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The University of North Texas 
Department of Materials Science & Engineering 

 
2021 Spring Semester 

 
Course Title: MTSE 4020, Materials in Medicine 

 
Instructor: 
Aidin Imandoust, Office DP E120, Phone: 940-369-5346 

 
Office Hours: 
Wednesday, 2:30 PM - 3:30 PM or by online appointment. 

 
Number of credits: 3 

 
General Course Description: 
Science and engineering of materials for medical applications. Provides students with an 
understanding of the challenges that materials (metals, polymers and ceramics) face/create during 
short- and long-term contact with mammalian physiology. Develops the student’s understanding 
of the relationships controlling acceptance or failure of a given material in the body. Exposes 
students to strategies used in current and future biomaterials. Combined application of principles 
of physical chemistry and biochemistry, materials engineering, to biomedical problems and 
products. Applications include implants and medical devices, drug delivery systems, cell culture 
processes, diagnostics, and bio-separations. 

 
 
Suggested Background by Topics: 
In addition to a background in Materials Science and Engineering, introductory backgrounds in 
solid mechanics would be helpful. 

 
Instructor’s Detailed Course Description: 
This course will provide an overview of the field of biomaterials. The student will learn the design 
principles behind the classes of biomaterials used today in medical devices used as implants in 
the body or in contact with bodily fluids. Ultimately, the student will obtain the tools necessary 
to design, analyze, and characterize biomaterials for new applications. The course will focus 
mainly on the materials in actual clinical usage as a part of biomedical devices. The major 
classes of materials along with their properties, characterization, and specific clinical applications 
will be presented. Failure prevention strategies for static and cyclic failure events will be 
discussed in detail.  

 
Optional Textbooks: 
Biomaterials, 1st Edition (2007). Edited by Joyce Y. Wong and Joseph D. Bronzino, CRC Press Taylor & 
Francis Group. ISBN 9780367453046 - CAT# K458885. 

 

Course Objectives: The objectives of the course are to provide the students with: 
 

1. Knowledge of chemical and mechanical properties of materials currently used in devices 
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used in contact with the body, their large impact on human health, and the major bodily 
reactions to the devices (ABET outcomes: h, j, l) – Assessed by: exams. 

2. The ability to apply principles in mathematics, science and engineering to the design and 
evaluation of biomaterials and biomedical devices (c, m) – Assessed by: failure 
mechanisms presentation and exams. 

3. An overview of current limitations of biomedical devices and strategies being studied in 
both academia and industry to address these limitations (h, j) – Assessed by: exams and 
presentation on biomaterials in current devices. 

4. The opportunity to present their findings of biomaterials used in current devices and their 
analysis of design limitations of current devices in two oral presentations to their peers and 
to write a proposal to overcome one or more design limitations of current devices in a 
written document (g) – Assessed by: biomaterials in current devices and failure of device 
presentation. 

 
Class Schedule: 
Lectures 50 minutes - MoWeFr 1:30-2:20 PM, online 

 
Computer Use: 
Students will use computers to prepare their homework, class presentations. 

 
Laboratory Projects: No labs. 

 
Outcomes Addressed By This Course: n/a 

 
Relationship of MTSE 4020 to departmental objectives is as follows: 

 
• Pursue educational opportunities and/or employment in bioengineering-related fields, 

such as medicine, device development, or biotechnology. 
• Earn advanced degrees and/or obtain employment in Bioengineering related fields such as 

medicine, device development, or biotechnology. 
• Pursue opportunities for professional growth and development. 
• Advance their careers by obtaining appropriate educational and professional qualifications. 
• Serve their profession and community. 
• The wide awareness of the impact of biomaterials on human health care developed in the 

course prepares the students to serve their profession and community by contributing to 
their background knowledge of the biomaterials field which will help them become 
educated reviewers of papers, grant applications, conference abstracts, etc., thereby serving 
the professional community. 

