
Braz Dent Sci 2021 Jan/Mar;24(1)1

ABSTRACT
Objective: The purpose of this study is to evaluate 
the influence of the type of scanner and scanning 
direction on the accuracy of the final cast. Material 
and Methods: A partial master cast was used as a 
reference. A total of 128 scans were obtained and 
divided into two groups: the conventional method 
and the digital method. The digital group was divided 
into three groups: TRIOS 3, Omnicam and CS 3600. 
Each of these groups was subdivided according to 
the scanning direction, and each scan was overlaid 
on the digital reference cast to measure the trueness 
and precision of the procedures. Results: The 
overall precision values for the type of impression 
were 59.89 ± 13.08 μm for conventional and 13.42 
± 4.28 μm for digital; the values for trueness were 
49.37 ± 19.13 μm for conventional and 53.53 ± 
4.97 μm for digital; the scanning direction trueness 
values were 53.05 ± 4.36 μm for continuous and 
54.03 ± 5.52 μm for segmented; and the precision 
values were 14.18 ± 4.67 μm for continuous and 
12.67 ± 3.75 μm for segmented (p> 0.05). For 
the scanner type, the trueness values were 50.06 ± 
2.65 μm for Trios 3, 57.45 ± 4.63 μm for Omnicam, 
and 52.57 ± 4.65 μm for Carestream; and those for 
precision were 11.7 ± 2.07 μm for Trios 3, 10.09 
± 2.24 μm for Omnicam, and 18.49 ± 2.42 μm for 
Carestream (p <0.05). Conclusions: The digital 
impression method is the most favorable method 
regarding precision; in terms of trueness, there are 
no differences between the types of impressions.

RESUMO
Objetivo: O objetivo deste estudo é avaliar a influência 
do tipo de técnica de moldagem, tipo de escâner intraoral 
e direção do escaneamento na precisão do modelo final. 
Material e Métodos: Um modelo parcial mestre foi usado 
como referência. Um total de 128 escaneamentos foi 
obtido e dividido em dois grupos: o método convencional 
(n = 32) e o método digital (n = 96). O grupo digital foi 
dividido em três grupos: TRIOS 3 (n = 32), Omnicam (n 
= 32) e CS 3600 (n = 32). Cada um desses grupos foi 
subdividido de acordo com a direção do escaneamento (n 
= 16), e cada escaneamento foi sobreposto ao modelo de 
referência digital para medir a veracidade e precisão dos 
procedimentos. Resultados: Os valores gerais de precisão 
para o tipo de impressão foram 59,89 ± 13,08 µm para 
convencional e 13,42 ± 4,28 µm para digital; os valores 
de veracidade foram 49,37 ± 19,13 µm para convencional 
e 53,53 ± 4,97 µm para digital; os valores de veracidade 
para a direção de digitalização foram 53,05 ± 4,36 µm 
para contínua e 54,03 ± 5,52 µm para segmentada; e os 
valores de precisão foram 14,18 ± 4,67 µm para contínua 
e 12,67 ± 3,75 µm para segmentada (p> 0,05). Para o 
tipo de scanner, os valores de veracidade foram 50,06 ± 
2,65 µm para Trios 3, 57,45 ± 4,63 µm para Omnicam 
e 52,57 ± 4,65 µm para Carestream; e os de precisão 
foram 11,7 ± 2,07 µm para Trios 3, 10,09 ± 2,24 µm 
para Omnicam e 18,49 ± 2,42 µm para Carestream (p 
<0,05). Conclusões: O método de moldagem digital 
é o método mais favorável em relação à precisão; em 
termos de veracidade, não há diferenças entre os tipos 
de impressão
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INTRODUCTION

A s a result of technological developments, we 
are surrounded by resources that aim to make 

our daily activities more practical, comfortable and 
agile. This dynamism is present in dentistry, and 
currently, it is possible to perform major treatments 
with great agility and excellence while eliminating 
some stages and promoting advantages, such as 
greater comfort for the patient. [1]

