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37N (rotator cuff) 7% F F AAks E50IU Follvt = & A2 s Y 4

< 2ol JH o] A& ulf o] Fof x| 1L w2 F/30] glole /34 S = (routinely) ©]

Folz]7]| = SHH(1-3). N & T 24 Q1 &4 (failure)2 H| A S5kal 2 A A

UM i T FF2 IRt or B1E ()] S gRlsta}f sk Aol Ut

ol Bjo|chs). B 2710 I W4t FAolLE ol F e} A/5HAIL ekon] ofo] tishol

= SHlHof 2% 0 2 t}Fo] Bz} gich MRI YA & & sllshd 12 HAgS Ak

oz Bole 4 QT 44 T S 58 AV 0T Holg 4 ok, SAT P 4

&= $ Folre & 7ol vloto] Mek &= (diagnostic accuracy)”F thd Eojzl

(5). 7L o]f+= EJX7H 3| E(repair)oll AFE-El= &7 Y71 (suture anchor) 50| G4 2H

& L] 517] wlgolch ke 2ol } Q1R 27 2E So| A NS ol st A

I QUeHe). o2’ 49 2ZuH(olsk US)7F F2 thieto] & 4 Qleh. USe H+d 320
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of Yehs AFHOR AT 4 U7 350l AGHE 44 VI TERLE A7) ATRE B
% Ik, 7).

olof| AN 4& & YA AL MRIQ USE LHro] Zinsl] 21 G4t 2743} & F o 5o}
of /g dol tisl] =2Ja) izt git.

Imaging Techniques

MRI
MRI= Hojud i8] A= (contrast resolution) WHZol| < 5 of7l] FAfojjA] &2 o] &H ),
= FolMHH B 2L Ho) Al oo SH| = ARgsfiok sk ojn|y e =, WY 7
AR A A FAIE AFGShE o7l QR RALSH. SHAIRE S USE A HolE AA| &
Algsh= Zlo]B g REEA] 27] MRI9F &Y% sequences o Al B o
= Qlth & & o7l J/dollA] Z2FH (abbreviated) sequenceZ AREE & Q=T & & 7ol
oA 2 A2 glch Sequence £5 £917] W20l scan time 40% J = S| EA] Hct £
STl & T ARl 71490 £ & MRIE= abbreviated MR sequence (limited
MR of shoulder)E A3ttt B59] & % 7134 MR sequence= oblique coronal T2-weight-
ed image (°]35} WI), T2WI, oblique coronal fat saturated (°]5} FS) T2WI, oblique coronal
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o
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>
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proton density image, oblique sagittal TIWI, oblique sagittal T2WI, axial FS proton density
image and axial T2WI19] & 7709] sequences G5t & & 2 limited MROIA=
oblique coronal FS T2W1, oblique coronal proton density image, oblique sagittal T2WI and
axial TIWI 5 47§9] sequence /& ©]-&3ttHTable 1). £  MRIQ] 7% =/d(supraspi-
natus; ©]3} SST) o] 11ghof QlojA] =& Ptz e} So| w2 Bolrke). shx|ut Aua) Aets
9l o] ela 42 Foli sk wiste} ole) olaby 2ASE Qs A Ao W7} of

2192 4= Slck.

Reducing Metal Artifact
stEQlole] F4 9 7)ol of gt nAlFE: ol &2 Ak (susceptibility)oll & %E MRI
AZEES YT 4 Ath(Fig. 1). o172 the FATE R A7) Bl 4 EAlol 2sf =

N

Table 1. Abbreviated MRI Protocol for Postsurgical Shoulder Joint Imaging

FOV Matrix TE TR Bandwidth
Plane and Sequence
(cm) (Frequency X Phase) (msec) (msec) (kHz)
Axial T1 FSE 160 228 X 190 15 400-800 290 1
Oblique coronal T2 fat-saturated FSE 161 356 X 253 80  2500-4000 229 1
Oblique coronal PD FSE 160 320 X 247 30  2500-6000 219 1
Oblique sagittal T2 FSE 160 356 X 254 80  3000-5000 400 1

