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Trainee dental technicians are introduced to working in a health care profession by be-
ing taught the nomenclature of dentistry and dental technology and being given wide-
ranging basic medical knowledge. However, students often have difficulty relating this 
basic knowledge to the job-specific tasks in dental technology. An understanding of the 
functional interrelationships of anatomical form not only makes it easier but actually 
makes it possible to comprehend the whole purpose of dental technology work. There-
fore, this book focuses on the relationship between anatomical form and function in 
dental technology, providing the high-level technical knowledge necessary to develop 
profession-specific competence and innovation in dental technology. 

The close cooperative relationship between dentist and dental technician is a proc-
ess of doing preparatory work for each other in a series of established working steps. 
Depending on the particular nature of the prosthetic replacement, these steps can vary 
in their internal structure, but they nevertheless reflect the principle of providing a spe-
cific medical service and division of work. Only when dental technicians understand 
how to relate form to function can they succeed in providing excellent restorations and 
laboratory work to their collaborating dentists. 

Introduction
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Specialization
The purpose of any professional training is to become fully capable of performing a 
specific job. Successful specialists should be able to undertake professional tasks, per-
fect and appraise their work, and also show a willingness to be innovative and open to 
alternative solutions while reflecting on their own work. Sound technical skills are also 
necessary, and these skills rely on in-depth technical expertise as well as craftsmanship. 
For dental technicians, the goals of specialist training are the following:

•  To acquire a detailed understanding of: 
– The anatomical principles of the masticatory system 
– The physiologic effects of the materials used for dental prostheses
– The esthetic principles of oral rehabilitation

•   To acquire practical knowledge regarding the interdependence of the form and the 
function of tissues, organs, and organ systems

•   To work out criteria and construction conditions for producing dentures
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Form and Function

Skilled dental technicians should have a funda-
mental medical knowledge, which will enable 
them to produce functional dental prostheses. In 
dentistry, prosthetic work is objectively assessed 
using criteria based on the form and function of 
anatomical tissue structures. Anatomy is there-
fore a primary discipline for dental technicians.

Anatomy is the study of the structure and form 
of the human body as well as animal and plant 
bodies (Fig 1-1). The word anatomy is derived 
from Greek and means “to dissect or dismem-
ber.” When the human body is dissected and ex-
amined, the position, shape, and composition of 
the organs and organ systems can be defined. 
Macroscopic anatomy involves describing the 
form and structure of what is visible to the naked 
eye; microscopic anatomy, on the other hand, 
involves examination of the structure of organs 
and tissues that can only be seen under the mi-
croscope. Focus directed specifically to the posi-
tions of the organs and the relations of the organs 
and tissues to each other is known as topographi-
cal anatomy (ie, describing position). However, 
focus directed to the tissues themselves and their 
constituents is known as histology (ie, the study 
of tissues). Cytology (ie, the study of cells) is a 
specific branch of histology.

The study of form and organization (ie, the 
study of interactions), mutual influences, and in-
terdependence of organs and organ systems is 
carried out using techniques that involve study-
ing the processes of life; this discipline is known 
as physiology. All normal processes in the human 
body and any normal demands on organs and tis-
sues are therefore considered physiologic. For ex-
ample, chewing hard foods, which puts strain on 
the teeth because they are embedded in the jaw, 
is a physiologic process (and a physiologic stress) 
because the tissues involved were created for this 
very purpose and designed to withstand this type 
of strain. Meanwhile, the discipline of pathology 
focuses on the abnormal changes in the body as 
well as the causes of diseases and their courses; 
changes due to disease are therefore known as 
pathologic disorders.

While medical practitioners draw on their ex-
periences of anatomy, physiology, and pathology 
in their daily practice of treating patients, dental 
technicians do not interact with patients directly 
but rather base their restorations on physical 
reproductions (models) of the patients’ teeth. 
Therefore, a sound knowledge of anatomy, physi-
ology, and pathology is essential for any dental 
technician. The goal of any artificial replacement, 
whether it be for the teeth, parts of the alveolar 
ridge, or mucous membrane, is to integrate this 
prosthesis with the living structures; not only is 
the form being replaced, but function is also be-
ing restored. In other words, the dental prosthesis 
should not only replace the tissue but should also 
function in the same way as the original tissue.

Law of form and function
There is a close link between the unique form of a 
tissue (eg, of teeth) and the function it is intended 
to carry out. This relationship has led to the estab-
lishment of the law of form and function, which 
states that a tissue developed for a specific pur-
pose takes on a specific form for that purpose. 
This law also states that when the function of the 
tissue changes, its form alters to the same extent 
and vice versa.

Disuse atrophy is a particular aspect of the law 
of form and function, and it may explain the as-
sociation between the form and the function of a 
tissue. If a leg is immobilized in a plaster cast after 
a fracture, the muscles begin to waste away and 
weaken because they are not being used; their 
form or shape therefore changes. However, this 
process is reversible. If the leg is used again af-
ter the fracture has healed, the muscles return to 
their original form. Atrophy is the wasting away 
of tissue caused by lack of nutrition, while disuse 
atrophy is specifically a shrinking of tissue caused 
by reduced blood flow when there is a lack of use. 

Once this association between form and func-
tion is established, it becomes clear that a den-
ture, like any other component in the body, must 
have the correct anatomical form in order to func-
tion reliably. An artificial prosthesis that does not 
have the correct form cannot fulfill the original 
function of the tissue.
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Structure of the Human 
Body

The human body can be divided into two por-
tions: (1) the trunk, head, and neck and (2) the ex-
tremities (Fig 1-2). 

Trunk, head, and neck
The trunk (truncus) comprises the chest, abdo-
men, and pelvis. The posterior region of the trunk 

is known as the back (dorsum). The upper region 
of the trunk, the chest (thorax), is formed from the 
bony rib cage, which protects the lungs. The chest 
cavity (cavitas thoracis) is separated from the 
abdominal cavity below by the diaphragm. The 
abdomen describes the area between the thorax 
and the pelvis, its bony structure being formed 
by the lumbar spine. The abdominal cavity (cavi-
tas abdominalis) contains the abdominal viscera, 
which are bordered by the peritoneum. The lower 
part of the trunk, the pelvis, contains the pelvic 
organs and connects the trunk to the lower ex-
tremities.

Anatomy

Anthropotomy
(Human anatomy)

Zootomy
(Animal anatomy)

Phytotomy
(Plant anatomy)

Microscopic anatomyMacroscopic anatomy

CytologyHistologySystematic anatomyComparative anatomy

Topography Practical 
anatomy 

OntogenyDescriptive 
anatomy

Study of 
tissues

Study of 
cells

Establishing 
relationships, 
change in 
function, and 
differences  
in organs and 
organ systems

Describing 
the history of 
the individual 
development 
of the fertilized 
egg cell  
through to 
death;
ontogenesis

Describing  
the spatial  
arrangement  
of the organs  
in relation to 
each other; 
descriptive, 
analytical, in 
terms of organ 
systems

Making a 
diagnosis, 
arranging the 
treatment; 
investigative, 
analytical,  
applied  
anatomy

Microscopic 
examination  
of the  
constituents  
of tissues

Analysis of the 
basic elements 
of living  
bodies, organs, 
and organelles 
of cells

Histo-
chemistry

Tissue  
chemistry

Analysis of 
molecular 
structure, the 
chemical  
composition of 
cells, and their 
metabolism;
biochemistry

Fig 1-1 Subdivisions of anatomy.
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Fig 1-2 (a) Structural diagram of the human body. (b) Illustration of the locations of the major structures of the human body. (c) 
Diagram depicting the increasing complexity of human body structures.

Cell
Tissue
Organs

Organ systems
Organism

a

Head  
(caput) Neck 

(collum)

Chest (thorax)

Abdomen

Pelvis

Trunk 
(truncus)

Foot  
(pes)

Lower leg 
(crus)

Thigh 
(femur)

Upper arm 
(brachium)

Forearm  
(antebrachium)

Hand 
(manus)

b c

Body

Extremities Trunk + head + neck

PelvisAbdomenChest (thorax)

Trunk
(truncus)

Neck
(collum)

Head 
(caput)
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The head (caput) includes the cavities that 
house the brain and the sensory organs. The head 
also includes the mouth and nose, responsible for 
food and air intake, respectively. The basic bony 
structure of the head is the skull (cranium), the 
tooth-bearing parts of which are formed by the 
skeletal tissue of the jaw. The crown (vertex) forms 
the highest point of the vault of the cranium. The 
front half of the head is known as the sinciput, the 
posterior area is known as the occiput, and the 
side regions are known as the temples (tempus). 
The front surface of the head is known as the face 
(facies), in which the eyes (oculi), nose (nasus), 
and mouth (os) are located. The ears (auris) are 
positioned on the sides of the head.

The neck (collum) connects the head to the 
chest. Its basic bony structure is the cervical spine, 
in front of which lie the windpipe and the gullet 
as well as the nerves and vessels supplying the 
head. The back of the neck is known as the nape 
(nucha).

Extremities
The four limbs (ie, arms and legs) are connected 
to the top of the trunk by the shoulder girdle and 
to the bottom of the trunk by the pelvic girdle. The 
arm is subdivided into the upper arm (brachium), 
lower arm or forearm (antebrachium), and hand 
(manus), which includes the fingers (digiti). The 
leg is composed of the thigh (femur), lower leg 
(crus), and foot (pes).

Complexity of the human body
There is a scale of increasing complexity within 
the structure of the human body, ranging from 
a single cell—the smallest unit of life—to a com-
plete organism (see Fig 1-2c). Cells make up tis-
sues, the next level of complexity, which then 
differentiate into organs with characteristic func-
tions. Organ systems, which comprise combina-
tions of several organs, form the next level of 
complexity, with the unit of highest complexity 
being the complete organism.

The cell is the smallest functional unit of all 
living creatures that is capable of independent 
life and reproduction. A cell is able to undertake 
various metabolic processes including growth, 
movement, and reaction to stimuli, and it can re-
produce by cell division. Cells exist in a diversity 

of forms and, in multicellular organisms, become 
specialized to form specific types of tissue.

Tissues are structures composed of cells that 
have the same structure, function, and intercel-
lular substances. Individual tissues are never in-
dependent, but as several tissues combine, they 
form more complex functional units such as or-
gans and organ systems. Tissues can be classified 
according to their structure and function as pro-
tective, supporting, and connective tissue as well 
as muscle and nerve tissue. 

The intercellular space is the gap between cells, 
and these spaces contain intercellular substances 
in which nutrients, active substances, and break-
down products are transported from the vessels 
to the cells. The intercellular substances deter-
mine the unique properties of different tissues 
(eg, the high tensile strength in tendons is due to 
collagenous fibers, and the strength of the hard 
tissue in teeth results from the deposition of cal-
cium salts).

Organs are functional units composed of differ-
ent tissues that are characterized by their specific 
function and their histologic microstructure. Ex-
amples include muscles, lungs, kidneys, etc. Au-
tonomic (vegetative) organs are involved in nu-
trition, excretion, and procreation, while sensory 
organs are classified as somatic organs.

Organ systems are units of organs that work to-
gether to perform particular functions. Examples 
include the respiratory, digestive, excretory, and 
nervous systems. Interrelationships among or-
gan systems are coordinated and regulated by 
nervous and hormonal control.

The organism is the whole system of organs in 
a living body. It is made up of various functional 
units (ie, the organs), which are responsible for 
the development, maintenance, and procreation 
of the organism.

Anatomical Nomenclature 
for Direction and Position

Terms that denote direction and position are 
standardized in anatomical nomenclature so that 
all the positional descriptions of areas of the hu-
man body can be located by reference to specific 
planes and directions. In dentistry, these systems 
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of reference can be used, for example, to fit a row 
of teeth into the geometry of the skull. To locate 
the position of parts of the body or organs, the 
human body can be divided into four principal 
planes and three main axes (Fig 1-3).

The median or symmetry plane divides the 
body into the right and left halves. The following 
adjectives are used to distinguish between the 
two halves of the body: dexter, dextra, dextrum = 
right; sinister, sinistra, sinistrum = left. A sagittal 
plane (sagitta = arrow), or paramedian plane, is a 
plane parallel to the median plane through the 
body. The median plane is therefore unique 
among the numerous sagittal planes.

The frontal plane (frons = forehead) is the plane 
parallel to the forehead and perpendicular to the 
median plane, which divides the body into the 
posterior (rear) and anterior (front) regions.

The transverse plane is the horizontal plane 
that is perpendicular to the median and frontal 
planes and divides the body into the upper and 
lower regions.

The main axes run as follows:

• Vertical axis: from top to bottom
• Sagittal axis: from front to back
• Transverse axis: from left to right

To locate the position of a tooth, directional 
names that relate to the anatomy of the tooth 
are used. For each tooth, a distinction is made 
between the visible area protruding into the oral 
cavity, the crown of the tooth (corona dentis), and 
the root (radix dentis), which is anchored in the 
jawbone. The transition between the crown and 
the root is known as the neck of the tooth (col-
lum dentis, cervix dentis). The tip of the root (apex 
dentis) is the only part of the tooth that is perfo-
rated, and the perforation is known as the apical 
foramen (foramen apicis dentis).

The location of a particular tooth in relation to 
the head, the occlusion, and the other teeth is 
identified using directional terms in addition to 
other terms that specify a point within the body, 
head, occlusion, or tooth that lies in the specified 
direction. Common directional terms used in re-
lation to the teeth and the dental arches include 
(Figs 1-4 and 1-5): 

• Vestibular: the area of the vestibule (vestibulum 
= space between cheeks and gingiva/teeth); di-
rected toward the outside of the dental arch

• Buccal: the cheek area (bucca = cheek); directed 
outward in the region of the posterior teeth

• Labial: the lip area (labium = lip); directed out-
ward in the region of the anterior teeth

Vertical axis

Median plane

Transverse 
plane

Sagittal axis

Transverse 
axis

Frontal plane

Fig 1-3 Principal planes and axes relating to the head. Fig 1-4 Directional terms relating to the tooth.

Lingual Mesial

Distal

Occlusal

Buccal

Cervical

Apical

Approximal

Masticatory surface

Coronal
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• Oral: the area in the mouth (os = mouth) facing 
the inside of the dental arch

• Lingual: the tongue region (lingua = tongue)
• Palatal: the palate area (palatum = palate)
• Approximal: adjacent; toward the contact sur-

face (ad = to, proximus = nearest)
• Mesial: toward the midline of the dental arch 

(medium = middle, medial = toward the middle)
• Distal: toward the back of the dental arch (distare 

= to be away from)
• Occlusal: toward the chewing surface of the tooth 

(occludere = to close)
• Masticatory: toward the chewing surface (mas-

ticare = to chew)
• Incisal: toward the cutting surface (incidere = to 

cut into)

• Apical: toward the apex of the root (apex = tip)
• Coronal: toward the crown of the tooth (corona 

dentis = crown)
• Gingival: toward the soft tissues (gingiva)
• Cervical: toward the neck of the tooth (cervix = 

neck)

General directional terms for the body and 
head region include:

• Anterior: at the front (ante = before, in front of)
• Basal: toward the base of the skull, downward 

(basis = floor of the skull)
• Central: in the middle
• Dorsal: toward the back (dorsum = back)

Vestibular Vestibular

Labial 

Buccal BuccalLingual
(palatal)

Buccal Buccal

Vestibular Vestibular

Labial 

Lingual

Oral DistalDistal

Mesial

Mesial

Fig 1-5 Positional and directional terms relating to the dental arch.
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• Frontal: toward the forehead, forward (frons = 
forehead)

• Caudal: downward (cauda = tail)
• Cranial: in an upward direction (cranium = skull)
• Lateral: toward the side (latus = side)
• Marginal: toward the edge (margo = margin)
• Nasal: toward the nose (nasus = nose)
• Occipital: toward the back of the head (occiput = 

back of head)
• Peripheral: outlying, located in the periphery
• Posterior: at the back (post = after/behind)
• Sagittal: in the plane of the suture between the 

parietal bones of the skull or in a parallel plane 
(sagitta = arrow)

• Temporal: toward the temple (tempus = temple)
• Ventral: in a forward direction (venter = belly)

The Orofacial System
The masticatory system, or orofacial system (sys-
tem of mouth + face system; in Latin, os = mouth, 
facies = face; facial = relating to the face), includes 
all the different types of tissue that are involved in 
the chewing process. The stomatognathic system, 
as the masticatory system is also called, is not de-
scribed as an organ unit according to the biologic 
descriptive model but as a unit with functionally 
coordinated tissue structures.

The orofacial system comprises the following 
functional components: teeth and their support-
ing tissues, jaws and their alveolar sections, the 
temporomandibular (jaw) joints (TMJs), muscles 
responsible for facial expression, nerve and vessel 
pathways, mucous membranes, salivary glands, 
mucous glands, cheeks, lips, and the tongue.

The system forms a functional cycle in which 
each part has a specific role to play that contrib-
utes to the operation of the whole system. Within 
such a controlled cycle, the functionality of each 
component is important because the operation of 
the whole cycle is disrupted if just one compo-
nent fails.

A functional cycle will work successfully only 
if all the parts of the system involved are present 
and functioning in a normal physiologic manner. 
This is because the individual components mutu-
ally influence each other. Because the individual 
parts of the system have a unique function, they 

have evolved and developed so that they can 
meet these requirements. Any changes due to 
disease in any of the components of the system 
will influence the entire functional cycle. Further-
more, a defect in one area of the system will not 
only lead to alterations in the functioning of the 
whole system but also affect the other compo-
nents of the system.

The biologic functional cycle is controlled by 
the central nervous system and regulates the ac-
tions of the system. For example, in the regulation 
of the degree of force needed to crush food, the 
jaw muscles first receive a stimulus that activates 
the teeth to crush the food. The nerves around the 
teeth and in the jawbone, in addition to the TMJ 
itself, act as sensors to measure and record the 
actual force applied so that an optimal pressure 
can be achieved.

In the orofacial system, a normal occlusion de-
scribes a regular, well-formed, and perfectly 
functioning masticatory system. It is the didactic 
descriptive model of an ideal occlusion based 
on statistical mean measurements. In terms of 
the form and function of a masticatory system, 
the normal occlusion is the standard to which 
all dental technicians work, since the purpose of 
their work is to produce a well-formed and, most 
importantly, a properly functioning (artificial) oc-
clusion.

In exceptional cases where a dental prosthesis 
that differs from the normal occlusion has to be 
used because the individual conditions do not 
permit any other solution, the aim is always to 
provide the best possible compromise between 
what is available and the ideal occlusion. If there 
is anything in dentistry to which the term “skill-
ful” can best be applied, it is the ability to pro-
duce an individual denture that is close to the 
ideal normal occlusion.

To achieve an appropriate understanding of the 
functions of the masticatory system and teeth, 
they should be regarded as a single system (an 
integrated whole). Detailed observation of the in-
dividual components in isolation is only appro-
priate where a precise description of form is re-
quired. Because form has an effect on the functions 
of a component, any description of the overall 
system should include form, function, and the in-
terdependence of the components of the system 
(Figs 1-6 and 1-7).
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Functions of the orofacial system include:

• Mechanical preparation of food, biting, and 
chewing

• Salivation and preparation of food for swallow-
ing

• Identification of tastes
• Preventing the ingestion of harmful substances 

that may be present in food by identifying them 
and separating them out

• Formation of speech using the closed rows of 
teeth and the resonance chamber of the oral 
cavity

• Providing static support for the facial skeleton
• Giving shape to the face, the esthetics of which 

will have psychologic effects 
• Self-cleaning during chewing through the activ-

ity of the tongue

The individual components of the orofacial sys-
tem are examined in the following sections, start-
ing with the surface topography of the face and 
head and including the oral cavity with the teeth, 

jawbone, muscles, nerves, TMJs, and the move-
ment of the mandible.

Features of the face
The human face (facies) can be divided into three 
areas by the interpupillary line (a line through the 
pupils with the eyes looking straight ahead; see 
Fig 1-10) and a line through the oral aperture:

1.  Upper face, from the hairline over the forehead 
(frons) to the eyebrows (supercilium)

2.  Middle part of the face, including the maxilla, 
nose, and upper lip

3.  Lower face, including the mandible, from the 
orifice of the mouth (rima oris) to the chin 
(menton)

At the sides, the face extends over the temple 
region (tempus) and the external ear (auricula) 
as far as the posterior and inferior edge of the 
mandible. From the frontal view, cephalometric 
(or anthropometric) measuring points can be es-

Jaw with alveolar areas

Teeth with periodontium

Masticatory muscles

TMJs

Dental arches

Cheeks and lips

Fig 1-6 Structural elements of the orofacial system.
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tablished, which are used for analysis of the facial 
profile. The facial landmarks described in this sec-
tion are illustrated in Fig 1-8.

The eyeballs can be covered by both eyelids 
(palpebra superior/inferior), the upper and lower 
edge of the lids forming the palpebral fissure 
(rima palpebrarum). In the medial angle of the 
eye at the root of the nose, there is a small mu-
cosal projection, the lacrimal caruncle (caruncula 
lacrimalis).

The external part of the nose projects from the 
midface. The nose extends from its root (radix 
nasi), which is located between the eyes, to the 
bridge (dorsum nasi) and finally to the mobile tip 
(apex nasi), whose sides or wings (alae nasi) form 
the entrance to the nose or the nasal vestibule.

The orifice of the mouth (rima oris) forms the 
entrance to the oral cavity, which is enclosed by 
the upper and lower lips (labium superius and 
inferius). When the mouth is closed, the orifice 
forms a curved line.

The angles of the mouth, where the upper and 
lower lips meet, lie level with the maxillary canine 
teeth. The upper lip is bordered above by the nose 
and at the sides by the nasolabial sulcus (sulcus 
nasolabialis). The philtrum, a flat furrow, divides 

the upper lip into two halves and forms the tu-
bercle (tuberculum labii superioris).

In the middle of the lower lip, there is a gentle 
depression into which the tubercle of the upper 
lip fits. Below this, the labiomental groove (sulcus 
mentolabialis) delineates the lower lip from the 
chin area.

The lips (labia oris) are folds of skin that mainly 
contain muscles but also glands. Three different 
types of skin are found in the lip area:

1.  The outer skin section (pars cutanea) up to the 
nose or the chin. In men, this may be largely 
covered with hair and well supplied with seba-
ceous glands.

2.  The transitional area (pars intermedia), which 
forms the red lip margin and is responsible for 
the redness of the lips. There are no sebaceous 
glands or hair in this area.

3.  The mucosal area (pars mucosa), the section of 
the lips up to the oral vestibule that contains 
the lip glands with outlets into the vestibule.

In the fornix or trough (fornix vestibuli), the lips 
intersect with the gingiva, which is attached to 
the jaws. Lip shape and fullness are essentially 

Fig 1-7 (a) Simplified diagram of the functional masticatory cycle. The necessary force, eg, the degree of force needed to crush 
food, is determined by the control mechanism (central nervous system). The impulse is transmitted to the muscles. Nerves in the 
periodontium, muscles, and TMJ register the actual value. The amount of force required is then adjusted by the central nervous 
system. Within a control cycle, the functional capacity of all the components is important because the whole cycle is disrupted if 
one part fails. Each part of the cycle is assigned a specific function, which determines the specific form of that part. (b) Illustration 
showing the controlling factors of the masticatory cycle. 

Central nervous 
system (CNS)

Muscles (M) TMJ

Jawbone

Periodontium

Teeth (T)

a b

TMJ
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achieved by the maxillary anterior teeth. The up-
per lip lies directly over the labial surfaces, while 
the lower lip gently bulges outward over the in-
cisal edges of the maxillary anterior teeth. There-
fore, the natural and functionally ideal position 
of the maxillary anterior teeth must be carefully 
reconstructed during dental treatment for each 
individual patient.

The distance between the mouth and the nose 
is smaller than that between the mouth and the 
chin. In many cases, the space between the nose 
and the mouth is roughly half the distance to the 
chin. In other cases, the upper lip is even shorter 
so that the distance from the orifice of the mouth 
to the chin is three times that to the nose. When 
a person laughs, the orifice of the mouth widens, 

and the angles of the mouth can be drawn back to 
behind the second premolars, so that the maxillary 
anterior teeth and gingiva may become visible.

The lip muscles make the mouth area one of 
the most mobile parts of the body. The lips play 
an important role in the creation of facial expres-
sions; they take on characteristic shapes during 
speaking, smiling, frowning, and otherwise non-
verbally expressing emotion and are also involved 
in the ingestion of food.

The cheeks (buccae) originate from the sides of 
the face at the nasolabial sulcus (sulcus nasola-
bialis) and, together with the lips, form the exter-
nal border of the oral vestibule. The cheeks can 
contain thick pads of fat; the layer of fatty tissue 
in the faces of women may be twice as thick as in 

Lacrimal caruncle
(caruncula lacrimalis)

Eyebrow
(supercilium)

Upper eyelid
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Fig 1-8 Facial landmarks.



