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This study aimed to evaluate and compare the pre-emptive analgesic efficacy of injected ketorolac to that of 
other agents for impacted third molar surgical removal in a healthy population. 
PubMed, Ovid SP, Cochrane databases were filtered from 1980 to July 2020 for potential papers using relevant 
MeSH terms and pre-specified inclusion and exclusion criteria independently by reviewers. Studies that compared 
pre-emptive intramuscular or intravenous administration of ketorolac to other agents were evaluated. The outcomes 
sought were self-reported postoperative pain (patient-perceived pain), median duration for rescue analgesic 
medication, total number of analgesics consumed in the recovery period, and global assessment (overall patient 
satisfaction) after the recovery period.
Six studies were included in the final evaluation. The outcome of pain perception and the number of analgesics 
taken were significantly lower in the ketorolac group (intramuscular or intravenous) in most of the studies 
(n=5) than in the group of other drugs. The mean time for rescue analgesia intake was higher for the ketorolac 
group, and global assessment scores were also better in the ketorolac group.
Although the included studies show significantly better outcomes such as postoperative pain, median time taken 
for rescue medication, total number of analgesics taken, and overall patient satisfaction with injected ketorolac 
group in comparison to injected diclofenac, dexamethasone, and tramadol, definitive conclusions cannot be made 
regarding the superiority of injected Ketorolac as a pre-emptive agent. A greater number of randomized control 
trials with a proper protocol are needed to make definitive conclusions.
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INTRODUCTION

Preemptive analgesia involves the delivery of an 
analgesic agent prior to the start of the surgical procedure. 
It is thought that by initiating analgesic interventions 

before the surgical procedure, intraoperative and 
postoperative nociception can be mitigated to the central 
nervous system and provide superior benefits in 
comparison to the same analgesic if given postoperatively 
[1,2]. Surgical procedures can lead to a process called 
sensitization, which can lead to allodynia and hyper-
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Table 1. Different groups of drugs used as pre-emptive analgesic agents

No         Class of drugs         Individual drugs
1. Propionic acid derivatives Ibuprofen [9,12-14,39,47,48],

ketoprofen [27],
Dexketoprofen [26,28].

2. Enolic acid derivatives Tenoxicam [29],
Lornaxicam [31,46].

3. Pyrazones derivatives Dipyrone [16].
4. Acetic acid derivatives Ketorolac [18,19,21,30,32,33,43].
5. Para-aminophenol derivatives Paracetamol [13,26,48].
6. Preferential cyclo oxygenase - 2 inhibitors Diclofenac [15,17,18,27,36,37], 

Meloxicam [42],
Nimesulide [40].

7. Selective cyclo oxygenase - 2 inhibitors Etirocoxib [10,22],
Rofecoxib [47].

8. Corticosteroids Dexamethasone [10,17,21,24,25,35,36,39],
Methyl prednisolone [25,29,35].

9. Narcotic analgesics Tramadol [19,23,30,32,37,38,40,42,43,45],
Codeine [17].

10. Others Salicylic acid derivatives diflunisal[46],
Dissociative anesthesia such as ketamine[20].

algesia, which can result in increased pain postoperatively 
and also pain that will not respond to analgesics. Any 
surgical procedure can lead to localized tissue damage 
resulting in the release of inflammatory mediators, which 
can directly result in peripheral sensitization (increased 
excitability of dorsal horn neurons, nociception due to 
Aδ fibers and C fibers), which in turn can lead to central 
sensitization. Central sensitization can lead to allodynia 
and hyperalgesia as signals transmitted via Aβ fibers are 
perceived as pain. It is hypothesized that pre-emptive 
administration of analgesics can reduce central and 
peripheral sensitization, which in turn reduces 
postoperative pain [2].
  Evidence regarding the efficacy of pre-emptive 
analgesia administration is still weak in the field of 
medicine and dentistry, and the concept of pre-emptive 
analgesia administration is still a subject of debate, with 
few individual systematic reviews reporting positive 
benefits [3,4] and other few contradicting the same [5].
  Third molar removal is one of the most common 
surgical procedures in dentistry, which can cause varying 
degrees of postoperative pain, swelling, and trismus. 
Evaluating the best analgesic, best dose, and best timing 
of analgesic for reducing postoperative morbidity in third 
molar surgeries can be valuable for improving post-

