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Abstract

Objective: The purpose of this prospective pilot study was to assess if clear aligneradjunct
therapies: “Chewies®” (Chew) or “PULSystem®” (Pul) affected reported pain, compliance,
satisfaction or tray effectiveness.

Methods: With OHSU IRB oversight, subjects were recruited according to inclusion criteria of
planned orthodontic therapy without the extraction of teeth, use of orthodontic elastics or
interproximal tooth reduction duringfirst four alignertrays, and a cervical vertebral maturation
(CVM) index of 24. Subjects were randomly divided into 3 groups: Chew, Pul, and control (CG).
Surveys were usedto assess treatment pain, compliance, and satisfaction. Clear aligner efficacy
was estimated by evaluatingthe difference in predicted and post-tray tooth positions.

Results: Ten subjects completed participation: Chew (N=3), Pul (N=4), and CG (N=3). Chew and
Pul groups reported s significantly lower levels of ‘frustrating’ pain (p<0.01 and p<0.05,
respectively) and the Pul group reported significantly lowerlevels of ‘strange’ pain (p<0.05)
when compared to the CG. The Pul group exhibited asignificantly lowerreported painduring
the second week of alignertray wear when compared to the firstweek during trays 1, 2, 3, and
4 compared to CG (p<0.01). All groups reported high compliance, and no significant group
differences with respectto daily hours of tray use (Chew 2012, Pul 22+1, and CG 21+2) and days
per week of tray wear (Chew 70, Pul 720, and CG 6%1). All groups showed high satisfaction
with aligner experience, with nosignificant group differences. There were no significant
differencesintray efficacy between Chew, Pul, and CG.

Conclusions: Adjunct therapies may decrease pain intensity and duration, and influence tray

efficacyin tooth movement.



. Introduction

As the demand for orthodontic treatment has grown, the desire for more esthetic
alternativesto traditional fixed appliances has also increased. Specifically, clearalignertherapy
providesaremovable estheticalternative as well as other benefitsincludingimproved oral
hygiene, fewerand shorter appointments, and feweremergency visits.! Additionally, adults
who were treated with clear aligners reported less pain and fewer negative impacts on their
livesduringthe firstweek treatment when compared to those treated with fixed appliances.?
These advantages not only contribute to the increasing demand of clear alignertherapy, but
also theiradjunctive therapies. Adjunctive therapies are available directto consumers, often
marketed with the claimthat they aid in alignertreatment. Currently valued at a 2.85 billion
dollarglobal market, clear alignersand theiradjunctive therapies are a well desired treatment
alternative to fixed orthodonticappliances.3 As clear aligneradjunct therapies continue to be
prescribed by clinicians, itis important to better understand these devices. Although literature
shows clinical observations and patientreports, future research is needed to show the
measurable effects clear aligneradjunct therapies may have on patientexperience and
treatment efficacy.

Clear alignertherapy utilizes clear plastictrays to provide tooth-movingforces, as well
as tooth-colored attachments to improve dental retention.? Patients treated with clear aligner
therapy must be carefully monitored to assessif theirteeth are movingin the right direction,
with respect to their determined treatment plan. The concept of accurately achieving predicted
tooth positionsiscalled “alignertracking.”> An assessment of clinically acceptable tracking

includesthe clear aligner tray presenting with a close-fitwhere the teeth are completely



seated.?If the actual position of the teeth does not match the predicted position, the treatment
is consideredto be not tracking. Tracking errors are noted when teeth are not seated withinthe
plastic tray, forminga gap betweenthe tooth and the tray.® Previous studies evaluated tracking
by comparing the difference of actual and predicted tooth positions as a method to assess
alignertreatment accuracy.’”- 8 A lack of clear alignertracking will compromise the result of
orthodontic treatment. Tracking problems can be attributed to a variety of reasons including
the trays not being fully seated, a lack of tray compliance, distorted trays, broken or missing
tray attachments, distortionsinimpression or scans, and restrictions of the tray material.

Clear aligneradjunct therapies have been created to overcome observed tracking
problemsand increase patient comfort during treatment. Examples of adjunctive therapies
include commercial products such as “Chewies®” and “PULSystem®.” These products are
available to consumers on the market and used by orthodontists to aid in seatingand removing
clear aligners. Chewies (Dentsply Sirona Raintree Essix, Sarasota, FL) (Figure 1) are cotton-roll
shaped styrene copolymeraccessories which are prescribed to assist with fully seatingclear
alignertrays.® If a gap is visible between the tray and teeth, these log-shaped accessories can be
used by patientsto focus on an area to achieve tray-seating, with the aim of improving
tracking.? Bowman et al. also described how this product was utilized to achieve specificdental
movementsand improve the predictability of orthodontictreatment.? PULSystem (PUL
Technologies, San Francisco, CA) (Figure 2) isa hook-cushion hybrid made of polycarbonate and
thermoplastic polyurethane. This appliance has been purported by the manufacturer to
facilitate the seating of clear alignertrays by biting on the cushion, as well as aidingin aligner

removal by using the hook to engage and remove the aligner.10



Dental painand soreness are well-known side effects of orthodontic movement.
Orthodontic pain has a reported prevalence of 72-100% and is thought of as a combination of
ischemia, inflammation, and edema. 11. 12 Non-steroidal anti-inflammatory drugs (NSAIDs) are
reported as the most successful way of reducing orthodontic pain by targeting the
inflammatory mediators.13Biting pressure is also believed to cause a temporary displacement
of teeth, alleviating orthodonticpressure and relieving pain. This phenomenonisreferred to as
the “bite wafer” effect.14Farzanegan et al. conducted a randomized clinical trial to evaluate the
pain managementin patients with fixed orthodonticappliances. The study found that both
chewinggum and viscoelasticbite wafers are effective for pain reductionin orthodontic

patientsand can be recommended as suitable substitutes for ibuprofen.1>

Clear aligneradjunct therapies have been observedto play a role in pain managementin
a similarmanner. Penn, the founder of “Munchies”, summarized an unpublished pilot study
conducted by Sharp and Dove which focused on an dental-anatomy specificadjunct device
(“Munchies”, EOCA MD Pty Ltd, New South Wales, Australia). The unpublished study
purportedly found that 70% of patients using the adjunct therapy with clear alignersreported
pain reliefinduced by the “bite wafer effect”.24 This conclusion was referencedin a featured
article published by the Postgraduate School of Dentistry (Double Bay, Australia) however, the
pilot study was not found whenthe published literature was searched.#It is unclear how pain
relief was measured and if a control group was used as comparison. The lack of peer-reviewed
publications on clear aligneradjuncts warrants furtherinvestigation on orthodontic treatment

effects.



The purpose of this study was to assess if clear aligneradjunct therapies on the market
produce a clinically measurable effect on treatment comfort and efficacy of tooth movement.
The findings of this study will allow orthodontists to betterunderstand the effects adjunct
therapies can have on clear alignertray tracking and patientexperience. The firstaim of this
study was to investigate if adjuncts affected reported pain in the first week of each tray (week
1), the last week of each tray (week 2), and overall pain after the firstfour trays used of
comprehensive alignertreatment. A second aim was to test if adjuncts play arole inclear
alignertreatment compliance and satisfaction. A third aim was to testif these adjuncts affected
the efficacy of tooth movementby testing for group differencesinclear alignertracking. The
null hypothesesare as follows:

1. There were no significantdifferencesin overall and daily pain scores for i) cotton-roll
shaped adjuncts ii) hook-cushion shaped adjuncts.

2. There were no significantdifferencesini) compliance and ii) satisfaction scores
amongst adjunct and control groups.

3. There were no significant differencesintray efficacy/tooth movementamongst adjunct

and control groups.

Figure 2. “PULSystem”, PUL Technologies,
San Francisco, CA.Image downloaded from

thepultool.com.

Figure 1. “Chewies”, Dentsply Sirona
Raintree Essix, Sarasota, FL. Image captured
at OHSU Orthodontic Clinic.



. Materials and Methods

The protocol for this study was approved by the Oregon Health & Science University

(OHSU) Institutional Review Board (Appendix A). This was a randomized prospective study that

involved patients who presented to OHSU Orthodontics Clinicfor orthodontic clear aligner

treatment.

SubjectSelection

Patients who presented for clear alignertreatment were screened for eligibility

to participate in this study. Eligibility inclusion criteriawere individuals between 18-75

years old and Cervical Vertebral Maturation (CVM) stage 4 and higher, who desired clear

alignertreatment. ¢ Additionally, each individual’s treatment plan did not include
elasticwear or interproximal tooth reduction (IPR) for the period of this research.
Exclusion criteria were individuals whose treatment planincludedinter-arch elastic
wear for the period of this research (firstfour alignertrays) or dental extractions.

Additional exclusion criteriaincluded individuals with clenching/grinding habits,

relatively very short clinical crowns, and females who were pregnant during treatment.

When patientrecords were evaluated for treatment planning, eligibility for
participatingin this study was also determined. Those who met the criteria were
recruited for the study using the Subject Recruitment Script (Appendix B) during the
treatment consultation appointment. Subject recruitment occurred at the Oregon
Health & Science University School of Dentistry (OHSU) in Portland, OR. Ifthe subject

chose to participate, then informed consent (Appendix C) and survey data were

10



collected. If the patient declined participation, then any data collected for the purposes

of the study were destroyed immediately.

Experimental Groups

This study focused on three groups A) cotton-roll shaped adjuncts (Chew, Figure 1), B)
hook-cushion hybrid adjuncts (Pul, Figure 2), and C) no adjuncts (control). The cotton-roll
shaped adjuncts were available in OHSU Orthodontics Department. The hook-cushion hybrid
adjuncts were provided by the manufacturer for the purposes of this study. Both devices are
also available direct-to-consumeron numerous online platforms. Participants were given their
respective appliances, along with instructions on how to use them. Subjects had the optionto
keep the devicesafterthe study.

Subjects were randomly assigned to Group Chew, Group Pul, or control (CG) group.
Group Chew subjects were provided the cotton-roll shaped adjuncts with writteninstructions
(Figure 3) on how to use these. Group Pul subjects were provided the hook-cushion hybrid
adjuncts with written instructions (Figure 4) on how to use these, while (CG) subjects were
provided no adjunct appliance. Subjects were alsoverbally instructed on how to use appliance,

if applicable, and how to assess tray tracking.