12

Fundamental Concepts of Dental Technology

men. The thickness of facial skin varies across the 
different sections of the face, but it is highly elas-
tic in all areas and has a plentiful supply of blood 
vessels and nerves.

The muscular basis of the cheeks is formed by 
the buccinator muscle (musculus buccinator), 
which attaches the cheeks to the molars and pre-
molars. The mucosa of the cheeks, like that of the 
lips, contains small mixed salivary glands (glan-
dulae buccales). The exit point of the parotid 
gland in the form of a small mucosal protuber-
ance (papilla parotidea) is located close to the 
second molar, and this is the reason for the tartar 
deposits that are commonly found on the vestib-
ular surface of the maxillary molars.

The chin (menton) is a characteristic feature of 
the human face that developed as the cranium 
grew larger and the jaw became shorter. Owing 
to the development of speech, the tongue became 
larger, and the arch of the mandible widened. 
This resulted in a significant buildup of bone at 
the middle fusion line of the two halves of the 
mandible (symphysis) in order to absorb initial 
transverse stresses. After birth, the chin develops 
as the primary teeth are shed. The chin may be 
wide, narrow, long, short, square, oval, or round 
and, depending on the occlusal relationship, may 

either protrude or recede. It also may be indented 
to a lesser or greater extent by a dimple.

Cephalometric measurement of 
the head

The proportions of the face and head can be mea-
sured cephalometrically. Cephalometry is the sci-
ence of measuring the skull. Cephalometric points 
and reference lines are used in profile analysis 
during orthodontic examination. This facilitates 
analysis of the maxillofacial relationship and de-
termination of the position of the teeth in the jaws 
and the relationship of the dental arches.

Starting from a reference point or line, the posi-
tion of other parts of the skull, in this case the 
teeth, dental arches, mandible, and lips, can be 
described on the basis of average measurements 
and values. A selection of cephalometric points and 
reference lines used in dental technology are de-
scribed below and illustrated in Figs 1-9 and 1-10.

• The Camper plane (CP; tragus-subnasale plane; 
nasoauricular plane) runs from the superior 
margin of the external opening of the ear (tragus 
point; tragion) to the subnasal point (subnasale) 

FH

AIP

Nasion vertical

Glabella

Soft tissue
porion

AIP

CP

Occlusal
plane

Fig 1-9 (a and b) Cephalometric planes of the head. AIP, auriculo-infraorbital plane; CP, Camper plane; FH, Frankfort horizontal 
plane.

Camper 
facial 
angle

Orbit vertical
a b
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Soft tissue porion: superiormost 
point of the auditory canal, which 

lies approximately 3 to 4 mm  
below tragion

Soft tissue orbitale: a palpable 
point on the infraorbital margin lying 

vertically below the pupil when the 
eye is looking straight ahead

Prosthion: point in the midline 
between the incisor teeth at the tip 

of the alveolar process of the maxilla

Pogonion: anteriormost point on the 
chin and hence the apex of the bony 

triangle of the chin

Auricle (auricula): fold of skin of 
the outer ear that protrudes outward 
and functions as a sound-receiving 
device; supported by the flat, elastic 
auricular cartilage and stiffened by 
folds 

Tragion: point at the superior edge of 
the cartilaginous flap (tragus) or the 
superior edge of the bony auditory 
canal (porus acusticus externus) 

Tragus: small, flaplike, cartilaginous 
projection at the anterior edge of the 
auricle, which partly covers the outer 
orifice of the ear

Gonion: hard and soft tissue point 
that lies at the most inferior and 
lateral posterior point of the angle 
of the mandible

Fig 1-10 (a and b) Cephalometric points.

Glabella: the area above the root of the 
nose (nasion) between the eyebrows

Nasion: cephalometric point at the root of 
the nose at the intersection of the sutures 
between the frontal and nasal bones; the 
supporting point for an arbitrary facebow

Subnasale lies at the junction of the nasal 
columella with the upper lip, at the inferior 
edge of the nasal septum in the midline of 
the face

Gnathion: point of the chin; the lowest 
point on the bony edge of the mandible in 
the midline

Trichion: where the hairline 
intersects the median 

(midsagittal) plane

Interpupillary line

Line through the oral 
aperture

a

b
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(see Fig 1-9a). The occlusal plane runs roughly 
parallel to this, about 2 cm below and passing 
through the closed lips. CP lies at an angle of 
15 to 20 degrees to the auriculo-infraorbital 
plane (AIP). The Camper facial angle represents 
the angular relationship between CP and a line 
starting from glabella and passing through sub-
nasale. The angle is usually between 80 and 90 
degrees. Steep vertical lines (eg, the line from 
glabella to subnasale) pass through prosthion 
as well as nasion.

• Frankfort horizontal plane (FH) is a cephalomet-
ric plane established in 1884. It can easily be 
constructed on the bony skull by drawing a line 
through the cephalometric points of tragion (up-
permost point on the superior edge of the audi-
tory canal) and the orbital point (orbitale; lowest 
point of the infraorbital margin) (see Fig 1-9b). 
With the head positioned normally (in natural 
head position) and the eyes looking straight 
ahead, it lies horizontally.

• Glabella vertical is a vertical line drawn from the 
glabella to the AIP; it was formerly used for pro-
file analysis but has now been superseded by 
the nasion vertical.

• Nasion vertical (nasal vertical) also runs vertical 
to the AIP. It starts from the root of the nose 
(nasion) and touches the upper lip (see Fig 1-9b). 
It can be used to assess the profile.

• The auriculo-infraorbital plane (AIP) is a plane of 
orientation that runs through the highest points 
of the superior margins of the two external bony 
openings of the ears (ear points, poria; soft tis-
sue porion) and the lowest point at the inferior 
margin of the orbit (orbitale) (see Fig 1-9b). The 
AIP is not identical to the FH, differing from it by 
about 2 degrees.

• Orbital vertical is a vertical line perpendicular 
to the AIP, starting from the soft tissue orbital 
point, running via the apices of the incisors, and 
meeting the bony tip of the chin (gnathion) (see 
Fig 1-9a). This relationship can be seen on the 
skull within the normal range of variation.

Anatomy of the oral cavity 
The oral cavity is the space between the orifice of 
the mouth and the isthmus of the fauces (isthmus 
faucium; also called the oropharyngeal isthmus) 
(Fig 1-11). The alveolar processes, which bear the 
teeth, divide the oral cavity into the oral vestibule 

(vestibulum oris) and the oral cavity proper (cavi-
tas oris propria), the mucosa of which is covered 
by stratified squamous epithelium.

The oral cavity proper is formed by the oval 
space behind the dental arches and is almost fully 
occupied by the tongue. The palate, which is like 
a roof, marks the superior boundary of the oral 
cavity; the other boundaries are the isthmus of 
the fauces posteriorly and the floor of the mouth 
below.

The floor of the mouth lies between the para-
bolic mandibular body and extends as far as the 
root of the tongue. It is the muscular base of the 
oral cavity, being formed by some of the supra-
hyoid muscles of the hyoid bone, mainly by the 
mylohyoid muscles (musculus mylohyoidea; 
running from the mandibular body transversely 
to the midline of the skull), on which the tongue 
rests. Above and below these muscles are the 
sublingual and submandibular salivary glands. 
The boundary of the floor of the mouth is shaped 
laterally by the mylohyoid line and anteriorly by 
the movable sublingual area. This limited sublin-
gual space is often referred to as the floor of the 
mouth. Sublingual and submandibular salivary 
glands are found in the floor of the mouth.

The palate (palatum) is the roof of the oral cav-
ity. It is divided into the hard palate (palatum du-
rum) and the soft palate (palatum molle), which 
consists of the movable velum palatinum and 
ends at the uvula. The hard palate also forms the 
floor of the nasal cavity and the maxillary antrum.

The bony foundations of the hard palate (pala-
tum osseum) are the incisive bone (os incisivum) 
anteriorly, the palatine processes of the maxillae 
(processus palatinus), and the horizontal plates of 
the palatine bones (lamina horizontalis). The hard 
palate is covered with mucosa, which is attached 
to the periosteum by bands of connective tissue. 
The firm attachment of the mucosa to the under-
lying bone means that the tissue is not displaced 
during mastication.

Over the median palatine suture (sutura pa-
latina mediana), the mucosa of the hard palate 
forms a midline elevation, the palatal raphe (ra-
phe palati mediana), which starts behind the inci-
sor teeth at the incisive papilla (papilla incisiva) 
at its tip and may show a protuberance known 
as the torus palatinus in the middle of the palate. 
The incisive papilla lies over the incisive foramen 
(foramen incisivum) of the bony palate and is 
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protuberant. Below the papilla, blood vessels and 
nerves emerge from the incisive canal.

In the anterior part of the palate, a few irregular 
mucosal ridges emanate from the raphe: these 
are the palatine rugae (plicae palatinae trans-
versae). Along with the firmly attached mucosa, 
they help create friction between the palate and 
the tongue to help in mastication and speech; the 
moving bolus of food does not displace the mu-
cous membrane, and the tongue is able to turn 

food over and let the saliva infiltrate it. The rugae 
are made up of a network of connective tissue 
fibers and isolated cartilage cells. An accumula-
tion of tactile nerves is found here. So that food 
can slide along in the rear part of the hard palate 
during swallowing, this area contains the palatine 
mucous glands (glandulae palatinae) and is pad-
ded with fatty tissue. These glands become more 
numerous toward the soft palate.

Vibrating line

Palatine fovea

Cheek

Vestibular fornix

Buccal frenae

Uvula

Palatine tonsils

Isthmus of fauces

Tongue

Hard palate

Palatine raphe

Palatine rugae

Incisive papilla

Labial frenum

Upper lip

Palatine torus

Pterygomandibular raphe

Soft palate

Anterior palatine 
arch

Oral vestibule

Posterior palatine 
arch

Fig 1-11 Major structures in and near the oral cavity.
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The vibrating line denotes the transition from 
the hard palate to the soft palate. It is a line formed 
into a double arch that runs from one maxillary 
tuberosity to the other and encloses the posterior 
nasal spine. To the left and right of this line are the 
foveae palatinae, which are openings for the pala-
tine glands. The vibrating line can be identified by 
producing a nose-blowing effect and generally 
forms the posterior border of a denture. This line 
is usually etched on the cast to mark the periph-
eral seal of the denture. Thus, the maxillary den-
ture should end in the area of transition between 
the hard and soft palates, which results in a pe-
ripheral seal and ensures that no air enters be-
tween the fitted surface of the denture and the 
palate; in this way, the denture is kept in place by 
suction.

The soft palate, continuing from the hard palate, 
is a mucosal fold filled with muscles and a solid 
connective tissue framework, the superior surface 
of which forms the posterior floor of the nose. The 
highly mobile posterior part of the soft palate is 
known as the velum palatinum, and it terminates 
in the midline as the uvula, which is a continua-
tion of the palatal raphe. The sides become the 
palatine arches or pillars (arcus palatini).

The muscles of the soft palate are the tensor 
veli palatini, levator veli palatine, musculus uvu-
lae, palatoglossus, and palatopharyngeus. These 
muscles are able to pull the velum palatinum pos-
teriorly as far as the root of the tongue so that the 
oral cavity is sealed posteriorly and airtight. With 
the mouth closed, the mandible can thus be held 
in its resting position by the pressure of air; nor-
mally it is kept in this position by resting muscle 
tension (tonus). The palatine glands are found on 
the inferior surface of the soft palate (toward the 
oral cavity). These are mucous glands, just as in 
the hard palate area, which enable the food to slip 
down smoothly when swallowing. The soft pal-
ate, with the palatine arches or pillars at the sides 
and the root of the tongue, forms the isthmus of 
the fauces. Between the two palatine arches lie 
the palatine tonsils (tonsillae palatina). When the 
soft palate is touched, it can trigger a gag reflex.

Oral vestibule 
The structures of the maxilla and mandible dis-
cussed in this section are illustrated in Fig 1-12. 
The oral vestibule (vestibulum oris) is the space 

between the cheeks and lips laterally and the 
teeth, gingiva, and the alveolar region medially. 
Usually the tissue surfaces lie close together so 
that the space in between is only potential in 
nature. An actual space can be produced if the 
cheeks are puffed out or pressed in when chew-
ing food.

The vestibular fornices (fornix vestibuli superi-
oris and inferioris) form the superior and inferior 
margins of the oral vestibule, where the mucosa 
of the cheeks and lips reflect back onto the alveo-
lar mucosa. The furrow formed by the vestibular 
fornices is also known as the vestibular sulcus. It 
lies roughly at the level of the apices of the roots 
of the teeth, which is why surgical removal or 
treatment of tooth roots can be performed via the 
vestibule (eg, apicoectomy or root end resection).

The fornices can be pushed tangentially up to 
the alveolar ridge. However, this area can be ex-
tremely sensitive if, for example, it is chronically 
stressed. The loose submucous connective tissue 
is capable of storing a lot of fluid. Extensive fluid 
accumulations can cause severe swelling (creat-
ing an appearance of “fat” cheeks).

When the mouth is closed, the vestibule com-
municates with the oral cavity proper through 
the retromolar space (posterior to the molars). 
With the mouth wide open, the pterygomandibu-
lar raphe (raphe pterygomandibularis) marks the 
boundary between the oral cavity and the ves-
tibule. The shape of the vestibular sulcus varies 
from one individual to another, and it is inter-
rupted by various ligamentous attachments and 
mucosal folds.

The labial frenula or frena (frenula labiorum; 
frenulum labii superioris and inferioris) are free-
edged mucosal folds in the midline that run from 
the lips to the alveolar mucosa. The vestibule is 
virtually halved by this frenum, both in the max-
illa and in the mandible. A thick superior labial 
frenum can push apart the two middle incisors to 
form a median diastema (a gap between the two 
maxillary central incisors). 

The buccal frena (frenula buccales; frenulum 
buccae superioris and inferioris) are fibrous bun-
dles covered with buccal mucosa that run later-
ally in varying numbers as part of the tendons of 
origin of the buccinator muscle (musculus buc-
cinator). They are usually located in the region 
of the premolars and run from the alveolar ridge 
dorsally into the fornix; they prevent excessive 
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Fig 1-12 Major structures of the maxilla (a) and the mandible (b).
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stretching of the vestibule. Additional mucosal 
folds may also be present, and these must be tak-
en into account when shaping a denture border.

Directly below the fornix, but slightly above the 
alveolar ridge, there are muscle attachments that, 
during movements, alter the vestibular sulcus. 
It can also be constricted during speaking and 
chewing.

The pterygomandibular raphe (raphe pterygo-
mandibularis; suture of the pharyngeal wall; 
pterygo = winglike) is a vertical fold of mucosa 
that limits the vestibule posterior to the molars. 
This fold is shaped by a strip of tendon that runs 
from the hamular (hooklike) process of the sphe-
noid bone (hamulus pterygoideus) to the inside 
(hylohyoid line) of the mandible.

The buccal vestibular sulcus is narrowest pos-
teriorly where the coronoid process of the mandi-
ble reduces the space considerably during lateral 
movements. The vestibule is also narrowed here 
by the activity of the masticatory muscles, which 
is why a denture flange must not be too thick in 
this region.

After tooth loss, the alveolar processes of the 
jaw resorb, causing the folds to lose their original 
height and in some cases completely level out. 
It is possible to increase fold depth surgically to 
compensate for badly shrunken alveolar ridges 
and to create undercut retention areas for the 
denture base.

The zygomatic crest (crista infrazygomatica) is a 
bony process of the cheekbone (zygoma) level with 
the roots of the first molars. Owing to the presence 
of this crest, the fornix is shallow in this region.

The maxillary tuberosity (tuber maxillae) is a 
robust bony prominence at the posterior end of 

the maxillary dental arch that is not resorbed after 
tooth loss.

The mandibular tubercle (tuberculum alveolare 
mandibulae) is a mucosal elevation over the bony 
retromolar trigone (trigonum retromolare). It can 
arise from special muscle attachments. The man-
dibular tubercle is also frequently known as the 
retromolar triangle.

The oblique line (linea oblique) is a bony eleva-
tion that runs from the retromolar triangle anteri-
orly and inferiorly to the premolars and into the 
vestibular sulcus. The attachment of the buccina-
tors extends to this line.

Teeth 

Form, formation, and function

In Latin, the word teeth is dentes (dens = tooth; 
dentis = of the tooth). Dental means relating to 
the tooth. In Greek, tooth is odous (odontes = 
teeth).

Teeth are hard structures in the oral cavity that, 
as modified parts of the dermoskeleton, form the 
dentition. Each tooth is comprised of a basal bony 
mass, a dentinal crown, and an inner pulp cavity. 
Food is held, incised, ground, and chewed by the 
teeth. Figure 1-13 presents comparisons of the 
forms and arrangements of teeth in different an-
imals. Primitive rootless teeth are found in fish, 
amphibians, and reptiles and are the basic form 
of tooth. They can be slightly pointed, conical 
teeth, which can be angular or serrated (in sharks) 
and are shaped into so-called pavement teeth in 
fish and fangs in venomous snakes. These teeth 
of the same form (haplodont) vary only in size 

In the animal kingdom, a distinction is made between true teeth and structures that 
are similar to teeth but are not true teeth. True teeth are made of enamel, dentin, 
and cementum as well as pulp. They are called dentinal teeth because they are 
mainly made up of dentin.

Structures that are not true teeth do not have any of the hard substances of 
the true teeth, ie, enamel, dentin, and cementum. They are mainly the horny teeth 
found, for example, in the pharynx and esophagus of leatherback sea turtles.

True Teeth
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Fig 1-13 (a) The red line intersects the maxillary “tearing” teeth of various animals for purposes of comparison. (b) The special-
ization of teeth illustrated by a snake’s fang. When the mouth is closed, the fang is tilted inward. The tooth is hollow and has an 
opening at its tip through which the venom can flow out of the poison gland. (c) A comparison of the arrangement of the teeth in 
different mammals. (d) Mammals and humans have dentitions with different types of teeth, the occlusal surfaces of which display 
a variety of shapes and forms.
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and thus create a dentition with just one shape of 
tooth, ie, a haplodont dentition.

The dentitions of mammals consist of teeth of 
different shapes (heterodont). The names of the 
different teeth are incisors, canines, premolars, 
and molars. Depending on the animal species, 
molars can take various different forms (see Fig 
1-13d): bunodont (with cone-shaped cusps), hyp-
sodont (with a high cylindric crown), brachyo-
dont (with a shallow crown), lophodont (with 
a broad crown and yoke-like enamel crests), or 
selenodont (masticatory surfaces with crescent-
shaped enamel crests).

The teeth are anchored in the jaw by fibrous 
structures (acrodontia; in Greek, acros = highest) 
in sharks, bony fish, snakes, and some lizards. 
The teeth of amphibians and reptiles are firmly 
joined to the underlying bone mass on the inside 
of the jaw (pleurodontia; in Greek, pleura = side). 
In mammals and crocodiles, the root of a tooth lies 
in a cavity (alveolus dentalis) of the jawbone and is 
firmly and flexibly anchored to the bone with col-
lagenous fibers and a connective tissue periodon-
tium (thecodontia; in Greek, theke = container).

With a few exceptions, the teeth are shed sev-
eral times or, in the case of mammals, once. This 
is known as exfoliation of the teeth. The rather 
smaller teeth of the first dentition are known as 
primary or deciduous teeth (dentes decidui). A 
distinction is made between vertical and horizon-
tal exfoliation.

In vertical exfoliation, the old or erupted tooth 
is replaced by a new tooth from below (that is, 
from within the jawbone), with the root of the old 
tooth being resorbed. In horizontal exfoliation, 
the teeth located in the posterior region of the jaw 
gradually migrate anteriorly as the anterior teeth 
are worn out and shed (eg, in elephants, mana-
tees, and kangaroos).

The size of the teeth is hereditary and differs 
between individuals. Size is inherited indepen-
dently of the jaw size, which is also hereditary. 
This is why relatively small teeth can develop in a 
large jaw with gaps between the teeth, and rela-
tively large teeth can develop in a small jaw with 
resultant crowding.

Following are the functions of human teeth:

• Cutting (biting off) food (by the incisors)
• Preparing food for swallowing (by teeth with 

grinding surfaces)

• Transmitting masticatory forces via the attach-
ment apparatus to the jawbone

• Protecting the marginal periodontium during 
chewing

• Allowing unimpeded sliding contacts during 
man dibular movements

• Preventing overclosure during jaw closing move-
ment 

• Detecting foreign bodies in food and thereby 
performing a protective function (by proprio-
ception)

• Allowing self-cleaning
• Enhancing esthetics
• Orienting the tongue when making sounds 

(phonation)
• Biomechanical transfer of forces to the other 

teeth

Anatomy

The roots of teeth are located in sockets (alveolus 
dentalis) of the jawbone, where they are firmly 
and flexibly anchored with collagenous fibers and 
a connective tissue periodontium. In addition, 
there is a special ligamentous apparatus at the 
gingival margin. Teeth are slightly mobile within 
the alveolar sockets, rather like a joint. Anatomi-
cally, the attachment apparatus includes the gin-
giva, the root cement (cementum), and the bony 
alveoli. The tooth is supplied via the blood vessels 
and nerves that enter the periodontium and the 
tooth itself.

A tooth is divided into the following parts (Fig 
1-14):

• Crown (corona dentis): the visible part protrud-
ing into the oral cavity with a grinding surface 
or a cutting edge. The following distinctions are 
made:
–  Clinical crown (corona clinica): the treatable 

portion of the part visible at that time.
–  Anatomical crown (corona anatomica): the 

part of the tooth covered with enamel. Thus, 
the clinical crown and root differ in length from 
the anatomical crown and root, depending on 
the patient’s age or the position of the gingival 
margin.

• Root (radix dentis): the portion attached inside 
the jaw.

• Neck (collum dentis or cervix dentis): the area of 
transition from crown to root; where the enamel 
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of the crown changes into the cementum of the 
root and the gingival margin is located, which 
tends to lie above the anatomical neck of the 
tooth in young people and migrates more api-
cally (toward the root) with increasing age.

• Root apex (apex dentis): the only part of the 
tooth with an opening (the apical foramen [fora-
men apicis dentis], where nerves and blood ves-
sels enter the tooth).

Types of dentitions and teeth

In dentitions that are only shed and replaced once 
(diphyodontia), the rather smaller teeth of the first 
dentition are replaced by the larger teeth of the 
second dentition. In humans, the primary denti-
tion appears first with 20 teeth (dentes decidui). 
It is replaced and supplemented by the complete, 
secondary dentition of 32 permanent teeth (den-
tes permanentes). The primary dentition is also 
known as the temporary dentition.

The teeth in the primary and permanent denti-
tions are arranged in superior and inferior den-
tal arches (arcus dentalis superior and inferior). 
In mammals, and hence in humans, the dentition 
is heterodont (different kinds of teeth), and the 

teeth can be divided into the following functional 
groups (Fig 1-15).

• Anterior teeth (dentes anteriores):
–  Incisors (dentes incisivi; dens incisivus; incidire 

= to cut; pre-canine teeth = teeth in front of the 
canines)

–  Canines (dentes canini; dens caninus; dens an-
gularis; angulus = corner, angle)

• Posterior teeth (dentes posteriors):
–  Premolars (dentes praemolares; dens prae-

molaris; dens bicuspidatus = two-cusp or two-
point teeth; cuspis = point; dens buccalis mi-
noris = small back tooth)

–  Molars (dentes molares; dens molaris; dens 
multicuspidatus = multi-point teeth; dentes 
buccales majores = large back teeth)

The dentition is symmetric in both dental arch-
es: The maxilla and mandible each contain the 
same number of teeth and groups of teeth, and 
they show mirror symmetry. Each half of either 
jaw contains a quarter of all the teeth: two inci-
sors, one canine, two premolars, and three mo-
lars. The third (last) molar is often called the wis-
dom tooth (dens serotinus).

Clinical 
crown Anatomical 

crown

Anatomical root

Fig 1-14 (a) Parts of the tooth. (b) Distinction between the anatomical crown and the clinical crown and depiction of the anatomi-
cal root. 

Root apex (apex dentis)

Crown (corona dentis)

Cervix (collum 
dentis)

Root (radix dentis)

Apical foramen (foramen 
apices dentis)a b
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Below is the typical dental formula for the per-
manent dentition in humans:

where I = incisor, C = canine, P = premolar, and 
M = molar.

• The permanent dentition contains:
– 12 anterior teeth (8 incisors, 4 canines)
– 20 posterior teeth (8 premolars, 12 molars)

• The primary dentition contains:
– 12 anterior teeth (8 incisors, 4 canines)
– 8 posterior teeth (all molars)

The primary dentition has no premolars and 
only two so-called primary molars in each half of 
each arch.

