
Background: Chronic low back pain (CLBP) incurs huge costs owing to increased healthcare 
expenditure, disability, insurance, and work absenteeism. Opioid analgesics are commonly used for 
the management of CLBP.

Objective: To compare and rank the opioids used in the management of CLBP, in terms of 
efficacy and safety.

Study Design: Systematic review and network meta-analyses (NMA). 

Method: The search was conducted in Embase, PubMed, Cochrane databases for randomized 
controlled trials (RCTs) that had evaluated the efficacy and safety of opioids in CLBP. Two authors 
independently performed data extraction and quality assessment. The proportion of patients 
reporting either 30% or 50% reduction in pain from baseline to follow-up on the numeric rating 
scale, was measured as efficacy outcome. Pairwise meta-analyses and Bayesian NMA, within the 
random-effects model, were used to synthesize data. Effect estimates from Bayesian NMA were 
presented as odds ratio (OR) with 95% credible intervals (CrI). Heterogeneity and convergence 
were assessed by using I 2 and deviation information criteria.

Results: Twenty-three RCTs with a total of 8,420 patients, evaluating 13 different opioids were 
included in this NMA. For 30% pain reduction, oxymorphone (OR: 5.36; 95% CrI: 1.02-30.3), 
tramadol with acetaminophen (OR: 2.37; 95% CrI: 1.08-5.17), and buprenorphine (OR: 2.29; 95% 
CrI: 1.05-5.07) shown statistically significant more effective than placebo. For 50% pain reduction, 
the statistically significant difference is observed with buprenorphine (OR: 2.38 95% CrI: 1.08-
5.24), oxymorphone (OR: 5.10; 95% CrI: 1.31-20.41), and tramadol with acetaminophen (OR: 
2.11; 95% CrI: 1.07-4.21). Hydrocodone (OR: 0.33; 95% CrI: 0.14-0.77) was found statistically 
safer compared to the other opioids.

Limitations: Only 5 trials had more than a 12-week study duration. We need clinical trials with 
longer follow-up as CLBP management requires a longer duration, and long-term prescribing of 
opioids associated with severe adverse event profile, development of tolerance, and dependence.

Conclusions: Oxymorphone has an advantage over other opioids to reduce pain by 30% and 
50% in patients with CLBP.
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LLow back pain (LBP) is a ubiquitous, disabling 
musculoskeletal disorder confronted frequently 
in the clinical practice. A global burden of 

disease study promulgated LBP amongst the top 5 
leading causes of years lived with a disability (1). LBP 
is defined as pain or discomfort in the lumbar region, 
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below the costal margin and above the gluteal fold, 
that may or may not radiate to the leg (2). Chronic LBP 
(CLBP) is characterized as persistence of symptoms for 
a period greater than 12 weeks (3). From the societal 
perspective, CLBP incurs huge costs owing to increased 
healthcare expenditure, disability, insurance, and work 
absenteeism (4).

The management of CLBP is challenging because 
of its heterogeneous aetiologies and underlying 
mechanisms. Patients are managed depending on the 
type and source of the pain. Many noninvasive treat-
ment options, including pharmacologic (e.g., skeletal 
muscle relaxants, antidepressants, and opioids) and 
nonpharmacologic interventions (e.g., yoga, exer-
cise, etc.), are available for the management of CLBP 
(5). Most of the management guidelines recommend 
paracetamol or nonsteroidal anti-inflammatory 
drugs as first line therapy (6). The American College 
of Physicians recommended tramadol or duloxetine 
as a second line therapy (5, 6). However, if the pain 
becomes nonresponsive to the first- or second-line 
therapy, opioids are recommended. Furthermore, 
50 to 60% of global LBP cases are being regularly 
prescribed opioids, around 20% being long time us-
ers (7,8). Meanwhile, there is still a large group of 
physicians opposing chronic opioid use because of 
their side effect profile, the risk of abuse, and physi-
cal dependence.

In randomized, controlled trials (RCTs), opioids 
have demonstrated their superior efficacy over placebo 
(9,10). However, relative efficacy of opioids is unknown 
due to paucity of trial on head-to-head comparisons 
between various opioids or their combinations. There-
fore, this network meta-analysis (NMA) of RCTs was 
performed to compare opioids with either another 
opioid or placebo to provide relative efficacy and rank-
ing of opioids based on their efficacy and safety for the 
management of CLBP.

Methods

The manuscript adheres to the reporting guide-
lines of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) for NMA (11). 

Eligibility Criteria
The RCTs were included in this NMA if they had 

recruited adult patients of with either CLBP, with or 
without radiating symptoms in the lower limbs, and 
evaluated the efficacy and safety of opioids for a pe-
riod of at least 4 weeks or longer as compared to any 

other opioid or placebo. We included RCTs with opioids 
given by oral or transdermal route.

Types of Outcomes
The RCTs must have reported on at least one of 

the following outcomes: proportion of patients report-
ing either 30% or 50% pain reduction on the numeric 
rating scale (NRS-11) or visual analog scale (VAS) from 
baseline to follow-up (efficacy outcomes), and total 
withdrawal, due to any reason from the trial (safety 
outcome).

Exclusion Criteria
Studies were excluded if they had recruited pa-

tients with acute LBP, sub-acute LBP, failed back surgery 
pain, postoperative surgical pain, and osteoarthritis 
and if the opioids were administered by intravenous 
route. The RCTs comparing an opioid with another 
nonpharmacological therapy were excluded. Case 
series, reviews, observational studies, editorials, and 
letters to editor are also excluded. 

Search Strategy
The search strategy was developed and conducted 

in PubMed, Cochrane database, clinical trial registries, 
and EMBASE databases separately, retrieving relevant 
RCTs using keywords by a skilled medical librarian, with 
inputs from investigators. The reference section of rel-
evant systematic reviews for the retrieval of additional 
eligible trials were also examined (Supplemental Tables 
1-3).

