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ABSTRACT

Objectives: The purpose of this in vitro study was to evaluate the trueness of scanning the post space up to 20 mm
with an intraoral scanner (I0S).

Methods: We captured 20-, 18-, 16-, 14-, 12-, and 10-mm length post space scans using an I0S (Primescan) eight
times each by shortening the apical 2 mm end of the same mandibular canine tooth. The reference impressions of
each length group were taken using a light-body polyvinyl siloxane impression material and were scanned with
an extraoral scanner. The recorded standard tessellation language (STL) data of all impressions were uploaded to
a 3D matching program for the trueness evaluation via the root mean square (RMS) calculation. For the statistical
analysis, the Kruskal-Wallis and post-hoc Mann-Whitney U nonparametric tests were performed to compare the
differences among the groups («=0.05).

Results: The median RMS values increased in direct proportion to the length of the post space from 10 mm (357.1
um) to 20 mm (897.5 um). We noted a significant difference among groups (p< 0.001). In the pairwise com-
parisons, there were no significant differences between the 14 mm and 16 mm groups (p=0.431) or between the
18 mm and 20 mm groups (p=0.036), while other paired groups showed significant differences (p=0.001).
Conclusions: The scanned space depth affected the trueness of the I0S (Primescan). If the post depth was below 14
mm, and the minimum diameter was 2.2 mm, Primescan could be used for impressions of the post-core structure,
simplifying the impression procedure.

Clinical significance: 10S seems to be a promising technology for taking digital impressions of post spaces, but
cannot be recommended as a routine procedure at its present stage, as final results are highly dependent on the
clinical situation. Further studies with different IOS systems are needed to gain sound evidence.

1. Introduction

developed for enhanced esthetics, lower root fracture rates, and ease of
application [4]. Recently, prefabricated fiber-reinforced composite

Digitalization has brought many conveniences to dentistry, such as
saving chair time, standardization, and precision in treatment steps. In
clinical practice, a digital restorative workflow begins with a digital
impression provided by an intraoral scanner (I0S). There are many
different commercially available I0Ss in the dental market, and their
limitations have gradually decreased as manufacturers have found so-
lutions to address various kinds of clinical needs [1]. In the early days of
dental digitalization, the use of IOSs was limited to single crown and
inlay/onlay restoration scans [2]; however, it has since become possible
to scan both soft and hard dental tissues for every type of restoration [1].

Customized cast posts manufactured from gold alloys have been
regarded as the “gold standard” for this procedure [3]; however, pre-
fabricated esthetic post alternatives to custom casts have been

(FRC) posts have emerged as the most-preferred system. FRC posts’
stress distribution to the root and neighboring tissues is uniform due to
their similar elasticity with dentin, decreasing the risk of root fracture
[4,5]. Additionally, they allow for a single-visit application and lead to a
satisfactory esthetic outcome [4]. Despite these benefits, the adaptation
of prefabricated circular post systems for root canals is limited if the root
canal’s shape is ovoid [6]. To enhance the adaptation of the post to the
root canal, oval-shaped fiber posts have been produced for oval-shaped
canals, but some studies have reported higher cement thickness around
oval fiber posts than around circular ones [7,8]. Further, the post shape
affects the stress distribution between the post and the mandibular
premolar root dentin, so circular fiber posts bring about greater stress
than oval fiber posts [9].
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Custom posts fabricated from an advanced current resin composite or
hybrid materials with an elastic modulus and shade close to the dentin
could be a good alternative for eliminating most of the mechanical and
esthetic risk factors of prefabricated post systems [10]. It is essential to
preserve tooth structure and not to remove excessive root dentin when
adapting the chosen post system. Accordingly, customized fabrication of
a post eliminates the excessive removal of the root dentin, and an
anatomically fitted post can be manufactured at the appropriate length.
[11]. Recently, a new IOS has been produced that claims to allow taking
impressions of the prepared post space, as its scanner’s depth has been
reported as up to 20 mm [12]. Although depth scans of cavity prepa-
rations up to 5 mm were investigated in a previous study, there is a lack
of studies in the literature evaluating the scanning ability of the IOSs for
deeper areas, even though these are necessary, especially for post space
scans [13].

