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Abstract 

Objective: To assess the accuracy of the latest OrthoCAD software (version 5.4) compared to 

conventional plaster casts in measuring the American Board of Orthodontics (ABO) Cast

Radiographic Evaluation. 

Material and Methods: Forty post-treatment plaster casts were randomly selected from the 

University at Buffalo's Orthodontics Postgraduate Clinic. The casts were scanned using an iTero 

element scanner (Align Technology, Inc. San Jose, CA) to produce forty corresponding digital 

casts. The plaster casts were scored using the ABO measuring gauge using the ABD Cast

Radiographic Evaluation guidelines. The digital models were measured by the ABO Phase III 

grading tool using OrthoCAD software version 5.4. Data were analyzed using paired student t

tests. 

Results: Intra-examiner reliability was high for all plaster cast measurements (ICC>0.820, 

p<.05) except occlusal relationships which showed poor intraexaminer reliability (ICC=0.480, 

p=0.138). The total score (p<0.001), alignment (p= 0.023), buccolingual inclination (p= 0.007), 

overjet (p=0.054), occlusal contacts (p<0.001), and occlusal relationship (p= 0.002) were all 

statistically significantly different between plaster and digital models. For marginal ridge and 

interproximal contacts there were no statistically significant differences between plater and 

digital models (p= 0.746 and p=0.07, respectively). Mean difference of scores ranged from 0.07 

(SD= 1 .45) for marginal ridges to 3. 73 (SD= 4.64) for the total score. 

Conclusion: The OrthoCAD software version 5.4 should be used with caution because its result 

was not adequate for scoring C-R Evaluation as required by the ABO. 
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Chapter 1: Introduction 

1.1 Assessment of Orthodontic Treatment Outcome: 

1.1.1 Subjective Assessment: 

Satisfaction with one's smile can be difficult to obtain. Previous studies found that 

the level ofpatients' satisfaction with orthodontic treatment ranged between 34% and 95% 

(1 ). As patient awareness and expectations increase, correction of minor discrepancies in 

occlusion can be difficult, especially during this orthodontic stage of finishing and 

detailing. This step that is challenging for all orthodontists (2). 

The quality of orthodontic treatment can be described differently according to each 

patient's perception. For example, patients may evaluate quality of orthodontic treatment 

by treatment length, cost, and alignment of the front teeth. However, orthodontists evaluate 

the quality of treatment outcome by cephalometric measurements, occlusion criteria, and 

patient satisfaction. In addition, the quality oforthodontic treatment concerns others beside 

s the orthodontist and the patient. For example, this includes the general dentist, public 

health agencies, and insurance companies(3). 

1.1.2 Objective Assessment: 

Several indices and rating systems have been developed to objectively evaluate the 

standard of care in orthodontics. Richmond et al. in 1987 developed the Peer Assessment 

Rating (PAR) index to compare teeth alignment before and after orthodontic treatment by 

measuring five components ofocclusion: 1) alignment of the upper and lower labial arches, 

2) posterior buccal occlusion, 3) overbite, 4) overjet, and 5) midline discrepancies. Each 

component is measured on pre- treatment and post-treatment casts and then a final score is 
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calculated. The lower the final PAR score, the better the quality of the treatment outcome. 

However, the PAR index does not take into account facial esthetics and other dental 

elements such as posterior alignment, buccolingual inclination, spacing, and root 

resorption ( 4). 

To overcome these limitations, the American Board of Orthodontics (ABO) formed 

a committee in 1994 to started develop an objective grading system to assess final treatment 

casts and panoramic x-rays (5). After extensive field tests based on collective and 

cumulative results, the ABO officially released the Objective Grading System (OGS) in 

February 1999 in St. Louis, Missouri. The OGS is now known as the Cast-Radiograph 

(CR) Evaluation and has been used by the ABO examiners during the ABO Phase III 

examination. Since then, the CR Evaluation for scoring dental casts and panoramic 

radio graphs has become a popular method to evaluate treatment outcomes. Casko et. al., 

recommended all orthodontists to use the C-R Evaluation as a self-assessment method at 

any time throughout their career to determine if they were treating to the standard of care 

of orthodontics ( 5). 

1.2 American Board of Orthodontics Cast-radiographic Evaluation 

(ABO C-R Eval): 

Cases will be considered successful ifscored less than 20 points with the cut-off point 

for failure being 27 points and above. Cases above 20 but less than the cut-off point are 

subject to the ABO examiner's perception of the candidate and his or her management of 

the case (5). 
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The Cast-Radiographic Evaluation contains eight criteria. Seven of these criteria are 

measured on the final post-treatment dental casts: alignment, marginal ridges, buccolingual 

inclination, occlusal relationships, occlusal contacts, overjet, and interproximal contacts. 

The eighth criterion is root angulation and this is evaluated from the post-treatment 

panoramic radiograph. To ensure reliability, standardization and ease ofcast measurement, 

the ABO designed a customized ABO ruler (fig. 1) (5). 

B 
,.... -

C A 

Figure 1 
A. 1 mm increments and 0.5 mm in width to measure differences in alignment, overjet, 
occlusal contacts, interproximal contact, and occlusal relationships; B. 1 mm steps to 
determine discrepancies in mandibular posterior buccolingual inclination; C. 1 mm steps to 
measure discrepancies in marginal ridges; D. 1 mm steps that determine discrepancies in 
maxillary posterior buccolingual inclination. 

1.2.1 Alignment: 

In the anterior region, the incisal edges and lingual surfaces of the maxillary incisors and the 

incisal edges and labial surfaces of the mandibular incisors should be aligned. While in the 

posterior region, the functioning surfaces of maxillary and mandibular teeth are used to assess the 

alignment of each quadrant. The maxillary posterior central grooves and the buccal cusps of the 

mandibular posterior teeth all should be fully aligned or within 0.5 mm from the reference (fig 2a-

c) (5) 
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Figure 2a Figure 2b 

Figure 2c 

If any tooth deviates at 0.5 to lrnm then 1 point will be scored for that tooth (fig. 3). 

Figure 3 

Two points are subtracted if there is a deviation greater than 1 mm. 

1.2.2 Marginal Ridges: 

All marginal ridges of maxillary and mandibular posterior teeth should be at the same level or 

within 0.5mm of the same level (fig. 4). The canine-premolar contact and the distal oflower 1st 

premolar are not taken into account when scoring this variable. 
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Figure 4 

If the marginal ridge discrepancy is between 0.5 to 1mm, then 1 point is scored for that 

interproximal contact. Two points are scored if the marginal ridge is deviated more than 1mm (fig. 

5). 

Figure 5 

1.2.3 Buccolingual Inclination: 

Maximum intercuspation is important to establish ideal occlusion of posterior teeth. There 

should not be any significant differences between the height of buccal and lingual cusps of the 

maxillary and mandibular molars and premolars. Buccolingual inclination is assessed by a flat 

surface on the occlusal surfaces of right and left posterior teeth. Functional cusps (maxillary 

lingual cusps and mandibular buccal cusps) are the occlusal guide. Both the buccul and lingual 

cusps of the posterior teeth should be touching the flat surface. If the non-functional cusps are 

deviated from the flat surface by 1 to 2 mm, then 1point per tooth is deducted. If the deviation is 
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more than 2mm, then 2 points are scored for that tooth. To ensure reliability, The ABO ruler 

was designed particularly for this measurement as shown in fig. 6: 

Figure 6 

Mandibular first premolars and distal cusps of second molars are not scored. 

1.2.4 Occlusal Contacts: 

To assure maximum intercuspation with the opposing teeth, the functioning cusps are used to 

measure occlusal contacts of posterior teeth. The buccal cusps of the mandibular premolars and 

molars and the lingual cusps of the maxillary premolars and molars should contact the occlusal 

surfaces of the opposing teeth (fig. 7) (5). 

