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Abstract Quantitative sensory testing (QST) is a widely ac-
cepted tool to investigate somatosensory changes in pain
patients. Many different protocols have been developed in
clinical pain research within recent years. In this review, we
provide an overview of QST and tested neuroanatomical path-
ways, including peripheral and central structures. Based on
research studies using animal and human surrogate models of
neuropathic pain, possible underlying mechanisms of chronic
pain are discussed. Clinically, QST may be useful for 1) the
identification of subgroups of patients with different underly-
ing pain mechanisms; 2) prediction of therapeutic outcomes;
and 3) quantification of therapeutic interventions in pain ther-
apy. Combined with sensory mapping, QST may provide
useful information on the site of neural damage and on mech-
anisms of positive and negative somatosensory abnormalities.
The use of QST in individual patients for diagnostic purposes
leading to individualized therapy is an interesting concept, but
needs further validation.
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Introduction

Assessing the sensory symptoms is an essential part in neuro-
logical examination. Sensory examination helps to determine
the diagnosis and assess the function of the different submo-
dalities of the somatosensory system (eg, mechanoreception,
proprioception, thermoreception, nociception, and viscerocep-
tion). These different submodalities are conveyed via several
peripheral and central nervous system pathways (Fig. 1). In the
periphery, large fibers mediate mechanoreception (Af3) and
proprioception (A3 and Acc: Ia, Ib) and small fibers mediate
thermoreception, nociception, and visceroception (all A and
C). For all qualities, the first-order neuron is in the dorsal root
ganglion of the spinal cord (or in the trigeminal ganglion, the
midbrain trigeminal nucleus, and the vagal ganglion). Path-
ways for the transmission of somatosensory qualities separate
after entering the spinal cord dorsal horn. Axons of the post-
synaptic second-order neuron (the projection neurons) for
thermoreception, nociception, and visceroception cross the
midline of the spinal cord at the same segment level and enter
the ventrolateral spinothalamic tract (STT). Impulses from
mechanoreceptors and proprioceptive neurons are conveyed
to the brain via the dorsal column on the same side and cross to
the contralateral side in the lower brainstem (cuneate and
gracile nucleus [Fig. 1]). Axons of these neurons in medial
lemniscus then project via the ventrobasal thalamus (third-
order neuron) to the primary and secondary somatosensory
cortex (SI/SII), to the posterior parietal cortex, to the posterior
and mid-insula, and to the mid-cingulate cortex [1e, 2].

Due to the complex structure of the somatosensory system, a
comprehensive investigation of both the area and the quality of
somatosensory changes (Table 1) is necessary. Mapping of
sensory signs (hypo- as well as hyperphenomena) combined
with the appropriate determination of the neuroanatomical dis-
tribution provides important clues for the location of a lesion or
dysfunction that may be responsible for the pain symptoms. It is
necessary to examine at least one submodality processed by the

@ Springer



Curr Pain Headache Rep (2012) 16:199-206

200
Postcentral gyrus
Cingulate gyrus
Operculo
insular
cortex Thalamus

Spinothalamic
tract - Medial lemniscus

— Cuneate nucleus

Lower brainstem

Spinal cord
p Afferent nerve

fibers

Fig. 1 Schematic drawing of the somatosensory system, illustrating its
two divisions. Somatosensory information is mediated by the spino-
thalamic tract (nociception, thermoreception, visceroreception) and the
medial lemniscus (mechanoreception and proprioception). Viscerore-
ception is also mediated by the vagus nerve (not shown). (Modified
from Treede [77], with permission)

