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Endodontic Therapy or
Single Tooth Implant?
A Systematic Review
mahmoud torabinejad, dmd, msd, phd; jaime lozada, dds;
israel puterman, dmd; and shane n. white, bdentsc, ms, ma, phd

abstract Should a tooth with pulpal involvement be saved
through endodontic therapy, or extracted and replaced with a single
tooth implant? Within the limitations of the existing literature,
this systematic review of treatment outcomes found that initial
endodontic treatment had a high long-term survival rate, equivalent to
replacement of a missing tooth with an implant-supported restoration.
Single tooth implants should be considered as the first treatment
option for patients requiring extraction and tooth replacement.

authors

acknowledgments

Mahmoud Torabinejad,
dmd, msd, phd, is a professor of endodontics, Loma
Linda University, School of
Dentistry.

The authors gratefully
acknowledge the financial
support of the ADA Foundation; our co-workers Patricia Anderson, Jim Bader,
L. Jackson Brown, Lie H.
Chen, Charles J. Goodacre,
Mathew T. Kattadiyil, Diana
Kutsenko, Rishi Patel,
and Floyd Petersen; our
external consultants Steven Aquilino, Ross Beirne,
John DaSilva, Jeffrey
Hutter, Larz Spangberg,
and George Zarb; and
the invaluable assistance
of Elizabeth Akhparyan,
Dominic Cote, Mohammad
Torabinejad, and Marjorie
Sweet. We would like also
to thank the editorial
council of the Journal of
Prosthetic Dentistry for
allowing simultaneous
publication of part of this
work.

Jaime Lozada, dds, is a
professor and graduate program director of
implant dentistry, Loma
Linda University, School of
Dentistry.
Israel Puterman, dmd, is
a resident, postgraduate periodontics, Loma
Linda University, School of
Dentistry.
Shane N. White, bdentsc,
ms, ma, phd, is a professor,
University of California,
Los Angeles, School of
Dentistry.

F

For decades, a primary goal of
dentistry has been the preservation of natural dentition.
Previously, all efforts would
have been made to save teeth,
even those severely compromised by caries, pulpal and periodontal
diseases. The palpable benefits of dental
implants have caused a paradigm shift in
treatment planning. The risks and benefits of saving compromised teeth may be
outweighed by those associated with extraction and replacement. Clinicians and
their patients are sometimes confronted
with difficult choices. For example,
should a tooth be saved through endodontic therapy or should it be extracted
with a single implant? According to the
principles of evidence-based practice, as
defined by the American Dental Association, such treatment decisions should be
based in part on the information from
clinical investigations that have evaluated the biological, psychosocial and/or

economic outcomes, as well as beneficial
or harmful effects of these treatments.1
Acquiring complete, unbiased information to help dentists and their patients
make such choices requires a systematic
review of the literature related to the outcomes of the alternative procedures. A systematic review is a synopsis of the existing
evidence on a specific topic and it differs
from a narrative literature review.2 Systematic reviews provide a means for practitioners to keep up with the numerous articles
published annually in every health care
field. A systematic review concentrates on
a very specific, clinically relevant question. In contrast, a narrative literature
review covers various aspects of a clinical
or nonclinical subject. A systematic review
provides an unbiased synopsis of the existing evidence for the specific question.2
Clearly, a systematic review that presents synopses of the outcomes of endodontic care and its alternative treatments for a
tooth with pulpal pathosis would aid clinij u n e 2 0 0 8 429
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cians in their evidence-based decision-making. The current lack of such information is
reflected in the inclusion of this subject in
the ADA Foundation’s Request for Proposals related to Systematic Reviews to Support Evidence-based Dentistry and Dental
Research. This article, which was supported
by the ADA Foundation’s RFP, describes a
systematic review of the outcomes of endodontic therapy and single tooth implant.
A complete description of a systematic
review regarding the outcomes, beneficial
and harmful effects of endodontic care,
extraction and implant placement, fixed
partial denture and extraction without
implant placement has recently been
published elsewhere in the literature.3 The
purpose of this paper is to summarize the
clinically relevant findings of the prior
much longer publication with respect to
the comparison of the outcomes of endodontic therapy and single tooth implants.
Methods
The development of a systematic review
encompasses eight critical steps: 1) formulating review questions in PICO format; 2)
defining inclusion and exclusion criteria; 3)
locating studies; 4) selecting studies; 5) assessing quality of studies; 6) extracting data
and forming an evidence table; 7) analyzing
data; and 8) interpreting the evidence.4
formulating the review questions

A well-formulated clinical question that provides the basis of a systematic review identifies four crucial
population, intervention, comparison,
and outcome (PICO) elements.5
Based on this concept, one of the questions in the ADA Foundation’s RFP was
restated in the PICO format as follows: “In
patients with periodontally sound teeth
who have pulpal and/or periradicular
pathosis, does initial root canal therapy,
compared to extraction and replacement
of the missing tooth with an implant
43 0 j u n e 2 0 0 8

result in better (more beneficial) or worse
(more harmful) biological, clinical, psychosocial and/or economic outcomes?”
inclusion and exclusion criteria

All comparative or noncomparative,
prospective or retrospective English
language articles describing clinical,
biological, psychosocial, and/or economic
outcomes, as well as beneficial or harmful
effects of endodontic therapy and single
tooth implant treatment were included.
The population was limited to adults

two specialists
and two residents
(one each from each
discipline) independently
screened the titles and
abstracts of all articles
identified in the electronic
and hand searches.
with a permanent tooth receiving initial
nonsurgical endodontic therapy, or extraction with, or single-unit threaded-cylinder
implant (regardless of surface type).
Studies were eligible for inclusion
if they reported at least 25 cases with
a minimum two-year follow-up (endodontics - from obturation time; implant
- from placement); with treatment units
described as being single individual, implant-supported restorations, and/or endodontically treated teeth (not individual
roots). Studies were excluded if they failed
to meet any of the above inclusion criteria, if they did not define criteria for success/survival outcomes, if they reported
on treatments no longer used in practice,
or if the patients were described as having
moderate or severe periodontal disease.

