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To select and use a dental material one must
understand its properties. Knowledge of the
properties of the material predicts its behavior,
functioning in the mouth and longevity.

Accordingly one can optimize design and
techniques in order to get the best out of a

particular material.

Various properties important to

dental materials are:

1. Mechanical properties
2. Physical properties

3. Chemical properties
4. Thermal properties

5. Optical properties
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Physical properties can be observed or measured
without changing the composition of matter.

Physical properties are used to observe and
describe matter.

Physical properties of importance in dentistry
include texture, color, optical
properties, odor, glass transition, temperature,
melting point, boiling point, density, solubility,
polarity, etc.

FORMS OF MATTER

Change of State

appearance,

Gt O leuld Al pailadll A (S
Al S 5
AV EOUE EPNE VTS YUK TORT JRECH:

toeaily Gl b (T dege Al pailadl
Jsatl At ) iy pead) ailiadl o5l e il ¢ eladl
GBS el Alas lealy) 3 6l el ala )

Ao e g cdgdadll (A DY)

salall JLSd

Adlal) s

Matter exists in the forms—solid, liquid and gas
(Fig. 1).
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Figure 1: The 4 states of matter.
The difference in form is mainly due to difference
in energy.

Matter is made up of atoms and for these atoms to
be held together there must be a force, e.g. when
1 gram of water is to be changed into gaseous state
at 100°

(known as heat of vaporization).

C, 540 calories of heat are needed

Thus, the gaseous state has more energy than the
liquid state.

Although the molecules in a gas have a certain
amount of mutual attraction, they can diffuse
readily and need to be confined in order to keep
the gas intact.

Energy of the liquid is decreased by reducing the
temperature sufficiently, a second transformation
in state occurs and energy is released in the form
of heat (latent heat of fusion).

This decrease in energy state changes the liquid to
a solid or freezes it. The reverse is true when solid
is changed to liquid, i.e., heat is required.
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The temperature at which it occurs is called fusion
temperature.

Melting point

The melting point (or liquefaction point) of a solid
1s the temperature at which it changes state from

solid to liquid at atmospheric pressure.

At the melting point the solid and liquid phase

exist in equilibrium.

Boiling point

The boiling point of a substance is the temperature
at which the vapor pressure of the liquid equals
the pressure surrounding the liquid and the liquid
changes into a vapor.

The boiling point of a liquid varies depending
upon the surrounding environmental pressure.

Density

The density, or more precisely, the volumetric
mass density, of a substance is its mass per unit
volume.

The symbol most often used for density is p.

Mathematically, density is defined as mass
divided by volume—

p=M/V
where p is the density, m is the mass, and V is the

volume.

For a pure substance, the density has the same
numerical value as its mass concentration.

Different materials different

densities.

usually have

Osmium and iridium are the densest known
elements at standard conditions for temperature
and pressure.
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To simplify comparisons of density across
different systems of units, it is sometimes replaced
by the dimensionless quantity “relative density”
or “specific gravity”, i.e. the ratio of the density of
the material to that of a standard material, usually
water.

Thus, a relative density less than one means that
the substance floats in water.

The density of a material varies with temperature
and pressure. This variation is typically small for
solids and liquids but much greater for gases.

Increasing the pressure on an object decreases the
volume of the object and thus increases its density.

Increasing the temperature of a substance (with a
few exceptions) decreases its density by
increasing its volume.

Glass Transition Temperature (Tg)

The glass transition temperature (Tg) is the
temperature at which an amorphous solid
becomes soft upon heating or brittle upon cooling.

The Tg is one of the most important properties of
any epoxy and is the temperature region where the
polymer transitions from a hard, glassy material to
a soft, rubbery material.

The glass transition temperature is always lower
than the melting temperature (Tm) of the
crystalline state of the material, if one exists.

Glass transition temperature is the most important
property of a polymer. The value of the glass
transition temperature is directly related to the
mechanical properties (strength, hardness,
brittleness, elongation, etc.).