medial lemniscus (touch, proprioception), and in addition, one
submodality processed by the STT (temperature, pain).
According to the revised definition of neuropathic pain
proposed by the Special Interest Group of Neuropathic Pain
of the International Association for the Study of Pain
(NeuPSIG), neuropathic pain is defined as “pain arising as a
direct consequence of a lesion or disease affecting the somato-
sensory system” [3ee, 4¢]. This implies an important role of
sensory testing in classifying a pain syndrome as neuropathic.
This is also reflected by the grading system for neuropathic
pain that has additionally been developed. It is based on four
criteria: pain distribution (criterion 1), the link between pain
distribution and the patient’s history (criterion 2), confirmatory
tests of neurologic status demonstrating positive or negative
sensory signs confined to the innervation territory of the
lesioned nervous structure (criterion 3), and further confirma-
tory diagnostic tests to identify the lesion or disease entity
underlying the neuropathic pain (criterion 4). Criteria 1 and 2
must be met to initiate the working hypothesis of possible
neuropathic pain. Either criterion 3 or 4 must be met in addition
to reach the grade of probable neuropathic pain, while the
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grade of definite neuropathic pain is achieved only when both
criteria 3 and 4 are satisfied. Regarding those criteria, a rea-
sonable QST result is, together with electrophysiological test
procedures and assessment of intraepidermal nerve fiber density
(Table 1), considered a confirmatory diagnostic test to verify
sensory signs in addition to sensory mapping [3<e].

The clinical need for widespread use of sensory testing is
increasing due to the high incidence of neuropathic pain and
small-fiber neuropathies associated with diabetes, HIV, and
chemotherapies. Thus, comprehensive but brief protocols
for QST are needed not only in neurology, but also in
endocrinology, oncology, and general practice. In this re-
view, we report recent developments to optimize the clinical
and experimental use of standardized sensory examination,
collectively labelled as quantitative sensory testing (QST).

Procedures of Quantitative Sensory Testing
and Its Importance for Diagnosis

The term quantitative sensory testing refers to diagnostic
procedures in which perceived stimulus intensities are
referenced to test stimuli applied with defined intensities
[5¢]. Hence, QST is a “semi-objective” method, and there-
fore, a high grade of standardization is needed. QST proto-
cols deliver important information about the clinical features
of patients with pain symptoms. However, it is difficult to
compare the results assessed by different test protocols (eg,
between different research groups). The need to set up
specific age- and sex-controlled normative values for each
test protocol and the variety of sensory tests have hampered
the routine use of QST [6e, 7, §8]. The German Research
Network on Neuropathic Pain (DFNS) has taken efforts to
standardize test procedures to set up a protocol with a good
comparability of data across different laboratories. This
standardization includes the complete test procedure, from
the written test instructions to the application of the individ-
ual stimuli, and the data analyses [9¢]. Z-transformation of
each single QST parameter allows reporting of complete
QST profiles independent of age and sex, and of units of
raw data (Fig. 2). Reproducibility and interobserver reliabil-
ity in patients and healthy control patients for QST, includ-
ing an intraoral QST test, were recently confirmed [10, 11¢].
A certification procedure was developed to increase the
comparability of QST data between centers [12].

There is no simple correlation between threshold testing of
the different pain modalities [13¢]. This indicates that a unique
“pain phenotype” does not exist and underpins the importance
of multimodal pain assessment by QST. Different QST proto-
cols most often comprise thermal or mechanical detection, but
less frequently a combination of both [3e]. Clinically, QST
might serve as a useful diagnostic tool to confirm neuropathy as
a prerequisite for neuropathic pain [4e, 14—16]. Examination of
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Table 1 Clinical examination in patients with somatosensory abnormalities

Somatosensory submodalities and taxonomy of aberration

Clinical sign Fiber Clinical test” Techniques for additional Techniques for additional
classes semi-objective tests (QST) objective laboratory tests
Negative signs
Mechanical AB Cotton wool tip Graded von Frey filaments NCV, SEP
hypoesthesia Tuning fork Tuning fork, vibrameter
Cold/warm Aj, C Cold/warm Thermal test device Thermal EPs, IENF
hypoesthesia test tube
thermoroller
Mechanical Ad Toothpick Weighted pinprick stimuli Pinprick EPs, IENF
hypoalgesia Blunt pressure Blunt pressure (algometer)
(finger)
Cold/Heat A, C b Thermal test device, LEPs, CHEPs, IENF
hypoalgesia Infrared laser
Positive sings
Mechanical A3, C Toothpick Weighted pinprick stimuli ¢
hyperalgesia Blunt pressure Blunt pressure (algometer)
(finger)
Dynamic mechanical AB Cotton wool tip, Cotton wool tip, ¢
allodynia soft brush soft brush
Cold- /Heat- Aj, C Isopropanole/ Thermal test device ¢
hyperalgesia

