
Yin et al. BMC Women’s Health          (2024) 24:444  
https://doi.org/10.1186/s12905-024-03290-x

SYSTEMATIC REVIEW Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

BMC Women’s Health

Effects of whole‑body vibration on bone 
mineral density in postmenopausal women: 
an overview of systematic reviews
Shao Yin1, Ying Liu1, Yue Zhong2 and Fengya Zhu2* 

Abstract 

Objective  The aim of this study is to evaluate the findings of existing systematic reviews (SRs) and provide scientific 
evidence on the efficacy and safety of whole-body vibration (WBV) in improving bone mineral density (BMD) in post-
menopausal women, to provide recommendations and guidance for future high-quality clinical research and SRs.

Methods  We conducted searches in six databases (SinoMed, CNKI, Cochrane Library, Embase, PubMed, Web of Sci-
ence) from the inception of the databases until July 31, 2023. The language was limited to Chinese or English. 
The methodological quality, risk of bias, and evidence grade of outcomes were evaluated using AMSTAR-2, ROBIS, 
and GRADE, respectively. Additionally, the degree of overlap in randomized controlled trials (RCTs) among the SRs 
was calculated using corrected covered area (CCA). Furthermore, we performed quantitative synthesis or descriptive 
analysis of the relevant data. All relevant operations were independently conducted by two individuals.

Results  A total of 15 SRs were included in the analysis, out of which three were qualitative descriptions and 12 were 
meta-analyses. According to AMSTAR-2, only two SRs were rated as low or moderate, while the remaining 13 SRs 
were rated as critically low quality. The ROBIS assessment indicated that seven SRs had a low risk of bias, while 8 SRs 
had a high risk of bias. The overall findings suggest that WBV does not have a significant advantage in improving 
BMD in postmenopausal women. Furthermore, the CCA results revealed a high overlap in RCTs across five outcomes 
among the 15 SRs. Only five SRs reported specific adverse reactions/events experienced by participants after WBV 
interventions, and none of the SRs reported any severe adverse events.

Conclusion  The existing evidence cannot establish definitive advantages of WBV in improving BMD in postmeno-
pausal women. Therefore, we do not recommend the use of WBV for improving BMD in postmenopausal women. 
However, WBV may have potential value in maintaining BMD in postmenopausal women, further research is needed 
to confirm these findings.
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Introduction
Bone mineral density (BMD) reflects the mineral con-
tent in bone tissue and is a crucial indicator for assessing 
bone mass and strength. It not only reflects the integrity 
of bone tissue but also acts as a crucial marker for assess-
ing bone health and the ability of bone remodeling [1]. 
Research has shown that BMD decreases with age in the 
older adults [2]; compared to males, females typically 
start losing bone mass after the age of 40. Due to a sharp 

*Correspondence:
Fengya Zhu
notfounds@foxmail.com
1 Hospital of Chengdu University of Traditional Chinese Medicine, No.39 
Twelve Bridges Road, Jinniu District, Chengdu City 610000, China
2 Zigong First People’s Hospital, No. 42, Shangyihao Yizhi Road, Ziliujing 
District, Zigong City 641000, China

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12905-024-03290-x&domain=pdf


Page 2 of 14Yin et al. BMC Women’s Health          (2024) 24:444 

decline in hormone levels, postmenopausal women expe-
rience accelerated bone loss, leading to decreased BMD. 
The reduction in BMD further elevates the risk of osteo-
porotic fractures and related complications [3, 4]. Addi-
tionally, low BMD predisposes postmenopausal women 
to osteoporosis. Studies indicate that the prevalence 
of osteoporosis in Chinese women over 50  years old is 
approximately 20.7% [5], which is associated with higher 
mortality rates and treatment costs, imposing a heavier 
burden on individuals, families, and society. Furthermore, 
it can have an impact on the normal functional move-
ment and quality of life in postmenopausal women [6–8]. 
With the continuous increase in the aging population and 
the uneven distribution of older adults’ care and medi-
cal resources, it poses a severe challenge to public health 
management [9, 10].

Compared to pharmacological interventions, exercise 
therapy significantly improves BMD and prevents frac-
tures and osteoporosis in postmenopausal women, with 
fewer adverse events observed [11, 12]. However, for 
postmenopausal women, maintaining a certain inten-
sity and sufficient duration of exercise and strength 
training may be more challenging. Limitations related 
to age and training conditions reduce the feasibility of 
these exercises [13, 14].

