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Abstract

Background. The trueness of intraoral scanners (I0Ss) has been evaluated in many clinical situations.
However, the tests of their performance when scanning post-space preparations are still lacking.

Objectives. The aim of the present study was to compare the trueness of the digital impressions of post
spaces with different depths, captured by means of different 10Ss.

Material and methods. Digital impressions of teeth (N = 16) with post spaces of depths of 8 mm and
10 mm were captured. Three 10Ss were used, including Primescan AC, Medit i500 and CS 3600. The STL files
were compared to the files obtained from the traditional impression scanning performed with an Infos X5
desktop scanner. Then, reverse engineering software measured the trueness values, which were analyzed
using the two-way analysis of variance (ANOVA), followed by Tukey’s post-hoc test. The significance level
was setatp < 0.05.

Results. Significant differences were found between the scanners in terms of root mean square (RMS)
values (p < 0.001). The highest RMS value was found for CS 3600 (0.30 +0.11 mm), followed by
Primescan AC (0.26 +0.09 mm), while the lowest value was found for Medit 500 (0.18 £0.05 mm). The
8-millimeter-deep post spaces had a significantly higher RMS value than the 10-millimeter-deep ones
(0.28 +0.10mm and 0.21 +0.09 mm, respectively) (p = 0.009).

Conclusions. The Medit i500 scanner showed the highest post-space digital impression trueness as com-
pared to Primescan AC and CS 3600. In the digital impressions captured with CS 3600, the 10 mm post-
space depth had higher trueness than the 8 mm depth. Moreover, (S 3600 was less able to capture the full
length of both the 8 mm and 10 mm post-space depths than Primescan AC and Medit i500.
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Introduction

Most endodontically treated teeth require a core build-
up with restorative materials to restore the lost tooth
structure, and a post inserted inside the root canal to
retain the core.! Ideally, the post should be bonded with
a thin uniform layer of resin cement. A thick cement layer
leads to polymerization contraction and creates internal
stresses that cause cement fractures and the debonding
of the post.! Moreover, root canals may show anomalies
that affect the cement layer thickness, though custom-
made posts have a shape that is more similar to the actual
anatomy of the root canal. Conventionally, customized
posts and cores are constructed in a two-step procedure
that involves taking an impression, followed by fabrication
in the dental laboratory.2> Conventional impressions are
taken with the use of elastomeric impression materials.
Indeed, the accuracy and biocompatibility of these ma-
terials have been established.® Nonetheless, their use is re-
lated to several inconveniences, both from the operator’s
and the patient’s standpoint, as it can cause anxiety, dis-
comfort and nausea.>’

The launch of computer-aided design and computer-
aided manufacturing (CAD/CAM) technologies has
revolutionized the processing of dental restorations.?
A significant aspect of CAD/CAM are the scanners used,
available as intraoral or extraoral devices. An intraoral
scanner (IOS) provides direct imaging, while an extra-
oral scanner provides indirect imaging by scanning the
master cast poured from the analog impression.’ A digital
impression created with IOS can be easily repeated and
easily transferred to the dental laboratory, and the pro-
cess itself is characterized by real-time model visualiza-
tion and time efficiency.”!%-1* However, digital systems
have drawbacks, such as the significant cost of the initial
purchase and the ongoing maintenance, difficulty in de-
tecting deep margins, and the fact that blood and saliva
hinder data capture.'> Nonetheless, the dimensional ac-
curacy of digital models generated by intraoral scanning
is deemed high in comparison with the desktop scanning
of conventional impressions.'-22

Conventional impressions can be digitalized for
CAD/CAM post and core fabrication after being sprayed
with an anti-reflective coating. Furthermore, the intro-
duction of IOS has enabled the direct scanning of intra-
canal post-space preparations without the use of conven-
tional impression techniques.?®?* Regardless, limitations
related to the intraoral environment (oral fluids) and IOS
motion, especially in the posterior region, should be taken
into consideration.!

Trueness is defined as ‘the ability of a measurement
to match the actual value’?>2?® The trueness of 10S is af-
fected by the scan pattern, the properties of the scanned
object, the distance between the scanner and the object,
and the size of the scanner head and lightbox.2’-32 The
three-dimensional (3D) trueness of a virtual model can
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be evaluated by calculating its root mean square (RMS)
value.? The comparative analysis of 3D data can be per-
formed by using a coordinate-measuring machine3* or
metrology software,?® which has been adopted from en-
gineering and used to evaluate IOS and conventional im-
pressions.?® Meanwhile, precision is defined as ‘the abili-
ty of a measurement to be consistently reproduced’?®
Although trueness and precision are independent and
each can be assessed separately, when both parameters
are measured, they can be used to evaluate the accuracy
of IOS.

