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INTRODUCTION

Despite recent advancements in root canal treatments, post-
operative endodontic pain (PEP) continues to be a common
unfavourable outcome, with a reported incidence of 3%-58%
(1, 2). The periradicular tissues could be irritated by mechan-
ical instrumentation, irrigants, and intracanal medicaments,
leading to PEP (2). Although root canal therapy decreases
odontogenic pain in many cases, analgesics are often required
to mitigate PEP adequately (3). Various medications, includ-
ing paracetamol, corticosteroids, and non-steroidal anti-in-
flammatory drugs (NSAIDs), can reduce PEP (3). NSAIDs have
both peripheral and central impacts on pain reduction (4).
As the most frequently used NSAIDs, ibuprofen (IBU) and di-
clofenac account for almost 40% of global oral NSAID sales (4).
Although the exact sales ratio for IBU and diclofenac varies by
country, they are regularly used, well-accepted, and have long
been in the market (5).

IBU is very well known to dentists and endodontists and is the
most studied NSAID in the endodontic literature (6). Due to its
relatively broad spectrum of indications, good tolerance, and
safety, IBU is suitable for self-medication; it has been ranked
as the safest conventional NSAID by the spontaneous adverse
drug reaction reporting system in the United Kingdom (7).

Diclofenac is a non-selective, amphiphilic, phenylacetic acid-
derivative cyclooxygenase inhibitor (8). It is available in oral
formulations paired with sodium, potassium, or sodium and
misoprostol (9). In low, middle, and high-income countries, it
is the most commonly used NSAID (10). Diclofenac's mech-
anisms of action are unique and distinct from other NSAIDs.
Its efficacy in inhibiting blood cyclooxygenase levels and the
synthesis of pro-inflammatory and nociceptive prostaglandins
is 3 to 1000 times more than other NSAIDs (11). Additionally,
diclofenac has a 50-fold higher affinity for peroxisome pro-
liferator-activated y receptors than other NSAIDs. As a result,
diclofenac affects spinal nociceptive processing by activating
these receptors and decreasing prostaglandin synthesis (9, 11).

The solubility and absorption of different formulations of di-
clofenac depend on its contained salt form, with diclofenac
potassium (DFK) being more rapidly absorbed than diclofenac
sodium (9). Therefore, DFK immediate-release sugar-coated
tablets (Cataflam®, Novartis Pharmaceuticals Corporation,
Basel, Switzerland) were introduced for their rapid uptake (8,
9). Faster-acting analgesics such as DFK can lead to earlier on-
set, possibly longer-lasting, and higher pain relief and reduce
the need for repeat medication; as a result, additional intake
will be less frequent (12). Therefore, acute dental pain could
benefit from the short onset of action of DFK (13).

Both IBU (6) and diclofenac (14) have been shown to diminish
PEP. A trial by Makkar et al. (15) showed that a single-dose com-
bination of diclofenac sodium + paracetamol had more anal-
gesic effects on PEP than a combination of IBU + paracetamol.
Nevertheless, another study found that a single-dose combi-
nation of IBU + paracetamol had no statistically significant dif-
ference from a single-dose combination of DFK + paracetamol
on PEP (14). A recent study demonstrated that a single-dose
premedication of DFK could significantly reduce PEP (12).
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This study aimed to address the above discrepancies and
the lack of data about the analgesic efficacy of multiple-
dose DFK. To our knowledge, this is the first study to com-
pare the analgesic efficacy of DFK and IBU regarding PEP lev-
els in maxillary and mandibular first molars diagnosed with
irreversible pulpitis (IP).

MATERIALS AND METHODS

This prospective, superiority, parallel-designed, two-arm, ran-
domised clinical trial adhered to the recommendations of the
CONSORT statement (16). The trial protocol was approved by
the Ethics Committee of Shahid Beheshti University of Medical
Sciences (IR.SBMU.RIDS.REC.1394.137) and adhered to the Dec-
laration of Helsinki 1975.The clinical protocol was registered in
the Iranian Registry of Clinical Trials (IRCT20180618040138N1).
The samples consisted of patients attending the Department
of Endodontics, School of Dentistry, Shahid Beheshti Univer-
sity of Medical Sciences, Tehran, Iran. Informed consent was
obtained from all individual participants in the present study.

