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Pain is a significant issue in terms of financial and emotional burdens for the 

overall population. Pain also can be a major contributor to decreased success in the 

orthodontic practice, as previous studies have implicated pain as a primary reason for 

discontinuing a patient’s treatment. It is therefore critical that we understand the factors 

underlying pain sensitivity. For this project, our main objective is to characterize the role 

of a nocebo cognitive suggestion on the experience of orthodontic-separator pain. We 

hypothesized that patient pain experience could be modulated with nocebo suggestions. 

This study used a novel expectation manipulation, which we expected would increase 

(nocebo) the pain response based on the suggestion provided. A neutral-control group 

was also included that did not receive information about pain getting better or worse. 

Study subjects were instructed to rate their expected pain using a visual analog scale 

(VAS) and then rate their actual pain following separator placement. There were no 

significant differences (standard t-test) in VAS scores between the 2 study groups 

(nocebo, neutral). While we did not detect differences between these expectation 

manipulations, further studies are being considered that may enhance the cognitive 
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processes involved with the nocebo experience. This is important because it provides a 

novel model for acute pain in the clinical setting that may be used in more mechanistic 

studies related to pain control. In terms of clinical orthodontics, these mechanistic 

studies may lead to novel therapies or techniques that may reduce the pain and anxiety 

of our patients receiving orthodontic treatment.   
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CHAPTER 1 

INTRODUCTION 

The fear of pain has been found to be one of the primary factors discouraging 

patients from seeking dental care and orthodontics is no exception.  Not only has pain 

been shown to be one of two primary factors deterring patients from seeking orthodontic 

treatment, it has also been reported as a major reason for discontinuing treatment (1,2). 

Although many orthodontic patients are highly motivated for treatment, pain continues to 

remain a hindrance to treatment. In regards to patient satisfaction during orthodontic 

treatment, pain has been rated as the single greatest dislike during active orthodontic 

treatment (3).  One study population showed 8 percent of participant discontinued 

orthodontic treatment due to pain (4). It is therefore pertinent to both patients and 

clinicians to gain a more clear understanding of pain control as well as develop methods 

to identify individuals who may be more sensitive to pain. 

Pain is an inherently difficult variable to measure and quantify because it is a 

subjective response with large individual variation that is dependent on numerous 

factors.  These factors include age, gender, cultural differences, genetics, psychological 

state, and personal experience with pain (5-6). As it relates to orthodontic treatment, 

pain has been the subject of numerous studies.  A common rather simple procedure 

orthodontists routinely perform that result in pain is the placement of orthodontic 

separators (7).  Previous studies have shown initial pain induced by orthodontic 

separators occurred within 4 hours post-placement and proceeded to increase over a 

period of approximately 24 hours and fully subsided to baseline levels within 7 days (1, 

8).  A separate study reported the most significant pain was experienced on the second 
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day and almost fully subsided by day 5 (7).  Pain experienced in association to 

separator placement and orthodontic tooth movement is modulated by a compression 

related inflammatory response causing direct stimulation of nociceptors within the 

compressed periodontal ligament (PDL) (9).  However, even though the generation and 

mechanism of orthodontically related pain has been well studied, a large variation in 

individuals pain experience following orthodontic separator placement has been 

reported (10).  This suggests that the aforementioned factors that are believed to be 

responsible for variation in pain response such as age, gender, race, previous 

experiences with pain, genetics, and psychological state are all involved in an 

individual’s pain experience after placement of orthodontic separators.  The focus of this 

study is to assess psychological state as a factor that has the potential to be 

manipulated in order to change an individual’s pain experience.  Furthermore, it is our 

future goal to assess genetics as another factor that could help pre-determine an 

individual’s pain experience. 

In regards to one’s psychological state and how it relates to perceived pain, 

many are aware of what has become a relatively recent topic of interest called placebo 

effect. This reduction in pain that is not attributed to the placebo treatment itself has 

been shown to occur through activation of endogenous opioid systems (11).  In relation 

to pain, the neurobiological effect to a placebo treatment has been shown to result in 

placebo analgesia (12).  The focus of this study however is not on the placebo effect but 

on its generally lesser discussed negative counterpart, a phenomenon known as 

nocebo. In general, nocebo effect refers to symptoms related to negative expectations 

(13).  More specific to our study on pain experience, the nocebo effect may be 
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described as an increase in pain resulting from a negative cognitive association with a 

specific treatment.  Instead of placebo analgesia, a nocebo effect results in nocebo 

hyperalgesia.  This increased expectation of pain has been shown to play a role 

regarding the significant amount of variation in actual pain experienced among 

individuals (14-15).  

