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Abstract:

The purpose of the study was to investigate the effect of an 8-week whole-body vibration
intervention program on muscular strength of upper extremities. Twenty-four physical
educations participated in this study. Participants were separated in two equal group;
the experimental group (EG), and the control group (CG). Before the inception of the
intervention program all participants were evaluated with random order in the a) the
circumference of each arm, b) the number of push-ups; c) grip strength; d) chest medicine
ball throw and immediately after the end of intervention program and two days after.
Participants applied a total of 24 sessions, three times per week at the same time of the
day. The frequency and amplitude of the vibration platform were 35 Hz and 2 mm,
respectively. The intervention program consisted of three different exercises which each
had duration of 30 sec. A 30 sec rest was mediated between each trial and a 2 min time
interval between exercises in order to avoid the fatigue effect. No significant interaction
effect was found for the examined upper extremities variables (p <.05). Furthermore, no
significant time and no group effect were found also (p < .05). Paired t-test comparisons
revealed significant post differences in comparison to baseline values on medicine ball
throw and left arm circumference. According to the results, EG showed a statistically
significant improvement in medical ball throw and in left hand circumference, while
improvement was also found in the other parameters considered.
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1. Introduction
In recent years, vibration has been used to improve the physical fitness of both athletes

and people of different ages who participated in fitness programs (Jordan, Norris, Smith,
& Herzog, 2005; Luo, McNamara, & Moran, 2005). Whole Body Vibration (WBV) is
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implemented with spectacular results not only to improve muscle strength (Dallas et al,
2015; Tsopani et al, 2014) but also other parameters such as flexibility (Tsopani et al, 2014),
balance (Dallas et al, 2016), but also for therapeutic purposes (Perraton, Machotka,
Kumar, 2011). Previous studies claim that the effect of vibration on a muscle triggers the
vibrational tonic vibration reflex which causes the muscular spindle Ia fibers of the
muscle to cause muscle contraction and which is the most likely mechanism of
neuromuscular activation of the vibrating muscle (Roelants, Verschueren, Delecluse,
Lewvin, Stijnen, 2006). Bongiovanni, Hagbarth, and Stjernberg. (1990) support that
because of the stimulation of muscle by the transfer of vibrations, the cooperation of the
central and peripheral nervous system is improved. Vibration training is considered to
be training for neuromuscular adjustments and propriety because of the acceleration
factor called the body to face on the platform. Based on mechanical stimulation of the
muscle, Tonic vibration reflexes (TVR) are manifested (De Gail, Lance, Neilson, 1966).
With muscle irritation Ia stimulation, a tonic contraction is manifested in the muscle,
which increases the muscular tone of the muscle (Bosco, Cardinale, Tsarpela, 1999). A
great number of studies are referred to the effect of vibration on lower limbs muscular
strength (Bazett-Jones, Finch, Dugan, 2008; Dallas, Mavidis, Kirialanis, Papouliakos,
2017; Jacobs, & Burns, 2009; Osawa, Oguma, Ishii, 2015; Rees, Murphy, Watsford, 2008;
Yu, Seo, Kang, Kim, Kwon, 2015). However, a limited number of findings have dealt with
the effect of vibration on the upper part of the body (Cochrane & Hawke, 2007; Cochrane,
Stannard, Walmsely, Firth, 2008; Hazell, Jakobi, Kenno, 2007; Hong, Velez, Moland,
Sullivan, 2010; Issurin & Tenenbaum, 1999; Marin, Herrero, Milton, Hazell, Garcia-
Loopez, 2013; Poston, Holcomb, Guadagnoli, Linn, 2007). An assessment of hand
function was done by handgrip strength (Alkurdi and Dweiri, 2010). In the study by
Morel et al. (2017) authors examined the effect of vibration on handgrip strength on
young soldiers who performing push-ups on the vibratory platform. According to the
results no significant improvement was found after vibrational intervention protocols.
Further, as Thomas and colleagues stated an 8-w intervention resistance training
program improved significantly handgrip strength in young adults (Thomas, Sahlberg,
Svantesson, 2008). However, to the author’s knowledge there are no other studies that
investigate the effect of vibration intervention on upper extremities muscular strength.
So, the purpose of the study was to examine the effect of 8-week whole-body vibration
protocol on upper limbs parameters on physical education students. It was hypothesized
that a significant difference will be found after the application of WBV protocol.

