ABATF e 3007h9] SHol M FEAE-S st glom] AWES SHol At egsAl e, 313
e AWES PRSI FAET W oS SHole A4 FATG HAS SHol Bad
P o Aol AFse AT WALFUSN I AehEe] Agstol A AT & U=
= fAsH JTe Fad

Z|X 2 (Rotator cuff)

3] 2L suprtaspinatus, infraspinatus, teres minor, subscapularis® T o] ¢l o w Abebar B B
of|Xl= subscapularisg A 93k Zt7to] ZHE0] L HA] G A2 FE FEE FHoh d5e] 2HgR}
+ 58 e HEE 282 gt 32 &4 A s ol & fleto] B2 AlF 7 x2E vhetst
+ o] 938} supraspinatus ¥ infraspinatus®] b= B2 B9 = 559 FXZ o]FojA o
(Fig. 1).

Fig. 1. Five-layer structure of the cuff sectioned
transversely at various sites in the supraspinatus
(SP) and infragpinatus (1S) tendons, coracohumerd
ligament (chl), and capsule of the shoulder.

Al 1% coracohumeral ligament®] superficial layer= 4

Al 2% cuff tendon®] main portion© 2 muscle bellyollA] bz BAR2 nl2 Jd45= 53] 54
Z parallel tendon fiber®] groupE-9] large bindleZ -4

A 3% thick tendinous structureo| X gt A|2Zo]| H]s] 2 fascicle2 A= o] 2o M less uniform
orientationg H eIt}

A 4% 37429 primary fiber orientation ©] ¥}kl 2]zt o 7 F8351= collagen fiber?] thick band2}
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loose connective tissueZ T-4. coracohumeral ligament2] deep extension®] 2.2 ¥ transverse
band, pericapsular band, rotator cable 522 oJ71#] ¢° 1 tendinous insertiongFel| ZH-8-51=
T R4S oES sk Falv] ol o] 5] velo] Sl wAE TS UEhiA
B ol T2 AR AT 5 gls ot}

Al 5% true capsular layer® ZA7ketellA] FbZ7hA] continuous cylinders G437}, o] 59 layer=
7l randomly oriented¥]o] )T},

3| A tendon?] fiber orientatione x| o] wjeg} T2t} musculotendinous junctionF-$] ol A=
parallel homogenous collagen fiber2 o]5F0]12] ] 0L} AFelato]| BzkRo) 77X HA 455 ZF =2 A
2 1x}5}= flat ribbonlike bundle] el S F 3t} o] )3k v}kl fiber orientation ¥} distinct layer2 21
3 3T ell= 243et shear forceZt EA8HH o]= 3] X el AF- 7| s AR AZhdErt. 3 3]
A22] intrasubstance tears 3] A< 739 intratendinous variations©. 2 AWE £ 1S Zlo|H
intratendinous tear7} WA =)= A|43=0l] shear force7} F2 ZH-831= Ao = o] AXIc)

g el B e TR ok Yed) vjs) 47e) AR Furuc Ao, olda 247
A o] 3t S AHEE H]&-(muscle strength-to tendon area) @] S7H= SAHA 2] £4fo] Aol Takslh=
olf-& AW & A& Flofr}. mgh Azt o] R skl 3 stiff s},

Colachis 7] ©1g ol mew s Fako] sldee] 4su, sldeel omeE Sam,
howell 57 F44229} 47}0] A LE ol FAsH slofgehn stk AR 2 @ee ol
1/3-2/3 &7%o] EA& A-f-olle= 5%, A &3] B4-5 17%2] A4S HolAuh &4 Sl 85
(retraction) ¥] & W= 1/3, 2/3, 22|l A &) 4% 242} 19%, 36%, 58%7t s 232 7HA %k
0.1 o]= side-to-side repair2 -5 35 QIch(Fig. 2). & 8 A2] small tears 8 of] 2 92 v]H]
) SRt 22247} E] Z(retraction) 0] BHUFE]| QS A S0l = A3l 28] 7 B AFAL gkl =P,

100 -
ES
c
2 754
=
o
<
S 50
(4]
3
° 25 A
w
0 g
Intact Incision Defect Retraction PartRepair FullRepair  |ncision Incision
+5mm +10 mm

Fig. 2. Effects with involvement of the entire width of the supraspinatus tendon. Two additional conditions
were tested in these experiments: Incision + 5 mm: Additional detachment of the total width of the
supraspinatus tendon and 5 mm of the infraspinatus tendon at their insertions, and Incision + 10 mm:
Additional detachment of the total width of the supraspinatus tendon and 10 mm of the infraspinatus
tendon at their insertions.
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Force couple
3|42 coronal plane} transverse planeol|A] force coupleS Sato] A7 TS QHASIAIFITE 2.
1. coronal plane force couple
k= 2] Ao deltoid®} supraspinatus7} 2H8-51H, A7) 9] A Holl whel resultant joint reaction force

+ glenoid W&o 2 2-g-ghe}. o] 2igh k= 2] ZAgtetel thet ¢F# (compression)-Z “FA|7F & A H S =l
WA HA ol 714t (Fig. 3).

Déltoid +'SSP

Fig. 3. Force couple (coronal plane)

2. transverse plane force couple

A5 AHL ol AA A transverse plane] compressive resultant joint reaction force= #29] ot
dell 7]odgitt. o= cuff tearol] W FbETo gt Aol Adsh= F 7] o]l™ subscapularise}
infraspinatus Ato]eflA] force couple®] & o] F-A|¥= g BHL A| HA 5 FAT = JThFig. 4).

