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ABSTRACT

Introduction: Acetaminophen and topical
diclofenac (AtopD) have complementary
mechanisms of action and are therefore candi-
dates for combination use in osteoarthritis (OA)
pain. However, an evidence gap exists on their
combination use in OA pain. This study aimed
to assess the effects of this combination and
compare its performance relative to

monotherapies on pain score reduction and
opioid-sparing effect by leveraging evidence
from acute pain setting using a model-based
meta-analysis (MBMA).
Methods: A literature search was conducted
using the MEDLINE database to identify ran-
domized controlled trials (RCTs) studying the
combination for acute pain. Subsequently, an
MBMA of RCTs was implemented in conjunc-
tion with extrapolation principles to infer effi-
cacy in the population of interest. Pain score
reduction and opioid-sparing effect (OSE) were
selected as the measures of efficacy.
Results: A total of 11 RCTs encompassing 1396
patients were included. Exploratory evaluation
revealed AtopD combination to show greater
pain score reduction versus acetaminophen
monotherapy. However, pain score reduction
was more susceptible to confounding by opioid
patient-controlled analgesia (PCA) than OSE.
Therefore, a parsimonious MBMA evaluating
OSE was developed from 5 of the 11 RCTs
(n = 353 patients). The analysis revealed a sta-
tistically significant interaction coefficient,
suggesting a reduction of 32% in opioid use
with the combination versus acetaminophen
monotherapy. Differences in the effect size of
the combination were less conclusive versus
diclofenac monotherapy.
Conclusion: Our results indicate greater pain
reduction and opioid-sparing efficacy for the
AtopD combination versus acetaminophen
monotherapy. Given the similar pain pathways
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and mechanisms of action of the two drugs in
acute and mild-to-moderate OA pain, compa-
rable beneficial effects from the combination
therapy may be anticipated following extrapo-
lation to chronic OA pain. Prospective RCTs and
real-world studies in OA pain are needed to
confirm the differences in the efficacy of the
combination treatment observed in our study.

Keywords: Acetaminophen; Diclofenac;
Combination therapy; Model-based meta-
analysis; Osteoarthritis; Acute pain

Key Summary Points

Why carry out this study?

Effective management of mild-to-
moderate osteoarthritis (OA) pain remains
suboptimal despite the availability of
several pharmacologic treatments.

Acetaminophen and topical diclofenac
have complementary mechanisms of
action and are therefore promising
candidates for use in combination
analgesia in OA pain; however, evidence
on their efficacy in OA is lacking.

We conducted a model-based meta-
analysis (MBMA) to infer the efficacy of
the combination versus monotherapies by
leveraging evidence from acute pain.

What was learned from this study?

Our study indicates greater pain reduction
and opioid-sparing effect for the
combination treatment versus
acetaminophen monotherapy in acute
pain.

Considering the similar pathogenesis in
acute and mild-to-moderate OA pain,
comparable treatment benefits may be
expected with the use of the combination
on extrapolation to OA pain.

INTRODUCTION

Pain is an important health problem that causes
substantial reduction in quality of life. Pain is
categorized on the basis of clinical characteris-
tics and underlying mechanisms into nocicep-
tive pain (i.e., originating from tissue damage),
neuropathic pain (i.e., resulting from nerve
damage), and idiopathic pain, which has no
identified cause. Understanding these differ-
ences is crucial when tailoring treatment to
achieve optimal pain relief [1]. Osteoarthritis
(OA) is a major cause of chronic pain and dis-
ability in older adults and currently affects more
than 500 million people worldwide [2]. In the
absence of a curative therapy, symptomatic
drugs remain the mainstay for pain manage-
ment in OA. However, acetaminophen provides
inadequate relief and oral non-steroidal anti-
inflammatory drugs (NSAIDs) are associated
with significant gastrointestinal and cardiovas-
cular adverse events, which limit their long-
term use in the elderly [3, 4]. On the other
hand, even though opioids are widely used in
clinical practice if other analgesics provide
insufficient pain relief or are contraindicated,
their efficacy in OA is controversial. In addition,
long-term opioid use is associated with serious
risk of addiction and overdose deaths [5].
Therefore, an unmet need still exists for effec-
tive and well-tolerated treatments.

