
RESEARCH ARTICLE

Albina Jamal1 & Irshad Ahmad1
& Nisar Ahamed1

& Muhammad Azharuddin1
& Farhan Alam1

& M. Ejaz Hussain1

Received: 19 August 2019 /Accepted: 6 December 2019 /Published online: 21 December 2019
# Springer Nature Switzerland AG 2019

Abstract
Purpose The aim of the study was to determine the efficacy of whole body vibration (WBV) therapy on pain, neuropathy disability
score, balance, proprioception and quality of life (QOL) in patients with painful diabetic peripheral neuropathy (PDPN).
Methods Twenty-six (16 males and 10 females) patients with PDPN were selected on the basis of inclusion and exclusion
criteria. Subjects were randomly allocated to an experimental group (n = 13, age = 60.69 ± 5.08) and a control group (n = 13,
age = 59.54 ± 4.25). The experimental group was given WBV therapy for six weeks (3 days/week) in addition to standard
medical care, dietary advice and lifestyle modifications. Control group was provided only standard medical care, dietary advice
and lifestyle modifications. Outcome measures included numeric pain rating scale (NPRS), Leeds assessment of neuropathic
symptoms and signs (LANSS), vibration perception threshold (VPT), neuropathy disability score (NDS), proprioception, single-
leg stance test (SLST), timed up and go test (TUGT) and short form 36 questionnaire (SF-36).
Results NPRS, LANSS, NDS, SLST and TUGT showed significant time effect (p ≤ 0.022) and time×group interaction (p ≤
0.007), whereas group effect was found to be significant only in LANSS (p = 0.001). VPT showed significant group effect (p ≤
0.045) and time×group interaction (p ≤ 0.007) at great toe, metatarsal head and total average score. SF-36 was found to be
significant time effect (p ≤ 0.024) in all domains except limitations due to physical health (p = 0.461). SF-36 average score was
found be significant for group effect (p = 0.002) and time×group interaction (p < 0.001).
Conclusion WBV improves sensory sensations like pain and vibration perception, neuropathy disability score, balance measures
and health-related QOL in PDPN.
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Introduction

Painful diabetic peripheral neuropathy (PDPN) is one of
the long-term complications of diabetes mellitus. The
prevalence of PDPN varies from 26.4 to 65.3% in all
diabetes patients [1, 2]. Davies et al. found that every
sixth diabetic patient is affected with neuropathic pain
associated to long-standing peripheral neuropathy [1].
Annual health care cost for patients with PDPN has been
observed to be almost three times higher than the matched

control populations [3], and it increases to four times in
populations with severe painful peripheral neuropathy [4].

Neuropathic pain was diagnosed in PDPN patients by
using Leeds assessment of neuropathic symptoms and
signs (LANSS) score [5]. It has been validated to identify
patients suffering from dominant neuropathic pain among
chronic pain patients [6]. PDPN patients imposes moder-
ate to high levels of pain, interference with function and
work/activity limitations [7].

PDPN has a major impact on physical and mental func-
tioning, thereby compromising the ability to work, attend to
household responsibilities and enjoy social relationships [8].
Up to 44% of patients with PDPN show symptoms of de-
pression compared with 26% of patients with painless DPN
and 10% diabetics without neuropathy [9]. PDPN has sub-
stantial detrimental effect on the quality of life (QOL) as it
often associates with other problems such as loss of physical
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function, anxiety, depression, disturbed sleep and impaired
cognition [10]. Benbow et al. found that QOL was more
impaired in patients with PDPN when compared with non-
painful DPN and healthy controls, and it was reported that
patients with PDPN had more impaired in physical mobility,
emotional reactions, energy, pain and sleep measures [11].
PDPN individuals report interference with sleep, mobility,
employment, recreational activities, social relations and en-
joyment of life [12]. Although neuropathic pain in diabetes
has not been determined as a significant cause for mortality,
but severe chronic pain was found association with increases
risk of mortality [13]. However, mortality attributed to pain
can be traced to analgesic overdose and suicides caused by
comorbid depression [14].

