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ABSTRACT

Outcomes of endodontic
therapy in general practice

Background - The authors undertook a study
involving members of a dental practice-based
research network to determine the outcome
and factors associated with success and failure
of endodontic therapy.

Methods — Members in participating practices
(practitioner-investigators [P-Is]) invited the en-
rollment of all patients seeking treatment in the
practice who had undergone primary endo-
dontic therapy and restoration in a permanent
tooth three to five years previously. If a patient
had more than one tooth so treated, the P-I
selected as the index tooth the tooth treated
earliest during the three- to five-year period.
The authors excluded from the study any teeth
that served as abutments for removable par-
tial dentures or overdentures, third molars and
teeth undergoing active orthodontic endodon-
tic therapy. The primary outcome was retention
of the index tooth. Secondary outcomes, in ad-
dition to extraction, that defined failure included
clinical or radiographic evidence (or both) of
periapical pathosis, endodontic retreatment or
pain on percussion.

Results — P-Is in 64 network practices en-
rolled 1,312 patients with a mean (standard
deviation) time to follow-up of 3.9 (0.6) years.
During that period, 3.3 percent of the index
teeth were extracted, 2.2 percent underwent
retreatment, 3.6 percent had pain on percus-
sion and 10.6 percent had periapical radio-
lucencies for a combined failure rate of 19.1
percent. The presence of preoperative peri-
apical radiolucency with a diagnosis of either
irreversible pulpitis or necrotic pulp was asso-
ciated with failure after multivariate analysis, as
were multiple canals, male sex and Hispanic/
Latino ethnicity.

Conclusions — These results suggest that
failure rates for endodontic therapy are higher
than previously reported in general practices,
according to results of studies based on dental
insurance claims data.

Denne artikel er oprindeligt publiceret i: Journal of
American Dental Association 2012,143:478-87.
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ractice-based research networks (PBRNs) enable
groups of practitioners to conduct clinical studies while
providing care for their patients. Questions for PBRN
studies commonly arise from the practitioners themselves and
address questions of significance in clinical practice. One de-
cision frequently confronted in general dental practice arises
when the clinician is presented with a diagnosis of irreversible
pulpitis, necrotic pulp or periapical periodontitis: whether to
perform endodontic therapy followed by restoration or to ex-
tract the tooth and place an implant-support-
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outcomes of endodontic therapy and subsequent restoration
vary widely.

This variation in reported outcomes is the result of several
factors, including varying criteria used to define success or fail-
ure, the interval of follow-up after therapy, the operators’ level
of experience and whether or not the restoration outcome was
included in the analysis. For example, a meta-analysis of 40
studies involving the use of the absence or reduction in pera-
pical pathosis as a measure of success for primary endodon-
tic therapy reported a pooled success rate of 74.7 percent (95
percent confidence interval [CI], 69.8-79.5), with follow-up
taking place from six months to as long as 30 years after treat-
ment (1). However, investigators in a second meta-analysis of
18 studies involving the use of various clinical and radiographic
criteria for primary endodontic therapy reported pooled suc-
cess rates of 90 percent (95 percent CI, 88-92) for two to four
years, 93 percent (95 percent CI, 87-97) for four to six years
and 84 percent (95 percent CI, 82-87) for more than six years
after primary endodontic therapy (2). In addition, most stud-
ies cited in both meta-analyses were derived from academic or
specialty practices, making the results of these studies difficult
to apply in the general dental practice setting.

Researchers have used dental insurance claims data to eval-
uate the outcome of primary endodontic therapy in general as
well as specialty private practices. The results of these studies
suggest that the outcomes of primary endodontic therapy per-
formed by general dentists are equivalent to those of treatment
provided by specialists, although specialists tend to treat more
complex cases. Lazarski and colleagues (3) retrospectively ana-
lyzed selected outcomes after primary endodontic therapy by
using an insurance company database of 110,766 cases that
were completed by endodontists and the referring general
dentists. In a subset of 44,613 cases, with a minimum follow-
up of two years, the reported incidence of extraction, retreat-
ment and periapical surgery was 5.6 percent, 2.5 percent and
1.4 percent, respectively. Overall, 94.4 percent of nonsurgically
treated teeth remained in function during an average follow-up
period of 3.5 years. The authors noted that the incidence of ex-
traction after endodontic therapy increased with patients’ age,
and teeth that were not restored after endodontic therapy were
significantly more likely to be extracted than were restored
teeth. Although endodontists treated a significantly higher pro-
portion of molars (48 percent more; P < 0.001) and a lower
proportion of anterior teeth (43 percent fewer; P < 0.001) than
did general dentists, the two provider groups had comparable
success rates.

