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The “New Age of Computing”; AI, CNN’s

“Convolutional  Neural Network” Modified Dixon Sequences for MRI
• learns features by itself via filter (or kernel) 

optimization. Type of deep learning network

• Followed on from RNN (Recurrent Neural Network)

• Convolution-based networks are the de-facto standard in deep learning-
based approaches to computer vision and image processing, and have only 
recently have been replaced -- in some cases -- by newer deep learning 
architectures such as the transformer

Chat GPT is a type of transformer

https://en.wikipedia.org/wiki/Feature_engineering
https://en.wikipedia.org/wiki/Filter_(signal_processing)
https://en.wikipedia.org/wiki/Deep_learning
https://en.wikipedia.org/wiki/Deep_learning
https://en.wikipedia.org/wiki/Computer_vision
https://en.wikipedia.org/wiki/Transformer_(deep_learning_architecture)


With age , there is a slow increase in intramuscular fat of the rotator cuff



Supraspinatus Tendon Failure; 
Progression

10 months later

This has been confirmed in print by
Eugene Ek and the Balgrist group;
Hochreiter B, Germann C, Feuerriegel GC, 
Sutter R, Selman F, Gressl M, Ek ET, Wieser K. 
Natural History of Quantitative Fatty Infiltration
and 3D Muscle Volume After Nonoperative Treatment
of Symptomatic Rotator Cuff Tears: A Prospective 
MRI Study of 79 Patients. J Bone Joint Surg Am
2024 Apr 17;106(8):690-699



11 months later

Case Study
A 66yo male with RC repair 6 years 
ago presents for assessment of the 
rotator cuff

Xu, J. , Liu, B. , Qiao, Y. , Ye, Z. , Su, W. & 
Zhao, J. (2024). Longitudinal Changes in 
Overall 3D Supraspinatus Muscle Volume 
and Intramuscular Fatty Infiltration After 
Arthroscopic Rotator Cuff Repair. The 
Journal of Bone and Joint 
Surgery, 106 (3), 218-226



Methods

• Olympic Park Imaging (Capital) 
Started measuring Fat Quant in 
most shoulders sent for 
shoulder MRI by me over a 3 
year period

• We did a chart review of all 
patient details and operative 
details where appropriate

• We then assessed statistical 
patterns of both fat quant and 
volume at the scapular “y” 
position in relation to clinical 
and surgical pathology.



Cuff fatty infiltration and volume against age 
excluding both PT and FT RCT
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Infraspinatus fatty infiltration vs age (exc. all RCTs)
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Subscapularis fatty infiltration vs age (exc. all RCTs)
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Results
Intact/Repairable cuff Irreparable

Rotator cuff tears 68 Massive cuff tears (non-op) 11

Osteoarthritis 54 Massive cuff tear 
(debridement)

7

Instability 42 Cuff tear arthropathy 12

Adhesive capsulitis 25 Failed repairs 5

Impingement 22 Recurrent tears 3

Cuff tendinopathy 8 Cuff failure post aTSA 1

Biceps tendinopathy 8

AC joint pathology 6

Others 16

Total 249 40



Results

Intact/Repairable (n = 242) Irreparable (n = 40) p-value

Fatty Fraction %

Supraspinatus 


9.1  4.1 19.5  8.9 <0.001
*

Infraspinatus 


8.7  2.4 18.8  13.3 <0.001
*

Subscapularis 


11.1  2.9 15.3  7.7 <0.001
*

Teres minor 


8.7  3.1 11.8  7.5 <0.001
*

Area (mm
2
)

Supraspinatus 


457  170 228  103 <0.001
*

Infraspinatus 


641  252 372  216 <0.001
*

Subscapularis 


1330  548 965  423 <0.001
*

Teres minor 


334  148 289  129 0.16

Age 


53.9  16.6 67.5  10.4 <0.001
*

 Mann-Whitney U (No age /sex adjustment)



Results

• Adjusted for Age/Sex
• Fatty infiltration and muscle area 
measurements, adjusted for age and 
sex of the Irreparable group and those 
supraspinatus tears which underwent 
a successful repair.

SSt repaired (n=25) Irreparable 
(n=40)

p-value

Fatty Fraction %

Supraspinatus  8.6  4.8 16.2  8.8 <0.001*

Infraspinatus  7.6  3.2 16.5  13.4 0.003*

Subscapularis  10.5  3.5 13.5  7.6 0.1

Teres minor  5.8  2.1 9.1  7.5 0.03*

Area (mm2)

Supraspinatus  645  136 535  117 0.002*

Infraspinatus  731  238 546  218 0.002*

Subscapularis  1959  624 1675  428 0.03*

Teres minor  486  215 392  116 0.10

So Great for SSP and ISP, 
NOT so good for SSC and TM 
(and area appears to be almost 
As good!)



