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INTRODUCTION

It is my honor to serve as guest editor for this special sup-
plement of the Journal of Shoulder and Elbow Surgery. In 
this issue, we present a portion of the ongoing work of 
the Exactech Equinoxe research team and some selected 
studies from others in the field of shoulder arthroplasty. 
The Exactech Equinoxe team has been prolific, and se-
lecting only eleven studies for inclusion in this special 
issue was no easy task. I believe, however, the eleven 
papers selected represent the “best of the best” of recent 
work in shoulder arthroplasty.

This issue opens with a basic science study that has pro-
vided the basis for implant innovation and design. Roche 
and colleagues demonstrate how small changes in 
design parameters can influence impingement-free mo-
bility and stability in reverse shoulder arthroplasty. In a 
second basic science study included in this issue, Allred 
et al. shift direction from reverse shoulder arthroplasty to 
anatomic shoulder arthroplasty and demonstrate a po-
tential role for posterior augmented glenoid components 
in preserving glenoid bone.

Building on the foundation of basic science, the nine se-
lected clinical papers provide valuable information as 
we move forward with our use of both anatomic and 
reverse shoulder arthroplasty. Gilot and colleagues 
show that our initial concerns of humeral loosening in 
reverse shoulder arthroplasty are largely unfounded with 
reverse humeral components loosening less frequently 
than anatomic stems. Simovitch’s group further allayed 
our fears of failure of reverse shoulder arthroplasty by 
showing that athletic participation does not lead to loos-
ening of reverse shoulder implants, while the Hospital for 
Special Surgery group shows that reverse shoulder 

arthroplasty is superior to hemiarthroplasty in the older 
athletic population. Friedman et al. sought to further 
clarify the importance of the subscapularis following 
reverse shoulder arthroplasty determining that the sub-
scapularis is perhaps not as important to prosthetic sta-
bility when using a lateralized implant compared to a 
more traditional “Grammont style” implant. Jones and 
colleagues demonstrated that structural allografts may 
be an acceptable alternative to autograft when perform-
ing reverse shoulder arthroplasty in the setting of large 
glenoid bone defects. Mollon and colleagues’ contribu-
tion to this issue shows that our quest to eliminate scapu-
lar notching is important as notching indeed 
compromised the clinical results of reverse shoulder ar-
throplasty in this large patient cohort.  

Werner et al. identified several patient related factors 
that are predictive of early failure following shoulder ar-
throplasty. Levy and associates confirm that preoperative 
mobility is predictive of postoperative mobility following 
anatomic shoulder arthroplasty. Finally, this special issue 
concludes with the work of Wong and colleagues exam-
ining the role of preoperative patient reported score in 
predicting the results of shoulder arthroplasty.

Hopefully, this issue will serve as a valuable reference 
for orthopedic surgeons performing shoulder arthro-
plasty. I would like to thank the contributors who took 
their time to provide others with their research and their 
experience. I truly appreciate the invitation extended to 
me to edit this issue.

T. Bradley Edwards, MD
Guest Editor



An evaluation of the relationships between reverse
shoulder design parameters and range of motion,
impingement, and stability

Chris Roche, MSa, Pierre-Henri Flurin, MDb, Thomas Wright, MDc, Lynn A. Crosby, MDd,
Michael Mauldina, Joseph D. Zuckerman, MDe,*

aExactech Inc, Gainesville, FL
bBordeaux-Merignac Clinic, Bordeaux-Merignac, France
cDepartment of Orthopaedic Surgery, University of Florida School of Medicine, Gainesville, FL
dDepartment of Orthopaedic Surgery, Wright State University, Dayton, OH
eDepartment of Orthopaedic Surgery, New York University Hospital for Joint Diseases, New York, NY

Background: The purpose of this study was to evaluate the role of reverse shoulder design parameters on
performance.
Methods: A computer analysis was conducted on the Grammont reverse shoulder to quantify the effect of
varying design parameters on functional measurements during humeral abduction/adduction. To demon-
strate the application of these relationships, a novel prosthesis was designed.
Results: The Grammont reverse shoulder impinged inferiorly and superiorly on the glenoid at 31� and 95�

of humeral abduction with an average jump distance of 10 mm. Several linear relationships were identified.
The proposed 38 mm, 42 mm, and 46 mm reverse shoulder designs impinged inferiorly and superiorly on
the glenoid at 7.3�/87.5�, 1�/87.5�, and 0�/89.3� of humeral abduction with an average jump distance of
11.7 mm, 13.5 mm, and 14.1 mm, respectively.
Conclusions: The results of this study demonstrate that subtle changes in design parameters can minimize
inferior glenoid impingement and offer potential for dramatic functional improvements in ROM (39%) and
jump distance (36%).
Level of evidence: Basic Science Study, Computer Analysis.
� 2009 Journal of Shoulder and Elbow Surgery Board of Trustees.

Keywords: Reverse shoulder prosthesis; computer analysis; glenoid impingement; glenoid; design
parameters; shoulder range-of-motion; Exachtech Equinoxe�

In the early 1990s,PaulGrammont designeda novel reverse
shoulder prosthesis. Like previous designs,1,3,8,9,18,19,23,24,37

the Grammont inverted the anatomic concavities of the gle-
nohumeral joint to resolve superior humeral head migration.
Unlike previous designs, the Grammont shifted the center of
rotation medially to the glenoid fossa to reduce the effective
lever arm and distally to tension the deltoid and improve its
mechanics.5 These design improvements have been demon-
strated to alleviate pain and improve function in patients with

*Reprint requests: Joseph D. Zuckerman, MD, Professor and

Chairman, NYU Hospital for Joint Diseases, Department of Orthopaedic

Surgery, 301 E 17 St, 14 Flr, New York, NY.

E-mail address: 10003.joseph.zuckerman@med.nyu.edu (J.D. Zuckerman).

J Shoulder Elbow Surg (2009) 18, 734-741

www.elsevier.com/locate/ymse

1058-2746/2009/$36.00 - see front matter � 2009 Journal of Shoulder and Elbow Surgery Board of Trustees.

doi:10.1016/j.jse.2008.12.008



cuff tear arthropathy,5-7,11,16,17,25,29,31,34 a degenerative
condition that has been previously treated, with unpredictable
results.2,10,14,22,27,30,32,35,36,38

Reports of successful outcomes with reverse shoulder
arthroplasty have led to an expansion of its indications and an
increase in the number of analogous reverse shoulder designs
available in the marketplace, despite the well-documented
complication rates. The incidence of scapular notching is
often reported to be greater than 50%,6,28,29,31,34 whereas the
incidence of instability and dislocation is often reported to
exceed 10%, particularly in revisions.4,17 Several studies
have also documented that scapular notching can be
progressive20,28,34 and clinically significant,12,28,29,33 being
associated with poorer clinical outcomes as well as reduced
motion and strength.28 These concerns have led surgeons to
modify the implantation technique in amanner not originally
intended by the manufacturers by placing the glenosphere in
an inferior position or with a inferiorly directed tilt, or both.21

More recent reverse shoulder designs have attempted to
minimize inferior glenoid impingement by lateralizing the
humerus and center of rotation. The clinical effects of such
design modifications are historical1,3,8,9,18,19,23,24,37 and
associated with both positive and negative consequences. A
study by Gutiérrez et al15 demonstrated that lateralizing the
center of rotation was linearly correlated with improved
range of motion (ROM) but was also associated with a larger
lever arm and (by definition) increased torque on the glenoid.

Lateralizing the center of rotation (ie, increasing gle-
nosphere thickness relative to diameter) is not the only
approach to improve ROM and minimize inferior glenoid
impingement. As mentioned, surgeons have modified their
implantation techniques to distally shift or inferiorly tilt, or
both, the glenosphere to improve ROM and minimize
inferior glenoid impingement.21 These modifications,
however, are associated with secondary consequences. For
example, in reverse shoulder designs with fixed-angle
screws, a distal shift of the glenosphere can lead to screw
perforation in certain glenoid morphologies (ie, a ‘‘squared-
off scapular neck’’), as described by Roberts et al26

(Figure 1). In addition, inferiorly tilting the glenosphere is
more technically challenging, particularly for a superiore
lateral surgical approach, and requires removal and reaming
of the inferior portion of the glenoid (Figure 2).

Therefore, the purpose of this study was to quantify the
relationships between these and other design parameters
and the commonly reported clinical failure modes, and to
use this data to design a novel reverse shoulder prosthesis
that minimizes inferior impingement and maximizes ROM
and stability without removing the inferior glenoid or
excessively lateralizing the center of rotation.

Materials and methods

The Grammont reverse shoulder prosthesis was geometrically
modeled using 3-dimensional (3D) computer-aided design

software (Unigraphics, UGS Inc/Siemens, Plano, TX) and
assembled to a 3D digitized male scapula (Zygote Media Group
Inc, Lindon, UT) to create a functional glenohumeral joint. Before
assembly, about 2 mm of bone was digitally removed from the
glenoid fossa of the digitized scapula to create a flat surface and
simulate surgical preparation. A geometric computer analysis then
quantified the effect of varying prosthesis design parameters on
functionally relevant measurements during simulated humeral
abduction/adduction in the scapular plane. The evaluated design
parameters were humeral neck angle, humeral liner constraint, and
glenosphere thickness, diameter, and distal offset. The evaluated
functionally relevant measurements were inferior impingement,
superior impingement, ROM, and jump distance.

We defined humeral liner constraint as the ratio of humeral
liner depth to width. It should be noted that a humeral liner
constraint exceeding 0.5 is a constrained joint. We defined gle-
nosphere distal offset as the amount of glenosphere distal over-
hang achieved by shifting the glenosphere distally on the glenoid
fossa. As a point of reference, the glenoid baseplate (eg, ‘‘the
metaglene’’) was assembled so that 0 mm of glenosphere distal
offset corresponded to where the glenoid baseplate stem was
‘‘slightly inferior to the center of the glenoid,’’ the implantation
position recommended in the manufacturers’ surgical technique.

We used the following definitions in our study:

� Inferior impingement was the degree of humeral abduction at
which point the medial portion of the humeral liner impinged
on the inferior scapula.

� Superior impingement was the degree of humeral abduction at
which point the lateral portion of the humeral liner impinged
on the superior portion of the glenoid articular surface.

Figure 1 Distally shifting the glenosphere can lead to inferior
screw perforation in certain glenoid morphologies if the inferior
screw has a fixed angle.26

Evaluation of reverse shoulder design parameters 735



� ROM was the humeral abduction/adduction occurring
between inferior and superior impingement.

