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ABSTRACT: Objective: This in vitro study aimed to assess the accuracy of orthodontic 

treatment outcome by comparing bracket positioning between digital and gold standard 

techniques.  

 Methods: The sample consisted of ten Angle’s class I typodont models. Typodont models 

were divided into two groups according to the method of bracket positioning. Every five 

typodont models were assigned to one group. After orthodontic treatment simulation on the 

typodont models, Objective Grading System (OGS) for dental casts and radiographs was 

used in the assessment of all models to compare the final results. A calibration kit of the 

American Board of Orthodontics (ABO) was used for this purpose. The research was 

conducted in artificial teeth in pre-formed dental wax. The research was conducted in the 

college of Dentistry/ Sulaimani University in collaboration with the private Suli-

Orthodontics clinic. 

The Bland-Altman analysis was used to assess the intra-operator’s reliability of the vertical 

bracket positions. Horizontal and axial bracket position errors were assessed by using a 

color bar chart generated by the 3-Matic software after part comparison analysis of the 

stereolithographic (STL) file of bracketed models. The Wilcoxon signed-rank test was used 

to compare the median of the OGD in two time periods. Non-parametric Mann Whitney 

test was used to compare the mean rank between study groups. 

Results:A significant difference in the bracket position’s accuracy was seen between the 

orthodontic treatment outcomes measured by the ABO-OGS. The mean scores of the OGS 

criteria for gold standard and digital techniques were 15.80 ± 0.84 and 17.00 ± 0.71 

(p = 0.049), respectively.  

Conclusion: Gold standard technique proved to have a more accurate result compared to 

digital technology.  

Keywords Bracket position accuracy; Objective grading system; Conventional bracket 

positioning; Digital bracket positioning; typodont. 
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1. Introduction 

Recently there have been numerous developments in dental technology that helped dental 

practitioners all over the world. Orthodontic field is not exceptional in these advancements. 

[
1,2

] Examples of recent advancements in orthodontics are anintraoral scanner (IOS), three 

dimensional (3D) printing technologies, and Cone Beam Computed Tomography (CBCT). 

These progressions in the field affect treatment planning, bracket bonding procedure and the 

treatment outcome. [
3
] 

Since the eighteenth century, ordinary impression techniques have been utilized to record the 

three-dimensional geometry of dental tissues. However, volumetric changes of impression 

materials and expansion of dental stone seem to cause errors. To control these obstacles, 

impression with IOS was created for dentists. [
4
]
 

Moreover, 3D printing defines as “A process of joining materials to make parts from 3D 

model data, usually layer upon layer. [
5
]” This method is more correctly described as additive 

manufacturing or rapid prototyping.” [
6
] Now a days, plastics, ceramics, metals, and even live 

cells can be printed. [
7
] 

Furthermore, since its introduction into dentistry in 1998, CBCT has turned into a valuable 

source of three dimensional volumetric data in orthodontics practice. [
8
]When CBCT was 

launched for the first time, it was not a good choice for orthodontic diagnosis due to its high 

radiation dose and cost. The reduction in radiation dose and relatively low cost of CBCT 

systems resulted from advancements in technology, making it easier to visualize the 

craniofacial structure in three dimensions.[
9
] 

Additionally, bracket positions can be determined digitally or conventionally. The more 

improperly the brackets are positioned, the more unsatisfactory they perform. Therefore, it is 

valuable to know if there is a difference in the accuracy of bracket placement between 

different bracket positioning techniques. [
10

]Anexample of digital processing is Ortho 

Analyzer which is a software package used for measuring and advanced 3D analysis in digital 

orthodontics. Furthermore, advanced treatment planning can be made with it.[
11

]Recently, 

3Shape has released a complete digital solution that combines the 3Shape TRIOS digital 

crown with CBCT root by 3Shape’s Ortho Analyzer software. Brackets can be positioned 

virtually on the digital 3D teeth. [
12

] 

The objective grading system (OGS) of American Board of Orthodontics (ABO) is currently 

the gold standard for evaluating plaster casts of completed orthodontic cases. [
13

] In the 

ABO-OGS, there are eight criteria, seven of which are occlusal (tooth alignment, vertical 

positioning of marginal ridges,  overjet, occlusal relationship, buccolingual inclination 

of posterior teeth, occlusal contacts, and interproximal contacts) that assess on plaster models 

to evaluate a patient’s final occlusion. The remaining last criteria is root angulation measured 

on panoramic radiographs. [
14

] 