The ability of different scanners to accurately read the
post-space depth is not clear yet. Only a few studies have
assessed the effect of the post-space depth on digital and
conventional silicon impression accuracy.®® Therefore,
the present study aimed to compare the trueness of the
digital impressions of post spaces with different depths,
captured by means of different IOSs. The null hypothesis
was that trueness would not differ according to the post-
space depth or the type of IOS used.

Material and methods

The study was approved by the ethics committee at the
Faculty of Dentistry of the Ain Shams University, Cairo,
Egypt (FDASU-REC ER032238).

A total of 16 (N = 16) single straight-rooted human
teeth — maxillary incisors and mandibular premolars
— free of cracks and caries were selected. A priori power
analysis was performed using the G*Power software,
v.3.1.9.7 (https://www.psychologie.hhu.de/arbeitsgrup-
pen/allgemeine-psychologie-und-arbeitspsychologie/
gpower), based on the results of a previous study.?® The
minimum group sample size was determined to be 2
(power = 0.95; effect size = 8.01), and an increase in the
group sample size could increase the study power. The
sample teeth were collected so that their root anatomy
and dimensions would be similar. The teeth were cleaned
and stored in distilled water throughout the sampling
period before being decoronated by using a diamond
disk mounted on a straight handpiece at 2 mm coronal
to the cementoenamel junction and perpendicular to the
long axis of the tooth. A routine root canal treatment
procedure was carried out and periapical radiographs
were used for inspection. The roots were randomly
assigned into 2 groups (n = 8) according to the depth
of post-space drilling, at either 8 mm (group 8) or
10 mm (group 10). Each root was mounted vertically
in an acrylic block by using self-cured acrylic resin
(Acrostone Dental & Medical Supplies, Cairo, Egypt)
(Fig. 1). A single operator prepared standardized post
spaces for all teeth by using a tapered post drill #1.6 mm
(Olipost Drill, Olident, Cracow, Poland).

Digital and traditional impressions were taken for
each sample. Digital impressions were obtained first,
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Fig. 1. Diagram and photo of the sample mounted in an acrylic block

as the silicone material remaining after applying the
conventional impression technique might affect the
post-space depth, and thus the accuracy of the digital
impression data. The digital impressions of the post
spaces were created with 3 different IOSs, including
Primescan AC with Connect™ Software (Dentsply
Sirona, Bensheim, Germany), Medit i500 (Medit Corp.,
Seoul, South Korea) and CS 3600 (Carestream Dental,
Stuttgart, Germany). The scanner systems, manufac-
turers, software versions, and scanning technologies
are listed in Table 1.

An occlusal notch was marked buccally as a start-
ing point, the samples were fixed in place and all scan-
ners were rotated clockwise. Digital scanning was
performed at room temperature by an experienced ope-
rator to minimize operator experience bias.?” STL files
were generated from each IOS for all samples. Tradi-
tional impressions were taken with polyvinyl siloxane
(SwissTEC HydroXtreme; Coltene/Whaledent, Altstitten,
Switzerland), using a single-step two-material impres-
sion technique (Fig. 2).

To evaluate the trueness of the I0S reference, STL
files were created by scanning each impression with
an extraoral InEos X5 desktop scanner (Dentsply Sirona,
Charlotte, USA), which is a highly accurate laboratory
scanner that uses the digital stripe projection scanning
technology with blue light, with each impression fixed
separately to the five-axis robotic arm of the scanner.

