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Regional differences in cell surface patterns 
in normal human sulcular epithelium 
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Summary. Studies with scanning electron microscopy in 
the normal human sulcular epithelium are scarce, and no 
precise information exists about cell surface patterns 
along the epithelium, the frequencies of these patterns, 
or possible regional differences within the mouth. In five 
periodontal biopsy specimens each from the anterior and 
posterior region of the mouth, we observed three cell 
patterns on the basis of the overall appearance of 
morphological surface markers in the coronal and apical 
zones of sulcular epithelium: microvilli; microplicae; 
and pits. The percentage of keratinocytes showing the 
microvillous pattern in the surface of apical sulcular 
epithelium of the posterior region of the mouth was 
significantly higher than in the anterior region. We posit 
that the presente, in the bottom of the normal sulcular 
epithelium in the posterior region of the mouth, of 
mainly microvillous keratinocytes ( the most un- 
differentiated and least desquamative type of 
keratinocyte, and thus the most vulnerable to bacterial 
colonization) can be associated with observations of 
longitudinal clinical studies of periodontal disease, 
which suggest that more severe clinical findings are 
found in the region of the molars. 
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lntroduction 

The sulcular epithelium which surrounds the cervical 
area of al1 teeth is of particular importante as a barrier in 
which interaction takes place between the contents of the 
oral cavity, especially in the environment  of the 
dentogingival space, and the periodontal tissues, which 
support the teeth (Garnick and Ringle, 1988; Shafik et 
al., 1988). The stratified epithelium, together with the 
enamel, cementa1 or dentina1 tooth surface, delimits a 
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space, called the sulcus, in which bacteria1 plaque can 
form and in which inflammatory cells can be found 
(Saglie, 1977, 1988). The structural characteristics of 
this epithelium have been the object of intensive study 
aimed at elucidating the pathogenesis of periodontal 
disease, especially bacterial invasion in this area (Saglie, 
1988: Shafik et al., 1988). 

In recent years. scanning electron microscopy (SEM) 
has become a powerful and widely used tool to  
investigate the cell surface patterns in al1 regions of the 
oral mucosa under both normal and pathological 
circumstances (Cleaton-Jones et al., 1978: Dourov, 
1984: Kullaa-Mikkonen, 1986, 1987; Jungell et al., 
1987). The main advantages of SEM are its larger depth 
of focus and better resolving power than available light 
microscopy. Moreover, in comparison with transmission 
electron microscopy, it allows observations of large 
surface areas, an important advantage in the oral cavity. 
SEM has also been used to study ihe gingival pocket, a 
deeper extension of the normal sulcus which arises in 
periodontal disease, and which especially involves the 
sulcular epithelium (Shafik et al., 1988). 

Earlier studies of periodontal pockeis in humans were 
based either on a limited number of cases (Carranza et 
al., 1983). on certain aspects of the pocket wall, e.g. 
bacterial invasion, or on some morphological features of 
epithelial surface (Kaplan et al., 1977; Saglie et al., 
1982, 1985; Cobb et al., 1988). 

Studies with SEM in the human sulcular epithelium 
under normal conditions are therefore scarce. and no 
precise information exists about the cell surface pattems 
along the epithelium, the frequencies of these patterns. 
or possible regional differences within the mouth. 
Because the sulcular epithelium forms a target area in 
periodontal disease, and because clinical differences 
between the anterior and posterior areas of the oral 
cavity have been reported in this process (González- 
Jaranay, 1987; Albandar et al., 1991), the aims of the 
present study were to describe the SEM cell pattems in 
the coronal and apical zones of the sulcular epithelium 
of the normal human periodontal area. and to quantify 
their frequencies in the anterior and posterior regions 
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of the mouth. Better knowledge of the SEM surface 
features in the two regions should contribute to our 
understanding of the epithelial substrate involved in the 
pathology and treatment of periodontal disease. 

Materials and methods 

A biopsy specimen of the marginal periodontal area 
was obtained from 10 patients ranging in age from 23 to 
52 years. Five specimens each were taken from the 
anterior and posterior periodontium. The anterior region 
was defined as that surrounding the incisors and canines, 
as far as the interdental papilla between the canines and 
first premolars. The posterior region comprised the 
periodontium surrounding the premolars and molars. Al1 
subjects had clinically normal periodontal tissues, and 
required extraction as  part of treatment for  non- 
periodontal conditions. Informed consent was obtained 
from each patient prior to surgery. The patients selected 
for biopsy satisfied the following clinical criteria: lack of 
bone loss, lack of attachment loss and absence of 
bleeding on probing. The depth of the sulcus on probing 
was never more than 2 mm. Because the extension of the 
coronal sulcular epithelium (CSE) into the depth of the 
sulcus varies depending on the depth of each sulcus, for 

sampling purposes we considered CSE to be epithelium 
from the coronal half of each sulcus, and apical sulcular 
epithelium (ASE) as that from the apical half of each 
sulcus (Fig. 1). 

