
Background
Board certification has been widely accepted as a means 
of improving the quality of medical and dental care (1). 
There are many reasons in support of achieving board 
certification, one of the most important of which is self-
satisfaction. The importance of certification in the eyes 
of the general public has also increased (2). This test in 
Iran includes written, oral, and practical parts. Although 
the comprehensive software for designing test questions 
(Najma) was used in the written board exam in the 31st 
exam of the specialized dental encyclopedia in September 
1994, the participants’ uncertainty and lack of knowledge 
of the content of the oral exam and the expected capability 
and level of individual skill in diagnosis and treatment plan, 
as well as the clinical information of the participants, are 
among the weaknesses of the board exams in dentistry (3).

The process of introducing new digital technology 

innovations into teaching, learning, and assessment 
has been studied for many years (4). Dental educators 
have sought for the last decade to integrate computers 
into the dental curriculum (5). New assessment tools 
(e-assessments) must be designed because of the creation 
of new e-teaching and e-learning systems (6). The 
development of these electronic assessments benefits 
both students and their assessors because it “improves 
the reporting, storage, and transmission of data related 
to public and internal assessments” (7). Especially during 
the coronavirus disease 19 epidemic, using electronic 
innovations as much as possible can be an effective step 
toward improving education and evaluation.

Various methods of orthodontic case evaluation include 
the American Board of Orthodontics (ABO), European 
Board of Orthodontists (EBO), index of complexity, 
outcome, and need (ICON), and the like. However, 
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Abstract
Background: It is necessary to create a sound method for the optimal evaluation of treated cases 
of orthodontic board exam candidates. This cross-sectional study aimed to design and validate a 
new method for the national orthodontic board exam using a web-based program.
Methods: Complete documents of 10 patients randomly selected from a pool of the previously 
presented cases at the national board examination were entered into a web-based program 
called “the Orthoboard”. The documents were arranged according to the European Board of 
Orthodontist Standards, and 15 related questions were asked based on the index of complexity, 
outcome, and need index and the American Board of Orthodontics evaluation standards. A 
customized grading system was used for the finalized questionnaire. They were asked to be 
evaluated by 10 orthodontists (5 with less and 5 with more than 10 years of experience). The 
content validity of the questionnaire was analyzed by the content validity index and content 
validity ratio. The reliability of this questionnaire was measured using the Kappa statistical test.
Results: Most evaluators do not consider it necessary to ask questions about the diagnostic 
resume, problem list, treatment plan, and treatment resume. Crowding after treatment and cross-
biting before and after treatment had the best interexaminer reliability. The least agreement 
among examiners was between the pre-treatment aesthetic index and the pre-treatment buccal 
segment relationship.
Conclusion: Inter-examiner reliability was lower than expected, indicating that the orthodontic 
board test scoring is too subjective. The addition of a 3-dimensional cast is recommended for 
better objective evaluation. 
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none of these methods are completely suitable for online 
evaluation web-based programs. The ICON index is often 
used to examine patients’ dental casts (8,9) and does not 
include radiographic assessments such as root paralleling. 
The ABO discrepancy index measures the complexity 
of cases (10). By combining these indexes, the success 
rate of treatment can be evaluated while evaluating the 
complexity of malocclusion.

Computer-based patient records are not new; however, 
they have evolved significantly in the past ten years 
because of the emergence of the Internet and related 
technologies (11,12). Orthoboard is a program designed 
to simplify and standardize the oral part of a specialized 
orthodontic board exam on the web. It has specific 
sections for entering diagnostic information, treatment 

plans, radiographic images, and photographs of patients 
(Figure 1). The arrangement of each patient’s information 
is set according to EBO standards (13). The users of this 
program are specialized assistants and professors. Access 
to the program is possible through the www.orthoboard.
ir web address. Assistants can upload their patients’ 
diagnostic documents into the relevant sections of the 
program. These documents can be viewed and reviewed 
by professors. On the page dedicated to professors, there 
are questions about each of the patients’ diagnostic 
documents based on ICON and ABO indices. There is 
also a guide on how to answer the questions. Professors 
give scores to each patient’s records by answering these 
questions (Figure 2).

