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Abstract of Thesis Presented to the Graduate School 
of the University of Florida in Partial Fulfillment of the 

Requirements for the Degree of Master of Science 
 

EFFECTS OF ANALGESICS ON PRE- AND POST-SEPARATOR PAIN 
 

By 
 

Shreena Patel  
 

May 2008 
 
Chair:  Timothy T. Wheeler  
Major:  Dental Sciences 
 

Pain with orthodontic appliances plays a role in treatment acceptance and compliance. The 

literature, however, is inconclusive as to the preferred analgesic drug for management of 

orthodontic pain. Although most conclude that ibuprofen is an effective analgesic for mild to 

moderate pain associated with orthodontics, there is evidence in support of naproxen sodium and 

acetaminophen. The purpose of this study was to assess the effectiveness of three different 

analgesics (ibuprofen, naproxen sodium, and acetaminophen) administered prior to and after 

placement of separators, in reducing the incidence and severity of post-separator placement pain. 

The study also assessed the effectiveness of placebo administration, as well as the contribution of 

psychological factors and gender to the pain experience. Twenty-four non-orthodontic patients, 

13 male and 11 female, participated in the study. Each subject randomly received one of four 

treatments: ibuprofen, naproxen sodium, acetaminophen or placebo. The dosing times were 1 

hour prior to separator placement and 3 and 7 hours after separator placement. Prior to separator 

placement, subjects completed a State and Trait Anxiety Inventory, Positive Affect Negative 

Affect Schedule, a Masticatory Efficiency Test, and a Visual Analog Scale for expected pain and 

pain experienced with the Masticatory Efficiency Test. A pain dairy was kept for 24 hours. 

Subjects returned to the clinic after one week for separator removal. This protocol was followed 
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twice more, at monthly intervals. By the end of the three months, each subject received three of 

the four treatments. The order of treatment drugs administered was randomized. Based on mixed 

model analyses (p<0.05), pain following separators was significantly related to the treatment 

drug and the time following separator placement. Administering ibuprofen pre- and post- 

separator placement significantly reduced pain compared with placebo. The analgesic effects 

diminished by day 2, resulting in peak pain levels and decreased chewing efficiency at this time. 

The expected pain also played a role in experienced pain; subjects who expected more pain also 

reported more pain. 
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CHAPTER 1 
INTRODUCTION 

Pain is a widespread concern in the field of dentistry with no exception to orthodontics. 

Between 90 and 95% of patients undergoing orthodontic treatment report pain with appliances.1-3   

Pain with appliances appears to play a role in treatment acceptance and compliance.4-7 A survey 

of patient’s attitudes toward orthodontic treatment indicated that pain is the most discouraging 

aspect of treatment and the primary reason for wanting to discontinue care.8 Discomfort may be 

felt with placement of separators and initial wires, as well as during adjustment of appliances at 

subsequent appointments. With such a high incidence of discomfort, pain control and 

management is an obvious interest for clinicians and patients alike.  

Pain following orthodontic treatment is usually felt within a few hours, reaching maximum 

levels 24 hours later. After one week, the level of discomfort usually decreases.9 There is 

evidence that about 25–45% of patients still experience pain after 7 days of appliances.3,10  

Differences in treatment; whether separators, appliances, or archwires; may explain the 

conflicting results among these studies. A randomized clinical trial conducted by Jones and 

Chan11 reported similar findings with the highest pain scores noted the morning following the 

placement of initial archwires. Continued discomfort was recorded for 5 to 6 days.   

Managing orthodontic pain with analgesics has been studied more recently. 9 In particular, 

non-steroidal anti-inflammatory drugs (NSAIDs) are often used due to their analgesic, anti-

inflammatory, and anti-pyretic effects. Commonly used NSAIDs include ibuprofen (such as 

