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Aim Loss of bone in the posterior maxilla through resorption
due to atrophy, periodontal disease or enlargement of the
maxillary sinus create challenges to implant placement.
Frequently, osseous augmentation has been utilized to create
adequate bone volume to house traditional implants. In
recent years, utilization of specialized implants placed into
the pterygoid area have allowed circumvention of the lack
of adequate bone in the molar region, while avoiding sinus
augmentation to utilize bone on the tuberosity area to either
connect with traditional implants in the premolar zone, angled
pterygoid implants avoiding the anterior wall of the sinus or in
severe resorption cases to zygomatic implants.

Materials and methods This article will discuss the
utilization of pterygoid implants from planning to surgical
placement and the initial restorative phase of treatment.
Results Pterygoid implants allow restoration of the resorbed
posterior maxilla in less time by avoiding the healing period
required when osseous grafting would be required to
place implants in the deficient ridge below the enlarged
sinus. Treatment costs for the patient are also shortened by
elimination of maxillary sinus augmentation procedures.
Conclusion Pterygoid implants should be considered when
inadequate bone is present in the posterior maxilla as an
alternative to osseous augmentation to permit implant
placement.

Pterygoid implants; Maxillary posterior resorption;
Tuberosity; Pterygoid process; Osseodensification.

Loss of teeth in the maxilla, specifically in the posterior
segments, may complicate implant placement related to

enlargement of the maxillary sinus through a combination
of crestal resorption and pneumatization of the sinus,
both natural occurrences. The posterior maxilla poses
some challenges for the surgeon with limitations to
implant placement (1). Those include low bone quality
and quantity, pneumatization of the maxillary sinus and
poor accessibility to the area (2). Low bone density at
possible implant sites reduces implant success related to
impairment of the primary stability of the implants (3-5).
Implant placement in those circumstances has traditionally
required sinus augmentation to create sufficient volume
of bone to house the planned implants. This may allow
simultaneous implant placement at the time of grafting or
may require a delay to allow graft healing before implant
placement. Alternatively, implant placement into the
tuberosity with engagement into the pterygoid process
has been utilized to avoid augmentation of the sinus and
take advantage of bone present in that region and the
anatomy.

Pterygoid implants have been placed in combination
with traditional implants placed mesial to the maxillary
sinus (premolar area) and in combination with zygomatic
implants when restoring a partially or fully edentulous
maxillary arch. Implant placement in the tuberosity and
pterygoid region provides posterior bone support, while
not requiring sinus augmentation, utilizing bone present
to house the implant. Placement of pterygoid implants is
more technically demanding than placement of traditional
implants either in a grafted sinus area or anterior to the
maxillary antrum. Few risks associated with implant
placement in pterygoid area have been reported and
placement in this region allows more distal placement
of implants for better prosthetic load management. Loss
of the implant into the infratemporal space, affecting
pterygoid muscles, trauma to nerves leading to facial
sensory issues is one of the few risks with placement
of implants into this area (6). A metanalysis from 1995
through 2018 reported mean implant survival rate of
94.87%, demonstrating that pterygoid implants can
be successfully used in patients with atrophic posterior
maxilla (7).

The tuberosity is the posterior portion of the maxillary
alveolar ridge and presents as a convex protuberance that
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is typically distal to the second molar when present. The
medial and posterior boundary is the pyramidal process
of the palatine bone and the anterior surface of the
pterygoid process of the sphenoid bone (8). The pyramidal
process binds to the anterior surface of the pterygoid
plates of the sphenoid bone and is interposed between
the inferior end of the pterygoid plates and the maxillary
tuberosity creating a narrow column of dense bone,
referred to as the pterygoid pillar, into which the apical
portion of an implant may be placed. The bone within
the tuberosity is typically of poor quality; therefore, use
of osseodensification with appropriate instruments such
as the Densah burs (Versah LLC, Jackson, Michigan, USA)
is recommended to improve bone quality around the
implant being placed into the pterygoid area.