Just as there is a direct neurobiological mechanism to the placebo effect, 

increased pain experience due to nocebo can also be attributed to specific 

neurobiological processes. Such enhanced responses to painful stimuli are linked to 

increased stimulus of the anterior cingulate cortex as well as the parietal operculum and 

posterior insula regions of the brain, both of which have already been shown to play 

roles in regulating pain-dependent behavior (16).  On a biochemical level, studies have 

shown a strong relationship between nocebo hyperalgesia and activation of 

endogenous opiodergic and cholesystokinin systems opposite to the endogenous 

opioids that are activated with placebo effect (17).  Furthermore, nocebo cues can often 

result in increased levels of anxiety in addition to hyperalgesia suggesting that the same 

neurobiological pathways are involved in both processes (18). 

 Due to pain expectations playing a major role in the success of orthodontic 

treatment, understanding nocebo responses and characterizing the role of negative 

cognitive suggestions on pain experiences and ways in which that can be manipulated 

would be extremely beneficial to clinical providers.  It is therefore the goal of this study 

to create a novel expectation manipulation model by providing nocebo suggestions to 

individuals prior to the placement of orthodontic separators and quantifying their pain 
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response in comparison to a control. We hypothesize that pain experience could be 

modulated with nocebo suggestions. 
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CHAPTER 2 

MATERIALS AND METHODS 

Participant Recruitment  

 Participants were recruited from the general population at The University of 

Florida and greater Gainesville area.  Recruitment was achieved through the posting of 

both physical and digital fliers via social media websites.  Participants who showed 

interest had an initial screening over the telephone and then were further screened at 

their first appointment to ensure they the met inclusion criteria for the study as outlined 

in Table 2-1 along with exclusion criteria.  Once selected, verbal and written informed 

consent was obtained from each participant.  

Initial Visit 

General 

Upon their initial visit written informed consent was obtained and each subject 

completed a health history questionnaire. A focused history review was performed 

followed by a physical examination that included recording each participant’s vitals.  

After medical history was reviewed, a standard evaluation of each participant’s dentition 

was performed to ensure eligibility.  Females were assigned to take pregnancy tests 

and the researcher conducting the study verified results. 

Nocebo Suggestion 

 Once it was determined that a participant was eligible to move forward in the 

study they were randomly assigned to either the control group or nocebo group.  In an 

attempt to maintain consistency in the investigation, the investigator read word for word 
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a prepared standard script to each participant explaining the study procedures.  

Subjects were informed that they would be receiving orthodontic separators described 

in one of either two ways as follows: 

1. “These separators are used in orthodontics to create small spaces between teeth 

and are thought to increase pain”—Nocebo Group 

2. “These separators are used in orthodontics to create small spaces between 

teeth”—Control Group 

Separator Placement and Pain Ratings 

Prior to separator placement, each participants’ current perceived pain intensity was 

measured for baseline as well as expected pain intensity throughout the 48 hour 

duration of the study using a slide algometer visual analogue scale (VAS) (19).  Such 

scales have been validated for use as a tool to quantify expected and current pain 

levels as well as anxiety in previous studies (20-21)    When using the pain sensation 

intensity scale participants were instructed to place the middle sliding part of the device 

to the right, with the farther to the right indicating the greater the pain sensation 

expected.  The arrow at the extreme left on the scale indicates “no pain at all” while the 

arrow at the extreme right indicates a pain sensation that is the “most intense pain 

sensation imaginable”.  Eight standard orthodontic separators produced by Ortho-Direct 

were inserted via standard orthodontic procedure mesial and distal to all four first 

molars.  Following the insertion of separators participants were then instructed to 

complete additional pain intensity rating scales at 4 hours, 24, hours, and at 48 hours 

post-separator placement.   
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Collection of Saliva for Isolation of Genomic DNA and SNP Genotyping 

In coordination with the University of Kentucky and as part of a future second phase of 

this study, two to four milliliters of saliva were collected from all study participants using 

the Oragene-DNA Collection Kits (DNA Genotek Inc., Ottawa, Ontario, Canada).  

Samples were shipped to the University of Kentucky for genetic analysis. Genomic DNA 

will be isolated from the saliva/Oragene-DNA stabilized mixture by ethanol precipitation 

according to the manufacturer’s instructions, and will be resuspended in 10mM Tris-

HCl, 1mM EDTA pH 8.0. All DNA concentrations will be measured on the NanoDrop-

1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE). The average DNA 

yield from the Oragene collection device is ~110 ug (with a range of >20ug to 300ug).  