Sample Size

Based on a pilot study on 10 patients (5 in each group) fol-
lowing results were assessed: u1=33.1, 01=12.9, u2=43.2,
02=13.1 (u represents mean pain levels and o represents the
standard deviation). Accordingly, the minimum sample size
required was 29 in each group, assuming a type | error of 0.05,
an 80% power. It was increased to 32 participants per group to
account for anticipated refusals and a loss of 10% during the
different study stages and to ease the stratification. The pilot
research participants were not included in the final samples.
The allocation was made on a ratio of 1:1. PASS 15.0 software
(NCSS, LLC, Kaysville, Utah, USA) was used for two-sided sam-
ple size calculation.

Inclusion and Exclusion Criteria

Inclusion criteria for enrolled participants were as follows: (1)
age range of 18-65 years, (2) demonstrating no underlying sys-
temic disease, (3) having one maxillary or mandibular first mo-
lar with the diagnosis of irreversible pulpitis requiring one-visit
endodontic treatment, (4) no pregnancy or nursing for female
participants, (5) ability to read and comprehend the visual ana-
logue scale (VAS) sheets and informed consent, (6) absence of
any radiographic evidence of periapical lesions, (7) absence of
generalised periodontal disease, (8) no intake of analgesics in
the past 6 hours, (9) absence of any known allergies to the ma-
terials used in the root canal treatment or NSAIDs, (10) not cur-
rently taking opioids, tricyclic antidepressants, carbamazepine,
gabapentin, monoamine oxidase inhibitors, diuretics, or anti-
coagulants, (11) and no history of opioid addiction.

Cases were excluded if (1) no bleeding was evident following
the access cavity preparation or initial filing or (2) another visit
was required to complete the endodontic treatment.

Diagnosis

The investigator diagnosed irreversible pulpitis (either symp-
tomatic or asymptomatic) based on the clinical and radio-
graphic examination; a moderate to severe (VAS>44; a 100
mm VAS scale (17)) or lingered pain response to the cold test
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with Endolce (1,1,1,2 tetrafluoroethane; Hygenic Corp, Akron,
OH, USA). In addition, patients recorded their pain response to
the cold test on a 100 mm VAS diagram.

Randomisation

The stratified permuted randomisation approach was applied
to divide 64 subjects into four strata (n=16), each of which
contained participants with the same gender and type of
tooth (maxillary or mandibular first molar). From each stratum,
eight patients were randomly assigned to each intervention
group of IBU (n=32) and DFK (n=32). The statistician generated
random digits to determine the random sequence within each
stratum via Microsoft Excel 2013 software (Microsoft Corpora-
tion, Redmond, WA, USA).

A nurse put four IBU 400 mg (Hakim Pharmacy Co, Tehran,
Iran) or three DFK 50 mg immediate-release tablets (Cataflam
50 mg tablets, Novartis Pharma AG, Basel, Switzerland) in
envelopes. Next, each patient was given a rescue dosage of
two acetaminophen 300 + codeine 20 mg tablets (Codamol,
Aryadaru, Tehran, Iran), packed and labelled individually.

Endodontic Treatment

A single board-certified endodontist performed the en-
dodontic treatment after anaesthetising the involved tooth
using an inferior alveolar nerve block for mandibular molars
and a local infiltration for maxillary molars, both with 1.8
ml of 2% lidocaine with 1:80,000 epinephrine (Lignospan
Special; Septodont, Saint-Maur-des-Fossés, France). Sup-
plementary anaesthesia was applied when primary anaes-
thesia failed to provide profound anaesthesia. All patients
underwent the same hybrid technique treatment: coronal
and apical preparations were done with the crown-down
approach by rotary nickel-titanium (ProTaper Gold; Dentsply
Sirona, Ballaigues, Switzerland) (18) and hand instrumen-
tation (K-files; Mani, Utsunomiya, Japan), respectively. The
working length was determined with an apex locator (Root
ZX; J Morita Corp, Tokyo, Japan) and was confirmed to be
0.5 mm shorter from the radiographic apex using a periapi-
cal radiograph. Final apical files were #40 or #45 for palatal
and distal canals and #25 or #30 for mandibular mesial and
maxillary buccal canals. Canals were irrigated with 1 ml 2.5%
sodium hypochlorite between each filing. Apical patency
was achieved with a #10 file during the treatment. For the
final rinse, 5 ml 2.5% sodium hypochlorite followed by 10
ml distilled water. Paper points of the same size as the final
apical files were used to dry canals. Then, canals were ob-
turated using the cold lateral condensation technique (19)
with gutta-percha (Meta-Biomed, South Korea) and resin-
based sealer (AH 26°; Dentsply, Ballaigues, Switzerland). No
occlusal reduction was applied, and the access cavity was
restored with a temporary filling material (Coltosol; Colténe,
Altstatten, Switzerland).

