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Abstract

Osteoporosis increases risk for fracture, however weight-bearing exercise may influence bone health and reduce
risk for falling. This case study involves an osteoporotic female (57 years) who underwent whole body vibration
training which progressed to achieve 15 sets of 60 s at 26 Hz. Between sets of whole body vibration training, the
participant performed 1 min of exercise aimed to reduce risk for falling.

Training occurred 3 days/week for 6 months, when the patient experienced bilateral radial fractures unrelated to
training. After healing, whole body vibration training resumed for another 9 months. Physical fitness and risk for falls
was assessed using the Senior Fitness Test at three time points across the intervention. Bone mineral density was
measured via dual-energy x-ray absorptiometry at the hip and spine regularly for approximately 18 years; in the 16
years leading up to and including the 2 years of vibration training.

Six months of whole body vibration training, interrupted by 10 months for fracture healing, followed by another 9
months, corresponded to an 8% improvement in bone mineral density at the femoral neck and maintenance of bone
mineral density at the spine. Improvements in the Senior Fitness Test indicate reduced risk for falling. Whole body
vibration may be a viable treatment option for osteoporotic women averse to medications and/or those who cannot
tolerate weight-bearing activity.
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Introduction
Osteoporosis is a chronic disease of low bone mass which leads to

skeletal fragility and an increased risk for fracture. Research data from
the 2005-2010 National Health and Nutrition Examination Survey
estimates that more than 10 million Americans over the age of 50 meet
the criteria for osteoporosis while another 43 million Americans have
low bone density [1]. Global assessments suggest that 1 in 3 women
and 1 in 5 men over the age of 50 will experience an osteoporotic
fracture in their lifetime [2]. By the year 2025, the 3 million
osteoporosis-related fractures expected for aging Americans will cost
approximately $25 billion [3]. Osteoporosis-related fractures are not
only a financial burden; more importantly, osteoporotic injuries cause
significant reduction in activities of daily living, quality of life and
increase mortality [4].

In fact, Bliuc et al. reported that there is an increased risk for
mortality for at least 5 years after experiencing a fracture and up to 10
years, depending on the injury site [5]. Diagnosis of osteoporosis and
low bone mass is made using bone mineral density (BMD) measured
via dual-energy x-ray absorptiometry (DXA). The World Health
Organization established osteoporosis diagnosis as BMD of 2.5
standard deviations below that of a “young normal” adult, while low
bone mass is 1.0-2.5 standard deviations below the “young normal”
[6]. Due to changes in hormonal status, postmenopausal women
experience between 1-3% loss in bone mass each year [7,8]. Weight-

bearing exercise and resistance training have been shown to help
maintain or improve bone health in adult women [7].

Antiresorptive medications, such as bisphosphonates, can be used to
reduce bone loss, however reported compliance is poor and there are
many concerns about potential side effects [9]. Osteonecrosis of the
jaw, undesired ocular events, hypocalcemia, systemic inflammation,
renal failure, and gastrointestinal adverse events are all reported side
effects of bisphosphonate medication use which may raise concern for
patients [10,11]. Furthermore, medications neglect a holistic approach
and cannot increase muscular strength or reduce risk for falling which
is often the precursor to fractures [12].

Whole body vibration (WBV) training is a novel exercise modality
with underexplored potential to influence bone health and because it is
a more recently recognized methodology, there is a lack of
independent research explaining its effectiveness at improving BMD,
attenuating bone loss, and reducing risk for falls particularly in
susceptible populations [13]. Early research using animal models
suggests that WBV may be effective in improving the quality and
quantity of trabecular bone [14].

Further work involving humans suggests that WBV can increase
BMD and improve muscular performance [15,16]. Exercise is not only
important for improving bone health but also reducing risk for falls.
Fall-related fractures have multifactorial causes; however modifiable
risk factors for falls include leg weakness, limited range of motion, and
poor balance. The American Geriatric Society recommends exercise
programs for older adults that include balance and strength training to
prevent falls [17].
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Methods
A 57 year old osteoporotic woman contacted the Applied

Physiology Laboratory inquiring about whole body vibration training.
After discussion, it was agreed upon to initiate a pilot study examining
the potential whole body vibration to improve bone mineral density
and lower risk for falls in the osteoporotic female volunteer.

The research was approved by the University’s Institutional Review
Board for the Protection of Human Subjects and the participant
provided written informed consent prior to the onset of experimental
procedures.