Take-Home Pain Assessment Logs 

In addition to completing pain intensity ratings using a VAS participants were also given 

forms to qualitatively describe their pain.  At each 4 hour, 24 hour, and 48 hour time 

intervals participants were asked to describe their pain as either none, mild, moderate, 

or severe.  Furthermore, participants completed the following questions as best they 

could: 

1. Where do you have pain? 

2. What does the pain feel like? 

3. How long does the pain last? 

4. When did you first have this pain 

5. Other: 
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Furthermore, participants were asked to document the dosage, type, and time that any 

pain pain medication was taken during the 48 hour time period. 

Final Visit 

Upon completion of the 48 hour time period participants presented back to The 

University of Florida Orthodontic Clinic for removal of separators and collection of take-

home pain assessment logs.  Separators that were missing were recorded and clinical 

inspection was performed to ensure missing separators were not gingivally displaced.  

Statistical Analysis 

Once collected, all data was analyzed and standard T-tests were calculated to assess 

any statistical significant differences between nocebo and control groups.    
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Table 2-1.  Outline of inclusion and exclusion criteria. 

Inclusion 

criteria 

1. Males or females between and including the ages of 18 and 40 years old.  This 

age range is representative of an average adult patient seeking orthodontic 

treatment. 

2.  Normal, healthy subjects, in good general health determined by medical 

history, ASA status 1 or 2 

3. Adult dentition with fully erupted 1st and 2nd molars in all four dental quadrants 

4. Class 1 molar/canine dental classification with overbite and overjet within 

normal limits 

5. Mild to no crowding or spacing of dentition 

6. Normal pulp vitality and healthy periodontal tissues as determined by intraoral 

exam. 

  

Exclusion 

Criteria 

1. ASA status 3-5.  Presence of chronic disease as assessed from medical history  

(e.g. cardiovascular disease, kidney disease, liver disease, diabetes) 

2. Pregnant or breast feeding mothers 

3. Active dental disease such as caries, periodontitis etc.  

4. Subjects who had taken any pain medications, either over the counter or 

prescription, within 48 hours prior to participating in study for either testing day 

(e.g. acetaminophen, ibuprofen, aspirin, steroids) 

5. No exclusions made based on race, sex, or religion 
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CHAPTER 3 

RESULTS 

A total of number of 24 study participants met the necessary inclusion and 

exclusion criteria presented to The University of Florida Orthodontic clinic and were 

selected to proceed with in the study.  Out of the 24 participants, 1 subject did not 

complete the study and was excluded from data analysis.  In all, 10 study participants 

were randomly assigned to the control group and 13 participants were assigned to the 

nocebo group.  An overview of demographic information including gender, age, and 

ethnicity for each randomly assigned study participant is provided in Table 3-1. The 

majority of participants were Caucasian (47.8%) females (65.2%) between the ages of 

20 and 25 (69.6%).  

A detailed overview of results comparing average pain-intensity ratings using 

VAS is reported in Table 3-2.  No significant difference in reported pain intensity was 

seen at any of the three time points with p values all greater than 0.05 (Figure 3-1).  

Therefore, there was no significant difference in participants’ perceived pain between 

the control group and nocebo group.  Also as seen in Table 3-2, standard deviation 

measurements were very high as compared to the mean pain intensity scores within 

each group.  Figure 3-2 shows that pain intensity in both study groups peaked at the 24-

hour time interval and then trended downwards but remained more intense at 48 hours 

than at 4 hours post-separator placement.  
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Table 3-1.  Subject demographics by gender, ethnicity, and age 

Demographics Nocebo Control Total 

 N=13 N=10 N=23 

Gender    

Females 8 (61.5%) 7 (70%) 15 (65.2%) 

Males 5 (38.5%) 3 (30%) 8 (34.8 %) 

Ethnicity    

Caucasian 7 (53.8%) 4 (40%) 11 (47.8%) 

Asian 3 (23.1%) 3 (30%) 6 (26.1%) 

Hispanic 2 (15.4%) 3 (30%) 5 (21.7%) 

Other 1 (7.69%)  1 (4.3%) 

Age    

18-19 1 (7.69%) 1 (10%) 2 (8.7%) 

20-25 8 (61.5%) 8 (80%) 16 (69.6%) 

26-30 4 (30.8%) 1 (10%) 5 (21.7%) 

Min 19 19  

Max 27 28  

Average 24.2 22.9  

SD 2.28 2.73  
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Table 3-2. Comparison of Average Visual Analog Scores   

