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Abstract 
Objective: The objective of this randomized prospective study was to evaluate whether the use 

of clear aligner adjunct tools (PULSystem® “BITE ME”) affected reported pain, aligner wear 

compliance, subject satisfaction, and aligner tray efficacy during the initial phase of orthodontic 

treatment.  

Methods: With OHSU IRB oversight, adult subjects undergoing clear aligner treatment without 

planned extraction, elastic wear, or interproximal reduction during the first four trays were 

recruited. Subjects were randomly assigned to the experimental (adjunct with removal hook and 

bite cushion) or control group (adjunct with removal hook). Subjects completed validated 

surveys to assess baseline psychosocial scores; and daily and overall pain via a modified McGill 

Pain Questionnaire, visual analogue scale (VAS), and current pain level score; satisfaction; and 

compliance. Predicted tooth positions were obtained by scanning tray #4 with a titanium dioxide-

based spray and intraoral scanner. Actual positions were captured by digital intraoral scans 

following the wearing of tray #4. The predicted and actual models were imported into software 

(Geomagic Control) for best-fit superimposition, and root mean square (RMS) values were 

calculated to assess maxillary and mandibular arch aligner tracking accuracy. Statistical tests 

included Wilcoxon, t-, chi-squared, and analysis of variance, where significant differences were 

defined by α = 0.05. 

Results: Twelve subjects (n=6 experimental, n=6 control) completed the study; however, 11 

were included in the tray-efficacy analysis. Baseline psychosocial scores indicated minimal 

symptoms with no significant between-group differences. Survey-response compliance varied 

between groups, with the control group maintaining consistently higher daily completion rates 

(77–79%) compared to the experimental group, whose rates declined across trays (72% to 50%). 
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This disparity likely influenced the reliability of late-treatment pain measurements. Across nearly 

all daily and overall pain measures, the experimental group did not differ significantly from the 

control group. When comparing the pain scores between weeks 1 and 2 for each tray, both 

groups generally showed the expected cyclical pain pattern with an initial peak following tray 

insertion followed by a decline. One exception was observed in tray 4, where the experimental 

group demonstrated a small percentage increase in VAS pain from week 1 to week 2 (+9%) 

whereas the control group demonstrated the expected decrease (–46%) and this difference was 

significant (p = 0.03). Compliance and satisfaction were high across groups, with no significant 

differences in reported hours/day or days/week of aligner wear. RMS analysis revealed no 

significant differences in tray efficacy between experimental and control groups; however, the 

mandibular arch exhibited significantly lower RMS values than the maxillary arch (0.62 ± 0.06 

mm vs. 0.75 ± 0.09 mm, p = 0.005), indicating superior lower-arch tracking. 

Conclusions: Use of the clear aligner adjunct with a bite cushion during the first four trays did 

not significantly affect overall pain, compliance, satisfaction, or tray efficacy. Although most 

pain outcomes were similar between groups, the experimental group showed a significant 

increase in VAS percent change during tray 4; however, this result is likely influenced by low 

survey-entry compliance and disproportionate data representation during the later trays. The 

significantly better tracking observed in the mandibular arch suggests a potential arch-specific 

difference in aligner adaptation that warrants further investigation. 
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Introduction 
Within the modern age of dentistry, there is an increasing demand for esthetics, 

convenience, and comfort. As the field of orthodontics progresses with new innovations and 

technology, within the past two decades, the use of clear plastic removable dental trays, called 

“aligners,” to move the teeth has become an increasingly popular alternative to traditional fixed 

appliances that involve brackets and bands temporarily glued to the teeth and wires that engage 

the braces to move the teeth. Clear aligners have a lower profile appearance when compared to 

braces and wires. In addition to esthetics, patient hygiene is easier to maintain, due to the ability 

to completely remove the aligners when cleaning (Galan-Lopez et al., 2019). Patients receiving 

clear aligner treatment have reported less pain and fewer negative impacts in their lives during 

the first week of treatment when compared to patients receiving fixed appliance treatment 

(Miller et al., 2007). In addition to the benefits brought to the patient, there are numerous 

advantages that clear aligner treatment brings to the provider. For example, using orthodontic 

aligners can lead to decreased orthodontic “emergency” visits, longer intervals between 

appointments, and less chair time (Tamer et al., 2019). This potentially allows clinicians to see 

more patients, improve productivity, and increase practice revenue.  

Clear aligner treatment works to move teeth by utilizing a series of plastic trays 

manufactured to fit the series of incremental tooth positions in a given dental arch from initial 

presentation to the desired tooth positions that achieve improved intra- and inter-arch 

relationships. Thus, each clear aligner should provide the forces necessary to incrementally shift 

teeth towards the final occlusion in stepwise fashion. Tooth-colored attachments are also glued 

onto the teeth to help improve the retention of the aligner and to help lead to more predictable 

tooth movement (Proffit et al., 2007). Although convenient and effective, clear aligner treatment 
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is accompanied with unique challenges when it comes to accurate tooth movement. Patients 

treated with clear aligners must be carefully monitored to ensure that the teeth are “tracking” 

according to the determined treatment plan and predicted final tooth positions. Tracking 

problems can arise for a variety of reasons. Some examples include: patients not wearing trays 

for the prescribed amount of time, patients breaking attachments, difficult tooth movements,  

aligners not seated and closely adapted to the teeth and attachments, and tooth-colored 

attachments not fitting snugly into the tray (Figure 1) (Bowman et al., 2015). Such tracking 

problems can result in tooth positions that do not match the intended tooth positions prescribed 

by the clear aligner treatment plan. In order to quantify tracking success, studies have compared 

the actual versus predicted tooth movements at specific points throughout treatment by 

overlapping a predicted virtual tooth setup with an actual final intraoral scan and measuring 

differences, or by making weekly polyvinyl siloxane impressions and measuring the changes 

between the dental models (Castroflorio et al., 2023; Drake et al., 2012). 

To address tracking problems and improve patient comfort during treatment, clear aligner 

adjunctive tools have been created. One example of these tools is a disposable plastic cotton roll-

shaped tool (Chewies, Ortho Technology, West Columba, SC) which the patient bites on. If a gap 

is visible between the tray and teeth, this type of tool is used by the patients throughout the day 

to focus on the area and achieve a better fit and adaptation of the clear aligner to the teeth 

(Bowman et al., 2015). Another disposable plastic tool that consists of a stick with biting 

“cushion” and a loop at one end and hook at the other end (BITE ME, Pul System, San 

Francisco), is designed similarly for the patient to bite on and improve aligner seating (Figure 

2A-C), however, the hook end also aids in aligner removal (Figure 2B). By biting on the plastic 
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cushion (Figure 2C), the patient can better adapt the aligner to the teeth and minimize gaps 

(Figure 1). 

 

Figure 1. Various types of tracking from “excellent” where aligner is fully seated (upper left), 
“good” where some gaps between the tray and teeth are indicated by red circles (upper right), 
“problem tracking” where the gaps start to get larger and the teeth are not following the designed 
shape of the tray, and “poor tracking” where the gaps are largest and the white bumps on the 
teeth (attachments) are not seated within the tray anymore. The instructions in this figure refer to 
use of the “Chewie” adjunctive tool , which is designed to address tracking errors (“Invisalign 
Aligners | Check Your Fit, n.d.”). 
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Figure 2A. Commercially available package of clear aligner adjuncts (left) with three examples 
of these plastic products (right). 2B. The loop at one end is a handle and the hook at the other end 
is used to engage an aligner tray edge for removal. 2C. The clear plastic cushion is for biting to 
improve seating of the aligner (BITE ME- 2 in 1 Invisalign Chewies & Removal Tool – PUL, 
n.d.).  

 

 Dental pain and soreness are well-known side effects of orthodontic tooth movement. 

Biting pressure is believed to cause temporary displacement of teeth, alleviating orthodontic 

pressure and relieving pain. Farzanegan et al. developed a study to compare different methods of 

pain reduction during orthodontic treatment. In this study design, the investigators had 50 girls 

between the ages of 13 and 18 years. Within the study they compared 5 groups: placebo, 

ibuprofen, chewing-gum, soft viscoelastic wafer, and hard viscoelastic wafer groups. Each 

subject was assigned to one of these methods and was told to repeat it every 8 hours if they 

experienced pain. The subjects measured the pain they felt on a 0-10 Likert scale (0 = no pain, 10 

= unbearable pain). The results found that both chewing gum and viscoelastic bite wafers 

statistically significantly reduced pain during treatment compared to placebo. They found no 

A B 

C 
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statistical difference between the pain experienced between the viscoelastic and ibuprofen 

groups. It seemed that mechano-stimulation was a suitable substitute for medications such as 

ibuprofen or acetaminophen (Farzanegan et al., 2012). This study shows one example of how 

clear aligner adjuncts may play a notable role in pain management, but this needs to be verified 

through more research and clinical trials.  

 Despite the increasing availability of clear aligner adjuncts, there is a lack of studies 

showing whether or not these tools can reduce the pain experienced during clinical orthodontic 

treatment. To analyze patient’s perceived levels of pain, accurate and consistent methods are 

needed to quantify pain. In addition, it is important to consider conditions that can alter or 

enhance perceived levels of pain, such as depression, anxiety, and physical symptoms 

(somatization). A systematic review by Kroenke et al. found that the Patient Health 

Questionnaire 9 (PHQ9), Generalized Anxiety Disorder 7 (GAD7), and Patient Health 

Questionnaire 15 (PHQ15) are validated measures for detecting and monitoring depression, 

anxiety, and somatization, respectively (Kroenke et al., 2010). With regards to  measuring 

perceived pain, a Modified McGill Pain Questionnaire (MMPQ-SF15) has been shown as an 

effective method to assess localized and generalized aspects of pain in adolescent orthodontic 

patients (Iwasaki et al., 2013). 

