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Original Article

Efficiency and Accuracy of Three-Dimensional Models 
Versus Dental Casts: A Clinical Study

ABSTRACT

Objective: The aim of this study was to compare the accuracy of digital and plaster model methods and the time required for analysis. 

Methods: A total of 30 subjects (20 females, 10 males; mean age, 14.36±6.30 years), who required plaster models for the construction 
of either a fixed or a removable orthodontic appliance, were randomly selected. As part of the diagnostic records, digital impressions 
with a three-dimensional (3D) intra-oral scanner (TriosColor-P13 Shape) were taken from all subjects. Conventional impressions for 
the orthodontic appliances were taken with alginate (Orthoprint, Zhermack, Italy), and the plaster models were obtained (Scheu-Den-
tal, GmbH.D-58642, Iserlohn, Germany). Two groups were formed. In the conventional measurement group, manual measurements 
were taken on the plaster models, while in the digital measurement group, the 3Shape OrthoAnalyzer 2013 software was used to 
make the measurements on the 3D models. In both groups, the total time required to perform the Bolton analysis and space analysis 
was recorded, and the results were compared. 

Results: There was no statistically significant difference found between the two groups in terms of the measurement values. The 
total time to perform all the analyses was determined to be shorter with digital models compared to conventional plaster models 
(p<0.001). 

Conclusion: The Bolton analysis and space analysis measurements carried out on 3D models did not show any statistically significant 
difference compared to plaster models. The time taken to perform the analyses was shorter using digital models than for conventional 
plaster models.

Keywords: Dental models, imaging, three-dimensional, orthodontics, software

INTRODUCTION

Successful orthodontic treatment is based on a comprehensive diagnosis and treatment planning. One of the 
diagnostic and treatment planning tools used to determine the degree of obliquity and the incompatibility be-
tween the arch shape and tooth dimensions are orthodontic models (1). They are also used for three-dimension-
al (3D) documentation of the dental arches in pre-treatment, progress, and post-treatment records (2). 

In comparison to other methods of documenting treatment records, plaster models require a significant amount 
of effort to be produced and a storage space because of their size and weight (3). Despite these disadvantages 
and the risk of models being lost or damaged, plaster models continue to be the gold standard and preferred 
method in clinical and scientific applications (4, 5). 

One of the most recent innovations in the field of orthodontics is the introduction of intra-oral scanners, which 
scan the teeth and surrounding tissues, as an alternative to plaster models (6). Digital models have several ad-
vantages, such as the low storage requirement and rapidly obtained data that can be easily sent to the dentist, 
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laboratory, or the patient (7, 8). Digital models also allow pa-
tient-specific virtual “set-up” and advanced treatment planning 
in both removable and fixed orthodontic appliances (7, 8).

Comparisons of digital models and plaster models have been 
made with respect to diagnostic accuracy and measurement 
sensitivity (9, 10). The space analysis and Bolton analysis are the 
most commonly used analyses for orthodontic diagnosis and 
treatment planning in the majority of studies that have com-
pared the digital models and plaster models. The space analysis 
is traditionally made according to the difference between the 
mesiodistal dimensions of the teeth in the arch from the mesial 
of the left molar tooth to the mesial of the right molar tooth and 
the length of the line forming the parabola of these teeth (11). 
The Bolton analysis was first used in 1958 with the establishment 
of two ratios using the total of the mesiodistal widths of the max-
illary and mandibular teeth of patients with ideal occlusion (12). 
Bolton analysis provides clinicians with information about the 
incompatibility of the tooth size and the amount of deviation 
from the ideal ratio of the arch dimension (13). Although system-
atic reviews in the literature could not find any clinically relevant 
significance of both of these analyses (14, 15), there were statis-
tically significant differences in the Bolton analysis in some stud-
ies (6). Furthermore, due to the continuous updating of digital 
modeling methods, examining the importance of reliability, and 
especially the assessment of time duration, is still ongoing.

Therefore, the purpose of the present study was to compare 
digital and plaster models with respect to the accuracy and time 
taken for space and Bolton analyses. The three hypotheses con-
sidered were that there was no significant difference between 
the two methods with respect to space analysis, that there is a 
statistical difference between the two methods in the propor-
tional comparison in the Bolton analysis, and that there is no dif-
ference between the two methods in terms of analysis duration.