Mounting evidence suggests that when the
pathophysiology of a medical condition is
mediated by multiple pathways such as in OA
pain, use of rational combinations of analgesic
drugs acting through different mechanisms can
provide effective pain relief at reduced individ-
ual doses while also minimizing side effects in
the long term [6]. The combination of anal-
gesics is also recommended by major clinical
practice guidelines for pain, including the
World Health Organization and the American
College of Rheumatology [7].

Acetaminophen and topical diclofenac
(AtopD) have complementary mechanism of
action (MoA) and are therefore promising can-
didates for use in combination analgesia.
Although acetaminophen MoA is not com-
pletely understood, prevailing evidence
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suggests it to mediate central analgesic effect by
activating descending serotonergic pathways
[8]. By contrast, diclofenac, a non-selective
cyclooxygenase inhibitor, alters peripheral pain
transmission pathways by its anti-inflammatory
mechanisms [9–12]. Combining topical
diclofenac with oral acetaminophen could also
be a useful strategy to address the limitations of
acetaminophen monotherapy, which has
recently been shown to have insufficient effi-
cacy as a single agent in the treatment of OA
[13]. It may also be suitable for patients averse
to oral NSAIDs as a result of comorbidities
[4, 14]. Moreover, several clinical practice
guidelines in OA recommend concomitant use
of topical NSAIDs with acetaminophen in case
of inadequate pain relief with acetaminophen
monotherapy [15, 16]. Therefore, it can be
hypothesized that the AtopD combination may
show greater efficacy than either acet-
aminophen or topical diclofenac alone in the
management of OA pain. However, while ample
clinical evidence exists on the monotherapies of
acetaminophen or topical diclofenac in OA
pain, there is a gap in clinical evidence sup-
porting their use as a combination therapy [17].
Consequently, further research is needed to
assess the efficacy of the combination therapy
in OA pain.

Model-based meta-analysis (MBMA) has
become an increasingly important quantitative
tool to inform drug development decisions and
address clinical questions for which direct evi-
dence is not available [18–20]. In the absence of
individual patient-level data, MBMA allows not
only direct and indirect comparison of drug
treatments, like network meta-analysis, but also
represents a robust regression-based technique
for the evaluation of various clinical pharma-
cology questions, including dose–response,
drug interaction, covariates effects, and/or
endpoint bridging. MBMA is increasingly being
used to determine overall treatment effect, a
drug–drug combination effect, or an optimal
dose compared against comparator drug in a
specific disease or indication [18, 21–25]. It is
one of the approaches available for the imple-
mentation of model-informed drug develop-
ment (MIDD), a concept for evidence

generation which has gained recognition across
drug regulatory authorities [26–28].

It is also worth acknowledging that a high
degree of overlap exists between acute and
chronic pain states, both with regard to their
chronology and pathophysiology [29, 30].
Moreover, various acute pain and mild-to-
moderate OA pain are recognized as nociceptive
in nature [31–34]. Given the gap in clinical
evidence in OA pain, here we have attempted to
leverage published summary-level data on the
combination therapy in acute pain indications
identified through literature search. Hence, this
study aimed to assess the effects of AtopD
combination and compare its performance rel-
ative to acetaminophen or topical diclofenac
monotherapy on pain score reduction and opi-
oid-sparing effect using an MBMA.

METHODS

Literature Search and Data Extraction

A literature review was conducted to identify
randomized controlled trials (RCTs) investigat-
ing the efficacy of AtopD combination in acute
pain. The MEDLINE database was searched from
inception up to April 2022 using the key-
words—‘‘acetaminophen’’, ‘‘NSAIDs’’, ‘‘diclofe-
nac’’, and ‘‘acute pain’’—for RCTs published in
English. In addition, the reference lists of all
identified articles were searched by hand to
identify cited articles not captured by electronic
searches. The detailed search strategy is pre-
sented in Supplementary Table S1. All published
RCTs evaluating the efficacy of acetaminophen
with oral or topical diclofenac in acute pain
were included for analysis (Supplementary
Table S2).

