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Evaluation of thermal and pain sensitivity in
type I diabetic patients

Xavier Navarro, William R Kennedy

Abstract
Thermal sensitivity was studied in 280
type I diabetic patients and in 75 control
subjects. Warm and cool thresholds,
temperature sensitivity limen (dif-
ference between warm and cold thres-
holds, TSL), and hot and cold pain thres-
holds were quantitated on the skin of
the index finger, hand, foot and medial
calf. The diabetic group had mean values
that were significantly different from
controls in all variables except the pain
thresholds in the upper extremity. TSL
was the most sensitive parameter, being
abnormal in 57, 63, 79 and 78% of
patients in the four skin sites tested. Hot
pain sensitivity was abnormal in 37, 21,
39 and 26% of patients in the same sites.
Thermal sensitivity abnormalities were
more frequently observed than abnor-
malities in motor and sensory nerve con-
duction studies. Thermal tests corre-
lated with the duration of the diabetes,
although there were abnormalities at all
stages of the disease. The results show
that diabetic neuropathy has a variable
presentation in different types of nerve
fibres.
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Distal, symmetric, sensory-motor poly-
neuropathy is one of the most frequent com-
plications of diabetes mellitus. The spectrum
of nerve involvement ranges from deficits of
large nerve fibre function characterised by
depressed tendon reflexes, vibration sense,
propioception and touch, to small fibre dys-
function with dysaesthesia, hyperaesthesia,
reduced pain and temperature perception and
autonomic symptoms."2 Large fibre deficits
can partially be quantified by electromyogra-
phy and nerve conduction studies. With
increasing frequency small nerve fibre deficits
are being quantified by testing thermal sen-
sitivity.
Temperature sense is mediated by thinly-

myelinated AO (cold) and unmyelinated C
(warm) nerve fibres.' Accurate testing, requir-
ing calibrated warm and cool stimuli, is best
achieved by using Peltier elements.45
Measurement of patient response to a thermal
stimulus can be accomplished quickly using
the Marstock method.6 The Peltier device is
also well suited for testing pain induced by
hot and cold stimuli because it is safe, rapid
and repeatable.6 Pain sensitivity is also con-
veyed by small nerve fibres from polymodal
nociceptors in the skin.'

Although abnormalities of thermal sen-
sitivity are highly prevalent in diabetes
mellitus, only limited numbers of patients
studied by quantitative methods have been
reported, and contradictory conclusions have
been reached concerning differences of the
techniques applied. The aim of this study was
to evaluate the prevalence of dysfunction of
temperature and pain nerve fibres of the peri-
pheral nervous system in a large group of
patients with type I diabetes mellitus, to com-
pare the usefulness of the different testing
parameters used and of different sites tested,
and to compare these results with those from
nerve conduction studies.

Material and methods
Subjects
A total of 280 patients with type I diabetes
mellitus, 162 women and 118 men, ranging in
age from 10 to 59 years (mean 32-6) and in
duration of disease from one to 49 years (mean
19.0), were evaluated. A wide range of patients
were evaluated, either for diagnostic purposes
or at entry into therapeutic studies, including
pancreas transplantation and insulin-infusion
pump. There was no selection by neurological
criteria. Patient test values were compared with
those from 75 normal subjects, 45 women and
30 men, aged 17 to 62 years (mean 32 8).

Thermal and pain sensitivity tests
The thermal stimulator probe was 20 x 25 mm
containing several coupled, multi-layered Pel-
tier elements (Thermal Devices Inc).5 Water
circulating through the thermode removed
excess, current generated heat. Temperature
was monitored at the probe-skin interface by a
thermocouple and recorded on a chart recor-
der. The probe was initially set at 33°C, then
heated or cooled at 0.5°C/s. The subjects
reversed the current by pressing a switch when
they first detected the plate becoming warm or
cool. Thermal threshold for warm (WTT) and
cool (CTT) was determined as the mean of at
least five reversal points during a stable record.
The difference between reversal points is called
the thermal sensitivity limen (TSL).6