The glass transition temperature is more important
in plastics applications than is the melting point,
because it tells a lot about how the polymer
behaves under ambient conditions.

If a polymer’s glass transition temperature is well
above ambient room temperature, the material
behaves like a brittle glassy polymer (it is stiff
with low impact resistance).
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Conversely, if the Tg is well below room
temperature, the material is what is commonly
termed a rubber or elastomer (soft and easily
stretched).

Those materials whose Tg is reasonably close to
the ambient temperature exhibit plastic material
behavior (strong and tough with good impact
resistance).

There are chemical compounds known as
plasticizers that are used to decrease the glass
transition temperature.

Solubility

Solubility is the property of a solid, liquid, or
gaseous chemical substance called solute to
dissolve in a solid, liquid, or gaseous solvent to
form a homogeneous solution of the solute in the
solvent.

Restorations placed in the oral cavity require to be
insoluble in oral fluids.

The tendency of cements to dissolve in the oral
fluids can lead to marginal ditching,
microleakage, recurrent caries, and ultimately
failure of the restoration.
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Thermal properties are the response of a material
to the application of heat.

Thermal conductivity

Thermal conductivity is defined as the property of
a material that indicates its ability to conduct heat
through its body under a steady state condition.

It is measured in watts per meter per degree
Kelvin (W/(mK)).

In Imperial units, thermal conductivity is
measured in BTU/(hr.ft.°F)

It is defined as the quantity of heat in calories per
second passing through a material 1 cm thick with
a cross-section of 1 cm? having a temperature
difference of 1 K (1°C) and is measured under a
steady-state condition in which the temperature
gradient does not change.

Thermal conductivity depends on many properties
of a material, its structure and temperature.

The transfer of heat within a material takes place
by conduction; in this process the materials do not
move as a whole but the energy flows through the
body of the material by the transfer of the
molecular kinetic energy.

Various materials exhibit varying degrees of
thermal conductivity (Fig 1).
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Figure 1: Thermal conductivity of various materials.
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Silver, Copper, Silicon carbide
Aluminum, Graphite

Aluminum silicates

Porous ceramics, Refractories
Concrete, Glass, Fire clay

Water

Wood, Polymers, Coal, Helium
Building boards, Oils

Fiber boards, Fiber insulations

Air, Polystyrene (axp.), PUR-foams

Krypton, Freons (gaseous)

Vacuum insulation
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The divided bar method (steady-state method) is
the most common way of measuring thermal
conductivity.

The sample to be measured is placed between two
samples of known conductivity (usually brass
plates).

The sample is placed at the top of the vertical
setup and the known conductivity brass bars are
kept at the bottom.

To stop any convection within the sample, heat is
supplied at the top and moved downwards.

After  approximately 10  minutes, the
measurements are taken after the whole sample

becomes equally hot.

Thermal diffusivity

Thermal diffusivity measures the ability of a
material to conduct thermal energy relative to its
ability to store thermal energy.

Thermal diffusivity is the thermal conductivity
divided by density and specific heat capacity at
constant pressure. It has the SI unit of m2/s.

Thermal diffusivity is usually denoted by o but a,
k, K, and D are also used. The formula is

K
Lu !

pxC,
k isthermal conductivity (W/(mK))
p isdensity (kg/m?)
Cp is specific heat capacity (J/(kgk))

THERMAL EXPANSION

Thermal energy is due to the kinetic energy
(internal energy) of the atoms or molecules at a
given temperature.

At temperatures above absolute zero, atoms are in
a constant state of vibration. The average
amplitude of vibration depends upon the
temperature; the higher the temperature, the
greater will be the kinetic energy and amplitude of
the atomic (or molecular) vibration increases.
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As the amplitude and internal energy of the atoms
increase, the interatomic spacing increases as
well. The gross effect is an expansion known as
thermal expansion.

If the temperature continues to increase, the
interatomic spacing will increase and eventually a
change of state will occur (e.g. solid to liquid).

Coefficient of Thermal Expansion (CTE)

When a substance is heated, the kinetic energy of
its molecules increases. This usually results in an
expansion called thermal expansion.

