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supervisors. Haematological analysis of biood samples
was carried out by staff within the Department of

Haematology in Glasgow Western Infirmary.

Part of the work of this study has been
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presented in April 1982 at the annual conference of the

British Society for the Study of Prosthetic Dentistry in
Edinburgh 1in a ©presentation entitled "Quantitative

histological changes in denture-induced stomatitis".

S LA
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SUMMARY
The nature of the histological appearance of
clinically inflamed epithelium found under dentures in
the condition of denture-induced stomatitis has been

recorded in qualitative terms in the 1literature over

many years. Information of a quantitative nature
relating to <changes 1in palatal epithelium in the
condition 1is scarce. It was the aim of this work ¢to

make observations based on quantitative data describing
the epithelial changes in denture-induced stomatitis.

In the first part of the project. samples of
valatal mucosa were collected from patients exhibiting
the signs of denture-induced stomatitis. Quantitative

stereological techniques were used in the analysis of

tissue. Changes occurring were assessed by comparison
of the findings with results from healthy oral
epithelium similarly analysed by other workers. The

importance of haematological and microbiological factors
in the pathogensis of denture-induced stomatitis was
examined.

There was found to be a varied histological
presentation within this single clinical entity. There
also appeared to be a link between the haematological
and microbiological findings.

Further study of the cellular changes induced

in the condition was continued by investigations using

an animal model. The Wistar rat was the animal chosen
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for the model and further investigation of ©palatal
epithelium within the animal model was in three parts.

In the initial animal study Candida albicans
was inoculated under intra-oral acrylic appliances. and
epithelial changes occurring were analysed. Differences
between experimental and control animals were found. but
problems of quantification of the epithelium wunder
consideration were experienced. Problems arose due to
the presence of undulations.. or rugae. covering all of
the palatal epithelium of the Wistar rat.

The second part of the animal study involved
analysis of the histological structure of normal Wistar
rat palatal epithelium and consideration of how such
tissue could best be sampled to allow quantitative
assessment. Tissue sections suitable for analysis on a

quantitative basis were produced.

The animal study concluded with a more
extensive experimental investigation 1involving the
Wistar rat animal model. Epithelial changes induced
under experimental conditions were measured.

Experimental groups consisted of animals wearing acrylic

appliances which were of two differing designs. In
some of the animals. Candida albicans was innoculated
underneath appliances. whilst in the others. appliances

were worn without additional experimental procedure

Tissue was sampled in a manner to allow quantitative

methods of analysis.

It was observed that changes were induced in

25



the experimental animals and that these were primari’.-

related to the presence of an acrylic appliance rather

(7]

than to the inoculation of Candida albicans. Th

location of the tissue analysed was found to play an
important part in determining the nature of the tissus
changes induced.

Histopathological change specifically related
to the presence of Candida albicans were rare and
appeared to occur only where ulceration of the

epithelium was induced by the intra-oral appliance.
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CHAPTER 1

ORAL MUCOSA AND THE EFFECTS OF WEARING DENTURES

1.1 INTRODUCTION

Denture-induced stomatitis is the <condition
characterised by chronic erythema and oedema of the
oral mucosa of the residual alveolar ridge and hard
palate in contact with the fitting surface of a
maxillary denture. The changes which occur in the oral
mucosa covering the palate in denture-induced stomatitis
have Dbeen described in the literature over many years.
The nature of these changes. whether described in the
original or in more recent papers, has been considered
mainly in terms of the qualitative changes within the

oral mucosa.

1.2 AIMS OF RESEARCH PROJECT

In view of the 1lack of quantitative
information relating to epithelial changes within this
condition. it was ©proposed in this study to examine
palatal epithelium from patients exhibiting the signs of
denture-induced stomatitis. subject the tissue to
quantitative analysis and assess if changes occurring
followed a consistent pattern.

It was also proposed to assess any

relationship between the <changes present and the

quantity of Candida albicans cultured from within the
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oral cavity. It was further proposed to assess if the
histological features found within the epithelium were
influenced by the haematological status of the
individual.

The limited quantity of tissue available for
analysis from biopsies restricted the amount of
quantitative information available from the study of
human subjects. The purpose of the second part of this
study was to examine the use of an animal model as an
alternative in the quantitative analysis of the
histological changes 1induced 1in ©prosthesis related

inflammation of palatal mucosa.

1.3 NORMAL ORAL MUCOSA

1.3.1 Functions of oral mucosa

Before consideration of oral mucosa 1in the
condition of denture-induced stomatitis. discussion of
normal oral mucosa is appropriate.

Oral mucosa. the moist lining of the oral
cavity serves several functions. Its main function is
to protect the deeper tissues of the oral cavity., but it
also acts as a sensory organ and is the medium through
which saliva is secreted. Prehension and mastication
of food expose the oral tissues to mechanical forces

which the oral mucosa is designed to withstand. The

oral epithelium also acts as a barrier to the
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penetration of the many micro-organisms found within the
oral cavity and their toxic products.
Receptors responding to temperature. touch

and vpain provide perception of events occurring within

the oral cavity. In addition the oral mucosa contains
taste buds. specialised sensory receptors not found
elsewhere in the body. There are alsc many minor

salivary glands closely associated with the oral mucosa

which contribute to the maintenance of its moist
surface.
1.3.2 Structural organisation and variations

Oral mucosa is comprised of two main tissue
components : a superficial stratified squamous
epithelium and an underlying connective tissue 1layer,
the lamina propria. HWhilst the interface between the
epithelium and the connective tissue 1s a distinct layer
known as the basement membrane. the junction between the
oral mucosa itself and the underlying tissue is often
less easily identifiable. In regions such as the
cheeks. lips and parts of the hard palate a layer of

fatty or glandular tissue separates the oral mucosa from

underlying bone or muscle. This is the submucosa. In
contrast. in other parts of the hard palate and in the
gingivae. there is no submucosa and the oral mucosa is

directly attached to the periosteum of the wunderlying

bone.

