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Project Description 

The Trismus Treatment Team:

Goals:

-Create more affordable (<$50) devices to open tighter jaws 
(>6mm) without causing pain.

-Measure applied pressure and strain with only the 3D 
printed device

Primary Sponsors:

- Dr. Rebecca Bartlett

- Carolyn Abraham from Dignity Health Phoenix

Advisors/Collaborators:

- Dr. Timothy Becker

- Communication Sciences and Disorder (CSD) students
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OVERVIEW: Design Description

Top-Level Design Functions:

• Promote jaw motion/function 

• Apply active resistance to closing jaw

• Measure Force applied to device

• Measure Overall Jaw Strain

List of Subsystems:

• Device Body/Arms

• Mouthpiece

• Compliant Springs

• Ruled Surface



Fig. 2– UPDATED CAD Model Drawing Carter: 3

Design Description:

Max Depth: ~45mm 

Min Depth:  ~6mm 

Compliant Spring is now removable 

Arms "roll" instead of using hinge 

Mouthpieces connect from top and 
bottom of device instead of front

1: Compliant Spring

2: Lower Arm

3: Mouthpiece

4: Ruled Surface

5: Upper Arm

Part List:

General Design Updates:



 Updates to: Compliant Spring

Goals:
• Provide Active resistance to jaw 

closing motion
• Removable to provide extra use 

cases

Carter: 4Fig. 3– UPDATED CAD Compliant Spring Model

Outcomes:
• Thinner design can bend properly
• Designed to "crinkle" instead of 

bend

Design Description:



 Updates to: Lower Arm
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Design Description:

Goals:
• Change Shape to be curved
• Add channel for ruled 

measurement surface

Outcomes:
• Lower arm "rolls" against top arm 

to fit jaw motion more 
ergonomically

• Reoriented Attachment point to 
reduce overhangs



 Updates to: Mouthpiece
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Design Description:

Goals:
• Inform Clearances for a better fit 

on attachment points
• Identify failure points

Outcomes:
• Now attaches to top and bottom 

of device using a uniform pin
• Device will still hook into 

back molars
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Prototype 1: Goals and Outcomes 

Goals:

• Ensure all clearances are properly 

sized for printed parts

• Test overall motion of the device: 

does it open the jaw properly?

• Overall quality check for 3D 

printers

Outcomes:

• Printed parts properly fit together; some 

adjustments necessary

• The device moved properly 

overall; improvements needed for ruler

• The overall quality of the printed parts 

appear to be reliable



Prototype 1

Figure 6: 3D printed prototype
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Design Requirements: Customer 
Requirements
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Customer Requirements Description

Fully 3D Printable and Open Source Client has requested that the device is able to be fully 3D 
printed with detailed instructions and clear disclaimers 
towards what materials and printing tolerances are required 
for the device.

Medically Safe For User The device must be made entirely out of FDA / ISO compliant 
materials that, during normal operation, should not cause 
any short- or long-term damage to the patient.

<$50 Per Unit The total cost of printing material required to print the device 
must be under $50.

Ability to Measure Progress To aid researchers and clinicians, the device should be able to 
measure out muscle displacement as well as applied force to 
the jaw so that progress can be measured over time.



Design Requirements: Engineering 
Requirements

Nathan: 10

Engineering 
Requirements

Description Units

Quick Printing Speed With a current assembly print time of ~17 hours, the 
team wishes to reduce this time to allow for faster 
production.

Hrs

Durable and Flexible By determining our tolerance range in terms of 
elastic and tensile strength, we can ensure the 
device can bend and move without breaking during 
operation.

MPa

Easily Reproducible By refining the CAD model, as well as the instruction 
suite and print settings, the device should be able to 
be reproducible with limited need for modification of 
the model or printer being used.

N/A

Measurement System The device should be able to measure out incisor 
displacement (in mm/in) and applied force to jaw (in 
N/lbs)

(mm/in), (N/lbs)



Design Requirements: Correlations
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Customer Requirements Correlation Engineering Requirements

Fully 3D Printable To ensure easy and quick replication, both speed and 
a one-print setup is key to developing an easy access 
Trismus device.

Quick Printing Speed

Medically Safe For User By ensuring parts of the device won't break during 
operation, as well as the general safety of the 
material, our device will be safer than most 
homemade solutions.

Durable and Flexible

<$50 Per Unit By focusing on a low cost per unit, we can ensure that 
this device is easily producible in mass quantities by 
clinics and can be afforded by a variety of patients.

