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Introduction to Restorative Dental Materials
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Restorative dental materials are used to prevent or
repair damage to teeth caused by oral disease or
trauma.

Tooth damage, loss, or dysfunction contribute to
malnutrition, speech disorders, and deterioration
of the temporomandibular joint or alveolar bone,
and may inflict significant pain.

Furthermore, the teeth dominate an individual’s
facial appearance, and missing or damaged teeth
often compromise social well-being and self-

esteem.

DENTAL

DISEASE AND

RESTORATIVE MATERIALS

Caries
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In spite of tremendous strides in its prevention,
caries remains a major global problem in all
countries and leads to significant destruction of
teeth, pain, systemic infection, and tooth loss

(Figure 1-1).

Initial lesions in enamel

Caries is caused by a bacterial biofilm commonly
called plaque, which accumulates on teeth in areas
where patients do not remove it.

A complex community of bacteria in the biofilm
adheres to teeth and secretes acids and enzymes
that dissolve the enamel, dentin, and cementum.

periapical tissues
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Carious lesions occur on any tooth surface but are
most common in areas where plaque accumulates
unchecked—in the pits and fissures, along the
gingiva, and interproximally.

Caries also is a significant problem on the roots of
the teeth of older individuals, where it rapidly
destroys the cementum and dentin.

As caries progresses over a period of months,
more and more of the coronal tooth is destroyed,
and the bacteria infect the pulp of the tooth and
ultimately the periapical tissues as well.

Periodontal Disease
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Unlike caries, periodontal disease affects the
tissues supporting the teeth, including the gingiva,
periodontal ligament, cementum, and alveolar
bone (Figure 2).

Periodontal disease also is caused by a bacterial
biofilm, although the strains of bacteria in the
biofilm are different from those that cause caries,
and the progression of the disease occurs over
many years rather than months. Initially, toxins
secreted by bacteria inflame the gingiva
(gingivitis), but the hard tissues (cementum or
bone) are not involved.

Over time, the chronic inflammation induced by
the bacteria causes irreversible destruction of the
alveolar bone, periodontal ligament, and
cementum (periodontitis).

Initial lesions in enamel
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Destruction of these tissues results in deep
pockets around the teeth that harbor biofilms with
even more damaging species of bacteria that grow
in an anaerobic (low or no oxygen) environment.

As the supporting tissues are lost, the tooth
becomes mobile, and root surfaces and furcations
become exposed.

Exposed root dentin is often sensitive (dentin
hypersensitivity) to cold, toothbrushing, or
sweets, leading to even poorer -cleaning.
Ultimately, the support for the tooth becomes so
compromised that the tooth is lost

Periodontal disease increases the risk of caries or
pulpal infection by giving cariogenic bacteria
access to the tooth root or the periapical structures.

Restorative dental materials are used to limit tooth
mobility or replace function of lost teeth by
distributing occlusal forces to healthier remaining
teeth.

Materials also are used to reduce sensitivity
associated with exposed root surfaces.

Trauma, Systemic Disease, and Genetic
Disorders

h may cause diverse and significant

damage to teeth and other oral structures, and
restorative dental materials play major role in
repairing trauma-induced damage.

Trauma may fracture only the enamel or dentin or
may cause a fracture of the tooth that involves the
pulp or alveolar bone.

Teeth may be completely lost (avulsion) or
displaced in any direction.

Restorative materials are used to repair teeth,
stabilize them until the supporting tissues heal, or
replace them.

m sometimes destroys teeth

and oral tissues, and restorative materials are used
to repair this damage.
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Cancer of the head and neck region may require
that a large segment of the maxilla or mandible or
associated oral structures be removed for the
patient to survive.

Dental prostheses restore function or esthetics for
these unfortunate patients.

Osteoporosis compromises the bony support for
teeth, leading to edentulism and the need for major
oral restoration.

Diabetes accelerates and exacerbates periodontal
disease.

In older individuals, systemic disease often
amplifies oral disease. For example, many older
individuals  experience decreased salivary
production, which limits the body’s oral immune
response and promotes both caries and
periodontal disease.

Fluorosis, resulting from natural or iatrogenic
excess ingestion of fluoride when the teeth are
forming, disfigures and discolors tooth enamel
and requires esthetic treatments or restoration.

