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ABSTRACT 
Objectives: To determine the effects of a single episode of whole body vibration among community dwelling older adults on 
balance, mobility, and joint position sense. Methods: Thirty six adults over the age of 50 were recruited and underwent 
measurement of single limb stance for right and left legs, Timed Up and Go test, and joint position sense of the knee before and 
after a single episode of Whole Body Vibration (WBV) using a frequency of 6Hz, amplitude of 5mm, applied for ten minutes. 
Results: There was a statistically significant change in single limb balance for both the right and left legs following the single 
episode of WBV. There was no statistically significant change in timed up and go and joint position sense following WBV. 
Conclusions: A single episode of WBV for ten minutes, at 6Hz and 5mm peak to peak amplitude, had an effect on single limb 
balance, but no effect on joint position sense or mobility. 

INTRODUCTION 
As people age, deterioration in balance, mobility, and joint position sense contribute to an increased risk of falling.1 
Approximately 28 to 35% of people aged 65 and over fall each year, increasing to 32 to 42% for those over 70 years of age.2 At 
least 20 to 30% of those who fall sustain an injury such as bruises, fractures, and disability, which reduce their overall mobility 
and subsequently their independence.3 The cost of falls to the health system is substantial. The projected health system cost of 
falls in Western Australia in 2021 is $174 million. The reported corresponding costs in 2001-02 was $83 million.4 

Balance problems and lower extremity weakness have been associated with a 2 to 4 times increased risk of falls in community 
dwellers.5 Across all populations, impaired balance results in 3.2 times the risk of falling, and limited mobility results in 2.5 times 
the risk of falling.6 Single limb balance has been shown to be an indicator of poor balance and has been used to assess the risk 
of falling in the older population.7 Reported single limb balance mean values (95% confidence intervals) for 50 to 59 years of age 
are 41.2 ± 10.2 seconds, for the 60 to 69 years age group are 27.0 seconds (20.4 to 33.7),8, 9 and 70 to 79 years of age 17.2 
seconds (11.6 to 22.8). 8,10 The Timed Up and Go test is a sensitive indicator for poor mobility and therefore falls risk in the 
elderly.11 The mean normative values (95% confidence intervals) determined for the Timed Up and Go test via meta-analysis are 
8.1 seconds (7.1 to 9.0) for 60 to 69 years and 9.2 seconds (8.2 to 10.2) for 70 to 79 years of age.9 Interventions that improve 
balance and mobility have the capacity to decrease fall rates, subsequent morbidity, and health spending.  
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Most falls research has targeted people over 65 years where increased rates of falling have been established. Little falls 
research to date has been conducted in the 50 to 65 year age group. Interventions for this younger age group may elicit effective 
falls risk reduction via modification to intrinsic falls risk factors that contribute later to increased falls rates.  

Whole body vibration (WBV) involves a person standing on an oscillating platform with adjustable frequency and amplitude. The 
vibrations created by the machine stimulate the nervous system to improve co-ordination, muscle strength, and balance.12 This 
system uses frequency, amplitude, and multiple directions of vibratory force and thus applies a different vibratory effect 
compared to vibration from vertical sources while a person is in sitting as found in industry.13 This type of whole body vibration is 
referred to as pivotal vibration involving side-to-side oscillations and does not cause spinal and disc injuries that have been found 
with vertical vibration. 

Therapeutic use of whole body vibration has been shown to improve balance in nursing home residents with the average ages 
ranging from 72.4 +/- 4.9 years to 81.9 +/- 6.9 years, and to improve mobility in older persons average age of 62 +/- 6 years.14-18 
Different types of whole body vibration have been used including pivotal and vertical vibration.14,15,18,19 A range of different 
frequencies have been used with pivotal vibration from 10Hz, 20 Hz, 26Hz and 30 Hz and for vertical vibration frequencies 
ranging from 30 to 50 Hz have been reported.10-13These studies utilised a range of whole body vibration session prescriptions 
with duration of vibration sets between one and three minutes, performed three times weekly for between six and12 weeks.14,15,17 

Significant improvement in balance has been reported as evidenced by enhanced limits of stability10 and Tinetti balance test 11, 13 
results. Therefore, it appears that a wide range of vibration frequencies is effective for improving balance in the untrained elderly 
population. Interestingly, despite evidence that 10 to 70 Hz vibration results in improvements in balance, the manufacturer of the 
Hypervibe pivotal vibration machine (used in the current study), recommends the use of 6 to 10 Hz for balance improvements. 

