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Evaluation of thermal and vibration sensation in diabetic neuropathy
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Summary. Sensory evaluation of diabetic neuropathy was un-
dertaken by a new technique for assessment of thermal sensi-
tivity. The method is simple and reproducible, and the mean
normal value of the lateral border of the foot was 6.0°C
(3.6-9.8°C, 95% confidence limits). Four groups of patients
with diabetic neuropathy were examined: 22 with neuropathic
ulcers and/or Charcot joints (groups 1 and 2); all showed se-
vere abnormalities (range 10.8-> 30 °C), frequently more than
three times the upper limit of normal. In contrast thermal sen-
sitivity in 15 patients with painful neuropathy (group 4) varied
from normal to grossly abnormal (range 3.9->30°C) con-
firming this form of neuropathy as a distinct entity. The ma-
jority of those 10 patients with autonomic neuropathy alone
(group3) had abnormal thermal sensitivity (range 6.4-

>30°C). Comparison of thermal sensitivity (a small fibre mo-
dality) with vibration perception threshold (a large fibre mo-
dality) showed that thermal sensitivity is sometimes selectively
affected, especially in those with painful neuropathy, suggest-
ing that the small fibres are more vulnerable in diabetes. Fre-
quent involvement of the hands confirms the “stocking and
glove” distribution of diabetic neuropathy. We conclude that
impairment of thermal sensivity is the rule in symptomatic
diabetic neuropathy and its assessment provides a simple
quantitive measurement suitable for long-term studies of its
natural history.

Key words: Diabetes mellitus, neuropathy, thermal sensation,
vibration perception threshold.

Diabetic neuropathies include a variety of distinct dis-
orders sometimes affecting individual nerves or nerve
roots, but most commonly occurring as a distal symmet-
rical polyneuropathy chiefly involving the feet. Sym-
metrical polyneuropathies themselves are predominant-
ly sensory, but different nerve fibre types are not
uniformly affected.

Evaluation of neuropathy is generally undertaken
by electrophysiological measurements. The decrease in
motor nerve conduction velocity is well documented,
but is relatively little affected in diabetic subjects and
correlates poorly with the clinical findings [1, 2]. Senso-
ry evaluation should be of greater importance in a neu-
ropathy which is predominantly sensory and studies
have shown that conduction velocity is diminished, sen-
sory amplitude potentials reduced and spinal somato-
sensory conduction slowed early in diabetic neuropa-
thy, reflecting loss of distal myelinated sensory axons
[3-5]. The function of small unmyelinated fibres, which
carry autonomic signals and awareness of pain and
temperature sensation, is not reflected in any of the rou-
tine electrophysiological tests.

Sensory defects are relatively difficult to quantitate
and may require considerable laboratory sophistication

[6]. The only sensory modality which has been exten-
sively measured in diabetic neuropathy is vibration per-
ception thresholds (a large myelinated fibre modality)
[7] and this test is often used to define groups of neuro-
pathic patients. Even with this test however, there has
only been one attempt to correlate the observed deficit
with clinical findings, namely neuropathic ulceration
[8].

The aim of the present investigation was to evaluate
thermal sensitivity (a small fibre modality) [7], using a
relatively new technique, in clinically defined groups of
patients with diabetic neuropathy. We intended to dem-
onstrate, not only the severity of the defect in the differ-
ent clinical categories, but also to compare the observa-
tions with vibration perception threshold and discover
whether small and large fibres are affected together or
independently. The extent of the abnormalities was also
assessed in the hands as well as in the feet.

