
Since their introduction, use of dental implants has
rapidly expanded beyond the original protocols

documented by Brånemark and colleagues.1,2 Proto-
cols with different implant designs, materials, and
techniques for patients with varying numbers of miss-

ing teeth are being used by a larger number of practi-
tioners than ever before. While research reports of
these alternate therapies often document high suc-
cess rates, these mostly prospective studies are usu-
ally of short duration, apply strict patient inclusion
criteria, and involve therapy usually provided by
experienced clinicians.3–8 Information from such effi-
cacy trials may not be generalizable, either to the
average dental implant patient or to a less experi-
enced practitioner. Further, with few failures identi-
fied, those factors associated with dental implant fail-
ure have been poorly characterized to date.9

Retrospective evaluation of dental implant patient
cohorts not part of prospective trials may provide
more generalizable information, especially if the
therapy is provided by clinicians of varied experience
levels. Further, by using implant removal as the only
measure of failure, larger patient cohorts with longer
follow-up periods can be identified and analyzed for
those factors most commonly associated with failure.

The purposes of this study were (1) to determine
implant survival rates by means of life table analyses
for an implant patient cohort not part of a prospec-
tive efficacy trial and treated by practitioners of var-
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ied experience levels; and (2) to identify those vari-
ables associated with implant failure by means of pro-
portional hazards modeling and advanced statistical
methods that account for patient-level effects.

Materials and Methods

Ninety-nine consecutive patients treated in the Uni-
versity of North Carolina Clinical Implant Program
were included in this retrospective study. These
patients were treated between 1987 to 1991 with
potential follow-up through 1994. The original date
coincided with the inception of the dental implant
program at the institution.

After initial screening by faculty from the depart-
ments of oral surgery, periodontics, and prosthodon-
tics, requisite radiographs and diagnostic templates
were obtained. Patients were assigned to one of six
periodontist or oral surgeon faculty members for
implant placement, and to 1 of 12 prosthodontists for
rehabilitation (8 faculty, 4 graduate prosthodontic
residents).

Patients ranged in age from 23 to 84 years (mean =
60.5 years) and 67% were female. In all, 384 endos-
seous implants were surgically placed according to
standard protocols; of these, 306 were Brånemark
(Nobel Biocare, Westmont, IL), 74 were IMZ plasma-
sprayed (Interpore International, Irvine, CA), and 4
were IMZ hydroxyapatite-coated. The implants were
allowed to integrate for a minimum of 3 or 6 months
for the mandible and maxilla, respectively. Rehabilita-
tion was accomplished with the placement of 108
prostheses, as listed in Table 1.

All data were obtained through chart reviews for
each of the 99 patients. Data included from each
record review are as follows:

Patient ID number
Patient gender
Patient date of birth
Implant manufacturer
Implant width
Implant length
Implant location

Surgeon
Stage-one surgery date
Stage-two surgery date
Prosthodontist
Type of prosthetic rehabilitation
Prosthesis placement date
Implant removal
Implant failure date
Last recall date

Failure was noted by removal of the implant. The
data were converted into an SAS (SAS Worldwide
Institute, Cary, NC) data set by means of an infile
statement. Frequency tables for sites by each explan-
atory variable, as well as explanatory variables by
implant failure status, were generated as an explora-
tory analysis to verify that the number of sites in each
cell was large enough to implement survival model-
ing. Life table methods (SAS LIFETEST) were used
to generate Kaplan-Meier survival curves and to
make comparisons among groups. Any associations
between implant failure and individual explanatory
variables were noted. Under the assumption of inde-
pendence among multiple implants in the same
patient, log-rank and Wilcoxon’s rank sum tests were
used in a preliminary fashion to evaluate the homo-
geneity for these explanatory variables, and propor-
tional hazards modeling (SAS PHREG) was used to
simultaneously assess the explanatory variables and to
identify important variables associated with implant
failure. For more rigorous analysis with adjustment
for intrapatient correlation because of many patients
having multiple implants, survey data analysis
(SUDAAN) was used to adjust for any patient effects
for the important covariates identified through the
proportional hazards modeling.10–13

