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Abstract

Background In some patients nonoperative treatment of a
rotator cuff tear is sufficient, while in others it is only the
first stage of treatment prior to surgery. Fatty infiltration
progresses throughout the nonoperative treatment although
it is not known at what point fatty infiltration contributes to
poor functional outcomes, absence of healing, or increased
rerupture rates.

Questions/purposes We therefore identified factors rela-
ted to the appearance of supraspinatus muscle fatty
infiltration, determined the speed of appearance and pro-
gression of this phenomenon, and correlated fatty
infiltration with muscular atrophy.

Methods We retrospectively reviewed 1688 patients with
rotator cuff tears and recorded the following: number of

Each author certifies that he or she has no commercial associations
(eg, consultancies, stock ownership, equity interest, patent/licensing
arrangements, etc) that might pose a conflict of interest in connection
with the submitted article.

Each author certifies that his or her institution approved or waived
approval for the human protocol for this investigation and that all
investigations were conducted in conformity with ethical principles of
research.

This work was performed at the Department of Shoulder Surgery,
Centre Orthopédique Santy, Lyon, France.

B. Melis, G. Walch
Centre Orthopédique Santy, Lyon, France

M. J. DeFranco
Harvard Shoulder Service, Massachusetts General Hospital,
Yawkey Center for Outpatient Care, Boston, MA, USA

C. Chuinard (X))

Shoulder and Elbow Service, Great Lakes Orthopaedic Center,
4045 West Royal Drive, Traverse City, MI 49684, USA
e-mail: cchuinard @hotmail.com

@ Springer

tendons torn, etiology of the tear, time between onset of
shoulder symptoms and diagnosis of rotator cuff tear. Fatty
infiltration of the supraspinatus was graded using either CT
or MRI classification. Muscular atrophy was measured
indirectly using the tangent sign.

Results Moderate supraspinatus fatty infiltration appeared
an average of 3 years after onset of symptoms and severe
fatty infiltration at an average of 5 years after the onset of
symptoms. A positive tangent sign appeared at an average
of 4.5 years after the onset of symptoms.

Conclusions Our results suggest that rotator cuff repair
should be performed before the appearance of fatty infil-
tration (Stage 2) and atrophy (positive tangent sign)—
especially when the tear involves multiple tendons.

Level of Evidence Level IV, prognostic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Pathology of the rotator cuff influences both the tendon and
corresponding muscle. More specifically, a full-thickness
tear of a rotator cuff tendon can result in retraction of the
muscle belly and its tendon. Retraction of the muscle belly
may lead to a change in the pennation angle between the
muscle fibers and the subsequent development of fatty
infiltration [9]. Goutallier et al. [11] first reported a clas-
sification system to define the severity of fatty infiltration
using CT images of the rotator cuff muscle. Subsequently,
the amount of fatty infiltration has been considered an
important prognostic factor for healing of a rotator cuff
repair, as well as for functional outcome, as this chronic
change may signal poor biologic capacity to heal the ten-
don as well as the muscle and may suggest tissue with poor
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mechanical properties that can be difficult to mobilize or
hold suture [1, 8, 10, 13, 14, 18, 19]. Atrophy of the rotator
cuff muscle is also an important factor for assessing the
treatment of rotator cuff tears [1, 19, 20, 22, 26].

Despite the current literature describing the importance
of fatty infiltration and atrophy, these concepts have not
been specifically defined for the supraspinatus musculo-
tendinous unit. In certain cases, nonoperative treatment of
rotator cuff tears is sufficient, while in others, it is the first
stage of treatment prior to surgery. However, the fatty
infiltration progresses throughout the nonoperative treat-
ment. Since the degree of fatty infiltration influences
outcome, it is critical in individual patients to identify the
degree that results in poor functional outcomes, poor
healing, or increased rerupture rates.

The goals of our study were therefore to (1) identify
factors related to the appearance of supraspinatus muscle
fatty infiltration; (2) determine the speed of appearance and
progression of this phenomenon; and (3) correlate fatty
infiltration with muscular atrophy.

