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Abstract

Background Reverse total shoulder arthroplasty (RTSA)

allows the deltoid to substitute for the nonfunctioning

rotator cuff. To date, it is unknown whether preoperative

deltoid and rotator cuff parameters correlate with clinical

outcomes.

Questions/purposes We asked whether associations exist

between 2-year postoperative results (ROM, strength, and

outcomes scores) and preoperative (1) deltoid size; (2) fatty

infiltration of the deltoid; and/or (3) fatty infiltration of the

rotator cuff.

Methods A prospective RTSA registry was reviewed for

patients with cuff tear arthropathy or massive rotator cuff

tears, minimum 2-year followup, and preoperative shoulder

MRI. Final analysis included 30 patients (average age,

71 ± 10 years; eight males, 22 females). Only a small

proportion of patients who received an RTSA at our center

met inclusion and minimum followup requirements (30 of

222; 14%); however, these patients were found to be

similar at baseline to the overall group of patients who

underwent surgery in terms of age, gender, and preopera-

tive outcomes scores. The cross-sectional area of the

anterior, middle, and posterior deltoid was measured on

axial proton density-weighted MRI. Fatty infiltration of the

deltoid, supraspinatus, infraspinatus, teres minor, and

subscapularis were quantitatively assessed on sagittal T1-

weighted MR images. Patients were followed for Constant-

Murley score, American Shoulder and Elbow Surgeons

(ASES) scores, subjective shoulder value, pain, ROM, and

strength. Correlations of muscle parameters with all out-

comes measures were calculated.

Results Preoperative deltoid size correlated positively

with postoperative Constant-Murley score (67.27 ± 13.07)

(q = 0.432, p = 0.017), ASES (82.64 ± 14.25) (q =

0.377; p = 0.40), subjective shoulder value (82.67 ±

17.89) (q = 0.427; p = 0.019), and strength (3.72

pounds ± 2.99 pounds) (q = 0.454; p = 0.015). Quanti-

tative deltoid fatty infiltration (7.91% ± 4.32%) correlated
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with decreased postoperative ASES scores (q = �0.401;

p = 0.047). Quantitative fatty infiltration of the infraspi-

natus (30.47% ± 15.01%) correlated with decreased

postoperative external rotation (34.13� ± 16.80�)

(q = �0.494; p = 0.037).

Conclusions Larger preoperative deltoid size correlates

with improved validated outcomes scores, whereas fatty

infiltration of the deltoid and infraspinatus may have

deleterious effects on validated outcomes scores and

ROM after RTSA. The current study is a preliminary

exploration of this topic; future studies should include

prospective enrollment and standardized MRI with a

multivariate statistical approach. Quantitative information

attained from preoperative imaging not only holds diag-

nostic value, but, should future studies confirm our

findings, also might provide prognostic value. This

information may prove beneficial in preoperative patient

counseling and might aid preoperative and postoperative

decision-making by identifying subpopulations of patients

who may benefit by therapy aimed at improving muscle

properties.

Level of Evidence Level III, prognostic study.

Introduction

Reverse total shoulder arthroplasty (RTSA) has become

instrumental in relieving pain and returning function to

patients with end-stage rotator cuff disease. It allows the

deltoid to substitute for a nonfunctioning rotator cuff, and

multiple studies have shown that it results in changes in

muscle recruitment, tension, and force distribution in the

deltoid and remaining rotator cuff muscles compared with

the native shoulder [1–3, 12, 13, 19, 24]. RTSA increases

the efficiency of the deltoid as a forward elevator and

abductor by increasing its tension and lever arm with a

distalized and medialized center of rotation coupled with a

semiconstrained articulation. In addition, the anterior and

posterior deltoid fibers are recruited more for abduction

and forward elevation at the expense of rotation owing to

the muscle fiber force vectors assuming a more vertical

position [1, 2, 5]. The loss of the contribution of the

anterior deltoid to internal rotation may be compensated for

by the remaining intact internal rotators (subscapularis,

latissimus dorsi, pectoralis major, teres major); however,

with the loss of the posterior deltoid, the only power to

external rotation comes from the infraspinatus and teres

minor [1]. Furthermore, the rotational moment arms of the

remaining intact rotator cuff may be reduced by the altered

mechanics of RTSA [13]. Accordingly, several clinical

studies have shown RTSA to be effective in improving

active elevation and abduction but not external rotation

[4, 22, 27].