Two independent researchers reviewed all
abstracts and selected potentially eligible stud-
ies. Full texts of these studies were then
retrieved and examined thoroughly for eligibil-
ity. A data collection form was prepared to
extract all relevant information from the
included studies. One reviewer was responsible
for the extraction of the relevant information,
whereas the second reviewer conducted random
checks to review the quality of data extraction.
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Endpoints

The endpoints of interest were pain score
reduction on the numerical rating scale (NRS) or
visual analog scale (VAS) and opioid-sparing
effect (OSE), defined as a reduced opioid dose
without loss of analgesic efficacy.

Statistical Analysis

Model Development
After an initial exploratory analysis, opioid-
sparing effect was selected as the endpoint to be
evaluated in the MBMA, as it showed a lower
likelihood of bias than pain score reduction to
assess the combined effect of acetaminophen
and diclofenac versus either drug alone from
RCTs allowing opioid patient-controlled anal-
gesia (PCA). The opioid-sparing effect was
modeled using the following MBMA structure,
generally adopted for measures that are likely to
follow a continuous Gaussian distribution
[18, 21–23]:

DYij;ose ¼ eoi;ose þ f ðDrugij; hÞ þ eij;ose ð1Þ

where the consumption of opioids (DYij;ose)

within trial i and arm j is described as a function
of (i) placebo response (eoi;ose), (ii) f(Drug,h)

characterizing the drug effect (for acet-
aminophen or diclofenac) using the fixed-effect
model parameter (h), and (iii) eij;ose representing

the residual error.
The residual (within-trial) variability, eij;ose,

was assumed to be normally distributed with a

mean of 0 and variance varðeij;oseÞ ¼ r2
ij

Nij
, which

represents the precision associated with each
measurement. rij is the standard deviation of

the outcome in the arm j of trial i for the end-
point and N is the associated sample size. Note

that
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

varðeij;oseÞ
p

represents the standard error

(SE) of the mean. In this model for between-trial
variability, the trial-specific placebo response
for the endpoint ose at primary time in trial i
(eoi;ose) was described by an unstructured (or

non-parametric) model considering the vari-
ability is determined by a substantial number of

unexplained factors and thus likely to be highly
non-Gaussian in distribution.

For the opioid-sparing effect of the combi-
nation of acetaminophen and diclofenac, an
additive effect based on pharmacological prin-
ciples for pharmacodynamic response was
assumed, and an interaction term was used to
account for non-additivity of both drugs.

The combination treatment effect was cap-
tured using the following structure:

f Drugij; h
� �

ose
¼ f acetð Þ þ f diclofð Þ þ c � f acetð Þ

� f ðdiclofÞ
ð2Þ

where f(acetaminophen) and f(diclofenac) are
the effect of each drug as monotherapy, and c is
the interaction coefficient. The parameter c
described non-additivity and characterized the
type of interaction while also quantifying its
magnitude. Estimates of c not significantly dif-
ferent from 0 indicated that the combined effect
was the sum of the two individual drug effects.
However, negative values of c indicated that the
improvement, i.e., reduction in opioid dose or
opioid use, was more than the sum of the two
individual drug effects. In contrast, positive
values of c indicated a less than additive effect.

Model Evaluation
Candidate models were evaluated on the basis
of the likelihood ratio test and maximum like-
lihood criteria [Akaike information criterion
(AIC); statistical significance was achieved when
p\0.05], with observed response plotted
against population- and trial-specific predic-
tions as diagnostics for the assessment of the
goodness-of-fit (e.g., precision, absence of bias).
Forest plots were used to compare model pre-
dictions for each study arm with observed val-
ues along with their 95% confidence intervals
(CI). Additionally, partial residual plots were
used as graphical assessment to compare model
predicted values with normalized observed val-
ues. This normalization was performed to
ensure consistency between model prediction
and the observed data. Confidence intervals for
the expected treatment outcome were com-
puted by resampling a total of 1000 sets of final
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MBMA model parameter estimates from the
variance–covariance matrix of the final model.
All analyses and simulations were conducted
using generalized least squares regression func-
tion (gnls) provided in the nlme package in R
(version 3.5.3 or higher, 64 bit running on
Windows 10 Professional, SP1).

Compliance with Ethics Guidelines

The analysis in this article is based on previ-
ously conducted studies and does not involve
any new studies with human participants or
animal performed by any of the authors.

