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Abstract

Summary

Swimming  has  little  effect  on  bone  mass.  Therefore,  adolescent
swimmers  should  complement  their  water  training  with  a  short  and
intense  weight-bearing  training,  aiming  to  increase  their  bone
acquisition.  Forty  swimmers  performed  a  six-month  whole-body
vibration (WBV) training. WBV had no effect on adolescent swimmers’
bone mass or lean mass.

Purpose

The aims of the present study were to evaluate the effects of a whole-
body  vibration  (WBV) intervention  on  bone  mineral  density  (BMD),
bone  mineral  content  (BMC)  and  lean  mass  (LM)  in  adolescent
swimmers.

Methods

Forty  male  and  female  adolescent  swimmers  (VIB;  mean  age
14.2 ± 1.9 years) completed the WBV protocol that consisted of 15 min
of training 3 days per week during a 6-month period (ranging from 3.6
to  11.6  g),  while  23  swimmers  (SWI;  mean  age  15.0  ±  2.2  years)
continued  with  their  regular  swimming  training  alone.  VIB  were
divided  into  tertiles  according  to  training  compliance  in  order  to
evaluate if any dose-effect relation existed. BMD, BMC and LM were
measured  longitudinally  by  dual  energy  X-ray  at  the  whole  body,
lumbar-spine and hip.

Results

No group by time interactions and no differences in change percentage
were found for BMD, BMC or LM in any of the measured variables.
The mean change percentage of the subtotal body (whole body minus
the head) for VIB and SWI, respectively, was 2.3 vs. 2.4% for BMD,
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5.7 vs 5.7% for  BMC and 7.3 vs.  8.0% for  lean mass.  Moreover,  no
indication for dose-response was observed.

Conclusions

The proposed WBV protocol had no effect on BMD, BMC and LM in
adolescent  swimmers.  Other  types  of  training  should  be  used  in  this
population to improve both bone and lean mass.

Keywords
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Body composition
Bone
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Whole-body vibration

Introduction
Physical activity has been suggested as one of the best methods of
combating osteoporosis. It can regulate bone maintenance, stimulate bone
formation including the accumulation of mineral [1], in addition to
strengthening muscles, improving balance [2] and thus reducing the
overall risk of falls and consequent fractures [2]. Development of
osteoporosis is variably attributed to either excessive rate of bone loss
during aging or to inadequate accumulation of peak bone mass prior to
attainment of skeletal maturity [3]. Regarding the latter, several studies
have found that high-impact physical activity can improve bone mass
acquisition during adolescence [4, 5]. Nevertheless, not all physical
activities exert a positive effect on bone mass, as sports such as cycling
[6] and swimming [7] seem to be ineffective in increasing bone mass.

Focusing on swimming, a systematic review [7] and a more recent meta-
analysis [8] showed that swimming seemed to be neutral (having no
effect) to bone mineral content (BMC) and density (BMD) during
adolescence. This could possibly be interpreted as a positive conclusion,
as swimming is not negatively affecting bone mass acquisition.
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Nevertheless, we should consider that firstly, adolescence is a key period
for increasing bone mass and density values (at least 25% of the adult
total BMC is attained in just a 2-year period of fast bone mineral accrual
during growth [9]), and secondly, swimming participation will entail a
significant amount of water training that may exclude other weight-
bearing activities [10]; not improving bone acquisition might be a
negative condition associated to swimming.

Although swimmers present similar bone mass values [8], they generally
present higher lean mass values when compared to sedentary controls
[11]. Lean mass has been positively associated with bone mass in several
studies [12, 13]. Therefore, specific training aiming to improve lean mass
might also entail some minor benefits to bone mass. In swimmers, even if
lean mass is improved without an increase in bone mass, a performance
benefit would be attained, as lean mass has been positively associated
with swimming performance [14].

In order to improve both lean mass and bone mass acquisition, short
interventions should be performed before or after swimming training. To
this end, jumping interventions have been proved to be very effective [4]
and thus could be a feasible option for adolescent swimmers. Although
teenagers may find these types of intervention boring and might require
incentives to adhere to them. Whole-body vibration (WBV) platforms
appear to be devices that might appeal to teenagers and thus improve
adherence to the program.

