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Background: The impending burden of revision shoulder arthroplasty has increased interest in outcomes
of revision procedures. Revision of failed anatomic arthroplasty to reverse total shoulder arthroplasty has
shown promise alongside concerning complication rates.

Methods: Patients who underwent revision shoulder arthroplasty during a 7-year period at a tertiary care
health system were identified. Presurgical and operative data were analyzed for 110 patients who met in-
clusion and exclusion criteria. Patients were contacted at a mean follow-up of 57 £ 26 months (range, 23-
113 months) from revision surgery for functional outcomes scores, reoperations, and implant survival.
Results: Implant survival was 92% at 2 years and 74% at 5 years. Mean American Shoulder and Elbow
Surgeons score, Single Assessment Numerical Evaluation score, and visual analog scale pain scores were
63 24 (range, 5-97), 60 = 25 (range, 0-100), and 2.9 + 2.9 (range, 0-10), respectively. Seventy percent
of patients were “very satisfied” or “satisfied with their outcome. Complications occurred in 18 patients
(20%), and 10 patients (11%) underwent reoperation.

Conclusions: Modest patient results and satisfaction can be achieved with revision of a failed anatomic
arthroplasty to a reverse total shoulder arthroplasty. As is typical of revision surgery, complications are
common and can compromise results. Further study is needed to identify factors that may contribute to
successful outcomes.

Level of evidence: Level IV; Case Series; Treatment Study
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The increasing incidence of total shoulder arthroplasty
(TSA) in the United States'™'" has brought attention to the
impending burden of revision procedures. Published studies
on conversion of an anatomic TSA (aTSA) or hemiarthroplasty
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(HA) to another anatomic arthroplasty have demonstrated con-
sistent improvements in pain and functional scores; however,

outcomes are unpredictable, and complication rates are
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Reverse TSA (rTSA) has gained popularity for revision
shoulder arthroplasty since its early description by Boileau
et al.’ The reversed design mitigates soft tissue deficiencies
commonly encountered in the revision setting by increasing
the resting tone and the moment arm of the deltoid while pro-
viding an inherently stable center of rotation. rTSA has also
demonstrated benefits in addressing glenoid bone loss by im-
proving glenoid-sided fixation and allowing for compression
of bone grafts.'® Previously published outcomes on rTSA as
a revision for failed aTSA or HA have reported significant
improvements in pain and function alongside complication
rates ranging from 7% to 50%." 6131518212529

The purpose of this study was to describe the indica-
tions, survival, complications, and clinical results of a single-
institution experience with revision of a failed aTSA or HA
to rTSA.

Materials and methods

Patients who underwent revision shoulder arthroplasty at a
single tertiary care health system from 2008 to 2015 were identi-
fied. Cases were identified by Common Procedural Terminology
(American Medical Association, Chicago, IL, USA) codes 23470
(hemiarthroplasty), 23472 (total shoulder arthroplasty), 23473 (re-
vision of total shoulder arthroplasty, humeral or glenoid component),
and 23474 (revision of total shoulder arthroplasty, humeral and glenoid
component). A direct retrospective record review was performed to
identify all patients who were revised from an aTSA or HA to a rTSA.
We excluded patients who underwent rTSA after a 2-stage revi-
sion for infection.

Preoperative variables were collected by retrospective record
review, including age, sex, dominant-sided surgery, Charlson
Comorbidity Index score, indication for primary shoulder arthro-
plasty, and indication for revision. Operative notes were reviewed
for rotator cuff status, concomitant procedures (including glenoid
bone grafting, humeral head exchange, and stem revisions), and in-
traoperative complications.

Postoperative records were reviewed for complications and
reoperations. We attempted to contact all patients for implant sur-
vivorship, complications, and reoperations that occurred at another
institution. Implant survivorship was defined as retention of the
glenoid baseplate and humeral stem. Patients requiring polyethyl-
ene or glenosphere exchange for instability were considered to have
surviving implants; however, these patients were included as
complications.

For surviving implants, patient-reported outcome measures in-
cluded the American Shoulder and Elbow Surgeons Standardized
Shoulder Assessment Form (ASES) score, Single Assessment Nu-
merical Evaluation (SANE), visual analog scale (VAS) for pain (10-
point scale), and the Short-Form 12-Item Health Survey. Patient
satisfaction was assessed by a single question that asked the patient
to “rate your satisfaction with your surgical procedure on scale of
1 to 57 (1 very dissatisfied to 5 very satisfied). Patients were con-
tacted by email or telephone, and all surveys were performed using
Research Electronic Data Capture (REDCap; Vanderbilt Universi-
ty, Nashville, TN, USA). REDCap, a secure, web-based application
designed to support data capture for research studies, provides an
intuitive interface for validated data entry.

Results

During the study period, 417 patients underwent revision
shoulder arthroplasty at our institution. Of these, 110 pa-
tients (26%) underwent revision to rTSA after failed aTSA
(40 of 110 [36%]) or HA (70 of 110 [64%]). During the
same time period, 16 patients underwent revision of a failed
aTSA to another aTSA, 13 underwent revision of failed
aTSA to HA, and 40 underwent revision of a failed HA
to aTSA. In the remaining patients, the prior procedure
could not be identified from the available records or the
procedure was removal of hardware with placement of a
cement spacer.