FOV = field of view, FSE = fast spin echo, NEX = number of excitations, PD = proton density, TE = time to echo,
TR=time to repetition
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e A7) Bt dol| s LRI THO). 22 A o7l ol AREEl= TR HE Y
g StEfllols HeRg oz heojflone AR A A gl FUE IZ0 L2 AR &
&0 7 WhE 7|20] 4 Q]2hg st=gofoll Hlsl stEfllolz QIF QlE-E-8 27 EUTH10). L
ol 7ot E HF QS steofe olnd He= B (ER W ?13-=, in-plane arti-
fact)x} 91735+ YA (W S} Q13- through-plan artifact) ZFollA Q322 -§E3HH(10).
A MRI 7|2+ 24 838 2SS Y3 slice encoding for metal artifact correction
(SEMAC)°]2}aL 3= AJE 27}k 9,1%3] 0|72 view angle tiltingE A&-5t0] T 1T =S
erelstal Setol A 2hlofl £7HAQ plane 913 BAIE F716l S2folA el a5 thA] 55510
in-plane ¥ through-plane®] ¢f=-= o?_H:}(ll). Multiple-acquisition with variable reso-
nances image combination (MAVRIC, 7H 31 o]n| 2] Z2eh& AMERH b & 5)ol2kal sf
& OE 25 32 A4 71eo] A=t ol 429 Fourier Al7+/gel EAishs 179

255 Zol7| Y8l otk AdEd F HlE7 A

[©)

¢
4
w

D %%(multlple spectrally overlap—

(e}
ZREE i R29] A7HHoA Ads] A AR 4 QAL AR Fdehe] e olE 4 3
A|RE 270 A|Zbo] F7keke ©Ao] JITH(15). 54 21352 £017] 913 S 2oFet Table

29t Z2TH(16).

Postsurgical MR Arthrography

& F of7liol] tiet MR ¥ 2 g &2 237N 215 5 A & 71ell F-8siH(17-21).
AR MRIEH 249t 42 Akt & & o 22| (granulation tissue)He] 7-2o] -olsitt
= Zlolth. At 2 2 GAI7F 2HA] = AR Fotz A o ARk REE Solls 29AI7 2] 71

Fig. 1. Oblique coronal fat-saturated
T2-weighted image (TR/TE = 3000/80)
shows a susceptibility artifact in the
humeral head from a metal suture an-
chor for rotator cuff repair, indicated
by a distortion in the shape of the me-
tallic object and a halo of signal alter-
ation around the anchor (arrow).

TE =time to echo, TR = time to repeti-
tion

1390 jksronline.org



cHﬁl_I-oélel-Qlﬁ_lFEIXI

ChetHAbolts|X| 2021;82(6):1388-1401

Table 2. How to Reduce Metal Artifacts in Postsurgical Shoulder MRI

Use lower magnetic field strength (1.5T is supper to 3T)

Use FSE sequences (not GRE)

Use short inversion time inversion-recovery sequences for fat saturation (not frequency selective)
Increase bandwidth and echo train length

Increase matrix and decrease section thickness (reduce voxel size)

Change frequency and phase-encoding directions

Consider MAVRIC sequence

Consider SEMAC sequence

FSE = fast spin echo, GRE = gradient echo, MAVRIC = multiple-acquisition with variable resonances mage com-
bination, SEMAC = slice encoding for metal artifact correction

wjiZolth(le). MR ¥ 23&2 AN T4, 5749 /1A 2 saihio) et A £ o2
FA] B 250 55} HRE(21-23 G2 FUSH & 314 H MR 2 YA S FATHTH22, 23).
2 A A A & Wgol uet o2y gk 1525 mLE U5 Jck & MR B 29
&2 5870l thsiAl= et =3o] glom EeloAl= Y/ 22 (routinely) AR = =
o} 1 olf-= I A F)i5o] hdshA] kg 4= Al & F RS2 tiRE o]= HEo] v U

A A F77F A7) wi2olt. sAE e Mgt Zlo] 4-ake (watertight) 21718 o n|ohs
2 ofUt}. ThA] ol & & MR ¥ 2 EoflM Al2tEst 37z 2G| Alckal sfiA] o]
4744 A7d0] oheke Zolth(10, 16). Bl%o] SefalA] et zizio] HhEA] F2 g 2
TS U= A= ofuth(l6, 24). W2 & & Afjutdo] 9le 4fole & & e 5o <ls)
MR ¥ 2g& Jdoll 2974 f=0l ele 497 AtH(1s, 25).

