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ABSTRACT

Introduction: The aim of this study was to
assess the performance of VibraTip, a device
used to test a person’s vibration perception
during routine checks for peripheral neuropa-
thy, against two thresholds of the Neuropathy
Disability Score (NDS) for diagnosing distal
symmetrical polyneuropathy (DSPN) in patients
with type 2 diabetes mellitus (T2DM).
Methods: One hundred consecutive subjects
with T2DM were enrolled in the study, of whom
54 were men. The mean age was 62.3 years, and
the mean T2DM duration was 12.6 years.
VibraTip was used at one foot site (on the pulp

of the hallux; protocol A) and at three foot sites
(pulp of the hallux and first and third meta-
tarsal head; protocol B). NDS thresholds of C 3
and C 6 were used to establish the diagnosis of
DSPN.
Results: Against the NDS C 3 threshold, Vibra-
Tip showed a very high sensitivity (91.3%) and
negative predictive value (NPV) (92%) and a
high specificity (85.2%) with protocol A, and a
very high sensitivity (95.6%) and NPV (96.1%)
and a very high specificity (90.7%) with proto-
col B. Against the NDS C 6 threshold, VibraTip
showed a very high sensitivity (100%) and NPV
(100%) and a very high specificity (95.2%) with
protocol A, and very high sensitivity (100%)
and NPV (100%) and very high specificity
(96.8%) with protocol B.
Conclusions: The diagnostic performance of
VibraTip is very high in patients with T2DM,
rendering it a very useful device as a screening
tool, particularly for the exclusion of DSPN.
VibraTip performs very well at both NDS
thresholds, but particularly well at the NDS C 6
threshold. There appears to be no need to
examine sites other than the hallux site with
Vibratip.
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Key Summary Points

Distal symmetrical polyneuropathy
(DSPN) needs to be diagnosed early in
patients with type 2 diabetes mellitus,
which requires larger-scale screening of
patients and the development of new
diagnostic tools.

We have examined the diagnostic
performance of the pocket-sized
portable device VibraTip for testing a
person’s vibration perception versus
standardised clinical examination using
the neuropathy disability score (NDS) at
two thresholds: NDS C 3 (mild DSPN) and
NDS C 6 (moderate DSPN), with the
higher NDS threshold showing an
increased risk for foot ulceration.

We also examined whether VibraTip used
solely at the hallux is sufficient for
diagnostic efficacy or whether the
diagnostic yield can be improved by
adding two more examination sites on the
foot.

At both NDS thresholds, VibraTip yielded
very high sensitivity and negative
predictive values, high/very high
specificity values and very low negative
likelihood ratios. Overall, its diagnostic
performance was very good.

The main utility of VibraTip appears to lie
in the exclusion of DSPN.

The application of Vibratip to only the
hallux is sufficient to ensure good
diagnostic performance.

INTRODUCTION

Neuropathy remains one of the most common
chronic complications of diabetes mellitus [1].
In practice, it usually manifests as distal sym-
metrical polyneuropathy (DSPN), a chronic,

insidious, duration-dependent sensory or sen-
sorimotor neuropathy [1, 2]. DSPN is a cardinal
aetiological factor for diabetic foot lesions, and
it may also lead to chronic pain and other fur-
ther complications [1, 3]. To avoid these com-
plications, timely diagnosis of DSPN is an
absolute priority [1, 3]. Clinical examination
encompassing sensory and motor modalities
remains the cornerstone of diagnosis in real-
world settings [1, 3]. Efforts to improve the
diagnosis of DSPN and facilitate larger-scale
patient screening have resulted in the develop-
ment of new tests [3, 4], such as the indicator
test for sudomotor function (Neuropad [5]), the
steel ball-bearing test [6], the automated nerve
conduction study of the sural nerve [7, 8],
VibraTip [9, 10], among others.