Selection of Studies
Two authors (BC and KS) independently screened 

titles and abstracts of the studies retrieved during the 
initial search for their potential eligibility. The RCTs 
having divergent opinion were selected according to 
a consensus reached between the 2 authors. In the 
absence of a consensus, a third investigator (BG) evalu-
ated the potential eligibility of the study and resolved 
any disagreements through discussion.

Data Extraction
Two authors (BC and KS) independently extracted 

the following data from included RCTs using prede-
signed data collection forms. 1) study details; 2) disease 
details; 3) intervention details; and 4) outcome details. 
If patients were randomized to different dosages of 
the active intervention, then only data for the most ef-
fective dosage of the medication was considered.
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Risk of Bias 
Two authors (BC and KS) independently per-

formed the rating for the risk of bias in the included 
RCTs using 11-item PEDro scale (12). Each item in the 
PEDro scale (excluding the item for external validity) 
was scored as either present (1) or absent (0) to give a 
total score out of 10. Trials with a score greater than 7 
were to be considered at high risk of bias; those scor-
ing less than or equal to 7 were to be considered at 
low risk of bias.

Statistical Analysis
For binary outcome variables, the outcome mea-

sure calculated was the odds ratio (OR) along with 
the 95% credible interval (CrI). Pairwise meta-analysis 
(PMA) was performed between 2 similar interventions, 
which have more than 2 trials by using a random ef-
fects model. Network meta-analysis (NMA) is a sta-
tistical technique for comparing multiple treatments 
simultaneously in a single analysis by combining direct 
and indirect evidence within a network of RCTs. NMA 
produces estimates of the relative effects between any 
pair of interventions in the network and yields more 
precise estimates than a single direct or indirect esti-
mate. It also allows an estimation of the ranking and 
hierarchy of interventions. For indirect comparisons of 
opioids, NMA for all treatments to the given outcome 
was performed within a Bayesian framework using the 
Winbugs (13).

A random effects model was used to perform 
NMA of different opioids as significant heterogeneity 
was expected. Noninformative priors with vague nor-
mal (mean 0, variance 0.0001) and uniform (0-2) prior 
distributions for efficacy and safety outcomes used to 
estimate the posterior distribution of these outcomes. 
These posterior distributions are used to make infer-
ence about clinical parameters. Posterior distributions 
of clinical outcome parameters are estimated by us-
ing Markov Chain Monte Carlo (MCMC) simulation. 
MCMC provides algorithms for systematic, random 
sampling from probability distributions. Three markov 
chains (MC) with different initial values of efficacy and 
safety outcomes are used to generate MCMC simula-
tions. A total of 50,000 simulations for each chain 
were generated and the first 50,000 initial values of 
clinical outcomes were discarded to avoid potential 
impact of initial values (called burn in process) on 
the arbitrary value of outcomes. The inference of fi-
nal summary statistics are based on simulation of an 
additional 1,000,000 iterations. The goodness of fit 

are compared with the posterior mean of the total 
residual deviance and the deviance information crite-
rion (DIC). Convergence was assessed by inspection of 
trace plots, quintile plots, and MC error of monitored 
efficacy and safety parameters. 

A network graph was created to show relation-
ships among different interventions compared for 
specific outcome by using netmeta package in R pro-
gramming language (14). The relative efficacy and 
safety of opioids are reported as netleage tables. The 
ranking of opioids for the efficacy and safety outcomes 
were also evaluated by using posterior estimates. The 
opioid with a larger P-value was considered as more 
effective than others. Therefore, P-values are used to 
evaluate the ranking probabilities of each opioid for 
specific outcome. 

Additional Analyses

Heterogeneity Assessment
To test the heterogeneity of each PMA, trial 

variation (σ) and tau statistic were used. The effective 
number of parameters (pD) were also used to assess the 
heterogeneity. Inconsistency was evaluated only when 
a loop exists in the evidence network. 

Scenario Analyses
Reformulated Opana ER (oxymorphone hydrochlo-

ride) by Endo Pharmaceuticals received the Food and 
Drug Administration (FDA) withdrawal in 2017 due to 
shift in the pattern of Opana ER abuse from the nasal 
to the injection route after it was reformulated. Hence, 
we performed separate scenario analyses by removing 
the Opana ER NMA.

Results

Study Selection
The initial search, from inception to July 14, 2018, 

retrieved 3,835 reports from different databases. After 
removing the duplicates, the remaining (n = 2046) were 
screened by reading the title and abstract for relevant 
studies. A total of 1,896 articles were further excluded 
due to various reasons. Full texts were retrieved for the 
remaining 150 articles and were read thoroughly. After 
this, 127 articles were excluded. Finally, 23 eligible stud-
ies were included in the present NMA (Fig. 1).

Study Characteristics
Twenty-three RCTs with a total of 8,420 patients, 
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evaluating 13 different opioids, were included in this 
NMA (9,10,15-34). These studies were published from 
2003 to 2017. A majority of the patients were female 
(57%; n = 4827) and mean (SD) age of patients was 
52.30 (5.4) years. Two-thirds of the trials (n = 18) 
were conducted in the United States, 2 in Germany 
(15,25), and one each in Seoul (20) and Canada (16), 
and the United States (10). The NRS-11 (n = 13) and 
VAS (n = 10) were used to assess the pain intensity. 
The median (IQR) number of patients in the included 
studies were 370 (52-981) (Supplemental Tables 4 and 
5). 

Forty percent (n = 8) of the studies had evalu-
ated tramadol with placebo or active comparator, of 
which 5 had compared tramadol alone (21,25,26,30). 
While 3 studies had compared its combination with 

acetaminophen (AP) 
(10,20,22). The re-
maining 60% (n = 12) 
of studies had evalu-
ated hydrocodone (n 
= 3), morphine (n = 
2), oxymorphone (n 
= 2), buprenorphine 
(n = 3), oxycodone (n 
= 3), hydromorphone 
(n = 1) (9), and tapen-
datol (n = 1) (15).

