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Introduction: The objective of this systematic review and meta-analysis was to assess the effectiveness of various pharmacological 
interventions on pain experienced by patients undergoing orthodontic therapy.

Abbreviations
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Methods: PubMed, MEDLINE, Web of Science, and the Cochrane Library databases were searched to February 22, 2020 to identify 
relevant randomized controlled trials (RCTs) evaluating the effectiveness of any pharmacological interventions for pain relief follow-
ing orthodontic activation. The Cochrane Collaboration tool for risk of bias evaluation was used. Meta-analysis was carried out using 
RevMan software with a random-effects' model applied.
Results: Seventeen RCTs were identified, but only ten RCTs with a total of 899 participants were included in the meta-analysis. Meta-
analysis showed both ibuprofen and acetaminophen significantly reduced orthodontic pain at 2, 6, and 24 hours when compared to a 
placebo (P < 0.05). Acetaminophen was further found to reduce pain at 2 and 3 days when compared to a placebo (P < 0.05). Ibupro-
fen was found to reduce orthodontic pain more at 2 hours (P = 0.01) when compared to acetaminophen.
Conclusions: Both ibuprofen and acetaminophen are equally effective in reducing orthodontic pain at all time points within the first 
24 hours. Further high quality research is required to improve the reliability of the evidence.

RCTs: Randomized Controlled Trials; NSAIDs: Non Steroidal An-
ti-inflammatory Drugs; VAS: Visual Analogue Scale; CI: Confidence 
Interval; COX-2: Cyclo-Oxygenase-2.

Introduction
Pain and discomfort are common side effects of orthodontic 

therapy encountered in daily orthodontic practice and are often 
perceived by the patient as pressure, soreness and tension of the 
teeth [1-3]. Pain, with a prevalence of 70%-95%, is one of the most 

reported negative effects of orthodontic treatment, and is a major 
concern to both patients and clinicians [2-5]. Studies to determine 
the experience of orthodontic pain have rated it as a key reason 
patients refrain from or even discontinue orthodontic treatment 
[4,6-8]. 

Current literature shows pain being reported with most orth-
odontic procedures such as separator placement, initial arch wire 
placement and activations, orthopedic appliances, and attach-
ments’ debonding [1,2,9-11]. Studies [9,12] have shown that sep-
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arator placement is almost always associated with some form of 
pain or discomfort which usually begins 4 hours after placement 
and increases to reach a peak around 24 hours before it decreas-
es to reach baseline level after a week [13,14]. Studies on initial 
arch wire placement also reported similar results [2,9,10,12,15]. A 
trend has been reported towards greater pain in the anterior teeth 
than in the posterior, and in the lower arch than in the upper. This 
could be attributed to the greater use of the anterior teeth when 
biting, the smaller root surface area of these teeth compared to the 
posterior, and their increased involvement during levelling and 
alignment [2,9,10,12,16]. 

Orthodontic pain arises as a result of orthodontic forces being 
applied to the teeth; the forces result in a series of inflammatory 
reactions that act in an orchestrated manner and eventually lead to 
tooth movement accompanied by pain. In effect, orthodontic pain 
and tooth movement are interrelated events brought about by lo-
cal periodontal inflammatory responses [17]. These periodontal 
inflammatory responses stimulate the release of various biochemi-
cal mediators, such as prostaglandins and bradykinins, that act on 
sensory endings to elicit a painful sensation [18]. While other bio-
chemical mediators, such as IL-1, IL-6, and M-CSF, enhance local 
inflammation, and stimulate alveolar bone remodeling and tooth 
movement through the proliferation and differentiation of osteo-
clast precursor cells to form osteoclasts, hence upregulating osteo-
blastic and osteoclastic activity [17,19].

Numerous methods have been proposed to control or allevi-
ate pain in orthodontic clinical practice, including pharmacologi-
cal methods [5,20,21], mechanical methods [22-25], and low-level 
laser therapy [26-30]. Over-the-counter analgesics and non ste-
roidal anti-inflammatory drugs (NSAIDs) such as acetaminophen 
(paracetamol), ibuprofen, and aspirin have been in use for decades 
and remain the most common method of pain control in orthodon-
tic treatment [3]. NSAIDs act by inhibiting prostaglandin synthe-
sis, hence relieving orthodontic pain. However, as a side effect 
this could potentially interfere with and reduce the rate of tooth 
movement [31,32]. Acetaminophen, which acts centrally rather 
than peripherally, avoids these side effects of NSAIDs. The counter 
argument against acetaminophen is that inflammation in the peri-
odontal tissues contributes to the pain and since acetaminophen 
does not reduce inflammation; NSAIDs may be more effective at 
relieving pain.

