original article

Effect of intracanal posts on dimensions of
cone beam computed tomography images of
endodontically treated teeth

Carlos ESTRELA, DDS, MSc, PhD’

Mike Reis BUENO, DDS, MSc?

Julio Aimeida SILVA, DDS, MSc?®

Olavo César Lyra PORTO, DDS*

Claudio Rodrigues LELES, DDS, MSc, PhD?
Bruno Correa AZEVEDO, DDS, MSc?

ABSTRACT

Objectives: This study evaluated the effect caused by in-
tracanal posts (ICP) on the dimensions of cone beam com-
puted tomography (CBCT) images of endodontically treat-
ed teeth. Methods: Forty-five human maxillary anterior
teeth were divided into 5 groups: Glass-Fiber Post®, Carbon
Fiber Root Canal®, Pre-fabricated Post — Metal Screws®,
Silver Alloy Post® and Gold Alloy Post®. The root canals
were prepared and filled; after that, the gutta-percha filling
was removed, and the ICP space was prepared. The post
cementation material was resin cement. CBCT scans were
acquired, and the specimens were sectioned in axial, sagit-
tal and coronal planes. The measures of ICP were obtained

using different 3D planes and thicknesses to determine the
discrepancy between the original ICP measurements and
the CBCT scan measurements. Results: One-way analy-
sis of variance, Tukey and Kruskall-Wallis tests were used
for statistical analyses. The significance level was set at
a = 5%. CBCT scan ICP measurements were from 7.7%
to 100% different from corresponding actual dimensions.
Conclusion: Gold alloy and silver alloy posts had greater
variations (p>0.05) than glass fiber, carbon fiber and metal
posts (p<0.05). Gold alloy and silver alloy post dimensions
were greater on CBCT scans than on original specimens.
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Introduction

Root canal obturation is a major step in the last
phase of endodontic treatment, which is completed
with coronal restoration. However, endodontically
treated teeth often have a substantial loss of dental
structure and need an intracanal post.!!

Several types of intracanal posts (ICP) have been
recommended for dental reconstructions according
to the analysis of important restoratives aspects: the
possibility of endodontic post failure, which may re-
sult in loss of retention; the risk of root canal rein-
fection due to bacterial microleakage; the effect of
intracanal post length on apical periodontitis; the
retentive effect of adhesive systems for the different
types of posts; the possibility of stress concentration;
and the difference in modulus of elasticity between
post and dentin.®%

Pathological and clinical findings, often support-
ed by radiographs, provide the basis for endodontic
therapy protocols and treatments. Images, however,
are necessary in all phases of endodontic treatment.'!

Since the discovery of X-rays by Roentgen in 1895,
radiology has witnessed the constant development of
new technologies. The angle variations proposed by
Clark and the development of panoramic radiography
produced novel applications in endodontics. Cone
beam computed tomography (CBCT) has recently
introduced three-dimensional (3D) imaging into den-
tistry*?* and brought benefits to specialties that had
not yet enjoyed the advantages of medical CT due
to its lack of specificity. Computerized tomography
(CT) is an important, nondestructive and noninvasive
diagnostic imaging tool.252429

CBCT produces 3D images of a structure because
it adds a new plane: depth. Its clinical application en-
sures high accuracy and is useful in nearly all areas
of dentistry.2>#9102429 However, dimensions misdiag-
noses may result from imaging artifacts. Metal or sol-
id structures (higher density materials) may produce
nonhomogeneous artifacts and affect image contrast.
Concerns about diagnostic errors have motivated
authors to study alternatives to correct for beam-
hardening artifacts during image acquisition, image
reconstruction, or under other conditions.''**

Jian and Hongnian'® found that beam hardening
is caused by the polychromatic spectrum of the X-
ray beam and that artifacts decrease image quality.
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Katsumata et al'®!® reported that artifacts caused by
halation or saturation from an imaging sensor de-
crease CT values on the buccal side of the jaws. In
dental CBCT imaging, artifacts may change CT val-
ues of the soft tissues adjacent to the lingual and buc-
cal sides of the jaws. The CT values of hard tissue
structures may also be similarly affected.

