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Abstract

Collections of exfoliated cells on Millipore filters,
which retain the topographical relationships of the
cells collected, previously have been used to examine
keratinization and inflammation of adult gingivae. In
the present study, samples of epithelial and
inflammatory cells were obtained from the anterior
maxillary gingivae of three- to five-year-old children
using this technique. The oral hygiene index (OHI) of
these children was recorded and the degree of
gingival inflammation clinically assessed. Variation in
the width of the band of leukocytes collected from
the gingival margin indicated a greater range of
gingival inflammation within the sample studied than
was apparent from clinical assessment. The degree of
leukocytic exudate from the gingival margin appeared
to correlate with the degree of keratinization of the
adjacent epithelium.

Brauer,1 examining the microanatomy of the
gingivae of young children, compared it to skin in its
ability to resist mechanical forces. The attached gingivae
is bound by dense fibrous tissue, and the stratified
squamous epithelium has a keratinized or parakeratin-
ized surface associated with stippling of the oral aspect.
In 1940, Weinmann? described the keratinization of
human oral mucosa and in 1959, Weinmann and Meyer?
listed four types of keratinization: (1) full keratinization,
(2) parakeratosis, (3) nonkeratinization, and (4) in-
complete keratinization. They also noted that with an in-
crease in gingival inflammation, there was a decrease in
the amount and degree of keratinization. Full keratiniza-
tion occurred primarily in the absence of inflammation
and became infrequent when inflammation was present.

The purpose of the present study was to examine the
pattern of gingival cytology of children who appeared
clinically free of gingival disease. Special attention was
given to the level of marginal inflammation, indicated by
the amount of leukocytes present on the collected
samples.

Methods and Materials

A group of 10 three- to five-year-old children with in-
tact dentitions were selected for the study from the
undergraduate Pedodontic Clinic of the University of
Iowa College of Dentistry. These patients were considered
to have normal gingivae due to a lack of redness or edema
of the gingival margin.

Superficial cells for cytological examination were ob-
tained by the filter imprint technique described by Seavall
and Grand* as modified by Lainson and Mackenzie.’
The subjects were instructed not to brush their teeth for
at least two hours prior to taking the filter imprints. Con-
formation to these instructions was confirmed by the
parents. Millipore filters were used, and eight pie-shaped
pieces of equal size were cut from each originally round
Millipore filter and marked at their apex with India ink.

The gingivae of the anterior teeth were dried briefly
with air. The filter piece, apex pointed coronally, was
applied to an area in the region of the maxillary right
primary central incisor covering the free gingival margin,
attached gingivae, and alveolar mucosa into the vestibule.
The filters were pressed firmly in place, without sliding
the filters on the mucosa and avoiding contact with labial
alveolar mucosa. Rubber surgical gloves were used when
handling the filters to prevent contamination with ex-
foliated cells from the examiner’s fingers. The filter im-
prints were removed with cotton pliers, immediately fixed
in 95% ethanol, and then stained by a modification of
the Papanicolaou method.®

After obtaining the filter imprints for each child, an
assessment of oral hygiene was made using a modifica-
tion of the simplified oral hygiene index (OHI-S) describ-
ed by Greene and Vermilion.” This index scores plaque
and accumulations of debris from 1 to 3 on the facial and
lingual surfaces of six selected teeth after these teeth have
been stained with disclosing solution. The possible scores
thus ranged from 0 to 36.

Results

The oral hygiene indices of the children ranged from
good (7) to poor (23) but the gingival tissues in all cases
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appeared to be within normal limits without typical signs
of inflammation.

The staining pattern on the cells collected from the
various regions of the gingivae corresponded to the three
principal epithelial cell types observed on filters stained
by the Papanicolaou method as described by Lainson and
Mackenzie.> The distribution of various cell types
reflected topographical gingival anatomy and, typical-
ly, a number of zones could be identified on each filter
(Figure 1):

1. A zone of nucleated nonkeratinized cells with
the staining characteristics of the alveolar
mucosa showing a transition of cell type in-
dicating position of the mucogingival junction

2. An area containing yellow orange staining
keratinized cells exfoliated from the attached
gingivae

3. A dense yield of epithelial cells with altered
staining adjacent to the region of the gingival
margin

4. A band of inflammatory cells corresponding to
the position of the gingival margin,

The cytological appearance of the mucogingival junc-
tion was of keratinized cells of the attached gingivae
changing at an abrupt linear zone of transition to the
larger nucleated cells exfoliated from the alveolar mucosa.

The region of the attached gingivae varied in degree
of keratinization from one specimen to the next. In the
majority of specimens the attached gingivae was or-
thokeratinized with nuclei absent from the exfoliated
cells. However, some specimens showed retention of cell
nuclei, a cytological appearance corresponding to
parakeratosis as observed in histological sections. At the
gingival margin a mass of inflammatory cells typically
was present. The nuclear morphology of these cells was
typically of polymorphonuclear leukocytes. These inflam-
matory cells surrounded nucleated eosinophilic epithelial
cells. A large variation in the width of the band of
polymorphs and altered epithelial cells was seen from one
specimen to the next.

