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ABSTRACT

Background: Greater palatine canal is used for maxillary nerve block. This procedure has some 
complications such as proptosis, blindness, and intravascular injection. This study aimed to determine 
the mean greater palatine canal length (CL) and its typical anatomic routes, as well as provide a 
reliable facial index for computing the CL by using cone beam computed tomography (CBCT) data.
Materials and Methods: A total of 138 CBCT scans (65 females and 73 males) were evaluated. 
The path of the canal and the CL were determined by sex, age, and side. The mean distance from the 
inferior border of the infraorbital foramen (IOF) to the crest of alveolar bone between maxillary 
premolar(CMP) was measured and compared with the CL. Paired t‑tests, independent t‑test, and 
one‑way analysis of variance (ANOVA) were used for statistical analysis.
Results: The mean of CL was 31.82  ± 1.37  mm  (31.70  ± 2.44  mm on the right side and 
31.94 ± 2.40 mm on the left side), and the values were 32.49 ± 2.37 mm in males and 30.55 ± 1.76 mm 
among females (P = 0.001). The mean distance from the IOF to the CMP was 32.01 ± 2.18 mm, 
which was not significantly different to the CL (P = 0.336).
Conclusions: The mean CL was significantly different according to sex and side. The mean distance 
from the IOF to CMP was significantly different according to sex. On comparing the mean distance 
from the IOF to the CMP with the CL, no significant difference was observed. Therefore, the mean 
distance from the IOF to CMP may be a reliable clinical index.
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INTRODUCTION

The pterygopalatine fossa  (PPF) contains the maxillary 
artery and its branches, the accompanying vein, the 
maxillary nerve and its branches, and the pterygopalatine 
ganglion, and is an area with an inverted pyramid 
shape.[1] The greater palatine canal  (GPC) extends 
through the PPF and contains the greater palatine and 
lesser palatine nerves, which diverge to enter the hard 
palate at respective foramina.[2] The canal helps direct 

access to the PPF, including the sphenopalatine ganglion, 
pterygopalatine ganglion, infraorbital nerve, internal 
maxillary artery, and the pterygoid venous plexus. 
Injection into the greater palatine foramen  (GPF) is 
effective for anesthetizing and for controlling bleeding 
during paranasal sinus surgery.[3]

It is used in all the palatal interventions, where 
anesthetizing the hard palate is necessary, such as 
for periodontal procedures, drainage of abscesses, 
and even for surgical procedures such as dental 
extractions.[4,5] The most typical method used to 
block maxillary nerve is the greater palatine canal 
technique. This technique was first introduced by 
Mendel  (1917),[6] and involves the insertion of 
a needle into the GPC through the GPF. A  local 
anesthetic solution is injected via this needle into 
the superior aspect of the PPF to the trunk of the 
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maxillary nerve. This method is successful provided 
at least two‑thirds of the needle is inserted into the 
canal. Penetration of the orbit and nasal cavity, 
proptosis, blindness from vasoconstriction of the 
ophthalmic artery and/or intracranial spread of 
infection, intravascular injection, penetration of the 
nasopharynx, damage to neural tissue, and failed 
anesthesia are the possible complications.[2,6,7] Thus, 
good knowledge of the anatomy and average length 
of the GPC is crucial for avoiding these problems. 
Since 3D images of cone beam computed tomography 
(CBCT) are becoming more readily available for 
use in maxillofacial applications and provides 
better image quality of teeth and their surrounding 
structures, compared with conventional CT scan,[8] the 
aim of this study was to determine the average length 
of the GPC and its typical anatomic routes, as well as 
to provide a reliable facial index for computing the 
canal length (CL) of the GPC by using CBCT data 
obtained from patients in a dental school setting.

MATERIALS AND METHODS

In this descriptive analytical cross‑sectional study, 
the computer database belonging to the Department 
of Radiology at Isfahan University of Medical 
Sciences was searched, and all scans taken between 
December 2010 and December 2011 were identified. 
CBCT scans were performed (GALILEOS, version 1.7) 
using a flat panel detector with 0.3  ×  0.3  ×  0.3 mm3 
voxel size. All images were taken using volume 1 
(high‑resolution) and high‑contrast options.

