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Aims: The aim of this study was to evaluate the analgesic effectiveness and adverse

reactions of ketorolac in comparison with other drugs when administered postopera-

tively after third molar surgery.

Methods: PubMed and Google Scholar were utilized to search for articles comparing

the efficacy and safety of ketorolac and other analgesic agents after third molar sur-

gery. Data from papers with a lower risk of bias were recorded. The overall evalua-

tion of analgesia onset, general and subgroup evaluation of the number of patients

requiring rescue analgesic medication, general and subgroup assessment of the study

medication (satisfaction on the study drugs), and the overall estimation of adverse

effects were performed using the Review Manager Software 5.3 to analyse the data

and obtain the meta-analysis plot.

Results: The subgroup evaluation of the study medication showed that patients who

received ketorolac 30 mg were more satisfied than those who were given parecoxib

1 mg (odds ratio [OR] = 8.57, 95% confidence interval [CI] = 3.66–20.08,

P = .00001), parecoxib 2 mg (OR = 7.17, 95% CI = 2.88–17.86, P = .0001),

parecoxib 5 mg (OR = 3.03, 95% CI = 1.69–5.41, P = .0002), and parecoxib 10 mg

(OR = 2.42, 95% CI = 1.36–4.32, P = .003). Moreover, patients who received

ketorolac reported fewer adverse reactions compared with those who had received

opioid analgesics (OR = 0.14, 95% CI = 0.32–1.76, P = .0001).

Conclusions: The data from this study demonstrates that the postoperative adminis-

tration of ketorolac 30 mg presents better results on patient satisfaction when com-

pared to parecoxib 1 mg to 10 mg, and presents a similar satisfaction to parecoxib

20 mg following third molar removal.
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1 | INTRODUCTION

Postoperative use of nonsteroidal anti-inflammatory drugs (NSAIDs)

following third molar surgery is common.1,2 These agents are

employed to control the most habitual post-surgical complications

(i.e., postoperative pain, facial inflammation and trismus).1,3,4 Most

NSAIDs are used to control low to moderate pain and when this

symptom is severe, ketorolac can be used.1,2
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Ketorolac is a member of the pyrrolo-pyrrole group of NSAIDs and

is chemically related to tolmetin and indomethacin.5 This drug has anal-

gesic, anti-inflammatory and antipyretic properties, including inhibition

of platelet aggregation activities.6 These effects are the result of the tra-

ditional mechanism of action of NSAIDs—the inhibition of the enzyme

cyclooxygenase which blocks the production of prostaglandins.7

It is important to highlight the great analgesic activity of ketorolac

in comparison with other NSAID-type drugs.5,7 Animal models have

shown that ketorolac has a greater analgesic effect compared to

acetylsalicylic acid (aspirin), indomethacin, naproxen and phenylbuta-

zone.5 In the same way, it has been demonstrated in animal tests that

ketorolac and morphine induce comparable analgesia.5,6

Recently, a systematic review showed that the preventive admin-

istration of ketorolac has some advantages in postoperative pain con-

trol when compared with other drugs following surgical removal of

third molars.8 However, there is a lack of systematic reviews

employing a meta-analytic evaluation on the analgesic efficacy of

postoperative administration of ketorolac after third molar removal.

Thus, the aim of this study was to assess the analgesic efficacy and

systemic adverse effects of ketorolac in comparison to other analge-

sics following removal of third molars.

2 | METHODS

2.1 | Study design

This study was carried out following PRISMA guidelines9,10 and the

Cochrane Handbook for Systematic Reviews of Interventions Version

5.1.0 (2011),11 and it was registered in the PROSPERO database (ID:

CRD42021227135).

2.2 | Selection criteria

Inclusion criteria (PICO)12:

Population: Randomized, double-blind, parallel-groups, or split-

mouth (crossover) studies comparing the efficacy and adverse

reactions of ketorolac and other drugs following third molar removal.

Interventions: Postoperative administration of ketorolac.

Control: Postoperative administration of other analgesics.

