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Abstract 
      An observational study was carried out on 103 CBCTs. The GPF position was assessed by 
drawing guidelines in the CBCT axial image located between the first, second and third molar and 
in the center of the second and third molar, performing five guidelines on each side. Also, the 
depths and widths of the dental arches were measured at the canine and second molar regions to 
determine maxillary arch shapes (ovoid, square and tapered) by calibrated interexaminers (Kappa 
index and Intraclass correlation coefficient). An association test was performed using the Chi-
square Pearson test and the Fisher exact test (P<0.05).  
      Objectives to determine the association of the maxillary arch shape with the greater palatine 
foramen (GPF) position using CBCT scans.  
      Position C (68.94%) was the most frequent position followed by position B (19.42%), position D 
(7.76%), and position E (3.88%). Hence, 76.70% of the GPFs were located in the opposite to the 
third molars position. The Fisher´s exact test showed a significant association between position C 
and all age groups (P<0.001). The ovoid maxillary arch was the most frequent in teeth of female 
patients (27.18%) followed by males (23.31%). Position C was mostly frequent in ovoid (33.98%), 
square (33.31%), and tapered (11.64%) arches. However, the Chi-square Pearson test did not 
show a significant association between these variables (P=0.332). 
      The shape of the maxillary arch and the position of the GPF had no association. 

Clinical article (J Int Dent Med Res 2022; 15(1): 165-171)          
      Keywords: Anatomy, Cone-beam computed tomography, dental arch, hard palate, patient 
satisfaction. 
      Received date:  15 January 2022                                               Accept date: 02 March 2022                                    

 
 Introduction 
 

 Smiles become not only the focal point of 
people's attention but also as a key feature of the 
overall aesthetic appearance. Free gingival graft 
and connective tissue graft harvesting from the 
palate has provided a reliable approach for 
increasing the keratinized tissue width around the 
teeth and implants, augmenting gingival 
thickness, and treating gingival recessions for 
improving the aesthetic.1 Intraoperative and 
postoperative bleeding caused by injuries to the 

palatal vessels is one of the most common 
complications in these procedures.2 Hence, 
comprehensive knowledge of anatomy is 
necessary for reducing the risk of complications.  

It has been reported that the anatomy of 
the palatal vault strongly influenced the risk of 
injury of the greater palatine artery (GPA).3 If a 
haemorrhage occurs in the GPA, it is more 
complicated to perform haemostasis or ligation of 
the vessel, leaving only the placement of bone 
wax making compression. Besides, the greater 
palatine nerve (GPN) emerges through the 
greater palatine foramen (GPF) allowing the 
maxillary nerve block anesthetic technique (on 
the entire hemi-maxilla, including teeth, palatal 
and gingival mucosa, the midface area, maxillary 
sinus, and nasal cavity).4 Therefore, the position 
of the GPF is important to avoid haemorrhagic 
risks and anesthetic failures.  
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The position of the GPF, the course of the 
GPA, the distance from the GPF to the anterior 
nasal spine, to the posterior border of the hard 
palate and to the mid palatine suture as well as 
to the cement enamel junction of the teeth have 
been assessed in several cadaveric studies.5-7 In 
African and Indian populations, the GPF was 
found at the third molars.8,9 The GPF was also 
located in the third molars of white3,10 and South 
American populations (Brazilian).11,12 However, 
studies from Asia have reported that the GPF 
was localized at the second molar 13 or between 
the second and the third molars.14 Previous 
studies have also included variations in the 
geometry of the GPF likely due to the size of the 
maxillary arch and the craniofacial ethnic 
differences.15,16   

In 2001, Noroozi et al.17 proposed a 
mathematical model for the human dental arch 
and identified the square, ovoid, and tapered 
arches. Four years later, Kook et al.18 evaluated 
mandibular arches using dental models and 
indicated that the most prevalent arch forms in 
Korean and North American populations were the 
square and the tapered ones, respectively. Cone-
beam computed tomography (CBCT) is used as 
a non-invasive technique to evaluate human  

dental arch forms as tools for detailed and 
accurate bone assessments.19-23 This may 
contribute to clinical decisions when clinicians 
plan gingival graft and connective tissue graft 
harvesting. The literature search failed to find any 
publications concerning maxillary arch forms and 
GPF. Hence, to address the lack of publications 
on these variables, this current study assessed 
the association between the maxillary arch forms 
and the position of GPF using CBCT scans. 
   

Materials and methods 
 

Research Samples 
One hundred and three CBCT images from 

Peruvian adults aged 18 to 77 years (51 men and 
52 women) were selected from the records of the 
Diagnostic Imaging Centre in 2018. All the 
patients were informed that the CBCT scans 
would be anonymously used for research 
purposes later and were requested to sign 
informed consent forms.  

