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Abstract

This study aimed in evaluates the position of the greater palatine sulcus and foramen, according to
confounding factors, using cone-beam computerized tomography. The great palatine foramen and greater
palatine sulcus were located at 105 maxillary cone-beam computerized tomography and the distance
to the cement-enamel junction at the first and second premolars and the first molar were measured. A
step-wise multiple regression analysis was used to data analysis. The great palatine foramen was most
frequently located in the regions between the second and third molar and no influence of variables were
noted (p>0.05). The mean distance between the greater palatine sulcus and cement-enamel junction
was 15.3+2.3 mm. However, a shorter distance was observed in females (p<0.0001) and in those low-
vault subjects (p<0.05). The location of the greater palatine sulcus appears to be affected by gender
and palatal type, i.e., female and low-vault subjects presented the artery closer to the cement-enamel

Jjunction.

Introduction

Periodontal and peri-implant plastic
surgery techniques have been widely used
in daily clinical practice, with the goal of
attaining esthetic excellence [1-5]. Several
techniques used in plastic surgery involving
the use of sub-epithelial connective tissue
from the palate (SECTP) have been indicated
in cases of root coverage [6-8], and peri-
implant mucosal augmentation surgeries
(1,3].

Although widely used, the graft removal
technique should be carefully done since
accidents, especially lesion of the great
palatine artery (GPA), leading to severe
hemorrhage can occur. GPA lesion can be
painful and difficult to control, in addition
to being able to favor the formation of
hematomas and consequently increase the
risk of infection in the site [9]. Therefore, the
surgeons must be alert to and familiarized
with the surgical anatomy of the palate
[10,11], in addition to attempting to obtain
adequate dimensions of the graft, without
avoiding large safety margins that may
compromise the success of the procedure
[12].

The GPA emerges in the oral cavity by
means of the greater palatine foramen (GPF)
and has a postero-anterior trajectory, lodged
in the descendant palatine, or greater palatine
sulcus (GPS) [1,13]. Nowadays, clinicians
locate the GPA by palpation, identifying
the angle formed by the lateral wall of the
alveolar process and the palatine bone, since
the intersection of this angle would be the
probable location of the GPA [13,14]. However,
this may not be completely reliable because
it is frequently not possible to locate this
small bony salience, described as Benninger's
palatine crest, or the greater palatine crest of
the maxillary bone [14].

Therefore, the aim of this study was to
evaluate the position of the GPA, identifying
the trajectory of the GPS and the location
of the GPF using cone-beam computerized
tomography (CBCT) to identify factors
influencing GPA location and to identify the
secure connective tissue graft dimensions
according to them.

Materials and methods
Population

A retrospective study was conducted
evaluating CBCTs of patients who had sought
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the services of a radiology center located in the city of Sao Paulo,
SP, Brazil, in the period between March 2012 and January 2013.
The identity of all individuals was hidden, and the study was
approved by the Ethics Committee (protocol 541/11).

Sample selection was determined in accordance with the
following criteria: individuals of male and female gender;
minimum age of 18 years; complete dentition from the first
maxillary premolars through to the second molars on the right
side, with visible cement-enamel junction (CE]) and GPS in at
least one of the evaluated regions (first and second premolars, and
first molar). Exclusion criteria included: individuals presenting
dental restorations, the use of orthodontic bands, or fixed
dentures; dental extrusion; previously submitted to orthognathic
surgery in the maxilla; exams in which it was impossible to clearly
determine the CEJ.

Tomographic exams

The tomographic exams were generated from the capture of
images using the same appliance (i-CAT™ Cone-Beam Imaging
System, Hatfield, UK) and the images were analyzed by means of
a software program (i-CAT Vision™, Hatfleld, UK). At the time
of image capture, the patients remained seated, with the neck and
head stabilized, Frankfurt plane parallel to the ground, median
sagittal plane perpendicular to the ground, and eyes fixed on
their own pupils reflected in a mirror placed in front of them. In
addition, a wooden spatula was interposed between the maxillary
and mandibular molars to prevent interposition of the tongue on
the soft tissues of the palate, thus obtaining better visualization
of the structures of interest. In a similar manner, a plastic mouth-
opener was used with the aim of distending the vestibular mucosa,
preventing it from getting in contact with the patient's teeth.

