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ABSTRACT
Background: Whole body vibration has been increasingly used for performance
enhancement as well as treatment of some conditions. Although there is much focus on studying
muscular performance accompanied with whole body vibrations, till now little is known about its
effect on motor units whether it has excitatory or inhibitory effects. The purpose of this study was to
investigate the effect of a single bout of whole body vibration on motor neuron excitability in
healthy subjects immediately and 30 minutes post application.Participant and Methods: Sixty
healthy male subjects participated in this study; their age was ranging between 18 and 25 years
old. They were randomly divided into two equal groups; experimental and control groups, each
group contained thirty subjects by drawing ballots from sealed envelopes. Experimental
groupreceived whole body vibration with a frequency (50-60 Hz), and amplitude (0-10 mm) for 1
minute, 1minute rest period between each vibration set that was repeated 5 times. Control group
stood on whole body vibration device for the same duration while it was off.H-reflex amplitude and
H/M ratio were measured from soleus muscle (posterior tibial nerve) before, immediately (0
minute) and 30 minutes post application in both groups using surface EMG. Results: There were
significant decrease in H-reflex amplitude at 0 min and 30 min measurements in the study group
compared with control group (p = 0.002, 0.01 respectively). Moreover, there were significant
decrease in H/M ratio at 0 min, and 30 min measurements in the study group compared with
control group (p = 0.0001, 0.03 respectively).Conclusion: Whole body vibration decrease motor
neuron excitability.So, whole body vibration may have therapeutic implications for people of
central nervous system disorders, where spasticity is a major manifestation. Key words: Wholebody vibration, H-Reflex, motor neurons

INTRODUCTION
Whole body vibration (WBV) is
the transmission of mechanical energy
oscillations to the body as a whole,
through a supporting system such as
platform.
Nowadays,
there
is
increasing interest in the use of WBV

as a therapeutic modality to improve
muscle strength, postural stability,
bone density, sensorimotor, and
neuromuscular performance[1, 2].
WBV is a relatively new method
that
is
increasingly
used
in
physicaltherapy field. However the
effectiveness and its underlying
1
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mechanisms are still under debate.It
has also been claimed that WBV could
offer a therapeutic alternative for
people with limited physical ability [3,
4].
There are several approaches
reported to supportthe effects of WBV
in neurorehabilitation; the displacement
of the platform is stated to mimic gait,
vibration of the feet could evoke
postural responses, and it might as a
somatosensory
stimulant
have
musculoskeletal benefits. Motor neuron
excitability is a relatively new topic in
the era of WBV. A few studies had
been done to determine whether WBV
has an excitatory or inhibitory effect on
the motor units [5, 6].
One way to identify motor neuron
excitability of WBV is to measure the
Hoffman reflex (H-reflex). The Hreflex is an electrical equivalent of the
mechanically induced stretch reflex; in
which Ia fibers are activated. As the Hreflex bypass the muscle spindle, it is a
valuable tool to assess modulation of
monosynaptic
reflex
activity.
Modulation of the H-reflex is altered
after neurological injury. Therefore,
modulation of the H-reflex by WBV
would have clinical implications for
use in the rehabilitation setting to
improve
functional
performance
[7].WBV has been attracted much
attention in both research and clinical
practice. Upper motor neuron lesions
are associated with muscle tone
abnormalities. There are different
physical therapy
modalities
to
normalize muscle tone. One of these
interventions is the application of
WBV that can have facilitatory or
inhibitory effects [8].
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Studies investigating the effects
of WBV on the H-reflex have noted
conflicting response patterns, most
likely
due
to
methodological
differences in H-reflex application and
WBV parameters [5, 9, 10, 11].
Sothis study was conducted to
answer the following question is a
single bout of WBV could have an
immediate and remote effects on motor
neuron excitability?
PARTICIPANTS AND METHODS
A randomized controlled trial
pretest –post test single bout study
was carried out at Neurophysiologic
Unit in Zagazig University Hospital,
Egypt from May to August 2015 to
investigate the effect of single bout
WBV on H–reflex amplitude and H/M
ratio in healthy subjects.
Participants:
The present study recruited 65
healthy male subjects between the
age of 18 to 25 years from the
Zagzig University; five of them
were excluded from the experiment
as they did not meet the inclusion
criteria. Thus 60 participants were
included in the study after approval
of Ethical Committee of the Faculty
of
Physical Therapy,
Cairo
University, and all participants were
given verbal instructions concerning
the purpose and procedures of the
study and signed a consent form.
Subjects were randomly assigned to
two groups; control group (n=30)
and study group (n=30) by an
independent person who selected
the numbers from sealed envelopes
2
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containing numbers chosen by a
random number generator. The
randomization was restricted to
permuted blocks of different sizes to
ensure that equal numbers were
allocated to each group. Each
random permuted block was
transferred to a sequence of