Patients and Methods

We retrospectively reviewed 2500 patients with rotator
cuff tears who underwent open or arthroscopic tendon
repair, arthroscopic débridement, or a reverse shoulder
arthroplasty between 1988 and 2005. We excluded 812
patients with previous surgery on the affected shoulder or
incomplete imaging studies. The average age of the
remaining 1688 patients at the time of imaging was
57.2 years (range, 18-83 years). Men represented 60% of
cases (1005/1688); 72% (1209/1688) involved the domi-
nant side. Of the 1688 patients, 1377 (82%) had a
preoperative CT arthrogram and 311 (18%) had a preop-
erative MRI. Demographic data were obtained for each
patient in addition to the details regarding their rotator cuff
tear (number of tendons torn, etiology of the tear, time

Table 1. Type of rotator cuff tears and epidemiology

between onset of shoulder symptoms, and diagnosis of
rotator cuff tear).

We identified and characterized the rotator cuff tears
based upon preoperative CT arthrogram or MRI, ranging
from isolated single tendon tears to massive multiple ten-
don tears [21]. For the supraspinatus tendon we
differentiated between partial thickness (articular side, in-
tratendinous, superficial side) and full thickness tears; for
the infraspinatus and the subscapularis tendon, we did not
distinguish between partial and complete tears because the
study focused on the supraspinatus. There were no teres
minor tears in this series. Rotator cuff tears were identified
on preoperative images and confirmed intraoperatively, but
the observers were not blinded as they had evaluated the
preoperative imaging and were present at the time of sur-
gery. The rotator cuff tears involved the supraspinatus in
93% of cases (1573/1688), the subscapularis in 38% (633/
1688), and the infraspinatus in 24% (411/1688) (Table 1).
We did not quantify the size of the tears due to lack of
consensus in the literature, no methods to measure tear size
and the variability these measurements would introduce
into the study.

The etiology of the rotator cuff tear was classified as
traumatic (those patients who recalled a specific event),
degenerative (those who did not recall a single incident), or
mixed. The mixed type was defined as a patient with
chronic shoulder symptoms who experienced an acute
traumatic event that exacerbated the chronic symptoms and
motivated the patient to seek formal treatment. The etiol-
ogy of the rotator cuff tear was traumatic in 669 of the
1688 cases (40%), degenerative in 903 (54%), and mixed
in 116 (7%).

One of us (BM) graded fatty infiltration of the supra-
spinatus using either the CT arthrogram (soft-tissue
sequences) and the classification of Goutallier et al. [11] or
MRI (T1 sequences) and the classification developed by
Fuchs et al. [6]. Both classifications systems compare the
ratio of fat to muscle on sagittal oblique images: stage 0-1

Variable Partial thickness Full thickness Isolated SScap SS 4 Sscap SS + IS +=TM SS + IS 4 Sscap Total
SS tears SS tears tears tears tears tears

n 232 577 115 353 246 165 1688

% 13.7% 34.2% 6.8% 20.9% 14.6% 9.7% 100%
Age at imaging (years) 51.7 56.8 52.1 58.5 59.9 63.1 57.2
Male 62.1% 52.9% 80.9% 62% 58.9% 60% 59.2%
Dominant side 62.1% 69% 75.7% 78.2% 71.1% 78.2% 71.6%
Traumatic onset 33.5% 35.8% 46% 45.1% 43.6% 39% 39.6%
Degenerative onset 62.5% 56.5% 49.6% 48.6% 44% 58.5% 53.5%
Mixed onset 4% 7.7% 4.4% 6.3% 12.4% 2.5% 6.9%

SS = supraspinatus; Sscap = subscapularis; IS = infraspinatus; TM = teres minor.
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is considered normal and has no (0) to trace (1) amounts of
fat investing the muscle bellies. Stages 2—4 are considered
pathologic: more muscle than fat (2); equal muscle to fat
(3); more fat than muscle (4). Lesage et al. reported a
moderate interobserver agreement in the analysis of the
supraspinatus fatty infiltration according to Goutallier
classification on the CT scan [17]; Williams et al. reported
a good intraobserver and a moderate interobserver agree-
ment in the analysis of the supraspinatus fatty infiltration
according to Goutallier classification on the CT scan [24];
Fuchs et al. reported a good interobserver reliability for
grading fatty infiltration according to Goutallier classifi-
cation for the CT-scan and for the MRI [6]. We did not
compare or contrast CT scans with MRI; nevertheless, in
our series the delay of appearance of different stages of
fatty infiltration and the mean age of patients for each stage
of fatty infiltration were similar in CT and MRI groups, and
we think that the small series of MRI (only 18%) and the
small differences in results have minimal influence on the
data. Because the distribution of fatty infiltration through a
muscle belly is variable and random, the final stage of