Image acquisition was performed in accordance with the
manufacturer’s protocol: scanning field of vision of 8 cm, voxel
of 0.25 mm, exposure time of 40 seconds, 120 KVp (kilovoltage/
peak), 46.72 mAs (milli-amperage/second), and radiation dose of
104.5 pSv (microsieverts), in accordance with the International
Commission on Radiological Protection (ICRP).

Selection and measurement of sites

All the analyses were performed by means of a tool contained
in the software, which expresses measurements in tenths of
millimeters. Each region was measured separately by a single
examiner, previously calibrated (LCMF - intra-class correlation
test =0.92).

Figure 1. a) Coronal section shows the location of GPF (arrow);
b) Representative aspect of GPS location at second pre-molar; c)
Determining the height of the palate; d) and width of the palate.
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Firstly, the location of the GPF was verified in each of the
computerized tomography images. After this, for GPA location,
the most apical limit of the GPS was considered and the distance
to the CEJ at the central region of the maxillary first and second
premolars (IPM and 2PM, respectively) and maxillary first molars
(1M) was determined.

In addition to this, the height and width of the palate of each of
theindividuals were measured. To measure the height, two parallel
lines were determined, one passing through the palatine bone and
the other through the CE] in the direction of the median palatine
suture. The width was determined by the distance between the
maxillary first molars (Figure 1). Subsequently, the depth of the
palate was determined by means of the median resulting from the
division of width/height. Thus, the individuals were divided into
two groups, with one group being considered high palate, and the
other group low palate, according to the median value of 1.72.

Result

In total, 326 CBCTs were evaluated; of these, 105 (56 male and
49 female) were selected in accordance with the inclusion and
exclusion criteria, and thus composed the research sample.

To determine the variables influencing the location of the GPS
(dependent variable), linear regression analysis was performed.
This model can evidence the GPS location in relation to age,
gender, and palatal width and depth, as well as its ratio (width/
depth = determining high or low palate) (independent variables).
The descriptive analysis was performed, and the assumptions of
the linear regression were verified. The dispersion graphics were
obtained to observe the behavior between the dependent variable
with the independent variables. The Pearson and Spearman
correlation tests were performed to select the variables and
performed the univariate models. The collinearity was analyzed
between independent variables and, when it was verified, the
more significant variable was maintained. A forward stepwise
selection was adopted (p<0.25) and the variables were analyzed
regarding their r2adj results of the model, the coefficients and
the statistical significance (p<0.05). Residual diagnostics were
used to test whether the regression assumptions were satisfied.
An independent and blind biostatistician (VP) performed the
analyses of data. Statistical analyses were performed using the
software R 2.14.1. The Chi-square test was performed to analyze
the association between the foramen location and age, gender,
palatal width, depth, and ratio (width/depth).

Greater Palatine Foramen location

About foramen location, none of the investigated variables
showed a significant correlation and consequently, no logistic
regression model could be made. Table 1 shows that the two
most frequent locations of the FPM were the regions between the
maxillary second and third molar and at the third molar region,
in both males and females (Table 1).

Table 1. Frequency of location of the FPM.

Location of Foramen n (%)
M 50 (51.0%) A

Between 2M and 3M 48 (45.7%) A
2M 73.3%)B

Different letters indicates statistical significance by Chi-square test
(p<0.05).
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Figure 2. Correlation matrix of the variables.

Table 2. Mean in mm (£SD) of the CEJ-GPS distance in each region.

Region CEJ-GPS distance
1st Premolar 15.5€2.3
2nd Premolar 15.5€2.3
1st Molar 14.9£2.3
p (ANOVA/Tukey) 0.137

Table 3. Correlation test and p-values between variables.

Variables
Dep?;)dent Independents (x) (é:)r:f;l?it:z;l p-value
st Molar Age 0.1079 0.2732
1st Molar Depth 0.8806 2.2e-16
st Molar Width 0.6184 2.069e-12
1st Molar Ratio (width/depth) | -0.7528 2.2e-16

Table 4. Correlation test between the independent variables to verify

GPS distance to CEJ

TThe mean distance between GPS and CEJ was 15.3+2.3 mm.
Data were separate at first and second premolars, as well as the
first molar region. The mean distance of each region was 15.5+2.3
mm, 15.5+2.3, mm and 14.9+2.3 mm, respectively (p>0.05; Table
2).

