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ABSTRACT

The aim of the study was to investigate the eféé& months local vibration training on bone
mineral density, muscle strength, muscle mass andigal performance in postmenopausal
women (66-88 y). The study was organized as a mrma controlled trial for

postmenopausal women who lived in daily care serflats and rest homes.

Thirty-five postmenopausal women were randomlygas=il to either a vibration (n=17) or a
control group (n=18). The vibration group receiv&dhonth local vibration treatment with

frequency between 30 and 45 Hz and accelerationdeet 1.71 and 3.58 The vibration was

applied on the mid-thigh and around the hip in saplying position once per day, 5
days/week. The participants of the control groupticmed their usual activities and were not
involved in any additional training program. Theinpary outcome variables were the
isometric and dynamic quadriceps muscle strengtti,the bone mineral density of the hip.
We assessed the muscle mass of the quadricepshgsidg performance. Additionally, the

feasibility, side effects and compliance were eatdd after 6 months of local vibration
training. Overall, the results showed a net beradfit3.84% in isometric muscle strength at
60° knee-angle in favor of the vibration group camgal to controls (P<0.01). No changes in
bone mineral density, muscle mass or physical pedace were found in both groups

(P>0.05).

Six months of local vibration training improved semaspects of muscle strength, but had no
effect on bone mineral density, muscle mass andipalyperformance in postmenopausal
women. The specific vibration protocol used in fgresent study can be considered as safe

and suitable for a local vibration training program

Key words: mechanical loading, tonic vibration exfl safety.



INTRODUCTION

Aging is associated with a decrease in bone mird@asity (BMD) known as osteoporosis,
and a decline of lean muscle mass and muscle #tréamgwn as sarcopenia (21,36). Both
osteoporosis and sarcopenia are important socioeeac and personal problems as they
contribute to an increased fall risk, an increasechber of hip and vertebral fractures, and
physical weakness (7,29,32). Hip fractures areaatsal with high mortality and morbidity
rate among postmenopausal women (6). Thereforepriaeention of bone loss and muscle

weakness remains an important question.

Mechanical loading by means of physical exercise lb@en shown to have an osteogenic
effect, to increase muscle strength and to improwdy balance (15,18,19). High-impact
exercises such as running and jumping may enhamoe &cquisition in young age (1,14,25),
and maintain bone mineral density, reduce theaofdialls and osteoporotic fractures at older
ages (5,10,16,20,23,39). However, high-impact ingins not practical and even unsafe in a

significant proportion of older individuals, potélly leading to injuries and even fractures

(9).

An alternative training method might be the vibwattraining which combines factors of both
impact exercise and conventional resistance trginihe effects of long-term whole-body
vibration (WBV) training on BMD and muscle powenveapreviously been reported among
elderly (2,27,30,38). However, WBV may not be arqate training method for a large
segment of the adult’'s populations including frgdlerly, adults that are in a wheelchair or
bedridden individuals, and patients with knee catigwitis who are unable to stand on a
whole-body vibration platform. These older adul@vén a high risk for osteoporosis and

sarcopenia, thus, are at high risk for falls amadtires.



Therefore, a different form of vibration traininglocal vibration training was applied in an
attempt to broaden the impact of vibration inteti@nto frail elderly. First, custom-made
vibration devices were specially designed for thtigdy in order to broaden the effect of
vibration training to specific target body zonegplying the vibration training locally may
avoid the significant decrease of vibration sigmafto the thigh and the hip (35), e.g. patients
with knee prostheses. Second, we conducted a paotomized controlled trial for
postmenopausal women who underwent 6 months oflyoapplied vibrations at the mid-
thigh and around the hip. Effects of this localpphed vibration on static and dynamic knee
muscle strength, muscle mass, and bone mineralitdensre assessed. Delivering the
vibration locally at the regions which are mostiak for fractures (hip) or most in need of

muscle strengthening (m. quadriceps) might be @emwitable approach than WBV training.