RESULTS

Study Inclusion and Characteristics
in Acute Pain

The literature review yielded 195 articles, 154 of
which were excluded as they lacked relevant
interventions or outcomes or population, or
were non-clinical or observational studies,
resulting in 41 articles assessed for eligibility by
full review. Of these, 30 were excluded after full
text review. Finally, a total of 11 RCTs investi-
gating the effect of systemic acetaminophen
and diclofenac combination in acute pain were
selected for the evaluation of the effect of the
combination (Fig. 1). Of the 11 studies that met
the inclusion criteria, 10 were conducted in
acute postoperative pain and a single study was
conducted in acute musculoskeletal pain
(Table 1).

Exploratory Analysis

As revealed from an exploratory analysis of the
data, 8 out of the 11 RCTs showed beneficial
effect of the combination for pain score reduc-
tion in comparison to acetaminophen
monotherapy. On the other hand, 5 out of the
11 RCTs showed beneficial effect of the combi-
nation versus diclofenac monotherapy (Sup-
plementary Fig. S1). However, only two studies
reported statistically significant differences in
the efficacy of the combination for the

management of acute pain versus acet-
aminophen or diclofenac monotherapy
[35, 36]. Due to high heterogeneity in the pain
scale and/or pain score definition used across
the studies, the ratio of observed mean pain
score reduction with acetaminophen and
diclofenac combination compared to either
drug alone was used to demonstrate the mag-
nitude of the combination effect (Supplemen-
tary Table S3). Nevertheless, no consistent
beneficial effect was observed for the combina-
tion treatment on pain score reduction, com-
pared to either drug alone, particularly for
studies allowing subjects to use opioids as PCA.
In this context, use of opioid-sparing effect was
found to show a lower likelihood of bias than
pain score reduction to assess the combined
effect of acetaminophen and diclofenac ([1
ratio) versus either drug alone (Supplementary
Fig. S2).

Model Development and Assessment
of Opioid-Sparing Effect

A parsimonious MBMA model was developed
on the basis of five eligible studies in acute pain
reporting mean opioid PCA consumption (in
mg) to quantify the opioid-sparing effect of the
combination (Table 2 and Supplementary
Fig. S3). Supplementary Table S4 presents the
key steps involved in model development. The
final model showed adequate performance in
predicting opioid use across most study arms
(Supplementary Fig. S4). Acetaminophen and
diclofenac monotherapies were modeled inde-
pendently initially before introducing the
combination therapy data in the analysis. The
effect of the combination was characterized
using an interaction term as described in Eq. (2)
in the ‘‘Methods’’ section. The model was able to
show a statistically significant interaction coef-
ficient accounting for non-additivity between
both drugs on opioid-sparing effect (Table 3).
The positive c value indicated that the benefi-
cial opioid-sparing effect of the combination
was less than the sum of the two individual
drug effects.

The resulting placebo-adjusted opioid-spar-
ing effect (mean and 95% CI) is presented in
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Fig. 2 and Supplementary Table S5. The final
model predicted about 32% less opioid use with
the combination than acetaminophen
monotherapy based on the mean point esti-
mate. However, the beneficial effect of the
combination was less pronounced vs. diclofenac
monotherapy. Due to limited number of stud-
ies, no further analysis was performed to dif-
ferentiate opioid PCA use based on the type of
surgical intervention (for instance, opioid PCA
use was generally lower for tonsillectomy pain
than pain after gynecological surgery).

DISCUSSION

Pain in osteoarthritis is a complex phenomenon
that encompasses both inflammatory and non-
inflammatory pain signaling pathways at
peripheral and central levels of the nervous

system [37, 38]. Thus, it is not surprising that no
single drug provides adequate pain relief while
demonstrating optimal risk–benefit ratio in the
long term. Consequently, successful approaches
may require targeting several pathways at the
same time [39, 40]. In this context, combina-
tion therapy of AtopD can be a promising
strategy to achieve effective analgesia with an
adequate safety profile considering that, at the
recommended therapeutic doses, both drugs are
devoid of any major risk of serious adverse
events in the subset of the population most
prone to OA.