operative care. Many randomized trials evaluated the 
pre-emptive analgesic efficacy of various drugs for third 
molar surgical removal with different results.
  In 2020, a systematic review and meta-analysis by 
Filho et al. reported that after pre-emptive oral 
administration, most non-steroidal anti-inflammatory 
drugs (NSAIDs) showed good results for reduction of the 
inflammatory response, and the average pain scores and 
consumption of rescue medication were also reduced [6]. 
However, an older systematic review by Costa et al. 
(2015) reported that pre-emptive oral administration of 
non-steroidal anti-inflammatory drugs (NSAIDs) did not 
exhibit any significant effect in reducing postoperative 
pain after removal of lower impacted third molars [7]. 
A similar systematic review and meta-analysis by Falci 
et al. (2017) reported that oral administration of 
dexamethasone is beneficial when administered pre- 
emptively, but its superiority over NSAIDs could not be 
stated clearly [8].
  Third molar extraction: Pre-emptive analgesic action of 
different drugs used to evaluate parameters related to third 
molar surgical extraction [9-49]. Different classes of 
drugs are administered through various routes as 
pre-emptive analgesic agents before the removal of third 
molars across various studies (Tables 1 & 2). The 
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Table 2. Different routes of drugs used as pre-emptive analgesic agents

No Route of administration Drugs used 
1. Oral Etirocoxib[10,22], celecoxib[11], acetaminophen[11], dexamethasone[17,21,24,25,35,36,39], 

diclofenac[17,36], codeine[17], ketorolac [19,21,43], methylprednisolone[25,35], paracetamol[26,48], 
dexketoprofen[26], ibuprofen[39,47,48], tramadol[40], nimesulide[40], ketoprofen[44], diflunisal[46], 
lornaxicam[46], rofecoxib[47].

2. Intramuscular Dexamethasone[10], diclofenac[18,27], ketorolac[18,30], tramadol[19,30,42,45], ketoprofen[27], 
meloxicam[42],

3. Intravenous Ibuprofen[9,12-14], acetaminophen[13],
dipyrone[16], tramadol[23,32,37,38], dexamethasone[24], dexketoprofen[28], tenoxicam[29], 
methylprednisolone[29], lornaxicam[31], ketotolac[32,49], diclofenac[37].

4. Submucosal Diclofenac[15], ketamine[20], ketorolac[32], tramadol[43].

Table 3. Excluded studies with reasons

No Excluded articles Reasons for exclusion
1. Shah et al., 2017[30]. Ketorolac and other drugs were administered after surgery
2. Mishra and khan 2012[51]. Route of administration was oral 
3. Daniels et al., 2001[50]. Ketorolac and other drugs was administered after surgery
4. Walton et al., 1993[53]. Ketorolac and other drugs was administered after surgery
5. Wright and smith 2002[54]. Ketorolac was administered after surgery

injection route of drug administration is better than the 
oral route of administration as peak plasma concentration 
is reached in lesser duration, and food does not affect 
the absorption of the drug. To date, no systematic review 
has evaluated injected pre-emptive analgesia for third 
molar removal. The present systematic review aimed to 
evaluate and compare pre-emptive injected ketorolac in 
comparison to other agents for surgical removal of the 
third molar.

METHODS

  This study was registered in the Prospero database 
[CRD42020205125] and followed PRISMA guidelines 
for reporting. 
  Eligibility criteria: The search strategy was performed 
with the PICO framework: Population, Intervention, 
Comparison, and Outcome, based on the following 
question. “Efficacy of parenterally (Intravenously or 
Intramuscularly) administered Ketorolac over other 
agents as a pre-emptive analgesic agent for third molar 
surgery on postoperative pain reduction.” The Population 
Intervention Comparison Outcome (PICO) search strategy 

