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Another Assessment of Fat Degeneration of Retracted Supraspinatus
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Background: The purpose of this study was to assess the relevance of preoperative magnetic resonance imaging (MRI) evaluation by oc-
cupation ratio (OR) at maximum diameter of supraspinatus muscle.

Methods: Patients from the Inje University Sanggye Paik Hospital who received rotator cuff repair and underwent pre- and postoperative
MRI were selected as subjects of this study. On T1-weighted MRIs, OR of fat and muscle at Y-shaped view, OR at a location on supraspi-
natus muscle where its diameter was maximum on coronal view, and pre- and postoperative Goutallier Classification and changes in the
tangent sign were measured. Statistical significance of postoperative OR was assessed regarding time from symptom onset to surgery, size
of rotator cuff tear, preoperative OR, and the difference between ORs measured at maximum diameter of supraspinatus muscle and Y-
shaped view.

Results: Preoperative OR at Y-shaped view was 52.28 = 8.57 (32.5-65.3). Preoperative OR difference between maximum diameter
and Y-shaped view was 13.76 = 10.51 (2.38-42.04), and Pearson correlation coefficient was 0.604 (p=0.001). Postoperative OR at
Y-shaped view was 63.77 + 9.35 (37.3-76.1). Pearson correlation coefficient of pre- and postoperative Goutallier Classification was
-0.579 (p=0.002) and Pearson correlation coefficient of the postoperative difference between ORs measured at maximum diameter of
supraspinatus muscle and Y-shaped view was -0.386 (p=0.047).

Conclusions: Fatty degeneration of supraspinatus muscle in rotator cuff tear patients should be evaluated not only in the conventional Y-
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shaped view, but also at location of maximum diameter of supraspinatus muscle to establish patients’ therapeutic plan.

(Clin Shoulder Elbow 2018;21(4):200-206)
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Introduction

Magnetic resonance imaging (MRI) is a noninvasive study
and is known to be the most useful method to diagnosis the le-
sions of the shoulder. The condition of shoulder muscles, the
degree of retraction or atrophy, and the state of the joint capsule
as well as the size of a rotator cuff tear can be identified using
MRL." Since fatty degeneration and muscle atrophy of rotator
cuff muscles are closely related to the assessment of moderate
rotator cuff disease, treatment plans, and prognostic factors, they
should be carefully and accurately evaluated.” Goutallier et al.”
provided the classification method of fatty degeneration, and

Gladstone et al.” showed that fatty degeneration of the rotator
cuff is one of the prognostic factors of clinical results of rotator
cuff repair. Thomazeau et al.” proposed a method for evalua-
tion of atrophy of the supraspinatus muscle. In addition, many
researchers have shown that preoperative fatty degeneration
and atrophy affect the incidence of re-rupture after surgery and
surgical outcomes.”” However, in patients with rotator cuff tear,
the supraspinatus muscle is pulled toward the proximal portion
especially if the rupture of the supraspinatus muscle is present.
In this case, it has been reported that the evaluation results of
the degrees of fatty degeneration and atrophy of the supraspi-
natus muscle by the Y-shaped view are different from those of
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patients without the rupture of the supraspinatus muscle.” Vidt
et al.” claimed that three-dimensional evaluation of muscles is
required rather than evaluation of fatty degeneration only in the
Y-shaped view. In addition, Gerber et al.,'” Yamaguchi et al.,"”
and Chung et al." reported that atrophy of the supraspinatus
muscle was improved immediately after surgery, but Deniz et
al."” and Liem et al.” reported that there were no changes in
muscle atrophy or fatty degeneration before and after surgery.
A quantitative analysis of Gerber et al."” showed that muscle
separation did not affect hemoperfusion or change the amount
of muscle fibers. These results of previous studies led the authors
to question whether the evaluation of the supraspinatus muscle
in the Y-shaped view leads to correct interpretations in both the
patients with the retracted supraspinatus muscle and those with
the nonretracted supraspinatus muscle. In the Inje University
Sanggye Paik Hospital, we perform immediate postoperative
MRI of patients after rotator cuff repair. The comparison be-
tween preoperative MRI evaluations and postoperative MRI out-
comes showed that there were changes in the degrees of fatty
degeneration and atrophy of the supraspinatus muscle in many
patients. It is thought that when preoperative MRI shows that the
supraspinatus muscle is pulled toward the proximal portion due
to the rupture or chronic rupture, the conventional assessment
of fatty degeneration in the Y-shaped view is not sufficient to
evaluate the state of the supraspinatus muscle. Therefore, in this
study, we aimed to evaluate the need for the evaluation of fatty
degeneration not only in the Y-shaped view, where the evalua-
tion region becomes different depending on the degree of mus-
cle pull of the supraspinatus muscle, but also at the maximum
diameter location of the supraspinatus muscle to evaluate the
overall fatty degeneration of the pulled supraspinatus muscle.

