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Neuropathic pain is accompanied by both positive and negative sensory signs. To explore the spectrum of
sensory abnormalities, 1236 patients with a clinical diagnosis of neuropathic pain were assessed by
quantitative sensory testing (QST) following the protocol of DFNS (German Research Network on Neuro-
pathic Pain), using both thermal and mechanical nociceptive as well as non-nociceptive stimuli.

Data distributions showed a systematic shift to hyperalgesia for nociceptive, and to hypoesthesia for
non-nociceptive parameters. Across all parameters, 92% of the patients presented at least one abnormal-
ity. Thermosensory or mechanical hypoesthesiac (up to 41%) was more frequent than hypoalgesia (up to
18% for mechanical stimuli). Mechanical hyperalgesias occurred more often (blunt pressure: 36%, pin-
prick: 29%) than thermal hyperalgesias (cold: 19%, heat: 24%), dynamic mechanical allodynia (20%), par-
adoxical heat sensations (18%) or enhanced wind-up (13%). Hyperesthesia was less than 5%. Every single
sensory abnormality occurred in each neurological syndrome, but with different frequencies: thermal
and mechanical hyperalgesias were most frequent in complex regional pain syndrome and peripheral
nerve injury, allodynia in postherpetic neuralgia. In postherpetic neuralgia and in central pain, subgroups
showed either mechanical hyperalgesia or mechanical hypoalgesia. The most frequent combinations of
gain and loss were mixed thermal/mechanical loss without hyperalgesia (central pain and polyneuropa-
thy), mixed loss with mechanical hyperalgesia in peripheral neuropathies, mechanical hyperalgesia with-
out any loss in trigeminal neuralgia.
for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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Thus, somatosensory profiles with different combinations of loss and gain are shared across the major
neuropathic pain syndromes. The characterization of underlying mechanisms will be needed to make a
mechanism-based classification feasible.

� 2010 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
1. Introduction

Neuropathic pain arises after a lesion or disease of the somato-
sensory system [9,22,55] which leads to spontaneous pain and to
multiple positive and negative somatosensory signs such as ther-
mal and mechanical hyperalgesia, allodynia as well as hypoesthe-
sia and hypoalgesia [6,12,20].

It is an open question whether the classification of neuropathic
pain syndromes, based solely on the etiology (e.g. nerve lesion in-
duced by virus infection or by diabetes), is the best approach or
whether it might be preferable to classify neuropathic pain condi-
tions on the basis of symptoms and signs [27,46,50] or of patterns
of somatosensory abnormalities and the likely underlying mecha-
nisms [5,6,12,54]. The individual pattern of somatosensory abnor-
malities at the affected body area, i.e. the somatosensory profile,
likely reflects altered functions in somatosensory processing; this
might open a window to understand the underlying mechanisms
of pain generation. It might thus be useful to stratify patients based
on the somatosensory profile rather than the underlying etiology
to approach a mechanism-based classification characteristic
[5,23,29].

However, the hypothesis that prototypical combinations of
somatosensory abnormalities occur independently of the clinical
entity has not yet been proven in a large cohort of patients with
neuropathic pain due to a broad spectrum of etiologies. There-
fore, it is unknown as to how many patterns with different com-
binations of abnormal signs exist across different conditions, or if
there are specific characteristics for clinical entities such as pos-
therpetic neuralgia or diabetic neuropathy. A better knowledge
about the distribution of somatosensory abnormalities within dif-
ferent etiologies may be important also for the future design of
clinical trials.

As a first prerequisite for a comprehensive somatosensory char-
acterization of patients, the German Research Network on Neuro-
pathic Pain (DFNS) has developed a standardized quantitative
sensory testing (QST) battery [47]. This battery includes the assess-
ment of detection thresholds for thermal and mechanical stimuli,
pain thresholds for several stimulus modalities, suprathreshold
pinprick tests and wind-up, plus specific assessment for dynamic
mechanical allodynia and paradoxical heat sensation and was
implemented within the entire DFNS using standardized instruc-
tions and investigator training [17,43]. The DFNS reference dataset
of healthy volunteers, serving as an age- and gender-matched
healthy control reference, allows to determine for each individual
patient, which QST findings lie within the 95% confidence range
of healthy subjects [46,54].

In this paper we present the frequency of somatosensory abnor-
malities of a multi-center cohort of 1236 patients with different
neuropathic pain syndromes such as polyneuropathy, postherpetic
neuralgia, peripheral nerve injury, central pain and other neurolog-
ical syndromes. The purpose of this study was (i) to describe the
somatosensory characteristics of patients with neuropathic pain
across the different neurological syndromes, (ii) to analyse the
frequency of abnormal somatosensory signs within and across
different clinical entities and (iii) to detect syndrome-specific
differences in the somatosensory profiles. The concept of a mech-
anism-based classification of neuropathic pain suggests two
hypotheses: (i) similar sensory profiles may occur within different
syndromes and (ii) for each syndrome there should be more than
one sensory profile.

2. Methods

The German Research Network on Neuropathic Pain (DFNS;
http://www.neuropathischer-schmerz.de) was established in
2002 with the aim to foster the research on mechanisms and treat-
ment of neuropathic pain. The central goal of the DFNS was to
establish a nationwide database of phenotypically characterized
patients with various neuropathic pain states including demo-
graphic, psychometric and clinical data as well as results of a stan-
dardized quantitative sensory assessment. The study protocol for
patient assessment was approved by the ethics committees of all
10 participating centers (leading committee: University Hospital
Kiel).

2.1. Central database

The study centers used the computer-assisted program
QUAST� (acronym for ‘‘Quality Assurance in Pain Treatment”) for
data entry [18]. QUAST allowed the organization of the central net-
work database including the network communication. For data ex-
port into the central data base, a special export data file was
created by QUAST automatically (using a specific data collecting
matrix and a pseudo-anonymous code number) and sent by e-mail
anonymously to the central data base, including the current data
set assembly (e.g. QST findings).