In recent years, whole-body vibration (WBV) has 
become increasingly common to improve BMD in post-
menopausal women [4, 15]. Research indicates that 
WBV interventions involve subjects standing on a vibrat-
ing platform, which stimulates and transmits vibrations 
throughout the whole body, eliciting responses in mus-
cles and bone tissues. Several clinical studies have sug-
gested that WBV can enhance BMD in the femoral neck 
and proximal femur of postmenopausal women, and it 
may also have positive effects on muscle strength and 
alleviate depressive symptoms to some extent [16–18].

Numerous systematic reviews (SRs) have summarized 
the impact of WBV on BMD in postmenopausal women. 
Still, consensus has not been reached in some SRs regard-
ing the effectiveness of WBV in improving BMD [15, 19, 
20]. As the highest level of evidence synthesis, SRs inte-
grate a large amount of data to assess the reliability and 
accuracy of the results [21]. However, there is substantial 
variation in the methodological quality, risk of bias, and 
quality of evidence among different SRs. Low-quality SRs 
can even mislead clinical decision-making, highlighting 
the need for a comprehensive summary and objective 
evaluation of relevant SRs. The overview method rep-
resents a novel approach to collecting data from diverse 
SRs, reassessing the methodological quality and risk of 
bias, and synthesizing individual data [22]. Compared to 
traditional SRs, an overview of SRs that reduces informa-
tion duplication and presents SR findings in a uniform 

format can serve as a convenient reference for decision 
makers, healthcare professionals, and patients. Addition-
ally, such an overview often emphasizes the methodo-
logical aspects of SRs, which can help identify potential 
biases that might lower the quality of evidence, thereby 
guiding the development of future high-quality SRs [23]. 
Therefore, we utilized this method to collect and sum-
marize relevant data from SRs, aiming to provide an 
objective evaluation of the efficacy and safety of WBV in 
improving BMD in postmenopausal women. This serves 
to offer evidence-based guidance for public health practi-
tioners and policymakers and provides recommendations 
for future researchers to conduct high-quality SRs and 
clinical studies.

Methods
Registration
This overview has been registered in advance on the 
PROSPERO (CRD42023432403).

Search strategy
We searched six databases (SinoMed, CNKI, Cochrane 
Library, Embase, PubMed, and Web of Science) from the 
inception of each database up to July 31, 2023. No restric-
tions were placed on the publication date of SRs or the 
studies included within them. The language was limited 
to Chinese or English. Relevant subject search terms 
were adjusted according to each database. In addition, we 
manually searched the reference lists of review articles 
for additional relevant studies. Please refer to Appendix 1 
for the detailed search strategy.

Inclusion criteria
Study design and participants
SRs and meta-analysis that had included randomized 
controlled trials (RCTs) for analysis were eligible for 
inclusion [24]. The title of the included literature must 
be defined as a SR. The research questions and inclusion 
criteria of SR must include PICO (patient, intervention, 
comparison, outcome). Study participants were post-
menopausal women, with no restrictions on their race 
or activity level. If an SR included RCTs recruiting both 
males and females, we read the full text, if the SR pro-
vided a separate textual summary or meta-analysis for 
postmenopausal women, it was included.

Study intervention
The primary intervention method utilized was WBV 
using a sinusoidal vibration platform, with no restrictions 
on the vibration frequency and intensity of WBV.
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Study comparison
Other intervention methods besides WBV and pharma-
ceutical interventions, such as no intervention, regular 
exercise training, sham WBV, functional training, etc.

Study outcomes
BMD in different parts of the body, with no restrictions 
on the measurement methods for BMD.

Exclusion criteria

1.	 SRs exclusively focusing on males will be excluded.
2.	 SRs that compared WBV of different courses, fre-

quencies, and intensities.
3.	 SRs that included patients taking medication to 

increase BMD.
4.	 Other types of studies, such as animal experiments, 

network meta-analyses, protocols, conference 
papers, case reports, guidelines, etc.

5.	 Articles for which the full text cannot be obtained 
and those with duplicated data will be excluded.

Study selection and data extraction
Following a predetermined database and search strat-
egy, all retrieved articles were imported into EndNote 
X9.1. After removing duplicates, two reviewers (YS 
and FYZ) completed the initial screening based on the 
title and abstract and read the full text for evaluation. 
Cross-checking was performed at each stage.

