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SUMMARY Thermal thresholds were determined by a new technique, at wrists and ankles in 143
patients with peripheral neuropathies of diverse aetiologies. Ninety-nine percent of patients
(141/143) had abnormalities of one or both thresholds. In only two patients with mild/early
Friedreich's ataxia were thermal thresholds normal. Electromyography was performed and
fastest motor nerve conduction velocities and sensory nerve action potential parameters were
measured in all the patients using conventional techniques in ulnar, median and sural nerves.
Eighty-nine percent of patients (127/143) had one or more abnormalities on these elec-
trophysiological studies. However, 39 of 40 patients with completely normal sensory nerve
studies had an abnormality of one or more thermal thresholds. Eighty-six percent of 48 patients
with normal sural nerve studies had abnormal thermal thresholds at the ankle. Sixty percent of
70 patients with normal sensory median and ulnar nerve studies had abnormal wrist thermal
thresholds. This improved technique for the determination of thermal thresholds reveals that
disturbances of thermal sensibility are present in the majority of peripheral neuropathies irres-
pective of aetiology. In some patients disturbances of thermal thresholds antedate the appearance
of abnormalities on conventional electrophysiological investigation. The findings suggest that this
technique has considerable usefulness in the detection of small nerve fibre dysfunction in the
context of generalised neuropathy.

Thermal sensation depends on impulses reaching
the central nervous system by adequate stimulation
of thermal receptors. These impulses are carried
exclusively in the non-myelinated (C) and the thinly
myelinated (A8) fibres.' Activity in these fibres is
not adequately tested by conventional electro-
physiological methods.
The literature on the measurement of the percep-

tion threshold of heat and cold sensations has been
reviewed in a previous paper.2 We have shown that
by modification of some of the available methods,
reliable quantitative and reproducible indices of the
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functional integrity of these endorgans and fibre
populations, can be obtained.2 We believe that this
method may be useful for the detection of dysfunc-
tion in the small fibre population of peripheral
nerves as an early manifestation of peripheral
neuropathy and to detect small fibre damage in
ongoing generalised neuropathy.
The present paper describes the result of applica-

tion of this new technique for thermal threshold
measurement in a large group of patients with
neuropathy from different causes. The primary aim
was threefold: (1) to illustrate the clinical usefulness
of the technique, (2) to evaluate the frequency of
involvement of the small unmyelinated and thinly
myelinated fibres in neuropathy in general, (3) to
compare the sensitivity of this technique with
electromyography and nerve conduction studies in
the early diagnosis and the ongoing assessment of
peripheral neuropathy.
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Methods

Electromyography and nerve conduction (EMG and NC)
studies
These were undertaken on a Medelec MS6 electromyo-
graph. The fastest motor conduction velocity (FMCV) and
the shortest distal motor latency (SDML) for the right (R)
common peroneal and median nerves were obtained
recording from surface electrodes over the target muscle
by conventional techniques.3 The amplitude and duration
of the compound muscle action potential, so evoked, were
also measured. Sensory action potentials (SAP) were eli-
cited orthodromically in the R median, ulnar and sural
nerves. For each SAP measurement, 64 evoked potentials
were averaged. Sensory latencies were measured from the
onset of the stimulus artefact to the peak of negative
deflection. Amplitudes were measured from peak to peak.
For median and ulnar nerve sensory potentials, the method
used by Gilliatt and Sears4 was followed. The sural nerve
was stimulated at the lateral aspect of the foot immediately
inferior and anterior to the lateral malleolus and the poten-
tial recorded by surface electrodes 12-14 cm proximal to
the malleoli lateral to the tendo Achillis. The distance be-
tween the recording and the reference electrodes was 4 cm.
Electromyographic studies were performed with concen-
tric bipolar needle electrodes in one or more of the follow-
ing muscles: the R extensor digitorum brevis, the R tibialis
anterior and the first dorsal interosseous muscles. The
ambient room temperature was kept at 22 + 2°C. Skin
temperature of the limb was maintained at 34 ± 1°C using
a thermostatically controlled heating lamp.

Thermal thresholds measurement
Heat thresholds (HI) and cold thresholds (CT) were
determined using a microcomputer controlled automated
system incorporating the two alternative forced-choice
method of psychophysical analysis.2 Two distal sites, relev-
ant for examination of polyneuropathy, were selected.

