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ABSTRACT

The purpose of this study was to compare treatment outcomes between Invisalign and 

traditional fixed appliances using the Discrepancy Index and the ABO Objective Grading 

System, both at debond and 6 month retention.  

This randomized controlled trial included 80 patients, recruited from the Texas A&M 

College of Dentistry orthodontic clinic, who were randomly assigned to either the aligner or the 

braces group. Three time points were examined: initial (T0), debond (T1), and 6 month retention 

(T2). At T1, there were 66 total patients, 32 aligner and 34 braces patients. The median age of 

aligner patients was 26.7 (IQR 9.8) and median age of braces patients was 25.9 (IQR 16.6). At 

T2 there were a total of 54 patients, 26 aligner and 28 braces patients. Subjects were analyzed at 

T0 using the ABO Discrepancy Index (DI score) , and at T1 and T2 using the ABO Objective 

Grading System (ABO-OGS score). All patients were treated by one ABO certified orthodontist 

and all measurements were completed by one examiner.  

The median DI score for the aligner group was 4.5 and for the braces group was 7.0 

(p=0.015), a statistically significant but clinically insignificant difference. At debond, there were 

no significant between group differences for total score (p=0.158) or any of the individual 

categories. At 6 month retention, there were also no significant between group differences for 

total score (p=0.367) or any of the individual categories. From debond to 6 month retention, the 

aligner group showed no significant changes in total score (p=0.314), and the braces group also 

showed no significant difference in total score (p=0.169). From T1 to T2, there were also no 

between group differences in score change between the aligner and brace group (p=0.677). 
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The braces group finished 0.4 years, or 4.8 months faster than the aligner group, a 

difference that was significant (p<0.0001). For simple orthodontic cases, is faster and more cost 

effective to treat with traditional fixed appliances over clear aligners.  
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1. INTRODUCTION

Traditionally, orthodontics has been primarily thought of as a treatment for younger, 

growing patients 8. However, as time has gone on, both the appliances used and the patient 

demographics have drastically changed. An increasing number of adult patients have begun to 

seek treatment, and these patients often present with higher esthetic demands 9. Thus, in recent 

years, heavy emphasis has been placed on developing appliances that are acceptable to these 

patients.  

 One of the most significant developments in orthodontics over the past 30 years has been 

the advent of clear aligner therapy 9. Among the many options of clear aligners available, 

Invisalign is by far the most widely used 1. Originally meant to treat mild to moderate cases, 

Invisalign has since been used to treat much more complex cases. These include open bites, cross 

bites, underbites, spacing, and even orthognathic surgery cases 11, 24. In 2010, Invisalign 

developed Smartforce features and attachments, which they claim allows for both more accurate 

and a wider range of tooth movements.  

With the increasing popularity of clear aligners, many studies have been conducted to 

assess what their capabilities and limitations are. Clear aligners have been found to be poor at 

intruding or extruding posterior teeth, poor at intruding incisors, but effective at extruding 

incisors during overbite corrections 4, 16, 19. One of the most difficult movements for clear 

aligners to accomplish is derotation of teeth, especially canines and premolars, which are often 

cylindrical in shape 8,15,16,25. These teeth often do not have adequate undercuts for the plastic to 

grab onto. Overall, studies have found that Clincheck also tends to greatly overestimate the 

amount of tooth movement that will be clinically expressed 16,25,57.  
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Adjunctive studies regarding clear aligners and braces have found that clear aligner 

patients tend to have better periodontal health, better hygiene, and lower oral bacterial counts 

during treatment than their braces counterparts 27,28,32,33. Clear aligner patients also were shown 

to have less severe root resorption and less patient discomfort compared to braces patients 35,36,37. 

Some studies have also shown that clear aligners can finish cases faster than braces 2,35. 

1.1 Problem and Significance 

The question that many clinicians face is whether to use clear aligners or traditional fixed 

appliances to treat their patients. To compare treatment outcomes, two widely accepted objective 

grading criteria are often used: PAR scores and ABO-OGS scores. Between the two, studies have 

found that ABO-OGS scoring is superior to PAR in accurately assessing deviations from ideal 

treatment outcomes 7,40,43,46. ABO-OGS also asses both dental and radiographic results of 

orthodontic treatment, while PAR score only assess dental results13.  

However, the current literature that utilizes ABO-OGS scoring to compare treatment 

outcomes between clear aligners and braces is severely lacking. To date, there are only 2 

published studies that look into this topic1,47, and there is a lack of retention patients included in 

these studies. These studies were also conducted over 13 years ago, and Invisalign has had 

numerous advancements since then in both their materials and technologies. In addition, none of 

these studies was a randomized controlled trial, and both studies use flawed statistical methods to 

analyze their data.  
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1.2 Objectives 

The purpose of this study is to evaluate the differences in treatment outcomes, both at 

debond and 6 month recall, between patients treated with Invisalign and fixed appliances, 

utilizing the ABO-OGS scoring criteria as laid out by the American Board of Orthodontics.  

1.3 Hypotheses 

Null Hypotheses: 

1. There is no difference in treatment outcomes between Invisalign and braces patients at

debond. 

2. There is no difference in treatment outcomes between Invisalign and braces patients at 6

month retention. 
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2. LITERATURE REVIEW

As the desire of achieving the perfect “Hollywood” smile has increased over time, so has 

the desire for orthodontic treatment. Traditional orthodontics uses edgewise appliances. Born 

from the mind of Dr. Edward angle in 1925, the appliance has undergone numerous changes 

over the years. However, the 022 standard appliance that Angle described in the 1920’s is 

fundamentally the same as the appliances used by many orthodontic clinicians today 20. Over 

time though, patient demographics and expectations have changed. 