Advil® or Motrin®) and naproxen (such as Aleve®). The mechanism of action of these drugs is 

due to the inhibition of cyclooxygenase (COX). Inhibiting COX prevents the synthesis of 

prostaglandins and thromboxanes from arachidonic acid. NSAIDs act in the periphery by 

interfering with pain signals that result from tissue injury. They minimize the activation and 
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sensitization of peripheral nociceptors, which in turn minimizes noxious input into the central 

nervous system.12 Thus, post-treatment pain has reduced severity and duration. If these drugs are 

not taken, peripheral sensitization occurs, eventually leading to prolonged activation of pain 

pathways, and evoking changes at the spinal cord level. This central sensitization increases 

activity of dorsal horn neurons and leads to amplified and intense pain.13-15 

Due to the gastrointestinal side effects associated with NSAIDs, acetaminophen, the most 

common brand name of which is Tylenol,® may be recommended.14 Acetaminophen is classified 

as a non-opiod analgesic with analgesic and anti-pyretic effects.12 It is commonly prescribed to 

treat fever, headaches, colds, and minor aches and pain. Acetaminophen does not have the anti-

inflammatory component that is characteristic of NSAIDs. Recently, it was reported that this 

drug selectively blocks a variant of the COX enzyme, which is different from COX-1 and COX-

2.16 This enzyme, which is only expressed in the brain and the spinal cord, is now referred to as 

COX-3. While the exact mechanism of action is unknown, it is thought that acetaminophen 

relieves pain by elevating the pain threshold. 

Considering the high prevalence of pain with orthodontic treatment, it is surprising that 

there is limited research in its management.  Ngan et al.9 was the first to evaluate analgesics to 

control discomfort associated with orthodontic treatment. The authors administered 400 mg 

ibuprofen or 650 mg aspirin immediately following separator or initial archwire placement. 

Steen Law et al.17 took it a step further and instructed subjects to also take a dose of 400 mg 

ibuprofen 1 hour prior to separator placement. Both studies found pain reduction with ibuprofen, 

however, Steen Law et al. found significantly less pain on chewing at 2 hours post placement in 

subjects who received ibuprofen 1 hour prior to separators, even when compared to those who 

received ibuprofen only post-separator placement. Minor et al.18 also supported administration of 
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ibuprofen pre- and post- separator placement to decrease amount of pain experienced at 6 hours, 

bedtime, and morning after separator placement.  

Although the previous studies only evaluated NSAIDs in pain management, Polat et al.19 

studied several different analgesics. They found that naproxen sodium and aspirin more 

effectively reduced pain compared with ibuprofen, flurbiprofen, and placebo. Visual analog scale 

pain ratings following acetaminophen administration were only slightly higher than after 

naproxen sodium and aspirin. The subjects took doses one hour prior to initial bonding of 

appliances, and a final dose 4–6 hours after bonding. Interestingly, Polat et al. was the first group 

to study acetaminophen to reduce orthodontic pain. Most recently, Bird et al.20 found no 

significant differences in pain over a 24 hour period following a single dose of acetaminophen or 

ibuprofen administered 1 hour prior to separator placement. 

Based on the literature, it is apparent that there is no accepted regimen for treating 

orthodontic pain. Previous studies have been inconclusive as to the preferred analgesic drug to 

recommend to patients. Although most conclude that ibuprofen is an effective analgesic for mild 

to moderate pain associated with orthodontics, there is evidence in support of naproxen sodium 

and acetaminophen. It is important to realize that only a handful of studies have been conducted 

on this topic, and they are of limited value due to small sample size and individual variability.  

 The objective of this prospective, randomized, double blind, cross-over clinical trial is to 

compare the effectiveness of three different analgesic drugs (ibuprofen, naproxen sodium, or 

acetaminophen) administered to reduce the incidence and severity of pain following placement 

of separators. The study will also evaluate the effectiveness of placebo administration prior to 

and after placement of separators, as well as assess the contribution of psychological factors and 

gender to the pain experience. 
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CHAPTER 2 
METHODS 

Subjects and Inclusion Criteria 

A sample of twenty-four non-orthodontic subjects presented to the University of Florida 

Orthodontic Clinic for separator placement. Each participant met the following inclusion criteria: 

1) at least 13 years of age and no older than 30, 2) females must consent to a pregnancy test and 

could not be pregnant, 3) have second premolars, first molars, and second molars that are in 

contact, therefore requiring the placement of two separators in each of four quadrants, 4) not 

taking any steroidal or non-steroidal pain medications or any other anti-pain drugs, 5) no 

contraindications or adverse reactions to ibuprofen, naproxen sodium, or acetaminophen, 6) no 

contraindications or adverse reactions to nuts, 7) written informed consent for participation in the 

study, 8) not need antibiotic prophylaxis prior to major dental treatment.  