The Shapiro test of the variables showed normal distribution
for the first molar CEJ-GPS distance (p=0.3); however, the first
premolar and second premolar were not normally distributed
(p<0.01). The ratio (width/depth) demonstrated normality
(p=0.508) and the other variables did not show normal distribution
(p<0.05). Log transformation of the data was adopted to satisfy
the basic assumptions of linear regression. The correlation test
performed between the variables (Table 3) indicated a statistically
significant positive correlation between the first molar distance
and depth (r=0.88, p<0.01) and width of the palate (r=0.61,
p<0.01). The ratio (width/depth vault) presented a strong negative
correlation (r=-0.75, p<0.01). There was no correlation with age
(r=0.1, p=0.273); however, it was selected in the multiple linear
regression as adjustment variables (Figure 2). All the modeling
was performed with first molar distance (Y-variable) due the data
normality and the ANOVA results, in which no difference between
the 1st molars and 1st PM/2st PM distances were observed.

Furthermore, regression models to identify any variable
that could influence this distance were also constructed. The
collinearity analysis indicated that depth, width, and ratio of
width/depth presented a significant correlation (p<0.05; Table
4). Moreover, gender and ratio (width/depth) also significantly
correlated (p<0.05; Table 4).

The multiple regression analyses were modeled including the
ratio of width/depth (as a significant and normally distributed
variable) and age (to a better adjustment of regression model).
The analyses indicate a significant negative and moderate—strong
correlation (adjusted r2=0.56 — 1M) between ratio and distance of
GPS to CEJ (p<0.05; Table 5), indicating that the higher the value
of the width/depth ratio (i.e., lower palate), the closer the GPS will
be to the CEJ, with a decrease of distance of 8.45 mm for each unit
of ratio. This model of the ratio, adjusted by age, explains 56% of
the variance of the GPS-CEJ distance (Table 6).

colinearity.
Independent variables Correl p-value
Age Palatal depth 0.0847 0.389
Age Palatal width 0.0061 0.950
Age Ratio (width/depth) -0.0914 0.354
Palatal depth Palatal width 0.6719 4.241e-15
Palatal depth | Ratio (width/depth) -0.9017 2.200e-16
Palatal width | Ratio (width/depth) -0.3329 0.00051

Table 6. Model variables and multiple linear model.

Table 5. Correlation between ratio (width/depth) and gender. Variables Multiple Linear model
Dependent (y) | Independent | Coefficient | p-value | adjusted
Gender High palate (<1.71%) | Low palate (>1.71%) (x) ®) 92
Male (n=56) 34% 66% CEJ-GPS Age 0.0137 0.239
Female (n=49) 67% 33% distance Ist | Ratio width/ | -8.455 2.00E- | 0.5643
p-value (Chi-square test) 0.003 Molar depth 16

Median of the ratio width/depth of palate.

Table 7. Position of GPS with respect to vault type, measured in millimeters (mean =+ sd).

o Region
Mean (ratio width/depth) n p-value ANOVA/Tukey
M 2PM 1PM
High-vault group (<1.71%) 1.55 53 17.2£1.7 17.0£1.9 16.3+2.0 0.07
Low-vault group (>1.71%) 1.87 52 14.1£1.7 14.2+1.6 13.5£1.5 0.2
p (Student’s t test) <0.0001 <0.0001 <0.0001 <0.0001

* Median of the ratio (width/depth) — SD — Standard deviation

Sur Res J. (2024) Vol 4, Issue 2
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It was observed that subjects considered as high palate (53
individuals) presented a longer distance between the GPS and
the CEJ for the teeth of interest, with a statistically significant
difference in comparison with individuals considered as low
palate (p<0.0001; Table 7). A mean of 16.8+1.9 mm between the
GPS and the CEJ was observed for the high palate, and 13.9£1.6
mm for the low palate.

The Shapiro test of the residual values of the final model
demonstrated normal distribution of the errors (Figure 3).

Residuals
o

Adjusted values

Figure 3. Residual distribution of the multiple linear model.

