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Background: Some patients unexpectedly have poor functional improvement after reverse shoulder arthro-
plasty (RSA) for massive rotator cuff tear without glenohumeral arthritis. Our aim was to identify risk factors
for this outcome. We also assessed the value of RSA for cases with poor functional improvement vs. controls.
Methods: The study was a retrospective case-control analysis for primary RSA performed for massive rota-
tor cuff tear without glenohumeral arthritis with minimum 2-year follow-up. Cases were defined as Simple
Shoulder Test (SST) score improvement of �1, whereas controls improved SST score �2. Risk factors were
chosen on the basis of previous association with poor outcomes after shoulder arthroplasty. Latissimus dorsi
tendon transfer results were analyzed as a subgroup. Value was defined as improvement in American Shoul-
der and Elbow Surgeons (ASES) score per $10,000 hospital cost.
Results: In a multivariate binomial logistic regression analysis, neurologic dysfunction (P ¼ .006), age <60
years (P ¼ .02), and high preoperative SST score (P ¼ .03) were independently associated with poor func-
tional improvement. Latissimus dorsi tendon transfer patients significantly improved in active external rota-
tion (�0.3� to 38.7�; P < .01). The value of RSA (DASES/$10,000 cost) for cases was 0.8 compared with
17.5 for controls (P < .0001).
Conclusions: Young age, high preoperative function, and neurologic dysfunction were associated with poor
functional improvement. Surgeons should consider these associations in counseling and selection of patients.
Concurrent latissimus dorsi transfer was successful in restoring active external rotation in a subgroup of pa-
tients. The critical economic importance of improved patient selection is emphasized by the very low value of
the procedure in the case group.
Level of evidence: Level III, Retrospective Case-Control Design, Treatment Study.
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Patients with a rotator cuff–deficient shoulder present following inclusion and exclusion criteria: date of surgery from
with variable combinations of pain and dysfunction, and
multiple options are available for treatment. Joint-
preserving techniques for massive rotator cuff tears have
been reported with varying results and include physical
therapy,29 tuberoplasty,17 d�ebridement or biceps tenotomy
or tenodesis,4,27,30 tendon transfer,21 and rotator cuff
repair.3,12,13,19,33 Reverse shoulder arthroplasty (RSA) has
been reported to have success in treating massive rotator
cuff tears without glenohumeral arthritis.6,32,48 However,
controversy exits as to whether RSA should be used as a
primary surgical treatment for this condition.33

Poor outcomes after RSA for massive rotator cuff tear
have been noted with certain groups of patients: revision
surgery,6,51 no pseudoparalysis,32 and presence of comorbid
conditions (e.g., cervical radiculopathy).23 In our practice,
we have observed that some patients have had unexpectedly
poor functional improvements after this operation. This can
be especially frustrating for both the patient and the sur-
geon because the majority of patients with a massive rotator
cuff tear that we indicate for RSA have pseudoparalysis and
wish to regain overhead use of the arm.

Our primary objective was to identify risk factors for
poor functional improvement in patients undergoing
reverse arthroplasty for a massive rotator tear. This may
help guide selection and counseling of patients because
alternative options are available for these patients. We also
aimed to carry out an economic analysis of patients with
poor functional improvement to determine the value of
reverse arthroplasty for these patients compared with
those who did achieve clinically relevant functional
improvement.
Materials and methods

Study design

We used a retrospective case-control study design to achieve our
primary objective of identifying risk factors for poor functional
improvement after RSA for massive rotator cuff tear without
arthritis. Patients in the poor improvement group (cases) were
identified as those who failed to improve the Simple Shoulder Test
(SST) score equal to or above the minimal clinically important
difference of 2 points at minimum 2-year clinical follow-up.43

Control patients had improvement of 2 or more points at mini-
mum 2-year follow-up.