Starting with a standardized clinical testing procedure, QST or a laboratory test should follow

Abbreviations: NCV nerve conduction velocity, SEPs somatosensory evoked potentials, LEPs laser evoked potentials, EPs evoked potentials,
CHEPs contact heat evoked potentials, /JENF intraepidermal nerve fiber density

#Mapping procedure and comparison of the affected side and a (contralateral) non-affected side

® o clinical test available

¢ objective test currently not sensitive to gain of functions

sensitivity to thermal stimuli is highly recommended for the
assessment of small-fiber neuropathies [17, 18], but touch and
vibration also should be tested [19¢]. A recent study has shown
that thermal detection thresholds have a high positive predictive
value (93%) for decreased intraepidermal nerve fiber density,
indicating that QST can noninvasively detect small-fiber neu-
ropathies [20]. In addition, small-fiber assessment is considered
to be useful in the diagnosis of carpal tunnel syndrome, espe-
cially in the early stages when patients report pain, but electro-
physiologic studies fail to detect significant abnormalities [21].
Nociceptive function is assessed by determination of pain
thresholds and the responses to suprathreshold stimuli [3ee,
22+] and should be analyzed not only for an increased sensitiv-
ity to painful stimuli (gain of function for pain), but also for a
decreased sensitivity (loss of function for pain), and thus,

provides a complete somatosensory phenotype of tested
patients. In addition to physiological stimuli, the sensitivity to
electrical stimuli is used in some protocols [23¢¢]. Thermal
sensory testing has been shown to be a sensitive tool in com-
bination with blink reflexes in the diagnosis of trigeminal
neuropathy and neuropathic orofacial pain [24]. QST also
may complete findings by laser-evoked potentials [25].

To assess all somatosensory modalities, the comprehensive
protocol implemented by the DFNS includes 11 tests for 13
test parameters for both detection and pain thresholds, and
also tests for suprathreshold painful stimuli. A (3-fiber—related
sensitivity is characterized by the assessment of the mechan-
ical detection threshold (von Frey filaments) and the vibration
detection threshold (64-Hz tuning fork); small-fiber function
(C-, Ad) is assessed by thermal detection and pain thresholds.
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Fig. 2 QST profile of a single 46-year-old female patient with chronic
regional pain syndrome of the left hand (black symbols; contralateral site:
white symbols), using a multimodal QST test protocol according to the
German Research Network on Neuropathic Pain (DENS) [12]. Data are
presented as z-scores, using the following expression: Z — value =
(Valuegingte patient — M€ahconirols ) /SDeontrols - Data of healthy control
patients are represented by a z-score of ”0%; patients’ data are presented
as positive or negative z-values. The grey area represents the confidence
interval of healthy control patients. Values are defined as pathological
when deviating more than two SD from the respective control sample
(age- and sex-matched). This profile presents signs of sensory loss by
increased thermal detection thresholds (CDT, WDT) and increased me-
chanical and vibration detection thresholds (MDT, VDT). Signs of sen-
sory gain are presented by pinprick hyperalgesia (MPT, MPS). OST
quantitative sensory testing; SD standard deviation; CDT cold detection
threshold; WDT warm detection threshold; 7SL thermal sensory limen;
CPT cold pain threshold; HPT heat pain threshold; PPT pressure pain
threshold; MPT mechanical pain threshold; //PS mechanical pain sensi-
tivity; WUR wind-up ratio; MDT mechanical detection threshold; VDT
vibration detection threshold; NRS numerical rating scale; DMA dynamic
mechanical allodynia; PHS paradoxical heat sensation. (With kind per-
mission from Springer Science+Business Media: Der Schmerz, Zertifi-
zierungsrichtlinien fiir QST-Labore, 23, 2009, 65-69, C. Geber, A.
Scherens, D. Pfau, et al., Figure 2. [12])

Only natural stimuli are used for this protocol so that it can
even be used in children with an adaption of the numerical
analog scale to a facial expression scale [26¢]. A strong
argument for the use of this protocol is the existence of age-
and sex-matched normative data for the face, hand, and foot,
ranging from 6 [26¢] to 75 years [6¢, 27].

