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Background: Baseplate failure in reverse shoulder arthroplasty (RSA) is a rare but potentially catastrophic complication owing to poor
patient outcomes and significant glenoid bone loss. The purpose of this study was to report on the prevalence, causes, and outcomes of
revision RSA (rRSA) for baseplate failure or loosening.

Methods: A retrospective review of our institutional database was performed to identify all patients treated for a failed RSA from 2006
to 2021 who required revision to another RSA (rRSA) performed by a single surgeon. A total of 676 failed RSA procedures were iden-
tified, and further analysis identified 46 patients (6.8%) who underwent rRSA for baseplate failure with a confirmed loose baseplate at
the time of rRSA. The primary outcome was repeated failure of the reimplanted baseplate following rRSA. The mode of failure asso-
ciated with baseplate failure was stratified into 1 of 3 groups: aseptic, septic, or traumatic. Twenty-four patients underwent primary revi-
sion, and 22 had undergone >1 previous arthroplasty prior to undergoing re-revision. Five patients underwent previous rRSA for
baseplate failure performed by an outside surgeon. The criteria for secondary outcome analysis of final American Shoulder and
Elbow Surgeons score, Simple Shoulder Test score, and range of motion were met by 32 patients and 23 patients at 1- and 2-year
follow-up, respectively.

Results: Three patients (6.5%) had repeated baseplate failure requiring re-revision; 2 had baseplate failure at <1 year with associated
periprosthetic infections and underwent conversion to hemiarthroplasty. The third patient experienced traumatic failure at 10 years and
underwent successful rRSA. The mean American Shoulder and Elbow Surgeons scores at 1 and 2 years were 62.3 and 61.7, respec-
tively. There was no significant difference in outcomes based on mode of baseplate failure (P = .232) or total arthroplasty burden
(P =.305) at 1 year. There were 13 total complications in 11 patients, 5 of which required reoperation for reasons other than baseplate
failure.

Conclusion: In this study, rRSA for baseplate failure constituted 6.8% of all revisions performed over a period of 15 years. Re-revision
for recurrent baseplate failure was required in 3 of 46 patients (6.5%). Complications and reoperation rates were higher than those for
primary RSA but outcomes were comparable for revision of failed anatomic shoulder arthroplasty.
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Reverse shoulder arthroplasty (RSA) is an increasingly
common surgical procedure with expanding indications
owing to its success in restoring function and relieving pain
in the pathologic shoulder.”®'"'>-*23 Epidemiologic
data estimated an increase in the incidence of primary RSA
from 7.3 to 19.3 per 100,000 from 2012 to 2017 including
use in younger patients, who studies suggest may be at
higher risk of revision procedures.'”* With the increase in
RSA volume, the numbers of failures and complications are
expected to increase accordingly.”® Given the growing
demand, both surgeons’ competency in the revision setting
and an understanding of associated complications are
imperative for optimizing patient outcomes.

In early implant designs, baseplate loosening and
mechanical failure were not uncommon.'"'? Modern-day
glenoid-sided failure is less common, but etiologies
include mechanical loosening, aseptic or septic loosening,
fracture, and glenosphere dissociation.””*"** Current
evidence demonstrates a modern RSA survival rate >90%
at a minimum 10-year follow-up,”'" and current rates of
glenoid aseptic failure are estimated to be 1%-2%.”"

Revision of anatomic total shoulder arthroplasty (TSA)
to RSA for glenoid sided failure has demonstrated an
improvement in patient outcomes, albeit with increased
overall complication and re-revision rates.’'*?%-*%2>2
However, regarding revision RSA performed for baseplate
failure, there is a significant paucity of existing literature to
guide both surgeons and patients. An early small series
from our institution showed improved outcomes with low
complication and re-revision rates after baseplate failure.”’

The purpose of this study was 2-fold: (1) to report on the
frequency and causes of revision RSA (rRSA) for baseplate
failure and (2) to report on the outcomes and implant sur-
vival of rRSA. The primary endpoint was failure of the
reimplanted baseplate (from rRSA) at any time during
follow-up, and secondary outcomes include patient-
reported outcome measures (PROMs) at 1 year, 2 years,
and final follow-up.