The mean age at primary arthroplasty was 64.8 £8.5
years (range, 36-81 years) and was similar with regards to
prior aTSA (65 £ 7 years; range, 49-81 years) or prior HA
(65 £ 9 years; range 36-80 years). Before the primary arthro-
plasty, 21 patients (23%) had nonarthroplasty shoulder surgery
(14 patients had undergone arthroscopic rotator cuff repair
and 7 had undergone open reduction and internal fixation of
a proximal humeral fracture). The indications for primary
arthroplasty were osteoarthritis (46 of 110 [42%]), acute
fracture (30%), rotator cuff tear arthropathy (10%), fracture
sequelae (8%), inflammatory arthritis (5%), and osteonecro-
sis of the humeral head (3%). The indication of fracture
sequelae included tuberosity malunion or nonunion, post-
traumatic arthritis, and avascular necrosis after proximal
humeral fracture.

Nonarthroplasty reoperations were performed in 9 pa-
tients (8%) between the index procedure and rTSA, including
subscapularis repair in 3, capsular release in 2, and in 1 patient
each, fixation of greater tuberosity, fixation of periprosthetic
humeral shaft fracture, diagnostic arthroscopy, and polyeth-
ylene exchange for an early deep wound infection. Eight
patients underwent component revision to another anatomic
arthroplasty before rTSA because of glenoid loosening in 3,
painful glenoid arthrosis in 3, rotator cuff tear in 1, and in-
stability in 2.

Mean age at revision to rTSA was 69 + 8 years (range,
49-88 years; Table I). There were 79 women and 31 men. Pa-
tients underwent revision surgery at a mean of 43 * 53 months
(range, 1-235 months) after the index operation. All pa-
tients had multiple diagnoses contributing to the need for
revision surgery. We therefore grouped indications as iso-
lated rotator cuff failure (including rotator cuff tears and
clinical insufficiency), rotator cuff failure with component
failure (glenoid or humeral loosening), rotator cuff failure with
instability, fracture sequelae (tuberosity nonunion, mal-
union, or resorption after proximal humeral fracture), and
recalcitrant stiffness (Table I).

Operative findings and techniques

All operations were performed through a deltopectoral ap-
proach. Glenoid bone deficiency was classified based on
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Table I  Characteristics at reverse total shoulder arthroplasty

Variable Overall Prior aTSA Prior HA
(N=110) (n = 40) (n=70)
Age, yrs 69 + 8 (49-88) 69 + 8 (52-88) 68 + 8 (49-83)
Sex, No.
Female 79 25 54
Male 31 15 16
Body mass index, kg/m? 29 £7 (17-59) 29 £ 6 (18-44) 29 £7 (17-59)
Charlson Comorbidity Index 1+1 (0-4) 1+£1 (0-4) 1+1 (0-4)
Time to failure, mo 43 + 53 (1-235) 51 £ 51 (3-200) 40 + 53 (1-235)
Indication
Isolated cuff failure 35 (32) 9 (23) 26 (37)
Cuff failure with instability 27 (25) 14 (35) 13 (19)
Cuff and component failure 19 (17) 17 (43) 2 (3)
Fracture sequelae 28 (25) 0 28 (40)
Recalcitrant stiffness 1(2) 1(3) 0

aTSA, anatomic total shoulder arthroplasty; HA, hemiarthroplasty.

Continuous data are presented as mean + standard deviation (range) and categorical data number (%) or as indicated.

intraoperative findings®® as contained in 26 patients and
uncontained in 21 patients. Glenoid bone grafting was per-
formed in 27 patients (25% of all patients) and was more
common in those with prior aTSA (20 [50%]) than HA (7
[10%]; P < .01). Cancellous allograft was used in 20, femoral
head allograft in 3, osteophyte autograft in 2, iliac crest au-
tograft in 1, and femoral strut allograft in 1.

Removal of the humeral stem required humeral corticotomy
in 30 patients (27%) or greater tuberosity osteotomy in 4 pa-
tients (4%). The rate of these techniques was very similar
between patients with prior HA (22 of 67 [33%]) and aTSA
(12 of 37 [32%]). Cancellous allograft was used for stem im-
paction in 14 patients. The rates of this technique for patients
with prior HA and aTSA were 15% (10 of 67) and 11% (4
of 37; P =.56), respectively. Five patients did not require stem
removal because a modular prosthesis was used at prior
arthroplasty.

There were 21 intraoperative fractures (19%), and all oc-
curred during stem removal or retraction for glenoid exposure,
involving the greater tuberosity in 15, humeral shaft in 5, and
humeral metaphysis in 1. The rates of intraoperative frac-
ture were also similar between patients with prior HA (22%
[15 of 67]) and aTSA (16% [6 of 37]; P =.45). All greater
tuberosity fractures were repaired with suture. Humeral shaft
fractures were repaired with cerclage wires. The metaphy-
seal fracture occurred in a patient with prior HA and was
nondisplaced and required no fixation. A proximal humerus
allograft prosthetic composite was used in 1 patient.

