J Korean Soc Radiol 2021;82(6):1366-1387
https://doi.org/10.3348/jksr.2021.0124
elSSN 2288-2928

Check for
updates

Review Article

Partial-Thickness Tear

of Supraspinatus and
Infraspinatus Tendon Revisited:
Based on MR Findings
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The interpretation of MRI of partial-thickness rotator cuff tears can be challenging. This review
describes the anatomic considerations for diagnosing partial-thickness tears, especially supra-
spinatus and infraspinatus tendon and summarizes the classification of partial-thickness rota-
tor cuff tears, as well as provides an overview on partial-thickness tears with delamination.
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Diagnostic Performance in Detecting Partial-Thickness Tear on MRI
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Partial-Thickness Rotator Cuff Tear _ O

% £4-5h%de] =7, Y7 retraction), 25 HHaFe] Helol tjgh W=o] 44e] Ao] Qo
23}7] w2l ofo] TislA] AAls] Lohi 1A Brke).

Anatomical Considerations for Diagnosis of Partial-Thickness Tear

The Five Layers of the Rotator Cuff
4471 2 S5H (infraspinatus tendon)9] F2 (insertion) &1 2] 312712 b4 L=
530 & 2AJs| ArgElo] QUkFig. 1) (13). ol2] 2= &%l P& A/ F&F2 W7t of
7 T 25 utol] 2 ohefet Whke] 17 (tensile forces)& HE 4 9l7ﬂ s=oh1). Zﬂl%
1

2 714 9ol

coracohumeral ligament@} 2Hx] 21 th(Fig.
& 3(1.5-2 mm) 22 Sharpey fibersll 2]sf greater tuberosityell F2Hth. ol & Ae]shH, 4
y

HRET} BAo) 5L £53) A9 240 Y2 ARl SR FYol A3
!

A= AL E coracohumeral ligament® /3% k2

m FA)C2 HYPst FJ= HRER o]FA Uk 11]3%% 5} HlakA]

Ho

em TN zAzoR el dE TPgAIRlE mreJr

2A). A|52-2 5k (joint capsule)oll 2Jsl FAH QF
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}.
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Fig. 1. Schematic diagram of SSP and ISP insertion with the histologic
layers of the cuff in the sagittal plane.

Layer 1 is the most superficial layer, composed of fibers from the CHL
which overlie the cuff tendons. Layer 2 is composed of densely packed
fibers that parallel the long axis of the tendon. Layer 3 is a deep tendon
layer composed of smaller fascicles compared to layer Il which are orga-
nized at approximately 45° to the long axis of the tendon. Layer 4 is com-
posed of loose connective tissue and thick collagen bands perpendicu-
lar to tendon fibers and merges with the CHL. Layer 5 represents the
Layer 5 shoulder capsule.

CHL = coracohumeral ligament, ISP = infraspinatus, SSP = supraspinatus
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Fig. 2. Normal rotator cuff layers on MRI.

A. T2-weighted sagittal image shows a thin band (arrow) along the undersurface of supraspinatus and infra-
spinatus tendons, connecting with the coracohumeral ligament (arrowhead).

B. Fat-suppressed T2-weighted coronal image shows the low signal bursal surface (thick arrow) and articu-
lar surface (arrowhead) layers, containing the intermediate signal central layer (thin arrow) of the supraspi-
natus tendon.

Rotator Cable and Crescent

254 ZoA 508 Fa¥ch= XTI PEol A 2HE o] 7
UFE Foh= A543 wol}. o] T2 coracohumeral ligament®] deep extension® &,
transverse band, pericapsular band, =+ rotator cable2 th}siA| A=) of Qlct. Clarkat
Harryman (13)2 o] 32 =747 & &l 222l =72 Af o F222, rotator cable
ol2fal HRYUTH(1S). Rotator cable A7 5 G dolM 5 &9 ooz AUrhs W2
Aozl w2 Hol=d|, ¥ 71 Zhrtolo 9]x|sh7] wliol utat S17o] o & wir} QL

tH16, 17). o1 wielli= /3713 Fokd0] 2] 0. & o]ojx| Qli= w7} coracohumeral ligament

7HA] AAE o] Q1= S 2RISHH rotator cable Y-S 218 4~ QIth(Fig. 3) (14). Rotator cable-2
TAH Aol Z BRRZEE 133 4+ 0.27 cm Xl Bt = 1.24 + 0.31 cmet Hat T
0.19 + 0.05 cm= ®QItH(18). Rotator cableolA] B SHO 2 A% %04 greater tuberosity©ll