Methods

A retrospective chart review was performed to identify all patients
who underwent rRSA from 2006 to 2021 performed by a single
surgeon (M.A.E) (Fig. 1). Patient charts, radiographs, and operative
notes were reviewed to include only patients who underwent rRSA
with a loose or failed glenoid baseplate. Those with glenosphere
dissociation and those without a loose or failed baseplate who un-
derwent revision for other reasons were excluded.

A total of 676 rRSA procedures were performed in the study
interval. Of these 676 procedures, 46 (6.8%) were confirmed to be
rRSA procedures performed for baseplate failure or loosening. As
the standard of care, patients are scheduled for clinical and
radiographic follow-up within the first year postoperatively and at
the 2-year mark, and they are further encouraged to follow-up
annually. PROMs are collected during patient visits, via e-mail,
and in some instances, over the phone (patients are contacted to
provide PROMs when >3 consecutive instances of missed
follow-up occur). In this cohort, 3 patients had follow-up of
<1 year, 2 patients were confirmed to have died of unrelated
causes, and 6 patients had critical missing data for unexplained
causes and were contacted on 2 separate occasions without
success (when patients do not respond to repeated attempts or they
respond but choose not to participate further, this is considered
critical noncompliance and restricts any future e-mails or calls).

The primary endpoint of repeated failure was met by 2 patients
prior to 1 year and by a third patient at 10 years, excluding these
patients from secondary PROM analysis. The resulting final
analysis included 32 patients with a minimum of 1 year of follow-
up (mean, 36.1 months; range, 10-103 months) and 23 patients
with a minimum of 2 years of follow-up (mean, 45.7 months;
range, 19-103 months) who met the PROM and radiographic
criteria for secondary postoperative analysis.

The mode of failure was determined by consensus of 3
reviewers after reviewing the operative notes and was stratified
into 1 of 3 groups: aseptic, septic, or traumatic. There were 23
patients with aseptic failure (negative frozen section results),
defined by radiographic findings as described by Cuff et al'” and
Holcomb et al’'; 9 patients with septic loosening, defined as a
loose or failed baseplate with positive frozen section results and
positive intraoperative culture findings necessitating treatment
with intravenous antibiotics; and 14 patients with traumatic
failure, consisting of an explicit traumatic event followed by a
change in shoulder pain or function and radiographic evidence of
failure (baseplate migration or screw breakage) with negative
frozen section results (Fig. 2).

Perioperative data evaluated at the time of our rRSA
procedures included patient demographic characteristics (age, sex,
body mass index), comorbidities (smoking history, diabetes,
chronic narcotic use, rheumatologic disease, immunocompro-
mised state) (Table I), prosthesis type (primary RSA implant),
failure mechanism (aseptic, septic, or traumatic), and number of
and reason for previous shoulder arthroplasties (history of
additional shoulder arthroplasties and type). Intraoperative data
evaluated included surgical indication, glenoid bone loss, rotator
cuff status, humeral bone loss, evidence of implant stability, type
of implant used, intraoperative frozen section findings, and tissue
culture results. Postoperative radiographs were evaluated for
evidence of repeated loosening, mechanical failure, periprosthetic
fracture, humeral loosening, and glenohumeral instability. The
primary endpoint was failure of the reimplanted baseplate (from
rRSA) at any time during follow-up. Secondary outcomes were
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Figure 1

reported at 1 year, 2 years, and final follow-up, including range of
motion (ROM), visual analog scale (VAS) pain score, Simple
Shoulder Test (SST) score, American Shoulder and Elbow
Surgeons (ASES) score, and radiographs. Complications overall
were stratified into major and minor, where any complications
requiring additional surgery were considered major complications,
excluding those meeting the primary endpoint.

Surgical technique

In all patients, a preoperative computed tomography study of the
affected shoulder was performed to evaluate glenoid bone and
assist with surgical planning. Of 46 operations, 45 were performed
using an off-the-shelf commercially available implant (DJO RSA;
Enovis, Austin, TX, USA). One patient underwent revision to a
custom prefabricated glenoid component because it had already

(n=-12) | (n=12)

« Baseplate failure (n=3)
* Incomplete data (n=7)
*  Chose not to be contacted (n=2)

Chart review and inclusion flowchart. 7RSA, revision reverse shoulder arthroplasty; CPT, Current Procedural Terminology.

been manufactured by the previous treating surgeon prior to
referral to our clinic. Nine different implant types were revised in
this study.

