
The Brånemark System has demonstrated high
success rates for implants placed in completely

edentulous jaws since its introduction to clinical
dentistry in 1965.1 Adell and coworkers2 demon-
strated 15 years of functional and successful
results in the treatment of edentulous jaws; how-
ever, the majority of implants in the maxilla were
placed anterior to the maxillary antrum. Other
researchers have also documented the success of
the Brånemark implant system.3–6 According to
Zarb et al,7 the posterior maxilla is the most diffi-
cult and problematic intraoral area for treatment
with osseointegrated implants.

The anatomy of the maxillary posterior quad-
rant presents many limitations to implant place-
ment. These anatomic factors include poor bone
quality and decreased bone quantity,8 location of
the antrum,9 and accessibility of the area,10 espe-
cially in the pterygomaxillary region. It was previ-
ously thought that the pterygomaxillary area was
inoperable and not suited for implants because of
large fatty marrow spaces, limited trabecular bone,
and the rare presence of cortical bone covering the
alveolus. Because of these anatomic factors and
some biomechanical factors,11 one would expect
the success rate for implants placed into the poste-
rior maxilla to be lower than that for other loca-
tions. In 1991, Reiger12 recommended using a
larger number of implants in the posterior maxilla
to compensate for the decreased predictability for
osseointegration in that area. Langer et al13 recom-
mended the use of wider diameter implants to
obtain a greater surface area for bone contact.

Bone-graft procedures, such as sinus lifts and
onlay grafts, were also introduced to address some
of these anatomic conditions, but these procedures
require a longer healing period and may present
other complications.14–18 In addition, there is a
risk of morbidity at the donor site with autoge-
nous bone grafting procedures. Jaffin and
Berman19 reported on implants used specifically in
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the maxillary posterior and noted a higher failure
rate related to Type IV bone. Schnitman20 demon-
strated that the posterior maxilla was the least suc-
cessful area for osseointegration to occur. In his
report, only 72% of implants placed in the poste-
rior maxilla achieved osseointegration.

Force factors are another variable affecting the
long-term stability of implants, particularly in the
posterior region.21 The magnitude of occlusal load
is larger in the molar region than in the anterior
region. Masticatory forces of 155 N have been
reported in the incisor region, with comparative
forces of 288 N and 565 N in the premolar and
molar regions, respectively.22 In parafunction,
these forces can be as much as 3 times the normal
masticatory forces,23–25 which would apply signifi-
cant stress to the bone-implant interface and the
component hardware.

Posterior cantilevers on implant prostheses pro-
duce complications, including screw fracture, pros-
thesis fracture, bone loss, and loss of osseointegra-
tion26 (Fig 1). Improving biomechanical stability
and load distribution by means of noncantilevered,
bone-anchored restorations should enhance the
long-term prognosis of implant restorations in the
posterior maxilla.27,28 The option of using fewer
implants for an overdenture in the maxilla does
not alleviate the psychologic problems associated
with a detachable prosthesis. In addition, maxil-
lary overdentures in general have demonstrated

poorer success rates for both the implants (72.4%)
and for prostheses (77.9%).29 And while the initial
cost of an implant overdenture that uses fewer
implants may be less than that of a fixed remov-
able prosthesis, long-term maintenance costs may
nearly double the overall cost for treatment
because of the need for denture relines and
replacement of worn attachments.29

If implants are placed in the compact bone of the
pterygomaxillary plate30 and successfully osseointe-
grate (Fig 2), they can provide support and reten-
tion for implant restorations and eliminate posterior
cantilevers, which may occur when using only ante-
rior implants to support a full complement of teeth
in a complete-arch restoration. Placement of
implants in the pterygomaxillary region provides
posterior bone support without sinus augmentation
or supplemental grafts. Because of limited accessi-
bility, placement of these implants is more techni-
cally demanding than placing implants anterior to
the antrum. However, there are no greater risks
associated with implant placement in this area.