search strategy and performing the
search (locating studies)

Searches identified articles in MEDLINE, EMBASE, and the Cochrane database from the inception of the database
through December 2006 when possible.
Before the search was performed, 10 core
articles were designated that, if identified
in the search, would validate its accuracy.3
Those journals identified as containing the top 80 percent of the relevant
articles were hand searched for the most
recent two years. Hand searching included consideration of references in the
identified articles as well as references in
relevant textbooks. A second search was
performed for each of the two disciplines
to retrieve results on psychosocial outcomes. Due to limitations of the available
literature regarding economic outcomes
the searches pertaining to this aspect
were limited to hand searches, citation
mining, and expert recommendations.
selecting studies

Two specialists and two residents (one
each from each discipline) independently
screened the titles and abstracts of all
articles identified in the electronic and
hand searches. Included articles were
photocopied and reviewed by the members of the teams independently in the
second stage of the process. In case of
disagreement at either step, consensus
was reached based on a predetermined
protocol for resolving disagreements
between reviewers.4 An external review
committee, consisting of four experts,
two from each discipline, reviewed the
final list and made sure that key studies
related to these subjects were not missed.
assessing quality of studies

A 31-item data abstraction form was
developed that included basic information
regarding the study design and outcomes.
From items related to the study design,
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table 1

an overall study quality rating score was developed with each article receiving a quality
score with a maximum possible 17 points.6,7
extraction of data and forming a
table of evidence

The members of each team independently extracted data and formed a
table of evidence from articles that met
the inclusion and exclusion criteria. The
external review committee reviewed and
approved the final evidence tables. Their
task was to make sure the search did not
miss any key study, that included studies met the inclusion criteria, and that
the elements of the studies critical to an
assessment of quality in each discipline
were abstracted. Outcomes were reported
by the included studies in a variety of
formats, including crude and cumulative
estimates of success, failure, and survival.
Success was defined by varying criteria
both within and across treatment options. Reviewers calculated appropriate
rates when the data were available. In
some instances where it was impossible
to determine if a reported rate was crude
or cumulative, it was treated as though it
was cumulative. Crude survival rates are
simply computed as 100 percent minus
the percentage not surviving; whereas,
cumulative survival is the proportion of
cases surviving up to the respective time
interval, this probability is computed
by multiplying out the probabilities of
survival across all previous intervals. This
distinction becomes important in situations where failure rates differ over time.
data analysis

Clinical outcomes were grouped into
three follow-up intervals: two to four
years; four to six years; and more than six
years. Individual studies were displayed in
a Forest Plot with Wilson Score 95 percent
confidence intervals.8,9 Meta-analyses
created pooled point estimates of success

Pooled (Simply Combining) and Weighted (Factoring in Sample Sizes)
Survival and Success Rates of Dental Implants and Endodontic Therapy
at Two to Four, Four to Six, and More Than Six Years
2-4 year

Success

Survival

Dental implant (pooled)

98 (95-99)

95 (93-97)

Dental implant (weighted)

99 (96-100)

96 (94-97)

Endodontic therapy (pooled)

90 (88-92)

94

Endodontic therapy (weighted)

89 (88-91)

-

4-6 year

Success

Survival

Dental implant (pooled)

97 (96-98)

97 (95-98)

Dental implant (weighted)

98 (97-99)

97 (95-98)

Endodontic therapy (pooled)

93 (87-97)

94 (92-96)

Endodontic therapy (weighted)

94 (92-96)

94 (91-96)

6+ year

Success

Survival

Dental implant (pooled)

95 (93-96)

97 (95-99)

Dental implant (weighted)

95 (93-97)

97 (96-98)

Endodontic therapy (pooled)

84 (82-87)

92 (84-97)

Endodontic therapy (weighted)

84 (81-87)

97 (97-97)

and survival using two approaches, the
DerSimonian-Laird random pooling method and simple weighting. Because of the
variability of the information in the articles addressing psychosocial and economic outcomes, these outcomes could only
be described in narrative review format.

Lower quality case series analyses
dominated the included articles. Most
studies were of less than six years
duration. The mean (±sd) quality rating scores of included papers was 10(±2)
for endodontic studies and 7(±2) for
papers describing implant studies.

Results

biological outcomes

quantity and quality of the evidence

The preliminary electronic and manual
searches identified 5,346 endodontic and
4,361 dental implant studies. After title
and abstract screening, full articles for
347 endodontic studies and 327 dental
implant studies were retrieved. Following full-text review, 24 endodontic, and
46 implant studies were included.10-79 A
total of 26 studies regarding psychosocial
effects of the treatment options were
identified.30,36,41,52,63,66,70-72,80-95 Only three
articles addressing economic outcomes
of treatment options were found.41,87,93

The authors’ searches did not locate any
comparative or noncomparative articles regarding the biological outcomes and/or biological beneficial and harmful effects of initial nonsurgical endodontic care compared
to extraction and placement of implant.
clinical outcomes

