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Abstract
Although lumbar radicular pain is the most common chronic neuropathic pain syndrome, there have
been few randomized studies of drug treatments. We compared the efficacy of morphine (15–90 mg),
nortriptyline (25 –100 mg), their combination, and a benztropine “active placebo” (0.25-1 mg) in
patients with chronic sciatica. Each period consisted of 5 weeks of dose escalation, 2 weeks of
maintenance at the highest tolerated doses, and 2 weeks of dose tapering. The primary outcome was
the mean daily leg pain score on a 0–10 scale during the maintenance period. Secondary outcomes
included a 6-point ordinal global pain relief scale, the Beck Depression Inventory (BDI), the Oswestry
Back Pain Disability Index (ODI) and the SF-36. In the 28 out of 61 patients who completed the
study, none of the treatments produced significant reductions in average leg pain or other leg or back
pain scores. Pain reduction, relative to placebo treatment was 14% for nortriptyline (95% CI= [−2%,
30%]), 7% for morphine (95% CI= [−8%, 22%]), and 7% for the combination treatment (95% CI=
[−4%, 18%]). Mean doses were: nortriptyline alone, 84 +/− 24.44 (SD)mg/day; morphine alone, 62
+/−29mg/day; and combination, morphine, 49 +/−27 mg/day plus nortriptyline, 55 mg+/− 33.18 mg/
day. Over half of the study completers reported some adverse effect with morphine, nortriptyline or
their combination. Within the limitations of the modest sample size and high dropout rate, these
results suggest that nortriptyline, morphine and their combination may have limited effectiveness in
the treatment of chronic sciatica.

INTRODUCTION
Recent systematic reviews (Dworkin et al. 2003a;Finnerup et al. 2005) recommend a similar
treatment algorithm for any neuropathic pain syndrome, regardless of etiology, with the drugs
of first choice being tricyclic antidepressants, gabapentin or pregabalin, and opioids. However,
these papers acknowledge the limitation that most of their conclusions are drawn from
randomized trials in patients with diabetic neuropathy and postherpetic neuralgia.
Extrapolation to neuropathic pain of other etiologies is unproven.
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Lumbar radiculopathy caused by injury or irritation to lumbar nerve roots as a result of disc
disease is the most common type of neuropathic pain syndrome, with a point prevalence of
4.5% in individuals over the age of 30 (Heliovaara et al. 1987). Surprisingly, there are virtually
no repeated dose analgesic trials in this neuropathic pain condition. Two studies which included
small subgroups of patients with lumbar radiculopathy suggested possible pain-reducing
effects of nortriptyline in 5 patients (Atkinson et al. 1998) or fentanyl in 25 patients (Dellemijn
et al. 1998). In a crossover study of 29 patients (Khoromi et al. 2005) topiramate was only
marginally effective in treating chronic sciatica. In a large unpublished pharmaceutical industry
study, pregabalin (Remmers et al. 2000) did not reduce chronic lumbar radicular pain, in
contrast to similarly designed studies of pregabalin in diabetic neuropathy (Lesser et al.
2004;Richter et al. 2005) and postherpetic neuralgia (Dworkin et al. 2003b;van Seventer et al.
2006).

In view of the negative results in the pregabalin study, we chose to investigate the other two
drug classes recommended as first choices for neuropathic pain (Dworkin et al. 2003) (Finnerup
et al. 2005), tricyclic antidepressants (TCAs) and opioids. TCAs that inhibit both
norepinephrine and serotonin reuptake inhibitors may be more effective than more selective
reuptake blockers (Max et al. 1992) (Sindrup et al. 2003). Nortriptyline was selected instead
of the more commonly studied amitriptyline based on a head-to-head comparison (Watson et
al. l998) showing that nortriptyline, which may be better tolerated, reduced postherpetic
neuralgia as well as amitriptyline. We included a combination of nortriptyline with an opioid
based on the hypothesis that attacking multiple pain mechanisms simultaneously will improve
the therapeutic ratio (Gilron and Max 2005). The design was similar to the Gilron et al. study
(2005), which showed that the combination of gabapentin and morphine surpassed either drug
alone when each treatment was titrated to maximum tolerated side effects (Gilron et al.
2005). We conducted a four-period crossover study of MS Contin, a long acting form of
morphine, nortriptyline, their combination and placebo in patients with lumbar radicular pain.
We predicted that both individual drugs would relieve pain compared to placebo, and that the
combination would be even more effective.

