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FATTY MUSCLE INFILTRATION IN CUFF TEAR: PRE AND
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ABSTRACT

Obijective: To evaluate the fatty infiltration and atrophy of the
supraespinatus in the pre- and postoperative of a rotator
cuff lesion (RCL), by MRI. Methods: Ten patients with full-
-thickness rotator cuff tears who had undergone surgical
arthroscopic rotator cuff repair between September and
December 2011 were included. This is a prospective study,
with analysis and comparison of fatty infiltration and atrophy
of the supraespinatus. The occupation ratio was measured
using the magic selection tool in Adobe Photoshop CS3®
on T1 oblique sagittal Y-view MRI. Through Photoshop, the

proportion occupied by the muscle belly regarding its fossae
was calculated. Results: There was a statistically significant
increase in the muscle ratio (p=0.013) comparing images
pre and postoperative, analyzed by the Wilcoxon T test. Con-
clusion: The proportion of the supraspinal muscle above the
pit increases in the immediate postoperative period, probably
due to the traction exerted on the tendon at the time of repair.
Level of Evidence Il, Cohort Study.
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INTRODUCTION

Rotator cuff injury (RCI) is among the most common disea-
ses affecting the shoulder, with an incidence of up to 54% of
individuals over 60 years old,! and its chronicity may be ac-
companied by tendon retraction and fatty infiltration,? which is
progressive and irreversible.®

Initially, Goutallier et al.® described fatty infiltration of the rotator
cuff muscles (RC) after tendon rupture and created a classi-
fication system with five stages using computed tomography
(CT) of infra and subscapularis spinal muscles, which became
a reference in determining fatty infiltration. The increasing use
of magnetic resonance imaging (MRI) for diagnosis of shoulder
diseases and even for assessment of fatty infiltration, cause
the development of several works with the purpose of using
MRI to such purpose.”® In 2011 Tae et al.® found a significant
correlation between CT and MR images using a quick selection
tool in Photoshop CS3® to assess fatty infiltration and muscle
atrophy of the rotator cuff.

Some authors, such as Fuchs et al.,'" Jost et al.™ and Liem
et al.® expanded the concept of fatty infiltration, demonstrating
that the degree of infiltration does not decrease after surgical

repair, and even has a tendency to increase depending on the
preoperative state of the muscle,'® even being considered as
a negative prognosis.

The objective of this study was to evaluate fatty infiltration and
atrophy of the supraspinatus in the preoperative period and
immediately after repair in order to verify whether the traction
exerted on the tendon to reinsert it alters the muscle in his fossa
on immediate postoperative MR image.

CASES AND METHODS

From September 2011 to December 2011, ten patients (four
men and six women) followed at the Shoulder and Elbow
Group, Department of Orthopedics and Traumatology, Facul-
dade de Ciéncias Médicas da Santa Casa de S&o Paulo - “Pavi-
Ih&o Fernandinho Simonsen” SP, Brazil, diagnosed with full RCI
underwent repair of the injury and MRI study of the patient’s
shoulder, pre- and postoperatively. A prospective study was
performed with analysis and comparison of infiltration and su-
praspinatus muscle atrophy using MR images taken before
and after surgery.

As inclusion criteria, patients with complete RCI and fatty infiltration,
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ranked according to Goutallier et al.,® stage | or above and
supraspinatus muscle atrophy in the preoperative MR images, and
those who at surgery had a proper tendon reintegration. Patients
with partial RCI, isolated lesions of the subscapularis, previous
surgery on the shoulder, signs or symptoms of infection were
excluded from the study.

The ten patients participating in the study (Table 1) were on av-
erage 59.4 years old (range, 54-68 years old), in eight cases
the dominant side was the injured shoulder. The time present-
ing symptoms ranged from three to 120 months, averaging 60
months. Two patients reported well-defined trauma episode,
which led to the appearance or sudden worsening of symptoms.
To assess the degree of mobility of the shoulder joint, we used
the AAOS'™ (American Academy of Orthopedic Surgeons)
method, which takes into account the extent of medial rota-
tion, lateral rotation and elevation movements. The observed
preoperative values were, om average, 118° elevation (range,
90°-150°) 45.5° lateral rotation (range 20°-70°) and medial rota-
tion at T11 level (range, T8-L2).

