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A 3-year multicenter study on 63 maxillary and 10 mandibular fixed prostheses in 71 patients is reported. Angu-
lated abutments or a combination of angulated and standard abutments were used to support prostheses; all com-
ponents were from the Brinemark System. Of 425 implants initially placed, 4 were lost before abutment connec-
tion. Of the remaining 421 implants, 209 angulated (test) abutments and 212 standard (control) abutments were
placed to support fixed prostheses. The prosthesis success rates were 96.8% for maxillae and 100% for mandibles.
A total of 5.3% of the loaded test implants and 7.5% of the loaded control implants failed. The survival rates after
3 years were 91.3% for maxillary control implants, 94.8% for maxillary test implants, 97.4% for mandibular con-
trol implants, and 94.1% for mandibular test implants. The findings in this study pointed out that angulated abut-
ments will not necessarily promote peri-implant mucosal problems. The study indicated that angulated abutments
on Brinemark System implants have exhibited good preliminary results and should be comparable to the standard
abutment as a predictable modality in prosthetic rehabilitation.

(INT J ORAL MAXIT.LOFAC IMPLANTS 1997;12:52-58)
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prosthodontic problems

Numemus studies,'™* both retrospective and
prospective, have shown that edentulous pa-
tients treated with osseointegrated implants to sup-
port fixed prostheses can do remarkably well over
time. Implants placed in the mandible tend to have a
better success rate than those in the maxilla primarily
because of better bone quality.® There is occasional
need for angulated abutments to overcome compro-
mised esthetic and functional results in situations of
complicated anatomy, especially in the maxillary
arch.5-9

*Private Practice, Institute for Facial Esthetics, Fort
Washington, Pennsylvania.
**Head, Department of Prosthetic Dentistry, Center for
Medical and Denial Healih, Halmstad, Sweden.
***Head, Department of Prosthetic Dentistry, Center of Oral
Rehabilitation, Falun, Sweden.
e°2° Department of Maxillofacial Surgery, 5t Jans Ziekenhis,
Genk, Belgium.

Reprint requests: Ms Berit Lithner, Nobel Biocare AB, PO Box
31906, S-402 26 Citeborg, Sweden.

52  Volume 12, Number 1, 1997

Increases in abutment angulation can increase the
principle strains (compressive and tensile) in the
bone around the implants, as shown by in vitro strain
gauge studies.!”!! These strains have been deter-
mined to be 4 mm from the implant but could be
expected to be higher at distances closer to the
implant."™™ In an in vivo strain gauge study,? it was
stated that a significant force was introduced in the
measurement abutment when the fixed prosthesis
was connected. It is unreported in the literature if
this force, in combination with the abutment angula-
tion, will introduce more clinical failures and compli-
cations compared to the standard protocol.?

Studies have indicated the survival rates of
implants after the first year for the support of both
fixed and removable prostheses.>!* However, none
of these provides information concerning the use of
angulated abutments in either the maxilla or
mandible. There is also a need for clinical studies of
peri-implant mucosal health around angulated' abut-
ments. The purpose of the present study was to
investigate the survival rate of osseointegrated
implants loaded with standard or angulated abut-
ments. Peri-implant mucosal complications in the
area of the angulated abutments were also reported.®
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Fig T Two long guide pins in standard abutments show the
long-axis angulation and screw access through the labial area.

Materials and Methods

Study Design. A 3-year multicenter study (four cen-
ters) of fixed implant-supported prostheses was
designed to analyze angulated abutments on Bréine-
mark implants (Nobel Biocare AB). Implant surgery
was performed according to the standard protocol.?
Histories were documented from the time of implant
placement, abutment connection, pl'osthesis connec-
tion, and 1- and 2-year follow-up examinations. The
patients were retrospectively included in the study,
but the final 3-year examination was conducted
according to a specified protocol regarding clinical
assessments and radiographic evaluation.

Patients. All patients who had received Brine-
mark angulated abutments in the centers involved in
the study before December 31, 1991, were included.
Age distribution of the 71 patients at the time of
implant placement ranged from 18 to 77 years, with a
mean age of 54 years. The general medical history
and any ongoing medication being received by the
patients were recorded.