Results

Three hundred eighty-four implants were followed
for an average of 3.9 years after surgical placement
(range 2.4 months to 7.6 years; median 3.6 years).
Thirty-four implants failed during this period, yield-
ing an overall failure rate of 8.9%. Seventeen of 99
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Table 1 Description of Indications/Prostheses Provided (n = 108
Prostheses)

Description No. (%)

Completely edentulous/fixed-detachable hybrid prosthesis 41 (37.9)
Partially edentulous/fixed partial denture 33 (30.6)
Completely edentulous/removable overdenture 20 (18.5)
Single tooth replacement 13 (12.0)
Partially edentulous/removable partial denture 1 (0.9)



patients experienced an implant failure, nine of
whom had multiple failures. Twenty of the failures
occurred prior to prosthetic rehabilitation. Table 2
presents the range, median, and mean follow-up
times from surgical placement for the failed implants.
Table 3 reports the failed implant and total implant
distributions by gender, implant width, length, loca-
tion, manufacturer, and prosthesis type. Kaplan-
Meier survival curves for implant width, length, loca-
tion, and prosthesis type are presented in Figs 1 to 4.
Log-rank and Wilcoxon’s rank tests identified remov-
able prosthesis type as a significant factor associated

with implant failure (P < .0001). The survival curves
demonstrate trends toward decreasing survival prob-
ability with implants: (1) less than 13 mm long, (2)
less than 4.0 mm wide, and (3) placed in posterior
versus anterior locations. Log-rank and Wilcoxon’s
tests of homogeneity, however, were not statistically
significant for these variables (P > .10).

Proportional hazards models were used to assess
explanatory variables simultaneously. Every variable
was first assessed individually: removable treatment
was strongly associated with implant failure (P <
.0001), while completely edentulous fixed treatment
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Table 3 Implant Failure and Total Implant Distributions by Gender, Implant Width,
Length, Type, Location, and Prosthesis Type

Implants failed Total implants placed 
(% of total placed in (% of total placed in

subclassification) classification)

Gender
Female 23 (8.5) 272 (70.8)
Male 11 (9.8) 112 (29.2)

Implant width (mm)
3.3 2 (15.4) 13 (3.4)
3.75 26 (9.8) 266 (69.3)
4.0 6 (5.7) 105 (27.3)

Implant length (mm)
7 4 (16.0) 25 (6.5)
8 0 ( 4 (1.0)
10 13 (13.0) 100 (26.0)
11 5 (14.3) 35 (9.1)
13 5 (5.3) 94 (24.5)
15 6 (7.5) 80 (20.8)
18 1 (2.2) 45 (11.7)
20 0 ( 1 (0.3)

Implant type
Brånemark 26 (8.5) 306 (79.7)
IMZ plasma-sprayed 8 (10.8) 74 (19.3)
IMZ hydroxyapatite-coated 0 ( 4 (1.0)

Implant location
Anterior mandible 16 (6.4) 249 (64.8)
Anterior maxilla 3 (9.1) 33 (8.6)
Posterior mandible 7 (13.2) 53 (13.8)
Posterior maxilla 8 (16.3) 49 (12.8)

Prosthesis type
Completely edentulous/fixed 8 (3.9) 206 (53.6)
Completely edentulous/removable 15 (22.7) 66 (17.2)
Partially edentulous/fixed 8 (8.8) 91 (23.7)
Partially edentulous/removable 0 ( 3 (0.8)
Single tooth replacement 1 (7.7) 13 (3.4)
Unrestored 2 (40.0) 5 (1.3)

Total 34 (8.9) 384 (

Table 2 Follow-Up Time (in Years) From Surgical Placement for Failed
Implants

Range Median Mean

All implant failures (n = 34) 0.2–4.1 0.9 1.4
Preprosthetic failures (n = 20) 0.2–1.0 0.5 0.5
Postprosthetic failures (n = 14) 1.0–4.1 2.6 2.6
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Fig 1 Kaplan-Meier survival curve by
implant width. The category “< 4.0
mm” includes all 3.75-mm and 3.3-
mm implants. The trend toward
decreasing survival probability for
widths of less than 4.0 mm, as deter-
mined by log-rank and Wilcoxon’s rank
sum tests of homogeneity, was not sta-
tistically significant (P > .10).