While the above-mentioned studies provide evidence for the long term beneficial effects of vibration exercise on balance and 
mobility, only one previous study has investigated the acute effects of vibration on balance and mobility. It reported that one 
exposure (acute) of five, one minute periods of 30 Hz whole body vibration applied to eighteen healthy adults (24.3+/- 1.5yrs) did 
not alter joint position sense at the ankle or knee, did not alter balance (two foot stance and single limb stance with eyes open 
and closed), but did alter cutaneous sensation.12 This acute reduction in cutaneous sensation did not affect balance in healthy 
young adults, perhaps due to the ability of healthy young adults to use their joint position sense to compensate for the loss of 
sensation.12 The ability to compensate for reduced sensation may not occur in older adults, therefore despite the benefits of long-
term vibration training for improving balance in older adults, the acute effects need to be examined and considered for reasons of 
client safety. Further, the effect of whole body vibration on joint position sense of the lower limbs in the over 50 age group has 
not been established. 

In contrast to previous research, this study investigated the acute effect of a single session of WBV on balance, mobility, and 
joint position sense in 

1. a cohort of people who have not yet been identified at increased risk of falls (over 50 years)
2. using a low frequency (6 Hz) that has been recommended by the manufacturer to significantly improve balance.

METHOD 
Ethical approval for this study was granted by the James Cook University Human Research Ethics Committee (H3976). A 
sample of convenience of English speaking participants aged over 50 years were recruited by verbal invitation and word of 
mouth from the staff of James Cook University, Australia. Participants were screened for exclusion criteria, as defined by the 
manufacturer (Hypervibe, Australia), which included severe cardiovascular disease, acute thrombosis, metal implants, a 
pacemaker, severe diabetes, infection in the previous four weeks, severe migraines, malignant tumours, stents implanted in the 
previous four weeks, epilepsy, gallbladder or kidney stones, recent wounds in the previous four weeks, acute inflammation or 
pain, or cognitive deficits.  

The target age group was individuals over 50 years old to capture both the over 65 years category that have a known increased 
risk of falls and those approaching this age who may be developing risk factors for falls.2 All participants provided written 
informed consent.  

Vibration Intervention 
Participants completed a single, 10 minute session of WBV at 6Hz and 5 mm amplitude, on a HyperVibe whole body vibration 
machine (Noosaville, Queensland, Australia). The machine provides pivotal vibration. An exercise science graduate was 
employed as the research assistant and trained in the protocol for the study. Participants were asked to remove their shoes, 
socks, and any items from their pockets which might dislodge during the vibration session, stand on the vibration platform with 
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their feet flat and facing forwards, shoulder width apart, and lightly hold the hand holds.18 The research assistant supervised the 
vibration sessions to ensure accuracy of session length, patient safety, and standardisation of participant position. 
 
Pre- and Post-Outcome Measures 
Joint Position Sense 
Determining the target joint angle 
Prior to the vibration session, a participant’s dominant leg was identified by asking “Which leg do you use to kick a ball?” 
Participants were then positioned with their toes a standardised distance from a wall (5cm). They were then asked to lunge 
forward with their dominant leg so that their knee was as close as possible to the wall. The angle of the knee was then measured 
using a universal goniometer as per Clarkson.19 Participants were asked to remember this target position as it was the position 
that they would be asked to reproduce from memory.  
 
Pre- and post-vibration Joint position sense assessment 
Participants were moved away from the wall position to remove visual cues and were asked to lunge forward to reproduce the 
same position as previously (pre 1). The participant then stood up for five seconds before repeating the procedure two more 
times (pre 2 and pre 3). Each position (pre 1, 2, 3) was measured by the one research assistant using the same universal 
goniometer and method. This protocol was repeated after the vibration session (post 1, 2 & 3 measurements). 
 
