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Abstract
Objectives This study aimed to measure the palatal mucosal thickness and examine the location of the greater palatine fora-
men using cone-beam computerized tomography (CBCT).
Methods In this study, cone-beam computed tomography (CBCT) images of the maxillary posterior region of 120 subjects 
were evaluated. The palatal mucosal thickness (PMT), palatal width and depth, and location of the greater palatine foramen 
(GPF) were determined on CBCT. The differences in the palatal mucosal thickness according to gender and palatal width/
palatal depth were analyzed. The location of the GPF related to the maxillary molars was noted.
Results The mean palatal mucosal thicknesses from the canine to the second molar teeth were 3.66, 3.90, 4.06, 3.76, and 
3.92 mm, respectively. The mean PMT at the second premolar was statistically thicker than at other regions (p < 0,001). There 
was no relationship between PMT and gender. However, the palatal depth and width of the males were greater than females. 
(p = 0.004 and p = 0.014, respectively) PMT in the low palatal vault group had statistically higher compared to the high 
palatal vault group. (p = 0.023) Greater palatine foramen was mostly observed between second and third molar teeth. (48%).
Conclusions According to our results, first and second premolar regions can be preferable in soft tissue grafting procedures 
for safe and successful treatment outcomes. The measurement of the thickness of the palatal mucosa and the evaluation of 
the greater palatine foramen location before the surgical procedures are essential steps to harvest from the ideal donor site 
and to achieve optimal surgical outcomes.
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Introduction

During the last decades, several periodontal plastic surgery 
techniques are widely performed for mucogingival deformi-
ties causing functional and aesthetic problems [1, 2]. Autolo-
gous soft tissue grafts [3], free gingival grafts [4] and sub-
epithelial connective tissue grafts [5], are generally used for 
the root coverage, increasing keratinized tissue width, and 
soft tissue volume around natural teeth and implants [6]. In 
these therapies, the dimensions of the soft tissue graft can 
affect the success of the surgical procedures [7]. The pro-
longed process of revascularization and healing period may 
occur if the graft is too thick, on the other hand a graft that 
is too thin may be prone to excessive shrinkage and necro-
sis at the recipient site. In addition, the thick grafts could 
cause delayed wound healing and necrosis in the donor area 
and thus increased postoperative patient morbidity [8, 9]. In 
both situations, undesirable functional and aesthetic results 
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can be obtained [10]. Therefore, the determination of pala-
tal mucosal thickness (PMT) is of importance in harvesting 
optimal autogenous graft thickness [11].

The other critical issue for the clinicians is the knowledge 
of the anatomy of the palate and the course of the greater 
neurovascular bundle (GNB) [12]. Special care should be 
taken not to damage GNB to reduce intra/postoperative 
complications and patient morbidity [13]. Variations in the 
anatomy of the palatal vault should be evaluated in terms of 
the dimensions of the harvested tissue and the location of the 
greater palatine foramen (GPF) in order not to damage the 
neurovascular bundle in this area and cause complications, 
such as bleeding and paresthesia [14]. For the safety zone 
of the donor area, 2 mm below the cemento-enamel junction 
(CEJ) of the region between the distal of canine teeth and 
the palatal root of the first molar is recommended for avoid-
ing hemorrhages, paresthesia, and the attachment loss [15].

The palatal masticatory mucosa is the main donor site for 
periodontal plastic surgeries. The clinical success of the soft 
tissue grafts is closely related to graft thickness and volume 
[6]. The evaluation of the masticatory mucosal thickness is 
described using direct and indirect methods in the literature. 
Cone beam computed tomography (CBCT) can be consid-
ered as a less invasive method compared to direct methods 
[11]. In addition, radiological evaluation could be useful for 
the clinician to determine both the palatal mucosal thickness 
and the locations of the anatomical structures in pre-surgical 
planning. Based on that, the aim of this retrospective study 
was to measure the palatal mucosal thickness and determine 
the greater palatine foramen location using cone beam com-
puted tomography (CBCT) to suggest the ideal zone for soft 
tissue graft.

