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Title	
Retrospective	 Review	 of	 MRI	 Data	 to	 Characterize	 Shoulder	 Pathoanatomy	 in	
Patients	with	Spinal	Cord	Injury	
	
Abstract	
Wheelchair-bound	paraplegic	patients	are	especially	prone	to	rotator	cuff	lesions	as	
they	 excessively	 load	 their	 shoulder	 joint	 and	muscles.	 To	 properly	manage	 their	
care	 and	 to	 ensure	 that	 they	 do	 not	 suffer	 loss	 of	 shoulder	 functionality,	 it	 is	
essential	to	understand	the	physiological	and	anatomical	changes	to	the	rotator	cuff	
muscle	and	underlying	shoulder	joint	structure	in	this	particular	group	of	patients.	
We	 retrospectively	 reviewed	 MRI	 data	 obtained	 on	 paraplegic	 and	 able-bodied	
patients	 and	 did	 not	 find	 any	 significant	 changes	 in	 shoulder	 pathoanatomy.	 The	
study	did	have	several	limitations	which	could	be	further	investigated	to	elucidate	a	
few	conflicting	findings.	
	
Introduction	
There	are	currently	about	282,000	people	 in	 the	United	States	 living	with	a	spinal	
cord	 injury	 (White,	 2016).	 Around	 40%	 of	 these	 individuals	 use	 a	 manual	
wheelchair	 for	 mobility.	 Manual	 wheelchair	 use	 has	 many	 advantages	 including	
promotion	 of	 physical	 fitness	 and	 greater	 mobility,	 but	 over	 time	 it	 can	 place	
increased	demand	on	the	upper	extremities	and	predispose	patients	to	debilitating	
problems	such	as	shoulder	dysfunction	(Finley,	2018).	
	
The	shoulder,	being	the	most	mobile	joint	in	the	body,	is	also	one	of	the	least	stable.	
This	 makes	 it	 more	 susceptible	 to	 various	 injuries	 including	 dislocation,	
inflammation,	and	degeneration.	These	injuries	often	result	from	tears	in	the	rotator	
cuff	 muscles,	 which	 are	 predominantly	 responsible	 for	 the	 overall	 static	 and	
dynamic	stability	of	the	shoulder	(Gomberawalla,	2013).	Injuries	to	the	rotator	cuff	
muscles	 are	 common	 and	 can	 result	 from	 aging,	 repetitive	 use,	 tendon	
hypovascularity,	 and/or	 subacromial	 tendon	 impingement	 (Cofield,	 1985).	 In	 fact,	
approximately	25%	of	individuals	over	age	65	and	50%	of	individuals	over	age	80	
have	 asymptomatic	 full-thickness	 rotator	 cuff	 tears	 (Tashjian,	 2012).	 A	 higher	
incidence	 of	 rotator	 cuff	 injuries,	 about	 67%,	 has	 been	 reported	 in	 patients	 with	
spinal	cord	injuries	(Akbar,	2011).	These	patients	are	uniquely	susceptible	as,	being	
confined	to	their	wheelchairs,	they	excessively	load	their	shoulders	making	them	4	
times	 more	 likely	 to	 suffer	 from	 rotator	 cuff	 lesions	 compared	 to	 able-bodied	
individuals	(Akbar,	2011).	Thus,	it	is	clear	that	rotator	cuff	injuries	in	this	group	of	
patients	 requires	additional	 insight	on	 top	of	 timely	and	appropriate	 treatment	 to	
prolong	the	durability	and	function	of	the	shoulders.	
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Studies	 describing	 the	 physiological	 changes	 to	 rotator	 cuff	 architecture	 during	
injury	 and	 treatment	 as	well	 as	 outcome	measures	 of	 rotator	 cuff	 treatment	have	
been	published	previously	(Mall,	2014	&	2013).	However,	the	literature	on	rotator	
cuff	injury	in	patients	with	paraplegia	is	less	comprehensive.	The	current	literature	
regarding	this	patient	population	is	either	epidemiological	(Akbar,	2011),	or	focuses	
primarily	 on	 outcomes	 of	 surgical	management	 (Popowitz,	 2003;	 Fattal,	 2014)	 or	
risk	 factors	 for	developing	 rotator	 cuff	 tears	 (Pepke	2018).	Very	 few	studies	have	
attempted	 to	 investigate	 the	 structure	 of	 the	 shoulder	 joint	 and	 muscles.	 One	
biomechanical	 study	 in	 patients	 with	 paraplegia	 investigated	 the	 mechanism	 by	
which	scapular	protraction	can	be	affected	by	prolonged	muscle	 imbalance	due	to	
changes	 in	 shoulder	 muscle	 plasticity	 (Lee,	 2002).	 Another	 study	 measured	
shoulder	 kinetics	 in	 these	 patients	 during	 exercise	 and	 compared	 ultrasound	
imaging	 before	 and	 after	 exercise	 (Gil-Agudo,	 2014).	 No	 study	 has,	 however,	
characterized	the	shoulder	joint	and	rotator	cuff	muscle	physiology	and	anatomy	in	
spinal	cord	injury	patients.	Thus,	in	this	study,	we	aim	to	characterize	the	shoulder	
joint	and	rotator	cuff	muscles	by	retrospectively	reviewing	MRI	data	on	paraplegic	
and	 able-bodied	 patients	 with	 shoulder	 pain	 to	 obtain	 the	 following	 measures:	
presence	of	rotator	cuff	tears,	supraspinatus	muscle	atrophy,	cross-sectional	area	of	
rotator	 cuff	 muscles,	 intramuscular	 fat-to-muscle	 ratio,	 acromial	 shape,	 humeral	
head	 curvature,	 humeral	 head	 thickness	 and	 distance	 between	 the	 humeral	 head	
and	greater	 tuberosity.	We	expect	 that	any	detectable,	significant	changes	to	these	
parameters	would	likely	suggest	increased	degeneration	to	rotator	muscle	function	
and	predisposing	bony	anatomy	in	paraplegic	patients.	
	