VibraTip (McCallan Medical Ltd., Notting-
hamshire, UK) is a pocket-sized portable device
for the diagnosis of DSPN through evaluation of
vibration perception in the foot (primarily at
the hallux) [9, 10]. It has good reproducibility
and is noted for its reliable diagnosis of DSPN,
while it also shows agreement with the vibra-
tion perception threshold, as measured with a
neurothesiometer and the 128 Hz tuning fork
[9, 10]. VibraTip has already been compared
with the validated and standardised Neuropa-
thy Disability Score (NDS) [11] in the clinical
setting. However, in that study VibraTip was
compared with the NDS threshold of C 6 [9],
which is an excellent threshold for identifying
feet at risk of ulceration [12], but less so for
identifying persons with mild incipient DSPN,
for which a threshold of C 3 would be useful
[11]. Thus, the aim of this study was to exam-
ine: (1) the diagnostic performance of VibraTip
against both of these NDS thresholds (C 3 and C

6) for the diagnosis of DSPN in persons with
type 2 diabetes mellitus (T2DM); (2) whether
the addition of two examination areas other
than the hallux in the foot increases the diag-
nostic performance.

METHODS

One hundred prospective T2DM subjects (54
men) with a mean age of 62.3 years, mean
T2DM duration of 12.6 years and mean glycated
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haemoglobin of 7.7% (61 mmol/mol) who reg-
ularly attended our Diabetes Centre were
included in the study. Exclusion criteria were
pregnancy, lactation, B12 depletion, alcohol
abuse and other causes of peripheral
neuropathy.

The subjects were examined with VibraTip
[9, 10] using two examination protocols: (1) at
one foot site (on the pulp of the hallux; proto-
col A) and (2) at three foot sites (pulp of the
hallux and first and third metatarsal head; pro-
tocol B). The device was placed in random order
of activation/non-activation on the sites of
examination [9]. With both protocols, the test
result was considered to be abnormal if vibra-
tion was not felt in one or more sites.

The reference method for the diagnosis of
DSPN was the NDS [11], a clinical score that has
been developed to assess diabetic neuropathy
The NDS is an established standardised and very
widely used clinical examination score that
assesses both sensory and motor modalities,
both small and large nerve fibre function [11].
Its score (0–10) is very useful for the diagnosis
and staging of DSPN. In our evaluation, we used
two NDS thresholds: NDS C 3 (mild neuropa-
thy) and NDS C 6 (moderate neuropathy) [11].
Examination with NDS was carried out by a
physician blinded to the results of the VibraTip
examination.

Sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV),
positive likelihood ratio (LR?), negative likeli-
hood ratio (LR-) and Youden’s Jwere calculated
using standard formulae.

The study was approved by the ethics com-
mittee of Democritus University of Thrace. It
was carried out in accordance with the Helsinki
Declaration of Human Rights of 1964, as revised

in 2013, and patients provided their informed
consent.

RESULTS

Overall frequency of DSPN as assessed using the
NDS threshold of C 3 (mild neuropathy) was
46% (n = 46). Moderate DSPN, based on the
NDS threshold of C 6 was diagnosed in 38
subjects (38%).

Against the NDS threshold of C 3, VibraTip
yielded 91.3% sensitivity and 85.2% specificity
with protocol A and 95.6% sensitivity and
90.7% specificity with protocol B (Table 1).

Against the NDS threshold of C 6, VibraTip
yielded 100% sensitivity and 95.2% specificity
with protocol A and 100% sensitivity and 96.8%
specificity with protocol B (Table 2).

DISCUSSION

The results of this study show that the diag-
nostic performance of VibraTip for DSPN is very
good compared to clinical examination based
on the NDS. In particular, VibraTip exhibited a
very high sensitivity, high/very high specificity,
high PPV and very high NPV. These results are
in agreement with those reported by Bowling
et al. [9], but the latter only used the NDS C 6
threshold. By contrast, we used both the ND C 3
and ND C 6 thresholds, and the results confirm
the diagnostic utility of VibraTip against both
thresholds. This is an important result because
the NDS C 3 threshold is the more valuable
threshold for early detection of mild DSPN,
while the NDS C 6 threshold has been proposed
as being the more useful threshold for

Table 1 Diagnostic performance of VibraTip against the Neuropathy Disability Score threshold of C 3

VibraTip protocola Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR1 LR2 Youden’s J