A} kg7 9} o] Aol Tt 27 ARl Qi BRIOINE U
ahe ol 83t Eolth i Qo)A MRIZF & A A O ATE

W

(diagnostic accuracy)”} 80% =2 Wkl HUSHITH2). & HARI MRIgH B2 USE 54
9 2 (dynamically) AAHES & 4> o] S&5H /44712 ZEiE AARRteZ g2lo]
AL AFot F5 A7 = 2RIg 4= Qlr}. sEARE US+= surgical anchort: &
HE 59 g7toll= A7 Utk

& 2 US| HAF Al & ol Al3gH 712 AL Ao F sttt ek 2712 58 ] =
A& S5t 719] th -2 EAlsk= AZbE SHsub-deltoid) A #F-2] 2 724 0= S79t
o S4sks R 5 SSTO] o 2704 2 FHEL)(foot print)ollA] 1 ecm 91 F0ilA]
=75t o] A-ollA] AVG Ao g Zehel § o] Frko] A= (long head of biceps brachi)
O 21E 1 cm 22 cmollAl FAE 57 THUS findings after rotator cuff surgery and clini-

cal outcome Fx). 7 52 & & A3} 7|7to] HAYU HiF EA] &2 49 7] EAA|
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B ATH26). ol2et Fe= FH A
=

9l Crass A4 B =A% Crass AHH1Z & 4= ¢
L=

H7I5EA] 9k Crass ZHAlelIA ZHARS: Algs}7]

e

Surgical Techniques

A 7 3127 45 (arthroscopic rotator cuff repair; ©]3} ARCR)S F& SST2] 40| 9]
S f AFEshE 2 &5Holth T 8 7|8 (single-row technique)™} ©]% 33 7|%(double-row
technique)& o] ARE-Sh=t] o} = {Ro] B 94-5HA] = oF4] ke t=7ho] QITh(3). B2 AollA]
o]F & 7Io] T 3 7|Hol| o5t AufEet S5t A 5k AutE HojFa Qo B
AR ThE of2] A-tollM= A Aatel sl Tl 3 B9} o] F 3 HAt o] &

o7} glokal sk H2- & QItkFig. 2) (27-29). ARCROA= 75351 7t (subacromial de-
compression)< 56| El=t] A5 WS ZU B (burring)olu FAsto] 85t 1t

S Fosth(16). 289 AU=o] e BE =7|(osteophyte)2t == (spur)S #1715t SSTOl|
7Vl A= A 5 SFetcHFig. 3). A% 4= &3 (acromioclavicular arthrosis)©] 41gh
74¢- A9 4= HAE(mumford procedure)S 517] = =t HE §1H 1 cm ool A A

YstcH(16, 30).

[e]
%ﬁ
fjo
rke

O

Normal MRI Findings after Rotator Cuff Surgery

FEE BdE vl v B 4 et Fi2 3pdof A debridement 3 $-0] 72 of
T5A T AR A (defect)S B 4= ATH17, 18). MR FAfoll A= B35t Sob 22 A
2t 2 34 Q32 5o 58 A UM MU= S SHER Hol7] mfio] o]2{gt

Fig. 2. Arthroscopic image shows dou-
ble-row rotator cuff repair in a 62-year-
old male.
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Fig. 3. Arthroscopic image obtained
during sub-acromial decompression
shows a smooth acromion and de-
compressed bursal space after resec-
tion (arrow).

Fig. 4. Oblique coronal fat-saturated T2-weighted image (TR/TE =3000/80, A) and oblique sagittal T2-weight-
ed image (TR/TE =3000/80, B) show persistently increased signal intensity within the tendon 3 months after
surgery (arrows), demonstrating normal postsurgical findings after arthroscopic tendon repair without
symptoms.

