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Abstract: This observational study aimed to determine whether pain sensitivity in patients with

noncancer chronic pain, taking either methadone or morphine, is similar to patients maintained on

methadone for dependence therapy, compared with a control group. Nociceptive thresholds were

measured on a single occasion with von Frey hairs, electrical stimulation, and cold pressor tests. In

all subjects receiving methadone or morphine, nociceptive testing occurred just before a scheduled

dose. Cold pressor tolerance values in patients with noncancer, chronic pain, treated with morphine

and methadone, were 18.1 ± 2.6 seconds (mean ± SEM) and 19.7 ± 2.3 seconds, respectively; in meth-

adone-maintained subjects it was 18.9 ± 1.9 seconds, with all values being significantly (P < .05) lower

than opioid-naı̈ve subjects (30.7 ± 3.9 seconds). These results indicate that patients with chronic pain

managed with opioids and methadone-maintained subjects are hyperalgesic when assessed by the

cold pressor test but not by the electrical stimulation test. None of the groups exhibited allodynia

as measured using the von Frey hairs. These results add to the growing body of evidence that chronic

opioid exposure increases sensitivity to some types of pain. They also demonstrate that in humans,

this hyperalgesia is not associated with allodynia.

Perspective: This article presents an observational study whereby the pain sensitivity of patients

with chronic pain managed with opioids and opioid-maintained patients were compared with opi-

oid-naı̈ve patients. The results suggest that opioid use may contribute to an increase in the sensitivity

to certain pain experimental stimuli.

ª 2009 by the American Pain Society
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hyperalgesia is also associated with acute opioid with-
drawal and that it resolves quickly after opioid discontin-
uation.22

In humans, clinical evidence suggests that methadone-
maintained patients are hyperalgesic when compared
with previously addicted individuals11,20 and even more
so when compared with normal control subjects.12,15,28

Hyperalgesia has also been observed in patients main-
tained on slow release oral morphine31 and other opi-
oid-addicted populations.25,35 Together with the animal
data, these results suggest that hyperalgesia can be
induced by long-term opioid administration but does
not exclude the possibility that hyperalgesia is the result
of other factors in this population, such as a genetic
condition. Although these hypotheses could, in theory,
be tested directly by chronic administration of opioids
to a group of healthy control subjects, ethical consider-
ations would limit the implementation of such a study.46
A
growing body of literature, based on animal and
human studies, indicates that chronic exposure to
opioids alters pain sensitivity. In animals, recent

studies have shown that hyperalgesia (enhanced pain in
response to a normally painful stimulus30) and allodynia
(pain due to a stimulus which does not normally provoke
pain30) can develop after repeated27 and continuous41

opioid administration. Animal studies have shown that
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Although opioid-induced hyperalgesia is well described
in methadone-maintained patients, little is known about
changes in pain sensitivity in chronic pain patients admin-
istered opioids. Evidence suggests that chronic pain pa-
tients have altered acute pain sensitivity,10,37,43 with
allodynia and hyperalgesia being clinical specific compo-
nents of neuropathic pain.21 However, whether hyperal-
gesia and allodynia follow opioid administration per se,
as suggested by the animal studies,22,23,24,26,27,42,47 is un-
known. Furthermore, studies indicate that the pain
threshold values of chronic pain patients treated with opi-
oids does not significantly differ when compared with
chronic pain patients treated with nonopioid analge-
sics.17,36 However, a preliminary prospective study investi-
gating patients with chronic low back pain indicated that
1 month of oral morphine therapy was associated with
lower cold pressor tolerance times.9

This study was designed to investigate the effect of
long-term opioid use in chronic noncancer pain patients
and opioid maintained patients and to provide evidence
to determine whether chronic administration of opioids
causes hyperalgesia and/or allodynia in humans. To our
knowledge, no studies have compared chronic pain
patients, treated with either morphine or methadone,
with methadone-maintained patients or healthy opioid-
naı̈ve control subjects. Therefore, the primary aim of this
study was to investigate similarities and differences
among 3 populations that were chronically receiving opi-
oids: chronic pain patients (treated with methadone or
morphine) and methadone-maintained patients, particu-
larly with regard to pain sensitivity. Healthy, drug-free
subjects acted as control subjects.

