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ABSTRACT: The development of the personal computer has simpliﬁed the
process of quantitating sensory thresholds using various testing algorithms.
We reviewed the technical aspects and reproducibility of different methods
to determine threshold for light touch-pressure, vibration, thermal, and pain
stimuli. Clinical uses and limitations of quantitative sensory testing (QST)
were also reviewed. QST is a reliable psychophysical test of large- and
small-ﬁber sensory modalities. The results of QST are highly dependent on
methodology and the full cooperation of the subject. QST has been shown
to be reasonably reproducible over a period of days or weeks in normal
subjects. The use of QST in research and patient care should be limited to
instruments and their corresponding methodologies that have been shown
to be reproducible. Literature data do not allow conclusions regarding the
relative merits of individual QST instruments.
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INTRODUCTION

The purpose of this technology literature review is to
assess the methodology, reliability, reproducibility,
limitations, and potential clinical applications of
quantitative sensory testing (QST). This review discusses the use of QST in the perception of the
following sensory modalities: (1) light touch; (2)
vibration; (3) thermal; and (4) pain. Other sensory
testing devices such as the current perception test,
tactile circumferential discriminator, and two-point
esthesiometer are not included in this review. No
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clinical tests or trials were performed by the American Association of Electrodiagnostic Medicine
(AAEM); the AAEM’s opinion is based solely on a
review of the literature.
OVERVIEW

In the past, clinicians and researchers have relied on
clinical sensory examination and conventional sensory nerve conduction studies (NCSs) in the evaluation, management, and follow-up of patients with
peripheral neuropathy (PN). Sensory NCSs are reliable and reproducible, especially when performed
by a single examiner.15,16,61 However, sensory NCSs
can only evaluate large myelinated nerve ﬁbers. For
this reason, different tests are needed to evaluate
small and unmyelinated nerve ﬁbers.
QST can assess and quantify sensory nerve function noninvasively. The light-touch and vibration
testing modalities evaluate the large myelinated
A-alpha and A-beta sensory ﬁbers, whereas the thermal testing modality assesses small myelinated and
unmyelinated sensory nerve function.76 In addition,
conﬁrmatory studies in primates and humans have
shown that non-nociceptive cool stimuli are mediated by A-delta small myelinated ﬁbers, and warm
stimuli and nociceptive stimuli are mediated by C
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5ﬁbers.2,19,20,22,35,40,46,63 The pain modality, heatpain, and cold-pain threshold tests have been found
to document thermal hyperalgesia and hypoaesthesia.73 Therefore, QST can study the large myelinated, small myelinated, and unmyelinated ﬁbers in
addition to documenting hyperalgesia and hypoesthesia.
QST is now becoming more widely available because of increasing interest and technological improvements. QST has potential as a neurophysiologic tool. Using QST, sensory deﬁcits may be
quantiﬁed and the data can be used in parametric
statistical analysis. The increasing acknowledgment
of QST as a diagnostic tool is evidenced by the
American Diabetes Association endorsement of QST
in 1992 as a valid test in epidemiologic studies and
drug trials of diabetic neuropathy.5,6 In addition,
QST is also being used in research studies and drug
trials of other types of neuropathy to monitor sensory nerve function. Normal values have been established at a number of institutions. When establishing
the normal values, researchers have found that age,
sex, and the site of the stimulation can affect sensory
thresholds.28

In contrast, unilateral testing may be adequate in
longitudinal studies or population screening of a
disorder such as diabetic polyneuropathy because it
is usually symmetric.5,6
A number of different instruments and protocols
have been described in the literature. Currently,
there is a need to standardize testing procedures and
data reporting to facilitate comparison of QST reports from different centers. The results of an individual patient can be compared with normative data
(matched for age, sex, and site of stimulation) and
expressed in a percentile.62 The Peripheral Neuropathy Association recommends that only validated
forced-choice testing algorithms should be used for
research purposes.62
This article provides a discussion of the technical
aspects of QST devices and methods of sensory
threshold determination based on a review of the
literature. It is the intent of this review to highlight
technical differences. The review is not an endorsement by the AAEM of any product. It is an analysis of
the available literature and is the opinion of the
AAEM based on the literature.
METHODS OF THRESHOLD DETERMINATION

LITERATURE SEARCH

This technology review was based on searches of
Medline, and references from relevant articles published between 1966 and 2001. The following search
terms were used: “quantitative sensory testing”;
“QST”; “sensory threshold”; “thermal threshold”;
“temperature sense”; “vibration”; and “vibration
threshold.” The search for literature included only
articles written in English.
TECHNICAL ASPECTS

The availability of automated systems has allowed the
use of more detailed testing algorithms and has lessened some sources of error that were problematic
with early forms of QST. Studies have found that
standardization of instructions to subjects, training
of technicians, machine calibration, stimulus characteristics, and testing algorithms are all essential for
accurate and reproducible QST. To produce reliable
results, the AAEM recommends that neither the
technologist nor the patient should be aware of the
previous results during follow-up studies. In addition, bilateral evaluations of several sensory modalities should be conducted to ensure a comprehensive
evaluation of an individual patient because different
sensory ﬁbers may be preferentially affected and
signiﬁcant side-to-side asymmetry may be present.78
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Sensory threshold testing is a psychophysical test. It
requires that the subject is alert, cooperative, and
able to follow instructions. The variance of sensory
threshold measurements in normal subjects pretending to be abnormal is larger than that of trustworthy
normal subjects and neuropathic subjects.81 However, there is currently no reliable way to differentiate the results of subjects who are biased (whether
consciously or subconsciously) toward an abnormal
study from those with organic disorders.25 As with
most neurophysiologic methods, one cannot overemphasize the importance of deriving one’s own set
of normal values. Published normal values may be
used if the equipment, methodology, and algorithm
are identical to those used in establishing the normal
values.
This review focuses on the major methods of
threshold determination. The methods for lighttouch, thermal, and vibration sensations are discussed together, and the method of heat-pain response is considered separately.
LIGHT-TOUCH, VIBRATION, AND THERMAL
SENSATIONS