METHODS

Experimental Approach to the Problem

The study was designed as a randomized contraliedfor postmenopausal women who
were randomly assigned to a vibration group (n=t¥)a control group (n=18). The

participants in the vibration group applied viboatilocally with frequencies between 25 Hz
and 45 Hz, and accelerations between 1.71 and@.58luscle strength and muscle mass,
bone density, and physical performance were assesd®mseline and after 6-month vibration

intervention.
Subjects

Fifty postmenopausal women volunteered to partieipa the study. The inclusion criteria
were: (1) age above 65, (2) free from medicatiam®kn to affect bone metabolism or muscle
strength, (3) obtained approval following an exiemsmedical examination by a general

practitioner, and (4) free from hip prosthesis.tiegrants were excluded if they met any of



the following criteria: severe heart and vascul@edses or neurological disorders like
Parkinson’s disease, multiple sclerosis, epilepgly@eripheral neuropathy. After an extensive
medical screening 35 postmenopausal women metnttiesion and exclusion criteria and

were included in the study. The participants wenedomly assigned to a vibration group
(n=17) or a control group (n=18) using computeragated random numbers (Figure 1). None
of the participants were engaged in another trgiprogram, or in regular organized sports or
other physical activities. All participants gaveitten informed consent after receiving both
verbal and written information about the study #agossible risks. The study was approved

by the Leuven University Human Ethics Committeeoadng to the declaration of Helsinki.

(Figure 1 about here)
Procedures
Vibration equipment

Custom-made vibration devices were specially desigior the current study (Fig. 2). Each
device consisted of one control unit, four vibratoonnected to the control unit and a medical
approved power supplier (Powerbox, 24V — 2.9A, @meSweden). Each vibrator had an
encoder. The rotating element inside the vibrat@s a cylindrical brass part with a diameter
of 20 mm and a thickness of 8 mm (weight: 0.022Tge frequency of the rotating element
was continuously adjustable between 25 Hz and 45wHrch resulted in peak acceleration
between 1.71 and 3.58 as measured by accelerometer MEMS, SMB380 (Mitzotm-
mechanical system, Bosch Sensortec Gmbh, Germarayséparate measurement in 5 young
adults lying supine and with the vibration deviaasthe body in the same way as during
training. The accelerations in different combinasicof vibration parameters were recorded
for a period of 60 seconds each. The frequencydtiation and the number of bouts as well

as the duration of the rest periods were adjustabte displayed on the control unit. The



vibrators were attached to the body by a strap.mb®r control of the vibrators ensured that
the set vibration parameters remained constanipartiently of the applied strap pressure.
Because of the structure of the underlying limke tentrifugal forces on the body were
buffed (mass-spring system). The motor controhefvibrators ensured that the set vibration
parameters remained constant independently ofgbked buffing by the body.

(Figure 2 about here)
Intervention

The participants were instructed how to apply theators in supine lying position once per
day, 5 days/weekly for a period of 6 months, at boAll participants applied the vibrators on
the mid-thigh (m. quadriceps) and around the hip @hiteus maximus and m. gluteus
medius) using bandages. The required vibration raragwas set up before each training
period. After the end of the daily set-up trainipgriod, the vibration device stopped
automatically. Every week one training session sigservised by a researcher to ensure that
the training protocol was followed correctly. Thenwpliance rate was recorded by the

participant by using a calendar book.

During the 6-month vibration intervention periogqihing loading increased progressively
according to the overload principle by increasihg tluration and numbers of bouts and
shortening the rest periods as well as increadumegatcceleration and the frequency of the

training (Table 1).
(Table 1 about here)

The first 11 weeks, vibrators were applied on esdk — 1 on the hip and 1 on the mid-thigh,
respectively. From 2week till the end of the 6-month period, 3 vibratevere applied on

each side — 1 on the hip and 2 on the thigh, réisede to allow further increase of the



training stimulus for the muscle. The vibrators &vapplied first on the right or left side and

then on the other one. The duration of one sedagiad for a maximum of 30 minutes.

The participants of the control group were not imed in any additional training program

and were asked not to change their lifestyle.
Measurements

To evaluate safety, compliance, and feasibility, salbjects were encouraged to report
possible (side) effects or occurrence of falls migireach training session. At the end of the
study, each participant filled in a questionnaibew the training protocol and the usage of

the vibration device.