Subjects and methods
Subjects

The following groups of patients with various manifestations of dia-
betic neuropathy were studied; all were < 55 years of age (Table 1).
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Table 1. Clinical details of subjects studied
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Subjects Sex Age (years) Duration of diabetes Type 1 Type 2
(years) (insulin- (non-insulin-
M:F Mean Range Mean Range ‘cjii?lf ;S: ) ggg 32: o)
Neuropathic foot ulceration 5:5 42.5 35-52 16.4 7-30 7 3
(Group 1, n=10)
Charcot joints 4:8 369 26-55 217 12-37 12 0
(Group 2, n=12)
Autonomic neuropathy 5:5 3.7 24-43 155 8-26 10 0
(Group 3, n=10)
Painful neuropathy 6:9 359 20-52 14.7 3-42 14 1
(Group 4, n=15)
Control subjects (n =54) 33:21 343 21-55 - - - -

40 -

30

20 1

Temperature (°C)

Control Diabetic neuropathy

Fig.1. Chart recording warm and cool sensory thermal thresholds in
a control and a diabetic neuropathic subject tested at the lateral bor-
der of the foot. As soon as warmth was perceived, the subject pressed
a switch, the stimulating surface was cooled and the subject pressed
the switch again as soon as the stimulator was felt to be cool. This
procedure was continued for 60-120s

Group I (n=10; five men, five women): patients with neuropathic
foot ulceration, defined as painless penetrating ulceration with absent
ankle jerks and no evidence of ischaemia. Foot pulses were readily
palpable in all cases.

Group 2 (n=12; four men, eight women): patients with a Charcot’s
joint, defined as a fracture of bone with subsequent disorganisation of
joint surfaces leading to bony deformity. Absent ankle jerks and good
foot pulses were recorded in all cases.

Group 3 (n=10; five men, five women): patients with an autonomic
neuropathy were defined as those with a heart rate variability of
<10 beats/min (mean 3.7, range 0-7.2 beats/min), and an absence of
features of either group 1 or 2. Of the 10 patients, all had symptomatic
autonomic neuropathy, seven having two or more characteristic fea-
tures. Diarrhoea from autonomic neuropathy was present in seven,
postural hypotension (systolic blood pressure fall>30mmHg on
standing) in five, gustatory sweating in four, delayed bladder empty-
ing in three and gastroparesis in two. In addition all the males were
impotent.

Group4 (n=15; six men, nine women): patients with neuropathic
pain, defined as tingling paraesthesiae with burning pain, with or
without intermittent, sharp, searing, shooting or stabbing pain origi-
nating in the feet. This was associated with contact discomfort and in-
somnia with a varying degree of severity of somatic neuropathy from
negligible to profound [2].

Control subjects: Fifty-four healthy, non-diabetic subjects (33 men,
21 women), taking no medications and matched for sex and age, were
studied.

All subjects gave informed consent and the study was approved by
the hospital ethical committee.

Methods: All tests were conducted in the same room in quiet circum-
stances, with an ambient temperature between 18 and 21°C. Subjects
were allowed to adjust to the surroundings for 5 min and tests were al-
ways performed by one of three observers.

Thermal sensation: Thermal sensation was measured using a Mar-
stock stimulator (Somedic, Stockholm, Sweden [9, 10] based on the
Peltier principle that metal elements are heated or cooled, depending
on the direction of flow of electric current. The rate of change of tem-
perature of the plate over the range 15-45°C was 1°C/s, which has
been found to be suitable [9]. The plate was placed at the site being
tested, a current of 3 amps was delivered to the plates and the subject
was asked to press a switch as soon as the plate was felt to be either
warm or cool. Once the switch was pressed, the direction of the cur-
rent and therefore the direction of the temperature change was re-
versed. If the plate was initially heated, the switch was pressed when
the plate was felt to be warm; the plate would then start to cool and
the switch was pressed again when this sensation was appreciated. An
illustrative recording is shown in Figure 1.

The temperature of the plate was measured by a thermocouple
and displayed on a chart recorder. The plate measured 25 x 50 mm
and its back was thermally buffered by water circulating at 30 °C.