Data Collection

The data collected for thisstudy were: pre-treatment subject demographicsincluding
age, sex,and Angle’s classification; pre-treatmentand post-tray 4 (V2) surveyresponses (see

below for details), and intra-oral digital scans.
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Depression Survey: Patient Health Questionnaire-9 (PHQ9) (Appendix D)
The PHQQ9 is a validated nine-question measure for depression severity in the past two
weeks. Iltems were scored on a four-point Likert scale of “0 = not at all,” “1 = several days,”
“2 = more than half the days,” and “3 = nearly every day.” The level of depression was
defined by a total score of 0-4 for minimal depression, 5-9 for mild depression, 10-14 for
moderate depression, 15-19 for moderately severe depression, and 20-27 for severe
depression.1”.18The PHQ9 was developed by Kroenke etal. and downloaded from and
internetsite (Pfizer US Pharmaceuticals, New York, NY). 17,19

Anxiety Survey: General Anxiety Disorder-7 (GAD7) (Appendix E)
The GAD7 is a validated seven-question measure foranxiety severity inthe past two weeks.
Items were scored on a four-point Likert scale of “0 = not at all”, “1 = several days”, “2 =
more than half the days”, and “3 = nearly every day.” The total scores were defined as 0-4
for minimal anxiety, 5-9 for mild anxiety, 10-14 for moderate anxiety, and 15-21 for severe
anxiety. 2021 The GAD7 was developed by Spitzeret al. and downloaded from and internet
site (Pfizer US Pharmaceuticals, New York, NY). 19,21

Somatization/Physical Symptoms: Patient Health Questionnaire-15 (PHQ15) (Appendix F)
The PHQ15 is a validated 15-question measure for somatic symptoms inthe past four
weeks. ltemswere scored on a three-point Likert scale of “O = not bothered”, “1 = bothered
a little”, and “2 = bothered a lot.” The total scores were defined as 0-4 for minimal, 5-9 for
mild, 10-14 for moderate, and 15-30 for severe levels of somatization. 22 23 The PHQ15 was
developed by Kroenke etal. and downloaded fromand internetsite (Pfizer US

Pharmaceuticals, New York, NY). 19, 23
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Pain Survey (Appendix G)
The modified McGill Pain Questionnaire is a validated three-part survey to assess
orthodontic pain.2* The first part contained 15-items on various aspects of pain scored on a
four-pointLikertscale of “0 = no pain”, “1 = mild pain”, “2 = moderate pain”, and “3 =
severe pain.” The second part asked subjects to mark the severity of their pain using a
visual analog scale for the range “no pain” to “worst pain possible.” Part three included a
ranking of current pain level from “0 = no pain”, “1 = little pain”, “2 = moderate pain”, “3 =
bad pain”, “4 = horrible pain”, and “5 = extreme pain.” 24 25 This survey was be used to
assess daily pain while subjects wore alignertrays as well as overall pain during the study.

Compliance Survey (Appendix H)
The compliance questionnaire is a two-part survey that was used to assess the subject’s
clear alignerwear compliance throughout the study. The first part (Appendix H1) was a
daily question with a sliding bar from 0 to 24 hours a day. The second part (Appendix H2)
was an overall assessment of daily and weekly wearwith a similarsliding bar responses for
hours per day and days per week, respectively. Additionally, any free response comments
were collected at the end.

Satisfaction Survey (Appendix|)
The satisfaction questionnaire is a two-part survey that was used to assess subject
satisfaction for the duration of the study that was modified from Milleret al. which inturn
was adapted from validated Geriatric Oral Health AssessmentIndex.2The first part was
derived from a validated survey to assess subject satisfaction while usingaligners. It

contained four items ranked on a five-point Likert scale of “1=never”, “2=seldom”,

13



“3=sometimes”, “4=often”, and “5=always.” 2 The second part included five modified
customer effort score survey questions usedto assess other aspects of subject satisfaction.
The items were scored on a seven-point Likert scale of “1=strongly disagree”, “2=disagree”,
“3=somewhat disagree”, “4=neutral”, “5=somewhat agree”, “6=agree”, and “7=strongly
disagree. For experimental Chew and Pul groups there were three additional items that
assess subject satisfaction of the adjunct appliance and likelihood to recommend the
appliance.

Angle’s Classification
The subjects were identified as Class I, II, or 11l dental malocclusion using Angle’s

classification of malocclusion. 26

Intra-oral Pre-treatment Scan
Pre-treatment scans were captured usingan iTero® intra-oral scanner optical impression
device (Model:iTero Element, Align Technology, San Jose, CA). The scans were sentto a
company (Align Technology, San Jose, CA) for treatment planning overseen by OHSU
clinical personnel. These scans were downloaded from the company database.

Intra-oral Post-Tray4 Scan
Post- tray 4 (Visit 2) scans were captured using an intra-oral scanner (Mode: iTero Element,
Align Technology, San Jose, CA or Model: S1AP, S2AP, 3Shape Trios, Copenhagen,
Denmark). The scans were downloaded and imported to digital dental model software

(Ortho Insight 3D® Motionview Software LLC, Hixon, TN) for analysis.

14



Subject Activities

Subjectsurveys were utilized for data collection of PHQ-9, GAD-7, PHQ-15, reported
pain, satisfaction, and compliance. Surveys were provided to the subjects viaan online
platform, approved for use at OHSU (Qualtrics, Provo, UT). Surveys were completed at OHSU or

at each subject’shome. Subjects’ study activities were categorized as the following:

Records appointment
o Treatment records screened for potential subjecteligibility
= Consultation appointment
o Subjectrecruitment script and subject consent form (Appendix Band C)
o Pre-treatmentData Collection-PHQ9, GAD, and PHQ15 Qualtrics surveys
(Appendix))
= Visit (V) 1: Delivery appointment —
o Appliance Instructions— Provided instruction forms, if applicable (Figures 3, 4, 5)
o Quick Response (QR) code provided to access daily surveys (Figure 6)
= Between V1 and V2 appointments (Eight weeks) -
o Subjectswore each tray for two weeks
o Dailypain, compliance, and satisfaction surveys completed (Appendix K)
o Reminderswere sentif no survey data were collectedina 48-hour window
» V2 (post-tray 4) appointment —
o Progress assessmentintraoral scan was captured
o V2 PHQ-9, GAD-7, and PHQ-15 online surveys (AppendixJ)

o Overall pain, compliance and satisfaction surveys completed (AppendixL).

15



Data Analysis of Treatment Efficacy

Treatment efficacy was determined by assessingthe differencesin position of the
caninesand incisorteeth when compared to predicted positions of the teeth after Tray 4. The
subject’sintra-oral scans from V2 (posttrays 4) were downloaded as a Steriolithography (STL)
file and labeled as “post”. Maxillary (MX) occlusal and mandibular (MD) occlusal views were
each derived as a portable network graphics (png) file, givinga two-dimensional view of the
occlusion. The predicted occlusal positions for timepointtray 4 were captured as png files from
a cloud-based commercial software (ClinCheck Pro® 6.0, Align Technology, San Jose, CA) used
for clear alignertreatment planning. These images were labeled as “Pred.” Each subjecthad a
total of four png files: MXPost, MXPred, MDPost, and MDPred. This study had a total of 40 png
images.

Images were analyzed using a custom-built computer program (MATLAB 2019, The
MathWorks Inc., Natick, Massachusetts). The computer program was developedto quantify
tooth movement after the wearingof trays 1-4, for comparison with predicted movement using
the four image filesfor each subject. On each image four pre-measured reference points were
added to allow the computer program to calibrate for scale differences between predicted and
post-tray 4 images (Figure 7). Followingthe scaling protocol, the custom computer program
provided prompts to identify sequential images fordigitization (Appendix M). The program
calculated the difference between actual and predicted tooth positions by providinga AX and
AY absolute valuesfor 3 points on each of the caninesand incisors. The points chosen were
those that were reproducible on the distal-occlusal surface, mesial-occlusal surface, and

cingulum area of each tooth (Appendix M). AX valuesrepresented a change parallel to the

16



transverse axis of the dental arch (horizontal axis of the image) and AY valuesrepresented a
change parallel to the anteroposterioraxis (vertical axis of the image) (Figure 7). Absolute
values were averaged for each tooth, creating AX and AY averages that were utilized to
estimate the tooth position differences between post-tray 4 and predicted treatmentimages.
The detailed steps can be found in the scan labeling protocol in Appendix N.

Statistical Analysis

Means, standard deviations, and ranges were calculated for PHQ9, GAD7, PHQ15, pain,
compliance, and satisfaction total scores. ANOVA and Tukey’s post hoc tests determined if
there were significant group differencesin pre-treatmentvs. post-tray 4 survey data and post-
tray 4 vs. predicted tooth position differences. Kruskal-Wallis tests were used to test for group
differencesinreported compliance. T-tests were used to analyze for group differencesin
reported daily pain, and Chi-squared tests were used to identify group differencesin overall
pain and satisfaction. Statistical significance was set at a = 0.05. Effectsize and powerwere
calculated for the sample. Intraclass correlation coefficient was calculated to determine intra-
rater reliability. Software was used for statistical analyses (R version 4.2.1 (2022-06-23), R Core
Team, Auckland, New Zealand) and graphical figures (Microsoft® Excel version 16.38, Microsoft

Corporation, Redmond, Washington).
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M CAAT Study

Thank you for volunteering to be a part of our project.

Today you were provided with 4 clear aligner trays. Please make sure to:
o Wear the trays at least 22 hours a day.
o Wear each tray for 14 days.
o Use the Chewies when seating your trays.
o Complete the daily survey.

How to use the Chewies:

When seating the aligner trays, use the Chewies by biting on the appliance. Bite solidly
between your teeth for 10-15 seconds, release, and repeat. Move from your front teeth and
work your way to your back teeth. If you see a gap in the tray, make sure to chew on the
chewies until the tray is seated all the way.

Bite down in the front to Bite around to the back to
seat the tray all the way. seat the tray all the way.

Images captured at OHSU Orthodontics and used with patient’s permission.

Figure 3. Instruction handout for Chew group.

18



M CAAT Study

Thank you for volunteering to be a part of our project.

Today you were provided with 4 clear aligner trays. Please make sure to:
o Wear the trays at least 22 hours a day.
o Wear each tray for 14 days.
o Use the PulSystem when seating your trays.
o Complete the daily survey.

How to use the PulSystem:

When seating the aligner trays, use the PulSystem by biting on the end of the appliance. Bite
solidly between your teeth for 10-15 seconds, release, and repeat. Move from your front
teeth and work your way to your back teeth. If you see a gap in the tray, make sure to bite on
the PulSystem until the tray is seated all the way.

Bite Down & Around

Images included with permission from thepultool.com
When removing the aligner trays, use the hook of the PulSystem to engage and remove the
trays.

Images included with perm ission from thepultool.com

Figure 4. Instruction handout for Pul group.
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M CAAT study
Thank you for volunteering to be a part of our project. ‘ CAAT Study

Today you were provided with 4 clear aligner trays. Please make sure to:
o Wear the trays at least 22 hours a day.
o Wear each tray for 14 days.
o Complete the daily survey.

Please complete your daily survey!

Figure 6. Quick Response (QR)

For upper teeth:
+AX = image’s left/subject’s right
-AX = image’sright/subject’s left
+AY = top of image/ anterior of teeth
-AY = bottom of image/posterior of teeth

Subject’s Subject’s
Right * AKX et

For lower teeth:
+AX = image’s left/subject’s right
-AX = image’sright/subject’s left
+AY = top of image/ posterior of teeth
-AY = bottom of image/anterior of teeth

Anterior

Figure 7. Prediction and Post-tray 4 Image Orientation.

20



lll.  Results

Eleven subjects met inclusion criteria, gave informed consent, and were enrolledin
the study. One subject was not included in the study due to insufficient survey responses.
Subjects were randomly assigned to three groups. Three subjects were assigned to the Chew
group, four subjectsto the Pul group, and three subjects to the control group (CG). Mean age
+ standard deviation for the groups at study enrolimentwere 49 £ 23 years for Chew, 54 + 12
years for Pul, and 43 + 10 years for the CG. There were no significant age differences between
the groups (p=0.65, Table 1). The percentof femalesin each group was 100% female for the
Chew group, 75% female forthe Pul group, and 100% female for the CG (Table 1). The
percent of Angle’sclass|l vs. class | malocclusionin each group was 67% vs. 33% in the Chew
group, 25% vs 75% inthe Pul group, and 0% vs. 100% inthe CG (Table 1).

