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Background: As reverse total shoulder arthroplasty (rTSA) becomes a common treatment option in the
revision setting, commonproblemsassociatedwithGrammont’sdesign suchas scapularnotching, instability,
and rotator cuffweakeningoccur.Design changes associatedwith superioroutcomes inprimary rTSA, suchas
glenoid or humeral lateralization have not yet been examined in the revision settings. The purpose of this
consecutive series of revision rTSA is to evaluate the clinical and radiological short-term results after aseptic
and septic revision rTSA and explore potential benefits of metallic glenoid and humerus lateralization.
Methods: In this study, patients treated with an rTSA between 2014 and 2020 after failed shoulder arthro-
plastywere included. Forty-five consecutive patients were divided into comparative groups using lateralized
rTSAwithmetallic baseplate augmentation (latrTSA) and additional humeral lateralizationusing a 145� onlay
curved stem (bi-latrTSA); or no baseplate offset with a Grammont-type 155� stem (non-latrTSA). Further,
outcome of postinfection revision rTSAs was compared to aseptic loosening. Constant-Murley-Score, sub-
jective shoulder value, shoulder range of motion including Apley’s scratch test, abduction strength, and pain
levels were assessed. Radiographs were reviewed for implant loosening, scapular notching, fractures, and
osteolysis. Lateralization and distalization shoulder angle were measured at the final follow-up.
Results: Thirty-eight patients showed significant improvement in all functionalmeasurements at thefinal
2-year follow-up compared to thebaseline (P< .01). Therewereno significant differences in favorof glenoid
or bipolar lateralization.However, no scapular notchingwas seen inpatientswithbothhumeral andglenoid
lateraliazion (non-latrTSA: 33%; latrTSA: 8%; bi-latrTSA: 0%; P ¼ .103), with no signs of implant loosening.
Patients with bi-latrTSA showed significantly greater lateralization shoulder angle (P¼ .017); distalization
shoulder angle was lower, but not significantly (P ¼ .230). Postinfectious rTSA after aseptic loosening
(n ¼ 19; 55%) presented better internal rotation (P ¼ .036) compared to postinfectious rTSA. The overall
complication rate was 16% and 8% leading to revision.
Conclusion: rTSA is a viable option for revision cases and presents good results after failed shoulder
arthroplasty, including the infected shoulder. The effect of metallic augmentation on clinical results is not
comparable to those in literature in primary rTSA setting due to advanced preoperative medialization.
However, scapular notching was prevented in all cases with bipolar lateralization.

© 2024 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 license (http://creativecommons.org/licenses/by/4.0/).
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As the incidence of shoulder arthroplasties is on the rise, the
number of failed prostheses in need of revision continues to
steadily increase. This trend has been recently captured by Gauci
thical standards of the Swiss
ale Ethikkommission [KEK],
EK-ZH-Nr. 2014-0483) as well
Berlin, Germany Nr. EA2/173/
its later amendments or

ier Inc. on behalf of American Sho
et al, who reported a reintervention rate of 12.6% from 1993 to 2013
in Europe.17 Indications for reverse total shoulder arthroplasty
(rTSA) as a revision procedure include severe glenoid bone loss,25
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secondary rotator cuff dysfunction,28 persistent pain,27 sub-
scapularis failure in anatomic arthroplasties,15 with glenoid
instability and infection as the most frequently causes requiring
multiple revisions.17

In primary arthroplasty, the medialized Grammont-style design
has presented some disadvantages including scapular notching,
poor improvement in active rotation, instability, glenoid loosening
or implant breakage, and loss of the natural shoulder contour.1,4,5,10

To overcome these limitations, lateralization at the glenoid, the
humerus or on both sides (i.e. bipolar lateralization) is used to
increase deltoid recruitment (of anterior and posterior muscle
fibers)7 and improve balance of the remaining forced couples 19 to
gain range of motion (ROM).3,47-49 New designs embrace the
possibility of metallic augmentation, which is particularly attractive
in revision settings, where bone stock is limited. Clinical effects of
metallic augmentation in revision cases have not yet been inves-
tigated. The aim of this study was to evaluate the clinical and
radiological results of a consecutive patient cohort of revision rTSA
and to explore effects of metallic augmentation in this cohort.