Whole body vibration (WBV) therapy is used for the man-
agement of patients with type 2 diabetes mellitus [15, 16]. It is
an effective tool for increasing mobility, balance and exercise
capacity in older adults with type 2 diabetes mellitus [17, 18].
WBV therapy produces neuromuscular activation of leg mus-
cular structure in response to an acute progressive vibratory
stimulus [19]. A pilot study showed reduction in pain levels
on both visual analog scale (VAS) and neuropathic pain scale
(NPS) after WBV therapy in patients with PDPN [20].
Another pilot study by Stambolieva et al. showed that eight
weeks of plantar vibratory stimulation improved pain, tingling
and weakness in patients with DPN [21]. Many of these pilot
studies did not have either control groups or the credibility
attached with randomized controlled trial. However, a quasi-
randomized controlled trial conducted by Yoosefinejad et al.
found that WBV improved balance and muscle strength in
patients with DPN [22]. Hence, there is the need for more
research concerning the effect of WBV on pain, disability
and balance measures in PDPN population. Also, while
WBV has been shown to improve health-related QOL in older
population [23], patients with metabolic syndrome [24], and
other chronic conditions [25]. To the best of our knowledge,
the effect of WBV on health-related QOL in patient with
PDPN remains largely unexplored.

Therefore, the aim of the present study was to evaluate the
effect of WBV therapy on pain, neuropathy disability score
(NDS), proprioception, balance measures and health-related
QOL in patients with PDPN.

Methods

Participants

A total of 26 subjects, aged between 50 and 70 years, who
were referred to the Diabetic Centre, Ansari Medical Centre
and outpatient department, Centre for Physiotherapy and
Rehabilitation Sciences, Jamia Millia Islamia (a central uni-
versity) were selected. Diabetic patients with symptoms of

After the procedure and possible risks were explained,
written consent was taken in English/Hindi from each patient
who participated in the study. Ethical clearance for the study
was obtained from the Institutional Ethics Committee of Jamia
Millia Islamia, NewDelhi, India, and the study was conducted
in accordance with the Helsinki Declaration, 1964.

Design

The study was a two arm, parallel-group randomized con-
trolled trial with single blinding (blinding of outcome asses-
sor). Subjects who met inclusion and exclusion criteria were
randomly allocated to either an experimental group (n = 13)
or the control group (n = 13) using 1:1 ratio through the coin
method [27]. Both groups were assessed at baseline and
after six weeks. Enrollment and assignment of patients were
done by an investigator who was neither part of assessment
nor implementation of exercise. Study design is presented in
Fig. 1.

Procedure

Baseline measurements of pain, NDS, proprioception, static
and dynamic balance and health related QOL were recorded
for all subjects. Both groups continued their standard medical
care, dietary advice and lifestyle modifications during the
course of study. Additionally, subjects of the experimental
group received WBV therapy thrice a week for six weeks.
Prior to the first session ofWBV therapy, subjects were allowed
to get familiar with the procedure. At the end of the six week
program, subjects were assessed again for the same variables to
analyze the difference from baseline measurements.

Interventions

Each session comprised of warm-up followed by WBV ther-
apy. Warm-up included self-static stretching for hamstring,
gastrocnemius, and quadriceps muscles, body twist and sta-
tionary cycling for 5–10 min. Each subject received WBV
therapy under supervision of one of the researchers.
Participants were trained by standing on the vibration platform
(KH 75 Crazy Fit, VIVA Fitness, India) with 12 Hz frequency
and 5 mm amplitude [18]. Subjects were asked to stand bare-
foot on the platform evenly distributing their body weight on
both feet with knees bent at 20 degree as flexing of knees is a
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distal symmetrical sensorimotor polyneuropathy with pain
for ≥6 months [26], NDS ≥3, LANSS ˃12, and who could
stand on both their feet were included in the study. Participants
with a history of diabetic complications such as advanced
cardiovascular, renal, or hepatic diseases; diabetic retinopathy;
nephropathy; open wounds/ulcers on the weight bearing sur-
face of the feet; and who were unable to ambulate indepen-
dently were excluded.



common postural adaptation used to minimize transmission of
vibration to the head [20]. All participants received four bouts
of three minute sessions with 60 s rest between bouts, three
times a week. This was continued for six weeks. During the
six week study period, subjects in the control group did not
receive WBV therapy or any other form of physical rehabili-
tation or exercise program.