A standard deltopectoral approach was performed with the
patient in the beach-chair position. The joint was entered via
subscapularis peel and anterior capsulectomy, followed by
glenohumeral joint dislocation to expose the glenoid. The humeral
component was left in place. The glenoid baseplate was assessed
for loosening if it was not already dissociated from the remaining
glenoid bone. Once determined to be loose, the glenosphere and
baseplate were removed carefully to minimize additional glenoid
bone loss. Broken screws were usually left in place to preserve
remaining glenoid bone stock. In circumstances in which there
was less than approximately 50% of osseous contact between the
glenoid bone and backside of the baseplate, the decision to
use structural allograft (all femoral head allograft) and/or bone
morphogenetic protein 2 (BMP-2) was made at this time.
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Figure 2
right.

Allograft was shaped to contour the defect, provisionally fixed
with K-wires, and reamed using cannulated reamers. The
baseplate was then fixed into place with a 6.5-mm central screw
and four 5-mm peripheral locking screws; however, in rare cases,
a variable-angle 3.5-mm cortical screw was used to access limited
glenoid bone when the altered revision glenoid could not
accommodate a fixed-angle 5-mm locking screw in one of the
holes. Rarely, the holes in the baseplate could not accommodate
any screw because of glenoid morphology, but in all cases, at least
two 5-mm locking screws were used. To manage glenoid defects,
femoral head allograft was used in half of our revisions (23 pa-
tients); 39% of patients (n = 18) received BMP-2, and 50% (n =
23) underwent revision to a larger glenosphere. Glenoid defects
were classified as severe in 50% of cases, moderate in 48%, and
mild in 2%. The majority of the defects were in the central glenoid
(63%). In 10 patients, the revision baseplate was placed in the
alternative center line position; in the remainder, it was placed on
the standard face of the glenoid.” After stability of the glenoid
construct was ensured, attention was turned to the humeral
component, where the stem and humeral socket were assessed for
stability. In cases in which the humeral implant was judged to be

Table I  Demographic characteristics of 46 patients in total
Data

Mean follow-up (range), mo 31.5 (2-112)
Mean age (range), yr 69.3 (47-88)
Female sex, n (%) 21 (46)
Obesity (BMI >29.9), n (%) 21 (46)
Active smoker, n (%) 3(7)
History of smoking, n (%) 22 (48)
Diabetes mellitus, n (%) 6 (13)
Autoimmune disease, n (%) 7 (15)
Long-term narcotic use, n (%) 9 (20)

BMI, body mass index.

Examples of aseptic baseplate failure (leff), septic baseplate failure (middle), and traumatic baseplate failure (right). L, left; R,

stable and in an acceptable position, the stem was left in place. A
hybrid construct was used in 8 of 46 cases, and the humeral stem
was revised in 8 of 46 cases. Nine patients had positive
intraoperative frozen section and culture results and underwent
treatment for infection. They all received a single-stage revision
with removal of loose and modular components and 6 weeks of
intravenous antibiotic administration. A total of 9 different im-
plants were revised (Table II). Perioperative characteristics are
listed in Table III. Postoperatively, all patients were placed in a
standard sling for 2 weeks with only gentle ROM exercises con-
sisting of pendulums; active assisted motion began at 6 weeks.

Statistical analysis

To evaluate the prevalence of rRSA and to report on its causes, we
considered every patient who met the inclusion criteria of
confirmed failed RSA owing to baseplate failure or loosening. To
report on the outcomes of rRSA at 1 year, we included every case
that met both the time requirement (minimum 1-year follow-up
visit) and the successful revision requirement (Fig. 1).

Continuous variables are presented as averages and standard
deviations. Categorical variables are presented as proportions.
Independent and paired ¢ tests were used to evaluate continuous
variables, whereas the Fisher exact test and xz analysis were used
to evaluate categorical variables. The a level was set at 0.05.

