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Abstract

Objective

Loss of functional independence is more likely in older adults who
reside in an institution as a consequence of a decline in muscle
mass and a loss of force production capacity. The aim of this review
was to assess the effect of whole-body vibration (WBV)
interventions on the strength, balance, and mobility of nursing
home residents older than 80 years.

Methods
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An electronic search in MEDLINE, Scopus, and CINAHL databases
was conducted. Randomized controlled trials that involved nursing
home residents older than 80 years, that investigated WBV
interventions compared with nonintervention, usual care, or
placebo, and that measured physical function outcomes including
strength, balance, gait, and mobility were included. Risk of bias was
assessed by 2 reviewers using the Physiotherapy Evidence
Database scale. The standardized mean differences (SMD) between
the experimental and control groups were calculated with a
random-effects model for each outcome, and subgroup analysis
was conducted for different outcomes.

Results

In total, 2864 articles were identified; of these, 14 randomized
controlled trials met the inclusion criteria. The meta-analysis
revealed that WBYV significantly increased the lower limb muscle
strength (SMD =0.59; 95% CI=0.16 to 1.03), mobility (SMD =0.45;
95% CI=0.10 to 0.81), gait score (SMD =0.26; 95% CI=0.01 to
0.51), balance (SMD =0.41; 95% CI=0.01 to 0.81), and physical
performance (SMD =1.33; 95% CI=0.33 to 2.33).

Conclusion

WBV may be an effective intervention to improve the strength,
balance, mobility, walking ability, and physical performance of
older nursing home residents.

Impact

WBYV presents a safe, accessible alternative for improving health in
this vulnerable population, warranting further research and
integration into health care practices.

Keywords: Balance, Institutionalized, Mobility, Physical
Performance, Whole-Body Vibration

Introduction



Societies are progressively aging; in particular, there is a growing
population older than 80 years.: This aging population presents
unique challenges in terms of health and physical capabilities.
Although there is notable heterogeneity in health and function
among older adults,2 these projections of life expectancy are
usually associated with physical impairments and functional
limitations.: The resulting functional decline can affect the ability to
perform activities of daily living in this population

group.: Consequently, the loss of functional independence is an
important risk factor for institutionalization.: Sarcopenia and
frailty are also increasingly prevalent in this population and are
associated with greater dependency and mortality.: The former is
characterized by loss of muscle mass and strength and decreased
physical performance,c and the latter, is a multidimensional
geriatric syndrome that has a negative impact in several
dimensions (ie, social, cognitive, and physical).s

Larsson et al” recently described most of the factors that contribute
to the age-related loss of muscle function. Aging is accompanied by
a loss of force production capacity and a decline in muscle mass,
which can become more pronounced during periods of inactivity,
often experienced by older adults who reside in an

institution.t Maintaining an active lifestyle late in life is considered
to be one of the main strategies that can overcome these
limitations and has a considerable impact on daily life

activities.: Physical exercise is considered a cornerstone in
preserving physical function in older adults® and numerous meta-
analyses have suggested improvements in overall physical
performance (including gait speed, mobility, or balance) and
activities of daily living in frail older people.i2-2 As the degree of
benefit depends on the type of exercise performed, a recent meta-
analysis showed the effectiveness of resistance training for
improving muscle strength and power as well as functional
outcomes in very old (older than 87 years) people.:2 However,
although evidence supports the benefits of multicomponent
exercise programs, such as combinations of walking, balance, and
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resistance exercises, for improving functional abilities in the oldest
old population, it is important to acknowledge that some
individuals may face challenges in adhering to these programs.i4 As
a result, alternative strategies may be required to prevent
functional decline in these older individuals. Approaches like blood
flow restriction,:s neuromuscular electrical stimulation,¢ and
whole-body vibration (WBV)1z have emerged as potential strategies
for older individuals.

WBV stands out as a promising approach, especially when
traditional exercise paradigms may not be feasible. This form of
exercise elicits involuntary muscle contractions through the
activation of stretch reflexes,:s thereby making it useful during
disuse situations. Several systematic reviews have reported
promising results with the use of WBV in improving muscle
strength, walking ability, mobility or body balance and in reducing
falls in older adults.z-22 This intervention was considered to be safe
and feasible in very old nursing home residents.z: Moreover, recent
studies even suggested that the improvements in balance and
muscle strength after WBV training in older people who reside in
an institution are equivalent to an exercise program without
vibration.2z:t However, the literature is not without inconsistencies,
and there is no consensus regarding the most suitable WBV
protocols for improving functional capacity in older populations,
particularly among nursing home residents. Furthermore, the
response to WBV might be different when compared with
community-dwelling older people.2: Given these considerations, we
believe there is a compelling need to conduct an updated
systematic review to explore the effectiveness of WBV as an
intervention for improving physical function among older nursing
home residents (80 years old and older). Therefore, our aim in this
study was to review systematically the literature, focusing on the
identification of WBV interventions that attempt to enhance the
strength, balance, mobility, and walking ability of nursing home
residents 80 years old and older.
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Material and Methods