At present, there is no clear protocol on managing pain related 
to orthodontic treatment. However, over-the-counter analgesics 

and non-steroidal anti-inflammatory drugs (NSAIDs) seem to be 
the method of choice for most clinicians due to their proven ef-
fectiveness. It has been well documented that pain reduces orth-
odontic patient compliance or even dissuades them from treat-
ment altogether. Therefore, it is of great importance to get a clearer 
understanding of how best to control pain related to orthodontic 
treatment, in the hope of managing this better in the future.

The aim of this review was to assess the effectiveness of various 
pharmacological interventions on pain experienced by patients 
undergoing orthodontic therapy, by reviewing randomized clinical 
trials that evaluate the efficacy of analgesics.

Materials and Methods
The PRISMA guidelines were followed for this systematic re-

view and meta-analysis [33,34].

Eligibility criteria (PICOT)

•	 Population - Patients of any age and gender undergoing fixed 
orthodontic treatment.

•	 Intervention - Analgesics (ibuprofen, acetaminophen, aspi-
rin,.........etc).

•	 Comparison - Placebo, or an alternative analgesic, or no pain 
relief method.

•	 Outcome - Pain level as evaluated on a visual analogue scale 
(VAS).

•	 Type of studies - Prospective randomized clinical trials 
(RCTs). 

Search strategy and study selection
The electronic search was performed in the following data-

bases: MEDLINE, Cochrane library, PubMed, and Web of Science. 
These databases were searched until April 30, 2017 and updated 
again in February 22, 2020, without restrictions for starting date 
of search. The search was restricted to English language articles. 
The search terms “orthodontics AND pain AND analgesics” were 
used to build the search strategy (Table 1). Reference lists of the 
included articles were hand searched for further results that may 
have been missed during the electronic database search. The titles 
and abstracts of all the studies identified by the search strategies 
were screened by one author (B.M) to remove duplicate entries 
and studies that failed to meet the eligibility criteria. Then, full text 
articles of the remaining studies were assessed by 2 authors (B.M, 
M.E) for eligibility based on the predefined eligibility criteria and 
any disagreements were resolved by discussion. 
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Search history Results
(MH “Orthodontics+”)

Orthodontic*

“initial archwire placement”

1 or 2 or 3

(MH “Pain+”)

Discomfort

5 or 6

(MH “Analgesics+”)

Ibuprofen

Acetaminophen

8 OR 9 OR 10

4 and 7 and 11

47,417

61,124

10

67,940

332,919

35,684

363,062

162,318

12,225

20,053

180,626

128

Table 1: Medline (EBSCOhost) search strategy.

Data extraction
Study data was extracted independently by two researchers 

using a customized data extraction form: (1) general information: 
first author’s name and year of publication; (2) methods: study 
design and power calculation; (3) participants: sample size, mean 
age, numbers of male and female participants; (4) interventions: 
details of pharmacological interventions including dose, frequency, 
and timing of administration; (5) outcomes; (6) analysis; and (7) 
results. Disagreements between the researchers were resolved by 
discussion. 

Risk of bias and quality assessment
Risk of bias was assessed independently by two authors, and all 

disagreements were resolved by discussion. The Cochrane Collabo-
ration tool for assessing risk of bias was used based on 7 domains: 
random sequence generation, allocation concealment, blinding 
of participants and personnel, blinding of assessors, incomplete 
outcome data, selective reporting of outcomes, and other source 
of bias. For each study the domains were graded according to the 
author’s judgment as having low, high, or unclear bias along with 
a description explaining the reason for the judgement, and then a 
final overall judgment was given.