Results
Prevalence of baseplate failure after rRSA

In our cohort, 3 patients (6.5%) experienced repeated
baseplate failure. Two had septic failure with subsequent
baseplate loosening and underwent conversion to hemi-
arthroplasty at 1.9 and 8.9 months. The third patient had a
successful outcome after the index rRSA procedure for
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Table II  Revised baseplates

Failed implant
DJO (Enovis, Austin, TX, USA) 2
Zimmer (Zimmer-Biomet, Warsaw, IN, USA)
Wright (Wright Medical, Memphis, TN, USA)
Biomet (Zimmer-Biomet)
Arrow (FH ORTHO, Quimper, Brittany, France)
Exactech (Exactech, Inc, Gainesville, FL, USA)
Other
Total 46

w AN PN Wwhuwo

baseplate failure for nearly 10 years but then experienced
repeated traumatic failure. He underwent successful re-
revision to another RSA.

Outcomes after rRSA

Overall final outcome scores are reported for the 1- and
2-year follow-up groups in Table IV, with ASES scores of
62.3 (n = 32; mean follow-up, 36.1 + 26.6 months) and
61.7 (n = 23; mean follow-up, 45.7 £+ 25.6 months),

Table III  Perioperative characteristics
Perioperative Data P value
variable
History of TSA, n (%) 15 (33) .549
Previous baseplate revision by 5 (11) .886
outside surgeon, n (%)
Mean no. of prior arthroplasties 1.7 .687
No. of prior arthroplasties, n (%)
1 24 (52)
2 14 (30)
>3 8 (17)
Scapular notching, n (%) 12 (26) 414
Use of bone graft, n (%) 23 (50) .631
Use of BMP-2, n (%) 18 (39) 491
Use of larger glenosphere, n (%) 23 (50) .780
Use of alternative spine line, n 10 (22)
(%)
Glenoid defect size, n (%) .545
Mild 1(2)
Moderate 22 (48)
Severe 23 (50)
Glenoid defect location, n (%) .590
Central 29 (63)
Posterior 9 (20)
Superior 8 (17)

TSA, total shoulder arthroplasty; BMP-2, bone morphogenetic
protein 2.
Data are presented as number (percentage) unless otherwise
indicated.

respectively. The mean ASES and SST scores at final
follow-up for all patients were 62.7 = 25.8 and 6.1 + 4,
respectively. The mean VAS pain score at final follow-up
was 2.9 + 2.8. Final forward flexion and abduction
measured 137° £ 59° and 121° £ 57°, respectively
(Table V). There was no difference in ASES, SST, or VAS
pain scores based on mode of failure (aseptic, septic, or
traumatic) or primary revision vs. multiple revision patients
at 1 and 2 years. Time to failure was highly variable and
was not associated with failure mechanism.

Subgroup analysis of patients who had a previous failed
TSA showed that these patients underwent an average of 3
shoulder arthroplasty procedures prior to rRSA for baseplate
failure compared with an overall average of 1.7 shoulder
arthroplasty procedures for all other indications. About half

Table IV  Patient-reported outcomes at 1 and 2 years strat-
ified by mode of failure
Revision indication Count Mean SD P value
1yr
Aseptic
ASES total score 17 69.5 24.2
SST score 17 6.3 4.4
VAS pain score 17 2.2 2.6
Septic
ASES total score 8 58.5 26.1
SST score 8 5.6 4.0
VAS pain score 8 3.7 2.7
Traumatic
ASES total score 7 49.0 33.9
SST score 7 4.4 4.6
VAS pain score 7 3.9 3.4
Total
ASES total score 32 62.3 27.4 .232
SST score 32 5.7 4.3 .553
VAS pain score 32 3.0 2.8 271
2 yr
Aseptic
ASES total score 13 67.6 25.1
SST score 13 5.7 4.5
VAS pain score 13 2.2 2.6
Septic
ASES total score 5 64.3 30.5
SST score 5 5.8 3.3
VAS pain score 5 2.8 3.0
Traumatic
ASES total score 5 43.7 34.3
SST score 5 3.4 4.0
VAS pain score 5 4.6 3.8
Total
ASES total score 23 61.7 28.7 .29
SST score 23 5.2 4.1 .559
VAS pain score 23 2.87 3.0 .336