The intention of this study was to examine all
the patients in a private clinic whose dentition had
been restored with a complete fixed maxillary
prosthesis supported by Brånemark implants in
pterygomaxillary sites. This retrospective analysis
addresses the biomechanical aspects of implant
size, position, and bone quality with patient age,
gender, smoking habits, and medications.
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Fig 1a Panoramic radiograph
of a maxillary implant prosthesis
supported by short, posterior
implants and functionally over-
loaded by posterior cantilevers.

Fig 1b Periapical radiographs
show the loss of osseointegra-
tion of the 2 posterior left
implants and 1 posterior right
implant.



Materials and Methods

Brånemark System implants (Nobel Biocare AB,
Göteborg, Sweden) were utilized following the strict
surgical and prosthodontic protocol recommended
by the manufacturer. This study included all patients
whose treatment was planned and carried out in a
private clinic (Prosthodontics Intermedica, Fort
Washington, PA) for a complete fixed detachable
implant restoration involving implants in the ptery-
gomaxillary region. The criteria for surgically plac-
ing implants in the pterygomaxillary area depended
on a sufficient quantity of bone in the area. Patient
selection followed the same protocol as for place-
ment in other areas and included the patient’s ability
to tolerate a minor surgical procedure. Ninety-seven
percent of the opposing dentitions were restored
with ceramometal fixed partial dentures or hybrid
(gold bar with acrylic denture teeth) fixed detach-
able implant-supported prostheses. A total of 1,817
implants were placed in the maxillae of 189 patients
(122 females, 67 males) with an average age of 60
years (range 28 to 91 years). Of these 1,817

implants, 356 were placed in pterygomaxillary sites.
Abutments were connected after a minimum of 5 to
6 months of undisturbed healing.

Table 1 shows the types of Brånemark implants
used in edentulous maxillae. Implant selection
was based on the anatomic factors of each indi-
vidual osteotomy site, including bone quantity
and quality, with an attempt to maximize the sur-
face area and primary stability of each individual
implant. A variety of implant types were used in
the pterygomaxillary region the most common
implant being 15 mm long and 3.75 mm in diam-
eter. Standard-diameter implants (3.75 mm) were
used more frequently, while wider-diameter
implants (4.0 mm and 5.0 mm) and self-tapping
implants were placed in fewer patients.

Table 2 illustrates the distribution of abutment
types. Standard abutments were routinely used on
the mesially inclined pterygomaxillary implants to
accommodate implant inclination and the path of
insertion of the restorations. A mean abutment
length of 4.4 mm (range 3 to 7 mm) was required
because of generally thicker mucosa in this area.
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Fig 2a Maxillary right antrum enlarged, with
little crestal bone available for conventional
implant placement.

Fig 2b Bilateral pterygomaxillary implants.
At 2 years postoperative, they successfully
engaged the compact bone for stabilization at
stage I, leading to osseointegration years later.
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Table 1 Frequency Distribution of Implant Design in Maxilla and
Pterygomaxillary Sites

Total no. of No. of
maxillary pterygomaxillary

Implant dimensions implants site implants

Standard (3.75-mm-diameter)
7 mm long 7 0
8.5 mm long 13 1
10 mm long 281 7
13 mm long 505 42
15 mm long 531 190
18 mm long 131 37
20 mm long 38 21

Self-tapping (3.75-mm-diameter)
10 mm long 2 0
13 mm long 20 2
15 mm long 17 5
18 mm long 7 4

4-mm-diameter
7 mm long 3 0
8.5 mm long 2 0
10 mm long 57 3
13 mm long 31 2
15 mm long 48 24
18 mm long 30 14