WBV training was originally proposed as a means of increasing BMD in
astronauts in space who, like swimmers, operate in a hypogravitational
medium. WBV, like other weight-bearing physical activities, requires
muscles and bones to work against gravity, and several studies have
shown that it is an effective tool regarding bone mass augmentation in
both disabled [15] and healthy populations [16, 17]. Few studies have
evaluated the effects of WBV training on body composition with
inconclusive results as some researchers have found positive effects in
untrained participants [18, 19] while others have found no effects [20,
21]. It thus seems as if WBV could be a good tool for adolescent
swimmers to improve their lean mass and bone mass.

Therefore, the aim of the present study was to determine the effects of
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WBV on BMD, BMC and lean mass in a group of swimmers and compare
these values to those of other swimmers who perform the same water
training without the WBV training.

Material and methods
Experimental design
For this study, participants were requested to visit our laboratory on two
occasions (pre- and post-intervention). The first evaluation took place
between September and October 2012, while the second evaluation took
place between May and June 2013. All the tests and questionnaires were
performed by qualified trained researchers from the University of
Zaragoza.

Participants
Swimmers were recruited from four different swimming clubs from
Aragon (Spain). When the study began, inclusion criteria were as follows:
participants had to be between the ages of 11 and 18 years, Caucasian,
healthy, non-smokers and with no chronic disease or musculoskeletal
disorders (fibromyalgia, gout, osteoarthritis, rheumatoid arthritis,
tendinitis), bone fractures or medication. Swimmers had to have a history
of swimming and competing in regional tournaments for more than
3 years and training for a minimum of 6 h per week.

Participant classification
All swimmers were randomly allocated vibration training in addition to
swimming or simply the continuation of their normal swimming training.
Some of the swimmers who continued with their normal swimming
training performed an extra weight-bearing sport (running, free weights,
etc.) on a weekly basis that could modify or mask intervention results, and
these participants were thus excluded. Therefore, for the present study,
swimmers who only swam (SWI; n = 23) were compared to swimmers
who swam and performed WBV training (VIB; n = 40).

Ethics statement
Written informed consent from parents and verbal assent from the
participants were obtained. The study was performed following the ethical
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guidelines of the Declaration of Helsinki 1961 (revision of Fortaleza
2013). The protocol study was approved by the Ethics Committee of
Clinical Research from the Government of Aragón (ref. CP08/2012,
CEICA, Spain). The present study is part of a larger randomized
controlled trial which is registered in clinicaltrials.gov (identification
number NCT02380664).

Evaluation of pubertal stage
Pubertal maturation was determined by self-assessment of secondary
sexual characteristics according to the criteria devised by Tanner [22].
This method has been reported to be both valid and reliable in assessing
sexual maturity among adolescent athletes [23].

Calcium intake
Calcium intake was estimated as milligrams per day through a validated
food frequency questionnaire that is explained in detail elsewhere [24].

Bone mass and body composition
Dual energy X-ray scans were performed with the pediatric version of the
QDR-Explorer software (Hologic Corp., Software version 12.4, Bedford,
MA, USA) for the whole body (and its sub-regions), lumbar spine and hip
(trochanter, femoral neck, total hip). For bone mass, outcomes of interest
were BMD and BMC. For body composition, the outcome of interest was
lean mass. All the DXA analyses were performed by the same operator.
The coefficients of variation of the DXA in our laboratory for total body
scans are published elsewhere and were 2.3% for BMC, 1.3% for BMD
and 1.9% for lean mass [25].