PHQ-9, GAD-7, and PHQ-15 Survey Analysis (Table 2)

Pre-treatmentand post-tray 4 PHQ-9 scores were not significantly different between
Chew, Pul, and control groups (p=0.16 and p=0.27, respectively, Figure 8). All three groups’
pre- and post-tray 4 mean scores indicated minimal depression (Chew group pre: 020 and
post: 1+1, Pul group pre: 443 and post: 5¢3, CG pre: 3+4 and post: 313).

Pre-treatmentand post-tray 4 GAD-7 scores were not significantly different between
Chew, Pul, and control groups (p=0.34 and p=0.19, respectively, Figure 9). Chew and control
groups’ pre- and post-tray mean scores indicated minimal anxiety, while the Pul group’s mean
scores indicated mild anxiety (Chew group pre: 1+2 and post: 244, Pul group pre: 624 and

post: 745, CG pre: 443 and post: 416).
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There were significant differencesin pre-treatment PHQ15 scores between Chew and
Pul groups compared to the control group (p<0.001 and p<0.05, respectively, Figure 10). Post-
tray 4 PHQ-15 scores were not significantly different between Chew, Pul, and control groups
(p=0.08 and p=0.24, respectively, figure 10). The Chew group’s pre and post-tray, as well as
the Pul group’s pre-treatment mean PHQ-15 scores indicated minimal somatization. The Pul
group’s post-tray, and the CG’s pre- and post-tray mean scores indicated mild somatization.
(Chew group pre: 2+2 and post: 313, Pul group pre: 4+1 and post: 54, CG pre: 8+3 and post:

8+1).

Pain Analysis

All groups reported overall low levels of pain during Trays 1 through 4 (Table 3).
Althoughthe Chew and Pul groups reported lowerlevels of pain when compared to the
control group, the differences were not statistically significant (p=0.69). The modified McGill
pain questionnaire measured the intensity of various aspects of pain by using the following
terms: pressure, sore, aching, throbbing, tight, cutting, burning, tingling, pulling, dull,
uncomfortable, strange, frustrating, annoying, and miserable. Comparedto the control group,
the Chew and Pul groups reported significantly lowerlevels of ‘frustrating’ pain (p<0.01 and
p<0.05, respectively) andthe Pul group reported significantly lowerlevels ‘strange’ pain
(p<0.05) (Figure 11). Although not statistically significant, the Chew and Pul groups reported
lowerlevels of ‘uncomfortable’ and ‘tight’ pain compared to the control group (Figure 11).

Daily reported pain was consolidated into weekly averages for each subject. This

allowed group comparisons of pain levels duringwear of each aligner (trays 1-4) for the first
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week compared to the second week. The Pul group showed a significantdecrease in reported
pain from the first week to the second week of alignertray wear compared to the control

group (p<0.01, Figure 12).

Compliance Analysis (Table 4)

All groups reported high compliance of days/week and hours/day of alignerwear, with
no significant difference between Chew and Pul relative to CG (Chew: p=0.23 and p=0.49; Pul:
p=1.0 and p=0.17, respectively). Chew reported 20 +2 hours/day and 7 +0 days/week, Pul
reported 22 +1 hours/day and 7 +0 days/week, and the control reported 21 +2 hours/day and

6 +1 days/week compliance.

Satisfaction Analysis (Table 5)

Chew and Pul groups reported higherlikelihoods torecommend alignertreatment and
highersatisfaction with the alignerexperience compared to the control group, although the
differences were notstatistically different (p=0.10 and p=0.51, respectively). Adjunct-use
groups reported highlikelihoods to recommend their appliances; the Chew group score was

7/10 and the Pul group score was 9/10.

Efficiency Analysis

The efficacy measurementwas defined by differences between predicted tooth
positionvs. actual tooth position post-tray 4. Anteroposteriorand transverse linear

differences between predicted (ClinCheck Pro®) tooth positions points and post-tray 4 tooth
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positionswere computed for 3 points per tooth for the maxillary and mandibularanterior
teeth by group (Tables6 and 7). There were no significant differences between groups with
respect to the x-axis (anteroposterior) tooth positions of mandibularand maxillary anterior
teeth (Figure 13). There were no significant differences between groups with respect to the y-
axis (anteroposterior) tooth positions of mandibular and maxillary anteriorteeth. (Figure 14).
Intra-rater reliability was determined forthe tooth tracking measurements. Intraclass
correlation coefficient (ICC) was 0.82, indicating good reliability, as defined by ICC>0.75.27 Given
the low number of subjectsrecruited, the observed powers of all groups were less than 0.80
(Chew:0.06 and Pul: 0.12). Based on the pilotdata of efficacy of tooth movement, there was a
medium effectsize (Chew: 0.4; Pul: 0.5), indicatingthe potential for clinically significant findings
when sufficient numbers of subjects participate. A power analysisindicated a required sample

size of 56 subjects for Chew and 33 subjects for Pul to achieve a B of 0.80.
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Table 1. Subject Demographics: Mean age, sex and malocclusion distribution. No significant age
differenceswere found between the groups (p=0.65).

Chew Pul CG

(N=3) (N=4) (N=3)
Mean (Standard Deviation) 49 (23) 54 (12) 43 (10)
Age inyears at start of study
Number of Females (percent) 3 (100%) 3 (75%) 3 (100%)
Number of Males (percent) 0 (0%) 1 (25%) 0 (0%)
Number of Class | 1(33.3%) 1 (25%) 3 (100%)
Malocclusions (percent)
Number of Class Il 2 (66.7%) 3 (75%) 0 (0%)

Malocclusions (percent)

Table 2. Mean (Standard Deviation) total scores for surveys pre and post-tray 4 and category
for each mean total score. Pre-treatment and post-tray 4 PHQ-9 scores were not
significantly different between Chew, Pul, and control groups (p=0.16 and p=0.27,
respectively). Pre-treatment and post-tray 4 GAD-7 scores were not significantly
different between Chew, Pul, and control groups (p=0.34 and p=0.19, respectively).
There were significant differences in pre-treatment PHQ15 scores between Chew and
Pul groups compared to the control group (p<0.001 and p<0.05, respectively). Post-tray
4 PHQ-15 scores were not significantly different between Chew, Pul, and control groups
(p=0.08 and p=0.24, respectively).

Chew Pul CG
(N=3) (N=4) (N=3)
PHQ9 Score
Pre-Tx 0(0) 4 (3) 3 (4)
minimal minimal minimal
Post-Tx 1(1) 5(3) 3(3)
minimal minimal minimal
GAD7 Score
Pre-Tx 1(2) 6 (4) 4 (3)
minimal mild minimal
Post-Tx 2 (4) 7 (5) 4 (6)
minimal mild minimal
PHQ15 Score
Pre-Tx 2(2)"" 4(1)" 8(3)
minimal minimal mild
Post-Tx 3(3) 5 (4) 8(1)
minimal mild Mild

Note: ***p <0.001, **p <0.01, *p < 0.05
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Figure 8. Pre and post-tray 4 Patient Health Questionnaire-9total scores. Linesin box plot
indicate medianvalue for the data set. Pre-treatmentand post-tray 4 PHQ-9 scores were not
significantly different between Chew, Pul, and control groups (p=0.16 and p=0.27, respectively).
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Figure 9. Pre and post-tray 4 General Anxiety Disorder-7total scores. Lines in box plot indicate
medianvalue for the data set. Pre-treatmentand post-tray 4 GAD-7 scores were not
significantly different between Chew, Pul, and control groups (p=0.34 and p=0.19, respectively).

26



% % %k

g 12 J |

E Chew mPul mCG

g 10
8 =
35 —
]
O E
g 6
T o T
o -

14}

E 4

=

e |

<

& 2

= T
0 L L
Chew Pul CG Chew Pul CG
Pre-Tx  Pre-Tx  Pre-Tx Post-Tx ~ Post-Tx  Post-Tx

Figure 10. Pre and post-tray 4 Patient Health Questionnaire-15total scores. Lines in box plot
indicate medianvalue for the data set. There were significant differencesin pre-treatment
PHQ15 scores between Chew and Pul groups compared to the control group (p<0.001 and
p<0.05, respectively). Post-tray 4 PHQ-15 scores were not significantly different between Chew,
Pul, and control groups (p=0.08 and p=0.24, respectively).

Note: **p <0.001, **p <0.01, "p < 0.05

Table 3. Overall reported pain. All groups reported overall low levels of pain during trays 1-4.
Although Chew and Pul groups reported lowerlevels of pain when compared to the control
group, the differences were not statistically significant (p=0.687).

Chew (N=3) Pul (N=4) (o c{\'EX))

No Pain 33% 50% 0%
Little Pain 67% 50% 100%
Moderate Pain 0% 0% 0%
Bad Pain 0% 0% 0%
Horrible Pain 0% 0% 0%
Extreme Pain 0% 0% 0%
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Figure 11. Overall average reported pain scores from modified McGill pain questionnaire for
the three groups. When compared to the control group, Chew and Pul groups reported
significantly lowerlevels of ‘frustrating’ pain (p<0.01 and p<0.05, respectively) andthe Pul
group reported significantly lowerlevels ‘strange’ pain (p<0.05).

Note: ***p <0.001, **p <0.01, "p < 0.05
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Figure 12. Average percent decreasesin reported daily pain between weeks 1-2 of each aligner
tray wear for three groups. The Pul group showed a significantdecrease in reported pain from
the firstweek to the second week of alignertray wear compared to the control group for all
four trays (p<0.01).

Note: *™**p <0.001, **p <0.01, "p < 0.05

28



Table 4. Overall reported compliance. All groups reported high compliance of days/weekand
hours/day of alignerwear, with no significant differences between Chew and Pul groups
relative to CG (Chew: p=0.23 and p=0.49; Pul:p=1.0 and p=0.17, respectively).

Chew (N=3) Pul (N=4) CG (N=3)
Days worn per week
Mean (SD) 7 (0) 7 (0) 6 (1)
Median [Min, Max] 7(7,7) 7(7,7) 7(5,7)
Hours worn per day
Mean (SD) 20 (2.) 22 (1) 21 (2)
Median [Min, Max] 20 (18, 22) 23 (20, 23) 20 (20, 23)

Table 5. Overall reported satisfaction. The Chew and Pul groups reported higherlikelihoods to
recommend alignertreatmentand a higher satisfaction with aligner experience comparedto
the control group, although the difference is not statistically different (p=0.10 and p=0.51,
respectively). Chew and Pul reported high likelihoods to recommend theiradjunct appliances.

Chew (N=3) Pul (N=4) CG (N=3)

I would recommend aligner treatment to a friend.
Strongly Disagree 0% 0% 0%
Somewhat Disagree 0% 0% 0%
NeitherAgree or Disagree 0% 0% 33%
Somewhat Agree 0% 25% 67%
Strongly Agree 100% 75% 0%

I am satisfied with my aligner experience.