Timed Up and Go Test 
Timed up and go was measured by asking the participant to sit in a chair with their back resting on the back of the chair. The 
participant was then asked to walk to a line marked three meters away, turn around, and walk back to sit in the chair with their 
back against the chair.9 Participants were allowed to practice once and were timed on their second attempt. The timed up and go 
test has been used as a measure for mobility and to discriminate between people on the basis of falls. It has been shown to be 
have reliability and validity with normative data having been established.9  
 
Single Limb Balance 
Single limb balance was measured by asking the participant to stand on their right leg with their eyes open for as long as they 
could, allowing a maximum of one minute.7 Time was measured using a stop watch from the point when their left foot left the 
ground until the participant returned the non-weight bearing foot to the ground, touched the weight bearing leg with the other foot 
to maintain balance, moved the weight bearing foot to maintain balance, or a minute was up. Alternate sides were assessed on 
three occasions for each side. All measurements were undertaken with the participant in bare feet, and the participant was 
instructed only to use their arms if they needed to save themselves from a fall. The research assistant stood near the participant 
to ensure that the participant did not fall and that they followed instructions. 
 
Data Analysis 
Sample size calculation with an α of 0.05, power of 0.8, and a moderate effect size (0.5) found that 34 participants were required. 
Knee joint position sense (JPS) was measured by calculating the absolute value of the target angle minus the actual angle.20 
From this, the mean was calculated as an average of these three measurements.21 This was then recorded as the mean pre and 
post. For single limb balance, the best time from each of the pre and post measures was taken as per previous studies.22,23 For 
each outcome measurement, a pre post two tailed t-test was performed with significance set at 0.05. 
 
RESULTS 
Thirty-six participants were recruited to the study with the majority aged between 60 and 70 years (see Table 1). All participants 
were able to complete the pre and post measures and the vibration intervention without untoward incident. 

 
Table 1. Mean ± SD Participant Demographics 

Demographics 50-59 years (n=10) 60-70 years (n=23) 70-80 years (n=3) Total  (n=36) 

Age (years) 52.8 ± 2.4 62.1 ± 1.7 74.3 ± 4.0 60.6 ± 6.2 
Females (%) 70% 78% 100% 77.8% 

 
A significant improvement in single leg balance time was evidenced for both the left (p=0.02) and the right leg (p=0.03) following 
the vibration intervention (Table 2). There was no significant difference between pre- and post- vibration mean scores for 
adoption of the target angle or the timed up-and-go test (Table 2).  
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Table 2. Mean ± Standard Deviation (Range) Values for Thirty-Six Healthy Older Adults, Before and After a 10-minute 
Vibration Intervention 

Variable Pre-intervention Post-intervention p-value 

Joint position sense 
absolute value (degrees) 

5.62 ± 4.39 
(0.3-19.0) 

4.96 ± 5.02 
(1.0-22.7) 

0.45 

Left single leg balance 
(seconds) 

46.9 ± 18.9 
(7.85-60) 

49.4 ± 16.5  
(12.97-60) 

0.02 

Right single leg balance 
(seconds) 

44.6 ± 19.56  
(10.69-60) 

48.5 ± 18.3  
(6.2-60) 

0.03 

Timed up-and-go (seconds) 8.1 ± 1.4  
(6.38-12.28) 

8.1 ± 1.6  
(6.16-14.03) 

0.79 

 
DISCUSSION 
This study provides evidence that an acute 10- minute episode of low-frequency (6Hz) vibration significantly improved single-leg 
balance but had no effect on joint position sense and mobility in healthy older adults. These findings provide some evidence that 
participants who complete a single session of WBV are unlikely to be unsafe with respect to balance after participating in a WBV 
session. 
 
Intervention Effect 
Single-leg balance significantly improved immediately following the vibration intervention. Previous research has reported 
significant balance improvements following short-term (six weeks) higher frequency (15 to 25Hz) vibration training; however, the 
results of the current study indicate that a single bout of low-frequency vibration is sufficient stimulus to improve short term 
balance in healthy, older persons.22 Potential mechanisms for the acute enhancing effect of vibration include increased lower 
limb muscle blood volume and blood flow velocity and enhanced neuromuscular activation and recruitment.23,24 These 
mechanisms, however, have been noted at higher frequencies, and it is feasible that these changes would occur at lower 
vibration frequencies. Further research is required to confirm this. The post-vibration measures were completed immediately 
after the vibration session, and further research is required to determine the length of time that this improvement lasts. 
 
