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Abstract 

 

Objectives: The aim of this study was to evaluate orthodontic treatment quality, length and 

efficiency when two orthodontists collaborated on treatment compared to cases treated by either 

orthodontist. 

 

Methods: The sample consisted of 150 consecutively treated subjects gathered from three groups 

of patients (A, B and C), each group included 50 patients. Group A patients were treated by 

orthodontist A, group B by orthodontist B, and group C by both orthodontists. PAR index, ICON, 

ABO-DI and ABO-CRE assessed the pre- and post-treatment status. Variables including age, 

gender, type of malocclusion, extraction versus non-extraction, orthognathic surgery, treatment 

length, number of visits, frequency of missed, cancelled and emergency appointments were 

collected for statistical analysis. Treatment efficiency Index (TEI) was also assessed. 

 

Results: There was no statistical significant difference in the pre-treatment status, age, gender, 

type of malocclusion or number of extractions between the three groups. Post-treatment PAR and 

ICON indices showed excellent results in all three groups, with no statistical significant difference 

between groups. ABO-CRE was significantly higher in group C (25.3 points) than either group A 

(21.5 points) or group B (22.0 points) (P=0.014). Group A cases, on average, had significantly 

less treatment time (23 months) than either group B or C (26 months) (P=0.011). Group C patients 

required more appointments (27 visits) than either group A or B (23 and 25 visits, respectively). 

The treatment efficiency index showed no statistical significant differences between the three 

groups (P=0.113). 
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Conclusions: Good outcomes were achieved in all three groups as assessed by PAR index and 

ICON, with no difference between providers. Cases treated by a collaboration of both orthodontists 

required 2 to 4 more visits and had higher ABO-CRE scores than those treated by a single 

orthodontist. 
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Lay Summary 

 

Traditionally, orthodontic treatment is performed by one orthodontist. However, it is not 

uncommon that two or more orthodontists collaborate during a patient’s orthodontic treatment. 

This research aimed to measure the quality and length of treatment for patients who were treated 

by one orthodontist, compared to those who were treated by a collaboration of two orthodontists. 

 

We collected data from a private dental group. Three different indices were used to assess the 

quality of treatment. We found that treatment quality was good for all cases, whether treated by 

one or two orthodontists. However, one of the indices showed that the outcome of joint cases was 

not as good as cases treated by one orthodontist. Joint cases required two to four more visits 

compared to cases treated by one orthodontist. 
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Chapter 1: Introduction 

1.1 Overview 

Excellent orthodontic treatment outcome is an ultimate shared goal. Many studies have discussed 

the different factors that might affect treatment quality1-27. These factors varied from treatment 

timing (early vs late)1-6, method of ligation (conventional vs self-ligating)7-11, treatment philosophy 

(extraction vs non-extraction)12-17, practice setting (private vs educational)18-20, involvement of 

orthognathic surgery21-24, and many other contributing factors25-27.  

 

One variable that has not been extensively studied is the treatment provider28,29. McGuinness and 

McDonald evaluated whether a change in operator affected treatment length or quality in a 

postgraduate teaching environment28. Sixty pre- and post-treatment orthodontic models were 

assessed by Peer Assessment Rating (PAR) index scores with half treated by one operator, and the 

other half started by one operator and finished by another28. Cases treated by one operator were 

finished in a significantly shorter time as compared to those cases started by one clinician and 

finished by another28. However, the final PAR score was not significantly statistically different 

between the two groups28. This indicated that two operators working on the same patient may 

result in  increased treatment time without any sacrifice in treatment quality28.  

 

Peppers et al. determined whether the primary attending (PA) doctor (clinical instructor) coverage 

in an educational environment affected treatment length or quality using the PAR index29. One 

hundred and ninety one patients were divided into three groups based on the supervisor coverage 

frequency, which was defined as high, medium and low29.  The frequency of PA doctor coverage 

neither lengthened the treatment significantly nor altered treatment quality29. 
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The assessment for orthodontic treatment need identified patients who should be provided with 

orthodontic treatment30,31. In the late 1960s, orthodontists worked to establish indices that provided 

a more objective assessment of orthodontic treatment need32-36. Draker proposed the Handicapping 

Labio-lingual Deviations Index (HLD Index) in 1960 32, which was followed by Grainger's 

Treatment Priority Index (TPI) in 1967 33, Salzmann’s Handicapping Malocclusion Assessment 

Record in 1968 34 and Summer’s Occlusal Index (OI) in 1971 35. The American Association of 

Orthodontists (AAO) adopted Salzmann’s index in 1969 to identify patients who had a “seriously 

handicapping malocclusion”, as was required by the civilian (Medicaid) and military (Champus) 

medical programs34,37. The AAO officially reversed that action in 1985 and announced that they 

were against the use of any index to identify orthodontic treatment needs37,38. This resulted in a 

significant reduction in the use of orthodontic indices in North America39. The Dental Aesthetic 

Index (DAI) was subsequently developed in 1986 and then accepted by the World Health 

Organization (WHO) as a screening tool40,41.  

 

In contrast to the American position against indices, the Europeans established indices that were 

more efficient than the HLD Index or Grainger's TPI30,31,36,42-45. This was probably due to 

governmental pressures on orthodontists to identify patients who “need orthodontic treatment”, as 

these patients’ treatments were to be financially covered by the government37,46. This resulted in 

the development of many different indices30,31,36,42-45, such as the Swedish Medical Board Index 

(SMBI)36 and the Norwegian index of orthodontic treatment need42. In the United Kingdom (UK), 

five different orthodontic indices were established between 1989 and 2014 30,31,43-45. In 1989, 

Brook and Shaw proposed the Index of Orthodontic Treatment Need (IOTN),  which was modified 
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from the SMBI30. It was initially called the Index of Orthodontic Treatment Priority (IOTP) and 

consisted of two components: the Dental Health Component (DHC) and the Aesthetic Component 

(AC)30. Since 2006, the IOTN was routinely used in the National Health Service (NHS) Primary 

Care Clinics in the UK and in some secondary practice settings47.   

 

After the establishment of the IOTN, researchers in the UK worked to develop indices with a goal 

beyond treatment need assessment31,43,44. These efforts resulted in the development of the Peer 

Assessment Rating (PAR) Index in 1992 by Richmond et al44. The goal was not to measure the 

need for treatment, but rather to measure malocclusion at any stage48. This helped to assess both 

the pre-treatment status and the treatment outcome48 . 

 

In 2000, Daniels and Richmond developed the Index of Complexity, Outcome and Need (ICON) 

with 97 orthodontists from 9 different countries31. This index was easy, valid and reliable49-52 .  

Llewellyn et al. criticized the high weighting for the aesthetic component of the ICON and 

proposed the Index of Treatment Complexity (IOTC)45 . Recently, Ireland et al. developed the 

Index of Orthognathic Functional Treatment Need (IOFTN)43. This index prioritized cases with 

severe malocclusions that were not amenable to orthodontic treatment alone and required 

orthognathic surgery43.  

 

These European efforts coincided with a reduction in the American literature on orthodontic 

indices37. In 1998, the American Board of Orthodontics (ABO) established two systems: the 

American Board of Orthodontics – Discrepancy Index (ABO–DI) and the American Board of 

Orthodontics - Objective Grading System (ABO-OGS)53-55. These two systems were developed to 



4 

 

objectively evaluate orthodontic cases presented as part of the ABO clinical examination process53-

55. Since their introduction, many studies have used these two systems for research purposes17,19,25-

27,56-59.  

 

In 2012, a review identified the most widely used indices in high-impact journals60. In descending 

order, the most frequently used indices were: IOTN, PAR Index, DAI and ICON60. The IOTN was 

established earlier than the PAR index or the ICON, which might have affected the frequency of 

its use30. In addition, the ABO-DI and the ABO-OGS were developed much later than the IOTN 

and the PAR index, which explained why neither the ABO-DI nor the ABO-OGS were listed in 

the most frequently used indices60. Most recently published studies have used the American Board 

of Orthodontics - Objective Grading System (ABO-OGS) to evaluate treatment outcomes and have 

come from the United Stated rather than Europe17,19,20,25-27,59.  