Search Strategy and Selection Criteria

The current systematic review was reported according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)z¢ and was registered in advance in the International
Prospective Register of Systematic Reviews (PROSPERO) as
CRD42021279735. Further details (PRISMA checklist) can be
found in the Supplementary Materials. A systematic literature
search was conducted on MEDLINE (via PubMed), Scopus, and
CINAHL, from database inception until July 1, 2023. The search
strategies varied according to the different databases searched and
used the following search terms: (“nursing home” or “resident” or
“long-term care” or “institutional care” or “assisted living” or
“institutionalized”) and (“vibration” or “WBV” or “whole-body
vibration”) and (“older people” or “elderly” or “older adults” or
“aged” or “ageing” or “aging” or “oldest” or “old”). A manual search
within the reference lists of retrieved publications was also
completed. This systematic review was designed according to the
PICOS (patient population, intervention, comparative controls,
outcomes) framework, where the population consisted of nursing
home residents older than 80 years; the intervention was based on
WBYV; the comparison was a control group (nonintervention, usual
care, or placebo); the outcomes were physical function parameters
including strength, balance, gait, and mobility; and the study design
had to be a randomized controlled trial. Studies were excluded
when the older people did not reside in an institution; the
participants were younger than 80 years; the intervention
consisted of only the acute effect of a single WBV session or the
article types were conference abstracts, letters, or review articles;
data were incomplete or articles were duplicate publications; and
there was a high risk of bias (Physiotherapy Evidence Database
[PEDro] scale score of <4).

Study Selection and Data Extraction
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All articles identified by our search strategy were examined (title
and abstract). Screening was performed independently by 2
blinded reviewers (B.S. and G.R.-P.). In cases of disagreement
regarding the final list of studies to be included were resolved by
consensus by including the third reviewer (A.S.). The main study
characteristics (ie, country, participants enrolled, age, relevant
outcomes, adherence, and adverse effects) and the intervention
parameters (frequency, amplitude, peak acceleration, platform
device used, sessions per week, position, protocol, duration, and
footwear) were extracted by the reviewers. WBV involves the use
of a vibrating platform that induces involuntary muscle
contractions through the activation of stretch reflexes. Several
parameters play a crucial role in the effectiveness of WBYV,
including the amplitude (peak displacement in millimeters),
frequency (measured in hertz), and the type of platform used.
Amplitude represents the extent of vertical displacement during
each vibration cycle, which influences the intensity of muscle
contractions. Frequency, measured in hertz, denotes the number of
vibration cycles per second and determines the stimulation
frequency applied to the muscles. The type of platform can vary,
including pivotal or oscillating platforms and vertical platforms,
each with distinct mechanical characteristics. If the information
was incomplete, authors were contacted to supply information or
data for inclusion in the meta-analysis.

Risk of Bias of Individual Studies

The risk of bias was evaluated by 2 reviewers using the PEDro
scale score when the score of an article was not shown in the
PEDro website. This is considered to be a valid measure of the
methodological quality of clinical trials.2

Data Synthesis and Analysis
The software Review Manager 5.4 (Cochrane Training, London, UK)

was used to perform a meta-analysis. The physical performance,
lower limb muscle strength, gait, balance, and mobility were
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assessed with diverse instruments, as continuous outcomes. The
standardized mean difference (SMD) between the experimental
and control group were calculated for each outcome, along with
95% Cls. Subgroup analysis was conducted for a meta-analysis of
the different physical outcomes. SMDs were considered statistically
significant at the 5% level (P <.05) and were classified as small
(0.1-0.3), medium (0.3-0.6), or large (>0.6).22¢ When missing, data
were requested from the original author by 1 of the researchers. In
those studies with 2 intervention groups and a single control
group, the sample size of the control group was halved in the
statistical analysis to avoid miscalculating the population

size.22 SMDs were calculated with a random-effects model.
Heterogeneity was measured using the 2 statistics.:2J2 values of
25%, 50%, and 75% were considered to represent low, moderate,
and considerable heterogeneity.:t Studies with a high risk of bias
(PEDro scale score of <4) were not considered in the present
review.

Results

Study Selection

The literature search strategy revealed a total of 2864 possibly
eligible articles. After the removal of duplicates, 1382 articles were
screened for potential eligibility. After the titles and abstracts were
screened, 1279 irrelevant articles were removed. Thus, 103
publications remained for further investigation; 29 of them were
excluded because of age, 41 did not involve older adults who
resided in an institution, and 1 did not provide enough protocol
details. Further, 16 studies were not randomized controlled trials,
and 2 did not included physical performance outcomes. Finally, 14
randomized controlled trialsi22432-42 were included in this meta-
analysis (Supplementary Figure).

Study Characteristics
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The main characteristics of the 14 studies included in this review
are summarized in Supplementary Table 1. The 14 studies were
conducted in the United States (n = 2), Belgium (n =5), Switzerland
(n=2), Hong Kong (n =1), Japan (n =1), Finland (n =1), and Spain
(n =2) with a total of 672 older adults who resided in an institution
(total number analyzed: 566); the mean age of the participants was
83 (SD =2) years (range = 80-91 years). Most studies included men
and women, and the sample sizes in the WBV groups across the
studies ranged from 82 to 8124 participants. Outcomes included
physical function measures assessing knee flexion and extension
strength (isometric and dynamic), balance tests, gait speed
measurements, Timed “Up & Go” (TUG) Test, Chair Stand Test
(CST), and Short Physical Performance Battery (SPPB).

The compliance with the exercise programs was >73% in most
studies, and the adherence rate was >90%, with most patients
completing >80% of the sessions. No notable side effects were
observed in the majority of the studies. Transient minor tingling of
the lower limbs, lower limb soreness or pain (knees and lumbar
spine), transient itching, headache, and erythema or edema of the
legs were common during the beginning of training.