The purpose of the present in vitro study was to evaluate the trueness
of scanning the post spaces of different lengths up to 20 mm using an
I0S. The trueness of the measure was detected by evaluating the degree
of deviation from the exact value [14]. Root mean square (RMS) values
are often used to reach trueness evaluations; a low RMS value indicates
high trueness [13,15].

The null hypothesis was that no significant differences would be
found among the scanning trueness of post spaces of different lengths.

2. Material and methods

A caries-free human mandibular canine tooth that was extracted for
periodontal reasons was used in the study. This study was approved by
the Non-Interventional Clinical Research Ethical Committee of Istanbul
Okan University (05.05.2021/137). The tooth had a sufficient root
length of 18 mm and a crown length of 10 mm, allowing for a maximum
post space preparation of 20 mm (Fig. 1A). The test groups were
designed as 20-, 18-, 16-, 14-, 12-, and 10-mm length post spaces, each of
which was scanned eight times. The root of the extracted tooth was
cleaned of all residual soft tissue with a scaler, and 0.1% thymol solution
was used as a storage medium for 48 hours. The coronal part of the tooth
was sectioned 3 mm above the cement-enamel junction with a double-
sided diamond disc, and a crown preparation with a 3 mm ferrule and a
1 mm-wide margin was handled with a 1 mm-wide diamond chamfer
bur. The root canal access cavity was prepared carefully without causing
undercut areas, and the root canal was instrumented using rotary files
(Protaper Next, Dentsply Sirona) using an endodontic motor (VDW.Gold
Reciproc, VDW, Munich, Germany) (Fig. 1B, C).

The apical 1 mm of the root was obturated with a gutta-percha cone
(Diadent; Chongju, Korea). For the post space preparation, post drills

Fig. 1. A. Image of the selected mandibular canine tooth for the study; B.
Frontal view of the prepared tooth; C. Occlusal view of the prepared post space.
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(Cytec; Hahnenkratt, Germany) with 1.4 mm (yellow), 1.8 mm (blue),
and 2.2 mm (black) diameters were used according to the manufac-
turer’s instructions. The scanning depth was 20 mm with the coronal
and root parts. The space length was checked with a rotary file adjusted
to 20 mm via a rubber stopper (Fig. 2)

The prepared tooth was embedded in pink-shaded cold-curing
methyl methacrylate resin (S.C.; Imicryl, Turkey) with the cement-
enamel junction as the top surface (Fig. 3A). The conventional post
space impression was taken with a light-body polyvinyl siloxane
impression material (Hydrorise light body, Zhermack, Italy) with the aid
of a wooden toothpick prepared according to the space’s length and
width to support the silicone material and prevent dimensional changes
in the impression during removing. Firstly, with a 40no Lentulo spiral
(VDW; Munich, Germany), some of the impression material was inserted
into the prepared space, and then the wooden toothpick was stabilized
in its center until the material polymerized. With the aid of the stick, the
impression was pulled out of the post space. The post space impression
length was checked with a rotary file adjusted to 20 mm (Fig. 3B). The
silicone impression was scanned with an extraoral scanner (CEREC
inEos X5; Dentsply Sirona; Bensheim, Germany), and the standard
tessellation language (STL) data was recorded as a reference for the 20
mm length group.

A priori power analysis was performed considering the Primescan
measurement values of a previous study [13] using the G*Power power
analysis software (v.3.1.9.4). The minimum group sample size was
determined to be 2 (power=0.95; effect size=2.24), and a group sample
size of 8 was used to increase the study’s power.

The tooth with the prepared post space was scanned with an I0S
(CEREC Primescan 5.0.0; Dentsply Sirona; Bensheim, Germany) eight
times by the same investigator, and the data were recorded. The same
tooth was used for all groups by shortening the root length accordingly.
The tooth was stored in 4°C distilled water to avoid dehydration be-
tween processes.

For the 18 mm post space preparation, the 2 mm apical portion of the
root was sectioned, and the apical 1 mm of the remaining root was
obturated with a gutta-percha cone (Diadent; Chongju, Korea). The total
space length was checked with a rotary file adjusted to 18 mm via a
rubber stopper (MANI; Kiyohara, Japan). The reference impression and
tested data were obtained using the same methods as the 20 mm length

Fig. 2. Depth check of the prepared 20 mm post space.
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Fig. 3. A. The image of the embedded tooth in pink-shaded cold-curing methyl methacrylate resin; B. Length check of the silicone impression for the 20 mm

post space.

group. The same procedures were repeated for 16-, 14-, 12-, and 10-mm
test groups (Fig. 4A, B), and the data were recorded.