2.2. Description of the patient cohort

All subjects participated after written informed consent accord-
ing to the Declaration of Helsinki. A total of 1487 patients with
neuropathic pain syndromes associated with one of the following
neurological syndrome were included into the central database:
peripheral nerve injury (PNI, which was confirmed if somatosen-
sory signs were present in the innervation territory of the injured
nerve according to clinical examination and/or sensory neurogra-
phy), complex regional pain syndrome types I and II (CRPS, revised
criteria [10,25], postherpetic neuralgia (PHN, which was confirmed
if neuropathic pain was present for more than 3 months in the af-
fected area after healing of the acute herpes zoster rash), polyneu-
ropathy (PNP, according to clinical criteria [14]), central pain
(defined as pain caused by a demonstrable lesion in the central
nervous system in an area anatomically attributable to the lesion),
trigeminal neuralgia (according to International Headache Classifi-
cation criteria 2003 [26]) and other neuropathies (n = 121) which
were low in number (radiculopathy: n = 15, phantom limb or
stump pain: n = 27, atypical facial pain: n = 36, regional pain syn-
drome: n = 7, localized neuropathic pain after surgery or trauma:
n = 33, neuropathic pain due to other neurological diseases:
n = 3) and fulfilled the corresponding clinical inclusion criteria
(e.g. radiculopathy: history of nerve root damage and consistent
neurological findings). All diagnoses were made and documented
by the local center. Of the 1487 patients, 251 were excluded from
the present study either because patients suffered from additional
painful diseases or multiple disorders affecting the nervous sys-
tem, or because records were incomplete (see Fig. 1).

http://www.neuropathischer-schmerz.de


Fig. 1. Flow chart of database analysis (#: patients with unilateral pain syndromes,
who showed additionally signs of mostly pain free polyneuropathy; �: not applied
for patients with bilateral pain (polyneuropathy and central pain due to systemic
diseases)).
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2.3. Quantitative sensory testing (QST)

In order to assure process quality of QST, all investigators
passed a 1 day course of instruction in a central institution (Mainz)
and practiced with healthy control subjects [17] using the identical
equipment and standardized instructions as described by Rolke
et al. [46,47].

The quantitative sensory testing assessed the function of small
and large afferent fibers. The standardized assessment contained
13 different thermal and mechanical tests [47]. In brief the follow-
ing parameters were tested: thermal detection thresholds for the
perception of cold (CDT: cold detection threshold) and warmth
(WDT: warm detection threshold), paradoxical heat sensations
(PHS) during the procedure of alternating warm and cold stimuli
(TSL), thermal pain thresholds for cold (CPT: cold pain threshold)
and hot stimuli (HPT: heat pain threshold), mechanical detection
thresholds for touch (MDT) and vibration (VDT: vibration detection
threshold), mechanical pain sensitivity including thresholds for
pinprick (MPT: mechanical pain threshold) and blunt pressure
(PPT: pressure pain threshold), a stimulus–response–function for
pinprick sensitivity (MPS: mechanical pain sensitivity) and dy-
namic mechanical allodynia (DMA: dynamic mechanical allodynia)
as well as pain summation to repetitive pinprick stimuli (WUR:
wind-up ratio). For all parameters negative (loss of function) as
well as positive (gain of function) phenomena were assessed.

Since pain was the leading complaint, QST was performed at the
most painful site within the affected body area (e.g., face, trunk,
upper or lower extremity) as well as at the contralateral mirror
control area to focus on the pain symptoms and to easily define a
standardized testing area for all research centers within DFNS.
Thus, the recently published concept of a spatial congruence of
Table 1
Clinical data of patients separated for the different etiologies enrolled into the DFNS data

Neurological syndrome Poly-
neuropathy

Postherpetic
neuralgia

Peripheral ner
injury

Number of patients (n, %) 343 (27.8%) 72 (5.8%) 154 (12.5%)
Female (n, %) 143 (42%) 46 (64%) 70 (45%)
Male (n, %) 200 (58%) 26 (36%) 84 (55%)
Age (mean ± SD, years) 59 ± 12 70 ± 9 47 ± 13
Patients < 50 years (n, %) 79 (23%) 3 (4%) 89 (58%)
Patients > 69 years (n, %) 73 (21%) 42 (58%) 8 (5%)
Duration of pain 61 year (n, %) 53 (15%) 34 (47%) 37 (24%)
Duration of pain >1 year (n, %) 290 (85%) 38 (53%) 117 (76%)

Pain intensity (mean ± SD, NRS 0–10)
Current 5.3 ± 2.8 5.3 ± 2.4 6.7 ± 2.1
Average (last 4 weeks) 6.3 ± 2.2 5.9 ± 2.2 6.5 ± 2.1
Maximum 7.7 ± 1.9 7 ± 2.1 8.2 ± 1.8

SD, standard deviation; CRPS, complex regional pain syndrome; NRS, numerical rating s
pain and sensory signs was directly addressed [55]. In cases of pol-
yneuropathy or other symmetrical neuropathic pain conditions,
only the clinically most affected area was evaluated (for details
see Table 1).