Three different variables were assessed, which are 
discussed subsequently.

(1, 2) The mean CL of the GPC and its paths:
The inclusion criteria for the assessment of the CL 
were age 18  years at the time of evaluation and full 
skeletal maturation.

The exclusion criteria were as follows: A  history 
of trauma or orthognathic surgery, a history or the 
presence of pathologic bone disease in the maxilla, 
and CBCT scans that did not include the maxilla.

A total of 138 scans  (65  females and 73  males) of 
individuals ranging in age from 18 to 76  years met 
the aforementioned criteria (convenience sampling).

The method described by Haward‑Swirzinski, et  al.[9] 
was used to assess the CL and its paths in both sagittal 
and coronal planes. The anatomic paths of the canal on 
both the right and left sides were determined (N = 276) 

and the CL was measured. Both the foramen rotundum 
and the pterygoid canal can be used to determine the 
superior aspect of the GPC; however, the pterygoid 
canal is easier to locate, and so is a better candidate 
for evaluating the superior limit of the canal. The 
superior‑inferior direction of the pterygoid canal 
was marked using the programˊs line coordinates; 
its vertical location remained constant when it was 
viewed in different planes. To standardize the shape 
of the GPF, two different landmarks were introduced 
as its inferior limit; in the sagittal plane, the posterior 
wall of the GPF was used, and in the coronal plane, 
the inferior surface of the horizontal hard palate was 
used. Therefore, the bony portion of the GPC, which 
was defined as the distance from the center of the 
pterygoid canal  (the center of the PPF) to the GPF on 
the inferior surface of the hard palate, was considered 
as the length of the GPC. The CL was measured in 
millimeters using the straightest linear path passing 
through the center of the canal. The path of the GPC 
was determined using descriptive characteristics.

The subjects were categorized into three age groups:
1.	 First group: 18-24 years old (n = 20)
2.	 Second group: 25-40 years old (n = 33)
3.	 Third group: 41-77 years old (n = 85)

The mean CL and the number of different paths were 
analyzed according to age, sex, and side.

Measurements were repeated 2  months later and 
intra‑examiner reliability was analyzed.

(3) The mean distance from the inferior border of the 
infraorbital foramen (IOF) to the crest of the alveolar 
bone between the maxillary premolars (CMP).
The inclusion criteria for assessment of the distance 
from the IOF to the CMP were: Age ≥ 18 years at the 
time of evaluation and full skeletal maturation. The 
patients also had to have their maxillary premolars 
and no periodontal diseases.

The exclusion criteria were as follows: A  history 
of trauma or orthognathic surgery, a history or the 
presence of pathologic bone disease in the maxilla, 
CBCT scans that did not include the maxilla, and 
patients who did not have their maxillary premolars 
or who had periodontal diseases.

Since 48 subjects either had periodontal problems or 
lacked maxillary premolars, 48 new age‑ and sex‑matched 
subjects were evaluated to determine the distance 
from the IOF to the CMP. The new subjects ranged in 
age from 18 to 52  years, and included 65  females and 
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73 males, and so assessment of CL was still possible.

To determine the distance from the IOF to the CMP, 
we first located and marked the crest of alveolar bone 
between the maxillary bicuspids in the panorama view 
and then ran the multiplanar program to view the IOF in 
the coronal view. Distance was reported in millimeters.

Since one of the aims of this study was to compare 
the CL with the mean distance from the IOF to the 
CMP in order to obtain a facial index of the mean 
GPC, we determined the CL for 138 new subjects.

The subjects were categorized into three age groups:
1.	 First group: 18-24 years old (n = 23)
2.	 Second group: 25-40 years old (n = 68)
3.	 Third group: Above 41 years old (n = 47)

The distance from the inferior border of the IOF to 
the CMP was compared with the mean CL according 
to age, sex, and side.

Paired t‑tests were used to assess statistical differences 
between the right and left sides for both sexes in each 
of the three study groups.

Independent t‑test was used to compare the CL values 
and the distance from the IOF to the CMP.

One‑way analysis of variance (ANOVA) was used to 
compare the CL and IOF between the three study groups.