Fig. 1A-C Fatty infiltration of
the supraspinatus was graded in
soft-tissue sequences of the CT
scan according to Goutallier
classification [11]. The average
of values determined in (A)
axial, (B) coronal, and (C) sag-
ittal plane was defined as the
final stage of fatty infiltration.

@ Springer

supraspinatus fatty infiltration was determined by grading
the muscle in an entire set of three imaging planes (coronal,
axial, and sagittal) and not in one specific window (Figs. 1,
2). The average of these values was defined as the final
stage of fatty infiltration for the supraspinatus muscle. Fatty
infiltration of the infraspinatus and the subscapularis was
graded using only axial images at the superior (tip of
coracoid process) and inferior portion (lowest portion at the
glenohumeral joint) of the glenoid as described by Gou-
tallier [11]. The average of these two values defined the
final stage of fatty infiltration for the infraspinatus and
subscapularis muscles. For statistical evaluation we clas-
sified fatty infiltration as minimal for Goutallier stages 0
and 1, moderate for Goutallier Stage 2 and severe for
Goutallier stages 3 and 4 [24].

One of us (BM) also measured muscular atrophy indi-
rectly using the tangent sign on the most lateral cut of the
sagittal plane where the spine appears in contact with the
scapula on the MRI/CT as described by Zanetti [26]
(Fig. 3). A healthy supraspinatus should cross a line
drawn for the superior border of the coracoid process to
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Fig. 2A-C Fatty infiltration of the supraspinatus was graded in T1 sequences according to Goutallier classification adapted by Fuchs to MRI [6].
The average of values determined in (A) axial, (B) coronal, and (C) sagittal plane was defined as the final stage of fatty infiltration.

Fig. 3A-B If the muscle belly of the
supraspinatus fails to intersect a line
drawn across the supraspinatus fossa,
the tangent sign is Positive (A); if,
however, the muscle does cross the line,
it is a Negative tangent sign (B).

the superior border of the scapular spine; this line is
called the “tangent.” Failure of the supraspinatus to cross
the tangent is considered a “tangent sign” [26]. Only 584
had the appropriate “Y” cut on the most lateral sagittal
plane where the spine appears in contact with the scapula
(as described by Zanetti [26]) for the atrophy
measurement.

We used multiple regression analysis to determine the
influence of several factors on the appearance of supra-
spinatus muscle fatty infiltration: increasing patient age,
delay between onset of symptoms and diagnosis, etiology,
and the number of involved tendons. The values of fatty
infiltration were then analyzed two by two and multivariate
logistic regression was used to determine the influence of

the same factors on the speed of appearance and progres-
sion of this phenomenon. To evaluate the speed and
progression at discrete time periods, the analysis of vari-
ance (ANOVA) with post hoc testing using the Bonferroni
method was used or nonparametric test (Kruskal-Wallis,
Wilcoxon) when the variance was not equal when ana-
lyzing trends with tear size. Fatty infiltration was analyzed
by comparing muscle with minimal fatty infiltration to
muscle with moderate and severe amount of fatty infiltra-
tion, respectively, with chi square of the maximum
likelihood test for qualitative variables. Moderate and
severe amounts of fatty muscle infiltration were also
compared to each other. Finally, regression analysis was
used to correlate fatty infiltration and atrophy.

@ Springer
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Results

The appearance of fatty infiltration of the supraspinatus
was related to increasing patient age, delay between onset
of symptoms and diagnosis, and the number of involved
tendons (p < 0.001 for all three variables). Variations were
observed in the frequency and severity of supraspinatus
fatty infiltration according to the number of tendons torn
(Table 2); that is, fatty infiltration increases (p < 0.001)
from minimal in partial ruptures of the supraspinatus to
severe in massive rotator cuff tears involving the supra-
spinatus, infraspinatus, and subscapularis. We observed a
relationship (p < 0.001) between increasing patient age
and both the severity and frequency of supraspinatus fatty
infiltration (Table 3). Age was a more likely predictor than
time between onset of symptoms and diagnosis in terms of
the development of fatty infiltration.

