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• Biomechanical Function
as a Predictor of
Anatomic Structure

Form follows function. The human
body is a prime example of this tenet
of nature. When function is impaired,
there is a derangement in form, or
anatomy. Therefore, restoration of
function requires solving the puzzle
of how to restore the anatomy. The
surgeon is presented with a struc-
tural disruption that can be repaired
in one of several ways. The difficulty
is in choosing the repair pattern
(form) that will restore function, re-
alizing that function is derived only
from the proper application of the
physical principles of biomechanics.

Recognizing the direct relation-
ship between normal anatomy and
normal biomechanics is the key to
understanding how to properly re-
pair disrupted tissue, whether by ar-
throscopic or open techniques. In
the shoulder, as elsewhere in the
body, biomechanical function is a
consequence of the basic physiolog-
ic anatomic structure as well as of
the interaction of tendons, muscles,
and ligaments.

Balance of Force Couples
The intuitive solution to the

problem of a torn rotator cuff is to
“cover the hole.” This can be done
by techniques that disregard biome-
chanics (eg, subscapularis tendon
transfer, freeze-dried allograft) to re-
pair large rotator cuff defects. Unfor-
tunately, the history of rotator cuff
repair is filled with biomechanically
unsound procedures.

The muscles of the rotator cuff
and the extrinsic shoulder muscles
are positioned to create moments
about the shoulder that will produce
specific rotational motion. Further-
more, the shoulder can maintain a
stable fulcrum of motion only when
it maintains balanced force couples
(ie, balanced moments) in both the
coronal and transverse planes3-5 (Fig-
ure 1). When these force couples are
disrupted by a massive rotator cuff

Figure 1

A, Coronal plane force couple. The inferior portion of the rotator cuff (below the
center of rotation [O]) creates a moment that must balance the deltoid moment.
B, Axillary view of transverse plane force couple. The subscapularis anteriorly is
balanced against the infraspinatus and teres minor posteriorly. a = moment arm of
the inferior portion of the rotator cuff, A = moment arm of the deltoid, C = resultant
of rotator cuff forces, D = deltoid force, ΣM0 = the sum of the moments about the
center of rotation (O), I = infraspinatus, r = moment arm of the subscapularis,
R = moment arm of the infraspinatus and teres minor, S = subscapularis

Figure 2

A, The transverse plane force couple (left) and the coronal plane force couple (right)
are disrupted by a massive rotator cuff tear involving the posterior rotator cuff,
infraspinatus, and teres minor. B, An alternative pattern of disruption of the
transverse plane force couple. The transverse plane force couple is disrupted by a
massive tear involving the anterior rotator cuff (ie, subscapularis). D = deltoid, I =
infraspinatus, O = center of rotation, S = subscapularis, TM = teres minor
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patients with documented rotator cuff tears with those
in 84 asymptomatic age-matched control subjects.

MATERIALS AND METHODS

Shoulder radiographs of 40 subjects with surgically
proven rotator cuff tears between 1 and 6 cm in length were
compared with similar shoulder radiographs of 84 asymp-
tomatic age-matched controls. Individuals for the control
group were solicited through a local advertisement request-
ing persons between the ages of 40 and 85 years to
participate as paid volunteers in a research project for the
Division of Orthopaedics. The Institutional Review Board
approved the project before implementation. Study inclu-
sion requirements stipulated that all control group subjects
be asymptomatic in both shoulders with no history of an
injury to either shoulder requiring physical therapy, a shoul-

der injection, or surgery. Screening included a detailed
questionnaire regarding medical history, handedness,
shoulder injury, shoulder pain, and functional limitations.
Pregnancy and unwillingness to have radiographs taken
were exclusions. Three similar radiographs of each shoul-
der were taken: a dedicated acromioclavicular joint view,
an anterior-posterior view of the glenohumeral joint with
30° of humeral external rotation, and a supraspinatus outlet
view.

The entry criteria for the control group were met by 84
subjects, 32 men and 52 women, aged 40 to 83 years
(mean age, 58 years). Two fellowship-trained bone radiol-
ogists interpreted the 504 radiographs. A standardized
shoulder radiographic form listed 23 areas to be examined
among the 3 radiographic views of each shoulder. These
areas included 12 for the acromion and acromioclavicular
joint, 5 for the clavicle, and 6 for the greater tuberosity of

Figure 1 A, Dedicated acromioclavicular (A-C) joint view radiograph. The 12 areas marked were assessed for
abnormalities. B, Anteroposterior shoulder radiograph with 30° of humeral external rotation. The 6 areas labeled
were assessed for abnormalities. C, Supraspinatus outlet view radiograph. The 5 radiographic criteria indicated
were analyzed for differences between the rotator cuff tear and control groups.
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NEURAL NETWORK MACHINE LEARNING 
WORKFLOW

Define the training data

Define the neural network model

Configure the learning process

Iterate on training data

Outcome output



• Data extraction: Draw images randomly from partial- and full- tear 

image dataset of 125 patients

• Image augment: Each acromion image was rotated and flipped 

vertically to generate total 4 images of each patient.



• 80% of images were used for AI training to establish pattern 

recognition model

• 20% of labeled image were used to validate the accuracy of AI 

computer vision model in differential diagnosis

500 images

Training Testing

80% 20%



• Among 20% of labeled images, if AI diagnosis matched the 

arthroscopy diagnosis, the AI diagnosis was marked as correct, 

otherwise it was marked as incorrect. 

• The accuracy was defined as correct  diagnosis cases /total cases. 







Fellows
Cronbach's 
Alpha of AS 
grading 

PM 0.798 
HP 0.779 
NP 0.779 
TN 0.816 

Mean 0.793 

Attendings 
Cronbach's 
Alpha of AS 
grading 

SL 0.461 
CA 0.44 
AM 0.378 
JM 0.411 

Mean 0.4225



Fellows 
Cronbach's 
Alpha of AS 
grading 

First Reading 0.850 
Second 
Reading 0.866 

Third Readings 0.861 
Mean 0.859 

Attendings 
Cronbach's 
Alpha of AS 
grading 

First Reading 0.803 
Second 
Reading 0.835 

Third Readings 0.818 
Mean 0.819 







Fellows Cronbach's Alpha 
of GT grading 

PM 0.798 
HP 0.760 
NP 0.804 
TN 0.829 
Mean 0.798 

Attendings 
Cronbach's 
Alpha of GT 
grading 

SL 0. 375 
CA 0.374 
AM 0.423 
JM 0.366 
Mean 0.388 



Fellows 
Cronbach's 
Alpha of GT 
grading 

First Reading 0.892 
Second Reading 0.861 
Third Readings 0.883 
Mean 0.879 

Attendings 
Cronbach's 
Alpha of GT 
grading 

First Reading 0.868 
Second Reading 0.805 
Third Readings 0.866 
Mean 0.846 





FELLOW GROUP 



ATTENDINGS



FELLOWS
ATTENDINGS





•

•









•

•



•

•

•

•



•

1.

2.

•



•

•

•

•



•

•

•

•

•

•

•



•

•

•

•

•



•

•

•

•

•



•

•

•


