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Abstract

Purpose The palatal mucosa is a major donor site for
connective tissue in the field of periodontal plastic surgery,
since it satisfies both the esthetic and functional demands of
patients. The purpose of this study was to use histomor-
phometric analysis to measure the thicknesses of the palatal
mucosa and the lamina propria including the epithelium on
cadavers.

Methods Thirty-four hemimaxillae of cadavers were
examined (13 male and 4 female, mean age 57.2 years).
Each maxilla was processed for histological sectioning and
subsequently for histomorphometric analysis. The thick-
nesses of the palatal mucosa and the lamina propria
including the epithelium were measured at three points
starting from the alveolar crest, at intervals of 4 mm, with
the aid of Adobe Photoshop.

Results  The thickness of the palatal mucosa at the alve-
olar crest and at 4 and 8 mm below the alveolar crest were
2.51 £ 0.83 (mean & SD),2.92 + 0.80,and 3.62 £ 0.99 mm,
respectively, and thus increasing from the alveolar crest toward
the midpalatal suture. Conversely, the thicknesses of the lamina
propria including the epithelium at these same positions were
2.06 = 0.70, 1.54 £ 0.48, and 1.28 £ 0.46 mm, respectively,
thus decreasing toward the midpalatal suture.
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Introduction

Periodontal plastic surgery with keratinized mucosa of
appropriate thickness is used for root coverage, alveolar
ridge augmentation, and for the treatment of exposed areas
around implants [4, 7, 16]. In such cases, the palatal
mucosa is used widely as a donor site for connective tissue
grafts. An appropriate thickness of the donor site palatal
mucosa will stimulate revascularization in the recipient site
and thus produce esthetically and functionally good results
[11]. However, harvested mucosa that is too thin will
complicate the graft manipulation and result in shrinkage,
while harvested mucosa that is too thick will prolong the
revascularization and healing periods [11]. The thickness
of the palatal mucosa is thus very important to both the
treatment method and the outcome prognosis [17].
Numerous investigators have evaluated the thickness
of the palatal mucosa using various methods [1, 6, 8, 12,
17-19, 21, 22], with direct bone sounding, using a
periodontal probe frequently being used as a preliminary
test. However, there are errors associated with this test
due to the increase in tissue volume caused by anesthesia
infiltration, the pressure against the palate on probing,
and the tissue displacement that occurs during probing
[17, 19]. Terakura [21] found a strong correlation
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between measurements of palatal mucosa thickness made
using an ultrasound device and direct bone sounding. He
concluded that ultrasound, which does not require anes-
thesia or periodontal probing, could replace direct bone
sounding to measure palatal mucosa thickness. However,
although measurement using an ultrasound device is
noninvasive and convenient, it also has drawbacks: it is
difficult to reapply to identical sites, there is a relatively
large measurement error due to the diverse anatomical
structures of the palate [12], and it is not reliable in areas
where the palatal mucosa is thicker than 0.6 mm [8].
Another alternative is computed tomography (CT), which
has been used in this field primarily to measure the oral
soft tissues due to it being noninvasive, convenient, and
easily standardized, with readily available data storage.
However, it has been reported that the resolution of soft
tissue is lower with this method due to the low contrast
resolution [1, 6, 17].

Most relevant studies have been conducted only on the
entire thickness of the palatal mucosa by a quantitative
method. Recently, although certain studies measured the
thickness of the epithelium or a part of it which was trimmed
the grafts obtained from patients [2, 9], few studies have
investigated the thickness of the lamina propria including the
epithelium which is the more important part when it comes to
graft tissue [20]. Therefore, the purpose of the present study
was to use histomorphometric analysis to measure the
thickness of the palatal mucosa and lamina propria including
the epithelium on cadavers, which is very important for the
success of connective tissue grafting.

Materials and methods

We examined 34 hemimaxillae obtained from 17 Korean
cadavers (13 males, 4 females), which had been donated
for educational purposes to the Department of Anatomy,
Chosun University School of Medicine. The age at death
ranged from 39 to 73 years (mean age 57.2 years). The
thickness of the palatal mucosa was measured relative to
tooth site by selecting maxilla with dentulous dentition
containing all teeth from the canine to the second molar.

