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Purpose: When repairing retracted rotator cuff tears, the tear pattern (eg, crescent-shaped,
L-shaped) is best determined intraoperatively by evaluating the mobility of the tendon in
multiple directions. The purpose of our study was to evaluate the location of the supraspinatus
(SSP) muscle belly on magnetic resonance imaging (MRI) in patients undergoing arthroscopic
repair of retracted rotator cuff tears. We hypothesized that the location of the rotator cuff muscle
would move after tendon repair, and that the perioperative change in muscle position would
correlate with the tear pattern.

Methods: A series of primary arthroscopic repairs for rotator cuff tears with >3 cm of medial
retraction from 2015 to 2016 was reviewed. MRIs were performed preoperatively and within 10
days postoperatively. The SSP muscle was assessed on sagittal MRI and evaluated for the “occu-
pation ratio”, “tangent sign”, and the “location index” proposed in this study. Pre and postopera-
tive MRIs were compared, and correlated with intraoperatively determined tear patterns. Fifty
shoulders without rotator cuff pathology were also assessed for the “location index” as control.
Results: Fifty-nine shoulders (mean age 65.0 years) were included, among which five reverse
L-shaped tears were identified. The occupation ratio and tangent sign improved postoperatively.
Preoperatively, in the majority of tears, the SSP muscle was located more posteriorly in the SSP fossa,
compared to the control group, and shifted anteriorly after repair. However, in reverse L-shaped tears
the SSP muscle was located more centrally in the fossa, and shifted posteriorly following repair.
Conclusion: Rotator cuff tearing and arthroscopic rotator cuff repair change the location of
the SSP muscle. Although repair usually results in shifting of the muscle belly from posterior
to anterior, reverse L-shaped tears demonstrated an opposite pattern. The location of the SSP
muscle belly may be useful in predicting tear patterns of retracted rotator cuff tears.

Level of evidence: Level IV (case series).

Keywords: shoulder, rotator cuff, muscle belly, muscle location, MRI, muscle atrophy, tendon

retraction, location index

Introduction

Surgical repair of large to massive retracted rotator cuff tears can be technically chal-
lenging and thus understanding its characteristics is essential.! Preoperatively, the
repairability of a rotator cuff tear may be assessed by the tear size,? retraction,’® fatty
infiltration,** and atrophy®’ of cuff muscles on magnetic resonance imaging (MRI).
However, the tear pattern (eg, crescent-shaped, L-shaped, reverse L-shaped, U-shaped
tear),'3!! is best evaluated intraoperatively where the inherent medial to lateral and
anterior to posterior mobility of the torn tendon can be directly evaluated.
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Degenerative changes in the rotator cuff muscles (ie, fatty
infiltration, atrophy) have been associated with poor tendon
healing and inferior clinical outcomes following surgical
repair.'>'* While several studies have demonstrated the impor-
tance of preoperative MRI assessment, the changes occurring
to the rotator cuff muscles immediately postoperatively and
in particular the position of the muscle belly have rarely
been investigated. Indeed, immediate postoperative MRI has
demonstrated some improvement in the muscular atrophy and
fatty infiltration of the muscle belly of supraspinatus (SSP)
and infraspinatus (ISP) following repair.!* These findings
have recently been shown to continue to improve even up to
2 years following surgery.'’ This suggests that reducing the
tendon and restoring the normal length tendon relationship
of the rotator cuff may be important. However, the effect of
various tear patterns, and therefore the direction of tendon
reduction on the position of the SSP muscle belly, has not to
our knowledge been previously investigated.

Given that immediate sagittal MRI views demonstrate
recovery in the appearance of the rotator cuff muscle belly
after surgical repair,'* they may also demonstrate variable
patterns of muscle recovery depending on the tear pattern.
Furthermore, recognizing how the location of the muscle
belly changes with tearing and following repair may help
predict the tear pattern. This may assist the arthroscopist
when surgically repairing the tendon.

Therefore, the purpose of our study was to evaluate the
perioperative changes of the rotator cuff muscle belly on
MRI, with a particular focus on the location of SSP muscle,
in patients undergoing arthroscopic rotator cuff repair. We
hypothesized that the location of the SSP muscle belly would
vary before repair and would be restored toward the center
of the SSP fossa after repair. Furthermore, different tear
patterns and the subsequent tear reduction would correlate
to the muscle belly location.