Intervention

Patients marked their preoperative anxiety level before the
treatment using the visual analogue scale for anxiety (VAS-A),
consisting of a 100 mm ruler with left and right endpoints la-
belled 'none’ and 'as bad as it could be, respectively (20). In
addition, each patient marked the maximum pain felt in the
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preceding 24 hours on a 100 mm VAS as the preoperative pain
level. The VAS diagram consisted of a 100 mm ruler with two
labels of 'no pain' and 'worst pain imaginable!

The nurse thoroughly gave medication instructions to each
patient. Patients took the first dose of either medication at the
clinic. After that, they were instructed to take one tablet every
6 hours for the IBU groups and one tablet every 8 hours after
the treatment for the DFK group, up to 24 hours.

Outcomes Assessment

The primary outcome was to compare PEP levels in IBU and
DFK groups at 2, 4, 6, 12, and 24 hours after the treatment.
The overall mean score was defined as the mean value of
PEP scores of all five time points. The secondary outcome
was to compare the overall mean scores and percentage of
pain-free patients (VAS<5 mm (17)) at each time point be-
tween the two groups.

A pain diary was given to each patient to record the perceived
pain 2, 4, 6, 12, and 24 hours after the treatment. The nurse
taught participants how to mark the VAS diagram. In addition,
they were instructed to take the rescue dose in the event of
unbearable pain and to record any adverse effects of their
treatment in their pain diaries. After the treatment, the nurse
gave the numbered envelopes to the patients of each stratum
and wrote down the allocated number tag in the patients' pro-
files. To increase the patients' compliance, a text message was
sent to each patient as a reminder at each medication intake
time. The number of leftover tablets was also included in the
diary to assess patients' compliance.

Allocation Concealment and Blinding

For allocation concealment, identical opaque envelopes with
sequential numbers were used. The investigator and the prac-
titioner were unaware of which medication was delivered
because only the random numbers distinguished the medica-
tions. The statistician was also blinded to the aim of the study.
However, since the medications were purchased and not
made in the laboratory with the same appearance, complete
blinding of the participants was not feasible.

Statistical Analysis

The analyses were conducted using SPSS 18 (SPSS Inc. Re-
leased 2009. PASW Statistics for Windows, Ver.18.0. Chicago,
[, USA). All statistical tests were interpreted at a significance
level of 5%. The normality of preoperative anxiety, pain
levels, and demographic factors in the two groups was as-
sessed using the Kolmogorov-Smirnov test. The Chi-Square
test was used to compare genders and the number of pain-
free patients between the two groups. The Mann-Whitney U
test was used to compare the two experimental groups' pre-
operative anxiety and pain scores. A generalised linear es-
timation equation (GEE) with an unstructured link function
was used to reveal possible correlations between preoper-
ative anxiety level, preoperative pain, sex, or type of tooth
with PEP score over time. GEE was further used to compare
the PEP scores through time in two groups. Finally, the post-
hoc Mann-Whitney U test was used to compare PEP scores
between the two groups.
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Figure 1. A CONSORT flow diagram of the present study

DFK: diclofenac potassium

RESULTS

After evaluating 110 patients, 64 met the inclusion criteria and
were randomised. Two patients were lost to follow-up, and one
voluntarily ceased participation in the trial after submitting an
incomplete pain diary (Fig. 1). Finally, 61 patients with a mean
age of 40.1+2.04 submitted a completed pain diary, and their
data were collected and analysed. The CONSORT flow diagram
for this experiment is depicted in Figure 1.