� Jump distance was the lateral distance necessary for the gle-
nosphere to escape from the humeral liner at varying degrees
of abduction; it is a measure of stability, the resistance to
dislocation (discounting the contribution of lever-out by
impingement; Figure 3).
Specifically, inferior impingement, superior impingement,

ROM, and jump distance were quantified and compared for each
of the following design conditions: as humeral neck angle varied
from 135� to 165�; as humeral constraint varied from 0.250 to
0.300; as glenosphere thickness varied from 18 to 24 mm; as
glenosphere diameter varied from 34 to 44 mm, and as the gle-
nosphere was distally offset from 0 to 6 mm of overhang. The
effect of each was assessed independently to evaluate individual
contributions on impingement, motion, and jump distance and in
combination to evaluate combined contributions on impingement
and motion. The coefficient of determination (R2) was used to
quantify the linear regression of each design parameter and each
functionally relevant measurement.

To demonstrate the applications of these elucidated relation-
ships, a novel reverse shoulder prosthesis was designed and
geometrically modeled using Unigraphics 3D computer-aided
design software. Specifically, 3 prostheses were proposed (38, 42,
and 46 mm), each with a humeral neck angle of 145�, a curved-
back glenoid baseplate with a 4-mm superiorly offset stem, and
different combinations of humeral liner constraint, glenosphere
diameter, and glenosphere thickness. The 38-mm design has
a humeral liner constraint of 0.260, a 38- � 21-mm glenosphere,
and provides 2.25 mm of distal glenosphere overhang. The 42-mm

design has a humeral liner constraint of 0.250, a 42- � 23-mm
glenosphere, and provides 4.25 mm of distal glenosphere over-
hang. The 46-mm design has a humeral liner constraint of 0.240,
a 46- � 25-mm glenosphere, and provides 6.25-mm of distal
glenosphere overhang.

Prior to conducting the geometry analysis, each proposed
prosthesis was assembled to the digitized scapula (<1 mm of bone
was removed to create a spherical curvature on the glenoid fossa
to simulate surgical preparation). For comparative purposes,
inferior impingement, superior impingement, and jump distance
were quantified during simulated humeral abduction/adduction in
the scapular plane.

The relationships derived from the geometric computer anal-
ysis were validated by conducting a sawbones laboratory analysis
using the proposed reverse shoulder prostheses. This laboratory
validation was completed in 2 stages; in each stage a goniometer
was used to measure the angle of abduction when the proposed
humeral prostheses contacted the inferior scapula (ie, inferior
impingement) and when the proposed humeral prostheses con-
tacted the superior scapula (ie, superior impingement).

The first stage enabled a direct comparison of impingement
and motion for each proposed prosthesis with that predicted by the
geometric analysis. The proposed glenoid prostheses were
prepared according to the prescribed technique in a left glenoid
sawbone (model 1050-10, Pacific Research Labs, Vashon WA).
The glenoid/sawbone assembly was then fixed to the table as the
proposed humeral prostheses were abducted/adducted in the
scapular plane.

The second stage enabled quantification of the effect of
humeral/acromial impingement on ROM. The proposed humeral
prostheses were prepared according to the prescribed technique in
a left humeral sawbone (model 1051; Pacific Research Labs) as
the humerus was abducted/adducted in the scapular plane about
the glenoid/sawbone assembly.

A few points in the humeral implantation technique should be
noted: the humeral osteotomy was conducted at the anatomic
humeral neck, insertion of the humeral stem was accomplished
after reaming the intramedullary canal and broaching the shape of
the prosthesis (no spherical reaming of the proximal humerus was
required), and finally, the humeral prosthesis was inserted in the
humeral sawbone at about 20� retroversion.

Figure 3 Jump distance is defined as the lateral distance
necessary for the glenosphere to escape from the humeral liner at
varying degrees of abduction.

Figure 2 Inferiorly tilting the glenosphere requires removal of
the inferior portion of the glenoid (shown translucently).
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Results

The geometric computer analysis demonstrated that the
Grammont reverse shoulder (ie, 155� neck angle, humeral
constraint of 0.275, and 36- �19-mm glenosphere with
0-mm distal overhang) impinged inferiorly and superiorly
on the glenoid at 30.75� and 95� of humeral abduction
thereby producing a total range of abduction/adduction of
64.25� with an average jump distance of 10.0 mm over that
range (Figure 4).

By independently evaluating each design parameter the
following linear relationships were elucidated: glenosphere
thickness and ROM (y ¼ 5.3929x e 38.071; R2 ¼ 0.9995),
humeral liner constraint and ROM (y ¼ e224.59x þ
126.05; R2 ¼ 0.9989), glenosphere distal offset and ROM
(y ¼ 4.0446x þ 65.688; R2 ¼ 0.9744), glenosphere diam-
eter and jump distance (y ¼ 0.2333x e 0.0273; R2 ¼
0.9999), and humeral liner constraint and jump distance
(y ¼ 46.861x e 4.523; R2 ¼ 0.9999). Modifying the
humeral neck angle did not show a linear correlation with
jump distance or ROM; however, it did shift the points of
impingement. To clarify, decreasing the humeral neck angle
by 5� results in a 5� decrease in the inferior and superior
impingement points.

Comparing the combined effect of each design param-
eter demonstrated that the largest improvements in ROM
(from 58.75� to 108.5�) were achieved by distally offsetting
the glenosphere from 0 to 6 mm and increasing glenosphere
thickness from 18 to 24 mm, assuming a Grammont reverse
shoulder design with a 36-mm glenosphere, 155� humeral
neck angle, and a 0.275 humeral liner constraint. The next
largest improvements in ROM (from 51.75� to 95.25�) were
achieved by increasing glenosphere thickness from 18 to 24
mm while decreasing the humeral liner constraint from
0.300 to 0.250, assuming a Grammont reverse shoulder
design with a 36-mm glenosphere, 155� humeral neck
angle, and a 0-mm distal glenosphere offset. The next
largest improvements in ROM (from 58.75� to 91.75�) were
achieved by distally offsetting the glenosphere from 0 to
6 mm while decreasing the humeral liner constraint from

0.300 to 0.250, assuming a Grammont reverse shoulder
design with a 36- � 19-mm glenosphere and 155� humeral
neck angle. Because independently varying the humeral
neck angle had a negligible effect on ROM, the combined
contribution of humeral neck angle on glenosphere thick-
ness, glenosphere distal offset, and humeral liner constraint
on ROM was also negligible.

The geometric computer analysis demonstrated that the
proposed 38-, 42-, and 46-mm reverse shoulder designs
impinged inferiorly and superiorly on the glenoid at 7.25�/
87.5� (Figure 5), 1�/87.5� (Figure 6), and 0�/89.25� (Figure 7)
of humeral abduction, having an average jump distance of
11.7, 13.5, and 14.1 mm over that range, respectively.
Comparing the proposed 38-, 42-, and 46-mm designs with
the Grammont demonstrated 24.9%, 34.6%, and 38.9%
increases in ROM and 16.2%, 34.7%, and 36.3% increases in
average jump distance over that range, respectively
(Figure 8). The sawbone analysis demonstrated that the
proposed 38-, 42-, and 46-mm designs impinged inferiorly
and superiorly on the glenoid at 10�/100�, 1�/98�, and 0�/
100�, respectively.When the contribution of the humerus (ie,
humeral/acromial impingement) was included, the proposed
38-, 42-, and 46-mm designs impinged inferiorly on the
glenoid while the humerus impinged superiorly on the
acromion at 10�/85�, 1�/83�, and 0�/85�, respectively.

Discussion

The results of this study demonstrate that the design
parameters of the Grammont reverse shoulder design are
directly associated with the inferior glenoid impingement
observed in this study and others (verified radiographically
and clinically).13,15,21,26 From these observations, we
conclude that the specific combinations of humeral neck
angle, glenosphere geometry, and humeral liner geometry are
interrelated but not necessarily optimized in the Grammont

Figure 4 Inferior and superior impingement as determined by
the geometric analysis for the Grammont reverse shoulder.

Figure 5 Inferior and superior impingement as determined by
the geometric analysis for the proposed 38-mm reverse shoulder
design.
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design and, thus,make it susceptible to scapular notching and
(potentially) dislocation via inferior impingement.

The results of this study further demonstrate that subtle
changes in these design parameters can have dramatic
effects on functionally relevant measurements. Selectively
applying these design parameters in the proposed reverse
shoulder designs demonstrated significant improvements in
ROM (39%) and jump distance (36%) compared with the
Grammont design. Inferior impingement can be minimized
by decreasing humeral neck angle, decreasing humeral
liner constraint, increasing glenosphere thickness, distally
offsetting the glenosphere, or by any combination of the
four. ROM can be increased by decreasing the humeral
liner constraint, increasing the glenosphere thickness,
distally offsetting the glenosphere, or by any combination
of the three. Finally, jump distance can be increased by
increasing the humeral constraint, increasing the gleno-
sphere diameter, or by a combination of the two.

Applying the elucidated linear correlations for gleno-
sphere thickness and humeral liner constraint derived from
the Grammont design can predict increases in ROM of
14.3�, 27.4�, and 40.7� for the proposed 38-, 42-, and 46-
mm reverse shoulder designs. These predicted values
slightly overestimate the ROM improvements calculated by
the geometric analysis (15.75�, 22.25�, and 25�, respec-
tively) and slightly underestimate the ROM improvements
calculated by the sawbone validation (25.75�, 32.75�,
35.75�, respectively). The primary difference between the
predicted and actual values was due to the different points
of superior impingement between the Grammont design
and the proposed designs. The linear correlations were
derived from the Grammont design, which has a flat-back
glenoid baseplate. The proposed designs have a curved-
back glenoid baseplate, the preparation of which removes
less bone. When the glenosphere distal offset linear corre-
lations are included, predicted improvements in ROM are
overestimated for each design. This overestimation is

primarily due to the measurement of ROM not recognizing
values of less than 0� of abduction.

Limitations of this study are primarily related to scope
and methodology. Regarding scope, the purpose of this
study was to quantify the relationships between specific
design parameters and measurements with functional
applicationdno effort was made to identify a clinically
successful range of these functional measurements. Future
work should be conducted to:

1. identify the ideal position of the humerus that elimi-
nates scapular notching, maximizes deltoid elongation
without overstressing the acromion, and preserves the
angular relationship of the deltoid and humerus (ie, the
ideal ‘‘wrapping angle’’)13 to improve stability;

2. identify the maximum torque that the glenoid can
sustain in the long term without compromising fixation
or stability; and

3. identify the minimum amount of jump distance
required to resist dislocation.