Materials and methods

Study population

Patients who underwent rTSA between January 2014 and
December 2020, in one of our 2 institutions, were screened. rTSA
performed as a revision procedure of prior ipsilateral (anatomical
hemi or total, or reverse) shoulder arthroplasty surgery were
included. Patients who were treated with a primary rTSA (i.e. cuff-
tear arthropathy, osteoarthritis), acute fractures, tumor, or revision
procedures after osteosynthesis (fracture sequalae) were excluded.
Further exclusion criteria were severe humeral bone loss that
required additional allograft or autograft composite. All patients
were documented prospectively and followed up at 12 and at least
24 months after implantation.

For subgroup analysis, patients were split into 3 groups based on
their surgical treatment; 2 groups were implanted a lateralized-
rTSA design using either exclusively glenoid augmentation
(latrTSA) or both humeral and glenoid lateralization (bi-latrTSA)
compared to a patient group treated with a medialized Grammont-
style rTSA design (non-latrTSA). Depending on the primary cause
for revision (i.e. presence of infection at presentation), patients
were divided in 2 groups (septic vs. aseptic group).

Implant design

On the glenoid side, all patients were either treated with
Aequalis Reversed II or Tornier Perform Reversed Glenoid (Stryker
Corp., Kalamazoo, MI, USA). Based on the chronological implanta-
tion, until June 2016, patients with Reversed II did not receive any
metallic augmentation on the glenoid side at one center. At the
second center, metallic augmentation was used to surgeons’ indi-
vidual preference.

The glenoid components of the Perform Reversed system
included a porous titanium baseplate (25- or 29-mm diameter)
designed to encourage bone ingrowth35 with an additional central
screw up to 4 peripheral screws used for glenoid fixation. Metallic
augmentation of the baseplate was performed usingþ3-mm orþ6-
mm offset. The amount of offset was determined by the surgeon’s
discretion individually for each patient intraoperatively.

On the humerus, 2 different implants were used based on the
quality and quantity of metaphyseal bone stock available.Wherever
possible, since its availability, the short curved Tornier Flex stem
(Stryker Corp., Kalamazoo, MI, USA) with 145� neck-shaft angle was
implanted in combination with glenoid lateralization, where
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sufficient metaphyseal bone stock was available (bi-latrTSA). Ac-
cording toWerthel et al, this onlay stem design results in additional
(humeral) lateralization of 6.2 mm in theory50 compared to the
otherwise used 155� neck-shaft angle Aequalis Reverse II stem.

Surgical protocol

All surgeries were performed by 2 senior surgeons (M.S. and
P.M.). All patients were placed in a beach-chair position and treated
with general anesthesia combined with an interscalene block. All
procedures were performed through a standard deltopectoral
approach according to the manufacturer’s technical manuals. The
size of glenosphere (36, 39, or 42 mm) was determined based on
the size of the glenoid. A subscapularis repair was attempted
whenever possible.

In cases where radiological, anamnestic, or clinical signs of
infection were present, surgery was preceded by a presurgical joint
aspiration or arthroscopic lavage. A septic revision was determined
by either a positive joint aspiration or at least 3 out 5 positive
probes (taken during arthroscopic lavage or during revision rTSA
surgery) stating more than 105 pathogens.

A single-stage procedure followed by a 6- to 12-week antibiotic
treatment was performed in cases where the pathogen responsible
for the infection was identified. In remaining cases, a 2-stage
approach was followed: in a first procedure, all material was
explanted, a radical d�ebridement was performed, and a probe was
collected before the implantation of an antibiotic-loaded cement
spacer on the humeral side to locally eradicate the infection. A
systemic antibiotic treatment (based on antibiogram, if available)
was prescribed to all patients for an additional 6 weeks. After this
period, a second surgery was performed to explant the spacer and
implant the new prostheses. All patients received a similar anti-
biotic regime in the 6 followingweeks following rTSA implantation.
In cases with no signs of infection before revision surgery, the
antibiotic regime (started empirically after surgery) was stopped
when all intraoperative probes tested negative for pathogens.