Despite the increasing body of literature defining the

biomechanics of RTSA [1–3, 5, 12, 13, 19, 24], little is

known regarding the influence individual muscle properties

have on validated outcomes scores. Only a few studies [4,

11, 25] have established an association between shoulder

muscle properties and validated clinical outcomes. Greiner

et al. [11] showed that the degree of postoperative fatty

degeneration of the deltoid negatively correlates with

functional outcomes scores of patients after RTSA. Si-

movitch et al. [25] and Boileau et al. [4] showed that

advanced fatty infiltration of the teres minor also nega-

tively correlates to clinical outcomes. However, to our

knowledge, there have been no studies correlating preop-

erative quantitative muscle size and fatty infiltration with

postoperative validated outcomes measures.

We therefore sought to evaluate whether there were

associations between validated outcomes scores, ROM, and

strength 2 years after RTSA and (1) preoperative deltoid

size, (2) preoperative deltoid fatty infiltration, and (3)

rotator cuff fatty infiltration observed on MR images

obtained before surgery.

Patients and Methods

Patients

This study involved a retrospective analysis of patients

whose clinical data were maintained in a prospective

Institutional Review Board-approved outcomes registry. As

part of this registry, all patients undergoing RTSA by the

senior author (JMW) were asked to return postoperatively

at 2 weeks, 3 months, 6 months, 1 year, and yearly there-

after for radiographic analysis and collection of outcome

data. Inclusion criteria for this study were diagnosis of cuff

tear arthropathy or irreparable rotator cuff tear, implanta-

tion of the same prosthetic design (Zimmer Trabecular

Metal Reverse Shoulder System, Warsaw, IN, USA),

minimum 2-year clinical and radiographic followup, and a

preoperative MRI data set. During the reviewed period

from September 2007 to March 2011, 97% of the quali-

fying patients (215/222) received this implant. Early during

the study period, one patient had a different implant before

the senior author (JMW) transitioned to using the current

implant, and toward the end of the study period, six

patients had a hybrid reconstruction using a DJO Encore1

baseplate (Encore Medical LLC, Austin, TX, USA) com-

bined with a Zimmer stem. Exclusion criteria were failed

previous shoulder arthroplasty, fracture, and previous open

rotator cuff surgery (to avoid confounding effects of sur-

gical incision of the deltoid).

During the period in question, 222 patients underwent

RTSA for cuff tear arthropathy or irreparable rotator cuff
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tear. Of those, 51% (113/222) had 2-year followup infor-

mation available. These patients were found to be similar at

baseline to the overall group of patients who underwent

surgery in terms of age, gender, and preoperative outcomes

scores (Table 1). We surveyed that group to identify all

who presented with MR images of the shoulder. During the

study period, the surgeon did not obtain MRI for these

indications, therefore this group represented patients who

presented with MR images performed elsewhere. In total,

30 patients (eight males, 22 females; 27% of those with

2-year followup and 14% undergoing RTSA) met these

criteria and were included for analysis. These patients also

were found to be similar at baseline to the overall group of

patients who underwent surgery in terms of age, gender,

and preoperative outcomes scores (Table 1).

MR images were collected retrospectively and therefore

are not standardized. Consequently, not all patients had the

correct sequences (described subsequently) for each ana-

lysis. All patients had the correct sequences for deltoid size

measurements, 25 patients for fatty infiltration analysis of

the deltoid, and 18 for fatty infiltration analysis of the

rotator cuff muscles. The average age of the patients at the

time of the procedure was 71 ± 10 years, and the average

clinical followup was 30 ± 7 months. The average length

of time between MRI and surgery was 4 ± 3 months. Our

operative technique and postoperative rehabilitation pro-

tocol were described previously [16–18, 22, 28].

Clinical Assessment

Patients were examined preoperatively and postoperatively

by an independent, trained clinical research nurse. Func-

tional outcomes were measured using the Constant-Murley

score [6], American Shoulder and Elbow Surgeons (ASES)

total and activities of daily living (ADL) score [21], and the

subjective shoulder value [8]. Patients were asked to rate

their pain at its worst on a VAS from 0 (none) to 10

(maximal) [14]. ROM was measured with a goniometer

and included active external rotation and active forward

elevation. Active internal rotation was measured as the

highest lumbar level that the patient could reach. Strength

in 90� abduction was measured using a hand-held digital

dynamometer (Innovative Design Orthopaedics, London,

UK). A chart review was performed and complication data

were recorded. All outcome measures were collected and

reviewed under approval of the Beaumont Health System

Human Investigations Committee.