CBCT images showing teeth with solid plastic or
metal ICP may project ghost images over the areas
surrounding it and mask the actual root canal struc-
tures, which increases the risk of clinical misdiagnosis.
Few studies investigated misdiagnosis in association
with CBCT images and ICP. This study evaluated the
effect of original ICP on dimensional of CBCT images
of endodontically treated teeth.

Material and Methods
Tooth preparation

This study is the continuation of a preliminary
evaluation of the effect of CBCT slice on the visual-
ization of endodontic sealers. The study sample com-
prised 45 maxillary anterior teeth extracted for differ-
ent clinical reasons at the Dental Urgency Service of
the Federal University of Goids, School of Dentistry,
Goiania, Brazil. This study was approved by the Eth-
ics Committee of the Federal University of Goiés,
Brazil. Preoperative radiographs of each tooth were
obtained to confirm the absence of calcified root ca-
nals and internal or external resorption, and the pres-
ence of a fully formed apex.

The teeth were removed from storage in 0.2%
thymol solution and were immersed in 5% sodium
hypochlorite (Fitofarma, Lt. 20442, Goiénia, GO,
Brazil) for 30 min to remove external organic tis-
sues. The crowns were removed to set the remaining
tooth length to a standardized length of 13 mm from
the root apex. After initial radiographs, standard ac-
cess cavities were prepared and the cervical third of
each root canal was enlarged with ISO # 50 to # 90
Gates-Glidden drills (Dentsply/Maillefer, Ballaigues,
Switzerland). Teeth were prepared up to an [SO #
50 K-File (Dentsply/Maillefer) 1 mm short of the api-
cal foramen. During instrumentation, the root canals
were irrigated with 3 ml of 1% NaOCl (Fitofarma) at
each change of file. Root canals were dried and filled
with 17% EDTA (pH 7.2) (Biodinamica, Ibiporé, PR,
Brazil) for 3 min to remove the smear layer.
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The teeth were randomly allocated into 5 groups
according to the intracanal post material: Group 1 (n =
9) - Pre-fabricated Glass-Fiber Post® (White post DC®,
FGM, Joinville, SC, Brazil); Group 2 (n = 9) - Pre-fab-
ricated Carbon Fiber Root Canal® (Reforpost Carbon
Fiber RX, Angelus, Londrina, PR, Brazil); Group 3 (n =
9) - Pre-fabricated Post — Metal Screws® (Obturation
Screws®, FKG, Dentaire, La Chaux-de-Founds, Swiss);
Group 4 (n = 9) — Silver Alloy Post® (Silver Alloy la
Croix®, Rio de Janeiro, RJ, Brazil); Group 5 (n = 9)
— Gold Alloy Post® (Gold Alloy Stabilor G®, Au-58.0,
Pd-5.5, Ag-23.3, Cu-12.0, Zn trace, Ir trace; DeguDent
Benelux BV, Hoorn, Netherlands). It was considered
as control the original specimen of each group.

After root canal preparation was completed, all
teeth were filled with AH PlusTM (Dentsply/Maille-
fer) and gutta-percha points, and prepared accord-
ing to the manufacturer’s instructions and using a
conventional lateral condensation technique. The di-
ameters of the prefabricated posts used in Groups 1
to 3 were compatible with the diameter of prepared
root canals. For Groups 4 and 5, silver and gold metal
posts were fabricated after obtaining impressions of
the root canals.

The gutta-percha filling was removed and an in-
tracanal post space was prepared using Gates-Glid-
den drills #2 to #3 (Dentsply/Maillefer) and Largo
drill #1 (Dentsply/Maillefer) to achieve a post length
of 8 mm and to leave at least 4 mm of filling ma-
terial in the apical third (Fig 1). The post cementa-
tion material used was resin cement (RelyX Unicem,
3M ESPE, Seefeld, Germany) strictly according to
manufacturer’s instructions.