There are variations found throughout the
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oral cavity in the structure of the oral mucosa which
can be categorised into three main types : masticatory
mucosa. lining mucosa and specialised mucosa.

Masticatory mucosa is found on the hard
palate and the gingivae which are the areas most exposed
to the physical stresses of mastication. The
epithelium 1is moderately thick and keratinised. The
lamina propria contains large closely packed bundles of
collagen fibres and the junction between the epithelium
and the lamina ©propria is formed by elongated rete
ridges.

The oral mucosa found on the 1ips. cheeks.
underside of tongque. floor of mouth., alveolar processes
and soft palate is lining mucosa. The epithelium 1is
thicker than that of masticatory mucosa and is
nonkeratinised. The 1lamina ©propria is also thicker
than masticatory mucosa and contains fewer <collagen
fibres. The interface between epithelium and connective
tissue is relatively smooth. These factors give lining
mucosa the quality of flexibility and the ability to
stretch.

The specialised mucosa is to be found on the

surface of the tongue and although it functions

dorsal
as a masticatory mucosa it contains papillae and taste
buds which have specialised functions. The mucosa

covering the ©posterior third of the tongue contains

extensive nodules of lymphoid tissue.
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1.3.3 Development of oral mucosa

The mucosa which lines the palate, cheek and
gingivae is derived from the embryonic stomatodeum and
is ectodermal in origin. The tongue which develops
from the first and third branchial arches is covered

with mucosa which is endodermal in origin.

1.3.4 The structure of oral epithelium
The oral epithelium is comprised of cells
tightly attached to one another and arranged in a number
of distinct 1layers. It is a stratified squamous
epithelium, The epithelium maintains its structural
integrity by a process of cell renewal such that cells
produced by mitotic divisions in the deepest layers

migrate fo the surface to replace those that have been

shed.

1.3.5 Cell proliferation and maturation

The cells of the epithelium consist of two
separate populations of viable keratinocytes (Lavker and
Sun. 1983). There 1is the group of progenitor cells
whose function is to divide and ©proliferate. Another
group of maturing cells migrates from the basal layer to

form the protective surface layer and are ultimately

shed.

The progenitor compartment containing the

progenitor ~cells is confined to the deeper cell layers,
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up to two or three cells in thickness and consists of
two subpopulations of cells. A small proportion
consists of stem cells which divide to produce basal
~cells and maintain the proliferative nature of the basal
cell layer, The 1larger part of the progenitor
compartment is made up of cells which divide to produce
cells which will subsequently migrate to the surface.
In different regions of the oral cavity the maturation
of cells which accompanies migration follows 6ne of two
main patterns Qggggggggrupon whether the epithelium 1is
the surface 1layer of masticatory mucosa or 1lining
mucosa.

In masticatory mucosa. such as is found on
the hard palate or the gingivae a surface layer of
keratin is formed and the surface tissue 1s referred to
as keratinised epithelium. In lining mucosa, such as
is found on the lips. cheeks, alveolar mucosa. soft
palate. floor or mouth and underside of the tongue., the

epithelium is nonkeratinised

1.3.6 Keratinised epithelium
Adjacent to the basement membrane there is a

basal layer of columnar or cuboidal cells. Above the

basal layer is the prickle cell layer. This layer

consists of cells which are larger than those of the

basal layer which have a characteristic appearance

because they shrink away from each other on histological
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processing. retaining contacts only in the areas of

desmosomes.

Above the prickle cell layer is the granular

layer which consists of larger flattened cells which
contain a number of small. intensely basophilic,
granules. These keratohyaline granules. which are
synthesised by ribosomes. are associated with

tonofibrils and it is thought that they form the matrix
in which the filaments of the keratinised layer are
embedded. The ©protein of which the keratohyaline
granule 1is formed is filaggrin. In the upper part of
this layer the membrane coating granules fuse with the
cell membrane and discharge their <contents into the
intercellular space. This may be associated with the
formation of a barrier limiting movement of materials
through the intercellular spaces

There is a marked change in the appearance of
the cells when they reach the surface keratinised layer
All the organelles disappear and the cell is filled with
closely packed filaments surrounded by filaggrin.
These eosinophilic <cells are extremely flattened and
dehydrated. This pattern of cell maturation is termed
orthokeratinisation.

Masticatory mucosa may show a variation 1in
this pattern of maturation known as parakeratinisation.
Within the granular layer keratohyalin granules are

fewer and there is incomplete removal of organelles from
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the cells such that in the keratinised layer the nucleus

remains as a pyknotic structure. and the remnants of
other structures may be present. These surface cells
are however. still filled with closely packed filaments

and stain for keratin.

1.3.7 Nonkeratinised epithelium
The ©process of cell maturation proceeds
somewhat differently in nonkeratinised epithelium. The

basal and prickle cell layers have a similar appearance

to the equivalent 1layers found in keratinised
epithelium. However the granular layer 1s not
present. The superficial layer which does not stain

discretely with eosin consists of cells which <contain
nuclei. are not dehydrated and in which the filaments
are loosely arranged.

Uppermost 1in nonkeratinised epithelium are
the so-called intermediate and superficial cell 1layers
The intermediate layer lies above the prickle cell layer
and it contains glycogen and loosely arranged
tonofilaments. The superficial layer which lies on the
surface. contains filaments which are dispersed rather
than gathered into bundles. The cells of the
superficial 1layer have a persisting pyknotic nucleus as

well as a few other 6rgane11es present.

