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Objectives This study assessed the dimensional distortion of four types of intracanal posts on cone-beam computed tomography
(CBCT) scans with two different fields of view (FOV) in high and standard resolution modes.

Methods This in vitro study evaluated 40 extracted single-rooted maxillary central incisors that underwent root canal treatment.
The teeth were randomly assigned to 4 groups (n=10) for placement of non-tapered brass, silver, titanium and stainless steel (SS)
intracanal posts. The diameter of the posts was measured at two reference points by a digital caliper (gold standard). The teeth
underwent CBCT with 8 x 8 and 8 x 12 cm FOV with high and standard resolution modes. The post diameters were measured on
axial CBCT images at the same reference points and compared with the gold standard. Data were analyzed by ANOVA, and
paired and independent sample t-test.

Results Significant differences were noted between the radiographic diameter of the posts and their actual size (P<0.05). Titanium
posts (40.25%) showed minimum percentage of dimensional distortion followed by brass (54%), silver (62.5%) and SS (70.17%)
posts. High-resolution images with 8 x 8 cm FOV yielded minimum dimensional distortion (40.6%) followed by high-resolution
images with 8 x 12 cm FOV (45.75%), standard-resolution images with 8 x 8 cm FOV (68.75%), and standard-resolution images
with 8 x 12 cm FOV (72.1%).

Conclusion All metal posts showed significant dimensional distortion on CBCT scans, irrespective of the FOV size and resolution

mode. SS posts yielded maximum, and titanium posts showed minimum dimensional distortion.
Keywords Artifacts; Cone-Beam Computed Tomography; Dimensional Measurement Accuracy

Introduction

Post and core treatment is the restorative treatment of choice
for endodontically treated teeth that have lost a large portion
of their tooth structure, aiming to preserve the residual tooth
structure.' Use of intracanal posts has a long history in
dentistry. Radiography enables the assessment of intracanal
posts and the residual tooth structure. However, two-
dimensional radiography cannot provide three-dimensional
diagnostic data, and valuable information may be lost in this
process.” * Thus, computed tomography (CT) and cone-beam
computed tomography (CBCT) were introduced to overcome
the limitations of two-dimensional radiography.* Introduction
of CBCT in the late 1990 overcame many of the limitations of
CT, since CBCT has lower patient radiation dose, shorter
scanning time, and smaller size of equipment than CT.>”
Despite the increasing use of CBCT as a diagnostic imaging
modality, it has drawbacks such as generation of artifacts,
which can compromise the diagnostic quality of images.®
Artifact refers to the difference between the reconstructed
image and the actual object, which decreases the quality and
diagnostic value of images. Artifacts generated by metal and
non-metal intracanal posts can compromise the quality of
CBCT images. These artifacts can mask the tooth structure
and lead to misdiagnosis. Ferreira et al, and Neves et al.
reported that intracanal metal posts could significantly
compromise the diagnosis of vertical root fractures (VRFs) on
CBCT images.” "

The exposure parameters, size of field of view (FOV), and
resolution of CBCT scanners can affect the generation of

metal artifacts as well. Thus, this study aimed to assess the
dimensional distortion of four types of intracanal posts on
CBCT scans with two different FOVs and high and standard
resolution modes.

Methods and Materials

This in vitro, experimental study evaluated 40 single-rooted
maxillary central incisors extracted for purposes not related to
this study. The study was approved by the ethics committee of
Shahid  Beheshti  University of Medical Sciences
(IR.SBMU.RIDS.REC.1394.148). The sample size was
calculated to be 10 in each group assuming a=0.05, and 10%
error, using Power analysis and Sample Size software.

