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Rotator cuff muscles fatty infiltration increases
with age: retrospective review of 210 patients
with intact cuff on computed tomography
arthrography

CrossMark

Jeremy Gueniche, MD, Guillaume Bierry, MD, PhD*

Department of Radiology, University Hospital, Strasbourg, France

Hypothesis: We aimed to demonstrate that rotator cuff fatty infiltration (FI) increases physiologically with
age and that a FI degree of 2 might be encountered in patients with an intact cuff.

Methods: We retrospectively evaluated the FI of 210 patients (classified in 7 age groups: <20, 20-30, 30-
40, 40-50, 50-60, 60-70, and >70 years) who had an intact cuff on computed tomography (CT) arthrography.
The Goutallier grading system was used to assess FI of rotator cuff muscles and of the deltoid muscle. FI
was then compared between groups for each muscle, and determinants (age, sex, and body mass index)
of FI were assessed.

Results: FI of all evaluated muscles progressively increased with age, but a statistically significant in-
crease between 2 consecutive age groups was observed for all muscles only after age 40 years. For each
group, intermuscle comparison showed that the FI distribution was not significantly different between each
rotator cuff muscle at any age. Age was a determinant for FI for all muscles, but sex and body mass index
also influenced deltoid FI. A median FI value of 2 was found in the “over 70 group” for the supraspina-
tus, but in the 60 to 70 group for infraspinatus and subscapularis and in the 50 to 60 group for the deltoid.
Conclusion: FI of rotator cuff muscles increased with age, with a significant acceleration after 40 years.
Moreover, a FI graded 2, a common threshold for management decision, was commonly found in those
aging patients with intact cuff on CT arthrography

Level of evidence: Anatomy Study; Imaging
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Besides volume loss, infiltration of the rotator cuff (RC)
muscles with fatty tissue is a well-known feature in RC tears.”
This fatty infiltration (FI) is generally considered as irrevers-
ible and usually progresses with time.>'*'*'* Preoperative FI
is recognized as a major prognosis for healing, clinical out-
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comes, and retear rates after cuff repair, and a good chance
of satisfactory anatomic repair can only be expected in muscle
cuffs with minimal amount of FI. Some authors have found
Fl is a better predictor of outcome than tear size or recurrence. '
Those poor outcomes in cuffs with significant FI are gener-
ally explained by a poor quality of the corresponding tendon.*>¢

FI is commonly assessed using 2 different imaging-
based classifications: Goutallier based on axial computed
tomography (CT) images and Fuchs based on sagittal mag-
netic resonance images (MRIs).”!* The Goutallier classification
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classifies FI in 4 grades of increasing severity. Some authors
considered that stage 2 or higher is associated with a defin-
itive loss of muscle function and that RC repair should be
performed before this stage.'*!*! With the aging popula-
tion and the desire to pursue an active lifestyle, RC repair
can be proposed to patients aged older than 60 or even 70
years.™

Whether the cutoff values based on Goutallier classifica-
tion suit those aging patients can be discussed. Indeed, FI is
recognized as a general phenomenon in aging." But, if reports
of FI in patients with RC tears are widely available, data on
FI in decade-stratified individuals with an intact RC remain
sparse. Moreover, the direct influence of age on FI in RC
muscles remains debated, and contradictory results can be
found in the literature, presumably resulting from differ-
ences in the study populations.'>'®#

In this study, we aimed to report the range and distribu-
tion of FI in RC muscles and estimate the determinant of FI
in age-stratified patients who presented with an intact RC on
CT arthrography (CTA). We hypothesized that FI physiolog-
ically increases with age and that a FI graded 2 could be
frequently encountered in healthy aging patients. This thresh-
old might therefore be considered with caution when a cuff
repair is discussed.

