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ABSTRACT

The purpose of this investigation was to compare pain control effectiveness of
preemptive and postoperative acetaminophen, ibuprofen, and placebo following orthodontic
separator placement. Subjects were randomly assigned to 1 of 3 conditions: placebo, 650 mg
acetaminophen, or 400 mg ibuprofen. The placebo or analgesic was taken 1 hour prior to
separator placement and 6 hours thereafter. Pain on chewing, teeth touching amébiting
recorded on Visual Analogue Scales at 6 time intervals over 24 hours. Painadcreas
immediately after separator placement, decreased at 2 hours, thereitevéhs/ariation
into the next day. While preemptive analgesic decreased initial pain levelsyilao senefit
was found from the postoperative dose. Differences between the two analgesiostwe
statistically significant, and no more effective than the placebo. Preemptitearanophen

and ibuprofen are equally effective in controlling early pain followingsspr placement.
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CHAPTER 1
INTRODUCTION

Pain control during orthodontics is a common concern for the orthodontist as well as
for the patients seeking orthodontic treatment. Unfortunately, orthodontists magware
of the extent of their patients’ pain experiences since subjects may bédigig sagnificant
levels of pain hours after the office visit (Ngan et al. 1994; Steen Law et al. 28@0yaBdt
et al. 2001; Erdinc and Dincer 2004, Bird et al. 2007). Several studies have concluded that
the vast majority of patients will experience pain at some point during orthodarsgic ¢
(Kvam et al. 1987; Lew 1993; Scheurer et al. 1996; Bergius et al. 2002; Bergiu2G£i3!
Although the degree of pain experienced will be perceived differently betweierduals,
some patients consider orthodontic pain to be greater in incidence and severity than pain
experienced from tooth extractions (Jones and Chan 1992; Bernhardt et al. 2001, Bird et al
2007). According to a survey of patients’ attitudes towards orthodontic treatmesiipa
felt that discomfort was the most discouraging factor during treatmenglibasithe most
likely reason for discontinuing care (Oliver and Knapman 1985; Bernhardt et al. 26D1; Bi
et al. 2007).

Dental and Orthodontic Pain

Pain, according to the International Association for the Study of Pain (JASP)
described as a sensory and emotional experience that is considered unpleasant and i
associated with some type of actual or potential tissue damage (Marsk&ogduk 1994).

Pain impulses from the oral cavity travel directly into the brainstem vii¢feeninal

nerve (CN V), which is the largest nerve that contributes to the orofaciausésicimpulses



from the brainstem pons then travel to the trigeminal spinal nucleus and onward to the
anterolateral spinothalamic tract in higher brain centers. Impulsesdasaehing the
reticular formation where they are monitored and filtered. Informatidrttveih continue to
the thalamus and cortex where they will be perceived as pain (Okeson 1996).

Orthodontics is the branch of dentistry that specializes in the diagnosis, peyenti
and correction of dental malocclusions and facial irregularities. Orthodardtoient
involves application of forces with functional appliances or other correctiveaapes such
as braces. Occasionally prior to application of braces, separators appebxivamm wide
are placed between posterior teeth to push teeth apart, creating space forehgdaement
of orthodontic metal bands. Discomfort from separator placement has been dessribe
"annoying," "sore," and "tight" (Bird et al. 2007).

Although it is still unclear why pain arises during orthodontic tooth movement, it is
thought that tooth movement produces two different pain responses, immediate and delayed.
Application of orthodontic forces result in tooth movement and compression of the
periodontal ligament (PDL), as well as an instantaneous immediate pain eefporsgone
1962). Compression of the PDL produces areas of ischemia, inflammation, and edema in t
PDL space with an increase in pressure and a decrease in blood flow (Furstmamésid B
1972). Mechanical deformation of pressure receptors mainly located in thetapithirds
of the root PDL space results in the synthesis of prostaglandins (PGs), medfiators
inflammation (Saito et al. 1991, Proffit and Fields 2000). Dissemination of painfullsis

enhanced by PGs, resulting in early pain (Ferreira et al. 1978). Therefore, peiemced



during early tooth movement is the result of PDL compression and the subsequent PG
enhanced inflammatory response.

The delayed pain response usually occurs a few hours after applicaticmoolonitic
forces due to PG induced hyperalgesia of the PDL, which is a reduction in panolthres
resulting in increased sensitivity to noxious stimuli (such as histamineklomad serotonin,
acetylcholine, and substance P) that are released after PDL compredsamtivation of the
inflammatory reaction. These stimuli are released at the site of asusge and result in
an increase in the transmission of pain signals (Burstone 1962; Higgs and Moncada 1983).

The separation of the molars using elastic separators is usually ngtessaate
space for placement of metal bands. This procedure, along with the arch winmedissb
follow, can produce some level of discomfort (Ngan et al. 1989; Ngan et al. 1994; Bergius
al. 2000; Steen Law et al. 2000; Bernhardt et al. 2001; Bondemark et al. 2004; Erdinc and
Dincer 2004; Polat and Karaman 2005; Polat et al. 2005; Giannopoulou et al. 2006; Bird et
al. 2007; Bradley et al. 2007; Minor et al. 2009; Salmassian et al. 2009). Ngan, Kess, and
Wilson (1989) investigated the effect of separator placement and arch adesngint on
subject discomfort over time. Ninety-nine subjects, age range from 10.5 to 38 yayars, w
recruited to log their discomfort levels at six time intervals: 4 hours, 24 hours agd 7 da
after separator placement, and 4 hours, 24 hours and 7 days after initial arch wioninse
Of the 99 subjects, 29 subjects who were not scheduled for orthodontic treatment served as
the control group and the remaining 70 subjects comprised the experimental group. Five
experimental subjects were dropped due to inadequate understanding of the sstging sy

Sixty-five experimental subjects completed the 7-day separator study anchbgeof t



subjects continued on to complete the 7-day arch wire study. In both separator andearch wi
assessments, discomfort levels at the 4 and 24 hours intervals were found to loausilynifi
different from the control group while discomfort levels at the 7 day interval did fifet di
from the control group. The authors determined that discomfort levels increased 4 hours
after treatment, peaked at 24 hours and then decreased to almost baseline leyels by da
The same authors, Wilson, Ngan and Kess (1989) then sought out to determine the time
window of discomfort in the young patients 10-16 years of age that were incfuthesdri
previous study. Excluding the data from those in the initial data set over the agéfof-16,
nine adolescents were included with 45 subjects in the experimental group and 14 in the
control group. The results concurred with the larger sample that discomfort leveésattr

4 hours after treatment, continued for a minimum of 24 hours and then dissipated by one
week. Orthodontists may not be aware of their patients’ delayed pain which ceafynig

to 24 hours post-treatment, long after subjects’ leave the office. Therefore, ntethods
control both immediate and delayed pain needs to be investigated and implemented.

Control of Orthodontic Pain

During orthodontic treatment, patients will experience variable levelsobmfort
with tooth movement (Ngan et al. 1994; Bergius et al. 2002; Bird et al. 2007). Despite the
fact that pain control is of significant interest to both orthodontists and theintsatimited
research exists regarding the control of orthodontic pain and currently no stanciarel of
exists to eliminate the discomfort (Ngan et al. 1994; Steen Law et al. 200MiaBeiret al.
2001; Bergius et al. 2002; Bird et al. 2007). In current dental research, there has biten a shi

towards investigating methods for prevention of pain rather than the control afigxyiain



(Steen Law et al. 2000; Bernhardt et al. 2001; Bird et al. 2007; Bradley et al. 2007; Minor e
al. 2009). Oral analgesics such as ibuprofen and acetaminophen continue to be the most
common method utilized to alleviate dental pain, as well as to prevent the pain eespons
preemptively (Bergius et al. 2000; Bradley et al. 2007).

Nonsteroidal Anti-inflammatory Drugs (lbuprofen)

Prevention of pain involves the administration of a preemptive (preoperative)
analgesic to block immediate peripheral sensitization and prevent the subsequaht cent
sensitization. Therefore the goal of oral analgesics is to block prostagiyntiesis and
abolish the nociceptive afferent nerve impulses before they reach the cenoakrsrstem
preventing central sensitization and resultant pain (Woolf 1991; Golinski and Fill 1995).