All of the specimens were decalcified by soaking them
for 2 months in a decalcification solution (8 N formic
acid 4+ 1 N sodium formate), after which they were neu-
tralized in distilled water for 12 h. Each maxilla specimen
was cut at the proximal surface of each tooth from the
canine to the second molar, perpendicular to the midpalatal
suture, using a microtome blade (Feather, Osaka, Japan).
These tissue blocks were processed for embedding in
paraffin by conventional methods, based on the distal sur-
face of the cut block, and then sectioned at a thickness of
7 pm. The sections were mounted on glass slides, stained
with hematoxylin-eosin, and then examined using a light
microscope (EZ4HD, Leica, Wetzlar, Germany) equipped
with an image acquiring system (LAS Basic v4.0, Leica,
Wetzlar, Germany).

On each of the histologic images, the long axis of the
alveolar bone was set to connect the center point of the
alveolar crest with the center point of the alveolar process
with reference to the extension line passing through 12 mm
below the alveolar crest. The palatal mucosa thickness was

Fig. 1 Points of measurement of the thickness of palatal mucosa and
lamina propria. a Diagram of the interdental section. b Histologic
section (H & E stain; bar 500 pum). The unbroken arrow indicates the
thickness of the lamina propria of the palatal mucosa including the
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epithelium, and the broken arrow indicates the thickness of the palatal
mucosa. The dashed line indicates a dividing line between the
connective tissue and the submucosa. LA long axis of the alveolar
bone, AC alveolar crest, LP lamina propria, PM palatal mucosa
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then measured at three points starting from the alveolar
crest, at intervals of 4 mm vertical to the long axis of the
alveolar bone. At these three sites, the thickness of the
palatal mucosa was measured from the mucosa surface to
the alveolar bone, and the lamina propria including the
epithelium was measured in the direction perpendicular to
the surface of the palatal mucosa, using Adobe Photoshop
CS4 version 11 (Adobe, CA, USA) to an accuracy of
0.01 mm (Fig. 1). All measurements were made in dupli-
cate by two investigators.

All statistical analyses were performed using SPSS 12.0
(SPSS, Chicago, IL, USA). One-way ANOVA was used to
analyze the descriptive statistics, interobserver difference,
and differences between the right and left sides. Since
no significant interobserver differences were found
(p = 0.861), the mean of the duplicate measurements was
used as the final measurement value. Similarly, there were
no significant differences between the right and left sides
(p = 0.596), and so the measurements from the two sides
at each position were pooled and assigned to a single
group. No distinction was made between male and female
cadavers. In addition, measurements were analyzed
according to tooth site and measurement point (i.e., at the
alveolar crest or 4 or § mm below it) by one-way ANOVA
with a post hoc comparison using Scheffé’s method. The
level of statistical significance was set at p < 0.05.

Results

The thickness of the palatal mucosa from its surface to the
alveolar bone was smallest at the alveolar crest at the
distal surface of the second molar (1.91 + 1.04 mm,
mean £ SD), and greatest at 8 mm below the alveolar crest
at the distal surface of the second molar (4.16 £+ 1.42 mm).
The thicknesses of the palatal mucosa at the alveolar crest
and at 4 and 8 mm below it were 2.51 £ 0.83,
2.92 £ 0.80, and 3.62 £ 0.99 mm, respectively. Thus, the
thickness of the palatal mucosa increased from the alveolar
crest toward the midpalatal suture at all tooth sites
(Table 1).

The thickness of the lamina propria including the epi-
thelium was smallest at 8 mm below the alveolar crest at
the distal surface of the second molar (0.98 £+ 0.36 mm)
and greatest at the alveolar crest at the distal surface of the
first molar (2.39 4+ 0.76 mm). The thicknesses of the
lamina propria including the epithelium at the alveolar
crest and at 4 and 8 mm below it were 2.06 = 0.70,
1.54 4+ 0.48, and 1.28 £ 0.46 mm, respectively. Thus, in
contrast to the entire palatal mucosa, the thickness of this
portion of the palatal mucosa decreased from the alveolar
crest toward the midpalatal suture at all tooth sites
(Table 2).

