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Aims
Optimal glenoid positioning in reverse shoulder arthroplasty (RSA) is crucial to provide
impingement-free range of motion (ROM). Lateralization and inclination correction are not yet
systematically used. Using planning software, we simulated the most used glenoid implant
positions. The primary goal was to determine the configuration that delivers the best theoretical
impingement-free ROM.

Methods
With the use of a 3D planning software (Blueprint) for RSA, 41 shoulders in 41 consecutive
patients (17 males and 24 females; means age 73 years (SD 7)) undergoing RSA were planned.
For the same anteroposterior positioning and retroversion of the glenoid implant, four different
glenoid baseplate configurations were used on each shoulder to compare ROM: 1) no correction
of the RSA angle and no lateralization (C-L-); 2) correction of the RSA angle with medialization
by inferior reaming (C+M+); 3) correction of the RSA angle without lateralization by superior
compensation (C+L-); and 4) correction of the RSA angle and additional lateralization (C+L+). The
same humeral inlay implant and positioning were used on the humeral side for the four different
glenoid configurations with a 3 mm symmetric 135° inclined polyethylene liner.

Results
The configuration with lateralization and correction of the RSA angle (C+L+) led to better ROM
in flexion, extension, adduction, and external rotation (p ≤ 0.001). Only internal rotation was not
significantly different between groups (p = 0.388). The configuration where correction of the
inclination was done by medialization (C+M+) led to the worst ROM in adduction, extension,
abduction, flexion, and external rotation of the shoulder.

Conclusion
Our software study shows that, when using a 135° inlay reversed humeral implant, correcting
glenoid inclination (RSA angle 0°) and lateralizing the glenoid component by using an angled
bony or metallic augment of 8 to 10 mm provides optimal impingement-free ROM.

Take home message
• Correcting glenoid inclination in tandem

with lateralization is the best to obtain
optimal impingement-free range of motion
(ROM) after reverse shoulder arthroplasty.

• Correcting inclination through medializa-
tion leads to the worst impingement-free
ROM.

Introduction
Glenoid baseplate configuration is crucial
to avoid scapular notching, implant fail-
ure, and impingement-free range of motion
(ROM).1-6 Positioning the baseplate as
inferiorly as possible and correcting defor-
mation in the axial plane has been well
studied and agreed upon to avoid scap-
ular notching and impingement.3,7,8 Two
crucial factors are always taken into con-
sideration: medialization or lateralization,
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and inclination correction. Superior inclination of the
baseplate has been associated with increased stresses, glenoid
baseplate loosening, and scapular notching.3,9-11

The implants available on the market exhibit
considerable variation. Lateralization within the glenoid
baseplate is not consistent in all  implants.12  Lateralization
can also be achieved using a bone graft,3,7  or a metal-
augmented implant.13,14  Additionally, the extent of reaming
on the glenoid side contributes to further medializing the
glenoid baseplate.

There remains an ongoing debate regarding glenoid
implant positioning. Lateralization and inclination correction
are not consistently applied in a systematic manner, and
there is a lack of consensus among surgeons regarding these
aspects in reverse shoulder arthroplasty (RSA). The establish-
ment of definitive golden rules concerning these parameters
is still pending and necessary.15 Notably, these two parame-
ters are interdependent. In situations where metallic or bone
augmentation is not available, glenoid reaming becomes the
sole method to achieve a neutral inclination. Our primary
objective was to ascertain the configurations that offer the
most and least impingement-free ROM using a validated
3D software (Blueprint; Stryker, USA). Our hypothesis was
that correcting inclination and lateralization would yield the
optimal impingement-free ROM.

Methods
Our study was approved by the Institutional Review Board
(IRB), with the ethical approval reference number ICR-2023-
SHR-09-1. This study included 41 shoulders from 41 patients:
24 females (59 %) and 17 males (41%), with a mean age of 73
years (SD 7). All patients underwent primary RSA performed by
the senior author (PB) at our institution (Institut De Chirurgie
Réparatrice, France). Inclusion criteria encompassed patients
diagnosed with cuff tear arthropathy, primary osteoarthritis
(OA), or massive rotator cuff tear. Exclusion criteria were
revision surgery, secondary OA, type B3/C glenoids, and

fracture sequelae. This aimed to mitigate potential influences
from variations in glenoid and humerus morphology.