The coefficient of thermal expansion describes
how the size of an object changes with a change
in temperature.

Specifically, it measures the fractional change in
size per degree change in temperature at a
constant pressure.

Measurement of CTE
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Several types of coefficients have been
developed—volumetric, area, and linear. Which is
used depends on the particular application. For
solids, one might only be concerned with the
change along a length, or area.

The volumetric thermal expansion coefficient is
commonly used for fluids and gases. It is normally
quoted in parts per million per degree Celsius rise
in temperature (ppm/K).

AL
AT
o (alpha) is CTE
L is original length of material

oL

AL (delta L) is change in length
AT (delta T) is change in temperature

Negative thermal expansion
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A number of materials contracts on heating within
certain temperature ranges; this is usually called
negative thermal expansion.
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For example, the coefficient of thermal expansion
of water drops to zero as it is cooled to 3.983° C
and then becomes negative below this
temperature; this means that water has a
maximum density at this temperature, and this
leads to bodies of water maintaining this
temperature at their lower depths during extended
periods of sub-zero weather.

Another example is pure silicon. It has a negative
coefficient of thermal expansion for temperatures
between about 18 and 120 Kelvin.

Significance of CTE
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1. The mismatch of thermal expansion and
contraction between restorative materials and
tooth may cause stresses at their interface, which
may lead to microleakage.

2. Metal ceramics restorations require a close
match between the CTE of the alloy and porcelain
in order to reduce stresses in the porcelain. These
stresses can cause immediate or delayed cracking
in the ceramic.

3. An inlay wax pattern created in the mouth may
contract when transferred to the colder room.

4. Denture teeth set in wax may shift slightly when
room temperature changes.
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Optical properties and Color
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Light is a form of electromagnetic radiant energy
within a certain portion of the electromagnetic
spectrum that can be detected by the human eye.

The eye is sensitive to wavelengths from
approximately 400 nm (violet) to 700 nm (dark
red).

The combined intensities of the wavelengths
present in a beam of light determine the property
called color.

In order for an object to be visible, either it must
emit light or it must reflect or transmit light falling
upon it from an external source.

Objects of dental interest generally transmit light.

The incident light is wusually polychromatic
(mixed light of various wavelengths).

The reaction of an object to the incident light is to
selectively absorb and/or scatter certain
wavelengths.

The spectral distribution of the transmitted or
reflected light will resemble that of the incident
light although certain wavelengths will be reduced
in magnitude.

Cone-shaped cells in the retina are responsible for
color vision in humans. The eye is most sensitive
to light in the green-yellow region and least
sensitive at either extreme (i.e., red or blue).

Dimensions of Color

The three dimensions of color are — hue, value and
chroma.

Hue
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Refers to the basic color of an object, e.g. whether
it is red, green or blue.

Value

Ol 4ad

Colors can be separated into ‘light’ and ‘dark’
shades.
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Chroma

2ol gL

A particular color may be dull or more ‘vivid’, this
difference in color intensity or strength is called
chroma.

The three dimensions of color is represented in
Figs. 1 and 2.

Figure :1 Illustration representing the three
dimensions of color.
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Measurement of Color

One of the most commonly used method to define
and measure color quantitatively is the Munsell
System.

It is a coordinate system which can be viewed as
a cylinder.

The lines are arranged sequentially around the
perimeter of the cylinder, while the chroma
increases along a radius from the axis.

The value coordinate varies along the length of
the cylinder from black at the bottom to neutral
grey at the center to white at the top.

METAMERISM

The appearance of an object depends on the type
of the light by which the object is viewed.

Daylight, incandescent lamps and fluorescent
lamps are all common sources of light in the
dental operatory.
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The color wheel

Figure 2.20 Munsell color solid is also used to
demonstrate the three dimensions of color.
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Objects that appear to be color matched under one
type of light may appear very different under
another light source. This phenomenon is called
metamerism.