SD, standard deviation; ASES, American Shoulder and Elbow Surgeons;
SST, Simple Shoulder Test; VAS, visual analog scale.
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Table V  Patient-reported outcomes of all patients at final Table VI  Postoperative findings in all patients
follow-up Complication n
Outcome Data Minor 3
ASES score 62.7 = 25.8 Hematoma 2
SST score 6.1 £+ 4.0 Instability 2
VAS pain score 29+ 2.8 Superficial infection 1
Mean abduction, ° 120.8 + 56.6 Periprosthetic humeral fracture (nonoperative) 2
Mean forward flexion, ° 137.2 £+ 59.0 Brachial plexopathy 1
Mean external rotation, ° 51.9 + 31.7 Major (reoperation, not for primary outcome) 5
Mean internal rotation 49 £ 29 Graft screw removal 1
ASES, American Shoulder and Elbow Surgeons; SST, Simple Shoulder Humel.'al re\{151on 2
Test; VAS, visual analog scale. Deep 1nfect1on. (sta‘ble: baseplate) 1
Data are presented as mean + standard deviation. Glenosphere dissociation 1
Radiographic glenoid lucency 1 (3%)

of the patients underwent only 1 previous arthroplasty
procedure (24 of 46 patients, 52%) prior to our revision for a
failed baseplate, whereas 22 patients (48%) required a
second, third, or fourth revision arthroplasty. Five patients
underwent previous rRSA for baseplate failure performed by
an outside surgeon and subsequently had repeated failure
prior to successful repeated rRSA at our facility. Perioper-
ative characteristics are displayed in Table III.

Thirteen total complications were recorded in patients
with >1 year of follow-up. Eight minor complications were
recorded in 8 patients, including 1 case of peripheral nerve
palsy, 2 hematomas, 2 cases of instability that resolved, 1
superficial wound infection treated with oral antibiotics,
and 2 nonoperatively managed periprosthetic humeral
fractures. In 4 patients, 5 additional shoulder operations
were performed for reasons other than the primary
endpoint, including 2 late humeral revisions (1 case of late
humeral loosening and 1 case of periprosthetic fracture), 1
graft screw removal, 1 glenosphere dissociation, and 1
irrigation and débridement for infection with a stable
baseplate (Table VI). A single patient accounted for 3 of the
aforementioned complications.

Discussion

Baseplate failure is an uncommon complication in the modern
era of RSA, accounting for an estimated 1.16%-10.4% of
revision surgical procedures and is less common than revision
for instability or infection, with specific rates of each varying
by implant and period.®”******?° With the increasing
number of RSAs being performed, the prevalence of baseplate
failures needing revision surgery will predictably continue to
increase.*™'>'"**%% In our 15-year retrospective cohort of
rRSA patients, baseplate failure accounted for 6.8% of rRSA
indications and the rate of repeated baseplate failure after our
reimplantation of a baseplate was 6.5% (3 of 46 patients).
The PROM S in this study are similar to those presented
in previous revision shoulder arthroplasty studies. It is
difficult to make a direct comparison, however, because of

A total of 13 complications occurred in 11 patients.

heterogeneity across studies, with most studies having
reported on mixed etiologies of failure, indications for
revision, and types of implants or surgical techniques used.
A study of revision to RSA for all types of arthroplasty
failure (TSA, RSA, and hemiarthroplasty) reported final
mean ASES and SST scores of 66 and 6.0, respectively, and
noted lower 2- and 5-year implant survival rates in patients
who required glenoid bone grafting.”® In our study cohort,
half of the patients required glenoid bone grafting, resulting
in successful revision. Franke et al'* reported on failed
TSA revised to RSA in 123 patients, of whom 18 (11.4%)
required re-revision. The final mean ASES scores were 67
and 55 in patients with and without intact rotator cuffs,
respectively. Franke et al noted an increased risk of re-
revision in TSAs revised with loose glenoid components.
A small 2009 study of baseplate failures revised with rRSA
reported significant improvements in pain, ROM, and mean
postoperative ASES and SST scores (70 and 4.5, respec-
tively) at an average follow-up of 35 months.”' In a recent
review of the available literature analyzing outcomes
following rRSA for all causes, Chalmers et al’ found a
mean reported ASES score of 63 in an analysis of 9 studies
reporting on rRSA procedures. Our study demonstrated
comparable mean ASES scores of 62.3 and 61.7 at 1 and 2
years, respectively.