Methods

Study design and patient enrollment

This is a retrospective study involving a review of the medi-
cal records of patients who underwent primary arthroscopic
rotator cuff repair from July 2015 to July 2016. Patients were
operated on and followed postoperatively by the senior author,
a shoulder surgeon with >20 years of experience. Study can-
didates were identified from a billing review and contacted
by the research coordinator to determine their interest in
participating in the study. This study was approved by the East
Hokkaido Research Ethics Board (EH-REB#16-02) and was

conducted in accordance with the Declaration of Helsinki.
Written consent forms were obtained from all patients.

Inclusion and exclusion criteria

Patients with a large to massive rotator cuff tear involving
predominantly the SSP tendon, regardless of traumatic epi-
sodes, were included in the study. Tear size was determined
by the retraction of the SSP tendon on preoperative coronal
oblique MRI views using the Cofield classification.? Patients
were excluded from the study if there were other significant
pathologies (eg, fracture, dislocation), cuff tear arthropathy
(Hamada classification > grade 3),'¢ previous rotator cuff
repair, or if insufficient information was available for the
study.

Surgical technique

All patients were operated in a lateral decubitus position
under general anesthesia. The arm was held with traction at
~30° of abduction. Following subacromial decompression,
the mobility of the torn rotator cuff tendon was carefully
assessed. As a principle, tendon repair was performed under
minimum tension, determined by reducing the edges of the
tendon to the bone bed with the use of a tendon grasper.
Capsular release and the interval slides in continuity (ie,
coracohumeral ligament release)!” were performed if neces-
sary to achieve low tension repair. Double-row or triple-row
repair (ie, suture bridge technique over a classic double-row
construct) was performed if the tendon could cover more than
half of the footprint width. Otherwise, single-row repair or
partial repair was chosen if the tension appeared significant,
in combination with footprint medialization if necessary.

Imaging protocol
The majority of preoperative MRIs were performed follow-
ing a standardized protocol at the East Hokkaido Hospital. If
the initial images were deemed inadequate (eg, poor quality,
>1 year old) or there was any suspicion of tear progression,
a new MRI was obtained. Seven patients (of 58) had MRIs
from other facilities in the same region but were deemed suf-
ficient for assessment and inclusion in the study. All patients
routinely underwent MRI evaluation within 10 days (mean
4.2+1.4 days) postoperatively utilizing the same standardized
protocol to evaluate the changes of rotator cuff tendons and
muscles after repair. Standard radiographs of the shoulder
were also obtained preoperatively from all patients.

MRIs were performed utilizing a 1.5-T scanner (Optima
MR 360 Advance; GE Healthcare Japan Corporation, Tokyo,
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Japan) equipped with a dedicated shoulder coil or a 0.4-T
scanner (APERTO Inspire; Hitachi Ltd, Tokyo, Japan). The
affected arm was placed and kept at the side of the body in
a neutral position. Of the multiple planes and sequences
obtained, image assessment for the study was performed on
T2-weighted coronal oblique and sagittal oblique images. The
coronal oblique plane was oriented parallel to the scapular
body whereas the sagittal oblique plane was oriented perpen-
dicular to the scapula. The imaging settings were as follows:
repetition time, 4,000—-5,500 ms; echo time, 118 ms; matrix,
288%288; slice thickness, 3 mm; interslice gap, 1.2 mm; field
of view, 17x17 cm for Optima MR 360 Advance; and repeti-
tion time, 3,350-5,000 ms; echo time, 126—162 ms; matrix,
192x224; slice thickness, 6 mm; interslice gap, 1.0 mm; field
of view, 18x18 cm for APERTO Inspire.

MRI assessment and measurement

The most lateral image of the sagittal MRI demonstrating
a complete Y-shaped view of the scapula was utilized to
evaluate the appearance of the SSP muscle belly.*!’ Selected
digital images were then assessed using a SYNAPSE medi-
cal imaging system (Fujifilm Medical Co, Stamford, CT,
USA) by two fellowship trained shoulder surgeons. The MRI
measurements included the “occupation ratio”, the “tangent
sign”, and the “location index” created for the current study
(see below). Pre and postoperative results were compared
and correlated with tear patterns.

