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Relative efficacy of oral analgesics after third
molar extraction
J. Barden,1 J. E. Edwards,2 H. J. McQuay,3 P. J. Wiffen4 and R. A. Moore5

Objectives  To compare the relative efficacy of analgesics after third
molar extraction from systematic reviews of randomised, double blind
studies.
Data sources  Dental trials from systematic reviews of randomised,
double-blind studies of analgesics in acute pain.
Data selection  Number of patients with moderate or severe pain
achieving at least half pain relief over 4 to 6 hours after a single oral
dose of analgesic.
Data extraction Independently by two reviewers.
Data synthesis Use of dichotomous information from active and
placebo treatments, first to calculate the statistical significance using
relative risk, and then to evaluate the clinical relevance using number
needed to treat (NNT). Non-steroidal anti-inflammatory drugs (NSAIDs)
and cyclo-oxygenase-2 (COX-2) inhibitors had the lowest (best) NNTs
for the outcome of at least half pain relief over 4-6 hours compared
with placebo. With the best performing analgesics, 50-70 patients out of
100 had good pain relief compared with about 10 out of 100 with
placebo. Only paracetamol 600/650 mg plus codeine 60 mg was
associated with any significant increase in any patient experiencing an
adverse event.
Conclusions  NSAIDs and COX-2 inhibitors have the lowest (best) NNTs.
They may also have fewer adverse effects after third molar surgery,
though conclusive evidence is lacking. At least 80% of analgesic
prescribing by UK dentists is in line with the best available evidence on
efficacy and safety.

Acute pain has been studied in single dose designs first pro-
posed by Beecher and colleagues1,2 and formalised by Houde
and Wallenstein.3 The problem with single trials is that while
they can demonstrate statistical superiority of analgesic over
placebo, variation because of random chance means that, if
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small, they provide a poor estimate of the size of the analgesic
effect.4 Combining results from clinically homogeneous trials in
a meta-analysis gives an accurate estimate of the extent of the
analgesic effect when sufficient numbers of patients have been
randomised.4,5

Clinical trials in acute pain normally last 4 to 6 hours, because
that is the duration of effect of most analgesics, whether injected
or as tablets, and whether simple analgesics, NSAIDs or opioids.
Meta-analysis in acute pain has concentrated on the use of the
area under the total pain relief versus time curve (TOTPAR),
dichotomized into those patients who do or do not achieve at
least half pain relief (at least 50% maximum TOTPAR).6 This
measure is the one most frequently reported, and it avoids the
problem of reporting continuous pain data as the mean of a
highly skewed distribution.7 It has the benefit of being intuitively
meaningful to patients and professionals, as well as being meas-
urable.

Meta-analyses in acute pain usually combine studies from a
variety of pain models, and relative efficacy of analgesics in
these studies has been examined.6 A majority of studies were in
third molar extraction, but any postoperative pain condition is
likely to be included. In the largest dataset, that of aspirin,8

pain model (dental or other surgery) made no difference to the
NNT. 

Dentists ask, rightly, about relative efficacy in dental pain.
The number of prescription items issued by dentists in England
was remarkably consistent between 1998 and 2001 (Table 1),
with ibuprofen, dihydrocodeine and paracetamol being most
frequently prescribed. This review set out to examine single-
dose oral analgesics after third molar extraction from a number
of updated systematic reviews, both for the analgesics common-
ly prescribed in England, and for those for which comparable
evidence exists, including the newer cyclo-oxygenase-2 selec-
tive inhibitors like rofecoxib, celecoxib and valdecoxib.

METHODS
In all the systematic reviews QUORUM guidelines were fol-
lowed.9 In the reviews, studies for inclusion were sought
through searching the Cochrane Library, Biological Abstracts,
MEDLINE, PubMed and the Oxford Pain Relief database.10 Ref-
erence lists and review articles were examined for possible addi-
tional references. Most had search dates in 2002.

● This paper reviews the available high quality information on analgesics commonly
prescribed by dentists, including COX-2 selective inhibitors.   

● Problems related to chance effects are avoided by combining multiple trials in a meta-
analysis.   