The last 20-30 years has seen a drastic shift in orthodontics. Traditionally, orthodontics 

was thought of as a treatment primarily focusing on younger, growing patients. However, as time 

has gone on, social norms have changed. Keeping a youthful appearance has become 

increasingly important in the western world, and maintaining teeth and a pleasant smile has 

become more desirable 8. Thus, today’s orthodontic population is comprised of a greater number 

of adult patients 9. These adult patients often present with higher esthetic and comfort demands 

than their younger counterparts. Many adult patients have esthetic concerns during treatment, 

and are not willing to accept the traditional metal braces appearance. For example, it has been 

shown that traditional brackets are acceptable to 55-58% of adults, but alternative appliances 

such as aligners or lingual braces were acceptable to over 90% of adults surveyed 10. Adults are 

also willing to pay, on average, an additional $610 for these alternative appliances 10. 

One of the most significant developments in orthodontics over the past 30 years has been 

the advent of clear aligner therapy. The history of clear aligners can be traced back to 1945, 

when an orthodontist named Harold Kelsing invented the tooth positioner 58. The appliance was 

made of rubber and worn on both arches. Used in conjunction with fixed appliances, it was 
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meant to help speed up treatment.  The 1960’s – 70’s saw the advent of plastic splints meant for 

minor tooth correction. By the 1980’s plastic was replaced with silicone and for the first time, 

tooth movements of up to a 3mm could be achieved 58. However, by far the biggest breakthrough 

in clear aligner technology came in the 1990’s. In 1996, Sassani et al. developed a computer 

controlled system for partial automation of the fabrication of upper-mouth orthodontic 

appliances 59.  This allowed an engineer to take digital information of a patient’s dentition, and 

fabricate an accurate acrylic model. With this technology, appliances could be fabricated without 

having to take alginate impressions on the patient or pour up stone models. In 1997 Align 

Technology introduced one of the first and most popular clear aligner therapies, Invisalign 1. 

Originally designed for minimal to moderate treatment 4, providers have since used Invisalign 

for more complex cases. According to Align Technology, Invisalign has the ability to treat open 

bites, deep bites, cross bites, under bites, spacing, and crowding. Some providers have even 

advocated that Invisalign can effectively treat complex multi jaw orthognathic surgical cases 11,

24. Since its inception, Invisalign has had numerous improvements to their materials and

technologies. One of Invisalign’s main innovations were SmartForce features and attachments, 

which were introduced in 2010. The company claims that these are engineered to deliver 

customized force systems for more predictable tooth movements and are positioned more 

precisely to deliver necessary forces while eliminating interferences 26. 

It should be noted that due to Invisalign’s stature as the first and most popular 

commercially available clear aligner therapy, and the fact that almost all existing literature on 

clear aligner therapy utilizes Invisalign, the terms are used interchangeably here. One of the 

reasons the vast majority of clear aligner research has been conducted using Invisalign is due to 

the large number of patents protecting their intellectual property 60. At their height, Invisalign 
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had over 400 patents. However, on Oct 2017, the first of 40 key patents expired, and from 2018 

and beyond an average of 23 patents will expire a year. Many of these patents involve the critical 

step of the planning phase of clear aligners. Thus, recently more clear aligner companies have 

appeared on the market. One of the newest and popular choices is 3M Clarity aligners, made by 

the 3M Company 39. Another up and coming clear aligner modality are in house aligners made 

off of 3D printed models 38. Proponents of in house aligners state that they can help reduce costs 

and give the doctor full control of all tooth movements and attachments.  

2.1 Capabilities and Limitations of Clear Aligners 

With such an increased public demand for clear aligner therapy, many studies have been 

conducted to assess the capabilities and limitations of clear aligners 4,8,15,16,19,25,27. Khosravi et al 

found that Invisalign was relatively successful in managing overbites, with most of the 

correction being accomplished with extrusion or intrusion of incisors 4. For open bite 

corrections, they found that posterior teeth did not significantly intrude, and that the correction 

was accomplished mainly through incisor extrusion. For deep bites, improvement was 

accomplished primarily through proclination of mandibular incisors 4. This is consistent with 

other studies showing that intrusion of incisors is a difficult movement with Invisalign 16, 19. 

When leveling, much of the movement is accomplished with incisor proclination rather than 

purely incisor intrusion. A systematic review by Rossini et al found that Clincheck was only 

45% accurate in predicting actual intrusion of maxillary incisors, and only 47% accurate at 

predicting actual intrusion of mandibular incisors 8. 

One of the most difficult movements to perform with aligners is the derotation of a 

cylindric tooth because thermoplastic appliances tend to lose anchorage and slip off due to the 
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presence of few undercuts and a round tooth shape 8, 15, 16, 25, 57.  The amount of rotation clinically 

expressed after treatment has been reported to be far less than anticipated by Clincheck 16, 25, 57. 

Rossini et al found that predicted maxillary canine rotation accuracy is 32-36%, while for 

mandibular canines it is only 29% 8. The same study found rotational accuracy for premolars to 

range from 23% to 41.8%.  Thus, it is a common clinical practice to compensate for this by 

planning for over rotation of canines and premolars in the Clincheck.  

When it comes to bodily movement of teeth with Invisalign, studies have found that 

Clincheck tends to overestimate the amount of bodily movement and underestimate the amount 

of tipping. In the transverse dimension, Houle et al found the mean accuracy of expansion 

planned with Invisalign for the maxilla was 72.8% while the lower arch presented an overall 

predicted accuracy of 87.7% 18. The authors thus recommended overexpansion in the  posterior 

maxillary region. For anterior-posterior movement of molars, Simon et al found that Invisalign is 

effective in controlling upper molar bodily movement when a distalization of at least 1.5 mm has 

been prescribed, with 87% of predicted movement being achieved 57. When it comes to 

extraction cases, Dai et el found that in maxillary first premolar extraction cases treated with 

Invisalign’s G6 extraction protocol, first molars achieved greater mesial tipping, greater mesial 

translation, and more intrusion than predicted. Central incisors achieved less retraction and 

greater lingual crown torque and extrusion than predicted 17. Overall, the authors found that first 

molar anchorage control and central incisor retraction were not fully achieved as predicted in 

first premolar extraction treatment with Invisalign 17, even when utilizing the newest Invisalign 

technologies and protocols.  
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2.2 Adjunctive Studies: Clear Aligners vs Braces 

