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Preoperative Single Assessment Numeric
Evaluation Score Predicts Poor Outcomes After
Reverse Shoulder Arthroplasty for Massive
Rotator Cuff Tears Without Arthritis

JAcCOB M. KIRSCH, MD; MANAN PATEL, BA; BRIAN W. HILL, MD; CONNOR MCPARTLAND BS; SURENA
NAMDARI MD, MSc; MARK D. LAzARUS, MD

Limited clinical evidence is available to help to predict poor outcomes af-
ter reverse shoulder arthroplasty (RSA) among patients with massive rota-
tor cuff tears without glenohumeral arthritis. A retrospective case-control
study was performed for patients who underwent RSA for massive rota-
tor cuff tear without glenohumeral arthritis (Hamada score <3) and had
a minimum of 2 years of follow-up. Preoperative risk factors for poor out-
comes were subsequently analyzed. Sixty patients (mean age, 71.4+7.4
years) met the inclusion criteria. Of these, 18 (30%) patients had poor out-
comes (case group). The case group had significantly worse postoperative
Single Assessment Numeric Evaluation (SANE) (61.6+29.5 vs 84.9+14.1,
respectively; P=.002), American Shoulder and Elbow Score (58.9+22.5 vs
82.2+14.2, respectively; P<.001), and Simple Shoulder Test (5.413.6 vs
8.512.4, respectively; P=.002) scores compared with the control group.
[AQ1: OK as edited?] Patients with poor outcomes had significantly higher
preoperative SANE scores compared with control subjects (40.4+28.4 vs
18.8+15.7, respectively;[AQ2: OK?] P=.021). The results of this study sug-
gest that patients with better overall preoperative function, as represented
by higher SANE scores, have a greater likelihood of poor functional out-
comes after RSA for massive rotator cuff tears without glenohumeral ar-
thritis. [Orthopedics. 202x;xx(x):xx-xx.] [AQ3: Please add two or three sen-
tences to the abstract.]

ignificant controversy exists re-
garding the management of patients
with massive rotator cuff tears.
Although massive tears in the setting of
glenohumeral arthritis can be managed
effectively with reverse shoulder arthro-
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plasty (RSA),! no clear consensus exists
on the management of massive rotator
cuff tears without glenohumeral arthritis.
Several nonoperative®® as well as surgi-
cal options exist, including arthroscopic
debridement,’!! partial repair,'>!? tendon
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transfer,'*!> superior capsular reconstruc-
tion,'¢!8 subacromial balloon interposi-
tion, ' and RSA.20-23 Further, limited com-
parative evidence exists to stratify patients
with massive rotator cuff tears without
glenohumeral arthritis based on treatment
and predictors of functional outcomes.

Clinical outcomes after RSA for mas-
sive rotator cuff tears are generally fa-
vorable; however, certain patients have
inferior outcomes without an obvious rea-
son.”!?* Recent literature has attempted
to identify risk factors for poor outcomes
to help to guide clinical decision mak-
ing.20-2325-27 Various definitions of poor
outcomes,?*?%2? coupled with substantial
study heterogeneity, limit the clinical ap-
plicability of previously identified risk
factors to help to predict poor outcomes
after RSA for patients with massive rota-
tor cuff tears without glenohumeral arthri-
tis. Therefore, we sought to identify pre-
operative variables associated with poor
outcomes after RSA. We hypothesized
that better preoperative function, as iden-
tified by either patient-reported outcome
scores and/or objective clinical data,
would be associated with a higher likeli-
hood of a poor clinical outcome.

MATERIALS AND METHODS

A retrospective review of all patients
undergoing primary RSA between 2012
and 2015 at a single institution with a
minimum of 2-year follow-up was con-
ducted after institutional review board
approval was obtained (#20E.321).[AQS8:
Please identify this number.] A total of
900 shoulder arthroplasty procedures (an-
atomic and reverse) with 2-year follow-up
were reviewed to identify patients under-
going primary RSA. Similar to previous
literature, 22123 all patients were reviewed
independently by 2 reviewers who were
blinded to the outcome data, using the
Hamada classification® to differentiate
cuff tear arthropathy from massive ro-
tator cuff tears without arthritis. Initial
disagreement between the reviewers was
resolved by consensus. The RSA proce-

dure was indicated for patients who had
persistent shoulder pain and dysfunction
that did not respond to nonoperative treat-
ment at the discretion of the treating sur-
geon. Operative reports were reviewed to
confirm the deficient rotator cuff status at
the time of RSA.