One family of oral analgesics, the nonsteroidal anti-inflammatory dN@GAIDs), are
peripherally active compounds characterized by varying degrees -ariftartamatory,

analgesic, and antipyretic activity. Ibuprofen, one type of NSAID, sums XS

biosynthesis at the site of inflammation or injury by inhibiting cyclooxyge(@8e), an

enzyme necessary for the formation of PG. This results in suppression of the etaynm
process and associated pain. The recommended adult analgesic dose is 200-4094ng ever
6 hours while pain persists, with a maximum of 1.2 grams in a 24-hour period. For children
aged 6 months to 12 years, the recommended analgesic dose is 4-10 mg/kg every 6-8 hours,
with a maximum of 40 mg/kg/day. Onset of action occurs within 30-60 minutes and reaches
maximal concentration in 1-2 hours. Duration of action is 4-6 hours with a half-life of 2
hours (Burton et al. 2006; Wynn et al. 2006). If given preoperatively, the body hastadequa

time to absorb and distribute the medication before tissue injury and production of PGs



occurs, therefore minimizing the production of PGs, inflammatory response an&gagae (
et al. 1996; Steen Law et al. 2000; Bernhardt et al. 2001; Polat and Karaman 2005; Polat et
al. 2005; Minor et al. 2009).

There have been several studies that have investigated the effectivebapsadén
on pain control. Ngan and others (1994) conducted another study on pain levels following
separator placement, however this time incorporating the use of orally aeneitist
analgesics. The purpose of the randomized, double blind, single analgesic dosasttaly w
compare analgesic effectiveness of ibuprofen (400 mg), aspirin (650 mg), andoa place
(beta-lactose) for control of postoperative pain following placement of sefar&eventy
seven subjects were instructed to take their assigned medication imiyesdtateseparator
placement and to log their discomfort levels using discomfort index cardsead fjjust prior
to treatment), 2, 6, and 24 hours, and 2, 3, and 7 days later. The discomfort index card
consisted of four 10 cm VAS lines where the subject marked discomfort levels during
chewing, biting, fitting their back teeth together, and fitting their fronhtesgether.
Descriptive terms of discomfort levels were present at both ends of each VA®higewvith
corresponding "happy" and "sad" faces. For all groups, pain persisted througtfethe 7
evaluation period, gradually increasing to a peak at the 24 hour time period then graduall
decreasing. The placebo group had significantly more discomfort than the ibugnaierat
all time periods except at baseline and at 7 days. It was concluded that the glacgs
experienced significantly more pain than the aspirin group, whereas the leastfdi$ was
noted with the ibuprofen group. The authors concluded that a single dose of ibuprofen taken

immediately after separator placement significantly lowered paglsg@ost-treatment



compared to a placebo. In this study, ibuprofen was taken after separatorepiac€mce
ibuprofen has an onset of 30-60 minutes and reaches maximal concentration 1-2 hours afte
administration, its peak effect will occur after the onset of inflammatidrpasduction of
prostaglandins (immediate pain response). Therefore, the results of thisefiechtine

superior effectiveness of ibuprofen on the delayed pain response that occurs a $eaftbour
treatment.

Steen Law and others (2000) conducted a prospective study to investigate the effec
of ibuprofen on the immediate and delayed pain response by incorporating a singlesibuprof
dosage taken either before or after separator placement. Sixty threesswbject
randomized into one of three groups: (1) ibuprofen (400 mg) taken orally 1 hour prior to
separator placement and a lactose placebo taken orally immediatelyriglto@atment, (2)

a lactose placebo taken orally 1 hour prior to separator placement and ibuprofen (400 mg)
taken orally immediately following treatment, or (3) a lactose placebo takin oheour

prior to separator placement and again immediately after treatment. tSugee asked to
complete visual analogue scale (VAS) questionnaires at 2, 6, and 24 hours, and 2, 3 and 7
days after separator placement. Two hours after separator placements subpeloid taken
ibuprofen prior to treatment reported significantly less pain (9.5 £ 11.6) compareddotsubj
who had taken pretreatment placebo and post-treatment ibuprofen (20.9 £ 21.7) or placebo
both before and after treatment (25.2 £ 27.8). No other significant differencefowedeat

any other time interval. All three groups reported an increase in pain fra2vhingr

assessment to a maximum peak at 24 hours. Preemptive ibuprofen, taken 1 hour prior to

separator placement allowed time for adequate levels of the drug to reachgherpker



tissues to block the immediate pain response. This resulted in decreased pauplay#he
2-hour time period. Subjects who received pre-treatment placebo and ibuprofen iraiypediat
after treatment did not experience the expected decrease in pain. In thistgroup, t
immediate pain response that occurred during separator placement hadialtisaed the
cascade of events causing peripheral and central sensitization prior tottlreqaosent
ibuprofen dose. Since ibuprofen acts primarily in the peripheral tissues, pasetieat
ibuprofen was unable to reverse the present pain experience. It was concludeld tibat
preemptive dose of ibuprofen might be effective in reducing orthodontic pain 2 hours after
separator placement.

Average peak pain from orthodontic separators was found to occur most frequently in
a period upon rising the day after the orthodontic visit (17 hours) through 24 hours (Ngan et
al. 1994; Steen Law et al. 2000; Bernhardt et al. 2001; Bergius et al. 2002; Bird et al. 2007;
Bradley et al. 2007). Since the recommended adult dose of ibuprofen is 200 to 400 mg every
4 to 6 hours while pain persists, it was questionable whether a single preemptive dose of
ibuprofen would continue pain control up to 24 hours. Therefore, the effect of ibuprofen
administered both pretreatment and post-treatment on the delayed pain respaargedvar
investigation. Bernhardt and others (2001) compared the effectiveness of preempti
ibuprofen, postoperative ibuprofen, or a multiple dose combination therapy on forty-one
orthodontic subjects who were appointed for separator placement. The subjects were
randomly assigned to receive either 400 mg ibuprofen 1 hour pre-treatment and 6 bours aft
the initial dose, 400 mg ibuprofen 1 hour pre-treatment and a lactose capsule 6 hours after t

initial dose, or a lactose capsule 1 hour pre-treatment and 400 mg ibuprofen 6 hours after the



initial placebo. No true control group with both pre-treatment and post-treatmeridglace
was included for comparison in this study. The authors concluded that for all saligrcts
separator placement, peak pain occurred most frequently upon rising the dagpaitatos
placement (17 hours), second most frequent at 24 hours with a gradual decrease inlpain leve
through the 7th day. Two hours post-treatment, subjects who received ibuprofen prior to
separator placement reported significantly less pain (4.3 £ 5.1 and 9.0 = 14.8) than those who
were given a pre-treatment placebo (30.1 + 33.2). At bedtime, subjects whodexndive
pretreatment ibuprofen reported significantly less pain (20.1 = 28.3) than those who were
given only post-treatment ibuprofen (46.2 £ 38.3). The multiple dose regimen of ibuprofen,
administered before and after separator placement, enabled a limited afmenedgesic

ability to extend into day two, however, this was not statistically significacamparison to
subjects who received preemptive ibuprofen alone. Therefore the authors could only
conclude that 400 mg ibuprofen taken 1 hour prior to separator placement is effective in
reducing discomfort through bedtime (10 hours) when compared to post-treatment ibbuprofe
alone. Possible lack of statistical significance for the extension of pamolcond day 2

may be attributed to several limitations of this study. One hundred fourteeotswigee
recruited for the study, however only 63 questionnaires were returned. Out of those 63, 22
subjects had taken additional analgesics and were subsequently excluded studythe
resulting in a small sample size of 41. Other limitations included larggasthdeviations
resulting from a wide range of individual variation, and uneven gender distributiodlesga

of the randomization process. These limitations affected the power of the studbsalts in

guestionable statistical conclusion validity.