Materials and methods

Patient selection

A radiology resident (J.G.) retrospectively screened our local da-
tabase for shoulder CTA (SCTA) reports. From January 2009 to

January 2016, 4446 SCTAs were performed in 4367 patients. We
excluded examinations that reported (1) any RC abnormalities (tear
or calcifications), (2) biceps abnormality, (3) acute trauma, or (4)
any internal joint disorders (osteoarthritis, arthritis, or capsulitis).
We found 347 examinations in 347 patients; of those, 210 patients
were randomly selected and stratified by decades into 7 groups of
30 patients: group 1 was younger than 20 (<20), group 2 was 20
to 30 (20-30 group), group 3 was 30 to 40 (30-40 group), group 4
was 40 to 50 (40-50 group), group 5 was 50 to 60 (50-60 group),
group 6 was 60 to 70 (60-70 group), and group 7 was older than
70 years (>70 group; Fig. 1). There were 123 men and 87 women.
A senior musculoskeletal radiologist (reader 1 [G.B.]), with 15 years
of experience in musculoskeletal imaging, reviewed the SCTAs of
the 210 patients to confirm the absence of exclusion criteria.

Images acquisition

The SCTA protocol was identical for all patients, with a puncture
of the glenohumeral joint though an anterior approach and the in-
jection of 10 to 15 mL of iodinated contrast media. CTA was
performed on 2 different CT units (Siemens AS+, Siemens defini-
tion; Siemens, Munich, Germany) but with the same protocol (350-
400 mA, 120 kV) with “bone” and “soft tissue” reconstruction kernels.

FI assessment

Fatty degeneration was assessed on CT images by a senior radiol-
ogist (reader 1, G.B.) and a radiology resident (reader 2, J.G.) on a
picture archive and consultation system (General Electric, Milwau-
kee, WI, USA; 2013), with the 2 radiologists working in consensus.

In addition, a reliability study was conducted in which the 2
readers independently evaluated FI of the supraspinatus (SSp) muscle
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Figure 1

Flowchart of patients. CT, computed tomography.
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Figure 2
phy images.

of the 120 patients. Reader 2 reviewed the data set a second time
after a 1-week interval to assess intraobserver agreement.

A “soft tissue” data set was used for evaluation, with a recon-
struction kernel of 30, a “soft tissue” windowing, and a 5-mm slice
thickness. Because the distribution of FI through a muscle belly is
random and variable, FI of SSp, infraspinatus (ISp), subscapularis
(SS), and deltoid muscles was evaluated on axial and sagittal planes.

On the axial plane, the SSp was assessed at the section of the
muscle with the greatest visual surface area between the scapular
spine and the rest of the scapula. The ISp, SS, and deltoid muscles
were assessed on 1 section at the midglenoid level. Deltoid FI was
estimated in the pars spinalis of the muscle.>* On the sagittal plane,
SSp, ISp, SS, and deltoid muscles were evaluated on 1 image at the
level that showed the coracoid base and where the spine and body
of the scapula formed a Y shape.’ The degree of fatty atrophy was
scored according to the grading system of Goutallier: stage 0, com-
pletely normal muscle, without fatty streaks; stage 1, in which the
muscle contains some fatty streaks; stage 2, in which the FI is prom-
inent but with more muscle than fat; stage 3, in which there is as
much fat as muscle; and stage 4, in which more fat than muscle is
present' (Fig. 2). Axial and sagittal planes FI scores were com-
pared using the Spearman correlation. Because scores were highly
correlated (see Results; Table I), a composite score was chosen by
choosing for each muscle the highest degree of FI on axial or sag-
ittal planes.

TableI  Comparative analysis of fatty infiltration scores on axial
and sagittal planes

Muscle Pearson P
Supraspinatus 0.980 <.0001*
Infraspinatus 0.984 <.0001*
Subscapularis 0.992 <.0001*
Deltoid 0.979 <.0001*

* Statistically significant (P < .05).

Degrees of fatty infiltration (Goutallier grading from O to 4) on axial (upper row) and sagittal (lower row) computed tomogra-

Statistical analysis

Analyses were performed using SPSS 23 software (IBM, Armonk,
NY, USA). FI scores on axial and sagittal planes were compared
using the Pearson test. Distribution of FI was compared between
the different muscles for each age group using analysis of vari-
ance with the Bonferroni correction.