Before fixation, the specimens were treated with 
0.3% collagenase (Sigma) in cacodylate buffer for 30 
min. The material was fixed in cacodylate-buffered 2.5% 
glutaraldehyde and postfixed in 1 % osmium tetroxide. 
After fixation, the samples were dehydrated in 
increasing concentrations of acetone, critica1 point dried, 
gold sputter-coated and examined in a Philips 505 
scanning electron microscope. 

To quantify the frequencies of cell surface patterns, 
25 cells in each zone of epithelium were counted. giving 
a total of 50 cells from each specimen. The differences 
between the frequencies of surface patterns in the two 
regions were statistically analyzed with nested analysis 
of variance and paired Newman-Keuls comparisons. 

Results 

Our SEM observations showed three basic cell 
patterns in the outermost surface of the keratinocytes in 
both the coronal and apical zones of the epithelium. 
Some cells were characterized by microvilli on their 
surface. This morphological marker was variably 
distributed on different cells, usually covering most of 
the surface. The highest microvilli measured lym (Fig. 
2). A second pattern was characterized by microplicae 
on the cell surface. This morphological marker consisted 
of straight, curved or branching rows of microplicae 
giving rise to different features such a parallel furrows, 
fingerprint-like or reticular images (Fig. 3). A third 
pattern was characterized by clearly delimited pits of no 
more than 1.0 ym in diameter, framed by a faint network 
of flattened, slightly raised crests, giving an overall 
image of a weakly pitted sponge-like surface (Fig. 4). In 
our material some cells displayed a combination of two 
patterns. However. in the quantative study, cells which 
showed two patterns were only selected if one of the 
patterns covered at least two-thirds of the cell surface. 

Mean values with standard error for the percentage 
frequencies of the three cell surface patterns are given in 

Table 1. Percentge (XISEM) frequencies of the three cell surface 
patterns in apical and coronal sulcular epitheliurn frorn the anterior and 
posterior region of the oral cavity. 

Fig. 1. Schernatic drawing that illustrates the junctional epitheliurn (1) and 
the two areas of sulcular epitheliurn sarnpled in this study. Epitheliurn 
frorn the coronal half of the sulcus was considered coronal sulcus 
epithelium (2) and the epitheliurn frorn the apical half was considered 
apical sulcular epitheliurn (3). Tooth (4). Connective tissue (5). 

REGION SULCULAR SEM CELL PATTERN 
EPlTHELlUM 

Microvilli Microplicae Pits 

ANTERIOR 

*: p<0.05 when cornpared with nested ANOVA and Newman-Keuls test. 

Corona1 42.0+14.2 50.0114.7 8.012.7 

Apical 17.318.4' 65.3+11.2 17.319.7 

POSTERIOR 
Coronal 19.0f7.1 74.016.0 6.614.3 

Apical 62.0'13.8' 32.0110.9 6.013.8 
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Table 1 for the corona1 and apical zones of the 
epithelium and the anterior and posterior regions of the 
periodontal area. Our statistical study revealed a 
significant difference in the frequency of cells with the 
microvillous surface pattern between the ASE of the 
anterior and the posterior region of the oral cavity 
(p<0.05). 

Discussion 

A number of factors influence the interpretation of 
SEM findings in oral samples, e.g. correct collection and 
handling of the specimens, meticulous cleaning of the 
surface to be examined to remove mucus, blood or tissue 
fluid, and appropriate fixation. dehydration and drying to 
minimize artifacts (Moreu et al., 1993). In this study, 
samples were prepared according to the guidelines 
recommended by Kullaa-Mikkonen (1987) for oral 
mucosa and other epithelia (Hudspeth and Jacobs, 1979), 
and our own experience with gingival samples  
(González-Jaranay et al., 1990; Moreu et al., 1993). We 
used diluted collagenase and buffered fixative solution 
instead of saline solution to clean the surfaces to be 
observed. Phosphate buffer was replaced with cacodylate 
to avoid salt precipitation during fixation (Carrasi et al., 
1988). Acetone was used as the dehydrating agent to 
prevent dense precipitations in tissues treated with 

alcohol (Brunk et al., 1981). 
The three patterns we describe in the two zones of the 

epithelium are based on the types proposed by Dourov 
(1984) and Kullaa-Mikkonen (1986, 1987) for al1 oral 
mucosa. These patterns, as Shouthgate et al. (1987) have 
recently demonstrated in a study of oral epithelium in 
culture, are related to the degree of differentiation of the 
keratinocytes. Keratinocytes with pits or a honeycomb 
appearance and keratinocytes with parallel or branched 
microplicae are now thought to be clearly related, as 
different authors have shown, with keratinized (with 
stratum corneum) and non-keratinized epithelium 
(without stratum corneum) (Kullaa-Mikkonen, 1986). 

