The Use of Pterygomaxillary Implants in the Partially
Edentulous Patient: A Preliminary Report
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One hundred eighty-seven implants were placed in the maxillary posterior areas of 44 partially edentulous
patients (29 female; 15 male). The mean age was 62 years (range 36 to 52 years). Fifty-one of the 187 implants
were placed in the pterygomaxillary avea and further restored with fixed prostheses. The mean number of
implants per prosthesis was 3.7 (range 1 to 6} for the maxillary posterior area. These 51 implants are the subject

of this report. During stage 11 surgery and before |

removed. After a mean loading period of 12.6 months (range 1 lu 63 months), one
lure rates according to implant size and bone quality were also
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nd 3 years of loading. This study demanstrates the possible and suceessful use of the ptervgomaxil-
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he high success rate of the Brinemark implant
system originally reported for the treatment of
wmplct-:.l_y edentulous Juw\ has been documented
by longitudinal studies.'* More recently, osseointe-
grated implants have been systmm\tlcnll_\, applied to
the treatment of partial edentulism. However, statis-

tical evidence concerning the long-term success of

these implants is more limited. Since Eriesson et al®
reported the first result of osseointegrated implants
in partially edentulous patients in 1986, other studies
have been reported individually and from several
treatment centers.”™!?

A retrospective multicenter study® reported a
failure rate of 8% in the mandible and 13% in the
maxilla for implants observed 6 to 36 months after
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prosthetic reconstruction. Another multicenter
study!” analyzed 558 implants placed in partially
edentulous arches. This study showed that a suecess
rate equal to or better than that obtained with
Ct)rnp]etv]r\' edentulous patients may be expecl‘erl.
Henry et al'? reported that a cumulative implant sur-
vival rate of 92.5% of maxillary and 94.8% of
mandibular implants was observed after 3 years of
loading. Jaffin and Berman ' reported specifically on
ill]p]unl.\' 1)|:iten| in the nmxi”m‘}' posterior, noting a
higher rate related to type IV bone.

_ The maxillary posterior area presents many
limitations to implant placement. These anatomic
factors include bone quality, quantity, location of the
antrum, and phy:iic;li ace: ibi]ity to operate,
especially in the tuberosity area. It was previously
thought that this area was not ideally suitable for
implants becanse of larger marrow spaces,
frequently of a fatty consistency.

The magnitude of oeclusal load is larger in the
molar region than in the anterior area. Martel'®
reported masticatory forces of 150 psi in the incisor
region, with comparative forces of 250 and 500 psi in
the premolar and molar regions, respectively.
Because of combined anatomic and biomechanical
factors, the success rate of maxillary posterior
implants could be lower than that in other sites of
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the mouth. To compensate for this possibility,
Heigvr"‘ recommended using an increased number
implants. Langer et al'™ have also recommended
using wider dinmeter 'ulplunls to obtain greater sur-
lace area [or initial trabecular bone contact and later

Fig 1a Ocelusal view of 12-month-post

right and leit ak far tiss I

Fig 1b  Healthy gingival condition around the abutment of
prerygomaxillary implant.

Fig 1c  Panoramic radiographic view of four-unit tissue-
integrated prosthesis,
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cortical remodeling. Sinus-lift and bone-graft
procedures have also been introduced to address
some of these problems, but these procedures need
longer healing time and may be prone to other
complications.

I implants are carelully engaged in the compact
bone of the pterygomaxillary plate and successiully
:)sseninl('gr'.lt(‘d. the l:m.-ilhmllmﬁst can depend on
them for prosthesis retention and elimination of
posterior cantilevers generally necessary when
only anterior implants are used. The improved bio-
meehanical stability and load distribution of nones
tilevered bone-unchored restorations should improve
the |n|1g-ll.-rm prognosis for these ])l'tr:ithesuﬁ,
purpose of this study was to examine all
ts rehabilitated in our practice by means of
al prostheses supported by Brinemark
implants in pterygomaxillary sites and to analyee the
various biologic and mechanieal factors related to
those implants,

Materials and Methods

Brinemark System implant components were used
following a strict surgical and prosthodontie protocol
(Nobelpharma AB, Gothenburg, Sweden). A total of
187 implants were placed in the posterior maxillary
arca of 44 patients (29 females and 15 males) with an
age range from 36 to 82 years (average 62 years) and
for whom 50 prostheses were fabricated. Of these, 51
implants were placed in the pterygomaxillary site,
and abutments were connected after an undisturbed
healing period ol about 5 to 6 months. The overlying
mueosa is generally thicker in this area, requiring a
abutment length of 4.2 mm (range 3 to 7 mm).

