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Abstract

Objective: This matched cohort study used data from a large dental HMO in the
Pacific Northwest to evaluate the degree to which pulpal involvement and subse-
quent endodontic therapy affects tooth survival. Root canal filled (RCF) teeth were
used as an indicator of pulpal involvement. Qur hypothesis was that RCF teeth
would be extracted sooner than non-RCF teeth matched within subjects, controlling
for tooth-level variables of interest. Methods: The HMO's treatment databases and
a subsequent chart audit were used to identify 202 eligible subjects, each of whom
had one tooth endodontically treated in 1987-88 and a similar contralateral tooth
that was non-RCF at that time. Both teeth were followed from the endodontic access
date through the extraction date, the endodontic access date (for initially non-RCF
teeth), or 12/31/94, whichever was earliest. Time-to-event analyses were carried
out, with Kaplan-Meier curves generated and multivariable marginal proportional
hazards regression models fitted to describe the effect of RCF status on tooth
survival. All statistical analyses accounted for the complex sampling strategy used
in generating the dataset. Results: Teeth were followed for up to eight (median=6.7)
years. RCF teeth had substantially worse survival than their non-RCF counterparts
(p<0.001), with a greater effect of RCF status evident among molars than non-
molars. Adjusted hazard ratios (95% confidence intervals) for loss of RCF versus
non-RCF molars and non-molars were 7.4 (3.2-15.1) and 1.8 (0.7-4.6), respectively.
Conclusion: Though endodontic therapy can prolong tooth survival, pulpal involve-
ment still may hasten tooth loss, underscoring the importance of caries prevention
and prompt restorative care.

Key words: epidemiology, proportional hazards regression, root canal therapy, sur-
vival analysis, tooth loss

Introduction
Teeth with small or medium-sized

thetic reasons (2, 3), or because sav-
ing the tooth might be too expensive

carious lesions generally can be re-
stored and be expected to remain in
the mouth for many years afterwards.
However, pulpal involvement can
occur when caries or restorations are
deep, necessitating root canal therapy
(RCT) or extraction. The impact of
pulpal involvement and subsequent
RCT on tooth survival has not been
quantified. Though many root canal
filled (RCF) teeth last a lifetime, oth-
ers are lost shortly after completion
of endodontic therapy (1). Non-RCF
teeth can be lost due to non-restor-
able caries, advanced alveolar bone
loss, catastrophic fracture, or pros-

for the patient. RCF teeth can be lost
for these reasons as well, but also sec-
ondary to endodontic mishaps (e.g.,
perforation) or post-endodontic res-
torations (e.g., vertical root fracture
from intracanal posts) (1,4). For these
reasons one might expect that once
the pulp is affected by caries, tooth
fracture or restoration, a tooth's ex-
pected survival is reduced compared
to its expected survival without pul-
pal involvement.

The primary purpose of this study
was to quantify the degree to which
endodontic involvement and subse-
quent RCT affects tooth survival. We

used RCF teeth as an indicator for
pulpal involvement, our hypothesis
being that RCF teeth would be ex-
tracted sooner than non-RCF teeth
matched within subjects, controlling
for tooth-level variables of interest. A
secondary goal was to determine
whether this relationship was differ-
ent for molars and non-molars.

Methods

The sample was drawn from the
population of enrollees in the Kaiser
Permanente Dental Care Program
(KPDCP), a dental HMO located in
Portland, Oregon. Enrollees are cur-
rent or retired employees (or their de-
pendents) of companies with dental
insurance through KPDCP. In turn,
KPDCP maintains a contract with
Permanente Dental Associates (PDA),
a group practice serving only KPDCP
members. In 1995, when the sample
was identified, KPDCP had over
144,000 enrollees, and PDA em-
ployed 105 general dentists and spe-
cialists practicing in 12 clinics in the
Portland area.

