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Quantitative sensory testing
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27.1. Introduction

27.1.1. General

The need to quantify is central to any scientific process;
one cannot make any valid conclusion about disease
mechanism, epidemiology, natural history or response
to therapy without quantifying the relevant parameters.
The pain research and therapy community has been in
search of quantification methods for pain ever since
pain has become an issue for scientific research.
Although the classical psychophysicists of the late 19th
century did not deal specifically with pain, but rather
with the non-painful sensations, they formulated the
basic concepts of threshold, tolerance and stimulus–
response relationship. Some measurement instruments
introduced during that era are still (!) in use, such as the
von Frey filaments. The advent of microcomputers has
made more sophisticated computer-based devices 
available to clinicians and researchers, allowing for the
accumulation of a large body of data regarding pain
measurement. In this chapter, we will summarize the
methodological issues related to pain measurement and
its clinical applications.

Quantitative sensory testing (QST) evaluates the
integrity of the entire sensory neuraxis receptor to the
cortex and it is a reliable and relatively reproducible
test. However, it is subjective and is affected by distrac-
tion, boredom, mental fatigue, drowsiness or confusion.
Moreover, its results can also be deliberately misre-
ported by patients with an interest in altered QST
results (Dyck, 1998; Siao and Cros, 2003; Chong and
Cros, 2004; Gibbons and Freeman, 2004). The use of
appropriate testing methodology and careful attention to
the technical details of test performance are of utmost
importance in order to obtain meaningful results.

QST has been criticized for being subjective.
However, recent brain imaging studies, using positron
emission tomography (PET) and functional magnetic
resonance imaging (fMRI), provide strong evidence
that subjective pain magnitude scores are associated
with objectively measured neural activity in cortical
and subcortical regions that are known to be involved in
pain processing including anterior cingulate and insular
cortexes (Derbyshire et al., 1997; Porro et al., 1998;
Coghill et al., 1999; Coghill and Eisenach, 2003).
These studies have confirmed that interindividual 
differences in subjective pain reports correlate with the
degree of activation in these brain regions. Moreover,
the stimulus intensity of experimentally induced pain is
correlated to quantifiable objective parameters, such as
neural traffic in peripheral nerves, pain-evoked poten-
tials (EPs) and QST measures, supporting the validity
and reliability of pain psychophysics (Yarnitsky et al.,
1992; Chen et al., 2001).

The issue of repeatability of pain psychophysical
parameters is a major concern for all practitioners in the
field, as low repeatability severely limits the long-term
usefulness of the method. Clinical applications, such as
follow-up on the natural history of a certain clinical sit-
uation or assessment of the response to therapy, depend
on the repeatability of the measurement. Data for heat
pain repeatability were presented by Yarnitsky et al.
(1995), allowing interpretation of heat pain data that
defines the framework for establishing protocols in the
clinical set-up of the individual patients along time.

Clinically, QST has relevancy to several contexts.
Diagnostically, the availability of computerized tomo-
graphy (CT) and MRI for definitive imaging of central
nervous system (CNS) disorders of an anatomical nature
and the availability of electrodiagnostic tests (nerve 
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conduction and electromyography) for the assessment of
peripheral large-fiber associated disorders, as well as of
somatosensory EPs for their central connections, define
the fields unique for QST in the diagnostic context: (i)
disorders related to peripheral small fibers, which are not
detectable by electrodiagnosis and (ii) disorders of sen-
sation, both peripheral and central, where the demon-
stration of an anatomical lesion by imaging is not
sufficient for diagnosis or follow-up and an assessment
of the sensory function is required. An example is the
case of central post-stroke pain, where the mere pres-
ence of a brain infarct, evidenced by CT or MRI, is not
sufficient to differentiate between musculoskeletal pain
subsequent to physical disability due to the stroke and
pain of central origin subsequent to brain tissue damage.
The finding, by QST, of decreased sensory function in
the painful hemibody supports the latter diagnosis.
Beyond diagnosis, QST is most useful in assessing 
the extent of the sensory disorder, for both painful and
nonpainful sensory modalities, in clarifying disease
mechanisms and in assessing natural history and
response to therapy.

QST has been the focus of several consensus papers
by American and European scientific authorities. The
San Antonio consensus (1988, 1992) recommended
QST as a valid tool for the early detection of diabetic
neuropathy. The task force on QST of the American
Academy of Neurology has recently published its rec-
ommendations (Shy et al., 2003). The clinical utility,
efficacy and safety of QST were assessed by a meta-
analysis that was based on the use of normal values and
the degree of reproducibility between the same and 
different systems. Findings demonstrated that because
of differences between systems, normal values from
one system cannot be transposed to others. In addition,
there is no consensus on how reproducibility of results
should be defined. The authors identified no adequately
powered class I studies demonstrating the effectiveness
of QST in evaluating any particular disorder. A number
of class II and III studies demonstrated that QST is
probably or possibly useful in identifying small- or
large-fiber sensory abnormalities in patients with diabetic
neuropathy, small-fiber neuropathies, uremic neuropathies
and demyelinating neuropathy.

