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Introduction/Background  

Vision-language report drafters are limited less by text generation than by measurement: without a clinical-

correctness metric they cannot be objectively evaluated. Such metrics are predominantly chest-specific. Spine 

reporting depends on vertebral-level attribution, a documented and frequently undetected error current metrics 

do not verify. Because the spine is one anatomical continuum, a single level-aware framework can evaluate all 

of it. We hypothesized granular, level-aware scoring could supply this signal, and introduce SpineGraph, 

beginning with the cervical spine.  

 

Methods/Intervention  

SpineGraph comprises a cervical spine ontology of 53 granular findings under 18 parent categories, 

separating clinically opposed concepts such as anterolisthesis versus retrolisthesis; a 0.6-billion-parameter 

model fine-tuned with LoRA on 23,625 reports automatically labeled by GPT-OSS-120B to convert the 

FINDINGS section into strict-JSON observations with evidence spans, status, and linked locations; and a 

hierarchical metric over leaf, parent, leaf-location, and parent-location F1, scoring level ranges by vertebral-

atom overlap. One senior neuroradiologist reviewed annotations for 100 held-out reports to form the 

reference. We evaluated the trained model, applied concept and level perturbations, and re-ran the frozen 

extractor on reports with edited location text. Intervals used 10,000-replicate case bootstrap.  

 

Results/Outcome  

The trained model achieved leaf F1 0.919 (95% CI 0.888-0.944), parent F1 0.961, leaf-location F1 0.824 

(0.769-0.874), and hierarchical F1 0.906 (0.875-0.933); whole-graph agreement was exact in 55 reports. 

Same-parent concept substitutions (n=89) kept parent F1 at 1.000 in every case while hierarchical F1 fell 

0.154 (0.132-0.180). Level shifts (n=66) reduced hierarchical F1 more when non-overlapping (0.100) than 

adjacent (0.043). In paired re-inference (70 pairs, no strict-JSON failures), the extractor followed the intended 

level change in all 63 reports correct at baseline, preserving finding identity. Reviewed weak annotations 

scored leaf F1 0.985, reflecting label quality, not model performance.  

 

Conclusion 

SpineGraph adds the vertebral-level attribution broad-category scoring lacks. Its ontology, extractor, and 

metric are region-agnostic by construction: the cervical spine shown here is the first stage of a progression 

through the thoracic and lumbar spine toward a whole-spine standard.  

 

Statement of Impact  

By providing a foundational clinical-correctness signal where none existed, SpineGraph enables 



benchmarking, quality assurance, and reward-based optimization of generated reports; the blueprint extends 

to other underserved body regions.  

 

 

Fig 1. Clinical-correctness metrics for radiology report generation 

 

Fig 2. Representative extraction and hierarchical graph scoring 
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Fig 3. Validation results 
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