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Abstract

Objectives: The aim of this study was to review the literature about the effect of whole body vibration exercise in the
BMD in patients with postmenopausal osteoporosis without medications. Methods: A systematic review was performed.
Results: The frequency of the mechanical vibration used in the protocols has varied from 12 to 90 Hz. The time used in the
protocols varied from 2 up to 22 months. Techniques with X-rays were used in nine of the twelve publications analyzed,
the Dual energy X-ray absorptiometry (DEXA) in eight studies and the High resolution peripheral quantitative computed
tomography (HR-pQCT) in one publication. The concentration of some biomarkers was determined, as the sclerostin, the
bone alkaline phosphatase, N-telopeptide X and 25-hydroxyvitamin D. Among the twelve articles analyzed, seven of them
have shown an improvement of the BMD of some bone of postmenopausal women exposed to whole body vibration exer-
cises not associated to medications; as well as modifications in biomarkers.
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Introduction

Menopause is one of the most important events in the
life of a woman that brings several permanent physiologi-
cal changes with health consequences. Menopause occurs
in the climacteric cycle, which is the transition from repro-
ductive to non-reproductive period. Menopause is a clinical
condition defined retrospectively. It is the time of the final
menstrual period, followed by amenorrhea for 12 months.
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HyLon

Postmenopausal (PM) describes the period following the fi-
nal menstruation'.

With the increase in the proportion of elderly populations
in the world, and in consequence the number of postmeno-
pausal woman (PMW), sarcopenia (the loss in skeletal muscle
mass and muscle strength) and osteoporosis (low bone mass
and structural deterioration of bone tissue) are important
public health issues?3. Between the ages of 40 and 80 years,
muscle mass decreases by 30% to 50%?2, leading to physical
frailty, increased risk of falls, impaired mobility, and a possi-
ble contribution to several age related chronic disorders (e.q.,
osteoporosis, type 2 diabetes, insulin resistance, obesity and
cardiovascular diseases)®. Dalal and Agarwal, 2015° con-
sider that the major consequences of menopause are related
primarily to estrogen deficiency and that is very difficult to
distinguish the consequences of this deficiency from those
of aging, since aging and menopause are strongly related. It
is considered that the estrogen deficiency exacerbates bone
demineralization processes resulting in bone abnormal mi-
croarchitecture®.

Osteoporosis (OP) is a systemic skeletal disease that af-
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fects millions of people around the world” and it is mostly
observed in female population, where a significant increase
in incidence is recorded after MP*. The World Health Organi-
zation (WHO) describes OP as a disease characterized by
low bone mass and structural deterioration of bone tissue,
leading to bone fragility and increased susceptibility to frac-
tures of the hip, spine, and wrist*. OP has been defined by
the WHO on the basis of BMD assessment, as a BMD that lies
2.5 standard deviations or more below the average value for
young healthy women (a T-score of <-2.5 SD)8.

Weber-Rajek et al., 2015° pointed out that postmeno-
pausal osteoporosis (PMO) treatment has evolved focusing
on prevention, screening, diagnosis, and early and specified
therapy. However, treatment of OP is a long-term process,
may be harmful, and may not be 100% preventive of its de-
velopment and consequences'®. This is particularly true for
regimens involving drugs with potential adverse effects, or
that need adherence of over 90% of time for to be effective'.
It also occurs in those who cannot afford certain medication
options or are in conflict with taking any medications for pro-
longed periods''.

Nonpharmacologic approaches have been suggested for
the management of women with OP, and physical activities
have been considered important for maintaining bone health''.

The effects of exercise on the prevention of the postmeno-
pausal symptoms have been discussed and accepted'?. Au-
thors have reported that postmenopausal symptoms can be
prevented significantly by encouraging women over middle
age to exercise regularly''"'*. Moreover, authors have pointed
out that in the treatment of osteoporosis, physical therapy
could improve the quality of life of patients and to reduce the
risk of falls, that are strictly related to fractures'2. Although
exercises are a widely used strategy to enhance muscle
strength, flexibility and prevent bone loss in MP, there are
conflicting results among the different types of exercises'*'>.
Although the multi-component exercises may have shown
significant results in the maintenance of bone mass during
aging process'"'5, the popular walking and jogging modali-
ties do not demonstrate uniform results, and are potentially
harmful for people with impaired balance and flexibility'4.

