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Objective. To investigate the relationship between the presence of the coronal restoration and endodontic treatment
success or failure.
Methods. This study comprised 200 endodontically treated teeth with 441 roots. Follow-up examination was
conducted 4 � 0.5 years after completion of endodontic treatment. Outcome criteria were modified from Strindberg.
Results. Teeth/roots restored with permanent coronal restoration (casting or filling) had a higher success rate (80%)
than teeth/roots not restored (60%; P � .01) in the analysis of aggregate data. However, the results of stratified analysis
on key confounding factor (preoperative periapical diagnosis) showed that there is no significant association between
the presence of permanent restoration and endodontic outcome. Teeth with preoperative apical periodontitis were less
likely to be restored with a crown (23.9%) than teeth without apical periodontitis (76.1%; P � .01). Anterior teeth
were more likely to be restored with a filling and sooner than the posterior teeth. These associations suggest a
treatment selection bias.
Conclusions. Stratified analysis on the key confounding factor reveals that endodontic outcome is driven by the
presence of preoperative root canal infection (apical periodontitis). Lack of stratification on key confounding factors
inaccurately suggests that presence of permanent restoration contributes to the success of endodontic treatment in the
aggregate analysis of grouped data. The choice to restore the tooth as well as the choice and timing of permanent
restoration may be the result of a bias in treatment selection. Stratified analysis on key confoundidng factors is the key

to valid analysis and accurate results. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2007;104:576-82)
Eradication of microorganisms from an infected root
canal system has been demonstrated in numerous stud-
ies to be the key to successful endodontic treatment.
Endodontic treatment is therefore focused on asepsis
and disinfection with preservation of the remaining
tooth structure. Conventional clinical practice assumes
that endodontically treated teeth are restored to form
and function after the completion of endodontic ther-
apy. It is believed that the presence of coronal restora-
tion helps to protect the endodontically treated tooth
and root canal system from coronal leakage and rein-
fection. It is furthermore often assumed that the pro-
tective effect is enhanced if the coronal restoration is
placed soon after the completion of endodontic treat-
ment. Numerous studies have suggested that unpro-
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tected tooth and root canal structures are vulnerable to
reinfection.1-6 Coronal leakage studies generally dem-
onstrated extensive leakage in experimental models in
vitro and in vivo.7

Much has been written about the effect of permanent
coronal restoration on treatment outcome. Safavi et al.8

reported on the effect of various restorations on perira-
dicular status in a 2-year clinical study with known
diagnostic and treatment factors. They observed a ten-
dency toward higher success rate in teeth restored with
permanent restoration; the differences, however, did
not reach statistical significance. Allen et al.9 observed
that teeth that were permanently restored after ortho-
grade or surgical retreatment had a significantly higher
rate of successful outcome compared to the teeth that
were not restored.

The effect of various restorative procedures subsequent
to endodontic therapy is often missing from most prog-
nosis studies. Several recent studies have addressed the
issue of the effect of restoration on endodontic treatment
outcome.10-14 However, the effect of the timely placement
of permanent restoration on long-term endodontic treat-
ment outcome has not been addressed.

The purpose of the present study was to investigate
the relationship of permanent coronal restoration on

endodontic treatment outcome.
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MATERIALS AND METHODS

Cohort identification and selection of study
sample

The study population and the methods have been
described in detail previously.15 Briefly, the study pop-
ulation of this historical prospective cohort study com-
prised the patients treated at the university postgraduate
endodontic clinic during a defined time period.16 Dur-
ing that time period, a root canal microbiologic culture
was routinely taken at several time points in the course
of endodontic treatment and was recorded in a data log
book. This data log book served as a population base
from which we compiled the present study sample.
Patients who had a preobturation culture recorded were
eligible to enter the study. Identifying patient informa-
tion was obtained from the patient record.

Inclusion criteria: The availability of complete end-
odontic, radiographic, microbiologic, and restorative
records. Teeth extracted before 4 � 0.5–year follow-up
examination were included in the study if the inclusion
criteria were met and the reason for extraction was
recorded.