Outcome: Total pain relief (TOTPAR) at 2, 4, 6, 8 and 24 hours, evalua-

tion of pain intensity using the visual analog scale (VAS), number of

F IGURE 1 Study flow chart
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patients reporting onset of analgesia, number of patients needing

rescue analgesic medication, overall assessment of study medication

(patient satisfaction) and adverse effects.

Exclusion criteria:

Trials with more than a 20% loss of follow-up.

2.3 | Electronic search

PubMed and Google Scholar were used to identify clinical assays

comparing ketorolac and other drugs after surgical removal of wisdom

teeth. “Diclofenac”, “ibuprofen”, “naproxen”, “sodium”, “metamizole”,
“meloxicam”, “piroxicam”, “lornoxicam”, “celecoxib”, “etoricoxib”,
“parecoxib”, “morphine”, “codeine”, “tramadol”, “oxycodone”,
“meperidine” or “tapentadol” were the words used to perform the

search in the databases. Each of these words was used in combination

with “ketorolac” and “third molar surgery”, or “third molar removal”,
“wisdom teeth surgery”, “wisdom tooth removal” or “wisdom teeth

removal”. The article types were as follows: “Clinical trial”, “Con-
trolled clinical trial”, “Clinical study”. “English” and “Spanish” were

selected in the language option. Two independent evaluators agreed

on the selection of eligible studies and achieved consensus of which

studies to include during the full assessment of papers.13–15

2.4 | Assessment of bias

The Cochrane Collaboration's risk of bias tool was used.1,2 The

clinical trials with a high risk of bias (a red ball) were excluded from

the qualitative and quantitative assessments.1,2 This stage included

the participation of two blinded independent evaluators and the

differences were resolved with the participation of a third

researcher.13–15

2.5 | Data extraction and statistical analysis

Author, design study, treatment groups, size sample (n), dose, total

pain relief (TOTPAR), evaluation of pain intensity using the VAS, num-

ber of patients needing rescue medication, overall assessment of

study medication and adverse effects were extracted. Data were

F IGURE 2 Evaluation of bias risk and quality of the clinical studies
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analysed using the Mantel–Haenszel test, odds ratio (OR) and a ran-

dom effects model using the Review Manager Software 5.3 for Win-

dows. The I2 test was utilized to determine the inconsistency value as

follows: insignificant = 0–30%; reasonable or moderate = 31–70%;

and significant or considerable = 71–100%. An overall test with a P-

value of <.05 and an OR of >1 (within the 95% confidence interval

[CI]) was considered a statistical difference.11,16–19

3 | RESULTS

3.1 | Electronic search and evaluation of bias

The search for investigation reports was performed in PubMed and

Google Scholar. A total of 362 scientific papers were found. After

records were screened, a total of 15 clinical trials were evaluated for

eligibility,20–34 of which four were rejected for problems related to

selection, performance and detection of bias.20–23 Finally, 11 and

10 clinical studies were included in the qualitative24–34 and

quantitative25–34 analyses, respectively (Figures 1 and 2).

3.2 | Qualitative analysis

Qualitative assessment was performed using 11 clinical reports,24–34

of which, three produced results in favour of ketorolac,27,32,34 five

clinical assays presented a similar effect comparing ketorolac and

active controls,26,29–31,33 in two studies the conclusion was not in

favour of ketorolac,24,25 and one trial drew no conclusions about this

drug28 (Table 1).

3.3 | Quantitative analysis

The number of patients reporting onset of analgesia was evaluated with

data from three clinical investigations (n = 960).26,29,30 The data trend

was in favour of ketorolac without a statistical difference (I2 = 78%,

Z = 1.55, OR = 2.07, 95% CI = 0.82–5.20, P = .12, Figure 3A).

The overall assessment of the number of patients who took

rescue analgesic medication included five clinical assays

(n = 1217).26,29,30,32,34 The meta-analytical evaluation showed no sta-

tistical differences between ketorolac and other analgesics (I2 = 80%,

F IGURE 3 Meta-analytical assessment of the number of patients reporting onset of analgesia (A), overall evaluation of rescue analgesic
medication (B), and general analysis of the patient satisfaction (C)
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Z = 0.45, OR = 1.23, 95% CI = 0.49–3.08, P = .65, Figure 3B). Con-

versely, the subgroup analysis showed that patients who were given

ketorolac 30 mg required more rescue analgesics than those who

received parecoxib 20 mg (Figure 4).