Tooth esthetics

Reproducing a tooth—both art and science. The
esthetics of a dental restoration is determined by

1. Shape
2. Color
3. Texture

The shade and color of a tooth is a complex
interplay of many factors. The color of the tooth
is determined by the shade, thickness and
composition of the enamel and dentin, the pulp
chamber, extrinsic stains, color reflections from
the gum and adjacent teeth and the incident light
itself.

Light is a form of energy and must obey the basic
law of conservation of energy which states that
energy cannot be created or destroyed but only
changed from one form into another or transferred
from one object to another.

Light = Light
Incident Reflected

+ Light + Light
Scattered Transmitted

Transparence, Translucence, and

opacity

A transparent object allows all the light to pass
through an object, whereas a translucent object
allows only partial passage of light.

For example, plain glass is transparent, whereas
frosted glass is translucent.

An object which does not allow any passage of
light is said to be opaque.

Light + Light
Absorbed
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+ Light changed

Fuoresced to heat
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Relevance

Teeth and oral tissue are translucent and allow
passage of some of the incident light.

In some individuals, the enamel may be
translucent or in rare circumstances transparent.

This may be particularly evident in the incisal
edges of upper or lower incisors.

Metal-ceramic restorations are opaque unlike
natural teeth which are translucent (Fig. 3).

Q.

Figure 3: Poor translucency exhibited by the metal-ceramic
restoration on the right when compared to the natural teeth
(left).
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One of the reasons for improved esthetics with all-
ceramic restorations is the improved translucency.

Fluorescence

Natural tooth structure also absorbs light of
wavelengths which are too short to be visible to
the human eye.

These wavelengths between 300 to 400 nm are
referred as near ultraviolet.

Natural sunlight, photoflash lamps, certain types
of vapor lamps and the ultraviolet lights used in
decorative lighting are all sources containing
substantial amounts of near U-V radiation and
invisible U-V light (also called black light).

This energy that the tooth absorbs is converted
into light with larger wavelengths, in which case
the tooth actually becomes a light source. The
phenomenon is called fluorescence (Fig. 4).
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Figure 4: Composite restoration (on right central
incisor) showing greater fluorescence.
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The emitted light is primarily in 400-450 nm
range, having blue white color.

Improved fluorescence adds esthetic value to
artificial restorations.

Relevance
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In UV light a natural tooth emits a weak whitish-
blue fluorescence. This should be taken into
account when selecting restoratives.

If restorative materials do not offer this property
of fluorescence, they will look dark in UV light
(Fig. 5), and the restored tooth will stand out
against the other teeth in the mouth.

Figure 5: Artificial crown on left central appears dark
under UV light because of insufficient fluorescence.

Some patients want their restorations to match
natural tooth under fluorescent light conditions,
e.g. in stage shows and discotheques.

Some porcelain restorations are able to match the
natural teeth under fluorescent lighting.

CLINICAL CONSIDERATIONS

Esthetics play a very important role in modern
dental treatment. The ideal restorative material
should match the color of the tooth it restores.

In maxillofacial prosthetics the color of the gums,
external skin and the eyes have to be duplicated.

Clinically in the operatory or dental lab, color
selection is usually done by the use of shade
guides (Fig. 6).
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These are used in much the same way as paint Ol 36 Hadiul Ak el PR JREC
chips are used to select the color for house paint. Jidl Mk sl sy desiinal
. eAa Oy U SENNOY

The process of selection is described in (Figs. 7:

Ato O). C YA 7 Jall ) e a3
Digital shade guides are also available (Figs. 8: A (8 Jsall) Liad 558 53 2aad 5 o) 511 O
to C).

The probe is simply placed against the tooth and o ) (e Jadall die 5 Gl e Ay jsal) a5y
on the press of a button the reading is displayed Al e 3ol al

on the screen.

ice i ol Alee bl Load aida jlead) 13a
The device is also useful to measure the progress Gl A ®

of bleaching.