Methods 

 Each subject was randomized to receive one of four treatments: ibuprofen, naproxen 

sodium, acetaminophen or placebo. The dosing times for each treatment were one hour (D1) 

prior to separator placement, and three (D2) and seven (D3) hours after separator placement. 

Separators were removed after one week. One month later, subjects returned to the clinic, and 

received a different treatment drug with the same dosing protocol. After waiting another month, 

they followed this schedule for a third time, and received a third treatment (Figure 2-1). At each 

monthly appointment, health and drug history were reviewed and updated to ensure eligibility. 

By the end of the three months (periods), each subject had received three of the four treatments. 

The order of treatment drugs administered was randomized.  

The dosing for each drug was the following: 400 mg ibuprofen at D1, D2 and D3; 500 mg 

naproxen sodium at D1, placebo at D2 and 250 mg naproxen sodium at D3; 650 mg 
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acetaminophen at D1, D2, and D3; placebo at D1, D2, and D3. The Investigational Drug Service 

at Shands Hospital re-encapsulated 200 mg tablets of ibuprofen, 250 mg tablets of naproxen 

sodium, and 325 mg tablets of acetaminophen; placebo tablets were made to match. Two tablets 

were taken at each dosing time.  The Shands Pharmacy dispensed the tablets; consequently the 

researcher was blinded to the treatment group when administering tests. 

Prior to time of first dosing (T0), the following instruments were completed by all subjects:   

• expectation of pain following separator placement using a 100 mm Visual Analogue 
Scale (VAS) with anchors of “no pain” (0mm) and “worst pain imaginable” (100mm)21   

   
• pre-existing affective state using the State and Trait Anxiety Inventory (STAI)22 and the 

Positive Affect Negative Affect Schedule (PANAS)23 
 
• masticatory efficiency test,24 for which subjects chewed a single bagged almond five 

times on the right side of the mouth without swallowing.  This was repeated on the left 
side of the mouth with another bagged almond. VAS pain ratings as a consequence of 
chewing the almond were recorded. 

 
• pregnancy test, of which results must be negative, for all female subjects 
 

Two separators (Ormco P/N 640-0080, Glendora, CA) were placed in each quadrant, mesial and 

distal to the 1st molar.  The method of placement was under the contact for all subjects. Pain 

upon separator placement was recorded on a VAS. Over the next 24 hours, subjects recorded 

discomfort when biting, chewing, fitting front teeth together and fitting back teeth together in a 

VAS pain diary, similar to that used in other studies.9,17,25,26 More specifically, recordings were 

taken at 2 hours post-separator placement (T1), 6 hours post-separator placement (T2), bedtime 

(T3), upon awakening (T4), and 24 hours post-separator placement (T5). 

 The remaining two doses were self-administered by the subject at times D2 and D3.  At 

T5, the subject completed the masticatory efficiency test with VAS.  T1, T2, T5, D2, and D3 

times were provided for the subject in the pain diary. The completed pain diary and the chewed 
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bagged almonds were brought to the next appointment, one week later, at which time separators 

were removed. 

To analyze the chewed almonds, the whole sample was weighed, the sample was sieved 

through a #10 mesh, and the separated sample was weighed.  The bite efficiency was determined 

as the percent of the original sample that passed through the sieve. 

Data Analysis 

Descriptive statistics were calculated for pain scores and masticatory chewing efficiency at 

each timepoint for the different treatment groups. Friedman non-parametric test was used to 

determine differences in mean pain scores between treatment groups. The relationship between 

chewing efficiency and treatment or period was also examined.   

Mixed models were used to examine pain ratings over time. The primary model included 

the sum of pain ratings (biting, right and left; chewing, right and left; fitting back teeth together; 

and fitting front teeth together at each timepoint). The following variables were included in the 

model: treatment, period, prior treatment (assess carry-over effects), timepoint, and treatment by 

timepoint interaction. The interaction allowed the pain response pattern to vary over time 

depending on treatment group. The impact of adding additional covariates (expected pain, 

psychological variables, and gender) to the primary model was also examined.  

For all analyses, a p-value of less than 0.05 was considered statistically significant. 

A power analysis was not carried out, as preliminary data regarding the correlation of pain 

measures over treatment type is lacking.  
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Figure 2-1.  Treatment timeline for all subjects to be repeated three times at monthly intervals.  
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CHAPTER 3 
RESULTS 

The descriptive statistics for the sample are listed in Table 3-1. The sample consisted of 11 

females (46%), and 13 males (54%).  

