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Background: Revision reverse total shoulder arthroplasty (RTSA) reliably improves shoulder pain and
function in patients with failed shoulder arthroplasty, although it can lead to significant postoperative
complications. The purpose of this study was to determine the effect of postoperative complications on
shoulder pain and function after revision RTSA.
Methods: We evaluated 36 patients at an average of 4.3 years (range, 2-8.6 years) after revision of a
shoulder arthroplasty to RTSA. Of these patients, 9 had a failed anatomic total shoulder arthroplasty, 23
had a failed hemiarthroplasty, and 4 had a failed RTSA. The American Shoulder and Elbow Surgeons
(ASES) score and visual analog scale (VAS) pain score were evaluated postoperatively, and patients with
and without postoperative complications were compared.
Results: The final ASES score and VAS pain score were 61 ± 23 and 2.4 ± 2.3, respectively. A major
postoperative complication occurred in 7 patients (19%) (infection in 3, hematoma in 1, instability in 1,
and acromial and/or scapular spine fracture in 2). Further surgical treatment was required in 5 patients
(14%) (irrigation and d�ebridement and component exchange for infection in 3, irrigation and
d�ebridement for hematoma in 1, and open reductioneinternal fixation of scapular spine fracture in 1). On
comparison of clinical outcomes between patients with and patients without complications, the ASES
score and VAS pain score were significantly worse in patients with complications vs. those without them
(ASES score, 43 ± 24 vs. 66 ± 21 [P ¼ .04]; VAS pain score, 4.3 ± 2 vs. 2 ± 2.2 [P ¼ .03]).
Conclusion: Revision RTSA resulted in postoperative pain and shoulder function comparable to primary
RTSA reported in the literature, although postoperative complications led to clinically significant declines
in function and increases in pain.

© 2020 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
28 8,25,50,56
As the incidence of shoulder arthroplasty has increased,
especially in younger patients,33,39 the burden of revision shoul-
der arthroplasty has increased.6,50 Historically, revision total
shoulder arthroplasty (TSA) was associated with unacceptably high
failure rates because of difficulty reconstructing glenoid bone de-
fects,17,21,24 difficulty achieving stable fixation of the glenoid
component,11 and a high prevalence of rotator cuff failure.37 The
expectation after revision TSA in the past was the achievement of
limited goals with modest levels of pain relief or functional
improvement. Revision reverse total shoulder arthroplasty (RTSA)
eliminates may problems associated with revision TSA. Glenoid
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bone grafting can be very successful in the setting of RTSA,
baseplate loosening is uncommon,22,30,43 and RTSA does not rely on
an intact rotator cuff.10,19 Unfortunately, revision RTSA comes at the
cost of other unique postoperative complications including
impingement resulting in instability and acromial or scapular spine
fractures, which may affect final functional outcomes. Varying re-
sults of revision RTSA have been reported in several studies, with
improvements in pain and function, although complication rates
have reached as high as 50%4,7,18,22,23,27,31,35,36,48,50,53 (Table I).

Saltzman et al38 previously reported on the complication rates
of primary vs. revision RTSA and TSA and determined that overall,
minor, surgical, intraoperative, perioperative, and postoperative
complications were greater after revision RTSA than after primary
RTSA. Very few studies have examined the influence of post-
operative complications in revision RTSA on functional outcomes.
Holcomb et al22 reported the results of revision RTSA owing to
baseplate failure in RTSA and found no difference in outcomes
comparing pre-failure vs. post-revision American Shoulder and
ulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND
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Elbow Surgeons (ASES) scores, supporting that the outcomes of
primary vs. revision RTSA show no difference. Shields andWiater41

reported on 36 revision RTSAs and noted significantly worse Sub-
jective Shoulder Values in the revision RTSA group when patients
sustained either a postoperative complication or required revision
surgery compared with patients who did not require revision sur-
gery or sustain a postoperative complication.

The purpose of this study was to describe the short-term clinical
and radiographic results of revision to RTSA and determine
whether patients sustaining a postoperative complication had
worse functional results than those without a complication. We
hypothesized that revision to RTSA would result in significant im-
provements in range of motion and functional outcomes and that
patients sustaining a postoperative complication would have
significantly worse shoulder pain and function.