Table 1 demonstrates no statistically significant difference be-
tween the two main groups regarding mean age, mean preop-
erative anxiety, and pain scores.

GEE analysis revealed higher preoperative pain (p<0.001)
and higher pain scores in response to the cold test (p=0.001)
as significant risk factors for higher PEP scores. However, the
effect of gender, type of tooth, age, and anxiety was not sig-
nificant (p>0.05).

GEE showed that PEP scores were significantly different in
the two groups (p<0.001) and dropped significantly with
time (p=0.023). Furthermore, this model showed that the in-
teraction between medications and time was not statistically
significant (p=0.078). According to Table 2 and Figure 2, the
post-hoc Mann-Whitney U test showed that the mean PEP
score was significantly lower in the DFK group at 2 (p=0.034), 4
(p=0.021), and 24-hour time points (p=0.042), and in the over-
all mean (p=0.030), compared to the IBU group. The mean PEP
scores at 6 and 12 hours were lower for DFK, but this difference
was not statistically significant (p>0.05).

The percentage and number of pain-free patients at differ-
ent time points are shown in Table 3. Pain-free patients were
seen more in the DFK group at all time points. This difference
was statistically significant at the 2-hour time point (p=0.013),
4-hour time point (p=0.048), and in the overall mean (p=0.030)
and was at the statistical borderline at the 12-hour time point
(p=0.054). It was, however, not significant at 6 and 24-hour
time points (p>0.05). Of the 62 patients who completed and
submitted pain diaries, 61 (98.38%) took tablets by the clock.

DISCUSSION

This randomised clinical trial aimed to scrutinise the analgesic
efficacy of DFK compared with IBU. Regarding the primary and
secondary outcomes, DFK resulted in better analgesic effects.
This superiority was statistically significant at 2, 4, and 24-hour
time points and in the overall mean concerning the primary
outcome; and at 2 and 4-hour time points and in the overall
mean regarding the secondary outcome.

Several preoperative, intraoperative, and postoperative fac-
tors can affect the experience of PEP: Preoperative pain is the
most mentioned prognostic factor associated with PEP (13).
Other factors such as gender, age, tooth type, preoperative
anxiety, single- or double-visit treatment (21, 22), irrigation
material (23), occlusal reduction (24), and instrumentation
technique (25) have been postulated to affect PEP. Only first
molars requiring single-visit treatment (20, 25) with a similar
endodontic treatment protocol (23, 24) were included in this
study to depreciate possible confounding factors. As most pa-
tients experience PEP in the first 24 hours after the treatment
(26), PEP scores were assessed at 2, 4, 6, 12, and 24 hours after.
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TABLE 1. Demographic factors of participants in each group.

Vatankhah et al. Analgesic Efficacy of Ibuprofen and Diclofenac Potassium 137

IBU DFK P
(n=31) (n=30)
n % n %

Gender

Male (n=30) 15 484 15 50 1.00

Female (n=31) 16 516 15 50
Type of the tooth

Maxillary (n=30) 15 484 15 50 1.00

Mandibular (n=31) 16 516 15 50
Mean age (years=SE) 40.53+2.24 40.5+1.84 0.99
Mean preoperative pain' (mm=SE) 54.29+2.58 54.93+2.34 0.88
Mean preoperative anxiety* (mmzSE) 16.61+3.02 16.67+3.04 0.89
Mean preoperative cold test pain® (mm=SE) 59.13+2.68 56.77+3.14 0.20

#5:0-100 mm VAS scale. VAS: Visual analogue scales, IBU: Ibuprofen, DFK: Diclofenac potassium, SE: standard error

TABLE 2. Mean postoperative pain scores on 0-100 mm VAS (mmzSE) at 2, 4, 6, 12, and 24 hours after the treatment, and the overall mean score