● There is good evidence of efficacy for most  commonly-prescribed analgesics.   
● Standard doses of NSAIDs and COX-2 inhibitors provide the best analgesia and lowest

rate of adverse events.
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References for the reviews are as follows:
Aspirin: Edwards et al., 1999;8 additional searching in

2002 found no new studies.
Celecoxib: An unpublished review being submitted as a

Cochrane Review.
Diclofenac: An updated version of a Cochrane review.11

Dihydrocodeine: A Cochrane review.12

Ibuprofen: An updated version of a Cochrane review.11

Paracetamol: An updated version of a Cochrane review.13

Paracetamol An updated version of a Cochrane review.13

plus codeine:
Rofecoxib: An updated version of a systematic review.14

Valdecoxib: A systematic review in preparation.

Criteria for inclusion for postoperative dental pain were:
study in third molar extraction, full journal publication (except
valdecoxib which included information from a poster), ran-
domised controlled trials which included single dose treatment
groups of oral analgesic and placebo, double blind design,
baseline postoperative pain of moderate to severe intensity,
patients over 15 years of age, at least 10 patients per group, and
the pain outcome measures of total pain relief (TOTPAR) or
summed pain intensity difference (SPID) over 4-6 hours or suf-
ficient data to allow their calculation. Pain measures allowed
for the calculation of TOTPAR or SPID were a standard five
point pain relief scale (none, slight, moderate, good, complete),
a standard four point pain intensity scale (none, mild, moder-
ate, severe) or a standard visual analogue scale (VAS) for pain

relief or pain intensity. For adverse events, the primary out-
come sought was the proportion of patients experiencing any
adverse event, with secondary outcomes of patients experienc-
ing particular adverse events. Although adverse events are
often reported inconsistently in acute pain trials,15 the outcome
of any patient experiencing any adverse event was the most
consistently reported.

Each report which could possibly be described as a randomised
controlled trial was read independently by several authors and
scored using a commonly-used three item, 1-5 score, quality
scale.16 Consensus was then achieved. The maximum score of an
included study was 5 and the minimum score was 2. Authors were
not blinded because they already knew the literature. This scoring
system takes account of randomisation, blinding, and withdrawals
and drop outs. Trials that score 3 or more (less biased) have been
shown repeatedly to have lower treatment effects than those scor-
ing 2 or less.17,18

For each trial, mean TOTPAR, SPID, VAS-TOTPAR or VAS-SPID
values for each treatment group were converted to %maxTOTPAR
by division into the calculated maximum value.19 The proportion
of patients in each treatment group who achieved at least 50%
maxTOTPAR was calculated using valid equations.20-22 The num-
ber of patients randomised was taken as the basis for calculations,
to produce an intention to treat analysis. The number of patients
with at least 50% maxTOTPAR was then used to calculate relative
benefit and NNT for analgesic versus placebo. The same methods
were used for adverse events, where the number needed to harm
(NNH) was calculated.

Table 1 Numbers of prescription items issued by dentists and dispensed in England
Analgesic 1998 1999 2000 2001

Ibuprofen 400 mg 107,200 110,400 109,000 103,900

Dihydrocodeine 30 mg 53,700 50,300 49,100 46,700

Ibuprofen 600 mg 34,200 39,700 40,800 42,600

Ibuprofen 200 mg 36,300 34,600 32,000 30,600

Paracetamol 500 mg 11,100 12,800 15,400 17,200

Paracetamol 500 mg soluble 800 1,000 900 900

Pethidine 50 mg 1,100 900 700 700

Aspirin 300 mg 200 200 200 200

Source: DOH statistics division 2002 calendar year January to December

Dihydrocodeine 30 mg
Paracetamol 300 mg + codeine 30 mg

Paracetamol 600/650 mg
Aspirin 600/650 mg

Paracetamol 975/1000 mg
Celecoxib 200 mg

Paracetamol 600/650 mg  + codeine 60 mg
Ibuprofen 200 mg
Diclofenac 50 mg
Rofecoxib 50 mg
Ibuprofen 400 mg
Valdecoxib 20 mg
Diclofenac 100 mg
Valdecoxib 40 mg
Ibuprofen 600 mg

0 10 20 30 40 50 60 70 80 90 100
95% confidence interval of the percent of
patients achieving at least 50% pain relief

Fig. 1 The 95%
confidence interval of
the proportion of
patients with at least
half pain relief over 4-6
hours compared with
placebo in third molar
extraction trials
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of patients had at least half pain relief with active treatment in one
small trial in dental pain (Table 2).