Figure 7 

Short or diminutive cusps (fig.8), such as the distolingual cusp of the maxillary molar, is not 

considered in the evaluation. In contrast, points may be scored if this cusp is prominent. 
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Figure 8 

When there is lrnm or less between the functional cusp and the opposing teeth, 1 point is scored. 

If the distance is greater than 1mm then 2 points are scored for each tooth. No more than 2 points 

should be scored per tooth (fig 9). 

Figure9 

1.2.5 Occlusal Relationship: 

The occlusal relationship is evaluating the anteroposterior position of the maxillary and 

mandibular teeth. Ideally, the occlusion should be in Angle Class I, meaning that the maxillary 

canine cusp tip should align with the contact between the mandibular canine and adjacent 

premolar, the buccal cusps of the maxillary premolars should align with the embrasures between 

the mandibular premolars and first molar, and the mesiobuccal cusps of the maxillary molars 

should align with the buccal grooves of the mandibular molars (fig 10) (6) 
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Figure 10 

Ifmaxillary buccal cusps of premolars or molars deviate 1 to 2 mm from these positions, then 1 

point will be scored per tooth. A greater than 2 mm deviation costs that tooth a maximum of 2 

points (fig. 11). 

Figure 11 

Cases may be finished in Angle Class II or Class III, depending on the clinical presentation 

and/or treatment plan. In Class II cases, the buccal cusp of the maxillary first molar should 

occlude with the interproximal contact between the mandibular second premolar and first molar 

while the buccal cusp of the maxillary second molar should align with the embrasure between 

the mandibular first and second molars. Ifmandibular premolars are extracted and the final 

occlusion finished in Class III, the buccal cusp of the maxillary second premolar should align 

with the buccal groove of the mandibular first molar and the maxillary first molar buccal cusp 

should occlude in the embrasure between the lower first and second molars (fig. 12). (5) 
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Figure 12 

1.2.6 Overiet: 

In order to evaluate the overjet properly on the cast, the cast should be placed with the heals 

(backside) positioned on a flat surface and the teeth in maximum intercuspation (fig. 13). 

Figure 13 

In an ideal overjet, the buccal cusps of the mandibular molars and premolars must contact the 

center of the occlusal surfaces of the maxillary premolars and molars. In the anterior region, 

maxillary anterior lingual surfaces should be in contact with the mandibular anterior labial 

surfaces (fig. 14). 

Figure 14 
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If the buccal cusps of mandibular teeth deviated by 0-lmm from the central fossa of the 

opposing maxillary teeth or if any of the mandibular anterior teeth is not contacting the lingual 

surface of the maxillary teeth (fig. 15a, b), then 1 point will be added to the total score. If the 

deviation is more than 1mm from the center of the opposing teeth, then 2 points are scored for 

any tooth. ( 5) 

Figure 15a 

Figure 15b 

1.2. 7 lnterproximal contact: 

If any space within the dental arch remains open after orthodontic treatment, this will affect both 

esthetics and periodontal health. For these reasons, all mesial and distal surfaces should be in 

contact with one another or within 0.5mm. If space available is more than 0.5 to 1mm, then 

1 point is scored for that interproximal contact. 2 points are scored as a maximum if the 

interproximal space is greater than 1mm (fig. 16) (5) 
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Figure 16 

1.2.8 Radiographic Analysis o(Root Angulation: 

Root angulations are evaluated for parallel roots with sufficient interproximal bone between teeth 

that are important for periodontal health. The root angulation of maxillary and mandibular teeth 

can be assessed using panoramic radiographs. Taking into consideration X-ray distortion and 

limitations, canines are excluded from this evaluation as well as dilacerated teeth. 

When a tooth root is angulated mesially or distally but not touching the adjacent roots, 1 point is 

scored while 2 points will be score if the angulated root is contacting the adjacent root (fig. 17) 

(5) 

Figure 17 
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1.3 Use of Digital Models in Orthodontics: 

For many years, study models have been accepted as an essential part of pre and post 

orthodontic treatment records for accurate representation of the existing occlusion or malocclusion 

(6). The American Association of Orthodontics (AAO) guidelines suggest including hand held 

plaster models as part of orthodontic treatment records (6). Aside from their use as a static record, 

study models are beneficial in diagnosis, treatment planning, case presentation and as an evaluation 

method during and after treatment (7). Han et al. studied the initial records of 57 orthodontic 

patients and found that in 55% of the cases, study models alone provided adequate information for 

treatment planning, and that adding radiographs and/or photographs to the records had a small 

effect on the orthodontists' treatment plan (8). Moreover, study models are used to present 

treatment progress and final treatment results to patients and other orthodontists for educational 

and research purposes (9). 

Although plaster study models are a routine orthodontic record due to their advantages in 

terms of ease of fabrication, low cost, and ease in measurement ( 10), their disadvantages include 

susceptibility to breakage, occupancy of storage space and the need for duplication in cases of 

multidisciplinary treatment (9). In New York state, study models must be kept for 6 years or until 

the patient is 22 years old (11 ). 

Today, many orthodontic practices are becoming paperless by converting to digital 

photography and radiography. With this, the demand for digitizing models had increased (7-11). 

Digital models have the advantage of eliminating the need for physical storage space and 

data analysis could be done more easily and accurately than by hand (12). According to William 
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Proffit, one of the advantages for using digital software is that the computer can provide us a quick 

result (13). In a recent systematic review, Rossini et al. stated that although "plaster models are 

the gold standard in dental diagnosis" many orthodontists are incorporating 3D digital models into 

their practices due to their multiple advantages (14). This may lead toward a full replacement of 

plaster models since many studies agree on their high validity and reliability in diagnosis and 

treatment planning (15, 16). Nevertheless, digital models have some limitations such as the 

potential loss of data over time and, as with any technology, there is a need for training on the use 

of the software measurement tools (9, 10, 17-19). 

1.4 Accuracy, reliability and validity of Digital Models: 

In 1999, Align Technology was the first company to introduce the Invisalign system of 

clear aligners. Align Technology owns the OthoCAD software system (Cadent, Carlstadt, NJ) (16, 

20). OrthoCAD software can access stereo lithographic (STL) files which can then be exported to 

orthodontic laboratories for fabrication of orthodontic appliances and printing models using iTero 

scanners and iRecords that are linked to OrthoCAD (20). 

When digital models started to replace plaster hand held study models, it became an area 

of study among researchers (12, 21, 22). Several improvements on the measuring tools have been 

proposed and implemented over the years (23-27). The movements made and the mechanics used 

in orthodontic treatment are very precise. Studies investigated whether digital models and software 

analysis programs were sensitive enough to detect these precise movement and whether they were 

valid and reliable (21, 28). 
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In 2016, a systematic review was conducted to answer the following question: "What are 

the accuracy, validity, and reliability of measurements obtained from virtual dental study models 

compared with those obtained from plaster models?" (14). After searching in different databases, 

the authors included 35 articles that studied different software programs: OrthoCAD (Cadent), 

O3DM (Ortholab), DigiModel (OrthoProof), and OrthoAnalyzer (3Shape) (14, 21). They stated 

that digital models are accurate with high reliability, accuracy. Fleming et al. assessed the validity 

of digital models in orthodontic analyses in comparison to plaster models (16). Their conclusion 

was that "Digital models offer a high degree of validity when compared to direct measurement on 

plaster models; differences between the approaches are likely to be clinically acceptable." Rossini 

et al. also mentioned that with the advantages of the digital models in terms of cost, time, and space 

required, they could be considered the new gold standard in current practice (14). If a software is 

used by a well calibrated evaluator with high intra-examiner reliability, these measurements will 

be as accurate as measurements done on plaster models (14, 21). 