The occupation ratio was defined as the ratio of the sur-
face of the SSP muscle to the surface of the entire SSP fossa.®
The surface was measured by outlining the circumference
of the muscle and fossa. The tangent sign was used with a
straight reference line drawn to connect the superior tips of
the scapula spine and the coracoid process and divided into
three grades (1: negative, 2: borderline, 3: positive).”!*

The SSP muscle location (ie, the location index) was
defined as the location of the muscle belly in anterior—pos-
terior (A—P) direction relative to the center of the reference
line (ie, the same line used to define the tangent sign). This
was performed by drawing a line parallel to the reference
line representing the maximum A—P width of muscle belly
(Figure 1). The A—P distance of the posterior portion (pos-
terior to the middle of the reference line) of the muscle was
divided by the A—P width of the entire muscle belly (ie, the
index is >0.5 if the center of the muscle is located posterior to
the middle in the fossa and <0.5 when located anteriorly). Our
preliminary SSP location index assessment on 50 shoulders
(1678 years old, 27 males and 23 females) without a rotator
cuff tear revealed a mean index of 0.500£0.019, indicating the
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Figure | Measurement of SSP location index.

Note: The A-P distance of the posterior portion (a) of the muscle was divided by
the A-P width of the entire muscle (b).

Abbreviations: SSP, supraspinatus; A—P, anterior—posterior.

index is ~0.5 if there is no significant atrophy or retraction
of the SSP muscle. This group was utilized later as control
for comparison with the study group.

In order to assess the reproducibility of the location
index, preoperative MRIs of all the study cases (ie, 59 tears)
were assessed twice by the first author >6 months apart,
and once by a co-author, both of whom were blinded to the
intraoperative details of each case. Intra-class correlation
coefficient (ICC) analysis of preoperative location index
revealed excellent agreement in both intra and interobserver
reliability; ICC(1,1) =0.96 (0.93, 0.98), ICC(2,1) =0.99
(0.98, 0.99).1¢

Operative record review and tear pattern

assessment

Operative records and intraoperative arthroscopic pictures
were reviewed to obtain information of the tendons involved,
repairability, tear patterns, and additional concomitant proce-
dures performed (eg, biceps tenotomy, footprint medializa-
tion, teres minor advancement). Tear patterns were classified
into 1) crescent-shaped, 2) L-shaped, 3) reverse L-shaped,
and 4) U-shaped tears, as described in the literature.'® In
this study, when the direction of reduction was mainly from
medial to lateral, tears were defined as “crescent-shaped”
or “U-shaped” tears. Tears were classified as “L-shaped” if
the tendon was reduced from posteromedial to anterolateral
direction with the use of an anterior apex anchor inserted at
the anterolateral corner of the greater tuberosity. In contrast,
“reverse L-shaped” tears were defined as tears with the tendon
reduced from anteromedial to posterolateral direction with
the use of a posterior apex anchor inserted at the posterolat-
eral corner of the footprint.
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Statistical analysis

Results are shown as mean with SD, range, or 95% CI
depending on the type of data. A paired #-test was used to
determine significant differences between preoperative and
postoperative measures. Welch’s #-test was used to determine
a significant difference of the SSP location index between
reverse L-shaped tears and other tear patterns, as well as
between the study and control groups. ANOVA followed by
post hoc Tukey’s test was utilized for univariate multigroup
comparison among different tear patterns. Statistical signifi-
cance was set at P<0.05. Receiver operating characteristic
(ROC) curve was analyzed to calculate the area under the
curve (AUC) and the cutoff value of the SSP location index
where the sum of specificity and sensitivity was maximized.
ICC analyses were also performed for the location index as
previously explained. All statistical analyses were performed
in consultation with a co-author who has experience in
medical statistics using the combination of SPSS Statistics
software, version 24 (IBM Corporation, Armonk, NY, USA)
and EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R (The
R Foundation for Statistical Computing, Vienna, Austria)."

Results

Patient demographics

Patient demographics are summarized in Table 1. Among
the 158 arthroscopic rotator cuff repairs performed during
the study period, 59 shoulders (58 patients, 20 females and
38 males, mean age 65.0 years) demonstrated large to mas-
sive tears preoperatively on MRI. The mean tear size was
3.7 cm. Intraoperatively, the tendons involved were: SSP in
nine shoulders, SSP and ISP in 26 shoulders, subscapularis

Table | Patient demographics

(SSc) and SSP in 11 shoulders, and SSc, SSP, and ISP in
13 shoulders. The tear pattern was deemed crescent-shaped
in seven shoulders, U-shaped in 41 shoulders, L-shaped in
six shoulders, and reverse L-shaped in five shoulders. Tears
were reparable in 51 shoulders and irreparable in 8 shoulders.
Footprint medialization (5-10 mm) on the greater tuberos-
ity was performed in seven of the 51 reparable tears due to
excessive tension on the repair. Interval slides in continuity
were added to mobilize the torn tendons in 25 of 59 shoul-
ders. While the mean tear size was larger in the tears which
required interval slides than the tears which did not (3.6 and
3.3 cm, respectively, P=0.034), the presence of interval slide
was not associated with the tear pattern or the location index.