Images Analysis

CBCT scans were acquired to obtain 3D images.
The teeth were placed on a plastic platform posi-
tioned in the center of a bucket filled with water to
simulate soft tissue, according to a model described
in previous studies.!#262¢ CBCT images were acquired
with a first generation i-CAT Cone Beam 3D imaging
system (Imaging Sciences International, Hatfield, PA,
USA). The volumes were reconstructed 0.2 mm iso-
metric voxels. The tube voltage was 120 kVp and the
tube current, 3.8 mA. Exposure time was 40 seconds.
Images were examined with the scanner’s proprietary
software (Xoran version 3.1.62; Xoran Technologies,
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Ann Arbor, MI, USA) in a PC workstation running
Microsoft Windows XP professional SP-2 (Microsoft
Corp, Redmond, WA, USA) with an Intel® Core™ 2
Duo-6300 1.86 Ghz processor (Intel Corporation,
USA), NVIDIA GeForce 6200 turbo cache videocard
(NVIDIA Corporation, USA) and an EIZO - Flexscan
52000 monitor at 1600x1200 pixels resolution (Eizo
Nanao Corporation Hakusan, Japan).

Root sectioning

After obtaining the CBCT scans, each specimen
was carefully sectioned in axial, sagittal or coronal
planes using an Endo Z bur (Dentsply/Maillefer) at
high speed rotation under water-spray cooling. The
cross-sectional slices for the axial plane were ob-
tained at 8 mm from the root apex; and for sagittal
and coronal planes, the roots were sectioned longitu-
dinally along the center of the root canal (Fig 1).

Measurement of specimens and CBCT slices

The CBCT scans of intracanal posts (ICP) were
measured in the axial, sagittal or coronal planes. All
measurements were made at 8 mm from the root
apex (Fig 1). ICP measurements on axial slices were
made in the buccolingual direction; on sagittal slices,
in the mesiodistal direction; and on coronal slices, in
the buccolingual direction. All teeth were measured
by two endodontic specialists using a 0.01-mm resolu-
tion digital caliper (Fowler/Sylvac Ultra-cal Mark IV
Eletronic Caliper, Crissier, Switzerland).

To determine the discrepancy between original
ICP values and CBCT values, all measurements were
made on the same axial, sagittal and coronal sites. All
the CBCT measurements were acquired by two den-
tal radiology specialists using the measuring tool of
the CBCT proprietary software (Xoran version 3.1.62;
Xoran Technologies, Ann Arbor, MI, USA). CBCT di-
mensions were reformatted using 0.2-, 0.6-, 1.0-, 3.0-
and 5.0-mm slice thicknesses.

The two calibrated examiners measured all the
specimens and CBCT images and evaluated ICP
dimensions in the directions previously described.
When a consensus was not reached, a third observer
made the final decision.

One-way analysis of variance (ANOVA), Tukey
and Kruskall-Wallis tests were used for statistical
analyses. The level of significance was set at a = 5%.
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Sagittal View Axial View Coronal View

Figure 1. Schematic representation of sectioning root method and posts length, showing the sagittal, axial and coronal views.

Table 1. Percentage (%) of original ICP dimension increase on CBCT scans according to slice thickness and planes for each type of endodontic
material (a=5%).

Thickness/Plane Glass fiber Carbon fiber Metallic pre-fabricated Silver Gold

0.2 mm/ Axial 16.70 7.70 50.00 100.00 73.30
0.2 mm/ Coronal 16.70 38.50 66.70 85.70 100.00
0.2 mm/ Sagittal 0.00 33.30 53.80 57.10 57.10
0.6 mm/ Axial 16.70 7.70 50.00 100.00 73.30
0.6 mm/ Coronal 16.70 38.50 66.70 85.70 100.00
0.6 mm/ Sagittal 0.00 33.30 53.80 57.10 57.10
1 mm/ Axial 16.70 -7.70 50.00 100.00 73.30
1 mm/ Coronal 16.70 38.50 66.70 85.70 100.00
1 mm/ Sagittal 0.00 33.30 53.80 57.10 57.10
3 mm/ Axial 16.70 -7.70 50.00 100.00 73.30
3 mm/ Coronal 16.70 38.50 50.00 85.70 84.60
3 mm/ Sagittal 0.00 16.70 38.50 57.10 42.90
5 mm/ Axial 16.70 -7.70 50.00 100.00 73.30
5 mm/ Coronal 16.70 38.50 50.00 71.40 84.60
5 mm/ Sagittal 0.00 16.70 23.10 57.10 42.90
P value 0.001* 0.001* 0.001* 0.001* 0.001*

*Interaction between type of cut and slice thickness and type of post significantly by Kruskall Wallis test.
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Results

The increase of ICP dimensions in CBCT images
ranged from 7.7% to 100% (Table 1). Differences were
significant between glass fiber post, carbon fiber post

and metal posts (Table 2). Figures 2-7 show the CBCT
sagittal, axial and coronal views of the ICP. No signifi-
cant differences were found when different slice thick-
nesses were used.