5-mm-diameter
6 mm long 7 1
8 mm long 24 0
10 mm long 46 1
12 mm long 13 2

Wide-platform (5-mm-diameter)
10 mm long 1 0
13 mm long 3 0

Total 1817 356

Table 2 Distribution of Abutment Types

Total no. of No. of
maxillary pterygomaxillary

Abutment dimensions (mm) abutments site abutments

Regular
3.0 223 90
4.0 147 98
5.5 116 93
7.0 27 23
8.5 5 3

EsthetiCone
1.0 286 2
2.0 128 0
3.0 41 1

MirusCone
1.0 7 0
2.0 1 0
3.0 1 0

Angulated
30 degrees 362 3
17 degrees 2.0 165 0
17 degrees 3.0 20 1

CeraOne
1.0 7 0
2.0 1 0

UCLA 4 0
Total 1541 314
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Fig 3b (Left) Metal-ceramic fixed
(screw-retained) maxillary prosthesis
with bilateral pterygoid implant support.
Cross-arch stabilization bars are retained
until porcelain firing is complete.

Fig 3c (Right) Bilateral pterygomaxil-
lary implants 2 weeks after abutment
connection.

Fig 3d (Left) Palatal view, prior to
placement, of metal-ceramic screw-
retained fixed prosthesis supported by
pterygoid implants.

Fig 3e (Right) View of tissue surface
side of metal-ceramic screw-retained
fixed prosthesis.

Fig 3a Panoramic radiograph illustrates
bilateral pterygomaxillary implants sup-
porting a fixed prosthesis.

Fig 4 Breakdown of bone types seen in
pterygomaxillary sites.
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The majority of the maxillary bone-anchored
prostheses (89.4%) were metal-ceramic restora-
tions (Fig 3). Some prostheses (10.6%) utilized the
original Brånemark design,1 a hybrid fixed
detachable implant restoration using a gold bar
substructure with acrylic resin denture teeth. The
mean number of implants per prosthesis was 9.0
(range 5 to 15). The rationale for placement of 8
or more implants to support a fixed complete-
arch prosthesis in the maxilla is supported by
Kopp’s analysis of various studies on implant
restorative predictabilities.31

Corresponding to the classification of Lekholm
and Zarb,32 the quality of jaw bone was subjec-
tively graded in 4 groups by the amount of com-
pact bone and the density of trabecular bone. One
operator recorded the bone quality of all patients
at the time of implant placement. Figure 4 shows
the percentages of various bone qualities encoun-
tered during implant placement. Type IV bone was
most frequently encountered. The survival of each
implant was evaluated at the time of abutment
connection by means of a mobility test. Following
placement of prostheses, survival was evaluated by
means of marginal bone maintenance, as seen on
panoramic radiographs, and absence of pain or
symptoms of infection.

Results

The cumulative survival rate of implants in the
pterygomaxillary area was 88.2% after an average
functional period of 4.68 years. Of the 356
implants placed in pterygomaxillary sites, 314
(88.2%) were osseointegrated. The interval survival
rates were 88.5% at stage II and 99.7% after stage
II. This takes into account 41 failed implants at
stage II (11.5%) and the loss of 1 implant follow-
ing loading (11.8%). Five patients died of natural
causes following prosthesis placement, with suc-
cessful use of the prostheses during the period of
function (average 4.4 years; range 2.0 to 6.4 years).

Sixteen different implant types were used in
pterygomaxillary sites, including standard, self-
tapping, and wide-diameter implants. The survival
rate for each implant type in pterygomaxillary sites
is illustrated in Table 3.

