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Abstract 

Aims Peripheral neuropathy is a common microvascular complication in diabetes and a risk factor for the devel-
opment of diabetic foot ulcers and amputations. Vibrasense (Ayati Devices) is a handheld, battery-operated, rapid 
screening device for diabetic peripheral neuropathy (DPN) that works by quantifying vibration perception threshold 
(VPT). In this study, we compared Vibrasense against a biothesiometer and nerve conduction study for screening 
DPN.

Methods A total of 562 subjects with type 2 diabetes mellitus underwent neuropathy assessments including clini-
cal examination, 10-g monofilament test, VPT evaluation with Vibrasense and a standard biothesiometer. Those 
with an average VPT ≥ 15 V with Vibrasense were noted to have DPN. A subset of these patients (N = 61) underwent 
nerve conduction study (NCS). Diagnostic accuracy of Vibrasense was compared against a standard biothesiometer 
and abnormal NCS.

Results Average VPTs measured with Vibrasense had a strong positive correlation with standard biothesiometer 
values (Spearman’s correlation 0.891, P < 0.001). Vibrasense showed sensitivity and specificity of 87.89% and 86.81% 
compared to biothesiometer, and 82.14% and 78.79% compared to NCS, respectively.

Conclusions Vibrasense demonstrated good diagnostic accuracy for detecting peripheral neuropathy in type 2 
diabetes and can be an effective screening device in routine clinical settings.

Trial registration Clinical trials registry of India (CTRI/2022/11/047002). Registered 3 November 2022. https:// ctri. nic. 
in/ Clini caltr ials/ pmain det2. php? trial id= 76167.

Keywords Diabetic peripheral neuropathy, Biothesiometer, Vibration perception threshold, Quantitative sensory 
testing, Type 2 diabetes mellitus

Introduction
Diabetic peripheral neuropathy (DPN) is a common 
microvascular complication that affects nearly 50% of 
people with diabetes within their lifetime [1]. It most 
frequently affects the peripheral regions including the 
lower limbs and hands in a “stocking-glove” distribu-
tion [2]. DPN has been implicated as an important 
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etiopathological factor leading to diabetic foot ulcers and 
resultant lower-extremity amputations [3, 4].

Early detection of DPN and implementation of appro-
priate preventive measures are important elements in 
the management of individuals with diabetes. Interna-
tional guidelines from various professional associations 
have recommended periodic screening, at least annually, 
for DPN [4–6]. Some of the commonly suggested meth-
ods for screening include history-taking for neuropathy 
symptoms, evaluation of temperature and pinprick sen-
sations (for small-fiber function), vibration perception 
testing (for large-fiber function), and the use of a 10-g 
monofilament (for assessing protective sensation) [4, 5].

The standard 128-Hz tuning fork is the traditional and 
easy method to detect the presence of vibration percep-
tion [4, 5]. However, the 128-Hz tuning fork does not 
provide quantitative information about the degree of loss 
of vibration sensation. Quantitative testing of vibration 
sensation is important as impaired vibration perception 
can also be predictive of the risk of foot ulceration [7–
9]. The Rydel-Seiffer graduated tuning fork can evaluate 
vibration perception threshold (VPT) on a scale of 0–8 
and has been standardized for quantitative sensory test-
ing (QST) [10]. Several electromechanical devices have 
also been developed for quantitative sensory testing of 
vibration perception. These devices known generically as 
digital biothesiometers have been reported to have sev-
eral advantages including consistent delivery of vibra-
tion stimulus, greater range of vibrational intensities, and 
strong reliability and accuracy [11, 12]. Previous research 
findings have demonstrated that VPT measured with 
biothesiometers exhibits favorable diagnostic accuracy 
in the identification of DPN when compared to clinician 
diagnosis, neuropathy symptom scores, and abnormal 
nerve conduction [13–16].

According to the latest estimates by the International 
Diabetic Federation (IDF), India had approximately 74 
million adults with diabetes in 2021, which is projected 
to increase to 92.9 million by 2030 [17]. To prevent the 
burden of foot ulcers in India, it is necessary that physi-
cians implement regular DPN screening in their prac-
tices [18, 19]. Published studies from India indicate that 
VPT evaluation is being used for the detection of DPN in 
secondary- and tertiary-care centers [20–27]. However, 
these devices have not gained widespread usage in pri-
mary care practice. Some of the factors that may be limit-
ing their use in routine clinical settings include their size, 
the requirement for a dedicated space and uninterrupted 
power supply, and the time needed for the examination 
[28, 29].