Other studies on separator placement have yielded different resuttsr avid others
(2009) conducted a prospective study comparing post-separator pain levelgatssubj
receiving preemptive ibuprofen, preemptive placebo, or multiple dose postoperative
ibuprofen. Forty-one subjects were randomly assigned into 1 of 3 groups: 400 mg of
ibuprofen 1 hour prior to separator placement, then again at 3 and 7 hours after treatment;

placebo 1 hour pre-treatment then 400 mg ibuprofen at 3 and 7 hours post-treatment; and,

placebo 1 hour pre-treatment and at 3 and 7 hours post-treatment. As expected, the ibuprofen

group experienced less pain than the other two groups, with statisticalfjcsigindifference
found at 6 hours and at bedtime. There was no significant difference in pain experience
between two preemptive placebo groups (with and without ibuprofen post treatment),
suggesting that the significant reduction in delayed pain experienced with ibupigferbm
attributed to a preemptive anti-inflammatory effect. The authors did not findisagrif
differences in pain control at 2 hours and they postulate that significance woealdden
achieved with a larger sample size. In agreement with past studies, pdlrevgaeatest at
24 hours despite their multiple dose strategy. The lack of difference at 24 fayube mue
to decreased effects of the last dose given 7 hours after separator ptacénesefore, more
dosages may be necessary to extend pain control into day 2. It was concludedytbdt dela
pain at 6 hours and at bedtime may be reduced with a multiple dose strategy thas imclude
preemptive dose.

While ibuprofen has demonstrated analgesic benefits, several animal studies have
shown that this agent slows orthodontic tooth movement (Kehoe et al. 1996; Arias and

Marquez-Orozco 2006; Bartzela et al. 2009). Orthodontic tooth movement involves bone

10



resorption and apposition. PGs have been postulated to mediate bone resorption by
stimulating lymphocytes and macrophages, ultimately leading to an iagreasteoclast
numbers and elevated levels of lysosomal enzymes and collagenase. The impbRéahce
role in the mechanics of tooth movement have been demonstrated by studies of direct
application of PGE1 or PGE2 and the resultant increase tooth movement in both rats and
humans (Yamasaki et al. 1982; Sekhavat et al. 2002; Gurton et al. 2004; Kale et al. 2004,
Salmassian et al. 2009). Anti-inflammatory agents such as ibuprofen blockiespsr
synthesis of PGs, resulting in a consistent inhibition of localized osteodlase resorption
and therefore, a reduced rate of tooth movement (Kehoe et al. 1996; Walker and Buring
2001; Arias and Marquez-Orozco 2006; Minor et al. 2009).

Kehoe and others (1996) investigated the effect of various analgesichauhoottc
tooth separation in forty male guinea pigs. The guinea pigs were randorglyeast one

of four groups: (1) control (0.4% carboxymethylcellulose 1.66 ml/kg q 12 h), (2) misoprostol

(100pug/kg q 12 h), (3) acetaminophen (200 mg/kg g 12 h), and (4) ibuprofen (30 mg/kg q 12

h). Drugs were administered 1 hour prior to bonding of a titanium molybdenum all@ntorsi
spring interproximally between the maxillary central incisors. EadA $pring was

measured to exert a force of 25 + 1 gm. Separation measurements were rec@rded,s8B,
10, and 11 days using a digital measuring caliper. At day 11, the misoprostol group
exhibited the greatest amount of tooth separation (4.49 £ 0.49 mm), the ibuprofen group
resulted in the lowest amount of tooth separation (2.64.1 mm) while the control and
acetaminophen group exhibited similar amounts, 3.8107 mm and 3.3% 0.08 mm,

respectively. Compared to the control group, ibuprofen reduced tooth movement by

11



approximately 0.75 mm during an 11 day time period. Theoretically, if orthodontic subjects
were to continue ibuprofen therapy throughout the duration of treatment, the loss of 0.75 mm
every 11 days during a 24 to 36 month treatment period could significantly increase
treatment time. Since the dosages administered in this study were heyihéne¢ amounts
normally given for human pain control, it is not certain that similar reductionn®ih t

movement would occur for humans, however the possibility of a decrease in tooth movement
and increase in treatment time is of concern. Therefore, it would be in the brest iot¢he
orthodontist and subject to utilize an effective analgesic that lacks titg &bgdlow

orthodontic tooth movement (Salmassian et al. 2009).

Acetaminophen

Acetaminophen is considered to be a very weak prostaglandin inhibitor withdévels
analgesia comparable to the NSAIDs but without anti-inflammatory propsitiee it does
not concentrate in the areas of inflammation. Acetaminophen functions to inhibit central
nervous system PG synthesis and block nociceptive impulses peripherally (RacHi®87;
Burton et al. 2006; Wynn et al. 2006). While NSAIDs block COX-1 and/or COX-2
isoforms, acetaminophen blocks the isoform found only in the brain and spinal cord, COX-3,
therefore minimizing the effects on PG synthesis and tooth movement (Battzkl2099).
The recommended adult analgesic dose is 325 to 650 mg every 4 to 6 hours with a maximum
of 4 grams in a 24-hour period. For children less than 12 years of age, the recommended
analgesic dose is 10-15 mg/kg every 4-6 hours, with a maximum of 2.6 g/day. Onset of

action occurs in less than 1 hour and reaches maximal concentration in 0.25 to 2 hours.

12



Duration of action is 4-6 hours with a half-life of 1.5 to 3 hours (Roche et al. 1997; Burton et
al. 2006; Wynn et al. 2006).

Although the exact mechanism of action is not completely understood,
acetaminophen is thought to inhibit PG synthesis within the central nervous systan
the periphery (Wynn et al. 2006). Since acetaminophen does not function as an anti-
inflammatory agent in peripheral tissues, it should not have an effect on perigheral P
synthesis and, therefore, should not disrupt orthodontic tooth movement like NSAIDs.
Several animal studies have investigated the potential for acetaminophen to pnalgésia
while maintaining the rate of orthodontic tooth movement (Kehoe et al. 1996; Roche et al.
1997; Arias and Marquez-Orozco 2006). lbuprofen and aspirin continually demonstrated
less tooth movement than acetaminophen (Kehoe et al. 1996; Arias and Marquez-Orozco
2006; Bartzela et al. 2009). Arias and Marquez-Orozco (2006) studied the effectiof aspi
acetaminophen and ibuprofen on orthodontic tooth movement in 36 Wistar rats. The also
investigated the histological difference in bone resorption found in pressure Aspaen
and ibuprofen resulted in significantly lower numbers of resorption lacunae and asteot!
pressure areas and significantly slower dental movement than the controbariacphen
group. Acetaminophen did not significantly reduce the amount of resorption lacunae or
osteoclasts, and exhibited tooth movement very similar to that of the control group.

If acetaminophen, unlike ibuprofen, has a primary mode of action concentrated on
central nervous system PG synthesis without effects on orthodontic tooth movement, it
would seem appropriate that acetaminophen would be the ideal drug of choice for

orthodontic patients if pain control levels are comparable. Bird, Williams and(RQ0&)

13



conducted an investigation to evaluate the analgesic effectiveness of atieeper
acetaminophen and ibuprofen following orthodontic separator placement. Thirty-three
orthodontic subjects were randomly assigned to receive either a single dose of
acetaminophen (650 mg) or ibuprofen (400 mg) to be taken 1 hour prior to separator
placement. Subjects were asked to record their discomfort level on visual arslalgse
(VAS) and McGill pain questionnaires (MPQ) at five different time interviaimediately

prior to separator placement, immediately following separator placement, 2 tos3afteur
placement, at bedtime, and upon rising the next day. Subjects were also asked to choose
words from a list that describe their pain at the various time intervals. “Amgioyias the

most commonly selected word immediately after separator placementaddurs later,
while “sore” became the most common word at bedtime and upon waking the next morning.
There was no significant difference in pain levels between acetaminaptebuprofen

given 1 hour prior to separator placement. Subjects reported that pain increasedhiein
following separator placement, then decreased at 2 to 3 hours post-treatrmemtadually
increased to a peak the following morning. This trend demonstrates the preoperative
analgesic effect on the immediate pain response and shows that there wast om ¢fffe
delayed pain response that usually begins 2 hours post-treatment. No shatssgicdicant
difference in pain at any time interval was noted for either experimmei@ication.

Therefore acetaminophen may be a reasonable alternative for preventidt @fthadontic
pain, however multiple dosages may be needed to continue pain control throughout the

duration of discomfort.