Gastric reflux of acids may lead to destruction of
teeth by dissolving enamel.

w are another significant

cause of oral disease that requires the use of
restorative dental materials.

In several genetic diseases, teeth may be
congenitally missing.

Other diseases, such as amelogenesis imperfecta
(Figure 3) or dentinogenesis imperfecta, cause
major loss of tooth structure from defective
enamel, dentin, or the bonds between enamel and
dentin. In these patients, nearly every tooth will
require restoration.

3 508 ol 3ol 4 3) Gaiadl g () Alaia oy My o oSy
dal (e s lia) dygadll ol il gl Gl g
ol sl e Ll

¥ 3l Clllaadl 5 Adla o1 e iy did) iy il o 55 Lia
conbshadl ye i sl

G aelall alaall 8 linis pliad) JAIAS (258 oy
S (g5 Gasat ) dalall s 2, L

AlE oy el Jsa (el @Sl ga4 £

i all Lt cpuad) S e (5 5l (i) s LaLlle
e onll LS e el Sl 6O Ju Jlad (g gadl
Lo lial) anall Alaid (g any AN e lall) L) il

il Joa Glasall s sl Siag 5 4 sad

Sl 3 e gl S el o pur gt ) iy
slia osliy ol () J< s 58 Pl Lasd) 2
are i Aliaat Claldlaa callaty 5 i)

Jad) 3 Loss Rl Gageadl Jlaadl Coy o Ko
selisd) (Dladl

el G all AT Lag Lo SR QB o

A:m.d\ :\:m:u)ﬂ\ A\}.d\ ?‘&“" J.Lﬁ;a

32 58ke A8 50 =l ) e el G Gl sS5 f oSa

(ALY plal) JSE5 55 i 5 AT Gl el s o (S
Aad Gl (e 5 iy Byl (oAlA) plal) S5 ol
gl el G ks Y1 zladl S el JS 4 Jls

Lasa i oumpall oY 58 tie s S allay L Lillad

ioo )5l dmel

2 g dogn N 5 a5 s a3

4‘33\%&‘/'1*0.;.}



“#’ - /.... iﬁ. 3\‘y

AR cligall JS5 ¢ o (3 JS)

Restoration of damaged teeth

Regardless of the source of damage, teeth are
repaired using two basic types of restorations:
intracoronal and extracoronal (Figure 4).

Intracorenal
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If the damage to the tooth involves the pulpal or
periapical tissues, then endodontic restorative
treatments are used in addition to these
restorations.

Intracoronal Restorations
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Intracoronal restorations are used to repair
damage that is restricted to the internal parts of the
tooth (Figure 4).

Damage of this nature is nearly always caused by
caries but is occasionally caused by trauma.

For intracoronal restorations, the tooth is first
prepared to receive the restoration, a process
commonly referred to as cavity preparation

(Figure 5).
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If damage to a tooth is extensive, then intracoronal
restorations are not feasible and extracoronal
restorations will be necessary.

preparations are much more aggressive (less
conservative) than intracoronal preparations (see
Figure 1-5) and nearly always must be restored
using restorations that are fabricated indirectly
(away from the patient).

Crowns, onlays, and veneers (Figure 1-7) are
examples of extracoronal restorations.
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Extracoronal preparstions

(Figure 7): Extracoronal Prepparations
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Extracoronal restorations typically require that a
model or die of the prepared tooth be made; the
die must be extremely accurate in its size,
reproduction of detail, and relationship to adjacent
and opposing teeth. Fabrication of dies involves
making impressions and pouring the impressions
with a model or die material. More recently,
models of the tooth can be digitally acquired.

Fabricating the restoration on the die may involve
waxes, casting alloys, polymers, ceramics, or
some combination of these materials.

Computer-aided machining (CAM) techniques
may be used to fabricate indirect or direct
restorations.

In all cases, the design of the preparation and
restoration will depend on the ability of the
restorative material to withstand oral forces.

Endodontic Treatment
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When the pulpal tissue is infected and destroyed
by caries, periodontal disease, or trauma, then
endodontic therapy must be initiated, and the
restoration of the tooth becomes more complex

(Figure 9).
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(Figure 9): Restoration after endodontic treatment
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The first step is to remove the infected pulpal
tissue and associated root dentin.

