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Preoperative IDEAL (Iterative Decomposition
of Echoes of Asymmetrical Length) magnetic
resonance imaging rotator cuff muscle fat
fractions are associated with rotator
cuff repair outcomes
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Background and hypothesis: IDEAL (Iterative Decomposition of Echoes of Asymmetrical Length) im-
aging is a magnetic resonance imaging sequence that precisely measures rotator cuff muscle fatty infil-
tration. The influence of lower levels of fatty infiltration on outcomes after rotator cuff repair remains
unclear. We hypothesized that increased preoperative fat fractions would be associated with inferior clin-
ical outcomes after rotator cuff repair.
Methods: We retrospectively identified patients who underwent arthroscopic rotator cuff repair with pre-
operative IDEAL imaging. Patients completed the Patient-Reported Outcomes Measurement Information
System (PROMIS) Upper Extremity computer adaptive survey at a minimum of 2 years after repair.
Muscle segmentation was performed on 4 consecutive slices. Correlations between intramuscular fat
fractions and PROMIS scores were determined. Patients were grouped by PROMIS scores of 50 or
greater and scores lower than 50 for comparison of fat fractions. Multivariate linear regression was per-
formed to model PROMIS scores as a function of demographic characteristics, tear size, and fat frac-
tions. Significance was defined as P < .05.
Results: Eighty patients were included (mean follow-up, 42.5 � 10.7 months). Postoperative PROMIS
scores were significantly inversely correlated with the infraspinatus (r ¼ –0.25, P ¼ .02) and subscapu-
laris (r ¼ –0.29, P ¼ .009) fat fractions. The infraspinatus (7.2% � 4.9% vs. 5.2% � 3.0%, P ¼ .046)
and subscapularis (10.4% � 5.1% vs. 8.2% � 5.0%, P ¼ .001) fat fractions were significantly higher for
patients with low PROMIS scores vs. those with PROMIS scores of 50 or greater. In multivariate
modeling, the infraspinatus fat fraction (b ¼ –0.68, P ¼ .029) was the only significant independent pre-
dictor of postoperative PROMIS score.
Conclusion: Intramuscular fat as determined by quantitative magnetic resonance imaging is an impor-
tant factor in postoperative outcomes even in patients with lower levels of preoperative fatty infiltration.
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Fatty infiltration occurs in the rotator cuff muscles
following tendon injury. Severe fatty infiltration negatively
impacts outcomes after surgical repair and develops over
the course of 3 to 5 years.18,19 These degenerative changes
do not appear to be reversible, even with surgical repair of
the torn tendon5,7 and may lead to decreased strength owing
to loss of contractile force.11,26

TheGoutallier classification ismost commonly used in the
clinical setting to grade the severity of fatty infiltration.8 First
described using computed tomography, this classification
system was validated by Fuchs et al4 for magnetic resonance
imaging (MRI). The semiquantitative scale, however, is
limited by its intrauser and interuser reproducibility, which
results in difficulty in understanding the complete influence
that muscle quality has on postoperative outcomes.14,25

Nevertheless, the Goutallier classification is often used for
surgical decision making given the poor outcomes observed
in patients with advanced fatty infiltration.7,9,13

Various quantitative MRI sequences have been applied
recently to evaluate rotator cuff fatty infiltration and can
precisely measure intramuscular fat.1,6,10,16,21 The IDEAL
(Iterative Decomposition of Echoes of Asymmetrical
Length) sequence is a chemical shift–based method for fat
and water separation.23 The fat fractions measured from this
sequence have been correlated with the Goutallier classifi-
cation and related to tear size and tendon retraction.12,20 It
remains unclear, however, how these measurements relate to
patient-reported outcomes after rotator cuff repair.

The purpose of this study was to investigate the rela-
tionship between preoperative fat fraction measurements
and postoperative outcomes after rotator cuff repair. We
hypothesized that increased preoperative fat fractions
would be associated with inferior clinical outcomes.

Methods

A retrospective evaluation was performed using Current Procedural
Terminology codes to identify patients who had undergone rotator
cuff repair by 1 of 4 fellowship-trained sports medicine surgeons
between August 2012 and September 2016. During this time
frame, the IDEAL sequence was routinely part of the clinical
shoulder MRI protocol at our institution. Inclusion criteria were
rotator cuff repair, a preoperative MRI scan within 6 months of
surgical treatment with the IDEAL sequence added, and adequate
imaging quality to evaluate the rotator cuff musculature on sagittal-
oblique images. Exclusion criteria were revision surgery and
incomplete preoperative imaging. There were 573 rotator cuff re-
pairs performed in this time frame. A preoperative MRI scan with
the IDEAL sequence was available for 106 patients.
In general, patients underwent shoulder arthroscopy in the
beach-chair position. The rotator cuff was repaired with a single-
row or transosseous-equivalent construct based on the treating
surgeon’s determination of appropriate fixation. Patients were
immobilized in an abduction sling for 6 weeks after surgery and
began physical therapy with a standardized rehabilitation protocol
with progression of active range of motion at 6 weeks after sur-
gery, light strengthening at 3 month after surgery, and return to full
activities generally at 6 months after surgery.