Table 2. Percentage (%) of original ICP dimension increase on CBCT scans in each group according to study variables (post, slices thickness and

planes) and statistic analysis (a=5%).

Factor
Glass Fiber Carbon Fiber
Posts*
11.13° 21.20¢
0.2 mm 0.6 mm
Thickness™

50.444 50.444

Axial
Planes***

47.697

Different letters in horizontal demonstrate statistically significant difference with p <0.05.
*p=0.0001 by ANOVA and Tukey test.

**p=0.607 by ANOVA.

***p=0.0001 by ANOVA and Tukey test.

Glass Fiber Post

4

0.6 mm 1 mm 3 mm

Sagittal

0.2 mm

0.6 mm 1 mm 3mm

44

Coronal

0.6 mm 1 mm 3mm

Figure 2. CBCT images of root canal filling with Glass Fiber Post in
different slice thickness (0.2 mm, 0.6 mm, 1 mm, 3 mm and 5 mm) and
planes (sagittal, axial and coronal).

32

Groups
Metallic pre-fabricated Gold Silver
51.548 72.854 79.98%
1mm 3 mm 5mm
49.41A 44,204 42,227
Coronal Sagittal
58.38* 35.958

Carbon Fiber Post

Sagittal

0.2 mm

Coronal

Figure 3. CBCT images of root canal filling with Carbon Fiber Post in
different slice thickness (0.2 mm, 0.6 mm, 1 mm, 3 mm and 5 mm) and
planes (sagittal, axial and coronal).
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Pre-fabricated Post - Metal Screws Silver Alloy Post

Sagittal Sagittal

Coronal
0.2 mm 0.6 mm 1T mm 3mm 5mm
Figure 4. CBCT images of root canal filling with Pre-fabricated Post — Figure 5. CBCT images of root canal filling with Silver Alloy Post in
Metal Screws in different slice thickness (0.2 mm, 0.6 mm, 1 mm, 3 mm different slice thickness (0.2 mm, 0.6 mm, 1 mm, 3 mm and 5 mm) and
and 5 mm) and planes (sagittal, axial and coronal). planes (sagittal, axial and coronal).

Figure 6. CBCT images of root canal filling with Gold Alloy Post in
different slice thickness (0.2 mm, 0.6 mm, 1 mm, 3 mm and 5 mm) and
Sagittal planes (sagittal, axial and coronal).

Gold Alloy Post

v

0.2 mm

Coronal
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Figure 7. CBCT images of root canal filling with Gold Alloy Post, in different slice thickness (0.2 mm, 0.6 mm, 1 mm, 3 mm, and 5 mm) in coronal

view showing metallic artifact in some slices.

Discussion

The 3D visualization of a tooth and oral structures us-
ing CBCT imaging represents an impressive advance in
dentistry. In the past, 3D structures were superimposed
on periapical radiographs; today, they may be per-
fectly assessed using CBCT scans.?589102429 Periagpical
radiographs are the standard method to evaluate root
canal filling and ICP. However, several authors have
described their limitations.2!° At the same time, high
density materials may produce image artifacts, which
may limit interpretation, reduce image quality, and in-
duce diagnostic errors conditiong 3471213.1416-21.26.27.28

Few studies have evaluated imaging artifacts asso-
ciated with ICP. Our findings showed that dimensional
values measured on CBCT scans of gold and silver al-
loy posts are greater than the original specimen mea-
surements (Tables 1 and 2). Beam hardening effects
may be seen depending of the type of ICP. These re-
sults have important clinical implications, particularly
when artifacts cover parts of the root and simulate or
mask root pathologies. Therefore, the interpretation of
CBCT scans of teeth reconstructed with ICP must be

34

cautiously made, which justifies the use of periapical
radiographs as a reference for endodontic diagnoses.
Clinical examinations should always be used as a sup-
port to imaging diagnoses.

