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bstract
he purpose of this retrospective study was to evaluate
he treatment outcome of root canal systems obturated
ith gutta-percha and Kerr Pulp Canal Sealer compared
ith Resilon and Epiphany sealer. One hundred three

eeth treated in a private endodontic practice were
ncluded in the study. Clinical outcomes (healed versus
onhealed) were assessed by using the Periapical Index
etermination and clinical evaluation at recall appoint-
ents. The magnitude of the association between ob-

uration materials used and outcome measured was
valuated with univariate and multivariate logistic re-
ression analysis. Univariate analysis indicated that
ulpal vitality, presence of a preoperative lesion, and

ength of recall times were statistically significant in
redicting the outcome. Logistic regression analysis
howed that age, tooth position, and length of recall
imes were statistically significant in predicting the
utcome. Root canal systems obturated with gutta-
ercha and Kerr Pulp Canal Sealer or Resilon and
piphany sealer had statistically indistinguishable dif-
erences in clinical outcome. (J Endod 2008;34:
89 –797)
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acteria and their by-products have been shown to be a cause of pulpal necrosis and
apical periodontitis (1). A primary objective of endodontic therapy is to debride

nd clean the root canal system through mechanical and chemical means (2, 3). After
horough chemomechanical debridement, the canal system is obturated with a filling

aterial, and this treatment regimen sets the stage for postoperative healing (4). As a
ajor part of this therapeutic treatment, the obturation ideally confers 3 main functions:
revention of coronal ingress of bacteria, entombment of remaining bacteria, and
revention of accumulation of fluid apically that could serve as nutrients for bac-

eria (5).
Gutta-percha used with various sealers is the standard with which other obturating

aterials are compared (6). Recently a thermoplastic synthetic polymer-based root
anal filling material has been developed that might be used as an alternative core
bturation material. This material, Resilon (Resilon Research LLC, Madison, CT), is
ade of polycaprolactone and contains bioactive glass, bismuth oxychloride, and bar-

um sulfate. The corresponding sealer, Epiphany Root Canal Sealant (Pentron Clinical
echnologies, Wallingford, CT), is a dual-cure dental resin composite sealer (7). These
bturation materials have been compared with gutta-percha and various sealers in
reclinical studies evaluating microleakage (7, 8), fluid filtration leakage (9), cytotox-
city (10), surface characteristics after exposure to enzymes (11), and differences in
nflammation in dogs with apical periodontitis (12). Resilon has also been evaluated
linically in a nonstandardized protocol (13).

In prospective and retrospective studies the outcome of treatment has been eval-
ated for teeth obturated with gutta-percha, and many factors have been assessed for

heir relationship to treatment outcome. Pulpal vitality (14 –16), presence of a preop-
rative lesion (14, 15, 17–23), and length of recall time (17, 24, 25) have been shown
n many studies to be significant factors affecting the outcome of root canal treatment.
dditional factors that might also affect outcome are age (23), gender (15), tooth

ocation (26), number of canals obturated (20), and single or multiple visits (27).
ssessment of treatment outcome can be accomplished through the use of radiographic
nd/or clinical evaluation. Radiographic evaluation can be assessed through strict
riteria (17) or through the use of the Periapical Index (PAI) system (28), and clinical
nterpretation can be evaluated through presentation of symptoms (18 –20) or func-
ionality (29) of the tooth treated.

The present retrospective study was designed to compare radiographic and
linical outcomes of teeth obturated with either Resilon and Epiphany sealer
r gutta-percha and Kerr Pulp Canal Sealer (Kerr Corporation, Orange, CA) by
sing a single private practice site in which patients were assigned to either treat-
ent by using an allocation method of treatment room assignment as described

elow. Both univariate and multivariate logistic regression analyses were used to
valuate the impact of the obturation method and other preoperative prognostic
eatures on the clinical outcomes. The additional preoperative factors assessed
ere age, gender, tooth location, pulpal vitality, presence of preoperative periapi-
al radiolucency, number of canals obturated, single or multiple visits, and length

f recall times.

rison of Clinical Outcomes after Obturation with Resilon/Epiphany or Gutta-Percha/Kerr Sealer 789
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Materials and Methods
ample Size/Endodontic Treatment

This study was approved by the Institutional Review Board of the
niversity of Texas Health Science Center at San Antonio. The sample
opulation was initially composed of 276 endodontically treated teeth of
atients who were referred by general practitioners to a single practi-
ioner endodontic practice located in Wichita, KS. The patients were
reated between August 2003 and May 2004. The endodontic office in
his study provided 2 fully equipped rooms for treatment. One room was
quipped for obturation with gutta-percha and Kerr Pulp Canal Sealer
nd the other with Resilon and Epiphany sealer. All other equipment and
nstruments were the same in each treatment room. Patient assessment,
reatment data, and radiographs were obtained by both the practitioner
nd his staff, with the diagnosis and treatment being provided by a single
ndodontist with 18 years of private practice experience. Digital radio-
raphs were taken with a Sirona Heliodent DS unit (60 kilovolts (peak),
mA) (Sirona Dental Systems, LLC, Charlotte, NC) with variable expo-

ure times, and Schick sensors and software (Schick Technologies, Inc,
ong Island City, NY) were used to capture the radiographic images.

