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Abstract
Background: The aim of the study was to clinically investigate the mucosal variations in different
parts of hard palate subject to soft tissue harvesting and its relationship with selected parameters
in patients with gingival recessions.
Materials & Methods: Fifty periodontally healthy, dentate subjects (13 males) with gingival
recessions were enrolled into the study. After initial periodontal therapy they were scheduled for
surgical procedures. Palatal masticatory mucosa of five teeth was evaluated at five different points
from the gingival margin and two points on the buccal gingival mucosa were evaluated on the day
of surgical intervention via bone sounding method. Totally 27 assessments were performed for
each patient.
Results: The overall mean thickness of palatal masticatory mucosa (PMM) was 2.55±0.49mm. The
mean mid-facial gingival thickness was 1.11±0.39mm. The PMM showed an increase towards the
posterior and raphe palatina. No difference was observed between genders, and no association of
body mass index (BMI) and age with PMM was determined. An association was observed between
the thicknesses of mid-facial gingival and palatal masticatory mucosa.
Conclusion: The thickness of PMM in this study seems to be less than other reports possibly due
to ethnicity or measurement design. Canine and premolar region reveals higher thickness values,
and the increase in the tissue thickness towards the midline should also been taken into consideration. Clinicians planning soft tissue harvesting from the palate should take this variation into
consideration. In this regard transmucosal probing of the donor site may provide valuable information where considerable variation exists.
Key words: palatal masticatory mucosa, Turkish subjects

Introduction
The masticatory mucosa consists of buccal gingiva and the mucosa of the hard palate which are two
distinct soft tissues [1] in the oral cavity. The palatal
masticatory mucosa (PMM) is considered to be the
main donor area of soft tissue grafts addressed for
periodontal plastic surgery [2]. The volume and
characteristics of tissue that can be obtained from this

area are important [3] in determining appropriate
treatment modality and can affect surgical outcome
[4, 5]. Therefore detailed information about thickness
of the PMM would provide significant benefit in the
selection of an appropriate region for harvesting
grafts [5-7]. Thickness of PMM had previously been
investigated and intra- and inter-individual variations
http://www.medsci.org
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have been reported [7, 8].
There are invasive and non-invasive methods of
mucosal thickness evaluation. Transmucosal probing
the bone with a penetrating instrument [9-13] or tissue
collection for histometric evaluation [14] are considered to be invasive, whereas ultrasonic and tomographic methods are non-invasive [1, 6, 15-18]. However, the radiation effect of cone beam computerized
tomography (CBCT), although reported to be low,
should also be noted [17]. "Bone sounding" is a direct
measurement method giving one of the most reliable
results regarding the thickness of the PMM. A few of
studies in the literature used this method in partly or
fully dentate patients [10-13]. Some of these studies
suggested the thickness of the PMM to be related with
some parameters such as body mass index (BMI) [12,
13], age [11], gender [13], or gingival biotype while
others failed to show such relationship [10, 11].
The term "biotype" or "gingival biotype" was introduced by Seibert and Lindhe [19] to describe the
thickness of the gingiva in a bucco-lingual dimension.
It has been considered to be related to variables such
as the thickness of underlying bone plate, tooth form
[20], genetics [21, 22], age, gender, and dental arch
[23]. A direct correlation has been suggested between
gingival biotype and the susceptibility to gingival
recession following surgical or restorative procedures
[24]. There are studies showing a relationship between palatal and gingival masticatory mucosa in
terms of thickness [7, 8, 14]. This may indicate a possible association between these two factors, the existence of gingival recession and thinner palatal masticatory mucosa. There are no studies evaluating the
thickness of masticatory mucosa in patients with gingival recessions using a direct measurement method.
Because of limited and inconsistent information
on individual and regional differences of thickness of
the PMM, possible factors affecting this thickness, and
its importance in harvesting grafts for recession
treatment, the primary goal of this study was to determine the thickness of palatal masticatory mucosa in
Turkish subjects with gingival recessions by a bone
sounding technique. The associations of BMI, gender,
age and gingival biotype with the thickness of PMM
were also investigated.

