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Project Objective

• The objective of this project to complete development of a previously constructed 
arthroscopic bone and cartilage shaver for the following:

• Allow for appropriate sanding of bone and cartilage surfaces via approximation of a random orbital 
sanding motion

• To strengthen the device and provide a robust tool for manufacturing and testing

▪ Porcine and bovine bone/cartilage testing

▪ Simple, strong components that are reliable adjustable for a variety of surgical settings



Project Value Proposition

• Arthritis is characterized by roughening of a joint bone and cartilage
• Cartilage, bone breakdown leading to chronic pain and inflammation due to increased friction between 

surfaces
• ~750,000 annual knee arthroscopies occur in the US

▪ Healing is limited by strategies that involve cutting and probing of afflicted tissues to stimulate blood flow and 
healing

▪ Arthroscopic tooltips are often designed for aggressive cutting
o Cutting removes surfaces designed to lessen friction
o Surfaces are often roughened or cratered, and could be smoothed

• Our device will incorporate random-orbital sanding into the shaving platform, modular tooltips, 
better ergonomics, and user comfort than traditional arthroscopic tools
• Purpose of device



Device Background

• Sponsored by Dr. Doug Hiller

• Fellowship Trained, Sports Medicine Orthopedic Surgeon, participated as active physician for the 
Olympic and Paralympic Games

• Found consensus amongst experts in the field, gap in treatment of arthroscopically 
shaving cartilage in knee joint

• Without appropriate tool, no way to induce cartilage to regenerate without proper stimulation, no tool 
exists

• Total knee replacement could be appropriately avoided if device could smooth 
irregular surfaces in knee

• Using devices designed for other purposes to achieve desire typically results in less 
than ideal outcomes

• There is a need for a tool that can work as a smooth arthroscopic shaver



Project Requirements/Solutions

• Variable speed output with 900-6000 RPM oscillation settings

• Random orbital sanding action within a pistol-grip device

• Maximum output shaft diameter of 6mm

• Output shaft should be able to withstand corrosion in saline-rich environments

• Compatibility with 100-1200 grit shaver heads/burs

• 300-400 grit shaver heads/burs have been previously noted to work the best

• Reliable two-hour battery life

• Compatibility with existing surgical suction pumps

• Debris removal during shaving (condyle, menisci cartilage, bone fragments)

• The device should be reusable, and compatible with different shaver heads

• Autoclaving (60kPa, 150 degrees Celsius)



Circuitry

220 Ω

220 Ω

Motor ESC

11.1V, External Battery

Solenoids

10kΩ



Arduino Code



CAD Drawings

• All 3D modelling completed with SolidWorks 2020

• Parts designed were inner/outer shafts, motor mount, 
handle, solenoid housing unit

• Handle and solenoid housing unit to be 3D printed, inner 
components to be machined



CAD Models



CAD Models (cont.)



Bill of Materials



Manufacturing Plan (Timing, Costs)

Parts to be Machined:
Female Key Connection
Male Key Connection
Inner Rod

Total Cost of Machining:
Approximately $160

Estimated Date of 
Completion: 3/4

Parts to be 3D Printed:
Outer Shell (2)
Inner Bracket
Trigger
Battery Access Port

Total Cost of Filament:
Approximately $72.13

Estimated Date of 
Completion: 3/4



Design Validation Approach



Project Schedule/Budget





Risks

• Device overheating
• Melting plastic of handle body
• Solenoids

• Vibrations from linear actuation​
• Misalign internal components

• Grooves left behind​ in use
• Poor angle control​
• Lifetime of product

• Circuitry​

• Battery life
• Limited functional troubleshooting without extensive understanding
• Poor wired connections 
• Disruptive noise



Demonstration and Questions

• Prototype demonstration time!

• Thanks for listening

• Any Questions?


