
The use of oral implants in the treatment of par-
tially edentulous jaws has become a well-

established and accepted contemporary clinical
method.1 When proposing this treatment, however,

it is important to also inform patients about long-
term outcome. This information should be based
on reports of results found in international, peer-
reviewed journals. With regard to partial eden-
tulism, there is ample documentation that the
Brånemark System has predictable medium-term
success.2–8

Shortcomings can easily be found in most previ-
ously reported investigations. The studies may be
based on individual clinics or clinicians, which
limits the value of the analysis, since the studies
may be retrospective rather than prospective,
meaning that research parameters and follow-up
periods have not been decided from the start of the
study. Prospective studies, however, assess all
patients for the same length of time and examine
the same parameters. Criteria for success and fail-
ure are other important aspects and matters of
ongoing debate. Follow-up parameters should
include at least testing of implant mobility and/or
bone loss using standardized radiographs.9,10 It is
also important to limit the results to one implant
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A total of 127 partially edentulous patients, treated according to the Brånemark protocol, was followed
for 10 years after completion of prosthetic treatment. The patients ranged in age from 18 to 70 years,
and 57% were female. Four hundred sixty-one implants were placed in 56 maxillae and 71 mandibles.
In 125 patients, 163 fixed partial prostheses were attached to the implants; a majority of the prostheses
(83%) were located in posterior regions. At the end of the 10-year period, 73% of the implants could
be traced either as failed or in function, providing cumulative implant survival rates of 90.2% and
93.7% for the maxilla and mandible, respectively. Of the original fixed prostheses, 63% (cumulatively
86.5%) were still in use, whereas the level of continuous cumulative prosthesis function, including pri-
mary and remade restorations, was 94.3% at the end of the evaluation period. Marginal bone resorp-
tion at the implants was low (mean = 0.7 mm), and mucosal health was good. No severe complications
apart from the above-mentioned implant and prosthetic failures were reported. The Brånemark Implant
System is a safe and predictable method for restoring partially edentulous patients, as demonstrated by
this 10-year follow-up investigation.
(INT J ORAL MAXILLOFAC IMPLANTS 1999;14:639–645)
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design at a time, as well as to well-defined surgical
protocols. The outcome of implant treatment for
partial edentulism has been evaluated mainly after
less than 5 years of function.2,3,4,8,11 Only a few
reports present 5-year or longer results.5,7,12–14

Consequently, there is still a need for more infor-
mation regarding the long-term outcome of
implant treatment of partial edentulism.

The aim of the present prospective investigation
was to report the 10-year outcome of a multicenter
trial, using Brånemark implants to restore partially
edentulous arches. The outcome was evaluated
using well-defined success criteria.

Materials and Methods

The present investigation is an update on a
prospective multicenter trial that examined out-
comes after 5 years.14 At the completion of the
study, the clinical teams were invited to extend the
follow-up for another 5 years. Six of the initial 9
centers, representing Australia, Belgium, Sweden,
and the United States, accepted the proposal.

A total of 127 patients was treated by the 6
teams between July 1985 and April 1987. The
mean age of these patients was 50 years (range 18
to 70 yrs). Fifty-four of the patients were males,
and 56 maxillae and 71 mandibles were restored.
A majority of arches were designated Applegate-
Kennedy Class I or II (maxillary 73%; mandibular
92%), ie, represented posterior regions. All arches
were classified regarding shape and quality accord-
ing to Lekholm and Zarb.15 It appeared that most
arches were type B in shape and type 3 in quality
(Table 1).

In treated jaws, a total of 461 Brånemark
implants (Nobel Biocare AB, Göteborg, Sweden) of
various lengths and diameters was placed (Table 2),
using a well-defined standard surgical protocol.16

Following second-stage surgery, 163 fixed partial
prostheses (65 maxillary and 98 mandibular) in
125 patients were fabricated according to the con-
ventional protocol described elsewhere.17 Treated
patients were followed annually using clinical and
radiographic parameters. The results have been
published at 1-, 3-, and 5-year intervals.14,18–22 In

Table 2 Distribution of Placed and Failed Implants with
Regard to Implant Size and Location

Maxillae Mandibles Total

Implant size Placed Failed Placed Failed Placed Failed

3.75 mm diameter
7 mm long 22 4 70 2 92 6
10 mm long 74 10 119 13 193 23
13 mm long 35 3 24 2 59 5
15 mm long 45 0 23 0 68 0
18 mm long 4 0 13 0 17 0
20 mm long 2 0 4 0 6 0

4.00 mm diameter
7 mm long 0 0 9 0 9 0
10 mm long 2 0 12 0 14 0
13 mm long 1 0 2 0 3 0
15 mm long 0 0 0 0 0 0
18 mm long 0 0 0 0 0 0

