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A Padded Spine Board to Reduce Spinal Injury During EMS Transportation

Executive Summary Experimental Setup and Test Plan

Background

This project develops a removable, radiolucent
cushioning attachment for EMS spine boards to reduce
pressure and discomfort during patient immobilization.
Conventional boards are rigid at high-pressure areas
increasing pain and risk of secondary injury, especially
during the transport by EMS to hospital ER. The design
uses a lightweight, durable, and disinfectable cushioning
layer to improve pressure distribution. Its effectiveness
is evaluated using force-sensing resistors (FSRs) and a
microcontroller system to measure pressure changes
with and without the cushion. Results focus on
reductions in peak and average pressure, along with
patient comfort. Overall, the project offers a low-cost,
practical solution that improves comfort while
maintaining standard EMS functionality.

Rigid EMS spine boards are essential for spinal
immobilization, but they often create high-pressure
regions that lead to discomfort and potential secondary
injury to the patient during the transport from accident
scene to hospital ER. Existing solutions do not effectively
balance patient comfort, imaging compatibility, and real-
world usability. This highlights the need for a practical,
removable cushioning system that improves pressure
distribution without disrupting EMS workflows.
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Requirements

Functional Requirements Physical Requirements

Reduce pressure at 
shoulders, sacrum and 

along the spine

Radiolucent (X-ray, CT 
compatible) immediate 

imaging diagnosis

Improve patient comfort 
during immobilization

Lightweight and easy to 
handle

Maintain spinal support 
and stability

Durable and 
puncture resistant

Ensure consistent 
performance across trials

Waterproof and easy to 
disinfect

Allow integration with 
pressure sensors (FSRs)

Removable and secure 
attachment

Material Screening
TPU Air, gel pad, 

and polyethylene 
foam were 
evaluated.

Padding Selection
Polyethylene foam 
was selected to test 
prototype.

Foam Cutting
Foam was cut into 

sections for 
pressure-relief 

regions.

Cover Preparation
Hospital-grade 

radiolucent covering 
material was 

prepared.

Prototype Assembly
Foam sections were 

enclosed and 
stitched into the 

cover.

Attachment Design
Straps were added 

to secure the 
cushion to the spine 

board.

Sensor Preparation
Pressure sensors 

were connected to 
the Arduino setup.

Sensor Placement
Sensors were 
positioned at 

selected anatomical 
contact points.

Baseline Condition
Subjects were 

tested on the spine 
board without 

cushioning.

Padded Condition
Subjects were 

tested on the spine 
board with 

cushioning attached.

Pressure Recording
Pressure data were 
collected for each 

test condition.

Data Comparison
Pressure readings 
were analyzed to 

compare both 
conditions.
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Fig 1: A conventional spine board used by EMS

Fig 2. A spine board with cushion and pressure 
sensors deployed at locations comparable to A-E 

Fig 3. Arduino UNO R3 used to process, 
synchronize pressure inputs and to control 
outputs to a laptop for data storage and 
results display 

Fig 4. Regions of pressure sensors
and comparable intervertebral disc
anatomy: A (Left scapula)​, B (Right
scapula), C (T6) ​, D (L1) ​, E (L5)

Fig 5. Pressure in kPa from region
A, B, C, D, E (n = 10)​.
A “∗”  meaning statistically different 
at p<0.05

Fig 6. FEM of pressure distribution
of a typical adult (170 lb) at supine
on a spine board (SolidWorks)

Pressure reductions were consistently observed across all tested regions and subjects.
Overall, the design demonstrates a practical approach to reducing pressure-related risks in
pre-hospital care.

Reduced pressure 
at all anatomical 

points

Largest reduction at 
sacrum/lumbar 

regions

Suggests improved 
comfort and lower 

injury risk

Maintains EMS 
usability and 

imaging 
compatibility
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Fig 7. FEM of pressure distribution
of a typical adult (170 lb) at supine on
a spine board with padding included
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