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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

Fig. 1 - Science Direct V16 I1 doi.org
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Black Box Model

Function:
Help Stretch Jaw Muscles 

passively and actively 
through different stretching 

exercises

Inputs:
- Mechanical Energy 

(Hand Motion)
- Compressive and 

Tension Force (Jaw 
Muscles)

Outputs:
- Tension Stress (Jaw 

Muscle)
- Mechanical Energy 

(From Device)
- Numerical Data 

(Muscle 
Displacement and 

Force Output)

Fig. 2 - Black Box Model
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Functional Decomposition

Trismus Treatment Device

Stretch Jaw Muscles 
Open (min. 10 mm)

Allow for active 
stretching exercises 

(chewing, etc.)

3-D Printable CAD 
Model

Measure Stretch 
Distance and Force 

Output

Fig. 3 – Functional Decomposition
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Concept Generation
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Fig. 4 – Pressure 
Measurement Systems



Concept Generation
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Fig. 5 – Mouthguards Designs



Concept Generation
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Fig. 6 – Mechanical Systems



Concept Generation
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Fig. 7 – Active Resistance Systems



Alternative Designs
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Fig. 12 – Alternative Design 5

Fig. 10 – Alternative Design 3
Fig. 8 – Alternative Design 1

Fig. 11 – Alternative Design 4
Fig. 9 – Alternative Design 2



CAD - Mechanical:

• Max Depth: ~75mm

• Min Depth: ~5mm

• Compliant Spring Feature

• Plate connects both arms

• Mouthpiece Tabs Fit between 

gaps in back teeth

Fig. 13 – CAD Model Drawing Carter: 9



CAD - Measurement:

• Max Measured Depth: ~58mm

• Min Measured Depth: ~0mm

• Dial and Graded surface

• Graded surface calculates force 

based on compliant spring
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Fig. 14 – CAD Model: Dial-Measurement System



Fig. 15 – CAD Drawing: Dial-Measurement System Shilo: 11



Engineering Calculations: Compliant Spring

Goals:
• Inform Spacing of Graded force 

measurement surfaces based 
on Bite forces

• Identify failure points
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Knowns:
• Fr and F2 are evenly distributed 

across connection pins
• Thickness of Spring

Find:
• Deflection of Spring in Y-Axis 

based on F1 and F2
• Min Connection Pin Diameter 

before shear failure
• Max Deflection overall Before 

Failure

+Y

+X

Fig. 16 – CAD Compliant Spring Model



Results: Spring Translation Preliminaries

Note: General variables and formulas used for clarity, Calculations apply to all dimensions

Deflection:

Carter: 13

Max Possible Bite Force:

Resistance Force from Spring:

+Y

+X

• PE = potential 
Energy

• K = Spring 
Constant

• X = Deflection

• σ = Stress
• ε = Strain

• A = Cross section area

• F = Force

• E = Young's Modulus

*This will be iteratively 
translated to the ruled 
surface on the back of the 
device *Fig. 16 – CAD Compliant Spring Model



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: 14Fig. 17 – Full Teeth Incisors and Molars v Pressure

% 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: PETG Plastic
• Mechanical Properties:

o Chemical Resistance (FDA-Compliant)
o Yield Strength: ~47.9 - 52.9 MPa
o Tensile Strength: ~60-66 MPa
o Density: ~1.26e3 - 1.28e3 kg/m3

o Avg. Print Speed: 60-80 mm/s
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3D Slicer: Ultimaker Cura
Printer: Creality Ender 3 (V2)
Settings:
- Quality: Standard (0.2 mm)
- 0.4 mm Nozzle
- Generic PETG
- 20% Infill
- Shell Thickness: 1.6 mm x 0.8 mm

Total Estimated Print Time = 
~17 Hours/Assembly



Background

Concept Evaluation: Decision Matrix
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Note: Safety Rating remains 
neutral until safety testing is 
possible

Table I – Decision Matrix



Concept Evaluation
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Fig. 9 – Alternative Design 2

Fig. 10 – Alternative Design 3

Fig. 11 – Alternative Design 4



Budget

Budget 
Components

Type Cost

Anticipated Funds from CSD 
Department

$200

Fundraising Team Donations $100

Anticipated 
Expenses

Printer Filament (x2) (- $50)

Total Spent $50

Remaining $250

Updates:
• Requested a budget of $200 from the 

client
o Approved

• Waiting to receive funds

Fundraising:
• Team donations

o $100

Next:
• Purchase filament to begin 3D printing

Shilo: 18

Table II – Budget Table



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

Concept Generation Cassina Complete 2/26/24

Functional Analysis Nathan Complete 2/26/24

Engineering Calculations:
"Spring Translation prelims"

Carter Complete 2/26/24

CAD Mechanical System Carter Complete 2/26/24

CAD Measurement System Shilo Complete 2/26/24

BOM Nathan Complete 2/26/24

Presentation 2 All Complete 2/26/24

Report #1 All On Time 3/3/24

Website Update #1 All On Time 3/15/24

Table III – Scheduling Table



Tentative Bill of Materials

Nathan: 20

Item
Part 
No.

Desc.
Material Use

(cm^3)
Appx. Cost/Part

($.05/cm^3)
Qty.

Top Arm 01 Main body of device
33.920 $1.70 4

Pry Bar 02 Mouthpiece side #1
1.875 $0.09 2

Pry Bar Mirror 03 Mouthpiece side #2
1.875 $0.09 2

Compliant Spring 04 Provides active resistance to jaw 
articulation 7.518 $0.38 2

Connector 05 3D printed dowel to connect all parts
1.019 $0.05 2

Connection
Plate

06 3D printed plate to act as a joint for device 
motion 5.523 $0.28 2

Total Approximate Cost: $8.58

Table IV – Current Bill of Materials



Thank you!

Questions?
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