Methods
Approval for this study was given by the Research

Ethics Committee of the Royal Adelaide Hospital, Ade-
laide, Australia. Chronic pain patients were recruited
from patients who were attending the Pain Manage-
ment Unit, Royal Adelaide Hospital, Adelaide, Australia;
these patients had clinically assessed, noncancer, chronic
pain and received oral methadone or oral morphine for
chronic pain management. Methadone-maintained sub-
jects were recruited from patients who were enrolled in
the South Australian Public Methadone Maintenance
Program. Opioid using subjects were enrolled if they
had received either morphine or methadone at least
once daily for at least 1 month, and their dose was stable
for the preceding month. Opioid-naı̈ve (no previous opi-
oid use) subjects were recruited from the general public.
Ten subjects were recruited for each group.

Exclusion criteria included average alcohol consump-
tion exceeding National Health and Medical Research
Council guidelines (greater than 40 g/d [men] or 20 g/d
[women]); a Performance Status Scale Score of 0, 1 or 2
(ie, at least ambulatory and capable of all self-care)32; cur-
rent or past history of chronic pain (excluding chronic pain
patients); the presence of a current unstable or untreated
medical condition, including heart disease, hypertension,
peptic ulcer, any other gastrointestinal disorder, psychiat-
ric disorders (excluding drug dependence), asthma, any
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other lung disease, Raynaud’s syndrome or any other con-
dition associated with abnormal sensitivity to pain; taking
antiretroviral drugs; taken any analgesics in 3 days before
testing (this exclusion criterion applied only to opioid-na-
ı̈ve control subjects and current methadone maintained
patients (‘‘analgesics’’ did not include methadone taken
for the treatment of dependence); women who were
pregnant or lactating. All subjects gave informed written
consent, were paid for their participation in this study,
and were free to withdraw at any time.

For medicated subjects, testing commenced approxi-
mately 1 hour before their next scheduled opioid dose.
Subjects completed a structured interview to assess their
demographic details, diagnosis and a detailed survey of
their current concomitant drug use. Total opioid (metha-
done equivalent) dose including adjuvant opioids
(codeine and tramadol) was calculated, according to lit-
erature,5,39 to assist in comparing the groups. Subjects
were asked to complete the following questionnaires
(where appropriate) to characterise the effects of opi-
oids: Clinical Opiate Withdrawal Scale (COWS)44,45 and
Subjective Opiate Withdrawal Scale (SOWS).19 Visual An-
alogue scale (VAS) scores (0 [no effect] to 100 [maximal
effect] mm) were recorded for the following parameters:
current opioid-withdrawal severity, intensity of chronic
pain (current, and at its best and worst during the pre-
ceding 24 hours), and after each nociceptive test, acute
pain intensity was measured.

Nociception was assessed using the cold pressor test
and electrical stimulation tests. These tests and the envi-
ronmental conditions they were performed in have been
described by us previously.15 Briefly, the cold pressor test
involved the immersion of the nondominant forearm in
0.5� to 1.5�C water and was measured in seconds. The
electrical stimulation test involved the transmission of
an electrical pulse through the earlobe and was mea-
sured in volts. Voltage was set at 0 V and increased at
a constant rate of 2 V every 1.4 seconds, up to a maximum
of 100 V. Two nociceptive measures were used: pain
threshold, when the subject verbally indicated when
they first felt pain and pain tolerance, when the subject
verbally stated they could no longer tolerate the stimu-
lus. The presence of static, mechanical allodynia was
assessed using the von Frey hair test and involved the
application of 20 monofilaments (Touch-Test Sensory
Evaluator Kit/von Frey Hairs, Stoelting; Wood Dale, IL)
and given a rank number, as adapted from the proce-
dures of Burstein et al.7 Individual filaments were ap-
plied, in ascending order, to the inside aspect of the
dominant arm approximately 5 cm distal to antecubital
crease. Pain threshold was documented as the stimulus
identified by the subject as painful in 2 of 3 applications
and pain tolerance, when the subject could no longer
tolerate the stimulus.