Currently we do not yet have multi-center reference data for all
body regions. We tentatively used hand data as representative for
the upper body and foot data for the lower body. Unpublished
monocentric data indicate that in spite of mean value differences
the 95% confidence intervals overlap vastly for most QST parame-
ters for measurements on the dorsal hand compared to measure-
ments on the palmar hand, in the thoracic areas or in the areas
over the trapezius muscle. A prominent exception is VDT being
much higher in the thoracic areas or in the areas over the trapezius
muscle in healthy subjects, which means that pallhypoesthesia
would have been strongly overestimated if data from these regions
were compared to reference data from the dorsal hand. Therefore,
in cases of QST in the shoulder area (n = 8), in the thoracic area
(n = 38) or in the low back area (n = 11) VDT was excluded from
the comparison to the reference data base and abnormal values
were evaluated only by side-to-side comparison (a side-to-side dif-
ference of >0.8/8 was considered abnormal according to Rolke et al.
[46]). This way, 93% of the comparisons were for validated refer-
ence data. For polyneuropathy, trigeminal neuralgia and CRPS this
percentage was even 98–100%. For peripheral nerve injury (83%),
central pain (88%) and postherpetic neuralgia (92%) this percent-
age was lower, since some proximal limb areas were tested (here
left–right comparisons are validated but absolute comparisons
are not yet). In the category ‘‘other neuropathies” we only had
69% standard test sites but this is a rather heterogenous group of
patients anyway.

2.4. Data analysis and statistics

2.4.1. Modified QST reference database
For all 13 parameters the recently published reference data

(mean values, standard deviation, upper and lower 95% confidence
value) for both genders and the three body regions – face, hands
and feet were available as reference values per age decade [36].

2.4.2. z-transformation of QST data
In the reference group, cold pain, heat pain thresholds and

vibration detection thresholds as well as the numbers of paradox-
ical heat sensations during the TSL procedure were normally
distributed. All other parameters were normally distributed in
log-space and were transformed logarithmically before statistical
analysis [47]. A z-transformation was performed for each variable,
adjusting the data for test site, age and gender. The sign of the
resulting z-score was adjusted in such a way that z-values above
‘‘0” indicate a gain of function when the patient is more sensitive
base.

ve CRPS Trigeminal
neuralgia

Central
pain

Other All p

403 (32.6%) 92 (7.4%) 51 (4.1%) 121 (9.8%) 1236
312 (77%) 62 (67%) 17 (33%) 61 (50%) 711 (58%) <0.001
91 (23%) 30 (33%) 34 (67%) 60 (50%) 525 (42%)
52 ± 13 59 ± 11 55 ± 13 52 ± 15 55 ± 14
155 (38%) 18 (20%) 19 (37%) 55 (45%) 418 (34%) <0.001
29 (7%) 16 (17%) 7 (14%) 17 (14%) 192 (16%)
214 (53%) 7 (8%) 11 (22%) 22 (18%) 378 (31%) <0.001
189 (47%) 85 (92%) 40 (78%) 99 (82%) 858 (69%)

5.3 ± 2.7 5.7 ± 3.1 5.9 ± 2.7 6 ± 2.6 5.6 ± 2.7 n.s.
5.8 ± 2.4 6.8 ± 2.6 6.2 ± 2.6 6.6 ± 1.9 6.2 ± 2.3 n.s.
7.5 ± 2.6 8.7 ± 1.5 7.6 ± 2.2 8.2 ± 2.1 7.8 ± 2.1 n.s.

cale.
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to the tested stimuli compared with controls (hyperesthesia,
hyperalgesia, and allodynia), while z-scores below ‘‘0” indicate a
loss of function referring to a lower sensitivity of the patient (hypo-
esthesia, hypoalgesia). A z-score of zero represents a value corre-
sponding to the mean of the healthy control subjects. A z-score
of 0 ± 1.96 represents the range which can be expected to include
95% of healthy control subject data. To compare individual QST
data of patients with the mean reference range of the accurately
age- and gender-matched healthy controls the patient data were
z-transformed for each single variable in the same way, using the
transformation parameters of the reference group.

2.4.3. Identification of abnormal values
If the individual z-values were outside of the 95% confidence

interval of the reference group (i.e. z-scores >1.96 or <�1.96) the
values were designated as absolute abnormalities. To achieve a
better sensitivity of QST, we tested for relative abnormalities in
the cases, when the QST parameter values in the affected area
and the corresponding unaffected control area were both within
the normal range. For this purpose, the side-to-side differences of
each QST parameter were compared with the 95% confidence inter-
val of the side-to-side differences in healthy controls [46].

2.4.4. A priori interpretation of sensory loss and gain
An isolated loss of small fiber function was diagnosed if the val-

ues of CDT or WDT were abnormal on the affected side in compar-
ison with the absolute reference data or if an abnormal side
difference was present between the affected and unaffected area
in combination with normal MDT and VDT (normal range and no
abnormal side differences). Isolated loss of large fiber function
was present if values of MDT or VDT were abnormal on the affected
side in comparison with the absolute reference data or if an abnor-
mal side difference was present between the affected and unaf-
fected area in combination with unremarkable CDT and WDT
(normal range and no abnormal side differences). Mixed loss of
function was diagnosed if loss of function was present in both sets
of parameters.

Mechanical hyperalgesia was indicated if gain of function (in
comparison with the absolute or the relative reference data) was
present in case of allodynia (DMA), decreased mechanical or pres-
sure pain threshold (MPT, PPT), or increased mechanical pain sen-
sitivity (MPS). Thermal hyperalgesia was indicated if gain of
function (in comparison with the absolute or the relative reference
data) was present in CPT or HPT. Mixed hyperalgesia was diag-
nosed in case of a presence of both mechanical and thermal
hyperalgesias.