METHODS AND MATERIALS
Study Population

This study was conducted at the NIH Clinical Center. The protocol was approved by the NIDCR
Institutional Review Board. Patients were recruited between February 2001 and March 2004
through local newspaper advertisements. After screening by telephone and with a clinical visit,
eligible patients signed an informed consent form.

Inclusion criteria
1. Evidence of lumbar radiculopathy, including pain in one or both buttocks or legs for

3 months or greater for at least 5 days a week and at least one of the following features
on the side corresponding to leg pain:

a. Sharp and shooting pain below the knee;

b. Pain evoked by straight leg raising to 60 degrees or less;

c. Decreased or absent ankle reflex;

d. Weakness of muscles below the knee.

e. Sensory loss in L5/S1 distribution;

f. Electromyographic evidence for L4, L5, or S1 root denervation;
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g. Imaging (MRI, CT/myelogram) evidence of nerve root compression in the
lower lumbar region;

2. Average leg pain of at least 4/10 for the past month on a numerical scale of 0 to 10
where 0 represents no pain and 10 represents the worst possible pain(Jensen et al.
1986);

3. Willingness to refrain from making changes in non-study medications taken for
sciatica, and

4. Age between 18 and 65 years at the start of the study.

The principal investigator (S.K) performed the clinical examinations. Sensory testing included
responses to pinprick, light touch, vibration and joint movement.

Exclusion criteria
1. Serious medical illness involving other organ systems such as unstable angina disease,

advanced diabetes, and cancer.

2. Prostatic disease requiring usage of urological medications

3. Pregnancy or lactation

4. History of depression requiring treatment with antidepressants within the 6 months
preceding study participation or a score of 20 or greater on the Beck Depression
Inventory(Williams and Richardson 1993) at the screening visit

5. History of narcotic or alcohol abuse

6. Narrow angle glaucoma

7. Seizure disorder

8. Fibromyalgia (Wolfe et al. 1990)

9. Pain of greater intensity in any other location than the low back or leg

10. Polyneuropathy and peripheral vascular disease associated with symptoms of
numbness, or burning pain in the lower extremities

11. Allergy to morphine, nortriptyline or benztropine

12. Evidence for multisomatoform disorder as assessed by a 15 item questionnaire, the
PHQ-15 (Kroenke et al. 1998))

13. Unwillingness to be tapered off of opioids and then maintained drug free for two
weeks prior to randomization to study medications for participants on maintenance
opioid regimen at the time of study enrollment

Imaging and laboratory evaluation
Patients submitted an MRI of the lumbosacral spine taken within a year prior to study
enrollment or this was performed upon study entry. Two neuroradiologists blinded to the
patients’ symptoms reviewed the films, commenting on degenerative disc or joint disease and
other findings contributing to low back pain or radiculopathy according to definitions and
classifications proposed by the American Society of Neuroradiology (Fardon and Milette
2001) . Patients were classified as lateral recess syndrome (LRS), neural foramen stenosis
(NFS), canal stenosis (CS), or their combination if their clinical findings and MRI offered a
consistent anatomical explanation of their root symptoms resulting from compression of roots
due to degeneration of joint, facet and or disc. Patients with no visible root compression were
classified as degenerative disc disease and/or degenerative joint disease ((DDD/ DJD).

Khoromi et al. Page 3

Pain. Author manuscript; available in PMC 2008 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Laboratory evaluation included a complete blood count with differential, sedimentation rate,
antinuclear antibody titer, and rheumatoid factor to exclude inflammatory arthritis, cancer, and
spinal infection.