Fig 2 Kaplan-Meier survival curve by
implant length. The trend toward
decreasing survival probability for
implant lengths of less than 13.0 mm,
as determined by log-rank and
Wilcoxon’s rank sum tests of homo-
geneity, was not statistically significant
(P > .10).

Fig 3 Kaplan-Meier survival curve by
implant location. The trend toward
decreasing survival probability for pos-
terior versus anterior locations, as
determined by log-rank and Wilcoxon’s
rank sum tests of homogeneity, was not
statistically significant (P > .10).
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and anterior mandible location were negatively asso-
ciated with failure (P = .0004, P = .03, respectively).
Stepwise models were generated for all failures with
and without the effect of prosthesis type. Addition-
ally, stepwise modeling was performed for prereha-
bilitation failures without the effect of prosthesis
type, and for postrehabilitation failures with the
effect of prosthesis type included. When the effect of
prosthesis type was not included in the models, pos-
terior location, implant length less than 13 mm, and
implant width less than 4.0 mm were associated with
implant failure (all P < .05). When prosthesis type
was included in the models, removable treatment
(overdenture) was strongly associated with implant
failure (P < .001).

SUDAAN was used to adjust for any patient
effects related to multiple implants having been
placed in individual patients. Models similar to the
proportional hazards models were assessed. Again,
when prosthesis type was included in the models,
removable treatment was strongly associated with
implant failure (P < .01). When prosthesis type was
not included in the models, only posterior location
and implant width less than 4.0 mm were associated
with implant failure (P < .05).

Discussion

As Weyant and Burt14 noted in 1993, many clinicians,
guided primarily by clinical judgment, select a variety
of implant types to address the various clinical prob-
lems found in their patients. As such, it is important
to characterize the outcomes that can be expected
from the routine use of implants in a variety of clini-

cal settings. This study provides further information
on the outcomes of dental implant therapy for those
patients who were not part of a prospective efficacy
trial and were treated by practitioners of varying
experience. Because the study coincides with the
inception of the Clinical Implant Program at the Uni-
versity of North Carolina, all practitioners were in
the early phases of the learning curve for implant
therapy. Future studies should more finely focus on
practitioner experience level as a potential explana-
tory variable. The survival rate of 91.1% of implants
during a median follow-up time of 3.6 years and a
patient-specific failure rate of 17% are remarkably
similar to the findings of an earlier analysis of VA
implant patients.14

When prosthesis type was included in the analy-
ses, removable prostheses were most significantly
associated with implant failure. The failure rate of
22.7% is much higher than rates from most other
reports.15–19 In this study, however, 40% of the failed
implants associated with a removable prosthesis were
originally intended to support a fixed-detachable
prosthesis. Since more of the implant failures
occurred prior to prosthesis placement, the authors
place more weight on those models that do not
include the effect of prosthesis type.

