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ABSTRACT

Introduction: Frail older people with diabetes
often present with or develop walking impair-
ments, in part due to lower-limb sensory-motor
neuropathy. Several studies suggest a possible
improvement of balance control using
somatosensory stimulation. We undertook a
novel randomized control trial, the aim of
which was to observe whether use of this device
for 1 month improves walking speed as mea-
sured in the 10-m fast walking speed test

standardized to body size at month 1 (M1)
(FWS). Secondary outcomes were the differ-
ences between intervention (VS) and control
(C) in the 10-m normal walking speed test, step
length, short physical performance battery,
timed up and go test, and posturographic
measures.
Methods: Subjects were aged C 70 years and
had had type 2 diabetes for at least 2 years. The
intervention (VS) at home consisted of 22-min
daily vibrating sequences with noise intensity
set at 90% of the tactile threshold for each foot.
The same device was used in group C but noise
was set to 0. Compliance was retrieved from the
device.
Results: Among 56 subjects, 27 were in the VS
group and 29 in the C group; 35 subjects were
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frail, 15 were prefrail ,and 6 were non-frail.
Bilateral neuropathy was present in 17 subjects.
More than half of sessions were done in 36
subjects with no discernible difference accord-
ing to intervention. At M1 there were no dis-
cernible differences in FWS between the groups
[VS: 0.96 (0.53) cm s-1 cm-1, C: 0.94 (0.47)
cm s-1 cm-1]. There were also no discernible
differences in other outcomes, irrespective of
the presence of bilateral neuropathy.
Conclusion: In a cohort of frail, prefrail, or
non-frail older subjects with diabetes, a
1-month intervention using a vibrating insole
device did not alter measures of walking speed
and related measures. Larger studies with longer
term and different stimulation protocols are
required to test this hypothesis more fully.

Keywords: Frailty; Gait speed; Neuropathy;
Older people; Vibrating insoles; Diabetes

Key Summary Points

Improvement of gait may be obtained in
older people with diabetes with vibrating
insole use; however, the effects have to be
tested in a blind randomized control trial
(RCT)

A 1-month intervention using a vibrating
insole device did not alter measures of
walking speed and related measures

Different stimulation protocols and
combination with other interventions are
required to test this hypothesis more fully

INTRODUCTION

Diabetes is a disabling disease due to specific
complications and associated disorders such as
obesity, arthritis, depression, and social factors
[1]. Older people with diabetes experience
weakness and have a greater rate of strength
decline than older people without diabetes

[2, 3]. Specifically, the loss of somatosensory
information from the feet’s cutaneous
mechanoreceptors in older and/or diabetic
patients leads to postural instability [4–8] and
increased risk of falling and dependency. It has
been suggested that a somatosensory stimula-
tion may improve balance control in these
patients [8, 9].

Priplata et al. [9] demonstrated that the
application of noise to the soles of feet resulted
in a decrease in all of the sway variables in
elderly participants, especially in the medio-
lateral axis, which is in accordance with the hip
strategy, including a loading-unloading beha-
viour, usually observed in older people.
Reduced sway area was also demonstrated with
stochastic vibrations in subjects with diabetic
neuropathy or post-stroke hemiparesis [8] and
in those with exercise-induced fatigue [10].
These findings are potentially important, inso-
far as impaired sensations lead not only to
serious secondary medical complications, but
also to disability in performing everyday tasks
or walking safely and efficiently and to func-
tional dependency. Sub-sensory threshold noise
was able to reduce center of pressure (COP) area
in healthy people with diminished sensory
ability after ice treatment [11]. In older people
with diabetes, the application of sub-sensory
threshold noise via vibrating insoles (SENSOLE,
part I) led to improvement in posturographic
measures and in gait performances (SPPB, short
physical performance battery [12] and TUG,
timed up and go test [13]) [14, 15]. No adverse
event was reported. However, all these studies
addressed only the short-time effect of the
intervention; measures were performed during
or immediately after the vibration session.

SENSOLE part II aims to investigate the
effects of an innovative HEXABIO R&D insole
device, applied each day at home for 1 month,
on gait and posture of older diabetic patients
through everyday balance and quality of daily
living. The main objective of the study is thus to
assess the potential changes in walking speed
(maximal speed condition) among participants
in the intervention and control arms, as
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measured in the 10-m fast walking speed test at
month 1.