Acetaminophen, included in the World
Health Organization’s List of Essential Medici-
nes, is one of the most widely used analgesic
and antipyretic medications globally owing to
its high tolerability profile when compared with
other analgesics, particularly in high-risk pop-
ulations such as adults with comorbidities

Fig. 1 Flowchart of the screening and selection process of RCTs on the combination of acetaminophen and diclofenac in
acute pain setting
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[41, 42]. It was historically the first-line pain
medication for OA [43] before a few recent
publications reported doubts over its efficacy in
OA pain [3]. Although acetaminophen rarely
causes adverse effects in healthy individuals
when used episodically at B 4 g/day, doses
exceeding the recommended daily maximum
can result in liver toxicity [42]. Topical NSAIDs,
including diclofenac, have become valuable
treatment options for the OA population, to
whom oral NSAIDs are contraindicated [44].
Topical NSAIDs have shown comparable effi-
cacy to oral NSAIDs but exhibit better safety
profile due to their considerably lower systemic
exposure. Therefore, they are nowadays recom-
mended as first-line medication by most OA
clinical practice guidelines before resorting to
oral NSAIDs. The most common adverse effects
of topical NSAIDs are local site reactions [45].

A multi-mechanistic therapeutic approach
has greater potential to provide optimal

analgesia in OA which involves multiple pain
pathways [6]. Acetaminophen plus topical
diclofenac is a rational combination that is
based on the complementary pharmacody-
namics (i.e., different mechanisms of action) of
the two drugs. In general, both drugs act by
suppressing nociceptive signaling via inhibition
of cyclooxygenase (COX), an enzyme involved
in the conversion of arachidonic acid to pros-
taglandins, which mediate inflammation and
pain. However, each drug acts via a slightly
different mechanism. While topical diclofenac
acts peripherally to inhibit prostaglandin syn-
thesis at the site of nociception, acetaminophen
inhibits prostaglandin synthesis mainly in the
central nervous system [46, 47]. As a result, the
combination might work by blocking pain
transmission at peripheral and central nervous
system and thus provide greater analgesia than
each drug alone [47].

Table 2 Characteristics of the studies considered for the analysis of opioid-sparing effect in acute pain

Study Population Indication No. of
subjects

Opioid PCA Reported
PCA unit

Included in the
final analysis

Montgomery

et al., 1996 [64]

Women Elective

gynecological

surgery

59 Morphine mg Yes

Breivik et al.,

1999 [35]a
Adults Oral surgery 72 Codeine/paracetamol % No

Beck et al., 2000

[65]

Women Hysterectomy

pain

65 Morphine mg Yes

Siddik et al., 2001

[61]

Women Cesarean pain 80 Morphine %/mg Yes

Hiller et al., 2004

[66]

Adults Tonsillectomy 71 Oxycodone %/mg Yes

Munishankar

et al., 2008 [68]

Women Cesarean pain 78 Morphine mg Yes

Riad et al., 2007

[69]b
Children Postoperative

pain

108 Morphine mg No

PCA patient-controlled analgesia
aExcluded as only a limited % of subjects used PCA in each treatment arm
bExcluded as the population comprised children
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Although the combination treatment is
commonly used, i.e., with more than one-
quarter of patients using topical NSAIDs with
oral non-opioid analgesics such as acet-
aminophen in real-world settings [48], there is
limited literature available on the combination
of acetaminophen and topical NSAIDs [17].
Only one RCT of 4-week duration was found
that showed significantly greater pain reduction
with the combination versus acetaminophen or
placebo [49]. Moreover, a qualitative systematic
review focused on pain intensity scores and
supplemental analgesic requirements in acute
postoperative pain in adults showed the com-
bination of acetaminophen and NSAIDs to be
more effective than acetaminophen or NSAIDs
alone in more than 60% of studies [50]. In
addition, a pharmacokinetic–pharmacody-
namic study in children with acute postopera-
tive pain also found combination treatment
with lower doses of acetaminophen and
diclofenac to provide comparable analgesia to
monotherapies [36]. Furthermore, several pre-
vious studies have investigated the effect of
combining oral NSAIDs and acetaminophen in
OA and have shown the combinations provide
additional pain-relieving activity, thereby lead-
ing to a dose-sparing effect and improved safety
versus monotherapies [51–53]. These findings
seem to support the recommendations of sev-
eral prominent OA clinical guidelines, which
endorse the use of topical NSAIDs concomi-
tantly with acetaminophen [15, 16]. However,
there are no previous studies on the AtopD
combination in OA pain. Our study represents

therefore an attempt to integrate existing data
and extrapolate findings from acute to chronic
pain.