The primary indication for reverse arthroplasty was intolerable
pain that failed to respond to a minimum of 6 months of nonop-
erative treatment. Rotator cuff tears were judged to be irreparable
on the basis of commonly accepted preoperative imaging and
patient characteristics, such as chronic pseudoparalysis, clinical
anterosuperior escape, narrowed acromiohumeral distance, and
severe fatty infiltration of rotator cuff muscles.23,49 In addition,
shoulder dysfunction presumed to be secondary to humeral escape
from rotator cuff deficiency was considered in deciding the indi-
cation for RSA. Both cases and controls were also subject to the
February 2007 to January 2011; massive rotator cuff tear diag-
nosed with advanced imaging study; minimum of 2 tendon tears,
5 cm in greatest dimension, found at the time of operation; no
preoperative glenohumeral arthritis, defined by radiographic
changes (Hamada stage 1-3)4,32,46,47; no preoperative infection; no
prior fracture; and no prior surgery except for rotator cuff repair or
diagnostic arthroscopy.

The decision to define the case group by poor improvement in
SST score was based on several factors. First, SST has been used to
describe unsatisfactory shoulder arthroplasties in prior studies.18,24

Second, we were most interested in lack of functional improve-
ment, and the SST asks almost exclusively for patient self-reported
function. Finally, we performed a pilot study with various methods
for control group selection using patient outcome data that the se-
nior author (M.A.F.) has previously reported for this operation.32

The analysis showed that for the previous cohort, selection of a
group of patients based on low improvement in SST score maxi-
mized the number of patients who also did poorly by other outcome
measures (American Shoulder and Elbow Surgeons [ASES] total
and function scores, self-rated satisfaction, and self-rated function)
and minimized the number of patients in the case group who had
satisfactory outcomes by the other outcome measures.

During the study design phase, we identified risk factors that
have previously been suggested in the literature to be associated
with poor outcomes after arthroplasty in general or RSA in
particular. These preoperative, intraoperative , and postoperative
risk factors were as follows:

Preoperative: prior rotator cuff repair,6,51 elevation >90�,32 age
<60 years,8,14,16,41 workers compensation,8 low mental health
component of the 36-Item Short Form Health Survey (<50),1 high
preoperative SST score (8-12),16 upper extremity neurologic
dysfunction.23

Intraoperative: intraoperative elevation <90�,39 latissimus
dorsi tendon transfer.20

Postoperative: major complication.53

We defined a major complication as one resulting in further
surgery (revision or reoperation), readmission, or extensive eval-
uation and treatment lasting >1 month, as has been previously
done in the literature.44-53 We noted any patients with a history of
a neurologic condition or injury that might affect shoulder girdle
strength, especially axillary neuropathy, upper cervical radicul-
opathy, or spinal cord injury. Deltoid strength rating is collected
prospectively for all shoulder arthroplasty patients in the senior
author’s practice.

Our surgical technique and postoperative protocol have not
deviated substantially from what has been previously reported.32

The technique of latissimus dorsi tendon transfer was performed
as has been described previously in the fashion of L’Episcopo
through a single deltopectoral approach.5 The indication for
transfer was presence of Hornblower’s sign or lack of active
external rotation to �0� with maintained passive external rotation.
Postoperatively, patients who underwent tendon transfer were
placed into an abduction–external rotation shoulder sling for the
first 6 weeks.

Data collection

The senior author (M.A.F.) collects preoperative, intraoperative,
and postoperative data prospectively for all shoulder arthroplasty



Table I Patient demographics

Overall
(N ¼ 74)

Cases
(n ¼ 13)

Controls
(n ¼ 61)

Age (years) 72 69 73
Sex 37 Male 8 Male 29 Male

37 Female 5 Female 32 Female
Side 51 Right 9 Right 42 Right

23 Left 4 Left 19 Left
Average follow-up
(months)

43 45 43

Figure 1 The majority of the case group had no improvement or
a worse functional outcome, as defined by the Simple Shoulder
Test (SST) score.

