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ORIGINAL ARTICLE

Periapical status transitions in teeth with posts versus without posts:
a retrospective longitudinal radiographic study

Marika Koutsouri Haereida, Lina Stangvaltaite-Mouhatb, Vibeke Ansteinssonb, Ibrahimu Mdalab and
Dag Ørstavikc

aDepartment of Prosthodontics, Institute of Clinical Dentistry, University of Oslo, Oslo, Norway; bOral Health Centre of Expertise in Eastern
Norway (OHCE-E), Oslo, Norway; cDepartment of Endodontics, Institute of Clinical Dentistry, University of Oslo, Oslo, Norway

ABSTRACT
Objectives: The aim of this study was to compare periapical status transitions in teeth after post
placement compared with other post-endodontic treatments in root-filled teeth.
Material and methods: This retrospective longitudinal radiographic study included radiographs of
284 patients with root filled and restored teeth with composite fillings (Endo-fill group, n¼ 100),
crown or fixed prosthesis (Endo-crown group, n¼ 82) or post and core restorations (Endo-post group,
n¼ 102). All post and core restorations were made of gold alloy. The radiographs taken at the end of
endodontic treatment, at the end of post-endodontic treatment and at least 8months after post-endo-
dontic treatment were evaluated. Post-operative periapical status was assessed according to the peri-
apical index (PAI) and all teeth included in the study had no apical periodontitis preoperatively. Multi-
state Markov analysis was used to assess periapical status transitions among the treatment groups.
Results: Of 284 root-filled teeth without apical periodontitis at baseline, 7.7% developed clear apical path-
ology within a minimum of 8months observational period. In the Endo-post group 11 (10.78%) teeth trans-
ited from Healthy (PAI 1) to Disease (PAI 2-4) state compared with eight (9.75%) in the Endo-crown group
and four (4%) in the Endo-fill group. The transition probabilities from Healthy (PAI 1) to Mild diseased (PAI 2)
were 17.5% in the Endo-post group, 13.1% in the Endo-crown group and 5.3% in the Endo-fill group.
Multivariate analysis showed that teeth in the Endo-fill group had 60% lower hazard to transit from Healthy
(PAI 1) to Mild diseased (PAI 2) state [HR 0.40; 95% CI 0.12, 0.94]. A period exceeding 8months between the
end of the endodontic treatment and prosthetic treatment significantly increased the hazard of disease pro-
gression by three times compared with a period of �8months [HR 3.16; 95% CI 1.06, 9.42].
Conclusions: Teeth without radiographic lesions at baseline and restored with posts had higher hazard
to transit from healthy to diseased periapical status compared with teeth restored with composite resto-
rations. Controlled clinical trials with longer follow-up periods are needed to validate these findings.
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Introduction

It is generally accepted that the outcome of root canal treatment
is positively related to the quality of endodontic treatment [1,2].
An effective seal provided by a good root filling will limit bacterial
growth and prevent the development of periapical pathosis.

Emphasis has also been placed on coronal leakage and its
effect on the prognosis of endodontic treatment. Even well-
placed root fillings may show leakage in vitro [3], and it has
been suggested that root fillings without a coronal seal may
become contaminated and that the endodontic treatment
should be redone prior to placement of the definite restoration
in such cases [4]. However, clinical studies with histological find-
ings have demonstrated that optimally prepared and filled root
canals may resist bacterial penetration even upon long-standing
oral exposure by caries, fracture or loss of restoration [5].

In a study of 1010 endodontically treated teeth, Ray and
Trope found that the quality of the coronal restoration had a

greater impact on the periradicular status than the quality of
the endodontic treatment [6]. Since their study many cross-
sectional studies were followed in various countries
attempting to evaluate the influence of the quality of root
canal fillings and coronal restorations on the periradicular
status of root canal treated teeth [7–12]. Those studies show
variable results; some concluded that periradicular health
depends equally on the quality of the root canal filling and
the coronal restoration [9,11]; others placed more emphasis
on the quality of the root canal filling [2,7,10].