 A pilot study by Ramanan (OHSU IRB#0022928) established face validity of a set of 

surveys to measure subjects’ pain (MMPQ-SF15), satisfaction, and compliance when using 

adjuncts during the initial stage of orthodontic tooth movement and established baseline 

psychological conditions (PHQ9, GAD7, and PHQ15). These surveys were completed through 

an online platform (Qualtrics, Provo, UT). This pilot study compared two experimental groups 

and a control group during the initial stages of aligner treatment, when the first four aligner trays 
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were worn. The experimental group that used the plastic tool that consists of a stick with biting 

“cushion” (Pul System, San Francisco) (n=4) compared to the control group (n=3) did not, 

showed that the experimental group had significantly lower levels of frustrating (p<0.01) and 

strange pain (p<0.05) and significantly lower reported pain during the second week compared to 

the first week of aligner wear (p<0.01) compared to the control group (Ramanan, 2022). 

Additionally, the study provided data for a power analysis to determine sample sizes for the 

current study.  

 The purpose of this study was to evaluate whether a commercially available clear aligner 

adjunct tool has a clinically measurable impact on treatment experience and the efficacy of tooth 

movement. With the findings of the current study, orthodontists can better predict and assess the 

effects of aligner adjuncts and determine if they should be used to improve aligner tracking and 

patient experience.  Specifically, Aim 1 of the current study was to measure whether or not biting 

on an adjunct tool (BITE ME, Pul System, San Francisco) (experimental group) had a significant 

effect on reported pain in the first week of each tray (week 1), the last week of each tray (week 

2), and overall pain after the first four trays used during clear aligner treatment (8 weeks) 

compared to not biting on an adjunct tool (control group). Aim 2 was to measure whether biting 

on an adjunct tool (experimental group) had a significant effect on aligner wear compliance and 

satisfaction compared to not biting on an adjunct tool (control group) during the first four trays 

of clear aligner treatment. Aim 3 was to test whether biting on an adjunct tool (experimental 

group) had a significant effect on the efficacy of tooth movement during the first four trays of 

clear aligner treatment compared to not biting on an adjunct tool (control group). The null 

hypotheses of this study were, for the first four trays of clear aligner treatment: 



14 
 

1) There was no significant difference in reported pain during treatment between the 

experiment and control groups. 

2) There was no significant difference in aligner wear i) compliance and ii) satisfaction 

between the experiment and control groups. 

3) There was no significant difference in tracking success (i.e. minimal difference between 

predicted vs actual tooth movement) between the experimental and control groups.  

 

 

 

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 consenting subjects who were patients from the OHSU Orthodontic Clinic who 

underwent clear aligner treatment.  

Figure 3a. Group 1 adjunctive tool 
with removal hook and bite 
cushion. Image downloaded from 
thepultool.com. 

Figure 3b. Group 2 adjunctive 
tool with removal hook but no bite 
cushion. Image downloaded from 
thepultool.com. 
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Subject Recruitment  
 Patients at the OHSU Orthodontic Clinic who decided to undergo orthodontic clear 

aligner treatment were screened for eligibility to participate in this study. To be eligible, subjects 

needed to be adults and not actively growing, which was determined to be 18 years or older and 

in Cervical Vertebral Maturation (CVM) stage 4 or higher, respectively (McNamara & Franchi, 

2018). Exclusion criteria included treatment plans that involved tooth extraction or inter-arch 

elastic wear during the first 4 aligners; self-reported habits such as nail-biting or digit sucking; 

relatively short clinical crowns that could compromise retention of aligners; pregnancy, which 

may increase risk of pregnancy-induced gingivitis and, therefore, could impact the seating of the 

aligners; and the use of medications for pain, depression, or anxiety.  During the period of the 

research study, subjects did not undergo any elastic wear or interproximal tooth reduction (IPR), 

to minimize confounding variables.  

 Eligibility to participate in the study was determined by evaluating the initial records of 

each subject. If the subjects met all requirements and did not meet any exclusion criteria, they 

were recruited for the study during the consultation appointment. The Subject Recruitment Script 

(Appendix B) was used to ask all potential subjects about their interest in joining the study. All 

subjects were recruited at the Oregon Health & Science University School of Dentistry (OHSU) 

in Portland, OR. If the subject agreed to be a part of the study, informed consent (Appendix C) 

and baseline surveys were collected. If the subject declined to participate in the study, they 

proceeded on with the standard treatment after consultation, and any other data collected for the 

study were immediately destroyed. 

Study Groups 
This study involved two groups 1) Adjunctive Tool #1 (PUL System BITE ME, Figure 

3a), and 2) Adjunctive Tool #2 (Pul System BITE ME without rubber cushion, Figure 3b). Both 



16 
 

adjunctive tools were provided by the manufacturer for the purposes of this study. In addition, 

the device is available direct-to-consumer on numerous websites and online platforms. Subjects 

were randomly assigned to Adjunctive Tool #1 (Experimental group) and Adjunctive Tool #2 

(Control group) but were first categorized by sex into male and female groups. Within each sex 

group, subjects were then randomly assigned to either the control or experimental condition in an 

alternating sequence based on the order of enrollment (Figure 4). All subjects were provided with 

their assigned tool and group-specific instructions (verbal and written) on how and when to use 

these tools (Figures 5, 6). Subjects were allowed to keep the devices after the study. 

 

 

Figure 4. Flowchart displaying how subjects were grouped by sex (male and female), then 

randomly assigned to Tool #1 or Tool #2.  
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Figure 5. Instruction handout for the Experimental Group who used Adjunctive Tool #1 (PUL 

System BITE ME) 
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Figure 6. Instruction handout for the Control Group who used Adjunctive Tool #2 (Modified 

PUL System BITE ME)  
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Subject Activities 
The subjects were provided with pre- and post-treatment surveys (PHQ-9, GAD-7, PHQ-

15), as well as daily surveys (pain, satisfaction, and compliance). These were provided online 

through the OHSU-approved online platform (Qualtrics, Provo, UT). The surveys were either 

completed at OHSU or at the subject’s home. The order of activities in this study included the 

following: 

Records (90 minutes)  

Records collected for the purpose of elective clear aligner treatment, include 

demographics and medical history, x-rays, photographs, plus intra-oral scans of the teeth 

and intra-oral soft tissues to obtain stereolithography (.stl) data files. These records were 

screened and evaluated to see if the patient was eligible for this research study.  

Consultation (1 hour)  

After clear aligner treatment consultation, potentially eligible patients were invited to 

participate in the study through the subject recruitment script (Appendix B). If a patient 

chose to participate, the subject consent form was provided (Appendix C).   

Baseline Data Collected:  

 Intra-oral scans (Trios 4, 3Shape A/S, Copenhagen, Denmark) to obtain open 

source .stl files if not already available from the Records visit  

 Surveys via quick response (QR) code link (Appendix J) to the online platform 

(Qualtrics, Provo, UT) for:  

o Depression Survey (Patient Health Questionnaire 9, PHQ9) (Appendix D) 

o Anxiety Survey (General Anxiety Disorder 7, GAD7) (Appendix E) 

o Somatization/Physical Symptoms (PHQ15) (Appendix F) 
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 Medical History and Medications (from Records visit)  

Visit 1 (V1): Delivery Visit (20 minutes)  

Subjects were provided with a package of adjuncts and instructions for using these with 

clear aligners and the QR code link for pain, compliance, and satisfaction data surveys 

(Appendix G, H, I). V1 occurred at the same treatment visit where the first 4 clear 

aligners were given to the subject. For both groups, the adjuncts were removed from the 

commercial product packaging and re-packaged in clean autoclave bags using sterile 

techniques. For the control group, the adjunct was modified by removing the clear plastic 

cushion (for biting on) using sterile techniques before re-packaging.  

Between V1 and V2 (10 minutes daily) 

Pain, compliance, and satisfaction surveys were completed daily using the QR code link 

(Appendix K) provided. This was anticipated to take no longer than 10 minutes a 

day. For clear aligner therapy, subjects were instructed to wear each of the first 4 clear 

aligners in sequence for two weeks each. Consequently, the time between V1-V2 was 8 

weeks.  

V2: 4 Trays-Later Visit 

Repeat intra-oral scan for Progress Assessment. Overall pain, compliance, and 

satisfaction surveys were completed using the QR code link provided (Appendix L). 

Subjects were reimbursed for their time and effort on a pro-rated basis via a secure debit 

card system (ClinCard, Greenphire Patient Payments, Suvoda, Philadelphia PA). Study 

participants were reimbursed $16 for completing the initial baseline visit (V1). An 
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additional $64 was provided upon completion of both the daily survey portion (V1.5) and 

the concluding appointment (V2), allowing each subject to earn up to $80 in total. 

Data Collection 
The data collected included the subjects’ pre-treatment age, sex, and medical history; pre-

treatment, during treatment, and post-tray 4 survey responses; and pre-treatment and post-tray 4 

intra-oral scans. 