1010
proval of the Local Ethics Committee of Medicine
Faculty of Istanbul University.
Patients with complete maxillary dentition from
the maxillary canine to the second molar with healthy
periodontal tissues except for gingival recessions
were included in the study. The exclusion criteria
were: previous surgical intervention of the affected
area, history or presence of pathology or at PMM and
facial gingiva, periodontal disease, implants, orthodontic retainers and prosthetic appliances at the site of
evaluation, tooth mal-alignment, use of any medication possibly affecting the periodontal tissues, presence of pregnancy, lactation and any systemic disease
that can affect the mucosal structure in the oral cavity.
After initial examination, all patients were
scheduled for surgical procedures for root coverage
using bilaminar techniques. All measurements were
performed before the surgery by the same investigator (S.A). The PMM thickness measurements were
recorded at canines (C), premolars (P1, P2) and molars
(M1, M2) at 5 different levels in the palate, the first
being on the corresponding palatal mucosal surface of
the sulcus bottom (S), and followed at distances of 2,
4, 6 and 8mm from the gingival margin (Fig. 1). The
thickness of buccal masticatory mucosa was measured
at points 2mm apical to the gingival margin of maxillary central incisors, whereas the thickness of interproximal gingiva at the level of papilla base of the
same tooth.

Material and Methods
Fifty healthy Turkish patients (13 males and 37
females) referred to periodontology department with
the chief complain of gingival recession were enrolled
into this study. They were in an age range of 16-47
years (mean: 27.4±7.80 years). Informed consents were
obtained from all individuals and all measurements
were performed in accordance with the Helsinki
Declaration of 1975, as revised in 2002 with the ap-

Figure 1. Measurement of the palatal masticatory mucosa were performed from maxillary canine to second molar on one side at sulcus
level(S) and 2,4,6 and 8mm from the gingival margin.
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Twenty minutes after the local anesthetic injection, the distances between the reference points were
determined with a William’s type periodontal probe
as described by Studer et al. [10], and marked by a
marking pen, and a sterile endodontic reamer (#20)
with a silicone stop was used to penetrate the mucosal
surface perpendicular to bone. When the measurement point was on the rugae area, the base of the rugae was chosen as the measurement point. The extent
of penetration was measured by using a calliper to the
nearest 0.1mm. In total, 27 measurements were obtained from each participant.
The BMI was calculated by measuring the height
in centimetres and the weight in kilograms using
Quetelet’s formula.
Quetelet’s index: weight (kg)/height square (meters).

Statistical Evaluation
Mean, median, with standard deviations of masticatory mucosa thickness in different measurement
points were calculated with descriptive statistics.
Mann-Whitney U test was performed to evaluate the
difference in mucosal thickness between the genders
at each measurement point. The median BMI was
calculated and the sample separated into two groups
accordingly.
Relations between continuous variables were
determined with Pearson correlation coefficient.
Two-tailed p value (p=0.05) was used for all comparisons.

Results
The palatal masticatory mucosa
The overall mean thickness of PMM was
2.55±0.49mm with a range of 1.54mm-3.76mm. The
difference was not statistically significant for gender,
females (2.50±0.45mm) and males (2.72±0.59mm)
(p>0.05). The mean thicknesses in respect to tooth
types were 2.48±0.51mm for C, 2.64±0.48mm for P1,
2.75±0.55mm for P2, 2.26±0.56mm for M1, and
2.64±0.83mm for M2 sites. The mean value was the
thickest at P2 region while it was the thinnest at M1
region. There was a tendency for an overall increase in
mean thickness up to P2, a decrease at M1, and an
increase again at M2. Table 1 and Fig. 2 show the
mean thickness, median, min-max values and standard deviations of the PMM with respect to teeth, level
of measurement and gender. The tissue thickness at
the sulcus level of canine region was the thinnest
(1.54±0.53mm) among all measured points while 8mm
line of P2 region was the thickest (3.76±0.87mm). It
was similar in women and men except at sulcus level
of P1 region, which was the thinnest in men. Thickness of the PMM seemed to increase as moving medianly (Fig 1, 3). The 8mm line was the only measurement height where the women’s mean PMM
thickness was found to be significantly thinner than
those of men (p=0.02).

Table 1. Mean and median thicknesses with standard deviations of the PMM with respect to teeth, measurement levels and gender.
C

Position
2.0

4.0

P1
6.0

8.0

S

2.0

4.0

P2
6.0

8.0

S

2.0

4.0

M1
6.0

8.0

S

2.0

4.0

M2

Measurement
point
All participants
(n=50)
Mean (mm)

S

6.0

8.0

S

2.0

4.0

6.0

8.0

SD

0.53 0.58 0.67 0.73 0.70 0.43 0.56 0.56 0.63 0.76 0.64 0.51 0.64 0.73 0.87 0.68 0.65 0.70 0.74 0.92 1.42 1.04 1.10 0.89 0.96