Outcome measurements

Numeric pain rating scale (NPRS) is a segmented numeric
version of the visual analog scale (VAS) in which the respon-
dent selects a number from 0 to 10 that best reflects the inten-
sity of his/her pain [28]. It is described as an 11-point scale
with scores from ‘0’ representing no pain to ‘10’ representing
extreme pain (e.g., ‘pain as bad as you can imagine’ or ‘worst
pain imaginable’). The test–retest reliability for the NPRS has
been demonstrated to be moderate to high; ICC value varying
from 0.67 to 0.96 [29, 30].

LANSS pain scale comprises of questionnaire and sensory
testing with seven items; the highest achievable score is 24.
The pain questionnaire includes sensations such as pricking,
tingling, pins and needles, skin discoloration, light touch pain,
electric shocks, jumping and bursting, and feeling of altered
skin temperature including hot and burning [31]. Sensory test-
ing includes allodynia and altered pinprick threshold. If the
pain symptom is consistent with the description, the subjects
answer ‘yes’, and if the pain symptom is inconsistent, the
subjects answer ‘no’. The cut-off value is 12. If the total score
is ≥12, neuropathic mechanisms could be responsible for the

pain experienced by the patient. LANSS has good sensitivity
and specificity range from 80.17 to 94.29% and 88.57 to
100% respectively [5, 32].

Vibration perception threshold (VPT) was evaluated using
a digital biothesiometer-vibrometer (Diabetik Foot Care India
Pvt. Limited). Patients were asked to lay prone with foot out of
the bed. The biothesiometer probe was applied perpendicular-
ly without any pressure (the weight of the biothesiometer
probe provides the required pressure) to the site of the testing.
Patients were familiarized about feeling of first vibration sen-
sation on their distal palmar surface of the hand. VPTwas then
measured at the distal plantar surface of great toe, base of first,
third, fifth metatarsals, midpoint of medial arch and heel. The
voltage was slowly increased at the rate of 1 mV/s and VPT
was recorded when the subject indicated the first felt vibration
sense. VPTat great toe, base of first metatarsal and the average
of all six sites were recorded for the analysis. VPT has shown
excellent reliability (ICC = 0.93) and validity (sensitivity 86%
and specificity 83%) in previous studies [33, 34].

NDS consists of vibration perception (check by means of a
128 Hz tuning fork), pin-prick and temperature perceptions in
the great toe, and the presence or absence of ankle reflexes.
The sensory modalities were scored as either present (0) or
reduced or absent [1] for each leg; ankle reflexes were scored
as normal (0), present with reinforcement [1], or absent [2] for
each leg. The total maximum abnormal score is 10. NDS is an
acceptable, reproducible and validated tool for measuring
DPN [35].

Proprioception was examined using Pedalo®-Sensamove
Balance-test Pro with miniboard. Miniboard comprises of a

Fig. 1 Flow chart of the study
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circular board with hemispherical sensors below the board.
Subjects were asked to stand on the miniboard with a cushion
placed below; they were then asked to tilt as much as they
could in four directions (front, back, left and right), called
maximal tilting angle. The reference stimulus lies within max-
imal tilting angle. Each subject was asked to move his/her
center of pressure on the given coloured spot with the help
of a marker displayed on the screen and asked to remember
the spot. The subject was then asked to reach the given
coloured spot without the marker on the screen. The difference
in the angle between the reference and the actual position was
measured and recorded. Prior to actual testing, patients were
familiarized with the procedure. The computer screen was
kept at eye level. The reliability of the device has been report-
ed in older subjects with ICC value 0.91 [36].

