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High-frequency whole-body vibration activates tonic vibration reflex
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ABSTRACT

Objectives: The aim of this research was to examine whether high-frequency whole-body vibration activates the tonic vibration reflex

(TVR).

Patients and methods: The experimental study was conducted with seven volunteers (mean age: 30.8+3.3 years; range, 26 to 35 years)
between December 2021 and January 2022. To elicit soleus TVR, high-frequency (100-150 Hz) vibration was applied to the Achilles tendon.
High-frequency (100-150 Hz) whole-body vibration and low-frequency (30-40 Hz) whole-body vibration were applied in quiet standing.
Whole-body vibration-induced reflexes were recorded from the soleus muscle using surface electromyography. The cumulative average

method was used to determine the reflex latencies.

Results: Soleus TVR latency was 35.6+£5.9 msec, the latency of the reflex activated by high-frequency whole-body vibration was
34.8+6.2 msec, and the latency of the reflex activated by low-frequency whole-body vibration was 42.8+3.4 msec (F(2, 12=40.07, p=0.0001,
1*=0.87). The low-frequency whole-body vibration-induced reflex latency was significantly longer than high-frequency whole-body vibra-
tion-induced reflex latency and TVR latency (p=0.002 and p=0.001, respectively). High-frequency whole-body vibration-induced reflex

latency and TVR latency were found to be similar (p=0.526).

Conclusion: This study showed that high-frequency whole-body vibration activates TVR.
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Whole-body vibration (WBV) is an exercise
modality in which subjects are exposed to
mechanical vibrations through a vibrating platform.
Subjects stand on a platform or plate that produces
sinusoidal oscillations either in a vertical up and
down motion (vertical movement) or angular
motion (side-alternating [pivotal] movement).
These movements result in vibrations transmitted
indirectly to the body of the subject through the
feet. When the body or body segment is subjected
to these externally applied forces, skeletal muscle
activity reflexively increases.!” However, the neuronal
circuitry and receptors of the WBV-induced muscular

reflex (WBV-IMR) pathway are not definitively
defined. It has been suggested by some authors that
the neuromuscular effect of WBV can be explained by
the tonic vibration reflex (TVR).["2] Tonic vibration
reflex is a muscle spindle-based polysynaptic spinal
reflex resulting from Ia afferent activation when a
100-150 Hz vibration is applied to the belly or the
tendon of a muscle.!'***]

In contrast to isolated muscle or tendon vibration,
WBYV is performed at <50 Hz, and the vibration is
applied to the sole of the foot and transmitted to the
targeted muscles through the feet.** The latency of
the WBV-IMR was shown to be longer than the latency
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of the TVR.['»>167 On the other hand, it has been
reported that WBV activates either TVR or WBV-IMR,
depending on vibration amplitude.'”’ According to the
hypothesis of this study, if high-frequency (>100 Hz)
vibration is applied to the sole, TVR is activated in
the target muscle. The purpose of this study is to test
this hypothesis. There is currently no standardized
vibration training guideline for the athlete or patient
prescription. A complete understanding of the basic
mechanisms underlying the neuromuscular effects
of WBV can supply improvement in WBV training
protocols.

PATIENTS AND METHODS

The experimental study was conducted at the
Istanbul Physical Therapy Rehabilitation Training
and Research Hospital between December 2021 and
January 2022. Seven healthy recreationally active
young adult males (mean age: 30.8+3.3 years; range,
26 to 35 years) volunteered to participate in this
study. The mean body height was 180.4+5.3 cm.
Initially, 30 Hz, low-amplitude (1.2 mm) WBV with
a duration of 30 sec was applied to each participant
for familiarization purposes. A low-frequency
WBEF, high-frequency WBYV, and Achilles tendon
vibration were then applied in a quiet standing
position in random order to negate any order/time
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effect. The participants rested for 3 min between
low-frequency WBYV, high-frequency WBYV, and
tendon vibration. The study protocol was registered
with ClinicalTrials.gov (NCT05209945).

Whole-body vibration

Whole-body vibration was performed in a quiet
standing position (Figures la, b). A low-frequency
(30-40 Hz), low-amplitude (1.2 mm) WBV was
applied using a PowerPlate Pro5 device (PowerPlate
International, Amsterdam, the Netherlands).
Whole-body vibration frequencies of 30, 35, and
40 Hz, each lasting 30 sec with 3-sec rest intervals,
were applied in random order. The high-frequency
(100-150 Hz), low-amplitude (0.9 mm) WBV was
applied by using a custom-made vibrator. Whole-body
vibration frequencies of 100, 135, and 150 Hz, each
lasting 30 sec with 3-sec rest intervals, were applied in
random order.

Tendon vibration

To elicit soleus TVR, local vibration was applied
to the mid-point of the right Achilles tendon by using
a custom-made vibrator in a quiet standing position
(Figure 1c). Approximately 0.5 kg of force was applied
to maintain the vibrator head in contact with the
skin during vibration. Three vibration frequencies
(100, 135, and 150 Hz) were administered in random
order each lasting for 30 sec with 3-sec rest intervals.