Jamal, Weir, Hansen, Ballantyne
These were the volar aspect of the R wrist just proximal to
the distal crease and the medial aspect of the R ankle
behind the medial malleolus, two sites identical to those
examined in the control group. The ambient temperature
of the room was kept constant at 22 + 2°C. Thermal
threshold determinations for controls2 and patients were
carried out by the same person (GAJ).

Patients and control subjects

The control subjects for the thermal thresholds consisted
of 106 healthy volunteers aged between 6-73 (mean = 33;
SD = 17) years. Full description of selection of these sub-
jects and their HT and CT values are described separately.2
The control group for the EMG and NC studies were 42
healthy subjects aged between 18-59 (mean = 35; SD =
10) years. There were 143 patients with polyneuropathy of
varied severity and aetiology. Most were ambulant and in
good general health. All were cooperative and informed.
Their age ranged between 9-77 (mean = 49; SD = 16)
years. The mean duration of neuropathy was 48 months
with a range of 2 days-40 years. The causes of the
neuropathy are summarised in table 1.

Full general and neurological examination was per-
formed on all the patients and any abnormalities of touch,
pinprick and vibration were noted. Full laboratory exami-
nation was undertaken to determine the aetiology of the
neuropathy.'6 The diagnosis in the suspected cases of
hereditary aetiology was established by the clinical exami-
nation and laboratory investigation of the patients and
relatives.
The aetiology of the polyneuropathy was determined in

70% of the patients. In 47% an acquired cause (toxic,
metabolic-endocrine, autoimmune, paramalignant or
allergic) was responsible whle hereditary factors were
operative in 23%. In the remaining 30%, no cause was
discovered (table 1).

Table 1 Classification of the 143 neuropathy cases by aetiology
Aetiology

Acquired known cause (total)
Diabetes mellitus
HypothyroidismAlcoholic neuropathy
Blood disorders (folate, Vit B12 deficiency)
Rheumatoid arthritis
Porphyric neuropathy
Carcinoma associated
Guillaine Barre Syndrome
Heavy metals (for example, mercury, lead)
Drugs (for example, phenytoin, aminodarone, thalidomide, isoniazid)
Hereditary neuropathies (total)
HMSN type I
HMSN type II
HMSN type IV (Refsum's syndrome)
HSN type II
Friedreich' s ataxia
Hereditary spastic paraplegia and neuropathy
Retinitis pigmentosa and neuropathy
Idiopathic (total)
HMSN = hereditary motor sensory neuropathy
HSN = hereditary sensory neuropathy

Number and percentage

67 (468%)
30
3
10
3
2
1
2
4
5
7

33 (23-1%)
13
9
1

3
43 (30-1%)
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Table 2 Clinical, conventional electrophysiological and thermal threshold assessment of143 padients with neuropathy

Evidence for neuropathy

One or more symptoms of neuropathy (total)
pain
paraesthesia
numbness
weakness and/or fasciculation
autonomic
altered thermal feeling

One or more signs of neuropathy (total)
abnormal touch
abnormal vibration
abnormal pinprick
weakness, wasting and/or fasciculation

Abnormal EMG and/or NC studies (total)
abnormal one or more SAP
abnormal sural SAP
abnormal ulnar and/or median SAP

Abnormal one or more thermal threshold (total)
Abnormal ankle: HT

CT
HT& CT
CT or HT

Abnormal wrist: HT
CT
HT& CT
HT or CT

Abnormal ankle HT & CT and wrist HT & CT

Number and percentage

109 (76%)
53
86
63
81
42
69

114 (79.7%)
77
76
94
80

127 (88-8%)
103
95
73

141 (98-6%)
125
127
114
141
88
70
56
102
55

EMG & NC: electromyography and nerve conduction
SAP: sensory action potential
HT: heat threshold
CT: cold threshold

Results

Table 2 summarises the clinical, electrophysiological
and thermal studies on these patients. Abnormality
of thermal thresholds was considered to be present if
values exceeded the 99th percentile. Abnormality of
conduction was considered to be present if values
exceeded the 95 percentile of the corresponding
normal mean. Normal values for the thermal
thresholds are described in detail elsewhere.2 Nor-
mal values for nerve conductions are summaris.ed in
Table 3. One hundred and nine of the 143 patients

studied (76%) had one or more symptoms known to
be associated with neuropathy7 while 114 (79 7%)
showed some abnormality of sensation on clinical
examination for one or more of the modalities
tested. EMG and/or NC studies were abnormal in
127 (88-8%) patients, of whom 103 (72%) had an
abnormality- of the amplitude,_ duration and/or
latency of one or more of the SAPs determined. In
40 patients (28%) all of these parameters (amp-
litude, duration and latency) of the ulnar, median
and sural SAPs were within the normal range.
Sixty-eight of the 143 (47.5%) showed abnor-