of the systematic review was: [P] patients: adult subjects 
requiring third molar surgery; [I] intervention: ketorolac 
administered parentally (intramuscular or intravenous) as 
a pre-emptive agent before surgery; [C] comparison: 
placebo or any other active agent administered 
parenterally as pre-emptive agents before surgery. [O] 
outcome of interest: postoperative pain after third molar 
surgery.
  Information   sources: An electronic search was 
performed in three databases: PubMed, Ovid SP, and 
Cochrane. The search was conducted from the publication 
years 1980 to 2020. The last search was performed on 
July 30, 2020. Only articles published in English were 
included. The search was based on a pre-specified 
question using relevant MeSH terms. A broad search was 
made using a combination of MeSH terms “Ketorolac” 
AND “Molar.”
  Eligibility criteria: Randomized clinical trials 
comparing the efficacy of postoperative pain reduction 
after pre-emptive parenteral administration of ketorolac 
to that of parenteral administration of placebo or other 
agents after third molar surgery were included. Animal 
studies, pre-clinical trials, non-clinical trials, comparative 
studies, technical notes, case reports, narrative reviews, 
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Fig. 1. Flow chart of the search results is presented.

and systematic reviews and articles that were not 
published in English were excluded. Studies where 
ketorolac or other drugs were administered orally, 
transdermally, intra-operatively, or postoperatively are 
excluded. Studies in which Ketorolac or other drugs were 
administered sub-mucosally or as infiltration into the 
local site were also excluded since they are considered 
as local routes of drug delivery. Initially, studies retrieved 
after comprehensive MeSH terms search were imported 
to Zotero (www.zotero.org) from all the databases, and 
the exclusion of duplicates was performed, followed by 
a screening of titles and abstracts. Relevant articles were 
then included for a complete text review.
  Two independent reviewers analyzed and recorded the 

data. The data form contained information regarding 
author names and year of publication, study design, 
intervention, control, and outcomes. The only outcome 
measure evaluated was intraoperative pain after third 
molar surgery. 
  Data synthesis: A qualitative analysis of the selected 
studies was carried out. Randomized clinical trials 
comparing the efficacy of the parenteral administration 
of ketorolac to that of the parenteral administration of 
placebo or other agents were included and evaluated for 
postoperative pain outcomes. A quantitative data analysis 
was not carried out as a limited number of studies are 
available.
  Risk of bias (RoB) assessment: The methodological 
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Fig. 2. Risk of bias was evaluated according to the Cochrane guidelines.

quality assessment of the included articles was conducted 
independently by two review team members using the 
Cochrane Collaboration's criteria. The risk of bias was 
evaluated for all seven parameters: random sequence 
generation, allocation concealment, blinding of parti-
cipants and personnel and outcome assessment, 
completeness of outcome data, selective reporting of 
outcomes, and other sources of bias.

RESULTS

  In all the databases, 318 records were found, of which 
six were duplicates. After removing duplicate articles, 
312 records were screened by title and abstract. The full 
text of the 11 potentially relevant papers was evaluated, 
among which 5 were excluded [50-54]. The reasons for 
exclusion are presented in Table 3. Finally, six studies 
were included in this final systematic review [18,30,32, 
33,55,56]. A flowchart of the search results is presented 
in Figure 1.
  Characteristics of the included studies: The details of 
the included studies are presented in Table 4. All six 
studies included were published between 2016 and 1998. 
Risk of bias: Risk of bias (Fig. 2) was evaluated according 
to the Cochrane guidelines. Randomization and allocation 
concealment (sealed envelope) was mentioned in five 
studies [18,32,33,55,56]. Blinding of both operator and 
patient was performed in four studies [18,33,55,56]. 
Outcome assessment was performed in all the six 
included studies [18,30,32,33,55,56]. Attrition bias was 
reported in two studies [33,56]. Bias due to selective 
reporting was not observed in any of the six studies 
included. Among the six studies included, bilateral 
extractions (split-mouth design) were performed in three 
studies [18,30,55], and unilateral third molar extraction 
in three studies [32,33,56]. In the cases of bilateral 
extractions, the lag period between two appointments was 
between and 3–4 weeks [18,30]. The lag period was not 
mentioned in the study by Claseman et al. (1998) [55]. 
In all six studies, asymptomatic impacted third molars 

