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INTRODUCTION                                                                 

  The creation of digital models to replace plaster casts 
is a new breakthrough in the field of dentistry known as 
digitization. Many researchers have tried to improve 
the accuracy of digital models in an effort to reduce the 
requirement for traditional laboratory work. As a result, 
a great deal of earlier research has tried to evaluate the 
accuracy of digital models created in different methods. 
Comparing computerized models to the real dental arch 
is a challenge in terms of accuracy evaluation. The most 
popular method for obtaining digital or virtual models is 
extraoral laser scanning of stone or plaster molds. The 
extraoral optical scanner-generated digital model or the 
dental cast model were considered the gold standard in 
earlier research. [1,2,3,4]

An extra-oral digitizing technique called an optical 
scanner (OS) projects a white light onto a plaster dental 
model. Subsequently, the projected pattern is recorded 
by a high-resolution camera, enabling the production 
of a three-dimensional model image. Optical digitizers 
are frequently preferred by dental labs because they 

require less acquisition time for scan creation [5,6]. Cone-
beam computed tomography (CBCT), a data collecting 
technology that rapidly scans the entire volume of any 
object without being impacted by the quantity of undercuts 
in the deep proximal areas, is another way to obtain a virtual 
model [7]. Refinement of CBCT resolution from 0.4 to 0.07 
mm has recently taken place to improve 3D viewing of the 
craniofacial region [8,9,10,]. However, there is still a problem 
with distortion in scans of the entire dental arch. [11,12,13]

Creating digital models from CBCT scans of patient 
impressions and casts offers a non-irradiation-related 
substitute for intraoral or desktop scanning. Furthermore, 
certain places may be devoid of information for 
both extraoral and intraoral optical scanners due 
to light sources' difficulty accessing regions such 
complex-angled surfaces or proximal undercuts.[14]

Many studies have looked into whether different scanning 
techniques are precise enough to obtain digitalized 
models, however evaluating accuracy is hampered by a 
number of factors. It might be difficult to obtain accurate 
and repeatable measurements of digital models. [15]
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Aim of the study

This study aims to determine the accuracy of digital 
dental stone models obtained using cone beam computed 
tomography compared to extraoral scanned models.

MATERIALS  AND  METHODS                                                                          

Models selection

20 dental stone demonstration models of completely 
dentulous cases were selected for this study.

Control group

A digital caliber was used to measure six mesiodistal linear 
measurements in each model (mesiodistal width for the 
four incisors and intercuspal distance between premolars) 
using the incisal angles for incisors and buccal cusp tips 
of first and second premolars as reference points then 
measurements recorded in mm .Figure 1

CBCT scanning and measurements

Each model was scanned using CBCT machine cranex 
3D,Soredex,Finland using the parameters 10mA,90KvP 
and FOV 6*8 cm with a voxel size of 200 µ. Data was 
imported to ONDEMNAD  3D software and the mesiodistal 
linear measurements for same teeth was measured using 
linear measurement tool  between same reference points. 
Figure 2

Extraoral scanning and measuements

Models were scanned using extraoral scanner (inEos, 
Dentsply, Sirona, USA) and then STL file imported to 
Freecad software and measurements were applied for the 
same teeth using the same reference points. Figure 3

                 

Figure 1 showing tooth linear measurements using digital 
caliber

Figure 2 showing tooth linear measurements on CBCT 
scanned model

Figure 3 showing tooth linear measurements on extraoral 
scanned model           

RESULTS                                                                   

IMB SPSS software was used for data analysis, the mean 
and standard deviations for both groups were calculated 
and compared to the control group.
The study groups were compared using one way ANOVA 
test.
Accuracy of both groups was calculated and represented.

Comparison between the two groups (digital models lin-
ear measurements in mm).