consecutively numbered, sealed,
opaque envelopes that were stored
in a locked drawer until required.
As each participant formally entered
the trial, the researcher opened the
next envelope in the sequence in the
presence of the participant. (as
shown in fig 1.).

Figure 1: Flow chart of participants

immediately, and 30 minutes after the
experiment.

through the study

Control group: Included 30 healthy
subjects, they stood on WBV for 9
minutes (switched off), their weight
(75.75 ± 5.77kg), their height (173.3 ±
5.11cm), H-reflex amplitude and H/M
ratio
were
measured
initially,

Experimental group: Included 30
healthy subjects their weight (77.25 ±
3.76 kg), their height (174.9 ± 3.74 cm)
that received WBV for 1 minute,
1minute rest period between each
vibration set that was repeated 5 times.
H-reflex amplitude and H/M ratio were
measured initially, immediately, and 30
minutes after the experiment.
Participants were included if they were
non-smokers and their age ranged from
18 to 25 years. All participants were
new to WBV.
The Exclusion criteria for participants
were;recent or possible thrombosis,
diabetes, severe headache, vestibular
disorders, arthritis, lower limb implant,
synthetic implant, lumbar disc disorder,
acute
systemic
infection
or
inflammation, recent fracture, gall
bladder or kidney stone, malignancy, or
history of neurological, orthopedic or
cardiovascular problems.
• They are instructed to avoid
heavy physical activities 12
hours before the study [12],
refrained from eating or drinking
any
substances
containing
caffeine 2 hours before the study
[13], refrained from taking any
tranquilizers or analgesics that
3
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may affect motor neuron
excitability [14].
Instrumentations:
I. Electromyography (EMG) device;
a
computerized
EMG
ToenniesNeuroscreen plus 1.59 was
used to record the H-reflex and H/ M
ratio for both groups before and
immediately after and 30 minutes post
WBV application.
The apparatus include:
• Amplifier: four
electrically
isolated amplifier channels with
impedance
100
Mohm,
sensitivity 40000Mv/0.5, the
amplifier gains up to ten traces
on screen with resolution of
1000 points per trace were
available.
• Room temperature was constant
at 230 C.
II .Whole body vibration device: ProHanson WBVDevice(China). EHBFMO1WIN, was used in this study.
Experimental procedures:
I.For EMG application:
 The subject positioned prone
lying with the examined leg
positioned in zero position in
extension , mid way between
abduction and adduction in the
hip joint. The knee joint was
flexed about 20 degrees by
placing a small cushion under
the
leg to relax
the
gastrocnemius muscle and the
ankle joint was placed in
planter flexion.
 All subjects were asked to empty
their bladder before the study
[17].
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Skin preparation: The skin was rubbed
lightly with a piece of cotton soaked
with alcohol to reduce the skin
impedance.
Electrode position
The stimulating electrode; was placed
on the popliteal fossa at the posterior
tibial nerve.
The active recording electrode; was
placed over the soleus muscle 2cm
below the junction of the two heads of
gastrocnemius muscle in a line with the
Achilles tendon.
The ground electrode; was placed
between the stimulating and recording
electrodes.
The reference electrode;was placed on
the Achilles tendon[18] (as shown in
fig 2).

