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SUMMARY Using two identical thermostimulators which operated on the Peltier principle, ther-
mal cutaneous sensation of the hand and the foot was investigated in 36 normal subjects and in 20
patients with diabetic neuropathy. Using a two-alternative forced-choice testing procedure,
thermal discrimination thresholds were determined twice. The values found in normal subjects
are comparable with data from the literature. It was confirmed that thermal discrimination of the
foot decreased with increasing age. In patients with diabetic neuropathy the increased thresholds
for the foot could be correlated with length-dependent degeneration of small nerve fibres.

In patients with diabetic neuropathy it may be
important to quantitate the results of sensory
examination, for example when evaluation of the
effect of therapy is required.'-3 Many attempts have
been made to measure various qualities of cutane-
ous sensation. Equipment has been developed to
determine perception thresholds for vibration, tac-
tile stimuli and thermal stimuli.3
An increased thermal perception threshold in

patients with diabetic neuropathy is a reflection of
the loss of small fibre function.4 The bedside
methods used to examine thermal sensation are
inadequate to allow monitoring of this function.3
Nowadays convenient thermostimulators, operating
on the Peltier principle, make it possible to deter-
mine the thermal perception threshold.5 The
methods of testing cutaneous thermal discrimina-
tion, which are described in various reports, differ
considerably and are not always free of response
bias.5-8 We used the Peltier effect to vary the tem-
perature of two identical thermostimulators and
employed a two-alternative forced-choice testing
procedure. Thermal discrimination thresholds were
determined for the dorsum of the hand and the dor-
sum of the foot in a group of healthy volunteers and
in a group of patients suffering from diabetic
neuropathy.
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Materials and methods

Subjects
Thirty-six nondiabetic subjects, 25 women and 11 men,
varying in age from 24 to 91 years, and 20 diabetic
patients, 11 women and nine men, varying in age from 22
to 69 years, were investigated. All nondiabetic subjects
were healthy and did not receive any medication interfer-
ing with sensory function. Neurological examination was
normal and peripheral arterial pulsations were intact. All
diabetic patients examined were insulin-dependent (Type
1) and had symptoms and/or signs of neuropathy. Thirteen
patients had sensory complaints (numbness, spontaneous
pain or paraesthesia in the lower limbs) together with
absent ankle jerks and decreased motor conduction vel-
ocities of peroneal and median nerves. Four patients had
sensory complaints together with either decreased nerve
conduction velocities or absent ankle jerks. Three patients
had no sensory complaints but ankle jerks were absent and
nerve conduction velocities were decreased.

Equipment and procedure
The testing equipment is composed of a control unit and
two thermostimulators. Each thermostimulator employs an
element, operating on the Peltier principle, and measuring
3 cm x 4 cm. By varying the direction of the current
through the Peltier element the thermostimulator can be
warmed or cooled. A spring mechanism ensures that the
stimulator is applied with a constant (200 g) pressure to the
area of skin to be tested. One thermostimulator (TSl) is
set and maintained at a temperature which equals the
skin-temperature of the area tested. The temperature of
the second stimulator (TS2) is varied and is randomly
adjusted so that it is higher or lower than the temperature
of ThS. The temperature of TS1, TS2 and the difference
between them can be displayed on the control unit. The

686

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.48.7.686 on 1 July 1985. D
ow

nloaded from
 

http://jnnp.bmj.com/


Thermal discrimination thresholds in normal subjects and in patients with diabetic neuropathy

At°C
10.0

5.0

2.5

1.3

0-7

04

0.2

0.1

++_+ _ + _ + + ++ 4_ -+ ++_+-++

Trial
Fig 1 Test result (left foot) in a patient with diabetic neuropathy. At is the temperature difference between the two

stimulators. The reversalpoints are numberedfrom 1 to 8. Thermal discrimination threshold is the mean value ofthe last six
reversals, in this case 1 *8 °C. C = correct response. W = wrong response. +1- = stimulator two is warmerlcooler than

stimulator one. See text for further explanation.