14



Bradley and colleagues (2007) utilized a different methodological approach to
explore the comparative effectiveness of ibuprofen and paracetamol (amgiben). Their
design and statistical analysis was based on equivalence (non-infenbthg 2 drugs as
preemptive pain control for separator placement. Using the VAS to measure paih toatr
researchers defined the non-inferiority margin as being witiid mams on the pain scale
relative to the other medication. One hundred fifty-nine subjects aged 12 to 16 gesesel
randomly assigned to 1 of 2 experimental groups. Group A received 1 g of paracetamol t
take 1 hour prior to separator placement and 6 hours later, while Group B received 400 mg of
ibuprofen to take 1 hour pretreatment and 6 hours later. All subjects recorded their
discomfort on VAS at 2 hours after separator placement, 6 hours after placemeattins,be
on arising the next morning, and on arising 2, 3 and 7 days after the appointment. No
baseline discomfort levels were recorded. Of the 176 patients recruitedie28xekided
for not fulfilling the inclusion criteria or for failing to return the questionmail heir results
showed that a composite pain score (averaged across the 2, 6 and bedtime ni@asures)
acetaminophen was not equivalent to ibuprofen (e.g., pain scores were higher for
acetaminophen within the 95% CI). However, ibuprofen was statistically dedter t
acetaminophen at 2 hours when results were compared at each observation. Itasirtgor
note that the study did not employ a true control group against which pain scores could be
compared. Furthermore, 11% of patients needed additional medication suggestmy ¢hat
doses or higher dosages may be needed to sufficiently prolong control of orthodontic

separator pain.
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Lack of negative effect on tooth movement enables acetaminophen to be considered a
viable alternative for control of orthodontic pain. For those reasons, some authors have
suggested that acetaminophen should be considered to be the analgesic of choice during
orthodontic treatment (Kehoe et al. 1996; Roche et al. 1997; Walker and Buring 2001; Arias
and Marquez-Orozco 2006; Bartzela et al. 2009). However, since acetaminophen is free of
anti-inflammatory properties and pain from orthodontic forces appears to be sgdoritiar
inflammatory process, its efficiency in pain alleviation compared to NSAd¢mains
guestionable. Only two published studies have compared the effectiveness of acetaminophe
to ibuprofen for the control of orthodontic separator pain on human subjects and their
conclusions were in opposition (Bird et al. 2007; Bradley et al. 2007). Bird and others
(2007) were the first to compare effectiveness of single preemptive dosages of
acetaminophen and ibuprofen for the control of orthodontic separator pain. No atatistic
difference in pain was found for either medication at any time interval. 8radld others
(2007) incorporated multiple dosage periods to study pain control over time since average
peak pain from orthodontic separators was found to occur most frequently upon rising the
day after the orthodontic visit (17 hours) and next at 24 hours. Subjects were assigned to
receive either preemptive and postoperative paracetamol (acetaminoppezgmptive and
postoperative ibuprofen. Ibuprofen was found to be significantly better thantpanate
from 2 hours to bedtime. Both studies were conducted without a placebo group for control.

To date, there is no established protocol for control of orthodontic discomfort. If
there is a chance that ibuprofen slows the rate of tooth movement, and no advantage of

ibuprofen over acetaminophen in pain control effectiveness, it would be prudent for
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orthodontists to recommend acetaminophen as the drug of choice for the control of
orthodontic pain. Although more studies evaluating pain control using variable types of
analgesics and time dose intervals are surfacing, results of effexgs/bave been

inconsistent. Therefore, this study will compare pain control effectisesfggeemptive and
postoperative acetaminophen and ibuprofen compared to placebo therapy followinpsepara
placement.

Problem Statement

The purpose of this randomized, double blind, prospective clinical study is to
compare the pain control effectiveness of preemptive and postoperative aoetaniand
ibuprofen to placebo therapy following separator placement.

Hypothesis

There will be a significant difference in post-separator placepsntmeasured

during three conditions using visual analogue scales over six time periods aftetisvill

differ between acetaminophen, ibuprofen and placebo.
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CHAPTER 2

MATERIALS AND METHODS

Experimental Research Design

The design of this study is a randomized, double blind, 3 parallel arms, longitudinal,
multiple dose, placebo controlled prospective clinical trial with measuremeatrotising
visual analogue scales (VAS) during three conditions: teeth not touching, chamadngting
back teeth together.

Visual analogue scales are widely utilized in dental pain studies fetigbility and
simple concept (Ngan et al. 1989). In a 1989 orthodontic pain study by Ngan and others,
patients were asked to complete a 14 VAS discomfort index card during conditions of
chewing, biting, fitting back teeth together, fitting front teeth togetipeeeh, popping and
clicking of jaw joint, appearance of teeth, facial profile, general appegrgeceral health,
feelings about self, socializing, performance in work or school, and being out in. public
More recent studies have lessened the number of VAS, limiting their datioaoll® those
conditions pertaining to dental pain and function (Ngan et al. 1994; Steen Law et al. 2000;
Bernhardt et al. 2001; Bird et al. 2007; Bradley et al. 2007). In our study, pain wagexvalua
during three conditions that were previously evaluated in a similar study dbamirothers
(2007): when teeth were not touching, when chewing, and when biting back teeth together.

Visual analogue scale evaluations of pain were obtained at the follomiag ti
intervals: immediately before separator placement, immediatelysafparator placement, 2
hours post-placement, 6 hours post-placement, bedtime and 24 hours post-placement (Fig.1)

(Moher et al. 2010; Schulz et al. 2010). The rationale for this decision was based on
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analgesic onset of action and drug half-life times. Acetaminophen onsébof@xurs in
less than 1 hour and ibuprofen onset of action occurs within 30-60 minutes. Analgesics
dosage 1 hour prior to separator placement should allow sufficient time for analges
concentrations to prevent peripheral and central PG biosynthesis and control theatemedi
pain response that occurs immediately following separator placement. Paoh wiht

lessen gradually based on analgesic half-lives, 2 hours for ibuprofen and 1.5-3 hours for
acetaminophen. A 2-hour half-life will allow approximately 12.5% of thermalganalgesic
concentration to remain 5 hours post-placement (6 hours after the initial dose)t tié¢ha
prior to complete elimination of the first dose, a second dose of analgesic will be
administered to allow extended prevention of PG biosynthesis and pain control. The second
dose will take action within 1 hour; therefore a 6-hour post-placement evaluation is
scheduled to evaluate that effect. Evaluations will also be performed ahéediinl at 24

hours to determine if this dosage strategy will extend pain control over time.
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Fig. 1. Flow diagram of placebo versus acetaminophen and ibuprofen for control of
orthodontic separator pain.
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Experimental Procedures

Following approval by the Children’s Mercy Hospital Pediatric Instih#l Review
Board, two orthodontists who agreed to have their patients participate in theighedtlya
letter of agreement to participate. At the consultation appointment, parents audsswieye
given a verbal and written explanation of the study, and parental informed consent and
child’s assent were obtained prior to enrollment in the study. Subjects who nretitiseon
criteria were enrolled and given a packet containing an instruction shieatsaaled
numbered envelope with the first dose (2 tablets) of placebo, acetaminophen, or ibuprofen, t
be taken 1 hour prior to the scheduled separator placement appointment.

A total of 35 subjects from two private orthodontic offices in Lee’s Summit,
Missouri, met the inclusion criteria and agreed to participate in this 24-tunly: sSThe
selection criteria were as follows: (1) starting orthodontic treatthantrequired banding of
posterior teeth and placement of two or more separators, (2) able to swallgesengills,
(3) English speaking, (4) 9 to 17 years of age, and (5) minimum weight requiren&s
pounds based on mg/kg pediatric dosage recommendations. Subjects were excluded from the
study if they had current orthodontic or space maintenance appliances, if teexe wa
contraindication to the use of acetaminophen or ibuprofen, if they were curremntly taki
antibiotics or analgesics, had any cognitive impairment, or any systiesesse that in the
assessment of the investigator might impact pain perception.