Figure 2: H-reflex electrodes placement

Recording the H-reflex; The H-reflex
was elicited by stimulating the
posterior tibial nerve at the popliteal
fossa using 1000 ms pulse duration
with a stimulus frequency 0.5Hz and a
wide range of stimulus intensities were
applied starting from that needed to
obtain the threshold value of the H or
the M value to the highest value
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required for maximum M value(M
max).This range of stimulus intensity
also provided the maximum value of
the H-reflex(H max).The normalized
value of H max/M max was computed
for each subject.
The H/M ratio was measured for each
subject according to the following
sequences:
The current intensity was slowly
increased until the stimulus just
activates the large Ia afferent fibers
without concomitant activation of the
motor fibers or just threshold for only
motor fibers. The stimulus was
delivered at a rate of 1 stimulus every
2-3 seconds to avoid suppressing the
H-reflex. The intensity of the stimulus
was gradually increased to record the
maximum H- reflexes as well as the
maximum M value.
II. For WBV application:
To eliminate probable circadian effects,
all experiments were performed
between 9:11 a.m. Participants were
instructed to stand comfortably on the

Figure 3: Position of the participant on
WBV platform maintaining knee
extension

Statistical analysis:

vibration platform with their knees
extended. All subjects
get a
familiarization session before the
experimental procedure. They were
instructed to grasp the handle of the
device keeping their feet, shoulders
width apart. Vibration was delivered
for 1 minute, 1minute rest period
between each vibration set that was
repeated 5 times [15], at a frequency of
50-60Hz, 0-10 mm amplitude and 50
m/sec speed [16].Participants were
instructed not to shift their weight or
step off of the WBV platform during
the rest period. The vibration (the side
altering) platform delivered an
asynchronous
(vertical sinusoidal
stimulus) while balancing around a
central point. All subjects stood on
WBV device barefoot to eliminate any
damping of the vibration caused by the
foot wear (as shown in Figs 2 and 3).

Figure 4: Participant‘s position during
WBV application

Descriptive statistics and t-test
were conducted for comparison of the
5
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mean age, weight, height, and
BMIbetween both groups. Mixed
ANOVA was conducted to compare
the effect of time (pre versus post) and
the effect of treatment (between
groups), as well as the interaction
between time and group on mean
values of H reflex amplitude and H/M
ratio. The level of significance for all
statistical tests was set at p < 0.05. All
statistical measures were performed
through the statistical package for
social studies (SPSS) version 19 for
windows (Chicago, IL, US).The

RESULTS
Participants’ characteristics
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Kolomogrov-Smirnov test was applied
to check the normality of the data.
The sample size estimation was
based on a previous study that
examined the effect of WBV on muscle
activity in active and inactive subjects
[19], using G*Power 3.1 software
(Universitat Dusseldorf, Dusseldorf ,
Germany).
Data obtained from both groups
pre treatment, immediately and at 30
minutes after WBV application (30 min
measurement) regarding
H-reflex
amplitude and H/M ratio were
statistically analyzed and compared.
Comparing the demographic
data of the subjects of both groups
revealed that there was no significance
difference between both groups in the
mean age, weight, height, and BMI (p
> 0.05).

Table 1: Demographic characteristics of participant

Variable

Study group(n=30)

Control group
(n=30)

 ±SD

 ±SD

Age (years)
Weight (kg)
Height (cm)
BMI (kg/m²)

21.45 ± 2.32
77.25 ± 3.76
174.9 ± 3.74
25.25 ± 1.09

21.55 ± 2.41
75.75 ± 5.77
173.3 ± 5.11
25.19 ± 1.06

 : Mean

SD: Standard Deviation

p- value Sig
0.89
0.33
0.26
0.85

NS
NS
NS
NS

p value: Probability value

NS: Non significant

Effect of whole body vibration on Hreflex amplitude:
Multiple pairwise comparison
showed that there was no significant
difference in the mean values of H
reflex amplitude between study and
control groups pre treatment (p = 0.97).

However, there was a significant
decrease in H-reflex amplitude at 0 min
measurement in the study group
compared with control group (p =
0.002). Also, there was a significant
decrease in H-reflex amplitude at 30
min measurement in the study group
6
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compared with control group (p =
0.01), and there was a significant

interaction between time and treatment
effect (p = 0.0001). (Table 2, fig 5).

