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Abstract:  
 In this course, students will be working with 3D modeling and printing technologies to design and create 
bone replacements for the (theoretical) use of transplanting within a human body. The focuses here are on 
development of useful skills in medical fields as well as with 3D design and construction technologies.  
 

Resources and References 
Xilloc Medical on 3D printed bones 
http://3dprintingindustry.com/2015/05/18/move-over-titanium-3d-printed-bone-implants-are-here/  
 
Prerequisite: DES1040: 3-D Design 1 

 
Goal: Students will digitally design and 3D print three bones or bone segments with the intent of surgical bone 
replacement. Note that the technology at hand is not advanced enough to warrant actual bone replacement, so 
the focus of the course is on the design and printability of the pieces as opposed to the final 3D prints themselves.  

 
Timeline: This is to be a 3-credit course, so the timeline involved is approximately 2 months, or one-half of a high 
school semester.  
 
Requirements: The school must have access to advanced 3D design software, such as Blender (recommended) or 
ZBrush, as well as computers that have enough processing power to run them. Access to bones or bone models for 
reference and comparison purposes is also recommended (for example, a replica skeleton model).  

 
Students will: 

 Research the medical requirements of bone transplants (medical necessities, bones that are unable to be 
replaced, etc.), as well as the requirements for the bone replacements themselves (sterility conditions, 
strength and weight requirements, etc.) and present these in an introductory report.  

o Part of the report will include a plan on how they will design the bones. This includes the programs to 
use and what they will need in order to accomplish these goals.  

 Note that these plans may and probably will change over time and with the experience that 
come from the design process.  

 Use 3D design tools and software, including but not limited to cameras, Blender, 123D Catch, ReconstructMe, 
and 3D printers to create three or more bone models. Each of the three models must meet one of the 
following criteria:  

o One must be an entire small bone (finger bone, foot bone, etc.) 
o One must be a skeletal joint (knee, shoulder cuff, etc.) 
o One must be a segment of a large bone (jaw, femur, rib, etc.) 

 Keep progress shots of their design processes; photographs and screenshots will suffice. 

 Submit a final report summarizing the course experience, the unexpected difficulties encountered during the 
design process, as well as how the difficulties were addressed.  

 
Introductory Report:  30% 

The report should be minimum 3 pages (2 for the report, 1 for the design plans), size 11 font, and single-
spaced. References should be submitted at the end of the report. Note that this report needs to be finished and 
approved by the teacher before the students begin the design process.   

Students will do online research to address the following questions for the report:  
1. What are the medical requirements that necessitate a bone replacement surgery?  
2. What bones in the human body can be transplanted? Are there any that are not valid for replacement?  

http://3dprintingindustry.com/2015/05/18/move-over-titanium-3d-printed-bone-implants-are-here/
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3. What requirements need to be met before a replacement bone can be transplanted into a human body 
(sanitation, material requirements)?  

4. Are there different kinds of transplants available? For example, will a replacement hip joint always look 
exactly like the original bones or is there some “wiggle room” when it comes to the design of the 
replacements? Think about what happens inside of bones as well as outside.  

5. Are connections between bones, muscles, and ligaments a concern for bone replacements, and if so, what 
are they and how are they addressed in surgery?  

a. How would a replacement bone segment be attached to the remainder of the bone that was not 
surgically removed? What are some potential complications from this?  

6. Give a brief history on the medical procedure of surgical bone replacement. What were the first bone 
replacements made of? How have the designs and materials changed up to the present?  

7. 3D printed bone replacements are being used in medicine today. Do some research on the types of 3D 
printers that companies use to create these bones. What differences are there between the printers that 
those companies use and the ones that we have here at the school?  

a. What other technologies do they have access to that would help them create viable bone 
replacements?  

8. With the technology we have here at the school, could we create a replacement bone that would be 
surgery-ready if needed? What are the limitations we would face?  

