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Abstract

Opioids can elicit unexpected changes in pain sensitivity, known as opioid-induced hyperalgesia (OIH). The aim of this study was
to explore whether OIH exists in patients with chronic pain treated with oral opioids (OP) versus non-opioid (NOP) analgesics. The
sensitivity to cold pain and the magnitude of diffuse noxious inhibitory control (DNIC) were evaluated in 73 OP and 37 NOP treated
patients. Pain threshold, intensity and tolerance in response to the cold pressor (1 �C) were measured. DNIC was tested by
co-administrating conditioned heat stimulation (47 �C) to the left forearm and a conditioning stimulation of 12 �C for 30 s to
the right hand. The results showed no differences between the two groups in any of the cold pain measures. In contrast, the
magnitude of DNIC was significantly larger in the NOP than in the OP treated patients (p = 0.003). A gender based analysis showed
a significant difference in DNIC between OP and NOP treated men only. However, a mixed model ANOVA demonstrated a
significant effect of treatment (OP versus NOP) (F = 5.928, p = 0.017) rather than gender on DNIC. A regression analysis showed
that opioid dosage and treatment duration had a significant negative effect on the magnitude of DNIC in OP treated men
(b = �2.175, p = 0.036 and b = �2.061, p = 0.047, respectively). In conclusion, oral opioids usage for the treatment of chronic pain
does not result in abnormal sensitivity to cold pain, but seems to alter pain modulation. The use of ‘advanced’ psychophysics tests
such as evaluation of DNIC can help understanding the phenomenon of OIH.
� 2008 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Introduction

It is well accepted that opioids are the most effica-
cious analgesics for the treatment of moderate to severe
pain. However, growing evidence shows that opioids can
elicit unexpected changes in pain sensitivity, resulting in
opioid induced hyperalgesia (OIH) both in animals
[4,5,27,28,40,41,44] and in humans [7,11,18,21]. In
humans, much of this evidence is based on studies on
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intraoperative infusions of short-acting opioids, (i.e.,
fentanyl or remifentanil) [7,11,18,19]. Interestingly, opi-
oid addicts also show alterations in pain perception
[10,13,32]. At the same time, little is known of this phe-
nomenon in patients with chronic pain who are treated
with opioids. Two large studies failed to show evidence
of OIH: Fillingim et al. [15] examined 240 patients with
chronic back pain, classified as opioid and non-opioid
users and showed no differences between the groups
with regard to the back pain severity and to experimen-
tal ischemic pain tolerance. In another recent study we
found no differences in threshold pain for punctuate,
ublished by Elsevier B.V. All rights reserved.
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pressure and heat as well as the intensity of supra-
threshold heat pain in opioids compared to non-opioids
treated patients [34]. In contrast, two small human stud-
ies support the concept of OIH in patients with chronic
pain: one early report of 4 cases suggested that chronic
non-malignant pain was exacerbated by chronic admin-
istration of opioids, a phenomenon that was reversed by
cessation of opioids use [1]. Another preliminary pro-
spective study in 6 patients showed that they became
hyperalgesic to cold but not to heat pain after 4 weeks
of morphine treatment compared to baseline [9]. How-
ever, no firm conclusions could be drawn from these
two studies due to the very small sample size.

The paradoxical phenomenon of OIH can be related
to the altered balance between pro-nociceptive and anti-
nociceptive (i.e., endogenous inhibitory modulation)
processes [6,28,29]. The latter is commonly evaluated
by the ‘diffuse noxious inhibitory control’ (DNIC) test
paradigm [23]. Previous reports showed that morphine
blocks DNIC effects in rats [2,3] and in healthy humans
[25] in a naloxone reversible fashion [24,42].

Based on these findings we hypothesized that if OIH
is indeed a result of opioid treatment in patients with
chronic pain, it might be related to opioids’ capacity
to block DNIC. This study is aimed to explore in a con-
trolled fashion if (1) oral opioid treatment results in a
paradoxical response to cold pain in patients with
chronic pain, as compared to non-opioid analgesic treat-
ment and (2) the magnitude of DNIC differs between
these two groups of patients.

