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REFERENCES

Loose

Tight

Need: System to train the correct tension 
needed for a secure knot
● Students currently learn by “feel” with 

instructor feedback after the knot is tied

Too Loose: Suture may unravel, leading to  
wound reopening and healing 
complications

Too Tight: Risk of tissue damage and 
material failure 

● Potential for broad application across 
a variety of clinical training programs 

● Wound opening causes an average of 
$40,323 in excess hospital charges per 
patient [1]

Figure 1: Comparison of loose and tight knots. 
Loose knots have a visible gap in the top throw.
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Figure 2: 
Suture material 
failure from 
over-tightening 
[2].

● Classify Nylon Mono (black) 2-0 sutures 
● Classify knots with an overall accuracy  ≥ 80% [3]
● Achieve ≥ 80% precision for “tight” class to 

minimize false positives [3]
● Attain ≥ 80% recall for “loose” class to minimize 

false negatives [3]
● Have a F1 score of  ≥  0.8 [4]

● Withstand repeated use 
in training

● Minimally disruptive to 
the suture process

● Maximum system 
latency: ≤ 5 seconds

Model Requirements System 
Requirements

Impact

● BME Department
● UW-Madison School of Veterinary Medicine

● Dr. Walter Block
● Dr. Margene Anderson

● There is currently no robust training stimulation used to standardize proper 
suture tension

● Novice clinical students struggle to judge proper suture tension, often tying 
knots too loose or too tight during training

● A feedback system is needed to help students learn proper knot tension, 
improving training efficiency and surgical outcomes

● Dr. Sara Colopy
● Dr. Paul Merkatoris
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● Consistent lighting
● Fixed viewpoint
● Cropped to 500x500

Figure 3:
Arducam

      IMX477 Pi
           HQ Camera  

[5].

Image PreprocessingDataset Creation

● Discrepancy between evaluation methods: ResNet-based vs manual testing
○ Noise from pi integration may cause model prediction inaccuracy
○ Model trained/tested on limited dataset → learned from narrow distribution

● Rigid imaging setup: non-adjustable camera stand → limited suture placement

● Improve model accuracy 
○ Expand and diversify dataset 
○ Hyperparameter tuning to optimize 

training settings
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TESTING & RESULTS

True Loose True Tight

Predicted 
Tight 6 (FP) 19 (TP)

Predicted 
Loose 14 (TN) 1 (FN)

System Performance

Latency Testing

Accuracy: 82.5%    Precision: 76%

    Recall: 95%    F1: 0.84

Figure 8: Standard distribution of latency 
(seconds) from second button press to LED 

feedback for tight and loose knot classification. 

Overall Mean Latency: 
3.93 seconds

Table 2. Confusion matrix for model performance 
with threshold implemented. A true positive (TP) is 
defined as a tight knot correctly classified as tight 
(n = 40). Table shows accuracy of model is greater 
than the 80% goal when threshold is implemented.
 

 

Image 
Captured

Figure 5: Heatmap is showing the model is 
properly focusing on knot morphology.

Figure 4: (A) Binarization enhances edge detection. 
(B) Contrast adjustment reduces background 
information. (C) Original, unedited images. 

Table 1: Confusion matrix for ResNet 
performance testing.

Figure 6: Overall system setup showing HQ camera, Raspberry Pi, and 
breadboard hardware. User input via button initiates a camera preview. 
Second click initiates image capture that is passed through the model 
(housed on the Pi) and model output indicated by red and green lights.

Figure 7: Distribution of model confidence 
scores for predicting knot class, with an 85% 
temporary confidence decision threshold used 
for classifying tight knots.

Key Insights

Button

● Confidence threshold improves model reliability by filtering low-confidence 
predictions that are prone to error

● Pre-processing analysis:

DISCUSSION

Model uploaded to Pi

CLINICAL SIMULATION TRAINING GAP
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Limitations 

● Future testing to refine confidence 
threshold

● Improve hardware durability
● Develop an adjustable camera stand

Binarization Contrast

Pros Clearly defines edge boundaries
Negates lighting inconsistencies

Reduces background noise while 
preserving structure and depth

Cons Oversimplifies knot features
Reduces depth cues

Exaggerates shadows
Overexposes suture material