The focus of this study was the 36-mm Grammont
design. The 42-mm Grammont design was not included
because it is used clinically in less than 10% of cases6,28,34

and because the specific humeral liner constraint was not
known. However, if it is assumed that the liner constraint for
the 42- � 22- mm design is the same as the 36- � 19-mm
design, then the geometric analysis predicts identical
impingement points and therefore ROM.

Regarding methodology, this geometric analysis was
conducted in 2D and in 1 plane of motion; therefore, the
results do not reflect the effect of anterior or posterior
impingement that can occur during internal and external
rotation. Future work should elucidate these relationships in
3D during different types of motion. In addition, the
measurements of impingement obtained from the geometric
analysis do not consider the effect of surrounding anatomic
structures (ie, the acromion),15,21 soft tissue constraint,
active motion, or the presence of osteophytes.28

Figure 6 Inferior and superior impingement as determined by
the geometric analysis for the proposed 42-mm reverse shoulder
design.

Figure 7 Inferior and superior impingement as determined by
the geometric analysis for the proposed 46-mm reverse shoulder
design.
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Furthermore, care should be taken in extrapolating these
analytical ROM results to gross clinical motion because the
clinical measurements include scapular motion. A
comparison of the results from the sawbone validation
demonstrates that acromial impingement does occur. Future
work should evaluate the long-term effect of this
impingement and also consider the role of anatomic vari-
ability on its occurrence; specifically, evaluating the role of
variable greater tuberosity size, acromial geometry,
humeral head diameter, and canal size on acromial
impingement for varying amounts of humeral lateralization.

Despite these limitations, the results of our study are in
general agreement with and are therefore validated by the
results of Nyffeler et al21 and Gutiérrez et al.15 In a cadav-
eric study, Nyffeler et al quantified the points of impinge-
ment associated with different glenosphere implantation
techniques during humeral abduction/adduction. When the
36-mm glenosphere was implanted as recommended by the
manufacturer (ie, 0-mm distal offset), when the glenosphere
was implanted flush with the inferior glenoid rim (ie, 2-mm
distal offset), and when the glenoid baseplate was flush with
the inferior glenoid rim (ie, 4-mm distal offset), Nyffeler et
al observed inferior/superior impingement occurred on
average at 25�/67�, 14�/68�, and 1�/81� of humeral abduc-
tion in the scapular plane, respectively. These ranges of
inferior impingement generally agree with those calculated
by our geometric analysis. Nyffeler et al observed lower
values of superior impingement than those calculated by
our analysis due to humeral impingement on the acromion.

In addition, the reductions in inferior impingement
associated with each implantation technique are very
similar: Nyffeler et al21 observed an 11� and 24� average
improvement in inferior impingement by distally shifting
the glenosphere by 2 and 4 mm, respectively. Our analysis
calculated a 10.75� and 18.75� improvement in inferior
impingement for each condition, respectively.

The overall ROMfor the 4-mmdistally shifted glenosphere
was nearly identical: Nyffeler et al21 observed an average
ROM of 80� and our analysis calculated 83�. Furthermore, we
agree with the recommendations/conclusions by Nyffeler et
al: ‘‘placing the glenosphere 2 mm to 4 mm more distally
significantly improves abduction and adduction angles and
may reduce the risk of inferior glenoid notching.’’ These
recommendations are strengthened by Simovitch et al,28 who
demonstrated that scapular notching was less prevalent clini-
cally when the pegeglenoid rim distance was smaller (indic-
ative of glenosphere overhang). Simovitch et al observed in 77
shoulders that the mean pegeglenoid rim distance was 20.1
mm for shoulders without inferior notching and 24.7 mm for
shoulders with inferior notching.

Gutiérrez et al15 conducted a sawbones ROM analysis
comparing the DJO reverse shoulder designs (DJO
Surgical, Austin, TX) with the Grammont during simulated
humeral abduction/adduction in the scapular plane. When
the 36-mm Grammont glenosphere was implanted as rec-
ommended by the manufacturer (ie, 0-mm distal offset),
Gutiérrez et al observed inferior/superior impingement on
average at 32.3�/86.7�. This point of inferior impingement
is nearly identical with the 30.75� calculated by our anal-
ysis. Similar to the Nyffeler et al21 study, Gutiérrez et al
observed slightly lower values of superior impingement due
to humeral impingement on the acromion. Similarities in
these reported Grammont inferior impingement values with
those of our study suggest the role of the humeral osteot-
omy is negligible on inferior impingement but may be
important in superior impingement via contact of the
tuberosities on the acromion.

Comparing the DJO reverse shoulder designs, Gutiérrez
et al15 identified a linear relationship between lateralizing
the center of rotation (COR) and ROM (ROM ¼ 3.26(COR)
þ 61.8; R2 ¼ 0.962). Our geometric analysis also demon-
strates a linear correlation between COR (ie, increasing the

Figure 8 Comparison of range of motion and jump distance associated with the Grammont and the proposed reverse shoulder prostheses.
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glenosphere thickness relative to diameter) and ROM. By
converting glenosphere thickness to COR, we predict
a linear correlation of ROM ¼ 5.3929(COR) þ 59; R2 ¼
0.999. Although this linear correlation is similar, Gutiérrez
et al predicted a slightly greater y intercept due to a variation
in implantation methodology: Gutiérrez et al ‘‘removed the
inferior edge of the glenoid’’ when implanting the DJO
prostheses. Removing this bone effectively prenotches the
glenoid and results in a more medial inferior impingement
point, thereby increasing the overall ROM. Gutiérrez et al
predicted a smaller slope due to a variation in measurement
of superior impingement. They explained that several of the
more laterally offset components impinged first on the
acromion rather than the superior glenoid, thus truncating
the overall ROM for the more laterally offset components.

We agree with mechanisms identified by Gutiérrez et al
concerning inferior impingement: ‘‘if the center of rotation
was further away from the scapula the proximal humerus
and humeral socket had more clearance before impinge-
ment..’’15 However, we temper their recommendations
concerning more laterally offset designs because future
work is needed to demonstrate that long-term glenoid
fixation can be achieved at these elevated torques.

Conclusions

Linear relationships between several design parameters
as well as functional measurements related to impinge-
ment and dislocation have been quantified. Applying
these relationships in concert can provide substantial
improvements in ROM and jump distance without
removing the inferior glenoid or lateralizing the center
of rotation, or both. Future reverse shoulder designs
should make an effort to maximize ROM and stability
while conserving bone stock and minimizing impinge-
ment and torque on the glenoid.
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Outcomes of reverse total shoulder arthroplasty
in a senior athletic population

Ryan W. Simovitch, MDa,*, Berenice K. Gerard, MSa, Jordon A. Brees, PA-Ca,
Robert Fullick, MDb, Justin C. Kearse, MDa

aPalm Beach Orthopaedic Institute, Palm Beach Gardens, FL, USA
bDivision of Orthopedic Surgery, Ironman Sports Medicine Institute, The University of Texas, Health Science
Center at Houston, Houston, TX, USA

Background: This study evaluated the clinical and radiographic outcomes of reverse total shoulder arthro-
plasty (RTSA) in a senior athletic population playing both low- and high-impact sports.
Materials and methods: We evaluated 41 RTSAs performed in 40 patients who continued to play both
low- and high-impact sports after surgery. The mean age was 73 years, and the mean follow-up period
was 43 months, with a minimum of 35 months. Clinical and radiographic outcomes were examined.
Results: Ninety-five percent of patients indicated that they were able to return to sports at the same level
as before surgery or at a higher level, and only 13% reported increased pain after playing their sport after
undergoing an RTSA. The median American Shoulder and Elbow Surgeons score improved from 31 pre-
operatively to 72 postoperatively (P < .001). The median Constant score improved from 25 preoperatively
to 83 postoperatively (P < .001). The median Subjective Shoulder Value improved from 27% preopera-
tively to 90% postoperatively (P < .001), and the median visual analog scale score improved from 7.2 pre-
operatively to 1.1 postoperatively (P < .001). The overall complication rate was 7%. One zone of lucency
was noted in 17% of humeral stems, with 1 case of early subsidence but no cases with loosening at final
follow-up. The glenoid notching rate was 7%, with no cases of glenoid subsidence, lucency, or loosening.
Conclusion: RTSA in senior athletes can be safely performed with good clinical results. No prominent
mode of mechanical or clinical failure has been identified with short-term follow-up.
Level of evidence: Level IV, Case Series, Treatment Study.
� 2015 Journal of Shoulder and Elbow Surgery Board of Trustees.

Keywords: Reverse shoulder arthroplasty; athlete; senior; sports; complications

Reverse total shoulder arthroplasty (RTSA) was intro-
duced by Paul Grammont in the 1980s and gained popularity
in the treatment of cuff tear arthropathy. Since then, the

indications for RTSA have been expanded to include the
treatment of massive irreparable rotator cuff tears, rotator
cuff tears with pseudoparalysis, inflammatory and nonin-
flammatory arthritis, osteoarthritis in the octogenarian with
an at-risk rotator cuff, fractures, and tumors.3,8,9,11,18-21

Historically, RTSA has been seen as a salvage operation,
used to gain pain relief and restoration of overhead function
in low-demand older (aged>70 years) patients. However, as
the indications forRTSAhave been expanded, so too have the
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demographic characteristics of patients in whom RTSA
prostheses are considered. Surgeons continue to implant
RTSA prostheses in younger patients and patients with
higher activity levels.7,12,16,17 There is a lack of consensus on
the appropriate activity level and return to sports after RTSA.
We are not aware of any study in the peer-reviewed literature
that specifically evaluates the clinical and radiographic out-
comes of RTSA in a senior athletic population that places
increased stress and demand on the prosthetic shoulder.

We hypothesized that senior athletic higher-demand
patients would have improvements in function and pain
relief similar to historically low-demand patients reported
in the literature without any increase in radiographic loos-
ening or mechanical complications. The purpose of this
study is to report the short-term and midterm clinical and
radiographic outcomes of RTSA in a senior athletic high-
demand population.

Materials and methods

We reviewed the records of 255 RTSA cases performed in 245
patients between 2007 and 2012. All operations were per-
formed by a single high-volume, fellowship-trained shoulder
surgeon (R.W.S.). We identified 67 patients (70 RTSA cases)
who indicated that they played a high- or low-impact
sport10,14 or engaged in strenuous athletic activity before
undergoing RTSA. Forty-three of these patients (44 RTSA
cases) indicated a return to sports and hence high-demand use
of their prosthetic shoulder after RTSA. Three patients were
lost to follow-up before their 2-year evaluation. This yielded a
study group of 41 RTSA prostheses in 40 patients. Thus, the
inclusion criteria included patients who underwent an RTSA,
a return to sports after surgery, and greater than 2 years’
follow-up.