Results
PT/Repairable 

(n=67)
Irreparable 

(n=40)
p-value

Fatty Fraction %
Supraspinatus  11.4  4.9 19.5  8.9 <0.001*

Infraspinatus  9.8  3.1 18.8  13.3 <0.001*

Subscapularis  11.7  2.8 15.3  7.7 0.004*

Teres minor  8.7  2.8 11.8  7.5 0.004*

Area (mm2)
Supraspinatus  360  142 228  103 <0.001*

Infraspinatus  580  230 372  216 <0.001*

Subscapularis 1219  563 965  423 0.02*

Teres minor  338  179 289  129 0.34
Age  62.7  9.51 67.5  10.4 0.009*

 Mann-Whitney U
 Two-tailed T-test

SSt repaired (n=25) Irreparable 
(n=40)

p-value

Fatty Fraction %
Supraspinatus  11.7  4.9 19.5  8.9 <0.001*

Infraspinatus  9.7  3.3 18.8  13.3 <0.001*

Subscapularis  12.2  3.64 15.3  7.7 0.08
Teres minor  8.3  2.0 11.8  7.5 0.007*

Area (mm2)
Supraspinatus  373  147 228  103 <0.001*

Infraspinatus  582  244 372  216 <0.001*

Subscapularis  1339  650 965  423 0.007*

Teres minor  398  234 289  129 0.08
Age  61.2  8.6 67.5  10.4 0.006*

So we can differentiate critical values of Fat Quant
For the likely irreparable and the likely reparable 
cuff tear

0 20 40 60 80 100

0

20

40

60

80

100

ROC curve of SSt Area

100% - Specificity%

S
e
n

s
it

iv
it

y
%

0 20 40 60 80 100

0

20

40

60

80

100

ROC curve of SSt Fatty fraction

100% - Specificity%

S
e
n

s
it

iv
it

y
%



And very recent publications exploding now



Conclusion

Newer techniques of assessing both 
muscle volume AND percentage of 
fatty infiltration in rotator cuff 
muscles 
  DO
Show us a predictability of reparable 
vs irreparable cuff tears of SSP and 
ISP
• Much more work on the nuances of 

• “reparability with adjuvant devices” and 
• Retears of high level fatty infiltration 

repairs

• Björkenheim JM. Structure and function of the rabbit’s supraspinatus 
muscle after resection of its tendon. Acta Orthop Scand. 1989;60:461–
463

• Goutallier D, Bernageau J, Patte D. Assessment of the trophicity of the muscles of 
the ruptured rotator cuff by CT scan. In: Post M, Morrey B, Hawkins R, editors. 
Surgery of the Shoulder. St. Louis, MO: Mosby; 1990. pp. 11–13

• Fuchs B, Weishaupt D, Zanetti M, Hodler J, Gerber C. Fatty degeneration of the 
muscles of the rotator cuff: assessment by computed tomography versus magnetic 
resonance imaging. J Shoulder Elbow Surg. 1999;8:599–605

• Goutallier D, Postel JM, Radier C, Bernageau J, Zilber S. Long-term functional and 
structural outcome in patients with intact repairs 1 year after open transosseous 
rotator cuff repair. J Shoulder Elbow Surg. 2009;18:521–52

• strong correlation between the Constant at latest follow-up and preoperative fatty infiltration

• Beeler S, Ek ET, Gerber C. A comparative analysis of fatty infiltration and muscle atrophy in 
patients with chronic rotator cuff tears and suprascapular neuropathy. J Shoulder Elbow 
Surg. 2013 Nov;22(11):1537-46

• Lee E, Choi JA, Oh JH, Ahn S, Hong SH, Chai JW, Kang HS. Fatty degeneration of 
the rotator cuff muscles on pre- and postoperative CT arthrography (CTA): is the 
Goutallier grading system reliable? Skeletal Radiol. 2013;42:1259–1267

• Nozaki T, Tasaki A, Horiuchi S, Osakabe C, Ohde S, Saida Y, Yoshioka H. Quantification of 
fatty degeneration within the supraspinatus muscle by using a 2-point Dixon method 
on 3-T MRI. AJR Am J Roentgenol. 2015;205:116–122

• Jo CH, Shin JS. Changes in appearance of fatty infiltration and muscle atrophy of rotator cuff muscles on 
magnetic resonance imaging after rotator cuff repair: establishing new time-zero traits. Arthroscopy. 
2013;29:449–458
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