Notation

In their close collaboration, dentists and dental 
technicians need to be able to refer to specific 

Maxillary incisors (dentes incisivi)

Maxillary canines (dentes canini)

Maxillary premolars (dentes praemolares)

Maxillary molars (dentes molares)

Mandibular incisors (dentes incisivi)

Mandibular canines (dentes canini)

Mandibular premolars (dentes praemolares)

Mandibular molars (dentes molares)

Fig 1-15 Types of teeth.

3M   2P  1C  2I   2I    1C  2P  3M
3M  2P  1C  2I   2I    1C  2P  3M
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teeth clearly. The term mandibular left second 
molar is correct and clear as it stands, but it is 
far too long-winded. Based on the dental formula, 
various notations have been developed to allow 
clear communication when referring to the teeth 
within each dental arch.

The Zsigmondy-Palmer system (also called the 
Set-Square or Chevron system) names the teeth 
as the observer sees the dentition from the front. 
The teeth are numbered consecutively from one 
to eight starting from the midline to the back, so 
that the same teeth in the four halves of the jaws 
(maxilla and mandible, left and right) are given 
the same numbers. The numbers are arranged in 
a cross, where the lines of the cross indicate the 
occlusal plane (horizontal) and the middle of the 
face (vertical):

The tooth notation is written as one sees the 
teeth when sitting opposite someone and looking 
into that person’s mouth, ie, the directionals right 
and left refer to the patient’s right and left. 

An individual tooth is identified by drawing 
a section of the dentition cross and writing the 
number assigned to the tooth in it; for example, 
a maxillary right first molar is represented as 6  
(Fig 1-16a).

For the primary dentition, the notation follows 
the same pattern as the permanent dentition, but 
the teeth are named using lowercase letters in the 
cross:

Thus, the primary mandibular left second molar 
is designated as e.

Fédération Dentaire Internationale (FDI) tooth 
notation is the two-digit system of notation for 
the permanent and primary teeth that was in-
troduced internationally on January 1, 1971. The 
maxilla and mandible are divided into four quad-

rants: maxillary right (1), maxillary left (2), man-
dibular left (3), and mandibular right (4).

Starting from the midline of the arch and mov-
ing distally, the teeth are numbered consecutively 
from one to eight, and the number of the quad-
rant is placed in front of the tooth number (Figs 
1-16a and 1-16b). Tooth 36 is therefore the man-
dibular left first molar.

The FDI notation for the primary teeth uses 
the following consecutive numbers to name the 
quadrants: maxillary right (5), maxillary left (6), 
mandibular left (7), and mandibular right (8). The 
primary teeth are numbered from one to five, 
starting from the midline of the arch (Fig 1-16c). 
Thus, the primary mandibular right first molar is 
designated 84.

The Haderup system (or European system) is 
set out like a cross, but the maxillary teeth are de-
noted with a plus symbol (+) and the mandibular 
teeth with a minus symbol (–). The position of the 
symbol denotes which half of the jaw it refers to: 
in front of the tooth number (ie, to the left) means 
the left side, and after the number (ie, to the right) 
means the right side. The maxillary right first pre-
molar is therefore 4+.

In the Haderup system, a zero placed in front of 
the tooth number indicates a primary tooth; for 
example, the primary mandibular left second mo-
lar is –05. Studies have shown that the permanent 
dentition appears to be evolving, so that the last 
molar (wisdom tooth) and the maxillary lateral 
incisor are gradually reducing in size or are com-
pletely absent in some individuals. When a com-
plete replacement of the permanent dentition is 
carried out, the wisdom teeth are not replaced, 
which is why such dentures are often known as 
“28ers” and why the diagrams of the dental arch-
es for prosthetic restorative treatment show only 
28 teeth.

 8+ 7+ 6+ 5+ 4+ 3+ 2+ 1+ +1 +2 +3 +4 +5 +6 +7 +8 

 8– 7– 6– 5– 4– 3– 2– 1– –1 –2 –3 –4 –5 –6 –7 –8

The Orofacial System

8   7   6   5   4   3   2   1   1   2   3   4   5   6   7   8 

8   7   6   5   4   3   2   1   1   2   3   4   5   6   7   8 Ri
gh

t Left

 e    d    c    b    a     a    b    c    d    e 

 e    d    c    b    a     a    b    c    d    e Ri
gh

t Left

Right Left
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     55       54     53  52    51     61   62   63     64       65

      85       84     83  82 81  71 72  73    74       75

Right Left

  48         47           46       45    44    43  42  41   31 32   33    34    35      36           37        38

Left

   18       17        16     15    14     13   12    11  21   22    23     24   25      26        27      28

Right

Fig 1-16 (a) Tooth notation: 
Zsigmondy-Palmer (red) and 
FDI (blue) systems. (b) FDI 
system: permanent teeth. (c) 
FDI system: primary teeth.

c

b

LeftRight

1st 
quadrant

2nd
quadrant

4th
quadrant

3rd
quadrant

a
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A
Abducens nerve, 239f, 240
Abrasion

description of, 76
occlusal contacts, 148, 149f
physiologic, 148

Accessory developmental groove, 95f, 96
Accessory nerve, 239f, 240
Acellular-afibrillar cementum, 52, 53f
Acellular-fibrillar cementum, 52, 53f
Activator

Balters bionator, 342, 343f
Bimler appliance, 340, 341f
construction bite for, 335, 336f
design of, 338–340
expansion screw with, 339, 339f
fabrication of, 335–336, 336f
Fränkel functional regulator, 342, 344
grinding of, 336–338, 337f–338f
illustration of, 334f
Klammt’s elastic open, 340–342, 341f
monobloc, 340, 341f
open bite treated with, 340
regulatory effect of, 333, 334f
thrusts, 334f, 334–335
wax try-in, 336

Active appliances, 309
Active plate

actions of, 310, 311f
active components of, 316, 317f
design of, 324–327
elements of, 310–312, 311f
fixed appliances versus, 310
function of, 310
retentive components of, 312–315, 315f
spring components of, 318–323, 

318f–323f
Acute apical periodontitis, 287
Acute gingivitis, 285

Adams clasp, 312f, 312–313
Adrenal glands, 241f, 242
Adrenergic system, 240
Aging

enamel affected by, 47
facial expression muscles affected by, 

229
Aligners, 362t, 375–376
Alveolar bone

anatomy of, 57–59, 58f–59f
composition of, 168, 169f

Alveolar foramina, 164, 165f
Alveolar jugae, 164, 165f, 170, 171f, 193, 

195
Alveolar periodontium, 64f, 65
Alveolar processes, 59, 164, 165f
Alveolar ridge, 193
Alveolar septa, 164
Alveolar sockets, 20, 42f, 57f
Alveoli

anatomy of, 167f
maxillary, 164, 165f
tooth position in, 62, 63f

Ameloblasts, 44, 45f, 47
Anaphase, 30, 30f
Anatomical crown, 20, 21f
Anatomical equator, 75, 75f
Anatomy

definition of, 2
directional, 5–8
positional, 5–8
subdivisions of, 3f

Anchorage, for force distribution, 
306f–307f, 306–308

Angle characteristic, 72
Antagonists, 123, 123f, 139
Antagonists rule, 123, 123f
Anterior, 7
Anterior cranial fossa, 154
Anterior disc displacement, 360, 360f

Anterior fontanel, 156, 157f
Anterior jig, 371, 371f
Anterior nasal spine, 164, 165f
Anterior occlusal splints, 362t, 365
Anterior open bite, 127–128
Anterior reverse articulation, 129
Anterior teeth. See also Dentition; Teeth.

activator effects on, 338f
anatomy of, 21
angle characteristic of, 73f
canines. See Canine(s).
definition of, 78
incisal margin of, 72, 73f
incisors. See Incisors.
inclination of axes, 78, 78f, 87f, 93f
intercuspation of, 124, 124f
labial surfaces of, 78–79
in occlusion, 230f
position of, 135t
primary, 111
root characteristic of, 78, 79f
successional, 114
tipping of, 122, 122f
vertical overlap with, 135t
vestibular inclination of, 125

Anterior-supported occlusion, 214, 214f
Anti-snoring mouthpieces, 375, 376f
Apatite crystals, 36, 45–46
Apical, 7
Apical foramen, 6, 21, 21f, 55
Apical periodontium, 64f, 65–66
Apocrine glands, 186
Approximal, 7
Approximal contact points, 138, 138f
Approximal marginal ridges, 95
Approximal surfaces

description of, 74, 75f
mesial, 80, 82f
of mandibular first molar, 109, 110f
of mandibular first premolar, 99f, 100

Index
Page numbers followed by “f” denote figures, 
and those followed by “t” denote tables.
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of mandibular incisors, 84, 85f–86f
of mandibular second premolar, 

101f, 102
of maxillary canines, 89f, 91
of maxillary first molar, 103f, 104, 

105f
of maxillary first premolar, 96–97, 97f
of maxillary lateral incisor, 83f, 84
of maxillary second molar, 106f, 107
of maxillary second premolar, 97, 98f

Aqualizer, 365, 365f
Arch characteristic, 74
Arcon articulators, 249, 249f
Arrowhead clasp, 314, 315f
Arthritis, 181
Arthropathies, 357
Articular capsule, 180–181, 226f
Articular disc

anatomy of, 178f, 180–181, 258
displacement of, 360, 360f

Articular ligaments, 181, 182f
Articular tubercle, 177–179, 178f
Articulation surfaces, 148
Articulators

anatomical values used, 250–251
arcon, 249, 249f
average-value. See Average-value 

articulators.
classification of, 246–251
components of, 245–246, 246f
facebow technique, 266–267, 

266f–267f, 271f
fixed-value, 250, 251f
fully adjustable, 258
Gothic arch tracing, 264, 265f
intercondylar distance of, 258, 259f
jaw relation registration, 260–261, 

261f–263f
joint values, 272f, 272–273
mounting models in, 267–271, 

268f–271f
nonarcon, 248, 248f
reference planes for model 

adjustment, 246–247, 247f
replication of joints and movements, 

248–250
system errors with, 258, 259f

Artificial replacement, 2
Atrophy, 2
Attached gingiva, 67
Attrition, 76
Auricle, 13f
Auriculo-infraorbital plane, 14
Auriculotemporal nerve, 244
Autonomic nervous system, 236, 240
Autonomic organs, 5

Average-value articulators
definition of, 250, 252
illustration of, 252f
occlusal height in, 257, 257f
occlusal plane in, 254f
semi-adjustable, 253, 253f
technique errors with, 254–257

Axon, 235

B
Balanced occlusion, 214–215, 215f
Balkwill angle, 118, 120f, 121, 252, 

266
Ball clasp, 314, 315f
Ball-and-socket joint, 176, 177f
Balters bionator, 342, 343f
Basal, 7
Base of the skull, 154, 155f–157f
Basement membrane, 33f, 68
Begg brackets, 350
Begg technique, 350
Bennett angle, 211, 211f, 252, 272
Bennett movement, 209–212, 

210f–211f, 258
Bennett side shift, 253, 253f
Bilateral reverse articulation, 131, 

135t
Bimler appliance, 340, 341f
Biologic functional cycle, 8
Biologic intensity levels, 302–303, 

303f
Bite plane. See Occlusal plane.
Body

directional terms for, 7–8
structure of, 3–5, 4f

Bonded brackets, 351
Bone

alveolar, 57–59, 58f–59f
composition of, 36
constituents of, 37–38, 37f–38f, 44f
development of, 36–37
flat, 40
form and function of, 38–40, 39f
inorganic components of, 37
irregular, 40
long, 40, 40f
membrane, 37
organic components of, 37
replacing, 37
short, 40
structure of, 36–37, 37f

Bone marrow, 36f, 38
Bonwill circle, 118, 118f
Bonwill triangle, 120, 120f, 252, 254, 

258, 266

Bony palate, 166, 167f
Bony skull, 151, 152f
Bony substance, 36f, 38
Border movements, of mandible, 

203–204, 203f–206f
Bracket adhesive technique, 351
Brackets, 346–348, 347f
Brain

anatomy of, 236–238, 237f
cranial nerves, 239f, 239–240
segments of, 236–238, 237f

Brainstem, 238
Bruxism, 359, 372
Bruxism splints, 359, 362t
Buccal, 6, 7f
Buccal cavity, 192f, 193
Buccal cusps, 142f, 216
Buccal frena, 16, 17f, 18
Buccal frenulum, 192f, 193, 194
Buccal vestibular sulcus, 18
Buccinator muscle, 12, 16, 229f, 231f, 

232
Bursae, 221

C
Calibration keys, 255–257, 256f
Camper facial angle, 14
Camper plane, 12f, 12–14, 119, 119f, 

246, 247f, 252
Cancellous bone, 58, 58f
Cancellous tissue, 168
Canine(s)

in alveolar bone, 59f
definition of, 79
description of, 21, 88
mandibular, 22f, 91, 92f–93f
maxillary, 22f, 88–91, 89f–90f, 93f
occlusion of, 93f

Canine guidance, 79, 214, 214f, 368, 
369f

Canine guidance ridge, 88
Canine-supported occlusion, 214, 214f
Cap splint, 379, 379f
Caput angulare, 233
Caput infraorbitale, 233
Caput zygomaticum, 233
Cardiac muscle, 218
Caries

areas susceptible to, 276, 276f
in dentin, 48
description of, 283–285
dietary factors, 284
fluoride for prevention of, 290–291, 

291f
formation of, 283

A
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lesion associated with, 283
prevention of, 290, 292
treatment of, 284–285

Carotid foramen, 155f
Cartilage, 40
Cartilaginous connective tissue. See 

Fibrocartilage.
Cartilaginous joint, 175
Caudal, 8
C-clasp, 314
Cell(s)

as functional unit, 25–26
classification of, 26
cytoplasm of, 27f, 28
description of, 5
division of, 30–32
growth of, 25
illustration of, 27f
metabolism in, 25
microstructures of, 27f, 28–30
nucleus of, 26, 29f, 29–30
organelles of, 26, 27f
regulatory ability and reactivity of, 

25
reproduction in, 25

Cell membrane, 26
Cell-poor cementum, 52
Cell-rich connective tissue, 34–35, 35f
Cellular-fibrillar cementum, 52, 53f
Cementoblasts, 52–53, 53f
Cementocyte, 53f
Cementoenamel junction, 67
Cementum

acellular-afibrillar, 52, 53f
acellular-fibrillar, 52, 53f
anatomy of, 42f, 51, 52f
cell-poor, 52
cellular-fibrillar, 52, 53f
collagen of, 52–53
composition of, 44, 44f
definition of, 51
formation of, 51–52, 53f
function of, 53

Central, 7
Central developmental groove, 95, 95f
Central fossa, 95f, 96
Centric occlusion, 203, 203f, 212, 213f, 

215, 215f, 264, 272, 368
Centric records, 261, 272
Centric relation, 263f, 365
Centric relation splints

description of, 362t, 365
illustration of, 366f
Michigan splint. See Michigan 

splint.

stabilization splint, 366–367, 
366f–367f

types of, 366
Centric stops, 138, 140, 142f–143f, 

216f
Centrosome, 27f, 28
Cephalometric planes, 12f–13f, 12–14
Cephalometry, 12
Cerebellum, 238
Cerebral gyri, 154
Cerebrum, 238
Cervical, 7
Cervical vertebra, 39f
Cheeks, 11–12
Chewing, 198
Chin, 12
Chin muscle, 229f, 233–234
Chlorhexidine, 289
Chondroblasts, 40
Christensen’s phenomenon, 208f, 

208–209
Chromatids, 30
Chromatin, 27f, 30
Chronic gingivitis, 285
Circumpulpal dentin, 51
Circumvallate papillae, 196–197, 

196f–197f
Class II malocclusion, 127, 127f–128f
Class III malocclusion, 128f
Cleaning techniques, 289–291, 290f
Cleft lip, 277, 278f–279f
Cleft palate, 166, 277, 278f–279f
Clenching, 359
Clinical crown, 20, 21f
Closed dentition, 136–137
Coffin spring, 319, 319f, 340
Collagen, 52–53
Collum angle, 98, 99f
Columnar epithelium, 32, 33f
Compact substance, 36f, 38
Components, 146
Conditioned reflexes, 236
Condylar ball, 248
Condylar guidance, 206, 248
Condylar housings, 250
Condylar path, 179
Condylar paths, on fully adjustable 

articulators, 272, 273f
Condylar process, 172, 172f
Condyle

anatomy of, 179f, 179–180
movement of, 206–207, 207f

Connective tissue
description of, 32, 34f–35f, 34–36
mucosal, 187

of marginal periodontium, 68, 69f
of periodontal ligament, 60

Contact areas, 139, 142f–143f
Contact points

approximal, 138, 138f
description of, 74, 75f, 138–149
function of, 138

Corona dentis, 6
Coronal, 7
Coronal pulp, 54f, 114
Coronal suture, 154, 157f
Coronoid process, 168, 171f, 174
Corpus callosum, 237f, 238
Cortex, 238
Cortical substance, 36f, 58
Cranial, 8
Cranial nerves, 239f, 239–240
Cranial sutures, 154, 156f–157f
Cranial vault

bones of, 156f–157f, 158, 159f
description of, 152f, 153

Cranium, 151, 152f
Crest line, 118
Crib splint, 378f, 379
Cribriform lamina, 58, 62
Cribriform plate, 168
Crista galli, 155f, 160
Cross line, 116, 117f
Crowding, 121f, 122, 134t, 326
Crown of tooth

anatomy of, 6, 20, 21f
defects of, 280–281
enamel covering of, 43
replacement of, 293
surfaces of, 71–74, 72f–73f

Crown-root angulation, 98, 99f
Crozat appliance

advantages and disadvantages of, 
328

body wire of, 328–329, 329f
construction of, 328–330
description of, 309, 328
extension wires of, 330–331, 331f
high labial bow, 331, 331f
retentive components of, 329f,  

329–330
springs attached to, 329, 329f

Crushing cusps, 94, 102
Cuboidal epithelium, 32, 33f
Curve of Spee, 126f, 127
Cusp(s), 94, 102
Cusp crest, 94
Cusp of Carabelli, 103f, 104, 107, 280
Cusp ridges, 94–95, 95f
Cusp slopes, 94, 95f
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Cusp tip, 94, 94f
Cusp-fossa occlusion, 140
Cusp-fossa–marginal ridges 

occlusion, 140
Cytology, 2, 25
Cytoplasm, 27f, 28

D
Deciduous teeth, 20. See also Primary 

teeth.
Deep bite, 128–129, 133, 134t
Demastication, 76
Dendrites, 234f, 235
Dental, 18
Dental abrasion. See Abrasion.
Dental aplasia, 282
Dental arch

asymmetry of, 299
axis of symmetry, 118
directional terms for, 6, 7f
in horizontal plane, 115
inhibited development of, 283
length of, 116–117, 117f
mandibular, 116, 298–299
maxillary, 116, 116f, 298–299
of primary dentition, 112, 112f
positional terms for, 6, 7f
vertical anterior, 125, 125f
width of, 116, 117f

Dental floss, 290
Dental formulas, 22–23
Dental papilla, 42
Dental periosteum. See Periodontal 

ligament.
Dental pulp. See Pulp.
Dental services, 291–293, 292f
Dental technician, 293, 293f
Dental tissues

anatomy of, 41, 42f
classification of, 41
development of, 41–43
enamel. See Enamel.

Dentin
anatomy of, 42f, 54f
caries involvement in, 48
cells involved in formation, 47–48
characteristics of, 47–48
circumpulpal, 51
color of, 43
composition of, 44, 44f
formation of, 43, 49–51, 50f
hypoplasia of, 280
mantle, 51
mineralization of, 51

odontoblast processes in, 48,  
48f–49f, 51, 54f

secondary, 48, 76
Dentinal tubules, 49, 49f
Dentinoenamel junction, 76
Dentinogenesis, 49–51, 50f
Dentition. See also Anterior teeth; 

Posterior teeth; Teeth; specific 
teeth.

closed, 136–137
form and function of, 115–118, 

116f–118f
in frontal plane, 129–133, 134t–135t
in horizontal plane, 118–123
permanent, 22, 112
primary, 20, 22–23, 112. See also 

Primary teeth.
in sagittal plane, 123f–128f, 123–129
temporary, 21
types of, 21–22

Denture-bearing areas
in mandible, 193–195, 194f–195f
in maxilla, 191–193, 192f

Dentures, 293
Depressor muscle of the angle of the 

mouth, 229f, 231f, 233
Depressor muscle of the lower lip, 

229f, 233
Dermis, 184, 184f
Dermoskeleton, 18
Desmodontium, 59. See also 

Periodontal ligament.
Developmental anomalies

in jaw, 277–279
in primary dentition, 278–279
in teeth, 279–281, 281f

Diaphragm, 3
Diastema, 123
Diencephalon, 238
Digastric fossa, 170
Digastric muscle, 224f, 226, 227f
Direction, anatomical nomenclature 

for, 5–8
Disc displacement, 360, 360f
Dislocation, 181
Distal, 7, 7f
Distal approximal surface, 74
Disto-occlusion, 127, 127f, 134t
Distraction splint, 362t, 371, 371f
Disuse atrophy, 2
Dorsal, 7
Double-fan screw, 325f
Double-plates, 327, 339, 339f
Drum Miniplast splint, 376, 377f

Dynamic occlusion, 212, 214, 
214f–215f

Dysgnathia, 123, 131, 275

E
Eccentric occlusion, 214
Eccentric splints, 362t, 370–371, 

370f–371f
Edge-to-edge occlusion, 135t
Edgewise technique, 349–350, 

349f–350f
Elastic cartilage, 40
Elastic connective tissue, 36
Elastics, 320–321
Elbrecht splint, 378f, 379
Electric toothbrushes, 288–289
Electronic pantography, 264
Ellipsoidal joint, 176, 177f
Embryonic connective tissue, 35–36
Enamel

aging effects on, 47
anatomy of, 42f, 54f
composition of, 44, 44f
description of, 43–45
erosion of, 285
fluoridation of, 47
formation of, 45–47
functions of, 45
mature, 44
mineralization process of, 46
in multicusped teeth, 47
organic substance of, 44
permeability of, 45
posteruptive maturation of, 47

Enamel cap, 42f
Enamel cuticle, 44
Enamel epithelium, 42, 43f
Enamel hypoplasia, 279
Enamel matrix, 45
Enamel organ, 42
Enamel prisms, 45–46, 46f
Endocrine glands, 185, 241f, 242
Endoplasmic reticulum, 27f, 28
End-to-end occlusion, 135t
Epidermis, 184, 184f
Epiphyseal line, 36f
Epithelial root sheath, 43f, 47
Epithelial tissue, 32–34, 33f
Erosion, 285
Eruption, 112, 113f
Ethmoid bone, 152f, 155f, 160, 161f
Ethmoidal cells, 160
Ethmoidal crest, 165f
Eustachian tube, 192f, 193
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Exfoliation of teeth, 20, 59
Exocrine glands, 185, 187f
Expansion screw, 316, 317f
External ear, 9
External enamel epithelium, 42, 43f
Extraoral anchorage, 307, 308f
Eyeballs, 10
Eyelids, 10, 11f

F
Face

description of, 5
features of, 9–12
landmarks of, 10, 11f
upper, 9

Facebow technique, 266–267, 
266f–267f, 271f

Facial bones, 152f, 153, 160, 161f
Facial clefts, 279
Facial expression muscles

anatomy of, 229f
description of, 228–229
first antagonistic muscle pair,  

232–233
second antagonistic muscle pair, 

233–234
Facial nerve, 239f, 240
False hyperdontia, 281, 282f
False hypodontia, 282
Fasciae, 221
Fauces, 14
Fédération Dentaire International 

tooth notation, 23, 24f
Fibroblasts, 55, 61
Fibrocartilage, 40
Fibrous connective tissue, 35f, 35–36
Fibrous joint, 175
Fibrous marginal zone, 189, 190f
Fibrous median zone, 189, 190f
Filiform papillae, 196, 196f–197f
Finger spring, 320
First cervical vertebra, 39f
Fischer angle, 273
Fixation centric splints, 373, 373f
Fixator, 250, 251f
Fixed orthodontic appliances

advantages and disadvantages of, 
346

brackets, 346–348, 347f
description of, 310, 345–346
edgewise technique, 349–350, 

349f–350f
lingual technique, 353–354
mechanism of action, 346

multiband, 345–353
technique for, 345

Fixed splints, 378
Fixed-value articulator, 250, 251f
Flat bones, 40
Floor of the mouth, 14, 15f
Fluoride, 47, 290–291, 291f
Foliate papillae, 197
Follicle, 42, 59, 61
Fontanels, 154, 156, 157f
Force

anchorage for distribution of,  
306–307, 306f–308f

description of, 146–148
transferring of, for tooth 

movements, 304–305, 305f
Form and function, 2, 71
Fornix, of lips, 10, 11f
Fränkel functional regulator, 342, 344
Frankfort horizontal plane, 14
Free alveolar border, 170, 171f–172f
Free gingiva, 67
Freeway space, 212, 213f
Frenulum of tongue, 194–196
Frontal, 8
Frontal bone, 152f, 156f–157f, 158, 

159f
Frontal nerve, 242
Frontal plane

dentition in, 129–133, 134t–135t
description of, 6, 6f
mandibular border movements in, 

204
tooth malposition in, 131–133, 

134t–135t
Frontal process, 164, 165f
Fully adjustable articulators, 258
Functional movements, 202
Functional orthodontics, 296, 297f
Fungiform papillae, 196, 196f–197f

G
Gag reflex, 16
Ganglia, 234
Ganglion cells, 234, 238
Gaps, 122–123
Generalized abrasion, 76
Genioglossus muscle, 198, 199f, 226f
Geniohyoid muscle, 224f, 226f–227f, 

228
Germ cells

description of, 31
tooth, 42, 43f

Germ teeth, 42, 43f

Gingiva
attached, 67
free, 67

Gingival, 7
Gingival epithelium, 68
Gingival sulcus

anatomy of, 66f–67f, 67
wound-healing process in, 68

Gingivitis, 276f, 277, 285, 286
Glabella, 13f
Glabella vertical, 14
Glands, 185–186, 187f
Glandular cells, 186
Glandular epithelium, 32, 33f
Glandular zone, 190, 190f
Glossopharyngeal nerve, 239f, 240
Gnathion, 13f
Golgi apparatus, 27f, 28
Gothic arch, 204, 205f
Gothic arch tracing, 264, 265f
Granulocytes, 34
Greater palatine canal, 158
Greater palatine foramen, 167f
Greater palatine process, 165f
Gustatory glands, 196, 197f

H
Habitual intercuspation, 212
Haderup system, 23
Hair, 185
Hand-guided occlusal registration, 

261
Hard palate, 14, 15f
Hard substances

cementum. See Cementum.
dentin. See Dentin.
description of, 46–47
elasticity of, 53
enamel. See Enamel.

