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Current perception thresholds: a new, quick, and reproducible method
for the assessment of peripheral neuropathy in diabetes mellitus
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Summary. The Neurometer is a variable constant current sine
wave stimulator, and has recently been proposed as a simple
non-invasive and quantitative measure of peripheral nerve
function. The device is portable and battery operated; assess-
ment of upper and lower extremities takes only a few min, in
contrast to conventional assessment techniques. In order to
assess its potential in the quantification of diabetic neurop-
athy, detection thresholds for constant current electric sine
wave stimulation were measured at three different frequencies
in different sites in 31 healthy control subjects and 90 diabetic
patients with and without neuropathy. The device provides
good discrimination between neuropathic and non-neuro-

pathic groups (p<0.001) and is quick and easy to use. Com-
parisons with results of conventional tests of nerve function
show that high frequency detection thresholds correlate best
with tests of large fibre function (r=0.42-0.69, p<0.001), and
low frequency detection thresholds correlate with tests of
small fibre function (r=0.34-0.46, p<0.005). It is concluded
that the device may be a simple and comprehensive way of as-
sessing peripheral nerve function.

Key words: Neurometer, diabetic neuropathy, vibration per-
ception, nerve conduction.

Established methods for the quantification of peripheral
nerve dysfunction include the measurement of individ-
ual nerve conduction velocities, and objective measures
of sensory perception for either mechanical or thermal
stimuli. Measurement of conduction velocities requires
considerable skill and experience on the part of the oper-
ator, expensive equipment, and can be uncomfortable
for the patient. It is quite reproducible but quantifies
only the function of large myelinated fibres. Nerve con-
duction measurements have for some time been re-
garded by many as the key investigation of nerve integ-
rity [1]. Psychophysical measurements of ‘objective’
thresholds for sensory perception have been measured in
a variety of ways, from simple deformable monofila-
ments [2] through various types of devices for producing
graded vibratory and thermal stimuli [3-7], to highly
sophisticated computer-aided laboratory systems [8].
Many of the techniques are difficult to standardise [9],
and particularly for thermal testing the reported normal
discrimination thresholds vary a great deal depending
on the machine used [3, 6]. Maintaining the full attention
of the patient is necessary for accurate reproducibility,
which can be difficult if the testing procedures are time-
consuming, as most of the currently available thermal
testers are. Despite these problems, most authorities

agree that the measurement of sensory thresholds for
small and large fibre functions is essential for full charac-
terisation of diabetic neuropathy [10, 11].

We have evaluated a new device which has not pre-
viously been tested in Great Britain, for the assessment
of diabetic peripheral neuropathy, and compared it
with conventional methods for quantification of neuro-
logical dysfunction. The device uses a novel stimulus,
an electric sine wave of up to 10 mA produced by a
portable battery powered constant current generator.
The current output of the generator is maintained con-
tinuously by a feedback circuit during the procedure, so
that alterations in skin resistance are automatically
compensated for. The minimum amplitude of signal re-
quired to produce a sensation is determined at three dif-
ferent frequencies. The stimulating electrodes are small
and can be attached to any body site, simply by taping
them to the skin.

Patients and methods

The Neurometer (Minimed Technologies, Sylmar, Calif, USA) was
initially performance tested by the medical physics laboratory. Thirty-
one control subjects (Group 1) and 90 patients with Type 1 (insulin-
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Table 1. Clinical details of subjects studied
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Subjects Sex Age (years)

M/F
(n)

Mean Range

Duration of
diabetes (years)

Type 1
(insulin-
dependent)
diabetes (1)

Type 2
(non-insulin
dependent)
diabetes ()

Mean Range

Control
(Group 1,
n=31)
Diabetic
(Group 2,
n==35)
Diabetic
Neuropathy
(Group 3,
n==34)
Diabetic
Neuropathic
Ulcer
(Group 4,
n=21)

20/11 51 19-82

14/21 47 18-79

23/11 52 26-72

16/ 5 33 37-64

14 1-40 19 16

17 1-42 13 21

18 1-54 12 9

dependent) and Type 2 (non-insulin-dependent) diabetes mellitus
then participated in the study, which was approved by the Central
Manchester Hospitals Ethical Committee. The diabetic patients were
divided into 3 clinical groups: those with no evidence of peripheral
neuropathy (Group 2), patients with symptomatic neuropathy [12]
(Group 3), and patients with a history of neuropathic foot ulceration
(Group 4). Details of the groups are given in Table 1. Patients rested
in a warm environment and current perception thresholds (CPT) were
determined for 5 Hz, 250 Hz, and 2 kHz at two test sites: the index
finger and the great toe. The stimulus was initially increased until a
sensation was reported and then short stimuli (2-5 s) were applied at
progressively lower amplitudes until a minimal threshold for consis-
tent detection was determined. The device has a “dummy” switch to
allow the the on/off status of the machine to be concealed from the
patient, and a forced choice paradigm was used to confirm the mini-
mum threshold for perception [8].