 

Recently, an eye-tracking device using the advanced technology measured the level of visual 

attention given by laypersons and was used to assess both treatment need and outcome from a lay 

perspective in a reliable and valid way61,62. 

 

1.2  Development of indices for pre-treatment assessment 

1.2.1 Peer Assessment Rating (PAR) Index 

The PAR index was introduced by Richmond et al. in 1992 in the United Kingdom44. Ten 

experienced orthodontists calibrated the index in 6 meetings44. It consisted of 11 components with 

two different weighting systems (UK and US weighting systems)44,63 (See ). It was also validated 

against the subjective opinions of a panel of 74 examiners48. The index was used to measure 
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malocclusion at any stage and to assess orthodontic improvement48. However, there was no 

agreement on the use of the PAR index as a tool to assess treatment needs64,65. Cases with a score 

of zero indicated perfect alignment and occlusion, while high scores represented greater deviation 

from normal and associated malocclusion44. The index was validated for both digital and plaster 

models66,67. 

 

The PAR index has been criticized for the large weighting for overjet68,69 . As shown in , a 

weighting of six was applied to overjet. Deguzman et al. proposed a US weighting system that 

involved decreasing overjet weight to 4.5 and increasing overbite weight to 3 63. The lower anterior 

alignment component was eliminated in the US weighting and the centerline was reduced to 3.5 

from 4 63.  

 

McKnight et al. used UK and US weightings of the PAR index to measure the long term stability 

of 27 patients recalled on an average of 9 years after completion of a two-stage class II treatment70. 

A perfect occlusion at the end of treatment did not guarantee the absence of long-term relapse70. 

The amount of lower anterior relapse was not addressed on the US weighting system due to the 

elimination of the lower anterior component70. However, the difference between the two weighting 

systems (UK and US) was small70.   

 

Firestone et al. used UK and US weighting systems of the PAR index to assess orthodontic 

treatment needs65. Both weighting systems showed an excellent prediction for treatment need65 

with a high reliability71,72 . 
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The PAR index was also used to evaluate orthodontists’ perception of treatment need73. There was 

a high correlation between the PAR index score and orthodontists’ perception of treatment need 

when the assessment was made without consideration of finances or patient desires73.

 

1.2.2 Index of Complexity, Outcomes and Needs (ICON) 

The ICON index was based on the average opinion of a large panel of  international orthodontists 

in 9 countries (Germany, Greece, Hungary, Italy, Netherland, Norway, Spain, United Kingdom, 

United States)31. Five components were included: IOTN Aesthetic Component, crossbite, upper 

arch crowding/spacing, buccal segment antero-posterior relationships, and anterior vertical 

relationships (incisors overbite / open bite) (See , III and V)31. A high numerical score indicated a 

‘more urgent treatment need’31. There was ‘no treatment needed’ when total ICON score was less 

than 43, and ‘treatment need’ when ICON score was equal to or more than 43 points31. In addition 

to assessing treatment need, ICON evaluated case complexity31. The orthodontic treatment 

complexity was graded according to total ICON scores into easy (<29), mild (29-50), moderate 

(51-63), difficult (64-77) and very difficult (>77)31 (See ). 

 

Firestone et al. found agreement between the ICON scores and a panel of US orthodontists who 

assessed treatment need49. The ICON was validated in other studies as a treatment need index in 

different countries50,74-76. However, some studies questioned the validity of ICON as a treatment 

need index and proposed a modified cut-off points guideline to improve its validity77-79. Moreover, 

the sensitivity of the ICON to detect treatment need was found to be high, but with a poor 

specificity80. However, the ICON index showed a good agreement with the IOTN and was 

considered to be a good possible substitute for the Dental Health Component (DHC) of the IOTN81.  
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Many studies have shown the ICON to be a good measure of case complexity49-52,76,82. In addition, 

the ICON complexity category has a significant relationship with the severity of malocclusion as 

assessed by DAI76. Cases with higher pre-treatment ICON scores are more likely to be associated 

with longer treatment83. 

 

Onyeaso et al. evaluated four different indices (PAR , ABO-OGS, DAI and ICON ) to determine 

whether 1 index could replace the other 3 to assess treatment needs and outcomes84. It was 

concluded that the ICON can be used in place of the DAI for assessing treatment need and in place 

of the PAR and the ABO-OGS for assessing treatment outcome84.  

 

One of the limitations of the ICON is the high weighting for the aesthetic component as it 

introduced a subjective judgment and reduced the required objectivity45.    

 

1.2.3 American Board of Orthodontics - Discrepancy Index (ABO-DI) 

The ABO-DI was developed to measure case complexity, and considered both dental and skeletal 

findings53. The index included 12 categories: overjet, overbite, anterior open bite, lateral open bite, 

crowding, occlusal relationship, buccal crossbite, lingual crossbite,  ANB angle , IMPA, Sn-GoGn, 

in addition to “others” category53 (). The “others” category included: ankylosed , missing or 

supernumerary teeth, transposition, anomalies of tooth size and shape, skeletal asymmetry, midline 

discrepancy equal to or more than 3mm, diastema equal to or more than 2mm and treatment 

complexities (e.g. Cleft lip and palate) ()53. The ABO-DI was shown to be reliable if the evaluator 

was trained on the use of the ABO-DI59,85,86.  
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Cases with higher DI scores took longer in treatment than those with a low DI scores56,59,87. A 

master thesis from Saint Louis University correlated the ABO-DI with treatment duration87, cases 

with DI score of at least 15 points took longer than 22 months in treatment in 84.9% of the studied 

cases87. Vu et al. found that a 1-point increase in the ABO-DI was associated with an increased 

treatment time of 0.1month (3 days)59. Parrish et al. found a significant association between the 

ABO-DI and treatment duration, with 11 days increase in treatment duration for each increased 

point in total DI score56. A one-point increase in crowding, overjet, or overbite was associated with 

a 1 month increase in treatment duration56. In addition, a one-point increase in the occlusion 

category increased treatment duration by 3 weeks56.  

Cases with an ABO-DI of 7 or less finished 4.56 months sooner than cases with an ABO-DI of 

more than 17 points88.  

 

Given the ABO-DI scores for skeletal characteristics, consideration should be given to ethnic 

groups that have different skeletal norms than Caucasians because this might affect the DI score89-

92. For example, on average, African Americans had a higher ANB angle than Caucasians89,93. 

Also, African Americans and Chinese individuals had higher lower incisor to mandibular plane 

angles than Caucasians (IMPA)89,90,93. Moreover, both Hispanic and Asian groups had steeper 

mandibular plane angles than Caucasians90-92. Therefore, the ABO-DI must be used with caution 

when applied to patients with mixed ethnicity.  

 

When the ABO-DI was applied without scoring cephalometric values, it was found to be positively 

correlated with the PAR index for determining malocclusion severity85.  
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1.3 Development of indices to measure post-treatment status (outcomes) 

1.3.1 Peer Assessment Rating (PAR) Index 

The PAR index was validated for measuring outcomes, in addition to assessing malocclusion 

severity48. After scoring pre- and post-treatment models, comparing scores revealed a percentage 

score reduction48. The degree of PAR improvement can be categorized into the following outcome 

categories48 :  

1. ‘‘Worse or no different’’ patients who showed less than a 30% reduction in the weighted PAR 

score. 

2. ‘‘Improved’’ patients who showed greater than or equal to 30% reduction in the weighted PAR 

score. 

3. ‘‘Greatly improved” patients who generally showed a reduction of 22 weighted PAR points, 

which is a greatly improved score compared to the initial malocclusion severity. 

