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Effects of glenosphere positioning on impingement-free
internal and external rotation after reverse total shoulder
arthroplasty
Xinning Li, MD*, Zakary Knutson, MD, Daniel Choi, MEng, Daniel Lobatto, MSc,
Joseph Lipman, MS, Edward V. Craig, MD, Russell F. Warren, Lawrence V. Gulotta
Hospital for Special Surgery, Division of Sports Medicine and Shoulder Surgery, New York, New York, USA
Introduction: Patients may experience a loss of internal rotation (IR) and external rotation (ER) after
reverse total shoulder arthroplasty (RTSA). We hypothesized that alterations in the glenosphere position
will affect the amount of impingement-free IR and ER.
Materials and methods: Computed tomography (CT) scans of the scapula and humerus were obtained
from 7 cadaveric specimens, and 3-dimensional reconstructions were created. RTSA models were virtually
implanted into each specimen. The glenosphere position was determined in relation to the neutral position
in 7 settings: medialization (5 mm), lateralization (10 mm), superior translation (6 mm), inferior translation
(6 mm), superior tilt (20�), and inferior tilt (15� and 30�). The humerus in each virtual model was allowed
to freely rotate at a fixed scaption angle (0�, 20�, 40�, and 60�) until encountering bone-to-bone or bone-to-
implant impingement (180� of limitation). Measurements were recorded for each scaption angulation.
Results: At 0� scaption, only inferior translation, lateralization, and inferior tilt (30�) allowed any
impingement-free motion in IR and ER. At the midranges of scaption (20� and 40�), increased lateraliza-
tion and inferior translation resulted in improved rotation. Supraphysiologic motion (>90� rotation) was
seen consistently at 60� of scaption in IR. Superior translation (6 mm) resulted in no rotation at 0� and
20� of scaption for IR and ER.
Conclusions: Glenosphere position significantly affected humeral IR and ER after RTSA. Superior trans-
lation resulted in significant restrictions on IR and ER. Optimal glenosphere positioning was achieved with
inferior translation, inferior tilt, and lateralization in all degrees of scaption.
Level of evidence: Basic Science Study, Computer Modeling.
� 2012 Journal of Shoulder and Elbow Surgery Board of Trustees.
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Reverse total shoulder arthroplasty (RTSA) provides
a reliable and durable treatment option for the pain and
functional limitations of shoulders with rotator cuff
deficiency.1,3,6,8 As the number of these procedures grow,
understanding the mechanics of these implants and the
methods with which they are implanted becomes
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increasingly important. Most RTSAs currently on the
market use Paul Grammont’s principle of placing the center
of rotation medial to the baseplate. Although this has
reduced the rates of glenosphere failure, other limitations
have been introduced, including scapular notching and
reduced internal rotation (IR) and external rotation (ER).
Several recent studies have investigated inferior scapular
notching and have made suggestions regarding glenosphere
placement to minimize its occurrence.10,11,16-18,22 However,
very few studies have looked at how changes in gleno-
sphere placement in RTSA affect IR and ER. This is clin-
ically important, because shoulder rotation in varying
degrees of scaption (or elevation in the plane of the
scapula) are needed to perform many essential activities of
daily living.19,27

Studies to date have evaluated the effects of glenosphere
positioning on the adduction and abduction range of motion
(ROM) of the shoulder. Gutierrez et al10 created a computer
model based on a sawbones shoulder model that was
implanted with an RTSA. They used the model to measure
ROM in abduction and inferior scapular impingement. The
glenosphere size and position was manipulated as well as
the humeral neck-shaft angle. The results indicated that
lateralization, inferior translation, inferior tilt, and alter-
ation in the humeral neck-shaft angle were most advanta-
geous for increasing the full arc of abduction and
minimizing inferior notching.10

De Wilde et al6 created two-dimensional (2D) computer
models based on 200 normal scapulae to evaluate factors
that would allow full adduction while avoiding scapular
notching. They found that positioning the glenosphere
inferior on the glenoid so that it overhangs below the
inferior edge was advantageous to prevent inferior notching
and maximize adduction. Other variables, such as inferior
tilt, lateralization, and decreasing humeral neck-shaft angle,
also had positive effects on adduction in a linear fashion.5