CBCT measurement tools provide satisfactory in-
formation about linear distances within an anatomic
volume, 18910152330 However, metal ICP may generate
artifacts on reconstructed images, which may affect
CBCT measurements. Our results did not show any
significant differences between gold alloy and silver al-
loy posts; however, differences between metal, glass
fiber and carbon fiber posts were significant (Table 2).
The occurrence of imaging artifacts on CBCT scans
of metal ICP should always be suspected because
artifacts may limit image interpretation and charac-
terize potential risks of misdiagnosis. No significant
dimensional differences were found in this study
when different slice thicknesses were used (Table 2).

CBCT reconstructions may have greater image di-
mensional values, as well as lack of image homogenei-
ty and definition. Other studies have already discussed
similar findings. 4712172030
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CBCT scans of endodontically treated teeth and ICP
should be carefully examined because of the higher den-
sity of metal posts and their capacity to generate image
artifacts. Density artifacts affect diagnostic procedures,?®
and beam hardening correction methods have already
been evaluated. Artifacts appear as cupping, streaks,
dark bands, or flare artifacts, and are associated with
special absorption of low-energy photons,*716212627.28 A
recent study?® suggested that the use of a harder energy
beam during scanning may result in less artifact forma-
tion. The effects of beam hardening-induced cupping
artifacts may also be reduced by using beam filtration.?

References

1. Anbu R, Nandini S, Velmurugan N. Volumetric analysis of root fillings
using spiral computed tomography: an in vitro study. Int Endod J.
2010;43:64-8.

2. Arai'Y, Tammisalo E, lwai K, Hashimoto K, Shinoda K. Development
of a compact computed tomographic apparatus for dental use.
Dentomaxillofac Radiol. 1999;28(4):245-8.

3. Azevedo B, Lee R, Shintaku W, Noujeim M, Nummikoski P. Influence
of the beam hardness on artifacts in cone-beam CT. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod. 2008;105(4):e48.

4. Barrett JF, Keat N. Artifacts in CT: recognition and avoidance.
Radiographics. 2004;24(6):1679-91.

5. Cotton TR, Geisler TM, Holden DT, Schwartz SA, Schindler WG.
Endodontic applications of cone-beam volumetric tomography. J
Endod. 2007;33:1121-32.

6. Demarchi MG, Sato EF. Leakage of interim post and cores used during
laboratory fabrication of custom posts. J Endod. 2002;28:328-9.

7. Duerinckx Ad, Macovski A. Polychromatic streak artifacts in
computed tomography images. J Comput Assist Tomogr.
1978;2(4):481-7.

8. Estrela C, Bueno MR, Alencar AH, Mattar R, Valladares J
Neto, Azevedo BC, et al. Method to evaluate inflammatory root
resorption by using Cone Beam Computed Tomography. J Endod.

35

Further studies should evaluate the clinical im-
plications of metallic artifacts and the strategies to
minimize them. Our results revealed that the dimen-
sions of gold-alloy and silver-alloy [CPs were great-
er on CBCT scan measurements than on the actual
specimen.

Acknowledgments

This study was supported in part by grants from
the National Council for Scientific and Technologi-
cal Development (CNPq grants #302875/2008-5 and
CNPq grants #474642/2009 to C.E.).

2009;35(11):1491-7.
9. Estrela C, Bueno MR, Azevedo BC, Azevedo JR, Pécora JD. A new
periapical index based on cone beam computed tomography. J
Endod. 2008; 34:1325-33.
Estrela C, Bueno MR, Leles CR, Azevedo B, Azevedo JR. Accuracy
of cone beam computed tomography and panoramic and
periapical radiography for detection of apical periodontitis. J Endod.
2008;34:273-9.
Estrela C, Bueno MR, Porto OCL, Rodrigues CD, Pécora JD.
Influence of intracanal post on apical periodontitis identified by cone
beam computed tomography. Braz Dent J. 2009;20:370-5.
Haristoy RA, Valiyaparambil JV, Mallya SM. Correlation of CBCT gray
scale values with bone densities. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2009;107(4):e28.
. Herman GT. Image reconstruction from projections: the fundamentals
of computerized tomography. New York: Academic Publishers; 1980.
Hunter A, McDavid D. Analyzing the Beam Hardening Artifact in
the Planmeca ProMax. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2009;107(4):e28-e29.
Huybrechts B, Bud M, Bergmans L, Lambrechts P, Jacobs R. Void
detection in root fillings using intraoral analogue, intraoral digital and
cone beam CT images. Int Endod J. 2009;42:675-85.