were included for surgery [18,30,32,33,55,56]. Extraction 
was performed only under local anesthesia in only three 
studies [18,30,32], and local anesthesia and IV sedation 
in the remaining three studies [33,55,56]. 
  Age group: The ages of the subjects in the included 
studies ranged from 16 to 35 years.
  The study drug: A 30-mg dose of ketorolac was the 
study medication in all the studies, intra-muscular 
administration was performed in studies by Shah et al. 
(2013) [30] and Mony et al. (2016) [18]. Intravenous 
administration was performed in the studies by Claseman 
et al. (1998) [55], Gutta (2013) [33], Gopalraju (2014) 
[32], Ong and Tan (2004) [56]. Control drug: Intra-
muscular (IM) diclofenac 75 mg in the study by Mony 
et al. (2016) [18], intravenous tramadol 50 mg in the 
study by Gopalraju et al. (2014) [32], Ong and Tan (2004) 
[56], tramadol 50 mg in the study by Shah et al. (2013) 
[30], IV 8 mg dexamethasone in the study by Claseman 
et al. (1998) [55], and saline as placebo in the studies 
by Gutta et al. (2013) [33].
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Table 4. Characteristics of Included studies

No Author-year Study design Sample
characteristics

Procedure Study drug 
administered/r
oute/dose

Compared drug 
/route/dose

Follow-up 
duration 

Post-operative pain Rescue medication Swelling others

1. Mony et al., 
2016[18].

Parlell, 
Double blind. 
Randomized 
control trial.

Fifty subjects 
(Age 20–30 
years) who 
require bilateral 
impacted 
molars.

Bilateral third 
molar 
removal with 
a lag period 
of 3–4 
weeks

Ketorolac 30 
mg 
Intramuscular 
30 min 
preoperatively 
in the deltoid 
region.

Diclofenac 
sodium 75mg 
intramuscular 
injection 30 
minutes 
preoperatively 
in the deltoid 
region.

Three days Patient-reported 
severity of 
post-operative pain 
was evaluated using 
visual analogue scale 
(VAS).

Ibuprofen 400 mg was the post-operative 
analgesic medication.

The median time after which rescue 
medication was needed for the patient. 

The total amount of analgesic needed 
was also calculated.

1.The maximum time taken for pain 
perception for the patients in Group A 
(Ketorolac) was 5.48 hours, and in Group 
B (Diclofenac sodium) it was 4.98 hours. 
The p-value was 0.235 which was not 
significant. 

2. The mean number of tablets of rescue 
medication taken by the patients in the 
first three post-operative days was 3.24 
in Group A (Ketorolac) and 4.04 in Group 
B (Diclofenac sodium). The values were 
compared using the paired t-test. The 
P-value was 0.004, which was significant.

Not 
evaluated.

Not evaluated.

2. Gopalraju et 
al., 2014 
[32].

Randomized, 
controlled 
trial

Forty subjects 
(Age 18–35 
years) who 
require 
unilateral 
impacted 
mandibular 
molars.

unilateral 
third molar 
removal

Ketorolac 30 
mg, 
intravenously,
10 min prior to 
surgery.

Tramadol 50 
mg, 
intravenously,
10 min prior to 
surgery.

Five days Pain intensity was 
measured using the 
10-mm visual 
analogue scale.

The difference in visual
analogue scores 
between the 2 groups 
were statistically 
significant
(P < 0.05).

The mean scores of 
pain intensity in
Group 1 and Group 2 
using the 10-mm 
visual analogue scale 
over 12 h
were 54.6 ± 7.1 and 
32.9 ± 8.18, 
respectively; P = 
0.003. 

The median time after which rescue 
medication was needed for the patient. 

The total amount of analgesic needed 
was also calculated.

The mean number of analgesics used in 
both Group
1 and Group 2 postoperatively was 10.2 
± 1.76 and 6.8 ± 1.67, respectively; 
P < 0.001, which
was significant (Chi-square test: p-value 
< 0.05, student’s t-test p-value < 0.05).

The median time for re-medication in Group 
1 and Group 2 was 7
and 10 h respectively and the p-value 
was 0.004, which was statistically 
significant. 

The percentage of patients not requiring 
rescue analgesics throughout the 12 h 
investigation
period was 75% in Ketorolac group as 
and 40% in the Tramadol group; P = 
0.003. 