Temperature discrimination was tested on the palmar aspect of the
index finger, the thenar eminence, the lateral border of the foot be-
neath the lateral malleolus and the plantar aspect of the big toe on the
dominant side. In addition, 35 control subjects were studied on their
non-dominant side and tests were performed twice in 18 control sub-
jects and 18 diabetic subjects within one month. Following an expla-
nation of the procedure and a trial test, recordings were made at each
site for 60-120s. Once a stable recording was obtained, the differ-
ences between the warm and cold thresholds of five measurements
were used to give a mean difference for thermal discrimination.

Skin temperature. Skin temperature was measured at the dominant big
toe and index finger in 45 of the control and 43 of the diabetic subjects
using a Thermalert TH-6D thermometer and a BT-1 probe (Bailey In-
struments, Saddle Brook, New Jersey, USA).

Vibration sensation. Vibration sensation was measured using a hand-
held biothesiometer (Biomedical Instruments, Newbury, Ohio, USA).
Vibration perception threshold was measured on the palmar aspect of
the distal phalanx of the dominant index finger and the tip of the
dominant big toe. In 35 control subjects the non-dominant side was
also studied. The threshold was taken as the mean of three recordings
after the test had been explained and demonstrated. The intensity of
the vibratory stimulus was increased by increasing the voltage to the
stimulator and results were expressed on an arbitrary scale in “volts™.
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Fig.2. Temperature sensation results performed twice on the same in-
dividuals, one month apart. There was no significant difference be-
tween all first and second readings considered together or when
groups were analysed separately (normal or neuropathic hands, neu-
ropathic feet) though the second readings on normal feet were slightly
lower than the first (0.05> p>0.01). A Normal hands (n=18), corre-
lation coefficient r=0.69, p<0.01; Oneuropathic hands (n=23),
correlation coefficient r=0.91, p <0.01; A normal feet (n=17), corre-
lation coefficient r=0.79, p < 0.01; @neuropathic feet (n=18), corre-
lation coefficient r=0.89, p<0.01

Autonomic function tests. Autonomic function was assessed by the
heart rate variability test at six breaths/min using a Lectromed rate
meter, MX2P amplifier and MX212 chart recorder (Lectromed, St.
QOuen, Jersey, Channel Islands). Abnormal values are <10 beats/min,
borderline values 10-12 beats/min [11].

Statistical analysis

Since thermal and vibration results were skewed to the right, all data
were logy transformed to normalise the distribution. Statistical analy-
sis was performed using the Mann-Whitney U test and Spearman’s
rank correlation. For the reproducibility of the Method a correlation
coefficient was used, excluding those results beyond the range of the
tests. Results are expressed as mean and range of 95% confidence in-
tervals. For neuropathic subjects above the limit of the tests, the maxi-
mum result was used (Figs.3B and 5B). Non-paired Student’s t-test
was used to compare the results in different age groups.

Results

Thermal sensation

The thenar eminence of the hand proved to be more sat-
isfactory than the index finger and was therefore used
for all the investigations. The mean thermal sensitivity
for the control subjects was 2.6°C (1.5-4.5°C) at the
thenar eminence compared with 4.2°C (2.4-7.4°C) at
the index finger. When the 54 control subjects were di-
vided according to age into two equal groups (age range
21-34 and 35-55 years), mean thermal sensitivity at the
thenar eminence was found to be 2.4°C (1.5-4.0°C)
in the younger group and 2.8°C (1.6-4.8°C) in the
older group; these results were significantly different
(p <0.05) indicating a slight decrease in thermal sensi-
tivity with age.
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Fig.3. A Foot temperature sensation in non-diabetic control subjects
and four groups of patients with neuropathy. All groups with neurop-
athy were significantly different from control subjects (p <0.001 in
each case). (Mean levels and ranges are not shown because many of
the results were beyond the limits of the test). B Hand temperature
sensation. Controls, mean 2.6°C (1.5-4.5°C); ulcers, 6.7°C
(2.4-18.9°C); Charcots, 8.0°C (2.1-30.0°C); painful neuropathy,
10.4°C (1.7-10.4 °C); autonomic neuropathy, 4.9 °C (1.7-13.6 °C). All
neuropathic groups were significantly different from control subjects
(p <0.001 in each case)