Previous clinical studies have shown that RTSA can
result in limited IR and ER.28 Many activities of daily
living that include IR and ER are performed in low levels of
scaption or adduction, thus it is important to evaluate
variables in glenosphere position that will allow maximum
IR and ER in the functional range of motion or lower
degrees of scaption (0� to 60�). The purpose of this study
was to determine the effect of glenosphere position on IR
and ER ROM at various degrees of scaption after RTSA.
We hypothesize that positions that have been shown to be
advantageous for abduction and adduction will also be
advantageous for IR and ER.
Materials and methods

CT scans of the scapula and humerus (slice thickness, 0.5 mm;
resolution, 0.488 mm pixel size) were obtained from seven
cadaveric specimens. These CT scans were used to create 3D
reconstructions, and MIMICS software (Materialize, Leuven,
Belgium), and International Society of Biomechanics recom-
mendations were used to create anatomic coordinate systems.29

A corresponding 3D RTSA model was created by laser scanning
(NextEngine 3D Laser Scanner, NextEngine, Santa Monica, CA,
USA) the baseplate, glenosphere (36 mm), humeral stem (size 4
with porous coating), and bearing from a Biomet Comprehensive
RTSA (Warsaw, IN, USA) and creating a solid image using
Pro-Engineer (PTC, Needham, MA, USA). The RTSA models
were imported into MIMICS and virtually implanted into each
specimen.

The humeral component was implanted in 20� of retroversion
with respect to the humeral epicondyles. The glenosphere was also
implanted in a manner consistent with surgical technique in which
the baseplate was placed in a position deemed to be neutral on the
glenoid face, as determined by glenoid anatomy, and the experi-
ence of 4 fellowship-trained shoulder surgeons. The glenosphere
was manipulated in 7 different directions (Fig. 1) in the superior-
inferior, medial-lateral, and superior-inferior tilt planes. Positions
tested in 2-mm increments include superior translation (6 mm),
inferior translation (6 mm), and lateralization (10 mm). Medial-
ization of 5 mm was tested in 1-mm increments. Superior (20�)
and inferior tilt (15� and 30�) were tested in 5� increments. We did
not test any of the glenosphere positions in combination settings.

The remaining positions involved modification as defined by
the scapular coordinate system. For each glenosphere position, the
ROM in IR and ER was determined using VisualNastran 4D
software (MSC, Santa Ana, CA, USA). This program allows each
model to freely rotate at a fixed scaption angle in the plane of the
scapula until bone-to-bone or bone-to-implant impingement is
encountered. Each model was tested at 0�, 20�, 40�, and 60� of
scaption, which is defined as the relation of the humeral shaft to
the medial border of the scapula. Then the impingement-free
ROM in IR and ER with a limitation at 180� for each cadaver was
tabulated. Impingement was defined as bone-to-bone or implant-
to-bone contact.
Results

Superior (20�) vs inferior tilt (15� and 30�)

At 0� scaption, no motion was possible in IR and ER in the
superior tilt of 20� and the inferiorly tilted position of 15�.
IR results in the superiorly tilted position showed
progressive increase in ROM from 23.6� � 17.0� (20�

scaption) to 92.3� � 38.0� (60�). However, more IR motion
was seen in the 30� inferiorly tilted position in all degrees
of scaption (Table I, A; Fig. 2). ER results showed
progressive increase in ROM with all 3 tilt positions from
0� to 40� of scaption; however, ROM decreased from 40� to
60� of scaption due to acromial impingement (Table I, B;
Fig. 3). Overall in all 3 tilt positions, more ER ROM
occurred in 20� and 40� of scaption; however, more IR
ROM was seen at 60� of scaption. Comparing 15� vs 30� of
inferior tilt, more ROM was seen consistently with the
glenosphere in the 30� setting. However, at 60� of scaption,
more ER ROM was seen with the 15� of inferior tilt due to
acromial impingement in the 30� of inferior tilt. Overall,



Figure 1 Glenosphere positions on the face of the glenoid in relation to the (A) neutral position, (B) medialized position at 5 mm, (C)
lateralized at 10 mm, (D) superior translated at 6 mm, (E) inferior translated at 6 mm, (F) superior tilt at 30�, and (G) inferior tilt at 20�.