SSP occupation ratio and tangent sign

The SSP occupation ratio increased from 0.42+0.12 preopera-
tively to 0.48+0.10 postoperatively (P<0.0001) (Table 2). The
tangent sign was borderline or positive in 86.4% of patients
(51 of 59 tears) preoperatively, and in 15.3% (9 of 59 tears)
of patients postoperatively. Of the eight irreparable tears,
the tangent sign was positive in seven tears and borderline
in one tear. The grade of tangent sign improved in 71.2% (42
of 59 tears) after surgery, and none became worse (Table 2).

SSP location index

Overall, the center of the SSP muscle was located posteri-
orly with a location index of 0.64710.125 preoperatively,
which was significantly greater than the control shoulders
(ie, without a rotator cuff tear) (0.500£0.019, P<0.0001).
After repair, the SSP muscle shifted anteriorly with an index
of 0.549+0.081 (P<0.0001), which was still slightly poste-
rior but closer to the middle of the fossa in A—P direction
(Table 2). However, when divided by tear pattern, reverse
L-shaped tears preoperatively showed a significantly lower
index (0.51240.045), closer to the middle of the fossa, than
the other three tear patterns (0.660x0.122, P=0.00017) or

Number of cases (S:Ste”? ) U-shaped tears (0.669+0.125, P=0.031) (Figure 2A). The
patients . . . .
location index increased to 0.55240.063 postoperatively,
Age (years) 65.0 (41-78) . e . .
Gender (M/F) 20/38 with no significant differences among tear patterns (Fig-
Tear size (cm) 3.7 (3.0-6.0) ure 2B). This resulted in an exceptional posterior shift in
Tendons involved SSP only: 9
SSc + SSP: ||
SSP + ISP: 26 Table 2 Perioperative changes of supraspinatus muscle
SSc + SSP + ISP: 13 appearance (results shown as mean £ SD)
Tear patterns Crescent: 7 Measures on Preoperative | Postoperative | P-value
L:6 sagittal MRI
E‘f‘flrse L Occupation ratio | 0.42+0.12 0.48+0.10 <0.000
: Tangent sign (+~1) | 86.4% (51/59) 15.3% (9/59) -
Q;Z;I:Viations: SSc, subscapularis; SSP, supraspinatus; ISP, infraspinatus; M/F, male/ Location index 06540 12 0.55+0.08 <0.0001
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reverse L-shaped tears as opposed to the other tears, where
the changes in the location index were 0.04010.023 and
—0.111£0.099, respectively (P<0.0001) (Figure 3).

The ROC curve of the location index revealed a cutoff
value of 0.56 (AUC 0.899, specificity 0.796, sensitivity
1.000) for the highest overall accuracy of 0.814 to distinguish
a reverse L-shaped tear from other tear patterns (Figure 4).

Discussion
The most important finding of this study was that the SSP
muscle belly was generally located more posteriorly in large

Figure 4 ROC curve analysis of SSP location index to predict reverse L-shaped
tears or other tear patterns (results shown as mean + SD).
Abbreviations: SSP, supraspinatus; ROC, receiver operating characteristic.

to massive rotator cuff tears than in the shoulders without
a rotator cuff tear. This suggests that tearing of the rotator
cuff typically results in pulling of the SSP muscle-tendon
unit posteriorly as the tear becomes larger and retracts. This
posterior shift of the SSP muscle belly may be the result of
the SSP muscle being pulled by the ISP muscle in a posterior

direction.?%?!
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Interestingly, arthroscopic repair of these retracted tears
normalized the appearance of the muscle belly immedi-
ately postoperatively. These results suggest that there is an
improvement in the SSP muscle position relative to the SSP
fossa in all three dimensions. Although the occupation ratio
was originally described to measure muscle atrophy, more
recently it has been suggested that it may also be utilized to
describe muscle retraction or restoration, which involves the
perioperative reduction of the muscle in a medial to lateral
direction.*"* Similarly, the tangent sign is another method,
which also describes muscle atrophy and/or retraction,
although this method strictly measures the atrophy/retraction
in a vertical direction.