The safety of the physical activity is an important consid-
eration in the management of the patients with osteoporo-
sis, due to the increased risk of falls'®'”. Mechanical vibra-
tions produced in oscillating/vibratory platforms (OVP) can
be transmitted to the body of the patient generating whole
body vibration (WBV) exercises. These WBV exercises
(WBVE), in appropriate parameters, such as frequency (F),
amplitude (A), peak-to-peak distance (D), and peak accel-
eration (a eak), are considered a safe form of physical activ-
ity'®19, Following the piezoelectric theory, the interaction of
mechanical vibration with the structures of the body would
induce the process of bone formation®. Moreover, WBV may
affect the levels of growth hormone, parathyroid hormone
and testosterone in serum?°2!, which may prevent sarcope-
nia and osteoporosis?324,

WBYV exercises increase the muscular strength and power
that could lead to an increased and better quality neuromus-

http://www.ismni.org

cular function. As cited in the review of Totosy de Zepetnek
(2009)?° there are intrinsic several mechanisms of actions
of the mechanical vibrations may be responsible for the pre-
vention of decline, increase or maintenance of bone mass?°.
It has been demonstrated that the fluid flow in canaliculi and
bone lacunae may be increased due to the loading frequency.
The mechanotransduction may be influenced by the mechan-
ical loading adequate to increase fluid flow in bone and by
the effects of forces from muscle contraction applied to bone
during physical activity?"2°.

In the case of patients with OP, these findings may help
to reduce the risk of falls with a consequent decrease of the
bone fractures?®. WBVE is also one of the suggestions of the
Innovative Comprehensive Active Rehabilitation of Osteopo-
rosis (ICARO) strateqgy for the treatment of osteoporosis, cit-
ed by Weber-Rajek et al, with the proposal of increasing bone
mass to delay the disease progress and limit its sequelae®.

Several biomarkers are used in clinical studies to evalu-
ate bone metabolism and relation with exercises effects, such
as osteocalcin, parathyroid hormone, bone alkaline phos-
phatase, calciferol, N-terminal propeptide of type | procolla-
gen (P1NP) and C-terminal cross-linking telopeptide of type |
collagen?®,

Recently it has been highlighted the influence of osteo-
cytes in bone and muscle activation stimuli (Yavropoulou,
2014) through their expression of sclerostin?’. Being a SOST
gene product, sclerostin inhibits osteoblastic bone forma-
tion?’. Bone disorders that downregulate sclerostin like es-
clerosteosis and van Buchem disease results in high bone
mineral density and low risk of fractures (Sharif, 2015)2%,
Exercise and experimental loading through mechanical
stimulation of the skeleton may induce bone formation, while
immobilization increases the number of sclerostin positive
osteocytes. Osteocytes are able to detect mechanical strain
and respond to it leading to bone formation (Cidem 2014)°,
Measurements of serum sclerostin levels appear useful for
understanding the mechanisms by which osteocytes respond
to hormonal, physical (like mechanical vibration) and phar-
macological stimuli, but other issues regarding gender, ge-
netics and physiological differences must be cleared?".

Despite the already demonstrated effectiveness of the
WBVE to manage OP, the protocols are not consensual, due
the variation of the parameters of mechanical vibrations and
other physical parameters'®. Moreover, in some studies, the
participants are also taking medications, besides the utiliza-
tion of the WBVE®°. The first published meta-analysis on the
effects of WBV in OP was in 2010, by Slatkovska et al. In their
analysis, it was excluded studies in which patients were taking
medications, or that protocols lasted less than 6 months3'.
Amongst other conclusions, the authors highlighted the im-
portance of the positioning of patients in the platforms, since
the effects of mechanical vibrations may vary according to
postural and anatomical differences?'.

The aim of this study was to review recent literature and
highlight novel findings on the effect of whole body vibration
exercise on the BMD in women with PMO without medications.
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Figure 1. Flowchart indicating the steps to select the full papers analyzed in this review.

Material and methods

Search strategy used to find the publications

Three reviewers independently accessed bibliographical
databases in the Universidade do Estado do Rio de Janeiro
on November 15t 2015; two searches were performed.

Inthe first, the keyword “osteoporosis” was searchedin the
PubMed database to verify the number of publications (NP) in
ten years (1995-2015). All the publications were considered
in this study. In the second, the keywords “whole body vibra-
tion” and “postmenopausal women” were searched together
in the PubMed and PEDro databases. All these publications
were screened following the exclusion and inclusion criteria.
About the databases used, briefly, PubMed comprises more
than 24 million citations for biomedical literature from MED-
LINE, life science journals and online book (http://www.ncbi.
nim.nih.gov/pubmed) and PEDro is the Physiotherapy Evi-
dence Database and it is a free database of over 29 thousand
randomized trials, systematic reviews and clinical practice
guidelines in physiotherapy (http://www.pedro.org.au).

http://www.ismni.org

Exclusion criteria to select the publications

Exclusion criteria allowed the elimination of unnecessary
publications identified in the second search. Papers were ex-
cluded if they were: (i) published in a language different of the
English; (ii) review articles; (iii) with combined treatments, (iv)
case reports and findings not related to the bone.

