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Primary reverse shoulder arthroplasty: how did
medialized and glenoid-based lateralized style
prostheses compare at 10 years?
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Robert H. Cofield, MD, John W. Sperling, MD, MBA,
Joaquin Sanchez-Sotelo, MD, PhD*
Department of Orthopedic Surgery, Mayo Clinic, Rochester, MN, USA
Background: The purpose of this study was to compare long-term outcomes, complications, and reop-
eration rates of primary reverse total shoulder arthroplasty (RTSA) performed at a single institution using
2 implant designs: a Grammont medialized prosthesis (medialized [M] group) and a Frankle glenoid-
based lateralized prosthesis (glenoid-lateralized [GL] group).
Methods: Between 2004 and 2008, 100 consecutive single-institution primary RTSAs were performed
by reconstructive shoulder surgeons who were not design consultants, with the aim of obtaining 10-year
follow-up: 56 in the M group and 44 in the GL group. Patients were followed up until death, until revi-
sion surgery, or for a minimum of 10 years.
Results: Of 100 patients, 87 had more than 2 years’ follow-up (mean, 77 months). A subset analysis of
41 patients with an average of 10.2 years’ follow-up showed sustained long-term outcomes. RTSA pro-
vided clinical improvements without significant differences between the M and GL groups, except for
improved active forward elevation in the M group (144� in M group vs. 115� in GL group, P ¼
.002). Reoperation was required in 6 shoulders (10-year cumulative incidence of 3 [5%] in M group
vs. 3 [8%] in GL group) for a total of 16 complications (10-year cumulative incidence of 8 [14%] in
M group vs. 8 [20%] in GL group). Notching rates were significantly higher in the M group (77% in
M group vs. 47% in GL group, P ¼ .013); differences in severe notching (grade 3 or 4) were clinically
relevant but did not reach statistical significance (23% in M group vs. 9% in GL group, P ¼ .22).
Conclusion: Primary RTSA using these first 2 prosthesis designs was associated with good outcomes
and low reoperation (5%-8%) and complication (14%-20%) rates at 10 years. The M group had higher
rates of notching. These results may provide a benchmark for comparison with newer implants, espe-
cially considering that these results include the early RTSA implantation learning curve.
Level of evidence: Level III; Retrospective Cohort Design; Treatment Study
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Since its approval by the US Food and Drug Admin- Materials and methods

istration in November 2003, reverse shoulder arthroplasty
(RTSA) use has seen increasing popularity. Previous
studies have shown an overall increase in the number of
total shoulder arthroplasties performed in the United
States between 2002 and 2011.9,15,22 RTSA use has played
a significant role in the acceleration in the number of total
shoulder arthroplasties performed, with roughly 10,000
RTSAs performed in the United States in 2007, a 5-fold
increase over 2004.12 Estimates indicate that 30,000
reverse total shoulder arthroplasties (RTSAs) were per-
formed in 2012.15 In addition, a recent study showed
RTSAs accounting for 42% of all primary shoulder
arthroplasties in 2011.14

Along with the aging population, RTSA has evolved to
see broadened indications and alternate prosthetic de-
signs.14 Complication rates have been reported to range
from 19% to 68%, including infection, instability, me-
chanical implant failure or dissociation, acromial or spine
fracture, scapular notching, periprosthetic fracture, and
neurologic injury.1,3-5,10,12,20,21,23 Bacle et al2 recently re-
ported on their long-term outcomes with a mean follow-up
period of 12.5 years. They reported an overall complication
rate of 29%, with 10% occurring after 2 years. Although
surgeon experience may play a role in the complication
profile, even conservative reports of complication rates are
concerning as the popularity of the implant grows in the
United States.

The majority of long-term studies on RTSA have re-
ported on the traditional Grammont-style prosthesis. Bacle
et al2 reported a 93% 10-year overall prosthetic survival
rate free of revision. Early on, our institution adopted 2
different RTSA designs: one design combining a medial-
ized glenoid with a 155� inlay polyethylene humeral
component along the principles of Dr. Grammont and
another design combining a lateralized glenoid with a
135� inlay polyethylene humeral component according to
the principles proposed by Dr. Frankle.7 Frankle’s later-
alized glenoid design was aimed at providing a greater
impingement-free range of motion and restoring optional
muscle length-tension dynamics. Initially, cemented fixa-
tion of the humeral component was recommended for both
designs.