According to the inclusion criteria, two reviewers 
(ZQ and WX) independently extracted data, including 
author, publication year, WBV frequency and magni-
tude, number of RCTs and sample sizes, intervention 
and control measures, outcomes, quality assessment 
methods, adverse events, and major conclusions. 
Cross-checking was performed at each stage.

In the stages of study selection and data extraction, if 
there were discrepancies or differences in opinions and 
results between the two reviewers, the first step was to 
attempt resolution through discussion. If an agreement 
could not be reached, they consulted the third reviewer 
(FY), who made the final decision.

Evaluation methods
Two reviewers (YS and LY) independently assessed the 
methodological quality, risk of bias, and evidence qual-
ity of the SRs using AMSTAR-2 [25], ROBIS [26], and 
GRADE tools [27] with cross-checking. In the case of 
discrepancies or differences in opinions between the 
results and opinions, the first attempt is to resolve 
through discussion. If an agreement is still not reached, 

the final decision will be made by the third reviewer 
(FY).

AMSTAR-2 is a commonly used tool for assess-
ing the methodological quality of SRs. It consists of 
16 items covering the entire process of SRs, including 
topic selection, design, registration, data extraction, 
statistical analysis, and discussion. Each item is rated 
as “Yes” (accurate and sufficient), “No” (accurate but 
insufficient), or “Partial yes” (lacking relevant evalu-
ation content or inappropriate evaluation). The over-
all confidence in the SR is graded as high, moderate, 
low, or critically low based on the overall confidence 
assessment.

The ROBIS tool is used to assess the risk of bias in the 
domains of “study eligibility criteria”, “identification and 
selection of studies”, “data collection and study appraisal”, 
and “synthesis and findings”. The overall risk of bias judg-
ment is then made, with each domain classified as low 
risk, high risk, or unclear risk.

The GRADE system evaluates the evidence quality of 
the results based on five aspects: Risk of bias, Inconsist-
ency, Indirectness, Imprecision, and Publication bias. 
The evidence quality is categorized as high certainty of 
evidence, moderate certainty of evidence, low certainty of 
evidence, or very low certainty of evidence.

Data synthesis and analysis
We summarized relevant data on the outcomes of BMD 
according to different anatomical sites and conducted a 
descriptive analysis. Our objective was to identify SRs con-
taining non-overlapping primary studies for each outcome 
to avoid duplicating evidence. When multiple eligible SRs 
were identified for a single outcome, we calculated the 
corrected covered area (CCA) to determine the extent of 
overlap in the primary studies using the following formula:

where N represents the number of included publications 
(sum of checked boxes), r denotes the number of rows 
(number of RCTs), and c represents the number of col-
umns (number of SRs). The CCA values are categorized 
as follows: “Slight overlap” for scores ranging from 0 to 5, 
“Moderate overlap” for scores from 6 to 10, “High over-
lap” for scores from 11 to 15, and “Very high overlap” for 
scores above 15 [28].

Furthermore, we provided a descriptive synthesis of 
the outcomes and relevant data. Continuous data were 
expressed as the summary mean difference (MD) or 
standardized mean difference (SMD) with a 95% confi-
dence interval (CI). P < 0.05 indicated a statistically sig-
nificant difference between groups.

CCA (%) = N− r / rc− r
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Results
Characteristics of included SRs
After retrieval, removal of duplicates, and full-text 
screening, we ultimately identified 15 SRs for further 
evaluation (12 of which conducted meta-analyses). The 
flowchart of the screening process is presented in Fig. 1, 
and the list of exclusions and reasons for the exclusions in 
the “Full-text assessment for eligibility” stage are shown 
in Appendix 1.

The 15 included SRs were published between 2009 and 
2023, with three articles published in Chinese and the 
remaining 12 published in English. Among them, one 
SR had the largest sample size, including 23 RCTs with 
a total of 2,089 participants. Except for two SRs that did 
not mention the intensity of WBV, all other SRs reported 
both the frequency and intensity of WBV. Regarding 
follow-up records, only seven SRs indicated the dates 
of follow-up, and only five SRs mentioned adverse reac-
tions, all of which were from the WBV group. Detailed 

characteristics of the included studies are presented in 
Table 1.