When the tuberosity has favorable dimensions in height,
width, and length, an implant may be successfully placed
within this osseous anatomy. However, when the volume
and/or quality of the tuberosity bone is insufficient, a
more medially angled and posteriorly placed implant is
determined by the maxillary sinus posterior walls angle
(9). The implant requires placement parallel to the
posterior sinus wall to prevent penetration of the sinus,
necessitating the angled implant placement. Related to
the anatomy an implant may be placed to have greater
bone-implant-contact (BIC) and a tapered implant is
recommended in greater length than typically placed
elsewhere in the arch. Care during osteotomy preparation
and implant insertion to avoid perforating the posterior
wall of the maxillary sinus or the posterior aspect of the
pyramidal process of the palatine bone, and the pterygoid
process of the sphenoid bone. Support for pterygoid
implants is derived from the maxillary tuberosity, the
pyramidal process of the palatine bone, and the pterygoid
process of the sphenoid bone (10). The length of pterygoid
implant ensures that the implant can engage the cortical
bone of the pterygopalatine suture.

Radiographic analysis is important to understand

the patient's particular anatomy and plan the point
of initiation into the bone by the drills as well as the

angulation that will parallel the posterior sinus wall and
keep the implant within the osseous anatomy. Essentially,
the edentulous tuberosity and pterygoid area is classified
as one of two types (Fig. 1). Type A presents as osseous
height in the tuberosity with the posterior wall of the
maxillary sinus in a more anterior position, which
allows the implant placement to be more vertical in
orientation but still medially tilted (Fig. 1 left). This places
the pterygoid implant in a higher position bypassing
the pyramidal process, engaging only the tuberosity
and the pterygoid bone. Typically, this has the implant
platform positioned more distal than type B, which
may be at the second or third molar position. A type B
clinical presentation has less available osseous height
to the tuberosity as well as greater sinus enlargement,
necessitating a greater angle of placement so that the
pterygoid implant is in a lower position engaging the
tuberosity, pyramidal process and pterygoid bone (Fig. 1
right). This may place the implant platform more mesial
than in type A with emergence at the 3rd molar position.
Depending on whether the pterygoid implant is placed
high or low, different osseous structures will be traversed
by the implant when it is placed (Fig. 2). Those structures
include the medial pterygoid plate of sphenoid, pyramidal
process of palatine bone and the maxilla.

PTG implant and surgical procedure for pterygoid
implant placement:

The PTG implant (Biohorizons, Birmingham, AL, USA)
is specifically designed for use in the pterygoid area
or may also be placed mesial to the maxillary sinus to
avoid the need for sinus augmentation by angulation
paralleling that structure. The implant is available in a
4.2 mm diameter in two lengths (15 and 18 mm) (Fig.
3). Determination on which length is appropriate will be
based on a measurement on the radiograph from the
crestal surface, paralleling the sinus and extending into
the pterygoid process. The reduced apical diameter of 2.2
mm allows for precise placement of the implant apex in
the narrow osseous confines with the dual tapered body

FIG. 1The area of the posterior edentulous maxilla can be classified into two groups depending on the position of the maxillary sinus in relation to the available bone
of the tuberosity where a pterygoid implant will be placed. The High PTG (left) permitting a more vertical placement going through tuberosity and reaching pterygoid
plates but not passing through the pyramindal process and the Low PTG (right) requiring placement angled posteriorly which passes from tuberosity, pyramidal

process and finally reaching the pterygoid plates.

FIG. 2 The pterygoid implant depends on if its high (left) or low (right) placement contacts different bone in the posterior maxilla (green- medial pterygoid
plate of sphenoid, purple- pyramidal process of palatine bone and blue- maxilla).
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FIG. 3 The PTG (pterygoid)
implants are provided in 4.2 mm
diameter and in two available
lengths, 15 mm and 18 mm
to accommodate anatomical
conditions.
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FIG. 5 The osteotomy drills are
clearly marked for depth to aid in
site preparation in the posterior
maxilla where visualization
may be hampered due to the & Omm
surrounding anatomy.

and aggressive buttress threads suitable for engagement
during angled placement providing stability in the
pterygomaxillary region. A reduced collar is present to
preserve crestal vital bone and preventing deviation
during placement. The crestal 1.8 mm of the implant has
the Laser-Lok surface with micro-threads that has been
demonstrated to create a connective tissue attachment
and aid in retaining crestal bone. The Laser-Lok surface
has been shown to reduce the incidence of peri-implantitis
compared to traditional surfaces and attract a physical
connective tissue attachment (11-16). The implant has an
internal hex connector providing a platform switch to a
3.5 mm prosthetic diameter.

