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TABLE 2-1 Range of Linear Thermal
Coefficient of Expansion of Dental Materials
in the Temperature Range of 20° to 50°C
Material Coefficient (x106/°C)
Human teeth 8-15
Ceramics 8-14

Glass ionomer base 10-11

Gold alloys 12-15

Dental amalgam 22-28
Composites 25-68
Unfilled acrylics and sealants 70-100

Inlay wax 300-1000
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TABLE 2-3 Relationship of Force, Area,
and Stress

Force (N) Area (mm?) Stress (MPa)
111 645 0.1724
111 64.5 1.724

111 6.45 17.24

111 0.645 172.4

111 0.0645 1724.0
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FIG 2-4 Schematic representation of tensile, compressive,
shear, twisting, and bending forces and their corresponding

deformations.
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FIG 2-3 Cross-sectional model of a tooth under distributed
force (A) and concentrated force (B).
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(Preventive Dental Materials)
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TABLE 3-1 Examples of Office and Prescription Fluoride Treatments

Fluoride Delivery System Type Concentration Product Manufacturer
Acidulated phosphate- Office-use 1.23% ALLSolutions Fluoride DENTSPLY Professional (York,
fluoride foam Foam PA)
Sodium fluoride Office-use 2.0% Oral-B Neutra-Foam Oral-B (South Boston, MA)
foam
Home-use 0.2% PreviDent Rinse Colgate Professional (Canton,
rinse MA)
Stannous fluoride Home-use gel 0.4% Perfect Choice Challenge Products (Louisville,
CO)
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FIG 3-1 Grooves and fissures in the occlusal surface of a tooth. Clinically, (A) grooves and fissures
in the occlusal surface of a tooth are often discolored, but the coloration belies the extent of the
problem. In cross section (B, C) the groove may be deeper than it appears clinically, and caries
may extend far beyond what the clinician can see with normal vision or detect with an explorer
(C). Detection of caries in deep fissures requires magnification and drying of the tooth. (A, Courtesy
Y-W Chen, University of Washington Department of Restorative Dentistry, Seattle, WA.)
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TABLE 3-3 Examples of Light-Cured Pit

and Fissure Sealants

Product

Clinpro Sealant
Helioseal Clear Chroma
Teethmate F-1

Manufacturer
3M ESPE (St. Paul, MN)

Ivoclar Vivadent (Amherst, NY)
Kuraray America (New York, NY)
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TABLE 3-2 Characteristics of Different

Types of Fluoride Treatments

Acidulated
phosphate- Sodium Stannous
Characteristic fluoride fluoride fluoride
Form acidity Gel, rinse, Gel, rinse, Gel, rinse
(pH) foam foam Acidic
Acidic Neutral
Can etch Yes No Yes
restorations
Can stain No No Yes
restorations
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TABLE 3-6 Advantages and Disadvantages

of Stock, Mouth-Formed, and Custom-Made
Mouth Protectors

Custom- Mouth-
Property made formed Stock
Fit Excellent Poor-good*  Poor
Thickness Can be May be too
customized thin
Durability Excellent Poor-good*  Poor
Comfort Excellent Poor-good*  Poor
Ease of Excellent Poor—-good*  Poor
speaking
Cost More Inexpensive  Inexpensive
expensive

“Dependent on patient's ability to achieve a good fit.

3,5 9 (3o 13105 Slgo

FIG 3-4 Dark areas of a preconditioned occlusal surface indi-
cate location of pits and fissures. (From Dean JA, Avery DR,
McDonald RE: McDonald and Avery’s Dentistry for the Child
and Adolescent, ed 9, St Louis, 2011, Mosby.)

FIG 3-5 Tooth with completed sealant treatment. (From Bird
DL, Robinson DS: Modern Dental Assisting, ed 10, St Louis,
2012, Saunders.)
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FIG 10-3 On occasion, a patient will have a clinical situation that requires block out
prior to the fabrication of a mouth protector. Patients with orthodontic brackets (A) can
have the alginate taken with the brackets in place. Then prior to mouthguard fabrication,
utility wax can be used to block out the brackets (B). The block out prevents the mouth-
guard material from bonding to the impression of the brackets, and it also provides space
in the final mouthguard to protect the brackets. (Courtesy Y-W Chen, University of
Washington Department of Restorative Dentistry, Seattle, WA.)
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FIG 9-3 Disposable impression trays. Disposable impression trays are used to make
impressions,usually with alginate impression materials. They come in several styles
(A, B). In A, the tray has holes and ridges to retain and support the alginate material
in the tray. The maxillary tray is on the left and mandibular tray on the right. In B,
there are ridges on the periphery of the trays (arrows) to retain the impression ma-
terial. The maxillary tray is on the left and mandibular tray on the right. To prevent
the hard plastic from irritating the soft oral tissues, utility wax (C, arrow) is often
applied to the periphery of the disposable tray. When constructing a night-guard
or mouth protector, it is often not necessary to pour the full palate in the maxillary
impression. (Courtesy Y=-W Chen, University of Washington Department of Restor-
ative Dentistry, Seattle, WA.)
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Direct Esthetic Materials in Dentistry
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( Bonding Agents H Composites 1 ‘ (restoratives) )