1.5 Accuracy, reliability and validity of the different Software analysis 

programs: 

Different types of software analysis programs have been released in the market. Westerlund 

et al. used 4 digital software systems and compared their program features, how to be used and 

service provided by each one (29). The study evaluated the most popular software which were 

OrthoCAD (version 3.5.0; Cadent, Carlstadt, NJ), O3DM (version 3.2; OrthoLab, Poznan, 

Poland), Digimodel ( version 2.2.1; OrthoProof, Nieuwegein, The Netherlands), and 

OrthoAnalyzer (version 1.5; 3Shape, Copenhagen, Denmark) (29). In 2015 Westerlund concluded 

that all 4 systems were similar in basic measurements such as overjet, overbite, arch length and 

space analysis. On the other hand, not all programs considered the PAR index, the ABO C-R Eval 
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or the digital articulation of the models. From the 4 programs, OrthoCAD and 03DM were found 

to be the least difficult in regard to ease of use. OrthoCAD software analysis was the program 

recommended among all 4 systems because it had the least number of issues (29). 

1.6 Accuracy of OrthoCAD software: 

Multiple studies were published on the OrthoCAD software. Tomassetti et al. published 

the first study by comparing OthoCAD version 1.14 with two software programs (QuickCeph and 

Hamilton Arch Tooth System) and a Boley gauge to compare different methods in measuring the Bolton 

tooth size analysis (30). The investigators found that there was approximately 1.2 mm difference 

between OrthoCAD and manual measurement when using a boley gauge. Although this was not 

found to be statistically significant. Tomassetti et al reported that in a highly specialized field as 

orthodontics, 1.5mm is clinically significant (30). 

In 2002, another study used an updated version of OrthoCAD (OrthoCAD version 1.17) 

and compared dental arch measurement on plaster casts. They found that there was a statistically 

significant difference between plaster and digital models. They claimed that the significant 

differences found were due to the resolution of the caliper tip used in measuring the plaster casts 

(0.5mm) compared to the OrthoCAD digital caliper of 0.1mm (31). In contrast, two subsequent 

studies, in 2003 and 2004, used the same version but with larger sample sizes and, agreed that 

digital modals may be an acceptable replacement to plaster models (18, 19). 

Following that, OrthoCAD released an updated version (OrthoCAD 2.17). Similar studies 

were conducted to test the accuracy and reliability of the new version (21). In 2005, Mayers et al. 

assessed the PAR index using OrthoCAD (32). After grading 48 patient models, results showed 

high correlation between the digitally measured PAR scores and those that were measured on 

15 



plaster models. However, he also found that the software took much longer to measure and thus 

was less efficient. The author concluded that OrthoCAD is a reliable method for measuring PAR 

index scores (32). Leifert, et al., used the same version of OrthoCAD compared to plaster dental 

casts for space analysis measurements (33). They found that there was no statistically significant 

difference in mandibular measurements whereas there was a 0.4mm difference in the maxillary 

measurement and the differences were statically significant. Yet, Leifert et al. concluded that space 

analysis on digital models is accurate, clinically acceptable and reproducible (33). In 2008, a study 

by Goonewardene at the University of Western Australia School of Dentistry (34) evaluated the 

accuracy of the Irregularity Index and tooth size-arch length discrepancies on OrthoCAD. 

Goonewardene found an opposite result to those reported by Leifert et al. They found no significant 

difference in the maxillary space analysis measurement while there was significant difference in 

the mandibular measurement (34). Goonewardene, Quimby and Nanda found that measurements 

obtained on digital software were larger than those measured manually (18, 34, 35). Nanda 

contributed these differences to the magnification option on OrthoCAD which may have allowed 

for more accuracy in measurements than plaster models (35). On the other hand, Santoro et.al. 

found smaller measurements in digital model measurements compared with plaster models. 

Santoro justified his findings as resulting from alginate impressions that may have shrunk during 

shipment to OrthoCAD (17). 

In 2014, a master thesis was completed at the University at Buffalo School of Dental 

Medicine by Nanda titled "Accuracy and reliability of plaster and digital study models produced 

by OrthoCAD". Nanda's study was similar to other previous studies in comparing different 

analyses and measurements such as: overbite and overjet, Bolton's tooth-size analysis, space 

analysis and intermolar width. The difference however, was that the author used one impression 
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to produce both digital and plaster models (35). Thus, the author overcame the bias seen in Santoro 

et al.' s study in which two different impressions were used (17). Nanda found statistically 

significant differences in some variables and concluded that these differences were clinically 

insignificant and OrthoCAD digital models are a reliable and acceptable alternative to plaster 

models (35). Quimby et al. mentioned in their study that "the true test of clinical significance 

would be to determine whether treatment plans produced with computer models differed 

significantly from treatment plans produced with plaster models" (18). Quimby's question can be 

addressed by evaluating final orthodontic results when the treatment plan was made on OrthoCAD 

software. 

1.7 Accuracy of OrthoCAD software in measuring the ABO Objective 

Grading System-similar studies: 

To our knowledge, only four published studies evaluated the accuracy and reliability of the 

OrthoCAD software in measuring the ABO C-R Evaluation (13, 36, 37). In 2005, in the first study, 

Costalos et al. collected a sample of24 post-treatment digital (OrthoCAD) and plaster models from 

the postgraduate orthodontic clinic at Columbia University School of Dental and Oral Surgery 

(13). As recommended by the ABO, the ABO measuring gauge was used to measure the 7 cast 

criteria of the ABO C-R Evaluation on the plaster models. All 7 criteria were scored on digital 

models using OrthoCAD software version 2.17. The study concluded that the OrthoCAD software 

was accurate in measuring the CR Evaluation criteria except for alignment and buccolingual 

inclination (13). Both criteria were significantly larger. These differences were attributed to the 

magnification feature of the OrthoCAD software which allowed more accurate assessments. 

Costalos et al. recommended that OrthoCAD company improve their software in regard to 
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alignment and buccolingual inclination. He also agreed with others in that digital models are useful 

and accurate for use in the ABO clinical examination (Phase 111) (13). 

When OrthoCAD released an updated version (version 2.2), Okunami et. al. published a 

similar study in 2007. The study was completed by a single examiner who was calibrated by a 

former ABO examiner. The examiner measured 30 plaster and digital models but did not include 

the buccolingual inclination in their result due to "an error in the digital model assessment 

program" (38). In this version of the software, the buccolingual inclination measurement couldn't 

be taken at the two proper locations on certain cusp tips. This study found statistically significant 

differences in occlusal contacts, occlusal relationships and overall scores between digital and 

plaster models. The authors explained these results by an issue with the OrthoCAD software when 

articulating the maxillary to the mandibular teeth, causing some of the maxillary and mandibular 

teeth to vertically overlap each other, resulting in increased point deductions for occlusal contacts 

and overall scores. OrthoCAD was contacted to fix this technical issue, but the attempt was 

unsuccessful. A slight statistically significant difference was found when measuring the occlusal 

relationships on digital OrthoCAD models which the authors considered clinically insignificant 

because it would not affect a candidate' score to pass the ABO clinical examination. While the 

study was being conducted, OrthoCAD released a new version of the software which they claim 

resolves the issue with measuring buccolingual inclination. Okunami et. al. concluded that 

OrthoCAD version 2.2 was not accurate for measuring the ABO C-R evaluation, because of 

several limitations of the software. Finally, they suggested that further studies be undertaken using 

new versions of the software to assess all the ABO OGS components (38). 