Following local anesthetic administration to the posterior
maxilla, a crestal incision is made from the hamular notch
mesially to the premolar area, a vertical releasing incision
is made at the anterior aspect of the incision and a full
thickness flap is elevated to expose the tuberosity. When
implants will be placed in a full arch surgical approach,
the crestal incision would be continued to the opposite
hamular notch and the vertical releasing incision may be
placed in the canine area bilaterally or at the midline. A
dimple is created at the planned osteotomy at the center
of the tuberosity with a #6 round bur in the surgical
handpiece (Fig. 4A). This will prevent the subsequent drill
from skipping over the bone as they initiate penetration.
The alignment drill (Fig. 4B) is next used to initiate
the osteotomy to a depth of 5 mm at the angulation
planned based on radiographic analysis. The hub on this
drill prevents further penetration than 5 mm ensuring
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FIG. 4 Surgical instrumentation for site preparation and placement of the
pterygoid implant which includes: #6 round bur (A), alignment drill (B), 1.5
mm starter drill (C), Lindemann drill (D), osteotomy drills in 2.0, 2.5, 2.8,
3.2and 3.7 mm diameter (E), handpiece driver (F), rachet driver (G), drill

extender (H), 4 mm square drive extender and hand wrench (1), deep bone
profiler (J) and bone profiler guide pin (K).

greater safety. The alignment drill can be removed from
the handpiece and inserted into the hole it created in the
tuberosity and a periapical radiograph taken to verify that
the trajectory of the drill parallels the posterior wall of
the sinus. Should the angle require correction this may
be done before proceeding to the next drill. Next, the 1.5
mm starter drill (Fig. 4C) is utilized to a depth until the
dense bone of the pterygoid plates are felt and. The drills
are then purposefully punctured through by 1-2 mm. of
10.5 mm based on the depth marking on the drills shaft.
Angulation verification may also be performed with this
drill inserted into the site prior to radiograph capture.
Should the angulation require correction the Lindemann
bur which is side cutting may be used (Fig. 4D). The
osteotomy is continued using extended shank HD drills
(Fig. 4E) that are available in 2.0, 2.5, 2.8, 3.2 and 3.7 mm
diameters. These drills have clear measurement markings
so the surgeon can see the depth the drill is at in the
posterior maxilla (Fig. 5). Should osseodensification be
planned as part of site preparation following use of the 2.0
mm extended shank HD drill, the osseodensification drills
would be used short of the depth to a 3.7 mm width and
then the implant itself will do the final osseodensification
during placement.

Drill sequence will be determined based on the density of
the bone present at the site that will accommodate the
implant. Bone at the osteotomy site can be thus divided
into normal, low or high density and the technique
employed to create the osteotomy and place the implant
will vary accordingly. Site bone density can be estimated
based on the radiographic appearance or in the case of
use of a CBCT, the Hounsfield number as determined in
the software, but is properly determined by the surgeon
by use of the starter drill or 2.0 mm initial drill at the site
(Fig. 6). The 2.0 mm drill is taken to the depth for the
planned implant as measured from the crest utilizing the
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markings on the drill for either 15 or 18 mm. A radiograph
can be taken with this drill detached from the handpiece
inserted into the osteotomy to verify angulation and
depth related to the anatomy present.

When normal density bone is noted osteotomy sequence
will follow this sequence. The osteotomy is continued with
the 2.5 mm PTG dfrill to final depth (Fig. 7). The site is further
prepared with the 2.8 mm PTG drill to final depth. This is
repeated with the 3.2 mm drill (Fig. 8) and osteotomy site
preparation is completed with the 3.7 mm drill to depth (Fig.
9). The site is now ready for implant placement.
Improvement in bone density in low density bone and
its quality can be accomplished with osseodensification,
a useful technique to obtain increased implant insertion
torque and bone to implant contact (BIC) (17,18). When
low density bone presents at the site osseodensification
with Densah drills is recommended to improve bone
quality that will surround the PTG implant being placed.
Osseodensification with the Densah drills has no reported
negative effects on healing (19). Following use of the 2.0
mm PTG bur to the selected depth of 15 or 18 mm. The 2.3
mm Densah osseodensification bur is advanced to depth
at the angulation established by the 2.0 mm drill. This is
then followed by the 2.5, 3.0, 3.3, 3.5 and then completed
with the 4.0 mm Densah drills to the established depth.
When very low density bone is present following use of
the 3.5 mm Densah drill, the osteotomy can be filled with
either autogenous or allograft bone and the 3.5 mm drill
used again to further laterally condense the site increasing
bone density and quality prior to implant insertion. In this
clinical situation the 4.0 mm drill would not be used and
the implant would provide the final osseodensification as
itis inserted yielding a stable implant upon final seating in
the site. As the osteotomy is greater depth and due to the
position in the posterior maxilla, the drill extender (Fig.
4H) will be necessary to allow osseodensification to the
desired depth to accommodate the implant being placed.
When dense bone is present at the planned osteotomy site

FIG. 6 A 2.0 mm drill Is utilized following the same angulation and track
that was performed with the 1. 5mm starter drill to the desired depth of
either 15 or 18 mm, depending on the PTG implant that has been planned
based on anatomy present (lllustration Mike Chapman).