The diagnoses were primary OA in 21 cases, cuff tear
arthropathy in 14 cases, and massive rotator cuff tear in
14 cases. Glenoid morphology was assessed by two surgeons
(MM, MP) and categorized according to the Walch and Favard
classifications.6,16 In the axial plane, there were 22 type A
glenoid and 19 type B1 and B2 glenoid. In the sagittal plane,
there were 18 type E0, 14 type E1, and 11 type E3 glenoid.
Blueprint automatically calculates the RSA angle,17 glenoid
inclination,18 and retroversion. The mean RSA angle was 13.39°
(SD 6.27°), with a mean inclination of 6.24° (SD 5.5°) and a
mean retroversion of 12.48° (SD 10.78°). Using a validated
software (Blueprint), we simulated the four most used glenoid
baseplate configurations.

Glenoid side
Our approach aimed to consistently place the glenoid
baseplate as inferior as possible on the glenoid, ensuring a
minimum of 5 mm glenosphere overhang inferiorly.19 The
glenoid baseplate was typically set between 0° and 10° of
retroversion, aligning the central peg within the glenoid vault.
Throughout the different configurations between the groups,
no alterations were made to retroversion, anteroposterior, or
superoinferior positioning.

When bone augmentation was not required, our
objective was to achieve a minimum of 80% glenoid
baseplate seating. For smaller glenoids in females, a 25 mm
diameter glenoid baseplate paired with a 36 mm gle-
nosphere was used, while larger glenoids in men were
addressed with a 29 mm diameter glenoid baseplate and
a 42 mm glenosphere.

We made the planning based on four configurations,
and we created four groups (Figure 1 and Figure 2):
1. No correction of the RSA angle and no lateralization (C-L-)
2. Medialization with correction of the RSA angle (C+M+)
3. Correction of the RSA angle without lateralization (C+L-)
4. Correction of the RSA angle with lateralization (C+L+)

Fig. 1
The four tested configurations: a) no correction of the reverse shoulder arthroplasty (RSA) angle and no lateralization(C-L-); b) medialization with
correction of the RSA angle (C+M+); c) correction of the RSA angle without lateralization (C+L-); d) correction of the RSA angle with lateralization
(C+L+).
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The reference point for lateralization in the C+L+ group
was the inferior glenoid rim (6 o’clock position) which was
constantly found in all our CT scans. We arbitrary decided
on a 4 mm of inferior lateralization to obtain about 8 to
10 mm of lateralization at the level of the central peg (Figure
3).20 To ensure consistent and reproducible glenoid baseplate
positioning in the intended configuration, we calculated the
bone graft. This approach aimed to maintain uniform implant
positioning across patients and prevent any alterations in
implant positioning.

Humeral side
We used the same inlay humeral implant (Tornier Perform
Humeral Stem; Stryker) for all cases. A 135° humeral stem,
along with a polyethylene (PE) liner + 3 mm, was consistently
employed for all patients and across all configurations to
maintain consistent results and to avoid humeral changes
influencing the ROM.

Groups
The four glenoid configurations were planned for each 41
shoulders (41 patients), with four glenoid configurations
planned for each of the 41 shoulders (total of 164 plan-
ned). Using Blueprint, glenohumeral impingement-free ROM
was simulated and the following parameters were recorded:
flexion, extension, adduction, abduction, internal rotation (IR),
and external rotation (ER). All the planning was done and
approved by two trained shoulder surgeons (MM, MP) under
the direct supervision of the senior author (PB).

Statistical analysis
Normality and heteroskedasticity of data were assessed with
the Shapiro-Wilk test and the Levene’s test. The difference
between ROM according to modalities of GROUP was assessed
with the Kruskal-Wallis test. If the null hypothesis of the
Kruskal-Wallis test was rejected, post-hoc pairwise analyses
were performed with Dunn-Bonferoni’s test. Alpha risk was
set to 5% (α = 0.05). Statistical analysis was performed with
EasyMedStat version 3.30 (EasyMedStat, France).21

Results
Figure 3 illustrates that the C+L+ (correction of inclination with
maximum lateralization) group exhibited the most favourable
mean ROM across adduction, abduction, extension, flexion,
and external rotation. Notably, internal rotation remained
relatively consistent across all groups. Conversely, the C+M+

group displayed the least favourable ROM in all movements.
Mean ROM with the four configurations is summarized in
Figure 4.

When analyzing the ROM for each group, we found that
in abduction the C+L+ group has the best impingement-free
ROM, and that the C+M+ group performs the worst with a
mean abduction of 58° (SD 13°) versus 74° (SD 11°) in the C+L+
group (p < 0.001). Pairwise analyses revealed differences for
C-L- versus C+L+ (p = 0.036), C+M+ versus C+L- (p < 0.001),
and C+M+ versus C-L- (p = 0.002) (Figure 5).