Preoperative 2h 4h 6h 12h 24h Overall
pain mean score
IBU 54.29+2.58 23.94+3.73 25.16£3.50 22.97+43.53 16.52+2.98 12.65+2.77 20.24+3.11
95% Cl 49.02-59.56 16.32-31.55 18.01-32.31 15.77-30.17 10.44-22.6 6.98-18.31 13.88-26.61
DFK 54.93+2.34 12.20+3.30 14.43+3.11 17.07+3.80 10.20+2.97 6.00+£1.98 11.98+2.84
95% Cl 50.14-59.72 5.45-18.95 8.07-20.80 9.29-24.84 4.12-16.28 1.95-10.05 6.17-17.79
p 0.879 0.034* 0.021* 0.153 0.078 0.042* 0.030*

*: Statistically significant. VAS: Visual analogue scales, SE: standard error, h: hour, IBU: Ibuprofen, Cl: confidence interval, DFK: Diclofenac potassium

Our findings refute previous research by demonstrating that
preoperative anxiety did not significantly affect PEP (1, 26).
Furthermore, in the current study, neither tooth type (max-
illary vs mandibular) nor gender significantly influenced PEP
scores. Similarly, another trial showed a significant reduction
of PEP scores without a substantial difference between the
maxillary and mandibular molars, or females and males, with
four different analgesic regimens. These regimens comprised

an IBU + paracetamol combination, a DFK + paracetamol com-
bination, and two other combinations (22). Furthermore, our
data indicated that the preoperative pain score and pain re-
sponse to the cold test significantly affected PEP scores, corre-
lating with previous studies (13, 27).

After a notable drop in PEP values at the 2-hour time point, both
groups had a rise in PEP scores between 2 and 4 hours in both

Figure 2. Postoperative endodontic pain scores with standard errors and exponential curves on 0-100 mm VAS

at each time point for ibuprofen and diclofenac potassium groups

Expon.: Exponential curve, VAS: Visual analogue scales
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TABLE 3. The percentage of pain-free patients (VAS<5 mm) at different time points for ibuprofen and DFK groups

2h 4h 6h 12h 24h Overall
mean
score
n % n % n % n % n % n %
IBU 10 32 7 23 8 26 12 39 17 55 7 23
RR for no pain 0.52 0.56 0.62 0.61 0.73 0.48
95% Cl 0.30-0.92 0.29-1.07 0.33-1.14 0.36-1.03 0.45-1.19 0.25-0.94
DFK 19 61 14 47 14 45 19 61 21 68 16 53
RR for no pain 1.91 1.67 1.55 1.67 1.41 1.89
95% Cl 1.10-3.29 1.03-2.71 0.95-2.53 0.97-2.89 0.79-2.53 1.15-3.10
p 0.015* 0.048* 0.090 0.054** 0.222 0.013*

*: Statistically significant. **: At the borderline of statistical significance. VAS: Visual analogue scales, DFK: Diclofenac potassium, h: hour, IBU: Ibuprofen, RR: relative risk,

Cl: confidence interval

groups compared to preoperative pain levels. This might be
related to the wear-off of the anaesthesia and half-life of 2-2.5
hours and 1-2 hours for IBU and diclofenac, respectively (28).
This rise persisted between 4 and 6-hour time points in the DFK
group but not in the IBU group. This discrepancy might be ex-
plained by the two medications' different half-lives and mecha-
nisms of action. In all groups, however, PEP ratings fell between
the 6 and 12-hour time points and between the 12 and 24-hour
time points. This may have been due to patients in both groups
taking further doses of the medications during these periods.

No pain status as a dichotomous outcome can alter the sub-
sequent perception of patients toward endodontic treatment
(29, 30). Patients with no pain were more frequent, and PEP
scores were lower in the DFK group. The lower PEP scores
might imply a notable advantage for DFK over IBU in deliver-
ing more reliable analgesia in maxillary and mandibular first
molars with IP. Different mechanisms of action for DFK and its
earlier onset of action could explain these findings (9). To the
best of our knowledge, there is only one study investigating
the analgesic effect of DFK alone on PEP with a single-dose
DFK 50 mg premedication. Its results showed a significant
analgesic effect, similar to our findings within the DFK group
(13). However, another study illustrated a similar analgesic ef-
fect for combinations of IBU+paracetamol and DFK+paraceta-
mol (14). Using a single dose or a combination of medications
could describe these differences.