FIG. 7 The osteotomy is continued with the 2.5 mm drill to the established
depth (lllustration Mike Chapman).

FIG. 8 The osteotomy is then continued with the 3.2 mm drill following
the angulation and depth established with the prior PTG drills (lllustration
Mike Chapman).

FIG. 9 The osteotomy is completed with the 3.7 mm drill to accommodate
the 4.2mm diameter PTG implant which will perform osseocompression
as itis inserted into the osteotomy providing good initial stability with the
surrounding bone (Illustration Mike Chapman).
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FIG. 17 Initial placement
of the PTG implant into the
osteotomy is accomplished
with the handpiece driver
until resistance is felt

then further advancement
is performed with the
ratchet driver.

FIG. 10 The handpiece and ratchet
drivers have a hex that locks into the
internal hex in the PTG implant with a
PEEK snap ring that frictionally connects
the driver and implant preventing

the implant from falling off the driver
while carrying it to the prepared site
intraorally.

as determined by some physical resistance when the 2.0
mm PTG drill is used, it is advised that the 2.3 mm PTG
drill be used next for site preparation as the 2.5 mm drill
will meet some resistance and it is possible that may cause
some burnishing of the bone at the osteotomy and affect
osseointegration with the implants surface. This is then
followed by the 2.5, 2.8, 3.2 and 3.7 mm drills to depth. A
4.0 mm osteotomy drill can be used at the crest to a depth
of 4-5 mm to allow easier implant placement in the denser
bone of the site.

When the osteotomy has been completed, the handpiece
driver (Fig. 4F) is placed into the surgical handpiece and
inserted into the implant in the container with the hex on
the driver engaging the implants internal hex. A PEEK snap
ring engages the implant apical to the hex to stabilize the
implant on the driver and prevent it falling when being
carried from the container to the osteotomy site during
insertion (Fig. 10). The implant is carried to the osteotomy
on the driver and at 30 rpm and set at 35 ncm torque, the
PTG implant is threaded into the site until it is placed 34
into the osteotomy or the surgical unit reaches insertion
torque (Fig. 11). Should the implant not be to the desired
depth that the osteotomy was prepared to, or higher
insertion torque is required to fully seat it, a ratchet driver
is placed into a torque wrench (Fig. 4G) and then placed
into the implant to allow greater insertion force to fully
seat the implant. Should the anatomy not allow the two
drivers to get close enough to place the implant into the
site, a drill extender will work by engaging the latch end
of the handpiece driver (Fig. 4H) or a 4 mm square drive
extender can be used with the ratchet driver (Fig. 41). A
hand wrench will engage the ratchet driver or its extender
when initial hand placement is desired before use of the
torque wrench.

Orientation of the hex is important to align the multi-
abutment correctly and one of the hex flats needs to be
at the buccal of the ridge (Fig. 12 left). The geometry of
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FIG. 12 Orientation of the flat of the implants internal hex is aided by a dimple
on the handpiece or ratchet driver which corresponds to the hex flat.

¥/
FIG. 13 A 3.5 mm diameter bone profiler is used with a quide pin that is
threaded into the PTG implant to guide bone removal (left) to expose the
implants platform and allow seating of prosthetic parts without sacrificing
lateral bone (right) that may be removed with traditional burs at implant
uncovery.

the hex will when the hex is oriented to the buccal also
place a hex flat on the palatal side of the ridge. The two
drivers to aid in this orientation during implant insertion
have a dimple on the side of the driver that corresponds to
one of the hex flats (Fig. 12 right). The goal during implant
insertion is that at final insertion into the osteotomy, the
dimple is at the mid buccal (or mid palatal) of the ridge,
assuring that the implants hex is oriented properly.