Bone mineral density, muscular strength and mustss, as well physical performance
were assessed at baseline and at 6 months in tmitpsy The assessors for BMD and muscle
mass were blind to the patients’ allocation to ot experimental and the control group. For
practical reasons, it was not possible to have ssessor for muscular strength, SWT and
mPPT blinded for group allocation as there was xtoaesenior evaluator available who was

not involved in the training program.
Muscle strength

Muscle strength was recorded unilaterally on thghtriside on a motor-driven isokinetic
dynamometer (Biodex Medical Systems Inc, New Ydd§A) by means of a standard
protocol of dynamic and isometric tests (38). Tekability of isokinetic dynamometry was
assessed in our laboratory in older people agetb68. High ICC’s are achieved for the
isometric tests (ICC=.89-.99) and for the isokindgsts (ICC=.95-.97). For the isotonic
tests, ICC’s gradually decreased as the extersatamce increased (ICC’s from .89-.83 with

external resistance from 0% to 40% respectively).



Isometric strength: the participants performed a maximal voluntary neisontraction of the

knee extensors peak torque (Nm) was recorded. mbe joint angle was set at 30°, 60° and

90°.

Isokinetic strength: the participants performed a series of isokinetexibn-extension

movements against the lever arm of the dynamomeéher.velocity was set at 60°/s, 180°/s
and 240°/s. The knee extension was initiated aird gngle of 90° and ended at 160°, and the

peak torque was assessed (Nm).

Isotonic strength: the participants performed several ballistic tesith a resistance of 0%,

20% and 40%. The degree of resistance was indilyddatermined as a percentage of the
isometric maximum in the knee angle of 90°. The imax velocity of the lever arm was

recorded to determine the ballistic strength. Theekextension was initiated at a joint angle
of 90° and ended at 160°. After each extensionldabeavas passively returned to the starting

position.

Muscle mass

Muscle mass of right upper leg was assessed byshedtcomputed tomography (CT) scan
(Siemens Sensation 16; Forcheim, Germany) and #¢hgeded axial slices of legs were
analyzed with the program Volume. The test wasiptesly described by our research group
and the reliability was tested, which yielded ammaclass correlation coefficient of 0.99 (2).
The summed muscle volume (in cubic centimeters) waglyzed. Measurements were

performed in the University Hospital and were exedby an expert radiologist.
Bone mineral density

BMD of the right hip was assessed by DXA using @BR- 4500A device (Hologic,
Waltham, MA, USA). Standard positioning was usethvainterior—posterior scanning of the

proximal femur. The CV for total hip DXA measurerh@nour laboratory is 0.56% (37).



Physical performance

To evaluate the functional capacity, a modified ptgl performance test (mPPT) for elderly
was performed. mPPT includes different timed odgdafunctional tests described previously
(26). Additionally to mPPT, physical fithess wasessed using the shuttle walk test (SWT)

which is a standardized incremental submaximatl firehlking (33).
Statistical Analyses

Due to the small sample size, between- and withonyg differences in muscle strength,
muscle mass and bone mineral density were testddnenparametric tests. Mann-Whitney
U tests were used to compare the baseline chasticterof the vibration and the control
groups.A Shapiro—-Wilkinson W test was used to assess gtehaition for muscle strength,
muscle mass and bone mineral density. Additionélg, Cohen's d effect size was calculated
based on means and SD. For Cohen's d an effectslaey 0.3 is considered as "small"
effect, around 0.5 as "medium” effect and 0.8 fnity as "large" effect. The significance
levels for all analyses were set to P<0.88.analyses were executed using the statistical

package STATISTICA (STATISTICA Inc, Version 9).

RESULTS
Subjects

The baseline characteristics of the two groupspaesented in Table 2. The intervention
group’s average weight was 9 kg higher than thérobgroup (P<0.015), and the body mass

index (BMI) of the intervention group was 3 kd/higher compared with controls (P<0.045).