Inclusion criteria to select the publications

In the search with the keywords “whole body vibration”
and “postmenopausal women”, all the publications found in
the databases (PubMed and PEDro) were preliminarily con-
sidered to be included in this current review. Papers from
personal files of the authors were selected first.

To be included in this review, all studies investigating the
effects of WBV on the bone of PMW needed to fulfill the follow-
ing criteria: be a randomized controlled trial (RCT); be a single
group experimental study (crossover designs) in the absence
of RCT’s; and published in the English language. Studies were
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Figure 2. Designation of levels of evidence according to the intervention research question
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included if the PMW were taking supplementation of vitamin
D and/or performed static or dynamic exercises on an OVP.

As the three reviewers carried out the searches for publi-
cations independently, they then decided which publications
should be excluded from the search results. Full papers were
included for this literature review if they met the search cri-
teria and described a study using WBV generated by an OVP
used for the evaluation or treatment of PMW independently
on the year of the publication. Three of the authors indepen-
dently abstracted data and disagreements were resolved by
consensus.

A flowchart (Figure 1), based in the PRISMA analysis, was
done to show the steps in the selection of the full papers ana-
lyzed in this review32,

Levels of evidence (LE) of the selected papers

Included studies were classified according to the National
Health and Medical Research Council Hierarchy of evidence
(NHMRC, 2003-2007)* (Figure 2).

Each article was assigned to one reviewer, crosschecked
by a second reviewer and when there was disagreement, a
third researcher was consulted and the issue discussed until
consensus was reached.

Data analysis

Data was not comparable and therefore statistical pooling
was not appropriate. The results of the findings of this review
were summarized in a narrative form.

Results
In the Table 1 is shown the number of publications

searched of with the keyword “osteoporosis” in the PubMed
(November 15t 2015) in ten years. It is possible to verify

http://www.ismni.org

Table 1. Number of publications containing the keyword “osteopo-
rosis” in PubMed from 1995 to 2015.

Year | Number of publications
1995 1181
2000 1988
2007 2884
2008 2951
2009 3047
2010 3147
2011 3369
2012 3472
2013 3584
2014 3775
2015 3502

Table 2. Total number of publications with the keywords “whole
body vibration” and “postmenopausal women” in two databases
from 1995 to 2015.

Database | Number of publications
PubMed 39
PEDro 24

that the NP has increased in the various years as well as
the awareness strategy, possibly demonstrating popularity,
due to the burden of the disease®'.

In the Table 2 is shown the total number of publications
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Table 3. Levels of evidence (LE), aims, applied protocols, tools, outcomes and conclusions of the studies on the effects of WBVE on BMD.

RECEIE

LE

Aim of the study

Protocol

AorD

/a,

ak

Foot-
wear 42

Tools

Outcomes

Conclusions

of the lumbar spine
in postmenopausal
women.

@) WBV in a natural full-standing posture for 5 min,
three times per wk.

had increased significantly.

Liphardtetal, | IlI-2 | To verify if WBVT will 22 women (50-65 yr) received WBVT for 2-3 A=4 Not Bone outcomes were Total BMD, cortical area, cortical thickness, and WBVT did not lead to improved

2015 improve or maintain sessions/wk (22 mos) and were compared with 20 mm/ | speci- | measuredby HR-pQCT and cortical porosity all decreased in both groups; bone quality in postmenopausal
bone microarchi- controls. The WBVT group, WBV (3-4 mm) at 20 Hz 1.2g fied finite element estimated bone WBVT did not affect the response. All other bone osteopenic women after 12 mos
tecture and bone applied for 10 min per training day (in ten sets of | strength. Balance and jump outcomes were not affected by WBVT or time. No of training compared to controls,
strength in osteope- min with vibration and 1 min break between vibration performance and MVC of knee | difference in measures of balance, jump height, and | and there were no detected bene-
nic postmenopausal bouts). flexor and extensor muscles MVC due to WBVT were detected. fits related to balance and muscle
women. were recorded. strength outcomes.

