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Abstract: Background: Randomized clinical trials (RCTs) were conducted to identify the effective-
ness of whole-body vibration (WBV) on strength, power, and muscular endurance in older adults.
However, the results of different studies are contradictory. Objective: To verify the impacts of the
WBYV on strength, power, and muscular endurance in older adults. Methods: The search was carried
out in PubMed, Embase, CENTRAL, CINAHL, SPORTDiscus, Web of Science, LILACS and PEDro
databases. Methodological quality was assessed using the PEdro scale. Meta-analysis calculations
were performed using the standardized mean difference, comparing WBV with control groups and
WBYV with other types of exercise. Results: Thirty-four studies were included in the current systematic
review. Most studies (56%) had low methodological quality (PEDro score < 6). WBYV, compared
with control groups, has significant effects on muscle strength of knee extensors and flexors, lower
limb extensors, and ankle plantar flexors. There were no differences between WBV and other types
of exercise. Subgroup analyzes demonstrated that, in general, the significant results observed in
the primary analyzes were not dependent on body position during vibration, kind of vibration,
cumulative dose or magnitude of WBV. Conclusion: WBV was effective in increasing lower limb
muscle strength. However, no significant results were observed for upper limb strength, lower limb
power, and lower and upper limb muscle endurance in older adults. However, more studies are
needed to better understand the physiological impacts of WBV in older.

Keywords: mechanical vibration; exercise; musculoskeletal fitness

1. Introduction

Randomized clinical trials (RCTs) aiming to verify the effects of whole-body vibration
(WBV) on muscle strength, power and endurance in older adults have been published over
the past 23 years [1-35]. At the same time, systematic review studies with meta-analysis
on the same subject have been conducted. However, with inconclusive results to date,
although, for some variables, such as the muscle strength of the knee extensors, most
studies corroborate that WBV enables significant effects [36-41].

The interest in the WBYV intervention is due to the fact that it requires little effort and
motivation from the practitioner. In addition, a low exposure time (approximately 5-15 min
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per session) is required, which is an interesting option when the practice of conventional
physical exercises cannot be carried out or in addition to it. Some studies have demon-
strated similar improvements in knee extensor muscle strength [30] and countermovement
jumping [32] after older adults have undergone 12 months of WBV or multicomponent
training. WBV performed in addition to conventional muscular resistance exercises al-
lowed, after eight weeks, a significant gain in the isokinetic peak torque of the ankle plantar
flexors compared to the same type of exercise performed without WBV [33]. However,
other RCTs found no effect of WBV on muscle strength, power, and endurance in older
adults [8,22,23].

The mechanisms by which WBV can promote improvement in neuromuscular fitness
include neural adaptations due to increased muscle activation, provided by greater ex-
citatory input from muscle spindles exposed to vibration. This phenomenon was called
the tonic vibration stretch reflex [42]. As a result, the neuromuscular adaptation induced
by WBYV can induce physiological adaptations similar to those observed in conventional
endurance and explosive strength training [43].

Although interventions involving WBV are relatively simple to administer, considering
that the individual should only remain on the oscillating plate of the vibrating platform,
many parameters can be used in intervention protocols, such as vibration frequency in
Hz, peak-to-peak displacement in mm, exposure time per session, weekly frequency, body
positioning, among others. The simple adjustment of these parameters may be enough
to represent the observation or not of significant effects, which must be considered when
interpreting RCTs results [44]. Particularly, the interest in this type of intervention in
older adults is increasing, considering that this age group suffers most from the loss of
strength, power, and muscular resistance, resulting in less functional autonomy. Older
adults with compromised functional autonomy perform fewer tasks of daily living, leading
to a vicious cycle of decreasing autonomy due to reduced neuromusculoskeletal fitness.
This cycle substantially increases the risk of sarcopenia, falls, fractures, hospitalization, and
death [45]. In this scenario, interventions such as WBV can be configured as an efficient
intervention strategy by delaying or reversing the loss of neuromusculoskeletal fitness in
older adults [46]. Given new RCTs published in recent years and the inconclusive results of
previous systematic reviews, an updated systematic review is necessary. Thus, with this
issue in mind, this study aimed to verify the impacts of the WBV on strength, power, and
muscular endurance in older adults.

2. Methods

This study was prospectively registered in PROSPERO (CRD42022321582). The report
followed the recommendations of the PRISMA statement [47], while for the planning, con-
duction and interpretation of the results, the recommendations of the Cochrane Handbook
for Systematic Reviews of Interventions [48] were followed.

2.1. Eligibility Criteria

Inclusion criteria: (a) RCTs; (b) intervention with WBV using a vibrating platform; (c)
studies that evaluated (outcome) at least one measure directed to muscle strength, power,
or endurance; (d) studies with older adults (>60 years).

Exclusion criteria: (a) WBV associated with another form of intervention (e.g. resis-
tance training), without having a comparison group with this same form of intervention; (b)
studies that evaluated only the effectiveness of one session (acute effect); (c) studies with
duplicate information in another RCT already included; (d) studies with a sample com-
posed of people diagnosed with neurodegenerative diseases (e.g., Alzheimer’s, Parkinson’s,
multiple sclerosis).

2.2. Databases and Search Strategy

The search was carried out in the following databases: PubMed, EMBASE, CENTRAL,
CINAHL, SPORTDiscus, Web of Science, LILACS and PEDro, without using a filter for
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publication date or language. Two clinical trial registry databases were consulted (clinicaltri-
als.gov and https://www.who.int (accessed on 1 May 2022)) to find potential unpublished
studies. The search took place on 1 May 2022.

The following keywords were used in the search strategy: (“aged” OR “aging” OR
“ageing” OR “elderly” OR “older people” OR “older adults” OR “older adult” OR “older
women” OR “older men” OR “geriatric” OR “geriatrics” OR “frail elderly” OR “elder”
OR “elders” OR “aged people”) AND (“whole body vibration” OR “WBV” OR “vibration”
OR “vibration therapy” OR “vibration training” OR “oscillating platforms” OR “vibrating
platform” OR “vibration device” OR “mechanical vibration”) AND (“muscle strength”
OR “muscle strength dynamometer” OR “strengthening” OR “strength” OR “torque”
OR “maximal voluntary contraction” OR “1RM” OR “one repetition maximum” OR “1
repetition maximum” OR “muscular endurance” OR “muscle endurance” OR “isometric”
OR “isometry” OR “muscle power” OR “power” OR “muscular power” OR “power output”
OR “functional tests” OR “functional autonomy” OR “functional mobility”). The complete
strategy used in each database can be accessed in Supplementary S1.

The research question was, “Does the whole-body vibration impact muscle strength,
power, and endurance in older adults? The PICO method [48] was used to struc-
ture the bibliographic search: P (population) = older adults; I (intervention) = WBYV;
C (comparison) = no intervention or other types of intervention; O (outcome) = muscle
strength, power, or endurance.

2.3. Selection of Studies

A reviewer (RGO) carried out the initial search strategy in the databases, extracting the
titles and abstracts. This same reviewer extracted duplicates using online software (https:
//www.rayyan.ai/ (accessed on 15 May 2022)). Subsequently, two reviewers (HMELC
and MNMM), with the aid of this same software, blindly read the titles and abstracts.
Subsequently, the potentially eligible reports were read in full by these same reviewers
blindly. Whenever there was disagreement between the reviewers, a third party (LCO) was
asked to resolve the impasse. A manual search of the reference lists was performed for
eligible articles to find additional studies. The references of published systematic reviews
were also checked to locate studies that could not be identified in the searched databases.

2.4. Data Extraction

Two reviewers (HMELC and MNMM) used the same standardized form to blindly
extract information from each study that met the eligibility criteria. When there was
divergence in the extracted information, a third reviewer (RGO) was asked to resolve
the impasse. The data extracted from each study were: (a) name of the first author, year
of publication and geographic location; (b) the total number of participants and in each
group, sex, housing (resident in the community or an institution for the elderly) and
health condition (e.g., healthy, sarcopenia, low functionality, etc.); (c) mean age in each
group; (d) time of exposure to WBV; (e) parameters used in the WBV (frequency [Hz],
peak-to-peak displacement [mm] and magnitude [g]) and type of vibration (synchronous
or side-alternating); (f) body positioning during WBYV; (g) activities carried out by other
intervention groups; (h) activities of the control group; (i) assessments performed for
muscle strength, power and/or endurance; (j) possible differences between groups after
the intervention period; (k) adverse events; (1) loss of participants during the study and
frequency of participation during interventions.

2.5. Assessment of the Methodological Quality of Studies

To assess the methodological quality, the PEDro scale (Physiotherapy Evidence
Database) [49] was used. Whenever available, scores were extracted from the PEDro
platform database (https://pedro.org.au/ (accessed on 20 July 2022)). When studies were
not included in the database, two reviewers (HMELC and MNMM) blindly evaluated
the work, with disagreements being resolved by a third reviewer (LCO). The PEDro scale
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considers the internal validity and the sufficiency of statistical information of the studies,
presenting 11 questions. The first question is not scored (related to the external validity of
the study). Thus, each study can establish a score of 0-10 points. Studies with scores <6 are
considered of low methodological quality. Maher et al. [49] demonstrated good inter-rater
reliability, with an intra-class correlation coefficient of 0.68 when using consensus ratings
generated by two or three independent raters on the PEDro scale.

2.6. Definition

WBYV was an intervention in which mechanical vibrations provided by a vibrating
platform is transmitted to the human body that is in contact with the base of the vibrating
platform. In general, vibrating platforms allow the configuration of two parameters:
frequency expressed in hertz (Hz) and peak-to-peak displacement in millimeters (mm). The
magnitude of the intervention is expressed in gravitational acceleration in g. Acceleration
can be obtained by an accelerometer or estimated using the formula: m/ s2 = 2.72-f2.m,
where “f” is the frequency in Hz and “m” is the expressed peak-to-peak displacement in
meters (gravitational acceleration: 1 g = 9.8 m/s?) [50].