The thickness of the palatal mucosa did not differ sig-
nificantly between the different tooth sites (p = 0.203).
However, the thickness of the lamina propria including the
epithelium did differ according to tooth site, being greatest
at the distal surface of the first molar (1.92 £ 0.67 mm)
and smallest at the distal surface of the second molar
(1.32 £ 0.76 mm; Figs. 2, 3).

Discussion

Diverse periodontal plastic surgery procedures have been
widely applied to resolve esthetic problems and hyper-
sensitivity caused by gingival recession, and have primarily
involved free gingival grafts, subepithelial connective tis-
sue grafts, and guided tissue regeneration. Among these
procedures, subepithelial connective tissue grafting using
the palatal mucosa as a donor site was shown to have
superior restoration outcomes [15].

In periodontal plastic surgery, because it is required the
vascularization for the nourishment and the resistance to
functional stress, the graft thickness is the primary factor in
the graft survival [20]. That is, placing of grafts that are too
thin may result in atrophy or necrosis at the recipient site,
while placing of grafts that are too thick may lead to severe
pain, hemorrhage, and a deep wound at the donor site, and
a prolonged treatment period, unesthetic results at the
recipient site (e.g., mismatching colors and the formation
of a keloid) [11, 22].

It has been shown that the lamina propria of the palatal
mucosa at the donor site, which is the connective tissue that
supports the oral epithelium, is an important factor in
determining the success of a graft. The lamina propria
consists of the papillary layer, which is connected to the
epithelial ridge close to the epithelium, and the underlying
reticular layer [13]. The papillary layer contains numerous
capillary loops, and the reticular layer contains thick bun-
dles of collagen fibers which support the epithelium
[13, 20]. Also, as connective tissue grafts, they show suc-
cessful clinical results regardless of whether the epithelium
is included or not, and it is unknown whether the critical
amount of the epithelium will be acting to tolerate the
clinical result [2]. Thus, as a graft tissue, the success of
connective tissue graft will be determined by the unifor-
mity of lamina propria including epithelium thickness.
However, the histologic makeup of palatal mucosa as an
autogenous graft material is shown a wide variation [2],
and its thickness varies according to its location. It is
therefore clear that a detailed anatomical knowledge
regarding the thickness of the palatal mucosa and the
lamina propria including epithelium except the submucosa
is a prerequisite for the selection of the most appropriate
treatment method and determination of potential prognosis,
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Fig. 2 Mean thickness of the palatal mucosa and the lamina propria
relative to tooth site. C canine, P/ first premolar, P2 second premolar,
M1 first molar, M2 second molar, D distal surface of the tooth

such as the likelihood of revascularization or tissue atrophy
during recovery.

Mormann et al. [11] reported that the ideal thickness of
the palatal mucosa for the keratinized mucosa grafting is
approximately 0.9 mm, including the epithelium and lam-
ina propria, with a homogeneous thickness. In the present
study, the lamina propria including epithelium was thinnest
at the distal surface of the second molar (1.32 mm); based
on this measurement, it appears that the palatal mucosa at
any tooth position could be used as a graft site for con-
nective tissues.

However, in the canine area, the thickness of the
lamina propria including epithelium is not homogeneous
due to anatomical structures such as the transverse pala-
tine folds, and the palatal neurovascular bundles rapidly
come close to the gingival margin in the canine distal area
[14]. Therefore, it might be dangerous to obtain connec-
tive tissue for autogenous grafts from the canine area.
Similarly, in the second molar area, it would be difficult to
use this as a donor area. Since the greater palatine fora-
men is mainly located the palatal side of third molar, but it
shows the opening of oval shape in longitudinal length of
4.9 mm at the distal surface of second molar with a high
frequency of 23.1 % [10]. The palatal neurovascular
bundles passing through this foramen are generally loca-
ted 7-17 mm below the cementoenamel junction, not-
withstanding differences associated with the height of the
palatal vault [14, 17].

