
accessory canals  187, 191, 410
accessory cells  396
acetylcholine  204, 322
achondroplasia  17–18
acid etching  170
acinar cells

cytodifferentiation  301–2
ionic transport  308
major salivary glands  324–5
maturation  297
mucous  309, 312, 317, 319, 420
myoepithelial cells  319
secretagogues  316
secretory protein maturation  315
seromucous  317, 319
serous  309, 310–11, 312

junctional complex  310–11, 418
structure  317, 319

vesicles  316
actin  402
adenosine diphosphate  391
cyclic adenosine monophosphate (cAMP)

323, 413
adhesion complex  398
adrenergic receptors  321
b-adrenergic receptors  322
adrenergic sympathetic nerves in pulp  204
afferent nerves  275, 276
air abrasive material  387
alcohol consumption  19
alcoholism  327
alkaline phosphatase  176
allergic reactions, nasal  344
alveolar bone  73, 76, 119, 227, 410

aging  231
density  129
endosseous implants  378, 381, 384–5
formation  104
healing  407
mature  119–20
osseointegration  379
parathyroid hormone  144
proper  227, 228, 410
remodeling  128
resorption  120, 367, 368, 369, 370
tooth movement  365, 367, 368, 369, 370,
371

alveolar crests  227
bone apposition  130
gingival fibers  271, 410

alveolar growth  65
alveolar nerves  201
alveolar process  73, 226, 227, 241

cancellous bone  229–30
compact bone  229
development  119–20
edentulous jaws  231
supporting bone  227, 229–30
tooth eruption  129

alveolar ridge deficiency  57–8

427

alveolus, embryo  119
amelin  101
ameloblastin  101
ameloblasts  76, 87, 410

desmosomes  93
enamel matrix protein secretion  99–101
enamel rod  94, 160
enamel secretion  93
gap junctions  93
Golgi apparatus  92–3
maturation  96, 97–8, 99
membrane formation  103
mitochondria  93
modulation cycles  98
polarization  92
ruffle-ended  96, 97–8, 103
secretory  93
smooth-ended  96, 97–8, 103
supranuclear cytoplasm  92–3
tight junctions  93
Tomes' process  159, 160
vitamin A deficiency  142

amelogenesis  80, 104–5, 410
biochemical events  99–103
differentiation stage  92
histologic events  92–5, 96, 97–8
maturation stage  96, 97–8, 99
physical events  99–103
postsecretory transitional stage  95, 96,
97–8, 422
secretory stage  92, 93, 125

amelogenesis imperfecta  101
amelogenins  99–101, 410
amino acids, acidic  175
amniotic cavity  5, 6
amniotic fluid  15
amylase  304, 312, 313, 331, 410

gene transcription  323
secretion  317
translocation  313

α-amylase  312
angiogenesis  401, 410
ankylosis  138, 410
annexin V  176, 410
antigen processing  243
antigen processing cells  197, 256, 259, 396,

397
antioxidant enzymes  207–8
aortic arch vessels  31–3, 410
apical foramen  191, 200, 411
apoptosis  54, 81, 181, 411
aquaporins  309, 321, 322, 323, 411
ascorbic acid deficiency  143
atrial natriuretic peptide  324
atropine  322
autonomic nervous system  275–6
axon reflexes  208

B cells  243, 319, 396
bacteria

biofilm removal  386, 387
endotoxins  187, 386, 387
plaque  334–5
pulp invasion by toxins  206

Barx1 transcription factor  85
basal cells  397–8

olfactory  349, 350
basal lamina  293–4, 411

elimination  92
implant surface attachment  380
salivary gland development  296, 300,
301, 311

basement membrane  399
basiocciput  45
basophils  394, 395, 401
bell stage  73, 75–7, 78, 131, 411
Bell's palsy  288
biglycan  193
bio-integration  376, 377–8
bioglass  377
biologic age  64
Birbeck granule  256, 411
birth  12, 15, 411
blastocyst  5, 6, 411
blood extravasation  391
blood–vascular system development  11–12
bone  411

agents affecting development  141–9, 150
bundle  120, 411
cell–cell communication  120
displacement  64
drift  64
embryonic  119
fluoride  145
formation  7, 12, 13, 14, 17–18

craniofacial skeleton  44–59
Haversian  120, 417
interradicular  119
mature  119
regeneration  405, 406, 407
resorption  65, 66, 130, 135–6, 186, 384–5,
387
tetracycline  145
vitamin C deficiency  143
see also alveolar bone

bone morphogenetic protein (BMP)  82, 407,
411
dentin  176
dentinal matrix  183
odontoblasts  193

bone morphogenetic protein 4 (BMP-4)  83,
85
gene  298, 299

bone–implant interfaces  376–9
bony crypt resorption  127
bony ladder  129, 130–1
Bowman's glands  350, 351
bradykinin  203, 411

Index

Note: page numbers in italics refer to figures and tables
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brain
cartilage support  44
development  7, 8

branchial fistula, internal  37
branchial muscles  35
bud stage  73, 75–7, 78, 79, 411
budding induction  83

caffeine  19
calciotraumatic line  181–2, 411
calcitonin gene-related peptide (CGRP)  204
calcium

acinar cell stimulation  323
calculus formation  337
deposition  143
dietary intake  143
parathyroid hormone  144–5
platelet aggregation  391

calcium hydroxide  187, 209
calcium hydroxyapatite  102
calcium phosphate crystals see hydroxyapati-

te crystals
calcospherites  178–9
calculus  154, 168, 337–8, 411

endosseous implants  387
Caldwell–Luc procedure  347
calvaria  61, 62, 411
canines, shape  214
cap stage  73, 75–7, 78, 79, 131, 411
capillaries, continuous/fenestrated  199
carbonated apatite  153, 156

demineralization  168–9
carbonic anhydrase  102, 103
cardiac muscle  10
caries  334, 336, 411

deep  217
dentin stimulation  181
pulp inflammatory response  206
resistance  100
root  209
water fluoridation  149

cartilage  12, 13, 17–18, 411
craniofacial skeleton  44–59
junctions  51
medial  48

