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Abstract

In maxillary molar region implant therapy, support is sometimes obtained from
trabecular bone comprising the maxillary tuberosity, pterygoid process of the sphenoid
bone, and pyramidal process of the palatine bone. Great care is necessary in such cases
due to the presence of the greater palatine canal, which forms a passageway for the
greater palatine artery, vein, and nerve. However, clinical anatomical reports envisioning
embedding of pterygomaxillary implants in this trabecular bone region have been lim-
ited in number. In this study, the 3-D morphology of the greater palatine canal region,
including the maxillary tuberosity region and points requiring particular care in pterygo-
maxillary implantation, were therefore investigated. Micro-CT was used to image 20
dentulous jaws (40 sides) harvested from the dry skulls of Japanese individuals with a
mean age of 28.2 years at time of death. The skulls were obtained from the Jikei University
School of Medicine cadaver repository. Three-dimensional reconstruction of the trabecu-
lar bone region, including the greater palatine canal, was performed using software for
3-D measurement of trabecular bone structure. Trabecular bone region morphometry
was performed with the hamular notch-incisive papilla (HIP) plane as the reference
plane. The results showed a truncated-cone structure with the greater palatine foramen
as the base extending to the pterygopalatine fossa. This indicates the need for care with
respect to proximity of the dental implant body to the greater palatine canal and the risk
of perforation if it is embedded in the maxillary tuberosity region at an inclination of 60°
toward the lingual side. Moreover, caution must be exercised to avoid possible damage to
the medial wall of the maxillary sinus if the inclination of the embedded dental implant
body is almost perpendicular to the HIP plane.

Keywords:  Greater palatine canal — Dental implant— Maxillary tuberosity—
Morphology — Skull
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Introduction

Performing implantation in the maxillary
molar region is generally considered diffi-
cult"®"”, partly due to the small operative
field and presence of the maxillary sinus'”. A
number of procedures have been developed
to resolve these difficulties, including bone
generation, sinus lift, and zygomatic and
pterygomaxillary implants™'”. Pterygomaxil-
lary implants are usually embedded in the
maxillary tuberosity or pterygoid process of
the sphenoid bone. This is because there is
only minimal change in trabecular bone
structure in these areas over time, which
means they offer an optimal locus for implant
therapy. There have been several reports on
pterygomaxillary implants. Khayat and
Nader'” noted a pterygomaxillary implant
survival rate of 88.2% in edentulous patients
of a mean age of 60 years, and Candel e al”
noted a mean take rate of 90.7% for implants
embedded in the maxillary tuberosity region,
together with a high level of post-prosthesis
patient satisfaction.

Many researchers have examined the
regional anatomy of the maxillary tuberosity
and pterygoid process of the sphenoid bone
together with their surroundings. In such
studies, the locus comprising the maxillary
tuberosity, pterygoid process of the sphenoid
bone, and pyramidal process of the palatine
bone is usually referred to as the trabecular
bone region. It has been noted that trabecu-
lar bone structure is resistant to change under
tractive force originating in the surrounding
masticatory and palatine muscles over time'”.
The greater palatine canal is an important
constituent in this region. It forms the pas-
sageway for the greater palatine artery, vein,
and nerve, and serves as an important land-
mark in dental anesthesiology”. In this light,
many researchers have investigated the locus
of the greater palatine foramen as the outlet
of the greater palatine canal™""*'”, and recon-
struction of the anatomical morphology of
the greater palatine canal and the pterygo-
palatine fossa from 3-D structure images
obtained by cone-beam CT has also recently

Suzuki M et al.

been reported”. Little has been reported,
however, on the clinical anatomy of the tra-
becular bone region with respect to the
embedding of pterygomaxillary implants.
The purpose of the present study was to inves-
tigate the 3-D morphology of the greater pala-
tine canal, including the maxillary tuberosity
region, and discuss its implications for ptery-
gomaxillary implantation.

Materials and Methods

A total of 20 Japanese human skulls were
used in this study. All the skulls were obtained
from individuals aged between 15 and 44
years at time of death (mean age, 28.2 years).
All were obtained from the cadaver repository
of the Jikei University School of Medicine. All
were from individuals with healthy teeth and
jaws with no abnormal osseous damage or
deformity or dental damage. They were
selected based on bilateral absence of maxil-
lary wisdom tooth eruption and clear presen-
tation of the maxillary tuberosity.

