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bstract
his study assessed the opinion of oral health care profes-
ionals regarding the predictability of initial endodontic treat-
ent, expected long-term outcome and the importance of

lacing a coronal coverage after completion of treatment. An
ight-item questionnaire was distributed among oral health
are professionals. There were 49% of participants who re-
ponded that the expected retention rate of teeth 5 to 10 yr
fter endodontic treatment was more than 90%, whereas
4% responded that such retention rate was between 70 to
0%. The majority of the participants also responded that the
eed for additional treatment, such as retreatment, apical
urgery or extraction, was expected to occur within the first 3
r after endodontic treatment if initial treatment has failed.
bout 87% of participants responded that placing coronal
overage after completion of endodontic treatment in pre-
olars and molars was very important for long-term tooth

etention and 92% responded that overall, endodontic treat-
ent was a predictable procedure with long-term tooth re-

ention rate. Statistically significant associations were found
etween years of experience and expected rate of retention
or both the total group of respondents (p � 0.001) and for
eneral practitioners when examined separately (p � 0.002).
tatistically significant associations were only found for gen-
ral practitioners between years of experience and their re-
ponses regarding the need for additional treatment (p �
.05) and overall predictability of endodontic treatment (p �
.02). A trend was found between the professionals’ years of
xperience and their opinion regarding the importance of
oronal coverage. Of the group who had more than 20 yr of
xperience, about 87% considered coronal coverage to be
ery important for long-term tooth retention. In conclusion, it
ppears that most clinicians participating in this study con-
ider endodontic therapy to be a predictable procedure with
ong-term tooth retention rate. Their opinions also reflect the
ariations that currently exist in the literature regarding the
eported outcome of endodontic treatment. (J Endod 2006;
2:399–403)
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ndodontic treatment outcome is related to treatment expectations of the operator
and can influence case selection and choice of treatment (1). Knowledge and

ssessment of endodontic treatment outcome by the clinician play an important role in
rational evidence-based case selection and endodontic treatment decision-making. In
ertain clinical situations, this may determine whether patients will retain their natural
entition or the affected tooth be replaced by an implant.

Follow-up clinical studies have shown that root canal treatment applying modern
rinciples of practice can yield favorable outcome with healing rates well above 90%
2). It appears that patients also sense improved quality of life and satisfaction with their
ecision to have endodontic treatment rather than extraction (3). Furthermore, when
ssessing the retention rate of endodontically treated teeth, it has been found that
onsurgical endodontic treatment is a predictable procedure with excellent long-term
rognosis (4, 5). Lazarski et al. (4) studied cohorts of patient populations in Washing-

on State and assessed the outcome of initial treatment in 44,613 patients. They found
hat about 94% of the teeth remained functional after 3.5 yr (4). Salehrabi and Rotstein
5) assessed the prognosis and outcome of initial endodontic treatment in 1,462,936
eeth of 1,126,288 patients from 50 states across the United States. It was found that 97%
f teeth were retained in the oral cavity at least 8 yr after initial nonsurgical endodontic

reatment. The combined incidence of untoward events such as retreatments, apical
urgeries, and extraction was 3% and occurred mostly within 3 yr from completion of
reatment. In addition, analysis of the extracted teeth revealed that 85% had no full
oronal coverage and a significant difference was found between covered and noncov-
red teeth (5).

Several investigations assessing the opinions of dentists regarding the restoration
f endodontically treated teeth have been published (6-8). However, information re-
arding clinicians’ opinions regarding endodontic treatment outcome and tooth reten-
ion rate is still lacking. The purpose of this study was to assess the opinion of oral health
are professionals regarding the predictability of initial endodontic treatment, expected
ong-term outcome and the importance of placing a coronal coverage after completion
f treatment.

Materials and Methods
An eight-item questionnaire was distributed among a convenience sample of oral

ealth care professionals attending Continuing Education courses at the University of
outhern California, School of Dentistry between March through May, 2005. The ques-
ionnaire included four items on practice profile and demographics and four multiple-
hoice questions regarding participants’ opinions on endodontic treatment outcome
Fig. 1). Course participants included general dentists, specialists, dental hygienists and
ental assistants. Over a period of 3 months, 1,000 survey questionnaires were distrib-
ted. Attendees received the surveys in their course registration materials and comple-

ion of the survey signified the individuals’ voluntary consent to participate in the study.
articipants also received instructions to complete the surveys and return them to a
esignated area. Survey questionnaires were anonymous and participants were not
equired to give their names or any other identifying information.