In all cases, the RTSA was performed through the delto-
pectoral interval. Each case was performed with an RTSA
prosthesis characterized by a medialized center of rotation; a
laterally offset humerus; a proximal grit-blast humeral stem;
and a concave-backside, oblong glenoid baseplate secured by a
grit-blast bone cage with between 3 and 6 compression,
variable-angle, locking screws (Equinoxe; Exactech, Gaines-
ville, FL, USA). The subscapularis was uniformly not repaired.
Various glenosphere and humeral tray sizes were used to
maximize stability and intraoperative range of motion (ROM).
The components used included 1 extended-cage baseplate, 2
superiorly augmented baseplates, 3 posteriorly augmented
baseplates, 35 standard baseplates, two 46-mm glenospheres,
fifteen 42-mm glenospheres, twenty-two 38-mm glenospheres,
and two 38-mm expanded (þ4 mm lateral offset) glenospheres.
All of the 41 polyethylene trays but 1 were nonconstrained.
Stems were either press fit or cemented with Cemex antibiotic-
impregnated cement (Tecres SPA, Verona, Italy) depending on
radiographic and intraoperative considerations. Twenty-four
stems were cemented, and 17 were press fit. Each stem was
placed at between 20� and 25� of retroversion. Postoperative
immobilization in an abduction sling, along with passive ROM
and isometric exercises, was prescribed for 4 weeks. Patients
progressed through active ROM and strengthening at 6 weeks

and 12 weeks, respectively. A return to sports was permitted at
4 months postoperatively.

Variables recorded for each patient included age, sex, hand
dominance, time of follow-up, shoulder diagnosis, whether the sur-
gical procedurewas a primaryor revision operation, previous surgical
procedures, procedures performed concomitantlywith RTSA, size of
the stem and glenosphere used, type of glenoid baseplate used, height
and constraint of the polyethylene used, and whether the humeral
stem was cemented or press fit. All patients underwent both clinical
and radiographic evaluation. Evaluation took place preoperatively
and then 2 weeks, 6 weeks, 3 months, 6 months, and 1 year after
surgery, as well as every subsequent year thereafter. In the event that
any particular follow-up appointment was missed, evaluation was
resumed at the next appropriate time point.

Clinical evaluation included the recording of each patient’s
Subjective Shoulder Value and visual analog scale score. The
recorded ROM included active flexion, active abduction, active
external rotation with the shoulder adducted, and active internal
rotation with the shoulder adducted. Internal rotation was assigned
a numeric value beginning with 0 for reaching the anterior supe-
rior iliac spine, 1 for reaching the posterior iliac spine, and so on,
with T10 assigned the value of 9. This helped with statistical
analysis. Strength was recorded in abduction using a digital
dynamometer (Chatillon, Largo, FL, USA). In addition, American
Shoulder and Elbow Surgeons (ASES) and Constant scores were
recorded at each visit.5 Sports activity was recorded including
frequency; level of sport compared with preoperative abilities
(better, same, or worse); time at which the patient reported being
able to return to sports after surgery; and whether the patient had
increased pain after playing a sport. Complication type, frequency,
and treatment were also recorded.

Radiographic evaluation was performed at each visit and
included anteroposterior, axillary lateral, and scapular-Y radio-
graphic views. The radiographs were assessed for humeral stem
lucencies according to the classification of Gruen adapted to the
humerus15; subsidence; and loosening, whichwas determined if 3 or
more zones of greater than 2 mm of lucency were identified. In
addition, radiographs were assessed for signs of inferior scapular
notching using the Nerot classification,19 glenoid lucency, glenoid
subsidence, and osteophyte formation along the scapular neck and
glenoid rim. Radiographs were also evaluated for heterotopic ossi-
fication, stress shielding of the humerus, and tuberosity resorption.

Statistical evaluation was performed using Wizard (version
1.5.2; Boston, MA, USA). Preoperative and postoperative values
were compared using a paired t test.

Results

Of the 67 patients who played a sport before undergoing
RTSA, 40 (60%) reported a return to sports after surgery.
These 40 patients (41 RTSA prostheses) are the focus of the
reported results. The mean age of these patients was 73 �
7.2 years (range, 61-88 years). There were 25 women and 15
men. Of the RTSAs, 30 were performed on the dominant
shoulder and 11 on the nondominant side. One patient un-
derwent staged bilateral RTSA procedures. The frequency of
diagnosis is reported in Table I. The mean follow-up period
was 43� 12months (range, 35-63 months). The frequency of
sports played after surgery is listed in Table II.
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Among the 40 patients who returned to sport, the mean
reported frequency of participation was 2.7 � 1.2 (range, 2-
7) times per week. Of these patients, 12 (30%) indicated
they were able to perform their sporting activities at a
higher level, 2 (5%) indicated they were worse, and 26
(65%) reported no change in ability compared with before
undergoing RTSA. Regarding pain, 35 patients (87%) re-
ported no increase in pain in the operative shoulder after
sports participation whereas 5 patients (13%) reported
increased pain. Thirty patients (73%) reported playing more
than 1 sport.

Eleven patients had undergone previous surgical pro-
cedures and hence were revision cases. Eight had under-
gone a single prior rotator cuff repair, of which 5 were
arthroscopic and 3 were open. Two patients had undergone
a previous anatomic shoulder replacement, whereas one
patient had undergone shoulder resurfacing and 2 rotator
cuff repairs previously. In 2 patients, a concomitant pro-
cedure was performed at the time of RTSA, comprising 1
latissimus dorsi tendon transfer for a Hornblower’s sign and
1 case of glenoid bone grafting for a contained glenoid
defect during revision for an anatomic total shoulder
arthroplasty (TSA).

Preoperative and postoperative values for clinical out-
comes were compared. These clinical results are summa-
rized in Table III.

At final follow-up, 7 of the 41 stems (17%) showed lu-
cencies. In those stems with lucencies, the lucency was
confined to only 1 zone. There was 1 case of stem subsi-
dence (4 mm) of a press-fit stem, but this was stable at
14 months. There were no cases of stem loosening at final
follow-up. Moreover, there were no cases of stress shielding
of the humerus. One shoulder showed tuberosity resorption,
although this was a fracture stem used for a 4-part fracture
and the tuberosity was repaired during the index surgical
procedure. At final follow-up, there were 3 notches (7%).
Two were grade 1, and one was grade 2. There were no
cases of glenoid lucency, loosening, or subsidence. Three
shoulders (7%) showed an inferior glenoid traction spur, and
6 shoulders (15%) showed heterotopic ossification.

There were complications in 3 of the 42 RTSAs per-
formed (7%) and 2 reoperations (5%). One type II acro-
mion stress fracture6 noted 6 months postoperatively was
treated nonoperatively with sling immobilization. One
postoperative infection with incidental intraoperative cul-
tures noted to be positive for Propionibacterium acnes was
treated with early irrigation and debridement, along with
polyethylene exchange and retention of humeral and gle-
noid components. This occurred in 1 of the 2 cases that
underwent revision of an anatomic total shoulder to an
RTSA prosthesis. One postoperative dislocation occurred 5
days after surgery during toileting activities. This case was
treated by revision with an open reduction and exchange of
the polyethylene to a constrained component.

Discussion

Historically, RTSA has been performed in a low-demand
older patient population with good results. Recently, how-
ever, there has been interest in examining subsets of

Table I Frequency of diagnosis

Diagnosis Data

OA/RCT 15 (36%)
Massive irreparable RCT 12 (28%)
Cuff tear arthropathy 5 (12%)
OA/age >80 y (at-risk cuff) 3 (7%)
Failed TSA 2 (5%)
Acute fracture 2 (5%)
Fracture malunion 2 (5%)
OA/type C glenoid 1 (2%)

OA, osteoarthritis; RCT, rotator cuff tear; TSA, total shoulder

arthroplasty.

Table II Frequency of sport played

Sport played %

Golf 75
Swimming 29
Water aerobics 24
Deep sea fishing 21
Skeet shooting, hunting, firearm sports 21
Weight lifting 18
Softball 11
Tennis 11
Table tennis 7
Scuba diving 7
Racquetball 5
Surfing 2
Water skiing 2

Seventy-three percent of patients played more than 1 sport.

Table III Clinical results

Outcome measured Preoperative Postoperative P value

Subjective
Shoulder Value, %

27 � 4.3 90 � 4 <.001

Visual analog
scale score

7.2 � 0.5 1.1 � 0.5 <.001

Constant score 25 � 1.9 84 � 1.7 <.001
ASES score 31 � 1.9 72 � 4.5 <.001
Flexion, � 78 � 16 152 � 12 <.001
Abduction, � 67 � 14.6 148 � 11.6 <.001
External rotation, � 26 � 5.2 44 � 5.7 <.001
Internal rotation PSIS L4 <.001
Strength, lb 3.1 � 1.6 7.4 � 2.8 .008

ASES, American Shoulder and Elbow Surgeons; PSIS, posterior superior

iliac spine.

Data are presented as mean � standard deviation.
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patients to identify whether results differ between groups.
This has been demonstrated in a series of studies recently
examining the results of RTSA in a younger popula-
tion.7,16,17 Only one study to date has examined the out-
comes of RTSA in senior athletes: Labriola and Edwards12

reported on 4 senior athletes with over 2 years of follow-up,
3 of whom returned to their preinjury sports and half of
whom faced limitations not present previously. In our study
of 67 patients who played sports before undergoing RTSA,
40 were able to return to athletics. Unlike in the small series
reported by Labriola and Edwards, only 2 of the 40 patients
in our study reported a decline and faced limitations in their
ability to play sports after surgery, with 95% of senior
athletes returning to the same level or at a better level. This
group of senior athletes enjoyed very good clinical out-
comes on par with previous studies of low-demand in-
dividuals and likely heterogeneous populations.3,7,8,16-21

We believe that the postoperative mean Constant score in
this study exceeds that reported in other series because of
the homogeneous athletic population that was studied. In
our experience, these athletic individuals are very func-
tional and motivated patients who require very good ROM
to return to sports and self-report higher subjective clinical
values. They generally appear to have better muscle con-
ditioning than low-demand patients.