2. Material and Methods

2.1 Subjects

Twenty-four physical education students with a mean age 21.83 + 1.76 years, body mass
60.34 + 9.43 kg, body height 167.54 + 5.89 kg and body fat 23.40 + 7.52 % participated in
this study. Participants were separated in two equal group; the experimental group (EG)
(age 21.58 +1.38 years, body mass 59.72 + 10.00 kg, body height 168.00 + 6.64 kg, and body
fat 21.79 + 8.05), and the control group (CG) (age 22.08 + 2.11 years, body mass 60.97 +
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9.22 kg, body height 167.08 + 5.30 kg and body fat 25.00 + 6.93). No statistically significant
difference was found in the aforementioned parameters between groups (p> .05). The
study protocol was approved from the University’s ethical committee and all procedures

were performed in accordance with the ethical standards of the Helsinki Declaration of
1975 as revised in 1983.

2.2 Experimental Design

The EG implemented an 8-week program in addition to his academic duties, whereas the
CG followed only their academic duties. Participants applied a total of 24 sessions, three
times per week at the same time of the day. All students were coming from the same
classes by attending the same hours of the specific courses in the program in order not to
affect the results of this research study. All the students were right-handed. The phase of
the ammonia cycle was also recorded. The measurement of body weight (Kg) and body
height was done with a precision scales (Bilance Salus Milano) and the measurement of
body fat was done with scale type TANITA: inner Scan-Body Composition Monitor. The
evaluation of grip strength test was done with the LaFayette Grip Strength Dynamometer
(LaFayette Instrument Company Incorporated, 2004). The frequency and amplitude of
the vibration platform were 35 Hz and 2 mm, respectively (Sands et al, 2006). Before the
inception of the intervention program all participants were evaluated with random order
in the a) the circumference of each arm (cm), b) the number of push-ups; c) grip strength
(N); d) chest medicine ball 2Kg throw (cm) (baseline values) and immediately after the
end of intervention program (post 1) and two days after (post 2). Three trials of each
exercise were performed and the best one was used for further statistical analysis. The
intervention program consisted of three different exercises which each had duration of
30 sec: a) isometric squats; b) from knee position, push-ups with hands on vibration
platform; c) from rear sitting position flex and extend elbow joint with hands on vibration
platform. A 30 sec rest was mediated between each trial and a 2 min time interval between
exercises in order to avoid the fatigue effect.

2.3 Statistical Analysis

The statistical package SPSS v. 24 was used for the statistical analysis. A two-way (group
x time) ANOVA with repeated measures on the second factor was used in order to
examine the impact of time (pre, postl, post2) and group (EG, CG) on the dependent
variables. Sphericity was checked using Mauchly’s test, and the Greenhouse-Geisser’s
correction on degrees of freedom was applied when necessary. In cases where interaction
between time and group was detected, the simple effects were investigated, and
Bonferonni’s correction was used. In the absence of interaction, the main effects of the
two factors (time and group) on the dependent variables were investigated. All statistical
significances were tested at a = 0.05.
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3. Results
Of the totality of the somatometric characteristics only for the body mass a significant
time effect was found (F @ =17.87, p <.001, n*=.448). The somatometric characteristics of

the groups in various measurements are presented in table 1.

