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SUMMARY
The Thermal Sensitivity Tester (TST) is a portable de-
vice designed to quantify the ability to discriminate
small differences in temperature at the distal extremi-
ties of the hands and feet. The testing surfaces are two
identical nickel-coated copper plates, which can be set
and maintained over a wide range of temperature lev-
els. The threshold for detecting the colder surface is
determined using a two-alternative, forced-choice algo-
rithm. The mean threshold in the normal population is
0.67°C and 1.01°C for the index finger and great toe, re-
spectively. The TST is especially useful in diabetic neu-
ropathy and for rapid screening of large populations
under field conditions, DIABETES 1986; 35:590-92.

Small nerve fiber dysfunction is characteristic of di-
abetic peripheral neuropathy, in contrast to other
metabolic toxic neuropathies, which are heralded
by symptoms of large-fiber disease. Clinical as-

sessment of small-fiber nerve function is often perfunctory,
usually limited to casual examination with a pin and a cold
object. Likewise, standard electrophysiologic techniques
principally measure large-fiber function. This report de-
scribes a portable device, the Thermal Sensitivity Tester (TST,
Sensortek, Inc., Clifton, New Jersey) designed to monitor the
integrity of small nerve fibers by quantifying thermal thresh-
olds in the distal portion of upper and lower limbs.

The TST consists of two identical 25-cm2 nickel-coated
copper plates connected to separate power units and per-
fused with water in series (Figure 1). Thermal electrical cool-
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ing or heating is achieved with the Peltier principle.1 The
temperature can be set to within 0.1 °C, spanning a 50.0°C
range and can be changed at a rate exceeding 1.0°C/s.

Throughout testing, skin temperature for the index finger
and great toe should be maintained between 28 and 34°C.
These temperatures can be directly measured on the digital
display of the TST. During testing, the fingertips or toe pads
contact the stimulating surface of each plate. One plate is
maintained at 25.0°C while the temperature of the second
plate is varied up or down using a series of fixed-step digital
controls. The temperature of each plate and the difference
in temperature between the plates is continuously displayed
on separate digital meters, accurate to 0.1 °C. Thresholds are
determined using a two alternative forced-choice procedure
that requires approximately 10 min per site tested. For each
trial the subject is requested to report which of the two plates
feels colder. The position of the colder plate is under ex-
perimental control, determined by a randomized sequence.
The subject alternately contacts each plate for approximately
2 s with sufficient pressure to blanch the nail of the finger or
toe. For the initial trial, the temperature difference between
the plates is set at a level detectable 100% of the time. An
initial temperature of 6.0°C has proved sufficient for most
subjects in the 20- to 50-yr range. This level should be in-
creased for subjects with neuropathy, for older individuals,
or when testing the feet. If the subject is correct on the initial
trial, the temperature difference is reduced by approximately
10% for the following trial. After the first error, the identical
temperature difference (randomly allocated with respect to
the colder plate) is repeated for a total of two or three trials.
If the stimuli are correctly identified on two of the three trials,
the temperature setting is lowered 10% and the process is
repeated. If errors are made on two consecutive trials, the
temperature setting is raised 10%. Testing is continued until
it can be determined that the subject is correct on only 50%
of the trials. Under field conditions, this value can be ap-
proximated by completing testing after the subject has made
a total of five errors and by averaging the temperatures for
the five errors combined with the five lowest correct scores.
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FIGURE 1. The Thermal Sensitivity Tester, including two digitally con-
trolled power units, two standard plates, and a differential thermome-
ter. The water pumping unit is not shown.

absent tendon reflexes, diminished sensation to pain, touch
and thermal senses in a "stocking distribution." Strength and
position senses were normal throughout. Scores on initial toe
pad TST testing were symmetrical and were 3 SD units above
normal. Within 1 yr of initial testing, the threshold had risen
to greater than 8 SD units above normal in the feet. Thermal
threshold of the hands has remained within normal limits, but
they are currently 2.3 SD units above age-matched controls.