At each appointment, patients were seated in the first available
reatment room. This patient allocation method did not take into ac-
ount any demographic or preoperative variables at the time of treat-
ent room assignment. Canals were obturated with the material as-

igned to the treatment room that the patient was in at the time of
bturation, independent of the treatment room occupied at any previ-
us visit. Every patient was anesthetized, and a rubber dam was placed.
ccess was made, canals were located, and coronal flare was obtained
ith a rotary ProFile GT size 20, 0.06 taper (Dentsply Tulsa Dental,
ulsa, OK). Stainless steel FlexoFile (Dentsply Maillefer, Tulsa, OK)
and files and an Elements Apex Locator (Sybron Endo, Orange, CA)
ere used to determine working length (WL) as the point at which the
pex locator read 0.0. Then rotary K3 size 15–25 with a 0.02 taper
Sybron Endo) and rotary ProTaper S1, S2, and F1 (Dentsply Tulsa
ental) nickel-titanium (NiTi) files were used to initially clean and

hape the canals to WL. LightSpeed NiTi rotary instruments (LightSpeed
echnology, Inc, San Antonio, TX) were then used without rotary power
o determine the largest size that would go past WL. This size was re-
orded, and the canal was then prepped with a K3 0.04 or 0.06 taper to
he previously determined LightSpeed size. After canal preparation to
he size of the largest LightSpeed that would go past WL, larger Light-
peed instruments were inserted. If a LightSpeed of 2 sizes or greater
asily fit to within 1 mm of the WL, the canal would then be prepped with
K3 0.04 or 0.06 taper to match the larger size at the shorter length
etermined by the LightSpeed instrument.

Throughout treatment the canals were irrigated with 5.25% NaOCl
armed in a beaker on a beverage warming device (The Holmes Group,
arrensburg, MO). A final flush of hydrogen peroxide followed by a

inse of 17% ethylenediaminetetraacetic acid to remove the smear layer
ompleted the irrigation. All irrigants were dispensed with a monojet
yringe through a 30-gauge Max-i-Probe (Dentsply Rinn, Elgin, IL) nee-
le. The volume of irrigants was not recorded. Canals were then dried
ith sterile paper points. For multiple visit appointments, UltraCal XS
Ultradent Products, Inc, South Jordan, UT) calcium hydroxide was
ispensed into the canal by using a 30-gauge needle followed by a sterile
otton pellet and a temporary restoration of Cavit or intermediate re-
torative material (IRM).

Before obturation, WL length was confirmed with the Elements
pex Locator. A master cone of the obturation material to be used was
elected to match the final size and taper of the canal preparation to WL,
laced to length for assessment, and then removed. For canals that were

repared to a larger size within 1 mm short of WL, a cone of corre- w

90 Cotton et al.
ponding size and taper was selected, and the apical 3 mm of the cone
as softened with chloroform. The cone was then fit to WL and removed.

For canals obturated with gutta-percha, Kerr Pulp Canal Sealer was
ixed, and the gutta-percha master cone was coated and placed back to
L. For canals obturated with Resilon, a sterile paper point was used to

pply the Epiphany primer to the walls of the canal. A dry paper point
as then placed to length and used to absorb excess primer inside the

oot canal. The Resilon master cone was coated with Epiphany sealer
nd placed to length. Both obturation materials were then incrementally
own packed by using a System B (Sybron Endo) and condensers. The
oal was to down pack and condense to within 3 mm of WL or as close
o that as possible. After the down pack, the canals were backfilled by
sing an Obtura II gun (Obtura Spartan, Fenton, MO) with the same
bturation material as the master cone. The material was finally con-
ensed at the orifice(s), with the Resilon and Epiphany sealer obturated
anals being light-cured for 40 seconds.

After obturation, the chambers were closed with composite, amal-
am, or a sterile cotton pellet followed by Cavit or IRM. The postobtu-
ation restoration was determined on the basis of the referring dentist’s
reference and the endodontist’s judgment of maintaining a coronal
eal.

After treatment, patients were mailed postcards and telephoned to
et up a recall appointment. Also, if a patient was in the office for
dditional treatment of a different tooth, their previously treated tooth
as recalled. A total of 117 treated teeth from 110 patients were re-
alled, with recall times ranging from 2–25 months. At the recall ap-
ointment, patients were seated, and a radiographic image was ac-
uired. The treated tooth was percussed, the area was visually inspected
nd palpated, and any complaints by the patient were recorded. Asymp-
omatic/within normal limits (WNL) was recorded if no clinical symp-
oms were present. The type of restoration present at the time of recall
as also recorded. Treatment and recall data were recorded and stored

n the endodontic practice’s TDO (Dog Breath Software, Inc, San Diego,
A) software. The data from the patients’ charts were assessed retro-
pectively by independent observers consisting of a board-certified end-
dontist and an endodontic resident and analyzed by a statistician. None
f the observers were involved in treatment of the teeth.