While a trend for beneficial effect was
observed for the combination on pain score
reduction compared to either drug alone, the
combination effect was confounded by use of
opioid PCA in the studies. Our MBMA of RCTs
identified in acute postoperative pain revealed
further reduction of opioid use in studies
allowing PCA with the combination treatment
versus acetaminophen monotherapy. Despite
several reports showing opioids to exhibit

Fig. 2 Simulated placebo-adjusted opioid PCA use (in
mg) for acetaminophen and diclofenac monotherapies and
their combination assuming a typical placebo response
(64.7 mg). Symbols indicate maximum likelihood model
predictions and error bars represent 95% CI of resampling
parameter estimates from the final model variance–covari-
ance matrix 1000 times. PCA patient-controlled analgesia,
CI confidence interval

Table 3 Estimated parameters from the parsimonious model of opioid-sparing effect

Parameter Parameter description Estimate [95% CI] RSE % Absolute (mg)

e.ace Drug effect of acetaminophen - 18.9 [- 31.4 to - 6.43] 29% - 18.9

e.dic Drug effect of diclofenac - 28.4 [- 40.7 to - 16.2] 19% - 28.4

c* Interaction between acetaminophen and diclofenac 0.025 [0.0148 to 0.0353] 18%

A c of 0 indicates that the combined effect was the sum of the two individual drug effects. A positive c indicates that the
resulting opioid-sparing effect was less than the sum of the effects of the two individual drugs, while a negative c indicates a
more than additive effect
ace acetaminophen, dic diclofenac, RSE residual standard error
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minimal efficacy in chronic OA pain [54, 55],
opioid prescribing in clinical practice continues
unabated [56]. In this context, the beneficial
potential of the combination therapy to reduce
opioid consumption by 32% vs. acetaminophen
monotherapy cannot be underemphasized
when considering the substantial health risks of
adverse outcomes associated with opioid usage,
including the development of opioid use disor-
der (dependency and addiction), overdose
fatalities, respiratory depression, falls, and their
negative effects on gastrointestinal (nausea,
constipation), endocrine, immune, and nervous
systems (dizziness, somnolence, and fatigue)
[57]. In addition, opioid use is associated with
significantly greater structural damage and fas-
ter progression of degenerative changes when
compared with controls. In fact, opioid users
also exhibited significantly greater pain, worse
symptoms, and lower quality of life than con-
trols, which suggests inadequate pain control by
opioids [58].

Whilst our findings indicate that combination
therapy has a greater opioid-sparing effect when
compared with diclofenac monotherapy, the
beneficial effect was lesser in magnitude when
compared with acetaminophen. This finding is in
agreement with a previous clinical study which
reported the combination of paracetamol and
ibuprofen to exhibit significant efficacy vs. acet-
aminophen but not against ibuprofen
monotherapy in chronic knee pain [53].

To our knowledge, this is the first MBMA to
evaluate and synthesize clinical evidence on the
efficacy of the combination of acetaminophen
and topical diclofenac in acute pain. Inferences
from the results are made on the basis of
extrapolation principles, which suggest the
potential therapeutic value of the combined use
of these two commonly recommended anal-
gesics in mild-to-moderate OA pain. Further-
more, extrapolation of the findings appears to
be supported by clinical practice. The majority
of trials in OA pain, which included topical or
oral diclofenac in one of their treatment arms,
allowed acetaminophen as rescue therapy
[59, 60], suggesting that the combination is
generally perceived to be beneficial and well
tolerated.

Adding topical diclofenac to acetaminophen
could also be a potential approach to mitigate
safety concerns with acetaminophen by allow-
ing its use at lower dosages. Eventually, it could
also delay the progression to oral NSAIDs and
opioids in clinical settings. Undoubtedly,
insights from this MBMA open the door for a
potential treatment option for the ever-in-
creasing aging population suffering from OA,
especially those who have cardiovascular and
gastrointestinal comorbidities and hence may
not transition to stronger analgesics such as oral
NSAIDs and opioids.