METHODS

The study included 30 patients (20 females, 10 males; mean 
age, 14.36±6.30 years) who presented at the Orthodontics De-
partment of Bulent Ecevit University School of Dentistry to seek 
orthodontic treatment. The study approval was granted by the 
Clinical Research Ethics Committee of Bulent Ecevit University.

In addition to the digital impressions taken as routine diagnostic 
records, a prerequisite for inclusion in the study was the patient re-
quiring either a removable or a fixed orthodontic appliance treat-
ment, for which a plaster model was constructed. For patients who 
met this prerequisite, the following criteria were examined:

• No previous orthodontic treatment
• The presence of all the permanent teeth from the first right 

molar to the first left molar
• No absence of any region in the plaster model and digital 

model 

In a total of 30 patients who met the study inclusion criteria, dig-
ital impressions were taken using a 3D intra-oral scanner (Trios-

Color-P13 Shape). In addition to the digital impressions taken 
as routine, impressions were taken with alginate (Orthoprint, 
Zhermack, Italy) for the fixed or removable orthodontic appli-
ance construction. These impressions were immediately used to 
obtain plaster models (Scheu-Dental, GmbH.D-58642, Iserlohn, 
Germany). The study materials comprised 60 models, as 30 plas-
ter models (conventional measurement group) and 30 digital 
models (digital measurement group) from 30 patients.

The space analysis and Bolton analysis of the obtained digital 
and plaster models were conducted by the same researcher 
(HY). To increase the reliability of the measurements, they were 
repeated five times, and the arithmetic average value was used 
in the evaluation.

The measurements of the upper and lower arch length in the 
plaster models were taken with the aid of a brass wire. The me-
siodistal width of incisors, canines, premolars, and first molars 
was measured between the anatomic medial and distal contact 
points, parallel to the occlusal plane. The anterior and overall 
Bolton ratios were calculated by dividing the total of the widths 
of the maxillary teeth by the total of the widths of the mandib-
ular teeth (12). The conventional measurement group model 
analysis was made with a compass (Münchner Design, 042-
751-00, Dentaurum). Measurements were made with a speci-
ficity of 0.1 mm because of the needle width of the compass 
used. The measurement values were recorded to 1% (0.01) of 
a millimeter. 

In the digital measurement group, the upper and lower arch of 
each patient was digitized using a Trios 3Shape 3D scanner. The 
accuracy of this scanner has been listed as 15 microns by the 
manufacturer. However, previous studies have shown this val-
ue to be 25–45 microns (16, 17). Measurements of the intra-oral 
models obtained with the Trios 3Shape device were made with 
the OrthoAnalyzer 2013 software program, which is an integral 
part of the system. For maximum specificity, the magnification as 
far as the program allowed or a greater proximity to the desired 
area of the model was used. The time taken to perform the digi-
tal and manual measurements was recorded for each sample. In 
the analyses of both models, distance was measured in millime-
ters (mm) and time in seconds (sec).

Statistical Analysis
Statistical analyses were performed using the Statistical Package 
for Social Sciences version 25.0 software (IBM Corp.; Armonk, NY, 
USA). The data conformity to normal distribution was assessed 
using the Shapiro–Wilk test. To analyze the difference between 
measurement values, the t-test was used for data with normal 
distribution and the Mann–Whitney U-test for data that did not 
show normal distribution. A value of p<0.05 was accepted as sta-
tistically significant.

RESULTS

The descriptive statistics of the measurements taken from upper 
and lower arches in the conventional measurement and digital 
measurement groups are shown in Table 1.
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Before the comparison of two independent groups, a normality 
analysis was applied. According to the result of the Shapiro–Wilk 
test, the distribution of the space analysis and Bolton measure-
ments in the conventional and digital models was not normal, 
but normal distribution was determined in the time measure-
ments. Therefore, the non-parametric Mann–Whitney U-test was 
used for comparisons of the space analysis and Bolton analysis 
measurements in the conventional and digital methods, and the 
parametric t-test was used in the time comparisons. 

In the conventional measurement group, the mean space was 
found to be 4.63 mm in the upper arch and 2.57 mm in the low-
er arch, while in the digital measurement group, these values 
were 4.38 mm and 3.09 mm, respectively. No statistically signif-
icant difference was found in both groups and measurements 
(p>0.05) (Table 2).