Methodological quality assessment of the included 
reviews
After assessing the methodological quality of the 
included SRs using AMASTAR-2, we found that 13 SRs 
had more than one serious flaw in the critical item and 
multiple flaws in the non-critical domains, resulting in 
a rating of critically low. The remaining two SRs were 
rated low and moderate, respectively. Among the criti-
cal items, only two SRs had pre-registered their study 
protocols (item 2), 10 SRs conducted comprehensive lit-
erature search strategies (item 4), 11 SRs provided lists 
of excluded studies and the reasons for exclusion (item 
7), 10 SRs utilized appropriate tools to assess the risk of 
bias in RCTs (item 9), and 12 SRs employed appropriate 
statistical methods for meta-analysis (item 11). In com-
parison, three SRs did not conduct meta-analyses, 11 SRs 

Fig. 1  Literature search flowchart
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considered the risk of bias in RCTs when interpreting 
or discussing the results (item 13), and only 1 SR inves-
tigated publication bias (item 15). Detailed assessment 
results can be found in Table 2.

Risk of bias
The results of the risk of bias assessment using the ROBIS 
tool for the 15 SRs showed that, through Phase 3’s sum-
mary and comprehensive evaluation, seven SRs (46.67%) 
were rated as low risk, while eight SRs (53.33%) were 
rated as high risk. Some of these SRs did not provide 
the necessary explanations or handling of bias risks in 
terms of search, data extraction, quality assessment, and 

heterogeneity, which may have resulted in an elevated 
risk of bias in the SRs. Detailed results can be found in 
Table 3 and Fig. 2.

Outcomes evaluation
Femoral neck BMD
Nine SRs examined the changes in femoral neck BMD in 
postmenopausal women after WBV intervention. Only 
one SR showed that WBV could improve femoral neck 
BMD in postmenopausal women compared to the con-
trol group [MD = 0.01, 95% CI (0.00, 0.01), p = 0.002, 7 
RCTs, 304 participants] (moderate certainty of evidence) 
[34, 36]. Our statistical analysis found a high overlap of 

Table 2  AMSTAR-2 for methodological quality of the included SRs

1. Did the research questions and inclusion criteria for the review include the components of PICO?

2. Did the report of the review contain an explicit statement that the review methods were established prior to the conduct of the review and did the report justify 
any significant deviations from the protocol?

3. Did the review authors explain their selection of the study designs for inclusion in the review?

4. Did the review authors use a comprehensive literature search strategy?

5. Did the review authors perform study selection in duplicate?

6. Did the review authors perform data extraction in duplicate?

7. Did the review authors provide a list of excluded studies and justify the exclusions?

8. Did the review authors describe the included studies in adequate detail?

9. Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in the review?

10. Did the review authors report on the sources of funding for the studies included in the review?

11. If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results?

12. If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis or other 
evidence synthesis?

13. Did the review authors account for RoB in individual studies when interpreting/discussing the results of the review?

14. Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?

15. If they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss its likely 
impact on the results of the review?

16. Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review?

Y Yes, PY Partial yes, N No, NM No meta-analysis conducted
a Critical items of AMSTAR-2

Included studies AMSTAR-2 Overall quality

1 2a 3 4a 5 6 7a 8 9a 10 11a 12 13a 14 15a 16

Merriman H et al. 2009 [29] Y N N Y N N N Y PY N NM NM Y Y NM N Critically low

Mikhael M et al. 2010 [19] Y N N PY N N N Y N N NM NM N Y NM Y Critically low

Slatkovska L et al. 2010 [30] Y N N Y Y Y Y Y Y N Y Y Y Y N Y Critically low

Sitjà-Rabert M et al. 2012 [31] Y N N Y Y Y Y Y Y Y Y N Y Y N Y Critically low

Fratini A et al. 2016 [32] Y N N Y N N PY Y N N Y N N N N Y Critically low

Ma, C et al. 2016 [6] Y N N Y Y Y PY Y Y N Y Y Y Y N Y Critically low

Oliveira LC et al. 2016 [33] Y N Y Y Y Y Y Y Y N Y Y Y N N Y Critically low

Xie C et al. 2016 [34] Y N N PY N N Y Y PY N Y N Y Y N N Critically low

Luo X et al. 2017 [20] Y N N Y Y Y Y Y Y N Y N Y Y N Y Critically low

Marín-Cascales E et al. 2018 [35] Y N N PY Y N Y Y Y N Y N N N N Y Critically low

Huang L E et al. 2019 [36] Y N N PY Y Y Y PY N Y N N N Y N Y Critically low

Chai NB, 2021 [37] Y N N PY Y N Y Y Y N Y Y Y Y Y N Critically low

DadeMatthews, OO et al. 2022 [38] Y N N Y Y Y Y Y Y N Y N N N N Y Critically low

de Oliveira RDJ et al. 2023 [15] Y Y N Y Y Y Y Y Y N Y N Y Y N Y Low

Guedes De Aguiar EO et al. 2023 [4] Y Y N Y Y Y Y Y Y N NM NM Y Y NM Y Moderate
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RCTs among the nine SRs (CCA = 13.67%). For more 
details, refer to Tables 4 and 5, and Appendix 2.