The adverse event outcome of a patient experiencing any
adverse event is shown in Table 3, from 10,113 patients in 107 tri-
als. Of the 15 drug and dose combinations, only paracetamol
600/650 mg plus codeine 60 mg could be statistically distin-
guished from placebo in 10 trials and 824 patients. The NNH was
5.3 (4.1 to 7.4), indicating that five patients had to be treated with
paracetamol 600/650 mg plus codeine 60 mg for one of them to
have an adverse event that would not have occurred with placebo.
For all other drugs and doses there was no difference between
analgesic and placebo.

DISCUSSION
Systematic review and meta-analysis both depend on two interde-
pendent criteria for them to make sense: the quality of the compo-
nent individual studies, and the total size of the sample available
for analysis. 

We know that if trials are of poor reporting quality,17,18 or not
randomised,30 or not blind, or both,31 then the tendency is to over-
estimate the benefits of treatment. The reviews included here all
demanded that trials should be both randomised and double-blind
as a minimum requirement for inclusion. 

We also know that even if trials are done well, small sample
size can lead to an incorrect answer just because of the random
play of chance.4 For these studies we also know just how much
information is needed to be 95% confident of an NNT to with
±0.5 units.4 With an NNT of 2.3 it is 400 patients in the compari-
son, with an NNT of 2.9 it is 1,000 patients, and with an NNT of
4.2 it is many more than with 1,000. At NNTs of 4 or more, even
with 1,000 patients fewer than 75% of trials will be within ±0.5
of the overall NNT. 

The analgesics for which these two criteria were met
unequivocally were valdecoxib (combining 20 mg and 40 mg),
rofecoxib 50 mg, ibuprofen 400 mg, diclofenac 50 mg and prob-
ably ibuprofen 200 mg. For paracetamol the numbers were bor-
derline, and for diclofenac 100 mg too small to make any safe
judgement. There is good evidence of good efficacy for the anal-
gesics most commonly prescribed by dentists, with the excep-
tion of dihydrocodeine where there was little evidence in total,
and no convincing evidence of efficacy.

Relative benefit and relative risk estimates were calculated with
95% confidence intervals using a fixed effects model.23 Hetero-
geneity tests were not used as they have previously been shown to
be unhelpful,24,25 though homogeneity was examined visually.26

Publication bias was not assessed using funnel plots as these tests
have been shown to be unhelpful.27,28 The number needed to treat
or harm (NNT and NNH) with confidence intervals was calculated
by the method of Cook and Sackett29 from the sum of all events
and patients for treatment and placebo.

Relative benefit or risk was considered to be statistically signifi-
cant when the 95% confidence interval did not include 1. NNT val-
ues were only calculated when the relative risk or benefit was sta-
tistically significant, and are reported with the 95% confidence
interval. Calculations were performed using Microsoft Excel 2001
on a Power Macintosh G4.

RESULTS
Table 2 shows the main results from 14,150 patients in 155 trials of
15 drug and dose combinations against placebo in third molar
extractions. Of those 15 drug and dose combinations, only dihy-
drocodeine 30 mg could not be statistically distinguished from
placebo because there were no trials with any useful information
in third molar extraction. Figure 1 shows the proportion of
patients achieving at least 50% pain relief with treatment. The
smallest sample for any comparison was 136 patients for celecoxib
200 mg. Only five of the 14 comparisons had more than 1,000
patients, and seven had fewer than 500 patients. In all systematic
reviews, the majority of trials had quality scores of 3 or more.

The lowest (best) NNTs were for NSAIDs and COX-2 inhibitors
at standard or high doses. For these, NNTs could be as low as about
2 (meaning that two patients had to be treated with NSAID or
COXIB for one of them to have an outcome of at least half pain
relief that would not have occurred with placebo). Valdecoxib 20
mg and 40 mg, rofecoxib 50 mg, ibuprofen 400 mg and diclofenac
50 mg and 100 mg all had NNTs below 2.4. For all of them, about
60-70% of patients had at least half pain relief with active treat-
ment compared with about 10% with placebo.