All procedures were performed by 8
fellowship-trained  shoulder
Consistent with previous literature,?!?
all patients who were identified as hav-
ing radiographic changes consistent with
Hamada score of 3 or less were included.
Patients were excluded if they had previ-
ous ipsilateral shoulder infection, frac-
ture, inadequate radiographs, previous
shoulder surgery other than arthroscopy
or rotator cuff repair, concomitant ten-
don transfer, or a neuropathic etiology of
shoulder pathology. Electronic medical
records were reviewed to collect data on
baseline demographics, preoperative and
postoperative range of motion, and post-
operative complications. Patient-reported
outcomes, including Single Assessment
Numeric Evaluation (SANE), American
Shoulder and Elbow Score (ASES), and
Simple Shoulder Test (SST) scores, were
prospectively recorded both preoperative-
ly and at a minimum of 2 years postopera-
tively in an institutional database. Postop-
erative radiographs at final follow-up were
evaluated to assess scapular notching and
component loosening.’!

A case-control analysis similar to that
of Hartzler et al?® was designed to iden-
tify risk factors for poor clinical outcomes
after RSA for massive rotator cuff tears
without glenohumeral arthritis (Hamada
score <3). Various criteria have been used

surgeons.

previously to define poor clinical out-
comes after RSA, without a unanimously
accepted standard.?*262% Given the lack
of unanimously accepted criteria for poor
outcome, we included several definitions
of poor outcome that have been previ-
ously reported in the literature, including
a postoperative ASES score of less than
50,?% change in ASES score of less than
12,26 change in SST score of 1 or less,?

postoperative active forward elevation
of less than 90°,% and revision surgery.
Additionally, Gowd et al?*® reported the
minimal clinically important difference
(MCID) in the SANE score after shoul-
der arthroplasty. Earlier studies by both
Hartzler et al*> and Werner et al*® included
failure to meet the MCID of a particular
outcome as a criterion for poor outcome,
and on this basis, we included a change
in SANE score of less than 29 as an ad-
ditional criterion for poor outcome after
RSA. Patients who were identified as hav-
ing at least 1 of the described criteria for
poor outcome were defined as the cases,
and the remainder of the patients served
as control subjects.

Previous risk factors that have been
either identified or previously investigat-
ed for patients with poor outcomes after
RSA for massive rotator cuff tears with-
out osteoarthritis were identified during
study design. In addition to the associa-
tion with patient-reported outcome scores
(ASES, SST, and SANE),?*?627 we sought
to identify whether an association ex-
isted between younger age (<60 years),”
higher preoperative SST score (SST score
>7),2 preoperative active forward el-
evation greater than 90°,2'?? and previous
shoulder surgery?’-32-33
comes after RSA for massive rotator cuff
deficiency.

with inferior out-

Statistical Analysis

Descriptive statistics were determined
and expressed as mean, range, standard
deviation, and percentage. In comparing
qualitative variables, chi-square analysis
was undertaken when assumptions were
met. Otherwise, Fisher’s exact test was
performed. Continuous variables were
assessed with the Mann—Whitney U test
because of the nonparametric nature of
the data. Receiver operating characteris-
tic analysis was performed to evaluate the
SANE score as a discriminating threshold
with poor outcomes. The area under the
curve was used to define the sensitivity
and specificity of the selected cutoff val-
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ues. All statistical analysis was performed
with the Statistical Package for the Social
Sciences (SPSS), version 26 (IBM Corp).
The alpha risk was set to 0.05 for all tests
to estimate statistical significance.