We acknowledge the limitation of our analy-
sis, which is based on summary-level data only.
In this regard, it was not possible to fully assess
the combination effect. We also recognize the
implications of the restricted inclusion criteria,
based on studies having acetaminophen or
diclofenac in one of their treatment arms.
Inclusion of studies on other NSAIDs could have
provided further insight into the anti-inflam-
matory effect and possibly helped in under-
standing whether the observed differences are a
class effect. From a technical perspective, it
should be noted that the combination effect was
estimated by adding treatment effect onto the
non-parametric placebo response. As there was
only one placebo-controlled trial to inform pla-
cebo response on the opioid-sparing effect in
acute pain [61], this may have introduced some
degree of estimation bias. This limitation may be
further compounded by the few studies avail-
able, and relatively small sample size. Conse-
quently, we cannot rule out the impact of study-
level variation on model precision, as suggested
by the wide range of simulated confidence
intervals. From a clinical perspective, the severity
of acute pain caused by different types of surgery
should not be overlooked, as it may drive large
variation in the consumption of opioids (e.g.,
cesarean pain required higher dose of PCA vs.
tonsillectomy). This effect could not be fully
accounted for in the current parsimonious
model because of the limited number of clinical
studies. Lastly, our analysis might be subject to
publication bias. However, considering acet-
aminophen and diclofenac have a long history
of use, we believe that the chance of publication
bias is low.
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CONCLUSIONS

Available data from published RCTs suggest that
the combination of acetaminophen and
diclofenac yields greater pain reduction and
opioid-sparing effect versus acetaminophen
monotherapy in acute pain treatment. On the
basis of our findings, a beneficial effect for the
combination can be expected in the treatment
of mild-to-moderate OA pain considering the
pharmacologically complementary mechanism
of action of the two drugs and considerable
overlap in the pathophysiology of acute and
chronic inflammatory pain. In conclusion,
additional evidence from RCTs is urgently nee-
ded to investigate the efficacy of combination
therapy in comparison to monotherapies in
mild-to-moderate OA pain. Such studies should
be complemented by research based on
biomarkers and quantitative systems pharma-
cology [62], which could be used to evaluate the
clinical significance of pharmacodynamic
interactions between the drugs and to further
optimize combination regimens and as well as
define doses, inclusion criteria, and endpoints
to be evaluated in prospective clinical trials.
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competing interests to disclose.

Ethical Approval. The analysis in this arti-
cle is based on previously conducted studies and
does not involve any new studies with human
participants or animal performed by any of the
authors.

Open Access. This article is licensed under
a Creative Commons Attribution-NonCom-
mercial 4.0 International License, which per-
mits any non-commercial use, sharing,
adaptation, distribution and reproduction in
any medium or format, as long as you give
appropriate credit to the original author(s) and
the source, provide a link to the Creative
Commons licence, and indicate if changes were
made. The images or other third party material
in this article are included in the article’s
Creative Commons licence, unless indicated
otherwise in a credit line to the material. If
material is not included in the article’s Creative
Commons licence and your intended use is not
permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view
a copy of this licence, visit http://
creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Thakur M, Dickenson AH, Baron R. Osteoarthritis
pain: nociceptive or neuropathic? Nat Rev
Rheumatol. 2014;10(6):374–80.

156 Pain Ther (2024) 13:145–159

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


2. Long H, Liu Q, Yin H, et al. Prevalence trends of
site-specific osteoarthritis from 1990 to 2019: find-
ings from the global burden of disease study 2019.
Arthritis Rheumatol. 2022;74(7):1172–83.

3. Leopoldino AO, Machado GC, Ferreira PH, et al.
Paracetamol versus placebo for knee and hip
osteoarthritis. Cochrane Database Syst Rev.
2019;2(2): Cd013273.

4. Cooper C, Chapurlat R, Al-Daghri N, et al. Safety of
oral non-selective non-steroidal anti-inflammatory
drugs in osteoarthritis: what does the literature say?
Drugs Aging. 2019;36(Suppl 1):15–24.

