
Explainable machine learning for infrared spectral analysis of bone 

Komal Wavhal1,2, Christopher Blanc1, William Querido1* 

1 Department of Biomedical Engineering, Stevens Institute of Technology, Hoboken, NJ, USA 
2 Department of Computer Science, Stevens Institute of Technology, Hoboken, NJ, USA 
* Corresponding author: wquerido@stevens.edu

Supplementary Information 

Supplementary Figure S1. Second-derivative O-PTIR spectra of WT and OIM bones. Mean second-derivative-
processed spectra, showing enhanced resolution of overlapping spectral features within chemically grounded spectral 
zones. Spectra are vertically staggered to facilitate visualization. 

Supplementary Figure S2. Animal-level conventional O-PTIR compositional parameters in WT and OIM bones. 
Mean values for each animal are shown for the five peak-ratio parameters reflecting bone tissue compositional properties 
(6 animals per group). P-values were calculated using the Mann–Whitney test. 



Supplementary Figure S3. Additional classification performance metrics across spectral representations and 
modeling approaches. (a) F1-score and (b) receiver operating characteristic area under the curve (ROC-AUC) across 
machine-learning models using different spectral ranges (full fingerprint, collagen-rich, mineral-rich) and conventional 
peak-ratio representations. Raw and second-derivative spectra are compared for each spectral-range analysis. 


