University of Mosul

College of Dentistry

The Role of Internal Architecture in The Fabrication of
3D-Printed Cobalt Chromium Denture Framework

A Dissertation Submitted
By
Abdullah Jasim Mohammed
To
The Council of The College of Dentistry
University of Mosul

As a partial fulfillment of requirements for the degree of
philosophy doctorate

in
DENTAL SCIENCES
Supervised by
Assistant Professor
Dr. Ahmed Asim Al-Ali
2024 A.D. 1445 A.H.



Abstract I

Abstract

Aims: The study aimed to modify the internal topology of the three
dimensionally printed samples by integrating three types of geometries (sphere-
based, ellipse-based, and diamond-based hollow structures) and to evaluate the
role of these hollow structures in weight reduction. And their role in improving
the mechanical properties of the 3D printed Co-Cr material. Materials and
Methods: 390 samples were fabricated using the direct metal laser sintering
(DMLS) additive manufacturing technique. The samples were divided according
to their design into 195 bar samples (31mm length, 3mm width, Imm, 0.75mm,
and 0.5mm thickness). The bar samples were used to conduct the weighing,
accuracy, three-point bending or flexural strength test (UFS) and flexural
modulus calculations. And 195 tensile samples (33mm total length, 15mm
working length, 4mm width, and Imm, 0.75mm, 0.5mm thicknesses). The
tensile samples were utilized for the radiographic analysis, yield tensile strength
(YTS), ultimate tensile strength (UTS), Young's modulus, qualitative and
quantitative microscopic analyses, scanning electron microscopic imaging
(SEM), and qualitative and quantitative atomic force microscopic
analyses(AFM). Each bar and tensile sample was divided into 4 groups, The
(control group) Group 1, N=15 composed of compact samples devoid of any
hollow structure. Group 2, N=60 is based on the sphere's geometrical shape.
Group 3, N=60 is based on the ellipse geometrical shape, and Group 4, N=60 is
based on the diamond geometrical shape. Each group was divided into three
subgroups according to the thickness used in fabrication. Each one of the groups
2, 3, and 4 was subdivided into four subgroups according to the volume
reduction percentages 10%, 15%, 20% and 25%. Based on these divisions, each
subgroup had N=5 as a bar shape and N=5 as a tensile sample shape. For the

statistical analyses of the gathered data, SPSS version 18 was used at a



Abstract I

confidence level of P < 5%. Results: The radiographic imaging results validated
the presence of the geometrical shapes used in each subgroup within the three
thicknesses used. The weighing test revealed a significantly lower reduction of
the weight of Groups 2, 3, and 4 compared to Group 1. Also, there was a
significant reduction of the weights among the subgroups of Groups 2, 3, and 4
proportional to the volumetric reduction. The printing accuracy test
demonstrated insignificant differences among the subgroups of Groups 1, 2, 3,
and 4 in the X, Y, and Z directions. The flexural strength results revealed a
significantly higher means of Group 2 at a 10% reduction per volume. The
results of the flexural modulus, yield tensile strength, ultimate tensile strength,
and Young's modulus showed insignificant differences in the means of Group 2
at 1 10% volume reduction compared to Group 1. The elastic strain and
extension percentage at fracture showed a significantly higher means of Group 1
than all subgroups in Groups 2, 3, and 4. The microscopic, scanning electron
imaging, and atomic force evaluations revealed an insignificant qualitative and
quantitative comparison among Groups 1, 2, 3, and 4. Conclusions: According
to the results of this study, the sphere-based hollow structure at a 10%
volumetric reduction showed an improvement of the flexural strength compared
to the control group, and comparable means of the flexural modulus, yield
tensile strength, ultimate tensile strength, Young's modulus compared to the
control group, and significant reduction of the weight compared to the control
group, and validated geometrical shape reproduction in the three thicknesses of
the samples. The results showed the sphere-based structures' superiority over the
ellipse and diamond-based geometries. Also, it revealed a significant decline in
the mechanical properties of the samples integrated with the hollow shapes

proportional to the volumetric reduction.
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