In contrast to previous research, this vibration intervention did not significantly improve mobility.17,18 It is important to note 
however that previous studies used functional exercises, higher frequencies, and longer program durations.17,18 Therefore, 
improvements in mobility may require a higher frequency and a longer program of vibration with the inclusion of functional 
movement.17,18  
 
Joint position sense at the knee did not significantly improve in this study, which is similar to the findings of Pollock et al who also 
used pivotal vibration.12 Given that their frequency was at 30Hz and two different amplitudes of 4mm and 8mm, it would appear 
that a single bout of pivotal whole body vibration at lower or higher frequencies does not induce changes in knee joint position 
sense. Previous literature has reported inhibition of stretch reflexes and of the H-reflex, but this does not appear to correlate with 
postural or balance issues following whole body vibration.25 Thus, further research needs to be undertaken to determine the 
neurophysiological mechanisms involved and to identify the frequencies and amplitudes which induce most change to balance, 
sensation, mobility, and joint position sense.  
 
The participants in the current study aged 50 years and above demonstrated better balance but slower mobility when compared 
to published normal values. The pre-intervention mean score for both left and right single-leg balance in the current study 
exceeded those previously reported for both the 50 to 59 year olds and the 60 to 69 year age group. 8,10 Furthermore, 
approximately half of the participants achieved the maximum balance time of 60 seconds, indicating a reduced risk of falls 
related to poor balance in the current cohort. Further research in a cohort of known fallers needs to be undertaken.  
 
While the average timed up and go score for the current participants was similar to that reported previously for 60 to 69 year age 
group by Bohannon et al, the completion time was slower than that reported by Isles et al for community dwelling women aged 
between 50 to 59 years (6.44 s) and 60 to 69 years (7.24 sec).26-28 The participants in the current study did not report any 
conditions that may have obviously affected gait or mobility; therefore, the variations on scores may be a result of a variation in 
the verbal commands given to the participants instead of participant ability. The Isles et al paper reported the timed up-and-go 
test to be performed “as quickly and safely as possible,” while in the current study and Steffen et al the command “as quickly as 
possible” was not used.28 Instead, participants in the current study were encouraged to “walk at a comfortable pace” as 
previously reported by Podsiadlo and Richardson.29 The older age group reported a larger spread of mobility in the current study 
as compared to the 50 to 60 year age group, with the difference occurring at the minimum range. Despite this lower minimum 
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score in the older age group, only one participant in the current study recorded a timed up-and-go score greater than 13.5 
seconds, which has been identified as being an indicator of falls risk.11 Therefore, as indicated by the balance scores, the current 
cohort appear to be at a low risk of falls related to balance or mobility deficits. 
 
As far as the researchers are aware there is no previous evidence for the manufacturers’ recommendation for the use of a 
frequency of 6 Hz to improve balance as used in this study. Based on the findings of this study, balance does improve at 6Hz but 
there is no evidence to support the use of 6Hz to improve mobility.  
 
Limitations 
The use of standing knee flexion measurements was included to provide a functional indicator of joint position sense. However, 
further research is required to determine its validity and reliability. This study did not set out to identify the mechanism 
responsible for improved single leg balance, and thus further research is required to understand this mechanism. This study 
used a population of community dwelling adults. It is not possible for the finding of improved single limb balance to be transferred 
to other populations such as those reporting neurological deficits or a history of falls. 
 
This study is a pre-post intervention study without a control group. This means that there is a potential for bias in the findings. 
Given that the single limb balance did improve post WBV, there is the chance that this was due to the repeated practice nature of 
the test. However each participant had three trials of single limb balance prior to and following the WBV, and if practice was the 
cause of the improvement, it would be see in the pre-intervention measurements, which was not the case. 
 
CONCLUSION 
An acute 10-minute episode of 6 Hz pivotal vibration significantly improved single leg balance in this study but did not alter joint 
position sense or mobility in healthy, community dwelling adults over 50 years of age. In addition, this research has provided the 
first known evidence to support the manufactures recommendations of 6Hz to improve balance. Further research is required to 
investigate if other vibration frequencies have the same acute effect on balance or alter JPS or mobility measures. 
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