Temporally, fatty infiltration and muscular atrophy
correlated with the onset of rotator cuff symptoms and the
delay of diagnosis in terms of presence and severity.
Supraspinatus fatty infiltration increased (p < 0.001) as
more time elapsed between the onset of symptoms and
diagnosis of rotator cuff tear for both types of ruptures
(traumatic and degenerative) (Table 4). On average, mod-
erate (Stage 2) fatty infiltration appeared at a mean of
4 years (45.7 = 61.8 months) after the onset of symptoms;
severe fatty infiltration appeared at an average of 6 years
(70.3 £ 74 months) after the onset of symptoms. In trau-
matic tears, where the delay can be precisely determined,
moderate (Stage 2) fatty infiltration appeared at an average
of 3 years (34.8 &+ 55.7 months) and severe (stages 3 and
4) fatty infiltration at an average of 5 years (57.7 £
66.7 months) after the onset of injury. Fatty infiltration
appeared earlier and progressed faster in tear patterns
involving more tendons (Table 5).

Muscle atrophy (positive tangent sign) was influenced
by the degree of fatty infiltration, number of tendons
involved, time after diagnosis, and age of the patient. The
degree of fatty infiltration of the supraspinatus was de-
scribed as minimal in 1111 of 1677 (66%), moderate in 68
(28% 4), and severe in 98 (6%). The tangent sign was
positive in 14% (81/584) of the cases, and we observed a
correlation between muscle atrophy (positive tangent sign)

Table 3. Fatty infiltration (FI) stages according
(p < 0.0005)

to age class

Supraspinatus fatty Age

infiltration
50 years or  Between 50 and 60 years or
younger 60 years old older
Minimal 90% 73% 47%
Moderate 9% 24% 41%
Severe 1% 3% 12%

Table 4. Delay between the symptoms onset and the imaging studies
for the different fatty infiltration stages (variation observed according
to the onset.)

Supraspinatus fatty Delay onset — imaging studies (months)

infiltration
Total Traumatic Progressive
onset onset
Minimal 23.6 + 36.8 194 £ 37.3 29.5 £ 375
Moderate 457 £ 61.8 34.8 £ 55.7 54.1 £ 66.7
Severe 703 £742  57.7 £ 66.7 83.9 + 80.2

Between minimal and moderate and between minimal and severe:
P < 0.0005.

Between moderate and severe: P = 0.001 for total; P = 0.04 for
traumatic onset; P = 0.003 for progressive onset.

and the degree of supraspinatus fatty infiltration
(p < 0.001). A positive tangent sign correlated with the
degree of fatty infiltration of the supraspinatus (p < 0.001)
and of the infraspinatus (p < 0.001) in the isolated supra-
spinatus tendon tears and in the tears involving both the
supraspinatus and infraspinatus tendons: positive in 10% of
isolated tears of the supraspinatus and in 28% of combined
supraspinatus and infraspinatus. The prevalence of muscle
atrophy increased with the number of torn tendons; in other
words, we observed a positive tangent sign less frequently
in partial tears of the supraspinatus and more commonly in
massive rotator cuff tears involving supraspinatus, infra-
spinatus, and subscapularis (Table 6). We observed no
correlation between muscular atrophy (positive tangent
sign) and subscapularis fatty infiltration. For the entire
series, the tangent sign was negative at an average of
2.5 years (30.2 £ 47.1 months) and positive at an average

Table 2. Supraspinatus fatty infiltration (FI) according to tendons tears (p < 0.0005)

Supraspinatus Isolated Sscap  Partial thickness  Full thickness SS SS + Sscap SS+ IS+ TM SS + IS + Sscap Total

fatty infiltration tearsn = 114  SS tears n = 231 tears n = 571 tears n = 352 tears n = 244  tearsn = 165 n = 1677
Minimal 108 (95%) 215 (93%) 417 (73%) 223 (63%) 101 (41%) 47 (28%) 1111 (66%)
Moderate 5 (4%) 16 (7%) 142 (25%) 121 (34%) 99 (41%) 85 (52%) 468 (28%)
Severe 1 (1%) 0 (0%) 12 (2%) 8 (3%) 44 (18%) 33 (20%) 98 (6%)