Not 
evaluated.

None of
the patients in 
Group 1 
complained of 
nausea and 
vomiting.

3. Gutta et al., 
2013[33].

Randomized, 
double-blind, 
control study

Eighty-five adult 
subjects with an 
average age of 
22.6 years in the 
study group and 
24 years in the 
control group.

The 
extraction of 
the 
mandibular 
third molars 
under 
intravenous 
anesthesia

A 30-mg dose 
of intravenous
Ketorolac, five 
minutes 
before IV 
sedation.

Saline 3 days 30 mg of intravenous 
ketorolac 
preoperatively had 
less pain in the
early (8-hour) 
postoperative period.

The median interval to rescue medication 
was 2 hours longer in the ketorolac group. 
However, the difference in the total narcotic 
consumption between the ketorolac and 
placebo groups was clinically and 
statistically
insignificant.

Not 
evaluated 

All the subjects 
also received
8 mg of 
dexamethasone as 
a routine 
anti-inflammatory
agent underwent 
office-based third 
molar surgeries
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4. Shah et al., 
2013[34].

Fifty patients 
under the
age group of 
16–25 years 
with 
asymptomatic, 
symmetrically
impacted 
mandibular third 
molars were 
equally
divided into 2 
groups and 
underwent 
third-molar 
surgery
under local 
anesthesia.

Extraction of 
bilaterally 
symmetrical 
mandibular 
molars with 
a wash out 
period of 
three weeks.

Ketorolac
30 mg IM
(Gluteus) 20 
minutes 
before 
surgery.

Tramadol 50 
mg IM
(Gluteus) 20 
minutes before 
surgery 

Five days. Ketorolac is better 
than tramadol for pain 
relief.

Diclofenac potassium 50 mg/paracetamol
500mg/serratiopeptidase 10 mg] was the 
rescue analgesic given.

When the mean time to first rescue 
analgesic was assessed, patients in the 
study group reported a longer pain-free 
interval than those in the control group, 
with the mean time
being 2.42 ± 1.70, 8.86 ± 0.91, and 
7.43 ± 1.15 h for control, ketorolac, and 
tramadol, respectively.
Comparisons between the study group 
significantly favored
ketorolac over tramadol [P < 0.001].

Ketorolac proved significantly more efficient 
than Tramadol, with patients taking the 
former consuming
fewer rescue analgesics than those taking 
the latter
[P < 0.001].

One patient in the 
study group, when 
treated with 
ketorolac,
experienced 
severe pain at the 
site of injection and 
consumed
the rescue 
analgesic for the 
same, while 4 
patients
after receiving 
tramadol 
complained of 
nausea and
required a rescue 
antiemetic.

5. Ong and tan 
2004[56].

Randomized, 
double-blind, 
control study

Sixty-four 
patients 
undergoing 
elective third 
molar
surgery were 
randomly 
assigned into 
one of the two 
groups (32 in 
each group):

Single 
impacted 
mandibular 
third molars 
scheduled 
for surgery.

A 30-mg IV 
dose of 
ketorolac was 
administered 
before 
surgery. (time 
not 
menctioned)

Tramadol 50 
mg was given 
intravenously
before the 
surgery

Five days The pain intensity was 
assessed using the 
visual analogue scales 
(VAS).

Patients in the
ketorolac group 
experienced 
significantly
less pain throughout 
the 12-h investigation 
period than those in 
the tramadol group 
(Mann–Whitney
U-test, 0.05).

The mean time to rescue analgesic for 
the
ketorolac group was 9.5 h after surgery
as compared with the 7.6 h for the tramadol
group. Ketorolac provided an approximately
2-h longer duration of preventive analgesia 
than tramadol did.
The total postoperative analgesic 
consumption
of the ketorolac group
(median = 4, range 0–12) was also 
significantly
less than that of the tramadol group
(median = 6, range 0–16) (Mann–
Whitney U-test, P = 0.02).

not 
evaluated 

No side effects 
reported.

