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Whole-Body Vibration Training Improves Balance, Muscle
Strength and Glycosylated Hemoglobin in Elderly Patients with
Diabetic Neuropathy

Kyoungjin Lee,' Seungwon Lee' and Changho Song'

'Department of Physical Therapy, Sahmyook University, Seoul, Republic of Korea

Elderly patients with diabetes and peripheral neuropathy are more likely to experience falls. However, the
information available on how such falls can be prevented is scarce. We investigated the effects of whole-
body vibration (WBV) combined with a balance exercise program on balance, muscle strength, and
glycosylated hemoglobin (HbA1c) in elderly patients with diabetic peripheral neuropathy. Fifty-five elderly
patients with diabetic neuropathy were randomly assigned to WBV with balance exercise group, balance
exercise (BE) group, and control group. The WBV and BE groups performed the balance exercise program
for 60 min per day, 2 times per week, for 6 weeks. Further, the WBV group performed WBYV training (up to
3 x 3 min, 3 times per week, for 6 weeks). The control group did not participate in any training. The main
outcome measures were assessed at baseline and after 6 weeks of training; namely, we assessed the
postural sway and one leg stance (OLS) for static balance; Berg balance scale (BBS), timed up-and-go
(TUG) test, and functional reach test (FRT) for dynamic balance; five-times-sit-to-stand (FTSTS) test for
muscle strength; and HbA1c for predicting the progression of diabetes. Significant improvements were
noted in the static balance, dynamic balance, muscle strength, and HbA1c in the WBV group, compared to
the BE and control groups (P < 0.05). Thus, in combination with the balance exercise program, the short-
term WBYV therapy is beneficial in improving balance, muscle strength and HbA1c, in elderly patients with

diabetic neuropathy who are at high risk for suffering falls.
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Introduction

Each year, one-third of individuals aged over 65 years
of age experience a fall, and 10-15% of these falls result in
serious injuries, such as fractures and/or head injuries
(Hausdorff et al. 2001). The physical and psychological
after-effects of falls in the elderly can cause more serious
problems than the falls themselves (Gillespie et al. 2009).
Elderly people consequently develop a fear of falling and
psychological distress. Furthermore, recovery from fall-
related injuries typically needs a period of prolonged immo-
bility (Delbaere et al. 2006), which triggers a vicious circle
of increased dependency with respect to the activities of
daily living and deteriorations in body functions (Verghese
et al. 2009).

Elderly people with chronic diseases are more prone to
serious damage and complications after a fall. For exam-
ple, diabetic patients with complications, such as peripheral
neuropathy, visual defects, poor kidney function, and hypo-
glycemia, are likely to experience various physical and psy-
chological limitations and difficulties (Snowling and

Hopkins 2006; Schwartz et al. 2008). Interactions between
the vestibular system and cerebellum, which regulate the
musculoskeletal and sensorimotor systems, are responsible
for balance (Horlings et al. 2009). Peripheral neuropathy, a
complication of diabetes, negatively affects proprioception
and increases postural instability or body sway (Ites et al.
2011). Delayed reaction and recovery times from sudden
postural changes on irregular surfaces comprise further risk
factors for falls (Lord and Castell 1994). In fact, the inci-
dence rate of falls in elderly individuals with diabetes is
78% as compared to 30% in healthy elderly individuals;
further, the fall risk rate is 1.5 times higher in elderly
patients with diabetic neuropathy than in normal people
(Yamamoto et al. 2001; Duby et al. 2004; Volpato et al.
2005). Elderly individuals with diabetic peripheral neurop-
athy tend to exhibit greater postural sway and imbalance
because of delayed reactions to stimuli. This prolongation
in reaction times keeps elderly individuals with diabetic
neuropathy from responding rapidly and accurately to sud-
den postural changes, which may directly increase the fall
risk (Menz et al. 2004).
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It has been demonstrated that exercises that improve
balance aid in preventing falls in elderly individuals
(Lopopolo et al. 2006). Regular exercise effectively
improves balance capacity by reducing postural sway,
increasing flexibility, and strengthening lower-limb muscles
(Jessup et al. 2003). Although one study has investigated
the effects of such exercise interventions in elderly patients
with diabetic neuropathy, their results have not been ade-
quately confirmed (Song et al. 2011).