The bone-anchored prostheses were all fabricated
ng poreelain fused to a high-gold-content alloy
(Figs 1a to Le). The mean number of implants per
restoration was 3.7 (range 1 to 6). All of the prosthe-
ses were [ree-standing except one, which was con-
nected to a natural tooth. One patient died 13
months after pl'usth(‘sis deliv Ty, with ssful nse
of the |Jmsl]||:s|:i (]un'ng the iJ(.‘I'IUd of function.

Of the 51 implants, one was placed during a
second surgical intervention to compensate for a
previously failed implant. Table 1 depicts the implant
types according to size, diameter, and design.
Standard 15-, 13-, and 10-mm-long implants were
used in 519, 27.5%. and 11.8% of the implant sites,
respectively.

In accordance with the classification of Lekholm
and Zarh,'™ jaw bone quality was subjectively graded
in four groups by the amount of compact bone and
the density of trabecular bone. The hone quality of
all the patients was recorded i))‘ one operator at the
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Table 1 Frequency Distribution of Implant Design in Maxilla and Plerygomaxillary Site

Implant dimensions imm)  Maxilla Plerygomaxillary Site Manilla Plerypomaxillary Site
Starclared Self-tapyring
P il 3 a 10x3.75 ] 1
8.5x3.75 2 1] 13x3.75 1
10x3.75 54 L} 15x 375 1 1
13x3.75 47 14 4-mm diameter
15x3.75 62 26 T=d 2
18x3.75 3 2 10x4 2 1
0= 375 0 o 15x4 2
Ix10 1 0 5-mm diameter
10x 4.0 1 1 bx5 1
Total standard 171 48 Bx5 2
Total 187 51
Table 2 Clinical Features of Patients with Failed Pterygomaxillary Implants
Placement site Age Sex Smoker Bone quality Implant
length (mm)
I 1] r No 4 15
16* 50 r Mo 2 15
16 1] M Yes 3 13
16 b4 F Mo 3 15
16 72 F No 4 15¢
1] 52 M Yes 4 18
16 36 F Yes 4 15

*Oine implant with Large diameter was replaced immediaely.
t5eli-tgpping implant,

time of surgery. Tactile sensation during drilling pro-

cedures was used to determine the classilication of

bone. Radiographs played almost no role in deter-
mining hone quality. Bone quality was categorized as
follows: 19.6% recorded as type 11; 35.3% as type 111
and 43.1% as type IV, Failed implants were catego-
rized according to age, sex, bone qu:t[il}-‘. inlpi' it
length, and smoking habit (Table 2). Partially edentu-
ms were noted according to the Apple-
ification; 82% of the patients in

Loading time of the prostheses between abutment
connection and the last follow-np visit ranged from
I to 63 months. Marginal bone height around the
implants was measured radiographically to 0.1 mm at

the time of prosthesis placement and at intervals of

G to 12 months. All radiographs taken were
panoramie, because the anatomic position of the
i1np]'.:nt:i wonld not permit use of the standardized
per thad. Distortion of panoramic radi-
ographs was taken into account, using known implant
dimensions as the measurement rule. At the mesial
and distal side of each implant, the distance from the
i1|1p|mlh’a|:ul|1w|1t junetion to the bone crest was
recorded. In the current analysis, only those implants

that functioned between 1 and 3 yvears were selected
for radiographic examination. Because of the limited
number of changes in marginal bone height (CMBIT)
observed after 36 months, no further longitudinal
analysis was conducted in this slud}-‘.