Depression Survey: Patient Health Questionnaire-9 (PHQ9) (Appendix D) 

The PHQ9 is a validated nine-item measure used to assess the severity of depression over 

a two-week period. Each item is scored on a four-point Likert scale: “0 = not at all,” “1 = 

several days,” “2 = more than half the days,” and “3 = nearly every day.” The total score 

can range between 0-36 and defines the level of depression as follows: 0-4 indicates 

minimal depression, 5-9 indicates mild depression, 10-14 indicates moderate depression, 

15-19 indicates moderately severe depression, 20-27 indicates severe depression 

(Kroenke et al., 2010; Kroenke & Spitzer, 2002). The PHQ-9 was developed by Kroenke 

and et al. can be accessed online (Kroenke et al., 2001; Patient Health Questionnaire 

(PHQ) Screeners. Free Download, n.d.). 

Anxiety Survey: Generalized Anxiety Disorder-7 (GAD7) (Appendix E)  

The GAD7 is a validated seven-item survey used to measure anxiety levels over the past 

two weeks. Each item is scored on a four-point Likert scale: “0 = not at all,” “1 = several 

days,” “2 = more than half the days,” and “3 = nearly every day” (Löwe et al., 2008). 

Total scores can range between 0-21 and are categorized as follows: 0-4 indicates 

minimal anxiety, 5-9 indicates mild anxiety, 10-14 indicates moderate anxiety, and 15-21 
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indicates severe anxiety (Löwe et al., 2008; Spitzer et al., 2006). The GAD-7 was 

developed by Spitzer et al. and can be accessed online (Patient Health Questionnaire 

(PHQ) Screeners. Free Download, n.d.; Spitzer et al., 2006). 

Somatization/Physical Symptoms: Patient Health Questionnaire- 15 (PHQ15) (Appendix F) 

The PHQ15 is a validated 15-item questionnaire used to assess somatic symptoms 

experienced over the past four weeks. Each item is rated on a three-point Likert scale: “0 

= not bothered,” “1 = bothered a little,” and “2 = bothered a lot.” The total score can 

range between 0-30 and categorizes somatization severity as follows: 0-4 for minimal, 5-

9 for mild, 10-14 for moderate, and 15-30 for severe (Kocalevent et al., 2013; Kroenke et 

al., 2002). The PHQ15 was developed by Kroenke et al. and can be accessed online 

(Kocalevent et al., 2013; Patient Health Questionnaire (PHQ) Screeners. Free 

Download, n.d.).  

Pain Survey (Appendix G)  

The modified McGill Pain Questionnaire is a validated three-part survey designed to 

assess orthodontic pain (Iwasaki et al., 2013). The first part consists of 15 items 

addressing various aspects of pain, scored on a four-point Likert scale: “0 = no pain,” “1 

= mild pain,” “2 = moderate pain,” and “3 = severe pain.” Thus, each of the 15 items had 

a score and the total MPQ score potentially ranged from 0 – 45, between no pain and 

severe pain. The second part asks subjects to indicate the severity of their pain using a 

visual analog scale ranging from “no pain” to “worst pain possible Pain was assessed 

using a 100-point Visual Analog Scale (VAS) presented as a slider. Participants adjusted 

the slider to indicate their perceived level of pain. Numerical values were not visible to 
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participants during the rating process to minimize bias. The third part involves ranking 

the current pain level (CPL) from “0 = no pain,” “1 = little pain,” “2 = moderate pain,” “3 

= bad pain,” “4 = horrible pain,” to “5 = extreme pain” (Iwasaki et al., 2013; Melzack, 

1987). This survey was used to assess daily pain while subjects wore aligner trays as well 

as overall pain throughout the study surveyed at V2.  

Compliance Survey (Appendix H) 

The compliance questionnaire is a two-part survey that was utilized to assess the 

compliance of wearing the clear aligners throughout the study. The first part consists of a 

daily question that uses a sliding bar from 0 to 24 hours a day. The second part involves 

an overall assessment of daily and weekly wear with multiple sliding bar responses for 

hours per day and days per week. Subjects also had an optional text-field to add 

comments at the end.  

Satisfaction and Effort Surveys (Appendix I) 

The satisfaction survey was offered daily and overall, at the end of the study. This survey 

contains four questions regarding patients’ comfort and function during aligner wear, 

including their ability to bite, chew, speak, and eat without discomfort, as well as any 

irritation caused by the aligners to the oral soft tissues.  This survey is a modified version 

of Miller et al. which, in turn, was adapted from validated Geriatric Oral Health 

Assessment Index (Miller et al., 2007) and assessed subject satisfaction in the form of a 

five-point Likert scale. For questions 1, 2, and 4, the scoring was “1 = never”, “2 = 

seldom”, 3 = sometimes”, “4 = often”, and “5 = always.” For question 3, the scoring was 

“1 = always”, “2 = often”, 3 = sometimes”, “4 = seldom”, and “5 = never.” 
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The effort survey was offered overall, at the end of the study, and involved five modified 

customer effort score survey statements used to assess other aspects of subject 

satisfaction. This survey involved five questions that asked about the overall ease of 

using aligners, including patient satisfaction, the ability to seat and remove trays, 

confidence in aligner tracking, and willingness to recommend aligner treatment to others. 

The responses were scored in the form of a seven-point Likert scale of “1= strongly 

disagree”, “2 = disagree”, “3 = somewhat disagree”, “4 = neutral”, “5 = somewhat 

agree”, “6 = agree”, and “7 = strongly agree.”  

There were three additional questions (10-12) that asked about the subject’s usage and 

perception of the adjunctive tool, including frequency of use, likelihood of 

recommending the tool to others, and willingness to continue using it in the future. For 

question 10 the scoring was “1 = Never”, “2 = Few times a week”, “3 = Every day”, and 

“4 = Multiple times a day.” Questions 11 and 12 were graded on a ten-point Likert scale 

ranging from 0 (not likely) to 10 (very likely).   

Intra-oral Pre-treatment Scan 

Pre-treatment 3D representations of the teeth and intra-oral soft tissues were captured 

using an intra-oral scanner (Trios 4, 3Shape A/S, Copenhagen, Denmark) to create a .stl 

file. These files were kept in a secure OHSU database.  

Intra-oral Post-Tray 4 Scan 

Post-Tray 4 (V2) 3D representations of the teeth and intra-oral soft tissues were captured 

using the same digital intra-oral scanner (Trios 4, 3Shape A/S, Copenhagen, Denmark) to 

create a .stl file. These files were kept in a secure OHSU database.  
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Tray Efficacy Analysis (Predicted versus Actual Position at Tray 4) 
To determine if there were significant differences between tracking success (i.e. minimal 

difference between predicted versus actual tooth movement) of the experimental and control 

groups, predicted tooth positions (from the aligner software) were compared to the actual clinical 

tooth positions after tray #4 for both the maxillary and mandibular dental arches. Predicted 

positions refer to the ideal tooth alignment programmed into aligner tray #4, while actual 

positions refer to the recorded clinical outcome after the subject wore tray #4.  

Due to proprietary restrictions of the aligner product’s software, .stl files of the prescribed 

tooth movement were unavailable, so a method to capture the predicted tooth positions was 

developed using the physical maxillary  and mandibular trays #4 for each subject. The intaglio 

(inner) surfaces of both maxillary and mandibular trays were coated with a titanium dioxide-

based scanning spray (Dentsply Sirona Optispray, Bensheim, Germany) to make the transparent 

aligner sufficiently opaque for intraoral scanning (Figure 7). The trays were then scanned with 

the intraoral scanner (3Shape, Copenhagen, Denmark).  Since the scan captured the negative 

impression of the teeth (internal surface of the aligner), it was necessary to invert the results of 

the scan to create a positive, tooth-surface representation. This was achieved by importing the .stl 

file into a 3D mesh editing software (Autodesk Meshmixer, San Rafael, CA) where the 3D 

digital image was inverted to simulate predicted tooth positions as they would appear clinically. 

This resulted in the .stl file that was used to represent predicted tray 4 tooth positions and 

compared to post-tray 4 tooth positions for the same dental arch.  

To compare the predicted and actual post-tray 4 positions for a given arch, the two .stl 

files were imported to a 3D inspection software (Geomagic Control, 3D Systems, Rock Hill, 

SC). Using the best-fit surface alignment tool, the predicted and actual model images were 
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superimposed (Figure 8). A root mean square (RMS) deviation value (mm) was calculated via 

the software to measure similarity between the two .stl files. An RMS deviation value 

represented the average difference between corresponding surface points and served as a 

quantitative measure of how closely the clinical outcome matched the planned aligner 

movements. A lower RMS value indicated better accuracy and tracking. This method allowed for 

an objective assessment of tray efficacy and enabled statistical comparisons between control and 

experimental groups and the maxillary and mandibular dental arches.  

 

 

 

 

 

 

Figure 7a. Product (Cerec® Optispray) sprayed onto the intaglio surface of the tray. Figure 7b. 

Maxillary aligner tray #4 sprayed with this product (Cerec® Optispray). 
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Figure 8. Superimposition of images from inverted tray 4 (predicted) and the post-tray 4 

intraoral  (actual) scans for the mandibular dental arch in one subject via software (Geomagic 

Control). Average root mean squared (RMS) deviation values (mm) were generated to determine 

degree of differences between the two .stl files. Smaller RMS values represent a higher similarity 

and better tracking. 

  

Data and Statistical Analyses 
Fill-in-the blank survey answers were qualitatively analyzed in consultation with 

statistical expertise, Dr. Dongseok Choi. Dr. Choi received only de-identified data. Classical 

content analysis was used to analyze any longer answers. De-identified multiple choice survey 

answers were analyzed statistically.  Images of the teeth from intra-oral scans were inspected 

visually.  

