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CARLETON UNIVERSITY 
 

Department of Mechanical & Aerospace Engineering 
 

MECH 3710  Biomaterials 
 

 

Instructor: Professor R. Liu 

                  Office Room: CB 6207, Telephone: 8397 

                  E-mail: Rong.Liu@carleton.ca 

 

 

Course Outline 
 

This course covers various types of biomaterials and their associated bulk and surface properties, various 

biological responses to the materials, the clinical context of their use, manufacturing processes. 

Developing materials for use in medicine is a challenging interdisciplinary process and requires an 

understanding of the knowledge in both materials and medicine. Upon successful completion of this 

course, the students will be able to differentiate various classes of biomaterials on the basis of structure 

and function; differentiate various types of degradation of biomaterials based on their service conditions 

and environments; differentiate the molecular and cellular events that follow exposure of the materials to 

bodily fluids and the materials contacting with various tissues of the human body  biocompatibility. 

 

 

Chapter 1  Materials for Biomedical Applications 

 

1.1  Introduction to Biomaterials 

1.2  Biological Response to Biomaterials 

1.3  Biomaterial Product Testing and FDA Approval 

1.4  Types of Biomaterials 

1.5  Processing of Biomaterials 

1.6  Important Properties of Biomaterials 

1.7  Principles of Chemistry 

 

 

Chapter 2  Chemical Structure of Biomaterials 

 

2.1  Introduction: Bonding and the Structure of Biomaterials 

2.2  Structure of Metals 

2.3  Structure of Ceramics 

2.4  Structure of Polymers 
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Chapter 3  Physical Properties of Biomaterials 

 

3.1  Introduction: From Atomic Groupings to Bulk Materials 

3.2  Crystallinity and Linear Defects 

3.3  Crystallinity and Planar Defects 

3.4  Crystallinity and Volume Defects 

3.5  Crystallinity and Polymeric Materials 

3.6  Thermal Transitions of Crystalline and Non-Crystalline Materials 

 

 

Chapter 4  Mechanical Properties of Biomaterials 

 

4.1  Introduction: Modes of Mechanical Testing 

4.2  Mechanical Testing Methods, Results and Calculations 

4.3  Fracture and Failure 

4.4  Fatigue and Fatigue Testing 

4.5  Methods to Improve Mechanical Properties 

 

 

Chapter 5  Biomaterial Degradation 

 

5.1  Introduction: Degradation in the Biological Environment 

5.2  Corrosion/Degradation of Metals and Ceramics 

5.3  Degradation of Polymers 

5.4  Biodegradable Materials 

 

 

Chapter 6  Biomaterial Processing 

 

6.1  Introduction: Importance of Biomaterials Processing 

6.2  Processing to Improve Bulk Properties 

6.3  Processing to Form Desired Shapes 

6.4  Processing of Metals 

6.5  Processing of Ceramics 

6.6  Processing of Polymers 

6.7  Processing to Improve Biocompatibility 

  

 

Chapter 7  Surface Properties of Biomaterials 

 

7.1  Introduction: Concepts in Surface Chemistry and Biology 

7.2  Physicochemical Surface Modification Techniques 

7.3  Biological Surface Modification Techniques 

7.4  Surface Properties and Degradation 

7.5  Patterning Techniques for Surfaces 
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Additional Materials:   

 

 Mechanics of Composite Biomaterials 

 Mechanical Behavior of Structural Tissues 

 Protein and Cell Interactions with Biomaterials 

 Guest Lecture of Stryker Canada   

 

(Educational videos) 

 

 

Course Materials 

 
1.  cuLearn on-line files: Course Outline, Timetable, Course Notes, Lab Manual, Case Study Assignments, 

Exercises (Solutions are available in the tutorial session), Additional Materials, References  

 
2. Textbook (available in the Bookstore of Carleton University) 

     Johnna S.  Temenoff and Antonios G. Mikos, Biomaterials: The Intersection of Biology and Materials 

Science, Pearson Prentice Hall, New Jersey, 2008, ISBN 0-13-009710-1 

 

3. Reference Book 

     Lisa A. Pruitt and Ayyana M. Chakravartula, Mechanics of Biomaterials: Fundamental Principles for 