Longitudinal studies, comparing treatment outcomes of
teeth restored with versus without post and core restorations
are scarce. Eckerbom and co-workers investigated the preva-
lence of apical periodontitis after five to seven years in teeth
with crowns and cast posts to evaluate if such treatment
affected the apical status [13]. They concluded that teeth
with posts more often had apical periodontitis. Other studies
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compared technical and biological complication of teeth
restored with versus without post and core systems over a
mean observation period of four to five years [14,15]. It was
found that teeth with posts had the same incidence of endo-
dontic failures as teeth without posts but higher survival
rates. One recent study even found that teeth with posts or
screws were associated with better periapical health com-
pared with teeth without [12]. It should be noted that the
cited studies are quite heterogenic: teeth were restored fol-
lowing different treatment protocols, and the preoperative
periapical diagnosis was either unknown or not recorded.

Preparation and insertion of a post and core restoration
carry an additional risk of contaminating the critical area and
thus increasing the risk for occurrence of periapical lesion. To
the best of the authors’ knowledge, there is a lack of longitu-
dinal studies comparing endodontic treatment outcomes in
teeth that subsequently have received post and core restora-
tions with teeth without post and core restorations and includ-
ing only teeth without periapical pathology at the outset.

The aim of this study was to investigate the periapical sta-
tus transitions in teeth with posts compared with root-filled
teeth without post and core restorations when all teeth
included in the study at baseline had no apical pathosis.

The null hypothesis, therefore, was that there is no differ-
ence in the transition rate from healthy to diseased states in
root-filled teeth restored with posts and crowns compared
with root filled-teeth restored either with composite fillings
or crowns without posts.

Materials and methods

Study design and participants

This retrospective longitudinal radiographic study includes
radiographs of 284 patients with root filled and restored
teeth (Figure 1). The radiographic data were records of

follow-ups of root-filled teeth retrieved from patient records
at the Endodontic Department of Clinical Dentistry,
University of Oslo from the period of 2003–2007. With these
radiographs as a starting point, it was possible to find the
type and time the restorations were placed. Data collection
started and ended in 2008.

The following inclusion criteria were applied:

1. Absence of periapical pathosis at the start of the endo-
dontic treatment. The indications for treatment of the
teeth included were asymptomatic pulpitis, symptomatic
pulpitis, pre-prosthetic endodontics, necrotic pulp with-
out periapical lesion and prophylactic treatment without
periapical lesion. Prophylactic treatment was performed
on teeth scheduled for restorative treatment including
posts, which were without lesions but with root fillings
judged inadequate or exposed to the oral cavity and on
teeth with deep fillings and questionable pulp vitality. In
patients with more than one root canal treatment, one
tooth for analysis was randomly selected and the other
teeth excluded.

2. Availability of radiographs with sufficient clarity and
details to evaluate the periapical status and conclude on
a PAI score at the beginning of the endodontic treat-
ment, at a minimum 8 months after the endodontic
treatment and a minimum of 8 months after the end of
the prosthetic treatment.

Assessment of radiographs

The periapical radiographs were taken with either a Siemens
Heliodent MD (Heliodent MD; Siemens) or an Oralix AC
(Oralix AC; Gendex Dental Systems) unit using the paralleling
technique and Kodak Ultra Speed DF-57 (Kodak Ultra
SpeedDF-57; Eastman Kodak) or Kodak Insight IP-22 (Kodak
Insight IP-22; Eastman Kodak) film. Film processing was

Figure 1. Flow-chart of the case selection process.
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automated with Dental XR-24 Nova (Dental XR-24 Nova; Durr
Dental) and XR 24 PRO (XR 24 PRO; Durr Dental). All radio-
graphs were scanned using Epson Expression 1680 Pro scan-
ner (Expression 1680 Pro scanner; Epson) and the images
were evaluated on the computer monitor using software
program Silver Fast Epson T8 (dot/inch 320 dpi Epson). When
necessary, periapical radiographs were evaluated using a
radiographic viewer magnification. Evaluation of the periapi-
cal area was performed using a light box and a magnifier
(Mattsson; DAB Dental, Sweden) with 2� magnification. The
radiographic evaluation was performed under standardized
conditions, in a darkroom without daylight.

The periapical status was assessed radiographically using
the periapical index (PAI) system [16,17]. One observer (MKH)
examined all the radiographs. The observer was calibrated
against a standard of 100 reference radiographs that were
provided and pre scored by the developers of the index. An
intra- and inter Cohen’s Kappa of 0.79 and 0.73 was
obtained, ensuring satisfactory calibration.

Each tooth was evaluated at the time of diagnosis to
determine inclusion, at the time of endodontic treatment
(PAI baseline) and at the time of the follow-up examination
at a minimum of 8months after the endodontic treatment
and at minimum of 8months after the end of the prosthetic
treatment. (PAI end). Within multi-rooted teeth, the most dis-
eased root identified the respective score.