Exclusion criteria: Odontogenic developmental
anomalies, teeth with immature roots, root fractures, and
missing information or incomplete records.

All patients who met the eligibility criteria were
contacted by phone and offered a 4-year follow up
examination. Twenty-five percent of the original pool
of patients treated who met the study participation
criteria were traced. Seventy-five percent of the patients
traced consented to a follow-up examination. This rep-
resents an 18.7% recall rate at the observation period of
4 � 0.5 years after obturation. A total of 200 teeth with
441 root canals in 120 patients were evaluated.15

Data elements
Comprehensive data were collected and included 117

tooth descriptors.
Diagnostic and treatment information for each of the

eligible patients was abstracted from the original pa-
tient record retrospectively by the same endodontist.

Endodontic treatment was rendered under controlled
conditions and followed standardized protocol. After
single-tooth rubber dam isolation, the tooth and rubber
dam were disinfected with 30% H2O2 and 5% tincture
of iodine.17 Estimated working length was determined
using preoperative periapical radiograph and a millime-
ter ruler and verified with a radiograph. One percent
buffered NaOCl (approx. pH 8) was used for irrigation.
A minimum 10 mL was used per canal at each session.
A sterile aqueous paste of Ca(OH)2 (Calasept; Scania

Dental, Svedia, Knivsta, Sweden) was applied with
lentulo spiral and packed. In addition, 2% iodine po-
tassium iodide was used for additional disinfection as a
final rinse at each treatment session in cases of necrotic
pulp with periapical lesion. Before placement of root
filling, the canals were irrigated with 70% alcohol and
completely dried. The root canals were filled using
lateral condensation technique with disinfected gutta-
percha and AH26 sealer (De Trey Frères, Zurich, Swit-
zerland). Cavit (Espe, Seefeld/Oberbayern, Germany)
or IRM (L. D. Caulk Co., Milford, DE) were used for
temporary restoration. No cotton pellet was left under
the temporary restoration. Occlusion was checked and
adjusted.

Following are the definitions of the variables used for
the investigation:

Filling includes an amalgam or a resin composite
restoration.

Cast restoration includes an onlay, full gold crown,
and porcelain fused to metal crown.

Temporary restoration is the presence of an interim
restoration or a missing restoration.

Build-up restoration is an amalgam or composite
build-up, with or without a post, or a cast post—
all as an interim step in the process of fabricating
the cast restoration.

Final restoration is the presence of a “filling” or a
“cast restoration” at the follow-up examination.

Permanent restoration denotes the presence, of a
“filling,” “cast restoration,” or “build-up restora-
tion” that was placed subsequent to the comple-
tion of endodontic treatment.

Final restoration time (FRT) is the time in months
between root canal filling and placement of “final
restoration.”

Build-up restoration time (BUT) is the time in
months between root canal filling and placement
of a “build-up restoration.”

Permanent restoration time (PRT) is the shorter of
the 2 time periods FRT and BUT.

Endodontic follow-up examination consisted of a
review of history, and a clinical and radiographic ex-
amination. Each patient was examined by the same
endodontist.

Radiographic evaluation. All endodontic treatment
radiographs were viewed by two endodontists under
standardized conditions using a magnifying (�2) Matt-
son viewer.18 Radiographic evaluation was blind, i.e.,
the evaluators were blinded to the preoperative pulp

and periapical diagnosis. Format and criteria for radio-
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graphic evaluation were identical for treatment and
follow-up.

Assessment of periradicular status. Each root was
evaluated for the presence of a radiographically detect-
able periapical pathosis (apical periodontitis) at the
time of diagnosis and treatment and at the follow-up
examination. This information provided the basis for
the periapical status descriptors of each root at the time
of diagnosis and treatment (Table I) and at the fol-
low-up examination (Table I, B and C).