Even higher rates of endodontic success were reported in
the insurance database study by Salehrabi and Rotstein (4), in
which the majority of adverse events occurred in the first three
years after endodontic therapy and, overall, 97 percent of teeth
were retained eight years after initial nonsurgical endodontic
therapy. The results of another study, in which investigators
drew on the Taiwan National Health Insurance database to
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examine outcomes for 1,557,547 teeth that had received pri-
mary endodontic therapy per-formed by both general dentists
and specialists, showed a 92.9 percent retention rate after five
years. In that period, 111,348 teeth (7.1 percent) were extract-
ed and 55,089 (3.5 percent) were retreated or had periapical
surgery, resulting in a combined failure rate of 10.6 percent for
primary endodontic therapy (5). It should be noted that several
reasons for extraction subsequent to, but not directly linked
with, endodontic therapy — including root fracture, advanced
periodontitis and trauma — are included in many outcome stud-
ies of primary endodontic therapy.

In view of the varying outcomes reported for primary endo-
dontic therapy and the questionable applicability of the results
of past studies conducted in specialty or academic settings to
decisions faced in general practice, we conducted a retrospec-
tive study to determine the outcomes of primary endodontic
therapy in a network of private general dental practices. Our
working hypothesis was the outcomes for endodontic therapy
and subsequent restoration would not differ from those in
published studies involving the use of dental insurance claim
databases. Our secondary aim was to define factors associated
with success and failure of endodontic therapy and subsequent
restoration in general dental practices. In this article, we pre-
sent success rates for endodontic therapy and factors associated
with success and failure.

Methods

Study design and inclusion criteria

The study was conducted by the Practitioners Engaged in Ap-
plied Research and Learning (PEARL) Network, a PBRN funded
by the National Institute of Dental and Craniofacial Research
and established in 2005 (6). The PEARL Network’s approxi-
mately 230 member dentists are primarily general practitioners
located in the northeastern United States. We used a retrospec-
tive study design to assess the outcome of primary, nonsurgi-
cal endodontic therapy and factors associated with success or
failure of that therapy.

Patients seeking care from PEARL Network practices for
any reason who had undergone endodontic therapy and subse-
quent restoration three to five years previously were invited by
practitioner-investigators (P-Is) to enroll in the study. If more
than one tooth was treated, the P-I selected as the index (study)
tooth the tooth that had been treated earliest during the three-
to five-year period. We allowed that endodontic therapy could
have been performed by either the general dentist or a special-
ist; however, we required that the restoration have been placed
by the general dentist. Included in the analysis were 11 teeth
that had been planned to receive, but had not yet received, a
definitive restoration. Additional inclusion criteria required the
index tooth to be a permanent tooth with a fully formed apex
at the time of endodontic treatment. Patients also had to be 70
years or younger when endodontic therapy was performed. We

excluded teeth that served as an abutment for a removable par- (3)
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tial denture or overdenture, third molars and teeth undergo-
ing active orthodontic treatment. We permitted as many as 100
participants to be enrolled from a single practice. The New York
University School of Medicine Institutional Review Board, New
York City, reviewed and approved the study protocol.

Primary endodontic therapy completed
three to five years previously

v

Is index tooth
present?

No (missing)
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Fig. 1. Study data collection flowchart.

Study protocol and data collection

Fig. 1 shows the flow of our data collection process. After each
participant provided written informed consent, P-Is completed
a demographic form documenting the participant’s age, sex,
and ethnicity and race. In addition, the practitioner recorded
the presence or absence of the index tooth and, if it was absent,
the reason for extraction.

If the index tooth was present, the clinical data recorded in-
cluded pain on percussion (recorded dichotomously, according
to patient report), whether the restoration had been or need-
ed to be replaced and reason for replacement, the number of
proximal contacts, cracking or fracturing of the tooth, presence
of primary or secondary caries and extent of periodontitis as
measured by means of probing depth and mobility. If the in-
dex tooth had received secondary endodontic treatment, the
dentist was to record the reason and type of treatment (retreat-
ment or periapical surgery). If a periapical radiograph of the
index tooth had not been obtained within the preceding seven
months, the P-I obtained and examined a new one for periapi-
cal pathosis, widening of the periodontal ligament space or
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radiographic suggestion of root fracture. The participant also
completed a tooth sensitivity assessment and an oral health in-
ventory questionnaire.