(©)
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Figure 1. Experimental vibration setup. (a) Low-frequency WBY, (b) high-frequency WBV applied to the heel,
and (c) Achilles tendon vibration. An Acc was fixed on a vibration plate and mounted on the Achilles tendon. To
record reflex response, a pair of surface EMG electrodes was placed on the soleus muscle.

WBYV: Whole-body vibration; Acc: Accelerometer.
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Tendon reflex

The tendon reflex was elicited using an electronic
reflex hammer (ELCON Medical Instruments GmbH,
Tuttlingen, Germany) in a quiet standing position.
Tendon reflex latency and TVR latency are similar
spindle-based reflexes.” In this study, tendon reflex
latency was used as a reference to describe the TVR
reflex.

Data acquisition

The surface electromyography (SEMG) recorded
from the right soleus muscle, and acceleration
data were collected simultaneously using a data
acquisition and analysis system (PowerLab® software;
ADInstruments, Oxford, United Kingdom).
Disposable self-adhesive bipolar Ag/AgCl (Covidien
Kendall, Dublin, Ireland) surface electrodes were
placed on the right soleus belly 4 cm apart.'®! The
skin overlying the muscle was shaved, light abrasion
was applied, and the skin was cleaned with alcohol to
reduce skin resistance.

To determine soleus TVR latency, a light
piezoelectric accelerometer (LIS344ALH; ECOPACK?®,
Mansfield, TX, USA) was firmly fixed using adhesive
tape on the skin overlying the right Achilles tendon.
To determine low-and high-frequency WBV-IMR
latencies, an accelerometer was firmly mounted on
the vibration platform (Figure 1). The acceleration and
SEMG signals were recorded at a sampling frequency
of 20 kHz.

Accelerometer recordings were filtered
with a high-pass filter set at 5 Hz. Surface
electromyography data  obtained during
low-frequency WBV were bandpass filtered at
80-500 Hz to reduce vibration-induced movement
artifacts and then full-wave rectified.'"” Similarly,
sEMG data obtained during high-frequency WBV
and tendon vibration were bandpass filtered at
160-500 Hz and then full-wave rectified. Reflex
latencies were then calculated by using the
cumulative average method.!® All latencies were
normalized to the body height of each participant.
Latency was expressed in milliseconds (msec).

Determination of reflex latencies

The cumulative average method is a unique
mathematical instrument capable of determining the
latency of reflexes induced by the high-frequency
sinusoidal stimulation of the neuromuscular system,
such as WBV and tendon vibration stimulation.'! The
peaks of spikes in the rectified EMG were marked as the
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trigger points to be used in a spike-triggered averaging
scheme. Spike-triggered averaging was performed
using these peaks in the EMG data as triggers and
acceleration data as sources. The averaging process
covered 75 msec of the acceleration data preceding
the trigger and 15 msec after. This process was
performed separately for each of the three vibration
frequencies. The average acceleration curves plotted
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Figure 2. Determination of reflex latency using the cumulative
averaging method. (a) Three averaged Acc curves, each
representing different vibration frequencies. (b) Standard
error curve of three averaged acceleration sinusoidal curve.
(c) Three averaged rectified EMG traces, each representing
different vibration frequencies. (d) Standard error curve of
three averaged rectified EMG traces. The empty circle and
Line-1 (L1) represent the peak of spikes in the rectified EMG
data as the trigger point. Line-2 (L2) represents the lowest
value on the SE curve for the EMG data, indicating the onset
point of the reflex response to the vibration stimulus. Line-3
(L3) represents the lowest value on the SE curve for the
acceleration data, indicating the effective stimulus time point.

Acc: Acceleration; SE: Standard error; EMG: Electromyography; SEMG:
Surface electromyography.
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for each frequency were then superimposed to
obtain a cumulative average curve (Figure 2a). The
standard errors (SEs) of the averaged acceleration
data belonging to three vibration frequencies were
calculated for each of the 1500 bins in the averaging
window from -75 to the trigger. The lowest SE point
was determined in the SE curve to indicate the
“effective stimulation time” point in the cumulative
averaged curve of the acceleration (Figure 2b).
This averaging procedure was also performed to
determine the onset time of the reflex response
in EMG recordings (Figures 2c, d). The lowest SE
on the cumulated average of the EMG trace was
considered the time point where the reflex responses
to the vibration were most synchronized and hence
the onset of the reflex response. The reflex latency
was calculated as the period between the effective
stimulus time point and the onset of the EMG spike
(Figure 2).01¢!