Teeth linear measurements were 7.576 ± 2.73 in CBCT 
models and 7.917 ± 2.83 in extraoral scanned models 
compared to 8.185 ± 2.79 for the control group.Table 1

The results showed no statistically significant difference P 
> 0.05 between linear teeth measurements of both CBCT 
and extraoral scanners compared to the control group . 
Table 2

Mean mesiodistal linear teeth measurements for the control 
and studied groups were represented. Figure 4

CBCT models showed  92.5% accuracy while extraoral 
scanned models showed 97% accuracy. Figure 5
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Table 1 showing mean and standard deviation of linear 
teeth measurements in mm

n=20

Mean

Std. 

Deviation

Minimum Maximum Std. Error 

of Mean

Control 8.185 2.79 7.09 9.373 2.353

CBCT 7.576 2.73 6.44 8.591 2.329

Extraoral 7.917 2.83 6.92 8.941 2.371

Table 2 showing comparison between linear measure-
ments of the study groups

Sum of 
Squares

df Mean 
Square

F Sig
P-value

Between 
Groups

7.054 3 2.993     3.063 0.079

Within 
Groups

12.71 11 0.977

Total 19.764 14

*Significant at p < 0.05

Figure 4 showing mean mesiodistal linear measurements 
in mm

Figure 5 showing accuracy of CBCT and extraoral scanned 
models in %

DISCUSSION:                                                                       

Digital dental arch models have emerged as a significant 
dental trend in recent years. A growing number of imag-
ing technologies are now on the market that allow digi-
tal data to be acquired from plaster models and imprints. 
The acquisition of precise virtual 3D models has become 
crucial as dental practices integrate digital workflows. 
Higher productivity is associated with digital workflows, 
which also make data storage, repeatability, and treat-
ment documentation easier. They can also inspire novel 
treatment ideas. However, the market's constant influx 
of new devices with technical advancements has com-
plicated physicians' task of choosing the right tool. [16] 

As a result, numerous earlier researches have evaluated the 
accuracy of digital models [17,18,19,20,21].

 Several studies assessed the precision of digital mod-
els created by scanning plaster models using different 
tools or compared the linear dimensions of digital mod-
els to the equivalent values of plaster castings [22,23,24,25]

In this study, linear measurements were compared between 
the models; in prior research, surface precision data were 
examined. [26,27,28,29].

 We believe that results from evaluations of surface pre-
cision are highly likely to be distorted. Small surface 
imperfections like bubbles and pearls formed during 
the taking of impressions or pouring of plaster mod-
els can occur during the development of digital models.
If surface irregularities are present, scanning may re-
sult in an increase in the model distortion. Smooth-
ing, a postprocessing technique for STL data, also 
overestimates errors because of surface roughness. [30]

Our study showed no statistically significant dif-
ference in accuracy between CBCT and extraoral 
scanned models, this coincides with Emara et al [31]

who concluded that CBCT digital models are an extreme-
ly accurate replacement to extraoral scanned models.

Our results also reported higher accuracy for extraoral 
scanned models compared to CBCT models in agreement 
with Kim et al [32] who reported that there was no statis-
tically significant difference, however the digital model 
created using the extraoral scans had less variation than 
the other digital models created using the intraoral scanner 
and CBCT scans. These results also coincides with Emara 
et al [31] who suggested that with no statistically significant 
variations from the other digitization techniques, extraoral 
scanning is a very dependable digitization instrument. Our 
results are similar to the findings reported by Becker et al 
who stated that however CBCT accuracy lower than that of 
the reference desktop scanner, it is still clinically accept-
able. [33]
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In agreement with several studies reported in the 
literature, our results confirm that the accuracy of 
extraoral scanned models was within an acceptable range. 
[34,35,36] In addition to Mandelli et al [35] who reported that 
Extraoral scanned models showed acceptable accuracy.
As reported in previous studies, In most cases, the 
computerized models displayed measurement values 
that were lower than the actual data. Researchers have 
proposed that the partial volume effect during scanning or 
the conversion software's algorithms may be to blame for 
this "downsizing" tendency in digital models. If clinicians 
use digital models created by item scanning technologies, 
they should be informed that the models may be reduced 
in size. [37,38]

CONCLUSION                                                                        

Digitized dental models using both CBCT and extraoral 
scanners have acceptable dimensional accuracy.