The inclusion criterion was extracted maxillary central
incisors with sound roots (no root resorption or fracture). The
teeth were mounted in putty impression material prior to root
canal treatment, and were randomly assigned to four groups
(each group had 10 teeth). Root canal treatment was
performed by a senior dental student, and the root canals were
obturated with gutta-percha. Next, the gutta-percha was
removed from the root canals to 5 mm from the apex, and the
post space was prepared with size 2 and size 3 peeso reamers
(Mani, Japan). Prior to placement of intracanal posts, the
diameter of the posts was measured at reference points at 2
and 4 mm from the post tip by a digital caliper (Mitutoyo,
Japan) with 0.01 mm accuracy, and the mean of the measured
diameters was considered as the gold standard. The teeth then
received the following non-tapered intracanal posts (Figure 1):
Group A: Titanium posts (Svenska Dentaroma, Sweden) with
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a mean diameter of 1.17 mm

Group B: Brass posts (Nordin, Switzerland) with a mean
diameter of 1.14 mm

Group C: Silver posts (Shenzhen, China) with a mean
diameter of 1.12 mm

Group D: Stainless Steel wire used as post (3M Unitek, USA)
with a mean diameter of 1.02 mm

Figure 1: Different posts used for the study: (A) titanium, (B) brass,
(C) silver and (D) stainless steel

Next, each post and the respective tooth were coded. The posts
were then placed in the root canals.

All teeth then underwent CBCT in a NewTom VGI scanner
(Verona, Italy) with the most commonly used FOVs in clinical
practice as follows:

- Scanning of the posts with 8 x 8§ cm FOV and standard
resolution (200-pm voxel size)

- Scanning of the posts with 8 x 8 cm FOV and high resolution
(100-um voxel size)

- Scanning of the posts with 8 x 12 cm FOV and standard
resolution (200-um voxel size)

- Scanning of the posts with 8 x 12 cm FOV and high
resolution (100-um voxel size)

For imaging with 8 x 12 cm FOV, 5 teeth from each group
were scanned at the same time, and the teeth were placed next
to each other in a U-shaped arrangement. For imaging with 8 x
8 cm FOV, 2 teeth were linearly placed next to each other for
each scanning cycle. All measurements were performed using
NNT software version 8.0. The measurements were made on
the axial plane of CBCT images. For this purpose, after image
reconstruction in the axial plane with 1 mm slice interval, the
maximum post dimension on axial images at 2 and 4 mm from
the apical tip of the post was measured using the software
ruler, and the mean of the measured values was recorded as
the post diameter on CBCT images (Figure 2).
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All measurements were accomplished by a senior dental
student, trained by an oral and maxillofacial radiologist. To
assess the reliability of the measurements, the intraclass
correlation coefficient was calculated (=85%). The mean
difference between the measurements, analyzed by paired t-
test, was not statistically significant (P>0.05).

Data were analyzed by SPSS version 18 (SPSS Inc., IL, USA).
The frequency, percentage, mean, and standard deviation of
the data were reported, and comparisons were made using
paired sample t-test and mixed ANOVA with one within-
subject factor (scanning protocol) and one between-subject
factor (post material). For pairwise comparisons, the
Bonferroni test was used.
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Figure 2: Axial CBCT images of a titanium post in 12 x 8 cm FOV
with 1 mm slice interval,

a: indicating the apical tip of the post, b: axial image 1 mm from the
apex tip, c: measurement of the maximum post dimension at 2 mm
from the apex tip, d: axial image 3 mm from the apex tip, e:
measurement of the maximum post dimension at 4 mm from the apex
tip

Results

During the study, one tooth with silver post broke and was
therefore excluded from statistical analysis. Significant
differences were observed between the actual sizes measured
by a caliper and radiographic diameter of the posts in both
sizes of FOV and resolution modes in all study groups
(P<0.05). Table 1 shows the mean diameter of the posts
measured by a caliper and their mean diameter on the four
types of images. As shown, the mean diameter of the posts
was minimum on high-resolution images with 8 x 8 cm FOV,
and maximum on standard-resolution images with 8 x 12 cm
FOV.