9. Come up with a two-paragraph plan for the design processes you will use for each of the three bone 
replacement models that you will design and print. Make sure that you describe what bones you will be 
designing/replacing, the rationale behind the replacement design (see #4), what programs and references 
you will make use of, as well as the processes and strategies that you will use to design the bone 
replacements. Make sure that you diversify your approaches; try something different for each one so that 
you can compare how well each method worked afterwards.  

a. Include some sketches or references of alternate design choices if necessary 
 
Bone Models:   20% per model (60%) 

1. The replacements should (based on design choices) either:  
a. bear very close similarities to the references that they were made from in the ways of size, 

shape, and texture; or,   
b. be of the correct proportions and shapes to fit as a replacement for the original bone 

2. If needed, have some means of attachment to the surrounding tissues 
3. Progress reports: 

a. Students should keep progress reports of their design processes. These can be as simple as 
photographs and screenshots 

 
Final Report:  10% 

The final report should be maximum one page in length, size 11 font, and single-spaced.  
1. Throughout the project, students should keep track of the following and summarize them in the final 

report: (half-page) 
a. Design changes that they’ve needed to make. 
b. Difficulties they’ve encountered in the design and printing processes.  
c. Which processes and strategies worked and which ones didn’t.  

2. Reflections: Comment on what their expectations were for the design processes within the course, and 
how those changed with their experiences designing and printing the bone replacements. (half-page) 
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DES2910: 3D Printed Bone Replacements Rubric 

Project Criteria 
Weight Initial Report (30%) Bone Models  

(x3, 20% each) 
Final Report (10%) 

 
4 

Student addressed all of the report 
topics thoroughly, included all website 

references, and described detailed plans 
about the design processes for all bone 

replacement models.  

Bone model fits references perfectly in 
shape, size, and texture, includes 

attachment requirements (as needed), 
and many progress photos are provided 

showing the entire design process 

Demonstrates excellent reflection on the 
3D design and printing processes, as well 

as excellent descriptions of problems 
they encountered and their resolutions 

of the design process 

 
3 

Student addressed most of the report 
topics adequately, included website 

references, and described adequately-
detailed plans about the design 

processes for bone replacement models. 

Bone model fits references adequately in 
shape, size, and texture, includes 

attachment requirements (as needed), 
and progress photos are provided 

showing most of the design process 

Demonstrates adequate reflection on 
the 3D design and printing processes, as 

well as adequate descriptions of 
problems they encountered and their 

resolutions of the design process 

 
2 

Student addressed a few of the report 
topics minimally, included limited 

website references, and limited plans 
about the design processes for all bone 

replacement models. 

Bone model barely matches references 
in shape, size, and texture, includes 

limited attachment requirements (as 
needed), and progress photos are 

provided showing some of the design 
process 

Demonstrates limited reflection on the 
3D design and printing processes, as well 
as limited descriptions of problems they 
encountered and their resolutions of the 

design process 

 
1 

Student barely addresses the report 
topics, few or no website references, 

and very limited plans about the design 
processes for bone replacement models. 

Bone model does not match references 
in shape, size, and texture, does not 

includes attachment requirements (as 
needed), and there are few or no 

progress photos 

Demonstrates little or no reflection on 
the 3D design and printing processes, as 

well as little or no descriptions of 
problems they encountered and their 

resolutions of the design process 

 /4 /4    /4    /4 /4 

Final Grade:  
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This project-course is designed on the Program of Studies for an independent project-based 
course template, DES2910: DES Project B in the Alberta high school curriculum.  
 

DES2910: DES Project B Program of Studies 
 
Level: Intermediate 
Prerequisite: None 
Description: Students develop project design and management skills to extend and enhance 
competencies and skills in other CTS courses through contexts that are personally relevant. 
Parameters: Intermediate project courses must connect with a minimum of two CTS courses, one of 
which must be at the intermediate level and be in the same occupational area as the project course. The 
other CTS course(s) can be at any level from any occupational area. 
Project courses cannot be connected to other project courses or practicum courses. 
All projects and/or performances, whether teacher- or student-led, must include a course outline or 
student proposal. 
 
