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Abstract

Opioid analgesic consumption has led to an unprecedented epidemic of overdose death and opioid 

addiction in the US history. The treatment of chronic pain in patients with opioid addiction who 

receive prescriptions for opioid medications presents a clinical dilemma. Continuing opioid 

medication could result in hyperalgesia rendering opioids ineffective and in an iatrogenic 

therapeutic damage as evidenced by the worsening of addiction. Discontinuing opioid medications 

could result in severe pain and cravings that often leads the patient to the illicit market. This study 

compared methadone and buprenorphine/naloxone in patients with failed back surgery syndrome 

and opioid addiction. Nineteen participants were randomly assigned to methadone or 

buprenorphine/ naloxone and were followed for 6 months. In an intent-to-treat analysis analgesia, 

craving, functioning, drug use, depression, and treatment retention were assessed monthly. It was 

planned to enroll 66 patients with failed back surgery syndrome and opioid addiction; however, 

enrollment was closed early due to suspected abuse of medications. Patients in both treatment 

conditions exhibited significantly improved 24-hour pain severity with up to 20% reduction of 

pain severity at the last follow-up (p < .05). However, patients receiving methadone reported 

significantly reduced current pain severity, whereas patients receiving buprenorphine/naloxone did 

not. Patients reported significantly improved functioning, fewer cravings, less opioid use, and 

depression (p < .05) across the treatment conditions. When given a choice between methadone and 

buprenorphine/ naloxone, buprenorphine/ naloxone is recommended due to its superior safety 

profile. Treatment with either needs to be monitored closely.
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Introduction

Opioid analgesic consumption has led to an unprecedented epidemic of overdose death and 

opioid addiction in the US history (Kolodny et al., 2015).

For up to 43% of chronic pain patients, long-term treatment with opioids results in the 

development of tolerance to the analgesic effects of opioids and might be complicated by 

aberrant medication taking behaviors (e.g., dose escalations, “doctor shopping,”) 

(Breckenridge & Clark, 2003). Continuation of opioid medications reinforces these 

behaviors and may not provide adequate pain relief, but increases hyperalgesia instead. In 

contrast, discontinuation results in hyperalgesia and severe pain, which increases the 

potential to return to licit or illicit opioids (Garland, Froeliger, Partin, & Howard, 2013; 

Ling, Mooney, & Hillhouse, 2011).

For chronic pain patients with opioid addiction, the recommendation is discontinuation of 

the short-acting opioids followed by the use of non-opioid analgesics combined with 

behavioral addiction treatment to reduce pain and cravings and improve functioning along 

with consideration of buprenorphine, methadone, or naltrexone for treatment when 

appropriate (Substance Abuse and Mental Health Services Administration, 2011).

Clinicians need evidence-based guidelines to treat chronic pain patients with opioid 

addiction in an office-based setting to tackle the epidemic of addiction. We previously 

showed the effectiveness of buprenorphine taper for detoxification and methadone and 

buprenorphine treatment in patients with chronic pain and opioid addiction (Blondell et al., 

2010; Neumann et al., 2013). This study compared 6-month methadone and buprenorphine/

naloxone treatment in patients with failed back surgery syndrome and opioid addiction in a 

primary care setting on: analgesia, functioning, illicit drug use, treatment retention, 

depression, and cravings. The new components are the more homogenous pain condition 

sample and additional and/ or refined outcomes measures.

Methods

This superiority study used a prospective 2-arm open-label randomized clinical trial design 

comparing methadone and buprenorphine/naloxone in patients with chronic back pain and 

an addiction to prescription opioids who had been treated with opioids for pain prior to 

inclusion into the study.

The study protocol was approved by the Institutional Review Board of the University at 

Buffalo and was conducted between January 2012 and May 2014.

The participants were randomized into one of two groups that were pre-determined by 

drawing lots using a 3:3 ratio, block randomization procedure. This information was kept 

concealed and was referred to by the research associate at each enrollment. Participants and 

treatment providers were not blinded to the conditions. There was no compensation to 

patients for enrolling to not interfere with the real-world primary care setting.
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The study was conducted at an outpatient primary care office that was affiliated with the 

university and specialized in providing addiction services (medication-assisted treatment). 