The purpose of this study was to compare the long-term
outcomes, notching rates, complications, and reoperation
rates of primary RTSA performed at a single institution
using both implant designs: the Grammont medialized
prosthesis (medialized [M] group) and the Frankle glenoid-
based lateralized prosthesis (glenoid-lateralized [GL]
group). We hypothesized that there would be no significant
difference in long-term clinical outcomes, complications,
or reoperation rates between the 2 groups, but we expected
to see higher rates of notching in the Grammont prosthesis
group.
Our institutional joint registry database was queried to identify all
primary RTSAs performed using a Delta III prosthesis (DePuy,
Warsaw, IN, USA), Delta Xtend prosthesis (DePuy), or Encore/
DJO prosthesis (DJO Surgical, Austin, TX, USA) between 2004
and 2008. These study years were selected to provide the potential
for 10 years of follow-up. Patients were included if they received a
primary RTSA at our institution during the selected study years.
Patients with a revision arthroplasty were excluded from this
study. A total of 100 consecutive primary RTSAs were identified.
Our joint registry database captures demographic and clinical
variables at the time of joint arthroplasty and at postoperative
follow-up times of 1 year, 2 years, and 5 years, as well as every 5
years thereafter. Patients are invited to return for a physical ex-
amination and radiographs at each follow-up time interval. Those
not returning for follow-up are assessed using a validated, patient-
reported outcome survey that also assesses reoperations at outside
institutions and requests that patients send us radiographs.19 We
completed a retrospective review of this prospectively recorded
information to collect clinical outcomes, complications, and
reoperations. In addition, all available radiographs were reviewed
according to the parameters detailed later.

Patient demographic characteristics and selection
criteria

This study analyzed 100 consecutive primary RTSAs performed
by 1 of 4 reconstructive shoulder surgeons. There were 66
female and 34 male patients, the average age was 73.7 years
(range, 55-86 years) at the time of surgery, and the mean BMI was
29.9 (range, 17-45.5) (Table I). Most RTSAs (90 of 100, 90%)
were performed for cuff tear arthropathy, with a few performed for
sequelae of proximal humeral fractures (7), post-traumatic
arthritis (2), or avascular necrosis (1). Patients were followed up
until death, revision surgery, or their most recent clinical evalua-
tion. The average follow-up time for the whole cohort was 77
months. A subset analysis was performed excluding patients with
less than 7 years of follow-up, which yielded an average follow-up
period of 123 months for 41 patients.

Implant selection and operative technique

As mentioned before, all RTSA procedures were performed
using 1 of 2 prosthesis designs: a Grammont-style prosthesis
with a medialized center of rotation and 155� polyethylene
cemented inlay humeral component (Delta III or Delta Xtend) or
a Frankle-style prosthesis with a lateralized center of rotation and
a cemented inlay humeral component with a 135� polyethylene
angle (Encore). Implant selection was based on surgeon prefer-
ence. All stems were cemented, and no augmentations or bone
grafts were used on the glenoid. There were 56 shoulders in the
M group and 44 shoulders in the GL group. A standard delto-
pectoral approach was used for all procedures, along with a
standard repair of the subscapularis tendon when tissue integrity
allowed. All patients were immobilized for at least 2 weeks, with
longer periods of immobilization for shoulders with sub-
scapularis repairs.



Table I Patient demographic characteristics

Total patients, n Survivors, n Sex, n Operative
laterality, n

Mean BMI Mean age at surgery, yr

Female Male Right Left

M group 44 24 36 20 39 17 31.6 72.6
GL group 56 28 30 14 25 19 28.5 75.1
Total 100 52 66 34 64 36 29.9 73.7
P value .68 .036 .043

BMI, body mass index; M, medialized; GL, glenoid lateralized.
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Follow-up information

At most recent analysis, 48% of patients (48 of 100) were
deceased with their implants in place. This finding is not unex-
pected given the elapsed time from surgery over a decade ago for
many of these elderly patients at the time of their index procedure.
In the M group, 28 of 56 patients were deceased, with an average
time from surgery to death of 7 years. In the GL group, 20 of 44
patients were deceased, with an average time from surgery to
death of 6.9 years.

Of the 100 patients who underwent shoulder arthroplasties in
this study, 12 died before 2-year follow-up whereas only 1 sur-
vivor was lost to follow-up before 2 years. When we exclude these
13 patients who died or were lost to follow-up before 2 years, the
remaining 87 shoulders had an average clinical follow-up time of
87.2 months (range, 25-161 months). For the whole group of 100
shoulders, the average radiographic follow-up time was 52.6
months (range, 0-132 months). In addition to the 13 patients who
died or were lost to follow-up before 2 years, 11 patients were lost
to radiographic follow-up before 2 years. When those lost to
radiographic follow-up before the 2-year mark are excluded, 76
patients were included for postoperative analysis, with an average
radiographic follow-up period of 67 months (range, 25-132
months).

Clinical outcome assessment

The primary outcome of this study was revision surgery for
removal or replacement of a humeral stem or glenoid metaglene.
Secondary outcomes included reoperation for any reason, other
complications, pain, and range of motion before surgery and at
most recent follow-up. Patients were asked to quantify their pain
preoperatively and postoperatively with a visual analog scale pain
score (0, none; 1-3, mild; 4-7, moderate; or 8-10, severe) or to
simply categorize their pain by those same descriptors. Range of
motion was either determined by clinical examination at last
follow-up or extracted from the standardized joint registry patient-
completed questionnaire.

