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Abstract 

This review paper highlights some aspects 
of the contribution of SEM in the field of oral 
mucosa research. These include 1) different 
preparative techniques, 2) structure of the 
oral mucosa and its role in normal function, 
3) advances in oral microbiology, 4) development 
of the oral mucosal epithelium, 5) pathological 
diagnosis and 6) morphometry. 

There are four main ways to study the oral 
mucosa with SEM; biopsy (autopsy) sampl es, smears, 
replica technique, and cell culture techniques. 
The structural studies can be divided as studies 
of the surface structure of the superficial 
cells of the oral mucosa and studies of the 
interactions between epithelium and connective 
tissue. Colonization and the morphology of micro
organisms are easy to see with SEM. 

Morphometric techniques have been used to 
determine the density of connective tissue 
papillae and to analyse surface structures of 
epithelial cells. In this paper, computerized 
image analysis systems for use in SEM research 
are presented. 

Key Words: Scanning electron microscopy, oral 
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Introduction 

Since its beginning, scanning electron 
microscopy (SEM) has become a tool used by many 
investigators in oral biology and oral pathology. 
Scanning electron microscopy was first applied in 
studies of the oral mucosa by Morgenroth & 
Morgenroth (64, 65). Since that time preparative 
techniques have been evaluated and greatly im
proved. During recent years, SEM studies of ora l 
mucosa have accumulated in fields ranging from 
basic science to studies of specific mucosal 
prob lems, such as development of the ora l mucosa, 
adherence of mi cro -or ganisms, and pathological 
variation. 

As many studies have shown, SEM-investi
gations of the surface structures of oral lesions 
are worthwhile since they add information to the 
findings of li ght microscopy and transmission 
el ectron microscopy (TEM). With SEM it is possible 
to study the most superficial layers as three
dimensional pictures, and a large area of the 
mucosa can be studied at the same time and at high 
magnification. SEM may also provide an appropriate 
mean to test the diagnosis of certain alterations 
of the mucosa, including premalignant and malig
nant le s ion s. Many gaps, however, still exist in 
our knowledge of the SEM structure of the oral 
mucosa. In the following paper the findings of 
different SEM-studies are summarized in order to 
form the basis for further SEM-studies of ora l 
mucosa and to describe the use of SEM in oral 
biology and oral pathology. A quantitative ap
proach is seldom used to analyse surface struc
tures (44-48, 52-54, 66), and SEM studies of the 
oral mucosa are usually descriptive. Therefore, 
in the last section of this review I prese nt some 
possibilities for analyzing SEM-structures quan
titatively and especially with a computer. 

Preparative techniques for various structura l 
stu 1es 

Preparation of a tissue specimen of oral 
mucosa for SEM is a complex procedure, which can 
introduce major topographic distortion and/or fine 
structural flaws. Workers should consider some 
aspects of their methods of spec imen preparation: 
1) assessing how much fine structure is disturbed 
by obtaining the specimen and physically handling 



A. Kullaa-Mikkonen 

it, 2) preparing a surface free from coating 
material (e.g., mucus, blood, tissue fluid), 3) 
minimizing specimen curling and shrinking during 
fixation, dehydration and drying, 4) developing 
other methods of "opening up" internal 
organization, because the surface of a simple 
sect ion does not always reveal sig nificant infor
mation. The method that has gained wide accept 
ance for preparing biological specimens for SEM 
is: fixation with an aldehyde, postfixation with 
Oso4 , dehydration with critical point technique 
and sputtered with gold (5, 14, 51). Biopsy (not 
including autopsy)samp le s must be taken under 
local anesthesia, but cell samples taken with a 
curette can be obtained without topical 
anesthesia. When not inject ed into the biopsy 
area, however, topical anesthesia did not cause 
any tissue damage (43). For removing coating 
material the best results were obtained when 
sa line soluti on was used to wash the specimen 
before fixation (48). This method is s impl e and 
rapid and does not affect the structure of the 
epithe lial cells (48). When used to eliminate the 
coating material, enzymes usually destroy the 
fine structure of cells (14). To prevent the 
tissue from cur ling up and shr inking during fix
ation, the specimen was carefu ll y fastened to a 
styrofoam plate with two pins (43). The shrinka9e 
of our specimens was about 30 % (48), whereas in 
formalin-fixed and paraffin-embedded chi cken 
sple en it was about 40 % (76). Smears for SEM are 
usually handl ed as a bi opsy specimen . With SEM, 
malignant cells are easy to identify (52, 53, 75) . 
The disadvantage of the smear technique, compared 
to the use of tissue specimens, i s the l ack of 
any histological cont inuit y. 

