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Abstract

The thesis comprehensively deals with fabrication and evaluation of dental restorative
composites, composed of a visible light-curing monomer mixture (bis-Glycidyl methacrylate
in combination with Triethylene glycidyl dimethacrylate as resin-matrix system) and silica and
hydroxyapatite (Hap) particles as reinforcing fillers. The composites have been systematically
evaluated for the effects of varying volume fraction of fillers on mechanical, thermal,
structural, cytotoxic, tribological and fracture toughness properties. The study revealed that the
addition of filler into the matrix led to an increase in compressive strength (CS) and diametral
tensile strength (DTS), whereas flexural strength (FS) surpassed the clinical requirements of
50 MPa. Addition of filler did not significantly change the glass transition temperature and
thermal degradation temperature of the matrix. It has been noted that the thermal
decomposition of the composites has started at ~350 °C. Final degradation temperature was at
~ 450 °C. Fourier-transformed infrared (FTIR) spectroscopy showed the interactions and
functionality whereas Scanning Electron Microscopy (SEM) and Energy Dispersive Analysis
of X-ray (EDX) revealed the uniform dispersion and distribution of Hap and silica fillers in
the composites. Dynamic mechanical properties revealed reinforcement -effectiveness
correlated to immobilized polymer network estimated by using Kerner equation. The
silica/Hap combination filled composites showed greater diametral tensile strength (DTS) as
compared to the Hap filled composites. Cytotoxicity studies revealed that the fabricated
composites were found to be non-toxic and therefore exhibited a favorable biological

behavior, making it a promising formulation in dental tissue engineering applications.

Conditional fracture toughness (Ko) values were determined using pre-cracked single-edge-
notch-beam (SENB) specimen in three-point-bending test (mode-1 fracture). Silica/Hap filled

restorative composites showed fracture toughness values that were comparable to Hap filled



dental composites. Irrespective of the nature of the filler or their combinations, the composites
with 20 wt. % fillers showed maximum value of Ko while those with 50 wt. % filler showed
minimum value of Kq. The fracture toughness (Kg) values determined experimentally were
compared to theoretical predictions from micromechanical modeling, which revealed that Kq
of these composites primarily attributed to crack-tip shielding mechanism. The sliding wear
assessment of the composites on a pin-on-disk set-up was carried out as a function of applied-
load, sliding-duration and sliding-velocity. From Taguchi analysis it was concluded that
combination of factors A5 (25 N), B2 (20 %), C2 (0.05 m/s), D5 (25 min) (under dry sliding
conditions) and A5 (25 N), B4 (40 %), C4 (0.07 m/s), D3 (23 min) (under water lubricated
condition) offer minimum wear. It was observed that the load factor has greater influence on
wear rate (p=0.001, Hap filled composites and silica/ Hap filled composites, dry as well as
lubricated condition). Dental composites with 30-40 wt.% of filler-loading showed highest
wear resistance during steady state wear. Worn surface morphology revealed intensive traction
marks in case of composites with 50 wt.% of filler. A suggestive correlation between
Brittleness parameter (B) and fracture toughness and wear behaviors indicated that highly-

filled composites are more prone to exhibit poor dimensional stability.
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Compressive Strength
Camphorquinone
Dentin-Enamel Junction
N,N-Dimethylaminoethyl Methacrylate
Dynamic Mechanical Analysis
Design of Experiment
Diametral Tensile Strength
Differential Scanning Calorimetry
Ethylene Glycol Dimethacrylate
Energy Dispersive Analysis of X-ray
Effective Volume Fraction
Fracture-Process-Zone
Fourier-Transformed Infrared
Flexural Strength
human-Derived Mesenchymal Stromal Cells
Hydroxyapatite
Immobilized Volume Fraction of Polymer Chain
Light Emitting Diode
Resin Based Composites
Scanning Electron Microscopy
Single-Edge-Notched
Single-Edge-Notch-Beam
Triethylene Glycol Dimethacrylate
Thermo-Gravimetric Analysis
Urethane Dimethyl Acrylates
X-Ray Diffraction

2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide

Tetragonal Zirconia Polycrystals Stabilized By Zirconia

Constant related to toughening by tilt-induced crack-deflection
Constant related to deflected-crack increase in disseminated spacing

Weight loss

Ultimate tensile strength of the matrix
Ultimate tensile strength of the composites
Density

Immobilized volume fraction
Entanglement density

Matrix Poisson ratio

Reinforcement effectiveness

Elastic moduli of the composite

Elastic moduli of the the resin matrix
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E’g
E’r
E’
En
H/E

Storage modulus values in the glassy region

Storage modulus values in the rubbery region

Storage Modulus

Loss Modulus

Hardness to Modulus

Critical stress intensity factors (fracture toughness) of the composite
Critical stress intensity factors (fracture toughness) of the interface
Critical stress intensity factors (fracture toughness) of the matrix
Fracture Toughness

Molecular weight between entanglement nodes

Avogadro’s Number

Universal Gas Constant

Signal to Noise

Glass Transition Temperature

Volume fraction of the particles

Filler volume fraction

Experimental filler volume fraction

Estimated filler volume fraction

Specific Wear Rate
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