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Abstract

Objective: The aim of this study was to describe the diameter and the position of the greater palatine foramen (GPF) 
in relation to adjacent anatomical landmarks in the maxilla in a Lebanese population using cone‑beam computed 
tomography (CBCT) technology. Materials and Methods: CBCT images of 58 Lebanese adult patients were included 
in this study and a total of 116 GPF were evaluated bilaterally. The diameter of the GPF and its position relative to 
the maxillary molars, and distances to the midline maxillary suture and to the anterior nasal spine were analyzed. 
Results: Of all foramina assessed, 41.38% were located opposite to the third molar, 29.31% were distal to it, 
27.59% were between the second and the third, and only 1.72% were opposite to the second. The average diameter was 
5.633 mm on the right and 5.723 mm on the left, and the average distances to midline maxillary suture and anterior 
nasal spine were 16.228 mm and 48.294 mm on the right and 14.907 mm and 48.122 mm on the left, respectively. 
Conclusion: Within the limits of this study, we conclude that in Lebanese patients, the GPF location is variable, very 
rarely opposite to the second molar, and more closely related to the third, but may present mesial or distal to it in 
one‑fourth of patients.
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INTRODUCTION

The greater palatine canal (GPC) transmits the greater 
palatine nerve and the descending palatine artery from 
the pterygopalatine fossa to the oral cavity through its 
lower orifice, the greater palatine foramen (GPF).[1] 
The GPC is the most common approach to administer 
local anesthesia to the pterygopalatine fossa in order 
to anesthetize the maxillary division of the trigeminal 

nerve. This technique, the maxillary nerve block, 
produces anesthesia of the entire hemi‑maxilla, 
including teeth, palatal and gingival mucosa, skin of 
the midface, maxillary sinus, and nasal cavity.[2] It also 
achieves hemostasis of the nose, essential for various 
procedures including endoscopic sinus surgery and 
septorhinoplasty, by the vasoconstriction affecting the 
maxillary artery.[3] The ability to reliably and accurately 
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locate the GPF is, therefore, essential for specialists in 
the fields of dentistry, periodontology, maxillofacial 
surgery, and otolaryngology alike, failure of which 
commonly results in inadequate anesthesia.[4] Poor 
knowledge of the GPF location and anatomy can also 
increase the risk of injury to the greater palatine nerve 
and vessels.[5] Unfortunately, textbook descriptions 
of its location are often clinically inadequate: In the 
postero‑lateral border of the palate,[6] near the lateral 
border of the transverse palatal suture,[7] just anterior to 
the posterior edge of the hard palate,[3] and between the 
second and third molar teeth.[8] Even more significantly, 
the results of numerous published studies indicate that 
there are variations in the geometrical position of the 
GPF.[4,9]

In clinical practice, the maxillary molars and the 
maxillary midline suture (MMS) are among the 
most useful landmarks that can be used as references 
when localizing the GPF intraorally, owing to ease of 
identification and orientation. Numerous studies have 
been carried out on dry skulls of varying ethnicities 
and they have reported that the GPF most commonly 
resides opposite to the third molar.[4,5,10‑13] However, the 
actual reported proportions range from 47.5%[5] to as 
high as 92%,[14] highlighting the considerable variability. 
Although less dramatic, the reported distance from the 
MMS ranges between 12–13 mm and 16–18 mm, but 
mostly averages between 14 and 15.5 mm.[4,5,10,11]

One of the major limitations of studies carried out on 
dry skulls is that they are mostly of unknown gender. 
This lack of differentiation between males and females 
results in pooled averages that may apply neither 
to males nor to females because of the presence of 
sexual dimorphism.[9,15] Technological advancement 
of imaging techniques has provided alternatives for 
detailed and accurate assessments using Computed 
Tomography (CT)[9,16] and Cone‑beam Computed 
Tomography (CBCT).[14,17] In a recent study conducted 
on 1500 head CT scans, in addition to reporting 
different GPC paths and GPF opening locations, 
Tomaszewska et al. illustrated both sexual dimorphism 
and side‑related differences.[9] Ikuta et al. assessed 
50 CBCT images of Brazilian adults, corroborating 
previous work on dry skulls with respect to distance 
from the MMS.[14] However, they reported that 92% of 
GPF were located opposite to the maxillary third molar, 
which widens the envelope of variability even further.