catecholamines  203, 412
cavity preparation for healing  206–10, 211
cell adhesion molecules  394
cell differentiation  294–5, 412
cell morphogenesis  295
cell proliferation  294, 412
cell rests see epithelial rests of Malassez
cell–cell communication  93, 120, 294
cell–cell interactions  80–1, 297
cell–matrix interactions  297
cell–tissue interactions  80
cement, coronal  333
cementicles  235, 412
cementoblasts  110, 112, 116–17, 233, 412

periodontal ligament  240
tooth movement  368, 369

cementoclasts  240
cementocytes  117, 233, 235, 412
cementodentinal junction  183
cementoenamel junction  72, 264, 412
cementogenesis  116–17
cementoid  117, 136
cementum  226, 231–5, 241, 410, 412

acellular  116–17, 233, 410
aging  235
cellular  116–17, 233, 412
coronal  168
fiber groups  381

fluoride  145
formation  121
gingival fibers  271
intermediate  113, 232
matrix  117
periodontal fiber bundles  234
resorption  234, 369

resistance  234, 240
rickets  144
root  110, 112
surface characteristics  234
tetracycline  145
tooth development  72, 73, 76, 116
tooth movement  368, 369, 371
vitamin C deficiency  143

central nervous system  275
cephalograms  62
cervical cysts  37
cervical fistula  37
cervical loop  76, 87, 108, 109, 412
cheek  252
chin growth  65
chondrocytes  176
chondroitin sulfate  175, 293, 294, 300
chromosomal abnormalities  16–17
cilia  87

nasal mucosa  343, 346, 347
olfactory receptor  349, 350, 351

circumvallate papillae  255, 284, 285, 286,
412

citric acid, bacterial bio-film removal  387
clear cells  268
cleft lip  18, 19, 25, 38–9, 40, 69, 412
cleft palate  18, 19, 33, 39, 40, 41, 412

craniofacial skeleton abnormal develop-
ment  57–8
surgical repair  69, 347–8
untreated  69

cleidocranial dysostosis  17, 18
clot formation  391–2, 402

extraction wound  404, 405
pulp exposure  209

clotting cascade  206
clotting factors  391, 392–3
coating materials  187
collagen  399, 413, 426

banding pattern  136
basal lamina  294
degradation  395–6
dentinal matrix  172, 174
epithelial cord branching  299–300
extracellular matrix  193
fibrils  88
gingival  401–2
lamina densa  248
matrix formation  91
meshwork disruption  135–6
odontoblast secreted  193
odontoblastic differentiation  90
periodontal ligament  235–6
phagocytosis  114
salivary gland development  301, 311
tooth movement  365
types  196
vitamin C deficiency  143
wound healing  401–2

collagen fibers  117–18, 228, 401, 413
implants  382
tooth eruption  128
tooth movement  369
wound healing  405, 406
wound remodeling  402–3

collagenase  136, 395–6, 400
colony-stimulating factor (CSF)  395
colony-stimulating factor 1 (CSF-1) receptor

protein  126
common carotid artery  32
complement  393, 396, 413

cascade  393
complement C5a  394, 395
congenital malformations  16

craniofacial skeleton abnormalities  57–8
environmental  18–19
facial  37–40, 41
hereditary causes  16–18

contact inhibition  399
contour lines of Owen  186, 187
coronoid cartilage  57
coronoid process remodeling  65
cough reflex  274
cranial base  63, 413

development  46–7
cranial nerve nuclei  275
cranial sutures  50–1, 61

head growth  64
premature fusion  67
theory of expansion  51

craniofacial skeleton
abnormal development  57–8
bone/cartilage development  44–59

cranium development  22
cribriform plate  342, 413
crinophagy  317
crown

anatomic  72, 410
breakthrough  125–6
clinical  72, 412
completion  103
development  91
formation  72–4, 104–5
growth  103, 216
tooth crypt  104

cuspids  52
missing  58

cutaneous receptor organs  275
cuticle  410, 413

primary  103, 154, 168, 333, 413
secondary  154, 168, 333
see also pellicle

cystic fibrosis  413
gene mutation  310, 311

cystic fibrosis transmembrane receptor
(CFTR)  311, 317, 413

cytokeratins  245
cytokines  395, 413
cytokinins  7
cytoskeleton of bony tissue  120
cytosolic proteins  315–16

dead tracts  182, 413
decorin  175, 193
dehiscence  227
dendritic cells  259
dental arch  66

masticatory mucosa  252
patterning  81

dental follicle  76, 104, 110, 114–15
ectomesenchyme cells  116
eruption pathway  126
tooth eruption  115, 131

dental hypoplasia  83
dental lamina  74–5, 77, 413

remnants  115
stage  75

dental papilla  75–6, 91, 108, 413
dental sclerosis  184
dental supportive maintenance program  386
dental tissue origins  74–5
dentin  72, 73, 76, 77, 78, 172, 414

carious  174
circumpulpal  178, 179, 210, 412
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coating materials  187
composition  155
curvature  177–8, 422, 423
deposition  91, 180–3

incremental  185–6
measurement  185, 186
peritubular  173
rate measurement  148

developmental  180
exposed  187
extracellular matrix  193
fluids  186–7
fluoride  145
hardness  217, 223
histology  172–88
interglobular  179, 418
intratubular  179, 180, 185, 418
lipids  176
mantle  90, 178, 419
mineral content  173–4
mineralization  90, 91, 176
neurons  172
oral cavity exposure  184
organic components  178
pain transmission theories  205
parathyroid hormone  145
peritubular  179, 421
primary  180
reactionary  182, 208, 414
repair capacity  172
reparative  181, 182–3, 208, 210, 414, 423
rickets  144
sclerosis  173, 174
sclerotic  179–80, 423
secondary  180, 183, 186, 423
structure  177–83
tertiary  180, 181, 182, 183
tetracycline  145
thickness of layer  183, 217
vitamin A deficiency  142
vitamin C deficiency  143
see also root dentin

dentin phosphoprotein  174, 175, 193, 414
dentin sialoprotein  174, 193, 414
dentinal bridge formation  210
dentinal matrix  88, 90, 173–6, 183