Methods	
Study	Design	
The	present	study	was	a	retrospective	analysis	of	MRI	data.	The	study	was	approved	
by	the	 institutional	review	board	of	Veterans	Affairs	San	Diego	Healthcare	System.	
The	Veterans	Affairs	Clinical	Informatics	Office	generated	two	separate	patient	lists,	
one	 of	 adult	 patients	 with	 the	 diagnosis	 of	 paraplegia	 and	 one	 of	 adult	 patients	
without	the	diagnosis	of	paraplegia,	all	presented	with	shoulder	pain	during	August	
2015.	 30	 random	 patients	 with	 existing	 MRI	 data	 were	 then	 selected	 from	 the	
paraplegic	patient	list	and,	subsequently,	30	age	and	gender	matched	controls	were	
selected	from	the	able-bodied	patient	list.	Note	that	all	patients	ended	up	being	male	
in	this	study	given	the	inherent	VA	patient	population.	
	
Study	Measurements	
For	 all	 radiological	 measurements,	 T1-weighted	 MRI	 data	 were	 viewed,	 and	
standard	AGFA	 Impax	 software	was	used	 to	make	 the	measurements.	A	Microsoft	
Excel	spreadsheet	was	used	to	record	all	measurements.	
	
Presence	of	Rotator	Cuff	Tears	
The	presence	of	 any	 rotator	 cuff	 tears	was	assessed	 from	official	MRI	 reports	and	
any	present	tears	were	then	categorized	as	either	full	or	partial	thickness.	
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Supraspinatus	Muscle	Atrophy	by	Occupation	Ratio	
As	 previously	 described	 by	 Fuchs	 et	 al.	 (1999),	 the	 cross-sectional	 areas	 of	 the	
supraspinatus	muscle	and	fossa	were	measured	in	the	most	lateral	sagittal	image	on	
which	 the	 scapular	 spine	 was	 in	 contact	 with	 the	 rest	 of	 the	 scapula,	 otherwise	
known	as	the	lateral	scapula	shoulder	or	Y	view.	To	account	for	differences	in	body	
size,	 occupation	 ratios	 were	 calculated	 by	 dividing	 the	 area	 of	 the	 supraspinatus	
muscle	by	the	area	of	the	supraspinatus	fossa	(Figure	1).	
	