5. Deveza LA, Hunter DJ, Van Spil WE. Too much
opioid, too much harm. Osteoarthr Cartilage.
2018;26(3):293–5.

6. Altman RD. Pain relief in osteoarthritis: the ratio-
nale for combination therapy. J Rheumatol.
2004;31(1):5–7.

7. Paladini A, Varrassi G. Multimodal pharmacological
analgesia in pain management. In: Waisundara VY,
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show worse baseline knee osteoarthritis and faster
progression of degenerative changes: a retrospective
case–control study based on data from the
osteoarthritis initiative (OAI). Arthritis Res Ther.
2021;23(1):146.

59. Courtney P, Doherty M. Key questions concerning
paracetamol and NSAIDs for osteoarthritis. Ann
Rheum Dis. 2002;61(9):767–73.

60. Stewart M, Cibere J, Sayre EC, Kopec JA. Efficacy of
commonly prescribed analgesics in the manage-
ment of osteoarthritis: a systematic review and
meta-analysis. Rheumatol Int. 2018;38(11):
1985–97.

61. Siddik SM, Aouad MT, Jalbout MI, Rizk LB, Kamar
GH, Baraka AS. Diclofenac and/or propacetamol for
postoperative pain management after cesarean
delivery in patients receiving patient controlled
analgesia morphine. Reg Anesth Pain Med.
2001;26(4):310–5.

62. Taneja A, Oosterholt SP, Danhof M, Della PO. Bio-
marker exposure-response relationships as the basis
for rational dose selection: lessons from a simula-
tion exercise using a selective COX-2 inhibitor.
J Clin Pharmacol. 2016;56(5):609–21.

63. Matthews RW, Scully CM, Levers BG. The efficacy
of diclofenac sodium (Voltarol) with and without
paracetamol in the control of post-surgical dental
pain. Br Dent J. 1984;157(10):357–9.

64. Montgomery JE, Sutherland CJ, Kestin IG, Sneyd JR.
Morphine consumption in patients receiving rectal
paracetamol and diclofenac alone and in combi-
nation. Br J Anaesth. 1996;77(4):445–7.

65. Beck DH, Schenk MR, Hagemann K, Doepfmer UR,
Kox WJ. The pharmacokinetics and analgesic effi-
cacy of larger dose rectal acetaminophen (40 mg/
kg) in adults: a double-blinded, randomized study.
Anesth Analg. 2000;90(2):431–6.

66. Hiller A, Silvanto M, Savolainen S, Tarkkila P.
Propacetamol and diclofenac alone and in combi-
nation for analgesia after elective tonsillectomy.
Acta Anaesthesiol Scand. 2004;48(9):1185–9.

67. Woo WW, Man SY, Lam PK, Rainer TH. Random-
ized double-blind trial comparing oral paracetamol
and oral nonsteroidal antiinflammatory drugs for
treating pain after musculoskeletal injury. Ann
Emerg Med. 2005;46(4):352–61.

68. Munishankar B, Fettes P, Moore C, McLeod GA. A
double-blind randomised controlled trial of parac-
etamol, diclofenac or the combination for pain
relief after caesarean section. Int J Obstet Anesth.
2008;17(1):9–14.

69. Riad W, Moussa A. Pre-operative analgesia with
rectal diclofenac and/or paracetamol in children
undergoing inguinal hernia repair. Anaesthesia.
2007;62(12):1241–5.

70. Elzaki WM, Abubakr NH, Ziada HM, Ibrahim YE.
Double-blind randomized placebo-controlled clini-
cal trial of efficiency of nonsteroidal anti-inflam-
matory drugs in the control of post-endodontic
pain. J Endod. 2016;42(6):835–42.

Pain Ther (2024) 13:145–159 159


	Model-Based Meta-Analysis Supporting the Combination of Acetaminophen and Topical Diclofenac in Acute Pain: A Therapy for Mild-to-Moderate Osteoarthritis Pain?
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Literature Search and Data Extraction
	Endpoints
	Statistical Analysis
	Model Development
	Model Evaluation

	Compliance with Ethics Guidelines

	Results
	Study Inclusion and Characteristics in Acute Pain
	Exploratory Analysis
	Model Development and Assessment of Opioid-Sparing Effect

	Discussion
	Conclusions
	Author Contributions
	Data Availability
	References