The space created when the pulpal tissues are
removed must be replaced with sealers that
prevent ingress of bacteria.

Restoration of the coronal portion of the tooth
often requires extracoronal restorations but may
use intracoronal restorations in anterior teeth.

Depending on the amount of tooth structure lost to
the disease or trauma, a post and buildup may be
placed in the root canal to strengthen the tooth and
aid in fabrication of the final restoration.

The physical properties of these materials, their
interactions with each other, and their interactions
with tooth structure are critically important to the
longevity of the restoration.

Replacement of lost or missing teeth

In the event that trauma or disease has led to the
loss of one or more teeth, restorative materials
play a major role in replacing the function and
esthetics of the missing teeth.

The type of restoration depends on whether all the
teeth are missing (called edentulism) or some
teeth remain (partial edentulism).

Partial Tooth Loss (Partial Edentulism)
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The function and esthetics of missing teeth may
be restored using a fixed partial denture (also
commonly known as a bridge (Figure 10).
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(Figure 10): fixed partial denture (bridge)
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A bridge is prepared by placing extracoronal
restorations (usually crowns) on the teeth adjacent
to the edentulous space.

These teeth are called abutment teeth, and the
artificial replacement teeth are called pontics.

Bridges are always made wusing indirect
techniques and are fabricated from alloys, alloy—
ceramic combinations, or ceramics alone.

The placement of crowns on the abutment teeth
requires substantial sacrifice of tooth structure
regardless of the condition of the abutment tooth.

Bridges may also be placed using implants as
abutment teeth; in this case both abutments must
be implants and the bridge is screwed or cemented
to the abutments.

Endosseous dental implants are increasingly used
to replace missing teeth (Figure 11).

Dental implants are fabricated from special
titanium-based alloys or ceramics.
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(Figure 11): Endosseous
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Endosseous implants are placed into bone with
special techniques to ensure integration with
bone, and then indirect restorations are placed on
the implants.

If multiple teeth are missing in multiple locations,
then a removable partial denture may be indicated
(Figure 12).

(Figure 12): removable partial denture

Partial dentures are also common in situations in
which there is no distal abutment tooth available
to anchor a fixed bridge.

Partial dentures use a framework of stiff alloy that
rests on specific abutment teeth and distributes
occlusal biting forces evenly and appropriately to
the remaining teeth.

Acrylic teeth are then bonded to the framework,
which is held in place by clasps that engage the
abutment teeth.

Loss of All Teeth (Edentulism)
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Patients who have lost all teeth in an arch are
described as edentulous for that arch.

The edentulous patient will require a complete
denture to restore function and fulfill esthetic
needs.

The complete denture is composed of an acrylic
polymer base with acrylic denture teeth bonded
into positions that are compatible with the
patient’s opposing arch or the denture of the
opposing arch (Figure 13).
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(Figurel3): complete denture

Prevention of disease and trauma

Fluoride gels. rinses, and Vamishes are highly

effective at preventing caries.

If teeth have deep fissures and pits that are at high
risk for decay, Sealants are highly effective at
reducing the development of caries (Figure 14).
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(Figure 14): Sealants

Sealants are tenaciously bonded to the tooth
enamel via acid-etching procedures.

_ plays an active role in disease
prevention by Eleaning the teeth with Various

to remove calculus, stain, and plaque at
regular intervals.

Restorations also may be'polished to minimize
plaque retention and corrosion, and bther
(margins) of the restorations to help prevent the

recurrence of caries.
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To prevent trauma, mouth protectors or night

guards are often used.

Mouth protectors are made of polymers that

absorb the energy of facial blows and prevent this
energy from affecting the teeth and facial
structures.

_ (Figurel5) prevent premature wear

from occlusal trauma, technically referred to as

parafunction.
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(Figure 15): Night guard
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Overview of Preventive and
Restorative Materials
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PHYSICAL PROPERTIES

A physical property is any measurable parameter
that describes the state of a physical system. The
changes in the physical properties of a biomaterial
can serve to describe the changes or
transformations of the material when it has been
subjected to external influences such as force,
pressure, temperature, or light.

WHAT ARE DENTAL MATERIALS?