• Contribute to responsible development of new technical knowledge. 
 
MTSE 4020 presents the fundamental chemical, mechanical, and biological principles applicable 
to the biomaterials in currently used devices, including polymer and surface science, biomaterials 
in drug delivery, biomaterials for tissue engineering, and the biological reactions to implants. The 
course increases their ability to solve biomedical problems because they have to apply this new 
knowledge in their final presentation to design improved biomaterials and devices. 
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Course Grading: 

 
Activities – Paper/Presentation Percentage 
Midterm 1 30 
Midterm 2 30 
Project presentation  20 
Quizzes  10 
Homework 10 

* weighting may vary 
 
Note: Students may discuss homework problems, but should write up solutions independently. 
Midterm 1 exams will be closed-book and midterm 2 exam will be open book/notes except for 
solutions. Your grade will be set by summing the course points you obtain. 

 
** Students as a group will prepare a PowerPoint presentation on the property of biomaterials used 
in an existing or potential clinical device. The presentation must present an analysis of failure 
mechanisms of the device, especially failures related to the biomaterials used. In their 
presentation, students will propose solutions to be used in the device to overcome one or more of 
the failure aspects of the device. 

 

Course outline: 
 

Week 1 / Jan 11 – Jan 15 Review the syllabus / Intro to biomaterials 

Week 2 / Jan 20 – Jan 22 Engineering alloys / Metallic bio implants 

Week 3 / Jan 25 – Jan 29 

Physical metallurgy of Ti and Mg alloys 

Heat treatment principals with focus on Ti 

and Mg alloys 

Week 4 / Feb 1 – Feb 5 
Strengthening mechanisms 

Thermomechanical processing 

Week 5 / Feb 8 – Feb 12 

Texture evolutions in Ti and Mg alloys 

Intro to additive manufacturing of metallic 

bio implants 

Week 6 / Feb 15 – Feb 19 

First midterm exam on Feb 15 

Introduction to failure in engineering 

Stress concentration / Failure theories 

Week 7 / Feb 22 – Feb 26 Failure theories continued 

Week 8 / Mar 1 – Mar 5 
Introduction to fatigue in metals 

Fatigue life methods 
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Week 9 / Mar 8 – Mar 12 
Fatigue life methods continued 

Fatigue design methods 

Week 10 / Mar 15 – Mar 19 
Fatigue strength 

Marin factors 

Week 11 / Mar 29 – Mar 31 
Characterizing fluctuating stress 

Fatigue failure criteria 

Week 12 / Apr 5 – Apr 9 

Fatigue failure criteria continued 

Fatigue under combined loading conditions 

Second midterm exam on Apr 9 

Week 13 / Apr 12 – Apr 16 Presentations for Groups 1-3 

Week 14 / Apr 19 – Apr 21 Presentations for Groups 4-5 

 
 
Instructions for presentations: 

1- Your presentation is your final exam! And it is going to be graded through voting by 
everyone. 

2- It is going to be done as a team project. Each team is going to have 3-4 members. Team 
members should equally contribute to making a presentation for the assigned project. 

3- Each presentation will be 45 mins and the allocated time will be evenly shared with the 
team members to do their part of the presentation. Team members agree on assigning tasks 
for the members. 

4- The project topics will be assigned after I receive the list of teams and their members. The 
availability of the project topics will be first come first serve basis. 

5- The only required document for this project is a powder point presentation. 
6-  Your presentation must cover all the topics we cover during the semester. For instance, for 

a certain material, you will have to provide physical metallurgy background, mechanical 
metallurgy info, fatigue, etc. 

7- The material groups for projects are listed below: 
 

 Ti based alloys for bio implants 
 Mg based alloys for bio implants 
 Co-Cr alloys for bio applications 
 Stainless steels as bio materials 
 Additive manufacturing of bio implants (process specific as opposed to focusing on 

a certain material) 