Sixty-five per-
cent (n = 15) of the 
RCTs were parallel 
group, 26% (n = 6) 
were enriched design 
(23,24,26,31-33), and 
9% (n = 2) were cross-
over studies (16,19). 
The median (IQR) 
trial duration was 12 
(8-16) weeks. All the 
RCTs were conducted 
in a double-blind (DB) 
manner and the me-
dian (IQR) length of 
DB phase was 11 (2-13) 
weeks.

Rescue medica-
tions like AP, oxymor-
phone, oxycodone, 
hydrocodone/AP, and 
diclofenac were per-

mitted to use in 80% (n 
= 16) of the RCTs to manage severe pain. The mean 
dropout rates were found similar in the intervention 
(34.5%) and control (37.9%) groups, respectively. 
Mean (SD) PEDro score of the included studies was 8.6 
(1.5), which indicates that most of the included stud-
ies associated with high quality and low risk of bias 
(Supplemental Table 6).

Network Meta-Analysis

Model Fit 
The random effect model for 30% pain reduction, 

50% pain reduction and withdrawal outcomes, were 
used as this model contains lower DIC and total residual 
deviance values compared to the fixed effect model 
(Supplemental Table 7). 

Fig. 1. PRISMA flow chart.
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30% Pain Reduction
The thirty percent pain reduc-

tion network consisted of 6,099 
subjects from 16 studies with 11 
interventions (Fig. 2). Each lined join-
ing 2 treatments, in Fig. 2, represents 
direct head-to-head comparison. The 
pair of interventions without direct 
connection were compared indirectly 
through a NMA approach. Two loops 
were formed between oxycodone-
placebo-tapendatol and morphine-
placebo-morphine with nortriptyline 
(NT) in this network.

All interventions show numerical 
superiority in terms of relative effica-
cy over the placebo, except tramadol. 
However, a statistically significant 
difference was observed with oxy-
morphone (OR: 5.36; 95% CrI: 1.02 
- 30.3), and tramadol + AP (OR: 2.37; 
95% CrI: 1.08-5.17), buprenorphine 
(OR: 2.29; 95% CrI:1.05-5.07) (Table 
1). This shows that oxymorphone, tramadol + AP, and 
buprenorphine showed a higher efficacy in pain reduc-
tion than other opioids when compared to placebo.

Figure 3 shows the ranking probability of opioids 
for 30% pain reduction. Oxymorphone (48.3%) has 
the highest probability, followed by morphine + NT 
(27.2%), to be the best treatment. Hydrocodone and 
the placebo were < 1% probability to be the best treat-
ment (Supplemental Table 8).

50% Pain Reduction 
The fifty percent pain reduction network consisted 

of 4,380 patients from 12 studies with 9 interventions. 
In this network, one loop is formed between oxycodo-
ne-placebo-tapendatol (Supplemental Fig. 1). Relative 
efficacy of all interventions shows numerical superior-
ity over the placebo. However, a statistically significant 
difference is observed with oxymorphone (OR: 5.10; 
95% CrI: 1.31-20.41), buprenorphine (OR: 2.38; 95% 
CrI: 1.08-5.24), and tramadol + AP (OR: 2.11; 95% CrI: 
1.07-4.21) (Supplemental Table 9). This shows that oxy-
morphone, tramadol + AP, and buprenorphine shown 
a higher efficacy in pain reduction than other opioids 
when compared to placebo.

For a 50% pain reduction outcome, oxymorphone 
has the highest probability (64.42%) to be the best treat-
ment (Supplemental Table 10 and Supplemental Fig. 2).

Total Withdrawal from Clinical Trial
The safety network consisted of 7,886 patients 

from 22 studies with 13 interventions. In this network, 
3 loops were formed: 1) oxycodone-placebo-oxytrex; 2) 
tapendatol-placebo-oxycodone and other between mor-
phine–placebo–morphine + NT (Supplemental Fig. 3). 

The relative safety of opioids is shown in the 
Supplemental Table 11. Among these, opioids like bu-
prenorphine (OR: 0.73; 95% CrI: 0.31-1.71), hydromor-
phone (OR: 0.50; 95% CrI: 0.11-2.09), tapendatol (OR: 
0.67; 95% CrI: 0.18-2.40), tapendatol + pregabalin (OR: 
0.76; 95% CrI: 0.10-5.34), oxycodone (OR: 0.82; 95% CrI: 
0.34-1.95), and tramadol + AP (OR: 0.90; 95% CrI: 0.39-
2.08) showed more safety than the placebo. However, 
a statistically significant difference was observed with 
hydrocodone (OR: 0.33; 95% CrI: 0.14-0.77).

For the safety outcome, hydrocodone (43.8% 
probability) was found to be a safer opioid, followed 
by hydromorphone (22.3 % probability) (Supplemental 
Table 12 and Supplemental Fig. 4 in). 

Heterogeneity and Inconsistency
A moderate heterogeneity, between studies 

regarding treatment effects, was observed for 30% 
pain reduction (SD: 0.62; 95% CrI: 0.38-0.79), 50% 
pain reduction (SD:0.39; 95% CrI: 0.09-0.72), and 
withdrawal (SD: 0.69; 95% CrI: 0.53-0.75) outcomes. 

Fig. 2. Network of  opioids with 30% pain reduction.
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A high degree of convergence was 
observed in trace plots and history 
plots. The MC error of odds ratios 
of opioids, compared to each 
other and placebo, were < 5% of 
the posterior SD, which indicates 
good convergence. 

Pairwise Meta-Analyses
The PMA showed tramadol + 

AP was better than placebo regard-
ing a 30% and 50% pain reduction 
from baseline to follow-up. Where-
as for safety outcome, there was no 
statistically significant difference 
regarding withdrawal from RCTs, 
compared to placebo. There was no 
data available to compare between 
opioids. A moderate heterogeneity 
was observed in PMA. The results 
from PMA were consistent with the 
NMAs for both efficacy and safety 
outcomes (Table 2).