Methods

Subjects

Among 82 patients who were diagnosed with rotator cuff tear
and underwent rotator cuff repair in our institution from Janu-
ary 2012 to December 2016, 37 patients who did not undergo
immediate postoperative MRI and 18 patients in whom fatty
degeneration was not detected on MRI were excluded, and a
total of 27 patients were included in this study. The state of the
muscle was evaluated in comparison with the preoperative state.
The mean age of the patients was 56.1 years (median: 58 years;
range: 40-67 years). The subjects consisted of 13 women and
14 men, and the right shoulder was involved in 20 cases and
the left shoulder in 7 cases. The mean time from symptom onset
to surgery was 21.15 + 31.84 months (0.75-120 months). The

Table 1. Demographic

Variable Value p-value

Age (yr) 56.1 (58, 40-67) 0.609
Orientation

Rightt 20

Left 7
Sex

Male 14

Female 13
Symptom onset (mo) 21.15 + 31.84 (0.75-120) 0.009*
Height (cm) 163.37 + 7.49 (150-182) 0.962
Weight (kg) 65.69 + 12.06 (48-94) 0.973
Postoperative MRI day 4.37 (5,3-6) 0.255

Values are presented as mean (median, range), number only, or mean # stan-
dard deviation (range). Kolmogorov-Smirnov test.

MRI: magnetic resonance imaging.

*Statistically significant.

Fig. 1. Magnetic resonance imaging (MRI) of rotator cuff tear patients. Preoperative MRI shows degrees of fat degeneration in supraspinatus muscle; grade I by

Goutallier sign (A), grade II by Goutallier sign (B), grade III by Goutallier sign (C).
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mean follow-up period was 4.37 days (median: 5; range: 3-6)
(Table 1).

Evaluation Methods

Radiographic evaluation was performed with 3-mm-thick T1-
weighted MRIs of the axial, oblique coronal, and oblique sagittal
planes (repetition time, 450-750 msec; echo time, 10-12 msec;
the field of views, 150x150; 448x403 pixel matrix) using 3.0T
MRI (MAGNETOM® Skyra; Siemens Medical, Berlin, Germany).
Immediate postoperative MRI was performed one day after
removing the hemavoc drain after waiting until less than 10 ml
of fluid was drained through the hemovac drain inserted dur-
ing surgery. The tendon atrophy was assessed by measuring the
length from the sulcus of the greater tuberosity to the outer end
of the ruptured tendon in the coronal plane. Fatty degeneration

of the supraspinatus muscle was also assessed using Coutallier’s
classification adapted by Fuchs et al.”” on pre- and postopera-
tive MRI. In the Y-shaped view, fatty degeneration of the muscle
is classified as grade O if fat is not seen, grade I if fatty streaks are
observed, grade Il if there is some amount of fat but there is less
fat than muscle, grade Il if there are equal amounts of fat and
muscle, and grade IV if there is more fat than muscle (Fig. 1). In
addition, the modified tangent sign presented by Liem et al.”
was also examined. The modified the tangent sign was catego-
rized as grade | if the supraspinatus muscle was superior to the
tangent line, grade Il if the muscle touched the line, and grade
11'if the muscle was below the line, respectively (Fig. 2). The
occupation ratio (OR) of the supraspinatus muscle was assessed
in the Y-shaped view, where the scapula body and the spine of
the scapula forms a Y shape (Fig. 3A, dotted line b), among the

Fig. 2. Preoperative magnetic resonance imaging (MRI) of rotator cuff tear. (A) Preoperative MRI shows atrophy of supraspinatus muscle; grade I by the modi-
fied tangent (indicated by a dashed line) sign. (B) Preoperative MRI shows atrophy of supraspinatus muscle; grade II by the modified tangent (indicated by a
dashed line) sign. (C) Preoperative MRI shows atrophy of supraspinatus muscle; grade III by the modified tangent (indicated by a dashed line) sign.