Numerous dental procedures require a 
positive reproduction of teeth and other structures 
of interest, as well as of the antagonist arch [2,3] 
This stage needs to be carried out accurately to 
ensure good adaptation of prosthetic pieces to 
teeth, as well as greater longevity [4-7]

In this context, CAD/CAM (computer-
aided design/computer-aided manufacturing) has 
a central role, and it has gradually become part 
of dentist and technician routines. Inlays, onlays, 
crowns, veneers and fixed prostheses may be 
manufactured by means of computer-aided 
design (CAD) and milling (CAM) [8] Definitive 
restorations can thus be performed in a dental 
office or a lab that receives the data virtually [9]

The conventional models are obtained from 
a mold, defined as “a negative replica or reversed 
copy of the surface of an object; an impression 
of the teeth and adjacent structures for use in 
dentistry” [10]

	 During the impression stage, trays 
containing an elastomeric type of impression 
material are used [11,12] Some of the 
disadvantages of the conventional method have 
been eliminated, such as the tray selection stage, 
the distortion risk (molding, disinfecting, filling 
and shipment to the lab stages), and the patient’s 
discomfort [13,14]

The CAD/CAM system allows the software 
to receive information directly from the patient’s 
mouth through the use of an intraoral scanner for 
image capture. By means of data and algorithm 
calculations, the software generates an image on 

a computer screen, which results in a virtual and 
three-dimensional model [8]

Another great advantage of scanning is 
the reduction in the number of stages along with 
the patient’s acceptance, since the procedure 
does not generate anxiety and does not interfere 
with natural breathing. [15,16] Moreover, the 
procedure is more comfortable, as well as easily 
and quickly performed, and the generation of a 
virtual model facilitates storage and allows the 
collected data to be manipulated [15,17]

To eliminate the conventional impression 
and the cast model, the end result of the 
digital impression should be as accurate as the 
conventional technique [11]

Therefore, considering these advantages 
that facilitate dentist and dental technician work, 
a comparison of the two techniques, bearing in 
mind that the conventional impression has been 
well-established due to length of usage and the 
achievement of satisfactory results, is an important 
tool for widening utilization based on the precision 
and accuracy of the acquired models [17-21]

The purpose of the present study was to 
evaluate the accuracy by means of trueness and 
precision considering the type of impression 
technique, scanning direction and their interaction.

MATERIAL AND METHODS

Material

In this study, a partial master model (with 
edentulous space in the element 25 region and 
dental preparations for elements 24 and 26) is 
used as a basis for comparison between analog 
and digital impression techniques (Figure 1A, B, 
C). The model is milled from polymer (Model 
Blank Bege 95H39, ZirkohnZahn GmbH), and 
120 models are obtained, which are divided into 
two large groups according to the data collection 
method (32 conventional models (CM) and 96 
digital models (DM)).
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Figure 1A,B,C - Representative images of reference model 
(RM). Buccal, lingual and occlusal view.

Figure 2A,B,C  - Representative images of the calibration 
process of the ZirkohnZahn Scan software.

METHODS

The calibration of the reference scanner 
was performed by applying a standard calibration 
plaque and selecting the option “Calibrate scan” 
on ZirkohnZahn Scan software (ZirkohnZahn 
GmbH) according to the manufacturer 
recommendations (Figure 2A, B, C).

Forty-eight conventional impressions 
were poured into type IV plaster (Fujirock, 
GC) from digital impressions performed with 
individual trays through the two-step technique, 
with a polyvinylsiloxane material with a fluid 
and putty-like consistency (Virtual, Ivoclar 
Vivadent) and a polymerization period of 4,5 
minutes (Figure 3A, B, C).

A

A

B

C

B

C

The pouring of the type IV plaster models 
(Fujirock, GC) followed the manufacturer 
recommendations. 

The digital model group was subdivided 
into three minor groups according to the model 
used: TRIOS 3 (3Shape), CEREC Omnicam 
(Dentsply Sirona Systems), or CS3600 
(Carestream) (Figures 4, 5, 6).
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Figure 3 - A; Representative image of individual printed tray. 
Buccal view. B; Representative images of modified individual 
tray, positioned over the model. Lingual view. C; Putty and light 
polyvinylsiloxane impression of reference model. Occlusal view.

