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Abstract
Introduction: Digital models have been proposed as substitutes for plaster models. Dental arch impression scanning is a rapid
and practical approach for digital model obtainment; however, few studies have accessed the accuracy of the method. This
study verified the accuracy of virtual measurements obtained with the scanner Ortho Insight 3D, version 5.0 (Motionview
Software, LLC, Chattanooga, Tennessee, USA).
Materials And Methods: Total of 26 plaster models belonging to the Bahia Federal University Orthodontic postgraduation
program were divided into three groups: G1 (plaster models); G2 (alginate impressions scan) and G3 (plaster models scan).
Virtual measurements were compared to the manual by evaluating upper intercanine and intermolar distances and the antero
posterior distance between upper left canine and upper left molar. Paired Student t and Lin agreement (5% of significance
level) were employed for the statistical analysis.
Results: Of the evaluated measures, the mean difference ranged from 0.48mm to 0.55mm when compared G2 and G1. The
mean difference ranged from 0.6mm to 0.65mm between G3 and G1 groups. Comparing the groups G2 and G3 to G1, it
was found statistically significant differences between all variables (p <0.05). There was a substantial agreement (ρc between
0.95-0.99) and almost perfect (ρc> 0.99) for all parameters evaluated.
Conclusion: Despite having existed significant differences between the virtual and physical approaches, substantial and almost perfect agreement between them allow us to suggest that there is accuracy of virtual images obtained from scanned
impressions in alginate using the laser scanner Ortho Insight 3D.

Keywords: Dental Models; Imaging Three-Dimensional; Dental Impression Material.

Introduction

simple and practical digital diagnose setup making [5].

Plaster models are tools of fundamental relevance for diagnose
and orthodontic treatment planning [1-3]. Dental models are employed for evaluation of sagital, vertical and transversal dimensions and also for crowding or spacing measurements. However,
plaster models present some disadvantages, such as huge space
for storage, risk of loss or breakage and possibility of mold proliferation over long term [2].

Digital model obtainment can be produced by laser scanning of
plaster models [6], impressions [7] or intra oral direct scanning
[8]. Digital models extracted from computed tomography has also
been reported [7].

In this context, it has been proposed the use of digital models as
a tool for diagnose and planning for daily orthodontic practice [1,
4]. Digital models do not require physical space for storage, allow
easy information exchange among professionals [2] and enable

Majorly, the published studies have focused on evaluating the accuracy of digital models obtained from plaster models scanning
[6, 9, 10] and few studies have investigated de precision of digital
models produced through dental impression scanning [12, 13].
Therefore, diagnose and treatment planning can be compromised
when using tools that are not properly calibrated. The present
study thus aimed at evaluating the accuracy of alginate impression-obtained virtual models.
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(HarborFreight Tools, Calabasas, CA, USA) was employed. For the
digital models, the measurements were done using tools provided
by the software Motionview (LLC-Chattanooga, Tennessee, USA).

Material and Methods
The present study has been approved by the Ethics Committee
Board (N. 23087013.3.0000.5024). A pilot study was performed
to determine sample size and for that purpose, student-t test was
employed to identify 0.2 mm difference (previously considered as
clinical relevant [12]). The power of the test was set at 95%.
According to sample size determination, 26 dental plaster models were randomly selected among the collection of Orthodontic
post-graduation program. The research design comprised 3 distinct groups: G1 (conventional plaster model), G2 (digital model
obtained through alginate impression scan) and G3 (digital model
obtained through plaster model scan). Group 3 was added in order
to access possible dimension alterations throughout the impression/scanning processes. As inclusion criteria for model selection,
permanent canines and first molars should be fully erupted.
Plaster models had the canine cuspid and first molar mesio vestibular cuspid perforated with a N.1 stainless steel burr (KG Sorensen Ind. e Com. Ltda., Barueri-SP, Brasil), in order to determine
exactly the measurement site. The chosen burr allows the smallest
drill possible, according to previous tests. The perforations were
performed by a single operator.
The perforated models were then scanned using the laser scan
Ortho Insight 3D, version 5.0 (Motionview Software, LLC-Chattanooga, Tennessee, USA). Subsequently, the models were impressed
with alginate (Jeltrate plus, Dentsply indústria e comércio Ltda.,
Petrópolis-RJ, Brasil) and the impressions were immediately
scanned and digitized using the same scanning device.
For plaster models measurements, a digital caliperCen-Tech 4”®

The measurements are described in Figures 1 and 2
A) Intercanine width: transversal segment between upper left and
right canine cuspids
B) Intermolar width: transversal segment between upper left and
right molars mesio vestibular cuspids
C) Distance between upper left canine and upper left molar: antero posterior segment between upper left canine cuspid and upper left molar mesio vestibular cuspid.
For the present study, paired student-t test and Lin concordance coefficient was employed, using McBride (2005) concordance scale as reference, where values bellow 0.9 are considered
poor, from 0.9 to 0.95 moderate, from 0.95 to 0.99 substantial
and above 0.99 almost perfect. The confidence interval was set
at 95%. Statistical analysis was performed using the R Program
version 3.0.2 (R Foundation for StatisticalComputing, Wien, Österreich).