Cross-Sectional	Area	&	Intramuscular	Fat-to-Muscle	Ratio	of	Rotator	Cuff	Muscles	
As	previously	described	by	Zanetti	et	al.	(1998),	the	cross-sectional	areas	and	signal	
intensities	(SIs)	of	rotator	cuff	muscles	were	measured	in	the	Y	view.	Mean	SIs	were	
measured	 as	 a	 way	 of	 approximating	 amount	 of	 fat	 deposition	 in	 muscle	 or	 fat:	
muscle	ratio.	Specifically,	regions	of	interest	were	determined	by	the	contours	of	the	
supraspinatus,	infraspinatus/teres	minor,	and	subscapularis	muscles.	Note	that	the	
infraspinatus	&	teres	minor	muscles	were	measured	together	because	the	contour	
between	these	two	muscles	was	hard	to	consistently	discern.	Moreover,	the	area	of	
the	 supraspinatus	 fossa	 and	 the	 SI	 of	 the	 teres	 major	 muscle	 were	 measured	
because	 these	 two	 structures	 were	 considered	 to	 be	 representative	 for	 body	
constitution	 (i.e.	 size	 and	muscle	 fat,	 respectively).	 To	 compensate	 for	 individual	
body	 constitution,	 standardized	 cross-sectional	 areas	 and	 standardized	 SIs	 were	
then	 calculated	 prior	 to	 further	 analysis.	 Standardized	 cross-sectional	 areas	were	
calculated	 by	 dividing	 respective	 muscle	 areas	 by	 the	 area	 of	 the	 fossa	
supraspinatus.	 Standardized	 SIs	were	 calculated	 by	 dividing	 SIs	 of	 corresponding	
muscle	by	the	SI	of	the	teres	major	muscle.	The	teres	major	muscle	was	chosen	as	a	
standard	 because	 it	 is	 located	 anatomically	 next	 to	 the	 rotator	 cuff	 but	 does	 not	
belong	to	it	and	also	has	different	innervation	from	the	rotator	cuff	(Figure	2).	
	
Acromial	Shape	
All	acromions	were	analyzed	in	the	sagittal	view	and	their	shapes	were	classified	by	
the	Bigliani	classification:	Type	1	–	Flat,	Type	2	–	Curved,	Type	3	–	Hooked,	Type	4	–	
Convex	(Figure	3).	
	
Humeral	Head	Curvature	&	Thickness	
As	 previously	 described	 in	 Iannotti	 et	 al.	 (1992),	 humeral	 head	 curvature	 was	
calculated	in	both	the	coronal	and	axial	planes.	First,	the	MRI	slice	with	the	largest	
humeral	 head	 area	 in	 the	 respective	 planes	was	 identified	 and	 the	 humeral	 head	
was	 fitted	 with	 the	 largest	 circle	 (Figure	 4B,	 4C).	 The	 area	 of	 this	 circle	 was	
recorded,	and	the	curvature	was	calculated	by	1/radius	of	the	circle.		Humeral	head	
thickness	 was	 also	 measured	 in	 same	 coronal	 and	 axial	 planes	 as	 the	 respective	
curvatures.	 The	 anatomical	 neck	 of	 the	 humerus	was	 first	 identified	 and	 then	 the	
greatest	perpendicular	distance	to	the	humeral	head	was	measured	(Figure	4B,	4C).		
	
Distance	from	Humeral	Head	to	Greater	Tuberosity	
Also,	 as	 previously	 described	 Iannotti	 et	 al.	 (1992),	 the	 distance	 between	 the	
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humeral	head	and	the	greater	tuberosity	was	measured	in	the	same	coronal	plane	as	
humeral	 head	 curvature	 and	 thickness.	 First,	 a	 line	 segment	was	 drawn	 from	 the	
intersection	of	the	anatomical	neck	&	humeral	head	to	the	greater	tuberosity.	This	
line	 segment	was	 then	extended	superiorly	 to	assist	with	 the	measurement	of	 the	
perpendicular	distance	to	the	humeral	head.	(Figure	5).		
	