The objective of the present study was to compare the accuracy between the gold standard 

and digital techniques in bracket positioning. It is important for orthodontists to know 

wheither digital technique is accurate 100%. The null hypothesis was there are no differences 

in orthodontic treatment results by using different techniques of bracket positioning. 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/plaster-cast
https://www.sciencedirect.com/topics/medicine-and-dentistry/salicylic-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/overjet
https://www.sciencedirect.com/topics/medicine-and-dentistry/posterior-teeth
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2. Materials and methods 

2.1 The sample 

The sample consisted of ten simulated Angle class I typodont models (Zhengzhon Smile 

Industrial Co., China). There were not severely displaced teeth to prevent ideal bracket 

position. Twenty-eight artificial acrylic teeth were arranged in pre-formed typodont wax. The 

artificial teeth were made with aluminum, not steel. The reason for this is to get rid of the 

metallic streak artifact when the CBCT was taken for the models. Furthermore, it allows the 

root to appear better defined in the CBCT images than if made by resin. Additionally, the 

crown portions of the teeth were covered with a resin material for easier handling during 

bracket placement. The research was conducted in the college of Dentistry/ Sulaimani 

University in collaboration with the private Suli-Orthodontics clinic. 

The sample was divided into two groups according to their method of bracket positioning: 

determined with the help of software or directly with the naked eyes. The first group was 

gold standard or Direct Crown and Root Oriented (DCR), while the second group was digital 

or Indirect Crown and Root Oriented (ICR).  

IOSs for all the models and CBCTs for the ICR group of the models were taken as initial 

record. 

2.2 Intraoral Scanning 

 The ICR typodonts were scanned with 3Shape TRIOS intraoral scanner (3Shape company, 

Denmark 2015).  

2.3 Three-dimensional radiography 
CBCTs were taken with Galileos CBCT machine (Sirona, Germany, 2016). SidexisXG 

software was installed on it, set at 98 kVp, 30 mA. 

 

2.4 Direct crown and root oriented bracket positioning group (DCR or Gold standard 

technique) 

The brackets were fixed to the teeth with direct bonding procedure. Their positions were 

decided by looking at the tooth directly. This was done by removing wax from labial/buccal 

roots surface of the artificial teeth, then teeth long axis marked by direct visualization. 

Although this is impossible on the natural teeth, butthis group was used as the gold standard 

for the comparison with digital technique.  

Later on, vertical bracket positions were marked by star brackets placement marker 

(measuring gauge, Ormco, California, United States). Bennett and McLaughlin
, 

[
15

] non-

extraction bracket placement charts for average-sized teeth in adult was used to determine 

vertical brackets positioning (Table1). 

Table1 upper and lower bracket placement charts, with recommended values for non-

extraction cases. [
15

] 

 

Arch 1 2 3 4 5 6 7 

Upper 5.0 4.5 5.0 4.5 4.0 3.0 2.0 

lower 4.0 4.0 4.5 4.0 3.5 2.5 2.5 
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The long axis of the clinical crown (LACC) which was used by Andrews’ was the key 

reference line for the axial and mesiodistal positioning of the brackets. The line was drawn in 

the center of the middle developmental lobe of the crown from central incisor to second 

premolars. The LACC of molars was demarcated by a line drawn down the groove that lies 

between the two large buccal cusps. It extended to the root surface hence root long axis 

determined.  Axial bracket positioning is decided when the incisal edges (occlusal surfaces) 

of the teeth were parallel with the bracket slots. While mesiodistal (horizontal) positioning 

was achieved when the mesiodistal center of the tooth coincides with the center of the 

bracket. [
16

]  

2.5 Indirect crown and root oriented bracket positioning group (ICR or digital 

technique) 

The STL files of the model were prepared for bracket positioning with Ortho Analyzer 

software (3Shape, Copenhagen/ Denmark). The occlusal plane was established and the upper 

and lower teeth on the models were defined with segmentation by indicating the mesial and 

distal incisal edges of the anterior teeth and the mesial and distal marginal ridges of the 

posterior teeth. The brackets were bonded indirectly and bracket positions were determined 

by looking at tooth long axis (LACCwas extended to the root surface) on merged CBCT root 

with IOS crown (Composite teeth) by Ortho Analyzer software. The composite teeth were 

formed by the import of pretreatment CBCT Digital Imaging and Communications in 

Medicine (DICOM) file to Ortho Analyzer software. Then, the IOS crown of the 

corresponding model was superimposed on it by pressing the align CT scan button, which is 

found in the model alignment section. 