Radiographic assessment

Two fellowship-trained reconstructive shoulder surgeons and two
orthopedic surgeons in training as fellows in shoulder and elbow
surgery reviewed preoperative radiographs, radiographs obtained
within the first 3 months after surgery, and radiographs obtained at
most recent follow-up. Standard 3-view preoperative radiographs
(internal anteroposterior, external anteroposterior, and axillary
lateral) were reviewed to determine the following radiographic
parameters: glenoid bone loss (none, mild, moderate, or severe),
glenoid morphology according to the Favard classification for
shoulders with cuff tear arthropathy, degree of subluxation (none,
mild, moderate, or severe), and direction of humeral
subluxation.6,13

Early postoperative and most recent follow-up radiographs
were reviewed for the presence and extent (complete or incom-
plete) of linear lucency at the glenoid-implant or humerus-implant
interface. Radiographic loosening was defined as a clear change in
component position or a complete radiolucent line over 2 mm in
thickness. Inferior scapular notching was reviewed and graded as
described by the Nerot-Sirveaux classification.17

Statistical analysis

Descriptive statistics are reported as mean (standard deviation) or
median (interquartile range) for continuous measures and as fre-
quencies and percentages for categorical variables. Continuous
variables were compared between groups using either a t test or
the Wilcoxon rank sum test as appropriate, and categorical vari-
ables were compared between groups using either the c2 or Fisher
exact test. The time-to-event outcomes of reoperations and com-
plications were assessed using competing-risks analysis, in which
death was considered the competing event. Kaplan-Meier survi-
vorship curves were detailed to determine survivorship rates for
the prostheses, with the endpoints defined as revision or resection
for any reason. The a level was set at .05 for statistical
significance.
Results

Complications and reoperations

At most recent follow-up, only 6 shoulders among 100
primary RTSAs have required reoperation (10-year cumu-
lative incidence of 3 [5%] in M group vs. 3 [8%] in GL
group; hazard ratio, 1.30; 95% confidence interval, 0.26-
6.43; P ¼ .75); the reasons for reoperation were dislocation
(2), polyethylene disassociation (1), glenosphere disasso-
ciation (1), infection (1), and acromial stress fracture (1).
Other complications included intraoperative or post-
operative periprosthetic fractures (6), acromial stress
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fractures (2), brachial plexopathy (1), and a distal clavicle
insufficiency fracture (1), for a total of 16 complications for
both groups (10-year cumulative incidence of 8 [14%] in M
group vs. 8 [20%] in GL group; hazard ratio, 1.31; 95%
confidence interval, 0.49-3.50; P ¼ .59) (Table II).

There were 3 reoperations in the M group. One shoulder
had polyethylene disassociation requiring revision within 3
months after surgery. The other reoperations comprised
open reduction and internal fixation of a symptomatic
acromial fracture 1 year after surgery and revision in a
single patient with recurrent instability at 4 years. No
secondary procedures were required for these 3 patients
after their initial reoperations.

In the GL group, reoperations were performed for
recurrent dislocation in 1 patient and for glenosphere
disassociation in another patient within 60 days of surgery.
These 2 patients underwent no further procedures. In
another patient, reoperation was performed for a deep
infection requiring superficial surgical wound exploration
and d�ebridement 10 years after surgery. This patient died 3
months after d�ebridement and never underwent a formal
implant revision procedure.

The overall reoperation rate was 6% (6 of 100), and the
overall complication rate was 16% (16 of 100). Kaplan-
Meier cumulative-incidence curves are displayed in
Figure 1.

Medialized design outcome (M group)

A total of 56 RTSAs were performed in this study using the
Grammont-style prosthesis. With the exclusion of the 7
patients who died within the first 2 years after surgery, the
average clinical follow-up time was 85.2 months (range,
25-161 months). Preoperatively, 90% of the patients re-
ported moderate or severe pain; at most recent follow-up,
90% of the patients reported no or mild pain. RTSA led to
improvements in mean active forward elevation (from 65�

to 144�, P < .001) and mean active external rotation (from
23� to 48�, P < .001).

Preoperative radiographs revealed moderate or severe
superior subluxation of the humeral head in 100% of pa-
tients with cuff tear arthropathy. The Favard classification
of glenoid erosion preoperatively showed the following
grades for the 48 cuff tear arthropathy shoulders: E0 in 21
(43.8%), E1 in 8 (16.7%), E2 in 13 (27.1%), and E3 in 6
(12.5%).

Examination of the most recent postoperative radio-
graphs of patients with minimum 2-year radiographic
follow-up showed incomplete lucent lines around the
humerus-cement interface of 24 of 44 patients (54.5%) (1
mm in 15 shoulders and 1.5 mm in 9 shoulders) and
complete lucent lines around the humerus in 10 of 44 pa-
tients (22.7%) (1 mm in 5 shoulders, 1.5 mm in 3 shoulders,
and 2 mm in 2 shoulders). No shoulders had evidence of
gross loosening on the humeral side. and only 1 shoulder
had evidence of loosening at the glenoid component–bone
interface. The overall rate of radiographic loosening was 1
of 44 (2.27%), with a single shoulder demonstrating gle-
noid shift. The overall notching rate was 34 of 44 (77.3%),
with grade 1 in 15 shoulders, grade 2 in 9, grade 3 in 6, and
grade 4 in 4. Severe notching (grade 3 or 4) was present in
22.7% of the shoulders (Table III).