As shown in Figure 3-1, subjects who took ibuprofen reported significantly less pain than 

those who took placebo at 2 and 6 hours post-separator placement, as well as at bedtime and 

awakening (p=.0035).   Acetaminophen and naproxen sodium did not show significant 

differences compared with placebo at any of the timepoints. By 24 hours post-separator 

placement, which was 17 hours after the last medication dose, pain levels returned to those of 

placebo for all subjects (p>0.05). Across treatment, differences in pain levels reported for each 

timepoint were statistically significant from each other (p<.0001), except for 6 hours and 

bedtime (p=.4085).    

For all treatment groups, chewing efficiency decreased from baseline to 24 hours (Figure 

3-2). The difference was statistically significant (p=.0355). No significant differences were seen 

among the 4 treatments at either baseline or 24 hours. There was a significant (p=.0226) 

improvement in baseline chewing efficiency at period 3 compared with periods 1 and 2 (Figure 

3-3). 

Interestingly, 4 of the 24 subjects, termed ‘non-responders,’ reported lower pain levels 

compared with the rest of the sample, the ‘responders’. Both expected pain and pain on 

placement were lower in non-responders compared with responders (Figure 3-4). Non-

responders also had higher chewing efficiency 24 hours after separator placement than 

responders (Figure 3-5). These differences, however, were not significant. 

Mixed model analyses illustrate the impact of treatment and timepoint on reported pain. 

The intercept in Table 3-2 represents the pain score, 30.70 out of 100, which is altered depending 
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on treatment drug and timepoint. For example, 7.89 would be subtracted from the pain score of a 

subject taking ibuprofen. In contrast, only 3.67 would be subtracted for acetaminophen. At 2 

hours, 16.46 is subtracted from the pain score, with less taken away as the timepoint approaches 

24 hours. 

Including expected pain in the mixed model shows its correlation with pain score (Table 3-

3). Similar to the previous example, the pain score is reduced by a specific amount depending on 

which treatment drug the subject takes, again with the largest amount associated with ibuprofen. 

The subject’s expected pain is multiplied by 2.27 and added to the pain score. Accordingly, the 

more pain expected, the higher the pain score. Expected pain and time are related; less pain is 

associated with earlier timepoints.  

Further analyses of the pain score assessed individual contributions of the components  

(chewing, biting, fitting front teeth together, and fitting back teeth together). Treatment drug was 

significant when fitting back teeth together (p=.0046). However, significant differences did not 

emerge when fitting the front teeth together (p=.23).  

No significant differences were seen for the psychological assessment, STAI and 

PANAS, or gender.  
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Table 3-1.  Descriptive statistics 
  
N 24 
Gender (% female) 45.8 
Age (yrs) 26.4 (2.5) 
Weight (lbs) 167 (38.9) 
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Figure 3-1.  Mean pain scores for treatment drugs at each timepoint. 
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Figure 3-2.  Mean masticatory efficiency for treatment drugs at baseline and 24 hrs post-
separator placement. 
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Figure 3-3.  Mean masticatory efficiency at baseline and 24 hrs for each period.  
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Figure 3-4.  Mean masticatory efficiency at baseline and 24 hrs for non-responders and 

responders. 
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Figure 3-5.  Mean expected and placement pain for non-responders and responders. 

 
 
 
 
 
 
 
 
Table 3-2.  Mixed model analysis* with estimates of fixed effects (treatment and timepoint) 
Parameter Estimate Std Error Pr > اtا 
Intercept 30.70 2.70 <.0001 
Ibuprofen -7.89 2.59 0.0035 
Naproxen sodium -5.04 2.59 0.0563 
Acetaminophen -3.67 2.59 0.1614 
Placebo 0 . . 
2 hrs -16.46 1.42 <.0001 
6 hrs -11.64 1.32 <.0001 
Bedtime -10.90 1.16 <.0001 
Awakening -5.74 0.89 <.0001 
24 hrs 0 . <.0001 