Karameh- lI-2 | To assess whether Participants (56.8 + 6.5 yr) were classified into 2 =2 bare Hip BMD was measured The vibration-induced SOST index was 1.03 + This study suggests that osteo-

metoglu et al, osteocytes have a groups: the low BMD group (n=37) and normalBMD | mm/ feet using DEXA. SE data from 0.24 inthe low BMD group and 0.99 + 0.33 inthe cytes serve as mechanoreceptors

2014% response on reflex group (n = 43). Two sets of WBV (amplitude: 2 mm, 6.4q the adductor longus muscle normal BMD group. For plasma SOST levels, no of reflex electromyography during
myoelectrical activity | frequency: 40 Hz, set duration: 30 s) were used were processed to obtain group-by-time interaction was found. The resting WBV. The vibration-induced
during WBV in post- for all participants. There was a rest period of 10 vibration-induced reflex myo- myoelectrical activities of adductor muscles in- plasma SOST index was found
menopausal women. | between sets. electrical activity. Changes in creased during WBV in both groups. However, there | to be a significant independent

plasma sclerostin (SOST) levels | was no significant difference in the main effects of predictor of the vibration-induced
with WBV were expressedasa | WBV on resting myoelectrical activity between the reflex myoelectrical activity of the
standardized vibration-induced | groups. adductor muscle in both groups.
SOST index.

Slatkovska et Il To examine the effect | A single-centre, 12-mos, randomized controlled trial. | D<50 bare BUA, speed of sound, and Most of the analyses showed no statistical differ- Although there are consistent

al, 20143 of WBV oncalcaneus | 202 postmenopausal women (53.5-67.5 yr) with pm/ feet QUS index were obtained as ences between the WBV groups and the CG, but the | trends, not all analyses reached
by QUS measure- BMD T score between -1.0 and -2.5, not receiving 03¢g pre-specified secondary end- mean calcaneal BUA decreased in the 90 and 30- significance. 0.3 g WBV at 90
ments; which has bone medications, were asked to stand ona 0.3 points at baseline and 12 mos Hz WBV groups and increased in the control group. | or 30 Hz prescribed for 20 min
rarely been examined. | g WBV platform oscillating at either 90- or 30-Hz by using a Sonometer. 12-mos | Decreases in BUA in the 90 and 30-Hz or combined | daily for 12 mos did not improve

for 20 consecutive minutes daily, or to serve as of WBV did not improve QUS WBV groups were different from the CG in a few of any QUS parameters, but instead
controls. Calcium and vitamin D were provided to all parameters inany of analyses. | the analyses including all randomized participants, resulted in a decrease in calcaneal
participants. as well as in analyses excluding participants who BUA in PMW in several analyses.
had missing QUS measurement and those who
initiated hormone therapy or were <80% adherent.

Zaki, 20144 lI-2 | Toevaluate the im- Eighty Egyptian obese postmenopausal women Not Not BMD (DEXA) and anthropomet- | BMD at the greater trochanter, at ward's triangle, The study suggests that both
pact of two exercise (50-68 yr, with body mass index ranged between speci- | speci- | rical parameters were mea- and at lumbar spine were significantly higher after types of exercise modalities had a
programs, WBV and 30-36kg/m2). The exercise prescription consisted fied fied sured at the beginning and at physical training, using both WBV and resistive similar positive effect on BMD at
resistance trainingon | of WBV and resistance training (8 mos). In the first the end of the study. Changes training. Moreover, both exercise programs were all sites in obese postmenopausal
BMD and anthro- session of training, the WBV group performed three from baseline to eight months effective in BMI and waist to the hip ratio. Simple women. Significant association
pometry in obese sets of 1 minvibration with a frequency of 16 Hz, in BMD and anthropometric and multiple regression analyses showed significant | was noted between physical activ-
postmenopausal separated by 1-min resting periods. The training load parameters were investigated. | associations between physical activity durationand | ity and anthropometric variables
women. increased during the following sessions, increasing BMD at all sites. The highest values of R (2) were and BMD measures at all sites.

by one set every session until the 10 sets of WBV found for the models incorporating WBV plus BMI.
that is considered to be the load of this intervention.

Laietal, Il | Toinvestigate the ef- | Study randomized 28 postmenopausal women D<2 bare | DEXA was used to measure Six months later, the BMD of the WBV group had This study found that 6 mos of

2013%* fect of high-frequency | (46-69 yr) into either the WBV group or the CGfora | mm/ feet the lumbar BMD of the two significantly increased, while that of the control high-frequency and high-magni-
and high-magnitude 6-mos trial. The WBV group received an intervention | 3.2¢g groups before and after the group had decreased. The comparison betweenthe | tude WBV yielded benefits to the
WBV on the BMD of high-frequency (30 Hz) and high-magnitude (3.2 intervention. two groups showed that the BMD of the WBV group | BMD of the lumbar spine in PMW,

and could therefore be provided
as an alternative exercise.

http://www.ismni.org
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Table 3. (Continued from previous page).