Paracetamol 975/1,000 mg, aspirin 600/650 mg and paraceta-
mol 600/650 mg had NNTs of between 4 and 5. Fewer than 40% of
patients with paracetamol at these doses had at least half pain
relief with active treatment. With dihydrocodeine 30 mg only 16%

Table 2 Efficacy of analgesics after third molar extraction, from systematic reviews of randomised, double blind trials

Number (%) of patients
with at least 50% pain relief

Drug and dose Treatment Placebo Relative benefit Number needed to treat Total  patients Total trials
(95% CI) (95% CI)

Valdecoxib 40 mg 204/279 (73) 19/194 (10) 7.3 (4.8 to 11.2) 1.6 (1.4 to 1.7) 473 4

Diclofenac 100 mg 71/102 (70) 8/102 (8) 8.9 (4.5 to 17.5) 1.6 (1.4 to 1.9) 204 2

Valdecoxib 20 mg 69/101 (68) 8/103 (8) 8.8 (4.5 to 17.3) 1.7 (1.4 to 2.0) 204 2

Diclofenac 50 mg 112/189 (59) 21/178 (12) 4.9 (3.3 to 7.5) 2.1 (1.8 to 2.6) 367 5

Rofecoxib 50 mg 318/557 (57) 23/262 (9) 6.6 (4.4 to 9.9) 2.1 (1.9 to 2.3) 819 6

Ibuprofen 400 mg 1,035/1,835 (56) 186/1,567 (12) 4.7 (4.0 to 5.4) 2.2 (2.1 to 2.4) 3,402 37

Ibuprofen 200 mg 323/695 (46) 47/499 (9) 4.6 (3.5 to 6.1) 2.7 (2.4 to 3.1) 1,194 14

Ibuprofen 600 mg 90/114 (79) 38/89 (43) 1.9 (1.5 to 2.5) 2.8 (2.0 to 4.3) 203 3

Celecoxib 200 mg 39/91 (43) 4/45 (9) 4.8 (1.8 to 12.7) 2.9 (2.1 to 4.8) 136 1

Paracetamol 975/1000 mg 226/616 (37) 40/422 (9) 3.8 (2.8 to 5.2) 3.7 (3.1 to 4.7) 1,038 10

Paracetamol 600/650 mg  + codeine 60 mg 217/532 (48) 64/380 (19) 2.5 (1.9 to 3.1) 4.2 (3.4 to 5.5) 911 12

Paracetamol 600/650 mg 224/630 (36) 76/635 (12) 2.9 (2.3 to 3.7) 4.2 (3.6 to 5.2) 1,265 10

Aspirin 600/650 mg 627/1,788 (36) 255/1,847 (15) 2.5 (2.2 to 2.9) 4.7 (4.2 to 5.4) 3,635 46

Paracetamol 300 mg + codeine 30 mg 48/175 (29) 11/124 (9) 3.3 (1.8 to 6.2) 5.4 (3.7 to 9.7) 299 3

Dihydrocodeine 30 mg 8/49 (16) 2/50 (4) 4.1 (0.9 to 18) not calc 99 1

Shaded areas are those analgesics used by dentists in the UK
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With the information available, standard doses of NSAIDs and
COX-2 inhibitors provided the best analgesia (Fig. 2). NNTs of 2
and below are indicative of very effective medicines.32 The indirect
comparisons that allow us to arrive at this conclusion are only sus-
tainable because the trials have the same design, use patients with
the same entry criterion (moderate or severe pain intensity), with
standard measurements made in the same way over the same peri-
od of time, and with the same output from each trial, and one
known to be legitimate. The validity of the indirect comparisons
are buttressed by the dose response of two doses of ibuprofen (400
mg was better than 200 mg) and two doses of paracetamol
(975/1000 mg was better than 600/650 mg) where there were cred-
ible amounts of information. A systematic review of ibuprofen
versus paracetamol in dental studies also concluded that ibuprofen
was superior, concordant with the indirect comparison.33

The adverse event information we have tells us only about
patients experiencing any adverse event. With the amount of
information available, it appears that only higher doses of
codeine with paracetamol resulted in a significantly higher rate
for this outcome than placebo. In Table 3 the rate at which this
adverse event occurred with placebo varied greatly, between 2%

and 52%. This variation will be due partly to small sizes,4 but
also because we know that methods of collecting adverse event
data impact significantly on the reported incidence, and because
methods used varied.15

Information about specific adverse events is even more difficult
to obtain, and very large data sets are required to produce infor-
mation about, for instance, gastric irritation with aspirin use.8 Of
interest to dentists might be the rate of alveolitis or dry socket. This
is reported in some of the newer COXIB studies, but not in older
studies. There is just too little information to make a judgement.