Functional assessment of patients was performed using method
of UCLA (University of California at Los Angeles),'® obtaining an
average score of 16.6 (range 10-20) before surgery.

All injuries were considered extensive, according to Gerber
et al.,"® since in all of them the supraspinatus and infraspinatus
were damaged, and in no case the tendon of the subscapularis
and teres minor were injured. According to the classification by
Cofield et al.,'” 40% of patients had injuries considered as large
(8-5 cm) and 60% had injuries considered as medium (1-3 cm).
Regarding muscle fatty infiltration the classification described
by Goutallier et al.? was adopted. This system, which takes into
account the amount of fat within the muscle, is divided into five
evolutionary stages. Zero stage presents with muscle without
fat; Stage | contains some fatty streaks within the muscle; stage
II, there is already an important fatty infiltration, but still a higher
proportion of muscle; stage I, fat and muscle are proportion-
ately equal; and in stage IV, there is more fat than muscle.

In the study sample, five patients were considered as stage |

Table 1. Surgical cases of the study.

according to Goutallier et al.® for supraspinatus muscle and
five patients had stage llI; according to the infraspinatus, seven
were considered stage |, two were stage Il and one at stage Il
The fatty infiltration remained unchanged in the postoperative
regarding this classification. Image interpretation was made
by an Orthopedics and Traumatology physician specialized in
shoulder and elbow surgery.

All surgeries were performed at Pavilhdo Fernadinho Simonsen,
two surgeries were open procedures and eight by the ar-
throscopic route. In seven of them an acromioplasty (ACR)
was performed along with repair of the injury. In one pa-
tient acromioplasty, tenotomy of the long head of the biceps
(TLHB) and repair of the injury were performed. In one patient
repair of the injury and TLBH was made and, in one patient
it was chosen to repair the injury without other procedures,
due to the bad quality of the tendons.

MRI examinations were performed on a high-field 1.5 Tesla equip-
ment (Achieva, Philips Medical Systems, Netherlands B.V.®). Sag-
ittal and oblique coronal images were obtained referring to the
glenoid cavity, T1 and T2 weighted, as well as images in the axial
plane weighted in proton density. The exams were performed
with a maximum interval of one month between the pre- and
postoperative period.

The MR images were analyzed in the reports program of the
Department of Radiology and Diagnostic Imaging (Impax Re-
sults Viewer software 6.4.0.4513 - Agfa Healthcare®).

Aiming to evaluate the muscular atrophy and fatty infiltration, the
proportion that the muscle belly of the supraspinatus occupied
regarding its fossa, in both pre and post-operative examinations.
The weighted oblique sagittal T1 sequence, in which fat is ob-
served with high signal and the muscle with intermediate signal, is
the most appropriate for defining the studied structures. The cho-
sen cutoff was the most lateral, on which the spine of the scapula
shows a continuation with the body forming a “Y” shape. (Figure 1)
To calculate the total area of the supraspinatus fossa its limits
were set as the internal bony margins of the spine and body
of the scapula superiorly formed by the bottom edge of the