Halshe 24473 25 2] YR -85S rotator crescentg}al F-E2CHFig. 4) (19). Rotator
crescent”} E3HE] = SN BojE Atz o2 £83Hdoltk?20). Burkhart 5(20)2 rotator
cable®] <=1l (suspension bridge) 71’52 A ot3i=t, oli= g rotator crescentel] 7}Fsi#]
+ ¥=2(compressive force) 2 Q1725 F74- rotator cable©] ettt Zlolch. thE2o
3177wk o] rotator crescentell HYSEA|TE o] Hdlof = g2 o] 2]E7Hell A rotator
cable® F4F 9 dGE| o] rotator crescent®2ol| -§-20] XPE] 7| wiFol] Y7 F7H ohHo]
WA = YA st o & FQ5kA] g2 ol f&E AYE 4= QITHY, 19, 21). Burkhart 5(20)2
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Fig. 3. Rotator cable on MRI.

A, B. Fat-suppressed T1 arthrogram coronalimage (A) and sagittal image (B) show focal hypointense region
along the undersurface of the supraspinatus tendon (arrows) extending to the coracohumeral ligament (ar-
rowhead), presenting rotator cable.

Fig. 4. Rotator cable and crescent on MRI.

A-C. Fat-suppressed T1 arthrogram coronal image (A), sagittal images (B), and axial images (C) show rotator cable (arrows), extending to cor-
acohumeral ligament (arrowhead) and crescent-shaped, thin area of the distal supraspinatus and infraspinatus tendons, called the rotator
crescent (arrow bars). These fibers insert into the greater tuberosity.

o] rotator cable-crescent =g (complex)Z rotator cableo] Z|Hi2{Q1 oj7l(cable-domi-
nant shoulder) 2 Astal, F2 =dZo] Wkl Asieict 2=t 2 AF-S0] 9J5HH, ro-
tator cablex} rotator crescent®] AT Ql FA9} Lpo|ete] A= B2 A 0= YAl
ATH17, 22, 23). FHH, rotator cable?] /g2 327N ot Q] 2 A= AR E|7| &S24
26). A7]-53 5 G ol Al F7AIX rotator cableo] Xolm, 3]7d7H2] 3™ (articular-sided) £
= wpgol gk 9] 712 H7E7t = e shok(Fig. 5) (24).
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Fig. 5. Partial-thickness articular-sided tear with thick cable on MRI.

A, B. Consecutive fat-suppressed T2-weighted coronal images demonstrate an articular-sided partial-thick-
ness tear (arrow, A) at the supraspinatus tendon with thickened rotator cable (arrowhead, A). Rotator cable
extends to the thickened coracohumeral ligament (arrow, B).

Superior Joint Capsule of the Shoulder
Nimura 5(27)2 greater tuberosityoll F2Fotal, 27271 ofefjol] $fx|oh= o] tsAf

AFeRaL, 152 A B (superior capsule)©] 237} Fafof ARt 7|o1E il
iﬂﬁ}‘ﬁﬂr. R TEuke] B Bel= 3127 ] UiSel Yx|ohes 53 oo Hely ¢
Auto] 714 ghA| RAlsh= H-9|+= greater tuberosity2] 7FY 9% 722 22€ 2F 11 mm H
o, 3/4719] HE 7Pk ZA ol of71Ae] |H|= oF 3.5 mmE S7E . olof Hhef o
Huto] 714 A Baboh= H9)= Sohdat A9 (teres minor tendon) 2] Z4A] F-2jol] Y|
o 2F9 mm FA|Z %@%E}(Fig. 6). Kim 5(28)& Z51} A-tollA] 332712 B3/ ntdo] o]
T PEoll F9 13-17 mm E= FellA EshA] APk, o] Fof= AR wradto] 71 oF
Al F2ohs #2919k dX|Fht B sl o] 2R E AR wautn} 31271 B 8/d mpde
ol Aetar AHAA = Aek. A s Bl A o 2= AR wEta o7l oy /gl *1E
A3E Agho] ekl BFsiA, @ 5o] of) @ Atkek SN 1E & Alof] g Tyt
= 5] AIRSERATH29, 30). 2 ATtol mh=r, 50l = 2l s pad R

wEE2 A5 &) FAR =5 A 4 Aetal EEaE Al QITH3]).

