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10.1 Introduction
Rotator cuff tears (RCTs) are a common cause
of shoulder pain and disability. Fatty infiltration
(FI) and muscle atrophy can be established and
progress following RC tears, and are closely cor-
related to worse outcomes following rotator cuff
repair. These two terms are usually used inter-
changeably. Fatty degeneration (FD) of the rota-
tor cuff muscles appears due to tendon rupture or
less often due to nerve damage. Rotator cuff tears
were at the beginning associated with muscle
degeneration as reported by Goutallier et al. [1].
FD can involve all muscles with ruptured tendons.
In terms of RC muscles, fatty degeneration
takes place in the whole muscle mass of supra-
spinatus, while it appears in whole infraspinatus
only if more than 50% of the tendon is torn [1].
Subscapularis degenerates only in the part of the
tendon that is ruptured. Nevertheless, severe fatty
infiltration can appear in subscapularis too. There
are cases when infraspinatus degenerates without
rupture, when the supraspinatus and subscapularis
are torn on the antero-superior side. The duration
of symptoms seems to cause increase of fatty infil-
tration, especially of the infraspinatus muscle [1].
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Infraspinatus FI is gaining interest recently,
because it seems to be the most rapidly affected
muscle [2, 3]. It is reported that infraspinatus
fatty degeneration is higher when an infraspina-
tus tear exist, and worsens when multiple tendons
are torn [4]. Age, besides the aforementioned
duration of symptoms, is found to be a predispos-
ing factor for increased infraspinatus FI [4]. FI of
the infraspinatus tendon can appear even without
tendon rupture [5].

The pathogenesis and pathophysiology of FI
and atrophy are complex and not clearly under-
stood. Tendon rupture has an important effect on
muscle physiology, structure, and function. FI
is characterized by increased fibrosis and fiber
shortening while mechanical unloading and
denervation also have been found to contribute
to atrophy [6]. Architectural changes take place
as a result of tendon release and musculotendi-
nous retraction [7]. Fibrous tissue and fat serve
to fill the gap space created among muscle fibers.
Furthermore, increased tension on the supra-
scapular nerve (SSN) may be applied by retracted
tears of supraspinatus, causing nerve injury which
subsequently leads to muscle atrophy [6, 8].

Although there are limited studies refusing
association between age and FI [9], recent data
find correlation between age and FI [2, 4, 10].
In a large retrospective study, evaluation of FI
with the use of CT arthrography, in intact cuffs,
showed a significant influence of aging on FI of
supraspinatus, infraspinatus, and subscapularis,
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with significant acceleration after 40 years [11].
Moreover, the age of 70 seemed to be a particu-
lar threshold for FI. Same conclusions were pre-
sented by Raz et al. [12], reporting age-related
increase of FI for supraspinatus, infraspinatus,
and subscapularis, with earlier onset of infiltra-
tion in supraspinatus and subscapularis. In late
stages, FI and atrophy may even be seen during
clinical examination. Patients with massive RCTs
and atrophy may appear with diminished external
or internal rotation [13, 14].

10.2 Radiological and Clinical
Implications

In terms of radiological evaluation, antero-
posterior plain radiographs of the shoulder are
usually ordered at initial admission, being of
minor diagnostic occurrence for FI. However,
narrowing of the acromio-humeral interval may
gradually cause muscle atrophy, especially in
infraspinatus tendon [4]. Computed tomography
(CT) was used by Goutallier to establish his grad-
ing system (Table 10.1) [1]. Later, Fuchs et al.
[15] modified this grading system with the appli-
cation of magnetic resonance imaging (MRI)
(Table 10.2). Their modified grading system
includes three grades of fatty infiltration based
on Goutallier grading (0 + 1, 2, 3 + 4) (Figs. 10.1
and 10.2). They found that interobserver repro-

Table 10.1 Goutallier grading system for fatty infiltra-
tion (based on CT)

0 Normal

1 Some fatty steaks

2 More muscle than fat

3 Equal amounts of fat and muscle
4 More fat than muscle

Table 10.2 Fuchs grading system for fatty infiltration
(based on CT and MRI)

1(0+ 1) No or some fatty steaks Normal muscle

2(2) More muscle than fat Moderate
degeneration

3(4 +5) As much muscle as fat or Advanced
more fat than muscle degeneration

ducibility turns from good to excellent by using
their modified classification.

Two most popular systems for grading of
RC atrophy are the occupational ratio and the
so-called “tangent sign.” Occupational ratio,
described by Thomazeau et al. [16], is defined
(Table 10.3) as the surface area of the supraspi-
natus muscle/surface area of the entire supraspi-
natus fossa (Fig. 10.3). “Tangent sign” is seen

Fig. 10.1 Goutallier stage II/Fuchs grade II (more mus-
cle than fat), MRI sagittal view

Fig. 10.2 Goutallier stage IV/Fuchs grade III (more fat
than muscle), MRI sagittal view
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Table 10.3 Thomazeau grading system for RC atrophy