Implant Design, Cambridge University Press, New York, 2011, ISBN 978-0-521-76221-2 

 

 

Learning Objectives  
 

   Knowledge base  CEAB graduate attribute 1  1.8 Discipline-specific concept MAE-5: Solid 

mechanics 

      

    Introduce various types of biomaterials and their associated bulk and surface properties, various 

biological responses to the materials, the clinical context of their use, manufacturing processes, as well 

as the experimental techniques used to characterize these materials and their surface coatings; discuss 

the mechanical behavior of tissues such as building blocks of tissues (collagen, elastin and 

hydroxyapatite), load-bearing tissues (enamel and dentin, cortical bone and trabecular bone, tendon and 

ligament, articular cartilage, skin and blood vessels)  

 

   Problem analysis  CEAB graduate attribute 2 

    Analyze various cases that biomaterials are applied to implants in human body, including main 

components included in the implant, the functions and mechanics of each component in the implant, 

the functional properties of each component in the implant, the requirements for the materials used for 

each component in the implant, all possible materials for each component and the main properties of 

these materials 
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 Investigation  CEAB graduate attribute 3 

      Further understand mechanical behavior of structural tissues and various biomaterials through 

completing experiments including fundamentals of biomedical materials and device familiarization, 

microindentation hardness test of titanium nitride coating on titanium substrate, properties of bone, 

behavior of polymeric materials  

 

 Communication  CEAB graduate attribute 7 

      Prepare lab report; discuss problems with course instructor and teaching assistants; write mid-term 

and final exams; do exercises with the help of teaching assistants; conduct experiments under the 

supervision of teaching assistants  

 

 

Marking Scheme 
 

Total Marks: 100% 

 

Case Study Assignments: 15% 

 

Midterm Examination: 15% 

 

Final Examination: 50%  

 

Laboratory Experiments: 20% 

Note:  Failure in either the final examination or the laboratory component will constitute failure in 

this course. 

 

Requirements of the Experiments 
 

Each student will complete Four experiments, A, B, C and D in group during the labs, but every student 

must submit individual report to teaching assistant (TA) for grading in the following week during the lab 

time. Penalty for absenteeism from each laboratory session is 25% of the total laboratory grade. Penalty 

for late submission of log book is 20% of laboratory grade for each day late. 

 

 

Accommodation Statement:  
 

You may need special arrangements to meet your academic obligations during the term. For an 

accommodation request the processes are as follows:  

 

Pregnancy obligation: write to me with any requests for academic accommodation during the first two 

weeks of class, or as soon as possible after the need for accommodation is known to exist. For more details 

visit the Equity Services website: http://www2.carleton.ca/equity/ 

 

Religious obligation: write to me with any requests for academic accommodation during the first two 

weeks of class, or as soon as possible after the need for accommodation is known to exist. For more details 

visit the Equity Services website: http://www2.carleton.ca/equity/ 

http://www2.carleton.ca/equity/
http://www2.carleton.ca/equity/
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Academic Accommodations for Students with Disabilities: The Paul Menton Centre for Students 

with Disabilities (PMC) provides services to students with Learning Disabilities (LD), psychiatric/mental 

health disabilities, Attention Deficit Hyperactivity Disorder (ADHD), Autism Spectrum Disorders (ASD), 

chronic medical conditions, and impairments in mobility, hearing, and vision. If you have a disability 

requiring academic accommodations in this course, please contact PMC at 613-520-6608 or 

pmc@carleton.ca for a formal evaluation. If you are already registered with the PMC, contact your PMC 

coordinator to send me your Letter of Accommodation at the beginning of the term, and no later than two 

weeks before the first in-class scheduled test or exam requiring accommodation (if applicable). After 

requesting accommodation from PMC, meet with me to ensure accommodation arrangements are made. 

Please consult the PMC website for the deadline to request accommodations for the formally-scheduled 

exam (if applicable) at http://www2.carleton.ca/pmc/new-and-current-students/dates-and-deadlines/  

 

You can visit the Equity Services website to view the policies and to obtain more detailed information on 

academic accommodation at http://www2.carleton.ca/equity/ 
 