Study Design
This was a single-center four-period, crossover, randomized trial comparing four treatments:
sustained-release morphine, (MS Contin; Purdue Pharma, Stamford, CT); nortriptyline,
(Dinamite Di Pharma, SPA, Milano, Italy); a combination of morphine and nortriptyline; and
active placebo, benztropine (Sidmak Labs, East Hanover, NJ). Benztropine has no known effect
on neuropathic pain but causes side effects such as dry mouth and mild constipation that mimic
those of morphine and nortriptyline, which may therefore produce more effective blinding than
inert placebo (Moulin et al. 1996;Watson et al. 2003).

Randomization was performed by the NIH Pharmaceutical Development Service. Patients
were assigned by random numbers within blocks of four to one of four treatment sequences
specified by a Latin square. During the MS Contin treatment period, each blue pill contained
MS Contin 15 mg and each pink pill contained inert placecbo. During the nortriptyline
treatment period, each blue pill contained inert placebo and each pink pill contained 25 mg of
nortriptyline and. During the combination treatment period, each blue pill contained MS Contin
15 mg and each pink pill contained 25 mg of nortriptyline. During the placebo treatment period,
each blue pill contained 0.25 mg of benztropine and each pink pill contained inert placebo. We
considered the inert placebo to be sufficient in the treatment periods that included nortriptyline
or morphine alone, because the active medication produced side effects.

Blue capsules were taken in the morning and at bedtime, and pink capsules were administered
at bedtime. The maximum daily doses during both single drug and combination treatment
periods were 90 mg for morphine, and 100 mg for nortriptyline. During week 1, patients were
started on morphine 15 mg at bedtime or one morphine placebo capsule and if the patient
tolerated this dose well, the dose was increased to one capsule twice daily on the fourth day of
treatment. Over the next four weeks the morphine dose was increased by one 15 mg tablet per
week at the beginning of each week. Patients were then maintained on the highest tolerated
dose for two weeks before starting a taper. Nortriptyline was started at a 25 mg dose at bedtime
at the beginning of the second week and this dose was increased by one 25 mg capsule at the
beginning of the subsequent 3 weeks as tolerated. Doses of benztropine ranged from 0.25 – 1
mg/day.

All medications were tapered over a 10 day period and the patients were drug free for another
4 days prior to starting the next period. The patients were maintained at the maximum tolerated
doses of blue and pink capsules for two weeks during each period if this was acceptable to the
patient.

If patient’s pain level dropped to below 4 on the scale of 0 to 10 then the patient was asked to
wait until his or her pain level increased to 4 or greater before starting the next treatment period.
Patients also were asked to refrain from making changes in their analgesic medication regimen,
or taking any opioids, SSRIs and tricylic medications outside of the protocol during the study.
Anti-inflammatory medications and acetaminophen were allowed as rescue medications.

Patients were given a bottle of tablets consisting of docusate sodium 50 mg + sennosides 8.6
mg and were instructed to start taking two tablets at bedtime if they did not have a bowel
movement two days after starting a new regimen or after a dose change, increasing the dose
as needed to a maximum of 6 tablets per day.
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Outcome Assessment
Each day at bedtime, patients rated their average back, leg and overall pain (leg + back), and
worst back, leg and overall pain over the last 24 hours using 0–10 numerical scales (Jensen et
al. 1986). For people who had pain in both legs, pain on the worse side was recorded. During
the patients’ follow up visit to the Clinical Center at the end of each period, the study nurses
collected the pain diaries and questionnaires. They then entered this data into a database from
which all study outcomes were derived.

For the primary outcome we chose the comparison of mean scores for average leg pain during
the two weeks of maintenance on morphine, nortriptyline, and their combination as compared
to placebo. We chose leg pain over back pain because we were testing the principle that
nortriptyline, morphine, and their combination relieve nerve root pain, and leg pain is more
likely than back pain to reflect nerve root pathology.