*Dependent variable: pain score 
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Table 3-3.  Mixed model analysis* with estimates of fixed effects and expected pain 
Parameter Estimate Std Error Pr > اtا 
Intercept 21.45 3.22 <.0001 
Ibuprofen -6.54d 2.46 0.0103 
Naproxen sodium -3.45 2.47 0.1679 
Acetaminophen -1.75 2.49 0.4853 
Placebo 0 . . 
2 hrs -9.43 2.27 <.0001 
6 hrs -5.92 2.12 0.0056 
Bedtime -7.25 1.88 0.0001 
Awakening -6.64 1.45 <.0001 
24 hrs 0 . . 
Expected pain 2.27 0.48 <.0001 
Exp pain x 2 hrs -1.99 0.52 0.0001 
Exp pain x 6 hrs -1.62 0.48 0.0009 
Exp pain x 
bedtime 

-1.03 0.43 0.0157 

Exp pain x 
awakening 

0.26 0.33 0.4353 

Exp pain x 24 hrs 0 . . 
*Dependent variable: pain score 
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CHAPTER 4 
DISCUSSION 

The present study was conducted as a prospective randomized double blind crossover 

clinical trial on 24 subjects to evaluate the effectiveness of analgesic drugs administered to 

reduce the incidence and severity of pain following placement of separators. Based on the 

results, pain following separators was significantly related to the treatment drug and the time 

following separator placement. In particular, subjects who received ibuprofen reported 

significantly less pain than subjects who received placebo. These results are consistent with 

previous studies17,18,26,27 in support of pre- and post- treatment ibuprofen. Bird et al.,20 however, 

found no significant differences in post-separator pain with administration of acetaminophen or 

ibuprofen. Yet, the drugs were only administered 1 hour prior to separator placement, with no 

follow-up doses.  Polat et al.19 studied several different analgesics, and recommended 

acetaminophen over naproxen sodium or aspirin.  While subjects who took naproxen sodium and 

aspirin felt almost no pain at 24 hours, the acetaminophen group showed similar pain scores, 

without the side effects associated with NSAIDs in regards to tooth movement and 

gastrointestinal. 

Compared with placebo, the results from this study found statistically significant 

differences only for ibuprofen, not naproxen sodium or acetaminophen. There are differences 

between this study and Polat et al’s.19 study in regard to drugs administered, dosing, and time; 

age of subjects; and stimulus to induce pain. While 1100 mg naproxen sodium was administered 

in Polat et al’s. study, only 750 mg were used in the current study. The higher dose in the former 

study may help explain why naproxen sodium was effective in lowering orthodontic pain. 

Considering naproxen sodium approached significance compared with placebo (p<.0563), it is 

possible that administering a slightly higher dose may have resulted in significance. The subjects 
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in the present study were adults and separators were used to induce pain. In the contrary, subjects 

in Polat et al’s. study were adolescents, and initial archwires were placed to induce pain. These 

differences may account for the conflicting results seen in the two studies.   

 An important point to consider is study design. All the previous studies on managing 

orthodontic pain with analgesics have been parallel arm in which each subject receives only one 

treatment, largely since the subject underwent orthodontic treatment. In the current study, non-

orthodontic subjects were selected. With the incomplete block crossover design, all subjects 

received three of the four possible treatments. Much of the between patient variability that is 

associated with the subjective nature of pain can be eliminated. Because of this reduction in 

variance, and since the same patient is repeatedly tested, crossover studies may have greater 

statistical power than parallel arm studies.  

 Pain scores at the different timepoints all significantly differed from each other, with the 

exception of 6 hours with bedtime. These results are comparable with Law et al.17 and Berhardt 

et al.,26 who found no differences in pain scores at 6 hours. A recent study18 reported 

significantly less pain at 6 hours, along with bedtime and awakening; not at 2 or 24 hours.  

Although all of these studies administered 400 mg ibuprofen 1 hour prior to separator placement, 

they varied on post-separator placement doses.  The pre-placement ibuprofen group in Law et 

al’s. study did not receive any drug following placement of separators; differences were only 

seen at 2 hours. Berhardt et al. administered ibuprofen 1 hour prior to separator placement, and 5 

hours after; differences were seen at 2 hours and bedtime. 