In the premolar areas, the thickness of the palatal
mucosa, which comprises mainly the epithelium and
lamina propria, was both homogeneous and sufficient,
rendering this area suitable as for autogenous grafting
[17, 19, 22]. In the present study, it was found that the
thickness of the lamina propria including epithelium
composed of the dense connective tissue decreased from
the alveolar crest, down to 1.28 mm at 8 mm below the
alveolar crest. Therefore, it appears that the palatal mucosa
in the premolar area, from the alveolar crest to 8§ mm below
it, is suitable as a donor area for graft material.

Fig. 3 Histologic section of the palatal mucosa at different tooth
sites. The thickness of the lamina propria including the epithelium
decreased toward midpalatal suture at all tooth sites, in contrast to that
of the palatal mucosa. a Distal surface of the canine. b Distal surface

of the first premolar. ¢ Distal surface of the second premolar. d Distal
surface of the first molar. e Distal surface of the second molar. AB
alveolar bone, Epi epithelium, GT glandular tissue (H & E stain;
bar 500 pm)
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The first molar area is anatomically restrictive regarding
graft material because of the root on the palatal side [19],
the prominence of this palatal root results in a large, pro-
truding alveolar bone, over which the mucosa is relatively
thin and contains only the epithelium [11]. As mentioned
above, if only the epithelium is grafted, the grafted epi-
thelium would necrotize and the recipient site would be
reformed with the gingival mucosa [3]. Thus, the first
molar area, with its characteristically thin mucosa, could
have serious limitations as a connective tissue graft.

However, in the present study it was found that the mean
thickness of the palatal mucosa was 2.92 mm and the mean
thickness of the lamina propria including epithelium was
1.92 mm at the distal surface of the first molar. This means
that approximately 1 mm of the submucosa appears to be
inserted below the lamina propria. In addition, according to
the CT data reported by Song et al. [17], the entire thick-
ness of the central area of the first molar is 3.13 mm. In
other words, although the palatal mucosa at the first molar
is thin, it does not comprise only epithelium. Thus, with a
careful technique and accurate anatomical knowledge, this
area could be used successfully as a donor site for con-
nective tissues.

In the present study, the entire thickness of the palatal
mucosa increased from the distal surface of the canine to
the distal surface of the first premolar (3.28 mm) but
decreased toward the distal surface of the second molar.
However, these measurements did not differ significantly
among the teeth. Such results show a tendency different
from previous reports in which the thickness of the palatal
mucosa was found to increase from the canine to the pre-
molar area, but decrease at the first molar, and then
increase again toward the second molar [17, 22]. These
differences in thickness between studies may be due to
differences in the measurement methods and measurement
sites used.

With regard to measurement method, loosening of the
soft tissues during the preparation of samples for qualita-
tive evaluation was prevented in the present study by
including the alveolar bone in the sample blocks, and
subsequently in the decalcification and paraffin embedding
procedures. Nonetheless, problems due to the tissue
shrinkage after histologic preparation, presence of inflam-
mation in the palatal mucosa, and insufficient decalcifica-
tion of samples were still detected. Thus, improvement in
the tissue preparation of samples should be a focus of
future studies.

Since the thickness of the palatal mucosa increased from
the gingival margin to the midpalatal suture, it may be safer
to obtain graft materials further from the gingival margin
[1, 17, 20]. Conversely, the thickness of the lamina propria
including epithelium, which is important for revasculari-
zation and resistance to functional stress, decreased from
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the alveolar crest to the midpalatal suture. And the mean
height of greater palatine sulcus rim along the slope of
alveolar process of maxilla, in which there was the greater
palatine artery to supply the blood in hard palate, was
decreased from 7.9 mm the second molar to 5.7 mm the
first premolar [5]. Therefore, it was considered that the
deeper and further the incision makes to obtain large grafts
[2], the more the amount of submucosa contained the fat
and gland and the less the amount of lamina propria.
Concurrently, the potential for damage to the greater pal-
atine artery was increased. Hence, close attention should be
paid during graft harvesting from donor sites deeper and
further relative to the alveolar crest.

In conclusion, in contrast to the thickness of the palatal
mucosa, the thickness of the lamina propria including the
epithelium decreased toward the midpalatal suture.
Therefore, more comprehensive attention should be paid to
the donor site while using the palatal mucosa as an
autogenous donor material for connective tissue in peri-
odontal plastic surgery.
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