Data	Exclusion	and	Statistical	Analysis	
Prior	to	conducting	statistical	analyses,	several	patients	were	excluded	from	each	of	
the	 study	 groups	 because	 the	 Y	 view	 was	 not	 attainable	 for	 cross	 sectional	
areas/mean	SIs	or	because	MRI	data	were	no	longer	available	for	one	or	more	of	the	
other	 study	 measurements.	 Furthermore,	 a	 few	 additional	 patients	 had	 their	
standardized	cross-sectional	areas	for	select	rotator	cuff	muscles	excluded	because	
the	muscle	was	not	entirely	visualized	 in	 the	Y	view.	Standardized	mean	SIs	were	
also	not	calculated	for	several	patients	because	the	teres	major	was	not	visualized	in	
the	 Y	 view.	 After	 exclusion,	 the	 mean	 (+/-	 standard	 deviation,	 n)	 age	 of	 the	
paraplegic	and	able-bodied	patients	were	63.40	(+/-	14.84,	20)	years	and	64.09	(+/-	
13.87,	22)	years,	respectively.	
	
The	remainder	of	collected	data	was	then	analyzed.	Chi-square	test	of	independence	
was	used	 to	assess	 for	any	 significant	 relationship	between	our	 study	groups	and	
the	categorical	measurements	(i.e.	rotator	cuff	tears	&	acromial	shape),	while	two-
tailed	t-test	was	used	to	assess	for	any	differences	in	the	quantitative	measurements	
(i.e.	 supraspinatus	 muscle	 atrophy,	 cross-sectional	 area	 of	 rotator	 cuff	 muscles,	
intramuscular	fat-to-muscle	ratio,	humeral	head	curvature,	humeral	head	thickness	
and	 distance	 between	 the	humeral	 head	 and	 greater	 tuberosity)	 between	 the	 two	
study	 groups.	 These	 tests	 were	 performed	 using	 Microsoft	 Excel	 Data	 Analysis	
ToolPak.	Level	of	significance	a	was	set	at	5%.	
	
Results	
Comparison	of	Rotator	Cuff	Tears	Between	Paraplegic	and	Able-Bodied	Patients	
The	number	of	 full	and	partial	rotator	cuff	 tears	 in	both	study	groups	 is	shown	in	
Figure	6.	There	was	no	 significant	 relationship	between	 the	 study	groups	and	 the	
presence	 of	 full	 or	 partial	 thickness	 tears	 in	 the	 supraspinatus	 (p=0.632)	 and	
infraspinatus	 (p=0.754)	 muscles.	 No	 tears	 were	 appreciated	 in	 the	 teres	 minor	
muscle	in	either	study	group.	There	was,	however,	significantly	more	full	thickness	
tears	 and	 fewer	 partial	 thickness	 tears	 in	 the	 subscapularis	 muscle	 in	 paraplegic	
patients	compared	to	able-bodied	patients	(p=0.017).	
	
Comparison	 of	 Quantitative	 Measurements	 of	 Rotator	 Cuff	 Muscles	 Between	
Paraplegic	and	Able-Bodied	Patients	
Mean	and	standard	deviation	for	occupation	ratios	of	supraspinatus	muscle	atrophy	
for	 both	 study	 groups	 are	 shown	 in	 Figure	 7.	 There	was	 no	 significant	 difference	
between	the	paraplegic	and	able-bodied	patients	(p=0.597).	
	
Mean	and	standard	deviation	for	standardized	cross-sectional	areas	for	the	rotator	
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cuff	muscles	for	both	study	groups	are	shown	in	Figure	8.	There	were	no	significant	
differences	 in	 cross-sectional	 area	between	paraplegic	and	able-bodied	patients	 in	
all	of	 the	rotator	cuff	muscles:	supraspinatus	(p=0.318),	 infraspinatus/teres	minor	
(p=0.903),	and	subscapularis	(p=0.751).	
	