The consensus is that QST is a potentially useful
tool for measuring sensory impairment for clinical and
research studies. However, QST results should not be
the sole criteria used to diagnose pathology. Because
other nonorganic factors or malingering can influence
the test results, QST is not currently useful for the pur-
pose of resolving medicolegal matters. The committee
commented that well-designed studies comparing 
different QST devices and methodologies are needed,
including patients with abnormalities detected solely 

by QST. In assessing the usefulness of QST in the diag-
nostic process of neuropathic pain, the EFNS (European
Federation of Neurological Societies) expressed some
reservations: “QST abnormalities, because also found in
non-neuropathic pains, cannot be taken as a conclusive
demonstration of neuropathic pain. Furthermore, QST
depends on expensive equipment, it is time consuming
and thus difficult to use in clinical practice.” Although
QST is not yet officially accepted as a clinical diagnostic
tool, it seems to be on the verge of gaining recognition as
a useful clinical test, pending further experimentation
and data collection.

In addition to its common use in adults, QST has
been suggested for clinical neurological assessment in
children as well. Values of cold and warm sensations,
cold and heat pains and vibration sensation detection
thresholds were determined in the hand and foot with
the methods of limits and levels. Measurements were
well accepted by children with good reproducibility
between sessions (Hilz et al., 1998a,b). Based on these
results, the use of QST was recommended for docu-
menting and monitoring the clinical course of sensory
abnormalities in children with neurological disorders or
neuropathic pain (Meier et al., 2001).

Since this volume’s focus is on pain, most of the 
following will emphasize pain sensory testing, although
references will be made to nonpainful sensory test-
ing as well. For further elaboration on nonpainful 
sensory testing, the reader is referred to a recent book
(Yarnitsky and Pud, 2004) and a slightly older review
article (Zaslansky and Yarnitsky, 1998).

27.2. Methodology and normative data

27.2.1. General

QST encompasses several modalities of stimulation –
thermal, with low or high temperatures provoking cold
and hot sensations; mechanical and electrical; ischemic
and chemical. Each modality can produce several
measures including parameters related to (i) nonpainful
sensations, such as detection thresholds – the point of
transition between lack of any sensation to a minute
sensation evoked by a stimulus, and to (ii) painful 
sensations. The spectrum of pain experience ranges
from threshold, through the suprathreshold intensities,
and ends at tolerance level. Thus, we can measure pain
thresholds, the point of transition between a detectable,
yet nonpainful, stimulation and a painful one, as well 
as magnitude estimation of suprathreshold pain, which
represents pain sensitivity and tolerance to pain.
Neurophysiology has clarified that nonpainful and painful
sensations are provoked by different sets of peripheral
and central neurons.
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The assessment of pain via QST can be applied in
two settings – the assessment of endogenous pain that
the patient experiences due to the disease process or the
assessment of experimentally induced pain inflicted on
a patient or a normal subject in order to experiment on
pain mechanisms or therapy. For the first, only slight
progress has been achieved over the years, as several
scales have been developed for subjective quantifica-
tion by the individual regarding the magnitude of the
pain sensation. For the second, a much larger body of
knowledge has been accumulated, using various stimu-
lation paradigms and parameters. Most QST practitioners
are well experienced with cutaneous stimulation and
indeed, most of the relevant literature deals with somatic
stimulation. Some experience has been accumulated in
recent years on visceral stimulation and will be briefly
reviewed at the end of this section. Notwithstanding
this knowledge and experience, one needs to remember
that as elegant as these reports may be, they still repre-
sent an artificial pain situation. Extrapolating to clinical
pain scenarios might not always be straightforward
(Gracely, 1999).

27.2.2. Measurement of spontaneous 
(nonexperimental) pain

Several pain scales have been developed and intro-
duced to clinical practice. First and foremost is the
visual analog scale (VAS), representing a continuum
between the two anchors of no pain on one side and the
worst imaginable pain on the other. Usually, the con-
tinuum is presented to subjects as a line or an elon-
gated rectangle and subjects are requested to put a
mark at a point appropriate to their subjective sensa-
tion between the two ends. The examiner then trans-
lates the marked point to a numerical value, usually
between 0 (= no pain) and 100 (= the worst imaginable
pain). The major advantages of the VAS are: (i) the 
relative value of its readings, that is, if pain at baseline
was 6 and subsequent to therapy it was 3, then one can
say that it was halved (Price et al., 1983, 1987); and 
(ii) its continuous character allows the use of paramet-
rical statistics on the results. The major disadvantage is
the requirement for abstract thinking, which is not 
universal to all patients.