2.4.5. Statistical analysis
All statistical calculations were performed using the software

Statistical Package for the Social Sciences (SPSS, Version 15.0). Dis-
tributions of frequencies were analysed by v2 tests. As these statis-
tical results only serve for heuristic aims there is no adjustment for
multiple comparisons [1], but this issue is discussed in Section 4.5.
Patterns of cell frequencies in contingency tables (Appendix A, B
and C) are assessed by configuration frequency analysis [33],
including adjustment for multiple comparisons, for all abnormal
QST values, which occurred in more than 5%. Statistical significance
was accepted for p < 0.05.
3. Results

3.1. Patients

Demographic data of the patient cohort are shown in Table 1.
Gender, duration of pain, and age distribution differed significantly
(p < 0.001) between the neurological syndromes. The majority of
patients were women with the highest female predominance in
CRPS and trigeminal neuralgia (77% and 67%, respectively). In cen-
tral pain, peripheral nerve injury (PNI) and polyneuropathy (PNP)
male patients dominated with up to 67%. Age differences between
the different syndromes were less pronounced. PNI patients were
the youngest with 58% of patients under 50 years, followed by
CRPS and central pain. About 20% of the PNP and almost 60% of
the postherpetic neuralgia (PHN) patients were older than
70 years. Most of the patients suffered from chronic pain, i.e. in
two thirds of the patients the duration was longer than 1 year,
whereas only 31% was assessed during the first 12 months after
pain onset. Pain intensity generally was severe with ratings of
more than 5 on an 11-point numeric scale without relevant differ-
ences across entities.

3.2. Distributions of z-transformed QST values

Fig. 2 superimposes distributions of QST data from the 1236 pa-
tients with those of 1080 test areas of the DFNS reference data [46].
As shown in the Appendix B the pooled reference data had zero
mean and unit variance, as expected for standard normal distribu-
tions that result when data are z-transformed using their own
mean and variance. Across all parameters, 1.8% of the values were
below �1.96 (maximum 5.1% for vibration detection threshold
(VDT)) and 2.3% above +1.96 (maximum 4.2% for mechanical pain
sensitivity (MPS) and wind-up ratio (WUR)); this is slightly less
than expected for a 95% confidence interval.

Patients’ values displayed similar distribution shapes (Fig. 2)
but with larger standard deviations (Appendix B) indicating inho-
mogeneity of sensory findings. For nociceptive parameters (CPT,
HPT, PPT, MPT, MPS, WUR), there were rightward shifts, suggesting
the presence of hyperalgesia (positive means in Appendix B),
whereas for non-nociceptive parameters (CDT, WDT, TSL, MDT,
VDT) there were leftward shifts suggesting hypoesthesia. WUR
was the most frequently missing QST parameter (11.1%), mostly
infeasible to perform in patients with either hypoalgesia (zero
denominator) or more rarely limited by pain tolerance, particularly
in patients with pinprick hyperalgesia. Averaged across all single
QST parameters, negative sensory signs outside the normal range
(16.6%) were more frequent than positive signs (9%).

For CDT, WDT and TSL, only negative sensory signs (thermal
hypoesthesia) were detectable within the affected area (Appendix
B). Due to the fact that normal variability in healthy subjects al-
ready covers the major part of the available data range, negative
signs were absent in the affected areas for CPT (0%), and rare for
HPT (3.7%). However, positive sensory signs (thermal hyperalgesia)
occurred in 10.8% of the patients for CPT and in 17.7% for HPT. For
pain to blunt pressure (PPT), positive signs also dominated (26.3%),
but a notable proportion of patients (6.2%) exhibited hypoalgesia.
MPT and MPS were nearly symmetrically distributed in patients
with similar percentages of loss or gain (mechanical hypo- or
hyperalgesia for pinprick stimuli). WUR distribution was slightly
shifted to the right and there were only a few positive signs of
an enhanced wind-up.

MDT and VDT reference data exhibited a skewed distribution,
suggesting a floor effect: the test stimuli were not sensitive en-
ough to determine thresholds of the most sensitive subjects. It
was not possible to assess a gain of function for VDT, as the max-
imal value of 8/8 measured by a Rydel–Seiffer 64 Hz tuning fork
was within the normal range. The patients’ data for MDT and
VDT had a broader distribution and clearly showed a leftward
shift compared to the reference data. In the affected area, there
were mostly negative signs (mechanical hypoesthesia), except
for 2.1% of the patients who showed an enhanced tactile sensitiv-
ity (hyperesthesia).



Fig. 2. Distribution of the QST parameters after z-transformation. Painful area of all 1236 patients of the DFNS patient database (circles and solid line) in comparison with the
reference data base (180 subjects � 6 test sites, squares and broken lines). Note that z-transformation [47] eliminates differences due to test site, gender and age. The y-axis
always indicates the percentage of cases (patients or healthy subjects). For paradoxical heat sensations (PHS) and dynamic mechanical allodynia (DMA) percentages are
plotted versus original data: occurrences of PHS (0–3), log numerical ratings scale for DMA (0–100).

Fig. 3. Absolute and relative sensory abnormalities in the painful area. QST values
outside the 95% CI of the reference data base (shaded bars, ‘‘absolute abnormal-
ities”) and QST differences versus an unaffected control side outside the 95% CI of
such differences (hatched bars, ‘‘relative abnormalities”). The y-axis shows
percentage of patients (n = 1236), with positive sensory signs plotted upwards
and negative sensory signs plotted downwards. Absence of paradoxical heat
sensations (PHS) and dynamic mechanical allodynia (DMA) is normal, hence there
are no negative signs for PHS nor DMA.
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PHS and DMA normally do not occur in healthy subjects. Thus,
z-transformation was not possible for these parameters, because
one would divide by zero. Based on raw values, the incidence in
our reference data was 2.4% for PHS and 5.1% for DMA. A single re-
port of PHS upon stimulation of the feet was considered normal for
older populations [46,36]. When this was taken into account, 18.4%
of the patients exhibited an abnormal PHS (see Appendix C),
including 10% who presented with this positive sensory sign in
all three test repetitions. DMA was present in 19.7% of patients,
but mostly of very mild intensity.