RESULTS

Sixty patients (mean age, 71.4+7.4
years) were included after application of
the inclusion and exclusion criteria. Eigh-
teen (30%) patients met the definition for
poor outcome and defined the case group.
Six of the 18 (33%) patients met multiple
criteria for poor outcome, and the remain-
der of patients satisfied a single criterion
for poor outcome (Table 1). Mean follow-
up for the entire cohort was 30 months
(range, 24-61 months), with no signifi-
cant difference between groups (P=.654).
Baseline demographics, including age,
sex, body mass index, and Charlson Co-
morbidity Index, were similar between the
groups (Table 2).

Patients in the poor outcome group
showed inferior outcomes across all mea-
sures compared with the control group at a
minimum of 2 years postoperatively. The
case group had significantly worse postop-
erative SANE (61.6+29.5 vs 84.9 x14.1,
respectively; P=.002), ASES (58.9+22.5
vs 82.2+14.2, respectively; P<.001), and
SST (5.4+3.6 vs 8.5+2.4, respectively;
P=.002) scores. Further, compared with
preoperative scores, the case group had a
significantly worse change (A) in SANE
(20.5£31 vs 66.1+19.6, respectively;
P<.001), ASES (26.3+23.7 vs 49.7+18,
respectively; P=.002), and SST (3.0+4.2
vs 6.2+2.5, respectively; P=.003) scores.
[AQ9: OK as edited?] The mean change
in ASES and SST scores for both groups
exceeded the MCID, whereas only the
mean change in SANE score for the con-
trol group exceeded the MCID (Table 3).
Patients with poor outcomes had signifi-
cantly higher preoperative SANE scores
compared with control subjects (40.4+28.4
vs 18.8+15.7, respectively;[AQ10: OK?]
P=.021). Therefore, receiver operating
characteristic analysis was performed
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Table 1
Distribution of Patients Based on Poor Outcome Criteria and

Hamada Classification

Hamada classification, No. [AQT1: Need to add n value to
each classification?]

Criteria 1 2 3

ASES <50 4(22.2%) 1(3.3%) 1(8.3%)
ASES A <12 3(16.7%) 1(3.3%) 2 (16.7%)
SANE A <29 6 (33.3%) 4 (13.3%) 2 (16.7%)
SST A <1 4 (22.0%) 2 (6.7%) 1(8.3%)
Revision surgery 0 0 0

AFE <90° 2(11.1%) 1(3.3%) 0

Abbreviations: AFE, active forward elevation; ASES, American Shoulder and Elbow Surgeons score;
SANE, Single Assessment Numeric Evaluation score; SST, Simple Shoulder Test score; A, change.

Table 2

Baseline Demographics

meanSD

Characteristic Control subjects Cases P
No. 42 18

Sex, female/male, No. 20/22 14/4 .031
Age, meanzSD, y 70.21+7.4 74.016.9 141
Follow-up, mean[AQT2: Correct?] 30 (24-61) 30 (24-53) .654
(range), mo

Body mass index, mean+SD, kg/m? 28.2+4.2 30.5t5.4 .107
Charlson Comorbidity Index, 4.0+£1.0 4.541.3 .265

and showed preoperative SANE scores
of greater than 33 to be significantly as-
sociated with poor functional improve-
ment (P=.004), with a sensitivity of 60%
and a specificity of 85%. The case group
also had decreased postoperative active
forward elevation compared with the con-
trol group; however, this difference was
not statistically significant (113°+29° vs
145°£22°, respectively; P=.13).
Univariate analysis was performed to
evaluate the association between preop-
erative risk factors and poor outcomes.
No significant association was found be-
tween preoperative active forward eleva-
tion greater than 90°, age younger than
60 years, preoperative SST score of 7 or

greater, and a history of previous shoul-
der surgery with poor outcomes (P>.05)
(Table 4). There were no postoperative
infections, nerve injuries, dislocations,
incidences of component loosening, or
baseplate failures in the entire cohort. One
patient in the case group and 3 patients in
the control group had an acromial stress
fracture postoperatively. Scapular notch-
ing was observed among 7 patients (grade
1, 6 patients; grade 2, 1 patient), and only
1 of these patients was in the case group
(grade 1).