Table II Change in outcome after surgery

Outcome Cases Controls P

D ASES total score 3 37 <.001
D ASES functional score �2 19 <.001
D Forward elevation 24� 70� .001
Final self-rated function (0-10) 4 8 <.001
Final patient satisfaction (0-10) 5 8 <.001

ASES, American Shoulder and Elbow Surgeons.
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patients. This data collection is input into a registry database that
was available for retrospective review after we had defined the
study protocol, as described before. Preoperative and post-
operative range of motion was measured by 1 independent
observer (R.U.H.) with a goniometer from video recordings of
each patient’s active range of motion, which is also collected
prospectively. High interobserver agreement for this method has
been demonstrated previously.11 One of us (R.U.H.) also retro-
spectively reviewed the medical records of each patient in the
study to investigate for presence or absence of risk factors and to
determine revisions, reoperations, and complications. Determina-
tion of the presence or absence of the defined risk factors was
made before patient assignment to either case or control group.

Preoperative radiographic analysis was performed by 3 inde-
pendent, blinded observers, as the Hamada classification has been
shown to have only moderate interobserver reliability.25 Final
Hamada grade was determined by majority rule. Postoperative
radiographic analysis was also performed by 3 independent,
blinded observers. Radiographs were assessed for humeral loos-
ening,42 glenoid baseplate loosening,11 scapular notching,40 and
heterotopic ossification,26 also according to majority rule.

We have previously demonstrated that approximately 92% of
the 4-year cost of RSA is accrued during the hospitalization
period.45 Therefore, hospital costs were used as a proxy measure
for the overall cost of the procedure. All operations were per-
formed at a single hospital, and the decision support department of
the hospital provided a detailed report of the costs accrued for
each patient. The costs associated with complications and reop-
erations for this period were also included in the total cost for the
patient. Value was defined as benefit divided by cost, in this case
improvement in total ASES score per $10,000 hospital cost
(DASES/$10,000 cost).

Data analysis and statistical methods

The descriptive results are reported as mean � standard deviation
or mean (range). Associations between univariate risk factors and
outcomes were determined by Fisher exact test, with odds ratio
reported using 95% confidence intervals. A multivariate binomial
logistic regression analysis was used to determine independence
of univariate risk factors. Effect size was determined by Cramer’s
4, with small, medium, and large effects being assigned at values
of <0.21, 0.21 to 0.35, and >0.35, respectively.10 Interobserver
agreement was determined by the k statistic. Statistical calcula-
tions were performed with SPSS version 22.0 (IBM Corporation,
Armonk, NY, USA). P value <.05 was considered to be statisti-
cally significant.
Results

Thirteen patients meeting inclusion criteria improved by
�1 in the SST score at final follow-up and comprised the
case group in the analysis. Sixty-one patients meeting in-
clusion criteria had improvement of �2 in the SST score
and comprised the control group. Patient demographics are
shown in Table I. Figure 1 demonstrates that the majority of
the case group had no improvement or a worse functional
outcome, as defined by SST score. Conversely, the majority
of the control group achieved improvements in SST score
well above the minimal clinically important difference of 2
to 3 points.37,43 Furthermore, an analysis of the 2 groups by
other selected outcome measures (Table II) demonstrates
the inferior functional improvement and overall satisfaction
of the case group vs. controls, as we expected on the basis
of our pilot analysis.

In the univariate risk factor analysis, high preoperative
SST score (�7), ipsilateral upper extremity neurologic
dysfunction, age <60 years, and major postoperative
complication were associated with having a poor functional
improvement after reverse arthroplasty for massive rotator
cuff tear (Table III). Risk factors that did not reach statis-
tical significance in the analysis were also of small
effect size. In the multivariate binomial logistic regression
analysis, young age (P ¼ .02), neurologic dysfunction
(P ¼ .006), and high preoperative SST score (P ¼ .03)



Table III Risk factor analysis

Risk factor No. (%) of cases
(n ¼ 13)

No. (%) of
controls (n ¼ 61)

OR (95% CI) P value Effect
size (Cramer’s 4)