Single leg stance test (SLST) is a commonly used measure
of postural balance capabilities, and is also a significant pre-
dictor of falling in peripheral neuropathy [37]. The subjects
were tested first with eyes open and then with eyes close on
the dominant limb. They were asked to stand on their domi-
nant leg and maintain the position as long as they could. A
digital stopwatch was used to measure time as this approach
has previously been shown to exhibit near perfect inter-rater
reliability [38]. The test was terminated till the raised foot
touched the ground. Three trials of SLST were performed
and the highest score was recorded for analysis.

Timed up and go test (TUGT) is a balance test used to
examine functional mobility in community-dwelling frail older
adults. Many studies have already shown high intra-rater and
inter-rater reliability [39, 40]. In this test, the patient had to stand
up from a stable chair, walk at a regular pace for 3 m, turn
around, walk back to the chair and sit down. The subjects were
allowed to wear their regular footwear and can use their gait aid
that they normally used during ambulation. Before performing
the test they were first allowed to get familiar with the proce-
dure. Average of three readings was recorded.

The Medical Outcomes Study Short Form 36 (SF-36) in-
volves eight domains of general health: physical function,
social function, role–emotional, role–physical, mental health,
vitality, pain and general health. The maximum score in each
domain is 100 and a high score is desirable and indicative of
better well-being or less pain. Changes in score of 5 units have
been shown to be clinically relevant [41]. SF-36 has shown
consistently high levels of reliability (test-retest, internal
consistency) and validity (content, concurrent, criterion, con-
struct, predictive) [42].

Sample size

The number of subjects was determined using Software
G*Power 3.1.9.2, using data of changes in physical function
component of SF-36 questionnaire from the study done by
Bruyer et al. [43]. A total of 13 subjects (including 10% of

drop-outs) per group was shown to be necessary based on the
effect size of 1.25, alpha level of 0.05 and power (1-beta) of
0.80.

Statistical analysis

Data was analyzed using SPSS Version 21. Shapiro Wilk test
was used to assess the normality of distribution for all the
outcome measures. Variables that were found to be non-
normal were log transformed for further analysis.
Demographic characteristics and outcome variables were
compared at baseline using independent t-test. 2 × 2 mixed
model ANOVA was used considering within-group factors
(baseline and post-intervention values) and between-group
factors (experimental and control groups) to find out the main
effect (time and group effect) and time×group interaction. p ≤
0.05 was considered to be statistically significant. Data are
presented as mean ± SD, unless otherwise indicated.

Results

Demographic characteristics are reported in Table 1. There
was no statistically significant difference for demographic var-
iables between the groups. NPRS, LANSS, VPT, NDS, pro-
prioception, SLST, TUGT and SF-36 showed no significant
difference between the groups at baseline (Table 1).

NPRS, LANSS and NDS showed significant time effect
(p ≤ 0.016) and time×group interaction (p ≤ 0.007), whereas
group effect was found to be significant only in LANSS
(p = 0.001). VPT at all sites showed no significant difference
in time effect whereas group effect (p ≤ 0.045) and
time×group interaction (p ≤ 0.007) were found to be signifi-
cant (Table 2).

Proprioception showed no significant time effect, group
effect and time×group interaction in all directions. SLSTwas
found to be significant for time effect (p ≤ 0.022) and
time×group interaction (p < 0.001) during eyes open as well
as eyes closed condition. TUGTwas found significant for time
effect (p = 0.007) and time×group interaction (p < 0.001)
(Table 2).

SF-36 showed significant time effect (p ≤ 0.024) in all
domains except limitations due to physical health (p =
0.461). Group effect was found to be significant in SF-
36 average score (p = 0.002), physical functioning (p =
0.003), limitations due to physical health (p = 0.046),
emotional problems (p = 0.045), emotional well-being
(p = 0.001) and pain (p = 0.002). Time×group interaction
(p < 0.001) was found to be significant in SF-36 average
score, physical functioning, fatigue, social functioning,
pain and general health (Table 3).
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Discussion

The present investigation revealed that WBV improves in the
pain as well as vibration perception, neuropathy disability
score, static and functional balance and each domain of SF-
36 in patients with PDPN.