1.3.8 Nonkeratinocytes within the epithelium
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The cells engaged 1in the process of
maintaining the integrity of the oral epithelium are
termed keratinocytes regardless of whether they are
progenitor cells or cells involved in the maturation of
keratinised or nonkeratinised epithelium. There are a
number of cells within the oral epithelium which have
other functions and these are grouped under the heading
of nonkeratinocytes. Most of these cells lack
desmosomal attachments to other cells and their
cytoplasm shrinks during histological ©processing to
produce a clear zone surrounding the nucleus, Within
this category would be included melanocytes. Merkel
cells. Langerhan's cells and lymphocytes.

Melanocytes synthesize the pigment melanin
which 1is 1injected 1into the c¢ytoplasm of adjacent
keratinocytes. The regions of the oral mucosa where
melanin pigmentation 1is most commonly seen are the
gingivae, buccal mucosa. hard palate and tongue. Colour
differences between individuals are due not to
differences in numbers of melanocytes, but differences
in melanocyte activity. Melanocytes are found in the
basal layer of oral epithelium.

Merkel «cells are also found 1in the Dbasal
layer of oral epithelium. They contain tonofilaments
Having some desmosomal attachments to adjacent cells
they may appear somewhat different from other clear

cells in histological sections. Fortman and Winkelman

(1977) suggest that the Merkel cell is a neural receptor

36



probably originating from the neural crest.

The Langerhan's «cells are considered to
fulfil a function within the immunological response., and
are usually found in the upper part of the epithelium.

A small number of inflammatory cells. usually
lymphocytes, is commonly found in the suprabasal layer
of the oral epithelium. These cells are regarded as

being a normal component of oral epithelium

1.3.9 The structure of the lamina propria

The epithelium of the oral mucosa is
supported by a connective ¢tissue layer, the 1lamina
propria. which separates it from the underlying bone or
submucosa. The lamina propria consists of fibres
embedded in a ground substance. It can be considered as

consisting of two layers contrasted by the arrangement
and density of the fibres. The superificial papillary
layer is associated with the epithelial ridges and in 1t
the fibres are thin and loosely arranged. In the
deeper reticular layer the fibres are arranged in dense

bundles which lie parallel to the surface plane.

1.3.10 Fibres and ground substance

The fibroblast is responsible for the

formation of the fibres and ground substance. The

major types of fibres found are elastin and collagen

Elastin 1is the major component of the elastic fibres
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which are most commonly found in lining mucosa where
they restore tissue form after stretching. The collagen
fibres are loosely arranged in the Papillary layer and
form thick bundles in the reticular 1layer. The
collagen fibres in masticatory mucosa are thick and
anchor the mucosa firmly to the underlying bone. In
lining mucosa there are fewer collagen fibres which
follow an irregular course allowing the tissues to
stretch to a certain extent. The collagen cells are
assembled from long polypeptide chains that include 1in
particular the amino acids proline and 1lysine. The
ground substance consists of heterogeneous protein-
carbohydrate complexes permeated by tissue fluid. It

appears amorphous in histological sections.

1. 3. 11 Cells of the lamina propria

In addition to the <c¢ollagen and -elastic
fibres the lamina propria contains a variety of cells.
The actively synthesising fibroblast plays the main role

in maintaining the integrity of +the 1lamina ©propria.

The fibroblasts appear as stellate cells and are
associated with collagen fibres. Other than at times
of wound healing, fibroblasts have a low rate of

proliferation.

Macrophages are also present and unless these
are actively phagocytosing extracellular debris they may
be difficult to differentiate from fibroblasts with the

light microscope. The large mononucleated mast cell 1is

38



frequently found in association with small blood vessels
and it plays a role in the initiation of the
inflammatory process and vascular homeostasis. Other
than in the inflammatory process. lymphocytes and plasma
cells are present only in small numbers scattered

throughout the lamina propria

1.3.12 The basement membrane

The undulating interface where the connective
tissue papillae interdigitate with the epithelial ridges
is the basement membrane. The arrangement gives a much
larger surface area to the basement membrane than if it
were a simple flat junction. This provides a better
attachment between the two layers and enables forces
applied to the epithelial surface to be dispersed over a
greater area of connective tissue. Papillae are more
numerous in masticatory mucosa than lining mucosa. As
there are no blood vessels within the epithelium this
junction represents the major route for metabolic
exchange.

Although the basement membrane appears
structureless in 1light microscope sections, electron
microscope analysis has shown it to consist of two
distinet layers known as the lamina densa and the lamina
lucida (Stern 1965). Fibrils of collagen from the
connective tissue anchor the deeply placed lamina densa

There are condensations of material in the superiorly
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Placed 1lamina lucida opposite the hemidesmosomes of the

epithelial cells.

1.3.13 Blood supply to the oral mucosa

The blood supply to the oral mucosa arises in
arteries which run in the submucosa. When the
submucosa is absent and the lamine propria is bound ¢to
underlying periostium. arteries run within the deep part
of the reticular layer of the lamina propria. These
vessels give off progressively smaller branches which
form a capillary network within the papillary layer of
the lamina ©propria deep to the basal cells of the

epithelial layer.

1.3.14 Nerve supply to the oral mucosa

The sensations perceived within the oral
cavity are temperature. touch, pain and taste. The
sensation of taste is limited to the oral cavity and
pharynx. It is perceived by specialised receptors. the
taste buds. which are found mainly within the epithelium
of the ©papillae on the dorsum of the tongue. Some
taste buds occur in the epithelium of the soft palate
and pharynx.

In addition to taste buds the sensory nerve
endings within the oral mucosa occur as free nerve

endings or specialised nerve endings. The specialised

nerve endings consist of coiled fibres surrounded by a

connective tissue capsule. Such specialised receptors
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include Meissener's corpuscles. bulbs of Krause and
mucocutaneous end organs. Within the epithelium only
free nerve endings occur and these are frequently
associated with Merkel cells. Other free nerve endings
within the epithelium may pass between the keratinocytes

and terminate in the middle or upper layers of the

epithelium. Within the lamina propria free nerve
endings and specialised nerve endings occur. The
organised nerve endings are found wmainly 1in the
papillary layer. The sensory nerve networks are more

developed in the oral mucosa of the anterior part of the
mouth and this results in a greater sensory perception

in this part of the oral cavity.