No clinical signs of infection were noted at revision surgery.
Routine intraoperative cultures showed growth in 5 patients
with Cutibacterium (formerly Propionibacterium) acnes (3;
very light growth in 2 and broth only in 1), Candida albicans
in 1, and unspecified coagulase-negative Staphylococcus spp
in 1, which was considered to be a contaminant. The remain-
ing 4 patients were treated with antibiotic courses
postoperatively under the direction of infectious diseases con-

sultants. No patients were prescribed chronic suppressive
antibiotics.

Survival, complications, and reoperation

There were 89 patients (81%) with a minimum of 2-year clin-
ical or survey follow-up. Ten patients had died, and 1 was
unable to communicate due to other medical conditions. The
remaining 10 patients could not be contacted despite multi-
ple attempts. Implant survival rate was 97% (86 of 89) at 6
months, 92% (82 of 89) at 2 years, and 74% (25 of 34) at 5
years by Kaplan-Meier analysis (Fig. 1). The implant sur-
vival rate for patients with prior HA and aTSA was 95% (52
of 55) and 89% (30 of 34), respectively (P = .28), at 2 years
and was 94% (22 of 24) and 30% (3 of 10), respectively
(P<.01), at 5 years.

There were 17 (19%) postoperative complications. These
included scapular stress fracture in 4, periprosthetic frac-
ture in 3, baseplate loosening in 2, glenosphere dissociation
in 2, instability in 2, infection in 2, painful hardware in 1,
and greater tuberosity nonunion in 1. The 4 patients with scap-
ular stress fractures were treated nonoperatively.

Ten patients (11%) required reoperation. One patient with
baseplate loosening underwent baseplate revision with glenoid
bone graft at 8 months after rTSA. The other patient with base-
plate loosening underwent 2-stage revision to another rTSA
because of a severe cavitary defect at 10 months after the orig-
inal r'TSA. Both patients went on to have excellent function
(ASES scores of 90 and 83, respectively) and pain improve-
ment (VAS pain of 1 and 0, respectively) at survey follow-
up of 42 and 80 months after reoperation, respectively.

One patient with glenosphere dissociation underwent poly-
ethylene exchange and glenosphere revision 1 week after rTSA.
This patient then developed baseplate loosening and was con-
verted to HA with a cuff tear arthropathy (CTA) head at 26
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Kaplan-Meier Survival of Revision rTSA
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Figure 1
arthroplasty.

months after the previous procedure. This patient had a good
result with ASES and VAS pain scores of 77 and 3, respec-
tively, at 62 months after the reoperation. The other patient
with glenosphere dissociation underwent conversion to HA
with a CTA head at 35 months postoperatively. At survey
follow-up 36 months after reoperation, the patient’s ASES
and VAS pain scores were 45 and 5, and she was dissatis-
fied with her outcome.

The patient diagnosed with greater tuberosity nonunion
had significant pain 13 months after the original rTSA, and
it was thought the symptoms could be related to baseplate
loosening with glenoid graft resorption. At time of reoperation
(15 months after rTSA), a greater tuberosity nonunion was
found and it was felt that it was causing a painful, levering
force to the glenoid component during external rotation. The
baseplate was solidly fixed, and components were not revised.
The patient underwent fixation of the greater tuberosity. The
patient’s ASES and VAS pain scores at 11 months after this
procedure were 43 and 5; however, the patient was satisfied
with his outcome.

One patient with a dislocation on the first postoperative
day underwent closed reduction; this patient had no further
dislocations. Another patient with recurrent dislocations in
the first 3 weeks after rTSA underwent liner and glenosphere
upsizing as well as excision of a portion of the inferior capsule
that appeared to be providing a dislocating force.

The 2 patients with infections underwent reoperation at
23 and 26 months after rTSA. One underwent a 2-stage re-
vision, and cultures from the reoperation showed no growth.
The other patient underwent a 1-stage revision. Cutibacterium
acnes grew in 3 of 4 cultures from the reoperation. One patient
underwent surgical exploration and cerclage wire removal 5
months after rTSA because of concern for infection; however,

empmm Prior HA @ o» e Prior aTSA

Kaplan-Meier survival analysis. #TSA, reverse total shoulder arthroplasty; HA, hemiarthroplasty; aTSA, anatomic total shoulder

were no clinical or gross signs of infection, and cultures
showed no growth.

A humeral shaft fracture was found at the tip of a long
stem prosthesis on radiographs ordered for increasing pain
6 years after rTSA. The patient was evaluated for infection,
but the results of all laboratory testing were negative, and her
pain improved without intervention. The pain returned 1 year
later, at which time the patient was scheduled for hardware
removal and conversion to a cement spacer. The patient can-
celled the operation because of other medical conditions.

One patient who sustained a traumatic glenoid fracture un-
derwent conversion to HA with a CTA humeral head at 79
months after rTSA. ASES and VAS pain scores at 34 months
after this procedure were 35 and 5; she was “very dissatis-
fied” with her outcome.

