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EDITOR’S PREFACE

This book represents a critical presentation of modern scientific knowledge
relating to oral mucosa and is intended primarily for graduates with a
clinical or biological interest in the oral mucosa. It is intended also to serve
as selective reading for undergraduate students.

The knowledge relating to the structure, function and disease of the
oral mucosa has increased considerably during the past decade. Equally,
the necessity for the interpretation of this basic knowledge has become of
great importance to the clinician who seeks to base his practice on scientific
principles. The contributors to this book have endeavoured to fulfil such
an interpretative role. In addition to a reappraisal of the knowledge relating
to the structure and physiology of oral mucosa comparison has been made
with these features in the skin. The relationship of oral mucosal disease to
systemic disease has been re-examined. Particular attention has been paid
to those oral mucosal diseases in which a greater understanding of the
disease process has arisen.

I would like to thank the authors for endeavouring to maintain, success-
fully, a coherent theme throughout the text. I would like also to thank the
publishers, Blackwell Scientific Publications Limited, Osney Mead,
Oxford, for their full co-operation, in particular Mr Per Saugman who has
given generous support during the preparation of the book. Lastly, I
would like to thank Mrs V. Davis for invaluable secretarial assistance.

XV



CONTENTS

Contributors Xiii
Editor’s Preface XV
Structure and Function of Normal Human Oral Mucosa I

C.A. SQUIER, N.W. JOHNSON AND MARGARETE HACKEMANN

-

1:0 Introduction

1:1  The Functions of Skin and Oral Mucosa 1
1:1:1 Barrier function 2
1:1:2 Thermal regulation 3
1:1:3 Sensitivity 3
1:1:4 Secretion and excretion 3
1:2 The Organization of Skin and Oral Mucosa 4
1:2:1 Component tissues of skin and oral mucosa 4
1:2:2 Appendages of skin and glands in oral mucosa 5
1:2:3 Stratification of epidermis and oral epithelium 9
1:2:4 Components of the dermis and lamina propria 11
1:2:5 Regions showing specialized functions 13
1:3 The Epithelium: Keratin-producing Cells 18
1:3:1 Cell division and tissue turnover 18
1:3:2 Cell differentiation and keratin synthesis 27
1:3:3 Barrier function: the structural basis of permeability 40
1:4 The Epithelium: Non-keratinocytes 44
1:4:1 Types of non-keratinocytes 44
1:4:2 The melanocyte and epithelial pigmentation ST
1:5 The Boundary between Epithelium and Connective Tissue 55
1:5:1 The structure of the basement membrane 56
1:5:2 The origin of the basement membrane 58
1:5:3 Functions of the basement membrane 59
1:5:4 Epithelial-mesenchymal interaction 60
1:6 The Connective Tissue 64
1:6:1 Cells of the connective tissue 64
1:6:2 Fibre types and ground substance 77
1:6:3 Blood vessels and lymphatics 84
1:6:4 Nerves 86



vi

b 2374

b &L 45 |
172
1:73
1:7%4
1:8

p e
582

1:9

2 The Physiological Responsiveness of the Oral Mucosa:

Contents

Age Changes in Oral Mucosa and Skin
Changes in epithelial structure
Changes in epithelial turnover
Changes in connective tissue

