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Pathophysiology of Rotator Cuff
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Rotator cuff tendon2| degeneration
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SOFT TISSUE AROUND THE GLENOGUMERAL JOINT
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The Glenoid Labrum

* Q5% dense fibrous tissueZ F+A 5 o] Q3 articular cartilaged] 7}7to] T4 2
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The capsule

« Biceps¢] long head$} rotator cuff tendon} g 3}e] A J3}4 =4 F83¥ 4TS HT
Lax3}3 labrumo A€ scapular neck$] 73_%‘-‘?—'\, AF9kE-29] anatomical neék, proximal shaft7}
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The Subarcomial Bursa

« Rotator cuff tendon $J¢] ¥4 9121 subdeltoid bursag} 92
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fibrofatty tissue2 T4 5 o] t}U43t & 7}A) 3L supraspintus®] peritennond} £ojA) FEo] o]
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+ Subacromial bursitis -
- Rotator cuff9] complete tearA] glenohumeral joint$} acromial bursark 9ZA 3 bursitis7}
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The Rotator Cuff Tendon

+ Subcapularis & supraspinatus?] tendon¢] G&= A A long head of biceps?] & 3
4} sheath& 8 A?
« Cuff tendong lateral Z oA gehs] E0]9) A9 medial -2 E-8)5 o] &
» Tendon proper$} attachment zone2. & T4
- Tendon proper-Type I & III collagen
- Attachment zone-Type II collageno] tjj 33
» Attachment zone®] ¥-3#(#4)
1. Nonmineralized fibrocartilage (Tendon propers} £+ —‘?—-r])
2, Blue line
3. Mineralized fibrocartilage zone: 77} Tt}
4. Bone .
« Aging processol] W& pathologic changet= F-& o] F-$jofjA] 24

The Coracocaromial Ligament

1. 3% - Acromion®} anteromedial'@oj ¥-&
2. AX - Acromion®] undersurfaceol] ¥2t
» Coracoacromial arch .
- The importance of contact and load transfer between the rotator cuff and the
coracoacromial arch in the function of normal shoulders
- No gap between the superior cuff and the coracoacromial arch
- Shoulder7} & & o] ¢ humeral heade cuffé} bursa®} 74 AHA g=3t arch °}EH§-
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2o glide
+ Acromion®] spur formation”

- Anteromedial comerol|A4] endochondral ossification- F3] 243

Fig. 5.

PATHOPHYSIOLOGY OF DEGENERATIVE CHANGES

+ DMoJY} RA, heavy manual workerd] A 2 7z 44y
» Rotator cuff tendon®] degeneration
» Intrinsic-Tendon &} 9] ZA)
» Extrinsic-Tendon 2] %8} 7+23 o]4
-- Intrinsic causes
- “Critical zone” concept
- Tendon vascularity
- Wear-and-tear effect
- Aging
-- Extrinsic cause
- Impingement process
P Intrinsic & extrinsic cause?} S]] 2H8-3}o] E| 8] wisiy} @A
- Supraspinatus tendon9) teari= Th2 tendon$] lesiong &4t
- 99} 22 degeneration& middle agel} ¢l oA 7}
- oJ& Yol A= o7& Y2 Bol ARSI S EA A 2R

Critical Zone and Tendon Vascularity

Codmaneg] |+
P “ Critical portion”
- FA& F 2 f238}= supraspinatus tendon tear$} calcifying tendonitist= o] 3-$] o A] 228
- -tendon ¥&F-o|A % inch S5 93|
Moseley$} Goldie®] I+
» Codman$] critical portion®] blood supply
_-Muscular & osseus endolA] f# == vascular networko| A tendonol supplyd
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anastomosis == Al

Rothman} Parke2] 9+%
P Critical zone& markedly “undervascularized”
P Poor blood supply 3}l $1%&= R o] critical zone?] lesiono] A= FL.8 Y

Rathbun & Macnab$] |+
P Critical zone®] hypoxiad] tJ§t G+
P “ Wringing out effect”
- Shoulder®] positiond] W} vasculaty?} A3}

Macnab®] 8+
» Hypoxia B E]e] ¥HE0 2 critical zone?] degenerative change ¥A43l1 & tearth
fragmentation & 23}

A& 4] microangiographic {7

P Articular side¥= bursal side .t} vascularity”} 331 tensile strength”} ¢F3f] 21 sldoe] Z 248}
L oE A ds 1Y ’

» Humeral head®] articular cartilage$} supraspinatus insertion AFo]¢]] $] X%} sulcus®] widening
o] Yol7} E58 AF HAHEH )= incomplete tear7t 920U 5 ot