Patients were contacted postoperatively for participation in this
study at a minimum of 2 years after surgical repair. After providing
documented informed consent, patients completed the Patient-Re-
ported Outcomes Measurement Information System (PROMIS)
Upper Extremity (UE) survey. The PROMIS-UE survey is a validated,
computer adaptive test that allows for the efficient evaluationof patient
outcomes related to upper-extremity function.22 The population
average for this score is 50 with a standard deviation of 10.2

The electronic medical record was reviewed to collect patient
demographic characteristics, including age, sex, and bodymass index
(BMI). Preoperative MRI scans were evaluated by a fellowship-
trained musculoskeletal radiologist (R.P.) to determine dimensions of
full-thickness tear involvement and tendon retraction.

The preoperative MRI scan was completed on a standard 3-T
clinical scanner (MR 750; GE Healthcare; Milwaukee, WI, USA)
with an 8-channel shoulder surface coil (Clinical MR Solutions,
Brookfield, WI, USA). Standard clinical images were acquired,
including coronal-oblique T1 and T2 fat saturation, axial-oblique
proton density and T2 fat saturation, and sagittal-oblique fat-
suppressed, T2 fast-spin echo sequences and proton densi-
ty–weighted fast-spin echo sequences. The IDEAL scan with T2*
correction was added to this protocol in the sagittal-oblique
orientation (slice thickness, 4 mm; field of view, 12 cm; in-plane
resolution, 0.468 � 0.468 mm) similarly to a prior published
protocol for rotator cuff imaging, from which an IDEAL fat
fraction map was reconstructed.11,12,20

Fat fraction measurements were made by 1 of 3 trained ob-
servers (D.A.L., C.M. and M.B.Z.) using previously validated
methodology (Fig. 1).11,12,20 All final segmentations were
reviewed by 1 observer (D.A.L.) to ensure consistency. Reviewers
were blinded to the patient-reported outcome scores. Fat fractions
were measured through manual definition of the rotator cuff
muscles on 4 consecutive slices. The first slice was selected where
the scapular Y was visible (coracoid, acromion, and scapular
body), with 1 slice medial and 2 slices lateral to this. The rotator
cuff muscle regions of interest were segmented on the IDEAL
images using the proton density scans for anatomic reference. For
the subscapularis, the inferior aspect of the muscle was excluded
as in prior studies because of field inhomogeneities in this region.

Statistical analyses were performed with Stata software
(version 14; StataCorp, Austin, TX, USA). Spearman rank cor-
relation tests were used to investigate the relationship between fat
fractions for the rotator cuff muscles and the PROMIS-UE scores.



Figure 1 The sagittal-oblique proton density sequence (A) and IDEAL (Iterative Decomposition of Echoes of Asymmetrical Length)
sequence (B) are shown with segmentations drawn for the supraspinatus (SS), infraspinatus (IS), subscapularis (SC), and teres minor (TM).
The fat fractions for this patient were 8.7% for the SS, 7.5% for the IS, 10.9% for the SC, and 3.6% for the TM. Muscle segmentation lines
are drawn larger for representation purposes.
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Patients were then analyzed in 2 groups based on their post-
operative PROMIS-UE scores, separated into those with scores of
50 or greater and those with scores lower than 50 because the
population average is expected to be 50. Shapiro-Wilk tests were
used to check normality of the fat fraction measurements. Given
non-normal distributions, Mann-Whitney U tests were used to
compare fat fractions between patients with PROMIS-UE scores
of 50 or greater and those with scores lower than 50. Potential
empirical cut points were derived using receiver operating char-
acteristic (ROC) curve analysis and the methods described by
Liu15 to determine the ability of preoperative fat fractions to
appropriately classify patients based on PROMIS-UE scores of 50
or greater vs. scores lower than 50. Finally, multivariate linear
regression modeling was performed with PROMIS-UE scores as
the dependent variable and patient age, sex, BMI, muscle fat
fractions, and preoperative tear size as independent predictor
variables. Significance was defined as P < .05.