3.3. Frequencies of abnormal QST values and of abnormal side-to-side
differences

The frequencies of abnormal QST values (outside 95% CI of ref-
erence data) for each QST parameter in 1236 patients are shown in
Fig. 3. For all non-nociceptive detection thresholds roughly 30% of
the patients exhibited sensory loss, virtually no one presented any
sensory gain (see also Appendix B). In addition to these absolute
sensory abnormalities, Fig. 3 shows the frequency of abnormal
side-to-side differences, which identified additionally patients
with relative sensory loss (for different parameters between 4.6–
8.4% additional patients), but again almost none with relative sen-
sory gain for the non-nociceptive parameters. For the nociceptive
parameters, sensory loss (hypoalgesia) was rare (0.3–12.8%) but
sensory gain (hyperalgesia) was frequent (7.5–26.3%). The two pin-
prick tests yielded the largest number of sensory loss (hypoalge-
sia). Hyperalgesia was most frequently detected for blunt
pressure, followed by pinprick, heat and cold. Dynamic mechanical
allodynia was about as frequent as heat or pinprick hyperalgesia.
The inclusion of abnormal side-to-side differences increased both
the frequency of patients with loss (1.3–6.7% additional patients
with hypoalgesia) and with gain (6.2–12.4% additional patients)
in nociceptive function. Notably, cold pain hypoalgesia was only
detectable by side-to side comparison. In conclusion, the addition
of side-to-side comparisons enhanced the sensitivity to detect sen-
sory abnormality, but did not change the overall pattern of these
abnormalities. All subsequent analyses include both absolute and
relative abnormalities.
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3.4. Sensory phenotypes across neurological syndromes

Across all studied syndromes, 91.9% of all patients had at least
one absolute or relative QST-abnormality (Fig. 4), i.e. only 8.1% of
the patients had no somatosensory abnormalities with respect to
the criteria mentioned above (Section 2.4.3). The percentage of
healthy subjects, who did not have any value outside the 95% CI,
was 59.4%. This is very close to the expected percentage, consider-
ing the performance of 11 tests, each of which has a 95% probabil-
ity to yield a normal value in healthy subjects (0.9511 = 0.57; see
Section 4: technical considerations). Nearly half of all patients
had a mixture of positive and negative sensory signs, 26.1% had
only negative signs, fewer (19.7%) had only positive signs
(hyperalgesia).

Across the different syndromes, the highest percentage of pa-
tients who did not show any abnormalities was found in polyneu-
ropathy (PNP; 16.6%) and the lowest in postherpetic neuralgia
(PHN; 0%). Mixtures of positive and negative sensory signs oc-
curred with all syndromes (between 67% in PHN and 21% in
PNP). PNP patients presented most frequently (52.2%) only with
sensory loss; a similar percentage was shown by patients with cen-
tral pain (41.2%). In contrast, isolated sensory gain was most preva-
lent in CRPS (30%) and trigeminal neuralgia (30%).

The Appendix C shows the percentages of sensory abnormalities
for each QST parameter and each neurological syndrome (com-
bined absolute and relative abnormalities; in PNP and in some pa-
tients with central pain, relative abnormalities could not be
assessed, see Methods 2.3). Each of the more common abnormali-
ties occurred in each syndrome, but with some significantly differ-
ent frequencies (significantly more frequent signs marked in red,
significantly less frequent signs marked in blue).

Positive signs were generally overrepresented in CRPS (28.7–
66.3%), particularly hyperalgesia to cold, heat, blunt pressure
(CPT, HPT and PPT) and also to prinprick, as well as dynamic
mechanical allodynia (DMA). Positive signs were also frequent in
PNI (24.7–51.1%) and most infrequent in PNP (1.5–11.1%). DMA
was much more frequent in postherpetic neuralgia (PHN, 48.6%)
than in any other syndrome. The highest rate of paradoxical heat
sensation (PHS) was observed in PNP (37.3%) and central pain
(26.0%), and the lowest in CRPS and trigeminal neuralgia.
Fig. 4. Sensory findings (gain or loss) according to the neurological syndrome. For each p
(n = 180) all 6 test areas were scored, yielding 1080 areas. ‘‘Without any pathology”:
abnormality, ‘‘Only loss”: at least one abnormally increased thermal or mechanical detect
one abnormally decreased thermal or mechanical pain threshold, increased mechanical p
tactile hypoesthesia. ‘‘Gain and loss”: at least one positive sign combined with at least o
Thermal sensory loss was most frequent in central pain (CDT:
49.1%, WDT: 62.7%) and PHN (52.8–62.5%), relatively frequent in
PNP and peripheral nerve injury (PNI), and rare in CRPS. Tactile
sensory loss was most frequent in postherpetic neuralgia (40.3–
62.5%) as well as in peripheral nerve injury (only MDT) and PNP
(only VDT), but significantly less prevalent in trigeminal neuralgia
(14.1–16.3%) and in CRPS (MDT).

Cold and heat pain hypoalgesia (CPT; HPT) were most frequent
in peripheral nerve injury (14.3–16.2%) and rare in PNP. Heat pain
hypoalgesia alone was frequent in PHN and central pain (not sig-
nificant). Hypoalgesia to blunt pressure (PPT) was revealed at the
highest rate in PNP (13.2%). Pinprick hypoalgesia (MPT or MPS) oc-
curred frequently in central pain, PNP, peripheral nerve injury and
postherpetic neuralgia.

For some syndromes, the same QST parameter showed either
loss or gain in different subpopulations: for example 27.3% of the
patients with peripheral nerve injury presented cold hyperalgesia,
whereas 14.3% showed cold hypoalgesia. In all patients within the
same entity there were comparable percentages showing either
pinprick hypoalgesia (for example in PHN 19.5–26.4%) or pinprick
hyperalgesia (PHN: 29.2–36.1%).

