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Abstract

Objective The purpose of this study was to analyse two analgesic interventions for acute
dental pain from the pharmacoeconomic standpoint:ibuprofen (IBU) versus ibuprofen/
codeine combination (IBU/COD).
Methods A pharmacoeconomic model based on a decision analysis has been used. It
represents the probable clinical evolution in a 5-day time horizon, applying both alternatives
for acute dental pain treatment (IBU alone versus IBU/COD), each one identified according
to its effectiveness (number of hours without pain). The cost-effectiveness (C-E) ratio has
been calculated to evaluate each option, the ratio with the lowest value being considered
most efficient; an incremental C-E analysis of both alternatives enables the determination of
the cost necessary to achieve an extra unit of effectiveness. Costs have been calculated from
the patient’s perspective (society), and all monetary units are expressed in US$ as of 2011.
Results The C-E ratios for interventions with IBU and IBU/COD were estimated at
US$7.23 and US$6.27 respectively. The incremental C-E ratio (ICER) between these two
treatments indicates that each unit of difference between both interventions would cost
US$5.35; i.e. each hour without pain in a cohort of 100 patients would cost US$5.35. The
sensitivity analysis indicates that it is necessary to vary extensively the effectiveness esti-
mates, costs or pain response probabilities to change the direction of the final result, giving
statistical robustness to the results of this analysis.
Conclusion According to the results of this study, intervention with IBU/COD proves to be
more cost-effective than IBU. Sensitivity analysis strengthens the trend of the results since
a broad range of variable modification would be necessary to balance C-E difference
between the two interventions. Differences in demographic and cultural factors for pain
perception between countries may threaten the transferability of the results.
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The ibuprofen/codeine (IBU/COD) association has been evaluated in a number of clinical
trials, trying to prove its efficacy and safety and also its pharmacological synergy. Never-
theless, despite the collected data, this association has not been evaluated from an economic
standpoint in comparison to ibuprofen (IBU) mono-therapy.

The real efficacy of the association of a non-steroidal anti-inflammatory drug (NSAID)
and an opioid seems to depend on the type of pain studied. Thus, for example, it has not been
possible to confirm the statistical difference between the use of a NSAID and a NSAID/
opioid combination in oncologic pain.[1] However, the results from some clinical trials have
proven the efficacy of the combination in other clinical scenarios, such as gynaecological or
dental pain.[2–5] Likewise, when the evidence in this regard has been combined in a meta-
analysis, a clear tendency in favour of the combination was observed.[6]

Acute interventions must be submitted to economic analysis because of the impact they
may have from a cost-effectiveness (C-E) perspective and, for this reason, it is important to
analyse this ratio considering these two possibilities of intervention: IBU alone and the
IBU/COD combination.

Method

Search strategy to identify studies

Search one: (‘ibuprofen’) AND (‘pain’ OR ‘analgesia’ OR ‘analg*’).
Search two: (‘ibuprofen AND codeine’) AND (‘pain’ OR ‘analgesia’ OR ‘analg*’).
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Search three: (‘ibuprofen-codeine combination’) AND (‘pain’
OR ‘analgesia’ OR ‘analg*’).

Search was limited to clinical trials and systematic reviews
with/without meta-analysis in adults or children. The lan-
guage search was limited to Spanish and English. We looked
in the register of trials of the Cochrane Group (search until
March 2009) and in the MEDLINE, EMBASE, LILACS and
SciELO databases (until December 2010). The reference lists
of the publications found were thoroughly reviewed to com-
plete the search. Unpublished studies were not considered.

Costs are calculated on the basis of actual costs from the
patient’s perspective, in accordance with the cost of generic
drugs in a public hospital (Instituto Nacional de Enfer-
medades Neoplásicas, Peru). Costs of the two interventions
have been estimated for a hypothetical cohort of 100 patients,
considering the analgesic treatment regimen in this type of
surgical intervention and costs of generic drugs in the most
comparable doses (i.e. IBU 400 mg versus IBU/COD 400/
60 mg).

A pharmacoeconomic model based on a decision analysis
has been used to carry out this study. This analysis represents
the probable clinical evolution in a 5-day time horizon, by
applying two alternatives to handle acute dental pain (IBU
alone versus IBU/COD). Both interventions are identified
according to their effectiveness to increase the number of
hours without pain. Each branch of the decision tree that
reproduces the model represents one of the options evaluated
in the study (IBU and IBU/COD), and the final results of each
branch can then be used to combine the corresponding effec-
tiveness (number of hours without pain) together with the
associated costs (Figure 1). This analysis has taken into
account McQuay et al.’s[2] study and the meta-analysis by Li
Wan Po and Zhang,[6] which evaluated the efficacy and safety
of these analgesics to reduce the intensity of acute dental pain.