3t greater tuberosity F2-2] sljelA] et o)l o] EgY/d wistete] Aol of
A HEHH 94 bare areacl] tialA] =2]sljoF SIH(15). Bare arear= - (posterior as-

pect) Tdutro] Balr el ez (humerus)e] T4 FH 2 &ofuk(synovial membrane) A0S

)
wH} = ALF 22 g ol o] AT Wy} geluo] 250 2 Qls| 20t} EH A R-E]

_l
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Fig. 6. Footprint of the superior joint capsule of the shoulder on MRI with a schematic diagram.

On the schematic diagram, the footprint of the supraspinatus tendon presents as red color. The blue color represents the footprint of the in-
fraspinatus tendon. The yellow color represents the width and extent of the capsular attachment.

A-C. Consecutive fat-suppressed T2-weighted coronal images show the width and extent (arrow bars) of the capsular attachment sites consis-
tent with (A-C) on the schematic diagram (arrows).

Supraspinatus Infraspinatus

2717F Z7FHR7). tol7h SA] Ak @Euke] B} 7h45)0] bare area”t ol
(Fig. 7). ] te3lo] w2 wisfoi] 03] s]H27le] Barel ot £ wolo] wje} geiAm,
o] BB ulolo] 539 wrsh wj £ 235 @ A7 ElrkFig. ) (15, 27).

Classification of a Partial-Thickness Tear of the Rotator Cuff

Ellman (32)& 3]12719] & 2 ot} A ot = FLaotal, opd 9|2} Zlo]of
A R ol *ﬂ%ﬂﬁ} AT BHE7N] B o2 A3 G dellA A} Bl a4l
=7t dEe] Yrol ot MFoll AR = B 9= AolFhrh(33). o= WAHH =
ol Zof|A EAYsH=A] o 3= LH(1ntrasubstantlal) off A 0 & Qx|5h=A]ef| uwh
%%JE}(Fig. 9) (34). ItFe] 24 FAE 7|Ee2E F7Y 4 =t grade [ 3 mm B|%t
o, grade I1+= 3-6 mm, 712] 1 grade [I1:2 6 mm=E.rt 2 w2 olstal, U¥Fa o 2 5127l 9]

@

H
L

U

e

1372 jksronline.org



ChetHAolts|X] 2021;82(6):1366-1387

EH15“_|-0<=)|AO|-Q|T5‘_I|'E|X|

FA7F10-12 mmeh= 7ol 7| xsto] 275HA Etk(Fig. 9) (32). mekA] grade 112 &3
T2 50% ol/d2 ks et Fo] R IFHK(19). 5E°l EeE 2N &
o] Q= Rt 2 21E9] 50% ]Rte]] A% o2 HEA X gy MAddAlls 2 vhES Tt
Fig. 7. Schematic diagram of the bare area of the footprints in the greater tuberosity in the coronal plane.

A. Thick superior joint capsule (black arrow) without bare area (red arrow).

B. Aging phenomenon: retracted superior joint capsule (black arrow) with exposure of the bare area (red ar-
row).

@

Fig. 8. Bare area of the humeral head and footprint of the rotator cuff on MRI.

A, B. Fat suppressed T2-weighted coronal image (A) and fat suppressed T1-weighted enhanced coronal im-
ages (B) of 32-year-old male show the unexposed bare area (thin arrow in A) with thick footprint (arrow bar
in A) with faint synovial lining enhancement (arrow in B).

C, D. Fat suppressed T2-weighted coronal image (C) and fat suppressed T1-weighted enhanced coronal im-
ages (D) of 58-year-old male show uncovered bare area (arrow in C) with attenuated footprint (arrow bar in
C) with prominent synovial lining enhancement (arrow in D). Note the absence of any torn articular-sided fi-
bers along the supraspinatus tendon of two patients.

32/M

58/M

https://doi.org/10.3348/jksr.2021.0124 1373
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Fig. 9. Schematic diagram of Ellman classification of partial-thickness tear of the rotator cuff.
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Fig. 10. Articular-sided partial-thickness tear at the critical zone on MRI.