Harmonious occlusion, 212
Hertwig epithelial root sheath, 43f, 47
Haversian canals, 38
Hawley appliance, 364, 364f
Head

anatomy of, 5
cephalometric planes of, 12f–13f, 

12–14
directional terms for, 7–8

Headgear, 307, 308f
Hinge joint, 176, 177f
Hinge splints, 362t
Hinge-axis orbital plane, 247, 247f
Histology, 2
Holocrine glands, 186
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Horizontal abrasion, 76
Horizontal curvature characteristic, 

72–74, 73f
Horizontal exfoliation of teeth, 20
Horizontal plane

dentition in, 118–123
mandibular border movements in, 

204, 205f
tooth malposition in, 121f–122f,  

121–123
Hormones, 240–242, 241f
Human body. See Body.
Human face. See Face.
Hyaline cartilage, 40
Hyaloplasm, 28
Hydrostatic contact pressure, 68–69
Hydroxyapatite, 36, 44
Hyoglossus muscle, 198, 199f
Hyoid bone

anatomy of, 160, 161f
muscle groups of, 226–228, 227f

Hyperdontia, 281, 282f
Hyperplastic gingivitis, 285
Hypoglossal nerve, 239f, 240
Hypothalamus, 238

I
Incisal, 7
Incisal margin, 72, 73f
Incisal view

of mandibular incisors, 84, 85f–86f
of maxillary canines, 89f, 91
of maxillary first molar, 103f
of maxillary incisors, 80, 81f–83f, 84

Incisive bone, 14, 164
Incisive canal, 164, 165f
Incisive foramen, 14, 155f, 164, 167f
Incisive papilla, 14, 17f, 166, 190, 193
Incisive suture, 166, 167f
Incisors

in alveolar bone, 59f
description of, 21
mandibular. See Mandibular 

incisors.
maxillary. See Maxillary incisors.
mesial tipping of, 122

Inclination of axes
for mandibular canines, 93f
for mandibular incisors, 87f
for maxillary canines, 93f
for maxillary incisors, 87f

Inclined plane, 331–333, 332f
Incognito appliance system, 353–354, 

355f
Inferior alveolar nerve, 244

Inferior joint space, 178f, 180
Inferior labial frenulum, 194
Inferior nasal concha, 152f, 156f, 160, 

161f
Infrahyoid muscle, 228
Infraorbital canal, 165f
Infraorbital nerve, 242–243
Infraorbital sulcus, 163, 165f
Infrazygomatic crest, 165f, 192f, 193
Interbrain, 238
Intercalated discs, 218
Intercellular space, 5
Interceptors, 362t, 371, 371f
Intercondylar distance, 258, 259f
Intercuspal position, 212
Intercuspation, 124, 124f, 134t, 212, 

213f
Interdental brushes, 289, 290f
Interdental papilla, 74
Interdental space, 67, 74–75, 74f–75f
Interdental spring, 319–320
Interincisal angle, 78
Internal alveolar wall, 58
Internal enamel epithelium, 42–43, 43f
Interocclusal record, 261f, 272
Interphase, 31
Interpupillary line, 13f
Interradicular septa, 164, 167f
Interstitial abrasion, 76, 77f
Intraoral appliances, 362t
Irregular bones, 40
Islets of Langerhans, 242

J
Jackson clasps, 329–330, 330f
Jaw development

anomalies of, 277–279
inhibition in, 283
normal, 277

Jaw relation registration, 260–261, 
261f–263f

Jet irrigators, 289
Joint(s). See also specific joint.

arthritis of, 181
diseases of, 181, 183
dislocation of, 181
mobility of, 176, 177f
sprain of, 181
structure of, 175
types of, 174–177

Joint bodies, 175, 176f
Joint capsule, 175, 176f, 178f, 181
Joint cartilage, 36f
Joint cavity, 175
Junctional epithelial cells, 68

Junctional epithelium, 68
Juncturae, 174, 175f

K
Klammt’s elastic open activator,  

340–342, 341f

L
Labial, 6, 7f
Labial bow, 322–323, 323f, 331, 364
Labial frenula, 16, 17f
Labial surface

of anterior teeth, 78–79
of maxillary canines, 89f
of maxillary central incisor, 80, 81f
of maxillary lateral incisor, 80

Labiomental groove, 10
Lacrimal bone, 152f, 156f–157f, 160, 

161f
Lacrimal nerve, 242
Lambdoid suture, 154, 157f, 175f
Lamina externa, 151
Lamina interna, 151
Lateral, 8
Lateral fontanel, 156
Lateral forced guidance, 132
Lateral pterygoid muscle, 180, 224, 

224f–225f
Lateral pterygoid nerve, 244
Laterodetrusion, 211
Lateroprotrusion, 211
Lateroretrusion, 211
Laterosurtrusion, 211
Laterotrusion, 211
Laterotrusive excursion, 366
Law of form and function, 2
Lesser palatine foramen, 167f
Leukocytes, 68
Levator muscle of the angle of the 

mouth, 229f, 231f, 233
Levator muscle of the upper lip, 229f, 

231f, 233
Lingual, 7, 7f
Lingual cusps, 142f
Lingual frenum, 17f
Lingual nerve, 244
Lingual retainers, 376
Lingual splint, 379, 379f
Lingual surface

description of, 74, 74f
of mandibular first molar, 109, 110f
of mandibular first premolar, 99f, 

100
of mandibular incisors, 84, 85f–86f
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of mandibular second premolar, 
101f, 102

of maxillary canines, 88, 89f
of maxillary first molar, 103f, 104, 

105f
of maxillary first premolar, 96, 97f
of maxillary incisors, 79f, 80, 81f
of maxillary lateral incisor, 80, 83f, 

84
of maxillary second molar, 106f, 107
of maxillary second premolar, 97, 

98f
Lingual technique, for fixed 

orthodontic appliances, 353–354
Lingual tipping, 136, 137f
Lingula mandibulae, 174
Lips

anatomy of, 10, 11f
cleft, 277, 278f–279f
muscles of, 11

Long bones, 40, 40f
Long centric, 215
Loose connective tissue, 35–36
Lower face, 9
Lower lip, 10, 11f
Lymph, 62
Lymphocytes, 34
Lysosome, 27f, 28

M
Macroscopic anatomy, 2
Macrotrauma, 360
Main developmental groove, 95, 95f
Malocclusion, 215
Mandible

alveolar part of, 168, 170
alveolar tubercle of, 195
anatomy of, 17f, 152f, 156f–157f, 

168–174, 169f, 171f–172f
angle of, 172
body of, 168, 170–171, 171f–172f
centric stops in, 143f
contact areas in, 142f
denture-bearing areas in, 193–195, 

194f–195f
formation of, 59
functional construction of, 168, 169f
movements of. See Mandibular 

movement.
rami of, 172–174, 173f–174f
rotation axes of, 207f
topography of, 170–171, 171f–172f

Mandibular branch, of trigeminal 
nerve, 244, 244f

Mandibular canal, 168, 169f

Mandibular canines, 91, 92f–93f
Mandibular dental arch

form of, 116
length of, 116, 298–299

Mandibular foramen, 172f, 174
Mandibular fossa, 155f, 177, 178f, 179
Mandibular incisal point, 119
Mandibular incisors

anatomy of, 79
central, 84, 85f
inclination of axes, 87f
lateral, 84, 86f
maxillary incisors versus, 79

Mandibular molars
anatomy of, 22f
first, 109, 110f
primary, 112
roots of, 102
second, 109, 110f
third, 109

Mandibular movement
Bennett movement, 209–212, 

210f–211f, 258
border movements, 203–204, 

203f–206f
guidance factors in, 206–209
muscles of, 222–223, 223f
overview of, 201–203
tooth contacts during, 216f–217f, 

216–218
Mandibular notch, 171f, 174
Mandibular premolars

anatomy of, 22f
first, 98–100, 99f
maxillary premolars versus, 98
second, 100–102, 101f

Mandibular protrusion, 129
Mandibular torus, 174
Mandibular tubercle, 18
Mantle dentin, 51
Marginal, 8
Marginal gingivitis, 285
Marginal periodontitis, 287
Marginal periodontium

anatomy of, 42f
connective tissue fiber structure of, 

68, 69f
definition of, 66
gingival epithelium, 68
gingival sulcus, 66f–67f, 67
hydrostatic contact pressure of 

blood vessel system, 69
illustration of, 64f
junctional epithelium, 68
prosthetic tooth replacement effects 

on, 70, 70f

structural elements of, 66f–67f, 
67–70

surgical resection of, 303
tissue seal mechanisms in, 66–67

Masseter muscle, 224f–226f, 225, 231f
Masseteric nerve, 244
Masseteric tuberosities, 171f, 172
Masticatory, 7
Masticatory cycle, 202f, 203
Masticatory muscle synchronizer, 373
Masticatory muscles

activator effects on, 338
anatomy of, 224–225, 224f–226f
description of, 222–223

Masticatory process, 202–203
Masticatory surface, 72
Masticatory system, 8, 10f
Mastoid fontanel, 157f
Mastoid process, 155f
Mature enamel, 44
Maxilla

anatomy of, 17f, 152f, 156f–157f, 
162–163, 162f–163f

body of, 162
centric stops in, 142f
contact areas in, 143f
denture-bearing area in, 191–193, 

192f
facial surface of, 162
formation of, 59
infratemporal surface of, 162–163
mucosal covering in, 189–191
nasal surface of, 163
orbital surface of, 163

Maxillary branch, of trigeminal nerve, 
242–244

Maxillary canines, 88–91, 89f–90f, 93f
Maxillary dental arch

form of, 116, 116f
length of, 116, 298–299

Maxillary hiatus, 163, 165f
Maxillary incisors

anatomy of, 22f
central, 80, 81f–82f
inclination of axes, 87f
lateral, 80, 83f, 84, 87f
lingual surfaces of, 79f
mandibular incisors versus, 79
root of, 87f

Maxillary molars
anatomy of, 22f
first, 102–104, 103f, 105f, 111
primary, 111
second, 104, 106f, 107, 111
third, 107, 107f–108f
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Maxillary premolars
anatomy of, 22f
description of, 96
first, 96–97, 97f
mandibular premolars versus, 98
second, 97, 98f

Maxillary processes, 163f, 164, 165f
Maxillary sinus, 163
Maxillary teeth

anterior, 11
inclination of, 129, 130f

Maxillary tuberosity, 17f, 18, 165f, 
167f, 190, 193

Maxillomandibular anchorage, 307, 
308f, 327f

Maxillomandibular bow, 323, 323f
Maximal intercuspation, 212, 213f
Medial pterygoid muscle, 224f–226f, 

225
Medial pterygoid nerve, 244
Median palatine raphe, 117f, 193
Median palatine suture, 14, 166, 167f
Median plane, 6, 6f
Medulla oblongata, 237f, 238–239
Medullary cavity, 36f
Meiosis, 31f, 31–32
Membrane bone, 37
Mental foramen, 170, 171f, 194
Mental spines, 170
Mental trigone, 170
Mental tubercles, 171f
Merocrine glands, 186
Mesial, 7, 7f
Mesial approximal surface

description of, 74
of maxillary canines, 88, 89f
of maxillary first molar, 106f
of maxillary first premolar, 97
of maxillary incisors, 80, 82f

Mesial migration, of teeth, 300
Mesial tipping, 122
Mesio-occlusion, 128f, 129, 134t–135t
Metabolism, cellular, 25
Metaphase, 30, 30f
Metaplasm, 28
Michigan splint

description of, 362t
fabrication of, 369
history of, 367
illustration of, 368f
muscle activity reductions using, 

368
Microscopic anatomy, 2
Midbrain, 238
Middle cranial fossa, 154
Midface, 9–10

Midface horizontal plane, 247, 247f
Miniplast splints, 362t
Mitochondrion, 27f, 28
Mitosis, 30f, 30–31
Model analysis, orthodontic, 297–299, 

298f–299f
Modiolus, 229f, 230, 231f
Molar(s)

in alveolar bone, 59f
description of, 21
function of, 102
mandibular. See Mandibular molars.
maxillary. See Maxillary molars.
occlusal contacts in, 143f
primary, 112
root apices of, 170

Molar triangle, 17f
Monobloc activator, 340, 341f
Mounting models, in articulator, 267–

271, 268f–271f
Mouth

angles of, 10
floor of, 14, 15f
nose and, distance between, 11
orifice of, 10

Mouth breathing, open bite caused 
by, 133

Mouthguards, 362t, 376–377
Mucins, 186
Mucous membrane, 187–189, 188f
Multicellular organisms, 26
Multipoint force application, 304f, 305
Muscle

anatomy of, 218–220
as motor unit, 220–222
cardiac, 218
definition of, 218
facial expression. See Facial 

expression muscles.
hyoid bone, 226–228, 227f
mandibular movement, 222–223, 

223f
mouth-closing, 222–223
shape of, 221, 221f
skeletal, 220
smooth, 218
striated, 218–220
structure of, 218, 219f

Muscle contractions, 220–221
Muscle power, 221
Muscle tone, 220
Myelin, 235
Myelin sheath, 235f
Mylohyoid line, 17f, 170, 172f, 194
Mylohyoid muscle, 14, 226f–227f, 228
Mylohyoid sulcus, 172f, 174

Myofibrils, 28, 219, 219f
Myofunctional therapy, 344f, 344–345
Myopathies, 357, 372
Myorelaxation splint, 363–364

N
Nasal, 8
Nasal bone, 152f, 156f–157f, 160, 161f
Nasion, 13f
Nasion vertical, 14
Nasociliary nerve, 242
Nasolabial sulcus, 10–11
Neck, 5
Neck (of tooth), 21
Nerve cells, 234f, 234–235
Nerve fibers, 235–236
Nerve tissue, 234–235
Nervous system

autonomic, 236, 240
hormonal control of, 240–242, 241f
somatic, 236

Neurilemma, 235
Neurites, 234, 234f
Neurocytes, 234
Neuromuscular guidance, of 

mandibular movements, 206
Neuron, 234f, 235
Neurotransmitters, 235
Neutro-occlusion, 123–125, 124f, 127, 

131f, 134t
Night guards, 363
Nodes of Ranvier, 235
Nonarcon articulator, 248, 248f
Nonsupporting cusps, 94
Normal occlusion, 8
Nose, 11
Notation, for teeth, 22–23, 24f
Nuclear membrane, 27f, 29, 29f
Nucleolus, 27f, 29, 29f
Nucleus, 26, 29f, 29–30

O
Oblique line, 17f, 18, 170, 171f, 194
Obstructive sleep apnea, 374–375
Obturators, 166
Occipital, 8
Occipital bone, 152f, 155f, 157f, 158, 

159f
Occipital condyle, 155f
Occipital foramen, 155f, 158
Occipital lobe, 237f
Occipitomastoid suture, 157f
Occluder, 250, 251f
Occlusal, 7
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Occlusal contacts
abrasion of, 148, 149f
anatomy of, 139f
definition of, 138
form and position of, 140–141, 

141f–143f
forms of, 149f
interlocking principle of, 139f
punctiform, 141f, 144–148, 145f–147f

Occlusal field, 215
Occlusal interferences, 215
Occlusal plane, 119, 119f, 252, 310
Occlusal splints

anterior, 365
definition of, 363, 373
reflex splints, 362t, 363–365, 

364f–365f
Occlusal surface

description of, 72, 72f–73f
of mandibular first molar, 109, 110f
of mandibular first premolar, 99f, 

100
of mandibular second premolar, 

101f, 102
of maxillary first molar, 103f, 104
of maxillary first premolar, 96, 97f
of maxillary second molar, 106f, 107
of maxillary second premolar, 97, 

98f
of posterior teeth, 94f–95f, 94–96

Occlusion
anterior teeth in, 230f
anterior-supported, 214, 214f
balanced, 214–215, 215f
canine-supported, 214, 214f
centric, 203, 203f, 212, 213f, 264, 

272, 368
curves of, 125–127, 126f, 129–130, 

130f
cusp-fossa, 140
cusp-fossa–marginal ridges, 140
definition of, 212
disto-, 127, 127f, 134t
dynamic, 212, 214, 214f–215f
edge-to-edge, 135t
end-to-end, 135t
harmonious, 212
mesio-, 128f, 129, 134t–135t
neutro-, 123–125, 124f, 127, 131f, 

134t
normal, 8
posterior, 127, 127f
prosthetic, 215
sagittal curve of, 125–127, 126f
static, 212
transverse curve of, 129, 130f

Occlusion rims, 373
Occlusion-raising splints, 373, 373f
Oculomotor nerve, 239, 239f
Odontoblast(s)

in dentin, 42, 43f, 48, 49f, 51, 54f
in pulp, 55, 56f

Odontoblast processes, 48, 48f–49f, 
51, 54f

Odontogeny, 41
Olfactory nerve, 239, 239f
Omohyoid muscle, 228
Open bite

activator for, 340
anterior, 132f, 132–133
in posterior segment, 133

Ophthalmic branch, of trigeminal 
nerve, 242

Optic canal, 158
Optic nerve, 239, 239f
Oral, 7, 7f
Oral aperture, line through, 13f
Oral cavity

anatomy of, 14–16, 15f
definition of, 14

Oral cavity proper, 14
Oral hygiene

cleaning techniques, 289–291, 290f
functions of, 287, 287f
toothbrush for, 287–289, 288f

Oral screens, 344, 344f
Oral tipping, 122, 122f
Oral vestibule, 14, 16–18, 17f
Orbicularis muscle, 229f, 231f, 232
Orbital vertical, 14
Organ(s)

definition of, 5
formation of, 26

Organ systems, 5
Organism, 5
Orofacial system

biologic functional cycle, 8
components of, 8, 9f, 358f
functional disorders of, 357–359, 

358f
functions of, 9
normal occlusion, 8

Oropharyngeal, 14
Orthodontic appliances

activator. See Activator.
active plate. See Active plate.
classification of, 309–310, 310f
Crozat. See Crozat appliance.
description of, 296–297
double-plates, 327
inclined plane, 331–333, 332f

myofunctional therapy, 344f,  
344–345

Orthodontic screws, 316, 317f
Orthodontics

definition of, 295
functional, 296, 297f
functions of, 295
model analysis, 297–299, 298f–299f
tooth displacement by, 297

Osseous joint, 175
Osteoarthritis, 181, 361f
Osteoblasts, 36–37
Oval foramen, 155f, 158
Overbite, 78
Overjet, 78, 310
Overlap, 78

P
Paddle spring, 320, 321f
Palatal, 7
Palatal expansion appliance, 349
Palatal raphe, 14
Palatal surface, 74
Palate

anatomy of, 14–15, 15f
cleft, 166, 277, 278f–279f

Palatine bone, 14, 152f, 155f, 160, 
161f, 167f

Palatine crest, 160
Palatine glands, 16, 189
Palatine mucous glands, 15
Palatine process, 164
Palatine rugae, 15, 17f
Palatine tonsils, 16, 196f
Palatine torus, 167f
Palpebral fissure, 10
Papillae, 196–197, 196f–197f
Paralingual area, 17f
Paraplasm, 28
Parasympathetic nervous system, 240
Parietal bone, 152f, 156f–157f, 158, 

159f
Parietal lobe, 237f
Parotid gland, 12, 188, 188f
Partial dentures, 378–379
Partial splints, 371
Passive appliances, 309
Pathologic disorders, 2
Pathology, 2
Pericranium, 153
Perikymata, 46, 46f
Periodontal diseases

description of, 275–277, 276f
factors associated with, 285
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gingivitis, 276f, 277, 285, 286
periodontitis, 276f, 277, 285, 287

Periodontal ligament
anatomy of, 41, 42f
cells of, 61, 62f
connective tissue fibers of, 60–61, 

60f–61f
fiber systems of, 61, 61f
nerve supply in, 63
tissue elements of, 60
tooth eruption and, 114
in tooth functioning, 63

Periodontal space
apical widening of, 65
description of, 55–56, 59–60
fibers in, 63, 65f
marginal widening of, 65
nerve fibers in, 63, 65f

Periodontal treatment, splint therapy 
for, 378–379, 379f

Periodontitis, 276f, 277, 285, 287
Periodontium

alveolar, 64f, 65
alveolar bone, 57–59, 58f–59f
apical, 65–66
blood supply to, 62, 62f
classification of, 64f–70f, 64–70
definition of, 56
functions of, 63–64
marginal. See Marginal 

periodontium.
structural elements of, 56f
syndesmosis, 55–56

Periodontosis, 287
Periosteal flap, 36f
Periosteum, 37
Peripheral, 8
Permanent dentition

definition of, 22, 112
eruption of, 112, 113f

Petrotympanic fissure, 181
Philtrum, 10
Physiologic abrasion, 148
Physiologic migration of teeth

description of, 300, 301f
mesial, 75, 138

Physiologic processes, 2
Physiologic rest position, 212, 213f
Physiologic tooth contacts, 359
Physiology, 2
Pineal gland, 237f, 241f, 242
Pit and fissure sealing, 291, 291f
Pituitary gland, 237f, 238, 241f, 242
Pivot joint, 177, 177f
Plane joint, 177, 177f
Plaque, 283, 283f

Pliers, 313, 313f
Pogonion, 13f
Pons, 237f
Pont’s index, 116, 117f, 298
Position, anatomical nomenclature 

for, 5–8
Positioners, 377
Posselt’s diagram, 204
Posterior, 8
Posterior cranial fossa, 154, 155f
Posterior expansion screw, 325f
Posterior fontanel, 157f
Posterior incisive muscle, 232
Posterior nasal spine, 17f, 167f
Posterior occlusal planes, 310, 311f
Posterior occlusion, 127, 127f
Posterior teeth. See also Dentition; 

Teeth.
activator effects on, 338f
anatomy of, 21
occlusal surfaces of, 94f–95f, 94–96
successional, 114

Posteruptive enamel maturation, 47
Pound line, 118, 118f
Premolar tangent, 120f, 121
Premolars

in alveolar bone, 59f
description of, 21, 96
mandibular. See Mandibular 

premolars.
maxillary. See Maxillary premolars.
occlusal contacts in, 143f
occlusal surface of, 73f

Primary dentition
damage to, 280
description of, 20, 22–23, 112
developmental anomalies in, 278–

279
premature eruption of, 279

Primary teeth
anterior, 111
dental arch form of, 112, 112f
description of, 20, 22–23
eruption of, 112, 113f
germ cells of, 42
posterior, 112
pulp tissue of, 114
systematic extraction of, 282–283
vestibular view of, 111f

Prognathism, 128f, 129, 134t, 278, 339
Prophase, 30, 30f
Prosthetic equator, 75, 75f
Prosthetic occlusion, 215
Prosthetic tooth replacement, 70, 70f
Prosthion, 13f
Prosthodontics, 292f, 292–293

Protrusion springs, 320, 321f
Protrusive double-plates, 339, 339f
Protrusive excursion, 366
Pterygoid fovea, 172f, 174
Pterygoid processes, 158, 167f
Pterygoid tuberosities, 172, 172f
Pterygomandibular plicae, 192f,  