Study Group 4 hours 24 hours 48 hours 

Nocebo Avg. VAS 1.2 2.0 1.8 

SD 1.3 1.9 1.7 

SEM 0.4 0.5 0.5 

Control Avg. VAS 2.0 3.6 2.8 

SD 3.1 2.7 1.6 

SEM 1.0 0.9 0.5 

P Values P=0.4535 P=0.1037 P=0.1651 

    

 

 

Figure 3-1. Comparison of Average Visual analog scores over 48 hour time period 
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Figure 3-2. Comparison of Overall Pain Experiences 
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CHAPTER 4 

DISCUSSION 

Our attempt to quantify an individual’s pain experience and to detect differences 

in each person’s experience resulting from a nocebo suggestion proved to be a difficult 

task.  As can be seen from the high standard deviation values within each group at 

every time point, we confirmed what is already known, that regardless of cognitive 

suggestions pain is a subjective response with large individual variation that is 

dependent on numerous factors.  Furthermore, these high standard deviation values 

suggest that a larger sample size is needed if we wish to detect any sort of significant 

difference between study groups.  As this was a pilot study we did not have a large 

sample size of participants, but future studies could add to this sample size. 

Although the differences were insignificant with p values all less than 0.05, it is 

worth noting that all nocebo pain-intensity ratings were recorded at slightly lower values 

than the control group.  This is opposite to what we had expected and allows us to 

further reject our studies hypothesis that an individual’s pain experience could be 

modulated with a simple nocebo suggestion prior to placement of orthodontic 

separators. 

There are a number of possible factors that may have contributed to the lack of 

response from the nocebo suggestion that was anticipated.  One possibility is that the 

content of the nocebo prompt was not strong enough to elicit a nocebo effect.  The 

content in the script that we hypothesized would elicit a nocebo effect in study 

participants was simply the addition of the words “thought to increase pain” at the end of 

defining what orthodontic separators are and used for.  There was no emphasis placed 
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on the words “increase pain” and every subject listened to the same script.  It is possible 

that these four words were just not enough or were insignificant in comparison of the 

larger script to trigger a nocebo effect in study participants.  In future studies the nocebo 

prompt could be improved upon by adding either more emphasis on the thought of 

increased pain or the addition of audio or visual aids.  For example, a picture of an 

individual in obvious discomfort could be shown to the participants while explaining what 

orthodontic separators are.  This in theory could trigger a stronger nocebo response 

from study participants.   

Lastly, even though we did not observe any significant difference between study 

groups, it is important to assess the separator pain model overall and compare our 

findings to those of previous studies.  Just as previous reports such as those conducted 

by Ngan et al., we found that pain induced by separator placement peaked at 24 hours 

and then proceeded to decrease over the next 24 hour time interval (2).  This is 

important as it shows that our separators model for studying pain perception not only 

worked, in that the separators induced pain, but that it mirrors current knowledge of the 

pain experience generated from orthodontic separators as well as orthodontic archwires 

and can be a valid model for studying orthodontic pain in future studies. 
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CHAPTER 5 

CONCLUSIONS 

 For this study, our main objective was to characterize the role of a nocebo 

cognitive suggestion on the experience of orthodontic-separator pain with the 

hypothesis that participant’s pain experience could be modulated with a nocebo 

suggestion.  According to our data we did not meet our objective in creating a nocebo 

cognitive suggestion as no significant difference was seen in pain experience between 

the nocebo and neutral study groups.  There are a number of factors that may have 

contributed to these results as discussed. 

 While a significant difference between study groups was not observed this 

remains a pilot study with further studies being considered that could enhance the 

cognitive processes involved with nocebo experience.  This study did validate a novel 

model for studying acute pain in a clinical setting as pain was experienced by study 

participants and we were able to successfully quantify that experience with VAS.  It is 

the hope that further studies will be conducted that may lead to novel therapies and 

techniques to reduce patient pain and anxiety throughout orthodontic treatment.  
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Orthodontic separators are one of many things associated with pain in the dental 

office.  The placebo effect is a beneficial effect that can help decrease pain due to the 

subject’s belief or expectations of a given procedure.  Orthodontic separators were 

placed in 20 subjects (17 females and 3 males), 18-40 years old for 2 days after they 

were randomly divided up into two different groups, the placebo group and the control 

group.  Subjects reported their expected pain as well as their current level of pain using 

a Visual Analog Scale before the separators were placed as well as at 4 hours, 24 

hours, and 48 hours after placement.  The placebo group did have a lower pain 

expectation than the control group, although not clinically significant (p=0.1128).  The 

placebo group also had a lower recorded amount of pain at the 4 hour, 24 hour, and 48 

hour time points, but again there were no significant differences at any of these time 

points between the two groups.  Saliva samples were taken for further studies to see if 

there is a genetic component in subjects who had a large amount of pain versus the 

subjects who had minimal or no pain. 
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CHAPTER 1 
INTRODUCTION 