The numbers of patients who withdrew after years
1, 2, and 3 were 6, 5, and 8, respectively. During
the first year after prosthesis connection, two patients
lost all their implants and, consequently, their fixed
prostheses. One of these patients had been treated
with an autogenous bone graft, in which short
implants had been placed at a later date. The other
patient was a bruxer, and overload of the implants
may have been a contributing factor to the failure.
Because of poor compliance, 3, 4, and 4 patients
were withdrawn after years 1, 2, and 3, respectively;
3 patients died and 3 patients moved from the area.

Implant Placement and Prostheses. The ratio-
nale for selecting angulated abutments was noted
and recorded. In 96% of the patients, angulated
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Fig 2 Changing long-axis angulation using
angulated abutments permits lingual screw
access for prosthesis retention.

abutments were used to redirect the screw access
channel for implants that were unfavorably inclined
(Figs 1 and 2). Other reasons were to create better
parallelism and to solve proximity problems between
other implants.

A total of 425 implants were placed in 71 jaws (10
mandibles and 61 maxillae) from September 7, 1988,
to March 12, 1991. Table 1 indicates the number and
length of standard (control) and angulated (test)
implants placed. The angulated abutments used in
this study had a fixed angulation of 30 degrees and
were fabricated in two height ranges for the transmu-
cosal section: (1) a maximum of 4 mm and a mini-
mum of 1.5 mm; and (2) a maximum of 5.5 mm and a
minimum of 3 mm (Fig 3).

Bone quality was determined at the time of
implant placement using the Lekholm and Zarb cri-
teria.!> Implant losses in relation to bone quality
were recorded.

For the maxilla, stage 2 surgery was performed 5
months or more after stage 1 surgery; for the
mandible, it was 3 months or longer. Two maxillary
implants placed in type IIT bone were lost before
stage 2 surgery, and two mandibular implants placed
in type II bone failed before loading.

A combination of standard and angulated abut-
ments or angulated abutments only were used to sup-
port a total of 73 fixed prostheses fabricated for the
71 patients in the study (44 complete prostheses, 25
partial prostheses, 2 partial prostheses connected to
implants and natural teeth, and 2 single-tooth
restorations) (Ifig 4).

Clinical Examination. Survival Rate. Implant
stability was verified by applying a gentle torque to
the abutments or by rocking or tapping the cylinder
back and forth. Any mobility or sign of pain was
recorded as a condition of nonintegration of the
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Table 2 Distribution of Placed and Lost Implants
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Maxillary Mandibular Total
Placed Lost Placed Lost Placed Lost
Control implants
7-mm 8 0 0 8 1
10-mm 73 1 1 0 84 1
13-mm 39 0 6 0 45 0
15-mm 43 2 T 1 60 3
18-mm 11 1 4 0 15 1
Total 174 15 38 1 212 16
Test implants
7-mm 2 [¢] 1 0 3 0
10-mm 55 7 3 1 58 8
13-mm 62 0 7 0 69 0
15-mm 57 3 4 0 61 3
18-mm 16 0 2 0 18 0
Total 192 10 17 1 209 11
Total 366 25 55 2 421 27

Radiographic Examination. A radiologic exami-
nation was scheduled for measurement of the mar-
ginal bone status. However, because of the large vari-
ation in the quality of the radiographs, it was not pos-
sible to make the planned evaluation.

Statistical Analysis. Cumulative survival rates
were calculated through life table analysis.!” The chi
square test was used to compare implant failures in
the test and control groups.

Results

Survival Rate. Of the 212 control implants (loaded
with standard abutments), 16 (7.5%) were lost. Of
the 209 test implants (loaded with angulated abut-
ments), 11 (5.3%) were lost (Table 2).

In the control group, only one of eight 7-mm
implants was lost. Of the 10-mm implants placed
using standard abutments, 11 of 73 were lost in the
maxilla, and none of the 11 placed in the mandible
was lost. Sixty 15-mm implants were placed, and 3
were lost: 2 of 43 in the maxilla and 1 of 17 in the
mandible. Of the 18-mm implants placed, 1 of 11 was
lost in the maxilla, and none of the 4 placed in the
mandible was lost.