A year later, Hildebrand et al. conducted a study to evaluate a newer version of OrthoCAD 

software (version 2.66) for measuring the ABO OGS grading system (36). Hildebrand et al. had a 
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slightly larger sample size of 36 finished orthodontic casts in plaster and digital form, compared 

to the two previously discussed studies. Intra-examiner reliability was high for both individual 

components and total ABO scores. In agreement with the previously mentioned studies (13, 37), 

Hildebrand's data showed higher total ABO scores for digital models when compared to those 

calculated by hand using the ABO ruler with an average difference of 9 points (36). A 9-point 

difference is considered both statistically and clinically significant because it could affect a 

candidate's ability to pass the ABO clinical examination since the passing score is 27 points or 

less. The differences were statistically significant for alignment, overjet and occlusal contacts and 

were explained to be either due to articulation error of the digital casts or a combination of 

systematic errors in the software. The investigators concluded that OrthoCAD software could not 

be used as a replacement for manual scoring of the ABO OGS (36). 

Despite the previously mentioned limitations in the OrthoCAD software when it comes to the 

ABO grading system, OrthoCAD had stressed their potential benefits to the ABO compared to the 

conventional plaster and measuring gauge. As stated by OrthoCAD, their benefits to the 

ABO and ABO OGS scoring method include (37): 

• Digital casts are more objective representing a standard grading tool 

• Patient models, scores and measurements can be stored in a single file 

• Digital files can be used on online websites and lectures, and are a good 

communication tool 

• Measurements are more reliable and consistent 

Recently, a Masters thesis was completed in 2017 by Valerie Ryan at the University 

at Buffalo School of Dental Medicine Department of Orthodontics to assess orthodontic 

treatment outcomes in a postgraduate orthodontic program. In this study, the examiner used 
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OrthoCAD digital software version 5.4 in measuring the ABO grading system (21). To the 

author's knowledge, there were no studies on this most recently released version of 

OrthoCAD software. Therefore, a pilot study of 10 cases was conducted to compare the 

ABO Cast-Radiographic Evaluation on the digital model (OrthoCAD version 5.4) to 

plaster casts measurements using the ABO gauge. Ryan concluded that the previous 

OrthoCAD software errors have been corrected in this new version (21 ). 

1.8 Study objective: 

The purpose of this retrospective study to assess the accuracy of the OrthoCAD 

software (version 5.4) compared to conventional plaster casts in measuring the ABO 

Cast-Radiographic Evaluation. 
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Introduction 

Several indices and rating systems have been developed to objectively evaluate the standard 

of care in orthodontics ( 4). The ABO officially released the Objective Grading System (OGS) in 

February 1999 in St. Louis, Missouri. The OGS is now known as the Cast-Radiograph (C-R) 

Evaluation and has been used by ABO examiners during the ABO Phase III examination. Since 

then, the C-R Evaluation for scoring dental casts and panoramic radiographs has become a popular 

method to evaluate treatment outcomes (21). Casko et al., recommended all orthodontists to use 

the C-R Evaluation as a self-assessment method at any time throughout their career to determine 

if they were treating to the standard of care of orthodontics (5). The C-R Evaluation contains eight 

criteria. Seven of these criteria are measured on the final post-treatment dental casts: alignment, 

marginal ridges, buccolingual inclination, occlusal relationships, occlusal contacts, overjet, and 

interproximal contacts. The eighth criterion is root angulation and this is evaluated from the post

treatment panoramic radiograph. To ensure reliability, standardization and ease of cast 

measurement, the ABO designed a customized ABO ruler (fig. 1) (5). 

Today, many orthodontic practices are becoming paperless by converting to digital 

photography and radiography. With this, the demand for digitizing models has increased (7-11). 

Digital models have the advantage of eliminating the need for physical storage space and data 

analysis could be done more easily and accurately than by hand (12). According to William Proffit, 

one of the advantages for using digital software is that the computer can provide a quick result 

(13). In a recent systematic review, Rossini et al. stated that although "plaster models are the gold 

standard in dental diagnosis" many orthodontists are incorporating 3D digital models into their 

practices due to their multiple advantages (14). This may lead us toward a full replacement of 

plaster models since many studies agree on their high validity and reliability in diagnosis and 
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treatment planning (15, 16). Nevertheless, digital models have some limitations such as the 

potential loss of data over time and, as with any technology, there is a need for training on the use 

of the software measurement tools (9, 10, 17-19). 

When digital models started to replace plaster hand held study models, it became an area of 

study among researchers (12, 21, 22). Several improvements on the measuring tools have been 

proposed and implemented over the years (23-27). The movements made and the mechanics used 

in orthodontic treatment are very precise. Studies investigated whether digital models and software 

analysis programs were sensitive enough to detect these precise movement and whether they were 

valid and reliable (21, 28). Rossini et al. also stated that with the advantages of the digital models 

in terms of cost, time, and space required, they could be considered the new gold standard in 

current practice (14). If a software is used by a well calibrated evaluator with high intra-examiner 

reliability, these measurements will be as accurate as measurements done on plaster models (14, 

21). 

To our knowledge, only four published studies evaluated the accuracy and reliability of the 

OrthoCAD software in measuring the ABO C-R Evaluation (13, 36, 37). In 2005, the first study 

by Costalos et al. concluded that the OrthoCAD software (version 2.17) was accurate in measuring 

the C-R Evaluation criteria except for alignment and buccolingual inclination (13). Both criteria 

were significantly larger for digital casts. These differences were attributed to the magnification 

feature of the OrthoCAD software which allowed more accurate assessments. When OrthoCAD 

released an updated version (version 2.2), Okunami et al. published a similar study in 2007. 

Okunami et al. concluded that OrthoCAD version 2.2 was not accurate for measuring the ABO C

R Evaluation, because of several limitations of the software. Finally, they suggested that further 

studies be undertaken using new versions of the software to assess all the ABO OGS components 
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(38). A year later, Hildebrand et al. conducted a study to evaluate a newer version of OrthoCAD 

software (version 2.66) for measuring the ABO OGS grading system (36). Hildebrand et al. had a 

slightly larger sample size of 36 finished orthodontic casts in plaster and digital form, compared 

to the two previously discussed studies. The investigators concluded that OrthoCAD software 

could not be used as a replacement for manual scoring of the ABO OGS (36). 

Recently, a Masters thesis was completed in 2017 by Valerie Ryan at the University at Buffalo 

School of Dental Medicine Department of Orthodontics to assess orthodontic treatment outcomes 

in a postgraduate orthodontic program. In this study, the examiner used OrthoCAD digital software 

version 5.4 in measuring the ABO grading system (21). To the author's knowledge, there were no 

studies on this most recently released version of OrthoCAD software. Therefore, a pilot study of 

10 cases was conducted to compare the ABO C-R Evaluation on digital models (OrthoCAD 

version 5.4) to plaster casts measurements using the ABO gauge. Ryan concluded that the previous 

OrthoCAD software errors have been corrected in this new version (21). 

Objective of the study: 

To assess the accuracy of the latest OrthoCAD software (version 5.4) compared to 

conventional plaster casts in measuring the American Board of Orthodontics (ABO) 

Cast-Radiographic Evaluation. 

24 



Material and Method 

Institutional Review Board approval was obtained from the State University ofNew York 

at Buffalo School of Dental Medicine Department of Orthodontics (STUDY00001658). This was 

a retrospective chart review using final records of patients who completed orthodontic treatment 

at the University at Buffalo Orthodontics Postgraduate Clinic. The sample was randomly selected 

from patients of all ages and both genders who had completed orthodontic treatment between 2013 

to 2017. 

1. Inclusion /Exclusion Criteria 

Records were evaluated from June 2013 to June 2017 of patients of any age and 

gender who finished Phase II treatment (full comprehensive orthodontic treatment) in the 

postgraduate clinic at the University at Buffalo School of Dental Medicine. Models were 

included in the study if they met the following inclusion criteria: 

1. All permanent teeth were present and no retained or missing teeth. 

2. Plaster casts of ABO quality, defined as: no bubbles or broken teeth, properly 

trimmed in a way that if the back is placed on a flat surface flushed, the teeth will 

be in maximum intercuspation. 