Statistical analyses were performed using GraphPad
Prism version 4.03 for Windows (GraphPad Software;
San Diego, CA). Qualitative data were analysed descrip-
tively. Data from each experimental group were tested
for normality and, where appropriate, analysed using
analysis of variance (ANOVA). Where data existed for
only 2 groups (ie, chronic pain patients) data were
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for each of the groups for either von Frey hair pain
threshold (c2 = 3.40, P = .33) or tolerance (c2 = 0.003,
P = .99). Censoring subjects using medication known
to be effective against allodynia (gabapentin, amitripty-
line, and sodium valproate) yielded similar results (data
not shown), with no significant differences in survival
curves for each of the groups for either von Frey hair
pain threshold (c2 = 4.82, P = .19) or tolerance (c2 =
0.003, P = .99). There were no significant differences
between the groups for either electrical pain threshold
(F3,36 = 0.616, P = .61) or electrical pain tolerance (F3,36 =
0.668, P = .57). There were no significant differences be-
tween the groups for cold pressor threshold (F3,36 =
0.993, P = 0.41). Cold pressor tolerance times compared
with control values were significantly shorter for meth-
adone maintained patients (P < .05; 95% CI, 1.337,
22.34), chronic pain patients treated with methadone
(P < .05; 95% CI, 0.5572, 21.56) and chronic pain pa-
tients treated with morphine (P < .05; 95% CI, 2.097,
23.10).

The maximum pain intensity caused by each of the
pain tests is shown in Table 3. ANOVA for each set of
pain test results suggested significant differences be-
tween the groups for the cold pressor test only. However,
Tukey’s post hoc test revealed no significant differences
between any of the groups.

No adverse events were observed in or reported by
the subjects. All vital signs (data not presented) were
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analyzed using unpaired, 2-tailed t tests; nonparametric
data were analyzed using 2-tailed Mann-Whitney tests.
The nonparametric data generated by the von Frey
Hair test were plotted as Kaplan-Meier curves (not
shown) and analyzed by the log-rank test due to the non-
parametric data and high degree of censoring (ie, pain
tolerance not attained) generated by the test. Data are
presented as mean 6 SEM and significant differences
presented as 95% confidence intervals (95% CI).
Significance was defined as P < .05.

Results
Subject characteristics, opioid treatment history, and

withdrawal measures are presented in Table 1. There
were no significant differences in general demographics
of the subjects. Significant differences were observed for
chronic pain intensity scores and data relating to opioid
treatment history. SOWS scores were significantly higher
in chronic pain patients treated with methadone com-
pared with control subjects. No significant differences
were observed for any other opioid withdrawal mea-
sure. The primary pain diagnosis of the chronic pain pa-
tients and concomitant medications used are presented
in Table 2.

Pain assessment values are presented in Table 3. There
were no significant differences in Kaplan-Meier curves

318
Table 1. Subject Characteristics

CONTROL MMP
CPP

(METHADONE)
CPP

(MORPHINE)
ANOVA, #T TEST

OR KW^ (P)

Sex (M/F) 5/5 5/5 5/5 8/2 -

Age (y) 45.6 6 2.5 43.3 6 2.2 40.5 6 2.1 46.5 6 3.0 .332

Weight (kg) 79.6 6 6.1 71.9 6 6.0 93.5 6 10.0 91.0 6 9.1 .204

BMI (kg/m2) 27.3 6 1.3 23.1 6 1.0 30.5 6 2.6 29.3 6 2.3 .051

Pain history

Chronic pain duration (mo) - - 89 6 26 159 6 36 .134#

Chronic Pain Intensity, VAS (0-100)