Outcomes in the implant survival group

Functional outcome scores could be obtained from 73 of 82
patients (82%) with a minimum 2-year follow-up and sur-
viving implants. The mean follow-up was 57 £ 26 months
(range, 24-113 months). The mean ASES score for all pa-
tients was 63 24 (range, 5-97; Table II). The mean SANE
score for all patients was 60 + 25 (range, 0-100). The mean
VAS pain score for all patients was 2.9 = 2.9 (range, 0-10).
Fifty-one patients (70%) were “very satisfied” or “satis-
fied,” and 16 (22%) were “dissatisfied” or “very dissatisfied.”

Age at first arthroplasty, body mass index, and Charlson
Comorbidity score were not associated with functional
outcome scores (* < 0.04). Patients with dominant-sided
surgery or prior nonarthroplasty operations did not appear to
have worse outcomes (P =.718 and P = .893, respectively).
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Table IT  Functional outcomes by prior surgery and indication
Variable ASES SANE VAS Satisfaction
Prior surgery
aTSA 59 + 27 (5-95) 61 + 26 (0-100) 3.3+ 3.0 (0-10) 3.8+ 1.3 (1-5)
Hemiarthroplasty 66 + 22 (10-97) 60 + 25 (0-100) 2.7 + 2.7 (0-10) 3.6 + 1.3 (1-5)
P value 277 941 341 .504
Indication
Isolated cuff failure 56 £ 29 (7-95) 57 £ 23 (15-95) 3.9 £ 3.3 (0-10) 3.5 % 1.4 (1-5)
Cuff failure with instability 66 + 14 (30-87) 65 + 25 (15-100) 2.8 +2.3 (0-9) 3.9 + 1.2 (2-5)
Cuff and component failure 55 + 29 (5-95) 60 + 28 (0-97) 4.0 £ 3.6 (0-10) 3.6 £ 1.4 (1-5)
Fracture sequelae 72 £ 17 (38-97) 61 £ 26 (0-100) 1.4 + 1.8 (0-5) 3.8+ 1.2 (1-5)
P value .0724 .8014 .0143 .7153

ASES, American Shoulder and Elbow Surgeons score; SANE, Single Assessment Numerical Evaluation; VAS, visual analog pain score; aTSA, anatomic total

shoulder arthroplasty.
Data are presented as mean + standard deviation (range).

There were no statistically significant differences based on
indication for primary surgery in any score (P >.790). There
were no statistically significant differences based on the re-
quirement for humeral corticotomy or greater tuberosity
osteotomy in ASES (P =.718), SANE (P =.377), satisfac-
tion (P =.230), and VAS pain scores (P = .904). No statistically
significant differences were found in any outcome score based
on the occurrence of an intraoperative fracture (P > .618). Du-
ration of follow-up was not associated with any outcome score
(< 0.04).

Discussion

Although somewhat unpredictable, modest functional out-
comes can be achieved with revision rTSA at early to midterm
follow-up. This study was not able to identify preoperative
predictors of successful results, likely due to our relatively
small and heterogeneous sample.

In the existing literature, revision rTSA performed for
various indications has resulted in consistent improvements
in range of motion and patient-reported outcomes at early and
midterm follow-up (Table IIT)."6:12:13.18.21.25-29 pPate] et al*! ex-
amined 28 revisions to rTSA after aTSA, HA, or previous
rTSA at a mean follow-up of 41 months and reported a mean
ASES and VAS pain improvement from 24 to 66 and 7.0 to
2.6, respectively; 68% of patients rated their outcome as “‘ex-
cellent” or “good.” Melis et al'® reported outcomes of 37
revisions to r'TSA for glenoid loosening with associated soft
tissue failures at a mean 47-month follow-up and found an
overall Constant score improvement from 24 to 55 and an
increase in forward elevation from 68° to 121°; 86% pa-
tients were “very satisfied” or “satisfied” with their outcome.
Overall, the functional results in this study are consistent with
prior studies that have demonstrated a somewhat unpredict-
able but overall encouraging result for these complicated
patients.

We report a 19% postoperative complication rate, which
is consistent with previous reports ranging between 7% and

50% (Table III). Although summarizing these complica-
tions is difficult, they appear to carry significant morbidity,
with a reoperation rate of 11% in this study and ranging from
0% to 24% in the literature (Table III). The 2-year and 5-year
survival rates from this study are difficult to contextualize
because survival rates by Kaplan-Meier analysis have not been
widely reported; however, Melis et al”® did report implant sur-
vival in 35 of 37 (95%) patients at their mean follow-up of
47 months. Although this study did identify a statistically sig-
nificant difference in 5-year survival between patients with
prior HA and aTSA, the follow-up at 5 years was limited for
the aTSA group. Because the failure modes and reasons for
reoperations were heterogeneous in both the hemiarthroplasty
and aTSA groups, this trend will require more complete anal-
ysis with larger patient numbers and more comprehensive
assessment of glenoid bone defects, soft tissue contracture,
and implant-specific variables.