Median

1.40 1.85 2.50 3.0

Min

0.90 0.80 1.20 1.90 1.90 0.90 1.20 1.60 2.10 2.30 0.90 1.20 1.50 2.0

Max

3.20 3.60 4.60 5.30 4.90 2.50 3.40 4.20 5.70 5.90 4.10 3.30 4.20 5.20 5.50 3.60 3.40 3.60 4.70 5.60 7.10 5.70 5.90 4.50 5.90

1.54 1.92 2.62 3.05 3.24 1.62 2.11 2.71 3.21 3.57 1.84 2.04 2.73 3.40 3.76 1.93 1.76 1.91 2.43 3.25 2.32 2.13 2.35 2.69 3.68
3.30 1.65 1.95 2.60 3.10 3.40 1.70 2.10 2.80 3.40 3.60 1.70 1.60 1.80 2.40 3.20 1.90 1.70 1,95 2,60 3,65
2.50 1.0

0.30 0.60 1.10 1.40 1.10 0.50 0.70 0.70 1.30

Male (n=13)
Mean (mm)

1.71 2.11 2.85 3.30 3.70 1.70 2.11 2.90 3.50 3.99 1.96 2.09 2.79 3.58 4.05 1.85 1.71 2.18 2.72 3.75 2.08 2.05 2.43 2.93 3.87

SD

0.62 0.68 0.99 0.90 0.75 0.40 0.56 0.62 0.84 1.09 0.73 0.56 0.65 0.88 0.93 0.57 0.63 0.79 0.96 0.89 0.82 0.82 0.85 0.93 0.90

Median

1.50 2.00 2.20 3.10 3.60 1.50 2.20 2.80 3.20 3.70 1.70 1.80 2.60 3.50 4.10 1.70 1.60 1.80 2.80 3.50 1.90 1.60 1.90 3.10 3.70

Min

0.90 1.20 1.90 2.30 2.20 1.20 1.40 2.20 2.60 2.30 1.30 1.60 1.90 2.40 2.90 1.10 0.90 1.20 1.30 1.90 1.30 1.30 1.60 0.90 2.20

Max

3.20 3.60 4.60 5.30 4.90 2.40 3.40 4.20 5.70 5.90 3.90 3.20 4.20 5.20 5.40 2.90 3.10 3.60 4.70 5.10 4.40 4.10 4.20 4.50 5.50

Female (n=37)
Mean (mm)

1.49 1.85 2.54 2.97 3.08 1.59 2.11 2.65 3.11 3.42 1.80 2.02 2.71 3.33 3.66 1.96 1.78 1.82 2.33 3.08 2.41 2.16 2.32 2.61 3.62

SD

0.49 0.54 0.50 0.66 0.61 0.45 0.56 0.53 0.51 0.56 0.61 0.49 0.65 0.67 0.84 0.71 0.67 0.65 0.64 0.88 1.57 1.12 1.19 0.88 0.98

Median

1.30 1.80 2.50 2.80 3.30 1.70 1.90 2.60 3.10 3.40 1.70 2.10 2.80 3.40 3.50 1.70 1.60 1.80 2.20 2.90 1.90 1.70 2.00 2.60 3.60

Min

0.90 0.80 1.20 1.90 1.90 0.90 1.20 1.60 2.10 2.50 0.90 1.20 1.50 2.0

Max

2.90 2.80 3.40 4.20 4.30 2.50 3.40 3.70 4.30 5.20 4.10 3.30 3.90 4.40 5.50 3.60 3.40 3.60 3.40 5.60 7.10 5.70 5.90 4.20 5.90

p

0.19 0.25 0.91 0.36 0.01* 0.34 0.97 0.29 0.13 0.09 0.46 0.76 0.89 0.53 0.21 0.97 0.56 0.28 0.25 0.02* 0.82 0.75 0.36 0.19 0.52

2.50 1.0

0.30 0.60 1.10 1.40 1.10 0.50 0.70 0.70 1.30

*Compare non-parametric independent significance value. C: Canine; P1: First premolar; P2: Second premolar; M1: First molar; M2: Second molar; S: Sulcus; SD: Standard
deviation; Min: Minimum value; Max: Maximum value.
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23.13kg/m2 versus those with high BMI, failed to
show a significant difference (p=0.90). Women exhibited significantly lower mean BMI value than those of
men (p=0.001).

Discussion

Figure 2. Mean thickness of 25 measurement points (in mm) in the hard
palate along sulcus level and 2, 4, 6, 8mm distant from gingival margin
(position C and M2). S: Sulcus; PMM: Palatal masticatory mucosa; C:
Canine, P1: First premolar; P2: Second premolar; M1: First molar; M2:
Second molar.

Figure 3. Mean thickness of the palatal mucosa at different heights of
measurement and divided by gender.