In the test group, none of the three 7-mm im-
plants was lost in either the maxilla or the mandible.
Eight of the 58 10-mm implants were lost: 7 in the
maxilla and 1 in the mandible. The only additional
implants lost were 3 of 61 15-mm implants, and all
three were in the maxilla.

The total percentages of implants lost in relation
to bone quality types I, IL, III, and IV were 3.6%,
1.6%, 10.3%, and 0.0%, respectively. Most losses of
implants were found in bone type III of the maxilla,

with 11.4% from the control group and 9.8% from
the test group. The number of placed and lost
implants in relation to bone quality in the different
groups is presented in Table 3.

The majority of failed implants (23 of 27) occurred
during the first year after loading. In the maxillary
control group, 12 of 174 implants failed (6.9%) dur-
ing the first year after loading. Only 3 implants failed
subsequently, producing a cumulative survival rate of
91.3% after 3 years. In the test group in the maxilla, 9
of 192 implants failed (4.7%) during the first year of
loading and only 1 subsequently failed during the
second year, for a continued survival rate of 94.8%
(Table 4). In the mandible, no implants failed after
the first year of loading either in the control or in the
test group, and only one implant failed in each group
during the first year of loading for an overall survival
rate of 94.1% and 97.4% for the angulated and stan-
dard abutments, respectively (Table 4). No statistical
significance was revealed when comparing test and
control groups for the implant survival rate in either
jaw (P > .05).

Prosthodontic Complications. During the first
year after prosthesis connection, two patients lost all
their implants in the maxilla and consequently their
fixed prostheses. Only 2 of 63 fixed prostheses in the
maxilla were lost, yielding a fixed prosthesis success
rate of 96.8%. In the mandible, the prosthesis suc-
cess rate was 100%. Other complications during the
study included fracture of the occlusal material in
three patients and fracture in parts of the framework
in an additional three patients, one each in each year.
At the follow-up examination, after 3 years, four
abutment screws needed to be retightened in three
patients.
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Table 1 Distribution of Test and Control Abutments With Regard to Position and Length of Loaded Implants
Maxillary Mandibular Total
Anterior Posterior Anterior Posterior Anterior Posterior

Control implants
7-mm 2 6 0 0 2 6
10-mm 15 58 3 8 18 66
13-mm 14 25 4 2 18 27
15-mm 19 24 14 3 33 27
18-mm 5 6 3 1 8 7
Total 55 19 24 14 79 133

Test implants
7-mm 0 2 1 0 1 2
10-mm 34 21 0 3 34 24
13-mm 45 17 1 6 46 23
15-mm 38 19 3 1 41 20
18-mm 12 4 2 0 14 4
Total 129 63 7 10 136 73

Total 184 182 N 24 215 206

Anterior = incisor and canine regions; posterior = premolar and molar regions

27% 27%

__;.“““-\-'\\.'\'\'\'\\'\_\;\\“\\\\

34.2%

[] connected to implants and natural teeth [ Fixed partial
[ Fixed complete Single looth

Fig 3 Angulated abutments used in this study had a fixed
angulation of 30 degrees and were fabricated in two height
ranges for the transmucosal section: (7) a maximum 4 mm and
a minimum 1.5 mm; and (2) a maximum of 5.5 mm and a mini-
mum of 3 mm,

implant.'® Thus, the survival rate of the implant was
established.

Prosthodontic Complications. Prosthodontic com-
plications consisted of loosening of abutment screws,
fracture of occlusal material, and fracture of the
framework.