Thermal sensitivity of the foot was less than that of
the hand and on the lateral aspect of the foot was 6.0°C
(3.6-9.8 °C). This was a more satisfactory area for test-
ing the foot than the big toe. The result for the big toe
was 8.9°C (5.2-15.1°C). At the lateral foot there was a
small but not significant decrease in sensitivity with age,
the mean thermal sensation being 5.7 °C (3.7-8.7°C) in
the age range 21-34years compared with 6.2°C
(3.6-10.8 °C) in the older group (age range 35-55 years).

The responses were symmetrical in the control sub-
jects in the dominant and non-dominant sides both in
the hands and feet. The results were as follows: thenar
eminence (#=234) dominant: 2.8 °C (1.7-4.7°C); non-
dominant: 2.8 °C (1.5-5.2 °C); lateral foot (n =35) dom-
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Fig.4. Hand and foot temperature sensation (r = 0.66, p < 0.001). The
dotted lines show the upper 95% confidence limits for control sub-
jects. Results from neuropathic subjects are shown, but not those from
non-diabetic control subjects

inant: 6.3°C (3.9-10.2°C); non-dominant: 6.3°C
(4.1-9.9°C). The reproducibility of the method is shown
in Figure 2.

Thermal sensitivity in diabetic patients. Thermal sensitiv-
ity in feet and hands for the four groups of diabetic pat-
ients is shown in Figure 3. There was striking loss of
thermal sensation in all feet (Fig.3A) with neuropathic
ulceration and Charcot joints, and in 11 of 22 patients
thermal sensitivity was beyond the range of detection by
this method and therefore more than threefold above
the upper limit of normal.

Results in those with painful neuropathy covered a
very wide range from normal (five patients) to a full
range of abnormalities (ten patients). All but one of
those ten patients with autonomic neuropathy had an
abnormal thermal sensation in the foot.

Examination of the hands (Fig.3B) in the same
groups led to similar conclusions, though thermal sensi-
tivity in the hands could, in some patients, be normal in
the presence of abnormalities in the feet. The relation-
ship between thermal sensitivity of hands and feet is
shown in Figure 4. All except one of the 15 patients with
gross impairment of the lateral foot (sensitivity >30°C)
showed a defect in the hand.

Vibration sensation

The mean perception threshold at the dominant index
finger on the 48control subjects was 3.9volts
(2.4-6.3 volts) and was the same as that on their non-
dominant side, which was 3.7 volts (2.4-5.6 volts). This
site was more sensitive than the big toe, where the re-
sults for the dominant and non-dominant sides were the
same at 5.6 volts (3.1-10.3 volts).
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Fig.5. A Foot vibration sensation in non-diabetic control subjects
and four groups of neuropathic patients. All neuropathic groups are
significantly different from control subjects (p <0.001 for all groups
except painful neuropathy, p <0.05). (Mean levels and ranges are not
shown because many of the results were beyond the limits of the
test). B Hand vibration sensation: Control subjects, mean 3.9 volts
(2.4-6.3 volts); ulcers, 7.8 volts (1.9-32.3 volts); Charcot’s, 8.6 volts
(2.0-36.9 volts); painful neuropathy, 5.2 volts (2.1-13.0 volts); auto-
nomic neuropathy, 7.3 volts (2.9-18.2 volts). All neuropathic patients
were significantly different from control subjects (p <0.001 except for
painful neuropathy, p <0.05)

Vibration perception thresholds performed twice in
18 normal subjects and in 20 patients with neuropathy
less than one month apart showed no significant differ-
ence, with a good correlation coefficient for normal
hands (r=0.83, p <0.01) and normal feet (r=0.86,
p <0.01) as well as neuropathic hands (r=0.73, p <
0.01) and neuropathic feet (r=0.91, p <0.01). Stan-
dards for normal subjects, their satisfactory reproduci-
bility and relationship to age have been described
elsewhere [21, 22].
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Fig.6. Hand and foot vibration sensation (r=0.68, p <0.001). The
dotted lines show the upper 95% confidence limits for control sub-
jects. Results from neuropathic subjects are shown, but not those from
non-diabetic control subjects