The numeric pain rating scale (NRS) uses a set of
numbers, usually 0, 1, 2, up to 10, with the same anchors
as previously. The use of this scale is simpler and is
more intuitive to most populations. The disadvantage is
the noncontinuous character of the data collected, caus-
ing diminished sensitivity of the scale and requiring the
use of nonparametrical statistics for analysis. The verbal
pain (rating) scale (VRS) is a list of words that describe
the gradual increase in intensity of a stimulus, covering

the spectrum from no pain to maximal pain. People that
find difficulty in translating their sensations to numbers
can use the VRS. The disadvantages of this scale include
dependence on the level of language proficiency of 
subjects, the differences within a given population
regarding the interpretation of various adjectives, and
the need to pretest the scale on a large normal popula-
tion in order to give each word a numerical value relevant
to the local population for purposes of data analysis
(Price et al., 1983, 1987).

Several studies have examined agreement and esti-
mated differences in sensitivity between the three pain
assessment scales as well as between pain behavior
and pain rating (Dirks et al., 1993). In acute and
chronic pain models, the sensitivity of the VAS and
NRS was approximately equal and was correlated with
the global impression of change in pain. Therefore, it
has been suggested that the choice between the VAS
and NRS can be based on subjective preferences
(Breivik et al., 2000; Farrar et al., 2001). In addition to
measuring spontaneous pain, these scales are used rou-
tinely for the assessment of experimental pain, as
described later.

27.2.3. Measurement of experimental pain

Several parameters can be obtained in response to a
simple or a complex set of experimental noxious stimuli.
The simpler and routinely used ones are pain thresholds,
tolerance and magnitude estimation of suprathreshold
pain intensities. More multifaceted parameters, which
are mainly used in research, are those of temporal and
spatial summation and methods to assess endogenous
analgesia.

27.2.3.1. Thresholds
Threshold is defined as the minimal energy required to
elicit a sensation. Receptor or “absolute” threshold is the
energy required to elicit response in the primary afferent,
whereas the psychophysical threshold or “sensory”
threshold in clinical parlance, is the minimal energy
required to reach perception. An example of the psy-
chophysical and receptor thresholds being the same is
the observation that following a simple, discrete light
touch stimulus, an impulse from a single afferent unit 
in the fingertip may be consciously detected (Johansson
and Vallbo, 1979; Ochoa and Torebjörk, 1983). However,
with most sensations and with pain in particular, the
receptor threshold is lower than the perception threshold
(Van Hees and Gybels, 1981). Serving as a discrimina-
tion task, psychophysical thresholds are a convenient
parameter – the point of transition from a nonpainful
stimulus to a painful one along a continuum of increasing
stimulation intensity. This is an obvious point to most
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people and is therefore an easy criterion for the subject
to follow and easy for the examiner to understand and
manipulate.

Several intuitive methodologies are available for
such measurement, the most common of which is the
method of limits. In this method, a stimulus is gradually
increased to a point at which the subject experiences the
onset of pain. This method can be used with all conven-
tional stimulation modalities and usually the average is
taken of a few stimulus trial results. The major disad-
vantage of this method is the reaction time artifact,
which is included in the measurement. The stimulus
continues to increase after sufficient energy has been
given to the stimulation site, in accordance with the
time needed for transmission of the neural data to the
CNS, the central processing time and the time needed
to transmit efferent data down to the signaling hand.
Thus, patients who are slow to respond, such as those
with Parkinson’s disease, will exhibit an artificially ele-
vated threshold. In addition, the value of the threshold
is increased considerably when relatively slower con-
ducted sensations, such as thermal sensations, are meas-
ured. However, changes are almost insignificant for
rapidly conducted sensations (Fruhstorfer et al., 1976;
Swerup and Nilsson, 1987; Yarnitsky and Ochoa, 1990).
For the healthy individual, one can assume a fairly con-
stant reaction time and relatively constant error, which
does not cause any problem in the use of the data.

An alternative methodology that excludes reaction
time is the staircase family of tests, including the
method of levels and the 4,2,1 paradigm. In these tests,
a stimulus of predefined intensity is given and the sub-
ject is asked to describe it as painful or not when the
stimulus ends. The stimuli given thereafter are either
increased or decreased, according to the specific para-
digm used, to the point of threshold identification.

Although less commonly used nowadays, the forced
choice methodology has been used in several research
papers. In this method, each stimulation stage includes
two successive time epochs, of which only one contains
a stimulus. Subjects are requested to indicate which of
the two contains a stimulus and the intensity of the
stimulus in the next set is determined by this indication
in accordance with a certain set of rules (Dyck et al.,
1984). This paradigm, being quite lengthy and includ-
ing a large number of stimuli, is less suitable for 
pain threshold measurements (see Yarnitsky, 1997, for a
more detailed review of the test paradigms). In order to
minimize the exposure of the subjects to pain, the 
psychophysical assessment requires short paradigms.
Therefore, the method of limits is most often used in
this context.

Due to the low sensitivity of pain thresholds to anal-
gesic manipulations (Chapman et al., 1985; Eisenberg,
2004) and since thresholds change only if there is a

neurological lesion, their application in the assessment
of non-neuropathic pain conditions is somewhat limited.
Thus, a combination of threshold data with additional,
more advanced psychophysical data, such as the mag-
nitude estimation of stimuli of suprathreshold intensity
as well as measures of pain modulation, may provide 
a multidimensional view of the clinical pain state of
patients.