A cohort of 68 patients also had conventional assessment of pe-
ripheral nerve function. A biothesiometer (Bio-medical instrument
Co, Ohio, USA) was used for the measurement of vibration percep-
tion threshold at the tip of the great toe, and the distal interphalangeal
joint of the index finger. Warm thermal discrimination thresholds
were measured using the thermoaesthaesiometer [4] (Free University
Hospital, Amsterdam, The Netherlands). Peroneal nerve motor
conduction velocity was measured using surface electrodes and a
Medelec electrophysiological system (Medelec MS92A Medelec Ltd,
Old Woking, Surrey, UK).

Statistical analysis

Statistical analysis was carried out with non-parametric techniques
(Mann-Whitney U-test, Spearman rank correlation coefficient) using
the ‘Amstat’ statistical package for Amstrad computers (SC Coleman
Ltd, Ashby-de-la-Zouch, UK).

Results

In laboratory conditions the device performed well to

its specification, producing a pure sine wave of up to
10 mA (20 mA peak to peak) across an impedance of up
to 6 kilo-ohms (maximum voltage 110 V). The digital
calibration of the machine proved to be very accurate.

In practice the Neurometer was easy to use, and did
not induce discomfort. Assessment of two sites took
about 10-15 min on average. Repeated measurements
in a number of normal individuals revealed that the
coefficient of variation of CPT measures was frequency
dependent, with the smallest coefficient of variation
seen with 2 kHz stimuli (8-11%) and the largest with
low frequency stimuli (16-20%), although the absolute
variability was similar,
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Fig.1. Current perception threshold (CPT) distributions (- - median)
for the 4 groups in the hand at 2 kHz. C - control; D - non-neuro-
pathic diabetic; DN - diabetic neuropathy, no foot ulcer; DNU -
diabetic with history of neuropathic foot ulceration. C vs DN,
p<0.05; Cvs DNU, p<0.001; D vs DNU, p<0.01
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Fig.2. Current perception threshold (CPT) distribution (- - median)
for the 4 groups in the foot at 5 Hz. C - control; D - non-neuropathic
diabetic; DN - diabetic neuropathy, no foot ulcer; DNU - diabetic
with history of neuropathic foot ulceration. C vs DN, p<0.001; C vs
DNU, p<0.001; D vs DN, p<0.05; D vs DNU, p<0.001

The sensations evoked by the different stimulus fre-
quencies were subjectively different. The descriptions
of the sensations were similar in all groups, at least in
the upper limb. With 5 Hz stimuli the sensations were
typically described as ‘burning’ or ‘stinging’, and be-
came unpleasant at stimulus intensities around twice
the threshold for detection. In contrast 2 kHz stimuli
produced sensations of a more mechanical quality, de-
scribed by words such as ‘buzzing’ or ‘tingling’. Most
subjects did not find that these sensations became un-
pleasant at increased stimulus amplitudes.

The results provided good discrimination between
the neuropathic and non-neuropathic groups at all fre-
quencies in the foot, and to some extent in the hand.
Figure 1 shows the CPT measurements obtained at
2kHz in the finger for the 4 groups. The neuropathy
(Group 3) patients’ results were significantly different
from control (Group 1, p<0.05), and those from the
neuropathic ulcer (Group 4) patients were greater than
control (p<0.001), and the non-neuropathic diabetic
patients (Group 2, p<0.01).

Figures 2-4 show the distributions of CPT measure-
ments in the foot. Significant differences between
neuropathic (Group 3 and 4), and non-neuropathic
(Group 1 and 2) responses existed at all frequencies
(p<0.05-0.001).

Significant correlations were found between 2 kHz
CPT and measurements of large fibre function (vibra-
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Fig.3. Current perception threshold (CPT) distributions (- - median)
for the 4 groups in the foot at 250 Hz. C - control; D - non-neuro-
pathic diabetic; DN - diabetic neuropathy, no foot ulcer; DNU -
diabetic with history of neuropathic foot ulceration. C vs DN,
p<0.001; C vs DNU, p<0.001; D vs DN, p<0.001; D vs DNU,
p<0.001
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Fig.4. Current perception threshold (CPT) distributions (- - median)
for the 4 groups in the foot at 2 kHz. C - control; D - non-neuropathic
diabetic; DN - diabetic neuropathy, no foot ulcer; DNU - diabetic
with history of neuropathic foot ulceration. C vs DN, p<0.001; C vs
DNU, p<0.001; D vs DN, p<0.001; D vs DNU, p<0.001
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Table 2. Significant correlations of current perception thresholds
(CPT) and conventional tests

Current perception threshold

5/250 Hz 5Hz 2kHz 2kHz
(hand) (foot) (hand) (foot)
log1p Thermal
threshold 0.37/046*  0.34°
Vibration
perception
threshold 0.422 0.69*
Peroneal motor
conduction velocity —0.66%

Spearman correlation coefficients between CPT measures at different
frequencies and conventional tests of sensory perception and conduc-
tion velocity.