Research Methods 
This study only included CBCT images 

from subjects with the presence of maxillary 
canines and fully erupted molars at least on one 

side and the absence of any pathological 
condition or deformities of the jaws. Edentulous 
patients, who had undergone orthodontic 
corrections, and those with crowns or metallic 
structures that could generate artifacts near the 
anatomical structures, incomplete clinical records, 
and distorted images were excluded from the 
research samples. 

All CBCTs were taken with the same 
equipment, Point 3D Combi 500S (PointNix, 
Hwaseong, Seoul, South Korea) set to 5 mA, 90 
Kv, a voxel of 0.23 mm, and the field of view of 
120 x 90 mm and 140 x 90 mm. The scanning 
took 19 seconds to complete. The images were 
always obtained from patients in a standing 
position with the head positioned straight by the 
device in which the mid-sagittal plane was 
perpendicular to the floor plane and parallel to 
the Camper’s plane. The multi-planar 
reconstruction images were generated by the 
Real Scan software (PointNix, Hwaseong, Seoul, 
South Korea) and were analysed in a Samsung 
Intel Core i7-4770 workstation. Images were 
viewed in a dimly lit room on an 18-inch monitor 
(Toshiba monitor, Tokyo, Japan) set at a screen 
resolution of 1366 x 768 and 32-bit colour depth. 
 

 
Figure 1. A. Coronal CBCT image shows the 
intersection of the midsagittal plane with the 
nasal cavity floor plane. B&C. Sagittal and axial 
CBCT image shows the midsagittal plane and the 
long axis of the nasal cavity floor plane selected 
to obtain a proper axial view of the anterior and 
posterior nasal spine. D. Axial CBCT image 
shows the right and left GPF. 

 
The images were acquired at stages as 

follows. First, the midsagittal plane and the nasal 
cavity floor plane were selected on the coronal 
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view. Second, the midsagittal plane and the long 
axis of the palatal plane were selected on the 
sagittal view with both the anterior and posterior 
nasal spines in the same horizontal plane to 
obtain a proper axial view of the nasopalatine 
canal (Figure 1).  

 Greater palatine foramen position 

 
Figure 2. A. Sagittal CBCT shows the opening of 
GPF using a small thickness cut. B. Sagittal 
CBCT shows the GPF position distally to the third 
molar using a full thickness cut. 
 

To assess the position of the GPF related 
to the upper molars, evaluation was conducted 
on each image in axial reconstruction considering 
the classification proposed by Ikuta et al. 12 Once 
the centre of the GPF was located, five tangents 
were drawn parallel to the middle of and 
interproximal to the face of the maxillary molars. 
The following classification was used to assess 
the positions: (A) from the medial surface of the 
second molar to its centre; (B) from the centre of 
the second molar up to its distal face; (C) from 
the medial surface of the third molar up to its 
centre; (D) from the centre of the third molar up 
to its distal face; and (E) distal from the third 
molar. A new depth of the axial reconstruction 
demonstrated an overlap between the previous 
tangents with the GPF, and thus it was possible 
to evaluate the relationship between upper 
molars and GPF. The exact position of the GPF 
showed an overlap with the tangents drawn, and 
this image of the position was recorded as JPEG 
(Figure 2).  

Arch forms 
To measure arch forms, an axial view 

considered the incisal edges, canines, and molar 
cusps. The depths and widths of the dental 
arches at the canines and second molar regions 
were measured using the formula initiated by 
Noroozi et al.17  The depths and widths were 
defined as follows: 1. Intersecond molar width 
(Wm): the distance between the distobuccal cusp 
tips of the second molars; 2. Intercanine width 
(Wc): the distance between the canine cusp tips; 
3. Second molar depth (Dm): the distance 

between the contact of the central incisors and a 
line that connects the distobuccal cusp tips of the 
second molars; 4. Canine depth (Dc): the 
distance between the contact of the central 
incisors and a line that connects the canine cusp 
tips. 

The (Wc/Wm) × (Dc/Dm) − 1 ratio could 
describe the arch forms. When this ratio of a 
dental arch was within the range of mean ± 1 SD 
(standard deviation), the arch could be 
considered ovoid. However, when this ratio was 
more than mean + 1 SD, the arch form could be 
considered square. Finally, when this ratio was 
less than mean + 1 SD, an arch form could be 
tapered. 