The materials were imaged using a micro-
CT system (HMX-225Actis4; Tesco Co., Tokyo,
Japan) under the following basic conditions:
tube voltage, 100KkV; tube current, 70 uA;
strength, X2.5; slice width, 50 wum; matrix
size, 512 X 512; slice voxel size, 140 X 140 X 50
pm; and imaging intensifier, 4-inch. The raw
data consisted of 1,200 images obtained with
a CCD camera with 16 bits per inch and
1,024 1,024 scan lines; reverse projection
was used for the 2-D slice data.

1. Observation of osseous morphology in
3-D reconstruction

Three-dimensional reconstructions were
obtained from the slice images using 3-D
reconstruction software (Tri-3D/BON,
RATOC, Tokyo, Japan) for observation of
osseous morphology in the trabecular bone
region.

2. Osseous morphometry

Osseous morphometric analysis of the 3-D
reconstructions was performed with the same
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Fig. 1
occlusion

s: greater palatine canal.
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Fig. 2 Greater palatine canal morphometry

Panel A: 10 levels in height of greater palatine canal as
measured from HIP plane. Panel B: greater palatine
canal length (anteroposterior diameter) denoted as a
and width denoted as 4. PPF: pterygopalatine fossa;
GPF: greater palatine foramen.

software (Tri-3D/BON). The hamular notch-
incisive papilla (HIP) plane, which is gener-
ally regarded as the virtual occlusal plane”,
was taken as the reference plane as defined
above. The measurement points were on the
hard tissue at the posterior extremity of the
incisive fossa and the lowest point on the left-
right pterygomaxillary suture (Fig. 1). Such
tissue is believed to undergo only minimal
change over time, especially in dentulous
jaws”.

In measuring the greater palatine canal,

Hamular notch-incisive papilla (HIP) plane taken as virtual plane of
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Fig. 3 Morphometry of greater palatine foramen and
surrounding structures

Line segments connecting greater palatine canals
bilaterally denoted as a;, @2, and a3 perpendiculars
from those segments to corresponding posterior nasal
spine denoted as 41, 6, and 4s.

the length was defined as the distance from
the lowest point of the pterygopalatine fossa
to the corresponding region of the greater
palatine foramen, with its height in each
specimen measured in terms of 10 levels start-
ing from the HIP plane of the greater palatine
canal (Fig. 2A), and its anteroposterior length
and its width denoted as @ and b, respectively
(Fig. 2B). Anteroposterior length and width
were compared using a ttest, with the level of
significance set at 5% (p<<0.05).

In observing and measuring the greater
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Fig. 4 Reference plane for measurements of greater
palatine canal and its surrounding structures
in frontal section, with canal divided into two
by E, F, and G

palatine foramen from the palatine side,
three lines between the left and right greater
palatine foramina marked the anterior,
medial, and posterior regions of the greater
palatine foramen, and were denoted as a,, a,
and a;, respectively (Fig. 3); the lengths of the
perpendiculars b, b,, and b, (Fig. 3) drawn
from each of these lines, respectively, to the
corresponding posterior nasal spine region
were measured.

In measuring distances between the greater
palatine foramen and the surrounding struc-
tures, a section including the third molar at
fixed points E, F, and G (Fig. 4) was obtained,
and, on this plane, points P, Q, R, S, and U
were designated (Fig. 5). The measured dis-
tances comprised the horizontal distance
between the outer side of the greater palatine
canal and the medial wall of the maxillary
sinus (P-Q); the perpendicular distance
between the maxillary sinus medial wall and
the HIP plane (Q-R); and the linear distance
between the outer side of the greater palatine
canal and the maxillary tuberosity (P-S). The
measured angles ZSPU and ZSQU were
those formed by points P, Q, R, S, and U (Fig.
5) on planes perpendicular to the HIP plane
and passing through points E, F and G.

All measurements were performed by the
same examiner atintervals of 1 week to reduce
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HIP plane

Fig. 5 Morphometry of greater palatine canal and
surrounding structures in frontal section

P: intersection of line parallel to HIP plane at lowest
point of maxillary sinus and greater palatine canal
medial wall; Q: lowest point of maxillary sinus; R: point
where line passing through Q crosses HIP plane per-
pendicularly; S: alveolar crest; U: intersection of line
parallel to HIP plane at lowest point of maxillary sinus
and lateral wall of alveolar region.

*: greater palatine canal, ¥: Maxillary sinus.

Intra-examiner error.