3.5. Combinations of sensory abnormalities

In order to display relevant combinations of sensory abnormal-
ities, a coding system was applied (Table 2 and Appendix A). For
this purpose, signs of hypoesthesia to thermal stimuli (loss of
detection in CDT or WDT) were coded as L1 and signs of hypoes-
thesia to mechanical stimuli (loss of detection in MDT or VDT) as
L2. Signs of hyperalgesia to thermal stimuli (gain of function in
HPT or CPT) were coded as G1 and signs of hyperalgesia to
mechanical stimuli (gain of function in MPT, MPS, DMA or PPT)
as G2. When both thermal and mechanical abnormalities were
present L3 or G3 were defined, respectively. Normal values were
coded as zero (0).

According to the marginal sums, mechanical and thermal test
results seem to run mostly in parallel, both being either normal
(L0 27.9%, G0 34.1%) or abnormal (L3 34.5%, G3 24.1%). However,
thermal tests were less frequently abnormal alone (L1 14.6%, G1
8.9%) than mechanical tests alone (L2 22.9%, G2 32.8%). There
atient (n = 1236) QST data of the painful area were scored. For each healthy subject
none of the QST parameters was outside the 95% CI and there was no relative

ion threshold, but neither thermal nor mechanical hyperalgesia. ‘‘Only gain”: at least
ain sensitivity, decreased pressure pain threshold or DMA, but neither thermal nor
ne negative sign.



Table 2
Frequency of different combinations of abnormal values in all patients.

L0, no loss of detection; L1, only thermal loss; L2, only mechanical loss; L3, mixed loss of detection; G0, no gain (= no hyperalgesia); G1, with only thermal hyperalgesia; G2,
with only mechanical hyperalgesia; G3 with both thermal and mechanical hyperalgesia. First row: number of patients (%), percentage of 1236; second row (bold): ± difference
from the expected value if independent distribution assumed. Blue cells: significantly lower frequency, red cells: significantly higher by frequency two-sided configuration
frequency analysis, without Bonferroni adjustment.
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was an inverse relationship between sensory gain and sensory
loss: Absence of any abnormality (L0G0) and also the opposite
(L3G3) occurred significantly less frequently than expected if inde-
pendent distribution was assumed, whereas mixed sensory loss
without hyperalgesia (L3G0 13.7%) and no loss combined with
mixed hyperalgesia (L0G3 8.5%) exceeded significantly the fre-
quency predicted by the marginal sums. Sensory loss with
mechanical hyperalgesia (L3G2 12.6%) was also a frequent
combination.

There were some differences in the distribution of certain com-
binations of positive and negative sensory signs between syn-
dromes (Appendix A). L3G0, i.e. mixed loss without any
hyperalgesia, was the leading combination of sensory signs in cen-
tral pain (27.5%) and PNP (24.2%) and the second most frequent in
postherpetic neuralgia (13.9%). The combination of thermal and
mechanical hyperalgesia without any loss of detection (L0G3)
was significantly more frequent in CRPS than in the other syn-
dromes (15.8%, p < 0.05). L3G2 (mixed loss combined with only
mechanical hyperalgesia) was the leading combination in PHN
(29.2%) and PNI (19.5%), and the second most frequent combina-
tion in patients with central pain (25.5%) or CRPS (14.1%). Mechan-
ical hyperalgesia without sensory loss (L0G2) was the leading
combination in trigeminal neuralgia (17.4%), but was uncommon
in all other syndromes.

4. Discussion

This study reports systematic profiling of sensory abnormalities
in a large number of patients with different neuropathic pain syn-
dromes. About 92% of the patients presented at least one QST-
abnormality. The new grading system for neuropathic pain [55]
was not applied formally, because it was not available during the
data collection, but the high percentage of somatosensory abnor-
malities suggests that most enrolled patients would fulfill the cri-
teria for probable or definite neuropathic pain. Every single
somatosensory abnormality occurred across all neuropathic pain
syndromes studied, whereas the pattern of abnormalities differed
across syndromes. About half of the patients had both negative
and positive sensory signs, only negative signs were present in
26%, positive sensory signs alone in 20%. Mechanical tests revealed
more abnormalities than thermal tests.

4.1. Negative sensory signs

In accordance with other trials [50] negative sensory signs were
predominantly found in non-nociceptive parameters, with similar
incidence for functions mediated by small fibers and spinothalamic
tract neurons (CDT 40.4%, WDT 28.8%) and functions mediated by
large fibers and dorsal column tracts (MDT 40.6%, VDT 39.5%). Neg-
ative signs in nociceptive parameters occurred in <10% (Appendix
C, part B), except for pinprick hypoalgesia (17.8%).

Negative sensory signs are associated with central or peripheral
neuronal damage which may lead to ongoing pain via increased ec-
topic activity [3,32,34,41,42,51,60]. For central pain syndromes, a
spinothalamic function loss has been suggested as a necessary pre-
requisite [8]. This concept is supported by the high incidence of
negative signs for CDT, WDT and MPT. But negative signs for
MDT and VDT also occurred frequently. The frequent sensory loss
in CRPS (Appendix C, part B) indicates either subclinical damage
to small nerve branches or pain-induced functional hypoesthesia
[2,4,16,37,39,49]. Trigeminal neuralgia is often associated with
root damage by vascular compression without leading to clinically
obvious sensory deficit [11,53].

4.2. Positive sensory signs

Positive sensory signs for non-nociceptive parameters were as
rare as false positive findings in healthy subjects (<5%). In contrast,
abnormal positive nociceptive QST parameters ranged from 19.4%
(CPT) to 36.4% (PPT). Dynamic mechanical allodynia, (19.7%), para-
doxical heat sensations (18.4%) and enhanced wind-up (12.6%)
were also observed.

