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Evaluation of Patient and Implant Characteristics 
as Potential Prognostic Factors for 

Oral Implant Failures
Irene Herrmann, LDS, Odont Lic1/Ulf Lekholm, LDS, Odont Dr2/Sture Holm, PhD3/Christina Kultje, MSc4

Purpose: The purpose of this study was to evaluate patient, implant, and treatment characteristics to
identify possible prognostic factors for implant failure. Materials and Methods: Out of a database with
different dental implant treatment protocols, a research database of 1 randomly selected implant per
patient was created. The database consisted of 487 implants. Of these, 80 were withdrawn, 36 failed,
and 371 remained successful during a 5-year follow-up period. Potential risk factors were evaluated by
chi-square tests and post hoc analyses. Results: Significant or strongly significant differences were
found regarding implant failures as a result of jawbone quality, jaw shape, implant length, treatment
protocol, and combinations of jawbone-related characteristics. Responsible clinics and number of
implants supporting the restoration were factors that could not be associated with implant failure. Dis-
cussion: Implant failures in this study were more often seen when negative patient-related factors
were present. Approximately 65% of the patients with a combination of the 2 most negative bone-
related factors (jawbone quality 4 and jaw shape D or E) experienced implant failure. However, only 3%
of the patients had this combination. Implant length, the only implant-related factor evaluated, was
also significantly correlated with the success rate, but implant length could also be regarded as a
result of the jawbone volume available. Another negative patient-related factor was the treatment pro-
tocol; however, in most cases this was also indirectly or partly related to the status of the jawbone
available for implant placement. Conclusion: Patient selection appears to be of importance for
increasing implant success rates. INT J ORAL MAXILLOFAC IMPLANTS 2005;20:220–230
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Different dental implant systems have long been
used to treat edentulous and partially edentu-

lous jaws, and cumulative implant success rates
around 90% ± 10% after 5 years of follow-up have
been presented.1–6 Many studies have focused too
much on the results of 1 specific implant system,
scrutinizing implant features such as length and
width, design (eg, self-tapping), abutment type (1- or

2-stage systems), and/or surface texture (roughness,
coating).7–11 The purpose of many studies has been
to evaluate new or refined implant products for pos-
sible later use in the promotion of that specific sys-
tem. However, few prospective studies have been
performed specifically to calculate or analyze the
likelihood for individual implant failures. Few studies
have focused on the patient ’s oral status and
anatomy, conditions that might have a great impact
on the treatment outcome.

Esposito and colleagues12 reviewed the literature
regarding differential diagnosis and biologic compli-
cations as reasons for implant failures. They found
that infection, impaired healing, and overload were
considered the major etiologic factors for loss of oral
implants. Scurria and associates13 focused on survival
and proportional hazard modeling techniques in
their search for prognostic variables associated with
implant losses. They reported that patient-related
factors such as maxilla and posterior location could
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be regarded as prognostic risk factors. Eckert and
coworkers,7 on the other hand, used a clustered sur-
vival statistical technique to identify factors associ-
ated with implant failures. They demonstrated that a
history of root canal treatment in the implant site
could be an important risk factor for an implant fail-
ure. The method of Eckert and coworkers7 was fur-
ther developed by Chuang and associates14 into a
clustered failure-time multivariate model by which it
was also possible to identify risk factors associated
with lost implants. This research group found that
tobacco use, immediate implant placement, and
staging (1-stage instead of 2-stage procedures) were
associated with negative implant outcomes.

Independent of the technique used, statistical
methods have tended to become more sophisticated
and complex. Nonetheless, findings from various
studies may diverge. Furthermore, studies that have
attempted to identify possible risk factors for
implant failure have often been based on a few
patients affected by complications.15 Consequently,
there seems to be a need for new ways of analyzing
the data to find and evaluate challenging patients.
One way could be to increase the number of patients
by pooling data together from several prospective
studies and to look for possible risk factors. Using a
multilevel method, it would be possible to under-
stand how different patient characteristics may influ-
ence each other. Knowing that a dependency exists
between implants within the same jaw,16 there must
also be a cause or causes for such a dependency. Sev-
eral authors have also mentioned surgical proce-
dures, implant design, treatment protocols, jawbone
qualities, and jaw shapes as possible influencing fac-
tors.2,12,14,17–19 The patient’s general health and
tobacco habits have been referred to as other poten-
tial prognostic risks.20,21 However, to date no study
on prospectively collected patient data has assessed
the influence of individual patient characteristics, or
combinations of these, as potential prognostic fac-
tors for implant failures.