For all index teeth, the P-I recorded whether the tooth was
vital or nonvital before endodontic therapy began, whether a
general dentist or a specialist had performed the endodontic
therapy, the type of endodontic technique used (compaction
technique and materials), whether the preoperative radiograph
demonstrated periapical pathosis, whether the dentist had pre-
scribed antibiotics, and the number of visits required to com-
plete endodontic therapy. The P-I also recorded whether the
patient received a post and, if so, reported the type of post, the
type of coronal restoration placed, the date of final restoration
placement, whether the restoration was replaced and, if so, the
reason for replacement.

Participating practices submitted all data electronically
to the central PEARL Network data coordinating center (The
EMMES Corp., Rockville, Md.) by means of a proprietary
electronic data capture software program (AdvantageEDC,
EMMES). Source documents, work sheets and case report
forms remained at the practices until the conclusion of the
study. PEARL Network P-Is used a Web-based module to un-
dergo training and technique calibration regarding the charac-
terization of radiographic periapical lesions and all aspects of
data collection for this study. The PEARL Network also supplied
a chairside reference guide that provided inclusion-exclusion
check-off questions and radiographic examples of periapical
pathosis. Once the P-Is completed online training, a certified
PEARL Network clinical research associate traveled to the prac-
tice to initiate the study, review the case report forms and en-
sure the practice staff’s competence in using the AdvantageEDC
data capture software. Clinical research associates also were
available if questions arose at practice sites during the study,
and they monitored sites for data quality assurance.

The participating practice sent a duplicate periapical radio-
graph of the index tooth at follow-up to the PEARL Network
administrative center. Two of the authors, a board-certified
periodontist (R.G.C.) and an endodontist (D.F.), made the
determination of periapical pathosis if they clearly observed a
lesion that corresponded to a score of 3 or higher on a periapi-
cal index (PAI) developed by Orstavik and colleagues (7). Both
reviewers were masked as to practitioner-reported outcome be-
fore undertaking the evaluation.

Statistical analysis

Our specific aims in this study were to examine the outcome
of primary endodontic therapy in the general practice setting
three to five years after endodontic treatment and to evaluate
risk factors associated with adverse outcomes. We used logis-
tic regression to evaluate the relationship between the primary
and secondary dependent variables and the independent vari-
ables listed below. The primary dependent variable was the
presence or absence of the index tooth. Secondary dependent
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variables were additional variables that defined endodontic
failure: presence of clinical or radiographically visible peri-
apical pathosis, endodontic retreatment of the index tooth and
pain on percussion. The independent variables were the initial
condition of the tooth, as assessed retrospectively by the den-
tist, combined with preoperative periapical pathosis; whether
a general dentist or a specialist performed endodontic therapy;
the number of visits needed to complete the endodontic thera-
py; endodontic restoration (whether the index tooth had single
or multiple canals); tooth type; use of antibiotics; restoration
type (resin-based composite or amalgam restoration versus full
or partial crown or onlay); post replacement; existing proximal
contacts; time to coronal restoration; patients’ demographic
data (age, sex, and race and ethnicity) and periodontal involve-
ment (yes or no).

The study was powered assuming a 95 percent tooth reten-
tion rate to detect a 75 percent increase in risk associated with
binary, relatively nonskewed covariates. We included factors
significant at P = 0.10 in the univariate setting in the multivari-
ate model with backward elimination at P = 0.05 for variable
selection. In the case of correlated factors, we included only one
of the factors in the multivariate model.

Results

From May 2007 through September 2010, P-Is enrolled in the
study 1,323 patients who had undergone primary endodontic
therapy and restoration. Of the patients enrolled, we deemed
11 ineligible because their endodontic therapy had been com-
pleted outside the three- to five-year requirement (n = 6), ara-
diograph had not been obtained at the study visit (n = 4) or the
index tooth served as an abutment for a removable partial den-
ture (n = 1). This left 1,312 participants for analysis — and then
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one patient withdrew from
the study before the outcome
assessment phase. The mean
(standard deviation) time to
follow-up after completion of
primary endodontic therapy
was 3.9 (0.6) years. The me-
dian age of the participants
at enrollment was 52 years
14-74 years),
and 58 percent were female.

(age range,

Participant-reported race was
86 percent white, 4 percent

CLINICAL
IMPLICATIONS

The results of this study can
help guide the practitioner
in deciding the most appro-
priate course of therapy for
teeth with irreversible pulpitis,
necrotic pulp or periapical
periodontitis.