maximum difference in temperature between the two
stimulators can be 10-0°C, whilst the minimum difference
is 0*1°C. A two-alternative forced-choice test method is
used. The investigator applies TS1 for 3 s at the testing site.
Subsequently, TS2 is applied and when it is removed after
another 3 s, the subject is asked whether TS2 was warmer

or cooler than TS1. At the beginning of the test procedure
the temperature difference between the two thermo-
stimulators is 10-0°C. Using a logarithmic scale, other
temperature differences used in the test are 5-0°C, 2*5°C,
1-30C, 0-7°C, 0-4°C, 0-2°C, and 0-1°C (fig 1). The interval
between two pairs of consecutive stimuli is 12 s. After a

correct answer from the subject, the temperature differ-
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Fig 2 Representation ofleft hand thermal discrimination
thresholds (mean value oftwo examinations) in 36 normal
subjects (0) and 20 patients with diabetic neuropathy (O) as

a function ofage.

ence between the stimulators is reduced. If an error is
made the temperature difference is increased (up and
down rule).
An answer is judged to be correct after a correct

response to three identical temperature differences (CCC),
or after a sequence of two correct responses, a wrong
response and a correct response (CCWC). Conversely, a

wrong response (W), a sequence of a correct response and
a wrong response (CW), and a sequence of two correct
responses and two wrong responses (CCWW) are judged
to be errors (fig 1).
Using these rules and testing at the temperature differ-

ences mentioned above, eight changes in direction are

registered (reversal points). The discrimination threshold
is defined as the mean value of the last six reversals.
The subject is familiarised with the procedure, and

allowed to acclimatise for 20 minutes in the examination
room. Usually it takes 15 minutes to determine the thermal
discrimination threshold. In all subjects, thermal discrimi-
nation thresholds were determined twice, both for the dor-
sum of the left hand and the dorsum of the left foot. The
two examinations were separated by a period of one week.

Results

In the majority of normal subjects, the thermal dis-
crimination threshold on the dorsum of the hand
was in the range 0-15°C to 0 30°C. Two subjects
over 70 years of age gave thermal discrimination
threshold values of 0-75°C and 1 30°C (fig 2). All
diabetic patients tested were under 70 years of age.
In 14 of them, thermal discrimination threshold on

the hand ranged between 0. 15°C and 0 30°C. In six
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Fig 3 Representation of left foot thermal discrimination
thresholds (mean value oftwo examinations) in 36 normal
subjects (0) and 20 patients with diabetic neuropathy (-) as
a function of age.

diabetics the thermal discrimination threshold on
the dorsum of the hand exceeded 0 30°C (fig 2).

In all normal individuals under 70 years of age,
the thermal discrimination threshold on the foot was
between 0-15°C and 0 50°C. However, in six older
subjects, a marked elevation of thermal discrimina-
tion threshold was noted (fig 3). In all but two
patients with diabetic neuropathy, thermal discrimi-
nation thresholds on the foot exceeded 0 50°C with
values ranging from 0 60°C to over 10-00C (fig 3).

All normal and diabetic subjects were tested twice
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Fig 4 Correlation of left foot thermal discrimination
thresholds found in two examinations (interval ofI week) in
25 normal subjects under 70 years ofage (0) and in 20
patients with diabetic neuropathy (0).

in order to examine intra-individual variability. The
maximum difference between two examinations of
the thermal discrimination threshold was 0 50°C for
both the hand and the foot in normal subjects, and
for the hand in diabetic patients. Figure 4 represents
the intra-individual variability of the thermal dis-
crimination threshold for the foot in 30 normal sub-
jects under 70 years of age and in 20 patients with
diabetic neuropathy, and allows a comparison of the
reproducibility of normal and increased thresholds.

Discussion

Establishing a diagnosis of diabetic neuropathy is a
well known problem in clinical practice. The patient
may have symptoms in the absence of clinical and
neurophysiological signs. In contrast, the neurologi-
cal and neurophysiological examination may show
abnormalities in asymptomatic diabetics.9 The con-
ventional methods for determining motor and sen-
sory nerve conduction velocities only reflect the
conduction velocity of large myelinated nerve
fibres.'0 It is generally accepted that thermal sensa-
tions are conducted by the small myelinated fibres
(delta group A-axons) and the smaller unmyelinated
fibres (C-axons) of the peripheral nerve (according
to Erlanger and Gasser's nomenclature).346 Thus
investigation of thermal cutaneous sensation pro-
vides additional information when examining a
patient.' ' Particularly in patients with symptoms but
without clinical and neurophysiological abnor-
malities, quantitation of cutaneous sensation can
identify- neuropathy.'2 Moreover, quantitation of
cutaneous sensation offers the possibility of evaluat-
ing the effects of therapy, for example administra-
tion of aldose reductase inhibitors'3 1' or improved
metabolic control of diabetes mellitus.'2 15 16

