Added Value of Ultrasonography
in Diagnosis of Rotator Cuff Injury

Dhesis
Sidmitted for Partial Fullillment of

gl)resentec[ 6}3

Rehab Abdelbaqy Ibrahim Mohammed
(M.B.B.CH)

Supervised By
Prof. Dr. Mohsen Gomaa Hasan

Professor of Radio diagnosis
Faculty of Medicine - Ain Shams University

Dr. Tarek Wahby Hemeda

Lecturer of Radio diagnosis
Faculty of Medicine - Ain Shams University

Oraculty of Medicine - Ain Shams (Iniversity

2019






)

Acknowledgments

First and foremost, I feel always indebted to
Allale the Most Beneficent and Merciful.

I wish to express my deepest thanks, gratitude
and appreciation to Preof. De. Mohsen Gomaa
JOasan, Professor of Radio diagnosis, Faculty of

Medicine, Ain Shams University, for his
meticulous supervision, kind guidance, valuable

instructions and generous help.

Special thanks are due to Dr. Farele MWahby
JOemeda, Lecturer of Radio diagnosis, Faculty of

Medicine, Ain Shams University, for his sincere

efforts, fruitful encouragement.

I would like to express my hearty thanks to all

my family for their support till this work was
completed.

(Rehab Abdelbaqy “lorahim Mohammed

\_




Tist of Contents

Title Page No.
List of Abbreviations........ccceeeeeeieeiiiieieeeeeeeeeeeeeeeceeeeeeeeeeeeeeeeeeeeee e 5
List of Tables....ccoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 7
List of Figures .....cccooeeeeeieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 9
INtroduction .........ccoiiiviiiiiiiiiiiieee e -1-
Aim of the WorK ......ccoovviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeee e 22
Review of Literature
* Anatomy of the Shoulder Joint ............cccoooviiiiiiiiiiiiiiiin, 23
» Pathology of Rotator Cuff Tears ........cccccevvvvvvvvvieiiiiiiiiieeeeee, 65
» Technique of MRI and Ultrasound of Shoulder .................... 98
» High Resolution Ultrasound and MRI Assessment of
Painful Shoulder Joint .........cccoeeeeiiiiiiiiiiiiieiieeeeeeeeeeeeeeeee, 118
Patients and Methods..........cceeeeiiiiiiiiiiiiiiiiiceeeeeeee e, 150
ReSULES ..coiieee e 154
Case Presentation........ccccceeeeiiiiiiiiiciiiiiiiieec e 173
DISCUSSION ..o 187
SUIMIMATY ....eeeeeeeeeiiiiceee e e e e e eeeeteeeeeeeeeeeeearaa e eeeeeeereesaanaaaeeaaeas 193
CONCIUSION ...vviiiiiiieieeeeiiieeeee e e e e e e e e eabereeeeeeeeesennes 195
REfEIeNCEeS ....uuvviiiiiiiiiieeeeeee e 196

Arabic Summary



Tist of Abbreviations

Abb. Full term

AC ..o, Acromion

ACd ..., Acromioclavicular joint
AHD.......ccvvvveeeiaann. Acromiohumeral distance
AHI .......oouvvvevvinninnnnns Acromio-humeral interval
AP ..., Antero-posterior
HAD.............cc...... Calcium hydroxyapatite deposition
CHL ............ccccvvvunn... Coraco-humeral ligament
CL .ooeviiieieiiiieenn, Clavicle
COureeeeeeeeeeeeee, Coracoid process
Del...........ccceeeeeeeennn. Deltoid muscle
Foiiiiiiiien, Fluid
Figeoiaaaaiiiiiiinnnn. Figure
GT.....covvveeee Greater Tuberosity
HH....coooovvvvnnnn Humeral Head
IGHL......................... Inferior gleno-humeral ligament
InfraS .............ouu..... Infraspinatus muscle
INTR................ Internal rotation
LHB............ccccovvuu.... Long head of biceps

LS ... Longitudinal section

Lt o, Left

LT ... Lesser tuberosity
Max....ccooeeeeeeeeeeaannn. Maximum

Min ...ccoeeeeeeeeeeaeannn. Minimum

MGHL....................... Middle gleno-humeral ligament



Tist of Abbreviations con..

