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Abstract

Objectives: In this sub-study of the ‘Paracetamol and
Ibuprofen in Combination’ (PANSAID) trial, in which par-
ticipants were randomised to one of four different non-
opioids analgesic regimen consisting of paracetamol,
ibuprofen, or a combination of the two after planned pri-
mary total hip arthroplasty, our aims were to investigate
the distribution of participants’ pain (mild, moderate or
severe), integrate opioid use and pain to a single score

(Silverman Integrated Approach (SIA)-score), and identify
preoperative risk factors for severe pain.
Methods: We calculated the proportions of participants
with mild (VAS 0–30 mm), moderate (VAS 31–60 mm) or
severe (VAS 61–100 mm) pain and the SIA-scores (a sum
of rank-based percentage differences from the mean rank
in pain scores and opioid use, ranging from −200 to
200%). Using logistic regression with backwards elimi-
nation, we investigated the association between severe
pain and easily obtainable preoperative patient
characteristics.
Results: Among 556 participants from the modified
intention-to-treat population, 33% (95% CI: 26–42)
(Group Paracetamol + Ibuprofen (PCM + IBU)), 28%
(95% CI: 21–37) (Group Paracetamol (PCM)), 23% (95%
CI: 17–31) (Group Ibuprofen (IBU)), and 19% (95% CI:
13–27) (Group Half Strength-Paracetamol + Ibuprofen
(HS-PCM + IBU)) experienced mild pain 6 h post-
operatively during mobilisation. Median SIA-scores
during mobilisation were: Group PCM + IBU: −48%
(IQR: −112 to 31), Group PCM: 40% (IQR: −31 to 97),
Group IBU: −5% (IQR: −57 to 67), and Group
HS-PCM + IBU: 6% (IQR: −70 to 74) (overall difference:
p=0.0001). Use of analgesics before surgery was the
only covariate associated with severe pain (non-opioid:
OR 0.50, 95% CI: 0.29–0.82, weak opioid 0.56, 95% CI:
0.28–1.16, reference no analgesics before surgery,
p=0.02).
Conclusions: Only one third of participants using para-
cetamol and ibuprofen experienced mild pain after total
hip arthroplasty and even fewer experienced mild pain
using each drug alone as basic non-opioid analgesic
treatment. We were not able, in any clinically relevant
way, to predict severe postoperative pain. A more
extensive postoperative pain regimen than paracetamol,
ibuprofen and opioids may be needed for a large pro-
portion of patients having total hip arthroplasty.
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SIA-scores integrate pain scores and opioid use for the
individual patient and may add valuable information in
acute pain research.

Keywords: ibuprofen; integrated pain score and opioid
use; paracetamol; postoperative pain; prediction of pain;
total hip arthroplasty.

Introduction

Treatment of postoperative pain includes numerous
analgesic drugs and techniques. Reports show most
patients are not adequately treated [1] and few meet the
goal of “no more than mild pain” as suggested by Moore
[2]. Not all trials report the distribution of participants’
pain [3] and there may be differences in group-based
means/medians of opioid use and the distribution of
participants’ pain [4].

In acute pain trials participants are allowed to use
escape/rescue opioids, but intervention efficacy is often
analysed using either the participants pain scores or their
need for supplementary opioids, thus ignoring the inter-
dependency between the two. The Silverman Integrated
Approach (SIA)-score [5–7] has been suggested as a com-
posite score of pain and opioid use but is not yet widely
accepted [8] and rarely reported.

Further, little is known about prediction of acute
postoperative pain and not all patients are at risk of having
severe pain. Being able to identify patients at risk and,
thus, improving individualised treatment, is of high
importance [9].

These gaps of knowledge are explored in the present
sub-study [10] of the PANSAID trial [11], which was ana-
lysed [12] using differences in group-based means (me-
dians) with opioid use as the co-primary outcome and pain
scores as secondary outcomes. The aim was to reanalyse
the datawith regard to the distribution of participants’pain
(e.g. mild, moderate or severe pain) and risk factors for
severe pain. We hypothesised that the distribution of par-
ticipants’ pain (proportion of participants with “no more
than mild pain” [VAS 0–30 mm]) and the integrated score
of pain and supplementary opioid (SIA score of less
than −100% [suggesting both lower than expected pain
scores and opioid need]) would support the main results
from the PANSAID trial of a better analgesic effect of the
combination of paracetamol and ibuprofen. Regarding risk
factors for severe pain, we hypothesised that easily
measured preoperative participant characteristics could
identify participants at risk for VAS 61–100 mm.

