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The “New Age of Computing”; Al, CNN’s

“Convolutional Neural Network” Modified Dixon Sequences for MRI
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« |earns 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 new*ep learning
architectures such as the transformer : .
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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)

Mean Fat Qantification (%)

Supraspinatus Fat Quantification (no RC tear)

Infraspinatus Fat Quantification (no RC tear)
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With age, there is a slow increase in intramuscular fat of the rotator cuff
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Supraspinatus Tendon Failure;
Progression

vﬁfea: $41.0 mm* .""w,
/ Mean: 9.353% |

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
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11 months later

Xu, J., Liu, B., Qiao, Y., Ye, Z.,Su, W. &
Zhao, J. (2024). Longitudinal Changes in ’ \ .
Overall 3D Supraspinatus Muscle Volume ) =2l
and Intramuscular Fatty Infiltration After
Arthroscopic Rotator Cuff Repair. The
Journal of Bone and Joint

Surgery, 106 (3), 218-226
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Methods

* Olympic Park Imaging (Capital) <+ We then assessed statistical
Started measuring Fat Quant in patterns of both fat quant and

most shoulders sent for volume at the scapular “y”
shoulder MRl by me overa 3 position in relation to clinical
year period and surgical pathology.

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



Results

Intact/Repairable cuff Irreparable
Rotator cuff tears 68 Massive cuff tears (non-op) 11
Osteoarthritis 54 Massive cuff tear 7

(debridement)

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

Cuff fatty infiltration and volume against age

excluding both PT and FT RCT

Nonlin fit A 3 ( D E F G

Table of results SSt% SSt Volume IS % 1S Volume SubSc % SubSc Vol Tm %
Line
Best-fit values

Yintercept 5171 706.0 6.393 764.7 8.900 1898 6.571

Slope 0.05191 -4.067 0.03641 -1.912 0.03440 -10.19 0.03785
85% Cl (profile likelihood)

Yintercept 4.377 to 5.965 638610 773.5 5.564 to 7.222 645.0 to 884.3 7.784 to 10.02 1660 to 2135 5.225t07.918

Slope 0.03685 to 0.06696  -5.346 to -2.788 | 0.02068 to 0.05213 | -4.187 t0 0.3632 | 0.01316 to 0.05564 |-14.69 to-5.691 | 0.01233 to 0.06338
Goodness of Fit

Degrees of Freedom 166 166 166 165 165 166 166

R squared 0.2183 0.1918 0.1118 0.01641 0.05834 0.1074 0.04912

Sum of Squares 489.1 3532259 533.8 10965862 951.7 43744051 1406

Syx 1717 145.9 1.793 257.8 2.402 513.3 2810
Number of points

# of X values 168 168 168 168 168 168 168

#Y values analyzed 168 168 168 167 167 168 168

H
Tm Volume
Y

416.1
-1.811

354.8t0 477.3
2.773 t0 -0.4477

165
0.04336
2894931
132.5

168
167

Supraspinatus fatty infiltration vs age (exc. all RCTs)

Fatty infiltration %

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 (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+2.9 153 +7.7 <0.001"

Teres minor * 8.7+3.1 11.8+7.5 <0.001*
Area (mmz)

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.

So Great for SSP and ISP,

NOT so good for SSC and TM
(and area appears to be almost
As good!)

SSt repaired (n=25) Irreparable p-value
(n=40)
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 (mm?2)
Supraspinatus ? 645+ 136 535+117 0.002"
Infraspinatus P 731+ 238 546+ 218 0.002"
Subscapularis ? 1959 + 624 1675+ 428 0.03"
Teres minor “ 486 + 215 392+ 116 0.10



ROC curve of SSt Area
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So we can differentiate critical values of Fat Quant
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And very recent publications exploding now
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Systematic Review

The Use of Dixon Magnetic Resonance Imaging Methods for the
Quantification of Rotator Cuff Fatty Infiltration: A