As a routine procedure at the Department of Orthodontics, final alginate 

impressions are taken on debonding day for all cases including those that could potentially 

qualify for the ABO clinical exam. Impressions are then sent to an external laboratory on 

the same day to be poured for ABO plaster casts. 

To construct the digital models, a scan of the plaster cast using an iTero element 

scanner (Align Technology, Inc. San Jose, CA) scanner is sent to iTero to be digitized and 
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analyzed to a 3-dimensional OrthoCAD digital model to eliminate any error that may result 

from a second impression sent to OrthoCAD. 

2. Sample Size 

Sample size was estimated based on the findings from Hildebrand et al. (36). A 

sample of 40 sets of models per group (plaster and digital) would provide at least 80% 

power of detecting differences greater than 2 points at the 5% level of significance. 

3. Study Procedure 

Patients' post-treatment records were obtained from the department's password

protected Dolphin Imaging software. Records that met the inclusion criteria were de

identified. Sample of 40 casts were randomly selected to be included in the study. 

Measurements of the 7 criteria of the ABO C-R Evaluation on both plaster and digital 

models were carried out by one calibrated examiner (RN). The last criterion of root 

angulation, because it is measured from panoramic radiographs, was excluded from the 

study. Measurements of plaster models were conducted using the ABO gauge. 

Measurements of the digital models were completed on OrthoCAD version 5 .4 software. 

Prior to conducting the study, the examiner underwent a three-hour hands-on 

calibration session with an ABO examiner. Intra-examiner reliability test was carried out 

for both plaster and digital casts to assure reliability of the measurements. The primary 

investigator measured the same 7 casts two weeks apart to assure the intra-examiner 

reliability of the study. 
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4. Measurements of Plaster Casts 

The ABO C-R Evaluation measurements were completed manually on all plaster 

casts using the ABO measuring gauge following the ABO guidelines as listed in Chapter 

1.1.2. The points are calculated using the C-R Evaluation worksheet as shown in 

AppendixB. 

5. Measurements of Digital Models on OrthoCAD V. 5.4 

Scanned digital models were accessed via the department's OrthoCAD software 

version 5.4 using the ABO Phase III grading tool included with the software (Figure 17). 

The same 7 criteria were measured digitally on a DELL LCD screen. The points were 

tallied and formulated automatically by the software using an individual ABO Phase III 

sheet as shown in Appendix C. Ifpoints are to be added for a tooth, the value is 

displayed adjacent to the tooth. Ifno points are to be added, no value is displayed. 

Figure 17 

5.1 Alignment 

Alignment discrepancies were determined by selecting a mesial and distal point 

on each tooth that will create a single line at the central groove for the maxillary posterior 

teeth, a line at the buccul cusps for mandibular posterior teeth and a line along the incisal 
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edge of the anterior teeth. The software is sensitive if the difference between adjacent 

lines is greater than 0.5mm (Figure 18). 

i_ Alignment_ll Marginal RidgesI Buccolingual lnclinaticM 

Figure 18: OrthoCAD scoring 2 points for alignment deviation> 1.0 mm 

5.2 Marginal Ridges 

For each contact, a point was marked on the marginal ridge of one tooth, and a point was 

selected on the adjacent tooth to complete the measurement. The software calculated the 

difference between the two points and determined the scoring (Figure 19). 

ABO analyses: Marginal Ridges 

Alignment i Marginal Ridges ii Buccolingual lnclinati,M 

lvlN 

L 

Figure 19 

5.3 Buccolingual Inclination 

In the buccolingual inclination tab, the tooth to be measures was selected. For maxillary 

teeth, a plane was defined to indicate the occlusal surface by selecting a point on the lingual cusp 

of the selected tooth and another point on the contralateral lingual cusp. A plane was then 
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displayed between right and left teeth. To complete the measurement, a third point was placed 

on the buccul cusp of the tooth that was being measured (fig. 21). 

For the mandibular teeth, an occlusal plane was created by points marked on right and left 

buccul cusps followed by a third point placed on the lingual cusp of the selected tooth to 

complete the measurement. The software measured the distance from buccal or lingual cusps to 

the occlusal plane. 

Figure 21 

5. 4 Occlusal Contacts 

The tooth to be measured was selected from the occlusal contact tab and automatically 

the system presented an initial cross-section of the occlusion. The proper part of the cusp was 

selected by adjusting the middle control point on the occlusal view. The software measured any 

space existing between the opposing teeth and scored it appropriately (Figure 22). 
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Figure 22 

5. 5 Occlusal Relationships 

The cusp edge of the maxillary posterior tooth was selected with the appropriate 

interproximal area in the opposing mandibular arch (figure 23). The software scored any 

differences between these two points that was greater than 1 mm. 

ontacts Occlusa! Aelaboni h1ps J O 

R 

Figure 23 
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5.6 Overiet 

The tooth to be measured was selected and a cross-section of the occlusion was 

displayed. For the anterior teeth, a box can be selected if all anterior teeth were coupled and no 

points are scored. If they were not coupled, a space between the upper anterior teeth and their 

mandibular counterpoint was measured and scored appropriately by the software (figure 24) . 

. I, 

URl 
J.5 

Figure 24 

For posterior teeth, the mandibular buccul cusps should be in occlusion with the opposing 

maxillary central groove. Any distance between the selected point on the mandibular buccal cusp 

and the opposing central groove of the maxillary tooth was measured and scored by the software 

(Figure 25). 
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Figure 25 

5. 7 lnterproximal Contacts 

In each contact, a mesial and distal points are selected and the resulting plane can be 

adjusted parallel with the tooth surfaces. The software automatically measured any space greater 

than 0.5 mm and scored as indicated by the ABO (figure 26). 

1 
Figure 26 

Statistical analysis: 

Data from the 40 digital and plaster casts were entered into Microsoft Excel software and 

then transferred to SPSS software (version 24; IBM, Armonk, NY). Intraclass Correlation 

Coefficients were calculated for Intra-Examiner measurements of the plaster and digital casts. A 

Pearson correlation coefficient analysis was performed to assess the potential relation between 
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plaster and digital casts measurements following Hinkle et al Rule of Thumb for Interpreting the 

Size of a Correlation Coefficient Table 1(37). Parametric Student's t-test was conducted to 

assesses whether plaster and digital models have equivalent means for the 7 criteria and for the 

total score. A significant P value of 0.05 was used for each test. Descriptive Statistics was run for 

Differences of Scores: mean, median and standard deviation. Descriptive analysis of the absolute 

score differences between digital and plaster casts was conducted to assess the clinical 

significance. Hildebrand et al, designated a mean difference greater than 2 points to be clinically 

significant(36). 
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Result 

Intraexaminer Reliability 

To ensure intra-examiner reliability, 7 plaster casts were measured twice, two

weeks apart. Table 2 shows the Intra-examiner reliability for the plaster 

measurements. Result found to be highly reliable for all plaster cast measurements 

(ICC>0.820, p<.05) except occlusal relationships which showed poor intra-examiner 

reliability (ICC=0.480, p=0.138), Interproximal contacts had ICC=l because all 

values were identical. 

Table 3 presents the Intraclass Correlation Coefficient for the digital cast 

measurements. The digital measurements were highly repeatable (ICC> 0.840, p < 

0.05). 

