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Image-based study of marginal bone loss in teeth
restored with cast endodontic posts

Perda ossea marginal em dentes restaurados com pinos
endodonicos: estudo baseado em imagem
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ABSTRACT

The aim of this study was to assess marginal bone loss in teeth restored with endodontic posts on all four aspects of the teeth using
cone beam tomography. Bone loss was assessed via scores (0-5) in relation to root length and bone height. The results showed
that the scores for the contralateral and restored sides, respectively, ranged from 0 to 3 and 0 to 5 buccally, 0 to 4 and 0 to 4
palatally, 0 to 3 and 0 and 4 mesially and 0 to 3 and 0 to 4 distally. A significant difference in bone loss was observed between
the post-restored teeth and their contralaterals for the buccal, lingual/palatal and mesial aspects (p<0.05), with teeth bearing
endodontic posts scoring highest. In conclusion, marginal bone loss was higher in teeth restored with intra-canal posts when
compared to their sound contralaterals.

Indexing terms: Cone beam computed tomography. Endodontics. Periodontal disease.

RESUMO

O objetivo deste estudo foi avaliar a perda ¢ssea marginal nas quatro faces de dentes restaurados com pinos endodénticos, usando
tomografia por feixe conico. A perda ¢ssea foi avaliada através de escores (0-5) em relacdo ao comprimento da raiz e altura do osso.
Os resultados mostraram que os escores dos lados contralateral e restaurado, respectivamente, variaram de 0 a 3 e 0 a 5 bucalmente,
0 a4 e 0 a4 palatalmente, 0 a 3 e 0 e 4 mesialmente e 0 a 3 e 0 a 4 distalmente. Uma diferenca significativa na perda dssea foi
observada entre os dentes pos-restaurados e seus contralaterais para os aspectos vestibular, lingual / palatal e mesial (p <0,05), com
os dentes com pinos endoddnticos pontuando mais alto. Em conclusdo, a perda éssea marginal foi maior em dentes restaurados com
pinos intra-canal quando comparados aos seus contralaterais sonoros.

Termos de indexacao: Tomografia computadorizada de feixe cénico. Endodontia. Doencas periodontais.
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INTRODUCTION

Endodontic  treatment encompasses  several
fundamental and interdependent steps that are key to
treatment success. The final coronal restoration often
requires support from intracanal posts, which in turn,
could become a risk factor to the surrounding bone, since
the post is unable to prevent coronal bacterial leakage,
either alone or combined with a sealer [1,2]. Success of
endodontic therapy depends on a high-quality coronal
seal, whether provisional or definitive. Protection of the
root fillings by an adequate coronal restoration is of utmost
importance to maintain a successful endodontic outcome.

Katsamakis et al. [3] evaluated 146 complete
sets of periapicals from patients with periodontal disease,
and reported a greater marginal bone loss in 194 teeth
restored with an intracanal post when compared with their
cotralateral tooth. Additionally, their findings included the
presence of angular bone defects in 18% of post-restored
teeth against 7.8% in their contralateral counterparts.

Cone beam computed tomography (CBCT) is able
to convert the pixels of a panoramic radiograph into voxels
using dedicated software, which allows the visualization of
superimposed images by simply rotating the main image
or even checking a different 1-mm thick slice, or even to
mount a 3D image having a like-for-like reproduction of
the area studied [4].

CBCT could, therefore, consist in the radiographic
imaging of choice in such scenarios due to its ability to
eliminate overlaps that normally hinderimage interpretation
in two-dimensional takes [5].

The aim of this study was to evaluate marginal bone
loss in patients with intacanal post-retained restorations, as
per reported by Timmerman & Weijden [6] and Katsamakis
et al. [3], using sagittal and coronal slices from CBCT.

METHODS

This study was approved by the Research Ethics
Committee of the Sao Leopoldo Mandic Dental School, under
the registration number: 838 551. Data were obtained from
the archives of the Sao Leopoldo Mandic Radiology Center,
Campinas Campus. The study was based on a convenience
sample of 2051 CBCT scans from patients that had been
imaged for dental implants.

The inclusion criteria consisted primarily of single-
rooted teeth restored with a cast metal post, regardless
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of their periodontal or endodontic status, with a standing
contralateral tooth that did not show evidence of an
intracanal retainer. Cases were excluded if the angulation
of the teeth obscured the readings despite compensatory
image slice adjustments, if caries, resorptions and/or
fractures were detected.