2. Methods

2.1. Patients

The study population consisted of patients with either can-
cer or non-cancer-related pain who were referred to the Pain
Relief Unit at Rambam Medical Center in Haifa, Israel for
pain control between September 2006 and September 2007.
The patients were enrolled in the study after meeting the fol-
lowing criteria: (1) adults (>18 years of age); (2) ability to com-
municate and understand the purpose and instructions of the
study; (3) presence of either chronic non-malignant or can-
cer-related pain for at least three months; (4) use of analgesic
medications, either opioids or other analgesics including non-
steroidal anti-inflammatory drugs (NSAIDs). Non-opioid
treated patients were selected as a control group because they
resembled the study group in many ways and therefore
reduced any potential bias that might have been associated,
for example, with a control group of healthy subjects. Exclu-
sion criteria were (1) pregnancy; (2) evidence of peripheral neu-
ropathy per history or clinical examination; (3) diabetes; (4)
pain involving the upper extremities; (5) treatment with
repeated injections, infusions, or spinal opioids. The study
was approved by the institutional Ethics Committee. Written
informed consent was obtained from all patients. All tests were
conducted in the morning, within several hours following the
morning dose of the analgesic drugs.
2.2. Instruments

2.2.1. Assessment of pain history and treatment

Patients who were willing to participate in the study under-
went an initial evaluation which included: (a) a study question-
naire on demographic data, diagnosis, duration of the painful
condition, consumption of analgesics with special emphasis on
the exact dosage, and duration of treatment; (b) measurements
of the average and worst pain intensity that patients felt during
the week prior to referral using a 10-cm blank visual analogue
scale (VAS).

2.2.2. Assessment of cold pain perception

The cold pressor test (CPT) apparatus (Heto CBN 8-30 Lab
equipment, Allerod, Denmark) is a temperature-controlled
water bath with a maximum temperature variance of
±0.5 �C, which is continuously stirred by a pump. Subjects
were asked to place their right hand in the CPT (1 �C) in a still
position with their fingers spread wide apart, according to the
standard protocol [43]. A stopwatch was simultaneously acti-
vated, and subjects were requested to maintain their hand in
the cold water for as long as they could. A cut-off time of
180 s was set for safety reasons. Subjects were instructed to
indicate the exact point in time when the cold sensation began
to elicit pain. This time until the pain was first perceived was
defined as the threshold of cold pain (s). Immediately after
hand withdrawal, subjects were asked to mark their maximal
pain intensity on a 0–100 visual analogue scale (VAS), where
0 represents ‘no pain’ and 100 represents the ‘worst pain one
can imagine.’ The latency of intolerability (spontaneous hand
removal) was defined as pain tolerance (s). Tolerance for sub-
jects that did not withdraw their hand for the entire 180 s was
recorded as 180 s.

2.2.3. Assessment of DNIC

In order to induce DNIC effect, heat stimulations were
given and considered as the ‘test stimulation’ (or ‘conditioned’
stimulation), whereas cold stimulation was used as a ‘condi-
tioning’ stimulation.

Test stimulation: A TSA thermode of 30 � 30 mm (Medoc
TSA-2001 device Israel) was attached to the skin above the left
thenar eminence. Four heat pain stimuli of 47 �C (starting
from 37 �C in an increasing and decreasing rate of 10 �C/s),
each lasting 4 s, with inter-stimulus interval of 12 s were deliv-
ered. After each stimulus the patient was asked to report the
pain intensity he or she felt, using a 0–10 numeric pain scale
(NPS). The NPS was chosen because patients were required
to make rapid rating of pain intensity during the test stimula-
tion, with one hand occupied by the CPT.

Conditioning stimulation: The right hand was immersed into
the CPT (12 �C) for 30 s.

The DNIC test paradigm was the following: first heat stim-
ulation was delivered and the patients verbally reported the
level of pain intensity (NPS) at the point when the temperature
reached 47.0 �C. This was considered as ‘baseline test stimula-
tion’ (baseline). Patients were then asked to immerse their right
hand into the CPT. Following 15 s of immersion, while the
hand was still in the CPT, the second test stimulation was
delivered and pain intensity was recorded again (test 1).
Patients were asked to remove their hand from the CPT 15 s
later (with total time of hand immersion in the CPT of 30 s).



Fig. 1. DNIC test paradigm (see text). NPS, Numeric Pain Scale; VAS, Visual Analogue Scale.
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Two additional heat stimulations were conducted 15 and 30 s
subsequent to the removal of the hand from the CPT (test 2
and test 3, respectively). Upon completion of the session,
patients were instructed to report the intensity of the pain
(VAS) that was caused by immersing the hand in the CPT
(conditioning induced pain intensity). The DNIC test para-
digm is depicted in Fig. 1.