Methods

Trial overview and main results

PANSAID was a multi-centre, randomised, controlled, parallel, four-
group clinical trial investigating the effects of different doses and
combinations of paracetamol, ibuprofen and placebo in patients un-
dergoing total hip arthroplasty (THA). The PANSAID trial was con-
ducted at six Danish hospitals from December 2015 – January 2018.
The protocol [13], the statistical analysis [12] and the main results [11]
has been published previously. The trial protocol was approved by the
Biomedical Research Ethics Committee of Region Zealand (SJ-462) and
was conducted in accordance with the Declaration of Helsinki. PAN-
SAID was monitored by Good Clinical Practice Units at Odense and
Copenhagen University Hospitals, and the trial was registered at
ClinicalTrials.gov (NCT02571361), EudraCT (2015-002239-16) and the
Danish Data Protection Agency (REG-33-2015). All participants gave
written informed consent prior to enrolment.

A total of 556 participants having primary planned THAwhere
randomised into four intervention groups in a 1:1:1:1 ratio, strati-
fied by site. The intervention groups were: group PCM + IBU
(paracetamol 1000 mg + ibuprofen 400 mg), group PCM (para-
cetamol 1000 mg + matching placebo), group IBU (ibuprofen
400 mg + matching placebo), and group HS-PCM + IBU (paracet-
amol 500 mg + ibuprofen 200 mg).

The medication was taken orally 1 h before surgery and admin-
istered a total of four times (at 6-h intervals) during the first post-
operative day. Throughout the trial, participants, caregivers,
physicians, investigators, statisticians, and conclusion drawers were
blinded to the intervention.

The primary analysis was based on the modified intention-to-
treat (mITT) population — defined as participants who were rando-
mised and underwent surgery. The two co-primary outcomes were
24-h morphine consumption using patient-controlled analgesia, and
proportion of participants having one or more serious adverse events
within 90 days following surgery (SAE were defined as any untoward
medical occurrence that results in death; is life threatening; requires
hospitalization; or results in significant or persistent disability or
incapacity; birth defects; or a medical intervention to prevent one of
the before-mentioned outcomes). The outcome of morphine con-
sumption was in pairwise comparisons between the four groups (six
comparisons) and the outcome of SAEs was a comparison between
participants randomised to ibuprofen (groups PCM + IBU, IBU, and
HS-PCM + IBU) and participants randomised to paracetamol (group
PCM).

The main findings were that combining paracetamol 1 g and
ibuprofen 400 mg resulted in reduced morphine consumption
compared with each drug alone on the first postoperative day after
total hip arthroplasty (16 mg, 99.6% CI: 6.5–24, p<0.001 compared
with paracetamol, and 6 mg, 99.6% CI: −2 to 16, p=0.002 compared
with ibuprofen). The reduction for the combination group vs.
ibuprofen alone, was however, lower than the predefined minimum
clinical important difference of 10 mg (10 mg was pragmatically cho-
sen because it is commonly used in acute pain trials). The combination
of lower dosages (group HS-PCM + IBU) resulted in reduced morphine
consumption compared with paracetamol 1 g only, and comparable
morphine consumption to ibuprofen 400 mg only. Regarding harm, the
proportion of participants with one ormore SAEwas numerically higher
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in participants randomised to ibuprofen (15%) compared with partici-
pants randomised to paracetamol only (11%), although not statistically
significant (relative risk 1.44, 97.5% CI: 0.79–2.64, p=0.18).