1.3.15 Age changes in the oral mucosa

Among the physiological éhanges which occur
in oral mucosa with age are a thinning of the epithelium
and a flattening of the interface between the epithelium
and the lamina propria. In a study of autopsy material

Nedelman and Bernick (1978) observed changes 1in the

connective tissue of oral mucosa. They noted that in
specimens from the older age group. collagen was
arranged into regular compact bundles. In contrast. in

specimens from young adults collagen was irregularly

arranged. They also noted a change in the constituents

and a loss of water content from the ground substance

with advancing age. Vascular changes were also noted
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within oral mucosa. and there was found to be
arteriosclerosis of the larger blood vessels and
hyalinisation of smaller vessels.

Shklar (1966) gave a descriptive account of
atrophy affecting the structure of oral mucosa in
elderly persons. He noted differences between the
elderly and the very young but observed no distinctive
characteristics evident in the intermediate age group
between 25 years and 50 years.

Scott et al. {1983) studied human 1lingual
epithelium 1in autopsy material from 86 cases. They
used morphometric techniques to make quantitative
assessment of this material and observed a thinning of
the epithelium with age. ‘A 30% reduction in epithelial
thickness was seen over the age range within the study
The range was from 16 to 98 years. This reduction 1in
thickness was attributable to the maturation compartment
of the epithelium. There was no significant change in
the thickness of the ©progenitor compartment. A

flattening of the contours of the basement membrane with

age was noted.

1.4 NORMAL ORAL MUCOSA AND DENTURES

1.4.1 Methods of investigation
Knowledge of the structure of healthy oral
the mechanisms which maintain normal

mucosa and of

function is important in order that the changes which
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occur in disease can be interpreted. Likewise the
response of oral mucosa to the wearing of dentures is
important and a knowledge of the structure of healthy
oral mucosa under dentures will aid the understanding of
any denture-related disorder such as denture-induced

stomatitis. There is no consensus of opinion as to the
effect of the wearing of dentures on oral mucosa.
although it has been the subject of much investigation.
The main methods of investigation have been in the use

of human autopsy and biopsy material.

1.4.2 Autopsy investigation

The tissue changes induced by the wearing of
dentures were first investigated by examination of
autopsy material by Pendleton (1934). He noted that up
to that time investigation 1in this field had been
limited to <c¢linical observation. This study on the
effects of denture wearing on the oral mucosa included
examination of autopsy material from ¢two maxillary
specimens and the epithelium covering the palate was
described simply as being of a stratified squamous type.

Pendleton (1940) also described subjectively
the structural changes occurring following the
of teeth and insertion of dentures as

extraction

observed in an autopsy study. The mandible and maxilla

of only one specimen were examined. The discussion

dealt largely with the bone changes found underlying
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dentures but mention was made of subjective changes
found within the soft tissues. It was noted that the
tissues had a surprisingly healthy appearance and that
the connective tissue was free from inflammation. The
epithelium covering the hard palate and the alveolar
ridge was found to have a cornified surface which in
some areas showed evidence of parakeratosis.

Van Scotter and Boucher (1965) in a study of

eighty ©postmortem specimens specifically examined the

effect of denture base materials on the surface
epithélium of maxillary mucosa. Using an optical
micrometer. measurements of stratum corneum thickness
were made 1in the maxillary premolar region. Four

categories of specimen were examined and the following
values for the mean thickness of the stratum corneum

layver were found

a) dentate specimens 14.25 pm

b) edentulous (not wearing a denture) 20. 24 pm

c) edenulous (wearing acrylic denture) 17.8 pm

d) edentulous (wearing vulcanite denture) 5.8 pm
Groups (a) (b) and (c) are of interest in relation to
work undertaken by the present author. In those groups
keratinisation was evenly divided 1in type between
parakeratosis and orthokeratosis. It would appear from

the above figures that 1loss of all teeth without

prosthetic replacement encourages thickening of the

stratum corneum. and that the wuse of an acrylic

replacement complete denture also stimulates thickening
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of the cornified layer. Although restricted in the
amount of analysis carried out. the quantitiative
assessment of stratum corneum thickness in the
postmortem specimens gave a clearer understanding of
the degree of change observed within the tissues than
subjective assessment would have done.

Watson and MacDonald (1980) investigated the
value of autopsy material in the quantitative

assessement of palatal mucosa. They examined 3 mm

diameter tissue sections obtained from the alveolar

ridge in the maxillary first molar region. However. in
3 out of 9 cases they examined. some autolytic changes
were evident and they cite this occurrence. along with

the absence of a detailed dental history as being the
potential disadvantages of this mode of 1investigation.
Using the technique of stereological analysis they found
the mean epithelial thickness at the crest of the ridge
in the first molar region in the maxilla to be 247.9 um.
The stratum corneum thickness in the maxillary specimens
had a mean thickness value of 11.45 pm. The type of
keratinisation was equally divided between parakeratosis
and orthokeratosis in this small sample.