METHODS

Participants

Patients with diabetes were recruited during a
2-year period in the University Hospital Centre
of Bordeaux. They were eligible if aged C

70 years with a diagnosis of T2D for at least
2 years. Exclusion criteria included basic daily
living Barthel index\ 60/100 [16], inability to
carry out the SPPB test, MMS (Mini-Mental State
GRECO) [17] \ 20/30 (or \ 18/30 with a care-
giver to use the vibrating platform), ulcerations
and/or infections on the plantar surface of the
feet, pacemaker equipment, and participation
in another trial. They were recruited during the
inclusion period of the MID-Frail study [18] and
were asked to participate if they were unwilling
to participate in the MID-frail study or were not
eligible for it. SENSOLE II study is a substudy of
the European project MID-Frail European pro-
ject (NCT01654341).

Study Design

SENSOLE, part II, is a randomized controlled
trial. The study was approved by the Comité de
Protection des Personnes (CPP) ‘‘SUD-Ouest et
Outre Mer III’’. After obtaining written
informed consent from the participant and
having properly checked all eligibility criteria,
the participants were individually randomised
to receive the intervention (intervention group,
IG, platform with vibrations) or not (control
group, CG, platform without vibration). The
size of the two arms was balanced with a 1:1
ratio. The randomisation was stratified accord-
ing to the participant’s age (B 80 years, [ 80
years) and the walking speed (maximal speed
condition) on the 10-m walking test normalised
according to height (1.19 and 1.11 cm s-1 cm-1

or lower versus over for men and women,
respectively) [19]. The full protocol is available
as a supplementary file.

Four visits were planned. M0 included base-
line characteristic assessment, vibration per-
ception threshold, and distribution of
individual vibrating sole platforms, either active
or placebo, and instructions for use. The M0.5
visit was done 15 days afterwards to record the
outcomes and the compliance and to update
the vibrating perception threshold. The inter-
vention terminated after 1 month correspond-
ing to the M1 visit during which compliance
and safety data were recorded and outcomes
were assessed. Six months after the start of the
study (M6) safety data and outcomes were once
more recorded. Randomization groups were
blind for the assessors.

Intervention

Experimental insoles (16 mm thick) were spe-
cially designed by Hexabio R&D Department
(French patent nos. FR 11 03355 [2011] and FR
16 01587 [2016]) and were previously fully
described [14]. The six vibrating motors are
settled in each insole under both anterior and
posterior parts of the plantar foot surface, i.e.
near the first and fifth metatarsophalangeal
joints, and under the heel. The innovative
HEXABIO R&D insole concept relies on a
membrane that enables propagation of the
vibration on the whole insole (see details under
European patent no. EP 17817867 [2017]). The
input for the three vibrating motors in a single
insole is identical. The random noise signal
bandwidth varies up to 200 Hz. Each insole
provides a vibration, whose strength is set
independently with a programme for each foot.

During M0 visit in both groups, the percep-
tion thresholds for the noise signal for each foot
were determined independently and according
to the patient’s perceived vibration. The
amplitude of the noise frequency was gradually
incremented every 10 s from level 1 (0 Hz) to
level 25 (200 Hz), with a step of 8 Hz. The
patient was instructed to inform the investiga-
tor as soon as the vibration was perceptible. This
procedure is repeated at M0.5 and M1 visits.

Subjects for both groups are provided a
vibrating insole platform for 1 month. The
subjects randomized to the control group had a
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non-vibrating insole platform, i.e. the six
vibrators were not present but all the following
equipment was kept identical: electronic card,
battery, membrane of the soles, remote control,
indicator lights, software of functioning and
recording of the sequences of use. They were
not aware of the group to which they were
assigned. The intervention at home consisted of
a daily 22-min vibrating sequence in sitting
position with noise intensity set at 90% of the
vibration threshold for each foot. In control
group noise was set at 0. Subjects did not receive
specific instructions about exercising or
physiotherapy.

Baseline Assessment

Barthel index described the dependence for
basic daily living activities with scores ranging
from 0 to 100, 100 corresponding to full inde-
pendence [16]. A history of falls during the last
6 months was searched. BMI (body mass index,
kg/m2) was determined. The presence of pres-
sure neuropathy was tested with a 10-g Semmes-
Weinstein monofilament and vibration percep-
tion with a 128-Hz tuning fork. Lack of per-
ception defined respectively pressure and
vibratory neuropathy. At each foot the vibra-
tion perception threshold to therapeutic insoles
was also considered, with a 0–200-Hz range of
vibration delivery. We define ‘‘bilateral neu-
ropathy’’ as lack of protective sensation (pres-
sure perception) in both feet.

Frailty status (frail, prefrail, robust) was
determined according to Fried criteria [20]. Gait
and posture assessment completes the baseline
measures (see outcomes).