SS = supraspinatus; Sscap = subscapularis; IS = infraspinatus; TM = teres minor.
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Table 5. Time elapsed (months) since the beginning of symptoms for the different type of tendinous rupture

Supraspinatus SS tears SS + IS &+ TM tears

SS + IS + SScap tears SS + SScap tears

fatt
inﬁl};ration Full Traumatic Progressive Full Traumatic Progressive Full Traumatic Progressive Full Traumatic Progressive
series onset onset series onset onset series onset onset series onset onset

Minimal 24 17 31 16 14 24 23 13 34 26 26 27
Moderate 52 48 57 46 21 75 50 39 55 36 34 35
Severe 51 73 48 68 51 88 84 72 92 58 7 90
Between minimal and moderate and between minimal and severe: P < 0.0005.
Between moderate and severe: P = 0.001 for total; P = 0.04 for traumatic onset; P = 0.003 for progressive onset.
SS = supraspinatus; Sscap = subscapularis; IS = infraspinatus; TM = teres minor.
Table 6. Relationship between tangent sign (TS) and tendon tears
TS Partial thickness SS  Isolated Sscap  Full thickness SS  SS + Sscap SS+IS+TM SS + IS + Sscap  Total

tears tears tears tears tears tears
Negative 79 (97.5%) 31 (96.9%) 188 (90.4%) 101 (88.6%) 63 (72.4%) 41 (66.1%) 503 (86.1%)
Positive 2 (2.5%) 1 (3.1%) 20 (9.6%) 13 (11.4%) 24 (27.6%) 21 (33.9%) 81 (13.9%)

SS = supraspinatus; Sscap = subscapularis; IS = infraspinatus; TM = teres minor.

of 4.5 years (55 £ 63.5 months) after the onset of symp-
toms (p = 0.001). The average age of patients with a
positive tangent sign, 62.8 years (range, 35-82 years), was
higher (p < 0.001) than in patients with a negative tangent
sign, 56.6 years (range, 18—82 years).

Discussion

Understanding the relationship of fatty infiltration and
rotator cuff muscle atrophy and the clinical and temporal
factors that influence this process may help physicians
improve outcomes or provide patients with better prog-
nostic information. The goals of our study were, therefore,
to identify factors related to the appearance of supraspi-
natus muscle fatty infiltration, to determine the speed of
appearance and progression of this phenomenon, and to
correlate fatty infiltration with muscular atrophy.

We were first limited by a lack of a uniform imaging
protocol for all tendon tears; however, we do not believe
that this factor compromised our ability to analyze the fatty
infiltration or muscle atrophy. Second, we did not measure
rotator cuff tear size or tendon retraction as there is not a
reliable rubric to this purpose. Our choice of symptoms
onset corresponding with the onset of degenerative muscle
change may limit the study because some tears are
asymptomatic and the appearance of fatty infiltration may
precede the symptom onset. However, as demonstrated by
Yamaguchi et al., asymptomatic tears are usually small,
becoming symptomatic as their size increases [25]. Third,

we analyzed several tear patterns; application of the cur-
rently available systems oversimplifies the factors of tear
morphology and retraction; their use in this study would
not have generated meaningful data. The groups were too
small and the data points insufficient to define the exact
onset or describe a difference among the tear types
(Table 6). Instead, the entire group of tears had to be
analyzed together to report general conclusions. Retraction
of the torn rotator cuff tendon may be a factor in the
development of supraspinatus fatty infiltration [9].
Degenerative muscular changes associated with rotator
cuff tears include fatty infiltration and atrophy [9, 11]. Both
of these changes influence healing and clinical outcome of
rotator cuff repairs [4, 7, 8, 10, 12, 14, 15, 19, 20, 22, 26].
Several studies have associated these changes with poor
clinical outcome [2-4, 7, 8, 10-12, 15, 16, 19, 20, 23]. The
natural history of fatty infiltration is described as irre-
versible and, usually, progressive [3, 8, 10, 14, 20]. Indeed,
fatty infiltration graded as Stage 2 or higher is associated
with a definitive loss of muscular function and, as a result,
increases the rate of repair failure and limits the achievable
outcome during the postoperative period [18, 22]. Although
the changes may be irreversible, repair seems to halt
atrophy because in patients with a retear there was more
atrophy compared to patients with a healed supraspinatus
repair [5, 8]. In general, most patients (66%) in this study
had a minimal amount of supraspinatus fatty infiltration;
the remaining patients had a moderate (28%) or a severe
(6%) amount of fatty infiltration. Increasing patient age
correlated with the presence and severity of supraspinatus
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fatty infiltration. Fatty infiltration increased with the
severity of the rotator cuff tear (partial thickness tear to
massive rotator cuff tear) (Table 1).