Reliability is the degree of correlation between the 

Figure 1. Location of Diagnostic Records in the Left Column of the Orthoboard Program

Figure 2. Questions on the Professors’ Dedicated Page to Evaluate Intraoral Photographs
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results of two or more measurements that are performed 
independently and separately. Numerous methods 
have been proposed regarding quantifying experts’ 
degree of agreement regarding the content relevance of 
an instrument. These include, for example, averaging 
experts’ ratings of item relevance and using a pre-
established criterion of acceptability (14), using coefficient 
alpha to quantify agreement of item relevance by three or 
more experts (15), and computing a multi-rater kappa 
coefficient (16).

The Orthoboard program was designed to create a 
sound method for the optimal evaluation of treated cases 
of orthodontic board exam candidates, and the purpose of 
this study is to evaluate the validity and reliability of this 
web-based instrument. 

Methods
Ten patients who had previously been presented in the 
national board exam were selected from a pool of 400 
documents. It was attempted to select all types of case 
categories presented in the board exam to identify the 
shortcomings related to the evaluation of each type of 
case, if any. The demographic characteristics of the sample 
are provided in Table 1.

Ten judges (5 with less than 10 years of experience and 5 
with more than 10 years of experience) were selected from 
the orthodontic departments of different faculties. The 
selection was made based on familiarity with the national 
board exam and their interest in cooperation. The judges’ 
information is presented in Table 2.

Online instructions for using the Orthoboard program, 
individual username and password, grading method, and 
validity questionnaire were emailed to each examiner 
separately. Then, they were contacted, and the method of 
using the program and the scoring method were explained 
once, and possible ambiguities were clarified accordingly. 

To evaluate the quality of the treatment, diagnostic 
information, treatment plan, and radiographic and 
photographic images of 10 patients who had complete 
documents before and after treatment were entered into 

the Orthoboard program based on EBO standards. The 
questions asked about each of the patients’ diagnostic 
records were included in the program. These questions 
are based on the ICON index and evaluation standards in 
ABO.
ICON index questions included these items as (17):
1. Aesthetic evaluation in the frontal occlusal photo
2. Evaluation of crowding/spacing in the maxillary 

occlusal photo
3. Evaluation of crossbite in the frontal occlusal photo
4. Incisor open bite/overbite evaluation in the frontal 

occlusal photo
5. Evaluation of buccal segments in the left and right 

occlusal photos
Items of the ABO discrepancy assessment index included:
1. Root paralleling in the final orthopantomography 

(OPG)
2. Root resorption in the final OPG
3. Mandibular plane angle change in superimposition
4. Lips to E-line relationship in the superimposition

Suggested Scoring System
A total of 15 questions with 20 points are included in 
this scoring system. Due to more objectivity, 16 out of 20 
points were assigned from the ICON index, and 4 points 
were assigned from the ABO questions.

Based on the pre- and post-treatment photographs and 
according to Table 3, the evaluators assigned scores to the 
ICON index questions. Then, the score of each question 
was multiplied by its respective weight. It is 7, 5, 4, and 3 
for aesthetic index, crowding/spacing and crossbite, open 
bite/overbite, and an anterior-posterior buccal segment, 
respectively. Next, the patient’s degree of improvement 
was calculated based on the following formula:

Pre-treatment score – (4 × post-treatment score)

The grade was in one of these improvement grades, 
including greatly improved, substantially improved, 
moderately improved, minimally improved, and not-

Table 1. Sample Demographics

Variable

Gender, No. (%)  

Male 4 (40)

Female 6 (60)

Patient age, Mean (SD) 18.4 (5.69)

Treatment time, Mean (SD) 1.96 (0.3)

Extraction pattern, No. (%)  

Nonextraction 3 (30)

Extraction 7 (70)

Angle class, No. (%)  

Cl II 7 (70)

Cl III 3 (30)

Note. SD: Standard deviation.