6. Claseman 
et al., 
1998[55].

Double-blind 
placebo-cont
rolled 
randomized 
trial

Thirty-four 
patients aged 
18–35 years 
were divided 
into 4 groups
Group I (control), 
saline; Group II, 
30 mg
ketorolac; Group 
III, 8 mg 
dexamethasone
; and Group
IV, 30 mg 
ketorolac + 8 
mg dexame-
thasone.

Bilateral all 4 
molars.

Twenty-fo
ur hours 
only.

Pain was assessed 
with the use of the 
Heft-Parker
graphic pain scale. 
Postoperative 
analgesia following 
third molar surgery in
the first 10 hr was 
enhanced with the 
preoperative 
administration
of ketorolac.

The addition of 
dexamethasone
to the preoperative 
regimen did not 
improve on
the analgesic effect 
provided by ketorolac 
alone

There was a trend toward the need for 
less postoperative narcotic
analgesics, with the preoperative 
administration of ketorolac,
and with the ketorolac/dexamethasone 
combination.

not 
evaluated

Not evaluated

  Pre-operative duration before drug administration: 
The duration before which drugs were administered as 
pre-emptive agents parenterally varied from 5 to 30 

minutes before surgery. Five min in the study by Gutta 
et al. (2013) [33], 10 min in the study by Gopalraju et 
al. (2014) [32], 20 min Shah et al. (2013) [30], 30 minutes 
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in the study by Mony et al. (2016) [18], and duration 
not mentioned in the studies by Claseman et al. (1998) 
[55], Ong and Tan (2004) [56].
  Recovery period duration evaluated: Recovery period 
durations evaluated ranged from 3 days to 5 days 
postoperatively in five studies [18,30,32,33,56]. In the 
study by Claseman et al. (1998), participants were only 
evaluated for 1 d postoperatively [55].
  Postoperative pain: Self-reported postoperative pain 
was measured in studies using different scales; the visual 
analogue scale (VAS) was filled by the patient at 12 hours 
postoperatively in the study by Mony et al. (2016) [18], 
Gopalraju et al. (2014) [32], Ong and Tan (2004) [56]. 
VAS score at 8 hours postoperatively was evaluated in 
the study by Gutta et al. (2013) [33], and the pain 
intensity score (10-point scale) at 12 hours post-
operatively was measured in the study by Shah et al. 
(2013) [30]. Pain intensity was assessed using the 
heft-parker graphic pain rating in the study by Claseman 
et al. (1998) [55]. 
  Type of oral rescue medication taken: Ibuprofen 400 
mg in the study by Mony et al., [18]. A combination of 
diclofenac potassium 50 mg + paracetamol 500 mg + 
serratiopeptidase 10 mg was the rescue analgesic used 
in the study by Shah et al. (2012) [30]. The study by 
Gutta et al. (2013) used a narcotic analgesic as rescue 
medication but did not specify the exact medication [33]. 
Acetaminophen 500 mg was the rescue analgesic used 
in the study by Goplaraju et al. (2013) [32].
 
DISCUSSION

  Reducing postoperative morbidities such as pain, 
discomfort, trismus, and inflammation after third molar 
surgery is a highly investigated topic in oral and 
maxillofacial surgery. The main objective of our 
systematic review was to investigate the efficacy of 
intravenously-administered pre-emptive ketorolac in 
comparison with other agents. The outcome of interest 
evaluated were parameters related to postoperative pain 