Figure 4 - Representative image of TRIOS 3 scanner.

Figure 5 - Representative images of CEREC Omnicam.

A

B

C  

Figure 6 - Representative image of CS 3600.

The three groups were subdivided into 
two groups according to the scanning direction: 
segmented or continuous. The segmented 
method consisted of digitization from the 
occlusal surface of the most distal tooth (27), 
maintaining a focal distance of approximately 
1 cm moving across the occlusal surface of 
the adjacent teeth to the element 21 incisor. 
Afterwards, the occlusion of the second molar 
(27) was revisited to reestablish a reference and 
allow the digitization of the vestibular surface 
in the anterior direction to the central incisor. 
Finally, the same procedure was repeated for 
the palatine surface. For the continuous method, 
maintaining the same focal distance, the 
process was initiated from the occlusal surface 
of 27 towards incisor 21 with short oscillatory 
movements in the buccal-lingual direction. From 
this point on, the scan was directed towards the 
vestibular surface in the distal direction to the 
vestibule of 27 and continuously towards the 



Evaluation of the influence of the impression technique, scanning 
direction and type of scanner on the accuracy of the final model

Viegas DC et al.

Braz Dent Sci 2021 Jan/Mar;24(1)5

occlusion and palatine of 27. Afterwards, the 
scan progressed in the mesial direction to the 
palatine of 21, according to the schematic below 
(Figure 7A, B). The two methods were refined 
once by means of procedure repetition until 
complete closure of the mesh was achieved, 
finalized by the rendering process. [22]

All the scanners were calibrated according 
to the manufacturer recommendations prior to 
their use.

To evaluate and quantify the effect of 
the experience acquired by the operator on the 
accuracy of the digital reference model (DRM) 
obtained by the reference scanners (S600 
Arti, ZirkohnZahn GmbH) compared to the 
obtained images, which were converted into 
.STL files (standard triangle language) by the 
three scanners in different steps (n= 16), an 
assessment was carried out between intergroups 
and intragroups with Geomagic Control X 
software (3D Systems).

The CM group models were scanned 
through the reference scanner (S600 Arti-
ZirkohnZahn GmbH) and sent with the virtual 
models of the DM group to Geomagic Control 
X software (3D Systems) for intergroup and 
intragroup assessment of each technique 

RESULTS

In the present study, the results were 
obtained according to the following independent 
variables and their possible combinations: the 
impression models, scanning direction and type 
of scanner.

For the independent variable “impression 
methods” (digital and conventional), the mean 
values, standard deviation, standard error mean 

A  B  

Figure 7 - A; Representation of continuos scanning direction 
and sequence of the reference model (RM). B; Representation 
of segmented scanning direction and sequence of the 
reference model (RM).

Figure 8 - Representation of the digital model analysis method 
with Geomagic Control X software. 

(conventional vs. digital) as established by ISO 
12836. [23]

To analyze these parameters, the collected 
data were converted into .STL files and sent to 
Geomagic Control X software (3D Systems). This 
software uses precise mathematical algorithms 
and objectively measures the possible volumetric 
variations in the whole model regarding the 
master model (Figure 8).

The data were analyzed using the Mann-
Whitney U test (a= .05) to assess whether the 
mean trueness and precision values of the two 
impression systems differed. Second, the Mann-
Whitney test was used to assess whether the 
mean trueness and precision values of the two 
scanning directions differed. Third, ANOVA was 
used to assess whether the mean trueness and 
precision values of the three scanner systems 
differed.
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and confidence interval (95%) regarding the 
trueness and precision are presented in Table I.

Regarding precision, the statistical test 
results show statistically significant differences 
(p<0.05). In fact, we observe differences in 
terms of the mean and confidence interval of 
the two groups (Conventional: 59.89 [55.18; 
64.61]; Digital: 13.42 [2,56; 14.29].