Abb. Full term
MRI.............ccccvuuu..... Magnetic Resonance Imaging
PA...cooovveiiiiiinn Postero-anterior
RC...eeeeeeeeenn, Rotator Cuff

RT ..o, Right

SGHL...........uuuuunnn. Superior gleno-humeral ligament
SAIS ..., Subacromial Impingement Syndrome
SSET .., Supraspinatus muscle

SubS ..., Subscapularis muscle
TMeeeeeieeeeeiieeeieiiiinnnn, Teres minor muscle

TS .o, Transverse section
US..oooiiieieenn, Ultrasound

USA ..., United states of America



Tist of Dables

Table No. Title Page No.
Table (1): Origins, Insertions, Actions, and Nerve
Supplies of the Rotator Cuff Muscles. .................. 44
Table (2): Ligamentous lesions according to Rockwood
classification adapted for MRI ............................ 137
Table (3): Age and gender of the studied patients.............. 154
Table (4): Side affected with expected cause....................... 155
Table (5): Relation to other diseases .........cccccccceeeeeeeeeennnnnn, 156

Table (6):

Table (7):

Table (8):

Table (9):

Table (10):

Table (11):

Table (12):

Table (13):

Table (14):

Table (15):

Comparison between MRI & US regarding
supraspinatous muscle tear.............ccccceeeurrnnnnnnnns 157

Comparison between MRI and US regarding
other rotator cuff muscles...........ccccceeveiinennnnnnn. 158

Comparison between MRI and US regarding

Acd diSease.....cccoeeeeeeiiiiiiieeeeeeeeeeeeeeeeeeeee, 159
Comparison between MRI and US regarding
bursal abnormality ........cccccceeeeiiiiiiiiiiiinnnnns 160
Relation between results of rotator cuff
muscle tendinopathy by US and MR .................. 161
Relation between results of partial thickness
(bursal) by USand MR.........cccovvvieeeeiiiiee. 162
Relation between results of partial thickness
(articular) by USand MR............cccoeeeiiiirrniinnnnn. 163
Relation between results of partial thickness
(interstitial) by US and MR............c..ccoeerrrnnnn. 164
Relation between results of full thickness
(incomplete) by US and MR .........cccccovvvvvinnnnnnnns 165

Relation between results of full thickness
(complete) by US and MR...........cccoeeeeeiirrnviinnnnnnn. 166



Table No.

Tist of Dables con..

Title Page No.

Table (16):

Table (17):

Table (18):

Table (19):

Table (20):

Relation between results of other rotator
cuff muscles by US and MR..........ccccceeevvrrrrnnnnnnn.

Relation between results of ACJ disease by
US and MR.......cooiieees

Relation between results of bursal by US

Diagnostic accuracy of US in detection of
MRI 1esults cooooeeiieiiiiiiieeeceeeeeeeeceee



Tist of Origures

Fig. No. Title Page No

Figure (1): Different Acromion shapes...........cccceeeeeeeeennn. 25
Figure (2): Shoulder anatomy, anterior view.................... 26
Figure (3): Shoulder anatomy, posterior view .................. 26
Figure (4): Normal labral variants.........ccccccvviiiieiiinnnnnn. 29
Figure (5): Sublabral foramen ...........ccoeccviiiiiiiiiiiiniee, 30
Figure (6): Sublabral recess.......ccccccevvviiiiiiiiiiiiiiiiiiieeeeeee, 31
Figure (7): Buford complex ............uuueuiiiiiiiiiiiiiiiiiiiiiiiianas 32

Figure (8):
Figure (9):

Figure (10):
Figure (11):
Figure (12):
Figure (13):
Figure (14):
Figure (15):
Figure (16):
Figure (17):
Figure (18):
Figure (19):

Figure (20):
Figure (21):

Figure (22):

Sagittal-oblique MR image of the shoulder.... 35
Sagittal T2-weighted MR image with fat
saturation demonstrates prominent
anterior band of the IGHL seen attaching
high at the level of the superior labrum (A)... 36

Coracohumeral ligament and rotator
INTETVAL...oiviiiiiiiiiiiiii 37
Subcoracoid bursa and superior
subscapularis recess ......cccccvvevviiiiiiiieeeeeeeeee, 39