Scenario Analyses
Two RCTs assessed the Opana 

ER in CLBP patients. The scenario 
analysis results of NMA, after 
excluding Opana ER, RCTs from ef-
ficacy and safety networks, showed 
that relative efficacy estimates did 
not change from the main analy-
ses. However, the probability of 
morphine + NT to become more 
effective was increased from 27.2% 
to 44.25% for a 30% pain reduction 
outcome.

discussion

Although, RCTs provide the 
best evidence for the treatment 
effect of drugs, but they do not 
include all available comparative 
interventions for making a clinical 
decision. To the best of our knowl-
edge, this is the first attempt to 
perform Bayesian NMA to obtain 
the relative efficacy and safety 
of opioids in patients with CLBP, 
which enabled an indirect com-
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parison of multiple treatments from studies that either 
lacked or contained insufficient direct head-to-head 
comparisons.

Regarding efficacy, this NMA suggested that 
oxymorphone showed the highest prob-
ability to become first for both a 30% and 
50% pain reduction among all opioids 
compared for CLBP patients, with no sig-
nificant differences in efficacies among 
opioids. Oxymorphone is a semi-synthetic, 
highly specific mu-opioid receptor agonist. 
It is about 3 times as potent as morphine. 
It also showed effective in treating various 
chronic pain condition like osteoarthritis 
and cancer (35). Even though oxymor-
phone showed the highest probability to 
become more efficacy as intended by phy-
sician, recently it got FDA withdrawal from 
the United States market due to its misuse. 
The injection abuse of reformulated Opa-
na ER has been associated with a serious 

outbreak of human immunodeficiency virus (HIV) and 
hepatitis C, as well as cases of a serious blood disorder 
(thrombotic microangiopathy), that is why prescribing 
this medication needs careful attention (36).

Opioid NOS OR LCI UCI Q tau2 I2
Total
in CG

Total
in IG

30% Pain Reduction

Buprenorphine 3 2.267 1.1615 4.4255 11.54 0.2758 82.70% 587 558

Hydrocodone 2 1.655 0.2261 12.1190 46.03 2.0187 97.80% 447 443

Oxycodone 2 1.990 0.5643 7.0225 4.42 0.6645 77.40% 343 352

Tramadol_AP 3 2.367 1.5262 3.6735 4.54 0.0841 56.00% 416 413

Tramadol 3 0.680 0.5141 0.9009 3.95 0.0299 49.40% 908 892

50% Pain Reduction

Buprenorphine 2 2.387 0.8355 6.8217 17.22 0.5406 94.20% 540 511

Hydrocodone 2 2.035 0.9862 4.2016 5.99 0.2287 83.30% 443 447

Oxycodone 2 1.703 0.7654 3.7899 2.04 0.2009 50.90% 343 352

Tramadol_AP 3 2.097 1.4151 3.1098 3.16 0.0446 36.60% 416 413

Withdrawal from Clinical Trial

Buprenorphine 3 0.748 0.2747 2.0409 26.17 0.7072 92.40% 613 588

Hydrocodone 3 0.332 0.1085 1.0216 26.15 0.8959 92.40% 505 514

Morphine 2 1.231 0.6640 2.2844 0.29 0 0.00% 102 101

Oxycodone 3 0.885 0.5013 1.5653 6.57 0.1625 69.50% 453 566

Oxymorphone 2 1.941 0.0963 39.179 39.94 4.5823 97.50% 173 175

Tramadol 4 1.548 0.7845 3.0559 26.7 0.4167 88.80% 1037 1023

Tramadol_AP 3 0.896 0.4086 1.9667 14.65 0.4125 86.30% 446 453

Table 2. Pairwise meta-analysis of  opioids compared to control.

Abbreviations: NOS: number of studies; OR: odds ratio; LCI: lower confidence interval; UCI: upper confidence interval; CG: control group; IG: 
intervention group  Bold numbers present the comparison is statistically significant compared with control.

Fig. 3. Ranking probabilities
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The evidence shows that tramadol alone is less 
effective compared to placebo in both PMA (OR: 0.68; 
95% CI: 0.51-0.90) and NMA (OR: 0.71; 95% CrI: 0.33-
1.54). In contrast to this, a combination of tramadol 
+ AP  showed to be more effective in both PMA (OR: 
2.36; 95% CI: 1.52-3.67) and NMA (OR: 2.37; 95% CrI: 
1.09-5.18) for a 30% pain reduction. A similar pat-
tern was observed with a combination of tramadol 
+ AP for a 50% pain reduction (PMA; OR: 2.09; 95% 
CI 1.41-3.10) (NMA; OR: 2.11; 95% CrI: 1.15 - 3.88). 
The results from the NMAs and PMA were consistent. 
The evidence shows that by combining medications 
that have multiple mechanisms of action within the 
central nervous system produces synergistic analgesic 
action, which reduces more pain. Tramadol acts by 
mu-opioid receptor agonism and norepinephrine/
serotonin reuptake inhibition, whereas AP poten-
tial have centrally mediated mechanisms of action, 
including inhibition of N-methyl-D-aspartate or 
substance-P mediated nitric oxide synthesis and inhi-
bition of prostaglandin-E2 release in the spinal cord 
(37).

In terms of safety based on total number of pa-
tients’ withdrawal from clinical trial, no significant 
difference was observed in the withdrawal rate among 
the opioids compared to placebo, suggesting compa-
rable safety among the opioids and placebo. Within 
the opioids, oxymorphone (OR: 5.51; 95% CrI: 1.28-
23.6) and tramadol (OR: 4.71; 95% CrI: 1.37-16.0) have 
a higher withdrawal compared to hydrocodone. Our 
NMA suggests hydrocodone to be the safest among all 
opioids included in this study.

A systematic review by Chung et al (38) reported 
that oxycodone, oxymorphone, and buprenorphine 
showed a statistically significant effective pain relief 
compared to placebo in pain relief . The Cochrane sys-
tematic review reported that strong opioids (OR: 1.91; 
95% CI: 1.41- 2.58) and buprenorphine (OR: 1.49; 95% 
CI; 1.08-2.06) were found to be better than placebo for 
a 30% pain reduction. Whereas tramadol (OR: 0.82: 
95% CI: 0.76 - 0.90) was less effective than placebo (39). 
An indirect comparison of duloxetine with scheduled 
and nonscheduled opioids showed that scheduled opi-
oids were found to be more effective than duloxetine 
(40). The results from our NMA are comparable to these 
existing studies.