Calculated means for short, medium,
and long-term success rates for dental implants were 3-11 percent higher
than those for endodontic treatments
(table 1, figures 1 and 2). Short, medium,
or long-term pooled survival rates of
j u n e 2 0 0 8 431
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Proportion meta-analysis plot (random effects)

dental implants were somewhat higher
(0-5 percent) than those of endodontic
treatments (table 1, figures 2, and 4).
Weighted long-term survival was essentially the same (97 percent) for implant
and endodontic treatments (table 1).
A majority of the implant papers
provided survival rates. In contrast,
a majority of the endodontic studies provided success rates. Pooled and
weighted success and survival rates for
each follow-up period, with their associated 95 percent confidence intervals are
shown in table 1 . The Forest Plots at fourto six-year success and survival depict
these results in graphic form, and reflect
the substantial variability among and
within the included studies (figures 1-4 ).
psychosocial outcomes

The psychosocial effects of treatments studied in this systematic review
were different for the two treatments.
Pretreatment apprehension and posttreatment discomfort were commonly
addressed in the endodontic literature.8
1,85,87,88,91,92,94,95
Chewing performance and
esthetics were commonly reported in the
implant literature.36,41,63,66,70-72,80,83,84,89,90,93
Women had more pretreatment endodontic treatment anxiety than men, but
this difference decreased with patient age.88
Pain during endodontic care was usually
less than anticipated and did not differ by
gender.94 Overwhelming reduction in pain
followed endodontic care. A small minority of patients reported lingering problems
after endodontic therapy, the majority of
which were pain related.85-87 Pain associated
with dental implants has not been analyzed
to the same extent as in the endodontic
literature.52,89 A majority of patients reported
no pain following placement of dental implants. Those who experienced pain or unpleasantness rated it as being mild to moderate. Comfort during chewing was almost
universal following implant restoration.66,70,86
43 2 j u n e 2 0 0 8

Henry

0.97 (0.92, 0.99)

Scheller

0.96 (0.90, 0.99)

Polizzi

0.93 (0.78, 0.99)

Gibbard

1.00 (0.88, 1.00)

Mayer

0.99 (0.92, 1.00)

Prosper

0.97 (0.92, 0.99)

Covani

0.96 (0.91, 0.98)

Nentwig

0.99 (0.98, 0.99)
1.00 (0.92, 1.00)

Anner
Wennstrom

0.98 (0.88, 1.00)

combined

0.97 (0.96, 0.98)

0.7

0.8

0.9

1.0

f igure 1 . Forest Plot of implant success at four to six years. Forest Plots display the strength of the quantitative
evidence included in meta-analyses. They represent the amount of variation between different studies and estimate
the pooled results of the studies. The overall effect of the evidence is indicated by the central vertical line. The center of
each square represents the point estimate provided by an individual study. The horizontal lines represent the confidence
intervals of the associated data. The lower diamond represents the pooled point estimate.

Proportion meta-analysis plot (random effects)
Weiger

0.94 (0.86, 0.98)

Friedman

0.97 (0.94, 0.98)

Farzaneh

0.94 (0.89, 0.98)

Marquis

0.86 (0.78, 0.91)

combined

0.93 (0.87, 0.97 )

0.700

0.775

0.850

f igure 2 . Forest Plot of endodontic success at four to six years.

0.925

1.000
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Proportion meta-analysis plot (random effects)
Malevez

0.98 (0.92, 1.00)

Andersson

1.00 (0.91, 1.00)

Andersson

0.98 (0.92, 1.00)

Romanos

0.97 (0.88, 1.00)

Meriscke-s

0.99 (0.95, 1.00)

Morris

0.95 (0.92, 0.98)

Covani

0.97 (0.93, 0.99)

Dhanrajani

0.94 (0.89, 0.97)

combined

0.96 (0.95, 0.98)

0.88

0.92

0.96

1.00

f ig ur e 3. Forest Plot of implant survival at four to six years.

Proportion meta-analysis plot (random effects)
Waltimo

0.95 (0.91, 0.97)

Alley

0.93 (0.90, 0.96)

combined

0.94 (0.92, 0.96)

0.90

0.92

0.94

f ig ur e 4. Forest Plot of endodontic survival at four to six years.

0.96

0.98

Esthetic outcomes were often examined in the dental implant literature. Very
high levels of patient satisfaction were
reported in the implant literature.36,41,63,66,7072,80,83,84,89,93
Patient perceptions of implant
complications were rarely reported; the
vast majority of patients felt the number
of complications were acceptable.86 However, endodontic studies did not separately
address complications. An endodontic
study found that more than 90 percent
of subjects would choose to have another
endodontic treatment.87 Cost, distantly
followed by pain, were the most important
factors for those who would not have another endodontic treatment.87 Eighty-eight
percent of implant patients would chose
the same treatment again, and 94 percent
of patients who have had implants would
recommend it to others.41,56,70,93 Reasons
for tooth loss in these implant satisfaction studies included trauma, periodontal
disease, and endodontic complications
following trauma. The times from extraction to implant placement varied from six
months to 14 years.41,56 Some of these studies described overall subject satisfaction
ratings for both implant and endodontic
treatments were above 90 percent.41,85
economic outcomes