* Sealing restorations

* Bonding restorations
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Restorative Y

Combination
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. Special
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)

* Microfilled Packable
< Aporpese (h brids < Eowatie P Resin-modified
ARG i RS Compomers
rovisional Glass lonomers
* Repair Materials

( Chemically ) ( Light-cured )
Light-curing

FIG 4-1 Direct esthetic materials have increased in use and in complexity over the years. Originally,
composites and glass ionomers were completely separate classes of materials, but combination
materials have evolved to provide more treatment options. Initially, no bonding of composites
was possible to enamel or dentin, but over time, bonding agents were developed from composite

components that allowed bonding to enamel and dentin. Finally, the activation (“curing”) of com-
posites also has evolved. The use of visible (mostly blue) light to activate the polymerization of com-
posites has revolutionized composite use; original composites were chemically activated only.

TABLE 4-1

Uses of Composites,

Compomers, Resin-Modified Glass lonomers,
and Glass lonomers

Resin-modified
glass ionomer

Glass ionomer

Type Uses

Universal Class |, II, Ill, IV, V, patients with low risk
composite of caries

Microfilled Class lll, V
composite

Nanofilled Class I, II, III, IV, V
composite

Bulk-filled Class I, Il, VI (mesial, occlusal,
composite distal = MQOD)

Flowable Cervical lesions, pediatric restorations,
composite small, low-stress-bearing restorations

Universal flowable  Class |, Il, Ill, IV, V, patients with low risk
composite of caries

Laboratory Class Il, three-unit bridge (with fiber
composite reinforcement)

Compomer Cervical lesions, Class Ill primary teeth,

Class |, Il restorations in children, Class
Il (with sandwich technique), patients
with medium risk of caries

Cervical lesions, Class Ill, V, Il (with
sandwich technique), pediatric
restorations primary teeth, Class |
restorations in children, sandwich
technique (Class 1), patients with a
high risk of caries

Cervical lesions, Class V restorations in
adults in whom esthetics is less
important than that of other types,
patients with a high risk of caries
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FIG o-Y Examples of amalgam restorations. In most modern dental practices
today, amalgam restorations are placed in posterior teeth where esthetic
concerns are secondary. New amalgams have highly adapted margins and
longevity (A-C). Restorations on canines or other anterior teeth are used
rarely (blue arrows in D and F). Amalgam also may be used to build up the
tooth in preparation prior to a crown preparation (black arrowin D). The value
of amalgam is that it can be placed with good clinical success under diverse
and even nonideal conditions. For example, amalgam may be successfully
placed when isolation of the tooth is impossible and bonding of composites
would be compromised. E, Amalgam generally fails due to deterioration of its
margins with the tooth (red arrows). (A-C, E, Courtesy J. Martin Anderson,
University of Washington Department of Restorative Dentistry, Seattle, WA.
D, Courtesy E. R. Schwedhelm, University of Washington Department of
Restorative Dentistry, Seattle, WA; F, Courtesy Richard D. Tucker, University
of Washington Department of Restorative Dentistry, Seattle, WA
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FIG 5-1 Overview of placement of amalgam restorations.
Teeth that require restoration (A) are prepared using cavity
preparations that have undercuts to retain the amalgam, which
does not bond effectively to the tooth (B). The amalgam is
mixed (triturated), then quickly placed into the preparations,
and carved into appropriate anatomic and occlusal form (C).
After 24 hours or more, the amalgams may be polished (D)
to assure good contours, a smooth surface, and closed mar-
gins. (Courtesy J. Martin Anderson, University of Washington
Department of Restorative Dentistry, Seattle, WA.)
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FIG 5-10 Creep in amalgam results from the cyclical applica-
tion of nondestructive occlusal forces over a period of months
toyears (symbolized by vertical block arrow). As the application
of force continues over months to years, the amalgam material
responds by gradually changing shape (creeping, horizontal
block arrow), ultimately leading to fracture (smaller solid
arrow). Creep-mediated fracture results in loss of marginal
integrity and failure of the restoration. The creep of high-copper
amalgams is generally very low, ranging from 0.05% t0 0.15%.
However, creep and marginal fracture were a significant draw-
back of low-copper amalgams used in prior years because they
had creep values of nearly 6%. (Courtesy D. Smith, Georgia