Outcomes: 
The teacher/student will: 

 1. identify the connection between this project course and two or more CTS courses 
o 1.1 identify the outcome(s) from each identified CTS course that support the project 

and/or performance deliverables 
o 1.2 explain how these outcomes are being connected to the project and/or performance 

deliverables 
 

 2. propose the project and/or performance 
o 2.1 identify the project and/or performance by: 

 2.1.1 preparing a plan 
 2.1.2 clarifying the purposes 
 2.1.3 defining the deliverables 
 2.1.4 specifying time lines 
 2.1.5 explaining terminology, tools and processes 
 2.1.6 defining resources; e.g., materials, costs, staffing 

o 2.2 identify and comply with all related health and safety standards 
o 2.3 define assessment standards (indicators for success) 
o 2.4 present the proposal and obtain necessary approvals 

 
The student will: 

 3. meet goals as defined within the plan 
o 3.1 complete the project and/or performance as outlined 
o 3.2 monitor the project and/or performance and make necessary adjustments 
o 3.3 present the project and/or performance, indicating the: 

 3.3.1 outcomes attained 
 3.3.2 relationship of outcomes to goals originally set 

o 3.4 evaluate the project and/or performance, indicating the: 
 3.4.1 processes and strategies used 
 3.4.2 recommendations on how the project and/or performance could have 

been improved 
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 4. identify copyright restrictions and permissions and put them into practice 
 

 5. demonstrate basic competencies 
o 5.1 demonstrate fundamental skills to: 

 5.1.1 communicate 
 5.1.2 manage information 
 5.1.3 use numbers 
 5.1.4 think and solve problems 

o 5.2 demonstrate personal management skills to: 
 5.2.1 demonstrate positive attitudes and behaviours 
 5.2.2 be responsible 
 5.2.3 be adaptable 
 5.2.4 learn continuously 
 5.2.5 work safely 

o 5.3 demonstrate teamwork skills to: 
 5.3.1 work with others 
 5.3.2 participate in projects and tasks 

 
 6. identify possible life roles related to the skills and content of this cluster 

o 6.1 recognize and then analyze the opportunities and barriers in the immediate 
environment 

o 6.2 identify potential resources to minimize barriers and maximize opportunities  
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Connections: HCS1050: Musculoskeletal System 
 

The DES2910 course requires connections with at least two other CTS courses. In this section 
you’ll find curricular connections highlighted for the courses HCS1050: Musculoskeletal System and 
DES2045: 3-D Design 2. You’ll note that I’ve left out the numbered outcomes that don’t connect as well 
to this course.  

 
The connections made between 3D printing technology and bone structure here is very self-

evident. Medical companies around the world have already started replacing titanium bone transplants 
with bone replacements that have been made with 3D printers.  

The printers and materials that they use are much more complex and expensive than what a 
school would have available, but the fundamental ideas are the same: we can sculpt, design, and create 
these implants with the technology that we have available to us.  

For students looking to go into medical fields, this course opens up new avenues to them in 
regards to 3D printers within the CTS curriculum.  
 
 
Level: Introductory 
Prerequisite: HSS1010: Health Services Foundations 
Description: Students explore the structure and function of the musculoskeletal system, gain an understanding of 
conditions of the musculoskeletal system and achieve an appreciation for the benefits of practising a healthy 
lifestyle as it pertains to the individual, family, peers and community. 
Outcomes: The student will: 

 1. explain the basic anatomy and physiology of the skeletal system   

o 1.1 define common terms related to the skeletal system using a list of prefixes, roots and suffixes 

o 1.2 name and locate bones in the skeletal system, including the main bones: 