The intervention parameters in the included studies are reported
in Supplementary Table 2. The range of the frequency of the
mechanical vibrations varied from 3 to 40 Hz, with 8 of the 14
studies starting the exercise program with 30 Hz. The amplitude
varied from 0.9 to 8 mm. Consequently, the range of peak
acceleration was wide (ie, 1.2-12.4 g). Regarding the type of
platforms, both synchronous (vertical)122432-3436374142 and side-
alternatingss:s-4043 platforms were used in the selected studies.
Different positions of the individuals on the base of the platform
were adopted. Different variants of the squat exercise were
performed in all of the studies, with patients standing on the base
of the platform with a slight flexion of their knees (eg, 30 degrees)
or even holding onto parallel bars. Nevertheless, in some studies
the WBV programs included different exercises, with patients
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standing on the platform, such as calf raises, single-leg stance, or
lateral weight transfers.

Generally, the participants exercised 3 times per week; in 3 studies,
there were 2 sessions per week.324041 The duration of the programs
varied from 4 weekssé to 24 weeks.3#3642 A description of the
protocols used (eg, working time, number of sessions, or rest time)
was also provided (Supplementary Tab. 2). The number of sets
varied from 1 to 8, with 1 to 12 repetitions; the working time was
15 to 60 seconds in each exercise, and the rest time was 45 to

120 seconds.

Risk of Bias Within Studies

Eleven of the studies achieved the cutoff score for high quality (26),
and 3 studies had fair quality (ie, score of 5/10) (Supplementary
Tab. 3). Most of the studies failed to conceal allocation or to blind
the participants.

Synthesis of Results

Lower Limb Muscle Strength

Lower limb muscle strength was assessed by both isometric and
dynamic tests.1232384142 [,ower limb muscle strength was also
estimated with functional tests (ie, CST or 5 repetition CST) in 6
studies.122432374043 Random-effects analysis showed that WBV
exercise significantly increased lower limb muscle strength relative
to that in controls (SMD =0.59; 95% CI=0.16 to 1.03; P =.007).
Heterogeneity between studies was substantial

(I =54%; Q =10.93; P =.05) (Fig. 1).

By contrast, no significant differences between groups were found
in isometric strengths4:z:942 (SMD =0.41; 95% CI=-0.09 to
0.92; P=.11; 2=60%; Q =7.59; P =.06) (Fig. 2).

Mobility
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Mobility was assessed by most of the included studies. Ten of the
14 included studies assessed mobility with the TUG Test. The meta-
analyses showed a significant improvement in mobility in the
exercise group (SMD =0.45; 95% CI=0.10 to 0.81; P =.01).
Heterogeneity between studies was substantial

(I2=70%; Q =29.94; P<.001) (Fig. 3).

Walking Speed

Gait outcomes were assessed in 4 studies using the Tinetti Test,2233-
335 whereas 5 studies:23432.3940 gssessed walking speed over 2.44-, 4-,
or 10-m walking courses. The meta-analyses (Fig. 4) showed that
WBV exercise significantly increased gait score relative to those in
controls (SMD =0.26; 95% CI=0.01 to 0.51; P =.04). However,
nonsignificant differences in gait speed (SMD =0.20; 95%
CI=-0.25to 0.64; P =.51) were observed for participants in the
WBV training group compared with those in the control group,
overall with nonsignificant heterogeneity (/2 =4%; P =.40).

Balance

Ten studies assessed balance, 4 with the Tinetti Test,2433353644 2 with
postural sway,234 3 with a subscale of the SPPB assessing a
participant’s ability to stand in 3 different standing positions
(semitandem, side by side, and tandem for 10 seconds),:244 and 1
with the Berg Balance Scale.”® The meta-analyses (Fig. 5) showed
significant changes in balance (SMD =0.41; 95% CI=0.01 to

0.81; P =.05) for participants in the WBV training group compared
with those in the control group, overall with significant
heterogeneity (I2=76%; P <.001).

Short Physical Performance Battery

Four studies assessed the effect of WBV on physical performance
(SPPB). Random-effects analysis showed a significant pooled
difference between the intervention and control groups (P =.009).
The SMD was 1.33, and the 95% CI was 0.33 to 2.33, with
significant heterogeneity across studies (12 =71%; P =.02) (Fig. 6).
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Discussion

The purpose of this review was to identify and assess the
effectiveness of WBV-based interventions in enhancing strength,
balance, mobility, walking ability and the physical performance of
nursing home residents 80 years old and older. Although a
previous meta-analysis showed a significant positive effect of WBV
on the TUG Test but not in balance outcomes in older people who
resided in an institution,2s our meta-analysis revealed that WBV
significantly improved lower limb muscle strength, mobility, gait
score, balance, and physical performance in people who resided in
an institution and were older than 80 years.

The observed improvements in lower limb muscle strength,
mobility, gait, balance, and physical performance following WBV
exercise interventions hold important clinical implications. For
lower limb muscle strength, our meta-analysis revealed a
significant SMD of 0.59 (95% CI=0.16 to 1.03; P =.007). Although
the heterogeneity across studies was substantial, this increase in
lower limb muscle strength suggests that WBV could translate into
meaningful changes in functional capacity for older adults.
Importantly, although isometric strength did not show significant
improvements, the impact of WBV on dynamic lower limb muscle
strength appears promising. Mobility, as assessed by the TUG Test,
also exhibited significant improvement (SMD = 0.45; 95% CI=0.10
to 0.81; P =.01), indicating that WBV can enhance the ability of
older individuals to perform essential daily tasks safely and
efficiently. Gait outcomes, although significant in terms of gait
score, did not translate to a significant increase in gait speed.
However, these findings, together with the significant
improvement in balance (SMD =0.41; 95% CI=0.01 to

0.81; P =.05), suggest that WBV may contribute to fall prevention,
enhanced stability, and overall functional independence. Notably,
the significant improvement in the SPPB score (SMD =1.33; 95%
CI=0.33 to 2.33; P =.009) underscores the clinically meaningful
impact of WBV on overall physical performance. These results
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indicate that WBV holds potential as an accessible and safe
intervention to improve the physical function of older adults,
thereby enhancing their quality of life and functional
independence.