Changes in appendages and glands

Further Reading
Skin
Oral mucosa

References

The Role of Saliva

T.W.
2:0

21

2
222
=23
24
205
2:6

N NN NNDNNDN

23
23331
2:3:2

2:4

M ACFARLANE AND D.K. MASON
Introduction

Secretion and composition
Secretion

2 Factors affecting composition

The Physiology of Saliva in Relation to the Oral Mucosa
Mucosubstances

Antibacterial factors

Permeability

Taste

Blood coagulation

Comparison with skin

Reduced Secretion
Clinical implications
Tests for functional activity

References

3 Immunoglobulin Systems of Oral Mucosa and Saliva
PER BRANDTZAEG

3:0
3:I
3:2
3:3
3331
313
3:3:3
3:3:4
3:4
3:4:1
3:4:2

Introduction
T and B Cells
Immunoglobulins: Classes and Characteristics

Immunoglobulins of Oral Fluids
Quantitation of Ig

Salivary secretions

Gingival crevicular fluid

Jaw cyst fluid

Immunoglobulins of Oral Tissues
Methods of detection
Major salivary glands

88
88
90
90
92

92
92
94

95

113

113

114
114
116

118
118
120
122
124
126
126

127
127
129

130

137

137
139
144

151
151
152
159
161

163
163
168



3:4:3
3:4:4
3:4:5
3:4:6

35

3:6

4 Oral Mucous Membrane Markers of Internal Disease: Part 1

Contents

Buccal and labial mucosa—comparison with skin

Palatine and pharyngeal tonsils

Gingiva

Dental pulp

The Role of Immunoglobulins in the Physiology and Pathology
of the Oral Cavity—concluding remarks

References

J. HAROLD JONES

il ol il el ool -l

44

4:4:1
4:4:2
4:5

4735:T
452
4:5:3
4:5:4
4:5:5
4:5:6

Introduction

Diseases of the Gastrointestinal Tract
The Peutz—Jegher’s syndrome
Oesophageal reflux

Peptic ulceration

Malabsorption

Acrodermatitis enteropathica

Crohn’s disease and ulcerative colitis

Internal Malignancy
Metastases

Non-metastatic markers
Herpes zoster

Multiple mucosal neuromas
Mycosis fungoides

Diseases of the Connective Tissue
Systemic lupus erythematosus
Progressive systemic sclerosis (scleroderma)
Dermatomyositis
Polyarteritis nodosa; variants and similar diseases
(a) Classical polyarteritis
(b) Cutaneous polyarteritis nodosa
(¢) Wegener’s granulomatosis
(d) Giant cell arteritis

Granulomatous Diseases of Unknown Aetiology
Boeck’s sarcoid (sarcoidosis)
Melkersson—-Rosenthal syndrome

Oral Manifestations of the Accumulation of Metabolic Products
Amyloidosis

Cystinosis

Haemochromatosis

Hurler’s syndrome

Lipoid proteinosis (hyalinosis cutis et mucosae)

Porphyria

vii

176
183
185
193

193

200

215

215

215§
216
216
216
217
217
217

218
218
218
218
219
219

219
219
220
22T
221
22T
221
221
222

222
222
223

223
223
225
22§
226
226
226



viii

Contents

4:5:7 Xanthomatosis
4:5:8 Miscellaneous deposits

4:6
4:6:1

47
4:8

Oral Manifestations of Systemic Reticulohistiocytic Proliferation
Histiocytosis X

Conclusions

References

5 Oral Mucous Membrane Markers of Internal Disease: Part II

M.M.
5:0
[5):
§:iI:T

“w
-
&

5:2
5211
5:2:2
§:2:3
5:2:4
55225
5:3

5:3:1
532
5:3:3

FERGUSON
Introduction

Endocrine Glands
Pituitary gland
(a) Growth hormone
(b) Gonadotrophic hormones
(c) Non-specific action from anterior pituitary
Adrenal cortex
(a) Hypoadrenocorticalism
(b) Hyperadrenocorticalism
Thyroid gland
(a) Hypothyroidism
(b) Hyperthyroidism
Parathyroid glands
Pancreatic islets
Gonads
(a) Puberty
(b) Menstrual cycle and oral contraceptives
(c) Pregnancy
(d) Menopause and post-menopause
(e) Oestrogen-sensitive aphthae

Diseases of the Blood and Haematopoietic System
Defective haemostasis

Anaemia

Polycythaemia

Leukopaenia and agranulocytosis

Leukaemia

Nutrition and Oral Mucosa
Proteins and amino acids
Fatty acids
Vitamins
(a) Vitamin A
(b) Vitamin B; (thiamine)
(¢) Vitamin B: (riboflavin)
(d) Nicotinic acid
(e) Vitamin Bg

227
227

228
228

228

229

233

233

233
233
234
235
236
236
236
238
239
239
240
240
240
241
243
243
244
2o
245
246
246
247
248
248
249