Table 1- Mean diameter and standard deviation values of different posts in clinical and radiographic measurements

Titanium Brass Silver Stainless steel
Mean Mean Mean Mean

(mm) SD (mm) SD (mm) SD (mm) SD
Caliper 1.17 0.004 1.14 0.005 1.12 0.004 1.02 0.004
High Res-FOV 8x8 1.53 0.086 1.57 0.075 1.62 0.081 1.54 0.067
High Res-FOV 8x12 1.57 0.092 1.63 0.085 1.69 0.102 1.60 0.060
Std. Res-FOV 8x8 1.71 0.091 1.89 0.097 1.96 0.129 1.91 0.133
Std. Res-FOV 8x12 1.76 0.088 1.97 0.131 2.01 0.116 1.91 0.197

Res: Resolution; Std.: Standard; FOV: Field of view

Table 2 illustrates pairwise comparisons of the images in all
groups regarding the mean diameter of the posts. As shown, in

107

all study groups, significant differences were observed
between all image types (P<0.001) except for high-resolution
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images with 8 x 12 cm FOV and high-resolution images with
8 x 8 cm FOV (P>0.05), and standard-resolution images with
8 x 8 cm FOV and standard-resolution images with 8 x 12 cm
FOV (P>0.05). Maximum and minimum percentage of image
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distortion in each group are shown in Table 3.
Pairwise comparisons of different intracanal posts in each scan
mode are summarized in Table 4.

Table 2- P-values for pairwise comparisons of the measured diameters in different scan modes. Significant differences are

shown by asterisk (*).

High Res-FOV 8x8
High Res-FOV 8x8
Titanium= 0.55

. Brass=0.07
High Res-FOV 8x12 Silver= 0.09
SS=0.07
Std. Res-FOV 8x8 P<0.05*
Std. Res-FOV 8x12 P<0.05*

High Res-FOV 8x12

Std. Res-FOV 8x8 Std. Res-FOV 8x12

P<0.05*
Titanium= 0.46
Brass=0.10
*
P<0.05 Silver=0.75
SS=1.00

Res: Resolution; Std.: Standard; FOV: Field of view; SS: Stainless steel

Table 3- Maximum and minimum percentage of image distortion in each study group

Titanium post Brass post Silver post SS post
Maximum percentage  Std. Res-FOV 8 x 12 Std. Res-FOV 8 x 12 Std. Res-FOV 8 x 12 Std. Res-FOV 8 x 12
of distortion cm (50.6%) cm (72%) cm (79.5%) cm (79.5%)
Minimum percentage High Res-FOV 8 x High Res-FOV 8 x 8  High Res-FOV 8 x 8  High Res-FOV 8 x 8
of distortion 12 cm (30.5%) cm (36.8%) cm (45%) cm (45%)

Res: Resolution; Std.: Standard; FOV: Field of view

Table 4- P-values for pairwise comparisons of different posts in different scan modes

High Res-FOV 8x8

High Res-FOV 8x12

Std. Res-FOV 8x8 Std. Res-FOV 8x12

Titanium-Brass P=0.13 P<0.05 * P<0.05 * P<0.05 *
Titanium-Silver P<0.05 * P<0.05 * P<0.05 * P<0.05 *
Titanium-SS P<0.05 * P<0.05 * P<0.05 * P<0.05*
Brass-Silver P<0.05 * P<0.05 * P=0.14 P=0.84
Brass-SS P<0.05 * P<0.05 * P<0.05 * P=0.95
Silver-SS P=1.00 P=1.00 P=0.63 P=1.00

Significant differences are shown by asterisk (*). Res: Resolution; Std.: Standard; FOV: Field of view; SS: Stainless steel