As the population ages and sports-inclined seniors un-
dergo RTSA, surgeons will increasingly have to counsel
patients regarding the risk of returning to sports. In the
current literature, there is no consensus on what sports are
safe to return to after RTSA. Magnussen et al14 reported on
an international survey of members of ASES and the Eu-
ropean Society for Surgery of the Shoulder and Elbow
(SECEC) regarding return to sports after RTSA. There was
no clear unanimity on return to sports in general, although
most surgeons allowed a return to sports with light upper
extremity involvement. The recommended timing of return
to sports postoperatively also was variable. Golant et al10

surveyed 310 members of ASES on their allowance of
anatomic TSA and RTSA patients to return to sports after
surgery. They stratified sports level into low-impact, high-
impact, contact, and non–upper extremity sports. Fifty-nine
percent and twenty percent of surgeons allowed their
anatomic TSA patients to return to low-impact and high-
impact sports without limitations, respectively, whereas
26% and 4% of surgeons allowed their RTSA patients to
return to low-impact and high-impact sports without limi-
tations, respectively. It has also been documented that
RTSA patients self-report an activity level on par with that
of anatomic TSA and hemiarthroplasty patients.13 It is
therefore plausible that without a consensus on the types of
sports and the activity level allowed after RTSA, this void
is being filled by patient self-direction toward a higher
activity level and participation in sports with which sur-
geons might feel uncomfortable.

Concern regarding activity level exists because of the
biomechanics of the RTSA prosthesis. The RTSA

prosthesis is biomechanically different than an anatomic
TSA or hemiarthroplasty prosthesis. It is a semiconstrained
joint that experiences unique forces at the prosthetic joint
and prosthesis-bone interface. In particular, concerns exist
regarding long-term fixation, accelerated polyethylene
wear, late instability, and deltoid fatigue or failure, espe-
cially in high-demand and athletically inclined patients.
Several studies have examined in vivo glenohumeral joint
loads using instrumented prostheses. However, these have
only been performed for hemiarthroplasty patients, and
testing has only been conducted regarding activities of
daily living.1,2,22 Although similar investigations into the
joint forces encountered by an RTSA prosthesis during
sports would be enlightening, stringent regulations make
this testing very difficult to perform. Therefore, clinical
and radiographic studies remain the most practical way to
evaluate standard guidelines and practice
recommendations.

In our study, 17% of the humeral stems showed lucency.
However, none of the stems developed loosening. There
were no cases of glenoid lucency or loosening, and the
notching rate was only 7%. We assume that osseous inte-
gration of the glenoid baseplate occurred because, with a
minimum of 2 years’ follow-up, no evidence of glenoid
baseplate loosening or failure was found. Despite compli-
cations occurring in 7% of cases, there were no unusual
modes of failure. This complication rate does not exceed
that reported in the literature for other series.4

There are several limitations to our study. First, our
length of follow-up was, on average, 43 months, with a
minimum of 35 months. Favard et al8 have shown a decline
in Constant scores and radiographic outcomes over the
course of 10 years, so our outcomes may deteriorate with
further follow-up. Second, the sports represented are
heavily weighted toward golf and swimming, with fewer
patients playing tennis and participating in high-impact
sports. Thus, it is difficult to conclude that there will not
be an alternate mode of failure or timeline of failure with
more experience evaluating high-impact sports compared
with low-impact sports. A larger sample size will be
necessary to evaluate each sport for relative risk. Finally,
we did not attempt to quantify patients’ skill level regarding
sports participation, and this may affect clinical and
radiographic outcomes.

Despite no clear consensus in the literature regarding the
acceptable activity level after RTSA, we believe it is rela-
tively safe for a senior athlete to return to non-contact, low-
and high-impact sports based on short-term and midterm
follow-up. In this period, no radiographic or clinicalmodes of
failure were identified. However, it is too soon to develop
guidelines and standards of practice because this will require
far larger series with stratification according to specific sport
type, level, and frequency. In addition, biomechanical testing
of the RTSA prostheses with simulated sports-specific forces
should be performed to understand potential short- and long-
term modes of failure.
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Conclusion

RTSA in senior athletes results in significant clinical
improvement without evidence of radiographic decline
or failure with short-term follow-up. Although there
are increased forces generated on the shoulder with
low- and high-demand sports, there is no identifiable
unique mode of failure to date. However, long-term
studies with stratification of specific sports must be
completed to identify relative risks of sports and ac-
tivities to provide appropriate guidelines to patients
after surgery.
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The incidence of radiographic aseptic loosening
of the humeral component in reverse total
shoulder arthroplasty
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Background: The reverse total shoulder arthroplasty (RTSA) has been used in the treatment of complex
shoulder problems. The incidence of aseptic loosening of the humeral component has not been previously
reported.
Methods: This is a multicenter, retrospective, blinded, case-control radiographic review of 292 patients to
determine the rate of humeral stem loosening. There were 177 cemented and 115 press-fit humeral com-
ponents. Radiographs were critiqued for radiolucent lines adjacent to the humeral stem based on the
method described by Gruen et al.
Results: The overall rate of loosening was 0.74%. No radiographic loosening occurred in the press-fit
group (115 stems). In the cemented group (177 stems), 2 shoulders (1.18%) were identified with radio-
graphically loose stems. No loosening occurred in the press-fit group. No statistically significant difference
was found in humeral stem loosening when the press-fit group and the cemented group were compared
(P ¼ .198).
Discussion: Our study indicates the cemented or press-fit RTSA system will result in a low incidence of
radiolucent lines and radiographic loosening. Compared with historical survivorship of conventional
anatomic total shoulder arthroplasty, RTSA shows a lower rate of radiographic stem loosening at a
mean of 38.46 months.
Conclusions: The RTSA has a low incidence of humeral stem loosening at midterm. These results under-
score the importance of careful selection of patients to provide the benefits of this surgical technique.
Press-fit fixation may provide a lower risk to stem loosening.
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Reverse total shoulder arthroplasty (RTSA) is a viable
option for patients who have substantial shoulder pain and
dysfunction that cannot be reliably treated with anatomic
total shoulder arthroplasty (ATSA). Reports suggest ATSA
may provide reliable pain relief, with long-term survivor-
ship of 84% to 96% at 3.3 to 12.2 years.10 However, as with
all joint replacements, complications, including aseptic
loosening, instability, infection, and mechanical failure,
present therapeutic challenges in long-term management of
patients. Although research regarding RTSA complications
has centered on the loosening of the glenoid component as
a latent problem,3,10 there are limited studies to date that
have focused on humeral loosening as a mode of failure in
RTSA.13 In comparison with ATSA, investigators have
reported varying degrees of success with cemented, press-
fit, and ingrowth humeral stem designs.12

Studies have revealed a 5-fold increase in volumetric
wear between ATSA and RTSA; however, there is not a
5-fold increase in clinical failure. The main cause of failure
in the cemented ATSA prosthesis is loosening of the gle-
noid component, which may occur for several reasons.1,6

The inflammatory reaction to wear debris may not be the
most important factor compared with malalignment of the
ATSA components.8 Among RTSA, the glenoid component
has a relatively low rate of loosening.5 The effect of wear
debris in the RTSA may instead be associated with a higher
rate of loosening of the humeral stem.3

Since approval by the United States Food and Drug
Administration in 2004, RTSA prostheses are increasingly
used for glenohumeral arthropathy associated with a defi-
ciency of the rotator cuff.1,15 The medialized and semi-
constrained construct restores stability and movement when
the muscles of the rotator cuff are deficient. The gleno-
humeral force is estimated to be reduced by half in a RTSA
compared with ATSA.12,14 Also, the articular surfaces of a
reversed prosthesis are more congruent and inferior than
those of the anatomic model, and the contact pressure
should be significantly lower.11 However, polyethylene
wear in RTSA is not trivial,13 and the volume of wear
particles is greater at lower contact pressures for larger
contact surfaces and with larger sliding distances.2,14 Until
recently, problems with wear have mainly been related to
scapular notching, but abrasive wear of the humeral
component may also be an issue.7,15

The surgical technique for RTSA requires a method of
secure fixation of the humeral component in the proximal
portion of the humerus. Secure fixation of the humeral

component is achieved through the insertion of the
component into the reamed and broached medullary canal
with cement fixation or without cement fixation using a
component with the capacity for osseous ingrowth.11 Each
method may be successful; however, whether one approach
is superior to the other in terms of future development of
loosening remains to be seen.

Materials and methods

This is a multicenter, retrospective, blinded, case-control radio-
graphic study of aseptic humeral stem loosening in RTSA. This
retrospective study was conducted to review radiographs of 292
individuals who underwent primary RTSA for rotator cuff tear
arthropathy using the Equinoxe prosthesis (Exactech Inc, Gain-
esville, FL, USA) between June 2009 and June 2014. The oper-
ations were performed by 9 surgeons as part of a multicenter data
collection program. There were 177 cemented humeral compo-
nents and 115 press-fit humeral components.

Experienced fellowship-trained orthopedic physicians
reviewed the radiographs and were blinded to all patient identi-
fiers. An objectivity protocol of postoperative, 6 month, 1 year,
2 year, and 3 year follow-up radiographs was implemented to
identify and assess radiolucent lines adjacent to the humeral stem.
The appearance of radiolucent lines was classified by location in a
manner equivalent to the method described previously by Gruen
et al6 for total hip arthroplasty (Fig. 1).11 Bone adjacent to the
stem was divided into 8 zones. Zones 1, 2, and 3 represent the
lateral aspect of the stem at the proximal, middle and distal thirds
respectively. Zone 4 is the area around the distal stem tip. Zones 5,
6, 7, and 8 represent the medial portion of the stem from the distal,
middle, proximal thirds, and base, respectively. The lines were
also classified according to their width as <1.00 mm, 1.0 to
1.50 mm, 1.51 to 2.0 mm or >2.01 mm. A humeral stem was
found to be radiographically at risk for essential clinical loosening
if a radiolucent line �2 mm was present in �3 zones. If an
evaluator identified a shift in stem position between the post-
operative and the most recent follow-up radiograph, it was also
classified as essential clinical loosening. All patients had a mini-
mum of 2 years radiographic follow-up (range, 24-48 months).

Statistical methods

The Wilcoxon rank sum test was used for comparisons of
continuous data between press-fit and cemented groups. Differ-
ences between means were analyzed with 2-sided t tests. Cate-
goric data were compared with the Pearson c2 test or the Fisher
exact test. Ordinal ranking scores were compared with the Mantel-
Haenszel test.
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Results

The radiographic evaluation did not identify radiolucent
lines around any of the humeral stems during the early
postoperative period. At the end of the study, with an
average postoperative time of 39.76 months, no implants in
either group had shifted position.