Given the large variability of CPT in healthy subjects, the rela-
tively large percentage of patients with cold hyperalgesia is
remarkable. Mechanisms of cold hyperalgesia are poorly under-
stood including both peripheral sensitization and altered central
processing [59]. Heat hyperalgesia is thought to be induced by
peripheral sensitization of primary afferent C-fibers [56]. It was
frequent in postherpetic neuralgia (PHN), peripheral nerve injury
and CRPS, but also in central pain (9.8%), the latter suggesting a
contribution of central mechanisms [19,35].

Hyperalgesia to pinprick was evident from threshold determi-
nation (MPT: 21.7%) as well as from suprathreshold testing (MPS:
29.2%), suggesting a leftward shift of the stimulus–response–func-
tion [48,57]. The close association with thermal hyperalgesia sup-
ports the hypothesis of central sensitization driven by peripheral
input. Pinprick hyperalgesia also occurred together with pro-
nounced sensory loss suggesting a contribution of enhanced neural
responsiveness following deafferentation.

DMA is thought to be the consequence of a hyperexcitable state
of central nociceptive neurons acquiring responsiveness to tactile
input [52]. DMA was present in 19.7% of all patients, most fre-
quently in PHN (48.6%). In other studies 90% of PHN patients pre-
sented DMA [28]. One reason for this discrepancy might be the
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standardized test procedure of gentle stimuli intermingled with
pinprick stimuli. Due to this successive contrast phenomenon
unpleasant dysesthesia to brushing may be less frequently re-
ported as pain.

Paradoxical heat sensation, i.e. a cold stimulus perceived as a
burning hot painful sensation, is generated hypothetically by im-
paired central inhibition either by Ao-cold-fiber loss or by affection
of inhibitory thalamic centers [21,59]. In accordance, in our cohort
PHS was most common in central pain (26%) and polyneuropathy
(37.3%).

Repeated noxious stimuli are associated with a progressive in-
crease in perceived pain intensity, provided that the stimuli are
presented no more than three seconds apart [44]. This phenome-
non, called temporal summation of pain, is the perceptual correlate
of dorsal horn neurons wind-up. In some patients with neuropathic
pain this phenomenon is exaggerated [38]. The abnormally en-
hanced wind-up ratio was most common in PHN (17.4%) and cen-
tral pain (16.3%). Enhanced wind-up may be more frequent in
other conditions such as major depression or pain associated with
peripheral arterial disease [30,31].

4.3. Mechanism-based classification approach

Two hypotheses derived from the concept of a mechanism-based
classification of neuropathic pain were supported by our data. (i)
Despite obvious variation between the neurological syndromes,
every single somatosensory sign and many combinations of signs
occurred across the neuropathic pain syndromes studied, with
about half of the patients exhibiting a combination of sensory loss
and gain. (ii) In turn, different patients suffering from the same dis-
ease presented different phenotypes, i.e. pinprick hyper- vs. hypoal-
gesia. This dichotomy had previously been reported for PHN [15,46]
and in small case series [7]; it now turned out to be prominent also
in peripheral nerve injury and central pain (Appendix C, part B).

4.4. Characteristic patterns of somatosensory abnormalities in
different syndromes

There were also notable differences between the somatosensory
profiles for different syndromes. The highest rate of sensory abnor-
malities was found in PHN consistent with intraepidermal nerve fi-
ber density reduction and abnormal neurophysiological responses
[40,58]. Thermal and tactile sensory loss were equally frequent.
PHN patients also had loss of pinprick sensation (26.4% MPT,
19.5% MPS) but in contrast to all other entities, the incidence of
mechanical allodynia (48.6%) was higher than that of pinprick
hyperalgesia (29.2% MPT, 36.1% MPS). Therefore, PHN cannot be
considered as model for all other types of neuropathic pain.

The trigeminal neuralgia group excluded patients with clinically
apparent sensory deficits according to the IHS definition. There-
fore, the incidences of sensory loss (e.g. 38.1% CDT) and sensory
gain (e.g. 25.0% HPT, 28.7% MPT) suggest that the DFNS QST battery
may pick up subclinical abnormalities similarly to laser-evoked
potentials [11,53].

Polyneuropathy and central pain were both characterized by
low rates of positive and high rates of negative sensory signs
(>50% for CDT), similarly to previous results [49]. Paradoxical heat
sensation is a notable exception. Its occurrence in 26% of central
pain and 37.3% of polyneuropathy patients supports the concept
of a deficient inhibition of pain pathways by the thermosensory
pathways [13,21,59].

In most of the animal models of neuropathic pain a mechanical
peripheral nerve injury is induced and the behavioral hypersensi-
tivity to stimuli such as brushing, cooling or von Frey hairs is as-
sessed [48]. In patients with peripheral nerve injury or CRPS high
rates of positive sensory signs were found, most pronounced for
blunt pressure pain, followed by dynamic mechanical allodynia
and pinprick hyperalgesia.

4.5. Technical considerations

Clinical examination alone does not provide a gold standard for
the existence of a neuropathy or CNS lesion. Confirmatory investi-
gations with clinical neurophysiology, radiology, or intraepidermal
nerve fiber density measurements would have offered more accu-
rate diagnostic tools for the neuropathy diagnosis and validation of
the QST protocol, but were not available for this large group of
patients.

In contrast to some authors considering QST primarily for group
comparisons [24], the DFNS approach is intended to allow clinical
judgments on a single case basis [54]. The dichotomy in pinprick
pain sensitivity in PHN, peripheral nerve injury, and central pain
(hypo- vs. hyperalgesia) was only detected by assessing each pa-
tient individually; group mean values would have appeared
false-negatively normal.