2.3. Statistical analysis

Statistical analyses were performed with SPSS version 14.
Comparisons of demographic data and pain measures between
the OP and the NOP treated groups were calculated using the
Student’s t-test. The magnitude of DNIC (DNPS) was deter-
mined by decreasing the baseline heat pain intensity from each
of the subsequent pain intensity measurements during and
after the conditioning stimulation (tests 1, 2, and 3).

All used opioids were converted to their equianalgesic dos-
ages of oral morphine according to the previously published
tables. Accordingly, oral oxycodone preparations were multi-
plied by 1.5 (e.g., 10 mg of oxycodone was converted to
15 mg of oral morphine); fentanyl were multiplied by 2;
codeine was divided by 10; propoxyphene was divided by 3;
tramadol was divided by 5 [35]. Notably, although not
regarded as a ‘classical’ opioid, tramadol was included in the
analyses because its analgesic effect is mediated in part by opi-
oid mechanisms [33].

Mixed model ANOVA was used to determine the effect of
the group (OP vs. NOP) and gender on heat pain ratings (base-
line vs. test 1), while controlling the age as a covariate. Regres-
sion analysis was conducted to determine the contribution of
opioid dosage and treatment duration to the magnitude of
DNIC in OP treated males. Data are presented as
means ± SD. Results were considered significant at the 0.05
level.

3. Results

3.1. Study population

Of the 466 patients who were referred for the study,
324 met the inclusion criteria, but 209 of them refused
to participate in the study for various reasons (e.g., lack
of time, fear of additional pain). Of the 115 patients who
entered the study, 5 were unable to complete it. Thus,
complete data for this study were available from a total
of 110 patients (58 men and 52 women), with a mean of
49.5 ± 16.5 years of age, ranging from 19 to 76 years.
Seventy-three patients (38 men, 35 women) received opi-
oids (OP) whereas the other 37 patients (20 men, 17
women) received non-opioid (NOP) analgesics
(Table 1). The medications consumed by the patients
in each group are listed in Table 2. Of the 73 patients
in the OP group, 55 had chronic non-malignant pain
and 19 had cancer-related pain. All 37 patients in the
NOP group suffered from chronic non-malignant pain.
Notably, average and maximal pain intensities of both
groups were above 6 and 8 (0–10 VAS), respectively,
indicating that in spite of the administered treatment,
pain intensity was moderate to severe. With the excep-
tion of age, no significant differences between the two
groups were found in the duration of pain, duration of
treatment, average and worst intensity of the spontane-
ous pain during the week prior to the examination
(Table 1).

3.2. Cold pain perception

No significant differences between the OP and the
NOP treated groups were found in the mean pain
thresholds, pain intensities or tolerance to the CPT.

Due to the large variations in the treatment duration
and in the opioid dosage (reflected by the wide range of
equianalgesic doses of morphine), that might have ‘hid-
den’ a dose or treatment duration effect on the results of
the CPT, a further analysis of the OP treated patients
was conducted. The OP treated group was divided into
two subgroups according to the median value of the
morphine equianalgesic dosage and also according to
the median treatment duration. Thus, four subgroups
of OP treated patients were defined: low dose opioid
group (LDO) that consisted of patients who received
less than the equivalent to 45 mg of oral morphine; high



Table 1
Patients’ characteristics in each of the two treatment groups (mean±SD)

OP NOP t, p values

N = 73 N = 37

Gender (M/F) 38/35 20/17
Age (year)

Mean ± SD 52.6 ± 16.0 43.2 ± 15.9 t = �2.922, p = 0.004
Median (range) 57 (20–76) 43 (19–75)

Pain duration (months)
Mean ± SD 70.5 ± 85.7 93.7 ± 101.4 t = 1.264, p = 0.209
Median (range) 4–480 (43.5) 60 (4–370)

Treatment duration (months)
Mean ± SD 19.5 ± 28.8 16.9 ± 24.1 t = �0.469, p = 0.640
Median (range) 12 (0.5–180) 9 (0.5–120)

Mean ± SD pain during the week prior to examination (VAS; 0–10) 6.6 ± 23.3 6.1 ± 2.4 t = �1.090, p = 0.280
Median (range) 7 (0–10) 6 (0–10)
Worst pain during the week prior to examination (Mean ± SD VAS; 0–10) 8.3 ± 2.3 7.9 ± 2.1 t = �0.822, p = 0.779
Median (range) 9 (0–10) 8 (0–10)
Equianalgesic opioid dosage = mg of oral morphine

Mean ± SD 100.80 ± 166.46 –
Median (range) 45 (3–1110)
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dose opioid group (HDO) with patients who received
45 mg of morphine or more; short-treatment duration
(STD) of less than 12 months, and long treatment dura-
tion (LTD) of 12 or more months of opioid treatment.
Yet, the results failed to demonstrate statistically signif-
icant differences in any of the cold pain measures
between the LDO and HDO subgroups or between the
STD and the LTD subgroups (Table 3).