Moreover, most such studies have focused on glyce-
mic control and the risk of cardiovascular disease, with rel-
atively few reports focusing on fall prevention (Richardson
et al. 2001; Maiorana et al. 2002; Snowling and Hopkins
2006). Therefore, systematic research is needed to verify
the effects of exercises designed to prevent falls in elderly
individuals with diabetic neuropathy (Ites et al. 2011).

Whole-body vibration (WBV) therapy has recently
attracted renewed interest as a method for treating elderly
individuals and patients with nervous and/or musculoskele-
tal defects; one report has described the efficacy of a short-
term WBYV program in improving lower-limb muscle
strength and power, bone density, and functional mobility,
as well as in preventing falls in the elderly (Sitja-Rabert et
al. 2012). Another study has compared patients who under-
went WBV plus exercises with sedentary control groups;
however, this disallowed definitive conclusions regarding
the contribution of WBYV to musculoskeletal improvements
(Roelants et al. 2004). However, a study involving a
10-week WBV program in female elderly individuals
reported positive gains in lower-limb muscle strength and
functional mobility (Machado et al. 2010). Interestingly, all
relevant, appropriately controlled studies have reported that
WBYV intervention effectively prevents falls by improving
balance in the elderly (Pollock et al. 2012).

WBYV plus exercise programs have been demonstrated
to be more effective than balance training alone for improv-
ing factors related to balance, muscle strength, and falls
(Bautmans et al. 2005; Rees et al. 2009). The potential to
improve power, functional mobility, and balance, along
with the possible benefits for bone strength, suggest that
WBY is an effective intervention for preventing falls and
fragility fractures (Pollock et al. 2012). However, no study
has been conducted to verify the effects of WBV in elderly
patients with diabetic neuropathy.

Therefore, we investigated the effects of WBV plus a
balance exercise program on balance and strength in elderly
individuals with diabetic neuropathy who are at high risk
for falls due to reduced physical functions and the compli-
cations of underlying diseases. We hypothesize that sub-
jects who undergo a WBV plus a balance program will
show greater improvements in the balance and strength
compared to subjects who undergo no WBV.

Subjects and Methods

Participants
We recruited 95 elderly patients with physician-diagnosed

diabetic peripheral neuropathy by using flyers at a G senior health
center in South Korea.

The following inclusion criteria were applied: age > 65 years,
either two or more falls during the previous 12 months or one fall
plus a timed-up to go (TUG) test result of > 15 sec (a simple,
sensitive, and specific cut-point for high-risk fallers) or recurrent
unexplained falls. Participants were excluded if they had any
musculoskeletal impairment (such as inability to walk independently),
neurological impairment, vision impairment, or vestibular diseases
with a diabetes-related etiology, or dementia (Mini-Mental State
Examination score < 24/30). Individuals that participated in less than
80% of the exercise program and those who were unable to perform
follow-up tests were also excluded from the final analyses.

All experimental protocols and procedures were explained to
each subject and approved by the institutional review board of
Sahmyook University, Korea. All subjects provided written informed
consent prior to study enrollment.

Sixty subjects who met the inclusion criteria were randomly
divided into three groups, namely, a WBV plus balance exercise
group (WBYV group, n = 20), a balance exercise group (BE group, n =
20), and a control group (n = 20) using Random Allocation Software
(version 1.0) (Saghaei 2004). However, one subject from the WBV
group was excluded due to a program participation rate of < 80%,
two in the BE group were excluded because of fractures requiring
hospitalization, and two in the control group were excluded because
of home relocation. Accordingly, the study cohort comprised 55
subjects: 19 in the WBV group, 18 in the BE group, and 18 in the
control group. No significant differences were observed among the
three groups for sex, age, height, weight, experience of falls, duration
of diabetes, or treatment (Table 1, Fig. 1).

Intervention and Measurement

All the WBYV and BE participants underwent a physical thera-
pist-supervised 60-min balance exercise program twice per week,
which combined progressive strength, balance, and functional mobil-
ity training, for 6 weeks. The WBV group also underwent WBV
therapy thrice per week.