We recently discussed the efficacy of WBV exercise in people who
were bed bound and intensive care unit bound as a
countermeasure to prevent physical deconditioning, especially in
situations where the ability of patients to cooperate and to exercise
is limited.2s This is also the case for geriatric patients hospitalized
because of an acute exacerbation of chronic obstructive pulmonary
diseaset and, as reported here and elsewhere, in older people who
resided in an institution.zs Functional decline experienced in this
group of nursing home residents can affect their ability to perform
activities of daily living. Recent studies reported that the chair
stand ability, a fundamental activity of daily living, is considerably
reduced (ie, ~50%) in people older than 70 years.2Z The CST was
recently reported to reflect physical function in older

individuals.z¢ Consequently, the significant effects in CST achieved
after WBV intervention may have clinical importance (SMD = 0.57),
with some studies even showing high effect sizes.:2 Together with
the CST, the European Working Group on Sarcopenia in Older
People (EWGSOP) also recommend the use of the TUG Test for the
assessment of muscle strength and physical function (ie, mobility)
in older adults.c A significant effect was found for the TUG Test in
the current study; this finding concurs with those of previous
systematic reviews of WBV in older people who resided in an
institution:z and those who did not reside in an institution.« These
improvements were attributed to a greater activation of motor
units and a stimulation of the primary endings of the muscle
spindle receptors that might cause reflexive contraction,s thereby
improving neuromuscular function.

The positive effects of WBV on balance shown in our meta-analysis
contrasts with the findings observed by Alvarez-Barbosa et alz: for
older people who did not reside in an institution. One potential
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reason for this difference is that the lower initial level of physical
performance expected in very old nursing home residents (as in
our study) could be more amenable to greater benefits for
improving balance after WBV.22 Our results of the positive effect of
WBYV on balance are consistent with the meta-analysis by Rogan

et al,22 who found that WBV can positively improve static balance in
older people who were more mobile and had the potential to
improve dynamic balance in older people who were functionally
less able.

In our meta-analysis both balance (SMD = 0.41) and the gait score
using the Tinetti Test (SMD =0.26) were significantly improved in
the intervention group, although no changes were observed in gait
speed. A previous systematic review and meta-analysis reported
that WBV was effective in increasing postural control in older
people and that these changes could be extended to dynamic motor
tasks such as walking.22 The lack of effect on gait speed could also
be attributed to the heterogeneous methodologies, especially
regarding the vibration type, and the differences in the protocols
used.

We found lack of consistency and consensus in WBV protocols.
Some differences were seen in the WBYV training protocols.
Interventions varied between 4 weeks and 6 months, usually 2 or 3
sessions per week, with a training session usually consisting of 2 to
10 bouts of 30 to 60 seconds of WBV, with 60 seconds of rest
between the bouts. Overall, it is interesting to note that most of the
significant changes in strength12324142 or mobilitys2:43¢ were achieved
with frequencies of 30 to 40 Hz, with only a couple of
exceptions:s4; in all cases, a vertical vibration platform, rather than
a side-alternating one, was used. However, although the amplitudes
were mostly between 2 and 4 mm for improving lower limb muscle
strength, in order to enhance mobility, amplitudes were slightly
lower (0.9-2 mm). These findings could inform researchers and
practitioners in WBV when designing protocols. Programs with
moderate frequencies (~25 Hz) and low amplitudes (1-2 mm)
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progressing to higher frequencies (~30-35 Hz) and higher
amplitudes (2-4 mm) should be considered.

An important consideration regarding WBV is whether this
intervention is feasible and tolerated by older people, particularly
those who are frail and reside in nursing homes. WBV was well
tolerated in older fallers with a mean age of 80 years.s! In our
current systematic review of nursing home residents, most of the
included studies reported no notable adverse effects; however,
minor tingling or transient itching of the lower limbs,2435 knee or
back pain,243¢ or lower limb soreness2+3” were reported in some
studies, suggesting the need to progress more slowly in this
vulnerable population. This is consistent with previous reports
showing that WBV is safe and well tolerated by older people who
do not reside in an institution and can be undertaken
independently by many people in care homes.z

Some limitations of our systematic review and meta-analysis
should be acknowledged. First, some studies could not be included
because of a lack of complete data, despite requests to the authors.
Second, there were notable variations between effect sizes across
the selected studies, raising questions about the importance of
controlling for dissimilar methodologies when attempting to
aggregate data for the meta-analysis. Further, the study population,
although older than 80 years in all cases, were dissimilar in terms
of concomitant conditions. Moreover, the amount of heterogeneity
in the outcomes related to mobility and balance pooling made the
study results challenging and require cautious interpretation.
Despite these limitations, our results should be helpful in
developing WBV exercise programs for nursing home residents and
in designing further research studies in this sector.

Conclusions

The results of this systematic review and meta-analysis suggest
that WBV can be an effective treatment intervention to improve
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strength, balance, mobility, walking ability, and physical
performance of nursing home residents older than 80 years.
Further research is needed to define standardized protocols
targeting different outcomes in this population group. WBV
appears to be a safe, easily performed, and acceptable alternative
exercise intervention compared to other exercise regimens in this
group of older residents of care homes who are unable to
undertake more conventional evidence-based exercises.