3.3. Assessment of DNIC

3.3.1. Effect of treatment (OP versus NOP) and gender

Exposing the right hand to the conditioning stimula-
tion of 12 �C for 30 s produced cold pain at intensities of
64.2 ± 28.8 and 59.9 ± 31.4 in the NOP and OP treated
groups, respectively (VAS; mean ± SD; p = 0.69).

Mean ± SD baseline heat pain score recorded from
the left thenar (before immersing the hand into the
CPT) of the NOP group was 7.9 ± 1.7 (Table 4). The
Table 2
Analgesic medications consumed by the two treatment groups

OP treated group

Drug (n) Daily dose range (mg)

Oxycodone (17) 20–80
Morphine (3) 10–360
Tramadol (21) 50–400
Propoxyphene (18) 40–200
Fentanyl (13) 25–375 lg/h
Codein (4) 15–45

Adjuvant drugs Number of patients

Anti-depressants 18
Anti-convulsants 22
Other 7
score dropped to 5.5 ± 2.2 after 15 s of immersion in
the cold water (test 1). Fifteen and 30 s after removal
of the hand from the CPT, heat pain scores were
5.8 ± 1.9 (test 2) and 5.7 ± 2.1 (test 3), indicating that
maximal DNIC was demonstrated during the condition-
ing stimulation (test 1). Thus, the calculated maximal
magnitude of DNIC was 2.4 ± 1.6. For this reason, all
DNIC-related analyses were based on results obtained
from baseline and test 1. Mean ± SD baseline test of
the OP group was 7.1 ± 2.7. The other pain ratings were
5.7 ± 2.6, 5.6 ± 2.6 and 5.6 ± 2.6 (test 1, test 2 and test
3, respectively). The magnitude of DNIC (baseline ver-
sus test1) in this group was 1.4 ± 1.5. The magnitude
of DNIC of the NOP treated group was significantly lar-
ger than that of the OP treated group (t = 3.116,
p = 0.003; Fig. 2).

Due to the well-known difference in DNIC between
men and women [17,22,31,37], we added a further anal-
ysis in which gender was also taken into account. How-
NOP treated group

Drug (n) Daily dose range (mg)

Diclofenac (3) 50–100
Etodalac (18) 400–1800
Celecoxib (2) 200–600
Ibuprofen (4) 400–800
Paracetamol (3) 500–2000
Dipyrone (4) 500–1500
Indometacine (1) 200–600
Etoricoxib (7) 60–240

Adjuvant drugs Number of patients

Anti-depressants 12
Anti-convulsants 4
Other 8



Table 3
Cold pain perception (Mean ± SD) by groups

Group Threshold (s) Tolerance (s) Intensity to 1 �C

Between group analysis: opioids vs. non-opioids

OP (n = 73) 9.9 ± 7.0 22.8 ± 22.7 83.4 ± 19.8
NOP (n = 37) 10.1 ± 11.2 24.1 ± 30.6 86.0 ± 13.6
p value 0.957 0.822 0.414

Within (opioids) group analysis: low dose opioids vs. high dose opioids

LDO (n = 37) 8. 8 ± 5.1 23.4 ± 27.6 80.7 ± 23.8
HDO (n = 36) 10.5 ± 8.2 22.3 ± 17.3 86.3 ± 14.7
p value 0.717 0.969 0.314

Within (opioids) group analysis: short vs. long opioids treatment duration

STD (n = 36) 10.1 ± 5.5 21.7 ± 13.8 83.3 ± 16.7
LTD (n = 38) 9.7 ± 8.2 23.8 ± 28.8 83.4 ± 22.5
p value 0.82 0.68 0.99