Total 185 17 276 17 461 34

Table 1 Placed and Failed Implants with
Respect to Bone Quality and Quantity*

Maxilla Mandible

Placed Failed Placed Failed

Bone quality
1 0 — 6 0
2 24 3 46 3
3 138 11 182 11
4 23 3 42 3
Total 185 17 276 17

Bone quantity
A 7 2 8 0
B 103 9 136 11
C 68 6 115 5
D 5 0 17 1
E 2 0 0 —
Total 185 17 276 17

*Based on Lekholm and Zarb.15
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the present report, implant survival, prosthesis sta-
bility, marginal health conditions at implants, and
complications were evaluated.

At the 10-year examination, the prostheses
were not removed to evaluate individual implant
stability. Therefore, implant survival was defined
according to Albrektsson et al.23 Prosthesis stabil-
ity was measured using a percentage grading sys-
tem based on 3 functional levels: (1) original
restorations in function; (2) continuous prosthesis
function, including original and remade prosthe-
ses; and (3) impaired or failed prosthetic function,
ie, the patient temporarily or permanently
returned to tooth-supported fixed restorations or
removable partial dentures. Bone conditions
around the implants were evaluated using intra-
oral radiographs.24 These were taken at the time
of prosthesis placement and as a baseline for mea-
surements. Gingival health was evaluated using a
modified Sulcus Bleeding Index (grades 0, 1, and
2), according to Mühlemann and Son25; grade 0
denoted no bleeding on probing, 1 indicated
bleeding on probing up to 1 mm subgingivally,
and 2 indicated unknown conditions. Observed
complications were counted and reported for each
patient once a year.

Drop-outs. During the 10-year follow-up
period, 38 of the 127 patients (30%) dropped out
(24 during the later 5-year period; Table 3)
because of death (n = 5), severe illness (n = 2),
migration (n = 15), noncompliance (n = 9),
implant failure (n = 5), and unknown reasons

(n = 2). This left 89 patients for the final examina-
tion. The withdrawn patients represented a total of
123 implants (27%) (Table 4).

Statistics. Calculations of implant survival and
prosthesis stability rates were based on the life
table principle described by Colton,26 taking into
account the drop-outs. Cox regression analyses
regarding parameters influencing implant survival
were performed according to Altman.27 Chi-square
tests were used to evaluate the difference between
implant failure in prostheses supported by 2 or 3
implants and implant failure in prostheses sup-
ported by 4 implants.27 To avoid possible influ-
ences of patient dependence, 1 implant per patient
was selected according to Pocock.28 The implants
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Table 3 Status of Followed and Withdrawn
Patients over the 10-Year Study Period

No. of patients No. of patients
Time followed withdrawn

Baseline
No. of implants 127 —
No. of abutments 127 —
No. of prostheses 125 2

1 y 120 7
2 y 118 9
3 y 116 11
4 y 114 13
5 y 113 14
10 y 89 38

Table 4 Life Table Analysis of Placed and Followed Implants

Time Implants Failed Withdrawn CSR (%)

Maxilla
Placement to loading 185 5 0 97.3
Loading to 1 y 180 2 14 96.2
1 to 2 y 164 4 2 93.9
2 to 3 y 158 1 1 93.3
3 to 4 y 156 0 3 93.3
4 to 5 y 153 1 0 92.7
5 to 10 y 152 4 26 90.2
10 y 122 — — —

Mandible
Placement to loading 276 11 1 96.0
Loading to 1 y 264 1 7 95.7
1 to 2 y 256 3 4 94.5
2 to 3 y 249 0 10 94.5
3 to 4 y 239 0 1 94.5
4 to 5 y 238 2 2 93.7
5 to 10 y 234 0 52 93.7
10 y 182 — — —

CSR = cumulative survival rate.



in each patient were thereby calculated from quad-
rant 1 to 4, following the SIS tooth numbering sys-
tem, until the number from the randomized chart
was reached. In connection with statistical evalua-
tions, a P value of .05 (5%) was considered clini-
cally relevant.

Results

Of the 461 implants placed, 34 (17 maxillary and
17 mandibular; Tables 1, 2, and 4) were reported
as failed after 10 years of follow-up, resulting in
an overall implant survival rate of 92.6%. The
cumulative implant survival rates were 90.2% and
93.7% for maxillae and mandibles, respectively
(Table 4). Shorter standard-diameter implants
were lost more often than longer ones, whereas no
wider-diameter implants whatsoever were lost
(Table 2). Furthermore, a majority of lost implants
(n = 26) failed before prosthesis connection and
during the first 1 to 2 years in function (Table 4),
whereas only 4 implants, placed in the maxillae of
3 patients, were lost during the last 5-year period.
The 4 lost implants failed because of fracture (n =
2), nonrepairable abutment screw fracture (n = 1),
and unknown reasons (n = 1). Cox regression
analyses showed that implant loss varied with
decreasing implant length (P ≤ .05; regression coef-
ficient = –.62).