Biopsy specimens provide further possi
bilities to study different parameters of 
tissues. For example, interaction between epi
thelium and connective tissue can be studied when 
epithe liu m is separated from the underlying lamina 
propria by maceration (42, 68, 71, 80, 99) or 
mechanically with the use of microdissection in
struments (70). Subepit heli al connective tis sue 
can also be studied in a freshly cut surface. The 
cell surface of different la yers of epithelia can 
be studied when the epithelial cel l s are first 
separated from the various epithe lial layers by 
trypsin digestion (20) stripping tape technique 
(32, 60), or using the freeze-fracture method 
( 58). 

For meaningful SEM stud ie s of microbial 
populations associated with surfaces, it is es
sential that the specimens be modified as little 
as possible during their preparation. The com
position of the fixative s ignificantly influences 
the number of micro-organisms preserved. 
Karnovsky's fixative with Ruthenium red best pre
served surface-associated organisms (28). 
McMillan (59) suggest ed, however, that all the 
Ruthenum red and Alcian blue positive material in 
close association with the exposed surface of the 
epithelial cells is precipitated saliva. The other 
important factors of specimen preparation for 
studying surface-associated micro-organisms are 
the washing of specimens prior to fi xat ion, 
storage of fixed specimens, and handling and 
storage of critical point dried specimens . 
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The cel lular fine structure of epithelium 
and connective tissue can be seen easily when 
SEM is used after in vitro maintenance of 
explants (10, 78). This in vitro system using 
cultured epithelial cel l s is useful for studying 
the proliferation and morphology of epithelial 
and connective tissue cells and epithelia -
connect ive tissue interactions. It is also suit
able for investigating the effect of various 
substances suspected of influencing these 
mechanisms. 

A non-invasive method used to study the fine 
sur face structure is the replica technique (49). 
This method is suitable for studying the masti
catory mucosa, which overlies bone and is stiff 
and immobile. The disadvantages of this method, 
however, are the limi ted possibilit ie s to study 
various parameters (only the surface of super
ficial cells) and the lack of histological 
control. 

Structura l studies of ora l mucosal epithel ium 

The entire oral cavity is lined by strati
fied squamous epithelium which forms the primary 
structural barrier between the inte rna l and 
external environments . The epithe lium and the 
underlyin9 connective tissue show functionally 
re l ated regiona l variation in their structures 
(62, 86). Using SEM at low magnification, the 
surface structure of the ora l mucosa is smooth 
and does not differ in different parts of the 
oral cavity (45) . Only the tongue surface with 
its papi ll ary structure forms a very specia lized 
mucosa (44, 45) . At high magnification the 
characteristic difference in the regional vari
ation of the surface structure has been dem
onstra ted in many studies and in many species 
(1-4, 18-22, 30, 38, 44, 56, 57) . The surface of 
t he superficia l cells contains ridge-like surface 
folds with a different morphology. These surface 
folds are discussed under various names, such as 
cytoplasmic folds or micro-folds (96), 
microridges (41, 74, 85), micropl i cae (2, 19, 21, 
44-48, 66), and microrugae (8) . The term 
"microplicae" has gained wide acceptance . The 
microplicae of the superficia l epithe li al cel l s 
are characteristic of the cells of non
keratinized epithe liu m; e.g., epithelium of 
cheek, soft palate, floor of the mouth and 
ventral surface of the tongue (lining mucosa). 
Cell s of keratinized epithelium, which have a 
pitted or honeycombed appearance, are found in 
epithe lial cells of the hard pala te and attached 
gingiva (masticatory mucosa). Changes in the cell 
surface also indicate the thickening of the 
pla sma membrane during cell maturation. These 
marked regional variations in the structure of 
the oral mucosa are related to rates of surface 
wear, which are affected both by the degree of 
surface trauma at any particular site and by 
resistance of the epithelial surface to abrasion. 