Whole-body vibration program
A synchronous vibration platform (Power Plate® Pro5; PowerPlate,
Amsterdam, The Netherlands) was used to perform the vibration
intervention. A synchronous vibration device was selected over a
rotational one as the asynchronous nature of the rotational vibration may
make it more difficult to perform certain exercises on the platform
because both feet must remain on the unit at all times [26]. In addition,
there is not enough data to support the effectiveness of one type of
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vibration unit over another [26, 27]. Participants allocated to the WBV
group performed three WBV training sessions per week, supervised by a
researcher who ensured safety and guided participants in the correct
performance of all sets. The researcher that supervised the WBV trainings
completed a diary to register participants’ assistance. From this diary,
final WBV training compliance was calculated by dividing the number of
session attendances by the total number of sessions and multiplying that
number by 100 (i.e. a participant that attended 60 sessions out of the 81
possible sessions had performed 74% of the training). Each swimming
center had a platform where the intervention was carried out. Swimmers
performed the exercises in alternating pairs with one swimmer resting
while the other used the vibration platform. A graphic description of the
exercises performed is represented in Fig. 1. The intervention comprised
five exercises which were performed in the following order: (1) half squat
(knees bent at 120°) on the platform (Fig. 1a); (2) squat (knees bent at
90°) (Fig. 1b); (3) dynamic flexion and extension from 120 to 90° at a rate
of 2 s up and 2 s down; (4) lunge with right foot in front (Fig. 1c); and (5)
lunge with left foot in front (Fig. 1d). Swimmers performed the sequence
twice, taking approximately 15 min to complete the whole protocol.
Participants were asked to attend the sessions with sports shoes to
standardize the damping of the vibration caused by footwear.

Fig. 1

Whole-body vibration exercises and protocol
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The intensity of the intervention protocol was gradually increased during
the 6-month period, and specific amplitudes and frequencies are detailed
in Fig. 1. The duration of 6 months was selected on account of the
temporal limitations of the training season (September to June). As
measuring the whole sample took 2 months, the first evaluation was
carried out between September and October while the second evaluation
was performed between May and June. Consequently, the WBV
intervention began in November and finished in April (both months
included). The present WBV protocol was chosen following positive
results found with similar interventions performed in a previous studyies
[28, 29] with an attempt to maintain minimal effective doses. High-
vibration amplitudes were selected as they appear to produce better
adaptations for hypertrophy than low-vibration amplitudes [30].

Statistical analyses
Data was examined with box-plots in order to check for outliers. One
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participant was detected as an outlier for both BMD and BMC at pre- and
post-intervention in most measured sites and was therefore excluded from
further analyses.

Analyses of variance for repeated measures: 2 (group) by 2 (time) by 2
(sex), were performed in order to ascertain whether there was an
interaction between group, time and sex. As no significant interactions
were found for any of the outcome variables, all analyses were performed
with male and female participants together.

Both an intention-to-treat analysis (ITT) which included all participants
who began the protocol at baseline and a per-protocol (PP) analysis
designed to evaluate the effects of compliance to WBV training were
performed. All data were analyzed using SPSS version 15.0 (SPSS,
Chicago, IL, USA). The same analyses were performed for the ITT and
the PP. The PP analysis was performed to identify if any dose-response
relationship existed. In this post-hoc analysis, the experimental cohort
was subdivided into tertiles that were determined from the sample size, in
order to have the same number of participants in each group. Firstly, a
comparison between high- and medium-level compliers (over 50%
attendance) and swimmers was performed. Secondly, the three groups
(high, medium and low compliers) were compared to each other in order
to ascertain whether any dose-response relationship existed.

Independent t tests were used to examine baseline differences between
SWI and VIB for all anthropometric characteristics and dietary calcium
intake. In addition, pre- and post-training bone variables (BMD and
BMC) and lean mass were compared with ANCOVAs adjusting by age,
Tanner stage and height. Chi-square tests were performed to evaluate
differences in Tanner stage before and after the intervention.

A percentage of change was calculated for BMD, BMC and lean mass
variables from the pre- and post-intervention values. ANOVAS were then
performed with these scores in order to ascertain the differences between
groups.

Analysis of covariance (ANCOVA) for repeated measures × 2 was
performed to check differences within groups between pre- and post-
intervention and to determine the effects of the intervention on BMD,
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BMC and lean mass values adjusting by change in height, initial age and
final Tanner stage.

The repeated measures were performed to determine whether BMD, BMC
and lean mass improved in both SWI and VIB within time, and if a group
by time interactions existed. Thus, for a small- to medium-effect size
(f = 0.20) and a correlation of 0.7 between the pre- and post-evaluation
measurements of the within factors, repeated measures calculation
determined a total sample size of 32 (16 per group), for a power of 0.8
and α of 0.05. For the repeated measures, within-between interaction, the
required sample size was also of 32 (16 per group).