Participants were recruited in 3 ways. (1) The electronic medical records of the affiliated 

primary care offices were reviewed for eligible patients who received opioid medications for 

one of the pain conditions specified above. The primary care physicians of 1503 potentially 

eligible patients were asked for approval for contacting the patient to participate in this 

study. Patients who were approved to be contacted were called and screened. (2) Patients 

seeking treatment called the addiction medicine clinic directly where this study was 

conducted and were screened during their first visit. (3) Information (i.e., brochures) about 

the study was disseminated to local health professionals (e.g., mental health professionals, 

orthopedic surgeons, hospitals etc.) who referred patients to the clinic for further screening. 

Callers were screened for study eligibility. A physician, usually the principal investigator, 

assessed eligible patients during a face-to-face interview. It was planned to enroll 66 

patients. The flowchart is shown in Figure 1.

Participants

Men and women with post-surgical chronic non-malignant back pain and failed back surgery 

syndrome due to past spinal surgery and an addiction to prescription opioids were eligible 

for randomization. The inclusion criteria included: (1) medically stable [Clinical Opiate 

Withdrawal Scale (COWS) score ≤ 5, no acute opioid withdrawal], (2) ability to give 

consent, (3) ability to understand spoken and basic written English, (4) age 18–64 years, 

inclusive, (5) residence in one of two local counties, (6) presence of a medication monitor, 

usually a family member that monitors the medication administration, (7) health insurance 

or other ability to pay for treatment, and (8) the approval from patient’s primary care 

physician. Exclusion criteria were previously published in Neumann et al. (2013). 

Additionally, individuals were excluded from the study if: (1) they were lacking a 

“medication monitor, (2) were medically unstable, or (3) were a member of a vulnerable 

population, including prisoners.

On the first visit, opioid dependence was confirmed with a 7-item checklist based on the 

criteria of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) for 

opioid dependence (304.01) (American Psychiatric Association, 2000) and a Drug Abuse 

Screening Test (DAST) score > 4 (Skinner, 1982). The main opioid of choice had to be a 

prescription analgesic. Because it is difficult to diagnose addiction in chronic pain patients, 

addiction was determined by patients self-identifying as being “addicted,” meeting DSM-IV 

criteria for dependence, and having a DAST score > 4. Patients had to have a past surgery 

with one of the following diagnoses that are consistent with ICD terminology: post-

laminectomy syndrome of the lumbar region, mechanical complication of internal 

orthopedic device, implant or graft or another acquired deformity of the spine. These were 

associated with one of the following pain syndromes: lumbar spinal stenosis, degenerative 

spondylolisthesis, or degenerative disc disease. The diagnosis of a failed back surgery 

syndrome was confirmed by clinical examination and the presence of a surgical scar on the 

back or by diagnostic imaging (i.e., CT, MRI).
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Treatment

Participants were randomly assigned to receive either of the following 6-month treatment 

protocols: 1) oral methadone tablets 30–60 mg/day; doses were divided 3–4 times daily 

(active comparator group) or 2) sublingual buprenorphine/naloxone 8/2–16/4 mg, doses 

were divided 2–4 times daily (experimental group). The dose range of buprenorphine 

originated from a 2005 study by Malinoff and the dosage range of methadone was chosen 

according to the recommendation in a 2001 study by Reisine & Pasternak (Malinoff, Barkin, 

& Wilson, 2005; Reisine & Pasternak, 2001). We showed in our previous study that these 

doses resulted in significant analgesia (Neumann et al., 2013). The design of this 

randomized clinical trial was 2 × 2 factorial: Treatment (buprenorphine/ naloxone, 

methadone) x Follow-up (baseline, 6 months). The detailed study and clinical procedures 

associated with induction, monitoring, dosing, and prevention of diversion are described in 

Neumann et al., 2013 and Blondell et al., 2010 (Blondell et al., 2010; Neumann et al., 2013).

Participants were allowed to crossover to the other study medication upon request, if they 

thought they had an inadequate response to the initial study medication (i.e., inadequate pain 

control, severe cravings, intolerable side effects, etc.). Participants were allowed to withdraw 

from this protocol at any point during the study.

Participants were seen at least monthly during follow-ups and were required to provide urine 

samples for toxicology screening at every visit. Most participants were required by the 

physician to be seen biweekly at some point during the treatment, but were only asked to fill 

out surveys and questionnaires on a monthly basis. The length of the prescription given out 

varied based on the clinician’s assessment of the participant’s clinical progress and 

trustworthiness (e.g., consistent negative toxicology, documented counseling attendance, 

bringing a lockbox), but was never longer than 1 month. After the 6-month follow-up period, 

participants were allowed to choose one of the following final treatment plans: 1) taper off 

the study medication and use only non-opioid analgesics, 2) return to using their previous 

opioid medications, or 3) remain on buprenorphine or methadone treatment.