PREOPERATIVE POSTOPERATIVE
Age . .
N | Gender (V;:;s Dom (m:nsths) TH (héﬁx/f.hlgfn?ﬁ; UCLA n 'I'I::il:ir::s (sGS) (g) (pAi)(()ehlns) PAOM tes:i:g::flle (::I)ZIAS) PMOA (53) (g)
P[F| AAF [AAFS[ S | T
1 F | 48 | +| 36 10045/ T10 [4]6] 3 | 4 |0 |17]22] SIS | I | I | 3639 | 0342 | ACR | o766 | 0345 | Il | I
2| F | s 3 |S|90/40T106]6] 3 | 4 |0 |19]16] SSAS | I | I | 4221 | 0457 | ACR | 3860 | 0593 | I | |
3| M | 60 |+ | 24 |S|15050T10]6]6| 4 | 4 |0 |2031] SSIS | 1 | I | 903 |0624| ACR | 7087 | 0631 | I | |
s F | e |+ ]| 60 10060/ T10 (8|8 3 | 4 |0 |20[29] SIS | I | I | 4195 | 0.438 | ACRITLBH | 5578 | 0.46 | I | I
5| M | 54 |+ ]| % 10020/L2 |4|4] 3 | 3 |0 |14[39] SIS | I | I | 10556 | 0.638 10112 | 0616 | 1 | |
6| F | 5 |+ | 108 | |13030/T10]6]6| 4 | 4 |0 |14(20] SSAS | | W1 | 1497 | 0368 | ACR | 4730 | 0431 | U | i
7T F | e |+ ]| 8 1003012 [4]4] 3 | 3 |0 |14]a0| SSIS | 11 | | | 159 | 0.18 | TLBH | 2183 | 0254 | Il | |
8| F | e 120 140/50/T8 |2]2| 4 | 2 | 0 |10[34] SSIS | 0 | I | 5061 | 0398 | ACR | 3262 | 0526 | 0 | |
ol M | s |+ | 36 140/ 70/T12 |66 4 | 3 |0 |19]28] SS1S | I | I | 2013 | 0384 | ACR | 6388 | 0539 | I | |
o M | s |+ | 36 130/60/T12 |66 3 | 4 |0 |19]27] SS1S | W | I | 5756 | 0336 | ACR | 4208 | 0422 | I | |

Source: Medical records from Irmandade Santa Casa de Misericérdia de Sao Paulo.

N: Number, M: Male, F: Female, Dom: Dominance, +: Dominant side operated, TS: Time with symptoms, TH: Trauma history, Elev: Elevation, LR : Lateral rotation, MR: Medial rotation, UCLA : University of
California at Los Angeles, P: Pain, F: Function, AAF: Active anterior flexion, AAFS: Active anterior flexion strength, S: Satisfaction, T: Total, SI: Size of injury, G: Goutallier, SS: Supraspinatus, IS: Infraspinatus,
MOA: Muscle occupation area, PMOA: Proportion of muscle occupation area, ACR: Acromioplasty, TLHB: Tenodesis of the long head of the biceps.
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deltoid muscle belly, so that the pictures of pre and postopera-
tive parameters were similar to the same patient.

After selecting the image, it was saved on file and opened in Ado-
be Photoshop CS3® software. With used the quick selection tool,
which automatically selects areas of similar brightness. The area
in pixels of the supraspinatus muscle belly was initially calculated.
(Figure 2) Then, using the same tool, the supraspinatus fossa area
in pixels was calculated. (Figure 3) Values of the first area were
divided by the second obtaining the muscle ratio in the fossa.
The muscle ratios were calculated for the ten patients, and grouped
into two groups (pre- and postoperative). Values of the two groups
were compared using the Wilcoxon-t test used for paired and non-
parametric variables with small samples. The significance level
was set at 5% (p <0.05). The software SPSS (Statistical Package
for Social Sciences) version 19.0 for Windows was used.

In this work, using the selected “y” image of the scapula one

differs the notion of fatty infiltration of the supraspinatus, which is
the amount of fat in the muscle and muscle atrophy that was es-
timated by the amount of supraspinatus muscle within its cavity."®
This study was approved by the hospital’s Ethics Committee
with protocol number 106/11 and all selected patients and par-
ticipants submitted to examination and treatment of rotator cuff
injury signed the Free and Informed Consent form.

Figure 1. NMR in weighted oblique sagittal sequence in T1. Supraspi-
natus muscle indicated by the full line arrow and infraspinatus muscle
indicated by the dotted arrow.
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Figure 3. Image of the supraspinatus fossa area.