What these comparisons do not do is to tell dentists what to
prescribe. They, and the products of other systematic reviews,
should not be used as rules, but rather as evidence-based tools
to help make better policy decisions, and decisions about indi-
vidual patients. Present prescribing practice (Table 1) shows
that, for the most part, effective and safe analgesics are being
used in 80% of prescriptions. The exception is prescribing dihy-
drocodeine 30 mg (20% of prescriptions), for which we lack sin-
gle dose evidence of efficacy in dental surgery, and which could
not be distinguished from placebo in other conditions, again
with little data.6

Paracetamol 300 + codeine 30 mg
Aspirin 600/650 mg

Paracteamol 600/650 mg
Paracetamol 600/650 + codeine 60 mg

Paracetamol 975/1000 mg
Celecoxib 200 mg
Ibuprofen 200 mg
Diclofenac 50 mg
Ibuprofen 400 mg
Rofecoxib 50 mg

Valdecoxib 20 mg
Valdecoxib 40 mg
Diclofenac 100 mg

1 2 3 4 5 6 7 8 9 10
95% confidence interval of the NNT

Fig. 2 The 95%
confidence interval of
the number needed to
treat (NNT) for at least
half pain relief over 4-6
hours compared with
placebo in third molar
extraction trials

Table 3 Patients experiencing any adverse event with analgesics after third molar extraction, from systematic reviews of randomised, double blind trials

Number (%) of patients
harmed with

Drug and dose Treatment Placebo Relative risk Number needed to harm Total  patients Total trials
(95% CI) (95% CI)

Valdecoxib 40 mg 63/180 (35) 76/144 (53) 0.6 (0.5 to 0.8) not calc 324 3

Diclofenac 100 mg 2/52 (4) 2/52 (4) 1.0 (1.2 to 6.8) not calc 104 1

Valdecoxib 20 mg 36/100 (36) 55/103 (53) 0.7 (0.5 to 0.9) not calc 203 2

Diclofenac 50 mg 15/222 (7) 12/210 (6) 1.2 (0.6 to 2.4) not calc 432 4

Rofecoxib 50 mg 105/314 (33) 48/122 (39) 0.9 (0.7 to 1.1) not calc 436 3

Ibuprofen 400 mg 120/972 (13) 91/805 (12) 1.1 (0.8 to 1.4) not calc 1777 19

Ibuprofen 200 mg 84/554 (15) 69/372 (19) 0.8 (0.6 to 1.0) not calc 926 10

Ibuprofen 600 mg no data

Celecoxib 200 mg no data

Paracetamol 975/1,000 mg 175/836 (24) 103/464 (20) 1.1 (0.9 to 1.3) not calc 1300 9

Paracetamol 600/650 mg  + codeine 60 mg 156/490 (25) 43/333 (14) 1.8 (1.3 to 2.5) 5.3 (4.1 to 7.4) 824 10

Paracetamol 600/650 mg 32/228 (14) 20/229 (9) 1.6 (0.9 to 2.7) not calc 457 7

Aspirin 600/650 mg 155/1,320 (12) 168/1,422 (12) 1.0 (0.8 to 1.2) not calc 3031 36

Paracetamol 300 mg + codeine 30 mg 29/175 (15) 20/124 (16) 0.9 (0.6 to 1.6) not calc 299 3

Dihydrocodeine 30 mg 1/49 (2) 1/50 (2) 1.0 (0.1 to 17) not calc 99 1

Shaded areas are those analgesics used by dentists in the UK
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Not all the analgesics in this review are presently available for
prescribing by dentists, at least in the UK. The information on effi-
cacy, on harm, and on the amount of information available should
be useful in any initiative to develop a prescribing formulary in
dentistry, especially as we have growing confidence in the value of
indirect comparisons.34
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