The PTG pterygoid implant upon placement is set slightly
below the crestal and modification of the crestal bone is
required for placement of the multi-abutment whether
immediate or delayed loading will be performed to allow
osseointegration. A guide pin (Fig. 4K) is inserted into the
PTG implant placed at the site, which will act as a guide for
the bone profile drill to be utilized. The bone profile drill
(Fig. 4J) has a diameter of 3.5 mm and is inserted over the
guide pin, the handpiece activated and advanced along
the pin until the guide pin prevents further advancement
towards the implant. This ensures that bone is only removed
immediately over the implant and the drill does not affect
the most coronal surface of the implant platform.
Following bone profiling selection of the multi-abutment
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Straight 1T degree 30 degres

FIG. 14 Straight multi-unit abutments are typically used, but due to the
angulation that the pterygoid implant is placed both in the mesial-distal
and buccal-palatal planes an angled multi-abutment is required, which
are available in both a 17 and 30 degree angulation with all multi-unit
abutments available in different collar heights based on soft tissue depth.

FIG. 15 Multi-unit try-in abutments are available for the straight, 17 degree
and 30 degree multi-abutments to aid in measurement of the soft tissue
thickness to select the appropriate multi-unit abutment for that specific site.

is needed to position the implant prosthetic emergence
in the proper angulation to permit restoration. Multi-
abutments are available in either straight (Fig. 14 left), a
17-degree (Fig. 14 middle) or with a 30-degree angulation
(Fig. 14 right). As the pterygoid implant is placed related to
the osseous anatomy with the implant tipped to the mesial,
typically an angled multi-abutment will be required to
place the prosthetic axis so that emergence will be on the
occlusal surface of the restoration. The pterygoid implant
may also have been placed with it angled to the buccal
due to osseous resorption. The angled multi-abutment
orientation can be corrected in that plane by rotation
of the abutment in a mesial or distal direction before
inserting it to engage the hex of the PTG implant. Usage
of a straight multi-abutment would angle the prosthetic
axis to the mesial and make insertion of the prosthetics
difficult to allow engagement of the multi-abutment on
its mesial aspect. The straight multi-abutment is utilized
on implants placed in the premolar and molar sites when
that placement allowed for vertical positioning of the
implants in the respected anatomy. To determine which
multi-abutment is required for the site, multi-abutment

FIG. 16 Pterygoid implants may also be placed mesial to the maxillary
sinus to allow avoidance of sinus augmentation and permit placement of
the implant platform distal to where vertical placement in the available
anatomy would allow (multi-unit cover coping on implant on left, multi-
unit coping on implant on right).

FIG. 17 PTG implant placed into the pterygoid area used in conjunction
with zygomatic implants to treat a severely resorbed maxillary arch.

try-in abutments area available (Fig. 15). These try-in
abutments are marked gingivally to determine soft tissue
thickness to aid in selection of the correct cuff height for
the multi-abutment to be utilized at that site.

If immediate loading through a provisional hybrid
prosthesis is planned and insertion torque permits that, a
titanium temporary abutment (multi-unit coping) is placed
on to the PTG implant and picked up in the provisional
restoration (Fig. 16). When immediate loading can not
be performed, a multi-unit cover coping is placed on
the multi-abutment to prevent irritation to the patient's
cheek and tongue during the healing phase (Fig. 16).

DISCUSSION

Pterygoid implants have seen increased usage to aid in
avoiding augmentation when the makxillary sinus has
enlarged and/or periodontal bone loss presents with
inadequate height for implant placement in the posterior
maxilla. Bone in the tuberosity is typically not affected
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by sinus enlargement and presents with bone to allow
longer implants to be placed at or distal where the 2nd
molar would be restoratively. With greater degrees of
crestal resorption that will require greater angulation of
the pterygoid implant to engage the available bone and
preplanning through CBCT evaluation of the area is needed
to determine what angulation of implant placement (group
A or B) and whether a 15 or 18 mm implant will engage the
osseous structures of the pterygoid area. Additionally, the
PTG implant may also be utilized anterior to the maxillary
sinus, skirting the mesial sinus wall when adequate bone is
present in the premolar area of the arch to either connect
with a PTG implant at the tuberosity or implants placed
anterior to this implant (Fig. 16). Those cases being treated
with zygomatic implants may also be supplemented with
pterygoid implants allowing better posterior stabilization
for improved load handling during function (Fig. 17).

Utilization of pterygoid implants allows restoration of the
resorbed posterior maxilla in less time by avoiding the
healing period required when osseous grafting would be
required to place implants in the deficient ridge below the
enlarged sinus. Treatment costs for the patient are also
shortened by elimination of maxillary sinus augmentation
procedures. Pterygoid implants should be considered
when inadequate bone is present in the posterior maxilla
as an alternative to osseous augmentation to permit
implant placement.
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