Supplementary Material

2023-0469_R1_Supplementary_Materials_cjt_pzae025

Contributor Information

Borja Safiudo, Departamento de Educacion Fisica y Deporte,
Universidad de Sevilla, Seville, Spain.

Gonzalo Reverte-Pagola, Departamento de Educacion Fisica y
Deporte, Universidad de Sevilla, Seville, Spain.

Adérito Seixas, Escola Superior de Saude Fernando Pessoa,
Fisioterapia, Porto, Portugal.

Tahir Masud, Nottingham University Hospitals NHS Trust,
Department of Geriatric Medicine, Nottingham, United Kingdom.

Author Contributions

Borja Sanudo (Conceptualization, Methodology, Supervision,
Validation, Writing—original draft [Equal]), Gonzalo Reverte-
Pagola (Conceptualization, Methodology, Software, Writing—
review & editing [Equal]), Adérito Seixas (Software, Validation,
Writing—review & editing [Equal]), and Tahir Masud (Formal
analysis, Validation, Writing—review & editing [Equal])



Funding

There are no funders to report for this study.

Systematic Review Registration

This study was registered in the International Prospective Register
of Systematic Reviews (PROSPERQO) (CRD42021279735).

Disclosures

The authors completed the ICMJE Form for Disclosure of Potential
Conflicts of Interest and reported no conflicts of interest.

References

1. Valenzuela PL, Castillo-Garcia A, Morales JSet al.. Physical exercise in the
oldest old. Compr Physiol. 2019;9:1281-1304. 10.1002/cphy.c190002.
[PubMed: 31688965] [CrossRef: 10.1002/cphy.c190002]

2. Safiudo B, Rogers ME. Strength training in older adults. In: Mufioz Lopez A,
Taiar R, Safiudo B, (eds) Resistance Training Methods. From Theory to Practice.

Springer International Publishing; 2021.

3. Nagaratnam K, Nagaratnam N. Long-Term Care, Nursing Homes and
Support Services. In: Nagaratnam N, Nagaratman K, Cheuk G, (eds) Advanced
Age Geriatric Care. Cham, Switzerland: Springer International Publishing;
2019:39-43.

4. Malmstrom TK, Miller DK, Simonsick EM, Ferrucci L, Morley JE. SARC-F: a
symptom score to predict persons with sarcopenia at risk for poor functional
outcomes. / Cachexia Sarcopenia Muscle. 2016;7:28-36.
10.1002/jcsm.12048. [PMCID: PMC4799853] [PubMed: 27066316]
[CrossRef: 10.1002/jcsm.12048]

5. Clegg A, Young ], lliffe S, Rikkert MO, Rockwood K. Frailty in elderly
people. Lancet. 2013;381:752-762. 10.1016/S0140-6736(12)62167-

9. [PMCID: PM(C4098658] [PubMed: 23395245] [CrossRef: 10.1016/S0140-
6736(12)62167-9]



6. Cruz-Jentoft AJ, Bahat G, Bauer Jet al.. Sarcopenia: revised European
consensus on definition and diagnosis. Age Ageing. 2019;48:16-31.
10.1093/ageing/afy169. [PMCID: PMC6322506] [PubMed: 30312372]
[CrossRef: 10.1093/ageing/afy169]

7. Larsson L, Degens H, Li Met al.. Sarcopenia: aging-related loss of muscle
mass and function. Physiol Rev. 2019;99:427-511.
10.1152/physrev.00061.2017. [PMCID: PMC6442923] [PubMed: 30427277
[CrossRef: 10.1152 /physrev.00061.2017]

8. Canepari M, Pellegrino MA, D’Antona G, Bottinelli R. Single muscle fiber
properties in aging and disuse. Scand ] Med Sci Sports. 2010;20:10-19.
10.1111/j.1600-0838.2009.00965.x. [PubMed: 19843264] [CrossRef:
10.1111/j.1600-0838.2009.00965.x]

9. Daskalopoulou C, Stubbs B, Kralj C, Koukounari A, Prince M, Prina
AM. Physical activity and healthy ageing: a systematic review and meta-
analysis of longitudinal cohort studies. Ageing Res Rev. 2017;38:6-17.
10.1016/j.arr.2017.06.003. [PubMed: 28648951] [CrossRef:
10.1016/j.arr.2017.06.003]

10. Falck RS, Davis JC, Best JR, CrockettRA, Liu-Ambrose T. Impact of exercise
training on physical and cognitive function among older adults: a systematic
review and meta-analysis. Neurobiol Aging. 2019;79:119-130.
10.1016/j.neurobiolaging.2019.03.007. [PubMed: 31051329] [CrossRef:
10.1016/j.neurobiolaging.2019.03.007]

11. Giné-Garriga M, Roqué-Figuls M, Coll-Planas L, Sitja-Rabert M, Salva

A. Physical exercise interventions for improving performance-based
measures of physical function in community-dwelling, frail older adults: a
systematic review and meta-analysis. Arch Phys Med Rehabil. 2014;95:753-
769.e3.10.1016/j.apmr.2013.11.007. [PubMed: 24291597] [CrossRef:
10.1016/j.apmr.2013.11.007]

12. Garcia-Hermoso A, Ramirez-Vélez R, Sdez de Asteasu MLet al.. Safety and
effectiveness of long-term exercise interventions in older adults: a systematic
review and meta-analysis of randomized controlled trials. Sports Med.
2020;50:1095-1106. 10.1007/s40279-020-01259-y. [PubMed: 32020543]
[CrossRef: 10.1007/s40279-020-01259-y]