Materials and methods

Study population

This retrospective study included CBCT images of a total 
of 120 patients (61 female, 59 male) with a mean age of 
26.39 ± 8.51 years (range; 18–50 years) attending the Bas-
kent University Faculty of Dentistry, Department of Den-
tomaxillofacial Radiology. The study was conducted in 
accordance with the guidelines of the Declaration of Hel-
sinki of 1975, as revised in 2013. This study was approved 
by Baskent University Institutional Review Board (Pro-
ject no: D-KA21/08). The CBCT images were acquired 
between 2017 and 2021 for various purposes unrelated to 
this study, such as evaluations of impacted teeth, orthodontic 
treatment, and temporomandibular disorders. The patients 
aged ≥ 18 years of both genders with all teeth from the 
maxillary right and left canine to the second molars were 
included in this study. The exclusion criteria were as follows: 

(1) presence of syndrome or systemic disease affecting bone 
and soft tissue health; (2) CBCT scans that displayed pathol-
ogy; (3) congenitally missing teeth, supernumerary teeth, 
dentigerous cyst, or an enlarged cystic follicle; (4) presence 
of malposition or malalignment of the maxillary posterior 
teeth, overhanging restorations in the palatal region of pre-
molars and molars; (5) history of dental trauma or maxillary 
surgery; and (6) images of patients with motion or any sig-
nificant artifact on the CBCT image. The demographic char-
acteristics of all patients were obtained from the patients’ 
medical files.

CBCT Device

All CBCT images were acquired using Morita 3D Accui-
tomo 170 (J Morita, Kyoto, Japan) with the following param-
eters: 90 kVp, 5 mA, voxel size: 0.160, 0.250 mm, FOV 
size: 80 × 80 and 100 × 50 mm, respectively. The images 
were analyzed using the i-Dixel software (v.2.2.1.6, Morita, 
Kyoto, Japan) on the medical monitor (Eizo Radiforce 
MX270W, Eizo Corporation, Ishika, Japan).

Measurements on CBCT images

1. On CBCT images, the palatal mucosal thickness was 
measured on coronal images from the mid-palatal region 
of each tooth. Four points were signed along the palatal 
mucosal surface from the beginning at the gingival mar-
gin to the mid-palatal suture at equal 3 mm intervals. A 
line perpendicular to a tangent line at each 3 mm interval 
point was drawn to mark the measurement areas from 
the soft tissue surface to the hard tissue. The thickness of 
palatal mucosa between the maxillary canine and second 
molar was measured at a distance of 3, 6, 9, and 12 mm 
from the gingival margin (Fig. 1).

2. The width of palatine was defined as the horizontal dis-
tance between CEJ of the two maxillary first molars. 
The measurement of the palatal width was performed on 
mid-palatal point of maxillary first molars in the axial 
image (Fig. 2).

3. The depth of the palate was determined by the vertical 
distance from the median palatine suture to the level of 
CEJ of the maxillary first molar on the coronal image 
(Fig. 3).

4. After measuring all patients' palatal width and depth, 
the ratio of palatal width to palatal depth was calcu-
lated. The median value was obtained. The palatal vault 
was classified as high or low by the median value of 
the palatal width/palatal depth ratio. The palatal width/
depth ratio that was lower than the median of the ratio 
was classified as high palatal vault, and greater values 
than median value were considered as low palate vault 
[11].
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5. To determine the position of the GPF with respect to the 
upper molars, each image in axial, sagittal and coronal 
reconstructions were evaluated (Fig. 4).