250
252
253
254
254
255
256
258
260



Contents X

(f) Pantothenic acid 261

(g) Biotin 262

(h) Vitamin B2 262

(i) Folic acid 267

(j) Vitamin C 270

(k) Vitamin D 271

(1) Vitamin E 272

(m) Vitamin K 272

5:3:4 Minerals and trace elements 272
(a) Iron 272

(b) Zinc 276

(c) Magnesium 277

(d) Copper 277

(e) Other trace elements 278

5:4 References 278
6 Oral Cancer 301

W.H. BINNIE
6:0 Introduction 301
6:1  Clinical Features 302
6:1:1 Carcinoma of the lip 302
6:1:2 Intraoral carcinoma 303
6:1:3 Verrucous carcinoma 306
6:2 Incidence and Mortality 306
6:3  Survival 314
6:4 Aectiological Factors 319
6:4:1 Smoking 321
6:4:2 Tobacco chewing habits 323
6:4:3 Alcohol 324
6:4:4 Syphilis 326
6:4:5 Iron deficiency 327
6:4:6 Dental factors 328
6:5 References ) 330
7 Premalignant Lesions of Oral Epithelium 339
D. GORDON MACDONALD

7:0  Introduction—The Concept of Premalignancy 336
7:1  Lesions of Oral Epithelium which may be Premalignant 337
7:1:1 Leukoplakia 337
7:1:2 Candidal leukoplakia 340
7:1:3 Nicotine stomatitis 341
7:1:4 Erythroplakia 342
7:1:5 Lichen planus 343



7

i &

718

742

T2
T2
b
7223

T2

73
7:4
7:4
74
7:4
7:4
7:4
7:5

6

74

I
2

3
4

4 i
2
3
4
%

Contents

Squamous cell papilloma
Chronic ulceration and mechanical irritation
Oral epithelial atrophy

(a) Syphilis and leukoplakia

(b) Oral submucous fibrosis

(c) Kelly-Paterson syndrome

(d) Atrophy in iron deficiency and vitamin B deficiency

Further Factors of Relevance to Premalignant Lesions and

Malignant Transformation
Site

Age

Sex

Size of lesion

Natural history

Aetiology of Premalignant Lesions

Diagnosis of Premalignant Lesions

Epithelial atypia

Epithelial atypia as an indicator of premalignancy
Evaluation of epithelial atypia

Carcinoma in situ

Other possible aids to diagnosis of premalignant lesions

References

8 Bacterial and Viral Diseases and the Oral Mucosa
J.C. SOUTHAM

-

2

00 00 00 00 00 00 00 00 00 00 00
S A

8:2:
2
8:2:
811273
8:2:
8:2:
82
8:2:
8:2:

8:2

B oy Ak KW N

I

3
4

5
6

7
8

9

Bacteria

Introduction—bacterial ecology of the oral mucosa
Mutation and infective transfer

Antibiotic stomatitis

Acute ulcerative gingivitis

Actinomycosis

Tuberculosis

Leprosy

Syphilis

Infective endocarditis—the role of oral bacteria
Viruses

Mechanisms of viral disease

Diagnosis of viral infections

Antiviral agents

Classification of viruses

Smallpox virus

Molluscum virus

Measles virus

Mumps virus

Herpes simplex virus

8:2:10 Varicella—zoster virus

344
345
345
345
346
347
348

348
348
350
350
351
351

352

356
356
358
359
361
362

364
371

371
371
371
373
374
377
378
380
381
384
387
387
388
390
392
392
392
392
393
393
397



8:2

8:2

8:2
8:2

8:3

Contents

:11 Epstein—Barr virus
8:2:

12 Cytomegalovirus

:13 Papilloma virus of man
8:2:
:15 Coxsackie virus

:16 Australia antigen
8:2:

14 Polyoma virus

17 Diseases with a possible viral aetiology

References

9 Oral Ulceration: Immunological Aspects

10

A.E.