Results

1. Analysis of trabecular bone region in 3-D
reconstruction

The morphology of the greater palatine
canal resembled a truncated cone, with the
bottom of the pterygopalatine fossa as its top
and the palatine region as its base (Fig. 1).
The greater palatine canal approached the
medial wall of the maxillary sinus (Fig. 6B)
and extended to the maxillary palatine pro-
cess and greater palatine foramen. The lesser
palatine foramen extended posteriorly and
opened to the posterior region of the palatine
bone plate (data not shown). The interior
region of the maxillary tuberosity presented a
structure of sparse cancellous bone covered
with cortical bone (Fig. 6C). The pterygomax-
illary suture was located posterior to the max-
illary sinus (Fig. 6A).
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Fig. 6

tures

Images of greater palatine canal and surrounding struc-

Panel A shows external aspect of pterygomaxillary suture (cir-
cled) and maxillary sinus (5%), with Lines ® and @ indicating
position of horizontal and sagittal sections shown in Panels B and
C. Panel B shows cranial aspect (view from above) of greater pal-
atine canal (%) and maxillary sinus (5%) in horizontal section.
Panel C shows dorsal aspect (view from posterior) of greater pala-
tine canal (*) and maxillary sinus (¥¥) in frontal section.

2. Osseous morphometry

The greater palatine canal presented a
morphology resembling a truncated cone,
with a cross-section that tended to be gener
ally larger in the anteroposterior direction at
the medial wall of the maxillary sinus; this
tendency increased with growing proximity to
the palate. The measured values tended to be
largest in the region near the palate (the
base), with both the anteroposterior length
and width decreasing as the measurement
proceeded upwards, but again increasing in
the region near the pterygopalatine fossa (the
top). The anteroposterior length and width
of the greater palatine canal were thus both
largest at Level 10 and smallest at Level 4
(Table 1); the length was significantly larger

than the width at all of Levels 1-10 (Table 2).
In summary, the results showed that the
greater palatine canal presents an elliptical
cross-section extending from the pterygopala-
tine fossa region (the top) to the palatal
region (the base), with a greater diameter in
the anteroposterior direction.

Observation and measurement of the
greater palatine foramen from the palatine
side showed distance b, to be larger than b, or
b;, and @, to be larger than a, or a;, with no
substantial difference between b, and b; or
between a, and a; (Table 3).

Measurement of the distances between the
greater palatine foramen and the surround-
ing structures showed no differences between
planes E, F, and G in distance P-Q); they also
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Table 1 Length and width of the greater
palatine canal
Length Width
Level
Mean (mm) Mean (mm)
1 2.81 2.01
2 2.58 1.91
3 2.57 1.86
4 2.53 1.78
5 2.61 1.86
6 2.71 1.97
7 2.96 2.31
8 3.08 2.2
9 3.51 2.41
10 3.96 2.72

Table 2 Summary of Student’s ttest for
comparing length and width of
the greater palatine canal

Level Land W p-value
1 * p<0.001
2 * p<0.01
3 * p<0.001
4 * p<0.001
5 * p<0.001
6 #* p<0.001
7 * p<0.001
8 * p<0.001
9 * p<0.001

10 * p<0.001

Statistically significant differences: p<0.05

showed uniform spacing of the alveolar bone
between the greater palatine canal and maxil-
lary sinus. Distance P-S was found to be larger
than distances P-Q or Q-R (Table 4). The
mean values of the measured angles on the
planes perpendicular to the HIP plane and
passing through points E, F and G were 49.8°
for £SPU and 82.1° for £ZSQU (Table 5).
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Table 3 Linear measurements between the
greater palatine canal and surrounding
structures (1)

Measurement ~ Mean (mm) SD
ar 33.60 3.3
iz 29.80 1.1
@ 30.10 2.1
2 10.20 6.8
b2 9.20 3.2
bs 9.10 2.2

SD: standard deviation

Discussion

Chrcanovic and Custédio” reported that
the greater palatine foramen was 14mm dis-
tal to the median palatine suture; that it was
located on the opposite side of the third
molar in 54.87% of skulls, distal to the third
molar in 38.94%, and between the maxillary
second and third molars in 6.19%; and that in
many skulls it opened in the anteromedial
direction. Slavkin'” also reported that the
greater palatine foramen was found 1-3mm
distal to the third molar in adult bones. In the
present study, the designation of three points
(E, F, and G) on the greater palatine foramen
was investigated as a means of identifying
aspects requiring particular care in greater
palatine canal implant therapy. The results
indicate that the risk of damaging the greater
palatine canal in implant therapy can be accu-
rately assessed on this basis, despite such
physical differences in the location of the
greater palatine foramen.