Treatment protocols

All the patients included in this study had been treated by
undergraduate or postgraduate students. The endodontic
and prosthetic treatment was rendered under controlled and
standardized conditions and under the supervision of the
attending faculty member to ensure quality and consistency
of treatment.

Endodontic treatment
The root fillings were judged as adequate when ending
0–2mm from the radiographic apex and had no visible voids.
In addition, it was mandatory for the root canal treatment to
be approved that four periapical radiographs were docu-
mented at specific times during the treatment. These were:
preoperative diagnostic, working length, masterpoint, and
postoperative final radiographs.

The endodontic treatment was done aseptically under a
rubber dam disinfected with chlorhexidine 5mg/ml in 70%
ethanol for 1min. The endodontic treatment included chem-
ical irrigation with 1% NaOCl and 15% EDTA and mechanical
instrumentation with stainless steel and nickel-titanium files
(Maillefer, Switzerland). Roots with necrotic pulps were
always treated in two or several appointments with a dress-
ing of calcium hydroxide in sterile water and a seal of IRM
(Intermediate Restorative Material; Dentsply). The filling tech-
nique included gutta-percha points (De Trey; Dentsply) and a
root canal sealer (AH Plus; Dentsply) using lateral condensa-
tion. On completion, the canal orifices and access cavity
were filled with IRM.

Postgraduate students had at the time the possibility to
use nickel-titanium rotating file systems (Quantec, Kerr; Race,
FKG; Protaper, Maillefer).

Prosthetic treatment
Root filled teeth were restored by a post and core restor-
ation when the loss of structural integrity resulted in insuffi-
cient hard tissue support for a permanent coronal
restoration. Irrespective of post placement, a minimum of
2mm of coronal dentine was required for the preparation of
a ferrule. The length of the post should be equal to the clin-
ical length of the crown, and at least 3mm well-condensed
root filling should remain apical to the post preparation. All
posts and cores in this study were custom cast posts made
from gold alloy. Preparation for the post was made with the
Parapost system (Parapost XP; Coltene Whaledent). Between
post and core preparation and cementation, the post space
was filled with calcium hydroxide paste and the coronal cav-
ity sealed with IRM. Polyether impression material
(Permadyne, Impregum Penta; 3M) was used. When possible,
and especially in the front region, interim prostheses were
made using prefabricated metal posts (Parapost XP;
Whaledent), celluloid or polycarbonate crown forms and
resin. Temporary restorations were cemented med zinc-
oxide-eugenol cement (Temp Bond; Kerr or Nobetec;
Directa). Prior to permanent cementation, the marginal and
internal adaptation of the post and core restoration were
controlled radiographically and clinically (Fit Checker; GC was
regularly used). All posts were cemented with zinc-phos-
phate cement (De Trey Zinc Phosphate Cement; Dentsply)

Teeth with post-core restorations are referred to as the
‘Endo-post’ group.

Teeth restored with crowns or fixed dental prostheses
constituted the ‘Endo-crown’ group. All crowns and fixed
dental prostheses included in this study were metal ceramic
crowns made of cast gold alloys. The final impression mater-
ial was polyether (Permadyne, Impregum Penta; 3M) com-
bined with retraction cord. The entrance of the root canals
was usually covered with IRM (Intermediate Restorative
Material; Dentsply) and the cavity was filled with composite
or glass-ionomer cement. Temporary restorations used were
made in dimethylmethacrylate (Luxatemp Automix; DMG) or
bismethylene-bismethacrylate (Protemp; Espe) using prefabri-
cated celluloid, polycarbonate crown forms or alginate
impressions taken before preparation procedures. Marginal
adaptation of the crowns and fixed partial prostheses was
verified both clinically and radiographically before final
cementation.

Teeth that were restored with a coronal filling constituted
the ‘Endo-filling’ group. All fillings were composite fillings
(Filtek Supreme XTE; 3M), (Filtek Z250; 3M), (Tetric Ceram;
Ivoclean Vivadent). The coronal entrance of the root canals
was covered with either IRM or glass ionomer cement (Fuji II
LC Caps; GC), (Fuji IX GP Caps; GC). For the composite fillings,
adhesive protocol was followed using acid etching with 37%
phosphoric acid (Total etch; Ivoclean Vivadent) and adhesive
(Adper Scotchbond 1 XT; 3M).
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Ethical considerations

Ethical acceptance was obtained from the Norwegian Centre
for Research Data (NSD reference 18108 2008) and from the
Regional Committees for Medical and Health Research Ethics
(REC reference 64996 2021).