Moreover, although in early nonquantitative reports, 
cells with microvilli were described on the surface of 
keratinized epithelium (Cleaton-Jones, 1975), more 
recent observations have demonstrated that these 
microvilli-bearing cells are the least differentiated of the 
keratinocyte lineage. This was shown by Hodgkin et al. 
(1978), who studied the SEM appearance of different 
strata of human gingival epithelial by using adhesive 
tape to strip away cell layers, and by Southgate et al. 
(1987), who studied primary cultures of hurnan oral 
epithelia. According to Hodgkin et al. (19781, cells of 
the middle and deep layers - the least differentiated cells 
of the keratinocyte lineage - were covered esclusively by 
microvilli. In Southgate's material the microplicae 

Fig. 2. Normal hurnan sulcular epitheliurn showing a cell surface pattern characterized by rnicrovilli (arrowhead). Scale bar = 10 prn 

Fig. 3. Normal hurnan sulcular epitheliurn showing a cell surface pattern characterized by rnicroplicae (arrowhead). Scale bar = 10 prn 

Fig. 4. Normal hurnan sulcular epitheliurn showing a cell surface pattern characterized by pits (arrowhead). Scale bar = 10 prn 
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closely replaced packed microvilli as the cells matured. 
In contrast with previous s tudies  in which 

corrugations and microplications were described for the 
human sulcular and pocket wall surface (Shafik et 
al., 1988), our results obtained from epithelia in sulci 
of a maximum depth of 2 mm, ¡.e. within the range 
of clinically normal gingival sulci (Smith, 1982; 
Schroeder, 1986; Garnick and Ringle. 1988; Melfi, 
1988; Carranza, 1990) showed three surface patterns: 
suggesting that the outer surface of these epithelia in 
both ASE and CSE is covered by cells of different 
degrees of differentiation. With regard to the frequencies 
of the types of keratinocytes, significant differences 
were found in our study only in the percentage of 
keratinocytes with microvilli in the ASE between the 
anterior and posterior region of the periodontal area, 
microvillous keratinocytes being more numerous in the 
latter. The heterogeneity in sulcular epithelia in both 
ASE and CSE is supported by quantitative data from 
normal human gingival epithelia (Moreu et al., 1993) 
and buccal mucosa after radication (Robertson et al., 
1987). In the latter case, the increase in keratinocytes 
bearing microvilli on the epithelial surface resulted from 
the effects of irradiation on the earlier differentiation of 
cells of keratinocytic lineage. 

Therefore. the epithelium in the deeper half of 
the normal sulcus is composed predominantly o f  
keratinocytes with microvilli ,  which offer less 
resistance to microbial invasion and could be considered 
an important factor leading to more severe clinical 
findings in the posterior region of the mouth. In this 
sense, longitudinal clinical studies on the prevention, 
progression and treatment of periodontal disease can be 
associated with the data described above. Molars, rather 
than premolars or incisors, are most frequently lost 
(Axelsson et al . ,  199 1 ); moreover,  periodontal 
progression occurs mainly in the first molar (Albandar et 
al., 1991). These observations appear to reflect the depth 
of the periodontal pocket and the subsequent loss of 
tooth attachment.  These two circumstances are  
compatible with the observation that the number and 
distribution of bacteria are linked with the degree of 
keratinocyte differentiation (Aufdemorte and Cameron, 
1981),  changes in the characteristics of exposed 
microvilli (Robertson et al.. 1987) and especially with 
the rate of epithelial cell turnover (Cobb et al., 1988). 

As Cobb and Killoy (1990)  have suggested, 
desquamation of epithelial cells is an important adjunct 
to host defenses. If desquamation occurs only in normal 
stratified epithelia where cells are highly differentiated, 
displaying pitted o r  microridged surfaces, less 
well differentiated cells bearing microvilli may well 
facilitate long-term adhesion processes and thus favour 
microbial colonization and bacterial invasion. Only 
further studies will show whether our findings oP a 
higher percentage of keratinocytes with microvilli in the 
ASE of the posterior region of the periodontium can be 
related with clinical data in the literature that show a 
greater incidence of periodontal disease in this region. 
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