Statistical analyses

The effect size was calculated by G*Power
version 3.1.9.4 software (Heinrich-Heine-University
Disseldorf, Diisseldorf, Germany). Effect sizes
(partial eta squared) were categorized as follows: small
effect=0.01; medium effect=0.06; large effect=0.14.12
Post hoc power analysis was performed using the
G*Power software.

The data were analyzed with PASW version 18.0
(SPSS Inc., Chicago, IL, USA). The normal distribution
of the data was tested using the Shapiro-Wilk test.
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Figure 3. The latency of low-frequency WBV-IMR,
high-frequency WBV-IMR, TVR, and tendon reflex for soleus
muscle (error bar with a 95% confidence interval).

ms: Millisecond; T-reflex: Tendon reflex; TVR: Tonic vibration reflex;
WBV-IMR: Whole-body vibration-induced muscular reflex.
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The mean and standard deviation were calculated for
each continuous variable. For the comparison of the
mean of latency data repeated measures with variance
analysis were used. The level of statistical significance
was set at p<0.05.

RESULTS

The mean TVR latency was 35.6£5.9 msec, low-
frequency WBV-IMR latency was 42.8+3.4 msec, and
high frequency WBV-IMR latency was 34.8+6.0 msec.
Analysis of variance showed a significant difference
among these latencies (F(2, 12)=40.07, p=0.0001,
h2=0.87). Post hoc pairwise analysis showed that the
low-frequency WBV-IMR latency was significantly
longer than the high-frequency WBV-IMR latency and
TVR latency (p=0.002 and p=0.001, with Bonferroni
correction, respectively). There was no significant
difference between the high-frequency WBV-IMR
latency and TVR latency (p=0.526 with Bonferroni
correction; Figure 3).

The calculated partial eta squared was 0.87,
nonsphericity correction epsilon (Greenhouse-
Geisser) was 0.630, the total sample size was 7, and the
alpha error probability was 0.05. According to these
parameters, the post hoc achieved power of this study
was 1.0.

DISCUSSION

The spinal reflex activated by WBV differs
depending on the vibration amplitude.'” This
study showed that the vibration parameters that
determine the reflex activated by WBV were not only
amplitude but also vibration frequency. The results
of this study showed that TVR was activated when
high-frequency WBV was applied, but longer latency
WBV-IMR was activated when low-frequency WBV
was applied.

At present, the frequency of commercial WBV
devices is <50 Hz, and commercial WBV devices
with a frequency above 100 Hz are not available.>*
In previous studies using WBV devices operating
in the 25-50 Hz frequency band, it has been
reported that the latency of the reflex activated by
WBYV is longer than that of muscle-spindle-based
reflexes.251617) I this study, as in previous studies,
it was determined that low-frequency WBV activates
long-latency WBV-IMR. The reflex activated by
high-frequency WBV was investigated for the first
time in this study. High-frequency WBV has been
shown to activate TVR.
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Local vibration or tap applied to the muscle
belly or tendon is well known to activate the muscle
spindles. Muscle spindles are innervated by primary
endings (i.e., Ia afferents) and secondary endings
(i.e., II afferents). The muscle spindle primary
endings are sensitive to vibrations, whereas the
secondary endings are much less sensitive. The rate
of discharge of primary endings is proportional to
vibration frequency in a one-to-one manner for all
frequencies up to 150 Hz. For higher frequencies,
the discharge of primary endings has been shown
to be disharmonious.”’? The TVR is a muscle
spindle-based polysynaptic spinal reflex activated
by 100-150 Hz frequency vibration.'*!® In this
study, high-frequency vibration was applied in the
100-150 Hz band. Latency measurements showed
that both high-frequency tendon vibration and high-
frequency WBV activate TVR.

Since there was no available method to measure
the latency of the reflex response activated by
high-frequency sinusoidal mechanical stimuli,
reflex latency measurements could not be made
in previous vibration studies. The cumulative
average method has been proposed to overcome
this problem.!' In this study, the latency of reflexes
activated by low-frequency and high-frequency
vibration was measured using the cumulative
average method. The sampling rate was 20 kHz
for both accelerometer and EMG recordings in
the present study. This high sampling rate allowed
latency measurements to be made with a sensitivity
of 0.05 msec. Although this study's sample size
was small, the effect size (partial eta squared) was
large, and the study power (100%) was high. This
is, to our knowledge, the first study concerning the
high-frequency WBV-induced reflex.

In conclusion, the present study has shown that
WBYV can activate different spinal reflexes depending
on the vibration frequency. Unlike a low-frequency
WBYV, a high-frequency WBV activates the TVR.
Whole-body vibration is increasingly used in clinical
or sportive rehabilitation due to its beneficial effects on
the neuromuscular system. Defining the neurological
mechanisms underlying the beneficial effects of
WBV on muscle functions may make it possible
to prescribe a more effective and efficient exercise
program specific to the individual and medical
condition in the field of sports and rehabilitation.
In this context, future studies are needed to evaluate
the effect of high-frequency WBV on muscle strength
and performance.
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