Regents University, Augusta, GA.)
PlfJLeT L, S,:u’ﬁ

090 oo ramedd Al 10 )lgz 4 pBILT 5 )8 S ol 4 0 ls St

(Trituration) LM .\

(Condensation) ,5 ilass .Y
(Carving) :y0,54,l5°.¥
(2l 50,8 Gaally Jols ol (Soe 45) Kipdonis ¥

sl Ban g 55T el slapyls 4 (SGop ey B3l (S S
Dgd ad § a5 IS0 b admix pBIL] bl 5 LS wb olas e s

(trituration) pKJL] LM II_

ccunlio LS| 098 o 0l trituration og> b oy LT LMusl anl )
il g S e cppai |y S 3 s 5 e o pSILT Ggllas (gla S
S b Sl S5 4y el LIS a0 o 2331 1) e Sk Y5 iy
U 35 2 pos b by LalSILT (01 ) US5) 3500 plonl 53l ol
Vel eS g b egez o ST g als S e sl 5 e e ) oge 5 0y SLIT (51>
Sl ‘_,SM 9 MJAQL) 6|)‘Q —YM oo U"‘ MS‘SA Ja5l.>u R La Ml)

sl il Ce e J S S

FIG 5-9 Low-copper amalgams have poor marginal integrity in
restorations over time. A—C, Red arrows indicate areas of mar-
ginal breakdown. C, A 3-year postoperative placement photo-
graph of restorations using high-copper (left) or low-copper
(center, right) amalgam. The margins of the high-copper amal-
gam retain integrity, whereas significant corrosion, creep, and
fracture at the margins of the low-copper restorations have
occurred. The poor performance of low-copper amalgam is
caused by the presence of the gamma-2 phase, which is not
present in high-copper amalgam but leads to corrosion, creep,
and fracture at the margins of low-copper restoration. These
marginal defects are at high risk for caries. Low-copper amal-
gam is no longer used in the United States. (A, B, Courtesy
E. R. Schwedhelm, University of Washington Department of
Restorative Dentistry, Seattle, WA; C, Courtesy D. Smith, Geor-

gia Regents University, Augusta, GA.)
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FIG 5-13 A, Transfer of amalgam into the cavity preparation is accomplished using an amalgam
carrier. The carrier has two ends, one shown here, and a lever (arrow) that is used to express
the setting amalgam into the cavity preparation. B, After trituration, the capsule is opened and
its contents are placed in the amalgam well. G, The amalgam carrier has a small hole that is filled
with the amalgam, and the unset amalgam is transferred from the well into the carrier temporarily.
D, By pushing the lever on the carrier, the amalgam can be expelled into any specific part of the
cavity preparation. The amalgam is moved incrementally from the well to the cavity preparation
using the carrier in this manner. Each increment is condensed prior to addition of the next to assure

a well-adapted, void-free restoration.
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Types of Cements in Dentistry

Cavity Liners & Special
Varnishes Applications

Luting Cements
Calcium Ortho
Hydroxide Bracketts

High-Strength Low-Strength Garnishes (oopaID ( Ortho Bands)
Glass lonomer Hygr%:ir(?e Sealers

Resin-Modified Zinc Oxide-
Glass lonomer Eugenol

Zinc
Polycarboxylate

N -—————-

( Water-Based ) ( Oil-Based ) ( Resin-Based )
1 Glass lonomer ’ Zinc Oxide— Adhesive
Eugenol Resin
Resin-Modified Self-Adhesive
Glass lonomer Resin
Zinc . .
Polycarboxylate Esthetic Resin

FIG 7-1 As materials, cements serve diverse functions in restorative dentistry. Many are for luting,
i.e., retaining indirect restorations in cavity preparations. Cements for crown restorations would be
a common example. The luting cements occur in three broad classes: water-based, oil-based, and
resin-based. However, cement materials also serve as bases inside cavity preparations under res-
torations, as cavity liners or sealers over dentin, or in a variety of special applications, such as reten-
tion of orthodontic brackets or root canal sealers.
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FIG 8-3 Final impression (in addition silicone material, A) used to capture fine details needed in a
model (B) for fabrication of crown restorations and implant placement. (Courtesy Y-W Chen,
University of Washington Department of Restorative Dentistry, Seattle, WA.)
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BOX 8-1 Desirable Properties of
Impression Materials

e Ease of manipulation and reasonable cost

e Adequate flow and wetting properties

* Appropriate setting time and characteristics

e Sufficient mechanical strength—elastic recovery and resis-
tant to tearing during removal

e Good dimensional accuracy—stable over time

e Taste and odor acceptable to patient

e Safe—not toxic or irritating

* No significant degradation of properties as a result of
disinfection

e Compatibility with all die and cast materials

° Good shelf-life
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TABLE 8-1 Classification of Dental

