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ABStrAct
Introduction: the aim of the present study was to analyze osteometric aspects regarding the location of the greater palatine 
groove in dry human skulls with dentulous and edentulous superior alveolar arches. Seventy-five dry human skulls were 
selected, photographed in a standardized mode and had measures analyzed on Image J software. Of the 75 dry skulls, 28 were 
dentulous and 47 were edentulous. M3 and M4 presented statistically significant values (p<0.05) for comparisons between 
the means of the right and left sides of skulls with the same dental situation. For skulls with different dental situations, two 
variables (M1 and M3) presented statistical differences on the right side and two variables (M3 and M4) on the left side (p<0.05). 
Since differences were of approximately 0.5mm, a symmetry of plausible clinical applications should be considered, which 
means that the presence or absence of teeth does not interfere with the anatomy of the greater palatine groove.
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Introduction
The hard palate is located in the viscerocranium 

and is constituted by the palatine process of the 
maxillae and the horizontal plates of the palatine 
bone, bilaterally. The greater palatine groove (GPG) is 
located in the hard palate, laterally to the palatal spine 
and medially to the alveolar process of the maxillae, 
determining the course of the greater palatine 
neurovascular bundle through the hard palate1-3.

The greater palatine neurovascular bundle is 
constituted by the greater palatine nerve and vessels 
(artery, vein, and lymphatics). The main artery of the 
hard palate is the greater palatine artery, which is a 
branch of the descending palatine artery, a branch 
of the third part of the maxillary artery, running 
downwards through the greater palatine canal and 
emerging on the greater palatine foramen. The greater 
palatine vein accompanies the artery and drains to the 
pterygoid venous plexus. Lymphatic vessels accompany 
the vein2-4.

Osteometric parameters regarding the GPG may 
help dental surgeons to predict the route of the greater 
palatine neurovascular bundle, and thus avoiding 
injuries to it, which is helpful for dental practice, 
specially, in procedures involving soft tissues of the 
hard palate, such as dental extractions, dental implant 
placement, palatal soft tissue grafts, treatment of 

palatal fractures and others7-8.
Since few papers are currently available addressing 

the GPG, it becomes necessary to expand the current 
knowledge, adding new information and confirming or 
not existing results. However, the main scientific gap 
on the theme is whether exist differences between 
dentulous and edentulous individuals, i.e., if the 
presence of teeth influences on GPG anatomy9-11. 

Thus, the aim of the present study was to analyze 
osteometric aspects regarding the location of the 
greater palatine groove in dry human skulls with 
dentulous and edentulous superior alveolar arches.

Methodology
Ethical Aspects and Sample Size Calculation
In conformity with the Brazilian Federal Law 8.501, 

November 30, 1992, we used 75 dry human skulls as 
sample with previous authorization of the Department 
of Anatomy (Federal University of Pernambuco, Recife, 
Pernambuco, Brazil), as a part of an umbrella research 
project approved by the institutional research ethics 
committee (ID number: 66287517.7.0000.5208).

Sample was obtained by means of sample size 
calculation, based on the hypothesis of 95% of 
symmetry between bilateral structures of the hard 
palate, confidence level of 95% and standard error 
of 5%.
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Eligibility Criteria
Inclusion criteria were: dry human skulls with 

no distinction of sex, ancestralism or stature, with 
evidence of eruption of the superior third molars, or 
with evidence of dental extraction of these teeth. It 
also should be bone integrity of the studied structures 
of the hard palate and landmarks of reference. Skulls 
with evidences of anatomical features that indicate 
non-adult individuals (deciduous or mixed dentition, 
opened spheno-occipital synchondrosis, and presence 
of fonticles) were excluded from analysis.

Variables
The following variables were considered: 
Distance from the center of the GPF to the median 

palatine suture (M1);
Distance from the center of GPG to the point where 

the median palatine suture encounters the transverse 
palatine suture (M2);

Distance from the GPG to the median palatine 
suture, using as reference the center of the thicker 
portion of the inferior margin of the zygomatic body 
at the level of the maxillary process of the zygomatic 
bone (M3);

Distance from the GPG and median palatine suture 
using as reference the medium point between the 
median point of M3 and the center of the posterior 
margin of the incisive foramen (M4);

Classification of the dental status of the superior 
alveolar arch. A skull was considered as dentate if 
posterior teeth were present, bilaterally.

Figure 1 illustrates and summarizes these measures.

Image Acquisition
Skulls were photographed using the inferior view of 

the skull base and wit h a standardized focal distance 
of 10 centimeters (Figure 2). A rectangular millimeter 
paper was set at the foramen magnum to obtain the 
calibration of the software Image J (National Institute 
of Health, Bethesda, Maryland, USA), which was used 
for image processing and analyzes. 

Figure 1. Inferior view of skull base illustrating the measures reported on 
methodology section. REF(M3) = reference line for M3; REF(M4) = reference line 
for M4.

Figure 2. Inferior view of skull base showing an example of image acquisition for 
posterior processing on Image J. 

Statistical Analysis
For bilateral comparisons of continuous variables, 

the Shapiro-Wilk normality test was used to verify 
data distribution. Next, the Student’s t paired test (for 
normal data distribution) or the Wilcoxon test (for 
non-normal distribution of data). 

The morphology of the superior alveolar arch was 
classified in triangular, rectangular, open parabolic 
and closed parabolic, by means of visual inspection., 
which was also used to determine the status of the 
superior alveolar arch and to classify it as dentulous or 
edentulous. For these outcomes, the chi-squared was 
used for all comparisons. 

Continuous outcomes were reported as in 
millimeters as means and standard deviations. The 
present research established a 95% confidence level 
and a 5% significance level. All statistical analyzes 
were performed using the software GraphPad Prism 
6.01 (GraphPad, San Diego, California, EUA). 