Now (mm) 0 6 0 3.2 6 1.9 44.6 6 11.3*** 48.3 6 5.3*** <.0001

Worst in past 24 h (mm) 0 6 0 6.7 6 4.6 62.2 6 6.7*** 69.4 6 8.8*** <.0001

Best in past 24 h (mm) 0 6 0 2.7 6 1.9 26.3 6 9.6** 43.2 6 6.0*** <.0001

Opioid treatment history

Total daily methadone dose (mg) - 59.5 6 6.2 70 6 21.1 - .639#

Total daily morphine dose (mg) - - - 136.5 6 34.5 -

Total opioid dose – oral methadone equivalents (mg)y - 59.5 6 6.2z 71 6 21.0zz 27.6 6 2.9 .0034^

Time since last opioid dose (h) - 23.6 6 0.4 14.1 6 2.0xxx 11.0 6 1.1xxx <0.0001

Opioid treatment duration (mo) - ($1) 56 6 12 37 6 12 .311#

Opioid-withdrawal scales (scoring range)

SOWS (0-76) 5.9 6 1.9 8.0 6 2.2 16.4 6 2.8* 14.30 6 2.9 .015

COWS (0-64) 0.0 6 0.0 0.2 6 0.3 0.1 6 0.1 0.6 6 0.2 .081

VAS (0-100) 0.0 6 0.0 11.8 6 4.7 13.3 6 6.0 15.1 6 7.3 .191

Abbreviations: MMP, methadone-maintained patients; CPP, chronic pain patients; BMI, body mass index.

NOTE. Presented as mean 6 SEM and analyzed by ANOVA with Tukey’s post hoc test as appropriate
# Other data analyzed by t tests or Kruskal-Wallis (KW) test with Dunn’s post hoc test
z P < .05
zz P < .01 compared with CPP (morphine)
y Including adjuvant opioids.

* P < .05

** P < .01

*** P < .001 compared with control subjects
xxx P < .001 compared with maintained patients.



Table 2. Chronic Pain Patient Primary Diagnosis / Location of Pain and Chronic Pain Patient
Concomitant Medication Use

CHRONIC PAIN PATIENTS (METHADONE) (N) CHRONIC PAIN PATIENTS (MORPHINE) (N)

Primary pain diagnosis/location Lower back (6) Lower back (5)

Crushed pelvis (1) Rheumatoid Arthritis (1)

Upper and lower back (1) Knee pain (1)

Osteoarthritis (1) Upper back (1)

Sternal stitching (1) Gastric bypass adhesions (1)

Head/neck cancer removal (1)

DRUG (N) DOSE RANGE (MG/D) DRUG (N) DOSE RANGE (MG/D)

Adjuvant Alprazolam (1) 3 Amitriptyline HCl (1) 200

Amitriptyline HCl (3) 35-75 Codeine phosphate (1) 300

Celecoxib (3) 40-400 Diazepam (5) 5-20

Codeine phosphate (2) 120-180 Diclofenac potassium (1) 150

Diazepam (3) 5-15 Ketoprofen (1) 200

Gabapentin (3) 300-1800 Meloxicam (1) 15

Paracetamol (2) 2000-3000 Nitrazepam (2) 5

Sodium valproate (2) 400-1000 Paracetamol (1) 5000

Temazepam (2) 10-20 Rofecoxib (1) 25

Sodium valproate (1) 1000

Temazepam (1) 20

Tramadol hydrochloride (1) 600
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methadone maintained patients are hyperalgesic to
cold pressor pain but not electrical pain.15 It has been
suggested that the shorter cold pressor pain tolerance
latency observed in methadone maintained patients
may be a result of ‘‘a proneness to overreact,’’15,29 and
it has been postulated that opioid addicts may at first
deny the pain they are suffering but when this denial
cannot be overcome, then they react very quickly.35

However, the results from electrical stimulation refute
the notion that the difference is in willingness to express
pain. This may suggest that opioid addicts have an ex-
clusive nociceptive profile.35 Nevertheless, chronic pain
patients using methadone or morphine for analgesia
demonstrated a comparable nociceptive profile to the
methadone maintained populations in the present
study. Although the addiction liability of subjects was
not measured in this study, other authors suggest that
within normal ranges and/or were not clinically signif-
icant.