Trochanter BMD
Four SRs have conducted a statistical analysis on the 
effect of WBV on trochanter BMD in postmenopausal 
women, with four outcomes. Only two SRs demonstrated 
that WBV has the potential to improve Trochanter 

BMD in postmenopausal women compared to the con-
trol group [MD = 0.02, 95% CI (0.01, 0.03), P = 0.002, 4 
RCTs, 127 participants (very low certainty of evidence); 
MD = 0.02, 95% CI (0.00, 0.03), P = 0.02, 5 RCTs, 212 par-
ticipants] (low certainty of evidence) [15, 36]. The overlap 
among the RCTs in the four SRs was determined to be 
very high overlap (CCA = 33.33%). For additional results, 
please refer to Tables 4 and 5, and Appendix 2.

Table 3  Risk of bias of the included SRs by ROBIS tool

☺, low risk; ☹, high risk; ?, unclear risk

Included studies Phase 2 Phase 3

1. Study 
eligibility criteria

2. Identification and 
selection of studies

3. Data collection and 
study appraisal

4. Synthesis and 
findings

Risk of 
bias in the 
review

Merriman H et al. 2009 [29] ☺ ☹ ☹ ☺ ☹
Mikhael M et al. 2010 [19] ☺ ☺ ☹ ☹ ☹
Slatkovska L et al. 2010 [30] ☺ ☺ ☺ ☹ ☺
Sitjà-Rabert M et al. 2012 [31] ☺ ☺ ☺ ☹ ☺
Fratini A et al. 2016 [32] ☺ ☺ ☹ ☹ ☹
Ma, C et al. 2016 [6] ☺ ☺ ☺ ☹ ☺
Oliveira LC et al. 2016 [33] ☺ ☺ ☺ ☺ ☺
Xie C et al. 2016 [34] ☺ ☹ ☹ ☹ ☹
Luo X et al. 2017 [20] ☺ ☺ ☺ ☺ ☺
Marín-Cascales E et al. 2018 [35] ☺ ☹ ? ? ?
Huang L E et al. 2019 [36] ☺ ☹ ☹ ☺ ☹
Chai NB, 2021 [37] ☺ ☹ ? ☺ ☹
DadeMatthews, OO et al. 2022 [38] ☺ ☺ ☹ ☹ ☹
de Oliveira RDJ et al. 2023 [15] ☺ ☺ ☺ ☺ ☺
Guedes De Aguiar EO et al. 2023 [4] ☺ ☺ ☺ ☹ ☺

Fig. 2  Graphical presentation of risk of bias of the included SRs
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Table 4  Summary of WBV for BMD was reported in included SRs

Included studies Outcome No. Of RCTs 
(Participants)

Intervention Control 
intervention

Pooled data 95% 
Confidence 
interval

P-value GRADE

Slatkovska L et al. 
2010 [30]

Total hip BMD 3(131) WBV No treatment, 
resistance training 
and walking

MD = 0.01 (0.01, 0.02) p = 0.44 Very low

Spine BMD 4(181) WBV No treatment, 
resistance training 
and walking

MD = 0.00 (-0.01, 0.00) p < 0.00001 Very low

Sitjà-Rabert M et al. 
2012 [31]

Lumbar spine BMD 2(98) WBV Exercise SMD = -0.33 (-0.79, 0.13) p = 0.16 Very low

Femoral neck BMD 2(98) WBV Exercise SMD = 0.00 (-0.33, 0.33) p = 1.00 Very low

Fratini A et al. 2016 
[32]

Whole body BMD 6(350) WBV Placebo and resist-
ance training

- - p = 0.812 Low

Ma, C et al. 2016 [6] Spine BMD 8(1014) WBV Sham vibration, 
no treatment, 
resistance training 
and walking

MD = 0.01 (0.00, 0.01) p = 0.01 Low

Femoral neck BMD 6(936) WBV Sham vibration, 
no treatment, 
resistance training 
and walking