To identify the level of agreement between the CL 
on the right and left sides, an intra‑class correlation 
coefficient (ICC) was used.

A kappa coefficient was used to identify the degree 
of symmetry between the pathways on the right and 
left sides as viewed in the sagittal and coronal planes.

RESULTS

The mean CL of the GPC was 31.82 ± 1.37  mm 
(31.70 ± 2.44 mm on the right side and 31.94 ± 2.40 mm on 

the left, intra‑examiner reliability was 95%); a statistically 
significant difference in CL was observed between the 
right and left sides (P  =  0.044). However, the ICC was 
0.8399 with P < 0.001, which indicates a consistent 
mean CL.

The mean CL in females was 30.55 ± 1.76 mm and in 
males was 32.94 ± 2.37 mm, which was a statistically 
significant difference (P = 0.001).

The mean CL on each side according to sex is shown 
in Table 1.

No significant difference between the CL on the 
right and left sides was observed in the first two age 
groups, but a significant difference was observed 
among the third age group (P = 0.003).

There was no significant difference of the CL between 
the three age groups (ANOVA, P = 0.231).

The mean CL on each side according to age is shown 
in Table 2.

Investigations of the canal path revealed three path 
types in the sagittal plane and four path types in the 
coronal plane [Figures 1 and 2].

Table 1: Mean CL on the right and left sides among 
males and females

ICCP valueLeftRightnSex
0.7340.82130.57±1.7430.54±1.7465Female
0.8200.01533.15±2.2632.74±2.4873Male

ICC: Intra‑class correlation coefficient, CL: Canal length

Table 2: Mean CL on the right and left sides among 
the three age groups

ICCP valueTotalLeftRightnAge group
0.8390.87932.61±2.7232.59±2.5932.65±3.0520First group
0.8760.67331.52±2.5431.48±2.7931.58±2.4533Second 

group
0.8230.00331.74±2.1131.96±2.1831.53±2.2585Third group

ICC: Intra‑class correlation coefficient, CL: Canal length

Figure 1: Three different path types observed in the sagittal plane

cba
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Table 3: Kappa values showing the symmetry of the 
paths on the right and left sides

P valueKappa valuenSexPlane
0.0010.70273MaleSagittal
0.0010.37365Female
0.0010.514138Total
0.0010.44873MaleCoronal
0.0080.27665Female
0.0010.384138Total

In the sagittal plane:
1.	 The GPC travels in an anterior‑inferior direction 

from the PPF [Figure 1a].
2.	 The GPC first travels in an inferior direction and 

then in an anterior‑inferior direction through the 
remainder of the canal [Figure 1b].

3.	 The GPC first travels in an inferior direction and 
then changes to an anterior‑inferior direction, and 
subsequently to an inferior direction through the 
remainder of the canal [Figure 1c].

In the coronal plane:
1.	 The GPC travels in an inferior‑lateral direction 

from the PPF and then in a directly inferior 
direction [Figure 2a].

2.	 The GPC travels in an inferior‑lateral direction 
for a certain distance and then changes to an 
inferior‑medial direction through the remainder of 
the canal [Figure 2b].

3.	 The GPC first travels in an inferior‑lateral direction 
and then in a directly inferior direction, and finally 
in an inferior‑medial direction [Figure 2c].

4.	 The GPC travels in a directly inferior direction 
from the PPF [Figure 2d].

The most prevalent pathways in the sagittal 
and coronal planes were the paths shown 
in Figure 1b and 2a, respectively.

The different pathways and the degree of symmetry 
between the pathways on the right and left sides  in 
the sagittal and coronal planes are shown in 
Figures 3 and 4 and in Table 3 (kappa), respectively.

The mean distance from the inferior border of the 
IOF to the CMP was 31.97  ±  2.04  mm on the right 
side and 32.06 ± 2.32 mm on the left side, which was 
not significantly different (P = 0.385).

The mean distance from the IOF to the CMP was 
30.91  ±  1.50  mm in females and 32.99  ±  2.07  mm 
in males, which was significantly different (P < 0.001).

The mean distance from the IOF to the CMP on each 
side according to sex is shown in Table 4.