Prior rotator cuff repair 4 (31) 19 (31) 1.0 (0.3-3.6) 1.0 <0.01 Small
Preoperative elevation >90� 2 (15) 9 (15) 1.1 (0.2-5.6) .6 <0.1 Small
Age <60 years 3 (23) 2 (3) 8.8 (1.3-60) .04 0.3 Medium
Workers compensation claim 1 (8) 2 (3) 2.5 (0.2-29) .5 <0.1 Small
High preoperative SST

score (�7)
3 (23) 1 (1.6) 18 (1.7-190) .02 0.4 Large

Low MHC of SF-12 (<50) 9 (69) 37 (60) 1.5 (0.4-5.3) .4 <0.1 Small
Upper extremity

neurologic dysfunction
3 (23) 1 (1.6) 18 (1.7-190) .02 0.4 Large

Intraoperative elevation �90� 1 (8) 3 (5) 0.6 (0.1-6.5) .5 <0.1 Small
Latissimus dorsi transfer 3 (23) 7 (11) 2.3 (0.5-10.5) .3 0.1 Small
Major complication 4 (31) 5 (8) 5 (1.1-22.1) .045 0.3 Medium

OR, odds ratio; CI, confidence interval; SST, Simple Shoulder Test; MHC, mental health component; SF-12, 12-Item Short Form Health Survey.
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remained as independent predictors of poor functional
result, whereas major postoperative complication was not
an independent risk factor.

As seen in Table III, latissimus dorsi tendon transfer
patients were more likely to be in the case group with poor
functional improvement, although this was not statistically
significant (odds ratio, 2.3; 95% confidence interval,
0.5-10.5; P ¼ .3). We performed a post hoc subgroup
analysis for this group of patients to examine their overall
results compared with those not undergoing tendon trans-
fers, as seen in Table IV. Latissimus tendon transfer (LTT)
patients were of the same age and sex distribution as non-
LTT patients, although follow-up was longer for the LTT
patients. LTT patients had lower preoperative visual analog
scale score for pain (3.5 � 2.8 vs. 5.5 � 2.5; P ¼ .02) but
much less active external rotation (�0.3� � 24.9� vs.
20.7� � 28.0�; P ¼ .03). In general, postoperative outcomes
were very good for both groups; however, LTT patients had
a much larger increase in active external rotation
(39.0� � 32.0� vs. 8.2� � 34.9�; P < .01). Interestingly,
final active external rotation was greater in the LTT group
(38.7� � 28.8� vs. 28.5� � 25.8�; P ¼ .3), although this did
not reach statistical significance. Of the 10 patients in this
subgroup, 8 had combined loss of active elevation and
external rotation, and 2 had isolated loss of active external
rotation.5 Of the group with isolated loss of active external
rotation, one had a marked improvement in preoperative to
postoperative SST score (from 1 to 9) in addition to a gain
of 45� active external rotation; the second patient had no
improvement in preoperative SST score of 7 and no
improvement in active external rotation of �15�.

Neurologic dysfunction causing preoperative shoulder
girdle weakness was noted in 3 patients in the case
group. The first patient had a known, electromyography-
documented, chronic axillary neuropathy that was caused
by an axillary lymph node dissection after breast can-
cer treatment. The second patient had a known,
electromyography-documented, chronic C6 radiculopathy,
having undergone prior cervical fusion. The last patient had
an incomplete, traumatic spinal cord injury and had also
undergone prior cervical fusion. All 3 had a functioning
deltoid on preoperative evaluation, but with weakness able
to be detected on physical examination. One control group
patient was noted to have this risk factor, having Parkinson
disease with generalized bilateral upper extremity weak-
ness, including the deltoid.28

Intractable pain that did not respond to nonoperative
treatment was the primary indication for surgery. Eleven
patients lacking preoperative pseudoparalysis and 4 patients
with preoperative SST score �7 were indicated for a
reverse shoulder in this study. For the latter group with high
preoperative SST scores, 2 of 4 had preserved forward
elevation and 2 had pseudoparalysis. One of the 2 patients
with preserved elevation had isolated loss of external
rotation and had concomitant latissimus dorsi tendon
transfer. Three of 4 would have the same surgery done
again, and those 3 had excellent pain relief, with respective
final pain scores of 0, 0, and 2.