OP, opioid treated group; NOP, non-opioid treated group; LDO, low dose opioids (less than the equivalent to 45 mg of oral morphine); HDO, high
dose opioids (45 mg of morphine or more); STD, short-duration treatment (<12 months); LTD, long-duration treatment (12 months or more).
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ever, in this study no significant differences were found
between men and women in both the NOP (2.6 ± 1.5
versus 2.0 ± 1.7, respectively. p = 0.233) and the OP
(1.2 ± 1.3 versus 1.6 ± 1.7, respectively. p = 0.271)
groups in the magnitude of DNIC (DNPS) (Fig. 2).
From a different perspective, men in the NOP group
showed a significantly larger magnitude of DNIC as
compared to men in the OP group (t = 3.74,
p = 0.001). No significant differences between the OP
and NOP groups were found among women
(Fig. 2).These results show that DNIC is influenced by
opioid treatment. However, since the age differed signif-
icantly between the two groups (see table 1) and the
magnitude of DNIC was significantly larger within the
NOP’s men, we further analyzed the data using mixed
model ANOVA. By this we attempted to determine
the effect of the group (OP vs. NOP) and the gender
on heat pain ratings (baseline vs. test 1) while control-
ling for the age as a covariate. The overall model showed
a trend of significance (F = 2.824, p = 0.096). Specifi-
cally, the treatment group had a significant effect
(F = 5.928, p = 0.017), gender failed to contribute to
this effect (F = 0.006, p = 0.937) and age – although sig-
nificant – was controlled (F = 4.212, p = 0.043).

We further analyzed the data using the same mixed
model ANOVA as was used above in an attempt to
determine the effect of the diagnosis (cancer vs. non-can-
cer patients) on heat pain ratings within the opioid trea-
Table 4
Intensity of pain in response to the heat stimuli in the OP and NOP
treated groups (Mean ± SD)

OP NOP

Baseline 7.1 ± 2.7 7.9 ± 1.7
Test 1 5.7 ± 2.6 5.5 ± 2.2
Test 2 5.6 ± 2.6 5.8 ± 1.9
Test 3 5.6 ± 2.6 5.7 ± 2.1
ted group. Results showed that the diagnosis had no
significant effect on the magnitude of DNIC (p = 0.361).

3.3.2. Effect of opioid dose and duration of treatment

As previously described, the OP treated group was
further divided into two subgroups according to the opi-
oid equianalgesic dose. No significant difference in the
magnitude of DNIC was found between the LDO and
the HDO. In contrast, when analyzed according to the
duration of opioid treatment, a trend of significance in
the difference in magnitude of DNIC was found between
the STD and LTD (1.71 ± 1.34 vs.1.09 ± 1.61, respec-
tively; p = 0.07).

Since a significant difference in the magnitude of
DNIC between OP and NOP treated patients was found
in men but not in women, an attempt was made to look
for possible role of opioid dosage and treatment dura-
tion on the magnitude of DNIC in the OP men only.
A within group regression analysis of OP men (n = 38)
was significant (F = 4.515, p = 0.018). Specifically,
opioid dosage and treatment duration, each negatively
Fig. 2. Maximal magnitude of DNIC exhibited as deltas from baseline
to test 1 in the conditioned heat-evoked pain (see text). NOP: non-
opioid treated group – white bars; OP: opioid treated group – black
bars. **p 6 0.01; Data are means ± SD.
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contributed to the magnitude of DNIC (b = �2.175,
p = 0.036 and b = �2.061, p = 0.047, respectively).

4. Discussion

In this study, we further explored the hypothesis
according to which the use of opioids in patients with
chronic pain would result in OIH. The main findings
of this study were: (1) Using ‘standard’ psychophysics
tests of measuring pain threshold, tolerance and inten-
sity in response to the CPT, we found no evidence for
OIH in patients receiving opioids as compared to those
receiving non-opioid analgesic drugs. (2) Utilizing more
‘advanced’ methods of measuring DNIC, we found that
the magnitude of DNIC was significantly smaller in opi-
oid treated than in non-opioid treated patients. The dif-
ference was significant between OP and NOP men but
not between OP and NOP women.

The first finding, which showed that the opioid and
the non-opioid treated groups did not differ in their sen-
sitivity to cold pain suggests that ‘common use’ of oral
opioids by patients with chronic pain of either malig-
nant or non-malignant origin does not result in abnor-
mal sensitivity to evoked cold pain. Comparisons
between subgroups of patients who consumed high ver-
sus low equianalgesic morphine dosages as well as those
who received opioids for long versus short periods
yielded similar results.