Sensory threshold determination using the lighttouch, vibration, and thermal methods in QST involves the following three basic considerations that
are interrelated and not mutually exclusive: (1) how
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the stimulus is presented to the subject; (2) how the
subject’s response to the stimulus is obtained; and
(3) how the subject’s responses are utilized to determine sensory threshold. Each of these processes is
discussed. It is important to note that different investigators use different combinations of these basic
steps to determine the sensory threshold.
In any
testing protocol, the characteristics of the stimulus
should be speciﬁed and followed rigorously because
any deviation may affect the result (i.e., sensory
threshold determination). The model or make of
the instrument, site of stimulus, size of stimulated
area, ramp rate, and stimulus duration are all important variables to consider. The stimulus may be presented to the subject using two methods: (1) the
method of limits; or (2) the method of levels.
Method of Limits. An example of the method of
limits is the original Marstock method of determining thermal thresholds (Fig. 1A). This stimulation
technique is similar to that in Bekesy audiometry.36
In Bekesy audiometry, the tone increases in intensity
How the Stimulus Is Presented to the Subject.

FIGURE 1. Method of limits (schematic diagram). (A) Marstock
method: warm– cold difference limen is the term used by Fruhstorfer et al. to represent the indifferent temperature range in
which no thermal sensations occur. The warm and cool thresholds are both reﬂected in the warm– cold difference limen. Abnormalities of either the warm or the cool threshold, or both,
would result in a high warm– cold difference limen. (B) Modiﬁed
Marstock method: cool threshold (A) and warm threshold (B) are
measured separately. As with the original Marstock method,
cold-pain threshold (C) and heat-pain threshold (D) are also
measured.
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until the subject perceives the sound and presses a
button. The audiometer will then decrease the intensity of the tone until the subject can no longer
hear the sound and presses the button again. To
determine the thermal threshold, the patient also
plays an active role. The thermal stimulator (thermode) is applied to the skin and the temperature of
the thermode increases until the subject feels a warm
sensation and gives a signal by pressing a button
(shown in Fig. 1 as an X). This is the appearance
threshold. This signal results in a reversal of the
temperature change of the thermode (from warm to
cool). The subject then gives another signal as soon
as a cool sensation is perceived, termed the disappearance threshold. The second signal reverses the
direction of temperature change again, from cool to
warm, leading to another cycle. After several cycles
(usually 1–2 minutes), the initial rises in thresholds
secondary to adaptation stabilize, allowing the warm
and cool thresholds to be measured together, as
reﬂected in the warm– cold difference limen of the
original Marstock method (Fig. 1A). In contrast, the
modiﬁed Marstock method (Fig. 1B) measures the
thresholds of the different sensory modalities separately (cool, warm, cold pain, and heat pain).73 As
soon as the subject perceives a warm or cool sensation, the button is pressed and the temperature of
the thermode returns to baseline.
Inherent in the method of limits is the inclusion
of reaction time, which results in overestimation of
sensory threshold. The results tend to be variable
because they depend on the subject’s full cooperation and constant vigilance. Reaction time is dependent on factors such as concentration, drowsiness, or
boredom, all of which are difﬁcult to control. A
“learning effect” with repeated testing is also possible.80
Other algorithms utilizing the method of limits
include the linear ramp algorithm with null stimuli
and the Bekesy algorithm with null stimuli.27 In the
linear ramp algorithm with null stimuli, the stimulus
intensity increases linearly until the subject presses
the response key (appearance threshold). Randomly
occurring null stimuli are included with the true
stimuli. The threshold is taken from the mean of
appearance thresholds. The Bekesy algorithm with
null stimuli is a modiﬁcation of the Bekesy method
for determining auditory thresholds. The subject
presses the response key as soon as the stimulus is
felt (appearance threshold) and releases the response key when the stimulus disappears (disappearance threshold). The rate of increase or decrease of
the stimulus intensity follows an exponential function and not the log10 function of the Bekesy
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method. The mean of the appearance and disappearance thresholds is taken as the threshold. Vibratory thresholds obtained from the Bekesy algorithm
with null stimuli have been shown to be similar to
those obtained with the forced-choice algorithm
(discussed later). In contrast, the linear ramp algorithm overestimates the threshold.27
Method of Levels. The method of levels overcomes the disadvantage of the method of limits (inclusion of reaction time) by utilizing stimuli of predetermined levels of stimulus intensity and duration.
When using this method, at the end of each stimulation the subject is asked whether the stimulus was
perceived (Figs. 2 and 3). The success or failure of
the subject’s response then determines the next level
of stimulus intensity (higher or lower). The reaction
time is not included in the method of levels and
overestimation or increased variability of sensory
thresholds is minimized.
How to Obtain the Subject’s Response to the Stimulus.

A subject’s sensory threshold is classically deﬁned as
the level of stimulus intensity necessary for a sensation to be just detectable. According to the signal
detection theory, an external stimulus is detected if
the subject decides that the level of neural activity is
more than the level of “internal noise” or random
activity. To determine the sensory threshold, the
subject may be presented with a series of stimuli of
different magnitudes and asked whenever a stimulus
is detected. A stimulus is detected when the subject
perceives an alteration of the baseline “internal
noise.” There are two methods of obtaining the response to the stimuli: the yes–no method and the
forced-choice method.
Yes–No Method. In the yes–no method, the subject is presented with different stimuli of predetermined levels (method of levels) and is asked to
respond to each with a “yes” or a “no”80 (Fig. 2).