Intraoperatively, there was significant morbidity associ-
ated with stem revision, because 27% of patients required
humeral corticotomy and 19% incurred intraoperative frac-
tures. Of note, our study showed no difference in rates of
humeral-sided intraoperative fractures between patents with
prior HA and aTSA. Although modular components may
address humeral-sided complications that arise in revision
surgery, only 5 patients in this series were converted to a rTSA
with stem retention; however, based on limitations in the data,
how many patients in our series were implanted with con-
vertible stems at the index operation is unclear. Published
reports on midterm outcomes of rTSA performed with con-
vertible components have demonstrated minimal intraoperative
complication rates in addition to reduced operative time and
blood loss.**** With increased use of stemless and short-
stem humeral components in aTSA, we expect humeral-
sided complications to decrease in the future.

On the glenoid side, we found that 50% of patients with
prior aTSA required bone grafting compared with only 10%
with prior HA. Limitations in our data prevented a compar-
ison between the types of defects encountered in these 2
groups; however, most of the grafts were cancellous



Table III  Literature review

Article No. F/U Prior HA/  Indications AFE AER Functional  Pre Post Complications  Reoperations
aTSA/rTSA outcomes
(mo) (Pre/Post) (Pre/Post)
Levy et al,* 2007 29 35 29/0/0 Fx Sq 29 38/73 ASES 22 52 8 (28%) 7 (24%)
Satisfaction 16 E/G, 7 S.
Wall et al,?” 2007 45 40 30/24 Unspecified 58/118 5/9 CST (Ov) 20 52 37% —
Flury et al,’? 2010 21 46 16/5 Cuff failure 18 43/97 26/12 CST (0v) 17 56 8 (38%) 2 (9.5%)
Instability 2 DASH 61 83
PJI 1 Satisfaction 16 (84%) “better” or “much better”
Kelly et al, 20123 30 34 11/8/1 Instability 25 42+35/106 £31 7 (SD 27)/8 (SD 23)  CST (Ov) 18 (SD 15) 49 (SD 18) 15 (50%) 7 (23%)
ASES 55 (SD 6) 72 (SD 13)
Satisfaction 24 (80%) S or VS
Melis et al, ™ 2012 37 47 0/40/0 GL w/associated: 68/121 + 32. 16/17 CST (0v) 24 55+ 17 11 (30%) 8 (22%)
RCT 24 Satisfaction 32 of 37 (86%) Sor VS
Ssc failure 29
Instability 13
Patel et al,* 2012 28 41 17/8/6 RCT 11 ASES 24 66 3 (11%) 2 (7%)
PJI 7 VAS Pain 7 2.6
Instability 6 Satisfaction ~ 68% E/G, 14% S
Fx Sq 4
Loosening 3
Walker et al,*® 2012 22 40 0/23/0 Instability 19  50/130 13/50 ASES 36 68 5 (23%). 1 (5%)
Component failure 2 VAS pain 5 1.5
PJI 2 Satisfaction 17 (77%) E/G, 3 S
Abdel et al,’ 2013 33 42 21/12 Instability 33 40+27/97 36 VAS pain 7.2 2.2 2 (6%) 0
Neer Criteria 13 E, 10°S, 10 US
Castagna et al,® 2013 26 32 18/8 Painful HA 18  ?/120 CST (Ov) f 25 (SD 3) 48 (SD 5) 0 0
Cuff failure 8 VAS Pain 8 (SD 1) 1(SD 1)
Ortmaier et al,’® 2013 50 51 23/13/14  RCT 23 CST (0v) 18 49 12 (24%) 5 (10%)
Instability 10 UCLA 7 22
Infection 9 SST 1.2 5.6
Component loosening 4 VAS pain 7 1
Tuberosity resorption 4 Satisfaction 32 (64%) E/G, 6 (12%) S
Werneretal,® 2013 14 30 14/0/0 Cuff failure 14 51/98 1/10 CST (0v) 9 41 (17-74) 2 (14%) 2 (14%)
Valentietal,®® 2014 30 36 25/4 Painful HA 9  55/108 14/18 CST (Ov) 25 (8-46) 52 (30-67) 8 (27%) 5 (17%)
Tuberosity migration 5
GL w/cuff failure 4
Cuff failure 4
Malpositioning 3
Glenoid erosion 2
Humeral loosening 1
PJI 1
Weber-Spickschen 15 43 2/13 Cuff failure 8 — — ASES 12 (0-35) 75 (23-96) 1 (7%) 1 (7%)
et al,”® 2015
Component failure 4 VAS Pain 8 1
Tuberosity malunion 2
Instability 1

F/U, follow-up; HA, hemiarthroplasty; aTSA, anatomic total shoulder arthroplasty; r7SA, reverse total shoulder arthroplasty; AFE, active forward elevation; AER, active external rotation; Fx Sq, fracture sequelae; ASES, American Shoul-
der and Elbow Surgeons; £, excellent; G, good; CST (Ov), overall Constant score; DASH, Disabilities of the Arm, Shoulder and Hand; PJI, reimplantation after prosthetic joint infection; SD, standard deviation; GL, glenoid loosening;
RCT, rotator cuff tear; VS, very satisfied; Ssc, subscapularis; VAS, visual analog scale; US, unsatisfied; UCLA, University of California Los Angeles Shoulder Rating Scale; SS7, Simple Shoulder Test.
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allografts, indicating a predominance of contained defects.
Although having bone grafts available during cases of revi-
sion aTSA to RTSA is important, the advent of augmented
glenoid baseplate components and enhanced fixation tech-
niques may decrease the need for grafting.