The global evaluation of the study drugs or patient satisfaction

was performed with five studies (n = 1338).25,26,29–31 The general

meta-analysis showed that patients who received ketorolac had a bet-

ter opinion—on the analgesic efficacy and adverse effects—than those

who were given other analgesics (I2 = 38%, Z = 2.94, OR = 1.88,

95% CI = 1.23–2.87, P = .003, Figure 3C). Moreover, the subgroup

comparison showed that ketorolac 30 mg was superior to parecoxib

1 mg–10 mg (Figure 5).

3.4 | Adverse effects

The global analysis of the number of patients reporting adverse

reactions was carried out using data from seven clinical trials

(n = 1446).26–30,33,34 The statistical analysis showed no differences

between ketorolac and active controls (I2 = 85%, Z = 0.65,

OR = 0.75, 95% CI = 0.32–1.76, P = .51, Figure 6A).26–30,33,34 The

number of subjects recording adverse events for ketorolac and

traditional NSAIDs or COX-2 inhibitors was similar (n = 244,

I2 = 63%, Z = 1.01, OR = 3.54, 95% CI = 0.30–41.50, P = .31,

Figure 6A, and n = 963, I2 = 0%, Z = 1.01, OR = 1.20, 95%

CI = 0.84–1.71, P = .31, Figure 6A; respectively). However, the

number of patients receiving opioid agents reported a higher num-

ber of adverse reactions when compared to those who received

ketorolac (n = 239, I2 = 27%, Z = 4.30, OR = 0.14, 95% CI = 0.32–

1.76, P = .0001, Figure 6A). The evaluation of adverse effects

according to the administration route showed no statistical differ-

ence (Figure 6B).

The frequencies of local bleeding (n = 432, I2 = 0%, Z = 0.24,

OR = 0.84, 95% CI = 0.21–3.32, P = .81), alveolar osteitis (n = 1195,

I2 = 0%, Z = 0.62, OR = 0.85, 95% CI = 0.50–1.44, P = .54), nausea

(n = 1650, I2 = 65%, Z = 0.60, OR = 0.78, 95% CI = 0.35–1.74,

P = .55), vomiting (n = 1650, I2 = 22%, Z = 0.36, OR = 0.87, 95%

CI = 0.41–1.83, P = .72), dizziness (n = 1650, I2 = 0%, Z = 1.95,

F IGURE 4 Subgroup analysis of rescue analgesic medication
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OR = 0.58, 95% CI = 0.34–1, P = .05), and headache (n = 1193,

I2 = 0%, Z = 1.81, OR = 1.65, 95% CI = 0.96–2.83, P = .07) for

ketorolac and active controls showed no statistical difference

(Figure 7).

4 | DISCUSSION

This is the first systematic review and meta-analytical assessment of

the analgesic effectiveness of ketorolac for postoperative administra-

tion after surgical removal of third molars in comparison with other

analgesic agents. The most important qualitative findings include

three clinical trials that were in favour of ketorolac and five studies

showed similar analgesic efficacy between ketorolac and active con-

trols. The most important quantitative results showed that patients

who received ketorolac 30 mg needed more rescue analgesics when

compared with parecoxib 20 mg. The overall evaluation of the drug

study indicated that patients who took ketorolac 30 mg were more

satisfied than those who received parecoxib 1 mg–10 mg. A similar

level of satisfaction of the studied drugs between patients receiving

ketorolac 30 mg and parecoxib 20 mg was observed. However, the

evaluation of the patient satisfaction could have been influenced by

the high amount of rescue analgesics taken by the patients who

received ketorolac in comparison to those who were given an active

control.