The final sample population comprised 201
patients. The data were collected by a single examiner,
specially trained and supervised by a radiology specialist
using an image-based software (Xoran version 3.1.62,
Xoran Technologies) installed to run an i-CAT™
tomographic scanner (120 kVp, 36 mA, Imaging Sciences
International, USA). A multiplanar reconstruction window
was set up in which the axial, coronal and sagittal planes
were evaluated at 0.2-mm intervals on an LED monitor
configured for 1280x1024 of resolution. The image
analysis was performed using the i-CAT™ software. In the
coronal and sagittal CT slices, the most central slice of the
tooth was chosen, or the next cut that allowed the best
visualization of all dental structures of interest.

Patients were considered as having characteristic
radiographic aspects of periodontal disease when they
presented generalized horizontal bone loss on all aspects
of at least four teeth [7].

Endodontic evaluation was based on the following
parameters: quality of endodontic treatment (adequate or
inadequate), presence of apical bone loss, marginal bone
loss along the length of the root. The quality of the root
filling was used as a surrogate marker for quality of the
endodontic treatment and it was deemed adequate when
aroot filling was presented, not showing signs of voids and
it extended to the apical limit of the root or approximately
1 mm short of the radiographic apex. It was otherwise
classed as inadequate.

Bone loss was defined as the presence of any
hypodense image in the region of the root periapex and/
or disruption of the lamina dura. For enhanced accuracy,
these teeth were analyzed in both the sagittal and coronal
slices. Marginal bone loss (mesial and distal) was evaluated
on images from coronal slices, having the cementoenamel
junction as reference. In the sagittal slices, bone loss was
evaluated on the buccal and lingual surfaces.

Root measurements and scoring systems were
modified from Muller & Ulrich [8]. Briefly, the coronal slices
(mesial and distal) and sagittal slices (buccal and lingual/
palatal) were taken from a fixed point at the root apex



(point A) to the most cervical portion of the root or to the
cementoenamel junction visible on the CT image (point B)
(figure 1) in millimeters. This same measurement was taken
for the opposite side of the root on the same CT slice and
this straight segment was named AB (figure 1). The most
apical point of the endodontic post was named point C and
the distance between that point and the apex was named
segment AC (figure 1). The value obtained for AC was
subtracted from the AB value for each root surface: mesial,
distal, buccal and lingual AB-AC (figure 1), which gave
the length of the post within the root. Measurements of
bone crest resorption were taken in a similar fashion using
the point A to the maximum extent of bone attachment
cervically (point D), generating an AD segment (figure
1). Therefore, AB-AD was used to assign a value (mm) to
the loss of bone crest height for the respective surfaces
investigated.

In order to assess bone crest resorption in relation
to the root length, a scoring system based on Muller & Ulrich
[8] was adapted for all aspects of the root investigated:
mesial and distal (coronal plane), buccal and lingual (sagittal
plane). The scores ranged from 1 to 5, each of which
represents 1/4 of the root length, where 5 represented the
score that exceeded 4/4 of the measurement. For score 1,
a subscore was created, the score 0, which had a fixed
value of 1 mm and was used in those cases where AB-AD
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< Tmm and such cases were regarded as having no bone
crest resorption.

The bone loss data (mm) conformed to the
assumptions of parametric testing upon removal of outliers
and transformation by the square root, so that the Paired-t
test was used to compare post and contralateral teeth.
Non-parametric testing was also performed on the original
non-transformed data using the Wilcoxon test to validate
the parametric results. Chi-square test was applied to the
scores. One-way ANOVA followed by Tukey’s post hoc test
were used to compare post length within the root canal.
The significance level was set at p<0.05. The statistical
calculations were performed on SPSS version 20.0 (IBM,
USA) and GraphPad Prism version 6.0.

RESULTS

Regarding tomographic evidence of periodontal
disease, whenever present, it was bilateral in our population
sample, with no difference between the post-restored
teeth and their contralaterals, where 49.8% of the patients
showed signs of periodontal disease bilaterally, while
50.2% patients had no evidence of periodontal disease on
CBCT (table 1).

Regarding quality of the endodontic treatment
from the CBCT scans, 30.3% of the cases were found to

Figure 1. lllustration of the measurements taken for root length (RL), post length (PL) height of bone loss (BL) where: RL = AB; PL=AB-AC and BL = AB-AD.

Adapted from Muller & Ulrich 2005.
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Figure 2. Bone loss score in relation to root length.
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Figure 3. Mean (z standard deviation) of bone crest loss (AB-AD) on the
buccal aspect of the post-restored teeth and the contralateral
teeth. No significant difference was identified by the Paired t test
between the post-restored teeth and their contralaterals in terms of
absolute bone loss (mm). This approach does not take into account
the length of the root.

be inadequate, whilst 140 cases (69.7 %) were regarded as
adequate.