Vibrasense (Ayati Devices) is a compact, handheld 
screening device that measures VPT to screen for DPN. 
It presents several benefits over the other commonly 

available biothesiometry devices, including its light-
weightedness, rechargeability, and smart functionali-
ties for usage with a mobile device. There have been no 
published studies comparing this device against the com-
monly used biothesiometers. In this prospective study, 
we compared the quantitative VPT measured with Vibra-
sense to a standard office biothesiometer. Additionally, 
we evaluated the diagnostic accuracy of Vibrasense for 
DPN diagnosis by comparing it to the comparator bioth-
esiometer and abnormal nerve conduction study (NCS).

Subjects, materials and methods
Study design and participants
The study was conducted at Dr.Chandramma Dayananda 
Sagar Institute of Medical Education and Research 
(CDSIMER) located at Kanakapura, Karnataka, India, 
between November 2022 to December 2022. The study 
was approved by the Institutional Ethics Commit-
tee and complied with the Declaration of Helsinki. The 
trial was registered in the clinical trials registry of India 
(CTRI/2022/11/047002).

Individuals with diabetes visiting the Medicine OPD 
and participating in the diabetic camps conducted by the 
hospital were screened based on the study selection cri-
teria. After explaining the study procedures, consent was 
obtained from all patients prior to enrollment in the study. 
The study included adult patients (> 18  years) with type 
2 diabetes mellitus  (T2DM) of any duration confirmed 
by medical records. The study excluded individuals with 
active foot ulcers or visible signs of recently healed foot 
ulcers, a history of any lower limb amputation, or a prior 
diagnosis of peripheral neuropathy of any cause.

The study assessments took place in a specified room 
within the Medicine department and in dedicated spaces 
arranged for this purpose at diabetes camps. AKH, with 
17 years of clinical experience in Internal Medicine, man-
aged the screening and selection of patients for the study, 
while SSKN, with 15 years of clinical experience in physi-
cal therapy and training in biothesiometry, was respon-
sible for recording the study measures, including the 
monofilament tests and vibration perception tests. NCSs 
were performed by CPA, a qualified electrophysiologist 
with more than 20 years of experience.

Demographic details, history of diabetes, details of gly-
cemic control, history of other comorbidities like hyper-
tension, and presence of any neuropathy symptoms were 
recorded. Height and weight were assessed with the sub-
ject barefoot, utilizing a wall-mounted wooden stadiome-
ter and an electronic scale, respectively. Body Mass Index 
(BMI) was derived by dividing body weight in kilograms 
by the square of height in meters (kg/m2). Subsequently, 
the feet were inspected to identify skin irregularities 
including excessively dry skin, calluses, fissures, as well 
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as deformities such as claw or hammer toes, hallux val-
gus, joint subluxation, prominent metatarsal heads, and 
medial convexity, among others. This was followed by 
neuropathy evaluation that was consistently performed 
on the right foot. All patients were subjected to mono-
filament test and vibration perception threshold (VPT) 
testing with Vibrasense and a comparator office biothesi-
ometer. As per the study protocol, a randomly selected 
subset of the participants, comprising approximately 10% 
of the total study population (N = 61), was subjected to a 
NCS. Those detected with DPN in any of the diagnostic 
tests were provided counseling about neuropathy, its pos-
sible consequences, and the importance of diet, exercise, 
foot care, and compliance with medications.

Study procedures
Semmes–Weinstein 10‑g monofilament examination
Protective sensation was evaluated using a 10-g 
Semmes–Weinstein monofilament (Diabetik Foot Care 
India Pvt Ltd, India). The monofilament was applied to 
the palm first to make the subject familiar with the sensa-
tion. With the subject’s eye closed, the monofilament was 
applied perpendicular to the skin surface with enough 
force to make it bend or buckle. Out of the nine sites rec-
ommended in the plantar surface of the foot, we tested 
six points, which included four sites in the forefoot (great 
toe, first-, third-, and fifth-metatarsal heads), one site in 
the midfoot (medial side of the midfoot) and one site in 
the hindfoot (heel) [18, 30]. The subject was instructed to 
say “yes” when the monofilament was sensed on the foot. 
The inability to sense the monofilament at one or more 
points was defined as abnormal [18, 30].