DISCUSSION
The present study demonstrates that the TST is a reliable
device for the rapid assessment of thermal sensation. Car-
dinal features include stable and accurate control over tem-
perature and use of two alternative forced-choice psycho-
physical procedures. Thermal thresholds determined using
the TST in the normal population are substantially lower than
those reported with other portable thermal devices where
temperature is continuously and predictably changing2 or
difficult to control accurately.3 Both the means and standard

RESULTS
The mean thermal threshold for the index finger, determined
in 100 normal subjects between the ages of 18 and 65 yr, is
0.67°C, with a standard deviation of 0.31 °C. The mean ther-
mal threshold for the great toe in a similar population is
1.01°C, with standard deviation of 0.61 °C. With age, there is
an apparent increase in both threshold and variance (Figure
2); however, these trends were not statistically significant
within the sample size of the present study. The correlation
coefficient for thermal thresholds in the hands and feet for
individual subjects in the normal group is 0.71.

Ten subjects were repeat-tested on 10 occasions sepa-
rated by at least 1 day. The coefficient of variation within this
group ranged from a low of 8.3% for the index finger of a
22-yr-old laboratory technician to 47.1% for the great toe of
a 66-yr-old retired construction worker. The mean coefficient
of variation across the group was 19.0% and 26.6% for the
index finger and toe, respectively. The following two case
histories demonstrate the use of the TST in individuals with
nervous system disease.
Case 1: pyridoxine neurotoxicity. A 41-yr-old housewife
consumed 6 g of pyridoxine daily for 6 mo before noticing
unsteady gait and numbness of the fingertips and toes. This
was followed by progressive numbness and loss of sensation
up to the midthigh, of the entire hands, and the face. On
examination there was distal stocking-glove sensory loss and
a broad-based gait; strength was normal, and tendon re-
flexes were absent throughout. Quantitative upper limb test-
ing with the TST revealed a threshold >10 SD above normal.
After discontinuation of pyridoxine, her thermal threshold im-
proved substantially after 3 mo, although she had not yet
perceived any lessening of her symptoms. Her symptoms
dramatically improved, and the thermal threshold fell to nor-
mal limits within 6 mo.
Case 2: diabetic neuropathy. A 35-yr-old carpenter with
long-standing, insulin-dependent diabetes noticed that he
had numbness of the feet and developed painless bruises
of the toes. By age 38 yr, he was impotent and had an infected
ulcer at the base of the left great toe. On examination, ab-
normalities were confined to the lower limbs where there were
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FIGURE 2. Thermal thresholds for the index finger and the great toe,
plotted against age for 100 subjects free of any history of neurologic
disease or diabetes.
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deviations of thermal thresholds reported in the present study
are similar to those recently described using elaborate com-
puter-driven systems.45

Although accurate, the TST has several shortcomings. The
testing algorithm selected for use under field conditions only
approximates the ideal psychophysical procedure. The force
and duration of contact with the stimulating surface is stand-
ardized; however, it can vary across trials and subjects. The
variability introduced by these factors may limit the ability of
the TST to detect subtle alterations in small-fiber function.

The TST has proved useful for repeated screening of pe-
ripheral nerve dysfunction in large populations and has been
especially helpful in assessing the small-fiber component of
diabetic neuropathy. In a recent study using the TST, diabetic
subjects with clinically evident polyneuropathy had signifi-
cantly elevated thermal thresholds as compared with normal
subjects or diabetic subjects with no evidence of neuropa-
thy.6 Reliability and its quantitative features render the TST
valuable in following the longitudinal course of individual di-
abetic patients or for statistical comparison of groups re-
ceiving different treatment regimens. The TST, used in con-
cert with portable devices for quantitative assessment of
large-fiber dysfunction,78 also affords the opportunity to eval-
uate quickly overall sensory function in individuals with those
conditions (syringomyelia, toxic and metabolic neuropathies)
that have differential effects on the modalities of somatosen-
sory function.
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