The data from 117 recalled teeth were subjected to various exclu-
ion criteria without consideration as to the type of obturation material
sed. Initially, 3 teeth were eliminated from the study for various rea-
ons. One tooth obturated with gutta-percha/Kerr sealer was extracted
y a general dentist without being evaluated by the endodontist, another

ooth obturated by gutta-percha/Kerr sealer was extracted as a result of
vertical root fracture confirmed on extraction, and a third tooth ob-

urated with Resilon/Epiphany was re-treated as a result of an initial
rocedural error. Nine teeth (5 obturated with gutta-percha/Kerr
ealer, 4 obturated with Resilon/Epiphany) were eliminated because
ither the immediate postoperative or the recall radiograph did not
dequately show the apices and surrounding bone of the tooth being
valuated. In addition, 3 adjacent teeth in 1 patient had confluent perira-
icular radiolucencies, and all were obturated with Resilon/Epiphany at

he same appointment. One tooth was selected randomly to be included
n the study, and the other 2 were eliminated. After the exclusion criteria
ere applied, 103 endodontically treated teeth (50 obturated with gutta-
ercha/Kerr sealer, 53 obturated with Resilon/Epiphany) from 98 pa-

ients remained to be evaluated in the study. All teeth presented with
ermanent restorations at the time of recall. Eighty-three teeth (41
bturated with gutta-percha/Kerr sealer, 42 obturated with Resilon/
piphany) were recalled at 12–25 months. The 12–25–month group
as further divided into an intermediate recall group of 12–18 months
aving 15 teeth (8 obturated with gutta-percha/Kerr sealer, 7 obturated

ith Resilon/Epiphany) and a long recall group of more than 18 months

JOE — Volume 34, Number 7, July 2008
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aving 68 teeth (33 obturated with gutta-percha/Kerr sealer, 35 obtu-
ated with Resilon/Epiphany). Twenty teeth (9 obturated with gutta-
ercha/Kerr sealer, 11 obturated with Resilon/Epiphany) were recalled
n less than 12 months. The data were evaluated for all 103 teeth (entire
opulation), regardless of recall time, and then for the subset of 83
eeth (12–25–month recall group) with a recall of 12 months or
reater. Finally, subsets of patients with preoperative lesions in the
bove 2 groups were analyzed.

ubjective Radiographic Assessment
The PAI was used for subjective radiographic assessment of all

mmediate postoperative and recall radiographs. The PAI allows evalu-
tors to compare a radiograph with a set of 5 reference radiographs and
heir associated line drawings (28). Two additional board-certified
ndodontists not involved in the treatment of the teeth and not having
nalyzed the data from the patients’ charts served as PAI evaluators in
his study. Each evaluator was calibrated according to Delano et al (30)
y using standardized radiographs provided by Professor Orstavik.

All of the immediate postoperative and recall digital radiographs
ere placed into separate PowerPoint (Microsoft Corp, Redmond, WA)
resentations. Both PAI evaluators were blinded to preoperative vari-
bles to include the obturation material used in each tooth and the
ength of recall time. Each evaluator independently viewed each set of
adiographs and assigned a PAI score for each tooth. A third investigator
abulated and compared assigned scores. For any disagreement on a
AI score for a particular tooth, the PAI evaluators jointly reevaluated
he radiograph, and a consensus score was reached (31). A second PAI
coring for the same immediate postoperative and recall radiographs
as performed 7–14 days later. After the second PAI scoring, intra-rater
nd inter-rater reliability was determined by using a weighted kappa
tatistic.

rognostic Factors
The prognostic factors used in this study were determined on the

asis of the data that were consistently recorded for each tooth treated.
n addition, the prognostic factors or covariates evaluated were de-
reased compared with the total number collected as a result of the
ample size’s limitation of being unable to obtain statistically significant
esults with too many prognostic factors. The data recorded in each
atient’s chart regarding factors to be assessed were extracted and
oded for logistic regression. The obturation material was coded as
ither gutta-percha or Resilon. Age was recorded and coded as the age
rovided by the patient at the initial appointment. Gender was coded as
ither male or female. Pulpal vitality was coded as 1 of 3 groups: (1)
ital, (2) nonvital, which included necrotic pulps and previously ac-
essed teeth, or (3) filled, which represented retreatments. The PAI
cores for the immediate postoperative radiographs were used to de-
ermine the preoperative presence of a periapical lesion. For purposes
f logistic regression analysis, the PAI scores of 1 or 2 were coded as no
esion, and PAI scores of 3 or greater were coded as a lesion. The teeth
reated were grouped and coded as anterior teeth, premolar teeth, or

olar teeth. The teeth were also coded as 1 canal obturated or 2 or
ore canals obturated. The number of appointments was coded as a

ingle visit or multiple visits. The recall time was coded as �12 months
short), 12–18 months (intermediate), or �18 months (long).