The balance exercise program was designed based on exercises
previously shown to improve balance (Richardson et al. 2001; Song
et al. 2011). The exercise comprised 10 min of warm-up activities,
40 min of balance training, and 10 min of cool-down activities.

Warm-up included gentle stretching, forward, backward, and
sideways step-ups on foam and massage with a sensory ball, all per-
formed to light smoothing music. This warm-up was performed to
increase muscle flexibility.

The balance training consisted of three parts. The exercise
interventions were performed on a high-elasticity balance-training
mat. Static exercise on a training mat comprised heel and toe raises,
one-legged stance for each limb, weight shifting forward, backward,
sideward and diagonally, and turning the head to the left and then to
the right keeping the feet together. This exercise comprised two
10-min sessions each, with eyes opened and eyes closed, respectively.
While performing the second set of exercises, patients were paired for
safety reasons and they performed in turns. Dynamic exercise on the
training mat involved walking, step-ups, and bipedal jumps for 10
min. Progressive balance exercises on the training mat involved nar-
row walking, walking backward, walking sideward, stepping over
obstacles, stepping on obstacles, passing balls arranged on the train-
ing mat in a circle, and throwing and catching a ball on the training
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Table 1. Description of Subject’s Baseline Characteristics (N = 55).

WBYV group BE group control group p
Gender (male/female) 19 (9/10) 18 (7/11) 18 (8/10) ns
Age (year) 76.31 +4.78* 74.05 + 5.42 75.77 + 5.69 ns
Height (cm) 156.26 + 6.83 157.00 + 7.85 159.61 + 8.41 ns
Weight (kg) 61.84 £ 9.41 62.11 £9.44 62.27 £ 10.09 ns
HbAlc 7.08 +1.18 6.99 £ 1.05 6.93 £1.13 ns
Duration of diabetes (year) 13.24 £4.32 12.29 + 4.98 11.27 £5.78 ns
Number of falls () 1.26 £ 0.56 1.33 + 0.49 1.39 + 0.70 ns

amean + standard deviation, ns, not significant.

WBYV group, whole-body vibration plus balance exercise group; BE group, balance exercise group.

Assessed for eligibility (n = 95)

Excluded (n = 35)
smusculoskeletal impairments
+neurological impairments

A 4

+postural hypotension
sintellectual disabilities
+psychiatric disorders
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A 4

A 4
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weeks) +
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Balance exercise

(60min/day, twice/week, 6
weeks)

\4

Control group (n = 20)
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l
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l

l
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Analyzed (n=18)
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Fig. 1. Flowchart of participants of the study.

mat for 10 min.

Following balance training, cool-down exercises were per-
formed to prevent muscle fatigue and sudden hypoglycemia, to relax
tensed muscles, and to help return the heart and respiratory rates to
normal. These exercises included deep breathing, abdominal breath-
ing, and static back extensor exercises in a reclined position.

All exercises were performed in pairs such that when one per-

son was exercising, another was supervising to ensure that exercises
were performed correctly. After every exercise session, subjects were
allowed 2-min rest periods (especially during the first and second
part) during which they performed upper limb exercises with a
Theraband while sitting on a chair. Identical training products were
used for all participants (high-elasticity balance training mat (StimUp,
Alfoots, Korea): 46 x 496 x 6 cm; polyurethane foam ball
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(Polyurethan soft ball; EDUFOAM, Korea): diameter, 17 cm; yellow
Theraband (Thera-band; Hygenic Corporation, USA): length, 40 cm
and resistance, 1 kg).

The WBYV training was performed on a vibration platform
(Galileo 2000, Novotec Medical GmBH, Germany). WBV training
was conducted on an individual basis in a private room under the
supervision of a researcher. Subjects stood upright on the platform,
and were vibrated in a 110° squatting position, over clearly marked
foot positions, wearing normal footwear, and using a handrail for sup-
port if required (Behboudi et al. 2011). Lower frequencies and ampli-
tudes (15 Hz and peak-to-peak amplitude of 2 mm) were used initially
for familiarization. Thereafter, to obtain greater muscular response
(Pollock et al. 2010), WBV training was performed at a frequency of
15-30 Hz and amplitude of 1-3 mm. The exercise comprised 3 x
3-min bouts of WBV with 1-min intervals between bouts (Von
Stengel et al. 2011). Subjects exercised at 15 Hz during the 1st week,
20 Hz in the 2nd and 3rd weeks, 25 Hz in the 4th and 5th weeks, and
at 30 Hz in the 6th week.