Regarding trueness, the statistical test 
results do not reveal statistically significant 
differences (p>0.05). This means that the null 
hypothesis should not be rejected. The sample 
sizes of the two groups are different (n= 32 and 
n= 96).

Regarding the independent variable 
“scanning direction” (continuous and 
segmented), the mean values, standard 
deviation, standard error mean and confidence 
interval (95%) for trueness and precision are 
presented in Table II.

There are no statistically significant 
differences between the two digitization 
techniques, and the effect size is small for 
both trueness and precision. As such, the null 
hypothesis should not be rejected.

Regarding the independent variable type 
of scanner (Trios 3, Omnicam and CS 3600), 
the mean values, standard deviation, standard 
mean error and confidence interval (95%) for 
trueness and precision are presented in Table 
III.

Table IV illustrates the results of the 
ANOVA one-way test for K-independent samples 
after confirmation of normality with the Shapiro-
Wilk test with p>0.05 in the three groups. It is 
possible to conclude that there are statistically 
significant differences in trueness (p<0.001) 
regarding the type of scanner.

Table I - Descriptive statistics for trueness and precision 
regarding the impression method

Table III - Descriptive statistics for trueness and precision 
regarding the type of scanner

Table IV - Multiple comparisons of the ANOVA test regarding 
trueness

Table II - Descriptive statistics for trueness and precision 
regarding digitization direction

Trueness Precision

Conventional
(n= 32)

Mean 49.37 59.89

Standard deviation 19.13 13.08

Standard error mean 3.38 2.31

Confidence interval (95%) [42.48; 56.27] [55.18; 64.61]

Digital
(n= 96)

Mean 53.53 13.42

Standard deviation 4.97 4.28

Standard error mean 0.51 0.44

Confidence interval (95%) [52.53; 54.55] [12.56; 14.29]

Trueness Precision

Trios 3
(n= 32)

Mean 50.6 11.7

Standard deviation 2.65 2.07

Standard error mean 0.47 0.37

Confidence interval (95%) [49.65; 51.55] [10.95; 12.45]

Omnicam
(n= 32)

Mean 57.45 10.09

Standard deviation 4.63 2.24

Standard error mean 0.82 0.39

Confidence interval (95%) [55.78; 59.12] [9.28; 10.89]

CS 3600
(n= 32)

Mean 52.57 18.49

Standard deviation 4.65 2.42

Standard error mean 0.82 0.43

Confidence interval (95%) [50.89; 54.25] [17.61; 19.36]

Type of  
scanner

Mean  
difference Significance Decision

Trios 3
Omnicam -0.0068 p<0.001 Rejects H0

CS 3600 -0.0019 p= 0.104 Does not reject H0

Omnicam
3Shape 0.0068 p<0.001 Rejects H0

CS 3600 0.0048 p<0.001 Rejects H0

CS 3600
3Shape 0.0019 p= 0.104 Does not reject H0

Omnicam -0.0048 p<0.001 Rejects H0

Trueness Precision

Continuous
(n= 48)

Mean 53.05 14.18

Standard deviation 4.36 4.67

Standard error mean 0.63 0.67

Confidence interval (95%) [51.78; 54.31] [12.82; 15.54]

Segmented
(n= 48)

Mean 54.03 12.67

Standard deviation 5.52 3.75

Standard error mean 0.79 0.54

Confidence interval (95%) [52.43; 55.63] [11.58; 13.76]
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The multiple comparison analysis shows 
statistically significant differences between the 
Trios 3 and Omnicam scanners ((p<0.001); 
mean difference: -0.0068) and between CS 3600 
and Omnicam ((p<0.001); mean difference: 
-0.0048).

Table V illustrates the results of the 
Kruskal-Wallis test for K-independent samples, 
given that the null hypothesis of normality is 
rejected (p<0.001 in two of the groups). The 
test result shows that there are statistically 
significant differences (p<0.001), which 
justifies conducting post hoc Games-Howell 
tests for multiple comparisons.