utcome Assessment
The outcome assessment for this study was modeled after the To-

onto studies (18 –20). Radiographic and clinical criteria were used to
etermine a dichotomized outcome of healed (18 –20) and nonhealed

or the recall radiographs. The radiographic criteria were determined

hrough cutoffs within the PAI system developed by Orstavik et al (28), o

OE — Volume 34, Number 7, July 2008 Comparison of Clinical O
nd the clinical data were obtained from the recorded recall appoint-
ent information. Periapical tissues were classified as healed in the

bsence of radiographic signs of apical periodontitis (PAI score of 1 or
) and the absence of clinical signs and symptoms other than tender-
ess to percussion as determined by the Toronto Studies (18 –20). Any
ther condition was classified as nonhealed.

ata Analysis
The primary analysis was to determine the magnitude of associa-

ion between the choice of obturation material and treatment outcome.
nivariate and multivariate logistic regression were used in this retro-
pective study to compare the outcome of healed versus nonhealed root
anal treatment with 2 different obturation methods of gutta-percha and
err Pulp Canal Sealer and Resilon and Epiphany sealer. The odds ratio
nd associated 95% confidence intervals (CIs) were used to represent
he magnitude of association. Other potential prognostic factors con-
idered for inclusion into the model included age, gender, tooth loca-
ion, pulpal vitality, presence of a preoperative periapical lesion, num-
er of canals obturated, number of appointments, and length of recall

imes. These were analyzed as covariates, and the treatment effect was
stimated as the adjusted odds ratio (95% CI).

Because of the small data sets of 103 and 83 teeth, with each having
mall numbers of nonhealed outcomes, it was difficult to construct a
table logistic regression model. The model was limited to only a small
umber of covariates. Effects that were not statistically significant in the
odel were eliminated consecutively until an appropriate model could

e constructed. To allow the logistic regression model to estimate re-
ults without ignoring confounding factors, exclusions were made with
ome of the factors because their results had 0 nonhealed outcomes (ie,
ital pulp diagnosis and absence of preoperative lesion). In addition, 2
actors were consolidated (tooth position and number of canals) to
treamline the regression model.

For univariate analysis, Fisher exact test and t test were used.
nitially, the entire population was statistically analyzed, regardless of
ecall time, followed by the 12–25–month recall groups. Finally, sub-
ets of teeth with a preoperative lesion were evaluated within the 2
roups. A weighted kappa statistic was used to assess each observer’s
greement with the calibration radiographs, and it was used to assess
ntra-rater and inter-rater reliability of each observer with regard to the
mmediate postoperative and recall radiographs.

Results
The weighted kappa statistic for the calibration exercises ranged

rom 0.67– 0.84 between the 2 observers. The weighted kappa statistics
or the immediate postoperative and recall radiographs for intra-rater
eliability ranged from 0.68 – 0.84 and ranged from 0.80 – 0.93 for
nter-rater reliability between the 2 observers. All weighted kappa sta-
istics indicated substantial agreement (32).

Univariate association of the outcome assessment of healed and
onhealed for age, gender, tooth position, obturation material, number
f appointments, pulpal vitality, presence of a preoperative lesion, num-
er of canals obturated, and length of recall time is presented for the
ntire population with recall times ranging from 2–25 months in Table
and for the 12–25–month recall group in Table 2. The overall healed

ates for the entire population and the 12–25–month recall group were
8.6% and 85.5%, respectively. Both pulpal vitality (p � .001) and

he presence of a preoperative lesion (p � .005) were significantly
orrelated with the clinical outcome for both the entire population
nd the 12–25–month recall group. Teeth with a positive response to
itality testing and the absence of a preoperative lesion showed a better

utcome of healed. No statistically significant association was detected

utcomes after Obturation with Resilon/Epiphany or Gutta-Percha/Kerr Sealer 791
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etween the type of obturation material (p � 1.00) and the outcomes of
ealed or nonhealed.

Univariate analysis of the subset of teeth with a preoperative lesion
ithin the entire population (Table 3) showed length of recall time to be

tatistically significant in affecting the outcome (p � .007). Longer
ecalls demonstrated greater healed outcomes. No factors were statis-
ically significant for the 12–25–month recall group with preoperative
esions in affecting the outcome (Table 4). In addition, the type of
bturating material for both groups was not statistically significant.