27.2.3.2. Normative data for thresholds. In order to
make meaningful clinical interpretations of QST data, 
a reference must be made to normative data. Ideally,
each laboratory should obtain its own normative data,
thereby ensuring that the same instructions, mode of
application of the stimulator, ambient conditions, etc.,
are used and that variability in outcome is minimized.
Practically, most laboratories relate to already pub-
lished normative data. In such cases, great care should
be taken to use parameters that are as similar as possible
to those under which the set of references was obtained.
Several authors have published normative data on pain,
including Claus et al. (1987), Meh and Denislic (1994),
Yarnitsky et al. (1995), Hilz et al. (1998a,b).

A test-to-test repeatability was assessed by Yarnitsky
et al. (1995), who defined an r factor such that there is
95% confidence that two determinations made on the
same subject under the same conditions would differ by
less than r. The use of this factor can assist the clinician
in evaluating patients on a long-term basis, for both 
natural history of the disease and for assessing effects
of therapy.

27.2.4. Tolerance

Pain tolerance is less commonly used, probably due to
ethical reservations, as well as its relatively high
dependence on motivational factors and high variability
(Chapman et al., 1985). Tolerance is obtained by either
increasing stimulus intensity or by increasing its duration
at a constant intensity to the point at which the subject
can no longer tolerate it. Tolerance for cold pain is often
measured by the cold pressor test, whereby subjects are
asked to immerse part of a limb in very cold water and
hold it for as long as they can. The parameters of cold
pain threshold and suprathreshold magnitude estimation
can also be obtained from this test. Bisgaard et al. (2001)
reported that postoperative pain after cholecystectomy
can be predicted by preoperative assessment of cold pain
tolerance.

27.2.5. Suprathreshold stimulation

Magnitude estimation of stimuli of suprathreshold
intensity is now emerging as a more clinically relevant 
measure. The latter provides a simple, yet straightforward
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way to characterize pain sensitivity, representing the
spectrum between threshold and tolerance that reflects
the reality of clinical pain conditions (Coghill and
Eisenach, 2003). In order to obtain magnitude estima-
tion of stimuli given at suprathreshold intensity, one
needs to define the stimulation intensity parameters and
the pain scale to be used. For stimulation, two possible
modes are possible: either the use of fixed intensities,
for example 47ºC for 1 min or the use of intensity that
is related to the threshold, for example 2ºC above the
threshold. The assessment of pain sensitivity by
suprathreshold stimuli can be carried out with either a
phasic (short) or a tonic stimulus. Pain rating can be
performed on any of the pain scales, that is, VAS, VRS
or NRS. In the design of such a stimulation paradigm,
consideration should be given to the administration of
stimulus intensities that will yield evaluations at the
center of the scale used in order to avoid floor or ceiling
effects.

In line with our understanding of the transmission of
nociceptive data along the different CNS pathways,
when relating to the sensory-discriminative and the
affective-motivational aspects of pain, it is possible to
ask subjects to characterize separately the “algosity”
and the “unpleasantness” that they experience in response
to the painful stimulus (Fields, 1999).

27.2.6. Summation

The perception of pain depends on summation of incom-
ing data to the brain. The facts that the nociceptive recep-
tor (i.e. primary afferent level) threshold is lower than the
psychophysical (i.e. cortical level) threshold and that a
single action potential generated in a primary afferent
nociceptor and propagated centrally is not sufficient to
elicit a painful sensation demonstrate the requirement of
the cortex for summation of incoming neural data in order
to reach the perception of pain. Characterization of 
the summation requirements are, therefore, of potential
interest in characterization of the pain perception system
of an individual in normal as well as abnormal states.

27.2.6.1. Temporal summation
An increase in pain perception is normally expected
along a series of noxious stimuli given at high enough
frequency and intensity (Price et al., 1977). This normal
pattern is considered the psychophysical equivalent of
the physiological phenomenon of “wind-up”, where
repetitive stimulation of small-diameter primary affer-
ent fibers produces a progressive increase in action
potential discharge, a prolonged increase in the
excitability and enlargement of the receptive fields of
wide dynamic range (WDR) second-order neurons in
the spinal cord (Price et al., 1971, 1977; Price, 1972;
Magerl et al., 1998).

The underlying mechanism is activation of N-methyl-
D-aspartate (NMDA) receptor-dependent channels
(Woolf and Thompson, 1991; Eide, 2000). An intense
enough stimulation may lead to sensitization of these
neurons, which may be expressed clinically as abnor-
mally increased temporal summation (TS). Further 
sensitization would be expressed as allodynia and
hyperalgesia, with decreased pain thresholds and
increased suprathreshold pain magnitudes, respectively
(Arendt-Nielsen et al., 1994; Lautenbacher et al., 1995;
Kleinbohl et al., 1999; Woolf and Decosterd, 1999;
Weissman-Fogel et al., 2003). Further development of
this process might lead to chronic pain (Staud et al.,
2001, 2003, 2004; Price et al., 2002). It is possible that
abnormally increased temporal summation is not
accompanied by allodynia, hyperalgesia or spontaneous
pain and might be an expression of mild sensitization of
nociceptors, which is not sufficient to express the more
overt clinical phenomena. We have recently suggested
the term suballodynia for this state (Weissman-Fogel 
et al., 2003).