For the repeated measures changes within group analysis, partial eta
squared (n ) calculated by SPSS was presented. Values of 0.01 can be
considered small, and those around 0.06 moderate and over 0.14 large.

Results
Participants
A summary of the enrollment, loss of participants and final number of
adolescents included in the study is presented in Fig. 2.

Fig. 2

Consort participant flow diagram

2
p
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The final sample consisted of 40 VIB (22 males/18 females) and 23 SWI
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(14 males/9 females).

The included participants trained an average of 10 weekly hours
(10.1 ± 2.6 h SWI vs. 10.1 ± 1.9 h VIB) during the follow-up period.

Compliance to training and side effects
Of all the included participants following the WBV protocol, one reported
to increase his episodes of migraines due to the WBV training. No other
adverse effects were reported.

The average WBV training compliance was of 62 ± 17% ranging from 32
to 97%. Regarding tertiles, the low-complier group (mean compliance
42%) consisted of 13 VIB who did not attain 50% of compliance (range
between 32 and 49%). Participants in the low-compliance group trained
for between 204 and 315 min on the platform (408 to 630 min when
taking into account rest periods off the platform during the WBV
training). Thirteen VIB were classified as medium compliers (mean
compliance 60%) with compliance ranging from 50 to 67.5%. These
participants trained for between 351 and 420 min on the platform (700 to
840 min of training including rest periods). Fourteen participants formed
the high-complier group (mean compliance 82%) and trained between
67.5 and 97%, from 426 to 609 min (850 to 1200 min including rest
periods).

Anthropometric characteristics and calcium intake
Participants’ physical characteristics are shown in Table 1. No differences
were found for any of the measured variables between groups (Hedges’ g
from 0.051 to 0.410; all p > 0.05).

Table 1

Anthropometric characteristics and calcium intake by group

Pre-intervention Post-intervention

VIB SWI VIB SWI

No differences were found between groups for any of the studied variables at
pre- or post-intervention (all p > 0.05)

VIB vibration group (n = 40; 22 boys/18 girls), SWI swimmers (n = 23; 14
boys/9 girls)
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Pre-intervention Post-intervention

VIB SWI VIB SWI

No differences were found between groups for any of the studied variables at
pre- or post-intervention (all p > 0.05)

VIB vibration group (n = 40; 22 boys/18 girls), SWI swimmers (n = 23; 14
boys/9 girls)

Age (y) 14.2 ± 1.9 15.0 ± 2.2 14.9 ± 1.9 15.7 ± 2.2

Weight (kg) 54.6 ± 11.9 56.0 ± 13.8 56.3 ± 11.7 57.2 ± 13.3

Height (cm) 164.1 ± 12.5 165.6 ± 12.9 165.9 ± 11.9 166.6 ± 12.3

BMI (kg/m ) 20.0 ± 2.4 20.1 ± 2.8 20.2 ± 2.2 20.4 ± 2.7

Calcium (mg)
[31] This

reference
should be
deleted, as in
this case, it
makes no
sense to have
a reference in
the table.
The reference
should also
be deleted
from the
reference list
(as we don´t
use it along
the text), and
this will
probably
make all the
reference
numbers
after this one
change. Sorry
for the
incovenient
that this
might cause.

962.9 ± 391.8 1043.2 ± 485.8 951.9 ± 361.9 896.4 ± 321.4

Tanner
(I/II/III/IV/V) 1/7/8/20/4 1/2/6/13/1 0/3/9/15/13 0/2/4/11/6

DXA measurements

2
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Table 2 summarizes the average-adjusted values of BMD, BMC and lean
mass at pre-evaluation and the mean change percentage with the 95%
limits agreement.