Postoperative rehabilitation

Patients followed a standardized postoperative rehabilitation
protocol. The shoulder was immobilized in a sling in internal
rotation for 6 weeks. During this time, only passive movement
(excluding external rotation above 0�) was allowed during the
physiotherapy sessions and slowly increased under supervision.
After 6 weeks, active motion was added to the protocol with
strengthening exercises commencing after 12 weeks

Clinical evaluation

All patients were clinically evaluated before surgery (baseline)
and at 12 and at least 24 months postoperatively. All data were
prospectively collected and recorded in local shoulder arthroplasty
registries.34

At baseline, parameters including surgical details, patients’ de-
mographic data, cause for revision, and shoulder functionality were
recorded. Clinical outcomes were recorded at the baseline and each
follow-up (FU) examination using the Constant-Murley Score
(CS),11 including its pain subscale (0 ¼ no pain; 15 ¼ excruciating
pain), patient-reported activity levels, ROM, and abduction
strength as well as subjective shoulder value (SSV).13 ROM was
documented for anterior forward flexion, abduction, and external
rotation. Internal rotation was reported by Apley scratch test’s
categories. Intraoperative and postoperative complications were
documented throughout the entire FU period up to 24months after
surgery.
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Preoperative imaging and radiographic FU

Standardized true anteroposterior, axial, and Y-view radio-
graphs were taken preoperatively and at the 12- and 24-month
FU. Preoperative radiographs were used to establish causes for
persistent pain or poor function (e.g., implant breakage or
loosening, superior head migration as sign of secondary cuff
deficiency). Postoperatively, signs of scapular notching (accord-
ing to Sirveaux classification45), implant loosening, osteolysis,
radiolucent lines, heterotopic ossification, greater tuberosity
resorption and fractures were also reviewed on all available
postoperative radiographs.14 Furthermore, lateralization (LSA)
and the distalization shoulder angle (DSA) were measured.9

Data management and statistical analysis

Registry data were managed using the REDCap Electronic Data
Capture system24 (Vanderbilt University, Nashville, TN, USA) and
exported for statistical analysis using Intercooled Stata version 17
(StataCorp LP, College Station, TX, USA). Patient demographic,
radiological, and functional parameters (ROM, strength, SSV, and
CS) were tabulated for the entire patient cohort and in addition
separately per group at baseline and at 24-month FU using stan-
dard descriptive statistics. Clinical parameter changes from base-
line to the 24-month FU were analyzed by Wilcoxon signed-rank
test and symmetry test for continuous and categorical outcomes,
respectively. Comparative analyses at 24 months were conducted
using generalized linear mixed models to account for repeated
measurements at each clinical FU time point as applicable, followed
by standard linear regression analyses. For all models, age at im-
plantation, sex, and preoperative values were used for adjusting
group postoperative differences. Regarding scapular notching, only
patients were included in the analysis with no notching at baseline.
All eligible patients from our joined local registries were included;
therefore, no sample size was predetermined at the beginning of
the study. All analyses were explorativewith a significance level set
at 0.05.

Results

Patient selection and demographics

Between January 2014 and December 2020, 45 revision shoul-
der arthroplasties were implanted in 45 patients (Fig. 1). Based on a
completed 24-month FU examination, the final analysis population
included a total of 38 patients, with 18 women (47%), a mean age of
68 (range: 53-83) years old. Patients were divided into 3 subgroups,
depending on glenoid or bipolar augmentation. Minor differences
between those 3 groups are visible regarding age, sex, and baseline
function (Table I). The most frequent causes for revision surgery
were infection (45%), followed by glenoid loosening (21%) and ro-
tator cuff insufficiency (18%) (Table II). Based on patients’ individual
anatomy and surgeon’s preference, implant configurations were
heterogenous throughout the patient cohort regarding eccentricity,
glenosphere size, and offset (Table III).

Clinical and radiological outcome

Patients presented clinical results with a mean CS of 61 (stan-
dard deviation [SD]: 17) points and SSV of 67% (SD: 20) at 24
months. Our patients presented an improvement in CS from base-
line of 37 (95% confidence interval (CI): 31-43) points and of 42%
(95% CI: 36-49) in SSV (P< .001). Therewas a statistically significant
increase in all outcome measurements compared to the baseline
(P < .010) (Table IV). Levels of pain decreased to 1.9 (SD: 2.2) points
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on averagewith a final abduction strength of 3.7 (SD: 2.9) kilograms
and amean increase in external rotation of 11� (95% CI: 5-17), 75� of
flexion (95% CI: 62-88) and 68� of abduction (95% CI: 56-81) after
revision rTSA. Scapular notching rate was 14.7% (grade 1: n ¼ 2;
grade 2: n ¼ 3).

There was no evidence of implant loosening, osteolysis, or
periprosthetic fractures or scapular stress fractures. Three patients
each presented one radiolucent line around the metaphysis of the
stem and one with heterotopic ossification (grade 1) at the final FU.
Eleven cases (29%) presented with poor metaphyseal bone stock
and complete greater tuberosity resorption, hence no measure-
ments of LSA and DSA were possible in those cases.