Several methods for quantitation of thermal sen-
sation have been developed.5-8 On theoretical
grounds, thermal stimulation without a tactile com-
ponent would be ideal. This can be achieved by
using a radiation stimulus.'7 The actual temperature
change cannot, however, be sufficiently controlled
and the latency from the onset of thermal stimulus
to the onset of sensation varies considerably.'8 Now-
adays thermostimulators operating on the Peltier
principle are commonly used. The Marstock"
thermostimulator is attached to the hand or the foot
and can be warmed or cooled alternatively, depend-
ing on the direction of the current applied.5 As soon
as the patient perceives warmth or cold he reverses
the current by turning a switch. Thus a record is
obtained that is a measurement of the temperature
interval between the perception of cold and warmth.
This method is not, however, free of response bias.
Moreover, the variable tine of reaction to the ther-
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mal stimulus can affect the measurement.519 For this
reason, we selected the two-alternative forced-
choice procedure, making use of two identical ther-
mostimulators. The forced-choice method is an
accurate and widely accepted psychophysiological
test procedure which is free of criterion and
response bias artifacts.2023 Ignoring the first two
reversal points, and using the criteria mentioned to
judge an answer as being correct or incorrect, the
test method is more reliable.'22-24

Because the temperature of the "neutrarl
stimulator equals the skin temperature, and the sec-
ond stimulator is either warmer or cooler, both
warmth and cold receptors are tested. Although
there are differences between cold and warm per-
ception, there is no evidence that neuropathy affects
these qualities separately. Thermal discrimination is
related to the skin temperature, and therefore it is
essential to involve the temperature of the stimu-
lated area in the determination of the thermal dis-
crimination threshold.25

In our method, we chose a combination of ther-
mal stimulus with a tactile stimulus. Because a vari-
able stimulus pressure can affect thermal sensa-
tion,26 the pressure was kept constant at 200 gram.
The results we obtained on examining normal

subjects are comparable with those of Kenshalo
et a8 and Dyck et al.6 Although most investigators
postulate a decreased cutaneous sensation with
advancing age, only a few studies dealing with this
theme have been published.3 7 23 27 28 Dyck et a13 7
investigated thermal cutaneous sensation in elderly
subjects and found impaired thermal discrimination
with increasing age. Our findings-especially for the
foot-confirm this age-related difference in thermal
discrimination thresholds. Several factors have been
advanced to account for this " age-neuropathy".
Some properties of the skin vary with age. There is a
decrease in total numbers of cutaneous receptors
and myelinated fibres and those receptors that
remain are irregularly distributed and vary in size
and shape. Other factors could be inadequate blood
flow to the spinal cord and diminished blood flow in
peripheral structures.232728
Our findings in patients with diabetic neuropathy

suggest a considerably impaired small fibre function,
sometimes in the presence of normal clinical or
neurophysiological findings or in the absence of
complaints. The difference we found between ther-
mal discrimination thresholds for the hand and for
the foot confirms the length-dependent nature of
nerve degeneration in diabetic neuropathy.49
We found a small intra-individual variability of

thermal discrimination threshold in all normal sub-
jects and in most diabetic patients. A considerable
difference between the two examinations for the

foot was found in three patients (fig 4). A major
factor influencing sensory threshold determinations
is the attention of the subject.29 In diabetic patients
this attention can be affected by fluctuation of blood
glucose levels. Therefore we recommend the use of
the mean value of two examinations in order to
determine discrimination thresholds. This is in
accordance with findings of Fagius and Wahren.29
Bearing this in mind we consider determination of
thermal discrimination thresholds in patients with
diabetes mellitus a valuable method by which to
diagnose neuropathy. The method can be of particu-
lar importance when monitoring of sensory function
is required, as is the case in clinical trials with drugs
which are claimed to improve nerve function in
diabetes mellitus.

We thank Dr Ir PO Bezemer and Dr PJ Kostense
(Department of Medical Statistics) for their com-
ments and advice. The equipment was developed in
collaboration with Mr R Heslinga of the instrumen-
tal department of the Free University Hospital.
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