Treatment with oral NSAIDs has been linked to several side
effects, including cardiovascular, gastrointestinal, and hepatic
complications (9). A recent study on the analgesic efficacy of
diclofenac sodium on PEP for three days reported that two pa-
tients (4% of the participants) and one patient (2% of the par-
ticipants) experienced vomiting and earache, respectively (31).
None of the patients in this trial in either group recorded any ad-
verse effects during the 24 hours of the study. Similarly, recent
placebo-controlled research revealed that the administration of
single-dose DFK or diclofenac sodium leads to a similar rate of
side effects compared to placebo (32). These controversial re-
sults may emerge from the difference in the number of admin-
istrated tablets or periods of the studies. However, the possibil-
ity of reporting unrelated side effects to the medications should

not be ignored. IBU is considered the safest conventional NSAID
by spontaneous adverse drug reaction (7). Patients in the IBU
group reported no adverse effects in this study like earlier stud-
ies (33-35). Although diclofenac has a variety of mechanisms of
action, and it could produce an early onset of pain relief (11, 12),
it has been shown to potentially impose more cardiovascular
and gastrointestinal adverse effects than IBU (36). However, this
difference may not be apparent in the three-dose uptake over
a single day but could be observed with a 30-day and extended
administration of these analgesics (36). Collectively, based on
the literature on analgesic use in dentistry and the findings of
our study, a single-day use of both DFK and IBU could be con-
sidered safe. However, well-designed prospective studies are
recommended to reinvestigate the veracity of this assertion.

As a strength of this trial, the stratified permuted randomisa-
tion approach eliminated the possible confounding effects of
the type of tooth. However, a limitation of this study was that
the medications had not the same appearance, compromis-
ing patients' blinding. Further studies with different doses and
settings are recommended.

CONCLUSION

Multi-dose DFK 50 mg had better pain relief after single-visit
non-surgical endodontic treatment of maxillary and mandibu-
lar first molars exhibiting irreversible pulpitis than multi-dose
IBU 400 mg. Although this significant superiority was not con-
sistently evident at several studied time points, DFK could be a
viable choice for reducing PEP levels.

Disclosures

Conflict of interest: The authors deny any conflict of interest.

Ethics Committee Approval: This study was approved by The Shahid Be-
heshti University of Medical Sciences Ethics Committee (Date: 09/02/2016,
Number: IR.SBMU.RIDS.REC.1394.137).

Peer-review: Externally peer-reviewed.

Financial Disclosure: This study did not receive any financial support.
Authorship contributions: Concept - N.Z,, M.N., A.AB.; Design - N.Z, M.N.,
A.AB.,, O.D;; Supervision — M.N., N.Z; Funding - S.S., A.E.; Materials - A.E.,, N.Z;
Data collection and/or processing — S.S., M.V,, A.E.; Analysis and/or interpre-
tation - A.A.B,, M.V, Literature search - N.Z,, M.V,, O.D,; Writing - M.V,, N.Z;
Critical Review - N.Z., 0.D., M.N.



Eur Endod J 2023; 8: 133-9

Vatankhah et al. Analgesic Efficacy of Ibuprofen and Diclofenac Potassium

139

REFERENCES

1.

Law AS, Nixdorf DR, Aguirre AM, Reams GJ, Tortomasi AJ, Manne BD, et al;
National Dental PBRN Collaborative Group. Predicting severe pain after
root canal therapy in the National Dental PBRN. J Dent Res 2015; 94(Sup-
pl 3):375-43. [CrossRef]

Nagendrababu V, Gutmann JL. Factors associated with postobturation
pain following single-visit nonsurgical root canal treatment: a system-
atic review. Quintessence Int 2017; 48(3):193-208.

Santini M, Da Rosa RA, Ferreira MB, Barletta F, Longo do Nascimento A,
Weissheimer T, et al. Medications used for prevention and treatment of
postoperative endodontic pain: a systematic review. Eur Endod J 2021;
6(1):15-24.