The results of the current study show significant decrease
in pain as reflected in NPRS as well as in LANSS score in
intervention group when compared with control group, indi-
cating that WBV had beneficial effects on general as well as

neuropathic pain. This findings was found consistent with
findings of previous pilot studies that revealed significant re-
duction in VAS and NPS variables [20, 44].

A plausible mechanism by which WBV reduces pain is the
gate control theory of pain given by Melzack and Wall [45].
According to Longe et al. [46], “The mechanism of action of
these procedures is generally explained by the gate-control
theory of pain inhibition in which large diameter sensory fi-
bers (Aβ fibers) conducting impulses from the selective acti-
vation of low threshold mechanoreceptors, reduce the painful

Table 1 Comparison of
demographic characteristics and
outcome measures at baseline

Variables Experimental group
(n = 13)

Control group
(n = 13)

Independent
t-test

(Mean ± SD) (Mean ± SD) (p- value)

Age (years) 60.69 ± 5.08 59.54 ± 4.25 0.536

Gender (male/female) 9/4 7/6

Height (m) 162.23 ± 7.2 162.23 ± 7.55 1

Weight (kg) 69.38 ± 3.3 69.53 ± 4.31 0.92

BMI (kg/m2) 26.48 ± 2.4 26.52 ± 2.31 0.966

FBG (mg/dL) 139.23 ± 16.36 134.3 ± 15.86 0.444

SBP (mm Hg) 129.61 ± 14.2 128.07 ± 11.99 0.768

DBP (mm Hg) 81.92 ± 8.04 84.23 ± 8.37 0.481

NPRS 5.46 ± 2.33 5.07 ± 2.13 0.665

LANSS 15.92 ± 3.68 18.23 ± 4.28 0.154

Vibration perception threshold

Total 22.15 ± 5.41 28.23 ± 12.99 0.133

Great toe 21.61 ± 6.99 29.61 ± 13.94 0.077

Metatarsal head 22.61 ± 6.23 27.15 ± 12.81 0.262

Neuropathy disability score 7.07 ± 1.84 6.46 ± 1.98 0.421

Proprioception (angle difference)

Front 7.78 ± 4.8 8.38 ± 4.24 0.739

Back 12.03 ± 8.3 12.14 ± 9.22 0.975

Left 11.5 ± 6.83 11.52 ± 7.64 0.994

Right 9.63 ± 6.92 10.63 ± 6.84 0.717

Single leg stance EO (sec) 5.61 ± 3.12 7.07 ± 3.14 0.246

Single leg stance EC (sec) 3.3 ± 1.49 3 ± 1.77 0.637

Time up and go test (sec) 15.46 ± 4.57 13.61 ± 3.12 0.241

SF-36

Average score 33.76 ± 15.7 32.02 ± 7.48 0.723

Physical functioning 38.84 ± 19.16 31.61 ± 12.73 0.268

Limitations (physical health) 34.61 ± 19.19 32.69 ± 12 0.762

Limitations (emotional
problems)

35.89 ± 25.32 30.76 ± 16.45 0.546

Energy/Fatigue 26.92 ± 19.09 29.61 ± 16.76 0.706

Emotional well being 45.84 ± 26.81 29.5 ± 13.94 0.063

Social functioning 30.05 ± 18.6 34.78 ± 14.15 0.473

Pain 32.49 ± 14.54 33.43 ± 12.85 0.863

General health 27.29 ± 18.54 33.45 ± 12.61 0.332

BMI body mass index, FBG fasting blood glucose, SBP systolic blood pressure, DBP diastolic blood pressure,
NPRS numeric pain rating scale, LANSS leeds assessment of neuropathic symptoms and signs, SF-36 36-Item
short form survey, EO eyes open, EC eyes closed
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input of the small diameter nociceptive afferents (C fibers) by
triggering local inhibitory circuits in the substantia gelatinosa
of the dorsal horn.” Thus, chronic pain as reduced by WBV is
a presynaptic inhibition of nociceptive stimuli at dorsal horn
of the spinal cord. This theory was supported by the results of
Armstrong et al. and Kipp et al., which showed depression of
Hoffman reflex in healthy subjects after bouts of WBV, be-
cause Hoffman reflex directly arises from dorsal motor

neurons [47, 48]. They explained that the decrease in
Hoffman reflex was due to reduction in spinal excitability,
which occurs due to presynaptic inhibition [47, 48]. Kessler
and Hong described the above mechanism in detail as an acute
and chronic effect of WBV [20]. Another mechanism is the
adaptation in spinal reflex system, resulting in prolonged pre-
synaptic inhibition in response to chronic exposure to vibra-
tion [49]. The basis for this theory is a phenomenon known as