inorganic  173–4
odontoblasts  172
organic  174–6

dentinal tubules  177, 178, 180, 183–5, 414
calculus  337
fluid  186, 187
periodontoblastic space  187
permeability  186–7, 188
sclerotic  181, 187
secondary dentin  180–1
vitamin C deficiency  143

dentinoenamel junction  72, 153, 162–4, 414
dentin curves  177–8, 422, 423
enamel cracks  164
enamel formation  159
enamel lamellae  164
enamel spindle  162–3
enamel tufts  163
odontoblastic processes  183
proteins  162
scalloped  178

dentinogenesis  78, 87–92, 414
dentin mineralization  91
matrix secretion  89–90
reparative  207, 208, 209
rhythmic  186
vitamin C deficiency  143

dentinogenesis imperfecta  17, 18
dentin–predentin junction  91
dentin–pulp complex  78
desmosomes  114, 398, 414

ameloblasts  93

gingival junctional epithelium  266
salivary gland acini  309, 311
tonofilaments  397

development  2–20
abnormal  16
blood–vascular system  11–12
congenital malformations  16–19
embryo origin  3–4
gastrointestinal system  9
heart  11–12
morphologic changes  13–14
muscular system  9–10
nervous system  6, 7–8
prenatal  5–7
skeleton  12–13
see also facial development

diabetes  327
dilaceration  216
direct innervation theory of pain transmis-

sion  205
DNase  304
Down's syndrome  17
Drosophila salivary glands  298–9
drugs, teratogenic  18–19

ear development  27
ectomesenchyme  8, 414
edentulous jaws  231, 414
efferent nerves  274, 275, 276
eicosanoids  392, 414
electron microscopic autoradiography

314–15
embryo origin  3–4
embryonic disc  5, 6
embryonic period  6–7
enamel  72, 78, 93, 153–70

appositional growth  153–4, 164–6
color  156
composition  155
cracks  164
cross striations  164–5
crystals  156–7, 414

growth  95, 100–1
hairpin defects  169
structure  153

cuticle  154, 422, 423
demineralization  168–70
deposition  103
etching  168
fluoride  145
fracture susceptibility  161
gnarled  154, 167, 416
impermeability  156
knot  85–6, 414
lamellae  153, 164, 415
matrix  153, 157–8

deposition  92
lipids  158
proteins  99–101, 158
Tomes' process  165

mineral phase of maturation  102–3
mineralization  97, 98, 99, 103
nanospheres  100
organ  75, 76, 264, 415
organic matrix  157–8
pearls  113, 415
physical characteristics  155–8
pit sealants  170
plaque  336
proteins  158
proteolytic enzymes  101
remineralization  169
Retzius' striae  165–6, 423

rickets  144
spindle  92, 153, 162–3, 415
strength  155
structural features  158–64
tetracycline  145
thickness  216–17, 223
tooth susceptibility to defects  222
trace elements  156
tufts  153, 163, 415, 426
vitamin A deficiency  142
see also hydroxyapatite crystals

enamel rod  93–5, 154, 415
ameloblast  160
arcade region  157, 160, 161–2, 423
crystal orientation  153, 157
fluoride  147
hydroxyapatite crystals  155
morphology  160
parazones  167
structural unit  157–62
Tomes' process  94–5, 157

enamelins  101, 415
enameloid  113
enamelysin  101
endochondral bone formation  55, 56, 415
endoderm  23, 24
endoplasmic reticulum  89
endosseous implants  375–88, 415

alveolar bone contact  378
alveolar bone integration  381
anchor units  364
bio-integration  376, 377–8
bone loss  384–5
connective tissue interface  381–2
epithelium tissue interface  380–1
failure rate  386
oral hygiene  387
osseointegrated  253, 347, 375, 376
peri-implant infection  383–5
spacing  382
supracrestal connective tissue  382
surface decontamination  386–7
transmucosal seal  382
see also osseointegration

endothelial cells  196
endotoxins  187, 386, 387
enkephalin  204
entactin  294, 415
eosinophils  394, 395
epidermal growth factor (EGF)  131, 301, 324,

415
epinephrine  323
epithelial cell remnants  113
epithelial cord  296–7, 413

branching  299–301
epithelial diaphragm  109, 110, 111, 415
epithelial pearls  115, 415
epithelial rests of Malassez  110, 113–14, 241,

412, 415, 419
epithelial–mesenchyme interactions  293,

302
epithelium  415

gingival junctional  266, 270
olfactory  342, 348–9, 351
respiratory  342, 343
tooth development  78–80
see also oral mucosa, epithelium

ethmoid bone  45, 348
ethmoid sinuses  344, 346–7
external carotid artery  32
extracellular fluid  390
extracellular matrix (ECM)  81, 86, 293–5, 416

adhesion complex  398
collagens  193
constituents  401
development influence  294–5
fibronectin  392
normal cell environment  390
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salivary gland development  301
substances  194–5
tensile strength  294
wound healing  400

extrinsic factors  297
eyes, development  26, 28

face
developmental anomalies  37–40, 41
features  27–8
innervation  35–6
maturation  61
soft tissue  64
upper  47–50

facial articulation  50–1
facial cleft  33
facial development  14, 16, 21, 22, 25–7

features  27–8
widening  26, 27, 28

facial growth
abnormal development  67–9
areas  65–6
control  66
physiologic movement  230
postnatal  61–9
processes  64
timing  63–4

facial muscles  34–5
facial nerve  35, 321

palsy  68
facial sutures  50–1, 69
fenestration  227
fertilization  3, 416
fetal alcohol syndrome  19
fetal period  7, 16
fibrillar proteins  401
fibrin  391, 392
fibrinogen  391
fibro-osseous integration  376–7
fibroblast/fibroclast cell  136, 240
fibroblast growth factor (FGF)  39, 82

dentin  176
dentinal matrix  183
odontoblasts  193
salivary gland development  301
signaling  86

fibroblast growth factor 8 (FGF-8)  83, 84, 85
fibroblasts  117–18, 401, 416

cytoplasmic extensions  196
differentiation stimulation  131
pulp  196
tooth eruption  128
tooth movement  365, 366
wound healing  400, 405

fibronectin  391, 392, 398, 399, 401, 416
receptor  294, 398

filiform papillae  254–5, 416
fluorapatite  100, 153, 170
fluoride  100, 149, 150, 170

mineralization  141, 145–7, 148
remineralization  169–70

fluorosis  179
foliate papillae  255, 284, 286
folic acid deficiency  19
fontanelles  46, 61, 416
Fordyce's spots  251, 416
free gingival groove  263, 265
frontal sinuses  344, 346–8
frontonasal process  25, 26, 28
fungiform papillae  255, 283–4, 286, 416
furcation zone  111, 112, 191, 416