Differences in the structure of the mucosa 
reflect variations in function. To permit 
movement and extension, linin g mucosae must be 
elastic and the epithelium have l arge cells with 
pl eated cell walls, l arge amounts of inter
cellular glycoprotein, and elastic fibres. The 
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origin and functional role of microplicae on the 
cel l surface of lining mucosa is a controversial 
issue. Four different hypotheses about the func
tion of microplicae have been reviewed by Nair 
and Schroeder (66): 1) intercellular 
interdigitation for cell adhesion, 2) a protec
tive function by reducing the surface area of 
contact, 3) aiding the laminar flow of surface 
protecting and lubricating secretions, 4) a re
serve surface area for cell stretch ing. 
Microplicae are typical of the surfaces of areas 
covered with protective mucus, such as the cer vi
cal mucosa (77), the epidermis of the human fetus 
(29) and the esophageal mucosa (85). When mechan
ical stress is great enough, however, the cell s 
become fully keratinized with a pitted appear
ance, lik e the ce ll s of the masticatory mucosa. 
Masticatory mucosae, being requ ired to resist 
physical forces yet remain immobile, have a 
massive and inflexible stratum corneum, a greater 
area of epithelial-connective tissue interface, 
and a collagenous lamina propria with larg e and 
straight col lag en fibrils (42, 99). 

The epithelial cell s perform a number of 
spec i alized synthetic activities associated with 
the maintenance of a surface barrier. These 
include, for example, the synt hesis of cell sur
face and extrace llul ar components related to cel l 
adhesion (95). Microplication and the pitted 
appearance of the cell surface are thought to be 
associated with the mechanical adhesion of cell s 
(20, 99) . This mechanism has been studied in dif
ferent l ayers of epithelium (20). The adhesion 
and cell morphology is destroyed, for example, 
in inflammatory epithelium (39) or in epithelial 
tumors. 

Cell junction s play a major role as a bar
r ier against entry of noxious substances or 
organisms, and also against loss of fluids. At 
present, however, littl e i s known about SEM
findings in this field, a lth ough normal cell 
junct ions can be tight or ovelapping (3, 44-47, 
56, 97). The role of the gap (seen also with TEM, 
82) between two adjacent cells is poorly under
stood. 

Clearly, the interactions between epithelium 
and connective tissue are of clinical signifi
cance in relation to processes such as the 
control of cell pro lif eration and migration . 
Studied with SEM, the epithe lium - connective 
tissue interface can be identified as different 
in three regions: (1) floor of the mouth, (2) lip 
and cheek, (3) gingiva and hard palate (42). The 
floor of the mouth shows the lowest connective 
tissue papillae density, the smalle st papillae, 
and connective tissue plateaux separated by 
narrow grooves. Lip and cheek mucosae reveal an 
intermediate density, the papillae are frequently 
bifurcated and angulated. Gingiva and hard 
palate are characterized by the highest papillary 
density and by papillae which are cylindrical, 
s lender and erect. The alveolar mucosa exhibits 
intermediate features between those of the floor 
of the mouth and those of the cheek mucosa (42). 
Under severa l pathological conditions, the epi
thelium - connective tissue intera ctions may 
change, for example, in lichen planus (33), sub
mucous fibrosis (69) and leukoplakia (34, 55). 