Data obtained from the returned questionnaires were entered and analyzed
sing SPSS version 13.0 statistical software. Associations between years of experi-
nce and (a) expected rate of retention, (b) the need for additional treatment, (c)
lacing coronal coverage, and (d) the overall predictability of endodontic treat-
ent were analyzed. Nonparametric statistics were run to detect significant differ-

nces among nominal and ordinal data and the strength of those relationships
here ordinal data were available for both variables. Differences among the groups
ere statistically analyzed using the Pearson Chi-Square test and Spearman rho
ests at the p � 0.05 level of confidence. Differences among mean ranks for
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esponses were analyzed using the Kruskal-Wallis test and the dif-
erences between two responses were analyzed using the Mann-

hitney test at the p � 0.05 level of confidence as well.

Results
Frequency of responses is reported as a percentage of the total

umber of respondents for each question. Of the 1000 questionnaires
istributed, 445 were returned, yielding a response rate of 44.5%. The
ajority of participants were general practitioners (88.3%) and the rest
ere specialists (7.7%) and other allied oral health professionals (4%)
Table 1). The majority (83.6%) were between 35 to 64 yr old (Fig. 2A),
ad more than 10 yr of professional experience (83%) (Fig. 2B) and
racticed more than 20 h per week (93%) (Fig. 2C).

Almost half of the participants (49%) responded that the expected
etention rate of teeth 5 to 10 yr after endodontic treatment was more
han 90%, whereas 44% responded that such retention rate was be-
ween 70 to 80%, and 7% indicated it was less than 60% (Fig. 2D). The

ajority of the participants (67.9%) also responded that the need for
dditional treatment, such as retreatment, apical surgery or extraction,
as expected to occur within the first 3 yr after endodontic treatment if

nitial treatment has failed (Fig. 2E). The majority of participants
87.6%) responded that placing coronal coverage after completion of
ndodontic treatment in premolars and molars was very important for
ong-term tooth retention (Fig. 2F), while 92.1% responded that over-

1. Please indicate your profession. If you are a specialist, indicate your specialty:

a. Dentist- General Practitioner
b. Endodontist
c. Oral Surgeon
d. Orthodontist
e. Pedodontist
f.  Periodontist
g. Prosthodontist
h. Other, please specify: ___________________

2. Please specify your age:

a. Less than 35 
b. 35 – 44
c. 45 – 54
d. 55 – 64
e. 65 + 

3. Years of professional experience:

a. 0 – 5 years
b. 6 – 10 years
c. 11 – 15 years
d. 16 – 20 years
e. More than 20 years

4. Practiced hours per week:

a. Less than 10 hours
b. 10 – 20 hours
c. 21 – 30 hours
d. 31 – 40 hours
e. More than 40 hours

igure 1. Questions used in the survey questionnaire.

ABLE 1. Distribution of oral health care professionals completing the
uestionnaires.

Profession No. of Participants %

Generalists 393 88.3
Endodontists 15 3.4
Oral Surgeons 1 .2
Orthodontists 2 .45
Pedodontists 3 .7
Periodontists 7 1.6
Prosthodontists 6 1.35
Other 18 4.0
rTotal 445 100.0

00 Rotstein et al.
ll, endodontic treatment was a predictable procedure with long-term
ooth retention rate (Fig. 2G).

Respondents with more experience indicated the expected reten-
ion rate of teeth was more than 90% (Table 2). Statistically significant
ssociations were found between years of experience and expected rate
f retention for both the total group of respondents (X2 (8) � 27.059,
� 0.001), and for general practitioners when examined separately

X2 (8) � 24.018, p � 0.002). Also, there were significant differences
mong the responses (H (2) � 19.747, p � 0.001).

Respondents with more experience indicated that if the tooth re-
uired additional treatment it would occur within the first 3 yr (Table
). Here, the only statistically significant association was found for gen-
ral practitioners, (X2 (8) � 17.184, p � 0.05). Again, there were
ignificant differences among the responses (H (2) � 11.321, p �
.01). Similar results were found for the association between years of
xperience and the overall predictability of endodontic treatment in that
he only statistically significant association was found for general prac-
itioners, (X2 (8) � 8.228, p � 0.02) (Table 4). Also here there were
ignificant differences among the responses (H (2) � 8.749, p �
.02).