Variations in the GPF geometry are likely to be, at least 
in part, the result of ethnic craniofacial differences.[9,18] 
To address the lack of data on the GPF geometry in the 

Lebanese population, we assessed the GPF diameter and 
position relative to adjacent anatomical landmarks using 
CBCT images in a Lebanese adult population.

MATERIALS AND METHODS

This cross‑sectional study was conducted on CBCT 
scans of 58 Lebanese adult patients attending a private 
imaging specialized center in Beirut, Lebanon. Patients 
were referred from different dental clinics for radiological 
diagnosis, with a range of diverse indications (implants, 
impacted wisdom teeth, and so on). The study design 
was approved by the institutional review board, and all 
the patients were informed that the radiographs might 
be anonymously used for research purposes at a later 
stage and their consent were obtained. The field of 
view (FOV) was selected according to the clinical case, 
taking into consideration the limitation of the exposure 
dose.

The inclusion criteria included: (a) Age 18 years or 
older; (b) presence of all maxillary fully erupted molars 
on both sides and visualization on CBCT image; 
and (c) absence of any pathological conditions or 
deformities of the jaws.

CBCT images of 28 males and 30 females (a total of 
116 GPF) with an average age of 42.5 ± 16.26 years met 
the inclusion criteria and were included in this study. 
The images were acquired using the PaX‑Zenith3D© 
machine (Vatech, Co., Ltd., Yongin‑Si, Republic of 
Korea) which provides a wide range of FOV between 
5 × 5 and 24 × 19 cm and voxel sizes of 0.08–0.3 mm 
(depending on FOV). Images were obtained at 90 kVp 
and 7 mA, with an exposure time of 20–35 s and FOV 
compatible with the indications for referral.

After acquisition, the images were assessed using the 
proprietary software (EZ 3D©; Vatech Co., Ltd.) on 
a personal computer (Intel Pentium® D CPU 3.60 
GHz, 3.25 GB of RAM running Microsoft Windows 7)  
with a 19‑inch monitor providing a resolution of 
1.280 × 1.024 pixels and contrast of 700:1 (EIZO 
Nanao Corporation, Hakusan, Japan). The observer was 
allowed to adjust brightness and contrast, as needed.

One investigator carried out all measurements on the 
right and left GPF in each CBCT image. For each GPF, 
four observations were made as follows:
•	 	Position relative to maxillary molars [Figure 1a]: In the 

sagittal view, the GPF location was first identified. 
Sagittal cut thickness was then set to 20 for 
visualization of the maxillary molars. Based on the 
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perpendicular line extending from GPF location, 
GPF position relative was classified into one of 
four positions: (a) Between the mesial and distal 
surfaces of the second molar (M2); (b) between the 
distal surface of the second molar and the mesial 
surface of the third molar (M2–M3); (c) between 
the mesial and distal surfaces of the third molar 
(M3); and d) distal to the distal surface of the third 
molar, i.e., retromolar (D–M3)

•	 	Distance to the anterior nasal spine (ANS): In the axial 
cut containing the GPF, a middle line (M) was 
drawn through the ANS and the MMS [Figure 1b]. 
The measurements were taken from ANS to the 
right GFP and from ANS to the left GFP

•	 	Distance to the maxillary midline suture (MMS): On 
the same axial cut used to measure distance to ANS 
[Figure 1b], a perpendicular line was drawn from 
the medial edge of each GPF toward the line (M)

•	 	Opening	 diameter: The antero‑posterior diameter 
of the GPF was measured in the sagittal view 
by measuring the distance at the opening of the 
foramen [Figure 1c].