The C-E ratio of each option studied has been calculated to
evaluate the overall results of this model (the most efficient
option being that with the lowest value); an incremental C-E
analysis of the two alternatives enables the determination of
the cost necessary to achieve an extra unit of effectiveness. All
monetary units of the study are expressed in US$.

The time horizon for both interventions is 5 days, consid-
ering this to be an acute event and its treatment should not
leave any sequels after a 5-day regime with analgesics and
anti-inflammatory drugs. For this reason it is not relevant to
apply any discount rate. Deterministic and probabilistic sen-
sitivity analyses are conducted at the end.

The effectiveness for the two interventions has been valued
as ‘number of hours without pain’. This unit of measurement

would correspond well with the short-term clinical effective-
ness. The decision tree shows the model on which the C-E
analysis has been based. The two branches represent the pos-
sible clinical evolution of the interventions, under the basic
assumption that both may reduce pain intensity. These
branches include the probabilities that the subject may easily
perceive total pain relief after the second dose of analgesic
intervention.

Results

Our systematic review detected several randomised, blinded
and controlled clinical trials, one systematic review and one
meta-analysis. We did not detect any economic studies based
on the IBU/COD combination.

Among these articles, we finally decided to consider one
randomised, controlled and double-blinded clinical trial[2] and
a single meta-analysis assessing the ibuprofen/codeine com-
bination versus ibuprofen alone.[6] We decided to consider
McQuay et al.’s trial[2] because of its high-quality study
design and significant internal validity. It was a randomised,
double-blinded, cross-over, multiple-dose assay in 25 patients
who were undergoing surgical removal of the bilateral sym-
metrical impacted lower third molar. More women than men
took part in the study (F : M = 19:6). There were no with-
drawals from the study, but two patients did not require any
analgesia following one of the two operations and one patient
failed to return her completed diary after one of the treat-
ments. No rescue analgesic medication other than ibuprofen
was permitted.

Although the study involved only 25 patients, arguably too
few for the study to have much predictive power,[7] the cross-
over design in analgesic studies increases sensitivity by 40%
compared with parallel group designs,[8] so that this cross-over
would have sensitivity equivalent to a parallel group study
with 40 patients in each group.

In the other hand, we considered Li Wan Po and Zhang’s
meta-analysis because of its ‘head-to-head’ design and sub-
group analyses comparing IBU versus placebo and IBU/COD
versus placebo. So we were able to extrapolate a placebo-
effect for patients who did not perceive total pain relief with
the first two doses of their pain treatment in McQuay et al.’s
study (Figure 1).

Thus, according to the findings of McQuay et al.’s study,
out of 25 patients, 13 patients treated with IBU and 11 patients
treated with the IBU/COD combination required administra-
tion of a third dose to control pain. From this it can be
extrapolated that 52% (13/25) of patients taking IBU, and

Figure 1 Decision tree. Time horizon: 5 days. Data source McQuay et al.[2] and Li Wan Po and Zhang.[6].

2 Journal of Pharmaceutical Health Services Research 2011; ••: ••–••



44% (11/25) of patients taking IBU/COD, would need more
than two doses to perceive the analgesic effect. In addition we
may say that 48% of patients treated with IBU and 56% of
patients treated with the IBU/COD combination would obtain
total pain relief with the first two doses of the analgesic
treatment.

In the same trial, IBU/COD combination doubled both the
number of hours without pain on the day the molar was
removed and the number of hours with total pain relief as
compared with those of IBU alone. These differences were
significant (3.9 � 0.8 versus 1.8 � 0.5 h, P = 0.023).

After evaluating all the references, we decided to base our
analysis exclusively on McQuay et al.’s study,[2] since that
study establishes a dichotomous measurement for the efficacy
in each intervened group (proportion of patients without pain
after taking the second dose of the analgesic treatment) with
another measurement for which effectiveness could be con-
sidered to be number of hours without pain.

The estimated costs of each intervention have been calcu-
lated from the patient’s standpoint. To make calculations, we
took a hypothetical cohort of 100 patients after third molar
extraction surgery. The costs were based on the rates for
generic drugs obtained from the Instituto Nacional de Enfer-
medades Neoplásicas (Lima, Perú).