Outcomes

The main outcome of this study was the 10-m
walking time at fast speed in seconds (s). The
10-m walking test requires the participant to
walk 10 m (32.8 ft) without physical assistance.
Assistive devices can be used but should be kept
consistent and documented from test to test.
Each patient was asked to walk at different
speeds: comfortable speed (normal speed) and
maximal speed (fast speed).

The time taken to complete the intermediate
6 m (19.7 ft) was measured—this allowed for
acceleration and deceleration. Three trials per
speed condition were done and the average
time from the three trials calculated. Accord-
ingly fast speed and normal speed were calcu-
lated and expressed in cm s-1 cm - 1 body
height. We also assessed physical performance
with SPPB and TUG. SPPB is composed of three
parts: balance, 4-m walking, and chair rise tests;
each maximal subscore is 4. Overall the maxi-
mal SPPB score is 12; lower scores indicate lower
performances [12]. Length of step was calcu-
lated from the SPPB 4-m test. The TUG test
measured the time in seconds taken to stand up
from a chair, walk 3 m, and walk back to sit in
the chair. Fall occurrence is recorded at each
visit.

Posturographic data were acquired using a
double force platform (Feetest 6, Techno Con-
cept, Mane, France). The acquisition was per-
formed and the global centre of pressure (CoP)-
related parameters computed by using Pos-
turewin3 software (Techno Concept, Mane,
France). The calibration of both force plates was
checked before the beginning of the study.
Anterio-posterior and medio-lateral displace-
ments were reported in mm, CoP sway area in
mm2, CoP velocity in mm s-1, and CoP variance
in mm.

Compliance and Safety

The numbers of vibration sessions actually per-
formed with verum or placebo insoles are
retrieved from the platforms at M0.5 and M1
visits; good compliance is defined as C 22 ses-
sions during the intervention month. Adverse
events were recorded at each visit. The study
was approved by the Comité de Protection des
Personnes (CPP) ‘‘SUD-Ouest et Outre Mer III’’.
All participants have given written informed
consent; authors were required to include a
statement of ethics. The study was performed in
accordance with the Helsinki Declaration of
1964 and its later amendments.
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Analyses

Summary statistics of patient baseline charac-
teristics and descriptive tables of the subsequent
outcome data were produced. Variables with
normal distribution were shown with mean and
standard deviation (SD); ordinal variables and
those with non-normal distribution were pre-
sented with median and interquartile range
(IQR).

Assuming a SD of fast 10-m test walking
speed of 0.3 [21] and assuming a recruitment of
60 patients and a subsequent 20% attrition, we
were able to detect an effect size of 0.51 with
80% power. This translates to a difference of
0.15 m s-1.

Comparisons of 10-m fast walking speed
between control and intervention arms were
made using analysis of covariance (ANCOVA),
controlling for baseline measurements of out-
come variables, balancing variables as well as
other important covariates (e.g. age and gen-
der). The primary comparison was between
baseline and 1 month. In this single-centre
study a fixed approach was undertaken. No
sensibility analyses were planned and analyses
include complete cases. Results were sum-
marised using point estimates, 95% confidence
intervals, and p values. The analysis was further
adjusted for the presence or absence of bilateral
neuropathy. The other outcomes were analysed
using appropriated models, ANCOVA for vari-
ables with normal distribution, and logistic
regression for ordinal variables and non-nor-
mally distributed variables. General linear
models for repeated measures adjusted for gen-
der, age, and baseline performance were plan-
ned for comparisons of gait and posture
changes between the two groups during the
6-month follow-up. Adverse events with
potential accountability to the intervention
were described. SPSS v20 was used to store the
data and to produce descriptive tables.

RESULTS

Subjects

Sixty-six subjects were screened among patients
attending the diabetes clinic or the geriatric
centre or living in one nursing home. The
SENSOLE 2 informed consent was signed by 65
subjects. Sixty-three subjects were assessed and
60 were randomised. Two others were excluded
because of low Barthel index or low MMS and
one death occurred after the signature and
before randomization. The CONSORT flow dia-
gram is presented in Fig. 1.

Seven of them were living in a nursing home
(3 in intervention group and 4 in placebo
group) and six were included during their stay
in rehabilitation centre (3 in each group).
Thirty-five were frail, 15 prefrail, and 6 were
robust (Table 1). Bilateral neuropathy was pre-
sent in 17 patients and the vibration perception
threshold was at the maximum level for both
feet in 14 subjects from the intervention group
and in 12 subjects from the control group
(Fig. 2).