 1.2.1 in the cranium, including the infant skull and face 

 1.2.2 in the vertebral column 

 1.2.3 in the thorax 

 1.2.4 of the shoulder girdle 

 1.2.5 of the arms and hands 

 1.2.6 of the legs, ankles and feet 

 1.2.7 of the pelvis 

o 1.3 differentiate between the appendicular and axial skeletons 

o 1.4 state the number of bones in the body in the axial and appendicular skeletons 

o 1.5 differentiate between the male and female pelvis 

o 1.6 describe, using examples, the functions of the skeletal system to: 

 1.6.1 serve as a frame for the body 

 1.6.2 protect organs 

 1.6.3 serve as a lever for movement 

 1.6.4 form blood cells 

 1.6.5 store minerals 

o 1.7 categorize bones according to shape; e.g., short, long, irregular, flat 

o 1.8 identify the appearance and function of bone markings; e.g., projections, depressions 

o 1.9 describe the structure and significance of long bones 

o 1.10 differentiate between compact and spongy bone tissue 

o 1.11 differentiate between red and yellow bone marrow 

o 1.12 describe the process of bone growth and repair (remodelling), including: 
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 1.12.1 identifying bone cells and their function 

 1.12.2 describing the process of bone growth in long bones 

 

 

 3. explain the basic anatomy and function of muscles and joint structures   

o 3.1 categorize joints in the body into the three categories of immoveable, partially moveable and 

freely moveable 

o 3.2 describe the anatomical structure of joints and surrounding structures that affect the 

function of a joint 

o 3.3 describe the anatomy of synovial joints, comparing those with cartilage pads and those 

without cartilage pads 

o 3.4 categorize synovial joints into gliding, hinge, pivot condyloid, saddle, and ball and socket 

joints 

o 3.5 differentiate between stable and unstable joints in the body 

o 3.6 summarize proprioception 

o 3.7 identify three factors that affect the amount and direction of movement in a joint 

o 3.8 explain basic movement patterns, incorporating the concept of antagonist, agonist and 

synergistic muscle actions involving the major joints 

o 3.9 summarize active, resisted and passive range of motion 

 

 6. demonstrate basic competencies 

o 6.1 demonstrate fundamental skills to: 

 6.1.1 communicate 

 6.1.2 manage information 

 6.1.3 use numbers 

 6.1.4 think and solve problems 

o 6.2 demonstrate personal management skills to: 

 6.2.1 demonstrate positive attitudes and behaviours 

 6.2.2 be responsible 

 6.2.3 be adaptable 

 6.2.4 learn continuously 

 6.2.5 work safely 

o 6.3 demonstrate teamwork skills to: 

 6.3.1 work with others 

 6.3.2 participate in projects and tasks 
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Connections: COURSE DES2045: 3-D DESIGN 2 
 
 As required, one of the two CTS courses that are connected to the DES2910 needs to be in the same 
occupational area as the project course as well as at the intermediate level. DES2045: 3-D Design 2 meets those 
requirements.  
 This course is also an obvious choice to make connections to, as the students taking the project course 
will be designing 3D representations of the bones that they are going to be printing. They will need to make use of 
reference images, software modelling tools, and scientific and mathematical principals in order to design bone 
structures to meet the course criteria.  
 
Level: Intermediate 
Prerequisite: DES1040: 3-D Design 1 
Description: Students continue to develop skills and techniques for 3-D design by using tools, materials and 
processes common to 3-D design to complete a variety of project activities. 
Parameters: Basic sketching, drawing, layout tools and/or a computer with 3-D design software. 
 
