healthy men. All participants took part in four experiments, twice as control and twice as experiment 
group. In the experiment group, vibrator (frequency: 100 Hz, amplitude: 1.6 mm) was applied to the bulk of soleus for 1 min in one session and to 
the tendon in another session. In the control group, the inoperative vibrator was put on the same landmarks on the bulk and tendon of the muscle so 
as to have the same pressure and tactile stimuli.
Results: Statistical analysis showed that vibration applied to the bulk and tendon of soleus enhanced the positive slope and threshold of the H-reflex 
recruitment curve.
Conclusion: Applying vibration with these parameters increased the recruitment of fast and slow motor neurons. Apart from enhanced motor 
neuron recruitment, the inhibitory action of Renshaw cells declined because of supraspinal and segmental effects. 
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Introduction

One of the main problems of patients with central nervous 
system (CNS) disorders is muscle tone imbalance. Tone imbal-
ance can manifest as spasticity and hypotonia.

Upper motor neuron (MN) lesions are associated with mus-
cle tone abnormalities (1). There are various physical therapy 
techniques to normalize muscle tone. One of these techniques 
is the application of vibration that can have facilitatory or inhibi-
tory effects (2). Vibration frequencies of more than 200 Hz can 

damage the skin. Frequencies more than 150 Hz cause pain and 
discomforts but frequencies less than 75 Hz have inhibitory ef-
fect on muscles (1). Vibration can be applied to both agonists 
and antagonists of a given muscle group. To facilitate a hypo-
tonic muscle, the muscle belly is first stretched and the vibratory 
stimuli can be used to further stretch the muscle. To inhibit a 
hypertonic muscle, the antagonist muscle can be vibrated (2).

Applying mechanical vibration to a muscle tendon in relaxed 
human subjects induces either a contraction of the vibrated 



muscle or contraction of the antagonist muscle group (3,4). H-
reflex is used to study the effects of vibration on MN pool excit-
ability (5-7). H-reflex is a monosynaptic reflex that can show 
the changes of MN recruitment. Continuous vibration applied 
over limb muscles causes depression of the tendon jerks and 
H-reflexes of those muscles (8,9). Morin et al. (10) showed that 
the application of a 10-ms burst of vibration to the tendon of 
tibialis anterior depressed the facilitation of the soleus H-reflex 
produced by the homonymous group I volley, with the sub-
threshold for the H-reflex delivered 3 ms earlier. 

The most common parameter of the H-reflex that is studied 
is the H-reflex amplitude (11,12), but there are many controver-
sies associated with it (13-19). The H-reflex recruitment curve is 
a better parameter that provides a more precise evaluation of 
MN excitability (20,21). The study of the slope and threshold of 
the H-reflex recruitment curve may provide some information 
about the MN excitability.

Lyshenko et al. (22) studied recurrent inhibition of forearm 
flexor MNs by evaluating peak-to-peak H-reflex amplitude. They 
showed that vibration disinhibits the recurrent inhibition of Ren-
shaw cells. This can be attributed to segmental and supraseg-
mental effects on MNs or Renshaw cells.

Beekhuizen and her coworkers studied the effects of acute 
whole-body vibration (WBV) on the soleus H-reflex. They showed 
that changes of spinal Ia neuron excitability occur acutely after 
WBV. Vibration is known to have an effect on presynaptic Ia neu-
ron inhibition, making this a likely mechanism for the observed 
change in the H-reflex amplitude (23). Armstrong et al. (24) 
studied the acute effect of WBV on H-reflex of 19 college-aged 
subjects. They concluded that factors such as training specificity 
and muscle fiber type might contribute to the differing H-reflex 
responses, and the effect of WBV on specific performance mea-
sures should be interpreted with the understanding that there 
may be considerable variation among individuals.

No previous study has compared the effects of the direct 
application of bulk and tendon vibration on the H-reflex recruit-
ment curve; therefore, this study investigated the effects of ap-
plying mechanical vibration (100 Hz) to the soleus muscle belly 
and Achilles tendon on MN excitability.

Material and Methods

Twelve healthy non-athlete men volunteers without a history 
of neuromuscular disorders (mean age 29±4 years) participated 
in this study. The study was approved by the ethical commission 
of Tarbiat Modares University in accordance with the Helsinki 
declaration of 1975, revised 2002. Informed consent was ob-
tained from all the participants. All participants were asked to 
relax their muscles as much as possible during the study period, 
and the same position was maintained throughout the experi-
ments. Participants were asked to have sufficient rest the night 
before the experiments because fatigue has a detrimental effect 
on the amplitude of the H-reflex. In order to have reliable data, 
10 maximum H-reflexes were elicited and recorded for each 
subject. If H-reflex peak-to-peak amplitude changes were more 
than 10%, the participant was excluded from the analysis. The 
room temperature was kept between 23°C and 24°C. To elimi-

nate probable circadian effects, all experiments were performed 
between 8 and 12 a.m.