13. Lopez P, Pinto RS, Radaelli Ret al.. Benefits of resistance training in
physically frail elderly: a systematic review. Aging Clin Exp Res. 2018;30:889-
899.10.1007/s40520-017-0863-z. [PubMed: 29188577] [CrossRef:
10.1007/s40520-017-0863-z]



14. Martinez-Velilla N, Casas-Herrero A, Zambom-Ferraresi Fet al.. Effect of
exercise intervention on functional decline in very elderly patients during
acute hospitalization. JAMA Intern Med. 2019;179:28-36.
10.1001/jamainternmed.2018.4869. [PMCID: PMC6583412] [PubMed:
30419096] [CrossRef: 10.1001/jamainternmed.2018.4869]

15. Clarkson M], Conway L, Warmington SA. Blood flow restriction walking
and physical function in older adults: a randomized control trial. | Sci Med
Sport. 2017;20:1041-1046. 10.1016/j.jsams.2017.04.012. [PubMed:
28483555] [CrossRef: 10.1016/j.jsams.2017.04.012]

16. O’Connor D, Brennan L, Caulfield B. The use of neuromuscular electrical
stimulation (NMES) for managing the complications of ageing related to
reduced exercise participation. Maturitas. 2018;113:13-20.
10.1016/j.maturitas.2018.04.009. [PubMed: 29903643] [CrossRef:
10.1016/j.maturitas.2018.04.009]

17. Orr R. The effect of whole body vibration exposure on balance and
functional mobility in older adults: a systematic review and meta-
analysis. Maturitas. 2015;80:342-358. 10.1016/j.maturitas.2014.12.020.
[PubMed: 25631348] [CrossRef: 10.1016/j.maturitas.2014.12.020]

18. Pollock RD, Woledge RC, Martin FC, Newham D]. Effects of whole body
vibration on motor unit recruitment and threshold. ] Appl Physiol.
2012;112:388-395. 10.1152 /japplphysiol.01223.2010. [PMCID:
PM(C3289430] [PubMed: 22096119] [CrossRef:

10.1152 /japplphysiol.01223.2010]

19. Lam FM, Chan PF, Liao LRet al.. Effects of whole-body vibration on balance
and mobility in institutionalized older adults: a randomized controlled

trial. Clin Rehabil.2018;32:462-472.10.1177/0269215517733525. [PubMed:
29019274] [CrossRef: 10.1177/0269215517733525]

20. Jepsen DB, Thomsen K, Hansen S, Jgrgensen NR, Masud T, Ryg J. Effect of
whole-body vibration exercise in preventing falls and fractures: a systematic
review and meta-analysis. BM] Open. 2017;7:e018342. 10.1136/bmjopen-
2017-018342. [PMCID: PMC6027066] [PubMed: 29289937] [CrossRef:
10.1136/bmjopen-2017-018342]

21. Sitja-Rabert M, Rigau D, Fort Vanmeerghaeghe A, Romero-Rodriguez D,
Bonastre Subirana M, Bonfill X. Efficacy of whole body vibration exercise in
older people: a systematic review. Disabil Rehabil. 2012;34:883-893.
10.3109/09638288.2011.626486. [PubMed: 22225483] [CrossRef:
10.3109/09638288.2011.626486]



22.RoganS$, Taeymans ], Radlinger Let al.. Effects of whole-body vibration on
postural control in elderly: an update of a systematic review and meta-
analysis. Arch Gerontol Geriatr. 2017;73:95-112.
10.1016/j.archger.2017.07.022. [PubMed: 28800481] [CrossRef:
10.1016/j.archger.2017.07.022]

23. Bautmans I, Van Hees E, Lemper JC, Mets T. The feasibility of whole body
vibration in institutionalised elderly persons and its influence on muscle
performance, balance and mobility: a randomised controlled trial
[ISRCTN62535013]. BMC Geriatr. 2005;5:17.10.1186/1471-2318-5-

17. [PMCID: PMC1368976] [PubMed: 16372905] [CrossRef: 10.1186/1471-
2318-5-17]

24. Sitja-RabertM, Martinez-Zapata M], Fort Vanmeerhaeghe A, Rey Abella F,
Romero-Rodriguez D, Bonfill X. Effects of a whole body vibration (WBV)
exercise intervention for institutionalized older people: a randomized,
multicentre, parallel, clinical trial. ] Am Med Dir Assoc. 2015;16:125-131.
10.1016/j.jamda.2014.07.018. [PubMed: 25282631] [CrossRef:
10.1016/j.jamda.2014.07.018]

25. Alvarez-Barbosa F, Pozo-Cruz ], Pozo-Cruz B, Garcia-Hermoso A, Alfonso-
Rosa RM. Effects of whole-body vibration on functional mobility, balance, gait
strength, and quality of life in institutionalized older people: a systematic
review and meta-analysis of randomized controlled trials. ] Aging Phys Act.
2020;28:219-230.10.1123 /japa.2019-0070. [PubMed: 31629362] [CrossRef:
10.1123/japa.2019-0070]

26. Page M], Moher D, Bossuyt PMet al... Explanation and elaboration: updated
guidance and exemplars for reporting systematic reviews. BMJ.
2021;372:n160. 10.1136/bmj.n160 [PMCID: PMC8005925] [PubMed:
33781993] [CrossRef: 10.1136/bmj.n160]

27. Morton NA. The PEDro scale is a valid measure of the methodological
quality of clinical trials: a demographic study. Aust | Physiother. 2009;55:129-
133.10.1016/50004-9514(09)70043-1. [PubMed: 19463084] [CrossRef:

10.1016/S0004-9514(09)70043-1]

28. Cohen . Statistical Power Analysis for the Behavioural Sciences. Hillside, NJ:
Lawrence Earlbaum Associates; 1988.

29. Deeks J], Higgins JP, Altman DG. Analysing Data and Undertaking Meta-
Analyses. In: Higgins ], & Green S, (eds) Cochrane Handbook for Systematic
Reviews of Interventions: Cochrane Book Series. The Cochrane Collaboration;
2008.



30. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21:1539-1558. 10.1002/sim.1186. [PubMed:
12111919] [CrossRef: 10.1002/sim.1186]

31. Higgins JP, Thompson SG, Deeks]], Altman DG. Measuring inconsistency in
meta-analyses. BMJ. 2003;327:557-560.10.1136/bm;j.327.7414.557. [PMCID:
PMC192859] [PubMed: 12958120] [CrossRef: 10.1136/bmj.327.7414.557]

32. Alvarez-Barbosa F, Pozo-Cruz ], Pozo-Cruz B, Alfonso-Rosa RM, Rogers
ME, Zhang Y. Effects of supervised whole body vibration exercise on fall risk
factors, functional dependence and health-related quality of life in nursing
home residents aged 80+. Maturitas. 2014;79:456-463.
10.1016/j.maturitas.2014.09.010. [PubMed: 25449826] [CrossRef:
10.1016/j.maturitas.2014.09.010]

33. Beaudart C, Maquet D, Mannarino Met al.. Effects of 3 months of short
sessions of controlled whole body vibrations on the risk of falls among
nursing home residents. BMC Geriatr. 2013;13:42. 10.1186/1471-2318-13-
42. [PMCID: PMC3649886] [PubMed: 23647914] [CrossRef: 10.1186/1471-
2318-13-42]

34. Bogaerts A, Delecluse C, Boonen S, Claessens AL, Milisen K, Verschueren
SMP. Changes in balance, functional performance and fall risk following whole
body vibration training and vitamin D supplementation in institutionalized
elderly women. A 6 month randomized controlled trial. Gait Posture.
2011;33:466-472.10.1016/j.gaitpost.2010.12.027. [PubMed: 21256028]
[CrossRef: 10.1016/j.gaitpost.2010.12.027]

35. Bruyere O, Wuidart MA, Di Palma Eet al.. Controlled whole body vibration
to decrease fall risk and improve health-related quality of life of nursing home
residents. Arch Phys Med Rehabil. 2005;86:303-307.
10.1016/j.apmr.2004.05.019. [PubMed: 15706558] [CrossRef:
10.1016/j.apmr.2004.05.019]

36. Buckinx F, Beaudart C, Maquet Det al.. Evaluation of the impact of 6-month
training by whole body vibration on the risk of falls among nursing home
residents, observed over a 12-month period: a single blind, randomized
controlled trial. Aging Clin Exp Res. 2014;26:369-376. 10.1007 /s40520-014-
0197-z. [PubMed: 24469903] [CrossRef: 10.1007/s40520-014-0197-z]

37. Grubbs BF, Figueroa A, Kim JS, Contreras R], Schmitt K, Panton LB. Whole-
body vibration training in frail, skilled nursing home residents. Int | Exerc Sci.
2020;13:140-156. [PMCID: PMC7039491] [PubMed: 32148628]

38. Kessler ], Radlinger L, Baur H, Rogan S. Effect of stochastic resonance
whole body vibration on functional performance in the frail elderly: a pilot



study. Arch Gerontol Geriatr. 2014;59:305-311.
10.1016/j.archger.2014.06.005. [PubMed: 25042993] [CrossRef:
10.1016/j.archger.2014.06.005]

39.0chi A, Abe T, YamadaK, Ibuki S, Tateuchi H, Ichihashi N. Effect of balance
exercise in combination with whole-body vibration on muscle activity of the
stepping limb during a forward fall in older women: a randomized controlled
pilot study. Arch Gerontol Geriatr. 2015;60:244-251.
10.1016/j.archger.2014.11.011. [PubMed: 25482957] [CrossRef:
10.1016/j.archger.2014.11.011]

40. Sievanen H, Karinkanta S, Moisio-Vilenius P, Ripsaluoma J. Feasibility of
whole-body vibration training in nursing home residents with low physical
function: a pilot study. Aging Clin Exp Res. 2014;26:511-517.
10.1007/s40520-014-0206-2. [PubMed: 24633589] [CrossRef:
10.1007/s40520-014-0206-2]

41. Smith DT, Judge S, Malone A, Moynes RC, Conviser ], Skinner |S. Effects of
biodensity training and power plate whole-body vibration on strength,
balance, and functional independence in older adults. /] Aging Phys Act.
2016;24:139-148.10.1123 /japa.2015-0057. [PubMed: 26215362] [CrossRef:
10.1123/japa.2015-0057]

42. Verschueren SM, Bogaerts A, Delecluse Cet al.. The effects of whole-body
vibration training and vitamin D supplementation on muscle strength, muscle
mass, and bone density in institutionalized elderly women: a 6-month
randomized, controlled trial. ] Bone Miner Res. 2011;26:42-49.
10.1002/jbmr.181. [PubMed: 20648661] [CrossRef: 10.1002/jbmr.181]

43. Bruin ED, Baur H, Brilhart Y, Luijckx E, Hinrichs T, Rogan S. Combining
stochastic resonance vibration with exergaming for motor-cognitive training
in long-term care; a sham-control randomized controlled pilot trial. Front Med
(Lausanne). 2020;7:900. 10.3389/FMED.2020.507155. [PMCID:
PMC7734185] [PubMed: 33330519] [CrossRef:
10.3389/FMED.2020.507155]

44. Bruyere O, Beaudart C, Reginster |Yet al.. Assessment of muscle mass,
muscle strength and physical performance in clinical practice: an
international survey. Eur Geriatr Med. 2016;7:243-246.
10.1016/j.eurger.2015.12.009. [CrossRef: 10.1016/j.eurger.2015.12.009]

45. Safiudo B, Seixas A, Gloeckl Ret al.. Potential application of whole body
vibration exercise for improving the clinical conditions of COVID-19 infected
individuals: a narrative review from the World Association of Vibration
Exercise Experts (WAVex) panel. Int ] Environ Res Public Health.