Materials and methods

This was a retrospective study. The operative log of the senior
author (R.Z.T.) was reviewed. We queried the log for patients who
underwent revision from a humeral hemiarthroplasty (HA),
anatomic TSA, or RTSA to an RTSA from May 2008 to May 2015.
Patient who underwent conversion from an HA, anatomic TSA, or
RTSA to an antibiotic spacer, anatomic TSA, or HA were excluded.
We also excluded patients who underwent primary RTSA and pa-
tients with <2 years' potential follow-up. RTSA was indicated for
patients with persistent pain, limited function, and restriction of
motion in those with a failed arthroplasty. In the setting of a failed
HA, the indications for conversion to RTSA included a painful
arthroplasty with or without rotator cuff insufficiency with or
without glenoid or humeral bone deficiency. No HA was converted
to an anatomic TSA during the study period. In the setting of a failed
anatomic TSA, the indications for conversion to RTSA included a
Table I
Results of revision to reverse total shoulder arthroplasty in prior series

Authors Year Patients, n Follow-up, mo AFE, �

Alentorn-Geli et al1 2017 31 28 109
Black et al4 2015 16 59 NA
Black et al5 2014 36 55 NA
Boileau et al7 2013 37 34 111
Castagna et al12 2013 36 32 120
Chacon et al13 2009 25 30 82
Cox et al15 2019 73 68 75
Flury et al18 2011 21 46 97
Hernandez et al20 2017 70 36 112
Holcomb et al22 2009 14 33 118
Holschen et al23 2017
GHOA cohort 23 24 126
Fracture cohort 21 24 115

Kany et al26 2015 29 28 124
Kelly et al27 2012 28 34 106
Melis et al31 2012 37 47 121
Merolla et al32 2018 157 49 NA
Ortmaier et al35 2013 50 51 98
Patel et al36 2012 28 41 108
Sheth et al40 2019 110 57 NA
Shields and Wiater41 2019 35 50 NA
Stephens et al43 2016 58 24 97
Stephens et al45 2015 16 36 100
Valenti et al48 2014 30 36 108
Wagner et al50 2015 143 37 NA
Wagner et al52 2017 39 36 121
Wagner et al51 2017 38 44 108
Walker et al53 2012 22 40 130
Weighted mean or total NA 1223 NA 106 ± 15

AFE, active forward elevation; VAS, visual analog scale; ASES, American Shoulder and Elb
GHOA, glenohumeral osteoarthritis.
Data are presented as mean values unless otherwise indicated.
loosened glenoid implant not amendable to revision anatomic
glenoid component placement or rotator cuff failure. In the setting
of a failed RTSA, indications for conversion to another RTSA
included instability or implant loosening amendable to revision
with or without bone grafting. Eligible patients were then con-
tacted and returned for evaluation including functional outcome
questionnaires, physical examinations, and radiographs or pro-
vided functional outcome data by telephone.

Operative protocol

In all cases, a deltopectoral approach was used. Both the
Trabecular Metal RTSA (Zimmer, Warsaw, IN, USA) and Aequalis
Reversed Shoulder Arthroplasty (Wright Medical Group, Bloo-
mington, MN, USA) systems were used. Although initial attempts
were made to free the humeral stem using a burr and thin osteo-
tomes, when this method was not successful an osteotomy or
window of the humeral shaft was performed and was fixated with
cerclage wires as previously described.7 Both long (>130 mm) and
standard-length (130 mm) stemmed implants were used depend-
ing on proximal humeral bone loss and the requirement for a hu-
meral osteotomy or window. In cases of severe glenoid erosion,
allograft or iliac crest autograft reconstruction of the glenoid defect
was performed. Glenoid grafting was performed in cases in which
severe cavitary defect limited the ability to implant a baseplate in a
stable fashion or severe erosion limited the baseplate to be posi-
tioned in a neutral position or with inferior tilt. We used 36-, 40-,
and 42-mm glenospheres depending on the implant system, as
well as the size of the patient. Standard or constrained polyethylene
liners were used at the discretion of the surgeon on the basis of
overall stability of the shoulder during trialing. The subscapularis
was not repaired in any case. Proximal humeral allograft was used
in some cases at the discretion of the surgeon for proximal humeral
VAS pain score ASES score Constant score SST score Cx, %

1 NA NA NA 21
1.7 67 NA 5.3 56
1.4 70 NA 5.9 28
NA NA 47 NA 30
NA NA 48 NA 0
NA 70 NA 4.5 16
NA 51 NA 3.5 19
3 NA 56 NA 43
NA 68 NA 7 NA
NA 70 NA 4.5 21