Results
Mean difference of 0.7mm was observed among the groups considering the three measurement accessed (intercanine, intermolar
and anteroposterior distance). The difference ranged from 0.48
to 0.55 when compared group G2 to G1 and 0.6 to 0.65 when
compared G3 to G1. Mean difference and standard deviation is
described in Table 1.
Comparing group G2 and G3 with G1, statistical relevant differences could be detected regarding all variables tested (p<0.05)
(Table 1).

Figure 1. Measurements in plaster models. (A) Distance 1.3-2.3; (B) Distance 2.3-2.6; (C) Distance 2.3-2.6.
A

B

C

Figure 2. Measurements in virtual models. Distance 1.3-2.3; 1.6-2.6; 2.3-2.6.
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Ortho Insight 3D.

However, a substantial (ρc entre 0,95-0,99) and almost perfect(ρc>
0.99) concordance was found for the parameters tested when
comparing virtual images and plaster models. For instance, anterior posterior distance between upper right canine and first molar
showed almost perfect concordance between G1 and G2. Data is
displayed in Figure 3.

The major advantage of obtaining digital model using dental impression is probably the elimination of the plaster pouring and
trimming phases [7], making the model production quicker and
practical. By using digital models produced through impressions,
the orthodontist may optimize the time spent for diagnose and
planning and, thus, accelerate the beginning of the treatment.
However, dimensional alterations of impression material can occur depending on climate or storage conditions [16-18] making
evident the need for excellent material and method processes.
As previously mentioned, the virtual image accuracy is directly
related to how precise the impression is performed [17]. In the
present study, the virtual images were obtained right after the impressions take. Even so, group 3 was added in order to access the
occurrence or absence of dimensional alterations, since alginate
presents well known stability limitations.

Discussion
Digital revolution has enabled the substitution of conventional
plaster models for virtual ones and a variety of advantages has
been cited in this process [2, 5]. Virtual models technology has
been introduced commercially since the 90´s decade [5, 15], but
as far as the present study could access, no research has been
published aiming at evaluating the accuracy of digital models
produced through dental impressions applying the laser scanner

Table 1. Paired t-test. Mean, standard deviation and difference between virtual and manual means (n = 26).
Mean
13-23
16-26
23-26

G1
SD
32.82
48.87
20.81

Dif
3.04
4.17
3.04

Mean
33.35
49.35
21.36

G2
SD
3.07
4.2
3

p

Dif.
0.53
0.48
0.55

Mean
33.45
49.52
21.41

<0.001
<0.001
<0.001

G3
SD
3.07
4.16
3.04

Dif.
0.63
0.65
0.6

p
<0.001
<0.001
<0.001

SD=Standard deviation; Dif.=Difference between media; p= Statistically different from the manual group (G1).

Figure 3. Graphical representation of the coefficient of agreement of Lin for the measurements 1.3-2.3 (A) e (B), 1.6-2.6 (C)
e (D), 2.3-2.6 (E) e (F).
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In the present study, when comparing group 2 and 3 with group
1 no statistical relevant differences could be found, clearing that
no dimensional alterations occurred due to the process employed.
It is thus concluded that alginate impressions provide high quality
digital images when scanned immediately after impression. The
validity of other time lapses or storage conditions is anticipated.
The clinical significance of eventual discrepancies is a topic of
no consensus in the literature [13, 16, 20]. In the present study,
0.2 mm was considered as clinically significant, as proposed by
Wiranto et al., [13]. According to these authors, such difference
is enough for compromising the making of appliances based on
models produced by prototyping method. QUIMBY et al., [20],
found differences smaller than 1mm between manual and virtual
models, establishing a sufficient sample to demonstrate a difference of up to 2mm. In the present investigation, differences
found were lower than 0.7 mm. It is suggested that this discrepancy has no relevance for diagnose and treatment plan. Digital
models produced through impression scans can perfectly reproduce the dental arches and malocclusions present.
A systematic review published by Luu et al., [21] stated that Bolton discrepancy, crowding and arch perimeter were considered
clinically significant above 0.7mm. This evidence possibly corroborates with the use virtual images obtained with Ortho Insight
3D scanner.
Differently from stated by Santoro et al., [23], Torassian et al.,
[17] and Luu et al., [21], but similarly with research published by
Quimby et al., [20], the present study showed that measurements
performed in conventional models presented lower measurements when compared to virtual ones. It seems that virtual images
are discreetly expanded. This fact has to be critically analyzed because the afore mentioned studies have employed different methodologies.
The present study corroborates with previous researches [20, 23,
24] that have shown significant differences among measurements
obtained using plaster or digital models. Despite of these differences, a substantial and almost perfect concordance was obtained
between plaster and digital models measurements. Akyalcin et
al., [19] stated that a greater concordance will be obtained when
a high tolerance among differences is assumed. In the present
study, an adequate concordance between virtual and plaster model
measurements was observed.

Conclusions
Based on the results of the present article, considering the substantial and almost perfect concordance between measurements
obtained using plaster and digital models constructed through
alginate impression scanning performed with Ortho Insight 3D
scanner, it is suggested that the digital model is an accurate tool
for diagnose and planning in orthodontics.
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