Protocol A 91.3 85.2 84 92 6.2 0.1 0.765

Protocol B 95.6 90.7 89.8 96.1 10.3 0.05 0.863

LR? Positive likelihood ratio, LR- negative likelihood ratio, NCS nerve conduction study, NPV negative predictive value,
PPV positive predictive value
a VibraTip was used at one foot site (on the pulp of the hallux) in protocol A and at three foot sites (pulp of the hallux and
first and third metatarsal head) in protocol B
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identifying more severe DSPN with the risk of
future diabetic foot ulceration [12]. VibraTip
performed very well against both NDS thresh-
olds, but particularly against the NDS C 6
threshold. Additionally, we report a satisfacto-
rily high LR? and, most importantly, an extre-
mely low LR- (around 0), which suggests for
the first time that the primary importance of
VibraTip is to exclude DSPN. The very good
diagnostic performance of the device is also
reflected in the high Youden’s J values. Other
researchers have demonstrated the good diag-
nostic yield of VibraTip in comparison with
different modalities (neurothesiometer, 128 Hz
tuning fork, Semmes–Weinstein monofilament,
NeuroTip) [10, 13].

In a further step, we examined whether the
use of additional examination sites on the foot
(in addition to the pulp of the hallux) would
improve the diagnostic performance of Vibra-
Tip. Our three-site examination protocol (pulp
of the hallux, first and third metatarsal head) is
similar to the five-site examination protocol
(first, third and fifth metatarsal heads, hallux
pulp, and dorsal surface of the hallux proximal
to the nail fold) reported by Bracewell et al. [10].
Nevertheless, the latter authors did not compare
the results of their five-site protocol with the
hallux-only examination and they did not use
the NDS for comparison [10]. In our study, the
three-site examination protocol improved the
LR? but conferred only very minute increases
in the other diagnostic parameters. Hence, it
would appear that it is generally not necessary
to add two extra examination sites when using
VibraTip and that examination of the hallux is
sufficient for reliable results. Clearly, the sim-
plicity and rapidity of the procedure increases
when only the the hallux needs to be examined,
adding to the value of Vibratip as a simple
screening test.

A major strength of this study includes the
utilisation of the validated NDS for reliable

clinical examination and comparison. A further
strength is the use of two NDS thresholds, one
to detect mild DSPN and one to detect moderate
DSPN [11]. We also specifically addressed the
question of whether the addition of two exam-
ination sites in the foot would improve the
diagnostic performance of VibraTip. An impor-
tant limitation is the tertiary care setting, which
explains the rather high frequency of DSPN in
our series. Thus, caution is needed before gen-
eralising these results to the primary care set-
ting. A further limitation is the small study
population.

The clinical implications of these findings
can be outlined as follows. VibraTip may be
used to screen subjects with T2DM for DSPN.
The triad of very high sensitivity and NPV
together with very low LR- render it especially
useful as a diagnostic tool to exclude DSPN; this
holds true both for mild DSPN (NDS C 3) and
moderate DSPN (NDS C 6) [11]. For this pur-
pose, the advantages of the device (small size,
easy use, no need for expert training) [9, 10] are
important. Of practical importance, examina-
tion of vibration perception on the hallux is
sufficient, and there is virtually no need to
examine other sites (such as the first and third
metatarsal heads in the present study) with the
Vibratip.

CONCLUSIONS

The diagnostic performance of VibraTip is very
high in persons with T2DM, rendering it very
useful as a screening tool, primarily for the
exclusion of DSPN. VibraTip performs very well
against both the NDS C 3 and NDS C 6 thresh-
olds, but particularly against the NDS C 6
threshold. It is not necessary to examine sites
other than the hallux with the Vibratip as the
inclusion of addional sites in the examination
provides only a very slight improvement in

Table 2 Diagnostic performance of VibraTip the Neuropathy Disability Score threshold of C 6

VibraTip protocol Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR1 LR2 Youden’s J

Protocol A 100 95.2 92.7 100 20.8 0 0.952

Protocol B 100 96.8 95 100 31.25 0 0.968
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diagnostic performance. Overall, VibraTip
appears to merit further use in clinical practice
[14], which will promote larger-scale patient
screening and improve early DSPN diagnosis
[3, 15–17], in harmony with the need for a
quick and reliable comprehensive foot exami-
nation [18].
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