Results

Osseointegration Failure Rate. Seven of 51
implants placed in pterygomaxillary sites were lost
(13.7%): 6 at the abutment connection, one after
loading. The cumulative failure rates are illustrated
in Table 3.

Failure Rate According to Fixture Size. None
of six 10-mm implants were lost (0%). One of fourteen
13 % 3.75 mm implants was lost (7.1%). Four of
twenty-six 15 % 3.75 mm implants were lost (15.4%)
and one sell-tapping 15 x 3.75 mm implant, as well as
one standard 18 x 3.75 mm fmplant, were lost.

Failure Rate Timetable, Six of the seven failed
implants were mobile and removed at the time of
abutment connection, One was removed hecanse of
continuous episodes of pain and discomfort reported
by the patient following 3 months of functional load-
ing. However, this implant appeared to be well

The International Journal of Oral & Maxillofacial Implants 91



Balshi et al

(7.0-mm} implants in thin trabecular bone supporting
tal cantilevered ponties. Ocelusal foree in the
molar vegion, especially for patients with parafunc-
tional loading capabilities, also contributed to loss of
osseointegration for these implants. The solution to
this problem led us to conelude that implants smaller
than 10 % 3,75 mm should not be used in type 11 or
type IV bone in the posterior maxilla and that the use
of cantilevered pontics should also be minimized.

The clinical postoperative course for the patients
treated was not remarkable. Patients recorded no
particular pain or discomfort, and minimal swelling
was evident at the postoperative reevaluations.
Because of the generally thick mucasal t
these areas, return of functional suppo
removable prosthes generally uneventful. The
successful vsseointegration of Brinemark implants in
the pterygomasillary area provides a distinct
advantage to the treatment ol posterior maxil
edentulous arveas by eliminating apparent detrimental
Inading forces on cantilevered posterior pontics and
the adjacent implants

In 1992, Balshi** reported a d-year study of
successful tuberosity implants. That same ye
Bahat* also reported a 93% success rate involving 72
tuberosity implants with an average loading time of
21.1 months. In this study, 15-mm implants were the
most frequently used (50.9%), followed by
13-mn (27.5%), and 10-mm implants (11.8%]), with
success rates for each of 84.6%, 92.9%, and 100%,
respectively. The high success rate for the shorter
i fixtures may be related to the small number
in the sample. The 3-mm-long abutments were the
most commonly used (43.2%), followed by 4-mm
(25%), 5.5-mm (22.7%), and 7-mm abutments
(8.1%), respectively.

Thinning of the mucosal tissue was undert; at
several stage 11 surgeries to permit the placement of
shorter abutments required to accommodate
prosthetic components and obtain ocelusal elearance,
Bone quality in the maxillary posterior area was
maostly type TIT and type IV (80.19%). OF the failed
implants, 37.1% were located in type IV bone.
al placement of pterygomaxillary implants
are and operative skill. “Feeling” the bone
is an essential ingredient in stabilizing the implant
and engaging the cortical plates at the apex. Long
implant mounts are generally nsed to provide easier
access for implant placement.

Fuilure rate on the left side (8) was defir
higher than that of the right side (1). The gle
1 placing implants in this study was right-
handed. Further anal necessary to determine il
ergonomics and physical position of patient and
operator may be factors effecting the suceess rate,

for
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Since the greater number of pterygomaxillary
implants lost were placed in type IV bone, a new pro-
ject was initiated to subsequently harvest: antogenous
bone from anterior implant sites. This particulate
bone has been placed into the ptervgomaxillary site
prior to implant procedures. Fine surgical suetion tips
are used to remove the fatty marrow from the site,
Autogenous bone, eonsisting ol cortical, trabec
and mareow tissue is then nsed to “reseed” the empty
marrow space in the prepared site. Further analysis o
this procedure will be required to determi effect
on the plerygomaxillary implant suceess rate.