(Table 2 about here)

Two participants in the intervention group did mommplete the full training protocol due to

reasons unrelated to the training 1) personal reagdropped out after 6 weeks of vibration),



and 2) surgical intervention (dropped out after&els of vibration). Two participants in the
control group refused to repeat the tests afte6timonths period due to personal reasons. The
average compliance with the vibration interventizas excellent (X: 96.5%). All participants
tolerated the vibration protocol well and they didt consider the training as unpleasant.
None of subjects reported any adverse effectsauibtation. However, in the questionnaires
after the 6-month period, 80% of participants ia Wibration group reported that applying the
vibrators 5 days/weekly was time consuming and tHely not show the willingness to

participate in a vibration training program foroamger period.

Effect of the intervention

No significant differences were observed at basdbeiween the experimental and the control
groups in terms of BMD, muscle strength, muscle snést mass, or physical performance

(Table 2).
Muscle strength

Significant between-group difference after the éathdocal vibration training was found in
favor of the vibration group only in isometric kneetension strength of 60° with a net benefit
of 13.84% (P=0.01). No between-group differencesewimund in the other isometric,

isokinetic and isotonic muscle strength tests (85)0.

The effect size based on between-group differercgsesented in figure 3. The Cohed's
effect size for isometric knee extension strendtb@ was large, + 1.02. The effect size of
the intervention for the other isometric, isokiseind isotonic tests appeared small to

medium (0.1 — 0.8).

(Figure 3 about here)
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Concerning the within-group differences, isometicength of 60° and 90° of the knee
extensors significantly increased by 12.88% (95% 03-20.4; P<0.05) and 6.61% (95%
Cl, -1.16-15.7; P<0.05), respectively, in the vilma group after the 6-month local vibration

training (Figure 4).

(Figure 4 about here)

Isokinetic knee flexion strength of 60°/s and 180Changed significantly over time in the
vibration group by 23.00% (95% CI, 0.00-55.6; P&).and 24.06% (95% CI, 4.91-45.8;
P<0.05), respectively. No within-group difference®re found in the other isometric,
isokinetic and isotonic muscle strength tests itegi the vibration or the control group

(P>0.05, Figure 4).

Bone mineral density

As shown in Table 3, total hip BMD did not signéittly change over time in both vibration
and control groups, and additionally, no betweeasugrdifference was observed between the

two groups (P>0.05).

Muscle mass

Total muscle or fat mass volume did not changeifsogimtly over time in either the vibration
or the control group and no between-group diffeesngere observed between the two groups

(P>0.05, Table 3).
Physical performance

As shown in Table 3, no within-group differencephysical performance — mPPT or SWT
over time was observed in either the vibrationhs tontrol group (P>0.05). Similarly, no
between-group differences were found between tterviention and the control group after

the 6-month training period (P>0.05).
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DISCUSSION

This was the first study to investigate the fedisyhisafety and compliance of a 6-month local
vibration applied 5 times a week (30 — 45 Hz, 1-73.58Q) in postmenopausal women. We
hypothesized that the specific local vibration pemg would be a feasible and safe training

method to improve musculoskeletal performance strpenopausal women.

Overall, no adverse effects due to local vibrati@re reported and the training intensity was
well tolerated. Although, the participants reportdtait 5 days/week training was time
consuming, the average compliance with the intdiwvenwas excellent (X: 96.5%).
Moreover, the participants did not consider thening as difficult, suggesting that local

vibration training may be a feasible training pragrfor postmenopausal women.

The main outcomes of the study indicated that gexific vibration program has potential
beneficial effects on some aspects of knee musktkngth, but failed to affect bone

formation, muscle mass or physical performanceostmpenopausal women.

In this study, a local vibration training appliesh ohe hip and mid-thigh resulted in an
improvement in some aspects of knee isometric anllinetic muscle strength. Isometric
knee extension strength of 60° and 90° increasgdifsiantly by 12.88% and 6.61%,
respectively, in the vibration group after the 6ntho local vibration training. The
standardized Cohentseffect size reflected a small to large mean efbecmuscle strength as
a result of the vibration intervention, which sugpdhe likelihood of a clinically meaningful

effect only on muscle knee strength in a largedoamzed controlled trial.