1.5 59 67 NA 9
2.2 71 73 NA 24
2 NA 60 8 0
NA 72 49 NA 50
NA NA 55 NA 30
2.2 60 NA 6 NA
1 NA 49 5.6 24
2.6 66 NA 7.6 11
2.9 63 NA NA 20
2.4 68 NA NA 31
3.5 53 NA 4.4 18
2.6 67 NA 5.3 31
NA NA 52 NA 27
NA 66 NA 6 18
NA 68 NA 6.8 15
NA 61 NA 5 26
NA 68 NA 5 23
3 ± 2 63 ± 6 54 ± 8 5.7 ± 1.1 22

ow Surgeons; SST, Simple Shoulder Test score; Cx, complications; NA, not available;



Table II
Clinical results of patients with complications or need for reoperation vs. patients
without complications or need for reoperation

Patients, n Final ASES score Final VAS pain score

Complications
Yes 7 43 ± 24 4.3 ± 2
No 29 66 ± 21 2 ± 2.2
P value .04 .03

Reoperations
Yes 5 45 ± 28 3.8 ± 1.9
No 31 64 ± 22 2.2 ± 2.2
P value .22 .21

ASES, American Shoulder and Elbow Surgeons; VAS, visual analog scale.
The Student t test was used to compare outcome scores; P < .05 was considered
statistically significant.
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bone loss in the setting of tuberosity resorption using the step-cut
technique described by Chacon et al.13

Clinical data collection

For each patient, the following data were collected based on the
preoperative documentation: age, operative side, sex, duration of
preoperative symptoms, active forward elevation (AFE) of the
shoulder, and whether the patient had an active workers'
compensation claim. In addition, for each patient, the following
data were collected based on the intraoperative documentation:
diagnosis, procedure, implant company, whether a glenoid bone
graft was required and the source of this graft, whether an allograft
was required for proximal humeral bone deficiency, whether a
constrained polyethylene liner was used, glenosphere size, glenoid
baseplate peg length, whether a humeral osteotomy was required,
whether a humeral window was required, length of the humeral
stem (standard or long stem), and whether any intraoperative
complications or fractures were noted. For each patient, the
following datawere collected at final follow-up: whether anymajor
postoperative complication occurred (fracture, instability, and
infection or hematoma requiring surgery), whether the patient
underwent revision, AFE, visual analog scale (VAS) pain score, ASES
score, and length of follow-up.

Radiographic data collection

Preoperative and most recent final follow-up radiographs,
including anteroposterior, Grashey anteroposterior, scapular-Y
lateral, and axillary lateral views, were independently evaluated
by an attending surgeon (P.N.C.) who had fellowship training in
shoulder and elbow surgery but did not perform the index pro-
cedures. Preoperative humeral bone deficiency was classified using
the PHAROS (Proximal Humeral Arthroplasty Revision Osseous
Insufficiency) classification system.14 Postoperative radiographs
were evaluated for incorporation or resorption of the bone grafts,
migration or subsidence of the baseplate, humeral stem loosening,
scapular spine or acromial fracture, proximal humeral osteolysis,
and scapular notching. Scapular notching was graded using the
Nerot-Sirveaux system.42

Statistical analysis

Descriptive statistics were calculated for preoperative, intra-
operative, and postoperative variables. Preoperative AFE and
postoperative AFE were compared using paired Student t tests.
Postoperative outcome scores were compared between patients
with and patients without complications using Student t tests. A
power analysis was not performed because the procedure is an
uncommon procedure that was examined with a retrospective
design. All available subjects were included.

Results

In total, 56 patients met the inclusion and exclusion criteria, of
whom 8 died, leaving a total of 48 patients available for review. Of
these 48 patients,12 were lost to follow-up, resulting in a total of 36
patients being reviewed and a 75% rate of follow-up. The length of
follow-up was 4.3 years (range, 2-8.6 years). The right side was
affected in 66% of patients. Female patients comprised 86% of the
cohort, and the mean age (±standard deviation) was 69 ± 11.3
years. One patient had a prior workers' compensation claim. Pre-
operatively, patients showed significant restriction of motion, with
AFE of only 55� ± 46.9�. Of the patients, 9 had a failed anatomic TSA
(rotator cuff tear in 6, loosened glenoid component in 2, and per-
iprosthetic fracture in 1), 23 had a failed HA (antibiotic spacer in 4
and rotator cuff failure or tuberosity nonunion and/or glenoid
erosion in 19), and 4 had a failed RTSA (infection in 1, instability in 1,
and loosened glenoid component in 2).