Glenosphere positioning effect on RTSA 3
more ROM occurred in the superior and the 2 inferiorly
tilted positions than with the neutral position in all degrees
of scaption, with the exception of decreased ER with the
2 tilted positions (superior at 20� and inferior at 30�) in 60�

scaption due to acromial impingement.
Table IA Amount of internal rotation range of motion measured to

Glenosphere position Internal rotation,�

0� scaption 20�

Neutral Ny 11.
5-mm medialization Ny 7.
10-mm lateralization 7.7 � 11.3 41.
6-mm superior translation Ny Ny

6-mm inferior translation 22.2 � 22.3 57.
Superior tilt (20�) Ny 23.
Inferior tilt (15�) Ny 18.
Inferior tilt (30�) 1.0 � 1.6 35.

) The physiologic limit for all measurements in internal and external range of

standard deviation.
y N designates implant-to-bone impingement at the starting point with no m
Medialization (5 mm) vs lateralization (10 mm)

No ROM was possible at the medialized position in 0� of
scaption. IR and ER results demonstrated significantly
more ROM in the lateralized position in all degrees of
bony impingement)

scaption 40� scaption 60� scaption

1 � 14.1 37.6 � 27.4 74 � 30.0
1 � 17.5 27.3 � 32.0 57.8 � 35.8
6 � 18.8 82.4 � 24.7 142.3 � 29.1

14.1 � 8.5 33.4 � 25.6
3 � 26.0 93.0 � 24.1 161.7 � 30.2
6 � 17.0 54.4 � 30.3 92.3 � 38.0
9 � 26.1 52.9 � 29.9 92.7 � 34.6
9 � 17.3 71.6 � 18.4 122.9 � 29.9

motion to impingement was set to 180�. Results are reported as mean �

otion being possible.



Figure 2 Internal rotation range of motion to impingement as a function of glenosphere positions and scaption in reverse total shoulder
arthroplasty. The error bars show the standard deviation.
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scaption. Progressive increase in IR ROM was seen with
both positions at all scaption angles. Acromial impinge-
ment with decrease in ROM was seen in ER in the
medialized position, progressing from 40� (40.0� � 30.3�)
to 60� (28.3� � 37.2�) of scaption. Compared with the
neutral position, lateralization had the highest
impingement-free ROM in IR and ER at all scaption
angulations, whereas the medialized position had the lowest
impingement-free ROM (Table I; Fig. 2 and Fig. 3).

Superior translation (6 mm) vs inferior translation
(6 mm)

In the superior translated position, no ROM was possible in
IR or ER at 0� and 20� of scaption. Acromial impingement
with decrease in overall ROM in ER was seen in the
superior translated position, progressing from 40� (43.7� �
21.8�) to 60� (15.4� � 18.0�) of scaption. Inferior trans-
lation provided the greatest impingement-free ROM in IR
and ER compared with the superior translated and neutral
positions. Maximum ROM was 161.7� � 30.2� of IR at 60�

of scaption with 6 mm inferior translation (Table I; Fig. 2
and Fig. 3).
Table IB Amount of external rotation range of motion measured to

Glenosphere position External rotation,�

0� scaption 20�

Neutral Ny 2
5-mm medialization Ny 1.
10-mm lateralization 29.4 � 29.4 88.
6-mm superior translation Ny Ny

6-mm inferior translation 29.3 � 28.1 8
Superior tilt (20�) Ny 41.
Inferior tilt (15�) Ny 33.
Inferior tilt (30�) 11.1 � 19.0 57.

) The physiologic limit for all measurements in internal and external range of

standard deviation.
y N designates implant-to-bone impingement at the starting point with no m
IR and ER ROM as a function of scaption

At 0� scaption, only 3 positions of inferior translation
(6 mm), lateralization (10 mm), and inferior tilt (30�)
allowed any ROM in IR and ER. At midranges of scaption
(20� and 40�), a predictable pattern was seen in which the
more lateral and inferior the glenosphere center of rotation
was positioned from the glenoid (lateralization and inferior
translation), the more ROM could be achieved in IR and
ER. Supraphysiologic motion (>90� rotation) was seen
consistently at 60� of scaption in internal rotation with the
lateralization (142.3� � 29.1�), inferior translation (161.7�

� 30.2�), superior (92.3� � 38.0�), and both inferiorly
tilted (15�: 92.7� � 34.6�; 30�: 122.9� � 29.9�) positions.
In ER ROM, only the lateralized (166� � 16.0�), inferiorly
translated (131.9� � 64.8�), and inferiorly tilted (15�:
130.3� � 27.0�) positions produced supraphysiologic
motion (>90� rotation) to impingement. Furthermore, bony
impingement on the acromion with decrease in ROM was
more common in ER than with IR at 60� of scaption,
especially with medialization (ER: 28.3� � 37.2�), superior
translation (ER: 15.4� � 18.0�), and superior tilt (ER: 64.6�

� 63.3�). Maximal IR of 161.7� � 30.2� occurred with the
bony impingement)

scaption 40� scaption 60� scaption

3 � 29.4 30.0 � 29.8 85.4 � 46.1
9 � 4.9 40.0 � 30.3 28.3 � 37.2
7 � 11.0 118 � 20.0 166 � 16.0

43.7 � 21.8 15.4 � 18.0
3 � 20.8 118.1 � 23.7 131.9 � 64.8
6 � 30.0 81.7 � 26.0 64.6 � 63.3
9 � 33.4 91.7 � 18.6 130.3 � 27.0
4 � 26.7 94.4 � 20.9 76.4 � 73.8

motion to impingement was set to 180�. Results are reported as mean �

otion being possible.



Figure 3 External rotation range of motion to impingement as a function of glenosphere positions and scaption in reverse total shoulder
arthroplasty. The error bars show the standard deviation.

Glenosphere positioning effect on RTSA 5
6-mm inferior translated position and maximal ER of 166�

� 16.0� occurred with the 10-mm lateralized position, both
at 60� of scaption.
Discussion

Management of patients with rotator cuff arthropathy has
been a challenge, with few surgical options available. The
RTSA has been a successful surgical procedure to treat pain
and improve function in these patients.1,3,6,23,28 However,
the primary concern of implanting a RTSA in functional
outcome is the variability in the reported ROM, especially
in IR and ER.4,7,9 More recently, attention in the literature
has been focused on implant impingement on the inferior
aspect of the scapula, also known as scapular notch-
ing.13,14,16-18,21,22 When the arm is in the resting position,
this inferior impingement occurs with adduction and may
predispose to scapular notching, which has a reported
prevalence of 56% to 96%.7,16,23,28 The variation of the
outcome in ROM to impingement can be a result of surgical
technique, implant positioning, native anatomy, preopera-
tive ROM, soft tissue, rotator cuff status, or component
design factors, or a combination of these. Notching and
decreased functional ROM to impingement has adverse
effects on the long-term outcome after RTSA22 and,
furthermore, may induce early particle wear and possible
component loosening.20

Glenosphere positioning on the face of the glenoid in
RTSA is critical in the impingement-free ROM of the
RTSA components. Central positioning of the glenosphere
was recommended originally; however, inferior placement
of the glenosphere on the glenoid has been advocated
because of the recent emergence of complications associ-
ated with scapular notching.17,18,23 Glenohumeral ROM
after RTSA has been studied in a limited degree. Several
authors have evaluated the range of impingement-free
abduction and adduction deficit after RTSA,10,11 but eval-
uation of RTSA component position and its effect on
impingement-free ER and IR ROM is lacking.
Stephenson et al24 reported improved ER with increased
retroversion of the humeral component, but with
a concomitant loss of IR. Simovitch et al22 evaluated
77 shoulders after RTSA and reported anterior glenoid
notching in 6 patients (8%) and posterior glenoid notching
in 23 (30%). Posterior notching was seen in patients with
increased active ER and was more common than anterior
notching.