Subjects were randomly assigned to 1 of 3 experimental groups: 640 mg avicel

placebo (two 320 mg capsules), 650 mg acetaminophen (two 325 mg capsules), or 400 mg
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ibuprofen (two 200 mg capsules). All treatment groups received an initial dose torbé take
hour prior to separator placement and a second dose to be taken 6 hours after the initial dose
The ibuprofen, acetaminophen, and placebo tablets were compounded by a licensed
pharmacist (O’Brien Pharmacy, Kansas City, MO) according to spdmfissand were all
provided in identical white opaque capsules. Medications and placebo tablets werk pack
and distributed in sealed, coded envelopes. Computer generated random patient coding and
group allocation was utilized so that subjects, parents, and the investigator wouiaied bl
as to the group assignments. The random allocation assignments were concealed and
inaccessible to the investigator.
Subjects were instructed to take one dose of their assigned drug (2 thblets)
prior to the scheduled separator appointment and record the time it was taken. At the
orthodontic office, just prior to separator placement, the subject was given a \fAS pa
assessment form comprised of three horizontal lines, each 10 cm (100 mm) in ledth. E
line was marked with descriptors at each end stating “no pain” or “worst pagnatle”
with corresponding happy or unhappy faces (Appendix 1). Subjects were instructddeto m
one small vertical mark on each line to indicate how their teeth felt wherigbti were not
touching, when chewing, and when biting their back teeth together. Orthodontidampara
were then placed in the necessary contacts and the attending clinician relcenciachiber of
separators in order to determine if there is a differential effect of numbkepafators on

pain levels. Date and time of separator placement were also recordech Whilutes

' Radio Opaque Blue Separators, ltem #854-250 (lot #802699), American Orthodontics,
1714 Cambridge Avenue, Sheboygan, Wisconsin, 53082.
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after separator placement subjects completed another VAS form idemticalre-
treatment form. At the end of the appointment, subjects were given verbaltingasmn
completing the study, a packet with an instruction sheet, a second dose (2 taldteis) of t
assigned drug to be taken 6 hours after the initial dose (5 hours after sgpacaorent), 1
self-addressed stamped envelope and 4 color coded VAS forms to complete at 2 hours post-
placement, 6 hours post-placement, bedtime, and 24 hours post-separator placement.
Questionnaire forms were color coded to permit validation of the evaluation pexilodv at
two hours, orange at 6 hours, blue at bedtime, and pink at 24 hours. Subjects were asked to
record when the second dose was administered. Completed forms were returned to the
investigator in the self-addressed stamped envelope following completion2sf-tiaur
study.

During the 24-hour study, subjects were discouraged from taking additional
medication and were advised against eating sticky foods that might dislodgpate@s.
If additional medication was consumed, the subjects were asked to write dodateheme,
and type of medication taken. They were asked to contact the investigatoe ivdrerany
future questions or adverse reactions.

Sample Size

A power analysis was conducted to determine the sample size required ¢ provi
sufficient power to detect a statistically significant differenegvieen placebo,
acetaminophen and ibuprofen. The power analysis assumed Ar05 ang = 0.20. Effect
sizes estimates from Steen Law and others (2000) were used for computpig size.

Based on this analysis, a sample size of 28 per group was determined tacknsuff
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resulting in a total of 84 subjects. To account for a potential attrition rate of 10%, a tota
sample of 93 was planned for randomization into the 3 groups in the study. However, since
there were no data on which to assess the relative effectiveness betweefeiband
acetaminophen, an interim analysis was planned mid-way through the studsrioicketf

power was sufficient to detect changes if any occurred between thestvgoaeps.

Instrumentation and Measurement

Pain experience felt when teeth were not touching, during chewing, and when biting
were assessed using visual analogue scales at each of the six tods. p€he Visual
Analogue Scale (VAS) is the accepted method for assessing orthodontievedsnaind has
been used in numerous clinical trials to evaluate change in individual pain over time
(Seymour et al. 1983; Ngan et al. 1989; Wilson et al. 1989; Jones and Chan 1992; Ngan et al.
1994; Scheurer et al. 1996; Steen Law et al. 2000; Bernhardt et al. 2001; Gould et al. 2001,
Bergius et al. 2002; Erdinc and Dincer 2004; Bird et al. 2007; Bradley et al. 2007; Minor et
al. 2009; Salmassian et al. 2009). The VAS is a line that measures 10 cm (100 mm) in
length, with one end defined as “no pain” and the other end defined as “worst pain
imaginable” with corresponding happy and unhappy faces. Subjects are askekl@o mar
point on the line corresponding to the level of perceived pain at that moment. The
investigator then measures the distance from the lower end of the scale (@ timen) t
subject’s mark to measure pain intensity (Melzack 1975).

The questionnaires given to each subject were comprised of 3 horizontal V&S line
that individually assessed perceived pain under 3 conditions: when teeth were not fouching

while chewing food, and when biting back teeth together (Appendix 1). Subm@agwen
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color coded, but otherwise identical VAS forms to complete at each of the sintanels:
immediately prior to separator placement, immediately followingragpaplacement, 2
hours post-placement, 6 hours post-placement, bedtime and 24 hours post-placement.
Subjects were asked to return their VAS questionnaires upon completion of the shedy in t
pre-paid, self-addressed envelope given to them at their separator appointpmantedeipt
of the VAS questionnaires, a single investigator (S.K.) conducted all VAS regais
using a digital caliper. Intra-examiner reliability was assesgedrbpeat measuring of all
VAS data, one week after the initial measurements were performed. Adtrepe
measurements were within 0.1 mm of the original measurements so exafrabdityevas
determined to be excellent.
Data Analysis
Data were analyzed using descriptive statistics and repeatedneed&NOVA with

treatment and time treated as fixed effects using SPSS (versioh 17.0)

*1BM SPSS Statistics, IBM Corporation, Route 100, Somers, New York 10589.
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CHAPTER 3
RESULTS

In total, 9 males and 17 females completed the study prior to the interiysianal
Nine subjects failed to return data and were excluded. Table 1 shows demographic
distributions across the three treatment groups. In the placebo group, 56% \eesadna
44% were female with a mean (SD) age of 12.6 (1.8). In the acetaminophen group, 30%
were male and 70% were female with a mean age of 13.0 (1.6). In the ibuprofen group, 14%
were male and 86% were female with a mean age of 12.7 (1.3). These percentages are
typical of those who seek orthodontic treatment.

At the interim analysis, possible confounding effects (differences in pairsaauder
the 3 conditions) were explored as a function of age, gender or office from which subjects
were recruited. As none of these variables were determined to be sigriGoéminders,
they were subsequently eliminated from future analyses. Evaluation of tiensdia
between number of spacers placed at initial treatment and the three pain pemegisures
over time showed that Pearson correlation coefficients ranged from r = 0.13 to 0.42
suggesting little variance (0.02 to 0.18) in VAS pain scores was related to numbpacerss

As pain perception was measured at 6 time intervals clustered within patient
repeated measures ANOVA was used for the interim analysis to a§eessfedrug on pain
over time and obtain effect size estimates (eta squared values). Resuwks shat there
was no statistically significant effect (p > .05) of group (treatmergyaurp by time

interaction on pain as measured by the three VAS scales; however, theragn#gcard
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increase in pain over time across all treatment groups (p < .001) for eachloéthe t

conditions (Tables 2 and 3).
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SUBJECT DEMOGRAPHIC DATA

TABLE 1

Avicel placebo Acetaminophen Ibuprofen
(N=9) (N=10) (N=7)

Dosage 640 mg 650 mg 400 mg
Age:
Mean (SD) 12.6 (1.8) 13.0 (1.6) 12.7 (1.3)
Range 11-16 11-16 11-15
Female (%) 4 (44%) 7 (70%) 6 (86%)
Male (%) 5 (56%) 3 (30%) 1 (14%)
Separators:
Mean (SD) 5.2 (2.3) 7.2 (1.1) 6.1 (2.0)
Range 2-8 5-8 3-8
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TABLE 2

MEAN PAIN SCORES (IN MILLIMETERS) OVER TIME UNDER

THREE ASSESSMENT CONDITIONS

_ Mean Pain | Mean Pain| Mean Pain

Time mm (SD) | mm (SD) | mm (SD)

Analgesic (Zg::?etllr\;i;? Teeth Not | Chewing | Biting back

placement) Touching teeth

together
L”;;gfediate'y 11.1 (27.3) 2.0 (4.2) 11.1(19.2)
Immediately after 25.8 (32.2) 20.3 (24.2), 36.8 (29.3)
Group | Avicel placebo 5 0 fter 9.3 (10.5) 34.3 (33.3) 39.4 (33.6)
1 640m9  gTours after 44.6 (41.4)50.2 (40.4) 52.2 (39.0)
Bedtime 40.3 (40.2) 54.3 (43.2) 53.1 (42.2)
24 hours after 34.3 (36.7)65.6 (36.1)| 70.9 (30.4)