Glenoid and bipolar metallic augmentation

Compared to baseline function, all groups showed an
improvement in all functional outcome measurements besides for
internal rotation (Fig. 2, Supplement 1). Patients with no
augmentation provided no improvement, patients with glenoid
augmentation provided some improvement, however not signifi-
cant, while patients with bipolar augmentation presented a trend
towards better internal rotation (Supplement 1 and 2). Regarding
external rotation, no lateralization presented with a nonsignificant
improvement of 9� (95% CI: �1 to 19; P ¼ .103), whereas both
glenoid and bipolar lateralization displayed an significant
improvement of 10� (95% CI: 2-18; P ¼ .026) an 15� (95% CI: 3-27;
P ¼ .045), respectively.

Scapular notching was present at 24-month FU in 33.3% (grade
1: n ¼ 2; grade 2: n ¼ 2) vs. 8.3% (grade 2: n¼ 1) vs. 0% (P ¼ .103) of
patients from the non-latrTSA, latrTSA, and bi-latrTSA groups,
respectively. Two cases (lat-rTSA) of grade 1 notching were present
at baseline after periprosthetic infection of an rTSA and were
therefore removed from this analysis; in 2 cases external radiog-
raphy were provided by the patient where assessment was not
possible. Radiologic measurements show significantly greater LSA
and trends towards lower DSA in bi-latrTSA patients (Table V); LSA
was greater bi-latrTSA patients by 12.5� (95% CI 0.4-24.7�)
compared to non-latrTSA (adjusted P value ¼ .044).

Aseptic vs. septic revision rTSA

There were 21 patients that were treated with a revision rTSA
due to an aseptic cause. Leading causes for revision were glenoid
loosening (n ¼ 9), rotator cuff deficiency (n ¼ 6), instability (n ¼ 2),
secondary glenoid erosion after hemi arthroplasty (n ¼ 2), or
implant failure (n ¼ 2). Those patients presented at the final FU
with a CS of 63 (SD: 19) points and an SSV of 70% (SD: 21) regardless
of component configuration.

Seventeen patients were treated due to septic loosening or
infection of previous implants. Final functional outcome with
regards to a CS of 59 (SD: 16) points and an SSV of 64% (SD: 19) was
similar (Table VI).

Patients treated due to aseptic loosening presented significantly
greater internal rotation (P ¼ .036). However, greater improvement
compared to baseline was achieved in patients with postinfectious
rTSA in flexion (P ¼ .010), abduction (P ¼ .035), external rotation
(P ¼ .029), CS (45 vs. 30 points; P ¼ .012), and pain (�5.7 vs. �3.0
points in the CS pain subscale; P ¼ .03) (Supplement 3).

Complication

Therewere similar complication rates in all 3 cohorts (Table VII):
13% (2 of 15) in the latrTSA group, 18% (2 of 11) in bilat-rTSA group,
and 17% (2 of 12) in the non-latrTSA group. There was 1 case of
instability (2.6%) that was treated with glenoid lateralization. An



Table I
Baseline demographics, shoulder range of motion parameters, strength, and functional scores.

Baseline parameters Non-latrTSA (1) latrTSA (2) Bi-latrTSA (3) Standardized difference

n (%) mean (SD) n (%) mean (SD) n (%) mean (SD) 1 vs. 3 1 vs. 2 2 vs. 3

Age at surgery 12 67 (10) 15 71 (6) 11 66 (8) 0.184 0.375 0.681
Sex 0.091 0.067 0.024
Female 6 (50) 7 (47) 5 (45)
Male 6 (50) 8 (53) 6 (55)

Flexion (�) 12 50 (31) 15 59 (38) 11 71 (37) 0.626 0.260 0.329
Abduction (�) 12 49 (29) 15 52 (36) 11 73 (31) 0.809 0.109 0.615
External rotation in 0� abd. (�) 12 17 (26) 15 11 (16) 11 22 (20) 0.349 0.189 0.726
Internal rotation (Apley's test) 1.296 1.165 0.646
Lateral thigh 5 (42) 6 (40) 2 (18)
Buttock 1 (8) 5 (33) 4 (36)
Lumbosacral region 2 (17) 4 (27) 4 (36)
Waist (L3) 3 (25)
T12 vertebra 1 (8) 1 (9)