The recorded impression data were saved as STL files to be
compatible with the 3D matching program (Geomagic Control X 2020;
3D Systems; Rock Hill, SC, USA). The extraoral scans of each length were
trimmed from the post space entrance only to match the post space
impressions. For each length group, the trimmed extraoral scans were
uploaded as “reference data,” and the intraoral scans were uploaded as
“measured data.” “Initial alignment,” “best-fit alignment,” and *“3D
compare” steps were used to evaluate the 3D comparison. Discrepancies
between the reference and measured data were calculated as the root
mean square (RMS) values and recorded for the trueness evaluation [13,
15]. The software automatically calculated the values, and the data were
recorded for statistical analyses. A lower RMS value indicates higher
trueness. A color map representing visual deviation [16,17] in the region
outside this range was used: red-yellow colors indicated a positive de-
viation, and blue-turquoise colors indicated a negative deviation.

Statistical analyses were performed using the PASW Statistics soft-
ware v.18.0 (SPSS Inc; Chicago, IL, USA). The RMS data were assessed
for normality and homogeneity using the Shapiro-Wilk and Levene
tests, respectively. The Kruskal-Wallis and posthoc Mann-Whitney U
nonparametric tests were used to identify group differences. The type 1
error risk was controlled with a Bonferroni correction accounting for the
number of comparisons with a significance level of o« = 0.05. After
Bonferroni correction, we used a significance level of 0.003 (0.05/15).

3. Results

The median and first and third quartile RMS values for each post
space depth are presented in Table 1. As post depth increased, RMS
values also increased. The Kruskal-Wallis test indicated RMS differed
significantly between groups (p < 0.001). In the pairwise comparisons,
RMS did not differ significantly between the 14 mm and 16 mm groups

Table 1

Median, first (Q1) and third (Q3) quartile values of each post space length (um).
Group Median Q1 Q3
10 mm 357.1 353.1 366
12 mm 419.6 401.2 435
14 mm 502.6 494.3 512.9
16 mm 528.3 454.6 542.9
18 mm 856.2 844.3 887.1
20 mm 897.5 868 921.5

(p = 0.431) and 18 mm and 20 mm groups (p = 0.036). However, RMS
differed significantly between all other group pairs (p = 0.001). Fig. 5
shows a boxplot of RMS for each post space length. Deviations were
primarily seen in the apical region of the post space, particularly at the
cavity’s base, in all groups (Fig. 6).
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Fig. 4. A. Arepresentative image for shortening the apical 2 mm of the embedded tooth; B. A representative image of silicone impression of the shortened post space.
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Fig. 6. Representative color map images for deviation distribution pattern of each group. Blue represents negative deviation of reference file and green represents
deviation within range of nominal values. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

4. Discussion

This study’s null hypothesis was rejected because post space length
affected the trueness of intraoral scans, and significant differences were
found between the RMS values of post space scans with different heights.

The complexity of post space impressions and the need for another
session for laboratory procedures [18] has increased the popularity of
prefabricated fiber posts [4,19]. Grandini et al. [20] found that poor
prefabricated post adaptation increased the cement thickness, resulting
in a greater risk of voids and bubbles in the cement layer, which might
decrease luting material strength. Fernandes et al. [21] similarly found
that custom posts provide better adaptation, reducing cement thickness,
concluding that decreased cement thickness reduced the possibility of
pores, cracks, or gaps within the cement layer, which might cause me-
chanical failure at the interface.

A perfect impression is necessary for a precise adaptation of
customized post systems. Many studies have found that it is possible to
achieve better adaptation of crown restorations with I0Ss rather than
analog techniques [15,22-24]. The post’s adaptation to the prepared
post space and cement thickness has been studied previously [25-28]. A
cement thickness of 250-500 pm was found to be clinically acceptable
[28]. In this study, post space length <14 mm showed RMS values <500
pm, which might be considered acceptable in clinical practice. Based on
the radiographic control image, the dentist can measure the length of the
prospective post and then decide whether to use the IOS system based on
that measurement.