Impression Materials

Rigid
Dental compound

Flexible
Aqueous

Zinc oxide—eugenol  Alginate hydrocolloid*

Elastomeric (incorrectly called inelastic)
Addition silicone (PVS)*

Polyether*

Addition silicone—polyether hybrid
Condensation silicone

Polysulfide (rubber base, mercaptan)

*Most commonly used impression materials.
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Types of Impression Materials in Dentistry
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FIG 8-1 Types of impression materials used in contemporary dental practice. Bite registration elas-
tomers are included for completeness. Dashed lines indicate that the material is no longer common
in dental practice. Some of these less common materials are discussed briefly in the appendix to
this chapter.
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FIG 8-2 Two-dimensional sketches of a maxillary and mandib-
ular left molar and the corresponding impressions and dies.
(B, buccal surface; C, cusp; F, fissure; L, lingual surface.)
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cast
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FIG 8-4 Alginate impressions are common in dental practice. The material may be supplied in bulk,
but is more commonly supplied in packets (A) with a water measure to assure the correct amount
of water. Mechanical mixers (B-D) are available to mix alginate, although hand-mixing also is com-
mon. The resulting alginate impression (E, mandibular) must be poured in stone quickly to avoid
distortion. (Courtesy Y-W Chen, University of Washington Department of Restorative Dentistry,

Seattle, WA.)
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Paste — Gel

Sodium Alginate + CaSO, e H,O — Calcium Alginate
INa*® +S0O, + H,O

TABLE 8-3 Ingredients and Their Function

in Alginate Powder

Ingredient Function

Sodium or potassium To dissolve in water
alginate salt
Calcium sulfate To react with dissolved alginate to
form insoluble calcium alginate

To react preferentially with
calcium sulfate and serve as a

retarder

Sodium phosphate

Diatomaceous earth or
silicate powder

Potassium sulfate or
potassium zinc fluoride

Organic glycol

Pigments

Quaternary ammonium
compounds or
chlorhexidine

Aspartame

To control consistency of mix and
flexibility of impression

To counteract the inhibiting effect
of alginate on the settling of
gypsum model or die material

To coat the powder particles to
minimize dust during dispensing

To provide color

To provide self-disinfection

To function as a sweetener
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TABLE 8-2 Examples of Alginate

Hydrocolloid and Elastomeric Impression

Materials

Product Manufacturer Packaging

Alginates

Alginmix Major Prodotti Dentari Packet
(Moncalieri, Italy)

Hydrogumb5 Zhermack (Eatontown, NJ) Packet

Jeltrate Plus DENTSPLY Caulk (Milford, DE) Can,

packet
Kromopan 100 Lascod (Firenze, ltaly) Packet

Alginate substitutes

Alginot Kerr Corporation (Orange, CA) AC
Position Penta  3M ESPE (St. Paul, MN) DMM
Quick
Silgimix Sultan Health Care AC, DMM
(Englewood, NJ)
Status Blue DMG America (Englewood, NJ) AC

Addition silicones

Agquasil Ultra DENTSPLY Caulk AC, DMM

Flexitime Heraeus (Armonk, NY) AC

Honigum DMG America AC, DMM

Imprint 4 3M ESPE AC, DMM

Polyethers

Impregum 3M ESPE AC
Garant

Impregum 3M ESPE DMM
Penta Soft

Addition silicone—polyether hybrids

EXA'lence GC America AC

Bite registration materials

Blu-Mousse Parkell (Edgewood, NY) AC

Jet Blue Bite Coltene/Whaledent AC

Imprint 4 Bite ~ 3M ESPE AC, DMM

AC, Automix cartridge; DMM, dynamic mechanical mixer.
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Teeth centered