Statistical methods

A tooth was classified as either healthy or diseased based on
its PAI score. Two separate outcome models with different
cut-off points were considered:

Model 1. PAI 1 and PAI 2 combined were defined as healthy
versus PAI 3 and PAI 4 combined as disease.

Model 2. PAI 1 considered as healthy, versus PAI 2 defined
as mild diseased versus PAI 3 and PAI 4 combined
as diseased.

In both models, PAI 1 was defined as a healthy state,
whereas PAI 2 was considered a healthy state in Model 1 but
a mild disease state in Model 2. Using these disease classifi-
cations, the following transitions were allowed:

1. A healthy tooth can deteriorate into the diseased state
(Models 1 and 2 in Figures 2 and 3, respectively).

2. A healthy tooth can advance into a mild disease state or
recover from it (Model 2).

3. A tooth in the mild state can advance into a diseased
state (Model 2).

4. A tooth in the mild state can recover and move into the
health state (Model 2).

In reality, progression from the healthy state into the dis-
eased state is probably through the mild disease state.
However, this transition step cannot be observed since the
assessment of patients is done at just one point in time. All
the disease transitions allowed are represented in Figures 2
and 3 for the two separate disease transition models
respectively.

Multi-state Markov models
Multi-state Markov models were used to assess rates of dis-
ease progression in the form of transitions between different
stages of periapical health states. In both Model 1 and
Model 2, the diseased state was considered an absorption
(end) state because there were no transitions out of this dis-
ease state. First, multi-state Markov models allowed for esti-
mations of transition probabilities were obtained, which
explained the probability of a tooth moving from one dis-
ease state into another disease state. Secondly, using a pro-
portional intensity Markov model, we estimated the effects
of treatment and other covariates on the transition inten-
sities and obtained estimates of hazard ratios. However,
because of very few transitions between disease states, we
did not run the proportional intensity Markov models for the
subgroups. All analyses were performed using the msm
package (Jackson CH, 2011) in R (R Core Team, 2013, Vienna,
Austria). The statistical significance level for all tests was set
at a¼ 0.05. Hazard ratios are presented with their 95% confi-
dence intervals (CI).

Results

A total of 284 teeth were included in the current study with
100 (35.2%) in the Endo-fill group, 82 (28.9%) in the Endo-
crown group and 102 (35.9%) in the Endo-post group
(Table 1).

Among the 20–40 and 41–60 age groups, the majority
(47.8% and 35.8%, respectively) were in the Endo-fill group.
Half of the patients above 60 years received Endo-post. The
majority of the front teeth and premolars were treated with
Endo-post, whereas the majority of the molars were treated
with Endo-fill. The median observation time for teeth in the
Endo-post, Endo-fill and Endo-crown groups was
12.5months, 12months and 11.5months respectively.

Figure 2. Two-state Markov model with a transition table showing disease pro-
gression from a healthy state (Model 1). Twenty-two teeth transited from
healthy state into the diseased state and the rest remained disease free. Since
the diseased state is an absorption state, transitions out of the disease state
into the healthy state (recovery) are not possible.

Figure 3. Three-state Markov model with a transition table showing disease
progression from a healthy state and recovery from a mild state into a healthy
state (Model 2). Twenty-one teeth were mildly diseased after one year, two
were diseased and four recovered from the mild state.

564 M. K. HAEREID ET AL.



Transition counts and probabilities

Based on Model 1, 22 (7.7%) teeth became diseased and the
rest remained disease free (Table 2). The three-state disease
model, Model 2, showed that 7.4% of the teeth transited
from healthy state into a mild disease state, 0.7% of the
teeth transited from healthy state into the disease state, 7%
of the teeth transited from mild to disease state, whereas
28.9% remained in a mild disease state (Table 3).

The transition probabilities presented in Tables 2 and 3
show a 7.5% and 11.6% chance that a tooth currently
healthy will be diseased and mildly diseased after approxi-
mately one year based on the two models respectively.
Model 2 also predicted an 18.6% chance of mild to disease
transition and a 77.6% chance staying in the mild state.