CONFLICTS OF INTEREST                                                                        

 The authors declare that there are no conflicts of interest.

REFERENCES:                                                                        

1. Kim, S.R.; Kim, C.M.; Jeong, I.D.; Kim, W.C.; Kim, 
H.Y.; Kim, J.H. Evaluation of accuracy and repeatability 
using CBCT and a dental scanner by means of 3D software. 
Int. J. Comput. Dent. 2017, 20, 65–73.

 2. Cho, S.H.; Schaefer, O.; Thompson, G.A.; Guentsch, A. 
Comparison of accuracy and reproducibility of casts made 
by digital and conventional methods. J. Prosthet. Dent. 
2015, 113, 310–315. 

3. Guth, J.F.; Runkel, C.; Beuer, F.; Stimmelmayr, M.; 
Edelhoff, D.; Keul, C. Accuracy of five intraoral scanners 
compared to indirect digitalization. Clin. Oral Investig. 
2017, 21, 1445–1455. 

 4. Camardella, L.T.; Breuning, H.; de Vasconcellos Vilella, 
O. Accuracy and reproducibility of measurements on 
plaster models and digital models created using an intraoral 
scanner. J. Orofac. Orthop. Fortschr. Der Kieferorthopadie 
Organ/Off. J. Dtsch. Ges. Fur Kieferorthopadie 2017, 78, 
211–220. 

5. Beuer, F.; Schweiger, J.; Edelhoff, D. Digital dentistry: 
An overview of recent developments for CAD/CAM 
generated restorations. Br. Dent. J. 2008, 204, 505–511.

6. Vlaar, S.T.; Zel, J.M. Accuracy of dental digitizers. Int. 
Dent. J. 2006, 56, 301–309.

7. Lightheart, K.G.; English, J.D.; Kau, C.H.; Akyalcin, 
S.; Bussa, H.I., Jr.; McGrory, K.R.; McGrory, K.J. Surface 
analysis of study models generated from OrthoCAD and 
cone-beam computed tomography imaging. Am. J. Orthod. 
Dentofac. Orthop. Off. Publ. Am. Assoc. Orthod. Its Const. 
Soc. Am. Board Orthod. 2012, 141, 686–693. 

8. Kau, C.H.; Littlefield, J.; Rainy, N.; Nguyen, J.T.; Creed, 
B. Evaluation of CBCT digital models and traditional 
models using the Little’s Index. Angle Orthod. 2010, 80, 
435–439. 

 9. Rangel, F.A.; Maal, T.J.J.; de Koning, M.J.J.; Bronkhorst, 
E.M.; Berge, S.J.; Kuijpers-Jagtman, A.M. Integration of 
digital dental casts in cone beam computed tomography 
scans-a clinical validation study. Clin. Oral Investig. 2017. 

10. Lee, S.M.; Hou, Y.; Cho, J.H.; Hwang, H.S. 
Dimensional accuracy of digital dental models from cone-
beam computed tomography scans of alginate impressions 
according to time elapsed after the impressions. Am. J. 
Orthod. Dentofac. Orthop. Off. Publ. Am. Assoc. Orthod. 
Its Const. Soc. Am. Board Orthod. 2016, 149, 287–294. 

11. Wesemann, C.; Muallah, J.; Mah, J.; Bumann, A. 
Accuracy and efficiency of full-arch digitalization and 
3D printing: A comparison between desktop model 
scanners, an intraoral scanner, a CBCT model scan, and 
stereolithographic 3D printing. Quintessence Int. (Berl. 
Ger. 1985) 2017, 48, 41–50. 

12. Jiang, T.; Lee, S.M.; Hou, Y.; Chang, X.; Hwang, 
H.S. Evaluation of digital dental models obtained from 
dental cone-beam computed tomography scan of alginate 
impressions. Korean J. Orthod. 2016, 46, 129–136. 

13. Hwang, J.J.; Jung, Y.H.; Cho, B.H. The need for 
DICOM encapsulation of 3D scanning STL data. Imaging 
Sci. Dent. 2018, 48, 301–302. 