Temporal summation may be examined at all stimulus
modalities: mechanical, electrical and thermal. Several
paradigms have been proposed, the most common of
which is the administration of repetitive pain stimuli
delivered at frequencies higher than 0.3 Hz (Price et al.,
1977) and at fixed intensity, which can be “tailored” to
pain threshold (Lautenbacher et al., 1995; Vierck et al.,
1997; Nielsen and Arendt-Nielsen, 1998; Weissman-
Fogel et al., 2003; Staud et al., 2004). The difference
between rating of the last and the first stimuli or
between the highest and the first stimuli is taken as a
measure of TS. A second mode of stimulation is the use
of a long-duration (30–120 s) tonic thermal pain stimulus,
whereby subjects are asked to rate pain intensity along
the stimulation and comparison is done between early
and late readings (Kleinbohl et al., 1999; Granot et al.,
2002, 2003). The psychophysical tool of TS therefore
seems to be a sensitive tool for the identification of mild
degrees of changes in the pain perception system, in
some cases the very onset of a process leading eventually
to chronic pain.

27.2.6.2. Spatial summation
Spatial summation of pain is defined as the ability to
integrate nociceptive information from large areas of the
body. It has been demonstrated as an important aspect of
processing and perception of several cutaneous senses
(Stevens and Marks, 1979). This integration is crucial
for the detection of noxious events (Van Hees and Gybels,
1981; Torebjörk, et al., 1984), coding of pain intensity
(Coghill et al., 1991, 1993) and identification of pain
quality (Defrin et al., 2002). Psychophysical studies using
noxious stimuli suggest two independent psychophysical
processes (that may occur simultaneously) to explain
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spatial summation: a lowering of the sensory threshold or
an increase in the perceived intensity of suprathreshold
stimuli (Price et al., 1989; Defrin and Urca, 1996;
Nielsen and Arendt-Nielsen, 1997). Enlarging the stim-
ulus area causes an increase in the subjective sensibility
to that stimulus. Spatial summation of thermal pain was
reported when stimulus presentations were restricted
within a single dermatome. It has been suggested that
the integrity of non-noxious thermal systems is essential
for the normal perception of thermal pain and that the
subjective sensation of pain depends on the integration
of information from nociceptive and non-nociceptive
channels (Defrin et al., 2002).

27.2.6.3. Clinical application of summation testing
Since enhanced “wind-up” contributes to neural processes
that lead to hyperalgesia and persistent pain, TS may
serve as an experimental model to assess mechanisms
of altered pain processing in cases of chronic pain, such
as fibromyalgia (Price et al., 1989, 2002; Woolf and
Thompson, 1991; Li et al., 1999; Granot et al., 2003;
Staud et al., 2004).

It has been suggested that the dynamic changes in
pain perception under tonic stimulation during the early
stages of central sensitization may be closely related to
the mechanisms eventually leading to increased pain
sensitivity over hours and days and, possibly, further
long-term plasticity – thus representing a model of cen-
tral changes in different chronic pain syndromes (Price
et al., 1994; Tolle et al., 1996; Kleinbohl et al., 1999;
Granot et al., 2003; Flor et al., 2004; Staud et al., 2004).
Enhanced temporal summation has been found in both
chronic and neuropathic pain patients (Kleinbohl et al.,
1999; Price et al., 2002). Therefore, “wind-up” has been
suggested as an experimental model for the assessment
of hyperalgesia-generating mechanisms in chronic pain
syndromes (Price et al., 1989; Woolf and Thompson,
1991; Li et al., 1999).

27.2.7. Endogenous analgesia

Endogenous analgesia (EA) relates to the physiological
endogenous inhibition of pain, partially overlapping
with the terms “descending inhibition” and “diffuse
noxious inhibitory control” (DNIC) (Le Bars, 2002).
Upon arrival at the brainstem, pain messages ascending
in the spinal cord generate descending inhibitory 
messages that reach the dorsal horn, using opioidergic,
serotonergic and noradrenergic transmissions. 
Such inhibition is heavily influenced by cerebral
regions involved in cognitive and emotional function.
This effect can be explored experimentally by the use
of two painful stimuli – conditioning and conditioned –
given simultaneously or successively (Grill and

Coghill, 2002; Lautenbacher et al., 2002; Marchand
and Arsenault, 2002; Bouhassira et al., 2003; Edwards
et al., 2003; Staud et al., 2003).