Magnetic Resonance Imaging

MRI data were collected retrospectively. Axial proton

density-weighted sequences were used for cross-sectional

area quantification of the deltoid muscles. All proton density

data sets were acquired on a high-field MRI system. Sagittal

or coronal T1-weighted, nonfat-suppressed sequences were

used for fatty infiltration quantification of the deltoid, and

only sagittal T1-weighted nonfat-suppressed sequences

were used for fatty infiltration quantification of the rotator

cuff. T1-weighted data sets also were acquired on a high-

field MRI system.

Muscle Size Analysis

The cross-sectional area of the anterior deltoid, middle

deltoid, and posterior deltoid were measured on the axial

proton-density-weighted MRI sequences. To measure sli-

ces of consistent location, the slice with the largest humeral

head and the two slices above and below were selected for

analysis. The anterior, posterior, and middle deltoid were

outlined using a freehand selection tool as part of a custom

graphic user interface written in MATLAB1 (R2013a;

Mathworks, Natick, MA, USA). Outlines were drawn by

one shoulder fellowship-trained orthopaedic surgeon

(BPW) and two musculoskeletal fellowship-trained radi-

ologists (SY and DRM), all blinded to patient identity and

clinical outcome. Outlines were drawn in triplicate by each

grader, and the triplicate measurements were averaged. The

Table 1. Demographics of study patients and those lost to followup

Variable Patients who had RTSA during the

reviewed period* (n = 222)

Patients with 2-year

followup (n = 113)

Patients included in

the study (n = 30)

Age (years) 71 ± 10 71 ± 10 71 ± 10

Sex

Female 62% (n = 137) 65.5% (n = 74) 73% (n = 22)

Male 38% (n = 85) 34.5% (n = 39) 27% (n = 8)

Preoperative ASES 30.4 ± 17.3 32.9 ± 18.0 34.7 ± 19.8

Preoperative Constant-Murley score 28.2 ± 14.7 29.4 ± 15.2 28.6 ± 13.8

RTSA = reverse total shoulder arthroplasty; ASES = American Shoulder and Elbow Surgeons; *study period = September 2007–March 2011.
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cross-sectional area of each muscle was calculated by

converting pixel count to area in cm2. Total deltoid size

was calculated as the sum of the size of each division. The

use of MRI has been validated for quantitative evaluation

of muscle volume [26].

Qualitative and Quantitative Muscle Fatty Infiltration

Analysis

Fatty infiltration of the deltoid, supraspinatus, infraspinatus,

teres minor, and subscapularis were assessed on sagittal or

coronal T1-weighted nonfat-suppressed MR images. Outlines

used to isolate individual muscles were made by the same,

blinded investigators. Analysis of the deltoid muscle was

performed with sagittal sequences using the four most lateral

slices of the deltoid and with coronal sequences using the five

most posterior slices of the deltoid. The rotator cuff muscles

were analyzed using the slice in which the scapular spine is in

contact with the scapular body and two slices lateral and

medial to it. The two musculoskeletal fellowship-trained

radiologists, using a 5-point scale according to the method of

Fuchs et al. [7], graded fatty infiltration of each muscle

qualitatively. Their scale is an MRI adaptation of the 5-point

scale described by Goutallier et al. [10] (Table 2). Quantita-

tive fatty infiltration was determined using a digital image-

processing algorithm developed in MATLAB1 (R2013a;

Mathworks). This algorithm uses adaptive thresholding based

on local variances in signal intensity allowing for accurate

detection of muscle-fat boundaries (Fig. 1). Absolute thres-

holding alone was unable to account for scan-to-scan

variability in pixel intensities owing to small variations in

MRI sequence parameters and the decay in signal at the

periphery of an MRI coil and as the distance from magnetic

isocenter increases. The fraction of intramuscular fat was

calculated by dividing the number of detected fat pixels by the

total number of pixels in the outlined region of the muscle and

results were averaged between the five analyzed slices.