There are two main types of vibrating platforms: (1) synchronous and triplanar,
also known as vertical; (2) side-alternating displacement of the base. In the vertical,
the mechanical vibration occurs in a predominantly vertical direction, synchronously
throughout the base of the oscillating base or a resultant of the movement of the base in
three plans. In the second, the mechanical vibration occurs through a central rotation axis,
causing the right and left sides to alternate horizontally like a seesaw [51].

External factors also impact the intensity of vibration, such as body positioning (knees
extended, flexed, or performing muscle strengthening exercises) and exposure time (min-
utes per session, rest time, weekly frequency and total intervention time). If multiplied, the
three factors determining the exposure time make it possible to estimate the cumulative
dose of WBV to which the participant was exposed during the entire intervention period.

2.7. Data Analysis

For the meta-analysis, the measure of effect was the post-intervention standardized
mean difference (SMD) between the WBV vs. control or WBV vs. conventional exercises.
The Cochrane Q test for heterogeneity was performed and considered statistically signifi-
cant if p < 0.10. Heterogeneity was also quantified with the I? statistic, where 0-40% may
not be important, 30-60% may represent moderate heterogeneity, 50-90% may represent
great heterogeneity, and 75-100% is defined as considerable heterogeneity [48]. Fixed effects
models were used when there was no statistically significant heterogeneity. Otherwise,
random effects models were used. Values referring to the effect of WBV on the outcomes of
interest were only considered statistically significant when p < 0.05. To assess the risk of
publication bias, a funnel plot was used when there were >10 RCTs in a meta-analysis. A
sensitivity analysis was performed to verify whether studies of low methodological quality
would influence the results of the primary analysis. All analyzes were performed using the
Review Manager (RevMan) [Computer program], version 5.4, Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration.

3. Results
3.1. Qualitative Synthesis of Studies

It was possible to identify 4990 potentially relevant records in the databases and
155 clinical trial record protocols. After removing 1762 duplicates, 3383 titles and abstracts
were read, of which 3273 were excluded for not meeting the eligibility criteria. Of the
remaining 110 reports, 38 were not retrieved, mainly because they were abstracts published
in conferences (18 reports) or protocols from clinical trial registries (16 registries) without
a full text with available results. The complete list of studies not retrieved is available
in Supplementary Table S1. Thus, 72 reports were accessed in full, of which 37 did not
meet the eligibility criteria (a complete list of studies excluded at this stage is available in
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Supplementary Table 52). The reasons for exclusion were: (a) not being an RCT (12 reports);
(b) non-use of a sinusoidal vibrating platform (4 reports); (c) did not evaluate the outcomes
of interest (5 reports); (d) participants aged < 60 years (5 reports). (e) WBV associated
with another intervention (4 reports); (f) assessment of the acute effect only (4 reports);
(g) information already taken from another ECR included (3 reports). Thus, 35 reports were
included in the systematic review, comprising 34 studies (the reports by Wei et al. [9] and
Wei et al. [10] make up the same study). Figure 1 illustrates the phase of identification,
screening and inclusion of studies.

[ Identification of studies via databases and registers J
)
Records identified from:
c Databases (n = 4,990) Record§ r.emoved before
S Pubmed (n = 951); Central (n ser eDe"Tg't 4 q
g = 499); Embase (n = 2037); D e
= Web of Science (n = 1017); > g" ,d ) xed as ineligibl
= Lilacs (n = 2); Pedro (n = 79); ecoresmarked.as e Igine
] CINHAL (n = 246); by automation tools (n = 0)
S SportDiscus (n = 159) Records r:Tgved for other
Registers (n = 155) Feasanis (N=0)
—
v
)
Records screened Records excluded
—
(n =3,383) (n=3,273)
v
Reports sought for retrieval o | Reports not retrieved
= (n=110) | (n=38)
=
)
o
3 \4
Reports assessed for eligibility Reports excluded (n = 37):
(n=72) E— Not RCT (n =12)
Not sinusoidal WBV (n = 4)
Did not assess outcomes of
interest (n = 5)
Age group < 60 years (n = 5)
WBYV associated with another
intervention (n = 4)
) Evaluated acute effect (n = 4)
v Information in another RCT
included (n =3)
T Studies included in review
2 (n=34)
° Reports of included studies
= (n =35)

Figure 1. PRISMA 2020 flow diagram.

The 35 reports included in this systematic review (Table 1 [1-35]) were published
between the years 2000 and 2021, with the majority being developed in Europe (51.4%),
followed by Asia (31.4%), Oceania (8.6%), South America (5.7%) and North America (2.9%).
The number of participants in each study ranged from 15 [20] to 596 [18]. In most studies,
participants lived in the community (61.8%) and were healthy (73.5%). The mean age
ranged from 64.4 £ 2.8 [5] to 89.5 £ 4.4 years [3]. The total duration of the studies ranged
from 10 consecutive days [7] to 18 months [18,25], while the most used weekly frequency
was 3% (58.8%), followed by 2x (26.5%). The duration of each session ranged from 2 min [2]
to 30 min [13], while the average cumulative dose of WBV ranged from 23 min and 30 s [8]
to 7800 min [18]. Regarding the WBV parameters, many studies alternated the values
of frequency and peak-to-peak displacement throughout the intervention, with values
ranging from 5 Hz [1] to 60 Hz [9,10] and < 0.1 mm [18] up to 14 mm [35], respectively.
These parameters resulted in magnitudes between 0.1 g [21] and 20.5 g [35].



J. Clin. Med. 2023, 12, 4467

6 of 22

Table 1. Summary of the articles included in the systematic review.

Total Number of

Frequency (Hz), Peak

Differences between

Author, Year and Parl} cipants, Mean and SD (or T%me ‘?f Exposure to to Peak Displacement Posmon/.Acln'my Activities of Other Activities of the Assessment of Muscle Groups Reported in Adherence and
. Dwelling/Health Vibration and Mean (mm) and/or on the Vibrating . Strength, Power ol Adverse Events N
Location L s o Range) of the Age . . Intervention Groups Control Group (CON) the Original Compliance }
Condition, Distribution Cumulative (MC) Magnitude (g) and Platform and/or Endurance P
A, Publication (p < 0.05)
by Sex and by Groups Vibration Type
RT: 8 exercises focused on
47 core strength (30 min, 2x 1000
community / osteoporosis: All: 77.0 £ 6.1 si the week); Muscle st th trunk Adéwrenfe. 109 %
47(m); 0(f) WBV:77.9 + 6.2 X montns 5-25.5 Hz; 3 mm; Strengthening QG: exercises of coordinated usc e strength: trun . omp 1ancue,
Genest et al., 2021 2x week : . flexion, trunk RT: improved (vs. QG) WBV: 83.2%
WBV =13 RT:75.9 5.6 ; . 0.15-3.9g* exercises for lower body posture, low-impact - . . . No adverse event
[1] Germany 2 min 30 s-8 min ) . ° : extension; handgrip for trunk extension RT: 71.3%
RT =11 QG:77.0+£79 MC: ~ 429 min Side-alternating limbs movements, breathing and Muscle power: 5TSTS QG: 65.1%
QG=10 50:772+55 P meditation (45 min, 2x week); uscle power: 30 852%
SO =13 SO: use of back brace (180 s Oere
min, 7x week)
Muscle strength: peak
. X torque of knee
31 community/healthy: 18 weeks extensors and flexors Adherence: 75%
Camacho- 1(m); 20(f) NWBV: 702 & 6.4 2% week 12.6 Hz; 4 mm; 2.5 (60°/s) Compliance: NWBV:
Cardenosa et al., NWBV =11 HWBV: 73.5 + 4.7 xweex f o 4 v I L 8 Semi-flexed knees - Usual routine h 4 . No difference No adverse event P ':, :
2019 [2] Spain HWBV =10 CON: 73.4 + 5.0 4 x 30 min (2 min total) Side-alternating Muscular endurance: 100%
o : MC: = 72 min total work of knee HWBV: 91.4%
CON =10
extensors and flexors
(180°/s)
N X WBV: improved (vs.
79 community /sarcopenic: h::;;ﬂ; gatr::i“l%)[vljer CON) for 5TSTS, ankle
20 ) All: 88.6 (85-101) 8 weeks B B A dorciflexors, knee WBYV: “other
79(m); 0(f) 12-16 Hz; 3-5 mm; TC: 10 min warm-up, 20 min limbs (ankle . ” o
Zhu etal., 2019 [3] WBV: 89.5 + 4.4 5x week . N . . . . extensors and flexors; disorders” (7.1%)
! WBV =28 . X 0.9-14.2g* Semi-flexed knees practice, and 10 min Usual routine dorciflexors, hip . . Unreported
China TC=24 TC: 888 + 37 53 min (15 min total) Side-alternating relaxation (40 min, 5x week) flexors, knee extensors TC: improved (vs. TC: low back pain
CON: 87.5 + 3.0 MC: ~ 600 min ’ . CON) for 5TSTS, ankle (8.3%)
CON =27 and flexors) . .
dorciflexors, hip flexors
Muscle power: 5TSTS
and knee extensors
73 institutionalized /low
N . . Adherence: 85%
functionality: All: 823+73 8 weeks . . . CT: warm-up, mobility, CON: social and i . ) N
Lam et al., 2018 [4] 33(m); 40(F) WBV + CT: 840 + 6.7 3% week 30-40 Hz; 0.9 mm; Strengthening strengthening, balance, and recreational activities Muscle strength: knee CT: improved (vs. ) Compliance: WBV +
: ; N 34-47g exercises for lower N . . extensors No adverse event CT:77.1%
China WBV +CT =25 CT:824+76 4 x 1 min (4 min total) X cool-down exercises (60 min, that only involved the CON) for 5TSTS o
_ ) e . Synchronous limbs . Muscle power: 5TSTS CT: 67.5%
CT=24 CON:803+73 MC: ~ 96 min 3x week) upper limbs o
CON: 74.5%
CON =24
31 community /healthy: éZXWeeks RT: strengthening exercises
Pessoa ctal. 2018 17(m); 14() WBV: 66.4 + 2.6 10x1 m:ffw min 35 Hz; 24 mm; 4.9-9.8 for upper and lower limbs (40 Muscle strength: Adherence: 91%
‘”[;] B WBV =10 RT: 68.2 + 2.4 total)-20 x 1 min (20 * Semi-flexed knees min, 3x week) plus WBV - “hans ; gth: No difference No adverse event Compliance:
RT=10 WBV + RT: 649 £ 2.8 min tofa]) Synchronous Sham 81ip unreported
WBV +RT =11 MC: ~ 540 min WBYV + RT: true WBV plus RT
42 community /healthy: All: 68.0 + 5.8 8 weeks
) 42(m); 0 (B) WBV: 66.6 + 5.8 3> week 30-35 Hz; 5-8 mm; Strengthening MT: Relaxation techniques, Muscle strength: lower WBV, MT and WEV + Adherence: 87.5%
Goudarzian et al., WBV =11 6x455(4min30s - . . . limb isometry (leg MT: improved (vs. n
MT:69.2 £ 3.9 R 9.0-19.7 g * exercises for lower with breathing and mental Usual routine ) Unreported Compliance:
2017 [6] Iran MT =12 total)-6 x 80 s (8 min . . X L press dynamometer) CON) for lower limb
WBV + MT: 67.8 4+ 5.9 Side-alternating limbs training (3x week) : unreported
WBV +MT = 10 CON: 689 + 75 total) Muscle power: 5TSTS isometry and 5TSTS
CON =9 T h MC: ~ 144 min
WBV + P and WBV + C:
2 10 consecutive days improved (vs. CON)
institutionalized /healthy: AlL 66.0 + 5.0 secutive cays . WBV + C: vibration Muscle strength: P >
. 6 x 455 (4min30s 30-35 Hz; 5 mm; 9-12.3 Strengthening . X . N for knee extensors
Goudarzian et al., 0(m); 22(f) WBV + P: 66.0 + 4.6 . N associated with creatine N handgrip, knee Adherence: unreported
- total)-6 x 65 s (6 min * exercises for lower N Usual routine (IRM) No adverse event N o,
2017 [7] Iran WBV +P=7 WBV +C: 649 + 3.4 . . X supplementation (20 g/day [5 extensors (IRM) and . Compliance: 97.8%
30 s total) Side-alternating limbs WBV + P: improved (vs.
WBV+C=8 CON:68.0+9.2 . days] and 5 g/day [5 days]) back-leg-chest
CON=7 MC: ~ 33 min CON) for