Regression model for covariates

In the univariate analyses of treatment effect on disease pro-
gression based on Model 1 and Model 2, a period exceeding
8months between the end of endodontic and prosthetic
treatment was significantly associated with disease progres-
sion ([HR 2.84; 95%CI 1.16, 6.96] and [HR 2.48; 95%CI 1.01,

6.14] respectively). Based on Model 1, transitions from
healthy to mild disease state were less likely in the Endo-fill
group than in the Endo-post group [HR 0.33; 95%CI 0.12,
0.91] and for molars than front teeth [HR 0.33; 95%CI 0.12,
0.91] (Table 4).

In the adjusted analyses, a period exceeding 8months
between the end of the endodontic treatment and prosthetic
treatment increased the risk of disease progression 3.16
times than a period of � 8months based on Model 1 [HR
3.16; 95%CI 1.06, 9.42] and 3.22 times based on Model 2 [HR
3.22;95% CI 1.07, 9.71] (Table 5). Our findings based on
Model 1 also showed that patients in Endo-fill group were
60% less likely to become diseased after one year compared
with patients in Endo-post group [HR 0.40, 95% CI
0.12, 0.94].

Discussion

This study investigated the association between different
types of post-endodontic restorations and the periapical sta-
tus transitions, when periapical lesions were measured by
standardized scoring of dental periapical radiographs taken
at the start of the endodontic treatment and at a follow
up point.

Teeth in the group restored with post and core restor-
ation showed a higher hazard for transition to a non-healthy
apical status compared with teeth restored with composite
fillings. Teeth restored with composite fillings were 60% less
likely to become diseased after approximately one year com-
pared with teeth treated with posts. We therefore rejected
the null hypothesis that there is no difference between
posted and non-posted teeth. Our findings also suggest that
time between the end of the endodontic treatment and the
final restorative treatment can be an important determinant
to the success of the endodontic treatment.

Most studies on coronal restorations and periapical status
after endodontic treatment have used a cross-sectional study
design [8–10,12] and thus missed the key confounding factor
which is apical periodontitis at the baseline. Cross sectional
studies offer the advantage of large sample sizes and

Table 1. Distribution of patient factors by treatment group in the
study sample.

Endo-fill Endo-crown Endo-post
p-Valuen¼ 100 n¼ 82 n¼ 102

Age in years <.01a

20–40 33 (47.8) 21 (30.4) 15 (21.7)
41–60 39 (35.8) 36 (33.0) 34 (31.2)
>60 28 (26.4) 25 (23.6) 53 (50.0)

Gender .78a

Female 48 (37.2) 35 (27.1) 46 (35.7)
Male 52 (33.5) 47 (30.3) 56 (36.1)

Tooth group .02a

Front teeth 12 (23.1) 14 (26.9) 26 (50.0)
Premolars 35 (36.8) 21 (22.1) 39 (41.1)
Molars 53 (38.7) 47 (34.3) 37 (27.0)

Time between endo and coronal restoration <.01a

�8months 100 (41.3) 66 (27.3) 76 (31.4)
>8months 0 (0.0) 16 (38.1) 26 (61.9)

Observation time: 12.0 (10, 55)b 11.5 (8, 42)b 12.5 (8, 51)b .04c

aChi square test.
bMedian (min, max).
cMann–Whitney U test.

Table 2. Counts (%) of teeth that transited between disease states and estimates of transition probabilities in each treatment group based on Model 1.

Allowed transitions
Transition counts Transition probabilities

Endo-fill Endo-crown Endo-post All teeth Endo-fill Endo-crown Endo-post All teeth

Healthy->Healthy 93 (93.0) 74 (90.2) 95 (93.1) 262 (92.3) 0.932 0.907 0.934 0.925
Healthy->Diseased 7 (7.0) 8 (9.8) 7 (6.9) 22 (7.7) 0.067 0.093 0.066 0.075

Model 1 outcome: PAI 1 and PAI 2 (healthy) versus PAI 3 and PAI 4 (diseased).

Table 3. Counts (%) of teeth that transited between disease states and estimates of transition probabilities in each treatment group based on Model 2.