The authors’ search found three papers
that assessed economic outcomes of the
endodontic and implant treatments.41,87,93
Cost was the largest determining factor for those patients who chose not to
undergo another endodontic treatment.87
Approximately 90 percent of patients
felt the cost of implant treatment was
justified or that the cost benefit was
positive.41,93 It is not known whether
patients who opted not to have endodontic treatment due to cost would opt
for more expensive implant treatment,
nor whether patients who opted not
to have implant treatment due to cost
would opt for endodontic treatment.
j u n e 2 0 0 8 433
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Discussion
Based on collected data from this
systematic review, it appears that both
pooled (simply combining) and weighted
(factoring in sample sizes) success rates
consistently were higher for implant therapy than for endodontic treatment. Longterm survival was essentially the same for
endodontic and dental implant treatment. The authors’ findings are in general
agreement with previously published and
more narrowly focused systematic reviews
on the outcomes of dental implants and
endodontic success and survival rates, as
well as another recent systematic review
comparing the outcomes of dental implants and endodontically treated teeth.96101
The authors found only one paper
that directly compared the implant and
endodontic therapy clinical outcomes.30
Based on this paper, which had a
retrospective case control design and
without random assignment, the authors
concluded that restored endodontically
treated teeth and single implant-supported restorations had similar survival rates.
They also reported that the implant group
showed longer time to function and a
substantially higher incidence of postoperative complications requiring subsequent treatment intervention. Because
this retrospective study did not have
detailed information regarding the type of
implants used, the authors had to exclude
it from the implant evidence table.
Although the data related to outcomes
in the authors’ systematic review and
in those of other reviews represents the
best evidence available, the results from
these systematic reviews must be used
with caution during treatment planning.
The principal reasons for this caution are
the lower quality of much of the evidence
and the heterogeneity of the results. The
quality score reflects the extent to which
a study was open to one or more threats
to the internal validity, and the low scores
43 4 j u n e 2 0 0 8

suggest there were opportunities for
results to have been influenced by bias.
The major sources for heterogeneity in the
studies examined here were differences
in definitions of success or failure and in
the manner in which treatment complications were incorporated into these
outcomes and in the type of operators.
Definitions of success, failure, and
their variations in endodontic studies
often combine comprehensive clinical, radiographic, and patient symptoms. Endodontic studies measure success in terms

the authors
concluded that restored
endodontically treated
teeth and single
implant-supported
restorations had similar
survival rates.
of healing an existing disease and failure
as the occurrence of new disease. Success
criteria used in implant studies varied
significantly. Various authors have used
biological, clinical, and radiographic criteria for evaluation of dental implants.102-108
Because the criteria for success varied
extensively between the two disciplines
as well as among studies of a given
treatment, using the more fundamental
outcome of survival may present a more
straightforward basis for comparison of
treatments.30,96,109,110 Most endodontic
studies (88 percent) used a combination of radiographic, clinical, and questionnaire evaluations for determining
survival. The majority of implant studies
(77 percent) utilized a combination of
radiographic and clinical assessments.
Complications can affect both the

practitioner’s and the patient’s assessment of the success of the treatment,
and thus should be considered in reports
evaluating these treatments. However, the
evaluation of complications was not included in this review because of inconsistencies in the reporting of complications
between studies both within a treatment
modality and between the treatments
evaluated. For instance, the reporting of
complications other than implant loss has
been limited and inconsistently reported
in dental implant studies. Additionally,
with implants, multiple clinical studies that simultaneously evaluated all
or most of the complications that have
occurred with dental implants and the
associated crowns were not available.111
Most endodontic studies assigned
complications to failure categories.
Grading complications and placing
them into categories such as major and
minor interventions may be a reasonable
way to uniformly address different types
of complications among different disciplines in a clinically relevant manner.30 For
example, the lack of osseointegration for
implants or nonrepairable root perforations in endodontic treatment should
be considered major complications.
Loosening of screws in dental implants
or presence of small voids in the coronal
portion of obturated root canals should be
considered minor and correctable complications. However, variations in reporting
between the studies or a lack of reported
complications prevented such a process
from being appropriately implemented.
General practitioners provided most
endodontic treatments (63 percent of
studies), while specialists overwhelmingly provided implant treatments (87
percent of studies). While it is unclear
whether these different distributions
contributed to the heterogeneity within
a discipline, they do make comparisons
between the treatments and generaliza-
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tion to dental practice more problematic.
The data collected by the American
Dental Association through its Services Rendered Survey estimate the fees
(regardless of its provider) for an extraction, implant, abutment, and crown to be
approximately $2,850.3 The same survey
estimates the fees for the costs of an
anterior endodontic therapy provided
by a general dentist with a composite
resin restoration, and a molar endodontic therapy provided by an endodontist
followed by an amalgam build up and a
high noble metal-ceramic crown to be
around $743 and $1,765, respectively.3 The
authors’ systematic review of the existing literature demonstrated absence of
studies specifically designed to assess the
cost-benefit of the saving a tooth through
endodontic therapy and extraction and
placement of single tooth implants.
In addition to the outcome of treatments, the tangible and intangible
benefits of retaining teeth should be considered during treatment planning. The
benefits of successful treatment of a tooth
with pulpal and/or periapical disease
include conservation of the remaining
crown and root structure, preservation of
alveolar bone and accompanying papillae,
preservation of the pressure perception
and lack of movement of the surrounding teeth. The harmful effects of saving
teeth through endodontic care include
reduced water content of the afflicted
tooth, increased chances for root fracture, and development of future decay.
The main benefits of tooth extraction
are pain relief and removal of diseased
tissues that may cause local or systemic
diseases. The harmful effects of extraction without replacement include bone
resorption, shifting of the adjacent
teeth, and reduced aesthetics and chewing ability.112-117 The benefits and harms
of retaining teeth should be carefully
weighed against extraction and placement