Case participant
The volunteer was born with severe bilateral equinovarus (club feet),

contributing to a lack of weight-bearing activity in youth. After many
surgeries, and with the use of orthotics, her gait presented near-
normalcy although the left calcaneus does not touch the floor during
standing knee flexion movements.

Her medical history also included massive meningeal diverticula of
lumbar-sacral spine associated with osteoarthritis of the spine, hips,
knees, and feet with mobility limiting chronic pain. Despite these
chronic conditions, the participant reported performing physical
activity an average of five days per week, with modifications as pain
allows. The participant has maintained a healthy body weight
exhibiting a body mass index between 20.6 to 23.2 kg/m2 from 1997
until 2015.

The participant was postmenopausal at the start of the exercise
intervention. Her last menstrual period was in July 2008 at 52 years of
age. After initial diagnosis of osteoporosis, she intermittently used
medications known to affect bone health. She took an oral
bisphosphonate medication (alendronate) for approximately 2.5 years
from August 1997 to February 2000. Later, she was administered one
infusion of zoledronic acid in February 2011. The participant chose to
cease medication use due to concerns about side effects.

At baseline, calcium intake from food was estimated to be 630 mg/d,
but combined supplemental and food sources together reach 2150
mg/d [18]. A review of supplement intake indicated 1500 IU/d of
vitamin D. Intake of bone nutrients remained above recommended
intakes during the study and at the conclusion of the study was
measured at 1210 mg/d for calcium, with 59% (or 710 mg) coming
from food sources, and 4400 IU/day of vitamin D.

Senior fitness test
The senior fitness test (SFT) was used to assess functional fitness

before WBV training and after the intervention. The SFT is considered
a valid and reliable functional outcome measure and has the ability to
predict future risk of falling [19]. The SFT is a battery of six tests which
include assessment of strength, aerobic endurance, flexibility, and
agility/dynamic balance. While normative values for this test are
available for adults ages 60 years and older, considering the history of
physical limitations, comparison may relevant here to this participant
who was 57 years old when training began.

Bone health
Bone mineral density was measured via DXA at the hip and spine

regularly between 1997 to 2015 (ages 42 to 60). The first seven
assessments, occurring from 1997 to 2006, were performed on a Lunar

DPX-L bone densitometer (Madison, WI, USA). Beginning in 2008,
the subsequent six assessments of bone health were performed on a
Lunar Prodigy system (GE Healthcare, Little Chalfont,
Buckinghamshire, UK).

Timeline
WBV training began in April 2013 and continued for 6 months until

Oct 2013 when the participant fell and experienced bilateral distal
radial fractures requiring subsequent surgery and extensive
rehabilitation. The fall occurred at home and was independent of the
training program. Due to the injuries, the participant performed
negligible amounts of weight-bearing exercise until August 2014. Her
rehabilitation program included physical therapy for the wrists and
upper body. Once cleared for exercise by her physician, WBV training
resumed in August 2014 and continued three times per week until May
2015 while taking breaks in accordance with the academic calendar for
winter (3 weeks) and spring holidays (1 week in February, 1 week
March). In total, the participant attended 81 exercise sessions across 27
weeks from September 2014 and ending in early May 2015.

Whole body vibration training and exercise protocol
The Vibraflex 550 (also called the Galileo 2000, Novotec, and

Pforzheim, Germany) was used for whole body vibration training. This
platform uses a “teeter-totter” motion created by side-to-side
displacement based around a central fulcrum. Exercise was prescribed
with the goal of increasing BMD; therefore weight-bearing exercises
which especially target the hip and forearm were included. While there
are some resistance-training exercises known to target the spine, such
as deadlifts and bent-over rows, these were intentionally avoided
because of the patient’s history with back injuries and the fact that
these exercises, if not performed properly, are known to be high risk
for causing harm to the spinal region.

The progressive overload principal was incorporated, creating a
nonlinear per iodized program that provided for increases in volume,
intensity, and exercise difficulty over the training period. In effort to
reduce displacement of the head during whole body vibration training,
the participant was coached to avoid locked-out joint positions at all
times by utilizing a small amount of flexion (~5°) at the ankles, knees,
and hips during static standing and through the dynamic motion of
each exercise.