Glenoid-lateralized design outcome (GL group)

A total of 44 RTSAs were performed in this study using a
design with a lateralized center of rotation and a cemented
inlay humeral component with a 135� polyethylene angle
(Encore). Six patients did not have 2-year follow-up; 5 of 6
died before 2 years. For patients with minimum 2-year
follow-up, the average clinical follow-up time was 88.8
months (range, 27-151 months) and the average radio-
graphic follow-up time was 65.1 months (range, 26-131
months). A total of 12 patients were lost to radiographic
follow-up before 2 years; 7 of these patients had died.

Before surgery, all patients complained of moderate or
severe pain. At most recent follow-up, 91% of the patients
complained of no or mild pain (P < .001). RTSA using a
glenoid-lateralized design resulted in improved active for-
ward elevation (from 51� preoperatively to 116� at most
recent follow-up,P<.001) and active external rotation (from
17� preoperatively to 38� atmost recent follow-up,P<.001).

Preoperative radiographs revealed moderate or severe
superior subluxation of the humeral head in 100% of pa-
tients with cuff tear arthropathy. The Favard classification
of glenoid erosion preoperatively showed the following
grades for the 42 cuff tear arthropathy shoulders: E0 in 15
(35.7%), E1 in 8 (19.1%), E2 in 12 (28.6%), and E3 in 7
(16.7%).

For shoulders with a minimum 2-year radiographic
follow-up, at the most recent follow-up, there were
incomplete lucent lines around the humerus-cement inter-
face in 18 of 32 patients (56.3%) (1 mm in 9 shoulders and
1.5 mm in 9 shoulders), and 8 of 32 patients (25%) had
complete lucent lines around the humerus (1 mm in 4
shoulders, 1.5 mm in 3 shoulders, and 2 mm in 1 shoulder).
No patients had evidence of gross loosening on the humeral
side, whereas 1 patient demonstrated evidence of loosening
at the glenoid component–bone interface. The overall rate
of radiographic loosening was 1 of 32 (3.1%), with glenoid
shift in 1 of 32 (3.1%). The overall notching rate was 15 of
32 (46.9%), with grade 1 in 7 shoulders, grade 2 in 5, grade
3 in 2, and grade 4 in 1. Severe notching (grade 3 or 4) was
present in 9.4% of the shoulders in this group.

Design comparison subset analysis

With the numbers available, differences in complication
and reoperation rates between the M and GL groups did not
reach statistical significance. Differences in pain and



Table II Complication and reoperation data

Total patients, n Mortality rate, % Mean age at
surgery, yr

Complications Reoperations

n 10-yr cumulative
incidence, %

n 10-yr cumulative
incidence, %

M group 56 50.0 75.1 8 14.4 3 5.4
GL group 44 45.5 72.6 8 20.1 3 8.0

M, medialized; GL, glenoid lateralized.

Figure 1 Survivorship analysis. GL, glenoid lateralized; M, medialized; HR, hazard ratio; CI, confidence interval.
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motion were also not statistically significant except for
improved active forward elevation in the M group (144� in
M group vs. 115� in GL group, P ¼ .002). In addition,
clinical outcomes were compared in a subset of 41 patients
followed up for a mean of 10.2 years; the only statistically
significant difference at long-term follow-up was better
active elevation in the M group (Table IV).

For shoulders with greater than 2 years of radiographic
follow-up (44 in M group and 32 in GL group), overall
notching rates were significantly higher in the M group
(77% in M group vs. 47% in GL group, P ¼ .013). Dif-
ferences in severe (grade 3 or 4) notching were clinically
relevant but did not reach statistical significance (23% in M
group vs. 9% in GL group, P ¼ .22). No significant dif-
ference in component loosening on radiographs was noted
(P ¼ .82).
Discussion

Since RTSA early adoption in the United States in 2004,
there have been many RTSA design iterations aimed at
maximizing function and longevity while limiting compli-
cations and implant failure. However, the fundamental
RTSA design debate for many shoulder and elbow surgeons
over the past decade has remained: medialized vs. lateral-
ized designs. Our study provides a unique perspective as it
was performed at an early-adopting center in the United
States with shoulder reconstruction surgeons using both
designs and no design-surgeon bias during the years of
study. Despite some RTSA technique changes since early
adoption, our medium- to long-term outcomes serve as a
benchmark for future implant studies. With an overall
reoperation rate of 6% and complication rate of 16% in
patients with primary RTSA performed 10 to 14 years ago,
survivorship of primary RTSA in the elderly patient with
cuff tear arthropathy is encouraging.