Although there was no statistically significant relationship between
ears of experience and placing coronal coverage after completion of
ndodontic treatment in premolars and molars, a trend was found be-
ween the professionals’ years of experience and their opinion regard-
ng the importance of coronal coverage. Of the group who had more
han 20 yr of experience, 87.14% considered coronal coverage to be
ery important (Table 5).

In addition, statistically significant correlations were found be-
ween years of experience and expected rate of retention and the need
or additional treatment. The Spearman’s rho correlation coefficient
as calculated and resulted in an extremely weak positive correlation
etween years of experience and expected rate of retention (rho (443)

�0.117, p � 0.014) indicating a significant relationship between
he two variables. In addition, an extremely weak positive correlation
as found between years of experience and the need for additional

reatment (rho (443) � 0.128, p � 0.007) indicating a significant

. In your opinion, the expected retention rate of teeth 5 - 10 years after endodontic
treatment (excluding retreatments and apical surgeries) is:

. More than 90%

. 70% - 80%

. Less than 60% 

. If initial endodontic treatment did not solve the condition and the tooth required
additional treatment such as retreatment, apical surgery or extraction, when would
you expect it to occur more frequently?

. Within the first 3 years after endodontic treatment

. 4 - 6 years after endodontic treatment

. More than 6 years after endodontic treatment

. Placing coronal coverage after completion of endodontic treatment in premolars
nd molars is:

a. Not important for long-term tooth retention
b. Somewhat important for long-term tooth retention 
c. Very important for long-term tooth retention

8. Overall, is endodontic treatment a predictable procedure with long-term tooth
etention rate?

a. Yes
b. No 
c. I don’t have an opinion
5

a
b
c

6
 

a
b
c

7
 a

 r
elationship between the two variables.
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Discussion
The results of this study revealed several interesting patterns of

nowledge and opinions among the participating oral health care pro-
essionals regarding the predictability of initial endodontic treatment,
xpected long-term outcome, and the importance of placing a coronal
overage after completion of treatment. The majority of participants
xpected untoward events such as retreatment, apical surgery or ex-
raction to occur within the first 3 yr after initial endodontic treatment.
his expectation is in alignment with data reported in the literature (5,

7.6%

27.2%

36.4%

20.0%

8.8%

0%
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20%
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40%

50%

<35 35-44 45-54 55-64 >65

AGE

8.5% 8.5%
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49%

44%

7%
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EXPECTED RETENTION RATE

67.9%
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NEED FOR A

92.1%

0%

10%

20%
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40%
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70%
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90%

100%

Yes

ENDODONTICS AS

A

D

igure 2. Percent distribution of age (A), years of experience (B), and weekly
s percent distribution of their responses regarding expected retention rate of
reatment after endodontic treatment (E), importance of placement of coron
redictability of endodontic treatment as a procedure providing long-term too

ABLE 2. Association between years of experience of participants and their r
reatment. Data show actual number of responses and numbers in brackets re

Years of Experience
>90%

0–5 16 (16)
6–10 12 (10)

11–15 27 (25)
16–20 47 (43)
�20 116 (106)

Total 218 (200) 1
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). In an 8-yr. epidemiologic study of a large patient population in the
S, it was found that most endodontic clinical failures requiring addi-

ional intervention were recognized within the first 3 yr (5). Addition-
lly, tooth retention rates as related to such untoward events were not
xpected to change considerably thereafter (5). Another study found
hat the majority of apical surgeries were performed within the first 2 yr
ollowing completion of orthograde endodontic treatment (9).