Easily Reproducible

Ability to Measure Progress With a built-in measurement system, clinicians and 
researchers can track a patient's progress over time 
and be able to note displacement and applied force.

Measurement System



Engineering Calculations: Applied Pressure

Goals:
• Use area of teeth/jaw with a 

range of forces to determine 
the optimal Pressure Applied.

• Enable full bite, half bite, quad 
bite, no bite, and special bite 
calculations.

Cassina: 12Fig. 7 – Full Teeth Incisors v 2 Teeth Incisors

% Collected Data
INC = 57:0.01:83; %pounds of force by incisors
JM = 108:0.01:150; %pounds of force by jaw/molars
STPetit = 175.55; %mm^2 mouth area for petite jaw
STAV = 178.85; %mm^2 mouth area for average jaw
STLRG = 182.75; %mm^2 mouth area for large jaw
TT = 739; %mm^2 average full mouth tooth area
Quadrant = 168; %mm^2 average one quadrant tooth area
Onetooth = 24; %mm^2 average one tooth

initial = input ("type 1 for full teeth, 2 for Half Teeth, 3 for one 
Quadrant Teeth, 4 for No teeth, or 5 for special area")
if initial == 1
Incisor_Pressure = INC*TT;
Molar_Pressure = JM*TT;
disp ('Incisor Pressure')
disp (Incisor_Pressure)
disp('Jaw/Molar Pressure')
disp (Molar_Pressure)
disp ('average Incisor Pressure')
x = mean(Incisor_Pressure)
disp ('average Molar Pressure')
y = mean(Molar_Pressure)



Engineering Calculations: Material Tolerances

• Material: PolyLiteTM PETG
• Mechanical Properties:

o Youngs Modulus: 2.17 GPa
o Tensile Strength (XY): 51 MPa
o Tensile Strength (Z): 43 MPa
o Density: 1.25 g/cm3

o Avg. Print Speed: 30-50 mm/s
o Bending Strength (XY: 3-Point Test): 

70 MPa
o Bending Modulus: 1.899 GPa
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3D Slicer: Ultimaker Cura
Printer: Creality Ender 3 (V2)
Settings:
- Quality: Standard (0.2 mm)
- 0.6 mm Nozzle
- Generic PETG
- 20% Infill
- Shell Thickness: 1.6 mm x 0.8 mm

New Total Print Time =
~4 Hours/Assembly
Approximate Prototype Cost =
Less than $1



Design Validation

Cassina: 14Table II – FMEA



Design Validation
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Testing Procedures

• Stress / Strain / Shear stress testing on the material

• Cyclic loading to find lifetime use of the device

• Test effectiveness of building instructions / guide

• Customer feedback

• Pressure threshold to snap compliant spring / removable pin on device

• Pressure comparisons to a digital reading over lifetime testing

Design Validation
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Equipment, Resources, and Space

• Apparatus to test stress/strain of PETG printed sheet for base calculations and 
for finished device testing

• Apparatus for full cyclic loading and counter to determine product longevity

• Polling and descriptions for instruction cohesiveness and product comfort

• Pressure test on ease of fracturing device when necessary via pin/spring

• Digital pressure monitor/ sensing equipment

Design Validation
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Budget

Budget 
Components

Type Cost

Allocated Funds from CSD 
Department

$200

Fundraising Team Donations $100

Expenses Printer Filament (x2) (- $50)

Total Spent $50

Remaining $250

Updates:
• Filament purchased for $50
• Use team donations for last minute 

purchases (emergencies)

Fundraising:
• Potentially over Summer break

o Selling different 'crafts' & projects
o Goal: $100 total fundraised
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Table II – Budget Table



Running Schedule
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Main Task: Team Member(s): Progress: Target Completion Date:

Presentation 3 All Complete 3/31/24

Prototype #1 Revision Carter & Shilo Complete 3/31/24

Report #2 All On Time 4/23/24

Force and Spring Analysis (HW#4) Carter On Time 4/23/24

Material Property & Prototype 
Testing (HW#4)

Nathan On Time 4/23/24

Finite Element Analysis via Solidworks Shilo On Time 4/23/24

Revised Matlab and Simulink for Jaw 
Testing (HW#4)

Cassina On Time
4/23/24

Prototype #2 All On Time 4/29/24

HW #4 All (Individual) On Time 5/1/24

Table III – Scheduling Table



Thank you!

Questions?
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