Strength in abduction (kg) 12 0.9 (2.1) 15 0.9 (2.4) 11 0.6 (1.1) 0.140 0.055 0.123
Subjective Shoulder Value (%) 12 25 (13) 15 23 (23) 11 27 (20) 0.111 0.112 0.184
Pain level NRS (0-10 ¼ max) 12 6 (3) 15 7 (3) 11 5 (3) 0.195 0.349 0.579
Constant-Murley Score (0 ¼ min 100 ¼ max) 12 23 (16) 15 21 (20) 11 28 (15) 0.336 0.097 0.397

SD, standard deviation; NRS, Numeric Rating Scale; Group non-latrTSA, reverse total shoulder arthroplasty with no baseplate offset with a Grammont-type 155� stem; Group
latrTSA, lateralized reverse total shoulder arthroplasty with metallic baseplate augmentation; Group bi-latrTSA, lateralized reverse total shoulder arthroplasty with metallic
baseplate augmentation and additional humeral lateralization using a 145� onlay curved stem; StdDiff, standardized difference calculated to 2 decimal places and equal to the
absolute difference between group means divided by the common standard deviation, where values closest to 0.10 or below indicate stronger group similarity.

Figure 1 Flowchart of patient selection and follow-up. Group non-latrTSA, reverse total shoulder arthroplasty with no baseplate offset with a Grammont-type 155� stem; Group
latrTSA, lateralized reverse total shoulder arthroplasty with metallic baseplate augmentation; Group bi-latrTSA, lateralized reverse total shoulder arthroplasty with metallic
baseplate augmentation and additional humeral lateralization using a 145� onlay curved stem.
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overall complication rate of 16% with 8% rate of revision was
obtained in our cohort.

Discussion

Our data present favorable and comparable clinical and radio-
logical results in a heterogenous patients cohort of patients after
failed shoulder arthroplasty. All patients have displayed a statisti-
cally significant increase in CS from baseline of 37 (95% CI: 31-43;
P < .001) points to a total of 61 points and an increase of 42% (95%
CI: 36-49) in SSV (P < .001) to a total of 67% at 24 months.
Complication and revision rates were 16% and 8%, respectively.
Metallic glenoid augmentation (8.3% notching for latrTSA) pre-
sented a significant reduction in scapular notching compared to the
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non-laterized rTSA design (33.3%), whereas additional humerus
lateralization prevented it in all cases (0.0% notching for bi-latrTSA).

These results echo the functional outcomes reported by previ-
ous studies: Melis et al analyzed a cohort of 37 revision procedures
to rTSA and found an overall CS improvement of 31 points from
baseline function, which patients described in 86% as “satisfying” or
“very satisfying.”36 Merolla et al described a CS increase from 8.5
points at baseline to 40.7 at 36-month FU in 37 failed hemi shoulder
arthroplasty (HA) converted to rTSA.37 Our results show that gle-
noid lateralization improved ROM at 24 months after surgery, with
a mean (95% Confidence interval) change from baseline of 75� (53�;
96�) in anterior forward flexion, 69� (45�; 93�) in abduction, and
10� (2�; 18�) in external rotation. This ROM improvement is slightly
greater than the one recently described by Hao et al, who analyzed



Table II
Reasons for revision by reverse total shoulder arthroplasty.

Reasons for revision (combinations are possible) Non-latrTSA (n ¼ 12) latrTSA (n ¼ 15) Bi-latrTSA (n ¼ 11)

n (%) n (%) n (%)

Infection 4 (33) 9 (60) 4 (36)
Periprosthetic fracture (glenoidal/humeral) - 1 (7) -
Instability 2 (17) 1 (7) -
Glenoid component loosening 4 (33) 4 (27) 3 (27)
Humeral component loosening 1 (8) - -
Rotator cuff problem 3 (25) 2 (13) 5 (45)
Prothesis failure 1 (8) 2 (13) 1 (9)
Other reasons* 1 (8) 1 (7) 1 (9)

Group non-latrTSA, reverse total shoulder arthroplasty with no baseplate offset with a Grammont-type 155� stem; Group latrTSA, lateralized reverse total shoulder arthroplasty
with metallic baseplate augmentation; Group bi-latrTSA, lateralized reverse total shoulder arthroplasty with metallic baseplate augmentation and additional humeral
lateralization using a 145� onlay curved stem.

*Other reasons include: non-latrTSA, Progressive omarthrosis with Hemi-TP. latrTSA, Tuberculosis dislocation and secondary RM, insufficiency. bi-latrTSA, Secondary
glenoid erosion.