Multivariate logistic regression for the 12–25–month recall group
ncluded the factors of age, obturation material, and tooth position
Table 5). Obturation material, tooth position, and recall time enabled
table estimation by using logistic regression for the entire population
Table 6). Interactions between the variables were evaluated, but none
ere found. Age (odds ratio, 0.96) within the 12–25–month recall
roup had a quadratic effect related to a nonhealed outcome. The prob-
bility of nonhealed plotted against age resulted in a parabolic graph
hat peaked around age 53. This indicated that the probability of having

ABLE 1. Univariate Analysis Summary of Variables by Outcome of Healed and N

Healed

Age
N (%) 81 (78.6)
Mean (SD) 51.1 (15.6)

SEM 1.7
Median 50
Minimum, maximum 18, 84
Gender, n (%)

Male 29 (69.0)
Female 52 (85.2)
Total 81

Tooth position, n (%)
Anterior 9 (64.3)
Premolar 17 (77.3)
Molar 55 (82.1)
Total 81

Obturation material, n (%)
Resilon 42 (79.2)
Gutta-percha 39 (78.0)
Total 81

Appointments, n (%)
Single 68 (82.9)
Multiple 13 (61.9)
Total 81

Pulp diagnosis, n (%)
Vital 34 (97.1)
Nonvital 34 (75.6)
Filled 13 (56.5)
Total 81

Preoperative lesion, n (%)
Yes 43 (66.2)
No 38 (100)
Total 81

No. of canals obturated, n (%)
Single 20 (80.0)
Multiple 61 (78.2)
Total 81

Recall time, n (%)
�18 mo (long) 57 (83.8)
12–18 mo (intermediate) 14 (93.3)
�12 mo (short) 10 (50.0)
Total 81

D, standard deviation; SEM, standard error of the mean.

t test.

Fisher exact test.
nonhealed outcome increased to about age 53 and then decreased m

92 Cotton et al.
fterwards. Within the 12–25–month recall group, tooth position was
ot significant (p � .1) but affected age in the model, indicating it might
onfound the effect for age and must be adjusted for. In the entire
opulation, tooth position was significant (p � .04) for the outcome,
ith healed being more associated with anterior teeth compared with
remolar teeth and molar teeth compared with premolar teeth. Obtu-
ation material was not significant in relation to healed, compared with
onhealed for either subject group. Length of recall time was statistically
ignificant (p � .008) when the short time (�12 months) was in-
luded in the entire population.

Discussion
Assessment of treatment outcome can be accomplished through a

rospective or retrospective study design, with both approaches having
dvantages and disadvantages (29). Prospective studies are considered
igher levels of evidence because they permit blinded randomized treat-
ent allocation, a priori standardization of techniques and sampling

aled for 103 Teeth with Recall Times Ranging from 2–25 Months

Outcome

Nonhealed Total p Value

.4*
22 (21.4) 103 (100)

54.3 (17.5) 51.8 (16)
3.7 1.6

58.5 51
12, 86 12, 86

.06†
13 (31.0) 42 (100)
9 (14.8) 61 (100)

22 103
.31†

5 (35.7) 14 (100)
5 (22.7) 22 (100)

12 (17.9) 67 (100)
22 103

1†
11 (20.8) 53 (100)
11 (22.0) 50 (100)

22 103
.07†

14 (17.1) 82 (100)
8 (38.1) 21 (100)

22 103
�.001†

1 (2.9) 35 (100)
11 (24.4%) 45 (100)
10 (43.5) 23 (100)

22 103
�.001†

22 (33.8) 65 (100)
0 (0.0) 38 (100)

22 103
1†

5 (20.0) 25 (100)
17 (21.8) 78 (100)

22 103
.003†

11 (16.2) 68 (100)
1 (6.7) 15 (100)

10 (50.0) 20 (100)
22 103
onhe
ethods, and the simultaneous study of multiple variables. Disadvan-

JOE — Volume 34, Number 7, July 2008
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ages of prospective studies include the need for long follow-up times,
otential problems with patients lost to follow-up, higher costs, and
onger time for study completion. From this perspective, one advantage
f retrospective studies is that they might enable longer follow-up peri-
ds and larger study populations. In addition, they can protect the study
rom some sources of bias because the data collected are usually for
easons other than research. Limitations of retrospective studies in-
lude the inability to randomize and standardize the methods, and the
cope of analysis is limited to the data collected. Although prospective
tudies are desirable, many studies that evaluate endodontic treatment
utcome are retrospective.

The terminology and criteria to assess the outcome of endodontic
herapy vary across the literature. Strict radiographic criteria can be
sed to determine success, failure, and uncertainty (17). The PAI scor-

ng system is another method used to radiographically interpret success
nd failure by using a cutoff within the scale to differentiate an outcome
28). Another categorization of treatment outcome is healed, healing,
nd disease (33). The Toronto studies (18 –20) deemed treatment
utcome to be healed or disease and used a combination of radio-

ABLE 2. Univariate Analysis Summary of Variables by Outcome of Healed and

Healed

Age
N (%) 71 (85.5%)
Mean (SD) 52.4 (15.4)

SEM 1.8
Median 51
Minimum, maximum 18, 84
Gender, n (%)

Male 26 (76.5)
Female 45 (91.8)
Total 71

Tooth position, n (%)
Anterior 8 (72.7)
Premolar 14 (82.4)
Molar 49 (89.1)
Total 71

Obturation material, n (%)
Resilon 36 (85.7)
Gutta-percha 35 (85.4)
Total 71

Appointments, n (%)
Single 59 (89.4)
Multiple 12 (70.6)
Total 71

Pulp diagnosis, n (%)
Vital 30 (100)
Nonvital 31 (83.8)
Filled 10 (62.5)
Total 71

Preoperative lesion, n (%)
Yes 38 (76.0)
No 33 (100)
Total 71

No. of canals obturated, n (%)
Single 16 (84.2)
Multiple 55 (85.9)
Total 71

Recall time, n (%)
12–18 mo (intermediate) 14 (93.3)
�18 mo (long) 57 (83.8)
Total 71

D, standard deviation; SEM, standard error of the mean.

t test.