[ R T U S

Fig. 3. Measurements of pre- and postoperative magnetic resonance imagings (MRIs). (A) Coronal section of preoperative patient’s shoulder MRI. (B) Sagittal
section of supraspinatus muscle, Y-shaped view cut from line b in panel A. Outer dash-lined area includes muscle and fat tissue. Inner dot-line is margin of mus-
cle tissue. (C) Sagittal section of supraspinatus muscle, Y-shaped view cut from line ¢ in panel A, at the location of maximum diameter of supraspinatus muscle.
Outer dash-lined area includes muscle and fat tissue. Inner dot-line is margin of muscle tissue.
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oblique sagittal planes reported by Thomazeau et al.” and the
OR of the supraspinatus muscle in the oblique sagittal plane was
also measured at the maximum diameter of the supraspinatus
muscle in the coronal plane (Fig. 3A, dotted line ¢) using the
area measurement of the picture archiving and communication
system (PACS, Marosis M-view 5.4; Marotech, Seoul, Korea)
(Fig. 3). In addition, the OR of the supraspinatus muscle was
also measured in the Y-shaped view of the oblique sagittal plane
on immediate postoperative MRI. The OR of the supraspinatus
muscle was measured in the same Y-shaped view before and af-
ter surgery. One orthopedic surgeon and one orthopedic surgery
resident performed the measurements respectively and the aver-
ages of the results were used for analysis. Statistical analysis was
performed to determine the statistical significance for variables
such as the time from the onset of symptoms to surgery, the size
of rotator cuff tear, the OR before and after surgery, assessment
results according to the Goutallier classification before and after
surgery, assessment results of the modified tangent sign before
and after surgery, and the OR difference between maximum di-
ameter and Y-shaped view (ODMY) before surgery.

Statistical Analysis

Statistical analysis was conducted using the SPSS ver. 17.0
(SPSS Inc., Chicago, IL, USA). Inter-observer reliability analy-
sis was performed, and intraclass correlation coefficient (ICC)
analysis was also performed (the ICC value of over 0.8 indicates
an excellent level of reliability, 0.6-0.8, a good level, 0.4-0.6,
a fair level, and 0.4 or less, a poor level, respectively). The
Kolmogorov-Smirnov test was used for the test for normality of
the measured variables, and paired t-test was performed for pre-
and postoperative assessment results according to the Coutallier
classification and modified tangent sign. The Pearson correlation
coefficient was used to analyze the relationship between the
ODMY and variables, such as the time from symptom onset to
surgery, the size of rotator cuff tear, the preoperative OR, the
Goutallier classification before and after surgery, and the modi-
fied tangent sign before and after surgery. The level of statistical
significance was set at p<0.05.

Results

Before surgery, fatty degeneration of the supraspinatus muscle
was classified as grade | in 2 patients, grade Il in 18 patients,
and grade Ill in 7 patients according to the Goutallier classifica-
tion. Postoperatively, fatty degeneration was assessed as grade |
in 21 patients, grade Il in 5 patients, and grade Il in 1 patient.
As for the modified tangent sign, there were 7 cases of grade |,
17 cases of grade II, and 3 case of grade Ill before surgery, while
there were 21 cases of grade I, 6 cases of grade Il and, and O
case of grade Il immediately after surgery. The size of rota-
tor cuff tear was 25.52 % 8.22 mm (15-44 mm). The cases of

supraspinatus tears included 5 patients with a partial tear and
22 patients with a full-thickness tear. Regarding the tears of the
infraspinatus muscle, 5 patients had no tear, 3 patients had a
partial tear, and 19 patients had a full-thickness tear. The preop-
erative OR in the Y-shaped view was 52.28+8.57 (32.5-65.3).
In addition, the preoperative OR measured at the maximum