G proteins  322–3, 416
gagging reflex  274
gap junctions  416

ameloblasts  93
bony tissue  120
complexes  207
odontoblastic layer  89, 195
osteocytes  229

gastrointestinal system development  9
gemma cells see taste cells
gender, growth influence  63, 64
genes  4, 81

homeobox  81, 83, 84, 417
homeotic  298, 417
Hox  298, 299, 417
salivary gland development  297, 298

genetic abnormalities  17–18
gingiva  226, 243, 263–73, 416

attached zone  263, 265–6, 411
calculus in crevice  338
col  267, 412
collagen  401–2
connective tissue  235, 270, 272
epithelium–lamina propria junction
270–1
free zone  263, 264–5, 416
health  387
interdental papilla  267
interdental zone  263
intraepithelial nonkeratinocytes  268–9
junctional epithelium  265–6
keratinocytes  268
lamina propria  270, 271–2
masticatory mucosa  252
nerves/nerve endings  272
pain receptors  272
parakeratinized epithelium  247
pigmentation  257
recession  187
touch receptor  269, 272
vascularity  272
vitamin C deficiency  143

gingival fibers  271
gingival sulcus  265, 333–5, 416
gingivitis, peri-implant  383–4, 387
Gla proteins  174, 175
glenoid fossa see temporomandibular fossa
glucagon-like protein  324
glycoproteins  194, 294, 311

acidic  175
glycosaminoglycans  175, 185, 293, 294, 300,

311, 401, 416
goblet cells, nasal mucosa  343, 344, 346
Golgi apparatus of salivary glands  315
Golgi complex, odontoblasts  89
granulation tissue  401–2, 402, 406, 416
granulocytes  394–5, 416
growth

eccentric  124, 414
embryonic  14

growth factors  416
dentin  176
dentinal matrix  183
wound healing  395

gubernacular cords  115, 125, 127, 417
gubernacular foramina  127
gubernaculum dentis  125
guided bone regeneration (GBR)  387
guided tissue regeneration  403–4
gustatory nerves  287

Hageman factor  392–3, 417
hairpin defects  169
Haversian bone  120, 417
head and neck

facial muscles  34–5
innervation  35–6
skeletal elements  33–4
structural component development  31–6

heart development  11–12, 14
hemidesmosomes  114, 248, 417

gingival junctional epithelium  266, 270
implant surface attachment  380
peri-implant gingivitis  385
tonofilaments  397

Henson's node  6
heparan sulfate  86, 417
heparin  401
herpes simplex 1  289
Hertwig's root sheath see root sheath
histamine  206, 392, 393, 417
homeobox genes  81, 83, 84, 417
homeotic genes  298, 417
hormones  19, 141, 417
Howship's lacunae  135, 417
Hox genes  298, 299, 417
Hunter–Schreger bands  154, 168, 417
hyalinization  367, 372, 417
hyaluronic acid  293, 356, 357, 398
hyaluronidase  300, 417
hydrodynamic theory of pain transmission

205
hydroxyapatite crystals  91, 153, 157, 378, 379,

417
carbonated  102
demineralization resistance  170
dentinal matrix  173
enamel rod  155
fluoride incorporation  147
nucleation sites  176, 179
orientation  94, 95
plaque  336
Retzius' striae  166
salivary stones  326
unit cells  156

hydroxyapatite implants  379, 380
bio-integration  377–8

hyperparathyroidism  144–5
hypertelorism  28
hypomineralization  222
hypoparathyroidism  144–5, 150
hypotelorism  28
hypovitaminosis A  142
hypoxic stimulus  400

imbrication lines of Pickerill  154, 166, 167
imbrication lines of von Ebner  186
immunoglobulin A (IgA)  319–20, 331, 417
immunoglobulins  347, 417
implantation  4
implants see endosseous implants
incisive papillae  253
incisors  214, 220

missing  58
infections  18

periapical  347
pulp  187
resistance by peripheral nerves  280
respiratory  344
sinusitis  347
see also bacteria
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inflammation, acute  394–7
injury  390

basal cells  397–8
see also trauma; wound healing

innervation  35–6, 418
insulin-like growth factor (IGF)  176, 183
insulin-like growth factor I (IGF-I)  391, 400
integrins  294, 418
interferon  395
interleukin  395
interleukin 1  400
interleukin 1b  186
interleukins  203
intermediate junctions  195, 426
internal carotid artery  32
interradicular bone  119
interstitial lamellae  229
intracellular adhesion molecules (ICAMs)

294, 394
intrinsic factors  297
intrinsic fibers  117
ionic transport, salivary glands  308–9
isoproterenol  322