L”;;gfediate'y 15 (2.0) 21 (2.6)| 17 (2.4)
Immediately after 32.7 (27.1) 30.6 (37.2), 36.5(39.1)
Group | Acetaminophen— 0 fier 14.5 (25.8) 27.1 (33.9)] 23.7 (35.1)
2 650md  gTours after 22.8 (34.1)49.1 (35.7) 55.8 (33.2)
Bedtime 29.4 (33.3) 53.1 (28.8) 52.1(25.9)
24 hours after 38.6 (38.7)64.0 (30.9)| 68.0 (30.1)

L”;;gfediate'y 21 (.0| 23 @1 24 (20
Immediately after 23.3(17.1) 32.9 (27.6), 41.4 (32.3)
Group | Ibuprofen 50 s after 15.0 (12.2) 26.7 (18.6)] 20.9 (21.9)
3 400Mg e hours after 24.6 (14.8)37.3 (26.7) 43.1(28.6)
Bedtime 32.9 (27.8) 47.7 (26.8) 49.9 (29.0)
24 hours after 39.1 (34.4)52.6 (33.0)] 55.1(31.0)
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TABLE 3

REPEATED MEASURES ANOVA SIGNIFICANCE AND ETA SQUARED VALUE
UNDER THREE ASSESSMENT CONDITIONS

ANOVA Teeth Not Chewing Biting Back
SOURCE
RESULTS Touching Teeth Together
Sig. .746 926 .882
Group X Time
nz .055 .037 .042
Sig. 853 .898 764
Group
n? . 014 .009 .023
Sig. .0001* .0001* .0001*
Time
n? 249 491 507

*Statistically significant alpha = .05.
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It was hypothesized that there would be a significant difference in pain agretkas
by VAS under the three assessment conditions over time and that the effect weuld diff
between acetaminophen, ibuprofen and placebo. ANOVA analysis (Table 3@deted
there was no statistically significant (p > .05) interaction effepgin levels as a function of
group (treatment) over time for any of the three conditions: teeth not touching4p,7°=
.055); chewing (p = .926)°= .037); and biting back teeth together (p = .82 .042).

The eta squared values for the three interaction effects suggests &aatitthce in pain (all
less than 6%) is explained by the differential effect of group over time. Wasralso no
statistically significant main effect of group on pain levels (p > .05)Ifdhi@ee conditions:
teeth not touching (p = .858%= .014); chewing (p = .898,°= .009); and biting back teeth
together (p = .7643°= .023). As with the interaction effect, the eta squared values were
minimal suggesting that the variance in pain levels is not closely retatiffierential effect
of medications. However, the main effect of time on pain levels was found to becaignif
(p < .05) for all three conditions (Fig. 2-4): teeth not touching (p = §99,249); chewing

(p = .000,n%= .491); and biting back teeth together (p = .GffG; .507). Post hoc pairwise
comparisons at .01 level showed that pain at bedtime and at 24 hours were significantly
greater than pretreatment for teeth not touching. For chewing, pretreatnsesigmiicantly
less than all other time periods, but there was no difference in pain betweémt¢imals

once spacers were placed. The same trend was observed for biting on back teeth. The
relatively large eta squared values suggest that a large proportiomeoicean pain levels

can be explained by time.
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Fig. 2. Mean VAS pain levels over time by group when “teeth are not touching”.
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Fig. 4. Mean VAS pain levels over time by group when "biting back teeth together".
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CHAPTER 4
DISCUSSION

The aim of this study was to compare pain control effectiveness of a combined
regimen of preemptive and postoperative acetaminophen, ibuprofen, and placebo therapy
during three assessment conditions over time following orthodontic separatorgriacéim
was hypothesized that there would be a significant difference in pain oeeasimeasured
by visual analogue scales (VAS) between the two analgesics, acetamimamghi@uprofen.

At the interim analysis, data were evaluated to obtain effect sizeiragds
determine if the original subject recruitment plan and sample size wéogesiifto detect a
difference if one existed. The analysis showed that pain was highly vari#le group as
well as between groups, irrespective of drug (group) assignment. As afdélalhighly
variable pain scores and small effect sizes (.01 for group and .03 for time*grovg, it
determined that the power calculations based on estimates by Steen Law an(R60®r
were inaccurate for this population. The estimates provided by the Steetudsgwsre
based on data collected from pain control assessments using a single drudgiiupather
than a comparison of ibuprofen and acetaminophen. Furthermore, subjects partiipating
the Steen Law study were patients from the clinical pool of the Univerdibyvaf College of
Dentistry’s Department of Orthodontics with a maximum age of 16 yeargaseur
sample originated from two private orthodontic offices in Lee’s Summit, Misseitin an
age range between 9 and 17 years. Owing to the differences in effectisia¢essbetween
our study and the Steen Law study, and restricted access to the sampéedextto show

statistically significant differences, it was agreed to stop thefdllalving the interim
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analysis. In order to sufficiently power the study, an unobtainable sampleailcelve
required; therefore, the study was concluded.

RM ANOVA data for all three treatment groups, acetaminophen, ibuprofen, and
placebo, show a trend for pain levels to increase immediately after segdaatment,
decline to the 2 hour time period, then gradually increase to the 24 hour time period. Time
proved to be the only significant factor accounting for variability in pain, while thvas no
significant main effect of group or interaction effect between group andTiaide 3). Of
particular note is the considerable within group variance in pain scores found tuethe
VAS conditions over time, particularly in the later time intervals, suggestatgain
perception is highly subjective and differs between subjects. The variancemhemroaps is
concealed by the high variance within groups.

Pain was evaluated by VAS measurements during three conditions in this dtedy: w
teeth were not touching, while chewing food, and when biting back teeth togethen@pp
1). In all three conditions, a positive correlation was present between pairelegédise;
low correlation when teeth were not touching and moderate correlations whenghedin
biting back teeth together. Pain scores reported when teeth were not touchingréheref
in function) were lower than scores reported when teeth were in function, whengloewin
biting back teeth together. Teeth subjected to insult by separators and the subseque
inflammatory process would experience increased movement in function righend
biting). Further compression of the periodontal ligament and deformation of meadha
pressure receptors result in an enhanced inflammatory response and highesrpain s

Descriptive examination of trend lines exhibit similar patterns of pain owerldetween the
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three conditions varying only in magnitude of pain, with the lowest magnitude when teeth
were not touching and higher magnitudes when teeth were in function. Trend lines for
chewing and biting back teeth together suggest that ibuprofen provided slightly dbtgr
non-significant, pain control followed by acetaminophen, however neither vatistisally
more effective than the placebo.

To date, only two studies have compared acetaminophen and ibuprofen preemptively
for pain associated with orthodontic separator placement (Bird et al. 2007 \Beadil.
2007). The study by Bird and others (2007) utilized similar subject inclusion catetia
methodology and found comparable pain fluctuation trends and reached similar conclusions.
The study also compared pain levels during three different conditions: whiemvere not
touching, when chewing, and when biting back teeth together. General pain pattern
fluctuations for all three conditions mirrored those found in our study with the magoitude
pain levels also higher when teeth were in function. However, in contrast to Bidtys\e
incorporated a second analgesic dose 6 hours after the initial dose for the purpose of
extending pain control. The second dose did not significantly reduce delayed painr¢heref
our conclusion simply paralleled that of Bird and others that there was no sighnifica
difference in orthodontic separator pain control between acetaminophen and ibuprofe

Bradley and others (2007) also incorporated a second analgesic dose, comparing
preemptive and postoperative ibuprofen and paracetamol (acetaminophen) and attained
descriptive results similar to those found in this study; however, they erdpayiéferent
approach to assess pain efficacy. Subjects were instructed to consumesigpaadas

medication 1 hour prior to separator placement and a second dose 6 hours after placement.
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Unlike our 6-hour dosing interval, this dosing interval of 7 hours exceeds the 4-6 hour
duration of action of both analgesics. In contrast to our hypothesis that there would be a
significant difference in pain control between ibuprofen and acetaminophen, thegbleere
to determine statistical improvement of ibuprofen over acetaminophen using a nantipfe
(equivalence) approach. Using a non-inferiority margin of £ 10mms on the \&A§ dey
determined that the mean difference in pain scores fell in the equivalenhnhergever the
right end of the 90% confidence interval crossed over the +10 margin of equivalence
resulting in the conclusion that acetaminophen is not equivalent to ibuprofen in pain. control
They therefore concluded that ibuprofen was superior.