The buccal masticatory mucosa
The mean thickness of mid-facial gingiva was
found to be 1.11±0.39mm while mean thickness of
papilla-based gingiva was 3.15±0.66mm. Women had
thinner mid-facial gingival thickness than those of
men (1.04±0.39mm, 1.28±0.34mm, respectively)
(p=0.059). It was found to be significantly (p<0.05)
associated with overall PMM thickness (r=0.351), papilla-based gingival thickness (r=0.356), and mean
tooth-related thicknesses at P1 (r=0.278), M1 (r=0.313)
and M2 (r=0.379) regions.
The mean BMI value of the study population
was 23.76±3.62kg/m2 while the median was
23.13kg/m2. The median was used to rank the study
group as low and high BMI. There were no significant
(p>0.05) correlations between BMI and the mean
thickness of palatal or buccal masticatory tissues except at 6mm level of C (r=0.502, p<0.001) and P1
(r=0.314, p=0.03) regions. Similarly, comparison of the
mucosal thickness between individuals with low BMI

The present study was designed to evaluate the
PMM in Turkish subjects with gingival deficiencies
and to investigate the possible association of its
thickness with different parameters. The mean thickness of PMM seemed to be similar but slightly thinner
than those in previous reports with the same [10, 11,
13] and different methods [16-18]. This may have resulted from the study population, measurement design and technique. Women had thinner (but not significant) (p>0.05) mucosa and significantly lower BMI
indices (p=0.001) than men. The skewed gender distribution in the study population may have affected
the overall mean PMM thickness value. The PMM
measurements have been performed on 5 different
lines on the palate with the farthest at 8mm away
from the gingival margin. Most of the articles mapping the palatal mucosa selected deeper lines, which
possibly changed or increased the overall mean value
of PMM thickness [10-12, 17, 18]. The idea of having
vertically the widest graft may not be valid anymore
in order to cover the recession defect, especially considering the current mucogingival techniques which
enable coronal mobilization of the recipient area [25,
26]. Additionally, it has been suggested that the variation in the anatomy of palatal vault and in location of
neurovascular bundle may affect the dimensions of
the donor tissue harvested [27, 28]. Therefore, we designed the horizontal measurement lines in 2mm intervals up to 8mm from the gingival margin in order
to map the safest and most available area of the hard
palate.
The mean thickness of PMM varied at different
regions of palate. There was an increase in PMM
thickness towards the posterior and raphe palatina
which is consistent with previous reports [6, 10-12, 15,
17] (Table 2). It has been histometrically shown that,
the thickness of the lamina propria that comprises of
dense connective tissue decreased towards the posterior palatal area and mid-palatal suture, while that of
the submucosa including glandular and adipose tissue increased [14]. Additionally, the area adjacent to
the palatal root of the 1st molar, provided the thinnest
PMM thickness and limited donor area for graft harvesting which was previously mentioned [12, 15].
Therefore, the optimum harvesting area has been
shown as the region 3-9mm below the CEJ between
the distal surface of the C and the midline surface of
M1 [14] which is confirmed by the present results.
http://www.medsci.org
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Table 2. Comparison of the results of current study and previous publications on PMM thickness.
MP

Author

Technique

Ethnicity

n

C

P1

P2

M1

M2

m ± sd
Sulcus

Current

Direct (ER)

Caucasian (T)

50

1.54±0.53

1.62±0.43

1.84±0.64

1.93±0.68

2.32±1.42

2mm

Current

Direct (ER)

Caucasian (T)

50

1.92±0.58

2.11±0.56

2.04±0.51

1.76±0.65

2.13±1.04

Barriviera14

CBCT

Mixed

31

1.97±0.54

2.07±0.46

2.12±0.35

2.11±0.51

2.22±0.72

Wara-aswapati8

Direct (P)

Asian

62

2.0±0.50

2.10±0.50

2.20±0.60

2.10±0.70

2.70±0.90

Current

Direct (ER)

Caucasian (T)

50

2.62±0.67

2.71±0.56

2.73±0.64

1.91±0.70

2.35±1.10

Müller12

Ultrasonic

Caucasian

40

2.32±0.63

2.40±0.45

2.33±0.45

2.14±0.55

2.44±0.89

Current

Direct (ER)

Caucasian (T)

50

3.05±0.73

3.21±0.63

3.40±0.73

2.43±0.74

2.69±0.89

Ueno15

CBCT

Asian

44

4.04±1.32

4.13±1.20

4.07±1.19

3.03±0.98

2.77±1.35

Song13

Spiral CT

Asian

100

3.61±0.80

3.84±0.76

4.03±0.97

3.08±0.80

3.27±1.29

Current

Direct (ER)