The all measurements were obtained by the two research-
ers [the one radiologist (HK) and one periodontist (INK)] 
who had 5 and more years’ experience on CBCT images. To 
assess the inter and intra-examiner agreement, 20 cases were 
randomly selected, and all measurements were performed 
twice by the same two researchers. Prior to the measure-
ments of the anatomical landmarks on the CBCT images, 
the periodontist (INK) was trained in the use of the software 
measurement tool (i-Dixel software). Inter- and intra-class 
correlation coefficient showed a high agreement (ICC = 0.89, 
ICC = 0.93 and 0.90, respectively). Therefore, the values 
measured by one radiologist (HK) were used for further sta-
tistical analysis.

Statistical analysis

All continuous variables were analyzed by performing the 
Shapiro–Wilk tests were found to evaluate the normality of 
the data distribution. This test demonstrated that parametric 
tests were suitable for data analysis in this study. The differ-
ences in palatal mucosal thickness according to gender and 
palatal vault depth were analyzed using the Student’s t test. 
Both the relationship between gender and palate structure, 
and the relationship between age and measurements were 
analyzed by Pearson correlation. Intra and inter observer 
agreement was analyzed intraclass correlation coefficient 
(ICC). All analyzes were performed with SPSS 20.0 soft-
ware (SPSS for Windows, version 12.1, SPSS Inc., Chicago, 
IL). Statistical significance was determined at p < 0.05.

Results

The mean thicknesses of the palatal mucosa (PMT) at each 
measurement point according to tooth side are presented in 
Table 1. Among twenty measurement sites, the first molar 
teeth had the thinnest mucosa at 3 mm and the second molar 
had the thickest mucosa at 12 mm. The overall mean thick-
ness was increased from canine to the second premolar and 
decreased at first molar and increased at second molar. It 
was observed that the PMT of all teeth increased from the 
gingival margin to more apical parts (Table 1).

The overall mean thickness of the palatal masticatory 
mucosa according to gender at each tooth is shown in 
Table 2. The PMT was thicker in males than in females, but 
the difference was not significant. (3.88 mm and 3.84 mm, 
respectively; p > 0.05) An analysis of the palatal mucosal 
thickness at each measurement point (3 mm, 6 mm, 9 mm, 
and 12 mm) indicated that the PMT of the second molar at 
3 mm showed a significant difference according to gender. 
Females had significantly thinner mucosa (2.90 ± 0.89 mm) 
than males (3.29 ± 1.25 mm; P = 0.049) in this measure-
ment point. In addition, the mean values of palatal width 

Fig. 1  Measurement of the palatal mucosal thickness at 3 a, 6 b, 9 c, 
and 12 d mm from the gingival margin in the coronal view

Fig. 2  Measurement of palatal width (PW) in the axial view

Fig. 3  Measurement of palatal depth (PD) in the coronal view
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and palatal depth were significantly higher in males than 
females. (p = 0.014 and 0.004, respectively; Table 2). Pear-
son correlation analysis found no correlation between age 
and palatal thickness at different measurements of all the 
tooth side. (p > 0.05).

In the present study, the median of the ratio (palatal 
width/palatal depth) was 1.99. The subjects were divided 
into two groups: high- and low-vault groups according to 
the median of the palatal width/palatal depth ratio (palatal 
width/palatal depth > 1.99: low palatal vault, palatal width/
palatal depth < 1.99: high palatal vault). The low-vault group 
showed a significantly greater palatal mucosal thickness than 
the high-vault group (Table 3; p = 0.023).

Table 4 presents the prevalence of the location of greater 
palatine foramen in relation to maxillary molar teeth. The 
main location of greater palatine foramen was observed 
between the second and third molars. (40.8%).