Mechanical tests yielded more abnormalities than thermal
tests, supporting our view that both stimulus modalities should
be tested. Somatosensory profiling combining many QST parame-
ters increases the likelihood to detect an abnormality in any given
patient, but also the risk of false positive results. The likelihood in a
healthy subject that all 11 QST parameters lie within the normal
range can be calculated to be 57% (0.9511), in accordance with
our data of 59.4% in healthy subjects. Among patients, that per-
centage was much lower (8.1%); conservative cut-off values for
some parameters may have resulted in false negative results com-
pared to the clinical examination.

In case of unavoidable measurements outside the standard test-
ing areas (face, dorsal hand and dorsal foot), only an approximative
comparison to the available reference data was performed, addi-
tionally to the side-to-side comparison. Therefore, the syndrome-
associated percentage of abnormal values may have to be corrected
as soon as multi-center reference values for other body regions be-
come available.

Each formal abnormality must be interpreted for its clinical rele-
vance by an experienced physician, before conveying the findings to
the patient. The DFNS has therefore initiated a certification process
for QST laboratories for verification of standardized instructions,
adequate equipment and training procedures and the correctness
of result interpretation using the DFNS reference data [17,54].
5. Conclusions

The analysis of 13 QST parameters in 1236 neuropathic pain pa-
tients revealed a remarkable phenotypic heterogeneity across the
major neuropathic pain syndromes, and thus confirmed two major
predictions of the concept of mechanism-based classification of
neuropathic pain. Future work should aim to establish firm links
between somatosensory profiles and pathophysiological mecha-
nisms, and to examine whether patients with different somatosen-
sory profiles respond differentially to treatment. The tools
developed by DFNS and this databank analysis provide a basis for
such studies.
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Appendix A

Frequency of different combinations of abnormal values in patients with different neurological syndromes.
(continued on next page)
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L0, no loss of detection; L1, only thermal loss, L2, only mechanical loss; L3, mixed loss of detection; G0, no gain (= no hyperalgesia); G1, with only thermal hyperalgesia; G2,
with only mechanical hyperalgesia; G3, with both thermal and mechanical hyperalgesia. First row: number of patients (%), percentage within the same etiology; second row:
± difference from the expected value if independent distribution assumed. Blue cells: significantly lower frequency, red cells: significantly higher by frequency two-sided
configuration frequency analysis, without Bonferroni adjustment.
Appendix B

Mean ± standard deviation of the QST parameters after z-transformation in the normal reference data base ([35], modified from [46]) and in
patients with neuropathic pain.
reference data
 patients’ data

n
 mean ± SD
 < �1,96a
 > 1,96a
 n
 mean ± SD
 < �1,96a
 > 1,96a
CDT
 1080
 0.00 ± 1.00
 34 3.1%
 11 1.0%
 1236
 �1.42 ± 1.54
 434 35.1%
 11 0.9%

WDT
 1080
 0.01 ± 1.00
 31 2.9%
 16 1.5%
 1235
 �1.14 ± 1.39
 296 24.0%
 10 0.8%

TSL
 1080
 0.01 ± 0.99
 18 1.7%
 37 3.4%
 1233
 �1.27 ± 1.33
 370 30.0%
 11 0.9%

CPT
 1080
 0.01 ± 0.98
 2 0.2%
 17 1.6%
 1235
 0.29 ± 1.21
 0 0.0%
 133 10.8%

HPT
 1080
 0.02 ± 0.99
 1 0.1%
 25 2.3%
 1235
 0.25 ± 1.67
 46 3.7%
 218 17.7%

PPT
 1078
 0.04 ± 0.98
 29 2.7%
 28 2.6%
 1199
 1.13 ± 2.57
 74 6.2%
 315 26.3%

MPT
 1080
 �0.02 ± 0.99
 12 1.1%
 37 3.4%
 1232
 0.13 ± 1.70
 158 12.8%
 190 15.4%

MPS
 1080
 0.00 ± 0.99
 3 0.2%
 40 3.7%
 1228
 0.37 ± 1.52
 49 4.0%
 207 16.9%

WUR
 1068
 0.02 ± 1.00
 2 0.2%
 45 4.2%
 1099
 0.21 ± 1.12
 3 0.3%
 82 7.5%

MDT
 1080
 0.03 ± 0.99
 33 3.1%
 12 1.1%
 1232
 �1.52 ± 3.10
 396 32.1%
 26 2.1%

VDT*
 1078
 0.00 ± 0.99
 55 5.1%
 0 0.0%
 1175
 �1.59 ± 2.82
 402 32.6%
 0 0.0%

all
 1.9 ± 1.7%
 2.3 ± 1.3%
 16.4 ± 14.4%
 9.0 ± 8.6%
a: z-transformed values outside the 95% confidence intervals of the normal range. modified from [45]), CDT: cold detection threshold, CPT: cold pain threshold, HPT: heat pain
threshold, MDT: mechanical detection threshold, MPS: mechanical pain sensitivity, MPT: mechanical pain threshold, PPT: pressure pain threshold, SD: standard deviation,
TSL: thermal sensory limen, VDT: vibration detection threshold, WDT: warm detection threshold, WUR: wind-up ratio. *: in cases of QST in the shoulder area (n=8), in the
thoracic area (n=38) or in the low back area (n=11) VDT was excluded from the comparison to the reference data base and Z-values were not calculated.



Appendix C

Frequency of abnormal values (A: gain; B: loss).

First row: for different diagnosis combined absolute and relative abnormal values (A: gain; B: loss), %: percentages of the number of patients with the same etiology. Second
row: ± difference of the observed from the expected value if independent distribution assumed. Blue cells: significantly lower frequency within a QST parameter across
etiologies except other (*). Red cells: significantly higher frequency by two-sided configuration frequency analysis, without Bonferroni adjustment. #: no configuration
frequency analysis performed because < 5% frequency at all. +: in cases of QST in the shoulder area (n = 8), in the thoracic area (n = 38) or in the low back area (n = 11)
abnormal values for VDT were evaluated only by side-to-side comparison.
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