Bacle et al2 reported on the European long-term expe-
rience using the Grammont-style prosthesis, with a 29%
complication rate and 12% revision rate. They reported a
10-year overall prosthetic survival rate free of revision of
93%. Cuff et al8 recently reported on 42 primary RTSAs
implanted using a design with glenoid lateralization. The
10-year overall survival rate free of revision was 90.7%,
with maintained improvements in outcome scores and
range of motion. Similarly to the findings of these 2 pre-
vious long-term studies, our study demonstrated satisfac-
tory clinical and radiographic outcomes with low
reoperation and complication rates. Despite the limited
number of survivors at long-term follow-up, it is



Table III Radiographic profile at minimum 2-year follow-up

M group
(n ¼ 44)

GL group
(n ¼ 32)

Total

Average image
follow-up, mo

68.48 65.07 62.85

Preoperative
glenoid erosion, %
None 39.02 37.50
Mild 31.71 40.63
Moderate 26.83 15.63
Severe 0.00 6.25

Preoperative Favard
classification, %
E0 43.75 35.71
E1 16.67 19.05
E2 27.08 28.57
E3 12.50 16.67
E4 0.00 0.00

Preoperative
subluxation
severity, %
None 2.44 0.00
Mild 0.00 0.00
Moderate 21.95 21.88
Severe 73.17 78.13

Radiographic
loosening, %

2.27 3.13

Humeral lucency, %
None 24.39 18.75
1 mm incomplete 34.15 28.13
1 mm complete 12.20 12.50
1.5 mm incomplete 19.51 28.13
1.5 mm complete 4.88 9.38
2 mm 4.88 3.13

Glenoid lucency, %
None 80.49 84.38
1 mm incomplete 0.00 6.25
1 mm complete 0.00 0.00
1.5 mm incomplete 4.88 3.13
1.5 mm complete 7.32 0.00
2 mm 7.32 6.25

Humeral position shift, % 0.00 0.00
Glenoid position shift, % 2.27 3.13
Overall notching, % 77.27 46.88
Notching, %
0 22.73 53.13
1 34.09 21.88
2 20.45 15.63
3 13.64 6.25
4 9.09 3.13

M, medialized; GL, glenoid lateralized.
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encouraging to note relatively low rates of complications
and reoperations with no major differences between the 2
groups. No statistically significant differences in compli-
cation or revision rates were found between the M group
and GL group.
Although the primary endpoint of this study was implant
revision, we also performed a detailed radiographic review
to identify evidence of implant loosening and scapular
notching. An accepted criticism of the Grammont design is
the high rate of scapular notching, although the effect this
portends to functional outcome is debated. At long-term
follow-up, Bacle et al2 reported a 73% rate of scapular
notching; 61% of these cases were classified as Sirveaux
stage 1 or 2 and the other 39%, as stage 3 or 4. The same
study reported a 39% increase in the rate of scapular
notching since medium-term follow-up. It is interesting to
note that Bacle et al reported no statistically significant
differences in long-term Constant scores between patients
without notching or with a lower stage of scapular notching
(0, 1, or 2) and patients with a higher stage of scapular
notching (3 or 4).

Other studies have reported rates of stage 3 or 4 notching
using a Grammont-style RTSA as low as 17% and as high
as 62%.16,18 In our study, in the M group, the overall
notching rate was similar, at 77%, with severe notching
(stage 3 or 4) present in 23% of the shoulders. The lower
rate of severe notching in our cohort is likely attributable to
the shorter follow-up time compared with the long-term
study of Bacle et al2; it stands to reason that as time pro-
gresses, notching rates will increase.

One of the proposed benefits of glenoid lateralization is
to minimize scapular notching rates. Cuff et al8 reported
their long-term notching rate at a modest 15%, with grade 1
notching in patients except 1 patient with grade 2
notching. The radiographic follow-up period in their study
was a mean of 68 months, with notching appearing at an
average of 49 months. In our study, the GL group demon-
strated higher rates of notching than in the aforementioned
study. The overall notching rate was 46.9%, with 37.5%
being grade 1 or 2. Severe notching (grade 3 or 4) was
present in 9.4% of the shoulders in our GL group. These
higher notching rates compared with previous reports may
be attributable to variations in surgical technique related to
implant position.

Erickson et al11 conducted a systematic review evalu-
ating range-of-motion differences in RTSA with 135� and
155� neck-shaft angle designs. Their review included 3434
shoulders with an average follow-up period of 3 years. The
results showed significant improvements in external rota-
tion, forward elevation, and abduction with both implants
but showed significantly greater improvements in external
rotation with the 135� prosthesis. Although the hypothesis
of Erickson et al was similar to ours in that we both ex-
pected no significant difference between the groups, the
results differed. Our results showed no significant differ-
ence in external rotation but a significant improvement in
forward elevation with the 155� implant. There may be
several reasons for these differences. Erickson et al
included many different implants in their study and only
focused on the neck-shaft angle, ignoring all other implant
characteristics such as the center of rotation and amount of



Table IV Clinical comparison

GL group (n ¼ 44) M group (n ¼ 56) Total (N ¼ 100) P value

Active elevation
Preoperatively .18
n 44 52 96
Mean (SD), � 51.3 (37.6) 65.1 (46.6) 58.8 (43.0)
Median, � 40 60 50
Q1, Q3, � 20.0, 72.0 25.0, 95.0 20.0, 82.5
Range, � 0.0-160.0 5.0-165.0 0.0-165.0