Vibration perception thresholds
VPTs were assessed using Vibrasense (Ayati Devices 
Private Ltd, India) and a standard Biothesiometer 
(Biothezi VPT from Kody Medical Electronics Private 
Ltd, India). Both devices produce vibration ampli-
tudes from 0.026–25 microns expressed as vibration 
units that range from 1—50  V, where a higher unit of 
vibration stimuli indicates a greater sensory loss. Fol-
lowing the protocol recommended by both manufac-
turers, and consistent with other published Indian 
studies, VPT measurements were taken at six specific 
points on the plantar surface of the foot: the great toe, 
the first-, third-, and fifth-metatarsal heads, the medial 
side of the midfoot, and the heel [22–24, 27]. The test 
was explained to the patient and the vibration probe 
was applied to the hand of the subject to familiarize 
them with the expected vibratory sensation. After this, 
with the subject’s eyes closed, vibration perception 
was tested at the six points of the foot. The subject was 
asked to say “yes” when a buzzing sensation was felt 

on the foot. The vibration stimulus was started at 1  V 
and was gradually increased until the subject reported 
feeling the sensation. The lowest vibrational intensity 
sensed at each point was taken as the VPT. The aver-
age VPT of all six points tested in the foot was then 
recorded for each patient.

Nerve conduction study
Sixty-one subjects underwent sural and peroneal motor 
nerve conduction study on the right leg with a 4-channel 
electromyograph (EMG-Octopus, model CMEMG-01). 
Distal latencies, amplitude of action potentials, and con-
duction velocities were recorded in the sural and peroneal 
nerves in the right leg. DPN was diagnosed when there 
were one or more abnormal nerve conduction parameters 
in the sural sensory nerve and the peroneal motor nerve 
using standard electrophysiological criteria [31].

Statistical analysis
Data are presented as mean (n), proportions (%), and 
distribution as mean with standard deviations. Mann-
Whitney U test was performed to evaluate the differences 
in the VPTs measured by either device. Spearman cor-
relation analysis was used to determine the relationship 
between the average VPT values measured by Vibrasense 
and the comparator Biothesiometer. A p-value < 0.05 
was considered statistically significant. DPN diagnosis 
was made when the average VPT was at or above 15 V, 
as defined by the manufacturers of both devices. The 
sensitivity and specificity of Vibrasense for DPN diagno-
sis were calculated with Biothesiometer as the reference 
standard (N = 562) and in the subset analysis with abnor-
mal NCS as the reference standard (N = 61). Receiver 
operating characteristic (ROC) curve was plotted to com-
pare the diagnostic performance of Vibrasense against 
NCS-diagnosed DPN and the area under the curve 
(AUC) was determined. The resulting area under the 
curve (AUC) helps interpret the discriminatory capability 
of a test and was categorized as follows: Fail (0.50—0.59), 
Poor (0.60—0.69), Fair (0.70—0.79), Good (0.80—0.89), 
and Excellent (≥ 0.90) [32]. Some guidelines suggest that 
a VPT threshold of 25  V strongly predicts future foot 
ulceration risk [3, 33]. Therefore, besides the manufactur-
er’s recommended diagnostic threshold of 15 V, we also 
conducted an exploratory analysis examining the diag-
nostic efficacy of Vibrasense against abnormal NCS using 
a 25  V cut-off. Statistical analyses were performed with 
IBM SPSS Statistics, Version 25.

Results
A total of 562 subjects with type 2 diabetes mellitus were 
enrolled in the study. The baseline characteristics of the 
study subjects are given in Table 1. The mean age of the 
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participants was 56.42 ± 12.57  years with almost equal 
gender distribution (M:F, 1:1.05). The mean (± SD) dura-
tion of T2DM was 5.93 (± 4.75) years, and ranged from 
1 month to 35 years. One or more symptoms of neurop-
athy was present in approximately 64% subjects includ-
ing burning, aching pain or tenderness in the legs or feet 
(43.1%), prickling sensations (39.9%), numbness (33.1%), 
and unsteadiness in walking (13%). Skin abnormalities 
in the foot such as dryness, callus, fissures and other 
changes were noted in 56% of the subjects.

Comparison with biothesiometer
VPT values recorded with Vibrasense and the stand-
ard biothesiometer are compared in Table  2. The mean 
VPT values measured with Vibrasense at the six points 
matched closely with the values measured with the com-
parator Biothesiometer.

Average VPT of the foot recorded with Vibrasense 
showed a very strong positive correlation (Spearman’s 

correlation rs = 0.891, P < 0.001) with average VPT values 
recorded with Biothesiometer (Fig. 1).