Results
Of the 75 eligible skulls, there were 28 dentulous 

and 47 edentulous. Analyzes were performed 
considering different sides (i.e. right and left) of skulls 
with the same dental situation (only dentulous or only 
edentulous) and both situations, simultaneously and 
generically. Also, we performed comparisons between 
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the same sides (i.e. only the right or only the left sides) of 
skulls with different dental situations (dentulous versus 
edentulous). 

Comparison Between the right And Left Sides
This analysis considered the measures between the 

right and left sides in three situations: 1) exclusively 
from dentulous skulls; 2) exclusively from edentulous 
skulls; and 3) from both, simultaneously, altogether. 

Data regarding this analysis are summarized on 
Table 1, in which one may see two variables (M3 and M4) 
presented statistically significant values (p<0.05) for 
comparisons between the means of the right and left 
sides. For outcome M3, the general comparison and the 
comparison in edentulous skulls showed difference of 
approximately 0.5 millimeter between antimeres.

Comparison between dentulous and edentulous 
skulls

This analysis considered a comparison between 
measures of the same side of skulls with different dental 
situations (i.e. dentulous or edentulous). Two variables 
(M1 and M3) presented statistical differences on the 
right side and two variables (M3 and M4) on the left side 
(p<0.05).

The data regarding this analysis is fully available on 
Table 2.

Discussion
The present study analyzed 75 dry human skulls of 

adult individuals from a Brazilian sample with the same 
or with different dental situations (i.e. dentulous or 
edentulous), analyzing possible asymmetries between 
sides and the influence of the presence of teeth on the 
GPG anatomy.

Regarding morphometric data between the right 
and left sides of skulls with the same dental situations, 
in despite of statistically significant differences of 
M3 and M4, the small differences identified may not 
imply on importance from a clinical point of view5-7. 
For outcome M3, the general comparison and the 
comparison in edentulous skulls showed difference of 
approximately 0.5 millimeter between antimeres. This 
shows that, despite a small anatomical asymmetry, one 
might consider that there is a clinical symmetry for all 
analyzed variables, in this comparison. This means 
that, if the skulls are dentulous or edentulous, the right 
and left sides are symmetric, considering possible 
clinical situations where this anatomical knowledge 
may be of use5-8.

The analysis between measures of the same side of 
skulls with different dental situations (i.e. dentulous 
or edentulous) showed that statistical differences 
occurred for M1 and M3 on the right side and M3 and 

All Dentulous Edentulous

r L p-value r L p-value r L p-value

M1 16.59
(1.98)

16.68
(1.95) 0.2055 16.29

(2.19)
16.37
(2.02) 0.4821 16.76

(1.83)
16.86
(1.90) 0.3242

M2 12.30
(1.92)

12.46
(2.15) 0.3132 12.30

(1.83)
12.55
(1.79) 0.3197 12.30

(1.99)
12.40

(2.349) 0.6153

M3 9.62
(1.98)

10.12
(1.84) 0.0005* 10.14

(2.11)
10.55
(1.97) 0.0682 9.31

(1.84)
9.85
(1.72) 0.0028*

M4 6.83
(2.20)

6.74
(2.22) 0.4365 6.84

(2.24)
7.28

(2.18) 0.1791 6.83
(2.19)

6.42
(2.18) 0.0392*

table 1. Analyzed outcomes considering the right (R) and left (L) sides of skulls with the same dental condition (dentulous or edentulous). Values were presented in 
means (in millimeters – mm) and standard deviations. * = indicate a statistic significant value.

Dentulous Edentulous Dentulous Edentulous

r r p-value L L p-value

M1 16.29
(2.19)

16.76
(1.83) 0.0350* 16.37

(2.02)
16.86
(1.90) 0.0775

M2 12.30
(1.83)

12.30
(1.99)

0.9961 12.55
(1.79)

12.40
(2.34) 0.4196

M3 10.14
(2.11)

9.31
(1.84) 0.0097* 10.55

(1.97)
9.85
(1.72) 0.0075*

M4 6.84
(2.24)

6.83
(2.19) 0.979 7.28

(2.18)
6.42
(2.18) 0.0159*

table 2. Analyzed variables considering the same side of skulls with different dental conditions (dentulous and edentulous). Values were presented as means (in 
millimeters – mm) and standard deviations. * = indicate a statistic significant value; R = right side; L = left side. 
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M4 on the left side (p<0.05). For M1, which indicates 
the distance between the center of the greater 
palatine foramen and the median palatine suture, 
there was 0.5 millimeter of difference between means 
of the right side, which, again, indicates a numerical 
difference, but may not indicate a clinical asymmetry, 
with possible clinical repercussions.5-8 Similarly, one 
must see that the same occurred for outcomes M3 and 
M4. On both occasions, the differences were smaller 
than 1 millimeter.

A limitation of the present study was due to the 
nature of sample, i.e., dry human skulls, which do not 
feature the presence of soft tissues. Hence, future 
studies of anatomical dissection or with analyzes 
on magnetic resonance imaging may be helpful for 
new outcomes to be considered associated to soft 
tissue landmarks. As for hard tissue landmarks, for 
edentulous individuals, measures could be obtained 
from the GPG in cone-beam computed tomography 

or even in dry skulls, but using different points (at 
least three) and the residual crest of the alveolar 
process (e.g. molar, pre-molar and canine region); 
for dentulous skulls, the same measures could be 
considered to the cemento-enamel junction of the 
same teeth.

Conclusion
Within the methodological scope of the present 

study, we conclude that, despite statistical 
significances, there were no important asymmetries 
regardless of the presence or absence of teeth.
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