The Bolton overall ratio was mean 91.83 in the convention-
al measurement group and 91.60 in the digital measurement 
group. The Bolton anterior ratio was mean 79.16 in the manual 
measurement and mean 78.76 in the digital measurement. The 

differences between the digital and manual methods in both the 
Bolton anterior ratio and the Bolton overall ratio were not found 
to be statistically significant (p>0.05) (Table 3).  

The descriptive statistics of the required time to complete the 
measurements in conventional and digital measurement groups 
are shown in Table 4. The total time spent for the space analy-
sis and the Bolton analyses that were necessary for orthodontic 
diagnosis was 894.33 secs for the conventional measurement 
group and 597.73 secs for the digital measurement group. The 
digital measurements were completed 296.6 secs sooner than 
the conventional measurements, and this difference was deter-
mined to be statistically significant (p<0.001).

DISCUSSION

Because of the similarities of the obtained results, the hypothesis 
that there is no significant difference between the two methods 
with respect to space analysis was accepted. The hypothesis that 
there is a statistical difference between the two methods in the pro-
portional comparison in the Bolton analysis was rejected, as both 
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Table 1. Descriptive statistics of the measurements made with the conventional and digital methods

Manual measurements N Minimum Maximum Mean SD

Space analysis of upper arch (mm) 30 -19.36 11.46 -4.63 6.23

Space analysis of lower arch (mm) 30 -11.53 7.36 -2.57 3.76

Bolton ratio of anterior 30 70.11 110.43 79.16 6.61

Bolton ratio of overall 30 85.27 103.30 91.83 3.81

Analysis times (secs) 30 450.00 1245.00 894.33 160.14

Digital measurements     

Space analysis of upper arch (mm) 30 -17.26 9.25 -4.38 5.45

Space analysis of lower arch (mm) 30 -15.28 9.94 3.09 4.50

Bolton ratio of anterior 30 73.00 110.00 78.77 6.39

Bolton ratio of overall 30 81.00 116.00 91.60 5.43

Analysis times (secs) 30 437.00 990.00 597.73 141.31

N, number of samples; mm, millimeter; secs, seconds; SD, standard deviation

Table 2. Comparison between the groups in respect of the space analysis of the two methods

                                                Conventional (N=30)                                       Digital (N=30)  

Variables Mean Rank Sum of Ranks Mean Rank Sum of Ranks Z p

Space analysis of Upper arch 30.70 921.00 30.30 909.00 .089 .929
Space analysis of Lower arch 31.90 957.00 29.10 873.00 .621 .535

Table 3. Comparison between the groups in respect of the two methods of Bolton analysis

                                                Conventional (N=30)                                       Digital (N=30)  

Variables Mean Rank Sum of Ranks Mean Rank Sum of Ranks Z p

Bolton ratio of anterior 32.73 982.00 28.27 848.00 -.992 .321
Bolton ratio of overall 31.53 946.00 29.47 884.00 -.459 .646

Table 4. Comparison of the Time Taken for the Analyses in Both Methods

  Conventional (N=30)   Digital (N=30)  

Variables Mean SD Std. Error Mean Mean SD Std. Error Mean df F P 

Analyses times 908.33 136.586 24.937 577.00 95.811 17.493 51.976 4.834 .000*

SD, standard deviation



the anterior and overall Bolton ratios did not show any statistical 
difference in the comparison of the two methods. The hypothesis 
that there is no difference between the two methods in terms of the 
analysis duration was rejected, as the analysis duration was shorter 
in digital models compared to conventional models.

In the current study, the inclusion criteria from previous studies 
were taken as reference (6, 18, 19). In addition to these criteria, 
we included plaster and digital models only from subjects who 
required either the removable or fixed orthodontic appliances 
treatment.

Several previous studies have compared the accuracy and reli-
ability of plaster models and digital models. However, the ma-
jority of those studies obtained the digital model from the plas-
ter model (3, 6, 10, 18, 20-26), and only a few studies have used 
a direct intra-oral scan (19, 27). Alcan et al. (28) reported that 
even if the plaster model was obtained within 1 hour of the 
alginate measurement taken from the patient, a deviation in 
the amount of 1.285% from the main model occurs to be able 
to register the dental arches with maximum accuracy reduce 
and to clearly reveal the difference between the two methods, 
digital models were obtained by direct intra-oral scanning of 
dental arches.