Strongly Disagree 0% 0% 0%
Somewhat Disagree 0% 0% 0%
Neither Agree or Disagree 0% 0% 33%
Somewhat Agree 0% 25% 33%
Strongly Agree 100% 75% 33%

How likely are you to recommend the adjunct appliance out of 10?
7+5 911
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Table 6. Mandibular anteriortooth position efficacies, showing means and standard deviations
for average AX (transverse)and AY (anteroposterior), where positive and negative AX values
indicate differences tothe leftand right of the subject, respectively, and positive and negative
AY values differencesindicate anteriorand posterior, respectively.

chewy pul control
delta x delta y delta x delta y delta x delta y
average Stdev average Stdev average Stdev average Stdev average Stdev average Stdev
LL3 -0.07 0.17 0.10 0.21 0.05 0.18 0.18 0.21 0.04 0.25 0.08 0.26
LL2 -0.04 0.07 -0.03 0.15 0.08 0.12 0.02 0.03 0.02 0.17 -0.04 0.10
LL1l 0.09 0.98 0.02 0.06 0.08 0.13 0.11 0.12 0.09 0.12 0.05 0.04
LR1 -0.08 0.07 -0.14 0.14 -0.09 0.14 0.02 0.06 0.01 0.23 0.05 0.26
LR2 -0.11 0.23 -0.16 0.25 -0.24 0.3 -0.08 0.24 0.11 0.25 0.00 0.23
LR3 -0.09 0.20 -0.07 0.28 -0.13 0.24 -0.29 0.22 -0.05 0.16 -0.06 0.08

Table 7. Maxillary anterior tooth position efficacies, showing means and standard deviations for
average AX (transverse) and AY (anteroposterior), where positive and negative AX values
indicate differences tothe leftand right of the subject, respectively, and positive and negative
AY valuesdifferencesindicate posteriorand anterior, respectively.

chewy pul control
delta x delta y delta x delta y delta x delta y
average Stdev average Stdev average Stdev average Stdev average Stdev average Stdev
UR3 -0.02 0.13 -0.08 0.05 0.00 0.06 -0.07 0.14 0.12 0.21 0.11 0.05
UR2 0.02 0.08 -0.02 0.12 -0.09 0.09 -0.01 0.22 0.05 0.16 0.05 0.05
UR1 -0.06 0.05 0.07 0.25 -0.01 0.04 -0.14 0.12 0.02 0.06 -0.02 0.03
ULl -0.27 0.15 -0.16 0.21 -0.20 0.20 -0.21 0.29 -0.11 0.10 -0.21 0.1le
UL2 -0.32 0.26 -0.39 0.09 -0.27 0.37 -0.30 0.20 -0.20 0.11 -0.16 0.13
UL3 -0.34 0.09 -0.11 0.06 -0.21 0.26 -0.19 0.32 -0.16 0.16 -0.12 0.12
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Figure 13a. Mandibular anterior teeth absolute value differencesinthe x-axis for predicted
tooth positions points and post-tray 4 tooth position. There were no significant difference
between groups intransverse tooth positions.
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Figure 13b. Maxillary anterior teeth absolute value differencesinthe x-axis for predicted tooth
positions points and post-tray 4 tooth position. There were no significant difference between

groups in transverse tooth positions.
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Figure 14a. Mandibular anterior teeth absolute value differencesinthe y-axis for predicted
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32



V. Discussion

The aim of this study was to evaluate if clear aligneradjunct therapies affected subject’s
treatment experience and efficacy. Experience was assessed by subject’s reported pain,
compliance, and satisfaction. Treatment efficacy was estimated by comparing actual tooth
positions to those predicted during treatment planning. Designing a prospective study was
critical to control treatment prescription and adequately evaluate our variables, but proved
difficultforsubject recruitment within the targeted timeframe of nine months. The number of
subjects enrolled was insufficient for clinical application of our findings. Howeverthe data
collected shows direction for future investigation.

Remarkable emotional or physical stresses can alter one’s perception of pain.28 2° For
this reason, it was important to collect pre-treatment depression, anxiety, and somatization
information which may play a role in orthodontic pain interpretation. The pre-treatment data
were also measured after tray 4 to ensure that no significant changes occurred during the time
of thisstudy. Mean PHQ-9 and GAD-7 scores showed no significant differences between groups
and timepoints. Thisindicated that depression and anxiety were unlikely to contribute to pain
level differences. The Chew group had a significantly higher mean PHQ-15 score at pre-
treatment, when compared to the Pul and control groups (p<0.001 and p<0.05, respectively).
However, mean post-tray 4 PHQ-15 scores showed no significant differences in somatization
scores across all three groups. Although somatization scores displayed variance pre-treatment,
itis of value to note that all scores were either “minimal somatization” or “mild somatization.”

When asked to assess overall pain during the first four trays of treatment, all three

groups reported low levels with no significant difference. However, when asked to rate the
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intensity of different aspects of pain, both Chew and Pul groups reported significantly lower
levels of ‘frustrating’ pain (p<0.01 and p<0.05, respectively), and Pul group reported
significantly lowerlevels ‘strange’ pain (p<0.05) compared to the control group. Chew and Pul
groups also described lower levels of ‘uncomfortable’ and ‘tight’ pain when compared to the
control group, though not significantly different. Inaddition, the rate of decrease in daily pain
was analyzed across the three study groups. Pul group exhibited significantly decreased
reported pain from the first week to the second week of alignertray wear when compared to
the control group (p<0.01). These findings warrant future examination of all aspects of pain
with an increased sample size and standardized PHQ-15 scores, to determine whetheradjunct
therapiesaid inclinicallyimproved comfort during alignertherapy.

Chewingforces have beenshown to aid in inflammatory pain relief during orthodontic
movement. 12 15 The findings of this study corroborate thisand show that adjunct appliances
decreasedthe intensity of reported pain. Furthermore, this research exhibits that use of clear
aligneradjuncts, such as hook-cushion hybrid adjuncts (PULsystem), may decrease reported
pain at a faster rate during orthodontic treatment compared to alignertreatment without the
use of adjuncts. An adjunct therapy that decreases pain intensity and duration would have
important clinical relevanceinclear alignertreatment. Future research isneededto
substantiate this discovery.

Adjunct therapiesdid not increase or decrease subject willingness tocomply or
satisfaction with treatment. Chew, Pul, and control groups showed high compliance of aligner
tray wear with no significant differences. Chew, Pul, and control groups also showed high

satisfaction with alignertreatment. Although Chew and Pul reported higherlikelihoods to
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recommend alignertreatmentand highersatisfaction with aligner experience than the control
group, the differences were not statistically different.

Clear alignerefficacy in tooth movement was estimated by evaluating the differences
amongst predicted vs. post-tray 4 tooth positions. Predicted and actual tooth positionswere
not significantly differentforall three groups. The interpretation of the data should be done
with caution giventhat the method used to evaluate tray efficacy has limitations. Firstly, two-
dimensional images were used to analyze dental movements. It was difficult to ensure that the
same projection angle relative to the occlusal plane. A minor difference inthe angle between
the two images would cause magnification and rotation discrepancies. Secondly, the occlusal
view of the dentition limited evaluationto the anteroposterior (y-axis) and transverse (x-axis)
positions of the teeth. The vertical position of the teethis another dimensioninwhich tracking
is vital, and these missing data may have contributed to additional errors in the tracking data.
Thirdly, prediction scans (ClinCheck Pro®) lacked dental anatomy when compared to the post-
tray 4 scans. This made it difficult to assess distinct, reproducible dental features when labeling
pointson the images.

Future investigations should utilize superimposition of three-dimensional predicted and
post-tray 4 scans, in order to avoid the limitations of the technique used in the current study.
This method facilitates control for magnification error in three planes of space. Literature has
compared the efficacy of clear alignertreatment and found that it is not accurate at bodily
dental movement, expansion, extrusion, and torque expression.30-33 Three-dimensional
superimposition of study files would have facilitated an examination of the ability of clear

aligneradjunct therapies to improve efficacy of specificdental movements.
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The small sample size was the greatestlimitation of this research. With a larger subject
pool, subjects’ pre-treatment survey data could have been considered when randomly
distributing subjects into groups. This would have controlled for group differencein pre-
treatment and post-tray 3 depression, anxiety, and somatization scores. Additionally, power
analysis and significant differences would have been more clinically relevant. In addition, due to
the daily time commitment from subjects and the programmatic time constraints, this study
investigated alimited sequence of alignertrays. An extended study that allowed for more
treatment trays may have shown more applicable tracking efficiency outcomes. Itis also likely
that fourtrays is not enough time to show patienttreatment satisfaction differences.
Additionally, subjects did notreport if they used additional pain-relieving medications to treat
orthodontic-associated discomfort. These data should be collected and reportedin future

studies to confirm that pain relief can be attributed to adjunct use.
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V. Conclusions

In this prospective clinical pilot study, the following conclusions were made:
1. i. Cotton-roll shaped adjuncts were associated with significantly lower scores of
frustrating pain compared to a control group.
ii. Hook-cushion hybrid adjuncts showed significantly lower scores of frustrating and
strange pain, and faster decreasesin painduring early alignertray wear compared to
a control group.
2. i.There were nossignificantdifferences between adjunctand control groups in aligner
wear compliance.
ii. Although adjunct groups reported highersatisfaction compared to control, there
were no significantdifferences between groups.
3. There were no significant differences between adjunctand control groups in clear

alignertracking efficacy.
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VI. Comprehensive Literature Review

Clear Aligner Therapy

Clear aligners are removable tooth positioningappliancesfabricated from plastic. They
are designedto form a tight-fitaround dentition and sequentially displace theminto a more
desired position. Although once used to treat mild malocclusions, novel approaches have
allowed clearalignersto be utilized fora greater range of malocclusion.4. As demand for clear
alignertherapy increases, research allows us to understand the benefits and restrictions of this
modality.
Clear Aligner Fabrication

Alignertrays can be fabricated manually, digitally, or a combination of the both. The
manual technique utilizes multiple models, separation of teeth, reposition of teeth in wax, and
suctioning vacuum-formed aligners.! Digitally, CAD-CAM technology allows virtual dental
repositioningand sequencing of orthodontic movement. Once the orthodontic stages are set,
stereolithographyfiles are produced and the aligners are 3D printed.1Clear aligners may also
be fabricated using a combination of both techniques. Forexample, orthodontists may digital
treatment plan orthodontic movements and then 3D print models to use for manual fabrication
of the vacuum-formed aligners. Aligners can be fabricated in varying thickness, commonly being
0.02, 0.025, or 0.030 inch trays.! For Invisalign specifically, it was reported that trays varied
from 0.566 to 0.644 mm thickness.3*
Clear Aligner Biomechanics

In order to achieve dental movements, alignertrays must have a relatively high stiffness

in order to clasp dentition and apply an orthodontic force. Aligners utilize tooth-colored
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composite attachments to provide a handle for trays to better grip onto.4. Attachment size,
shape, and location can vary dependingon the goal movementto be achieved, such as
extrusion, intrusion or rotation. These additions allow clear alignertherapy to better apply
force as well. Alignertrays can vary in shape and thickness to create differentforces through
pressure points and power ridges. ! Clear alignertreatment may also utilize bondable
buttons/hooks, elastics, temporary anchorage devices, and other appliances to successful
correct malocclusions. On average, Invisalign prescribes each alignerto include 0.25 to 0.33mm
of movement.3?