Outcome assessment. Main outcome measure was
the absence (success) vs. presence (failure) of periapi-
cal pathosis (apical periodontitis). Criteria for the as-
sessment of outcome were adopted from Strindberg
(1956).19 The assessment of outcome was carried out
by two of the authors, and an agreement was reached in
all cases (modified from Halse and Molven, 1986).20

Data analysis and statistical analysis
Data were entered onto the standardized study data

collection form, coded for computer entry, and entered
into a database (Paradox; Corel, Ottawa, Ontario, Can-
ada). Later on, this database was imported into Excel
(Microsoft, Seattle, WA), and the data were analyzed
using the SPSS statistical package (SPSS, Chicago, IL).

All data were analyzed ungrouped for total material
effects and stratified according to the specified diagnos-
tic categories of periradicular status (Table I) to control
for confounding.15

Statistical methods
Univariate analysis. The P values for tabulated data

were computed using chi-square (�2) contingency table
methods. Means across outcome groups were compared
using independent group t tests or 1-way analysis of
variance or the corresponding nonparametric proce-
dures (Mann-Whitney or Kruskal-Wallis tests).

Multivariate analysis. Logistic regression models
were used to evaluate which combination of several
independent variables pertaining to endodontic treat-
ment proper best predicted treatment outcome. We
used a generalized logistic regression method that
included random tooth/patient effects to account for
the nonindependence of observations from multiple
canals on the same tooth or observations from mul-
tiple teeth on the same patient.21 A P value of �.05
was considered to be statistically significant.

RESULTS
The primary outcome was success vs. failure. Be-

cause the preoperative periapical status exerts primary
effect on endodontic outcome,15,22 data were analyzed

grouped and stratified on this factor (Table I, B).
Table I. Diagnostic criteria for periradicular status of
teeth and roots
A. Clinical Periapical Diagnosis of Teeth (CPDT) and Roots

(CPDR). Status descriptors of periradicular status at the time of
diagnosis and treatment. Single-rooted teeth were diagnosed
according to these criteria. In a multirooted tooth, the clinical
periapical diagnosis of the tooth was based on the condition of
the most severely affected root. CPDR is a clinical diagnosis
assigned to the root, based on clinical findings, including
radiographic information of the tooth. Therefore, each root
assumes the clinical periapical diagnosis of the most severely
affected root of that tooth.

Normal No clinical symptoms
No periradicular sclerosis or rarefaction

of bone visible on the radiograph
Homogeneous lamina dura enclosing a

periodontal ligament of normal width
or slightly widened

Acute Clinical signs and symptoms of
inflammation

Periradicular sclerosis or rarefaction
�1 mm visible on radiograph

Broken or poorly defined lamina dura
Chronic No clinical signs and symptoms of

inflammation or infection
Periradicular rarefaction �1 mm

Exacerbating Clinical signs and symptoms of
periradicular inflammation and/or
infection

Periradicular rarefaction �1 mm

B. Qualitative Radiographic Diagnosis. Status descriptors of
periapical status of a root at the time of diagnosis and treatment
and at the follow-up examination. This measures, for each
individual root, the radiographic presence of periapical disease.
Differentiates between “normal” and “diseased” periapical
conditions. Does not discriminate between pulp diagnoses.

Normal periapex No radiographically discernible
periapical changes except for
widened periodontal ligament.

Diseased periapex Presence of any discernible periapical
radiolucency.

C. Quantitative Radiographic Diagnosis. Status descriptors of
periapical status of a root at the time of diagnosis and treatment
and at the follow up examination. The extent of radiographically
detectible periapical disease is measured and the largest
dimension in millimeters (mm) recorded for each root apex. This
diagnosis differentiates between normal periapex, acute, and
chronic/exacerbating apical periodontitis. Does not discriminate
between pulpal diagnoses.

Normal periapex No radiographically discernible
pathosis except for widened
periodontal ligament with intact
lamina dura.

Acute apical periodontitis Periapical radiolucency is present and
measures �1 mm.

Chronic resorbing and
exacerbating apical
periodontitis

Periapical radiolucency largest
dimension is �1 mm.