Discussion

Connective-tissue graft is widely used in periodontal and peri-
implant plastic surgery [1-8], but, it demands great dexterity
and anatomic knowledge and the influential variables that
could determine the extent of connective-tissue graft, resulting
in a well-balanced security-size ratio. To date, only anatomic
studies in cadavers have been done, which directly verified the
trajectory of the GPA [12-14,16,17], showing significant variations,
depending on the method applied. Reiser et al.[13] conducted the
first large study on the surgical anatomy of the palate, in which
they observed that the GPA and the greater palatine nerve (GPN),
in spite of emerging together through the GPF, followed distinct
trajectories towards the anterior region of the maxilla. GPA
follows a trajectory in the more lateral portion of the maxilla,
which directly implicate in the SECTP removal [13,14]. Fu et al.
[16] compared a method for the indirect location using plaster
models and direct dissection by surgical access and concluded
that there is a significant discrepancy of around 4 mm between
the methods evaluated. Other authors have observed that the
method of palpation was imprecise for determining the correct
location of the GPA [14]. Thus, it is clear that no reliable exam can
be used to determine GPA location and to indicate to clinicians
the safe dimensions of SECTP.

The present study suggests a new approach to verifying
the trajectory of the GPA by means of using CBCT. Thus,
the GPS (where the artery lies) could be visualized directly at
the area of graft. Thereby we could obtain grafts with more
adequate dimensions, and with lower risk of lesion to the GPA,
individualized for patient or averaging for variables.

In this analysis, it was possible to locate the presence of a canal
after emergence from the GPF, and as the images were followed
in the direction towards the anterior region, the formation of
two sulci began to be observed, with one being located in a more
medial region, while the other was located on the lateral wall of
the palatine bone, confirming previous anatomic studies [13,14].
Therefore, the closer to the anterior region of the maxilla, the
thinner the GPS became. This corroborates previous studies that

Sur Res J. (2024) Vol 4, Issue 2

related a gradual reduction in the diameter of the artery as it went
towards the incisive foramen [16,18].

Moreover, although the GPA gets thinner, some other studies
indicate that there is a tendency for the GPA to get closer to the
CEJ as it goes in the direction towards the anterior region of the
maxilla [13], which was not confirmed in our analysis. There
were no differences between the regions of the first premolar,
second premolar, and first molar, indicating a constant and linear
orientation of the GPA. This facilitates the clinician’s plan for graft
removal, as a linear measure could be drawn, and a linear graft
could be harvested.

Regarding the GPA distances to teeth CEJ, Reiser et al. [13]
showed that the GPA was located at a distance that ranged from
7 to 17 mm from the CEJ of maxillary molars, and observed that
the mean distance was 14.90+2.93 mm in males, and 12.70+2.45
mm in females, similar to values observed by Benninger et al.
[14], who observed a distance of 9 to 16 mm. Our results showed
a mean distance between the GPS and the CE]J that were higher
in both males and females (16.5+2.15 mm and 14.3%1.9 mm,
respectively). This fact possibly reflects the methodology used in
the study, considering that previous studies were conducted in
cadavers with a direct view of the GPA. In our study, although a
direct view of the GPA was also allowed, our measurements were
made based on the GPS itself. However, considering the GPA
diameter of 2.65+1.3 mm observed by Klosek [18], similar results
could be seen.

The mean distances between the CEJ and GPS for the regions of
1M, 2PM, and 1PM for males were 16.7+2.0, 16.7+1.9,and 16.0+1.8
mm, respectively, while in females, they were 14.5£1.9, 14.5£1.8,
and 13.9+1.8 mm. These results agree with those described by
Monnet-Conti et al. [12], who observed 16.15+2.45, 16.1+2.57,
and 14.13+2.12 mm (1M, 2PM, and 1PM, respectively) in men,
and 14.63+2.4, 15.05+1.84, and 13.65+1.8 for the same regions in
women. Moreover, both studies observed a statistically significant
difference between genders. However, besides the gender
influence, the present study applied a step-wise multifactorial
analysis allowing the determination of different variables on the
GPS location.

The position of the GPS was evaluated about the age, gender,
and palate type of individuals, and it was found that age had no
influence on the position of the artery in any of the evaluated
regions. Therefore, this factor presents no impact on planning
surgery for SECTP removal and may suggest the immutability of
the artery position as the individual ages. At the same time, gender
and palatal type (low or high vault) are significant variables for
GPS location.