The overall rate of loosening in the cemented and
press-fit groups was 0.74% (Table I). In the press-fit
group (115 stems) at conclusion of the study (range,
24.64-40.6 months), there was no evidence of humeral
radiographic loosening. At least 1 radiolucency line

of <1.00 mm was identified in 30 patients (26.4%) at
24 months. The lucency was most commonly observed in
zone 4 at the stem’s tip (Fig. 2).

The evaluation of 177 stems in the humeral cemented
group, found 2 humeral components that were identified as
radiographically loose (incidence rate of 1.14%). One
humeral stem had radiolucent lines identified at 24 months
in all radiographic zones except zones 2 and 4 (Fig. 3),
whereas the other stem had radiolucent lines at 36 months
in all zones except zone 4. There were 27 cases in which 1
radiolucent line was <1.00 mm (14%) during the post-
operative follow-up evaluations. The most frequently
appreciated radiolucent line was in zone 4 by the stem’s tip.

There was no statistically significant difference in
humeral stem loosening when the press-fit group and the
cemented group were compared (P ¼ .198).

Discussion

Although much of the discussion surrounding potential
failure mechanisms of RTSA has concentrated on the gle-
noid component, loosening of the humeral component
is another potential problem that can develop after this
procedure. Multiple RTSA systems are offered, and with
each system the surgeon must decide whether to cement
the humeral head or use a noncemented press-fit tech-
nique.3,12,15 The current retrospective radiographic study
indicates that cemented fixation and press-fit fixation will
both result in a very low incidence of radiographic stem
loosening at a mean of 39.76 months postoperatively in
individuals with a minimum follow-up of 36 months. Melis
et al9 concluded that radiologic signs of stress shielding
were significantly more frequent with uncemented com-
ponents, as was resorption of the greater and lesser tuber-
osities. In the Favard et al4 series, complications occurred
in 3.4% of the reverse arthroplasties. There are certainly
advantages for using a press-fit stem technique that relate to
the ease of insertion and the potential for a less complicated
future revision if stem removal is indicated. Cemented
fixation provides the benefit of instant fixation, but then
provides a greater challenge if stem removal becomes
necessary. Our radiographic study shows that for the RTSA
system used, either cemented or press-fit application will
result in a minimal incidence of radiolucent lines and
radiographic humeral stem loosening. Therefore, the
specialist has the preference of selecting either approach
with a high level of confidence that a stem fixation will not
be an issue.

Although this retrospective study documents the results
in 292 patients with a powered number of patients in each
group, there are limitations. First, as a retrospective case
series, it does not represent a randomized protocol. Each
surgeon decided on the technique, whether cemented or
press fit, that they preferred for each patient. Second,
although some may consider the inclusion of 9 different

Figure 1 Humeral stem divided into thirds. Bone adjacent to the
stem is divided into 8 zones. Zones 1, 2, and 3 represent the lateral
aspect of the stem at the proximal, middle, and distal thirds,
respectively. Zone 4 is the area around the distal stem tip. Zones 5,
6, 7, and 8 denote the medial portion of the stem from the distal,
middle, and proximal thirds, and base, respectively.
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operating surgeons a limitation, we consider it a positive.
Nine different surgeons can be expected to provide some
individual variation in how each one approaches the fixa-
tion of the humeral component. This allows the results to
translate better to the large number of orthopedic surgeons
performing RTSA procedures. In an almost 3-year average
follow-up, the incidence of radiographic loosening was less
than 1%, which indicates that both approaches have a high
likelihood of being successful according to our evaluation
criteria.

Conclusions

The current data indicate that for RTSA using the system
described, either cement or press-fit humeral component
fixation can be expected to provide secure fixation, as
evidenced by the low incidence of radiographic humeral
stem loosening and radiolucent lines when evaluated
after an average of a 3-year follow-up.
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Early revision within 1 year after shoulder
arthroplasty: patient factors and etiology
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Background: The objective of this study is to investigate the patient factors associated with early revision
within 1 year after shoulder arthroplasty, including total shoulder arthroplasty (TSA), hemiarthroplasty, and
reverse TSA, and the cause of failure leading to early revision.
Methods: Patients who underwent shoulder arthroplasty from 2005 to 2012 were identified using Interna-
tional Classification of Diseases, Ninth Revision procedure codes. Those who underwent revision shoulder
arthroplasty were then divided into early (<1 year) and late (>1 year) groups. Patients in each of the
cohorts were queried for demographic data and etiologic factors for revision arthroplasty.
Results: A total of 221,381 patients who underwent shoulder arthroplasty were identified, including
115,956 TSAs, 75,208 hemiarthroplasties, and 30,217 reverse TSAs. The patient factors significantly asso-
ciated with early revision after shoulder arthroplasty regardless of type were age younger than 65 years,
smoking, obesity, and morbid obesity. Dislocation was the most common reason for early revision after
all types of arthroplasties. Loosening was a more common reason for early revision after TSA compared
with both hemiarthroplasty and reverse TSA.
Conclusions: Several patient factors appear to be associated with early revision after shoulder arthroplasty,
including younger age, smoking, obesity, and male sex. The cause of failure leading to early revision varies
between late and early revision cases. These findings are important to identify patients preoperatively who
may be at risk of early revision after shoulder arthroplasty to allow appropriate patient counseling and risk
stratification.
Level of evidence: Level III, Retrospective Cohort Design Using Large Database, Treatment Study.
� 2015 Journal of Shoulder and Elbow Surgery Board of Trustees.

Keywords: Total shoulder arthroplasty; shoulder hemiarthroplasty; reverse total shoulder arthroplasty;
early revision arthroplasty; complications; risk factors; etiology

Shoulder arthroplasty is a well-established surgical
treatment for the management of degenerative shoulder
conditions and the sequelae of trauma, and it has been

performed with increasing frequency over the past
decade.8,20 Numerous studies have shown long-term pain
relief and improvement in shoulder function with reason-
able implant longevity after conventional total shoulder
arthroplasty (TSA), shoulder hemiarthroplasty, and reverse
TSA for various indications.4,7,8,10,13,18,24,25,31,35,37 Despite
the versatility and reasonable success of shoulder
arthroplasty, the exponential increase in the number of
arthroplasties performed, particularly reverse TSA, and
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expanding indications for shoulder arthroplasty have also
led to an increasing need for revision shoulder arthro-
plasty.1,5,11,12,14,15,28-30,33

Outcomes after revision shoulder arthroplasty have been
shown to be inferior to those after primary shoulder arthro-
plasty.9,12,30 Previous studies have identified obesity,
younger age, and male sex as risk factors for failure of
shoulder arthroplasty requiring revision.11,14,22,28,29,33 Cau-
ses of failure requiring revision are numerous and vary by
arthroplasty type but include instability, infection, compo-
nent loosening, periprosthetic fracture, motion loss, and soft
tissue failure including rotator cuff disease.5,12,16,23,29,30,33,34

Early revision within 1 year after shoulder arthroplasty,
although uncommon, is devastating for both patient and
surgeon and likely portends poor outcomes. Previous case
series have implicated instability and infection as causes for
early revision after shoulder arthroplasty.5,26 Existing
studies examining risk and etiologic factors for revision
after shoulder arthroplasty have focused on long-term
outcomes, typically between 5 and 20 years post-
operatively.12,14,21,27,33 The objective of our study is to
investigate the patient factors associated with early revision
within 1 year after shoulder arthroplasty, including TSA,
hemiarthroplasty, and reverse TSA, and the cause of failure
leading to early revision.

Methods

A publically available, subscription database (PearlDiver Patient
Records Database [www.pearldiverinc.com]; PearlDiver Tech-
nologies, Fort Wayne, IN, USA) was used to identify patients who
underwent primary TSA, shoulder hemiarthroplasty, and reverse
TSA and revision shoulder arthroplasty. Data for this study were
derived from a Medicare database within the PearlDiver records,
which comprises data from 100% of the Medicare sample. The
Medicare database contains over 100 million unique patient
records from 2005 to 2012. The database contains procedure
volumes and demographic data for patients with International
Classification of Diseases, Ninth Revision (ICD-9) diagnoses and
procedures or Current Procedural Terminology codes. PearlDiver
Technologies granted access to the database for the purpose of
academic research and maintained the data on a password-
protected server.

Patients who underwent shoulder arthroplasty from 2005 to
2012 were identified using the following ICD-9 procedure codes:
81.80 (TSA), 81.81 (shoulder hemiarthroplasty), and 81.88
(reverse TSA). Patients who underwent subsequent revision
shoulder arthroplasty within the confines of the database (up to
8 years postoperatively) were extracted from this cohort by
searching for revision upper extremity arthroplasty (ICD-9 code
81.97) and excluding any patients who had procedural codes any
time previously for total elbow replacement (ICD-9 code 81.84) or
wrist and hand arthroplasty (ICD-9 codes 81.71-81.74). The
resulting revision shoulder arthroplasty cohorts were then divided
into early (<1 year after index shoulder arthroplasty) and late (>1
year after index shoulder arthroplasty) groups. A late revision
arthroplasty group was not created for reverse TSA because the

ICD-9 procedure code was first introduced in 2010, which did not
leave enough database years to create a useful late revision
arthroplasty group. A control group for each shoulder arthroplasty
group was created, which included patients who never underwent
revision shoulder arthroplasty during the dates covered by the
database.

Patients in each of the early revision and control cohorts were
queried for basic demographic data including sex; age (<65 years,
65-74 years, 75-84 years, >84 years); obesity (body mass index
[BMI], 30-40 kg/m2); morbid obesity (BMI >40 kg/m2); and
smoking status. The etiologic factors for revision shoulder
arthroplasty were compared between the revision cohorts using the
ICD-9 diagnosis codes associated with the revision total shoulder
procedure, including 7 categories: dislocation (ICD-9 codes 79.71,
79.81, 718.31, 831.00, 831.01, and 996.42); loosening (ICD-9
codes 996.41 and 996.43); infection (ICD-9 codes 682.3, 711.01,
711.81, 711.91, 996.66, 996.67, 996.69, and 998.59); fracture
(ICD-9 codes 793.1, 812.00, 812.21, and 996.44); stiffness (ICD-9
codes 718.51, 719.51, and 726.0); rotator cuff disease (ICD-9
codes 726.10, 727.61, 840.3, 840.4, 840.5, and 840.6); and other
(ICD-9 codes 996.4, 996.47, 996.77, and 996.78).

Odds ratios (ORs) and 95% confidence intervals were calcu-
lated for relevant comparisons between the cohorts. We performed
c2 tests to determine statistical significance of univariate analysis,
with P < .05 considered significant. All statistical analyses
were completed using SPSS software, version 22 (IBM, Armonk,
NY, USA).