The aims of this study were (1) to individually
evaluate some patient and implant characteristics
and (2) to assess combinations of these characteris-
tics with regard to their influence on the success rate
of dental implants so as to identify possible prognos-
tic factors for implant survival and failure.

MATERIALS AND METHODS

Baseline Data
Four multicenter studies reporting on 1 specific
implant design (Brånemark System; Nobel Biocare,
Göteborg, Sweden),8,9,22,23 constituted the basis for

the present research material. All studies followed
similar protocols. Each study included a different cat-
egory of patients: patients with single tooth loss,23

patients with partial edentulism,8 edentulous pa-
tients restored with overdentures,22 and edentulous
patients restored with fixed prostheses.9 The patients
were treated in either the maxilla or mandible. In
total, 487 patients (55.6% women) with a mean age
of 51.3 years were included in the 4 studies, repre-
senting 1,738 implants and 531 restorations. In gen-
eral all patients were reported to be healthy, but
smoking or alcohol habits were not specifically regis-
tered. The 4 studies followed similar prospective
research protocols, including consecutive patient
inclusion. In each study, the condition of each
implant was evaluated after 5 years in clinical func-
tion in regard to implant and prosthesis success
rates, marginal bone loss, and possible complica-
tions. The 5-year time period was calculated from the
time of prosthetic loading. However, the results
included all events from implant placement to the
final 5-year check-up. One-, 3-, and 5-year results of
the studies have previously been published.8,9,22–31

As previously reported,32 the treatment failed in
25 patients. Of these, it failed completely in 20 indi-
viduals, who were forced to return to conventional
prosthetic solutions. In 383 patients, the treatment
was successful in the sense that these individuals
could still utilize an implant-supported prosthetic
restoration 5 years after implantation. However, a
total of 79 patients had for various reasons not been
re-examined at the final check-up. At the implant
level, 1,305 implants were considered successful and
110 as failures, while 323 were not evaluated at the
final check-up.33

Research Material 
Of the total material, a database consisting of 1 ran-
domized implant per patient was created to avoid
the influence of dependency among the implants.
Previously, the same approach has been used when
evaluating the effect of random versus selected with-
drawal of patients.33 The randomization gave 487
placed implants; 80 withdrawn, 371 successful, and
36 failed implants (Table 1). The distribution of with-
drawn and failed implants and the cumulative suc-
cess rates are shown in a life table analysis in Table 2.
According to the study design, specifically regarding
single tooth loss and partial edentulism, involved
patients may have received more than 2 crowns or
prostheses. However, in cases where the patient had
2 prostheses, only the restoration supported by the
randomly selected implant was evaluated.

In the implant/restoration evaluation, 12 patients
were withdrawn because of implant failure prior to
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the start of the prosthetic treatment. Another 9
patients did not return for the second stage of treat-
ment. Consequently, 466 patients contributed to the
implant/restoration outcome in the current research
material.

Parameters Evaluated and Tests Performed
Throughout the follow-up period, regular clinical and
radiographic examinations were per formed.16

Applied success criteria included absence of implant
mobility and marginal bone resorption not exceed-
ing the limits set by Albrektsson and associates.34 For
the purpose of this article, the following information
was collected from each patient’s chart (Table 3):

• Gender
• Age group: Three age groups were evaluated:

patients under 50 years, patients between 51 and
59 years, and patients over 60 years of age. (In a
previous article by the authors,33 the middle
group was ignored.)

• Jaw treated (maxilla or mandible): The outcomes
regarding the influence of age, gender, and
treated jaw on implant survival were previously
analyzed in a separate article by the authors.33

• Responsible clinic: Each clinic was looked upon
as 1 unit. To evaluate whether any of the teams
(surgeons and prosthodontists from the different
clinics) had better or less favorable results, the

influence of individual clinics within the same
treatment protocol (study) were tested for statisti-
cal differences.