After thermal sensitivity testing, pain
thresholds were measured by warming or cool-
ing the probe temperature at 1 5°C/s until the
subject felt pain and reversed the stimulus. The
instrument was limited to excursions between
1-50°C to avoid skin damage in hyperaesthesic
individuals. Pain thresholds by hot and cold
stimuli (HPT and CPT) were determined as
the average of three acceptable trials.
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Table 1 Results of tests for temperature and pain sensitivity in control and diabetic
subjects

Controls (n = 75) Diabetics (n = 280)

x SD P95 x SD

TSL index 29 13 48 81 75 **
TSL hand 24 08 35 72 72 **
TSL foot 62 22 80 212 138 **
TSL calf 67 2-1 90 203 128 **

WTT index 35 2 1.5 37-2 38-8 42 **
WTT hand 35*4 1.1 37 2 37-9 3.5 **
WTT foot 37 7 1 8 40 0 42-6 50 **
WTT calf 38-3 1.9 41 0 42-4 44 **

CTT index 32-3 1.5 30 5 30 7 47 *
CTT hand 33 0 1-2 31-5 30 7 50 **
CTT foot 314 18 290 213 101 **
CTT calf 315 1 7 29-0 219 102 **

HPT index 44-8 3 2 48 5 46 9 28 **
HPT hand 43.9 2-9 47-8 44 8 3 3
HPT foot 43 9 2-8 48 0 46 6 3-2 **
HPT calf 45-1 2-5 48-5 46-6 2-7 **

CPT index 106 8 9 10 8-1 8-1
CPThand 11-8 85 10 12-1 8-4
CPT foot 120 89 10 7.7 89 **
CPTcalf 11.9 9-5 1 0 8-3 86 *

*p < 0-01; **p < 0-0005 with respect to controls.

Thermal and pain sensitivity were tested in
each subject on four skin areas: dorsum of the
index finger, dorsum of the hand (over the first
dorsal interosseus muscle), lateral dorsal foot
(over the extensor digitorum brevis muscle),
and medial calf. Testing at the four sites
required 20 to 25 minutes. Thermal tests were
conducted in a room maintained near 22°C.

Nerve conduction studies
Motor nerve conduction velocity (NCV) was
measured for one ulnar, median, peroneal and
tibial nerve. The evoked muscle action poten-
tial (MAP) was recorded from hypothenar,
thenar, extensor digitorum brevis and abductor
digiti quinti muscles, respectively. Values for
ulnar and median nerves, and those for
peroneal and tibial nerves were averaged to
facilitate comparisons with other parameters.
Orthodromic sensory nerve conduction was
measured in the median and sural nerves.
Nerve conduction was performed in the same
extremities used for thermal tests. The normal
limits (P95% values) determined in our
laboratory for healthy subjects are: ulnar and

Table 2 Relative frequencies of abnormal tests in the diabetic patients studied

Abnormalities
Site
tested Parameter n % n % n %

Index WTT 147 52-5
CTT 77 27-5 181 64-6
TSL 160 57-1 207 73 9
HPT 105 37 5

Hand WTT 114 40 7
CTT 102 36-4 190 67-9
TSL 177 63-2 197 70 4
HPT 58 20-7

Foot WT1VT 148 59 2
CTT 170 68 0 203 81 2
TSL 198 79-2 205 82 0
HPT 98 39-2

Calf WTT 135 54 0
CTT 162 64-8 197 78-8
TSL 194 77-6 198 79-2
HPT 64 25-6

median NCV 48 m/s; MAP of thenar and
hypothenar eminence 5 mv; peroneal and tibial
nerve NCV 40 m/s; MAP of extensor
digitorum brevis and abductor digiti quinti 3
mv; median and sural nerve distal sensory
conduction latency 3-5 ms and NAP 10 and
5 uv respectively.

Clinical evaluation
The clinical presence of neuropathy was asses-
sed by the same investigator (WRK) in 168
patients. Selected items of the neurological
examination were scored according to a
previously defined protocol,7 including tendon
reflexes, motor and sensory functions in the
upper and lower extremities. Each feature of
the examination was classified as normal, mild,
moderate or severely abnormal.

Statistical analysis
Data are expressed as arithmetical mean and
SD. The lower (or upper) limit of normal
values for thermal and pain tests was estab-
lished as the 95 percentile (P95) of the control
subjects. Comparisons between groups were
made by the Student's t test for unpaired
samples, and relationships between variables
by linear regression and correlation analysis.