14. Flugge, T.V.; Schlager, S.; Nelson, K.; Nahles, 
S.; Metzger, M.C. Precision of intraoral digital dental 
impressions with iTero and extraoral digitization with 
the iTero and a model scanner. Am. J. Orthod. Dentofac. 
Orthop. Off. Publ. Am. Assoc. Orthod. Its Const. Soc. Am. 
Board Orthod. 2013, 144, 471–478.

15. De Gonzalez Villaumbrosia, P.; Martinez-Rus, F.; 
Garcia-Orejas, A.; Salido, M.P.; Pradies, G. In vitro 
comparison of the accuracy (trueness and precision) 
of six extraoral dental scanners with different scanning 
technologies. J. Prosthet. Dent. 2016, 116, 543–550.

16. Su, T.S.; Sun, J. Comparison of repeatability between 
intraoral digital scanner and extraoral digital scanner: An 
in-vitro study. J. Prosthodont. Res. 2015, 59, 236–242.



15

                                    Shaker et al

17. Cho, S.H.; Schaefer, O.; Thompson, G.A.; Guentsch, 
A. Comparison of accuracy and reproducibility of casts 
made by digital and conventional methods. J. Prosthet. 
Dent. 2015, 113, 310–315.

18. Lightheart, K.G.; English, J.D.; Kau, C.H.; Akyalcin, 
S.; Bussa, H.I., Jr.; McGrory, K.R.; McGrory, K.J. Surface 
analysis of study models generated from OrthoCAD and 
cone-beam computed tomography imaging. Am. J. Or-
thod. Dentofac. Orthop. Off. Publ. Am. Assoc. Orthod. Its 
Const. Soc. Am. Board Orthod. 2012, 141, 686–693.

19. Wesemann, C.; Muallah, J.; Mah, J.; Bumann, A. Ac-
curacy and efficiency of full-arch digitalization and 3D 
printing: A comparison between desktop model scanners, 
an intraoral scanner, a CBCT model scan, and stereolitho-
graphic 3D printing. Quintessence Int. (Berl. Ger. 1985) 
2017, 48, 41–50.

20. Jiang, T.; Lee, S.M.; Hou, Y.; Chang, X.; Hwang, H.S. 
Evaluation of digital dental models obtained from dental 
cone-beam computed tomography scan of alginate impres-
sions. Korean J. Orthod. 2016, 46, 129–136.

21. Wiranto, M.G.; Engelbrecht, W.P.; Tutein Nolthenius, 
H.E.; van der Meer, W.J.; Ren, Y. Validity, reliability, and 
reproducibility of linear measurements on digital models 
obtained from intraoral and cone-beam computed tomog-
raphy scans of alginate impressions. Am. J. Orthod. Den-
tofac. Orthop. Off. Publ. Am. Assoc. Orthod. Its Const. 
Soc. Am. Board Orthod. 2013, 143, 140–147.

22. Kim, S.R.; Kim, C.M.; Jeong, I.D.; Kim, W.C.; Kim, 
H.Y.; Kim, J.H. Evaluation of accuracy and repeatability 
using CBCT and a dental scanner by means of 3D soft-
ware. Int. J. Comput. Dent. 2017, 20, 65–73. 

23. Cho, S.H.; Schaefer, O.; Thompson, G.A.; Guentsch, 
A. Comparison of accuracy and reproducibility of casts 
made by digital and conventional methods. J. Prosthet. 
Dent. 2015, 113, 310–315. 

24. Guth, J.F.; Runkel, C.; Beuer, F.; Stimmelmayr, M.; 
Edelhoff, D.; Keul, C. Accuracy of five intraoral scanners 
compared to indirect digitalization. Clin. Oral Investig. 
2017, 21, 1445–1455. 

25. Camardella, L.T.; Breuning, H.; de Vasconcellos Vilel-
la, O. Accuracy and reproducibility of measurements on 
plaster models and digital models created using an intra-
oral scanner. J. Orofac. Orthop. Fortschr. Der Kieferor-
thopadie Organ/Off. J. Dtsch. Ges. Fur Kieferorthopadie 
2017, 78, 211–220.