193–194
Pterygomandibular raphe, 16, 17f, 18, 

182f
Pterygopalatine nerve, 243–244
Pulp

age-related changes in, 55
anatomy of, 42f, 47, 53–55, 54f
coronal, 54f
functions of, 55
histologic elements of, 54f
irreversible damage to, from 

abrasion heat, 55
irritation to, 55
root, 54f
tissue composition, 55

Pulp cavity, 47, 53–55, 54f
Pulpitis, 276f, 277
Punctiform contacts, 141f, 144–148, 

145f–147f

R
Rami, of mandible, 172–174, 

173f–174f
Raphe-papillary transversal, 116
Reciprocal anchorage, 306, 306f
Red bone marrow, 38
Reduction division, 31
Reflex, 236
Reflex splints, 362t, 363–365, 

364f–365f
Relaxation splint, 363–364
Remodeling processes

causes of, 297
in mesial migration, 300, 301f
in tooth movement, 300–302, 301f

Removable appliances, 309–310
Removable splints, 378
Replacing bone, 37
Repositioning splints, 362t, 370f,  

370–371
Reproductive glands, 242
Respiratory disorders, splint therapy 

for, 374–377
Retainers, 309, 362t, 376
Reticular connective tissue, 35
Retracting spring, 320, 320f
Retroarticular process, 177, 178f
Retromolar trigone, 170–171, 172f
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Retrusive double-plates, 339, 339f
Reverse articulation, 131, 135t
Reverse vertical overlap, 129
Ribosomes, 28
Rickets, open bite caused by, 133
Ricketts technique, 351
Ridge line, 118
Risorius muscle, 229f, 231f, 232
Root

abnormal shapes of, 280, 281f
description of, 6, 20, 21f
of mandibular canines, 93f
of mandibular second premolar, 

100f
of maxillary canines, 93f
of maxillary central incisor, 80, 81f
of maxillary incisors, 87f
of maxillary posterior teeth, 108f
of successional teeth, 113–114, 114f

Root apex, 21, 21f
Root canal, 47, 50f
Root characteristic, 78, 79f, 126f
Root pulp, 54f
Rotating condyle, 202
Rotation, 121–122, 122f, 135t
Rugae, palatine, 15

S
Saddle joint, 176, 177f
Sagittal, 8
Sagittal axis, 6, 6f
Sagittal Christensen’s phenomenon, 

208, 208f
Sagittal curve of occlusion, 125–127, 

126f
Sagittal plane

dentition in, 123f–128f, 123–129
illustration of, 6, 6f
mandibular border movements in, 

204, 205f
tooth malposition in, 127f–128f,  

127–129, 134t
Sagittal protrusion, 128
Sagittal split, of active plate, 324, 

325f–326f
Sagittal suture, 154, 157f
Saliva, 186
Salivary glands, 12, 186, 188, 

188f–189f
Sarcoplasm, 218, 220
Schwann sheath, 235
Schwarz plate, 324
Secondary dentin, 48, 76
Sector screw, 316, 317f
Sella turcica, 155f

Sellar joint, 176, 177f
Semi-adjustable average-value 

articulators, 253, 253f
Sensory tissue, 32, 33f
Serous glands, 186
Sharpey fibers, 52–53, 53f, 56–58, 61f, 

65, 168
Shearing cusps, 102, 135t
Sheath of Henle, 235
Shore plate, 374
Short bones, 40
Sialoliths, 186
Single-point force application, 304f, 

305
Skeletal muscle, 220
Skeleton, 39f
Skin

atrophy of, 185
bacteria on, 185
functions of, 183
heat regulation functions of, 183
irritation of, 185
sensory function of, 183
structure of, 184, 184f

Skin appendages, 184–185
Skin glands, 185
Skull, base of, 154, 155f–157f
Skull cap, 151
Smooth muscle, 218
Snoring, 374–375
Soft palate, 14, 15f, 16, 17f, 160
Soft tissue orbitale, 13f
Soft tissue porion, 13f
Somatic nervous system, 236
Somatic organs, 5
Spaces, 122, 134t
Specialist training, 1
Specialization, 1
Sphenofrontal suture, 154, 157f
Sphenoid bone, 18, 152f, 155f–157f, 

158, 159f
Sphenoidal fontanel, 157f
Sphenomandibular ligament, 181, 

182f, 226f
Spheroidal joint, 176, 177f
Spinal cord, 236
Spiralization, 30
Splints/splint therapy. See also 

specific splint.
centric relation. See Centric relation 

splints.
effects of, 361
goals of, 358f
indications for, 361
intraoral appliances for, 362t
materials used in, 363

objectives of, 372
occlusal splints, 362t
periodontal treatment using,  

378–379, 379f
pre-prosthetic treatment measures, 

372–374
respiratory disorders treated with, 

374–377
special forms of, 374–377

Spongy bone, 58, 58f
Spongy substance, 36f, 38, 38f
Spring components, of active plate, 

318–323, 318f–323f
Spring loops, 320, 321f
Squamous epithelium, 32, 33f
Squamous suture, 154, 157f
Stabilization splint, 361, 363, 366–367, 

366f–367f
Static occlusion, 212
Stationary anchorage, 306–307, 307f
Stellate cells, 49
Stellate reticulum, 42–43
Stem fibers, 30
Stensen duct, 232
Sternohyoid muscle, 228
Sternothyroid muscle, 228
Stockfisch’s kinetor, 344f, 344–345
Stratified epithelium, 33f, 34
Striated muscle, 218–220
Styloglossus muscle, 198, 199f
Stylohyoid muscle, 227f, 228
Styloid process, 182f
Stylomandibular ligament, 181, 182f
Subcutis, 184
Sublingual caruncles, 195
Sublingual fovea, 170, 172f
Sublingual gland, 14, 188, 189f
Submandibular fovea, 170, 172f
Submandibular gland, 14, 188–189, 

189f
Subnasale, 13f
Successional teeth

anterior, 114
eruption of, 114
germ teeth, 42
posterior, 114
root formation of, 113–114, 114f

Sucking, open bite caused by,  
132–133

Sulcus brush, 290
Superior incisive muscle, 232
Superior joint space, 178f, 180
Superior labial frenulum, 192f, 193
Superior nasal concha, 160
Supernumerary teeth, 281
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Supplemental developmental groove, 
95f, 96

Supporting cusps, 94
Suprahyoid muscles, 226, 227f
Surface epithelium, 32, 33f
Sutures, cranial, 154, 156f–157f
Sved appliance, 364, 365f
Sweat glands, 185
Swivel expansion screw, 316, 317f
Symmetry plane, 6, 6f
Sympathetic nervous system, 240
Symphysis, 12, 168
Synapse, 235, 235f
Synarthroses, 56
Syndesmosis, 55–56
Synovial bursae, 176
Synovial fluid, 175
Synovial folds, 175
Synovial sheaths, 176

T
Taste, 197
Taste buds, 196–197, 197f
Teeth. See also Anterior teeth; 

Dentition; Posterior teeth; specific 
teeth.

abnormal numbers of, 281–283, 282f
anatomy of, 20–21, 21f, 41, 42f
in animals, 18, 19f
anterior, 21
approximal surfaces of, 74, 75f
contact points of, 74, 75f, 138–149
crown of. See Crown of tooth.
deciduous, 20. See also Primary 

teeth.
developmental anomalies in, 

279–281, 281f
directional terms for, 6, 6f–7f
eruption of, 112, 113f
exfoliation of, 20
form, formation, and function of, 

18–20, 19f
forms of. See Tooth forms.
germ cells of, 42, 43f
grinding of, 359
layers of, 41, 42f
lingual surfaces of, 74, 74f
malposition of

in frontal plane, 131–133, 
134t–135t

in horizontal plane, 121f–122f, 
121–123

in sagittal plane, 127f–128f, 
127–129, 134t

in mammals, 19f, 20

mesial inclination of, 126f
neck of, 21
notation for, 22–23, 24f
number of, 281
occlusal surface of, 72, 72f–73f
posterior, 21
root of, 6, 20, 21f
size of, 20
space between, 122–123
supernumerary, 281
tipping movements on, 57
vestibular surface of, 72, 72f, 74f
word origin of, 18

Telescopic screw, 316, 317f
Telophase, 30, 30f
Temporal, 8
Temporal bone, 152f, 155f–157f, 158, 

159f
Temporal muscle, 224, 224f–225f
Temporal nerve, 244
Temporary dentition, 21
Temporomandibular dysfunction, 

358f
Temporomandibular joint

anatomy of, 359f
in animals, 180–181
articular disc, 178f, 180–181, 258
articular surface of, 179
bony parts of, 177–179, 178f
clenching of, 359
connective tissue parts of, 178f, 179
degenerative changes of, 361
diseases and disorders of, 359f,  

359–360
joint capsule, 175, 176f, 178f, 181
movement of, 201
osteoarthritis of, 361f

Temporomandibular ligament, 181, 
182f

Tendon sheaths, 176, 221
Tendons, 221
Terminal occlusion, 212
Thalamus, 238
Thymus gland, 241f, 242
Thyrohyoid muscle, 228
Thyroid gland, 241f, 242
Tight connective tissue, 36
Tipping

lingual, 136, 137f
mesial, 122
oral, 122, 122f
in sagittal direction, 136
vestibular, 122, 122f, 136–137, 137f

Tissue
bone. See Bone.
classification of, 32–36

connective, 32, 34f–35f, 34–36, 60
definition of, 5
dental. See Dental tissues.
epithelial, 32–34, 33f
muscle, 32
nerve, 32

Tissue linkage, 137, 137f
Tongue

description of, 195–196
dorsum of, 196, 196f
frenulum of, 194–196
musculature of, 198, 199f
papillae of, 196–197, 196f–197f
root of, 196

Tongue retainers, 375
Tooth. See Teeth.
Tooth decay, 276, 283–285. See also 

Caries.
Tooth displacement, 122, 135t
Tooth forms

characteristic features of, 71–74, 
72f–74f

description of, 76–77, 76f–77f
Tooth germs, 59
Tooth guidance, of mandibular 

movements, 206, 212–214, 213f. 
See also Occlusion.

Tooth inclination, of mandibular first 
premolar, 98, 99f

Tooth movements
remodeling processes in, 300–302, 

301f
transferring forces in, 304–305, 305f

Tooth positioner, 345
Tooth replacement, 122
Toothbrushes, 287–289, 288f, 290f
Toothpastes, 289
Topographical anatomy, 2
Torus palatinus, 14, 17f
Trabeculae, 38
Tragion, 13f
Tragus, 13f
Trajectories, 153
Transfer RNA, 29
Translating condyle, 202
Transverse axis, 6, 6f
Transverse Christensen’s 

phenomenon, 208f, 208–209
Transverse curve of occlusion, 129, 

130f
Transverse palatine suture, 166, 167f
Transverse plane

description of, 6, 6f
tooth malposition in, 135t

Transverse split, of active plate, 324, 
325f–326f
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Traumatizing occlusion, 215
Triangle clasps, 314, 315f
Triangular ridges, 94
Trichion, 13f
Trigeminal nerve, 239f, 240, 242–244, 

243f
Trochlear nerve, 239, 239f
True hyperdontia, 281, 282f
True hypodontia, 282
True joints, 174–175
Twin arch technique, 351
Two-point force application, 304f, 305
Tympanic tubercle, 178f, 179

U
U-loops, 322, 323f
Upper face, 9
Upper lip, 10, 11f
Uprights, 330
Uvula, 14, 15f

V
Vacuoles, 27f
Vagus nerve, 239f, 240
Velar clefts, 277
Velum palatinum, 16
Ventral, 8

Vertebrae, 39f
Vertical abrasion, 76
Vertical anterior dental arch, 125, 125f
Vertical axis, 6, 6f
Vertical curvature characteristic, 72
Vertical exfoliation of teeth, 20
Vestibular, 6, 7f
Vestibular fornices, 16, 17f, 191
Vestibular inclination of anterior 

teeth, 125, 129
Vestibular sulcus, 16, 18
Vestibular surface

description of, 72, 72f, 74f
of mandibular first molar, 109, 110f
of mandibular first premolar, 

98–100, 99f
of mandibular incisors, 84, 85f–86f
of mandibular second premolar, 

101f, 102
of maxillary canines, 88, 89f
of maxillary first molar, 103f, 104, 

105f
of maxillary first premolar, 96, 97f
of maxillary second molar, 106f, 107
of maxillary second premolar, 97, 

98f
Vestibular tipping, 122, 122f, 136–137, 

137f
Vestibulocochlear nerve, 239f, 240

Vibrating line, 16, 17f, 190, 193
Viruses, 26
Visceral cranium, 152f
Volkmann canals, 38, 62
Vomer, 152f, 155f–156f, 160, 161f
von Korff fibers, 51

W
Wear facets, 76
Weissenfluh splint, 379
Wisdom tooth, 21

Y
Yellow bone marrow, 38
Y-split, of active plate, 324, 326f,  

326–327

Z
Zsigmondy-Palmer system, 23, 24f
Zygomatic bone, 152f, 154, 155f–157f, 

160, 161f
Zygomatic crest, 17f, 18
Zygomatic muscle, 229f, 231f, 233
Zygomatic nerve, 242
Zygomatic process, 164, 165f, 167f
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This textbook is designed for the specialized teaching of advanced dental students and 
technicians. It is written and illustrated by people who have a passion for their craft 
and take joy in passing on their knowledge. The text describes the philosophy behind 
prosthodontic design and systematically details all of the working steps in designing 
and fabricating restorations and dentures. Unlike other prosthodontic texts, this one is 
written from a design perspective � rst and foremost, explaining the rationale behind the 
most minute of design considerations, such as different extension arms in removable partial 
denture clasps. Because prosthodontists must possess the skills required to physically 
fabricate restorations, the book includes comprehensive instructions on fabrication, 
clearly delineating the clinical work from the laboratory work. It also presents each tech-
nique as an illustrated algorithm with detailed legends; these algorithms provide a quick 
orientation and visual aid for the reader. Multiple working methods for complete den-
ture fabrication are presented, and the � nal chapter describes how to incorporate sound 
prostho dontic design into implant therapy. Armed with this book, the dental student will 
be well prepared to create esthetic, stable, and durable restorations.

Introduction



Preprosthetics

1

Functional Disorders After Tooth Loss
The masticatory system is a unit made up of functio nally oriented tissue parts, and it 
only functions properly if all parts of the system are present and working smoothly. If 
normal functioning of the masticatory system no longer exists—whether because of 
loss or because disease has changed one part of the system—this is referred to as a 
functional disorder, malfunction, or dysfunction. In relation to the position and size of an 
edentulous space between teeth or a shortened dental arch, changes in facial expression 
and articulation may be observed as well as effects on masticatory function, the muscles 
of mastication, and the temporomandibular joints (TMJs). Above all, however, there is 
an adverse effect on the remaining dentition.

If there is an edentulous space, the supporting function of the closed dental arch af-
forded by the approximal contact points is lost and the teeth migrate into the space (Fig 
1-1). Under the pressure of tooth migration, the bony alveolar wall opposing the eden-
tulous space is broken down. At the same time, the alveolar bone beneath the space is 
resorbed. The consequence is the formation of a periodontal pocket in the area bordering 
the edentulous space. In addition, the approximal contacts with adjacent teeth become 
loose. As a result, the interdental areas open up and are no longer protected against food 
particles, which can become trapped there. This is followed by the formation of approxi-
mal caries and in� ammation, which will damage the marginal periodontium. 

As a result of the tipping of teeth, the normal occlusal contacts with the opposing teeth 
are lost. The occlusal surface inclines toward the normal occlusal level, so that some 
occlusal points migrate beyond the normal level and others fall below what is normal. 
The antagonists then overerupt until they regain occlusal contact, giving rise to severe 
malocclusions.
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The elongation (lengthening) of teeth may be 
due to the reactive behavior of the periodontal 
tissues (Fig 1-2): If the tooth is not pressed into 
the socket by masticatory force, the pressure in 
the blood vessels lifts the tooth out of the socket. 
The gentle but continuous pull on the ligamen-
tous apparatus acts as a stimulus on the alveolar 
bone, which grows in the direction of the pull un-
til the tooth is held by antagonist contact or the 
opposing jaw.

The overeruption of an antagonist has two re-
percussions. First, in the dental arch from which 
the tooth is overerupting, all of the teeth become 
more mobile, bringing consequences such as 
loss of sagittal support, opening of the interden-
tal spaces, approximal caries, and damage to the 
marginal periodontium. Second, the elongation 
gives rise to an occlusal disorder as the over-
erupting tooth interferes with gliding movements 
(Fig 1-3). Smooth occlusal gliding out of centric 
occlusion is no longer possible.

Enlargement of edentulous spaces means that 
the stresses on the residual teeth become greater 
and the periodontal damage more pronounced. 
Deterioration of the dentition progresses rapidly 
(Fig 1-4).

Malocclusions in a partially edentulous denti-
tion arise because the continuous masticatory 
�eld is interrupted and sagittal or occlusal sup-
port contacts are lost. As a result, centric stops 
no longer meet simultaneously in their contact 
areas: some have premature contact and others 
no contact at all. This brings about uneven dis-
tribution of forces in the masticatory �eld: some 
teeth are overloaded and others underloaded. Be-
cause the sagittal support is missing, tipping and 
migration of teeth will occur whereby the tipped 
and migrated teeth are loaded eccentrically and 
hence nonphysiologically.

In all lateral or protrusive movements, all the 
mandibular teeth glide downward and forward 
on the posterior sloping surfaces of their maxil-

Fig 1-1 If a tooth is missing within an arch, the remaining 
teeth migrate into the edentulous space. As a result, the sup-
porting function is lost, the interdental papillae are no longer 
protected, and caries develops in the approximal areas. In ar-
eas bordering the space, pocketing occurs at the marginal peri-
odontium. In addition, the opposing tooth overerupts into the 
space, potentially causing tooth mobility, loss of support, and 
approximal caries in that arch as well.

Fig 1-2 If the antagonists are missing, the teeth overerupt 
until they are stopped by the opposing jaw. This overeruption 
looks like lengthening of the tooth and is referred to as elon-
gation. This exposes the cervical areas of the teeth so that 
cervical caries may develop. Prosthetic restoration becomes 
dif�cult under these conditions.
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lary antagonists because of condylar, neuromus-
cular, and tooth guidance. If the cuspal paths are 
no longer arranged in the right spatial inclination 
because of tipping of teeth, the centric stops lose 
their antagonist contact.

Condylar and neuromuscular guidance are 
therefore abnormally stressed, which may result 
in TMJ and muscle diseases (Fig 1-5). Joint dam-
age is often evident as disc dislocation with acute 

joint clicking when the disc pops out of its nor-
mal position beyond the edge of the mandibular 
fossa. This will result in pain of varying severity 
on loading.

Myopathies are diseases of the neuromuscular 
system that are evident initially as muscle tension 
and induration and later as disorders of metabol-
ic breakdown and associated muscle pains.

Fig 1-3 As a result of tipping, the distal occlusal points migrate 
beyond the occlusal line and the mesial points migrate below 
it. Consequently, the stress relationships for the affected teeth 
are also altered. Interference with gliding movements within 
the dental arch occurs during mandibular movements.

Fig 1-4 Early signs of destruction of a partially edentulous 
dentition can be seen from the migration of posterior teeth, 
which results in loss of interdental support. Tipping of teeth 
and hence a change in occlusal relationships are always associ-
ated with tooth migration.

Fig 1-5 In the fully dentate dentition, the condyle is in a 
neutral position in the fossa when in centric occlusion. If the 
supporting function of the teeth is lost because of shorten-
ing of the dental arch, there is inevitably abnormal loading of 
the TMJs. The condyle is pressed into the mandibular fossa by 
the activity of the masticatory muscles. This leads to traumatic 
changes to the TMJs.
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Functional Disorders and 
Loading of Residual  
Dentition

Abnormal loading of the TMJs and the mastica-
tory muscles appears when the supporting func-
tion of the posterior teeth is lost and the muscles 
of mastication press the condyle into the man-
dibular fossa. The abnormal loading of the masti-
catory muscles leads to displacement of the bite 
position; the mandible is shifted forward, which 
accelerates deleterious changes in the TMJ.

Displacement of the bite position in�uences the 
residual dentition. Either the remaining anterior 
teeth are moved labially by occlusal pressure, or 
an edge-to-edge bite arises with severe abrasion 
of the incisal edges. This results in severe mobil-
ity of teeth and even complete deterioration of 
the dentition.

The progressive destruction of a partially eden-
tulous dentition may be delayed over prolonged 

periods. For instance, given normal loading and 
a resistant periodontium, a dentition may even 
make up for the loss of several molars itself. In 
most cases, however, the described symptoms 
occur within a few years and quickly lead to loss 
of all the teeth if the deterioration is not halted by 
prosthetic treatment.

The changes are most striking in complete 
edentulism. As a result of complete tooth loss, 
the mandible or maxilla collapses, lip support is 
lost, and the vertical dimension of occlusion is 
reduced, which inevitably pushes the mandible 
forward. All of these changes cause the lips to 
cave in; in addition, the vermilion of the lips dis-
appears, the mouth becomes thin, and the lower 
part of the face is shortened. This results in an 
aged facial appearance with pronounced wrin-
kles around the mouth area caused by general 
slackness of the muscles of mastication and the 
perioral musculature, because normal mastica-
tory function no longer places any load on these 
tissue parts (Figs 1-6 and 1-7). The bony areas to 
which the masticatory muscles attach are also re-
sorbed.

Fig 1-6 In the face of an aged edentulous patient, the extreme 
wrinkling around the sunken mouth becomes pronounced, the 
nose appears to lengthen, the cranial fossae at the sides are 
also sunken, and the slack buccal muscles cause the cheeks to 
sag. The facial proportions are therefore shifted.

Fig 1-7 Changes to the masticatory system and face are most 
striking in complete edentulism: The alveolar ridges and bony 
tissue for the muscle attachments are resorbed, the mandible 
moves closer to the maxilla, lip support is lost, the vermilion of 
the lips disappears, and the face looks more aged.
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Impaired masticatory function affects the en-
tire digestive process. The inability to crush food 
properly, together with insuf�cient insalivation 
and predigestion, will initially lengthen the time 
food stays in the stomach; the stomach muscles 
slacken, and diseases of the intestinal tract devel-
op because of the abnormal decay and fermenta-
tion processes.

The consequences of tooth loss that impairs 
function suggest that prosthetic replacement of 
missing teeth is indispensable. The prosthetic 
replacement has to be anchored to the residual 
teeth that are still present or supported on the 
mucosa, which is unsuitable for absorbing mas-
ticatory forces.

Periodontal tissues are far better suited to ab-
sorbing masticatory forces than the mucosal and 
bony foundation for a denture base (Fig 1-8). The 
cells of the periodontal tissue have differentiated 
to absorb forces: Sharpey �bers convert pres-
sure into tension, stabilizing the alveolar cortical 
bone, which can dissipate force effectively. Bone 
is known to grow in the direction of pull and is 
broken down under pressure—a functional rela-
tionship that is exploited to achieve orthodontic 
tooth movements.

The mucosal and bony base can absorb moder-
ate masticatory force because of shifts of �uid in 
the soft tissue. The mucosa transfers masticatory 

force to the bone, for which a moderate masti-
catory force is favorable because the periosteum 
here is stimulated by �brous anchorage of the at-
tached mucosa. The bone will atrophy if there is 
complete inactivity. However, even at masticatory 
forces that are normal for the periodontium, the 
bone is subject to compressive loading to such an 
extent that it is resorbed; this has to be corrected 
by constant rebasing.

If the loading of the residual dentition is greater 
than normal because of the prosthetic replace-
ment, there is a pronounced increase in the 
Sharpey �ber bundles, and hence periodontal 
loading capacity is higher. It is important that the 
higher load contacts the periodontium centrally 
and does not tip the tooth, causing nonphysiolog-
ic loading of the �brous tissue.

In a fully dentate dentition, tipping of the teeth 
is compensated for by the sagittal support from 
approximal contacts, tissue interlinking, double 
interlocking with antagonists, and the neuromus-
cular re�ex arc. In a partially edentulous dentition, 
sagittal support, tissue interlinking, and antago-
nist contacts are largely lost; only the re�ex arc 
remains. However, the arc only works when there 
is overloading and not with below-threshold con-
tinuous loads. This can give rise to and explain 
speci�c denture requirements.

Fig 1-8 If a force hits the tooth centrally, the whole periodon-
tium is physiologically under tension. On transverse loading 
and tooth tipping, only a third of the periodontal �brous surface 
is physiologically under tensile stress (green bracket), a third 
remains neutral and unloaded, and a third is nonphysiologically 
compressed.
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Function of Dental  
Prostheses

The term prostheses refers to all mechanical de-
vices that serve as a functional or cosmetic re-
placement for lost anatomical tissue. Hence every 
tooth replacement—whether a crown or a partial 
denture—is a prosthesis. The term partial prosthe-
sis is actually a tautology because any prosthesis 
is essentially a partial replacement. The following 
grouping of teeth replacements is useful in dis-
tinguishing the different types of prostheses, and 
their names emphasize the design features of the 
speci�c replacements (Fig 1-9):

• A crown replaces hard dental tissue in a wide 
variety of �xed designs; in the broadest sense, 
this also includes restorative treatment.