Table 1 shows a detailed account of the WBV program with time in
seconds, number of sets, and frequency in Hz (number of vibration
cycles per second). The WBV prescription was based on results from
previous publications demonstrating positive influence on bone health
[20]. WBV training began in the first week with 9 sets of 30 s of
exposure at 20 Hz and increased steadily over 8 weeks to reach a goal
exposure of 15 sets of 60 s of exposure at 26 Hz. The protocol consisted
of a combination of standing, toe-heel raises, squats, stationary lunges
(sometimes referred to as split squats) and resting of the hand/forearm
on the platform.

The participant placed her feet or hands at position 2, marked on
the platform (Figure 1A), where she experienced a peak-to-peak
displacement of 4.16 mm, leading to a maximum peak acceleration at
the plate surface of 5.4 g. Every workout began with a warm-up of
standing on the platform with slight flexion throughout the lower
extremity as described previously. WBV squats on the platform were
performed with support on the handlebars for assistance with balance.
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Standing Toe & Heel Raise Squats Lunges Arms On

Seconds
(s)

Sets Hz Seconds
(s)

Sets Hz Seconds
(s)

Sets Hz Seconds
(s)

Sets Hz Seconds
(s)

Sets Hz

Week 1

30 9 20

Week 2

45 9 20

Week 3

60 3 20 60 3 20

Week 4

60 3 23 60 3 23 60 3 23

Week 5-6

60 3 23 60 3 23 60 3 23 60 2 23

Week 7

60 3 23 60 3 23 60 3 23 60 3 23

Week 8

60 3 25 60 3 25 60 3 25 30 2 25 60 3 25

Week 9

60 3 25 60 3 25 60 3 25 60 3 25 60 3 25

Week 10-14

60 3 26 60 3 26 60 3 26 60 3 26 60 3 26

Week 15-16

60 3 26 60 3 26 60 2 25 45 2 25 60 3 26

Week 17-18

60 3 26 60 3 26 60 3 26 45 2 25 60 3 26

Week 19-28

60 3 26 60 3 26 60 3 26 60 3 26 60 3 26

Table 1: Whole body vibration training program.

Stationary lunges were performed with the front foot on the
platform and the back foot on the ground (Figure 1B). After lunging
with one foot on the platform for the allotted time, the exerciser
changed to the other foot and repeated the exercise to complete the set.

Each exercise session lasted approximately 45 min and included at
least 1 min of exercise aimed to reduce risk for falling in between sets
of exposure to whole body vibration. These exercises can be grouped
into five categories; 1) resistance training for lower body musculature,
2) strengthening of leg abductors, 3) abdominal core exercises, 4)
footwork range of motion, and 5) balance training.

Three sets of one exercise from each of these categories were
performed at each exercise session. Once per week, training included

an agility exercise. Resistance bands, ankle weights, weighted balls, and
varying step height were used to provide resistance.

Lower body exercises included wall sits, lunges, chair stands, and leg
curls. Exercises for the leg abductors included lateral walking with
resistance bands and resisted lateral leg lifts while standing or lying.
Abdominal and core exercises included crunches, planks, and bridges.
Footwork range of motion incorporated plantar/dorsi flexion, toe
curls, ankle circles, and toe taps. Balance work included performing
upper body tasks (i.e., ball toss) while standing tandem, on a single leg,
or on altered surfaces such as foam pads or disks. Tasks to develop
agility included marching/stepping with head turns, fast feet
movements, and multidirectional stepping over/onto obstacles.
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Figure 1: whole body vibration platform and exercises (Individual in photo is not the case study participant). A) Whole body vibration
platform, training was conducted with feet and hands placed at position 2. B) Posture used for stationary lunge.

Figure 2: Bone mineral density results (Bone mineral density measurements in g/cm2 at the femoral neck and anterior-posterior (AP) spine for
case study participant from 1997 (at age 42) to 2015 (age 60). Medication use, hormonal changes, injuries and training intervention are
labelled accordingly).
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Results
Figure 2 displays BMD results from 13 testing occasions spanning

nearly 18 years. The case participant met the diagnostic criteria for
osteoporosis of the hip (T-score=-2.79) and osteopenia at the spine (T-

score=-1.66) after her first bone scan in 1997, at age 42.
Bisphosphonate use for 2.5 years may have helped increased BMD seen
at ages 43-45, however bone mass progressively declined after cessation
of use.