Evaluations were performed twice, before (baseline) and after 6
weeks of exercise. Evaluations were performed by an assessor
blinded to study details.

To evaluate the degree of diabetes, we examined HbAlc.
HbAlc is a form of hemoglobin that is measured primarily to identify
the average plasma glucose concentration over prolonged periods.
The subject’s disease status was evaluated by checking the value of
total HbAlc, measured using low-pressure cation exchange chroma-
tography (reference range: 5-8.6%, Ciba Corning 765 Glycomat; Palo
Alto, CA). HbAIc levels represent a 2-3-month average of blood
glucose concentrations. This cutoff was defined a priori to achieve
good diagnostic specificity. HbAlc levels were assessed by review-
ing the participants’ medical records. The Microparticle Enzyme
Immunoassay method was applied, using the variant II HbAlc T-kit
for 3-cc venous blood samples; all evaluations were performed by the
Korean Green Cross Corporation Center, Korea. Concentrations
below 6.5% are considered normal, while the target concentration of
HbAlc for patients with diabetes is ~7.0%. Test-retest reliability in
the present study indicated temporal stability (= 0.73).

Postural sway was measured using a force platform (Good
Balance, Metitur, Jyvéskyld, Finland). From movements of the center
of pressure, three different balance outcome variables were calculated
for all standing balance tests, that is, antero-posterior (AP) sway
velocity, medio-lateral (ML) sway velocity, and velocity moment (Era
et al. 1996). The subjects stood comfortably on the platform without
shoes with arms at their sides for 30 sec. Results represent the aver-
age of 3 consecutive measurements. These tests have high intra rater
reliability (0.78-0.96) and inter rater reliability (0.16-0.81).
Therefore, for assessing static balance, this test has high reliability
and internal validity (Punakallio 2004; Paltamaa et al. 2005).

The one leg stance (OLS) test was used to assess postural bal-
ance. Each subject was instructed to maintain balance on the non-
dominant leg with eyes opened, eyes closed, and arms spread for as
long as possible. The time taken for the contralateral foot to touch
the ground was measured in seconds using a stopwatch (HS-70W-
1DF, Casio, Japan). This test was performed twice, and the highest
score was recorded (Resnick et al. 2000).

Berg balance scale (BBS), developed to measure balance in
elderly individuals based on assessments of functional tasks, is a valid
instrument for evaluating the effectiveness of interventions and for
providing quantitative descriptions of physiological function in clini-

cal practice and research (Berg et al. 1992).

The functional reach test (FRT) evaluates the limits of physical
stability and is used to measure dynamic balance and flexibility dur-
ing the performance of functional tasks (Duncan et al. 1990).
Subjects were instructed to stand with feet at shoulder width and to
lift arms parallel to shoulder height (shoulders were prevented from
bending forward or backward) with arms stretched out as far as possi-
ble. Then, the distance of moving the knuckle’s end was measured.
Measurements were conducted in centimeters; a longer distance rep-
resented better balance ability. Results represent the average of three
consecutive measurements.

TUG test is a test of balance commonly used to examine func-
tional mobility in community-dwelling, frail older adults. This test
measures the time taken by an individual to stand up from a standard
arm chair (approximate seat height, 46 cm), walk a distance of 3 m,
turn, walk back to the chair, and sit down wearing his/her regular
footwear and using his/her customary walking aid (cane, walker, etc.).
No physical assistance is given. The total time taken to complete the
circuit is measured in seconds with a stopwatch. The test was
repeated 3 times, and the results were averaged.

To evaluate lower-limb muscle strength, the five-times-sit-to-
stand (FTSTS) test was used. For this test, the subject was asked to
sit in an armless chair (with its back supported against a wall) with
arms crossed over his/her chest and then instructed to stand and sit
five times as quickly as possible. The same chair was used for all
subjects. Subjects performed two timed trials. The instructor com-
menced the test with “Ready, Set, Go”, started a digital stopwatch on
“Go,” and counted aloud each of the five completed sit to stand
cycles. The stopwatch was stopped when the subject returned to the
seated position for the fifth time (Lord et al. 2002).