To our knowledge, our study is the first to evaluate the
effect of different glenosphere position in RTSA on IR and
ER ROM to impingement at various degrees of scaption.
The 5 component positions that negatively affected IR and
ER at 0� scaption were neutral, medialized, superior
translated, superior tilt, and inferior tilt at 15�. No ROM
motion was possible in these 5 positions due to implant
bone impingement at the start position. Furthermore,
superior translation of 6 mm was the most detrimental
position for IR and ER, resulting in no motion in 0� and 20�

of scaption. A significant decrease was also seen in the
impingement-free abduction ROM with the glenosphere in
the superiorly translated and medialized positions.10

Acromial impingement was seen more in ER at 60� scap-
tion in the medialized, superiorly translated, and superiorly
tilted positions. Acromial fractures have been reported as
a clinical complication of impingement and are associated
with a significant decrease in forward elevation and overall
functional outcome.26

The 10-mm lateralized and 6-mm inferior translated
positions both resulted in maximal IR and ER ROM at all
degrees of scaption compared with the other positions.
Placement of the glenosphere in an inferior and lateralized
position also improves ROM of the RTSA in abduction to
adduction compared with the neutral position.10 Gutierrez
et al10 reported that lateralization was the most important
factor in improvement of abduction, followed by inferior
placement of the glenosphere. The results from our exper-
iment indicate that inferior translation at 6 mm had the
greatest improvement on impingement-free IR and ER as
a function of different degrees of scaption. Lateralization
also significantly improved IR and ER compared with
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neutral; however, a lateralized position is associated with
a larger lever arm and increased torque on the glenosphere
baseplate interface, leading to concerns for implant loos-
ening and failure.11 Clinically, lateralization can be ach-
ieved with implant offset or insertion of a bone graft under
the baseplate.2,25

An inferiorly tilted glenosphere also improved IR and
ER compared to neutral and superiorly tilted positions.
However, at 0� of scaption, no ROM was seen with 15� of
inferior tilt in IR and ER. Overall, more IR ROM was seen
with 30� of inferior tilt at all degrees of scaption. In ER,
more ROM was possible with 15� of inferior tilt at 60� of
scaption. Gutierrez et al12 reported the lowest force across
the baseplate occurred in the lateralized and inferiorly tilted
position (11.3 N), whereas the highest force occurred in the
component with lateralization and superiorly tilt position
(109.3 N). Furthermore, Kontaxis et al15 showed that joint
reactive forces increase progressively as the arm is abduc-
ted in the scapular plane. Thus, a glenosphere component
positioned with lateralized and superior tilt may result in
earlier clinical failure due to the significantly increased
forces at the baseplate.

An alternative way of improving RTSA ER and IR ROM
is changing the humeral component version. Retroversion
of the humeral stem will increase ER, whereas anteversion
will increase the IR ROM in RTSA. The optimal position is
between 20� and 40� of retroversion, which closely restores
the functional arc of motion without impingement.24

This biomechanical study has several limitations. The
major limitation is that only one glenosphere size (standard
36 mm) was used; therefore, our results should not be
generalized to all glenosphere designs. However, by
keeping the size of the glenosphere constant, the results in
our study do show a general trend of increased or decreased
ER or IR ROM with certain glenosphere positions on the
glenoid face, and these data would be useful clinically.

The second limitation is that impingement in our study
was based solely on bony anatomy (implant-to-bone
impingement), but in the intraoperative setting, soft tissue
limitations are also likely to be a factor. In clinical practice,
more factors and complexity go into the decision of
implant positioning, including the amount of glenoid bone
available for fixation, variations in glenoid anatomy among
patients, available space for the implant, soft tissue
balancing, status of the rotator cuff musculature, and
concerns about implant survival.

Third, the cadaveric shoulders showed marked vari-
ability in bony anatomy and ROM from one specimen to
the next. This variability will be encountered in surgical
situations. We believe that this variability highlights the
need for future studies to include a number of different
shoulders as well as different glenosphere sizes and
humeral retroversion angulations. It is important for the
surgeon to account for these factors when making a deci-
sion on implant component position in RTSA. Future
studies will also need to focus on the mechanical effects
and forces associated with these implant positions and how
they affect the forces at the baseplate and bone interface,
which may affect implant survival and clinical outcomes.
Conclusion

Glenosphere positions significantly affected humeral IR
and ER after RTSA in our computer model. Inferior
translation (6 mm) or lateralization (10 mm) appears to
have the most beneficial effects to IR and ER of the
shoulder. Inferior tilt (15� and 30�) of the glenosphere
also improved overall arc of motion in IR and ER
compared with superior tilt and neutral positions.
Superior translation (6 mm) and medialization (5 mm)
of the glenosphere caused marked limitations in IR and
ER due to glenoid and acromial impingement.
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