FIGURE 2. Method of levels with yes–no response. (兩) Warning
prior to stimulus; ( ) stimulus of predetermined intensity; (\)
subject is asked to respond to whether a stimulus has been
perceived by answering “YES” or “NO”; (- - - -) sensory threshold.

AAEM Practice Topic

FIGURE 3. Method of levels with temporal forced-choice technique. (兩) Warning prior to time interval that may or may not
contain the actual stimulus; ( ) time interval; ( ) stimulus of
predetermined intensity; (\) subject is forced to choose which of
the two time intervals contain the stimulus; (- - - -) sensory
threshold.

Since the answer is not dependent on the reaction
time, this algorithm is considered reaction time–
exclusive. The only drawback to this method is that
the subject has to remember the baseline “internal
noise” to determine when something more (a stimulus) has been added.
Forced-Choice Method. The forced-choice method
reduces the need for the subject to set or remember
the level of “internal noise.” It was ﬁrst introduced into
clinical use by Sekular and colleagues in 1973 as a
sensitive and objective procedure for evaluating response to light touch.66 In 1978, Dyck and colleagues
introduced the temporal forced-choice paradigm in
QST.32 Using this method, the subject is ﬁrst presented
with two time periods (Fig. 3). Only one of the two
time periods contains the stimulus of predetermined
intensity (method of levels). The subject is then
“forced” to choose which time period contains the
stimulus (ﬁrst or second).
Another forced-choice method is called the spatial forced-choice paradigm. Here, the subject is presented with two stimulating probes with the stimulus
present at only one of them. The subject is asked to
touch each probe and identify that with the stimulus.7,11,21,55 Inherent in the forced-choice method is
the use of the method of levels and not the method
of limits.
The use of null stimuli, or time period with no
actual stimulus, may be applied to the algorithm to
improve the accuracy of the test. When a subject
identiﬁes a stimulus during a time period when no
stimulus was given, the ability of the subject to distinguish stimulus from background noise is called
into question.
With the forced-choice method, the subject is
required to choose which time period (temporal) or
stimulating probe (spatial) contains the stimulus
even when the stimulus level is below threshold or
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when no stimulus is actually present (null stimulus).
Some subjects may ﬁnd this protocol challenging.
Another disadvantage of the forced-choice method
is that it is time consuming.
It is clear from the above discussion that the
forced-choice technique of eliciting subjects’ responses may be used in different ways: temporal,
spatial, and with or without null stimuli. Simply using
the term “forced-choice method” to describe the
entire process of eliciting the subject response is
confusing and should be discouraged.
How the Subject’s Responses Are Utilized to Determine