Systematic Review
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T 3D Muscle Volume After Nonoperative Treatment of
Symptomatic Rotator Cuff Tears
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Abstract: Fatty infiltration of the rotator cuff muscles is very common following rotator cuff tears and
is one of the most important factors in de(ermmmg treatment. Current linical practie relies on sub-

jective evaluation of fatty infiltration through categorical s on the G
system. The Dixon magnetic resonance imaging (MRI) sequence provides flexibility in selecting echo.
times for water-fat separation. The Dixon method, therefore, has the potential to provide robust and
high-quality fat quantification that allows for more accurate calculation of fat fraction (%Fat) of the

Original Article

Journal Pre-proof rotator cuff musclesthan the Goutaller system. Howey in Bettina Hochreiter, MD, Christoph Germann, MD, Georg C. Feuerriegel, MD, Reto Sutter, MD, Farah Selman, MD,
sequencing and post-p: within the recent application of Dixon sequences to . T Maximilian Gressl, Eugene T. Ek, MBBS, PhD, FRACS, and Karl Wieser, MD
quantify rotator cuff fatty infiltration. In this paper, we conducted a systematic review to synthesize Preo pe rative Shoulder MR] | wseumm
v e hget .23 Investigation performed at the Department of Orthopaedics, Balgrist University Hospital, University of Zurich, Zurich, Switzerland
Qualtaive analsis of te Supraspinatus muscl aty nfilration o MR - Gorrlation the relevant literature utilizing Dixon sequencing for the quantification of rotator cuff fatty infiltration. e igation pr P P lgr y Hospi ity
tativ i i infilati - ’ ST . “Conspondingathor
Sf the Tangent sign with Goutalies grade at the ¥ view and Medial Scapular border i check for The literature search was extracted from 1094 articles, with 12 studies included in the final review. Findin gs to Predict e
large retracted rotator cuff tears updstes Regardless of the varying sequencing pattern and post-processing techniques among studies, the . B e i,
Shaoy X, MPHi, Feek Holiman, MD. Ph, Romal G, Sewar, Ph, Ruth Det Citation: Nasr, A Hareis, s Wang,  findings suggest the Dixon method is reliable for quantitatively calculating the fat fraction of the Subsca pu laris Tendon Tear ey y y ottt tnars: Tha puigons ofthis
M;alxh:mmad‘N reck i onaar;* o Jg‘ahbm:v;amm ol o laney. 1 Khazam, M. Jain, NB; Tzen, Y-T; rotator cuff muscles, even at very low levels of fatty infiltration. In addition, a quantitative difference 153 Gyeongchun o, Gu L1523, i igation was to itatively analyze (SSP) muscle Fl and volume at the initial presentation and
Shulman, MD, Dr. Sanjay Dhupelia, MD, Acrane Y. Li, MD, Sarah Whitehouse, PnD‘ Lin, 5. The Use of Dixon Magnetic i fa fraction was observed between participants with different degrees of tear vs. those without Req uirin g S u rg| C a[ Rep alr ‘“” _— after a 3-month minimum of We that of Fl could be predicted with
Jashint Maharaj, MD, Cameron Brown, PhD, Peter Pivonka, PhD, Ashish Gupta, MD . . o any shoulder . Multi-point Dixon imaging has the potential to be utilized clinically to s ot A2 o e o5t s 5{ initial tear size, Fl, and muscle volume.
Pl $1056-2746(24)00563-9 Quanificaton of Rotator CulfFaty o tively: quantify fatty infiltration and may lead to improved dlinical decision making for patients +20| e Ayt WES eI A | K@ A .
Infiltration: A Systematic Review. . N Of7f MRI A 24 . . Methods: Y- shoulders cufftears envolled, and 2 magnetic imaging
oo hitps:idoi org/10. 1016/ jse.2024.06.030 ) . with rotator cuf tears. 4 = s anOpen s 2 hedpls iy
Muscles 2024, 3, 133152, hitps:// ditrbuted underthe temsofthe (MRI) scans with 6-point Dixon sequences were acquired. The fat fraction within the SSP muscle was measured on 3
Reference: YMSE 6972 doi.org/10.3390/ muscles3020013 S ’””‘"‘”‘ " it |SSP) |SSP, SSP,
& Keywords: Dixon MRI; rotator fatty infiltration; atrophy; Jihoon Jung, MD' @, Young:Hoon Jo, MD? @, Yeo Ju Kim, MD’®, Yo Cammaril o sagittal slices, and the arithmetic mean was calculated (FISS"). Advanced FISS® was defined as 28%, pathological IS was
To appearin ‘Academic Editor: Corrada Angelini Seunghun Lee, MD? ©, Jeonghh Ryu, MD!* [ defined as >13.5%, t?om relevant progression was defined as a >4.5% increase in FISSP. Furthermore, muscle volume, tear
K unvestriced non-commercialuse, location, size, and Goutallier grade were evaluated.
e 18 March epsmartsof ool s e g Hnrg sty s Fi . size,
Reccived: 18 March 2024 UnierstyColegef diine,Gur Forea e, o g ity v 4
Recaived Dato: 21 Fobruary 2024 Reviscd: 15 May 2024 . epatmentof Rdhlogy,Hanyang Unversty Hospial,Hanyang Universty Colee ofMedcine, Results' houlders (72 FISS®, 13(16. ,and 9 (1.
Revised Date: 25 June 2024 Acepted: 16 May 2024 1. Introduction seou feres MRI scan. Eleven shouiders (13.9%) showed a 24.5% increase in FIS at 19,5 + 14,7 months, and 17 shoulders
Published: 19 May 2024 Rotator cuff disease is a highly prevalent musculoskeletal condition with more than orcioios (21 5%) showed a >5mm? loss of volume at 17.8 + 15.3 months. Five tears (7 15%) with initially normal or advanced ASS” tumed
Accepted Date: 27 June 2024 250,000 rotator cuff repairs performed annually in the United States [1-3]. In untreated o g My RO AT 2 pathological. These tears, compared with tears that were not higher initial tear size
@ rotator cuff tears, progressive and irreversible fatty infiltration and atrophy occur over Voo dokim s s orgoiso o 17655 (24.8 compared with 14.3 mm; p = 0.05), less volume (23 5 oomoaved with 34 2mm?; .024), more ASS” (9.6% compared
time [4]. Fatty infiltration is influenced by the size of the tear and the number of involved e ® Mo e s with 5.6%; p = 0.026), and increased of S .5%; p <0.001). A tear size