Figure (5): Mean values of H reflex amplitude at pre treatment, 0 min, and 30 min measurements post
treatment of both groups.

Table 2.Mean values of H reflex amplitude at pre treatment, 0 min, and 30 min measurements post
treatment of both groups:
H- reflex amplitude (mV)

 ±SD
Study group

Control group

Pre treatment

0 min

30 min

Pre treatment

0 min

30 min

5.37 ± 1.64

3.11 ± 1.45

3.71 ± 1.42

5.39 ± 1.95

4.88 ± 1.9

5.09 ± 1.99

MixedANOVA
Within group comparison (ti me effect)
F = 149.84

p = 0.0001

Multi ple pairwisecomparison (Bonforrni correction)
MD

% of change

p-value

Sig

Pre treat mentvs 0 min

2.26

42.08

0.0001

S

Pre treat mentvs 30 min

1.66

30.91

0.0001

S

0 min vs 30 min

-0.6

19.29

0.0001

S

Pre treat mentvs 0 min

0.51

9.46

0.001

S

Pre treat mentvs 30 min

0.3

5.56

0.03

S

Study group

Control group
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0 min vs 30 min

F = 3.77

-0.21
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4.3

0.16

NS

Between group comparison (treatment effect)
p = 0.06

Multi ple pairwise comparison (bonferroni correction)
MD
p-value

Sig

Pre treat ment

-0.02

0.97

NS

0 min

-1.77

0.002

S

30 min

-1.38

0.01

S

Study vs control

F = 61.87
x̄ : Mean
p value: Probability value

Interaction effect (ti me*treatment)
p = 0.0001
SD: Standard Devi ation
MD: Mean di fference
S: Significant

Effect of whole body vibration on
H/M ratio:
Multiple pairwise comparison
showed that there was no significant
difference in the mean values of H/M
ratio between study and control groups
pre treatment (p = 0.13). However,
there was a significant decrease in H/M

NS: Non significant

ratio at 0 min in the study group
compared with control group (p =
0.0001). Also, there was a significant
decrease in H/M ratio at 30 min
measurement in the study group
compared with control group (p =
0.03), and there was a significant
interaction between time and treatment
effect (p = 0.0001). (Table 3, fig 6)

Figure (6): Mean values of H/M ratio at pre treatment, 0 min, and 30 min measurements post
treatment of both groups
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Table 3.Mean values of H/M ratio at pre treatment, 0 min, and 30 min measurements post treatment of
both groups:
H/ M ratio