Apart from tooth movement, many studies have examined other aspects regarding 

treatment with clear aligner therapy. When it comes to periodontal health, a meta-analysis done 

by Jiang et al found that clear aligners were better for periodontal health than fixed appliances, 

suggesting that aligners should be recommended for patients with high risk of developing 

gingivitis 28. Periodontal health indices (i.e. gingival index, papillary bleeding index, bleeding on 

probing, probing pocket depth) were 15%% - 46% better with clear aligners compared to fixed 

appliances 27, 33. Overall, patients treated with removable appliances display better compliance 

with oral hygiene, less plaque, and fewer gingival inflammatory reactions than their counterparts 

with fixed appliances 32. On a more microscopic level, Sifakakis et al discovered that patients 

treated with clear aligners had 37% lower salivary levels of S. sanguinis compared to those 

treated with fixed appliances 34. This is significant because Streptococcus sanguinis is a 

pioneering colonizer and a key player in oral biofilm development and may also facilitate the 

attachment of succeeding pathogens associated with periodontitis58. 

The improved hygiene associated with clear aligner therapy also helps to reduce other 

complications associated with poor oral hygiene. Patients treated with aligners have less risk of 

developing white spot lesions than do patients treated with traditional braces. Buschang et al 

found that approximately 1.2% of the aligner patients develop WSLs, compared to 26% of 

traditionally treated patients 31.  

Another negative iatrogenic consequence often associated with orthodontic treatment is 

root resorption. Fang et al found that while clear aligners do not prevent external root resorption 

during treatment, both the incidence and severity of external root resorption appear to be lower 

compared with results reported by studies for fixed appliance therapy 29. Clear aligners have an 
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8% less incidence and 86% less severity of root resorption compared to fixed appliances. This 

could be due to intermittent force systems associated with clear aligner therapy, as a force is not 

constantly applied to a tooth at each given moment 23, 29.  

Clear aligner therapy has also been shown to have shorter treatment times than fixed 

appliances 2, 35. Buschang et al found that compared to clear aligners, fixed appliances required 

more visits (approximately 4.0), a longer treatment duration (5.5 months), more emergency visits 

(1.0), greater emergency chair time (7.0 minutes), and greater total chair time (93.4 minutes) 35. 

However, they also found that clear aligners showed significantly greater total material costs and 

required significantly more total doctor time than fixed appliances 35.  

Patient discomfort has also been shown to be decreased with clear aligner therapy. White 

et al found that patients treated with fixed appliances reported 237% more discomfort and 

consumed 277% more analgesics in the first week after bonding for dental pain than patients 

treated with clear aligners 36. Fixed appliance patients also reported significantly more discomfort 

than aligner patients after the first and second month adjustment appointments36. Braces patients 

reported 372% greater discomfort after the first month adjustment and 221% greater discomfort 

after the second month adjustment compared to aligner patients. Almasoud et al had similar 

results, and found that fixed patients reported 513% greater pain in the first week of treatment 

compared to aligner patients. One thing to note is that pain for both treatment groups peaked at 

24 hours and was lowest on day 7, indicating that discomfort does decrease post adjustment 

regardless of treatment modality 37. 

However, not all studies reflect positively on clear aligner therapy. A systematic review 

and meta- analysis found that, despite claims, concrete evidence about the effectiveness of clear 

aligners is generally lacking 8,30,62. Most studies have significant bias, and there is a lack of well-
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designed randomized control trials8,62. The authors found that shortened treatment duration and 

reduced chair time in mild- to- moderate cases appear to be the only significant effectiveness of 

clear aligners over conventional systems that are supported by the current evidence 30. There 

were no significant differences in terms of quality of treatment outcomes and stability of 

treatment. Pogal et al found that wearing Invisalign aligners has a negative impact on the 

articulation of consonants 22. Fricative alveolar consonants are the primary phonemes impacted 

by aligner wear. Due to the fact that the efficacy of Invisalign treatment is based primarily on 

compliance and that speech impairment may interfere with compliance, difficulties with speech 

may negatively impact a patient’s compliance with Invisalign treatment 22. Another systematic 

review and meta-analysis by Papageorgiou et al found that orthodontic treatment with aligners is 

associated with overall worse treatment outcomes compared to fixed appliances62.  

It should be noted that some of these studies were conducted before Invisalign’s newest 

technology and protocols were implemented, so it is important to have more up to date research 

regarding these topics.  

2.3 Objective Scoring Comparisons of Invisalign and Fixed Appliances 

The dilemma that providers face is whether to use clear aligners or traditional fixed 

appliances to better treat their patients. To help answer this question, it is vital that providers 

have a body of evidence showing which method produces better treatment outcomes. The answer 

to this question, depends on methods to objectively evaluate a set of records and determine how 

far the pretreatment and post treatment records deviate from ideal. One of the earliest and widely 

used evaluation methods is the Peer Assessment Rating index (PAR score) 3, 42. It is used to 

quantitatively evaluate treatment outcomes by comparing pretreatment and post-treatment casts 
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7. PAR scores were developed in the UK to assess occlusion at any stage of development. It is a

measure of occlusal change that assigns scores to (1) alignment of the dentition (including 

impactions), (2) buccal segment relationship, (3) overjet, (4) overbite, and (5) midline 

discrepancy. It is applied to pretreatment and posttreatment dental casts and the change in PAR 

scores thus reflects the treatment effect on the dental occlusion and alignment44. At least a 30 % 

reduction in PAR score is required for a case to be considered as 'improved', and a decrease of 22 

total points is considered 'great improvement' 13, 41. The PAR score has good reliability and 

validity, but has difficulty distinguishing minor inadequacies. The main criticisms of PAR scores 

are for leniency with residual extraction space, unfavorable incisor inclination, and rotations. 