Table 2

Baseline and post-intervention BMD, BMC and body composition-adjusted values

Pre-intervention Repeated measures

VIB (mean ± SD) SWI (mean ± SD)

VIB

Mean
change

(95%CI)
(n )

Mean
change

(95%CI)

BMD (g/cm )

 
Trochanter 0.724 ± 0.100 0.741 ± 0.102

0.017
(0.009,
0.026)

0.324*
0.012
(−0.002,
0.026)

 Femoral
neck 0.824 ± 0.089 0.808 ± 0.090

0.011
(−0.001,
0.022)

0.095
0.015
(0.004,
0.025)

 Total
hip 0.904 ± 0.098 0.902 ± 0.099

0.019
(0.011,
0.028)

0.396*
0.017
(0.005,
0.029)

 Lumbar
spine 0.847 ± 0.105 0.843 ± 0.106

0.033
(0.023,
0.044)

0.533*
0.033
(0.019,
0.048)

 Subtotal
body 0.879 ± 0.060 0.868 ± 0.060

0.020
(0.013,
0.026)

0.514*
0.020
(0.011,
0.030)

 Arms 0.694 ± 0.041 0.686 ± 0.041
0.014
(0.008,
0.021)

0.399*
0.014
(0.006,
0.022)

 Legs 1.034 ± 0.082 1.017 ± 0.082
0.023
(0.013,
0.033)

0.396*
0.032
(0.016,
0.048)

Within group (p < 0.05)

No differences were found for the pre- or post-intervention values except for pre-intervention subtotal
lean (all p > 0.05)

GxT group by time; no group by time interactions were found (all p > 0.05)

BMD bone mineral density, BMC bone mineral content, VIB vibration group, SWI
whole body–head

2
p

2

*
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Pre-intervention Repeated measures

VIB (mean ± SD) SWI (mean ± SD)

VIB

Mean
change

(95%CI)
(n )

Mean
change

(95%CI)

Within group (p < 0.05)

No differences were found for the pre- or post-intervention values except for pre-intervention subtotal
lean (all p > 0.05)

GxT group by time; no group by time interactions were found (all p > 0.05)

BMD bone mineral density, BMC bone mineral content, VIB vibration group, SWI
whole body–head

BMC (g)

 
Trochanter 7.226 ± 1.333 7.260 ± 1.350

0.430
(0.215,
0.646)

0.327*
0.196
(−0.083,
0.475)

 Femoral
neck 4.069 ± 0.484 3.960 ± 0.490

0.078
(−0.015,
0.172)

0.078
0.164
(0.089,
0.240)

 Total
hip 31.221 ± 4.539 30.636 ± 4.597

1.871
(1.221,
2.521)

0.502*
0.806
(0.141,
1.753)

 Lumbar
spine 47.072 ± 7.157 47.295 ± 7.214

3.433
(2.439,
4.627)

0.551*
2.787
(1.598,
3.975)

 Subtotal
body 1435.386 ± 183.107 1389.265 ± 184.393

79.897
(57.423,
102.371)

0.606*
73.920
(54.341,
93.499)

 Arms 122.700 ± 16.751 115.919 ± 16.868
9.089
(6.319,
11.858)

0.567*
8.099
(5.303,
10.894)

 Legs 353.112 ± 50.507 343.677 ± 50.862
21.122
(15.224,
27.019)

0.609*
21.392
(14.636,
28.147)

Lean mass

 Subtotal
lean (kg) 37.40 ± 2.78 35.79 ± 2.79

2.45
(1.98,
2.91)

0.775*
2.56
(1.74,
3.38)

 Legs
lean (g) 6826.565 ± 616.628 6534.494 ± 618.195

377.08
(289.87,
464.28)

0.701*
342.76
(195.31,
490.21)

2
p

*
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Pre-intervention Repeated measures

VIB (mean ± SD) SWI (mean ± SD)

VIB

Mean
change

(95%CI)
(n )

Mean
change

(95%CI)

Within group (p < 0.05)

No differences were found for the pre- or post-intervention values except for pre-intervention subtotal
lean (all p > 0.05)

GxT group by time; no group by time interactions were found (all p > 0.05)

BMD bone mineral density, BMC bone mineral content, VIB vibration group, SWI
whole body–head

 Arms
lean (g) 2138.105 ± 285.792 1991.762 ± 286.518

190.75
(135.11,
246.38)

0.596*
212.12
(135.35,
288.89)

No group by time interactions were found for any of the studied variables
(all p > 0.05; Table 2), suggesting that both groups (SWI and VIB)
increased BMD, BMC and lean mass similarly.