Allowed transitions
Transition counts Transition probabilities

Endo-fill Endo-crown Endo-post All teeth Endo-fill Endo-crown Endo-post All teeth

Healthy->Healthy 63 (63.0) 45 (54.9) 47 (46.1) 155 (54.6) 0.940 0.849 0.811 0.871
Healthy->Mild disease 3 (3.0) 7 (8.5) 11 (10.8) 21 (7.4) 0.053 0.131 0.175 0.116
Healthy->Diseased 1 (1.0) 1 (1.2) 0 (0.0) 2 (0.7) 0.007 0.019 0.014 0.013
Mildly diseased->Healthy 3 (3.0) 0 (0.0) 1 (0.98) 4 (1.4) 0.090 0.000 0.023 0.038
Mildly diseased->Mild disease 24 (24.0) 22 (26.8) 36 (35.3) 82 (28.9) 0.712 0.760 0.836 0.776
Mildly diseased->Diseased 6 (6.0) 7 (8.5) 7 (6.9) 20 (7.0) 0.197 0.240 0.141 0.186

Model 2 outcome: PAI 1 (Healthy) versus PAI 2 (Mild disease state) versus PAI 3 and PAI 4 (Diseased).
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random selection but give little information on the dynamics
of the disease since no information on the timing of the dis-
ease is available. It has been repeatedly documented that
the most significant factor for endodontic treatment out-
come is the preoperative apical status [10,18]. The microbio-
logical status of root-filled teeth with pre-operative lesions
after disinfection will always be uncertain [1,19]. Therefore,
the selection of initially uninfected teeth (defined by the
absence of a periapical lesion) is a better baseline for follow-
ups than a population of teeth with mixed diagnosis.

In the current study, a total of 284 teeth with known
endodontic and restorative treatment history were examined.
On recall, 22 teeth (7.7%) of these teeth were associated
with periapical lesions according to Model 1. Of note, none
of the included teeth had periapical pathosis at baseline.

Follow-up studies of endodontic treatment on teeth with
a preoperative radiographic lesion show success rate of
73–86% of cases, whereas cases without a preoperative
lesion have over 90% success rate by criteria corresponding
to our Model 1 [19]. We found a 92.3% success rate, which
corresponds well with these findings.

One possible limitation of this study is the retrospective
design with a rather short follow-up time. The European
Society of Endodontology suggests a clinical and radio-
graphic follow-up after at least one year [18]. Failures devel-
oping after more than one year and so-called late failures
are infrequent and only marginally affect overall evaluation
of the periapical health in a group of teeth [20,21]. Others
have concluded that 6–9months evaluation appears to be
an indicator for the final outcome of primary root canal
treatment both in the presence and absence of initial apical
periodontitis [22]. The minimum follow-up time in our study
was 8months from the definitive restorative treatment,
which should be sufficient to register most apical changes
associated with treatment procedures.

The clinical procedures applied in the present study were
standardized according to prescribed protocols and closely
supervised by calibrated faculty members. This provided con-
trol over intra-operative factors that may influence the peri-
apical status of root-filled teeth [18,21]. In particular, clinical
factors related to the quality of the endodontic treatment
such as aseptic working conditions, adequate disinfection,

Table 4. Hazard ratios with 95 % confidence intervals of the association between covariates and outcomes from the univariate analysis of Model 1 and
Model 2.

Covariates
Model 1 Model 2

Healthy->Diseased Healthy->Mild disease Mild disease->Diseased Mild disease->Healthy

Treatment (ref: Endo-post)
Endo-fill 1.02 (0.36, 2.89) 0.30 (0.10, 0.96) 1.52 (0.53, 4.34) 4.13 (0.41, 41.40)
Endo-crown 1.44 (0.52, 3.96) 0.77 (0.03, 1.91) 1.79 (0.06, 4.95) –

Time from endo to pro (ref: <8months)
�8months 2.84 (1.16, 6.96) 2.27 (0.89, 5.78) 2.48 (1.01, 6.14) –

Observation time 1.03 (0.99, 1.07) 1.02 (0.97, 1.07) 1.02 (0.98, 1.06) 0.99 (0.87, 1.12)
Tooth group (ref: Front teeth)
Premolars 0.87 (0.29, 2.67) 0.44 (0.16, 1.21) 1.40 (0.46, 4.30) 0.83 (0.05, 13.74)
Molars 0.68 (0.23, 2.02) 0.33 (0.12, 0.91) 0.92 (0.31, 2.75) 0.90 (0.08, 10.31)

Gender (ref: Female)
Male 0.56 (0.24, 1.32) 1.12 (0.48, 2.60) 0.64 (0.27, 1.51) 0.34 (0.04, 3.22)

Age in years (ref: 20–40)
41–60 0.94 (0.26, 3.31) 0.98 (0.31, 3.10) 0.86 (0.24, 3.05) –
>60 1.99 (0.64, 6.16) 1.57 (0.54, 4.53) 1.96 (0.63, 6.12) –

Bold face shows confidence intervals excluding 1.
Model 1 outcome: PAI 1 and PAI 2 (Healthy) versus PAI 3 and PAI 4 (Diseased).
Model 2 outcome: PAI 1 (Healthy) versus PAI 2 (Mild disease state) versus PAI 3 and PAI 4 (Diseased).