Vibration sensitivity in diabetic patients

The resusults of vibration perception for feet and hands
are shown in Figure 5. Again there was considerable im-
pairment of vibration sensation in the feet (Fig.SA) of
those with either ulceration or Charcot joints. All but
one were abnormal, five patients being outside the
range of the instrument and more than five times greater
than normal. Autonomic neuropathy and painful neu-
ropathy cases ranged from normal to abnormal.

Deficits in the hands (Fig.5B) were not as marked
with only two patients having a threshold five times
normal. Abnormalities were present in nearly 60% of all
groups except those with pain, where only 20% were ab-
normal.

The majority of cases were either abnormal in both
hands and feet (21/47) or normal in both (13/47). Foot
abnormalities occurred by themselves in 12 but only
one had an abnormal hand result and a normal foot re-
sult (Fig.6).

Comparison of thermal and vibration sensation
in diabetes

Whilst thermal sensitivity can be impaired, sometimes
severely, in the presence of normal vibration sensation
(eight patients, Fig. 7A), the converse was never seen in
the foot and infrequently and slightly in the hands
(Fig. 7B). In most cases thermal and vibration sensation
were either both normal or both impaired.

Autonomic function tests

Heart rate variability (HRV) is normally greater than
12 beats/min. All those patients with an autonomic
neuropathy or Charcot joints had severely impaired
heart rate variation on deep breathing, the mean being
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Fig.7. A Foot temperature and vibration sensation (r=0.68,
p <0.001). There were no subjects with abnormal vibration but nor-
mal temperature sensation compared with eight subjects with normai
vibration and abnormal temperature sensation. B Hand temperature
and vibration sensation (r =0.61, p <0.001). There were only five sub-
jects with abnormal vibration and normal temperature sensation com-
pared with 11 subjects with normal vibration and abnormal tempera-
ture sensation. The dotted lines shown the upper 95% confidence
limits for control subjects. Results from neuropathic subjects are
shown but not those from non-diabetic control subjects

the same for both groups at 3.7beats/min (range
0-7.0 beats/min). The mean result for those with neuro-
pathic ulceration was 6.2 beats/min (range 0-14 beats/
min) with 80% <12.0 beats/min. Of the 15 patients with
painful neuropathy, nine had a normal response, six ab-
normal, with an overall mean of 12.7 beats/min (range
5-25 beats/min.).

Comparison of thermal sensation and HRV

When thermal sensation in the feet was compared with
HRYV, an abnormal or borderline HRV (<12 beats/
min) was nearly always accompanied by impaired ther-
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mal sensation (> 9.8 °C) (34 with only four exceptions),
although thermal sensation was sometimes abnormal
(>9.8°C) in the presence of a normal HRV (seven pat-
ients), suggesting that the long, small fibres to the foot
deteriorate demonstrably before those of the Vagus
nerve. In the hand an abnormal HRV was often asso-
ciated with abnormal thermal sensation (25 patients)
but this was not always the case — in 13 patients thermal
sensation was normal, suggesting that vagal degenera-
tion occurs before thermal sensation declines in the
hands. In the hand, unlike the situation in the foot, there
were no patients with abnormal thermal sensation and a
normal HRV.

Skin temperature

Mean + SD skin temperature for the 45 control subjects
was 31.8+2.8°C at the index finger and 28.2£3.7°C at
the big toe and was similar to that in the 43 diabetic sub-
jects (30.6 +3.4°C in the hand; 28.7 = 3.8 °C in the foot).