Due to their removable nature, alignertrays must be carefully monitoredto ensure
successful tracking of treatment. An assessment of clinically acceptable tracking includes the
clear alignertray presentingwith a close-fitwhere the trays are completely seated.*Alack of
clear alignertracking will compromise the result of orthodontic treatment. Tracking problems
can be attributed to a variety of reasons, includingthe trays not beingfully seated when worn
by the patient, a lack of tray compliance, distorted trays, and broken or missingtray
attachments.

Effectiveness of Clear Aligners

Clear alignertherapy is a relatively novel appliance in orthodontics. Naturally, literature
shows varying conclusions on aligner effectiveness and efficiency, some of which directly
contradict each other. As the technology continuesto develop, furtherresearch must be
conducted to clarify these results.

Borda et al. assessed teenagers undergoing orthodontic treatment and found that fixed

appliance therapy had more treatment and emergency visits when compared to clear aligner
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treatment. Additionally, they found that clear alignertreatment had improved alignment,
overjet, and occlusion when compared to that of fixed appliances.3> However, a systematic
review conducted by Ke et al. concluded that aligners were less effective asimproving occlusion
and in facilitating torque dental movements when compared to fixed appliances.30

Buschang et al. explored total treatment time in both treatment modalities and found
that aligner patients spent67% lesstimein treatment, attributed to fixed appliancesrequiring
more time in the finish and detail stage.3¢ They also concluded that clear aligner patients
required less chair time duringtheir appointments.36

A systematicreview focused on the effectiveness of Invisalign treatment concluded that
alignerswere successful at leveling, tipping, and derotating teeth, but ineffective with bodily
movement and expansion.31Kravitzet al. considered anterior Invisalign effectiveness and found
that extrudinganteriorteeth was the less accurate movement of aligners, while lingual
constriction was the most accurate.32 Roughly a decade later, theyinvestigated Invisalign’s
effectivenessinfull dentition treatmentand found that buccal-lingual crown tip was the most
effective movement.33
Patient Satisfaction and Compliance

Miller et al. conducted a prospective, longitudinal cohort study involving 60 adult
orthodontic patients (33 with Invisalign aligners, 27 with fixed appliances) and investigated
functional, psychosocial, and pain-related outcomes. They found that those treated with
alignersreported less pain and fewernegative impacts on their lives during the first week of
orthodontic treatment when compared to fixed appliances.2Ke et al. found clear aligner

treatment to have a significantly shortertreatment time when compared to fixed treatment.30
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Fixed appliances are a well-known bacterial plaque trap, increasing the risk of caries and
periodontal disease. Azaripouret al. investigated patients of both treatment modalitiesand
found that those treated with fixed appliances reported significantly more gingival irritation.
Those treated with clear alignersreportedincreased quality of life, less laughinginhibition, less
change to eating habits, and increased dental brushing frequency.3’

As mentioned previously, alarge factor in clear alignertreatment success is compliance
with tray wear to ensure expression of dental movement. Timm et al. aimed to investigate the
factors that may influence aligner wear compliance. Although other literature state the females
tend to be more compliantthan males, they concluded that males were significantly more
compliant, along with those who did not have previous orthodontic treatment.3¢ In a
subsequentarticle, Timm el al. found that with the introduction of electronicreminders, poor
compliance decreased from 24.47% to 9.32%.3°
Current Clear Aligner Market

As of 2021, the global clear aligner market was estimated at $2.85 billion USD with a
projection to grow to $10.04 billion by the end of 2028.3 The increased demand for esthetic
treatment and technological development play a large role in this prediction, despite the
current economic climate and high cost of treatment. Global Market Insights estimate most
aligners costing $4,000-5,000 a case.4? Surveysshow that the increase in adults seeking
treatment is attributed to the availability of clearaligner therapy and lingual braces.(fortune)
Currently, the market is majorly dominated by Align Technology, Inc. (Invisalign) and Institut
Straumann AG (ClearCorrect).3

Clear Aligner Adjunct Therapies
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Clear aligneradjunct appliances have been developedin hopes of overcoming tracking
problems, facilitating dental movements, and reducing pain. A few adjunct appliances on the
market include Chewies, PULSystem, Movemints, Outie Tool, Munchies, and Orthokey. The role
these adjunct appliances have in pain management is described inthe “Pain Management in
Orthodontics” section of this paper.

Chewies are cotton-roll styrene copolymersthat were made the help patients seat their
clear alignertrays. Bowmen et al., the inventor of Chewies, describes the followingappliance
prescriptionto aid in seatingalignertrays: “the patient bites down repeatedly on the soft
Chewies, each the size of a cotton roll, for several minutes a day to help seat the aligners,
especially aseach new pair is started. Chewies are also prescribed when an air gap develops at
the incisal edges. In that case, the Chewie should be positioned directly overthe affected region
to focus the chewingforces, with the patient holdingthe device solidly between the teeth for
10-15 seconds, releasing, and repeating for about five minutestwice a day.”? The article also
describes Chewie use to address anterior open bites by bitingon the appliance to increase
intrusive posteriorforces.? It isimportant to note that thisarticle is based on anecdotes and
further research is needed to confirm these theories.

The PULSystem is a hook-cushion hybrid appliance made of polycarbonate and
thermoplastic polyurethane.? This appliance combines the benefits of the chewy-like seating
appliance with a removinghook, to allow patients to improve both tray seatingand removal.
Clear alignertrays must be frequently removed for patients to eat, drink, or cleantheir teeth.

Since clear aligner trays have a high stiffness and tight dental fit to express dental movements,
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patients may find it difficultthe remove theirtrays and the PULSystem is marketed to decrease
the difficulty.
Pain in Orthodontics

Dental painis a well-known side effect of orthodontic treatmentand not onlyincludes
the sensation of pain, but also the perceptionand interpretation of the pain. Orthodontic pain
has a reported prevalence of 72-100% and is thought of as a combination of ischemia,
inflammation, and edema. 1112 To betterunderstand orthodontic pain, one must understand
pain pathways and management.
Cellular Components of Orthodontic Pain

When a dentition undergoes orthodontic movement, the side of the root that is ‘pulled’
experiencestensionandthe side the force is ‘pushing’ towards experiences compressionand
thus ischemia. The local ischemiacauses the release of nitricoxide from periodontal cells and
triggers the neural pathway of pain sensation. Additionally, recruited leukocytes release
chemotaxinsand inflammatory mediators to stimulate blood vessel dilation and local
inflammation. 1 This process ultimately leads to M1 macrophage promotion of bone resorption
and successful alveolarremodeling.41 As local inflammationintensifies, the pain sensation
pathways are further stimulated.
Neural Components of Orthodontic Pain

Nociception, or the sensation of pain, occurs with the stimulation the spinothalamic
pain pathway. This pathway utilizes myelinated Ad-nerve fibers (fast pain sensation) and
unmyelinated C-nerve fibers (delayed pain sensation).42These fibers are activated through

noxious stimuliand once the pain thresholdis reached, they trigger a cascade of events. Once
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the two afferent nerve fibers are stimulated, the dorsal horn of the spinal cord is activated and
signalsthe central nervous system.*2 In orthodontics, the neurons activated are in the
trigeminal gangliaand synapse at the trigeminal nucleus caudalis of the medullaoblongata and
ultimately the nucleus caudate of the thalamus. From here, the thalamus projectsto other
areas of the pain instigating pain perception.1?

Interpretation of Orthodontic Pain

Once nociceptionis processedin other areas of the cortex, unpleasant feelings
generate. Pain from tooth movement can be described as dull, sore, pressure and
uncomfortable.l1Facial muscles can be stimulated to produce expressions of discomfort, such
as grimacing and closingeyelids.!tInrats, it has been show that orthodontic movement causes
emotional stressindicated by increased anxiety, discomfort, and aggression, as well as
decreased explorative behaviors.*3Itis likely that orthodontic patients experience similar
emotional stresses.

While pain can induce distress, emotional stresses, such as depression, can also alter the
perception of pain. Thompson et al. conducted a meta-analysis of 32 studies and concluded
that the modality of the pain isa factor on if depression affected paininterpretation.
Specifically, they found that depression lead to a decreased pain threshold (increased pain)
during ischemic-induced pain, such as that seenin orthodontics.22 Anxiety can also alter pain
interpretation. Hermesdorf etal. found that among depressed patients, the increased severity
of anxiety symptoms served as a predictor for increased pain sensitivity.2? Decreased pain

threshold can lead to allodynia, pain by nonpainful stimuli, and hyperalgia, painful stimuli hurt
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evenmore. The intricate relationship of nociception and psychology is complex, and important
in pain management.
Gate Control Theory

Pressure, vibration, and other kinds of sensation play a role in decreasing pain
perception. This can be demonstrated when one experiences acute pain, such as a paper cut.
The painful sensation decreases when the fingeris shaken, rubbed, or run under cold-water, all
reactions humans may immediately do after a painful stimulus. This phenomenon can be
explained through Gate Control Theory. The non-noxious stimuli, such as rubbing, stimulate
mylineated ARR-nerve fibers. These fibers meet nociceptive nervesata “gate” in the dorsal root
ganglionand inhibitthe pain transmission to the central nervous system.44
Pain Managementin Orthodontics

To manage the painduring orthodontics, the cellularor neural aspects of the pain
pathway must be target. NSAIDs are reported as the most successful way of reducing
orthodontic pain by targetingthe inflammatory mediators.13 It isalso believed that displacing
teeth facing orthodontic forces can temporarily resolve the ischemicarea and lead to pain
relief.12Farzanegan et al. investigated this concept by conducting a randomized clinical trial to
evaluate the pain management in patients with fixed orthodonticappliances. The study found
that both chewinggum and viscoelasticbite wafers are effective for painreductionin
orthodontic patients and can be recommended as suitable substitutes foribuprofen.1>

Biting pressure isbelieved to cause a temporary displacement of teeth, causing a “Gate
Control” effect by stimulating non-nociceptive nerve fibers. Inturn, this decreases perceived

pain. Thisphenomenonis alsoreferred to as the “Bite Wafer Effect.” Additionally, chewing

45



forces are believed toinduce normal vascular and lymphaticflow, which In turn relieves the
inflammatory pain.?> Clearaligner adjunct therapies have been observedto play a role in pain
managementin a similarmanner. Penn, the founder of “Munchies”, summarized a pilot study
conducted by Sharp A.and Dove E. which focused on the anatomically specificadjunct device
(“Munchies”, EOCA MD Pty Ltd, New South Wales, Australia). The study found that 70% of

patients using the adjunct therapy with clear aligners reported pain relief.14They found the

ideal prescription for Munchies to be 3-4 minutes of posteriorchewingevery 6-8 hours in order

to find pain relief. 1* The methods and data from the pilot study were not found during this
literature review. Reported conclusions are unclear whether pain relief experience was

compared to a control group.
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AppendixA. Oregon Health & Science University Institutional Review Board approval.