There was no significant difference of the mean 
distance from the IOF to the CMP between the three 
age groups (ANOVA, P = 0.126).

The mean CL of the GPC for the second data group 
was 31.83 ± 2.36 mm (31.78 ± 2.37 mm on the right 
and 31.89 ± 2.36 mm on the left).

When the mean distance from the IOF to the CMP 
was compared with the CL, no significant difference 

a
b
c

Figure 3: The different pathways identified in the sagittal plane: 
(a) The greater palatine canal travels in an anterior-inferior 
direction from the pterygopalatine fossa; (b) the greater 
palatine canal travels in an inferior direction and then in an 
anterior-inferior direction through the remainder of the canal; 
(c) the greater palatine canal first travels in an inferior direction, 
then changes to an anterior-inferior direction, and subsequently 
travels in an inferior direction through the remainder of the canal

Figure 2: Four different path types observed in the coronal plane

dc

ba

was observed according to sex  (P  =  0.336), and the 
ICC was 0.813 with P < 0.001.

The mean CL and the mean distance from the IOF to 
the CMP according to sex, side, and age are shown in 
Tables 5-7, respectively.
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DISCUSSION

Since the GPC technique is associated with several 
complications, this study was performed to determine 
the mean CL of the GPC and the geometric pattern of 
this structure, as well as to identify a reliable clinical 
index that can be used to estimate the mean CL for 
each sex and for different age groups using CBCT data.

Methathrathip, et  al.[10] studied 105 dried skulls 
and reported that the length of the GPC and PPF 
from the GPF to the inferior border of the foramen 
rotendum ranged from 16.3 to 40.9  mm, with a 
mean of 29.7 ± 4.2 mm, which is consistent with the 
present study results  (mean CL  = 31.82  ± 1.37  mm). 
Das, et  al.[11] analyzed the length of the GPC using 
high‑resolution CT, and reported that the mean 
distance from the GPF to the sphenopalatine 
foramen was 28  ±  2  mm in men and 27  ±  2  mm in 
women (range, 23-33 mm). Hwang, et al. repeated the 
study using 3D CT scans and reported a mean height 
of the PPF and mean CL that were also in agreement 
with our findings.

However, the mean CLs reported by Douglas, 
et al. (40.1 mm) and McKinney, et al.[3,12] (28.75 mm) 
were not consistent with the present study; these 
differences could be explained by the small number 
of subjects included in the study or by differences in 
ethnicity.

In our study, the mean CL was higher in males than in 
females. Previous studies[13‑15] on sexual dimorphism 
have suggested that the craniofacial complex is 
highly variable in both size and shape by sex, and the 
zygomatic curve and skull size are generally larger 
in males than in females. Differences in the shape 
of the midsagittal curve, the skull roof, the upper 
one‑third of the face, the nose, eyes, and palate are all 
statistically significantly different between males and 
females.

Investigations of the skull base have suggested that 
the distance between the oval and spinosum opening 
on the right side and the distance between the optic 
canal and the rotendum opening on the left side are 
greater in males. The length, diameter, and angle 
of horizontal petrus internal carotid artery are also 
greater in males. Ramos, et  al.[16] investigated the 
distance between the superior and inferior orbital 

Table 4: Mean IOF to CMP distance among males 
and females

ICCP valueLeftRightnSex
0.6440.68530.88±1.7530.95±1.5965Female
0.88210.05733.11±2.2732.87±2.0073Male

IOF: Infraorbital foramen, CMP: Maxillary premolars

Table 5: Mean IOF to CMP distance and CL among 
males and females

ICCP valueMean of CLMean of IOF to CMPnSex
0.57550.06330.58±1.5830.91±1.5065Female
0.83770.77932.97±2.3633.99±2.1373Male

ICC: Intra‑class correlation coefficient, CL: Canal length, IOF: Infraorbital foramen, 
CMP: Maxillary premolars

Table 6: Mean IOF to CMP distance and CL on the 
right and left sides

ICCP valueMean of CLMean of IOF to CMPSides
0.79200.12831.78±2.3731.97±2.04Right
0.7540.22231.89±2.3632.06±2.32Left