The majority of the survey participants, about 87%, responded that
lacing coronal coverage after completion of endodontic treatment in

18.2%

47.3%

16-20 >20

ERIENCE

2.0%
4.9%

16.4%

61.1%

15.5%

0%

10%

20%

30%

40%

50%

60%

70%

<10 10-20 21-30 31-40 >40

PRACTICED HOURS/WEEK

12.6%

>6 Yrs

AL TREATMENT

1.8%

10.6%

87.6%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

Not Important Somewhat
Important

Very Important

CORONAL COVERAGE

4.5%

No Opinion

ICTABLE PROCEDURE

B C

E F

G

e hours (C) of the oral health care professionals included in the study as well
5-10 yr after endodontic treatment (D), expected time of need for additional
erage in premolars and molars after endodontic treatment (F), and overall
ntion rate (G).

ses regarding expected retention rate of teeth 5–10 years after endodontic
eneral practitioners only.

tion Rate Total
0–80% <60%

21 (19) 1 (1) 38 (36)
24 (21) 2 (2) 38 (33)
46 (37) 5 (4) 78 (66)
31 (24) 3 (3) 81(70)
74 (63) 20 (19) 210 (188)
17.5%

11-15

S OF EXP

19.5%

4-6 Yrs

DDITION

3.4%

No

 A PRED

practic
teeth
al cov
espon
fer to g

Reten
7

96 (164) 31 (29) 445 (393)
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remolars and molars was very important for long-term tooth retention.
his agrees with the data reported in several studies (4, 5, 10, 11).
azarski et al. (4) found that unrestored teeth were a significant factor
n failures following endodontic treatment. Salehrabi and Roststin (5)
ound that more than 83% of teeth extracted after initial endodontic
reatment had no full coronal coverage. The number of extracted teeth
ithout full coronal coverage was 5 to 6 times greater than fully covered

eeth (5). Similar results were found by Aquilino and Caplan (10) who
eported that endodontically treated teeth without full coronal coverage
ere lost at a rate six times greater than fully covered teeth. In addition,
ire (11) reported that about 60% of extractions of endodontically
reated teeth occurred because of either restorative or prosthetic failure
nd coronal fractures. Although diverse opinions exist regarding the
ignificance of the association between the quality of coronal restora-
ion and outcome of endodontic treatment, it has been well established
hat the quality of both the root canal treatment and the restoration plays
n important role in long-term treatment outcomes (10, 12–15).

The opinions of the participants regarding the expected retention
ate of teeth 5 to 10 yr after endodontic treatment were divided. The
ajority (49%) responded that the expected retention rate was more

han 90%, while many others (44%) expected it to be between 70 to
0%. This may reflect the controversy and confusing data that exist in
he endodontic literature. Although a substantial number of studies
ttempted to assess the outcome of endodontic treatment, their reports
aried considerably (1). Treatment outcome was assessed either by
adiographic changes, evidence for healing or nonhealing of the tissues
s determined by the specific investigators, functionality of the tooth

ABLE 3. Association between years of experience of participants and their re
reatment. Data show actual number of responses and numbers in brackets re

Years of Experience Need fo
Within 3 Yrs

0–5 32 (31)
6–10 28 (25)

11–15 52 (43)
16–20 57 (50)
�20 133 (118)
Total 302 (267)

ABLE 4. Association between years of experience of participants and their res
roviding long-term tooth retention rate. Data show actual number of respons

Years of Experience Treat
Yes

0–5 34 (32)
6–10 32 (28)

11–15 68 (57)
16–20 75 (64)
�20 201 (181)
Total 410 (362)

ABLE 5. Association between years of experience of participants and their re
olars after endodontic treatment. Data show actual number of responses and

Years of Experience C
Not Important Som

0–5 0 (0)
6–10 1 (1)

11–15 2 (2)
16–20 1 (1)
�20 4 (4)

Total 8 (8) 4

02 Rotstein et al.
nvolved and/or by presence of signs and symptoms. Because of lack of
tandardization, these studies varied considerably in design, treatment
rotocols and methodology as well as in recall rates and duration of the
bservation periods (1). Such variations in the published data may have
reated inconsistencies and lack of standardization for oral health care
rofessionals attempting to determine long-term endodontic success or

ailure and make rational and effective case selection. Different criteria
uch as healing, functionality and tooth retention were also used and
dded to the existing confusion. It seems that measurement of loss of an
ndodontically treated tooth over time may be more informative and
onsistent rather than using the ambiguous terms “success” or “failure”
hat require, for comparison purposes, precise definitions agreed by all
nvestigators (5, 16). In this regard, studies analyzing large cohorts of
atient populations as well as multiple treatment variables can provide

he oral health care professionals with more comprehensive data allow-
ng better assessment of long-term tooth retention prognosis (4, 5).