Nine patients (12%) experienced a major complication:
instability requiring multiple closed reductions with even-
tual resolution (n ¼ 1), instability requiring revision
(n ¼ 1), and acromial fracture (n ¼ 7). Four patients (5%)
experienced a minor complication: lower extremity deep
venous thrombosis (n ¼ 1), reflex sympathetic dystrophy in
the operative extremity that resolved (n ¼ 1), wound
dehiscence treated successfully with oral antibiotics only
(n ¼ 1), and postoperative aspiration requiring a longer
hospital stay and temporary nasogastric tube insertion
(n ¼ 1). The total complication rate was 17%, with a 1.4%
revision rate at minimum 2-year follow-up.

Preoperative and postoperative radiographs were avail-
able for 73 of 74 patients at average final radiographic
follow-up time of 34 months (range, 6-83 months). Clas-
sification of preoperative radiographs according to the
Hamada classification showed 20 patients with grade 1
changes, 33 patients with grade 2 changes, and 21 patients



Table IV Comparison of outcomes between patients with and without latissimus tendon transfer

Latissimus tendon transfer (n ¼ 10) No latissimus tendon transfer (n ¼ 64) P

Age 73.7 � 7.7 72.7 � 8.1 .7
Sex 5 Male (50%) 5 Female (50%) 32 Male (50%) 32 Female (50%) 1
Follow-up 57.8 � 20.2 40.8 � 14.0 <.01
VAS pain (0-10)
Pre 3.5 � 2.8 5.5 � 2.5 .02
Post 1.7 � 1.9 2.0 � 2.5 .7
P .1 <.001

VAS function (0-10)
Pre 2.8 � 2.1 3.1 � 2.4 .7
Post 7.0 � 2.5 7.2 � 2.6 .8
P <.001 <.001

SST
Pre 2.4 � 2.3 2.2 � 2.0 .8
Post 7.0 � 3.3 7.6 � 3.5 .6
P <.01 <.001

ASES
Pre 51.5 � 11.2 41.6 � 17.3 .08
Post 71.7 � 18.3 74.0 � 22.0 .7
P <.01 <.001

FE
Pre 62.8 � 43.9 60.0 � 32.9 .8
Post 122.5 � 33.4 121.9 � 38.5 1
P <.01 <.001

ER
Pre �0.3 � 24.9 20.7 � 28.0 .03
Post 38.7 � 28.8 28.5 � 25.8 .3
P <.01 <.01

Satisfaction (0-10) 7.6 � 2.3 7.8 � 2.5 .8

VAS, visual analog scale; SST, Simple Shoulder Test; ASES, American Shoulder and Elbow Surgeons; FE, forward elevation; ER, external rotation; Pre,

preoperative; Post, postoperative.
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with grade 3 changes from their massive rotator cuff tear.
Overall agreement for specific Hamada grade was 0.46 (k
statistic), which is in keeping with what has previously
been reported in the literature.25 Agreement with regard to
the presence vs. absence of glenohumeral arthritis changes
(grade >4 changes vs. grade 1-3 changes) was excellent
(k ¼ 0.88). Scapular notching was seen in 4 patients (5.5%,
all grade 1); 2 each were in the case and control groups. No
loosening was observed in any humeral component or
baseplate. There were 7 cases (9.6%) with heterotopic
ossification (4 grade 1 and 3 grade 2), only 1 of which
occurred in the case group.

In the economic analysis of hospital costs, direct costs
were tabulated as the ‘‘direct costs,’’ which were
department-specific charges, such as implants, medications,
and supplies, and ‘‘indirect costs,’’ which were hospital
infrastructure charges, such as utilities and administrative
fees. Direct hospital costs averaged $18,367 for cases vs.
$16,585 for controls (P ¼ .16), and the indirect hospital
costs averaged $6470 for cases vs. $5870 for controls
(P ¼ .4). The total hospital costs for cases averaged $24,837
vs. $22,456 for controls (P ¼ .2). The value of RSA defined
as improvement in ASES total score per $10,000 in hospital
total cost (DASES/$10,000 cost) for cases was 0.8
compared with 17.5 for controls (P < .0001).
Discussion