Recently, the main results regarding the benefits and risks of

using single-dose intravenous ketorolac in comparison with other

NSAIDs—four studies comparing parecoxib and two trials versus

diclofenac—for pain relief in adults undergoing pelvic/abdominal, den-

tal and orthopaedic surgeries showed no statistical differences for

TOTPAR at 4 and 6 hours for first rescue analgesic medication, and

the number of volunteers who took rescue analgesic medication.35

On the other hand, McNicol et al. assessed the analgesic effectiveness

of ketorolac for postoperative pain control in children; however, the

authors concluded a lack of sufficiently high-quality clinical evidence

to carry out the statistical analysis on the efficacy and safety of this

drug. Based on the above, the authors do not support but do not

reject the use of ketorolac in children.36 Furthermore, De Oliveira

F IGURE 5 Subgroup evaluation of the study treatments (patient satisfaction)
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et al. carried out a systematic review and meta-analytical estimation

on the efficacy and safety of a single dose of systemic ketorolac

administered preoperatively. The authors concluded that the

preoperative administration of ketorolac reduces postoperative pain

and it was recommended as an adjunct in multimodal analgesia.37

Wan et al. demonstrated—across a meta-analytical evaluation—the

F IGURE 6 Global assessment of adverse effects (A) and adverse effects according to the administration route (B)
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F IGURE 7 Subgroup evaluation of adverse effects
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efficacy of ketorolac supplementation on the management of postop-

erative pain after knee arthroscopy.38 Finally, referring to the analge-

sic efficacy of ketorolac, doses of intramuscular ketorolac 10 mg and

30 mg have been pointed out as having similar analgesic effectiveness

for postoperative pain control.39,40 Moreover, Nagendrababu et al.

performed a meta-analysis to evaluate the influence of ketorolac on

the inferior alveolar nerve block (IANB) in patients with symptomatic

pulpitis and they concluded that ketorolac 10 mg increased the IANB

success index when compared to placebo.41

Adverse reactions of ketorolac have previously been measured

using meta-analytical statistical methods.35–37,42–45 McNicol et al.

showed that ketorolac increased the rate of adverse reactions when

compared to another NSAID after surgery.35 However, the number

to treat (NNT) was 12.5 patients with 95% CI = 6.7–∞.35 McNicol

et al. also reported that there was not enough information to assess

the adverse effects of ketorolac after surgery in children.36 De

Oliveira et al. found no statistical difference between ketorolac

30 mg and placebo on nausea and vomiting risk, but they reported

that ketorolac 60 mg presented a reduction in nausea and vomiting

in comparison to placebo.37 Moreover, Gobble et al.42 and Davidson

and Turner43 reported that perioperative ketorolac did not increase

the risk of bleeding after surgery. Furthermore, Chan et al. reported

contradictory results to Gobble et al.42 and Davidson and Turner43

on the risk of bleeding after tonsillectomy in adults.44 Mass�o-

González et al reported that ketorolac presented a high risk of

upper gastrointestinal bleeding and/or perforation.45 In our meta-

analytical estimation, the results showed a similar risk of adverse

effects using ketorolac and other NSAIDs or COX-2 agents. In addi-

tion, ketorolac had a lower adverse events risk when compared to

opioid analgesics (P < .05). The subgroup evaluation of adverse

effects (alveolar osteitis, nausea, vomiting, etc.) showed no statistical

differences between ketorolac and active controls following third

molar surgery.

Some important limitations of this meta-analytical evaluation

were as follows: (1) according to the studies with a lower risk of bias,

the analgesic efficacy and safety profile of ketorolac has been com-

pared with a limited number of active controls: traditional NSAIDs

(ketoprofen and diclofenac), oxicams (lornoxicam and piroxicam),

COX-2 agents (parecoxib only), and opioid analgesics (codeine and

meperidine); (2) the pooled assessment of TOTPAR and pain intensity

was not possible because the articles did not present the data;

(3) some clinical studies included a small sample size; and (4) it was

only possible to perform a subgroup analysis of doses comparing

ketorolac and parecoxib.

In conclusion, the data from this meta-analytical estimation

demonstrated that the postoperative administration of ketorolac

30 mg presented better results on the overall assessment of the

studied drugs when compared to parecoxib 1 mg, 2 mg, 5 mg and

10 mg, and it showed a similar satisfaction level to parecoxib 20 mg

after third molar surgery. Moreover, ketorolac had a similar safety

profile to traditional NSAIDs and COX-2 agents, but it presented

significantly fewer adverse effects when compared to opioid

analgesics.
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