Data included: V1 subject demographics including age and sex; V1, V2, and daily 

between V1-V2 survey responses; and intra-oral digital scans. Means, standard deviations, 

medians, and ranges were calculated for PHQ9, GAD7, and PHQ15 at baseline, and pain, 
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compliance, and satisfaction scores at V1, V2, and daily scores between V1 and V2. Daily 

MMPQ-15 and VAS scores were analyzed to evaluate changes in reported pain between week 1 

and week 2 of each aligner tray. For each subject, MMPQ-15 and VAS responses were averaged 

across week 1 and week 2 for every tray. Group averages were then computed to assess the 

percent change in scores from week 1 to week 2 across trays 1–4 for both the experimental and 

control groups. Positive values indicated a percent increase in pain, whereas negative values 

indicated a percent decrease in pain.  

Wilcoxon tests were used to test group differences in baseline psychosocial scores and 

responses to questions in the overall MMPQ-15, satisfaction, and compliance surveys. T-tests 

were used to determine whether there were significant differences between groups for pain 

(MMPQ-15, VAS, and current pain index) scores across each aligner tray (1–4). Chi-squared 

tests and mixed effects modeling and multivariate analysis were used to test for significant 

differences in RMS (mm) results between groups and between dental arches. Statistically 

significant differences were defined by p-value <0.05. Intraclass correlation coefficients were 

calculated to determine intra-rater reliability in V1-V2 tooth movement measurements. R 

statistical software was used for all statistical analyses (R Core Team, Auckland, New Zealand).  

Results 
Eighteen subjects were approached to participate in the study. Twelve subjects, 10 females 

and two males, met inclusion criteria, gave informed consent and were enrolled in the study. Of 

the 12 subjects enrolled, eleven were included in the final tray efficacy analysis, as one subject 

incorrectly proceeded past the fourth tray of aligner treatment. Subjects were categorized by sex 

and assigned to either the experimental or control group in an alternating sequence based on the 

order of enrollment. Six subjects (five females, one male) were assigned to the experimental 
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group and six (five females, one male) were assigned to the control group. Mean age for all the 

subjects enrolled in the study was 31 ± 10 years. Mean age was 26 ± 6 years for the experimental 

group and 36 ± 12 years for the control group, and not significantly different between groups 

(p=0.13) (Table 1).  

Baseline PHQ-9, GAD-7, and PHQ-15 Survey Analysis (Table 1)  

All subjects completed the baseline surveys. Both groups indicated minimal depressive 

symptoms at baseline, on average 4 ± 6 for the experimental group and 4 ± 3 for the control 

group, and not significantly different between groups (p=0.68, Figure 9). PHQ-9 scores 

indicating mild depression were found in one subject in each of the experimental (Subject 6, 

female with PHQ-9 = 5) and control (Subject 3, female with PHQ-9 = 8) groups and one subject 

in the experimental group (Subject 11, female) had a PHQ-9 score = 16, indicating moderately 

severe depression. 

 Both groups indicated minimal anxiety at baseline, on average 3 ± 5 for the experimental 

group and 3 ± 2 for the control group, and not significantly different between groups (p=0.67, 

Figure 10). GAD-7 scores indicating mild anxiety were found in one subject in each of the 

experimental (Subject 6, female with GAD-7 = 5) and control (Subject 10, female with GAD-7 = 

6) groups and one subject in the experimental group (Subject 11, female) had a GAD-7 score = 

12, indicating moderate anxiety. 

 Both groups indicated minimal somatization and physical symptoms at baseline, on 

average 4 ± 3 for the experimental group and 2 ± 3 for the control group, and not significantly 

different between groups (p=0.33, Figure 11). PHQ-15 scores indicating mild somatization and 

physical symptoms were found in one subject in each of the experimental (Subject 6, female with 
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PHQ-15 = 6) and control (Subject 3, female with PHQ-15 = 7) groups and one subject in the 

experimental group (Subject 11, female) had a PHQ-15 score = 10, indicating medium severity.  

 

Table 1. Subject numbers by group and sex (percentages of total sample), with mean ± standard 

deviation of age and baseline psychosocial scores, and t-test results of between-group 

comparisons (p-values). 

 

 

 

 

Subject  Total Sample Experimental  Control p-value  

Number 12 6 6 1.00 

Females  10 5 (83%) 5 (83%) 1.00 

Males 2 1 (17%) 1 (17%) 1.00 

Age in years 31 ± 10 26 ± 6 36 ± 12 0.13 

Anxiety (PHQ-9, 0-36)  4 ± 4 Minimal 4 ± 6 Minimal 4 ± 3 Minimal 0.68 

Depression (GAD-7, 0-21) 3 ± 4 Minimal 3 ± 5 Minimal 3 ± 2 Minimal 0.67 

Physical Symptoms (PHQ-15, 0-

30) 

3 (± 3) Minimal 4 ± 3 Minimal 2 ± 3 Minimal 0.33 
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Figure 9. Baseline Patient Health Questionnaire-9 total scores. Lines in the box plot indicate 

median values for the data set. There was no significant difference found in the PHQ-9 scores 

between groups (p=0.68). 

 

Figure 10. Baseline Generalized Anxiety Disorder-7 total scores. Lines in the box plot indicate 

median values for the data set. There was no significant difference found in the GAD-7 scores 

between groups (p=0.67). 
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Figure 11. Baseline Patient Health Questionnaire-15 total scores. Lines in the box plot indicate 

median values for the data set. There was no significant difference found in the PHQ-15 scores 

between groups (p=0.33). 

Table 2. Survey response compliance per subject. The table presents the number of days (out of 

14) that each subject completed the daily survey for each tray interval. Average response rates 

(±SD) are reported for both the experimental and control groups across trays 1–4. 

Subject 
# 

Group Sex Number of daily surveys submitted (% compliance) for: 

Tray 1  
days 1-14 

Tray 2  
days 15-28 

Tray 3 
days 29-42 

Tray 4 
days 43-56 

1 Experimental Male 10 (71%) 9 (64%) 8 (57%) 6 (43%) 

4 Experimental Female 12 (86%) 14 (100%) 14 (100%) 14 (100%) 

6 Experimental Female 5 (36%) 0 (0%) 1 (1%) 1 (1%) 

8 Experimental Female 14 (100%) 14 (100%) 14 (100%) 13 (93%) 

9 Experimental Female 5 (36%) 10 (71%) 12 (86%) 4 (29%) 

11 Experimental Female 14 (100%) 8 (57%) 3 (21%) 5 (36%) 
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Experimental group: average 
response rate ± SD 

72% ± 30% 65% ± 37% 61% ± 42% 50% ± 39% 

2 Control Male 11 (79%) 12 (86%) 12 (86%) 12 (86%) 

3 Control Female 13 (93%) 13 (93%) 12 (86%) 12 (86%) 

5 Control Female 7 (50%) 6 (43%)  5 (36%) 5 (36%) 

7 Control Female 10 (71%) 9 (64%) 11 (79%) 12 (86%) 

10 Control Female 13 (93%) 14 (100%) 14 (100%) 14 (100%) 

12 Control Female NA NA NA NA 

Control group: average response rate 
± SD 

77% ± 18% 77% ± 23% 77% ± 24% 79% ± 25% 

 

Daily Pain Surveys 

Of the twelve participants enrolled, eleven completed the daily pain surveys. One control 

subject (Subject 12, female) participated in the baseline and overall assessments but did not 

complete the daily surveys. Excluding Subject 12, the average daily survey response rate was 

62% for the experimental group and 78% for the control group. The experimental group showed 

a gradual decline in compliance across weeks 1–4 (72%, 62%, 61%, and 50%, respectively), 

whereas the control group maintained consistently high compliance over the same period (77%, 

77%, 77%, and 79%, respectively) (Table 2). 

 Subjects reported daily pain using the Modified McGill Pain Questionnaire, which 

included three measures of pain: the MMPQ-15 total score, the Visual Analog Scale (VAS), and 

the Current Pain Index. Analysis of these responses (Figure 12) illustrates trends in daily pain 

over the 56 days of aligner wear, with each row representing one of the three pain measures. 

Across all three measures, trends were observed in both groups, where noticeable spikes in pain 
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occurred approximately every 14 days in some subjects, coinciding with the switch to a new 

aligner tray (days 1, 15, 29, and 43). Following each tray change, pain levels typically declined 

within several days, stabilizing at lower levels before the next tray switch. 

Overall, both experimental and control participants demonstrated a gradual reduction in 

pain intensity over time, with the most pronounced peaks occurring within the first one to two 

days after each tray change. The magnitude of pain spikes appeared slightly more variable in the 

experimental group, with some subjects exhibiting greater fluctuations, whereas the control 

group’s responses were generally more uniform and lower in intensity. When analyzing 

individual subject responses, it seemed that one subject in the experimental (Subject 11, female) 

and one subject in the control (Subject 10, female) that had generally higher tray one pain scores 

in all three measures of pain. Another subject in the experimental (Subject 6, female) had an 

initial drop in pain after the first tray, but a slow and steady increase in pain until the end of the 

study. 
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Figure 12. Daily pain scores (top to bottom: MMPQ15, VAS, and Current Pain Index) plotted 

versus days of the study (1-56). The graphs on the left (A, C, E) represent the experimental 

group, while graphs on the right (B, D, F) represent the control group. Each vertical solid blue 

line represents the beginning of a new tray.  