Other outcome measures were: (1) Global pain relief (GPR) , (leg and back pain combined)
using a categorical pain scale rating overall pain outcome as worse, no relief, slight, moderate,
a lot, and complete relief; (2) the Oswestry Low Back Pain Disability questionnaire (Fairbank
et al. 1980) (3) the Beck Depression Inventory (Williams and Richardson 1993) and (4) the
36-item Short Form of Health Survey (SF-36), a general health status instrument that measures
the social, mental and emotional dimensions of health and illness (Ware 2000).

NNT and NNH
We used both global pain relief scores of moderate or better pain relief and a lot or better pain
relief for each drug as response criteria to calculate the number needed to treat (NNT). NNT,
the reciprocal of the absolute risk reduction, is an easily understood estimate of the effect of
treatment and represents the therapeutic effort required to realize a specific clinical benefit
(Irvine 2004). NNT = 1/ ((proportion of patients in the treatment group with GPR score meeting
the response criterion) - (the proportion of patients in the placebo group with the GPR score
meeting the response criterion)) (Irvine 2004)) Number needed to harm (NNH), was calculated
by the same method based upon the number of patients who dropped out of each arm due to
side effects. Because we pre-specified a single primary outcome measure, we considered all
other statistical tests to be exploratory, and did not correct for multiple comparisons except for
the multiple SF-36 subscales.

Blinding
The NIH Pharmaceutical Development Service was in charge of drug randomization. Patients
and research staff were blinded to the randomization order. During the patients’ follow up visit
to the Clinical Center at the end of each period, both the patients and the study nurses were
asked to fill a blinding questionnaire. Patients were asked which of the four treatments they
had just taken, how certain they were of their guess (not at all, somewhat and very), and what
they based their guess on: side effects or pain relief.

Sample Size
We estimated the sample size to be 28 patients for alpha = 0.05 and beta = 0.20 using the sample
size formula for a crossover study (Colton 1974). We used 2.9 as the standard deviation for
the difference between drug and placebo based on a drug trial of opioids in patients with chronic
low back pain (Schnitzer et al. 2000). We set the effect size to 1.6 on a scale of 0 to 10. This
corresponds to approximately 30% pain reduction, which many patients with neuropathic pain
consider to be a clinically meaningful difference (Farrar et al. 2001).
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Adverse Effects
Adverse effects were elicited during twice weekly phone calls made by the study nurses
throughout the study and they were rated as mild, moderate or severe. Patients who remained
in pain were asked whether they could tolerate dose increases. For mild adverse effects, the
patient’s dose was not increased further until the adverse effect resolved. Study medications
were decreased to the previously tolerated doses whenever the patient developed an adverse
effect of moderate intensity. For severe side effects the study medications were stopped or
tapered based on patient and P.I. agreement.

Analysis
The preplanned analysis of the primary outcome was to compare patients’ mean scores for pain
while taking the maximal tolerated dose of the assigned drug during week 4 and 5 across all
treatments. The efficacy analysis included only patients who completed two or more treatment
periods. Patients who dropped out during the first or second treatment periods were considered
to be missing. Linear mixed models were set for the 28 study completers to assess whether
there were any differences between the analysis of the pain outcomes between study
participants with analyzable data vs. study completers. Patients who received at least one dose
of any study medication were included in the analysis of adverse effects.

A linear mixed model in which “treatment”, “sequence”, and “treatment period” were the fixed
effects and the patient (nested in the sequence of treatment periods) was the random effect was
fitted with each of the pain outcome scores and all continuous secondary outcome scores. For
all pain scores each model was adjusted for the baseline pain score and for the secondary
outcomes, the model was adjusted for the baseline scores as well. In these models, “sequence”
represents carry over effect and “treatment period” represents period effect (Hills and Armitage
1979;Milliken 1984). According to this method, the global difference among all treatments
was first tested in the model. Only when this test was significant at the 0.05 level were pairwise
comparisons made. Secondary continuous outcome measures were analyzed in a similar
fashion. If “period” and/or “sequence” were significant at a p<0.05 in any particular model,
then a different model was set where the data from only the first treatment was used.