Descriptive Statistics 

Mean, standard deviation, minimum, maximum, and median values for both 

plaster and digital measurements are reported in Table 4. Descriptive statistics for 

differences of scores are reported in Table 5. which shows the mean differences 

which indicate that the digital measurements of the total score, alignment, overjet, 

occlusal contacts, and occlusal relationship tended to exceed plaster measurements, 

34 



while plaster measurements exceeded digital measurements m marginal ridge, 

buccolingual inclination and interproximal contact. 

Correlations 

Correlations were obtained for the paired measurements to assess the strength 

of the association between the two types of measurements ( digital vs. plaster cast). 

Table 6 presents the parametric Pearson Product Moment Correlation Coefficients 

(r). High correlation found between measurements for occlusal contact and 

interproximal contact r=0.768, p<0.05; r=0.741, p<0.05, respectively. Statistically 

significantly moderate correlations were found between measurements for 4 out of 

8 scores: total score: r=0.611, p<0.05; alignment: r=0.633, p<0.05; marginal ridge: 

r=0.551, p<0.05; buccolingual inclination: r=0.620, p<0.05 .. A statistically 

significantly weak correlation was found between measurements of occlusal 

relationship (r=0.428, p<.05). No significant correlation was found for overjet 

(r=0.290, p=0.069). Figures 27 to 34 illustrates the correlations for each component 

of the measurements and the total score. 

Differences Between Plaster and Digital Measurements 

Table 7 shows the P values from the parametric Student's t-test, which 

assesses whether plaster and digital models have equivalent means for the 7 criteria 
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and for the total score. Based on the P values, it was concluded that the total score 

(p<0.001), alignment (p= 0.023), buccolingual inclination (p= 0.007), overjet 

(p=0.054), occlusal contacts (p<0.001), and occlusal relationship (p= 0.002) were 

statistically significantly different between plaster and digital models. For marginal 

ridge and interproximal contact there were no statistically significant differences 

between plaster and digital models with a p-value of 0.746 and 0.07 respectively. 
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Discussion 

The objective of this study was to assess the accuracy of the latest OrthoCAD 

software (version 5.4) compared to conventional plaster casts in measuring the 

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

differences were found for multiple scores between the digital measurements on 

OrthoCAD software versus plaster measurements. The only two scores that were not 

found to be statistically significantly different between the two methods were 

marginal ridge and interproximal contacts measurements. 

The total ABO score showed a statistically significant difference between the 

plaster and digital models, which is mainly affected by the differences in the occlusal 

contact. This result agrees with the findings of Okunami et al. and Hildebrand et al. 

who also concluded that occlusal contact differences were related to an articulation 

error (36, 38). 

Okunami et al. 's results agreed with our finding that occlusal relationships 

measured on OrthoCAD statistically differ from the plaster(38). An explanation for 

the discrepancy might have been the angulation of the plaster models while taking 

the measurements. If the models were not viewed perpendicularly, occlusal 

relationship could be measured incorrectly. In contrast, the digital models could be 
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viewed from the exact angulation by using the predefined spots on the horizontal 

plane. 

For the alignment measurements, there was a significant difference between 

both measurements which was also found by both Costalos et al. and Hildebrand et 

al.(13, 36). They claimed that this difference could be due to difficulty in identifying 

the exact landmarks on the OrthoCAD and plaster models. Tomassetti et al. also 

stated this difficulty in identifying landmarks to be the greatest source of error (30). 

The software places dots on the mesial and distal contact points ofa tooth to measure 

the alignment by using straight lines, not taking in consideration that the anterior 

teeth are on an arc. Points might be deducted or spared by slightly moving each point 

without significantly changing the resulting line of alignment. This creates a range 

where the score can be affected depending on the ultimate position of the 2 selected 

points. As a result, it is difficult to pinpoint the exact mesial or distal points to 

evaluate the alignment consistently and accurately. In addition, the ABO C-R 

Evaluation alignment guideline is that points are deducted per tooth rotation (tooth 

level), however, the OrthoCAD software grades it per tooth contact ( contact level) 

which leads to double scoring for rotated tooth and inflation of results. 

The statistically significant difference found in the overjet component agrees 

with Hildebrand et al. results. This can be caused by improper articulation of the 

digital casts or difficulty in landmark identification as discussed earlier (36). 
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Another significant difference was found in the buccolingual inclination 

measurements (13). In the plaster casts, buccolingual inclination is visualized from 

a plane created by the ABO gauge. However, in OrthoCAD software, the 

buccolingual inclination is measured from a plane constructed from a cusp tip of a 

tooth to the cusp tip of the contralateral tooth. This is not the case. It is difficult to 

measure buccolingual inclination on digital models with a single line that does not 

bisect the occlusal surface of each contralateral tooth symmetrically at the cusp tip. 

Costalos et al. proposed that a plane formed by 2 lines joined to form an angle at the 

sagittal plane. Then these lines can be manipulated to measure the buccolingual 

inclination more accurately (13). 

In general, in the OrthoCAD software, extracted or missing teeth cannot be 

marked as absent. This makes it difficult to decide which tooth should be graded in 

these patients. 

Although statistically significant differences were found, it is important to 

Hildebrand et al, designated mean difference greater than 2 points to be clinically 

significant (36). Both the total and the occlusal contact scores had a mean difference 

greater than 2 points. The total ABO scores from the plaster and the digital casts 

showed a good level ofassociation but the OrthoCAD measurements was on average 

3.72 points greater with a range from 5 .2 to 2.2 points. For the occlusal contact score, 

there was a statistically significant difference between the measurements with a 
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mean difference of 3 points, which is clinically considered a significant difference. 

As the total score being the total sum of the 7 criteria, this finding could be affected 

by the occlusal contact measurements. For that, the occlusal contact measurements 

were eliminated from the total score and the same comparative analysis was 

repeated. Result indicated that there is no statistically significant difference between 

plaster and digital measurements for the total score (p=0.431) and a mean difference 

of 0.76 points which is not significant clinically. 

On the other hand, the remaining scores that showed statistically significant 

differences (alignment, marginal ridge, buccolingual inclination, overjet, occlusal 

relationship and interproximal contact) were all below 2 points and are likely too 

small to be noticed clinically and thus may not be clinically significant. 

The use ofdigital models in clinical practice is advantageous and a great potential 

if it is reliable and easy to use. Although issues were encountered with the 

OrthoCAD software, OrthoCAD drew attention to the potential benefits ofthe digital 

software compared with the conventional plaster and measuring gauge. For instance, 

files in OrthoCAD can be used electronically in lecture, for communication and all 

measurements and scores can be saved as a part of digital file in OrthoCAD when 

storing patients ' records is a significant issue. Although these benefits are helpful, 

OrthoCAD has not been proven to be superior to the gold standard of plaster casts. 

Further advances and updates in the OrthoCAD should be expected. 

40 



In the future, this study can be repeated with a new version of OrthoCAD. 

Other software having the ABO C-R Evaluation tool or Geodigm software can be 

compared to the conventional plaster models. Time can also be an assessed factor 

while comparing both methods. 
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Conclusion 

When comparing the ABO C-R Evaluation on plaster models with its digital 

model counterparts on the OrthoCAD software version 5.4, several findings were 

obtained: 

1. Statistically significant differences between plaster and digital measurements 

were found for 6 out of 8 criteria: alignment, occlusal contacts, occlusal 

relationship, buccolingual inclination, overjet and the total score. 

2. Marginal ridges and interproximal contact measurements were the only two 

criteria that had no statistically significant difference between the plaster and 

digital models. 

3. Occlusal contact was the only measurements that found to be clinically 

significant when measured on plaster versus OrthoCAD. The remaining scores 

were not clinically significant. 

4. OrthoCAD version 5.4 is inaccurate in articulation which interferes with the 

interarch measurements. 

5. Currently, there is no replacement for the plaster cast and the measuring ABO 

gauge. 