Discussion

Soft tissue grafts are mainly harvested from the palatal 
masticatory mucosa in periodontal plastic procedures. The 
success of these surgeries is closely related to the soft tis-
sue graft size and thickness [16]. In the literature, various 

Fig. 4  Position of Greater Palatine Foramen (GPF) in the coronal, axial and sagittal views, respectively

Table 1  Mean thickness of 
palatal masticatory mucosa 
according to tooth site and 
measurement points

Distance (mm) 3 mm 6 mm 9 mm 12 mm Mean ± SD

Canine 3.10 ± 0.77 3.62 ± 0.77 3.94 ± 0.93 3.98 ± 1.11 3.66 ± 0.72
I. Premolar 3.16 ± 0.83 3.70 ± 0.74 4.25 ± 0.80 4.48 ± 1.00 3.90 ± 0.65
II. Premolar 3.16 ± 0.85 3.83 ± 0.88 4.39 ± 1.00 4.83 ± 1.13 4.06 ± 0.81
I. Molar 2.99 ± 0.98 3.31 ± 0.97 3.90 ± 0.97 4.82 ± 1.26 3.76 ± 0.85
II. Molar 3.09 ± 1.09 3.27 ± 1.16 4.03 ± 1.35 5.27 ± 1.41 3.92 ± 1.01

Table 2  Mean thickness (mm) of palatal masticatory mucosa and pal-
atal structure according to gender

Bold values mean that a statistical difference was found between the 
groups. Values are given as mean ± SD and number
* pearson correlation test
a student’s t test

Variables Gender N Mean ± SD P

Canine Female 61 3.62 ± 0.76 0.607a

Male 59 3.69 ± 0.68
I. Premolar Female 61 3.86 ± 0.72 0.502a

Male 59 3.94 ± 0.57
II. Premolar Female 61 3.94 ± 0.83 0.120a

Male 59 4.17 ± 0.77
I. Molar Female 61 3.79 ± 0.85 0.652a

Male 59 3.72 ± 0.85
II. Molar Female 61 3.97 ± 1.00 0.534a

Male 59 3.86 ± 1.01
Palatal width Female 61 33.95 ± 2.67 0.014*

Male 59 35.28 ± 3.16
Palatal depth Female 61 16.95 ± 2.36 0.004*

Male 59 18.17 ± 2.17
Palatal Width/

Palatal Depth
Female 61 2.04 ± 0.34 0.184*
Male 59 1.97 ± 0.28

Table 3  Palatal mucosal thickness of high and low palatal vault 
groups

* Groups were divided according to median value of the palatal width/
depth ratio
a p < 0.05 low vault group versus high vault group

Group (palatal width/palatal depth) N Mean ± SD p

Low Vault Group (> 1.99*) 60 3.91 ± 1.22 0.023a

High Vault Group (< 1.99*) 60 3.80 ± 1.19
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techniques have been described to evaluate the palatal 
mucosal thickness, such as direct measurement [17, 18], 
ultrasonic devices [19], CBCT [20] or dental magnetic reso-
nance imaging (MRI) [21]. The direct method, bone sound-
ing, is an invasive technique, that may be uncomfortable for 
the patient, because it must be performed under local anes-
thesia and the measurement can be affected by inflammation 
and the volume of local anesthesia [17]. Ultrasonography 
is a noninvasive method; however, it has some disadvan-
tages, including difficulty in measuring the same location 
and measurement errors due to anatomical features of the 
palate [22]. MRI provides reliable measurements but it has 
a low resolution, high cost and long examination time [23]. 
For these reasons, measuring the palatal mucosal thickness 
using CBCT is a noninvasive and practical method. CBCT 
has been recommended as a tool for examination of hard 
tissues but not for examination of soft tissues due to its limi-
tations [24, 25]. However, the retraction of lips, cheeks, and 
tongue at the time of CBCT scanning makes the dentogingi-
val unit and palatal mucosa visible and measurable [20, 26]. 
Ogawa et al. [27] and Gupta et al. [28] concluded that the 
measurement of palatal mucosal thickness using CBCT was 
an accurate method. CBCT images can be taken by retract-
ing soft tissues away in patients who will get scans for any 
reason and these images should not be the first choice for 
the assessment of soft tissues. In this retrospective study, the 
thickness of palatal mucosa was evaluated at 20 measure-
ment points using CBCT images.