Several specimens demonstrated an appearance
thought to represent a severe degree of inflammation.
These showed a wide and dense band of polymorphs next
to a band of eosinophilic epithelial cells from the free
gingival margin. For some distance from the gingival
margin, a heavy vyield of inflammatory cells was
observed.

The cytological appearance of the gingivae of the 3
to 5 year olds in this study generally was similar to that
observed by Lainson and Mackenzie® in adults, with a
pattern of nonkeratinized alveolar mucosa and of para-
or orthokeratinized attached gingivae. However, com-
parison of the cytological appearance of children with
that of adults suggests a greater degree of orthokeratiniza-
tion in the younger age group. The changes observed at
the gingival margin were similar to those seen in adults,

but the clinical degree of inflammation seen in the children
was not marked.

The pattern observed on the filter specimens showed
an association between increasing leukocytic exudate and
altered staining and heavier yields of epithelial cells from
the gingival margin. This suggests that increasing inflam-
mation leads to reduced keratinization and a higher rate
of cell turnover of the epithelium adjacent to the gingival
margin. Similar suggestions have been made by
Demetriou, Ramfjord, and Ash,’ who described a
reduction in keratinization of the gingivae and an increas-
ed cell labeling associated with increased inflammation
in rhesus monkeys.

Discussion

Several studies have demonstrated the widespread oc-
currence of periodontal pathology in children but, due
to its typically incipient nature, periodontal disease in
children has not received the attention given to dental
caries.10-1

An association between the inflammatory exudate and
plaque has been demonstrated by others; Lindhe and
Axelsson® looked at the effects of various preventive
measures on the degree of plaque and gingivitis in
Swedish school children. With professionally ad-
ministered oral prophylaxis and fluoride treatments both
the gingival and plaque indices decreased significantly
over 12 months. Using the gingival index of Loe and
Sillness, Poulson et al.* demonstrated that Danish
school children had less gingival bleeding with increased
professional oral hygiene. At the termination of the study,
70.3% of the children receiving professional cleanings
every two weeks had a score of zero (no bleeding) com-
pared to 44.7% at the beginning of this investigation.
Mackenzie, et al.?* demonstrated a rapid increase of
leukocytes with cessation of oral hygiene and a decrease
of leukocytes during periods of increased oral hygiene in
adults.

All of the children selected for this study had normal-
appearing gingivae, but the OHI was found to range from
7 to 23. No correlation was found between the OHIs ob-
tained in either the amount of inflammatory exudate
microsopically visible on examination, or the percentage
of nucleated and non-nucleated cells found in an area ad-
jacent to the attached gingivae as reported in adults.?

The purpose of this study was to describe the cytology
of the normal gingivae, and the OHI was taken only to
rule out major differences in the specimens that might
have resulted from increased plaque. Given the subjec-
tivity which is present inherently in clinical observations,
the sample size may not have been large enough to in-
vestigate differences in tissues and to compare these with
the OHI. Further, the OHI is a reflection of the area of
tooth covered by plaque and not a reliable index of the
quantity or composition of plaque.

As yet, the Millipore technique has not been standar-
dized with sufficient reliability to provide more than a
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Figure 1. Keratinized and nonkeratinized zones of oral epi-
thelium are readily identifiable with the Millipore technique of
sampling and a modification of the Papanicolaou stain: (A) low
magnification photomicrograph of the various zones of the
mucogingival junction showing keratinized cells of the attach-
ed gingivae [K], the transitional zone [T], and the cells of the
nonkeratinized alveolar mucosa (Scale = 200 um); (B) seen
at higher power, the orthokeratinized cells of the attached
gingivae are non-nucleated and stain orange; (C) cells of the
transitional zone are of intermediate size, nucleated, and stain

reddish; (D) the nucleated cells of the buccal mucosa are larger
and stain blue (Scale for B, C, D = 40 um); (E) the gingival
margin region shows polymorphonuclear leukocytes [P] inter-
mixed with epithelial cells which are eosinophilic and nucleated.
A high vield of nucleated orange cells from the attached gingivae
[G] lies adjacent to the exudate (Scale = 200 pum); (F) a higher
magnification of polymorphonuclear leukocytes [P] and
eosinophilic epithelial cells [E] from the marginal region (Scale
= 40 pm).
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descriptive analysis of the cellular topography of the
gingivae. For such descriptive purposes it would appear
that the Millipore technique is a useful, noninvasive
method for obtaining cellular material. The reproducibili-
ty of this technique as a method for examining experimen-
tally induced changes in gingival inflammation and the

- correlation between tissue changes and inflammatory
-status is untested at present. For example, the effects of
variation in the amount of pressure applied to obtain the
cells and the changes in the cell yields resulting from prior
oral hygiene procedures requires further investigation.
However, it would appear that the method has the poten-
tial for detecting finer changes in the gingival condition
than may be detected clinically and thus may be of value
in monitoring the effects of various therapeutic agents on
gingival health.

