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Introduction

Falling is the second leading cause of injury-related 
death worldwide (1) and is a leading cause of injury 
among older adults. More than one-third of older adults 
in the United States will fall in a given year (2) and 
considering the increased prevalence of falls among 
this age group (i.e. 60 years and older), this presents 
a significant global healthcare and economic issue (3).  
Reports have shown that up to 29 million community 
dwelling older adults experience falls each year, resulting 
in 7 million injuries requiring medical treatment (4). 

Age-related changes in physical performance 
expose older adults to increased falls risk and high 
fall-related morbidity (5) and thus, the main focus of 
interventions should focus on improving performance 
in areas related to falls. Traditional approaches such 
as aerobic or resistance training have attempted to 

improve physical performance to mitigate risk factors 
associated with increased falls, such as muscle weakness, 
decreased mobility sensory loss, and deficits in balance 
(6). However, despite significant efforts, limitations such 
as physical ability (7) have prevented access and have 
affected long-term adherence to traditional exercise 
programs.

Recently, whole-body vibration (WBV) has been 
utilized to train older adults to improve physical 
performance (8). Compared to traditional exercise 
programs, WBV is less strenuous, can be portable and 
cost-effective, and requires minimal exercise experience 
(8). Participants stand on the vibration platform and 
experience low frequency mechanical stimulation, which 
stimulates the muscle spindles (9). This activates alpha-
motor neurons in the central nervous system which elicits 
tonic muscle contractions in the lower extremities (9). The 
transmission of vibrations and oscillations to the human 
body can lead to physiological changes on numerous 
levels (10). Studies have demonstrated that vibration 
can nurture coordination and improve muscle strength, 
which can be an effective method in improving postural 
control in older adults (11). This has been demonstrated 
in studies examining six-week training periods, which 
have demonstrated neuromuscular adaptations and 
increases in neural activation (12), which in turn might 
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have aid physical performance or lead to acute benefits.
Although several studies have examined the effects 

of WBV in older adults, only four other studies have 
assessed if WBV benefits can be retained over time (13–
16). These studies assessed performance after a washout 
period of three weeks, three months, and six months, 
respectively, and found that participants were not able to 
sustain WBV training benefits. Therefore, it is not certain 
if WBV exercise can produce health and performance 
benefits following the cessation of a training program.  
Thus, the purposes of this study were to examine if a 
six-week course of WBV training could improve fall 
risk factors and to examine if benefits of WBV could be 
retained over a two-month period after completing the 
program. It was hypothesized that six weeks of WBV 
would improve fall risk factors compared to a control 
(CON) group. Additionally, it was hypothesized that 
benefits associated with WBV would be sustained over 
the two-month period following the completion of the 
WBV program.

Methods

Participants

Twenty-four older adults between the ages of 60-85 
with physician clearance, no history of neurological, 
cognitive, musculoskeletal, cardiovascular, or known 
gait impairments were recruited for the study (Figure 
1). Participants were recruited via advertisements on 
social media and flyers throughout the Greater El Paso, 
Texas Region and through our contacts with different 
institutes and hospitals in the city of El Paso. From the 
initial 24 recruits, only seventeen participants (13 female 
and 4 male) ages (70.4 ± 6.2 years) completed the study 
(Table 1); seven participants did not complete the study 
due to research restrictions from the COVID-19 global 
pandemic. Participants were randomly assigned into one 
of two groups (WBV n=9 or CON n=8) using a random 
number generator and were briefed on all procedures. 
Participants were not aware of their assignment into 
the CON or WBV group and this information was 
withheld for the duration of the study. Participants 
provided written informed consent approved by the 
University’s Institutional Review Board. This was a pilot 
study utilizing a randomized controlled design and was 
performed in accordance with the ethical standards as 
described by the 1964 Declaration of Helsinki.

Assessment of functional mobility

Functional mobility was evaluated using the timed-
up-and-go test (TUG). Participants rose from an armed 
chair with no use of the arms, walked forward three 
meters, crossed a marked line on the floor and returned 
to the original seated position. The test began when the 

investigator said “go” and ended when the participant 
returned to the seated position. Participants were 
instructed to complete the task quickly and safely. The 
total time taken to complete the task at maximal speed 
was used for analysis.

