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population using cone-beam computed tomography (CBCT) technology.
Materials and Methods: CBCT images of 79 Lebanese adult patients (38 females
and 41 males) were included in this study, and a total of 158 cases were evaluated
bilaterally. The length and path of the GPCs-PPFs were determined, and the data
obtained analyzed statistically. Results: In the sagittal plane, of all the GPCs-PPFs
assessed, the average length was 35.02 mm on the right and 35.01 mm on the
left. The most common anatomic path consisted in the presence of a curvature
resulting in an internal narrowing whose average diameter was 2.4 mm on the right
and 2.45 mm on the left. The mean diameter of the upper opening was 5.85 mm on
the right and 5.82 mm on the left. As for the lower opening corresponding to the
greater palatine foramen, the right and left average diameters were 6.39 mm and
6.42 mm, respectively. Conclusion: Within the limits of this study, we concluded
that throughout the Lebanese population, the GPC-PPF path is variable with a
predominance of curved one (77.21% [122/158] in both the right and left sides);
however, the GPC-PPF length does not significantly vary according to gender
and side.

Received : 02-08-2016
Accepted : 18-08-2016
Published : 19-09-2016

Key words: Cone-beam computed tomography, greater palatine canal, greater
palatine foramen, Lebanese population, pterygopalatine fossa

This is an open access article distributed under the terms of the Creative

Access this article online Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows
- others to remix, tweak, and build upon the work non-commercially, as long as the
Quick Response Code: Website: author is credited and the new creations are licensed under the identical terms.

wwuw.clinicalimagingscience.org For reprints contact: reprints@medknow.com

How to cite this article: Aoun G, Nasseh I, Sokhn S. Radio-anatomical Study of the Greater

DOI: Palatine Canal and the Pterygopalatine Fossa in a Lebanese Population: A Consideration for
Maxillary Nerve Block. J Clin Imaging Sci 2016;6:35.

10.4103/2156-7514.190862 Available FREE in open access from: http://www.clinicalimagingscience.org/text.

asp?2016/6/1/35/190862

1 © 2016 Journal of Clinical Imaging Science | Published by Wolters Kluwer - Medknow



Aoun, et al.: Analysis of GPC-PPF in a Lebanese population using CBCT

INTRODUCTION

The pterygopalatine fossa (PPF) is a paired, inversed
cone-shaped depression, located deep in the infratemporal
fossa and posterior to the maxilla. It communicates with
several other regions via different passageways (fissures,
foramina, and canals). Its rather small dimension, combined
with the numerous components within it, clearly marks the
PPF as a complex region.”

The PPF contains the parasympathetic pterygopalatine
ganglion, the maxillary nerve (CN V2) and artery, their
branches, and the maxillary vein.®! The greater palatine
canal (GPC) extends from the inferior aspect of the PPF
to the greater palatine foramen (GPF) at the hard palate.

The GPC approach to block of the CN V2 by injecting local
anesthesia in the PPF achieves profound anesthesia of
the hemimaxilla including bone, soft tissue, and teeth,**
the midface skin, the nasal cavity, and sinus (during
septorhinoplasty and endoscopic sinus surgery).’

As described by Malamed and Trieger,''® this technique
consists of the insertion of a 25-gauge anesthesia needle,
32mmiin length, through the GPF.The needle is introduced
slowly at an angle of 45° to the big axis of the hard palate
in the GPC to almost a depth of 32 mm in adults.

One point eight milliliters (1.8 ml) of local anesthetic is
injected without compression to avoid the possibility of
tissue necrosis. Aspiration is indispensable before injection;
if blood or air bubbles are aspirated, the needle is removed,
redirected, and reinserted at a different angle.

However, with time, this technique became less popular
after the numerous complications subsequent to technical
difficulties, mainly due to the poor acquaintance of
practitioners with the region anatomy.!'"'2

Among these complications, the persistent paresthesia
resulting from CN V2 trauma or local hematoma
formation,"* the diplopia due to the anesthetic diffusion
into the orbit through the inferior orbital fissure, reaching
and blocking of the abducens nerve (responsible of
the innervations of one of the eye muscles, the lateral
rectus),! and the ptosis from anesthetizing the superior
branch of the oculomotor nerve innervating the levator
muscle of the upper eyelid.”