An intent-to-treat analysis that included patients with either zero or one evaluable treatment
was not done because of the crossover design and the haphazard pattern in missing scores from
diaries for some study participants.

RESULTS
Subjects

Out of 1428 phone responders, 1362 had either back pain alone, pain location and quality that
were typical of myofascial pain in the lower extremities (localized stiffness and dull aching
pain in the buttock, thighs or legs), pain of lesser duration or intensity than required by the
study, or were not interested in a drug treatment study. Sixty one of the sixty six respondents
who qualified for the study based on the phone screening and were willing to participate in a
drug trial met the inclusion and exclusion criteria.

Of 61 patients that underwent screening (figure 1), 6 declined to participate in the study prior
to randomization to study medications. Nine patients dropped out during or after treatment
with morphine alone. (Five withdrew because of side effects, 3 moved away and 1 withdrew
for personal reasons); 3 dropped out during or after treatment with nortriptyline (2 withdrew
because of side effects and 1 due to an unrelated medical problem); 6 patients dropped out
during or after combination treatment (4 due to side effects and 2 for personal reasons); 9
dropped out during or after treatment with placebo (1 due to side effects, 3 because of lack of
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pain relief, 3 moved away, 1 due to an unrelated surgery, and 1 was excluded because of
noncompliance). Examination of dropouts according to sequence shows that 9 patients dropped
out of the morphine-placebo-nortriptyline-combination sequence; 7 patients dropped out of the
placebo-combination-morphine-nortriptyline sequence; 4 patients dropped out of the
combination-nortriptyline-placebo-morphine sequence; 6 dropped out of the nortriptyline-
morphine-combination-placebo sequence. None of the patients who opted to participate in the
study were on opioids during the two months prior to study entry.

Twenty-eight patients completed the trial (Figure 1). One patient violated the protocol by taking
opioids in addition to study medications during the second period of the study. He was therefore
was excluded from the trial at that time and his scores were not included in the analysis There
were no differences among the demographic and baseline characteristics of patients who
underwent randomization, study completers and patients who completed at least two periods
(Table 1). None of the patients were involved in litigation for compensation or disability for
their pain at the time of screening and during the course of the study. None of the patients who
participated in the study met critieria for multisomatoform disorder on the PHQ-15.

Mean doses were: nortriptyline alone, 84 +/− 24.44 (SD)mg/day; morphine alone, 62 +/−29mg/
day; and combination, morphine, 49 +/−27 mg/day plus nortriptyline, 55 mg+/− 33.18 mg/day.
None of the patients were taking quinidine, SSRIs or other significant inhibitors or inducers
of cytochrome P450 2D6 isozymes, the key metabolizers of nortriptyline.

Effect of Treatments
There were no significant differences among the four treatments for average leg pain, the
primary study outcome, either for patients who completed at least two treatments or for the 28
study completers. For the 28 study completers, percent reductions in average leg pain during
the last two weeks of maintenance treatment were 7% for morphine (95% CI= [−8%, 22%]),
14% for nortriptyline (95% CI= [−2%, 30%]), and 7% for the combination treatment (95%
CI= [−4%, 18%]) as compared to placebo for the 28 study completers(Table 2). Treatment
effects on the other pain outcome scores for the 28 study completers were also not significant
(Table 2).

Among patients who completed at least two periods, treatment was significant only in the model
for worst overall pain (p=0.02). A Bonferroni procedure was used to adjust for the 6
comparisons made within each pair of drug treatments. Adjusted pairwise comparisons showed
that only the combination treatment was significantly better than placebo (p=0.04). The
analysis of the first period data only for average back pain showed that treatment was significant
in the overall model (p=0.005). After adjusting p-values in a similar fashion for multiple testing,
pairwise comparisons showed that nortriptyline was significantly better than placebo (p=0.01)
and morphine alone (p=0.02).