Table 3 Normal nerve conduction values for 42 healthy subjects at skin temperature of34 + 1C

I Norrnal SAP values
Latency Amplitude Duration

Nerve Mean SD Mean SD Mean SD
m sm s UV AV PM tn

Median 2-92 0-26 17-8 7-4 1-26 0-16
Ulnar 2-87 025 12-0 5-5 1-16 017
Sural 3-62 0 44 6-8 2-0 2-17 0-42

ll Normal FMCV and SDML values
SDML FMCV

Nerve Mean SD Mean SD
ms ms m/s m/s

Common peroneal 3-6 05 505 4-6
Median 3-5 0-3 58-6 4-8

SAP: sensory action potential (orthodromic, surface recording)
FMCV: fastest motor conduction velocity
SDML: shortest distal motor latency
SD: standard de-viation
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Fig I Ankle and wrist thermal thresholds in 40 patients
with normal sensory median, ulnar and sural nerve studies
on conventional electrophysiology; vertical axis = number
ofpatients; horizontal axis = multiples ofstandard
deviation (xSD) from normal control mean; open
histogram = normal control values distribution; solid
vertical line = mean value for normal controls; dashed
vertical line = 3 x SD above normal control mean; HT =
heat threshold; CT = cold threshold.

malities in the ulnar and/or median SAP. Ninety-five
of the 143 (66%) showed abnormalities in the sural
nerve SAP. One or more of the thermal thresholds
determined were abnormal (outside the 99th percen-
tile) in 141 patients (98.6%). Only one patient, a
recently diagnosed case of Friedreich's ataxia, with
.abnormal sural SAP had normal thermal thresholds.
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Fig 2 Fig.3

Fig 2 Wrist thermal thresholds in 70 patients with normal
sensory ulnar and median nerve studies on conventional
electrophysiology. (symbols as in fig 1)

Fig 3 Ankle thermal thresholds in 48 patients with normal
sensory sural potential on conventional electrophysiology.
(symbols as in fig 1)
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I Fig 4 Comparison ofconventional sensory
s electrophysiological studies and thermal thresholds in

patients with neuropathyt. vertical axis = number of
i patients; horizontal axis = multiples ofstandard deviation

(x SD) outwith the normal control mean *; solid vertical
lines = mean value for normal controls; dashed vertical
lines = 3 x SD above normal control mean; LA T = latency
of the sensory action potential (SAP); AMP = amplitude
ofthe SAP; CT = cold threshold; HT = heat threshold;
tpatients with absent median SAP (when compared with
wrist thermal thresholds) and those with absent sural SAP
(when compared with ankle thermal thresholds) are
excluded. *negative values are on the right side ofzero in the
AMP histogram as these represent abnormalities of
amplitude.
The other patient, a female aged 17 years also with a
recently diagnosed Friedreich's ataxia, had both the
thermal threshold values and the sural SAP studies
within normal limits. Abnormalities of thermal
thresholds were generally more marked at the ankle
(98.6%) than the wrist (71-3%). It is noteworthy
that in nine asymptomatic patients with minor
abnormalities in EMG, known to have disease pre-
disposing to neuropathy, there was no abnormality
on NC studies. These nine patients were found to
have significant abnormalities of one or more of the
thermal thresholds.

Discussion

The results of the application of the Glasgow
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Fig 5 Ankle and wrist thermat thresholds in 16 patients
with clinical evidence ofneuropathy but normal
conventional electrophysiological (EMG and NC) studies.
(symbols as in fig 1)

method to patients with peripheral neuropathy
underlines its usefulness in these disorders. Abnor-
malities of thermal sensation were detected in 141
patients (98.6%) compared to 79*7% on clinical
examination of the sensory system and 72% on sen-
sory conduction studies (table 2). While significant
alterations of thermal thresholds were most often
observed in patients with concomitant abnormalities
on clinical and electrical test, they also occurred in
isolation. Similar observations have been reported
by other workers using different methods.8 Among
40 patients with normal SAP studies in the median,
ulnar and sural nerves (fig 1), 34 (85%) had ankle
HT and CT outside the 99th percentile while 20
(50%) had abnormal wrist HT and CT values. One
of more thermal thresholds were abnormal in 39
(97.5%) of the 40 patients. Figure 2, from 70
patients with normal ulnar and median SAPs, shows
wrist HT and CT values expressed in multiples of
the standard deviation ( x SD) for the control group
outside the normal mean. In 42 (60%) of these, one
or both wrist thermal threshold values were abnor-
mal. Figure 3, from 48 patients who had normal
sural SAP, shows ankle HT and CT values. These
thermal threshold values were abnormal in 86% of
the patients.
Although abnormality within the central nervous