Afterwards, the model with brackets from Ortho Analyzer was exported to Appliance 

Designer software (3Shape, Copenhagen/ Denmark, 2015). In the software, a line was drawn 

for demarcating the transfer tray of indirect bonding. Next, the virtual transfer tray was 

imported to Microform software (Microlay, Spain, 2014). Essentially, support was added to 

the tray for 3D printing preparation, which was needed to make sure that the tray adheres to 

the print platform in the 3D printing process without distorting the transfer tray during 

removal from the platform. Finally, the supported virtual tray was sent to Microlay 3D printer 

(Spanish company, Digital Light Processing type printer) for printing.  Detax biocompatible 

liquid was used for printing indirect bonding transfer tray according to predetermined bracket 

positions without the need for printing the model.  

After printing was finished, the tray was put inside 96% alcohol for ten minutes for post-

processing. The trays were not put in UV curing light for post-processing because the UV 

light would make the tray too hard and cause the brackets to de-bond. After that, the support 

was removed from the tray. Lastly, the brackets were placed in their hole in the tray and were 

bonded to the artificial teeth on the typodont.  

2.6 Orthodontic treatment simulation on all the models (Both groups) 

Orthodontic treatment was simulated on both groups of typodont models. A set of pre-

adjusted metal Roth brackets and tubes (Dentaurum mini-equilibrium) with a 0.022 * 0.028-

inch (in) slot was used. 

2.6.2Orthodontic archwire sequence 

0.014, 0.016, 0.016 * 0.022 in nickel-titanium archwire, followed by 0.016 * 0.022 and 

0.017*0.025 in stainless steel were tied to the brackets on all models until the treatment was 

completed. On the 0.017*0.025-in stainless steel archwire, a power chain (closed type) was 

used to close all spaces between teeth. The typodonts were then submerged into a hot water 

bath at 125_° F (51.6 ° C) for 30 minutes at each archwire change. After each archwire 
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expression, then the typodont allowed to cool in room temperature to stop the tooth 

movement.  

2.7American Board of Orthodontics objective grading system 

An OGS for dental casts and radiographs was used in the assessment of all models to 

compare the final orthodontic treatment results of bracket positioning that were applied. A 

calibration kit of the ABO was used for the assessment. 

The panoramic radiographs were taken after finishing the orthodontic treatment for root 

angulation scoring. Post-treated typodonts were measured according to how far an individual 

tooth deviated from the standards established by the ABO.  Points are deducted (1 or 2) as 

shown in (Table 2). The total point deductions for each of the eight categories were added to 

give each treated case an overall score that determined whether the treated typodont passed 

the case report portion of the ABO scores for cases. A typodont evaluates as complete or 

incompletely treated by the number of points deducted for that specific typodont. According 

to the guidelines of the ABO Objective Grading System, a perfect occlusal outcome would 

receive a score of zero. The highest score that considers as completely treated cases is 27 or 

less for OGS. [
17

] 

 

Table 2 The American Board of Orthodontics Objective Grading System: Point deductions 

for the individual components. [
17

] 

Component Deduction 

Alignment 
< 0.5 0 

0.5 to 1 mm 1 

> 1 mm 2 

Marginal ridge height 
< 0.5 0 

0.5 to 1 mm 1 

Buccolingual inclination 
< 0.5 0 

0.5 to 1 mm 1 

> 1 mm 2 

Overjet 
< 0.5 0 

0.5 to 1 mm 1 

> 1 mm 2 

Occlusal contacts 
< 0.5 0 

0.5 to 1 mm 1 

> 1 mm 2 

Occlusal relationships 
< 0.5 0 

0.5 to 1 mm 1 

> 1 mm 2 

Interproximal contacts 
< 0.5 0 

0.5 to 1 mm 1 

> 1 mm 2 

Root angulation 
Root parallelism 0 
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2.8 Statistical analysis 

 The statistical Package for Social Sciences (SPSS, version 22) was used for analyzing the 

data. As the data of the OGD was not normally distributed (Shapiro Wilk test), non-

parametric tests were used like the Mann Whitney test that compares the mean rank of two 

groups. The means were used for explanation instate of mean rank so that the reader will 

have a better impression. The Wilcoxon signed-rank test was used to compare the median of 

the OGD during two time periods. The p-value of ≤ 0.05 was counted as statistically 

significant. 