Watson & MacDonald (1983) in a further study
of eight autopsy specimens assessed the regional
variations in the structure of human palatal mucosa.
Sagittal sections of intact decalcified palates were

examined. All specimens were from edentulous
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individuals who had been wearing complete dentures.
Stereological methods of quantitative analysis were
used. and it was found that although there was a wide
range of epithelial thickness among the sample specimens
there was a pattern of epithelial thickness dependant
upon the anatomical site examined. The pattern of
thickness was similar in all the specimens examined.
being greatest at the crest of the ridge and least on
either side close to the midline. A reqular pattern of
variation throughout the cross section of the palatal
epithelium highlights the need for standardisation of
sample sites. and the problems of comparison of results
of workers using variable sampling procedures

Krajicek et al. . (1984) studied autopsy
material from thirty-seven edentulous subjects, fourteen

of whom had worn dentures and twenty three of whom had

not. The type of epithelial surface specialisation was
noted. There was also a subjective assessment of
epithelial thickness and form. Specimens were taken
from the first molar region of the mandible. The
specimens contained epithelium, connective tissue and
bone. No significant difference between the two groups

was noted in terms of epithelial thickness or form
However the denture wearing group showed more
nonkeratinised epithelium, and the non denture wearing

group showed more parakeratosis.

The examination of palatal epithelium is of

particular relevance to the present study. From the
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descriptive findings of the initial work by Pendleton
(1934) to the quantitative assessments made by recent
workers (Watson & MacDonald. 1983). much data has been

gathered on the effect of complete dentures on oral
mucosa by autopsy investigation. The study by Watson
and MacDonald (1983) highlights the importance of site

selection in any comparative study of oral mucosa

1.4. 3 Biopsy investigation
Pendleton (1951) on examination of biopsy
material found areas of orthokeratinisation and

parakeratinisation as well as areas which did not

exhibit keratinisation. However the predominant form
of surface specialisation was parakeratinisation. The
biopsy material from 126 edentulous subjects. was taken

from the maxillary tuberosity region

Ostlund (1958) examined biopsy material from
immediately anterior to the junction of soft and hard
pralate adjacent to the midline. He observed a

reduction in thickness of the cornified layer induced by

the wearing of dentures.

Kapur and Shklar (1963) examined biopsy

material from 9 dentate subjects with no experience of

denture wearing, and compared it with that found in the

same subjects following extraction of teeth and a 12

week vperiod of wearing of complete dentures. The

observation was made that the thickness of the surface
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layer, the vstratum corneum. was found to increase
following a period of denture wearing

Nedelman et al. (1970) examined biopsy
material from the alveolar ridge mucosa of 62 patients
42 of the patients in this study had not worn dentures
previously and 20 had experience of wearing partial
dentures. The findings indicated that the stratum
dorneum layer was thinner in those patients who had been
wearing partial dentures.

Van Mens et al. (1975a) biopsied the palatal

mucosa of 40 patients halfway between the alveolar
ridge and the midline at the 1level of the first
permanent molar. Half the biopsy specimens were from

dentate patients with no experience of the wearing of

dentures and the other half were from patients who had

worn complete dentures for a minimum of four years and
whose oral mucosa was of healthy appearance. By
examination of photomicrographs of palatal tissue, and
by weighing tracings of the photomicrographs.

observations were made on the effect of the wearing of
complete dentures on the basement membrane morphology
and epithelial thickness. The findings were
1) the basement membrane is significantly 1less
irregular in denture wearers than in non
denture wearers.
2) no significant changes in epithelial thickness was
noted between the two groups

No changes in the surface cornified layer were noted
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Jani and Bhargava (1976) studied 40
edentulous patients by means of biopsy investigation
before the insertion of dentures and again after three
months of wearing of complete dentures. It was found
that the wearing of dentures induced a thickening of the
palatal epithelium which was most ©pronounced in the
areas of the rete pegs and that there was an increase in
the thickness of the cornified layer. Direct
measurements showed the epithelial thickness to be 222pm
in the areas of the rete ridges and 129um between the

rete ridges.

Hatson (1978) provided quantitative
information on the structure of oral mucosa by
stereological analysis of biopsy tissue. He compared
two groups with 12 subjects in each group. In one

group the =subjects were wearing dentures and 1in the
control group no dentures were worn. The basement

membrane was found to be more reqular within the group

wearing dentures. but there was found to be no
significant difference 1in the epithelial thickness
between the two groubps. There was found to be no

difference in the thickness of the stratum corneum
between the two groups. The biopsy site in each case

was at the level of the first molar region. midway

between the alveolar crest and the palatine blood

vessels.

Biopsied palatal mucosa from the same site
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was examined in a further study of 48 male patients by
Watson and MacDonald (1982). They reported that a
thinner stratum corneum layer with a reduced degree of
keratinisation was observed in 27 subjects wearing
dentures when compared with a control group of 21
subjects. The mean stratum corneum thickness in the
respective groups was 13.8pm in the denture group and
20.4pm  in the control group. Data obtained from this
study showed there to be considerable variation in the
values for wepithelial thickness in both groups of
vatients although the mean values for epithelial
thickness did not differ significantly between the
groups. The mean values of epithelial thickness were
240.4pm in the denture group and 268.9pm in the control
group. These workers used ¢the term epithelial
morphology ¢to describe the degree of regularity of the
basement membrane in the investigation of oral mucosa.
They defined epithelial morphology to represent the
ratio of basement membrane length to surface length.
Consequently the higher the epithelial morphology value
the more irregqular is the basement membrane. In this
study it was reported that the epithelial morphology of

the denture wearing group was significantly less than

the control group. The mean values for epithelial

morphology were 2.22 in the denture group and 2.68 1in

the control group.

Overall analysis of the findings of the

investigations described in which biopsy tissue was
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examlined. is complicated by the variety of sites and
methods of analysis used by different workers. There
are contradictory findings on the effect that denture
wearing has on the thickness of the stratum corneum.
No significant difference in epithelial thickness
between denture wearing and non denture wearing groups
was found by Van Mens et al. (1975). Hatson (1978) and
Watson and MacDonald (1982). but Jani and Bhargava
(1976) found that denture wearing resulted in thickening
of the palatal epithelium. Van Mens et al. (1975) and
Watson and MacDonald (1982) found the basement membrane
to be more regqular in subjects wearing dentures when

compared with subjects not wearing dentures

1.4. 4 Techniques of analysis of oral mucosa

Oral mucosa is an irregular tissue which
exhibits wvariations 1in structure which are dependent
upon the location of the sample site. Despite autopsy
and biopsy investigation over a period of many years
there is still no clear picture of the histological
structure of the oral mucosa supporting complete
dentures.

