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Abstract

Background: Pain is the most common complication of dental procedures under general
anesthesia in children. Premedication with analgesics can decrease the need for intraoperative
and postoperative analgesic administration. This study compared the effects of premedication
with acetaminophen versus ketorolac on postoperative pain in 4-7-year-old children undergoing
dental treatment under general anesthesia.

Methods: This parallel triple-blind randomized clinical trial was conducted on 100 children
requiring dental procedures under general anesthesia. The children were randomly allocated
to two groups (n=50) by block randomization with size 4 blocks for premedication with either
10-12 mg/kg acetaminophen or 0.5 mg/kg ketorolac immediately after the onset of general
anesthesia and before the onset of the dental procedure. The two groups were standardized
regarding type of dental procedure, duration of anesthesia, age, and gender. The heart rate (HR),
systolic blood pressure (SBP), and peripheral capillary oxygen saturation (SPO,) were recorded
before and after the treatment. The pain intensity of patients was quantified at recovery time and
2 hours later using the Wong-Baker FACES Pain Rating Scale. The data were analyzed by the chi-
square test, t-test, marginal modeling, and generalized estimating equations.

Results: No significant difference existed in the mean pain score between the two groups during
the recovery time (P=0.494), but the pain score was significantly lower in the ketorolac group
after 2 hours (P=0.009). The mean reduction in the pain score within 2 hours was only significant
in the ketorolac group (P=0.002).

Conclusion: Acetaminophen and ketorolac were both effective for the reduction of postoperative
pain in 4-7-year-old children undergoing dental treatment under general anesthesia, but
ketorolac was significantly more effective after 2 hours.
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Background

accepted approach for children who cannot be managed

Pain is a prevalent complication after dental procedures.
It is a complex, multifactorial phenomenon with a
subjective nature (1). Over 70% of patients complain of
pain after dental procedures, and over 25% complain of
side effects after the consumption of analgesics (2). Pain
control is a common concern for dental clinicians and
patients. Postoperative pain can cause sleep disturbances,
respiratory depression, cough, and sputum formation (2).

Dental treatment under general anesthesia is a well-

by other commonly practiced behavioral control methods.
According to the American Academy of Pediatric
Dentistry, the indications for dental treatment under
general anesthesia include uncooperative and emotionally
or physiologically immature patients, those with mental
retardation or physical disability, medically compromised
patients, cases with local anesthesia contraindications
(e.g., acute infection, anatomical variations, or allergy),
and highly uncooperative and anxious patients that
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require urgent treatment (3,4). In addition, uncooperative
children with extensive caries that need several long
treatment sessions often require dental treatment under
general anesthesia (5-7). The main advantages of dental
treatment under general anesthesia include the provision
of more efficient treatment with minimal discomfort
and mental and physical stress for patients and dental
clinicians (8).

The complications of dental procedures under general
anesthesia in children vary widely (9-11). Pain is the most
common complication that requires analgesic intake
post-treatment (9-11). O’Donnell et al (12) suggested
a diclofenac suppository for this purpose (12). Sleep
disturbances in the first night after general anesthesia
are also common (13-15). Nausea and vomiting are
among the side effects of opioids that may occur after
general anesthesia. Holt et al (10) reported that 21% of
patients had nausea, and 20% had vomiting after general
anesthesia. Psychological problems, such as crying, sleep
disturbances, nightmares, eating problems, postoperative
epistaxis, sore throat, and hoarseness, have been reported
as well (16,17). Many factors, such as age, underlying
systemic diseases, patients’ dental needs, experience of
the personnel, type of premedication, difficult intubation,
duration of anesthesia, and the administered anesthetic
agents, can affect the occurrence and severity of
postoperative complications (18-21).

A wide range of analgesics may be used for pain control,
including opioids, alpha-2-agonists, non-steroidal anti-
inflammatory drugs (NSAIDs), and anti-convulsant
medications; further, a combination of drugs is often
preferred to monotherapy (22). Acetaminophen and
intravenous ketorolac are two non-opioid analgesic
agents that are successfully used for pain control after
dental procedures worldwide (22-24). Acetaminophen
was approved by the United States Food and Drug
Administration for monotherapy for the alleviation of
mild to moderate pain, and in combination with opioids
for the alleviation of moderate to severe pain. Ketorolac
gained the United States Food and Drug Administration
approval in 1989 (23,24). Ketorolac is an NSAID with
analgesic properties that inhibits both the lipoxygenase
and cyclooxygenase pathways and can be administered
orally or intravenously.