Since January 1, 1987, KPDCP has
operated several databases, includ-
ing one containing patient-specific
demographic and insurance informa-
tion and another containing dental
treatment data (e.g., procedure codes
and dates). The latter was used to
identify and track treatment history
for patients receiving initial, com-
pleted RCT. Prior to data collection,
approval for this retrospective cohort
study was obtained from Human
Subjects Committees at the Kaiser
Permanente Center for Health Re-
search and the University of North
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FIGURE1
Selection of eligible patients, RCF teeth, and Non-RCF teeth
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Figure 1 delineates the selection
of eligible patients, RCF teeth, and
non-RCF teeth analyzed in the
present study. Subjects originally
were identified for a prior case-con-
trol study in which the goal was to
identify factors related to loss of RCF
teeth (1). In that study, subjects who
had undergone completed RCT were
identified; cases were defined as those
who lost the RCF tooth during an
eight-year period, while controls were
defined as those not losing the RCF
tooth during that time. Because there
were many more controls than cases

kept tooth until 12/31/94
(n=1523)

RCF, not
extracted

(n=120)

in the underlying population, cases
were oversampled relative to con-
trols, necessitating a weighted analy-
sis to allow appropriate inferences to
the population of KPDCP enrollees
who satisfied study eligibility crite-
ria. The original selection protocol is
described in detail elsewhere (1) and
summarized below.

Selection of RCF teeth. KPDCP
databases were used to identify all
patients who: 1) were continuously
enrolled from 1/1/87 through
12/31/94; 2) had an eligible perma-
nent tooth endodontically accessed
in 1987 or 1988; 3) had an oral exami-
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nation within two years after access;
and 4) were > 21 years old on the date
of access. Teeth were deemed ineli-
gible if they were third molars or if
the endodontic code represented re-
treat-ment. Patients with > 1 eligible
tooth then were restricted to the tooth
with the earliest access date, so each
patient contributed only one endo-
dontically treated tooth to the analy-
sis. At this point the list contained
1795 patients.

Patients then were stratified as
those with an extraction code for the
RCF tooth prior to 12/31/94 (cases)
and those without such a code (con-
trols). A target sample size of 110 in
each stratum had been calculated
based on 5% Type I error, 90% power,
an odds ratio of three, and data from
a pilot study indicating that approxi-
mately 61% of controls had at least
one missing permanent tooth on the
endodontic access date (this variable
was of primary interest in that study).

The target population included
only those patients with a panoramic
radiograph (required to determine the
number of missing teeth in the prior
study) whose RCF tooth a) was being
treated endodontically for the first
time, and b) received completed treat-
ment. Because electronic databases
did not contain this information,
study eligibility could be confirmed
only through record review, so many
extra records had to be reviewed be-
fore the target sample size was
reached. A total of 406 charts was
requested, including 232 randomly
selected from among 272 cases, and
174 randomly selected from among
1523 controls. Of these 406 charts,
190 were excluded for the reasons
mentioned above. This left 216 pa-
tients, each with one tooth that had
received initial, completed RCT. Of
these, 96 had been extracted and 120
had not been extracted by 12/31/94.

Selection of non-RCF teeth. Den-
tal records were examined to identify
non-RCF teeth with which to compare
the 216 RCF teeth. If the exact con-
tralateral tooth was present, it was
selected. If that tooth was missing or
already RCF on the RCF tooth’s ac-
cess date (hereafter called the “index
date”), the tooth of the same type (i.e.,
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anterior, premolar, or molar) adjacent
to the exact contralateral tooth was
selected. Ten of the 216 patients were
excluded: nine because both the con-
tralateral and adjacent teeth were in-
eligible for comparison, and one be-
cause the dental record was not lo-
cated. Another four were excluded
because data for their comparison
tooth were incomplete (see below),
leaving 202 matched tooth pairs for
analysis.