A direct comparison between the Trios 
3 and CS 3600 scanners evinces statistically 
significant differences in precision. Trios 3 is 
more precise (mean rank: 17.34 and p<0.001) 
(Table VII).

A direct comparison between these two 
scanners indicates a statistically significant 
difference in precision. Omnicam is more precise 
(mean rank: 17.22 and p<0.001) (Table VIII).

In Table IX, the mean values, standard 
deviation, standard error mean and confidence 
interval (95%) for trueness and precision 
are presented for the combination of the 
independent variables type of scanner and 
digitization direction.

A direct comparison between the Trios 
3 and Omnicam scanners presents statistically 
significant differences in precision. Omnicam is 
more precise (mean rank: 21.83 and p<0.001), 
and the effect size is large (r=-0.57) (Table VI).

Table V - Hypothesis test for precision regarding the type of 
scanner

Table VI - Hypothesis test for precision regarding the type of 
scanner

Table VII - Hypothesis test for precision of Trios 3 vs Carestream

Table VIII - Hypothesis test for precision of Omnicam vs 
Carestream

Normal-
ity Test Decision Statistical 

Test Decision Mean 
Rank

Precision

Trios 3
SW(32)= 

0.793, 
p<0.001

The null 
hypothesis of 
normality is 

rejected

Kruskal-Wallis 
X2KW(2) 
= 66.886, 
p<0.001

There are 
statistically 
significant 
differences

3Shape
44.02

Omnicam
SW(32)= 

0.687, 
p<0.001

Omnicam
22.55

CS 3600
SW(32)= 
0.982, p= 

0.851

Cares-
tream
78.94

Statistical 
Test Decision Mean Ranks Effect Size

r = Z/(√n)

Precision
Mann-Whitney

U= 170.50, 
p<0.001

There are 
statistically 
significant 
differences

3Shape
43.17

Omnicam
21.83

r= -0.57

Statistical 
Test Decision Mean Ranks Effect Size

r = Z/(√n)

Precision
Mann-Whitney 

U= 23.0, 
p<0.001

There are 
statistically 
significant 
differences

Omnicam
17.22

Carestream
47.78

r= -0.82

Statistical 
Test Decision Mean Ranks Effect Size

r = Z/(√n)

Precision
Mann-Whitney 

U= 23.0, 
p<0.001

There are 
statistically 
significant 
differences

Omnicam
17.22

Carestream
47.78

r= -0.82
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Table IX - Descriptive statistics for trueness and precision 
regarding variable interactions and   digitization direction

Table X - Multiple comparisons related to interaction between 
digitization direction and type of   scanner regarding trueness

Trueness Precision

Trios 3_conti-
nuous
(n= 16)

Mean 51.93 12.94

Standard deviation 2.61 2.26

Standard error mean 0.65 0.57

Confidence interval (95%) [50.54; 53.31] [11.74; 14.15]

Trios 3_seg-
mented
(n= 16)

Mean 49.28 10.46

Standard deviation 1.98 0.68

Standard error mean 0.49 0.17

Confidence interval (95%) [48.22; 50.33] [10.09; 10.82]

Omnicam_conti-
nuous

(n= 16)

Mean 56.26 9.6

Standard deviation 3.98 0.96

Standard error mean 0.99 0.24

Confidence interval (95%) [54.13; 58.38] [9.12; 10.1]

Omnicam_Seg-
mented
(n= 16)

Mean 58.64 10.55

Standard deviation 5.04 3.01

Standard error of the mean 1.26 0.75

Confidence interval (95%) [55.95; 61.32] [8.94; 12.15]

CS3600_conti-
nuous
(n= 16)

Mean 50.96 19.03

Standard deviation 4.47 1.74

Standard error of the mean 1.12 0.44

Confidence interval (95%) [48.58; 53.34] [19.03; 20.89]

CS3600_seg-
mented
(n= 16)

Mean 54.18 17.01

Standard deviation 4.39 2.11

Standard error mean 1.09 0.53

Confidence interval (95%) [51.84; 56.52] [15.88; 18.14]

(I) variable_
combined

(J) variable_com-
bined

Mean 
Difference 

(I-J)

Std. 
Error Sig.