The tongue surface with its papi llar y struc 
ture has been studied extensively in both humans 
and other species (9, 11-13, 16, 36, 37, 44, 83, 
84, 91, 100, 101). SEM techniques have provided 
valuable information on the tongue mucosa, as 
well as in studies of pathological changes of the 
tongue (see the section "SEM in ora l pathology"). 
The light microscopical structure of tongue epi
thelium can be see n more easily with SEM. Dif
ferent types of tongue papillae, e.g., filiform, 
fungiform, foliate, val late, are easy to identify 
with SEM. At high magnification, the structure 
and l ocalization of taste pores can also be 
studied (6, 37, 44, 46). 
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Development of oral mucosa 

Except for the development of the tongue 
papillae (9, 24, 25, 31), little SEM work on 
embryonic morphogenesis has been undertaken on the 
general structure of the oral mucosa (92, 96) . 
Using SEM it is eas ier to trace the appearance and 
development of tongue papillae in human embyros 
and fetuses than with light microscopy, because 
the changes can be recognised earlie r . Hersch and 
Ganchrow ( 31) and Dourov et al . ( 25) found the 
first signs of circumvallate papil l ae as early as 
the 8th - 12th week of embryonic development and 
signs of foliate papillae at about 10 weeks. 
Fungiform papillae begin to develop before fili
form paµillae, which appear at 10 - 18 weeks. In 
addition, in humans the surfaces of the epithe li al 
cel l s lining the developing lin gual epithelium 
exhibit characteristic changes in microplicae. 
According to Takagi et al. (92), the varied forms 
of microplicae at different developmental stages 
can be classified into five types, i.e., Type I 
microvilli, Type II short straight microplicae, 
Type III curved microplicae, Type IV branched 
microplicae, and Type V cell s with a pitted ap
pearance. In our laboratory this cl assification 
has been found in the gingival epithe l ium during 
would healing after tooth extraction (Fig.1 ) and 
analyzed with a computer (see the section 
"Morphometry in SEM re searc h"). 

Adherence of micro-organisms to the oral mucosa 

A common function of the oral epith elia of 
all regions is to form a relatively effective 
barrier to penetration of micro-organisms. Even 
so, a possib ly significant function of the turn
over of ora l epithelia is rapid replacement of the 
epithelial surface to provide a se lf-clean sing 
mechani sm which prevents undue colonization or 
penetration of the epithelial surface by bacteria 
and fungae (7, 15, 24, 35, 40, 50, 61, 79). 

Seen with SEM, colonization of micro
organisms also shows regional variation. The 
microbial colonization has been shown to correlate 
with the degree of keratinization on the baboon 
tongue (7). Normally, the hairs of the filiform 
papilla e of the human tonque contain a massive 
plaque of micro-organisms (44), whereas other 
healthy mucosal surfaces are usually free from 
micro-organisms (45). 

The morphology and also the quantitative 
morphology of oral micro-organisms are easy to 
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Fig. 1. Forms of mi croplicae at different devel
opmental stages of the epithe lium can be class i
fied into five types: 
a) cell with microvilli, 
b) cell with short micropl icae, 
c) cell with curved microp li cae, 
d) cel l with branching microp li cae, and 
e) cell with a pitted appearance . 
(Bar=1Dµm) . 
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elucidate. SEM- studies, for example about a 
multicelluar filamentous bacteria Simonsiella 
(Fig. 2) are very informative (23, 27). 

SEM in oral pathology 

SEM investigation is most suitable for 
studying the processes that affect the upper 
part of the mucous membrane. A number of gen
era liz ed and localized disorders are known to af
fect the oral mucosa, causing changes in its 
keratinization and thus differences in its ap
pearance. Lichen planus and lupus erythematosus 
are the most important of the generalized dis
orders; and leukoplakia, white spongy nevus, 
leukoedema, cheek biting and tobacco-induced 
hyperkeratoses are examples of the localized dis
orders. Using SEM technique, changes in the 
pattern of epithelial cells and in cell junctions 
can be seen in these pathological conditions (8, 
64, 65, 70-74). 

Much of the recent interest in SEM research 
on ora l pathological conditions has focused on 
the tongue ( 87-91). The presence or absence of 
hairs and hairlike processes of filiform 
papillae can be studied more efficient ly with 
SEM. Further changes in the structure of taste 
pores can also be detected using this method (46, 
47). Atrophy or absence of filiform papi ll ae can 
easily be seen with SEM. For example, geographic 
tongue with papillary bodies (Fig. 3) can be dis
tinguished from atrophic tongue, which is 
characterized by pronounced flattening of the 
mucosal surface (Fig. 4 ). Many tumors of the oral 
mucosa, such as papillomas and fibromas, also 
show few surface changes (26, 71 ). With SEM 
preneoplastic cells of the cervix can be dis
tinguished from normal epithelial cells (41, 77, 
81, 98), and this method may also be valid in the 
early diagnosis of premalignant lesions in the 
oral mucosa (17, 64, 65, 67). The oral mucosa is 
quite simi l ar to other mucous membranes in the 
human body. In addition, the new morphometric and 
surface labelling methods may provide more infor
mation about pathological conditions of the oral 
mucosa. 