A potential reason for the significance in the study by Bradley and otlg$)8)(2
might be due to a lack of baseline pain measurement. As pain is a subjective phenomenon,
individual variation of pain tolerance and pain perception is inevitable. The first pain le
recorded on VAS was 2 hours after separator placement and a placebo group was not
included as a baseline for comparison. Without a true baseline (pre-treatmesuyeneent
and control group, it is not possible to determine whether initial pain levels wepa@bie
between groups. If higher inherent pain tolerance was present in the ibuprofen group, a
conclusion that ibuprofen is more effective than paracetamol might be faulyaldo
important to note that they combined all pain measures after the 2-hour observation (2, 6,
bedtime, 24 hours, 3 days and 7 days post separator) into a single mean score for group
comparison.

In the current study, potential reasons for lack of statistical differeteede the

three treatment groups might include the highly subjective and variable napaia of
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inadequate analgesic dosage amounts, an inappropriate dosage strategy, atiddamgmhe

size. The subjective nature of pain can create difficulty in accuratelyricegppthange in

pain over time. Opposite to what would be expected, some subjects felt little to no pain even
though they were in the placebo group, while some of the subjects in an analgasic gr
reported high levels of pain.

The standard analgesic dosages utilized in this study may have been too kit to re
in an effect great enough to counteract orthodontic pain and reveal the diffierpace
effectiveness between analgesics. Bird and others (2007) utilized idenetitaldént dosages
as in our study and also found no significant difference in pain control between
acetaminophen and ibuprofen. Bradley and others (2007) administered an identical amount
of ibuprofen (400 mg), but incorporated a higher dose of paracetamol (1 g) compared to the
650 mg utilized in our study. They concluded a statistical improvement of ibuprofen over
acetaminophen in pain control however no true baseline measurement or control group was
incorporated into the study.

Dosing strategy timing can be re-arranged where the second dose might be given
earlier, at 4 or 5 hours after the first dose, allowing for earlier onset andcamadgeesic to be
present in the system. This multiple dose study incorporated a preemptive and pibgtopera
dose of medication. To date there are no studies comparing multiple analgesics on
effectiveness of orthodontic separator pain control with a three dose anatggmen.

Lastly, our small sample size and small effect sizes cleadjtedsn non-significant
findings. The eta squared values which give an estimate of effect sizefaotidat on

sample size) suggests that the effect of medications as administeredstudlyi were small.
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It is likely that extending the analgesic medications beyond the initial 24-hood peay
result in a greater effect size and future studies are needed to assegzothisdis,

During tooth movement, mild inflammation occurs with vascular compression
leading to the release of prostaglandins that aid in the dissemination of paiméfuasd
Bernick 1972; Ferreira et al. 1978; Saito et al. 1991; Proffit and Fields 2000). If
prostaglandins and the inflammatory process are the cause for pain levejsadtimodontic
treatment it would seem appropriate that extended ibuprofen dosing, with analges
antipyretic, and anti-inflammatory properties would be the drug of choice ipareuan to
acetaminophen which is not by definition an anti-inflammatory analgesic. Hoveawdar
to the study by Bird and others (2007), our study showed that both ibuprofen and
acetaminophen proved to have similar outcomes in pain control which leads us to conclude
that it is the analgesic, rather than anti-inflammatory effect sttaei chief mode of action
for orthodontic pain relief.

The use of a placebo or control group in this study was incorporated to provide a
baseline for comparison to determine the true effect of the studied analgesias conpal.
Although there was no statistically significant difference in pain conttaldsn all three
groups, there was a trend for the placebo group to experience slightly higlesradfter the
2-hour assessment period during chewing and biting (Fig. 3-4). These resuidecwith
our expectation that both acetaminophen and ibuprofen analgesics provide some level of pain
relief during orthodontic treatment, although not at statistically sogmif levels. Pain
continued to persist through the 24 hour time period, therefore we can conclude that two

analgesic doses (of either 400 mg ibuprofen or 650 mg acetaminophen), given 1 hour before
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separator placement and 6 hours later, does not provide adequate pain control and a more
effective long-term pain control regimen needs to be developed and evaluated.

Subjects in our study received orthodontic separators between posterior teedketo cre
space by pushing teeth apart for subsequent placement of orthodontic bands. Numbers of
separators ranged from 2 to 8 per individual. By group, the acetaminophen group had the
greatest mean number of separators of 7.2, followed by the ibuprofen group at a éan of
and the placebo group at 5.2. Currently there are no published studies that compare number
of orthodontic separators on pain levels. It seems feasible to assume thave posi
correlation would exist between number of separators and degree of pain; howthsr, |
study, Pearson correlation coefficients between number of separators\aA8 akin
measurements ranged from r = 0.13 to 0.42 suggesting that only mild variance in pain scores
over time were related to number of spacers. It is therefore clear thatautioes are
involved in variation in pain perception.

Pain experience as a result of orthodontic separator placement andhtésatta
movement is a common phenomenon that concerns patients and clinicians. This study agrees
with former studies that delayed pain continues to increase at a gradualroaghout the
24-hour period following separator placement (Ngan et al. 1994; Steen Law et al. 2000;
Bernhardt et al. 2001; Bird et al. 2007; Bradley et al. 2007). However in contrastdo thos
studies which started measurements after separators were placedrghestudy and that
of Bird and others (2007) incorporated a pre-treatment baseline VAS measuitghent t
revealed the immediate increase in pain level following separatonpatand the

subsequent reduction in pain level through the 2 hour time period. Earlier studest star
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pain measurement no earlier then 2 hours after separator placement so thiyeesfact
on immediate pain was not noted.

More investigators have started to compare preemptive and postoperative emalgesi
in hopes to provide longer lasting effective pain control in orthodontics (Steen Law et a
2000; Bernhardt et al. 2001; Bird et al. 2007; Bradley et al. 2007; Minor et al. 2009). Steen
Law and others (2000) and Bernhardt and others (2001) found that subjects receiving
preemptive ibuprofen reported significantly lower pain levels 2 hours afteasepa
placement compared to the subjects receiving only postoperative ibuprofen. The
combination of a preemptive and postoperative dose in the Bernhardt study did not produce
significantly more pain control within the 24-hour period over the subjects who receiyed onl
a single preemptive ibuprofen dose. Of interest, Minor and others (2009) performgleg a s
analgesic (ibuprofen) study that investigated the effect of incorporatimigd 400 mg dose
of ibuprofen 7 hours after separator placement. Unlike our study, Minor was able stevalu
the effect of preemptive ibuprofen versus the lack of a preemptive dose. Group 1 was given
three dosages of ibuprofen (1 hour prior to separator placement and 3 and 7 hours after
placement), group 2 received preemptive placebo then two postoperative dosages of
ibuprofen, and group 3 was given three placebo dosages. Group 1 experienced significantly
less pain at 6 hours, at bedtime, and on the following morning after separator plamednent
no difference was found between groups 2 and 3. This suggests that in regards totanmedia
(early) pain control, there appears to be no advantage to the use of preemptive ibuprofen.
However, due to the significant reduction in pain at 6 hours, bedtime, and on the next

morning, preemptive ibuprofen accompanied by a multiple dose regimen (in thgicase
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at 3 hours and 7 hours post placement) may play a key role in controlling the delayed pai
response.

The current study found that preemptive analgesia tended to decrease psiatlevel
the 2 hours time point, however this was not statistically significant, and founkl & laain
reducing effect from the postoperative dose as pain continued to increase thraz2e e
period. These results suggest a possible benefit of preemptive analgediecing @ain
within the first 24 hours but a lack of evidence to support the use of a postoperative dose to
lengthen the effect. General trend of pain appeared to peak at the time dbsepara
placement and at 24 hours similar to previous studies (Steen Law et al. 200@r&eenhl.
2001; Bird et al. 2007). Subjects in the acetaminophen and ibuprofen groups experienced
similar levels of pain, while there was a trend for higher pain levels ipléisebo group after
the 2-hour assessment, however this was not statistically significant.