2 p<0.005; ® p<0.001

tion perception and conduction velocity); small fibre
function (thermal discrimination) correlated signifi-
cantly with lower frequency CPT (Table 2).

Discussion

The Neurometer proved to be a simple and potentially
a useful way of quantifying nerve dysfunction, and its
use has certain advantages over conventional tech-
niques. It is easily portable, and does not require great
skill or experience to operate. It provides useful dis-
crimination between neuropathic and non-neuropathic
clinical groups, and may offer an indication for risk of
foot ulceration in diabetic patients. Intrasubject vari-
ability of the measurement of CPT was similar in our
experience to that described by other workers [13], and
compares favourably with other sensory perception
tests.

Conventional electrophysiology has been used for
many years to assess neurological abnormality in dia-
betic patients, but has some associated problems. Some
abnormality can be detected in the majority of patients
[14], and the conduction velocity measured mostly re-
flects the integrity of large myelinated fibres, which
constitute a numerical minority of nerve fibres. Al-
though not relying on patient response and attention, a
number of potential errors can occur. Nerve conduction
velocity is temperature dependent, but temperature of
the skin does not necessarily reflect temperature of the
nerve. Although the latency of the electrical response
can be determined with great accuracy, the distance
between stimulus sites is measured at the skin surface
and is therefore imprecise. However, if due attention is
paid to these problems, much useful information can be
obtained [1].

The commonest device used to assess vibration per-
ception is the biothesiometer, which has no direct con-
trol of applied pressure, and is thus subject to operator
and technique variability, as well as variation of percep-
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tion between sites [9]. This problem is controlled for by
the Vibrameter (Somedic, Stockholm, Sweden) and the
computer assisted sensory examination [8]. The latter
also removes observer error, but is time consuming and
impractical for screening purposes.

The most frequently applied test of small fibre func-
tion is to determine thermal discrimination thresholds,
and there is probably a greater profusion of equipment
and techniques for this than for any other sensory mo-
dality [3-6]. Although there is some consensus that a
forced choice method is the best approach, this is not
universal, and large differences are reported between
normal ranges by different workers, depending on the
methodology employed.

The Neurometer does rely on patient response, but
there is no problem with the standardisation of elec-
trode placement, or applied pressure. Forced choice
determination of perception threshold can be carried
out, and there is a warning light if the impedance across
the electrodes exceeds the capacity of the machine to
deliver a pure sine wave stimulus. The ability of the ma-
chine to maintain the current despite alterations in skin
resistance may be the reason for the reproducibility of
CPT measurements. If constant voltage stimuli are ap-
plied the current delivered is entirely dependent on skin
resistance. We have found that the low variability of
high frequency CPT approaches that of nerve conduc-
tion velocity measurement.

It has been suggested [13] that because the amplitude
for perception is very different at the different test fre-
quencies that the device is testing three different nerve
fibre populations; but consideration of stimulus ampli-
tude/duration relationships for action potential propa-
gation [15] would lead one to expect this difference.
However, different nerve fibre types show variable de-
grees of accommodation to slow depolarisation, the
greatest accommodation occurring in large myelinated
fibres, and the least in small fibres [16]. The relatively
long rise time of a low frequency sine wave (50 ms) might
allow large myelinated fibres to accommodate, and so
fail to produce an action potential at low stimulus ampli-
tudes. Furthermore, it has been demonstrated with the
technique of microneurography that C fibres in human
skin can be stimulated electrically at low frequencies, but
that repetitive stimulation produces an increase in
latency, and conduction blocking to a greater degree
than that seen in larger fibres [17]. That the device is ca-
pable of giving information about the functional integ-
rity of different fibre types is suggested by the correla-
tions with thermal and vibration testing. The subjective
sensations evoked also suggest a somewhat different pat-
tern of fibre activation at different frequencies. It is by no
means certain that transcutaneous stimulation with the
Neurometer stimulates nerve fibres directly however,
and it may be that the differential responses of cutaneous
mechanoreceptors to different frequencies of mechan-
ical stimulation [18, 19] is the mechanism by which dif-
ferent sensations are evoked.
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It should be remembered that all techniques for
evaluating sensory function are not measuring periph-
eral nerve function specifically, and intepretation of re-
sults in this way assumes the integrity of central sensory
pathways. This limits their use in screening for periph-
eral neuropathy, but the Neurometer may enable a
comprehensive assessment to be made simply and
rapidly, without the need for a complex laboratory.
However, claims that the Neurometer can detect and
quantify hyperaesthesia and diagnose neuropathy ear-
lier than other techniques are more difficult to justify,
and should be treated with caution.

In conclusion therefore, the Neurometer performed
well in clinical practice, and appears to provide quanti-
tative information about the integrity of both small and
large fibres in peripheral nerve. Whilst it is unlikely to
replace conventional techniques, its small size and port-
ability make it useful for rapid assessment in the clinical
situation.
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