2020;17:3650.10.3390/IJERPH17103650. [PMCID: PMC7277771] [PubMed:
32455961] [CrossRef: 10.3390/IJERPH17103650]

46. Greulich T, Nell C, Koepke Jet al.. Benefits of whole body vibration training
in patients hospitalised for COPD exacerbations—a randomized clinical

trial. BMC Pulm Med. 2014;14:1-9. 10.1186/1471-2466-14-60. [PMCID:
PM(C4021435] [PubMed: 24725369] [CrossRef: 10.1186/1471-2466-14-60]

47. Suetta C, Haddock B, Alcazar Jet al.. The Copenhagen sarcopenia study:
lean mass, strength, power, and physical function in a Danish cohort aged 20-
93 years. ] Cachexia Sarcopenia Muscle. 2019;10:1316-1329.
10.1002/jcsm.12477. [PMCID: PMC6903448] [PubMed: 31419087]
[CrossRef: 10.1002/jcsm.12477]

48. Yoshiko A, Ogawa M, Shimizu Ket al.. Chair sit-to-stand performance is
associated with diagnostic features of sarcopenia in older men and
women. Arch Gerontol Geriatr. 2021;96:104463.
10.1016/j.archger.2021.104463. [PubMed: 34218157] [CrossRef:
10.1016/j.archger.2021.104463]

49. Lam FMH, Lau RWK, Chung RCK, Pang MYC. The effect of whole body
vibration on balance, mobility and falls in older adults: a systematic review
and meta-analysis. Maturitas. 2012;72:206-213.
10.1016/j.maturitas.2012.04.009. [PubMed: 22609157] [CrossRef:
10.1016/j.maturitas.2012.04.009]

50. Rittweger ]. Vibration as an exercise modality: how it may work, and what
its potential might be. Eur ] Appl Physiol. 2010;108:877-904.
10.1007/s00421-009-1303-3. [PubMed: 20012646] [CrossRef:
10.1007/s00421-009-1303-3]

51. Corrie H, Brooke-Wavell K, Mansfield NJ, Cowley A, Morris R, Masud
T. Effects of vertical and side-alternating vibration training on fall risk factors

and bone turnover in older people at risk of falls. Age Ageing. 2015;44:115-
122.10.1093/ageing/aful36. [PubMed: 25294839] [CrossRef:

10.1093/ageing/aful36]

Figures and Tables

Figure 1



Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Rand 95% CI
Alvarez-Barbosa 2014 3 2.683 14 0 1.897 15 15.5% 1.26 (0,45, 2.07]

De Bruin 2020 0.8 0.782 9 0.2 0.5 8 11.9% 0.86 [-0.15, 1.86) -
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3 -1 0
Test for overall effect: Z = 2,69 (P = 0.007) Favours [control] Favours [experimental]

Forest plot of meta-analysis results for lower limb muscle strength estimated with
functional tests. [V =inverse variance; Std. = standardized.

Figure 2

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% CI
Bogaerts 2011 2.67 4.157 54 25 7.647 57 35.5% 0.03 [-0.34, 0.40] e
Grubbs 2020 6.7 2.729 10 -0.2 5.923 10 16.0% 1.43 [0.43, 2.44) —
Ochi 2015 0.18 0.2 10 0.15 0.234 10 18.9% 0.13 [-0.75, 1.01] e
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Heterogeneity: Tau® = 0.15; Chi* = 7.59, df = 3 (P = 0.06); I' = 60% t + t

7 -2 -1 0
Test for overall effect: Z = 1,60 (P = 0.11) Favours [control] Favours [experimental)

Forest plot of meta-analysis results for lower limb muscle strength estimated with
isometric strength tests. [V =inverse variance; Std. = standardized.

Figure 3

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
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Beaudart 2013 -1.14 7983 30 041 5633 25 11.6% -0.22(-0.75,0.31) —
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Test for overall effect: Z = 2.51 (P = 0.01) Favours [experimental] Favours [control

Forest plot of meta-analysis results for mobility estimated with the Timed “Up & Go”
Test. IV =inverse variance; Std. = standardized.
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.7.1 TINETTI TEST
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Test for subaroup differences: Chi* = 0.72, df = 1 (P = 0.40), I = 0%
Forest plot for subgroup analysis of gait outcomes. IV
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Favours [control] Favours [experimental]
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Rand 95% CI
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Figure 6
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Forest plot of meta-analysis results for balance. IV = inverse variance; Std. =

Experimental Control Std, Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% Ci
De Bruin 2020 2.8 0.985 9 0.5 0.985 8 22.5% 2.22 10.94, 3.49) ——
Grubbs 2020 0.7 1.404 10 -0.4 1381 10 27.4% 0.76 [-0.16, 1.67] |
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Test for overall effect: Z = 2.61 (P = 0.009)

Favours [control] Favours [experimental]

Forest plot of meta-analysis results for physical performance (Short Physical
Performance Battery). [V =inverse variance; Std. = standardized.