African American, 5 percent

Asian, 0.5 percent Hawaiian/ Pacific Islander, 0.4 percent
Alaska Native or American Indian and 3 percent unknown.
Participant-reported ethnicity was 7 percent Hispanic/Latino,
89 percent not Hispanic/Latino and 4 percent unknown. Par-
ticipants were enrolled from 64 sites; the median enrollment
was 11 participants per site (range, 1-100). The distribution of
enrolling sites was 69 percent suburban, 19 percent urban and
12 percent rural. The median number of years in practice for
enrolling dentists was 23 (range, 2-35 years).

The distribution of endodontically treated teeth was 11
percent incisors, 5 percent canines, 28 percent premolars and
56 percent molars. Specialists treated 32 percent of the teeth,
80 percent of which had multiple canals. The preoperative di-
agnosis of 60 percent of the index teeth was irreversible pul-
pitis; that of the remainder was necrotic pulp. Practitioners
used lateral compaction in 51 percent, thermal compaction in
41 percent and thermoplastic injection in 5 percent of the in-
dex teeth; they used other methods in the other 3 percent of

Outcomes of primary endodontic therapy in index teeth three to five
years after treatment in general practice (n = 1,311*).

Type of failure No. (percentage)

95% confidence interval

Extraction 43 0f 1,311 (3.3) 23-42
Endodontic Retreatment 29 0f 1,311 (2.2) 14-3.0
Pain on Percussion 45 of 1,265 (3.6) 25-46
Periapical Pathosis 134 of 1,265 (10.6) 8.7-12.0
Total 251 of 1,311 (19.1) 170-21.3

* Denominator is 1,311 rather than 1,312 because one participant exited the study before undergoing evaluation of the index tooth.

Table 1. The table shows the outcomes of endodontic therapy. The percentage of index teeth extracted (primary outcome) was 3.3
percent. Reasons for extraction of 43 index teeth were root fractures (57 percent), endodontic failure (24 percent), advanced perio-
dontitis (9 percent), recurrent caries (9 percent) and other (2 percent). The other three index teeth were recoded to forms of restorative
failure rather than extraction. Multivariate analysis showed an association between extraction of index teeth and the absence of a post
(odds ratio [OR], 5.74; 95 percent Cl, 2.62-12.57), teeth with multiple versus single canals (OR, 2.79; 95 percent Cl, 1.20-6.49), teeth
diagnosed as having necrotic pulp (OR, 2.48; 95 percent Cl, 1.30-4.74) and older patient age (OR, 1.05; 95 percent Cl, 1.01-1.08).
Secondary adverse outcomes for endodontic therapy included endodontic retreatment (2.2 percent), pain on percussion (3.6 percent)
or periapical pathosis (10.6 percent), for a combined adverse outcome rate of 19.1 percent (95 percent Cl, 17.0-21.3). Five of the 11
nonrestored endodontically treated teeth were in this category.
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Distribution of participants’ characteristics and univariate associations with adverse outcomes

after primary endodontic therapy (n = 1,311%).

Adverse Outcome
Factor

Yes No
Sex, No. (%)
Female 130 (17.2) 628 (82.8)
Male 121 (21.9) 432 (78.1)
Race, No. (%)
White 215 (19.0) 916 (81.0)
Not white/unknown 36 (20.0) 144 (80.0)
Ethnicity, No. (%)
Not Hispanic/Latino 224 (18.4) 996 (81.6)
Hispanic/Latino 27 (29.7) 64 (70.3)
Age In Years 49.1/51.0 50.2/52.0
Mean/Median (251/12.7) (1,060/11.4)

(Standard Deviation)

Odds . P Overall
Ratio Confidence Interval Value P value
1.00 -1 - 0.03
1.35 1.03-1.78 0.03
1.00 - - 0.75
1.07 0.72-3.01 0.75
1.00 - - <0.01
1.88 1.17-3.01 0.01
0.99 0.98-1.00

0.17 0.17

* Denominator is 1,311 rather than 1,312 because one participant exited the study before undergoing evaluation of the index tooth.

1 Reference group.

Table 2. The table shows the distribution of patient characteristics and associations with adverse outcomes after endodontic therapy.
Male patients were at greater risk of experiencing failure than were female patients (OR, 1.35; P = 0.032) and Hispanic or Latino pa-
tients were at greater risk than those who were not Hispanic or Latino or were of unknown ethnicity (OR, 1.88; P < 0.01). We found

no association for patient’s age or for race.