Determinants of FI were assessed using linear regression. Then,
for each determinant, contribution was evaluated using the ¥ test.
To determine intraobserver and interobserver agreement, we cal-
culated weighted K index values and 95% confidence intervals (CIs).
Agreement strength was inferred from k index values: a k¥ value of
<0 was interpreted as poor agreement; a value in the range of 0.01
to 0.20, slight agreement; a value from 0.21 to 0.40, fair agree-
ment; a value from 0.41 to 0.60, moderate agreement; a value from
0.61 to 0.80, substantial agreement; and a value from 0.81 to 1.00,
nearly perfect agreement.'® Results with P < .05 were considered
as statistically significant.

Results

FI scores measured on axial and sagittal planes were highly
correlated (Table I), confirming that the Goutallier classifi-
cation, based on axial CT images, and its application to the
sagittal plane (an equivalent to Fuchs classification, based on
sagittal MRIs) can be seen as interchangeable alternatives.
FI of all evaluated muscles progressively increased with age
(Fig. 3), but a statistically significant increase between 2 con-
secutive age groups was observed for all muscles only after
age 40 years (Tables II and III). Nevertheless, the rhythm of
progression seemed to differ between muscles: for SSp, a
median FI value of 2 was found for the >70 group, whereas
for ISP and SSc, it was for the 60-70 group, and, for the
deltoid, for the 50-60 group (Table II). In addition, half of
the patients of the 60-70 group already had a SSp FI score
of 2 (Table I).
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Figure 3  Number of patients presenting with each degree of fatty infiltration of the supraspinatus (SS), infraspinatus (S), subscapularis
(SubS), and deltoid (D) muscles for the 7 age groups.

Table II  Distribution and median value of fatty infiltration quoted 0 to 4 of the different muscles for the different age groups

Muscle FI <20 yrs 20-30 yrs 30-40 yrs 40-50 yrs 50-60 yrs 60-70 yrs >70 yrs
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
SSp 0 30 (100) 29 (96) 21 (70%) 12 (40%) 9 (30) 4 (12%) 4 (40)
1 0 1(3) 8 (27) 15 (50) 16 (53) 11 (37) 3(9)
2 0 0 1(3) 2 (7) 5 (17) 15 (50) 12 (40)
3 0 0 0 1(3) 0 0 8 (27)
4 0 0 0 0 0 0 3(9)
Median 0 0 0 1 1 15 2
ISp 0 29 (96) 26 (87) 21 (70) 11 (37) 6 (20) 2 (7) 1(3)
1 1(3) 4 (12) 8 (27) 13 (43) 12 (40) 8 (27) 7 (23)
2 0 0 1(3) 6 (20) 12 (40) 19 (63) 11 (37)
3 0 0 0 0 0 1(3) 6 (20)
4 0 0 0 0 0 0 5 (17)
Median 0 0 0 1 1 2 2
SSc 0 30 (100) 29 (96) 20 (60) 11 (37) 6 (20) 2 (6) 1(3)
1 0 1(3) 9 (30) 14 (47) 13 (43) 7 (23) 6 (20)
2 0 0 1(3) 5 (17) 11 (37) 18 (60) 4 (12)
3 0 0 0 0 0 3(9) 11 (37)
4 0 0 0 0 0 0 8 (27)
Median 0 0 0 1 1 2 3
Deltoid 0 24 (80) 22 (73) 12 (40) 4 (12) 3(9) 10 (33) 1(3)
1 6 (20) 7 (23) 11 (37) 11 (37) 11 (37) 15 (50) 6 (20)
2 0 1(3) 7 (23) 15 (50) 16 (53) 4 (12) 11 (37)
3 0 0 0 0 0 1(3) 9 (27)
A 0 0 0 0 0 0 3(9)
Median 0 0 1 1.5 2 2 2

FI, fatty infiltration; SSp, supraspinatus; ISp, infraspinatus; SSc, subscapularis.