Table 2. Demographic Data for Judges

 Age Gender Years in Practice Years in Teaching

Judge 1 74 M 42 42

Judge 2 52 M 25 25

Judge 3 52 M 25 25

Judge 4 52 F 25 25

Judge 5 40 M 12 12

Judge 6 37 M 7 7

Judge 7 33 F 6 6

Judge 8 32 F 5 5

Judge 9 31 F 3 3

Judge 10 34 M 6 4

Average 43/7  15/6 15/4
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improved or worse, which were assigned 16, 12, 8, 4, and 
0 points, respectively.

Each ABO question was given a score of 1. The answers 
to these questions were in the forms of “poor”, “fair”, and 
“good”, which include 0-, 0.-5, and 1-point bars, respectively. 
The definition of these items is given in Table 4.

Statistical Analysis
The study data were collected and analyzed using Statistical 
Package for the Social Sciences (SPSS) software, version 24 

(SPSS Inc., Chicago, IL, USA). The kappa statistical test 
was used to evaluate the reliability of the scores assigned 
to each patient and the reliability of the scores assigned 
to each question. The content validity of the questions 
was analyzed by content validity index (CVI) and content 
validity ratio (CVR) statistical tests.

Results
Figure 3 shows the evaluators’ agreement with the studied 
patients. Most of the professors agreed on cases 5 and 

Table 3. ICON Index Characteristics and its Scores

Score 0 1 2 3 4

Aesthetic
1–10 as judged using 
IOTN-AC

Upper arch crowding
Score only the highest trait 
either spacing or crowding

Less than 2 mm 2.1–5 mm 5.1–9 mm 9.1–13 mm 13.1–17 mm

Upper spacing Up to 2 mm 2.1–5 mm 5.1–9 mm  > 9 mm

Crossbite
Transverse relationship of 
cusp to cusp or worse

No crossbite Crossbite present

Incisor open bite
Score only the highest trait 
either open bite or overbite

Complete bite Less than 1 mm 1.1–2 mm 2.1–4 mm  > 4 mm

Incisor overbite Lower incisor coverage Up to 1/3 tooth 1/2 – 2/3 coverage
2/3 up to fully 
covered

Fully covered

Buccal segment 
anteroposterior

Left and right added 
together

Cusp to embrasure 
relationship only, Class 
I, II, or III

Any cusp relation up to 
but not including cusp 
to cusp

Note. ICON: Index of complexity, outcome, and need; IOTN: Index of orthodontic treatment need; AC: Aesthetic component.

Table 4. Definition of ABO Question Options

 Poor Fair Good 

Root paralleling More than 2 roots in contact 2 roots in contact Overall root paralleling

Root resorption Greater than 1/4 of root length Up to 1/4 of root length No resorption or slight blunting

Lips to E-line Initial better than the final Final better than the initial Ideal lips to E-line relation

MP angle change Increase in MP angle > 1 degree No change in the MP angle Decrease in the MP angle

Note. ABO: American Board of Orthodontics.

Figure 3. The Evaluators’ Agreement on the 10 Studied Patients
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6. The agreement on cases 3, 9, and 10 was appropriate, 
but on cases 1, 2, 4, 7, and 8, there was a significant 
disagreement. In general, professors with more than 10 
years of experience assigned lower scores to the patients, 
which was especially observed in patients 1, 2, and 8.

The scores assigned by Assessor No. 1 were generally 
compared with those of other assessors. The reason for 
choosing evaluator No. 1 as the evaluation standard was 
his experience. Based on this analysis, it was shown that 
the agreement of evaluator 1 was highly good compared 
to No. 3, moderate compared to evaluators 4 and 6, and 
weak compared to evaluators 2, 5, 7, 8, 9, and 10 (Table 5). 

Moreover, the level of agreement of evaluator 1 with 
other evaluators was examined in terms of each question. 
Most evaluators agreed on crowding after treatment and 
then cross-biting after and before treatment. The least 
agreement was in the pre-treatment aesthetic index, pre-
treatment buccal segment, pre-treatment overbite, and 
lips to E-line relationship. Other questions fell between 
these two categories (Table 6).