Grade Muscle atrophy Occupation ratio
I Normal/slight 0.6-1.0

11 Moderate 0.4-0.6

11T Severe <0.4

Fig. 10.3 Thomazeau grade II, MRI sagittal view

on an oblique-sagittal MRI image (“Y” view)
and is negative if the supraspinatus crosses a
line between the superior aspect of the coracoids
process and the superior border of the scapular
spine (Fig. 10.4) [17]. Tangent sign is a useful
MR sign for atrophy of the supraspinatus muscle.
It is worth mentioning that interobserver agree-
ment for evaluating FI in MRI is remarkably low
according to some studies [18]. Ultrasonography
has been also demonstrated to be a reliable
means of diagnosing FI. Its advantages, such as
low cost, fast and easy to perform, and dynamic
evaluation of the RC, make it useful and pref-
erable for the patient [6]. Nevertheless, the use
of ultrasonography by an experienced physi-
cian is of major importance for proper diagno-
sis. Ultrasonography can also predict shoulder
function after arthroscopic repair by evaluat-
ing morphological changes of the supraspinatus
muscle [19].

Fatty degeneration is associated with tendon
re-tear and postoperative muscle atrophy as well.
As FI and muscle atrophy progress, the outcomes

Fig. 10.4 Negative “tangent sign”—the supraspinatus
crosses a line (green arrow) between the superior aspect of
the coracoid process and the superior border of the scapu-
lar spine

worsen. Fatty changes may negatively affect the
clinical outcome regardless of tendon re-rupture.
Nevertheless, both FI and muscle atrophy are
considered as negative prognostic factors for
shoulder function and clinical outcomes after
repair of RC tears [20-23]. Goutallier et al. [24]
proposed a cut-off of stage 2 according to their
staging system for better results after repair. This
finding was enhanced by Ohzono et al. [25] who
reported that fatty degeneration of Goutallier
stage 2 or more before surgery is a predispos-
ing factor for unsatisfactory outcome. In another
study, by Gladstone et al. [23], functional out-
come and strength of the RC were compromised
by FI [23]. The remarkable clue of their analysis
was that FI and atrophy of the infraspinatus were
found to be the only preoperative factors which
deteriorate functional scores. Patients with stage
4 FI seem to experience much lower functional
scores in comparison with patients with stage
1 FI after open repair [26]. Godeneche et al.
[20] found that Constant scores were mainly
influenced by preoperative FI of supraspinatus
and not infraspinatus. Additionally Constant
scores were significantly lower in patients with
stage 1 or 2 FI compared to those with stage 0.
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Valencia et al. [27] reported FI as a strong indica-
tor of muscle weakness and subsequent loss of
supraspinatus strength and function in an experi-
mental study. Muscles with atrophy and FI are
much weaker than muscles with atrophy alone.

Literature is controversial regarding the out-
come of tendon repair on infiltration progres-
sion, regardless of the success or recurrent tears.
Probably there is a level of damage in the mus-
cles which cannot be regenerated. Therefore sur-
gery should probably be performed before a high
grade of fatty degeneration [4, 28]. Some authors
have reported that infiltration and atrophy remain
irreversible or progress even in successful repairs
[23, 29]. They believe that atrophy remains irre-
versible, or is slowed by successful repair and
advances after failure [30, 31]. Fuchs et al. [30]
reported no significant change of muscle atrophy
after RC repair, and statistically significant FI
increase, despite repair. Nevertheless, RC atro-
phy was much greater in patients who experi-
enced re-tear of RC after repair [30].

On the other hand, there are studies demon-
strating reversal or improvement of atrophy after
RC repair. Muscles seem to show an individual
behavior regarding infiltration and atrophy after
repair. In a study by Gerber et al. [32] with
patients operated for massive RCTs, supraspina-
tus atrophy was slightly improved, while infra-
spinatus atrophy deteriorated even in successful
repairs. In an experimental study in sheep, mus-
cle atrophy was found to be partially reversible
at 35 weeks following repair [33]. Butt et al. [34]
demonstrated that atrophy is reversible follow-
ing repair, since the mean cross-sectional area
of muscle fibers of supraspinatus increases after
repair. In a retrospective study, Fabbri et al. [35]
compared two groups of patients with medium
to large RCTs and found that surgery can stop
muscular degenerative changes. They reported no
progression of the muscle atrophy in the opera-
tive treatment group, while significant worsening
was observed in the nonoperative group [35].

Improvement of muscle atrophy and FI can
appear at 2 years after surgery, more than initially
after operation according to the results of a study
by Hamano et al. [36]. MRI findings confirmed
the regeneration of muscle fibers at 2 years, while

patients with improved FI experienced a better
range of motion in flexion and abduction.

Nonoperative treatment is also proposed by
some authors for RC tears. Success of nonop-
erative treatment seems to depend on FI of RC
muscles. Jain et al. [37] reported that the absence
of FI along with shorter duration of symptoms
have more favorable outcomes in nonoperative
treatment of RC tears.

10.3 Summary

In conclusion, fatty infiltration seems to be a pro-
gressive, aging process of the muscles. Trauma
and/or rupture initiate, accelerate, or worsen this
process. Rotator cuff repair after rotator cuff tear
probably stops this degeneration process, improv-
ing or even sometimes reversing the established
muscle atrophy.
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