Data synthesis
The pre-specified outcome of interest was the patient reported 

pain level at 2, 6, and 24 hours, with additional time points be-
ing specified after the eligible studies had been collected. For the 

statistical analysis, mean difference, standard deviation, and 95% 
confidence interval (CI) were calculated using continuous data of 
the selected studies. Where data was reported only graphically, the 
corresponding author was contacted for the numeric data. If this 
was unsuccessful, the numeric data was extracted using the digitiz-
ing computer program Engauge Digitizer Software (version 10.3).

The included studies assessed pain intensity using a 10cm vi-
sual analog scale (VAS) or a 100mm VAS scale. To standardize to a 
single scale, these scales were converted to the 100mm VAS scale 
by multiplying pain scores by 10 where appropriate. If a trial re-
ported multiple effect sizes (e.g. at rest, chewing, biting, and during 
fitting teeth together), these effect sizes were combined to obtain a 
single estimate, as previously recommended [35]. 

A pairwise meta-analysis was done to compare the interven-
tions if two or more studies included the same comparisons and 
outcome measures. A random-effects model was applied using the 
RevMan software (Version 5.3. Copenhagen: The Nordic Cochrane 
Centre, The Cochrane Collaboration, 2014).The statistical hetero-
geneity was evaluated by the I2 value. The I2 values of 25%, 50%, 
and 75% correspond to low, moderate, and high levels of heteroge-
neity, respectively [35]. 

Results
Search results and characteristics of studies included in the 
meta-analysis

After searching the Cochrane library, MEDLINE, PubMed, and 
Web of Science, 441 studies were identified. After removing the 
duplicate studies, 193 remained, of which 17 RCTs were included 
in this review and 10 RCTs in the meta-analysis (Figure 1). Of the 
remaining seven studies not included in the meta-analysis, four 
of them used analgesics that were not comparable to other stud-
ies [36-39], two had data duplication and errors in their results 
[40,41], and one had incomplete reporting of the results [42]. The 
authors of the studies with errors and incomplete results did not 
respond to attempts to contact them, therefore they were excluded 
from the meta-analysis.

The characteristics of the studies included in the meta-analysis 
are summarized in table 2. A total of 899 participants were includ-
ed, with ages ranging between 12 and 30 years. Two RCTs used 
initial arch wires as the orthodontic procedure, and the remaining 
eight RCTs used orthodontic separators as the orthodontic proce-
dure. The visual analogue scale (VAS) was used to assess the pain 
levels in all studies.
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Risk of bias assessment
The risk of bias assessed for each study is summarized in figure 

2. Eleven studies were assessed as being at high risk of bias [12,36-
38,40-42,46-49], five were assessed as being at unclear risk of bias 
[20,39,44,45,50], and only one as being at low risk of bias [43].

 Meta-analysis findings
The meta-analysis was divided into 3 groups: (1) ibuprofen vs 

placebo; (2) acetaminophen vs placebo; (3) ibuprofen vs acetamin-
ophen.

Ibuprofen vs placebo: A total of seven studies were included in 
this group [12,44-49]. However, at the 2, 3, and 7-day time points 
only two studies could be compared [45,48]. When comparing Ibu-
profen to placebo, meta-analysis revealed ibuprofen to be more ef-
fective at 2, 6, and 24 hours (P < 0.05) (Figure 3). When comparing 
ibuprofen to placebo at any later time point past 24 hours, no sta-
tistically significant effect on pain reduction was found. Significant 
levels of heterogeneity were observed at 6 hours (I2 = 68%, P < 
0.05) and 24 hours (I2 = 74%, P < 0.05).

Acetaminophen vs placebo: A total of four studies were includ-
ed in this group [20,44,47,48]. However, at the 2, and 3-day time 

Figure 2: Risk of bias summary.

points only two studies could be compared [20,48]. While at the 
7-day time point, no comparisons could be drawn. When compar-
ing Acetaminophen to placebo, the results showed Acetaminophen 
to be more effective in reducing pain at 2, 6, and 24 hours and 2 
and 3 days (P < 0.05) (Figure 4). Significant levels of heterogeneity 
were observed at 6 hours (I2 = 80%, P < 0.05), 24 hours (I2 = 89%, P 
< 0.05), 2 days (I2 = 85%, P < 0.05) and 3 days (I2 = 84%, P < 0.05).