We described the location index which measures the
anterior to posterior position of the SSP muscle. The loca-
tion index is altered by the perioperative shift of rotator cuff
muscle in the anterior to posterior direction during repair. In
this study, the normalization in all three measures suggests
that repairing the cuff tendon restored the SSP muscle back
to a more anatomic location relative to the SSP fossa imme-
diately after repair. Although restoring the muscle location
to a more anatomic position seems logical, because of the
lack of clinical evaluation (in this imaging study) it is unclear
whether these results potentially improve function.

While preoperative assessment of the cuff muscles cor-
relates with clinical outcomes and the repairability of a
tear,>'2!* to our knowledge, no studies have focused on the
muscle location in the fossa or its perioperative changes. As
hypothesized, this study demonstrated that rotator cuff repair
resulted in relocating the SSP muscle belly closer to the
center of the fossa, despite its variable preoperative position.
Potentially preoperatively identifying the location of the SSP
muscle belly within the fossa may be clinically predictive of
the direction of reduction, although the final tear pattern and
reduction should be confirmed intraoperatively.

Interestingly, in reverse L-shaped tears the SSP muscle
was located more anteriorly before surgery, and shifted
posteriorly after surgery, as opposed to the other tear pat-
terns (ie, crescent-shaped, L-shaped, U-shaped tears), which
demonstrated a common anterior shift. Reverse L-shaped
tears are relatively rare'” and in our study represented 8.3%
of large to massive tears. Because of their relative paucity,
reverse L-shaped tears can be technically challenging since
the tendon requires an anteromedial to posterolateral reduc-
tion while the typical direction of reduction in other tear
patterns is from posteromedial to anterolateral. Inappropriate
tear pattern recognition may place undue tension on the repair
or may inappropriately deem a tear irreparable.???* Potentially

preoperatively identifying the location of the SSP muscle
belly within the fossa may be clinically predictive of the tear
pattern particularly for posterior L-shaped tears. While the
final tear pattern should be confirmed intraoperatively, the
current results may provide preoperative suspicion of the
eventual tear pattern.

The presented SSP location index is a simple and reliable
measure to quantify the location and shift of the SSP muscle.
The results of our ROC curve analysis imply that, in retracted
SSP tears, the tear would unlikely be a reverse L-shaped tear
if the location index is over 0.56 (ie, if the muscle is located
posteriorly), whereas there is a high chance of encountering
a reverse L-shaped tear if the index is under 0.56 (ie, if the
muscle is located close to the center or even anteriorly). Thus,
the SSP location index may help predict the tear pattern
preoperatively, and therefore assist in the planned reduction
intraoperatively. Further studies, however, are required to
validate this measure in a prospective fashion.

There are several limitations to this study due to the
nature of the retrospective imaging study design, along
with multiple factors involving the outcomes of this group
of patients. First, it is unclear whether the recovery of the
muscle location shown immediately postoperatively is main-
tained over time. While recovery in muscle degeneration
over time after repair has been reported,'* the location of the
muscle belly was not investigated in this study. Furthermore,
the focus of this study was only on the SSP muscle belly
in one sagittal oblique image. Therefore, study of the other
rotator cuff muscles (ie, SSc, ISP, teres minor) or other
sequential slices of the SSP may also provide valuable infor-
mation. Second, while the total number of tears evaluated
in the study was 59, the number of reverse L-shaped tears
was relatively small (8.5 %) and may not be a representative
of the shifting patterns of the muscle belly. However, even
with the small number of cases, statistical significance was
obtained due to the consistent shifting pattern observed in
reverse L-shaped tears. Third, neither postoperative clinical
function nor tendon healing was determined. Therefore, it
is unclear how restoration of the location of the SSP muscle
affects these outcomes.

Conclusion

The position of the SSP muscle belly changes with large to
massive rotator cuff tearing and following rotator cuff repair.
Reverse L-shaped tears demonstrated a particular pattern of
preoperative location and perioperative shift, when compared
to the other tear patterns. The location of the SSP muscle belly
may predict tear patterns of large to massive rotator cuff tears.
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