The primary analysis for the 28 study completers showed no significant period or carry over
effect between any two possible sequences of treatment. Among the 34 patients who completed
at least two periods, there were no significant period or carryover effects between any two
possible sequences of treatments for any of the pain scores except for average back pain where
period effect was significant (p= 0.04).

The number of patients reporting moderate pain relief or better on the Global Pain Relief
questionnaires for, morphine, nortriptyline, the combination treatment and placebo were 13
(42%), 12 (40%), 18 (67%), and 11 (37%) respectively. Wilcoxon Rank Tests were associated
with p values of 0.46 for morphine, 1 for nortriptyline and <0.0001 for the combination
treatment as compared to placebo respectively. P values for the comparison of morphine to
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nortriptyline (p=0.27), morphine to the combination treatment (p=0.061), and nortriptyline to
the combination treatment (p=0.093) were not significant.

Secondary Outcomes
“Sequence” was not significant for any of the SF-36 outcome scores in the linear mixed models
using scores for the patients who completed at least two periods. Significant period effect was
found for the reported health transition category of the SF-36 (p=0.045); “treatment” in the
modified model for this category where only data from the first period treatment was used did
not reach statistical significance. In the analysis for the 28 study completers, there was a period
effect (p=0.04) for one category of the SF-36, the role physical and for the category social
function there was a carry over effect (p=0.02). Treatment in the modified models with the
scores from the first treatment only was not significant for either category. For patients who
completed at least two periods, “treatment” was not statistically significant in the linear mixed
models fitted for either the Beck Depression Inventory (p=0.14) (Table 4) or the Oswestry
Disability Index (p= 0.2) (Table 4). For the 28 study completers treatment was not significant
in the models fitted for the Beck Depression Inventory (p=0.15) and the Oswestry Disability
Index (p=0.082) either.

Analysis in all patients with analyzable data for the SF-36 health survey (Table 5) showed that
treatment was not associated with statistical significance for any of the categories except for:
(1) The “Emotional Role” subscale (overall model’s p = 0.04), for which after adjusting the p
value with a Bonferroni procedure only the combination treatment was associated with higher
scores compared to placebo (p=0.03); And (2)The “Mental Health” subscale, for which
treatment was significant at 0.04 in the overall model but the adjusted p values for pairwise
comparisons using the Bonferroni procedure did not reach statistical significance.

Blinding
By chance alone, an observer would identify each of four treatments correctly an average of
25% of the time. On the blinding questionnaires, the numbers of correct guesses by patients
were 9 (32%) for morphine treatment periods, 9 (32%) for nortriptyline, 10 (37%) for the
combination treatment, and 11 (39%) for placebo. The frequencies of nurses’ correct guesses
were 7 (35%) for morphine, 5 (17%) for nortriptyline, 4 (25%) for the combination treatment,
and 9 (50%) for placebo. A percent larger than 25% for any treatment suggests that the patients
or nurses were not optimally blinded during that treatment.

Adverse effects and NNH
At the maximal tolerated doses, the most frequent adverse effects reported by the study
completers were constipation, dry mouth, drowsiness, and fatigue (Table 7). During the
morphine treatment two patients withdrew because of sedation, one because of nausea,
vomiting and severe constipation, one because of a rash, and severe dry mouth, while during
the nortriptyline treatment two withdrew because of sedation. During the combination
treatment two patients withdrew because of sedation, one because of nausea and vomiting, and
one because of a rash whereas during the placebo treatment one patient withdrew because of
sedation. NNHs were 10, 30, and 11 for morphine, nortriptyline and the combination treatment
respectively.