OOOOE
Volume 104, Number 4 Chugal et al. 579
Effect of restoration
The presence of permanent restoration had a statis-

tically significant effect on endodontic treatment suc-
cess or failure in the overall analysis of grouped data
(Fig. 1; P � .013), ignoring other covariates. Forty
percent of temporary restoration teeth failed compared
with 20.5% of the permanently restored teeth. The
difference in success rate of the teeth/roots restored
with an amalgam versus composite was not statistically
significant, nor was the difference between cast resto-
ration versus filling (amalgam and composite com-
bined).

Effect of preoperative periapical diagnosis and
restoration

Of the 166 teeth/roots with preoperative diseased
periapical status, 21 (12.6%) still had temporary resto-
rations at 4 � 0.5 year follow-up examination. In
contrast, only 9 (3.8%) of 239 teeth/roots with preop-
erative normal periapical status had temporary restora-
tions. Therefore, teeth/roots with diseased periapex
were more likely to be with temporary restoration at
4 � 0.5 year follow-up examination than if they had
normal periapical status. That is, periapical status (dis-
eased or normal) and restoration status (temporary or
permanent) are not independent (P � .0001).

Ignoring periapical status, 18 (60%) of the 30 teeth/
roots with temporary restorations and 298 (79.5%) of
the 375 teeth/roots with permanent restorations were
successful, implying that those with permanent resto-
rations have more success than those with temporary
restorations (Fig. 1; P � .013).

However, controlling for initial periapical status,
within each stratum of periapical diagnosis there is no
significant association between endodontic success and
permanent restoration (Fig. 2; P � .17). Controlling for

Fig. 1. Treatment outcome (percentage success � SE) strat-
ified on restoration type. Percentage success is significantly
higher for permanent restorations (P � .013 by �2 test). Data
combined across all diagnostic categories.
restoration (i.e., within each stratum of restoration),
success is significantly lower in teeth/roots with dis-
eased versus normal periapex (Fig. 2; P � .0001).

Teeth/roots with preoperative normal periapex were
more likely to be restored with a cast restoration (178/
234, 76.1%), than teeth/roots with preoperative peria-
pical disease (97/152, 63.8%). The observed difference
was statistically significant (Fig. 3; P � .01).

Effect of time of placement of final and
permanent restoration

There was a statistically significant difference in
mean time of placement of final restoration casting
versus filling (Table II, A; P � .0001). Filling also
served as a build-up that precedes fabrication of cast
restoration. When this was considered, there was no
statistically significant difference between build-up res-
toration time (preceding the final cast restoration) and
time of placement of a filling as a final restoration
(Table II, B).

Teeth/roots with preoperative normal periapex were
restored sooner after completion of endodontic treat-
ment with a final restoration than the teeth/roots with
apical periodontitis (Table III, A; P � .011). Likewise,
for normal periapex, the permanent restoration time
was shorter than for diseased periapex (Table III, B;
P � .001).

DISCUSSION
The findings of the present study show that the

critical factor for the endodontic treatment outcome is
the preoperative diagnosis and presence of preoperative

Fig. 2. Percentage successful outcome � SE for temporary
versus permanent restoration stratified on preoperative peri-
apical diagnosis. When controlling for periapical status (normal
vs. diseased), there is no statistically significant difference in
outcome between permanent and temporary restoration (P � .17
by �2 test). When controlling for restoration (temporary vs.
permanent), success is significantly lower in diseased compared
to normal periapex within each type of restoration (P � .0001 by
�2 test).
root canal infection (apical periodontitis). The results of
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this study also show that permanent restoration is not
critically important for the successful endodontic out-
come. It is important to appreciate that in the overall
analysis of grouped data, the presence of permanent
restoration may appear to exert statistically significant
effect on the outcome of endodontic treatment. How-
ever, this aggregate analysis masks significant relation-
ship between preoperative root canal infection and
long-term outcome of endodontic treatment. Therefore,
when data were stratified on the presence of preopera-
tive apical periodontitis, the results show that there is
no significant association between the presence of per-
manent restoration and endodontic outcome (Fig. 2).
Furthermore, the preoperative periapical status, dis-

Fig. 3. Distribution of final restoration (cast restoration ver-
sus filling) within the strata of preoperative periapical diag-
nosis (normal versus diseased). A statistically significant as-
sociation exists between preoperative periapical diagnosis
and type of final restoration. (p � 0.01 by �2 test).