• Jawbone quality: Chi-square tests were used to
evaluate whether any difference in failure rates
could be detected between bone qualities 1, 2, 3,
or 4 (Lekholm and Zarb35). Then, to identify a bor-
derline between the failure rates of the various
bone qualities, significance tests were made by
comparing 2 groups at a time. First, the failure rate
of jawbone quality 1 (mainly cortical bone) was
compared with the failure rates of the 3 other
bone qualities (2, 3, and 4), which stepwise repre-
sented less cortical bone and more marrow bone,
respectively. Thereafter, the evaluation continued
by comparing the failure rates of bone qualities 1
and 2 with those of bone qualities 3 and 4. Signifi-
cantly different failure rates of placed implants
were found for these 2 groups. Finally, the failure
rate of implants placed in bone quality 4 (ie, the
most porous bone) was compared with the failure
rates for implants placed in the 3 other bone qual-
ities. The borderline used was the first time a
significant difference in failure rate could be
detected.

• Jaw shape: The same calculations and procedures
used to evaluate the impact of jawbone quality
were also made regarding jaw shape. However,
implants from the single-tooth study were disre-

Table 1 Distribution of Placed, Withdrawn, Successful, and Failed Implants in the 
Individual Treatment Protocols

Treatment No. No. No. No.
Study protocol placed withdrawn successful failed

Lekholm et al8 Fixed prosthesis for partial edentulism 159 18 130 11
Friberg et al9 Full fixed prosthesis for complete edentulism 103 16 82 5
Jemt et al22 Overdenture for complete edentulism 133 32 84 17
Henry et al23 Single crown for single tooth loss 92 14 75 3

Pearson chi-square test (P < .05), ie, at least 1 of the 4 groups’ success rates differed significantly.

Table 2 Life Table for the Implants Included in the Study

No. of Cumulative
No. of implants at No. of implants lost success

Time start of period failures to follow-up rate (%)

Placement to loading 487 18 14 96.3
Loading to 1 y 455 10 21 94.2
1 to 2 y 424 3 11 93.5
2 to 3 y 410 1 16 93.3
3 to 4 y 393 1 18 93.1
4 to 5 y 374 3 0 92.4
5 y 371
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garded, since jaw shape values were not mea-
sured in that study. The jaw shape index included
5 groups: Jaw shape A represented no or minimal
resorption of the jawbone, while jaw shape E rep-
resented an extremely resorbed jaw.

• Implant length: First, chi-square tests were used
to evaluate whether any differences in failure
rates could be detected within the various
lengths. Only implants 3.75 mm in diameter were
included in this study. Implants 7 mm long were
tested against all longer implants; then 7- and 10-
mm-long implants were tested as a subgroup
against longer implants regarding possible differ-
ences in failure rates. The final level of evaluation
was done between the 2 shortest groups of
implants (the 7- and 10-mm-long implants) to
determine whether there was a significantly
higher failure rate for the 7-mm-long implants
compared to the 10-mm ones. As a subtest, the
percentages of 7- and 10-mm-long implants
placed in various jaw shapes were calculated to
determine whether more bone was present when
10-mm implants were placed than when 7-mm
implants were placed.

• Treatment protocol: Type of prosthetic treatment
within each of the 4 studies. Significance analyses
regarding implant failure rates were performed
based on the various treatment protocols. Treated
jaws were either completely or partially edentu-
lous and had been treated with either overden-
tures, fixed prostheses, or single crowns (Table 1).

Effects of Combined Parameters
Combinations of subgroups, determined in the previ-
ous calculations, were created to perform the follow-
ing analyses:

• Combinations of bone qualities and jaw shapes:
Evaluation of the risk of implant failure was re-
lated to various combinations of bone volume
and quality. The subgroups determined in the
aforementioned analyses regarding jaw shape (A-
B-C and D-E) and jawbone quality (1-2-3 and 4)
were combined, giving 4 different combinations
(A-B-C/1-2-3, A-B-C/4, D-E/1-2-3, and D-E/4). These
4 combinations were analyzed to determine
whether any of them had a significantly higher
failure rate than the others.