Table 1: Somatometric characteristics of groups in various measurements

Pre Post 1 Post 2
EG CG EG CG EG CG
BM (kg) 59.71 £ 10.00 60.96 £9.22 58.75 + 9.58 60.08 +9.50 58.89 £ 9.65 59.85 +9.50
BH (cm) 168.00 + 6.64 167.08 +5.29 168.00 + 6.64 167.50 + 5.40 168.00 £ 6.64 | 167.50 +5.40
% BF 21.79 £ 8.04 25.01 £ 6.92 22.60 £ 8.11 24.82 +6.97 2227 £7.42 244+7.23
BM: Body mass; BH: body height; %BEF: body fat

No significant interaction effect was found for the examined upper extremities variables
(p <.05). Furthermore, no significant time and no group effect were found also (p <.05).

Table 2: Means and standard deviations of upper extremities on various measurements

Pre Post 1 Post 2
EG CG EG CG EG CG

GripR 29.67 + 6.61 30.75+6.85 28.91 +5.91 29.41 +5.81 29.67 +5.01 28.25+5.59
Grip L 2741 +5.11 28.67 £5.35 28.25+5.43 28.50 +4.17 28.08 +3.63 27.50 + 4.38
Med 423.41 +65.77 | 415.33+90.27 | 445.83 +63.59 | 406.75+57.00 | 456.58 £71.03 | 399.17 +56.35
Arm R 25.70+2.01 2591 +2.15 25.87 +2.14 26.33+2.78 25.83+1.95 26.29 +2.81
Arm L 25.41 +1.88 2591+2.15 26.08 £2.02 26.41 +2.54 25.87 +1.57 26.33 £2.64
Grip R: right hand grip; Grip L: left hand grip; Med: medicine ball throw; Arm R: right arm circumference; Arm L:
left arm circumference

Paired t-test comparisons revealed significant post differences in comparison to baseline
values on medicine ball throw (tay =-3.39, p = .006) and left arm circumference (tay = -
4.69, p=.001).

4. Discussion

The purpose of this study was to examine the effect of an 8-week WBV program on upper
extremities parameters. Results showed that the majority of the examined parameters
were not significantly affected by the intervention program. However, a significant
improvement was found for the medicine ball throw in the EG which improve the
baseline values by 5.29% in contrast to CG which reported a slight reduction by 2.06%. It
is mentioned that the improvement that showed the EG was maintained for two days,
indicating a further increase in this measurement by 7.83% in comparison to the baseline
values in contrast to CG that showed a further decrease by 3.89% two days after the end
of the intervention program. Another important finding was the increment of the left arm
circumference in both groups. Although no significant differences were found EG
reported an increase by 2.63% and 1.81% immediately after and two days after the end of
intervention program, respectively percentages that are slightly higher than those of the
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control group (1.92% and 1.62%, respectively). Finally, slight improvement that found on
handgrip of left hand in EG was obviously greater compared to CG immediately after
(3.06% and -0.59%, respectively) and two days after the end of the intervention program
(2.44% and -4.08%, respectively).

The improvement that showed EG on medicine ball throw is also supported by
the study by Poston et al (2007) that found significantly higher upper limb strength when
performing weight lifting on a bench than supine bed and those of Marin et al. (2012)
who found that a significant increase in biceps brachii EMG in healthy older adults after
a WBV intervention. Also, support findings of Issurin and Tenenbaum (1999) who report
an improvement of muscular strength of the biceps after vibration training. The slight
improvement of the EG on handgrip of left arm reinforces previous data of Cochrane ko
Hawke (2007) who revealed a slight improvement in grip strength in climbers practicing
vibration and those of Poston et al (2007) who report that there was no statistically
significant improvement but only a slight improvement of 1.78%. Furthermore, our
findings are in congruence with results by Hand et al. (2009) that applied a 10-w WBV
program, three times per week, on student athletes performing a modified push-up
position and found no significant strength gains in the subjects’ rotator cuff muscle
output. However, these data are in contrast with findings of Cochrane and Hawke (2007)
who did not find any positive effect on climbers when dropping a medical ball and those
of Hazell et al. (2007), who applied a range of WBV frequencies and amplitude in healthy
young men, and found no effect on upper extremities skeletal muscle electromyography.
Concerning handgrip strength our results showed no significant improvement in left
handgrip a finding that is in agreement with data of More et al. (2017) but opposed from
data of Thomas et al. (2008) who found significant improvement in handgrip strength
after an 8-w resistance training program. It is remarkable that EG showed a significant
improvement on left arm circumference by 2.63% and 1.81% immediately after and two
days after the end of the intervention program, respectively percentages which are
slightly higher from those of CG (1.92% and 1.62%, respectively). The gains in muscular
strength after WBV training may be explained by a number of mechanisms; the tonic
vibration reflex (Cardinale and Bosco, 2003), increased hormone secretion (Bosco et al,
2000), stimulation of proprioceptive pathways (Delecluse et al., 2003), post activation
potentiation (Cochrane et al., 2010), and muscle hypertrophy (Delecluse et al., 2003).