Results
Thermal sensitivity
The mean values for the control subjects are
shown in table 1. TSL averaged 2 9°C (range
1 0-5-7) on the index finger, 2-4C (1 0-4 0) on
the hand, 6-2°C (2-7-12-0) on the foot, and
6-7°C (2-8-12-0) on the calf. Measurements
from the finger were usually less satisfactory
than from the hand, because the area of contact
between the flat probe surface and the finger
was variable. The same applies to
measurements performed in the big toe. Data
from the toe are not presented because in
diabetic patients the toe was too often insen-
sitive to thermal stimuli for practical use. The
TSL measured on the four different areas of
the skin correlated well in the control subjects
(correlation coefficients ranged between 0 30
and 0-64, p < 0-05).
There were no significant correlations be-

tween any of the thermal sensitivity variables
and age in control subjects (r=0 01 to 0-21).
Female controls had on average slightly higher
sensitivity than males, but the differences were
not significant, except for WTT in the dorsum
of the hand and HPT in the calf. Intra-
individual variability was low; the coefficient of
variation for five control subjects tested 10
times, with at least one day interval, was

between eight and 15%. Variability ofthe TSL
on repeated occasions in 10 normal and 10
diabetic subjects tested twice within a one

month interval showed a high correlation (r =
097,p < 00001).
Thermal sensitivity values for the diabetic

patients are shown in table 1. All the
parameters recorded were significantly dif-
ferent from those of the control group (p <

0-01 to p < 0-0001). Table 2 shows the extent
of abnormalities detected for each of the
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Table 3 Relation between temperature and pain sensitivity and motor and sensory
nerve conduction (including nerve conduction velocity or distal latency and amplitude of
the evoked action potential) in the diabetic patients

Abnormal

n (%) TSL HPT

MOTOR
Upper extremity Normal 153 (54-6) 67 (43-8) 22 (14-4)

Abnormal 127 (45-4) 110 (86-6) 36 (28-3)
Lower extremity Normal 69 (27 6) 38 (55-0) 9 (13-0)

Abnormal 181 (72 4) 160 (88 4) 89 (49 2)

SENSORY
Median Normal 121 (43-2) 49 (40 5) 15 (12-4)

Abnormal 159 (56-8) 128 (80 5) 43 (27-0)
Sural Normal 64 (25 6) 30 (40Y5) 9 (14-0)

Abnormal 186 (74 4) 168 (90 3) 89 (47 8)

parameters. For each skin site tested, the TSL
was the most frequently abnormal value among
the diabetic patients. Fewer tests were done on
the lower extremity (250 patients) because of
amputations or local lesions. As in the control
subjects the results from different skin sites of
patients correlated well. TSL was normal on
both hand and foot in only 39 patients.
Comparison of warm and cold thresholds

showed good correlation in all the sites tested
(r = 0 44 to 0-60, p < 0-001). However, there
were discrepancies in individual patients; CTT
was abnormal slightly more often thanWTT in
the lower extremity, but not in the upper
extremity (table 2).

Pain sensitivity
The HPT averaged 43 9°C for the hand and
foot in control subjects and slightly higher for
the index finger (44 8°C) and calf (45 1°C)
(table 1). Cold pain sensation is known to be
more subject to variation and difficult to
evaluate.6 CPT was quite variable in the control
subjects, the lower limit being equal to the
minimum temperature that the stimulator was
allowed to reach (1°C), thus it was less useful to
detect abnormalities in the patients. HPT was
less variable between subjects, although the
upper normal limit was close to the maximum

Figure Relation of
thermal sensitivity limen
( TSL), and hot pain
threshold (HPT) with the
duration of diabetes
mellitus.
*= < 0*0001.
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temperature stimulus allowed. Neither age nor
sex of the subjects influenced HPT. Again,
there were significant correlations between
results obtained in different sites of the same
subjects (r = 0-48 to 0 74, p < 0 001).
The mean values in the diabetic group were

significantly different from those of control
subjects, except for the CPT for the index
finger and hand and the HPT for the hand. The
HPT was impaired in a lower proportion of
diabetic patients than temperature thresholds
or the limen in all sites tested (table 2). HPT
was abnormal in only a few patients who had a
normal TSL (seven in the hand, two in the
foot). Results of HPT in different sites were
also correlated in the diabetics. There were
very few hyperalgesic responses; only four
patients in the hand and three in the foot had a
HPT that was below the lower limit of normal
for controls, all of these had normal TSL
values.