The present sub-study

The present sub-studywas planned during recruitment of participants
to the PANSAID trial and before any outcome data were explored. A
protocol synopsis including choice of outcomes, statistical analysis
plan, and covariates for the prediction model was made publicly
available at the trialwebpage (www.pansaid.dk) on 29 September 2017
[10], and was also outlined in the protocol and at clinicaltrials.gov
(NCT02571361). During the re-analysis of the trial data for this article
we further decided to include the composite outcome score (Silver-
man’s Integrated Approach (SIA)) of opioid use and pain scores and,
therefore, all SIA-scores are regarded as post hoc. The sub-study
included all participants in themITTpopulation. Theprimary outcome
was proportion of participants experiencing mild pain 6 h post-
operatively during mobilisation in the four randomisation groups.
This manuscript adheres to the applicable CONSORT guideline.

Participants’ pain

All participants in the trial had their pain intensity measured on a
Visual Analogue Scale (VAS; 0 mm, no pain and 100 mm, worst
imaginable pain) 6 and 24 h postoperatively at rest and during 30°
active hip flexion on the operated side. Mild pain was defined as VAS
scores 0–30 mm, moderate pain as VAS scores 31–60 mm, and severe
pain as VAS scores 61–100 mm.

Silverman and colleagues suggested integrating the Visual
Analogue Scale score and rescue morphine to a composite score to
circumvent statistical issues of mass significance [5]. To calculate the
SIA score we calculated the mean VAS at rest and during mobilisation
(Mean-VASrest, 0–24 h and Mean-VASmobilisation, 0–24 h, respectively).
Mean-VASrest, 0–24 h, Mean-VASmobilisation, 0–24 h, and morphine
requirement for each participant were ranked. A mean rank for all
participants (across all randomisation groups) was calculated and the
differences between themean rank and the individual participant’s rank
were expressed as percentages. The sum of the percentage (percentage-
for-VASrest, 0–24 h + percentage-for-morphine requirement, and per-
centage-for-VASmobilisation, 0–24 h + percentage-for-morphine require-
ment) represent the SIA score at rest and during mobilisation,
respectively. Hence, the range of the SIA score is from−200% to+200%.
Negative values indicate lower summed pain scores and morphine
requirement compared with the entire population.

To assess the participants’ pain, we investigated the distribution
of participants’ pain (i.e. proportions of participants having mild,
moderate or severe pain), and the proportions of participants having a
SIA score of −200 to −100%, −100 to 100% and 100 to 200%.

Preoperative prediction of postoperative pain

To identify potential risk factors for severe postoperative pain we
dichotomised pain during 30° flexion of the hip 24 h postoperatively to
severe (VAS 61–100 mm) vs. mild-moderate (VAS 0–60 mm). The
potential risk factors were chosen based on prior literature suggesting
association with postoperative pain [14–16]. We chose the following
potential risk factors: age (continuous), sex (female vs. male), BMI

(continuous), ASA-score (dichotomised to I-II vs. III), use of analgesic
medications prior to the surgery (none, non-opioid,weak opioid), type
of anaesthesia (GA vs. spinal), type of THA (cemented/hybrid vs. no
cement), surgical approach (lateral vs. posterior), and duration of
surgery (continuous).

Statistical analysis

We assessed the data for normality by inspecting qq-plots and histo-
grams. Data are presented as numbers and percentages,mean and SD,
median and interquartile range as appropriate. Statistical tests were
chi-squared test, Kruskal Wallis test, ANOVA, and Mann-Whitney
U-test as appropriate.

We calculated number needed to treat (NNT) to achievemild pain
(VAS 0–30 mm) between two randomisation groups. NNT was calcu-
lated from the logistic regressionmodel (with site as a covariate), if the
pairwise comparison was statistically significant, using an online
calculator [17].

For the logistic prediction models, we used both univariate and
multiple regression. In themultiple logistic regressionmodel, we used
backwards stepwise regression removing one covariate (with the
highest p-value) at the time. All models had site and randomisation
group as co-variates. As sensitivity analyses, all models were done
without dichotomising the dependent variable.

The level of significance was predefined and set to 0.01 (a
modified Bonferroni correction) for the pairwise comparisons of par-
ticipants experiencing mild pain to avoid issues with mass signifi-
cance. For all other outcomes the level of significance was 0.05.
Confidence intervals were 99 and 95% accordingly. The Rstudio
version 1.1.383 was used for all analyses.

Results

All 556 participants from the mITT population were
included in the analyses. Patient characteristics are
described in detail elsewhere [11] and are outlined in
Table 1.