Wear—and-Tear Effect and Aging

Meyer' s concept
» Wear-and-Tear effect
- “hour to hour, day to day, month to month, year to year and decade to decade”
- Shoulder motion®] Y9 B o= vHE AR8-© 2 soft tissue degenerationo] &4l
« o] 713 shoulder7} 71¢ ®eo] AME-3hR= @A 0|22 YA W77t 7bs
- Soft tissue 2] ¥ 3} .
* Capsule: §FOFA|IL T3 E&o] LAY
+ Subacromial bursa: Smooth lining®] 2451 grehs) T},
+ Cuff tendon: Fascicleo] ZgtA| 1L gFelA|HA BB == A3 1go] B4
« o]2|¥ Wsk-AgingolA] dold

Wilson3} Duff®] tendon agingol) g 7+
» 1}o]9)) w}&} blood vessel = F7}
P Attachment zone$] fibrocartilage
- Tidemark7} 2] 58 A] Y oA L fibrillated
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Brewer?] autopsyE % & aging process I
» o]7} Eo0j7t W} cuff tendon] fibrillationd} integrity] Av4lo] A}
P Attachment zone2] ¥ 3-$] oA Type III collagen®] &7}

- Mechanical property®] - 2]9]

Yamanaka & Fukuda®] aging process Q"
P 404 o]l A incomplete tear?} 7.9%, completer tear7} 14.5%
o A X Critical zoned] 93]

Elderly humerusd|A] tear& A) 9] % supraspinatus tendon®] histologic finding
1. Tendon proper fascicle2] thinning®} fibrillation2 ¢138F endotendon®] Bradening
2, Nonmineralized fibrocartilage®] calcific deposit®] &3} blue line?] irregular thickening
3. Fibrocartilage®] microtears
4. Fibrovascular tissue®]] 2] &} blue lined] &4
» 98 F7}d) u}g} tendon insertion ¥-$] ¢} critical zone GA £45A A}

The Process of Impingement

P Definition of Condition
+ Subacromial spact®l| A4} supraspinatus tendon$] smooth gliding & W3 3= ¥4 €
» o]3 g AL tendon AA| Y} coracoacromial archol| Al &A8
P Impingement?
1. Mechanical compression
2. Supraspinatus tendon
3. Subacromial bursa .
4, Long head of the biceps tendon
- under the coracoacromial arch
» Impingement occurs against®
- The ant. Edge of the acromion process-
- Coracoacromial ligament, and at times the acromioclavicular joint
P Decrease in space due to
- Thickening of ligaments
- Thickening of muscle tendons
- Inflammation
P Athletes at risk
- Swimming, Rowing, Weight lifting, Tennis, basketball, baseball
P Sudden increase in
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- Frequency, intensity or duration of training regimen
P Atrophy of muscles
- Painful abduction between 6~-120 degrees
- Painful straight arm shoulder flexion
P Classification
1. Intrinsic
2. Extrinsic
- Impingement syndrome
+ Rotator cuffe] 95%-impingement& A)2}

Neer?] g372

» Three progressive stages:-
- Stage I: Edema and hemorrhahe of the bursae and tendons
- Stage II: Thickening and fibrosis of the bursae and tendons
- Stage III: Tendon failure and bony changes

Bigliani%-¢] 971)
- Hooked (type III) acromionS tear $x}F2] 70%0)A o]xH3 2.2 impingement syndrome

Ll
- Impingement syndrome®] § 8 42 A7} 5= acromion spuri™ impingement2] 9343 <1
LB AFH2 A Yepgd?

P 9]3 8 ¢l 0 2% coracoacromial ligament$] thickening or stiffeningdl] 2|34 = 7}s
- 23] CA ligament?] thickening©] stiffening3} #4] §le] fatty change®} microtear 243"
- AC joint osteophyte X impingement& 924 4 QA ¢+ &g HU 2 internal rotation 84
U A d)abduction-internal rotation ] ol 4] 248 v
» U3 8¢10 2%+ tendinopathy7} impingement2] 4 -

Coracoid impingement

- Coracoid process&] o]/g>%%

- Subscapularis tendon tear9] 91"
Cadicification

P Dystrophic calcification”®
- EEAY & -39 e JF
» A doBlE 239 A{7T e S3FAY AL 2 A Yep 8H 2 leveld] F71
o} #-o] A
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P Calcification©] greater tuberosity %ol 322 &
- Rotator cuff injury$] poor prognosis 4]

P Calcifying tendonitis®} 7-'8-& 8.3 v
- Calcifying tendonitis : nondegenerative disorder, E—-rEI ‘1‘14 healing ¥
- - Dystrophic calcification: A]to] YT F5H 2] =t}