back-leg-chest
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Table 1. Cont.

Author, Year and
Location

Total Number of
Participants,
Dwelling/Health
Condition, Distribution
by Sex and by Groups

Mean and SD (or
Range) of the Age

Time of Exposure to
Vibration and Mean
Cumulative (MC)

Frequency (Hz), Peak
to Peak Displacement
(mm) and/or
Magnitude (g) and
Vibration Type

Position/Activity
on the Vibrating
Platform

Activities of Other
Intervention Groups

Activities of the
Control Group (CON)

Assessment of Muscle
Strength, Power
and/or Endurance

Differences between
Groups Reported in
the Original
Publication (p < 0.05)

Adverse Events

Adherence and
Compliance }

Han et al., 2017
[8] Korea

40 community /healthy:
0(m); 40(f)
WBV(I) =13
WBV(E) = 12
CON =15

All: 69.0 + 4.0

8 weeks
1x week
WBV(I):3 x 30s
(90 s total)-8 x 30 s
(4 min total),
MC:~23min30s
WBV(E): 3 x 30's
(90s total)-8 x 60 s
(8 min total),

WBV(I): 25-40 Hz,
1.1-2.5mm, 1.4-8.0 g *
WBV(E): 25-35 Hz, 1.1

mm, 1.4-2.7 g *
Synchronous

Strengthening
exercises for lower
limbs

Usual routine

Muscle strength:
isometric ankle plantar
flexion

No difference

Unreported

Unreported

MC: = 39 min
12 weeks
80 community /sarcopenic: 3x week fo(r];);g I;Z’ Muscle strength:
" . . ;i , 3. : e o - -
) e OB eleh, _ L memetr) wmmer e
[9,10] Hong Kong WBV(M) =20 WBV(H): 74 (5) WBV(M): 6 min, WBT\‘/“E“F;)_ P fb cmi-flexed knees nreporte knee extensors (60° /s of knee extensors © adverse even "nrr"}’ 1)::“;
WBV(H) =20 CON: 76 (6) MC: & 216 min Lo, 29,0 and 180° /s) (180° /s) and 5TSTS unreporte
CON =20 WBV(H): 4 min, Synch’ror\‘oug; Muscle power: 5TSTS
MC: ~ 144 min
WBV + BD: improved
60 for chest press, leg
institutionalized /healthy: . press (vs. CON and
. 24(m); 36(f) WBV: 822 & 50 12 weeks Unipodal support BD: Muscle strengthening in Muscle strength: chest WBV), and vertical lift Adherence: 82.2%
Smith et al., 2016 - BD: 80.5 +6.2 2x week 30Hz;2mm; 3.6 g* ith semiflexed bi ¥ N . sual . o5, log pross N d liance:
[11] USA WBV =13 WBV + BD: 83.4 + 5.0 3 min Synchronous with semi-flexe ioDensity equipment (5 min, Usual routine press, leg press, core (vs. CON) Unreporte Compliance:
BD=16 o : . 7 knees 1x week) pull and vertical lift BD: improved for chest unreported
w CON: 81.7 £5.7 MC: ~ 72 min
BV +BD=17 press, leg press (vs.
CON =14 WBYV), and vertical lift
(vs. CON)
WBYV and WBV(F):
45 community/healthy: All: 69.2 4+ 3.9 Three months Muscle strength: peak improved (vs. CON)
22(m); 23(f) . for peak torque of knee Adherence: 100%
Tseng et al., 2016 - WBV:67.2 £2.3 3x week 20Hz; 4 mm; 3.2 ¢g . . N . torque of knee b " N
X WBV =14 X N y . Semi-flexed knees - Usual routine extensors Unreported Compliance:
[12] Taiwan WBV(F): 714 £ 5.0 3 x 2 min (6 min total) Side-alternating extensors and flexors .
WBV(F) =17 CON. 686 £ 22 MO 144 i 60° /79 WBV(F): improved (vs. unreported
CON =14 o ) ) CON)) for peak torque
of knee flexors
21 community /healthy: 12 weeks . X SBT: Postural balance Adherence: WBV + SBT
Casimiro et al., 2015 0(m); 21 (f) WBV +SBT: 77.5 £ 4.2 3x week 35—%{09};[122’ 294 :“m’ fOSF‘f‘Ial bzl?nce " exercises and lower limb ~ Muscle strength: No differ Un rted (83.3%); SBT (91.7%)
[13] Brazil WBV + SBT = 10 SBT: 74.7 + 3.2 30 min Sidoaltornati b stromathonine strengthening (30 min, 3x handgrip © difference reporte Compliance:
SBT =11 MC: ~ 1080 min ide-alternating mb strengthening week) unreported

WBV(V): 28.4 Hz; 1.3

WVB(V) (14.3%)

61 community /risk of falls: 12 weeks mms 15 o and WBV(S) (5%): Adherence: 83.6%
Corrie et al., 2015 24(m); 37(f) WBV(V): 81.9 £ 5.7 3x week S nc};ro.nog\;s Muscle power: 5TSTS, WBV(V): improved (vs. injuries from a fall, Compliance: WBV(V):
[14] UK WBV(V) =21 WBV(S): 79.5 + 5.7 2 x 30 s (1 min total)- WBV}(,S)' 29.8 Hz: 2.9 Semi-flexed knees - WBV Sham CM] and power of knee SHAM) for the power deterioration of 63.4%
WBV(S) =20 SHAM:79.1+7.8 6 % 1 min (6 min total) mr‘n' 3‘6 e extensors of knee extensors pre-existing WBV(S): 75%
SHAM =20 MC: = 180 min N /50 8 arthritis, oedema SHAM: 80.5%
Side-alternating
and backache
37 8 th Muscle strength:
Santin-Medeiros institutionalized /healthy: meon E 20 Hz: 2 mm: 1.6 ¢ * Strengthening handgrip CON: improved (vs. Adherence: 76%
etal., 2015 [15] 0(m); 37(f) All: 824 £57 - weet . ;108 exercises for lower - Usual routine Muscular endurance: WBYV) for 30-s Sit to Unreported Compliance:
N 2 x 3 min (6 min total)s Synchronous X .
Spain WBV =19 MC: ~ 420 min limbs 30-s Sit to Stand and Stand unreported
CON =18 o 30-s Arm Curl
159 institutionalized /low Six weeks Wizl)itphaelx:,al:c):‘cllng/ Adherence: WBV + CT:
Sitja-Rabert et al. functionality: WBV + CT: 823 £ 7.8 3x week 30-85 Hz; 2-4 my; Strengthening CT: balance and strength ) edema (16.3%) 827%
A 52(m); 107(f) . 3.698g* exercises for lower L . - Muscle power: 5TSTS No difference PR CT: 82.1%
2015 [16] Spain CT: 826 +7.1 3-6 min . training (30 min; 3x week) CT: pain, itching, N
WBV +CT =81 MC: ~ 81 min Synchronous limbs erythema and Compliance: WBV +
CT=78 = e CTand CT: >75%

edema (10%)
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Table 1. Cont.