 

The PAR index has been criticized because it doesn’t evaluate precise tooth position and is 

insensitive to remaining extraction spaces94,95. Also, one of the disadvantages of the previous 

categorization is that cases with pre-treatment scores less than 22 points will never be classified as 

“greatly improved” even if the post-treatment outcome is zero. Recently, to overcome this 

limitation, Gu et al. proposed a new definition of “greatly improved” category96. They added cases 

that had an initial PAR score of less than 22  and scored zero points in the final PAR to the “greatly 

improved” category96.   
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A further categorization of cases based on post-treatment PAR scores was suggested by Richmond 

et al.48 and Tulloch et al.3 . Cases with final PAR scores equal to or less than 5 were categorized 

as “almost ideal”, while cases with scores ranging from 6 to 10 were classified as “acceptable”3,48. 

Cases with final PAR scores of more than 10 were categorized as “less than acceptable”3,48.  

 

Dyken et al. evaluated the outcome of 54 cases which passed Phase III of the ABO certification 

process using the PAR index97. The PAR index scores of the Board cases were compared to 51 

cases treated by orthodontic graduate students97. There was no statistically significant difference 

between the initial and final PAR scores of both groups97. It was concluded that the PAR index 

might not be the index of choice to compare excellent and good final occlusion97.  

Chalabi et al. compared treatment outcomes using US and UK weighted PAR indexes and the 

ABO-OGS on a sample of 50 patients.  The authors found no statistically significant correlations 

between the US and UK weighted PAR index with the ABO-OGS57.  

Deguchi et al. used UK and US weightings of the PAR index and the ABO-OGS to compare the 

orthodontic outcomes of cases treated in postgraduate orthodontic clinics at Indiana University 

and Okayama University85. The authors didn’t find a significant correlation between the post-

treatment PAR index and the ABO-OGS results85. 

 

To assess whether the initial malocclusion can predict the orthodontic treatment outcome, Sohrabi 

et al. performed a study on a sample of 102 subjects treated at the University of Washington 

Graduate Orthodontic Clinic98. The PAR index was applied to pre- and post-orthodontic records 

,and the ABO-OGS was used on post-treatment records98. The authors found a significant positive 
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relationship between initial and final PAR scores and ABO-OGS score, indicating that cases that 

started with more complex malocclusion were more difficult to be treated to higher standards98.  

1.3.3 Index of Complexity, Outcomes and Needs (ICON) 

The ICON was developed to measure treatment outcomes as well as treatment complexity and 

needs31. To assess the degree of improvement, the post-treatment score was multiplied by 4 and 

the result was subtracted from the pretreatment score31. The improvement grade was ranked as 

greatly improved if the score was > –1 , substantially improved for –25 to –1 , moderately 

improved for –53 to –26 , minimally improved for –85 to –54 and not improved or worse if < –

8531 (See ) . Savastano et al. concluded that the ICON is a valid  index for assessing treatment 

outcome82. However, the degree of improvement component wasn’t validated in their study due to 

low inter-rater reliability82. The intra-examiner agreement was slight for outcome and poor for 

degree of improvement, while inter-examiner agreement was moderate for outcome and fair for 

degree of improvement82. The ICON was found to be correlated with PAR index and can be used 

instead of the ABO-OGS to assess treatment outcomes99. 

 

1.3.4 American Board of Orthodontics - Objective Grading System (ABO-OGS) 

The ABO-OGS was proposed in 1998 to evaluate dental models and panoramic radiographs of 

finished cases54. Unlike the PAR and the ICON, the ABO-OGS included an accurate and precise 

scoring for both occlusion and tooth position54. A total of eight criteria are examined to score each 

finished case (See )54.A score of zero indicates excellent occlusion and teeth alignment. The 

highest possible score on the ABO-OGS is 280 points55. 
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In 1998, the ABO published the guidelines for the use of the ABO-OGS and the “cut-off” scores 

for “pass/fail” categories. In order to pass the ABO Examination, a finished case has to score less 

than or equal to 20 points; cases scored above 30 points are considered to be  “failed”54. Scores 

between 20 and 30 are subject to individual reassessment54.  In 2012, the ABO published a revised 

version which stated that “scores for cases evaluated as “Complete/Passed” will vary from exam 

to exam, and may range from 27 or less”. This could mean that the “cut-off” for the “passed” 

category has changed from 20 to 27 points.  In 2007, the term “Objective Grading System” was 

changed to “Cast and Radiographic Evaluation (CRE)”55.  

 

The ABO-CRE was studied in terms of its relationship to the ABO-DI59,86,88,100,101.  Most of these 

studies were from Indiana University59,86,100. Both Campbell et al. and Pulfer et al. concluded that 

complex cases, based on the ABO-DI scores, are challenging to finish well86,100. Moreover, a third 

study from the same institution did not find any significance between the ABO-DI and the ABO-

CRE and stated that “the initial DI scores were not significantly related to the final OGS score”59. 

Although patients with DI > 20 required more time to treat, a similar OGS outcome was achieved 

in comparison with less severe cases (DI <20)”59.      

 

A recent Master thesis concluded that cases with ABO-DI scores of 7 or less will probably score 

4 points less on the ABO-CRE than cases with ABO-DI of more than 17 points88. The main areas 

that contributed to the 4-point difference were buccolingual inclination, occlusal contacts and 

occlusal relationships88. 
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Asian populations have been found to have more difficulty in finishing by losing points on overjet 

and the buccolingual component of the ABO-CRE compared to Caucasian population85. This 

might be due to soft tissue factors or skeletal differences, as proposed by Deguchi et al.85.   

 

In 2017, Papageorgiou et al. conducted a systematic review and meta-analysis of published clinical 

studies to assess the level of orthodontic outcome and treatment duration101. Only studies that used 

full fixed appliances, assessed treatment duration and used the ABO-CRE for treatment outcomes 

were included101. Thirty-nine studies fulfilled the inclusion criteria, 27 of which were conducted 

at university settings. The average ABO-CRE score was 27.9  2.6 101. The authors found no 

association between the ABO-CRE and treatment duration or ABO-DI scores, which is in 

agreement with some previous studies102,103. Based on the meta-analysis, cases that had teeth 

extraction were associated with a considerable reduction in the ABO-CRE score. This association 

was particularly strong for cases that required the extraction of 4 premolars, which had a mean 

reduction of 4.9 points, and a longer treatment time101.  

 

1.4 Aim of the study 

To the best of our knowledge, there are no studies assessing the treatment outcomes of cases treated 

by a collaboration of two or more private practice orthodontists. The aim of the current study was 

to evaluate the quality of orthodontic treatment, treatment length and efficiency when two 

orthodontists collaborated on treatment and compare it to cases treated individually by either 

orthodontist. 
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1.4.1 Null hypothesis # 1 

There is no difference in the orthodontic treatment outcome between cases treated by an individual 

orthodontist versus cases treated by two collaborating orthodontists. 

 

1.4.2 Null hypothesis # 2 

There is no difference in orthodontic treatment length between cases treated by an individual 

orthodontist versus cases treated by two collaborating orthodontists. 

 

1.4.3 Null hypothesis # 3 

There is no difference in orthodontic treatment efficiency between cases treated by an individual 

orthodontist versus cases treated by two collaborating orthodontists.   
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Chapter 2: Methodology 

The protocol for this retrospective study was approved by the Ethical Board at the University of 

British Columbia, Vancouver, British Columbia, Canada (Certificate number: H16-01867). 

 

2.1 Sample Selection 

This study was conducted in three different settings:  

1. Private orthodontic office in Richmond, British Columbia, Canada where all patients 

were only treated by orthodontist A (Group A). 

2. Private orthodontic office in Delta, British Columbia, Canada where all patients were 

only treated by orthodontist B (Group B). 

3. Private orthodontic office in Vancouver, British Columbia, Canada where both 

orthodontists (A and B) collaborated on treatment (Group C).   

Both orthodontists are certified specialists in orthodontics, Diplomates of the American Board of 

Orthodontics, members of the Northwest Component of the Edward H. Angle Society and have a 

Fellowship in the Royal College of Dentists in Canada. Both clinicians also had at least ten years 

of experience as orthodontic specialists at the time of treatment of the study sample.  