Results

A total of 80 patients (75% follow-up rate) completed the
PROMIS-UE survey postoperatively and had available pre-
operativeMRI scans with the IDEAL sequence. Therewere 32
female and 48 male patients. Demographic characteristics are
displayed in Table I. Themean rotator cuff tear sizewas 16.3�
14.1 mm. There were 66 full-thickness supraspinatus tears, 3
full-thickness infraspinatus tears, and 44 subscapularis tears.
The mean preoperative fat fractions were 8.5%� 5.4% for the
supraspinatus, 6.0% � 4.0% for the infraspinatus, 9.0% �
5.1% for the subscapularis, and 6.6% � 6.0% for the teres
minor. The mean follow-up period was 42.5 � 10.7 months.
The mean postoperative PROMIS-UE score was 50.3 � 7.3.
Therewere 31 patients with PROMIS-UE scores lower than 50
and 49 patients with scores of 50 or greater.

Postoperative PROMIS-UE scores were significantly
correlated with the infraspinatus fat fraction (r ¼ –0.25,
P ¼ .02) and subscapularis fat fraction (r ¼ –0.29, P ¼
.009) (Table II). Of the demographic variables, only BMI
showed a significant correlation with postoperative
PROMIS-UE scores (r ¼ –0.23, P ¼ .044).

The infraspinatus fat fraction was significantly higher for
patients with low PROMIS-UE scores relative to those with
PROMIS-UE of 50 or greater (7.2% � 4.9% vs. 5.2% �
3.0%, P ¼ .046) (Fig. 2). The subscapularis fat fraction was
also significantly higher for patients with low PROMIS-UE
scores relative to those with PROMIS-UE scores of 50 or
greater (10.4% � 5.1% vs. 8.2% � 5.0%, P ¼ .001). There
were no significant differences between these groups
regarding age, sex, BMI, tear size, or retraction (Table III).

ROC curve analysis found the greatest area under the
curve (AUC) for the subscapularis fat fraction in discrimi-
nating low vs. high PROMIS-UE scores (Fig. 3). The optimal
cut point was 6.6% with a sensitivity of 0.84, specificity of
0.53, and AUC of 0.68. The optimal cut point for the infra-
spinatus fat fraction was 4.6% (AUC, 0.63) with a sensitivity
of 0.59 and specificity of 0.68. In controlling for age, BMI,
sex, total tear size, and rotator cuff muscle quality, multi-
variate linear regression modeling identified the infraspinatus
fat fraction (b ¼ –0.68, P ¼ .029) as the only significant
independent predictor of postoperative PROMIS-UE scores.
Discussion

Significant relationships were found between preoperative
infraspinatus and subscapularis muscle quality and
PROMIS-UE scores following rotator cuff repair. The
infraspinatus fat fraction was the only significant predictor
of postoperative outcomes when accounting for patient
demographic variables and rotator cuff tear size. These
results highlight the value of precise measurement of fatty



Table I Patient demographic characteristics

Variable names Mean SD

Age, yr 62.3 7.5
BMI, kg/m2 26.7 4.9
Tear size, mm 16.3 14.1
Retraction, mm 15.9 14.5
Supraspinatus fat fraction, % 8.53 5.34
Infraspinatus fat fraction, % 5.99 3.96
Subscapularis fat fraction, % 9.04 5.14
Teres minor fat fraction, % 6.55 6.03
Postoperative PROMIS-UE score 51.29 7.33

SD, standard deviation; BMI, body mass index; PROMIS-UE, Patient-

Reported Outcomes Measurement Information System Upper

Extremity.

Table II Correlations between rotator cuff fat fractions,
demographic variables, and tear characteristics and post-
operative PROMIS-UE scores

Spearman r P value

Supraspinatus fat fraction –0.075 .51
Infraspinatus fat fraction –0.25 .024)

Subscapularis fat fraction –0.29 .0092)

Teres minor fat fraction 0.11 .31
Tear size –0.14 .21
Retraction –0.15 .18
Age 0.014 .9
Body mass index –0.23 .044)

PROMIS-UE, Patient-Reported Outcomes Measurement Information

System Upper Extremity.
* Statistically significant.

Figure 2 Box plots for the preoperative fat fractions for the
supraspinatus, infraspinatus, subscapularis, and teres minor are
shown for patients with Patient-Reported Outcomes Measurement
Information System Upper Extremity scores lower than 50 (n ¼
31) and scores of 50 or greater (n ¼ 49) at 2 years postoperatively.
Each box represents the interquartile range with whiskers
extending to 1.5 times the interquartile range. The line within the
box represents the median of the measurement. *P ¼ .046 and #P
¼ .001 by Mann-Whitney U tests. IDEAL, Iterative Decomposi-
tion of Echoes of Asymmetrical Length.
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infiltration and the importance of even small increases in
intramuscular fat regarding eventual outcomes after rotator
cuff repair.