Total Number of

Frequency (Hz), Peak

Differences between

Author, Year and Parl}clpants, Mean and SD (or T{me qf Exposure to to Peak Displacement Posmon/'Acln'nly Activities of Other Activities of the Assessment of Muscle Groups Reported in Adherence and
. Dwelling/Health Vibration and Mean (mm) and/or on the Vibrating . Strength, Power ol Adverse Events N
Location L cop o Range) of the Age . . Intervention Groups Control Group (CON) the Original Compliance }
Condition, Distribution Cumulative (MC) Magnitude (g) and Platform and/or Endurance s
AN Publication (p < 0.05)
by Sex and by Groups Vibration Type
29 institutional-
5 K 8 weeks . . Adherence: 73.3%
Alvarez-Barbosa ized/healthy: WBV: 84.0 £ 3.0 3% week 30-85 Hz; 4 mm; Strengthening Usual nursing home Muscular endurance: WEBV: improved (vs. (WBV); 78.6 (CON)
etal., 2014 5(m); 24(f) . 72-98g* exercises for lower - N CON) for 30-s Sit to No adverse event N
o . CON:86.0 7.5 12.3-17.1 min X care 30-s Sit to Stand Compliance:
[17] Spain WBV =14 - . Synchronous limbs Stand
CON =15 MC: ~ 348 min unreported
WBV: pain (2.7%),
dizziness (1.4%) and
596 community /healthy: 18 months - hypertension (2.2%) . o
Leung et al,, 2014 0(m); 596(f) WBV: 745 + 7.1 5x week 35Hz; <0.1 mm; 03 g Extended knces ) Ustial routine Muscle strength: knee W'é\é;\]“)‘g;f}’gie(vs' CON: pain (3.8%), (v’\?g\l})e,rgrl‘ge‘; 7(6CEN>
[18] China WBV =280 CON: 713 +7.2 20 min Synchronous extensors X dizziness (0.3%), Comlio ° oo
CON =316 MC: & 7800 min extensors hypertension (4.3%) ompliance: 667
and depression
(1.2%)
tor /os?ei:;?}‘:ﬁlg and/or Six months 20 Hz; displacement or
Osugi et al.,, 2014 Y o dvloge WBV: 72,5 + 4.6 2 week magnitude not Semi-floxed knees WBV + ST: WBV plus squat ) Muscle power: 5TSTS WBV + ST: improved No adverse event Adherence: 80%
[19] Japan E’/\IBVY* 14 ) WBV +ST:72.3 £+ 6.5 4 min reported training (4 min; 2x week) P : (vs. WBV) for 5TSTS Compliance: 100%
WBV + ST = 14 MC: ~ 208 min Side-alternating
15 institutionalized 10 weeks Adherence: WBV:
Sievinen et al., 2014 /low functionality: All: 84.0 +7.4 o weel; 12-18 Hz; 2-8 mm; Strengthening WBYV Sham plus Muscle strength: 87.5%
[20] Finland 3(m); 12(F) WBV: 84.4 + 63 e 0.6-52g% exercises for lower - strengthening exercises P sth: No difference Unreported SHAM: 85.7%
WBV =8 SHAM: 83.6 + 8.9 MC: ~ 80 mi Side-alternating limbs for lower limbs srip Compliance: WBV: 74%
SHAM =7 P ehmin SHAM: 73%
il: . Adherence: WBV:
37 ambulatory / frail: All: 853 + 3.6 8 weeks 6-26 Hz; 1-3 mm; Usual care, physical Muscle strength: knee WBV: improved (vs. 86.4%
Zhang et al., 2014 32(m); 5(f) 3-5x week . . extensors o
. WBV: 85.8 + 3.6 . 01-41g* Semi-flexed knees - therapy and routine CON) for knee No adverse event CON: 81.8%
[21] China WBV =19 CON. 847+ 37 4-5 min Side-altormats face (8 woeks) Muscular endurance: X Comuliance:
CON =18 : 84. . MC: ~ 144 min ide-alternating exercises (8 weeks; 305 Sit to Stand extensors ompliance:
unreported
4 Six weeks
institutionalized /healthy: ok X . . Adherence: 92.7%
ottt 11(m); 30(6) All: 801 3x week 20 Hz; 2 mm; 1.6 g Semi-flexed knees  PT: physical therapy program - Muscle power: 5TSTS No difference Unreported Compliance:
[22] New Zealand 4 x 75 s (5 min total) Side-alternating
WBV + PT = Unreported h unreported
MC: ~ 90 min
PT = Unreported
. 8 weeks . N,
40 community /healthy: 3% week Strengthenin CT: strengthening, flexibility, Adherence: 100%
Dudoniene et al., 0(m); 40(f) All: 67.7 + 4.1 5 % 15-30 min 27 Hz; 3 mm; 4.4 g* exercisegs f‘;_ lo\frer postural control, balance and _ Muscular endurance: No difference Unreported (WBV and CON)
2013 [23] Lithuania WBV +CT =20 o . . Synchronous - endurance exercises (50 min; 30-s Sit to Stand P! Compliance:
CcT=20 (2 min total) limbs o X) ted
- MC: ~ 48 min weel unreporte
. 11 weeks
oo oot 19 con;g\(tr:\;tgg/(k;)cal‘hy' 3% week 40 Hgs 2 emms 6.4 Strengthening Muscular endurance: Adherence: 100%
N 4 All: 75.0 + 4.7 10 x 45 min 4 7028 exercises for lower - Usual routine 30-s Sit to Stand and No difference No adverse event (WBV and CON)
al., 2013 [24] Spain WBV =24 . Synchronous X . o
(7 min 30 s total) limbs 30-s Arm Curl Compliance: 90.2%
CON =25 N
MC: ~ 248 min
WBV + CT: improved
141 community /healthy: . . . Muscle strength: lower (vs. CON) for lower .
0(m); 141 (f) WBV + CT: 68.8 + 3.6 18 months 25-35 Hz; 1.7-2.0 mm; Strengthening CT: aeroblc.d'ance, func.llol?al . . . limb (leg press), trunk limb, trunk flexion and Adlowerence, ‘AiBV +CT
Von Stengel et al., 2x week ¥ strength training coordination Light physical exercise b N (86%); CT (90%); CON
- WBV +CT =46 CT:68.6 = 3.0 . 21-49g* exercises for lower . M N flexion and extension No adverse event o
2012 [25] Germany 6 min X and balance (60 min; 2x and relaxation N N (92%)
CT=47 CON: 68.1 +2.7 MC: ~ 936 min Synchronous limbs week) extensionMuscle CT: improved (vs. Compliance: >75%
CON =48 o e power: CM] CON) for trunk ompliance: /5%

extension
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Table 1. Cont.