More severe complications can occur such as the injury
and/or injection of the infraorbital nerve by accidental
penetration of the orbit, a temporary blindness associated
with the vasoconstriction of the ophthalmic artery and
unconsciousness due to the dissemination of the anesthetic
into the middle cranial fossa via the foramen rotundum.!4

In this respect, knowledge of the anatomy and length of the
GPC-PPF is imperative to avoid the said problems. Indeed,
nowadays, the benefit resulting from the technological
advancement of theimaging techniques such as cone-beam
computed tomography (CBCT) provides alternatives for
detailed and accurate assessments.*1*!

The purpose of this investigation was to analyze the
morphology of the GPC-PPF using CBCT data obtained
from Lebanese adult population.

MATERIALS AND METHODS

The study was conducted on CBCT scans of Lebanese adult
patients who were referred to a specialized maxillofacial
imaging center for multiple indications (e.g., impacted
teeth, sinus diagnosis, implant planning). The scans were
acquired using the PaX-Zenith3D® machine (Vatech Co. Ltd.,
Yongin-Si, Republic of Korea) with technical parameters
ranged between 70 and 100 kVp and 7-15 mA, with an
exposure time of 20-35 s and medium to large field of view
according to the clinical case, in respect to the “As Low As
Reasonably Achievable” principle.

All patients were informed in advance that the scans might
be anonymously used for research reasons later and their
consent was obtained. The study got the approval of the
Center Institutional Board.

The inclusion criteria included the age of 18 years or older
and the absence of any pathological changes or deformities
in the region of the maxilla.

Seventy-nine CBCT images of 41 males and 38 females (a
total of 158 cases bilaterally) with an age ranging from 18
to 67 years met the inclusion criteria and were included
in this study.

The images were assessed by one oral and maxillofacial
radiologist having more than 10 years of experience, who
analyzed the lengths and anatomic paths of the right and
left GPCs-PPFs in both coronal and sagittal planes.

Evaluating the images extended over three sessions of
an average of twenty cases each. A 5-day period existed
between the sessions.

To assess measurement error, all measurements were
repeated by the examiner 2 weeks after the first readings
without having in hands the initial results. In the case of any
discrepancies, the mean of the two values was recorded.

To evaluate the length, we considered the higher bony
aspect of the PPF as the upper limit, and the GPF on the
inferior surface of the hard palate as the lower one.
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The palatal soft tissue thickness was not included in the
study.

The observations were made as follows:

1. Mean length of the GPC-PPF and the upper and lower
openings diameter: The axial cut was tilted to see the
path of GPC-PPF in the sagittal cut where we traced two
lines: One at the upper bony border and the second
at the lower part to measure the diameter of both
openings; the length was then measured in millimeters
from these marks [Figure 1]

2. Path of the GPC-PPF: The pathway of the GPC-PPF was
recorded as the description of the descending length
tracing lines. It was classified into two categories:
straight or curved. In the later case, the precise
location of the curvature was noted: upper, middle,
or lower [Figures 1-4].

Descriptive statistics of age, gender, openings diameter
(upper and lower), and lengths of the GPCs-PPFs were
calculated and compared between the left and right
sides using the paired t-test and between males and
females using the independent t-test. The Chi-square
test of association was used to test the difference in
percent distribution of the internal curvatures between
the right and left sides and between genders. Fisher’s
exact test was applied whenever the expected cell
count requirement of 5 was violated. The SPSS’ statistics
20.0 statistical package (IBM°, USA) was used to carry
out all statistical analyses. Statistical significance was
set at 0.05.

Figure 1: A cone-beam computed tomography, sagittal cut at the level of the
pterygopalatine fossa illustrating the method of measuring for the greater
palatine canal-pterygopalatine fossa component: (1) the length (36.9 mm)
and path which is in this case straight (descending yellow line), (2) the lower
limit and opening corresponding to the greater palatine foramen (5.2 mm in
anteroposterior direction), and (3) the upper limit and opening (8.7 mm) as
considered by our study (the higher radiologic bony aspect of the pterygopalatine
fossa).

RESULTS

Descriptive statistics

The anatomic characteristics of the GPC-PPF varied
significantly among the assessed adult population
(mean age 33.59 + 15.42 years). The length ranged from a
minimum of 24.22 to a maximum of 45.30 mm [Table 1].
The mean diameter of the upper opening was 5.83 mm
whereas the average value for the diameter of the lower
opening was 6.40 mm. Values for the diameter of the
curvature lied in a more narrow range; between 1.1 and
3.40 mm (average 2.42 mm) and the majority of curvatures
were located in the middle (60.76% [48/79] on the right,