Comparison between groups confirmed that FI tended to >70 group than in every other age group (Table II). For the
be more frequently statistically different as the age interval deltoid muscle, there was no statistically significant differ-
between compared groups increased (Table III). The age of ence between the 60-70 and >70 groups (Table II).

70 years seemed to be a particular threshold, because all RC Intermuscle comparison for each group showed that the

muscles, except the deltoid, had significantly higher FI in the FI distribution was not significantly different between each
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Table IIT  Comparative study of fatty infiltration distribution in the different age groups
Age group <20 yrs 20-30 yrs 30-40 yrs 40-50 yrs 50-60 yrs 60-70 yrs >70 yrs
Supraspinatus
<20 yrs 1 1 .001* <.0001* <.0001* <.0001*
20-30 yrs 1 1 .002* <.0001* <.0001* <.0001*
30-40 yrs 1 1 48 .053 <.0001* <.0001*
40-50 yrs .001* .002* .48 1 .008* <.0001*
50-60 yrs <.0001* <.0001* .053 1 .096 <.0001*
60-70 yrs <.0001* <.0001* <.0001* .008* .096 .001*
>70 yrs <.0001* <.0001* <.0001* <.0001 <.0001* .001*
Infraspinatus
<20 yrs 1 1 <.0001* <.0001* <.0001* <.0001*
20-30 yrs 1 1 .002* <.0001* <.0001* <.0001*
30-40 yrs 1 1 .104 <.0001* <.0001* <.0001*
40-50 yrs <.0001* .002* .104 .81 <.0001* <.0001*
50-60 yrs <.0001* <.0001* <.0001* .81 .308 <.0001*
60-70 yrs <.0001* <.0001* <.0001* <.0001* .308 .017
>70 yrs <.0001* <.0001* <.0001* <.0001* <.0001* .017*
Subscapularis
<20 yrs 1 .882 <.0001* <.0001* <.0001* <.0001*
20-30 yrs 1 1 .001* <.0001* <.0001* <.0001*
30-40 yrs .882 1 .346 <.0001* <.0001* <.0001*
40-50 yrs <.0001* .001* .346 .882 <.0001* <.0001*
50-60 yrs <.0001* <.0001* <.0001* .882 .038* <.0001*
60-70 yrs <.0001* <.0001* <.0001* <.0001* .038* <.0001*
>70 yrs <.0001* <.0001* <.0001* <.0001* <.0001* <.0001*
Deltoid
<20 yrs 1 .018* <.0001* <.0001* <.0001* <.0001*
20-30 yrs 1 .1 <.0001* <.0001* <.0001* <.0001*
30-40 yrs .018* 1 1 .032* <.0001* <.0001*
40-50 yrs <.0001* <.0001* 1 1 .17 <.0001*
50-60 yrs <.0001* <.0001* .032* 1 451 .001*
60-70 yrs <.0001* <.0001* <.0001* .17 451 1
>70 yrs <.0001* <.0001* <.0001* <.0001* .001* 1

Results of analysis by analysis of variance with Bonferroni correction.
* Statistically significant (P < .05).

RC muscle at any age (Table IV). However, the deltoid pre-
sented a different FI pattern than RC muscles for the younger
groups, but this difference tended to disappear with ad-
vanced age (Table IV). Linear regression confirmed that age
was an independent FI determinant for the 4 muscles (Table V).
Interestingly, sex and body mass index (BMI) were also de-
terminants for the deltoid, with higher FI in women and in
patients with a higher BMI (P < .0001; Table V).
Intraobserver and interobserver agreements were consid-
ered as nearly perfect: they were 0.91 (95% CI, 0.80-1.00)
and 0.88 (95% CI, 0.80-0.97), respectively, for the sagittal
plane evaluation and were 0.86 (95% CI, 0.78-0.94) and 0.83
(95% CI, 0.78-0.88), respectively, for the axial plane evaluation.