C D 

E F 

A B 
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Comparisons of Pain Between Each Tray (Table 2) 

Analysis of daily survey results allowed for evaluation of pain scores across each aligner 

tray (1–4). MMPQ-15, VAS, and current pain index scores were compared between experimental 

and control groups for all trays. For trays 1–4, the experimental group reported average MMPQ-

15 scores of 7 ± 3, 4 ± 4, 3 ± 3, and 4 ± 4, while the control group reported 4 ± 2, 2 ± 2, 2 ± 1, 

and 2 ± 1, respectively. Average VAS scores for the experimental group were 14 ± 12, 12 ± 13, 9 

± 13, and 9 ± 9, compared with 8 ± 8, 5 ± 5, 3 ± 3, and 3 ± 2 for the control group. Current pain 

index averages for trays 1–4 were 1 ± 0, 0 ± 0, 0 ± 0, and 1 ± 1 in the experimental group, and 1 

± 0, 0 ± 0, 0 ± 0, and 0 ± 0 in the control group. Across all trays, the experimental group 

demonstrated higher average pain scores than the control group in each of the three measures. 

However, these differences were not statistically significant for MMPQ-15 (p=0.10, 0.39, 0.27, 

0.24), VAS (p=0.37, 0.34, 0.40, 0.23), or current pain index (p=0.41, 0.43, 0.26, 0.16) across 

trays 1–4 (Figure 13).  

Table 2. Averages ± standard deviations for experimental and control groups and between group 

comparison of pain scores per tray (MMPQ-15, VAS, and current pain index per trays 1-4).  

Subject Experimental Average Control Average p-value 

MMPQ-15 (0-45) 

Tray 1 7 ± 3 4 ± 2 0.10 

Tray 2 4 ± 4 2 ± 2 0.39 

Tray 3 3 ± 3 2 ± 1 0.27 

Tray 4 4 ± 4 2 ± 1 0.24 

VAS (0-100) 

Tray 1 14 ± 12 8 ± 8 0.37 

Tray 2 12 ± 13 5 ± 5 0.34 

Tray 3 9 ± 13 3 ± 3 0.40 

Tray 4 9 ± 9 3 ± 2 0.23 
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Current Pain Index (0-5) 

Tray 1 1 ± 0 1 ± 0 0.41 

Tray 2 0 ± 0 0 ± 0 0.43 

Tray 3 0 ± 0 0 ± 0 0.26 

Tray 4 1 ± 1 0 ± 0 0.16 
  

Figure 13 Box plots showing average daily survey results for A MMPQ-15, B VAS, and C 
Current Pain Index from control (C) and experimental (E) groups for trays 1, 2, 3, and 4. The 
boxes represent the interquartile range (IQR), the horizontal line within each box marks the 
median, and the dashed vertical whiskers extend to the minimum and maximum values within 
1.5× IQR. Points beyond the whiskers indicate outliers.  
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Changes in Pain from Week 1 to Week 2 of Each Tray 

Daily MMPQ-15 (Figure 14A) and VAS scores (Figure 14B) were analyzed to evaluate 

percentage changes in reported pain between week 1 and week 2 of each aligner tray. For trays 

1–4, the experimental group exhibited MMPQ-15 percent changes of -58%, -27%, +27%, and 

+64%, respectively. The control group showed percent changes of -52%, -62%, -46%, and -37%, 

respectively. Overall, the experimental group demonstrated decreasing pain scores between 

weeks 1 and 2 of the first two trays, followed by increasing scores in the final two trays. In 

contrast, the control group showed consistent decreases in pain across all four trays. However, 

there were no significant differences between groups in weekly percent change for trays 1 - 4 

(p=0.73, 0.34, 0.28, and 0.13, respectively). Similarly, when examining for trays 1–4, the 

experimental group demonstrated VAS percent changes of -68%, -65%, -31%, and +9%, 

respectively, while the control group showed changes of -40%, -26%, -45%, and -46%, 

respectively (Figure 14B), after Subject 8 (experimental group) was identified as an outlier. The 

experimental group exhibited decreasing pain between weeks 1 and 2 for the first three trays, 

followed by a slight increase during the final tray. Within the experimental group, Subject 8’s 

percent change value for tray 3 was identified as an outlier due to the extremely low baseline 

pain score. In week 1, this subject reported a pain score of 0. During week 2, the score increased 

to 3.6. Although the absolute increase in pain was minimal, the percentage-change calculation 

(from 0 to 3.6) produced an artificially inflated value of 360%. This disproportionally large 

percentage occurred because even small absolute changes become exaggerated when the initial 

value was near zero. For this reason, these data were excluded from the final comparison. In 

regards to the control group VAS changes between weeks 1 and 2, this group demonstrated 

gradual decreases in pain across all trays. There were no significant differences between groups 
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in weekly percent change for trays 1 - 3 (p=0.10, 0.17, 0.62, respectively). However, the 

percentage change in VAS scores between weeks 1 and 2 for tray 4 was significantly different, 

where it increased for the experimental group by +9% and decreased for the control group by -

46% (Figure 14B). 

 

Figure 14 Box plots showing percent change between weeks 1 and 2 for A MMPQ-15 and B 
VAS in control (C) and experimental (E) groups for trays 1, 2, 3, and 4. The boxes represent the 
interquartile range (IQR), the horizontal line within each box marks the median, and the dashed 
vertical whiskers extend to the minimum and maximum values within 1.5× IQR. Points beyond 
the whiskers indicate outliers. The * represents a significant difference between the control and 
experimental group at tray 4 (p=0.03).  
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Overall Pain Analyses (Table 3) 

The three measurements used to report overall pain were MMPQ-15 total, VAS, and 

current pain index surveyed at V2. The MMPQ-15 total (possible range 0-45) average was 4 ± 2 

for the experimental group and 5 ± 4 for the control group. The overall pain for the visual 

analogue scale (VAS) from 0-100 (no pain-maximum pain) was 13 ± 8 for the experimental 

group and 6± 5 for the control group. The current pain index average (0-5) was 1 ± 0 for the 

experimental and 0 ± 0 for the control. There were no statistically significant differences between 

MMPQ-15 total (p=0.47), VAS (p=0.71), or current pain index scores (p= 0.71; Table 3).  

Within the modified McGill pain questionnaire, pain was broken down into 15 categories: 

pressure, sore, aching, throbbing, tight, cutting, burning, tingling, pulling, dull, uncomfortable, 

strange, frustrating, annoying, and miserable. Across 15 categories, most of the categories 

showed an experimental group pain score that was lower than control group pain scores. When 

comparing the pain categories of the two groups, the experimental group scored lower in 8 

categories, scored similar in 6 categories, and scored higher in 1 category. The throbbing, 

burning, tingling, dull, uncomfortable, and miserable pain scores were equal amongst the two 

groups, while the experimental group had higher strange pain than the control group (Figure 15). 

There were no significant differences found between any of the MMPQ-15 pain categories 

(range p=0.13 to 1.00).  
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Figure 15. Average reported pain score in each of 15 MMPQ categories for experimental (blue) 

and control (orange) groups. There were no significant differences found between the groups in 

any of the 15 categories (range p=0.13 to 1.00).  

Table 3. Averages ± standard deviations for overall reported pain at V2 via MMPQ-15 total 

score, Visual Analogue Scale, and Current Pain Index for total sample, and experimental and 

control groups, with between-group comparisons (p-values). 

Subject Total Sample  Experimental  Control  p-value 

Overall MMPQ-15 Total 
(0-45) 

5 ± 4 4 ± 2 6 ± 5 0.47 

Overall VAS Pain (0-100) 
10 ± 7 13 ± 8 6 ± 5 

0.21 

Overall Current Pain Index 
(0-5) 
 

0 1 0 0.71 

 

0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

Av
er

ag
e 

Re
po

rt
ed

 P
ai

n 
Sc

or
e 

(0
= 

no
 p

ai
n,

 1
= 

m
ild

 p
ai

n,
 2

= 
m

od
er

at
e 

pa
in

) 
Modified McGill Pain Questionnaire- 15 (Overall)

Experimental Control



42 
 

Compliance Analysis (Table 4) 

 Both groups reported high compliance for aligner wear for hours per day at 21 ± 1 

hours/day for the experimental group and 19 ± 8 hours/day for the control group. In terms of the 

days per week, compliance for aligner wear was 7 ± 0 days/week for the experimental group 6 ± 

2 days/week for the control group. The experimental group had higher average durations of 

aligner wear than the control group, however, there were no significant differences in the aligner 

wear for hours/day (p=0.72) and days/week (p=0.41) between groups.  

 

Table 4. Overall compliance reported at V2 for experimental and control groups in average hours 

per day and days per week with results of between-group comparisons via t-tests (p-value), 

where SD=standard deviation, Min=minimum, Max=maximum.  

Compliance Control (N=6) Experimental (N=6) p-value 

Hours worn per day 
  

 
Mean (SD) 19 (8) 21 (1) 0.72 

Median (Min, Max) 22 (3, 22) 22 (19, 22) 

 
Days worn per week 

  

 
Mean (SD) 6 (2) 7 (0) 0.41 

Median (Min, Max) 7 (1, 7) 7 (7, 7) 
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Satisfaction Analysis (Table 5 & 6) 

 Daily satisfaction was assessed through survey responses evaluating each subject’s daily 

aligner experience. Each participant responded to four questions addressing 1) trouble biting or 

chewing food, 2) preventing speaking, 3) being able to eat without discomfort, and 4) discomfort 

with the cheek, tongue, or lip; where average daily satisfaction results for experimental subjects 

were: 1) seldom, 2) seldom, 3) often, and 4) seldom, and for control subjects were: 1) never, 2) 

seldom, 3) often, and 4) never (Table 5). Global satisfaction scores were calculated by averaging 

the four daily satisfaction questions for each subject. In this scoring system, lower values (closer 

to 1) reflect higher satisfaction, whereas higher values (closer to 5) indicate lower satisfaction. 