system cannot be entirely excluded in patients with
neuropathy, with certain exceptions (for example,
hereditary neuropathies) one can assume that the
abnormal thermal threshold values were mostly due
to dysfunction of the peripheral fibre population
subserving thermal sensation and/or their end
organs. The observation that fewer patients had
abnormal values from wrist compared to ankle, is

compatible with the increasing severity of dysfunc-
tion distally in peripheral neuropathy.
The SAP parameters, indices of the functional

integrity of the large diameter afferent fibres, and
the thermal thresholds, indices of the functional
integrity of the small diameter afferent fibres, were
compared. Patients with absent SAP, all of whom
had abnormal thermal threshold values, were
excluded. Latencies and amplitudes of the R median
and sural nerves were compared with HT and CT of
the wrist and the ankle respectively. To facilitate this
comparison, each value was expressed as a figure
representing the xSD outside the corresponding

i normal mean and the histograms plotted in fig 4.
Again the standard deviation used is that of the cor-
responding control parameter. None of the SAP
amplitude values was more than 3 x SD outside the
normal mean and few had their SAP latency values
outside this value. The majority of patients had their
thermal threshold values in excess of 3 x SD above
the normal mean. This emphasises the sensitivity of
our technique in assessing small fibre function com-
pared to available conventional methods.
The thermal thresholds for wrist and ankle were

also correlated with the corresponding SAP para-
meters. Patients with absent SAP were again
excluded. The most consistently significant correla-
tion was with the SAP amplitude, a measure of loss
of large afferent fibres in neuropathy.9 A reduction
in the median (or ulnar) SAP amplitude was accom-
panied by an elevation of the wrist HT (p < 0-05)
and CT (p < 0.05). The same correlation was
obtained between the sural SAP amplitude and
ankle HT (p < 0-02) and CT (p < 0.001) values.
These findings suggest that in most neuropathies a
more or less parallel drop occurs in both fibre popu-
lation groups but not necessarily to the same extent
in each type of neuropathy. This appears to be true
of the neuropathies in general.'°0 I

In 16 patients, no abnormality of EMG and NC
studies was found. All, except one with recently
diagnosed Friedreich's ataxia, had symptoms and
signs of peripheral nerve dysfunction. Another
patient with paraesthesiae in the feet, had taken
phenytoin for several years. The remaining 14 of the
16 had clinical features to suggest involvement of
small fibres, for example spontaneous pain in the
extremities, diminished pain and temperature sen-
sation and autonomic features, for example orthosta-
tic hypotension, disturbances of sweating, distur-
bances of genito-urinary function (intermitted
stream, post micturition dribbling, retention with
overflow incontinence and failure of erection and
ejaculation), disturbances of bowel function and
nocturnal diarrhoea.' " '2 Muscle strength, tendon
reflexes and other sensory modalities (touch-
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pressure, vibration and joint position) were pre-
served in these patients. Diabetes mellitus was the
underlying cause in eight but no obvious cause was
discovered in the remaining six patients. Figure 5
gives a summary of the thermal threshold values for
these 16 patients. All the 14 patients with small fibre
dysfunction and the patient on phenytoin had
abnormal thermal thresholds. In the patient with
Friedreich's ataxia, all the threshold values were
normal. Normal thermal threshold values have been
observed before in patients with Friedreich's ataxia,
in which the large afferent fibres are more severely
affected.'2 This technique, therefore, is specifically
useful in cases of neuropathy w?here small fibre dys-
function may be the earliest or the only abnormality
and also in assessing a concomitant small fibre
dysfunction in somatic neuropathies.

In conclusion, the data presented in this study
clearly show the superiority of our technique over
clinical testing in detecting small fibre involvement
in peripheral neuropathy even in the absence of
clinical or other electrophysiological evidence of
dysfunction. In combination with other elec-
trophysiological techniques testing large afferent
fibre function, it gives a good idea about the pattern
of involvement of various fibre populations in
peripheral neuropathies.
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