• A �xed partial denture replaces teeth, dental hard 
substance, and alveolar bone; this �xed prosthet-
ic replacement is �rmly spanned between abut-
ments, which is why they are also called bridges.

• A removable partial denture is a removable 
tooth replacement that replaces single teeth and 
alveolar bone in a partially edentulous dentition.

• A complete denture is a removable full denture 
that replaces all the teeth and missing alveolar 
bone.

Depending on the amount of time a prosthesis 
is used, a distinction is made between interim/
provisional or immediate prostheses and de�ni-
tive prostheses. The terms immediate prosthesis 
and interim prosthesis denote the instant pros-
theses used for a speci�c indication.

An immediate prosthesis is fabricated accord-
ing to a model prepared before extraction of the 
teeth that are going to be replaced. The teeth are 
ground on the model and replaced by a prosthe-
sis construction. An immediate denture is insert-
ed directly after extraction of the teeth.

An interim prosthesis is a provisional removable 
tooth replacement that is fabricated and inserted 
immediately after tooth extraction as a form of 
wound closure and is used until the de�nitive re-
placement is inserted. After tooth extraction, an 
impression is taken, models are made, and the 
prosthesis is fabricated with the same design fea-
tures and functions as an immediate prosthesis.

Interim prostheses offer good wound closure 
and better adaptation of the alveolar ridge tissue 
to loading. Researchers have observed that pa-
tients who are �tted with interim prostheses ex-
perience less shrinkage of the alveolar ridge than 
those who are not. Interim prostheses offer an es-
thetic replacement until the de�nitive restoration 
is inserted; they maintain the vertical dimension 
of occlusion, allow natural chewing movements, 
and as spacers prevent any displacement of teeth 
bordering edentulous spaces. Another advantage 
of these interim prostheses lies in the recording 
of the maxillomandibular relationship for the 
de�nitive prosthesis, especially in the case of 
complete dentures. Furthermore, speech function 
is preserved for the patient. De�nitive prostheses 
are the form of tooth replacement that is intended 
to be in place in the long term.

The aim of prosthetic treatment is to replace 
lost tissue and avoid, or at least reduce, all the 
functional disorders that occur because of tooth 
loss. The speci�c functions of a tooth replacement 
can thus be identi�ed as follows (Fig 1-10):

• Biomechanical function involves restoring the 
closed dental arch by replacing the missing tis-
sue parts. The aim is to secure the supporting 
function within the dental arch, create a normal 
occlusal situation, and enable physiologic load-
ing of the available tissue.

• Therapeutic function involves halting any dete-
rioration of the dentition that has already start-
ed. This also relates to delaying or preventing 
changes to other tissue parts of the masticatory 
system by means of correct prosthetic design.

• Prophylactic function means stopping secondary 
damage resulting from the prosthetic replace-
ment and preventing future pathologic changes.

• Regulating function concerns prosthetic mea-
sures intended to improve or establish the func-
tioning of a masticatory system. This includes 
esthetic aspects and unimpaired phonetics.

Design principles and the criteria of functional 
testing can be deduced from this general descrip-
tion of functions. Descriptions of speci�c prosthe-
ses in the following sections not only explain the 
constructional measures but also cover the func-
tional references of the tooth replacement. Possi-
ble errors that may result are examined in detail.



7

Function of Dental Prostheses

Crown

Re
si

du
al

 d
en

tit
io

n
Re

pl
ac

em
en

t
Fu

nc
tio

na
l v

al
ue

Fixed partial denture Removable partial denture Complete denture

 0%            50%            100%  0%                 50%         100%  0%             50%             100%  0%            50%          100%

Fig 1-9 The possible functional value that can be achieved by a dental replacement in the ideal situation can be cor-
related with the different prosthesis and tooth replacement groups. A functional value of 100% in single-tooth reha-
bilitation can be achieved by dentistry and dental technology methods, whereas severe loss of masticatory function 
can be expected in the case of complete prostheses. 

Functions of  
prosthetic  
treatment

Biomechanical function: 
Restoration of masticatory 

function

Therapeutic function:  
Stopping deterioration  

of the dentition

Prophylactic function:  
Preventing secondary damage

Regulating function:  
Improving esthetics  

and phonetics

Fig 1-10 The functions of prosthetic treatment can be broken down into 
four functional areas for teaching purposes. No area has particular prior-
ity, and all functions need to be accomplished equally.
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Restorative Treatment
Restorative treatment refers to a single-tooth 
restoration in which the diseased dental hard 
substance is replaced by tissue-compatible ma-
terial. Restorative treatment becomes necessary 
for dental defects resulting from chipping of the 
teeth during trauma, caries lesions, or abrasive 
wear.

Restorations are intended to restore the origi-
nal morphology of the tooth and to be resistant 
to conditions in the oral cavity, dimensionally 
stable, and tissue compatible. Their color should 
not differ from that of the natural tooth, and res-
torations should be cost-effective to produce. The 
margins of the restoration are placed in areas that 
are accessible to mechanical oral hygiene mea-
sures or subject to self-cleaning. The restoration 
must withstand masticatory loads and must not 
fall out. Restorations can be classi�ed according 
to the following:

• The extent of dental destruction or the dimen-
sions of the tooth surfaces to be replaced

• The nature of the restorative material (ie, plastic 
or metal)

• The nature of the fabrication process (ie, direct 
or indirect fabrication)

Cavity or tooth preparation refers to preparing 
the tooth to receive a restoration. The process in-
volves removing the caries or preparing the de-
fect in the dental tissue and treating the wound in 
the dentin. To remove the soft carious tissue with 
a low-speed drill, the hard enamel layer is �rst 
removed at high speed under water cooling. Tooth 
preparation is intended to spare hard dental tis-
sue, provide permanent retention for the restora-
tion, and prevent new caries from developing. It 
is done with rotary instruments at low or normal 
speed (4,500 rpm and above) and under water 
cooling and is not extended to the gingival margin.

The cavity to receive a restoration has the fol-
lowing basic features (Fig 1-11):

• The cavity �oor is the interface directed toward 
the pulp, which must be a minimum of 1.5 mm 
from the tooth surface in order to create high 
enough walls for the restoration.

• The cavity walls are the lateral borders to the 
enamel and dentin. The transitions between the 

�oor and wall are rounded. For plastic restor-
ative materials, the cavity walls are slightly un-
dercut. For metal restorative materials, the �oor 
and wall form a nearly 90-degree angle.

• The cavity margin, or the border between the 
cavity wall and the tooth surface, forms the sub-
sequent restorative margin. For cast restorations 
and adhesive restorations made of composite, 
the cavity margin is beveled in the enamel.

• Extension surfaces are the cavity walls that bor-
der the vertical pulpoaxial cavity �oor on the ap-
proximal surfaces.

Caries lesions are subdivided into �ve classes 
according to Black’s classi�cation (Fig 1-12):

• Class I caries refers to occlusal lesions in the 
area of the pits and �ssures in molars and pre-
molars. The term is used for �ssure caries that 
starts in spots in the �ssures and runs along 
the dentinoenamel junction. Any overhanging 
enamel areas that arise will break off under 
masticatory pressure.

• Class II caries describes approximal lesions in 
premolars and molars. An approximal defect in 
posterior teeth in a closed dental arch can only 
be prepared occlusally so that a multisurface 
cavity is formed. A box-shaped preparation with 
rounded transitions is required to restore an ap-
proximal caries lesion. The approximal-cervical 
shoulder lies perpendicular to the crown axis or 
slopes slightly from the outside inward.

• Class III caries refers to approximal cavities in 
anterior teeth without involvement of the inci-
sal edge. The small, round cavity opening in the 
area of the anterior teeth is prepared from the 
lingual, and the cavity margins are extensively 
beveled to achieve a wide retentive surface on 
the dental enamel.

• Class IV caries relates to approximal defects in 
anterior teeth involving damage to the incisal 
edge. Loss of the incisal edge necessitates ex-
tensive beveling of the enamel (1 to 2 mm), which 
is mainly restored with a tooth-colored restora-
tion retentively �xed to the dental enamel by the 
enamel etching technique.

• Class V caries denotes defects close to the gin-
giva on the labial and buccal tooth surfaces. 
Cervical cavities are surrounded by enamel on 
all sides.
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Fig 1-11 Tooth preparation removes carious dental hard substance and shapes a cavity to receive a restoration. 

Cavity �oor

Buccal cavity wall

Buccal cavity margin
Lingual cavity wall

Approximal-cervical 
shoulder

Buccal extension surface

Tooth surface

Distal cavity wall

Pulpal cavity wall

Fig 1-12 Caries classes I through V can be distinguished based on Black’s systematic classi�cation. 

Class IV: Approximal-incisal cavities 
in anterior teeth

Class V: Cervical cavities on  
smooth surfaces

Class I: Occlusal cavities in  
posterior teeth

Class II: Approximal cavities in 
posterior teeth

Class III: Approximal cavities in 
anterior teeth
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Restorative Materials
Restorations made from plastic restorative mate-
rial are fabricated by the dentist in the patient’s 
mouth using the direct method. A distinction is 
made between a provisional restoration as a tem-
porary seal and the de�nitive restoration for the 
long-term restoration. Hardening substances in 
the form of ready-to-use mixtures of zinc and cal-
cium sulfate from tubes, zinc oxide–clove oil with 
additives, and heat-deformable gutta-percha are 
used as temporary restorative materials.

Amalgam, composites, glass-ionomer cements, 
and gold leaf or crystalline gold (sponge gold) are 
used for de�nitive restorations. Tooth preparation 
is performed as described, depending on the re-
storative material used.

Amalgam restorations for caries treatment in 
conservative dentistry are made of a heteroge-
neous alloy of mercury with other metals. They 
are used in the occlusion-bearing posterior re-
gion and to build up cusps (Figs 1-13 and 1-14); 
amalgam restorations are not used for anterior 
restorations for esthetic reasons. The liquid mix-
ture of mercury and other metals can be readily 
packed into the cavity before it hardens into its 
solid form. The ready-to-use amalgam alloy is 

mechanically blended from two components at a 
1:1 ratio of liquid mercury and powdered amal-
gam particles. Correctly prepared amalgam resto-
rations are extremely durable and leak only small 
amounts of mercury. However, because of this 
leakage, amalgams are suspected of being dele-
terious to health. Measurements of mercury in sa-
liva, blood, and urine show a correlation between 
the concentration of inorganic mercury com-
pounds and the number of teeth �lled with amal-
gam. Therefore, amalgam restorations are unsuit-
able for children younger than 6 years, pregnant 
women, and patients with kidney disease. Owing 
to the hazard posed by mercury vapors and their 
chemical af�nity for precious metals, amalgams 
are rarely used. Similarly, amalgam in direct con-
tact with metallic crowns will release mercury be-
cause of electrogalvanic corrosion.

Composite restorations are made of tooth-
colored acrylic resin reinforced with inorganic 
�llers. The composite is packed into the cavity in 
its liquid state and sets chemically or under ul-
traviolet light. Composite is not as mechanically 
durable as amalgam because it shrinks during 
curing and has high thermal expansion. Compos-
ites are not as suitable for posterior restorations 
as they are for the anterior region. They can be 

2 mm

Fig 1-13 The buccal and lingual cavity walls for an amalgam restoration are prepared 
slightly undercut. The minimum cavity depth is 2 mm. The transitions are rounded at 
the cavity �oor to prevent a notching effect with the dental tissue.

Fig 1-14 The approximal cavity walls 
for an amalgam restoration are pre-
pared slightly divergent, in an occlusal 
direction, so that the marginal ridge ar-
eas cannot break. The buccal and lingual 
walls are slightly undercut to give the 
restoration material suf�cient retention.
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used for small occlusal cavities if the antagonist 
contacts lie on the natural dental hard substance. 
Composite restorations are adhesively and reten-
tively bonded to the dental enamel by the enamel 
etching technique, for which an absolutely dry 
cavity must be maintained (rubber dam).

The marginal integrity of composite restora-
tions is ensured by the preparation of mechanical 
retentions (grooves, adhesive points) and with 
dentin bonding agents. In addition, a tight, acid-
resistant cavity lining is placed to protect the pulp 
against the acrylic resin monomer or phosphoric 
acid (etching gel). The composite material is ap-
plied layer by layer, �nished, and polished and 
thus provides esthetically superior restorations 
with a tight marginal seal (Fig 1-15).

Glass-ionomer cement restorations may be used 
for small caries lesions. Glass-ionomer cements 
bond well to dentin and enamel so that a restora-
tion with marginal integrity is produced. Cements 
cannot be polished, are light impermeable, and 
are not abrasion resistant. Their use is con�ned to 

cervical caries lesions bordered by enamel as 
well as caries lesions in the cementum. Glass-
ionomer cement is mainly used as a tooth prepa-
ration lining material and for buildups on crown 
stumps.

Gold compaction restorations are very rarely 
fabricated for small occlusal and approximal car-
ies lesions. Tooth preparation must be box shaped 
with sharp edges. The cavity walls are parallel or 
undercut to provide suf�cient retention (Fig 1-16). 
The restorative material consists of a special gold 
foil (gold leaf) or crystalline gold. The core of the 
restoration is built up with the crystalline gold, 
which is coated on the outside with gold leaf. 
The gold is packed in portions into the cavity and 
cold-welded with hammer blows so that it wedg-
es into the cavity with a tight marginal seal. Fab-
rication is time-consuming and costly but does 
produce long-lasting, dimensionally stable inlay 
restorations that are appropriate when a patient 
is allergic to other restorative materials and their 
ingredients.

Fig 1-16 For a multisurface cavity, a gold inlay restoration 
is generally made; the same design is chosen as in Fig 1-15, 
with a depth of 2 mm, the extension surfaces, and the enamel 
bevel. The occlusal antagonist contacts must always lie outside 
the cavity margin. 

Cavity �oor

Enamel bevel

Extension  
surface

Enamel bevel

Extension  
surfaces

Fig 1-15 In a multisurface cavity for a composite restoration, 
the cavity �oor is at least 2 mm deep. The approximal exten-
sion surfaces are clearly directed in a lingual and buccal direc-
tion. The cavity margin is encircled by an enamel bevel. Condi-
tioning with an etchant gel is performed in this enamel area.
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Inlay Restorations
Inlay restorations made from metal, ceramic, or 
composite can be used to restore occlusal, ap-
proximal, or approximal-incisal cavities caused 
by carious defects, fracture, or other damage af-
ter they have been prepared. Inlay restorations 
are only indicated for patients who have good 
oral hygiene, minimal susceptibility to caries, and 
healthy periodontal conditions. Inlay restorations 
can be placed over several surfaces and may be 
retained by shoulders and pins (Fig 1-17). They 
differ depending on the amount of tooth structure 
to be replaced (Fig 1-18). The term inlay restora-
tions encompasses inlays, onlays, overlays, and 
onlay partial crowns.

While an inlay is �xed entirely intracoronally 
without covering the occlusal surface of a tooth, 
an onlay covers the entire occlusal surface, and 
an overlay encompasses the occlusion-bearing 
cusps and includes both approximal surfaces. 
There is a smooth transition from overlay to par-
tial crown when the cervical area of the tooth and 
the occlusal and approximal defects need to be 
restored.

The design for inlay restorations is extended 
and demands plenty of dental hard tissue, espe-
cially if a metal and porcelain restoration cover-
ing the occlusal surface is to be placed. The cavity 
walls are not undercut occlusally, in contrast to 
the preparation for plastic restorative materials 
(Fig 1-19). Cavity walls close to the pulp are coat-
ed with a lining so that even undercut areas are 
blocked out. The cavity walls and the liner should 
be smoothed, and then an impression is taken. 
The prepared teeth are �tted with a temporary 
acrylic resin restoration until an inlay restoration 
has been made in the dental laboratory. 

Inlay restorations are fabricated using dental 
technology measures. First an impression is tak-
en of the cavity, and the restoration is made indi-
rectly on a model by the following methods:

• Cast in metal using the lost wax technique
• Milled out of a ceramic block using computer 

numeric controlled (CNC) technology
• Compressed in ceramic by the extrusion tech-

nique
• Ceramic �red onto galvanic carrier layers
• Cured in composite using the layering technique

After fabrication, inlay restorations are inserted 
with cement or special bonding agents. They ad-
here to the cavity walls by a gripping effect and 
static friction.

Metal inlay restorations are made from gold al-
loys; other metal alloys (non–precious metal and 
palladium alloys) are rarely used. A working mod-
el and opposing jaw model are �rst fabricated 
from arti�cial stone and placed in the articulator. 
By the traditional method, the inlay restoration is 
carved in wax, sprued, invested, and cast. Metal 
inlay restorations can also be milled out of a full 
metal block using CNC technology.

Composite and ceramic inlay restorations can 
be fabricated by the indirect technique using an 
impression and plaster cast and adhesively �xed 
in the cavity by the acid-etching technique.

Various methods are used for fabricating ce-
ramic inlay restorations. In the sintering method, 
a split model made of plaster and a duplicate 
model made of castable material are prepared, 
onto which the restoration is sintered. If the ce-
ramic inlay restoration is made of castable ce-
ramic (eg, glass-ceramic) or pressed ceramic, 
the restoration must be carved out of wax on the 
working model and invested. For fabrication by 
computer-controlled techniques, an optical im-
pression of the prepared cavity must be made us-
ing special imaging methods. On the basis of this 
impression, the inlay restoration is ground out of 
a compact ceramic block using CNC techniques. 
In the copy-grinding method, a restorative block 
made of acrylic resin is mechanically scanned, 
and a ceramic duplicate is milled out of a ceramic 
block.

Composite inlay restorations are made of com-
posite with a high proportion of inorganic �llers. 
They can be fabricated directly in the mouth or 
by indirect fabrication on a working model in the 
dental laboratory.

In the case of electroformed inlays, tooth-colored 
ceramic is �red onto a thin carrier layer of electro-
formed gold. A thin gold layer is electrogalvani-
cally deposited on the model die in order to �re 
on a ceramic layer. These inlay restorations have 
very good accuracy of �t and are inserted using 
phosphate cement. A thin gold margin remains 
visible, which is esthetically unsightly.
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Occlusal inlays

For occlusal inlays, the width of the cavity is half 
the intercuspal distance in order to maintain the 
stability of the dental substance and leave the 

occlusal contacts on the natural dental tissue. 
An occlusal cavity is 1.5 mm wide and deep and 
includes the main �ssures. The cavity walls have 
a common path of insertion without undercuts. 
The inner edges of the cavity are rounded, and 

Inlay Onlay

Overlay Onlay partial crown

Fig 1-17 An extensive cavity restoration can be created with 
additional retentions in the form of pinholes. Short pins engage 
in these holes to secure the restoration. The term pinlays is 
used for restorations that mainly gain their retention in the den-
tal tissue by means of pinholes or pins.

Fig 1-19 The bevel of the cavity margins for metal inlay restorations is designed differently, depending on the cavity volume: A 
�at cavity is given 45-degree bevels; a very deep cavity is given steeper bevels; and very deep and wide cavities are prepared with 
round bevels.

Fig 1-18 The term inlay restoration encompasses restorations 
made of metal in differing dimensions; they are classi�ed ac-
cording to the amount of dental substance to be replaced— 
inlays: intracoronal cavities; onlays: cavities on occlusal surfaces; 
overlays: cavities on occlusal surfaces and the occlusion-bearing 
cusps; onlay partial crowns: cavities involving the vertical smooth 
surfaces outside the portion visible from the vestibular view. 
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the occlusal margin is beveled so that the margin 
of the metal restoration can be re�ned by rework-
ing (Fig 1-20). Antagonist contacts lie either com-
pletely on the natural dental substance or on the 
surface of the restoration.

Inlay splints refer to cast restorations that are 
soldered together; they are used to �x mobile 
teeth to adjacent teeth and stabilize them. Inlays 
can be used to anchor partial dentures, but they 
offer less retention to abutment teeth than the 
use of crowns.

Onlays and overlays
Onlays or overlays are prepared when the dental 
hard tissue is weakened by large caries lesions 
and occlusal corrections are also necessary. For 
an onlay, preparation involves the occlusal sur-

face, including the cusp tips, and usually extends 
into both approximal surfaces (Fig 1-21). Overlay 
preparation incorporates the bearing cusps and 
ends in a shoulder preparation with bevel. The 
preparation margin runs level with the height of 
the contour and extends into both approximal 
surfaces. There is a smooth crossover between 
overlays and partial crowns (Fig 1-22).

A core buildup made of plastic restorative ma-
terials (glass-ionomer cement or composite) be-
comes necessary for badly damaged teeth before 
the onlay or overlay preparation can be started. 
All restorative margins must lie within healthy 
dental hard substance and not in the buildup 
material. Such core buildups are anchored with 
parapulpal pins in the form of root canal screws 
unless a cast post and core is being fabricated.

Fig 1-20 The cavity for a single-surface metal inlay has a mini-
mum depth of 1.5 mm; preparation is slightly divergent, and 
there are no undercuts. The cavity margin does not lie in the 
area of occlusal contacts and is prepared with an enamel bevel.

Fig 1-21 An onlay incorporates the whole occlusal surface and 
extends into the approximal surfaces. The approximal exten-
sions run lingually or vestibularly; an approximal-cervical shoul-
der is usually prepared. An enamel bevel is prepared around 
the cavity margin.

Fig 1-22 The overlay replaces the occlusal surface and fully 
encompasses the occlusion-bearing cusps. A shoulder is usu-
ally prepared around these cusps, while the nonsupporting 
cusp is surrounded by a simple enamel bevel.
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Veneers

Veneers, also known as laminates or facings, 
are fabricated when circular preparation of den-
tal crowns is to be avoided in order to preserve 
ample natural dental tissue as well as esthetics. 
Veneers can be made individually out of acrylic 
resin, composite, and ceramic directly in the 
mouth or in the dental laboratory, or they can be 
milled out of prefabricated ceramic blocks using 
CNC machining. Veneers are indicated for discol-
ored facets or large anterior restorations, enamel 
cracks or chips, and morphologic or positional 
corrections.

To prepare a veneer stump, the labial enamel 
and the incisal edge into the approximal surfaces 
are removed to a thickness of about 0.5 mm with-
out exposing the dentin. The preparation surface 
is slightly curved in the horizontal and vertical di-
rection and should be smooth without undercuts. 
The approximal surfaces can be incorporated as 
far as halfway; if the approximal areas are intact 
and not discolored, the approximal contact made 
of natural dental tissue can remain unchanged.

The veneers are retained on the dental enam-
el by micromechanical adhesive means. For 
the purposes of micromechanical retention, the 
enamel is conditioned at the cavity margin using 
the acid-etching technique, which enlarges the 

surface of this enamel area and renders it wet-
table (Fig 1-23). The inside of the veneer is also 
conditioned (porcelain veneers are etched with 
hydro�uoric acid) and prepared with adhesive 
silane as a bonding agent to the composite. Ad-
hesive cementation can be done with self-curing 
dual cement or light-curing composite cement.

The acid-etching technique is used to condition 
the surface of the enamel for adhesive cementa-
tion of ceramic or composite inlay restorations. 
The enamel surfaces intended for adhesive bond-
ing are cleaned and treated with orthophospho-
ric acid (H3PO4) or phosphoric acid gel so that 
the apatites of the enamel prism cores partially 
dissolve. After 30 to 60 seconds, the etchant and 
dissolved enamel constituents are rinsed off. This 
leaves surface roughness between 5 and 8 µm 
deep, creating an enlarged surface with pores 
for micromechanical retention of the cementing 
acrylic resin. The roughened cavity margins and 
the restoration etched on the underside are si-
lanized and cemented in place with a composite 
bonding agent. During acid etching and insertion 
with the composite bonding agent, irritation of 
the pulp and prolonged hypersensitivity of the re-
stored tooth can arise if dentin areas are touched. 
Therefore, the cavity margins for adhesively ce-
mented inlay restorations must lie within the area 
of etchable enamel.