Figure 6: The Vitapan 3D Master is used as a guide for .Vitapan 3D Master () 0! JLid) Jala 16 Jsad)
selecting tooth color.
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Vitapan 3D"-Master” Short guide
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Determining the value
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Defining the hue

Venify whather the natural tooth mightba VITA
riofe reckiah or more yellowish than the

shade sample of the aslecisd M-group

Selecting the chroma

VITA Usa the madium hae (M) from ths vilf
salecled value {lighiness group
ey aberpiine the chroma choaosing

E between dikubed and sahaated)

Figures 7: A to C Selecting the color using the Vitapan system. The color is determined in 3 steps. Step 1 determines
the value. Step 2 determines the chroma (basic saturation). Step 3 determines the hue (basic color). The figure shows

step 1. The guide is held along the patient’s face at arm’s length.
Csll) Elad) pand 12 Bohdl) (sl dad aad o] B ghall s ghd A sl yaad &L Vitapan aUa alaiiuly sl IR C ) A (7 JSad)
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Figures 8: A to C (A) Digital shade guide — VITA
Easyshade Advance 4. (B) The shade is selected by
placing the probe against the tooth. (C) The reading is
displayed on the screen.
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Radiological properties
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Radiopacity and Radiolucency

Radiopacity may be defined as the quality or
property of a material to obstruct the passage of
radiant energy, such as X-rays. Thus, materials
that inhibit the passage of electromagnetic
radiation are called radiopaque.

On the other hand, those that allow radiation to
pass more freely are referred to as radiolucent.

Significance in dentistry
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Radiography plays a significant role in dentistry.
It is very useful as a diagnostic tool.

Radiographs help to detect problems within the
restorations, teeth, bone, etc.

Manufacturers add certain elements in many
dental materials in order to make them
radiopaque.

Commonly used elements are heavy metal glasses
(strontium or barium glasses) and compounds
(barium sulphate) and metal oxides (zirconium
dioxide and ytterbium oxide.

Pure polymers like acrylic resins and bis-GMA
are radiolucent.

Composites, ceramics and metals are radiopaque,
with metals showing the highest radiopacity.

Measurement of radiopacity
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Human tissues like teeth, bone and soft tissue have
varying levels of radiopacity.

Within the tooth, the enamel is more radiopaque
that dentin. Radiopacity similar to hard tissues of
the body provide an optimal contrast for
diagnosis.

If the radiopacity of material is too low, it will not
be visible.

Generally, a restorative material should have
radiopacity slightly greater than that of enamel in
order to present a contrast.

The thickness of the material also affects its
radiographic properties. Radiopacity increases
with increase in thickness.

il ginna 3 sl a5 caldaall ¢l Jia 4 padl) daasd) Gl
gledl) AU (e de gt

DL egis @lad oo LD S sludl (5% foud e
dal e Qe Gls sl Glall Zaisdl dBled) Leledd
gl

e O 58 Lol Faa Amidiae salall e ez A0l culS )Y
() o) 45 e

Lelad 4D S A clasa i) 0585 o g tlasas
s el bl e uliy

3 5 AUl e badll Lpailad e L sald) 0las i
LAaaA) saby n

ioo )5l dmel

2 g dogn N 5 a5 s a3

4\33\9&.9‘/'%.;.9\



Js ¥ Jed

aslal Agons S it 3)ge

Aluminum is used as a standard to measure
radiopacity. The radiopacity of a material is
expressed as equivalent thickness of aluminum

(millimetres of aluminum).

Typically, an aluminum step wedge is used for

comparative studies.

Specimens

of  specified thickness are

radiographed together with the step wedge for
comparison (Fig. 1).

O .

Figures 1: (A) Aluminum step wedge. (B) Radiograph of
step wedge with specimens.

Ingredient

Enamel

Deentin

Composites

Z0E endodontic sealer (Kerr)

Pro-Root MTA

Compoaglass

Zinc phosphate cement (Hoffman)
Zinc polycarboxylate cement {(Hoffrman)
Cercon (core ceramic)

Cercon ceram S (veneering ceramic)
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Al equivalent (mm) approx.
4-4.3
232-25
15-6.2
B9
25
4
6.5
36
873
1.71
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Magnetic Properties of Matter
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Magnetism is a class of physical phenomena that
are mediated by magnetic fields.

