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Introduction: Spine ankylosing spondylitis (AS) is a chronic inflammatory enthesopathy which results in pain and stiffness leading to progressive spinal 
immobility, fusion and deformity. Radiography is limited in the earlier stages of AS given its low sensitivity for detecting early inflammatory AS spine lesions. 
Two new developments are changing the management of AS namely effective new therapy such as the anti-tumour necrosis factor(TNF)α agent Infliximab, and 
the application of MRI to recognize early disease, assess inflammatory activity and response to therapy. Following its approval for use in rheumatoid arthritis, 
Infliximab has been used successfully in AS. MRI is able to detect acute spinal lesions even at an early stage, and can demonstrate changes over time in AS 
patients treated with TNF-α targeting therapy (1-2). MRI scoring methods for quantifying the level of spinal inflammatory activity have been developed and 
clinically tested. These MRI based methods rely on the detection of (a) bone marrow edema on T2-weighted fat-suppressed sequences, (b) hyper-diffusion of 
gadolinium-based molecules into the interstitium of inflamed tissues being visible on fat-suppressed T1 weighted contrast enhanced sequences. The Ankylosing 
Spondylitis spine Magnetic Resonance Imaging-activity (ASspiMRI-a) scoring system is a reliable method shown to be sensitive to change in the level of spinal 
inflammation over a relatively short period of 3 months (2). The question has been raised for the assessment of clinical therapeutic trials, whether contrast 
enhancement adds relevant information to STIR imaging in the detection of active spinal lesions in AS. Hermann et al. proposed that for randomized clinical trials 
adopting spinal MRI as an outcome parameter, STIR imaging alone would suffice for detection of serial change in acute lesions (3). In this study we performed a 
direct comparison of STIR imaging and T1-weighted gadolinium contrast enhancement in monitoring AS treatment.  
 
Materials and Methods: 32 patients were recruited for a clinical trial of Infliximab treatment, comprising 29 males and 3 females. The mean age was 35.3 ±10.2 
years (range: 19-56 years). The patients fulfilled the modified New York criteria for AS (4). Infliximab treatment lasted 22 weeks. MRI of the spine was performed 
at baseline and 30 weeks on a 1.5T imaging unit (Sonata, Siemens AG), using a synergy spine coil and the patient supine. Coverage extended from the skull base 
to the lower border of S2 in two sections, namely skull base to T10 followed by T8 to lower border of S2. Sagittal T1W turbo spin-echo (TR 500 ms, TE 19 ms, 
3mm thickness, FOV 380 mm, matrix 512×512), T2W short-tau inversion recovery (STIR) fat-suppressed (TI 160 ms, TR 3240 ms, TE 77 ms, 3mm thickness, 
FOV 380 mm, matrix 256×256) and contrast enhanced sagittal T1W spectral pre-saturation with inversion recovery fat-suppressed sequences (TR 570 ms, TE 9.6 
ms, 3mm thickness, field-of-view 380 mm, matrix 256×512) were performed. For contrast enhancement, a bolus of gadoteric acid (Dotarem; Guerbet Group, 
France) of 0.15 mmol/kg was injected. MR images were scored independently at the end of the study by two readers blinded to the patient name and date of 
examination. The ASspiMRI-a scoring method was used (2). STIR images and contrast enhanced images were assessed separately with at least three days’ interval 
time. Statistical analysis of cohorts comprised the descriptive measure of mean sum activity score. To analyse agreement patterns between both readers for each 
MR dataset, Bland and Altman plots were constructed, and smallest detectable change calculated (5). ‘Smallest detectable change’ is defined as 1.96 × (standard 
deviation (SD) of inter-reader difference)/√2. Inter-reader agreement for each sequence dataset was compared using ‘smallest detectable change’, favoring the 
sequence with the lower smallest detectable change value.  
 
Results: At baseline, all patients have at least one active inflammatory lesion present on MRI examination before treatment. Infliximab treatment significantly 
decreased AS lesion activity scores (Table1). Bland and Altman analysis showed for both sequences inter-reader variability was maintained across the spectrum of 
activity scores, both for pre-and post-treatment scoring, with a consistent difference which was less apparent when corner edema was evaluated compared to 
contrast enhanced lesions (Fig 1). Analysis of corner edema on STIR sequence lead to a smaller ‘smallest detectable change’ than analysis of contrast enhanced 
lesions on T1-weighted sequence for both reader 1 and reader 2. For both readers on both pre- and post-treatment MR assessment, scores based on corner edema 
change were lower than those based on contrast enhancement (table 1, Fig 2). STIR images was more responsive to therapeutic response than contrast enhanced 
images (Table 1).  
 

    
Table 1. MRI assessment results (ASspiMRI-a) score by reader 1 and reader 2.   
Fig 1. Bland and Altman plots. A. Distribution of pre-treatment AS lesion scores for STIR technique. B. Distribution of pre-treatment AS lesion scores for contrast 
enhanced technique (T1/Gd). C. Distribution of post-treatment AS lesion scores for STIR technique. D: Distribution of post-treatment AS lesion scores for contrast 
enhanced (T1/Gd) technique. SDC: smallest detectable change. 
Fig 3. (A) Contrast enhanced T1-weighted fat-suppressed sagittal image of lumbar spine showing enhancement at the posterosuperior corner of L4 and L5 
vertebral bodies (arrowheads). These active lesions are not evident on STIR imaging (arrowheads, B).  
 
Discussion: Infliximab reduces spinal inflammation and neovascularisation which contribute to corner edema and contrast enhancement seen in MR imaging. 
Herman et al. reported that for monitoring of therapeutic effect, very few differences existed between both these two MR sequences and the addition of contrast 
enhanced sequence does not seem to add significant information (3). While spine AS inflammation manifests on MR imaging as areas of edema or gadolinium 
enhancement, our study shows these changes do not necessarily always occur in parallel, and contrast enhanced MR imaging yielded a higher lesion score than 
STIR imaging although STIR imaging had better intra-reader agreement. Our results indicated that not all lesions showing contrast enhancement are associated 
with a detectable edema. While STIR imaging demonstrated less lesions, these edema-type lesions do seem to be more responsive to therapeutic response than 
contrast enhancement. Our study confirms previous reports that both vertebral body corner edema and contrast enhancement changes are sensitive to change 
during treatment though edema appear to be more responsive to particular treatment intervention. STIR imaging and contrast enhanced imaging seem to be 
complimentary in both assessment of disease activity and treatment response.  
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