Discussion

With an aging population that desires to pursue an active life-
style, indications for RC repair in patients older than 70 kept

on increasing.® Besides physical evaluation, imaging plays a
crucial role in the selection of patients eligible for surgery
by describing lesion extent and muscle health. In this
purpose, CT and MRI are widely used to evaluate FI in RC,
and the replacement of more than half of the muscle with fat
is considered to be a relative contraindication for surgical
repair."?

An accurate assessment of FI is therefore of utmost in-
terest for shoulder surgeons, and the Goutallier classification
system remains widely used despite known limitations. In this
system, a FI quoted below stage 2 is a requisite to retain a
surgical indication.

Even if the exact pathophysiological mechanism of FI in
RC tear is not yet totally understood, it is generally consid-
ered that a poor muscle quality would reflect a poor tendon
quality, prone to retear. As with every muscle group, RC
muscles are supposed to involute with aging, with a in-
creased protein degradation inducing a loss of muscle tissue
and its replacement by fat."
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Table IV Comparative evaluation of fatty infiltration distri-
bution in the different muscles for each age group

Muscle SSp ISp SSc Deltoid
Age <20

SSp .99 .97 .004*
ISp .99 .99 .027*%
SSc 97 0,99 .004*
Deltoid .004* .027* .004*

Age 20-30

SSp .98 .99 .007*
ISp .98 .99 .168
SSc .99 .99 .007*
Deltoid .007*% .168 .007*

Age 30-40

SSp .98 .96 .014*
ISp .98 .98 .026*
SSc .96 .98 .026*
Deltoid .014* .026* .026*

Age 40-50

SSp .99 .99 .006*
ISp .99 .99 .033*
SSc .99 .99 .019*
Deltoid .006* .033* .019*

Age 50-60

SSp 449 .65 .017*
ISp 449 991 .99
SSc .65 991 918
Deltoid .017*% .99 .918

Age 60-70

SSp 948 319 .053
ISp .948 .978 .981
SSc .319 .978 .98
Deltoid .053 981 .98

Age >70

SSp .99 4 .98
ISp .99 .992 .978
SSc 4 992 .99
Deltoid .98 .978 .99

SSp, supraspinatus; ISp, infraspinatus; SSc, subscapularis.
Results of analysis of variance with Bonferroni correction.
* Statistically significant (P < .05).

Table V. Determinants of fatty infiltration of cuff muscles
Variable SSp ISp SSc Deltoid
Sex .102 .623 .058 .016*
BMI 458 .052 .12 <.0001*
Age <.0001* <.0001* <.0001* <.0001*

SSp, supraspinatus; ISp, infraspinatus; SSc, subscapularis; BMI, body mass
index.
* Statistically significant (P < .05) by analysis of variance.

Most of studies on RC FI have been done on patients with
RC tear, and if FI is recognized to be greater in case of massive
tear, multiple muscle tear, and long-standing tear, the respec-
tive influence of aging vs. tear/disuse on FI is rarely discussed.

Moreover, results are mostly focused on the SSp muscle,
because this muscle seems to present a faster and greater
degree of FI in RC tear, and its health appears as the main
indicator for repair outcome.'>'>'7*"? Interestingly when the
influence of age in outcome is evaluated, reported results are
discordant, because retear rates and poorer outcomes are cor-
related with age for some authors but not for others.>*%20-2>
In a study of patients with (n = 109) and without (n = 294)
RC tears, Raz et al”® found an age-related increase of FI for
the SSp, ISp, and SSc (FI of the deltoid was not evaluated)
but a decrease of cross-sectional area (CSA) only for the SSp
and SSc.” Moreover, FI seemed to appear earlier in SSp/
SSc. The authors concluded that the factors promoting
trophicity might differ between ISp/deltoid muscles and SSp/
SSc muscles. Our results are in keeping with those of Raz
et al,” because we found a significant influence of aging in
FI of the SSc, SSp, ISp, and deltoid. Even if not completely
understood, muscle loss in RC could be seen as an acceler-
ated form of aging.” We choose to evaluate FI instead of CSA
because Goutallier/Fuchs classifications are more widely used
and quicker to realize, and this allowed us to evaluate the
deltoid FI. Interestingly, we found that sex and BMI influ-
enced the FI of the deltoid but not the other RC muscles,
confirming that if RC muscles and the deltoid interplay to
coordinate the shoulder movements, their regulation might
differ.