Overall, according to the results;, EG showed a statistically significant
improvement in medical ball throw and in left hand circumference, while improvement
was also found in the other parameters considered, with the exception of right-hand
gestation only, where only a slight decrease was observed in the final measurement
immediately afterwards. It was speculated that the specific program intensity (vibration
frequency and vibration amplitude) that remained stable throughout the intervention
program was not enough to create the appropriate adjustments to make a significant
improvement. Possibly a difference in intensity might have had different effects.

The results of the present study must be applied with considerable caution. The
study refers on physical education students of 18- to 24-year-old who underwent an 8-
week workout with constant and moderate intensity, with a frequency of three sessions
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per week. Furthermore, it was unknown whether the academic duties could influence the
final outcome of the intervention program.

4.1 Recommendations
Further research is needed to examine the effect of WBV training with greater volume or
with other aged groups with athletes of other sports.

Conflict of Interest Statement
No potential conflict of interest relevant to this article was reported.

About the Authors

Constantinos Ntallas is a teacher of Physical Education. Current research interest: sport
performance and strength training.

George Dallas is an associate at School of Physical Education and Sport Science, National
and Kapodistrian University of Athens, Greece. Current research interest: the impact of
selected physiological and anthropometrical variables in elite gymnastics performance,
strength training.

References

Alkurdi ZD, Dweiri YM. (2010). A biomechanical assessment of isometric handgrip force
and fatigue at different anatomical positions. | Appl Biomech, 2, 123-133

Bazett-Jones DM, Finch HW, Dugan EL. (2008). Comparing the effects of various whole-
body vibration accelerations on counter-movement jump performance. J Sport Sci
Med, 7, 144-150

Bongiovanni L, Hagbarth K, Stjernberg L. (1990). Prolonged muscle vibration reducing
motor output in maximal voluntary contractions in man. | Physiol, 423, 15-26

Bosco C, Cardinale M, Tsarpela O. (1999). Influence of vibration on mechanical power
and electromyogram activity in human arm flexor muscles. Eur | Appl Physiol, 79,
306-311

Bosco C, Iacovelli M, Tsarpela O, Cardinale M, Bonifazi M, Tihanyi J, Viru M, De Lorenzo
A, Viru A. (2000). Hormonal responses to whole-body vibration in men. Eur | Appl
Physiol, 81, 449-454

Cardinale M, & Bosco C. (2003). The use of vibration as an exercise intervention. Exer
Sport Sci Review, 31, 3-7

Cochrane DJ, Stannard SR, Walmsely A, Firth EC. (2008). The acute effect of vibration
exercise on concentric muscular characteristics. | Sci Med Sport, 11, 527-534

Cochrane DJ, Hawke EJ. (2007). Effects of acute upper-body vibration on strength and
power variables in climbers. | Strength Cond Res, 21(2), 527-531

Cochrane DJ, Stannard SR, Firth EC, Rittweger J. (2010). Acute whole-body vibration
elicits post-activation potentiation. Eur] Appl Physiol, 108, 311-319