 ±SD
Study group

Control group

Pre treatment

0 min

30 min

Pre treatment

0 min

30 min

2.2 ± 0.46

0.56 ± 0.25

1.16 ± 0.47

1.92 ± 0.65

1.4 ± 0.58

1.55 ± 0.61

MixedANOVA
Within group comparison (ti me effect)
F = 221.61

p = 0.0001

Multi ple pairwisecomparison (Bonforrni correction)
MD

% of change

p-value

Sig

Pre treat mentvs 0 min

1.64

74.54

0.0001

S

Pre treat mentvs 30 min

1.04

47.27

0.0001

S

0 min vs 30 min

-0.6

107.14

0.0001

S

Pre treat mentvs 0 min

0.52

27.08

0.0001

S

Pre treat mentvs 30 min

0.37

19.27

0.0001

S

0 min vs 30 min

-0.15

10.71

0.08

NS

Study group

Control group

Between group comparison (treatment effect)
F = 4.14

p = 0.04

Multi ple pairwise comparison (bonferroni correction)
MD

p-value

Sig

Pre treat ment

0.28

0.13

NS

0 min

-0.84

0.0001

S

30 min

-0.39

0.03

S

Study vs control

Interaction effect (ti me*treatment)
F = 57.13

p = 0.0001

x̄ : Mean

SD: Standard Devi ation

MD: Mean di fference

p value: Probability value

S: Significant

NS: Non significant
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DISCUSSION
The purpose of this study was to
investigate the effect of single bout
WBV on motor neuron excitability in
healthy subjects. The results of this
study showed that, both groups showed
a decrease in H-reflex amplitude and
H/M ratio, but statistically significant
difference was recorded between both
groups in favor of the experimental
group.
The results regarding the control
group might be attributed to the
transition between prone, standing and
ambulation to and from the vibration
platform. Prolonged static position
used during the off time intervention
and this might made participants less
stressful. However, there was no
significant difference in H-reflex
amplitude and H/M ratio between 0
and 30 min measurements.
Our results are in agreement with
those of other previous research [5, 11,
16, 20, 21, 22].H- reflex is used to
study the effects of vibration on MN
pool excitability. H-reflex is a
monosynaptic reflex that can show the
changes of MN recruitment [23]. The
most common parameter of the Hreflex that is studied is the H-reflex
amplitude. The H-reflex recruitment
curve is a better parameter that
provides a more precise evaluation of
MN excitability [24]. H-reflex is
extensively used both as a research and
a clinical tool [25]. It is known that
modulation of the H-reflex is altered
after neurological injury. Thus,

Cairo, 10-11 March, 2016

modulation of the H-reflex by WBV
would have clinical implications for
use in the rehabilitation setting to
improve functional performance [7].
WBV has been shown to
modulate Ia afferent motorneuron
synaptic transmission by causing
presynaptic inhibition. Previous studies
have shown that H-reflex was
depressed during and after whole body
vibration in young adult healthy
persons. Using transcranial magnetic
stimulation, it was found that WBV
increase the excitability of the
corticomotor pathway and intracortical
inhibition
while
decreasing
intracortical facilitation. Also, there is
some evidence that WBV could
increase temperature and blood flow in
both skin and lower limb muscles,
which may lead to alterations in
viscoelastic
properties
of
soft
tissue[26]. In addition, the ratio of the
maximal H-reflex (Hmax) to the
maximal M-wave (Mmax) is a proper
index for revealing the level of
excitability of the motor neuron pool
[27].
.The results could help to explain
the beneﬁcial effects of WBV in people
suffering from exaggerated reﬂex
activity. In hemiparetic patients, for
instance, the WBV-induced reduction
of Ia afferent transmission might help
to reduce the abnormal muscle tone
and reduce the co-contraction of their
muscles. Furthermore, the partial and
largely long duration of reﬂex
suppression after WBV is probably
helpful to facilitate voluntary motor
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actions in patients with a high muscle
tone caused by exaggerated Ia afferent
input. This assumption is well in line
with previous observations showing
that WBV training enhances the
walking ability and balance control in
persons with spastic diplegia[4],
improves mobility and muscle force in
bilateral spastic cerebral palsy children
[28]. Those improvements were
accompanied by a reduction of
spasticity that might be associated with
a suppression of Ia afferent
transmission [4].
The
authors
supposed
themechanisms that may contribute to
the vibratory-induced reflex depression
were obtained from experiments in
humans with local application of
vibration to a muscle or its tendon.
Also H-reflex is suppressed due to an
increased firing threshold of Ia afferent
fibers and presynaptic inhibition of Ia
terminals with primary afferent
depolarization and post-activation
depression due to repetitive activation
of the Iamotoneuron synapse followed
by reduced probability of transmitter
release [22].
The results of this study
disagreed with previous studies [29, 30,
31, 32].The differences in results might
probably attribute to differences in the
mechanical characteristics of the
devices (such as amplitude, frequency,
and duration of exposures, study
populations (age, gender, and health
status), acute or training effects and / or
treatment protocols (acute or training
effects) and lastly the position of the
knee whether relaxed or flexed. That
might influence the effects of WBV on