Conclusion

The Millipore technique was used to investigate the
cytology of the gingivae in young children. The ap-
pearance of the gingival tissues was similar to that of
adults but a lesser amount of inflammation was apparent
clinically in the children in the presence of cytologically
detectable inflammatory exudate. Also, a greater degree
of orthokeratinization was found in children. The poten-
tial usefulness of the Millipore technique for measuring
slight changes in inflammation and the gingival tissues
in small sample studies is encouraging. Further standar-
dization of this technique could provide a noninvasive
method for measuring subtle changes in the gingivae of
subjects when modifications of oral hygiene are
employed.

Dr. Walker is an associate professor, Department of Pedodontics, and
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tistry, lowa City, Jowa 52242. Request for reprints should be sent to
Dr. Walker.

1. Brauer, J.C., Higley, L.B., Lindahl, R., Massler, M.M., Schour,
I. Dentistry for Children, 5th Ed. New York; McGraw-Hill Book
Co., pp 255-56.

2. Weinmann, J.P. The keratinization of human oral mucosa. ] Dent
Res 19:57-71, 1940.

3. Weinmann, J.P., Meyer, ]. Types of keratinization in the human
gingiva. ] Invest Derm 32:87-94, 1959.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Seavall, E.N., Grand, N.G. Cytology of the oral mucosa by a filter
imprint technique. J Invest Derm 42:39, 395-402, 1964.
Lainson, P.A., Mackenzie, 1.C. Examination of topographical
gingival anatomy by a filter imprint technique. ] Periodontol
47:469-76, 1976.

Papanicolaou, G.N. Atlas of Exfoliative Cytology. Cambridge;
Harvard University Press, 1954, pp 5-6.

Greene, ].C., Vermilion, J.R. The simplified oral hygiene index.
JADA 68:7-13, 1964.

Lainson, P.A., Mackenzie, [.C. An examination of the cytology
of uninflamed and inflamed gingiva using a filter imprint techni-
que. J Periodontol 47:477-80, 1976.

Demetriou, N.A., Ramfjord, S.P., Ash, M.M., Jr. Keratinization
related to premitotic labeling and inflammation of gingiva and
alveolar mucosa in rhesus monkeys. ] Periodontol 42:338-40, 1971.
Massler, M.M. Coreport: periodontal disease in children. Int Dent
] 8:323-26, 1958.

Baden, T.E. Gingivitis in negro school children. NY ] Dent
36:46-48, 1966.

Ramfjord, S., Emslie, R.D., Greene, ].C., Held, A.]., Waerhaug,
J. Epidemiological studies of periodontal disease. Am J Public
Health 58:1,713-22, 1968.

Russell, A.L. The prevalence of periodontal disease in different
populations during the circumpubertal period. ] Periodontol
42:508-12, 1971.

Poulsen, S., Mgller, I.J. The prevalence of dental caries, plaque
and gingivitis in three-year-old Danish children. Scand J Dent Res
80:94-103, 1972.

Crossner, C.C., Holm, A K. A descriptive and comparative study
of oral health in eight-year-old Swedish children. Acta Odont
Scand 33:135-42, 1975.

Holst, D. Prevalence of gingivitis among children with and without
school dental service. Scand J Dent Res 84:150-57, 1976.
Cahen, P.M., Caubet, A.M., Rebillet, R., Frank, R.M. Oral con-
ditions in a population of young adults in Strasbourg. Community
Dent Oral Epidemiol 5:40-45, 1977.

Donnelly, C.]J., Thomson, L.A., Stiles, H.M., Brewer, C., Neel,
J.V., Brunelle, J.A. Plaque, caries, periodontal diseases, and ac-
culturation among Yanomamo Indians, Venezuela. Community
Dent Oral Epidemiol 5:30-39, 1977.

Lindhe, J., Axelsson, P. The effect of controlled oral hygiene and
topical fluoride application on caries and gingivitis in Swedish
school children. Community Dent Oral Epidemiol 1:9-16, 1973.
Poulsen, S., Agerbaek, N., Melsen, B., Korts, D.C., Glavind, L.,
Rolla, G. The effect of professional tooth cleansing on gingivitis
and dental caries in children after 1 year. Community Dent Oral
Epidemiol 4:195-99, 1976.

Mackenzie, 1.C., Lainson, P.A., Rittman, B. Variation in gingival
leukocytic exudate recorded by exfoliative cytology. IADR Pro-
gram and Abstracts, No. 413, 1977.

PEDIATRIC DENTISTRY: March 1984/Vol. 6 No. 1 35