European Journal of Physical Education and Sport Science - Volume 7 | Issue 2 | 2021 76


http://oapub.org/edu/index.php/ejep

Ntallas Constantinos, Dallas George
THE EFFECT OF 8-WEEK WHOLE BODY VIBRATION ON UPPER EXTREMITIES’ STRENGTH PARAMETERS

Dallas G, Kirialanis P. (2013). The effect of two different conditions of whole-body
vibration on flexibility and jumping performance of artistic gymnasts. Sci Gymn ],
5(2), 67-77

Dallas G, Paradisis G, Kirialanis P, Mellos V, Argitaki P, Smirniotou A. (2015). The acute
effects of different training loads of whole-body vibration on flexibility and
explosive strength of lower limbs in divers. Biol Sport, 32, 235-241

Dallas G, Tsopani D, Papouliakos S, Riga M, Korres G. (2016). The acute effect of whole-
body vibration training on postural control of elite rhythmic gymnasts. Swedish |
Scie Res, 3(11), 25-33

Dallas G, Mavidis A, Kirialanis P, Papouliakos S. (2017). The effect of 8-weeks of whole-
body vibration training on static balance and explosive strength of lower limbs on
physical education students. Acta Gymnica, 47(4), 153-160

De Gail P, Lance ], Neilson P. (1966). Differential effects on tonic and phasic reflex
mechanisms produced by vibration of muscles in man. | Neurol Neurosurg Psych,
29,1-11

Delecluse C, Roelants M, Verschueren S. (2003). Strength increases after whole-body
vibration compared with resistance training. Med Sci Sport Exe, 35, 1033-1041

Hazell TJ, Jakobi JM, Kenno KA. (2007). The effects of whole-body vibration on upper-
and lower-body EMG during static and dynamic contractions. Appl Physiol
Nutrition Metabol, 32, 1156-1163

Hand ], Verscheure S, Osterning L. (2009). A comparison of whole-body vibration and
resistance training on total work in the rotator cuff. | Athl Training, 44, 469-474

Hong ], Velez MT, Moland AM, Sullivan JA. (2010). Acute effects of whole- body
vibration on shoulder muscular strength and joint position sense. | Hum Kin, 25,
17-25

Issurin VB, Tenenbaum G. (1999). Acute and residual effects of vibratory stimulation on
explosive strength in elite and amateur athletes. | Sport Sci, 17(3), 177-182

Jacobs PL, Burns P. (2009). Acute enhancement of lower extremity dynamics strength and
flexibility with whole body vibration. | Strength Cond Res, 23(1), 51-57

Jordan MJ, Norris SR, Smith DJ, & Herzog W. (2005). Vibration training: an overview of
the area, training consequences and future considerations. | Strength Cond Res,19,
459-466

Luo J, McNamara B, & Moran K. (2005). The use of vibration training to enhance muscle
strength and power. Sport Med, 35(1), 23-41

Marin PJ, Santos-Lozano A, Santin-Medeiros F, Vicente-Rodriguez G, Casajus JA, Hazell
T], Garatachea N. (2012). Whole body vibration increases upper and lower body
muscle activity in older adults: Potential use of vibration accessories. | Electrom
Kinesiol, 22, 456—462

Marin PJ, Herrero AJ, Milton JG, Hazell T], Garcia-Loopez D. (2013). Whole-body
vibration applied during upper body exercise improves performance. | Strength
Cond Res, 27(7), 1807-1812

European Journal of Physical Education and Sport Science - Volume 7 | Issue 2 | 2021 77


http://oapub.org/edu/index.php/ejep

Ntallas Constantinos, Dallas George
THE EFFECT OF 8-WEEK WHOLE BODY VIBRATION ON UPPER EXTREMITIES’ STRENGTH PARAMETERS

McBride JM, Nuzzo JL, Dayne AM, Israetel MA, Nieman DC, Triplett NT. (2010). Effect
of an acute bout of whole-body vibration exercise on muscle force output and
motor neuron excitability. | Strength Cond Res, 24, 184-189