Outcomes: The student will: 
 

 1. plan and produce solutions to 3-D design briefs 
o 1.1 select and use appropriate tools and materials as outlined in the design brief 
o 1.2 apply the design process to solve a 3-D design problem; e.g., software modelling, cutting, 

joining, bending, measuring 
o 1.3 use and maintain tools and materials in a safe and appropriate manner 

 

 2. incorporate the elements and principles of design to achieve the design solution 
o 2.1 apply techniques, tools, materials and other resources in design solution; e.g., tone, texture 

and colour, markers and paints, images, typeface, drawing, layout, measuring, notation, 
rendering, assembly drawing and correct use of tools 

o 2.2 use mathematical and/or scientific principles as they apply to design projects assigned; e.g., 
organization of visual space, measurement of internal space, borders, columns, use of scale 

o 2.3 experiment with one or more elements (e.g., colour, line, shape) and/or principles (e.g., 
rhythm, balance) to achieve desired effects 

 

 3. produce and present a portfolio-ready drawing, image or rendering 
o 3.1 participate in interim critiques; e.g., self, peer, instructor 
o 3.2 discuss intentions and decision making related to the application of elements and principles 

of design 
o 3.3 present images and/or model(s) for assessment 
o 3.4 maintain a design folder, journal or sketchbook as part of the portfolio of ongoing 

observational drawing activities that illustrates skill building 
 

 5. apply consistent and appropriate work station routines 
o 5.1 demonstrate good health and safety practices; e.g., posture, positioning of hardware and 

furniture 
o 5.2 demonstrate security for hardware, software, supplies and personal work 

 

 6. demonstrate basic competencies 
o 6.1 demonstrate fundamental skills to: 

 6.1.1 communicate 
 6.1.2 manage information 
 6.1.3 use numbers 
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 6.1.4 think and solve problems 
o 6.2 demonstrate personal management skills to: 

 6.2.1 demonstrate positive attitudes and behaviours 
 6.2.2 be responsible 
 6.2.3 be adaptable 
 6.2.4 learn continuously 
 6.2.5 work safely 

o 6.3 demonstrate teamwork skills to: 
 6.3.1 work with others 
 6.3.2 participate in projects and tasks 

 

 7. identify possible life roles related to the skills and content of this cluster 
o 7.1 recognize and then analyze the opportunities and barriers in the immediate environment 
o 7.2 identify potential resources to minimize barriers and maximize opportunities 
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Connections: Biology 
 

While the Biology curriculum doesn’t fall under the scope of the required CTS course 
connections required for this course, it would be prudent to point the connections between both the 
fields of medical transplants and 3D printing technology to the Biology curriculum.  

The Biology curriculum doesn’t delve into the topic of skeletal systems much beyond the 
development of the human embryo, the technological and STS side of the curriculum ties in very well, 
addressing issues such as safety of the technology, the ethical and economic impacts of the technology 
on both the world market and human safety. It also encourages the criticism of the technology, asking 
to identify how it could be useful versus harmful, as well as the strengths and weaknesses of the 
technology.  
 
Goals: 
The following goals for Canadian science education, developed in the Common Framework of Science Learning 
Outcomes K to 12: Pan-Canadian Protocol for Collaboration on School Curriculum (1997), are addressed through 
the Alberta science program. Science education will: 

 encourage students at all grade levels to develop a critical sense of wonder and curiosity about scientific 
and technological endeavours 

 enable students to use science and technology to acquire new knowledge and solve problems so that they 
may improve the quality of their lives and the lives of others 

 prepare students to critically address science-related societal, economic, ethical and environmental issues 

 provide students with a foundation in science that creates opportunities for them to pursue progressively 
higher levels of study, prepares them for science-related occupations and engages them in science-related 
hobbies appropriate to their interests and abilities 

 develop in students of varying aptitudes and interests a knowledge of the wide spectrum of careers 
related to science, technology and the environment. 

 
ICT 
Infusion of ICT outcomes provides learning opportunities for students to: 

 understand the nature of technology and apply terminology appropriately 

 use equipment carefully and share limited ICT resources 

 use technology in an ethical manner, including respecting the ownership of information and digital 
resources and citing electronic sources 

 use technology safely, including applying ergonomic principles and appropriate safety procedures 

 use the Internet safely, including protecting personal information and avoiding contact with strangers 

 use technology appropriately, including following communication etiquette and respecting the privacy of 
others. 