6. Digital software should be used with caution due to its current inaccuracies in 

measuring the C-R Evaluation. 
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Table 1. Rule of Thumb for Interpreting the Size of a Correlation Coefficient 

SIZE OF CORRELATION INTERPRETATION 

.90 TO 1.00 Very high positive correlation 

.70 TO .90 High positive correlation 

.50 TO .70 Moderate positive correlation 

.30 TO .50 Low positive correlation 

.00 TO .30 negligible correlation 

Table 2. Intraclass Correlation Coefficients for Intra-Examiner measurements of the 
plaster casts 

95% Confidence 
Interval 

Lower Upper 
Intra-Examiner ICC Bound Bound Value Sig 

Total .96 .76 .99 52.50 <.001 

Alignment .93 .61 .99 29.24 .001 

Marginal Ridges .98 .88 .99 111.40 <.001 

Buccolingual Inclination .95 .67 .99 36.12 .001 

Overjet .89 .43 .98 17.94 .003 

Occlusal Contacts .82 .17 .97 10.10 .012 

Occlusal Relationships .48 -.43 .91 2.85 .138 

lnterproximal Contacts 1.0 1.0 1.000 
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Table 3. Intraclass Correlation Coefficients for Intra-Examiner measurements of the 
digital casts 

95% Confidence 
Interval 

Lower Upper 
Intra-Examiner ICC Bound Bound Value Sig 

Total .96 .78 .99 46.37 <.001 

Alignment .84 .33 .97 11.5 .005 

Marginal Ridges .92 .59 .98 22.71 .001 

Buccolingual Inclination .98 .86 .99 79.47 <.001 

Overjet .95 .76 .99 41.86 <.001 

Occlusal Contacts .92 .61 .99 23.80 <.001 

Occlusal Relationships .96 .79 .99 48.71 <.001 

lnterproximal Contacts .94 .70 .99 32.33 <.001 
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Table 4. Paired Samples Statistics 

Mean Std. Deviation Median Minimum Maximum 

Total Score 
Plaster 

Digital 

25.75 

29.48 

5.20 

5.33 

25.5 

29.5 

15 

16 

36 

41 

Alignment Score 
Plaster 

Digital 

4.30 

4.75 

1.36 

1.43 

4.0 

5.0 

7 

7 

Marginal Ridge Score 
Plaster 

Digital 

3.33 

3.25 

1.54 

1.53 

3.0 

3.0 0 

7 

6 

Buccolingual Inclination Score 
Plaster 

Digital 

10.03 

8.98 

2.75 

2.53 

10.0 

9.0 

4 

4 

16 

15 

Overjet Score 
Plaster 

Digital 

1.88 

2.52 

1.98 

1.41 

2.0 

3.0 

0 

0 

7 

6 

Occlusal Contacts Score 
Plaster 

Digital 

4.23 

7.23 

2.97 

2.77 

4.0 

7.0 

0 

2 

13 

13 

Occlusal Relationships Score 
Plaster 

Digital 

1.43 

2.35 

1.80 

1.37 

1.0 

2.0 

0 

0 

6 

7 

lnterproximal Contacts Score 
Plaster 

Digital 

0.57 

0.40 

.87 

.74 

0.0 

0.0 

0 

0 

3 

3 
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Table 5. Descriptive Statistics for Differences of Scores 

N Mean Median 

Total Score 40 

Alignment Score 40 

Marginal Ridge Score 40 

Buccolingual Inclination Score 40 

Overjet Score 40 

Occlusal Contacts Score 40 

Occlusal Relationships Score 40 

lnterproximal Contacts Score 40 

-3.73 -4.0 

-.45 .0 

.07 .0 

1.05 1.0 

-.65 -1 .0 

-3.00 -3.0 

-.92 -1 .0 

.17 .0 

Minimum Maximum 

-13 5 

-3 3 

-3 3 

-3 5 

-4 5 

-7 3 

-4 4 

-1 2 

Table 6. Paired Samples Correlations 

N 

Total Score 40 

Alignment Score 40 

Marginal Ridge Score 40 

Buccolingual Inclination Score 40 

Overjet Score 40 

Occlusal Contacts Score 40 

Occlusal Relationships Score 40 

lnterproximal Contacts Score 40 

Pearson 

.61 

.63 

.55 

.62 

.29 

.77 

.43 

.74 

p-value 

<0.001 

<0.001 

<0.001 

<0.001 

0.069 

<0.001 

0.006 

<0.001 

47 



Table 7. Paired Samples Student's T-Test 

95% Confidence Interval 

of the Difference 

Std. Std. Error 
Sig. 

Deviation Mean Lower Upper (2-tailed) 

Total Score 4.65 .74 -5.21 -2.24 -5.07 <0.001 

Alignment 1.20 .19 -.83 -.07 -2.38 0.023 

Marginal Ridge 1.46 .23 -.39 .54 .33 0.746 

Buccolingual Inclination 2.31 .37 .31 1.79 2.88 0.007 

Overjet 2.07 .33 -1 .31 .01 -1.99 0.054 

Occlusal Contacts 1.96 .31 -3.63 -2.37 -9.68 <0.001 

Occlusal Relationships 1.73 .27 -1.48 -.37 -3.38 0.002 

lnterproximal Contacts .59 .09 -.02 .37 1.86 0.070 
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Figure 27: Scatterplot of correlation between plaster and digital casts for the 
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Figure 27 illustrates that the total score measurement from the Digital is greater than the 

measurement from Plaster. The Pearson correlation is 0.611 (p < 0.001), which is statistically 

significantly different from zero. 

Figure 28: Scatterplot of correlation between plaster and digital casts for 
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Figure 28 illustrates that, generally, the alignment measurement from the Digital differs from the 

measurement from Plaster but not in a consistent pattern. The Pearson correlation is 0.633 (p < 
0.001), which is statistically significantly different from zero. 
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Figure 29: Scatterplot of correlation between plaster and digital casts for 
Marginal ridges 
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Figure 29 illustrates that, generally, the marginal ridges measurement from the Digital differs 

from the measurement from Plaster but not in a consistent pattern. The Pearson correlation is 

0.551 (p < 0.001), both statistically significantly different from zero. 

Figure 30: Scatterplot of correlation between plaster and digital casts for 
Buccolingual inclination 
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Figure 30 illustrates that, generally, the buccolingual inclination measurement from the Digital 

differs from the measurement from Plaster but not in a consistent pattern. The Pearson correlation 

is 0.551 (p < 0.001), which is statistically significantly different from zero. 
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Figure 31: Scatterplot of correlation between plaster and digital casts for 
Overjet 
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Figure 31 illustrates that, generally, the overjet measurement from the Digital is greater than the 

measurement from Plaster. The Pearson correlation is 0.290 (p > 0.0501), and not statistically 

significantly different from zero. 

Figure 32: Scatterplot of correlation between plaster and digital casts for 
Occlusal contact 
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Figure 32 illustrates that, generally, the occlusal contact measurement from the Digital is greater 

than the measurement from Plaster. The Pearson correlation is 0.768 (p < 0.001), which is 

statistically significantly different from zero. 
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Figure 33: Scatterplot of correlation between plaster and digital casts for 
Occlusal relationship 
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Figure 33 illustrates that, generally, the occlusal relationship measurement from the Digital is 

greater than the measurement from Plaster. The Pearson correlation is 0.428 (p < 0.006), which is 

statistically significantly different from zero. 