Bone quality was subjectively recorded for
each of the 356 implants placed in the pterygo-
maxillary area. Two of the 356 implants were
placed in Type I bone, and both integrated
(100.0%). Six implants were placed in Type II
bone, and 4 integrated (66.6%); some required
conventional bone-tapping during placement.
One hundred fifteen of 131 implants integrated in
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Table 3 Survival Rates According to Implant Size

No. of No. of
pterygomaxillary pterygomaxillary Survival rates

Implant dimensions (mm) implants placed implants integrated (%)

Standard (3.75-mm-diameter)
8.5 mm long 1 1 100.0
10 mm long 7 4 57.1
13 mm long 42 35 83.3
15 mm long 190 172 90.6
18 mm long 37 32 86.5
20 mm long 21 18 85.7

Self-tapping (3.75-mm-diameter)
13 mm long 2 2 100.0
15 mm long 5 5 100.0
18 mm long 4 4 100.0

4-mm-diameter
10 mm long 3 3 100.0
13 mm long 2 1 50.0
15 mm long 24 21 87.5
18 mm long 14 12 85.7

5-mm-diameter
6 mm long 1 1 100.0
10 mm long 1 1 100.0
12 mm long 2 2 100.0

Total 356 314 88.2



Type III bone (87.8%), where bone tapping was
not required. The remaining 217 implants were
placed in Type IV bone, with no bone tapping,
and 193 integrated (88.9%).

In this analysis, 189 patients were treated with
implants placed in pterygomaxillary sites. Forty
patients (25 females, 15 males) experienced
implant failure. Two of the 15 males had both
pterygomaxillary implants fail. The average age of
the patients with failed implants was 59.2 years
(range 30 to 91 years). Of the patients with failed
implants, four female patients and 3 male patients
were smokers. Smoking was foreseen to be a nega-
tive factor with osseointegration.

Eight different types of implants failed in the
pterygomaxillary area. The largest number of
failed implants (18) were 15 mm long and 3.75
mm wide. However, that size was also the most
frequently placed implant (190) and yielded a
90.6% cumulative survival rate. Seven implants
that were 10 mm long and 3.75 mm wide failed,
and 5 implants that were 18 mm long and 3.75
mm wide failed. All other implant types had 3 or
fewer failures (Table 3).

In reviewing the general health of the patients,
20 patients who experienced failures in the ptery-
gomaxillary area were not taking any medica-
tions, 6 patients took aspirin regularly, 2 patients
were on Prozac, and 1 patient was on estrogen
supplements. None of the 3 patients who had
undergone chemotherapy or radiation treatment
had failures; however, radiation was not focused
on the implant areas.

Discussion

The bone surrounding implants that are placed in
the posterior maxilla may be inferior in quality,
especially in the premolar or molar region.19 A dis-
tinct advantage of placing implants in the pterygo-

maxillary region is the ability to provide bone
anchorage in the posterior maxilla without sinus
augmentation, supplemental grafting, or the possi-
bility of, and the detrimental effects of, can-
tilevered loading forces. Engaging the cortical bone
of the pterygoid plate with long implants can
enhance initial stability and long-term success.

The fabrication of a complete-arch, fixed detach-
able implant prosthesis is technically demanding.
Porcelain contracts after firing, and this has the
potential to distort the ceramometal framework
unless appropriate measures are taken to control
and prevent warping. The use of cross-arch stabi-
lization bars (Fig 5) provides casting rigidity, pre-
vents distortion, and maintains optimal fit.33

The survival of each implant was evaluated at the
time of abutment connection by means of a mobility
test; following placement of the prostheses, survival
was assessed by means of marginal bone mainte-
nance as seen on panoramic radiographs, and by
the absence of pain or symptoms of infection.
Including the pterygomaxillary implants, the cumu-
lative implant survival rate (CSR) of all maxillary
implants in this study was 92.1%; when excluding
the pterygomaxillary positions, the CSR was 93%.

The cumulative survival rate (CSR) of the max-
illary implants in this study (92%) is more favor-
able than the 72.4% CSR reported by Jemt et al34

in a 5-year prospective multicenter report on max-
illary overdentures supported by osseointegrated
implants. In that study, 30 patients received 117
Brånemark implants in the maxilla; 4 patients con-
verted to fixed prostheses. Jemt reported hyperpla-
sia as a common occurrence under maxillary over-
dentures; however, no hyperplasia was evident
under the fixed prostheses in this study. In the
present review, 1 patient, who was unhappy with a
maxillary overdenture supported by 4 anterior
implants, converted to a fixed prosthesis with the
addition of 2 pterygomaxillary implants (Fig 2).
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Fig 5a (Left) Clinical view of the bilat-
eral pterygomaxillary implants with the
abutments connected.