A commonly used testing paradigm consists of
assessment of pain evoked by a certain stimulus by any
of the methods mentioned above (i.e. thresholds, toler-
ance, suprathreshold or TS). A conditioning stimulus is
then given, usually as pain of the same modality at
another site in the body and then the first conditioned
pain stimulus is repeated simultaneously with the 
conditioning one or immediately after its conclusion.
Endogenous analgesia (EA) is expressed as a decrease
in pain magnitude from the first unconditioned situa-
tion to the second conditioned one. The term DNIC is
usually used in the context of such a testing paradigm.

A somewhat different technique for testing EA was
suggested by Marchand and Arsenault (2002), who per-
formed a series of hot water immersions of upper limbs,
while gradually increasing the area of immersion and
then a reverse series, with a gradual decrease in the area
of immersion. Immersions of the same area were less
painful in the decreasing series than in the increasing
one, due to the analgesic effects of the preceding more
intense stimuli.

It must be clarified that such a decrease does not
occur under all circumstances, but rather depends on
the intensities of stimuli, sites and duration of stimula-
tion and the individual tested, as some individuals seem
to have more “efficient” analgesia systems than others.

27.2.8. QST of visceral organs

Clinical evidence suggests that cutaneous and visceral
pain differ in sensory, affective and motivational
realms; yet, there has been little comparative character-
ization of these types of pain. The need to better under-
stand pain mechanisms of visceral pain disorders has
led to the application of QST in visceral organs, with
stimuli applied to the bladder, rectum and esophagus,
using pressure, cold, warm or electrical modalities
(Ness et al., 1998; Strigo et al., 2002; Drewes et al.,
2003; Dunphy et al., 2003; Pedersen et al., 2004). 
In addition, more unusual approaches have been reported,
such as the insertion of a catheter into the ileo-
sigmoidostomy and the application of electrical stimuli,
with an assessment of pain threshold and tolerance
(Arendt-Nielsen et al., 1997). Visceral pain seems to be
more unpleasant, diffuse and variable than cutaneous
pain of similar intensity.

27.3. Clinical use of QST

QST is broadly used in the clinical context. In the fol-
lowing section, we will attempt to review all categories
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of application and to give a few representative examples
for each.

27.3.1. Neurological diagnosis

A major use of QST in clinical neurology is the diagnosis
of negative sensory phenomena, that is, sensory deficit,
which helps to define the neurological state of the
patient. In addition to measuring the negative phenomena
of hypoesthesia, positive sensory phenomena, such as
allodynia and hyperalgesia, can be measured as well. 
It must be noted that electrophysiological methods,
such as nerve conduction and electromyography, can
only measure the negative phenomena and that QST is
the only method available to the clinician to measure
positive sensory phenomena.

A relatively common diagnostic application of QST
is the diagnosis of selective small-fiber neuropathy, to
which the standard tests of neuropathy, nerve conduc-
tion and electromyography are insensitive, since they
reflect changes only in large fibers (Oh et al., 2001).
Thus, for example, Hilz and Axelrod (2000) quantified
small-fiber related sensory deficits in patients with
familial dysautonomia. The relative sensitivity of QST
in comparison with other diagnostic methods in the
diagnosis of small-fiber neuropathy has recently been
reviewed by Lacomis (2002).

Another application is the differentiation between
neuropathic and non-neuropathic pain, such as in the
case of pain in stroke patients, where the presence of
sensory deficit would support the diagnosis of central
post-stroke pain (CPSP), while the absence of sensory
loss might be relevant for musculoskeletal pain sub-
sequent to the motor changes (Boivie et al., 1989;
Vestergaard et al., 1995; Greenspan et al., 2004). The
differentiation between complex regional pain syndrome
(CRPS) I versus II, depends, by its definition, on the
presence of a lesion to a major nerve trunk. QST can
document the sensory deficit in that nerve’s territory
and thus provide support for the diagnosis of CRPS II
(Verdugo et al., 2004).

For diabetes, many authors advocate the use of QST
for the early detection of diabetic neuropathy. The San
Antonio forum, comprising neurologists and dialectol-
ogists, suggested the use of QST for the diagnosis of
diabetic neuropathy (1988). Reduced vibration detection
in diabetic patients, found by QST, was associated with
five times more direct medical costs for foot ulcer and
amputations and less quality-adjusted life-years
(Shearer et al., 2003). Several chemotherapeutic agents,
such as vincristine, taxol and platinol, induce painful
neuropathies, the detection of which is supported by
QST, often to the point of discontinuation of the 
agent due to the neuropathy (Postma et al., 1999;

Dougherty et al., 2004). Orofacial pain is another 
indication for the use of QST as part of the diagnostic
process (Jaaskelainen, 2004).

