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« Figure 5-7 Pyrogenic reaction showing the initial formation of fumed siica particles in the 40-nm size
range, as used in microfll resins. (Courtesy Dr. Karl-Johan Soderhalm.)
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« Figure 5-8 Transmission electron microscope image of fumed silica par-
ticles produced by the pyrogenic reaction shown in Figure 5-7. The particle di-
ameters average approximately 40 nm. (Courtesy Dr. Karl-Johan Séderholm.)

» Figure 5-9 The pyrogenic silica used in microfill composites has a very
large total surface area because of its extremely small average particle
size of about 0.04 pm/40 nm. These particles agglomerate and form
long chains, as seen in this transmission electron micrograph. (Courtesy
Dr. Karl-Johan Séderholm.)
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* Figure 5-10 The effect of filler specific surface area on the viscosity
(log scale) of the uncured resin matrix. The smaller the particle, the larger
is the surface area and the greater the viscosity buildup. (Adapted from
Darvell BW: Materials Science for Dentistry, ed 10, Cambridge, UK, 2018,
Woodhead Publishing Ltd.)
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* Figure 5-11 Preparation of resin filler particles for use in microfiled com-
posites. The filler particles in a microfiled composite consist of pulverized
“composite filler particles” dispersed in a cured resin matrix. Pyrogenic col-
loidal silica particles of about 0.04 pm (about 40 nm) are incorporated into
both the precured resin filler particles and the curable monomer, with the
precured resin containing a substantially higher concentration. (Modified from
Lambrechts P: Basic Properties of Dental Composites and Their Impact on
Clinical Performance. Thesis. Leuven, Belgium, Katholieke University, 1983.)

Sz el Joib B (b o Shee sl azsl I S el Glale axias 3blie 5o alids Koo slacyjomals

Ngd oo Llis plrale el (JlFon pwled (g )0 (S 5 Wadoe Glale 9 CeSs
BV 5 S Wyl Sudy oyl b chard wigw a5 " I gl wlyd Sl j  Sisl Li!
laj,b 5l oolitul wld S sl omls cls sl ((Sabo s s aile, Llas 4 Bua b cwwl Gl

Wloads apog (flUted) lso 5 sl ylS iS5 glogyd sl ay ool

wdomd (Vg T wS) Blo zokaw sbd Soswgy oy (8l (26! sy jarols wlidg S slagy 5

g 503 aguogi (IV 3 11 (o915) Wy (5 (o y20 55 (b uripa 1 Lo

gl

S35 agle oslST



(iy2) O Jad by jouols (323)) (x2)) ot GBS JauolS ) Joad vy

Properties of Composite Restorative Materials

Characteristic/ Unfilled Hybrid (Small  Hybrid (All- Flowable  Packable

Property Acrylic Traditional Particle) Purpose) Microfilled Hybrid Hybrid Enamel Dentin
Size (um) — 8-12 0.5-3 0.4-1.0 0.04-0.4 0.6-1.0 Fibrous — —
Inorganic filler 0 60-70 65-77 60-65 20-59 30-55 48-67

(vol%)

Inorganic filler 0 70-80 80-90 75-80 35-67 40-60 65-81 — —
(wt%)

Compressive 70 250-300 350-400 300-350 250-350 — — 384 297
strength (MPa)

Tensile strength 24 50-65 75-90 40-50 30-50 — 40-45 10 52
(MPa)

Elastic modulus 2.4 8-15 15-20 11-15 3-6 4-8 3-13 84 18
(GPa)

Thermal expansion 92.8 25-35 19-26 30-40 50-60 — — — —
coefficient (ppm/°C)

Water sorption 1.7 0.5-0.7 0.5-0.6 0.5-0.7 1.4-1.7 — — — —
(mg/cm?)

Knoop hardness 15 55 50-60 50-60 25-35 — — 350-430 68
(KHN)

Curing shrinkage 8-10 = 223 2-3 2-3 3-5 2-3 = =
(vol%)

Radiopacity (mm 0.1 2-3 2-3 2-4 0.5-2 1-4 2-3 2 1
of Al)

M o) A o i ,/' -
¢ Figure 5-12 Fractured microfiled composite. The fractured surface
shows that the organic filler (composite filler) particles have been plucked
out of the matrix resin, suggesting adhesive failure resulting from a weak
interface between the precured microfill particles and the resin matrix.
(Courtesy Dr. Karl-dJohan Séderholm.)
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 Figure 5-13 A class IV restoration made with a hybrid composite. A,
Fractured maxillary central incisor prior to restoration. B, After restoration
with a hybrid composite. (Courtesy Dr. William Rose.)
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» Figure 5-14 Polished surface of a hybrid composite similar to those
shown in Figures 5-12 and 5-14. Particle sizes range from about 0.1
to 3 pum (scanning electron microscope [SEM] magnification x5000).
(Courtesy Dr. Robert L. Erickson.)
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