The results generated from this NMA study is use-
ful to clinicians for effective decision making for the 
management of patients with CLBP by providing the 
most effective intervention for a specific outcome. In-

puts from the present study is also useful to perform 
a cost-effective analysis of opioids. The present NMA 
provides up-to-date evidence regarding opioid efficacy 
and safety in CLBP. This evidence is useful for the devel-
opment of clinical guidelines in CLBP.

liMitations

Only 5 RCTs had more than a 12 week study du-
ration. It indicates that trials included in this NMA 
assessed the ’short-term’ efficacy and safety, and no 
trial assessed the long-term period. We need additional 
RCTs with a longer duration of follow-up, as CLBP man-
agement requires longer duration. Careful prescribing 
of opioids is required for long-term management of 
CLBP, as long term prescribing of opioids is associated 
with severe adverse event profile, development of tol-
erance, and dependence. We recommend that future 
studies should compare opioids to other analgesics, 
with the goal of obtaining long-term data on relative 
effectiveness and safety.

Even though the included studies reported base-
line demographic data, many RCTs did not report the 
duration of CLBP, previous use of opioid analgesics, or 
response to previous interventions used for manage-
ment of CLBP, which may affect treatment outcomes. 

When multi-arm trials are included in the network, 
identification of inconsistency becomes more complex 
as multi-arm trials provide evidence on all edges of 
loop, which cannot be inconsistent with itself. In the 
present study, loops are formed by 3 arm trials, hence 
no inconsistency was observed. The use of an enrich-
ment strategy in RCTs, can lead to biased results by 
including only those patients who responded to the 
treatment. In this NMA, 6 studies with enrichment 
strategy are included, thus, patients who are poor 
responders to opioids are generally discontinued from 
the studies, which may have compromised the blinding 
to treatment condition.

Given the complex nature of the CLBP and nar-
rowly defined inclusion criteria in the included clinical 
trials, limits the generalization of these results to other 
CLBP conditions like pain outside this area, such as CLBP 
occurring due to failed back surgery syndrome and 
postoperative surgical pain.

conclusions

Oxymorphone has an advantage over other opi-
oids to reduce pain by 30% and 50% from baseline 
to follow-up in CLBP. Whereas hydrocodone has the 
highest safety profile among all opioids. This study 
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Supplemental Table 2. Search strategy in EMBASE.

No. Query Number of  hits

#79 #40 AND #76 AND [humans]/lim AND [english]/lim AND [clinical study]/lim AND [<1966-2017]/py 1219

#78 #40 AND #76 AND [humans]/lim AND [english]/lim AND [clinical study]/lim 1250

#77 #40 AND #76 1705

#76 #30 AND #75 10726

#75 #73 OR #74 295437

#74 #49 OR #50 OR #51 OR #54 OR #55 OR #58 OR #59 OR #62 OR #63 OR #66 OR #67 OR #70 OR #71 295437

#73 #52 OR #53 OR #56 OR #57 OR #60 OR #61 OR #64 OR #65 OR #68 OR #69 OR #72 101310

#72 buprenorphine:ab,ti 7866

#71 Buprenorphine 16224

#70 Tapentadol 1255

#69 tapentadol:ab,ti 723

#68 tramadol:ab,ti 7179

#67 Tramadol 18880

#66 Oxymorphone 2213

#65 oxymorphone;ab,ti 765

#64 oxycodone:ab,ti 4939

#63 Oxycodone 16280

#62 Morphine 114205

#61 morphine:ab,ti 61517

#60 levorphanol:ab,ti 565

S.no Search Strategy Number of  hits

1

((“Back Pain”[Mesh] OR “Sciatic Neuropathy”[Mesh] OR “Spondylosis”[Mesh] OR dorsalgia[tiab] OR 
back pain*[tiab] OR backache*[tiab] OR back ache*[tiab] OR lumbar pain[tiab] OR coccyx[tiab] OR 
coccydynia[tiab] OR sciatic*[tiab] OR Vertebrogenic pain*[tiab] OR spondylosis[tiab] OR lumbago[tiab] OR “disc 
degeneration”[tiab] OR “disc prolapse”[tiab] OR “disc herniation”[tiab] OR “failed back”[tiab])) OR (((chronic low 
back pain) OR “Low Back Pain”[Mesh]) OR CLBP)

98484

2

“Randomized Controlled Trials as Topic”[Mesh] OR “Controlled Clinical Trials as Topic”[Mesh] OR “Clinical 
Trials as Topic”[Mesh] OR “Randomized Controlled Trial”[Publication Type] OR “Controlled Clinical 
Trial”[Publication Type] OR “Clinical Trial” [Publication Type] OR “Random Allocation”[Mesh] OR “Single-
Blind Method”[Mesh] OR “Double-Blind Method”[Mesh] OR “Research Design”[Mesh] OR “Comparative 
Study” [Publication Type] OR “Evaluation Studies” [Publication Type] OR “Evaluation Studies as Topic”[Mesh] 
OR “Drug Therapy”[Mesh] OR “drug therapy”[Subheading] OR “Follow-Up Studies”[Mesh] OR “Cross-Over 
Studies”[Mesh] OR “Prospective Studies”[Mesh] OR “Clinical Study” [Publication Type] OR “Controlled Before-
After Studies”[Mesh] OR “Multicenter Studies as Topic”[Mesh] OR “Multicenter Study” [Publication Type] OR 
“Placebos”[Mesh] OR Random*[tiab] OR “latin square”[tiab] OR pragmatic trial*[tiab] OR clinical article*[tiab] 
OR placebo*[tiab] OR ((singl*[tiab] OR doubl*[tiab] OR trebl*[tiab] OR tripl*[tiab]) AND (mask*[tiab] OR 
blind*[tiab] OR dumm*[tiab])) OR RCT*[tiab] OR ((comparative[tiab] OR control*[tiab] OR clinical[tiab] OR 
prospectiv*[tiab]) AND (study[tiab] OR studies[tiab] OR trial*[tiab])) OR volunteer*[tiab] OR “Cross-Over”[tiab] 
OR crossover[tiab] OR allocat*[tiab] OR assign*[tiab] OR factorial[tiab]