such as the subjective sensation of pain, first rescue 
medication taken, total dosage of rescue medication 
taken, and overall satisfaction. 
  Postoperative pain: IM Ketorolac versus IM Diclofenac 
sodium: In the study by Mony et al. (2016) [18], which 
compared pre-emptive IM Ketorolac versus IM 
Diclofenac sodium, at 11 hours, patients reported pain 
scores were significantly lower with pre-emptive IM 
ketorolac than IM diclofenac sodium [18]. IM Ketorolac 
versus IM Tramadol: In the study by Shah et al. (2013) 
[30], patients treated with IM ketorolac reported 
significant pain relief at postoperative 8 hours, with 
significantly lower pain scores than when treated with IM 
tramadol. However, at hour 12, the difference was not 
statistically significant [30] IV Ketorolac versus IV 
Tramadol. In the study by Gopalraju et al. (2014) [32], 
the mean pain intensity was higher in the IV Tramadol 
group over a 12 h period (54.6) than in the IV ketorolac 
group (32.9). The difference was statistically significant 
(P = 0.003) [32]. In the study by Ong and Tan (2004) 
[56], patients experienced significantly less pain 
throughout the 12-h investigation period when they 
received IV ketorolac than when they received IV 
tramadol. IV Ketorolac versus IV Placebo: In the study 
by Gutta et al. (2013) [33], the IV Ketorolac group 
recorded lower VAS scores at all times, but only the score 
at the fourth hour was significantly lower than those in 
the IV placebo group [33].
  First rescue medication taken: The median time taken 
for rescue medication was counted for both the study and 
control/placebo group. IM Ketorolac versus IM 
Diclofenac sodium: In the study by Mony et al. (2016) 
[18], the maximum time taken for pain perception for 
patients in the IM Ketorolac group was 5.48 hours and 
for those in the IM diclofenac sodium group was 4.98 
hours. The p-value was 0.235, which was not significant 
[18]. IM Ketorolac versus IM Tramadol: In the study by 
Shah et al. (2013) [30], the mean time for rescue analgesia 
was 8.86 ± 0.91 hours for the ketorolac group, compared 
to 7.43 ± 1.15 hours for the tramadol group (P < 0.001). 
IM Ketorolac versus placebo: In the study by Shah et 
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al. (2013) [30], the mean time for the rescue analgesic 
was 8.86 ± 0.91 hours for the ketorolac group as against 
2.42 ± 1.70 hours for the placebo group (P < 0.001). IV 
Ketorolac versus IV Placebo: In the study by Gutta et 
al. (2013) [33], the median time taken for the first rescue 
medication in the study group was 9.5 hours and in the 
control group was 7 hours. This might be due to variations 
in the study, such as pre-operative 8mg IV dexametha-
sone. IV Ketorolac versus IV Tramadol: In the study by 
Gopalraju et al. (2014) [32], the median time for 
re-medication in IV Tramadol and IV Ketorolac was 7 
and 10 h, respectively, P = 0.004. In the study by Ong 
and Tan (2004) [56], the ketorolac group reported a 
longer time to rescue analgesia (median 9.0 h) than the 
tramadol group (median 7.0 h) (P = 0.007).
  Total dosage of rescue medication taken: The total 
dosage of rescue medication was determined for both the 
study and control/placebo group. IM Ketorolac versus IM 
Diclofenac sodium: In the study by Mony et al. (2016) 
[18], the mean number of rescue medications (ibuprofen 
400 mg) taken by the patients in the three postoperative 
days was 3.24 in Ketorolac group and 4.04 in the 
diclofenac group, P = 0.004 [18]. IM Ketorolac versus 
IM Tramadol: In the study by Shah et al. (2013) [30], 
Ketorolac proved more efficient than tramadol with 
patients in the ketorolac group consuming fewer rescue 
analgesics (diclofenac potassium 50 mg/paracetamol 500 
mg/serratiopeptidase 10 mg) than when treated with 
tramadol (P < 0.001). IM Ketorolac versus placebo: In 
the study by Shah et al. (2013) [30], Ketorolac proved 
more efficient than placebo for patients in the ketorolac 
group consuming fewer rescue analgesics (7.36 ± 1.7) 
than those treated with placebo (10.76 ± 3.03) (P < 
0.001). IV Ketorolac versus IV Placebo: In the study by 
Gutta et al. (2013) [33], no statistically significant 
differences in the total number of pills taken (narcotic 
analgesic) were found between the control and study 
groups. This might be due to variations in the study, such 
as pre-operative 8mg IV dexamethasone. IV Ketorolac 
versus IV Tramadol: In the study by Gopalraju et al. 
(2014) [32], the mean number of analgesics (aceta-