Results

A total of 221,381 patients who underwent shoulder
arthroplasty were identified, including 115,956 TSAs,
75,208 hemiarthroplasties, and 30,217 reverse TSAs. The
TSA group included 2,059 patients who underwent early
revision, 2,148 patients who underwent late revision, and
111,749 controls who did not undergo revision arthroplasty.
The hemiarthroplasty group included 1,428 patients who
underwent early revision, 1,957 patients who underwent
late revision, and 71,823 controls who did not undergo
revision arthroplasty. The reverse TSA group included 586
patients who underwent early revision and 29,631 patients
who did not undergo revision arthroplasty.

Risk of early revision arthroplasty

The patient factors significantly associated with early revi-
sion after TSA were age younger than 65 years (OR, 1.9;
P< .0001), smoking (OR, 1.6; P< .0001), obesity (OR, 1.3;
P < .0001), and morbid obesity (OR, 1.4; P < .0001)
(Table I). The patient factors significantly associated with
early revision after shoulder hemiarthroplasty were age
younger than 65 years (OR, 1.7; P < .0001), age 65 to
74 years (OR, 1.2;P< .0001), smoking (OR, 1.8;P< .0001),
obesity (OR, 1.4; P < .0001), and morbid obesity (OR, 1.3;
P < .0001) (Table II). Similar patient factors were signifi-
cantly associated with early revision after reverse TSA,
including male sex (OR, 2.2; P < .0001), age younger than
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65 years (OR, 2.1;P< .0001), smoking (OR, 1.6; P< .0001),
obesity (OR, 1.4; P ¼ .003), and morbid obesity (OR, 1.8;
P < .0001) (Table III).

Etiologic factors for revision arthroplasty

A comparison of the etiologic factors for early revision
after TSA, hemiarthroplasty, and reverse TSA is presented
in Table IV, with statistical comparisons presented in
Table V. Dislocation was the most common reason for early
revision after reverse TSA. Dislocation was a more com-
mon reason for early revision arthroplasty after reverse
TSA than after conventional TSA (38.8%, P < .0001) and
hemiarthroplasty (26.2%, P < .0001). Implant loosening
was a more common reason for early revision after TSA
compared with both hemiarthroplasty and reverse TSA
(P < .0001). Periprosthetic fracture was a significantly
more common indication for early revision arthroplasty in
patients who underwent hemiarthroplasty (7.1% of cases)

compared with both conventional TSA patients (4.0%,
P < .0001) and reverse TSA patients (3.1%, P ¼ .001).
Stiffness was an infrequent indication for early revision but
was significantly less commonly an indication after reverse
TSA compared with conventional TSA (P ¼ .002) and
hemiarthroplasty (P < .0001). Rotator cuff disease was a
more common reason for early revision after conventional
TSA compared with hemiarthroplasty (P ¼ .001) and
reverse TSA (P < .0001) (Tables IV and V).

Tables VI and VII compare the etiologic factors for early
revision and late revision after conventional TSA and
hemiarthroplasty. For conventional TSA, dislocation
(P < .0001) and stiffness (P ¼ .044) were significantly
more common reasons for early revision whereas loosening
(P < .0001) was a significantly more common reason for
late revision arthroplasty (Table VI). After shoulder hemi-
arthroplasty, dislocation (P < .0001) and infection
(P ¼ .002) were significantly more common reasons for
early revision whereas loosening (P ¼ .016) and rotator cuff

Table I Comparison of early revision (<1 year) and control total shoulder arthroplasty cohorts

Variable Control Early (<1 y) revision OR (95% CI)) P value

Overall, n 111,749 2,059
Demographic data

Female 67,385 (60.3%) 1,208 (58.7%) d d
Male 44,364 (39.7%) 851 (41.3%) 1.1 (1.0-1.2) .14
Age <65 y 9,163 (8.2%) 293 (14.2%) 1.9 (1.6-2.1) < .0001
Age 65-74 y 54,181 (48.5%) 927 (45.0%) d d
Age 75-84 y 42,249 (37.8%) 726 (35.3%) d d
Age >84 y 6,156 (5.5%) 113 (5.5%) d d
Smoker 14,178 (12.7%) 398 (19.3%) 1.6 (1.5-1.8) < .0001
Obesity 18,392 (16.5%) 410 (19.9%) 1.3 (1.1-1.4) < .0001
Morbid obesity 11,210 (10.0%) 272 (13.2%) 1.4 (1.2-1.6) < .0001

CI, confidence interval; OR, odds ratio.
) ORs comparing prevalence of early revision for a given demographic or comorbidity.

Table II Comparison of early revision (<1 year) and control hemiarthroplasty cohorts

Variable Control Early (<1 y) revision OR (95% CI)) P value

Overall, n 71,823 1,428
Demographic data

Female 51,441 (71.6%) 1,013 (70.9%) d d
Male 20,382 (28.4%) 415 (29.1%) 1.0 (0.9-1.2) .591
Age <65 y 8,205 (11.4%) 256 (17.9%) 1.7 (1.5-1.9) < .0001
Age 65-74 y 26,918 (37.5%) 611 (42.8%) 1.2 (1.1-1.4) < .0001
Age 75-84 y 28,197 (39.3%) 486 (34.0%) d d
Age >84 y 8,503 (11.8%) 76 (5.3%) d d
Smoker 10,952 (15.2%) 344 (24.1%) 1.8 (1.6-2.0) < .0001
Obesity 10,303 (14.3%) 264 (18.5%) 1.4 (1.2-1.6) < .0001
Morbid obesity 7,057 (9.8%) 183 (12.8%) 1.3 (1.2-1.6) < .0001

CI, confidence interval; OR, odds ratio.
) ORs comparing prevalence of early revision for a given demographic or comorbidity.
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disease (P ¼ .018) were significantly more common reasons
for late revision arthroplasty (Table VII).

Discussion

This study demonstrates the patient factors associated with
early revision within 1 year after shoulder arthroplasty and

compares the etiologic factors for early revision among
arthroplasty types, as well as between early and late
revisions. The important findings of the study are the
association of age younger than 65 years, smoking, obesity,
and morbid obesity with early revision regardless of type of
arthroplasty. Male sex was associated with early revision
after reverse TSA but was not shown to have a significant
association with the other arthroplasty types. Dislocation

Table III Comparison of early revision (<1 year) and control reverse total shoulder arthroplasty cohorts

Variable Control Early (<1 y) revision OR (95% CI)) P value

Overall, n 29,631 586
Demographic data
Female 19,706 (66.5%) 281 (48.0%) d d
Male 9,925 (33.5%) 305 (52.0%) 2.2 (1.8-2.5) < .0001
Age <65 y 2,033 (6.9%) 80 (13.7%) 2.1 (1.7-2.7) < .0001
Age 65-74 y 11,966 (40.4%) 247 (42.2%) 1.1 (0.9-1.3) .412
Age 75-84 y 12,817 (43.3%) 224 (38.2%) d d
Age >84 y 2,815 (9.5%) 35 (6.0%) d d
Smoker 4,257 (14.4%) 126 (21.5%) 1.6 (1.3-2.0) < .0001
Obesity 4,911 (16.6%) 125 (21.3%) 1.4 (1.1-1.7) .003
Morbid obesity 3,127 (10.6%) 103 (17.6%) 1.8 (1.5-2.2) < .0001

CI, confidence interval; OR, odds ratio.
) ORs comparing prevalence of early revision for a given demographic or comorbidity.

Table IV Comparison of etiologic factors for early revision after shoulder arthroplasty

Variable Total shoulder arthroplasty Shoulder hemiarthroplasty Reverse shoulder arthroplasty

Overall patients requiring early revision, n 2,059 1,428 586
Etiologic factor for revision
Dislocation 799 (38.8%) 374 (26.2%) 331 (56.5%)
Loosening 378 (18.4%) 192 (13.4%) 60 (10.2%)
Infection 258 (12.5%) 151 (10.6%) 82 (14.0%)
Fracture 82 (4.0%) 102 (7.1%) 18 (3.1%)
Stiffness 106 (5.1%) 95 (6.7%) 12 (2.0%)
Rotator cuff disease 404 (19.6%) 215 (15.1%) 31 (5.3%)
Other 705 (34.2%) 686 (48.0%) 131 (22.4%)

Table V Statistical analysis of etiologic comparison

Variable TSA vs hemiarthroplasty TSA vs reverse shoulder
arthroplasty

Hemiarthroplasty vs reverse
shoulder arthroplasty

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Dislocation 1.8 (1.5-2.1) < .0001 0.5 (0.4-0.6) < .0001 0.3 (0.2-0.3) < .0001
Loosening 1.4 (1.2-1.7) < .0001 2.0 (1.5-2.6) < .0001 1.4 (1.0-1.9) .057
Infection 1.2 (1.0-1.5) .087 0.9 (0.7-1.2) .388 0.7 (0.5-1.0) .036
Fracture 0.5 (0.4-0.7) < .0001 1.3 (0.8-2.2) .37 2.4 (1.5-4.0) .001
Stiffness 0.7 (0.6-1.0) .072 2.6 (1.4-4.8) .002 3.4 (1.9-6.3) < .0001
Rotator cuff disease 1.4 (1.1-1.7) .001 4.4 (3.0-6.4) < .0001 3.2 (2.1-4.7) < .0001
Other 0.6 (0.5-0.6) < .0001 1.8 (1.5-2.2) < .0001 3.2 (2.6-4.0) < .0001

CI, confidence interval; OR, odds ratio; TSA, total shoulder arthroplasty.
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was the most common diagnosis associated with revision
shoulder arthroplasty, but the prevalence of the various
etiologic factors for revision shoulder arthroplasty varied
significantly among arthroplasty types and between early
and late revisions.

Risk factors for late revision after shoulder arthroplasty
have been previously investigated. Fevang et al14 investi-
gated risk factors for 5- and 10-year revision after shoulder
arthroplasty in 1,825 patients from the Norwegian Arthro-
plasty Register. They found that age younger than 70 years
was a significant risk factor for requiring revision after
shoulder hemiarthroplasty; male sex was a significant risk
factor for requiring revision after reverse TSA. Younger age
has also been associated with an increased risk of post-
operative infection, and this may have an effect on the risk
of early revision.23 Singh et al33 found that male sex and
rotator cuff disease were independent risk factors for revi-
sion after conventional TSA. Obesity has also been shown
to lead to higher rates of revision surgery after shoulder
arthroplasty.21,22,32 Most of the remaining studies of revi-
sion shoulder arthroplasty have been unable to adequately
identify risk factors because there was inadequate power
to do so. Using a large national insurance database, we
were able to review the records of over 4,000 patients
who underwent early revision after shoulder arthroplasty.