Preoperatively, 4 patients (11%) had no humeral bone loss. In
contrast, 23 patients (64%) had type 1 epiphyseal humeral bone loss
(15 with cortical thinning [type 1A], 3 with loss of the calcar [type
1AC], 4 with loss of the greater tuberosity [type 1AG], and 1 with
loss of the greater tuberosity and calcar [type 1ACG]); 6 patients
(17%) had type 2 metaphyseal bone loss (4 with cortical thinning
[type 2A] and 2with cortical loss [type 2B]); and 3 patients (8%) had
type 3 diaphyseal bone loss (2 with cortical thinning [type 3A] and
1 with cortical loss [type 3B]).

Intraoperatively, a Trabecular Metal RTSA was used in 14 cases
(39%) whereas an Aequalis Reversed Shoulder Arthroplasty was
used in 22 cases (61%). A constrained polyethylene liner was used in
5 patients (14%). The humeral stem was not revised in 5 cases,
whereas a long-stem implant (>130 mm) was used in 7 cases and a
standard stem (130 mm) was used in 24 cases. A 36-mm gleno-
sphere was used in all cases. In 8 cases, a 25-mm extended-length
baseplate peg was used, whereas the remaining baseplates had a
15-mm-long central post. An episiotomy was required in 3 patients
to remove the stem, and a humeral windowwas required in 2. Four
patients underwent glenoid bone grafting with femoral head allo-
graft for a large structural defect, and one underwent iliac crest
autograft augmentation for a large glenoid defect. Five patients
underwent proximal humeral allografting for large proximal hu-
meral bone defects. Two intraoperative complications occurred;
both were greater tuberosity fractures repaired with cerclage su-
ture at the time of revision.

On analysis of final radiographs obtained at an average of 2.6 ± 2
years postoperatively, 31 of 36 patients (86%) had well-fixed com-
ponents without osteolysis or loosening, 1 patient had a displaced
scapular fracture that precluded full determination of whether the
glenoid component was well fixed, 1 patient had a loose humeral
component, and 3 patients had proximal humeral osteolysis but
without loosening. By use of the Nerot-Sirveaux system, 20 patients
(56%) had no notching, 9 (26%) had grade 1 notching, 1 (3%) had
grade 2 notching, 1 (3%) had grade 3 notching, and 4 (11%) had
grade 4 notching; in 1 patient, notching could not be evaluated
because of a displaced scapular fracture. Of the 10 patients with
humeral or glenoid grafts, 9 showed healing whereas 1 could not be
evaluated because of a displaced scapular fracture.

Final postoperative AFE was 117� ± 43�, which improved by 62�

± 51� from preoperatively (P < .0001). The final ASES score and VAS
pain score were 61 ± 23 and 2.4 ± 2.3, respectively. A major post-
operative complication occurred in 7 patients (19%) (infection in 3,
hematoma in 1, instability in 1, and acromial and/or scapular spine
fracture in 2). Further surgical treatment was required in 5 patients
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(14%) (3 underwent irrigation and d�ebridement and component
exchange for infection, 1 underwent irrigation and d�ebridement for
hematoma, and 1 underwent open reductioneinternal fixation of a
scapular spine fracture that went on to achieve union although the
final ASES and VAS pain scores were poor, at 25 and 5, respectively).
The humeral stem and the baseplates were maintained in all pa-
tients until final follow-up. On comparison of clinical outcomes
between patients with and patients without complications, the
ASES score and VAS pain score at final follow-up were significantly
worse in patients with complications vs. those without them (ASES
score, P¼ .04; VAS pain score, P¼ .03) (Table II). The ASES score and
VAS pain score were also worse in those patients requiring revision
surgery vs. those not requiring revision, although the differences
did not achieve statistical significance (ASES score, P ¼ .22; VAS
pain score, P ¼ .21).

Discussion

Revision RTSA has been shown to reliably improve pain and
function in the treatment of failed anatomic and reverse shoulder
arthroplasty. Despite high rates of clinical success, complication
rates are high, ranging up to 50%. Our data are comparable to
those of other studies reporting clinical results, with an ASES
score averaging 61 and VAS pain score averaging 2.3 with final
average AFE of 117�. Of the patients, 19% sustained a post-
operative complication and 14% required further surgery. We
have also shown a 90% rate of radiographic healing of bulk hu-
meral and glenoid allograft reconstructions, with only 1 base-
plate and 1 humeral implant showing loosening. On the basis of
our data, avoidance of hematoma, fracture, infection, and insta-
bility after revision RTSA is critical to success as these
Figure 1 Anteroposterior (A) and axillary lateral (B) radiographs showing a 70-year-old fe
arthroplasty with cerclage of the glenosphere to the humerus and 15 mm of lengthening on
(D) radiographs showed a good outcome. However, a displaced scapular spine fracture o
computed tomography slice (F) demonstrate displacement. This progressed to a nonun
reductioneinternal reduction (G, H). Her function remained limited, with final active forwa
complications will result in a clinically significant decline in
shoulder function.