Both the experimental and control groups demonstrated similar results, with an average global 

satisfaction score of 2 ± 1, indicating generally high satisfaction across all subjects. 

 Satisfaction was also evaluated through overall survey responses assessing each subject’s 

general aligner experience at V2, where average responses to the four questions for the 

experimental subjects were: 1) seldom, 2) sometimes, 3) often, and 4) seldom, and for control 

subjects were: 1) seldom, 2) seldom, 3) sometimes, and 4) seldom. No statistically significant 

differences were found between the two groups for satisfaction questions 1 – 4 (p = 0.74, 0.77, 

1.00, and 1.00, respectively) (Table 6).  

 

Table 5. Daily surveys on satisfaction from each subject and experimental and control groups, 

showing averages ± standard deviations for each of four questions and global score that 

represents overall level of satisfaction (average of results for the four questions). The lower the 

global score, the higher the satisfaction.  
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Subject 

# 

Group Sex Average ± standard deviation for: 

1) Trouble 

biting / 

chewing 

2) Prevent 

speaking 

3) Eat 

without 

discomfort  

4) Discomfort 

with cheek, 

lip or tongue 

Global Score 

representing Daily 

Satisfaction 

1= High Satisfaction 

5= Low Satisfaction 

1 Experimental Male 2 ± 1 2 ± 1 2 ± 1 2 ± 1 2 ± 1 

4 Experimental Female 1 ± 0 1 ± 0 1 ± 1 1 ± 0 1 ± 0 

6 Experimental Female 1 ± 0 4 ± 0 1 ± 1 3 ± 0 3 ± 0 

8 Experimental Female 2 ± 1 3 ± 0 2 ± 0 2 ± 1 2 ± 0 

9 Experimental Female 3 ± 1 2 ± 1 2 ± 1 2 ± 1 2 ± 1 

11 Experimental Female 2 ± 1 1 ± 0 2 ± 1 1 ± 0 2 ± 1 

Experimental group: daily 

average ± SD 

2 ± 1  

(Seldom) 

2 ± 1 

(Seldom) 

2 ± 1 

(Often) 

2 ± 1 

(Seldom) 

2 ± 1 

 

2 Control Male 2 ± 1 2 ± 1 4 ± 0 2 ± 1 2 ± 0 

3 Control Female 1 ± 1 1 ± 0 1 ± 0 1 ± 0 1 ± 0 

5 Control Female 1 ± 0 1 ± 1 1 ± 1 1 ± 0 1 ± 0 

7 Control Female 1 ± 0 1 ± 0 1 ± 1 1 ± 1 1 ± 0 

10 Control Female 2 ± 1 4 ± 0 2 ± 1 2 ± 1 2 ± 1 

12 Control Female NA NA NA NA NA 

Control group: daily average ± 

SD 

1 ± 0 

(Never) 

2 ± 1 

(Seldom) 

2 ± 1 

(Often) 

1 ± 0 

(Never) 

2 ± 1 
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Table 6. Overall satisfaction reported at V2 for total sample and experimental and control 

groups, showing averages scores ± standard deviations and between group comparisons (p-

values). 

Overall Satisfaction Survey 

1= High Satisfaction 

5= Low Satisfaction 
Total Sample Experimental  Control  p-value 

1) Trouble biting or chewing 2 ± 1 (Seldom) 2 ± 1 (Seldom)  2 ± 1 (Seldom)  0.74 

2) Preventing from speaking 2 ± 1 (Seldom) 3 ± (Sometimes) 2 ± 1 (Seldom)  0.77 

3) Eat without discomfort  2 ± 1 (Often) 2 ± 1 (Often)  3 ± 2 (Sometimes) 1.00 

4) Discomfort with cheek, lip, or 

tongue 

2 ± 1 (Seldom) 2 ± 1 (Seldom)  2 ± 1 (Seldom)  1.00 

 

Overall Customer Effort Survey and Overall Adjunct Satisfaction Survey  

 Customer effort survey was collected at the end of the study (V2) to assess subject’s 

experience with aligner treatment. On average, both experimental groups and control groups 1) 

somewhat agreed that they would recommend aligner treatment to a friend, 2) somewhat agreed 

that they were satisfied with their aligner treatment, 3) somewhat agreed that it was easy to seat 

their aligner trays, and 4) somewhat agreed that it was easy to remove their aligner trays. There 

were no significant differences between groups for responses to these survey questions 1– 4 

(p=1.00, 0.46, 0.46, and 1.00, respectively) (Table 7).  
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 Overall adjunct satisfaction was also collected at the end of the study to assess subject’s 

experience with the adjunct appliance. On average, the experimental group 1) used the appliance 

every day, 2) scored a 9 ± 2 in likelihood to recommend the adjunct appliance, and 3) scored a 9 

± 2 in likelihood to continue using the adjunct after the study. On average, the control group 1) 

used the appliance multiple times a day, 2) scored a 10 ± 1 in likelihood to recommend the 

adjunct appliance, and 3) scored a 9 ± 1 in likelihood to continue using the adjunct appliance 

after the study. There were no significant differences between these survey questions 1-3 

(p=0.18, 0.86, and 1.00, respectively) (Table 8). 

 

Table 7. Overall effort reported at V2 for total sample and experimental and control groups, 

showing averages scores ± standard deviations and between group comparisons (p-values). 

Overall Effort 
Survey  

1=Strongly disagree 

7=Strongly agree Total Sample Experimental  Control  
p-
value 

I would recommend 
aligner treatment to a 
friend 5 ± 0 (Somewhat Agree) 5 ± 0 (Somewhat Agree) 5 ± 0 (Somewhat Agree) 1.00 

I am satisfied with 
my aligner 
experience 5 ± 0 (Somewhat Agree) 5 ± 0 (Somewhat Agree) 5 ± 0 (Somewhat Agree) 0.46 

It was easy to seat 
my aligner trays 5 ± 0 (Somewhat Agree) 5 ± 0 (Somewhat Agree) 5 ± 0 (Somewhat Agree) 0.46 

It was easy to 
remove my aligner 
trays 5 ± 0 (Somewhat Agree) 5 ± 0 (Somewhat Agree) 5 ± 0 (Somewhat Agree) 1.00 
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Table 8. Overall satisfaction with adjunct tool reported at V2 for total sample and experimental 

and control groups, showing averages scores ± standard deviations and between group 

comparisons (p-values). 

Overall Adjunct 
Satisfaction Total Sample Experimental Control p-value 

How often did you use the 
adjunct appliance? (1-4) 

4 ± 1 

(Multiple times a day) 

3 ± 1 

(Every day) 

4 ± 0 

(Multiple times a day) 0.18 

How likely are you to 
recommend the adjunct 
appliance? (1-10) 9 ± 1 9 ± 2 10 ± 1 0.86 

How likely are you to 
continue using the adjunct 
appliance after the study? 
(1-10) 9 ± 2 9 ± 2 9 ± 1 1.00 

 

 

Efficiency Analysis   

Of the twelve subjects enrolled, 11 were included in the efficiency analysis: five in the 

experimental group and six in the control group. One experimental subject (Subject 4, female) 

was excluded for progressing beyond tray 4 before a scan could be obtained. Both maxillary and 

mandibular arches were analyzed in the efficiency assessment. Nine of the 11 included subjects 

underwent treatment of both arches, while two subjects received aligners only for the mandibular 

arch. Additionally, one control subject (Subject 12, female) had the maxillary arch excluded due 

to a poor-quality .stl file that prevented accurate comparison. In total, 19 scans were analyzed: 11 
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mandibular and eight maxillary arches. The control group contributed six mandibular and three 

maxillary scans, while the experimental group contributed five mandibular and five maxillary 

scans. 

The mean RMS value was 0.69 ± 0.09 mm for the experimental group and 0.66 ± 0.11 

mm for the control group, and not statistically significantly different between the groups (p = 

0.56; Figure 16). A separate analysis comparing mandibular and maxillary arches revealed a 

significantly lower RMS of 0.62 ± 0.06 mm for the mandibular teeth compared to 0.75 ± 0.09 

mm for the maxillary teeth (p=0.005; Figure 17).  

 

Figure 16. RMS values for control and experimental groups. Lines in the box plot indicate 

median values for the data set. There were no significant differences in RMS values between 

control and experimental groups (p=0.56).  
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Figure 17. RMS values for upper (maxillary) and lower (mandibular) teeth. Lines in the box plot 

indicate the median values for the data set. The lower dental arch presented with smaller RMS 

values and there was a significant difference when compared to the upper dental arch (p=0.005).  

Discussion 
The purpose of this study was to discover the effects that clear aligner adjuncts have on 

subject’s compliance, satisfaction, pain, and tray efficacy. Compliance, satisfaction, and pain 

were assessed through daily and overall surveys, which provided a detailed view of the subjects’ 

experiences throughout aligner wear for the first four trays. Tray efficacy was estimated by 

comparing predicted and actual outcomes using .stl files after four trays of aligner wear. As a 

prospective study, this design allowed for the evaluation of adjunct effects under consistent 

treatment conditions. Results from 12 subjects, six in each of the experimental and control 

groups showed most variables measured were not significantly different between the groups and 

some interesting trends that warrant future investigation in a larger scale study.  
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Pain Analysis 
When discussing pain, it is important to recognize factors that may influence pain perception. 