Recently, Kim et al. [19] showed a discrete influence of gender
on GPA position, with females presenting thicker palatal mucosa
than males in the molar region and, inversely, thinner palatal
mucosa in premolar regions. However, corroborating our results,
Monnet-Corti et al. [12] showed a significant influence of gender,
in which females presented a lower distance of the CEJ or alveolar
crest to the GPA. Meanwhile, it is important to consider that
gender could be associated with different cranial dimensions and
should not be isolated enrolled in comparison between groups.
Therefore, in the multiple step-wise analyses employed, gender
and palate type presented collinearity and both determine the
distance to the GPA.

Reiser etal. [13] classified the palate into three types: individuals
with a high vault being those that present a distance of over
12 mm between the GPA and CEJ; medium vault, when this
measurement ranged from 7 to 12 mm; and low vault when it was
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less than 7 mm. In the present study, as in a previous one [20], a
dichotomization by the median value was used. It was possible
to observe that individuals considered as having a high vault,
irrespective of gender, presented a longer distance between the
CEJ and the GPS. Therefore, in these patients, there could be a
larger safety margin for tissue removal, and it may be possible to
remove, when necessary, a graft with larger dimensions.

The intention of this study was to determine the anatomic
characteristics and the variables influencing the position of
the GPA, focusing on reducing the risk of lesion of the GPA.
However, at the same time, larger safety margins would diminish
the maximum dimensions of the grafts, and this could be more
critical in cases of low palate or in cases in which there was a need
for a larger quantity of graft [14]. Some studies tried to establish
safe dimensions for SECTP. Monnet-Conti et al. [12] indicated
that it may be possible to safely remove grafts from 5 to 8 mm
in height in most cases, without violating the GPA. Kim et al.
[19] postulated that “the premolar region is recommended as
the optimal donor site for tissue grafts, and especially the second
premolar region. The maximum size and thickness of tissue that
can be harvested from the second premolar region are 9.3 mm
and 4.0 mm, respectively”. In our study, we evaluated the GPS.
So, the diameter of the GPA should be considered when a clinical
correlation is done.

Previous studies indicate that GPA diameters vary, ranging
from 0.9 to 2.65 mm [18,19]. Considering the higher value of
2.65 mm as the GPA diameter and the distances observed in the
present study, the maximum distance to the CEJ should not be
more than 13.4 mm in high-vault individuals and 10.8 mm in low-
vault individuals (considering the 1PM region and the elective
area). This indicates that CBCT could provide an adequate
analysis and location of GPA and could allow the clinician a well-
recognized of safety margins, enabling, when necessary, a larger
dimension for grafts.

The use of CBCT has been shown to be increasingly present
in dentistry [21]. CBCT offers the dental surgeon high-quality
images, making it an essential tool in dentistry. Moreover, it
presents other advantages such as low morbidity, low radiation
rate, reduced cost, allows the precise measurement of structures,
and the possibility of evaluating both sides simultaneously
[20,22,23].

The present study identified the location and variables of the
palatal foramen. The GPF was most frequently located in the
regions between the maxillary second and third molar, without
any difference between genders. These data were similar to those
observed by Klosek and Rungruang [18] and Reiser et al. [13] who
more frequently located the GPF in the third molar region, and
Wang et al. [24] and Fu et al. [16] who observed greater frequency
of the GPF between the second and third molar (48% and 66.6%
of the cases, respectively). However, Klosek and Rungruang [18]
observed a difference between the genders: in men, the GPF was
predominantly located in the third molar region (65%), and in
women, between the second and third molars. This variation
could be an effect of the method of analysis and should be
confirmed in future.

Noteworthy, the limitations of this investigation are related
to the characteristics of design of study - regression analysis of
retrospective data - and may include confounding variables, bias
and other aspects that could significantly impact the interpretation
of the obtained findings. This study design presents restrict use to
estimate conditions of transient nature or that progress with time,
limiting inferences about causality. Thus, prospective studies

Sur Res J. (2024) Vol 4, Issue 2

with longitudinal follow-ups are important to confirm and
complement the inferences of the current investigation.

In conclusion, considering the limitations of this retrospective
study, the regression analyses suggest that GPF is not influenced
by any characteristic and the distance of the GPS to CEJ appears
to be affected by gender and palatal type, with female and low-
vault subjects presenting the artery closer to the CEJ than male or
high-vault individuals.
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