Differences in BMD, BMC and lean mass change percentage for both ITT
and PP analyses are plotted in Fig. 3. No significant differences were
found for BMD, BMC or lean mass change percentage between SWI and
VIB, although VIB presented a tendency towards higher change
percentage for the total hip BMC (p = 0.07; Fig. 3.2). Results were similar
when grouping high- and medium-compliers and comparing them to
swimmers.

Fig. 3

Bone mineral density, content and lean mass change percentage. p = 0.07

2
p

*

#
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Regarding individual group changes, the VIB group increased trochanter,
total hip, lumbar spine, subtotal body, arms and legs BMD and BMC (all
p < 0.05; Table 2). While the SWI group increased femoral neck, lumbar
spine, subtotal body, arms and legs BMD and BMC and total hip BMD
(all p < 0.05; Table 2). These improvements were all large for both
groups, as partial eta-squared was always above 0.14 (Table 2).

When comparing the three compliance groups, no differences were found
among them for BMD or BMC values (all comparisons p > 0.05; data not
presented).

Discussion
The main finding of the present study was that the WBV protocol
presented, in combination with swimming training, did not provide any
major benefits to BMD, BMC or lean mass acquisition.

As expected, both groups of adolescents increased BMD, BMC and lean
mass values due to growth. Nevertheless, previous longitudinal studies
evaluating swimmers’ bone mass found that swimmers increased BMD
and BMC similarly to normo-active controls [32, 33] but less than other
athletes [34] suggesting that swimmers were not stimulating bone mass as
much as other adolescent athletes and thus might not reach a high-peak
bone mass.

In light of the apparent similarity in bone mass between swimmers and
controls and due to cross-sectional findings [35, 36], it was deemed
appropriate to perform an intervention attempting to increase bone mass
in this population. As adolescent swimmers attend regular swimming
training sessions occupying considerable amounts of time (an average of
10 weekly hours for our sample), an intervention involving large amounts
of time was not feasible. Therefore, a synchronous WBV training
appeared to constitute a timesaving intervention as only 15 min three
times per week was required. A platform could be placed in each
swimming club in order for swimmers to perform the training just before
or just after their regular training, thus maximizing time effectiveness.
The results found in the present study were unpromising as 45 min per
week over 6 months of WBV with increasing amplitudes and frequencies
had no effect on bone mass. The only tendency towards differences
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between VIB and SWI was found for the total hip BMD and BMC values,
with the VIB group gaining more BMC than the SWI. Nevertheless, no
group by time interactions or differences were found for the measured
regions. It therefore seems likely that WBV may not be the best method to
employ in subjects with normally developed bone mass. Although it has
shown to be effective to a degree in disabled [15] and overweight children
[16], postmenopausal women [37] and older adults [38], all of which are
populations that present compromised bones, it was not effective in the
present group of adolescent swimmers who presented normally developed
bone mass.

Similar results were found for lean mass, as there were no interactions
between SWI and VIB and no differences in change percentage. These
results were surprising as the WBV training was performed in addition to
regular swimming training and not in substitution of it, and therefore, the
extra weight-bearing training performed while vibrating could very
probably have improved lean mass. Nevertheless, this was not the case. It
is possible that the swimmers’ lean mass was already adapted to the high-
intensity training performed while swimming, and therefore, the WBV
training protocol performed might have not been sufficiently intense to
cause a stimulus in order to induce muscle improvements. These results
are similar to previous research that also found no effects of WBV on
body composition in elderly [39], adults [40] or young adults [21]. In fact,
few authors have found improvements in lean mass with WBV. Roelants
et al. [19] found minor improvements in fat-free mass in an untrained
group of young adult females who performed WBV three times per week
during a 24-week period, with varying accelerations ranging from 2.28 to
5.09 g which were lower than those presented by our protocol (3.6 to
11.6 g). Similarly Martinez-Pardo et al. [30] found that WBV during a
6-week period performed with high amplitudes (4 mm) and 50 Hz twice
per week could improve total lean mass in adults. Although the
frequencies were slightly higher than those in the present study, the
participants did not perform a specific sport and did not train more than
three times per week for approximately 20–30 min. It is thus possible that
they had a higher margin of improvement regarding body composition
than the adolescent swimmers included in the present study. From the
present results and taking into account the above-named studies, it seems
as if WBV could be effective in improving lean mass in untrained
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participants but might not be an effective method with trained
adolescents, as no benefits were found in highly trained swimmers. This
lack of effect could be due to the WBV doses used, as it is possible that in
the present training protocol, the minimum threshold to produce
adaptations in this population was not reached. From a practical point of
view, it is of great importance to ascertain the real effects of different
training protocols in order to provide trainers with effective means of
obtaining maximum performance with the least expenditure of time and
effort, particularly among those sports groups with time-demanding
training hours.