For adduction, the C+L+ group performed the best
compared to all groups with a mean adduction of 40° (SD
9°), and the C+M+ performed the worst in adduction with a
mean of 20° (SD 10°) (p < 0.001). Pairwise analyses revealed
differences for C+L+ versus C+L- (p < 0.001), C-L- versus C+L+
(p < 0.001), C+M+ versus C+L- (p < 0.001), and C+M+ versus
C-L- (p = 0.006) (Figure 6).

As for flexion, the C+L+ group performed the best with
a mean value of 127° (SD 26°); the C+M+ group performed the
worst with a mean value of 94° (SD 25°) (p < 0.001). Pairwise
analyses revealed differences for C+L+ versus C+L- (p = 0.01),
C-L- versus C+L+ (p < 0.001), and C+M+ versus C+L- (p = 0.001)
(Figure 7).

For extension, the C+L+ group also performed the best
in comparison with all groups with a mean value of 103° (SD
26°), and the C+M+ group performed the worst also with
a mean value of 50° (SD 39°) (p < 0.001). Pairwise analyses
revealed differences for C+L+ versus C+L- (p = 0.013), C-L-
versus C+L+ (p < 0.001), and C+L+versus C+L- (p < 0.001)
(Figure 8).

Regarding ER, the C+L+ had the best ROM with a mean
of 59 (SD 11), and the C+M+ had the worst ROM with a mean
of 37 (SD 18) (p < 0.001). Pairwise analyses revealed differences
for C+ L+versus C+ L- (p = 0.003), C+L+ versus C-L- (p < 0.001),
C+M+ versus C+L- (p < 0.001), and C+M+ versus C+L- (p =
0.032) (Figure 9).

Mean values of IR were not statistically different
between all the different groups (p = 0.388) (Figure 10).

We further categorized patients into three groups
based on their diagnoses: primary OA, cuff tear arthropathy,
and massive rotator cuff tear. Upon assessment, differences
in the mean ROM were generally indistinguishable between

Fig. 2
The reverse shoulder arthroplasty (RSA) angle is shown in red. The
vertical purple line crosses the inferior glenoid edge and is used as
the reference for medialization or lateralization.

Fig. 3
The inferior corner of the glenoid being used as the reference point
for 4 mm lateralization.
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these groups, except for flexion. Specifically, flexion exhibited
a notably superior mean of 117° (SD 24°) in cuff tear arthrop-
athy compared to a mean of 105° (SD 31°) in primary OA.

Discussion
Our software study shows that, when using a 135° inlay
reversed humeral implant, correcting glenoid inclination (RSA
angle 0°) and lateralizing the glenoid component by using
an angled bony or metallic augment of 8 to 10 mm provides
optimal impingement-free ROM. Conversely, the worst ROM is
observed when the inclination was corrected by medializing
the glenoid implant (i.e. by inferior reaming of the glenoid).

The correction of inclination and RSA angle can be
achieved through two primary methods: either via inferior
reaming with medialization of the glenoid baseplate, or
through superior augmentation using metal or bone grafts.22

In our institution an angled autograft is systematically used to
lateralize the glenoid and correct its inclination.3,17

In cuff tear arthropathy, bone loss commonly occurs
in the superior or central areas of the glenoid, leaving the
inferior corner of the glenoid intact. Therefore, the correction
of this superior bone loss becomes essential to attain a neutral
inclination and RSA angle.5,22,23

Even in primary glenohumeral OA, several studies have
shown that the glenoid inclination is often superior.4,24,25 Only
type C glenoids are frequently associated with posteroinferior
bone loss and display glenoid inferior inclination.26–29 Our data
suggest that correction of inclination and lateralization are
both crucial to obtain the optimal ROM; correcting it through
medialization is detrimental. RSA medialization has been
consistently associated with complications such as glenoid
loosening, scapular notching, and instability.2,3,30 Correction of
inclination associated with glenoid lateralization offers several
advantages: it diminishes the vertical shearing forces, which
are a risk factor for glenoid loosening,9,22 and reduces scapular
notching.4,10,11,22

In our study, we selected the inferior corner of
the glenoid as the reference point for lateralization, consid-
ering the prevalent central and superior glenoid erosion
observed in primary OA and cuff tear arthropathy cases.
Our findings align with this approach, demonstrating that
when inclination correction is coupled with a 4 mm lateral-
ization from the inferior glenoid corner, superior outcomes
in all ROM parameters, except for IR, were observed. Nota-
bly, glenoid lateralization is correlated with a reduction in
scapular notching.1-3 Lateralization is also associated with
better impingement-free ROM as demonstrated by several 3D
software simulated ROM studies.25,31,32 In our analysis, despite
the association between lateralization and inclination and the
clinical improvement of IR,33 we did not observe statistically
significant differences among the groups in terms of IR.