Reference LE

Aim of the study

Protocol

Tools

Outcomes

Conclusions

tation inimproving
strength, muscle
mass, and bone
density in postmeno-
pausal women.

of the vibration was 30 to 40 Hz, the acceleration of
1.6 10 2.2 g, the longest duration of vibration loading
without rest from 15 to 60 s, and the rest period
between exercises loading without rest from 60 up
to5s.

between conventional and high-
dose supplementation.

Turner et al, I To examine the 46 women (59.8 + 6.2 yr) were randomized into D=0.5 Double-blinded primary NTx/Cr was reduced in the 3x/wk vibration group Low-frequency, low-magnitude
20113 effects of two a sham vibration control group, one time per wk mm/ outcome measures were urine | but not in the 1x/wk vibration group compared with | vibration 3x/week for 2 mos
doses low-frequency | vibration group (1x/wk, frequency 12 Hz, 0.5mm <lg markers of bone resorption: sham control. No effect of time or group allocation in PMW results in a significant
(12 Hz), low-magni- peak-to-peak displacement), or three times per wk NTx/Cr and bone formation: was observed on the bone formation marker ALP. reduction in NTx/Cr, a marker of
tude (0.3@), WBV on | vibration group (3x/week). Vibration exposure con- bone ALP. bone resorption, when compared
markers of bone for- sisted of 20 min of intermittent vibration for the 1x/ with sham vibration exposure.
mation and resorption | wk and 3x/wk groups, and sham vibration (<0.1 g) for
in postmenopausal the CG for 2 mos.
women.
Beck and I To observe the effect | Forty-sevenwomen (71.5 + 9.0 yrs) completed the D=0.5 Not Anthropometrics, bone (whole | There were no between-group differences in Eight mos of twice-weekly WBV
Norling, of low- and higher 8 mo randomized controlled trial design to examine mm/ | speci- | body, hip, spine, forearm, and any measure at 8 mos, but within-group effects may reduce bone loss at the hip
2010% intensity WBV on the influence of twice-weekly low-intensity WBV (15 0.3gx fied heel), muscle (wall squat and were evident. Controls lost bone at the trochanter and spine and improve lower limb
risk factors for hip min, 30 Hz, 0.3 g) or higher intensity WBV (2 x 3 1g chair rise), and balance (tandem | and lumbar spine, whereas WBV groups did not. muscle function. These changes
fracture in postmeno- | min, 12.5Hz, 1 g). walk and single leg stance) were | WBV subjects improved wall squat and chair rise may translate to a decreased risk
pausal women. determined. Physical activity, performance. of falls and hip fracture.
daily calcium, and compliance
were recorded.
Von Stengel I To determine the 108 postmenopausal women (65.8 + 3.5 yr) were D=12 Not BMD was measured at the hip A BMD gain at the lumbar spine was observed in WBV training is effective for
etal, 2011a* effect of different randomly allocated to 1) rotational vibration training mm/ | speci- | andlumbar spine at baseline both vibration VT groups (RVT and VVT), which reducing the risk for osteoporosis
WBV devicesonBMD | (RVT),i.e, 12.5Hz, 12 mm, 12 mo, three sessions 37¢g fied and after 12 months of training | was significant compared with the CG value for RVT | by increasing lumbar BMD and leg
and neuromuscular per week, for 15 min, including dynamic squat using DEXA. Maximum isomet- | and borderline non significant for VVT. In the neck strength.
performance. exercises; 2) vertical vibration training (VVT), i.e., 35 ric leg extension strength and region, no significant treatment effect occurred.
Hz, 1.7 mm, as above; and 3) a wellness CG, i.e., two leg power were determined Neck BMD values tended to increase in both VT
blocks of 10 low-intensity gymnastics sessions. using force plates. groups and remained stable in CG. Both VT groups
gained maximum leg strength compared with CG,
whereas power measurements did not reach the
level of significance.
Verschueren ll-2 | To study the potential | Ina 2 x 2 factorial-design trial, 113 institutionalized D<1 Not Isometric and dynamic After 6 mos of treatment, dynamic muscle strength, | Ininstitutionalized women older
etal, 201122 benefit of WBVT given | females (73.1-85.6 yr) were randomly assigned mm speci- | strength, leg muscle mass, hip BMD, and serum vitamin D levels improved sig- | than 70 years, the WBV training
aconventional or a either to a WBV or a no-training group (6 mo), receiv- | /1.6 fied and hip BMD (DEXA) were nificantly in all groups, whereas isometric strength protocol tested is not more effi-
high dose of daily ing either a conventional dose (880 IU/day) or ahigh | upto evaluated. Additionally, serum | and muscle mass did not change. When compared cient in enhancing muscle mass,
vitamin D supplemen- | dose (1600 IU/day) of vitamin D(3). The frequency 229 25(0H)D levels were compared | with no training, the WBV program did not result strength, and hip BMD compared

in additional improvements. When compared with
880 1U, a high dose of 1600 IU of vitamin D did
result in higher serum vitamin D levels but did not
result inimprovements.

with vitamin D supplementa-

tion. A higher dose of 1600 IU

of vitamin D does not provide
additional musculoskeletal benefit
in this population compared with
conventional doses.

http://www.ismni.org
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Table 3. (Continued from previous page).