27.3.2. Patterns of pain responsiveness 
and the prediction of clinical pain

It is intuitively recognized that people have a certain pat-
tern of response to pain experiences; some are very sensi-
tive, while others present a more stoic response. In most
cases, these patterns are consistent along life events.
This understanding can be used in order to characterize
an individual’s pattern of pain response in the labora-
tory by appropriate QST paradigms and consequently
to predict their levels of clinical pain experience. Along
these lines, Granot et al. (2003) reported that the level
of postoperative pain intensity at the surgical wound of
women after cesarean section is predicted by the VAS
scores in response to suprathreshold noxious contact
heat stimuli applied to the forearm before the operation.
Similarly, Werner et al. (2004) applied burn pain to 
predict postoperative pain intensity. Moreover, Granot
et al. (2004) showed the role of the suprathreshold
measure in the prediction of treatment efficacy in chronic
pelvic pain patients. Future applications of this approach
may lead to individual tailoring of the analgesic treat-
ment protocol administered prior to potentially painful
procedures in accordance with the patient’s needs.

27.3.3. Assessment of pain syndrome severity

Several authors have tried to assess whether the severity
of pain syndromes can be faithfully reflected by QST
parameters, such as sensory thresholds and suprathresh-
old magnitude estimations, in line with the direct rating
of the clinical pain by the patients. Lowenstein et al.
(2004) recently showed a correlation between the sever-
ity of vulvar vestibulitis syndrome and quantitative sen-
sory parameters. They applied tactile and pain
thresholds for mechanical pressure and thermal pain, as
well as magnitude estimation of suprathreshold painful
stimuli, which were measured in the vaginal area. Pain
thresholds were lower and suprathreshold magnitude
estimations were higher in vulvar vestibulitis syndrome
(VVS) patients, in agreement with disease severity. In a
study on diabetic neuropathy (DN) patients, Kramer et
al. (2004) found that the VAS ratings of neuropathic
pain were correlated to the impairment of small fiber
function, such as cold detection thresholds, thereby sug-
gesting that pain intensity in painful DN seems to
depend on small-nerve-fiber damage. These findings
emphasize the capability of QST parameters (both
threshold and suprathreshold measurements) in discrim-
inating the level of severity of clinical pain syndromes.
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27.3.4. QST in understanding of pain mechanisms

QST holds the potential to illuminate the sensory status
of patients during various disease conditions by quanti-
fying both positive and negative sensory alterations for
different body parts, different stimulation modalities
and along different stages of the disease. This under-
standing can be used to better understand the pathophys-
iology of changes in the sensory system of these pain
disorders. The following examples show how QST has
expanded our understating of migraine and central pain.

In a recent series of papers, Burstein et al. (2000a,b,
2004) used pain thresholds as a tool to understand the
changes occurring in the sensory system of migraineurs.
These authors measured pain thresholds for heat, cold
and mechanical pain at the forehead on the side of the
headache and contralateral to it, as well as in the upper
limbs, during untreated migraine attacks and after the
administration of a triptan. A decrease in pain thresh-
olds was found for most patients at the skin ipsilateral
to the migraine pain. This was interpreted as reflecting
sensitization of the second-order trigeminal nucleus
neuron, since the visceral primary afferent involved in
the migraine process itself does not have a cutaneous
receptive field. Some of the individuals had allodynia in
an upper limb, suggesting sensitization of thalamic
third-order neurons, whose receptive fields might include
both the head and the upper limb. These researchers
subsequently found that the absence/presence of allo-
dynia can be used to predict the response to triptans as
alleviators of the migraine pain. In a follow-up study,
Weissman-Fogel et al. (2003) found increased temporal
summation in migraineurs in between attacks, which
tended to be correlated to the intensity of their migraine.

CPSP represents a common pain disorder that is dif-
ficult to treat. The use of QST with these patients has
revealed that individuals with cold hypoesthesia,
strictly contralateral to the CVA-affected brain side, are
often characterized by the presence of burning, cold
and on-going pain and by the absence of cold allodynia.
Tactile allodynia has been found to occur in distur-
bances of thermal/pain pathways that spare the tactile-
signaling pathways (Greenspan et al., 2004).

27.3.5. Evaluation of treatment efficacy

A fairly large number of studies have been conducted
using QST parameters to assess the effects of pain 
therapy. These studies can be divided into two main
groups – those testing therapies aimed at ameliorating
the etiological factor causing the neuropathy and those
dealing with symptomatic pain therapy. We will review
a few examples from each group.

27.3.5.1. Etiological therapy
The phase II study of nerve growth factor (NGF) in DN
(Apfel et al., 1998) was one of the first studies in which
QST served as a major end-point for a multicenter-
controlled study on a new medication. Although QST
supported the effect of NGF in this phase II study, 
the succeeding phase III results did not concur. In the
search for a cure for Fabry’s disease, the enzyme
replacement with agalsidase beta revealed significantly
improved function of C, A-δ and A-β nerve fibers, as
shown by the detection thresholds for vibration and cold,
heat-pain onset, and intermediate heat-pain assessments
on the toe and dorsum of the feet. Lack of recovery in
some patients with abnormal cold or heat-pain percep-
tion suggested the need for early enzyme replacement
therapy prior to irreversible nerve fiber loss (Hilz et al.,
2004). Treatment efficacy of growth factors (insulin-
like growth factor I) (IGF-I) to encourage axonal growth
in painful neuropathy was assessed by QST, change in
pain scores and autonomic testing, neuropathy impair-
ment scores, nerve conduction studies and neuropathy 
symptoms (Windebank et al., 2004).