Table 1
Group demographic parameters for participants in the 

whole-body vibration and control group

Parameter WBV (n = 9) CON (n = 8) p value

Age (years) 71.4+7.1 69.1+5.2 0.730

Sex (female) 7 6 0.563

Body height (m) 1.6+0.1 1.6+0.1 0.355

Body mass (kg) 76.7+13.3 82.9+18.7 0.792

Values are n, mean ± standard deviation, or as otherwise indicated

Figure 1
Study flowchart outlining participant recruitment, 

randomization, and course of study

Assessment of functional capacity

Functional capacity was assessed using the two-minute 
walk test (2MWT). Participants were instructed to walk 
for two minutes between two cones set 30.48 meters 
apart. Participants were permitted to rest during the 
two-minute test but were made aware that the timer 
would continue to run until time expired. Total distance 
traveled during the two-minutes was used as a measure 
of functional capacity.
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Assessment of walking speed

Participants performed three walking trials of self-
selected normal gait along a 10-meter straight walkway 
(10MWT). Time to complete each trial in seconds was 
recorded to the hundredth second. The mean of the of the 
three trials was used for analysis.

Assessment of muscle strength

Maximum isometric torque of the quadriceps and 
hamstrings was assessed for all participants. Participants 
completed a standardized warm-up and test protocol on 
a motor-driven dynamometer (System 3, Biodex Medical 
Systems, Inc., Shirley, NY). The knee extension/flexion 
isometric strength assessment was performed bilaterally, 
in a seated position on a posterior-inclined (15º) chair. 
The proximal portion of the leg, pelvis, and shoulders 
were stabilized with safety belts. The rotational axis of the 
dynamometer was aligned with the mediolateral knee-
joint axis and connected to the distal end of the tibia using 
an adjustable rigid lever arm. The three-dimensional 
positions of the rotational axis, the position of the 
chair, and the length of the lever arm were recorded 
and were identical for the strength assessment during 
the other testing sessions (e.g., post-training and two-
month follow-up). Each participant performed three 
repetitions, each lasting seven seconds for both flexion 
and extension on the dominant and non-dominant leg. 
Leg dominance was identified by asking the participant 
which leg would be used to kick a ball. One-minute 
resting periods were administered between repetitions. 
The average maximum torque normalized to body mass 
(Newton-meter/kilogram (Nm/kg)) from the three trials 
was used for analysis.

Training Intervention

During each training, participants in the WBV group 
completed one set of vibration training. The training was 
intermittent with one-minute vibration sessions followed 
by a one-minute rest, for a total of 10 minutes (Figure 
2). To avoid adverse effects or discomfort while on the 
vibration platform, knee flexion was maintained at 20º 
(17). To minimize the shoe-dampening effect, participants 
stood on the platform barefoot. A side-alternating 
vibration platform (Galileo Med-L, Germany) was used 
and is depicted in Figure 2. The platform rotated about 
an anteroposterior axis, so positioning the feet farther 
from the axis of rotation would result in larger-amplitude 
vibration. The vibrator provided stimulation at fixed 
frequency of 20 Hz with the vibration amplitude set to 1.3 
mm, a setting designed to stimulate the stretch reflex and 
promote muscle function (Galileo Med-L, German). This 
vibration frequency was selected to maximize comfort 
and retention in the protocol and to reduce the risk of 

excess stimulation or resonating of the physiological 
systems (18). The assessments for physical performance 
described previously were performed in the morning 
hours prior to training (pre), immediately following the 
completing of the six-week WBV program (post), and two 
months after the completion of the protocol for retention 
(rtn). All sessions were performed in the laboratory at 
The University of Texas at El Paso all assessors were not 
blinded to participant group allocation.

Figure 2
Schematics of (a) the whole-body vibration timeline 

and protocol breakdown and (b) participant set-up on 
the side-alternation vibration platform. Vibrations were 
delivered intermittently at a frequency of 20 Hz and a 

vibration amplitude of 1.3mm

The CON group completed an identical program with 
no vibration. An audio recording of the vibrator motor 
was played during the session to mimic the sound of the 
WBV protocol (19).

Training sessions occurred three times per week, for 
six weeks. At least 24 hours were observed between 
consecutive training sessions. Successful completion of 
the programs occurred when each participant completed 
18 sessions. Training sessions were supervised and 
conducted individually to monitor participant status 
and note any adverse mild effects potentially associated 
with training (itching, edema of the legs, soreness) 
(20). Participants were instructed to hold a stability bar 
attached to the vibration platform to minimize any fall 
risk.