Subscapularis

JRF

iraspinatus Fig. 4. Force couple (transverse plane)

Static restraint

Dynamic stabilizer o] ]o]| cuff tearol] w2 Feh=-F2] 49t 29 9] o] A3 9&-S gt
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1. coracoacromial arch

Coracoid, coracoacromial ligament, acromions 0 2 FAIEH 3| HAZ3} AAIFF o] 9% ol &2 HA

gt
2. long head of biceps

o|FTAAL AATFE 2 AupEA ZolHA BLE FuE 3} E3] scapular planedA A7}

oL ot &

abduction and external rotation A| A4 ¢Hof| F2 7|3} ¥ (Fig. 5).

Fig. 5. The biceps pulley is a stabilizer of the long
head of bicepsin the biceps groove.

Etiology of cuff tears

1. extrinsic*®

- Subacromial impingement: acromial spurtd coracoacromial ligamentel] ©]3F 3]7-42] bursal side 2]

gt
- Internal impingement: 3 =381 914 2 9]3] A Abel of| A A elo} A= Alo]of 3] A 9] articular side
o) 714
2. intrinsic®

- 582 AAle) WA R W 2%
Strain

Tension overloadi= AT £4-% & F & 71O & o]d tig &2 A7} = o] g}, 23719
bursal sidet= articular sideol] H|3]A] A3 AI4(modulus elasticity)7}F 2FA|9F ultimate stress@} straing =

o

o}, w2hA] articular side®} bursal sideol] F L3 H38}7F 2H-4-3HCHH articular sideZ} 42 47 & Ao
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t}. AAE Bey 5"0] MRIZ o]&3} intratendinous strain ZA o4 A@H ] Zt=7} 713 el wheha
intratendinous strain field7} Z7}8FA9F articular 9} bursal side ZHoll= & 2}0]7} Q= Ao 7 AT}
Z 60% A7FA] FAHA 9] straind 5718} bursal & articular side2] z}ol&= GITH  (Fig. 6).

o

Fig. 6. Representative specimen demonstrating a map of maximum principal strain throughout the intact
supraspinatus tendon at four glenohumeral joint positions.

T3} Wakabayashi 5162] 937o]] u}2H tensile stress & compressive stressi= articular sideZ} bursal
sideRr} &0 1 compressive stresst A3 x| of| w}2 2 H3l= ¢l oL} tensile stresse= YA =71 A
F o) w2} stress concentration©] distal2 o] % HoH (Fig. 7).

stress.

Fig. 8. Compressive stress at abduction angles of 0° (A), 30° (B), and 60° (C). The darker the color, the
greater the stress.
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wlbA] o]gl3t A 75‘3}%-3— A e] £2}o] articular cular sidedl] B E£3F o]-f-2 A3t 5 9L Ho]
™, 284 4 A ellA] S7d71e] &4 53] articular side]] /40| O A ST £ Jlovg I8 5
Al 9 e Bk lHXV‘ElMl A sk Zo] 32 B el 4 S Aol

Deltoid
= &4 HAY 715 0] A ENS A o] frdsH AREE AXtsE 98-S s H
22 3 AZ &4 ol M= Ao Aol 24E T "ot whebd AR 9] 91X} 2| whet Akzke 7}
£ 7381E olalishs Aol 2nlE A 2 250 =88 FA €}

Deltoid force At

Azt ZHgshe 38 BEAS FEdo] AldE Ao =] F3d AeldA =R uel =7
I=Ci b Rl

FHAEL A3 A ’%}EH oAl £0 2 25Kg FAIE EaL Y& uf) Aztol ZHgahs e

a. 4eke olg & F7|= RYE (Moments puling humerus down):

25 Kgx (%3 9.81 m/s?) X "J'7e]°] (0.7 Tm)=(25x9.81) x 0.71 = 174 Nm

= FA1(5.07 Kg) x f(F8 9.8 Im/s") x A2 o] (0.34 m) = 16.91 Nm

wEbA] 174 + 16,91 = 190.91 Nm

b. Azt 2F-8-3h= BHE (Moments puling humerus up):
Deltoid (d) x sin10° x 0.088 = 0.01528 d Nm

Assume equilibrium: moments up = moments down

19091 =0.01528 d
w2} A, Deltoid tension d = 1249411 N

Deltoid (d)

Rotator
Cuff

0.0B8m

Weight Arm

25kg 5.07kg 0.34m

0.71m

Fig. 9. Free body diagram for calculating deltoid force with the arm fully extended
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a. 4ehe olg2 F7|= BHE (Moments puling humerus down):

25Kg x f(F¥ 9.81 m/s*) x FZo] (0.28 m)=(25 x 9.81) x 0.28 = 40.32 Nm
B FA(5.07 Kg) x f(Z3 9.8 1m/s") x 2¢gZo] (0.17 m) = 8.46 Nm

w2hA], 40,32 + 8.46 = 48.78 Nm

b. Azt 2ol 2H-8-3h= RHE (Moments puling humerus up):
Deltoid (d) x sin10° x 0,088 = 0.01528 d Nm

Assume equilibrium: moments up = moments down
48.78 = 0.01528 d

w2} A, Deltoid tension d = 319241 N

Celtoid (<)

Rotator

R Cuff

0.088Bm

Weight Afiti

25kg 5.07kg 0.17m

0.28m

Fig. 10. Free body diagram for calculating deltoid force with the arm bended
2 E

392 e orlt e AR tesin A2 BeH e gdel sl Aos Az,
whebA] 320 e s 75} 2 A elet el ofsl s A8 el B4 Holet,
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