TE =time to echo, TR =time to repetition

AT =7} 2150 AutE S AAFSHAlE S=TH3EL, 18). MR G7dellM 7 Wle] S7HE A1s7
T 6/l ol 242 S Qlek(Fig. 4) (16, 32, 33). ol21g A 7] T2WIol| A 2] A7

S7H= 9F 900%0lA] BEEM 4t oA Bol= # S AT AT+ 10%0l A% HRITk(18). &
2% Qla 715% 4ed ke AAE 79 thinningo|H F& 1} fARE A4S HY
guu}(Fig. 5A, B). 5}A| Rt ZA4o] EEEish Sab= HE 11 mm o]Ate] 2 A< (defect)S EQITH3
2407 Hol= BEE e Ao Je7t vt & Al S 5H] dgks £k Yong

A
2
& 7|5A1E Y] HEsto] Autd = BAA S HA] =% ke o] 2510, 16). I
il

H-]

4>

=
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Fig. 5. Oblique coronal fat-saturated T2-weighted image (TR/TE = 3200/80, A) and oblique sagittal T2-weighted image (TR/TE = 3600/80, B) of
a 60-year-old female show thinning and some irregularities (arrows) with intermediately increased signal intensity, which are expected post-
operative findings after rotator cuff repair and debridement. Oblique coronal fat-saturated T2-weighted image (TR/TE = 3200/80, C) of a
52-year-old male shows bone edema (arrow) surrounding the suture anchors, another normal postoperative finding.

TE =time to echo, TR =time to repetition

S} MR BB e NEREE PR Bl 44 F U7 BEA Yol A

greater tuberosity &4 UjollA] & 4= QItkFig, 5C) (18). & We] B3t A= 2 S5kl 7
ol BRAF A7 = tiA|E] 7] Mol a5 & 2o 213747 ] BFo|U /A4 Al

FEE & ATH3H).

~

Abnormal MRI Findings after Rotator Cuff Surgery

SN A T oF 25%0lM 550l A&E AL 754 ol/do] Fof Al Jhrk(1e, 36). A4
H 7o) Aok HlE-2 11%-68%= thfobA] Halelth(37, 38). Ajutdat Heds
CF. 2k2to] o], &4 A = of 91x] 18] al BAAHS A 7 5o S 71E 4+ AL 2
o] A% H&(fatty infiltration)= FL3F QIAto|t}, d¥ba o & Aol 71 S5t QA= 4~
& A T el Z7]o|Bn 2 & MRI TEolA= 14 2] gap (mediolateral dimension)2t
width (anteroposterior dimension)& BFEA] 7|&sto{of stk okga] 7)) A1 A&
J=F Goutallier grade 0|-83ll 7|&5h= 2l0] 52510439, 40). 7I&4]Ql 2Rl 2= o
7 22 9] Ei7} vk 2] (healing)©l éﬂ?‘] B et YA AL S-A T o
A= & AAE 9] a1l Aufish= H-9-0lth24, 41). Y717 Wk A9 WL 75 MRI
L R ol M geld + JUth(Fig. 6). anJr 39| MRI A7 & % MRIQ}H H] &3t Ay =
FAZE A £O0& Fo)7AY B U= A& HRItK(Figs. 7, 8). ¥RHH o= X 5lE0] A&
& ARE5h= Sugaya classifications AR&SHo] BHYRFA] ©§7HE 617] = St o] W2 5 stage=
g7¥et type 1 (28t 54|, T2WIollA #2432 signal), type 2 (B2t F, 71 W] A1S
= 1), type 3 (A2 oA £33 7)), type 4 (3F slice ol/dolA FE24Ql Sd44
Al type 5 (At 2AEHA) T2 HRTITH3I).

it

~
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Fig. 6. Oblique coronal fat-saturated
T2-weighted image (TR/TE = 3000/80)
shows dislodged surgical anchor (ar-
row) in the joint space of a 65-year-old
female 2 months after arthroscopic
tendon repair, with reported pain.

TE = time to echo, TR = time to repeti-
tion

Fig. 7. Oblique coronal fat-saturated
T2-weighted image (TR/TE = 3200/80)
of a 63-year-old male 2 months post-
operatively following rotator cuff re-
pair shows a partial thickness bursal
re-tear (arrows) of the supraspinatus
tendon without symptoms.