Postoperatively at minimum 2-yr follow-up .006
n 36 49 85
Mean (SD), � 122.5 (47.1) 147.3 (37.4) 136.8 (43.3)
Median, � 140 150 150
Q1, Q3, � 90.0, 155.0 130.0, 180.0 120.0, 170.0
Range, � 0.0-180.0 20.0-180.0 0.0-180.0

Postoperatively at minimum 7-yr follow-up .005
n 19 21 40
Mean (SD), � 118.9 (50.1) 156.9 (26.6) 138.9 (43.5)
Median, � 130 160 150
Q1, Q3, � 90.0, 150.0 150.0, 180.0 120.0, 175.0
Range, � 0.0-180.0 80.0-180.0 0.0-180.0

Active external rotation
Preoperatively .44
n 42 52 94
Mean (SD), � 16.7 (19.1) 22.4 (25.2) 19.8 (22.7)
Median, � 20 17.5 20
Q1, Q3, � 0.0, 30.0 5.0, 40.0 0.0, 30.0
Range, � –30.0 to 60.0 –20.0 to 80.0 –30.0 to 80.0

Postoperatively at minimum 2-yr follow-up .12
n 37 48 85
Mean (SD), � 40.4 (30.4) 51.4 (32.2) 46.6 (31.7)
Median, � 40 55 40
Q1, Q3, � 30.0, 60.0 30.0, 80.0 30.0, 70.0
Range, � –40.0 to 90.0 –30.0 to 120.0 –40.0 to 120.0

Postoperatively at minimum 7-yr follow-up .31
n 20 21 41
Mean (SD), � 39.0 (34.0) 50.2 (36.4) 44.8 (35.3)
Median, � 40 50 40
Q1, Q3, � 30.0, 65.0 30.0, 80.0 30.0, 70.0
Range, � –40.0 to 90.0 –30.0 to 120.0 –40.0 to 120.0

Pain, n (%)
Preoperatively .14
Missing 0 1 1
None 0 (0.0) 3 (5.5) 3 (3.0)
Mild 0 (0.0) 1 (1.8) 1 (1.0)
Moderate 6 (13.6) 13 (23.6) 19 (19.2)
Severe 38 (86.4) 38 (69.1) 76 (76.8)

Postoperatively .46
Missing 1 2 3
None 20 (46.5) 32 (59.3) 52 (53.6)
Mild 20 (46.5) 19 (35.2) 39 (40.2)
Moderate 3 (7.0) 3 (5.6) 6 (6.2)

ASES score at last examination .41
n 21 37 58
Mean (SD) 69.2 (20.0) 73.0 (15.3) 71.6 (17.1)
Median 71.6 78.3 72.5
Q1, Q3 55.0, 80.0 61.6, 84.9 58.3, 84.9
Range 18.3-100.0 43.3-98.3 18.3-100.0

GL, glenoid lateralized; M, medialized; SD, standard deviation; Q1, first quartile; Q3, third quartile; ASES, American Shoulder and Elbow Surgeons.
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lateralization of the glenoid and humerus; this approach
yields a much more heterogeneous sample. Furthermore,
nearly half of the studies reported an authorship conflict of
interest; this is relevant when the range of motion is
physician reported and could lead to a bias in range-of-
motion reporting. Conversely, a strength of our study is that
there was no conflict of interest and no implant designers
reporting outcomes. Both studies conclude that patients see
a significant improvement in range of motion with either
implant design.

Certainly, a strength of this study is the relatively high
volume of primary RTSAs performed during the study
period by shoulder reconstructive surgeons at a single
institution. Both the medialized design and the glenoid-
lateralized design were used based solely on surgeon
preferences. In fact, several surgeons used both designs
during the study period. It is important to note that the
surgeons in this study were not design surgeons or con-
sultants for either of the implants used during the study
period, alleviating the inherent concern for selection bias in
implant choice. To our knowledge, this is the only medium-
to long-term follow-up study comparing RTSA outcomes
and survivorship using both prosthesis designs at a single
institution.

This study has limitations that one must consider. First,
the retrospective nature of the study lends itself to inherent
recall and observer bias. Our clinical data were gathered
from self-reported joint registry questionnaires as well as
clinical examinations, leading to the concern for interob-
server bias; moreover, patient-reported values may not
correlate to a true standardized range-of-motion measure-
ment by a health care provider. Another limitation of this
study is the high mortality rate, with nearly 50% of patients
having died before 10-year follow-up. Presumably, these
patients died with a functional implant in place, but this
cannot be confirmed. This study is also subject to selection
bias as the primary surgeon had full discretion on implant
selection during the study; there was no randomization
between the implant designs. Similarly, the surgical tech-
nique used in the early adoption years was not standardized
and has nuanced differences from our current technique
regarding implant placement and soft tissue tension. These
aforementioned technical differences could prove to affect
long-term clinical and radiographic outcomes in the future.
Conclusion
Primary RTSA using both an implant with a medialized
glenoid and an inlay humeral component with a 155�

