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Abstract 
Manually	grading	structural	changes	 ith	the	modi ed	Stoke	 nkylosing	
Spondylitis	Spinal	Score	 mS SSS 	on	spinal	 -ray	imaging	is	costly	and	time-
consuming	due	to	bone	shape	comple ity	and	image	 uality	variations.	In	
this	study,	 e	address	this	challenge	by	prototyping	a	 -step	auto-grading	
pipeline,	called	Vert Grade et,	to	automatically	predict	mS SSS	scores	
for	the	cervical	and	lumbar	vertebral	units	 V s 	in	 -ray	spinal	imaging.	
The	Vert Grade et	utili es	V s	generated	by	our	previously	developed	V 	
e traction	pipeline	 Vert et 	as	input	and	predicts	mS SSS	based	on	those	
V s.	Vert Grade et	 as	evaluated	on	an	in-house	dataset	of	lateral	cervical	
and	lumbar	 -ray	images	for	a ial	spondylarthritis	patients.	 ur	results	sho 	
that	Vert Grade et	can	predict	the	mS SSS	score	for	each	V 	 hen	the	
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data	is	limited	in	 uantity	and	imbalanced.	 verall,	it	can	achieve	a	balanced	
accuracy	of	 . 	and	 . 	for	 	different	mS SSS	scores	 i.e.,	a	score	of	 ,	 ,	
,	 	on	t o	test	datasets.	The	accuracy	of	the	presented	method	sho s	the	

potential	to	streamline	the	spinal	radiograph	readings	and	therefore	reduce	
the	cost	of	future	clinical	trials.

Introduction 
-ray	imaging	is	one	of	the	imaging	modalities,	utili ed	to	monitor	the	

structural	progression	of	ankylosing	spondylitis	 S ,	and	this	progression	
can	be	 uanti ed	by	the	modi ed	Stoke	 nkylosing	Spondylitis	Spinal	
Score	 mS SSS 	 .	 pplying	the	mS SSS	to	each	V 	in	an	 -ray	is	usually	
performed	manually	by	e pert	readers	 radiologists 	due	to	its	comple ity,	
making	it	a	costly	and	tedious	process.	Moreover,	such	a	manual	process	can	
introduce	inter-	and	intra-reader	variability	in	the	 nal	dataset.	Therefore,	
to	address	these	problems,	 e	aim	to	propose	an	automatic	pipeline	for	
mS SSS	grading.

In	this	paper,	 e	propose	a	 -step	auto-grading	pipeline,	Vert Grade et,	for	
estimating	mS SSS	scores	from	the	given	spinal	 -ray	images.	The	proposed	
auto-grading	pipeline	 as	built	on	top	of	the	previously	developed	V s	
e traction	pipeline	 	and	predicts	mS SSS	scores	based	on	e tracted	V s.	
Then	the	proposed	pipeline	 as	validated	utili ing	clinical	trial	data	from	
radiographic	and	non-radiographic	a ial	spondyloarthritis	patients.

Method 
Inspired	by	 ork	conducted	by	Koo	et	al.	 ,	a	t o-step	grading	pipeline	
is	proposed	 Figure	 	 hich	uses	a	deep	neural	net ork	called	Res et	 	
as	the	backbones.	In	the	test	phase,	given	a	V 	e tracted	by	our	in-house	
V 	e traction	pipeline,	the	 rst	step	of	the	proposed	pipeline	is	to	detect	
if	a	given	V 	has	a	bony	bridge	or	not	 i.e.,	mS SSS	 	 	versus	others .	If	
the	given	V 	does	not	have	a	bony	bridge,	then	the	V 	 ill	proceed	to	the	
second	step	for	further	mS SSS	prediction	 i.e.,	mS SSS	 	 , 	and	 .	In	the	
second	step,	the	pipeline	 ill	produce	t o	predictions	on	both	the	upper	and	
lo er	corners	of	the	given	V 	 e.g.	mS SSS	 	 ,	 ,	or	 	that	is	not	classi ed	
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FIGURE 1

The	initial	step	of	vertebral	units	e traction	Pipeline	 as	developed	previously	 .	The	auto-grading	pipeline	

as	incorporated	into	the	initial	pipeline	using	the	V s	as	the	input	to	predict	the	mS SSS.	The	auto-grading	

pipeline	consists	of	t o	steps 	the	 rst	step	is	to	detect	the	bony	bridge	 mS SSS	 	 	in	the	given	V ,	and	the	

second	step	is	to	perform	further	mS SSS	grading	 i.e.,	mS SSS	 	 , 	and	 	for	a	given	V 	 ithout	a	bony	

bridge

as	a	bony	bridge.	Finally,	each	given	V 	 ill	have	the	estimated	mS SSS	given	
by	the	auto-grading	pipeline.

The	Res et 	 	is	used	t ice	in	the	t o-step	auto-grading	pipeline.	In	
the	 rst	step,	the	Res et	 	takes	a	V 	as	input	and	performs	a	binary	
classi cation,	namely	if	the	V 	does	or	does	not	have	a	bony	bridge.	In	the	
second	step,	 nother	Res et	 	takes	the	remaining	V s	 mS SSS	≤ 2) as 
the	inputs	and	predicts	the	rest	of	the	mS SSS	scores	for	both	the	upper	and	
lo er	corners	of	a	V .

In	the	training	stage,	a	pre-trained	Res et	 	 on	Image et 	is	 ne-tuned	on	
the	e tracted	V s mS SSS	scores	from	the	ME S RE 	dataset.	The	training	
process	of	the	t o	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	 as	developed	based	on	the	anonymi ed	datasets	of	se-	
cukinumab	radiographic	and	non-radiographic	a ial	spondyloarthritis	clinical	
studies	 ME S RE	 	 	and	PREVE T	 .	 	total	of	 	and	 	V s	 ere	
successfully	e tracted	from	the	t o	studies.

Experiments. E tracted	V s	 ere	randomly	split	into	 	folds	at	the	
patient	level	for	ME S RE	 	and	performed	 -fold	cross-validation.	The	
performance	of	the	model,	trained	on	ME S RE	 	data	only,	 as	evaluated	
on	the	PREVE T	dataset.	The	ground	truth	mS SSS	scores	for	the	training	
V s	 ere	provided	by	the	clinical	trial.	The	detailed	results	are	sho n	in	
Table	 	and	 .

TABLE 1: Results	of	 -fold	cross-validation	for	ME S RE	 	dataset

mSASSS Precision Recall AUC(ROC) F1-score

0 . . . . . . . .

1 . . . . . . . .

2 . . 0.300(0.020) . . . .

3 . . 0.800(0.023) . . . .

Micro  
average

. . . . . . . .

Macro  
average

. . . . . . . .

TABLE 2: Results	for	PREVE T	dataset

mSASSS Precision Recall AUC(ROC) F1-score Support

0 . . . .

1 0.01 0.12 0.02 .

2 . 0.23 0.18 .

3 . 0.73 0.23 .

Micro 
average

0.32 . . .

Macro 
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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