Consecutive sampling was used to review the treatment outcomes of all patients treated with full 

upper and lower edgewise appliance from January 2006 to December 2015. Exclusion criteria were 

patients with craniofacial syndromes or cleft lip and palate, phase I treatment, inter-disciplinary 

cases, partial orthodontic treatment cases, patients debonded prior to treatment completion, and 

patients with missing orthodontic records. A total of 50 subjects in each group were included. 

Dental charts were reviewed to confirm that all (100%) visits and progress notes were signed by 

the initials of orthodontist A for group A subjects and orthodontist B for group B subjects.  
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An arbitrary criterion for group C (joint cases) was that subjects needed to be seen by each 

orthodontist for at least 30% of the appointments, but not more than 70%. For example, if a patient 

was seen by orthodontist A for 25% of the appointments and by orthodontist B for 75% of the 

appointments, this patient was not eligible for group C, and was excluded from the study. 

 

2.2  Data Collection 

Clinical records of selected subjects were reviewed for data collection. This included a review of 

dental charts, pre-treatment orthodontic plaster models, intra-oral frontal photos, panoramic 

radiographs and lateral cephalometric radiographs (T1), post-treatment orthodontic plaster models, 

intra-oral frontal photos, panoramic radiographs and lateral cephalometric radiographs (T2). 

 Age, gender, treatment starting date (banding or bonding), date of debonding, number of visits, 

number of missed, cancelled and emergency appointments and type of malocclusion were also 

recorded. Treatment strategy (e.g. extraction or non-extraction) was recorded in addition to 

whether surgery was included. For group C, the number of appointments covered by orthodontist 

A/orthodontist B was recorded. 

 

Study data were managed using REDCap electronic data capture tools hosted at The University of 

British Columbia104. The REDCap (Research Electronic Data Capture) is a secure, web-based 

application designed to support data capture for research studies that provides 1) an intuitive 

interface for validated data entry; 2) audit trails for tracking data manipulation and export 

procedures; 3) automated export procedures for seamless data downloads to common statistical 

packages, and; 4) procedures for importing data from external sources104.  
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2.3 Pre-treatment scoring 

All included cases were scored by an independent researcher (S.A.) using three different indices: 

1. Peer Assessment Rating (PAR) Index 

Pre-treatment orthodontic plaster models were scored using PAR index guidelines, including UK 

and US weightings. The PAR ruler was provided by Steven Richmond and was used for scoring 

(See ). The scorer underwent and passed a calibration course on the PAR index in order to achieve 

a valid and reliable scoring.  

 

2. Index of Complexity, outcomes and needs (ICON) 

Pre-treatment orthodontic plaster models and intra-oral frontal photos were reviewed and scored 

using the ICON index guidelines (See , III and V). 

 

3. American Board of Orthodontics - Discrepancy Index (ABO-DI) 

Pre-treatment orthodontic plaster models, lateral cephalometric and panoramic radiographs were 

reviewed and scored using the ABO-DI worksheet (See Figure I). For calibration purposes, the 

scorer (S.A.) viewed the ABO website training video and underwent a training session by a 

previous ABO guest examiner (D.K.). The cases were divided into low, medium and high DI 

groups using ABO-DI scores as a reference. The low DI group included cases with a DI score of 

<10, the medium DI group consisted of cases with DI scores of ≥10 to <20, and the high DI group 

contained cases with DI scores of ≥20. 
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2.4 Post-treatment scoring 

An independent researcher (S.A.) used three different indices to score all cases in order to measure 

orthodontic treatment outcomes. The indices were:  

1. Peer Assessment Rating (PAR) Index   

Post-treatment orthodontic plaster models were scored using PAR index guidelines for both UK 

and US weighting systems to evaluate treatment outcomes.  

2. Index of Complexity, Outcomes and Needs (ICON) 

Post-treatment orthodontic plaster models and intra-oral frontal photos were reviewed and scored 

using ICON index guidelines (See ).  

3. American Board of Orthodontics - Cast Radiographic Evaluation (ABO-CRE) 

Post-treatment Orthodontic plaster models and panoramic radiographs were reviewed and scored 

using the ABO-CRE worksheet (See ). Cases that scored equal to or less than 27 points were 

considered as “passed” cases, while cases with ABO-CRE scores of >27 to ≤30 were considered 

as “undetermined or borderline”. Cases that scored more than 30 points were considered as “failed” 

cases. The examiner (S.A.) and a calibrated ABO previous guest examiner (D.K.) scored 40 cases 

independently and blindly as part of the calibration process for the ABO-CRE index. Three 

different statistical analyses were used to measure the level of agreement and variation between 

examiners. The first method assessed the variation between both examiners for every case by 

measuring the score range. For example, if one examiner scored 5 points and the other scored 7, 

then the scoring range was 2 points. A higher scoring range reflected more variation. This method 

was sensitive to outliers and showed the maximum and minimum scores. The second method 

assessed the agreement between both examiners using the Intraclass Correlation (ICC). The third 

method assessed the inter-examiner agreement employed the independent sample t-test. 
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2.5 Case Improvement and Treatment Efficiency 

Pre- and post-treatment scores of both the PAR and ICON indices were calculated to assess the 

improvement level using the formula suggested by Richmond et al. and Gu et al. for the PAR 

Index48,96  and by Daniels and Richmond for the ICON31.  

Treatment efficiency was measured using an equation defined as the percentage of the PAR index 

improvement divided by the treatment time in months, as suggested by Janson et al.105. 

 

2.6 Time Spent on Scoring Cases 

The time spent to apply each index was recorded using an electronic timer. These data were 

collected for statistical analyses. 

 

2.7 Measurement Error and Reliability  

Twenty five randomly selected cases were scored twice, 3 weeks apart, using the PAR, ICON and 

ABO indices to measure the intra-examiner reliability.  

2.8 Statistical Analysis   

The data were entered using the REDCap Software and then transferred to the SPSS Software 22.0 

(SPSS Inc., IL, USA) for statistical analysis.  

Descriptive statistics were reported as means and standard deviations. An independent sample t-

test was used during the ABO-CRE standardization process to compare the examiner’s scores with 

the gold standard. One Way ANOVA compared means between the three groups. The chi square 
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test and Fisher’s exact test were used to compare the proportions between categorical variables. 

The significance threshold for all tests was set at 5%. 

With a  sample size of 150, the study had 92% power to detect a difference of 4 points on the ABO-

CRE with a common standard deviation of 6.5 points; 96% power to detect a difference of 3.4 

months in the length of treatment with a common standard deviation of 4.6 units, and; 97% power 

to detect a difference of 3 appointments in the number of visits with a common standard deviation 

of 4.5 units assuming a 2-sided type I error of 5%. 
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Chapter 3: Results  

3.1 Inter-examiner reliability 

The average variation between the examiner (S.A.) and the calibrated ABO previous guest 

examiner (D.K.) with regard to total ABO-CRE scores on 40 calibration cases was 1.6 points. The 

minimum range was zero, which indicated that absolute agreement was achieved in at least one 

case. The highest variation on the total ABO-CRE score was 9 points (See ). 

The second method to examine inter-examiner agreement was by ICC, which showed excellent 

agreement between examiners on the total ABO-CRE score (ICC = 0.88) as well as on all the 

parameters of the index, which ranged from 0.81 for buccolingual inclination to 0.98 for occlusal 

contacts (See ). There was no statistically significant difference between both examiners on the 

total ABO-CRE score (P = 0.955) or on any of the ABO-CRE parameters (See ). 

 

3.2 Intra-examiner reliability  

The ICC based on 25 cases showed an excellent intra-examiner reliability on all the occlusal 

indices used, and ranged from 0.86 for the ABO-CRE to 0.99 for the post-treatment ICON (See ).  

 

3.3 Sample description and characteristics 

The distribution of the three groups with respect to the mean age at the start of treatment and 

gender is presented in .  Age at start of treatment ranged from 10 years 2 months to 22 years 9 

months with a mean age of 13.0 ± 1.8 years. Age of the oldest subject in group C was 16 years and 

4 months compared to 22 years and 9 months for groups A and B. However, age difference was 

not statistically significant (P = 0.111) (See ).  
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Seventy six of the patients in this study were females (50.7%) and 74 were males (49.3%). Groups 

A and B showed a similar gender distribution. Group C had more males (54%) than females (46%), 

but this difference was not statistically significant (P = 0.707) (See ). 