The vibrator used (WAHL 4196, USA), which has two dif-
ferent frequencies of 20 and 100 Hz. To verify the operating 
parameters of the vibrator, we calibrated it with a Signal En-
hancement Seismograph (LCM-4) at the Geography Laboratory 
of Tarbiat Modares University. At the Frequency of 100 Hz, the 
amplitude was 1.6 mm.

For data collection, we used a computer-controlled stimula-
tor with an isolator (Nihon Kohden ss-104j, Japan), an amplifier 
with a frequency window of 3-10 KHz to record the H-reflex, 
an IBM-compatible computer with an analog-to-digital (A/D) 
board (12-bit, 33-KHz sampling rate). Computer software writ-
ten on C++ was used to record the data (square wave: 700-µs 
pulse width and 0.2-Hz frequency). 

Each participant took part in this study on 4 separate days, 
separated by 2-day intervals, twice in the control group and 
twice in the experimental group. After measurement of the skin 
temperature, the participant was asked to lie down in a prone 
position. The active recording electrode was placed at the mid-
point between the popliteal fossa and the medial malleolus, and 
the inactive electrode was placed two centimeters distal to the 
active electrode. The stimulating bar electrode was placed on 
the popliteal fossa slightly towards the medial aspect (cathode 
in proximal and anode in distal) and the ground electrode was 
placed between the recording and the stimulating electrodes.

First, the stimulation intensity was gradually increased to record 
the maximum H-reflex (Hmax). Then, by increasing the intensity, 
the maximum M-wave (Mmax) was recorded when H-reflex was 
minimal. Finally, we decreased the intensity to find the minimum 
H response (threshold of the H-reflex recruitment curve). Three 
points between the first and second intensities and three others 
between the second and third intensities were selected for in order 
to record the H-reflex. On the whole, the recruitment curve con-
sisted of 45 reflexes elicited at different nine electrical stimulation 
intensities (5 successive recorded H-reflexes in each intensity). A 
sample of H-reflex recruitment curve is shown in Figure 1.

In the first session, after recording the first H-reflex recruit-
ment curve, the inoperative vibrator was applied to the Achilles 
tendon for 1 min and in the second session; the inoperative 
vibrator was applied to the bulk of the soleus muscle. In order 
to apply the vibrator to the same points in different sessions 
and different participants, we used osseous landmarks. To de-
termine the bulk of the soleus muscle, resisted plantar flexion 
was adopted and the vibrator was applied midway between the 
two heads of the gastrocnemius muscle on the bulk of the so-
leus. The vibrator was applied to the Achilles tendon 8 cm above 
the calcaneal tuberosity. In the first and second experimental 
sessions, inoperative vibrator was applied to the predetermined 
points. Immediately after the application of the vibrator and 5 
min later, the H-reflex recruitment curve was recorded again.

Matlab software (version 7.2) was used to extract the peak-
to-peak amplitudes of the H-reflex and M-wave at different in-
tensities. Then, other recruitment curve parameters, including 
the threshold and the positive slope of the H-reflex recruitment 
curve, were determined.
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The analysis of the threshold and the ascending slope of the 
H-reflex recruitment curve was performed by two methods: us-
ing a two-point fit (slope calculation by the first two points) and 
the five-point fit (slope calculation by five points: beginning of 
the H-reflex, maximum H-reflex, and end point of the H-reflex, 
plus one point between the first two parameters and another 
point between the second two parameters) analyses.

Statistical Analysis
All data were analyzed with Statistical Package for the Social 

Sciences version 11 (SPSS Inc., IBM Comp, IL, USA) statistical pack-
age. Before the paired t-test was performed, variables were tested 
for normal distribution with the Kolmogorov-Smirnov test. When-
ever data showed normal distribution, differences were analyzed 
by repeated measures analysis of variance (ANOVA) and the paired 
t-test. Statistical significance was assumed if p values were <0.05.

Results

Ten healthy men participated in our study. The data of one 
subject was excluded from the analysis due to more than 10% 

variability in the H-reflex amplitude and one case did not con-
tinue after the first two sessions. 

To differentiate fast and slow MNs activities, the ascend-
ing slope of the H-reflex recruitment curve was analyzed in 
both two-point and five-point fits. There were no any signifi-
cant difference between the control and experimental groups 
at any time (before, immediately after, and 5 min after apply-
ing vibration) in the two-point fit analysis [F (19.1)=0.749, 
p=0.7].

As expected, there were no significant differences in the 
control groups among the three times (before applying sham 
vibration, immediately after sham vibration, and 5 min after ap-
plying sham vibration) in the five-point fit analysis. Means of the 
five-point fit ascending slope of the H-reflex recruitment curve 
were significantly different after applying vibration to the ten-
don of the soleus muscle [F (19.1)=93.62, p=0.001]. Means of 
the ascending slope increased from 1.23±0.69 mV/mA before 
applying vibration to 1.43±0.89 mV/mA immediately after ap-
plying vibration and to 1.48±0.85 mV/mA 5 min after applying 
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Figure 1. Hmax after the application of vibration 
Upper left: five records together, Upper right: average of five records, Below: filtered signal
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vibration. There was an incremental pattern of change in the 
five-point fit of the ascending slope.