A total of 11 randomly chosen CBCTs (19%) 
were selected to assess measurement error and all 
measurements were repeated by the first examiner 
2 weeks after the first readings. Two‑way mixed‑effects 
intra‑class correlations (ICCs) for absolute agreement 
on single measures were used to assess intra‑examiner 
reliability for all linear millimeter measurements 
and for GPF location relative to molars as an ordinal 
variable.[19] Calculated ICCs were: 0.661 (vertical 
distance to ANS), 0.782 (horizontal distance to 
midline), and 0.933 (diameter) on the right; and 0.916 
(horizontal distance to midline), 0.517 (vertical distance 

to ANS), and 0.945 (diameter) on the left. For GPF 
location relative to molars, ICCs yielded the values 
0.754 on the right and 0.6 on the left.

Descriptive statistics of age, gender, GPF diameter 
and location to craniofacial anatomic structures 
(ANS and MMS) and position relative to maxillary 
molars were calculated. Additionally, GPF diameter 
and position relative to ANS, MMS, and molars were 
compared between right and left anatomical sides and 
across genders. Measurements of diameter in millimeters 
and GPF location were compared between the right and 
left 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 GFP location between right 
and left sides and between genders. Fisher’s exact 
test was applied whenever the expected cell count 
requirement of 5 was violated. The IBM® SPSS® statistics 
20.0 statistical package was used to carry out all statistical 
analyses. Statistical significance was set at 0.05.

RESULTS

The anatomic location of the GPF varied significantly 
among the assessed adult population (mean age 
42.5 ± 16.261 years). Horizontal distance from the 
midline ranged from a minimum of 10 mm on the 
left to a maximum of 24 mm and vertical distance to 
ANS ranged from 41 to 60 mm [Table 1]. Similarly, 
the  maximum GPF diameter ranged from 3.05 to 
8.85 mm on the right and to 10.38 mm on the left. In 
98.28% of all cases (both sides combined), the GPF was 
located distal to the second molar, with an insignificant 
number of the foramina on the left located opposite 
to the second molar (1.72% of the whole sample, 
3.40% of GPF on the left [Table 2]. The majority of 

Table 1: Descriptive statistics of subjects’ age and 
GPF diameter and location relative to anatomical 

structures (n=58)
Min. Max. Mean SD

Age (years) 19 76 42.5 16.26
Distance to midline (mm)

Right 12 24 16.228 2.286
Left 10 20.4 14.907 1.953

Vertical distance to ANS (mm)
Right 42 60 48.294 3.540
Left 41 60 48.122 3.777

Diameter of  opening (mm)
Right 3.05 8.85 5.633 1.354
Left 3.05 10.380 5.723 1.371

ANS=Anterior nasal spine, GPF=Greater palatine foramen, Max.=Maximum, 
Min.=Minimum, SD=Standard deviation

Figure 1: (a) Sagittal cuts illustrating the method of determining 
position of GPF relative to maxillary molars. Top Figure: small 
thickness cut shows the opening of GPF. Bottom Figure: full thickness 
shows the relative position of GPF to the molars. (b) Axial cut 
illustrating the method of determining position of GPF relative to ANS 
and MMS. (c) Sagittal cut illustrating the method of measuring antero-
posterior diameter of GPF
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the foramina (41.38%) were located opposite to the 
maxillary third molar on either side (right or left), with 
the remaining distributed almost equally mesial and 
distal to the third molar [Table 2].

On average, the distance between the GPF and 
the midline was significantly larger on the right 
side (16.228 ± 2.286 mm) compared to the left 
(14.907 ± 1.953 mm), the GPF on the right being on 
average 1.321 mm further away from the midline than 
its opposite counterpart. However, neither vertical 
distance to the anterior spine nor the diameter of 
opening showed any significant differences between the 
right and left sides [Table 3].