Table 1. Scanner systems, manufacturers, software versions, and scanning
technologies of the scanners used in the study

System Manufacturer Software Technology
Primescan AC  DCNsPly Sirona, CEREC45 confocal
Bensheim, Germany microscopy
. dual camera
Mediti500 higeleip, Medit Link 2.12 optical
Seoul, South Korea ) )
triangulation
53600 Carestream Dental, €S ScanFlow 1.05 , ache'
Stuttgart, Germany triangulation
Dentsply Sirona, ) optical blue
InlEess X5 Charlotte, USA Al structured light

Fig. 2. Polyvinyl siloxane impression of a post space, ready for scanning
with a desktop scanner

The trueness of the IOS was evaluated using reverse
engineering software (Geomagic® Control X™ 2018;
3D Systems Manufacturing, Rock Hill, USA). The reference
standard scan model was first trimmed to remove irrele-
vant data points and leave only the post-space data, which
needed to be aligned. The unnecessary data points were
excluded from the comparison with the test scans. Then,
the “resegmenting” tool was used to manually segment
the reference model, which enabled the restriction of de-
viation calculations to custom datasets. Each IOS scan
file was imported, and then superimposed onto the refer-
ence model by using the initial alignment and the best-fit
alignment for trueness measurements. The software best-
fit alignment algorithm used the iterative closest-point
procedure to align the 3D digital data of the test files and
the reference files, which is the industry standard. After
alignment, the “3D compare” function enabled the auto-
matic isolation and comparison of substrate regions for
the deviation computation of all locations of interest in
post-space regions. The color-coded photographs of the
model revealed the degree and pattern of the deviation
of the 3D model. Darker blue signified a negative or in-
ward deviation, while darker red signified a positive or
outward deviation of the test model (Fig. 3).

5
Fig. 3. Three-dimensional (3D) comparison of the superimposed test
and reference post scans, showing the color map and the root mean
square (RMS) value



Trueness was expressed as RMS, and the square of the
phase difference between several points in 3D space was
calculated (X-axis, Y-axis and Z-axis). The sum of these
squares was then divided by the number of points, and the
RMS was calculated as the square root of this value, using
the following formula (Equation 1):

1 il 2
RMS = x L= Xoi 1
o J;(n X2i) (1)
where:

x;; — measurement of point i on the reference scan;
Xy — measurement of point i on the test scan; and
n — total number of points measured in each analysis.

The RMS value may be employed to assess how dif-
ferent from zero the deviation between 2 different sets
of data is. The lower the RMS value, the better the 3D
agreement of the superimposed data.?

As for the length measurement with regard to the post-
space depth, the STL files of the tested specimens were
imported to the software individually before the “2D
length measurement” tool was selected. To get the length
of the post-space depth captured by each scanner, the
distance from the selected point on the occlusal surface
(the occlusal notch) to the apical end of the post scan was
measured (Fig. 4).

Statistical analysis

Statistical analysis was conducted with the use of the
R statistical analysis software, v. 4.1.2 for Windows
(R Core Team. R: A language and environment for statistical

Fig. 4. Measurement of the post-scan length
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computing. R Foundation for Statistical Computing,
Vienna, Austria). Numerical data was presented as mean
and standard deviation (M +SD). The normality of data was
assessed using the Shapiro—Wilk test, and Levene’s test de-
termined the homogeneity of variance. The data showed
a parametric distribution and variance homogeneity. The
trueness values were analyzed for the effects of the post-
space depth and the scanner type by means of the two-way
analysis of variance (ANOVA), followed by Tukey’s post-
hoc test. The comparison of the post-scan length with the
post-space depth was performed utilizing the one-sample
t test. The correlation between trueness and the post-scan
length was analyzed using Spearman’s rank-order correla-
tion coefficient. Intergroup comparisons utilized the one-
way ANOVA, followed by Tukey’s post-hoc test. The sig-
nificance level was set at p < 0.05 for all tests.

Results

Table 2 presents the significant effects of both the post-
space depth and the scanner type on the RMS values
(p = 0.009 and p < 0.001, respectively), though the inter-
action between the independent variables had no significant
effect (p = 0.178).

Significant differences were found between the scanners
in terms of RMS values (p < 0.001). The highest RMS value
for trueness was found with CS 3600 (0.30 £0.11 mm),
followed by Primescan AC (0.26 +0.09 mm), while the
lowest value was found with Medit i500 (0.18 +£0.05 mm).
In addition, the samples with 8-millimeter-deep post
spaces had a significantly higher RMS value than those
with 10-millimeter-deep post spaces (0.28 +0.10 mm and
0.21 £0.09 mm, respectively) (p = 0.009).

The post-hoc pairwise comparisons showed that the
RMS trueness value was significantly lower for Medit i500
as compared to other scanners (p < 0.001).