Functional outcomes of revision rTSA after failed aTSA
or HA due to soft tissue failure have been demonstrated to
be superior to alternative procedures.'”> With the lack of
long-term survival data and poor salvage options for failure,
the use of rTSA continues to be limited by patient age.
However, rTSA is likely the best option in the treatment of
soft tissue—related failure of anatomic shoulder arthroplasty
in patients unlikely to require another shoulder arthroplasty
in their lifetime. Further studies are needed to optimize
outcomes of this procedure and to determine revision indi-
cations that may be better approached with alternative
treatments.

This study also identified a statistical trend toward supe-
rior ASES and VAS pain scores in patients undergoing
revision to rTSA for fracture sequelae compared with the
other indications. Levy et al'* reported fair results in their
study of 29 patients who underwent revision to rTSA for
fracture sequelae. The mean ASES score at 35 months was
52, and the authors concluded that rTSA provides a salvage-
type solution for failed HA for glenoid arthritis or rotator
cuff deficiency. In light of our findings in 28 patients, revi-
sion to rTSA may provide better outcomes than previously
thought.

The study has numerous limitations stemming from its ret-
rospective design, namely, the inability to identify causal
relationships vs. correlative ones. The lack of preoperative
patient-reported outcomes, range of motion, and radio-
graphic analysis limits a full understanding of the improvement
afforded by revision rTSA. Moreover, the relatively small
sample precludes our ability to identify factors that may con-
tribute to successful outcomes.

Lastly, although it may reflect the complexity of patients
undergoing revision arthroplasty in general, our cohort was
heterogeneous with regard to surgical history and indica-
tions for revision. Therefore, the statistical analyses regarding
the effects of preoperative variables and intraoperative com-
plications on complications, survival, and functional outcomes
are underpowered when considering the different types of pa-
tients that were grouped in this study.

Conclusions

Revision rTSA was performed for diverse and multifac-
torial etiologies. The surgeon should be prepared for
humeral-sided intraoperative complications in both prior
aTSA and HA as well as the need for glenoid bone graft-
ing with prior aTSA. Patient-reported outcomes at early
to midterm and range of motion were satisfactory in those
that did not experience failure. However, the overall

complication and reoperation rates were 20% and 11%,
respectively. Future studies are needed to identify factors
that may contribute to successful outcomes for this
procedure.

Disclaimer

The authors, their immediate families, and any research
foundation with which they are affiliated have not re-
ceived any financial payments or other benefits from any
commercial entity related to the subject of this article.

References

1. Abdel MP, Hattrup SJ, Sperling JW, Cofield RH, Kreofsky CR,
Sanchez-Sotelo J. Revision of an unstable hemiarthroplasty or anatomical
total shoulder replacement using a reverse design prosthesis. Bone Joint
J2013:95-B:668-72. http://dx.doi.org/10.1302/0301-620X.95B5.30964

2. Antuna SA, Sperling JW, Cofield RH, Rowland CM. Glenoid revision
surgery after total shoulder arthroplasty. J Shoulder Elbow Surg
2001;10:217-24.

3. Boileau P, Watkinson D, Hatzidakis AM, Hovorka I. Neer Award 2005:
the Grammont reverse shoulder prosthesis: results in cuff tear arthritis,
fracture sequelae, and revision arthroplasty. J Shoulder Elbow Surg
2006;15:527-40. http://dx.doi.org/10.1016/j.jse.2006.01.003

4. Bonnevialle N, Melis B, Neyton L, Favard L, Molé D, Walch G, et al.
Aseptic glenoid loosening or failure in total shoulder arthroplasty: revision
with glenoid reimplantation. J Shoulder Elbow Surg 2013;22:745-51.
http://dx.doi.org/10.1016/j.jse.2012.08.009

5. Carroll RM, Izquierdo R, Vazquez M, Blaine TA, Levine WN, Bigliani
LU. Conversion of painful hemiarthroplasty to total shoulder arthroplasty:
long-term results. J Shoulder Elbow Surg 2004;13:599-603. https://
doi.org/10.1016/j.jse.2004.03.016

6. Castagna A, Delcogliano M, de Caro F, Ziveri G, Borroni M, Gumina
S, et al. Conversion of shoulder arthroplasty to reverse implants: clinical
and radiological results using a modular system. Int Orthop
2013;37:1297-305. http://dx.doi.org/10.1007/s00264-013-1907-4

7. Cheung EV, Sperling JW, Cofield RH. Revision shoulder arthroplasty
for glenoid component loosening. J Shoulder Elbow Surg 2008;17:371-5.
http://dx.doi.org/10.1016/j.jse.2007.09.003