The subjective nature of reporting by many
investigators has been unsatisfactory. Problems of

autolytic tissue changes and unknown dental history 1in

autopsy investigation have been apparent. The

availability of a 1limited amount of tissue for
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examination is the major disadvantage of the wuse of
biopsy material. The inconsistent location of biopsy
sites by various workers has contributed to the lack of
clarity apparent on examination of the 1literature in
relation to biopsied tissue.

The use of quantitative analysis of biopsy
tissue and careful site selection should be important
considerations in any further investigation of oral
mucosa under dentures. From review of the literature
it 1is apparent that more meaningful interpretation of
results would be possible if quantitative objective
analysis were reported and if <careful selection of
methods allowed comparison of the work of different

individuals or groups.

1.5 ORAL DISEASE AND THE WEARING OF DENTURES
1.5.1 The incidence of edentulousness
The significance of dentures in the

occurrence of oral disease in patients wearing dentures
has to be assessed with consideration of factors such as
the ©presence of systemic disorders, the incidence of
oral disease in non denture wearing subjects and the

effects of age on the oral tissues. A large proportion

of the adult population of this country is edentulous.

and the wearing of complete dentures 1is a relatively

common occurrence. This is particularly the case
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amongst the elderly population. the group most likely to
present with oral disease.

The Office of Population Censuses and Surveys
(1985, 1987) has published data gathered from the
General Household Survey which indicates that in England
and Wales the incidence of edentulousness in the
population aged between sixty-five and seventy-four
years of age is diminishing. Within this age group 64%
were found to be edentulous in 1983 and 61% in 1985
Earlier studies by Todd and Walker (1980) had shown that
in 1978 and 1968 the incidence of edentulousness for the
same population age group was 74% and 79% respectively
There is an 1indication that the incidence of
edentulousness in the elderly is diminishing. but it is
still prevalent.

As the majority of the elderly are edentulous
it follows that oral disease in the elderly will often
occur 1n 1individuals wearing dentures. In most
instances of oral disease in edentulous patients.
denture wearing will not be the ©primary aetiological
factor.

Budtz-Jorgensen (1981) states that in those

disorders directly associated with denture wearing three

broad categories exist. These are disorders caused by

mechanical mucosal injury. microbial denture plaque and

allergy to or chemical irritation by constituents of the

denture base.
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1.5.2 Allergy and chemical irritation
Allergy corresponding to a type Iv

hypersensitivity reaction is believed to occur as a

result of wearing dentures. Pure polymers such as
polymethylmethacrylate are inert materials and are
unlikely to initiate a hypersensitivity reaction. It

is more likely that other constituents of the denture
base act as sensitising agents in the development of an
allergic contact stomatitis

Austin and Basker (1982) have reported that
shortening of the processing time for
polymethylmethacrylate. or failure to adhere to
recommended processing temperatures can result in high
levels of residual metgylmethacrylate monomer being
present in denture Dbases. It is recognised that
residual monomer may give rise to an inflammatory
reponse in the denture-bearing tissues, but evidence is
lacking that the wmonomer acts as a hapten. It 1is
likely that this adverse reaction is due to chemical
irritation.

The release of formaldehyde from denture base
materials. particularly those that have been chemically

cured. has been shown by Ruyter (1980). Formaldehyde

has been shown to produce allergic reactions. and may

play a role in true denture allergy

Benzoyl peroxide is used to initiate

polymerisation of methylmethacryvlate. Poole et al
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(1970) have reported on contact sensitisation with
benzoyl ©peroxide. In sufficient concentration with
repeated exposures this chemical could be regarded as a

hapten in some cases of acrylic allergqgy.

1.5.3 Mechanical mucosal injury

The overextension or movement of a rigid
denture base can cause irritation or ulceration of the
mucosal lining of the mouth. Poorly fitting dentures or
surface irregularities of a denture base can also
produce traumatic injury. If ulceration due to trauma
is allowed to persist, bacterial invasion and infection
of the deeper tissues may occur.

Constant trauma from the flange of a denture
can give rise to hyperplasié of the oral mucosa.

Denture-induced hyperplasia is described as <c¢onsisting

of a raised lesion. which may be sessile or
pedunculated. composed of dense fibrous tissue (Ralph
and Stenhouse 1972). Nordenram and Landt (1969) and

Cutright (1974) analysed the occurrence of this disorder
in separate investigations involving 430 and 583 cases
respectively. In both studies. the incidence and site

of hyperplasia was recorded. It was found that the

anterior area of the mouth was the most common site of

occurrence. In both studies there was found to be a

higher incidence amongst females than males and

hyperplasia was most prevalent in patients in the age

range between fifty and sixty years. The disorder 1is
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associated with badly fitting dentures.

Although Vogler et al. (1962) could not relate
oral cancer to the presence or fit of dentures. they
have cited that chronic mechanical injury due to the
wearing of dentures is a possible aetiological factor in
the pathogenesis of oral malignancy. Hynder et al.
(1957) noted that twice as many oral cancer patients
were edentulous than an age matched control series. In
a retrospective study of 194 cases of oral cancer
Langdon et al. {1977) cite mechanical irritation as a
predisposing factor in 7.2% of the sample. The nature
of the mechanical irritation is not discussed

Opinions vary greatly as to the significance
of trauma in oral cancer and whilst it is believed by
some that oral cancer is related to chronic irritation
within the oral cavity. it has not been possible ¢to
prove this postulation (Graham et al. 1977). Injuries

caused by badly fitting dentures have been considered

with other causes of oral trauma. but as the occurrence
of chronic mechanical intra-oral trauma is common. the
occurrence of superimposed oral cancer may be

coincidental and a relation between denture wearing and

oral cancer has not been proven on a statistical Dbasis.