With regard to the distribution of implant fail-
ures as a function of the number of implants
placed within each patient, the outcome is pre-
sented in Table 5. It appeared that the number of
lost implants was low and independent of the
number of implants placed (7.4% vs 7.3%; 2 to 3
vs 4 to 6 implants). If prosthetic units were used as
a basis for the same calculation, the failure rate
was 3.9% when a smaller number of implants (2
to 3) supported the prosthetic restorations and was

5.9% when 4 or more implants supported the
restorations. No significant difference was seen
between the groups (P > .05).

Of the 163 prostheses, 40 (24.5%) were with-
drawn from the study and 102 were followed and
still in function 10 years later (63%). The cumula-
tive survival rate for original prostheses was
86.5%. Nine prostheses failed (5.5%), whereas 12
(7.4%) had to be refabricated because of various
clinical and/or mechanical reasons. This resulted in
a continuous cumulative prosthesis function level
of 94.3% after 10 years of follow-up, including
withdrawn patients. No differences were seen
between maxillae and mandibles with respect to
this outcome.

The average loss of marginal bone height was
0.7 mm in maxillae and mandibles (Table 6). Mea-
surements were made on 538 surfaces (88%) of
the available records from the first and last exami-
nations. Bone loss was less than 1.0 mm in most
cases (70%), and only 7% showed more than 2.0
mm of bone resorption.

The Gingival Bleeding Index was 0 at 80% of
the sites and grade 1 or 2 in 9% (Table 7). Values
were missing in 18 instances (2%). During the last
5-year follow-up period (from 5 to 10 years), 18
patients had unscheduled visits (16 patients 1 to 5
times, one patient 6 to 10 times, and one patient
more than 10 visits). In addition to visits to special-
ists or restorative dentists, 26 patients reported vis-
its to oral hygienists (mostly 1 to 5 visits).

All complications occurring during the last 5-
year period are reported in Table 8. Persistent
paresthesia was observed in 2 patients. One gold
screw fractured in 1 patient, gold screws loosened
in 1 patient, abutment screws fractured in 2
patients, and a loose abutment screw was seen in 1
patient. Three prostheses were mobile at the 10-
year follow-up visit; these were stabilized by tight-
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Table 5 Distribution of Implant Failures within Patients

No. of No. of patients
No. of implants No. of patients with 1 with more than 1
placed per patient patients implant failure implant failure

2 26 1 1*
3 50 10 1*
4 16 2 1*
5 15 3 0
6 20 4 3†

*The patient lost 2 implants.
†Two patients lost 2 implants and 1 patient lost 4 implants.



ening the prosthesis-locking screws. The prostheses
were temporarily removed in 7 patients for thera-
peutic reasons, and new prostheses were fabricated
for 9 patients because of fractures of the veneering
material, need for additional implants (1 patient),
soft tissue problems, tooth extractions, or esthetic
reasons. A detailed account of the complications
that occurred during the first 5-year period has
previously been presented.14

Discussion

The present study reports the follow-up of implant
reconstruction of partially edentulous arches, using
the Brånemark System in a prospective multicenter
trial. The overall outcome showed an implant sur-
vival rate of 92.6% and a continuous cumulative
prosthetic stability of 94.3% after 10 years in clin-
ical function. No other studies have thus far exam-
ined implant reconstruction of partially edentulous
patients for 10 years. The outcome compares well
with other studies of partial edentulism using the
Brånemark System.5–7,12,14 The outcome also com-
pares well and even exceeds those for edentulous
arches followed for the same length of time.29

The cumulative implant survival rates (Table 4)
were 90.2% and 93.7% for maxillae and
mandibles, respectively. It should be pointed out
that a majority of treated arches (83%) involved
posterior regions. Compared to the previous 5-
year follow-up results,14 only minor changes had
taken place (4 new implant failures in 5 years, all
concentrated in maxillae). It is important, how-
ever, to observe that the current study presented
only survival and not success rates, since the pros-
theses were not removed at 10 years (patients were
very reluctant to do so) to assess individual

implant stability. On the other hand, the discrimi-
native power of standardized intraoral radiographs
obtained using a parallelling technique has been
found to be high for identifying loose implants.30