Table 2. Result of Measurements

Variable Value p-value
Tear size (mm) 25.52 + 8.22 (15-44) 0.558"
Supraspinatus muscle tear
Partial-thickness tear 5
Full-thickness tear 22
Infraspinatus tear
None 5
Partial-thickness tear 3
Full-thickness tear 19
Preoperation
Goutallier classification 0.001**
I 2
11 18
III 7
Modified tangent sign 0.003**
I 7
11 17
11T 3
Occupation ratio 52.28 + 8.57 (32.5-65.3)
Maximum diameter occupation 66.04 + 5.53 (55.2-74.5)
ratio
Postoperation
Goutallier classification 0.001**
1 21
II 5
11T 1
Modified tangent sign 0.004**
1 21
II 6
11T 0

Occupation ratio 63.77 +9.35 (37.3-76.1)

ODMY 13.76 £ 10.51 (2.38-42.04)

Values are presented as mean + standard deviation (range) or number only.
ODMY: occupation ratio difference between maximum diameter and Y-
shaped view

*Statistically significant.

"Kolmogorov-Smirnov test.

"Paired t-test.
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diameter location of the supraspinatus muscle was 66.04 = 5.53
(55.2-74.5). The immediate postoperative OR in the Y-shaped
view was 63.77£9.35 (37.3-76.1). The ODMY was 13.76 +
10.51 (2.38-42.04) (Table 2). As for the preoperative inter-rater
correlation coefficient, it was 0.85 for preoperative OR in the Y-
shaped view, 0.81 for OR at the maximum diameter location of
the supraspinatus muscle, and 0.89 for immediate postopera-
tive OR. There was a statistically significant correlation between
ODMY and postoperative OR in the Y-shaped view and the
Pearson correlation coefficient was 0.604 (p=0.001). In addi-
tion, there was also a statistically significant correlation between
preoperative OR and ODMY, and the Pearson correlation coef-
ficient was -0.809 (p=0.001). Pre- and postoperative Goutal-
lier classifications were statistically significantly correlated with
ODMY, and the Pearson’s correlation coefficient was -0.579

Table 3. Pearson Correlation Coefficient (p-Value)

Variable ODMY

Onset to operation -0.199 (0.319)

Tear size 0.136 (0.497)
Preoperation occupation ratio -0.809 (0.001)*
Preoperation Goutallier classification -0.579 (0.002)*

Preoperation modified tangent sign 0.279 (0.158)

Postoperation Goutallier classification -0.386 (0.047)*
Postoperation modified tangent sign 0.146 (0.486)

Postoperation occupation ratio 0.604 (0.001)*

Values are presented as Pearson correlation coefficient of pre- and postopera-
tive Goutallier classification (p-value).

ODMY: occupation ratio difference between maximum diameter and Y-
shaped view.

*Statistically significant.

(p=0.002) and -0.386 (p=0.047), respectively (Table 3).

Discussion

The atrophy and fatty degeneration of the rotator cuff are
reported to be closely related to the prognosis of rotator cuff
repair.'"” Taking a conventional approach to assess fatty de-
generation, Goutallier attempted to measure the degree of fatty
degeneration of the supraspinatus muscle in the Y-shaped view
where the scapular body and spine of the scapula form a Y
shape among the oblique sagittal planes.” However, the com-
parison between pre- and postoperative MRI scans performed
in our institution showed that the degree of fatty degeneration
was significantly different among the patients (Fig. 4, 5). A num-
ber of studies for the accurate assessment of fatty degeneration
of the retracted supraspinatus muscle have been conducted.
Fukuta et al.'” pointed out that it is difficult to assess the degree
of fatty degeneration of the supraspinatus muscle using the OR
of the supraspinatus muscle on a sagittal view. Thus, they as-
sessed the OR in the first, second and third inner planes of the
supraspinatus muscle in the Y-shaped view of the MRIs divided
into 5-mm segments, and analyzed the statistical significance. As
a result, they recommended assessing OR on the second inner
plane in the Y-shaped view. In this study, the shape of the supra-
spinatus muscle was examined in the coronal plane rather than
examining a specific inner plane image, and OR was measured
by setting the maximum diameter location of the retracted su-
praspinatus muscle as the measurement position. Then, we ana-
lyzed the statistical significance for the relationship between the
difference between ORs measured at the maximum diameter
and in the Y-shaped view (ODMY) and the postoperative OR.
The reason why OR was measured at the maximum diameter
location of the retracted supraspinatus muscle is that this meth-