Discussion

This study assessed the dimensional distortion of four types of
intracanal posts on CBCT scans with two different FOVs and
high and standard resolution modes. The results showed that
all metal posts experienced significant dimensional distortion
on CBCT images, with significant differences with their actual
dimensions. Titanium posts experienced minimum percentage
of dimensional distortion, followed by brass, silver, and SS
posts. Also, high-resolution images with 8§ x 8 cm FOV
yielded minimum dimensional distortion (40.6%) followed by
high-resolution images with 8 x 12 cm FOV (45.75%),
standard-resolution images with 8 x 8§ cm FOV (68.75%), and
standard-resolution images with 8 x 12 cm FOV (72.1%). The
effect of changing the image resolution on dimensional
distortion was much greater than that of changing the FOV.
Although changing the FOV changed the dimensional
distortion, this change was not significant. Thus, use of high-
resolution mode with smaller FOV is recommended. Pairwise
comparisons of different types of intracanal posts on the four
types of images revealed significant differences in
dimensional distortion between the titanium and SS posts.
Considering the comparably optimal quality of both titanium
and SS posts in terms of intracanal retention, titanium posts
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can serve as a suitable alternative to SS posts when future
CBCT scans may be required (in order to minimize the
amount of generated artifacts).

Lira de Farias Freitas et al. evaluated the artifacts generated by
intracanal materials in single-rooted teeth. They used Ni-Cr
and Ag-Pd intracanal posts and compared teeth with and
without intracanal posts and without root filling. They
concluded that increase in the atomic number of posts as well
as root filling materials increased the generated artifacts.'
Considering the type of post material in the present study and
the fact that the atomic number of titanium is lower than that
of brass, and the atomic number of brass is lower than that of
SS and silver, our results are similar to those of Lira de Farias

1. '*, Dutra et al. " and Ferreira et

Freitas et al. De Lima et a
al.’ reported that metal posts significantly compromised the
diagnosis of VRFs. Our results confirmed their findings since
the dimensional distortion of posts on CBCT images was
considerable in our study, even for titanium posts that showed
minimum amount of distortion. In a similar study, Safi et al.
evaluated the effect of amperage and FOV on artifacts
generated by intracanal metal posts, and the role of diagnostic
parameters on detection of VRFs. They reported that smaller
FOVs contributed to the diagnosis of VRFs, and a significant

difference existed in this respect between the large and small
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FOVs." In our study, the smaller FOV caused smaller
dimensional distortion, but this difference was not statistically
significant. The results of Safi et al. may be due to the fact that
statistically insignificant dimensional distortion can cause a
significant change in diagnosis, particularly for the diagnosis
of VRFs. Neves et al. pointed to the significant negative effect
of intracanal metal posts on detection of VRFs. Their results
were in line with our findings since the present results showed
considerable distortion of metal posts on CBCT images. They
also compared high-resolution and standard-resolution images,
and found no significant difference between them regarding
the detection of VRFs.'"” This result was somehow different
from our findings. In the present study, the post diameter on
high-resolution and standard-resolution images had significant
differences with actual dimensions measured by a caliper.
Absence of a significant difference in detection of VRFs on
high-resolution and standard-resolution images in their study
may be due to significant differences of the measurements
made on both types of images with the actual values.
Mohammadpour et al. evaluated the detection of VRFs in
presence of titanium and SS posts, and reported the adverse
effect of metal posts on detection of VRFs."” Their results
were in agreement with our findings considering the
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significant distortion of posts on CBCT images in our study.
Moreover, they reported easier detection of VRFs in presence
of titanium posts, compared with SS posts, which can be due
to smaller dimensional distortion of titanium posts compared
with SS posts, as shown in the present study. Estrela et al.
evaluated the artifacts and dimensional distortion of gold and
silver intracanal cast posts.'® Similar to our study, they showed
a significant difference between the post dimensions on
images and their actual diameter. Future studies on different
types of posts and different exposure parameters are required
to better elucidate this topic.

Conclusion

All metal posts showed significant dimensional distortion on
CBCT scans, irrespective of the size of FOV and resolution.
SS posts yielded maximum and titanium posts showed
minimum dimensional distortion.
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