ICC: Intra‑class correlation coefficient, CL: Canal length, 
IOF: Infraorbital foramen, CMP: Maxillary premolars

Table 7: Mean of IOF to CMP and CL in the three 
age groups

ICCP valueMean of 
CL

Mean of 
IOF to CMP

Age group

0.93110.24732.57±2.7032.82±2.5023First group
0.85090.07431.63±2.2931.88±1.9468Second group
0.64550.88831.76±1.9131.79±2.0247Third group

ICC: Intra‑class correlation coefficient, CL: Canal length, IOF: Infraorbital 
foramen, CMP: Maxillary premolars

a
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Figure 4: The different pathways identified in the coronal 
plane: (a) The greater palatine canal travels in an inferior-
lateral direction from the PPF and then in a directly inferior 
direction; (b) the greater palatine canal travels in an inferior-
lateral direction for a certain distance and then changes to an 
inferior-medial direction through the remainder of the canal; 
(c) the greater palatine canal first travels in an inferior-lateral 
direction, then in a directly inferior direction, and finally in an 
inferior-medial direction; (d) the greater palatine canal travels 
in a directly inferior direction from the pterygopalatine fossa
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foramen using surgical landmarks, and reported that 
the mean values of all of the measurements were 
higher in males.

The present study revealed a statistically significant 
difference between the mean CL on the right and left 
sides in males. Asymmetry is common in craniofacial 
bones. Inconsistent growth of the right and left canals 
could be due to genetic and/or environmental factors. 
Asymmetric expression of craniofacial features could 
be related to inheritance, the functional activity of 
the musculoskeletal system, or specifically to the 
masticatory apparatus.[17]

In the present study, the mean CL was not significantly 
different between the right and left sides in the first 
and second age groups, but a significant difference was 
observed in the third age group (41-77 years; P = 0.003). 
However, the ICC of this group was high  (0.823). 
Therefore, the CL can be assumed to be symmetrical 
between sides in all of the different age groups.

In the coronal plane, the most common pathway 
observed was consistent with that reported by 
Haward‑Swirzinski, et  al.,[9] but this was not in 
agreement with the pathway they observed in the 
sagittal plane, which could be explained by the small 
number of subjects included in our study or by the 
differences due to ethnicity or sex.

Malamed, et  al.[18] reported that the distance 
between the IOF and CMP was 24-41  mm 
(mean 32.57 mm) and Hawkins, et  al.[19] reported a 
distance of 24-44  mm. It is generally considered to 
be 25-30  mm in most adults, which is consistent 
with our results. We also compared the mean IOF to 
CMP distance  (31.98  ± 2.13  mm) with the mean CL 
(31.77  ±  2.28  mm) according to side, age, and sex. 
No significant differences between these two variables 
were observed for side, sex, or age group.

Once past age 12-13, the CL of the GPC and the 
distance between the GPF and sphenopalatine 
foramen will reach adult size. Studies have shown 
that the active growth phase of the midface occurs 
in early adolescence.[3] A study conducted by 
Waitzman, et al.[20] on 542 cadavers showed that 85% 
of the growth of the anterior cranial base is completed 
before age 5. Thereafter, the zygoma, orbit, and 
cranial bones grow gradually, stopping by age 17. 
In contrast, the active growth phase of the upper 
midface begins at age 5 and ends in mid‑adolescence. 
After adolescence, there are minimal changes to the 
maxillofacial bones.[3] Therefore, the distance from the 

IOF to the CMP in patients with normal and healthy 
periodontium could be a reliable clinical index for 
determining the mean CL of the GPC.

A limiting factor in the present study was the small 
number of CBCT scans performed in Iran, and it 
is suggested that further studies be performed on 
a larger group of subjects to determine whether the 
results are applicable to different ethnic groups. It 
is also suggested that the height and volume of the 
PPF be compared in adults and children as well as in 
subjects with specific craniofacial diseases.

CONCLUSION

To prevent the complications of maxillary nerve block, 
3D images of CBCT can be useful to detect precise the 
mean CL and its typical anatomic routes. If there is no 
access to CBCT data, distance from the IOF to the CMP 
may be a reliable clinical index to compute the CL.
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