Acetaminophen vs ibuprofen: A total of five studies were includ-
ed in this group [43,44,47,48,50]. However, at the 2-day time point 
only two studies could be compared [48,50], while at the 3 and 
7-day time point, no comparisons could be drawn. When compar-
ing acetaminophen to ibuprofen, the results showed Ibuprofen to 
be more effective at 2 hours (Figure 5). While at 6 hours the results 
favored ibuprofen, they did not reach statistical significance (P = 

Figure 1: PRISMA flow diagram.
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Study N M/F ratio Age (years) Time pain 
evaluated

Orthodontic 
procedure

Intervention groups

Bradely., et al. 
2007

159 57/102 12-16 2, 6 h,

bedtime,

on arising, 2, 3, 
7 d

Separators Group A (n = 82) 1g paracetamol 
(acetaminophen) (1 h before, 6 h after)

Group B (n = 77) 400 mg ibuprofen (1 h 
before, 6 h after)

Gupta., et al. 
2014

45 22/23 15-22 2, 6 h, bedtime 1 
d, 24 h,

bedtime 2 d, 48 h,

bedtime 3 d

Archwire Group A (n = 15) 500 mg acetaminophen 
(thrice daily for 3 days with first 

administration 1 h before)
Group B (n = 15) placebo (thrice daily 
for 3 days with first administration 1h 

before)
Group C (n = 15) 60 mg etoricoxib (once 
daily for 3 days with first administration 

1h before)
Hosseinzadeh 
Nik., et al. 
2016

89 39/50 Group A 15.3 ± 
3.15

Group B 16.8 ± 
3.49

Group C 15.6 ± 
4.17

2, 6 h,

bedtime,

24 h

Separators Group A (n = 28) placebo (1 h before 
separator placement and every 6 h until 

24 hours; 5 doses)

Group B (n = 32) 650 mg acetaminophen 
(1 h before separator placement and 

every 6 h until 24 hours; 5 doses)

Group C (n = 29) 400 mg liquefied 
ibuprofen (1 h before separator 

placement and every 6 h until 24 hours; 
5 doses)

Kohli., et al. 
2011

90 45/45 13-18 2, 6 h, bedtime,

24 h 2, 3, 7 d

Separators Group A (n = 30) placebo (1 h before)

Group B (n = 30) 400 mg ibuprofen (1 h 
before)

Group C (n = 30) 20 mg piroxicam (1 h 
before)

Mionr., et al. 
2009

51 21/30 Group A 17.6 
± 5.0

Group B 14.9 
± 2.7

Group C 16.4 
± 3.6

2, 6 h,

bedtime,

on arising, 24 h

Separators Group A (n = 16) 400 mg ibuprofen (1 h 
before, 3, and 7 h after)

Group B (n = 17) placebo (1 h 
before)/400 mg of ibuprofen (3 and 7 h 

after)

Group C (n = 18) placebo (1 h before, 3, 
and 7 h after)

Ngan., et al. 
1994*

77 43/34 16.6 ± 6.8 2, 6,

24 h,

2, 3, 7 d

Separators Group A (n = 23) 400 mg ibuprofen 
(immediately after)

Group B (n = 28) 650 mg aspirin 
(immediately after)

Group C (n = 26) placebo (immediately 
after)

Patel., et al. 
2011

24 13/11 19-30 2, 6 h,

bedtime,

on arising,

24 h

Separators -Ibuprofen 400 mg (1 h before, 3 and 7 
h after)

-Naproxen sodium 500 mg (1 h before)/
placebo (3 h after)/250 mg naproxen 

sodium (7 h after)

-Acetaminophen650 mg (1 h before, 3 
and 7 h after)

-Placebo (1 h before, 3 and 7 h after)
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Salmassian., et 
al. 2009

60 31/29 12-18 3, 7, 19, 24, 31, 
48 h,

3, 4, 7 d

Archwire Group A (n = 21) 600 mg of 
acetaminophen (3, 7, 19, 24, 31, 48h 

after, 3, 4, 7d after)

Group B (n = 19) 400 mg ibuprofen (3, 7, 
19, 24, 31, 48 h after, 3, 4, 7 d after)

Group C (n = 20) placebo (3, 7, 19, 24, 
31, 48 h after, 3, 4, 7 d after)

Steen Law., et 
al. 2000

63 25/38 13.3 ± 1.7 2, 6, 24 h,

2, 3, 7 d

Separators Group A (n = 22) 400 mg of ibuprofen (1 
h before)⁄placebo (immediately after)