10.

11.

12.

14.

16.

Dental Press Endod. 2011 apr-june;1(1):28-36



article | Effect of intracanal posts on dimensions of cone beam computed tomography images of endodontically treated teeth

16.

17.

18.

19.

20.

21.

22.

23.

Jian F, Hongnian L. Beam-hardening correction method based on
original sinogram for X-CT. Nucl Instrum Methods Phys Res Sect A
Accel Spectrom Detect Assoc Equip. 2006; 556(1):379-85.

Joseph PM, Spital RD. Method for correcting bone induced artifacts
in computed tomography scanners. J Comput Assist Tomogr.
1978;2(1):100-8.

Katsumata A, Hirukawa A, Noujeim M, Okumura S, Naitoh M,
Fuijishita M, et al. Image artifact in dental cone-beam CT. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 2006;101:652-7.
Katsumata A, Hirukawa A, Okumura S, Naitoh M, Fuijishita M, Ariji

E, et al. Effects of image artifacts on gray-value density in limited-
volume cone-beam computerized tomography. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2007;104:829-36.

Katsumata A, Hirukawa A, Okumura S, Naitoh M, Fuijishita M, Ariji

E, et al. Relationship between density variability and imaging volume
size in cone-beam computerized tomography scanning of the
maxillofacial region: an in vitro study. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2009;107:420-5.

Ketcham A, Carlson WD. Acquisition, optimization and interpretation
of X-ray computed tomography imagery: applications to the
geosciences. Comput Geosci. 2001;27(4):381-400.

Meganck JA, Kozloff KM, Thornton MM, Broski SM, Goldstein SA.
Beam hardening artifacts in micro-computed tomography scanning
can be reduced by X-ray beam filtration and the resulting images can
be used to accurately measure BMD. Bone. 2009;45(6):1104-16.
Mischkowski RA, Pulsfort R, Ritter L, Neugebauer J, Brochhagen
HG, Keeve E, et al. Geometric accuracy of a newly developed
cone-beam device for maxillofacial imaging. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2007 Oct;104(4):551-9

36

24,

25.

26.

27.

28.

29.

30.

Mozzo P, Procacci C, Taccoci A, Martini PT, Andreis IA. A new
volumetric CT machine for dental imaging based on the cone-beam
technique: preliminary results. Eur Radiol. 1998;8(9):1558-64.
Naumann M, Sterzenbach G, Rosentritt M, Beuer F, Frankenberger
R. Is Adhesive cementation of endodontic posts necessary? J
Endod. 2008;34:1006 -10.

Noujeim M, Prihoda TJ, Langlais R, Nummikoski P. Evaluation of
high-resolution cone beam computed tomography in the detection of
simulated interradicular bone lesions. Dentomaxillofac Radiol. 2009
Mar;38(3):156-62.

Ramakrishna K, Muralidhar K, Munshi P. Beam-hardening in
simulated X-ray tomography. NDT&E International. 2006;39:449-57.
Rao SP, Alfidi RJ. The environmental density artifact: a
beam-hardening effect in computed tomography. Radiology.
1981;141(1):223-7.

Scarfe WC, Farman AG, Sukovic P. Clinical applications of cone-
beam computed tomograghy in dental practice. J Can Dent Assoc.
2007;72(1):75-80.

Sogur E, Baksi BG, Gréndahl HG. Imaging of root canal fillings:

a comparison of subjective image quality between limited cone-
beam CT, storage phosphor and film radiography. Int Endod J.
2007;40:179-85.

Dental Press Endod. 2011 apr-june;1(1):28-36