Statistical Analysis

All analyses were performed using SPSS1 Statistics 20

(IBM, Armonk, NY, USA). Because of the complex

and unique nature of our data set, an a priori power

analysis was not performed. However, a post hoc

power analysis of our correlations showed an average

of 51% ± 4% (range, 51%–98%) power. A Shapiro-

Wilks test was used to test for normality. Intraobserver

variations were determined with the intraclass corre-

lation coefficient (ICC). The ICCs for intraobserver

reliability were 0.946, 0.943, and 0.746 for the ante-

rior, posterior, and middle deltoid, respectively

(p \ 0.001). Correlation of muscle cross-sectional area,

subjective and quantitative fatty infiltration with post-

operative outcomes measures, and improvement in

outcome measures from preoperative to postoperative

were analyzed with a Spearman rank correlation

coefficient (q). A Pearson’s correlation test (R) was

used to analyze the correlation between subjective fatty

infiltration grade and quantitative fatty infiltration.

Correlation coefficients of 0.20 to 0.40, 0.40 to 0.60,

and 0.60 to 1.0 were considered mild, moderate, and

strong, respectively. In all tests, p less than 0.05 was

considered statistically significant.

Results

Deltoid Size and Clinical Outcomes

The cross-sectional area of each division of the deltoid and

the cross-sectional area of the total deltoid was positively

correlated with several functional outcomes scores and

improvement in functional outcomes scores (Table 3). The

anterior deltoid cross-sectional area (8.61 cm2 ± 2.97

cm2) had mild to moderate correlations with postoperative

Constant-Murley score (67.27 ± 13.07) (q = 0.396;

p = 0.030), subjective shoulder value (82.67 ± 17.89)

(q = 0.458; p = 0.011), and improvement in subjective

shoulder value (50.55 ± 32.99) (q = 0.373; p = 0.046).

The posterior deltoid cross-sectional area (15.45 cm2 ±

7.07 cm2) had mild to moderate correlations with post-

operative Constant-Murley score (q = 0.418; p = 0.021),

ASES (82.64 ± 14.25) (q = 0.369; p = 0.045), ASES

total (47.92 ± 25.25) (q = 0.491; p = 0.006) and ADL

improvement (11.50 ± 6.62) (q = 0.364; p = 0.048), and

subjective shoulder value (q = 0.402; p = 0.028). The

middle deltoid cross-sectional area (5.15 cm2 ± 2.74 cm2)

correlated only with ASES improvement (q = 0.401;

p = 0.028). The total deltoid size (29.21 cm2 ± 11.41

cm2) correlated with postoperative Constant-Murley score

(q = 0.432; p = 0.017), postoperative ASES score

(q = 0.377; p = 0.040), ASES improvement (q = 0.493;

p = 0.006), and subjective shoulder value (q = 0.427;

p = 0.019).

Table 2. Fatty infiltration grading system of Goutallier et al.

Stage MRI appearance

0 No fatty infiltration

1 Some fatty streaks

2 Less fat than muscle

3 Equal muscle and fat

4 More fat than muscle
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There were no correlations between the cross-sectional

area of any deltoid division with postoperative ROM or

improvement in ROM (Table 4).

The cross-sectional area of the anterior and posterior

deltoid and the total deltoid showed moderate correlations to

postoperative strength at 90� abduction (3.72 pounds ± 2.99

pounds) (q = 0.439, p = 0.019; q = 0.387, p = 0.042;

q = 0.454, p = 0.015, respectively) but not to strength

improvement (Table 4).

Deltoid Fatty Infiltration and Clinical Outcomes

The Fuchs grade (Table 5) did not correlate to any post-

operative functional outcomes scores, ROM, strength, or

improvements in any of these variables.

However, the assessed qualitative Fuchs grade of

respective muscles correlated with the quantitative fatty

infiltration ratio calculated with image processing

(Table 6).

The quantitatively measured fatty infiltration of the

deltoid had a moderate correlation with decreased postop-

erative ASES (q = �0.401; p = 0.047) (Table 7).