PAR also excludes many important aspects of malocclusion, such as root angulation or 

parallelism, spacing or crowding of buccal segments6, 13. PAR scores also place a disproportional 

weight on overjet and AP discrepancy.  A Class I malocclusion may be scored as having a 

‘Great’ deviation from normal occlusion by an expert panel, yet its weighted pre-treatment PAR 

might be only 15 points. Correction of the malocclusion to an ideal occlusion (reduction of PAR 

score to 0) would still fall short of a ‘Greatly improved’ result 45.  

The deficiencies regarding PAR scores led the American Board of Orthodontics (ABO) 

to develop an alternative method to assess case treatment quality, the American Board of 

Orthodontics Cast-Radiograph Evaluation. The pretreatment records are scored using the 

Discrepancy Index (DI score). The DI score was developed in 1998 at a meeting of 8 ABO 

directors along with 6 former directors 12. The DI score is based on 10 criteria: overjet, overbite, 

anterior open bite, lateral open bite, crowding, occlusion, lingual posterior crossbite, buccal 

posterior crossbite, cephalometric values, and a “other” criteria 6, 7.  Post treatment case quality 

was evaluated using the Objective Grading System (ABO-OGS). The ABO-OGS has 8 criteria: 
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alignment, marginal ridge height, buccolingual inclination, occlusal relationship, occlusal 

contact, overjet, interproximal contact, and root angulation 13. Measurements are done using a 

standardized ABO measuring gauge. A score <27 points is considered a passing score on the 

American Board of Orthodontics exam. 

The ABO-OGS assesses both dental and radiographic results of orthodontic treatment 13. 

Many studies have been carried out to evaluate the reliability of ABO-OGS scoring, and most 

agree that it provides an effective method for objective assessment of orthodontic treatment 

outcomes 7. Onyeaso et al found that compared to 3 other scoring indices, including PAR, ABO-

OGS is the best at detecting deviations from the ideal in completed cases 40. Liu et al found that 

using professional judgment as an outcome variable, multiple regression analysis showed that 

PAR index and ABO-OGS were capable of predicting 62 per cent and 73 percent , respectively,  

of the total variance in the clinical judgment of malocclusion severity 43, 46. Overall, the 

American Board of Orthodontics Cast-Radiograph Evaluation is considered one of the most 

professional standards measurements – designed for specialist training and board examination in 

the USA 3. 

With standardized methods of scoring and evaluating cases, it has become possible to 

conduct studies evaluating differences between patients treated with Invisalign and conventional 

fixed appliances. Some studies have utilized the PAR score to assess treatment outcomes while 

others have used the ABO-OGS. Despite the ABO-OGS being the more comprehensive scoring 

system 6, 7, 12, 13 , there is still merit to reviewing studies that use both.  

Gu et al (2017) used PAR scores to compare pre and posttreatment outcomes in patients 

treated with Invisalign vs fixed appliances 2. The study was a retrospective cohort study that 

included 48 aligner and 48 braces patients. All patients were treated nonextraction. The mean age 
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was 26.0 + 9.7 for aligner patients and 22.1 + 7.9 for braces patients. The mean weighted 

pretreatment PAR scores between the Invisalign and fixed appliances groups were not 

statistically different and there were no statistically significant differences between the 2 groups 

for the 8 individual components of pretreatment PAR scores. Immediately after treatment, 

weighted PAR scores for both groups were less than 5 and did not differ significantly. None of 

the 8 individual components of posttreatment PAR scores differed significantly between the 

groups. The authors also found that Invisalign patients finished on average 5.7 months faster. 

However, despite Invisalign being faster, logistic regression analysis found that odds of 

achieving “great improvement” in the Invisalign group were only 0.33 times the odds of 

achieving “great improvement” in the fixed appliances group after controlling for age. “Great 

improvement” was defined as either a reduction in PAR score of 22 points or a final PAR score 

of 0. It should be noted that both groups had more than 30% reduction in PAR score2. 

 There are currently 2 studies comparing patients using the ABO-OGS scoring system. 

Djeu et al (2005) conducted a retrospective cohort study consisting of 48 aligner and 48 braces 

patients. All patients were treated nonextraction and has similar DI scores before treatment, with 

Invisalign patients having a mean DI score of 18.67 (SD 8.62) and braces patients having a mean 

score of 19.85 (SD 10.87), a difference which was not statistically significant (p=0.9066). The 

average age of the aligner group was 33.6 + 11.8 and the average age of the braces group was 

23.7 + 11.0. Djeu et al found that Invisalign lost on average 13 ABO-OGS points more than 

braces patients 1. The overall passing rate for the Invisalign group (20.8%) was 27.1% lower than 

the passing rate for the braces group (47.9%), and the difference was statistically significant 

(p=.0052).  Invisalign patients had an average OGS score of 45.35 (SD 15.56) and braces 

patients had an average score of 32.21 (SD 11.73), which was statistically significant (p=0.0001). 
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Braces patients scored significantly better than Invisalign patients for 4 categories: buccolingual 

inclination, occlusal contacts, occlusal relationships, and overjet. Invisalign patients did finish 4 

months earlier. The study concluded that Invisalign is not as good at correcting large AP 

discrepancies and occlusal contacts. The authors suggested that Invisalign was good for space 

closure, correcting anterior rotations, and leveling marginal ridge heights.  

One of the problems with this study was that in 2004, when the patients were treated, 

Invisalign was not recommended for cases with severe deep bite, AP corrections greater than 2 

mm, derotating severely rotated teeth, or premolar extraction cases. Since 2004, Invisalign has 

made numerous modifications to their materials, software and protocols. New options such as 

virtual bite ramps and specially designed optimized attachments have increased number of 

movements possible 4. Another flaw with the study is the lack of retention visits. To fully 

compare treatment outcomes and extrapolate if one is better than the other, it is vital to also 

compare treatment stability. The only way to accomplish this is to take records at follow-up 

visits.  