Though not aceurately measured, the apparent
loss in marginal hone height (MBH) observed in this
study is comparable to that resulting for implants
supporting a complete bone-anchored restoration.
In contrast to the resnlts found in this study, a multi-
center study condueted by Henry et al'® demon-
strated inereased bone in 34% of readings. This
increase in bone height should probably be
interpreted as eorticalization around the loaded
implants. Bone growth over cover screws has heen
noted in other locations of the however, this
iom with any

phenomena was not recorded in conjun
plerygon
Pati

Hary implants in this study.

ceptance of di and sometim
positioned prosthetic components and bars
nector is more
easily tolerated than a complete anatomic tooth in
many pterygomasillary implant-supported prosthe-
ses. Oral hygiene® is more difficult in the posterior
region. Tlowever, highly polished prostheses can be
fabricated for optimal plague control, None of the
ptervgomaxillary implants had associated mucosal
inflammation.

Conclusion

The use of pterygomaxillary impl
st g bone-anchored prostheses in partially
edentulons patients compares favorably with
implants used in other areas of the maxilla. Suecess-
ful elimination of a cantilever prosthesis in the
maxillary posterior is thought to be beneficial in
ecting load force more favorably to the bone-
iplant interface, especially for implants placed
immediately anterior or inferior to the maxillary
antrum. Fifly-one of 187 implants were placed in the
pterygomaxillary areas of 44 patients, Six of the seven
that failed were removed at stage 11 surgery.

Surgical plicement of ptervgomasillary implants is
much more difficult than for those placed in
the anterior maxilla or mandible. E
bone is ntial to initial stabilization and long-
term suceess.
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Table 3 Ossevintegration Failure Rate of Plerygomaxillary Implants in Partially Edentulous Jaws

Implant at

Time of failure beginning interval

Failed implants
during interval

Cumulative

Interval failure rate failure rate

Before abutment connection 51
Abutment connection 51
0-12 mos 45
13-24 mos 24
25-36 mos 7
=36 mos 2

*Mo change in cumulative failure e,

osscointegrated. The etiology of the patient's symp-
tom could not be initially identified, and the symp-
toms did not cease with |m|)LlnI Femov: iT The 1ml‘|vnl
wats later diag Las i brig ne

Failure Rate According to Bone Qu.llhl:y
Bone quality was recorded for the 51 implants placed
in the pterygomaxillary area and was subjectively
determined as previously stated. Ten implants were
placed in type 11 bone, requiring some bone-thread
tapping dmmg placement. Only one of these
implants failed to ossecintegrate (lll%) Eighteen
implants were placed in type 111 bone and thread
tapping was not required. Two of the eighteen
{11.19) were not oss 'oinleg‘r:’tltd at the time ol stagre
11 surgery. The rer ng 23 implants were placed in

type 1V bone without thread tapping and four of

these (17.4%) did not ossevintegrate.

Change of Murgma] Bone Height for
0 grated Implants. The criteria for implant
success proposed by Albrektsson et alt included radi-
ographic evaluation of bone loss periodically and eal-
culation of the mean values over time. In 1951, Adell
and coworkers® deseribed two distinet bone-loss peri-
ods, and later si periods were deseribed by Cox
and Zarb'® und Lindquist.®* Greatest bone loss
ocewrred during the first year of healing and bone
remodeling (first period), with loss ranging from 0.9
to 1.6 mm depending on the study. The second
period described as the “follow-up,” showed a
marked decrease in bone loss ranging from 0.05 to
.13 mm annually.

Twenty-three implants that were in function
between 12 and 36 months could be measured.
During that time, the average loss of marginal bone
height was 1.3 mm on the mesial surface and 1.1 mm
on the distal surface. OF the 23 implants analyzed in
this study, 21 (91.3%) had bone loss of less than 2.0
mm (Table 4). This compares favorably with
Brinemark implants placed in other areas of the jaw.