95% Con-
fidence 
Interval
Lower 
Bound

Trios 3_conti-
nuous

trios 3_segmented .002650 .001378 .596 -.00204

omnicam_continuous -.004330 .001378 .090 -.00902

omnicam_segmented -.006713* .001378 .001 -.01140

cs 3600_continuous .000968 .001378 .992 -.00372

cs 3600_segmented -.002256 .001378 .749 -.00695

Trios 3_seg-
mented

trios 3_continuous -.002650 .001378 .596 -.00734

omnicam_continuous -.006980* .001378 .000 -.01167

omnicam_segmented -.009363* .001378 .000 -.01405

cs 3600_continuous -.001682 .001378 .913 -.00637

cs 3600_segmented -.004906* .001378 .034 -.00960

Omnicam_con-
tinuous

trios 3_continuous .004330 .001378 .090 -.00036

trios 3_segmented .006980* .001378 .000 .00229

omnicam_segmented -.002383 .001378 .702 -.00707

cs 3600_continuous .005298* .001378 .016 .00061

cs 3600_segmented .002074 .001378 .810 -.00262

Omnicam_seg-
mented

trios 3_continuous .006713* .001378 .001 .00202

trios 3_segmented .009363* .001378 .000 .00467

omnicam_continuous .002383 .001378 .702 -.00231

cs 3600 .007681* .001378 .000 .00299

cs 3600_segmented .004456 .001378 .074 -.00023

CS 3600_conti-
nuous

trios 3_continuous -.000968 .001378 .992 -.00566

trios 3_segmented .001682 .001378 .913 -.00301

omnicam_continuous -.005298* .001378 .016 -.00999

omnicam_segmented -.007681* .001378 .000 -.01237

cs 3600_segmented -.003224 .001378 .369 -.00791

CS 3600_seg-
mented

trios 3_continuous .002256 .001378 .749 -.00243

trios 3_segmented .004906* .001378 .034 .00022

omnicam_continuous -.002074 .001378 .810 -.00676

omnicam_segmented -.004456 .001378 .074 -.00915

cs 3600_continuous .003224 .001378 .369 -.00147

To assess the influence of the technique on 
trueness regarding type of scanner, the ANOVA 
two-way test is conducted, since normality and 
equality variance are assumed for all groups.

The table analysis shows that the scanning 
direction has an influence on the type of scanner 
result.

When evaluating the multiple 
comparisons table (Table X), it is identified 
that the stratification by type of scanner is not 
influenced by the scanning technique, which 
means there are no statistically significant 
differences between the trueness of each type 
of scanner (p>0.05) when the conventional 
and segmented techniques are applied. The 
null hypothesis is retained when comparing 
Trios 3 with the continuous technique to Trios 

3 with the segmented technique (p= 0.395), 
when comparing CS 3600 with the continuous 
technique to CS 3600 with the segmented 
technique (p= 0.189), and when comparing 
Omnicam with the continuous technique to 
Omnicam with the segmented technique (p= 
0.517) regarding trueness.
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Therefore, the multiple comparisons 
between different scanning directions and 
different types of scanners (e.g., Trios 3 
with continuous technique vs Omnicam with 
segmented technique) are not relevant enough to 
report since the sensitive factor appears to be the 
type of scanner. The fact that these comparisons 
are statistically significant (although devoid 
of practical relevance) justifies the statistically 
significant result of the two-way ANOVA test 
(p= 0.007) initially conducted.

When evaluating precision regarding 
the technique used with the Trios 3 scanner, 
statistically significant differences are identified 
(p<0.001), as well as a large effect size in favor 
of the segmented technique, which suggests that 
for this type of scanner, the segmented technique 
is more favorable (mean rank: 9.75) (Table XI).