Total Number of

Frequency (Hz), Peak

Differences between

Author, Year and Parl}clpants, Mean and SD (or T{me qf Exposure to to Peak Displacement Posmon/'Acln'nly Activities of Other Activities of the Assessment of Muscle Groups Reported in Adherence and
. Dwelling/Health Vibration and Mean (mm) and/or on the Vibrating . Strength, Power ol Adverse Events N
Location L cop o Range) of the Age . . Intervention Groups Control Group (CON) the Original Compliance }
Condition, Distribution Cumulative (MC) Magnitude (g) and Platform and/or Endurance s
AN Publication (p < 0.05)
by Sex and by Groups Vibration Type
8 weeks
34 community /healthy: WBV(2): 2x week Adherence: WBV(2)
. (16)m; 18(f) WBV(4): 4x week 35-40 Hz; Strengthening . (91%); WBV(4) (91%);
Ma?zlz)]e tsal.gjﬂll WBV(2)=11 All: 843 +74 4 % 30 s (2 min total)— 11-21mm;2.1-65g exercises for lower - Usual routine M‘;B‘_TUI;‘; f?gtu'na;\ce. No difference No adverse event CON (83%)
P WBV(4) =12 8 x 30 s (4 min total) Synchronous limbs s oota Compliance:
CON =11 MC WBV(2): ~ 52 min unreported
MC WBV(4): ~ 104 min
11 Adherence: WBV (NS)
institutionalized /healthy: . iy
N WBV (NS): 79.8 £ 5.3 Six months . . . . (86%);
Verschueren etal., e WBV (AS5): 803 +53 3 week 3;0;—1;) ? . exz:;?fg\f?inllggmr - Usual routine M::::‘Qi"e:g;;::ie No difference No adverse event WBV (AS) (93%);
2011 [27] Belgium CON (NS): 79.6 £ 5.2 15-12 min S n'chr('mgus Slei;ﬂ; suatrou € an; ; pamid) © © seevel CON (NS) (93%);
CON (AS):78.7 £5.6 MC: = 507 min 4 ; yne CON (AS) (93%)
CON(S) 28 Compliance: >90%
CON (AS) =29 P :
Adherence: WBV(V)
. WBV(V): 35 Hz; (94%);
96 community /healthy: ) . . o,
0(m); 96(F) WBV(V): 68.1 £ 4.0 12 months 1.7 mm; 8 g Strengthening ) ) ) Muscle strength: lower WBV(V) and WBV(S): WBV(S) (81%); CON
Von Stengel et al., 3x week Synchronous : Light physical exercise limb isometry (leg . (92%)
WBV(V) =34 WBV(S): 67.9 + 3.8 N 2 exercises for lower - . improved (vs. CON) No adverse event N
2011 [28] Germany 15 min WBV(S): 12.5 Hz; N and relaxation press dynamometer) ) ) Compliance: WBV(V)
WBV(S) =36 CON: 67.6 + 4.1 - . N limbs N for lower limb isometry o/,
CON = 36 MC: ~ 540 min 12mm; 8 g Muscle power: CMJ (73%);
Side-alternating WBV(S) (68%); CON
(71%)
10 weeks
26 community /healthy: 3-5x week . . . Muscle strength: lower Adherence: WBV
Machado et al,, 2010 0(m); 26(F) WBV: 793 + 7.3 3 x 30 min 2‘”? éfg'gﬁmm' S"‘?“?‘?enl‘“i ) — limb (leg press) No i No adverse event 87%);
[29] Spain WBV =13 CON: 762 + 84 (1 min 30 s total)— Sy ng . exe‘“‘sfi;sf ower sualroutine Muscle power: lower © difference © adverse even CON (93%)
CON =13 8 x 1 min (8 min total) ynehronous S limb (leg press) Compliance: 95%
MC: ~ 174 min
214 community /healthy: All: 67.1 132><monlklls CT: cardiov 1 it Muscle strength: WBV and CT: Adherence: WBV
114(m); 106(f) WBV = 66.8 week 35-40 Hz; 2.5-5 mm; Strengthening s cardiovascular, resistance, viuscle strength: improved (vs. CON) (74%); CT (82%); CON
Bogaerts et al., 2009 WBV = CT— 4 % 30 s (2 min M isen f balance and flexibility Usual . isometric strength for i N h No ad o
130] Belgium =94 =66.8 total)-15 x 60's 6.2-16.1 g exercises for upper exercises (60 min—-90 min; sual routine (120°) of knee for isometric strengt] 0 adverse event (92%)
" CT=60 CON =67.8 (15 min total) Synchronous and lower limbs 3x week) ’ extensors (120°) of knee Compliance: WBV
- S 0. o
CON = 66 (SD not reported) MC: ~ 1248 min extensors (88%); CT (86%)
Six weeks5 x 1 min
73 community /healthy: (5 min total)
Furness et al., 2009 V?/SB(\I;‘(){):;E;(& Wll\?’/IVC(1 )~ ég ;ﬁ\ek; 15-25 Hz; 0.5 mm; WBV(3): improved (vs. Adherence: unreported
[31] Australia WBV(2) = 18 All: 72+ 8 WBV(2): 2 week; S];)fi:lriéa En Semi-flexed knees - Usual routine Muscle power: 5TSTS CON) for 5TSTS Unreported Compliance: 100%
WBV(3) = 19 MC: ~ 60's c-alte 8
CON =18 WBV(3): 3x week;
MC: ~ 90 min
82 community /healthy: 1,3 F::n\l\}r Muscle strength: WBV and CT: Adherence: WBV
Bogaerts et al., 2007 82(m); 0(f) WBV: 66.9 £+ 0.7 N 4% BLOLS 35-40 Hz; 2.5-5 mm; Strengthening CT: cardiovascular, resistance, isometric strength improved (vs. CON) (81%); CT (83%); CON
8[32] Bel m'm WBV =25 CT:67.6 £ 0.9 (2 min total)- 6.2-16.1g* exercises for lower balance, and flexibility Usual routine (120°) of knee for isometric strength No adverse event (89%)
: & CT=25 CON: 68.6 + 1.0 15 x 60's (15 min total) Synchronous limbs exercises (90 min, 3x week) extensors (120°) of knee Compliance: WBV
CON =32 MC: ~ 1248 min Muscle power: CMJ extensors and CMJ (88%); CT (87%)
WBV + EX and EX:
43 community /healthy: ;3 XWEEki EX: St theni . Mtuscle strfe:;{‘;th: Ee ak f lmpml;/ fd (vs. CfC]zN) Adherence: WBV + EX
23(m); 20(f) WBV + EX: 74.3 £ 5.0 wee 26 Hz; 5-8 mm; Strengthening $ SUENgLIening exerdises orque of knee, 1p or peat torque o knee and EX (100%);
Rees et al., 2007 [33] - . 6x45s - for lower limbs—6 x 45 s (60° /s) and ankle extension and 5TSTS - o o
N WBV + EX =15 EX:73.1+4.1 . 6.8-109 g exercises for lower . Unreported o . Unreported EX (87%); CON (100%)
Australia (4 min 30 s total)- . s X (4 min 30 s total)-6 x 80's (8 (30°/s) extensors and WBV + EX: improved H
EX=13 CON:73.1+4.6 6 x 80's (8 min total) Side-alternating limbs min total), 3x week flexors (vs. EX and CON) for Compliance: WBV +
CON=15 s ofa otal), ox wee exors S BA A © EX and EX (99%)

MC: = 150 min

Muscle power: 5TSTS

peak torque of ankle
plantar-flexor
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Table 1. Cont.

Author, Year and
Location

Total Number of
Participants,
Dwelling/Health
Condition, Distribution
by Sex and by Groups

Mean and SD (or
Range) of the Age

Time of Exposure to
Vibration and Mean
Cumulative (MC)

Frequency (Hz), Peak
to Peak Displacement
(mm) and/or
Magnitude (g) and
Vibration Type

Position/Activity
on the Vibrating
Platform

Activities of Other
Intervention Groups

Activities of the
Control Group (CON)

Assessment of Muscle
Strength, Power
and/or Endurance

Differences between
Groups Reported in
the Original
Publication (p < 0.05)

Adherence and

Adverse Events Compliance }

Bautmans et al.,
2005 [34]
Belgium

24 institutionalized /low
functionality:
9(m); 15(f)

WBV =13
SHAM =11

All: 775 £11.0
WBV:76.6 + 11.8
SHAM: 78.6 + 10.4

Six weeks
3x week
2 x 30 s (1 min total)4
X 1 min (4 min total)
MC: ~ 36 min

35-40 Hz; 2-5 mm;
49-16.1g
Synchronous

Strengthening
exercises for lower
limbs

WBV Sham:
Strengthening exercises
for lower limbs

Muscle strength:
handgrip, leg extension
Muscular endurance:
30-s Sit to Stand

No difference

Adherence: WBV
(77%); SHAM (100%)
Compliance: WBV
(96%); SHAM (86%)

WBV: groin pain
(8%) and airway
infection (8%)

Runge et al., 2000
[35]

Germany

34 community /healthy:
23(m); 11(f)
WBV =17
CON =17

AlL: 67 (61-85)

Two months
3x week
5 min
MC: ~ 144 min

27 Hz; 7-14 mm;
10.3-20.5g*
Side-alternating

Semi-flexed knees

Unreported

Muscle power: 5TSTS

No difference

Adherence: 87.2%
Compliance:
unreported

WBYV: inflammation
in the forefoot (6%)

Abbreviations: m (male); f (female); min (minutes); s (seconds); WBV (whole-body vibration); NWBV: normoxic whole-body vibration; HWBV: hypoxic whole-body vibration;
WBV(]): intensity whole-body vibration; WBV(E): exposure time whole-body vibration; WBV(L): low-frequency whole-body vibration; WBV(M): Medium-frequency whole-body
vibration; WBV(H): High-frequency whole-body vibration; WBV(F): whole-body vibration without visual feedback; WBV(AS): whole-body vibration with additional supplementation;
WBV(NS): whole-body vibration with normal supplementation; CON(AS): control group and additional supplementation; CON(NS): control group and normal supplementation;
WBV(2): whole-body vibration 2 days per week; WBV(4): whole-body vibration 4 days per week; RT (resistance training); MT: mental training; WBV + P: whole-body vibration and
creatine placebo; WBV + C: whole-body vibration and creatine; RT: resistance training; CT: combined training; ST: squat training; QG (qi gong); SO (spinal orthosis); WBV(V): vertical
(synchronous) whole-body vibration; WBV(S): side-alternating whole-body vibration; TC: Tai Chi; BD: bioDensity Training; SBT: Strength and balance training; PT: physical therapy;
EX: strengthening exercises for lower limbs; CON: control; SHAM: simulated whole-body vibration; 5TSTS (five-times-sit-to-stand test); CM]: countermovement jump; * Calculated
based on the magnitude of frequency and peak-to-peak displacement [45]. $ Adherence: percentage of participants who remained until the end of the intervention period; Compliance:

percentage of participation/attendance during the intervention period.
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Regarding body positioning, most studies administered muscle-strengthening exer-
cises for the lower limbs during WBV (61.8%). Other studies adopted a static posture,
such as semi-flexed knees (31.4%), single leg support with semi-flexed knees (2.9%) and
extended knees (2.9%). Almost half of the studies (47%) compared WBV with another form
of intervention (mainly conventional exercises), while control groups were adopted by
most studies (79%). The muscle strength outcome was assessed by 70.6% of the studies,
muscle power by 47.1% and muscle endurance by 23.5%. Regarding the results reported in
the original publication, among those that evaluated muscle strength, 11 studies identified
that the WBV allowed a significant increase when compared to control groups for muscle
strength of knee extensors [3,7,10,12,18,21,30,32] and flexors [3,12], ankle dorciflexors [3]
and ankle planti-flexors [33], lower limb isometry [6,28] and back-leg-chest dynamome-
try [7]. For muscle power, six studies found that WBV was superior to control groups on
the five-times-sit-to-stand [3,6,9,31], knee extensors [14] and countermovement jump [32].
In the muscular endurance outcome, a study demonstrated that WBV was superior to the
control group for the 30-s sit-to-stand [17].

Adverse events due to WBV were reported by six studies (17.6%) and involved: injuries
due to a fall, complication of pre-existing arthritis, edema and back pain [14], pain in the
knees and lumbar spine, itching, erythema and edema [16], lower limb pain, dizziness and
hypertension [18], groin pain and airway infection [34], forefoot inflammation [35] and
other disorders [3]. Fifty percentage of the studies declared that no adverse events were
observed during the intervention period with WBYV, while 11 studies (32.4%) did not report
this condition. Thirty studies reported adherence to interventions, which averaged 86.6%
in the groups that used WBV. Finally, the frequency of participation in interventions was
reported by 19 studies, with an average of 84.8% in the WBV groups.

3.2. Methodological Quality of Studies

Table 2 also presents the methodological quality of the studies scored using the PEDro
scale. Of the 34 studies included in the systematic review, 44% had high methodological
quality (PEDro score > 6). Considering all studies, the mean score was 5.5 + 1.4 points
(range 2 to 8 points).

3.3. Quantitative Synthesis of Studies (Meta-Analysis)
3.3.1. Primary Analysis
Muscle Strength

In the primary analysis, we observed a significant difference with moderate effect
size in favor of WBV for muscle strength of knee extensors and flexors, leg extensors and
ankle plantar flexors (Table 3 and Figure 2). For the other strength variables, no significant
differences were observed between the groups (Supplementary Figure S1). In the forest
plot figures of the primary analyses, subgroup analyzes were carried out considering the
place of residence (community or institution) and the health condition (sarcopenia, low
functionality, and frailty). Overall, all subgroup analyzes for these categories followed
the main analysis, except for knee extensor muscle strength among community residents
with sarcopenia, in which there was no significant difference between WBV and control,
in addition to the muscle strength analysis of the ankle dorsiflexors, which in this case
showed a significant difference in favor of WBV, with a moderate effect size in community
residents with sarcopenia.