DiscussION
According to the criteria used in this
study, 30% of patients with massive rota-
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Table 3

Change in Functional Outcomes

Outcome Controls (n=42) Cases (n=18) P

ASES
Preoperative, mean+SD 32.5£15.6 33.2418.3 .943
Postoperative, mean+SD 82.2+14.2 58.9+22.5 <.001
P <.001 .002
A ASES, meanzSD 49.7+18.0 26.3+23.7 .002
A ASES>MCID, No. 32 8

SANE
Preoperative, mean+SD 18.8+£15.7 40.4+28.4 .021
Postoperative, mean+SD 84.9+14.1 61.6+£29.5 .002
P <.001 .03
A SANE, mean+SD 66.1£19.6 20.5£31.0 <.001
A SANE>MCID, No. 31 10

SST
Preoperative, mean+SD 2.5%2.0 2.4%2.3 .5585
Postoperative, mean+SD 8.512.4 5.413.6 .002
P <.001 .012
A SST, mean+SD 6.212.5 3.0¢4.2 .003
A SST>MCID, No. 30 5

SST, Simple Shoulder Test score; A, change.

Abbreviations: AFE, active forward elevation; ASES, American Shoulder and Elbow Surgeons score;
MCID, minimally important clinical difference; SANE, Single Assessment Numeric Evaluation score;

Table 4
No.

Risk factor Controls (n=42) Cases (n=18) P
Age <60y 3(7.1%) 0 .547
Preoperative forward elevation >90° 17 (40.5%) 7 (38.9%) .908
Previous shoulder surgery 14 (33.3%) 6 (33.3%) 1.000
SST =7 1(2.9%) 1 (5.9%)[AQT4: 1.000

Please check all

numbers in red.]
SANE >33 5 (15.2%) 9 (64.3%) .004

Score.

Abbreviations: SANE, Single Assessment Numeric Evaluation score; SST, Simple Shoulder Test

tor cuff tears without glenohumeral arthri-
tis experienced a poor functional result
after RSA. Previously reported preopera-
tive risk factors, including active forward

elevation of greater than 90°, age younger
than 60 years, preoperative SST score
of 7 or greater, and a history of previous
shoulder surgery, were not found to be

predictive of a poor functional outcome.
Higher preoperative SANE score was the
only factor in this study that was found to
be associated with a greater likelihood of
poor outcome after RSA for massive ro-
tator cuff tears without glenohumeral ar-
thritis.

Few studies have investigated the role
of RSA among patients with massive ro-
tator cuff tears without glenohumeral ar-
thritis.?23 Mulieri et al?! reported that,
despite improved overall outcome scores,
32% of patients with massive cuff tears
without arthritis (Hamada score <3) who
were treated with RSA would not have
the same surgery again. The reasons for
this finding were largely unclear. Simi-
larly, in our study, 30% of patients were
defined as having a poor outcome de-
spite having a mean change in ASES and
SST scores that exceeded the MCID.3*3
Hartzler et al?® attempted to identify risk
factors for poor improvement after RSA
in a retrospective case-control study with
74 patients (Hamada score <3). The mean
age of the patients was 72 years, which
is similar to the mean age in our study
(71.4 years). Cases were defined as pa-
tients who experienced a change in SST
score of 1 pointfAQ11: Correct word?]
or less (13 patients), and control subjects
had a change in SST of 2 points[AQ12:
OKZ?] or greater (61 patients). The prin-
cipal findings of this study were that age
younger than 60 years, neurologic dys-
function, and preoperative SST score of 7
or greater were independently associated
with poor functional improvement. How-
ever, each of these variables was found for
only 3 patients in the case group, subject-
ing these findings to a risk of fragility.?33
Our current study did not find these fac-
tors to be predictive of poor functional
improvement. However, our study does
support the notion proposed by Hartzler
et al®® that patients with better preopera-
tive function are at risk for poor outcomes
after RSA.