The following are brief descriptions of the different ways of determining sensory
thresholds used by different investigators.
Method of Limits (Thermal). Claus and colleagues17 started from the reference temperature of
35°C. Seven warm or cold stimuli with a linear ramp
rate of 1°C/s were presented. The subject was instructed to press a button as soon as a temperature
change was perceived and the thermode temperature returned to the reference temperature. The
difference between the temperature achieved and
the reference temperature served as a reading. After
eliminating the ﬁrst trial, the average of six warm (or
cold) readings was considered the threshold. The
warm and cold sensory thresholds were determined
separately.
Hilz and colleagues44 started from a baseline
temperature of 32°C. Five warm or cold stimuli with
a ramp rate of 1°C/s were presented to the subject.
They then averaged the threshold from the responses to ﬁve consecutive stimuli. Yarnitsky and
Sprecher80 started from a reference temperature of
32°C and considered the average of four readings to
be the sensory threshold.
Fagius and colleagues33 used the method of Fruhstorfer and colleagues.36 They considered the
warm– cold difference limen or the temperature interval between the perception of warm and cold to
be the sensory threshold. They did not determine
the warm and cold thresholds separately with this
method. This method is also called the original Marstock method (Fig. 1A), as described earlier.
Method of Limits (Vibration). Claus and colleagues18 asked the subject to press a button as soon
as the vibration was perceived during an increasing
ramp (perception threshold) and as soon as vibration disappeared with a decreasing ramp (disappearance threshold). They considered the mean of three
perception thresholds and three disappearance
thresholds to be the vibration perception threshold.
Sensory Threshold.
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Armstrong and colleagues8 considered the vibration perception threshold to be the mean of three
trials, whereas both Bertelsmann and colleagues10
and Guy and colleagues39 considered it to be the
mean of ﬁve trials.
Fagius and colleagues33 determined the vibration
perception threshold by increasing the vibration intensity from zero until it was felt by the subject (“up”
value) and by decreasing the stimulus from a supraliminal intensity until it disappeared (“down” value).
They found that the responses usually became stable
after two or three repetitions, and the threshold was
the average of at least two up and down values.
Method of Levels (Vibration, Thermal). Yarnitsky
and Sprecher80 determined thermal threshold by
giving the subject a series of stimuli of varying predetermined intensities. After an initial temperature
step of 4°C, the subject was asked to give a “yes” or
“no” response to indicate whether the stimulus was
perceived. A “yes” response led to a smaller step, and
a “no” response led to a larger stimulus. The step size
was halved when there was a change in subject’s
response from “yes” to “no,” or vice versa. The step
size remained unchanged when the subject’s response remained unchanged. The process was continued until the step size reached 0.2°C. Yarnitsky
and Sprecher used the average of stimulus temperature for the last “yes” and the last “no” as the
threshold.
The staircase algorithm was described by Fowler
and colleagues34 to determine thermal thresholds.
First, the subject received thermal stimuli at a level
well above the threshold. The next level of stimulus
intensity depended on the subject’s response: it was
reduced by one step level if the subject answered
“yes” and increased if the response was “no.” The test
was terminated when four “no” responses were
given. Fowler and colleagues considered the midpoint between the mean of values with “yes” responses following the ﬁrst “no” and the mean of
values with “no” responses as the subject’s threshold.34
When the stimulus is presented to the subject
using the method of levels, Dyck and colleagues32,59
described two ways of determining vibration and
thermal sensory thresholds.
(a) Temporal forced-choice algorithm. The up– down
transformed response rule as proposed by Wetherill
was selected by Dyck and colleagues to ﬁnd the
sensory threshold.32 This rule was used by Dyck to
move the stimulus levels up and down to estimate
the sensory threshold. Under the forced-choice paradigm, the sensory threshold corresponds to the
stimulus level for which the subject’s responses are
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correct 75% of the time (correct responses may occur by chance alone 50% of the time when no stimuli
are actually present, or when the subject felt the
actual stimuli 50% of the time).59
Using the forced-choice paradigm as described
earlier, the subject was ﬁrst presented a stimulus of a
predetermined level of intensity. The next level of
stimulus intensity depended on whether the subject
was able to perceive the ﬁrst stimulus. When the
response given was correct, the next level of stimulus
intensity was reduced until an incorrect answer was
obtained, which led in turn to a higher intensity
stimulus. This level of stimulus intensity was called
the turnaround value. In order to reduce the chance
that the response was not just a correct guess (50%
of the time), a certain combination or series of
correct or incorrect answers were used to determine
the sensory threshold. There are several ways to deﬁne success at a given level of stimulus intensity.
Dyck and colleagues developed the CASE (computerized assisted sensory examination) system of
quantitative sensory testing.32 This system has undergone a number of modiﬁcations in machine speciﬁcations and algorithms. Under the CASE III system,
an observed sequence of SSS or SSFS (S ⫽ success,
F ⫽ failure) was considered a correct response and
this would lead to a stimulus of lower intensity. An
observed sequence of F, SF, SSFF was considered
incorrect, leading to a higher stimulus intensity.
In the most recent CASE IV system, the deﬁnition of success was changed to improve the accuracy
of the estimates.59 Success is now deﬁned as giving
six correct answers out of the ﬁrst seven trials or ﬁve
correct answers in the ﬁrst six trials with the seventh
trial incorrect and the eighth and ninth trials correct. Due to the wide range of thermal stimuli, the
available levels to be tested were reduced to 25 deﬁned levels of stimulus intensity that were based on
just-noticeable differences (JNDs) in healthy subjects. Steps 1 through 21 consist of pyramidal-shaped
heat pulses, starting from a baseline temperature of
34°C, in which the temperature increases or decreases at a constant rate of 4°C/s. At step 21, the
pyramidal-shaped heat pulse reaches a peak of 48°C.
The peak temperature of 48°C is sustained for 1.5 s
in step 22, 5 s in step 23, and 10 s in step 24. At step
25, the temperature is sustained for 10 s at 49°C. The
test starts at an intermediate nonpainful stimulus
intensity (level 13). Subsequent changes in stimulus
intensity were originally made in steps of 4, 4, 2, 2, 1,
1, 1, 1, preceding the eight turnaround points, respectively. This sequence was changed in CASE IV so
that, after the ﬁrst failure, subsequent decreases are
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in single steps. The threshold is the median of the
last six turnaround values.
(b) One-time-period 4, 2, 1 stepping algorithm with
null stimuli. The one-time-period 4, 2, 1 stepping
algorithm with null stimuli algorithm was introduced
by Dyck and colleagues in 1993 as a faster way to
estimate sensory threshold30; compared with the
forced-choice method, this algorithm is much less
time consuming. The test starts with level 13. Subsequent changes in stimulus intensity depend on
whether the stimulus is felt occurring in steps of 4
until the ﬁrst turnaround, in steps of 2 until the
second turnaround, and in steps of 1 thereafter. A
total of 15 stimulus events and 5 null stimuli (randomly interspersed) are used. The mean of the turnaround levels with single steps is taken as the threshold. This algorithm is now part of the CASE IV
system. A positive response to two null stimuli
prompts reinstruction and retesting of the subject.
Repeated positive responses from the subject to null
stimuli indicate that this algorithm cannot be used
for that individual subject.30 Additional testing of
these subjects will require the use of the forcedchoice method described earlier.
A spatial forced-choice algorithm was described
by Nasseri and colleagues to determine vibration
threshold. Using the Vibratron II (Physitemp,
Clifton, NJ), the test began at the highest intensity of
20 vibration units (VU) or at a lower intensity level
appropriate for the subject. The intensity was lowered by 10% after each correct response and was
increased by 10% after each incorrect response. Five
incorrect responses were enough to complete the
examination. All levels below 1 VU were repeated
twice. The lowest and highest values of ten incorrect
and correct responses were eliminated and the mean
of the remaining eight scores was called the vibration threshold.58
Recognizing that there are several different algorithms in use, the American Diabetes Association
made a number of recommendations to clinical investigators in 1992 regarding QST as it applies to
diabetic neuropathy. The two testing algorithms recommended were: (1) the two-alternative forced
choice; and (2) the method of limits combined with
yes–no paradigm with null stimuli.6 Of note, the
one-time-period 4, 2, 1 stepping algorithm with null
stimuli was introduced later in 1993, so it was not
considered.
HEAT-PAIN SENSATION

Heat-pain thresholds may be determined with the
method of limits or the method of levels.
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The methods of limits for heatpain threshold has been described by Verdugo and
Ochoa73 and Yarnitsky and colleagues.82 Verdugo
and Ochoa73 started from a baseline temperature of
32°C. They decreased the temperature (cold pain)
or increased (heat pain) it at a rate of approximately
4°C/s. The subject was instructed to press the switch
at the instant that pain was ﬁrst felt. The average of
three to six measurements was considered as the
mean pain threshold. Cold-pain hyperalgesia was
diagnosed when the mean cold-pain threshold was
higher than 21.1°C on the thenar eminence, 25.5°C
on the hypothenar eminence, and 23.5°C on the
tarsal region. Heat-pain hyperalgesia was diagnosed
when the mean heat-pain threshold was below
40.8°C, 37.2°C, and 38.7°C at these three sites, respectively. Cold- and heat-pain hypoalgesia were not
considered by Verdugo and Ochoa because several
normal subjects had no cold or heat pain.
Yarnitsky and colleagues82 started from a baseline
temperature of 32°C. The temperature increases
were at a rate of 2°C/s. The subject was instructed to
depress a switch as soon as pain was perceived. They
considered the average of three measurements taken
at 20-s interstimulus intervals to be the heat-pain
threshold.
Method of Limits.