Statistical analyses

An a priori sample estimate of 32 participants was 
calculated in G-Power 3.1 with a critical alpha-level set 
at 0.05, a large effect size (d= 1.03), and power of 0.80. 
Analyses were performed using SPSS software version 
24 (IBM, Armonk, New York).  A Chi-Square Test was 
conducted to assess between group differences in baseline 
characteristics and Fisher’s Exact Test was used to denote 
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significance. Repeated measures analysis of variance 
(ANOVA) was used to identify the effect of WBV training 
on muscle strength, and performance on the TUG, 2MWT, 
and 10MWT. The within subject factor was the time 
instances (pre vs. post vs. rtn) while group (WBV vs. 
CON) served as the between subject factor. An alpha level 
of p <0.05 was used to determine statistical significance.

Results

Baseline characteristics are presented in Table 1. 
The Chi-Square Test revealed no differences in gender 
between groups and no differences were identified 
between groups in age (yrs.), height (m), or mass (kg). 
No significant time by group 2-way interaction was 
detected for any of the variables (Table 2), however, 
isometric extension of the left leg approached significance 
(p =0.090) (Figure. 4b). The ANOVA revealed a 
significant main effect of time for the 10MWT (p =0.033) 
(Figure. 3a) and the 2MWT (p =0.013) (Figure. 3b), 
but not for the TUG test (Figure. 3c) or the right and 
left measures of leg strength (Figure. 4a-b). Mean and 
standard error values are displayed in Figures 3 and 4.

Discussion

The aims of this study were to examine if six-weeks 
of WBV training could improve fall risk factors in older 
adults and to examine whether WBV benefits could be 
retained at least two months after completion of the 
WBV program. It was hypothesized that participants in 
the WBV group would improve in all fall risk factors. 
Additionally, it was hypothesized that all performance 
benefits associated with WBV would be retained 
in participants after two months. Based on the study 
findings, the hypotheses were not supported.

Figure 3
Group means and standard error bars for (a)10MWT, (b) 
2MWT, and (c) TUG Test for the pre-test (Pre), post-test 
(Post), and two-month retention (Rtn). Asterisk (*) indi-
cates within group differences p<0.05 for the duration of 

the study

Other studies have also shown that WBV is no more 
effective than placebo conditions or traditional methods 
of intervention (21, 22). The findings from these studies as 
well as our study contrast those reported previously (23, 
24). The study by Kawanabe and colleagues (2007) found 
that incorporating WBV training into a conventional 
regimen consisting of lower extremity strength exercises 
significantly improved walking speed in the 10MWT 
compared to the exercise-only group. Simão et al., (2012) 
determined that WBV signifcanlty improved distance 
walked during the 6MWT (similar to our 2MWT), and 
walking speed in the 10MWT. However, much like the 
study by Kawanabe et al., (2007), the participants in 
the study underwent a combination of WBV and squat 
therapy (24). Several other studies have reported 
performance improvements associated with WBV, but 
these too have combined exercise with a WBV regimen 
(19, 25).

Table 2 
Performance outcomes for the control and whole-body vibration group for all testing periods

Variable WBV group (n = 9) CON group (n = 8) p-value

Pre Post Rtn Pre Post Rtn

Knee Strength (Nm/kg)

Knee extensor (R) 90.74±20.94 87.23±22.36 84.53±24.96 98.80±30.04 90.75±31.76 93.51±22.87 0.851

Knee flexor (R) 65.70±24.72 65.77±15.35 65.62±14.35 66.56±21.62 64.43±20.74 65.46±18.48 0.939

Knee extensor (L) 84.78±19.09 92.78±17.97 86.58±17.69 103.49±26.19 101.70±28.76 96.51±16.99 0.090

Knee flexor (L) 56.64±22.04 67.82±8.99 69.33±11.92 58.66±19.74 63.15±16.73 55.74±16.49 0.142

TUG (s) 7.39±1.39 7.07±0.96 7.20±1.69 7.07±1.30 7.36±0.90 7.16±1.36 0.176

10MWT (s) 8.13±1.53 7.79±1.44 7.69+1.83 7.85±1.21 8.11±1.10 6.78±1.33 0.114

2MWT (m) 167.63±17.66 177.08±20.46 181.90±19.04 168.62±23.80 177.42±17.87 173.13±27.90 0.276