Table II. The time of placement of final restoration and
of permanent restoration, overall/grouped analysis

Casting/
Build-up Filling

A. Time of placement of
“final restoration”

11.01 � 0.54 5.09 � 0.52 P � .0001

B. Time of placement of
“permanent restoration”

6.84 � 0.37 4.90 � 0.50 P � .476

Mean � SEM (months); t test for equality of means.

Table III. The time of placement of final restoration
and of permanent restoration, stratified on preoperative
periapical diagnosis (Table I,B)

Normal Diseased

A. Time of placement of
“final restoration”

8.40 � 0.50 10.65 � 0.75 P � .011

B. Time of placement of
“permanent restoration”

5.38 � 0.32 7.58 � 0.56 P � .001

Mean � SEM (months); t test for equality of means.
eased or normal, and restoration choice are not inde-
pendent. Teeth/roots with preoperative normal periapex
had the highest percentage of cast restoration (Fig. 3)
and received permanent restoration significantly
sooner after obturation than did teeth/roots with pre-
operative apical periodontitis (Table III). Teeth with
preoperative apical periodontitis were less likely to
be restored with a crown (63.8%) than teeth without
apical periodontitis (76.1%; P � .01).

It took significantly longer to restore teeth with a cast
restoration than a filling as final restoration (Table II).
Teeth restored with a casting in many cases had a post
and/or a core build-up (permanent restoration) placed
before the casting (final restoration). In teeth that re-
ceived a build-up, there was a delay in the placement of
a final cast restoration. Therefore, time of placement of
permanent restoration and final restoration were signif-
icantly different. The “permanent restoration time”
concept was introduced to control for this differential
time of placement of a permanent and final restoration.
Anterior teeth were more likely to be restored with a
filling and sooner than posterior teeth. These associa-
tions suggest a treatment selection bias. The choice to
restore the tooth as well as the choice and the timing or
permanent restoration may be the result of a bias in
treatment selection.

This may suggest that the selection of type of final
restoration, by the restorative dentist, was affected by
the correct assumption that the treatment outcome for
teeth with apical periodontitis is less favorable; how-
ever, the delay in placement of the final restoration is
not in line with current recommendations, based on
leakage studies, that the final restoration be placed as
soon as possible after the completion of endodontic
treatment.

Studies on endodontic prognosis have addressed a
wide range of factors in an attempt to accurately
forecast the course of endodontic treatment out-
come.19,23-26 It is now an established fact that diag-
nostic variables and biologic factors such as preop-
erative pulp and periradicular diagnosis (apical
periodontitis) bear the largest effect on the endodon-
tic treatment outcome.15,22,23,25-28

The effect of various restorative procedures after
endodontic therapy is often missing from prognosis
studies. Furthermore, combined effect of endodontic
and restorative factors has not been subjected to careful
analysis.

Safavi et al.8 reported on the effect of temporary and
permanent restoration on endodontic outcome in a clin-
ical study with known diagnostic and treatment factors.
They observed successful results more frequently in
teeth with permanent restorations than in teeth with
temporary restorations. The differences, however, did

not reach statistical significance.
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It has been shown that prognosis was better for
posterior teeth if they were restored with cast restora-
tion,29,30 which did not hold true for anterior teeth. That
study, however, had several significant shortcomings.29

The observation period was too wide (1-25 years),
criteria for assessment of outcome were not well de-
fined, and known variables that affect endodontic out-
come, except for morphologic tooth groupings, were
not considered.

In a similar cross-sectional radiographic study, Ray
and Trope11 evaluated the relationship of the quality of
root filling and of the coronal restoration and periapical
status of endodontically treated teeth. The presence of
periradicular osteolysis was equated with failing end-
odontic outcome. The authors suggested that the quality
of the coronal restoration was paramount for endodon-
tic success.