Fig 1-23 Veneers replace the labial facet of an anterior tooth. For this purpose, a consistent layer approximately 0.8 mm thick is 
ground out of the enamel into the approximal areas; the incisal edge is prepared into the lingual area. The approximal crown width 
is retained, and undercuts are avoided. The prepared surface is conditioned by acid etching to receive the ceramic veneer and there-
fore must lie solely within the enamel area. A composite bonding agent is used to achieve the adhesive bond.
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Abutment(s)

angled, 385
for implants. See Implant(s), abutment 

and.
for partial dentures, 88–91

Abutment teeth
anchoring of, 83–84
definition of, 81
loading of, 99, 103
periodontium of, 83
pontics on, 84, 85f, 101, 102f
position of, 103
root shape of, 83, 84f
root surface area of, 84, 84f
selection of, 85f

Abutment-pin implants, 347–348, 348f
Accuracy of fit

for complete dentures, 285
for conical crowns, 147
for crowns, 20f, 39, 147

Acid etching, 15, 345
Acrylic resin frameworks, for partial 

dentures, 116
Acrylic resin jacket crowns, 51, 53, 53f–54f, 

79
Acrylic resin plate, 112
Acrylic resin veneer crowns

as partial denture abutments, 88, 90, 96
description of, 60–61, 60f–62f

Action levers, 226
Active retention accessories, 158, 159f
Adhesion, 285

Adhesive cone, 144
Adhesive forces, 143, 143f
Adhesive retention, of bonded partial 

dentures, 92
Akers clasp, 203
Allogeneic bone grafts, 363
Alternating interdental insertion 

prostheses, 110
Aluminum oxide ceramics, 347
Alveolar bone splitting, 358, 359f
Alveolar ridge

atrophied, static relationships in, 255f
augmentation of, using bone or onlay 

grafts for, 357–358, 363–364
distraction of, 360
edentulous, 247
of posterior teeth, 246
resorption of, 385
shrinkage of, 245–247, 246f, 255f
splitting of, 358, 359f
vestibular inclination of, 245f

Alveolar split osteotomy, 358
Amalgam restorations, 10, 10f
Anchor(s)

clasp, 125
for removable partial dentures, 96
root crown, 162, 163f

Anchoring and supporting elements
clasps

arm length of, 200–201, 202f
cast. See Cast clasps.
definition of, 181
double-arm, 182, 183f–184f, 185, 203
lingual arm of, 182, 193f

periodontal hygiene with, 189
problem areas with, 189
spring deflection of, 182, 192, 194, 199, 

201–202
types of, 181
wrought-wire, 183–185, 184f

on overdentures, 377f, 377–378, 385
partial denture statics and, 233f
for removable partial dentures. See 

Removable partial dentures, anchoring 
and supporting elements for.

telescopic. See Telescopic anchoring and 
supporting elements.

Anchoring band crown, 136
Anchoring crowns, 21
Angled abutments, 385
Antagonists

crown surfaces adapted to, 17, 19f
description of, 1–2, 2f
supereruption of, 86

Anterior interdental insertion partial 
dentures, 110

Anterior jaw joint, 298
Anterior palatal strap, 120, 121f
Anterior partial dentures, 376
Anterior teeth

approximal contacts on, 70f, 71
in complete dentures, 272–278, 273f–278f
lingual surfaces on, 69–71, 70f

APFNT system, 322f–323f, 322–324
Approximal contacts, 70f, 71
Articulated coupling, of removable partial 

dentures with residual dentition, 126, 
128f
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and those followed by “t” denote tables.
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Articulation, 298
Articulation theory (Gysi’s), 292, 296
Articulators

Gysi’s working method, 293–295, 
294f

model adjustment on, 328f
Atrophy of disuse, 243
Attraction forces, 214
Autogenous bone grafts, 363, 363f
Autogenous implants, 342

B
Back-action clasp, 204, 205f
Backward planning, 365
Balanced articulation, 294, 294f
Ball clasps, 378
Ball-head clasps, 184f, 185
Banded crowns, 48–49, 50f
Bar attachments, 378
Bar joints, 156
Bars, 156–157, 156f–157f
Bearings, 215, 215f
Bennett angle, 293
Bennett side shift, 256, 257f
Bilabial sounds, 260f, 261
Bilateral interdental insertion partial 

denture, 87, 110
Biologic prosthetics

chewing cycle, 314–315
definition of, 313
Physiodens teeth, 316, 316f–317f
principles of, 313–314
tooth setup in, 315–316, 316f–317f

Biomechanical function, of dental 
prostheses, 6, 7f

Biostatic balance, 108f
Black’s classification, of caries, 8, 9f
Blade implants, 347, 348f
Bonded attachments, 92
Bonded partial dentures, 90–92, 91f
Bone condensing, 358, 360
Bone grafts

allogeneic, 363
alveolar ridge augmentation using, 

357–358, 363–364
autogenous, 363, 363f
donor sites for, 364, 364f
xenogeneic, 363

Bone morphogenetic proteins, 364

Bone-supported tooth restorations, 
110

Bonwill circle, 266, 273, 273f, 275
Bonwill clasp, 204, 205f, 228f, 234
Bonwill triangle point, 293
Bonyhard clasp, 185, 204, 205f
Buccinator pockets, 290

C
Calcium phosphate ceramics, 347
Calottes, 301, 301f
Camper plane, 315
Canine guidance, 268
Canines, in complete denture

mandibular, 274–275
maxillary, 277, 277f

Cantilever partial denture, 88, 88f
Cantilever pontics, 101, 101f–102f
Caries, 8, 9f
Cast clasps, 125

activation of, 187, 189
advantages of, 186, 187f
clasp arms of, 185
on coronal restorations, 208, 209f
design of, 185, 186f, 203–207, 

204f–207f
disadvantages of, 186, 187f
function of, 191
occlusal rests of, 189–191, 190f–191f, 

203, 223
problem areas with, 189
requirements for, 187–189, 188f, 

192–193
retentive force of

determining of, 196–198, 197f
equation for, 198
requirements, 191–193, 192f
spring force versus, 196
surveying casts to determine,  

198–200, 199f–200f
spring force of, 194–195, 195f
statically indeterminate systems 

created with, 223
Cast-clasp denture, 234–235, 238
Casting on, 169, 177f
Casts

positions of, 198, 199f
surveying, 198–200, 199f–200f

Cavity floor, 8
Cavity margin, 8

Cavity preparation, for restorations, 8, 
9f

Cavity walls, 8, 10f
C-clasps, 183f, 185
Central incisors, in complete denture

mandibular, 274, 274f
maxillary, 275–277, 276f

Centric occlusion, 217, 295f, 314
Ceramic(s)

aluminum oxide, 347
calcium phosphate, 347
composition of, 63, 63f

Ceramic crowns, 55f–57f, 55–58
Ceramic veneering, 178f–179f
Ceramic veneers

as partial denture abutments, 88–89
description of, 63f–65f, 63–66

Ceramic-fused-to-metal crowns, 
66–69

Ceramic-veneered pontics, 92
Cerestore, 56
Chamfer preparation

for ceramic-fused-to-metal crowns, 
67, 68f

description of, 30, 30f, 33
Chamfer/shoulder preparation margin

for ceramic-fused-to-metal crowns, 
66, 68f

description of, 30f, 31
Channel-shoulder-pin milling, 136, 

137f
Channel-shoulder-pin retention, of 

partial crowns, 73–75, 74f–75f
Chewing cycle

biologic prosthetics and, 314–315
Gerber’s description of, 306
Gysi’s description of, 292, 292f

Chewing impression, 249
Christensen phenomenon, 256–257, 

256f–257f, 294
Circular notch with shear distributor, 

164t–165t
Circumferential clasps, 205
Clasp(s)

arm length of, 200–201, 202f
back-action, 204, 205f
ball, 378
Bonwill, 204, 205f
cast. See Cast clasps.
circumferential, 205
definition of, 181

A
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double-arm. See Double-arm clasps.
lingual arm of, 182, 193f
Ney, 203, 204f–207f
periodontal hygiene with, 189
problem areas with, 189
split, 204, 205f
spring deflection of, 182, 192, 194, 

199, 201–202
types of, 181
wrought-wire, 183–185, 184f

Clasp anchors, 125
Clasp lines, 223, 227
Clasp stem arrangement, 115
Clasp survey line, 182, 198
Class I caries, 8, 9f
Class II caries, 8, 9f
Class III caries, 8, 9f
Class IV caries, 8, 9f
Class V caries, 8, 9f
Clearance fit, 131–133
Closed implants, 335
Closed-mouth impression, 249
Closed-saddle framework, 115, 115f
Closed-tray impressions, 372f,  

372–373
Cohesion, 285
Collar crowns, 48–49, 50f
Compensating curves, 257, 258f, 266, 

279, 298
Complete dentures

accuracy of fit, 285
alveolar ridge shrinkage, 245–247, 

246f
APFNT system, 322f–323f, 322–324
artificial teeth for

anterior teeth, 269, 272–278, 
273f–278f

APFNT system setup, 322f–323f, 
322–324

biologic prosthetics setup of,  
315–316, 316f–317f

design of, 258–259, 259f
Gerber’s setup instructions,  

312–313, 313f
Gysi’s setup instructions, 296, 297f
Hiltebrandt’s setup instructions, 

299f
lateral movements of, 269, 271f
Ludwig setup, 321f
mandibular anterior teeth,  

272–275, 273f–275f, 329f

mandibular canines, 274–275
mandibular central incisors, 274, 

274f
mandibular molars, 279f, 279–280
mandibular posterior teeth,  

278–280, 279f–281f, 332f
mandibular premolars, 280, 280f, 

332f
maxillary anterior teeth, 269,  

275–278, 276f–278f, 330f
maxillary canines, 277, 277f
maxillary central incisors, 275–277, 

276f
maxillary lateral incisors, 276f, 277
maxillary molars, 281, 284
maxillary posterior teeth, 

281f–283f, 281–284, 332f
maxillary premolars, 281, 332f
occlusal plane and, 256–258, 

256f–258f
phonetics affected by position of, 

260f–261f, 261
positioning of, ways to check,  

269–272, 270f–272f
posterior teeth, 278–284, 

279f–283f, 332f
protrusive movements of, 269
setup of, 251–253

balanced muscle tone for, 290, 290f
base

extension options, 288–291, 
289f–291f

illustration of, 260f
nonhardening, 320, 321f

biologic prosthetics. See Biologic 
prosthetics.

body of
design of, 289f–290f
wax-up, 333f

buccinator pockets, 290
in canine region, 311–312, 312f
definition of, 6
edentulous jaw

impression-taking of, 247–249, 
248f

mandible, 264–266, 265f–266f
maxilla, 262–263, 262f–263f
model analysis of, 262–266, 

326f–327f
extension options, 288–291, 

289f–291f

fabrication of, 242
interocclusal registration, 249–251, 

250f–251f, 325f
Ludwig technique for, 318–321, 

318f–321f
mandibular anterior teeth setup, 

329f
mandibular premolars, 331f
maxillary anterior teeth setup, 330f
maxillary premolars, 331f
model adjustment in articulator, 328f
model analyses, 326f–327f
posterior teeth, 332f
wax-up of denture body, 333f
working steps involved in, 324, 

325f–333f
Fehr’s working method, 301, 301f
Gerber’s working method

chewing cycle, 306
Condylator, 307f–309f, 307–310
Condyloform teeth, 308–310, 

309f–310f
mandibular movements, 306
masticatory stability, 310–312, 

311f–312f
principles of, 306–307

Gysi’s working method
articulators, 293–295, 294f
chewing cycle, 292, 292f
condylar path, 296
mandibular movement, 293, 293f
overview of, 292–293
setup instructions, 296, 297f

Haller’s working method, 300f,  
300–301, 311

Hiltebrandt’s working method,  
298–299, 299f

implant-borne, 376
impressions for

edentulous jaw, 247–249, 248f
in Ludwig technique, 318, 

318f–319f
Jüde’s working method, 304–305, 

305f
mandibular movements, 293, 293f, 

298
mechanical retentions for, 285–286, 

286f
model analysis for

mandible, 264–266, 265f–266f, 327f
maxilla, 262–263, 262f–263f, 326f
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mucosa-borne, 221
orientation guides and measures, 

251, 252f
overjet, 270, 270f, 282f–283f, 316
overview of, 241–243, 242f
retention of, 284–286, 285f
retentive force of, 291, 291f
Schreinemakers’s working method, 

302, 303f
setup

APFNT system, 322f–323f, 322–324
in biologic prosthetics, 315–316, 

316f–317f
Gerber’s instructions, 312–313, 

313f
Gysi’s instructions, 296, 297f
Hiltebrandt’s instructions, 299f
Ludwig technique, 321f
rules for, 266–268

statics of, 253–258, 253f–258f
suction effect, 286–288, 289f–291f
tooth loss, anatomical changes after, 

243–245
Uhlig’s working method, 304
valve-type margin of, 287, 288f
workflow for, 242f

Composite restorations
description of, 10–11, 11f
inlays, 12

Computed tomography, 367
Computer-aided design/computer-

assisted manufacturing, 58, 368f, 
385

Computer-navigated implantology, 
367–368, 368f

Condylar guidance, 3
Condylator, 307f–309f, 307–310
Condyloform teeth, 308–310, 

309f–310f
Cone

surfaces of, 142f, 142–143
types of, 144, 144f

Cone beam volumetric imaging, 367
Conical crowns

accuracy of fit, 147
adhesive forces, 143, 143f
characteristics of, 164t–165t
definition of, 142
design of, 236
disadvantages of, 146–147
fabrication of, 146

groups of, 146
primary part of, 142
secondary part of, 142
static friction, 142f, 143
taper angle of, 142–144, 144f

Conical fittings
assembly of, 146f
description of, 131
disadvantages of, 147
illustration of, 131f, 134f
practical value of, 145–147

Conical post, 76, 77f
Contact osteogenesis, 341, 341f, 343f, 

344
Continuous partial denture, 87
Core buildup, for onlays and overlays, 

14
Coronal restorations

cast clasps on, 208, 209f
contraindications for, 23
crowns. See Crown(s).
indications for, 22–23
masticatory system affected by, 22
oral hygiene considerations, 23

Corrosion, 342–343
Cost-effectiveness analysis, 232
Crossbite position, 255, 294, 311
Crown(s)

accuracy of fit for, 20f, 39, 147
acrylic resin jacket, 51, 53, 53f–54f, 

79
anchoring, 21
banded, 48–49, 50f
ceramic, 55f–57f, 55–58
classification of, 21f–22f, 21–22
collaborative teamwork involved in 

fabricating, 23
collar, 48–49, 50f
computer-aided design/computer-

assisted manufacturing 
applications, 58

conical. See Conical crowns.
definition of, 6
full. See Full crowns.
functions of, 17–21, 19f–20f
impressions for, 33–36, 33f–37f
jacket, 51–54, 52f–53f
margin of, 26–27, 37–39
materials used to create, 22
metal-ceramic, 65
occlusal surfaces of, 17, 19f

partial. See Partial crowns.
porcelain, 55, 56f
post, 18f, 22, 22f
post and core, 75, 76f, 78, 78f
on posterior teeth, 69–70, 70f
prefabricated, 48
protective, 21, 21f
replacement, 21
retention of, 21f
supportive, 21
surface curvature of, 19, 19f–20f
telescopic. See Telescopic crowns.
tooth preparation for

approximal surfaces, 31, 31f
buccal surface preparation, 32
chamfer, 30, 30f, 33
chamfer/shoulder, 30f, 31, 66, 68f
characteristics of, 24
conical, 24, 24f, 52f
crown margin, 26–27, 37–39
cusp bevel, 32–33
cylindric, 24, 24f–25f
depth marking, 31
finish line, 32f, 33
goals of, 24
impressions after, 33–36, 33f–37f
instruments used in, 31
marginal periodontium affected 

by, 37–39
occlusal surface preparation, 32, 

32f
oral surface preparation, 32
phases of, 31–33, 31f–33f
preparation margin. See 

Preparation margin.
reasons for, 23–24
shoulder, 28–30, 29f–30f, 33, 38f, 

52f
surface smoothing, 32f, 33
tangential, 27–28, 33, 38f
water cooling during, 31, 31f

veneer. See Veneer crowns.
vertical curvature characteristics of, 

19f
Crown margin, 26–27, 37–39

defective shaping of, 38f, 39
overhang of, 38f, 39
in shoulder preparation, 38f, 39
in tangential preparation, 38f, 39

Curve of Spee, 258f, 293
Cusp bevel, 32–33
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Custom-tray impression, 248
Cylinder implants, 347, 348f
Cylindric fit, 134, 134f
Cylindric form, of manually fabricated 

attachment, 136, 136f
Cylindric post, 77, 77f
Cylindric tooth preparation

description of, 24, 24f–25f
for full crowns, 73

D
Degussa multi-CON system, 160f, 

160–161, 164t–165t
Delayed implant placement, 337, 355
Density, 214
Dental arches

classification of, 106, 108f
Kennedy topographic classification 

of, 106
partially edentulous, 105, 106f–109f

Dental prostheses. See Prostheses, 
dental.

Dentition. See also Teeth.
removable partial denture coupling 

with, 126–128, 127f
residual. See Residual dentition.

Dentures
complete. See Complete dentures.
fixed implant-supported, 337
fixed partial. See Fixed partial 

dentures.
hybrid, 376, 377f
overdentures, 155, 155f, 376–378, 

377f
partial. See Partial dentures.
removable partial. See Removable 

partial dentures.
telescopic crowns for anchorage of, 

378
Design planning, of partial dentures, 

230–232
Devitalized teeth, 75, 75f
Dicor technique, 58
Disc dislocation, 3
Distal tipping, 198, 199f
Distance osteogenesis, 341, 341f, 

343f, 344
Distobuccal cusp, 45f–46f
Distolingual cusp, 47f
Distraction osteotomy, 360

Dolder bar, 155, 155f
Dolder bar joint, 156, 161
Double-arm clasps

Bonwill clasp, 204, 205f
description of, 182, 183f–184f, 185, 

203
modifications of, 204, 205f
with occlusal rest, 203
split clasp, 204, 205f

Double-crescent clasp, 184f
Double-mix impression, 34, 35
Dovetail attachment, 160, 161f
Dowel crowns, 78
Drop clasps, 184f, 185
Dysgnathic bite relationships, 69, 70f

E
Eccentric forces, 213f
Edentulism, complete, 4, 4f
Edentulous arches, 383–384, 384f
Edentulous gaps

fixed partial dentures for, 382, 382f
single-tooth implants for, 382, 382f

Edentulous jaw
Impression-taking of, 247–249, 248f
mandible, 264–266, 265f–266f
maxilla, 262–263, 262f–263f

Edentulous spaces
definition of, 105
dental arch affected by, 1, 2f
enlargement of, 2
fixed partial dentures for, 83f
Kennedy topographic classification 

of, 107f
tooth migration into, 1, 2f

Eichner classification, 106–107, 109f
Elastic limit, 194
Electroformed inlays, 12
Elongation of teeth, 2, 2f
Encircling catch

definition of, 136–137
error analysis of, 139, 139f
illustration of, 137f
with shear distributors, 137f,  

137–139
Endosseous implants

components of, 336f, 349f
definition of, 340
design of, 349–351, 349f–351f
indications for, 337

mini-implants, 355–357, 356f
placement of, 340, 340f
types of, 347–348, 348f

Endosseous-subperiosteal implants, 
340, 340f

Engineering, 211
Equilibrium

definition of, 211
types of, 215

F
Facial appearance, edentulism effects 

on, 4, 4f
Facial expression, 1
Facings. See Veneer(s).
Fehr’s working method, 301, 301f
Feldspar, 63
Firing, of ceramics, 64f, 65
Fittings

conical, 131, 131f
definition of, 129
industrially fabricated attachment, 

148, 149f
manually fabricated attachment, 

136f–137f, 136–138
parallel. See Parallel fittings.
precision, 129–131, 130f
primary part of, 129–130, 130f
secondary part of, 129–130, 130f

Fixed partial dentures. See also 
Partial dentures.

cantilever, 112, 126
categorization of, 92, 93f
for ceramic veneers, 67f
definition of, 6
design of, 92
disadvantages of, 96
for edentulous gaps, 382, 382f
for edentulous spaces, 83f
for free-end gaps, 380
hygiene issues with, 87
for interdental gaps, 240
multispan terminal, 87, 88f
removable partial dentures versus, 

86f, 87
veneer thickness for, 67f

Floating bearing, 215
FM hinge joint, 161, 161f
Force(s)

definition of, 211
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eccentric, 213f
friction, 220
horizontal, 218f
line of action for, 212f
parallelogram of, 212
on residual dentition, 217–218
sagittal, 217
unit of, 211, 214
vertical masticatory, 218

Force couple, 213
Foreign body irritation, of marginal 

periodontium, 37–39
Four-fifths crown, 18f, 71, 72f
Framework

acrylic resin, 116
for ceramic-fused-to-metal crowns, 

66–69
closed-saddle, 115, 115f
for partial dentures, 116–117, 117f, 

376
for removable partial dentures. See 

Removable partial dentures, 
frameworks for.

for veneer crowns, 59–60, 59f–60f, 
62f

Free-end denture, 228f
Free-end gaps

description of, 105
fixed partial dentures for, 380
implants for restoration of, 379–380, 

380f–382f
Free-end saddles

clasp denture for, 222f
description of, 114, 127f–128f, 154, 

157f, 218
design principles for, 227
movements of, 222f
periodontal support of, 223–225, 

223f–225f
sinking of, 226
stress on, 237

Fricatives, 261, 261f
Friction, 219–220
Friction coefficient, 220
Friction forces, 196, 197f
Frontal interdental insertion partial 

denture, 87
Full crowns

as partial denture abutments, 88
casting of, 48
cylindric tooth preparation for, 73

definition of, 39
description of, 18f, 21, 21f
finishing of, 48
full-cast crowns, 40–48, 41f–47f
full-metal crowns, 23, 88, 209f
jacket crowns, 51–54, 52f–53f
occlusal surface of, 42f–47f, 43
prefabricated attachment fittings 

used with, 150
tooth retention of, 39
veneer crowns. See Veneer crowns.
wax-up technique for, 40–41, 41f–42f

Full-body implants, 349
Functional disorders

definition of, 1
residual dentition loading and, 4–5

G
Galvano gold coping, 58
G-clasps, 184f, 185
Genioglossus muscle, 305
Gerber retention cylinder, 162
Gilmore clip system, 156
Gingival preparation margin, 26f
Glass-ionomer cement restorations, 

11
Glottal stops, 260f, 261
Glycoproteins, 341
Gold compaction restorations, 11, 11f
Gothic arch tracing, 250, 319
Gravitational forces, 214
Gysi’s working method, for complete 

dentures
articulators, 293–295, 294f
chewing cycle, 292, 292f
condylar path, 296
mandibular movement, 293, 293f
overview of, 292–293
setup instructions, 296, 297f

H
Half-crown, 18f, 71, 72f
Haller molars, 300
Haller’s working method, 300f,  

300–301, 311
Hiltebrandt’s mortar-and-pestle tooth, 

259, 308
Hiltebrandt’s working method, 298–

299, 299f, 311

Hinge joints, 157, 157f
Hollow-body implants, 349
Hollow-cylinder implants, 347, 348f
Hooke’s law, 219
Horseshoe connector, 120, 121f
Horseshoe form, of manually 

fabricated attachment, 136, 136f
Hybrid dentures, 376, 377f
Hygienic partial denture, 93f
Hygienic pontic, 94

I
Immediate implant placement, 337, 

355, 356f
Immediate prosthesis, 6
Implant(s)

abutment and
angled, 385
antirotation protection, 351
connection between, 350f, 350–353
external connection between, 352, 

352f
fabrication of, 374, 375f
illustration of, 336f, 350f
internal connection between, 352, 

353f
minimum distance for, 360, 378
screw connection between, 376
superstructures screwed onto, 353, 

354f
abutment-pin, 347–348, 348f
alveolar ridge augmentation using 

bone or onlay grafts for, 357–358, 
363–364

anchorage by, 114
augmentation methods for

alveolar bone splitting, 358, 359f
alveolar ridge, using bone or onlay 

grafts, 357–358, 363–364
alveolar ridge distraction, 360
alveolar split osteotomy, 358
bone replacement materials used 

with, 363–364, 363f–364f
sinus elevation, 358–360, 359f–362f

autogenous, 342
blade, 347, 348f
bone quality considerations for, 338
bone reaction to, 341, 341f
closed, 335
contraindications for, 337–339, 338f
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cylinder, 347, 348f
definition of, 335
delayed placement of, 337, 355
edentulous arches restored with, 

383–384, 384f
edentulous gaps restored with, 382, 

382f
endosseous

components of, 336f, 349f
definition of, 340
design of, 349–351, 349f–351f
indications for, 337
mini-implants, 355–357, 356f
placement of, 340, 340f
types of, 347–348, 348f

endosseous-subperiosteal, 340, 340f
endostructure of, 339
exostructure of, 339
exposure of, 371, 371f
free-end gaps restored with,  

379–380, 380f–382f
full-body, 349
healing of, 341f, 341–342
hollow-body, 349
hollow-cylinder, 347, 348f
immediate placement of, 337, 355, 

356f
indications for, 337–339, 338f–339f, 

378–384, 379f–384f
integration of, 341–342
interim, 355
internal anchorage with, 352
intramobile element with, 350, 351f
intramucosal, 340, 340f
joining of, 355
junctional epithelium for, 341, 350
loading of, 376
in mandible, 381f
masticatory forces transfer to bone, 