The intergroup comparisons of the RMS values
for trueness, presented in Table 3 and Fig. 5, showed
significant differences in the RMS values between
different groups (p < 0.001). The highest value was found
for the CS 3600 group 8 (0.33 +0.09 mm), followed
by the Primescan AC group 8 (0.31 +0.07 mm), the
CS 3600 group 10 (0.26 £0.11 mm), and the Primescan AC
group 10 (0.20 £0.07 mm). The lowest values were found
for the Medit i500 group 8 (0.18 +0.03 mm) and group 10
(0.18 +0.06 mm).

Table 2. Two-way ANOVA results for the root mean square (RMS) values for trueness

Parameter Sum of squares df
‘ Post-space depth 0.05 1
‘ Scanner type 0.11 2
‘ Post-space depth and scanner type 0.02 2
‘ Error 0.26 42

0.01 = =

Mean square f-value p-value
005 748 000" |
0.06 942 <0.001* ‘
0.01 1.80 0.178 ‘
|

df — degrees of freedom; * statistically significant (p < 0.05).
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Table 3. Intergroup comparisons in terms of root mean square (RMS) values for trueness

Parameter

RMS [mm] 0.33 £0.09* 0.18 £0.03¢ 0.31+0.07%F

CS 3600 Medit i500 Primescan AC CS 3600 Medit i500 Primescan AC
group 8 group 8 group 8 group 10 group 10 group 10

0.26 £0.11b¢ 0.18 £0.06° 0.20 £0.075¢ <0.001*

Data presented as mean + standard deviation (M £SD). * statistically significant (p < 0.05); different superscript letters mean statistically significant differences.

0.40
0.35

0.30
0.25
0.20
0.15
0.10 —— ] — ]
0.05
0

CS 3600 CS 3600 Medit i500 Medit i500 Primescan AC Primescan AC
group 8 group 10 group 8 group 10 group 8 group 10

RMS [mm]

Fig. 5. Bar chart showing the intergroup comparisons in terms of root
mean square (RMS) values for trueness

The post-hoc pairwise comparisons showed that the
CS 3600 group 8 had a significantly higher RMS value than
all other groups (p < 0.001), except for the Primescan AC
group 8. In addition, they showed that the Primescan AC
group 8 had a significantly higher RMS value than the
Medit 1500 groups 8 and 10 (p < 0.001).

The M +SD values for the post-scan length in different
groups are shown in Fig. 6. The one-sample ¢ test results
presented in Tables 4 and 5 show that only for CS 3600,
for both the 8 mm and 10 mm post-space depths, there
was a significant difference between the post-space depth
and the post-scan length (p < 0.05).

10

9

8

11

CS 3600 CS 3600 Medit i500 Mediti500  Primescan AC Primescan AC
group 8 group 10 group 8 group 10 group 8 group 10

o~

>~ o

w

Post-scan length [mm]

)

Fig. 6. Bar chart showing the mean values of the post-scan length
in different groups

Table 4. Comparisons of the post-scan length with the post-space depth
(8 mm) in different groups

Post-space

depth Scanner

MD (95% CI)

df | t-value | p-value

CS 3600 —142(-2.35,-048) 7 3.60 0.009*
8 mm Mediti500 —-0.03(-0.05,002) 7 217 0.066
Primescan AC —0.04 (-0.13,0.06) 7 0.88 0.404

MD - mean difference; C/ - confidence interval; * statistically significant
(p < 0.05).

Table 5. Comparisons of the post-scan length with the post-space depth
(10 mm) in different groups

Post-space

Scanner MD (95% CI) t-value | p-value

depth

CS 3600
10 mm Medit i500

—353(-4.30,-275 7 1081
—1.11(=236,0.14) 7 2.10 0.074
Primescan AC —0.12 (-0.34,0.11) 7 1.19 0.272

<0.001*

* statistically significant (p < 0.05).

Discussion

Accessibility is generally hindered when scanning an intra-
coronal restoration design, such as an inlay, as com-
pared to extracoronal designs; it poses a great problem
especially in the case of intraradicular preparations.®
The present study involved the scanning of 2 post-space
depths of 8 mm and 10 mm with the use of 3 IOSs, and
evaluated the trueness of the devices against a reference
extraoral five-axis InEos X5 desktop scanner. The accura-
cy of its results was verified to be within 2.1 um, according
to ISO 12836:2015.39-43

This in vitro study investigated 3 IOSs using different
imaging techniques. Primescan AC represents video-rate
confocal microscopy, Medit i500 uses video-type scan-
ning based on the triangulation technology and CS 3600
uses video-type scanning active triangulation. All the
techniques acquire images with the aid of light and do not
require surface coating with powder.*