Necrotic pulp
without PP versus
pulpitis without PP

Necrotic pulp with
PP versus pulpitis
without PP

Pulpitis with PP
versus pulpitis
without PP

Multiple canals
versus single canal

Male versus female

Hispanic/Latino
versus not Hispanic/
Latino or unknown

0 1 2 3 4

Fig. 2. Factors associated (by means of multivariate analy-
sis) with adverse outcomes after primary endodontic therapy;,
shown as odds ratios with 95 percent Wald confidence limits.
PP: Periapical pathosis.

index teeth. Practitioners prescribed antibiotics in 30 percent of
the procedures, with penicillin, erythromycin, clindamycin and
cephalosporin (first generation) prescribed in 70 percent, 11 per-
cent, 10 percent and 6 percent of these procedures, respectively.
The majority of teeth (69 percent) received full-coverage restora-
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tions, whereas most of the remaining teeth (26 percent) received
composite or amalgam restorations. Practitioners placed posts in
56 percent of treated teeth.

Fig. 2 shows factors associated with failure after multivariate
analyses. The predictive model for the odds of failure involved
the following covariates: teeth with multiple canals (OR, 2.05; P
< 0.01); presence of preoperative periapical pathosis with either
a diagnosis of irreversible pulpitis (OR, 2.34; P < 0.01) or ne-
crotic pulp (OR, 3.03; P < 0.01); male sex (OR, 1.40; P < 0.05);
and Hispanic or Latino ethnicity (OR, 1.97; P < 0.01).

Discussion

The primary objective of this study was to determine the three-
to five-year outcome of primary endodontic therapy in private
general dental practices. The intent was to help provide an evi-
dence base to guide the general practitioner when he or she is
attempting to determine the most favorable course of treatment
for a tooth with irreversible pulpitis, periapical periodontitis
or necrotic pulp. In our study, 19.1 percent of teeth receiving
primary endodontic therapy were classifiable as failures after
an average follow-up of 3.9 years. This adverse outcome is at a
considerably higher degree than those reported by Lazarski and
colleagues (3), Salehrabi and Rotstein (4) and Chen and col-
leagues (5) — all of whom used dental insurance claims databas-
es — and was principally the result of the strict criteria for suc-
cess we used in this study. Dental insurance claims databases
typically do not include clinical or radiographic status at follow-
up (such as the presence of periapical pathosis, which was the
most common reason for failure in our study) or loss of patients
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Univariate associations between clinical characteristics and adverse outcomes three to five years
after primary endodontic therapy in general practice.

Yes No Odds

Overall

Confidence Interval P value

Factor no. (%) no. (%) Ratio

Initial Diagnosis and Periapical Pathosis (PP)

Irreversible pulpitis without PP 78 (13.3) 508 (86.7) 1.00 -* -

Necrotic pulp without PP 30(14.2) 182(85.8) 1.07 0.68-1.69 0.76 <0.01
Irreversible pulpitis PP 51(25.6) 148 (74.4) 2.24 1.51-3.34 <0.01

Necrotic pulp with PP 91(29.2) 221(70.8) 2.68 1.91-3.77 <0.01

Type of Provider

General practitioner 174 (19.5) 717 (80.5) 1.00 = = 0.61
Specialist 77(18.3) 343(81.7) 0.93 0.69-1.25 0.61

Visits Required to Complete Endodontic

Therapy

One 119 (18.0) 543 (82.0) 1.00 - - 0.41
Two 105 (21.0) 395 (79.0) 1.21 0.91-1.63 0.120

Three or more 27 (18.1) 122(81.9) 1.01 0.64-1.60 0.97

Tooth Type

Canine 7(11.7) 53 (88.3) 1.00 - -

Incisor 26 (17.9) 119(82.1) 1.65 0.68-4.05 0.27 <0.01
Premolar 55(14.7) 319 (85.3) 1.31 0.56-3.02 0.53

Molar 163 (22.3) 569 (77.7) 2.17 0.97-4.86 0.06

Number of Canals

Single canal 58 (14.4) 344 (85.6) 1.00 - - <0.01
Multiple canal 193 (21.2) 716 (78.9) 1.60 1.16-2.20 <0.01
Antibiotic Prescribed

No 162 (17.8) 748 (82.2) 1.00 - - 0.06
Yes 89 (22.3) 310 (77.7) 1.33 0.99-1.77 0.06
Restoration Type