Discussion

Thermal sensory measurement is simple and reproduc-
ible, and provides a quantitative assessment of small
nerve fibre function. The hand is more sensitive than
the foot and there is some reduction of sensitivity with
age, especially in the hand. The best sites for measure-
ment are the thenar eminence of the hand and the lat-
eral aspect of the foot. The results are symmetrical and
there is no difference between dominant and non-domi-
nant sides.

Thermal sensitivity is always grossly abnormal in
the feet of diabetic subjects with neuropathic ulceration
and Charcot joints, and frequently beyond the limits of
detection of the apparatus. This degree of severity rep-
resents an inability to detect temperature changes be-
tween 15 °C and 45°C and is more than three times the
limits found in normal subjects. Diabetic patients with
predominantly autonomic neuropathy (also a small fi-
bre modality) generally show gross thermal sensory
loss, while the whole range of values from normal to
grossly abnormal are found in those with painful neu-
ropathy. Measurement of vibration perception thresh-
olds leads to similar conclusions.

Comparison of thermal sensory (small fibre) defects
with those of vibration perception threshold (large fi-
bre) suggests that small fibres are more susceptible to
damage. Thus in some cases, especially those with pain-
ful neuropathy, severe thermal sensory loss is found in
the presence of intact vibration perception, whereas the
converse does not occur. More commonly, however,
both modalities are impaired indicating that diabetes
usually damages both kinds of fibres. The demonstra-
tion that the small fibres are always affected in diabetic
neuropathy is in accordance with clinical observations.
It was predicted by Lawrence [12], and accounts for the
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autonomic involvement which is characteristic of dia-
betic neuropathy. Sympathetic defects (small fibre) are
responsible for the loss of vasomotor tone and increase
in peripheral blood flow now established as a feature of
diabetic neuropathy, including painful neuropathy
[13-15]. There are, too, some cases, perhaps as many as
10%, in which small fibre defects are predominant and
in which there is an association of autonomic failure
with loss of thermal and pain sensation (linked with
Charcot joints) but intact large fibre modalities [16, 17].
Direct recordings of sympathetic activity are also more
frequently deficient in diabetes than in other neuropa-
thies [18]. Finally we have ourselves observed that auto-
nomic damage is present in almost every case with foot
ulceration and may be necessary for their development.

Painful neuropathies in diabetes form a distinct
group with characteristic and reversible symptoms. The
clinical and electrophysiological findings correlate
poorly with the severity of the pains and can be shown
to range from normal to severely abnormal [1, 2]. Ther-
mal and vibration sensory changes lead to the same
conclusions and emphasise that the pain occurs inde-
pendently of conventional neurological impairment. Its
cause is unkown, although there appears to be an inter-
esting relationship with small fibre injury or regenera-
tion [1, 2, 19), and striking similarity to sympathetic dis-
orders such as causalgia.

Diabetic neuropathy rarely causes symptoms in the
hands and fingers. However the present investigations
show that sensory impairment is frequently detectable
in the hands. As in the feet, thermal sensitivity is more
often defective than vibration perception. These obser-
vations confirm the ‘stocking and glove’ distribution of
diabetic neuropathy. The hands are less frequently and
less severely affected which may simply be a function of
nerve length [20]. The present investigation also suggests
that thermal sensation in the feet is impaired before the
vagus, which in turn is demonstrably damaged before
thermal impairment in the hands. Measurement of sen-
sory potential amplitudes has previously shown that the
nerves of the feet are more frequently affected than
those in the hands, and that distal portions of sensory
nerves are affected before proximal damage occurs
[3-5].

Impairment of thermal sensitivity is the rule in dia-
betic neuropathy, with the exception of some cases of
painful neuropathy. Its measurement is simple and re-
producible and will be of great value in the long-term
assessment of the natural history of diabetic neuropa-
thy, or the alteration of its course by therapeutic inter-
vention. When damage is very severe in the feet, the
hands are also affected. Thermal sensitivity is in some
cases selectively impaired when compared with vibra-
tion perception, suggesting that small fibres are more
prone to damage in diabetic neuropathy.
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