Itis generally recognized that the direction
of opening on the greater palatine canal axis
in the lateral aspect is approximately 50-60°,
and that the angle with the greater palatine
canal anterior wall diminishes sharply below
the medial region, strongly tending to become
more acute than that of the long axis. It has
also been reported that the structure of the
greater palatine canal widens toward the base,
thus resembling the shape of a folding fan”.
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Table 4 Linear measurements between the greater palatine canal and

surrounding structures (2)

P-Q Q-R P-S
Mean (mm) SD Mean (mm) SD Mean (mm) SD
E 8.1 6.4 7.7 6.4 14.4 6.4
F 7.1 3.1 7.1 3.1 14.1 8.1
G 8.2 4.2 8.2 4.2 13.2 4.2

SD: standard deviation

Table 5 Measured angles of the greater pala-

tine canal and surrounding structures

Z SPU Z SQU

Mean (°) SD Mean (°) SD

49.8 12.1 82.1 9.3

SD: standard deviation

The present results support this finding. This
clearly indicates that the opening in the
greater palatine foramen is large, which raises
concern about the risk of excessive palatal
inclination in implant embedding.

Hongo et al” reported that the pterygo-
maxillary suture, which serves as the posterior
reference in the HIP plane, is located in the
region of the connection between the maxil-
lary tuberosity of the maxillary bone posterior
surface and the region of entry of the pyrami-
dal process of the palatine bone to the ali-
sphenoid notch. It is generally recognized
that the pterygomaxillary suture is obscured
in an edentulous jaw, but it can be clearly rec-
ognized in a dentulous jaw. The incisive canal
opening region in the incisive fossa region
resists change over time, even with tooth loss.
In the present study, the standard deviation of
the measured angles of the greater palatine
canal and surrounding structures showed less
variation. This suggests that measuring the
greater palatine canal in dentulous jaws with
the HIP plane determined on hard tissue
could be highly useful in performing implant
therapy.

W

Fig. 7 Risk classification scheme for implant embed-
ding showing greater palatine canal (%) and
maxillary sinus (Yy)

(D Most Vulnerable Zone; 2 Vulnerable Zone; @) Least
Vulnerable Zone. Left hand side (right hand side)
arrow indicates (D Most Vulnerable Zone (3) Least Vul-
nerable Zone).

In implant surgery in the maxillary tuberos-
ity region, the risks of palatal perforation,
nerve damage, and maxillary sinus posterior
perforation are among the matters of primary
concern. With a pterygomaxillary or other
relatively long implant, in particular, it is
essential to exercise care in regard to its prox-
imity to the greater palatine canal and
nerve®'”. The largest value found for £SPU
in the present study was approximately 60°,
which clearly raises concern in regard to prox-
imity to the greater palatine canal and risk of
perforation in embedding an implant in the
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maxillary tuberosity region with a palatal
inclination of 60°. It was therefore concluded
that the following 3 areas represented decreas-
ing order of risk of perforation on the palatal
side: the Most Vulnerable Zone, in which the
implant angle toward the palatal side is 60° or
less; the Vulnerable Zone, in which it is 60-80°;
and the Least Vulnerable Zone, in which it is
80° or more (Fig. 7). At the same time, it was
also determined that the risk of damage to the
maxillary sinus medial wall increases in the
Vulnerable Zone, in which the inclination
angle of implant embedding more closely
approaches the perpendicular to the HIP
plane. In the Least Vulnerable Zone, finally, it
was concluded that the risk of damage to the
greater palatine canal may be regarded as
vanishingly small, but care is essential in
regard to proximity of the implant body to the
maxillary sinus.

In pterygoid plate implantation, it is gener-
ally recommended that a relatively long
implant (20 mm) be implanted with an incli-
nation of 45° in the sagittal plane”, but little
has been reported in regard to basic measure-
ment of the distance from the alveolar ridge
region to the greater palatine canal. In regard
to linear measurements between the greater
palatine canal and maxillary tuberosity (dis-
tance P-S), the present results showed that
the mean distance was between 13.2 and
14.4mm (Table 4). This indicates that an
implant with the recommended length of
20mm and a palatal inclination will tend to
preclude maintenance of an effective distance
between the greater palatine canal and alveo-
lar crest region, and thus may result in close
proximity to the canal.
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