Clinical Observation of Patients with Failed
Implants. OFf the seven patients with fuiled pterygzo-
wiaillary implants, two were males. The average age
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Table 4 Marginal Bone Loss of Implants Loaded
Between 12 and 36 Months

Number and percent of implants

Bone loss imm) Mesial Distal
0.1-0.5 4 (17.4%) 7 (30.4%)
0.6-1.0 9 (39.1%) 10 (43.5%)
1.1-2.0 & (34.8%) 4017.4%)
>20 2 (8.7%) 2 (8.7%)
Todal 23 23

Table 5 Medical Conditions and Medications for
Patients With Failed Implants

Patients

I
+

Postimenopausal - - + = o
Estrogen therapy - - = = .
Thyroid condition -
Calcium supplement  +

Social alcohol use
Smoking

Diabetic -
Hypertensive - - + - -

|
1+
[

of female patients was 56.6 years (range 36 to 72

vears), Both male patients were smokers and only

one female pal

In evaluating hone quality, three females had type
IV bone and one had a combination of type 11 and
type 111 One male had type I1T bone; the other had
type IV, All implants lost in females were 15 mm
long; one was self-tapping. One implant in a female
required bone-thread tapping during placement.
Lost implants in male patients were 13 mm and 18
mm long and were placed without bone tapping.

In reviewing the general health and systemic
condition of the five females with pterygomaxillary
implant failures, it was noted that two were
postmenopausal, none had had estrogen therapy,
none had a thyroid condition, and one supplemented
lier diet with caleium. Two of the women admitted to
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Fig 2a  Pterygomaxillary implant with three additional
implants prior to stage || surgery.

Fig 2b  Definitive four-implant-su; d prosthesis with a
4 i pleryy illary implant,

Fig 3a  Prerygomaxillary implant on the left side and anterior
implants prior to stage 1l surgery.

using aleohol socially. One woman had controlled
hypertension. The male patients who lost pterygo-
maxillary implants were in good health. None had a
thyroid condition, none used caleium supplements,
and all used aleohol socially. One man had controlled
hypertension (Table 5).

Analysis of the Seven Failed Implants

Patient 1. White female, age 50, premenopansal,
diet supplemented with caleinm and vitamin 1. Both
the ptervgomaxillary implant and the 10 mm implant
beneath the antrum failed to integrate after a 5-
month healing period, Prosthetic treatment involved
restoration of the two anterior implants with addi-
tional implants pliced in the posterior region (Fig 2a).
A wider-diameter implant replaced the failed 13 x
3.75 mn perygomaxillary implant. Five months later,
osseointegration was complete and the final prosthe:
fabricated, uniting all four implants (Fig 2b).

Patient 2. White male, age 52, heay
uses alcohol consistently, A periodontally Failing
molar abutment supporting a fixed prosthesis in the

Fig 3b  The ated pler illary implant was
removed and an anterior implant-supported prosthesis with
nonfunctioning premolar cantilevers was placed.

left maxilla was removed and the maxillary central
incisors, left lateral, and e e were removed
because ol traumatic injury. Five Brianemark
implants were placed in the ant maxilla and one
in the ptervgomaxillary region (Fig 3a). Six months
after placement, the pterygomaxillary implant was
not ossevintegrated and was removed. The prosthetic
restoration was shortened with a distal cantilever
extending from the five anterior implants. The two-
tooth cantilever provided an esthetie facade with no
occlusal funetion (Fig 3h).

Patient 3. White female, age 72, Two implants
were placed in the left posterior maxilla, one in the
area of the second premolar, the other in the
prervgomaxillary region (Fig 4a). Prior to abutment
conmection, the panoramic radiograph indicated
probable implant location in the antram rather than
in the region of the ptervgoid plates. At second-stage
surgery, the abutment initially appeared stable, but
when the abutment was attached to the implant,
mobility was identified. The implant was removed
and the single premolar implant was restored using a
CeraOne abutment. No additional prosthetic inter-
vention was required (Fig 4b).

The Internaticnal Journal of Oral & Maxillofacial Implants 93



Balshi et al

Fig 4a  Posterior implant did not engage the pterygomanillary
cortical plates,

Fig 52 Prerygomaxillary implant was placed in anticipation of
loss of the molar abutment tooth,

Patient 4. White female, age 36, de
phobic. Even the most simple dental procedures
required general anesthesia. Three implants were
placed in the left posterior maxilla, including a
15 % 3.75 mm implant in the pterygor Yy region.
age surgery, the pterygomaxillary
implant was mobile and removed (Fig 5a). The two
anterior impl were integrated and a long-
term provisional restoration was placed on these to
permit healing of the molar extraction site prior to
labrication of the final prosthesis (Fig 5h).