8638250

3

(((“Analgesics, Opioid”[Mesh] OR “Analgesics, Opioid” [Pharmacological Action])) OR ((((((((((opioid[Title/
Abstract]) OR buprenorphine[Title/Abstract]) OR tapentadol[Title/Abstract]) OR tramadol[Title/Abstract]) 
OR oxymorphone[Title/Abstract]) OR oxycodone[Title/Abstract]) OR morphine[Title/Abstract]) OR 
hydromorphone[Title/Abstract]) OR hydrocodone[Title/Abstract]) OR codeine[Title/Abstract])) OR 
((((((((((opioid) OR buprenorphine) OR tapentadol) OR tramadol) OR oxymorphone) OR oxycodone) OR 
morphine) OR hydromorphone) OR hydrocodone) OR codeine)

161810

4 #1 AND #2 #3 1978

1 AND #2 #3 FILTERS: humans AND clinical trilas 448

Supplemental Table 1. Search strategy in PubMed.



Pain Physician: January/February 2021 24:73-82

2  www.painphysicianjournal.com

No. Query Number of  hits

#59 Levorphanol 2359

#58 Hydromorphone 8923

#57 hydromorphone:ab,ti 2325

#56 hydrocodone:ab,ti 1559

#55 Hydrocodone 6334

#54 fentanyl 61687

#53 fentanyl:ti,ab 24603

#52 ‘codeine’:ti,ab 6423

#51 ‘codeine’ 22354

#50 Opioid 86331

#49 Opiate 132714

#48 ‘opiate’/exp OR opiate 132714

#47 ‘narcotic analgesic agent’/exp 307206

#46 #40 OR #45 2288966

#45 #41 OR #42 OR #43 OR #44 1527553

#44 ‘evaluation study’/exp 216262

#43 evaluation AND studies:ti,ab 289108

#42 comparative AND study:ti,ab 547141

#41 comparative AND study 1092256

#40 #38 OR #39 870417

#39 #32 OR #34 OR #35 265157

#38 #31 OR #32 OR #34 OR #35 OR #36 OR #37 870417

#37 ‘randomization’/exp 78458

#36 ‘randomized controlled trial’/exp 504605

#35 ‘clinical trial (topic)’/exp 504605

#34 ‘controlled clinical trial (topic)’/exp 149762

#33 controlled AND clinical AND trials 260075

#32 ‘randomized controlled trial (topic)’/exp 143799

#31 randomized AND controlled AND trials 185294

#30 #27 OR #28 OR #29 181739

#29 #24 OR #25 OR #26 57734

#28 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 140714

#27 #1 OR #2 OR #3 OR #4 OR #5 106506

#26 ‘chronic low back pain’ 7545

#25 chronic AND low AND back AND pain 17177

#24 ‘low back pain’ 56504

#23 Clbp 1704

#22 Clbp 1704

#21 ‘clbp’:ab,ti 7358

#20 ‘clbp’:ab,ti 1694

#19 ‘chronic low back pain’:ab,ti 7358

#18 ‘low back pain’:ab,ti 31290

#17 ‘disc herniation’:ab,ti 7271

Supplemental Table 2. Search strategy in EMBASE. (continued)
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Supplemental Table 3. Search strategy in the Cochrane database.

ID Search Hits

#1 MeSH descriptor: [Back Pain] explode all trees 4740

#2 dorsalgia 59

#3 backache 3059

#4 MeSH descriptor: [Low Back Pain] explode all trees 3626

#5 lumbar next pain or coccyx or coccydynia or sciatica or spondylosis 1582

#6 MeSH descriptor: [Spine] explode all trees 4987

#7 MeSH descriptor: [Spinal Diseases] explode all trees 3950

#8 lumbargo or discitis or disc near degeneration or disc near prolapse or disc near herniation 1765

#9 spinal fusion 2253

#10 spinal neoplasms 688

#11 facet near joints 163

#12 MeSH descriptor: [Intervertebral Disc] explode all trees 310

#13 postlaminectomy 46

#14 arachnoiditis 67

#15 failed near back 280

#16 MeSH descriptor: [Cauda Equina] explode all trees 16

#17 lumbar near vertebra* 3345

#18 spinal near stenosis 942

#19 slipped near (disc* or disk*) 34

#20 degenerat* near (disc* or disk*) 1114

#21 stenosis near (spine or root or spinal) 976

#22 displace* near (disc* or disk*) 1171

#23 prolap* near (disc* or disk*) 265

#24 MeSH descriptor: [Sciatic Neuropathy] explode all trees 328

No. Query Number of  hits

#16 ‘disc prolapse’:ab,ti 900

#15 ‘disc degeneration’:ab,ti 5016

#14 ‘spondylosis’:ab,ti 3975

#13 vertebrogenic AND pain*:ab,ti 181

#12 sciatic*:ab,ti 32397

#11 coccydynia:ab,ti 165

#10 coccyx:ab,ti 985

#9 lumbar AND pain:ab,ti 36841

#8 back AND ache*:ab,ti 626

#7 backache*:ab,ti 3020

#6 back AND pain*:ab,ti 81813

#5 ‘dorsalgia’/exp 97072

#4 ‘spondylosis’/exp 7642

#3 ‘sciatic neuropathy’/exp 2655

#2 ‘back pain’/exp 97072

#1 ‘backache’/exp 97072

Supplemental Table 2. Search strategy in EMBASE. (continued)
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Author Year Intervention Control SD Location Centres PMS REM DB RP
Age Gender

Baseline 
pain 
score

Inter-
vention

Female
Inter-

vention

Steiner 2011 Buprenorphine PB ES USA 86 NRS-
11

AMP 
IB 12 539 48.8 

(12.55) 298 7.2 (1.26)