 

3.4 Distribution according to type of malocclusion, extraction treatment, surgical cases 

and year of bonding 

The distribution of type of malocclusion, extraction treatment, surgical cases and year of bonding 

are shown in . Of the 150 cases, 58 patients (38.7%) had a Class I malocclusion, 59 patients 

(39.3%) had a Class II Division 1, 31 patients (20.7%) had a Class II Division 2 and only 2 patients 

(1.3%) had a Class III malocclusion. There was a small non-significant difference (P = 0.801) 

among the three groups (See ). 

 

Most patients (72.7%) had non-extraction orthodontic treatment, while 27.3% had extractions. All 

three groups showed a similar distribution of extraction and non-extraction cases (Chi square test, 

P = 0.791) (See ). Two patients (1.3%) out of the 150 cases underwent jaw surgery, both of whom 

were from group A. There were no statistically significant proportional differences among the 

groups (Fisher Exact test, P = 0.132) (See ).  

 

In regards to the year of bonding, most of the cases were started in the period from January 2010 

to December 2015 (58.0%) , with no statistically significant differences among the groups (Chi-

square test, P = 0.563) (See ).  
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3.5 Pre-treatment status 

All pre-treatment scores are shown in . 

3.5.1 PAR Index 

The mean for the UK weighted PAR scores were: 22.1 ± 10.1 for group A, 24.2 ± 9.2 for group B 

and 23.3 ± 9.7 for group C, with no statistically significant differences among the groups 

(ANOVA, P = 0.559) (See ). 

Similar scores were shown using the US weighting. The mean US weighted PAR scores were: 

23.3 ± 9.1 for group A, 24.2 ± 7.9 for group B and 23.7 ± 8.7 for group C, with no statistically 

significant differences among the groups (ANOVA, P = 0.871) (See ). 

 

3.5.2 ICON 

The mean ICON scores were: 65.2 ± 18.6 for group A, 67.3 ± 16.5 for group B and 66.5 ± 16.3 

for group C, with no statistically significant differences among the groups (ANOVA , P = 0.826) 

(See ). Based on ICON difficulty categories, 30% of group B patients were classified as “very 

difficult” compared to 20% for group A and 28% for group C (See ). However, 32% of group A 

were classified as “difficult” compared to 28% for group B and 26% for group C. Overall, all three 

groups had more than half of their patients classified as “difficult” or “very difficult” (52% for 

group A, 58% for group B and 54% for group C) , with no statistically significant differences 

among the groups (Chi-square test , P = 0.643)  (See ). 

 

3.5.3 ABO-DI 

The mean ABO-DI scores were: 16.3 ± 9.6 for group A, 16.3 ± 8.6 for group B and 18.5 ± 10.4 

for group C, with no statistically significant differences among the groups (ANOVA, P = 0.424) 
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(See ). The ABO-DI scores for most of the cases (46.7%) were on the range of ≥10 to <20 (See ). 

Cases with scores of 20 or more were distributed almost evenly between the treatment groups.  

shows the distribution of cases based on the ABO-DI categories (<10, ≥10 to <20, ≥20), with no 

statistically significant differences among the groups (Chi-square test, P = 0.430).  

 

3.6 Post-treatment status 

All post-treatment scores are shown in . 

3.6.1 PAR index 

The mean UK weighted PAR scores were: 1.4 ± 1.1 for group A, 1.6 ± 1.4 for group B and 1.4 ± 

1.6 for group C, with no statistically significant differences among the groups (ANOVA, P = 

0.805) (See ). 

Higher points were scored using the US weighting. The mean US weighted PAR scores were: 2.7 

± 1.9 for group A, 2.8 ± 2.2 for group B and 2.7 ± 2.5 for group C, with no statistically significant 

differences among the groups (ANOVA, P = 0.941) (See ). 

Using the UK weighting, the mean overall post-treatment PAR score (1.5 ± 1.4) was significantly 

different from results obtained by using the US weighting (2.7 ± 2.7) (Independent sample t test, 

P <0.001). 

 

3.6.2 ICON 

The mean post-treatment ICON scores were: 11.2 ± 2.9 for group A, 10.9 ± 3.3 for group B and 

11.3 ± 4.0 for group C, with no statistically significant differences among the groups (ANOVA, 

P= 0.825) (See  ). 
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3.6.3 ABO-CRE 

The mean ABO-CRE scores were: 21.5 ± 6.5 for group A, 22.0 ± 6.5 for group B and 25.3 ± 7.9 

for group C (See ). There was no statistically significant difference between groups A and B (See 

). The differences between groups A and C (P = 0.019) and groups B and C (P = 0.037) were 

statistically significant. Cases that had ABO-DI scores of 20 or more had a mean CRE score of 

22.9 ± 7.4, with no statistically significant differences among the groups (ANOVA, P = 0.876) 

(See ).  

The majority of the sample patients (75.3%) were considered as “passed” cases (See ). However, 

there was a significant difference in the distribution of passed, borderline and failed cases among 

the three groups, with less passed and more failed cases for group C compared to groups A and B 

(Chi-square test, P = 0.020) (See ).  

 

Groups A and B scored less points than group C on all parameters of the ABO-CRE, except for 

the “Alignment/Rotation” and “Occlusal Relationship”, but these differences among the groups 

were not statistically significant (ANOVA, P = 0.906, P = 0.518, respectively) (See ). The cases 

from groups A and B scored significantly less points on “Marginal Ridges” than the cases from 

group C (ANOVA with Post Hoc Bonferroni adjustment, P <0.001) (See ). “Buccolingual 

Inclination” parameter scored significantly less points in group A than in group C (ANOVA with 

Post Hoc Bonferroni adjustment, P = 0.023) (See ).  

 

3.7 Treatment duration 

On average, group A cases were treated in an average of 22.9 ± 4.6 months, while group B cases 

were treated in an average of 26.2 ± 6.5 months and group C was treated in average of 26.3 ± 7.0 
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months (See ). Statistically significant differences were found between groups A and B (ANOVA 

with Post Hoc Bonferroni adjustment, P =0.027), and between groups A and C (ANOVA with 

Post Hoc Bonferroni adjustment, P =0.023) (See ). There was no statistically significant difference 

in mean treatment time between groups B and C (P =0.998) (See ). 

Cases that had ABO-DI scores of 20 points or more had a mean treatment duration of 27.9 ± 5.7 

months (See ). These cases required significantly longer treatment time for group C (32.0 ± 7.5) 

than groups A and B (26.3 ± 5.1, 25.5 ± 5.7, respectively) (ANOVA with Post Hoc Bonferroni 

adjustment, P =0.032, P =0.014, respectively) (See ). 

 

 

3.8 Number of visits, cancellations, emergency visits and missed appointments 

Total numbers of visits, cancellations, emergency visits and missed appointments were higher for 

group C than groups A and B. On average, group C cases required almost four more visits than 

group A cases and two more visits than group B cases. This difference was statistically significant 

only between groups A and C (ANOVA with Post Hoc Bonferroni adjustment, P =0.010) (See ).  

Cases that had ABO-DI scores of 20 or more required, on average, 27.7 ± 6.7 visits to be completed 

(See ). These cases required significantly more visits in group C (32.0 ± 6.2), compared to groups 

A and B (26.2 ± 5.2, 24.8 ± 5.5, respectively) (ANOVA with Post Hoc Bonferroni adjustment, P 

=0.016, P =0.002, respectively) (See ). 

 

3.9 Case improvement and treatment efficiency  

 shows the improvement percentage for the studied sample using the UK and US weightings of the 

PAR index. All cases included in the study were classified as “improved” or “greatly improved”. 
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According to the original definition of “greatly improved” provided by Richmond et al.48, 46% of 

the cases in groups A and B were classified as “greatly improved” compared to 38% for group C 

(Chi Square test, P = 0.653) (). Gu et al.96 used a new definition of “greatly improved” category 

that included cases with a weighted PAR score reduction of 22 points or more or if the initial PAR 

score was less than 22 and a weighted PAR score after treatment equal to 0. Using this definition 

96, 58% of group A cases, 60% of group B cases and 56% of group C cases were classified as 

“greatly improved”. Similar results were shown using the US weighting (See ).   