Only very few studies investigated the effect afdily applied vibrations on muscle strength
(17,24). In a study by Pietrangelo et al. (24) loghration training was applied close to the
tendon of the quadriceps once to three times a wealgroup of male and female elderly (65

— 85 years of age). Twelve weeks of high-frequdacsl vibration training (frequency of 300
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Hz) resulted in a significant improvement between7% and 81.2% in isometric knee
extension strength. Vibration frequency used byr&ngelo et al. was much higher compared
to our study (300 Hz to 30 — 45 Hz), however, tbeynot reported the applied amplitude and
acceleration of the vibration and the sample siae very small which might have contributed
to the different findings. In a study by Lapole aRdrot (17), 14 days of locally applied
vibration (50 Hz, 0.2 mm) directly to the Achilesntion resulted in a greater triceps surae
force production. The authors concluded that thecifip local vibration training may be

beneficial to persons who are not suitable for WiBAhing.

In addition, our findings are in line with previdysreported WBYV studies in elderly
(3,27,38). In the study by Verschueren et al. @8onth WBV (35 — 40 Hz, 2.28 — 5.@9
resulted in 15% and 16% a net benefit of isomeamd dynamic knee strength in
postmenopausal women, respectively. Likewise, otlar study with WBV, 12 months of
vibration training improved isometric knee streng$h9.4% among older adults (3). Roelants
et al. (27) reported a significant increase in isbim (15%) and dynamic (16.1%) knee
extensor strength after 6 months of WBV (35 — 40 2128 — 5.09) in elderly. It has been
suggested that vibration training may increase teustrength by similar mechanisms as
during resistance training (4). The first mechanisi adaptation is neural adaptation
including an increase in_motor unit synchronizatimmibition of the antagonist muscles, or
co-contraction of the synergist muscles (8). Stilergain may also increase the ability of
motor units to fire briefly at very high rates (22&fter several months of training, the changes
in the morphological structure of the muscle becatominant (31). However, the present
study failed to find any changes in muscle masr &tmonths of local vibration training and
therefore, the neural adaptations seem a moreamiewechanism of strength gain. The
supine lying static position taken by the partiatzsamay contribute to the lack of changes in

other aspects of isometric and dynamic muscle gtihenln addition, the older age is
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associated with a decline in the number of muggiedées which leads to a reduced muscle

sensitivity to mechanical loading (34).

In addition, present findings showed a significanprovement in isokinetic knee flexion
strength of 60°/s and 180°/s in the vibration groy®3.00% and 24.06%, respectively. This
improvement in the flexion knee strength is suipgsas the vibration was applied directly to
the quadriceps while the participants were in aicssupine-lying position. We can only
speculate at this time that vibration signal wassmitted to the hamstring muscles in a
sufficient way to activate the muscles. The intgnsf muscle activation due to vibration
reached hereby the threshold for adaptation inktee flexor muscles but was not high

enough in this pilot study to result in significattaptation in the (stronger) extensor muscles.

The current study failed to show any effect of loghration training on knee isotonic muscle
strength (resistance of 20% and 40% of the isometeximum). In contrast, one WBYV study
did report an improvement in knee-extension spdedavement with an external resistance
of 1%, 20%, 40%, and 60% of isometric maximum aféermonths of vibration in
postmenopausal women (27). It has been suggesaédhi vibration training results in a
more rapid activation and training of high-thregshahotor units (28), which contributes to
maximal velocity muscle strength. However, the enésfindings cannot confirm these
suggestions. In addition, the isometric maximun®=ighproved significantly in the vibration
group after the local vibration training, which uéed in higher tested resistances (20% and

40%) compared to baseline.

The results of the present study failed to showefiect on BMD after 6-months of local
vibration training. In contrast to our findings &WD, a few randomized control trials have
shown a significant increase in the BMD of the ltdti@, femoral neck and/or lumbar spine

after WBYV training (11,12,30,38). Following 6-montBYV training (35 — 40 Hz, 2.28 — 5.09
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g), Verschueren et al. (38ported a net benefit of 1.5% BMD at the hip irstpoenopausal
women. Gusi et al. (11) found a net benefit of 4.8%ID at the femoral neck in
postmenopausal women who followed 8 months of tidmaintervention (12.6 Hz, 3.8 —
lateral, 0.7g — vertical) in comparison with walking group. WBYaining with vitamin D
supplementation (35 — 40 Hz, 1.6 — B)2mproved BMD of the hip compared with baseline
in postmenopausal women (37). However, vibratioterirention did not result in an
additional increase in BMD of the hip compared vadmtrols independently of the additional

vitamin D supplementation.