In a series of 50 patients without RC tear evaluated by MRI,
Ashry et al' reported an age-related increase of FI in both
deltoid and RC muscles. They reported a SSp FI within a 0
to 2 range for the 60-61 and 70-71 groups with the mean
between 0.2 and 0.5. We found higher degrees of FI in our
series, because a median FI of 1 was already seen in pa-
tients in their 40s and 1 patient of the 30-40 group presented
a FI graded 2. This discrepancy is possibly explained by use
of CT instead of MRI. We used the Goutallier classification
for CT, which is described as a reliable technique, with reports
of high inter-rater agreements, even in its MRI-based vari-
ants (Fuchs).?®*> We found similar level of interobserver
agreement in our study (k = 0.83-0.91)."

To improve reliability in the CT grading, we combined the
axial score with a sagittal score, similar as described for MRI
by Fuchs.” Most of the studies report FI evaluated on MRI,
because this is the modality of choice for painful shoulder
evaluation, and a higher accuracy of MRI compared with CT
has been reported.” Nevertheless, our study confirmed that
in patients with an intact RC on CTA, FI increases with age
and that age is a determinant factor of FI, at the opposite of
sex and BMI. In this CT-based study, we found that the cutoff
value of 2 retained for surgical indication is frequently ob-
served in patients younger than 70 with an intact cuff. This
raises the question whether this cutoff might be too restric-
tive, and it would be worthy to interpret the RC score compared
with the patient’s global muscle trophicity. Indeed, motion-
limiting progressive muscle loss (also named sarcopenia)
occurs in 5% to 13% of people between 60 and 70 years.”
As previously reported, we found that the deltoid muscle seems
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to evolute in a different fashion than the SSp and ISp muscles,'
being notably influenced by sex and BMI. The deltoid might
therefore be a good indicator of general muscle trophicity,
apart from shoulder activity-related assessment.

Our study presented several limitations. First, we only ret-
rospectively included patients with the diagnostic of intact
cuff on CTA. Thus, patients with bursal-sided or interstitial
tear, not detectable on SCTA, might have been included.

Second, we included patients addressed for suspicion of
cuff tear, presumably having a painful shoulder that might
have limited their activity. Indeed, we did not evaluate as-
ymptomatic patients, and the FI we reported might have been
partly secondary to disuse, because we had no information
on the level of activity maintained by patients.

Last, we did not sex-match patients in each group because
they were randomly selected in each age category.

Conclusions

With the abovementioned limitations, our study con-
firmed that the FI of RC muscles increases with age and
with a significant acceleration after age 40. In those pa-
tients with an intact cuff, a median FI value of 2 was found
in the >70 group for the SSp, but already in the 60-70 group
for ISp and SS, and even in the 50-60 group for the deltoid
muscle. Moreover, we found that if an identical trend of
FI existed for the different RC muscles, it was different
from the deltoid muscle, the FI of the latter also being in-
fluenced by sex and BMI, which might more reflect the
patient’s global muscle status.

Because the outcomes of a surgical management can
be in part predicted by RC muscle health, it might be useful
to keep in mind that a FI value of 2 on the Goutallier clas-
sification, a threshold commonly retained for surgical
indication, is frequently observed in patients at approxi-
mately 60 years with an intact cuff.

Disclaimer

The authors, their immediate families, and any research
foundation with which they are affiliated have not re-
ceived any financial payments or other benefits from any
commercial entity related to the subject of this article.
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