After 1-month intervention the fast speed
10-m walking time was similar in both groups
[ANCOVA estimate 1.38 (95% CI - 0.71 to
3.79), p = 0.174, Table 2, Fig. 2]. Adjustment for
the diagnosis of bilateral neuropathy did not
change the result [1.34 (95% CI - 0.93 to 3.61)].
The effects of intervention on other gait and
posture outcomes were neutral (Table 2). As
there was no observable effect on outcomes
after 1 month, the effects at 6 months were not
analysed.

Compliance with the intervention was good
with 34/14 who performed [ 22 vibration ses-
sions during the 1-month intervention with no
observed difference between the two groups
(supplementary Table 1). During the 6-month
follow-up one person in the control group died
(supplementary Table 2). None of the partici-
pants was newly admitted to a nursing home.
Hospitalisation occurred in three subjects, one
in the 1st month in intervention group and one
in each group during the remaining follow-up.
Falls occurred during the follow-up with no
difference in rate between the two groups. No
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adverse events were attributed to the
intervention.

DISCUSSION

In this double-blind RCT on the effects of
repeated plantar vibrations on gait and related
parameters in older subjects with diabetes, no
beneficial effects were observed following a
1-month phase of intervention. With the same
device we have previously shown an

improvement in the first half hour following a
vibration session compared with the perfor-
mance before vibrations.

The vibrations programme (duration and
frequency) was established a priori based on this
short-term effect and on a pragmatic basis: fea-
sibility and acceptability.

Vibration sequence programme was estab-
lished on a pragmatic basis (what is possible).
An open RCT with a frequency and duration of
vibrating sessions close to the present study did

Fig. 1 Flow diagram of the subjects included in the RCT
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Table 1 Baseline clinical characteristics of subjects included in the analysis

All
56

Intervention
27

Control
29

Age (years) mean (SD) 81.1 (12.3) 83.5 (4.72) 78.2 (16.2)

Gender (M/F) 31/25 14/13 17/12

Barthel index (0–100)

Median/IQR 95/19 95/25 100/15

MMS (0–30)

Median/IQR 25/4 25/4 25/5

Frailty, fried criteria

Weight loss yes/no 11/45 5/22 6/23

Exhaustion yes/no 38/18 20/7 18/11

Slow walking speed yes/no 31/25 15/12 16/13

Low physical activity yes/no 34/22 18/9 16/13

Low hand grip strength yes/no 38/18 18/9 20/9

Frail/prefrail/non-frail 35/15/6 17/7/3 18/8/3

Right foot pressure neuropathy yes/no 22/34 13/14 9/20

Right foot pressure neuropathy yes/no 22/34 13/14 9/20

Bilateral neuropathy

Yes/no 17/39 10/17 7/22

Fallers yes/no (who fall at least once) 9/51 4/23 5/28

Right foot pressure neuropathy yes/no 22/34 13/14 9/20

Left foot pressure neuropathy yes/no 20/36 11/16 9/20

Vibration perception neuropathy yes/no 22/34 12/15 10/19

Right foot insole vibration threshold (Hz, max 200 Hz)

Mean (SD) 150.1 (65.3) 152.3 (66.6) 148.3 (65.1)

Median/IQR 200/112 200/104 192/116

Left foot insole vibration threshold (Hz), max 200 Hz

Mean (SD) 157.6 (32.2) 167.4 (61.4) 153.1 (63. 7)

Median/IQR 200/104 200/184 192/116

MMS Mini-Mental State GRECO

Diabetes Ther (2022) 13:995–1006 1001



not demonstrate a difference between the
intervention and control groups based on the
chair rise test [22]. In our study, we only inclu-
ded subjects with diabetes. The gait impairment
observed with diabetes is multifactorial [1].
Plantar vibrations are not expected to correct
sarcopenia for instance. Acting on only one of
the causes of gait disorders is likely to be inef-
fective. Other programmes should be assessed,
possibly combined with balance rehabilitation
during the period of efficacy of the device.

Most of the participants had impaired
vibration sensibility. The vibration perception
threshold was not measurable in about half of
them because it was above the higher vibration
noise of the device (200 Hz). However, we did
not see an effect of an impaired plantar sensi-
bility on outcomes.

The main study limitation is the choice of a
pragmatic programme. Second, several subjects
were lost to follow-up, particularly at the
6-month visit. The heterogeneity of the health
status of the study population may have limited

the power of the study to detect an effect. The
very high rate of impaired vibration sensibility
also makes the interpretation of the results dif-
ficult. However, the strengths are important:
this is a double-blind study owing to the pla-
cebo platforms; the groups are well balanced for
most of the characteristics and measures; a large
proportion of frail or prefrail patients was
included; the acceptability of the intervention
was reflected by the overall good compliance.