Reference

Aim of the study

Protocol

Outcomes

Conclusions

Bembenetal, | lll-2 | Toexaminethe 55 estrogen-deficient postmenopausal women D=2to | Athletic | Daily calcium intake, bone After 8 mos of R or WBVR, there were no significant | Bone metabolism in PMW was not
2010%° effects of an 8-month | (55-75 yr) were in the resistance training group (R, 4mm/ | shoes | markersBone ALP;C-terminal | group or time effects in Bone ALP, CTX, or total affected by resistance training
program involving n=22),a WBV plus resistance training group (WBVR, | 2.16¢g telopeptide of Type | collagen body. spine, left hip or right trochanter BMD. either with or without WBV. In
WBV plus resistance n=21), or a CG (n=12) for 8 mos. R and WBVR per- up to (CTX), and BMD of the spine, However, right total hip and right femoral neck BMD | contrast, the addition of WBV
training on BMD and formed upper and lower body resistance exercises 2.8¢g dual femur, forearm, and total decreased in all groups. A group x time interaction augmented the positive effects of
bone metabolism in 3 days/week at 80% 1 Repetition Maximum (1RM). body (DEXA) were measured was detected at radius 33% BMD site, with CON resistance training on muscular
older postmenopaus- | WBVR received vibration (30-40 Hz, 2-2.8 g) in at baseline and after the slightly increasing, and WBVR slightly decreasing. R | strength in these older women.
al women. three different positions preceding the resistance intervention. and WBVR increased 1RM strength for all exercises,
eXercises. while CON generally maintained strength. WBVR
had greater percent increases in muscular strength
than R at 4 mos for lat pull down, seated row, hip
abduction and hip adduction and at 8 mos for lat
pull down, hip abduction and hip adduction.
von Stengel Il To determine whether | 151 postmenopausal women (68.5+ 3.1 yr) were A=14 Not BMD was measured at the hip After 18 mos, an increase in BMD at the lumbar A multifunctional training
etal, 2011pb*° the effect of exercise | randomly assigned to a: (1) conventional TG; (2) mm/ | speci- | andlumbar spine at baseline spine was observed in both training groups. The dif- | program had a positive impact on
onBMD andfallscan | conventional training group including vibration 429 fied and follow-up using the DEXA ference between the TG and the CG was significant. | lumbar BMD. The application of
be enhanced by WBV. | (TGV); and (3) wellness CG. TG conducted an exercise | upto method. Falls were recorded At the hip no changes were determined in either vibration did not enhance these
program consisting of 20 min dancing aerobics, 5 83¢g daily via the calendar method. group. The fall frequency was significantly lower effects. However, only the training
min balance training, 20 min functional gymnastics, in TGV compared with CG, whereas the difference including WBV affected the num-
and 15 min dynamic leg-strength training on vibra- between TG and CG was not significant. ber of falls significantly.
tion plates (without vibration) twice a wk (18 mos).
TGV performed an identical exercise regimen with
vibration (25-35 Hz) during the leg-strengthening
sequence. CG performed a low-intensity wellness
program.
Verschueren Il In this randomized 70 volunteers (age, 58-74 yr) were randomly A=17 Gym- | Hip BMD was measured using Vibration training improved isometric and dynamic | These findings suggest that
etal, 2004 controlled trial, hip assigned to a WBVT (n=25), aRES (n=22), or aCG mm nastic | DEXA at baseline and after muscle strength and also increased BMD of the hip. | WBV training may be a feasible
BMD was measured (n=23). The WBV group and the RES group trained up to shoes | the 6-month intervention. No changes in hip BMD were observed in women and effective way to modify
in postmenopausal three times weekly for 6 mos. The WBV group per- 2.5 Isometric and dynamic strength | participating in resistance training or age-matched well-recognized risk factors for
women after a 24- formed static and dynamic knee-extensor exercises mm/ were measured by means of a controls. Serum markers of bone turnover did not falls and fractures in older women
week WBV training on a vibration platform (35-40 Hz, 2.28-5.099), 2.28¢g motor-driven dynamometer. change in any of the groups. and support the need for further
program. which mechanically loaded the bone and evoked upto human studies.
reflexive muscle contractions. The RES group 509¢

trained knee extensors by dynamic leg press and leg
extension exercises, increasing from low (20 RM) to
high (8 RM) resistance. The CG did not participate in
any training.