Multiple prior studies have examined the results of RTSA as
revision from a prior HA, TSA, or RTSA.4,5,13,23,26,27,29,31,
34-36,44,48-50,53,54 Nearly all prior reports have suggested that revi-
sion RTSA does decrease patient pain and improve patient-reported
function.4,5,13,22,23,26,27,29,31,34-36,43,44,48-50,54 However, numerous
reports have also noted that final postoperative outcomes after
revision RTSA are inferior to those after primary RTSA.2,5,9,54 In
addition, several reports have noted concerning complication rates
as high as 50%-69%.4,18,23,27,39,54 Within these reports, predictors of
complications and inferior outcomes included a high body mass
index,38 medical comorbidities,57 glenoid bone grafting,50 and
proximal humeral bone loss.44 Overall, our results are comparable
to the findings in the prior literature regarding shoulder function,
pain, and complication rates. Unlike prior studies in which patients
were not stratified by complications, our study has shown that
revision RTSA can lead to similar outcomes to primary RTSA as long
as complications are avoided. Only Shields and Wiater41 deter-
mined that the development of a postoperative complication
negatively influenced outcomes. Our data support the finding that
if a major postoperative complication occurs (Fig. 1), pain and
functional outcome will decline, and the inferior results are clini-
cally significant as the differences exceed the minimal clinically
important differences previously reported for the ASES score and
VAS pain score.47

Glenoid and humeral bone graft is commonwith revision RTSA,
although the ideal glenoid or humeral grafting technique remains
unclear. Various authors have reported on structural glenoid bone
grafting,16,46,55 bulk proximal humeral allografting,13 femoral neck
allografting for glenoid defects,3 and a BIO-RSA technique for
male patient who underwent revision of a recurrently unstable reverse total shoulder
the humeral side. Immediately postoperatively, anteroposterior (C) and axillary lateral
ccurred at 1.5 years postoperatively; an anteroposterior radiograph (E) and axillary
ion, which was painful and limited elevation; thus, the patient underwent open
rd elevation of 30� , and a final American Shoulder and Elbow Surgeons score of 25.



Figure 2 Anteroposterior (A) and axillary lateral (B) radiographs showing an 87-year-old female patient who underwent revision of a painful cemented hemiarthroplasty per-
formed for a proximal humeral fracture with malunion of the greater tuberosity with a proximal humeral allograft and femoral strut allograft. (C, D) Stable implants and graft
incorporation were observed at 4 years postoperatively. The patient did not have any complications and was satisfied with her final active forward elevation.
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glenoid defects.6 Wagner et al50 examined a series of 143 revision
RTSAs with a minimum follow-up period of 2 years, of which 41
received glenoid bone grafts. Glenoid bone grafting was associated
with decreased prosthesis survival at 2 and 5 years' follow-up.
Within the series, allograft vs. autograft and corticocancellous vs.
structural bone grafting did not influence survival, although the
study may have been underpowered for these comparisons.46,50

Bulk humeral allografting for proximal humeral defects was eval-
uated by Chacon et al,13 who reported 84%metaphyseal healing and
76% diaphyseal healing with ASES scores averaging 69 at an average
of 30 months. Implant survival in our series was not affected by the
presence or absence of glenoid or humeral bone grafting using
allograft (Fig. 2) as all implants were in place at final follow-up and
all bone grafts that could be evaluated by postoperative imaging
were healed.

The strengths of this study include a high rate of follow-up; the
inclusion of validated, patient-related outcome scores; the compar-
ison of outcomes in patients with and without postoperative com-
plications; and the inclusion of radiographic outcomes. Our study
also has several limitations: This was a single-center, retrospective
review of a small sample with short-term follow-up and no control
group. Given the relative rarity of revision RTSA compared with
primary RTSA, larger sample sizes might be difficult to obtain, and
nonsignificant differences in analyses could be due to a type II error.
Conclusion

Revision RTSA resulted in postoperative pain and shoulder
function comparable to primary RTSA reported in the literature,
although postoperative complications led to clinically significant
declines in function and increases in pain.
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