From our study it appears that participants who expected the long-
erm tooth retention rate to be more than 90% were in alignment with
he findings of Lazarski et al. (4) and Salehrabi and Rotstein (5) who
nalyzed large cohorts of patient populations and reported 94% and
7% retention rates, respectively. However, the fact that many profes-
ionals expected the retention rate to be less than 80% calls for better
ducational strategies and more consistency in criteria used to report
ong-term endodontic treatment outcome. It has been suggested that to
orm a reliable evidence base for the outcome and prognosis of initial
ndodontic treatment, studies need to comply with four methodology
arameters: cohort, intervention, outcome assessment, and analysis

s regarding expected time of need for additional treatment after endodontic
eneral practitioners only.

itional Treatment Total
4–6 Yrs >6 Yrs

5 (4) 1 (1) 38 (36)
8 (7) 2 (1) 38 (33)

19 (18) 7 (5) 78 (66)
15 (13) 9 (7) 81 (70)
40 (37) 37 (33) 210 (188)
87 (79) 56 (47) 445 (393)

s regarding the overall predictability of endodontic treatment as a procedure
numbers in brackets refer to general practitioners only.

is Predictable Total
No No Opinion

(1) 3 (3) 38 (36)
(4) 2 (1) 38 (33)
(3) 7 (6) 78 (66)
(2) 4 (4) 81 (70)
(5) 4 (2) 210 (188)
(15) 20 (16) 445 (393)

s regarding importance of placement of coronal coverage in premolars and
ers in brackets refer to general practitioners only.

l Coverage Total
at Important Very Important

3 (3) 35 (33) 38 (36)
5 (5) 32 (27) 38 (33)
6 (5) 70 (59) 78 (66)
0 (6) 70 (63) 81 (70)
3 (21) 183 (163) 210 (188)
sponse
fer to g

r Add
ponse
es and

ment

1
4
3
2
5

sponse
numb

orona
ewh

1
2

7 (40) 390 (345) 445 (393)
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17). However, when more than 60 published observational cohort
tudies were analyzed, only 12 conformed to at least three of the four
arameters (17, 18). These studies form the core of our current evi-
ence for endodontic treatment outcome, however, some of them as-
essed relatively small populations and for short follow-up periods. Of
hese studies, only four studies also used tooth functionality as an end-
dontic treatment outcome criteria reporting retention rates of 88 to
4% (19 –22). Out of these 12 core studies, only three studies con-

ormed to all four-methodology parameters (23–25) out of which only
ne also reported tooth functionality as outcome criteria, yielding re-
ention rate of 97% (25).

One of the most significant finding in our study was that the vast
ajority of oral health professionals (92%) expressed the opinion

hat, overall, endodontic treatment was a predictable procedure
ith long-term tooth retention rate. This finding may reflect the
otion that exist among professionals that endodontic treatment can
rovide excellent service to patients by preserving the natural den-

ition for prolonged periods of time. This is also well supported by
vidence documented in the literature (1–5, 15–25). Therefore, it
s of utmost importance to use uniform criteria and provide sup-
orting evidence to aid the clinician in his clinical-decision making
rocess. From the results of this study as well as from data presented

n the modern literature, most clinicians should prefer, whenever
easible, to preserve the natural dentition rather than replacing it
ith an artificial device.

Extrapolation of the results of this study to other oral health care
rofessionals either in California, the United States or in other countries
hould be done with caution. Firstly, the return rate of the completed
uestionnaires was just below 50%. Secondly, our participants com-
rised a specific group of professionals, those who attended continuing
ducation courses. More studies using samples from larger populations
re required to further assess the opinions of oral health care profes-
ionals regarding the predictability of endodontic treatment and long-
erm treatment outcome.

References
1. Friedman S, Mor C. The success of endodontic therapy: healing and functionality. J

Calif Dent Assoc 2004;32:493–503.
2. Friedman S. Treatment outcome and prognosis of endodontic therapy. In: Orstavik D,

Pitt Ford TR, eds. Esssential endodontology. Oxford: Blackwell Science, 1998:
367– 401.

3. Dugas NN, Lawrence HP, Teplitsky PE, Friedman S. Quality of life and satisfaction

outcomes of endodontic treatment. J Endod 2002;28:819 –27.