Reliability  
All measurements and variable 

assessments were taken by two observers, one 
oral maxillofacial radiologist with more than 
10year experience and one periodontist 
previously calibrated by the oral maxillofacial 
radiologist. Intra- and inter-examiner reliability 
was evaluated with the Kappa index, obtaining 
values greater than 0.8 for all qualitative 
parameters (95% confidence interval: 0.80-1.00). 
Quantitative measurements were evaluated 
using the intraclass correlation coefficient, 
obtaining values greater than 0.90 for all 
measurements (95% confidence interval: 0.90-
0.99). Additionally, Dahlberg´s errors were 
smaller than 0.8 mm (from 0.5 to 0.8) for these 
measurements. All variables were re-measured 
after a 30-day interval. 

Statistical methods 
Statistical analyses were performed using 

the Stata 14.0 (StataCorp LP, College Station, 
TX, USA). Normal distribution was confirmed 
using the Shapiro-Wilk test. Associations 
between qualitative variables were evaluated 
using the Chi-square Pearson´s test or Fisher´s 
exact test. The significance level was set at 
P<0.05. 

 
Results 
 
A total of 103 (100%) CBCTs distributed 

into three age groups: (1) from 18 to 40 years 
(43.69%), (2) from 41 to 60 years of age (41.5%), 
(3) from 61 to 77 years (14.56%), were included 
for analysis. Viewed from gender, the position C 
of GPF (68.94%) was more frequently found in 
males (35.92%) than females (33.02%), followed 
by position B (19.42%), position D (7.76%), 
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position E (3.88%) and position A (0%). 
 

 
Table 1.  Position of GPF in relation to maxillary 
molar teeth considering gender. 
 

The Fisher´s exact test did not show a 
significant association between the position of 
GPF (Greater palatine foramen) and gender 
(P=0.696) (Table 1). According to age, position C 
was mostly seen in the age group of 41-60 years 
(36.90%), followed by the age groups of 18-40 
years (21.36%) and 61-77 years (10.68%).  
 

 
Table 2. Position of GPF in relation to maxillary 
molar teeth considering age stages. 
 

The Fisher´s exact test showed a 
significant association between position C and all 
age groups (P<0.001) (Table 2). In relation to 
dental arch forms by gender, ovoid dental arches 
were more dominantly found in females (27.18%) 
than males (23.31%). 

 

 
Table 3. Dental arch shape in relation to 
maxillary molar teeth considering gender. 
 

The Chi-square Pearson´s test did not 
show a significant association between the dental 
arch forms and gender (P=0.672) (Table 3). 
While, regarding age, ovoid arches were more 
frequently captured in the age group of 18-40 
years (23.31%) compared to the age group of 41-
60 years (21.36%). Lastly, tapered arches were 
the least frequently found in patients aged 61-77 
years (0.98%). 
 
  

 
Table 4. Dental arch shape in relation to 
maxillary molar teeth considering ages stages. 
 

The Chi-square Pearson´s test did not 
show a significant association between dental 
arch forms and age groups (P=0.698) (Table 4). 
Considering the position of the GPF related to 
the maxillary arch forms, position C was most 
frequently observed in ovoid (33.98%), square 
(33.31%), and tapered (11.64%) arches. 

 

 
Table 5. Association between the position of the 
GPF with the maxillary arch shape. 
 

However, the Chi-square Pearson´s test 
did not show a significant association between 
these variables (P=0.332) (Table 5). 
 

Discussion 
 

 An accurate assessment of anatomical 
structures positions such as the GPF has 
substantial clinical relevance in periodontal 
plastic surgery, maxillofacial surgery, and general 
dentistry. There is much information about the 
position of the GPF on dry skulls, and certain 
variations in different populations are 
documented. However, one of the major 
limitations of investigations on dry skulls is that 
those studies did not take gender and age into 
account while and these are important variables 
due to the sexual dimorphism.3 To add new 
insights against these limitations, technological 
advances of imaging techniques such as the 
computed tomography (CT),3,24 CBCT,12,16,25,27 
and micro-CT,7 have been proposed for more 
detailed and accurate assessments of GPF and 
adjacent structures. 