The only study using the method
of levels was done by Dyck and colleagues. They
called the method the nonrepeating ascending algorithm (NRA-NS).31
Nonrepeating Ascending Algorithm. The CASE IV
system uses the nonrepeating ascending algorithm
to determine the heat-pain threshold.31 Testing for
heat-pain detection threshold requires that the number of stimuli are minimized primarily because an
excessive number of heat-pain stimuli may cause
local tissue changes that in turn may alter the sensory threshold. The use of forced-choice or 4, 2, 1
stepping algorithms both require repeated stimulations, and these were thought to be inappropriate
for heat-pain testing.31
In the NRA-NS method, the subject is ﬁrst given
a stimulus at a predetermined level of stimulus intensity and duration. Using a modiﬁed yes–no response paradigm with a visual analog scale, the subject is asked to grade stimuli from 0 to 10; with 0
being a nonpainful stimulus and 1 being the least
painful stimulus. If the subject rates the stimulus as
less than 5, subsequent stimuli are of progressively
higher intensities, without repeating any stimulus at
the same intensity. Once the subject rates the stimulus as 5 or higher, no subsequent stimulus is given.

The heat-pain detection threshold (HPDT), also
called HP:0.5, is the midpoint between the stimulus
level graded as nonpainful, and the level graded as 1.
The HP:5.0 is the stimulus intensity that is felt to be
the intermediate pain level. Based on the actual
ratings of the subject, the HP:0.5 and HP:5.0 are
usually interpolated from a quadratic equation. The
difference between HP:5.0 and HP:0.5 may also be
calculated. HP:0.5, HP:5.0, and HP:5.0 minus HP:0.5
are expressed in JNDs and in percentile of normal
subjects.31 Testing for cold-pain threshold has not
been standardized under the CASE IV system. This is
thought to be more variable than heat-pain threshold (Fig. 4).38
EQUIPMENT

A summary of the different equipment and their
speciﬁcations as reported in the literature can
be found at www.aaem.net/aaem/practiceissues/
technologyreviews/technologyreviews.cfm.
REPRODUCIBILITY

The increasing use of QST may give the impression
that it is reliable and easily reproducible. On the
contrary, the results of reproducibility studies appear