Muscle Power

For muscle power, assessed using the five-times-sit-to-stand or countermovement
jump test, no significant difference was observed between WBV and control groups in
the primary analysis (Table 3). This result was independent of the older adult’s place of
residence or health condition (Supplementary Figure S2).
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Table 2. The methodological quality of the studies included in the systematic review, as evaluated by the PEDro scale.
gy Tandon  Ceed Bedve g ming e Flerle e ool e,
Criteria Allocation tion bility Subjects Therapists Assessor <15% Analysis Cf)mpar— :amc! )
isons Variability
Genest et al., 2021 [1] No Yes No Yes No No No Yes No Yes Yes 5
Camacho-Cardenosa et al., 2019 [2] Yes Yes No No No No Yes No No Yes Yes 4
Zhu et al., 2019 [3] Yes Yes No Yes No No No Yes No Yes Yes 5
Lam et al., 2018 [4] Yes Yes No Yes No No Yes Yes Yes Yes Yes 7
Pessoa et al., 2018 [5] No Yes Yes Yes No No Yes Yes No Yes Yes 7
Goudarzian et al., 2017 [6] Yes Yes No Yes No No No Yes No Yes Yes 5
Goudarzian et al., 2017 [7] Yes Yes No Yes No No Yes No No Yes Yes 5
Han et al., 2017 [8] No Yes No No No No No No No Yes Yes 3
Wei et al., 2017 [9,10] Yes Yes No Yes No No No Yes Yes Yes Yes 6
Smith et al., 2016 [11] Yes Yes No Yes No No No Yes No Yes Yes 5
Tseng et al., 2016 [12] Yes Yes No Yes No No No Yes No Yes Yes 5
Casimiro et al., 2015 [13] Yes Yes No Yes No No Yes Yes No Yes Yes 6
Corrie et al., 2015 [14] Yes Yes No Yes Yes No Yes Yes Yes Yes Yes 8
Santin-Medeiros et al., 2015 [15] Yes Yes No No No No No Yes No Yes Yes 4
Sitja-Rabert et al., 2015 [16] Yes Yes Yes Yes No No Yes No Yes Yes Yes 7
Alvarez-Barbosa et al., 2014 [17] Yes Yes No Yes No No No No Yes Yes Yes 5
Leung et al., 2014 [18] Yes Yes Yes Yes No No Yes Yes Yes Yes Yes 8
Osugi et al., 2014 [19] Yes Yes No Yes No No No No No Yes Yes 4
Sievidnen et al., 2014 [20] Yes No Yes Yes No No Yes Yes Yes Yes Yes 7
Zhang et al., 2014 [21] Yes Yes Yes Yes No No Yes No Yes Yes Yes 7
Calder et al., 2013 [22] No Yes No No No No Yes Yes No Yes Yes 5
Dudoniene et al., 2013 [23] Yes Yes No Yes No No No Yes Yes Yes Yes 6
Gomez-Cabello et el., 2013 [24] Yes Yes No Yes No No No Yes No Yes Yes 5
Von Stengel et al., 2012 [25] Yes Yes No Yes No No Yes Yes Yes Yes Yes 7
Marin et al., 2011 [26] No Yes No Yes No No No Yes No Yes Yes 5
Verschueren et al. 2011 [27] Yes Yes No Yes No No Yes Yes Yes Yes Yes 7
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Table 2. Cont.

. . Between- Point
Eligibility ~ Random  Concealed  Baseline Blind Blind Blind Follow-Up  Intention-to- "5 Estimates
Author ey s . Alloca- Compara- . - Dropout Treat Score
Criteria Allocation . o Subjects Therapists Assessor o . Compar- and
tion bility <15% Analysis . c s
isons Variability
Von Stengel et al., 2011 [28] Yes Yes No Yes No No Yes Yes No Yes Yes 6
Furness et al., 2009 [31] Yes Yes No Yes No No No Yes No Yes Yes 5
Bogaerts et al., 2007 [32] No Yes No Yes No No No No No Yes Yes 4
Rees et al., 2007 [33] No Yes No Yes No No No Yes No Yes Yes 5
Bautmans et al., 2005 [34] Yes Yes No Yes Yes No Yes Yes No Yes Yes 7
Runge et al., 2000 [35] Yes Yes No No No No No Yes No No No 2
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Table 3. The primary analysis of the effectiveness of WBV vs. control groups on muscle strength,
power and endurance.

Measurements ]S)ti(;;elﬁi:; Lower ol Upper n Studies 2 p
Muscle Strength
Knee extensors 0.53 0.32 0.74 937 9 30% <0.00001
Knee flexors 0.64 0.31 0.96 161 4 0% 0.0002
Leg extensors 0.68 0.17 1.20 209 3 62% 0.009
Ankle plantar-flexors 0.65 0.12 1.18 61 2 0% 0.02
Ankle dorciflexors 0.31 —0.43 1.05 85 2 63% 0.41
Hip flexors 0.17 —0.26 0.59 85 2 0% 0.44
Handgrip 0.13 —0.31 0.57 184 7 50% 0.55
Muscle Power
Five-times-sit-to-stand —0.31 —0.63 0.02 386 6 50% 0.07
Countermovement jump 0.17 —0.12 0.47 189 2 0% 0.24
Muscle endurance
30-s sit-to-stand 0.10 —0.19 0.39 184 5 42% 0.51
30-s arm curl 0.01 —-0.87 0.90 86 2 76% 0.97

95% CI: Confidence interval at 95%.

Muscle Endurance

For muscular endurance, assessed using the 30-s sit-to-stand or 30-s arm curl test,
no significant difference was observed between WBV and control groups in the primary
analysis (Table 3). This result was also independent of the older adult’s place of residence
or health condition (Supplementary Figure S3).

3.3.2. Sensitivity Analysis

To verify a possible influence of low methodological quality on the results of the
primary analysis, sensitivity analyzes were performed. In those studies, scores < 6 on the
PEDro scale were excluded. In this case, in five analyzes (knee flexors, ankle dorsiflexors,
ankle plantar-flexors, hip flexors and 30-s arm curl), there were only studies of low method-
ological quality, which did not allow for a sensitivity analysis. For the other analyzes (knee
extensors, leg extensors, handgrip, five-times-sit-to-stand, countermovement jump, 30-s sit-
to-stand), the results did not change after removing the low-quality studies methodological
(Supplementary Figure 54).

3.3.3. WBV vs. Other Exercise Modalities

Analyzes comparing WBV with other exercise modalities did not identify any signifi-
cant difference in muscle strength outcomes (knee extensors and flexors, ankle dorsiflexors,
hip flexors and handgrip) (Supplementary Figure S5). No muscle power and endurance
outcome study compared WBV with other exercise modalities.

3.3.4. Static Positioning vs. Dynamic Exercises during WBV

When only studies in which participants maintained a static position during WBV
were grouped, significant results were observed for muscle strength of knee extensors
and flexors, in addition to ankle dorciflexors, but not for strength of hip flexors, handgrip,
five-times-sit-to-stand and 30-s sit-to-stand (Supplementary Figure S6).

When considering only the studies in which the participant performed muscle strength-
ening exercises during WBYV, significant results were observed for muscle strength of knee
extensors, leg extensors and ankle plantar-flexors, but not for muscle strength of knee
flexors, ankle dorciflexors, hip flexors and handgrip. There were also no differences for the



J. Clin. Med. 2023, 12, 4467 15 of 22

tests of five-times-sit-to-stand, countermovement jump, 30-s sit-to-stand and 30-s arm curl
(Supplementary Figure S7).

(a)

Vibration Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, 95% CI v, 95% CI
1.1.1 Community residents (healthy)
Rees etal. [33] 177.8 344 15 1634 383 15 7.2% 0.38[-0.34,1.11) T
Leung etal. [18] 161 43352 280 -0.85 5692 316 33.0% 0.48(0.32,0.64) -
Camacho-Cardenosaetal. [2] 97.4071 36.8838 21 76.71 27.77 10  65% 0.59-0.18,1.36) T
Goudarzian etal. [7] 16.43 462 7 128 641 7 36% 0.61 [-0.47,1.69) -
Tsengetal. [12) 22.3206 15.1856 31 143 659 14 7.3% 1.56(0.84,2.27) ——
Subtotal (95% Cl) 354 362 57.5% 0.68 [0.29, 1.08] L 2
Heterogeneity: Tau*= 0.10; Chi*= 8.43, df= 4 (P = 0.08), F=53%
Test for overall effect: Z= 3.38 (P = 0.0007)
1.1.2C ity resi (with sar
Weietal. [10] 61.7667 23.5534 60 585 2059 20 12.4% 0.14 [-0.37, 0.65) e
Zhuetal. 3] 19.74 3.92 28 1815 475 27 11.5% 0.36-0.17,0.89) T
Subtotal (95% CI) 88 47  23.9% 0.25[-0.12,0.61] >
Heterogeneity: Tau®= 0.00; Chi*= 0.34, df=1 (P = 0.56), F= 0%
Test for overall effect: Z=1.31 (P=0.19)
113 ituti i i (low ity)
Lametal. [4] -1.02 052 25 -124 039 24 105% 0.47 [-0.10,1.04) B3
Subtotal (95% CI) 25 24 10.5% 0.47 [-0.10, 1.04) S
Heterogeneity: Not applicable
Test for overall effect Z=1.62 (P=0.11)
1.1.4 Outpatients (frail)
Zhang etal. [21) 11.18 203 19 976 152 18  81% 0.77(0.10,1.44) —
Subtotal (95% CI) 19 18 81% 0.77 [0.10, 1.44] S g
Heterogeneity: Not applicable
Test for overall effect: Z=2.25 (P = 0.02)
Total (95% CI) 486 451 100.0% 0.53 [0.32,0.74] L 2
Heterogeneity: Tau*= 0.03; Chi*=11.43, df=8 (P = 0.18), F= 30% :4 %2 + ‘%‘
Test for overall effect: Z= 4.88 (P < 0.00001) Control Vibracio
Test for subaroun differences: Chi*= 3.31. df= 3 (P = 0.35). F=9.3% '