CVR was utilized to assess the “necessity”, “clarity”, 
and simplicity” of the questions. CVR values greater than 
0.62 were accepted since the number of evaluators was 
10. CVI has also been employed to check the “relevance” 
of the questions, and the content validity of the question 
was confirmed if the CVI score was higher than 0.79. In 
general, most evaluators did not consider it necessary 
to score questions 6 (case resume), 7 (problem list), 8 
(treatment plan), and 9 (treatment resume). In addition, 
30% of them did not consider it necessary to give a score 
for question 15 (lips to E-line). The clarity and simplicity 
of question 5 (buccal segment) were not acceptable to 
most evaluators (Table 7).

Discussion
In designing this experiment, we attempted to evaluate the 

appropriateness and reliability of the electronic scoring 
of the orthodontic oral board test. There was a favorable 
agreement between professors with more than 10 years of 
experience and those with less than 10 years of experience, 
except for patients No. 1, 2, and 8. The more experienced 
professors assigned lower scores to these patients. The 
highest agreement was observed in patients 5 and 6. It 
seems that the reason that has led to the most controversy 
was the aesthetic index of occlusion.

The Orthoboard program is designed to facilitate the 
oral part of the orthodontic board exam. The board exam 
participants can enter complete patient documents into 
this program, thus eliminating the need to bring patients’ 
physical documents to the test site. These records can be 

Table 5. Reliability of Scores Assigned to Patients by Assessor No. 1 Compared to Other Assessors 

 Kappa coefficient

 Rater 2 Rater 3 Rater 4 Rater 5 Rater 6 Rater 7 Rater 8 Rater 9 Rater 10

Rater 1 0.36 0.8 0.5 -0.1 0.52 0.37 0.16 -0.19 0.26

Table 6. Reliability of the Scores Assigned to Each Question by Assessor No. 1 Compared to Other Assessors 

Kappa Coefficient

Esthetic 
1

Crowding 
1

X bite 1
Overbite 

1
Buccal 1

Esthetic 
2

Crowding 
2

X bite 2
Overbite 

2
Buccal 

2
Paralleling Resorption

Lips to 
E-line

MP 
Angle

Rater 2 0.024 0.383 0.615 0.375 0.211 1 1 0.565 0.615 0.42 0.437 0.167 0.028 0.6

Rater 3 0.079 0.268 0.583 0.194 0.25 0.231 1 0.8 0 0.429 0.032 0.412 0.123 0.455

Rater 4 0.259 0.302 0.783 0.516 0.231 0.706 1 1 0.615 0.437 0.565 0.024 0.355 0.8

Rater 5 -0.053 0.474 0.4 -0.061 0.114 0 1 0.615 0 0.394 0.31 0.259 0.167 0.111

Rater 6 0.041 0.419 0.615 0.219 0.146 0.615 1 1 -0.154 0.375 0.206 0.455 0.153 0.636

Rater 7 0.178 0.467 0.783 0.394 0.342 0.615 1 0.615 1 0.254 0.508 0.756 0.091 0.25

Rater 8 0.375 0.5 1 0.394 -0.098 0 1 1 0 0.254 0.18 0.118 0.344 0.455

Rater 9 0.129 0.73 0.444 0.531 -0.098 0 1 1 0 0.677 0.333 0.706 0.136 0.176

Rater 10 0.118 0.213 0.615 0.265 0.342 0.412 1 0.615 0 0.524 0.825 0.63 0.118 0.4

Table 7. Content Validity of Questions 

Questions Necessity (CVR) Relation (CVI) Clarity (CVR) Simplicity (CVR)

Q1 100% 1 80% 100%

Q2 100% 1 100% 100%

Q3 100% 1 60% 100%

Q4 100% 1 80% 80%

Q5 100% 0.9 -60% -40%

Q6 -60% 1 100% 100%

Q7 -60% 0.9 100% 100%

Q8 -40% 0.9 100% 100%

Q9 -60% 1 80% 80%

Q10 60% 1 100% 100%

Q11 60% 1 100% 100%

Q12 60% 1 80% 100%

Q13 100% 1 80% 100%

Q14 80% 1 60% 80%

Q15 40% 0.8 60% 60%

Q16 60% 0.8 60% 80%

Note. CVI: Content validity index; CVR: Content validity ratio.
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damaged or lost when dispensed to students and need 
to be stored and maintained every year. Storing records 
in digital form is an option to overcome problems with 
handling hard-copy records (5). Further, using the 
Orthoboard program, the presented records are evaluated 
more accurately, saving the time required for the oral part 
of the board test.