FIG 8-10 Correct tray selection for a mandibular alginate
impression. A, Buccal view. B, Occlusal view. C, View of the
loaded impression tray seated in the mouth. (A, B, Modified from
Meldrum RJ, Johnson RA, Cheney EA: Preclinical orthodontics
621/623, Ann Arbor, 1980 School of Dentistry, University of
Michigan; C, courtesy Y-W Chen, University of Washington
Department of Restorative Dentistry, Seattle, WA.)
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FIG 8-9 Correct tray selection for a maxillary alginate impres-
sion. A, Side view. B, Posterior view. (Modified from Meldrum
RJ, Johnson RA, Cheney EA: Preclinical orthodontics 621/623,
Ann Arbor, 1980, School of Dentistry, University of Michigan.)
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FIG 15-1 Endosseous implants are placed into the maxilla or mandible, but they protrude
through the gingiva to serve as surrogates for teeth. Today’s implants are primarily alloys of
titanium and oxygen; relatively few are all-ceramic (zirconia). Before placement, the implant
must be protected from both chemical and biologic contamination and is therefore encased in
special containers that are opened only at the time of surgery (A). Endosseous implants are
commonly threaded (B-E) to facilitate precise placement and initial retention and stability in
bone. Surfaces that contact bone have special treatments that promote osseointegration (white
arrows in B-E). Implants placed to the soft tissue level have a smooth surface to promote soft
tissue adaptation (red arrows in B, C, and D); those that are placed to the bone level have no
smooth surface (blue arrow in E). The attachment between the implant and implant restoration
occurs via an external (green arrow in C) or internal (green arrow in D) union that prevents
rotation of the final restoration. Today’s endosseous implants are made in a wide variety of
diameters, tapers, and lengths. Parallel-sided implants (B, C, D) or tapered implants (E) are
used in different clinical situations. Different diameters, lengths, and styles are now available
through many manufacturers. (A, Courtesy Dr. Regina Messer, Georgia Regents University,
Augusta, GA.; B-D, courtesy Dr. Mats Kronstr€om, University of Washington, Department
of Restorative Dentistry, Seattle, WA; E, courtesy Y-W Chen, University of Washington,
Department of Restorative Dentistry, Seattle, WA.)
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FIG 15-2 Sequence of implant placement. Several strategies are used to place implants today. Most implants are placed
into healed bone in one- or two-stage procedures. Care must be taken to ensure that adequate bone exists to support the
dental prosthesis. In two-stage restorations, the implant is placed to the level of the bone; then it is allowed to heal for
approximately 3 months. At a second surgery, one of several types of abutments is placed, and the soft tissue is allowed to
heal. Posterior teeth sometimes receive a platform implant that receives a screw-retained crown; anterior implants receive
a tooth-shaped (custom) abutment ontowhich a crown is either cemented or screwed. In onestage restorations, the implant
with a built-in abutment is placed at the tissue level. After a period of healing, the crown is placed. Today, several other
techniques are sometimes used. The implant may be placed immediately after tooth extraction (immediate restoration).
Although placementmay be at the bone or tissue level, only the tissue level is shown here. After placement, the practitioner
has the option of loading the implant into occlusal function immediately or after healing. Most experts today generally consider
immediate placement and immediate loading to be higher-risk strategies.
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FIG 15-3 Implant restorations are retained by either screws or dental cements or some combination of these two. For bone-level
implants, a screw is used to retain the abutment to the implant itself. If the abutment is of the platform type (left diagram), the
restoration will be retained with a second screw (red) that is accessed through a hole in the restoration. If the abutment is of the
custom type (middle diagram), the restoration will be retained by a traditional cement. For tissue-level implants (right diagram),
the restoration may be retained by a single screw. Screws for implants are precisely engineered of specific materials that limit
loosening or fracture. They are torqued to specific tightness using a torque wrench intraorally (lower photo). Failure to use the
appropriate torque may lead to early failure of the restoration. Implant screws are designed to be used only once. For screw-
retained restorations, the hole in the occlusal part of the restoration is generally covered with resin composite material. (Photo
courtesy Dr. Y-W Chen, University of Washington, Department of Restorative Dentistry, Seattle, WA.)
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FIG 15-4 Clinical sequence of two-stage implant placement. After careful treatment planning to determine the final position of the implant (A, B, C),
an acrylic surgical stent (A and B) is made that will guide the position and angulation for the osteotomy. Special handpieces (D) and burs (E) are
used that minimize trauma to the bone during the osteotomy and maximize changes of successful osseointegration. A gingival flap is retracted (F),
and the osteotomy is performed in several stages (G) under copious water irrigation. The implant is screwed into place to the appropriate depth (H
and 1), and then the flap is repositioned with sutures (J). After healing (2 to 3 months), a second minor surgery is used to expose the implant prior
to abutment placement (K). (Courtesy Dr. Mats Kronstr€om, University of Washington, Department of Restorative Dentistry, Seattle, WA.)
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