Fisher exact test.
raphic and clinical criteria to determine their results. A more recent p

OE — Volume 34, Number 7, July 2008 Comparison of Clinical O
ethod of assessing outcome is through digital subtraction radiogra-
hy. This technology is able to indicate periradicular changes and dem-
nstrate healing (34), but no criteria have been validated for the deter-
ination of success and failure. Digital subtraction also requires

tandardized radiographs, which are often not feasible in a retrospec-
ive study. This study chose to modify the Toronto studies’ (18 –20)

odel so that a combination of radiographic and clinical data could be
sed to determine the outcome of healed compared with nonhealed.
actors assessed in this retrospective study were limited by the data
hat were recorded during treatment and at recall. Overall, the suc-
ess rates are similar to other success failure studies (14 –16, 18 –
2, 26, 33).

Given the relatively prolonged periods often required for the ra-
iographic and clinical healing of apical periodontitis, it is not surpris-

ng that the 12–25–month recall group would have a higher outcome of
ealed (85.5%) compared with the entire population (78.6%), with
ecall times ranging from 2–25 months. It should be noted that the
utcomes of this study are based on a small sample size from Midwest
merica, with treatment being provided by a single practitioner in a

aled for 83 Teeth with Recall Times Ranging from 12–25 Months

Outcome

Nonhealed Total p Value

.25*
12 (14.5%) 83 (100%)

57.7 (9.6) 53.2 (14.7)
2.8 1.6

59 51
40, 77 18, 84

.06†
8 (23.5) 34 (100)
4 (8.2) 49 (100)

12 83
.26†

3 (27.3) 11 (100)
3 (17.6) 17 (100)
6 (10.9) 55 (100)

12 83
1†

6 (14.3) 42 (100)
6 (14.6) 41 (100)

12 83
.06†

7 (10.6) 66 (100)
5 (29.4) 17 (100)

12 83
.001†

0 (0.0) 30 (100)
6 (16.2) 37 (100)
6 (37.5) 16 (100)

12 83
.003†

12 (24.0) 50 (100)
0 (0.0) 33 (100)

12 83
1†

3 (15.8) 19 (100)
9 (14.1) 64 (100)

12 83
.68†

1 (6.7) 15 (100)
11 (16.2) 68 (100)

12 83
Nonhe
rivate practice setting. The results might not be completely repre-
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entative of outcomes found in other areas of the country with dif-
ering patient populations and different endodontic treatment pro-
edures.

Comparing the clinical outcomes between Resilon and Epiphany
ealer and gutta-percha and Kerr Pulp Canal Sealer is important from a
reatment perspective. Regardless of the reported outcomes from mul-
iple in vitro studies evaluating Resilon (8 –13), clinical decision mak-
ng should be based on the outcomes of clinical research. A nonstand-
rdized clinical evaluation of teeth obturated with Resilon showed
ealed and healing rates to be within the range evaluated for gutta-
ercha throughout the literature (13). This study contributes to that
linical knowledge base by evaluating teeth obturated with gutta-percha
nd Kerr Pulp Canal Sealer compared with teeth obturated with Resilon
nd Epiphany sealer. To ensure a robust conclusion, we evaluated the
ntire sample of 103 cases (entire population) as well as a subset of 83
ases with a 12–25–month follow-up period (12–25–month recall
roup). The healed rate for the entire population was 78.6%, and there
as no difference in healed rates between the 2 obturation materials
Table 1). The 12–25–month recall group had a healed rate of 85.5%,
nd there was not a detectable difference in healed rates between the 2
bturation materials (Table 2). Similarly, the rates of nonhealed be-

ABLE 3. Univariate Analysis Summary of Variables by Outcome of Healed and
rom 2–25 Months

Healed

Age
N (%) 43 (66.2)
Mean (SD) 53.3 (14.1)

SEM 2.2
Median 54
Minimum, maximum 26, 83
Gender, n (%)

Male 18 (58.1)
Female 25 (73.5)
Total 43

Tooth position, n (%)
Anterior 3 (37.5)
Premolar 10 (66.7)
Molar 30 (71.4)
Total 43

Obturation material, n (%)
Resilon 24 (68.6)
Gutta-percha 19 (63.3)
Total 43

Appointments, n (%)
Single 32 (69.6)
Multiple 11 (57.9)
Total 43

Pulp diagnosis, n (%)
Vital 8 (88.9)
Nonvital 24 (68.6)
Filled 11 (52.4)
Total 43

No. of canals obturated, n (%)
Single 10 (66.7)
Multiple 33 (66.0)
Total 43

Recall time, n (%)
�18 mo (long) 33 (75.0)

12–18 mo (intermediate) 5 (83.3)
�12 mo (short) 5 (33.3)
Total 43

D, standard deviation; SEM, standard error of the mean.

t test.