• Implant length (short or long) within the combi-
nations (bone qualities/jaw shapes): Evaluation
of the frequency of implant failure after dividing
the 4 combinations of jawbone quality/jaw shape
into new subgroups was the next phase of the
multilevel analysis. Each of the 4 combinations
was divided into 2 subgroups, “long” implants (13

to 20 mm) and “short” implants (7 or 10 mm), for
the multilevel analysis.

• Number of implants supporting the restoration:
The number of implants used to support a res-
toration ranged from 1 to 7 implants. The number
of implants originally placed and supporting the
patient’s prosthetic restoration determined which
group the prosthesis would be referred to. A Pear-
son chi-square test was performed to determine
whether the number of implants supporting the
prosthesis had any significance on the outcome.

Statistical Methods
SPSS (SPSS, Chicago, IL) and Mathematica (Wolfram
Research, Champaign, IL) were used for the statistical
evaluations. Life table analyses were used to evaluate
the cumulative success rate.

The Fisher exact test was used when only 2 cate-
gories were compared to identify possible differ-
ences. The Pearson chi-square test was used to iden-
tify whether one or several categories in a group
significantly differed from the others. The results
were further analyzed with post hoc analyses to
identify which value or values differed.36

Implants not being followed the entire study
period were included in the evaluations for as long
as they were followed. Information on withdrawn
subjects has been included in earlier publications.16,33

A significant difference was acknowledged when P <
.05, and strong significant difference was acknowl-
edged when P < .001.37
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Table 3 Evaluated Parameters Regarding Risks
for Implant Failures as a Result of Variations Within
Each Parameter, Studied by Chi-Square Tests

Parameter
evaluated χ2

Gender No significant difference*
Age groups No significant difference*
Maxillary versus mandibular Significant difference*
Responsible clinics No significant difference
Jawbone qualities Strong significant difference
Jaw shapes Strong significant difference
Implant lengths Strong significant difference
Treatment protocols** Significant difference
Combination of jawbone Strong significant difference
quality and jaw shape

Number of implants supporting No significant difference
the restoration

*These parameters were evaluated and reported on in a previous
paper by the authors.33

**Fixed prosthesis for partial edentulism,8 full fixed prosthesis for
complete edentulism,9 overdenture for complete edentulism,22 single
crown for single tooth loss.23
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Post Hoc Analyses
To determine whether there was an individual differ-
ence within a group, post hoc analyses36 were used in
separate evaluations of treatment protocol, jawbone
quality, jaw shape, implant length, bone-quality/jaw
shape combinations, and implant length/bone con-
dition. Overall multiple interferences, including sepa-
rate evaluations, were not formally taken into consid-
eration. Within each of the evaluations for which the
post hoc analyses were performed, a multiple signifi-
cance level of .05 was used for the analyses of de-
tailed questions.

When evaluating the parameter “treatment proto-
col,” multiple analyses, by the use of conditional
binomial tests,32 were used for comparing each case
with the mean of the others. The combined multiple
tests were based on the P values for the parts. To get
a correct multiple level of significance, a simulation
for data at hand (bootstrap simulation) of size 499
was performed.

Regarding jawbone quality, jaw shape, implant
length, combinations of bone qualities and jaw
shapes, and implant length/bone condition, similar
analyses were performed. However, the cases were
ordered for all 4 parameters so the detailed parts of
the multiple tests were binomial comparisons of the
risk for cases up to (and including) a level and above
this level, respectively, until a borderline of signifi-
cantly different values was reached. Separate simula-
tions were made for each test.

RESULTS

The cumulative success rate after 5 years was 92.4%
(Table 2). An overview of the results from the chi-
square tests can be seen in Table 3. Parameters not
showing significant differences regarding failure
rates were responsible clinic and number of implants

supporting the restoration, as well as gender and
age, which were reported on previously.33 Including
3 age groups rather than ignoring the middle age
group did not affect the statistical outcome. How-
ever, significant or strongly significant differences
were shown regarding failure rates related to jaw-
bone quality, jaw shape, implant length, treatment
protocol, and the bone-related combinations, as well
as jaw treated, as noted in the earlier study.33

Responsible Clinic
No statistically significant differences regarding the
responsible clinics could be detected. However, some
clinics experienced no failures, while others had fail-
ure rates of 10% to 30%. The failure rates in the over-
denture study varied the most (range, 0% to 30%; see
Table 4).