Means of the five-point fit ascending slope of H-reflex re-
cruitment curve were also significantly different after applica-
tion of vibration to the bulk of soleus muscle [F (19.1)=4.52, 
p=0.026]. Means of the ascending slope increased from 
1.29±0.81 mV/mA before applying vibration to 1.51± 0.95 
mV/mA immediately after applying vibration and to 1.65±0.95 
mV/mA 5 min after applying vibration. As can be seen, there 
was an incremental pattern of change in five-point fit of the 
ascending slope.

Although there were no significant differences among the 
three times in the control (sham) groups for the threshold of H-
reflex recruitment curve [F (19.1)=5.52, p=0.28], a decremental 
pattern can be traced for both control groups. 

There were statistically significant differences among the 
three times in tendon experiment group [F (19.1)=0.58, 
p=0.028]. Means of the threshold value of the H-reflex decreased 
from 7.59±1.62 mA before applying vibration to 7.38±1.57 mA 
immediately after applying vibration and to 7.26±1.5 mA 5 min 
after applying vibration.

In addition, there were statistically significant differences 
among the three times in the bulk muscle group [F (19.1)=0.62, 
p=0.04]. Means of the H-reflex threshold decreased from 
7.59±1.44 mA before applying vibration to 7.48±1.47 mA im-
mediately after applying vibration and to 7.23±1.28 mA 5 min 
after applying vibration.

Discussion

In the present study, the ascending slope of the H-reflex re-
cruitment curve was analyzed using two-point and five-point fits. 

According to the “size” principle, at lower intensities, only 
slow MNs of the soleus muscle are excited and this follows the 
weak-strong rule (25). This means that the effect of slow MNs 
on Renshaw cells is weak, but Renshaw cells exert a strong inhib-
itory effect on these MNs (26). Vibration excites fast and slow 
MNs concurrently (27).

At lower intensities, excitement of Renshaw cells, second-
ary to slow MN activities, increases and these cells inhibit fast 
MNs in addition to slow ones. Thus, no change is seen in the 
means of the two-point fit of the ascending slope of the H-reflex 
recruitment curve. By increasing intensity, more fast MNs are 
recruited, attenuating the inhibitory effects of Renshaw cells due 
to recruitment of more fast MNs (26).

In contrast to the low-intensity state, Renshaw cells cannot 
inhibit all the fast MNs, so alteration of ascending slope is more 
apparent in the five-point fit. Therefore, in the evaluation of the 
ascending slope of the H-reflex recruitment curve, the five-point 
fit reveals much more than two-point fit. An additional reason is 
that, similar to other interneurons, Renshaw cells have numer-
ous inputs and outputs, and most of the inputs are excitatory 
and enhance Renshaw cell activity. 

In contrast, applying high-frequency vibration for 1 min, re-
duces Renshaw cell activity due to a phenomenon called “post-
activation depression” (10), and the decreased threshold may 
be attributable to supraspinal effects as well (28).

Alterations of the threshold of the H-reflex recruitment curve 
were statistically significant after application of vibration on the 
bulk and tendon of the soleus muscle. Threshold alterations had 
a decremental pattern and shifted to the left.

Threshold alterations can be attributed to supraspinal cen-
ters. Vibration excites Pacinian corpuscles, and these receptors 
convey their information through gracile and cuneate fascicles 
to higher centers. These two fascicles ascend ipsilaterally and 
terminate in the same nuclei. From there arcuate fibers arise and 
then terminate in contralateral VPL nuclei.

Gracile and cuneate fascicles also involve Ia neuronal affer-
ents from muscle spindles and Ib neuronal afferents from GTOs. 
This system is called the dorsal column medial lemniscus. It is 
worth noting that Ia and Ib neuronal afferents from lower ex-
tremities terminate on the cerebellum too (1,29).

It is possible that vibration affects the cerebellum in addition 
to the sensory cortex and these effects inhibit Renshaw cells.

Lyshenko and his colleagues attributed vibration-induced in-
hibition of Renshaw cells to supraspinal centers (22).

Armstrong et al. (24) attributed the acute effect of WBV on 
the Hoffmann reflex to factors such as training specificity and 
muscle fiber type.

Conlusion

It seems that the application of vibration to the bulk and 
tendon of the soleus muscle enhanced the positive slope and 
threshold of the H-reflex recruitment curve. 

It can also be concluded that in evaluation of the ascending 
slope of the H-reflex recruitment curve, the five-point fit is much 
more reliable than the two-point fit.
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