8. Cheung EV, Sperling JW, Cofield RH. Reimplantation of a glenoid
component following component removal and allogenic bone-grafting.
J Bone Joint Surg Am 2007;89:1777-83. http://dx.doi.org/10.2106/
JBJS.F.00711

9. Deutsch A, Abboud JA, Kelly J, Mody M, Norris T, Ramsey ML, et al.
Clinical results of revision shoulder arthroplasty for glenoid component
loosening. J Shoulder Elbow Surg 2007;16:706-16. https://doi.org/
10.1016/j.jse.2007.01.007

10. Dillon MT, Chan PH, Inacio MC, Singh A, Yian EH, Navarro RA. Yearly
trends in elective shoulder arthroplasty, 2005-2013. Arthritis Care Res
2017;69:1574-81. http://dx.doi.org/10.1002/acr.23167

11. Dines JS, Fealy S, Strauss EJ, Allen A, Craig EV, Warren RF, et al.
Outcomes analysis of revision total shoulder replacement. J Bone Joint
Surg Am 2006;88:1494-500. http://dx.doi.org/10.2106/JBJS.D.02946

12. Flury MP, Frey P, Goldhahn J, Schwyzer HK, Simmen BR. Reverse
shoulder arthroplasty as a salvage procedure for failed conventional
shoulder replacement due to cuff failure—midterm results. Int Orthop
2011;35:53-60. http://dx.doi.org/10.1007/s00264-010-0990-z

13. Kelly JD II, Zhao JX, Hobgood ER, Norris TR. Clinical results of
revision shoulder arthroplasty using the reverse prosthesis. J Shoulder
Elbow Surg 2012;21:1516-25. http://dx.doi.org/10.1016/j.jse.2011.11.021


http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0010
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0010
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0010
http://dx.doi.org/10.1302/0301-620X.95B5.30964
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0015
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0015
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0015
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0020
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0020
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0020
http://dx.doi.org/10.1016/j.jse.2006.01.003
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0025
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0025
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0025
http://dx.doi.org/10.1016/j.jse.2012.08.009
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0030
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0030
https://doi.org/10.1016/j.jse.2004.03.016
https://doi.org/10.1016/j.jse.2004.03.016
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0035
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0035
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0035
http://dx.doi.org/10.1007/s00264-013-1907-4
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0040
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0040
http://dx.doi.org/10.1016/j.jse.2007.09.003
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0045
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0045
http://dx.doi.org/10.2106/JBJS.F.00711
http://dx.doi.org/10.2106/JBJS.F.00711
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0050
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0050
https://doi.org/10.1016/j.jse.2007.01.007
https://doi.org/10.1016/j.jse.2007.01.007
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0055
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0055
http://dx.doi.org/10.1002/acr.23167
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0060
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0060
http://dx.doi.org/10.2106/JBJS.D.02946
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0065
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0065
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0065
http://dx.doi.org/10.1007/s00264-010-0990-z
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0070
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0070
http://dx.doi.org/10.1016/j.jse.2011.11.021

Revision of HA/aTSA to rTSA

1081

14.

15.

16.

18.

19.

20.

21.

Levy J, Frankle M, Mighell M, Pupello D. The use of the reverse
shoulder prosthesis for the treatment of failed hemiarthroplasty for
proximal humeral fracture. J] Bone Joint Surg Am 2007;89:292-300.
http://dx.doi.org/10.2106/JBJS.E.01310

Melis B, Bonnevialle N, Neyton L, Lévigne C, Favard L, Walch G, et al.
Glenoid loosening and failure in anatomical total shoulder arthroplasty:
is revision with a reverse shoulder arthroplasty a reliable option? J
Shoulder Elbow Surg 2012;21:342-9. http://dx.doi.org/10.1016/
j-jse.2011.05.021

Neyton L, Boileau P, Nové-Josserand L, Edwards TB, Walch G. Glenoid
bone grafting with a reverse design prosthesis. J Shoulder Elbow Surg
2007;16:S71-8. http://dx.doi.org/10.1016/j.js¢.2006.02.002

. Neyton L, Walch G, Nové-Josserand L, Edwards TB. Glenoid

corticocancellous bone grafting after glenoid component removal in the
treatment of glenoid loosening. J Shoulder Elbow Surg 2006;15:173-9.
https://doi.org/10.1016/j.jse.2005.07.010

Ortmaier R, Resch H, Matis N, Blocher M, Auffarth A, Mayer M, et al.
Reverse shoulder arthroplasty in revision of failed shoulder
arthroplasty—outcome and follow-up. Int Orthop 2013;37:67-75.
http://dx.doi.org/10.1007/s00264-012-1742-z

Padegimas EM, Maltenfort M, Lazarus MD, Ramsey ML, Williams GR,
Namdari S. Future patient demand for shoulder arthroplasty by younger
patients: national projections. Clin Orthop Relat Res 2015;473:1860-7.
http://dx.doi.org/10.1007/s11999-015-4231-z

Page RS, Haines JF, Trail I. Impaction bone grafting of the glenoid in
revision shoulder arthroplasty: classification, technical description and
early results. Shoulder Elbow 2009;1:81-8. http://dx.doi.org/10.1111/
j-1758-5740.2009.00017.x

Patel DN, Young B, Onyekwelu I, Zuckerman JD, Kwon YW.
Reverse total shoulder arthroplasty for failed shoulder arthroplasty. J

22.