The lack of effect found with the ITT was reinforced by the PP results as
no differences were found between high-medium compliers and
swimmers. In addition, the lack of differences between the three WBV
groups (high compliers vs. medium compliers vs. low compliers) suggests
that the employed protocol conferred no training effect. Nonetheless, this
lack of differences among the three vibration groups could also be due to
the low sample size within each group that might have caused a type II
error or a false negative, as it is possible that if there was a larger number
of participants in each group, differences might have emerged.
Consequently, the results regarding the per-protocol analysis should be
interpreted with caution.

Although the present results regarding the effects of WBV on bone and
lean mass are discouraging, further studies should evaluate the effects of
these interventions on performance-related variables, as Torvinen et al.
[41] who did evaluate performance-related variables in addition to body
composition, found improvements in vertical jump height without
improvements in bone or lean mass. Improving jump height could be
highly beneficial for swimming performance as several studies have
found that it is associated with swimming performance [42, 44].

It is worth mentioning that the WBV platforms used were synchronous
devices that transferred the vibration to both feet synchronously. A study
performed by RittwegerRitzmann et al. [28, 43] Reference 28, should be

deleted from here, and only the Ritzmann reference should appear. comparing
synchronous devices to side-alternating devices (WBV platforms that
vibrate in a side-alternating way so that the right foot is lower when the
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left foot is higher and vice versa) showed that the side-alternating
platforms provoked higher neuromuscular activity in the lower limb
muscles which may consequently mean a higher bone mass stimulus.
Therefore, the present findings do not necessarily apply to side-alternating
devices and further studies should evaluate the effects of them on
adolescent swimmers’ bone and lean mass. Another important variable
regarding WBV platforms is vibration transmission as showed by the
study developed by Kiiski et al. [44]. These researchers evaluated the
transmission of vertical whole-body vibration to the human body
demonstrating that at high frequencies and amplitudes (similar to those
presented in the current study), the transmitted vibration power declines.
Therefore, a higher vibration transmission might occur at lower
frequencies (10 Hz was found to be the optimal frequency for vibration
transmission to the lumbar spine). Consequently, it is possible that results
might have varied if a different WBV protocol with lower frequencies had
been used.

AQ1

It is worth remarking that just a handful of studies have used WBV
interventions with the aim of improving bone mass in healthy adolescents;
thus, the protocol designed for this study was based on previous results in
our laboratory [28, 29] that found bone mass improvements in adolescents
with disabilities. Nevertheless, other protocols might be more beneficial
to bone mass improvements; thus, it would be interesting to perform
further studies with larger sample sizes that divide participants into
different WBV protocols that aim to determine which is the optimum
frequency and amplitude for WBV training to improve bone mass. The
lack of strong scientific evidence regarding optimal WBV protocols to
improve bone mass leaves researchers to choose WBV protocols based on
few studies. It is therefore possible that if a different protocol had been
used, different results would have been found.

In addition to the previous limitation, training intensities were not specific
to each participant; therefore, training stimuli might have not been
sufficient to improve bone mass in some participants. Several studies have
found substantial individual heterogeneity in physiological responses and
benefits from standardized exercise [45, 46]. Moreover, specifically
designed exercise interventions have been proven to be more effective
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than general ones [47].

It would appear that the WBV training protocol presented has no effects
on bone or lean mass acquisition. Owing to the results of the present
intervention and the cost of the devices employed in it, it would be
interesting to perform future studies evaluating the effects of other
interventions such as jumping training protocols on the bone mass of
adolescent swimmers.
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