Test Measure Unit 13-May 14-September 15-May

   Score Percentile* Score Percentile* Score Percentile*

Chair Stand Test Lower-body strength # of stands 9 10 17 70 21 95

Arm Curl Upper-body strength # of repetitions 10 10 18 65 23 90

2 min Step Aerobic endurance # of steps 97 60 99 60 153 95

Chair Sit and
Reach Lower-body flexibility +/- inches of reach 3 55 4 65 5 75

Back Scratch Upper-body flexibility +/- inches of reach 4 90 5.5 95 6 95

8 foot Up and Go Agility and Dynamic Balance # of seconds 7.16 5 5.96 30 4.72 65

Table 2: Senior fitness test results (*Compared to norms established for women ages 60-64; Case participant was 56.8, 58.8 and 59.5 years old at
the May 2013, September 2014 and May 2015 time points, respectively).

As expected, there was a noticeable, accelerated decrease in BMD
with menopause, displaying nearly 4% loss of bone mass at the femoral
neck and almost 10% at the spine. Six months of WBV training,
followed by another 9 months of training, interrupted by 10-months
for fracture healing, corresponded to an 8% improvement in BMD at
the femoral neck and maintenance of BMD (~1% increase) at the
spine. No injuries occurred due to WBV training our exercises
performed in the Applied Physiology Laboratory.

Results of the Senior Fitness Test are displayed in Table 2. The
participant improved in every category measured while exhibiting
above average levels of flexibility of the upper and lower body and
aerobic endurance at all three time points. At baseline, the participant
scored in the 5th percentile for the task of agility/dynamic balance,
while improving to the 30th percentile and finally the 65th percentile
during the course of the study.

Discussion
This case study reports maintenance of BMD at the spine and

improvements in BMD at the femoral neck in an osteoporotic,
postmenopausal female with a cumulative 15 months of WBV training.
It is typical for women of this age and hormonal status to lose 1-3%
bone mass per year [7,8], therefore this report in preservation of bone
health is valuable and the 8% improvement at the femoral neck is
particularly notable. It is not surprising to have found a greater
improvement in BMD at the hip over the spine, as exercises included
in the intervention such as squats and lunges would target the hip to a
greater extent. Further work needs to be done to elucidate the best
mechanisms for WBV to influence vertebral bone health.

The case participant has a history of antiresporptive medication use
orally for 2.5 years and via a single infusion, however these
medications were used 13 years and 3 years, respectively, before
initiating WBV in our laboratory. Therefore, these results are not likely
due to prescription medication use. These findings compliment the
work of other recent observations of improvements in bone health for
postmenopausal women with WBV intervention [21,22]. In contrast,

there are several reports of a lack of improvement in bone health with
WBV training although the discrepancy in findings may be explained
by different methods of assessing bone health (ultrasound vs. DXA)
[23] and by the duration of the intervention (11 weeks vs. 15 months)
[24].

The participant improved in every category of the SFT measured
while exhibiting above average levels of flexibility of the upper and
lower body and aerobic endurance at all three time points. Results at
the conclusion of our WBV intervention placed in the 65th percentile
or above for each category. The normative percentiles should be
interpreted with caution as they are established for women 60 years of
age or older while this participant was 56.8-59.5 years old during this
investigation. Substantial improvements were observed for lower-body
strength and upper-body strength between the preliminary assessment
in May 2013 and Sept 2014, despite the second assessment occurring
directly after a time of relative inactivity. This may be a result of
participation in physical therapy to help rehabilitate the wrist fractures.
Of particular importance is the reduction in time required for the 8-
foot up and go, at test known to predict risk for falling [25]. At
baseline, the participant scored in the 5th percentile for this task of
agility/dynamic balance, while improving to the 30th percentile and
finally the 65th percentile during the course of the study. Santin-
Medeiros [26] reported no improvements in the lower-body strength,
upper-body strength, and agility/balance components of the SFT for
80-year old women who used vibration twice per week for 8 months
[26]. Perhaps their null findings are due to the older age of their
participants and limited WBV exposure of 7 min, twice per week. Our
training worked up to 15 min of WBV, 3 times per week. It is likely that
the exercises performed in between sets of WBV exposure contributed
to improvements in SFT measures.

This case study suggests that WBV in combination with exercises
aimed to increase agility/balance could help maintain or improve BMD
while safely reducing risk for falls in older adults. WBV may be an
ideal prescription for postmenopausal women with osteoporosis who
refuse to take prescription medications and/or those who may not be
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able to safely tolerate high-impact bone-loading exercise, such as
resistance training or activities which involve jumping.
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