Pain is frequently related to dentistry by patients all over the world and presents 

itself differently in each unique individual [1].  While some dental patients complain of 

sensitivity to cold or uncomfortable tactile sensations, others may be more concerned 

with the stretching of their soft tissues, pressure on their gingiva, or soreness during 

tooth movement [2, 3]. This pain during treatment is one of the most common reasons 

that patients do not commit to orthodontic treatment, end their treatment before 

completion, or have poor cooperation throughout their treatment [4, 5]. During 

orthodontic treatment, not only do some patients struggle to adjust to their changing 

bite, mastication patterns, and speech impairment, but they often become self-

conscious of the unaesthetic appliances and the attention they draw [4].  When it comes 

to orthodontics, pain can result during certain procedures such as initial arch wire 

placement, arch wire adjustments, separator placement, or during the removal of braces 

[1].  There have been numerous studies completed that have investigated pain resulting 

from orthodontic treatment, including studying the pain caused by orthodontic separator 

placement [2].  The type of pain from orthodontic separators is most often described to 

be mild to moderate and of short duration. However, some patients claim to have 

severe pain that even prevents them from being able to brush or chew in their normal 

fashion [1].   Multiple studies on separators found that patients typically begin to feel 

discomfort about 4 hours after placement, increased over the next 24 hours, decreased 

between 24-48 hours, and then diminished within one week after placement [6].  

Separator pain is a result of the inflammatory cascade being activated by stimulation of 

nociceptors during periodontal ligament compression.   
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Pain is a very subjective feeling and different individuals express their responses 

differently.  Previous pain experiences, sex, age, individual pain threshold, stress level, 

psychology, genetics, and pain expectation are several of the factors that define an 

individual’s pain experience [2, 7-10].  Pain expectation and genetics are the two 

variables that we are focusing on in this study.  Identifying individuals that are more 

susceptible to pain and the reason behind that could be the key to improving methods 

for pain control, leading to benefits for both the doctor and the patients. 

An example of the placebo analgesic effect is when a patient is told that they 

have been given a strong painkiller, but instead are administered a non-analgesic like 

saline, but they still experience pain relief.  There are multiple theories to explain this 

phenomenon.  It has been shown that cognitive factors, like when a patient is expecting 

pain relief to occur, can trigger the central nervous system to release endogenous 

opioids [11]. The second theory is the classical conditioning mechanism.  When a 

patient has continually been told they are taking pain medication and then it results in 

pain relief, they will typically have the same response when they are given the placebo 

medication due to their expectations [12].  The placebo effect has been a hot topic 

among researchers interested in controlling pain, and it involves neurological processes 

that diminish pain, including decreasing excitatory pathways and increasing inhibitory 

neural synapses to produce analgesia.  Preliminary experiments investigating the 

placebo effect and the neurobiology behind it have started to incorporate 

neuropharmacological studies on pain [13-15]. In 1978, Levine et al. demonstrated that 

the placebo effect is due to endorphins that are released in the CNS in the group of 

participants that were placebo responders [16].  When the placebo drug was combined 
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with naloxone, the analgesic placebo response was eliminated due to the inhibition of 

endorphins [15, 17-19]. This outcome suggests that endorphin opioids and placebo 

analgesia share a common neural mechanism. Placebo analgesia, and the decrease in 

pain-related neural activity associated with it, has shown to reduce activity within the 

ascending pain processes [19, 20]. When the placebo drug and naloxone are taken 

simultaneously, it is obvious that the placebo response greatly effects how an individual 

processes pain and that both the ascending and descending pain pathways are 

involved.  The placebo effect not only alters the activity of the ascending and 

descending pain pathways, but it also has effects on certain areas of the brain that are 

involved with emotions and expectations [21, 22]. An example of this would be when a 

trusted acquaintance or medical doctor gives advice or treatment, and expectations are 

changed by a higher cognitive process, leading to the placebo effect and a higher 

chance of success. The last few decades have seen major progression in proving that 

placebo effects and expectancy effects use much of the same brain circuitry. Brain-

imaging techniques are now being performed in humans to verify this concept. 