Previous research has suggested that there is a link between pain sensitivity and both genetic and 

environmental factors, including stress, anxiety, and depression (Fillingim, 2017; Thompson et 

al., 2016). For this reason, it was important for this study to collect pre-treatment data regarding 

subject’s depression (PHQ-9), anxiety (GAD-7), and somatization (PHQ-15) to help 

contextualize pain responses during orthodontic treatment. The average PHQ-9, GAD-7 and 

PHQ-15 scores showed minimal symptoms with no significant differences between experimental 

and control groups at baseline. However, two experimental subjects (Subject 6, female; Subject 

11, female) and one control subject (Subject 10, female) exhibited elevated PHQ-9, GAD-7, and 

PHQ-15 scores that corresponded with higher reported daily pain levels. Subject 6 demonstrated 

mild depression, anxiety, and somatization symptoms and showed an initial decrease in pain 

during the first tray, followed by a gradual increase in pain across subsequent trays. However, it 

is also important to note that Subject 6 had very low levels of daily survey compliance, which 

artificially biases the data and renders the results unreliable. Subject 11 had the highest 

psychosocial symptom scores of the sample and exhibited moderate depression, moderate 

anxiety, and medium somatization, with pain scores during the initial tray notably higher than 

those of all other participants. Similarly, Subject 10 demonstrated mild anxiety, and showed the 

highest pain during the first tray of aligners than any other subject in the control group (Figure 

12). These findings are consistent with prior research indicating that psychosocial factors can 

influence pain perception and tolerance (Fillingim, 2017). However, the absence of significant 

between-group differences in overall pain suggests that the data were unaffected by these outlier 

subjects. 
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Adjunctive therapies that generate chewing-level forces have been proposed to help alleviate 

orthodontic pain (Ramanan, 2022). One proposed mechanism suggests that orthodontic pain 

originates from periodontal ligament compression during tooth movement, which triggers the 

release of inflammatory mediators such as bradykinin and histamine, activating nociceptors 

within the ligament. Farzenagan et al. (2012) proposed that applying intermittent biting forces 

may help relieve this discomfort by mechanically loosening the compressed periodontal fibers 

and restoring normal blood flow and lymphatic drainage within the periodontal ligament, thereby 

reducing local inflammation and pressure. Another framework for pain modulation is described 

by the Gate Control Theory of Pain (Melzack & Wall, 1965). This model proposes that the 

substantia gelatinosa of the dorsal horn functions as a neural “gate” that regulates the 

transmission of pain signals to the central nervous system. Pain impulses carried by small-

diameter afferent fibers (A-delta and C fibers) can be inhibited when large-diameter afferent 

fibers (A-beta fibers), which transmit sensations of pressure and touch, are simultaneously 

activated. In this way, masticatory pressure or mechanical stimulation, such as that provided by 

chewing or biting on an adjunct, can reduce the perception of orthodontic pain by distinguishing 

pain signal transmission at the spinal level. With these proposed mechanisms in mind, this study 

had the goal of examining the interaction between the aligner adjunct and experienced pain. 

However, no significant differences were found in overall MMPQ-15 total, VAS, and current 

pain index scores between the control and experimental groups. Although not significant, the 

experimental group had higher averages for VAS and current pain index than the control group. 

In addition, there were no significant differences between the 15 categories of pain. Analysis of 

the Modified McGill Pain Questionnaire (MMPQ-15) revealed the experimental group reported 

lower average pain in eight of the 15 categories, whereas the control group reported lower pain 
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in only one. The remaining categories showed similar scores between the two groups. Despite 

these trends, none of the category-specific pain comparisons reached statistical significance.  

Interestingly, the control group reported higher average VAS and current pain index scores, 

contrary to prior findings by Farzanegan et al. (2012) and Ramanan et al. (2019), which 

suggested that bite adjuncts can reduce orthodontic pain. Based on those studies, it was 

anticipated that the experimental group, who had access to the bite cushion, would experience 

lower overall pain. However, the categorical MMPQ findings more closely align with theoretical 

expectations, as the experimental group reported lower pain in the majority of categories. These 

categories included pressure, sore, aching, tight, cutting, pulling, frustrating, and annoying. This 

pattern raises the possibility that the adjunct may influence specific qualities of pain rather than 

reducing pain overall. Moreover, broader pain measures such as the MMPQ-15 total score, VAS, 

and current pain index may not fully capture the nuances of patients’ pain experiences or 

distinguish between different sensory dimensions of pain. These findings highlight the need for 

future research to explore which specific qualities of pain may be most influenced by clear 

aligner adjuncts and whether certain pain domains respond more favorably to mechanical 

stimulation. Overall, this trend supports the possibility that biting on the adjunct may have 

stimulated large-diameter A-beta fibers, thereby reducing pain signal transmission through the 

mechanism described by the Gate Control theory. Nevertheless, the findings of the current study 

cannot confirm this effect.  

Further analysis of daily survey data examined whether pain decreased from week one to 

week two within each tray cycle. The experimental group demonstrated decreased MMPQ-15 

total scores for the first two trays, followed by increases in the last two trays. VAS pain scores 

decreased through the first three trays, with a mild increase in the fourth. Conversely, the control 
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group exhibited steady decreases in both MMPQ-15 total and VAS pain scores across all four 

trays. Although no statistically significant differences were observed between groups for any 

tray, these trends were contrary to expectations, as we anticipated that the experimental group 

would demonstrate greater reductions in pain across trays. Notably, the experimental group 

exhibited a +9% increase in VAS pain from week one to week two during the fourth tray.  

This late-stage rise in pain is unexpected, as patients typically adapt to aligner forces over 

time, resulting in lower discomfort across trays. However, interpretation of this finding must be 

made cautiously, as tray 4 had the lowest survey compliance of the entire study—only 50% of 

daily entries were recorded in the experimental group. Low response rates can bias pain 

estimates in several ways. In this context, it is possible that participants with little or no pain 

simply stopped reporting during the later stages of the study, while subjects who continued to 

experience discomfort remained more active in recording their symptoms. Additionally, reduced 

compliance at the end of treatment introduces variability that makes the data less reliable and 

less representative of the experimental group. Missing entries prevent a complete depiction of the 

daily pain trends, limit the ability to detect true patterns, and increase the likelihood that 

observed changes reflect reporting bias rather than true group differences. 

Compliance & Satisfaction Analysis 
Both the experimental and control groups reported high levels of compliance throughout their 

aligner experience. The experimental group had an average of 21 ± 1 hours per day and 7 ± 0 

days per week of aligner wear. Similarly, the control group had an average of 19 ± 8 hours per 

day and 6 ± 2 days per week of aligner wear. These values closely align with the standard 

instruction provided to all participants; to wear aligners for 22 hours per day, 7 days per week. 

There were no significant differences in reported hours of wear per day or days per week, 
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suggesting that the presence of the adjunct appliance did not influence tray wear compliance. The 

overall high compliance observed may be attributed to the relatively short study duration, as 

participants only completed four trays of aligners. Because comprehensive aligner therapy often 

extends over one to two years, future studies examining long-term compliance may yield more 

representative findings. It is also important to note that self-reported compliance measures may 

be subject to bias, as participants are unlikely to strictly monitor hourly or weekly wear time. 

This limitation reflects the inherent challenges in accurately measuring aligner wear outside of a 

controlled environment. 

Satisfaction ratings were similarly high in both groups. Satisfaction scores revealed little 

difficulty for biting speaking, and discomfort for both groups. Additionally, both groups were 

able to eat without discomfort. including ease of tray insertion and removal, and minimal 

reported issues with biting, chewing, speaking, or eating. The absence of significant differences 

in any satisfaction measures suggests that the bite cushion did not affect user satisfaction. It is 

possible that the adjunct appliance used for tray removal alone was sufficient to maintain high 

levels of satisfaction in both groups.  

Tray Efficacy Analysis 
Tray efficacy was an important focus of this study due to the inclusion of the bite cushion. 

Previous research by (Bowman et al., 2015) has suggested that bite cushion appliances can help 

seat aligners more intimately against the teeth and attachments. The current study aimed to 

evaluate whether the clear aligner adjunct influenced tooth movement. To assess this, we applied 

a 3D comparison technique using software, referencing methods described by (Dhingra et al., 

2022), who set a 0.25 mm tolerance threshold to detect significant deviations between .stl files. 

Using this technique, our study found no significant differences between the control and 
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experimental groups, indicating that the bite cushion had no measurable impact on tray efficacy. 

It is possible that with the limited treatment duration, there is not a significant amount of tooth 

movement that occurred to observe the long-term differences and effects of the bite cushion.  

A notable finding was the significantly smaller RMS values observed in the mandibular arch 

compared to the maxillary arch, suggesting better tracking and tray adaptation in the mandibular 

dentition.  This finding was unexpected, as it is generally accepted that the mandibular cortical 

bone is denser than the maxillary bone, which would theoretically slow tooth movement (Devlin 

et al., 1998). Furthermore, the lower bone density and thinner cortices of the maxilla should 

facilitate faster remodeling and, therefore, improve tracking. Supporting this assumption, a 2013 

study using animal models found that maxillary teeth demonstrated greater overall movement 

compared with mandibular teeth over a 12-week period, attributing this difference to the thinner 

cortices of the maxilla that allowed more rapid bone remodeling (Dudic et al., 2013).  

Limitations  
There were several important limitations that should be acknowledged with respect to this 

study. Regarding subject recruitment, a major limitation of this study was the small sample size. 