The 201 post-restored teeth showed image-based
evidence of periapical changes in 40.3% (n = 81) of the
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Figure 4. Distribution of the parameters of quality of the 201 post-restored
teeth. RCT (root canal treatment), PD (periapical disturbance), no
gaps (no voids between the post and the obturating material).

cases, whereas the remaining 59.7% (n = 120) were free
from periapical disease.

The average length of the intracanal posts (CA-AB)
from the 201 cases on the buccal, lingual/palatal, mesial
and distal aspects was 6.8 mm (SD 1.94). No significant
difference was observed in mean post length between the
4 aspects analyzed (one-way ANOVA followed by Tukey
tests, p> 0.05), demonstrating accuracy of measurements
across the 4 surfaces.

Bone crest resorption from coronal slices showed
that on the buccal aspect the scores for the contralateral
teeth ranged from 0 to 3, where the most frequent score
was 1 (n=128, 63.7%), whereas for the post-restored
teeth, the scores ranged from O to 5 and 102 cases (50.7 %)
scored 1. The Chi-square test did not reveal a significant
association between the scores from the two groups
on the buccal aspect (df=15, likelihood ratio p=0.798),
demonstrating that the samples were independent from
each other, where higher scores were observed in the post-
restored group.

On the palatal aspect, both groups scored from 0
to 4. For the contralateral teeth, the most frequent score
was 1 (130 cases, 64.7%) against 112 cases (55.7%) in the
post-restored group. As per the buccal aspect, the palatal
surface revealed no association between the post and the
contralateral groups (df=16, likelihood ratio p=0.097).

A similar picture was observed for the mesial
aspect, where the post-restored groups scored between
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Table 1. Descriptive analysis of the post-restored teeth and the contralateral teeth in relation to their periodontal status.

No periodontal disease Periodontal disease Total

Contralateral 101 (50.2%) 100 (49.8%) 201
Post-restored 101 (50.2%) 100 (49.8%) 201
202 200 402

Table 2. Score distribution across the surfaces for the post-restored teeth and contralateral teeth for the Chi-squared test.

Post restored teeth

Contralateral teeth

Score 0 Score 1 Score 2 Score 3 Score 4 Score 5
0(B) 4 2 1 0 0
3 (P) 3 4 0 0 0
Score O
0 (M) 1 2 0 0 0
0 (D) 7 3 0 0 0
7 (B) 70 42 5 3 1
7 (P) 74 46 2 1 0
Score 1
11.(M) 96 47 1 0 0
11 (D) 75 47 3 2 0
2(B) 27 26 6 1 0
0(P 34 20 3 0 0
Score 2
2 (M) 16 15 5 1 0
0 (D) 18 29 4 0 0
0(B) 1 3 0 0 0
0 (P) 0 3 0 0 0
Score 3
0 (M) 3 1 0 0 0
0 (D) 1 0 1 0 0
0(B) 0 0 0 0 0
0 (P) 1 0 0 0 0
Score 4
0 (M) 0 0 0 0 0
0 (D) 0 0 0 0 0
0(B) 0 0 0 0 0
0 (P) 0 0 0 0 0
Score 5
0 (M) 0 0 0 0 0
0 (D) 0 0 0 0 0
0 and 4, while the contralateral teeth between 0 and 3. DISCUSSION

The former had 155 cases scoring 1 (77.1%), whereas
the latter 116 (57.7%). The chi-square test revealed no
significant correlation between the two groups (df=12,
likelihood ratio p=0.06).

The distal aspect of the teeth was the only surface
that showed a significant association between the two
groups (df=12, likelihood ratio p=0.008). In other words,
the scores of bone loss at the distal aspect of the teeth
were very similar in both groups.

When the absolute values of bone loss in
millimeters were compared using the paired-T test, no
significant differences were observed between the post-
restored teeth and the contralateral teeth (p >0.05).

Alveolar bone loss is one of the consequences
of periodontitis and patients diagnosed with periodontal
disease show a high rate of horizontal bone loss (92.2%)
and low rate of angular bony defects [9,10], where the
former has been reported to increase with age [8].
Periodontally compromised patients with endodontically
treated teeth tend to show greater rates of bone loss
when compared to their contralateral teeth [6,9,10]. It is
therefore clear that bone loss may interfere with the long-
term prognosis of endodontic treatment and, consequently,
controlling bone loss with therapeutic interventions and/
or periodontal health maintenance is paramount for the
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success of the endodontic treatment and the longevity of
a functional tooth.

Katsamakis et al. [3] reported higher bone loss in
teeth restored with intracanal posts when compared to
the non-post restored contralateral teeth, though such
difference did not reach statistical significance, which may
have been justified on the fact that 28 of the contralateral
teeth had been endodontically treated and therefore may
have influenced the outcome of their statistical analysis. In
addition, and contrary to Mdller & Ulbrich [8], Katsamakis
et al. [3] reported a higher rate of angular bony defects
in the post-restored teeth than in the non-post restored
contralateral teeth.