Possible Pathophysiological Mechanisms

If used properly, QST is likely to play a more important role in
future pain research [28]. It could bridge a gap between basic
researches, experimental studies using models of neuropathic
pain and pain patients, using the same test stimuli in all three
contexts. This could facilitate learning about the underlying
mechanisms in neuropathic pain syndromes [23¢¢].

A comprehensive literature review that links abnormal
somatosensory findings to pathophysiological mechanisms
is not yet available, but from the literature so far, the fol-
lowing implications are proposed.
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Loss of A3-fiber—related sensitivity (eg, deafferentation) is
reflected by increased vibration and mechanical detection
thresholds. This was confirmed by nerve block studies [29,
30]. Sensitivity related to small-fiber function can be assessed
by testing thermal detection thresholds. Warm detection
threshold tests C-fiber function, while cold detection threshold
predominantly tests Ad-fiber function. These assumptions
were confirmed by so-called A-fiber block studies [31].

Positive sensory signs, in contrast, point to sensitization in
the peripheral or central parts of the somatosensory system. As
a first approximation, increased sensitivity to heat stimuli
hints to a peripheral disturbance of nociceptive processing,
and increased sensitivity to mechanical stimuli hints to a
disturbance in central parts of the nervous system [32]. In
addition, multiple positive sensory signs can hint to a de-
creased function of descending pain control mechanisms.

Heat hyperalgesia within an area of injured skin (primary
hyperalgesia) is regarded as a cardinal sign of peripheral sen-
sitization [33, 34]. Pressure pain thresholds test the sensitivity
of deeper tissues [35] and may either hint to peripheral [36¢] or
central sensitization [37¢]. Disinhibition of the central process-
ing of thermal stimuli is a further mechanism that may be
uncovered by QST. Paradoxical heat sensations to cold stimuli
point to such a central disintegration of input from heat-pinch-
cold (HPC) neurons and cold neurons. This disintegration was
shown by nerve block studies where cold stimuli turn into C-
fiber-mediated heat sensations when Ab cold fibers are blocked
[31, 38, 39] and also in patients with multiple sclerosis [40].

Central sensitization may be represented by dynamical-
mechanical allodynia (pain perception following non-
noxious stimuli, such as stroking with a cotton wool tip)
mediated by low-threshold A3 fibers [41]. This is consid-
ered as a “shunt” of transmission to central pain-mediating
neurons (eg, in the spinal cord) [42, 43]. It can be accom-
panied by pinprick hyperalgesia as a sign of increased
central processing of high-threshold Ad nociceptor—derived
activity [30]. In human pain models, pinprick hyperalgesia
is predominantly observed in an area surrounding the zone
of a primary injury (secondary hyperalgesia) [44].

A generalized hypersensitivity to pain for different mo-
dalities may suggest a disturbance of descending pain con-
trol mechanisms as observed for example in fibromyalgia
syndrome [45]. Quite the opposite, the co-occurrence of
spontaneous pain and increased detection thresholds (deaf-
ferentation) for different qualities may be explained by
ectopic activity in lesioned nerve fibers [46].

Differentiation of Subgroups of Patients Based
on Underlying Pathological Mechanisms