Jawbone Quality and Jaw Shape
Strong significant differences could be demon-
strated both for all groups of bone qualities and jaw
shapes, as well as for their 2 subgroups (Tables 5 and
6). Post hoc analyses confirmed, based on a simu-
lated individual P value limit for bone qualities of
.0226 (multiple P level of .05), that jawbone quality 4
was the jawbone quality with the highest failure rate
(24.5%), giving an individual P limit of .00013. Corre-
sponding post hoc analyses figures for jaw shapes
with simulated individual P value limit of .017 con-
firmed that the jaw shapes D and E differed signifi-
cantly from the others (P = .00009). A total of 21.0%
of the placed implants in these 2 groups failed.

Implant Length Versus Jaw Shape
Strong significant differences could be demon-
strated for the entire group (Table 7). The post hoc
analyses with a simulated individual limit P of .018
showed that the 7-mm-long implants had a P of
.0004. These implants were responsible for the high-

Table 4 Distribution of Lowest (Failed/Total) Versus Highest 
Failure Rates Observed in the Individual Responsible Clinics 
Within Each Treatment Protocol (Study), as well as the Results of
Performed Chi-Square Tests between Failure Rates from all Clinics
Within Each Study

Treatment Pearson
protocol Lowest failure Highest failure chi-square
(study) rate rate test (P) 

Lekholm et al8 0/38 4/21 .05
Friberg et al9 0/23 3/30 .05
Jemt et al22 0/13 6/20 .05
Henry et al23 0/20 3/26 .05

Pearson chi-square test (P < .05), ie, at least 1 of the 4 groups’ success rates differed signif-
icantly.
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est failure rate (21.8%; P = .001). When the implants
were divided into groups of short implants and long
implants in the post hoc analyses, a significant corre-
lation was found between shorter implants and fail-
ure rate (P = .00003); the failure rate for shorter
implants was 13.1%. Comparing the 2 groups of
short implants, a significant difference (P < .05) was
demonstrated between the 7- and the 10-mm
implants, respectively.

Additionally, when the relationship between
implant length and jawbone available was examined,
it was found that 29.4% of the 7-mm implants were
placed in jaws with jaw shape E, and 25.5% were
placed in jaws with jaw shape D. The corresponding
figures for the 10-mm implants were 1.4% and
17.4%. Of the remaining 7- and 10-mm-long im-
plants, 13.7%, 29.4%, and 2.0% of the 7-mm implants
and 35.4%, 42.3%, and 3.5% of the 10-mm implants

P < .001
< .001

< .001
< .001

< .001
< .001

.05

Table 5 Distribution of Failed Versus Placed Implants and Percentage of Failures in
Relation to Identified Jawbone Quality*

Jawbone No. of failed No. of placed Failures Pearson chi-square Fisher
quality implants implants (%) test (P) exact test (P)

1 2 18 11.1
2 7 155 4.5
3 15 265 5.7

4 12 49 24.5

Total 36 487 7.4

*Lekholm and Zarb36 index.

Table 6 Distribution of Failed Versus Placed Implants and Percentage of Failures in
Relation to Identified Jaw Shape*

No. of failed No. of placed Failures Pearson chi-square Fisher
Jaw shape implants implants (%) test (P) exact test (P)

A 0 39 0
B 14 184 7.6
C 6 110 5.5

D 5 44 11.4

E 8 18 44.4

Total** 33 395 8.4

*Lekholm and Zarb35 index.
**The single-tooth study23 was excluded because jaw shape was not measured in that study.