Table III
Reverse total shoulder arthroplasty implant configurations and operative details.

Implant configurations Non-latrTSA (n ¼ 12) latrTSA (n ¼ 15) Bi-latrTSA (n ¼ 11)

n (%) n (%) n (%)

Endoprosthesis type
Aequalis™ Reversed II 12 (100) 15 (100)
Tornier Perform™ Reversed Glenoid 11 (100)

Baseplate type
Reversed II standard 9 (75)
Perform standard 3 (25) 15 (100) 11 (100)

Baseplate offset
Standard 12 (100)
Lateralized þ3 9 (60) 10 (91)
Lateralized þ6 6 (40) 1 (9)

Glenosphere size
36 mm 11 (92) 13 (87) 8 (73)
39 mm 1 (9)
42 mm 1 (8) 2 (13) 2 (18)

Glenosphere type
Centered 7 (58) 3 (20)
Eccentric 5 (42) 12 (80) 11 (100)

Group non-latrTSA reverse total shoulder arthroplasty (rTSA) with no baseplate offset with a Grammont-type 155� stem; Group latrTSA, lateralized rTSA, with metallic
baseplate augmentation; Group bi-latrTSA, lateralized rTSA, with metallic baseplate augmentation and additional humeral lateralization using a 145� onlay curved stem.

Table IV
Change of shoulder range of motion parameters, strength, and functional scores.

Outcome parameters Baseline Final FU Change (95% CI) P value

n (%) mean (SD) n (%) mean (SD)

Flexion (�) 38 60 (36) 36 134 (34) 75 (62-88) <.001
Abduction (�) 38 57 (34) 36 126 (37) 68 (56-81) <.001
External rotation in 0� abduction (�) 38 16 (21) 34 28 (22) 11 (5-17) .001
Internal rotation (Apley's test) .006
Lateral thigh 13 (34) 3 (9)
Buttock 10 (26) 12 (34)
Lumbosacral region 10 (26) 9 (26)
Waist (L3) 3 (8) 8 (23)
T12 vertebra 2 (5) 1 (3)
Interscapular T7 2 (6)

Strength in abduction (kg) 38 0.8 (2.0) 36 3.7 (2.9) 2.9 (2.0-3.7) <.001
Subjective Shoulder Value (%) 38 25 (19) 38 67 (20) 42 (36-49) <.001
Pain level NRS (0-10 ¼ max) 38 6.1 (3.0) 38 1.9 (2.2) �4.2 (�5.1 to �3.3) <.001
Constant-Murley Score (0 ¼ min 100 ¼ max) 38 24 (17) 35 61 (17) 37 (31-43) <.001

SD, standard deviation; CI, confidence interval; NRS, Numeric Rating Scale.
P value ¼ Wilcoxon signed-rank test P value (symmetry test however was used for the Apley's test ordered categorical data).
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a cohort of 45 revision rTSAs secondary to failed anatomical total
shoulder arthroplasty (abduction of 34� [SD: 34] and external
rotation of 2� [SD: 27]).23

The indication for revision rTSA influences the clinical
outcome. A high number of pre-existing operations and
481
persisting chronic infection display risk factors for unfavorable
outcome.20 However, in our study, all patients regardless of their
primary indication for revision surgery (i.e., septic vs. nonseptic
loosening) showed a functional postoperative improvement at
the 24-month FU compared to their baseline status. Statistically



Figure 2 Clinical results. Group non-latrTSA, reverse total shoulder arthroplasty with no baseplate offset with a Grammont-type 155� stem; Group latrTSA, lateralized reverse total
shoulder arthroplasty with metallic baseplate augmentation; Group bi-latrTSA, lateralized reverse total shoulder arthroplasty with metallic baseplate augmentation and additional
humeral lateralization using a 145� onlay curved stem.
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significantly greater internal rotation was achieved in patients
with aseptic loosening. Patients with septic revision showed
greater reduction in pain relief, greater ROM, and a higher me-
dian CS score compared to the baseline status, in whom most
had a cemented spacer implanted. We hypothesize that patients
482
with septic loosening showed greater pain levels at the baseline
and worse function, resulting in a better net gain of function and
subjective shoulder quality after rTSA. Functional results are
limited in cases, particularly after multiple operations and dam-
age of the soft tissue envelope.21 Multiple surgeries each require



Table V
Radiological measurements.