9:0
9:1

(053 6
9.1
(41 s

DOLBY
Introduction

Mechanisms of Immunological Injury
1 The type I reaction
2 The type II reaction
3 The type III reaction

9:1:4 The type IV reaction

9:1:

9:2
9:2

5 Autoimmune disease; peripheral and central origin

Recurrent Oral Ulceration

:1 Mikulicz’s recurrent oral aphthae

9:2:2 Immunological findings in Mikulicz’s recurrent oral aphthae

9:2:

3 Herpetiform ulceration

9:2:4 Behget’s syndrome

9:3

9:4
9:5
9:6
9:7
9:8

Disturbance of Salivary Gland Secretion: Sjogren’s Syndrome

Pemphigus, Bullous Pemphigoid, Benign Mucous Membrane
Pemphigoid

Periodontal Disease

Lichen Planus

Antigens of Oral Mucosa and Skin

HLA Antigens and Oral Mucosal Disease

References

D.M. CHISHOLM AND D.K. MASON

10:0

101

Introduction

General Features of Sjogren’s Syndrome

10:1:1 Clinical features

10:2
10:3

10:4

Oral Manifestations
Diagnostic Techniques

Laboratory Investigations

10:4:1 Histopathology and lymphoreticular neoplasia
10:4:2 Pathogenetic considerations

10:5

10:6

Treatment and Management

References

xi
398
400
400
400
400
401
404
405

415

415
415
415
418
419
421
425
427
427
427
430
431

432
436
437
439
440
441

447

447

447
448

450
451

457

459
460

461
462



Xii

11

Contents

Candidal Infection of the Oral Mucosa
D.M. WALKER

I1:0

II:1

11:4
I1:4:1

1142

11:5
11:6
i) iy 4

bia &l
TiX 3732

Taxonomy, Culture, Identification
Candida as a Commensal Organism on Mucosa and Skin
Predisposing Factors

Non-specific Defence Mechanisms
Salivary factors
Epithelial barrier
Iron deficiency
Non-specific cellular defence
Serum factors
Candidal fungaemia
Disseminated candidosis

Immune Response to Candida
Humoral immunity
Antigenic structure of candida
Diagnostic usefulness of candidal antibody estimations
Protective or destructive role of humoral immunity in
oral candidosis
Specific cellular immunity in candidosis
Defects of cellular immunity
Macrophage function in candidosis
Immunological rehabilitation

Mechanisms of Pathogenesis

Classification of Oral Candidosis

467

467
467
470

475
475
476
477
479
480
482
483

483
483
483
484

4385
486
487
489
489
490

49T, 492-94

Pathogenesis of Oral Mucosal Candidosis—chronic hyperplastic

candidosis (candidal leukoplakia—aetiology)
Defect in surface defence mechanisms

Defect in immune system—chronic hyperplastic candidosis

(candidal leukoplakia)

References

491
491

495
499



CHAPTER 1
STRUCTURE AND FUNCTION OF
NORMAL HUMAN ORAL MUCOSA

C.A. SQUIER, N.W. JOHNSON
AND MARGARETE HACKEMANN

1.0 Introduction

In writing this chapter we have attempted to provide an account of the
structure of oral mucosa which will serve as a framework both for the
physiological features described in subsequent chapters and for the
pathological changes described in the second half of the book.

As the title suggests we have deliberately set out to relate the histology
and ultrastructure of oral mucosa to its function as the lining tissue of the
oral cavity, while at the same time considering some of the similarities and
differences between this tissue and that covering the rest of the human
body, the skin.

The account therefore begins with a survey of the major functions of
oral mucosa and skin, followed by a general account of their organization.
Sections 1:3 to 1:6, which follow, deal in more detail with the various
components. Finally the way in which these tissues age is discussed.

References to recent original work are given throughout the text and a
list of more general references is included at the end of the chapter which
provide more comprehensive accounts of many aspects.