Patient 5. White female, age 61. Medical findings
included allergy to all antibiotics and other medica-
tions. Four implunts were placed; three between the
right molar and canine, and one 15 x 3.75 mm
implant in the pterygomaxillary region. Six months
following placement, second-stage surgery was per-
formed, involving the removal of both the noninte-
grated plerygomaxillary implant and the natural first
molar (Fig 6). A free-standing implant-supported
lixed prosthesis was fabricated.

Patient 6. White male, age 61, heavy smoker.
Three implants were placed in the masillary lelt
molar area. Five months after implant placement, the
pterygomaxillary implant was not ossevintegrated
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Fig 4b  Following removal of the posterior implant, a CeraOne
abutment was used to restore the anterior implant. No further
treaiment was requined.

Fig 5b  Both the prerygomaxillary implant and the molar were
removed al stage |l surgery.

{Fig 7). The two remaining implants were integrated
and a fixed prosth ibricated.

Patient 7. White female, age 64, excellent health.
Four implants were placed in the left posterior max-
illa, including a 15 % 3.75 mm implant in the ptery-
gomaxillary area. The patient subsequently
experienced intermittent episodes of myofascial pain
and discomfort (Fig 8a). Eight months after initial
implant placement and three months after functional
loading, two of the posterior implants were removed
at the patient’s request, in spite of the fact that they
were stable and appeared to be ossecintegrated. The
two remaining implants were stable and restored
with a provisional restoration. Two months later, the
patient continued to experience severe pail d
insisted that the most posterior implant be removed,
This implant was well osseointegrated and extremely
difficult to remove, In addition, the first premolar,
which had been endodontically treated, was also
removed. The patient underwent neurologic testing
and a diagnosis was made of trigeminal neuralgia.
t months following removal of the premolar and
the third implant, a CeraOne abutment was attached
to the remaining single implant and a three-unit
prosthesis consisting of an anterior and posterior




Fig 6  Presygomaxillary implant placed anticipating its suppont
o eliminate a posterior cantilever,

Fig 8a Four leit maxillary implants, with one engaging the
perygomaxillary plate, prior to stage Il surgery.

cantilever was placed (Fig 8b). This prosthesis was
designed to serve I ily as an esthetic lae
with the only ocelusal contact directly over the
implant. Both cantilevered pontics were total ly
removed from ocelusion.

Discussion

ally, the success of each implant was evaluated
s of mobility test, sound on percussion, and
marginal bone loss seen on the panoramic
radiograph. The success criteria suggested by
Albrektsson et al' in 1986 were considered when
evaluating all implants. However, even with marginal
bone loss greater than 2 mm in the third year, the
two affected implants re ned stable in function
and presented a healthy mucosal response.

In partially edentulous there are several
coneerns u 'ug osseointegrated implints compared
with those in completely edentulous patients

Balshi et al

Fig 7  Three implants in the lefl posterior maxilla. The plerygo-
manxillary implant does not engage the perygoid plate.

a th il

Fig 8b CeraOne P
with nonfunctioning cantilevers,

porting bone-anchored prostheses: (1) ural
teeth may serve as a bacterial reservoir providing the
pathogens associated with peri-implantitis; (2) there

; and (3} differences in
mobility characteristics between implants and the
natural teeth in situations where natural teeth are
connected to the implants, ereating a potential risk
for biomechanical complication.

In this report, t)nll\‘ impiul ts I)[u('('d in the plerygo-
miillary region of partially edentulous patients were
investigated. The success rate for pterygomaxillary
implants was 86.3%, which compares Fworably with
the results of previous studies of maxillary implants.
It is important to note previous studies reporting
suceess rates for maxillary implants analyvzed primar-
ily implants that were placed anterior to the antrum
sath it, if bone volume permitted. The general
ary anterior hone is usually superior
wd in the posterior maxilla. Previously,
2! has been related to short

or bel
quality of
to that ft
implant loss in the maxi
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