The obtained results necessitated the rejection of the
null hypothesis, as they showed significant differences
in the trueness of IOSs. Regarding the RMS values, they
were higher at 8 mm than at 10 mm, and higher trueness
was acquired at the 10 mm depth only in the case of the
CS 3600 scanner. A tapered post drill was used for cre-
ating post spaces, so the longer the post space, the
wider the entrance. This may have led to an increased
amount of IOS light entering the post space.! Moreover,
the CS 3600 scanner had a low scanning depth, which the
manufacturer assumed to be up to 12 mm, as compared
to the 20 mm for Primescan AC and a range of 12-21 mm
(a default depth of 18.5 mm) for Medit i500.*>~% The
scanning depth was assumed to affect both the feasibili-
ty of scanning and the accuracy of the scan data. Besides,
the use of low-scanning-depth IOSs is related to a long
learning curve, since the operator has to keep a distance
from the scanned teeth while watching a computer dis-
play. When the maximum depth the IOS can reach



is shallow, image acquisition may not be possible in nar-
row post-space preparations.?? These findings disagree
with a study of Gurpinar and Tak, who investigated and
compared the accuracy of different IOSs for scanning dif-
ferent pulpal chamber extension depths, and concluded
that deep pulpal chamber extensions of endocrown res-
torations could negatively affect scanning accuracy.’®
Moreover, Pinto et al. concluded that the scanning effec-
tiveness of the 3Shape IOS was insufficient for post-space
impressions, especially for narrow root canals.!

Noticeable and significant differences were found for
the RMS values between the scanners, regarding the
trueness of the captured data. The CS 3600 scanner dis-
played the highest RMS value and the lowest trueness,
while Medit i500 showed higher trueness, followed by
Primescan AC. This could be attributed to the different
scanning technologies, designs, techniques, and light
intensity of each I0S system. The CS 3600 scanner uses
a video sequence system, while Medit i500 stitches im-
ages. Meanwhile, Primescan AC has been described to
use high-frequency contrast analysis as a patent scanning
principle. However, various scanning strategies are not
clearly explained by the manufacturers.*

As a clinically appropriate cement layer thickness has
been established to be between 250 um and 500 pm,*® and
all the IOSs investigated in this study showed RMS values
<330 um, the cement layer was considered clinically ac-
ceptable in all cases.

Regarding the post-space depth scans, the results
showed significant differences for 8 mm and 10 mm,
with the greatest mean difference between the post-scan
length and the post-space depth in the case of CS 3600,
for both group 8 and group 10. One of the main factors
affecting full-depth recording and the trueness of the IOS
is the capture box, which is the area in the scanner tip
that captures the scanned object in each image. All IOSs
require the projection of a sufficient amount of light to
the point of interest before it is reflected and recorded.
Therefore, a large capture box is preferred for the light to
reach deeply for long post-space preparations, as a small
capture box requires more stitching or connecting im-
age files, which results in more errors.>! The field of view
was the smallest in CS 3600 (13 mm x 13 mm), as com-
pared to Primescan AC (16 mm x 16 mm ) and Medit i500
(14 mm x 13 mm).**~% The results are in agreement with
Elter et al., who concluded that Primescan AC could cap-
ture a digital post-space impression when the drilled post-
space depth was less than 14 mm.>?

Other factors influencing trueness, such as the
operator’s scanning skill, software and illumination, were
not considered in this study. The fabrication and the
assessment of the fit of the final restorations were also not
performed, which might be considered a study limitation.

As the trueness of digital post-space impressions
seems to be influenced by the geometry of the post space
and the scanner type, Medit i500 and Primescan AC
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are preferable when recording the full length of the post-
space depth to an acceptable degree in clinical practice;
in the case of CS 3600, the discrepancy between the post-
scan length and the post-space depth was too large, and
the trueness RMS value was too high for the scanner to be
clinically accepted.

Conclusions

The Medit i500 scanner showed the highest post-space
digital impression trueness as compared to Primescan AC
and CS 3600. In the digital impressions captured with the
CS 3600, the 10 mm post-space depth had higher true-
ness than the 8 mm depth. Furthermore, CS 3600 showed
less ability to capture the full length of both the 8 mm
and 10 mm post-space depths than Primescan AC and
Medit i500.
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