Based on the ICON categories of case improvement, all cases were classified either as “greatly 

improved” or “substantially improved”. Eighty six percent of group A cases, 88% of group B cases 

and 84% of group C cases were classified as greatly improved (See ).   

The Treatment Efficiency Index (TEI) showed no statistically significant differences among the 

three groups (See ). However, the overall TEI results obtained by using UK weighting (3.9 ± 1.0) 

were significantly different from US weighting (3.7 ± 1.0) (Independent sample t-test, P = 0.039) 

(See ). 

  

3.10 Time spent on scoring the cases  

 shows the average time required for scoring the cases. For pre-treatment indices, on average, the 

ICON took significantly less time (ANOVA with Post Hoc Bonferroni adjustment, P <0.001) (1.5 

minutes) to be applied than the ABO-DI or the PAR index (2.0 minutes). For the post treatment 

indices, the ABO-CRE took a significantly longer time (ANOVA with Post Hoc Bonferroni 

adjustment, P <0.001) (5.0 mins) to be applied that the ICON (0.7 minutes) or the PAR index 

scoring (0.8 minutes) (See ). 
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Chapter 4: Discussion  

This study was performed to assess whether cases treated by two collaborating orthodontists results 

in different treatment quality, length or efficiency compared to cases treated by a one orthodontist.  

To the best of our knowledge, this type of research has not been previously conducted.  

 

Currently, corporate dental offices own 30-40 % of all dental offices in the US106. It is predicted 

that the total number of group practices will increase by 2020 and may come to constitute 50% of 

dental offices107,108. In regards to orthodontic specialty, reports found that the solo practice model 

in the US is declining among orthodontists, while professional partnerships are increasing109. 

Moreover, results from orthodontic resident surveys in 2014 showed that 56% of the residents 

planned to purchase a practice, while only 28% planned to work as associates109. However, 

orthodontic residents surveys in the 2015 survey showed the reverse: 54% planned to work as 

associates and 29% planned to purchase their own practice109. The findings of these orthodontic 

residents’ surveys, in addition to shifting trends in orthodontic practices, highlight the importance 

of assessing whether multiple practitioners have similar, better, or worse treatment outcomes than 

sole practitioners. It is also assumed that corporate dental offices will aim for the most efficient 

way to provide treatments. The current study provided data on whether a collaboration of two 

orthodontists can affect treatment outcomes, length or efficiency.  

 

It was essential to use a valid, and reliable method to classify the cases based on case complexity 

and treatment outcomes. Many orthodontic indices were proposed in the literature, and every index 

has its own advantages and disadvantages30-34,36,37,40,43,44,48,53,55,60. The PAR, ICON, ABO-DI and 

ABO-CRE were used in the present study. These indices were chosen as they quantify a variety of 
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dental, skeletal and esthetic parameters31,44,53,55. In addition to measuring pre-treatment and post-

treatment status, these indices allowed the classification of case difficulty and complexity 

(ICON,ABO-DI)31,53, evaluated case improvement (PAR and ICON)31,44, precisely examined 

treatment outcome (ABO-CRE)55 and measured treatment efficiency (TEI-PAR)105. The present 

study provided a detailed evaluation of consecutively treated eligible cases.  

Variables that can affect treatment difficulty, quality and/or duration were collected for each 

subject. These included age, gender, type of malocclusion, treatment modality, and the 

involvement of a surgical plan87,110-114. We also counted the total number of appointments and the 

number of missed, cancelled and emergency appointments, which may indirectly reflect patients’ 

cooperation. 

 

The PAR, ICON, ABO-DI and ABO-CRE showed excellent intra-examiner reliability. The 

examiner (S.A.) underwent a calibration course on the PAR index. The examiner (S.A.) was also 

trained on how to use the ABO-DI and was guided by the ABO website and the counsel of a 

previous guest ABO examiner (D.K.) in using the ABO-CRE prior to scoring the cases. Previous 

studies employing PAR71,72,99, ICON99,115 and ABO-DI59,100 also indicated a similar level of 

excellent intra-examiner reliability. The ABO-CRE had the lowest intra-examiner reliability 

among all the indices used. Greco et al. reported a significant inter-examiner variations among the 

ABO board members on the use of ABO-CRE116. They reported a difference of 22 points in the 

total ABO-CRE score when two ABO board members scored the same case116, compared to a 

maximum of 9 points difference in this study. The average score difference between the ABO 

board members on the total ABO-CRE scores for 40 cases was 6.1 points116 , compared to 1.6 

points in this study. Most of the variation in Greco et al. study was from the “Overjet” and 
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“Buccolingual Inclination” categories116. A year after publishing these results, the ABO made 

some modifications and explanations in the scoring of these two specific categories55, possibly due 

to Greco et al findings116. The high inter-examiner reliability in this study during the 

standardization process can be attributed to the changes and clarifications made by the ABO on 

the application of the ABO-CRE and to the training sessions that the examiner underwent. It is 

important to mention that the scoring during the standardization process was done blindly by both 

examiners (S.A. and D.K.). 

 

Many variables can affect treatment quality and duration1-27. A variety of variables were collected 

and analyzed to identify any differences in baseline status that might affect the study outcome. 

Age at the start of treatments was one variable we considered, although there is no consensus on 

whether age is an important determinant of treatment length or outcome87,110,111. The mean age of 

the three different groups in this study was not significantly different.  

 

Gender is another possible confounding factor that can affect treatment length or outcome87,112. 

Studies have linked male patients to longer treatment times112, possibly due to their expected  poor 

cooperation during treatment which can affect treatment outcome117. In contrast, other studies did 

not find a difference between the overall treatment duration of males and females87, while some 

found that female patients were more likely to miss appointments than males118. However, a recent 

study found that gender is not a significant predictor for adherence to orthodontic appointments119. 

In this study, gender distribution between groups A and B was similar, but both of these 

distributions were slightly different from group C. It is unlikely that differences in treatment length 
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or outcome among the groups were due to gender differences, given the small difference and the 

conflicting findings regarding whether gender affects treatment length or outcome101. 

 

Almost 40% of our patients presented with a Cl II Division 1 type of malocclusion, followed by 

Cl I (38.7%), Cl II Division 2 (20.7%) and Cl III (1.3%). However, there were some differences 

among the study groups. Group A had equal numbers of Cl II Division 1 and Cl I cases, while 

group B had more Cl I than Cl II Division 1 cases and group C had more Cl II Division 1 than Cl 

I cases. We do not think that these differences affected the main outcomes of the study for a variety 

of reasons. First, these differences were not statistically significant. Second, when we combined 

the Cl II Division 1 and Cl II Division 2 cases into one category (Cl II malocclusion), all three 

groups had the same Cl II malocclusion distribution. Third, although the number of Cl II cases was 

higher in group C than group A or group B, the mean age of group C cases was less than the mean 

age of group A cases , also group C had more male patients than either group A or group B. These 

age and gender differences favored group C due to the potential for  remaining growth which can 

improve treatment outcomes and shorten  treatment duration120.  

 

In the current study, almost three quarters of the patients were non-extraction cases. There is 

evidence that extraction treatment takes longer than non-extraction treatment, with a difference of 

7 months113,114. A study on the effect of extractions on treatment duration in five different private 

orthodontic offices found that the treatment duration was longer for extraction patients in each 

office113. However, when the data from  the five offices were combined, the difference in treatment 

duration between extraction and non-extraction cases became almost similar and insignificant113. 

The authors concluded that different practitioners might contribute to different treatment length113, 
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which is why, in this study, we collected data from both orthodontists separately to address 

possible differences in treatment length or quality between orthodontist A and B. 