Please Gite this artcle as: Xu S, Hollman F, Stewart RC, Delaney R, Jomaa MN, Ingoe H, Pareyon R, Copyright: © 2024 by the authors.
Shulman R, Dhupelia S, Li AY, Whitehouse S, Maharaj J, Brown C, Pivonka P, Gupta A, Qualitative
analysis of the Supraspinatus muscle fatty infiration on MR - Correlation of the Tangent sign with

tendons and leads to a loss of muscle strength and function, and a higher degree of fatty of > elevant IS 8% (0dds ratio [OR), 19.0; p < 0.001). Progression rates of 72.7% were
foundfuvbamm:d R$9a>99%(0R 17.5;p < 0.001)and an nital anteroposterior tear size of 217 mm (R, 8.0; p= 0. 003)

Licensee MDPL Basel, Switzerland. n ijtration is associated with poor surgical and non-surgical outcomes [5]. The natural
Thi artice s an open access artcle

Goutallier grade at the Y view and Medial Scapular border in large retracted rotator cufftears, Journal of e il on open o " history of fatty infiltration remains poorly understood; however, animal models show Purpose Th sty simed
‘Shoulder and Elbow Surgery (2024), do: https:/idoi.org/10.10161] jse.2024.06.030. h :‘;‘v;"": ""‘"‘w‘t’ml‘”w:";‘;m”"'"‘( fatty infiltration and muscle atrophy progress steadily during the initial four months after d 0.913. The comelation bem,, ASS” progression and the time between MRI scans was weak positive (p = 0.31).

tbuton (€0 89 Heene (g, (endlon detachment [6]. Additionally, patients with a higher degree of fatty infiltration are Waterlals and ethods -
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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

e Much more work on the nuances of
* “reparability with adjuvant devices” and

* Retears of high level fatty infiltration
repairs
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