Mean	and	standard	deviations	for	standardized	SIs	for	the	rotator	cuff	muscles	for	
both	study	groups	are	shown	in	Figure	9.	There	was	a	trend	towards	increased	fat	
deposition	 in	 the	 supraspinatus	 muscle	 of	 paraplegic	 patients	 (p=0.075)	 and	 a	
significant	 increase	 in	 fat	 deposition	 in	 the	 infraspinatus/teres	 minor	 muscles	 of	
paraplegic	patients	(p=0.018).	However,	there	was	no	difference	in	fat	deposition	in	
the	subscapularis	muscle	between	the	study	groups	(p=0.167).	
	
Comparison	 of	 Bony	 Anatomy	 Measurements	 Between	 Paraplegic	 and	 Able-Bodied	
Patients	
The	 Bigliani	 classification	 of	 acromial	 shapes	 for	 both	 study	 groups	 is	 shown	 in	
Figure	 10.	 There	 was	 no	 significant	 relationship	 between	 the	 study	 groups	 and	
acromial	types,	but	there	was	a	trend	towards	increased	Type	3	(hooked)	acromions	
in	paraplegic	patients	(p=0.062).	
	
Mean	 and	 standard	 deviation	 for	 humeral	head	 curvature	 in	 both	 planes	 for	 both	
study	 groups	 are	 shown	 in	 Figure	 11.	 There	 was	 no	 significant	 difference	 in	
curvature	between	the	two	study	groups	based	on	the	coronal	view	measurements	
(p=0.345).	 However,	 curvature	 measurements	 in	 the	 axial	 plane	 showed	 a	 trend	
towards	greater	curvature	or	a	less	flattened	humeral	head	in	able-bodied	patients	
in	the	axial	view	(p=0.063).	
	
Mean	 and	 standard	 deviation	 for	 humeral	 head	 thickness	 in	 both	 planes	 for	 both	
study	 groups	 are	 shown	 in	 Figure	 12.	 Based	 on	 coronal	 plane	measurements,	 the	
humeral	head	thickness	was	significantly	less	in	able-bodied	patients	(p=0.017).	On	
the	 other	 hand,	 thickness	measurements	 in	 the	 axial	 plane	 showed	 no	 significant	
difference	between	the	two	study	groups	(p=0.814).	
	
Mean	 and	 standard	 deviation	 for	 the	 distance	 from	 humeral	 head	 to	 greater	
tuberosity	 for	both	study	groups	are	shown	in	Figure	13.	There	was	no	significant	
difference	between	the	two	study	groups	(p=0.899).		
	
Discussion	
The	current	literature	suggests	that	paraplegic	patients	are	up	to	4	times	more	likely	
to	 suffer	 from	 rotator	 cuff	 lesions	 compared	 to	 able-bodied	 individuals	 (Akbar,	
2011).	 However,	 our	 findings	 were	 not	 consistent	 with	 this	 as	 there	 was	 only	 a	
significant	 relationship	 between	 the	 study	 group	 and	 rotator	 cuff	 tears	 in	 the	
subscapularis	muscle.	Namely,	there	was	an	increase	in	full	thickness	subscapularis	
tears	noted	in	paraplegic	patients,	which	would	support	our	hypothesis	of	increased	
degenerative	changes	in	these	patients.	Meanwhile,	the	lack	of	differences	in	tears	in	
the	other	rotator	cuff	muscles	between	the	two	study	groups	would	contradict	our	
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hypothesis.	 This	 discrepancy	 of	 findings	may	 be	 explained	 by	 some	 limitations	 of	
this	 study,	 including	 not	 assessing	 for	 duration	 of	 wheelchair	 use,	 duration	 of	
paraplegia,	and	level	of	wheelchair	activity.	In	fact,	the	latter	two	have	recently	been	
shown	 to	 be	 risk	 factors	 for	 developing	 rotator	 cuff	 tears	 in	 paraplegic	 patients	
(Pepke,	2018).	Nevertheless,	these	parameters	were	difficult	to	assess	in	this	study	
due	to	inadequate	documentation	in	the	Veterans	Affairs	medical	record.	
	