(b) Vibration Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 Community residents (healthy)

Reesetal. [33] 1136 294 15 108 324 15 211% 0.14 [-0.57,0.86) -
Camacho-Cardenosaetal. [2] 486233 20.8587 21 37.84 1055 10 184% 057 [-0.19,1.34) =
Tseng etal. [12) 45287 73548 31 -05 67 14 258% 0.69 [0.04,1.34) —=—
Subtotal (95% CI) 67 39 65.2% 0.48 [0.07, 0.89] S J
Heterogeneity: Chi*=1.30, df= 2 (P = 0.52); F= 0%

Test for overall effect: Z= 2.31 (P = 0.02)

1.22C i i (with sar

Zhuetal. 3] 239 342 28 1947 576 27 348% 0.93(0.37,1.48) —a—
Subtotal (95% Cl) 28 27 34.8% 0.93[0.37,1.48] L 2
Heterogeneity: Not applicable

Test for overall effect: Z= 3.25 (P = 0.001)

Total (95% CI) 95 66 100.0% 0.64 [0.31,0.96] L 2
Heterogeneity: Chi*= 2.89, df= 3 (P = 0.41); F= 0% 4 2 2 }‘
Testfor overall effect Z= 3.78 (P = 0.0002) Control Vibragao
Test for subaroup differences: Chi*=1.59. df=1 (P =0.21). F=37.2%

( C) Vibration Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI v, 95% CI
1.3.1 Community residents (healthy)

Von Stengel et al. [25] 8529 1931 46 796.9 2042 47 416% 0.28-0.13,0.69)

Von Stengel etal. [28]  861.527 237.462 63 688 151.2 33 401% 0.81(0.37,1.25] —-

Goudarzian et al. [6] 110.58 12.79 11 884 1839 9 18.3% 1.32(0.33,2.32) —_—
Subtotal (95% Cl) 120 89 100.0% 0.68 [0.17, 1.20] -
Heterogeneity: Tau*= 0.12; Chi*= 5.30, df= 2 (P = 0.07); F= 62%

Test for overall effect: Z= 2.60 (P = 0.009)

Total (95% Cl) 120 89 100.0% 0.68 [0.17, 1.20] 4
Heterogeneity: Tau®= 0.12; Chi*= 5.30, df= 2 (P = 0.07), F= 62% i |2 ) 2 i
Test for overall eﬁec_l: Z=260{P= O.DOQ) Control Vibracio

Testfor subaroun differences: Not anplicable :

( d) Vibration Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.4.1 Community residents (healthy)

Rees etal. [33] 1204 244 15 1092 1841 15 525% 0.51[-0.22,1.24] T

Han etal. (8] 25589 488974 20 21369 5503 11 475% 0.80 [0.04, 1.57) ——

Subtotal (95% CI) 35 26 100.0% 0.65[0.12,1.18] <>
Heterogeneity: Chi*= 0.30, df=1 (P = 0.58), F=0%

Test for overall effect: Z= 2.41 (P = 0.02)

Total (95% CI) 35 26 100.0% 0.65[0.12,1.18] E
Heterogeneity: Chi*= 0.30, df=1 (P = 0.58); F= 0% 5‘ 52 é j‘

Testfor overall effect: Z=2.41 (P =0.02)

0
% “ Control Vibracdo
Test for subaroun differences: Not apnlicable :

Figure 2. Primary analysis comparing the effectiveness of WBV vs. control groups for muscle strength:
(a) knee extensors; (b) knee flexors; (c) leg extensors; (d) ankle plantar-flexors.
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3.3.5. Vibration Type (Synchronous vs. Side-Alternating)

When it was grouped only the studies that used synchronous (and/or triplanar)
vibration, we identified that the WBV, compared to control groups, allowed a significant
increase in the muscle strength of the knee extensors and ankle plantar flexors, but not for
the muscle strength of the leg extensors and hip flexors, handgrip, five-times-sit-to-stand,
countermovement jump, 30-s sit-to-stand and 30-s arm curl (Supplementary Figure S8).

For side-alternating, WBV compared with control groups allowed a significant increase
in muscle strength of knee extensors and flexors and leg extensors, but not for muscle
strength of ankle plantar flexors and ankle dorsiflexors, hip flexors, handgrip, five-times-
sit-to-stand, countermovement jump, and 30-s sit-to-stand (Supplementary Figure S9).

3.3.6. Cumulative Dose of WBV

In the subgroup analyzes in which the objective was linked to verifying the effective-
ness of WBV according to the cumulative dose administered (total time of WBV adminis-
tration throughout the entire intervention), we grouped studies with low cumulative dose
(<44 min) vs. high (>144 min), considering, as a cutoff point, the median cumulative dose
calculated through the studies of the present systematic review. WBV administered at a
low cumulative dose allowed significant effects on the muscle strength of the knee exten-
sors and flexors, leg extensors and ankle plantar flexors, but not for handgrip, five-time
sit-to-stand, 30-s sit-to-stand and 30-s arm curl (Supplementary Figure S510).

When grouping studies with high cumulative doses, WBV allowed significant effects
on muscle strength of knee extensors and leg extensors but not for muscle strength of knee
flexors, ankle plantar flexors, ankle dorsiflexors, hip flexors, handgrip, five-times-sit-to-stand,
countermovement jump, 30-s sit-to-stand and 30-s arm curl (Supplementary Figure S11).

3.3.7. WBV Magnitude

In the subgroup analyzes in which we aimed to observe the impact of the magnitude
of WBV, we grouped the studies into low (<4.4 g) and high (>4.4 g) magnitude, considering,
as a cutoff point, the median calculated through of the studies in this systematic review.
Compared with control groups, the low magnitude of WBV allowed significant effects
on the muscle strength of the knee extensors and flexors but not for the leg extensors,
handgrip, five-times-sit-to-stand, countermovement jump, 30-s sit-to-stand and 30-s arm
curl (Supplementary Figure 512).

When only high-magnitude studies were grouped, WBV compared to the control
groups allowed a significant increase in muscle strength of leg extensors and ankle plantar
flexors, but not for muscle strength of knee extensors and flexors, ankle dorsiflexors, hip
flexors, handgrip, five-times-sit-to-stand, countermovement jump, 30-s sit-to-stand and
30-s arm curl (Supplementary Figure S13).

4. Discussion
4.1. Summary of Main Results

The aim was to verify the effectiveness of WBV on muscle strength, power, and en-
durance in older adults. Although our qualitative synthesis demonstrated that WBV could
improve the three variables, our meta-analysis calculations only confirmed an increase in
lower limb muscle strength (knee extensors and flexors, lower limb extensors and ankle
plantar flexors) compared to control groups. In general, the observed results, whether
significant or not for each outcome/parameter analyzed, were independent of the partic-
ipant’s place of residence and health condition. Regarding possible differences between
WBYV and other physical exercise modalities, the individual studies in our systematic review
did not point to significant differences, as confirmed by the meta-analysis calculations.
Regarding the best WBV parameters for increasing lower limb muscle strength in older
adults, we observed that, in general, the significant effects are maintained, regardless of
body positioning (static or performing muscle strengthening exercises), type of vibration
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(synchronous or side-alternating), cumulative dose (low or high), and magnitude (low
or high).

4.2. Agreements and Disagreements with Other Studies

Some systematic review studies with meta-analysis have been published with this
same theme in older people [36—41]. Lau et al. [36] found moderately significant effects of
WBYV compared to control groups on knee extensor muscle strength (including 2 RCTs),
lower limb extensors (including 2 RCTs), countermovement jump (including 2 RCTs) and
five-times-sit-to-stand (including 3 RCTs), while no difference was observed between
WBYV and conventional exercises. Osawa et al. [37], when verifying the effects of WBV vs.
control groups, observed moderately significant effects on knee extensor muscle strength
(including 4 RCTs) and countermovement jump (including 2 RCTs), with moderate effect
sizes. Rogan et al. [38], when observing the effects of WBV compared to control groups,
identified a moderately significant effect for isometric muscle strength (including 14 RCTs).
However, data from different body segments were combined in a single analysis. The
authors found no significant differences between WBV and control groups for dynamic
muscle strength and power (including 6 RCTs each). For these same analyses, no differences
were identified between WBV and conventional exercises.

In the meta-analysis by Pessoa et al. [39], significant effects of WBV compared to
control groups on muscle strength were not observed (including six studies). However, the
evaluated body segment was not specified. Wu et al. [40] observed moderately significant
effects on lower limb muscle strength (including 2 RCTs) and muscle power by the five-
times-sit-to-stand (including 2 RCTs) in favor of WBV compared with control groups.
Sarabon et al. [41] observed a significant effect of great magnitude on muscle strength of
the knee extensors when comparing WBV with control groups (including 8 RCTs).

It is observed that most of the systematic reviews with meta-analysis carried out up to
the present moment identified significant effects in favor of the WBV compared with control
groups on the muscle strength of the lower limbs, mainly the knee extensor musculature,
which is the most tested, in line with the findings of the current study. In addition, in
the current study, we observed significant effects on the knee flexor muscles, lower limb
extensors and ankle plantiflexors, which are little or no measures explored by previous
meta-analyses. A point of disagreement in relation to previous studies refers to motor tests
related to muscle power, such as countermovement jumping [36,37] and five-times-sit-to-
stand [36,40], for which the present study did not find any effect. Possibly, the difference is
because the present meta-analysis included more RCTs in the different analyses.