Gender differences in the orthodontic pain experience are a subject of debate. It
historically felt that females tend to have an increased sensitivity to maiara therefore
less pain tolerant than men (Bergius et al. 2000), with some studies concluding #ias fem
perceive pain to a greater extent than men and attribute this differerergetecg, variation
in hormones, and social and psychological factors (McGrath and Craig 1989; Sehalirer
1996; Keogh and Herdenfeldt 2002). Other studies of orthodontic pain, this study found no
gender differences in orthodontic pain intensity or prevalence (Ngan et al. 889;ahd
Chan 1992; Erdinc and Dincer 2004; Minor et al. 2009; Salmassian et al. 2009). Our study
found no significant differences in pain perception between male and female suBjects

possible explanation could be due to cognitive factors such as motivation and expectation,
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which are encountered more than emotions of anxiety and fear in the orthodontic setting
Orthodontic patients, unlike dental patients, are motivated towards treatmentgeéhad
better function and esthetics. These factors act as filters on perceptioneidgna pain
perception and therefore play a strong role in the success of orthodontietre@ergius et
al. 2000).

Studies of the relationship between age and pain threshold have been conducted and it
is still unclear whether age has an influence on pain threshold or pain tolenacicer. dnd
others (1989) reported that cutaneous pain threshold increases with age. Up to age twenty-
five a rapid increase in pain threshold occurred followed by a plateau and grae watltil
the age of seventy-five where there was another rapid threshold increase €fuatk&989).

It is much more difficult to determine the relationship of age to pain perception in
orthodontic patients, probably since treatment plans can differ based on the age tétihe pa
Similar to other studies, this study did not find significant differences betweemdge

degree of orthodontic pain threshold, however our age inclusion criteria was limited to 9-17
years of age, with actual participants ranging between 11-16 years. offagir study was
conducted with a larger age range, age-related effects might éenebserved.

Out of 26 subjects, only one subject required additional medication. A 12-year old
female randomly assigned to the placebo group, consumed two additional tablets of
ibuprofen the morning after separator placement, 16 hours after the initial desa@telhe
fact that she was only given preemptive and postoperative placebo, she wasedd@to r
from taking additional medication until the next morning suggesting a high paiarioég or

perhaps a strong willingness to adhere to research protocol.
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It is apparent that further studies need to be conducted to determine ani@analges
regimen effective for complete control of pain induced by orthodontic separatenptnt.
Past studies have demonstrate the possible benefit of using preemptive at@algesiee
immediate discomfort however the method to control delayed pain needs further
investigation (Steen Law et al. 2000; Bernhardt et al. 2001; Bird et al. 2007;\Beadle
2007; Minor et al. 2009). In this study VAS data collected from subjects receiyiapt®a's
at two orthodontic offices varied widely in magnitude irrespective of treatmempg This
individual variability, which seems to be unrelated to age, gender or number of @eparat
can only be attributed to the inherent characteristics of the subjects iuthyjsaad the
subjectivity of the pain experience. Within each subject we have potentiaéddés in pain
perception, pain threshold/tolerance, medication susceptibility/sensiamdyemotional
considerations such as dental anxiety or dental fear. Although variations inudagmere
evident between treatment groups, the general trend lines were similar, withgoaasing
immediately after separator placement, declining to the 2 hour time periodheand t
gradually increasing to the 24 hour time period. Although not significant, ibuprofen
appeared to provide slightly better pain control than acetaminophen, howeverwergner
significantly more effective than the placebo.

Until further investigation yields an effective standard method for theaaftr
immediate and delayed orthodontic separator pain, orthodontists can recommendiygeempt
acetaminophen or ibuprofen 1 hour prior to separator placement to aid in the control of
immediate discomfort. If there is concern regarding the potential dedgreeste of tooth

movement with ibuprofen, or if ibuprofen is contraindicated, acetaminophen would the
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appropriate recommendation. Although individual variation will ultimately affex

amount and duration of pain experienced, all patients should be informed about possible
latent discomfort and briefed on acceptable adjustments in dosage amounts or timing of
dosages according to medication manufacturer recommendations.

Study Limitations

It has been found that pain from separator placement exceeds the duration of our
study timeline of 24 hours. Therefore, it would be advantageous to determine a more
effective analgesic regimen for more long-term effective pain controthehby utilizing
different medications, adjusting dosage amounts or dosage timing, or incriasmgnber
of dosages.

All subjects were recruited from two orthodontic offices in middle to uppes clas
neighborhoods in Lee's Summit, Missouri, therefore results from this study carylie onl
generalized to areas with similar characteristics.

A particular challenge to this study was the difficulty of subjeaturguent from
multiple offices. This proved to be difficult in part due to the availability and time for
recruitment and parent's consideration of the possibility that their child wouithbdemly
assigned to a placebo group who would not receive analgesics following separator
placement. These factors made it difficult for subject recruitment andectgulh fairly
small sample size. It should be noted that our small sample size increasasdaheype |l
errors in which a conclusion of no effect is made when an effect is actuakiypres

However, the small effect size lessens the degree to which this threzgestaon making
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statistical conclusions. Irrespective, given the small sample,gdsutt this study should be
cautiously interpreted.

Future Recommendations

Since ibuprofen and acetaminophen have pain control properties that are well
tolerated by orthodontic patients, future research should focus on determining a more
effective multiple dose protocol that will enable pain to be adequately contratladdnger
period of time. This might include testing new medications, increasing adengaistosage
amounts, increasing the number of dosages, or shortening time periods between dosages. To
lengthen the analgesic effect of acetaminophen and ibuprofen, studies should evaluate
whether these medications need to be taken at a shorter intervals or meidiseacdosages.

For example, studies can attempt to adjust dosages to 1000 mg acetaminophen every 4 hour
or 800 mg ibuprofen every 6 hours. Alternative analgesics should also be investigated.

According to a study by Arias and Marquez-Orozco (2006), ibuprofen significa
reduced the number of resorption lacunae and osteoclasts in pressure arbasoftict
tooth movement in Wistar rats, and resulted in less tooth movement in comparison to
acetaminophen. Acetaminophen demonstrated results similar to the control group. If bot
medications provide similar pain control levels and there is potential for ibngmtause a
delay in orthodontic tooth movement, orthodontists should consider recommending
acetaminophen to their patients to minimize discomfort.

Orthodontists are aware that their patients will experience some dégraia with
tooth movement by separators or fixed orthodontic appliances. Although more research is

needed to determine the most effective type of medication, dosage, and timingesfydeli
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either acetaminophen or ibuprofen can be recommended preemptively to lessely the ear

discomfort that is expected following orthodontic separator placement.
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CHAPTER 5
CONCLUSIONS

The purpose of this randomized, double blind, prospective clinical study was to
compare the pain control effectiveness of preemptive and postoperative aoetani and
ibuprofen compared to placebo therapy following separator placement. The following
conclusions were made:

1. No significant difference in pain was found between the three groups,
acetaminophen, ibuprofen and placebo, over the 24-hour study period.

2. No significant group (treatment) effect was found between acetaminophen,
ibuprofen and placebo groups on pain levels, irrespective of time.

3. Significant differences in pain were found over time, irrespectiveoapgrin
general, pain tended to decrease into the second hour after separator pldeament t
gradually increased up to the 24 hour time period. Ibuprofen and acetaminophen taken 1 hour
prior to orthodontic separator placement are equally effective in decreéasnegliate pain
levels, however this was not statistically significant.

4. In all groups, pain peaked at 2 hours and 24 hours after separator placement.
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APPENDIX 1

VAS QUESTIONNAIRE



Visual Analogue Scale Questionnaire

Current Date:

Current Time:

Please help your child to make ONHmall vertical mark on each line below
to indicate how their teeth feel when:

TEETH ARENOT TOUCHING

No Pain Worst Pain Imaginable

© ®

CHEWING

No Pain Worst Pain Imaginable

© ®

BITING BACK TEETH TOGETHER

No Pain Worst Pain Imaginable

© ®
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