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‘A tiny bit of white on MRI’ – objective definitions of oedema and fat metaplasia in spondyloarthritis
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Background: Magnetic resonance imaging (MRI) definitions of inflammation and structural changes in spondyloarthritis (SpA) currently rely on subjective image assessment, leading to poor reproducibility between observers and between centres. This reduces diagnostic accuracy in clinical practice. Recent work has shown that quantitative fat fraction (FF) mapping MRI can objectively quantify both active inflammation (bone marrow oedema) and structural changes (fat metaplasia)1. 

Aim: To derive objective, numerical definitions of bone marrow oedema and fat metaplasia using FF mapping. 

Methods: Eight subjects with SpA and eight controls with mechanical back pain aged 12-24 were scanned using conventional MRI and FF-mapping MRI, as previously described1. For each subject with SpA, regions-of-interest (ROIs) were placed on areas of marrow oedema and/or fat metaplasia and then directly transferred to FF maps (Figure 1). In controls, ROIs were placed directly onto normal marrow. FF and R2* values were recorded for each ROI in subjects with SpA and in controls. Receiver operating characteristic (ROC) analyses were used to determine the optimal cutoff points for differentiating bone marrow oedema and fat metaplasia from normal marrow. 

Results: FF values in areas of oedema, normal marrow and fat metaplasia are shown in Figure 2. The optimal FF cutoff for differentiating oedema from normal marrow or fat metaplasia (labelled A) was 28.2%, giving a sensitivity of 89% and a specificity of 92% (AUC=0.95). The optimal FF cutoff for differentiating fat metaplasia from normal marrow or oedema (labelled B) was 69.7%, giving a sensitivitity of 100% and a specificity of 100% (AUC=1). ROC curves are shown in Figure 3. 

Conclusions: FF mapping can accurately separate bone marrow oedema and fat metaplasia from normal marrow. This method allows objective identification of inflammation rather than relying on inconsistent visual scoring (‘a tiny bit of white on 2 consecutive slices2), which is currently standard practice. 
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Figure 1 – ROI placement on FF maps. Areas of oedema (a) and fat metaplasia (b) were first identified on STIR and T1-weighted images respectively, and ROIs were placed on these areas. ROIs were then directly transferred to FF maps, and FF values for each ROI were recorded.
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Figure 2 – ROI values and optimal cutoff points. FF and R2* values are shown for areas of normal marrow, fat metaplasia and oedema. Optimal FF cutoff values for differentiating oedema (A) and fat metaplasia (B) from normal marrow are shown as dotted lines. 
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Figure 3 – ROC curves. Separate analyses were performed for oedema compared to normal tissue (blue line) and fat metaplasia compared to normal marrow (dotted yellow line). The optimal cutoff points from this analysis were used to derive the threshold values shown in Fig 2. 
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