Relationship to nerve conduction
Nerve conduction data of diabetic patients
showed significant correlations with TSL and
HPT values, but there were different patterns
of involvement. The majority of patients with
abnormal motor or sensory nerve conduction
also had impaired thermal sensitivity in the
hand or the foot (table 3). Of importance,
approximately half of the patients with nerve
conduction within normal limits had abnormal
TSL. In fact, TSL was the most frequently
abnormal neurophysiological parameter in this
group of diabetic patients.

Relation with clinical observations
TSL values, but not HPT correlated sig-
nificantly with the duration of diabetes (fig).
TSL was abnormal in at least one of the areas
tested in seven of 20 patients tested with less
than five years duration, while it was abnormal
in all 28 patients with diabetes longer than 30
years. However, in all comparisons the correla-
tion coefficients were relatively low (0.05 to
0 40), indicating that small nerve fibres may be
involved at any stage of the disease.
Of the 168 patients clinically evaluated by

the same investigator, 46 had no evidence of
neuropathy and 122 had a variable degree of
severity of neuropathy (table 4). Among the 46
patients who were normal on clinical examina-
tion, 26 had abnormalities in TSL in the hand
or the foot, while only 15 had abnormalities in
the nerve conduction studies, and nine ofHPT.
On the other hand, no patients with moderate
or severely abnormal examination had normal
TSL, three had normal nerve conduction tests,
and 35 had normal HPT values.

50-

*0 POO:*S:..... r =0-28
Discussion

45 - ... *. *Thermal sensitivity was abnormal in a high
proportion ofthis large group oftype I diabetic
patients; a higher percentage than abnor-
malities found on the nerve conduction
parameters. Thermal sensitivity was also

35- U , . , , abnormal almost twice as often as suspected
0 10 20 30 40 50 from clinical findings.8 Other studies have also

Years found that diabetic patients often have
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Table 4 Relation between temperature and pain sensitivity in the hand and the foot
and the neurological examination

Abnormal

EXAM n (%) TSL hand TSLfoot HPT hand HPTfoot

Normal 46 (27 4) 15 (32 6) 21 (45-6) 6 (13-0) 8 (17-4)
Mild 28 (16-7) 12 (42 9) 21 (75 0) 6 (21-4) 10 (35-7)
Moderate 37 (22 0) 28 (75-7) 36 (100)* 9 (24-3) 13 (36-1)*
Severe 57 (33-9) 51 (89-5) 51 (100)* 16 (28-1) 39 (76 5)*

*Amputations, plaster casts, etc prevented testing the foot in some patients.

impaired thermal thresholds."2 Thermal
abnormalities are found with higher prevalence
in diabetic patients who have other signs of
peripheral neuropathy.9 'O The impairment is
still greater for those with clinical findings
of small nerve fibre disease,'0 13 painful
neuropathy'4 '5 or foot ulcerations.'6 The per-

centage of abnormalities detected is dependent
upon the characteristics of the diabetic popula-
tion examined and the device utilised.
Thermal sensitivity was abnormal more

frequently than any of the motor or sensory

nerve conduction studies. In fact, TSL was

abnormal in about half of the patients in whom
the nerve conduction measurements were nor-

mal. Others have also shown that a deficit of
thermal sensation can exist in the presence of
normal nerve conduction." 13 However, the
converse has also been found as the medial
plantar nerve action potential was reported to

be reduced or absent in patients with normal
thermal sensation.'7 These findings confirm
the variable degrees of abnormalities that exist
in the different types of nerve fibres that are

responsible for the clinical signs and symptoms
observed in patients with diabetic neuropathy.2
The abnormal TSL values can be attributed

to dysfunction of peripheral small nerve

fibres. 8 Our findings indicate that thinly
myelinated and unmyelinated nerve fibres are

involved in almost all patients with type I
diabetes mellitus of long duration. This con-