Table 2 Changes in the Pain, VPT, NDS, Proprioception and Balance after Six Weeks of Intervention

Variables Intervention group (n = 13) Control group (n = 13) Time (T) effect Group (G) effect T × G effect

Baseline 6th week Baseline 6th week ηp
2 (p value) ηp

2 (p value) ηp
2 (p value)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

NPRS 5.46 ± 2.33 2.92 ± 1.55 5.07 ± 2.13 5.46 ± 1.94 0.3 (0.004)* 0.08 (0.145) 0.44 (<0.001)*

LANSS 15.92 ± 3.68 10.23 ± 3.7 18.23 ± 4.28 18.84 ± 3.93 0.42 (<0.001)* 0.38 (0.001)* 0.53 (<0.001)*

Vibration perception threshold

Total 22.15 ± 5.41 17.53 ± 4.96 28.23 ± 12.99 29.38 ± 13.29 0.13 (0.062) 0.18 (0.028)* 0.31 (0.003)*

Great toe 21.61 ± 6.99 18.07 ± 6.53 29.61 ± 13.94 30.46 ± 13.66 0.12 (0.083) 0.19 (0.023)* 0.26 (0.007)*

Metatarsal head 22.61 ± 6.23 17.69 ± 3.88 27.15 ± 12.81 29 ± 12.89 0.11 (0.095) 0.15 (0.045)* 0.37 (0.001)*

Neuropathy disability score 7.07 ± 1.84 5.84 ± 1.57 6.46 ± 1.98 6.53 ± 1.85 0.21 (0.016)* 0.00 (0.955) 0.26 (0.007)*

Proprioception

Front 7.78 ± 4.8 6.8 ± 5.67 8.38 ± 4.24 6.94 ± 3.62 0.07 (0.172) 0.002 (0.819) 0.002 (0.794)

Back 12.03 ± 8.3 8.73 ± 7.97 12.14 ± 9.22 8.98 ± 4.91 0.11 (0.095) 0.001 (0.941) 0.00 (0.969)

Left 11.5 ± 6.83 7.4 ± 5.04 11.52 ± 7.64 13.95 ± 6.14 0.01 (0.625) 0.11 (0.099) 0.13 (0.063)

Right 9.63 ± 6.92 5.53 ± 2.72 10.63 ± 6.84 10.83 ± 7.26 0.05 (0.263) 0.11 (0.085) 0.06 (0.217)

Single leg stance EO (sec) 5.61 ± 3.12 8.23 ± 3.16 7.07 ± 3.14 6.84 ± 2.64 0.46 (<0.001)* 0.001 (0.974) 0.54 (<0.001)*

Single leg stance EC (sec) 3.3 ± 1.49 4.69 ± 2.05 3 ± 1.77 2.53 ± 1.61 0.19 (0.022)* 0.12 (0.074) 0.49 (<0.001)*

Time up and go test (sec) 15.46 ± 4.57 10.38 ± 3.09 13.61 ± 3.12 15.46 ± 4.57 0.26 (0.007)* 0.05 (0.27) 0.62 (<0.001)*

*Significant difference

NPRS numeric pain rating scale, LANSS leeds assessment of neuropathic symptoms and signs, EO eyes open, EC eyes closed

Table 3 Changes in the SF-36 after Six Weeks of Intervention

Variables Intervention group (n = 13) Control group (n = 13) Time (T) effect Group (G) effect T × G effect

Baseline 6th week Baseline 6th week ηp
2 (p value) ηp

2 (p value) ηp
2 (p value)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

SF-36

Average score 33.76 ± 15.7 58.06 ± 13.11 32.02 ± 7.48 32.1 ± 6.32 0.62 (<0.001)* 0.33 (0.002)* 0.61 (<0.001)*