OE — Volume 32, Number 5, May 2006
4. Lazarski MP, Walker WA, Flores CM, Schindler WG, Hargreaves KM. Epidemiological
evaluation of the outcomes of nonsurgical root canal treatment in a large cohort of
insured dental patients. J Endod 2001;27:791– 6.

5. Salehrabi R, Rotstein I. Endodontic treatment outcomes in a large patient population
in the USA: an epidemiologic study. J Endod 2004;30:846 –50.

6. Morgano SM, Hashem AF, Fotoohi K, Rose L. A nation wide survey of contemporary
philosophies and techniques of restoring endodontically treated teeth. J Prosthet
Dent 1994;72:259 – 67.

7. Hussey DL, Killough SA. A survey of general dental practitioners’ approach to the
restoration of root-filled teeth. Int Endod J 1995;28:91– 4.

8. Eckerbom M, Magnusson T. Restoring endodontically treated teeth: a survey of
current opinions among board-certified prosthodontists and general dental practi-
tioners in Sweden. Int J Prosthod 2001;14:245–9.

9. Nobuhara WK, Del Rio CE. Incidence of periradicular pathoses in endodontic treat-
ment failures. J Endod 1993;19:315– 8.

0. Aquilino SA, Caplan DJ. Relationship between crown placement and the survival of
endodontically treated teeth. J Prosth Dent 2002;87:256 – 63.

1. Vire DE. Failure of endodontically treated teeth: classification and evaluation. J Endod
1991;17:338 – 42.

2. Ray HA, Trope M. Periapical status of endodontically treated teeth in relation to the
technical quality of the root filling and the coronal restoration. Int Enod J
1995;28:12– 8.

3. Tronstad L, Asbjornsen L, Doving L, Pedersen I, Eriksen HM. Influence of coronal
restorations on the periapical health of endodontically treated teeth. Endod Dent
Traumatol 2000;16:218 –21.

4. Hommez GMG, Coppens CRM, De Moor RJG. Periapical health related to the quality
of coronal restorations and root fillings. Int Endod J 2002;35:680 –9.

5. Dugas NN, Lawrence HP, Teplitsky PE, Pharoah MJ, Friedman S. Periapical health and
treatment quality assessment of root-filled teeth in two Canadian populations. Int
Endod J 2003;36:181–92.

6. Heffernan M, Martin W, Morton D. Prognosis of endodontically treated teeth? Quint
Int 2003;34:558 – 60.

7. Friedman S. Prognosis of initial endodontic treatment. Endod Topics 2002;2:59 – 88.
8. Friedman S, Abitbol S, Lawrence HP. Treatment outcome in endodontics: the Toronto

study.Pase 1: Initial treatment. J Endod 2003;29:787–93.
9. Bystrom A, Happonen RP, Sjogren U, Sundqvist G. Healing of periapical lesions of

pulpless teeth after endodontic treatment with controlled asepsis. Endod Dent Trau-
matol 1987;3:58 – 63.

0. Ørstavik D, Kerekes K, Eriksen HM. Clinical performance of three endodontic sealers.
Endod Dent Traumatol 1987;3:178 – 86.

1. Ørstavik D. Time-course and risk analyses of the development and healing of chronic
apical periodontitis in man. Int Endod J 1996;29:150 –5.

2. Weiger R, Rosendahl R, Lost C. Influence of calcium hydroxide intracanal dressing on
the prognosis of teeth with endodontically induced pariapical lesions. Int Endod J
2002;33:219 –26.

3. Sjogren U, Hagglund B, Sundqvist G, Wing K. Factors affecting the long-term results of
endodontic treatment. J Endod 1990;16:498 –504.

4. Sjogren U, Figdor D, Persson S, Sundqvist G. Influence of infection at the time of root
filling on the outcome of endodontic treatment of teeth with apical periodontitis. Int
Endod J 1997;30:297–306.

5. Peters LB, Wesselink PR. Periapical healing of endodontically treated teeth in one and
two visits obturated in the presence or absence of detectable microorganisms. Int

Endod J 2002;35:660 –7.

Endodontic Treatment Outcome 403


	Endodontic Treatment Outcome: Survey of Oral Health Care Professionals
	Materials and Methods
	Results
	Discussion
	References