Group B (n = 19) placebo (1 h 
before)⁄400 mg of ibuprofen 

(immediately after)

Group C (n = 22) placebo (1 h before) ⁄ 
placebo (immediately after)

Zarif Najafi., et 
al. 2015

241 60/181 Group A 21.7 
± 3.5

Group B 22.1 
± 3.2

Group C 21.2 
± 3.8

Immediately 
after,

2, 6, 24, 48 h

Separators Group A (n = 76) 650 mg acetaminophen 
(1 h before)

Group B (n = 76) 400 mg ibuprofen (1 h 
before)

Group C (n = 89) 7.5 mg meloxicam (1 h 
before)

Table 2: Summary of characteristics of studies included in meta-analysis.

*This study used both orthodontic separator and initial arch wire as procedure. However, we used data related to separator as 
orthodontic procedure because it constituted the larger sample size in this study. We did not include data for both separator and initial 

arch wire in order avoid double counting of same sample.
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Figure 3: Forest plot of comparison; ibuprofen vs placebo at 2 h, outcome; VAS pain score (in mm).

Figure 4: Forest plot of comparison; acetaminophen vs placebo at 2 h, outcome; VAS pain score (in mm).



0.06). At 24 hours and 2 days no statistically significant effect on 
pain reduction was found between the two. No significant levels of 
heterogeneity were observed at any time point.

Discussion
Only randomized controlled trials were included in this review 

to provide the highest level of evidence. The quality of the evidence 
varied with the studies being mostly of high or unclear risk of bias 
and only one study being of low risk of bias. The high risk of bias 
was attributed to many of the studies not adequately describing 
the randomization and concealment process. Another potential 
source of bias was the lack of a sample size calculation in many of 
the studies. Having an inadequate sample size reduces the confi-
dence of the results and potentially prevents the detection of a true 
effect. Estimation of a suitable sample size by a power analysis is 
important in clinical trials and researchers are strongly advised to 
include such information.

Due to the large variations in the sample size between the stud-
ies, as well as the different dosages and timings of the drug admin-
istration, heterogeneity between studies was found to be moder-
ate to high in many instances. Hence, a random-effects model was 
deemed more appropriate in the statistical analysis than a fixed-
effect model, as it is able to allow for this heterogeneity. 

When comparing Ibuprofen to placebo, meta-analysis revealed 
ibuprofen to be more effective at 2, 6, and 24 hours, but it had no 
significant effect in reducing pain at any of the later time points. 
These findings agree with a previous review by Angelopoulou., et 
al. [5] which also reported Ibuprofen to be more effective in pain 
reduction than placebo at 2 and 6 hours, however, at the 24 hour 
time point they found no difference in effectiveness between the 
two.

When comparing acetaminophen to ibuprofen, the results 
showed Ibuprofen to be more effective at 2 hours. No statistically 
significant effect on pain reduction was found at any later time 
point. These findings are in contrast to the findings of Angelopou-
lou., et al. [5], who reported no difference between acetaminophen 
and ibuprofen at any time point.This disagreement in findings 
could be explained by the inclusion of several recent studies in this 
review that were not available previously.

Several studies identified for this review could not be included 
in the meta-analysis as they used analgesics that were not com-
parable to other studies. A study by Arantes., et al. [36] compared 
preemptive and postoperative tenoxicam use to placebo. They re-
ported that both tenoxicam groups had a significant effect on pain 
reduction at 24 and 48 hours after orthodontic activation when 
compared to a placebo. A study by Bruno., et al. [38] compared lu-
miracoxib use to placebo and no treatment, for the relief of pain 
after separator placement. They found no significant difference 
between any of the groups; however, there was a trend towards de-
creased pain intensity in the individuals receiving the lumiracoxib. 
A study by Young., et al. [39] compared the efficacy of preemptive 
and postoperative administration of valdecoxib to a placebo for the 
relief of pain caused by initial archwire placement. They found that 
preemptive valdecoxib administration resulted in no significant 
increase in pain from baseline at any time point. While the postop-
erative valdecoxib and placebo group showed a significant increase 
in pain from baseline starting at 6 hours, reaching peak pain at 24 
hours, and continuing until 48 hours.