Participants’ pain

During mobilisation at 6 h postoperatively, 33% (95% CI:
26–42) (Group PCM + IBU), 28% (95% CI: 21–37) (Group
PCM), 23% (95% CI: 17–31) (group IBU), and 19% (95% CI:
13–27) (Group HS-PCM + IBU) of participants hadmild pain
(VAS 0–30 mm). Proportions of participants experiencing
mild, moderate, and severe pain at rest and at 24 h post-
operatively can be seen in Figure 1 and Table S1.

In pairwise comparisons of participants experiencing
mild pain, there were two statistically significant compar-
isons (Group PCM + IBU vs. Group HS-PCM + IBU at 6 h
postoperatively during mobilisation: OR for having mild
pain was 2.22 (95% CI: 1.27–4.00; p=0.0006; NNT=7; 95%
CI: 3–26); and Group PCM + IBU vs. Group PCM at 24 h
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postoperatively at rest: OR for having mild pain was 2.63
(95% CI: 1.43–5.00, p=0.002; NNT=6, 95% CI: 5–14)).

Median SIA scores at rest were: GroupPCM+ IBU:−36%
(IQR: −124 to 12), Group PCM: 41% (IQR: −31 to 99), Group

IBU: −2% (IQR: −52 to 70), and Group HS-PCM + IBU: 0%
(IQR: −70 to 56) (overall difference: p=0.0001). Median SIA
scores during mobilisation were: Group PCM + IBU: −48%
(IQR: −112 to 31), Group PCM: 40% (IQR: −31 to 97),

Table : Demographics. Data from the PANSAID trial.

Paracetamol  g + ibuprofen
 mg (group PCM + IBU)

Paracetamol  g + pla-
cebo (group PCM)

Placebo + ibuprofen
 mg (group IBU)

Paracetamol . g + ibuprofen
 mg (group HS-PCM + IBU)

No. of participants    

Age, mean (SD),
years

 ()  ()  ()  ()

Sex, no., %
Female  ()  ()  ()  ()
Male  ()  ()  ()  ()
ASA-score, no, %
  ()  ()  ()  ()
  ()  ()  ()  ()
  ()  ()  ()  ()
BMI, mean (SD),
kg m−

. (.) . (.) . (.) . (.)

Duration of surgery,
mean (SD) (n), min

 () ()  () ()  () ()  () ()

ASA, American Society of Anesthesiologists; BMI, Body mass index; SD, standard deviation.

Figure 1: The proportion of patients achievingmild pain, moderate pain and severe pain during 30° flexion of the hip and at rest in each group
6 and 24 h postoperatively.
Green, mild pain (VAS 0–30 mm); yellow, moderate pain (VAS 31–60 mm); red, severe pain (VAS 61–100 mm).
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Group IBU: −5% (IQR: −57 to 67), and Group HS-PCM + IBU:
6% (IQR: −70 to 74) (overall difference: p=0.0001).

The distribution of SIA scores of participants in the
four intervention groups are presented in Figures 2 and 3.
In general, more participants in Group PCM + IBU had
SIA-scores<−100% than all other groups, both at rest
(Figure 2) and during mobilisation (Figure 3).

Prediction

One hundred and forty-two of five hundred and thirty-three
participants had severe pain 24 h postoperatively during
mobilisation. Results from the prediction models are found
in Table 2. The surgical approachwas found as a statistically
significant covariate for predicting severe pain in the uni-
variate analysis (OR 0.39, 95% CI: 0.25–0.62, p<0.001 for
lateral approach compared with posterior approach, lateral
approach less likely to have severe pain), but because of
collinearity and perfect prediction, the surgical approach
could not be evaluated in the multivariate analysis (one of
the two surgical approaches were used exclusively at one
hospital and the other approach was used exclusively at all

other hospitals). Use of non-opioid analgesics prior to sur-
gery compared with no use of analgesics resulted in lower
risk of severe pain in both univariate and multivariate an-
alyses and was the only statistically significant covariate
after backwards elimination (non-opioid before surgery: OR
0.50, 95% CI: 0.29–0.82, weak opioid before surgery 0.56,
95% CI: 0.28–1.16, reference no analgesic before surgery,
overall p-value=0.02).