Method of Levels.
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FIGURE 4. Heat-pain threshold (CASE IV). (〫) Patient’s response using a visual analog scale (VAS) to grade painful stimuli
from 0 to 10, with 0 being a nonpainful stimulus, 1 being the least
painful stimulus, and 10 being the most painful stimulus. (⫹)
HP:0.5 and HP:5.0 are interpolated from a quadratic equation (—
ﬁtted curve). HP:0.5 is the midpoint between a nonpainful stimulus and the least painful stimulus. HP:0.5 is the estimated heatpain detection threshold (HPDT) and it corresponds to the stimulus that is felt to be painful 50% of the time. HP:5.0 is the
stimulus intensity felt to be the intermediate pain level.
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to be confusing, with some studies showing excellent
results and others showing poor reproducibility.
This problem is compounded by the use of different
equipment, algorithms, populations, and statistical
methods to measure reproducibility.
QST is not a speciﬁc test of peripheral nerve
function. Central nervous system dysfunction such as
stroke and multiple sclerosis may produce QST abnormalities. The lack of any single “gold standard”
for the diagnosis of neuropathy also adds to its nonspeciﬁcity. However, QST is strongly correlated with
NCSs and with patients’ symptoms in diabetic neuropathy. The two important prerequisites of a useful
clinical neurophysiologic test are the availability of
normal values and the reasonable reproducibility of
the test. Several investigators have published normal
values for vibration threshold, cold perception
threshold, and warm perception threshold. The effect of age, sex, and site of stimulation have been
incorporated in the normative data. It should be
emphasized that any deviations in equipment, methodology, or algorithm may change the results significantly.
The use of QST to follow patients over time
requires that the test is reproducible. We reviewed
the literature and summarized the reproducibility
studies that have been reported over the past several
years. The following factors may inﬂuence reproducibility: (1) equipment; (2) thermode size; (3) methodology (method of limits vs. method of levels,
yes–no method vs. forced-choice method, “4, 2, 1
stepping algorithm” vs. “up and down transformed
response rule”); (4) population studied (age, sex,
normal subjects vs. patients, or trained normal subjects vs. untrained normal subjects); (5) number of
subjects studied; (6) number of examiners or centers
involved (one vs. several); (7) baseline skin temperature; (8) stimulus characteristics (stimulus duration, rate of temperature change, thermode size);
(9) stimulus sites; and (10) duration of intervals
between tests (hours, days, weeks, or months).
As stated earlier, the 4, 2, 1 stepping algorithm
was introduced by Dyck and colleagues to reduce the
time needed to complete QST.30 It should be emphasized that this algorithm was not used in the
reproducibility studies on vibration and thermal
thresholds.27,29 Although this new algorithm has
been shown to be comparable to the forced-choice
algorithm,30 the reproducibility of the two algorithms may not be identical.
Dyck and colleagues studied the inﬂuence of
different stimulus characteristics and algorithms of
testing on sensory threshold determination. They
found the following:
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1. The inclusion of reaction time in the algorithm
gives a higher sensory threshold compared with
algorithms that exclude reaction time.
2. The rate of temperature change of the thermode
also affects sensory thresholds: rates of 1°C/s and
3°C/s give higher thresholds than rates below
1°C/s.
3. A larger thermode size gives lower thermal
thresholds (10 cm2 vs. 2.7 cm2).
4. There is a topographic difference of cold perception threshold, warm perception threshold, and
heat-pain detection threshold.
5. Thresholds are lowest in the face and volar arms
and highest in the legs and feet.
6. Warm threshold varies among different sites and
may be absent in the dorsal foot of older subjects,
in whom the ﬁrst sensation felt is heat pain.28
7. The number of examiners involved in the performance of QST may be important.
It should be noted that the study by Jamal and
colleagues indicated that only one person did all the
QSTs.48,50 This is rarely possible in a neurophysiology laboratory. Therefore, the reproducibility may
be different if several technicians are performing the
QST. It is of interest to note that the two multicenter
studies8,71 both showed poor reproducibility of thermal perception thresholds. This may very well be
related to the larger number of investigators involved.
The following seven different statistical tools
have been used to measure intraindividual reproducibility: (1) correlation coefﬁcient; (2) coefﬁcient of
variation; (3) coefﬁcient of repeatability or r-value;
(4) intraclass correlation coefﬁcient; (5) ratio of
subsequent measurement/initial measurement; (6)
percentage of time the measurements are within a
certain “number of stimulus steps”; and (7) percent
change from the initial measurement.
The choice of statistical method to measure reproducibility is important. What can be applied to a
group cannot be applied to an individual patient.
Knowing that the mean threshold of a group of
individuals changed by less than 5% between two
trials48 may be important for a group study, but it is
not helpful for a clinician who is trying to decide
whether a speciﬁc change in a patient’s threshold is
clinically signiﬁcant. Likewise, the correlation coefﬁcient, intraclass correlation coefﬁcient, or coefﬁcient of variation cannot be utilized by clinicians to
determine how much change is necessary to signify
an improvement or worsening. The use of percent
change from initial measurement,33 90th percentile
absolute day-to-day differences,18 and of r-values80
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would be more practical for the clinician. The r-value
means that there is 95% conﬁdence that two measurements from the same patient differ by less than
that value.80
A table that summarizes the different reproducibility studies on vibration, thermal, and heat-pain
thresholds that have been reported since 1981 can
be found at www.aaem.net/aaem/practiceissues/
technologyreviews/technologyreviews.cfm. It is evident that the reproducibility of vibration threshold is
generally good with both the method of limits8,10,18,27,39 and the method of levels.18,27,29
The ﬁrst reproducibility study on thermal testing
was very disappointing.33 In the study, the warm–
cold difference limen was obtained with the method
of limits and used as the thermal threshold.33 Since
then, several studies using the method of levels have
shown satisfactory reproducibility.7,11,14,29,48 The improved reproducibility may be secondary to better
algorithms, stimulators, and computers, and the use
of the reaction time– exclusive method (method of
levels). However, as stated earlier, two multicenter
studies showed poor reproducibility despite the use
of reaction time– exclusive methods,8 probably because a larger number of investigators were involved.
It is not clear why some studies of thermal threshold
using reaction time– exclusive methods showed poor
reproducibility.17,21 Since different machines and
methodologies were used, one can only speculate
that these factors account for the conﬂicting results.
A few investigators have compared methods of
limits with methods of levels. The reproducibility of
thermal and vibration thresholds with both methods
were similar in the study by Claus and colleagues.17,18
Yarnitsky and colleagues80 found the method of levels to be more reproducible than the method of
limits. These apparently conﬂicting results may be
related to the duration of testing. Claus and colleagues found that forced-choice testing at one site
took more than 30 minutes to complete in normal
subjects and 40 minutes in diabetics.17 The long
duration of testing can lead to inattention and spurious results, thus offsetting whatever advantages
forced-choice testing may have over the method of
limits.
The site of stimulation also affects the reproducibility of thermal testing. Bravenboer and associates
found that the reproducibility of warm and cool
thresholds was good in the hand but poor in the
foot. Warm threshold in the foot could not be determined in 41% of their diabetic subjects (without
neuropathy). This difference may be caused by a
more heterogeneous distribution of receptors in the
foot or other factors such as skin temperature.14 In
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fact, some normal subjects have also been found to
have no warm sensation in the foot. In such subjects,
the ﬁrst sensation in the feet was heat pain rather
than warm sensation.38
The time interval between tests is also an important factor. Fagius and colleagues found that vibratory thresholds are more reproducible with short
intervals.33 It is important to note that most of the
reproducibility studies used test intervals that ranged
from a few days to a few weeks, and this may not be
applicable to drug trials that may take months to
years.
The reproducibility of QST in normal subjects is
probably better than that of patients with neuropathy.10 Moreover, intersession bias may be due to a
training or learning effect.80 Drug trials in patients
with neuropathy should include serial QSTs of the
placebo group as well as the treatment group.
A consensus report from the Peripheral Neuropathy Association concluded that the stimulus waveform produced by von Frey ﬁlaments is too variable
and not sufﬁciently quantiﬁable to provide the best
assessment of touch-pressure sensation.62 Recently,
however, another reproducibility study of the Semmes–Weinstein monoﬁlaments has shown promising
results.72 In a group of 68 diabetics, the coefﬁcient of
variation was 0.41 and the correlation coefﬁcient was
0.80 when a group of 68 diabetics were studied by
one observer testing on 2 separate days with an
interval of 2– 4 weeks.72
The two reproducibility studies on heat-pain threshold used different machines and methodologies. Both
studies revealed results that are sufﬁciently reproducible29,79 (see the table on reproducibility studies at
the AAEM website: www.aaem.net/aaem/practiceissues/
technologyreviews/technologyreviews.cfm).
In summary, vibration perception threshold,
heat-pain threshold, cold perception threshold, and
warm perception threshold of normal subjects appeared to be sufﬁciently reproducible during shortterm studies (1– 8-week intervals). Compared with
the vibration perception threshold, thermal thresholds appeared to be more susceptible to different
factors such as the machine used, methodology, duration of testing, and time interval between tests.
Cool threshold in the foot appears to be more reproducible than warm threshold. Any therapeutic
trials with longitudinal QST studies should be performed with a control group of abnormal subjects to
demonstrate that the observed changes (improvement or deterioration) in QST results cannot be
attributed to the technique’s inherent variability.
With regard to follow-up studies of the individual
patient, the use of r-values or repeatability coefﬁ-
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cients14,80 has practical utility. The recent reproducibility study of the Semmes–Weinstein monoﬁlaments is encouraging but further studies are
necessary.
CLINICAL USES OF QST
Diabetic Neuropathy. The painless, noninvasive nature of QST makes it an attractive tool for therapeutic trials and studies on the natural history and progression of diabetic neuropathy.1,9,43,52,68,69 Both
large- and small-ﬁber functions may be evaluated by
QST. Since the introduction of the ﬁrst Marstock
thermal stimulator, we have seen a marked increase
in the use of QST in the research and clinical evaluation of patients with diabetic neuropathy. The
minimum criterion of diabetic neuropathy as proposed by Dyck and colleagues includes QST as one
of the ﬁve validated tests.28 Both the Peripheral Neuropathy Association and the American Diabetes Association included QST in the neurophysiologic
evaluation of patients with diabetic neuropathy.5,6,62
Many studies have reported on the frequency of
QST abnormalities in diabetic neuropathy. Studies
on diabetics with minimal or no symptoms have
shown a higher frequency of thermal testing abnormalities compared with vibratory or nerve conduction abnormalities.42,51,53,58,84 This ﬁnding suggests
an early involvement of the small sensory ﬁbers.
Some studies, however, have shown that nerve conduction studies23,54,64 and vibratory perception
threshold23,26,64,67,74,76 are more frequently abnormal
than thermal testing.
These apparently conﬂicting results are probably
related to the characteristics of the population studied. Patients with predominantly small-ﬁber dysfunction should have a higher frequency of abnormalities in thermal testing,49,85 whereas those with largeﬁber involvement should show abnormalities in
vibration threshold.51,56 In the advanced stage of
diabetic neuropathy, both small and large ﬁbers are
more uniformly affected and the diagnostic yield of
NCSs, and vibratory and thermal testing are all higher.53 Therefore, there is no single most sensitive
electrophysiologic test for diabetic neuropathy. Instead, one should be guided by the clinical characteristics of the diabetic neuropathy.
There are also conﬂicting results as to which
thermal test (warm vs. cool threshold testing) is
more likely to be abnormal in diabetic neuropathy.
Ziegler and colleagues studied a group of 40 newly
diagnosed type 1 diabetic patients using the Marstock method and found the following abnormalities: cool threshold (thenar and foot) in 27.5%;
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warm threshold in 22.5% on the thenar surface and
12.5% on the foot; vibration threshold in 7.5%
(foot); and thermal discriminating threshold or
warm– cold difference limen in 25%.84 Another
study involving 25 patients with small-ﬁber neuropathy (half of whom were diabetics) showed abnormalities of warm threshold in 88% and of cold
threshold in 72%.49 The following relative frequencies of abnormal thermal tests were noted in a study
of 280 diabetics: thermal sensitivity limen or Marstock’s warm– cold difference limen, 79.2%; cool
threshold, 68%; and warm threshold, 59.2%.58 Five
of 11 diabetics with clinically insigniﬁcant neuropathy and normal cool threshold had abnormal warm
threshold.53 The percentages of warm and cold
threshold abnormalities were very similar (78% and
77%, respectively) in the study by Vinik and colleagues involving 81 diabetics.76 This contrasts with
another study of 60 diabetics that showed abnormal
cool threshold in 98%, and abnormal warm threshold in 58%.42 Since there is no consensus as to which
modality is more sensitive, the choice will depend on
the reproducibility of the selected protocol. As mentioned earlier, the reproducibility of warm threshold
appears to be poor in the foot.
Studies of patients with painful diabetic neuropathy have shown elevation of both thermal and vibration thresholds.41,85 Patients with painful neuropathy tend to have more pronounced abnormalities
of thermal testing than of vibration39,41 or NCSs.85
This is not surprising since thermal testing evaluates
small-ﬁber function, which is usually abnormal in
painful neuropathy. In contrast, Veves and colleagues found no signiﬁcant difference in QST between diabetics with painless and painful neuropathy.75 The reason for these conﬂicting results is not
known. Differences in population characteristics,
machines, and testing protocols may all contribute
to the differing results.
Diabetics with foot ulceration have been found to
have markedly abnormal cool, warm, and vibration
thresholds in the feet.3,13,45 In one study, 3 of 20
patients had abnormal warm thresholds with minimal cool threshold abnormalities.3 Impaired pressure sensation as detected by the Semmes–Weinstein
pressure aesthesiometer has also been associated
with foot ulceration in diabetic patients.60,70 Diabetic
neuropathy is a heterogeneous disorder. Large,
small, myelinated, and unmyelinated nerve ﬁbers are
affected in different proportions. Additionally, the
progression of diabetic neuropathy is probably not
only a length-dependent centripetal process,65 but
also a random one,77 with a higher probability of
affecting the longer nerve ﬁbers in the lower extrem-
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ities. Rather than using one or two sensory modalities, it is more logical to use a number of quantitative
tests to follow the course of the disease. The use of a
composite score (NIS[LL]⫹7 tests), which includes
QST and NCSs, has been described recently to assess
the severity of diabetic neuropathy longitudinally for
controlled clinical trials.24
The current “gold standard” for the neurophysiologic diagnosis of carpal
tunnel syndrome (CTS) is NCSs. Median sensory,
mixed, and motor NCSs can easily demonstrate
nerve dysfunction across the wrist. The speciﬁcity of
NCSs in the diagnosis of CTS is increased signiﬁcantly when the ulnar nerve is found to be normal,
thus ruling out generalized neuropathy.
Since large myelinated ﬁbers are more susceptible to compression, one would expect vibratory
threshold testing to be quite sensitive in CTS. Unfortunately, several QST studies have shown that a
signiﬁcant percentage of patients with CTS have elevated vibratory thresholds not only in digits 2 and 3
(median innervated) but also in digit 5 (ulnar innervated).12,37,47,57 The low sensitivity and speciﬁcity of
QST in the diagnosis of CTS limits its clinical utility.
The use of QST in the diagnosis of CTS has not been
fully established.4
Carpal Tunnel Syndrome.