CONCLUSION

In frail, prefrail, or non-frail older subjects with
diabetes, changes in measures of walking speed
and related assessments were not observed with
this vibrating insole 1-month intervention.
Further studies must explore other stimulation
programmes, possibly combined with physio-
therapy sessions addressing the other compo-
nents of gait.

Fig. 2 Difference in 10 m walking time at fast speed between baseline and 1 month visits
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Table 2 SENSOLE 2 outcomes M0–M1

All M0

56

Intervention Control Estimator

(95% CI)

P

M0–M1M0

n = 27

M1

n = 23

M0

n = 29

M1

n = 26

Fast speed 10-m walking time (s)

Mean (SD) 8.44

(4.86)

9.07

(5.27)

8.68

(7.79)

7.86

(4.67)

7.08

(2.86)

1.38 (- 0.71

to 3.79)

0.174*

10-m fast walking speed adjusted for body

height (cm s-1 cm-1)

Mean (SD) 0.58

(0.29)

0.55

(0.30)

0.57

(0.31)

0.64

(0.29)

0.63

(0.28)

0.01 (- 0.05

to 0.07)

0.554*

Usual speed 10-m walking time (s)

Mean (SD) 10.63

(6.55)

11.96

(8.30

10.54

(8.44)

9.39

(4.14)

8.58

(3.44)

0.42 (- 0.79

to 1.62)

0.490*

10-m usual walking speed adjusted for body

height (cm s-1 cm-1)

Mean (SD) 0.44

(0.19)

0.42

(0.20)

0.43

(0.23)

0.47

(0.19)

0.48

(0.29)

0.01 (- 0.09

to 0.10)

0.910*

Step length (cm)

Mean (SD) 42.84

(15.42)

46.61

(16.42)

49.12

(16.69)

47.31

(14.71)

50.06

(12.04)

0.67 (- 0.24

to 0.38)

0.664*

TUG (s)

Median/IQR 15.14/

62.38

17.34/

17.87

17.14

(13.35)

13.86/

12.75

15.22

(12.64)

- 0.85

(- 1.91 to

0.21)

0.341**

SPPB Balance sub-score (0–4)

Median/IQR 3.5/4 3/2 4 (1) 4/4 4 (1) 0.518**

SPPB Chair rise sub-score (0–4)

Median/IQR 1/3 1/3 1 (3) 1/3 2 (4) - 0.67

(- 1.83 to

0.49)

0.260**

SPPB Walk sub-score (0–4)

Median/IQR 2.5/3 2/3 2.5 (3) 3/2 2 (2) - 0.18

(- 1.48 to

1.45)

0.981**
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Table 2 continued

All M0

56

Intervention Control Estimator

(95% CI)

P

M0–M1M0

n = 27

M1

n = 23

M0

n = 29

M1

n = 26

SPPB Total (0–12)

Median/IQR 7/7 7/8 7.5 (6) 7/5 9 (6) - 0.52

(- 1.60 to

0.57)

0.350**

Bilateral neuropathy

Yes/no 34/26 20/7 16/11 14/19 12/21 0.40 (- 0.87 to

1.68)

0.533**

Right foot vibration perception threshold

(Hz, max 200 Hz)

Median/IQR 200/112 200/110 188/118 192/128 192/140 - 0.53

(- 1.63 to

0.57)

0.344**

Left foot vibration perception threshold

(Hz), max 200 Hz

Median/IQR 200/104 200/106 192/130 192/128 128/136 0.72 (- 1.87 to

0.42)

0.953**

Antero-posterior amplitude (mm)

Median/IQR 407.73/

227

385.16/

341

385.58/

495

357.85/

214

308.06/

163

0.56 (- 0.48 to

1.61)

0.871**

Mediolateral amplitude (mm)

Median/IQR 163.43/

121

177.60/

132

154.64/

170

130.06/

124

128.00/

101

- 0.21

(- 1.21 to

0.79)

0.270**

CoP sway area (mm2)

Median/IQR 188.15 215.58/

439

195.02/

694

183.30/

169

183.12/

152

- 0.27

(- 1.33 to

0.79)

0.619**

CoP velocity (mm s-1)

Mean (SD) 20.38

(322.64)

22.06

(11.44)

22.12

(68.92)

18.02

(7.83)

17.19

(7.77)

0.99 (- 3.00 to

4.98)

0.620*

Cop variance (mm)

Median/IQR 196.90/

265

179.58/

369

178.07/

622

181.27/

211

132.86/

300

- 0.22

(- 1.24 to

0.81)

0.693**

*ANCOVA adjusted for age, gender, and baseline performance

**Ordinal logistic regression adjusted for age, gender, and baseline performance
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