DPN as defined by VPT ≥ 15 was noted in 358 (63.7%) 
subjects with Vibrasense and 380 (67.6%) subjects with 
the comparator biothesiometer. When the standard bio-
thesiometer was considered as the reference test for 
DPN, Vibrasense had a sensitivity of 87.89% and specific-
ity of 86.81% (Table 3).

Comparison with NCS
Among the study participants, 61 underwent the NCS 
test for DPN assessment. DPN diagnosis was made by 
NCS in 28 (45.9%) of these individuals. When abnor-
mal NCS was taken as the reference test for DPN, 
Vibrasense had a sensitivity of 82.14% and specificity of 
78.79% (Table  4). The ROC curve analysis revealed that 
Vibrasense had an AUC of 0.839 (95% CI: 0.730 to 0.948, 
P < 0.001), which indicates good discriminatory power 
for DPN diagnosis (See Supplementary Fig. 1, Additional 
file  1) [32]. The exploratory analysis with VPT ≥ 25  V 
cut-off demonstrated a lower sensitivity of 57.14%, but a 
higher specificity of 90.90%. The 10-g monofilament test 
showed a sensitivity of only 35.7% but had a high speci-
ficity of nearly 91% versus abnormal NCS.

Discussion
In the present study, it was found that the portable neu-
ropathy screening device Vibrasense yielded VPT meas-
urements that closely corresponded to those obtained 
using the standard office biothesiometer. Vibrasense 
exhibited good sensitivity and specificity for DPN diag-
nosis compared to the comparator biothesiometer. These 
findings support the use of Vibrasense as a suitable 
alternative to the standard office biothesiometer for the 
screening DPN in people with type 2 diabetes. In com-
parison to the conventional office biothesiometer, Vibra-
sense offers several benefits such as its portable and 
lightweight nature, battery-operated functionality, and 
smart features that facilitate report generation via blue-
tooth connectivity to a mobile device. These attributes 
render Vibrasense an attractive point-of-care device for 
screening DPN. Moreover, the capacity to assess more 
than 70 patients on a single charge makes it particularly 
suitable for deployment in diabetic camps and settings 
with unstable power supplies.

The Vibrasense mobile app creates a report with a 
gradient of colors reflecting vibration perception lev-
els: transitioning from blue for normal (< 15 V), through 
green for mild impairment (15–20  V) and yellow for 
moderate impairment (20–25 V), to red indicating severe 
impairment of vibration perception (> 25 V). By provid-
ing a clear visual representation of areas of impaired 
sensation, healthcare providers can enhance patient 

Table 1 General characteristics of the study group

Characteristic Value (N = 562)

Age (years, Mean ± SD) 56.42 ± 12.57

Gender (M:F) 274: 288

BMI (kg/m2, Mean ± SD) 26.30 ± 5.59

Duration of Diabetes (years, Mean ± SD) 5.93 ± 4.75

Last Random Blood Sugar (RBS) (mg/dL, Mean ± SD) 246.97 ± 94.84

History of hypertension (n, %) 176 (31.3%)

Neuropathy symptoms (n, %) 363 (64.6%)

• Unsteadiness in walking 73 (13.0%)

• Numbness 186 (33.1%)

• Pain or tenderness in legs or feet 242 (43.1%)

• Prickling sensations 224 (39.9%)

Foot skin appearance (n, %)

• Abnormal (dryness, callus, fissures, etc.) 315 (56%)

Table 2 Comparison of mean VPT values with Vibrasense and 
biothesiometer (N = 562)

NS Not significant
a Mann-Whitney U-test

Parameter Vibrasense VPT
Mean ± SD

Biothesiometer VPT
Mean ± SD

P valuea

VPT at Point 1 21.61 ± 12.01 21.56 ± 12.69 0.827 (NS)

VPT at Point 2 21.18 ± 12.33 21.25 ± 12.86 0.997 (NS)

VPT at Point 3 20.97 ± 12.19 21.70 ± 13.03 0.458 (NS)

VPT at Point 4 21.37 ± 12.30 21.81 ± 13.13 0.698 (NS)

VPT at Point 5 21.94 ± 12.64 21.93 ± 13.40 0.821 (NS)

VPT at Point 6 21.83 ± 12.43 22.00 ± 13 34 0.853 (NS)

Average VPT 
of Foot

23.02 ± 13.33 22.96 ± 13.70 0.867 (NS)
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understanding and empower them to take a more active 
role in their care. Healthcare professionals can use it as 
a visual aid to educate patients about the importance of 
optimal diabetes management, appropriate foot care, and 
regular monitoring of DPN.