Bacchi S, Palumbo P, Sponta A, Coppolino MF. Clinical pharmacology of
non-steroidal anti-inflammatory drugs: a review. Antiinflamm Antiallergy
Agents Med Chem 2012; 11(1):52-64. [CrossRef]

Inotai A, Hanké B, Mészéros A. Trends in the non-steroidal anti-inflam-
matory drug market in six Central-Eastern European countries based on
retail information. Pharmacoepidemiol Drug Saf 2010; 19(2):183-90.
Smith EA, Marshall JG, Selph SS, Barker DR, Sedgley CM. Nonsteroidal an-
ti-inflammatory drugs for managing postoperative endodontic pain in
patients who present with preoperative pain: a systematic review and
meta-analysis. J Endod 2017; 43(1):7-15. [CrossRef]

Bushra R, Aslam N. An overview of clinical pharmacology of Ibuprofen.
Oman Med J 2010; 25(3):155-61. [CrossRef]

Moore N. Diclofenac potassium 12.5mg tablets for mild to moderate pain
and fever: a review of its pharmacology, clinical efficacy and safety. Clin
Drug Investig 2007; 27(3):163-95. [CrossRef]

GanTJ. Diclofenac: an update on its mechanism of action and safety pro-
file. Curr Med Res Opin 2010; 26(7):1715-31. [CrossRef]

McGettigan P, Henry D. Use of non-steroidal anti-inflammatory drugs
that elevate cardiovascular risk: an examination of sales and essential
medicines lists in low-, middle-, and high-income countries. PLoS Med
2013; 10(2):e1001388. [CrossRef]

Atzeni F, Masala IF, Sarzi-Puttini P. A review of chronic musculoskele-
tal pain: central and peripheral effects of diclofenac. Pain Ther 2018;
7(2):163-177. [CrossRef]

Moore AR, Derry S, Straube S, Ireson-Paine J, Wiffen PJ. Faster, higher,
stronger? Evidence for formulation and efficacy for ibuprofen in acute
pain. Pain 2014; 155(1):14-21. [CrossRef]

Al-Rawhani AH, Gawdat SI, Wanees Amin SA. Effect of diclofenac potas-
sium premedication on postendodontic pain in mandibular molars with
symptomatic irreversible pulpitis: a randomized placebo-controlled dou-
ble-blind trial. J Endod 2020; 46(8):1023-31. [CrossRef]

Elzaki WM, Abubakr NH, Ziada HM, Ibrahim YE. Double-blind random-
ized placebo-controlled clinical trial of efficiency of nonsteroidal anti-in-
flammatory drugs in the control of post-endodontic pain. J Endod 2016;
42(6):835-42. [CrossRef]

Makkar S, Kaler N, Dhawan R, Mann N, Pasricha S. Efficacy of ibuprofen
and paracetamol and diclofenac sodium and paracetamol combination
on postoperative pain following root canal preparation in a randomized
placebo-controlled study. Indian J Oral Sci 2012; 3(1):19. [CrossRef]
Moher D, Schulz KF, Altman D; CONSORT Group (Consolidated Standards
of Reporting Trials). The CONSORT statement: revised recommendations
for improving the quality of reports of parallel-group randomized trials.
JAMA 2001; 285(15):1987-91. [CrossRef]

Jensen MP, Chen C, Brugger AM. Interpretation of visual analog scale rat-
ings and change scores: a reanalysis of two clinical trials of postoperative
pain. J Pain 2003; 4(7):407-14. [CrossRef]

Ruddle CJ. The ProTaper technique: shaping the future of endodontics.
Endod Topics 2005; 10:213-6. [CrossRef]

19.

20.