The significance of advanced fatty infiltration regarding
outcomes and retear rates after rotator cuff repair has been
reported in prior clinical studies. Liem et al13 reported on
postsurgical outcomes of 53 patients with supraspinatus
tears, finding that Goutallier grade 2 was a predictor of
retear. Similarly, Goutallier et al9 identified an average
Goutallier grade of 2 or higher as 100% predictive of retear
after open repair of a full-thickness rotator cuff tear.
Gladstone et al7 identified infraspinatus muscle quality as
strongly associated with functional outcomes after rotator
cuff repair, with supraspinatus muscle quality also influ-
encing final outcomes. This study analyzed patients with a
modified Goutallier classification. Lansdown et al11

demonstrated that elevated preoperative IDEAL measure-
ments are associated with an increased risk of MRI-based
retear at 6 months after surgery. Importantly, the infra-
spinatus fat fraction in our study was the only variable in
the multivariate regression model that was a significant
predictor of the postoperative PROMIS-UE score, which is
consistent with prior reports.
Quantitative MRI allows for the precise determination
of fat content within the rotator cuff muscles. The IDEAL
sequence was selected for use in this study because
it provides excellent definition between fat and water and
is readily available in clinical practice. The methodology
has been previously validated; the fat fractions correlate
with the Goutallier classification and with measurements
of rotator cuff tear size and tendon retraction.12,20 The
mean values for the infraspinatus fat fraction in patients
with PROMIS scores above or below 50, for instance,
would both fall in the range of Goutallier grade 1 to 2
(Fig. 1, B).20

The ROC curve analysis in this study could not identify
fat fraction cut points that can predict outcomes with an
adequate sensitivity, specificity, or AUC to use routinely in
clinical practice. The subscapularis showed the best diag-
nostic performance but with a specificity of just 53% for
predicting patients with PROMIS-UE scores below 50. This
finding is also supported by prior reports, as good clinical
outcomes may still be achieved with rotator cuff repair in
patients with advanced fatty infiltration.3 A strict cutoff for
the purposes of recommending rotator cuff repair with
expected satisfactory outcomes could not be determined
with the results from this study. Although muscle quality is
clearly an important factor in postoperative outcomes, it is
not the only determinant. We did control for tear size and
patient age in the multivariate regression analysis; however,
other patient-specific factors will undoubtedly influence
eventual outcomes.17,24 The preoperative fat fractions can,
however, be used in counseling patients regarding expected
outcomes and consideration of alternative treatment



Table III Comparisons of demographic variables, tear characteristics, and rotator cuff fat fractions between patients with PROMIS-UE
scores of 50 or greater and those with PROMIS-UE scores lower than 50

PROMIS-UE score � 50 (n ¼ 49) PROMIS-UE score < 50 (n ¼ 31) P value

Mean or n (%) SD Mean or n (%) SD

Age, yr 62.2 6.95 62.3 8.5 .81
BMI, kg/m2 26 4.4 27.8 5.4 .11
Total tear size, mm 15.2 13.5 17.8 15.2 .51
Maximum retraction, mm 14.8 12.8 17.7 16.9 .52
Sex
Female 19 (39) 13 (42) .82
Male 30 (61) 18 (58)

Supraspinatus fat fraction, % 8.72 5.71 8.24 4.78 .84
Infraspinatus fat fraction, % 5.21 3.02 7.24 4.92 .046)

Subscapularis fat fraction, % 8.17 5.02 10.41 5.11 .001)

Teres minor fat fraction, % 6.76 6.41 6.23 5.49 .24

PROMIS-UE, Patient-Reported Outcomes Measurement Information System Upper Extremity; SD, standard deviation; BMI, body mass index.

P values are from Mann-Whitney U tests for all characteristics except BMI (Student t test) and the sex distribution (Fisher exact test).
* Statistically significant.

Figure 3 Receiver operating characteristic (ROC) curves are displayed for use of the fat fraction from the infraspinatus (A) and sub-
scapularis (B) to distinguish patients with above- and below-average Patie r
Extremity scores. The area under the curve is 0.68 for the subscapularis
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options, in addition to being an important tool for future
research on rotator cuff repairs.

This study should be interpreted with an understanding
of its limitations. First, patients were contacted retrospec-
tively, and there were no preoperative measures of patient
function. This group of patients also does not comprise all
patients treated with rotator cuff repair. Patients were
selected for inclusion if their preoperative scan included
IDEAL imaging, and we would not anticipate that this
would introduce selection bias. We also did not perform
postoperative imaging, so we cannot evaluate for potential
rotator cuff retears or postoperative progression of fatty
infiltration. Outcomes are certainly influenced by multiple
factors that were not controlled for in this study, including
but not limited to postoperative compliance, participation in
rehabilitation, and systemic medical conditions.
Conclusion
nt-Reported Outcomes Measurement Information System Uppe
fat fraction and 0.63 for the infraspinatus fat fraction.
Intramuscular fat is an important factor in postoperative
outcomes even in patients with lower levels of preop-
erative fatty infiltration. Quantitative MRI offers
improved determination of muscle quality that relates to
eventual postoperative outcomes.
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