Upon obtaining the corresponding costs and effectiveness
measurements, we calculated a C-E ratio of US$7.23 for the
intervention with IBU, and US$6.27 for the intervention with
IBU/COD. These results indicate that the IBU/COD associa-

tion is slightly more cost-effective than the intervention with
IBU alone. Summary of the incremental C-E analysis is
shown in Table 1. The incremental C-E analysis (ICER)
between these two treatments indicates that each unit of dif-
ference between the interventions would cost US$5.35, i.e.
each hour without pain in a cohort of 100 patients would cost
US$5.35; or that each additional hour without pain (in 100
patients) would cost US$5.35.

Sensitivity analysis was based on the following criteria: (1)
the bivariate analysis as per the IC95 in effectiveness (number
of hours without pain) and adverse effect profile for both
interventions; (2) the probabilistic distribution of the variables
involved; and (3) the tornado diagram.

The bivariate analysis (Figure 2a and b) shows the effec-
tiveness values defined in the analysis, i.e. 1.8 and 3.9 h
without pain for IBU and IBU/COD, respectively, beside a
range of values that corresponds to their IC95s. The intersec-
tion of these values is far from the borderline between the field
favouring IBU/COD and the field favouring IBU. This result
suggests that small changes in the assumed effectiveness
values may not change the final direction of the results, giving
more statistical robustness to the results of this analysis. Like-
wise, rational changes in pain relief probabilities after the
second dose do not affect the direction of the C-E results; i.e
the IBU/COD combination maintains its higher C-E in several
probability scenarios.

The probabilistic simulation analysis (Figure 3) shows the
scatterplot for IBU/COD combination in an area next to the
IBU dot cloud; thus, for a broad range of willingness-to-pay
values combination therapy results, in a more cost-effective
alternative. Acceptability curves for both interventions
strengthen these probabilistic results (Figure 4).

The tornado diagram (Figure 5) shows the variables that
are most likely to influence the final results of the model,
considering a willingness-to-pay of US$100. Effectiveness
and relief probability values for IBU/COD combination were
the two variables that most likely will change the net mon-
etary benefit.

To determine the treatment adherence level, we took the
adverse effect incidence data in both groups, under the assump-

Table 1 Summary of the incremental cost-effectiveness analysis

Effectivity Costs C-E ICER
(no. of hours
without pain)

(US$) (US$) (US$)

IBU 1.23 8.87 7.23
IBU/COD 2.49 15.63 6.27 5.35

C-E, cost-effectiveness; IBU, ibuprofen; IBU/COD, ibuprofen/codeine
combination; ICER, incremental cost-effectiveness ratio.

1.00 0.100
0.380 0.430 0.480 0.530

Relief probabiliby, IBU

R
el

ie
f p

ro
ba

bi
lib

y,
 IB

U
/C

O
D

0.580

0.240

0.380

0.520

0.660

0.80

Hours without pain, IBU

H
ou

rs
 w

ith
ou

t p
ai

n,
 IB

U
/C

O
D

1.30 1.80 2.30 2.80

1.98

2.95

3.93

4.90
(a) (b)

Figure 2 (a) Net monetary benefit (willingness to pay (wtp) = 100). Sensitivity analysis on hours without pain, ibuprofen (IBU) and hours without
pain, ibuprofen/codeine (IBU/COD). (b) Net monetary benefit (wtp = 100). Sensitivity analysis on relief probability, IBU and relief probability,
IBU/COD. ( ) IBU (400); ( ) IBU/COD (400/60).
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tion that the emergence of any adverse effect would cause the
change of analgesic drug. Thus, according to McQuay et al.’s
study, in the IBU group three out of 23 (13%) patients showed
one or more adverse effects; and, in the IBU/COD group, five
out of 24 (21%) patients complained about some adverse
effects. With this data, we estimated a new overall effectiveness
for both groups (as per the adverse effect incidence): 1.07 for
IBU (multiplying 1.23 times 0.87), and 1.97 for IBU/COD
(multiplying 2.49 times 0.79) (Table 2).

Discussion

In recent years the favourable effects of IBU/COD analgesic
combination have achieved increased and better evidence. We
now have the results of an important synthesis study (system-
atic review with meta-analysis)[6] which has contrasted the
efficacy and safety of this combination with regard to mono-
therapy. In addition, since the synergistic effect of the NSAID/
opioid combination is statistically significant, it is important
to evaluate such benefit from a pharmacoeconomic viewpoint.

Our study provides this form of analysis for the comprehen-
sive assessment of short-term benefit (acute pain).