Outcomes stratified by failure mechanism or number of
previous arthroplasties did not demonstrate any significant
difference. However, patients who underwent revision for
septic failure more often had undergone >2 prior
arthroplasty procedures. Previous studies have demon-
strated that patients with previous TSA may be at a higher
risk of revision and baseplate failure when undergoing
revision to RSA.*!* In their study of RSA for failed TSA,
Bartels et al” treated 16 patients who underwent baseplate
failure of the RSA conversion. Only 1 of these patients was
successfully treated with rRSA. The results of our study do
not suggest that patients with previous TSA revised to RSA
have a higher risk of repeated baseplate failure or
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experience inferior outcomes compared with those with a
single prior failed RSA.

This study demonstrates that rRSA for the management
of baseplate failure is a reliable option with a low repeated
failure rate and a modest improvement in outcomes
regardless of the baseplate failure mechanism or the
number and type of previous arthroplasties. Our results
suggest that with improved surgeon understanding of spe-
cific implant technology, design, and surgical techniques a
modest improvement in patient outcomes are attainable. We
used an array of described surgical techniques in our rRSA
procedures when indicated, including the application of
bone graft, BMP-2, larger glenospheres,”” locking screws,'”
and alternate baseplate positioning.”'® Bone allograft was
one of the most commonly used applications (50% of
cases). A retrospective study by Wagner et al’® evaluated
the use of glenoid bone graft in rRSA for glenoid bone loss
in 40 patients. They found that 10% required re-revision for
repeated baseplate failure and 3 underwent revision to
hemiarthroplasty. Their study noted a lower 5-year survival
rate in the bone graft group, which the authors attributed to
selection bias in this difficult problem.”® Our study did not
find an association with increased failure with the use of
bone graft for glenoid defects, and at a time of growing
enthusiasm for augmented baseplates, we find bone grafting
of glenoid defects to remain a reliable technique for
baseplate  fixation = when implemented correctly.
Glenosphere placement and position were ultimately
dictated by available bone stock. For secure fixation in
limited glenoid bone, we used locking screws as much as
possible, in addition to larger glenospheres to increase
backside contact, which both confers increased stability and
secures the added bone graft.23 Moreover, in several of our
patients, the baseplate was positioned along the alternate
spine line, which has been shown to be effective in
circumstances with severe glenoid bone defects.”'*'°

A novel point of this study is the focus on rRSA for
baseplate failure alone and subsequent subgroup stratifica-
tion based on failure type and overall arthroplasty burden.
Several studies evaluating rRSA for all causes and RSA
within the context of glenoid bone loss do exist, but a
paucity of studies dedicated to outcomes after revision to
RSA for baseplate failure remains. Additionally, including
patients who have undergone multiple revisions and
including baseplate failures from several different RSA
systems increases real-life application and generalizability.
Our study works to bridge this gap, demonstrating that
rRSA following baseplate failure for multiple different
etiologies can produce reliable outcomes at 1 and 2 years.

Limitations of this study include the fact that the
revisions were performed with a single type of implant, and
the tools and techniques used may not be applicable
universally. This is a retrospective review of a single
surgeon’s experience at a large referral center, and many of
the patients undergoing revision presented from the
community. In several instances, this contributed to

difficulty in obtaining some records preoperatively, limited
standardized postoperative follow-up, and limited our
ability to evaluate and make conclusions regarding patient,
surgeon, and technical factors that may have contributed to
the original failure. Finally, only 6.5% of all indicated
rRSA procedures were performed for baseplate failure in
our cohort, and as such, analysis of this uncommon
complication is limited by the availability of the problem
itself.

Conclusion

Baseplate failure in modern RSA is an uncommon but
difficult problem to manage. Regardless of the method
of baseplate failure or total arthroplasty burden, man-
agement with rRSA and standard baseplate reimplanta-
tion can result in successful outcomes with modest
improvements in pain and PROMs at 1 and 2 years,
complication rates comparable to rRSA for all causes,
and low rates of repeated baseplate failure.
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