Physical functioning 38.84 ± 19.16 63.88 ± 17.41 31.61 ± 12.73 33.15 ± 12.75 0.6 (<0.001)* 0.31 (0.003)* 0.54 (<0.001)*

Limitations (inadequate
physical health)

34.61 ± 19.19 44.23 ± 14.97 32.69 ± 12 28.84 ± 9.38 0.02 (0.461) 0.15 (0.046)* 0.11 (0.093)

Limitations (emotional
problems)

35.89 ± 25.32 57.36 ± 20.14 30.76 ± 16.45 33.33 ± 23.57 0.19 (0.023)* 0.15 (0.045)* 0.13 (0.067)

Fatigue 26.92 ± 19.09 50.76 ± 15.25 29.61 ± 16.76 28.84 ± 11.02 0.38 (0.001)* 0.11 (0.089) 0.41 (<0.001)*

Emotional well being 45.84 ± 26.81 63.69 ± 15.95 29.5 ± 13.94 35.13 ± 18.37 0.19 (0.024)* 0.38 (0.001)* 0.06 (0.223)

Social functioning 30.05 ± 18.6 56.73 ± 14.97 34.78 ± 14.15 32.49 ± 14.46 0.32 (0.002)* 0.13 (0.062) 0.4 (<0.001)*

Pain 32.49 ± 14.54 71.88 ± 15.23 33.43 ± 12.85 34.36 ± 14.95 0.76 (<0.001)* 0.34 (0.002)* 0.7 (<0.001)*

General health 27.29 ± 18.54 49.35 ± 13.43 33.45 ± 12.61 30.69 ± 10.75 0.34 (0.002)* 0.06 (0.207) 0.46 (<0.001)*

SF-36: 36 item short form survey; *Significant difference
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central sensitization, which involves increase in central ner-
vous system reactivity to pain stimuli in cases of chronic pain
disorders such as fibromyalgia and DPN [50].

VPT, in the present study was found to have decreased after
the WBV intervention, which indicates that vibration recep-
tors such as Merkel’s disk, Meissner’s corpuscle and Pacinian
corpuscle are facilitated or activated at the level of sole. The
cerebral cortex area contains vibro-tactile and pain sensations
which are in proximity to one another [51]. The facilitation of
vibration sensation influences the area of cerebral cortex re-
ceiving the pain sensation and this could be one more reason
for the reduction in pain and facilitation of vibration sense.We
suggest that the vibratory pain relief is not simply at the level
of the dorsal horn but also in the cerebrum. Regardless of
which mechanism is responsible, further research is needed
to confirm the physiological effects of vibration.

NDS was used to grade the severity of neuropathy in pe-
ripheral neuropathy patients with diabetes, includes the as-
sessment of sensation and reflexes. To best of our knowledge,
this study is the first to show improvement in NDS after WBV
intervention. Our study found improvement in the pin-prick
sensitivity, thermal sensation and vibration sense, indicating
WBV improves the sensitivity of the mechanoreceptors medi-
ated byMerkel’s disc, Pacinian corpuscle and Ruffini endings.
Improvement in the glycemic control or nerve function like
nerve conduction velocity could be a reason for changes in the
NDS. WBV improves fasting glucose and HbA1c level in
patients with type 2 diabetes [15, 52]. A case study found
increased sural sensory nerve conduction velocity in both low-
er limbs after WBV therapy [21]. HbA1c was linearly related
with thermal sensations [53] and nerve conduction studies
found good association with the NDS score [54].

The present investigation also revealed improvement in
static and functional balance in experimental patients after
WBV therapy, when compared with the control group pa-
tients. Following WBV therapy, patients improved in their
SLST by 46.7% with eyes open and 42.12% with eyes closed
as well as in TUGT by 32.85%, whereas deterioration of static
as well as dynamic balance was observed in the control group.
The results were in line with a previous study which found
improvement in SLST with eyes open and eyes closed, and
TUGT in type 2 diabetes patients with peripheral neuropathy
[22, 52]. Stambolieva et al. and del Pozo-Cruz et al. also found
that WBV improves static balance by improving postural sta-
bility [21, 55]. However, del Pozo-Cruz et al. found no signif-
icant difference in TUGT after WBV in type 2 diabetes [55,
56]. Other studies had shown improvement in TUGT score
after WBV intervention in older population [43, 57].