Several recent studies have reported
an association between better preopera-
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tive outcome scores and worse outcomes
after RSA.23262737 Werner et al?® evalu-
ated 150 patients undergoing RSA in a
prospectively collected registry. Regres-
sion analysis showed that poor functional
improvement was associated with higher
baseline ASES scores, male sex, an in-
tact rotator cuff, depression, and a high-
er number of comorbidities. Similar to
the findings in the current study, patient
age (mean, 72 years) was not associated
with poor outcomes.?® Unlike Werner et
al,?® sex and comorbidity (assessed via
the Charlson Comorbidity Index) were
not associated with poor outcomes in our
study. Carducci et al*’ also sought to de-
fine factors associated with poor improve-
ment for patients undergoing RSA. Mul-
tivariate regression modeling showed that
previous shoulder surgery was the only
factor associated with poor outcome and
functional improvement. Additionally,
patients in the poor improvement group
showed significant clinical improvement
and better function preoperatively[AQ13:
OK as edited?] based on the ASES score
(42.2 vs 26, respectively;[AQ14: OK?]
P<.001). Our study did not detect a dif-
ference in preoperative ASES score; how-
ever, we did detect a difference of similar
magnitude in preoperative SANE score
among patients with poor improvement.
In contrast to Carducci et al,?” we did not
find previous shoulder surgery to be sig-
nificantly associated with poor functional
improvement.

Although the exact outcome measure
and threshold are controversial, it does
seem evident that certain patient-reported
outcomes are predictive of poor improve-
ment for a subset of patients after RSA.
The SANE score is a simple way to as-
sess patient-perceived shoulder pain and
function. Our study found that a SANE
score of greater than 33 was associated
with a greater likelihood of poor improve-
ment after RSA for massive rotator cuff
tears without arthritis. Identifying preop-
erative predictors of poor improvement
among patients with massive rotator cuff
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tears without arthritis is important be-
cause these patients may be better treated
nonoperatively or with a variety of joint-
preserving procedures,'%:11:16-18,38.39

This study had several limitations. The
retrospective nature of this study subject-
ed it to possible bias. Additionally, we did
not have complete preoperative advanced
imaging that would allow us to assess the
extent of rotator cuff pathology. The de-
cision to perform RSA was not standard-
ized and was based on the overall clini-
cal assessment of experienced shoulder
surgeons. Another limitation of this study
was that all postoperative assessment was
retrospectively gathered from review of
the electronic medical record. Addition-
ally, our risk factor analysis was subject
to confounding variables that could have
influenced the results.

This study had numerous strengths. We
identified a relatively unique population
of patients with massive rotator cuff tears
without arthritis who underwent RSA. We
elected to use several criteria reported in
the literature for poor functional improve-
ment because no clear definition exists.
This approach allowed us to increase our
capture and made the results more gener-
alizable because they are not subject to the
potential limitations of a particular out-
come measure. We identified a cohort of
patients who did significantly worse after
RSA without an obvious reason (eg, in-
fection, dislocation, nerve injury) for the
discrepancy in outcome. The only factor
we identified that was significantly associ-
ated with a poor outcome was better over-
all preoperative function, as measured by
SANE score. We also discerned a thresh-
old for the SANE score that was signifi-
cantly associated with a greater likelihood
of poor outcome. This information can
potentially guide clinical decision making
when considering the management of pa-
tients who have massive rotator cuff tears
without arthritis.

CONCLUSION
The results of this study show that
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higher preoperative SANE scores are as-
sociated with a greater likelihood of poor
outcomes after RSA for massive rotator
cuff tears without glenohumeral arthritis.
Thirty percent of patients identified by the
criteria in this study had a poor outcome
after RSA, without an obvious reason and
despite improvements in ASES and SST
scores that were greater than the reported
MCID. It is possible that the cohort of
patients who had poor improvement may
have benefited more from a joint-preserv-
ing operation or continued nonoperative
management. A comparative study with
other treatment options for massive rota-
tor cuff tears without arthritis is needed
to further define the role of RSA for this
indication.
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