minophen 500 mg) used in tramadol and ketorolac was 
10.2 ± 1.76 and 6.8 ± 1.67, respectively (P < 0.05) [32]. 
In the study by Ong and Tan (2004), the total 
postoperative analgesic consumption (acetaminophen 
1,000 mg) for the ketorolac group (median = 4, range 
0–12) was also significantly less than that in the tramadol 
group (median = 6, range 0–16) (P = 0.02) [56].
  Patients’ overall satisfaction—Global assessment: 
Patients’ overall satisfaction after surgery (global 
assessment) was evaluated for both the study and 
control/placebo group. In the study by Mony et al. (2016) 
[18], global assessment was not evaluated [18]. IM 
Ketorolac versus IM Tramadol: In the study by Shah et 
al. (2013), Ketorolac had significantly better global 
assessment scores than tramadol and placebo [P < 0.001]. 
IM Ketorolac versus placebo: In the study by Shah et 
al. (2013) [30], Ketorolac has better global assessment 
scores than placebo [P < 0.001]. IV Ketorolac versus IV 
Placebo: In the study by Gutta et al. (2013) [33], there 
were no significant differences in the global assessment 
between patients. This might be due to variations in the 
study, such as pre-operative 8mg IV dexamethasone. IV 
Ketorolac versus IV Tramadol: In the study by Gopalraju 
et al. (2014) [32], the overall global assessment of the 
ketorolac group showed better postoperative sequelae and 
comfort than that of the tramadol group [32]. In the study 
by Ong and Tan (2004), Patient’s overall assessment of 
the surgery in relation to pain, the distribution of scores 
shows that more patients in the ketorolac group (43.3%) 
scored the surgery as excellent in relation to minimum 
pain after the surgery as compared with patients in the 
tramadol group (23.3%) (P = 0.01) [56].
  Limitations of this review: Owing to the diversity in 
the included studies and fewer studies available, 
meta-analysis was not performed. 

  1. Methodological differences exist in few included 
studies; for example, the study by Gutta et al. (2013) 
[33], reported that pre-emptive IV Ketorolac is 
compared to placebo (saline), but the confounding 
variable here is in both the IV Ketorolac and IV 
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saline group, 8 mg dexamethasone is administered 
pre-emptively, which might be the reason for the 
lack of significant differences between ketorolac 
and placebo (saline) groups in terms of parameters 
such as postoperative pain, median time for rescue 
medication, number of medications taken, and other 
factors. 

  2. The duration of follow-up for pain intensity 
measurement also varied across studies; 12 hours 
postoperatively, Mony et al. (2016) [18], Gopalraju 
et al. (2014) [32], Ong and Tan (2004) [56], and 
8 hours postoperatively was evaluated in the study 
by Gutta et al. (2013) [33]. 

  3. The other drawbacks in studies are timings of 
administration of drugs pre-emptively; for example, 
in the studies by Mony et al. (2016) [18] and shah 
et al. (2013) [30], intramuscular administration of 
ketorolac was performed 30 and 20 minutes 
preoperatively, peak plasma availability of ketorolac 
for intramuscular administration usually takes 45 
minutes [57], so by the time of first incision and 
reflection of the flap, peak plasma concentration of 
the drug would not have been attained. In our 
opinion, by the time of the first incision ensuring 
peak plasma concentration is ideal.

  4. Self reported pain score scales also varied across 
studies: VAS was used in most of the studies (Mony 
et al. (2016) [18], Gopalraju et al. (2014) [32], Ong 
and Tan (2004) [56], Gutta et al. (2013) [33]), and 
heft-parker graphic pain rating in the study by 
Claseman et al. (1998) [55]. A Numerical 10-point 
pain intensity score was used in the study by Shah 
et al. (2013) [30].

  5. The type and dosage of rescue analgesic medication 
used also varied across studies: ibuprofen 400 mg 
[18], combination of diclofenac potassium 50 mg 
+ paracetamol 500 mg + serratiopeptidase [30], 
acetaminophen 500–1000 mg [32,56], and narcotic 
analgesics [33] were used across the studies. 

  Conclusions: Although the included studies show 

significantly better outcomes such as postoperative pain, 
median time taken for rescue medication, total number 
of analgesics taken, and overall patient satisfaction with 
injected ketorolac group in comparison to injected 
diclofenac, dexamethasone, and tramadol, definitive 
conclusions cannot be made regarding the superiority of 
injected Ketorolac as a pre-emptive agent. A greater 
number of randomized control trials with a proper 
protocol are needed to make definitive conclusions.
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