Table 7 Distribution of Failed Versus Placed Implants and Percentage of Failures in
Relation to Implant Length

Implant No. of failed No. of placed Failures Pearson chi-square Fisher
length (mm) implants implants (%) test (P) exact test (P)

7 12 55 21.8
10 16 159 10.1

13 5 116 4.3
15 1 93 1.1
18 1 37 2.7
20 0 13 0

Total* 35 473 7.4

*Only implants 3.75 mm wide were evaluated; wider implants were excluded.
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were placed in jaw shapes C, B, and A (ie, jaws with
less resorption), respectively.

Treatment Protocol
In regard to failure rate, significant differences in out-
come could be seen between the various treatment
protocols (Table 1). In the post hoc analyses, the simu-
lated limit of individual P was .0146. The overdenture
study22 was the only treatment that significantly dif-
fered from the other 3 studies (P = .0029). Of the 133
implants placed in that study, 17 failed (12.8%), while
the study of partially edentulous patients,8 the full
fixed prosthesis study,9 and the single-tooth study23

had failure rates of 6.9%, 3.3%, and 4.9%, respectively.

Combinations of Jawbone Quality 
and Jaw Shape
Combination I consisted of implants placed in jaw
shapes A, B, and C, and bone qualities 1, 2, and 3, ie,
good jawbone quality and adequate jawbone vol-
ume. Seventy-five percent of the patients (n = 296)
belonged to the combination in which the failure
rates were low (ie, combination I). Combination II,
which accounted for 13% of the patients, consisted
of implants placed in jaw shapes with lower success
rates (D and E), but in bone qualities with higher
success rates (1, 2, and 3). Combination III, which
accounted for 9% of the patients, consisted of
implants placed in areas where an adequate amount
of jawbone was available (jaw shapes A, B, or C), but
the jawbone available was of quality 4 (the softest
jawbone quality). Finally, combination IV, which
accounted for 3% of the patients, consisted of
implants placed in jawbone of shapes D and E and
quality 4 (Table 8). Post hoc analyses confirmed that
that combination (D or E and 4) differed significantly
from all other combinations (P = .0006 compared to
a simulated limit of individual P of .0083).

Implant Length in Regard to Bone Quality/
Jaw Shape
Implant length was added as the next level of a mul-
tivariate factor in this multilevel analysis. Short
implants placed in combination I bone had a failure
rate of 7.3% in comparison to 3.0% for long implants.
For combinations II and III, the corresponding figures
were 13.0% and 0%, and 25% and 5.9%, respectively.
Only 11 implants were placed in combination IV
bone, where the failure rates were 78.0% and 0%,
respectively (Table 9). However, the post hoc analyses
did not show significant difference for any group at
this level, the results for long implants did not signifi-
cantly differ from the results for short implants (P >
.05 for all combinations; individual P value of .0125).

Number of Implants Supporting 
the Restoration
Finally, the number of implants supporting the
restoration did not give any statistically significant
differences when tested (Table 10). Instead the high-
est failure rate (13.0%) was seen for the prostheses
supported by 4 implants, whereas the failure rate
decreased either when more implants or fewer
implants per restoration were used. The post hoc
analyses did not show any significant differences
(the lowest P value was .290) between any of the
groups (restorations supported by 1 implant, by 2,
etc). The simulated limit of individual P value level
was .015. The results of the tests performed are sum-
marized in Table 11.

DISCUSSION

In the present study, potential risk factors were ana-
lyzed with respect to possible implant failures. Chi-
square tests and post hoc evaluations were used as
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< .001

Table 8 Distribution of Failed Versus Placed Implants in Relation to
Combinations of Jawbone Qualities and Jaw Shapes*

Jaw shapes Jaw shapes Pearson chi-square
A, B, and C D and E test (P)

Jawbone qualities Combination I Combination II
1, 2, and 3 15/296 6/51

Jawbone Combination III Combination IV
quality 4 5/37 7/11

Total** 33/395

*Lekholm and Zarb35 index.
**Single-tooth study23 not included in test.
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statistical methods with a multilevel approach to
determine the patient-, implant-, or treatment-
related factors that were dominant. The most impor-
tant correlations were observed regarding patient-
related factors (Table 3), such as jawbone quality and
jaw shape (Tables 5 and 6). There was a highly signifi-
cant correlation between these factors and implant
failure. When performing the statistical analyses, a
borderline of statistical differences between the 2
parameters mentioned was first conducted. A second
level in the multilevel analyses was then tested
regarding the 4 combinations (I, II, III, and IV) to iden-
tify whether 1 or several combinations would show
any statistical differences. Patients with combination
IV, ie, those patients with the most resorbed and
porous jawbone situations, were only seen in 3% of
the total patient material.The failure rate in combina-
tion IV patients was statistically higher compared to
all other combinations. Consequently, 1 clear poten-

tial prognostic factor could be determined, ie, poor
jawbone quality in combination with low jawbone
volume.