Data analysis

Statistical analyses were performed using SPSS version 19.0
software. The Shapiro-Wilks test was used to evaluate the normal
distribution of all parameters. When data were normally distributed,
one-way analysis of variance (ANOVA) was used to test for
differences in continuous variables between groups, and Student’s
paired t-test was used to test for differences in continuous variables
within groups. Post-hoc analyses were performed using Scheffe’s
test. Differences between categorical variables were analyzed using
the y? test. P <0.05 was considered statistically significant.

Results

HbAlc levels showed significant improvement in the
WBYV group (p < 0.05) but not in the BE and control
groups. Further, HbAlc levels were significantly improved
in the WBV group as compared with the BE and control
groups. No significant improvement was noted in the BE
group as compared with the control group (Table 2).

The postural sway in all conditions as well as the
results for BBS, TUG, and FTSTS showed significant
improvements in the WBV and BE groups (p < 0.05) but
not in the control group. Postural sway in all conditions
showed a significant improvement in the WBV group as
compared with the BE and control groups. No significant
improvement was observed in the BE group as compared
with the control group.

OLS and FRT showed significant improvements in the
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Table 2. Comparison of HbAlc within groups and between groups (N =55).

309

WBY group (A) BE group (B) control group (C) F (p)
n=19 n=18 n=18 post hoc
Pre 7.08+1.18° 6.99 +£1.05 6.93+1.13 0.085 (.919)
Post 7.03+1.16 7.01 £1.01 6.94+1.12
HbAlc Post-Pre —0.06 +0.10 0.02+0.19 0.01+0.13 3.101 (.490)
A|BC
t(p) 2.625 (.017) 0.382 (.708) 0.181 (.859)

amean + standard deviation.

WBYV group, whole-body vibration plus balance exercise group; BE group, balance exercise group.

WBYV and BE groups (p < 0.05) but not in the control
group. Moreover, the OLS results showed significant
improvements in the WBV and BE groups as compared
with the control group, and the WBV group showed a sig-
nificant improvement as compared with the BE group
(Tables 3-6).

Discussion

This study demonstrates the beneficial effects of WBV
plus a balance exercise program in elderly patients with
diabetic neuropathy. A 6-week balance exercise program
involving WBYV significantly improved HbAlc levels,
balance, and muscle strength. Falls can result from various
causes, and the tools to assess fall risk vary greatly. In this
study, diverse methods were used to evaluate the effects of
the interventions used.

The HbAlc, which is used as a predictor for the
progression of diabetes, is a method of monitoring blood
sugar imbalance as well as evaluating the risk of diabetic
complications (Menz et al. 2004). This study revealed a
significant decrease of 0.8% in the WBV group as compared
to the other groups, which showed an increase of 0.2%. In
a previous study wherein intervention exercises for diabetes
were applied at an intensity of 40-50% for less than 8
weeks, no significant improvement in HbA1c was observed
(Ishii et al. 1998). A recent study reported a significant
decrease in HbAlc after performing high-intensity
resistance exercises in older patients with type 2 diabetes
for over 3 months (Tinetti 2003). Because HbA1c measures
the blood sugar level over the previous 2-3 months, a
significant change in this parameter can be expected
following a long-term intervention. However, in this study,
a short-term high-intensity intervention combined with
WBYV resulted in a significant decrease in HbAlc.
Furthermore, the decrease of 0.8% was considerably
significant as compared with previous reports.

In this study, the exercise program was designed based
on considerations of postural balance and lower-limb
muscle strength as factors for fall prevention. In particular,
postural balance is closely correlated with fall risk. Here,
static balance was assessed using AP postural sway velocity,
ML postural sway velocity, and velocity moment as
measured using a force platform. Postural sway is known
to be greater in elderly individuals than in young adults and

has been demonstrated to be greater in elderly individuals
who have experienced a fall than in those who have not
(Tinetti 2003; Lajoie 2004). In the WBV group, postural
sway decreased by 36% with eyes open and by 40% with
eyes closed following 6-week training; further, this decrease
was considerably greater in the WBV group as compared to
that in the other groups. Because ML postural sway is
highly correlated with fall risk, the decreases in ML
postural sway observed in the present study are considered
to be clinically meaningful (Maki et al. 1994; Stel et al.
2003). Furthermore, a number of studies concerning fall
prevention in the elderly have repeatedly emphasized that a
decrease in postural sway is substantially correlated with
fall prevention (Allet et al. 2010; Cakrt et al. 2010).