Mechanical mucosal injury from dentures has

been implicated as an aetiological factor 1in denture

induced stomatitis. by Nyquist (1952). He examined

1090 subjects and stated that different types of trauma
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played a significant part in the occurrence of denture-
induced stomatitis. Factors of importance in avoiding
trauma from dentures were that dentures be stable. with

correct centric occlusion and balanced articulation.

1.5. 4 Microbial denture plaque

Budtz-Jorgensen and Loe (1972) demonstrated
that the use of chlorhexidine as a denture disinfectant
can resolve inflammatory lesions related to the wearing
of dentures. By the removal of denture plaque using
chemical means and the modification of the bacterial
environment under dentures. the signs of denture-induced
stomatitis were resolved in a significant number of
cases 1in a trial involving 59 subjects. This study
highlights the role of denture rlaque in the
pathogenesis of some oral disease related to the wearing

of dentures.

1.6 DENTURE-INDUCED STOMATITIS

1.6.1 General characteristics

Denture -induced stomatitis is the term used
to describe inflammatory changes confined to the oral

mucosa under a complete or a partial denture. The

condition is usually painless and is characterised by

erythema of the affected area. Inflammation of the

denture-bearing tissues as a direct result of denture
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wearing occurs more commonly under a maxillary denture
than a mandibular denture.

Three stages in the pathogenesis of denture-
induced induced stomatitis. dependent upon the clinical
signs. have been described by Newton (1962). Stage one
is described as exhibiting pinpoint hyperaemia, where
small areas of inflammation are found around the
orifices of the ducts of the palatal mucous glands. In
the second stage of diffuse hyperaemia there is
generalised inflammation of the entire denture-bearing
area. The third. or granular. stage is described as
exhibiting a nodular papillary hyperplasia over all or
part of the denture-bearing surface. Newton suggested
that the disorder proceeds from the first stage. through
the second to the third

Nyquist (1952) concluded that denture trauma
18 of considerable importance 1n the aetiology of
denture-induced stomatitis. and Turrell (1966) suggested
that at least in some cases. denture-induced stomatitis
occurs as a result of denture trauma.

Cahn (1936) noted the possible role of the
Candida organism in denture-induced stomatitis. The
involvement of Candida albicans in the disorder was more

generally accepted following the work of Lyon and Chick

(1957). They demonstrated that denture-induced

stomatitis can develop in the absence of trauma and can

be eliminated by antifungal treatment alone without

modification of dentures.
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These findings were confirmed by Cawson (1963)
in a study of 35 patients with denture-induced
stomatitis. He pointed out that in 33 patients in this

series there was positive indication of colonisation by

Candida albicans. Successful treatment with antifungal
therapy occurred in all cases. including those where no
candidal organisms had been isolated. In those cases

which exhibited the signs of denture-induced stomatitis.
but where Candida albicans was not isolated. Cawson
suggested that it was likely that fungus was ©pPresent.
but sampling methods were defective.

Cawson (1965) in a study of 59 patients with
denture-induced stomatitis. found Candida albicans to be
present 1in the hyphal form in 90% of the sample. In
view of the preponderance of the fungus in the hyphal
form in association with thrush and chronic <candidiasis
he stated that the presence of fungus in this form gives
an indication that the organism is present as a pathogen
within the oral cavity. This observation 1is of
importance, as Candida albicans is present as a
commensal in a sizeable proportion of the population.
Bartles and Bletchman (1962) found that 40% of a sample
of 160 apparently normal individuals aged between twenty
thirty years of age were carriers of oral Candida

and

albicans. but showed no signs of oral disease.

Berdicevsky et al. (1877). using salivary culture. found

a carrier rate of 48% in clinically healthy individuals.
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According to Budtz-Jorgensen (1974) either
local or systemic factors may allow Candida albicans to
assume a pathogenic role in the mouth. Included among
local factors would be the wearing of 111-fitting or
unhygienic oral appliances. Also included are
conditions which result in a reduced salivary flow. for
example. head and neck 1irradiation or <certain drug
regimes. Topical wuse of antibiotics. in lozenge or
mout hwash form, can alter the intra-oral environment and
may result in the proliferation of candidal organisms.

Systemic factors can result in a reduction in
the efficiency of body defence mechanisms and allow
proliferation of candidal organisms intra-orally. Such
factors would 1include pregnancy. diabetes mellitus,
immune deficiency or suppression and haematological
disorders such as iron deficiency or leukaemia.

Oral candidal infection can be the starting
point for systemic spread. Systemic <candidiasis 1is
most likely to woccur in those patients on prolonged
antibiotic or corticosteroid therapy. or those whose
resistance is reduced by systemic disease (Hart et al.
1969). Candidal endocarditis is a small but
potentially serious risk in patients with valvular heart
disease who are receiving prophylactic antibiotic
therapy (Andriole et al. 1962).

Two surveys have been undertaken in

Scandinavia to assess the incidence of denture-induced

stomatitis in the population in general. In 1975
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Budtz-Jorgensen et al. assessed a random sample of the
elderly population of Denmark and found that amongst the
465 individuals who were wearing dentures the prevalence
of clinically inflamed palatal mucosa was 65%. An
incidence of 39% was found in a random sample of
Norwegian elderly denture wearers in a study published
in 1985 by Ambjornsen. In the studies of Nyquist
(1952), and Neil (1961) and Cawson‘(1965) there has been
reported a preponderance of female patients presenting
with the disorder.-

Davenport (1970) in an investigation of 50
patients with denture-induced stomatitis. studied the
intra-oral pattern of distribution of the candida
organisms. by means of smears and a replica imprint
culture technique. He concluded that the disorder 1is
associated with a proliferation of the organism 1in
denture plaque rather than on or in the palatal mucosa.
He also found a higher incidence in females.