Electric currents and the fundamental magnetic
moments of elementary particles give rise to a
magnetic field.

All matter exhibits magnetic properties when
placed in an external magnetic field.

Aristotle attributed the first of what could be
called a scientific discussion on magnetism to
Thales of Miletus.

Classification

Depending on whether there is an attraction or
repulsion by the pole of a magnet, matter is
classified as being either

1. Paramagnetic—attracted to a magnetic field

2. Diamagnetic—repulsed by a magnetic field)

Terms

Magnetic field
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A magnetic field is the magnetic effect of electric
currents and magnetic materials (Fig. 1).
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Figure 1: Representation of magnetic field.

The magnetic field at any given point is specified
by both a direction and a magnitude (or strength).
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Magnetic moment:
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The magnetic moment (or magnetic dipole
moment) of an object is a measure of the object’

s tendency to align with a magnetic field. It is a
vector quantity.

The object will tend to align itself so that its
magnetic moment vector is parallel to the
magnetic field lines.

Some materials like iron (ferromagnets) have
permanent magnetic moments. Most materials do
not have permanent moments.

Ferromagnetism
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It is the basic mechanism by which certain
materials can retain their magnetization when the
external field is removed.

Examples of ferromagnetic substances include
iron, nickel, cobalt and some of the rare earth
elements, such as gadolinium and dysprosium.

Nonmagnetic substances
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Substances that are negligibly affected by
magnetic fields are known as nonmagnetic
substances. They include copper, aluminium,
gases, and plastic.

Pure oxygen exhibits magnetic properties when
cooled to a liquid state.

Magnetocrystalline anisotropy
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Magnets are capable of producing high forces
relative to their size due to the property of
magnetocrystalline anisotropy.

Samarium-cobalt (SmCo5) and neodymium-iron-
boron magnets (Nd2Fel4B) magnets not only
have the property
anisotropy, but they also have high coercivity.

of magnetocrystalline

Coercivity
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It is the ability of the magnet to resist
demagnetization.

Materials with high magnetic anisotropy usually
have high coercivity.
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1. Ceramic magnets are used in refrigerators and
elementary-school science experiments, contain
iron oxide in a ceramic composite. Most ceramic
magnets, sometimes known as ferric magnets,
aren’t particularly strong.

2. Alnico magnets are made from aluminium,
nickel and cobalt. They’ re stronger than ceramic
magnets, but not as strong as the ones that
incorporate a class of elements known as rare-
earth metals.

3. Neodymium magnets contain iron, boron and
the rare-earth element neodymium.

Compared to other available magnets,
neodymium magnets are the strongest permanent
magnets available. Today they are used in
computer hard drives, speakers, electric motors,
wind turbines, etc.

4. Samarium cobalt magnets combine cobalt with
the rare-earth element samarium.

5. In the past few years, scientists have also
discovered magnetic polymers, or plastic
magnets.

Uses

Magnetic resonance imaging
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Magnetic resonance imaging (MRI), nuclear
magnetic resonance imaging (NMRI), or
magnetic resonance tomography (MRT) is a
medical imaging technique used in radiology to
investigate the anatomy and physiology of the
body in both health and disease.

MRI scanners use strong magnetic fields and
radiowaves to form images of the body.

The technique is widely used in hospitals for
medical diagnosis.
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In dentistry
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Magnets have generated great interest within
dentistry. They have been used for various
applications in orthodontics and prosthodontics.

Earlier use of magnets was limited due to the
unavailability of small size magnets, but after the
introduction of rare earth magnets and their
availability in smaller sizes, their use has
increased considerably. They can be placed within
prostheses without being obtrusive.

In orthodontics Their main use in orthodontics
has been for tooth movement

In prosthodontics They are primarily used as
retentive aids in maxillofacial prosthesis and in
tooth and implant supported (Figs. 1 and 2).
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Figure :1 Dental magnet.
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Figure :2 Dental magnet.
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