This study also used OLS, which is a widely used
clinical tool for assessing static balance. OLS time showed
significant decreases of 36% with eyes open and 39% with
eyes closed in the WBV group. Previous studies on
interventions in the elderly have reported significant
increases in OLS time; further, a study focusing on elderly
patients with diabetic neuropathy reported a post-
intervention increase of 46% in OLS time (Kruse et al.
2010). The balance exercise program applied in the present
study included various movements involving the shifting of
weight in the forward, backward, sideward, and diagonal
directions, all of which improve static balance. Thus, the
addition of proprioception stimulation through WBV was
considered to have achieved further improvements.

The BBS, FRT, and TUG tests are clinical methods for
assessing dynamic balance and are used to predict the risk
of falling (Persad et al. 2010). These tests are widely used
in the clinical setting because they are convenient and
economically feasible. In the present study, they were used
to determine improvements in dynamic balance achieved
by WBV and the balance exercise program.

This study demonstrated that WBV plus a balance
exercise program significantly improved BBS scores.
However, previous studies have reported little or no
improvement in BBS scores due to a ceiling effect, whereas
several others have reported improvements in BBS scores
following various intervention methods (Wolf et al. 2001;
Steadman et al. 2003; Madureira et al. 2007). Baseline
values of BBS scores in the present study ranged from 48 to
50 points, which would explain a ceiling effect, because
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Table 3. Comparison of postural sway within groups and between groups (N = 55).

WBYV group (A) BE group (B) control group (C) F(p)
n=19 n=18 n=18 post hoc
Pre 10.96 + 4.27° 10.55 + 4.10 10.50 + 4.7 0.060 (.942)
o ot 6.91 +3.76 8.51 +4.49 9.15 + 5.00
(mm/s)  Post-Pre 405+ 2.09 22,05+ 3.09 135+3.93 14‘/16‘2]3(‘800)
t (p) 8.440 (.001) 2.834 (012) 1.466 (.162)
Pre 7234278 7.09+2.38 7264277 0.022 (.978)
Post 4.86 +2.66 6.12+2.48 740 +2.61
ML
EO  (nm/s) Post-Pre 236+ 1.80 ~0.97+1.89 0.13 +2.30 4'6/\9?](3'05 D
t () 5.712 (.000) 2.190 (.044) 0.242 (242)
Pre 28.11+ 1134 27.83 + 14.93 2830+ 13.42 0.008 (.992)
N 2121+ 1171 24.64 + 15.08 25.92 + 13.75
(mm/s?)  Post-Pre ~6.90 +3.82 ~3.19+6.22 —247+932 4'6:(" }(30c1 D
) 7.880 (.000) 2.187 (.044) 1.129 (276)
Pre 14.09 +527 1434+ 486 1429+ 5.66 0.012 (.988)
A 8.35 + 4.48 11,54+ 6.59 13.44 + 5.60
(mm/s)  Post-Pre 5744253 280+ 4.86 ~0.85+ 481 3'2A1“‘ 1(3.0COO)
t () 9.898 (.002) 2.463 (.026) 0.752 (.046)
Pre 9.83 +339 9494412 9314342 0.097 (.907)
o Pos 6.11 +2.66 7.86+3.67 8.96 +2.96
EC (mm/s)  PostPre 372+£3.02 “1.62£2.92 ~034+334 ! ]'15&7\5 13(200)
t () 5.366 (.001) 2372 (.026) 0.438 (.463)
Pre 20.40 + 15.52 30.50 + 14.58 31.81+ 15.04 0.119 (.888)
w P 20.10 £ 12.61 26.24 + 13.90 32.32 42557
(mm/s)  Post-Pre ~930+7.29 ~434+580 0.51+25.76 3'7/41? ](3'0(;27)
) 5.563 (.001) 3.207 (.034) 0.084 (.907)

amean + standard deviation.