Using a scoring system to assess bone loss around
a post-restored tooth against its contralateral counterpart,
such as reported by Katsmakasis et al. [3] and the present
study, permits objective measurements of bone loss, taking
into account relevant aspects, such as the length of the
roots. Absolute values, in millimeters, for instance, do
not account for variations in root length, thus risking an
underestimation of the defect (figure 3). Additionally, a
split mouth approach carries the advantage of using the
same patient as both test and control, thus capitalizing
on several positive aspects, such as similarity of the local
environment, equivalent occlusal forces and biofilm control
pattern.

Patients with periodontal disease lose bone, thus
exposing the cement surface and often the subjacent
dentine. Bacteria can therefore infiltrate the dentinal
tubules towards the pulp triggering odontoblasts to react
in an attempt to protect the pulp, thus minimizing tissue
damage [11]. Endodontically treated teeth, however, have
lost this protective feature [12]. It is therefore inappropriate
to suggest that bone loss is independent from the presence
of root canal treatment, since it may have been caused by
coronal leakage, dentinal permeability or even both [13-17].

Despite only wusing two-dimensional images,
most studies in the literature point to greater bone loss
in endodontically treated teeth when compared to their
contralaterals. Timmerman & Van der Weijden [6] reported
bone loss of 4.2 mm mesially and 4.5 mm distally in
endodontically treated teeth whilst 3.5 mm and 3.9 mm,
respectively, in the contralaterals. Additionally, Adyani-Fard
et al. [9] reported 3.4 mm of bone loss in endodontically
treated teeth and 3.23 mm in non-endodontically treated
teeth, whilst the mean bone loss values reported by Deepak
& Sukla [18] were 4.3 mm and 3.7 mm, respectively.
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Regarding teeth with both root canal treatment
and endodontic post, a trend to greater bone loss has
been observed in relation to contralateral teeth. Further
to their analysis on root canal treated teeth without a post
retained restoration, Timmerman & Van der Weijden [6]
also investigated teeth with an endodontic post, with
bone loss recorded at 4.3 mm both mesially and distally
in the post-restored group against 3.3 mm and 4.0 mm,
respectively, in the contralaterals. Despite being part of
the same group of researchers as Timmerman & Van der
Weijden[6], Katsamakis et al. [3] reported opposite findings,
with greater loss in the contralateral teeth as apposed to
the post-restored teeth, with measurements such as 3.9
mm mesially and 3.94 mm distally in teeth restored with
a root canal post, whilst those without a post recorded
4.06 mm and 4.2 mm respectively, though not statistically
significant. The findings from the present study corroborate
the former reports regarding a trend towards greater
loss in the post-restored teeth, however further analyses
were performed on the 4 aspects of the teeth, in which
the buccal and palatal/lingual aspects were also assessed.
The palatal aspect recorded 3.20 mm and 3.08 mm in the
post-restored and contralateral teeth, respectively, whereas
buccally, the measurements were 3.56 mm and 3.22 mm,
respectively, thus illustrating a trend towards greater bone
loss in teeth restored with endodontic cast posts. It was
not possible to verify the findings for the buccal and
palatal/lingual aspects against the literature, since this
appears to be the first report using CBCT to scrutinize
all aspects of the teeth. All above-described studies used
digital periapical images and dedicated software for their
measurements, except for Timmerman & Van der Weijden
[6], who performed their measurements manually using
conventional radiographs.

CBCT is currently the highest precision imaging
test in dental radiology. It provides clear views from all
aspects of the teeth in three planes, sagittal, coronal and
axial. It yields reliable diagnostic data from the periapex,
roots, root canal anatomy, instrument and root fractures,
root/bone resorption, etc. [19,20]. CBCT was crucial in
establishing differences in bone loss in this study, since
the most significant sites between the test (post-restored)
and the control (contralateral) groups were the buccal
and palatal aspects of the teeth (p=0.798 and p=0.097,
respectively), which could not have been visualized using
conventional two-dimensional imaging techniques such as
interproximal or periapical radiographs.



The findings from this study suggest that the
presence of a cast endodontic post may have a deleterious
effect on the periodontium. This raises some important
questions regarding the possible pathogenesis of bone
loss, such as biomechanical imbalances or even post
maladjustments within the root canal, possibly inducing
micro cracks both cervically or along the root surface, thus
compromising periodontal health and eventually leading
to irreversible loss of function. It is therefore essential to
encourage multidisciplinary investigations on endo-perio-
restorative interactions in order to ameliorate the success
rates of such dental rehabilitations, safeguarding sound
tooth structure from extensive mutilation and excessively
invasive procedures.
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