DISCUSSION

The limitations of elastomeric materials 
and impression techniques have been widely 
studied to justify the need for renewal of 
materials, as well as impression techniques [22] 
The sensitivity of the technique, the patient’s 
discomfort, dimensional changes through 
contraction after polymerization, distortion of 
the tray, plaster expansion and changes caused 
by disinfecting agents may be seen as weak points  
[11,23-27] Nevertheless, this combination has 
been successful for a long period of time [28]

Two events are considered to have led 
to an increase in the use of digital technology 
in dentistry: curiosity towards novelty and 
the increase in digital technology use in basic 
training provided by universities [9]

Moreover, the clinical implications of 
the use of intraoral scanners are very relevant. 
Intraoral scanners show extreme trueness and 
precision. However, each scanner has strong and 
weak points that should be considered, since 
no equipment has yet proven to have the best 
precision, trueness and speed combination [19]

When evaluating precision regarding the 
technique used with the Omnicam scanner, no 
statistically significant differences are detected 
(p=0.955), and a small effect size is observed, 
which suggests that for this type of scanner, the 
technique is irrelevant (mean rank - continuous: 
16.59, segmented: 16.41) (Table XII).

When evaluating precision regarding the 
technique utilized with the CS 3600 scanner, 
statistically significant differences, as well as 
a large effect size in favor of the segmented 
technique, are identified (p<0.001), which 
suggests that for this type of scanner, the 
segmented technique is more favorable (mean 
rank: 10.63) for obtaining more precise models. 
(segmented: mean - 0.017 and  IC95% [0.016; 
0.018] and continuous: mean- 0.019 and IC95% 
[0.019; 0.021]) (Table XIII).

Table XI - Hypothesis test for precision of Trios 3 continuous 
vs segmented

Table XII - Hypothesis test for precision of Omnicam 
continuous vs segmented

Table XIII - Hypothesis test for precision of Carestream® 
continuous vs segmented

Statistical 
Test Decision Mean Ranks Effect Size

r = Z/(√n)

Precision
Mann-Whitney 

U= 20.00, 
p<0.001

There are 
statistically 
significant 
differences

Continuous
23.25

Segmented
9.75

r= -0.726

Statistical 
Test Decision Mean Ranks Effect Size

r = Z/(√n)

Precision
Mann-Whitney 

U= 126.500,  
p= 0.955

There are no 
statistically 
significant 
differences

Continuous
16.59

Segmented
16.41

r= -0.17

Statistical 
Test Decision Mean Ranks Effect Size

r = Z/(√n)

Precision
Mann-Whitney 

U= 34.000,   
p< 0.001

There are no 
statistically 
significant 
differences

Continuous
22.38

Segmented
10.63

r= -0.63
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The main characteristic of a scanner should 
be the accuracy defined by the conjunction or 
sum of two factors: precision and trueness [29-
37]

The replacement of both the conventional 
impression and the cast model would be justifiable 
if the final quality of the digital impression 
meets, at minimum, the same qualitative level 
of accuracy as that of conventional techniques 
[11]

A review of the scanning of both single-
unit restorations and multiple restorations with 
up to 4-5 elements is favorably comparable to 
the conventional method regarding precision. 
For single-unit teeth impressions, several studies 
have considered that the digital method is similar 
to the conventional method of impression with 
polyvinylsiloxane and polyether [33,38-40] 
Additionally, as the extension of the digitization 
area increases, directly proportional distortion 
may ensue [4,9,41-44]

Many studies concur with our results, 
wherein the digital method surpasses the 
precision results regarding conventional 
methods [1,13,41,42,45-47]

Regarding the trueness of the impression 
method (conventional and digital), the results 
present no statistically significant differences 
(p>0.05), and the effect size is moderate 
(0.298). This means that the null hypothesis 
should not be rejected. However, there are some 
limitations related to these results that should 
be considered. For one, the sample sizes of the 
groups are different (CM n= 32 and DM n= 96).

In contrast with our results, one study 
found higher trueness in models generated 
by scanning of conventional impressions with 
polyether for up to 3-4 elements [48]. It should 
be noted that, in our study, polyvinylsiloxane 
was used.