A, B. Fat-suppressed T2-weighted coronal (A) and sagittal (B) images of a 44-year-old male demonstrate
high-grade articular-sided partial-thickness tear (arrows) at the mid portion of the supraspinatus tendon
and within 1-2 cm adjacent to the insertion site, called the critical zone. The tear extends through more
than 50% of the cuff thickness, and the bursal-sided fibers remain intact (arrowhead).

&(defect) 2 LHERITHFig, 10). o]u} Hog 5 Eote L1g e ol glom, BAHel &
23 moFe Belth

Bursal-Sided Tear
o] ditof = Held = HH uldo] 29 91912 9]Q1/] 74455} FE(subacromial im-
pingement)o] SatofA] 214291 A-gal E2|2 F= 9 2ol oJs)] mkd o] 5= Al subacro-
] A

mial-subdeltoid bursaS’J =3} #Ho
]

o o FE2iRioh oA EO]% bursal puddle sign
Lo, o]&= AFZ+EsHsubdeltoid) Hodo] ofefjZo 2 *P%P
Tk o] Aol %@5101 SHOIHY Hol= Ag HETHM). o] 212 TF AN

= )

£ Aash=t 5238 ©A)7E Hok(Fig. 12) (45).

m
AN
qm
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Fig. 11. Bursal-sided partial-thickness tear on MRI.

A, B. Fat-suppressed T2-weighted coronal (A) and sagittal (B) images of a 58-year-old male demonstrate a
frayed bursal surface at the anterior to mid portion of the supraspinatus tendon (arrows). The tear extends
through less than 25% of the cuff thickness, compatible with a low-grade bursal-sided partial-thickness
tear, and the articular-sided fibers remain intact (arrowhead).

Fig. 12. Bursal puddle sign on MRI.

A, B. Fat-suppressed T2-weighted coronal (A) and fat-suppressed T1-weighted enhanced coronal (B) imag-
es of a 54-year-old female demonstrate a low-grade bursal-sided partial-thickness tear (arrows). Note the
pooled fluid with enhancement beyond the greater tuberosity (arrowheads), indicating bursal puddle sign.

1376 jksronline.org
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Intrasubstantial Tear
Sl U ot b Zolut
£ otg2 W Solu Yol
da (41)2] AkA|(cadaver) Al
=, 5507t & U i = ‘:”745101, =
_1

=
&
ne
o
=
)
oL M

oot Bskoint. shAIRE A/ dAtollAl= ARA| Aol BarEl ZET gE W otde
H]go] Uil B 1% QIuh(41, 47, 48). Park 5(47)2 WA o2 3ol 3= y ofho] Hl&
o] 4.7%0]l S5t 7102 Husioit). 11 olf= TEA oY Qe A B dE Wl o
9] Xiho] AW o} JHG = oG Hrt o] 07| wiwolth(47, 49). o= @& Wl /7t
2| (delamination) ¥ Z-& UEPUH, dRby o2 221514 A|2353} #|35 Atelol] i3t &
o] g]3)/d ®isprt FH s AE woll= FE W otdo] P& FAE eds] 2 4= Ut
(50). = W oHd-2 2130 Algh FEiQlA|, Fit ot o] jiZol Z}s]ojof SH=7] of4] =gto]
of2)7} AtH14). P& W ofh2 &5] Hald & = WET S opdyt Z SR AE W ok
TE0 2k HPAE]E 9= ST, o mhdo] A7 = AEH R o7 5ol S
ATH47). Z Y/ Aol h2H, d = F712] 50% o)dS A sk §lE W ohdol| sl ¥
B4 BES Al £ A ATHE Beltkal str47, 51). A |5 F/dolA FE W 1t
e FE Yol ANSZ =T TAK 07 fxJoh= 202 WHE 4 JlTHFig. 13) (49). & A
2715 dolM FE W orES AFche A2 BE7A 2 E® “bubble sign™S 43F5h= o
Tgo] HoH5l). HEAAH 02 = W utdS 2dst] /I3 “bubble sign™2 Lo 5(52)°] #I9*
St o= AE W ot o] QA== Yol ATke] Ald4E FYWE ul IHI/NL ESS)
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Partial-Thickness Tear at the Footprint

19340l Codman (54)-2 greater tuberosity2] F2ol|A && H/7F Hojx| = FeiE A
3=t o]& "Rim-rent" tearc|2kal FIT}. Rim-rent tear+= greater tuberosityol] F2Foh= &3
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Fig. 13. Intrasubstantial tear on MRI.