The opposite was shown to be present for combi-
nation I , to which almost 75% of all  patients
belonged, and where the bone-related factors were
good. In this group, only 1 in 20 patients experienced
an implant failure. Furthermore, it was shown that
when only 1 of the bone-related factors was good
(ie, combinations II and III), then the good factor
seemed to partly compensate for the less-good one,
which of course is of interest in regard to patient
selection and treatment planning. The negative
effects of poor jawbone quality and severe jawbone
resorption on implant survival have been demon-
strated by many authors.8,9,12,19,22,38 However, this is
the first time that combinations of the 2 bone factors
have been tested together, using a large and unique
sample having a prospective design.
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> .05

Table 9 Distribution of Failed Versus Placed Implants in Relation to
Implant Lengths (Short or Long) in the Various Combinations of Jawbone
Qualities and Jaw Shapes*

Jaw shapes Jaw shapes
A, B, and C D and E

Jawbone qualities Combination I Combination II
1, 2, and 3 9 of 124 short 6 of 46 short

5 of 164 long 0 of 5 long

Jawbone Combination III Combination IV
quality 4 4 of 16 short 7 of 9 short

1 of 17 long 0 of 2 long

Total** 32/383

*Lekholm and Zarb35 index.
**Implants from the single-tooth study and wide implants were excluded from the test.
P >.05 in regard to all combinations (post hoc analyses).

Table 10 Distribution of Supporting Implants per Prosthetic Restoration, No. of 
Restorations, and Failed Implants and Percentage of Failures in Relation to the No. 
of Implants Supporting the Restorations

No. of supporting No. of No. of failed Failures Pearson chi-square
implants restorations* implants (%) test (P)

1 92 3 3.2
2 151 8 5.3
3 77 5 6.5
4 41 5 12.2
5 56 2 3.6
6 46 1 2.2
7 3 0 0.0

Total** 487 36 7.4

*Only one prosthesis or crown per patient was included.
**Total includes 21 patients (including 12 implant failures) who were withdrawn from the study before loading.
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It was demonstrated that short implants had a
higher failure rate than long ones (Table 7). Certainly,
an increased implant failure rate in relation to shorter
implants has been documented before,8,14,15,23,24 but
the new information in the current report was that
more failures were also reported with the 10-mm
implant (10%) than with implants 13 mm long or
longer. When only the short implants were examined,
however, the 7-mm implants had the highest failure
rate (22%). The 78% survival rate seen with 7-mm
implants after 5 years is comparable though to the
results shown by other authors.8,18,39

When adding implant length as a level for the
multilevel analyses, no statistical significance regard-
ing any of the new combinations could be demon-
strated (Table 9), despite the fact that 7 of 9 short
implants failed in bone combination IV. This could be
a result of too few implants in the subgroups. How-
ever, it is also important to remember that long
implants ought not be placed if there is not bone
enough for them. For example, mainly 7-mm-long
implants were placed in jaw shape E. Therefore,
implant length could indirectly be regarded as a
patient-related factor, since it is related to the bone
volume present.

The Cox regression method could have been used
as an alternative method for multivariate analysis of
the data. However, to clearly demonstrate the
decreasing numbers in the final subgroups, post hoc
analysis was selected as the method of choice. Den-
tal implant studies with high success rates, ie, few
failures, were also a limiting factor for the power of
the statistical evaluation, especially in the subgroups
(Table 9).