of dental implants, fixed partial dentures,
or extraction without tooth replacement.
This systematic review of the literature
along with others demonstrate the absence
of any information describing truly longterm outcomes, benefits or harms of dental
implants compared to endodontically treated teeth. Within the confines of the authors’ inclusion criteria, no single tooth implant study has reported outcomes longer
than 13 years, while at least one endodontic
study followed outcomes for 27 years.
Conclusions
Based on available evidence, it appears
that initial endodontic treatment has high
long-term survival rate for periodontally
sound teeth that have pulpal and/or
periapical pathosis. Equivalent long-term
survival rates have been also reported for
extraction and replacement of the missing
tooth with an implant-supported restoration. Presence of many shortcomings in the
available literature means that definitive
treatment decisions cannot be only based
on the available evidence alone. However,
within the limitations noted, this systematic review offers evidence that single tooth
implant should be incorporated in discussions as first alternative treatment options
for patients who require extraction and
replacement of a missing tooth.
re f e re n c e s
1. http://www.ada.org/prof/resources/topics/evidencebased.
asp. (Accessed March 27, 2008.)
2. Forrest JL, Miller SA, The anatomy of evidence-based
publications: article summaries and systematic reviews. Part I.
J Dent Hyg 78(2):343-8, 2004.
3. Torabinejad M, Anderson P, et al, The outcomes of endodontic treatment, single implant, fixed partial denture and no
tooth replacement: a systematic review. J Prosthetic Dent
98(4):285-311, 2007.
4. Egger M, Smith GD, Altman S, Systematic review in health
care — meta analysis in context. London, 2001.
5. Bader JD, Systematic reviews and their implications for
dental practice. Tex Dent J 121(5):380-7, 2004.
6. Juni P, Altman DG, Egger M, Systematic reviews in health
care: assessing the quality of controlled clinical trials. BMJ
23(7303):42-6, 2001.
7. Egger M, Juni P, et al, How important are comprehensive
literature searches and the assessment of trial quality in

systematic reviews? Empirical study. Health Technol Assess
7(1):1-76, 2003.
8. Newcombe RG, Two-sided confidence intervals for the
single proportion: comparison of seven methods. Stat Med
17(8):857-72, 1998.
9. Brown LD, Cai TT, Dasgupta A, Interval estimation for a
binomial proportion. Stat Sci 16:101-33, 2001.
10. Teo CS, Chan NC, Lim SS. Success rate in endodontic
therapy — a retrospective study. Part I. Dent J Malays 9(1):710, 1986.
11. Ashkenaz PJ, One-visit endodontics — a preliminary report.
Dent Surv 55(1):62-7, 1979.
12. Rudner WL, Oliet S, Single-visit endodontics: a concept and
a clinical study. Compend Contin Educ Dent 2(2):63-8, 1981.
13. Oliet S, Single-visit endodontics: a clinical study. J Endod
9(4):147-52, 1983.
14. Weiger R, Rosendahl R, Lost C, Influence of calcium
hydroxide intracanal dressings on the prognosis of teeth
with endodontically induced periapical lesions. Int Endod J
33(3):219-26, 2000.
15. Michanowicz AE, Michanowicz JP, et al, Clinical evaluation
of low-temperature thermoplasticized injectable gutta-percha: a preliminary report. J Endod 15(12):602-7, 1989.
16. Aquilino SA, Caplan DJ, Relationship between crown
placement and the survival of endodontically treated teeth. J
Prosthet Dent 87(3):256-63, 2002.
17. Lazarski MP, Walker WA III, et al, Epidemiological evaluation
of the outcomes of nonsurgical endodontic therapy in a large
cohort of insured dental patients. J Endod 27(12):791-6, 2001.
18. Waltimo TM, Boiesen J, et al, Clinical performance of three
endodontic sealers. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 92(1):89-92, 2001.
19. Benenati FW, Khajotia SS, A radiographic recall evaluation
of 894 endodontic cases treated in a dental school setting. J
Endod 28(5):391-5, 2002.
20. Coelho R, de Franca Caldas Junior A, Santana de Albuquerque ID, Cohort study of endodontic therapy success. Brazilian
Dent J 14:109, 2003.
21. Dammaschke T, Steven D, Kaup M, Ott KH, Long-term survival of root canal-treated teeth: a retrospective study over 10
years. J Endod 29(10):638-43, 2003.
22. Friedman S, Abitbol S, Lawrence HP, Treatment outcome
in endodontics: the Toronto study. Phase 1: initial treatment. J
Endod 29(12):787-93, 2003.
23. Alley BS, Kitchens GG, et al, A comparison of survival of
teeth following endodontic treatment performed by general
dentists or by specialists. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 98(1):115-8, 2004.
24. Farzaneh M, Abitbol S, Friedman S, Treatment outcome in
endodontics: the Toronto study. Phases I and II: Orthograde
retreatment. J Endod 30(9):627-33, 2004.
25. Field JW, Gutmann JL, et al, A clinical radiographic
retrospective assessment of the success rate of single-visit
endodontic therapy. Int Endod J 37(1):70-82, 2004.
26. Peters OA, Barbakow F, Peters CI, An analysis of endodontic treatment with three nickel-titanium rotary root canal
preparation techniques. Int Endod J 37(12):849-59, 2004.
27. Salehrabi R, Rotstein I, Endodontic treatment outcomes
in a large patient population in the USA: an epidemiological
study. J Endod 30(12):846-50, 2004.
28. Chu CH, Lo EC, Cheung GS, Outcome of endodontic
therapy using Thermafil and cold lateral condensation filling
techniques. Int Endod J 38(3):179-85, 2005.