TE =time to echo, TR = time to repeti-
tion

US Findings after Rotator Cuff Surgery

AWHE 2HINE & F 1 d Rt USellA] thefskal o] &4l (heterogeneous) 252 Y
4= tK16). 220l A71HE 42 4290 YAd-g+-Z(fibrillary structure) ] <417} S17A] o2
2 Holx|gk A7ko] xdo] whe} A2} echogenic & FERS HQITHFig. 9) (16). Gulotta 5-(42)2
& & 719] Aol 20%-50%7FA] USol|A] =] 11 2} 7haste] 2o 5A7EA] Holols 4= %

o

21 SHQAH Prickett 5(5)2 & F 5/ €AE tdo= 7 tollA] USS o] 835t Ajnta o]
kol A 8992 AEE, 91969] WIZHE 12|31 80%2] Eol=g Belckal 3i9ict ziAE 719

https://doi.org/10.3348/jksr.2021.0132 1395
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Fig. 8. Oblique coronal fat-saturated
T2-weighted image (TR/TE = 3000/80)
of a 56-year-old female without symp-
tom shows a full thickness, fluid-filled
(arrow) re-tear of the supraspinatus
tendon 4 years after rotator cuff repair.
TE =time to echo, TR = time to repeti-
tion

Fig. 9. USimage of a 56-year-old male
shows heterogeneously echogenic
repaired tendon with loss of the nor-
mal fibrillar architecture after rotator
cuff repair (arrows).

Hi = A F7 592 US 4 /el B-2401 =2 A 4Rl Agke] o &2 ATt 4~ =
o] dRFA 0 2 2§73t greater tuberosity F-9loA] @HAYSICE T2} v e A E A

wheh o ZeRolA 2 e lek(Fig. 10) (16).

US Findings after Rotator Cuff Surgery and Clinical Outcome
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Fig. 10. US image of a 57-year-old fe-
male after 3 months without symp-
tom shows fluid-filled cleft at the re-
paired rotator cuff tendon (arrow).

Fig. 11. US image shows measure-
ment of the repaired supraspinatus
tendon thickness on sagittal scan when
the probe is aligned with the greater
tuberosity, with two lines (arrows)
drawn perpendicular to the tendon fi-
bers at 10 mm and 20 mm distal from
the biceps tendon.

o] & & gxjof|A SDFE HUTHL 5I]lth & & 5352 ©] SDF| At WS dH/do] /o
o|FofXl =&of WY kx| Lo] Sk Tl o] 49 US-guided aspiration %+ injec-
ShEpHol & 4= ATH3). o] SDFS] 2 Tt 604 o)/de] LEollA & & Ak

7|5 5 E ——J ‘FHUAE Bol=SDFe] ol A2 45 7|5 2l&o] o o
217 B3 = ZAKstrain elastography; ©15} SE)i= Z|< @o] o] &&= o 2 B o] &
sto] 22]0] B4 7iehe Wl id7le] e At o4 Aatele] A2 o
A et & & of7lol] H-83t ol A qUTh4e). T Atol oJshA BT =2 AE A
A5 Lol 252 (strength)o] FokA|aL HyHA9] 7|5 F7| vsleth(Fig. 13).
& SEE 71|29 US ZAl 1} B8 H‘—P@ &= & 4o} o F oS0l F o] {83 HEE AT

slo]

H
—_

o 4 Qlnk USe 54 9] dHlE s o=z geldd = Rl o o=k o o QAT
S Y7ot detEe] B dEY axillary recess 52| 717}k olgf@ S et
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Fig. 12. US image shows measure-
ment of the maximum thickness (ar-
row) of the sub-deltoid fluid collection
after rotator cuff repair.

Fig. 13. Strain elastography image of a 59-year-old male who did not show pain or discomfort shows in-
creased stiffness of the repaired supraspinatus tendon (blue color, arrow) 4 months after rotator cuff repair.

Z2E

U & & &2 F2 MRIY 25345 531 o] Folx|aL Aidd o) JeiE Hdsto]
AutE 2] o -2 ZRlshk= o] YaHARl FAfo|ok MRI= & A el w9 -slA| etk of 2
& 248 50 8l & & HEEs ot et ol2fet B dlg=S w4 e 25APL
7 0] JHlE I 5o D 4 RlaL o] FelAQl Hske #]lo] GolstE R tQho]
2 4 Utk SHAIRE 9] AL/ S Eelshs FEollM= obAl= MRV} -5ttt 978 0] &
& W eI ol Fet dx|shAl = ot A E o) AR THE A A AR5
U715 25l Qlof Fasitt. A S HAME A|$E A5kt 185 /ol 2 4= Aok
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