McQuay et al.’s trial results are based on data from no later
than 1989, which might indicate that better analgesic agents

Figure 3 Probabilistic simulation analysis cost-effectiveness scatter-
plot. ( ) Ibuprofen (400); ( ) Ibuprofen/codeine (400/60).
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Figure 5 Tornado diagram at patients after third molar surgery. ( )
Relief probability, ibuprofen/codeine (IBU/COD): 0.10 to 0.66; ( )
Hours without pain, IBU/COD: 2.9 to 4.9; ( ) Cost IBU/COD: 12 to 25
US$; ( ) Relief probability, IBU: 0.38 to 0.58; ( ) Hours without pain,
IBU: 0.8 to 2.8; ( ) Cost IBU: 5 to 15 US$.

Table 2 Sensitivity analysis according to treatment adherence level

Adverse events IBU IBU/COD
(n = 23) (n = 24)

Nausea 1 1
Sedation 1 3
Headache 1 1
Dizziness 1 0
Constipation 0 1
Total no. AEs 4 6
Total no. patients without AEs 3 5

Treatment adherence Average Maximum

IBU 0.87 1.00
IBU/COD 0.79 1.00

Maximum adherence IBU IBU/COD

Expected cost (US$) 8.87 15.63
Effectiveness (hours without pain) 1.23 2.49
C-E 7.21 6.28
ICER (US$) 5.37

Average adherence IBU IBU/COD

Expected cost (US$) 8.87 15.63
Effectiveness (hours without pain) 1.07 1.97
C-E 8.29 7.93
ICER (US$) 7.50

AEs, adverse events; C-E, cost-effectiveness; IBU, ibuprofen; IBU/COD,
ibuprofen/codeine combination; ICER, incremental cost-effectiveness
ratio.
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are currently available or there may have been a change in the
patient population pain threshold. Currently IBU and IBU/
COD combinations are two valid and frequently used alterna-
tives for pain management in the Peru population. Likewise,
although more women than men took part in the study
(F : M = 19:6) we believe that this factor may not be critical
for transferability of the clinical outcomes.

Our decision tree only included one effectiveness measure-
ment (hours without pain), but not other clinical results asso-
ciated to pain reduction, such as the percentage of total relief
or the perception of pain through a visual analogue scale
(VAS) or any other index. However, several authors have
considered the possibility of evaluating more than one effec-
tiveness measurement to compare health interventions.[9–12] In
general, such works conduct independent C-E analysis for
each effectiveness measurement; nevertheless, this type of
analysis does not consider the correlation between different
effectiveness measurements. Besides, if the more cost-
effective treatment differs according to the measurement used,
the decision-maker must establish a preference among them to
make a decision.

Other authors have proposed a probabilistic simulation
model to estimate the joint density function of two effective-
ness measurements: risk and health benefits; making a risk-
benefit analysis a measurement for decision making, but this
has the disadvantage of not including the cost in the analysis.
More recently, several authors have proposed some C-E meth-
odologies to make therapeutic comparisons with multiple
effectiveness measurements, such as data envelopment analy-
sis (DEA) and Bayesian analysis.[13]

The effectiveness of the interventions with IBU and IBU/
COD has been extrapolated mainly from McQuay et al.’s
study,[2] the prospective data of which were also considered in
Li Wan Po and Zhang’s meta-analysis.[6] Effectiveness was
considered after the second analgesic dose, to best relate the
effect to an optimum analgesic blood level. In accordance
with this, the need for a third analgesic dose was assumed as
treatment failure (no significant pain relief). In other studies,
the need for a third dose (or even a second dose) is called
‘rescue analgesia’. However, although there is no suitable
analgesic response in this group of subjects, the maximum
average of hours without pain was assumed at 0.7 h, accord-
ing to the placebo effect described in Li Wan Po and Zhang’s
meta-analysis.

An inherent feature of pharmacoeconomic designs is that
they undergo various sensitivity analyses, trying to achieve
robustness of results with respect to the uncertainty of each
variable. Our study submitted the results to deterministic and
probabilistic sensitivity analysis, considering the confidence
intervals or standard deviation (deterministic analysis) and the
probabilistic distribution of the variables considered (proba-
bilistic analysis).

Results of the first sensitivity analysis indicate that it is
necessary to vary extensively the effectiveness estimates,
costs or pain response probabilities, to change the direction
of the final result (and to make the intervention with IBU
more cost-effective). This sensitivity test confirms the
robustness of this analysis, and reduces the uncertainty of
the result with estimates different from those considered in
this study. However, the Tornado analysis shows that high

modification of effectiveness and relief probability for IBU/
COD would result in an important variation of the net mon-
etary benefit.