26. Kim, S.R.; Kim, C.M.; Jeong, I.D.; Kim, W.C.; Kim, 
H.Y.; Kim, J.H. Evaluation of accuracy and repeatability 
using CBCT and a dental scanner by means of 3D soft-
ware. Int. J. Comput. Dent. 2017, 20, 65–73.

27. De Gonzalez Villaumbrosia, P.; Martinez-Rus, F.; Gar-
cia-Orejas, A.; Salido, M.P.; Pradies, G. In vitro compari-
son of the accuracy (trueness and precision) of six extraoral 
dental scanners with different scanning technologies. J. 
Prosthet. Dent. 2016, 116, 543–550.

28. Flugge, T.V.; Schlager, S.; Nelson, K.; Nahles, S.; 
Metzger, M.C. Precision of intraoral digital dental impres-
sions with iTero and extraoral digitization with the iTero 
and a model scanner. Am. J. Orthod. Dentofac. Orthop. Off. 
Publ. Am. Assoc. Orthod. Its Const. Soc. Am. Board Or-
thod. 2013, 144, 471–478.

29. Ender, A.; Mehl, A. Full arch scans: Conventional ver-
sus digital impressions—An in-vitro study. Int. J. Comput. 
Dent. 2011, 14, 11–21. 

30. Rudolph, H.; Salmen, H.; Moldan, M.; Kuhn, K.; Sich-
wardt, V.; Wostmann, B.; Luthardt, R.G. Accuracy of intra-
oral and extraoral digital data acquisition for dental restora-
tions. J. Appl. Oral Sci. Rev. Fob 2016, 24, 85–94.

31. Emara, A.; Sharma, N.; Halbeisen, F.S.; Msallem, B.; 
Thieringer, F.M. Comparative Evaluation of Digitization 
of Diagnostic Dental Cast (Plaster) Models Using Differ-
ent Scanning Technologies. Dent. J. 2020, 8, 79. https://doi.
org/10.3390/dj8030079.

32. Kim, Y.H.; Han, S.-S.; Choi, Y.J.; Woo, C.-W. Linear 
Accuracy of Full-Arch Digital Models Using Four Differ-
ent Scanning Methods: An In Vitro Study Using a Coordi-
nate Measuring Machine. Appl. Sci. 2020, 10, 2741. https://
doi.org/10.3390/app10082741.

33. Becker, K.; Schmucker, U.; Schwarz, F.; Drescher, D. 
Accuracy and eligibility of CBCT to digitize dental plaster 
casts. Clin. Oral Investig. 2018, 22, 1817–1823.

34. Schnutenhaus, S.; Edelmann, C.; Rudolph, H.; Drey-
haupt, J.; Luthardt, R.G. 3D accuracy of implant positions 
in template-guided implant placement as a function of the 
remaining teeth and the surgical procedure: A retrospective 
study. Clin. Oral Investig. 2018, 22, 2363–2372.

35. Mandelli, F.; Gherlone, E.; Gastaldi, G.; Ferrari, M. 
Evaluation of the accuracy of extraoral laboratory scan-
ners with a single-tooth abutment model: A 3D analysis. J. 
Prosthodont. Res. 2017, 61, 363–370.

36. Oh, K.C.; Lee, B.; Park, Y.B.; Moon, H.S. Accuracy of 
three digitization methods for the dental arch with various 
tooth preparation designs: An In Vitro study. J. Prostho-
dont. 2019, 28, 195–201.
37. Keating, A.P.; Knox, J.; Bibb, R.; Zhurov, A.I. A com-
parison of plaster, digital and reconstructed study model ac-
curacy. J. Orthod. 2008, 35, 191–201.
38. Abizadeh, N.; Moles, D.R.; O’Neill, J.; Noar, J.H. Digi-
tal versus plaster study models: How accurate and repro-
ducible are they? J. Orthod. 2012, 39, 151–159.