Premedication with analgesics can decrease the need for
intraoperative and postoperative analgesic administration
(25,26). It has been suggested that premedication with
acetaminophen or NSAIDs, such as ketorolac, may
decrease postoperative pain and complications (27).
Considering the scarcity of clinical trials in this regard,
this study aims to compare the effects of premedication
with acetaminophen versus ketorolac on postoperative
pain in 4-7-year-old children receiving dental treatment
under general anesthesia.

Materials and Methods
This parallel triple-blind randomized clinical trial was
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conducted at Mofid Children’s Hospital in Tehran from
August 2023 to July 2024. The ethical code (IR.SBMU.
DRC.REC.1402.071) was obtained from Shahid Beheshti
University of Medical Sciences, and the clinical trial
registration code was IRCT20240408061442N1.

Trial Design

A parallel triple-blind randomized clinical trial was
designed in which one group underwent premedication
with acetaminophen, while the other group underwent
premedication with ketorolac before undergoing general
anesthesia for dental treatment. The Consolidated
Standards of Reporting Trials were used to report
the results.

Participants, Eligibility Criteria, and Settings

The inclusion criteria were children aged 4-7 years with
Class I general health status (according to the American
Society of Anesthesiologists (ASA) physical status
classification system) whose parents consented to their
participation in the study and to dental treatment under
general anesthesia requiring the extraction of 2-3 teeth or
pulpotomy of 1-3 teeth and a mean surgery duration of
2.5-3 hours. All procedures were performed by the same
dental clinician.

The exclusion criteria were children with specific
needs and those with underlying conditions such as heart
disease, diabetes mellitus, or intellectual retardation.

Totally, 100 children presenting to Mofid Children’s
Hospital for dental treatment under general anesthesia
who were selected by convenience sampling were enrolled
in this study.

Interventions

Following parental consent, demographic information
of children was recorded, and they were allocated to two
groups (n=>50) for premedication with either 10-12 mg/
kg acetaminophen or 0.5 mg/kg ketorolac immediately
after the onset of general anesthesia and before the onset
of the dental procedure (injections were performed only
once). The two groups were standardized regarding
type of dental procedure, duration of anesthesia, age,
and gender. All children were clinically examined by a
pedodontist one day before the procedure. The children
had to fast for at least 6 hours prior to the procedure. They
received 5.0 mg oral midazolam as premedication prior to
entering the operating room. Subsequently, they received
1-2 pg fentanyl, and nasal intubation was performed
after anesthesia induction with 2 mg/kg propofol and 0.5
mg/kg atracurium (a muscle relaxant). After anesthesia
induction and maintenance with isoflurane and oxygen,
10-12 mg/kg acetaminophen or 0.5 mg/kg ketorolac
was injected, depending on the group allocation of
children, prior to the onset of the dental procedure. No
local anesthetic was administered. The heart rate (HR),
systolic blood pressure (SBP), and peripheral capillary
oxygen saturation (SPO,) of children were recorded at
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the onset of the dental procedure (baseline) and after the
completion of treatment. SPO, was measured by the pulse
oximeter of a heart-lung monitoring machine (Alborz B5;
Saadat, Iran). SBP was measured by a small BP monitor
cuff for children (Alborz B5; Saadat, Iran), and HR was
also estimated by the heart-lung monitoring machine
(Alborz B5; Saadat, Iran). After regaining consciousness
(evidenced by eye opening, a normal deglutition reflex,
and normal respiration), the children were transferred to
the recovery room. The pain level of patients was recorded
in the recovery room and 2 hours later using the Wong-
Baker FACES Pain Rating Scale. The Wong-Baker Faces
Pain Rating Scale is a famous scale for self-reporting of
pain, first introduced in 1980. Its validity and reliability
have been confirmed in several previous studies (28,29).
This scale includes six faces, with a happy face at one end
showing “no pain at all” and a crying face at the other end
showing “worst pain possible”. The faces are scored from
0 to 10. A trained operator not involved in any step of the
study showed this scale to children after they completely
regained their consciousness in the recovery room and 2
hours later and asked them to express their pain level by
selecting a face (28,29).

Outcomes
Postoperative pain was the primary outcome, while HR,
SBP, and SPO, were the secondary outcomes.

Sample Size Calculation

The sample size was calculated to be 38 patients in each
group according to a pilot study, assuming the standard
deviation of the pain score 2 hours after recovery to be
2 in both groups, a=0.05 $=0.1, and a significant mean
difference of 1.5 units in pain score between the two
groups, according to the following formula:

2
(ZF% +Zl,ﬁ) (7+57)

(%-%.)

n=

Considering a 20% dropout, 45 patients had to be
recruited in each group. However, by further increasing
the sample size, beta would decrease, and study power
would increase. Thus, due to the availability of more
samples, a larger sample size was recruited to increase the
power, and 50 patients were selected for each group.