Fig 5b (Right) View of the cross-arch
stabilization bars.



The success rate for implants placed in the
pterygomaxillary region was 88.2%, which com-
pares favorably with the results of previous studies
of implants placed in the maxillary arch.19,20,34 It
is important to note that most of the previous
studies on implants placed in the maxilla analyzed
implants that were placed primarily anterior to the
antrum and only occasionally beneath it. This is
noteworthy, because the general quality of bone in
the anterior maxilla is usually superior to that
found in the posterior maxilla. Implant loss in the
maxilla26 had previously been related to short
(7.0-mm) implants that were placed in trabecular
bone and supported distal cantilevered pontics. In
addition, parafunctional habits that exert excessive
occlusal forces, mainly in the molar region, had
been noted as a factor for loss of osseointegration
in these implants.35 Longer and wider implants,
which have a surface area greater than the stan-
dard 10 � 3.75-mm implant, are recommended
for bone Types III and IV in the posterior maxilla
to alleviate these problematic situations.

In 1992, Balshi36 reported favorable 3-year
results for implants placed in the pterygomaxillary
region. He later reported on a study of implants
that were placed in the pterygomaxillary region
and supported fixed prostheses in partially edentu-
lous patients.14 Bahat37 reported on 72 implants
placed in the tuberosity region, which achieved a
93% survival rate over an average loading time of
1.7 years. Tulasne30 addressed the use of 13
implants placed in the pterygomaxillary region in
function for 12 months. In 1994, Khayat and
Nader38 reported on implants in the pterygoid
position followed over a 4-year period. Also in
1994, Graves39 described 43 implants in the ptery-
goid plate area. The total number of implants in
these 5 studies was 244: 51 in Balshi, 72 in Bahat,
13 in Tulasne, 65 in Khayat and Nader, and 43 in
Graves. The studies had widely variable follow-up
times, but produced relatively consistent cumula-
tive survival rates (CSR) above 86.0%. However,
in this single-center study, the CSR of 356
implants placed in the pterygomaxillary area and
in function from 6 months to 9.5 years is 88.2%.

No incidences of extraordinary complications
were noted in this study or in the previously pub-
lished studies of implants placed in the pterygo-
maxillary region. Patient acceptance of distally and
palatally positioned prosthetic components and
bars in this study has been excellent. A complete
anatomic tooth below the pterygomaxillary
implant is not as easily tolerated as a low-profile
connector bar. While oral hygiene and plaque con-
trol may be more challenging in the posterior

region, there have been no reported losses of
Brånemark implants as a result of plaque accumu-
lation or tissue hyperplasia. None of the pterygo-
maxillary implants had associated mucosal inflam-
mation. Highly polished prostheses can be
fabricated for optimal plaque control.40

Conclusion

Pterygomaxillary implants are beneficial in restor-
ing the entire maxillary arch with a prosthesis that
is biomechanically stable and free of cantilevered
pontics. Implants placed in the pterygomaxillary
area assist in stabilizing bone-anchored prostheses
in completely edentulous patients. In this retro-
spective investigation, 356 of 1,817 implants were
placed in the pterygomaxillary area of 189 edentu-
lous maxillae, with a cumulative survival rate of
88.2% during a mean loading period of 4.68
years. The cumulative survival rate (CSR) of
pterygomaxillary implants compares favorably
with implants used in other areas of the maxilla,
despite the compromised quality of bone and
increased potential for force exerted on implants
placed in the posterior maxilla. Implants placed in
the pterygomaxillary region provide posterior
bone support without sinus augmentation or sup-
plemental grafting.
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