j u n e 2 0 0 8 435

review
c da j o u r n a l , vo l 3 6 , n º 0 6

29. Stoll R, Betke K, Stachniss V, The influence of different factors on the survival of root canal fillings: a 10-year retrospective study. J Endod 31(11):783-90, 2005.
30. Doyle SL, Hodges JS, et al, Retrospective cross sectional
comparison of initial nonsurgical endodontic treatment and
single-tooth implants. J Endod 32(9):822-7, 2006.
31. Gagliani MA, Cerutti A, et al, A 24-month survey on endodontic therapy performed by NiTi engine driven files and warm
gutta-percha filling associated system. Minerva Stomatol
53(10):543-54, 2004.
32. Gesi A, Hakeberg M, et al, Incidence of periapical lesions
and clinical symptoms after pulpectomy — a clinical and
radiographic evaluation of one- vs. two-session treatment.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 101(3):37988, 2006.
33. Marquis VL, Dao T, et al, Treatment outcome in endodontics: the Toronto Study. Phase III: initial treatment. J Endod
32(4):299-306, 2006.
34. Zarone F, Sorrentino R, et al, Prosthetic treatment of maxillary lateral incisor agenesis with osseointegrated implants: a
24-39-month prospective clinical study. Clin Oral Implants Res
17(1):94-101, 2006.
35. Ottoni JM, Oliveira ZF, et al, Correlation between placement torque and survival of single-tooth implants. Int J Oral
Maxillofac Implants 20(5):769-76, 2005.
36. Levin L, Pathael S, et al, Aesthetic versus surgical success
of single-dental implants: 1- to 9-year follow-up. Pract Proced
Aesthet Dent 17(8):533-8; quiz 40, 66, 2005.
37. Dhanrajani PJ, Al-Rafee MA, Single-tooth implant restorations: a retrospective study. Implant Dent 14(2):125-30, 2005.
38. Wennstrom JL, Ekestubbe A, et al, Implant-supported
single-tooth restorations: a five-year prospective study. J Clin
Periodontol 32(6):567-74, 2005.
39. Anner R, Better H, Chaushu G, The clinical effectiveness of
6 mm diameter implants. J Periodontol 76(6):1013-5, 2005.
40. Schropp L, Kostopoulos L, et al, Clinical and radiographic
performance of delayed-immediate single-tooth implant
placement associated with peri-implant bone defects. A twoyear prospective, controlled, randomized follow-up report. J
Clin Periodontol 32(5):480-7, 2005.
41. Pjetursson BE, Karoussis I, et al, Patients’ satisfaction
following implant therapy. A 10-year prospective cohort study.
Clin Oral Implants Res 16(2):185-93, 2005.
42. Tsirlis AT, Clinical evaluation of immediate loaded upper
anterior single implants. Implant Dent 14(1):94-103, 2005.
43. Vigolo P, Givani A, et al, Clinical evaluation of small-diameter implants in single-tooth and multiple-implant restorations: a seven-year retrospective study. Int J Oral Maxillofac
Implants 19(5):703-9, 2004.
44. Block M, Finger I, et al, Single-tooth immediate provisional
restoration of dental implants: technique and early results. J
Oral Maxillofac Surg 62(9):1131-8, 2004.
45. Covani U, Crespi R, et al, Immediate implants supporting
single-crown restoration: a four-year prospective study. J
Periodontol 75(7):982-8, 2004.
46. Bianchi AE, Sanfilippo F, Single-tooth replacement by immediate implant and connective tissue graft: a one- to nine-year
clinical evaluation. Clin Oral Implants Res 15(3):269-77, 2004.
47. Norton MR, A short-term clinical evaluation of immediately
restored maxillary TiOblast single-tooth implants. Int J Oral
Maxillofac Implants 19(2):274-81, 2004.
48. Fugazzotto PA, Beagle JR, et al, Success and failure rates

43 6 j u n e 2 0 0 8

of 9 mm or shorter implants in the replacement of missing
maxillary molars when restored with individual crowns:
preliminary results 0 to 84 months in function. A retrospective
study. J Periodontol 75(2):327-32, 2004.
49. Doring K, Eisenmann E, Stiller M, Functional and esthetic
considerations for single-tooth Ankylos implant-crowns: eight
years of clinical performance. J Oral Implantol 30(3):198-209,
2004.
50. Nentwig GH, Ankylos implant system: concept and clinical
application. J Oral Implantol 30(3):171-7, 2004.
51. Prosper L, Gherlone EF, et al, Four-year follow-up of largerdiameter implants placed in fresh extraction sockets using a
resorbable membrane or a resorbable alloplastic material. Int
J Oral Maxillofac Implants 18(6):856-64, 2003.
52. Andersson L, Emami-Kristiansen Z, Hogstrom J, Singletooth implant treatment in the anterior region of the maxilla
for treatment of tooth loss after trauma: a retrospective clinical and interview study. Dent Traumatol 19(3):126-31, 2003.
53. Groisman M, Frossard WM, et al, Single-tooth implants in
the maxillary incisor region with immediate provisionalization: two-year prospective study. Pract Proced Aesthet Dent
15(2):115-22, 24; quiz 26, 2003.
54. Mayer TM, Hawley CE, et al, The single-tooth implant: a
viable alternative for single-tooth replacement. J Periodontol
73(7):687-93, 2002.
55. Norton MR, Wilson J, Dental implants placed in extraction
sites implanted with bioactive glass: human histology and clinical outcome. Int J Oral Maxillofac Implants 17(2):249-57, 2002.
56. Gibbard LL, Zarb G, A five-year prospective study of
implant-supported single-tooth replacements. J Can Dent
Assoc 68(2):110-6, 2002.
57. Krennmair G, Schmidinger S, Waldenberger O, Singletooth replacement with the Frialit-2 system: a retrospective
clinical analysis of 146 implants. Int J Oral Maxillofac Implants
17(1):78-85, 2002.
58. Mangano C, Bartolucci EG, Single-tooth replacement by
Morse taper connection implants: a retrospective study of 80
implants. Int J Oral Maxillofac Implants 16(5):675-80, 2001.
59. Mericske-Stern R, Grutter L, et al, Clinical evaluation and
prosthetic complications of single-tooth replacements by nonsubmerged implants. Clin Oral Implants Res 12(4):309-18, 2001.
60. Morris HF, Winkler S, Ochi S, A 48-month multicentric clinical investigation: implant design and survival. J Oral Implantol
27(4):180-6, 2001.
61. Rodriguez AM, Orenstein IH, et al, Survival of various
implant-supported prosthesis designs following 36 months of
clinical function. Ann Periodontol 5(1):101-8, 2000.
62. Romanos GE, Nentwig GH, Single-molar replacement with
a progressive thread design implant system: a retrospective
clinical report. Int J Oral Maxillofac Implants 15(6):831-6, 2000.
63. Johnson RH, Persson GR, Evaluation of a single-tooth
implant. Int J Oral Maxillofac Implants 15(3):396-404, 2000.
64. Polizzi G, Rangert B, et al, Branemark systemwide platform
implants for single-molar replacement: clinical evaluation of
prospective and retrospective materials. Clin Implant Dent
Relat Res 2(2):61-9, 2000.
65. Bianco G, Di Raimondo R, et al, Osseointegrated implant
for single-tooth replacement: a retrospective multicenter
study on routine use in private practice. Clin Implant Dent
Relat Res 2(3):152-8, 2000.
66. Wannfors K, Smedberg JI, A prospective clinical evaluation
of different single-tooth restoration designs on osseointe-