This study’s findings of decreased survival proba-
bility with shorter implants, though not statistically
significant with the SUDAAN analysis, concurs with
previously published reports.20–24 While no attempt
was made to categorize bone type, decreased survival
probability was evident with posterior anatomic loca-
tions. In contrast to some studies,24,25 but in agree-
ment with another retrospective effectiveness
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Fig 4 Kaplan-Meier survival curve by
final prosthesis type. Although log-rank
and Wilcoxon’s tests of homogeneity
were highly significant (P < .0001),
indicating that removable prosthesis
treatment was associated with implant
failure, the majority of failures
occurred prior to prosthetic rehabilita-
tion. Typically, an implant failure prior
to a planned rehabilitation with a fixed
detachable prosthesis for the edentu-
lous patient would result in final reha-
bilitation with an overdenture. Partial
fixed and single tooth restorations are
grouped together.
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study,22 no effect was noted with maxillary versus
mandibular arch when other variables were con-
trolled. The finding of decreased survival probability
with implants of less than 4.0 mm in width is interest-
ing and should be evaluated in other studies, espe-
cially as a wider range of implant diameters comes
into clinical use. Since the number of implant failures
is small, the results reported for their association with
the various explanatory variables should be inter-
preted cautiously.

Using implant removal as the key criteria of failure
may tend to inflate the overall success rates, since the
patient chart reviews clearly indicated the presence
of ailing or failing implants. Longer follow-up periods
and larger cohorts would tend to minimize the effect
of these implants that are surviving but would not be
judged successful according to more strictly defined
criteria.26 More complete follow-up would also
reduce potential ambiguity (or potential bias) from
the uncertain status of implants in patients lost to fol-
low-up. Using implant removal as the only outcome
variable does account for surviving and clinically
viable prostheses, and more importantly, simplifies
the chart review process, thereby facilitating the eval-
uation of larger community-based cohorts who are
not part of prospective efficacy trials.

Conclusion

The present study characterizes the outcomes of den-
tal implant therapy for a range of patients requiring
various degrees of tooth replacement, who were
treated by many practitioners at the early phase of
the implant learning curve. An overall survival rate of
91.1% was documented for implants with a mean fol-
low-up time of 3.9 years. Nearly one in five patients
experienced an implant failure. Life table analyses
generated Kaplan-Meier survival curves for different
implant lengths, widths, and locations, and for differ-
ent prosthesis types. Proportional hazards modeling,
combined with SUDAAN modeling, identified
removable prosthesis type, posterior location, and
implant widths of less than 4.0 mm to be significantly
associated with implant removal.

Acknowledgments

The authors wish to thank all of the members of the University of
North Carolina Clinical Implant Team for their support and will-
ingness to share the results of their clinical endeavors.

References

01. Adell R. Tissue integrated prostheses in clinical dentistry
[review]. Int Dent J 1985;35:259–265.

02. Adell R, Lekholm U, Rockler B, Brånemark P-I. A 15-year
study of osseointegrated implants in the treatment of the
edentulous jaw. Int J Oral Surg 1981;10:387–416.

03. Zarb GA, Schmitt A. The longitudinal clinical effectiveness of
osseointegrated dental implants in anterior partially edentu-
lous patients. Int J Prosthodont 1993;6:180–188.

04. Zarb GA, Schmitt A. The longitudinal clinical effectiveness of
osseointegrated dental implants in posterior partially edentu-
lous patients. Int J Prosthodont 1993;93:189–196.

05. Schmitt A, Zarb GA. The longitudinal clinical effectiveness of
osseointegrated dental implants for single-tooth replacement.
Int J Prosthodont 1993;6:197–202.

06. Buser D, Weber HP, Brägger U. The treatment of partially
edentulous patients with ITI hollow-screw implants: presurgi-
cal evaluation and surgical procedures. Int J Oral Maxillofac
Implants 1990;90:165–175.

07. Fugazzotto PA, Gulbransen HJ, Wheeler SL, Lindsay JA. The
use of IMZ osseointegrated implants in partially and com-
pletely edentulous patients: Success and failure rates of 2,023
implant cylinders up to 60+ months in function. Int J Oral
Maxillofac Implants 1993;93:617–621.

08. Gunne J, Jemt T, Linden B. Implant treatment in partially
edentulous patients: A report on prostheses after 3 years. Int J
Prosthodont 1994;94:143.