Ibuprofen is rapidly absorbed with peak serum concentrations 1–2 hours following oral 

administration. Its elimination half-life, the time it takes to be reduced to half its initial level, is 2 

hours.28 Acetaminophen has a similar half-life of 2–4 hours, while that of naproxen sodium is 
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about 12 hours. In this study, subjects took three doses of drugs at 4 hour intervals, the first of 

which was 1 hour prior to placement. Two factors may explain the results from this study: one, 

the time separators were placed, since that ultimately affected the dosing schedule; two, the 

weight of subjects. The time that separators were placed was not consistent across individuals, 

and neither was bedtime. Accordingly more or less time may have elapsed between the third 

dose and bedtime. If separators were placed late in the day, then the third dose (taken 7 hours 

after placement for all subjects) would have been close to bedtime. Thus, it makes sense that 

there would not be a significant difference in pain levels between 6 hours and bedtime. Based on 

the pharmacodynamics, the drug would still be available in the body. Upon awakening, most, if 

not all, of the drug would have been eliminated, and as a result, significant differences were 

noted at that timepoint when compared to the previous. The other consideration may be 

individual weight differences (mean 167±38.9 lbs). Although weight was recorded, all subjects 

received the same dose. It would be of interest to examine whether subjects who weighed less 

felt less pain. 

When the summary pain scores were broken down into components, it was apparent that 

the treatment drug administered resulted in significant differences when fitting the back teeth 

together. Ibuprofen, naproxen sodium, and acetaminophen were all significantly different from 

placebo. The opposite was true when the subject fit the front teeth together; treatment was no 

longer significant. Since the separators were placed posteriorly, in between the molars, fitting 

those teeth together was more painful than fitting the front teeth together. The analgesic effects 

of the drugs were apparent in the former situation since a substantial amount of pain was elicited. 

In the latter, less pain was reported, which may have masked the analgesic effects. Accordingly, 

significant differences among drugs did not emerge. 



 

25 

For the baseline and 24 hour bite efficiency, no significant differences were seen among 

treatment drugs.  The difference between the two timepoints was smaller in the ibuprofen group 

compared with the other treatment groups. However, the difference was not statistically 

significant, and merely a trend. Significant differences are not expected since the baseline 

chewing efficiency was prior to administration of drugs. Also, by 24 hours, the analgesic effects 

were mostly gone with the dosing regimen followed in the study, As far as order goes, the day 1 

efficiency seems to be improving over time, as subjects gained more experience with this test. 

This proves the validity of the assay.  

A possible explanation for the significant difference in masticatory chewing efficiency 

between baseline and 24 hours is the Central Pattern Generator (CPG). The CPG is a network of 

neurons found in the brainstem or spinal cord that can generate a rhythmic motor pattern on its 

own.29 Normally, the CPG inhibits the antagonist muscles, jaw openers, from firing when the jaw 

closers are active. However, pain stimulates the trigeminal sensory nucleus during closing, 

shortening the phase of jaw closure. To make this happen, the CPG facilitates the jaw opening 

interneurons during closure; the jaw openers are active during closure. When subjects performed 

the masticatory chewing efficiency at 24 hours, the pain levels were at their highest. At this time, 

subjects had significantly lower chewing efficiency compared with baseline, since the reflexes 

by CPG stopped the jaw from fully closing. This mechanism is protective, similar to reflex 

responses pulling a hand away from a hot stove.  

The expected pain was a significant factor in predicting the pain experience. This is in 

agreement with other studies29,30 reporting a positive correlation between psychological factors 

and perceived pain. A longitudinal population-based study by Maggirias and Locker30 evaluated 

psychological factors and pain associated with dental treatment. Results were based on 1422 
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adult subjects who completed questionnaires. The authors found a strong relationship between 

perceived pain and psychological factors; pain was more often reported by those patients with 

previous traumatic experiences, those who expected treatment to be painful, as well as those who 

were anxious about treatment.   

Pre-existing affective state was assessed using two psychological surveys, STAI22 and 

PANAS.23 STAI measures state (situational) and trait (personality) anxiety, while PANAS 

measures mood along separate dimensions of positive and negative affect. Both of these 

instruments have been widely used in clinical and experimental research to evaluate 

psychological factors. The addition of state and trait anxiety, and positive and negative affect did 

not improve the model; these variables did not contribute to the pain experience. This is in 

agreement with Minor et al’s.18 findings. While it was thought that subjects with higher anxiety, 

higher negative affect, and lower positive affect would report more pain, no significance was 

found. 