Table 5. Hazard ratios with 95 % confidence intervals of the association between covariates and outcomes from the multivariate analysis of Model 1 and
Model 2.

Covariates
Model 1 Model 2

Healthy->Diseased Healthy->Mild disease Mild disease->Diseased Mild disease->Healthy

Treatment (ref: Endo-post)
Endo-fill 2.00 (0.59, 6.74) 0.40 (0.12, 0.94) 2.87 (0.86, 9.56) 4.54 (0.42, 49.36)
Endo-crown 2.31 (0.77, 6.94) 0.99 (0.37, 2.62) 3.09 (0.97, 9.84) –

Time from endo to pro
(ref: <8months)
�8months 3.16 (1.06, 9.42) 1.49 (0.51, 4.36) 3.22 (1.07, 9.71) –

Observation time 1.02 (0.98, 1.07) 1.01 (0.97, 1.06) 1.02 (0.98, 1.06) 1.00 (0.89, 1.13)
Tooth group (ref: Front teeth)
Premolars 0.84 (0.27, 2.62) 0.45 (0.16, 1.26) 1.24 (0.38, 3.99) 0.57 (0.03, 11.50)
Molars 0.68 (0.22, 2.16) 0.37 (0.12, 1.07) 0.98 (0.30, 3.22) 1.15 (0.08, 16.85)

Gender (ref: Female)
Male 0.48 (0.20, 1.15) 1.07 (0.46, 2.49) 0.49 (0.19, 1.26) 0.39 (0.03, 4.69)

Age in years (ref: 20–40) –
41–60 0.78 (0.21, 2.87) 0.66 (0.20, 2.19) 0.88 (0.24, 3.20)
>60 1.78 (0.53, 6.01) 0.92 (0.29, 2.91) 2.65 (0.76, 9.19)

Bold face shows confidence interval excluding 1.
Model 1 outcome: PAI 1 and PAI 2 (Healthy) versus PAI 3 and PAI 4 (Diseased).
Model 2 outcome: PAI 1 (Healthy) versus PAI 2 (Mild disease state) versus PAI 3 and PAI 4 (Diseased).
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precise canal length measurement, adequate canal prepar-
ation, irrigation, complete root canal obturation were moni-
tored closely [7,18,21]. In addition, clinical factors related to
the quality of the restoration such as ferrule, length of the
post and marginal adaptation of the crown were controlled
by calibrated faculty members [14].

Most studies investigating the association between the
quality of coronal restoration and apical status have used
radiographic data only, and our results were also based on
radiographic scoring of the periapical status. Radiographic
interpretation is subjective and can be influenced by a var-
iety of factors, such as changes in beam angulation [20].
There are studies that have combined radiographic and clin-
ical data [9,23,24], and while combination of data would be
expected to improve the validity of the results, Hommez [23]
and Dugas [9] have found that the correlation between clin-
ical and radiographic data is poor. Determinants such as age,
periodontal status, existing adjacent teeth, or teeth in the
opposite jaw were not taken into account in the present
study; however, except possibly for periodontal probing
depth, these factors may not be of particular significance for
endodontic treatment outcome [21,22]

Which type of radiographic examination is more accurate
in detecting pathoses in periapical area has been a matter of
dispute. The quality of digital panoramic radiographs has
been described by some to be sufficient for detecting apical
pathoses compared with periapical radiography even in the
anterior region [12], whereas others argue that apical peri-
odontitis may be underestimated when using panoramic
radiographs and suggest two-dimensional periapical radiog-
raphy as the technique of choice for routine assessment of
diagnosis and management of endodontic disease [25]. Cone
beam computed tomography (CBCT) is significantly more
sensitive in detecting apical periodontitis compared with
periapical radiography [26,27] but the radiation dose is too
high for routine endodontic examination, and it was not
available at the time the data for this study was collected.
The PAI index is well established as an effective scoring sys-
tem for apical periodontitis, providing a scale from 1 (no dis-
ease) through 5 (apical radiolucency with signs of spreading).
The system is based on a quantitative rather than qualitative
approach to treatment outcome, making it possible to use
the hazard concept on collected data.