*  Six to ten weeks before the expiration date, you are to submit a continuing review

. to request continuing approval.
OREGON Research Integrity Office « Any changes to the project must be submitted for RB approval prior to
HEALTH IRB MEMO 3181 SW Sam Jackson Park Road - L106RI implementation.
Poctiand, 0"9’2!9'32:8 * Reportable New Information must be submitted per OHSU policy.
&SCIENCE (031494-7857  ib@ohsu.edu ¢ Youmust submit a continuing review to close the study when your research is
UNIVERSITY completed.
APPROVAL OF SUBMISSION Guidelines for Study Conduct
May 24, 2021 In conducting this study, you are required to follow the guidelines in the document
) entitled, "Roles and Responsibilities in the Conduct of Research and Administration of
Dear Investigator: Sponsored Projects," as well as all other applicable OHSU IRB Policies and Procedures.
On 5/24/2021, the IRB reviewed the following sut Requirements under HIPAA

IRB ID: | STUDY00022928

Type of Review: | Initial Study

Title of Study: | Clear Aligner Adjunct Therapies: Effects on Tray
Efficacy and Patient Experience

Principal Investi, Sohyon Kim

Funding: | None

IND, IDE, or HDE: | None

Documents Reviewed: | « PHQ-15_2013-05-12-1.pdf

- PHQ-9_2013-05-12-1.pdf

- GAD-7_2013-05-12-1.pdf

« HIPAA- Prep to Research Form _.docx
* CAAT Study - Recruitment Scrupt.docx
= Appliance Handouts.pdf

» Compliance Survey.pdf

* Modified McGill Pain Questionnaire.pdf
- Satisfaction Survey.pdf

« CAAT Study Protocol

« Consent and Authorization Form

The IRB granted final approval on 5/24/2021. The study is approved until 5/23/2022.
Review Category: Expedited Category #1,4,5,7

Copies of all approved documents are available in the study's Final Documents (far right
column under the documents tab) list in the eIRB. Any additional documents that require
an IRB signature (e.g. IIAs and IAAs) will be posted when signed. If this applies to your
study, you will receive a notification when these additional signed documents are
available.

Ongoing IRB submission requirements:

Version Date: 06/30/2016 Page 1 of 2

Appendix B. Subject recruitment script.

If your study involves the collection, use, or disclosure of Protected Health Information
(PHI), you must comply with all applicable requirements under HIPAA. See the HIPAA
and Rescarch website and the Information Privacy and Security website for more
information.

IRB Compliance

The OHSU IRB (FWA00000161; IRB00000471) complies with 45 CFR Part 46, 21 CFR
Parts 50 and 56, and other federal and Oregon laws and regulations, as applicable, as well
as ICH-GCP codes 3.1-3.4, which outline Responsibilities, Composition, Functions, and
Operations, Procedures, and Records of the IRB.

Sincerely,

The OHSU IRB Office

Version Date: 06/30/2016 Page 2 of 2

M CAAT Study

Clear Aligner Adjunct Therapies: Effects on Tray Efficacy and Patient Experience
Participant Recruitment Script

My name is and | want to speak to you about the opportunity to
volunteer in the CAAT study. This study is run here in the OHSU Orthodontics

Department and we think you would be a great candidate for it. It is
completely voluntary and you may choose to leave the study at any time.

This study will be for the first 4 trays of your treatment. If you choose the
participate, we may or may not give you an additional appliance to use with
your trays. You will be asked to complete survey questions before, during, and
after wearing the first 4 trays of your treatment. At the following appointment,
we will do an additional iTero scan that will help us track your teeth after 4
trays of treatment. Does this sound like something you may be interested in?

If yes = | have a consent form here that we can go through together.

If no = Thank you for your time.
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Appendix C. Subject consent form.

OREGON
%) HEALTH&SCIENCE

Prog UNIVERSITY

IRB#:

OREGON
HEALTH&SCIENCE
UNIVERSITY

IRB#: STUDY00022928

CLINICAL RESEARCH CONSENT AND AUTHORIZATION
SUMMARY OF KEY INFORMATION ABOUT THIS STUDY

TITLE: Clear Aligner Adjunct Therapies: Effects on Tray Efficacy and Patient Experience
(CAAT Study)

PRINCIPAL INVESTIGATOR: Schyon “Michelle” Kim, DMD, MS (503) 494-5703
You are being asked to join a research study. This consent form contains important
information to help you decide if you want to join the study or not.

PURPOSE:

The purpose of the study is to leam [more about adjunct therapies devices have a clinically
measurable effect on clear aligner tray efficacy and patient satisfaction We are hoping to find
out by using survey i ires and progress scans.

DURATION:

Your participation in the study will consist of 2 visits over the next 2 monthsthat are combined
with your scheduled visits. It will add an additional 20 minutes to each appointment. We wil
ask to follow your health through the use of surveys during the use of your first 4 trays,

PROCEDURES:

If you decide to participate, you will be asked to answer survey questions and undergo a
progress assessmentiTero scan.

RISKS: This is a minimal risk study.

BENEFITS: You will not directly benefit from taking partin this research.

ALTERNATIVES: You may choose notto participate in this study, orparticipate in another
study if one is available.

This is avoluntary research study. You do not have to join the study. Even if you decide to
jein now, you can change your mind later. Please ask the Investigator if you have any

questions about the study or about this consent form.

END OF CONSENT SUMMARY

Page 1 of 1

Delivery Provide Instructions for appliance.
Appointment Provide link for surveys.

(+20 minutes)

4-Trays-Later
Appointment

Rescan for Invisalign Progress Assessment

(+20 minutes)

Daily survey questions will ask about treatment compliance, pain/discomfort, and
satisfaction. It should take no more than 10 minutes to complete.

WILL | RECEIVE RESULTS FROM THE [TESTING] IN THIS STUDY?

We will give you the results of your Invisalign Progress Assessment scan.

If we discover information that is important for your health care, either in this study or in the
future, we will contact you and ask if you want to know the results. If you choose to receive
the results, you may need to have the test repeated in a non-research laboratory.

WHAT RISKS CAN | EXPECT FROM TAKING PART IN THIS STUDY?:
The is a minimal risk study, Known risks include:
* You may be temporarily uncomfortable during the iTero Progress Assessment scan.
If this occurs, you can inform the treating provider and adjustments can be made.
* You may feel frustrated by the number and frequency of survey questions. You may
refuse to answer any of the questions that you do not wish to answer.

WHO WILL SEE MY PERSONAL INFORMATION?:

We will take steps to keep your personal information cenfidential, but we cannot guarantee
total privacy. [if there are special precautions this study is taking to achieve this, describe
here, e.g., collecting data anonymously or coding samples immediately so they are never
identified.]

We will create and collect health information about you as described in the WHY IS THIS
STUDY BEING DONE? and the WHAT EXAMS, TESTS AND PROCEDURES ARE
INVOLVED IN THIS STUDY? sections of this form. Health information is private and is
protected under federal law and Oregon law. By agreeing to be in this study, you are giving
permission (also called authorization) for us to use and disclose your health information as
described in this form.

The investigators, study staff, and others at OHSU may use the information we collect and
create about you in order to conduct and oversee this research study.

We will not release information about you to others not listed above, unless required or

permitted by law. We will not use your name or your identity for publication or publicity
purposes, unless we have your special permission.
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Research Consent and Authorization Form

TITLE: Clear Aligner Adjunct Therapies: Effects on Tray Efficacy and Patient Experience
(CAAT Study)

PRINCIPAL INVESTIGATOR: Sohyon “Michelle” Kim, DMD, MS (503) 494-5703

CO-INVESTIGATORS: Pranita Ramanan, DDS (925) 452-7234

WHO IS PAYING FOR THE STUDY?: N/A

WHO IS PROVIDING SUPPORT FOR THE STUDY?: Oregon Health & Science
University, School of Dentistry

DO ANY OF THE RESEARCHERS HAVE A CONFLICT OF INTEREST WITH THIS
STUDY?: No

WHY IS THIS STUDY BEING DONE?:

You have been invited to be in this research study because you are receiving Invisalign
treatment at the OHSU Department of Orthodontics. The purpose of this study is to see if
adjunct therapies devices have a clinically measurable effect on clear aligner tray efficacy
and patient satisfaction. This study will require two additional visits after today that will occur
during the same time as your appointments. It will add a maximum of additional 20 minutes
to the appointments. While using the trays, you will be asked to answer a few survey
questions every day.

WHAT EXAMS, TESTS AND PROCEDURES ARE INVOLVED IN THIS STUDY?

Activity Purpose
Records Records were collected for the purpose of elective Invisalign

treatment. These records were evaluated to see if you are
eligible for the research study.

Consultation Paflent Recrufiment, Consent Discussion, Medical History
and Medications, and Baseline Surveys collected

(+20 minutes)

Page 1 of 5

Under Oregon law, suspected child or elder abuse must be reported to appropriate
authorities.

We may continue to use and disclose your information as described above indefinitely.

Some of the information collected and created in this study may be placed in your OHSU
medical record. While the research is in progress, you may or may not have access to this
information. After the study is complete, you will be able to access any study information
that was added to your OHSU medical record. If you have questions about what study
information you will be able to access, and when, ask the investigator.

WILL ANY OF MY INFORMATION OR SAMPLES FROM THIS STUDY BE USED FOR
ANY COMMERCIAL PROFIT? Study information about you or obtained from you in this
research may be used for commercial purposes, such as making a discovery that could, in
the future, be patented or licensed to a company, which could result in a possible financial
benefit to that company, OHSU, and its researchers. There are no plans to pay you if this
happens. You will not have any property rights or ownership or financial interest in or
arising from products or data that may result from your participation in this study. Further,
you will have no responsibility or liability for any use that may be made of your samples or
information.

WHAT ARE THE COSTS OF TAKING PART IN THIS STUDY?:
There will be no cost to you or your insurance company to participate in this study.

WHAT HAPPENS IF | AM INJURED BECAUSE | TOOK PART IN THIS STUDY?:
If you believe you have been injured or harmed as a result of participating in this research
and require treatment, contact one of the study investigators

If you are injured or harmed by the study procedures, you will be treated. OHSU does not
offer any financial compensation or payment for the cost of treatment if you are injured or
harmed as a result of participating in this research. Therefore, any medical treatment you
need may be billed to you or your insurance. However, you are not prevented from seeking
to collect compensation for injury related to negligence on the part of those involved in the
research. Oregon law (Oregon Tort Claims Act (ORS 30.260 through 30.300)) may limit the
dollar amount that you may recover from OHSU or its caregivers and researchers for a claim
relating to care or research at OHSU, and the time you have to bring a claim.

If you have questions on this subject, please call the OHSU Research Integrity Office at
(503) 494-7887.

WHERE CAN | GET MORE INFORMATION?:

If you have any questions, concerns, or complaints regarding this study now or in the future,
contact Dr. Sohyon “Michelle” Kim (503) 494-5703 or Dr. Pranita Ramanan (925) 452-
7234.

This research has been approved and is overseen by an Institutional Review Board (“IRB"),
a committee that protects the rights and welfare of research subjects. You may talk to the
IRB at (503) 494-7887 or irb@ohsu.edu if:
+ Your questions, concerns, or complaints are not being answered by the research
team.
You want to talk to someone besides the research team.
*  You have guestions about your rights as a research subject.

Page 3 of 5
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* You want to get more information or provide input about this research.