Data collection. Subject- and
tooth-level covariates were ascer-
tained from the electronic databases
and from radiographs (bitewing, pe-
riapical, panoramic) and clinical pe-
riodontal recordings taken most re-
cently before the index date. Tooth-
level covariates included:

* Tooth type: molar, non-molar

+ Proximal Contacts (PCs): Be-
cause the number of PCs is related to
loss of RCF teeth (1,5), four mutually
exclusive categories were created:
bridge abutment; non-bridge abut-
ment with zero PCs; non-bridge abut-
ment with one PC; and non-bridge
abutment with two PCs.

+ Number of decayed or filled
(DF) coronal surfaces: A number from
0-3 represented the number of DF sur-
faces from among the occlusal, me-
sial, and distal coronal surfaces.

+ Number of DF root surfaces: A
number from 0-2 represented the
number of DF surfaces from among
the mesial and distal root surfaces.

* Number of periodontal pock-
ets >5mm: Pocket depths had been
recorded at six sites per tooth. If a
given site had no recording it was as-
sumed to be <4 mm.

Databases and charts were exam-
ined to determine all treatment re-
ceived by the study teeth between the
index date and 12/31/94, and the
most recent radiograph was exam-
ined to validate extraction status.

Statistical analysis. Time-to-event
analyses (6) were used to describe the
relationship between root canal sta-
tus and tooth survival. For both RCF
and non-RCF teeth, follow-up started
on the index date and continued
through the date of extraction or 12/
31/94, whichever came first. If an
initially non-RCF tooth was accessed
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TABLE 1
Characteristics of matched tooth pairs

Table 1A: Number of DF* coronal surfaces

RCFt
=1 2 3 Total
>1 9 20 21 50
Non- 2 4 19 26 49
RCF 3 3 11 89 103
Total 16 50 136 202

Concordance: RCF = Non-RCF (58%); RCF > Non-RCF (33%); RCF < Non-RCF (9%)

Table 1B: Number of DF root surfaces

RCF
0 =1 Total
Non- 0 128 50 178
RCF 51 15 9 24
Total 143 59 202

Concordance: RCF = Non-RCF (68%); RCF > Non-RCF (25%); RCF < Non-RCF (7%)

Table 1C: Number of proximal contacts

RCF
0 1 2 BA}  Total
0 2 2 2 1 7
Non- 1 3 38 20 0 61
RCF 2 2 16 97 10 125
BA 0 2 2 5 9
Total 7 58 121 16 202

Concordance: RCF = Non-RCF (70%); RCF > Non-RCF (17%); RCF < Non-RCF (12%)

Table 1D: Number of pockets > 5 mm

RCF
0 1 >2 Total
0 119 15 7 141
Non- 1 11 8 8 27
RCF >2 8 7 19 34
Total 138 30 34 202

Concordance: RCF = Non-RCF (72%); RCF > Non-RCF (15%); RCF < Non-RCF (13%)

*DF = Decayed or Filled
tRCF = Root Canal Filled
{BA = Bridge Abutment

endodontically during that interval,
the tooth was censored on its endo-
dontic access date.

Because the parent study sample
had overselected extracted RCF teeth,
a weighted analysis incorporating the
design effect (7) was carried out. The
weighted analysis enabled inferences
to be made about the original KPDCP
population of eligible patients based
on data from the biased sample. Each
subject’s weight was equal to the in-
verse of his/her selection probabil-
ity. Since 232 cases were sampled
from 272 cases in the population, each
sampled case represented 272/232
population cases. Similarly, since 174
controls were sampled from 1523 con-
trols in the population, each sampled

control represented 1523 /174 popu-
lation controls. In this manner, and
by using statistical software that in-
corporates weights, the present
analysis provides information gener-
alizable to the entire KPDCP popula-
tion of enrollees who satisfied study
eligibility criteria.