Morel DS, Moreira-Marconi E, Neto SBS, Domingos LLP, de Souza PL, de Sa Caputo DC,
Costa GD, de Figueiredo CF, Carmo RCR, de Paiva PC, Goncalves CRS, Kutter CR,
de Aguiar EDG, Bernardo-Fihlo M. (2017). Effects of whole-body vibration
intervention on handgrip strength of Brazilian healthy soldiers. African | Tradit
Complemen Altern Med, 14(4S), 28-32

Osawa Y, Oguma Y, Ishii N. (2013). The effects of whole-body vibration on muscle
strength and power: a meta-analysis. | Muscul Neuronal Interaction, 13(3), 380-390

Perraton L, Machotka Z, Kumar S. (2011). Whole-body vibration to treat low back pain:
tact or fad? Physio Canada, 63(1), 88-93

Poston B, Holcomb WR, Guadagnoli MA, Linn LL. (2007). The acute effects of mechanical
vibration on power output in the bench press. | Strength Cond Res, 21(1),199-203

Rees S, Murphy A, Watsford M. (2008). Effects of whole-body vibration on lower-
extremity muscle strength and power in an older population: A randomized
clinical trial. Phys Therapy, 88(4), 462-470

Roelants M, Verschueren SMP, Delecluse C, Lewvin O, Stijnen V. (2006). Whole-body
vibration-induced increase in leg muscle activity during different squat exercises.
J Strength Cond Res, 20(1), 124-129

Sands WA, & McNeal JR. (2006). Flexibility enhancement with vibration acute and long-
term. Med Sci Sport Exe, 38(4), 720-725

Thomas EM, Sahlberg ME, Svantesson U. (2008). The effect of resistance training on
handgrip strength in young adults. Isokin Exe Sci, 16 (2), 125-131

Tsopani D, Dallas G, Tsiganos G, Papouliakos S, Di Cagno A, Korres G, Riga M, Korres
St. (2014). Short-term effect of whole-body vibration training on balance, flexibility
and lower limb explosive strength in elite rhythmic gymnasts. Hum Mov Sci, 33,
149-158

Wilcock IM, Whatman C, Harris N, Keogh JWL. (2009). Vibration training: Could it
enhance the strength, power, or speed of athletes? | Strength Cond Res, 23,593-603

Yu C, Seo SB, Kang SR, Kim K, Kwon TK. (2015). Effect of vibration on muscle strength
imbalance in lower extremity using multi-control whole body vibration platform.
Biomed mater engineering, 26(s1), S673-5683

European Journal of Physical Education and Sport Science - Volume 7 | Issue 2 | 2021 78


http://oapub.org/edu/index.php/ejep

Ntallas Constantinos, Dallas George
THE EFFECT OF 8-WEEK WHOLE BODY VIBRATION ON UPPER EXTREMITIES’ STRENGTH PARAMETERS

Creative Commons licensing terms

Authors will retain the copyright of their published articles agreeing that a Creative Commons Attribution 4.0 International License (CC BY 4.0) terms will
be applied to their work. Under the terms of this license, no permission is required from the author(s) or publisher for members of the community to
copy, distribute, transmit or adapt the article content, providing a proper, prominent and unambiguous attribution to the authors in a manner that makes
clear that the materials are being reused under permission of a Creative Commons License. Views, opinions and conclusions expressed in this research
article are views, opinions and conclusions of the author(s). Open Access Publishing Group and European Journal of Physical Education and Sport Science
shall not be responsible or answerable for any loss, damage or liability caused in relation to/arising out of conflict of interests, copyright violations and
inappropriate or inaccurate use of any kind content related or integrated on the research work. All the published works are meeting the Open Access
Publishing requirements and can be freely accessed, shared, modified, distributed and used in educational, commercial and non-commercial purposes
under a Creative Commons attribution 4.0 International License (CC BY 4.0).

European Journal of Physical Education and Sport Science - Volume 7 | Issue 2 | 2021 79


http://oapub.org/edu/index.php/ejep
https://creativecommons.org/licenses/by/4.0/