The obtained sensitivity of 82.14% and specificity of 
78.79% for Vibrasense against the abnormal NCS test are 
clinically acceptable, particularly considering the context 
of Vibrasense as a screening tool. Our study findings are 
consistent with the previous VPT-based diagnostic stud-
ies that have reported sensitivities ranging from 66.5% to 
86% and specificities ranging from 52.9% to 86.6% against 

Fig. 1 Correlation of Vibrasense average VPTs vs biothesiometer average VPTs

Table 3 Sensitivity and specificity of Vibrasense based on 
biothesiometer as the reference standard (N = 562)

Biothesiometer diagnosis

Vibrasense diagnosis Neuropathy No neuropathy Total

Neuropathy 334 24 358

No Neuropathy 46 158 204

Total 380 182 562

• Sensitivity: 87.89%

• Specificity: 86.81%

• Positive Predictive Value (PPV): 93.30%

• Negative Predictive Value (NPV): 77.45%

Table 4 Diagnostic accuracy of Vibrasense and monofilament tests compared to NCS

Tests comparison NCS diagnosis Normal (N = 33) Abnormal (N = 28)
Test diagnosis Positive Negative Positive Negative
Vibrasense 7 26 23 5

10-g monofilament 3 30 10 18

Diagnostic accuracy Parameter Sensitivity Specificity PPV NPV
Vibrasense 82.14% 78.79% 76.67% 83.87%

10-g monofilament 35.7% 90.90% 76.92% 62.5%
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NCS [13, 15, 16, 22, 26]. The cost of Vibrasense-based 
DPN screening is approximately one-tenth the cost of 
NCS in our clinical setting. The low cost of the test with 
good diagnostic accuracy will enable healthcare provid-
ers to screen a larger number of patients more efficiently 
and cost-effectively.

Our findings indicate that a VPT diagnostic threshold 
of 15  V when using Vibrasense demonstrated effective 
discriminatory ability in detecting DPN, as reflected by 
an AUC of 0.839. Other studies from India that have used 
VPT ≥ 15  V in the plantar foot as the criteria for DPN 
diagnosis have also reported acceptable sensitivities and 
specificities versus abnormal NCS [16, 22]. A higher VPT 
cut-off of 25 V has been used in some studies based on its 
ability to predict foot ulceration [3, 9, 34]. Prior research 
has reported that the higher VPT thresholds for diagno-
sis result in better specificity but reduce sensitivity [15, 
35, 36]. Our exploratory analysis also confirmed this find-
ing with a lower sensitivity of 57.14% with the diagnostic 
cut-off of 25  V, compared to 82.14% with 15  V. Similar 
findings of lower sensitivity with 25 V have been reported 
by another group from India [16]. A study conducted 
among Chinese subjects with type 2 diabetes reported 
that the optimal VPT cut-off was > 14.9  V, with a sensi-
tivity of 66.5% and specificity of 77% against abnormal 
nerve conduction, compared to a cut-off of 25 V, which 
had a lower sensitivity of 48.4% and specificity of 92.5% 
[15]. The findings of the present study suggest that a VPT 
cut-off of 15 V is suitable for routine screening of DPN 
with Vibrasense. A higher cut-off of 25  V may result in 
missing some early cases of DPN with milder degrees of 
impairment in vibration perception.

Guidelines have recommended the 10-g monofila-
ment test to detect loss of protective sensation (LOPS) 
because of its favorable evidence in predicting the risk of 
foot ulceration [3, 7, 37, 38]. The monofilament test is a 
commonly used and inexpensive method for screening 
DPN. In the current study, the 10-g monofilament dem-
onstrated a lower sensitivity of 35.7% and a higher speci-
ficity of ~ 91% for the detection of DPN against abnormal 
NCS. This is in line with other studies that have reported 
low sensitivities and high specificities for the monofila-
ment test against NCS [16, 39]. A systematic review of 
19 trials reported a pooled sensitivity of 53% and speci-
ficity of 88% for monofilament-based detection of DPN 
[40]. Neuropathy assessment using 20 different Semmes–
Weinstein monofilaments that exert forces from 0.008 
to 300 g (labeled on a logarithmic scale between 1.65 to 
6.65) is a standardized method of performing Quantita-
tive sensory testing (QST) [41]. However, the 5.07/10  g 
monofilament is the only filament used in routine clinical 
practice [5, 7]. The 10-g monofilament can detect those 
with the highest risk of foot complications [38]. It is an 