Historically, a wide variety of materials have been
used as tooth crown and root replacements,
including animal teeth, bone, human teeth, ivory,
seashells, ceramics, and metals. Restorative
materials for the replacement of missing portions
of tooth structure have evolved more slowly over
the past several centuries.

Dental materials may fall into any of the
following classes:

metals, ceramics, polymers, or composites. In
general, polymers, cements, and composites are
used for preventive as well as restorative
applications.

Some of these products are capable of releasing
diagnostic or therapeutic agents on a controlled-
release basis to support the preventive treatments
for populations at risk for dental caries.

Pure metals are rarely used for dental

applications,  although commercially pure
titanium can be used to make dental implants,
inlays, onlays, crowns, and bridges.

- in a foil form can be used to make
dental restorations (“fillings”) directly on teeth,
but this technique is used only rarely today.
Metals and alloys can also be used to construct
orthodontic  appliances,  partial  denture
frameworks and clasp arms, and these materials
may require auxiliary products such as matrix
bands, burs, cutting blades, endodontic files,
brooches, and reamers to ensure proper adaptation
and placement.

Ceramics can be used to produce inlays, onlays,
crowns, and multiple-unit fixed dental prostheses.
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However, because of the need for high fracture
resistance and esthetic appeal, these prostheses
are often made of two or more layers, including a
strong and tough core ceramic and one or two
layers of a less tough but translucent, veneering
ceramic.

It is also possible to use _
for implant bodies and endodontic posts and
cores.

Ideal restorative material
(1) be biocompatible;
(2) bond permanently to tooth structure or bone;

(3) match the natural appearance of tooth structure
and other visible tissues;

(4) exhibit properties similar to those of tooth
enamel, dentin, and other tissues;

(5) be capable of initiating tissue repair or the
regeneration of missing or damaged tissues.

Dental materials may be classified as:

1. Preventive dental materials:

include pit and fissure sealants; sealing agents that
prevent leakage; materials used primarily for their
antibacterial effects; and liners, bases, cements.

2. Restorative dental materials:

such as compomer, hybrid ionomer, and glass
ionomer cement that are used primarily because
they release fluoride or other therapeutic agents to
prevent or inhibit the progression of tooth decay
(dental caries).

Restorative dental materialsi consist of

synthetic components that can be used to repair or
replace tooth structure, including primers,
bonding agents, liners, cement bases, amalgames,
resin-based composites, hybrid
ionomers, cast metals, metal-ceramics, ceramics,
and denture polymers.

compomers,
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Restorative materials may further be classified as:

direct restorative materials or indirect

restorative materials,

depending on whether they are used intraorally to
fabricate restorations or prosthetic devices
directly on the teeth or tissues or extraorally,
respectively, in which the materials are formed
indirectly on casts or other replicas of the teeth
and other tissues.

3. Auxiliary dental materials:
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are substances used in the process of fabricating
dental prostheses and appliances but that do not
become part of these devices.

These include acid-etching solutions, impression
materials, dental waxes, acrylic resins for
impression and bleaching trays, acrylic resins for
mouth guards and occlusion aids, and finishing
and polishing abrasives.

4. Temporary restorative materials:
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are a subcategory of restorative materials and
include products used for dental restorations and
appliances that are not intended for moderate- or
long-term applications.

Other auxiliary materials include waxes, gypsum
products, dental compounds, and gutta percha.
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Auxiliary dental material —Substance that is
used in the construction of a dental prosthesis but
that does not become a part of the structure.

Direct restorative material—A cement, metal,
or resin-based composite that is placed and
formed intraorally to restore teeth and/or to
enhance esthetics.
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Indirect restorative material—A ceramic,
metal, metal-ceramic, or resin-based composite
used extraorally to produce prostheses, which
replace missing teeth, enhance esthetics, and/or

restore damaged teeth.
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Preventive dental material —Cement, coating,
or restorative material that either seals pits and
fissures or releases a therapeutic agent such as
fluoride and/or mineralizing ions to prevent or
arrest the demineralization of tooth structure.
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Restorative—Metallic, ceramic, metal-ceramic,
or resin-based substance used to replace, repair,

or rebuild teeth and/or to enhance esthetics.
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Temporary restorative material—Cement- or
resin-based composite used for a period of a few
days to several months to restore or replace
missing teeth or tooth structure until a more long-
lasting prosthesis or restoration can be placed.
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