No statistically significant gender differences were shown in the study for pain levels and 

masticatory efficiency among the treatment groups.  It is possible that the sample size was not 

large enough to detect differences, given previous effect sizes that are only moderate.31  

It is interesting that 4 of 24 subjects were ‘non-responders’ to pain. It may take more to 

initiate an inflammatory response in these individuals. Because the small sample size and large 

standard deviation, no inferences can be made based on this data. It can be speculated that there 

is a proportion of the population that does not respond to acute pain. This group may be less pain 

sensitive due to a higher pain tolerance. Future studies may consider taking gingival crevicular 

fluid, GCF, samples to evaluate the biologic response. There appeared to be no gender 

predilection, with half female and half male.  
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There are concerns with the use NSAIDs to alleviate orthodontic pain. Orthodontic tooth 

movement requires remodeling of the periodontium, resulting in inflammation, which leads to 

bone resorption.32 Inflammatory mediators, such as prostaglandin E and interleukin-1 are 

released and interact with bone cells, promoting bone resorption.33 Because NSAIDs function by 

interfering with prostaglandin synthesis from arachidonic acid, it is reasonable to question 

whether administering these medications to relieve orthodontic pain will interfere with tooth 

movement. According to Profitt, most pain medications do not reach high enough blood levels to 

inhibit tooth movement.34 Oral administration of aspirin in guinea pigs inhibited prostaglandin 

synthesis in the bronchioles, but did not adversely affect tooth movement.35 In contrast, several 

studies have shown that the inhibition of prostaglandins by NSAIDs does in fact prevent or delay 

orthodontic tooth movement.36-39 It is important to consider the length of time these medications 

are taken and amount administered. Short-term administration of NSAIDs will only temporarily 

affect prostaglandin levels; long-term use of these drugs should be avoided.9,38  Research shows 

that doses of 2400-3200 mg per day of ibuprofen are required to achieve anti-inflammatory 

effects over analgesic effects.14 The doses being administered in this study do not reach anti-

inflammatory levels.  

There are several limitations to the study. The activities to elicit pain at each timepoint 

were not standardized. Subjects were instructed to bite on right and left, chew on right and left, 

fit back teeth together, and fit front teeth together. It is reasonable to assume that subjects in pain 

may not have bitten or chewed as hard as another subject. This protocol, developed by Ngan et 

al.,9 has been used by previous studies17,18,19,26,27 evaluating pain levels. A more reliable test may 

be to have subjects use an almond to standardize the activity, rather than being simulated or 

perceived. Non-compliance with the protocol may also be a concern. Subjects were asked to 
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administer the 2nd and 3rd doses on their own, as well record in the pain diary at specific times. 

Although the average age of subjects in the study was 26.4±2.5 years, many individuals 

receiving orthodontics are younger. Accordingly, the results from this study may not apply to 

them. Also, a placebo within each group would have provided a baseline for comparison. When 

designing the study, it was thought that randomizing participants to all 4 treatment drugs, and 

hence 4 visits for separators, would overburden them. Alternatively, to maintain 3 treatment 

drugs per subject, each could have received placebo and 2 of the 3 drugs.  Previous pain 

experience may also be a factor. The VAS scale is a 100 mm scale, and ‘the worst pain 

imaginable’ will likely vary across subjects, depending on previous experiences. 

Future direction may include administering medications at more timepoints, possibly at 

bedtime or awakening. The half-life of ibuprofen and acetaminophen is about 2 hours, and that 

of naproxen sodium is about 12 hours.28 Because pain levels peak 24 hours following separator 

or initial archwire placement, it would be prudent to recommend a dose a few hours prior to this 

time. Performing masticatory efficiency over several days, in conjunction with analgesics, may 

provide insight into the association of pain and chewing efficiency. In the current study, the 

drugs were most likely eliminated from the body when the subjects performed the masticatory 

chewing efficiency test at 24 hours following separator placement.  
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CHAPTER 5 
CONCLUSIONS 

Ibuprofen administered 1 hour prior to separator placement, and 3 and 7 hours following 

placement, reduces post-separator placement pain compared with placebo. Acetaminophen and 

naproxen sodium did not show significant differences compared with placebo. The analgesic 

effects diminish by day 2, resulting in peak pain levels and decreased chewing efficiency at this 

time. Additional drugs may be necessary to maintain analgesia. The expected pain also plays a 

role in experienced pain; patients who expect more pain also report more pain. Psychological 

assessment and gender did not affect the pain experience. 
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