Pinto et al. [29] evaluated post-depth scanning of an IOS (3Shape
Trios 3) compared to a traditional silicone impression taken with a
plastic post and a custom tray. The post spaces were prepared on
decoronated premolar teeth, and the prepared depths were between 8.5
and 9.8 mm. The preparations were 1 mm above the cement-enamel
junction to the apical part of the post space, and no ferrule was struc-
tured. In this study, the mandibular canine tooth was used, and the
shortest post space prepared was 10 mm, including a 3 mm coronal
ferrule height in addition to root space. When post space depth was <10
mm, Pinto et al. [29] found that the 3 Shape IOS scanning efficiency was
inadequate for post space impression, particularly for narrow root
channels.

In this study, the ferrule preparation was handled 3 mm above the
cement-enamel junction to mimic clinical conditions, creating a larger
entrance and possibly making it easier to scan the post space, even for
deeper spaces. There have been numerous I0Ss on the dental market.
However, scanning ability at depths greater than 10 mm was claimed
only for Primescan. In 2019, the CEREC Company announced that it was
possible to scan deep spaces <20 mm with Primescan [12], enabling
scans of long post spaces and fabrication of customized posts from
CAD/CAM materials. This study was designed to test the scanning ability
of IOS at post space depths >10 mm. Therefore, only Primescan was

included in this study, and the maximum post space length prepared was
20 mm, which is more common in canine teeth with long roots.

The results of this study showed that the median RMS values
increased with post space lengths from 10 mm (357.1 ym) to 20 mm
(897.5 um). Few studies have assessed the I0Ss’ depth scanning effi-
ciency for intracoronal restorations. Gurpinar and Tak [13] examined
the accuracy of six different IOSs on scanning 2, 3.5, and 5 mm deep
endocrown preparations. The CEREC Primescan showed the greatest
accuracy of all I0Ss. However, significant differences were found in the
scanning trueness of endocrown preparation depths independent of the
scanner. The trueness of the scans increased with decreasing depths,
supporting this study’s findings. Shin et al. [30] evaluated the marginal
and internal discrepancies of endocrown restorations with 2 and 4 mm
cavity depths prepared on human molars. Two scanners, CEREC AC
Bluecam and Planmeca E4D, were used for digital cavity impressions.
They similarly found that discrepancies increased with deeper cavity
preparations.

Park et al. [31] found that restoration cavity shape also affected the
trueness of intraoral scans, with higher deviation values for cavities with
more complex shapes. In this study, to eliminate scan differences due to
differences in cavity shape, length, and width, the same tooth was used
by shortening it 2 mm from the apical ending for each group. However,
post space cavity gets narrower apically. The narrowest apical ending
was seen at the longest post space and showed the lowest trueness
(897.5 pm). In addition to the deepness of the scanned space, the nar-
rowing configuration might cause high deviation values with increasing
post space length.

The use of extraoral scanners as a reference has been reported in
several studies [32-35], and, similar to this study, an extraoral scanner
(CEREC InEOS X5) with high trueness [36] was used as a reference
scanner. The reference scan was compared with the I0S scans and
analyzed with the aid of color-coded maps showing deviation patterns.
Studies evaluating scan accuracy used similar color-coded maps in their
comparisons [13,31].

This study had some limitations. The results were acquired with
digital scans of the specimens in a non-clinical environment, which did
not recreate intraoral conditions such as saliva contamination, patient
movements, and light reflections of intraoral structures. The width of the
post space entrance was standardized. However, deviations may be
different for different shaped post spaces since lighting will differ.
Another limitation was that only one IOS was used, and only trueness
measures were performed. Further studies are needed to assess the
scanning capabilities of different I0S systems for different post space
configurations.

5. Conclusions

The following conclusions can be drawn from this study within its
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limitations:

1

Scanned space depth affected the trueness of I0S (Primescan) scans.

2 When the prepared overall post space depth is >14 mm, the adap-

tation of the custom post-core structure will be inadequate, resulting
in increased cement thickness.

3 When the prepared overall post space depth is <14 mm and the

diameter is > 2.2 mm, Primescan (IOS) can be considered for the
post-core structure impression, simplifying the impression
procedures.
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