Jacobson organ  342

keratan sulfate  293
keratin  397
keratinocytes  267, 397, 398, 418
keratohyalin granules  245, 268
kininogens  393
Klinefelter syndrome  17
Korff's fibers  89, 418

labial gland  325
lactate  400
lamina densa  248
lamina dura  227, 228, 418
lamina lucida  248
lamina propria  243, 248, 249, 253, 418

extraction wound  406
free nerve endings  280–1
gingiva  271–2
gingival epithelium interface  270, 271
nasal mucosa  344, 346
seromucous glands  259
tonsils  259

lamina reticularis  248
laminin  248, 294, 399, 418
Langerhans' cells  256, 269, 396, 418
leeway space  220
leukocytes  269, 332
leukotrienes  392, 393, 395–6
limiting membrane  185
line of Retzius  217
lip  250
lipase, lingual  304, 331
lipids  158, 176
local anesthetic  276
lymphatic circulation  397
lymphocyte functional antigen (LFA)  394
lymphocytes  257, 258, 260, 269

saliva  332–3, 339

see also B cells; T cells
lymphoid tissue  258
lysosomes  317, 331

macrophages, tissue  395, 396, 399, 400, 419
Malassez's epithelial rests see epithelial rests

of Malassez
malnutrition  127
malocclusion  67
mandible  49, 419

aging  62
areas  65–6
body  54, 55, 57
bone graft  68
cleft  39
condyles/condylar head  48, 54, 55, 56
development  53–7
endochondral bone formation  55, 56
growth  63
prognathism  67–8
ramus  65, 422

mandibular joint
primary  53
secondary  56–7

mandibular process  25, 28
mandibular teeth, innervation  200
mandibulofacial dysostosis  17, 18, 38
mannose-6-phosphate  317, 419
masseter muscle  359, 360
mast cells  392, 401
mastication muscles  34, 359–60, 361
matrix-mediated interaction, short range  80,

424
matrix metalloproteinase  101, 194, 398, 399
matrix proteins  87–8, 90
matrix synthesis inhibitors  80
maxilla

displacement  65–6
drifting  65
growth  63
hypoplasia  19

maxillary arch movement  347
maxillary bone  49, 52
maxillary processes  25, 26, 28
maxillary sinuses  344, 345–6, 419
maxillary teeth  200, 347
mechanoreceptors  276
Meckel's cartilage  33, 44, 47, 48, 419

fate  55
mandibular development  54, 58–9

Meissner's corpuscle  276, 278
see also touch receptor

melanin  257
melanocytes  257, 268, 419
melanosomes  257
mental symphysis  55
Merkel's cells (corpuscles)  257, 269, 276, 279
mesenchymal cells  75–6, 196–7
mesenchyme  293–4, 419

dominance over epithelium  79
instructive influence on epithelium  79,
418
salivary gland development  296
tooth development  78–80

mesial drift  130, 419
mesoderm  9, 23, 420
mesodermal layer  6
messenger RNA  312–13
middle ear bones  33, 34, 44, 47, 53
mineralization, globular  179
mitochondria of odontoblasts  89
mitogenic factors  397
molars

calcification  134
maxillary bone support  52
missing  58
permanent  124, 214
shape  214–15

monocytes  395, 396
motor nerves see efferent nerves
mouth, floor  252
mucins  317, 333
mucocele  326, 420
mucociliary system  343
mucogingival junction  265
mucoperiosteum  249, 253, 420
mucositis, peri-implant  383–4, 386
mucus

nasal mucosa  343
secretion  312

muscular system development  9–10
myelin  197
myoblasts  34
myofibroblasts  128, 402

nasal capsule  44, 45
nasal cavity  63, 342–4
nasal fin  26
nasal hairs  342
nasal mucosa  341, 343–4

cilia  343, 346, 347
nasal pits  25, 26
nasal septum  40, 49, 66, 342, 343
Nasmyth's membrane  103, 168
nasopharynx  258, 342
neoangiogenesis  210
neonatal line  217, 420
nerve endings  282

free  280–1
nerve fibers of odontoblast layer  89
nerve growth factor  4, 324
nervous system

classification  275–6
development  6, 7–8

neural crest  7, 8, 18, 420
cell migration  74
dental tissues  74
migration  18, 22, 38
salivary gland formation  298–9

neural plate  22
neural tube  6, 7, 8, 22
neurocranial elements  45
neurocranium  45, 46, 420
neurohypophysis  24
neuromuscular junction  275
neurons  200
neuropeptide Y  204
neurotransmitters  322

pulp  204
taste cells  287

nitric oxide  207, 347, 395
nitroglycerine, sublingual  256
nociceptive stimuli in pulp  208
nociceptors  276, 277, 281, 282

gingival  272
non-amelogenins  99, 101
norepinephrine  204, 322
nostril  26
nutritional disorders  19
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obesity  63
occlusal wear  130
occlusion  421

temporomandibular joint  360
odontoblastic differentiation  80, 87–9, 90
odontoblastic layer  89, 195
odontoblastic process  90, 92, 194–5, 421

microtubules  183
nerve fibers  184

odontoblasts  73, 77–8, 88, 108, 421
collagen production  193
daily activity  186
death  182
dentin formation  172, 181
dentinal matrix  172
matrix vesicles  176
polarity  88–9
pulp  190, 191, 192–5
remodeling  186
reparative  183
root  112, 209
secretory products  186
tooth aging  195
vitamin C deficiency  143

odontoclasts  135
odontogenesis  72, 84, 421
olfaction  341, 348–51
olfactory bulb  351
olfactory epithelium  342, 348–9, 351
olfactory mucosa  341, 348–50, 421
olfactory nerve  348, 350
olfactory receptors  348, 349–50, 351
opsonization  394
oral cavity  22, 280
oral hygiene  387
oral mucosa  243–57, 261

basement membrane  248
connective tissue  248–9
drug delivery  256
epithelium  243

connective tissue junction  248–9
functional characteristics  247–8
keratinized  247
layers  244–6
nonkeratinized  247, 248
parakeratinized  247
thinning  248
turnover  246–7

functional types  250–5
healing capacity  250
innervation  274–89
intraepithelial nonkeratinocytes  256–7
lamina propria  243, 248, 249, 253
lining  248, 250–2
masticatory  252–4, 264
peripheral sensory receptors  276–7
salivary gland ducts  272
sensory feedback  274
sensory receptors  274
submucosa  248
superficial nerve plexus  281
taste receptors  274
tongue  254–5
see also gingiva

oral pit  22, 23, 25
oronasal cavity development  22
oropharyngeal membrane  22, 421
oropharynx  258
orthodentin  177
orthodontic appliances  364
orthodontic relapse  372
orthognathic surgery  347
osseointegration  376, 377, 379, 387, 421
ossification  7, 14, 17–18

centers  44

cranial base cartilages  46, 47
neurocranium  45, 46
palatine  52, 58
upper face  49

osteoblasts  117, 120, 128, 366, 421
bone resorption  136, 186
matrix vesicles  176
periodontal ligament  240
tooth movement  368

osteocalcin  194
osteoclasts  127, 128, 366, 421

periodontal ligament  240
resorption  135, 136
tooth movement  367, 369

osteocytes  120, 421
gap junctions  229
tooth movement  368

osteodentin  142, 181, 421
osteogenic cells  120
osteoid  120
osteoinduction  407
osteonectin  175
osteonectin/SPARC (secreted protein acidic

and rich in cystine)  175
osteopontin  175, 194
osteoporosis  144, 362
otic capsule  44, 45
ovulation  3
oxytalan fibers  239–40

p21  85
pacinian corpuscles  276
pain receptors see nociceptors
pain transmission theories through dentin