Because expectations can influence pain and how a patient handles treatment, 

we emphasize that understanding the placebo response in the orthodontic office can 

provide valuable insight for handling different types of patients.  The goal of this study is 

to create a placebo effect using orthodontic separators and a suggestive instruction set, 

and evaluate this effect on the patient’s experience of pain.  A secondary study will be 

completed to then evaluate the genetic components of these individuals to see if any 

correlations can be made. 
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CHAPTER 2 
MATERIALS AND METHODS 

Study Design 

This is a pilot study with the main objective being to characterize orthodontic 

separator pain following cognitive suggestions to induce the placebo effect.  Genetic 

correlations for the pain responses will then be analyzed in a secondary study. IRB 

approval was obtained to conduct a clinical trial at the University of Florida Graduate 

Orthodontic Clinic, and the secondary genetic analysis will be conducted at the 

University of Kentucky. The subjects participating in the study were ages of 18-40, in 

good general health, and had no dental pain. There were two groups of subjects with 

ten participants in each group that were randomly assigned to either the placebo or 

control group. Othodontic separators were placed around all subjects first molars with 

pain ratings recorded at 0 hours, 4 hours, 24 hours, and 48 hours. 

 

Enrollment and Study Participation 

Participants were recruited from the University of Florida campus and orthodontic 

clinic.  Initially each subject was screened via telephone to confirm that they fit within 

the inclusion and exclusion criteria, which is listed in Table 2-1.  If they qualified, they 

were assigned a study number and scheduled for the first of two visits.  

Written informed consent was obtained at the beginning of the first appointment, 

along with the medical history questionnaire, vitals, pregnancy test (if female), oral 

examination, and a pain rating.  The slide algometer Visual Analog Scale was used 

routinely throughout the study to gather pain intensities from the participants [23, 24].  

The left side of the VAS says “no pain sensation at all” and the right end says “the most 
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intense pain you could possibly imagine”.  They chose a spot on the scale to show how 

much pain they were feeling four different times throughout the study.   

The participant was then randomly assigned to either the “Placebo Group” or 

“Control Group” and was read the designated script to describe the study.  The prompt 

for the Placebo Group read: “You will be receiving separators that are frequently used in 

orthodontics to create small spaces between the teeth and are thought to decrease 

pain”, and the prompt to the control group read “You will be receiving separators that 

are frequently used in orthodontics to create small spaces between the teeth.”   

At this point a sample of 2-4 milliliters of saliva was collected using the Oragen-

DNA collection Kit.  Following the study, these samples were shipped to the University 

of Kentucky to complete the genetic analysis on the participants by extracting genomic 

DNA by ethanol precipitation. 

The first rating on the Visual Analog Scale was taken at this time before the 

separators were placed. Subjects reported the amount of pain they were in at that 

moment and the amount of pain they expected the separators to cause them. Eight 

standard orthodontic separators were then placed between the patients teeth.  One 

separator was placed mesial and distal to all four first molars around the interproximal 

contact between molar and adjacent teeth.  Directions were given for the participant to 

complete the pain rating on the Visual Analog Scale at 4 hours, 24 hours, and 48 hours 

after placement.  They also recorded how strong their desire was for pain relief and if 

any medications were taken.  Their medication usage was logged at each time point as 

a “yes or no” response.  If they answered “yes”, then the amount, drug, and dosage was 

recorded.   
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At 48 hours, the participant was scheduled back to the orthodontic clinic and the 

separators were removed.  This completed their physical participation in the study and 

final data was collected. 

 A total of 20 subjects were enrolled in the study after initial screening.  Three 

participants did not complete the entire study and said they had to remove the 

separators due to the large amount of pain they were in.  One of these subjects was in 

the control group and two were in the placebo group. 

 At the end of data collection, the participants were give a $25 gift card to Publix 

grocery store for participating. 

 

Collection of Data 

Pain Intensity Scale 

The intensity of pain felt by the subjects before and during separator placement 

was recorded in a log using the Visual Analog Scale.  The left side of the Visual Analog 

Scale says “no pain sensation at all” and the right end of the scale says “the most 

intense pain you could possibly imagine”.  They recorded their level of pain at four 

different points throughout the study: before the separators were placed, 4 hours after 

placement, 24 hours after placement, and 48 hours after placement. 