1:1 The Functions of Skin and Oral Mucosa

In discussing the functions of human skin it is easy to become preoccupied
with details of the functional adaptations shown by this tissue and to forget
what is perhaps its most significant role—its aesthetic qualities. To a great
extent we describe (and judge) people by their skin—by its colour and
texture, its hairiness, its dryness or its oiliness. Of course these aesthetic
qualities are only the superficial manifestations of more basic properties
that enable the skin to function as an efficient covering tissue, and thus

I



2 Chapter 1

enable the organism to survive in its environment. These properties may
be considered under the following headings:

Barrier function,

Thermal regulation,

Sensation,

Secretion and excretion.

In the following section these will be described and discussed in relation
to the functions of oral mucosa. Other roles that are sometimes suggested
for the skin include highly specific metabolic functions, such as the syn-
thesis of vitamin D and cholesterol (Kandutsch 1964), and storage. There
is little information about these processes in the oral mucosa, and they
will not be discussed further in this chapter.

1:1:1 Barrier function

The skin is the barrier between the organism and the potentially hostile
world around it. As well as protecting the deeper tissues from mechanical
damage and solar radiation and preventing the entry of micro-organisms and
toxic substances, the skin has in terrestrial animals to prevent dehydration
of the body. This protective barrier function resides primarily within the
epidermis, although both the dermis and the skin appendages, the hairs
and glands, contribute to the effectiveness of the system, and it is worth
remembering that should the primary epidermal barrier be breached,
there are available in the dermis the protection provided by the inflamma-
tory and immunological defence reactions.

The oral mucosa, while having the same embryological origins as the
skin and showing in many ways a similar morphology, has less of a role to
play as a barrier layer. There is mechanical insult, such as the trauma of
mastication, but the lining of the oral cavity is rarely exposed to solar
radiation. Information regarding the permeability of the oral mucosa is
confusing, for despite the suggestions that the mucosa shows a permeability
far greater than any region of the skin, salivary flow creates a perpetually
moist mucosal surface without, apparently, causing waterlogging of the
tissues. In the opposite direction a loss of interstitial fluid to the exterior
is less likely to occur because of the humidity of the oral cavity, although a
barrier to outward movement does seem to exist within the epithelium.
Thus the oral mucosa is not simply a highly permeable lining membrane
but has barrier functions similar to those of skin, the weakest link possibly
occurring at the gingivo-dental junctions where the continuity of the
epithelial surface is interrupted by the penetration of teeth.
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1:1:2 Thermal regulation

The large surface area presented by the skin to the external environment
makes it the most important factor in maintaining thermal homeostasis in
mammals and this function is largely subserved by the connective tissue.
Surface features such as creases and grooves increase the area while the
presence of hair and subcutaneous fat provides insulation. The dermis is
provided with an extensive vascular system and the blood flow to the skin
is greatly in excess of the metabolic demands of the tissue. The presence of
arterio-venous anastomoses enables the flow through the dermis to be
regulated ; increasing the blood flow leads to increased heat loss when the
external temperature is lower than body temperature. When the external
temperature is higher, heat loss is dependent on evaporation of water
secreted by the sweat glands.

To what extent the human oral mucosa participates in thermal regula-
tion is unclear because of a lack of detailed information on the organization
and behaviour of blood vessels in this region. In the much-quoted example
of the dog, it is known that during panting there is considerable heat loss
from the tongue in which well-developed arterio-venous connections are
present (Liebow 1963). Their existence in human mucosa does not appear
to have been established (Hellekant 1972; see section 1:6:3).

1:1:3 Sensitivity

Much of the information reaching the nervous system from the outside is
collected and transmitted by an extensive cutaneous nerve plexus. Sensory
nerves terminate in both the epidermis and dermis over the entire body but
are particularly concentrated, and show specialized receptor endings, in
such regions as the palms and soles.

The oral mucosa has an equally extensive sensory innervation, terminat-
ing in both simple and organized nerve endings. The discrimination of
certain sensations such as touch and temperature has been shown to be
greater in certain oral regions, such as the lip, than in the skin; in
mammals taste buds are located in the oral epithelium.

1:1:4 Secretion and excretion

The skin participates to a certain extent in both these processes although
it is difficult, and perhaps meaningless, to try to separate these functions.
Thus, although the sweat produced by the sweat glands contains water and
small quantities of urea and salts, the prime function is the reduction of