 

Foundation 3 

Science, Technology and Society (STS)-Students will develop an understanding of the nature of science and 

technology, the relationships between science and technology, and the social and environmental contexts of 

science and technology. 

Foundation 4 

Skills-Students will develop the skills required for scientific and technological inquiry, for solving problems, for 

communicating scientific ideas and results, for working collaboratively and for making informed decisions. 
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Skills: Problem Solving 
Analyzing and Interpreting (AI-ST) 

Students will: 

 evaluate designs and prototypes on the basis of self-developed criteria; e.g., function, reliability, cost, 

safety, efficient use of materials, impact on the environment (AI-ST1) 

 analyze alternative solutions to a given problem, identify potential strengths and weaknesses of each and 

recommend an approach to solving the problem, based on findings (AI-ST2) 

 solve problems by selecting appropriate technology to perform manipulations and calculations (AI-ST3) 

 identify new questions and problems that arise from what was learned and evaluate potential 

applications of findings (AI-ST4) 

Communication and Teamwork (CT-ST) 
Students will: 

 work collaboratively to test a prototype device or system and troubleshoot problems as they arise (CT-

ST1) 

 evaluate individual and group processes used in planning and carrying out problem-solving tasks (CT-ST3) 

Category: Foundational Operations, Knowledge and Concepts 

General Outcome: F1 Students will demonstrate an understanding of the nature of technology. 

 Specific Outcome: F1-4.1 assess the strengths and weaknesses of computer simulations in relation to real-

world problems 

 Specific Outcome: F1-4.3 apply terminology appropriate to technology in all forms of communication 

 Specific Outcome: F1-4.4 demonstrate an understanding of the general concepts of computer 

programming and the algorithms that enable technological devices to perform operations and solve 

problems 

General Outcome: F2 Students will understand the role of technology as it applies to self, work and society. 

 Specific Outcome: F2-4.1 use technology outside formal classroom settings 

 Specific Outcome: F2-4.2 analyze how technological innovations and creativity affect the economy 

 Specific Outcome: F2-4.3 demonstrate an understanding of new and emerging communication systems 

 Specific Outcome: F2-4.4 evaluate possible potential for emerging technologies 

 Specific Outcome: F2-4.5 demonstrate conservation measures when using technology 

 Specific Outcome: F2-4.6 demonstrate an understanding of the basic principles and issues of e-commerce, 

including such topics as security and privacy, marketing, and implications for governments, businesses 

and consumers alike 

 Specific Outcome: F2-4.7 use current, reliable information sources from around the world 

 Specific Outcome: F2-4.8 analyze and assess the impact of technology on the global community 

General Outcome: F3 Students will demonstrate a moral and ethical approach to the use of technology. 

 Specific Outcome: F3-4.1 demonstrate an understanding of how changes in technology can benefit or 

harm society 
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 Specific Outcome: F3-4.2 record relevant data for acknowledging sources of information, and cite sources 

correctly 

 Specific Outcome: F3-4.3 respect ownership and integrity of information 

General Outcome: F4 Students will become discerning consumers of mass media and electronic information. 

 Specific Outcome: F4-4.1 discriminate between style and content in a presentation 

 Specific Outcome: F4-4.2 evaluate the influence and results of digital manipulation on our perceptions 

 Specific Outcome: F4-4.3 identify and analyze a variety of factors that affect the authenticity of 

information derived from mass media and electronic communication 

General Outcome: F5 Students will practise the concepts of ergonomics and safety when using technology.  

 Specific Outcome: F5-4.1 assess new physical environments with respect to ergonomics 

 Specific Outcome: F5-4.2 identify safety regulations specific to the technology being used 

 