(a-b); (a) Demonstrative sagittal view of
the shoulder joint. (b) T1 sagittal oblique

view of the shoulder..................cooooeel. 41
Shoulder anatomy, lateral view ...................... 43
Graphic image of a lateral view of the

rotator cuff muscle..........ccccccvvviiiiiiiiiiiiiina, 44
Quadrilateral Space.........cccceevvvvevviiieiiiieeeeee, 45
Normal sonographic anatomy of shoulder joint.... 46
Sonographic anatomy of biceps tendon........... 47
Sonographic anatomy of subscapularis

muscle tendon ... 48
Sonographic anatomy of supraspinatus

muscle tendon ............ccveviiiiiiiiiii 49
Subacromial subdeltoid bursa......................... 49
Normal sonographic anatomy of

infraspinatou muscle ............cccccooeeieiieiiininnn, 50

Sonographic anatomy of gelnoid labrum ........ 51



Fig. No.

Tist of Jrigures cont..

Title Page No.

Figure (23):
Figure (24):
Figure (25):
Figure (26):
Figure (27):
Figure (28):
Figure (29):
Figure (30):
Figure (31):
Figure (32):
Figure (33):
Figure (34):

Figure (35):

Figure (36):
Figure (37):

Figure (38):

Figure (39):

Figure (40):
Figure (41):
Figure (42):

Subacromial-subdeltoid bursa, longitudinal

Biceps tendon, transverse view.......................
Rotator interval, transverse view
Subscapularis tendon, longitudinal view........
Subscapularis tendon and coracoid process,

longitudinal view
Subacromial-subdeltoid bursa, longitudinal

Infraspinatus tendon, longitudinal view
Supraspinatus tendon, transverse view
Acromioclavicular joint, longitudinal view.....
(a-b): Axial MR anatomy superior images
(a-b) Coronal oblique conventional MRI
anatomy
(a-c): Sagittal conventional MRI anatomy
(mid-sagittal, lateral and medial images)
Coronal graphic shows a  partial
undersurface tear of the articular surface
of the supraspinatus tendon involving the
critical zone
Coronal graphic shows a bursal surface

partial tear with reactive bursal changes.......
Coronal graphic shows an interstitial

delaminating partial tear............cccccceuvvrrnnnnnnn
Coronal graphic shows a full thickness tear

through the mid substance of the

supraspinatus tendon...............coeeeviiiiiiienen..
Focal full-thickness supraspinatus tendon

Thinning of the rotator cuff.............................
Tendon tears



Tist of Jrigures cont..

Fig. No. Title Page No
Figure (43): (a-c). Tendon tears........cccccevvvveceeeeeeeeeeeiinnennn. 75
Figure (44): Medial tendon retraction.............ccccccuvvvvvrrnnnnnnnn 77
Figure (45): Factors affecting the medial extent of a
tendon tear........ooeeeiiiiiiiiiiiieeee e 77
Figure (46): Sagittal extent of rotator cuff tears ................ 78
Figure (47): Involvement of the rotator interval ................ 80
Figure (48): Disruption of the transverse force couple........ 82

Figure (49):

Figure (50):
Figure (51):

Figure (52):

Figure (53):
Figure (54):
Figure (55):
Figure (56):
Figure (57):
Figure (58):
Figure (59):
Figure (60):
Figure (61):
Figure (62):
Figure (63):

(40) Drawing illustrates use of the sagittal
plane (dashed line) relative to the coracoid
base and acromial spine for estimating
volume loss in the supraspinatus muscle.
(41) Sagittal fat-saturated T2-weighted MR

image. (42) Abnormal occupation ratio........... 84
Tangent SIGN .......cccevvvviiiiiieiiiiiiiiiiiceeee e 85
Muscle fatty degeneration and volume loss

in a rotator cuff muscle...........ccccovviiiiiiiinnnnni, 87

Supraspinatus tendon, longitudinal view.
The tendon demonstrates a heterogeneous
echogenicity without any focal area

representative of a tear .............cccceeeeeeeeiennnn, 89
Subscapularis tendon, longitudinal view ........... 90
Supraspinatus tendon, longitudinal view....... 90
Supraspinatus tendon, longitudinal view .......... 91
Subscapularis tendon, longitudinal view ........... 91
Greater tuberosity, transverse view ............... 92
Supraspinatus tendon, transverse view ......... 92
Supraspinatus tendon, longitudinal view....... 93
Supraspinatus tendon, longitudinal view ......... 93
Subscapularis tendon, longitudinal view........ 94
Supraspinatus tendon, longitudinal view....... 94

Long head of biceps (LHB) tendon (short
AXIS) cuuuvverreeeeeeeeeaaair e eeee e e e e e rreeeeeeeeeeaanas 101



Fig. No.