Morphometry in SEM research 

Several SEM studies have been made about the 
surface features of the oral mucosa, but a quan
titative approach has rarely been used to analyse 
these structures (44-48, 52-54, 66). Although 
morphometric methods have l ong been used in light 
microscopy (93) and in el ectron microscopic cy
tology (94), SEM findings are generally descrip
tive. Matravers and Tyldesley (52, 53) used a 
quantitative approach to analyse sur face struc
tures in smears of normal oral mucous membrane 
and squamous cell carcinomas. Morphometric 
techniques have been used by Klein-Szanto and 
Schroeder (42) to determine the density of con
nective tissue papillae at six different sites of 
the oral mucosa. Variation and density of 
microp lication in superficial cells of normal 
lining mucosa have been described by Nair and 
Schroeder (66). Measured manually using a double 
lattice test system (93), the total length of 
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microplicae ranges from 130 to 550 µm per 100 µm
2 

cell surface area. The width of micropli cae has 
been reported as 0.17 µm but can range from 0.1 
µm to 0:23 µmin cell s of the oral mucosa (2, 4~ 
45, 66). Microplicae are of the same order of 
magnitude as the intercellular interdigitations 
associated with the desmosomes observed by TEM 
(20). The morphometry of tongue papillae and 
microplicae has given new information about the 
normal structure of the human tonque but also of 
changed structure, where the papillae have been 
changed (43, 44, 46, 47). 

In the lait ten years numerous applications 
have been found for computerized image analysis. 
To my knowledge, in the field of SEM, no papers 
have been published about fully automatic image 
analysis by computer and only preliminary 
findings of our computer system (IBAS) can be 
presented. A schematic view of the computer used 
for fully automatic image analysis i s illu strated 
in Figure 5. SEM mic rographs of the cell surface 
are obtained at two level s of magnification. 
Computer analysis of these images is based on 
digitization of the picture into a set of dis
crete picture elements (pixels). In the computer 
memory each pixel is lo cated in 2-dimentional 
space and characterized by a grey value. With the 
grey level histogram, the relevant objects can be 
extracted from an image. In SEM pictures, the 
microplicae of a cell can easily be seen (Fig. 
6), and the computer can also calculate, for 
example, the area density of the microplicae. A 
recent trend is to develop accessible program 
packages for further studying the SEM-images. 
Fully automatic image analysis by computer is 
desirable for many reasons, among these are the 
high levels of invariance and reproducibility. 

General summary 

Although much has been done within the last 
ten years to clarify the SEM structure of the 
oral mucosa, some basic areas for further inves
tigation can clearly be identified. For example, 
little is known about the adhesion of the epi
thelial cells and their disturbance by disease 
processes or about the role of the epithelial 
cell surface in normal function or in pathologi
ca l processes. Furthermore, cell surface makers 
and labelling techniques which have been adapted 
for use with the SEM (63) can provide new infor
mation on the distribution and dynamics of 
specific membrane component on cell surfaces. 

It is increasingly apparent that successful 
progress in more detailed morphometric stud ies 
would follow the use of computed morphometry. 
The computing system described offers a method 
that, combined with biochemical, hi sto logical, 
histochemical, autoradiographic or transmission 
electron microscopic invest igation s, is a tool 
in oral mucosa research. This method allows the 
handling of enormous amounts of raw data, trans
formation to morphometric parameters and the 
statistical treatment, which are all too time -
consuming and expensive without~ computer. 
Mucosal SEM research has not yet widely adopted 
such as new methods for its own purpose, but in 
the next few years we may expect to obtain infor-
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Fig. 2. Scanning electron photomicrograph of a 
fungiform papillae of pig tongue shows a flat, 
ribbon-shaped filament of Simonsiella (arrow). 
The segmented, multicellular morphology is clearly 
evident.(Bar=10 ~m). 