Other Potential Uses. Aside from documenting sensory deﬁcits (hypoesthesia), there are many other
potential clinical uses of QST. QST is the best test
available for documenting hyperesthesia.73 Neuropathy secondary to alcohol abuse, renal failure, human immunodeﬁciency virus infection, paraneoplastic syndrome, chemotherapy exposure, immunemediated disorders, hereditary neuropathy, vitamin
B12 deﬁciency, toxin exposure, leprosy, and connective tissue disease may be followed longitudinally to
detect any worsening or response to therapy. Sensory
nerve function may also be followed after nerve
trauma and repair. QST abnormalities may also be
noted with central nervous system disorders such as
multiple sclerosis, syringomyelia, and cerebrovascular lesions. The role of QST in radiculopathy and
entrapment neuropathies other than CTS is still unclear. Recently, Zaslansky and Yarnitsky have provided a comprehensive review of the clinical applications of QST.83
Limitations of QST. It is important to emphasize that
QST tests the integrity of the entire sensory neuraxis
and is of no localizing value. Dysfunction of the
peripheral nerves or central nervous system may give
rise to abnormalities in QST.
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One needs to be familiar with all the potential
pitfalls of QST. Being a psychophysical test, QST
lacks the objectivity of NCSs. Results are subject to
changes due to distraction, boredom, mental fatigue, drowsiness, or confusion. All of the aforementioned factors should be carefully monitored because a “routine” QST that includes vibratory, warm,
cold, heat-pain, and cold-pain threshold usually
takes 1–2 hours using the 4, 2, 1 algorithm. The
forced-choice method takes even longer. In our experience, the forced-choice algorithm, as used in the
CASE IV system, may take up to 30 minutes for one
modality at one site. Boredom and inattention may
give rise to spurious results.
It is not uncommon for patients to become bored
after 2 hours of testing. When patients are consciously or subconsciously biased toward an abnormal QST result, no psychophysical testing can reliably distinguish these patients from those with
organic disease.25 Just like any other neurophysiologic test, QST results should always be interpreted
in light of the patient’s clinical picture.
CONCLUSIONS