‘You may also submit a report to the OHSU Integrity Hotline online at
https:/isecure. ethicspoint.com/domair 1i/18915/index.html or by calling toll-free
(877) 733-8313 (anonymous and available 24 hours a day, 7 days a week).

WHAT ARE MY RESPONSIBILITIES IN THIS STUDY?

If there are important instructions for the subject to follow during the study, list them
here. Do not state ‘you are required’, or ‘you must’. You may say ‘You should’ or ‘We
will ask you to..."

DO | HAVE TO TAKE PART IN THIS STUDY?

Your participation in this study is voluntary. You do not have to join this or any research
study. You do not have to allow the use and disclosure of your health information in the
study, but if you do not, you cannot be in the study.

Your health care provider may be one of the investigators of this research study and, as an
investigator, is interested in both your clinical welfare and in the conduct of this study.
Before entering this study or at any time during the research, you may ask for a second
‘opinion about your care from another doctor who is in no way involved in this project. You
do not have to be in any research study offered by your provider.

The participation of OHSU students or employees in OHSU research is completely voluntary
-and you are free to choose not to serve as a research subject in this protocol for any reasoen.
If you do elect to participate in this study, you may withdraw from the study at any time
without affecting your relationship with OHSU, the investigator, the investigator's
department, or your grade in any course.

IF 1 DECIDE TO TAKE PART IN THIS STUDY, CAN | STOP LATER?

If you do join the study and later change your mind, you have the right to quit at any time.
This includes the right to withdraw your authorization to use and disclese your health
information. You can choose to withdraw from some or all of the optional parts of this study
without withdrawing from the whole study. If you choose not to join any or all parts of this
study, or if you withdraw early from any or all parts of the study, there will be no penalty or
loss of benefits to which you are otherwise entitled, including being able to receive health
‘care services or insurance coverage for services. Talk to the investigator if you want to
withdraw from the study.

If you no longer want your health information to be used and disclosed as described in this
form, you must send a written request or email stating that you are revoking your
authorization to:

Sohyon Michelle Kim

OHSU School of Dentistry
SDORTHO

2730 SW Moody Ave,
Portland, OR 97201

Email: kimmiche@ohsu.edu

Page 4 of 5

Your request will be effective as of the date we receive it. However, health information
collected before your request is received may continue to be used and disclosed to the
extent that we have already acted based on your authorization.

Ifin the future you decide you no longer want to participate in this research, we will remove
your name and any other identifiers from your samples and information, but the material will
not be destroyed and we will continue to use it for research.

‘You may be removed from the study if you cannot follow study instructions or if you are
female and become pregnant.

We will give you any new information during the course of this research study that might
change the way you feel about being in the study.

SIGNATURES:

Your signature below indicates that you have read this entire form and that you agree to be
in this study.

We will give you a copy of this signed form.

Subject Printed Name Subject Signature Date

Person Obtaining Consent Printed Person Obtaining Consent Signature Date
Name

Page 5 of 5

52



Appendix D. Depression PHQ9 survey downloaded from Pfizer Inc.??, validated by Kroenke et al. 7
Patient Health Questionnaire - 9

Over the last 2 weeks, how often have you been bothered by the following problems?
Please place a check mark in the box to indicate your answer.

More than Nearly

Several half the every
Not at all days days day
1 2 3

1. Little interest or pleasure in doing things
2. Feeling down, depressed, or hopeless
3. Trouble falling or staying asleep, or

sleeping too much

4. Feeling tired or having little energy
5. Poor appetite or overeating

6. Feeling bad about yourself — or that you
are a failure or have let yourself or your
family down

7. Trouble concentrating on things, such as
reading the newspaper or watching
television

O 0O OOd0O0Odde
O O OO0d0ddgd
O O OO00Oddgd
O 0O O4doddgd

8. Moving or speaking so slowly that other
people could have noticed? Or the
opposite — being so fidgety or restless
that you have been moving around a lot
more than usual

9. Thinking that you would be better off
dead or of hurting yourself in some way

TOTAL SCORE =

[
[]
[]
[

If you checked off any problems, how difficult have these problems made it for you to
do your work, take care of things at home, or get along with other people?

Not difficult Somewhat Very Extremely
atall difficult Difficult difficult

] L] [ [

Copyright Pfizer Inc. No permission required to reproduce, translate, display, or distribute.
Source instrument available at http://www.phgscreeners.com/
Consortium version 12May2013. Available at http://www.rdc-tmdinternational.org/
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Appendix E. Anxiety GAD7 survey downloaded from Pfizer Inc.??, validated by Léwe et al.?%

GAD -7

Over the last 2 weeks, how often have you been bothered by the following problems?
Place a check mark in the box to indicate your answer.

More than Nearly
Several half the every
Not at all days days day

2

W

1. Feeling nervous, anxious or on edge

2. Not being able to stop or control worrying
3. Worrying too much about different things
4. Trouble relaxing

5. Being so restless that it is hard to sit still

6. Becoming easily annoyed or irritable

OO00O00O0OO-e
Ododoonomd-
OO 00O 0O O
O O00O00O0On0

7. Feeling afraid as if something awful might
happen

TOTAL SCORE =

If you checked off any problems, how difficult have these problems made it for you to
do your work, take care of things at home, or get along with other people?

Not difficult Somewhat Very Extremely
at all difficult difficult difficult

[] [] [] []

Copyright Pfizer Inc. No permission required to reproduce, translate, display, or distribute.
Source instrument available at http://www.phgscreeners.com/
Consortium version 12May2013. Available at http://www.rdc-tmdinternational.org/



Appendix F. Somatization/Physical Symptoms PHQ15 survey downloaded from Pfizer Inc.%?,
validated by Kocalevent et al.??

Patient Health Questionnaire-15: Physical Symptoms

During the last 4 weeks, how much have you have been bothered by any of the
following problems? Please place a check mark in the box to indicate your answer.

Not Bothered Bothered
bothered a little alot

1. Stomach pain
2. Back pain

3. Pain in your arms, legs, or joints
(knees, hips, etc)

4. Menstrual cramps or other problems
with your periods [women only]

5. Headaches

6. Chest pain

7. Dizziness

8. Fainting spells
9. Feeling your heart pound or race
10. Shortness of breath

11. Pain or problems during sexual
intercourse

12. Constipation, loose bowels, or
diarrhea

13. Nausea, gas, or indigestion

14. Feeling tired or having low energy

I N I I A A I
OO0 oco0oogogooooooin-
ODooOoogdoooofoooOoodes

15. Trouble sleeping

TOTAL SCORE =

Copyright Pfizer Inc. No permission required to reproduce, translate, display, or distribute.
Source instrument available at http://www phgscreeners.com/
Consortium version 12May2013. Available at http://www.rdc-tmdinternational.org/



Appendix G1.Daily pain survey modified McGill Pain Questionnaire validated for orthodontic
patients by Iwasakiet al.?*

Modified McGill Pain Questionnaire (daily)
(Validated for orthodontic patients by lwasaki et. al in Angle Orthodontist Vol 83, No 5, 2013)

The words below are sometimes used to explain how your mouth feels while you have clear
aligners. Mark the column to indicate the level of pain you feel for each word.

0 1 2 3
No Pain Mild Moderate Severe

Pressure
Sore
Aching
Throbbing
Tight
Cutting
Burning
Tingling
Pulling
Dull
Uncomfortable
Strange
Frustrating
Annoying
Miserable

Mark along this line to indicate how bad your pain is — the left of the line means no pain at all
and the right end means worst pain possible.

No Pain Worst Pain Possible

Mark the space that best indicates your level of pain right now — only mark one.
0 No Pain

Little Pain
Moderate Pain
Bad Pain
Horrible Pain
Extreme Pain

21 FN [T ENT

Appendix G2.0verallpain survey modified McGill Pain Questionnaire validated for orthodontic
patients by Iwasakiet al.24

Modified McGill Pain Questionnaire (overall)
(Validated for orthodontic patients by Iwasaki et. al in Angle Orthodontist Vol 83, No 5, 2013)

The words below are sometimes used to explain how your mouth feels while you have clear
aligners. Mark the column to indicate the level of pain you feel for each word for your
treatment overall.

0 1 2 3
No Pain Mild Moderate | Severe

Pressure
Sore
Aching
Throbbing
Tight
Cutting
Burning
Tingling
Pulling
Dull
Uncomfortable
Strange
Frustrating
Annoying
Miserable

Mark along this line to indicate how bad your pain was throughout your treatment - the left of
the line means no pain at all and the right end means worst pain possible.

No Pain Worst Pain Possible

Mark the space that best indicates your level of pain throughout treatment — only mark one.
o No Pain

Little Pain
Moderate Pain
Bad Pain
Horrible Pain
Extreme Pain

| a|w|m]-

56



Appendix H1. Daily compliance survey.

Compliance Survey (daily)
Date?

How many hours did you wear your aligners?

Additional Comments:

Appendix H2. Overallcompliance survey.

Compliance Survey (overall)
On average, how many hours a day did you wear your aligners?
On average, how many days a week did you wear your aligners?

Additional Comments:

Appendix /1. Daily satisfaction survey modified from Miller et al.? which is adapted from validated
Geriatric Oral Health Assessment Index.

Satisfaction Survey (daily)

Satisfaction Survey modified from that used in Miller et al. (2007). Adapted from the well-
validated Geriatric Oral Health Assessment Index

1.Did you have trouble biting or chewing food?
Never Seldom Sometimes Often Always

2.Did your teeth or aligners prevent you from speaking the way you wanted?
Never Seldom Sometimes Often Always

3.Were you able to eat without feeling discomfort?
Never Seldom Sometimes Often Always

4.Did your aligners cause discomfort to your cheeks, lips, or tongue?
Never Seldom Sometimes Often Always

Additional Comments:
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Appendix /2. Overall satisfaction survey modified from Miller et al.? which is adapted from
validated Geriatric Oral Health Assessment Index. Customer Effort Score survey questions
modified for adjunctaligner therapies.

Satisfaction Survey (overall)
Satisfaction Survey modified from that used in Miller et al. (2007). Adapted from the well-
validated Geriatric Oral Health Assessment Index

1.Did you have trouble biting or chewing food?
Never Seldom Sometimes Often Always

2.Did your teeth or aligners prevent you from speaking the way you wanted?
Never Seldom Sometimes Often Always

3.Were you able to eat without feeling discomfort?
Never Seldom Sometimes Often Always

4.Did your aligners cause discomfort to your cheeks, lips, or tongue?
Never Seldom Sometimes Often Always

Additional Comments:

Customer Effort Score Survey

5.1 would recommend aligner treatment to a friend.
Strongly Disagree Somewhat Neutral Somewhat  Agree Strongly
Disagree Disagree Agree Agree

6.1 am satisfied with my aligner experience.
Strongly Disagree Somewhat Neutral Somewhat  Agree Strongly
Disagree Disagree Agree Agree

7.1t was easy to seat my aligner trays.
Strongly Disagree Somewhat Neutral Somewhat  Agree Strongly
Disagree Disagree Agree Agree

8.1t was easy to remove my aligner trays.
Strongly Disagree Somewhat Neutral Somewhat  Agree Strongly
Disagree Disagree Agree Agree

9.1 am confident my aligner trays were tracking.
Strongly Disagree Somewhat Neutral Somewhat  Agree Strongly
Disagree Disagree Agree Agree

Only for Experimental groups =

10.How often did you use the chewies/pultool?
Never
Few times a week
Every day
Multiple times a day
Other: ___

11.How likely are you to recommend chewies/pultool?
0 1 2 3 4 5 6 7 8 9 10
Not Likely Very Likely

12.How likely are you to continue to use the chewies/pultool?
0 1 2 3 4 5 6 7 8 9 10
Not Likely Very Likely

Additional Comments:



Appendix J. Consultation appointment survey as formatted in Qualtrics (pre-treatment survey).