MD = 0.00 (-0.00, 0.01) p = 0.18 Moderate

Oliveira LC et al. 2016 
[33]

Lumbar spine BMD 10(1233) WBV Sham vibration, 
no treatment, 
resistance training 
and walking

MD = 0.00 (0.00, 0.01) p = 0.07 Low

Total hip BMD 6(1087) WBV Sham vibration, 
no treatment, 
resistance training 
and walking

MD = 0.00 (0.00, 0.01) p = 0.31 Low

Femoral neck BMD 5(433) WBV Shamvibration, 
no treatment, 
resistance training 
and walking

MD = 0.00 (-0.01, 0.00) p = 0.55 Moderate

Trochanter BMD 3(135) WBV Sham vibration, 
no treatment, 
resistance training 
and walking

MD = 0.01 (0.00, 0.03) p = 0.26 Very low

Xie C et al. 2016 [34] Lumbar spine BMD 14(1211) WBV Sham vibration, 
no treatment, 
resistance training 
and walking

MD = -0.01 (-0.02, -0.01) p < 0.00001 Moderate

Femoral neck BMD 13(1176) WBV Sham vibration, 
no treatment, 
resistance training 
and walking

MD = -0.01 (-0.02, -0.01) p < 0.00001 Moderate

Luo X et al. 2017 [20] Lumbar spine BMD 4(251) WBV Placebo and exercise SMD = 0.03 (-0.21, 0.28) p = 0.79 Moderate

Femoral neck BMD 3(188) WBV Placebo and exercise SMD = -0.22 (-0.51, 0.06) p = 0.13 Very low

Total hip BMD 2(156) WBV Placebo and exercise SMD = -0.22 (-0.62, 0.18) p = 0.29 Very low

Marín-Cascales E 
et al. 2018 [35]

Lumbar spine BMD 5(280) WBV Placebo and resist-
ance training

MD = 0.01 (0.00, 0.03) p = 0.03 Low

Femoral neck BMD 10(507) WBV Placebo and resist-
ance training

MD = 0.02 (-0.03, 0.07) p = 0.46 Low

Huang L E et al. 2019 
[36]

Lumbar spine BMD 9(913) WBV Placebo 
and no treatment

MD = 0.01 (0.00, 0.02) p = 0.0005 Low

Femoral neck BMD 7(304) WBV Placebo 
and no treatment

MD = 0.01 (0.00, 0.01) p = 0.002 Moderate

Trochanter BMD 4(127) WBV Placebo 
and no treatment

MD = 0.02 (0.01, 0.03) p = 0.002 Very low
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Total hip BMD
Four SRs assessed the effect of WBV intervention on 
total hip BMD in postmenopausal women, and the 
GRADE evaluation of outcomes rated them as low cer-
tainty of evidence and very low certainty of evidence, 
respectively. Among the four SRs, WBV did not dem-
onstrate any advantage over the control group, and 
there was a very high overlap of RCTs among the SRs 
(CCA = 22.22%). Detailed results can be found in 
Tables 4 and 5, and Appendix 2.

Lumbar spine BMD
Eight SRs analyzed the effect of WBV intervention on 
lumbar spine BMD in postmenopausal women. Three 
SRs indicated that WBV had a statistically significant 
difference in improving lumbar spine BMD in post-
menopausal women compared to the control group. 
[MD = 0.01, 95% CI (0.00, 0.03), p = 0.03, 5 RCTs, 
280 participants] (low certainty of evidence) [35]; 
[MD = 0.01, 95% CI (0.00, 0.02), p = 0.0005, 9 RCTs, 

913 participants] (low certainty of evidence) [36]; 
[MD = 0.01, 95% CI (0.00, 0.01), p = 0.004, 14 RCTs, 
1351 participants] (low certainty of evidence) [15]. 
There was a very high overlap of RCTs among the eight 
SRs (CCA = 16.13%). Please refer to Tables 4 and 5, and 
Appendix 2 for details.

Whole body BMD
Two SRs conducted a statistical analysis of the whole 
body BMD results. Compared to conventional exercise, 
only one SR showed that WBV could improve BMD in 
postmenopausal women [SMD = 0.09, 95% CI (0.01, 
0.08), p = 0.02, 7 RCTs, 602 participants] (low certainty 
of evidence) [38]. Please refer to Table  4 for specific 
results.