Fisher exact test.
ween Resilon and gutta-percha did not differ for either the entire pop- d

94 Cotton et al.
lation or the 12–25–month recall group. Next, we evaluated the sub-
ets of teeth having preoperative periapical radiolucency. The healed
ate for the subset of teeth with preoperative radiolucency within the
ntire population was 66.2%, and no difference was found between the
ealed rates of the 2 obturation materials (Table 3). The healed rate for

he subset of teeth with preoperative periapical radiolucency within the
2–25–month recall group was 76%, and no difference was found
etween the healed rates of the 2 obturation materials (Table 4). Finally,
e conducted multivariate logistic regression analysis, which indicated

hat the type of obturating material had no significant effect on the
ealed outcome for either the entire population of 103 cases (odds
atio, 0.74; p � .66) or for the 12–25–month recall group of 83 teeth
odds ratio, 0.48; p � .42). Thus, within the limitations of the present
tudy design, our results indicated that the type of obturation material
sed had no detectable difference in the outcome of endodontic treat-
ent.

In this study, age was shown to be significant only in the logistic
egression model of the 12–25–month recall group. In this model,
ooth position tended to interact with patient age. Age was shown to be
significant factor only when leaving tooth position in the model. How-
ver, the multivariate logistic regression model of the entire population

ealed for 65 Teeth with Preoperative Radiolucency and Recall Times Ranging

Outcome

Nonhealed Total p Value

.81*
22 (33.8) 65 (100)

54.3 (17.5) 53.7 (15.2)
3.7 1.9

58.5 55
12, 86 12, 86

.2†
13 (41.9) 31 (100)
9 (26.5) 34 (100)
22 65

.19†
5 (62.5) 8 (100)
5 (33.3) 15 (100)

12 (28.6) 42 (100)
22 65

.79†
11 (31.4) 35 (100)
11 (36.7) 30 (100)

22 65
.4†

14 (30.4) 46 (100)
8 (42.1) 19 (100)
22 65

.15†
1 (11.1) 9 (100)

11 (31.4) 35 (100)
10 (47.6) 21 (100)

22 65
1†

5 (33.3) 15 (100)
17 (34.0) 50 (100)

22 65
.007†

11 (25.0) 44 (100)
1 (16.7) 6 (100)

10 (66.7) 15 (100)
22 65
Nonh
id not show age to be a factor affecting the outcome. In addition,
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nivariate analysis of both groups and subsets of the groups with a
reoperative lesion did not show age to be a significant factor affecting
he outcome. Thus, our results are similar to many studies (14, 18 –21,
6), but not all (23), in which patient age had a weak or nondetectable
ffect on treatment outcome.

The Toronto Study, Phase 3 (20) reported a statistical difference in
ealed rates between teeth with 1 root (92%) versus 2 or more roots
83%). This result is similar to some (26) but not all (23) studies. In
he present study, multivariate analysis demonstrated a significant effect

ABLE 4. Univariate Analysis Summary of Variables by Outcome of Healed and
rom 12–25 Months

Healed

Age
N (%) 38 (76.0)
Mean (SD) 53.8 (14.2)

SEM 2.3
Median 54.5
Minimum, maximum 26, 83
Gender, n (%)

Male 16 (66.7)
Female 22 (84.6)
Total 38

Tooth position, n (%)
Anterior 3 (50.0)
Premolar 9 (75.0)
Molar 26 (81.3)
Total 38

Obturation material, n (%)
Resilon 21 (77.8)
Gutta-percha 17 (73.9)
Total 38

Appointments, n (%)
Single 28 (80.0)
Multiple 10 (66.7)
Total 38

Pulp diagnosis, n (%)
Vital 7 (100)
Nonvital 21 (77.8)
Filled 10 (62.5)
Total 38

No. of canals obturated, n (%)
Single 9 (75.0)
Multiple 29 (76.3)
Total 38

Recall time, n (%)
12–18 mo (intermediate) 5 (83.3)
�18 mo (long) 33 (75.0)
Total 38

D, standard deviation; SEM, standard error of the mean.

t test.

Fisher exact test.

ABLE 5. Multivariate Logistic Regression Analysis Summary of Variables By Ou

Variable Level

Age (per year increase) Effect near 53 yea
Age squared (per year2 increase)
Material Gutta-percha vs Re
Tooth position

Anterior vs premo
Molar vs premolar

Logistic regression model is based on 38 subjects (26 healed, 12 nonhealed).

Odds ratios are for probabilities of healed.

Profile-likelihood estimated CI.
p value is not interpretable because of quadratic form of age effect.

OE — Volume 34, Number 7, July 2008 Comparison of Clinical O
or tooth location, but only for the entire population. No detectable
ifference was noted in the 12–25–month recall group.