25(0H)D - 25-hydroxyvitamin D; [ peak acceleration; A — acceleration; BMD- Bone mineral density; Bone ALP - Bone alkaline phosphatase; BUA - Calcaneal broadband attenuation; CG - control group; DEXA- dual energy X-ray absorptiometry: HR-pQCT
- high-resolution peripheral quantitative CT: min- minute; mos — months; D — peak-to-peak displacement; MVC- maximum voluntary contraction; NTx - N-telopeptide X: NTx/Cr - N-terminal cross-linking telopeptide of type I collagen normalized to creatinine
ratio; PMW- postmenopausal women; QUS - calcaneal quantitative ultrasound; RES- resistance training group; SE- Surface electromyography: TG - training group; WBV- Whole body vibration; WBVT - Whole body vibration training; wk- week; year—yr; year - yr.
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searched with the keywords “whole body vibration” and “post-
menopausal women” in the databases PubMed and PEDro, it
was found more publications with this keyword in PubMed.

Figure 1 shows the flowchart®2 indicating the steps to se-
lect the full papers analyzed in this review using the keywords
“whole body vibration” and “postmenopausal women”. Of the
64 papers screened, only 12 have reached the inclusion and
exclusion criteria. Some of the publications were in duplicate,
or were reviews, were in a language different of the English
or were cases reports. Moreover, the publications that did not
evaluate bone metabolism were excluded.

Of the twelve included studies, seven were in the Level Il
(RCT) and five Level llI-2 according to the NHMRC=3. The main
objective of the all the selected papers were to verify whether
WBVE were effective for the management of PMO consider-
ing the parameters related to the bone improvement.

The number of participants was 1,002 and this ranged
from 22 (Liphardt et al, 2015)** to 202 (Slatkovska et al,
2014)*. The ages varied from 46 (Lai et al, 2013)*¢ up to
85.6 (Verschueren et al, 2011)?? years old.

Table 3 shows the descriptions of the level of evidence of
the publications, the aims of the studies, characteristics of
the participants and the protocols used to the management
of PMW with WBVE. The parameters for evaluation of WBVE
effects recommended by the International Society of Muscu-
loskeletal and Neuronal Interactions (ISMNI)'® were calculat-
ed if other parameters were provided.

Not all studies followed the ISMNI recommendations when
describing their protocols, nor the studies were comparable
since different parameters were used. The frequency of the
mechanical vibration used in the protocols has varied from
12 to 90 Hz; the amplitude or peak-to-peak displacement
varied from <1 mm to 12 mm, the peak acceleration from <1
to 8.3 g. The duration of the protocols varied from 2 months
to 22 months, according to the aim of the study.

The tools for evaluation, the outcomes and the conclusion
of the selected articles is also demonstrated in Table 3; and
through their findings it is possible to observe effects of the
use of WBVE in PMO. Techniques with X-rays were used in
nine of the twelve publications analyzed, the Dual energy X-
ray absorptiometry (DEXA or DXA) in eight studies and High
resolution peripheral quantitative computed tomography
(HR-pQCT) in one publication34.

Karamehmetoglu et al, 201437 has performed a study to
assess whether osteocytes had an effect on reflex myoe-
lectrical activity through eletromiography study and serum
sclerostin levels with a protocol with WBV. Although the ac-
tivity was diminished in all PMW there was no significant dif-
ferences among the PMW with or without OP.

Other serum/urinary concentrations of some biomarkers
were evaluated, like the bone alkaline phosphatase (Bone
ALP) (Turner et al, 2011, Bemben et al, 2010)?°38, the N-tel-
opeptide X (NTx) as well as the N-terminal cross-linking telo-
peptide of type | collagen normalized to creatinine ratio (NTx/
Cr) (Turner et al, 2011)*%; and 25-hydroxyvitamin D [25(0OH)
D] (Verschueren et al, 2011)%2,

Turner et al, 2011 have shown that WBV 3 times/week

http://www.ismni.org

for a short period (2 months) in PMW with OP resulted in
a significant reduction in urinary NTx/Cr ratio, possibly
reflecting diminished bone resorption®®. In the study per-
formed by Verschueren et al (2011) the comparison of two
groups with high or low doses of oral vitamin D submitted
or not to WBV, demonstrated the positive effects of WBVE
on leg strength?2,

Among the twelve articles analyzed, seven of them have
shown improvement of the BMD PMW exposed to whole body
vibration exercises.

Discussion

Osteoporosis is a skeletal disease that leads to the struc-
tural deterioration of bone tissue and has been increasingly
studied throughout the years®. Several pharmacological
therapies are used to treat this disease and consequently ad-
verse events may occur with undesirable results®"'°.