205
palate  243

development  26, 28–31
growth  52
hard  252–4, 417

incisive papillae  253
masticatory mucosa  252–3
median raphe  253
rugae  252, 421

soft  52, 251, 424
palatine bones  50
palatine centers, medial/lateral  52
palatine glands  252
palatine ossification  52, 58
palatine shelves  26, 28–9

cleft palate  40
closure/fusion  30–1

palatine sutures  52
paranasal sinuses  341, 344–8
parasympathetic cholinergic agents  322
parasympathetic nerves  321
parathyroid glands  24
parathyroid hormone  141, 144–5, 186
parotid duct  304
parotid glands  303, 304, 324, 421

development  295
Pax9 transcription factor  83
pellicle, salivary  154, 168, 331, 333–4, 421

plaque  335, 336
see also cuticle

perforating fibers see Sharpey's fibers
peri-implantitis  383, 386–7
periapical infection  347
pericytes  196
perikymata  154, 166, 167, 421
periodontal disease  241, 334, 403
periodontal ligament  76, 104, 226, 235–41,

421
bacterial toxins  187

cells  240
cementicles  235
composition  235–6
development  117–18
epithelial rests  241
fiber bundles  128, 129, 236–7

attachment  116
cementum  234
dentoalveolar  237
diameter  130
gingival  236
principal  236

fibroblast differentiation  131
indifferent fiber plexus  239
neural supply  237, 238–9
organization  239–40
oxytalan fibers  239–40
proprioceptors  277
pulp  191
remodeling  118
tooth movement  365, 370, 371
vascular supply  237–8

periodontal pocket  338
periodontal space  73
periodontitis  385
periodontium  226–41
periodontosis  335
periosteum, nerve fibers  120
peripheral nerves, infection resistance  280
peripheral nervous system  275
peripheral sensory receptors of oral mucosa

276–7
perivascular cells  196
phagocytosis  394, 398, 421
pharyngeal arches  422

development  21, 23–4
developmental anomalies  37–40, 41
ear development  27
facial muscles  34–5
head and neck vasculature  31–3
skeletal differentiation  47
skeletal elements  33–4
structures formed  41
tongue development  30

pharyngeal groove  23, 41
pharyngeal pouch  23, 41
pharynx  258
philtrum  26
phosphoinositide cycle  323, 422
phospholipase A  392
phospholipase C  323
phosphoproteins  90, 422
phosphorus  143
physique, growth influence  63
pilocarpine  322
pituitary gland  24
placenta  6, 11, 15, 146
placodes  74, 83, 422

olfactory  348
plaque  154, 168, 334–6, 413, 422

accumulation  169
composition  335–6
fluoride inhibition  170
peri-implant mucositis  386, 387

plasmin  393
plasminogen  393
platelet activating factor (PAF)  391, 395
platelet-derived growth factor (PDGF)  391,

395, 400
platelet plug  391
platelets  391
polymeric immunoglobulin receptor (pIg-

receptor)  320
polymorphonuclear neutrophils  394–5, 396

killing mechanisms  394
polytetrafluoroethylene semipermeable

membrane  404
postganglionic sympathetic nerves  200, 208
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potassium oxalate
dentinal tubule permeability reduction
187

preameloblasts  80
predentin  73, 90, 91, 422

calcification  91
extracellular matrix  193
pulp association  192
rickets  144
tetracycline deposition  148

predentin–dentin junction  183
premaxillary bone  49, 52
premolars

eruption pathway  127
maxillary bone support  52
permanent  214
shape  215

prenatal development  13–14
preodontoblasts  80, 87
preosteoblasts  407
prickle cell layer  245
proliferation period  5–6, 422
proprioceptors  277
prostaglandins  203, 206, 392, 393, 395–6,

422
prostanoids  392, 393
prostheses, implant-supported  376
proteoglycans  175, 293, 300, 401, 422

wound remodeling  402–3
protoncogenes  4
proximate tissue interactions  293, 422
pterygoid muscles  359
pulp  73, 76, 91, 413

adrenergic sympathetic nerves  204
aging  190
architecture  191–2
bacterial toxins  206
blood vessels  190, 191–2
calcifications  198
capillaries  198–9

intercellular clefts  186
capping materials  198
cell-free/cell-rich zones  191, 412
cholesterol deposits  199
composition  190
coronal  191
degeneration  221
development  77–8
direct capping  209–10
endotoxins  187
exposure  198, 209–10
extracellular membrane degradation  196
fibroblasts  196
free nerve endings  281
histology  190–211
horns  202
infections  187
inflammation modification of responses
207–8
innervation  92, 202
lymphatic vessels  199
mesenchymal cells  196–7
nerve fibers  202–3, 221
nerve plexus  202, 218
nerve trunks  202
nerves  190, 191–2, 200–5, 218

anatomic variations  204
electrophysiology  200–4
terminals  202, 203, 204, 208

neurotransmitters  204
nociceptive stimuli  208
nociceptors  281
odontoblastic layer  198–9
odontoblasts  192–5
odontogenic zones  190, 202
shape  218
size  218, 223
stones  183, 195, 197–8, 411, 414, 416, 422

superoxide dismutase  207–8
trauma  206
vasculature  198–9, 422
wound healing  196

race, growth influence  63
rachischisis  19
radiation  18, 422
Ranvier's node  197
re-osseointegration  387
reactive oxygen species  207
Reichert's cartilage  33–4, 47, 53
Reiger syndrome  83
remodeling