OHSU

Your Name:

b4 ‘ CAAT Study

Over the last two weeks, how often have you been bothered by
the following problems?

Little interest or
pleasure in doing
things

Fealing down
depreseed, o
hopaless

Trouble lalling o
staying oskeep, or
sleeping oo much

Fealing tirad o having
little energy

Poor appetita or
overeating

Fesling bad about
yoursalf--or that you
are a lailure o have
let yaursell of your
family down

Trouble concentrating
on things, such as
reading the
PEewspOper of
watching televigion

Moving or speaking so
slowly that other
people could have
noticed? Or the
opposite--being so
fidgety or restless that
you have been maving
around a ot more
than usual

Thinking that you
would be better off
dead or hurting
yoursell in some way

Notat all

@]

0]

Several days

(@]

o]

More that half
the days

(@]

o]

Nearly evary doy

(@]

o]

If you checked off any problems, how difficult have these

problems made it for you to do your work, take care of things at
home, or get along with other people?

(O Not difficult at all
(O somewnat difficult
O Very difficuit

O extremely difficult

GHSU

% dlcaatsay

Over the last two weeks, how often have you been bothered by

the following problems?

Feeling nervous
anxlous, or on edge

Not being oble to stop
or control worrying

Worrying too much
about different things

Trouble relaxing

Being so restiess that it
is hard to sit still

Becoming aasiy
annoyed of irtable

Feeling afraid as if
something arwlul might
happen

Mot al all

O O OO0 0 O

Several days

(0]

O O OO0 O O

More than hall
the derys

(@]

O O 000 O

Mearty every day

(@]

O O OO0 0 O

If you checked off any above problems, how difficult have
these problems made it for you to do your work, take care of
things at home, or get along with other people?

(O et difficult at all
O somewhat difficult
() very difficult

(O Extremely difficult

oHsU

% gl caAT study

During the last 4 weeks, how much have you been bothered by
any of the following problems?

stormach pain

Back pain
Pain in your arms, legs,
or joints {knees, hips,

ate)

Menstrual cramps or
other problems with
your periods {if Not
Applicable, please
select Mol botherad’)
Headaches

Chest pain

Dizziness

Fointing spells

Fesling your heart
pound or race

shortness of breath
Fain or problams
during sexual

intercourse

Congtipation, leose
bowels, o diorhe

Maugsed, gas, of
indigestion

Fesling tired o having
low energy

Trouble sleeping

Hot bothered

@]
o

(0]

o}

OO0 O 0O 0O O0Oo0oo0o00oOo

Eothered o litle

@]
o

(0]

o}

OO0 O 0O 0O O0Oo0oo0o00oOo

@]
o

(0]

o}

OO0 O 0O 0O O0Oo0oo0o00oOo

Bothered a lot
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Appendix K. Between VI and V2 appointments survey as formatted in Qualtrics (daily survey).

¥ CAAT Stud
¥ & udy

Your name:

The words below are sometimes used to explain how your mouth
feels while you have clear aligners. Mark the column to indicate
the level of pain you felt for each word for the past 24 hours.

0 - No Pain 2 - Moderate 3 - Severe

Pressure

0o

Sore
Aching
Throbbing
Tight
Cutting
Burning
Tingling
Pulling

Dull
Uncomlortable
Strange
Frustrating

Annoying

O0OO0OOOOOOOOOOOOO
OOOOOOOOOOOOOOO%
OO0OO0OOOOOOOOOOO
O0OOOOOOOOOOOOOO

Miserable

Mark along this line to indicate how bad your pain was for the
past 24 hours - 0 means no pain at all and 100 means worst
pain possible.

] 0 0 a0 50 &0 70 80

Overall Pain

What best indicates your level of pain for the past 24 hours?

O No Pain

() Uitle Pain

(O Moderate Pain
(O 8ad Pain

O Horrible Pain

(O Extreme Pain

24 M CAAT study

OMsU

Please answer the following questions about the past 24 hours:

Newver Seldom Somatimes Often Abwiays

Did you have trouble

biting or chewing (@] @] (@] @] e}

food?

Did your teeth o

aligrers prevent you o) (@] (@] (@] (@]

from speaking the way
you wanted?

Were you able Lo eat
without feeling @] (@] (@] (@] (@]
discomfort?

Did your aligners cause

discormfort Lo your @] @] (@] @] @]

cheeks, ips, of tongue?

4 M CAAT study

OWSU
In the past 24 hours, how many hours did you wear your
aligners?

0 2 a ] [ 10 2 1a 18 ] F1l 2 24

Hours Worn
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Appendix L. V2: 4-Trays-Later appointment survey as formatted in Qualtrics (overall values).

A
N4 (l CAAT Study
OHSU

The words below are sometimes used to explain how your mouth
feels while you have clear aligners. Mark the column to indicate
the level of pain you felt for each word for your treatment
overall.

0 - No Pain

|
E
[

2 - Moderate 3 - Severe
Pressure

Sore

Aching
Threbbing
Tight

cutting
Burring
Tingling

Pulling

Dull
Uncomlortable
Strange
Frustrating

Annaying

O0OO0OOOOOOOOOOOOO
O0OO0OOOOOOOOOOOOO
O0OO0OOOOCOOOOOQOOOOOO
O0OO0OOOOOOOOOOOOO

Miserable

Mark along this line to indicate how bad your pain was
throughout your treatment - 0 means no pain at all and 100
means worst pain possible.

o a 0 30 an 50 &0 70 an

@
&
g

Overall Pain

What best indicates your level of pain throughout treatment?

QO No Pain

(D ittle Pain

(O Mederate Pain
O 8ad Poin

(O Horrible Pain

(O Extreme Pain

,
% gl CAAT Study

OHSU

Please answer the following questions about the past 8 weeks of
treatment:

Mever Saldom somatimes Ofen Albwiays
Did you have trouble
biting or chewing
tood?

o] o] o o o

Did your testh or

aligners prevent you O O O O O

from speaking the woy
you wanted?

Were you able to sat

without feeling @] @] @] @] o

discomfort?
Did your aligners cause

aiscomtart to your @] 0 O o] @]

chesks, lips, of longue?

Please answer the following questions:

Meither
swrangly Sarmewhat agree nar Sormewhat strongly
Disagrea disogrea disagrea agres agres
| would recommend
aligner treatment to a O O O
friend.
| amn satishied with my
aligner experience o o
It was easy to seal my
et @] @] @] @] @]
It was easy o remove
rry aligner trays. o o o o o
| am confident rmy
aigrer trays were @] @] O O O

tretcking
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OHsU

% “ CAAT Study

Over the past 8 weeks, how many hours a day did you wear your

aligners?

o 2 4 3

Hours Worn

Over the past 8 weeks, how many days a week did you wear your

aligners?

o 1 2

Days Worn

Appendix M. MatLab software prompts.

%This program is used to track teeth moving

£The following is

fwith head X-rays.

%tthe ratio before

clear; clcr close

®
OHSU

'i CAAT Study

How often did you use the adjunct appliance given to
you? (Chewies or PULsystem)

QO Never
(O Few times a week
Q) Every day

(O Multiple times a day

Answer the following questions about the adjunct appliance you
were provided (Chewies or PULsystem):

0 2 3 4 5 3 7 8 )

How likely are you to recommend the adjunct appliance?

How likely are you to continue to use the adjunction appliance after this study?

used find the relation between Pixels and millimeters

Since every image keeps the same relation,

hand.
all

SubjID=input ("'Pleaze type in the subkject ID:

JawType=input ("I=s this a upper Jaw(MX)

DistlZ=input ("Flease type in the distance

Distl4=input ("'Please type in the distance
2Rulerl=strZ2double {(RulerLength) ;

XX=[1:
i=[1:
ZZ=[1:

N=[1:
YYY=[1:
ZZZ=[1:

%ito store
%to store
%to store

x value
v wvalue
z value

%$to store X value on lateral plane
ito store y valus on lateral plans
%ito store z value on AP plane in pixels

i)
or a lower jaw(MD)?

we can find

te'Et):

between the second premolars: "):

in pixels under the windows graphical system
in pixels

on lateral plane in millimeter under anatomical coordinate system

on lateral plane
on AP plane

FileNamel=[SubjID, JawIype, 'Post.png']:

between the left second premclar and the left first premcolar:
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Appendix N. Labeling protocol for labeling teeth in MatLab.

S001MDPred

S001MDPost

1. Mark 4 points to orient the picture in this clockwise order: 1. Mark 4 points to orient the picture in this clockwise order:
a. Reference point LL5 (Pred-LL5) a. Reference point LL5 (Post-LL5)
b. Reference point LL4 (Pred-LL4) b. Reference point LL4 (Post-LL4)
c. Reference point LR4 (Pred-LR4) c. Reference point LR4 (Post-LR4)
d. Reference point (Pred-LR5) d. Reference point (Post-LR5)

2. Mark the 6 anterior teeth in the following order. Each tooth

requires 3 measurements made in a clockwise order 2. Mark the 6 anterior teeth in the following order. Each tooth
a. L3 requires 3 measurements made in a clockwise order
i. Distal point (Pred-LL3-1) a. L3
ii. Mesial point (Pred-LL3-2) i. Distal point (Post-LL3-1)
iii. Cingulum point (7 ii. Mesial point (Post-LL3-2)
b. LL2 fi. Cingulum point L3-3)
i. Distal point (Pred-LL2-1) b. L2
ii. Mesial point (Pred-LL2-2) 1. Distal point {Post-L12-1)
ili. Cingulum point ( 112-3) ii. Mesial point (Post-LL2-2) .
e 1 fi. Cingulum point t-LL2-3)
i, Distal point (Pred-LL1-1 et
i, Mesialp point{ (Pred-LLl—il 1 DSl pont PoskALLoA)
iil. Cingulum point (Prec-111.3) i WeSel polnt {Past L)
iii. Cingulum point
**erossing midiine** **crossing midline**
d LRl. . . d. LRl
i, Mesial point {Pred-LR1-1) i. Mesial point (Post-LR1-1)
ii. Distal point (Pred-LR1-2) ii. Distal point (Post-LR1-2)
iii. Cingulum point | jii. Cingulum point LR1-3)
e LR2 e. LR2
i. Mesial point (Pred-LRZ—l) i. Mesial point (POSt-LRZ—].)
ii. Distal point (Pred-LR2-2) ii. Distal point (Post-LR2-2)
i, Cingulum point {Pred-LA2-3) iii. Cingulum point
f. LR3 f. LR3
i Mesial point (Pred-LR3-1) i. Mesial point (Post-LR3-1)

ii. Distal point (Pred-LR3-2)
jii. Cingulum point |

ii. Distal point (Post-LR3-2)
ii. Cingulum point 3-3)
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