Rotator Cuff Fatty Infiltration and Clinical Outcomes

The supraspinatus muscle was found to have the highest

degree of fatty infiltration (average, 57.4%) as assessed by

qualitative and quantitative analyses (Tables 5, 6). There

were no correlations with outcomes and quantitative fatty

infiltration of the supraspinatus, teres minor, or subscapu-

laris; however, quantitative fatty infiltration of the

infraspinatus correlated with decreased active external

rotation (34.13� ± 16.80) (q = �0.494; p = 0.037)

(Tables 7, 8).

Fig. 1A–D Quantitative fatty infiltration was measured using sagittal

T1-weighted MRI data. The (A) deltoid was outlined manually

outlined by two musculoskeletal radiologists, and (B) the isolated

muscle pixels were processed using a custom image analysis

algorithm able to determine the differences in mean local pixel

intensities to isolate (C) individual fat pixels. This processing

algorithm resulted in accurate representation of the fraction of

intramuscular fat, as shown by (D) overlay images.
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123



T
a

b
le

3
.

C
o

rr
el

at
io

n
o

f
d

el
to

id
cr

o
ss

-s
ec

ti
o

n
al

ar
ea

an
d

fu
n

ct
io

n
al

o
u

tc
o

m
es

sc
o

re
s

A
re

a
P

o
st

o
p

er
at

iv
e

C
o

n
st

an
t-

M
u

rl
ey

sc
o

re

Im
p

ro
v

em
en

t

in
C

o
n

st
an

t-

M
u

rl
ey

sc
o

re

P
o

st
o

p
er

at
iv

e

A
S

E
S

sc
o

re

Im
p

ro
v

em
en

t

in
A

S
E

S

sc
o

re

P
o

st
o

p
er

at
iv

e

A
D

L
sc

o
re

Im
p

ro
v

em
en

t

in
A

D
L

sc
o

re

P
o

st
o

p
er

at
iv

e

p
ai

n

Im
p

ro
v

em
en

t

in
p

ai
n

P
o

st
o

p
er

at
iv

e

su
b

je
ct

iv
e

sh
o

u
ld

er

v
al

u
e

Im
p

ro
v

em
en

t

in
su

b
je

ct
iv

e

sh
o

u
ld

er

v
al

u
e

A
n

te
ri

o
r

d
el

to
id

C
o

rr
el

at
io

n
co

ef
fi

ci
en

t
(q

)
0

.3
9

6
*

0
.0

2
4

0
.3

4
3

0
.3

5
2

0
.2

5
5

0
.2

6
6

�
0

.2
5

1
0

.1
6

1
0

.4
5

8
*

0
.3

7
3

*

p
v

al
u

e
0

.0
3

0
0

.9
0

2
0

.0
6

3
0

.0
5

6
0

.1
7

4
0

.1
5

5
0

.1
8

1
0

.3
9

5
0

.0
1

1
0

.0
4

6

P
o

st
er

io
r

d
el

to
id

C
o

rr
el

at
io

n
co

ef
fi

ci
en

t
(q

)
0

.4
1

8
*

0
.0

5
0

0
.3

6
9

*
0

.4
9

1
*

*
0

.2
6

0
0

.3
6

4
*

�
0

.2
4

1
0

.3
5

1
0

.4
0

2
*

0
.2

8
1

p
v

al
u

e
0

.0
2

1
0

.7
9

6
0

.0
4

5
0

.0
0

6
0

.1
6

5
0

.0
4

8
0

.2
0

0
0

.0
5

7
0

.0
2

8
0

.1
4

0

M
id

d
le

d
el

to
id

C
o

rr
el

at
io

n
co

ef
fi

ci
en

t
(q

)
0

.2
0

5
0

.0
8

9
0

.2
7

7
0

.4
0

1
*

0
.0

6
5

0
.3

4
1

�
0

.3
1

8
0

.2
6

3
0

.3
3

9
0

.3
3

7

p
v

al
u

e
0

.2
7

8
0

.6
4

5
0

.1
3

9
0

.0
2

8
0

.7
3

4
0

.0
6

6
0

.0
8

7
0

.1
6

0
0

.0
6

7
0

.0
7

4

T
o

ta
l

d
el

to
id

C
o

rr
el

at
io

n
co

ef
fi

ci
en

t
(q

)
0

.4
3

2
*

0
.0

5
6

0
.3

7
7

*
0

.4
9

3
*

*
0

.2
1

8
0

.3
2

8
�

0
.3

1
8

0
.3

5
4

0
.4

2
7

*
0

.3
3

1

p
v

al
u

e
0

.0
1

7
0

.7
7

2
0

.0
4

0
0

.0
0

6
0

.2
4

7
0

.0
7

6
0

.0
8

6
0

.0
5

5
0

.0
1

9
0

.0
8

0

A
S

E
S

=
A

m
er

ic
an

S
h

o
u

ld
er

an
d

E
lb

o
w

S
u

rg
eo

n
s;