Tist of Jrigures cont..

Title Page No.

Figure (64):

Figure (65):

Figure (66):

Figure (67):
Figure (68):

Figure (69):

Figure (70):
Figure (71):
Figure (72):
Figure (73):

Figure (74):
Figure (75):

Long head of biceps (LHB) tendon (long
AXIS) cuuvvrvrrreeeeeereannairrrtreeeeeeeeeaaarrrraeaeeeeeeaannns 102
a-Subscapularis tendon (long axis). B-
Subscapularis tendon (long axis). US image
shows hyperechoic and fibrillarsubscapularis
tendon (arrows).........ceeeeeeeeiiiiiiiiicee e 103
a): Subscapularis tendon (long axis).
b): US image shows hyperechoic and
fibrillar subscapularis tendon (arrows). ....... 104
Supraspinatus tendon (short axis)................ 104
a) Acromio-clavicular joint. (b). US image
shows acromio-clavicular joint (arrow) with
characteristic hyperechoic bony contours of
the distal clavicle (C) and acromion (A)........ 106
(a) Dynamic assessment for subacromial
impingement. (a)T ransducer placement
over superolateral aspect of shoulder in
neutral position. (b) after abduction of the

shoulder........ooooiiiiiiiiiiiie, 107
Dynamic assessment for subacromial
IMPINGEMENT ...evvvviiiiiiiiiiiiiiiiiiiiiaae 107

(a) Dynamic assessment for teres minor
muscle. (b) After adduction of the shoulder

with the hand over the other shoulder ......... 110
Teres minor muscle ..........cccccevvveeeveerenenennnnn. 110
MR planes showing how to plane an

adequate shoulder MR..............cooovviiiinnnn.n. 112
Imaging planes of MRI shoulder................... 114

Coronal fat-suppressed T2-weighted MR
image shows distention of subacromial
subdeltoid bursa without rotator cuff tear
(QFTOW) oot 119



Fig. No.

Tist of Jrigures cont..

Title Page No.

Figure (76):

Figure (77):
Figure (78):

Figure (79):

Figure (80):

Figure (81):
Figure (82):
Figure (83):
Figure (84):
Figure (85):
Figure (86):

Figure (87):

Figure (88):
Figure (89):

Figure (90):

Figure (91):

Sagittal oblique T2WI, type I flat acromion
(A), type II concave under surface (B) and
type III concave under surface with

anterior hook (C).......cccccevvviiiiiiiiiiiiiieeieeeennns 120
Coronal sonography view of left shoulder
with subacromial impingement .................... 121
Coronal sonography view of left shoulder
with shoulder impingement syndrome.......... 121
Long-axis ultrasound image of

supraspinatus tendon (SST) in shows
subacromial-subdeltoid bursal thickening

(ATTOWS) e 122
Axial T1-weighted image showing the os

acromiale........ccceeeeeiiiiiiiiiiiiiieee, 123
Acromion, transverse view ...........cccceeeeeeeennen. 123
Full-thickness supraspinatus tear................ 124
Partial-thickness subscapularis tear............ 125
Coronal oblique fat-sat PD WI....................... 126
US SCANS...uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieaaeaaees 126
49-year-old man with shoulder pain and

adhesive capsulitis.......cccccevvviiiiiiiiiiiiieeeeee, 128

Adhesive capsulitis of right shoulder in 49
year old male (a) Transverse color Doppler
sonography scan. (b) Transverse sonography

1672 o DSOS PPPP 129
MRI of shoulder osteoarthritis...................... 130
Band like hypointense zones on coronal
oblique T1-weighted images................cccc...... 131
MRI in shoulder of rheumatoid arthritis
Patients ......cceeeeiiiii e 132

Ultrasound image of the left shoulder in
transverse scan showed humeral head
CIOSIONL «ueneentiee et e et e te e easee e easenesesenaens 132



Fig. No.