effective method to identify those with advanced neu-
ropathy [42, 43]. However, it can miss some early cases 
that can be detected in VPT evaluation [44, 45]. This may 
explain the lower sensitivity of monofilament compared 
to VPT testing in this study. The International Working 
Group on the Diabetic Foot (IWGDF) guidelines recom-
mends adjunctive screening of vibration perception with 
a tuning fork or biothesiometer when a monofilament 
test does not show any loss of protective sensations [46]. 
In line with this recommendation, our study suggests that 
the inclusion of VPT testing can identify additional cases 
of DPN that can be missed by the 10-g monofilament.

Another notable advantage of VPT testing is its ability 
to provide quantified vibration perception values, which 
can be utilized to actively monitor individuals at risk and 
implement targeted educational interventions to improve 
neuropathy-related measures [47–49]. The software pro-
vided with the Vibrasense device includes a long-term 
graph feature that allows for the plotting of average VPT 
progression over time. This functionality can serve as 
a valuable tool for physicians and patients in tracking 
changes in areas exhibiting diminished vibration sensa-
tion over an extended period.

In our study, we observed that the VPT-based preva-
lence of DPN was 63.7% with Vibrasense and 67.6% with 
the comparator biothesiometer. Previous hospital-based 
studies from India based on VPT assessments in indi-
viduals with type 2 diabetes mellitus have documented 
prevalence rates of DPN ranging from 18.75% to 38% [16, 
20, 50, 51]. However, it is important to note that most 
of these studies used a VPT cut-off of 25 V for diagno-
sis, while our study used VPT 15 V for diagnosis, which 
may have resulted in the higher reported prevalence in 
our study. One of these studies also documented that 
the estimated prevalence of DPN was 18.75% with VPT 
25 V but increased to 56.25% when VPT 15 V was used 
as the diagnostic cut-off [16]. In the present study, NCS-
diagnosed DPN was seen in 45.9% of subjects tested. This 
is within the range (29-71%) of prevalence reported by 
previous electrophysiological studies in type 2 diabetes 
subjects from India [16, 22, 52, 53].

One of the limitations of this study is that it included 
only people with type 2 diabetes, and the diagnostic 
accuracy of the device in type 1 diabetes needs to be 
investigated in future studies. We used impaired VPT 
which evaluates only large fiber dysfunction, while small 
fiber neuropathy was not tested which may be consid-
ered a limitation when making estimates of DPN preva-
lence. The participants in the study were predominantly 
from rural areas with primarily low socioeconomic sta-
tus, exhibiting inadequate glycemic control (as indi-
cated by the mean RBS of 246  mg/dL); thus, caution 
should be exercised when generalizing these findings to 
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urban populations. In an urban population-based study 
conducted in Chennai among individuals with type 2 
diabetes mellitus, utilizing a VPT threshold of ≥ 20 for 
diagnosis, a raw prevalence rate of 26.1% for DPN was 
reported [54]. Another population-based study con-
ducted Chennai that longitudinally followed urban type 
2 diabetes patients documented a four-year DPN inci-
dence of 28% using VPT ≥ 20 as the cutoff point [55]. Our 
study population comprised diabetic patients attend-
ing outpatient clinics and camps, who are more likely to 
exhibit complications. Consequently, it is plausible that 
the observed prevalence in our study is an overestimate 
of the actual population prevalence of DPN in India. We 
performed VPT testing at 6 points in the plantar foot as 
per the protocol recommended by the manufacturers and 
followed by many centers across India as evidenced from 
published studies [22–24, 27]. The other established pro-
tocol is testing a single site on the hallux [9, 20, 21, 51]. 
Future research can validate the diagnostic accuracy of 
Vibrasense using the single-site protocol, which can offer 
substantial time efficiency for medical practitioners.

Conclusions
In conclusion, the Vibrasense device exhibited favorable 
diagnostic accuracy in detecting DPN when compared to 
the standard office biothesiometer and abnormal nerve 
conduction study. Our study findings suggest that a 
VPT diagnostic threshold of 15 V using Vibrasense had 
a strong discriminatory ability for DPN detection. These 
results support the utility of Vibrasense as a valuable tool 
in routine clinical practice for screening diabetic periph-
eral neuropathy, presenting it as a suitable alternative to 
the standard office biothesiometer. The device’s portabil-
ity and rechargeability can offer significant benefits in 
community settings and during diabetic camps.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
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