Methods of assessing 1levels of Candida
albicans within the oral flora as a means of determining
whether the organism 1s being harboured as a normal

commensal or as an infective pathogen have been

suggested. Renner et al. (1979) used a smear sample

and by a method of serial dilutions were able to assess

the concentration of Candida albicans 1in the original

sample.

Comparison of techniques to assess microbial
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populations under dentures was undertaken by Arendorf
and Walker in 1980, In 54 healthy adult dentate
patients they assessed the prevalence of oral carriage
of Candida albicans using an imprint culture technique.
salivary samples and impression culture methods. The
use of an imprint culture technique proved to be most
effective in revealing the presence of Candida albicans.
A carrier rate of 44.4 vper cent was found. The
technique was useful in identifying which areas of the
mouth harboured the largest quantity of organisms. The
dorsum of the tongue was found to be the primary oral
reservoir of Candida albicans.

Arendorf and Walker (1979) reported on a
study which determined the changes in oral density and
distribution of Candida albicans which occurred in
denture-induced stomatitis. They used an 1imprint
culture technique  The findings 1in patients with
denture-induced stomatitis were assessed along with
those from healthy dentate patients not wearing dentures
and healthy patients wearing dentures and exhibiting no
signs of denture-induced stomatitis. Colony counts
were found to be highest in those patients with denture-
induced stomatitis and least in the dentate patients.
It was suggested that enumeration of candidal colonies

could help to distinguish between the carrier state and

oral candidosis. According to these workers colony

counts in excess of 49 per square centimeter were an

indication of oral candidosis. It has been suggested
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by Wain et al. (1976) that large numbers of yeasts are
required to produce sufficient enzymes to penetrate oral
mucosa.

The concept that the quantity of veasts found
under a complete denture 1is significant in the
pathogenesis of denture-induced stomatitis is supported
by Budtz-Jorgensen et al. (1983). They found that
significantly higher numbers of yeasts and bacteria were
cultured 1in patients with the signs of denture-induced
stomatitis than in controls. These authors suggested
that bacteria as well as yeasfts have a pathogenic role
in the —condition and that the primary therapeutic
measure which should be undertaken is denture hygiene to
reduce denture plaque rather than antibiotic therapy.

Little 1is known about the mechanisms whereby
Candida albicans adheres to acrylic surfaces.
Samaranavake & MacFarlane (1980) have shown that Candida
albicans will adhere to acrylic strips 1in vitro
Samaranayvake et al. (1980) suggest that the
effectiveness of the attachment can be enhanced or
diminished by a variety of factors. Amongst the
factors found to increase adhesion was incubation of the
yeasts 1in glucose or sucrose. Reduced adhesion was

achieved by coating the acrylic strips with mixed saliva

or 2% aqueous chlorhexidine.

1.6.2 Histological investigations
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In his study to examine the effects of
complete dentures on oral mucosa. Ostlund (1958)
included a group of patients wearing dentures who
exhibited the diffuse erythema of the palatal denture-
bearing mucosa typical of denture-induced stomatitis.
A combination of macroscopic measurement and projection
of histological specimens suitable for measurement gave
an imprecise measure of the thickness of oral mucosa and
epithelium. The biopsy specimens were taken from an
area immediately anterior to the vibrating line 1lateral
to the midline. Among the findings was the observation
that 1in denture-induced stomatitis the thickness of the
oral epithelium showed a marked increase in comparison
with ¢that of patients not wearing dentures. No
quantitative comparison with normal oral mucosa under
dentures was made.

Budtz-Jorgensen (1970) carried out an
extensive subjective examination of the histological
changes found in denture-induced stomatits. Biopsy
specimens, S mm in diameter. were taken 1.5 mm anferior
to the vibrating line and 1.5 mm lateral to the midline
in 24 subjects. Areas of alternating epithelial
atrophy and hyperplasia were found. Alsoc noted were

chronic subepithelial inflammation and intra-epithelial

infiltrations of leucocytes. There was acanthosis of

the epithelium and the surface layer exhibited either

parakeratosis or complete absence of keratin. No

intra-epithelial hyphal infestation was identified
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Van Mens et al. (1975b) took biopsy material

from the first molar region of the maxilla halfway

between the alveolar ridge and the midline 1in 9
subjects. The specimens were 1.5 mm in diameter
Following preparation and staining. the sections were

examined in the form of photomicrographs to allow
quantitative assessment to be made. No significant
difference in epithelial thickness was noted in the
subjects exhibiting the signs of denture-induced
stomatitis in comparison with control subjects.

Anneroth and Wictorin (1975) carried out
histological analysis of biopsy tissue in a group of 12
subjects exhibiting the signs of denture-induced
stomatitis. The tissue was taken from the buccal
aspect of the alveolar ridge in the second premolar area
of the maxilla. Wictorin et al. (1975) re-examined 10
of the same group of patients, 9 of whom had persisting
signs of denture-induced stomatitis despite intervening
prosthodontic therapy. The subjective histological
assessment of the affected oral mucosa suggested that
the main mucosal changes found 1in denture-induced
stomatitis were a reduction in epithelial thickness and
either incomplete keratinisation or the complete absence

of a keratinised layer. A marked inflammatory reaction

within the epithelium as well as in the <connective

tissue was also noted.

Bergendal et al. (1979) studied biopsy tissue
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from an wunspecified palatal site in patients with
denture-induced stomatitis and noted that there was no
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