Although 18 individuals were approached, only 12 agreed to participate, reflecting 

approximately 33% attrition at recruitment. Our power calculations indicate that to detect a 

clinically meaningful difference in RMS of 0.25 mm with a medium effect size and 80% power 

at α = 0.05 would require roughly 114 participants. An attrition rate of 33%, as in the current 

study, would mean that about 170 potential subjects would be needed. Consequently, the limited 

number of participants in the present study reduced the statistical power and restricted the ability 

to draw definitive conclusions from the findings.  
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Another limitation involved the compliance regarding filling out the daily surveys (Table 2). 

The average experimental group response rate per trays 1-4 were 72%, 65%, 61%, and 50%, 

respectively. The experimental group showed a steady decline in response rates throughout the 

entire study. Subject 6 showed especially low compliance with every tray of the daily surveys, 

with responses as low 0% for tray 3. The average control group response rate for trays 1-4 were 

77%, 77%, 77%, and 79%, respectively. The control group showed steady daily compliance rates 

overall, however, Subject 5 had response rates that were as low as 36% for trays 3 and 4. Low 

and inconsistent survey compliance weakened the ability to draw accurate conclusions for 

several reasons. First, daily pain experiences with clear aligners follow a highly time-sensitive 

pattern, typically peaking within the first 24–48 hours of tray insertion and declining thereafter. 

Missing early-week data can influence the true magnitude and timing of pain peaks. Second, 

incomplete data reduces the reliability of weekly averages and percentage change calculations, 

making it difficult to distinguish true trends from pieces of missing data. Third, subjects with 

very low compliance may influence group averages, especially in a small sample, creating bias in 

pain interpretation. Finally, differences in compliance between groups, such as the declining 

response rates in the experimental group and the stable rates in the control group, introduce the 

potential for bias. In this study, observed differences may reflect variations in reporting behavior 

rather than true differences in pain. 

A separate methodological limitation involves the process used to generate predicted .stl files 

for tray efficacy analysis. Because the aligner manufacturer does not provide direct access to the 

original predicted .stl files, the study relied on a creative solution: spraying the intaglio surface of 

tray 4, scanning it with an intraoral scanner, and digitally inverting the scan. Each of these steps 

introduced new variables, such as spray thickness, uneven coating, scanner interpretation of 
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reflective surfaces, and geometric inaccuracies during inversion. All of these may have 

introduced measurement error. This may explain, in part, why some subjects exhibited better 

“tracking” in one arch than the other or why RMS variability differed across individuals. Access 

to the original predicted .stl files, directly exported from the aligner software, would greatly 

increase precision.  

Finally, subjects wore a total of four aligner trays, each for a two-week period. This extended 

wear interval and limited number of trays may have reduced the likelihood of detecting 

meaningful tracking discrepancies. Typical clinical protocols for aligner treatment involve 

patients wearing trays for seven-days, which is more sensitive to early tracking issues because 

the aligner has less time to fully express its programmed movements. In contrast, a two-week 

protocol provides substantially more time for tooth movement, allowing minor seating 

inefficiencies to self-correct overtime and diminish differences between groups. This study did 

not apply this seven-day protocol because of the desire to measure changes in pain from week 

one to week two Additionally, evaluating only four trays represents a very small portion of 

typical orthodontic treatment, which commonly involves dozens of aligner trays. With such 

limited time in treatment, long-term tracking issues did not have sufficient time to accumulate, 

further reducing any meaningful differences in tray efficacy.  

Future Direction 
For future studies, extending the recruitment period beyond one year would greatly 

improve the ability to enroll a sufficient sample size. The limited one-year recruitment window, 

combined with the relatively low number of clear aligner cases treated at the study site, restricted 

the ability to reach the number of participants required for adequate statistical power. Increasing 

the recruitment duration to multiple years, or collaborating with additional orthodontic clinics, 
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would allow future studies to easily achieve the 170 potential participants needed as indicated by 

the power analysis. 

Additionally, future research should incorporate strategies to strengthen daily survey 

compliance. In the present study, subjects were reimbursed for completing baseline surveys and 

records (V1), daily surveys (V1.5), and final surveys and records (V2). Despite this 

compensation, daily compliance still declined overtime, especially in the experimental group. A 

more effective approach may be to provide compensation only when subjects maintain a 

compliance threshold, such as ≥75% of daily entries per tray. If the subject meets this 

requirement, then the disbursement would be given. This structure would encourage consistent 

participation throughout the study. Alternatively, reimbursement per entry could be used, in 

which participants receive compensation proportional to the number of daily surveys completed. 

Given the 56-day duration of the study, compensating subjects on a per-day basis may further 

enhance engagement and reduce missing data. Finally, incorporating daily text-message 

reminders would likely improve compliance substantially. Automated reminders could be sent at 

the end of each day to participants who have not yet completed their survey, reducing 

forgetfulness and increasing daily survey compliance. 

Another important direction for future research involves a deeper exploration of the 

findings within the individual MMPQ-15 pain categories. In this study, the experimental group 

demonstrated lower scores in seven specific pain domains (pressure, sore, aching, tight, pulling, 

frustrating, and annoying), suggesting that the bite cushion may preferentially reduce certain 

qualitative aspects of discomfort rather than generally decreasing overall pain. This pattern raises 

the possibility that mechanostimulation from the adjunct may modulate particular sensory 

pathways more effectively than others. Studies incorporating larger samples and more accurate 
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pain tracking tools may help identify which specific sensory characteristics of aligner discomfort 

are modifiable through adjunctive therapy. Such insights could lead to more individualized pain-

management strategies.  

Regarding methods for measuring tray efficacy, the most accurate and efficient approach 

would be to directly obtain the predicted tray 4 .stl files from the aligner software. Access to 

these files would eliminate the additional variables introduced by the workaround technique used 

in this study. Tray spraying, intraoral scanning of the intaglio surface, and digital inversion all 

introduce opportunities for geometric distortion and measurement error. Direct comparison 

between the original predicted. stl and the post-tray intraoral scan would provide a more precise 

assessment of tracking accuracy. Because the commercial aligner systems used in this study did 

not permit export of predicted .stl files, future studies would benefit from the use of in-house 

aligner systems. Many orthodontic software platforms now allow clinicians to digitally stage 

tooth movements and fabricate clear aligners directly through 3D printing workflows. Overall, 

in-house aligners would allow full access to .stl files, standardize the movement of staging, and 

increase flexibility for future research. 

Finally, for future studies primarily focused on evaluating the tracking effects of the bite 

cushion, it would be advantageous to utilize the more common seven-day aligner wear protocol 

rather than the 14-day protocol used in this study. Shorter wear intervals would allow us to more 

accurately capture early tracking discrepancies before the aligner has fully expressed its 

programmed movements. In a 14-day protocol, additional days of wear may compensate and 

“mask” minor tracking errors, reducing the ability to detect whether the bite cushion truly 

influences tooth movement efficiency. A shorter wear protocol would also allow the analysis of 

more aligner stages within the same study period, such as eight trays instead of four. This would 
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provide a better representation of real-world orthodontic treatment, where errors compound over 

multiple stages.  

Conclusion 

In this prospective clinical study, several key findings were identified regarding the use of a clear 

aligner adjunct with a bite cushion: 

Pain: 

The experimental group demonstrated no significant differences in reported pain levels compared 

with the control group across all pain measures. 

Compliance and Satisfaction: 

i. The use of the bite cushion did not significantly affect aligner-wear compliance. 

ii. Satisfaction outcomes were also similar between groups, with no significant differences 

observed in subjects’ overall aligner experiences. 

Tray Efficacy (Tracking): 

i. The bite cushion did not significantly improve or diminish tray efficacy, as measured by RMS 

(mm) comparisons of predicted and actual tooth positions. 

ii. A notable finding was that mandibular teeth exhibited significantly better tracking than 

maxillary teeth, indicating better tray efficacy in the mandibular arch. 

Overall, use of the bite cushion adjunct was not associated with differences in pain, compliance, 

satisfaction, or tray efficacy within the four-tray study period. However, the significantly better 

tracking in the mandibular dental arch compared to maxillary dental arch highlights an area for 

further investigation in future research. 
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Appendices  

Appendix A. Oregon Health & Science University Institutional Review Board approval.  

 

Appendix B. Subject recruitment script.  
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Appendix C. Subject consent form.  
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Appendix D. Depression PHQ survey downloaded from Pfizer Inc. (Patient Health 
Questionnaire (PHQ) Screeners. Free Download, n.d.).  
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Appendix E. Anxiety GAD7 survey downloaded from Pfizer Inc. (Patient Health 
Questionnaire (PHQ) Screeners. Free Download, n.d.).  
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Appendix F. Somatization/Physical Symptoms PHQ15 survey downloaded from Pfizer 
Inc. (Patient Health Questionnaire (PHQ) Screeners. Free Download, n.d.).  
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Appendix G1. Daily pain survey modified McGill Pain Questionnaire validate for 
orthodontic patients by Iwasaki et al (Iwasaki et al., 2013). 

 

Appendix G2. Overall pain survey modified McGill Pain Questionnaire validated for 
orthodontic patients by Iwasaki et al (Iwasaki et al., 2013). 
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Appendix H1. Daily compliance survey  

 

Appendix H2. Overall compliance survey  

 

Appendix I1. Daily satisfaction survey modified from Miller et al. which is adapted from 
Geriatric Oral Health Assessment Index (Miller et al., 2007).  
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Appendix I2. 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 adjunctive aligner therapies (Miller et al., 2007). 
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Appendix J. Consultation appointment survey as formatted in Qualtrics (pre-treatment 
survey)  
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 Appendix K. Between V1 and V2 appointments survey as formatted in Qualtrics (daily 
survey).  
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Appendix L. V2: 4-Trays-Later appointment survey as formatted in Qualtrics (overall 
values). 
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