Review of the conclusions made by the authors 
of the included SRs
According to the conclusions of the SRs’ authors, we con-
ducted a statistical analysis, including three viewpoints: 
supporting, neutral, and opposing. The statistical results 

BMD Bone mineral density, WBV Whole-body vibration, SMD Standardized mean difference, MD Mean difference, GRADE Grading of Recommendations Assessment, 
Development and Evaluation

Table 4  (continued)

Included studies Outcome No. Of RCTs 
(Participants)

Intervention Control 
intervention

Pooled data 95% 
Confidence 
interval

P-value GRADE

Chai NB, 2021 [37] Lumbar spine BMD 8(353) WBV No treatment SMD = 0.41 (-0.01, 0.84) p = 0.06 Very low

Femoral neck BMD 11(472) WBV No treatment SMD = 0.19 (0.00, 0.38) p = 0.05 Low

Trochanter BMD 2(80) WBV No treatment SMD = 0.28 (-0.16, 0.72) p = 0.21 Very low

DadeMatthews, OO 
et al. 2022 [38]

Whole body BMD 7(602) WBV No treatment 
and walking

SMD = 0.09 (0.01, 0.18) p = 0.02 Low

de Oliveira RDJ et al. 
2023 [15]

Lumbar spine BMD 14(1351) WBV Placebo, exercise 
and no treatment

MD = 0.01 (0.00, 0.01) p = 0.004 Low

Femoral neck BMD 9(568) WBV Placebo, exercise 
and no treatment

MD = 0.02 (0.00, 0.03) p = 0.07 Low

Total hip BMD 9(1187) WBV Placebo, exercise 
and no treatment

MD = 0.00 (0.00, 0.01) p = 0.49 Low

Trochanter BMD 5(212) WBV Placebo, exercise 
and no treatment

MD = 0.02 (0.00, 0.03) p = 0.02 Low

Intertrochanter BMD 2(71) WBV Placebo, exercise 
and no treatment

MD = 0.01 (0.00, 0.02) p = 0.12 Low

Table 5  Degree of overlap in the original RCTs the included SRs

N Number of included publications (sum of checked boxes), r Number of rows (number of randomized controlled trials), c Number of columns (number of systematic 
reviews), BMD Bone mineral density

WBV for postmenopausal women’s 
BMD outcome

N r c N-r / rc-r (%) Interpretation of overlap

Total hip BMD 20 12 4 22.22 Very high overlap

Lumbar spine BMD 66 31 8 16.13 Very high overlap

Femoral neck BMD 67 32 9 13.67 High overlap

Trochanter BMD 14 7 4 33.33 Very high overlap
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showed that the authors of nine SRs believed that WBV 
may be effective in improving bone density in postmeno-
pausal women. Still, the current evidence is insufficient, 
and further research is needed for confirmation. Addi-
tionally, four conclusions maintained a neutral stance, 
stating that the current quality of evidence is poor, mak-
ing it difficult to provide a definitive answer. Two conclu-
sions considered WBV to be ineffective.

Adverse effects
Only five SRs reported the specific adverse reactions/
events that occurred in participants after WBV interven-
tion, mainly including pain in various parts of the limbs, 
nausea, skin itching, weakness, and fear. All SRs did not 
report any severe adverse events, see Table 1.

Discussion
In this overview, 15 SRs on WBV improving postmeno-
pausal women’s BMD were ultimately included, and their 
methodological quality, risk of bias, and evidence qual-
ity were comprehensively evaluated. Additionally, we 
analyzed and summarized the BMD of different parts of 
postmenopausal women, including the femoral neck, tro-
chanter, total hip, lumbar spine,and whole body BMD. A 
descriptive analysis was performed on the relevant data. 
In the AMSTAR-2 evaluation results, 13 SRs (86.67%) 
were rated as critically low due to the lack of research 
plans and serious publication bias. According to the 
ROBIS assessment of SRs, seven SRs (46.67%) were rated 
low risk, while eight SRs (53.33%) were assessed as high 
risk. The main reasons for high risk included incomplete 
retrieval, insufficient data extraction, quality assessment, 
and inadequate heterogeneity explanation. Regarding the 
summary results of the outcomes, almost all evidence 
levels were very low. Only a few SRs demonstrated that 
WBV could effectively improve postmenopausal women’s 
BMD, specifically in the lumbar spine (3/8, three with 
low certainty of evidence), femoral neck (1/9, moder-
ate certainty of evidence), and trochanter (2/4, one with 
low certainty of evidence and one with very low certainty 
of evidence). No study found additional benefits for the 
total hip (0/4).

