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Client Background: 
Dr. Margene Anderson, Veterinary School of Medicine

Impact: 
$1.75 - $1.83 per stitch [1]
$50 - $1,000 per procedure [2]

Problem Statement: 
Develop a real-time feedback system that measures 
plastic deformation of suture knots to improve 
instruction of optimal suture tension for students 

Kate

Suture Feedback Training System

Figure 1: Various suture knot tension [3].
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Competing Force Analysis Designs

Kate

Figure 3:  ForceTRAP [5]. Figure 4:  Wheel Sensor [4].
Figure 2: Hook in Force (HIF) 
Sensor [4].
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Product Design Specifications

Sadie

Design Specification Design Criteria

Provide objective, real-time feedback on suture tension
➔ Feedback latency ≤ 3 seconds

Functionality

Minimally disruptive to suturing process
➔ Device adds ≤ 15 seconds to suturing time Workflow Integration

Able to withstand repeated use in training
➔ Survive ≥ 500 training cycles without failure

Durability

Allow calibration of different suture types
➔ Support at least 3 commonly used suture diameters (2-0, 3-0, 4-0)

Adaptability

$250 Initial budget Affordability
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Measurement Methods
for Knot Tightness
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Visual Characterization of Knot Quality

Sadie

Logic:  Proper suture tension checked manually by tightness of final throw

PRO CON

No interference with 
suturing technique

Image training → 
Difficult to provide 

real-time feedback

Loose

Tight

Design Concept: Automate assessment using machine 
learning model to detect proper knot tension

Figure 6 : Square knot comparison.
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Figure 5:  Optical tension measurement design concept.

Camera Case
Light Indication
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Displacement as an Indicator of Plastic Deformation

Presley

Figure 7 : Design concept with location sensor 
to measure displacement.

Suture

Location 
Sensor

PRO
Simple measurement strategy

CON
Slipping of suture
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Tension Gauge 
with Hook

Tension:  the pulling force through a string Force:  the intensity of the 
push or pull of an object

Force sensing resistor 
(FSR):

Figure 8 : Technique for securing a 
square knot [6]. 

Suture Skin Pad

Adjustable 
Poles 

Figure 9 : Design concept measuring tension. 

Resistance 
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Figure 10 : Design concept 
measuring force. 

Simpler method to 
quantify knot tightness   

PRO CON
Interference with the 
suturing technique

Tension/Force as an Indicator of Plastic Deformation
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Knot Characteristics Provide an Advanced 
Feedback System

Maddie

Knot 
Characteristics
Workflow Integration

Durability

Adaptability

Affordability

Feasibility

Force or Tension

Workflow Integration

Durability

Adaptability

Affordability

Feasibility

Displacement  

Workflow Integration

Durability

Adaptability

Affordability

Feasibility
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● Digitalize force sensor
● Knot identification

○ AI image training

● MTS testing on suture strengths
● Perform pressure sensing testing to 

determine:
○ Resistor value
○ Sensor placement
○ Force conversion

● Validation of AI model
○ Validate against a dataset of 

new images
○ Test cameras to capture process

Maddie

Testing

Future Work: Divide and Conquer
Preliminary Prototyping

Figure 11 : AI model goal output.
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Questions?