DISCUSSION
To our surprise, this trial showed that based on our primary outcome score, average leg pain,
chronic lumbar radicular pain did not respond well to either a tricyclic antidepressant or an
opioid in doses that have been effective in many studies of painful diabetic neuropathy and
postherpetic neuralgia (Kishore-Kumar et al. 1990;Max et al. 1992), (Watson et al. 1982;Max
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et al. 1988) ,, (Watson et al. 1998) (Dellemijn and Vanneste 1997;Dellemijn et al. 1998),
(Rowbotham et al. 2003), (Rowbotham et al. 1991), (Raja et al. 2002;Gilron et al. 2005),
(Watson and Babul 1998;Gimbel et al. 2003;Watson et al. 2003). A morphine-nortriptyline
combination was also ineffective. The rank ordering of the small trends towards pain relief
varied among the pain measures, but morphine was the least effective on all measures, reducing
leg and back pain by 1–7% compared to placebo (Table 2). These results suggest that responses
of neuropathic pain to various drugs may differ depending upon the etiology of neuropathic
lesion (Sindrup and Jensen 1999;Sang et al. 2002;Finnerup et al. 2005).

We cannot rule out the possibility that the lack of statistical significance for most treatment
effects was due to chance effect. For example, the 95% confidence interval for the effect of
nortriptyline alone includes a maximum pain reduction of 30% relative to placebo, equivalent
to the more impressive results reported in diabetic neuropathy pain(Max et al. 1992) and
postherpetic neuralgia (Watson et al. 1998). The modest sample size of about 30 patients per
treatment accounts for this uncertainty, but this is a limitation of any single-investigator study.
Isolated results approached statistical or clinical significance, such as the very small p value
for the global pain relief scores for the combination (Table 3), 9-14% reductions in the
numerical pain scores for nortriptyline (Table 2), and the significant p value associated with
the comparison of the combination treatment vs. placebo for worst overall pain in the analysis
of the 34 patients who had completed two or more treatments. However the entire pattern of
data does not recommend any of the treatments. No conclusion can be drawn from the
significant p value associated with the combination treatment as compared to the placebo
treatment for average back pain using “the first period only” scores either given the very small
number of patients assigned to each of the 4 subgroups during the first treatment period.
Although the global pain relief scores for the combination treatment were significantly better
than placebo (Table 3), this was probably a chance effect because the other pain scores do not
confirm this.

However, drug companies developing new antidepressants that block reuptake of
norepinephrine and serotonin might view our equivocal nortriptyline data as a “glass half full.”
If the true pain reduction is similar to our estimate of 14% on the 0–10 scale, or an NNT of 6
for the criterion of “a lot” or “complete” relief, a larger study might establish the treatment as
the only proven treatment for a large population of pain patients.

We must also consider the possibility that bias affected the result. The most worrisome issue
is the high dropout rate. Twelve patients dropped out due to side effects and 15 patients dropped
out due to unrelated reasons after randomization to study medications. Several considerations
make us think that the dropouts were not likely to have caused a false negative result: (1) The
proportion of drop outs from the 4 possible sequences were fairly balanced. Therefore it is
unlikely that a bias would have been introduced against any particular treatment. (2) Patients
who dropped out due to side effects may have been somewhat reluctant to do so if they were
experiencing pain relief with any of the study drugs. Therefore, if they had completed the study,
this might have led to even more negative results. (3) The modest trend towards unblinding of
treatment identity would have tended to increase differences in scores between active drug and
placebo and led to more positive results. In addition to the high dropout rate, recruitment of
patients by newspaper advertisements may limit the generalizability of these results to any
particular clinic population.

We recently participated in a study in which nortriptyline and morphine produced much more
impressive pain reduction in postherpetic neuralgia, using similar treatment regimens and
outcome measures (Raja et al., 2002). In this 76-patient crossover study, morphine or
methadone, and nortriptyline or desipramine were effective in alleviating pain based both on
mean pain reduction (=1.2 for nortriptyline vs. 0.7 for nortriptyline in our study, and = 2.2 for
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morphine vs. 0.35 for morphine in our study) and NNT scores (NNT= 2.7 for opioids vs. 11
for opioids in our study, and NNT= 4 for TCAs vs. 17 for nortriptyline in our study.