Peri-implant Mucosal and Gingival Health. Plaque
and gingivitis were recorded for the mesiobuccal, dis-
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Fig4 Types of implant-supported prostheses used.

tobuccal, mesiolingual, and distolingual surfaces of
the remaining natural teeth and of the abutments in
both jaws. Plaque was recorded according to the
Sillness and Lée Index, and gingivitis was recorded
according to the Loe and Sillness Index. Pocket
depth was recorded to the nearest millimeter on the
aforementioned surfaces. Only depths above 3 mm
were recorded.



situated subgingivally, which may produce a hygiene
maintenance problem. In these situations, surgical
correction of the mucosal level might be mdlmted
However, in the present study, the number of
patients with reported gingival problems in the peri-
implant area around the angulated abutment did not
seem to differ from those patients with general gingi-
val problems in the peri-implant area of standard
abutments or gingival problems around remaining
natural teeth. A reasonable explanation for this could
be that most of the angulated abutments were placed
supragingivally.

Sometimes the use of angulated abutments solves
one esthetic problem, ie, a buccally inclined implant,
but creates another, as when the implemt is ‘;up{'rﬁ—
cially placed, thus making the abutment shoulder too
lugh The so-called knee of the angulated abutment
(see Fig 3) may be visible and can produce an esthet-
ic problem, Lspe(m]ly in patients with a high lip line.
In 19895, Nobel Biocare introduced an abutment with
a fixed angulation of 17 degrees and a much shorter
shoulder. This angulated abutment will probably he
useful in the aforementioned clinical situation. How-
ever, the ability to use angulated abutments should
not compensale for il‘]aide.quute treatment planning.

The prosthodontic complications recorded during
follow-up examinations were few, and the three
recorded framework fractures could be repaired.
However, during the first year of function, two pa-
tients lost their maxillary fixed prostheses. The pros-
thesis success was 96.8% and 100% for the maxillary
and mandibular restorations, I'C‘EP(‘LH\'E‘I)’. This is
comparable to other long-term results. ¢

The majority of implants treated with both stan-
dard and/or clllE,Ll]dtL‘d abutments were placed in type
IIT bone (see Table 3). Approximately 10% of these
implants were lost, both in the control group and in

the test group. Comprehensively, a total number of

27 implants were placed in bone with a quality that
was estimated as type IV, but none of these implants
was lost. It should also be noted that none of the 7-
mm implants connected to angulated abutments was
lost during the follow-up period.

In vitro strain gauge studies'™! have indicated
that compressive and tensile strains increase in the
bone around implants with angulated abutments.
Moment and torque forces on the implants have also
been discussed 22! These studies could indicate a
lower survival rate of implants connected to angulat-
ed abutments. However, in the present study, the
cumulative survival rates are similar in the test and
control groups, both in the maxilla and in the man-
dible. There was a somewhat better survival rate for
the maxillary test implants, compared to the maxillary
control implants. This may be related to the fact that

Balshi et al

the angulated abutments were more frequently used
in the anterior maxilla, and the standard abutments
were more {requently used in the posterior maxilla.
There are often higher occlusal forces in the posteri-
or region, as well as a reduced bone quality. These
factors have been shown to play an important role in
the survival of implants placed in the posterior region
of the maxilla and the mandible.

There has also been an experimental study in sub-
human primates, including histologic evaluation,
showing that after 1 year of service, the implants ex-
hibited complete osseointegration, whether restored
with straight or angled abutments.?® The effect of
clinical experience on success of implant treatment
has been shown.2? A variation in results could also be
the result of variation in clinical experience among
the four centers participating. Furthermore, subjec-
tive reporting of details, such as bone quality, can dif-
fer [rom one center to the next.

Soft tissue problems, including peri-implant
mucosal problems, are most often related to plaque
accumulation, and they are frequently resolved by
improved oral hygiene.** No differences concerning
the number of patients with problems in gingiva in
general and in peri-implant mucosal tissues of the
allbul.lted abutment could be seen from year to year.
This indicated that angulated abutments will not, of
themselves, promote peri-implant mucosal problems.
The same indication was obtained in a 1-year study of
subhuman primates.*

Nine of the patients (13%) in the present study
needed additional prosthodontic treatment. The need
for this treatment was the result of loose abutment
serews (3), fracture of occlusal material (3), and
[ramework fracture (3). In a study of 600 osseointe-
grated implant-supported fixed and removable pros-
theses examined by Carlson and Carlsson,? 28%
needed some prosthodontic treatment. Fracture of
the metal framework and acrylic resin portion of fixed
implant-supported prostheses has been reviewed.?!
This review? showed wide variation in the incidence
of fracture (0.5% to 46.0%) of metal frameworks and
14% (maxillae) to 1.7% (mandibles) of the acrylic
resin portion. Thus, there was minimal need for treat-
ment because of prosthodontic complications in the
present study in both test and control groups.