To date, only one study has examined treatment outcomes between Invisalign and fixed 

appliances patients with ABO-OGS scoring, while also including retention visits 47. Kuncio et al 

(2007) conducted a retrospective cohort study with 11 aligner and 11 braces patients. All patients 

were treated nonextraction. No DI score was given for T0. Rather patients were standardized 

using gender, ethnicity, retainer wear, mean ages at T1 and T2, treatment length, and 

postretention length. No significant differences were found between the Invisalign and braces 

groups for these variables. The average age of aligner patients was 33.97 + 8.98 and 26.79 + 

12.12 for braces patients. The authors had records at 3 time points: T0 (initial), T1 (appliance 

removal), and T2 (3 years post appliance removal). No statistically significant differences were 
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found between the Invisalign group and braces group at T1. Both groups showed that total 

alignment and mandibular anterior alignment worsened postretention (T2); maxillary anterior 

teeth alignment worsened only in the Invisalign group. Overall, the changes in total alignment, as 

measured by the ABO OGS, were significantly worse postretention in patients treated with 

Invisalign than in patients treated with conventional fixed appliances. For all other categories, 

there were no statistically significant differences at T2. However, despite having a 3-year 

retention time point, two main flaws exist with this paper. As with the previous study, Invsialign 

has made significant advancements since publication of this paper (2007). Also, at T2 there were 

only 11 patients who returned for their retention visit. A larger sample size of retention patients 

would help us feel more confident in drawing conclusions about the stability of Invisalign vs. 

fixed appliances.  

It is important to examine cases post retention because many clinicians believe that some 

aspects of the occlusion “settle” after treatment, even if ideal relationships have been 

established56. This suggests that evaluation systems might be overly critical of some 

posttreatment results. Nett et al conducted a study of 100 randomly chosen post retention 

patients. Pretreatment peer assessment rating (PAR) scores and posttreatment and postretention 

OGS scores were measured on study casts 56. All post retention records were taken at least 10 

years post treatment. The authors found that mean scores for all ABO categories improved 

except alignment, which got worse. After 10+ years post treatment, overall ABO-OGS scores 

improved by an average of 4 points . This study indicates that settling does occur after treatment 

56, further reinforcing the importance of including retention patients in objective comparison 

studies.  
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The next question that needs to be addressed is how long after debond to take post 

retention records to assure that adequate settling has occurred. Varga et al found that settling of 

the occlusion reaches its peak 10 weeks after the removal of orthodontic appliances 51. Thus, 

future studies that want to examine retention should have postretention records taken at least 10 

weeks posttreatment to assure enough time has elapsed for settling. Bauer et al found that the 

most significant changes for settling occur in the first 2 months, but that settling continues up to 

6 months 61. They also found that at 8 months there is no longer significant settling 61. Thus, is it 

reasonable to use a 6 month retention checkup to account for the changes in OGS scoring after 

settling has occurred.  

There is currently only 1 randomized control trial that compares treatment outcomes of 

Invisalign and fixed appliances using the ABO-OGS scoring system 55. The study was conducted 

in 2015 by Li et al and involved extraction patients who all had a DI score of at least 25. The 

study had 76 Invisalign and 76 braces patients. However, the study was retracted by the 

publishing journal due to plagiarism and problems with unsubstantiated data and scientific 

misconduct. Thus, the results from this study were excluded from this literature review. 

Despite there being previous research comparing treatment outcomes of Invisalign and 

fixed appliances, further research is needed 8,57. A systematic review of the literature on this 

topic, published in November 2014, found that most of the current studies had methodological 

problems, such as a small sample size, bias and confounding variables, lack of method error 

analysis, blinding in measurements, and deficient or missing statistical methods 8. The review 

concluded that quality level of the studies was not sufficient to draw any evidence-based 

conclusions about whether Invisalign or fixed appliances provided better treatment outcomes 8. 

To date there is not a randomized control trial examining the treatment outcomes of 
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Invisalign vs fixed appliances using the ABO-OGS grading system. Furthermore, none of the 

existing studies are recent enough to incorporate Invisalign’s newest technology. Another 

problem is that the one study which includes retention patients does not have a substantial 

number of patients. This study looks to address these gaps in the literature. More specifically, 

this RCT will include patients treated with Invisalign’s newest technology, a 6 month retention 

check, and a greater number of retention patients than any previous study that utilizes DI and 

ABO-OGS scores to assess quality of case outcomes.  
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3. MATERIALS AND METHODS

3.1 Data collection 

The present study was designed as a randomized controlled trial. Eighty patients were 

recruited from screenings at the Graduate Orthodontic Clinic of Texas A&M College of 

Dentistry and advertisements on the school website. To be selected for the study, patients had to 

meet the following criteria: 

Inclusion Criteria: class 1 molar and canine relationships, non-extraction treatments, mandibular 

crowding of 4 mm or less, no missing teeth (from second molar to second molar) 

Exclusion criteria: anterior or posterior crossbites, anterior or lateral open bites, maxillary overjet 

exceeding 4 mm, impacted teeth 

Of the 80 patients, 14 patients had to be excluded from the study for the following 

reasons: 2 had no final models, 4 had no final panoramic radiographs, 5 dropped out prior to 

completion of treatment, and 3 had no initial cephs (Figure 1). Among the patients that 

completed the study, 24 were male and 42 were female. There were 32 Invisalign and 34 braces 

patients. Median age of Invisalign patients was 26.7 years (IQR 9.8) and median age of braces 

patients was 25.9 years (IQR 16.6) (Figure 2A). Of the patients that completed treatment, 54 

returned for their 6-month retention visit, including 26 Invisalign and 28 braces. 

3.1.1 Sample Allocation 

Power analyses were performed using descriptive statistics reported by Djeu et al (2) and 

Kuncio et al (16), who evaluated Invisalign treatment outcomes. The analysis assumed a 

clinically meaningful group difference of 10 OGS points, which is the range reported by the 
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American Board of Orthodontics for distinguishing between acceptably and not acceptably 

treated cases. Using an Alpha error of 0.05, it was estimated that 31 subjects per group were 

needed to achieve a power of 90%, with an effect size of 0.76.  