Full/partial crown or onlay 166 (17.8) 766 (82.2) 1.00 - - 0.12
Composite/amalgam restoration 80(21.6) 291 (78.4) 1.27 0.94-1.71 0.12

Post replaced

Yes 126 (17.3) 602 (82.7) 1.00 - - 0.06
No 125 (21.4) 458 (78.6) 1.30 0.99-1.72 0.06
Periodontal Involvement

No 175(15.4) 961 (84.6) 1.00 - - <0.01
Yes 33(25.6) 96 (74.4) 1.89 1.23-2.89 <0.01

Time to Restoration, Mean/Median (No. 5.3/1.7 5.2/1.8 1.00 0.99-1.02 0.88

[Standard Deviation]) (246 [8.9]) (1.054 [8.8)) 0.88

* Reference group.

Table 3. The table shows the univariate associations between clinical characteristics and endodontic therapy failure. A tooth with a
periapical pathosis with either a diagnosis of irreversible pulpitis (OR, 2.24; P < 0.01) or necrotic pulp (OR, 2.68; P < 0.01 was at signi-
ficantly greater risk of experiencing failure. Among tooth types, molars had the greatest risk of experiencing failure, whereas teeth with
multiple canals had a greater risk of experiencing failure than did teeth with single canals (OR, 1.60; P < 0.01). Teeth with periodontal
connective tissue attachment loss also were associated with failure (OR, 1.89; P < 0.01). We found none of the following to be asso-
ciated with increased risk of experiencing failure: the type of provider (whether generalist or specialist), the number of visits required to
complete endodontic therapy, the endodontic technique used, the type of restoration placed, the time to restoration, whether antibio-
tics were prescribed or placement of posts.
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to recall or patient-centered outcomes such as pain on percus-
sion. Dental claims databases typically contain information re-
garding procedures performed in endodontically treated teeth
for which a claim was previously submitted. Therefore, dental
insurance claims data report rates of survival (that is, presence
of the tooth) rather than success (that is, free of detectable pa-
thology and patient discomfort) for primary endodontic thera-
py, the latter being more encompassing and of greater interest
to the general dental practitioner and the patient.

Investigators have questioned the lack of periapical pathosis
or the reduction in radiographic periapical lesion size across
time as a criterion for endodontic success, chiefly owing to
limitations in interpretation with the use of two-dimensional
periapical radiographs but also with the advent of the increased
sensitivity afforded by three-dimensional cone-beam computed
tomography (CBCT) (8). The incidence of periapical pathosis
in endodontic outcomes studies undoubtedly will increase in
the future with the growing use of CBCT.

Our study included pain on percussion as a criterion for fail-
ure, although many endodontics outcomes studies do not (es-
pecially in the absence of periapical pathosis (9-12)) because
of the subjective nature of the patient’s response. We included
it in our study because it may signal the presence of periapical
inflammation not apparent on conventional radiographs. In ad-
dition, from a practice management viewpoint, it is important
that the patient be satisfied and comfortable with the outcome
of therapy, especially if other treatment options exist.

Although systematic reviews regarding the outcome of pri-
mary endodontic therapy have been published, the results of
most studies included in those reviews, which usually are con-
ducted in academic or specialty settings, are not entirely appli-
cable to private general practice. Nevertheless, they provide a
range of outcomes for comparison with those of our study. A
2007 systematic review and meta-analysis of 13 studies from
an initial screening of 430 reports published between 1966 and
2006 showed a survival rate of 97.7 percent 36 months after
primary endodontic therapy (2). However, the investigators
did not include in the analysis the clinical or radiographic sta-
tus of the endodontically treated teeth. At six or more years,
researchers in two combined studies reported a success rate
of 84 percent (95 percent CI, 82-87) after meta-analysis (2);
however, patient-centered outcomes, such as pain on percus-
sion, were not part of the success criteria. Results of a second
systematic review and meta-analysis of 63 outcome studies
from 1922 to 2002 showed pooled success rates at least one
year after primary endodontic therapy to average 74.7 per-
cent, with a range of 68 to 85 percent, when researchers ap-
plied “strict” criteria (that is, lack of periapical radiolucencies)
and to average 85.2 percent with a range of 60 to 100 percent
when researchers applied “loose” criteria (that is, reduction in
periapical radiolucency) (1). Endodontic outcome results of
Ng and colleagues’(1) meta-analysis involving the use of strict
criteria more closely approximate the results of our study, in
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which 19.1 percent failed three to five years after treatment. Ng
and colleagues (1) also noted that during the period from 1922
to 2002, reported success rates of primary endodontic therapy
generally did not increase, even in view of advances in restora-
tive materials and techniques, including microsurgery (1).
Lastly, investigators in a systematic review and meta analysis
of 14 studies published between 1993 and 2007 reported tooth
survival after endodontic therapy to be 86 percent after two to
three years, 93 percent after four to five years and 87 percent
after eight to 10 years (13).