Interim Analyses and Stopping Guidelines
None.

Randomization

The patients were randomly allocated to the groups
using random blocks of size 4 (30), according to the
randomization chapter of the book authored by Pocock
(30). Six different states of blocks with size 4 were first
considered, and then random numbers were created
between 1 and 6 to choose the blocks using the https://
www.sealedenvelope.com/randomisation/ website.

In any way, with any number of blocks, the last number
of each block would be predictable. To solve this problem,
randomization and allocation concealment were
performed by someone not involved in any phase of the
study using sealed envelopes.

Blinding

The study had a triple-blind design. The children, their
parents, the operating dentist, and the researcher were
all blinded to the type of premedication, and only the
anesthesiologist who administered the medications
was aware of their type. Acetaminophen and ketorolac
were injected by the anesthesiologist in coded, identical
syringes. Thus, the children, their parents, and the dentist
were all unaware of the content of the syringes. Moreover,
the information of the participants was provided to the
statistician in two code groups; thus, the statistician was
also blinded to the group allocation of children.

Statistical Analysis

The normality of the quantitative data was assessed by the
Shapiro-Wilk test, which showed normal distribution of
data (P>0.05). Accordingly, the chi-square was utilized to
compare the categorical variables between the two groups.
Further, paired samples and independent samples t-test
were used to compare the quantitative outcomes within
and between the groups, respectively, due to their normal
distribution. In addition, regarding the repeated measures
of the outcomes, comparisons between the groups were
made using the marginal modeling and generalized
estimating equations (31). All statistical analyses were
conducted using SPSS, version 26.0 (SPSS Inc., IL, USA)
at a 0.05 level of significance. It should be noted that all
analyses were outcome-based.

Results

Participant Flow and Baseline Analysis

The sample consisted of 50 patients in each group. The
acetaminophen group included 27 girls (54%) and 23 boys
(46%), while the ketorolac group included 23 girls (46%)
and 27 boys (54%) (Figure 1). The two groups had no
significant difference in gender distribution (P=0.356).
The mean age was 5.22+1.13 years and 5.06+ 1.03 years
in the acetaminophen and ketorolac groups, respectively.
The two groups were not significantly different in terms of
the mean age (P=0.513).

Harms
No patients were harmed during the study.

Subgroup Analyses

Primary Outcomes

Pain: Independent samples t-test (Table 1) demonstrated
no significant difference in the mean pain score between
the two groups during the recovery time (P=0.494).
However, this difference was significant after 2 hours and
was significantly lower in the ketorolac group (P=0.009).
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CONSORT 2010 Flow Diagram
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Figure 1. CONSORT Flow Diagram of Patient Selection and Allocation. Note. CONSORT: Consolidated Standards of Reporting Trials

Table 1. Comparison of Mean Pain Score in the Two Groups

Time Acetaminophen Ketorolac P Value’
Recovery 5.10+2.20 4.80+2.18 0.494
Two hours 4.53+2.15 3.40+2.07 0.009
Change 0.57+3.19 1.40+3.00 0.186
P value™ 0.216 0.002 -

Note. ‘Between groups; “Within group.

Based on the results of the paired samples t-test, the
mean reduction in the pain score within 2 hours was
not significant in the acetaminophen group (P=0.216).
However, this reduction was significant in the ketorolac
group (P=0.002). Children in the ketorolac group reported
significantly lower pain levels (Table 1). The reduction in
pain score was not significantly different between the two
groups (P=0.186).

The generalized estimating equation (Table 2) revealed
that children in the acetaminophen group experienced,
on average, 0.3 units more pain than the ketorolac group;
this difference was not significant (P=0.488). Within 2
hours after recovery, the mean pain score decreased by
an average of 1.4 units in the acetaminophen group. At 2
hours after recovery, patients in the acetaminophen group
experienced on average 0.83 units more pain than those in
the ketorolac group; nonetheless, this difference was not
significant (P=0.179).

Table 2. The Results of Generalized Estimating Equation Regarding the Effect
of Group and Time on the Pain Score

Variable Group Estimate’ SE P Value
Acetaminophen 0.302 0.436 0.488
Group
Ketorolac Ref. Cat.
Time - -1.400 0.421 0.001
Acetaminophen 0.829 0.617 0.179
Group-time
Ketorolac Ref. Cat.