The palatal mucosal thickness of the maxillary canine, 
premolar, and molar teeth measurements were performed 
at distances of 3, 6, 9, and 12 mm from the beginning of 
the gingival margin. In a recent review, Tavelli et al. [15] 
described the safety zone for palatal harvesting to avoid 
damaging the neurovascular bundle based on the distance 
from the greater palatine artery (GPA) to the CEJ of the 
maxillary teeth. The authors used the distance of 2 mm for 
the gingival margin. The biological width is defined as the 
distance between the bottom of the gingival pocket and the 
crest of the alveolar bone, reported as approximately 2 mm 
[29]. Therefore, in this study, we determined the first meas-
urement point at 3 mm from the gingival margin. It can be 
considered a safety zone for soft tissue graft procedures to 
prevent violation of biological width.

The results of this study showed that the mean palatal 
mucosal thickness ranged from 3.66 to 4.06 mm at differ-
ent tooth sites. The thickness was minimum in the canine 
regions, and the maximum in the second premolars. Based 
on these measurements, the first and second premolar 
regions are suitable for soft tissue graft procedures. Song 
et al. [11] measured the palatal mucosal thickness of 100 
subjects using computerized tomography. The authors found 
that the thickest mucosa was in the second premolar area, 
and the mean values were from 3.13 to 3.81 mm. Yilmaz 
et al. [30] determined the thickness of the palatal mucosa 
using CBCT and reported mean values that ranged between 
3.0 and 3.7 mm. The same investigators also observed that 
the second premolars and second molars had statistically 
thicker mucosa than the other regions. Barriviera et al. [20] 
measured the palatal mucosal thickness using CBCT, and 
the mean values ranged between 2.92 and 3.28 mm. The 
mean palatal mucosal thickness shown in the previously 
mentioned studies was thinner than in our study. This dif-
ference may be due to age, gender, ethnicity and different 
measurement points. The use of different methods, such as 
bone-sounding, ultrasonic devices, MRI or CBCT, to meas-
ure palatal mucosal thickness may also explain the differ-
ences between the studies.

Similar to other studies in the literature, PMT increased 
with greater distance from the gingival margin in the cur-
rent study [11, 20, 31]. In addition, PMT increased from 
the canine to the second premolar (4.06 mm), decreased in 
the first molar (3.76 mm) and increased again in the second 
molar (3.92 mm). This may be due to the prominence of the 
palatal roots of first molars. In previous studies, the palatal 
root of the first molar was reported as the limit for soft tissue 
grafts, and it was suggested that it should not be exceeded 
due to the risk of damaging neurovascular structures [17, 
32].

The findings of this study investigating the relationship 
between gender and mean palatal mucosal thickness of all 
teeth regions showed that there was no significant differ-
ence between males and females regarding mean palatal 
mucosal thickness (3.88 mm and 3.84 mm, respectively). 
Similar to our findings, several studies found that gender 
did not affect palatal mucosal thickness [17, 18, 20, 33]. In 
this study, males had slightly thicker mucosa than females. 

Table 4  Location of greater 
palatine foramen according to 
maxillary molar teeth

Variable N %

Location of greater palatine foramen Between I. And II. molar 10 8.3
The Level of II. Molar 25 20.8
Between II. And III. molar 49 40.8
The Level of III. Molar 16 13.3
The Distal To III. Molar 20 16.7
Total 120 100.0
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Müller et al. [31] who measured the thickness of mastica-
tory mucosa by ultrasonic device reported that females had 
significantly thinner mucosa than males. Stipetić et al. [34] 
found that the mucosa was significantly thicker in males than 
in females using the bone sounding technique. This variation 
may be explained by differences in the sites and methods 
chosen for measurement. Overall, age, ethnicity, genetics, 
body mass index, and hormonal changes in female subjects 
are factors that may influence the thickness of the palatal 
mucosa [18, 33].