Some patient characteristics collected from the
current prospective database turned out to be
potential negative prognostic factors. Some of these
(treated jaw, jawbone quality, jawbone shape [quan-
tity]) were demonstrated to be such in earlier stud-
ies.8–19,38–40 Other patient-related factors, such as
smoking and alcohol habits, would have been of
interest to study but were not documented in the
studies used as the basis for this study. Two aspects

not examined in the present study were the pres-
ence of general or local diseases and previous
implant site infection. The present study did not
include information on possible surgical trauma,
prosthetic malfunction, or stomatognathic dysfunc-
tions. These factors could, of course, also have an
influence on implant treatment results.

Implant-related parameters, such as implant sur-
face texture, implant diameters, and implant design,
were not included in the present study, since the cur-
rent data only related to the original Brånemark Sys-
tem. At the time of implant placement, the turned
(machined) implant surface of a single diameter was
the dominant implant in the field. However, studies
comparing different implant types and systems are
needed, as most published reports focus on only 1
implant design, surgical procedure, or prosthetic pro-
tocol at a time.1–9,11–15,18–31 To analyze the effect of
implant design, a completely different research data-
base from the one used in the current study would
be needed. For example, studies that used implants
with rougher surfaces and alternative macro designs
would be needed.

When looking at treatment-related factors such as
treatment protocol (Table 1), responsible clinic (Table
4), and number of implants per restoration (Table
10), it was found that only the different treatment
protocols differed significantly in regard to implant
failure. However, treatment protocol could be
regarded as another parameter indirectly or partially
related to the individual patient, since it is most likely
that the used therapy was in each situation related
to the amount of jawbone present, at least in the
edentulous jaws. Maxillary overdentures were the
main option used in situations where jawbone qual-
ity was poor and the degree of resorption was exten-
sive. When risks for implant failure are obvious at the
treatment planning stage, less expensive prosthetic
solutions may be chosen, thereby influencing the
treatment protocol.

It was not possible to demonstrate the influence
of the responsible clinic statistically. However, when
looking at the descriptive data, large differences
could be seen regarding this parameter. For example,
of the clinics participating in the overdenture study,
the success rates ranged from 70% to 100%. If the
groups had been fewer and/or more patients had
been included in each group, significant differences
might have been detected. The present research
material was originally not designed specifically for
analyzing this parameter; thus, the treatment teams
worked on varying numbers of patients, in various
combinations. However, the currently observed dif-
ference in outcome between 2 clinics regarding the
same treatment protocol is of interest and should be
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Table 11 Summary of Studied Prognostic Factors
for Possible Implant Failures

Prognostic Positive Negative
factors influence influence

Jaw Mandible Maxilla
Jawbone quality 1–3 4
Jaw shape A, B, and C D and E
Bone combination I, II, and III IV
Implant length > 13 mm 7 and 10 mm
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further evaluated. Such difference could of course be
the result of variations in clinical experience, as it has
been shown that a learning curve exists.1,15,40 It
could also have been the result of true variations in
the clinical skill of the participating clinicians. How-
ever, if that were the case, greater patient materials
from multicenter studies would then have been
needed.

When the numbers of implants supporting the
prosthetic restoration were tested, no significant dif-
ferences could be detected. One reason for this could
be that the number of implants supporting the
restoration was not alone responsible for detecting
possible differences. Other parameters, such as the
number of implants in relation to the restoration, may
also have influenced the outcome. For instance, when
several implants support a prosthetic restoration, the
risk for misfit has been reported to increase.41 Fur-
thermore, it is known that failures may result from
overloading implants, as when an extended prosthe-
sis is supported by too few implants.42,43 Conse-
quently, more detailed studies are needed before
this aspect can be fully understood.

CONCLUSION

Within the limits of the research database used in the
present study, patient-related factors (Table 11) dom-
inated the increased risk of implant failure. Approxi-
mately 2 of 3 patients with the combination of poor
jawbone quality and low bone volume experienced
implant failure. However, only a small percentage of
the treated patients presented with this challenging
bone combination.

Patient selection appears to be of importance for
increasing implant success rates. It is therefore sug-
gested that if general practitioners were to identify
and refer current patients for specialist treatment,
complications could be avoided, and the patient
could be saved time and expense.
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