Measures of Treatment Outcome

Baseline data for participants that were assessed included medical history, demographic 

characteristics, and substance use history (Table 1), as well as data for diagnoses (DAST) 

and withdrawal (COWS). The primary outcome was analgesia. On the first and last visit and 

at each follow-up, pain severity was assessed using a 0–10 point numerical rating scale, a 

visual analogue scale (VAS) (Boonstra, Schiphorst Preuper, Reneman, Posthumus, & 

Stewart, 2008), and the Brief Pain Inventory (BPI) (Cleeland, 2009). Secondary outcomes 

included treatment retention and retention on study medication. Furthermore, self-reported 

functioning (Roland Morris disability questionnaire) (Roland & Fairbank, 2000), cravings 

(VAS), depression (BDI-II) (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961), self-

reported drug use (i.e., marijuana, benzodiazepines, cocaine, opioids) measured as number 

of days of retrospectively reported drug use at each monthly follow-up (time line follow 

back), and self-reported alcohol use were assessed.
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Urine samples were collected under monitored conditions (i.e., by indirect observation of the 

urine collection and by checking urine temperature with a heat sensitive strip on the 

collection container). Direct observation of the urethra while voiding was generally not 

performed unless requested by the physician. Specimens were submitted to an outside 

commercial lab determined by the participants’ health insurance. The laboratory screened 

the specimens for opiates (morphine), oxycodone, fentanyl, methadone, buprenorphine, 

amphetamines, barbiturates, benzodiazepines, cannabis, and cocaine using an immunoassay, 

and the immunoassay results were confirmed with gas chromatography/mass spectroscopy 

(GS/MS). Opioid withdrawal symptoms and signs were documented using the COWS at 

induction after visit 1 (Wesson & Ling, 2003).

Statistical analysis

Research data were converted from paper study forms to electronic medical records (EMR) 

for research and clinical purposes. When available, missing data were supplemented with 

clinical information from the EMR that was entered by the physician. Data were extracted 

from the EMR and were analyzed using SPSS version 25 (SPSS Inc., Chicago, IL) and 

GraphPad Prism 6 (GraphPad Software, La Joella, CA). An alpha level of 0.05 was selected 

for our statistical tests. Pearson chi square was used to compare all categorical variables at 

baseline. A two-tailed, unequal or equal (where appropriate) variance t-test was calculated to 

assess the differences of continuous variables at baseline. The design of this randomized 

clinical trial was 2 × 2 factorial: Treatment (buprenorphine/ naloxone, methadone) x Follow-

up (baseline, 6 months). A repeated-measures analysis of variance (ANOVA) was used for 

the continuous outcome variables. Outcome measures were analyzed using an intent-to-treat 

analysis. The last observation was carried forward to the last follow-up for non-completers. 

Missing data were replaced by the series mean.

Results

Adverse events

Two participants who received methadone arrived sedated to the last follow-up appointment. 

They were partners who exhibited urine toxicology positive for opioids at every visit. Both 

admitted to abusing intravenous heroin and oral benzodiazepine continuously throughout the 

study. The PI suspected abuse of the study medication and consequently reported a potential 

adverse event to the IRB, which recommended that enrollment be closed. One of these 

participants had been assigned to methadone and was started on buprenorphine/naloxone 

following this incidence with good clinical outcomes. The other participant had been 

assigned to buprenorphine/naloxone and had switched to methadone after 1 month and was 

also restarted on buprenorphine/naloxone with good clinical outcomes.

Participant characteristics

Nineteen participants were randomized to receive either buprenorphine/naloxone (10) or 

methadone (9). All 19 participants (100%) had Medicare or Medicaid as health insurance, 13 

(68.4%) possessed an additional private health insurance. Baseline characteristics of 

completers versus non-completers and medication-switchers versus non-switchers are 

displayed in Table 1. Significantly more participants in the buprenorphine-assigned group 
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reported alcohol use at baseline than participants in the methadone-assigned group (p 
= .027).