The correlation analysis found no correlation between age 
and palatal mucosal thickness at different measurements of 
all teeth sides in the current study. This study was conducted 
using CBCT images of subjects ranging from 18 to 50 years 
of age. This finding corresponds with the data from Karadağ 
and Yilmaz [35] who evaluated the palatal mucosal thick-
ness of the 400 subjects aged 18–57 years using CBCT. 
However, our findings are inconsistent with studies that 
suggest that the palatal mucosal thickness increases with 
age [11, 18, 20, 23]. In these studies, the researchers found a 
significant effect of age by dividing the cohort into a younger 
age group and an older age group. When we divided the 
subjects into age groups in our study, we realized that some 
age groups had an insufficient number of patients, so the 
statistical analysis was not performed. In this regard, the two 
major limitations of our study are the relatively small sample 
size and unequal distribution of age.

The participants were divided into two groups based on 
the median palatal width/depth and the low vault group 
had significantly thicker palatal mucosa than the high vault 
group. Similarly, Song et al. [11] reported that the low vault 
group showed thicker palatal mucosal thickness compared 
to the high vault group, but there was no significant differ-
ence between groups. On the other hand, Reiser et al. [32] 
proposed to subdivide the palatal vault into three groups 
high, average, and shallow, and they reported that there was 
greater tissue availability in the high palate vaults compared 
to the shallow palate vaults, due to the course of the greater 
palatine nerves and blood vessels. Hormdee et al. [36] cate-
gorized the images into shallow, moderate, and high accord-
ing to palatal vault angle and reported a significantly nega-
tive correlation between palatal vault angle and thickness of 
palatal mucosa. Karadağ and Yilmaz observed a significant 
negative correlation between the palatal mucosal thickness 
and palatal depth [35].

Determining the localization of the greater palatine 
foramen is important for clinicians in terms of reducing 
the bleeding complication and ensuring a successful nerve 
block during the harvesting the soft tissue grafts [37]. In our 
study, greater palatine foramen was mostly observed in the 
region between the third and second molar (40.8%). Similar 
to our study, Wang et al. [38] found that the GPF was most 
frequently located in the region between the 2nd and 3rd 

molar (48%) in Chinese subjects. In other study evaluating 
the location of the GPF using the CBCT, it was similarly 
found that 37.5% of GPFs positioned in the region near the 
second and third molar apices [14]. In another study evaluat-
ing cadaver samples, it was found that 66.6% of GPFs were 
between the second and third molar, 19.1% at the second 
molar and 14.3% at the third molar regions [39]. To analyse 
the dry skulls may be better than CBCT to evaluate the loca-
tion of the GPF anatomically, but CBCT images ensures a 
larger number of exams for anatomical analysis of GPF char-
acteristics [40]. Compared to our study, Betgee et al. [41] 
who used micro-CT to determine the location of the GPF 
reported that the most frequent location was between the 
second and third molar (83.5%). In addition, Yilmaz et al. 
[30] mentioned that GPF was located at level of third molar 
in 63% of men subjects and 56% female subjects. Ikuta et al. 
[37] concluded that the in Brazilian population, the GPF 
location was more closely related to third molar.

In conclusion, the safety zone determined by evaluating 
palatal mucosal thickness and anatomical structures prior to 
periodontal plastic surgery provides benefits in the success 
of the surgical procedure and reduced patient morbidity. In 
the present study, the first and second premolar regions may 
be the most suitable for harvesting soft tissue grafts regard-
ing palatal mucosal thickness. In addition, the shape of the 
palatal vault was determined using CBCT and the thickness 
of the palatal mucosa was found thinner in the high vault 
depth group than in the low vault depth group. In CBCT 
images that allow clear visibility of intraoral soft tissues, 
clinicians can easily identify dimensions of soft and hard tis-
sues and important anatomical landmarks in the pre-surgical 
examination.
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