Prior to the treatment portion, patient randomization and statistical analyses was 

performed. An excel spreadsheet was used to generate the random assignment of patients to 

treatment groups (Invisalign or fixed appliances). Group assignments were sealed in an envelope 

and placed in a binder that examiners do not have access to. The study was approved by the 

institutional IRB #2012-21-BCD-FB and informed consent was obtained from all patients and 

parents. 

3.2 Treatment Protocols 

All patients were treated at the faculty practice in the Orthodontics Department at Texas 

A&M College of Dentistry by an ABO certified orthodontist. 

3.2.1 Invisalign 

A series of custom made clear aligners are fabricated specifically for each patient. The 

patients in this study were instructed to wear each tray 22 hours per day, and to change trays 

every 2 weeks. To monitor progress, patients were evaluated at 4 week intervals. After informed 

consent was obtained, a full set of diagnostic records (intra and extraoral photos, panoramic 

radiograph, lateral ceph radiograph, and plaster models) were taken at the first appointment. At 

the second appointment, an intraoral scan was taken using an iTero scanner and sent to Align 

Technology . The Clincheck digital model was then used to fabricate a treatment plan. After the 

aligners arrived, two pairs of aligners were delivered and patients were instructed to wear each 



20 

aligner for 2 weeks. Checkup appointments were scheduled every 4 weeks. If correction of 

malocclusion was not deemed to be satisfactory, patients were brought in for a refinement scan 

to fabricate additional aligners. Each aligner patient had at least one refinement scan, but no 

more than two refinement scans.  At the debond appointment, final records (same as initial 

records) were taken. One month after the completion of treatment, patients were seen for a 

retainer check and new photographs were taken. At the 6 month retention check visit, another set 

of full records was taken. 

3.2.2 Traditional Fixed Appliances 

Traditional fixed appliances used in this study consisted of 0.018” x 0.028” Radiance 

MBT prescription brackets in the maxillary arch and 0.018” x 0.028” Alexander LTS brackets 

with Alexander prescription in the mandibular arch. A sequence of niti (.014”, .016” and .016” 

x .022”) and stainless steel (.016” x .022” and .017” x .025”) wires was used according to the 

progress of malocclusion correction. A combination of elastic O-rings and stainless steel 

ligatures were used to tie archwires into the brackets. To monitor progress of treatment, patient 

was seen every 4 weeks.  

After informed consent was obtained, initial diagnostic records were taken at the first 

appointment. At the second appointment, fixed appliances were bonded to the maxillary and 

mandibular teeth for leveling and alignment. Adjustment appointments were scheduled every 4 

weeks until the malocclusions were corrected. Once good occlusion had been achieved, brackets 

were debonded, and at debond appointment final records were taken. One month after the 

completion of treatment, patients were seen for a retainer check and photographs. At the 6 month 

retention check visit, another set of alginate impressions and photographs was taken.  
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3.2.3 Retention 

At the completion of treatment, patients were retained with upper wrap around Hawley 

and lower extended Gemini retainers. If severe lower incisor irregularity was present at 

pretreatment, patients were also retained with a bonded lower 3-3 fixed retainer. If a diastema 

was present at start of treatment, patients were retained with an additional bonded upper 2-2 

fixed retainer. Thirteen patients received both a bonded lower 3-3 and an upper 2-2 fixed 

retainer, 12 braces patients and 1 Invisalign patient Thirty seven patients received just a bonded 

lower 3-3 retainer, 17 braces patients and 20 Invisalign patients. One braces patient received only 

an upper 2-2 fixed retainer. In total, 29 braces patients and 22 Invisalign patients received fixed 

retention. Two other patients received bonded retainers at the 6 month retention visit, but this 

would not influence the final or 6 month records.  

3.3 Records Protocol 

The data was derived from the following records. Plaster models were made from deep 

alginate impressions 

- Intraoral and extraoral photos according to ABO standards

- Panoramic radiograph

- Lateral cephalometric radiograph in maximum intercuspation, traced in dolphin imaging

using ABO 2012 ceph analysis

- Complete health/medical history

- Three time points were included in study: T0 (initial), T1 (final), T2 (6 months retention).
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3.3.1 Measurements 

Each patient’s initial Discrepancy Index score, was determined based on initial ceph and 

T1 models.  DI calculations were completed as defined by the American Board of Orthodontics 

with the individual categories as follows: : overjet, overbite, anterior open bite, lateral open bite, 

crowding, occlusion, lingual posterior crossbite, buccal posterior crossbite, cephalometric values, 

and a “other” criteria 6,7.  

The primary outcome variable examined was the difference in quality of case finishes 

between Invisalign vs. fixed appliance patients, assessed using ABO OGS scores. Each of the 

ABO-OGS components was examined along with the overall score, both at T1 and at T2. 

Scoring was conducted as outlined by the American Board of Orthodontics12. A standardized 

ABO measuring gauge was utilized for all cast measurements to allow for greatest accuracy 

possible. The independent variable was the patient treatment method, being either Invisalign or 

fixed appliances. Secondary outcome variables examined included between-group differences in 

treatment time (T0-T1) and differences within each treatment modality group from T1-T2.  

There was one examiner. Intra-examiner reliability was demonstrated by having the 

examiner score 8 randomly selected casts, then rescoring those casts 2 weeks later. The examiner 

was blinded to whether each set of casts was an Invisalign case, or a fixed appliance case. The 

examiner was calibrated in this manner for both DI scores and for ABO-OGS scores. This 

process was repeated a second time with another 8 randomly selected casts to further ensure 

intra-examiner reliability. A reliability of over 90% was achieved.   

All cephalograms for DI calculations were digitally traced by one investigator using 

Dolphin Imaging software and traditional cephalometric landmarks as defined by the American 
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Board of Orthodontics. Cephalometric analysis was completed using the ABO 2012 Analysis 

within Dolphin.  