Repair

Cuff tendond] A} degenerative change’} 1-& o
1. Cuff tendon®] degeneration®] reversible 4]
2. Cuff tendon®] repair®t 53 o] J=4]
3. Tendon repairZ} 88 ¢ F9 o @¥-zHo| J=A& A7
P Repair activity2] 57
- Healing tendon®] 4] collagen type 1119 %XH“’
- Cuff tearA] tendon¥} bursal wall®] perivascular area]] type III &2
- HealingA] collagen type 111 57}
+ Scar7} mature g o e} type 102 th %]

AgEA9E v 45 & A

1. Rotator cuff tendon®} degenerative change: H& ¢ fli HEY 4 e FAAATW BE
cuff tendinopathy7} degenerative change2] g¢1¢] x| ¢S

2. Degenerative tendinopathys €% 7ol wiel X8t of3td 4= YA, calc1f1c tendonitis
= AA. A57) S A7) 943812 2 degenerative cuff tendinopathy 2 75 oj4 = gkdt},

3. 34 impingement”} tendinopathyol] }%F A1) coracoacromial arch Z}A} 2] #4212 npe}a}
o EF 83l ERE YE e 93t

4. &34 tendon& AHA| A3 0] 3o o] & FFol FiL X5 YTt}

BIOMECHANICAL RATIONALE OF ROTATOR CUFF REPAIR"**

- RTC tears that are biomechanically intact
» FUNCTION CUFF TEAR

- Intact force couples

- Stable fulcrum kinematic pattern

- Intact suspension bridge

- Tear within minimal surface area

- Edge stability
P INTACT FORCE COUPLES

- Coronal force couple

— 10 —
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- Transverse force couple
» Force couples
- Transverse plane force couple
- Coronal plane force couple
» Balanced force couple
- Equal distance
- Unequal distance
P Kinematic Pstterns
- Type & Stable fulcrum Kinematics
- Type II-Unstable fulcrum kinematics
* Posterior Cuff Tear Pattern
- Type III: Captured Fulcrum Kinematcs
- Type IV: Unstable Fulcrum Kinematics
+ Subscapularis tear pattern
» STABLE FULCRUM KINEMATIC PATTERN
+ Stable motion
- Typel
- Type III
+ Unstable motion
-Type II
- Type IV
» Type I-Stable Fulcrum Kinematics
- Tears of the superior rotatdr cuff and part the post. cuff
+ Supraspinatus and‘pan of the infraspinatus
- Preservation of essential force couples in the coronal and transverse planes such that the
patients had normal motion and near normal strength
P Type II-Unstable Fulcrum Kinematics
- Posterior cuf tear pattern
» All of the superior and posterior rotator cuff
+ Active motion consisted of little more than a shoulder shrun:
+ Exhibited uncoupling of the essential force couples in the corenal and transverse
planes, with the inability to create a stable fulcrum for glenohumeral motion
» Subscapularis Tear Pattern
- Type III: Captured Fulcrum Kinematcs
- Type IV: Unstable Fulcrum Kinematics
» Type III-Captured Fulcrum Kinematcs
- Acromiohumeral fulcrum kinematcs

- Two groups

— 11—
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+ Shout awning
* Long awning
» Long awning
- Impingement on the ant acromion
- Elevation & full forward elevation
* Limited
P Type IV: Unstable Fulcrum Kinematics
- Subscapularis tear pattern
- Reverse type 11
- All of the sup. cuff (supraspinatus) and all of the ant cuff (subscapularis)
- Post cuff is intact
- Shoulder elevation-poor
» Fluroscopic finding
- Subluxation in the coronal and transverse planes, with an inability to create a fulcrum for
glenohumeral motion
- External rotators
+ Intact and strong
- Lift of test (+)
- Loss of transverse plane force couple
» Suspension bridge model

Fig. 6.

» MINIMAL SURFACE AREA
- Structural Engineering term
+ That applies to tension structure .
- Tents
- Fabric-covered airplane wings
- Saddle-shaped roof designs
+ Smallest area
P Frame for this minimal surface area
- The rotator cable
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- The arching bony attachment of supraspinatus and infraspinatus onto the greater tuberosity
» EDGE STABILITY
- Subacromial edge instability
- Articular edge instability
» CLINICAL IMPLICATIONS
- FCT tears with little retraction and a redundant edge can be tacked down by a simple repair
- Unrepaired tears 5 criteria
- Good results with ASD & debridement
- Massive irrepairable tears partial repair to balance the forces
P Partial repair of massive irreparable post cuff
P Partial repair of a massive anterior cuff rears
» SUMMARY
- RTC reapir
+ When safely possible
- Partial repair
*+ Gives complete function
- ASD and debridement
+ In functional RCT
- Preservation of the coracoacromial arch
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