 

The frequency of orthognathic surgery in this study was very small (1.2%). This is probably 

because the mean overall age for the patients in this study was 13.0 ± 1.8 years old. 

 

Three occlusal indices (PAR index, ICON, ABO-DI) were used to measure pre-treatment status. 

When the PAR index was applied using the US and UK weighting systems, it showed a slightly 

higher non-significant score for group B, followed by group C and then group A. Similarly, the 

pre-treatment ICON scores were higher for group B, followed by group C and then group A. Unlike 

the PAR or ICON indices, ABO-DI scores were higher for group C than for group B. Group A 

scores were the lowest among the three study groups, as was shown by the PAR and ICON scores. 

These relatively small differences are not clinically important because the difference was one to 

two points at most. Although group C had the lowest number of Cl I patients, it had the highest 

ABO-DI scores. A future study should test the relationships among these indices and types of 

malocclusion, treatment duration and treatment outcomes.  

 

Based on the ICON score, when “Very Difficult” and “Difficult” cases were combined into one 

category, a similar distribution of cases was noticed between the three groups. Based on the ABO-

DI categories (low, medium and high), the distribution of cases was not significantly different. 

Also, the number of cases with a high ABO-DI (≥20 points) were almost evenly distributed among 

the three groups.  
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The similarity in baseline data (age, gender, type of malocclusion, extraction vs non-extraction 

orthognathic surgery, pre-treatment PAR, pre-treatment ICON and ABO-DI) allowed comparisons 

between cases treated by one versus two orthodontists with a minimum effect from possible 

confounding variables.  

 

The main outcome of the study was the post-treatment status assessed by the PAR index, ICON 

and ABO-CRE. Different results were obtained using these three indices, but only the ABO-CRE 

mean scores showed statistically significant differences among the study groups. The PAR index 

and the ICON showed different results, but without statistically significant differences among the 

groups. Interestingly, the UK and US weighting of the post-treatment PAR index scores were 

significantly different, with higher scores for the US weighting which is similar to Dyken et al.’s 

findings97, but different from the Deguchi et al.’s findings85. This could be attributed to the 

increased weight for “buccal occlusion” category on the US weighting because ABO-CRE, which 

is a more precise index, showed increased scores in “occlusal relationship” category in this study. 

However, both weighting systems showed a better outcome for group A, followed by group C and 

then group B. The overall orthodontic outcomes in this study were excellent based on the PAR 

scores, with a mean score of 1.5 on the UK weighting and 2.7 on the US weighting. Previous 

reports suggested that post-treatment PAR scores of 5 or less can be categorized as “almost 

ideal”3,48. The mean final PAR scores in this study fit in this category. The level of outcome (Post-

PAR, Post-ICON, ABO-CRE) in the study was higher than in some previous studies71,85,97,121.  

 

Limited number of studies in the literature have assessed orthodontic outcomes in private 

orthodontic offices111. Most of the studies on orthodontic outcomes were performed on cases 
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treated at graduate clinics85,97,121. Robb et al. used the PAR index on cases treated at a private 

orthodontic office, and the mean final PAR scores were 3.1 for adolescent and 3.7 for adult 

patients111. Although it was not clear whether the US or UK weighting was used, the final PAR 

scores were higher than our findings111. Dyken et al. assessed and compared the outcomes of 54 

ABO-accepted cases treated by five different orthodontists to 51 cases treated at the University of 

Alabama School of Dentistry by graduate students97 ; both the UK and US weightings were used 

in all the cases97. The mean UK-PAR scores for the Board cases were 3.1 compared to 4.0 for 

graduate students’ cases97. The US weightings also showed a better outcome for the cases treated 

by orthodontists versus the cases treated by graduate students (5.4 versus 6.8 respectively)97. Our 

study, based on final PAR scores, reflected better outcomes than previous studies71,85,97,121 , 

however some of those studies were conducted in educational setting85,97,121.  

 

Similar results of an excellent outcome were shown using the ICON index. The lowest possible 

ICON is 7 points, due to multiplying the score of the aesthetic component by 731. Unlike PAR 

index, the ICON scores for group B cases, which had the highest scores on both weightings of the 

PAR index, showed better outcomes than the outcomes for group A or C. In this study, the mean 

final ICON score was 11.1  3.4. Fox et al. evaluated 55 consecutively treated cases at the 

orthodontic clinics of Middlesbrough General Hospital and reported a mean final ICON score of 

18.4  7.9 122.  

 

Onyeaso et al. scored 100 post-treatment models of cases treated at a graduate orthodontic clinic 

at the University of Illinois at Chicago and obtained a final ICON score of 15.1  2.9 83. There 

were fewer studies that used the ICON to measure treatment outcomes than the PAR index60. 
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Although the ICON has the advantage of addressing esthetics when evaluating a case complexity 

or outcomes, it is not as precise as the ABO-CRE31.  

 

In order to precisely evaluate tooth position, we used the ABO-CRE. ABO-CRE results were 

different from the results of both the PAR index and the ICON. There was a significant difference 

between cases treated by one versus two orthodontists, without a significant difference between 

orthodontists A and B. Cases treated by both orthodontists did not result in as good outcome as 

cases treated by only one orthodontist. Concomitantly, the jointly treated cases still resulted in 

excellent quality based on the PAR and ICON indices.  

 

A statistical analysis of the ABO-CRE parameters showed significant differences in the “marginal 

ridge” category between cases treated by one versus two orthodontists. Levelling marginal ridges 

needs precision during treatment, which might not be as likely if the case is treated by one solo 

orthodontist. The “buccolingual inclination” category was significantly better for group A cases 

compared to group B and C cases. Paying attention to premolar and molar torque is a routine for 

some orthodontists in order to avoid working and non-working interferences.  

 

Most of the cases in this study were in the range of a passing grade based on the ABO-CRE scores 

(≤27 points). However, cases treated jointly by the two orthodontists had significantly fewer 

passed cases and more failed cases. It is interesting that this significant difference was not observed 

when only complex cases (ABO-DI ≥ 20) were analyzed. This could mean that the main difference 

was in the low and medium ABO-DI groups. 
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Limited studies have used the ABO-CRE on cases treated in private practice101. A recent 

systematic review by Papageorgiou et al. found 34 studies that have used the ABO-CRE, and only 

7 of these were conducted in private practice settings101. The total number of subjects in these 

studies were 6207 and all were included in a meta-analysis that presented an average ABO-CRE 

of 27.9  2.6 101.  

 

There are different opinions on whether the cases treated in university setting are associated with 

different ABO-CRE scores than those treated in private practices19,58,101,123. Cook et al. assessed 

the outcome of 77 cases treated at three postgraduate orthodontic clinics and compared their ABO-

CRE scores to 62 cases treated at three private orthodontic clinics19. They included only cases that 

had Cl II Division 1 malocclusion and required extractions of two or four premolars19. The mean 

ABO-CRE scores for cases treated at private practices (25.97  9.70) was similar to the mean 

scores for cases treated at a university setting (25.14  11.87)19. However, root angulation was not 

assessed19. Mislik et al. evaluated Cl I cases treated at a university setting and compared it to 

outcomes reported for private practice settings58. Sixty-six subjects were included, 32 of them were 

treated at a university setting and all variables of the ABO-CRE system were used58. There was no 

difference in the ABO-CRE scores for cases treated at private orthodontic clinics (25.94  7.69) 

versus cases treated at a university setting ( 25.44  9.81)58. In contrast, Yang-Powers et al. found 

a significant difference between ABO-CRE scores for cases treated by orthodontists (33.88   9.69) 

versus cases treated by residents (45.54  9.69)123.  
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The second outcome of this study was treatment duration. On average, group A cases were treated 

in significantly less time than groups B and C cases, despite similar pre-treatment status. It was 

assumed that treatment duration would be similar between groups A and B since they were treated 

by individual orthodontists, but this was not the case. The reason for this could be the higher pre-

treatment PAR and ICON scores for group B compared to group A. However, when cases with an 

ABO-DI of 20 points or more were analyzed separately, the treatment duration for groups A and 

B was found to be similar. The difference in treatment duration between groups A and C can be 

attributed to the fact that group C patients were treated by 2 orthodontists. Another explanation for 

this difference is that group C had a higher ABO-DI, which can increase treatment time56. Group 

C also had more Cl II Division 1 cases than either group A or B, which could have contributed to 

increased treatment time124,125. However, ABO-CRE scores for group C were significantly higher 

than the scores of groups A and B. If treatment of group C patients was continued until similar 

standards to groups A and B were achieved, the treatment time of group C patients might have 

been significantly longer than in group B.  