The location of the GPF relative to the molar 
teeth differed significantly between right and left 
sides (χ2 = 19.375, P = 0.001). Among the foramina 
that were located opposite to the third molar or distal 
to it, a greater proportion on the right side were located 
distal to the third molar (32.76%) compared to those 
on the left (25.86%). Similarly, 44.83% of the foramina 
on the left were located opposite to the third molar, 
compared to 38.93% on the right side [Table 4].

The assessed sample was almost equally distributed 
by gender (48.28% males, n = 28) [Table 5]. 
On comparing males and females, all distance 
measurements were statistically significantly larger in 
males except for the vertical distance to the ANS on 
the left side (P = 0.079) [Table 5]. The GPF in male 
subjects was significantly wider in diameter on both 
sides and was at a larger distance from both the midline 
horizontally (both sides) and the ANS vertically (on 

the right side). The difference was greatest for the 
vertical distance from ANS, at 2.002 mm on the 
right (P = 0.03), and it was the least for the diameter 
of opening (1.299 mm on the right, P value 0.000; and 
1.120 mm on the left, P = 0.001). However, the percent 
distribution of the foramina based on their position 
relative to the molars showed no significant differences 
by gender [Table 6].

DISCUSSION

In our sample of Lebanese adults, there was substantial 
variability in GPF anatomy and location. The variability 
in GPF diameter and its distance from the MMS and 
ANS was apparent both in the wide range of values 
and in the large standard deviations. The maximum 
observed distance from the MMS was twice as much as 
the minimum observed distance, whereas the maximum 
observed antero‑posterior GPF diameter was more 
than 3 times the minimum observed value [Table 1]. 
Interestingly, the average GPF diameter in our sample is 
larger than that reported in any other published article. 
According to a recent systematic review,[9] average 
values for the antero‑posterior diameter of GPF range 
from 4.5 to 5.3 mm, all of which are lower than our 
average measures for the entire sample [Table 1] and 
closer to the average in our female subsample [Table 5]. 
In a different synthesis of studies assessing GPF 
distance to the MMS,[13] only 4 out of 22 studies report 
distances on the right side that fall within 1 mm of our 
finding (16.22 ± 0.5 mm) in Chinese,[20] Brazilian,[21] 
Polish,[9] and West Indian populations.[22] In fact, 
almost 60% of the studies (13 out of 22) report average 
measures that are at least 1 mm lower than ours, ranging 
from 14.02 mm[13] to 15.2 mm.[23] On the other hand, 
in our sample, the distance on the left is strikingly 
similar to what has been reported in the literature, 
with 15 out of 22 studies (68.2%) reporting values that 
fall within 0.5 mm of our finding (14.9 ± 0.5 mm). 
This contrast highlights the presence of side‑related 
differences in GPF findings. Although this asymmetry 
in GPF anatomy has not been commonly described 
in the literature, our results support some reports of 
side‑related differences in the distance to the MMS and 

Table 2: Distribution of GPF location relative to 
molars (n=58)

Relationship 
to molars

Right Left Combined
n % n % n %

M2 0 0 2 3.4 2 1.72
M2–M3 17 29.3 15 25.9 32 27.59
M3 22 37.9 26 44.8 48 41.38
D–M3 19 32.8 15 25.9 34 29.31
GPF=Greater palatine foramen

Table 3: Distribution of GPF diameter and location relative to anatomical structures by 
anatomical right or left side (n=58)

Right (R) Left (L) Difference (R−L)
Mean SD Mean SD Mean t statistic P

Distance to midline (mm) 16.228 2.286 14.907 1.953 1.321 3.632 0.001*
Vertical distance to ANS (mm) 48.294 3.540 48.122 3.777 0.172 1.075 0.287
Diameter of  opening (mm) 5.633 1.354 5.723 1.371 −0.090 −0.622 0.536
*Statistically significant at P<0.05. ANS=Anterior nasal spine, GPF=Greater palatine foramen
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in other dimensions including GPF diameter and GPC 
length.[9,24] Such findings support the more general 
phenomenon of the predominance of transverse (right/
left side) craniofacial asymmetry that has been noted in 
both children and adults by various authors.[25‑27]