23.

24.

25.

26.

27.

28.

29.

Shoulder Elbow Surg 2012;21:1478-83. http://dx.doi.org/10.1016/
jjse.2011.11.004

Sajadi KR, Kwon YW, Zuckerman JD. Revision shoulder arthroplasty:
an analysis of indications and outcomes. J Shoulder Elbow Surg
2010;19:308-13. http://dx.doi.org/10.1016/j.jse.2009.05.016

Sheth MM, Sholder D, Abboud J, Lazarus MD, Ramsey ML, Williams
GR, et al. Revision of failed hemiarthroplasty for painful glenoid arthrosis
to anatomic total shoulder arthroplasty. J Shoulder Elbow Surg
2018;27:1884-90. http://dx.doi.org/10.1016/j.jse.2018.03.018

Sperling JW, Cofield RH. Revision total shoulder arthroplasty for the
treatment of glenoid arthrosis. J Bone Joint Surg Am 1998;80:860-7.
Valenti P, Kilinc AS, Sauzieres P, Katz D. Results of 30 reverse shoulder
prostheses for revision of failed hemi- or total shoulder arthroplasty. Eur
J Orthop Surg Traumatol 2014;24:1375-82. http://dx.doi.org/10.1007/
s00590-013-1332-9

Walker M, Willis MP, Brooks JP, Pupello D, Mulieri PJ, Frankle MA.
The use of the reverse shoulder arthroplasty for treatment of failed total
shoulder arthroplasty. J Shoulder Elbow Surg 2012;21:514-22. http://
dx.doi.org/10.1016/j.jse.2011.03.006

Wall B, Nové-Josserand L, O’Connor DP, Edwards TB, Walch G.
Reverse total shoulder arthroplasty: a review of results according to
etiology. J Bone Joint Surg Am 2007;89:1476-85. http://dx.doi.org/
10.2106/JBJS.F.00666

Weber-Spickschen TS, Alfke D, Agneskirchner JD. The use of a modular
system to convert an anatomical total shoulder arthroplasty to a reverse
shoulder arthroplasty: clinical and radiological results. Bone Joint J
2015;97-B:1662-7. http://dx.doi.org/10.1302/0301-620X.97B12.35176
Werner BS, Boehm D, Gohlke F. Revision to reverse shoulder
arthroplasty with retention of the humeral component. Acta Orthop
2013;84:473-8. http://dx.doi.org/10.3109/17453674.2013.842433


http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0075
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0075
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0075
http://dx.doi.org/10.2106/JBJS.E.01310
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0080
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0080
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0080
http://dx.doi.org/10.1016/j.jse.2011.05.021
http://dx.doi.org/10.1016/j.jse.2011.05.021
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0085
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0085
http://dx.doi.org/10.1016/j.jse.2006.02.002
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0090
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0090
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0090
https://doi.org/10.1016/j.jse.2005.07.010
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0095
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0095
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0095
http://dx.doi.org/10.1007/s00264-012-1742-z
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0100
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0100
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0100
http://dx.doi.org/10.1007/s11999-015-4231-z
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0105
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0105
http://dx.doi.org/10.1111/j.1758-5740.2009.00017.x
http://dx.doi.org/10.1111/j.1758-5740.2009.00017.x
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0110
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0110
http://dx.doi.org/10.1016/j.jse.2011.11.004
http://dx.doi.org/10.1016/j.jse.2011.11.004
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0115
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0115
http://dx.doi.org/10.1016/j.jse.2009.05.016
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0120
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0120
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0120
http://dx.doi.org/10.1016/j.jse.2018.03.018
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0125
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0125
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0130
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0130
http://dx.doi.org/10.1007/s00590-013-1332-9
http://dx.doi.org/10.1007/s00590-013-1332-9
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0135
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0135
http://dx.doi.org/10.1016/j.jse.2011.03.006
http://dx.doi.org/10.1016/j.jse.2011.03.006
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0140
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0140
http://dx.doi.org/10.2106/JBJS.F.00666
http://dx.doi.org/10.2106/JBJS.F.00666
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0145
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0145
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0145
http://dx.doi.org/10.1302/0301-620X.97B12.35176
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0150
http://refhub.elsevier.com/S1058-2746(18)30784-5/sr0150
http://dx.doi.org/10.3109/17453674.2013.842433

	 Revision of failed hemiarthroplasty and anatomic total shoulder arthroplasty to reverse total shoulder arthroplasty
	 Materials and methods
	 Results
	 Operative findings and techniques
	 Survival, complications, and reoperation
	 Outcomes in the implant survival group

	 Discussion
	 Conclusions
	 Disclaimer
	 References