RSA has been used successfully to treat massive rotator
cuff tears without glenohumeral arthritis6,32,48,51; however,
with concerns such as high complication rates,53 long-term
functional deterioration,15,22 and uncertain cost utility,9,36

RSA remains a controversial treatment option for this
problem. We have previously proposed that anterosuperior
humeral head escape, pseudoparalysis, and tear irrepar-
ability should prompt consideration for RSA.23 On the
other hand, several authors have reported on reversal of
pseudoparalysis with partial or complete rotator cuff
repair.7,13,33 Rotator cuff tear irreparability also continues
to be a controversial subject. Finally, other joint-preserving
surgical options exist for patients who present with a
painful massive rotator cuff tear, including d�ebridement,
biceps tenotomy, and tendon transfer.

The rapid adoption and expansion of the indications for
RSA are a testament to the utility of this technologic
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advancement. Like all surgical innovations, it has been and
should continue to be subjected to evaluation and assess-
ment of its outcomes.31 By studying patients who did not
achieve the improvement in function that we typically
observe and have come to expect, we sought to improve our
understanding of indications for RSA and our ability to
prognosticate about its value from both the individual and
societal perspectives. We have demonstrated that young age
(<60 years), preoperative upper extremity neurologic
dysfunction, and high preoperative function (SST �7) are
independent risk factors for poor functional improvement
as defined in this study. We also demonstrated that the value
of RSA (DASES/$10,000 cost) was >20 times higher for
control patients than for cases.

We would like to highlight several potential limitations
to this study. Caution should be used such that the statistical
associations found between risk factors and outcomes are
not interpreted as causative, as the possibility of con-
founding variables is always present in this type of analysis.
We did not control for potential confounding variables,
such as age and sex, although we did perform a logistic
regression analysis and showed that postoperative compli-
cation was not an independent risk factor. Several factors
were not found to be associated with poor functional
improvement, which could be the result of lack of study
power. However, we reported on effect size for all risk
factors so that the implications of potential type II error
could be considered by the reader. In addition, the case-
control study methodology precludes the generalization of
our overall clinical results, complication rates, and radio-
graphic outcomes. Finally, like all retrospective studies, our
report is subject to multiple inherent sources of bias,
although we have attempted to mitigate this to a large
extent by collecting large amounts of patient outcome data
in a prospective fashion. As seen before, several patients in
the study underwent RSA with seemingly good function,
whether preserved elevation or high preoperative SST score
(�7). In retrospect, RSA still seems reasonable for this
group, as pain relief was good and satisfaction with the
operation was still common. Furthermore, it is possible to
have a dysfunctional shoulder with maintained forward
elevation (e.g., with isolated loss of external rotation) or
with SST �7 (e.g., pseudoparalysis), and RSA with or
without tendon transfer may also be beneficial for those
types of cuff-deficient shoulders.

Because many of the patients in the case group had high
self-reported overall satisfaction with the operation, pre-
sumably secondary to pain relief, the risk factors identified
herein should not be interpreted as exclusion criteria for
RSA. Rather, they should serve to guide counseling of
patients about potential risks and benefits of the operation
for each individual patient. These results highlight the ne-
cessity of appropriate preoperative counseling in consid-
ering RSA for younger, more functional patients.

We believe that our results have several practical im-
plications for clinical practice. A careful history and
physical examination to assess for neurologic dysfunction
in the affected extremity cannot be overemphasized in
considering RSA. Because RSA requires the deltoid for
function in the setting of a massive cuff tear, patients
should be carefully screened for any potential cause of
deltoid weakness. A prior report from our group demon-
strated an association between unsatisfactory outcome and
lack of pseudoparalysis with RSA for massive cuff tear.32

Although that was not reproduced in this study (Table
III), we did find that higher functioning patients with
SST �7 were more likely than controls to have poor
functional improvement. For patients with preserved for-
ward elevation, overall shoulder function varies from well
preserved to markedly dysfunctional. For the former, RSA
may have a more limited role in treatment. In general,
based on the risk factor analysis reported in this study, we
have tried to move toward a more comprehensive view of a
patient’s preoperative function, such as SST score, in
judging whether reverse arthroplasty is warranted from the
perspective of rotator cuff dysfunction.