Gordan 2010 Buprenorphine PB CS Canada 1 VAS AMP 8 78 51.3 
(11.4) 47 70.6

Rauck 2014 Hydrocodone PB ES USA 59 NRS-
11

HC, 
AMP 12 302 50.4 

(10.94) 167 6.9 (1.5)

Wen 2015 Hydrocodone PB PS USA 95 NC OC 12 588 49.2 
(13.51) 338 7.39 

(1.12)

Hale 2010 Hydro 
morphine PB PS USA 66 NRS-

11 NA 12 268 47.8 
(10.5) 134 6.3 (1.94)

Chu 2012 Morphine PB PS USA 1 VAS NR 4 139 44.1 
(14.2) 61 49.5 

(14.7)

Katz 2007 Oxymorphone 
ER PB PS USA 29 VAS OM 12 205 51.3 

(13.9) 109 70.6 
(12.2)

Hale 2007 Oxymorphone PB PS USA 30 VAS OM 12 143 48.2 
(11.7) 64 67.6 

(16.8)

Supplemental Table 4. Shows the study characteristics of  the 2-arm randomized, controlled trials.

Supplemental Table 3. Search strategy in the Cochrane database.

ID Search Hits

#25 sciatic* 1645

#26 back disorder* 4141

#27 back near pain 11676

#28 {or #1-#27} 26008

#29 MeSH descriptor: [Analgesics, Opioid] explode all trees 6885

#30 opiate 5840

#31 opioid 15954

#32 codeine 1643

#33 fentanyl 11828

#34 hydrocodone 570

#35 hydromorphone 784

#36 levorphanol 43

#37 meperidine 1938

#38 morphine 11370

#39 oxycodone 1828

#40 oxymorphone 140

#41 pentazocine 679

#42 propoxyphene 189

#43 tramadol 3042

#44 tapentadol 252

#45 buprenorphine 2108

#46 {or #29-#45} 36912

#47 #28 and #46 2168
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Author Year Intervention Control SD Location Centres PMS REM DB RP
Age Gender

Baseline 
pain 
score

Inter-
vention

Female
Inter-

vention

Baron 2014 Tapendatol T+P PS Germany 48 NRS-
11 AMP 8 313 58.5 

(11.01) 181 8.0 (1.82)

Donnell1 2009 Tramadol CC PS USA 56 NRS-
11 NA 6 796 47.9 

(14.5) 462 6.80 
(0.08)

Donnell2 2009 Tramadol CC PS USA 59 NRS-
11 NA 6 802 47.1 

(14.6) 450 6.83 
(0.08)

Schnitzer 2000 Tramadol PB PS USA M VAS NC 4 254 -

Ruoff 2003 Tramadol/
AMP PB PS USA 29 VAS AMP 81** 322 53.6 

(11.9) 201 71.1 
(14.5)

Peloso 2004 Tramadol/
AMP PB PS USA 30 VAS AMP 91** 338 57.5 

(11.47) 126 67.9 
(14.95)

HyupLee 2012 Tramadol/
AMP PB PS Seoul 15 VAS NR 23** 248 59.9 

(10.7) 183

Uberal 2012 Tramadol PB PS Germany 31 NRS-
11 DF 4 363 57.6 

(12.4) 220 6 (1.2)

Vorsanger 2008 Tramadol PB ES USA VAS 12 386

Kopecky 2017 Oxycodone PB ES USA 1 NRS-
11 AMP 12 52 68 7.2

Gimbel 2016 Buprenorphine PB ES USA 66 NRS-
11

HC/
AP 12 511 52.8 

(11.13) 278 6.82 
(1.27)

Bartoli 2015 Hydrocodone PB ES USA 2 NRS-
11 OC 12 129 53.6 

(11.97) 83 7.2 (1.28)

Supplemental Table 4. Shows the study characteristics of  the 2-arm randomized, controlled trials. (continued)

Supplemental Table 5. The study characteristics of  the 3-arm randomized, controlled trials.

Author Year IV AC CO SD
Loca-
tion

Centers
Instru-
ment

RM DB RP Age Gender

Base-
line 
Pain 
Score

Webster 2006 Oxyco-
done Oxytrex PB PS USA 45 NRS-11 AMP 12 719 47.9 442 7.6 

(1.36)

Buynak 2010 Oxyco-
done Tapentadol PB PS USA 103 NRS-11 AMP 12 981 50 

(14.2) 559 7.5 
(1.21)

Khoromi 2007 Morphine Morphine 
NT PB CS USA 1 NRS-11 AMP 5 55 53 30 -

NC: not clear, AMP: acetaminophen, PB: placebo, NA: not allowed, NR: not reported, PS: parallel study design, CS: cross sectional study design, 
ES: Enriched study design, OC: oxycodone, IV: intervention, CO: comparator, HC: hydrocodone, IB: ibuprofen, REM: rescue medication, DB: 
double blind phase RP: randomization patients, T+ P; tapendatol + pregabalin, SD; study design, PMS: pain measure scale, NRS-11: numeric rat-
ing scale; VAS: visual analog scale, AC: active comparator;
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Study Year 1 2 3 4 5 6 7 8 9 10 11
Total 
Score