Caucasian (T)

50

3.24±0.70

3.57±0.76

3.76±0.87

3.25±0.92

3.68±0.96

Studer7

Direct (P)

Asian

31

3.30±0.60

3.90±0.60

3.80±0.80

3.50±1.30

3.0±1.20

Müller12

Ultrasonic

Caucasian

40

2.73±0.72

2.88±0.55

2.81±0.46

2.12±0.58

2.15±0.68

Barriviera14

CBCT

Mixed

31

3.48±0.69

3.55±0.57

3.85±0.59

2.92±0.73

3.08±1.22

Schacher10

Direct (C)

Caucasian

33

5.11±1.07

5.08±0.73

5.17±0.80

4.39±1.05

5.75±1.78

4mm
6mm

8mm

MP: Measurement point; C: Canine; P1: First premolar; P2: Second premolar; M1: First molar; M2: Second molar; m: mean; sd: standard deviation; ER: Endodontic reamer; P:
Periodontal probing; CT: Computerized tomography; CBCT: Cone beam computerized tomography; C: Sharp cannula; T: Turkish

The mean PMM thickness was not found to be
related to gender, age or BMI value. Previously, it was
correlated with age in studies in which the participants were relatively older [11, 16, 17] compared to
present subjects (mean: 27.4 years, range: 16-47) with
an exception of reporting thicker PMM in younger
subjects [13]. Similar to our findings, some articles did
not find an effect of gender on PMM thickness [10, 11]
while others reported an effect [8, 12, 13, 16]. This
variation may be explained by differences in ethnicity
and/or the measurement design of the studies. The
studies reporting the difference mostly used relatively
median areas for measurement where the PMM is
usually thicker [12, 13]. This was supported by the
present findings, reporting a significant difference
between the genders only at 8mm from the gingival
margin (Fig. 3). However, buccal masticatory mucosa
thickness seems to be influenced by gender which is
consistent with literature [8, 15, 23]. There was no
association between BMI value and the mean thickness of palatal mucosa, except 6mm from the margin.
There are various reports regarding an association
between BMI and the thickness of PMM [12, 13]. Our
results supports the idea that in cases with high BMI,
glandular and/or adipose tissue around the
mid-palatal line may be more prominent [29].
This is the first study to investigate the thickness
of PMM in a population with gingival deficiencies.
These individuals are considered to have a thinner
gingival biotype than individuals without gingival
recessions [24, 30]. Our results confirm that the
thickness of buccal masticatory mucosa correlates
with PMM, which was previously reported [8].
Although several techniques have been reported
to measure the thickness of masticatory mucosa we
have chosen to sound the bone not only because it has

been reported to be relatively reliable for measuring
the tissue thickness [10], but also the same sites were
used for harvesting grafts for gingival augmentation.
The measurement error was reported to be 0.2mm
with this direct technique [10], while those with other
″non-invasive″ methods were 0.54mm [6]. The possible disadvantages of the invasive methods have been
an inspiration for the non-invasive methods such as
ultrasonic devices [6, 15, 31], computed tomography
[16], or CBCT [17, 18]. Although these methods may
be less invasive, they have been reported to have difficulties such as obtaining consistently reliable results
[6, 15, 31], overestimation of thickness values resulting from low contrast resolution of images [18] the
high radiation exposure [16] or intra-oral manipulation [7].
A sound knowledge of the anatomy of the palate
is essential when harvesting SCTGs in order to prevent complications while obtaining the maximum
amount of graft tissue possible [4, 5]. Transmucosal
mapping of PMM is a practical, reliable, and inexpensive method in determining the safest and the
most convenient area for graft harvesting procedures.
It should be considered that subjects with gingival
deficiencies may exhibit slightly thinner palatal masticatory mucosa. On this regard selection of the surgical procedure to augment the recessions may benefit
from the information collected by transmucosal
probing. The two major limitations of this study are
the relatively small sample size and unequal gender
distribution of the study population. Similar studies
with more samples with even gender distribution are
needed to make more concrete association of PMM
thickness with that of age, sex, BMI and gingival biotype in patients with gingival recessions.
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Conclusion
The thickness of masticatory mucosa is crucial in
making decisions for surgical treatment modality and
may affect surgical outcome. It is important to map
the PMM in a systematic manner with the safest and
the most reliable method in order to decide the optimal harvesting site. Within the limits of this study, it
may be speculated that the concept of tissue biotype
may explain the association between the thickness of
buccal and palatal masticatory mucosa.
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