Given	 that	 there	 was	 only	 a	 difference	 in	 rotator	 cuff	 tears	 in	 the	 subscapularis	
muscle,	further	measurements	were	taken	of	the	rotator	cuff	muscles	to	investigate	
for	 any	 additional	 physiological	 differences.	 Specifically,	 muscle	 areas	 and	 fatty	
infiltration	were	measured	to	assess	for	degenerative	changes.	It	is	well	known	that	
chronic	 rotator	 cuff	 injuries	 can	 lead	 to	 muscle	 loss	 and	 fatty	 infiltration,	 which	
oftentimes	 are	 non-reversible	 even	 after	 repair	 (Thomas,	 2017).	 We	 found	 no	
differences	in	supraspinatus	muscle	atrophy	and	standardized	cross-sectional	areas	
for	 all	 rotator	 cuff	 muscles	 between	 the	 two	 study	 groups,	 which	 refutes	 our	
hypothesis	 that	 paraplegic	 patients	 would	 have	 significant	 degenerative	 changes.	
However,	there	was	a	trend	of	increased	fat	deposition	in	the	supraspinatus	muscle	
and	significantly	increased	fat	deposition	in	the	infraspinatus/teres	minor	muscles	
of	paraplegic	patients,	both	of	which	support	increased	degenerative	changes	in	the	
paraplegic	population.	Together,	 the	muscle	atrophy	and	 fatty	 infiltration	 findings	
ultimately	 refute	 our	 hypothesis,	 but	 these	 findings	 could	 also	 be	 affected	 by	 the	
same	limitations	that	affected	our	rotator	cuff	tear	data.	
	
Lastly,	bony	measurements	were	measured	to	assess	for	any	predisposing	anatomy.	
Type	3	hooked	shaped	acromions	have	possibly	been	shown	to	be	a	risk	factor	for	
full	thickness	rotator	cuff	tears	(Mohamed,	2014).	In	this	study,	there	was	a	trend	of	
increased	type	3	hooked	acromions	in	the	paraplegic	population,	which	could	lend	
support	 to	 our	 hypothesis	 that	 paraplegic	 patients	 do	 have	 predisposing	 bony	
anatomy.	 Next,	 curvature	 and	 thickness	 of	 the	 humeral	 head	 as	 well	 as	 distance	
from	the	humeral	head	to	the	greater	tuberosity	were	all	measured	as	indicators	of	
force	 distribution	 to	 the	 humeral	 head	 over	 time.	 The	 only	 significant	 differences	
were	 that	 able-bodied	patients	had	a	 less	 flat	humeral	head	curvature	 in	 the	axial	
plane	and	able-bodied	patients	had	 less	 thick	humeral	heads	 in	 the	 coronal	plane.	
The	former	finding	supports	our	hypothesis	since	we	expected	able-bodied	patients	
to	 have	 less	 force	 distributed	 on	 their	 shoulders,	 causing	 less	 flattening	 of	 the	
humeral	head.	However,	the	latter	finding	not	only	does	not	support	our	hypothesis,	
but	actually	 suggests	 the	opposite	 that	 able-bodied	patients	have	 thinner	humeral	
heads.	 This	 along	 with	 the	 lack	 of	 significant	 differences	 of	 the	 remaining	
measurements	 would	 all	 ultimately	 suggest	 that	 our	 hypothesis	 that	 paraplegic	
patients	would	have	predisposing	bony	anatomy	was	again	refuted.	
	
Conclusion	
In	 this	 retrospective	 review	 of	 MRI	 data,	 both	 qualitative	 and	 quantitative	
measurements	were	used	to	characterize	pathoanatomy	in	paraplegic	patients.	Our	
hypothesis	 that	 paraplegic	 patients	 would	 have	 degenerative	 changes	 and	
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predisposing	 bony	 anatomy	 was	 ultimately	 refuted.	 The	 study	 did	 have	 several	
limitations	which	 could	 be	 further	 investigated	 to	 elucidate	 the	 few	 contradictory	
findings.	
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Methods



Figure 1. Supraspinatus Muscle Atrophy by Occupation Ratio (OR). All cross sectional areas were taken in the Y
view in T1-weighted images. Areas labeled small A and B denote the supraspinatus muscle and fossa,
respectively.
(Panel A) Supraspinatus OR = 697.8 mm2/1148 mm2 = 0.61.
(Panel B) Supraspinatus OR = 497.9 mm2/1202 mm2 = 0.41.
(Panel C) Supraspinatus OR = 246.3 mm2/1156 mm2= 0.21.