Table 1: Descriptive statistics of subjects age, greater

palatine canal upper and lower openings, and intra-canal
curvature diameters and length

n Minimum Maximum Mean + SD
Age (years) 79 18 67 33.59+15.42
Diameter upper
opening (mm)
Right 79 3.6 9.7 5.85+1.24
Left 79 3.22 9.8 5.82+1.27
Diameter lower
opening (mm)
Right 79 4 9.7 6.39+1.28
Left 79 4.4 9.2 6.42+1.09
Diameter of
curvature (mm)
Right 64 1.1 4 2.4+0.71
Left 59 1.2 3.4 2.45+0.55
GPC length (mm)
Right 79 24.22 45.3 35.02+3.89
Left 79 24.52 44.3 35.01+3.82

SD: Standard deviation, GPC: Greater palatine canal

Figure 2: A cone-beam computed tomography, sagittal cut at the level of the
pterygopalatine fossa illustrating the method of measuring for the greater
palatine canal-pterygopalatine fossa component: (1) the length (34.2 mm) and
the path which are in this case curved with an upper-located internal curvature
of 2.7 mm diameter, (2) the lower limit and opening corresponding to the greater
palatine foramen (6.9 mm in anteroposterior direction), and (3) the upper limit
and opening (4.5 mm) as considered by our study (the higher radiologic bony
aspect of the pterygopalatine fossa).
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Figure 3: A cone-beam computed tomography, sagittal cut at the level of the
pterygopalatine fossa illustrating the method of measuring for the greater
palatine canal-pterygopalatine fossa component: (1) the length (38.2 mm) and
the path which is in this case curved with a middle-located internal curvature of
2.2 mm diameter, (2) the lower limit and opening corresponding to the greater
palatine foramen (5.8 mm in anteroposterior direction), and (3) the upper limit
and opening (6.9 mm) as considered by our study (the higher radiologic bony
aspect of the pterygopalatine fossa).

49.37% [39/79] on the left; Table 2). Curvatures positioned
in the lower third were a rare occurrence (3.16% [5/158]
of the total sample) and in slightly less than a quarter,
the curvature was absent (22.79% [36/158] of combined
sample; Table 2).

Side-related differences

There were no side-related differences in GPC-PPF
dimensions [Table 3]. The average diameters of the upper
and lower openings differed nonsignificantamounts of 0.03
and 0.04 mm between the right and left sides (P=0.84 and
0.76, respectively). Differences in mean curvature diameter
and length were an even smaller 0.02 and 0.01 mm,
respectively (P =0.82 and 0.97).

The location of the internal curvature, on the other
hand, did display statistically significant side-related
differences (y?=27.467, P < 0.001; Table 4). While the
proportion of middle-located curvatures approached
two-thirds on the right side (60.76% [48/79]), this
occurred in only around half the canals on the left
side (49.37% [39/79]). This difference translated into a
higher proportion of GPCs-PPFs lacking a curvature on
the left than on the right side (26.58% [21/79] compared
to only 18.99% [15/79]) and a slightly higher percentage
with GPCs-PPFs in the upper third (20.25% [16/79] on the
left compared to 17.72% [14/79] on the right). The same
trend was also noted with respect to curvatures located
in the lower third, but the proportion of these was low on
both sides (3.8% [3/79] on the left compared to 2.5% [2/79]
on the right).

Figure 4: A cone-beam computed tomography, sagittal cut at the level
of the pterygopalatine fossa illustrating the method of measuring for the
pterygopalatine fossa component: (1) the length (35.6 mm) and the path
which are in this case curved with a lower-located internal curvature of 1.1 mm
diameter, (2) the lower limit and opening corresponding to the greater palatine
foramen (4.8 mm in anteroposterior direction), and (3) the upper limit and
opening (5.9 mm) as considered by our study (the higher radiologic bony aspect
of the pterygopalatine fossa).

Table 2: Distribution of the location of the curvature inside

the greater palatine canal (n=79)

Position of the Right, n (%) Left, n (%) Combined, n (%)

curvature

Lower 2 (2.53) 3 (3.8) 5 (3.16)
Middle 48 (60.76) 39 (49.37) 87 (565.06)
Upper 14 (17.72) 16 (20.25) 30 (18.99)
Absence 15 (18.99) 21 (26.58) 36 (22.79)
Gender differences

The assessed sample was almost equally distributed by
gender (51.89% males, n=41 out of 79). Only the diameters
of the upper and lower openings displayed statistically
significant differences in the comparison between males
and females [Table 5]. The difference was more pronounced
on the right, the diameter of the upper opening being
on the average 1.05 mm larger in males (P < 0.001)
and the lower larger by 0.8 mm (P = 0.005). Left-side
openings were also larger in males, but to a smaller extent
(upper:0.57 mm mean difference, P=0.048; lower: 0.48 mm
mean difference, P = 0.049). Curvature diameter and
GPCs-PPFslength on both sides were comparable in males
and females (P > 0.160). Similarly, the internal curvature
location displayed no gender-related differences on either
side (right: P=0.859; left: P=0.108; Table 6).