Considering treatment adherence as a modifying factor,
two compliance levels were assumed for each intervention:
maximum level and average level (Table 2). Adherence level
would only modify the expected effectiveness of the interven-
tion, but the corresponding costs would remain constant. In
any case the new expected effectiveness related to the com-
pliance level can be determined by the product of both values
(effectiveness ¥ compliance factor), considering, as well, that
the ideal condition would be the maximum compliance, which
would correspond to a maximum value of one (100% of
patients adhere to the intervention under the assumption that
there are no adverse events). Under the assumption of no
adverse events, the intervention with IBU/COD stays more
cost-effective than IBU at the two compliance levels, adding
robustness to the results when this scenario is taken into
consideration.

Adverse effects incidence data were taken from McQuay
et al.’s study, which are very similar to the results obtained by
Petersen et al.[4] who have also evaluated the analgesic effec-
tiveness and safety of the IBU/COD combination versus IB, at
the same doses (400/60 mg versus 400 mg). Such similarity
adds consistency to this sensitivity analysis.

A broad concept of the therapeutic usefulness or value of
the new interventions led us to include not only clinical ben-
efits but also the economic quality of life benefits obtained
with a new treatment. An example of this may be therapeutic
compliance (‘treatment adherence’) as an element to be con-
sidered with regard to intervention usefulness. If the latter
criterion is not taken into account, it may happen that a
medicine with a higher efficacy than the reference drug
(which would be highly rated as a therapeutic novelty)
would nevertheless have a low compliance rate because this
new medicine has to be taken more frequently, for example
four times a day while the former one is only taken once a
day.

Taking into consideration the distribution that best
explains the behaviour of each variable, we proceeded to
conduct a probabilistic type of sensitivity analysis (Monte-
carlo simulation). Figure 3 shows the results of this analysis.
Scatterplots that correspond to the two alternatives illustrate
that the intervention with IBU/COD is more cost-effective
than IBU, and the scattering of both dot clouds is very distin-
guishable and, for this reason, the IBU/COD alternative
would have more acceptance with regard to most payment
availabilities.

It is important to acknowledge some weaknesses of this
study. First, only one effectiveness measurement was used for
the analysis (number of hours without pain), as several of the
estimates for the model were available from the same clinical
trial (McQuay et al.); nevertheless, the combined or indepen-
dent evaluation of several effectiveness measurements would
optimise the robustness of the analysis and finally would
improve the decision making capacity. Second, we preferred to
use most of the results from McQuay et al.’s study because the
final estimate in Li Wan Po and Zhang’s meta-analysis was
based on different doses of both drugs, adding heterogeneity to
the mode; however, it will be also important to analyse the C-E
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from the perspective of this meta-analysis considering that this
study design is preferable for economic analysis whenever it
shows a low heterogeneity level.[14,15] Third, although the
results from other trials with the same interventions (IBU
versus IBU/COD) were not included in this analysis because
they were based on other types of pain, it would be important to
repeat the economic evaluation for different pain conditions,
such as episiotomy, post-surgery or oncologic pain.

Finally, it is important to consider that McQuay et al.’s
trial was conducted in UK and the generalisability to popula-
tions such as Peru may be limited. Although the underlying
premise of a multinational clinical trial is that the treatment
effect on the underlying biological process is constant across
countries, differences in demography and epidemiology of
disease between countries may threaten this assumption, par-
ticularly with respect to the absolute benefit of treatment in
different countries. In a clinical trial, the differences in clinical
practice and conventions between countries may be limited by
the trial’s protocol. However, there is the potential for differ-
ences in provision of ‘usual care’ to impact the comparison
between countries.[16,17]

Likewise, different countries will have different levels of
ability to pay for improved health outcomes. What is consid-
ered cost-effective in one health system may not be consid-
ered affordable in another. This fundamentally limits the
usefulness of an overall conclusion of any C-E analysis of a
trial, but does not invalidate the C-E results. The fundamental
problem, therefore, relates to whether data are pooled to maxi-
mise power or split to maximise the credibility of the eco-
nomic analysis in each individual country.[16,17]

Despite there being some publications concerning these
topics, the proposed approaches used for assessing geo-
graphic transferability potential have varied significantly
across these published papers. For consensus with a future
tool it will be very important to agree critical and noncritical
factors in order to define this transferability potential.

Conclusion

According to the results of this study, intervention with IBU/
COD proves to be more cost-effective than IBU. Sensitivity
analysis strengthens the trend of the results since there is a
broad range of variable modification to balance C-E differ-
ence between both interventions. Differences in demographic
and cultural factors for pain perception between countries
may threaten the transferability of the results.
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