If replicated in additional groups of patients with chronic lumbar root pain, these data would
suggest that features of the underlying pathophysiology renders them less responsive to opioids
and tricyclics than patients with diabetic neuropathy and postherpetic neuralgia, at least in
dosages that have been shown to be effective in the treatment of these other syndromes. This
finding also helps explain the longstanding controversy among pain clinicians regarding
whether neuropathic pain is “opioid resistant.” (Arner and Meyerson 1988) (Eisenberg et al.
2005). We would expect clinicians’ impressions about this point to vary widely, depending
upon the types of neuropathic pain syndromes they treat.

In conclusion, our results suggest that opioids, tricyclic antidepressants, and their combination
may be relatively ineffective in the treatment of lumbar radicular pain. However replication is
needed because our sample size was small, dropout rates high, and newspaper-based
recruitment may have drawn a treatment-resistant population. These results stand in contrast
to findings in painful diabetic neuropathy and post-herpetic neuralgia where TCAs and opioids
have been repeatedly shown to be effective. These differences could be due to distinctions in
the underlying etiology of pain. Studies using other classes of medications are warranted in
this vexing yet common clinical pain syndrome. Moreover, these results suggest that more
research needs to be performed in animal models specific to spinal root pain (Lacroix-Fralish
et al. 2006) in order to identify new analgesic targets for the pain caused by root lesions.
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Figure 1.
Study Algorithm
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Table 1
Demographics

All Participants 28 Study Completers

Sex (F/M) 25/30 14/14
Age (years)
 Median 53 52.5
 Range 19–65 30–64
Work Status
  (Non-retired/retired/unemployed or on disability) 42/6/6 23/2/3
Pain Duration (years)
 Median 5 5
 Range 0.3–37 0.3–37
Diagnosis
 L4/L5 radiculopathy 5 2
 L5/S1 radiculopathy 40 22
 L4/S1 radiculopathy 1 0
 L4/L5/S1 radiculopathy 5 3
 L5 radiculopathy 1 0
 S1 radiculopathy 3 1
MRI Diagnosis
 Neural foraminal stenosis 5 2
 Canal stenosis 16 8
 Lateral recess syndrome 6 2
 DJD/DDD 18 11
 NFS, CS 3 1
 LRS, CS 3 2
 NFS, LRS 1 1
 LRS, CS, NFS 2 1
 Not Diagnosed 1 0
Prior Analgesic Medications
 Non steroidal anti-inflammatory drugs 44 22
 Opioids 18 8
 Anticonvulsants 6 3
 Antidepressants 4 1
 Muscle relaxants 11 3
 Other 26 15
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Table 3
Global Pain Relief Global Pain Relief

MS Contin (N=32) Nortriptyline (N=31) Combination (N=28)* Placebo

(N=33)
Worse pain 2 4 0 1
No pain relief 8 9 5 11
Slight pain relief 9 6 5 10
Moderate pain relief 5 2 10 6
A Lot of pain relief 7 8 7 5
Complete pain relief 1 2 1 0
NNT(Moderate or 13 18 3
NA greater relief)
NNT(A lot or complete NA
relief)

10 6 7

*
P-value for the Wilcoxon Rank test was significant (p < .0001) for the combination treatment as compared to placebo
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Table 6
Adverse Effects for 28 Study Completers

Symptom Morphine (%) Nortriptyline (%) Combination (%) Placebo (%)

Constipation 64 25 71 7
Dry Mouth 21 36 29 21
Headache 14 7 14 14

Drowsiness 25 7 11 4
Tired/Fatigue 7 11 14 18

Dizziness 14 7 4 4
Insomnia 7 11 11 0
Nausea 7 0 4 0

Difficulty urinating 4 4 7 0
Sexual Dysfunction 11 0 4 0

Abdominal pain 4 4 7 0
Weakness 0 0 7 7

Decreased appetite 7 0 4 0
Heartburn 4 7 0 4

Blurred Vision 7 0 4 11
Thirsty/Dehydrated 0 7 0 0

Weight Gain 0 7 0 0
ANY SIDE EFFECT 93 68 89 50

Data are reported only for adverse effects with an incidence greater than 5 percent for any treatment.
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