Weighted Kaplan-Meier curves
were generated to compare overall
and subgroup tooth survival prob-
abilities for RCF and non-RCF teeth.
Again, weights were used so that re-
sults from the sample, which had
been generated originally by
oversampling extracted RCF teeth,
could be extrapolated to the entire
population of eligible subjects. In
addition, because of non-indepen-
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dence of observations due to within-
patient clustering, methods for ana-
lyzing correlated failure time data
were used (8,9). Specifically, a
weighted version of the log-rank test
(10) was utilized for two-sample com-
parison of survival curves, and the
weighted version of the marginal
proportional hazards models (8) was
fitted to evaluate the effect of root ca-
nal status on tooth survival control-
ling for important covariates, with the
patient as the clustering unit.

The proportional hazards as-
sumption was assessed by examin-
ing the Schoenfeld residual (11). An
unadjusted model was developed,
followed by a full model that included
all tooth-level covariates plus the in-
teraction term between root canal sta-
tus and tooth type. A final model was
generated by selectively removing
from the full model those variables
that did not change the estimate of
effect of root canal status by more
than 10% and had p-values > 0.05.
All analyses were conducted using
S-Plus (12).

Results

The 202 analyzed subjects repre-
sented approximately 1078 patients
in the KPDCP population who would
have satisfied study inclusion crite-
ria. Population medians
(interquartile ranges) were: age=42
(36-52) years; number of missing teeth
(not including third molars)=1 (0-4);
and number of dental visits from
1987-94=29 (21-36). Males com-
prised 38% of the population, and
22% reported wearing upper and/or
lower removable prostheses.

Of the 202 analyzed tooth pairs,
16% were comprised of anterior teeth,
41% were comprised of premolars,
and 44% were comprised of molars.
The exact contralateral tooth was
used as the matched tooth for 83% of
the RCF teeth, while the surrogate
tooth was used for the other 17%.
Tables 1A-D present other tooth-level
characteristics of the matched tooth
pairs. For each table, rows represent
the non-RCF teeth, columns repre-
sent the RCF teeth, and cells repre-
sent the number of pairs correspond-
ing to that row /column combination

TABLE 2
Kaplan-Meier survival estimates at four and eight years,
by root canal status
Root Canal 4-Year 8-Year
Status Survival Estimate (%) Survival Estimate (%)
All Teeth Non-RCF* 98.0 96.0
RCF 94.0 89.5
Molars Non-RCF 99.0 98.5
RCF 93.6 89.6
Non-Molars Non-RCF 97.4 94.1
RCF 94.8 89.4
*RCF = Root Canal Filled
TABLE 3

Marginal proportional hazards regression models describing the
relationship between root canal status and tooth survival

Tooth Root Canal Hazard Ratio 95% Confidence

Model Type Status  (Reference = Non-RCF) Interval

Unadjusted All Teeth RCF* 3.0 1.4-6.1
Non-RCF 1.0 —

Minimally ~ Molars RCF 6.7 3.2-14.0
Adjustedt Non-RCF 1.0 e

Non-Molars RCF 2.0 0.8-5.0
Non-RCF 1.0 -

Finalj Molars RCF 74 3.2-15.1
Non-RCF 1.0 --e-

Non-Molars RCF 1.8 0.7-4.6
Non-RCF 1.0 -

*RCF = Root Canal Filled
tMinimally Adjusted model includes:

Root canal status (Root Canal Filled vs. non-Root Canal Filled)

Tooth type (molars vs.non-molars)

Interaction term (Roof canal status * Tooth type)
1Final model is the Minimally Adjusted model PLUS:
Proximal contacts (3 dummy variables representing four mutually exclusive categories)

Number of pockets > 5 mm (continuous)