Tist of Jrigures cont..

Title Page No.

Figure (92):

Figure (93):

Figure (94):

Figure (95):
Figure (96):

Figure (97):
Figure (98):

Figure (99):

Figure (100):

Figure (101):
Figure (102):
Figure (103):
Figure (104):
Figure (105):

Figure (106):
Figure (107):

Figure (108):
Figure (109):

Coronal oblique T1WI through the left
shoulder reveals a large tophaceous erosion
of the greater tuberosity (red arrow) in this
patient with gout ...........ccccoo, 134
Ultrasound of the right shoulder
demonstrating double contour sign (arrow) . 134
Grade III, moderate acromioclavicular joint
arthritis (ACJ) (encircled) abnormalities
demonstrating subacromial fat effacement,
joint space narrowing, and irregularity........ 136
Acromioclavicular joint, longitudinal view... 136
Coronal PD WI shows complete disruption
of acromioclavicular ligaments ..................... 138
Acromioclavicular joint, longitudinal view... 139
Early MRI changes in distal clavicular
OSEEOLYSIS ..vvvvviiiiiiiiiiiiiiiiiiiieeeeaaeaees 140
Posttraumatic osteolysis of the clavicle........ 141
High signal in the LHBT and thickened
tendon on a sagittal oblique image (blue

arrow), tendinopathy .........ccccccvvvviiiiinnnnnnnn. 142
LHBT, transverse VieW.......ccccccceeeevvvneevvnnnnnnn. 142
An oblique sagittal image................cc........... 144
LHBT, transverse VieW.......ccccccceeeevvvneevvnnnnnn. 144
Septic arthritis of the right shoulder-............ 145
Posterior longitudinal scan of shoulder

JOINE ittt 146
MR images of the left shoulder Axial T2WI

with fat suppression .........cccccvviiiieeninnnnnnn, 147
Hill-Sachs 1esion ..............ueeeeieiiiiiiiiiiiiiiiininnn. 147
Subscapular fossa, longitudinal view ........... 149

Gender distribution among the studied
PALIENTS. tovvieiiiiiiee e 154



Fig. No.

Tist of Jrigures cont..

Title Page No.

Figure (110):
Figure (111):
Figure (112):
Figure (113):
Figure (114):
Figure (115):
Figure (116):
Figure (117):
Figure (118):
Figure (119):
Figure (120):
Figure (121):
Figure (122):

Figure (123):
Figure (124):

Shows Percent of Supraspinatous ms tear
between MRI & US........ccccccvviiiiiiiiiiieeeen. 157
Shows Percent of other rotator cuff muscles
injury between MRI & US.....................oooo. 158
Shows Percent of ACJ disease between
MRI & US. ..ot 159
Shows percent of bursal abnormality
between MRI & US........cccccvvviiiiiiiiiiiiieenn. 160
Relation between results of rotator cuff
muscle tendinopathy by US and MR ............ 161
Relation between results of partial
thickness (bursal) by US and MR ................. 162
Relation between results of partial
thickness (articular) by US and MR ............. 163
Relation between results of partial
thickness (interstitial) by US and MR.......... 164
Relation between results of full thickness
(incomplete) by US and MR .......................... 165
Relation between results of full thickness
(complete) by US and MR............cccceeeeeeen. 166
Relation between results of other rotator
cuff muscles by US and MR........................... 167
Relation between results of ACJ disease by
USand MR......coooiiiiiiieeeee, 168
Relation between results of bursal disease
by US and MR........cccooooiieas 169
Relation between total results of US and MR. 170
a) coronal PD SPIR shows mild joint
effusion with fluid signal in the
subacromial bursa. b) coronal T2 weighted
image shows linear fluid signal at the
articular surface of the supraspinatus
tendon. ¢) coronal T2 weighted image
shows advanced osteoarthritic changes of
the acromio-clavicular  joint with
impingement over  the underlying
supraspinatous tendon ...............cceeeeeeeeeennnnn. 174