 

Two recent systematic reviews assessed the treatment duration of orthodontic treatment with fixed 

appliances101,126. The first systematic review by Tsichlaki et al. included 22 studies, with an 

average treatment duration of 19.9 months126. In Papageorgiou et al.’s systematic review of 34 

studies, the average treatment duration was 24.9 months101. This difference could be related to the 

fact that the Papageorgiou et al. reviewed only studies that used the ABO-CRE, which included 

board cases101. This might have required extra time to be spent during the final stages of 

treatment101.  
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The number of appointments required is another important outcome from a practice management 

point of view. Group C “joint cases” required two more appointments than group B, and almost 

four more appointments than group A. Group B cases required significantly more treatment time 

than group A cases, but the number of appointments was increased by only one, which could 

indicate an increased inter-appointment interval in group B. 

 

The number of missed and cancelled appointments was small. On average, patients in all groups 

missed almost two visits, cancelled two appointments, and scheduled two emergency visits.  There 

was no significant difference among groups, although there was a trend of more cancellations, 

missed and emergency appointments in group C as compared to groups A and B. 

 

It has been suggested that different pre-treatment statuses or post-treatment outcomes are 

associated with different treatment durations56,100. For example, difficult or complex cases need 

longer treatment time than easier cases56.  In addition, cases with excellent outcomes are more 

likely to require increased treatment time than those with poorer outcomes100. These three variables 

(pre-treatment level, post-treatment outcome and length of treatment) were combined in one 

equation for every case to provide an objective measurement of treatment efficiency (as first used 

by Janson et al.)105. A higher score indicates a higher occlusal improvement and/or less treatment 

time. In this study, treatment efficiency was not significantly different among the three groups. An 

additional test of treatment efficiency was performed by dividing the percentage of occlusal 

improvement by the number of appointments instead of treatment duration, and similar results 

were found. 
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There is limited information on the time required to measure occlusal indices. Richmond et al. 

reported that  six minutes were required to score pre- and post-treatment models using the PAR 

index44, while the ICON index takes only a minute31.  In a study of PAR, ICON, DAI and ABO-

CRE, the  ICON index was the quickest to use, with three minutes being required to measure each 

set of casts, while scoring with the PAR index took the longest time99. However, a strict recording 

of the time spent to score cases was not performed in that study99. Because no previous study 

reported the exact time required to score cases, we calculated the time spent to use the indices 

using an electronic timer. Our results showed significant difference between the indices. The ICON 

index took significantly less time to score both the pre-treatment (1.5 mins) and post-treatment 

(0.7 mins) statuses. The PAR and ICON indices took more time to score the pre-treatment status 

than the post-treatment outcome. This makes sense given the amount of initial malocclusion. An 

electronic data collection software (REDCap) was used in this study and all calculations were done 

electronically (e.g. multiplying scores by weights for the PAR or ICON indices), which may have 

contributed to a reduction in scoring time. For the ABO-DI, lateral cephalometric films were traced 

and measured before starting the scoring process. If the tracing was performed during the scoring 

process, it would have taken significantly more time. The ABO-CRE took five minutes to score, 

but more time might have been needed for an examiner who had just started using the index. The 

evaluator in this study was trained to use of ABO-CRE and applied the index to 40 cases before 

starting the data collection.  

 

According to the recommendations of the recent meta-analysis and systematic review on 

orthodontic outcomes, researchers should evaluate baseline malocclusion when a comparison is to 

be made between different treatment groups101. The recommendations of the systematic review 
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also state that both treatment duration and outcome should be considered when assessing treatment 

efficiency101. These three variables (baseline malocclusion, treatment duration and outcome) were 

taken into account and considered as the cornerstone of the present study. We aimed to take all 

possible variables into consideration in order to draw robust conclusions.  

 

However, the present findings cannot be generalized to other group practices or providers of 

orthodontic treatments. Concomitantly, the methodology used in our study could be used to assess 

pre-treatment status and outcomes when treatments are performed by different providers (i.e. 

general dentists and pedodontists). Further, the outcomes of treatments with different appliances 

such as clear removable aligner appliances could also be assessed with a methodology similar to 

the one used in the current study. 
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Chapter 5: Conclusions  

• Different outcome results were obtained using the PAR, ICON and ABO-CRE scoring 

systems.  

• Based on the PAR and ICON results, there was no significant difference in treatment 

outcomes between orthodontic treatments performed by sole orthodontists versus two 

collaborating orthodontists. 

• The final PAR scores were significantly higher when using the US weighting than when 

using the UK weighting. 

• Sole orthodontists treated to the same ABO-CRE standards but with different treatment 

times. 

• Based on the ABO-CRE, treatment outcomes were significantly better for cases treated by 

sole orthodontists than for cases treated by a collaboration of two orthodontists.  

• Two collaborating orthodontists had fewer passed and more failed cases than solo 

orthodontists. 

• The length of treatment time was not significantly different between cases treated by 

orthodontist B versus cases treated by both orthodontists.  

• Cases treated by two collaborating orthodontists required two to four more visits than cases 

treated by one orthodontist. 

• Treatment efficiency, as determined by the PAR scores, was not significantly different 

among the treatment groups.  
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Tables and Figures 

Table I. Components of the PAR index 44 63 

 Components Unweighted UK Weighting US Weighting 

1.  Upper right segment  ×1 0 0 

2.  Upper anterior segment ×1 ×1 ×1 

3.  Upper left segment ×1 0 0 

4.  Lower right segment ×1 0 0 

5.  Lower anterior segment ×1 ×1 0 

6.  Lower left segment ×1 0 0 

7.  Right buccal occlusion  ×1 ×1 ×2 

8.  Overjet ×1 ×6 ×4.5 

9.  Overbite ×1 ×2 ×3 

10.  Centerline ×1 ×4 ×3.5 

11.  Left buccal occlusion  ×1 ×1 ×2 

 

Table II. Components of ICON 31 

Occlusal traits ICON weighting 

IOTN Aesthetic Component  7 

Left + right buccal antero-posterior 3 

Upper arch crowding 5 

Overbite 4 

Crossbite 5 
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Table III. ICON Complexity cut-off values 31 

Complexity grades Score range 

Easy < 29 

Mild 29–50 

Moderate 51–63 

Difficult 64–77 

Very difficult > 77 

 

 

Table IV. ICON improvement grades 31 

Improvement grades Score range 

Greatly improved > –1 

Substantially improved –25 to –1 

Moderately improved –53 to –26 

Minimally improved –85 to –54 

Not improved or worse < –85 
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Table V. Protocol for ICON scoring 31 
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Table VI. Intraclass correlations and ranges of the examiner scores with a  calibrated ABO examiner on calibration cases (n = 40)  

 

 

Table VII. Intra-examiner reliability on 25 randomly selected cases  
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Table VIII. Time spent on scoring the sample using PAR, ICON and ABO indices  
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Table IX. Sample description and characteristics 

 

Table X. Sample pre- and post- treatment score and improvement grades 
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Table XI. ICON Complexity grades among the sample 

Table XII. ABO-DI Complexity grades among the sample 
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Table XIII. ABO-CRE categories among the sample  
Table XIV. ABO-CRE component scores between treatment groups 

  

T 
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Table XV. Treatment duration and number of visits, missed, cancelled and emergency appointments  
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Table XVI. Treatment duration, number of visits and ABO-CRE categories for cases with ABO-DI ≥ 20 

 
 Table XVII. Treatment Efficiency Index (TEI) using UK and US PAR scores  
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