Kopecky 2017 1 1 1 1 1 1 1 0 1 1 1 9

Gimbel 2016 1 1 0 1 1 1 1 1 1 1 1 9

Bartoli 2015 1 0 0 1 1 1 1 1 1 1 1 8

Wen 2015 1 1 1 1 1 1 1 1 1 1 1 10

Rauck 2014 0 1 1 0 1 1 1 0 0 1 1 7

Lee 2013 1 1 1 1 1 1 1 1 1 1 1 10

Chu 2012 1 1 1 1 1 1 1 0 0 1 1 8

Uberall 2012 1 1 1 1 1 1 1 1 1 1 1 10

Steiner 2011 1 1 1 1 1 1 1 1 1 1 1 10

Buynak 2010 0 1 1 1 1 1 1 0 0 1 1 8

Gordon 2010 0 1 1 0 1 1 1 0 0 1 1 7

Hale 2010 0 1 1 1 1 1 1 0 0 1 1 8

Donnel 1 2009 1 1 1 1 1 1 1 1 1 1 1 10

Donnel 2 2009 1 1 1 1 1 1 1 1 1 1 1 10

Vorsanger 2008 0 1 1 1 1 1 1 0 0 1 1 8

Hale 2007 0 1 1 1 1 1 1 0 0 1 1 8

Katz 2007 1 1 1 1 1 1 1 0 0 1 1 8

Khorimi 2007 1 1 1 1 1 1 1 0 1 1 1 9

Webster 2006 0 1 1 1 1 1 1 0 0 1 1 8

Gordon 2005 1 1 0 1 1 1 1 1 1 1 1 9

Peloso 2004 1 1 1 1 1 1 1 1 1 1 1 10

Ruoff 2003 0 1 1 1 1 1 1 0 0 1 1 8

Schnitzer 2000 0 1 0 0 1 1 1 0 0 1 1 6

Supplemental Table 6. Risk of  bias (PEDro) ratings for included studies.

PEDro items: 1. Eligibility criteria; 2. Randomisation; 3. Concealed allocation; 4. Baseline comparability; 5. Patient blinding; 6. Clinician blinding; 
7. Assessor blinding; 8. Adequate follow-up > 85%, 9. Intention to treat analysis; 10. Between group statistical comparisons; 11. Point measures and 
measures of variability

Supplemental Table 7. Model fit assessment and heterogeneity parameter in network meta-analyses.

Outcome
Random Effects Model Fixed Effect Model

SD tau PD DIC TRD PD DIC TRD

30% pain reduction 0.62 (0.82-0.79) 2.54 (1.6-6.7) 29.37 217.7 27.64 26 302 98.66

50% pain reduction 0.39 (0.09-0.72) 6.45 (1.9-257.9) 20.4 152.6 20.72 20 198 48.2

Withdrawal 0.69 (0.53-0.75) 2.07 (1.74-3.54) 39.6 294.17 40.46 34 445 181
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Supplemental Table 8. Ranking probability and median ranking 
of  opioids based on a 30% pain reduction.

Intervention
Ranking 

Probability
Median 
Rank

95% CrI

Oxymorphone 0.483 2 1 9

Morphine_nor 0.2721 2 1 10

Buprenorphine 0.02667 5 1 9

Hydromorphone 0.07995 5 1 11

Tramadol_AP 0.03014 5 1 9

Tapendatol 0.06138 5 1 11

Oxycodone 0.01925 6 2 11

Hydrocodone 0.009267 7 2 11

Morphine 0.01823 8 2 11

Placebo 0 9 7 11

Tramadol 3.33E-06 11 7 11

Supplemental Table 9. Netleague tables showing the relative efficacy of  opioids based on the number of  patients who achieved 50% 
pain reduction from baseline to follow-up.

 Placebo Buprenorphine Hydrocodone Hydromorphone Oxycodone Oxymorphone Tramadol_AP Tramadol

Placebo

Buprenorphine 2.38 
(1.09 - 5.24)

Hydrocodone 2.03 
(0.92 - 4.58) 0.85 (0.27 - 2.64)

Hydromorphone 2.62
(0.78 - 8.93) 1.09 (0.25 - 4.72) 1.28

(0.29 - 5.51)

Oxycodone 1.73
(0.72 - 4.46) 0.72 (0.22 - 2.51) 0.84

(0.26 - 2.93) 0.65 (0.14 - 3.12)

Oxymorphone 5.10
(1.31 - 20.41)

2.14
(0.44 - 10.46)

2.51
(0.51 - 12.24) 1.94 (0.31 - 12.24) 2.94

(0.55 - 14.97)

Tramadol_AP 2.11
(1.07 - 4.21) 0.88 (0.31 - 2.51) 1.04

(0.35 - 2.95) 0.80 (0.19 - 3.25) 1.22
(0.37 - 3.67)

0.41 (0.08 
- 1.9)

Tramadol 1.08
(0.32 - 3.68) 0.45 (0.10 - 1.94) 0.53

(0.12 - 2.28) 0.41 (0.07 - 2.30) 0.62
(0.13 - 2.76)

0.21
(0.03 - 1.33)

0.51
(0.12 - 2.08)

Tapendatol 1.82
(0.63 - 5.45) 0.76 (0.20 - 2.96) 0.89

(0.23 - 3.45) 0.69 (0.13 - 3.58) 1.05
(0.35 - 3.00)

0.35
(0.06 - 2.05)

0.86
(0.24 - 3.15)

1.68
(0.33 - 8.65)

Abbreviations: Tramadol_AP: Tramadol with acetaminoph

Supplemental Table 10. Ranking probability and median 
ranking of  opioids based on a 50% pain reduction.

Intervention
Ranking 

Probability
Median 
Rank

95% CrI

Oxymorphone 0.6442 1 1 7

Hydromorphone 0.158 3 1 9

Buprenorphine 0.06295 4 1 8

Tramadol_AP 0.02845 4 1 8

Hydrocodone 0.03348 5 1 8

Tapendatol 0.04108 5 1 9

Oxycodone 0.2087 6 2 9

Placebo 0 8 6 9

Tramadol 0.01097 8 2 9
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Supplemental Table 12. Ranking probability and median 
rankings of  opioids based on total withdrawal from the clinical 
trial. 

Intervention
Ranking 

Probability
Median 
Rank

95% CrI

Hydrocodone 0.4385 2 1 6

Hydromorphone 0.2231 3 1 12

Buprenorphine 0.02587 5 1 12

Tapendatol 0.05907 5 1 12

Oxycodone 0.01146 6 2 12

Tapendatol_Preg 0.1396 6 1 13

Tramadol_AP 0.009693 7 2 12

Placebo 0 8 4 11

Morhine_nort 0.056 8 1 13

Oxytrex 0.02764 8 1 13

Morphine 0.00801 9 2 13

Tramadol 1.03E-04 11 5 13

Oxymorphone 9.47E-04 12 4 13