376
mini-, 355–357, 356f
needle, 348, 348f
one-piece, 350f, 352
one-stage placement of, 335
open, 335, 336f
osseointegration of, 341, 341f, 344, 

360f
overdentures retained by, 378
placement/implantation of

clinical phase, 372–374, 372f–374f, 
386f

computer-navigated, 367–368, 368f
delayed, 337, 355
description of, 335
drill templates used in, 368f, 368–

369
examination before, 366
exposure, 371, 371f
immediate, 337, 355, 356f
impression-taking for, 372–374, 

372f–374f
insertion, 369, 370f–371f
laboratory phase, 374–376, 375f, 

386f
mucosal thickness over area for, 

366, 367f
one-stage, 335
steps involved in, 369, 370f
summary of, 386f
surgical phase, 369–371, 370f–371f
two-stage, 337

platform switching, 375f
retentive elements on, 377f
screw fixation of, 353
screw-type, 347, 348f
setup for, 365, 366f
severely reduced residual dentition 

restored with, 383, 383f
short, 352, 353f
single-tooth, 337, 376, 378–379, 379f
splinting of, 385
subperiosteal, 340, 340f
superstructures

cementation connection for, 354f, 
354–355

description of, 350
design guidelines for, 384–385
fabrication of, 374–376, 375f
frameworks for, 385
screw fixation connection for,  

353–354, 354f
surface of

plasma coating of, 346, 346f
roughness of, 344–345, 345f

temporary, 337, 353, 355
titanium, 344–347, 345f–346f
transdental, 339, 339f
transosseous, 339, 339f
treatment planning for, 365–366, 

365f–366f
two-piece, 350f, 351
two-stage placement of, 337

zirconia ceramic, 346, 354
Implant apex, 349f, 350
Implant bars, 376
Implant bed, 337, 349f, 370f
Implant head, 350
Implant materials

alloplastic, 342–343, 343f
biocompatibility of, 342
bioreactive, 344
mechanical properties of, 342
metals, 342–343
quality of, 342–343
tissue reaction and, 343–344
titanium, 344–347, 345f–346f

Implant neck, 350
Implant shoulder, 349f, 350, 375f
Implantology

computer-navigated, 367–368, 368f
definition of, 335

Impressions
chewing, 249
closed-mouth, 249
closed-tray, 372f, 372–373
crowns, 33f–37f, 33–36
custom-tray, 248
double-mix technique, 34, 35
dual-phase technique, 33–34
for implants, 372–374, 372f–374f
in Ludwig technique, 318, 318f–319f
materials for, 248–249
mucostatic, 248
of edentulous jaw, 247–249, 248f
open-tray, 373–374, 373f–374f
ring-supported, 34, 36f–37f
single-phase technique, 33
swallowing, 249

In-Ceram, 56
Incisive papilla, 262
Industrially fabricated attachment 

fittings, 148, 149f
Inferior vestibular fornix, 264
Infrabulge, 182, 182f
Inlay, occlusal, 13–14, 14f
Inlay restorations

composite, 12
composition of, 12, 13f
design of, 12
electroformed, 12
fabrication of, 12
indications for, 12
metal, 12, 13f–14f
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onlays, 14, 14f
overlays, 14, 14f
types of, 12, 13f
veneers, 15, 15f

Inlay splints, 14
Insertion dentures, 86–87, 110–111
Interalveolar angle, 294–295
Interalveolar line, 245, 246f, 255f, 294
Intercuspation, 317f
Interdental gaps, fixed partial denture 

for, 240
Interdental insertion partial dentures, 

87, 111
Interdental papilla, 19, 19f–20f, 375
Interim implants, 355
Interim prosthesis, 6
Interocclusal registration, 249–251, 

250f–251f, 325f
Intramucosal implants, 340, 340f
Inverted cone, 134f
IPS Empress system, 56–57, 57f

J
Jacket crowns

acrylic resin, 51, 53, 53f–54f, 79
description of, 51–54, 52f–53f
thimble crowns and, 89

Jackson clasp, 184f
J-clasps, 184f, 185
Jüde’s working method, 304–305, 

305f
Junctional epithelium, 341, 350

K
Kennedy topographic classification, 

106, 107f, 383
Keying, 300
Kinetics, 218, 219
Kretschmer constitutional typology, 

272f

L
Laminates. See Veneer(s).
Latches, 158
Lateral movements, 2
Laterofrontal interdental insertion 

partial denture, 87

Laterofrontolateral interdental 
insertion partial denture, 87

Law of clasp lines, 223
Leucite crystals, 63, 63f
Lever

definition of, 217
dentures affected by, 227f–230f
illustration of, 216f
resistance lever arms, 226–227, 228f

Light point indicator, 35
Lingual bar, 118
Lingual plates, 118, 118f
Lingual pull-off forces, on partial 

crowns, 73, 74f
Locator, 377f
Locks, 158, 159f
Ludwig technique, 318–321, 318f–321f

M
Malocclusions, 2
Mandible

denture frameworks in, 118–119, 
119f

edentulous
model analysis of, 264–266, 

265f–266f, 327f
overdenture restoration of, 384, 

384f
Mandibular canines, in complete 

denture, 274–275
Mandibular central incisors, in 

complete denture, 274, 274f
Mandibular incisal point, 293
Mandibular molars, in complete 

denture, 279f, 279–280
Mandibular premolars, in complete 

denture, 280, 280f, 332f
Manually fabricated attachment 

fittings, 136f–137f, 136–138
Marginal periodontium

definition of, 37
foreign body irritation of, 37–39
inflammatory reactions at, 339

Maryland bridges, 90
Masticatory forces

on partial crowns, 74f, 75, 77f
on periodontal tissues, 5, 5f

Masticatory muscles, 4
Masticatory stability, 310–312, 

311f–312f

Masticatory system
complete edentulism effects on, 4, 

4f
coronal restoration effects on, 22
description of, 1
impairments in, digestive processes 

affected by, 5
physiology of, 314f

Matrix, 166
Maxilla

denture frameworks in, 120, 121f
edentulous

alveolar process in, 247
model analysis of, 262–263, 

262f–263f, 326f
Maxillary canines, in complete 

denture, 277, 277f
Maxillary central incisors, in complete 

denture, 275–277, 276f
Maxillary lateral incisors, in complete 

denture, 276f, 277
Maxillary molars, in complete 

denture, 281, 284
Maxillary premolars, in complete 

denture, 281, 332f
Maxillary sinus elevation, 358–360, 

359f–362f
Maxillary tuberosity, 247
Mechanical systems, 214–217
Mesial tipping, 198, 199f
Mesiobuccal cusp, 45f–46f
Mesiolingual cusp, 45f–46f
Metal framework, 66
Metal inlay restorations, 12, 13f–14f
Metal oxides, colored, 63, 64f
Metal-ceramic, 63
Metal-ceramic crowns, 65
Microanalyzer, 200f
Milling base, 173f
Mini-implants, 355–357, 356f
Minimally invasive restorations, 90
Mock-up, 365, 366f
Model cast dentures, 116, 121f
Modulus of elasticity, 194
Molars, in complete denture

mandibular, 279f, 279–280
maxillary, 281, 284

Mortar-and-pestle teeth, 259, 308
Movable bearing, 215
Mucosa-borne dentures, 221
Mucosa-borne prosthesis, 110
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Multispan partial denture, 95, 95f, 99
Multispan terminal fixed partial 

denture, 87, 88f
Mylohyoid muscle, 305f
Myopathies, 3

N
Needle implants, 348, 348f
Neutral equilibrium, 215
Neutral tooth position, 254
Newton’s laws of motion, 214
Ney clasps, 203, 204f–207f
Ney No. 1 clasp, 203, 204f
Ney surveying system, 198

O
Occlusal crown, 79
Occlusal disorders, 2
Occlusal inlays, 13–14, 14f
Occlusal plane, teeth position relative 

to, 256–258, 256f–258f
Occlusal pull-off forces, on partial 

crowns, 73
Occlusal rests, for cast clasps,  

189–191, 190f–191f, 203, 208, 223
Occlusal surface

functional, 70f
of full crowns, 42f–47f, 43
preparation of, for crowns, 32, 32f

Occlusion rim, 250
Onlays, 14, 14f
Open attachments, 152, 152f, 154–155
Open implants, 335, 336f
Open ring telescope, 140f
Open-tray impressions, 373–374, 

373f–374f
Oral hygiene, 23
Orthophosphoric acid, 15
Osseointegration, 341, 341f, 344, 360f
Osteoporosis, 243, 244f
Overdentures

anchoring and supporting elements 
with, 377f, 377–378, 385

description of, 155, 155f, 376–378, 377f
edentulous mandible restoration 

with, 384, 384f
Overjet, 270, 270f, 282f–283f, 316
Overlays, 14, 14f
Oversize, 131

P
Palatal straps, 120, 121f
Paralingual pockets, 289, 290f
Parallel fittings

abrasion of, 135
accuracy of, 131, 132f
clearance fit, 131–133
clearance size for, 133–134
definition of, 131
displacement of matched parts, 135
error analysis of, 133–135
manually fabricated attachment 

fittings, 136f–137f, 136–138
parallelism of, 134–135, 135f
press fit, 131–132
production of, 131–132
quality of fit, 133, 133f
transition fit, 131–132

Parallelometer, 198, 200f
Partial crowns

advantages of, 71
as partial denture abutments, 89
bending open of, 74, 74f
channel-and-pin preparation for, 72f
channel-shoulder-pin retention of, 

73–75, 74f–75f
classification of, 71–73, 72f
contraindications for, 71
description of, 18f, 22, 22f
lingual pull-off forces on, 73, 74f
masticatory forces on, 74f, 75, 77f
occlusal pull-off forces on, 73
parapulpal pin retention of, 74, 74f
pull-off forces on, 73, 74f
retention of, 73–75, 74f–75f
types of, 71, 72f

Partial dentures
abutment tooth for, 81
abutments for, 88–90
acrylic resin veneer crowns as 

abutments for, 88, 96
anterior, 376
body of

anchor and, connection between, 
94–96

design of, 92–94
path of, 101–103
saddle, 92, 112–116

bonded, 90–92, 91f
cantilever, 88, 88f

ceramic veneers as abutments for, 
88–89

characteristics of, 86–88, 87f
classification of, 110–112, 111f
closed occlusal field of, 85
components of, 82f–83f
contraindications, 84
definition of, 81
design planning of, 230–232
division of, 94, 95f
fixed. See Fixed partial dentures.
frameworks for, 116–117, 117f, 376
full crowns as abutments for, 88
function of, 85–86
hygienic, 93f
indications for, 83
interdental insertion, 87
loading of, 101f
mucosa-borne, 110
multispan, 95, 95f, 99
partial crowns as abutments for, 89
periodontal support of, 223f
periodontally supported, 110
physiologic conditions, 231–232
polishing of, 180f
pontics and, 81, 84, 93f
post crowns as abutments for, 89
posterior, 376
precision attachments for, 94
primary splinting with, 85
removable. See Removable partial 

dentures.
resin-bonded, 90
rigid structure of, 85, 94, 95f
saddle, 92, 93f
slit, 93f, 94
space, 94
span of, 99f
static relationships for, 231
statics of, 98–100, 98f–100f, 211–240
tangential, 92, 93f
tapered crowns with, 147f
terminal, 87–88
thimble crowns as abutments for, 

89, 89f
three-unit partial denture and inner 

telescope, 170, 171f–180f
tissue loading-based classification 

of, 110
types of, 86–87, 87f

Partial prosthesis, 6
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Partially edentulous arches
abutment teeth used in restoration 

of, 146, 147f
classification of, 105, 106f–109f

Partially edentulous dentition
malocclusions in, 2
progressive destruction of, 4
reflex arc in, 5

Passive retention accessories, 158, 
159f

Path of insertion, 198
Patrix, 166
Peri-implantitis, 339
Periodontal pocket, 1
Periodontal tissues, masticatory 

forces on, 5, 5f
Periodontally supported prosthesis, 

110
Periodontitis, 339
Physics, 211
Physiodens teeth, 316, 316f–317f
Physiognomy, 316f
Platform switching, 375f
Pontics

on abutment teeth, 84, 85f, 101, 102f
cantilever, 101, 101f–102f
ceramic-veneered, 92
definition of, 81
hygienic, 94
loading of, 103f

Porcelain crown, 55, 56f
Post and core crowns, 75, 76f, 78, 78f
Post crowns

as partial denture abutments, 89
compressive forces on, 76
conical post for, 76, 77f
custom-made post, 78–79, 79f
cylindric post for, 77, 77f
description of, 18f, 22, 22f
design of, 78–79
indications for, 75
post and core crown versus, 75–76
retention of, 76–77, 77f
simple, 79
threaded post for, 77, 77f
torsional stress on, 76, 77f

Posterior palatal strap, 120, 121f
Posterior partial dentures, 376

Posterior teeth
alveolar ridge of, 246
in complete dentures, 278–284, 

279f–283f
crowns on, 69–70, 70f

Postpalatal sounds, 261, 261f
Potash feldspar, 63
Pound line, 302
Precision fittings, 129–131, 130f
Prefabricated crowns, 48
Premolars, in complete denture

mandibular, 280, 280f, 332f
maxillary, 281, 332f

Preparation margin
chamfer preparation, 30, 30f, 33
chamfer/shoulder, 30f, 31, 66, 68f
definition of, 25, 26f
forms of, 27f–30f, 27–31
for full-cast crowns, 40
gingival, 26f
shoulder preparation, 28–30, 29f–

30f, 33, 38f
subgingival, 26f
supragingival, 25–26, 26f
tangential preparation, 27–28, 33, 

38f
Press fit, 131–132
Primary splinting, 85, 383, 385
Prophylactic function, of dental 

prostheses, 6, 7f
Prostheses, dental. See also Biologic 

prosthetics.
anchoring of, to residual teeth, 5
definition of, 6
functions of, 6, 7f
goals of, 6
immediate, 6
importance of, 5
interim, 6
mixed support for, 110
partial, 6
resin-bonded, 90, 91f

Prosthetic equator, 182, 182f, 
199f–200f

Protective crowns, 21, 21f
Protrusive movements, 2
Pull-off forces, on partial crowns, 73, 

74f

R
Reflex arc, 5
Regulating function, of dental 

prostheses, 6, 7f
Removable partial dentures. See also 

Partial dentures.
advantages of, 87, 97f
anchoring and supporting elements 

for
abutment teeth connection with, 

125
cast clasps, 125
clasp anchors, 125
connectors to, 119
description of, 96, 112, 122
function of, 124f, 124–125
mechanical fittings, 112, 114, 122
prefabricated matched 

components, 122
splinting, 125, 125f
spring fit, 122
telescopic anchors, 122
types of, 122, 123f

articulated coupling of, with residual 
dentition using, 126, 128f

base of, 112, 113f
decoupling of, 126, 128
definition of, 6
disadvantages of, 96
fixed partial dentures versus, 86f, 87
frameworks for

acrylic resin, 116
connectors of, 117f
description of, 112
design principles of, 116–117, 117f
in mandible, 118–119, 119f
in maxilla, 120, 121f
tongue clearance in, 117

fully, 96
horizontal forces on, 124, 125f
mixed-support, 385
movements of, 124
relinability of, 114
residual dentition coupling with, 

126–128, 127f
rigid coupling of, with residual 

dentition using, 126, 127f
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saddle of, 112–116, 113f, 115f
secondary splinting with, 85
semirigid coupling of, with residual 

dentition using, 126, 127f
severely reduced residual dentition 

restored using, 383, 383f
structural features of, 112–114, 113f
thrust moments on, 124

Replacement crowns, 21, 129
Repulsion forces, 214
Residual dentition

case studies of, 232–240
design descriptions for, 232–240
forces on, 217–218
removable partial denture coupling 

with, 126–128, 127f
severely reduced, restoration of, 

383, 383f
Resilient attachments, 155
Resilient bars, 156–157
Resin-bonded partial dentures, 90
Resin-bonded prostheses, 90, 91f
Resistance lever arms, 226–227, 228f, 

233
Resorptive atrophy, 243
Restorations

amalgam, 10, 10f
bone-supported tooth, 110
classification of, 8
composite, 10–11, 11f
glass-ionomer cement, 11
gold compaction, 11, 11f
implant-borne, 355, 376
inlay. See Inlay restorations.
loading of, 98
purpose of, 8
tooth preparation for, 8, 9f

Restorative materials
amalgam, 10, 10f
composites, 10–11, 11f
description of, 10–11
foreign body irritation of marginal 

periodontium caused by, 37
glass-ionomer cement, 11

Restorative treatment, 8
Resultant, 212, 212f
Retromolar triangle, 289, 302, 316
Rigid coupling, of removable partial 

dentures with residual dentition, 
126, 127f

Ring-supported impression, 34,  
36f–37f

Robolock lock, 159f
Roller attachments, 160–161
Root crown anchors, 162, 163f
Rothermann anchorage system, 162

S
Saddle, denture

alginate impression of, 114
closed-saddle, 115, 115f
description of, 92, 93f
design principles for, 114–116, 115f
extended, 114
free-end. See Free-end saddles.
functions of, 112, 113f
of removable partial dentures,  

112–116, 113f, 115f
Sagittal and lateral symphysis path, 

293
Scalar quantities, 211
Schreinemakers’s working method, 

302, 303f
Screw-type implants, 347, 348f
Secondary splinting, 85, 383, 385
Self-tapping threads, 347, 348f
Semi-ellipsoid wax profile, 201
Semirigid coupling, of removable 

partial dentures with residual 
dentition, 126, 127f

Setup
definition of, 365
for implants, 365, 366f

Seven-eighths crown, 18f, 71, 72f
Sharpey fibers, 5, 84
Shear distribution arm, 137, 137f
Shear distributors, encircling catch 

with, 137f, 137–139
Shoulder preparation

for ceramic-fused-to-metal crowns, 
66

crown margin mistakes with, 38f, 39
description of, 28–30, 29f–30f, 33
for jacket crowns, 52f

Sibilants, 260f, 261
Silanization method, 61f
Simplex articulator, 293, 294f
Single-arm clasps, 184f, 185
Single-span terminal partial dentures, 

87, 88f

Single-tooth implants, 337, 376f,  
378–379, 379f

Single-tooth rehabilitation, 17
Single-value bearings, 215
Single-wing bonded partial dentures, 

90
Sinking, of mucosa-borne dentures, 

221
Sintering, 64f, 65
Sinus elevation, 358–360, 359f–362f
Sinus floor augmentation, 363
Skeleton plate, 120, 121f, 236
Slide-type lock, 158, 159f
Sliding friction, 220, 220f
Slit partial denture, 93f, 94
Slope force, 196
Smile line, 250
Snowshoe principle, 154
Soldering, 169
Space partial dentures, 94
Spacer technique, 169
Splinting, 85, 86f, 125, 187, 189, 383, 385
Split clasp, 204, 205f
Spring bolt anchor, 141f
Spring characteristics, 219
Spring constant, 196, 219
Spring deflection, 182, 192, 194, 199, 

201–202, 219
Spring fit, 122
Spring force, 194–196, 195f, 219–220, 

220f
Spring-bolt anchor, 158
Sprueing, 47f, 48
Stable equilibrium, 215
Stable tooth position, 254
Static friction, 220, 220f
Statically determinate system, 215
Statically indeterminate system, 215, 

221, 222f
Statics

definition of, 211
forces on residual dentition, 217–218
friction, 219–220
mechanical systems, 214–217
mixed support, 221, 222f
Newton’s laws of motion, 214
of complete dentures, 253f–258f, 

253–258
of partial dentures, 98–100, 98f–100f, 

211–240
spring force, 219–220
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Stud anchors, 158
Subgingival preparation margin, 26f
Sublingual bar, 118, 119f, 234
Sublingual roll, 289, 290f
Subperiosteal implants, 340, 340f
Suction effect, 286–288, 289f–291f
Supportive crowns, 21
Suprabulge, 182, 182f
Supracoronal transverse connector, 

118
Supragingival preparation margin, 

25–26, 26f
Surveying casts, 198–200, 199f–200f
Swallowing impression, 249
Swivel-type lock, 158, 159f
Symphysis point, 293

T
Tangential partial dentures, 92, 93f
Tangential preparation

for ceramic veneers, 68f
crown margin mistakes during, 38f, 

39
description of, 27–28, 33
for jacket crowns, 51

Taper angle, 142–144, 144f, 147
Tapered crown, 145, 145f
T-attachments, 148, 149f, 160, 160f, 

232–233, 237
T-clasps, 184f
Teeth. See also Anterior teeth; 

Dentition; Posterior teeth; specific 
teeth.

abutment. See Abutment teeth.
devitalized, 75, 75f
elongation of, 2, 2f
tipping of, 1, 3f, 5, 198, 199f

Telescopic anchoring and supporting 
elements

active retention accessories, 158, 
159f

bars, 156f–157f, 156–157
components of, 164t–165t
definition of, 122
encircling catch with shear 

distributors, 137f, 137–139
industrially fabricated attachment 

fittings, 148, 149f
open attachments, 152, 152f, 154–

155

parallel fittings. See Parallel fittings.
passive retention accessories, 158, 

159f
precision fittings, 129–131, 130f
prefabricated attachments

classification of, 152f
closed attachments, 152, 152f, 154
defined retentive force of, 150, 

151f
degrees of freedom of, 152, 152f
Degussa multi-CON system, 160f, 

160–161, 164t–165t
dovetail attachments, 160, 161f
hinged attachments, 152, 152f
integration of, 169–170
open attachments, 152, 152f
periodontal hygiene of, 150
positional stability with, 152f–153f, 

152–154
practical value of, 150, 151f
processing of, 166, 167f–168f
root crown anchors, 162, 163f
soldering of, 169
types of, 148, 149f

resilient attachments, 155
rigid coupling of denture with 

residual dentition using, 126, 127f
three-unit partial denture and inner 

telescope, 170, 171f–180f
types of, 122

Telescopic crowns
characteristics of, 164t–165t
composition of, 139
conical crowns. See Conical crowns.
definition of, 139
denture anchorage using, 378
double-walled, 140, 141f
indications for, 140–141
open ring telescope, 140f
requirements of, 141

Temporary implants, 337, 353, 355
Temporomandibular diseases, 3
Terminal occlusion, 53, 53f
Terminal partial dentures, 87–88
T-form, of manually fabricated 

attachment, 136, 136f, 138
Therapeutic function, of dental 

prostheses, 6, 7f
Thimble crowns, 89, 89f
Threaded post, 77, 77f
Three-arm clasp, 184f

Three-point contact, 266
Three-quarter crown, 18f, 71, 72f
Three-unit partial denture and inner 

telescope, 170, 171f–180f
Tipping, of teeth, 1, 3f, 5, 198, 199f
Tipping line, 235f, 238
Titanium implants, 344–347, 345f–346f
Tooth loss

anatomical changes after, 243–245
caries as cause of, 23
functional disorders after. See 

Functional disorders.
Tooth migration

in edentulous space, 1, 2f
posterior teeth, 3f

Tooth preparation
for crowns. See Crown(s), tooth 

preparation for.
for restorations, 8, 9f

Tooth-prosthesis interface, 114–116
Torque, 99–101, 100f, 213, 213f
Traction lines, 227
Transdental implants, 339, 339f
Transition fit, 131–132
Transosseous implants, 339, 339f
Transpalatal strap, 120
Transverse strap, 120
Tripodization, 315f
Trubyte articulator, 293
Turning moment, 213
Turn-type lock, 158, 159f

U
Uhlig’s working method, 304
Undercut gauges, 198, 200f
Undercuts, 209f
Unilateral interdental insertion partial 

denture, 86, 110
Unstable equilibrium, 215, 217
Unstable tooth position, 254

V
Vector quantities, 211
Veneer(s)

ceramic, 63f–65f, 63–66
description of, 15, 15f
full, 66
preparation margin for, 30, 30f
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Veneer crowns
acrylic resin, 60–61, 60f–62f, 88
composition of, 59f
definition of, 58
description of, 39
framework of, 59–60, 59f–60f, 62f
indications for, 58–59
metal framework for, 61
preparation for, 60
silanization method for, 61f

Vertical dimension of occlusion, 249, 
315

Vertical masticatory forces, 218
Vertical overbite, 69
Vestibular fornix, 249, 275, 287, 287f
Vestibular placement, 266
Vestibular veneer, 70f
Volume, 214

W
“Watch-glass notch,” 60f, 62f
Wax-up technique

for acrylic resin jacket crowns, 53
for complete denture body, 333f
definition of, 365
for full-cast crowns, 40–41, 41f–42f
for partial denture, 175f
for telescope, 174f

Wild’s classification, of partially 
edentulous arches, 105, 106f

Withdrawal force, 196, 197f
Wrought-wire clasps, 183–185, 184f

X
Xenogeneic bone grafts, 363

Y
Young’s modulus, 194

Z
Zirconia ceramic implants, 346, 354
ZL DuoLock attachment, 164t–165t
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