A
D

L
=

A
ct

iv
it

ie
s

o
f

D
ai

ly
L

iv
in

g
;

*
p
\

0
.0

5
;

*
*

p
\

0
.0

1
.

T
a

b
le

4
.

C
o

rr
el

at
io

n
o

f
d

el
to

id
cr

o
ss

-s
ec

ti
o

n
al

ar
ea

an
d

R
O

M
an

d
st

re
n

g
th

A
re

a
P

o
st

o
p

er
at

iv
e

ac
ti

v
e

fo
rw

ar
d

el
ev

at
io

n

Im
p

ro
v

em
en

t

in
ac

ti
v

e

fo
rw

ar
d

el
ev

at
io

n

P
o

st
o

p
er

at
iv

e

ac
ti

v
e

ex
te

rn
al

ro
ta

ti
o

n

Im
p

ro
v

em
en

t
in

ac
ti

v
e

ex
te

rn
al

ro
ta

ti
o

n

P
o

st
o

p
er

at
iv

e

ac
ti

v
e

in
te

rn
al

ro
ta

ti
o

n

Im
p

ro
v

em
en

t
in

ac
ti

v
e

in
te

rn
al

ro
ta

ti
o

n

P
o

st
o

p
er

at
iv

e

st
re

n
g

th

Im
p

ro
v

em
en

t

in
st

re
n

g
th

A
n

te
ri

o
r

d
el

to
id

C
o

rr
el

at
io

n
co

ef
fi

ci
en

t
(q

)
0

.1
4

8
�

0
.0

8
8

�
0

.1
8

4
�

0
.0

8
0

0
.0

2
7

�
0

.0
4

3
0

.4
3

9
*

0
.2

3
1

p
v

al
u

e
0

.4
3

5
0

.6
4

8
0

.3
2

9
0

.6
7

9
0

.8
8

9
0

.8
2

6
0

.0
1

9
0

.2
4

6

P
o

st
er

io
r

d
el

to
id

C
o

rr
el

at
io

n
co

ef
fi

ci
en

t
(q

)
0

.2
3

1
�

0
.3

0
0

�
0

.1
2

6
�

0
.2

3
1

0
.0

5
3

�
0

.0
0

8
0

.3
8

7
*

0
.1

1
5

p
v

al
u

e
0

.2
1

9
0

.1
1

4
0

.5
0

6
0

.2
2

7
0

.7
8

2
0

.9
6

6
0

.0
4

2
0

.5
6

7

M
id

d
le

d
el

to
id

C
o

rr
el

at
io

n
co

ef
fi

ci
en

t
(q

)
�

0
.0

1
0

�
0

.0
3

8
�

0
.2

8
4

�
0

.2
6

3
�

0
.2

4
2

�
0

.1
3

7
0

.2
5

3
�

0
.0

1
8

p
v

al
u

e
0

.9
5

8
0

.8
4

5
0

.1
2

9
0

.1
6

8
0

.1
9

7
0

.4
7

8
0

.1
9

4
0

.9
2

9

T
o

ta
l

d
el

to
id

C
o

rr
el

at
io

n
co

ef
fi

ci
en

t
(q

)
0

.2
1

2
�

0
.2

3
0

�
0

.1
6

1
�

0
.2

3
2

�
0

.0
3

5
�

0
.0

4
1

0
.4

5
4

*
0

.1
7

3

p
v

al
u

e
0

.2
6

0
0

.2
3

1
0

.3
9

6
0

.2
2

5
0

.8
5

5
0

.8
3

3
0

.0
1

5
0

.3
8

8

*
p

\
0

.0
5

.