Although it was an important study that raised an
important question, it nevertheless was missing some
important details. Thus, the presence of periapical os-
teolysis may have been an indicator of healing as well
as failure. Furthermore, the effect of permanent resto-
ration was not (and could not be) tested, because the
time lag between endodontic treatment completion and
placement of permanent restoration, or if the endodon-
tic treatment was rendered through an existing restora-
tion, was unknown. No clinical data were available to
support the radiographic assessment of the quality of
the permanent restoration. Bite-wing radiograms were
not used for the assessment of margins, although they
provide superior imaging compared with periapical ra-
diograms. Given the study design and the fact that
preoperative diagnosis was not known and, therefore,
data could not be analyzed based on this most important
factor, the conclusions, although often quoted, are
called into question. Kirkevang et al.13 found that peri-
apical status of endodontically treated teeth depends on
both the quality of the root filling and the quality of
restoration, and Tronstad et al.14 refuted Ray and
Trope’s findings.

In a radiographic study on prevalence and technical
quality of endodontic treatment in an American popu-
lation, lesser-quality root fillings were more strongly
associated with periapical disease then were higher-
quality root fillings.10 Those authors observed no sta-
tistically significant difference in the proportion of peri-
apical disease between endodontically treated teeth
restored with an amalgam versus other coronal resto-
rations.

Previous studies on endodontic prognosis reported
that the major biologic factor influencing the outcome
of endodontic treatment is the presence and the extent
of preoperative microbiologic insult to the pulp and

periapical tissue, as reflected in periradicular diagnosis
and the magnitude of periapical pathosis.15,22,25,31,32

Although several more recent studies have addressed
the issue of the association of restoration and endodon-
tic treatment outcome, most of those studies were
cross-sectional with little historical knowledge of the
endodontic and restorative treatment.10-14,33 A study on
55 matched pairs with known treatment factors raised
the question of importance of coronal leakage.12 De-
spite their study results, those authors recommended
coronal seal for root fillings.

Recent epidemiologic studies on a large cohort of
insured patients investigated the relationship of resto-
ration and endodontic outcome, demonstrating high
success rate in teeth restored with cast restoration.34,35

However, the outcome measure was tooth retention, a
measure not comparable to the radiographic evaluation
of periradicular status. Therefore, their reported rates
are highly skewed toward a high success rate.

There are several issues to keep in mind about the
present study. It is not a controlled study with random
allocation to study groups (restored vs. not restored)
that would allow us to calculate valid outcome rates
related to restoration. The present study is retrospective
and cross-sectional. Therefore, we cannot claim, as any
other cross-sectional study could not, the cause-and-
effect relationships. At the same time, we have to
recognize that a prospective cohort study with random
allocation to “temporary filling” versus “permanent fill-
ing” groups is not ethical, and therefore such a study
can not be conducted. Study material of “temporary
filling” can therefore only be collected by clinical de-
fault.

It is also important to note that retrospective or
cross-sectional studies often use terms “success and
failure” and “periapical health” interchangeably. This is
inappropriate and misleading. One can use terms “suc-
cess and failure” as defined by Strindberg19 only if one
knows the preoperative periapical status and the time
when the treatment was completed. Unless these facts
are known, one can only describe “presence versus
absence” of apical periodontitis, recognizing that this is
not synonymous with “success and failure.”

The present study was undertaken on clinical mate-
rial where detailed verifiable endodontic treatment in-
formation was available. The density of root fillings
was radiographically evaluated as good and the quality
of the coronal restoration was clinically assessed and
recorded as satisfactory. Careful analysis based on key
prognostic factors (preoperative diagnosis) show that
the endodontic outcome is critically affected by the
presence of preoperative root canal infection (apical
periodontitis) and is independent of the type of resto-

ration.
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IN MEMORIAM
This paper is dedicated to Dr. Jonathan Clive who

passed away before this paper was completed.

This study was supported in part by the Office of
Academic Affairs, Veterans Administration, Washington
D.C. The authors thank Dr. Jeffrey Gornbein from
UCLA Department of Biomathematics for critical
assistance with data interpretation and Dr. Angelo
Caputo from the School of Dentistry for his invaluable
help with graphs and illustrations.
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