One possible explanation for this finding lies in the
biomechanics involved in achieving IR. To position the arm
behind the back, extension plays a pivotal role in conjunc-
tion with internal rotation. Hochreiter et al’s34 recent study

Fig. 4
Impingement-free range of motion (ROM)° in each group. C-L-, no
correction of the reverse shoulder arthroplasty (RSA) angle and
no lateralization; C+M+, medialization with correction of the RSA
angle; C+L-, correction of the RSA angle without lateralization; C+L+,
correction of the RSA angle with lateralization.

Fig. 5
Mean value of abduction (ABD) in each group. C-L-, no correction of
the reverse shoulder arthroplasty (RSA) angle and no lateralization;
C+M+, medialization with correction of the RSA angle; C+L-,
correction of the RSA angle without lateralization; C+L+, correction of
the RSA angle with lateralization.

Fig. 6
Mean value of adduction (ADD) in each group. C-L-, no correction of
the reverse shoulder arthroplasty (RSA) angle and no lateralization;
C+M+, medialization with correction of the RSA angle; C+L-,
correction of the RSA angle without lateralization; C+L+, correction of
the RSA angle with lateralization.
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emphasized the necessity of at least 40° of extension for
functional internal rotation. Interestingly, our study highligh-
ted that the C+M+ group exhibited notably poorer extension
performance, with a mean extension value of 50° (SD 39°), in
contrast to 103° (SD 26°) in the C+L+ group. When planning a
RSA, attention to the extension should be made to avoid loss
of functional IR postoperatively.

Excessive lateralization in RSA can lead to increased
stress on the glenoid component, resulting in loosening
and potential implant failure. Additionally, lateralization can

disrupt soft-tissue balance, leading to tension imbalances that
impair ROM and cause discomfort for the patient.20,35

Lateralization can also increase joint reaction forces,
contributing to overstuffing and fractures of the scapular
spine.20 Therefore, while lateralization can enhance certain
aspects of shoulder mechanics, it must be carefully managed
to avoid these complications.The significance of this study is
tempered by certain limitations. Primarily, it is a computational
study that virtually simulates ROM without accounting for
scapulothoracic motion. Additionally, the software used lacks
the capability to assess muscle tensioning and function, which

Fig. 7
Mean value of flexion (FLEX) in each group. C-L-, no correction of
the reverse shoulder arthroplasty (RSA) angle and no lateralization;
C+M+, medialization with correction of the RSA angle; C+L-,
correction of the RSA angle without lateralization; C+L+, correction of
the RSA angle with lateralization.

Fig. 8
Mean value of extension (EX) in each group. C-L-, no correction of
the reverse shoulder arthroplasty (RSA) angle and no lateralization;
C+M+, medialization with correction of the RSA angle; C+L-,
correction of the RSA angle without lateralization; C+L+, correction of
the RSA angle with lateralization.

Fig. 9
Mean value of external rotation (ER) in each group. C-L-, no
correction of the reverse shoulder arthroplasty (RSA) angle and
no lateralization; C+M+, medialization with correction of the RSA
angle; C+L-, correction of the RSA angle without lateralization; C+L+,
correction of the RSA angle with lateralization.

Fig. 10
Mean value of internal rotation (IR) in each group. C-L-, no correction
of the reverse shoulder arthroplasty (RSA) angle and no lateralization;
C+M+, medialization with correction of the RSA angle; C+L-,
correction of the RSA angle without lateralization; C+L+, correction of
the RSA angle with lateralization.
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notably influence RSA outcomes. However, this limitation did
not affect the study’s objective, which aimed to evaluate
impingement-free ROM.

Measurements were conducted solely via the 3D
software, and planning was carried out by two surgeons.
However, to maintain consistency across groups, the criteria
for positioning the glenoid baseplate were rigorously adhered
to, ensuring changes were made only to the intended entity,
be it lateralization or inclination. Notably, the study did not
explore the effects of humeral position or different implant
configurations such as inlay and onlay designs. Instead, a
uniform implant with identical features was employed across
all groups to prevent humeral effects on ROM.

This study stands as the first to evaluate various glenoid
baseplate positioning involving different combinations of
lateralization, medialization, and inclination correction.

In conclusion, the data of our software study show that
correcting inclination in tandem with lateralization is crucial to
obtain optimal impingement-free ROM after RSA. Conversely,
correcting inclination through medialization (at the expense of
lateralization) leads to the worst impingement-free ROM.
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