The use of a reference set of radiographs reduces obser-
ver bias; there are histological correlates and calibration of
observers that can be made independent of time and
place [28].

In the present study, PAI 2 was considered a healthy state
in Model 1 Markov analysis, giving the traditional cut-off
between PAI 2 and PAI 3 for success and failure. Model 1
uses less strict criteria for diagnosis of apical periodontitis
than Model 2. In Model 2, PAI 2 was not considered a
healthy state, as in Model 1, but a mild disease state, thus
moving the cut off for disease to PAI 1. Markov analysis takes
into account the progression of disease and has shown
higher number of transitions counts to the mild disease
stage (PAI 2) for Endo-post group, compared with cumulative
numbers of the mild disease stage for the other two

treatment groups. The proportion of teeth in a mild disease
state at follow-up was 53/102 for the Endo-post group, 37/
82 for the Endo-crown group and 31/100 for the Endo-
fill group.

There is a wide variation in results when presenting out-
come data by tooth type in the literature. Generally, the
location and type of tooth are not considered to influence
the outcome of non-surgical endodontic treatment. The com-
plex anatomy associated with molar teeth does not appear
to negatively influence the outcome of root canal treatment
[19]. We found, in univariate analysis, that transition from
healthy to mild disease was less likely for molars than for
front teeth; however, the influence of tooth type was insig-
nificant in the multivariate analysis.

Contradictory results have been reported by different studies
investigating the association between periapical status, post-
endodontic treatment and survival of root canal-treated teeth
[15,29,30]. Some studies found association between survival of
endodontically treated teeth and permanent coronal restora-
tions [31]. We did not assess the quality of the root canal treat-
ment and the prosthetic restoration, but the treatments took
place in a controlled environment following generally accepted
protocols. The hazard ratios showed that the group receiving
composite filling restorations was 70% (according to the uni-
variate analysis) and 60% (according to multivariate analysis)
less likely to become diseased after one year compared with the
group receiving post restorations. The risk of disease progres-
sion increased by a factor of three as the time between endo-
dontic treatment and prosthodontic treatment became longer
than 8months. The fact that the type of restoration was found
to be predictive of apical periodontitis may be the result of case
selection for posts and crowns: teeth with little remaining cor-
onal tooth substance may more frequently be selected for treat-
ment with posts. Such teeth may be at greater risk for failure
than teeth with more coronal tooth substance intact [32]. A pro-
spective study assessing the effect of coronal tooth structure
loss on the outcome of root canal treatment showed that
<30% volume of remaining coronal tooth structure had a sig-
nificantly higher endodontic failure rate than teeth with residual
tooth structure volume>30% [33].

In a review article, the proportion of teeth with post-
retained restoration developed apical pathology was slightly
lower than that of teeth without a post, but the difference
was not statistically significant, and the heterogeneity of the
studies reviewed substantial [30]. A recent observational
study showed that placing a post increased the odds of peri-
apical health for 85%, attributing this to the tight seal pro-
vided by posts and the bactericidal corrosive deposits
sealing the canal interface in the cases of metallic posts and
core restorations [12]. Differences in case selection may
explain why the favourable results for posted teeth pre-
sented by Kielbassa and co-workers differed from the results
of the current study [12]. Poor cementation of temporary
crowns or temporary posts, temporary restorations over long
periods can lead to coronal leakage especially in cases of
delayed permanent restorations [31,32]. On the other hand,
post preparation procedures may disrupt the apical seal and
microorganisms may invade the post space between
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appointments, whereby the treatment itself becomes the risk
factor for a negative endodontic outcome. Based on the
results of this study, it seems reasonable to suggest shorten-
ing the time between the end of endodontic treatment and
the final restorative treatment, in cases where prosthetic
restorations are indicated.

Conclusions

We found that 7.7% of 284 root-filled teeth without apical
periodontitis at baseline developed clear apical pathology
within a minimum of 8-month observational period. Teeth
without radiographic lesions at baseline and restored with
posts had higher hazard to transit from a healthy to a dis-
eased periapical status compared with teeth restored with
composite restorations. Controlled clinical trials with longer
follow-up periods are needed to validate these findings.
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