Up to our knowledge, this study was the first teess the effects of locally applied vibration
training on BMD. In the present study, the laclcbénges in bone density may be a result of
different factors. The vibration loading was comse&ll as reasonable for postmenopausal
women and was based on loadings as induced by saeadle vibration training shown before
to be effective on bone formation (38). Howeveg épplied frequencies between 30 and 45
Hz and accelerations between 1.71 and 8.5@ght not have been optimal to induce higher
bone responses. Moreover, while standing on a WBfqgm and performing dynamic
exercises, the subject experiences both groundioesand muscle forces which contribute to
bone formation (13). However, local vibration tiagp was in a supine lying static position
and therefore, the participants were not exposetleight-bearing loads, which may explain
the lack of changes in bone density. Additionafgt, mass around the hip may alter the
transmission of the vibration signal from the vibra to the bone. Moreover, it may be
speculated that the induced muscle forces coudat #ie damping properties of the muscles
and thus, alter the transmission of the vibratigma through the body (35). Therefore, the
positioning of the vibrators on the hip may not &deen optimal enough to reach the target

zones sufficiently. A more optimal musculoskeletabsponse might be achieved if the
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vibration stimulus is applied in other loading dtiens. Further studies should quantify the

effect of different positions of the local vibratialevice on musculoskeletal performance.

Study limitations

Our study has limitations and the results shouldnberpreted in the context of its design.
First, our sample size was small, and we acknovelélgt this was an exploratory pilot study
with no formal sample size calculation. Moreovasgdo the intensive vibration training, it

was difficult to recruit more participants who cduheet the inclusion and exclusion criteria,
and who showed a willingness to participate inttied. Second, we tested only one training
regime — training 5 days/weekly, frequency betw@@rand 45 Hz, and acceleration between
1.71 and 3.58). The vibrators were positioned only on the midsthiand around the hip

which might not have been an optimal training paogr Furthermore, the participants took
only a supine lying static position and they did perform simultaneously any dynamic

exercises. Third, when the findings of the pressnitdy are interpreted, it should be
mentioned that significant differences in weightl dody mass index were found at baseline
between the vibration and the control groups. Haxeall other baseline tests did not differ
between the groups which makes them comparabledansnof physical performance, bone
mineral density and muscle strength. The mannextigh the higher weight influenced the

transmission of the vibration signal from the vibra to the hip cannot be further discussed.
Finally, our preliminary findings may only be geakzed to a select group of older people

and not to younger adults or older men.
PRACTICAL APPLICATIONS

The results of this randomized controlled pilotdstundicate the potential of locally applied
vibrations to improve different aspects of muscteerggth in postmenopausal women.

Coaches and practitioners should know that theeptesaining protocol of 6 months locally
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applied vibration on the hip and mid-thigh seenasilele and safe training method for elderly
to improve muscular performance. Local vibraticarting might be more adequate training
approach for a large segment of the frail elderhovare unable to stand on a whole-body
vibration platform. Delivering the vibration locglht the regions which are most in need of

muscle strengthening might be a more suitable a@gro
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Figure legends:

Figure 1. Flow chart of the participants.

Figure 2. Control unit and vibrators.

Figure 3. Effect of the intervention presented abéh’s d effect size. The effect size is based
on between-group differences of the paretic leg.effiect size below 0.3 is considered as
"small" effect, around 0.5 as "medium" effect an@ @ infinity as "large" effect. (E —
extension, F — flexion)

Figure 4. Mean and SE before (pre) and after (@etpnths of local vibration training.
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NOTE. VIB — vibration group, CON — Control groufsOM — isometric muscle strength,
ISOK — isokinetic muscle strength, ISOT — isotamigscle strength.
* Within-group difference: a significant differendeetween baseline and post measures

(P<0.05)

Copyright © Lippincott Williams & Wilkins. All rightsreserved.