TUG: Timed Up and Go test; 2MWT: Two-minute walking test; 10MWT: 10-meter walking test. p-value reflects between-group differences



43

JOURNAL OF AGING RESEARCH AND LIFESTYLE©

Figure 4 
Group means and standard error bars for the (a-b) right 

and left max extensor torque and (c-d) right and left max 
flexor torque for the pre-test (Pre), post-test (Post), and 

two-month retention (Rtn)

F e w  s t u d i e s  c o n d u c t e d  p r e v i o u s l y  h a v e 
implemented protocols similar to our study. One 
study reported significant between group differences 
with participants in the WBV group showing greater 
increases in muscle strength and muscle hypertrophy 
compared to the control group (26). Another study 
reported significant improvements in participants 
who underwent 8-weeks of WBV. Participants 
experienced improvements in isometric knee extensor 
and flexor strength (8). This study did not include a 
control group, as our study, limiting their ability 
directly link performance benefits to the intervention.

Our study did not provide any evidence indicating any 
performance improvements linked to WBV. One possible 
reason for this outcome may relate to the duration of 
the study intervention. Other studies have commonly 
implemented WBV training periods lasting between three 
and eight months (25, 27). While the six-week period 
that we chose may be sufficient to yield neuromuscular 
adaptations or increase neural activation (12), which in 
turn might have aided physical performance or lead to 
acute benefits, it may be possible that six weeks does 
not suffice to obtain benefits from WBV. Other studies 
have implemented six-week WBV interventions in 
older adults and have reported improved balance and 

mobility/walking scores (19, 28). With the exception 
of the findings reported by Sitja-Rabert et al., (22), 
which found no improvements in physical performance 
in older adults after a six-week vibration intervention, 
studies implementing six-week interventions have 
shown improvements in fall risk factors and therefore 
other explanations for the findings in our study must be 
considered.

We acknowledge several limitations in this study. 
One possible limitation is that the training intensity 
and frequency were not adequate to elicit physiological 
changes linked to the improvements in the fall risk 
factors. The vibration frequency selected for the current 
study was 20 Hz and it was delivered intermittently 
for 60-seconds for a total of five-minutes, three times 
weekly. Vibration frequencies ranging from 12.5 to 20 
Hz have typically been classified as low-intensity, while 
frequencies from 30-50 Hz have been classified as high-
intensity (29). In theory, higher vibration frequencies elicit 
greater responses from the proprioceptors of the lower-
extremities, however, many studies have shown that 
WBV interventions utilizing 20 Hz still result in improved 
performance outcomes (i.e. lower falls risk) (8). Another 
limitation that might have resulted in lack of significant 
findings in the present study is potentially attributed 
to the small sample size. Based on the a priori sample 
size estimation, a total of 32 participants was required to 
achieve sufficient statistical power. A posteriori power-
analysis revealed that with the 17 total participants 
that were recruited, the present study only yielded a 
statistical power of 0.22 at the 0.05 alpha level, thereby 
increasing the likelihood of type 2 error. Considering the 
smaller sample size composed of generally healthy and 
high-functioning participants, a ceiling effect could have 
resulted. The COVID-19 global pandemic impacted the 
study sample size, but future studies will aim to increase 
the study sample size to increase study power. One 
final limitation may be linked to the methodology that 
was utilized in the study. Isokinetic dynamometry was 
used to assess leg strength, specifically knee flexion and 
extension torque and no significant findings were found. 
While WBV can be effective in stimulating proprioception 
of the lower extremity, the vibratory stimulation is mainly 
targeted distally at the ankle joint because this is where 
the majority of the signal is dampened. Therefore, it 
would be more appropriate for future studies to examine 
ankle plantarflexion and dorsiflexion. This may also be 
beneficial as the plantarflexion and dorsiflexion play a 
vital role in the ankle mechanism for postural control.

The overall conclusion from this study was that six-
weeks of WBV was not effective in improving physical 
performance on fall risk assessments among healthy 
older adults. While the findings from this study did 
not reveal statistically significant findings, there is one 
key strength which should be emphasized. This study 
represents the only one of a few studies to have looked 
at possible retention of benefits in older adults. Although 
not significant, this study could potentially be utilized 
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in the scientific community to modify and design future 
protocols to examine the effects of WBV on risk factors 
associated with falls and retention among older adults. 
Future studies are required to identify the full benefits of 
WBV on improving performance fall risk factors in older 
adults.
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