EO, Eye Open; EC, Eye close; AP, Anterior-Posterior sway velocity; ML, Medial-Lateral sway velocity; VM, Sway
velocity-moment; WBV group, whole-body vibration plus balance exercise group; BE group, balance exercise group.

these values indicate no appreciable additional fall risk.
Nevertheless, significant improvements were observed.

The FRT test, which assesses the limits of stability,
revealed improvements of 16% in the WBV group. A
previous study wherein a 3-week intervention was applied
to elderly individuals with diabetic neuropathy, an FRT
improvement of 9% was obtained (Richardson et al. 2001).
FRT < 25 cm signals a fall risk; the mean baseline FRT
value in this study was about 27 cm, which is close to this
cutoff point (Duncan et al. 1990). In the present study,
42.1% of subjects had FRT < 25 cm before the intervention;
however, this proportion decreased to 16% after the
intervention.

TUG assesses static balance and functional mobility
and is used in clinical scales to evaluate elderly and/or
neuropathic patients (Persad et al. 2010). Although the

TUG test methodology is straightforward, it includes
considerations of function, balance, and mobility (Podsiadlo
and Richardson 1991). In the present study, post-
intervention TUG in the WBV group was decreased by
13%, which was 7% greater than that observed in the BE
group.

As was observed for static balance, the dynamic
balance was also significantly improved in the WBV group
following training. The variety of dynamic movements
provided in the balance exercise program clearly improved
the dynamic balance, and WBV was verified as an element
conducive to better results.

In addition to postural balance, lower-limb muscle
strength is closely correlated with fall risk (Jin et al. 2009).
The lower limb muscles influence postural balance, and
reductions in lower-limb muscle strength hinder the
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Table 4. Comparison of one leg stance within groups and between groups (N = 55).

WBV group (A) BE group (B) control group (C) F ()
n=19 n=18 n=18 post hoc
Pre 17.64 + 6.47 17.99 +8.85 18.15+7.03 0.023 (.977)
O Post 24.05+7.79 19.67 +£9.87 17.49 £6.91
(sec)  Post-Pre 6.41 +4.59 1.67+2.49 0.66+3.83 17:116 (.000)
A|B|C
t(p) 6.090 (.001) 2.870 (.011) 0.735 (.473)
Pre 5.38+3.12 5.27 +3.68 6.15+3.31 0.369 (.693)
EC Post 7.47+3.43 6.28 +4.59 5.64 +£3.90
(sec)  Post-Pre 2.09 +1.30 1.01 £1.86 —0.52£2.58 8.111 (.001)
A|B|C
t(p) 7.001 (.001) 2.320 (.034) 0.847 (410)

*mean + standard deviation.
EO, Eye Open; EC, Eye close; WBV group, whole-body vibration plus balance exercise group; BE group, balance
exercise group.

Table 5. Comparison of dynamic balance within groups and between groups (N = 55).

WBYV group (A) BE group (B) control group (C) F (p)
n=19 n=18 n=18 post hoc
Pre 49.47+£2.57° 48.67 +£2.70 50.28 +2.47 1.754 (.183)
BBS Post 51.37+1.80 49.28 +3.23 50.17 £2.50
(point)  Post-Pre 1.89+1.52 0.61 +1.20 ~0.11+0.47 14271 (.000)
A|BC
t(p) 5.420 (.001) 2.180 (.045) 1.002 (.331)
Pre 27.89 £7.52 27.77 £4.02 27.66 +£4.23 0.008 (.992)
ERT Post 32.35+£6.54 29.91 £4.07 26.98 £ 2.60
(cm) Post-Pre 4.45+3.52 2.13+£3.11 —6.84 +2.29 11.908 (.000)
A|B|C
t(p) 5.512 (.001) 2.929 (.010) 0.993 (.336)
Pre 13.31+2.25 13.66 +2.07 13.43+1.85 0.132 (.877)
Post 11.53+1.70 12.84 £ 1.84 13.45+1.51
TUG 11.479 (.000
(sec) Post-Pre -1.79 +1.09 -0.82 £1.50 0.02+0.70 479 (.000)
A|BC
t(p) 7.114 (.001) 2.320 (.034) 0.101 (.921)
*mean =+ standard deviation.
WBYV group, whole-body vibration plus balance exercise group; BE group, balance exercise group.
Table 6. Comparison of muscle strength within groups and between groups (N = 55).
WBYV group (A) BE group (B) control group (C) F(p)
n=19 n=18 n=18 post hoc
Pre 17.03 £5.44* 18.03 £4.61 16.42 +5.01 0.472 (.626)
FTSTS Post 13.35+4.39 15.92 + 4.66 16.91 £4.92
(sec) Post-Pre —3.68 £2.40 —1.52 +2.81 0.50 +£2.75 11’16‘4];’(():00)
t(p) 6.677 (.001) 2.309 (.035) 0.766 (.455)