Although NSAIDs remain the most common method of manag-
ing pain related to orthodontic treatment, they are not without 
their disadvantages. NSAIDs are known to have side effects which 
may preclude their use in some individuals. Common side effects of 
NSAID use include allergies, asthma, gastric ulceration, hyperten-
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sion, bleeding disorders, congestive heart problems, renal insuffi-
ciency, and atherosclerosis [40,42]. Also, there is the controversy 
surrounding the use of NSAIDs in orthodontics due to their poten-
tial for interfering with tooth movement [31,51]. The exception to 
this being acetaminophen, which acts centrally on the brain and 
spinal cord and does not inhibit prostaglandin synthesis, thus not 
effecting tooth movement [51]. 

In recent years, there has been a growing interest in selective 
cyclo-oxygenase-2 (COX-2) inhibitors, and an increasing number of 
researchers have attempted to study their effect on managing pain 
related to orthodontic treatment [38,39,52]. COX-2 inhibitors have 
proven to be more effective in reducing pain than commonly used 
NSAIDs, with the added advantage of not interfering with tooth 
movement, having a longer duration of action, and less side effects. 
These studies appear to be very promising however, as COX-2 in-
hibitors are still not commonplace in orthodontic management fur-
ther research is still required.

This review appears after the meta-analysis of Angelopoulou., 
et al. [5] on management of orthodontic pain. The present review 
differs in that: 1) the main outcome measure of pain was assessed 
at additional time points of 2,3, and 7 days; 2) it analyzed pain by 
combining multiple effects (e.g. at rest, chewing, biting, and dur-
ing fitting teeth together) to obtain a single estimate, as previously 
recommended [35], while the Angelopoulou., et al. [5] review ana-
lyzed pain during chewing and biting separately; 3) it included an 
additional meta-analysis group comparing acetaminophen to pla-
cebo, whereas the Angelopoulou., et al. [5] review only compared 
ibuprofen to placebo and to acetaminophen; 4) it included several 
recently published RCTs that were not included in the Angelopou-
lou., et al. [5] review, so increasing our confidence in the findings.

Limitations
Limitations of this meta-analysis include the following: 1) pain 

is a subjective experience that depends on many factors such as 
previous pain experience, individual pain threshold, emotional 
state, age, and gender. These variables may bias the pain experi-
ence and make it difficult to accurately assess; 2) there was high 
heterogeneity among the studies identified due to differences in 
orthodontic procedure used (separators, arch wire), timing of in-
tervention, dosages and timings of drug administration, and activ-
ity measured (e.g. biting, chewing, etc.); 3) all the studies assessed 
the effect of pharmacological interventions on pain levels either 
after separator placement or initial arch wire placement. However, 
none of these studies assessed their effect on pain levels through-

out the duration of orthodontic treatment; 4) some studies report-
ed data graphically, so the numerical data had to be extracted from 
the graphs, which could have resulted in measurement errors; 5) 
the lack of a sample size calculation in many of the studies reduces 
the confidence of the results.

Recommendations for Practice and Research
In light of the weakness of the current evidence, well-designed 

RCTs should be conducted with adequate randomization and con-
cealment methods to improve the quality of the studies. Further-
more, the inclusion of a power analysis to estimate sample size is 
strongly recommended to improve quality of future research.

Lack of appropriate protocols for analgesic administration fol-
lowing orthodontic intervention is a major drawback requiring 
attention in future research. The selection of pharmacologic inter-
ventions should be guided by proper knowledge of their mecha-
nism of action as well as the pharmacokinetics and potential side 
effects. Based on this knowledge, clinicians can build their own 
analgesic protocols to provide better pain relief. Interestingly, pre-
emptive use of analgesics appears to be promising, especially when 
using long-acting NSAIDs and COX-2 inhibitors which have com-
paratively fewer side effects and longer duration of action. It is of 
interest to see future studies focus on these analgesics.

Conclusion
This meta-analysis shows that ibuprofen and acetaminophen 

are equally effective in reducing orthodontic pain at all time points 
within the first 24 hours when compared to a placebo. When com-
paring ibuprofen and acetaminophen to each other, ibuprofen was 
initially found to be more effective at 2 hours, with no difference at 
any later time points. Further high quality research is required to 
improve the reliability of the evidence.
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