grated implants. A three-year follow-up of Branemark
implants. Clin Oral Implants Res 10(6):453-8, 1999.
67. Scholander S, A retrospective evaluation of 259 singletooth replacements by the use of Branemark implants. Int J
Prosthodont 12(6):483-91, 1999.
68. Levine RA, Clem DS III, et al, Multicenter retrospective
analysis of the ITI implant system used for single-tooth
replacements: results of loading for two or more years. Int J
Oral Maxillofac Implants 14(4):516-20, 1999.
69. Polizzi G, Fabbro S, et al, Clinical application of narrow
Branemark system implants for single-tooth restorations. Int J
Oral Maxillofac Implants 14(4):496-503, 1999.
70. Moberg LE, Kondell PA, et al, Evaluation of single-tooth
restorations on ITI dental implants. A prospective study of 29
patients. Clin Oral Implants Res 10(1):45-53, 1999.
71. Andersson B, Odman P, et al, Five-year prospective study of
prosthodontic and surgical single-tooth implant treatment in
general practices and at a specialist clinic. Int J Prosthodont
11(4):351-5, 1998.
72. Andersson B, Odman P, et al, Cemented single crowns on
osseointegrated implants after five years: results from a prospective study on CeraOne. Int J Prosthodont 11(3):212-8, 1998.
73. Karlsson U, Gotfredsen K, Olsson C, Single-tooth replacement by osseointegrated Astra Tech dental implants: a twoyear report. Int J Prosthodont 1997;10(4):318-24, 1997.
74. Henry PJ, Laney WR, et al, Osseointegrated implants for
single-tooth replacement: a prospective five-year multicenter
study. Int J Oral Maxillofac Implants 11(4):450-5, 1996.
75. Malevez C, Hermans M, Daelemans P, Marginal bone levels
at Branemark system implants used for single-tooth restoration. The influence of implant design and anatomical region.
Clin Oral Implants Res 7(2):162-9, 1996.
76. Cordioli G, Castagna S, Consolati E, Single-tooth implant
rehabilitation: a retrospective study of 67 implants. Int J
Prosthodont 7(6):525-31, 1994.
77. Jemt T, Pettersson P, A three-year follow-up study on
single-implant treatment. J Dent 21(4):203-8, 1993.
78. Schmitt A, Zarb GA, The longitudinal clinical effectiveness
of osseointegrated dental implants for single-tooth replacement. Int J Prosthodont 6(2):197-202, 1993.
79. Scheller H, Urgell JP, et al, A five-year multicenter study on
implant-supported single-crown restorations. Int J Oral Maxillofac Implants 13(2):212-8, 1998.
80. Andersson B, Implants for single-tooth replacement. A
clinical and experimental study on the Branemark CeraOne
system. Swed Dent J Suppl 108:1-41, 1995.
81. Barbakow FH, Cleaton-Jones P, Friedman D, An evaluation of
566 cases of root canal therapy in general dental practice. 1. Diagnostic criteria and treatment details. J Endod 6(2):456-60, 1980.
82. Bragger U, Krenander P, Lang NP, Economic aspects of singletooth replacement. Clin Oral Implants Res 16(3):335-41, 2005.
83. Chang M, Odman PA, et al, Esthetic outcome of implantsupported single-tooth replacements assessed by the patient
and by prosthodontists. Int J Prosthodont 12(4):335-41, 1999.
84. Chang M, Wennstrom JL, et al, Implant supported singletooth replacements compared to contralateral natural teeth.
Crown and soft tissue dimensions. Clin Oral Implants Res
10(3):185-94, 1999.
85. Dugas NN, Lawrence HP, et al, Quality of life and satisfaction outcomes of endodontic treatment. J Endod 28(12):819-27,
2002.
86. Ekfeldt A, Carlsson GE, Borjesson G, Clinical evaluation