alveolar bone  128
coronoid process  65
odontoblasts  186
periodontal ligament  118
ramus  65
tooth movement  365–6, 367, 371
wound healing  402–3

renin  324
resin tags  184
respiratory epithelium  342, 343
respiratory infections  344
Retzius' striae  154, 165–6, 167, 423
reversal line  234, 423
rickets  143, 144
root

elongation  110
formation  73
furcation zone  111, 112, 191
growth  216

completion  129
maturation  216
resorption  127, 135–6, 216, 221

tooth movement  372
shape  215, 223
shedding  216
tip maturation  130

root canal  423
accessory  112, 113, 219, 223, 410
lateral  187, 191
narrowing  130
shape  215, 223

root dentin  108, 110, 112, 113
calculus  337
sensitivity  187

root development  91, 108, 121
anomalies  112–13
multiple-root  111–12
single-root  110

root sheath
cells  108, 109, 116, 423
continuity  112
defective  191
degeneration failure  113
development  109
dislocation  113
fate  113–14
interruption  110

rubella virus  18
Ruffini's corpuscles  276
rule of fours  134

saliva  328, 331–9, 423
composition  332–3
flow rate  327
formation  308–9
proteins  331
secretion  309
serous component  303–4

salivary corpuscles  332, 339, 423
salivary glands  249, 292, 328–9

acini  309–18, 319, 410
aging  327
autonomic innervation  322
bud formation  295
connective tissue  305, 413
cytodifferentiation  297, 301–2
development  293–302

pattern  295
postnatal  302
processes  297–302
stages  296–7

ducts  272, 304, 305, 306–8, 413, 418
canalization  297
epithelium  308
intercalated  306, 413, 418
striated  306–7, 413, 425

Golgi apparatus  315
growth factors  324
IgA synthesis/secretion  319–20
innervation  321
ionic transport  308–9, 310
major  303, 304–5, 324–5, 419
minor  303, 325, 420
myoepithelial cells  318, 319
neoplasms  327
origin  295
peptide secretion  324
pharmacology  322
secreting units  309–18
secretion regulation  322–3
secretions  303
secretory canaliculi  311
secretory immunity  319
secretory pathway  312–17

endoplasmic reticulum function
313–15

lysosomes  317
muscarinic  323
transcription  312–13
translation  313–15

secretory proteins  316
secretory vesicles  315–17
structure  305–6
vascular supply  306
see also acinar cells

salivary stones  326
salivatory nuclei  321, 322
sarcomeres  64
saucerization  385, 387
scab formation  392
Schwann cells  197
Scr gene  298, 299
scurvy  143
sealants  170, 416, 423
secretomotor nerves  276
secular trend of growth  63–4
sensory receptors, corpuscular  277–80
serotonin  204, 206, 391, 393, 424
serous glands of von Ebner  284, 424
Sharpey's fibers  73, 117, 228, 421
sheath of Neumann  179, 424
sheathlin  101, 158
SHH (Sonic HedgeHog) proteins  7, 16, 22, 82,

84–5
sialic acid  175
sialography  326, 424
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sialolithiasis  326, 424
signal recognition particle (SRP)  313
signaling

mid-range  81, 420
short-range  80–1

signaling molecules  4, 80, 81, 82–3, 420
simple coiled corpuscle  280
sinusitis infection  347
six/four rule  132
Sjögren's syndrome  326, 424
skeletal muscle  10
skeleton

development  12–13
see also craniofacial skeleton

skull
aging  61
early development  45–7

smear layer  188, 424
smear plug  188
smoking  19
smooth muscle  10, 15
SNAP receptors (SNARES)  316, 424
SNARE hypothesis  315–16, 424
soluble NSF attachment proteins (SNAPS)

316, 424
somatostatin  204
somites  2, 12
sphenoid bone  45
sphenoid sinuses  344, 346–7
sphenomalleolar ligament  33
sphenomandibular ligament  33, 353, 354
spina bifida  19
spinal cord development  7
stapedial artery  32–3, 424
stellate reticulum  76, 424
stratum basale  244, 256
stratum corneum  246
stratum granulosum  245
stratum intermedium  76, 425
stratum spinosum  245, 256
stromelysins  398
stylohyoid ligament  34
styloid process  47
stylomandibular ligament  353, 354
sublingual duct  305
sublingual glands  303, 305, 424

acini  325
development  295
innervation  321
myoepithelial cells  318

submandibular duct  305, 326
submandibular glands  303, 304–5, 425

acini  324–5
development  295, 301
innervation  321
myoepithelial cells  318

subodontoblastic plexus  190
substance P  203, 204, 206
sulcus terminalis  30
superoxide  207, 208
superoxide dismutase  207–8
sympathetic nerves of salivary glands  321
symphyseal cartilage  57
synchrondroses  51, 61, 64
syndecan  86
syndesmoses  58, 425
synovial fluid  357

T cells  243, 256, 259
T helper cells  396
tactile receptor see touch receptor
tartar  154, 168
taste  283, 288

taste-bearing papillae  255, 283–4
taste buds  243, 255, 283, 425

innervation  286–7
structure  285–6

taste cells  285, 286
nerve fibers  287

taste pore  286
taste receptors  274, 283, 288

nerve supply  286–8
teeth

buds  364
formation stages  73, 75–7
furcation zone  111, 112, 191, 416
replacement  376, 377
shedding  134–9
sockets  404, 405
structure  216–17
surface coating  168

teeth, development  73
agents affecting  141–9, 150
epithelium  78–80
induction  78–86
mesenchyme  78–80
molecular control  80–6
molecular interactions  82
morphogenesis stage  79
permanent teeth  215–16
primary teeth  215–16
proliferative stage  79
rule of fours  134
tissue interaction  82
tooth germ  57

teeth, eruption  66, 73, 123–39, 415
changes

overlying tissues  126–7
tissues around teeth  128
underlying tissue  129

chronology  132, 133
dental follicle  115, 131
functional eruptive phase  129–30
intraosseous stage  125
movements  123–30
occlusal movement  126
pathway  126, 127
physiologic movement  230
pre-eruptive phase  123–4, 422
prefunctional eruptive phase  125–6
six/four rule  132
supraosseous stage  125
theories  130–1