2.9 Standardization and intra-examiner reliability 

 

2.9.1 Standardization of the typodont 

Although all the typodonts were custom made by the same company, the stereolithography 

(STL) file of the models was imported into the 3-Matic software for superimposition. Later 

on, the part comparison analysis function was used to calculate accurate superimposition and 

the color bar chart was automatically generated to show the amount of displacement between 

different parts. The color bar chart showed the displacement between the closest points 

between two compared parts. The result of the bar chart showed no displacement (Figure 1). 

 

Figure 1: Superimposition of the intraoral scanner files of the pretreatment typodonts for 

standardization purposes. The color bar shows no displacement between the teeth. 

2.9.2 Objective grading system 

To assess the reliability of the study, all variables of OGS for DCR and ICR groups were 

measured twice with a one- month interval.The Wilcoxon signed-rank test was used to 

compare the median of the OGD in two time periods. There was no significant difference 

between the readings at baseline (day 0) and the readings after one month (p = 0.317) as 

presented in (Table3). 

 

Roots are not parallel 1 

Contacting adjacent tooth 2 
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Table 3 Medians of OGD at day zero and after one month in each of the two studying 

groups. 

  OGD day 0    OGD after 1 month    

  Mean (±SD) Median Mean (±SD) Median P* 

        

DCR 15.60 (±0.54) 16 15.800 (±0.83) 16 0.317 

        

ICR 16.80 (±0.44) 17 17.000 (±0.70) 17 0.317 

* By Wilcoxon signed rank test. 

Additionally, in the OGS measuring kit; there were three pre-measured cases. The 

measurements were made blindly on them and compared to pre-recorded measurement on 

them by ABO until they became the same. If there were differences between measurements, 

they were repeated the next day until they became symmetrical to the premeasured cases.  

2.9.3 Bracket positioning 

2.9.3.1 Mesiodistal bracket position and axial position of bracket 

After the bracket positioning on the typodont models, the IOS was obtained, and the STL 

files of the scanned models were imported to the 3-Matic software. In the software, each file 

was superimposed to check the mesiodistal and axial bracket positioning measuring accuracy. 

The total displacement mean between scanned models was (0.00 and 0.01 mm) respectively 

for the maxillary and mandibular arches. 

2.9.3.2 Vertical bracket positioning 
A digital caliper was used to measure errors in the vertical bracket positioning. The 

measurements were made from the incisal edges of the teeth to the center of the brackets on 

the models and were compared with the chart used for vertical bracket positioning (Table1).  

The Bland-Altman analysis was used to assess the intra-operator’s reliability which showed 

agreement for all the measurements (Figure 2).  

 
Figure 2: Bland-Altman plot for the intra-operator’s reliability testing of the vertical bracket 

positioning on the models being compared with the chart used. The X-axis represents the 
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means of compared measurements, while the Y-axis represents the difference between the 

compared measurements. The red line represents the bias, and the green lines represent the 

upper and lower limits of agreement. All measurements are in millimeters. 

3. Results 

The descriptive statistics for the components of the ABO-OGS for each subject that 

participated in the study were then calculated. The means, standard deviations, and ranges of 

the point deductions of the individual components are summarized in (Table 4).  

 

Table 4 Descriptive statistics for point deductions of the individual components and total 

scores from the American Board of Orthodontics Objective Grading System.  