Radiological angle parameters (�) Non-latrTSA Mean (SD) latrTSA Mean (SD) Bi-latrTSA Mean (SD) P value

n n n

Lateralization angle 10 71.7 (5.7) 6 68.0 (4.9) 11 84.8 (17.6) .017
Distalization angle 10 54.5 (9.4) 6 57.9 (10.2) 11 47.6 (15.5) .230

SD, standard deviation; Group non-latrTSA, reverse total shoulder arthroplasty with no baseplate offset with a Grammont-type 155� stem; Group latrTSA, lateralized reverse
total shoulder arthroplasty with metallic baseplate augmentation; Group bi-latrTSA, lateralized reverse total shoulder arthroplasty with metallic baseplate augmentation and
additional humeral lateralization using a 145� onlay curved stem.

Table VI
Outcome comparison between infection and noninfection-related revision using reverse total shoulder arthroplasty.

Outcome parameters Noninfection Infection Change (95% CI) P value

n (%) mean (SD) n (%) mean (SD)

24-mo outcome
Flexion (�) 19 129 (35) 17 140 (33) 11 (�12 to 33) .270
Abduction (�) 19 127 (35) 17 125 (40) �2 (�26 to 23) .987
External rotation in 0� abduction (�) 18 31 (22) 16 25 (21) �7 (�21 to 8) .412
Internal rotation (Apley's test) (n,%) .036
Lateral thigh - 3 (18)
Buttock 7 (39) 5 (29)
Lumbosacral region 4 (22) 5 (29)
Waist (L3) 7 (39) 1 (6)
T12 vertebra - 1 (6)
Interscapular T7 - -

Strength in abduction (kg) 19 4.2 (3.2) 17 3.2 (2.5) �1.0 (�2.9 to 0.8) .372
Subjective shoulder value (%) 21 70 (21) 17 64 (19) �6 (�19 to 7) .293
Pain level NRS (0-10 ¼ max) 21 2.2 (2.6) 17 1.6 (1.5) �0.6 (�2.0 to 0.8) .892
Constant-Murley Score (0 ¼ min 100 ¼ max) 18 63 (19) 17 59 (16) �3 (�15 to 9) .458

Outcome change from baseline
Flexion (�) 19 59 (32) 17 92 (43) 33 (8-58) .010
Abduction (�) 19 55 (23) 17 83 (47) 28 (4-52) .035
External rotation in 0� abduction (�) 18 5 (16) 16 18 (16) 13 (2-23) .029
Strength in abduction (kg) 19 2.7 (2.4) 17 3.1 (2.6) 0.4 (�1.2 to 2.1) .622
Subjective shoulder value (%) 21 37 (21) 17 49 (17) 11 (�1 to 24) .111
Pain level NRS (0-10 ¼ max) 21 �3.0 (2.8) 17 �5.7 (2.0) �2.7 (�4.3 to �1.1) .003
Constant-Murley Score (0 ¼ min 100 ¼ max) 18 30 (16) 17 45 (15) 15 (5-26) .012

SD, standard deviation; CI, confidence interval; NRS, Numeric Rating Scale.
P value ¼ Two-sample Wilcoxon rank-sum (Mann-Whitney) test.

Table VII
Adverse events and their treatment.

n Group Adverse event Intervention

1 non-
latrTSA

Intraoperative dislocation of glenosphere and baseplate with complete disassembly
over 2 y

Revision surgery with exchange of inlay, glenosphere and
baseplate

2 non-
latrTSA

Delayed wound healing at the proximal end between 2 weeks and 3 mo
postoperatively

-

3 latrTSA Intraoperative fracture of greater tuberosity Additional fiber wire fixation
4 latrTSA Instability at 2 mo postoperatively Revision with increase in inlay liner
5 bi-latrTSA Baseplate loosening after 6 mo Two-stage revision due to possible persistent infection
6 bi-latrTSA baseplate loosening and consecutive glenoid fracture after 12 mo Surgical reintervention rejected by patient

Group non-latrTSA, reverse total shoulder arthroplasty with no baseplate offset with a Grammont-type 155� stem; Group latrTSA, lateralized reverse total shoulder arthroplasty
with metallic baseplate augmentation; Group bi-latrTSA, lateralized reverse total shoulder arthroplasty with metallic baseplate augmentation and additional humeral
lateralization using a 145� onlay curved stem.
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subscapularis tenotomies and reattachments that might explain
the inferior results for internal rotation.