Fig. 3. 
a) In geographic tongue, filiform papillae are 

not visible in the light microscopy. The epi
thelium forms long rete pegs, and inflammatory 
infiltration is moderate.(Bar=100 µm). 

b) Surface of geographic tongue contains the 
bodies of filiform papillae. In the middle of 
the picture a fungiform papilla is visible 
(arrow).(Bar=1 mm). 

Fig. 4. 
a) In atrophic tongue the epithelium is thin and 

no filiform papillae are visible.(Bar=100 µm) . 
b) The surface of the tongue with filiform 

atrophy is rather smooth with low elEvations. 
Some hair s, which are short and narrow are 
visible (arrows).(Bar=1 mm). 
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Fig. 5. Schematic representation of the computer 
system used for fully automatic image analysis. 

Fig. 6. 
a) Scanning electron photomicrograph of a epi 

thelial eel l, which has micropl icae. (Bar= 1 µm). 
b) A picture of the epithelial cell seen above 

when processed with a Laplacian highpass 
filter. 

c) A picture operated with a boolean operation 
AND. This operation takes away the pixels 
that do not belong to the objects but are 
found by the Laplacian filter. 

d) A picture operated with the boolean OR, which 
fills the holes in the objects. 

. 

--~ t~ 
~~ 
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mation of great interest and appl icat ion to 
stud ies of the SEM structure of the ora l mucosa 
and their underlying relevance to ora l disea ses . 
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Discussion with Reviewers 

K. Arvidson: Under "Preparative techniques .. " 
nothing is mentioned about using autopsy 
material. Do you have any experience of using 
material "immediately" after death and what are 
the risks for artefacts? 

Author: The methods presented in the text are 
alsosuitable for autopsy material. Personally 
do not have any experience in using material 
"immediately" after death, since it is impossible 
to get the autopsy material rapidly enough into 
our SEM-laboratory. Moreover, many diseases 
causing death, such as cardiovascular diseases, 
also cause changes in the surface structure of 
the tongue. 

K. Arvidson: To remove coating materials, have 
you tried 0.1 M CaCl2? 

Author: Yes, but I saw that the results were 
virtually the same. Saline solution is better for 
our study, as we make other studies (such as 
immunological studies) on the other half of the 
same specimen, and therefore the 0.1 M CaCl2 solution is not suitable. 

B. Forslind: The microfold s or plicae on the sur
face of mucosal cells may to a certain extent be 
preparation artifacts. Have any studies been under
taken to establish the effect of the fixation on 
the surface topography of the mucosal cell s? 

Author: There ar e some studie s (refer ence in the 
text}i n which the effect of the fixation has been 
studied. I myself have studied the difference s 
between four fixatives and have found the neutral 
formalin did not change the morphology of the 
cell surface. Furthermore, the size of the 
microplicae i s about the same as the inter
cellular interdigitation s associated with the 
desmosomes as seen in TEM. 

B. Forslind: Concerning non-invasive methods to 
study the surface fine structure by replication 
would you comment how to do it in practi ce and 
what type of replication material is suitable for 
a wet cellular surface in vivo? 

Author: The low viscosity silicone-base im
pression material (Xantopren Light Body, BAYER, 
West Germany) is a good replication material. On 
the impression an epoxy resin (Spurr epoxy) is 
cast in order to produce positive replicas, which 
are coated with gold. 

N. Dourov: Do you find functional or/and topo
graphical differences between cells with 
microridges (or "microplicae") in a regular 
parallel arrangement and cells with 
circonvoluted microridges? 

Author: Yes, the degree of keratinization corre
lated with the type of microplicae so that the 
circonvoluted thick microridges were typical in 
the epithelium of orthokeratosis when studied in 
different leukoplakias. Thin parallel arrangement 
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of the microplicae was found in the cell without 
keratin. 

My intention is now to study the topographi
cal differences between cells of different 
microplication patterns with the automatic image 
analysis method presented in this paper. 
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