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Abstract

Manually grading structural changes with the modified Stoke Ankylosing
Spondylitis Spinal Score (MSASSS) on spinal X-ray imaging is costly and time-
consuming due to bone shape complexity and image quality variations. In
this study, we address this challenge by prototyping a 2-step auto-grading
pipeline, called VertXGradeNet, to automatically predict mSASSS scores

for the cervical and lumbar vertebral units (VUs) in X-ray spinal imaging.

The VertXGradeNet utilizes VUs generated by our previously developed VU
extraction pipeline (VertXNet) as input and predicts mSASSS based on those
VUs. VertXGradeNet was evaluated on an in-house dataset of lateral cervical
and lumbar X-ray images for axial spondylarthritis patients. Our results show
that VertXGradeNet can predict the mSASSS score for each VU when the
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data is limited in quantity and imbalanced. Overall, it can achieve a balanced
accuracy of 0.56 and 0.51 for 4 different mSASSS scores (i.e., a score of 0, 1,
2, 3) on two test datasets. The accuracy of the presented method shows the
potential to streamline the spinal radiograph readings and therefore reduce

the cost of future clinical trials.

Introduction

X-ray imaging is one of the imaging modalities, utilized to monitor the
structural progression of ankylosing spondylitis (AS), and this progression

can be quantified by the modified Stoke Ankylosing Spondylitis Spinal

Score (MSASSS) [6]. Applying the mSASSS to each VU in an X-ray is usually
performed manually by expert readers (radiologists) due to its complexity,
making it a costly and tedious process. Moreover, such a manual process can
introduce inter- and intra-reader variability in the final dataset. Therefore,

to address these problems, we aim to propose an automatic pipeline for
mSASSS grading.

In this paper, we propose a 2-step auto-grading pipeline, VertXGradeNet, for
estimating mSASSS scores from the given spinal X-ray images. The proposed
auto-grading pipeline was built on top of the previously developed VUs
extraction pipeline [2] and predicts mSASSS scores based on extracted VUs.
Then the proposed pipeline was validated utilizing clinical trial data from
radiographic and non-radiographic axial spondyloarthritis patients.

Method

Inspired by work conducted by Koo et al. [5], a two-step grading pipeline

is proposed (Figure 1) which uses a deep neural network called ResNet [4]

as the backbones. In the test phase, given a VU extracted by our in-house

VU extraction pipeline, the first step of the proposed pipeline is to detect

if a given VU has a bony bridge or not (i.e., mSASSS = 3 versus others). If

the given VU does not have a bony bridge, then the VU will proceed to the
second step for further mSASSS prediction (i.e., mSASSS = 0,1 and 2). In the
second step, the pipeline will produce two predictions on both the upper and
lower corners of the given VU (e.g. mSASSS = 0, 1, or 2) that is not classified
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FIGURE 1

The initial step of vertebral units extraction Pipeline was developed previously [2]. The auto-grading pipeline
was incorporated into the initial pipeline using the VUs as the input to predict the mSASSS. The auto-grading
pipeline consists of two steps: the first step is to detect the bony bridge (mSASSS = 3) in the given VU, and the
second step is to perform further mSASSS grading (i.e., mSASSS = 0,1 and 2) for a given VU without a bony
bridge

as a bony bridge. Finally, each given VU will have the estimated mSASSS given
by the auto-grading pipeline.

The ResNet152 [4] is used twice in the two-step auto-grading pipeline. In
the first step, the ResNet 152 takes a VU as input and performs a binary
classification, namely if the VU does or does not have a bony bridge. In the
second step, Another ResNet 152 takes the remaining VUs (mMSASSS < 2) as
the inputs and predicts the rest of the mSASSS scores for both the upper and
lower corners of a VU.

In the training stage, a pre-trained ResNet 152 (on ImageNet) is fine-tuned on
the extracted VUs/mSASSS scores from the MEASUREL dataset. The training
process of the two stages of the auto-grading pipeline is not end-to-end.
Therefore, each step is trained independently.
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Experiments and Results
Data. The method was developed based on the anonymized datasets of se-

cukinumab radiographic and non-radiographic axial spondyloarthritis clinical
studies (MEASURE 1 [1] and PREVENT [3]). A total of 7239 and 9313 VUs were
successfully extracted from the two studies.
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Experiments. Extracted VUs were randomly split into 5 folds at the

patient level for MEASURE 1 and performed 5-fold cross-validation. The
performance of the model, trained on MEASURE 1 data only, was evaluated
on the PREVENT dataset. The ground truth mSASSS scores for the training
VUs were provided by the clinical trial. The detailed results are shown in

Table 1 and 2.

TABLE 1: Results of 5-fold cross-validation for MEASURE 1 dataset
mSASSS Precision Recall AUC(ROC) Fl-score
0 0.934(0.010) 0.918(0.007) 0.897(0.011) 0.926(0.010)
1 0.200(0.097) 0.240(0.103) 0.809(0.076) 0.218(0.096)
2 0.390(0.069) 0.300(0.020) 0.849(0.021) 0.332(0.026)
3 0.654(0.067) 0.800(0.023) 0.959(0.009) 0.718(0.034)
Micro 0.544(0.033) 0.564(0.032) 0.898(0.011) 0.548(0.032)
average
Macro 0.860(0.014) 0.856(0.014) 0.879(0.020) 0.856(0.014)
average

TABLE 2: Results for PREVENT dataset
mSASSS Precision | Recall AUC(ROC) | F1-score | Support
0 0.99 0.95 0.97 0.825 15201
1 0.01 0.12 0.02 0.759 25
2 0.15 0.23 0.18 0.857 244
3 0.14 0.73 0.23 0.958 64
Micro 0.32 0.51 0.35 0.826 15534
average
Macro 0.97 0.93 0.95 0.850 15534
average
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Conclusion

We have prototyped a 2-step auto-grading pipeline for automatic mSASSS
scoring. The current approach, which now can be considered as a
benchmark, improves the grading performance compared to the preliminary
results. However, limited training samples and class imbalance issues still limit
the current performance of the auto-grading pipeline. Thus, further analysis
is required to address the aforementioned problems.
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