Outcomes

Completion of treatment—Of the 19 enrolled participants, 10 participants (52.6%) 

completed the study. Treatment retention did not differ between methadone and 

buprenorphine/naloxone groups. Four participants switched study medications and 

completed the study, 3 from methadone to buprenorphine/naloxone and 1 from 

buprenorphine/naloxone to methadone. Completion of the study was associated with 

younger age of onset of opioid problem (p = .011) and higher severity of depression as 

measured by the BDI rating (p = .019).

Pain—Repeated-measures ANOVA for current pain severity measured with the VAS 

showed a significant interaction of Follow-up and Treatment [F (1,16) = 6.87, p = .019]. 

Participants receiving methadone reported significantly less severe pain at 6 months (M = 

41.31 ± 7.14) than they did at baseline (M = 76.89 ± 2.96, p ≤ .05). Participants assigned to 

buprenorphine reported significantly less pain (M = 59.78 ± 7.5) than did those assigned to 

the methadone group (M = 76.89 ± 2.96, p ≤ .05) at baseline.

Repeated-measures ANOVA for 24-hour pain severity assessed with the VAS showed a 

significant main effect of Follow-up [F (1,17) = 12.89, p = .002]. Across both treatment 

conditions, participants reported less 24-hour pain at 6 months (M = 63.49 ± 4.51) than they 

did at baseline (M = 78.82 ± 2.8), which corresponds to a pain reduction of 20%.

Repeated-measures ANOVA for pain severity measured by the BPI resulted in an interaction 

of Treatment and Follow-up [F (1,17) =7.14, p = .016]. Participants randomized to 

buprenorphine/naloxone showed significantly lower pain severity at baseline (M = 5.95 ± 

0.32) than did participants assigned to methadone (M = 7.01 ± 0.26, p < .05). The 

explanation is that participants assigned to buprenorphine/naloxone had significantly less 

least pain (p = .01). Participants assigned to methadone reported significantly less severe 

pain at 6 months (M = 5.27 ± 0.5) than they did at baseline (M = 7.01 ± 0.26, p < .05), 

which corresponds to a reduction of pain severity by 25%.

Cravings—The repeated-measures ANOVA for current cravings measured using a VAS 

showed a main effect of Follow-up [F (1,17) = 24.62, p < .001]. Participants of both 

treatment conditions reported significantly fewer cravings at 6 months (M = 18.74 ± 4.89) 

than they did at baseline (M = 64.15 ± 8.04), which is a 91.8% reduction in cravings.

Functioning—The repeated-measures ANOVA for functioning assessed by the Roland-

Morris Disability Test showed a significant main effect of Follow-up [F (1,17) = 13.5, p 
= .002]. Participants assigned to either treatment reported significantly lower scores, and 

therefore better functioning at 6 months (M = 14.29 ± 1.14) than they did at baseline (M = 

18.15 ± 1.07), which corresponds to 21.4% increase in functioning.

Depression—The repeated-measures ANOVA for depression assessed by the Beck 

Depression Inventory showed a significant main effect of Follow-up [F (1,17) = 8.41, p 
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= .01]. Participants assigned to either treatment reported significantly less severe depression 

at 6 months (M = 16.24 ± 2.57) than they did at baseline (M = 21.17 ± 2.7), changing from 

moderate depression at the beginning of the study to mild depression at the end of the study.

Drug use—The repeated-measures ANOVA for number of days taking opioids in the past 

month resulted in a significant main effect of Follow-up [F (1,17) = 79.75, p < .001]. 

Participants assigned to either treatment condition reported to have used less opioids during 

the past 30 days at the last visit (M = 3.58 ± 0.97 days) compared to baseline (M = 23.85 ± 

2.14 days). Of the 10 participants completing the study, 1 participant in each condition had a 

urine toxicology positive for opioids at the end of the study compared to 3 in the 

buprenorphine group and 4 in the methadone group at baseline. Two participants in the 

buprenorphine group and 1 participant in the methadone group reported to have used opioids 

in the last month compared to 3 in the buprenorphine group and 5 in the methadone group at 

baseline.

Side effects—At 6 months, 2 participants reported nausea/vomiting, 2 sedation/sleepiness/

cloudy thinking, 4 constipation, 1 cravings for old drugs, 3 insomnia/sleeping problems/

using dreams, and 3 headaches.