An important differential of the current study concerning the systematic reviews
and meta-analyses already carried out on the subject is the different subgroup analyses,
which aimed to understand whether there are parameters that may eventually be more
or less favorable for gaining strength, power and muscular endurance. This is because,
eventually, in the primary analysis, significant results may not be observed since studies
containing parameters that do not favor increased performance are “distorting” the real
effect. Surprisingly, in the present study, in all subgroup analyses, the significant impact of
WBYV on lower limb muscle strength was maintained in at least two different lower limb
muscle strength tests.

Another fact that draws attention is that no power variable and muscular resistance
started to have statistical significance in the subgroup analyses. This demonstrates that
the WBV did not allow the performance gain of these physical capacities regardless of the
parameters used. In the current study, we tested four WBV parameters: body positioning
(static or performing muscle-strengthening exercises); type of vibration (synchronous vs.
side-alternating); cumulative dose (high vs. low); and magnitude (high vs. low). The
literature has already shown that for other outcomes, such as bone mineral density, WBV
enables greater effects when administered on platforms of the side-alternating type and
positioning the participant with semi-flexed knees [52].
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The number of RCTs included in each meta-analysis possibly influenced the observed
results. For example, with regard to lower limb muscle power, WBV has been shown to
provide acute effects [53,54]. In theory, if a single session enables significant effects, they
should remain in the long term. However, this was not observed in our analyses, and it is
important to carry out further studies on this topic.

Another important point to be debated is the impact of WBV on the neuromuscu-
loskeletal fitness of the upper limbs. The present study observed that no significant impact
occurred for handgrip strength and elbow flexor resistance, as assessed by the 30-s arm
curl. For these two tests, it must be considered that the participants were standing on the
vibrating platform. In this sense, little vibration is dissipated to the upper limbs. It has
already been shown that WBV can impact the acute muscle power of upper limbs in young
adults who perform elbow flexion exercises with their hands directly on the oscillatory
plate [55]. However, the chronic effects of this placement remain unclear and need to be
tested in long-term RCTs.

4.3. Quality of Evidence

More than half of the studies in our systematic review were from Europe (51.4%),
and almost a third from Asia (31.4%). That is, there was no reasonable geographic distri-
bution. Therefore, further studies on this topic are needed in other continents. Overall,
the methodological quality of the RCTs included in the systematic review was low, with
a mean of 5.5 &+ 1.4 points, with 56% of the studies presenting scores <6 on the PEDro
scale, which should be considered when interpreting the findings. No studies blinded
therapists, and only two blinded participants [14,34]. In this case, it must be considered that
in therapies whose stimuli are perceptible, it becomes very difficult to blind participants
or therapists. However, it is unlikely that this bias could have influenced the outcome
measures. Still, approximately half of the studies (53%) did not blind raters, 85% did not
blindly allocate participants to their respective intervention groups, and 65% of the studies
did not perform an intention-to-treat analysis. In addition, most studies used small sample
sizes (~10-20 participants per group), and the intervention time was <8 weeks in 41% of
the studies.

In general, the low methodological quality of the studies included in this systematic
review does not have a plausible explanation. Although sensitivity analysis showed that
studies of low methodological quality did not influence the results for five meta-analyses
(knee flexors, ankle dorsiflexors, ankle plantar flexors, hip flexors and 30-s arm curl), it was
not possible to perform an analysis of sensitivity since all studies had low methodological
quality. This must be considered when interpreting the results of these meta-analyses,
which must be interpreted with caution.

4.4. Limitations of the Review Process

The current systematic review only included RCTs, which decreases the risk of bias.
However, some studies did not disclose post-intervention results as mean and standard
deviation, making their inclusion in meta-analysis calculations unfeasible. The search did
not extend to all existing databases. However, we searched eight databases (PubMed,
EMBASE, CENTRAL, CINAHL, SPORTDiscus, Web of Science, LILACS, and PEDro) and
two clinical trial databases (clinicaltrials.gov (accessed on 1 May 2022) and apps.who.int/
trialsearch/ (accessed on 1 May 2022)), aiming to find unpublished studies. In addition,
we performed a thorough search of all bibliographic references of the studies included in
the review in an attempt to find other RCTs. Finally, our meta-analyses were performed
with few studies, and it was impossible to perform a visual inspection on funnel charts to
identify possible publication bias.
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5. Conclusions
5.1. Implications for Practice

WBYV has been shown to enable significant effects on lower limb muscle strength
in older adults, regardless of the parameters used, being an intervention option for
this purpose. However, at this time, it is not possible to recommend using WBV to
increase upper limb muscle strength, lower limb muscle power, and lower and upper
limb muscle endurance.

5.2. Implications for Research

Future RCTs aiming to verify the effects of WBV on variables related to muscle strength,
power and endurance in older adults should take greater care with methodological as-
pects, especially regarding rater blinding, hidden allocation, and handling of data from
participants who discontinued the intervention. RCTs with more participants and longer
intervention time are also needed. Finally, muscle power and endurance outcomes need to
be further investigated.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm12134467/s1, Table S1: Records that a full text was not found;
Table S2: Reports excluded in the full text reading phase; Figure S1: Primary analysis comparing the
effectiveness of WBV vs. control groups for muscle strength: (a) ankle dorsiflexors; (b) hip flexors;
(c) hand grip; Figure S2: Primary analysis comparing the effectiveness of WBV vs. control groups for
muscle power: (a) five-times-sit-to-stand test; (b) countermovement jump; Figure S3: Primary analysis
comparing the effectiveness of WBV vs. control groups for muscular endurance: (a) 30-second sit to
stand; (b) 30-second arm curl; Figure S4: Sensitivity analysis comparing the effectiveness of WBV
vs. control groups for: (a) knee extensor muscle strength; (b) muscular strength of the extensors
of the lower limbs; (c) handgrip strength; (d) five-times-sit-to-stand; (e) countermovement jump;
(f) 30-second sit-to-stand test; Figure S5: Analysis comparing the effectiveness of WBV vs. other forms
of exercise for muscle strength: (a) knee extensors; (b) knee flexors; (c) ankle dorsiflexors; (d) hip
flexors; (e) hand grip; Figure S6: Analysis comparing the effectiveness of WBV with participants
maintaining a static position vs. control groups: (a) muscle strength of the knee extensors; (b) muscle
strength of the knee flexors; (c) muscular strength of the ankle dorsiflexors; (d) muscle strength of the
hip flexors; (e) handgrip muscle strength; (f) five-times-sit-to-stand; (g) 30-s sit-to-stand; Figure S7:
Analysis comparing the effectiveness of WBV with participants performing muscle-strengthening
exercises vs. control groups: (a) muscle strength of the knee extensors; (b) muscle strength of the
knee flexors; (c) muscular strength of the extensors of the lower limbs; (d) muscular strength of
the plantar flexors; (e) muscular strength of the ankle dorsiflexors; (f) muscle strength of the hip
flexors; (g) handgrip muscle strength; (h) five-times-sit-to-stand; (i) countermovement jump; (j) 30-s
sit-to-stand; (k) 30-s arm curl; Figure S8: Analysis comparing the effectiveness of WBV vs. control
groups on synchronous type platforms: (a) knee extensor muscle strength; (b) muscular strength of
the extensors of the lower limbs; (c) muscular strength of the plantar flexors; (d) muscle strength of
the hip flexors; (e) handgrip muscle strength; (f) five-times-sit-to-stand; (g) countermovement jump;
(h) 30-s sit-to-stand; (i) 30-s arm curl; Figure S9: Analysis comparing the effectiveness of WBV vs.
control groups on side-alternating platforms: (a) muscle strength of the knee extensors; (b) muscle
strength of the knee flexors; (c) muscular strength of the extensors of the lower limbs; (d) muscular
strength of ankle plantar flexors; (e) muscular strength of the ankle dorsiflexors; (f) muscle strength
of the hip flexors; (g) handgrip muscle strength; (h) five-times-sit-to-stand; (i) countermovement
jump; (j) 30-s sit-to-stand; Figure S10: Analysis comparing the effectiveness of WBV administered at a
low cumulative dose (< 144 minutes) vs. control groups: (a) muscle strength of the knee extensors;
(b) muscle strength of the knee flexors; (c) muscular strength of the extensors of the lower limbs;
(d) muscular strength of the plantar flexors; (e) handgrip muscle strength; (f) five-times-sit-to-stand;
(g) 30-s sit-to-stand; (h) 30-s arm curl; Figure S11: Analysis comparing the effectiveness of WBV
administered at a high cumulative dose (> 144 minutes) vs. control groups: (a) muscle strength of
the knee extensors; (b) muscle strength of the knee flexors; (c) muscular strength of the extensors
of the lower limbs; (d) muscular strength of the plantar flexors; (e) muscular strength of the ankle
dorsiflexors; (f) muscle strength of the hip flexors; g) handgrip muscle strength; (h) five-times-sit-
to-stand; (i) countermovement jump; (j) 30-s sit-to-stand; (k) 30-s arm curl; Figure S12: Analysis
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comparing the effectiveness of WBV administered at low magnitude (<4.4 g) vs. control groups:
(a) muscle strength of the knee extensors; (b) muscle strength of the knee flexors; (c) muscular
strength of the extensors of the lower limbs; (d) handgrip muscle strength; (e) five-times-sit-to-stand;
(f) countermovement jump; (g) 30-s sit-to-stand; (h) 30-s arm curl; Figure S13: Analysis comparing
the effectiveness of WBV administered at high magnitude (> 4.4 g) vs. control groups: (a) muscle
strength of the knee extensors; (b) muscle strength of the knee flexors; (c) muscular strength of the
extensors of the lower limbs; (d) muscular strength of the plantar flexors; (e) muscular strength of the
ankle dorsiflexors; (f) muscle strength of the hip flexors; g) handgrip muscle strength; (h) Five-times-
sit-to-stand; (i) countermovement jump; (j) 30-s sit-to-stand; (k) 30-s arm curl. S1: Search strategy in
each database.
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