(e.g., Table 1A shows that there were
26 tooth pairs in which the RCF tooth
had three DF coronal surfaces and
the non-RCF tooth had two). For
proximal contacts, pockets > 5 mm,
DF coronal surfaces, and DF root sur-
faces there was concordance between
the paired teeth about 58-72% of the
time. When pairs were discordant,
RCF teeth tended to have more DF
coronal and root surfaces than non-
RCF teeth, while there was roughly

an even split between RCF and non-
RCF teeth with respect to proximal
contacts and pockets > 5 mm.
Follow-up times ranged from 0.01
to 8.0 years, with the median being
about 6.7 years. Figures 2-4 show
Kaplan-Meier survival estimates and
corresponding 95% confidence inter-
vals for the RCF and non-RCF teeth.
Figure 2 shows that overall, RCF teeth
had substantially worse survival
than their non-RCF counterparts
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FIGURE2
Kaplan-Meier survival estimates and 95% confidence intervals
for RCF and non-RCF teeth
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(p<0.001). Figures 3 and 4 show that
the survival discrepancy between
RCF and non-RCF teeth was much
greater for molars than for non-mo-
lars. For reference purposes, Table 2
presents survival estimates at four
and eight years after baseline.

Table 3 presents the results of sev-
eral regression models. The unad-
justed model generated a hazard ra-
tio (HR) and 95% confidence interval
(CD) of 3.0 (1.4-6.1) for RCF versus
non-RCF teeth, indicating that over-
all, RCF teeth were extracted at a rate
three times that of non-RCF teeth. For
comparative purposes, a “minimally
adjusted” model is shown rather
than the full model. This model in-
cluded only root canal status, tooth
type, and the interaction between the
two, leading to separate estimates for
molars and non-molars. In the final
model, no statistically significant ef-
fect was seen among non-molars (HR
=1.8;95% CI = 0.7-4.6), but a strong,
significant effect was seen among mo-
lars (HR =7.4;95% CI = 3.2-15.1), in-
dicating that RCF molars were ex-
tracted at a rate over seven times that
of non-RCF molars.

Discussion

This study’s most important find-
ings were that 1) even if pulpally in-
volved teeth are saved via RCT, their
longevity is decreased compared to
similar, pulpally non-involved teeth;
and 2) the effect of endodontic in-
volvement and subsequent com-
pleted RCT appears to be much stron-
ger among molars than non-molars.
The lower hazard ratio observed
among non-molars can be inferred by
comparing Figures 3 and 4; the two
Kaplan-Meier curves in Figure 3 (mo-
lars) are farther apart than the two
corresponding curves in Figure 4
(non-molars). The major reason for
this difference is that non-treated
molars had relatively better survival
compared to non-treated non-molars,
which can be seen by comparing the
upper curves in Figures 3 and 4. Sev-
eral reasons for this could be postu-
lated, including a) dentists and/or
patients might value molars more
than non-molars for chewing and for
retaining fixed or removable partial
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dentures; b) given the same amount
of bone loss, molars probably are less
mobile than non-molars due to their
having multiple roots; and ¢) non-
molars might be more often cata-
strophically fractured than molars,
which have more tooth structure
available to retain restorations.

In the endodontic literature the
usual measure of prognosis is “en-
dodontic success,” a variable nor-
mally assessed by a combination of
clinical and radiographic findings
consistent with periapical healing
(13,14). In contrast, the outcome used
here was tooth loss, which may not
correspond to “endodontic success”
because a) teeth for which endodon-
tic treatment has been successful may
be extracted for non-endodontic rea-
sons, and b) teeth with failing endo-
dontic treatment may remain in the
mouth long after treatment, especially
if the patients are asymptomatic. In
addition to being evaluated in terms
of “endodontic success”, endodonti-
cally treated teeth have been investi-
gated previously in terms of
intracanal restorative techniques (15)
and post-endodontic tooth fracture
(16,17). Loss of teeth has been ad-
dressed longitudinally (18,19) but the
endodontic status of the lost teeth
generally has not been determined.
Only a few studies specifically ad-
dress loss of RCF teeth (1,4,13,20). To
our knowledge, the present investi-
gation is the first to compare survival
of RCF and non-RCF teeth.