Fig. 4. Magnetic resonance imaging (MRI) of a 61-year-old male patient with rotator cuff tear. (A) Sagittal view of preoperative T1-weighted MRI at location of
maximum diameter of supraspinatus muscle measured from coronal section of shoulder MRI. (B) Sagittal view of preoperative T1-weighted MRI of supraspina-
tus muscle, Y-shaped view in coronal section of shoulder MRI. (C) Sagittal view of postoperative T1-weighted MRI of supraspinatus muscle, Y-shaped view in

coronal section of shoulder MRI.
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Fig. 5. Magnetic resonance imaging (MRI) of a 51-year-old male patient with rotator cuff tear. (A) Sagittal view of preoperative T1-weighted MRI at location of
maximum diameter of supraspinatus muscle measured from coronal section of shoulder MRI. (B) Sagittal view of preoperative T1-weighted MRI of supraspina-
tus muscle, Y-shaped view in coronal section of shoulder MRI. (C) Sagittal view of postoperative T1-weighted MRI of supraspinatus muscle, Y-shaped view in

coronal section of shoulder MRI.

od allows accurate assessment since the position is the location
where the cross section of the muscle is largest and there is also
the advantage that assessment is less affected by MRI performed
than when the measurement position was set as in Fukuta et
al."” As ODMY became larger, the postoperative OR in the Y-
shaped view was increased, which indicates that the degree of
fatty degeneration of the supraspinatus muscle is small. A small
ODMY measured in the Y-shaped view can be considered to
indicate that fatty degeneration of the supraspinatus muscle oc-
curred in the patient. In the patients showing a large ODMY, the
degree of fatty degeneration measured in the Y-shaped view was
high, but this is likely to be a result of making the measurement
at the myotendinal junction due to muscle atrophy and the de-
gree of fatty degeneration of the supraspinatus muscle may be
actually low. Many studies have reported that fatty degeneration
and atrophy of muscles are important factors in the prognosis
and treatment outcomes of patients.''®'” In addition, muscles
showing atrophy and fatty degeneration are known to show
reduced muscle elasticity and be less suitable for recovery. Thus,
we concluded that it is important to examine the state of the su-
praspinatus muscle itself as well as fatty degeneration of the rota-
tor cuff before surgery to establish the treatment plan of each
patient, such as arthroplasty, open repair, and tendon transfer.
In our institution, we perform MRI of T1-weighted images in the
oblique sagittal plane up to the location maximally proximal to
MRI measurement coils to accurately assess the degree of fatty
degeneration of the supraspinatus muscle in the MRI test of pa-
tients suspected to have a rotator cuff tear. By this method, we
try to avoid making selection errors in patients with the rotator
cuff tear involving the retracted supraspinatus muscle, especially
not to erroneously perform overtreatment such as arthroplasty
in patients who can be treated only by a rotator cuff repair. This
study has some limitations. First, this study is a retrospective

study and not a randomized trial. In addition, since the patients
who did not undergo pre- and postoperative MRIs in our institu-
tion for personal reasons could not be included in the study, a
small number of patients were included in this study. In addi-
tion, different interpretations from the results of this study can be
made if the severity of fatty degeneration is not similar degen-
eration at the maximum diameter location of the supraspinatus
muscle and in the Y-shaped view. However, the significance of
this study can be found in the fact that this study is one of the
recent studies on accurate assessment of fatty degeneration in
patients with rotator cuff tear and has presented an analysis by
one of accurate evaluation methods.

Conclusion

The evaluation of fatty degeneration of the retracted supra-
spinatus muscle should be conducted not only in the Y-shaped
view but also at the location of the maximal diameter of the su-
praspinatus muscle not to make a therapeutic that is not suitable
for the patient’s condition.
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