polyethylene angle and an implant with a lateralized
glenoid and a 135� polyethylene angle was associated
with satisfactory clinical outcomes and a low reopera-
tion rate in patients undergoing surgery more than 10
years ago. The 10-year cumulative incidences of
reoperations and complications were 5% to 8% and 14%
to 20%, respectively. Aside from better active elevation
in the M group, no substantial differences were found
between the 2 implant styles in terms of clinical out-
comes, complications, and reoperations. The M group
had higher overall rates of notching, although differ-
ences in rates of severe notching were not statistically
significant between the 2 groups. Almost 50% of the
patients who underwent the procedure died within 10
years with a presumed satisfactory implant in place. The
results of this study can only be extrapolated to primary
RTSA for cuff tear arthropathy, but they definitely pro-
vide a benchmark for comparison with newer implants,
especially considering that the procedures reported here
do include the early learning curve for implantation of
RTSA at our institution.
Disclaimer
Robert H. Cofield reports royalties from DJO.
John W. Sperling reports royalties from Biomet.
Joaquin Sanchez-Sotelo reports royalties from

Stryker.
The other authors, their immediate families, and any

research foundations with which they are affiliated have
not received any financial payments or other benefits
from any commercial entity related to the subject of this
article.
References

1. Affonso J, Nicholson GP, Frankle MA, Walch G, Gerber C, Garzon-

Muvdi J, et al. Complications of the reverse prosthesis: prevention and

treatment. Instr Course Lect 2012;61:157-68.

2. Bacle G, Nov�e-Josserand L, Garaud P, Walch G. Long-term outcomes

of reverse total shoulder arthroplasty: a follow-up of a previous study.

J Bone Joint Surg Am 2017;99:454-61. https://doi.org/10.2106/jbjs.16.

00223

3. Barco R, Savvidou OD, Sperling JW, Sanchez-Sotelo J, Cofield RH.

Complications in reverse shoulder arthroplasty. EFORT Open Rev

2016;1:72-80. https://doi.org/10.1302/2058-5241.1.160003

4. Cheung E, Willis M, Walker M, Clark R, Frankle MA. Complications

in reverse total shoulder arthroplasty. J Am Acad Orthop Surg 2011;

19:439-49.

5. Clark JC, Ritchie J, Song FS, Kissenberth MJ, Tolan SJ, Hart ND,

et al. Complication rates, dislocation, pain, and postoperative range of

motion after reverse shoulder arthroplasty in patients with and without

repair of the subscapularis. J Shoulder Elbow Surg 2012;21:36-41.

https://doi.org/10.1016/j.jse.2011.04.009

6. Cofield RH. Total shoulder arthroplasty with the Neer prosthesis. J

Bone Joint Surg Br 1984;66:899-906.

7. Cuff D, Pupello D, Virani N, Levy J, Frankle M. Reverse shoulder

arthroplasty for the treatment of rotator cuff deficiency. J Bone Joint

Surg Am 2008;90:1244-51. https://doi.org/10.2106/jbjs.g.00775

8. Cuff DJ, Pupello DR, Santoni BG, Clark RE, Frankle MA. Reverse

shoulder arthroplasty for the treatment of rotator cuff deficiency: a

http://refhub.elsevier.com/S1058-2746(19)30768-2/sref1
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref1
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref1
https://doi.org/10.2106/jbjs.16.00223
https://doi.org/10.2106/jbjs.16.00223
https://doi.org/10.1302/2058-5241.1.160003
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref4
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref4
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref4
https://doi.org/10.1016/j.jse.2011.04.009
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref6
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref6
https://doi.org/10.2106/jbjs.g.00775


Ten-year RTSA: Grammont vs. lateralized S31
concise follow-up, at a minimum of 10 years, of previous reports. J

Bone Joint Surg Am 2017;99:1895-9. https://doi.org/10.2106/jbjs.17.

00175

9. Day JS, Lau E, Ong KL, Williams GR, Ramsey ML, Kurtz SM.

Prevalence and projections of total shoulder and elbow arthroplasty in

the United States to 2015. J Shoulder Elbow Surg 2010;19:1115-20.

https://doi.org/10.1016/j.jse.2010.02.009

10. Edwards TB, Williams MD, Labriola JE, Elkousy HA, Gartsman GM,

O’Connor DP. Subscapularis insufficiency and the risk of shoulder

dislocation after reverse shoulder arthroplasty. J Shoulder Elbow Surg

2009;18:892-6. https://doi.org/10.1016/j.jse.2008.12.013

11. Erickson BJ, Harris JD, Romeo AA. The effect of humeral inclination

on range of motion in reverse total shoulder arthroplasty: a systematic

review. Am J Orthop (Belle Mead NJ) 2016;45:E174-9.

12. Familiari F, Rojas J, Nedim Doral M, Huri G, McFarland EG. Reverse

total shoulder arthroplasty. EFORT Open Rev 2018;3:58-69. https://

doi.org/10.1302/2058-5241.3.170044

13. Favard L, Lautmann S, Clement P. Osteoarthritis with massive rotator

cuff-tear: the limitation of its current definitions. In: Walch G,

Boileau P, editors. Shoulder arthroplasty. Berlin: Springer; 1999. p.