The rate of instability and function of our patient cohort is
superior to patients needing allograft prosthesis composite in
combination with possible tendon transfers when sever humeral
bone stock is missing.6,33,43

It is well accepted that conversion of a failed total shoulder
arthroplasty, HA, or rTSA to rTSA yields pain relief and improved
functional outcomes. However, complication rates are overall high
and can compromise the functional results.2,8,44 We observed a
483
postoperative complication rate of 16% and a revision rate of 8% in
all patients and no significant differences with regards to implant
configuration. However, the literature presents higher complication
and revision rates for patients undergoing medialized rTSA.23,44 A
current meta-analysis including 107 studies (5010 revision rTSAs)
found postoperative complication and revision rates of 22%
(n ¼ 722 of 3474) and 15% (n ¼ 533 of 3474), respectively.40 In a
systematic review analyzing 925 failed primary HA converted to
rTSA a revision rate of 10.7% was reported, mostly due to prosthetic
loosening, joint instability, and joint dislocation.41
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Comparing radiological measurements to a cohort of patients
with rTSA after cuff-tear arthropathy, a mean LSA of 78� and 83�

was obtained for patients treated with Aequalis reversed and
Ascend Flex, respectively, with a DSA of 55� for both implants.30

Concerning patients with Ascend Flex (bi-latrTSA), LSA is compa-
rable in our cohort (85�), whereas less distalization is achieved on
average (48�). Patients treated with Aequalis reversed (non-latrTSA
and latrTSA) show similar DSA (55� and 58�) but achieve less
lateralization (72� and 68�), compared to 78� for patients with cuff-
tear arthropathy. This emphasizes the hypothesis that revision
surgeries result in more medialization.

Scapular notching was significantly lower in patients with
metallic glenoid lateralization. Similarly, a meta-analysis
comparing the efficacy of both lateralized vs. nonlateralized rTSA
in preventing scapular notching in 865 patients undergoing pri-
mary rTSA reported a lower rate in patients treated with lateralized
rTSA (OR ¼ 0.14).38 This could not be reproduced in our cohort.
Although scapular notching was reduced with metallic glenoid
augmentation, only patients with bilateral lateralization showed no
notching at all. A possible explanation for our finding is the high
degree of glenoid bone loss observed in patients undergoing revi-
sion surgery, as it results in a shorter scapula neck, where simply
glenoid lateralization does not suffice.

Our results show that metallic glenoid lateralization is a suitable
augmentation in revision cases with good clinical results and
reduced scapular notching. The functional outcomes yielded by
metallic glenoid lateralization were not superior to the ones
observed in patients treated with a medialized concept. Contrary to
primary rTSA, in which glenoid lateralization achieves better
external rotation in primary setting22 than the Grammont-style
medialized rTSA,38,46 our study revealed that in our patient
cohort, very good results were achieved in all patients, regardless of
implant configuration.

Additional humeral lateralization improves stability,32 lever arm
of the deltoid26,18,12 and deltoid wrapping,42 demonstrating
improved clinical function when introduced in combination to
bony16,39 or metallic 29 glenoid augmentation in primary settings.
In our revision cohort, additional humeral lateralization did not
impact shoulder function as expected, despite the availability of
better humeral metaphyseal bone stock. Twenty-four percent of
patients presented complete greater tuberosity resorption, which
might also diminish effects of humeral lateralization.

There are several limitations to this study. First, this was a
retrospective study with all outcome measures prospectively
collected in a clinical database. Second, the study population size
was small and heterogeneous at presentation: the reasons for
revision surgery, the initial diagnosis, and the number of previous
surgeries differed between patients. Third, the degree of humeral
and glenoid lateralization varied based on the intraoperative status
of the patients. Nonetheless measurements were performed to
access the amount of lateralization and distalization. Although, the
dropout rate is similar to literature for rTSA due to the age and
nature of elderly patients, a lost-to-FU of 16% presents another
limitation.

The main strength of this work is the unique comparison in
revision setting of metallic unipolar and bipolar lateralization in
patients with reduced glenoid bone stock. It will be interesting to
FU patients for a longer period to determine long-term outcomes,
complications, and implant survival rates.

Conclusion

In our cohort, rTSA presents as a viable option for revision cases
and produces good results after failed shoulder arthroplasty,
including the infected shoulder. The effect of metallic
484
augmentation on clinical results is not comparable in our cohort to
those in literature in primary rTSA setting due to advanced pre-
operative medialization. However, scapular notching was pre-
vented in all cases with bipolar lateralization.
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