Balance improvements following WBV can be attributed
to vibration-induced sensory stimulation that activates tactile
receptors in the soles, and mechanoreceptors in the skin and
joints that provide the necessary information to improve bal-
ance [58]. We found no significant difference in

proprioception after WBV, the given intervention supported
the principle of specificity in patients with PDPN. We can say
that the WBV is not capable of enhancing sensitivity of mech-
anoreceptors present in the muscle spindle and golgi tendon
organs. So, the improvement in balance is due to tactile sense
and muscle performance. Improvement in the SLSTwith eyes
closed indicates that WBV decreases visual dependency for
balance, and a probable explanation of this could be the vibra-
tory noise enhancement of foot sole sensory information,
which improves signal detection and transmission from the
tactile sensors. Increase in lower limbmuscular strengthmight
be another reason that improved the SLST and TUGT results.
Various other studies have also shown significant effects of
vibration in improving lower-limb muscle strength [22, 59]. A
previous publication has shown that muscle strength is an
independent predictor of decreasing or loss of balance in older
subjects [60]. Although the current study did not directly as-
sess muscular performance while SLSTand TUGTare used, it
could be considered a surrogate assessment of muscle
function.

WBV therapy improved scores in all domains, namely
pain, general and mental health, vitality, physical, emotional
and social functioning, of SF-36 QOL health survey. Existing
evidence suggests that PDPN has a significant negative im-
pact on QOL associated with depression and anxiety [7], and
relief of neuropathic pain helps in improving patient-reported
functioning and QOL in PDPN [61]. Studies have also shown
that WBV improves health-related QOL in older population
[23, 43] and other chronic conditions [25]. Yet, our study is the
first to suggest that a controlled WBV intervention improved
self-rated health-related QOL in patients with PDPN. The rea-
son for this improvement could be the resultant improvement
of pre-mentioned outcome variables. As already discussed,
WBV decreases pain, which is the most distressing symptom
of this population [7, 11, 61, 62], thus helping improve mental
and emotional components of QOL. Further, due to the prog-
ress in static and functional balance measures, patients’ phys-
ical functioning is also enhanced. These physical and emo-
tional components integrate to advance social engagement in
patients with PDPN. Thus, after WBV therapy, participants
experience an increase in their overall functional capability,
indicating a multidimensional positive impact on health and
fitness in patients with PDPN.

WBV proved to be beneficial in terms of neuropathic pain,
neuropathy disability score, balance measures and QOL in
patients with PDPN. For patients with advanced stages of
neuropathy, who find it difficult to participate in any exercises
programs, WBV therapy is a safer and feasible treatment to
improve functional capacity in all domains of SF-36 question-
naire. The technique is very easy to use and has no adverse
effect on neuropathic symptoms. Participants showed high
compliance rate (100%) in our study suggesting that patients
were satisfied with this form of therapy.We believe that it may
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serve a suitable method as an adjunct therapeutic intervention,
along with gylcemic control methods for PDPN patients.

This study has several limitations. To begin with, it did not
include follow-up after the intervention. Another limitation is
the small sample size, which limits its power considering pro-
prioception measures. There is also scope, to conduct studies
in future to ascertain the effect of WBVon muscle activation
pattern and nerve function, depending on different levels of
neuropathy. Further, studies with longer treatment protocol,
follow-up and large number of patients are needed to establish
the long-term effects of WBVon the functional capacity and
QOL in PDPN patients.

Conclusion

WBV therapy improves sensory sensation like pain and vibra-
tion perception, neuropathy disability score, and static and
functional balance measures in PDPN. The intervention helps
to improve the functional capacity in all domains of health-
related QOL in patients with PDPN.
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