 Mean SD Median 
           Range 

MinimumMaximum 

DCR      

Alignment 2.40 0.55 2.00 2.00 3.00 

Marginal ridges 2.80 0.45 3.00 2.00 3.00 

Bucco lingual 

inclination 
2.20 0.84 2.00 1.00 3.00 

Overjet 1.20 0.84 1.00 0.00 2.00 

Occlusal 

contacts 
1.80 0.45 2.00 1.00 2.00 

Occlusal 

relationships 
2.20 0.45 2.00 2.00 3.00 

Inter proximal 

contacts 
1.60 0.55 2.00 1.00 2.00 

Root angulation 1.60 0.55 2.00 1.00 
2.00 

 

ICR      

Alignment 2.80 0.84 3.00 2.00 4.00 

Marginal ridges 3.40 0.89 4.00 2.00 4.00 

Bucco lingual 

inclination 
2.20 0.84 2.00 1.00 3.00 

Overjet 1.60 0.55 2.00 1.00 2.00 

Occlusal 

contacts 
2.20 0.45 2.00 2.00 3.00 

Occlusal 

relationships 
1.00 0.71 1.00 0.00 2.00 

Inter proximal 

contacts 
1.80 0.45 2.00 1.00 2.00 

Root angulation 2.00 0.71 2.00 1.00 3.00 

 

 Mann Whitney test was used to compare the differences between the mean ranks of the two 

groups of bracket positioning (Table 5). 

 

 

 



European Journal of Molecular & Clinical Medicine 
                                                                            ISSN 2515-8260                 Volume 07, Issue 01, 2020  
 

4392 

Table 5Means and mean ranks of OGD of DCR and ICR. 

  Mean OGD  (±SD) Mean Rank P* 

DCR 15.80 (±0.84) 3.70 0.049 

ICR 17.00 (±0.71) 7.30   

*By Mann Whitney test. 

 

4. Discussion 

Advancements in digital technology are coming into most of our lives, the digital and 

computer-based systems are the future of orthodontics. However, studies will be required to 

validate their accuracy and reliability to investigate their full potential. Arguments are found 

in the accuracy of the measurements obtained from digital technology in bracket positioning 

literature works. Some claim that virtual bracket positioning is accurate and reproducible, 

[
18,19,20

] while others claim that accuracy in bracket positioning is not guaranteed by digital 

technology. [
21,22

] To fill this lacuna this comparative in-vitro study was done to contrast the 

statistical differences in the treatment outcomes between digital and gold standard techniques. 

4.1 The Sample 

 ►The sample consisted of ten Angle class I models. Each typodont contains 28 teeth so in 

total, 280 teeth were used. In the most recent study on the typodont models meaning the one 

by [
23,24,25

],just one typodont was used, while in the present study, the typodont numbers were 

increased for the power of the study and to reduce type II error.  

► The study was done on models instead of living subject because the procedure of DCR 

(gold standard) is impossible on the human teeth. 

4.2 Objective grading system 

In the present study, OGS of ABO was used to evaluate the final treatment outcomes of 

simulated orthodontic treatment in both techniques instead of by directly comparing the 

bracket positions. The cause of this was the orthodontic treatment results are the most 

important factor for both patients and orthodontists. This study examined the relationship 

between occlusal outcomes (according to the guidelines of the Objective Grading System) in 

DCR and ICR to identify if there were any significant differences in accuracy of the two 

different methods of bracket positioning in orthodontics. 

The results indicated that on DCR (gold standard) the mean scores of the OGS criteria were 

significantly lower than ICR (digital), which indicates higher quality treatment outcomes. 

This finding is in agreement with those of Isreal et al., [
22

] who evaluated the accuracy of 

bracket placement produced by OrthoCADiQ indirect bonding (IDB) and that of an in-house 

fabricated IDB system. Also, they compared the OGS of the outcomes.  

Moreover, De Oliveira and Pretti,[
21

] conducted a systematic study to compare the accuracy 

of the positions of orthodontic attachments by digital and conventional techniques. Their 

results showed that the position of attachment did not guarantee by digital technology. 

However, this finding disagrees with the results of [
18,19,20

] that demonstrate digital bracket 

positioning is more accurate and reproducible. 

The mean scores of this analysis suggests that orthodontic treatment outcome by digital 

processing were significantly higher than those of the gold standard, justifying the rejection 

of the null hypothesis.  



European Journal of Molecular & Clinical Medicine 
                                                                            ISSN 2515-8260                 Volume 07, Issue 01, 2020  
 

4393 

A limit of this study, though, was the inability to totally blind the researcher between 

measuring sample groups. 

 

5. Conclusion 

Digital technology cannot position orthodontic brackets better or more reliably in comparison 

to the gold standard. However, the technological advances directed to the integration of 

software systems in digital orthodontics. So, it is better for orthodontists to start using digital 

technology for their workflow. 
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