Oragene-DNA Collection Kit 

 Each participant gave a sample of 2-4 mL of saliva that was sent to the 

University of Kentucky for DNA analysis.  The DNA will be extracted from the Oragene-

DNA stabilized saliva mixture by ethanol precipitation and then will be suspended in 

Tris-HCl and EDTA with a pH of 8.0.  All DNA concentrations will then be measured 

using a spectrophotometer and analyzed.  
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Statistical Considerations 

T-tests were completed to compare the placebo and control groups to see if 

there was any significant differences in pain expectation or pain at the 4 hour, 24 hour, 

or 48 hour intervals.  Age and gender of the subjects were also evaluated.  As 

expected, the placebo group did have a lower pain expectation than the control group, 

but this was not statistically significant.  There was no statistical difference in the 

amount of pain reported between the placebo or control groups at the 4 hour, 24 hour, 

or 48 hour time periods.  This was a pilot study with a small number of participants and 

it is suggested that more subjects be evaluated in future studies.  
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Table 2-1.  Outline of inclusion and exclusion criteria. 

Inclusion 
criteria 

1. Males or females in good general health (ASA 1 or 2) between the ages of 18 
and 40 years old 

2. Subjects may have had bonded braces in the past 

3. Subjects must have all first molars present with two adjacent teeth in each 
quadrant 

4. Subjects must be Class I molar, Class I canine, with ideal overbite and overjet 

5. Willingness and ability to comply with study procedures, attend study visits, and 
complete the study 

  

Exclusion 
Criteria 

1. Poor health (ASA 3, 4, or 5) 

2. Female subjects that are currently pregnant 

3. Use of any pain medication within the last 48 hours 

4. Presence of dental or chronic diseases (caries, periodontal disease, heart 
disease, liver or kidney disease) 

5. Subjects who have memory of having orthodontic separators or bands placed 
previously  

6. No exclusions will be made based on sex or religion 
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CHAPTER 3 
RESULTS 

Table 3-1 and Table 3-2 display an outline of the demographic information of the 

participating subjects. The number of females greatly outnumbered the males in this 

study (17 females and 3 males) and the subjects had an average age of 22.70 (± 2.31) 

years.  

Table 3-3 shows a comparison of the average Visual Analog Scores between the 

control and placebo groups.  The subjects first gave their VAS for the amount of pain 

they expected to have with the separators. The sliding scale ranged from 0-10.  

Because of the suggestive prompts, we would have expected to see the control group’s 

expected pain to be higher than the placebo group.  On average, the placebo group 

expected pain of 1.1 (±0.5) and the control group expected to feel a pain of 2.0 (±1.5).  

Although this did follow the trend we expected, it was not clinically significant 

(p=0.1128). 

At the 4 hour time point, the placebo group rated their pain intensity to be 1.6 

(±0.5) and the control group rated theirs to be 2.0 (±3.1).  At 24 hours, the control 

group’s average pain intensity increased more than the placebo group, reaching 3.6 

(±2.7) while the placebo group peaked at 2.8 (±3.3).  Finally at 48 hours, both groups 

had a decrease in pain intensity and the controls ended at 2.8 (±1.6) and the placebo 

group ended at 1.8 (±2.0).   

Although the placebo group did in fact have lower average pain expectation and 

lower recorded pain intensities at all three time points, the differences between the 

groups were not statistically significant at any of these four points.  Figure 3-1 is a visual 
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chart showing the comparison of VAS scores between the control and placebo groups 

at 4, 24, and 48 hours.  

Figure 3-2 is another depiction of the data over the 48 hour period showing that 

there was a pain response at 4 hours, the pain peaked at 24 hours, and then decreased 

between 24-48 hours.  This trend is agreeable with separator studies on pain completed 

in the past [2]. 

 
Table 3-1.  Gender of subjects 

  Variable         N Control    Placebo 

Total 20 10 10 
Females 17 7 10 

Males 3 3 0 

 
 

Table 3-2.  Age of subjects 

 N 
Mean 
(yrs) 

SD 
Min 
(yrs) 

Max 
(yrs) 

Total 20 22.7 2.64 18.00 28.00 
Control 10 22.90 2.73 19.00 28.00 
Placebo 10 22.50 2.68 18.00 28.00 

 
 
 

Table 3-3.  Comparison of Average Visual Analog Scores 

Study Group Pain Expected 4 hours 24 hours 48 hours 

Placebo Avg. VAS 1.1 1.6 2.8 1.8 
SD 0.5 1.5 3.3 2.0 

SEM 0.2 0.5 1.0 0.6 
Control Avg. VAS 2.0 2.0 3.6 2.8 

SD 1.5 3.1 2.7 1.6 
SEM 0.5 1.0 0.9 0.5 

P Values P=0.1128 P=0.7623 P=0.5587 P=0.2624 
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Figure 3-1.  Comparison of average VAS Scores over the 48 hour period. 
 