DISCUSSION

The maxillary nerve block through the GPC-PPF is a
very advantageous technique. However, due to many
difficulties causing potential complications resulting from
poor knowledge of the anatomy of the region, a good
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Table 3: Distribution of the diameter openings upper and lower, the curvature diameter and the canal length, by anatomical right

or left side

Mean + SD Difference (right-left)
Right Left Mean t P
Diameter opening upper (mm) 5.85+1.24 5.82+1.27 0.03 0.20 0.84
Diameter opening lower (mm) 6.38+1.28 6.42+1.09 -0.04 —0.31 0.76
Diameter curvature (mm) 2.43+0.71 2.41+£0.53 0.02 0.23 0.82
Canal length (mm) 35.02+3.89 35.01+3.82 0.01 0.04 0.97

SD: Standard deviation

Table 4: Percent distribution of the intracanal curvature by

anatomical right or left side (n=79)

Right Left, n (%) Total
Lower Middle Absent Upper

Lower 0 2 (2.5) 0 0 2 (2.5)

Middle 2 (2.5) 30 (38) 10 (12.7) 6 (7.6) 48 (60.8)

Absence 1 (1.3) 2 (2.5) 10 (12.7) 2 (2.5) 15 (19)

Upper 0 5 (6.3) 1(1.3) 8 (10.1) 14 (17.7)

Total 3(3.8) 39(49.4) 21 (26.6) 16(20.3) 79 (100)

2 (Fisher’s exact)=27.467, P<0.001

investigation before the maneuver is essential. In this
context, a CBCT is indicated.

Many researchers studied the GPC-PPF in different ways
and populations. Some of them on dry skulls,’®'® the others
using the imaging technology (CT, CBCT...).B4717-19

Concerning the GPC length, it was either evaluated as an
independent entity from the PPF, 3131920 or considered as
a GPC-PPF extending superiorly from different landmarks
in the PPF, such as the foramen rotundum® or the vidian
canal,”1721 to the GPF inferiorly.

In our study conducted on Lebanese adults using CBCT, we
opted for the upper radiologic bony aspect of the PPF as the
upper limit of the GPC-PPF component. The average length
was 35.015 + 3.85 mm ranging from 24.22 to 45.30 mm.

Douglas and Wormald"* concluded after CT scan evaluation
of 22 cadaver heads that the average length of the GPC is
18.5 mm ranging from 17.9 to 19.1 mm, and the average
height of the PPF is 21.6 mm (20.7-22.5 mm) making
GPC-PPF mean 40.1 mm.

For Hwang et al.,® who investigated the morphology
of the GPF, GPC, and PPF using CT scan measurements
of fifty patients, the mean GPC length was found to be
13.8 £ 2.0 mm, and the mean PPF height 21.0 £ 3.4 mm
making GPC-PPF average as 34.8 mm.

Our results that are consistent with the ones of Hwang et al,,
show a small difference with the findings of Douglas and
Wormald maybe due to ethnicity reason or the limited size
of their sample compared to ours.

As for the studies conducted by Howard-Swirzinski et al.,!
Tomaszewska et al.,”" and Sheikhi et al.,['” their results

cannot be compared with ours since they adopted a
different technique to measure the GPC-PPF (the opening
of the vidian canal situated in the center of the PPF was
taken as the upper limit for measurement).

In the literature, the suggested length of insertion of the
anesthetic needle into the GPCis situated between 32 and
39 mm for CN V2 block.""*'8 The results of our study fell
within previously recognized standards and ranges.

Concerning the GPC-PPF shape, two different path types
were described, straight, or curved with one or two
internal curvatures situated at different levels.*”72' Those
path types were evaluated in both sagittal and coronal
planes.®717)

In our sample assessed in sagittal plane [Table 2], we found
77.2% (122/158) of curved GPCs-PPFs (presenting one
curvature) with 3.16% (5/158) of the curvatures located
in the lower part [Figure 4], 18.99% (30/158) in the upper
part[Figure 2],and 55.06% (87/158) in the middle [Figure 3].
Thus, in our study, the majority of the GPCs-PPFs were
curved, and only 22.79% (36/158) were straight [Figure 1].