In the present study, rather than
comparing tooth survival among two
groups of patients (one group with
RCF teeth and one group with non-
RCF teeth), we matched one RCF
tooth with one non-RCF tooth within
patients. This method was more effi-
cient because it minimized the oppor-
tunity for variation in subject-level
factors (e.g., oral hygiene, patient age)
to affect tooth loss differentially across
comparison groups. In other words,
tooth-level confounding was more ef-
fectively controlled by matching RCF
with non-RCF teeth within subjects.
Survival data from dental implants
clustered within subjects have been
analyzed (9), but to our knowledge
such methods have not been applied

to examine longevity of teeth based
on endodontic status.

This study has several limitations.
First, as with all retrospective stud-
ies, data quality was dependent on
the quality of existing documenta-
tion, especially legibility and com-
pleteness of entries in patient records
and accuracy of coding in the treat-
ment database. Second,
generalizability may be limited, since
determinants of health care utiliza-
tion include demographic, socioeco-
nomic, and attitudinal variables (21)
and insured populations use dental
services more frequently than non-
insured populations (22,23). Third,
of roughly 75,000 members of KPDCP
in January 1987, only about 29,000
(39%) were insured continuously for
the next eight years; these enrollees
may differ substantially from those
without continuous coverage with
regard to stability of employment,
education, age, or other factors poten-
tially related to tooth loss. Fourth,
several tooth-level factors that could
influence tooth survival were un-
available, including presence/ab-
sence of opposing teeth. Fifth, some
RCF teeth could not be matched with
their exact contralateral tooth and in-
stead had to be matched to the tooth
of the same type adjacent to the exact
contralateral tooth. In this case, the
two teeth being compared could have
been in the patient’s mouth for differ-
ent intervals during his/her lifetime
(e.g., first and second molars nor-
mally erupt at about six and twelve
years of age, respectively). Hence,
teeth in these tooth pairs would have
been subjected to different total life-
time burdens of insult. We expect that
any bias due to this phenomenon
would be both small (since only 17%
of the tooth pairs met this condition
and since important tooth-level fac-
tors were controlled for) and non-dif-
ferential (since this discrepancy
would tend to be distributed equally
between RCF and non-RCF teeth).

Finally, the observed hazard ra-
tios underestimate the true effect of
pulpal involvement on tooth survival
because only one category of pulpally
involved teeth (i.e., teeth with com-
pleted RCT) was selected for compari-
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son. A true estimate of the overall ef-
fect of pulpal involvement would re-
quire assessment of additional types
of pulpally involved teeth, including;
1) teeth that could have received RCT
but were extracted instead; and 2)
teeth with non-completed RCT. The
present retrospective study design
precluded determination of which
teeth that were extracted had been
savable or whether patients were of-
fered the option of RCT. Teeth with
non-completed RCT were excluded
because the parent study concerned
only RCF teeth. Teeth with non-com-
pleted RCT have poorer survival than
teeth with completed RCT (24). Thus,
because RCF teeth survive longer than
these other pulpally involved teeth,
and also because these other pul-
pally involved teeth probably are
more common in uninsured popula-
tions than in insured populations, the
observed effects represent a best-case
scenario regarding the influence of
pulpal involvement on tooth sur-
vival.

Even if RCF teeth generally are lost
sooner than comparable non-RCF
teeth, these results do not imply that
all pulpally involved teeth should be
extracted, since that decision should
be made on a case-by-case basis. Out-
comes research is vital to treatment-
decision-making in dentistry, since
valid outcomes data can support
dentists” recommendations and pa-
tients” decisions. Knowing that pul-
pal involvement can influence tooth
longevity may encourage patients
not to postpone treatment of asymp-
tomatic carious lesions, which often
occurs due to financial reasons, con-
venience, or dental fear. Future in-
vestigations should be carried out
prospectively so that all pulpally in-
volved teeth can be investigated and
so that potentially important vari-
ables could be collected that were un-
available here.
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