1-year follow-up—Search of the electronic records 1 year after completion of study 

showed that of the 19 who were enrolled, 7 (36.8%) participants remained in treatment with 

the study medication, 7 (36.8%) had returned to full-agonist opioid treatment prescribed by a 

pain management physician, 3 (15.8%) had received addiction treatment (inpatient 

detoxification or outpatient methadone maintenance), and no information was available for 

the remaining 2 (10.5%). The two participants associated with the potential adverse event 

were receiving outpatient methadone maintenance.

Discussion

Participants assigned to both treatment conditions (methadone and buprenorphine/naloxone) 

showed a reduction of 24hr pain severity by 20% assessed with the VAS at 6 months 

compared to baseline. However, only participants assigned to methadone reported a 

reduction of current pain severity measured by the VAS and BPI, but participants receiving 

buprenorphine/naloxone did not. Participants in both treatment conditions reported less 

cravings, less depression, less drug use, and improved functioning at the 6-month follow-up 

compared to the initial visit. The treatment conditions did not differ in treatment retention, 

drug use, depression, functioning, and side effects at 6 months.

The reduction in pain confirms the finding of our pilot study that both treatments reduced 

pain in participants with chronic pain and opioid addiction (Neumann et al., 2013). A new 

finding is that while participants in both conditions reported an improvement of 24-hour 

pain, only the methadone group reported an improvement of current pain. These results are 

clinically relevant because participants also reported an improvement of functioning, 

depression, and cravings and reduced opioid use.
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Fifty-two percent completed the study. This treatment retention resembles our previous 

study, in which 48% of the participants completed the treatment (Neumann et al., 2013).

The potential adverse event of the suspicion of misuse of the study medication methadone 

resulted in the closure of enrollment. The two participants in question had used heroin 

intravenously at least once a month throughout the study and appeared intoxicated at the last 

follow-up appointment. As a full opioid agonist methadone has the side effect of sedation. 

However, this is not to be expected at the small doses that were prescribed to these 

participants who were tolerant to opioids. Therefore, we recommend that strict guidelines 

need to be followed when prescribing methadone for chronic pain and opioid addiction, 

which includes education and counseling of participants on methadone’s safety and careful 

dose initiation and titration of methadone (Chou et al., 2014; Rosenblum et al., 2012; 

Streltzer, Ziegler, & Johnson, 2009).

The effectiveness and efficacy of methadone in treating opioid addiction has previously been 

shown (Amato, Minozzi, Davoli, & Vecchi, 2011). As a μ receptor agonist it has analgesic 

properties (Carpenter, Chapman, & Dickenson, 2000). In addition, NMDA receptor 

antagonists also appear to have analgesic properties (Reisine & Pasternak, 2001). 

Buprenorphine is a partial μ-opioid receptor agonist and κ-opioid receptor antagonist. The 

analgesic effect is hypothesized to be the result of its μ-opioid agonist effect (Gordon et al., 

2010). Conversely, κ-opioid receptor antagonists have been shown to reduce withdrawal 

symptoms (Spanagel, Almeida, Bartl, & Shippenberg, 1994). They have antidepressant and 

anti-anxiolytic effects (Knoll, Meloni, Thomas, Carroll, & Carlezon, 2007).

Pain, cravings, depression, and function measures were based on self-report and potentially 

reflect a therapeutic alliance effect. Because this effectiveness trial was open-label and not 

blinded, researchers’ and physicians’ expectations and hypotheses of outcomes might have 

affected patient outcomes. The study had a small sample size. Despite the small sample size, 

there were some statistically significant results. However, smaller effects might have not 

been detected due to the low power. Consequently, generalization of the study results might 

be limited.

Patients with chronic pain and opioid addiction are a clinical dilemma, which can be 

targeted with buprenorphine or methadone treatment. In this original clinical trial both 6-

month buprenorphine and methadone treatment improved pain, function, and reduced 

cravings in these participants in a real-world primary care clinic. Most participants were still 

in treatment 1 year after completion of the study. When a primary care physician is 

confronted with a patient who has postsurgical chronic back pain and an addiction, either 

buprenorphine or methadone may be advisable compared to continuation of full-agonist 

opioid medications. Buprenorphine is recommended over methadone due to its superior 

safety profile. When buprenorphine is not effective, methadone may be used in highly 

reliable patients; however, we suggest that methadone should be used only by physicians 

who are familiar with the use of this medication and that patients be closely monitored for 

adverse events (every 1–2 weeks).
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Figure 1: 
Participant flow chart
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