It is important to note that slightly more than 
two‑thirds of all GPF in our population were located 
either adjacent to the third molar or distal to it, 
with a position closer to the second molar being an 
extremely rare manifestation [Table 2]. Although 
this finding supports the overwhelming majority of 
reports associating GPF position to the third rather 
than the second molar,[13] comparatively few studies 
have reported a similarly high incidence of retromolar 
position.[4,28] Unlike our findings, the majority 

of research suggests a substantial predilection to 
specifically the third molar region and not mesial or 
distal to it, with proportions greater than 70% reported 
in almost 50% of published studies.[13]

Interestingly, GPF position relative to molars displayed 
significant side‑related differences in our sample, 
suggesting that the location of the GPF bilaterally is 
not always symmetrical in any one individual [Table 4]. 
While a similar proportion of foramina was located 
between the second and third molars on both sides, the 
remaining tended to be located more mesially on the 
right side, with a greater proportion located opposite to 
the second and third molars and a significantly lesser 
proportion located distal to the third molar compared 
to the left side. Despite this difference, distance from 
ANS did not differ between right and left sides, even 
though both measures assess the antero‑posterior 
position of GPF [Table 3]. One interpretation may be 
that the difference in GPF location relative to molars is 
not due to an anatomical difference within the palatine 
bone, but rather due to asymmetrical antero‑posterior 
positions of molars. Although all CBCT scans were 
verified for the presence of a complete set of fully 
erupted maxillary molars, local occlusal disturbances 
such as impacted or displaced canines and premolars 
may have accounted for asymmetries in molar position 
and in arch length. Given the common indication of 

Table 4: Percent distribution of GPF position relative 
to molars by anatomical right or left side (n=58)

Left n (%) Total (%)
M2 M2–M3 M3 D–M3

Right n (%)
M2 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
M2–M3 2 (3.45) 9 (15.52) 5 (8.62) 1 (1.72) 17 (29.31)
M3 0 (0.00) 4 (6.70) 14 (24.14) 4 (6.70) 22 (37.93)
D–M3 0 (0.00) 2 (3.45) 7 (12.07) 10 (17.24) 19 (32.76)

Total 2 (3.45) 15 (28.86) 26 (44.83) 15 (25.86) 58 (100.00)
GPF=Greater palatine foramen

Table 5: Summary and test statistics for GPF diameter and location relative to anatomical 
structures by gender

Males (n=28) Females (n=30) Mean 
diff.

SE 
diff.

95% CI of  diff. t statistic P
Mean SD Mean SD Lower Upper

Distance to midline
Right 16.889 2.723 15.610 1.597 1.279 0.591 0.086 2.472 2.163 0.036*
Left 15.793 1.820 14.080 1.718 1.713 0.465 0.782 2.643 3.688 0.000*

Vertical distance to ANS
Right 49.329 3.837 47.327 2.986 2.002 0.899 0.201 3.804 2.226 0.030*
Left 49.024 4.103 47.280 3.295 1.744 0.974 −0.207 3.695 1.790 0.079

Diameter of  opening
Right 6.305 1.264 5.006 1.129 1.299 0.314 0.670 1.928 4.134 0.000*
Left 6.297 1.251 5.187 1.273 1.120 0.332 0.445 1.774 3.345 0.001*

*Statistically significant at P<0.05. ANS=Anterior nasal spine, CI=Confidence interval, Diff.=Difference, GPF=Greater palatine foramen, SD=Standard deviation, 
SE=Standard error

Table 6: Summary and test statistics for GPF location relative to molars by gender
M2 (%) M2–M3 (%) M3 (%) D–M3 (%) χ2 statistic P