261-5.

14. Jain NB, Yamaguchi K. The contribution of reverse shoulder arthro-

plasty to utilization of primary shoulder arthroplasty. J Shoulder Elbow

Surg 2014;23:1905-12. https://doi.org/10.1016/j.jse.2014.06.055

15. Kim SH, Wise BL, Zhang Y, Szabo RM. Increasing incidence of

shoulder arthroplasty in the United States. J Bone Joint Surg Am 2011;

93:2249-54. https://doi.org/10.2106/jbjs.j.01994

16. Melis B, DeFranco M, L€adermann A, Mole D, Favard L, N�erot C,

et al. An evaluation of the radiological changes around the Grammont

reverse geometry shoulder arthroplasty after eight to 12 years. J Bone

Joint Surg Br 2011;93:1240-6. https://doi.org/10.1302/0301-620x.

93b9.25926
17. Sirveaux F. A prothese de Grammont dans le traitement des arthrop-

athies de l’epaule a coiffe detruite: a propos d’une serie multi-

centrique de 42 cas. [Grammont prosthesis in the treatment of

shoulder arthropathies with massive cuff tear. Multicenter series of 42

cases] [doctoral thesis]. Nancy, France: L’Universit�e de Nancy I; 1997

[in French].

18. Sirveaux F, Favard L, Oudet D, Huquet D, Walch G, Mole D.

Grammont inverted total shoulder arthroplasty in the treatment of

glenohumeral osteoarthritis with massive rupture of the cuff. Results

of a multicentre study of 80 shoulders. J Bone Joint Surg Br 2004;86:

388-95. https://doi.org/10.1302/0301-620x.86b3.14024

19. Smith AM, Barnes SA, Sperling JW, Farrell CM, Cummings JD,

Cofield RH. Patient and physician-assessed shoulder function after

arthroplasty. J Bone Joint Surg Am 2006;88:508-13. https://doi.org/10.

2106/jbjs.e.00132

20. Walch G, Bacle G, L€adermann A, Nov�e-Josserand L, Smithers CJ. Do

the indications, results, and complications of reverse shoulder

arthroplasty change with surgeon’s experience? J Shoulder Elbow Surg

2012;21:1470-7. https://doi.org/10.1016/j.jse.2011.11.010

21. Werner CM, Steinmann PA, Gilbart M, Gerber C. Treatment of painful

pseudoparesis due to irreparable rotator cuff dysfunction with the

Delta III reverse-ball-and-socket total shoulder prosthesis. J

Bone Joint Surg Am 2005;87:1476-86. https://doi.org/10.2106/jbjs.d.

02342

22. Westermann RW, Pugely AJ, Martin CT, Gao Y, Wolf BR,

Hettrich CM. Reverse shoulder arthroplasty in the United States: a

comparison of national volume, patient demographics, complications,

and surgical indications. Iowa Orthop J 2015;35:1-7.

23. Wierks C, Skolasky RL, Ji JH, McFarland EG. Reverse total shoulder

replacement: intraoperative and early postoperative complications.

Clin Orthop Relat Res 2009;467:225-34. https://doi.org/10.1007/

s11999-008-0406-1

https://doi.org/10.2106/jbjs.17.00175
https://doi.org/10.2106/jbjs.17.00175
https://doi.org/10.1016/j.jse.2010.02.009
https://doi.org/10.1016/j.jse.2008.12.013
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref11
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref11
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref11
https://doi.org/10.1302/2058-5241.3.170044
https://doi.org/10.1302/2058-5241.3.170044
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref13
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref13
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref13
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref13
https://doi.org/10.1016/j.jse.2014.06.055
https://doi.org/10.2106/jbjs.j.01994
https://doi.org/10.1302/0301-620x.93b9.25926
https://doi.org/10.1302/0301-620x.93b9.25926
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref17
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref17
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref17
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref17
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref17
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref17
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref17
https://doi.org/10.1302/0301-620x.86b3.14024
https://doi.org/10.2106/jbjs.e.00132
https://doi.org/10.2106/jbjs.e.00132
https://doi.org/10.1016/j.jse.2011.11.010
https://doi.org/10.2106/jbjs.d.02342
https://doi.org/10.2106/jbjs.d.02342
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref22
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref22
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref22
http://refhub.elsevier.com/S1058-2746(19)30768-2/sref22
https://doi.org/10.1007/s11999-008-0406-1
https://doi.org/10.1007/s11999-008-0406-1

	Primary reverse shoulder arthroplasty: how did medialized and glenoid-based lateralized style prostheses compare at 10 years?
	Materials and methods
	Patient demographic characteristics and selection criteria
	Implant selection and operative technique
	Follow-up information
	Clinical outcome assessment
	Radiographic assessment
	Statistical analysis

	Results
	Complications and reoperations
	Medialized design outcome (M group)
	Glenoid-lateralized design outcome (GL group)
	Design comparison subset analysis

	Discussion
	Conclusion
	Disclaimer
	References