c da j o u r n a l , vo l 3 6 , n º 0 6

of single-tooth restorations supported by osseointegrated
implants: a retrospective study. Int J Oral Maxillofac Implants
9(2):179-83, 1994.
87. Lobb WK, Zakariasen KL, McGrath PJ, Endodontic treatment outcomes: do patients perceive problems? J Am Dent
Assoc 127(5):597-600, 1996.
88. Peretz B, Moshonov J, Dental anxiety among patients
undergoing endodontic treatment. J Endod 24(6):435-7, 1998.
89. Schropp L, Isidor F, et al, Patient experience of, and
satisfaction with, delayed-immediate vs. delayed single-tooth
implant placement. Clin Oral Implants Res 15(4):498-503, 2004.
90. Sonoyama W, Kuboki T, et al, Quality of life assessment
in patients with implant-supported and resin-bonded fixed
prosthesis for bounded edentulous spaces. Clin Oral Implants
Res 13(4):359-64, 2002.
91. Stabholz A, Peretz B, Dental anxiety among patients prior
to different dental treatments. Int Dent J 49(2):90-4, 1999.
92. Udoye CI, Oginni AO, Oginni FO, Dental anxiety among
patients undergoing various dental treatments in a Nigerian
teaching hospital. J Contemp Dent Pract 6(2):91-8, 2005.
93. Vermylen K, Collaert B, et al, Patient satisfaction and
quality of single-tooth restorations. Clin Oral Implants Res
14(1):119-24, 2003.
94. Watkins CA, Logan HL, Kirchner HL, Anticipated and experienced pain associated with endodontic therapy. J Am Dent
Assoc 133(1):45-54, 2002.
95. Wong M, Lytle WR, A comparison of anxiety levels associated with root canal therapy and oral surgery treatment. J
Endod 17(9):461-5, 1991.
96. Creugers NH, Kreulen CM, et al, A systematic review
of single-tooth restorations supported by implants. J Dent
28(4):209-17, 2000.
97. Peng L, Ye L, et al, Outcome of root canal obturation by
warm gutta-percha vs. cold lateral condensation: a metaanalysis. J Endod 33(2):106-9, 2007.
98. Schaeffer MA, White RR, Walton RE, Determining the
optimal obturation length: a meta-analysis of literature. J
Endod 31(4):271-4, 2005.
99. Kojima K, Inamoto K, et al, Success rate of endodontic
treatment of teeth with vital and nonvital pulps. A metaanalysis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
97(1):95-9, 2004.
100. Sathorn C, Parashos P, Messer HH, Effectiveness of
single- vs. multiple-visit endodontic treatment of teeth with
apical periodontitis: a systematic review and meta-analysis.
Int Endod J 38(6):347-55, 2005.
101. Iqbal MK, Kim S, For teeth requiring endodontic treatment,
what are the differences in outcomes of restored endodontically treated teeth compared to implant-supported restorations? Int J Oral Maxillofac Implants 22 (Suppl):96-116, 2007.
102. Karoussis IK, Bragger U, et al, Effect of implant design on
survival and success rates of titanium oral implants: a 10-year
prospective cohort study of the ITI dental implant system. Clin
Oral Implants Res 15(1):8-17, 2004.
103. Albrektsson T, Zarb G, et al, The long-term efficacy of currently used dental implants: a review and proposed criteria of
success. Int J Oral Maxillofac Implants 1986;1(1):11-25.
104. Smith DE, Zarb GA. Criteria for success of osseointegrated endosseous implants. J Prosthet Dent 62(5):567-72, 1989.
105. Albrektsson T, Zarb GA, Current interpretations of the
osseointegrated response: clinical significance. Int J Prosthodont 6(2):95-105, 1993.

106. Buser D, Weber HP, Lang NP, Tissue integration of nonsubmerged implants. One-year results of a prospective study with
100 ITI hollow-cylinder and hollow-screw implants. Clin Oral
Implants Res 1(1):33-40, 1990.
107. Zarb GA, Albrektsson T, Osseointegration: a requiem for
the periodontal ligament? Int J Periodontics Restorative Dent
11:88-91, 1991.
108. Albrektsson T, Isidor F, Consensus report of session V.
Proceedings of the first European workshop on periodontology. In: N. P. Land and T. Karring. London, QuintessenzVerlag:365-9, 1993.
109. Eckert SE, Wollan PC, Retrospective review of 1170 endosseous implants placed in partially edentulous jaws. J Prosthet
Dent 79(4):415-21, 1998.
110. Eckert SE, Choi YG, et al, Comparison of dental implant
systems: quality of clinical evidence and prediction of fiveyear survival. Int J Oral Maxillofac Implants 20(3):406-15, 2005.
111. Goodacre CJ, Bernal G, et al, Clinical complications with implants and implant prostheses. J Prosthet Dent 90(2):121-32, 2003.
112. Johnson K, A study of the dimensional changes occurring in
the maxilla following tooth extraction. Aust Dent J 14(4):241-4,
1969.

113. Amler MH, The age factor in human extraction wound healing. J Oral Surg 35(3):193-7, 1977.
114. Boyne PJ, Osseous repair of the postextraction alveolus in
man. Oral Surg Oral Med Oral Pathol 21(6):805-13, 1966.
115. Shugars DA, Bader JD, et al, Survival rates of teeth adjacent to treated and untreated posterior bounded edentulous
spaces. J Am Dent Assoc 129(8):1089-95, 1998.
116. Love WD, Adams RL, Tooth movement into edentulous
areas. J Prosthet Dent 25(3):271-8, 1971.
117. Oosterhaven SP, Westert GP, et al, Social and psychologic
implications of missing teeth for chewing ability. Community
Dent Oral Epidemiol 16(2):79-82, 1988.

to request a printed copy of this article, please
contact Mahmoud Torabinejad, DMD, MSD, PhD, Loma Linda
University, School of Dentistry, Loma Linda, Calif., 92350.

j u n e 2 0 0 8 437