27.3.5.2. QST in assessing the alleviation 
of neuropathic pain
Another extensive clinical application of QST in the
context of neuropathic pain relates to the measurement
of treatment efficacy. Thus far, QST has not yet become
a routine method for assessing this effect and is not
included in the EFNS recommendations for this purpose.
The fact that most studies have failed to detect treatment
effects using the measure of mechanical or thermal pain
thresholds (see Eide et al., 1995) calls for application of
more advanced psychophysical tests in order to evalu-
ate the effects of interventions applied for neuropathic
pain as well as for other pain conditions. Suprathreshold
pain estimation, such as rating pain induced by brushing
the skin for allodynia and hyperalgesia, as well as par-
adigms that assess temporal summation or mechanisms
of endogenous analgesia, may provide a broader spectrum
of psychophysical tests and increase the sensitivity of
QST in the detection of therapeutic effect.

The pain-reducing effects of ketamine (an antagonist
of NMDA receptor) and alfentanil (µ-opioid receptor
antagonist) in patients with neuropathic pain, such as
postherpetic neuralgia and central dysesthesia pain after
spinal cord injury, were demonstrated by an increase in
pain thresholds and a reduction in temporal summation
(Eide et al., 1994, 1995; Leung et al., 2001). Likewise,
the analgesic effect of ketamine and lidocaine in reducing
neuropathic pain was assessed by VAS scores, which
showed a 50% reduction in the treatment group as com-
pared with the placebo group. QST also showed improved
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function in central pain patients receiving lamotrigine
(Vestergaard et al., 2001). The role of adenosine infusion
in alleviating spontaneous and stimulus evoked pain in
patients with neuropathic pain was explored by Belfrage
et al. (1995), revealing an increase in mechanical pain
thresholds and a decrease in suprathreshold mechanical
pain. Wallace et al. (2000) used various sensory param-
eters to evaluate the efficacy of systemic lidocaine or
oral mexiletine in reducing neuropathic pain, including
mechanical (von Frey), warm and cold sensory thresh-
olds and heat and cold pain thresholds as well as
mechanical hyperalgesia or area of allodynia.

Attal et al. (2000) used the brush technique to
demonstrate the effects of lidocaine on allodynia and
hyperalgesia in patients with central pain, with no effect
on thermal hyperalgesia. In a randomized controlled
trial, Attal et al. (2002) assessed the effect of morphine
by focusing on sensory measures, including mechanical
(dynamic and static) and thermal allodynia/hyperalge-
sia. An application of suprathreshold thermal stimuli on
the nonpainful contralateral side was used in order to
explore the contribution of general antinociceptive
activity of the drug. They found a correlation between
the effect of morphine on spontaneous pain and on the
response to suprathreshold thermal stimuli. They con-
cluded that, although the analgesic effects induced by
morphine involved general pain perception, only a
minority of patients benefited from long-term treatment.

27.4. Conclusions

This chapter reviewed the basic concepts of QST, the
methodological issues involved and the clinical appli-
cations of this testing method. We believe that the main
current applications for QST in the context of pain neu-
rology include support for the neurological diagnostic
process, where a need to demonstrate an alteration in
sensory function exists; quantification of pain sympto-
matology; and follow-up of changes in symptoms 
with time and in response to therapy. We believe that
QST methodology holds a great deal of promise for
more useful clinical utilization, in so far as the more
advanced paradigms of testing involve exploration of
the mechanisms of sensory change, rather than being
limited to only describing those changes.

In a recent review, Edwards et al. (2005) suggested
two additional fields of immediate clinical application
of QST that are not the focus of pain in neurology, but
rather relate to pain medicine at large and were, there-
fore, only briefly mentioned in this chapter. The first is
the ability to differentiate between groups of healthy
subjects and pain patients with fibromyalgia, temporo-
mandibular joint disorders, pelvic pain syndromes and

headaches, as such pain patients demonstrate greater
pain sensitivity in response to experimental pain tests.
Second is the prediction of acute postoperative pain
(Nikolajsen et al., 2000; Bisgaard et al., 2001; Granot 
et al., 2003), as well as the prediction of treatment out-
come (Sorensen et al., 1997; Kosek and Ordeberg,
2000; Poitras et al., 2002; Edwards et al., 2003; Granot
et al., 2004). QST is anticipated to become an increasingly
common pain assessment tool that can advance the
understanding and management of pain.

In a recent editorial relating to preoperative pain 
prediction, Coghill and Eisenbach (2003) provided their
vision for the clinical use of QST, saying that at the
present time QST offers the possibility “to move toward
routine preoperative pain assessment, just as 15 years
ago we were at the beginning of a move away from 
routine preoperative chest radiographs and ECG.” 
We join this line of thinking that the development of
sensitive, informative and easy-to-perform test paradigms
will make QST a handy and useful instrument for 
purposes of alleviating pain.
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