Discussion
The primary aim of this study was to compare the noci-

ceptive profile of methadone maintained patients and
opioid-treated chronic pain patients. Results indicated
that there were no significant differences with regard
to mechanical allodynia or electrical pain yet significant
differences were observed with the cold pressor test.

The nociceptive profile of methadone maintained pa-
tients compared with healthy control subjects in the
present study showed that opioid maintained patients
are hyperalgesic when assessed with the cold pressor
test but not the electrical stimulation test. This confirms
previous data from our group that demonstrated that
Table 3. Pain Threshold Values and Resulting Pain Intensity Scores

SAMPLE POPULATION CONTROLS MMP CPP (METHADONE) CPP (MORPHINE) ANOVA/*MH (P)

von Frey pain threshold (% survival) 20% 60% 40% 40% 0.33*

von Frey pain tolerance (% survival) 90% 90% 90% 90% 0.99*

Pain thresholds

Electrical pain threshold (volts) 34.8 6 2.6 38.8 6 2.9 33.0 6 2.6 38.2 6 5.3 0.61

Electrical pain tolerance (volts) 52.6 6 3.0 52.4 6 3.6 45.4 6 3.7 50.8 6 5.7 0.57

Cold pressor threshold (seconds) 12.2 6 1.7 8.9 6 1.0 11.0 6 0.9 10.5 6 1.7 0.42

Cold pressor tolerance (seconds) 30.7 6 3.9 18.9 6 1.9* 19.7 6 2.3* 18.1 6 2.6* 0.0074

Pain intensity, VAS (0-100)

Cold pressor pain (mm) 58.8 6 7.7 59.8 6 5.9 75.2 6 8.7 84.1 6 5.3 0.04

Electrical pain (mm) 51.0 6 5.3 51.4 6 6.2 63.6 6 9.4 68.0 6 6.5 0.23

Mechanical pain (mm) 28.6 6 9.6 18.3 6 7.9 34.2 6 10.5 13.16 6.8 0.33

Abbreviations: MMP, methadone maintained patients; CPP, chronic pain patients.

NOTE. von Frey hair test data shows proportion of subjects not indicating threshold/tolerance had been reached after all hairs being applied (% survival); analyzed by

Mantel-Haenszel (MH) test. Parametric data presented as mean 6 SEM and analyzed by ANOVA.

Tukey’s post hoc test:* P < .05.



addiction to opioids occurs in a minority of chronic pain
patients,18 consequently addiction is unlikely to be a con-
tributing factor. However, chronic pain patients too are
prone to over-reaction; other studies indicate that
chronic pain patients are hypervigilant40 and attentive
to pain.16 As a consequence, psychological factors may
influence pain perception in chronic pain patients and
methadone-maintained patients alike.

No differences were observed between any of the
groups with regard to von Frey hair pain threshold,
suggesting allodynia was not present. This lack of evi-
dence for allodynia in the chronic pain patients indicates
that the etiology of their pain was not neuropathic or
inflammatory in nature. Although allodynia has been
associated with opioid administration in several case re-
ports,1,13,33,34,38 it is generally only observed either in pa-
tients administered high doses of opioids or after rapid
dose escalation.2 Other studies assessing allodynia and
thermal pain suggest that chronic pain patients may
have a similar nociceptive profile to chronic pain patients
not taking opioids.36 This alternative finding may be due
to different pain indices and pain modalities being used
compared with the present study. Indeed, the choice of
nociceptive stimuli may be an important determinant if
hyperalgesia or indeed allodynia is to be observed or
not. Tonic pain induced by the cold pressor test may uti-
lise different neurophysiological pathways (thermal no-
ciceptors and C-fibers) compared with the phasic pain
induced by the electrical stimulation test (bypassing no-
ciceptors yet using Ad-fibers) or mechanical stimulation
(mechoreceptors and Ab-fibers).8 Furthermore, phasic
pain differs compared with generally more intense and
longer-acting tonic pain states that are induced experi-
mentally and that are more directly linked to clinical
pain states. This may also explain why opioid-induced hy-
peralgesia is detectable with the cold pressor test and
not other modalities, for example, phasic-thermal,
-mechanical, or -electrical pain.