clusion is consistent with neuropathological
observations that show more severe and early
loss of small fibres than of large myelinated
fibres.""2' It is also supported by the good
correlation of thermal sensitivity with function
tests that evaluate sympathetic8 or parasym-

pathetic unmyelinated axons.22 Temperature
sensitivity abnormalities were frequent at all
stages of the evolution of diabetes, although
they tended to increase with longer duration of
disease. Ziegler et al 23 showed evidence of
abnormalities in temperature sensation in a

quarter of newly diagnosed patients, preceed-
ing impairment of large nerve fibre function. It
is also worth noting that thermal sensory fibre
function does not show a clear correlation with
the degree of glucose control achieved in
diabetic patients.2324
The higher frequency of abnormalities in the

lower than in the upper extremity and their
good correlation are consistent with a length
dependent pathology in diabetic neuropathy.2'
This is consistent with the finding that abnor-
malities of facial thermal sensibility are less
frequent than on the extremities.'6 We

routinely tested four sites to quantitate the
evolution of a progressive, contripetal deficit.
However, the comparisons between areas of
one extremity were not conclusive, probably
because of differences in the thermal sensitivity
threshold due to great variation in density of
thermal receptors between areas.3
One of the claimed disadvantages of thermal

sensitivity tests is the inter-individual
variability of results.25 While such variation
may be large, intra-individual variation is small
with the Marstock design,6 and comparable to
the coefficient of variation obtained with for-
ced-choice methods,9 26 although the latter may
be improved by using automated methods.27 In
our experience, the variation of repeated tests
by the Marstock method in the same
individuals is acceptable, provided that the
subjects are given clear instructions and the test
is performed under careful, standardised con-
ditions. Values for our control group are
similar to those found by other authors610 using
the same technique in similar but not identical
sites. For comparisons of results between
laboratories, the variations in stimulator size,
contact pressure of the thermal head, baseline
temperature, rate of change and duration of
stimuli, and thermal sensitivity of different
sites must be considered.28
The difference between the cold and warm

threshold values (TSL) is considered to be the
most sensitive measurement of the Marstock
method.6 The CTT and WTT have been
shown to become abnormal in parallel in
diabetic8 and in uraemic patients.29 However,
others found cold sensation thresholds to be
abnormal more often that warm thresholds or
even more abnormal than the TSL,'223 but the
reverse has also been reported.'6 The sen-
sitivity of the different devices in detecting
abnormalities of cooling versus abnormality of
warming sense is an important but yet
unmeasured variable of published reports. In
our patients the cold threshold was slightly
more often abnormal than the warm threshold,
but the TSL was more sensitive than either
threshold. Our results suggest that small
unmyelinated (warm) and thinly myelinated
(cold) axons are involved similarly in diabetic
neuropathy. We recommend analysis of both
thresholds plus the TSL for detection in the
occasional patient of differential involvement
of these nerve fibres.
Measurement of pain sensation thresholds

elicited by thermal or electrical stimuli is
considered more suitable than by mechanical
methods,30 which have lower accuracy and
sensitivity.3' 32 Measurement of CPT was not
useful to detect abnormalities in patients, and
we have discontinued this part of the test for
regular use. HPT was abnormal in almost one
half of our patients, a slightly lower percentage
than found by Ohtomo et al 33using hot radiant
stimuli. HPT was not as sensitive as TSL for
detecting abnormalities, but it did contribute
information about a different population of
small nerve fibres. HPT showed only a weak
relationship to the TSL, in part due to
individual variability in psychological percep-
tion to pain, and perhaps also because hot pain
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is mediated by a different pathway than ther-
mal sensation.34

In conclusion, quantitative thermal sensory
testing is a sensitive method to study small axon
function. The accuracy of the Marstock
method and the short testing time required
make it practical to use in the clinical evaluation
ofpatients. Our results provide further support
of the practicality of establishing a profile of
involvement of the different nerve fibre types
in each patient to document changes in the
degree of the neuropathy in therapeutic trials.

The authors thank J Spiry, L Balloge and F Sahinen for their
excellent technical assistance. This work was supported in part
by a NIH grant ROI NS 26348 and NIH Clinical Research
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