668 Wiater et al. Clinical Orthopaedics and Related Research1

123



Discussion

Shoulder kinematics are changed after RTSA as the deltoid

becomes the primary motor for forward elevation and

abduction and the rotator cuff muscles also assume altered

force vectors but remain important for internal and external

rotation [1–3, 12, 13, 19, 24]. Despite a relatively thorough

understanding of these biomechanical changes, it is

unknown whether certain muscle properties allow for bet-

ter accommodation of these changes ultimately producing

improved shoulder function and an overall better clinical

result. To our knowledge, there are no published studies

correlating preoperative shoulder muscle size and quality

with postoperative validated outcomes measures. In the

current study, we found that preoperative shoulder muscle

properties as seen on MR images correlate with 2-year

outcomes after RTSA. Although size and fatty infiltration

of the deltoid did not correlate with shoulder ROM, greater

preoperative deltoid size and less fatty infiltration corre-

lated with greater improvements in functional outcomes

scores and strength. Also, fatty infiltration of the infraspi-

natus may negatively affect postoperative external rotation.

This study has several limitations and therefore should

be considered a preliminary investigation. First, owing to

the retrospective collection of MR images from multiple

institutions, we were unable to standardize the imaging

protocol. Despite this limitation, our image analysis algo-

rithm had built-in functionality to minimize the effects of

sequence-to-sequence variation. Second, the small pro-

portion of available patients (14%) who had usable MRI

data is a limitation that resulted in low statistical power and

the potential for selection bias. However, selection bias

likely was minimized because preoperative MR images

were not part of the senior author’s (JMW) routine pre-

operative workup. In general, these patients presented with

MR images that had been ordered by the patients’ referring

physician. This, along with comparable demographics, led

us to reason that this cohort of patients was a random,

albeit small, sample of the entire study population. None-

theless, the possibility exists that these patients had

advanced imaging owing to extensive disorders or ques-

tionable diagnoses. Third, this study is limited by its

limited statistical analysis. Several correlations were per-

formed, which increases the possibility of type I errors.

However, when adding corrections for multiple analyses,

type I errors are minimized but type II errors are exacer-

bated. As this is preliminary research, we chose to err on

the side of a less conservative method and did not include

corrections. Furthermore, several confounding patient fac-

tors exist (eg, men generally are stronger), and in the

future, multivariate analyses should be performed in more

highly powered studies. Finally, we recognize the potential

influence of demographics and biometric variables on

clinical outcomes. Although we recognize that demo-

graphic and biometric variables have confounding effects

on our data set, the correlations between the muscle

parameters and outcomes likely remain relevant. Signifi-

cant results from our study in addition to nonsignificant

trends may be further elucidated with a larger sample size

and more rigorous statistical analysis.

Preoperative deltoid size was associated with several

functional outcome measures, improvement in functional

outcome measures, and strength. Of the three divisions of

the deltoid, the posterior, followed by the anterior division,

had the most positive correlations. The relative importance

of the anterior and posterior deltoid over the middle deltoid

may be related to muscle fiber length and orientation. The

average lengths of the anterior, middle, and posterior del-

toid in the native shoulder have been shown to be 144 mm

(± 8 mm), 55 mm (± 9 mm), and 178 mm (± 6 mm),

respectively [23]. In a RTSA, as the center of rotation is

moved distal and medial, the relatively short middle deltoid

Table 5. Distribution of Fuchs grade of individual muscles

Grade Deltoid

(n = 25)

Subscapularis

(n = 18)

Infraspinatus

(n = 18)

Supraspinatus

(n = 18)

Teres minor

(n = 18)

0 1 1 0 0 4

1 17 13 4 2 11

2 5 2 6 2 1

3 2 0 6 6 2

4 0 2 2 8 0

Average grade 1.32 1.39 2.33 3.11 1.06

Table 6. Correlation of qualitative Fuchs score and quantitative

analysis

Muscle Quantitative fat (%) R p Value

Deltoid (n = 25) 7.91 ± 4.32 0.658 \ 0.001

Subscapularis (n = 18) 18.36 ± 15.59 0.907 \ 0.001

Teres minor (n = 18) 11.87 ± 9.19 0.659 0.003

Supraspinatus (n = 18) 57.40 ± 15.31 0.772 \ 0.001

Infraspinatus (n = 18) 30.47 ± 15.01 0.780 \ 0.001
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is lengthened further and may lose excursion because of