Single versus multiple visits have been evaluated, with no detect-
ble significant differences in the success of treatment (27). The results
f this study are similar in that the number of appointments was not
tatistically significant in affecting the outcome for either the entire
opulation or the 12–25–month recall group.

Some studies have shown pulpal vitality to have no effect on the
utcome of treatment (18 –22), whereas other studies have shown it to

ealed for 50 Teeth with Preoperative Radiolucency and Recall Times Ranging

Outcome

Nonhealed Total p Value

.39*
12 (24.0) 50 (100)

57.7 (9.6) 54.8 (13.3)
2.8 1.9

59 56.5
40, 77 26, 83

0.19†
8 (33.3) 24 (100)
4 (15.4) 26 (100)
12 50

0.2†
3 (50.0) 6 (100)
3 (25.0) 12 (100)
6 (18.7) 32 (100)
12 50

1†
6 (22.2) 27 (100)
6 (26.1) 23 (100)
12 50

.47†
7 (20.0) 35 (100)
5 (33.3) 15 (100)
12 50

.15†
0 (0.0) 7 (100)
6 (22.2) 27 (100)
6 (37.5) 16 (100)
12 50

1†
3 (25.0) 12 (100)
9 (23.7) 38 (100)
12 50

1†
1 (16.7) 6 (100)

11 (25.0) 44 (100)
12 50

of Healed for 83 Teeth with Recall Times Ranging from 12–25 Months*

Odds Ratio† 95% CI‡ p Value

0.96 0.83–1.05 N/A§
1.01 1–1.01 .02
0.48 0.07–2.87 .42

.1
0.2 0.01–4.44
2.5 0.31–21.68
Nonh
tcome

rs

silon
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ake a difference in the outcome (14 –16). In addition, retreatment of
eeth has been shown to have a lower outcome of success as compared
ith initial endodontic treatment (21, 35). In this study, evaluation of
oth the entire population and the 12–25–month recall group showed
hrough univariate analysis that pulpal vitality was a significant factor in
ffecting the outcome of treatment. The majority of nonhealed teeth for
oth groups were either nonvital or root-filled. Interestingly, the evalu-
tion of vitality as a factor affecting the outcome of the subsets of teeth
ith a preoperative lesion indicated that there were vital pulps with
reoperative lesions. This occurred as a result of the blinded assign-
ent of PAI scores to each tooth for determining the presence of pre-

perative radiolucency.
The presence or absence of preoperative periapical radiolucency

as been shown to be significant, with success being higher in teeth
ithout a lesion (13–23). Univariate analysis of the entire population
nd the 12–25–month recall group determined that the presence of a
reoperative lesion can affect the outcome. All nonhealed teeth had
reoperative radiolucencies. However, multivariate analysis did not de-
ect a statistical association of the presence of preoperative periapical
adiolucency with the clinical outcome.

Recall times vary throughout the literature. Time is required for
he body to heal, and healing might not be visualized, or it might be
ncomplete if a recall appointment is too soon. Complete healing, as well
s improved healing, has been shown to increase as recall times become
onger, and cases that are to fail as a result of the development of a lesion
an mostly be detected by 24 months (24). The present study showed
hrough univariate analysis and logistic regression that the length of
ecall time made a difference in the outcome of healed compared with
onhealed. The overall healed rate for the entire population with recall
imes of 2–25 months was 78.6%, and for the 12–25–month recall
roup, it was 85.5%. Univariate analysis of the entire population showed
hat 50% of the teeth with recall times of less than 12 months were
onsidered nonhealed. Multivariate analysis of the entire population
howed that recall times of 12 months and longer had significantly
igher odds ratios of being healed when compared with recall times of
ess than 12 months.

In conclusion, the endodontic literature that evaluates success and
ailure is diverse. The parameters and methods of evaluation for deter-

ining the outcome of treatment vary among studies. In addition, the
actors evaluated for prognostic purposes also vary among studies, as
oes the statistical method for evaluation. This makes assessment of the
iterature difficult in regards to what is deemed success and what factors

ight influence the outcome of treatment. This study found through
nivariate and multivariate analysis that the type of obturation material,
utta-percha and Kerr Pulp Canal Sealer or Resilon and Epiphany sealer,
ad no detectable difference in the outcome of endodontic treatment as
ssessed by PAI radiographic scoring and clinical symptoms. Univariate
nalysis indicated pulpal vitality, presence of a preoperative lesion, and

ABLE 6. Multivariate Logistic Regression Analysis Summary of Variables By Ou

Variable Level

Tooth position
Anterior vs premolar
Molar vs premolar

Obturation material Gutta-percha vs Resilon
Recall time

Long vs short
Intermediate vs short

Logistic regression model is based on 58 subjects (36 healed, 22 nonhealed).

Odds ratios are for probabilities of healed.

Profile-likelihood estimated CI.
ength of recall times were statistically significant in affecting the out-

96 Cotton et al.
ome, and multivariate logistic regression analysis showed age, tooth
osition, and length of recall times were also statistically significant in
ffecting the outcome.
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