Figure 34: Scatterplot of correlation between plaster and digital casts for the 
Interproximal contact 
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Figure 34 poorly illustrates that, generally, the interproximal contact measurement from the 

Digital is less than the measurement from Plaster. The Pearson correlation is 0.741 (p < 0.001), 

which is statistically significantly different from zero. 
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university at Buffalo Institutional Review Board (UBIRB) 
Office of Research Compliance IClinical and Translational Research Center Room S018 

87S Ellicott St. IBuffalo, NY 14203 
UB Federalwide Assurance ID#: FWA00008824 

APPRO\ AL OF SUBMISSIOK 

August 3. 2017 

Dear RAWAN AGSHABANDI: 

On 8/3/2017. the IRB reviewed the following submission: 

Type of Review: Initial Study 
Title of Study: Accuracy and Reliability of the American Board Cast-

Radiographic Evaluation Using Digital Models. 

Investigator: RAWAN NAGSHABANDI 
IRB ID: STUDY00001658 

Funding: None 
Grant ID: None 

IND. IDE. or HDE: None 
Documents Reviewed: • Accmacy and Reliability of the American Board 

Cast.docx. Catego1y: Other: 
• HRP-503 Nagshabandi Digital Models protocol.. 
(2).docx. Catego1y: IRB Protocol: 
• HRP-612-HIPAA-Full Waiver.docx. Catego1y: IRB 
Protocol: 

The IRB approved the study from 8/3/2017 to 8/2/2018 inclusive. Before 8/2/2018 or 
within 30 days of study closure. whichever is earlier. you are to submit a continuing 
review with required explanations. 

If continuing reviev, approval is not granted before the expiration date of 8/2/2018. 
approval of this study expires on that date. The Initial Study materials for the project 
referenced above were reviewed and approved by the SUNY University at Buffalo IRB 
(UBIRB) by expedited review. Before 8/2/2018 or within 30 days of sh1dy closure. 
whichever is earlier. you are to submit a continuing re, iew with required explanations. 
You can submit a continuing review by navigating to the active sh1dy and clicking Create 
Modification / CR. 

Sh1dies cannot be conducted beyond the expiration date without re-appro, al by the 
UBIRB. 

In conducting this sh1dy. you are required to follow the requirements listed in the 
Investigator Manual (HRP-103). which can be found by navigating to the IRB Libra1y 
within the IRB system. 
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Occlusal Contacts 
4-12-2010 for print use only. 

For electronic submission requirement -
use ABO Case Report Work FIie (pdf). 

ABO Cast-Radiograph Evaluation 

Case # LJ Patient 

Total C-R Eval Score: LJ 
Alignment/Rotations R L 

CJ 

L RMX MDR L L R 

Marginal Ridges 
Occlusal Relationships 

CJ CJ 

R L
MX MDR L L R 

Interproximal Contacts 

Buccollngual Inclination CJ 

CJ 

MX MDR L L R Root Angulatlon 

Overjet CJ 
CJ 

R L 

INSTRUCTIONS: Place score beside each deflc/ent tooth and enter total score for each parameter 
In the white box. Mark extracted teeth with "X". Second molars should be In occlusion. 

B 
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Appendix D: OrthoCAD software ABO Phase III Grnding Sheet 

Alignment 

Score: O 6.1 

Occlusal Contacts 

Score: O 6.1 

R L L R R 

l\larginalRidges 

Score: 0 32 

Occlusal Relationships 

Score: 0 4 

R 

i'YIX 

L L 

MN 

R R 

Buccolinpal Inclination 

Score: 0 40 

(h-erjet 

Score: 0 32 

!vi 

L L 

MN 

R R 

laterproximal Contacts 

Score: 0 60 

Total Score = 0 

R 

L 

L 

L 

L 
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40 

Data collected from analyses of 40 plaster casts 

Case# A MR BLI OJ oc OR IPC Total Score I 

1 3 1 11 5 4 0 1 25 
2 5 2 6 0 2 0 0 15 
3 5 3 15 0 2 0 1 26 
4 7 2 5 2 2 0 3 21 

6 5 12 4 3 0 0 30 
6 4 6 15 0 7 0 1 33 
7 7 7 10 1 5 0 0 30 
8 4 5 16 3 5 2 1 36 
9 4 4 9 4 4 2 1 28 

2 5 8 7 1 2 3 28 
11 4 3 10 0 5 0 2 24 
12 1 5 10 0 1 2 0 19 
13 5 2 12 0 5 0 0 24 
14 6 3 11 1 5 1 0 27 

5 2 9 3 9 0 0 28 
16 5 4 12 0 0 1 0 22 
17 4 2 7 2 3 0 2 20 
18 5 1 13 1 3 2 0 25 
19 5 3 5 5 3 2 2 25 

5 2 9 2 5 0 1 24 
21 5 4 5 0 0 0 1 15 
22 2 4 8 0 13 0 1 28 
23 4 4 4 2 0 0 2 16 
24 5 5 12 2 4 5 1 34 

4 6 12 5 2 0 0 29 
26 4 6 8 5 7 5 0 35 
27 4 4 12 0 5 6 0 31 
28 1 2 9 6 2 0 0 20 
29 6 5 12 0 8 4 0 35 

5 3 11 0 1 6 0 26 
31 4 3 10 2 0 3 0 22 
32 6 1 12 2 2 1 0 24 
33 3 2 12 1 3 3 0 24 
34 4 3 10 2 6 1 0 26 

3 2 9 0 9 1 0 24 
36 3 2 9 2 8 0 0 24 
37 5 3 12 0 8 0 0 28 
38 4 2 9 3 8 3 0 29 
39 4 3 11 3 5 3 0 29 

4 2 9 0 4 2 0 21 
A, Alignment; MR., Marginal rides; ELI, Buccolingual inclination; OJ, Overjet; OC, Occlusal contact; OR, 
Occlusal relationship; !PC, Interproximal contact. 
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40 

Data collected from analyses of 40 digital casts 

Case# A MR BLI OJ oc OR IPC Total Score 
1 6 3 8 0 5 3 0 25 
2 6 0 6 0 2 2 0 16 
3 6 5 11 2 5 1 0 30 
4 7 2 8 4 5 3 3 32 

6 6 15 6 6 2 0 41 
6 6 5 11 3 7 4 1 37 
7 7 6 7 4 10 2 0 36 
8 5 3 11 4 8 3 0 34 
9 5 5 6 3 6 2 0 27 

4 3 10 4 5 0 3 29 
11 5 3 10 3 8 2 0 31 
12 1 5 10 1 4 2 0 23 
13 4 5 8 2 9 0 0 28 
14 6 2 9 3 7 3 0 30 

6 3 10 4 13 2 0 38 
16 2 4 10 0 4 2 0 22 
17 5 4 6 2 8 0 1 26 
18 6 1 14 3 5 2 0 31 
19 5 3 4 2 3 4 1 22 

5 2 9 1 9 2 1 29 
21 5 4 6 4 5 3 1 28 
22 4 4 6 3 13 3 0 33 
23 4 3 6 3 5 3 1 25 
24 3 4 10 3 9 7 1 37 

4 3 8 3 5 2 0 25 
26 3 4 8 3 11 3 0 32 
27 2 3 11 0 8 2 0 26 
28 2 2 10 2 7 1 0 24 
29 6 6 8 3 5 2 1 31 

5 0 8 0 6 4 0 23 
31 5 1 6 3 7 3 0 25 
32 6 2 9 4 5 2 1 29 
33 3 2 10 1 5 3 0 24 
34 6 5 7 3 9 2 1 33 

5 4 9 3 9 4 0 34 
36 5 4 6 3 12 0 0 30 
37 6 2 14 3 13 0 0 38 
38 5 2 10 3 10 4 0 34 
39 4 3 14 3 7 2 0 33 

4 2 10 0 9 3 0 28 
A, Alignment; MR, Marginal rides; BLI, Buccolingual inclination; OJ, Overjet; OC, Occlusal 
contact; OR, Occlusal relationship; IPC, Interproximal contact. 
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