Discussion

In this re-analysis of the PANSAID trial, we present par-
ticipants’ pain response. The main findings are that a
relatively large proportion of participants did not experi-
ence mild pain at 6 h postoperatively both at rest and
during mobilisation across all intervention groups.
Although more participants had mild pain at 24 h, the
proportion of patients not achieving mild pain was still
relatively high. When investigating risk factors for severe
painwe found use of non-opioid analgesics prior to surgery
to be associated with less severe pain.

Figure 2: The Silverman integrated approach combining pain at rest
and morphine consumption.
Red, paracetamol 1 g + ibuprofen 400 mg; green, paracetamol 1 g;
blue, ibuprofen 400 mg; purple, paracetamol 0.5 g + ibuprofen
200 mg. Each dot represents a single patient.

Figure 3: The Silverman integrated approach combining pain during
mobilisation and morphine.
Red, paracetamol 1 g + ibuprofen 400 mg; green, paracetamol 1 g;
blue, ibuprofen 400 mg; purple, paracetamol 0.5 g + ibuprofen
200 mg. Each dot represents a single patient.
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We consistently found numerically more participants
experiencing mild pain, and participants with SIA-scores of
less than −100%, for the combination of paracetamol and
ibuprofen compared with all other groups at rest and during
mobilisation. Although this was not statistically significant
at every timepoint, possibly because of reducedpowerwhen
dichotomising data [18], these findings support the claim
that a combination of paracetamol and ibuprofen may be
superior to paracetamol alone, ibuprofen alone and a com-
bination of paracetamol and ibuprofen in lower dosages.

Using paracetamol and ibuprofen, 59% of participants
hadmildpainafter 24hduringmobilisation.This rendersmore
than 40% of the participants with moderate or severe pain,
which may impair functional recovery and delay patients’
return to normal activities [19]. For some patients, a more
extensive non-opioid analgesic regimen may be needed.
However, both benefits and harm of adding further analgesics
to the regimen should optimally be investigated in sufficiently
powered clinical trials, as effects and harm of combiningmore
than two analgesics are virtually unknown [20].

For pairwise comparisons of proportions of participants
experiencing “no more than mild pain”, only two analyses
between groups were statistically significant. Although the
notion that “no more than mild pain” [2] should be the pri-
mary objective in pain treatment is relevant, the implications
must be considered carefully when using a dichotomised
outcome as a primary outcome in clinical trials. These im-
plications include: (1) information loss (reduced power)
[18, 21], (2) the underlying distribution of the data can
potentially have huge impact on the results when continuous
data are dichotomised to an arbitrarily chosen cut-point [22],
(3) difficulties assessing clinically relevant differences

between groups (i.e. a relatively large proportion of partici-
pants can cross the arbitrarily chosen cut-point and still have
clinically irrelevant reductions in pain) [23], (4) when only
focusing on participants crossing a certain cut-point in-
vestigators risk ignoring participants getting worse pain, and
(5) by reducing pain to a number that must be achieved cli-
nicians risk ignoring other outcomes important to the specific
patient (ability mobilise, take deep breaths etc.) [24].

Pain is inherently difficult to quantify and is often
confounded by use of opioids as needed. The Silverman
Integrated Approach is postulated to integrate VAS scores
and opioid use and enhance power [5, 7]. An advantage of
the SIA score is that is combines pain scores and opioid use
for eachpatient. Amajor drawbackwhenusing theSIA score
is the equal weighing of pain and opioid use. Most can agree
that a SIA score<−100% (using less opioid and having less
pain) is positive but some patient may prefer high pain
scores over high opioid use, or low pain scores with a high
opioid use. Therefore, the interpretation of the SIA-score is
difficult. Further, the SIA-score is based on ranks and not
actual pain scores and opioid use and, therefore, the clinical
relevance of a given difference is difficult to assess.