In this study, the scanning of single-unit 
restorations is favorably comparable to the 
conventional method regarding trueness. For 

impressions on single-unit teeth, several studies 
stated that the digital method was similar to 
the conventional method of impressions with 
polyvinylsiloxane and polyether [38,39,48].

Other authors have observed differences 
in the numerical values for trueness as the 
width and extension of the digitized dental arch 
increased. Thus, it is concluded that the larger 
the extension is, the lower the trueness [4,9,49].

It is important to note that when the 
learning curve is complete, the digital method 
possesses the advantage of involving fewer 
stages, which makes the process simpler, thus 
reducing the risk of error. [15,16] In complex 
cases, this makes the process easier, diminishing 
the risk of repetition. If necessary, repetition does 
not become a problem since the digital method 
enables the reproduction of the defective part 
alone [31,35].

Another relevant issue is the patients’ 
preference for this technique over the 
conventional technique [14].

Moreover, because the data are digital, 
virtual models can be obtained, which facilitates 
the storage and manipulation of the collected 
data [15,17].

Therefore, considering the advantages that 
facilitate dentist and dental technician routines, 
a comparison between the two techniques, while 
bearing in mind that conventional impressions 
have been established through length of usage 
and achievement of satisfactory results, is an 
important tool for increasing utilization based 
on the precision and accuracy of the obtained 
models [17-21].

Regarding the digitization direction, 
continuous or segmented, no statistically 
significant differences are found, and the effect 
size is small. As such, the null hypothesis should 
be retained and, therefore, not rejected.

However, as far as the digitization 
direction variable combined with the type 
of scanner is concerned, it is observable that 
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the mean values do not present a statistically 
significant difference, thus confirming the null 
hypothesis. Another study concluded that there 
was no influence from the scanning direction 
on the precision of 3D images and that all the 
results were clinically acceptable. The type of 
model used by these authors could justify this 
fact [15].

On the other hand, there is a study that 
corroborates the results of the present study. 
The authors evaluated four different types of 
digitization strategies and obtained statistically 
equal results for the three evaluated scanners. 
Only one scanner (iTero) showed an influence 
from the digitization direction on the results 
[50].

The Trios 3 and Omnicam scanners 
produced digital images that were compared 
to each other; the data were subjected to the 
Kruskal-Wallis test, executed for independent 
samples (Table IX). Since the statistical variation 
was representative, the post hoc test was then 
carried out for multiple comparisons, which 
confirmed the superiority of the Omnicam 
equipment. Despite these differences between 
scanners, it should be stated that, within the 
scope of a clinic, they do not have an effect on 
the results of treatment.

According to the test “hypothesis for 
precision: Trios 3 versus CS 3600” (Table X), 
there are no statistically significant variations 
between the obtained models, notwithstanding 
the fact that the image capture conditions with 
the intraoral scanner remain unaltered. In this 
context, the Trios 3 scanner presents greater 
trueness than the CS 3600 scanner.

In the comparative test between Omnicam 
and CS 3600 (Table XI), regarding “precision”, 
Omnicam is superior, although these differences 
are centered in the statistical field. A low clinical 
relevance is observed regarding the adaptation 
of restorations given the high sensitivity of the 
standard deviation tests.

On the other hand, no similarities are 
found in comparison with previous studies 
regarding trueness. In other research, partial 
and total arch models that were obtained by 
several scanner brands and by the traditional 
impression technique were compared, and it was 
observed that the digital precision values were 
superior to those of the conventional technique 
in small areas, which is inversely proportional 
to the conclusions for larger area models [41].

In contrast, a study that used five scanner 
models as alternatives to impression materials 
for rehabilitation with implants, total and 
partial, demonstrated that the distortions found 
regarding the stability and longevity of the 
treatments were not relevant as long as the 
selection of a specific scanner was in accordance 
with its clinical indications [33].

CONCLUSIONS

The digital impression method was the 
most favorable method regarding precision. In 
terms of trueness, there were no differences. 
The scanning direction did not influence the 
accuracy of the final casts. Trios 3 was shown to 
be the most accurate scanner.
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