Results of outcome studies of primary endodontic therapy
conducted by specialists reflect the upper limits of outcomes
provided in a highly standardized and controlled environment.
Investigators in a recent comparison of single-unit restora-
tions for implant versus primary endodontically treated teeth
from an endodontic private group practice, a study involving
143 teeth, reported a success rate of 90.2 percent at an average
of 22 months (range, 18-59 months) after primary endodon-
tic therapy. Failure criteria included extraction, retreatment,
PAI score of 3 or higher or need for periapical surgery (14).
Researchers in the postgraduate endodontics program at the
University of Toronto published a series of prospective studies
regarding the four- to six-year outcomes of primary endodontic
therapy (9-12). They classified teeth as healed if the teeth had a
PAI score of 2 or higher, with no signs or symptoms other than
tenderness on percussion, which more closely approximates
the strict criteria for success in our study. In total, the investiga-
tors classified 439 (86 percent) of 510 teeth as healed and 71
(14 percent) of 510 teeth as diseased (12). Of note was the 41
percent recall rate for all endodontically treated teeth, which
underscores the difficulty in performing prospective outcomes
assessment studies in an institutional environment with a tran-
sient patient base.

A secondary objective of our study was to identify factors as-
sociated with success or failure three to five years after primary
endodontic therapy in general practices. The primary outcome
was extraction of the index tooth. As noted in the Results sec-
tion, multivariate analysis found absence of a post, teeth with
multiple canals, a diagnosis of necrotic pulp and older patient
age to be associated with extraction. These results confirm
those of earlier primary endodontic therapy outcome studies
indicating that preoperative periapical pathosis or teeth with
necrotic pulp or multiple canals are associated with subsequent
extraction (3,5,9-13). In our study, when we combined primary
and secondary outcomes, results of multivariate analysis dem-
onstrated an increased risk of experiencing an adverse outcome
after endodontic therapy in teeth with preoperative periapical
pathosis and a diagnosis of either irreversible pulpitis or necrot-
ic pulp; in teeth with multiple canals; and in patients who were
male or of Hispanic or Latino ethnicity.

Most of the factors we found in our study were reported in
earlier studies conducted mainly in academic or specialty set-
tings. Results of the fourth phase of the Toronto endodontic
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therapy outcomes studies cited earlier showed, after multivari-
ate analysis, that a preoperative periapical pathosis (OR, 2.8 6;
95 percent CI, 1.56-5.24; P < 0.01) and teeth with multiple ca-
nals (OR, 2.53; 95 percent CI, 1.25-5.13; P = 0.10) were asso-
ciated with treatment failure (12). For teeth with preoperative
periapical pathosis, the presence of an intraoperative complica-
tion (OR, 2.27; 95 percent CI, 1.05-4.89; P = 0.037) and use of
a lateral versus vertical filling technique (OR, 1.88; 95 percent
CI, 1.01-3.53; P = 0.049) were associated with failure (12).
Results of a systematic review and meta-analysis of 63 stud-
ies showed the following factors to be associated with success
of primary endodontic therapy: teeth other than mandibular
molars, a vital preoperative diagnosis (OR, 1.77; 95 percent CI,
1.35-2.31), absence of preoperative periapical pathosis, root
canal filling without radiographically apparent voids, root ca-
nals filled within 2 millimeters of the radiographic apex and a
satisfactory coronal restoration (14). Investigators in another
systematic review and meta-analysis of 19 studies involving
3,891 teeth treated with primary endodontic therapy from
1966 to 2000 who used loose radiographic criteria reported a
mean (SD) cumulative success rate of 82.8 (1.19) percent for
teeth with a preoperative diagnosis of vital versus necrotic pulp
(OR = 1.18; 95 percent CI, 1.06-1.32). Mean (SD) success rates
for teeth without preoperative periapical pathosis were 82.0
(1.24) percent, whereas the rates for teeth with a preoperative
periapical pathosis were 71.5 (1.60) percent. The difference
between teeth with and without periapical pathosis was signifi-
cant (OR, 2.79; 95 percent CI, 2.44-3.20) (15).