Note. SE: Standard error. “ The estimation column shows the estimated
coefficients of model parameters in the applied marginal model.

Secondary Outcomes

Heart Rate, Systolic Blood Pressure, and Peripheral
Capillary Oxygen Saturation: The results of the
independent samples t-test (Table 3) indicated that the
two groups had no significant difference in the HR, SBP,
or SPO, at any time point (P>0.05).

Discussion

This study assessed the effects of premedication with
acetaminophen versus ketorolac on postoperative pain
in 4-7-year-old children undergoing dental treatment
under general anesthesia. The results showed that the
two groups did not have any significant difference in the
physiological parameters of HR, SBP, and SPO, at any
time point or the pain score after treatment. Time had
a significant effect on the pain score, such that the pain
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Table 3. HR and Systolic BP of Patients in the Two Groups Before and After
the Procedure

Variable Acetaminophen Ketorolac P Value
SBP at baseline (mm Hg) 1.40+7.59 1.34+7.67 0.772
HR at baseline 9.59+107.90  8.63+107.90  1.000
SPO, at baseline (%) 0.69+99,38 0.77+99.34  0.786
SBP post-treatment (mm Hg) 1.53+7.55 1.31+£7.38 0.559
HR post-treatment 8.34+110.12 8.98+111.16  0.550
SPO, post-treatment (%) 0.74+99.24 0.77+99.12 0.431

Note. 'Mean +standard deviation; HR: Heart rate; SBP: Systolic blood
pressure; SPO,: Peripheral capillary oxygen saturation

decreased 2 hours after treatment in the acetaminophen
and ketorolac groups. Previous studies have also
shown successful analgesic efficacy of acetaminophen
and ketorolac as monotherapy and in combination
with opioids for the management of postoperative
pain (25,32,33). However, the majority of studies on
acetaminophen and ketorolac evaluated their analgesic
efficacy for post-surgical pain management in adults,
and it was impossible to compare our results due to the
scarcity of studies on pain control in children (34-37).

Erkmen Almaz et al (38) observed that the frequency
of pain in children 24 hours after general anesthesia was
lower than 1.5%, which is in accordance with the current
findings. However,some othersreported thehigh frequency
of pain in children after dental treatment under general
anesthesia. For example, Ghafournia et al (39) concluded
that toothache was the most frequent non-psychological
postoperative complication. Deng et al (40) found similar
results. Based on the findings of Keles and Kocaturk (41),
90% of children who underwent pulpotomy under general
anesthesia had immediate postoperative pain with variable
degrees. Chen et al (42) reported toothache and cough as
the main postoperative complications in children that
lasted for more than 24 hours. Gharavi and Soltani (43)
found restlessness, vomiting, and pain as postoperative
complications that were resolved after 96 hours. Our
results contradict those of most of the aforementioned
studies, likely because premedication with analgesics was
not used in those studies.

Kharouba et al (44) assessed the analgesic efficacy of
prophylactic premedication with paracetamol, ibuprofen,
and placebo in children and concluded that children
who received premedication with paracetamol or
ibuprofen had lower odds of requiring analgesics post-
treatment compared with those who received placebo,
which conforms to the current findings. Alhashemi
and Daghistani (45) evaluated the analgesic efficacy
of intravenous administration of acetaminophen
intraoperatively versus the intramuscular injection of
meperidine and reported that children in the meperidine
group had a significantly lower level of pain than those in
the acetaminophen group. The pain was resolved within
10 hours after the procedure in both groups, which is in
line with our findings.

A review study on the efficacy of premedication with

analgesics prior to dental surgical procedures revealed
that the administration of NSAIDs increases the success
of analgesia by inhibiting the cyclooxygenase pathways
and production of prostaglandins (46). Hasheminia et al
(47) investigated the effect of the subcutaneous injection
of ketorolac versus dexamethasone on post-surgical
dental pain and observed that the mean pain score in
both groups was the same but significantly lower than
that of the control group, which corroborates the findings
of the present study. Rao and Kumar (22) compared the
analgesic efficacy of acetaminophen and ketorolac for the
management of pain after tooth extraction. They reported
that 10 mg ketorolac was significantly more effective than
500 mg acetaminophen, which contradicts our results.

This study evaluated children aged 4-7 years. Future
studies with a larger sample size on older children are
required, using different pain assessment scales.

Conclusion

Acetaminophen and ketorolac were both effective in
reducing postoperative pain in 4-7-year-old children
undergoing dental treatment under general anesthesia,
but ketorolac was significantly more effective after 2 hours.
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