3.3.2 Statistical Methods 

Based on the skewness and kurtosis statistics, many of the variables were not normally 

distributed. The variable’s central tendencies and dispersion were described using medians and 

interquartile ranges. The Mann Whitney U test was used to evaluate differences in both total 

scores along with scores for each individual category. The same test was used to evaluate group 

differences in treatment times. 
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4. RESULTS

4.1 Intragroup Comparison 

The median alignment score of the Invisalign group increased from 2.0 (IQR 3.75) at T1 

to 3.5 (IQR 3.5) at T2. The buccolingual inclination score decreased from a median of 2.0 at T1 

(IQR 2.0) to 1.0 (IQR 2.25) at T2. The overjet score for this group increased from a median of 

1.0 (IQR 3.0) at T1 to 2.0 (IQR 4.25) at T2. The occlusal relationship score decreased from a 

median of 2.0 (IQR 4.0) at T1 to 1.5 (IQR 4.0) at T2. The changes for these 4 categories were 

statistically significant (p < 0.05). The Invisalign group showed no statistically significant 

changes from T1 to T2 for marginal ridges, occlusal contacts, interproximal contacts, root 

angulation, and overall OGS score for the Invisalign group (Table 5).  

The median alignment scores of the braces group increased from 3.0 (1.0; 4.0) at T1 to 

3.0 (2.0; 5.75) at T2. Buccolingual inclination decreased from a median of 2.0 (2.0; 4.0) at T1 to 

2.0 (IQR 0.0; 2.0) at T2. Both of these changes were statistically significant (p < 0.05). There 

were no statistically significant between-group differences in the changes from T1 to T2 for 

marginal ridges, occlusal contacts, overjet, interproximal contacts, root angulation, occlusal 

relationships, and total OGS score for the braces group (Table 5).  

Average treatment time from initial records to debond for the Invisalign group was 1.7 

years (IQR 0.7) and 1.3 years (IQR 0.7) for the braces group (Figure 3), which was a statistically 

significant difference (p< 0.05). Patient ages at T1, at T2, and total retention time (T1-T2), 

showed no statistically significant between-group differences. (Table 1).  
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4.2 Group Comparison 

The median DI scores for the Invisalign and braces group were 4.5 (IQR 6.0) and 7.0 

(IQR 5.0), respectively (Figure 4). This difference was statistically significant (p<0.05). At the 

end of treatment (T1), Invisalign scored better for alignment, occlusal contacts, overjet, and root 

angulation while braces scored better for marginal ridges . However, none of these differences 

were statistically significant. There were almost no differences between the two groups for 

buccolingual inclination, interproximal contacts, and occlusal relationships. Overall, there were 

no statistically significant between-group differences at debond (T1) for alignment, marginal 

ridges, buccolingual inclination, occlusal contacts, overjet, interproximal contacts, root 

angulation, occlusal relationships, or overall OGS score (Table 2). The overall OGS scores at the 

end of treatment were 12.0 (IQR 18.0) and 17.0 (IQR 12.0), for the Invisalign and braces groups, 

respectively, a difference that was not statistically significant (p=0.158) (Figure 5). 

At the 6 month retention visit, Invisalign scored better for buccolingual inclination, 

occlusal contacts, overjet, root angulation, and occlusal relationships, while braces scored better 

for alignment and marginal ridges. There were almost no differences between the two groups for 

interproximal contacts. However, none of these differences were statistically significant. Overall, 

there were no statistically significant between-group differences at T2 (Table 3) for alignment, 

marginal ridges, buccolingual inclination, occlusal contacts, overjet, interproximal contacts, root 

angulation, or occlusal relationships, as well as the overall OGS score (Figure 6). The overall 

OGS scores at the 6 month recall were 12.5 (IQR 9.25) and 14.5 (IQR 12.5), for the Invisalign 

and braces groups, respectively, a difference that was not statistically significant (p=0.367) 

(Figure 6). 
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Between T1 and T2, braces patients had improvements in buccolingual inclination, 

occlusal contacts, occlusal relationships, and overall OGS score. Braces patients saw minimal 

changes for marginal ridges, overjet, interproximal contacts, and root angulation. Invisalign 

patients got worse for alignment but improved for occlusal relationships. Also, Invisalign 

patients had minimal changes for marginal ridges, buccolingual inclination, occlusal contacts, 

overjet, interproximal contacts, root angulation, and total OGS scores. However, there were no 

statistically significant between-group differences in the changes that occurred between the end 

of treatment (T1) and the 6 -month recall visit (T2) (Table 4) for alignment, marginal ridges, 

buccolingual inclination, occlusal contacts, overjet, interproximal contacts, root angulation, 

occlusal relationships, and total OGS score (Figure 7). The overall OGS score changes from T1 

to T2 were 0.0 (IQR 6.5) and -1.5 (IQR 8.5), for the Invisalign and braces groups, respectively, a 

difference that was not statistically significant (p=0.677) (Figure 7). 
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5. DISCUSSION

In the present study, the patients who were treated with braces finished 0.4 years (4.8 

months) faster than the aligner patients. In contrast, Gu et al (2017) found that Invisalign patients 

finished on average 5.7 months faster than braces patients 2, and Buschang et al found aligner 

patients finished on average 5.5 months faster than braces patients 35. There are several possible 

reasons why Invisalign patients in the present study took longer to complete treatment than 

braces patients. In the present study, compliance throughout treatment was much more important 

for the aligner than braces patients. All of the patients started treatment with Class 1 molars and 

canines, minimal crowding, no major overjet, and no open bites, which negated much of the need 

for anteroposterior and vertical corrections. These corrections typically require patient 

compliance, as elastics wear is often necessary. In contrast, compliance could very well have 

been a problem for many of the aligner patients in the present study, resulting in an extended 

treatment duration. Moreover, previous studies did not specify whether there were refinements. 

The Invisalign patients in the present study had 1-2 refinements, which could easily add weeks to 

months onto treatment duration.  