Our results are consistent with those of Puskas et al35

and Boileau et al5 that RSA combined with latissimus
dorsi tendon transfer effectively treats pain and restores
function, especially active external rotation, in properly
indicated patients. Our results were superior for the patients
with combined loss of active forward elevation and external
rotation preoperatively, as this was reversed postoperatively
(Table IV). Only 2 patients had isolated loss of external
rotation preoperatively, and so it is difficult to draw any
conclusions about their mixed outcomes. In this study, the
rate of latissimus dorsi transfer was 13%, which is only
slightly higher than our historical average of about 10% in
the setting of RSA for massive cuff tear without arthritis. In
contrast, we rarely perform latissimus transfer with RSA
for cuff tear arthropathy. In the former, we believe that the
tendon transfer can reliably be indicated for the problem of
external rotation weakness that can be detected on physical
examination. On the other hand, in cuff arthropathy, the
pain or mechanical dysfunction caused by the diseased
articular surfaces often compromises what would otherwise
be functional muscle-tendon units. Therefore, correcting
the diseased articular surfaces with the arthroplasty alone is
often sufficient to restore active external rotation.

Prior studies have shown an inconsistent association be-
tween inferior results after RSA and prior rotator cuff repair. In
this study, poor functional improvement was not associated
with prior attempted repair, of which all were arthroscopic.
There existed an almost identical proportion of prior cuff re-
pairs in each group, and this suggests that even a highly pow-
ered study would not result in a clinically meaningful
associationbetween thesevariables. This concurswithSadoghi
et al, who found equivalent outcomes scores at minimum 2-
year follow-up for RSA patients with and without prior rotator
cuff repairs.38 It may be that for certain groups, such as
younger, higher functioning patients, RSA should be offered
only after an attempt at arthroscopic rotator cuff repair.
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Regarding the economic analysis, we acknowledge that
there is some limitation in using hospital costs as proxy for
all costs. Furthermore, in including complication and
revision costs in the analysis, we may have biased the case
group toward a lower overall value. However, the great
discrepancy seen in value between groups is more likely to
be related to the poor improvement in ASES score for cases
rather than higher cost. We defined the value of shoulder
surgery in an arbitrary way as total hospital cost over
change in ASES score. Although there is ample support in
the literature for condition- or disease-specific outcome
measures,34,52 by consensus, it has been recommended to
report cost-effectiveness ratios using generic health state
outcomes.50 In addition, the ASES score has been found to
be poorly suitable for mapping to 1 generic health utility
measure.2 Nonetheless, we have found that the reported
method is a very intuitive way to think about the value of a
shoulder operation, and it can reasonably be used to assess
the value of an operation between groups, as is reported
herein. The discrepancy in value between cases and con-
trols highlights the importance of assessing economic out-
comes in orthopedic surgery. We have a duty to continually
improve our selection of patients such that the resources
invested in operations like RSA reliably produce substantial
clinical improvement for our patients.
Conclusion

Massive rotator cuff tears, especially those with pseu-
doparalysis, anterosuperior escape, and risk factors for
poor rotator cuff healing, present a substantial treatment
challenge. As seen in the control group and as we have
reported previously, we have also found the semicon-
strained nature of the RSA to be a reliable solution for
the dysfunction and pain caused by rotator cuff defi-
ciency, with most patients achieving marked clinical
improvement. On the other hand, some patients do not
achieve the expected functional gains, and in this study,
we have identified several independent, preoperative risk
factors for this result. The value of RSA for this group of
patients was low compared with controls, which high-
lights the implications of appropriate selection of pa-
tients for the health care system as well as for the
individual patient. Given the inherent risks of reverse
arthroplasty vs. joint-preserving operations, continued
work in refining the indications for RSA for rotator cuff
deficiency without arthritis is warranted.
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