RESULTS

The muscle ratios were calculated for all ten patients and grouped
into two groups. (Table 2) Group 1 (preoperative) had on average
0.4162; ranging from 0.180 to 0.635. Group 2 (after surgery), had
the average value of 0.4862; ranging from 0.254 to 0.631.

It was found that there was a statistically significant increase
(p = 0.013) between pre and postoperative images, as compa-
red by the Wilcoxon t-test. The increased muscle ratio in group |
(preoperative) was 0, 416 on average (range 0.18-0.635), whe-
reas group Il (post) was on average 0.486 (range, 0.254-0.631).
Despite the statistically significant increased muscle proportion of
the supraspinatus, the fatty infiltration of both the supraspinatus
and infraspinatus, according to the classification of Goutallier
et al.,® remained unchanged in the pre and postoperative images.

Table 2. Assessment of muscular proportions of the supraspinatus cavity.
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Figure 2. Oblique sagittal NMR cut in T1: it is observed that the spine of
scapula is in continuity with the body, forming a “Y” shape.
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Patients Group 1 (pre) Group 2 (post)
1 0.342 0.354
2 0.457 0.593
3 0.624 0.631
4 0.438 0.496
5 0.635 0.616
6 0.368 0.431
7 0.18 0.254
8 0.398 0.526
9 0.384 0.539
10 0.336 0.422

p<0.05, pre: preoperative; post: postoperative.

DISCUSSION

Chronic rotator cuff injuries are associated with structural and
architectural changes of the muscle-tendon unit, including re-
traction of the tendon,'® muscle fat infiltration, interstitial con-
nective tissue proliferation and muscular atrophy.’" Even if a
repair is successful, these muscle disorders remain irreversible
and are associated with high rate of re-ruptures and poor clini-
cal outcomes.>®1920 Therefore, an accurate assessment of the
quality of the rotator cuff muscles is very important to evaluate
the surgical indication and post operative prognosos. '

The loss of muscle substance (atrophy) and increased inter-
fascicular fat and fibrous tissue are explained by a shortening
of healthy muscle fibers to approximately 50% of the length
original'®?° and reorientation of the fibers within the muscle.?’
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In pathology, the term fatty degeneration is the accumulation
of triglycerides in the cell parenchyma.?? As shown by Gerber
et al.,?° fat accumulates in interfascicular and intrafascicular
regions in muscle structure in RCI. Therefore, in this work we
adopted the term fatty infiltration to refer to changes in muscle
fiber observed in MRI.

Gerber et al.,? in an experimental study with 12 sheep, repro-
duced injuries in the infraspinatus tendon left to retract for
four months. Then a transcutaneous device for stretching the
muscle-tendon unit (1 mm per day) was set. After 16 weeks the
tendons were reattached to the greater tuberosity. The muscular
structures were evaluated by MRl and CT images through mac-
roscopic, histological and microscopic sections. As conclusion,
the authors observed an increase in muscle mass in cases
where stretching was successful.

Tae et al.,'?in 2011 performed a study with the aim of introducing
a new method of assessment of fat infiltration and muscle atro-
phy. By means of MR and CT images, they calculated muscle
occupancy rate of supraspinatus using Photoshop software
CS3® and correlate the values found to the size of the injury
and the degree of fatty infiltration according to Goutallier et al.®
They noticed the existence of highly reliable linear relationship
between the studied parameters.

This work was based on the same methodology adopted by Tae
et al.'® for evaluating quantitatively the supraspinatus muscle
and for being reproducible. MR images pre and postoperatively
were performed at a minimum interval of one month, in order
to verify whether the traction of the retracted muscle to reinsert
it would occupy a proportionately larger area in its fossa, and
this was observed in this study.

Limitations of this study existed in various aspects. MRI exami-
nations, although were standardized with the image cuts made
parallel to the glenoid cavity, in some cases did not result in
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