Investigators in several endodontic therapy outcomes stud-
ies reported differences between the sexes (16,17), but several
have not (18-20); however, these findings have not held up un-
der meta-analysis (13,21). The greater failure rate in Hispanic
or Latino patients reported in this study was unexpected and
difficult to explain, especially since this group constituted only
7 percent of the study population. Although the 91 Hispanic or
Latino patients in this study were enrolled from 22 sites, one
site enrolled 37 Hispanic or Latino patients and had an overall
higher failure rate. Maximum enrollment of Hispanic or Latino
patients at any other site was eight, suggesting the results may
be due to a site effect. Alternatively, both the sex and ethnic-
ity effects may be caused by residual confounding variables not
accounted for in our analysis or by racial or ethnic anatomical
anomalies in this population.

Study strengths

Our study has several strengths that arise directly from its hav-
ing been performed in a PBRN. First, we conducted it in estab-
lished private general practices with patients treated in those
practices. The results of therapy provided by the practitioner
were recorded rigorously, although the specifics of that therapy
could not be influenced retroactively. A second strength of the
study is the relatively large sample size (1,312 index teeth) en-
rolled from 64 private practices. Investigators in PBRN effec-
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tiveness studies typically enroll a small number of patients from
arelatively large number of practices to be able to generalize re-
sults better. Third is the use of electronic data capture and data
quality assurance procedures, including formal study closeout
and physical site audits conducted by study clinical research
associates. Together, the results reported in our study tend to
reflect those expected in real-life practice, or at least those in
the PEARL Network private practices that enrolled patients in
the study. We are aware of only two earlier studies of primary
endodontic therapy outcomes conducted solely in general prac-
tices. A prospective study of teeth receiving endodontic therapy
was reported from private practices in Florida (22). Inclusion
criteria included follow-up of at least one year or, in the case
of extraction, an average follow-up of 24.8 months. Of the 74
teeth included in the study, 19 percent ultimately were extract-
ed. Investigators in a second retrospective study recorded the
outcome of primary endodontic therapy for 174 teeth from 13
practices (23). Average follow-up was 8.6 years, and perma-
nent restorations were placed in 89 percent of the teeth with
a mean time to restoration of 214.4 days. The authors reported
that 18 percent of endodontically treated teeth ultimately were
extracted and that time to restoration was a major factor in en-
dodontic treatment failure (23).

Study limitations

Our study’s limitations include the predominance of white pa-
tients (86 percent), which reflects the practice characteristics
of the 64 sites that enrolled patients in the study. Most of the
practitioners who participated in the study were experienced
clinicians (median 23 years in practice) with well-established
practices and stable patient bases. However, these character-
istics potentially limit generalization of the results to the na-
tion at large. But in light of the large patient population (n =
1,312) and number of enrolling practices (n = 64), our results
probably reflect the outcomes of primary endodontic therapy
expected in established practices in the northeastern United
States. Also, the P-I submitted a single radiograph on each pa-
tient’s enrollment; therefore, some of the periapical pathoses
noted in this study actually may have been resolving lesions,
because multiple radiographs were not obtained across time to
prove otherwise.

Conclusions

We oversaw a retrospective study of the three- to five-year out-
comes of primary endodontic therapy for 1,312 permanent
teeth conducted in 64 private practices of the PEARL Network.
Overall, 19.1 percent of the treated teeth were classified as
failures, with 3.3 percent being extracted, 2.2 percent receiv-
ing retreatment, 3.6 percent having pain on percussion and
10.4 percent having periapical pathosis. Strongly associated
with failure were preoperative periapical pathosis with a diag-
nosis of either irreversible pulpitis or necrotic pulp and teeth

with multiple canals. The PEARL Network now is conducting a (3)
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parallel study to examine the outcome of implant therapy and

single-unit restoration. The results of both studies should help

guide the clinician when deciding the most appropriate course

of therapy for teeth with irreversible pulpitis, necrotic pulp or

periapical periodontitis.

Disclosure. None of the authors reported any disclosures.

This study was funded by grant U-01-DE016755 awarded to
New York University College of Dentistry by the National Insti-

tute of Dental and Craniofacial Research, National Institutes of
Health, Bethesda, Md.

ABBREVIATION KEY

CBCT - Cone-beam computed tomography

PAI - Periapical index
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PEARL — Practitioners Engaged in Applied Research

and Learning

P-I1 - Practitioner-investigator

PP — Periapical pathosis
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