The number of articles searched with the keyword “osteo-
porosis” in the PubMed increased from 1,181 publications in
1995 to 3,502 publications in 2015. This fact can be related
to the increase in the proportion of elderly population in the
world, and in consequence the number of PMW. Moreover, the
undesirable consequences of osteoporosis, in particular the
fractures™®", that demands high costs for surgical treatment
and rehabilitation may also have stimulated investigations
about OP. Several awareness campaigns on osteoporosis are
reqularly performed by health services throughout the world®.

The articles involving only the use of WBV exercises as
therapy were selected in PubMed and PEDro databases.
Amongst the 12 selected, seven were Level Il (RCT) and five
were Level llI-2 according to the NHMRC; consequently, most
of the studies were performed with control groups and dem-
onstrated significant results.

There was a large variation on the number of participants
(22 to 202) and ages (from 46 to 85.6 years old). As shown
in Table 3, the biomechanical parameters as frequency (Hz),
duration (months), amplitude or peak-to-peak displacement
(mm) and peak acceleration (in multiples of g) according to
the aims of the study were discrepant.

It is curious that Turner et al, 201138 using low frequency
for 2 months, with less <1 g of peak acceleration reported
a significant reduction of a marker of bone resorption when
compared with sham vibration exposure. Liphardt et al,
201534, using a protocol with a frequency of 20 Hz (3.2 g)
and a duration of 22 months, did not find improvements in
the bone quality in postmenopausal women. This contradicts
the proposed a_., range of 1 to 5 gin which bone loss is sup-
posed to be decreased by WBVEZ>.

Amongst the different tools (Table 3) used to evaluate
the effect of the WBV exercises in PMO, it was mostly (eight
of the twelve publications) used DEXA, affirming the rele-
vance and accessibility of this technique, when adequately
applied, for the screening and evaluation of bone loss. The
HR-pQCT may be more accurate technique to evaluate bone
microarchitecture, but it is not as accessible for large popu-
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lations studies. In the one publication that used this tech-
nique (Liphardt et al, 2015)*4, no alterations in bone char-
acteristics were found. This technique is more frequently
applied for research purposes.

Considering the findings presented in this review, the ma-
jority of studies have shown an improvement of the BMD or
other parameters regarding muscle, bone and functional out-
comes, like reduction of falls43° in postmenopausal women
exposed to WBVE®.

But aside these already known important outcomes, it was
also demonstrated effects on biomarkers that are related
to muscle/bone activity. These substances may permit the
evaluation of the interventions effects on the prevention or
treatment of OP*°, because they may elucidate alterations in
the physiopathology of bone loss.

In the selected articles of this review bone alkaline phos-
phatase, 25-hydroxyvitamin D, sclerostin and N-terminal
cross-linking telopeptide of type | collagen normalized to cre-
atinine (NTx/Cr) were analyzed®"38,

Sclerostin is a contemporary target for new medications
that are being evaluated to treat OP25,

In the study by Karamehmetoglu et al, although there
was no significant difference between the low and normal
BMD groups in terms of the effects on vibration induced
reflex myoelectrical activity through sclerostin detection,
it was demonstrated that osteocytes serve as a mechano-
receptor of reflex electromyography (EMG) during WBV?".
Since osteocytes may be sensitive to mechanical stimula-
tion and help to control the matrix formation process in re-
sponse to vibration, they are considered to cause changes
within bone tissue?’. Therefore, it was suggested that os-
teocytes subjected to mechanical stimulation also affect
muscle activity and it may be possible to assess in vivo the
response of the bone to mechanical loading using electro-
physiological methods and its consequences by sclerostin
measurements?®37,

To our knowledge, this is the first review to point out the
potential use of serum sclerostin, and its evaluation regard-
ing bone loss and muscle activity concerning WBVE.

More clarification that is accurate is needed to determine
the relationships between biochemical factors, individual
characteristics regarding genetics and environmental fac-
tors, muscle and bone structure, and biomechanical param-
eters of the therapy with WBVE for PMO. In addition, the
evaluation of WBVE effects with associated oral calcium and
vitamin D, as well as hormonal replacement therapy, may de-
termine the benefits that may be comparable to traditional
pharmacological therapy for OP without the adverse events.
The proper and universal use of the ISMNI recommendations
may reduce bias and enhance quality of studies until consen-
sus is not achieved.

In conclusion, WBVE are relevant non-pharmacological
option, as one of the modalities of exercises recommended
for the management of postmenopausal osteoporosis. More
studies must be performed to the establishment of the pa-
rameters for protocols as well as relevant outcomes.

http://www.ismni.org
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