Conclusion

The prosthesis success rate was 96.8% [or maxillary
restorations and 100% for mandibular restorations.
For the maxilla, a 91.3% implant survival rate for the
control group was compared to the 94.8% implant
survival rate for the test group. For the mandible, the
control group demonstrated a 97.4% implant survival
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Table 3 Number of Implant Failures Related to Bone Quality

Bone quality

| 1l 1] IV Not recorded
Control
Maxillary
Placed 6 25 123 17 3
Lost 0 1 14 0 0
Mandibular
Placed 12 20 6 0 0
Lost 1 0 0 0 0
Test
Maxillary
Placed 8 67 102 10 5
Lost 0 0 10 0 0
Mandibular
Placed 2 12 3 0 o]
Lost 0 1 0 0 0
Total
Placed 28 124 234 27 8
Lost 1 2 24 0 4]
Table 4 Cumulative Survival Rates of Maxillary and Mandibular Implants
Control implants Test implants
Time period n Losl Withdrawn CSR (%) n Lost Withdrawn CSR (%)
Maxillary
Abutmentto 1y 174 12 3 93.1 192 9 10 95.3
lTto2y 159 1 8 92.5 173 1 9 94.8
2to3y 150 2 23 91.3 163 0 29 94.8
3y 125 134
Mandibular
Abutmentto 1y 38 1 97.1 17 1 1 94.1
Tto2y 30 0 4 97.4 15 0 1 94.1
2to3y 26 0 0 97.4 14 0 0 94.1
3y 26 14

Peri-implant Mucosal and Gingival Health.
Gingival problems in the areas around the angulated
abutments were observed in nine patients (14%) at
the l-vear follow-up examination, in five patients
(8%} at the 2-year follow-up examination, and in
seven patients (13%) at the 3-year follow-up exami-
nation. These figures were comparable to or lower
than those observed in the peri-implant area of stan-
dard abutments or around remaining natural teeth.

Discussion

In most clinical situations, it may be possible to place
an implant within the bone so that the implant angu-
lation matches that of the desired prosthodontic
restoration. However, in atrophic maxillae, it may not
be possible to vary implant angulation without addi-
tional grafting procedures because of the narrow
alveolar ridge. In those instances, the implant will
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likely be placed in an undesirable position with
respect to both inclination and location. It has been
reported that even one-stage procedures involving
implant placement in combination with bone grafting
in the maxilla can also result in unfavorable inclina-
tion of the implants.'® To overcome the esthetic
shortcomings in these situations, there is a need for
the use of angulated abutments. In 96% of the
patients participating in this study, angulated abut-
ments were used to redirect the access channel.
Although two single-tooth restorations were also
included in this study, the angulated abutment is not
designed for this purpose because there is no rota-
tional interlock between the gold cylinder and the
abutment,

The angulated abutments were available with two
shoulder heights for the treatment of different clini-
cal situations covering variations in mucosal thick-
ness. If the shoulder is too low, the abutment will be
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ate, and the test group had an implant survival rate
of 94.1%. Thirteen percent of the patients needed
additional prosthodontic treatment (loose abutment
screws, fracture of occlusal material, and framework
fracture).

No differences concerning the number of clinical
situations with gingival problems in general and with
peri-implant mucosal tissues around the angulated
abutment, compared to around the standard abut-
ment, could be seen from year to year. In this study,
this indicated that the angulated abutment will not
necessarily promote peri-implant mucosal problems.
The study indicated that angulated abutments of
Brinemark implants have exhibited good preliminary
results and may be considered comparable to the
standard abutment as a predictable modality in pros-
thetic rehabilitation.
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