*mean + standard deviation.
WBYV group, whole-body vibration plus balance exercise group; BE group, balance exercise group.
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maintenance of correct posture and increase fall risk (Persch
et al. 2009). In the present study, lower-limb muscle
strength was assessed using the FTSTS test, which is
considered appropriate for predicting falls in the elderly
(Persad et al. 2010). In similar previous studies, two
assessment methods for elderly individuals have been used,
i.e., (1) counting the number of sit-to-stand cycles in 30 sec,
and (2) measuring the time required for the FTSTS test,
with results of 8-10 times in 30 sec and 12-16 sec for the
FTSTS test, respectively (Tiedemann et al. 2008). In the
present study, the mean baseline was 17 sec, indicating
somewhat reduced lower-limb muscle strength. In the
WBYV group, the post-intervention FTSTS time was
improved by 22%; in the BE group, it was improved by
17%. Resistance exercises have been used as an interven-
tion for improving lower-limb muscle strength since a close
correlation has been reported between lower-limb muscle
strength and fall risk; further, several studies have reported
that resistance exercise effectively prevents falls in the
elderly (Macaluso and De Vito 2004). Persch et al. (2009)
reported that lower-limb muscle training improved muscle
strength. Numerous other intervention methods have been
applied for the prevention of falls in elderly individuals,
and many of these methods reportedly result in improved
lower-limb muscle strength (Verghese et al. 2009; Trombetti
etal. 2011). The sit-to-stand movements that were included
in the balance exercise program of the present study
strengthened the lower-limb muscles, in particular, the
plantar flexion muscles. Previous studies have reported that
adopting a squatting posture during WBYV stimulation
strengthens the quadriceps muscles, which are knee
extensors (Delecluse et al. 2003; Roelants et al. 2004). The
improved FTSTS times observed in the present study may
also be ascribed to this effect.

Long duration exposure to WBV and high frequency
vibration has been shown to have dangerous side effects on
the human body, mainly in the lumbar spine but also in the
neck and shoulder (Abercromby et al. 2007). Cardinale and
Pope (2003) reported that WBV causes increased lumbar
spinal degeneration, a higher incidence of low back pain
and erector spine muscular fatigue (Cardinale and Pope
2003). Some studies have shown that WBYV also has effects
on the digestive system, female reproductive organs and
peripheral veins. Long-term WBYV exposure can contribute
to the pathogenesis of disorders of the female reproductive
organs (menstrual disturbances, anomalies of position) and
disturbances of pregnancy (abortions, stillbirths) (Seidel
1993; Lings and Leboeuf-Yde 2000). To prevent these
potentially dangerous side effects, it is important to
consider safe exercise protocols when developing exercise
programs for elderly patients.

There are several limitations to our study. First, no
long-term follow-up data was available after intervention so
we did not investigate the long lasting effects. Second, this
study was not a double-blinded randomized clinical trial.
Evaluations were performed by an assessor blinded to study

but the participants were blinded to group allocation.
Blinding participants to group allocation was not possible
due to the nature of the interventions. Finally, the sample
size in this study was small, as a larger sample size may
have been a more clear effect of the subject.

Given the advantages of the WBYV, which include a
short application time and ease of use, this technique could
be a highly effective intervention for fall prevention in the
elderly, with the additional benefit of improved glycemic
control in elderly patients with diabetes. Using a cohort of
elderly patients with diabetic neuropathy, the present study
verified the beneficial effects of adding WBYV to balance
exercises, which are considered an effective intervention
for fall prevention and improving fall-related parameters.
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