After a thorough review of the literature available, it
is the opinion of the AAEM that:
1. QST is a reliable psychophysical test of large- and
small-ﬁber sensory modalities.
2. QST tests the integrity of the entire sensory axis
from receptors to brain. Abnormalities do not
localize dysfunction to the central or peripheral
nervous system, or any particular location along
the peripheral nervous system.
3. QST is highly dependent on the full cooperation
of the patient and may be falsely abnormal if the
patient is biased toward an abnormal result or is
cognitively impaired. No algorithm can reliably
distinguish between psychogenic and organic abnormality.
4. QST has been shown to be reasonably reproducible over a period of days or weeks in normal
subjects. Since longitudinal QST studies of patients in drug trials are usually done over a period
of several months to a few years, reproducibility
studies on the placebo-controlled group should
be included.
5. The reproducibility of thermal thresholds may
not be as good as that of vibration threshold.
6. For individual patients, more studies are needed
to determine the maximum allowable difference
between two QSTs that can be attributed to experimental error.

MUSCLE & NERVE

May 2004

7. Different commercially available QST instruments have different speciﬁcations (thermode
size, stimulus characteristics), testing protocols,
algorithms, and normal values. Only QST instruments and their corresponding methodologies
that have been shown to be reproducible should
be used for research and patient care.
8. The results of QST can only be interpreted properly if machine calibration and testing protocol
are strictly followed.
9. The literature does not allow a conclusion to be
made regarding whether any QST instrument is
better than another.
DISCLAIMER

This report is provided as an educational service of
the AAEM. It is based on an assessment of the current scientiﬁc and clinical information. It is not intended to include all possible methods of care of a
particular clinical problem, or all legitimate criteria
for choosing to use a speciﬁc procedure. Neither is it
intended to exclude any reasonable alternative
methodologies. It addresses the use of QST in one
area only and its application, if any, to the practice of
electrodiagnostic medicine. This statement is not
intended to address all possible uses of or issues
regarding QST and in no way reﬂects upon the
usefulness of QST in those areas not addressed. The
AAEM recognizes that speciﬁc patient care decisions
are the prerogative of the patient and his/her physician and are based on all of the circumstances
involved. This review was not written with the intent
that it be used as a basis for reimbursement decisions. No clinical tests or trials were performed by
the AAEM; the AAEM’s opinion is based solely on a
review of the literature.
The AAEM thanks Drs. Peter Siao Tick Chong, and Didier Cros,
for their service to the AAEM as authors of this technology assessment. The authors are grateful for the assistance of Rosemary
deFrancisco, Kristin Black, and Shirlyn Adkins, JD, in the preparation of this manuscript. The AAEM also thanks the chairs and
members of the Equipment and Computer Committee, the QST
Task Force, and the Practice Issues Review Panel.
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