According to the study, more experienced professors 
generally assigned lower scores to the cases presented. It 
seems logical that more experienced professors use more 
accuracy and rigor in examining patients. The board 
professors are generally among the most experienced 
professors in their field and are probably more similar 
in terms of the degree of leniency than the conditions 
used in this study, where both more and less experienced 
professors were utilized. Therefore, if only board professors 
were involved in the study, the degree of agreement would 
probably be higher.

Due to the very high diversity of malocclusions, none of 
the existing indices, including the standard ICON index, 
can fully cover this diversity, and this causes the aesthetic 
part to be determined subjectively. In the ICON standard 
index, the aesthetic is assigned the highest coefficient, and 
therefore, even a small difference in the score assigned to 
this part can lead to a significant difference in the final 
score. Accordingly, it is probably better to reduce the 
aesthetic coefficient in the proposed scoring system to 
achieve greater reliability.

The other criterion that led to differences in scores 
was crowding/spacing. The reason for the disagreement 
in this regard was that some professors have considered 
the extracted tooth space as spacing and some have not. 
Providing more complete and detailed explanations can 
reduce the evaluators’ disagreement on this question.

In the help table, the score assigned to each overbite/open 
bite value is specified, but the reason for the disagreement 
is that some evaluators have considered other anterior 
teeth to determine overbite in addition to the central. 
Providing more detailed explanations in the help file can 
lead to more agreement among the evaluators.

Lateral photographic images used to assess buccal 
segment occlusion are angled and do not provide a 
completely direct view of these areas; thus, it is impossible 
to accurately assess buccal occlusion using these images. 
Adding 3-dimensional (3D) images of dental models to 
the Orthoboard program is a great solution to overcome 
this problem.

A detailed definition is provided for each of the ABO 
index criteria in the relevant guide table. It seems that the 
reason for the disagreement is the consideration of personal 
opinions by the evaluators in scoring these questions. For 
example, in examining the root paralleling, scoring should 
be based on the root contacts in panoramic radiographs, 
but some professors believe that the position of the crown 
and marginal ridges is more important, and if the position 
of the crowns is appropriate, they have assigned a complete 
score to this part, despite the root contacts.

In our proposed scoring system, an improvement grade 
was used instead of the scores of each criterion directly, 
allowing evaluators some flexibility in scoring. If there is a 
slight difference in the scores related to each of the ICON 
criteria, it may not affect the improvement grade or the 
final score.

In cases 5 and 6, the scores assigned by the evaluators 
to the aesthetic index were highly similar. As mentioned 
earlier, this section has the highest score coefficient in the 
proposed scoring system. In addition, the initial severe 
malocclusion has improved significantly, and despite 
slight differences in scores assigned to other ICON index 
questions, there has been no difference in the improvement 
grade, and the final score of these two cases has shown 
high agreement among evaluators.

Based on the results of the CVR and CVI tests, most 
evaluators did not consider it necessary to assign a score 
to the diagnostic resume, problem list, treatment plan, 
and treatment resume. In orthodontic treatment, there 
may be several methods to treat a particular patient, and 
the treatment plan is selected based on the priority given 
by each orthodontist to the patient’s problems. The most 
important issue is achieving the final desired result. In our 
proposed scoring system, no score was assigned to these 
parts.

According to CVR, the simplicity and clarity of the buccal 
segment question have not been confirmed. As mentioned 
earlier, this is due to the lack of a perfectly perpendicular 
view of the buccal segment in lateral photographic images, 
and this problem can be overcome by adding 3D images of 
dental models to the Orthoboard program.

Conclusion
In summary, inter-examiner reliability was lower than 
expected, indicating that orthodontic board test scoring 
is too subjective. Hence, the addition of 3D models is 
recommended for better objective evaluation. 
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