In the study results, only five SRs reported specific 
adverse reactions/events in participants after WBV inter-
vention, primarily including pain in various parts of the 
limbs, nausea, skin itching, weakness, and fear. All SRs 
did not report any severe adverse events, and the report-
ing of these adverse reactions provides a preliminary 
understanding of the safety of WBV in postmenopausal 
women. While these reactions may be temporary and 
mild discomfort, future research should focus on moni-
toring and reporting adverse events, especially in the 
context of long-term interventions. Further exploration 

of the specific mechanisms and potential effects of these 
mild adverse reactions is needed for a more comprehen-
sive and objective assessment of the safety of WBV. This 
will provide more reliable evidence for its application in 
clinical practice.

Due to the ability of WBV to induce mechanical 
oscillations sensed by bone cells, it has gained atten-
tion as a non-pharmacological treatment or rehabilita-
tion training for improving bone health, particularly 
in postmenopausal women at increased risk of osteo-
porosis [39]. However, research on the effects of WBV 
training on bone adaptation in humans has produced 
inconsistent results. Some studies have found sig-
nificant improvements in BMD in the hip and lumbar 
spine of postmenopausal women after 6–12  months 
of WBV training [40, 41]. However, other studies have 
found no changes in bone mineral content in the spine, 
hip, and distal radius of individuals after 12 months of 
WBV training [42].

Among the 15 SRs analyzed, there was also inconsist-
ency in the findings regarding the effects of WBV train-
ing on BMD in different body regions. Additionally, the 
lack of standardized terminology and broad usage sce-
narios for WBV hinders the design of high-quality stud-
ies and compromises reproducibility, result reporting, 
comparability across studies, and the ability to reconcile 
conflicting findings [43]. Therefore, further exploration 
is warranted in studying the effects of WBV on BMD in 
postmenopausal women.

Although WBV does not significantly improve BMD 
in postmenopausal women, its potential value in main-
taining BMD is particularly important because post-
menopausal women face significant challenges in 
preventing bone loss. As estrogen levels decline after 
menopause, the rate of bone loss accelerates, increasing 
the risk of osteoporosis and fractures [44]. Traditional 
interventions, such as pharmacotherapy and weight-
bearing exercises, can improve or maintain BMD to 
some extent, but they also have limitations. Pharma-
cotherapy often comes with side effects, and long-
term use may lead to decreased patient adherence [45]. 
Weight-bearing exercises require a high level of physi-
cal fitness and exercise habits, but many postmeno-
pausal women find it difficult to adhere to them for 
various reasons, such as poor physical condition, lack 
of exercise habits, or fear of injury [46]. WBV is simple 
to implement, has high safety, and is suitable for post-
menopausal women of all fitness levels. For women who 
cannot or do not wish to engage in more intense physi-
cal activities, WBV provides a valuable supplementary 
or alternative strategy. It has potential benefits in main-
taining BMD, improving muscle strength and balance, 
thereby reducing the risk of falls and fractures [16–18]. 
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Future research should continue to explore the effects of 
WBV on maintaining BMD in postmenopausal women 
and identify the best implementation strategies to bet-
ter serve this specific population.

Strengths and limitations
Through comprehensive searches and full-text reading, 
a total of 15 SRs were included. We summarized the rel-
evant parameters of WBV, such as vibration frequency and 
magnitude, to provide a reference for future research. The 
methodological quality and risk of bias of the included SRs 
were rigorously assessed using AMSTAR-2 and ROBIS. 
Outcomes were extracted, and GRADE was used to objec-
tively evaluate the level of evidence. Additionally, we cal-
culated the CCA of the original RCTs within the SRs to 
avoid duplication bias. Regarding literature screening, data 
extraction, summarization, and evaluation, two independ-
ent researchers performed the procedures to minimize 
bias and improve the reliability of the results.

The subjectivity of the assessment tools and potential 
biases in our understanding of these tools may influence 
on our final results.

Conclusion
The existing evidence cannot establish definitive advan-
tages of WBV in improving BMD in postmenopausal 
women. Therefore, we do not recommend the use of 
WBV for improving BMD in postmenopausal women. 
However, WBV may have potential value in maintain-
ing BMD in postmenopausal women, further research is 
needed to confirm these findings.
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