teeth, movement  123–30
alveolar bone  365, 371
bodily movement  368–9, 370–2, 373, 411
extrusive  369, 373
force variables  366
histologic changes  364, 367–72, 373
hyalinization  367, 372
intrusive  369, 371, 373
neural elements  371
occlusal  126, 129
periodontal ligament  365, 370, 371
physiologic  230
relapse  372
remodeling  367, 371

sites  365–6
root resorption  372
rotation  370–2, 373
stability  372
tipping  368–9, 373
transduction  366

teeth, permanent  213–22, 223
accessory root canal  219, 223
arch shape  219–20
chronology of eruption  132, 133
development  215–16
enamel defect susceptibility  222
number  214
position  219–20

pulp degeneration  221
pulp size/shape  218
root resorption  221
rule of fours  134
shape  214–15
size  214
structure  216–17
trauma response  221, 222

teeth, primary  213–22, 223
abnormal behavior  137–8
accessory root canal  219, 223
arch shape  219–20
chronology of eruption  132
development  215–16
enamel defect susceptibility  222
number  214
position  219–20
preprimary  138
pulp degeneration  221
pulp size/shape  218
remnants  138
resorption  136–7
retained  137
root resorption  127, 221
shape  214–15
shedding  134–9
six/four rule  132
size  214
structure  216–17
submerged  138
trauma response  221, 222

temporal bone  44, 49
temporalis muscle  359–60
temporomandibular fossa  54, 356
temporomandibular joint (TMJ)  353–63, 425

accessory ligaments  353
aging  362
ankylosis  361
arthritis  362
articular disc  353, 355, 411

injury  361
capsule  353, 354
condylar aplasia  360–1
condyle  354, 355, 362

fracture  361
development  53, 56

disturbances  360–1
dislocation  361
functioning  55, 360
lateral ligament  353
mastication muscles  359–60
nerve supply  358–9
osteoporosis  362
pain/pressure sensations  360
primary  47
proprioceptors  277
structure  354–7
synovial membrane  356–7
temporomandibular fossa  54, 356
vascular supply  357–8
vascular triangle  354

temporomandibular ligament  353, 354, 425
teratogens  16, 18, 19, 425
tetracyclines  18–19, 86

bacterial bio-film removal  387
calcified tissue affinity  102
staining  146, 147, 148–9
tooth mineralization  141, 145–9
uptake  150

thalidomide  18, 19
thermoreceptors  276, 282
thrombin  391, 393
thromboxane  391
thymus  24
thyroglossal cysts/fistulas  38
thyroid gland  24, 34
tic douloureux  286, 289, 425
tight junctions  425, 426
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ameloblasts  93
complexes  207
odontoblastic layer  195
salivary gland acini  309, 310

tissue inhibitors of metalloproteinase (TIMP)
194

titanium implants  378, 379, 380, 387, 388
Tomes' granular layer  183, 232, 416, 425
Tomes' process  92, 93, 94–5, 425

ameloblast  159, 160
enamel matrix  165
enamel rod  94–5, 157
enamel tufts  163

tongue  243
development  29–30
innervation  36
mucosa  254–5
muscles  35
palatine shelf closure  30–1
papillae  254–5, 283–4, 285, 286
taste buds  243, 255
ventral surface  252

tonofilaments  397, 425
gingival junctional epithelium  266, 270

tonsils  24, 243, 258–61
crypts  259
development  258
lingual  243, 260, 419
palatine  243, 259, 260, 421
pharyngeal  243, 258–9, 260, 422

tooth germ  57
see also teeth

touch receptor  257, 276, 278
distribution  282
gingival  269, 272

trace elements  156
trans-Golgi network  315, 426
transcription factors  4

homeobox  81, 83
transcytosis  320
transduction theory of pain transmission

205
transforming growth factor α (TGFα)  395,

399
transforming growth factor β (TGFβ)  82

dentin  176
dentinal matrix  183
odontoblasts  193
wound healing  395, 398, 400

transforming growth factor β-1 (TGFβ-1)
126, 131

trauma
response  221, 222
see also injury; wound healing

Treacher Collins' syndrome see mandibulofa-
cial dysostosis

trigeminal nerve  35, 350, 358
trigeminal neuralgia  286, 289
tryptophan  116
tuftelin  101
tumour necrosis factor (TNF)  395
tunicamycin  300
Turner syndrome  17

varicella zoster  289
vasoactive intestinal peptide (VIP)  203, 204,

206, 321
vermilion border  251, 426
vestibular lamina  75, 426
vinculin  402
viscerocranial elements  45, 426
viscerocranium  47, 48
vitamin A  19, 141

deficiency  142, 150
vitamin C  19, 141

deficiency  142, 143, 150
vitamin D  141

deficiency  143–4, 150
interglobular dentin  179

vitamin deficiencies  141, 142, 143–4, 150
vomer  49, 50, 66, 426
vomeronasal organ  342
von Korff fibers  89
von Willebrand factor  391

Waldeyer's ring  258, 426
Wharton's duct see submandibular duct
white spot defects  222
Wnt (vertebrate homolog of Drosophila

wingless) 82, 83, 86
wound healing  390–408

acute inflammation  394–7
cavity preparation  206–10
cellular events  394–7
collagen  401–2
connective tissue  399–400, 401, 402
early events  391–3
epithelial-related events  397–9
events  408
fetal  7
granulation tissue  401–2, 406
lymphatic circulation  397
maturation of wound  402–3
osseous  407
phases  408
primary intention  402, 422
pulpal  196
regeneration  403
repair  397–403
repair/remodeling  402–3
secondary intention  402, 404, 424
vascular events  399–400

wounds
contraction  402
extraction  404–6
tissue–tooth interface  403
tooth-associated  403

xerostomia  309, 310, 322, 426

yolk sac  5, 6

zonula adherens see intermediate junctions
zonula occludens see tight junctions
zygomatic bone  49
zygote  3–4
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