21.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

Tagger M, Tamse A, Katz A, Korzen BH. Evaluation of the apical seal pro-
duced by a hybrid root canal filling method, combining lateral condensa-
tion and thermatic compaction. J Endod 1984; 10(7):299-303. [CrossRef]
Facco E, Zanette G, Favero L, Bacci C, Sivolella S, Cavallin F, et al. Toward
the validation of visual analogue scale for anxiety. Anesth Prog 2011;
58(1):8-13. [CrossRef]

SuY,Wang C, Ye L. Healing rate and post-obturation pain of single- versus
multiple-visit endodontic treatment for infected root canals: a systematic
review. J Endod 2011; 37(2):125-32. [CrossRef]

Elzaki WM, Ziada HM, Abubakr NH, Ibrahim YE. Gender and arch effects
on the use of non-opioid analgesics for post endodontic pain reduction.
Aust Endod J 2018; 44(3):215-24. [CrossRef]

Mostafa MEHAA, El-Shrief YAI, Anous WIO, Hassan MW, Salamah FTA, El
Boghdadi RM, et al. Postoperative pain following endodontic irrigation
using 1.3% versus 5.25% sodium hypochlorite in mandibular molars with
necrotic pulps: a randomized double-blind clinical trial. Int Endod J 2020;
53(2):154-66. [CrossRef]

Nguyen D, Nagendrababu V, Pulikkotil SJ, Rossi-Fedele G. Effect of oc-
clusal reduction on postendodontic pain: a systematic review and meta-
analysis of randomised clinical trials. Aust Endod J 2020; 46(2):282-94.
AlOmari T, AlThobiti G, AlThobaiti S, AlOufi F, Masuadi E, Jamleh A. Inci-
dence of postoperative pain after canal shaping by using Reciproc and
Twisted File Adaptive systems: a prospective, randomized clinical trial.
Clin Oral Investig 2020; 24(7):2445-50. [CrossRef]

Torabinejad M, Cymerman JJ, Frankson M, Lemon RR, Maggio JD, Schilder
H. Effectiveness of various medications on postoperative pain following
complete instrumentation. J Endod 1994; 20(7):345-54. [CrossRef]

Arias A, de la Macorra JC, Hidalgo JJ, Azabal M. Predictive models of pain
following root canal treatment: a prospective clinical study. Int Endod J
2013; 46(8):784-93. [CrossRef]

Brater DC. Clinical pharmacology of NSAIDs. J Clin Pharmacol 1988;
28(6):518-23. [CrossRef]

Soltanoff W. A comparative study of the single-visit and the multiple-visit
edodontic procedure. J Endod 1978; 4(9):278-81. [CrossRef]

Daline IH, Nixdorf DR, Law AS, Pileggi R; National Dental Practice-Based
Research Network Collaborative Group. 3-year outcome of patients with
persistent pain after root canal treatment: the national dental prac-
tice-based research network. J Endod 2020; 46(5):619-26. [CrossRef]
Vaghela JH, Shah JH, Patel JH, Purohit BM. Comparison of safety and
analgesic efficacy of diclofenac sodium with etodolac after surgical ex-
traction of third molars: a randomized, double-blind, double-dummy,
parallel-group study. J Dent Anesth Pain Med 2020; 20(1):19-27.

Bakshi R, Jacobs LD, Lehnert S, Picha B, Reuther J. A double-blind, place-
bo-controlled trial comparing the analgesic efficacy of two formulations
of diclofenac in postoperative dental pain. Curr Ther Res 1992; 52(3):435-
42. [CrossRef]

Shahi S, Mokhtari H, Rahimi S, Yavari HR, Narimani S, Abdolrahimi M, et al.
Effect of premedication with ibuprofen and dexamethasone on success
rate of inferior alveolar nerve block for teeth with asymptomatic irre-
versible pulpitis: a randomized clinical trial. J Endod 2013; 39(2):160-2.
Parirokh M, Sadr S, Nakhaee N, Abbott PV, Manochehrifar H. Comparison
between prescription of regular or on-demand ibuprofen on postopera-
tive pain after single-visit root canal treatment of teeth with irreversible
pulpitis. J Endod 2014; 40(2):151-4. [CrossRef]

Arslan H, Topcuoglu HS, Aladag H. Effectiveness of tenoxicam and ibu-
profen for pain prevention following endodontic therapy in compari-
son to placebo: a randomized double-blind clinical trial. J Oral Sci 2011;
53(2):157-61. [CrossRef]

Schmidt M, Sgrensen HT, Pedersen L. Diclofenac use and cardiovascular
risks: series of nationwide cohort studies. BMJ 2018; 362:k3426. [CrossRef]