Initial case difficulty cannot explain this difference in treatment time. Parris et al found 

that each point increase of the DI resulted in an average increased treatment duration of 11 

days63. However, the braces patients in the present study actually started out with a higher 

average DI score (7.0) than the aligner patients (4.5) and yet they finished 4.8 months faster. 

While the difference in DI was statistically significant, it was minimal. Based on ABO 

discrepancy index guidelines, a DI score of 7-15 is considered mild, 16-24 is moderate, and 25 or 
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greater is considered to be severe1. While the difference in DI was statistically significant, a DI 

difference of 2.5 is not clinically significant.  

There were also no significant between-group differences for total OGS score, or for any 

of the OGS component scores at debond. Kuncio et. al also found no significant differences 

between braces and aligners for overall OGS scores or OGS component scores 47. They reported 

that aligner patients finished with an average OGS score of 39.5 while the braces patients 

finished with an average OGS score of 43.0, a difference that was not statistically significant. 

Their findings were similar to the present study, in finding no significant differences between 

aligner and braces patients, but their patients finished treatment with poorer occlusions. Given 

the discrepancy in final scores, it is likely that their patients started treatment with more severe 

malocclusions. Another reason for the difference in scores between the two studies can be 

attributed to each study having a different clinician treating the cases. Two different clinicians 

can have drastically treatment standards, but the standards would likely be the same for their own 

patients, whether they were treated with aligners or braces.  

In contrast, Djeu et al found that braces patients had significantly better post treatment 

buccolingual inclination, occlusal contacts, occlusal relationships, overjet, and total OGS scores 

than aligner patients 1. Their aligner patients finished with an average OGS score of 45.4 and 

their braces patients finished with an average score of 32.2. These differences could be that due 

to the fact that cases in present study were less complex at the start, and discrepancies in each 

category were much lower to begin with. The patients in Djeu’s study had starting DI scores that 

were 14.1 and 12.9 points higher than the aligner and braces patients in the present study, 

respectively. The fact that their braces patients finished with lower OGS scores than their aligner 
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patients could be due to the study not utilizing the newest materials and technologies that are 

now available for Invisalign.  

The present study found that 6 months post retention, there were no between-group 

differences for aligners and braces patients for component scores or total OGS scores. Kuncio et 

al also found no significant between-group differences at retention for the component and total 

OGS scores. Both their study and the present study showed decreases in total OGS and 

component scores, while the P values in both studies increased 47. This shows that both groups 

had better occlusal results after retention, and that the between-group differences gradually 

decreased post debond.  

In the present study, alignment and overjet worsened in the aligner groups from T1-T2, 

while buccolingual inclination and occlusal relationships improved. Total OGS score slightly 

worsened, but this change was not statistically significant. Nett et al also found that alignment 

got worse during retention, while all of the other components, including overall score, slightly 

improved 56. A possible explanation for the present study having more statistically significant 

component changes could be the low initial DI score for aligner patients. These cases were 

relatively simple, so at the end of treatment the component scores might be expected to be very 

low. A slight change in a given category might register as statistically significant, but not 

necessarily clinically significant. However, the cases treated by Kuncio and coworkers were 

likely much more difficult, requiring greater changes to register as statistically significant.  

Braces patients in the present study showed a significant worsening of alignment, but a 

significant improvement in buccolingual inclination. Kuncio also reported a worsening of 

alignment among braces patients during retention. For all other components, they showed 

improvements, but none of the changes were statistically significant, including changes in total 
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OGS score 47. Given that the two studies likely had cases with very different complexities, it is 

interesting to note that changes during retention between the two were quite similar, and 

consistent with what is reported for settling by Nett’s study.  

Based on ABO discrepancy index guidelines, a DI score of 7-15 is considered mild, 16-

24 is moderate, and 25 or greater is considered to be severe 1. On that basis, the patients in the 

present study would be classified as mild complexity while the patients in Djeu et al’s study 

would be classified as moderate. Djeu’s patients finished on average in 1.4 years and 1.7 years 

for aligner and braces, respectively, a difference that was statistically significant. The patients in 

the present study finished in 1.7 years for aligners and 1.3 years for braces, which was also a 

significant difference. However, while Djeu’s aligner patients finished quicker, they also finished 

to a significantly poorer result than their braces patients. The present study found that aligner and 

braces patients finished to the same quality of result.  

The cases in the present study were treated to an excellent result, with overall and 

component OGS scores much lower than those previously reported at debond (T1). Djeu et al 

had average total OGS scores of 45.4 and 32.2 for aligners and braces patients, respectively 

(Figure 7). Kuncio et al had average total OGS scores of 39.5 and 43.0 for aligner and braces 

patients, respectively. The present study had median total OGS scores of 12.0 and 17.0 for 

aligner and braces patients, respectively. The present study also found much lower component 

scores compared to what is reported in the literature, likely reflecting that the cases were simpler 

to begin with.  
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6. CONCLUSIONS

1. There are differences in the duration of treatment between aligners and braces.

2. Aligners can produce the same occlusal results as traditional brace at debond (T1).

3. Following 6 month recall (T2), there are no differences in occlusal results between aligners

and braces. 

4. There are significant intragroup differences for OGS components during retention, but not for

total OGS scores. 

5. Simple cases can be finished over a shorter time period with braces

6. Excellent treatment results are possible for simple cases treated either with aligners or braces.

7. Clinical Implication: For simple orthodontic cases, it is faster and more cost effective to treat

with traditional fixed appliances over clear aligners. 
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APPENDIX A

FIGURES 

Figure 1. Patient Flow Chart Diagram 
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Figure 2. Initial Patient Ages (T0) 
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Figure 3.  Treatment Time from Initial to Debond 
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Figure 4. DI Score Comparison between Invisalign and Braces 
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Figure 5. OGS Score Comparisons between Invisalign and Braces at T1 
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Figure 6. OGS Score Comparison between Invisalign and Braces at T2 
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Figure 7. OGS Score Changes from T1 to T2 
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