Right
Male 0 (0.00) 7 (25.00) 9 (32.14) 12 (42.86) 2.506 0.306
Female 0 (0.00) 10 (33.33) 13 (43.33) 7 (23.33)

Left
Male 0 (0.00) 5 (17.86) 14 (50.0) 9 (32.14) 3.941ǂ 0.253ǂ

Female 2 (6.67) 10 (33.33) 12 (40.00) 6 (20.00)
ǂFisher’s exact test and significance reported instead of  Chi‑square because of  a violation of  minimum expected cell count requirement. GPF=Greater palatine foramen
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CBCTs for the diagnosis and treatment planning of 
impacted canines, this explanation is highly plausible.

Our data also illustrate significant sexual dimorphism 
in GPF geometry, endorsing previous reports of smaller 
GPF and GPC dimensions in females.[9,15,22,24] This 
dimorphism is not surprising in light of consistent 
reports of male–female differences in various parts 
of the craniofacial complex.[29‑31] Although one of 
our linear measurements did not reach statistical 
significance in the comparison between sexes (distance 
to ANS on the left), this may have been the result 
of coincidence (due to insufficient numbers in the 
male/female subsamples) or perhaps even due to 
measurement error. On the other hand, position relative 
to molars did not show gender dimorphism, supporting 
the attribution of male–female discrepancy in GPF 
to differences in skull size rather than to anatomical 
differences.

Our study is not without limitations. Although 
intra‑examiner reliability was high to very high for 
most measurements, it was moderate for GPF distance 
from ANS on both sides. This is in line with several 
reports of low reproducibility in localizing ANS on 
CBCT images,[32,33] and is perhaps why, to the best of 
our knowledge, distance from ANS has not been used 
to assess GPF location in previous studies on CBCTs. 
Researchers undertaking future studies on GPF in 
Lebanese adults may explore the possibility of replacing 
this measurement with another that is commonly 
utilized in studies on dry skulls: Distance to the incisive 
fossa.[11,18,24,34,35] Another source of variability in our 
study may be the possible inclusion of individuals with 
incomplete growth. We included all patients with fully 
erupted molars aged over 18 years, which resulted 
in the inclusion of three individuals younger than 
21, of whom two were males (age 19 and 20 years, 
respectively). Although sutural transverse growth of the 
maxilla is believed to stop by the age of 17 in males,[36,37] 
maxillary antero‑posterior growth in length has been 
noted to continue in males, on average, till the age of 
20.04 years.[38]

In addition to supporting the presence of ethnic 
differences in GPF geometry while comparisons 
are made of estimations on various populations, our 
findings highlight substantial variability in the diameter 
and location of the GPF even within the Lebanese 
population: Among different individuals, between 
males and females, and even between right and left sides 
within the same individual. Clinical administration of 
the maxillary nerve block must, therefore, be preceded 

by a thorough inspection for GPF location. The 
administrator must keep in mind that, in at least one 
in two Lebanese adults, it may be located not opposite 
to the third molar but mesial or distal to it, with equal 
probability.

Finally, although our data suggest the possibility of 
greater dimensions for GPF diameter and distance 
from MMS in Lebanese adults compared to other 
populations, definite conclusions must be delayed 
until future research validates our results. Should 
larger dimensions be truly confirmed, other important 
differences may be possible, including the length 
of the GPC. A longer canal may explain inadequate 
anesthesia because of insufficient injection proximity 
to the maxillary nerve in the pterygopalatine fossa. 
Consequently, available recommendations for the 
maxillary nerve block technique based on published 
averages may not be applicable to the Lebanese 
population and revised population‑specific guidelines 
would be more appropriate. Future research needs 
to not only corroborate current findings, but also 
investigate further into variations in the length of 
the GPC in Lebanese adults and in GPF opening 
direction, while ensuring adequate sample size, 
eliminating possible variations resulting from growth 
and controlling for the appropriate local occlusal 
disturbances.
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