Future directions might lead to the development of a classi-
fication of neuropathic pain on the basis of symptoms and
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signs irrespective of the underlying disease (eg, diabetic
polyneuropathy) [9es, 47+, 48+, 49]. Recently, a first step
toward a mechanism-based approach was taken by Maier
et al. [47¢]. In this study, 1236 patients with neuropathic
pain of different origin were investigated and the somato-
sensory profiles of all patients were analyzed according to
the etiology. It could be shown that every single sensory
abnormality occurred in each neuropathic pain syndrome,
but the frequencies differed significantly. For example,
patients with peripheral polyneuropathy present most fre-
quently as positive for paradoxical heat sensations (37%),
and negative for pallhypoesthesia (46%), while patients with
postherpetic neuralgia present most frequently as positive
for dynamic mechanical allodynia (49%) and negative for
thermal hypoesthesias and a hypoesthesia to tactile stimuli
(all 53%—63%; for detailed profiles see [47¢]). This indicates
the first assessment of a differentiated phenotype of neuro-
pathic pain [50¢]. Sensory heterogeneity (loss and gain of
function) [47+] was found not only among different pain
syndromes but also within a single disease entity [51]. For
example, in patients with postoperative pain, this heteroge-
neity might be explained by the structural damage and
subsequent sprouting of nerve fibers [52], or by a functional
inhibition of non-noxious input as sensory loss. These phe-
notypes have been observed in human surrogate models of
neuropathic pain without nerve lesion [53].

As additional examples, warm and cold phenotype com-
plex regional pain syndrome patients differed not only in
skin temperature but also in QST pattern [54], and patients
with primary or secondary restless legs syndrome (RLS)
with small-fiber neuropathy could be differentiated accord-
ing to their thermal detection thresholds [55]. Subgroups
also may be differentiated according to localized or gener-
alized patterns of increased pain sensitivity. For example,
subgroups of patients with temporomandibular disorders,
originally suggested being a localized facial pain syndrome,
present with similarly increased pain sensitivity over the
back and the hand [56] pointing to a generalized rather than
localized nociceptive changes. In subgroups of patients with
peripheral arterial disease, different patterns of somatosen-
sory changes indicate also central sensitization in addition to
degeneration of peripheral nerve fiber types [57].

Prediction of Treatment Responders and Monitoring
of Therapeutic Interventions

QST may be a valuable tool to predict the development of
pain, such as postoperative pain [58], or to detect (subclin-
ical) sensory deficits after surgery and their convalescence
[58, 59]. Severe oxaliplatin-induced neuropathy [60] can be
predicted by early (third treatment cycle) cold hyperalgesia.
Correlations of different patterns of brain activity with

different subtypes of allodynia (cold vs mechanically
evoked) were found in patients with syringomyelia [61],
and the extent of somatosensory deficits was correlated with
the intensity of burning pain in these patients.

Single QST parameters have been found to be useful to
differentiate responders from nonresponders in terms of a
reduction of ongoing pain before pain therapy. This was
shown in a study investigating patients with neuropathic
pain in which the success of a spinal cord stimulator may
be predicted by the vibration detection threshold and by the
tolerance to electrical stimulation at different frequencies
[62]. Duloxetine efficacy in painful diabetic neuropathy
was predicted by conditioned pain modulation (modulation
of contact heat pain by hot water immersion). Patients with
less endogenous pain control benefitted more from this
serotonin-noradrenaline reuptake inhibitor (SNRI), probably
by enhancing endogenous pain control mechanisms [63].

QST parameters investigating hyperalgesia and allodynia
also may be used as end points to confirm therapeutic benefits
[64]. A significant reduction of evoked pinprick pain could be
demonstrated in RLS patients after long-term treatment with
levodopa [65]. A reduction of brush-evoked dysesthesia, but
not of cold allodynia and increased pinprick sensitivity, was
demonstrated in a placebo-controlled study investigating the
effects of intravenous lidocaine application in patients with
neuropathic pain following spinal cord injury [66]. As with
lidocaine, an AMPA (x-amino-3-hydroxy-5-methyl-4-isoxa-
zolepropionic acid) receptor antagonist (NS1209) was able to
reduce dynamic mechanical allodynia and sensitivity to cold
sensation, but failed to change sensitivity to pinprick and heat
[67]. A subclinical positive treatment effect of the antidepres-
sant venlafaxine in patients with neuropathic pain has been
reported [68]. Treatment over 2 weeks with venlafaxine in
different doses (75 mg/150 mg per day) significantly in-
creased electrical and heat pain thresholds and decreased areas
of pinprick hyperalgesia and dynamic mechanical allodynia
without exceeding placebo effects on ongoing pain [68]. In
addition, QST may be useful to follow sensory changes of
individual patients with secondary neuropathies induced by
alcohol abuse, renal failure, HIV infection, immune-mediated
disorders, hereditary neuropathy, vitamin B12 deficiency, tox-
in exposure, leprosy, and connective tissue disease to detect
any worsening or response to therapy [69].