Since the introduction of 3D digital modeling, its use has been 
increasing in the field of dentistry. However, only few studies 
that compared the conventional method with the digital mod-
eling method have used 3D scanning and an analysis software 
program interface from the same manufacturer (10, 20, 23-25). 
Several studies have used a different model analysis software 
not provided by the scanner manufacturer (3, 6, 18, 19, 21, 26, 
27). In the current study, the use of the 3Shape scanning system 
with integral OrthoAnalyzer software allowed an analysis of dig-
ital models obtained with a continuous 3D scan system. Further-
more, there was no loss of data or time during the calibration 
and orientation of 3D images.

The operator reliability is important when taking measurements 
on digital or plaster models. There can be data loss or deviation 
because of the learning curve for taking digital and plaster mod-
el measurements (29). To reduce these variations to minimum, 
the measurements of each model were taken five times by a sin-
gle operator, and the arithmetic average of these measurements 
was used in the evaluations. 

Several studies in the literature have evaluated plaster and dig-
ital models with respect to validity and reliability. Despite a sta-
tistical difference in some of these studies (21), no clinically sig-
nificant difference has been determined (18, 22). In studies that 
have found a statistical difference between the two methods, 
the greatest difference was reported to be 1.48 mm (30). Profitt 
et al. (1) reported that a difference of <1.50 mm in the model 
analysis was not clinically significant. The results of the current 
study support the findings of previous studies as no statistically 
or clinically significant difference was determined between the 
two methods with respect to space analysis.

Some previous studies that have compared the Bolton ante-
rior and overall ratios in digital and plaster models have found 
a statistically significant difference. There are more studies that 
have reported a statistically significant difference in the Bolton 
analysis than in the space analysis. However, the mean difference 
in these studies of 0.05–1.2 mm was not reported as clinically 
significant (6, 20, 21, 23, 30). The data obtained in the current 
study were similar, with no statistically or clinically significant dif-
ference determined in the Bolton analysis. 

Due to a large number of analyses in orthodontic practice, the 
duration of the analysis can play an important role in the selec-
tion of digital or conventional methods. In the current study, 
which used the 3Shape scanning system with the integral, sim-
ple interface of OrthoAnalyzer software, the total duration of the 
space and Bolton analyses was 894.33 seconds. Using the con-
ventional method, this value was 597.73 secs, and the difference 
was found to be statistically significant. According to these re-
sults, the duration of the analyses made using the digital method 
was 4.94 mins shorter compared to the conventional method. In 
a study by Reuschl et al. (25) using the OrthoAnalyzer program, 
the mean duration of analysis for each model was 2 min shorter 
than the conventional method, and these results were found to 
be statistically significant. In another study, the digital analysis 
was found to be 1 min shorter than the conventional method 
(30). In contrast, in a study by Grunheid et al. (19), using a dif-
ferent analysis program, no time difference was found between 
the two methods. However, in that study, the analysis software 
program was not compatible with the intra-oral scanning device. 
In studies related to duration, it is necessary for digital analysis 
methods to be used at least as much as conventional methods, 
because mastery of the analysis program and the ease of use of 
the program interface could change the results.

One of the limitations of the study was that the comparison of 
the two methods in terms of the duration of analysis did not 
take into account the total chairside time, which is an import-
ant factor for clinicians. Another limitation was that the opera-
tor experience and ability were not equal in both measurement 
methods. In addition, the speed of the digital modeling software 
program may vary, depending on the version and different hard-
ware specifications. Digital modeling methods and analysis pro-
grams are constantly updated and accelerated. Because of this 
fact, further studies should be carried out taking into account 
the deficiencies of our study.

CONCLUSION

The digital analysis method is as reliable as the conventional 
model analysis method, and it seems to be more time effective. 
Although some difficulties may be experienced in the manip-
ulation of the digital model analysis software, this method can 
be sufficient in diagnosing and treatment planning. The major 
advantages of the digital model software include quick reassess-
ment of the measurements and an easy access to data required 
for analysis. Therefore, more importance should be given to dig-
ital modeling methods and software for clinicians to be able to 
use them easily.
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