Of the losses reported during the 5- to 10-year
period, 3 proved to be mechanical failures, which
suggests that overloading of the anchorage units,
rather than marginal tissue inflammation, may be
the long-term limited problem to be expected in
partially edentulous patients treated with Bråne-
mark System implants. According to Cox regres-
sion analysis, the only relationship between failures
and implant characteristics was seen with regard to
implant length, in that shorter implants failed more
often than longer ones. Similar findings have
already been reported after 5 years of function.14

However, all implant lengths exceeded the 85%
survival rate stipulated by Albrektsson and Zarb.31

Of the 163 originally attached prostheses, 102
were still in function 10 years later (63%). A ten-
dency for a higher failure rate was seen for those
restorations supported by 4 or more implants than
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Table 7 Gingival Bleeding on Probing
Measured at 4 Sites around Implants/ 
Abutments at the 10-Year Follow-up Visit*

Index DB MB DL ML

0 248 237 244 248
1 22 33 31 27
2 27 27 27 27
Missing 7 7 2 2
Total 304 304 304 304

*According to Mühlemann and Son.25

DB = distobuccal; MB = mesiobuccal; DL = distolingual; ML = mesio-
lingual.

Table 6 Marginal Bone Resorption After 10
Years of Function*

Maxillae Mandibles

Mesial Distal Mesial Distal

< 0 mm 15 19 23 16
0 mm 18 16 22 34
0.1 to 0.5 mm 19 20 30 35
0.6 to 1.0 mm 23 25 38 26
1.1 to 2.0 mm 32 24 31 35
> 2 mm 7 10 10 10
Mean (mm) 0.7 0.7 0.7 0.7
SD (mm) 0.9 0.9 0.9 0.8

*As measured in intraoral radiographs using a paralleling technique.
No. of sites measured: 114 mesial and distal in maxillae, 154 mesial
and 156 distal in mandibles.

Table 8 Reported Complications Occurring
During the Latest 5-Year Period*

Complication No. of patients (%)

Persistent paresthesia 2 1.8
Implant fractures/failures 3 2.7
Gold screw loosening/fracture 2 1.8
Abutment screw loosening/fracture 3 2.7
Temporary removal of prostheses 7 6.2
Fabrication of new prostheses 9 8.0
Reoperation/additional implants 3 2.7

*Based on 113 patients followed for 5 to 10 years.



for those supported by 2 to 3 units, in contrast to
previous reports.12 However, the small number of
prostheses supported by more than 3 implants
does not permit a definitive conclusion. When tak-
ing into account the remade prostheses (n = 12), a
total continuous prosthesis function level of
94.3% was seen over the 10-year period. The 
limited prosthetic failure rate of 5.5% (n = 9)
observed at the same time is also well in line with
previous reports.5,12,14 Regarding the prosthetic
outcome, the current use of 3 levels of evaluation
helps indicate to what extent new prostheses had
to be fabricated, which is relevant information for
both clinicians and patients. Besides, the fact that
84% of the patients followed the conventional
treatment protocol17 indicated the cost-effective-
ness of the prosthetic treatment provided.

Marginal bone loss (Table 6) was extremely low
after 10 years (mean = 0.7 mm). The bone was sta-
ble around these implants in spite of the concern
about a microgap being present between the
implant and the abutment components.32 The
bone resorption compares favorably with reports
for completely edentulous situations.29 In 80% of
the sites, no bleeding on probing was noted, and
only 20% of the patients had to attend additional
hygiene appointments with dentists or dental
hygienists. This indicates that these partially eden-
tulous patients were capable of maintaining good
oral hygiene around their implants during the
entire 10-year follow-up period.

In the current report, complications observed
only during the last 5-year period were presented
(for the first 5-year period, see Lekholm et al14).
Observed complications were evaluated on a per-
patient basis (Table 8), ie, the number of patients
affected instead of the actual number of complica-
tions that occurred. Apart from implant and pros-
thetic failures, temporary removal of prostheses
(6.2%) was the most commonly reported problem.
Soft tissue and mechanically related problems were
very infrequent (2 to 3% for each type). Conse-
quently, this implant system seems to be well-
maintained and does not require extensive retreat-
ment of patients.

During the 10-year follow-up period, 33
patients (26%; Table 3), corresponding to 27% of
the implants originally placed, were lost to follow-
up because of various reasons, and this is not an
uncommon occurrence in long-term studies. All
withdrawals have been accounted for in cumula-
tive survival rate presentations, as the life table
principle of Colton26 was used in their calculation.

Conclusions

The Brånemark Implant System, used to treat par-
tial edentulism, provided excellent survival rates
over a 10-year follow-up period. Good mucosal
health and little marginal bone loss were observed.
There were also no severe complications reported.
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