These results seem to contradict findings of three
other human reports. Each of two such reports includes
four patients with chronic non-malignant pain, in whom
pain was exacerbated by the administration of opioids
[1,36]. This disappeared when the drug was discontin-
ued. The third report is a prospective, pilot study, which
showed that 6 patients with chronic pain became hyper-
algesic to cold but not to heat pain after 4 weeks of oral
morphine treatment [9]. However, no firm conclusions
could be drawn from these reports due to their small
sample size, and a lack of control groups [6]. Yet, the
results of this study are in agreement with our previous
report in which we found no differences between opioid
and non-opioid treated groups of patients with chronic
pain in response to heat and mechanical evoked pain
[34]. Thus, the findings of our two studies may indicate
that if OIH indeed exists in patients with chronic pain
who consume oral opioids, this phenomenon is neither
dose nor temporal-dependent, and is unlikely to be
detected by ‘standard’ psychophysical tests.

The second interesting and innovate finding that
emerges from our study is the smaller magnitude of
DNIC exhibited by opioid treated patients as compared
to non-opioid treated controls. Studies from the early
90’s showed that morphine blocks the descending pain
inhibitory effects, in a naloxone reversible fashion in rats
[2,3,24] and in healthy humans [25,42]. It should be
emphasized though, that all these human studies were
conducted in healthy subjects who received only single
intravenous injections of morphine and therefore their
clinical relevance is questionable. In this study, we show
for the first time that opioid treatment has an effect on
DNIC in patients with chronic pain.

The fact that a difference in the magnitude of DNIC
between opioid and non-opioid treated patients was
found in men but not in women is novel and suggests
that there is a clear gender difference in the effect of opi-
oids on descending inhibition. Furthermore, the effect of
opioid treatment on DNIC in men seems to be dose- and
time-related, since both high opioid dose and long treat-
ment duration result in reduced magnitude of DNIC.

Several mechanisms have been suggested to explain
OIH. First, sensitization of spinal neurons that accom-
pany opioid-induced enhanced nociception. This mecha-
nism is known to be mediated by central glutamatergic
system via the N-methyl-D-aspartate (NMDA) and
reversed by NMDA receptor antagonists such as
MK801 [20,30]. Second, repeated morphine administra-
tion has also been shown to elicit increased levels of the
pro-nociceptive peptides CGRP and SP within the dor-
sal root ganglion [30]. Third and most interestingly with
respect to this study, OIH has been suggested to result
from the activation of descending pain facilitation mech-
anisms that arise from the rostral ventromedial medulla
(RVM). Increased activity of the excitatory peptide neu-
rotransmitter cholecystokinin (CCK) in the RVM acti-
vates spinal pathways that up-regulate spinal
dynorphin and consequently enhance nociceptive inputs
at the spinal level [14,16,38,39,45]. DNIC on the other
hand, represents the key mechanism of central pain
modulation known as endogenous analgesia [23,26]. It
is well established that the neuroanatomical basis of
DNIC consists of portions of the brainstem as well as
ascending spino-bulbar and descending bulbo-spinal
tracts [12]. There is compelling evidence that DNIC is
mediated via descending serotonergic pathways [8] and
is likely to contain opioidergic links [12,25,42]. These
mechanisms taken together suggest it is not unlikely that
OIH and DNIC are two phenomena that are related to
each other. Hence, we suggest that DNIC rather than
standard psychophysical tests (i.e., pain thresholds)
may contribute to a better understanding of OIH.

The implications of the attenuating effect of opioids
on DNIC are not entirely clear, and whether or not
the magnitude of DNIC is directly related to patients’
pain perception is yet to be found. Interestingly, a recent
study showed that when tested pre-operatively, DNIC
magnitude can predict the intensity of chronic post-tho-
racotomy pain [46]. However, the fact that no correla-
tions were found between the magnitude of DNIC and
any of the CPT parameters or the patients’ intensity of
spontaneous pain in our patients brings about more
questions than answers with respect to the clinical impli-
cations of our findings.
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This has a few limitations. First, a control test for
repeated heat pain stimulation has not been conducted.
Second, this is not a prospective study and therefore it
does not allow the repeated psychophysical testing of
individual patients under different temporal conditions
(i.e., before and after treatment). Third, we have
enrolled heterogeneous patients in terms of their under-
lying pain states and the opioids administered. While
this made the interpretation of the results more difficult,
it allowed us to test the effects of opioids on CPT and on
DNIC in the ‘real’ clinical world. We believe that future
prospective, large clinical studies using advanced psy-
chophysics tests such as DNIC have the potential to
improve the understanding of OIH.
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