Table 1. Characteristics of the vibration trainprggram

Intensity Vibrators
Period Volume -
(week) Duration Frequency Acceleration  Rest Bouts Thigh  Hip
(seconds) (Hz) (9) (seconds)

1-2 30 30 1.71 60 4 1 1

3—6 60 35 2.94 60 5 1 1
7—11 60 40 3.40 30 5 1 1
12— 16 60 40 3.40 30 5 2 1
17— 21 60 45 3.58 30 7 2 1
22— 26 60 45 3.58 30 8 2 1

Copyright © Lippincott Williams & Wilkins. All rightsreserved.



Table 2. Subjects characteristics at baseline dfetehces between groups.
NOTE. Values are mean + SD or ranges in the parsaeshe

* Between-group difference: a significant differermetween vibration and

control groups

Copyright ©

Parameter Vibration Control P-value
N 17 18
Age (years) 75.7 (66-84) 77.6 (68-88) 0.39
Height (m) 1.58 (1.5-1.7) 1.57 (1.46-1.65) 0.45
Weight (kg) 73.4 (55— 93) 64.1 (41— 88) 0.015*
BMI (kg/i’) 29.3(20.9-36.2) 26.1(17.1-34.2) 0.045*
Total hip BMD (g/cr) 0.834 +0.137 0.836 +0.114 0.83
Muscle mass (ci) 83.7+10.8 79.4+12.3 0.41
Fat mass (c) 110.2 + 26.6 98.6 +30.5 0.41
Isometric strength (Nm)

s 30° 42.0+11.0 48.8+13.0 0.16

s 60° 91.2 £23.9 96.6 + 20.7 0.24

e 90° 103.7 + 24.6 105.0 + 30.7 0.95
Isokinetic strength (Nm)

* 60°s—extension 87.3+23.7 84.0 £22.4 0.98

* 60°/s—flexion 34.9+12.6 35.0++9.2 0.79

+ 180°s—extension 532 +13.2 50.5+12.5 0.88

+ 180°s—flexion  30.0+9.4 31.1+79 0.75

* 240°/s—extension 507 +11.1 47.9+12.4 0.72

s 240°/s—flexion  339+8.3 357 +11.2 0.69
Isotonic strength

e 0% 316.8+35.1 319.8+52.2 0.63

+ 20% 243.7 +42.2 2342 +41.3 0.72

s 40% 138.1 + 47.0 130.7 £22.2 0.35
Physical performance

«  mPPT, points 33.5 (28-36) 32.5 (25-36) 0.35

*+ SWT,m 317.1 (180-469) 307.8(188-447)  0.71

Lippincott Williams & Wilkins. All rights reserved



Table 3. Mean Changes and Between — Group Diffeseimckluscle Strength, Shuttle Walk

Test (SWT) and Modified Physical Performance Teg?PT)

NOTE. Values are presented as a percentage obtditne measurasSD and 95% CI if not

indicated differently.

Between-group differencs

U

Parameter Vibration Control
Mean P-value
. -1.34 ¢2.56;-3.55- -0.23 ¢2.18;-1.68- i
Total hip BMD 1.11) 1.89) 1.11 0.16
-0.759 ¢3.48;-5.4- -1.161 ¢4.38;-4.87-
Muscle mass 1.67) 2.73) +0.410 0.87
+0.916 ¢4.49;-3.74- -1.896 ¢8.07;-11.8-
Fat mass 6.80) 4.85) +2.812 0.17
Physical
performance
. mPPT, ] o
. +0.21 ¢2.12;-3-2) +0.47 £2.87; ;-1-2) -0.26 0.65
points
. SWT, m -1.21 ¢39.4;,-39-46) +4.73 £55.0;-30-39) -5.94 1.00

Copyright ©

Lippincott Williams & Wilkins. All rights reserved.
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Figure 2. Control unit and wibrators.

Copyright © Lippincott Williams & Wilkins. All rightsreserved.



Figure 3
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Figure 4
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