the neuromuscular system of the
human body.
The most frequently cited
mechanism by which WBV increases
muscle activity is the tonic vibration
reflex (TVR). However TVR has been
well proven for locally applied
vibration over the muscle belly or its
tendon, but no conclusive evidence till
now that the TVR is applicable to
WBV too[19].
The major findings of this study
were that single bout ofWBV produced
a significant decrease in H-reflex
amplitude and H/M ratio at 0 minute
and at 30 minute post treatment in
healthy male subjects.
Limitations of this study were
firstly participant were healthy male.
So, the generalisability of the findings
may be compromised as a result.
Therefore, future studies should
address this issue and study the effects
at different age groups and gender.
Secondly, this study was done as a
single to study the acute effects of
WBV. Thus training study over long
period is needed. Further studies
investigating the use of WBV with the
same parameter used here in patients
with neurological disorders.
The findings of the current study
imply that potentially WBV might be
an option to decrease motor neuron
excitability and in this way, whole
body vibration can be used by
physiotherapists in rehabilitation of
patients with hypertonia.
In conclusion the present study
showed that WBVwith the protocol
used in this study are effective in
decreasing
the
motor
neuron
excitability in healthy male adults
11
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immediately and 30 minutes after its
application.
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الممخص العربى
تاثير االهتزاز الكمى لمجسم عمى استثاره الخميه العصبيه الحركيه فى االشخاص االصحاء:
محاوله عشوائية محكمه
خلفية :االهتزازالكلى للجسم قد استخدم بصوره متزايدهلتحسين االداء فضال عن عالج بعض الحاالت .وعلى
الرغم من ان هناك الكثير من الدراسات التى تركز على دراسه االداء العضلى المصاحب لالهتزاز الكلى
للجسم  -حتى االن القليل معروف عن تاثيره على الوحدات الحركيه ما اذا كان له تاثير مثير ام مثبط .وكان
الغرض من هذه الدراسه التحقق من تاثير نوبه واحده من االهتزاز الكلى للجسم على استثاره الخاليا العصبيه
الحركيه فى االشخاص االصحاء مباشره وبعد  30دقيقه من التطبيق.
المشاركين والطرق  :ستون شخص من الذكور االصحاء قد شاركوا فى هذه الدراسه ,كانت اعمارهم تتراوح
بين  18و  25عاما  .قد تم تقسيمهم عشوائيا الى مجموعتين متساويتين  :التجريبيه والحاكمه فى كل مجموعه
 30شخص  .تلقت المجموعه التجريبيه اهتزازا الجسم الكامل

مع التردد ( 60- 50هرتز) والسعة ( 10- 0

مم)لمدة  1دقيقة ,ثم فترة راحة لمده  1دقيقة بين كل مجموعة االهتزازات التي تكررت خمس مرات

 .فى

الجموعه الحاكمه تم الوقوف على جهاز اهتزاز الجسم الكامل لنفس المدة بينما كانت ال تعمل  .تم قياس رد
الفعل لهوفمان و معدل تغير المدى لهوفمان بالنسبة لمعدل تغير رد فعل العضلةالنعلية (العصب القصبى
الخلفى) قبل ,بعدهمباشره (  0دقيقة) و  30دقيقة بعد التطبيق في كلتا المجموعتين باستخدام

رسم العصب

السطحى .
النتائج  :كان هناك نقص ذو داللة احصائية فى رد الفعل لهوفمان عند  0د قيقه و  30دقيقة من القياسات فى
فريق الدراسة بالمقارنة مع مجموعة التحكم (  0.002P = 0.01,على التوالى) .وعالوة على ذلك ,كان هناك
نقص ذو داللة احصائية فى معدل تغير المدى لهوفمان بالنسبة لمعدل تغير رد فعل العضلة عند  0دقيقة و30
دقيقة من القياسات فى فريق الدراسة بالمقارنة مع مجموعة التحكم ( P = 0.0001, 0.03على التوالى).
الخالصة :االهتزاز الكلى للجسم يقلل من استثاره الخليه العصبيه الحركيه لالشخاص االصحاء لذا فانه قد يكون
االهتزاز الكلى للجسم له اثارعالجيه على االشخاص المصابين باضطرابات الجهاز العصبى المركزى التى
يعتبر التشنج مظهر من مظاهره الرئيسيه.
الكلمات الدالة  :االهتزاز الكلى للجسم-الخلية العصبية الحركية –رد فعل هوفمان
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