Several studies used dry skulls for 
identifying the positions of the GPF. In Nigerian 
populations, the GPF was between the mesial 
surface and the centre in 40% of the cases and 
opposite to the third molars in 8.46% of the 
cases8 Besides, other studies have stated that 
the GPF was located at the third molars in 76% 
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of the cases,27 and distal to the midpalate region 
of the third molars in 96% of African cases.28   
The pooled prevalence of the GPF being 
positioned opposite to the third molar was 63.9% 
in a systematic review.3 In 73% of the South-
Eastern European population the GPF was 
located internally from the third molar.10 Also, in 
76.2%, the GPF were between proximal-distal 
surfaces of the third maxillary molar.29 
Furthermore, the GPF was opposite to the third 
molars in 73.75%,9 74.6%,15 and 73.38% of 
cases in India.30 On the other hand, in the South 
American (Brazil) population, the GPF was 
opposite to the third molars in 54.87% of the 
cases.11 However, for more precise GPF 
positions, Ikuta et al.12 used the CBCT technique 
and proposed a classification considering five 
tangents drawn parallel to the middle of and 
interproximal to the face of the upper molars 
adjacent to the third maxillary molars. This study 
found that 0% of the GPF was identified in 
position A and 3% of the GPF were identified 
from the centre of the second molar up to its 
distal face (position B), and 53% were identified 
from the medial surface of the third molar up to 
its centre (position C). As many as 39% were 
identified from the centre of the third molar up to 
its distal face (position D), and 5% were located 
from the distal to the third molar (position E). 
Therefore, 92% of the GPFs were located 
opposite to the third molar. Among Peruvian 
adults currently studied, the GPF was identified 
in positions B, C, D, and E at 19.42%, 68.94%, 
7.76%, and 3.88%, respectively and none 
position A was found. Hence, 76.70% of the 
GPFs were located opposite to the third molar. 
These results accord with findings of other 
studies in the South American population. In 
54.87% and 92% of Brazilians the GPFs were 
opposite to the third molars respectively.11, 12 In 
relation to these studies, two systematic reviews 
have confirmed the most frequent position of 
GPF was opposite to the third molars (63.9%)3 or 
in the midpalate area of the teeth (57.08%)32 of 
the global population.  

On the other hand, the results of this 
present study did not show a significant 
difference in the GPF positions by gender as 
Ikuta et al.12 and Aound et al.16 also found. 
Interestingly, there was no position A (from 
medial surface to the second molar) in the 
samples evaluated. These results are consistent 
with findings of studies conducted by Ikuta et al.12, 

but Aound et al.16 have reported only 1.72% were 
identified using CBCT scans in Lebanese 
population. The GPF in the medial surface to the 
second molar was not found in Brazilian and 
Peruvian populations if scanned using CBCT. It 
is important to stress that this present study 
evaluated the Peruvian adult population aged 18-
40, 41-60, and 61-77 years. Ikuta et al.12 
identified more precise GPF locations that 
position C was the most frequent in all age 
groups and had a significant association with age. 
Considering the findings, this study concludes 
position C from the medial surface of the third 
molar up to its centre (position C) is preferable to 
identify the positions of the GPF in this Peruvian 
adult population. Thus, these results are 
remarkable in performing surgical and anesthetic 
procedures. 

Concerning the maxillary arch forms, this 
present study has discovered ovoid arches, 
followed by square and tapered shapes, were the 
most frequent form both in gender and age 
variables (50.49%). These findings are consistent 
with previous studies that have reported 41%, 
42.4%, and 68% of ovoid arches were found in 
Saudi, Turkish, and Sudanese adult populations, 
respectively.32-34 In South American populations, 
Agurto et al.35 evaluated the maxillary arches in 
Chilean children and reported ovoid arches 
mostly found in 50% of the samples. Additionally, 
Louly et al.36 informed ellipse arches were 
discovered in 86.4% of Brazilian children. 
Although the arch forms were not associated with 
gender and age variables, the study has 
contributed to cover such topics that are still 
limited in the South American population. 
Besides, this study showed no significant 
association between the positions of the GPF 
and maxillary arch forms; thus, position C is not 
always frequent in ovoid arches. With that reason, 
clinicians should not consider arch forms when 
performing surgical procedures that depend on 
the positions of the GPF. 

Despite the findings, this study only 
evaluated only one GPF location (right or left) 
because not all the samples had three molars in 
both locations. However, one study that used 
CBCT scans12 and one study that used micro-
CT7 for evaluating the positions of the GPF failed 
to find significant differences between right and 
left locations.    

However, this study has brought CBCTs as 
an interesting tool for evaluating different 
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structures in the maxillomandibular regions. 
Therefore, it is recommended that future studies 
can investigate morphometric aspects of greater 
palatine canal, incisive foramen, lesser palatine 
canal, lesser palatine foramen, posterior nasal 
spine, pterygopalatine fossa, and midpalate 
fissure of South American populations to provide 
information for interventional procedures. 

 
Conclusions 
 
Based on the present investigation, 

maxillary arch forms had no association with the 
positions of the GPF. In a gingival graft surgery 
or anesthetic procedures, it should be noted the 
GPF is possibly located opposite to the third 
molar, specifically from the medial surface of the 
third molar up to its centre. 

Future Scope / Clinical Significance 
Clinician who performs gingival graft 

surgery or anesthesia procedures must know the 
anatomy of the palate such as the location of the 
greater palatine foramen (GPF) to avoid 
hemorrhagic risks and anesthesia failures. 
Although several information about the position 
of the GPF on dry skulls have been reported, the 
association of the GPF with other variables such 
as the maxillary arch shape is lacking.  
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