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Do all microneedle array patches* work as 

intended?

*polymeric microneedle array patches
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Designed using copilot
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Microneedle strength
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In vitro skin insertion study (Parafilm® M)   

Parafilm® M (8 layers)
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Ex vivo skin insertion study
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Microneedle dimension
Polymer content

Drug/active content
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Data mining



Polymer

Drug

Microneedle

• Molecular weight

• Concentration (individual & total)

• Molecular weight

• Log P

• Concentration

• Drug content per patch

• Shape

• Needle dimension

• Others*

• Insertion force

• Percentage of holes created

Failure force

In vitro 

insertion

• Rate of force exertion

• Failure force/needle

• Skin model

• Skin insertion ratio

• Ex vivo insertion depth

Ex vivo 

insertion

Features Target variables

J Control Release (390) 2026, 114505





Exploratory data: Polymer



Exploratory data: Actives/drugs
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Exploratory data: MN



Exploratory data: Target variables
Failure force/needle

In vitro skin insertion

Ex vivo skin insertion



Heatmap: Failure force



Heatmap: Percentage of holes created In vitro



Heatmap: Skin insertion ratio Ex vivo



Heatmap: Insertion depth Ex vivo



Ex vivo 

insertion

• Insertion force

• Percentage of holes created

Failure force

In vitro 

insertion

• Rate of force exertion

• Failure force/needle

• Skin model

• Skin insertion ratio

• Ex vivo insertion depth

Model development

>70% missing data



SHAP analysis
Failure force Percentage of holes created



Data imputation: Failure force
Linear Decision tree SVR

Random forest Gradient boost XGBoost

*Hyperparameter tuning with Bayesian optimisation



Linear Decision tree SVR

Random forest Gradient boost XGBoost

Data imputation: Percentage of holes created *Hyperparameter tuning with Bayesian 

optimisation



Data augmentation
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*Synthetic Minority Over-Sampling Technique for Gaussian Noise



Feature abstraction & selection: Failure force

Principal component analysis Factor analysis Forward selection



Feature abstraction & selection: Percentage of holes created

Principal component analysis Factor analysis Forward selection



Model selection – ensemble method
Stacking model
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Conclusion

In vitro mechanical performances relies on the polymer 

composition, drug content and microneedle design.

Data augmentation is beneficial in solving low data set.

Gradient boosting regression is a robust model for MN 

mechanical prediction.

Future more clinically relevant prediction on ex vivo 

skin insertion is warranted.

Polymer

Drug

Microneedle



GUI development
Graphical user interface

*Phyton (3.12.4) with Visual Studio Code
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