being placed too high on the muscle fiber length-tension

curve. Conversely, the anterior and posterior deltoid may

be able to accommodate the new center of rotation not only

by the longer resting length, but also by the change in

muscle fiber orientation. Thus, the biomechanical changes

of a RTSA may rely more on the anterior and posterior

deltoid as opposed to the middle deltoid for function. Our

results did not show an association between preoperative

deltoid size and postoperative ROM. No correlation

between deltoid size and active rotation was expected

given the new role of the deltoid as primarily a forward

elevator and abductor. However, lack of correlation to

active forward elevation was unexpected. This may be

related to the relative importance of the biomechanical

advantage of the deltoid in a RTSA over the intrinsic

properties of the muscle in achieving superior active for-

ward elevation. Given that the RTSA increases the deltoid

lever arm and reduces muscle effort for forward elevation

and abduction [12, 19], deltoid size and quality may not be

as important for improved active elevation as appropriate

deltoid lengthening. Other studies have established the

association between deltoid lengthening and active forward

elevation [2, 15]. We did not assess deltoid lengthening

and, therefore, cannot conclude whether it was associated

with outcomes in this cohort.

In this study, deltoid fatty infiltration was associated

with lower postoperative ASES scores. These results are in

concordance with those of Greiner et al. [11]. They found a

significant correlation between higher fatty infiltration of

the deltoid and lower postoperative Constant-Murley score

using postoperative MR images. Furthermore, using pre-

operative MR images for comparison, they found

progression of fatty degeneration of the deltoid and some

rotator cuff muscles after surgery [11]. The importance of

muscle degeneration after RTSA remains largely unknown;

however, it has been reported that muscle atrophy pro-

gression does not necessarily correlate to clinical outcome

[9, 20]. Additional studies are necessary to fully charac-

terize deltoid fatty degeneration after RTSA and the long-

term effect on outcomes.

Insufficiency of the posterior rotator cuff limits active

external rotation after a RTSA. In the current study, fatty

infiltration of the infraspinatus correlated significantly with

decreased postoperative active external rotation. Biome-

chanically, the inferior infraspinatus and teres minor have

been shown to be the primary motors in powering active

external rotation after RTSA [1]. Clinical studies have not

shown fatty infiltration of the infraspinatus alone to be a

risk factor for poor active external rotation after RTSA [11,

25]; however, others have shown that severe fatty infiltra-

tion of the posterior rotator cuff that extends to the teres

minor results in a postoperative active external rotation

deficit and lower functional outcomes [4, 25]. Boileau et al.

[4], in a series of 25 patients, found severe fatty degener-

ation of the teres minor ([ 50%) to result in poor active

external rotation and lower Constant-Murley scores com-

pared with shoulders with less than 50% fatty infiltration.

Similarly, Simovitch et al. [25] found that absolute post-

operative active external rotation, Constant-Murley score

and improvement, and subjective shoulder value and

improvement were significantly worse in patients with

higher fatty infiltration grade of the teres minor. We were

unable to find a negative correlation between teres minor

fatty infiltration and lack of active external rotation; how-

ever, the proportion of patients showing fatty infiltration of

the teres minor in our study was low, with only two patients

having a Fuchs grade greater than 2. Therefore, the lack of

correlation is likely a consequence of low statistical power.

In addition, quantitative fatty infiltration of the subscapu-

laris trended toward correlating with decreased active

internal rotation; however, this also did not reach signifi-

cance likely owing to low statistical power.

The current study is a preliminary exploration of this

topic and the results suggest a potential role for preopera-

tive advanced imaging of the shoulder in patients

undergoing RTSA. Should future studies confirm the

associations proposed in this study, information attained

from preoperative advanced imaging would not only hold

diagnostic value, but the assessment of the size and state of

the deltoid and rotator cuff muscles would aid in periop-

erative patient counseling and surgical decision-making.

Furthermore, as the knowledge and technique for assessing

preoperative shoulder muscle parameters are simplified and

refined, patient-specific interventions to improve or com-

pensate for certain muscle properties may allow surgeons

to maximize clinical outcomes after RTSA. Deltoid size

and fatty infiltration of the deltoid and rotator cuff may

hold prognostic value for patients undergoing RTSA. In the

future, knowledge of these shoulder muscle properties may

affect clinical and surgical decision-making.
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