These results cannot be compared with others due to the
difference in the landmarks taken in the PPF as the upper
limit of the component.

For the lower GPC opening (GPF) diameter measured
anteroposteriorly, the results of this study (average
6.40 mm) like our previous one (average 5.67 mm),22
confirm that the mean diameter of GPF in our Lebanese
population samples is larger than that reported in any
other published study.

For Tomaszewska et al.?! and Piagkou et al.,*” the average
anteroposterior diameter of the GPF was 5.0 + 0.4 and
5.3 £ 0.9 mm, respectively.

Sharma and Garud® in their study conducted on
100 dried adult Indian skulls found that the anteroposterior
dimension of the GPF varied over a very wide range of
values (1.68-14.94 mm) with a mean of 4.72 + 1.40 mm.

According to a systematic review including 24 studies,”
average values for the anteroposterior diameter of the GPF
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Table 5: Summary and test statistics for greater palatine canal diameter of upper and lower openings, diameter of curvature and

length, by gender

Males Females Mean difference  SE difference 95% CI of difference t statistic P
n Mean + SD n Mean + SD Lower Upper
Diameter upper
opening (mm)
Right 41 6.36+1.33 38 5.31+0.85 1.045 0.254 0.540 1.5561 4.115 <0.001*
Left 41 6.10+1.26 38 5.563+1.23 0.566 0.281 0.006 1.125 2.014 0.048*
Diameter lower
opening (mm)
Right 41 6.78+1.26 38 5.98+1.19 0.800 0.276 0.249 1.350 2.892 0.005*
Left 41 6.65+1.05 38 6.17+1.08 0.483 0.242 0.001 0.965 1.997 0.049*
Diameter of
curvature (mm)
Right 32 2.49+0.75 32 2.32+0.67 0.172 0.178 —-0.184 0.5627 0.964 0.339
Left 32 2.52+0.52 27 2.37+0.58 0.157 0.143 —-0.130 0.443 1.094 0.278
GPC length (mm)
Right 41 35.49+3.99 38 34.52+3.77 0.273 0.966 -0.777 2.709 1.104 0.273
Left 41 35.60+3.91 38 34.38+3.67 0.16 1.212 —0.490 2.914 1.418 0.160

*Statistically significant at P<0.05. GPC: Greater palatine canal, SD: Standard deviation, Cl: Confidence interval

Table 6: Summary and test statistics for the intracanal curvature location, by gender

Lower Middle Absent Upper Chi-square statistic 2
Right (%)
Male 1(1.3) 23 (29.1) 9 (11.4) 8 (10.1) 1.12 0.859'
Female 1(1.3) 25 (31.6) 6 (7.6) 6 (7.6)
Left (%)
Male 1(1.3) 25 (31.6) 10 (12.7) 5 (6.3) 5.635' 0.108!
Female 2 (2.5) 14 (17.7) 11 (13.9) 11 (13.9)

‘Fisher’s exact test and significance reported instead of Chi-square because of a violation of minimum expected cell count requirement

range from 4.5 to 5.3 mm, which is lower than our mean
for the entire sample but closer to the one of our female
subsample.

Whereas the upper opening diameter of the GPC-PPF
component, to the best of our knowledge, it was not
reported in the literature yet, especially the studies which
took the total height of the PPF to consider the upper
limit. In our sample, the measurements ranged from 3.22
t0 9.8 mm.

Finally, some limiting factors exist in our study such as (1) The
small number of CBCT scans evaluated making necessary
further studies to be performed on a larger group of patients
which can lead to more accurate results; (2) Our sample of
Lebanese population concerns only the adults making the
results nonapplicable to younger generations; (3) In our
study, we did not take into consideration the anatomical
body/cranial size of the patients, something that would be
subsequently of interest to be studied.

CONCLUSION

Our study aiming to describe the morphology of the
component, GPC-PPF, in a Lebanese population, using
CBCT is not without limitations. Although intra-examiner
reliability was high to very high for most measurements,

confirmation is pending until future research validates our
findings.

Knowing that the length of the GPC and the height of
the PPF are very important parameters to success the
maxillary nerve block technique and to reduce potential
complications, available recommendations based on
published studies may not be applicable to the Lebanese
population; in this respect, it is to be noted that a CBCT is
imperative to analyze the morphology of the region prior
performing the previously mentioned technique for higher
success rates.
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