Importantly, this study has also shown that cold-in-
duced hyperalgesia is associated with morphine adminis-
tration. Although a great deal of human research has
focused on hyperalgesia associated with methadone
use, this study associates long-term morphine use with
cold pressor hyperalgesia. Together with evidence that
slow-release oral morphine in maintained subjects31 is
associated with hyperalgesia, the present study empha-
sises the animal data that associates morphine adminis-
tration with increased pain sensitivity.22-24,26,27,42,47

Although the sample populations were similar in
terms of basic demographics such as age, weight and
body mass index, each of the groups was unique in
terms of other factors. The 2 chronic pain groups treated
with opioids were similar in terms of their pain, both
qualitatively and quantitatively, and in terms of the
duration of the chronic pain they had experienced.
Although chronic pain was quantified simplistically us-
ing a VAS indicating the intensity of the pain either at
the time of testing, and the best and worst it had
been in the preceding 24 hours (Table 3), both chronic
pain groups reported similar pain intensity scores. The
chronic pain VAS scores of the chronic pain patients sug-
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gest that these patients generally experienced mild to
moderate pain during the 24 hours before testing and
during the testing period.4

Selection criteria for the methadone-maintained
group of subjects resulted in many similarities compared
with the control group, especially with regard to demo-
graphic details and pain history. Yet, when compared
with the chronic pain patients treated with methadone,
the methadone-maintained patients demonstrated par-
ticular differences distinctive of their respective treat-
ment. Differences in treatment regimens demonstrated
that methadone-maintained patients generally took
their methadone dose once a day whereas chronic pain
patients generally took their methadone dose twice
a day. This resulted in significantly shorter times since
last opioid dose in the chronic pain patients compared
with the methadone maintained patients. This reflects
the shorter analgesic duration of methadone (4 to 6
hours)6 compared with its ability to prevent the opioid
withdrawal syndrome.14 There were no significant dif-
ferences in the total daily dose of methadone taken by
either group.

Generally, there was no evidence of opioid withdrawal
syndrome in any of the subjects. Although the SOWS
score was significantly higher in the group of chronic
pain patients treated with methadone compared with
control subjects, the mean score signifies that if these
subjects were experiencing any withdrawal, it was
mild. However, this result may also reflect an inability
of the chronic pain patients to discriminate between
items on the SOWS (such as feelings of nausea, aching
bones and muscles, and trouble sleeping) and effects re-
sulting from the pain they experience or the medication
they take. This absence of opioid-withdrawal effects in
any of the opioid treated groups further suggests that
the group of subjects were stabilised and taking ade-
quate doses of their respective opioid.

There are clear limitations to this study that require ad-
dressing. Small sample size is a limitation of the study.
However, the strength of the study comes from the fact
that each population was treated with 1 primary opioid.
By limiting the selection criteria, this allowed for stron-
ger inferences regarding opioid-induced hyperalgesia
compared with studies that sampled populations that
either took more than 1 opioid or where subjects were
grouped according to class of drug rather than individual
drug.36 Concomitant medication use in the chronic pain
population is a confounding factor yet is unavoidable
when studying chronic pain populations as management
usually involves various pharmacotherapeutic strategies
and is generally advocated in these patients.3

This study made several important observations. First,
it confirmed that methadone-maintained patients dem-
onstrate hyperalgesia when nociception is measured
using the cold pressor test but not with electrical
stimulation. Importantly, allodynia was not observed
after the application of von Frey hairs. Second, it showed
that similar nociceptive profiles are found in chronic pain
patients treated with methadone. Third, this study
demonstrated that the nociceptive profile associated
with methadone administration is also observed in

Hyperalgesia in Opioid-Using Patients
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morphine-treated chronic pain patients. In conclusion,
this study has demonstrated that the hyperalgesia associ-
ated with methadone use is not only a phenomenon as-
sociated with a particular population but reinforces the
concept that hyperalgesia but not allodynia is associated
with the long-term administration of opioids.
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