A B C



Figure 2. Cross-Sectional Area & Signal Intensities of Rotator Cuff
Muscles. All measurements were taken in the Y view in T1-
weighted images. Regions of interest were determined by the
contours of the supraspinatus (A), infraspinatus & teres minor (C),
and subscapularis muscles (D). Measurements of the area of the
supraspinatus fossa (B) and the signal intensity of the teres major
muscle (circle left lower corner) are also shown.



Figure 3. Acromial Shape by Bigliani Classification.
Acromions were viewed in T1-weighted sagittal oblique
MRIs. Each number corresponds with its respective
acromial type: 1 – Flat, 2 – Curved, 3 – Hooked, 4 - Convex .
Case courtesy of Dr Roberto Schubert, Radiopaedia.org,
rID: 19104



Figure 4. Humeral Head Curvature & Thickness. (A) The radius of curvature of the humeral head is shown as distance A-C and the humeral head thickness is 
shown as distance B-C in both coronal and axial planes. Figure from Iannotti et al. (1992). (B & C) The MRI slice with greatest humeral head area was identified in 
the respective planes and the radius of curvature of the humeral head was calculated from the area of the best fitting circle of the humeral head. Line segment A 
denotes the anatomical neck of the humerus. Perpendicular to it is line segment B, which measures the humeral head thickness.
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Figure 5. Distance from humeral head to greater tuberosity. (A) This measurement is shown as distance D-E in the coronal 
plane. Figure from Iannotti et al. (1992). (B) The MRI slice with greatest humeral head area was identified in the coronal 
plane. Line segment X was drawn from the intersection of the humeral head and the anatomical neck (Y) to the greater 
tuberosity (X) and then extended superiorly (Z). Then, the perpendicular distance to the humeral head was measured (e.g. 
2.3 mm).
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Results



Figure 6. Comparison of Number of Full/Partial Rotator Cuff Tears Between Able-Bodied and Paraplegic 
Patients.
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Figure 7. Comparison of Supraspinatus Muscle Atrophy by Occupation Ratio Between Paraplegic and Able-
Bodied Patients.
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Figure 8. Comparison of Mean Standardized Cross Sectional Area of Rotator Cuff Muscles Between Paraplegic and 
Able-Bodied Patients.
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Figure 9. Comparison of Mean Standardized Mean Signal Intensity of Rotator Cuff Muscles Between Paraplegic and 
Able-Bodied Patients.
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Figure 10. Comparison of Acromial Shape by Bigliani Classification Between Paraplegic and Able-Bodied 
Patients.

1

20

1
00

14

6

0
0

5

10

15

20

25

Type 1 - Flat Type 2 - Curved Type 3 - Hooked Type 4 - Convex

Nu
m

be
r o

f P
at

ie
nt

s

Acromial Type

Able-Bodied

Paraplegic



0.039
0.0410.040

0.043

0.00

0.01

0.01

0.02

0.02

0.03

0.03

0.04

0.04

0.05

0.05

Coronal Axial

Hu
m

er
al

 H
ea

d 
Cu

rv
at

ur
e 

(1
/m

m
) 

Plane of View

Paraplegic

Able-Bodied

Figure 11. Comparison of Mean Humeral Head Curvature Between Paraplegic and Able-Bodied 
Patients.



Figure 12. Comparison of Mean Humeral Head Thickness Between Paraplegic and Able-Bodied 
Patients.
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Figure 13. Comparison of Mean Distance from Humeral Head to Greater Tuberosity Between Paraplegic 
and Able-Bodied Patients.
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