Limitations of Quantitative Sensory Testing

QST should not be considered as a stand-alone procedure
providing all information needed for a complete characteriza-
tion of sensory changes (and neuropathic pain). It is recom-
mended as a supplement to mapping of the area of interest in
terms of a standard bedside sensory testing [22¢]. The mapping
should be performed for the same modalities as in the complete
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QST protocol as may be the sensitivity for cool, warm, prick-
ing sensations and touch (Table 1). Distributions of sensory
changes should be documented using a pain mannequin.

Conceptual Factors

A coexistence of pain and sensory signs found by QST does
not necessarily confirm the clinical diagnosis of neuropathic
pain. Findings by QST can hint to a neuropathy, but not to
neuropathic pain. An additional causality is needed for this
diagnosis [70]. Because psychophysical test procedures may
be influenced by malingering or other nonorganic factors, it
is not appropriate as a stand-alone procedure for pain as-
sessment for medicolegal purposes [5¢]. The results of QST
should be interpreted along with the patient’s clinical pre-
sentation [71]. However, accurate sensory testing is time
consuming, especially when performed within a standard-
ized and reliable protocol such as QST. The sensory findings
depend on both the skills of the examiner and how sensory
disturbances are communicated by the patient. Furthermore,
in contrast to electrophysiology [1¢], for example, sensory
examination is not an objective test. However, these limi-
tations are common to many clinical examinations such as
muscle strength, auditory tests, visual acuity, and even some
seemingly “objective” clinical signs like tendon reflexes.
All vary with the clinical skills of the examiner.

Patient Factors

Because QST needs cooperative patients who are able to react
and make appropriate decisions, it is of limited value in the
assessment of patients with hearing impairments, excessive
sedation from medications, or language deficits (eg, aphasia).
The DFNS has made efforts to provide validated translations
of the standardized test instructions into multiple languages to
avoid bias. It is not useful to assess very young children
(< 6 years), severely mentally disabled patients, or acutely
psychotic patients [72¢]. To minimize distraction, the investi-
gation should be performed in a quiet room with the investi-
gator and the patient as the only attendees. Additional factors
that may influence somatosensory function like shaving of the
skin must be considered and avoided.

Investigator Factors

A highly standardized test procedure is recommended to
maintain reproducible results and to ensure the comparabil-
ity of data between different laboratories and normative
data. Similar problems are encountered in other tests, such
as clinical neurophysiology and skin biopsies.
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QST cannot be seen as replacement for electrophysiolog-
ical methods investigating somatosensory function, but it
can complement them because it assesses different parame-
ters. QST also does not replace neurological examination
because it is not possible to localize the distribution of a
lesion by QST because it is performed only at selected skin
sites in the painful area. In addition, it has been shown that
not all clinical findings of bedside examination could be
confirmed by QST [73]. However, standardized QST proto-
cols performed by trained examiners will ensure a high
interobserver reliability and a comparability of results across
laboratories [6¢, 10].

In summary, information delivered by QST must be
interpreted in the appropriate clinical context. Pain involves
three different levels of classification: pain symptoms (as
assessed by QST), pain mechanisms (as assumed in a pa-
tient), and pain syndromes (the diagnosis), the latter includ-
ing knowledge about etiology, genetics, history, and
previous treatment responses [74, 75].

A promising approach to overcome these limitations is to
combine and correlate QST findings with further functional
(eg, electrophysiological, functional imaging), structural (ie,
nerve/skin biopsies, imaging studies), and therapeutic data
through multiple assessments. [76].

Conclusions

QST is a scientifically accepted tool to investigate so-
matosensory changes in pain patients in addition to a
clinical neurological examination. It consists of a com-
prehensive formalized examination that provides impor-
tant information of the somatosensory system, but
should not be used as a single test to confirm neuro-
pathic pain [4¢]. The goal to use QST as a diagnostic
method to predict response to a pharmacological therapy
needs further investigation.
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