09. McGlumphy EA, Larsen PE, Peterson LJ. Etiology of implant
complications: Anecdotal reports vs prospective clinical trials.
Compend Contin Educ Dent 1993;93;(suppl:15):S544–S548.

10. LaVange L, Keys L, Koch G, Margolis P. Application of sam-
ple survey methods for modeling ratios to incidence densities.
Stat Med 1994;13:343–355.

11. LaVange LM, Stearns SC, Lafata JE, Koch GG, Shah BV.
Innovative strategies using SUDAAN for analysis of health
surveys with complex samples. Statistical Meth Med Res
1996;5:311–329.

12. Shah BV, Barnwell BG, Hunt PN, LaVange LM. SUDAAN
User’s Manual (release 5.50). Research Triangle Park, NC:
Research Triangle Institute, 1991.

13. SAS/STAT User’s Guide, ver 6. Cary, NC: SAS Institute, 1989.
14. Weyant RJ, Burt BA. An assessment of survival rates and

within-patient clustering of failures for endosseous oral
implants. J Dent Res 1993;93:2–8.

15. Naert I, Quirynen M, Hooghe M, van Steenberghe D. A com-
parative prospective study of splinted and unsplinted Bråne-
mark implants in mandibular overdenture therapy: A prelimi-
nary report. J Prosthet Dent 1994;94:486–492.

16. Hemmings KW, Schmitt A, Zarb GA. Complications and
maintenance requirements for fixed prostheses and overden-
tures in the edentulous mandible: A 5-year report. Int J Oral
Maxillofac Implants 1994;94:191–196.

17. Johns RB, Jemt T, Heath MR, Hutton JE, McKenna S,
McNamara DC, et al. A multicenter study of overdentures
supported by Brånemark implants. Int J Oral Maxillofac
Implants 1992;92:513–522.

18. Triplett RG, Mason ME, Alfonso WF, McAnear JT.
Endosseous cylinder implants in severely atrophic mandibles.
Int J Oral Maxillofac Implants 1991;91:264–269.

19. Zarb GA, Schmitt A. The edentulous predicament. II: The
longitudinal effectiveness of implant-supported overdentures.
J Am Dent Assoc 1996;127:66–72.

The International Journal of Oral & Maxillofacial Implants 405

Scurria et al

COPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING

OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF

THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.



20. Jemt T. Failures and complications in 391 consecutively
inserted fixed prostheses supported by Brånemark implants in
edentulous jaws: A study of treatment from the time of pros-
thesis placement to the first annual checkup. Int J Oral Max-
illofac Implants 1991;91:270–276.

21. van Steenberghe D. A retrospective multicenter evaluation of
the survival rate of osseointegrated fixtures supporting fixed
partial prostheses in the treatment of partial edentulism. J
Prosthet Dent 1989;61:217–223.

22. Nevins M, Langer B. The successful application of osseointe-
grated implants to the posterior jaw: A long-term retrospec-
tive study. Int J Oral Maxillofac Implants 1993;8:428–432.

23. van Steenberghe D, Lekholm U, Bolender C, Folmer T,
Henry P, Herrmann I, et al. Applicability of osseointegrated
oral implants in the rehabilitation of partial edentulism: A
prospective multicenter study on 558 fixtures. Int J Oral Max-
illofac Implants 1990;90:272–281.

24. Henry PJ, Tolman DE, Bolender C. The applicability of
osseointegrated implants in the treatment of partially edentu-
lous patients: Three-year results of a prospective multicenter
study. Quintessence Int 1993;93:123–129.

25. Lill W, Thornton B, Reichsthaler J, Schneider B. Statistical
analyses on the success potential of osseointegrated implants:
A retrospective single-dimension statistical analysis. J Prosthet
Dent 1993;93:176–185.

26. Smith DE, Zarb GA. Criteria for success of osseointegrated
endosseous implants [review]. J Prosthet Dent
1989;89:567–572.

406 Volume 13, Number 3, 1998

Scurria et al

COPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING

OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF

THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.