A, B. Fat-suppressed T2-weighted coronal (A) and sagittal (B) images of a 58-year-old female show focal lin-
ear intrasubstantial fissure (long arrows) within the supraspinatus tendon, extending less than 50% of the
cuff thickness, representing low-grade intrasubstantial tear. Both articular and bursal surfaces (short ar-
rows) of the tendon remain intact and have no continuity with the tear.

Fig. 14. Intrasubstantial tear and intramuscular cyst on MRI.

A, B. Fat-suppressed T2-weighted coronal (A) and sagittal (B) images of a 55-year-old male show a high-
grade intrasubstantial tear (arrow) within the supraspinatus tendon. Note the intramuscular cyst (arrow-
head), which potentially has a high association with the presence of rotator cuff pathology and delamina-
tion.
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Fig. 15. Schematic diagram of various types of partial-thickness tear of the rotator cuff footprint.

Type

PASTA (Rim-rent tear) Reverse PASTA Concealed interstitial delamination

PASTA = partial articular-sided supraspinatus tendon avulsion

Fig. 16. PASTAon MRI.

A, B. Fat-suppressed T2-weighted coronal (A) and sagittal (B) images of a 55-year-old male show PASTA le-
sion (arrows) at the footprint. The synovial cyst (arrowheads) located at the greater tuberosity is considered
significantly associated with the rotator cuff tear in the footprint.

PASTA = partial articular-sided supraspinatus tendon avulsion
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Fig. 17. Concealed interstitial delamination on MRI.

A, B. Fat-suppressed T2-weighted coronal (A) and sagittal (B) images of a 54-year-old male show a focal hy-
perintense signal (arrows) at the supraspinatus footprint adjacent to the superior facet of the greater tuber-
osity. The tear along the tendon does not communicate with the intraarticular surface or bursal side, con-
tacting with the greater tuberosity only, verifying an intrasubstantial tear of the footprint.
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Fig. 18. Reverse PASTA on MRI.

A, B. Fat-suppressed T2-weighted coronal (A) and sagittal (B) images of a 53-year-old female demonstrate
bursal-sided tear (arrows) at the footprint of the supraspinatus tendon, suggesting reverse PASTA. Associat-
ed localization of subacromial-subdeltoid fluid (arrowhead), so-called the bursal puddle sign, is considered
a characteristic finding of bursal-sided rotator cuff tear.

PASTA = partial articular-sided supraspinatus tendon avulsion

Fig. 19. Schematic diagram of types of delaminated partial-thickness tear of the rotator cuff.

A. Articular-delaminated partial-thickness tear with intrasubstantial cleavage plane (arrow).

B. Articular-delaminated partial-thickness tear with retraction and thickening of the torn edge (short arrow).
Intrasubstantial cleavage gradually becomes invisible (long arrow).

C. Bursal-delaminated partial-thickness tear with intrasubstantial cleavage plane (arrow).

D. Bursal-delaminated partial-thickness tear with retraction and thickening of the torn edge (short arrow).
Intrasubstantial cleavage gradually becomes invisible (long arrow).

Articular-delaminated
partial-thickness tear
Bursal-delaminated

partial-thickness tear
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Fig. 20. Delaminated partial-thickness tear on MRI.

A. Fat-suppressed T2-weighted coronal image of a 52-year-old female shows an intratendinous horizontal
cleavage (arrowhead) with articular-sided partial-thickness tear (arrow), representing articular-delaminated
partial-thickness tear.

B. Fat-suppressed T2-weighted coronal image of a 57-year-old male shows an intratendinous horizontal
cleavage (arrowhead) with bursal-sided partial-thickness tear (arrow), representing bursal-delaminated
partial-thickness tear.
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Fig. 21. Delaminated partial-thickness tear with retraction on MRI.

A. Fat-suppressed T2-weighted coronal image of a 52-year-old female shows articular-sided partial-thick-
ness tear (arrowhead) with absence of intrasubstantial cleavage but retracted rotator cable (arrow), possi-
bly indicating retracted articular-delaminated partial-thickness tear.

B. Fat-suppressed T2-weighted coronal image of a 53-year-old female demonstrates retracted torn edge (ar-
row) along with bursal-sided partial-thickness tear (arrowhead) with absence of intrasubstantial cleavage,
possibly indicating retracted bursal-delaminated partial-thickness tear.
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