In this re-analysis we sought to identify participants at
risk of having severe pain after 24 h. In the multivariable
regression model (after backward elimination of initial
chosen covariates), we found use of non-opioid analgesics
prior to the surgery to have a substantial reduced risk of
postoperative severe pain compared with no use of anal-
gesics prior to surgery. This is a curious finding as previous
studies have found use of (opioid) analgesics to be a risk
factor for severe pain [15]. Use of analgesics prior to surgery
was included as a surrogate marker for pre-operative pain

Table : Multivariable logistic regression model.

Model  Model  Model 
Univariate analyses Adjusted analyses Afterwards backwards elimination

OR (% CI), p-Value OR (% CI), p-Value OR (% CI), p-Value

Age . (.–.), . . (.–.), .
Sex (reference: male) . (.–.), . . (.–.), .
BMI . (.–.), . . (.–.), .
ASA (reference: I + II) . (.–.), . . (.–.), .
Use of analgesics (reference: none)
– Non-opioid . (.–.) . (.–.) . (.–.)
– Weak opioid . (.–.), . . (.–.), . . (.–.), .
Type of anaesthesia (spinal anaesthesia vs.
general anaesthesia)

. (.–.), . . (.–.), .

Type of THA (reference: cemented) . (.–.), . . (.–.), .
Surgical approach (reference: posterior) . (.–.), <. NA
Surgery time . (.–.), . . (.–.), .

Univariate analyses are adjusted for site and randomisation group. Multivariate analyses are adjusted for all co-variate (rows in the table) in
addition to site and randomisation group. If OR> the reference group had lower odds of severe pain, and vice versa. OR, odds ratio; CI,
confidence interval; BMI, body mass index; ASA, American society of anaesthesiologists; GA, general anaesthesia; THA, total hip arthroplasty;
NA, not available because of collinearity.
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as studies [1, 14] have found preoperative pain to be associ-
ated with postoperative pain. The use of analgesics as a
marker for preoperative pain is suboptimal as there are
numerous explanations on why patients use, do not use or
discontinue analgesics, including lack of effect and adverse
drug effects. Further, patients having severe preoperative
pain would probably have been excluded from the original
trial because daily use of opioid use was an exclusion crite-
rium. Additionally, due to the pragmatic nature of the orig-
inal trial, numerous factors associated with postoperative
pain are not accounted for (e.g. anxiety, fear, and response to
experimental pain [25]) and residual confounding is likely to
bepresent, thus limiting the value of this prediction analysis.

The strengths of this study include that data arise from
a trial with overall low risk of bias and few missing data.
Furthermore, a study protocol wasmade publicly available
before randomisation of the last patient and before data
were accessible in order to avoid data-driven analyses and
selective outcome reporting.

This study has several limitations. First, categorising
continuous data has several potential limitations (see
paragraph above) and may result in “loss of information”
and reduced power [18]. The original trial was not powered
for analyses with dichotomised data and, consequently,
this sub-studymay be severely underpowered. Second, the
analyses performed for this sub-study were numerous and
risk of type I errors exists. Only for the primary outcomewere
measures taken to avoid statistical significance due to mul-
tiplicity, and, thus, all other outcomes should be considered
explorative and interpreted with caution. Third, SIA-scores
are seldomly used and their limitations are many. These
include difficulties in interpreting the results in a clinical
context, difficulties in interpretation of opposing directions
of opioid use and pain scores, and equal weighting of pain
and opioid. In the present sub-study, SIA-scores were
derived from VAS-scores at two time points only, and these
two measurements may not reflect the patients’ pain the
entire 24 h postoperatively. Further, all SIA-scoreswere not a
part of the protocol for this sub-study and, therefore, these
should be interpreted with caution. Fourth, the prediction
model for severe pain is limited by the inclusion criteria in
the original trial and the results therefore have limited gen-
eralisability. As previously mentioned, several factors asso-
ciated with postoperative pain were not measured and
substantial residual confounding may exist.

Conclusions

The majority of participants (67–81%) experienced more
than mild pain after THA using a combination of

paracetamol and ibuprofen or each drug alone as basic
non-opioid analgesic treatment. The largest proportion of
participants, 33%, experiencing mild pain was found in
participants randomised to the combination of paraceta-
mol and ibuprofen. When investigating risk factors for se-
vere pain, we were not able, in any clinically relevant way,
to predict severe postoperative pain using easily obtain-
able pre-surgical measures.
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