Recent reports have focused on defining the influence of
fatty infiltration and atrophy on healing and postoperative
outcome [10, 16, 18]. We did not evaluate postoperative
integrity of repaired rotator cuffs or clinical outcome.
Instead, the goal was to better define the relationship
between the symptomatic time period before diagnosis of
rotator cuff tear and the development of fatty infiltration
and atrophy among various tear patterns. Overall, the onset
of fatty infiltration is earlier, and its progression is faster in
patients with more than one tear. The time between the
onset of rotator cuff symptoms and diagnosis of rotator cuff
tear plays a major role in the development of muscular
changes. For traumatic tears, the time of onset of symptoms
is easier to determine than in others types (degenerative or
mixed). We observed that the fatty infiltration was minimal
(stage O or 1) in small tears: if fatty infiltration is minimal
in small symptomatic tears, we can presume that it is
minimal or absent in asymptomatic small tears. Greater
supraspinatus fatty infiltration was observed with longer
delay between symptom onset and the diagnosis of rotator
cuff tear on imaging studies. With all rotator cuff tear types
in this study, moderate (Stage 2) fatty infiltration developed
at an average of 4 years (45.7 months &+ 61.8 months)
after the onset of symptoms. Severe fatty infiltration
appeared at an average of 6 years (70.3 months + 74
months) after the onset of symptoms. Nevertheless for
patients who experienced traumatic rotator cuff tears,
moderate (Stage 2) fatty infiltration appeared at an average
of 3 years (34.8 £ 55.7 months) after the initial incident/
onset of symptoms. Severe fatty infiltration (stage 3 or 4)
developed at an average of 5 years (57.7 £ 66.7 months)
after the initial incident/onset of symptoms.

We used the tangent sign as an indirect measure of
muscle atrophy, observing a positive tangent sign more
frequently in cases where more rotator cuff tendons were
torn. Atrophy in the supraspinatus was associated with a
concomitant infraspinatus tear, but not a subscapularis tear.
The development of a tangent sign also correlated with the
time interval between onset of symptoms and diagnosis of
rotator cuff tear. With all tear types under consideration in
this study, a negative tangent sign occurred at a mean of
2.5 years (30.2 months £ 47.1 months) and a positive
tangent sign at 4.5 years (55 months £ 63.5 months) after
the onset of symptoms (Table 6). The data suggest the
tangent sign is negative when there is minimal fatty infil-
tration. Our findings differ from those of Nakagaki et al.
who reported no correlation between the period of preop-
erative symptoms and the degree of supraspinatus atrophy
[20].

@ Springer

Overall, the findings in this study were consistent with
previous studies that reported the importance of muscular
atrophy in the evaluation of rotator cuff tears [6, 22]. The
development of fatty infiltration and its severity increases
with age. The progression of fatty infiltration is faster in
rotator cuff tears that are traumatic and/or involve more
than one tendon with moderate (Stage 2) fatty infiltration
appearing at an average of 3 years after onset of symptoms.
Based on the findings in this study, rotator cuff repair
should be performed before the appearance of fatty infil-
tration (Stage 2) and atrophy (positive tangent sign) and as
soon as possible in older patients when the tear involves
multiple tendons. Understanding the influence of age and
number of tendons torn as well as the time interval between
the onset of rotator cuff symptoms and diagnosis of rotator
cuff tear with fatty infiltration and atrophy should guide the
length of nonoperative management, determine the urgency
for surgical intervention, and define patient expectations.
Future studies will help to confirm the findings of this study
and their usefulness in clinical practice.
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