 

 
 
Figure 3-2.  Trend of pain intensity over 48 hour period.  
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CHAPTER 4 

DISCUSSION 

 Although there was not a significant difference between the placebo and control 

group in this study, it is important to recognize that the separator pain model was 

appropriate in inducing experimental pain and the findings were comparable to those of 

previous studies [2, 25].  Like the separator studies completed in the past, our results 

also showed that the amount of pain peaked at 24 hours after separator placement and 

then decreased between 24-48 hours after placement.  This is important to note that we 

were able to replicate the separator model and the pain experience generated from 

orthodontic separators can be a valid model for future studies of orthodontic pain. 

Patient recruitment was challenging in this study and could be improved in future 

studies.  Our study was a pilot study and had a fairly small sample size (N=20) and we 

recommend a much larger sample size in follow-up studies.  Patients were recruited by 

posting flyers around the University of Florida main campus and College of Dentistry.  

This resulted in a large number of participants being dental students.  Because the 

dental school is a small community, we realized that some communication was going on 

among the students prior to their participation.  This could have skewed the data 

because the subjects were hearing rumors of the separators being painful before they 

even presented to our clinic.  This could have incorporated some bias into their 

expectations of pain and more than likely diminished the placebo effect.  We 

recommend to avoid using subjects in future studies where this problem could result. 

 Although the participants in the placebo group did have a lower pain expectancy 

and recorded average pain level at all three time points, the difference between the 
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control and placebo groups was not statistically significant.  This could have been due 

to the placebo effect being too weak.  In order to induce the placebo response, a 

suggestive prompt was used saying “You will be receiving separators that are frequently 

used in orthodontics to create small spaces between the teeth and are thought to 

decrease pain”.  Perhaps this was not enough to induce a strong placebo response.  

Because most people associate a doctor and all things associated with a doctor’s office 

to be helpful and to decrease pain, perhaps playing up the doctor role could have 

initiated more of a response.  In the future, if the investigator wears a white coat, a 

stethoscope, and reiterates more that their pain will be decreased, perhaps the 

investigator would be more believable.  Another way to induce a stronger response 

could be to show a video instead of reading a prompt where the subject watches a 

patient having separators placed while smiling and acting like it is a positive situation. 

Another limitation with our study was that we had two investigators (one male and one 

female) that alternated reading the prompt and placing the separators on the subjects.  

This could have had an effect on the participants’ expectations and would be better for 

future studies for the same investigator to place the orthodontic separators in all 

subjects.  

 When looking at the data from the study, it was noted that the standard 

deviations were very large.  This confirmed that regardless of the cognitive suggestions, 

there is a large variation with pain between individuals and it is very subjective and 

based on multiple factors.  The large standard deviations also confirmed that a larger 

sample size is needed to detect a statistical difference between study groups. 
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 Although only the averages were mentioned in the results above, it was 

interesting to look at the ranges of pain among the individual subjects.  There were a 

few subjects in each the placebo and control group that had pain levels from 0-1 

throughout the entire study.  There were also subjects in each group that reported 

intense pain over 9 on the VAS scale.  This large range in pain must be the result of 

other factors, such as genetic variations.  The saliva samples were sent to the 

University of Kentucky to complete a genetic analysis and this will also be closely 

evaluated.  Single nucleotide polymorphisms (SNPs) are located within genes and have 

been associated with moderating pain sensitivity in human beings. SNPs associated 

with different catechol-O-methyltransferase genotypes have been related to an increase 

in pain responses [26, 27].  Catechol-O-methyltransferase SNPs have also been linked 

to the placebo response and should be looked at closely in future studies [27]. 
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CHAPTER 5 
CONCLUSIONS 

 The orthodontic separator model to study pain successfully mirrored previous 

studies.  Subjects began to show a pain response at 4 hours, average pain peaked at 

24 hours, and then decreased between 24-48 hours.  The placebo group had a lower 

pain expectation than the control group after being read a suggestive prompt, but this 

was not statistically significant.  As expected, the placebo group had lower average 

reported pain than the control group at 4 hours, 24 hours, and 48 hours, but there was 

not a significant difference at any of these time points.  There was great variability 

between individual subjects and the amount of pain they reported from the orthodontic 

separators, and a genetic analysis from their saliva samples will be analyzed in the 

future.  This was a pilot study with only 20 subjects, and a larger sample size is 

recommended for future research studies.   
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