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Overview
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e Competing Solutions

e Design Specifications/Criteria

e Preliminary Designs

e Final Loading Device Design

e Future Plans
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Background

e Clients: Dr. Scott Crawford, Dr. Beth Meyerand

e Hamstring strain injuries (HSIs) [3]
o Common in sports and recreation
o Cause an elevated reinjury risk

e HSls could affect neuronal-muscle signaling

e Functional MRI (fMRI) displays brain activity
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Figure 1. Dr. Crawford (left) and Dr. Meyerand
(right) [1][2]
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Figure 2. Nervous system signal pathway for
leg muscle activation [4]



Problem Statement

Produce a device for use in hamstring strain injury research in order to
determine neuronal activation differences as a result of injury.
To accomplish this, the design will induce hamstring activation as an
MRI of the brain is recorded, collecting resistance and knee flexion data.

Hip Figure 4. Knee flexion
angle labeled as B [6]
B (deg)
Knee
Figure 3. Brain MRI showing neuronal activation [5] AnkS
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Competing Solutions

e Emory University School of Medicine [7]
o Inclined supine heel slide mechanism

o fMRI for brain activation imaging

o 12 camera array for motion capture

Figure 6. Emory heel slide
Figure 5. Emory heel slide SOLIDWORKS sketch [7]

e Marsh—Bellofram Rolling Diaphragm [8] setup with the MRI{7]
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o Variable volume = constant resistance ] [ —
—
" Figure 7. Bellofram pneumatic pressure vessel
@ Bi%[r)r?gjr?cgrl]tliggineering and piston illustration [8]
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Design Specifications

e Activate the hamstring
(20-30%)

e Withstand =110.55 N
regularly [9]

® Maintain Consta nt tenSIOn Flgure 8. GE MAGNUS Scanner [10]

e MR compatible (GE _
MAGNUS Scanner)[10] serrimenibrancess \ Tty

Biceps Femoris

e Weight: <50 lbs
e Width: =31 % inches [12]

Figure 9. Anatomy of the
Fibula hamstring [11]
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Criteria for Design Matrices

e Hamstring Activation
o Adjustability

e Size

e Ease of Use

o Fabrication Ability

o Safety
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Resistance Designs

Pushing

e Cable Stack: Similar to gym wled

cable machines -:-
e Friction: Motion causes ‘

Figure 11. Friction illustration [14]

Motion

resistance

e Elastic Band: Tension from Figure 10. Cable stack [13]
straining elastic bands
o No constant tension in
bands or friction

Figure 12. Elastic exercise band roll
(left) and tube (right) [15]
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Resistance Design Matrix

Design Categories Cable Friction - ‘ Elastic

(Weight) Stack '3 | = | Band Q——)/>>
Il .

Hamstring activation 5/5 30 2/5 12 0/5 0

(30)

Adjustability (20) 5/5 20 3/5 12 1/5 4

Size (15) 2/5 6 3/5 9 5/5 15

Ease of Use (15) 5/5 15 2/5 6 3/5 9

Fabrication Ability 4/5 ] 15 ) 3/5 6

(10)

Safety (10) 3/5 6 4/5 8 4/5 8

Total (100) 85 49 42
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resistance designs to design criteria




Mechanical Design: Slider Design

e Heels strapped to frictionless

slider
e User pulls slider inwards
th rough knee f|EXion Frictionless

. . . Slider —\
e Hamstring and quad activation <

Figure 13: SOLIDWORKS
drawing of Slider design
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Mechanical Design: Bike Pec

—_ Pedal

e User moves elevated bike
pedals in supine position

e Pulling pedals inward through 30 in.
knee flexion activates
hamstrings

e Additionally activates
qguadriceps, glutes
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al Design

Main Body of
Device (seen in
51de view)

12 in.

Figure 14: Top view of
Bike Design

30 in. |

Figure 15: Side view of Bike
Pedal Design without pedals



Mechanical Design: Leg Support

e Device supports and fixes

upper leg

e User pushes leg roller
inwards

e |solated hamstring
activation

e Knee flexion/extension
e Adjustable height/distance

Subject leg

N

Leg rest

Pulley

30m

% Cable

/

Weight stack

V

A

1

\

MRI table

Adjustable leg stand
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Figure 16: Side view of leg
support design with cable stack



Mechanical De5|gn Matrix

Design Categories | Slider Bike Pedal Leg Support
(Weight) Design Design Design
Hamstring activation 5/5 30 3/5 18 4/5 24
(30)

Adjustability (20) 4/5 16 2/5 8 5/5 20
Size (15) 4/5 12 3/5 9 3/5 9
Ease of Use (15) 4/5 12 2/5 6 3/5 9
Fabrication Ability 5/5 10 4/5 2 4/5 3
(10)

Safety (10) 3/5 6 2/5 4 4/5 8
Total (100) 86 53 78

Table 2. Mechanical design matrix comparing
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Final Design: Slider and Cable Stack

e Adjustability:
o To account for subject leg length
o Change in resistance values
e Minimizes upper body movement
o Important for clean fMRI data \ Fiaure 17, SOLIDWORKS
e Minimal footprint for on MR Table drawing of Slider design
e Provides constant calculable resistance
e Easy to set-up and use

Figure 18. Cable weight
stack with pulley
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Future Plans

Reworking /
Troubleshooting

Refine
SOLIDWORKS
prototype Purchase
Materials
Fabrication Functionality
Testing,
Instructional
Video
Final
Design
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Thank You!

Dr. John Puccinelli
Sarah Edwards
Dr. Scott Crawford
Dr. Beth Meyerand
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