Similar to studies of late revision, we found that younger
age, obesity, and morbid obesity were significantly
associated with early revision within 1 year of the index
procedure regardless of type of shoulder arthroplasty. For
reverse TSA, we found a significant association between
male sex and early revision, similar to the findings of
Fevang et al. We also found tobacco use to be significantly
associated with early revision after shoulder arthroplasty, a
finding not reported in other studies of late revision.

The important causes or diagnoses associated with
revision after shoulder arthroplasty are varied and include
dislocation or instability, component loosening, infection,
periprosthetic fracture, stiffness, and rotator cuff failure.
Dislocation, which was the most common reason for early
revision after all types of shoulder arthroplasties in our
study, is most commonly caused by improper implant
positioning, failure of tuberosity repair after hemi-
arthroplasty, and subscapularis repair failure after conven-
tional TSA or hemiarthroplasty.17 Instability has been
previously recognized as a cause for early failure after
reverse TSA. Chalmers et al5 noted a 2.9% dislocation rate
for reverse TSA within 3 months postoperatively. In their
series, 73% of patients with early dislocation after reverse
TSA eventually required revision arthroplasty, including
insertion of a thicker polyethylene insert or conversion to a

Table VI Comparison of etiologic factors for revision after total shoulder arthroplasty

Variable Early revision (<1 y) Late revision (>1 y) OR (95% CI) P value

Overall, n 2,059 2,148
Etiologic factor for revision

Dislocation 799 (38.8%) 426 (19.8%) 3.2 (2.2-2.9) < .0001
Loosening 378 (18.4%) 678 (31.6%) 0.5 (0.4-0.6) < .0001
Infection 258 (12.5%) 236 (11.0%) 1.2 (1.0-1.4) .132
Fracture 82 (4.0%) 102 (4.7%) 0.8 (0.6-1.1) .255
Stiffness 106 (5.1%) 82 (3.8%) 1.4 (1.0-1.8) .044
Rotator cuff disease 404 (19.6%) 419 (19.5%) 1.0 (0.9-1.2) .956
Other 705 (34.2%) 855 (39.8%) 0.8 (0.7-0.9) < .0001

CI, confidence interval; OR, odds ratio.

Table VII Comparison of etiologic factors for revision after hemiarthroplasty

Variable Early revision (<1 y) Late revision (>1 y) OR (95% CI) P value

Overall, n 1,428 1,957
Reason for revision

Dislocation 374 (26.2%) 227 (11.6%) 2.7 (2.3-3.2) < .0001
Loosening 192 (13.4%) 323 (16.5%) 0.8 (0.6-1.0) .016
Infection 151 (10.6%) 145 (7.4%) 1.5 (1.2-1.9) .002
Fracture 102 (7.1%) 139 (7.1%) 1.0 (0.8-1.3) .982
Stiffness 95 (6.7%) 98 (5.0%) 1.3 (1.0-1.8) .05
Rotator cuff disease 215 (15.1%) 356 (18.2%) 0.8 (0.7-1.0) .018
Other 686 (48.0%) 1,134 (57.9%) 0.7 (0.6-0.8) < .0001

CI, confidence interval; OR, odds ratio.
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hemiarthroplasty. The cause of instability is often compo-
nent malpositioning, which typically requires revision
arthroplasty to correct and establish a stable shoulder.19,30

Although instability was the most common reason for
failure requiring early revision in our series, it was signif-
icantly more common in reverse TSA cases compared with
conventional TSA and hemiarthroplasty cases.

Periprosthetic infection after shoulder arthroplasty is a
challenging complication that occurs in approximately
0.7% of patients.3,30,36 Periprosthetic infection can occur in
the early postoperative period, potentially caused either by
intraoperative bacterial seeding of the implant or by direct
inoculation through a surgical incision that has not yet
healed.2,3 Late postoperative infection can be caused by
indolent infection or seeding due to transient bacter-
emia.2,3,23 We found that between 11% and 14% of early
revision shoulder arthroplasties were performed for peri-
prosthetic infection, with no significant difference among
arthroplasty types. Infection was a more common reason
for failure requiring early revision compared with late
revision for hemiarthroplasty; this difference was not noted
for conventional TSA.

Periprosthetic fracture was a comparatively infrequent
cause for early revision in our study, although it was found
significantly more frequently after hemiarthroplasty
compared with both conventional TSA and reverse TSA.
We found no difference in the frequency of periprosthetic
fracture as an etiologic factor for early or late revision after
conventional TSA or hemiarthroplasty. Most periprosthetic
fractures in shoulder arthroplasty patients occur intra-
operatively, and overall, the incidence ranges from 0.5%
to 3%.6

Implant loosening, typically of the glenoid component,
occurs in 0% to 12.5% of patients after shoulder arthro-
plasty and is often a cause for late revision arthroplasty
because it results from chronic, repetitive insults to even
well-positioned implants.1,16,17 Franta et al17 noted glenoid
component loosening in 85 of 136 painful conventional
TSAs, showing the prevalence of this complication over the
life of shoulder arthroplasty implants. Fox et al15 used a
regression analysis to show that glenoid component loos-
ening and instability become more prevalent as the time
from surgery increases. In our study, loosening as an etio-
logic factor for early revision was most common after
conventional TSA compared with hemiarthroplasty and
reverse TSA. Loosening was a significantly more common
reason for late revision compared with early revision for
both conventional TSA and hemiarthroplasty. For conven-
tional and reverse TSA, this likely reflects primarily
glenoid component loosening; however, the ICD-9 code for
implant loosening is not specific for the exact component,
so there is no method to differentiate between glenoid
component and humeral stem loosening.

This study has several advantages. This is the largest
study evaluating early revision after TSA. The large num-
ber of patients allowed for comparison of early and late

revision TSA and comparison of etiologic factors for each.
Lastly, by using the PearlDiver database, this study allows
tracking of patients to report long-term complication rates,
in contrast to other databases such as the Nationwide
Inpatient Sample (NIS), which only allows reporting of
in-hospital complications, and the National Surgical
Quality Improvement Program (NSQIP), which only allows
reporting of complications within 30 days postoperatively.

This study also has several limitations that require
mention. Many of the limitations of our study are inherent
to all studies using large administrative databases such as
PearlDiver. The power of the analysis is dependent on the
quality of the available data, which includes accuracy of
billing codes and miscoding or noncoding by physicians all
as potential sources of error. Furthermore, not all ICD-9
codes are specific enough to determine the extent of post-
operative complications or exhaustively characterize them.
For example, the code for implant loosening does not
specify which implant (glenoid or humeral); it only
indicates that the loosening is due to mechanical reasons.
Although we attempted to accurately represent a large
population of interest by using the PearlDiver database, we
cannot ensure that the database represents a true cross
section of the United States because only Medicare data
were included in the analysis. In addition, the data are
reported in cohorts, preventing multivariate analysis, and
thus the independent effect of BMI on postoperative com-
plications cannot be reported because factors such as age,
sex, and medical comorbidities cannot be controlled.
Finally, although numerous statistically significant associ-
ations were found, statistical significance does not neces-
sarily indicate clinical significance. Clinical significance
cannot be determined from an insurance database such as
PearlDiver because outcome measures are not included.

Conclusion

Several patient factors appear to be associated with early
revision after shoulder arthroplasty, including younger
age, smoking, obesity, and male sex. The cause of failure
leading to early revision varies between late and early
revision cases. These findings are important to identify
patients preoperatively who may be at risk of early
revision after shoulder arthroplasty to allow appropriate
patient counseling and risk stratification.

Disclaimer

The 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.

e328 B.C. Werner et al.



References

1. Antuna SA, Sperling JW, Cofield RH, Rowland CM. Glenoid revision

surgery after total shoulder arthroplasty. J Shoulder Elbow Surg 2001;

10:217-24.

2. Bauer TW, Parvizi J, Kobayashi N, Krebs V. Diagnosis of peri-

prosthetic infection. J Bone Joint Surg Am 2006;88:869-81. http://dx.

doi.org/10.2106/JBJS.E.01149

3. Bohsali KI, Wirth MA, Rockwood CA Jr. Complications of total

shoulder arthroplasty. J Bone Joint Surg Am 2006;88:2279-92. http://

dx.doi.org/10.2106/JBJS.F.00125

4. Carter MJ, Mikuls TR, Nayak S, Fehringer EV, Michaud K. Impact of

total shoulder arthroplasty on generic and shoulder-specific health-

related quality-of-life measures: a systematic literature review and

meta-analysis. J Bone Joint Surg Am 2012;94:e127. http://dx.doi.org/

10.2106/JBJS.K.00204

5. Chalmers PN, Rahman Z, Romeo AA, Nicholson GP. Early disloca-

tion after reverse total shoulder arthroplasty. J Shoulder Elbow Surg

2014;23:737-44. http://dx.doi.org/10.1016/j.jse.2013.08.015

6. Della Rocca GJ, Leung KS, Pape HC. Periprosthetic fractures:

epidemiology and future projections. J Orthop Trauma 2011;

25(Suppl 2):S66-70. http://dx.doi.org/10.1097/BOT.0b013e31821

b8c28

7. Denard PJ, Raiss P, Sowa B, Walch G. Mid- to long-term follow-up of

total shoulder arthroplasty using a keeled glenoid in young adults with

primary glenohumeral arthritis. J Shoulder Elbow Surg 2013;22:

894-900. http://dx.doi.org/10.1016/j.jse.2012.09.016

8. Dillon MT, Inacio MC, Burke MF, Navarro RA, Yian EH. Shoulder

arthroplasty in patients 59 years of age and younger. J Shoulder

Elbow Surg 2013;22:1338-44. http://dx.doi.org/10.1016/j.jse.2013.

01.029

9. Dines JS, Fealy S, Strauss EJ, Allen A, Craig EV, Warren RF, et al.

Outcomes analysis of revision total shoulder replacement. J Bone

Joint Surg Am 2006;88:1494-500. http://dx.doi.org/10.2106/JBJS.D.

02946

10. Ek ET, Neukom L, Catanzaro S, Gerber C. Reverse total shoulder

arthroplasty for massive irreparable rotator cuff tears in patients

younger than 65 years old: results after five to fifteen years. J Shoulder

Elbow Surg 2013;22:1199-208. http://dx.doi.org/10.1016/j.jse.2012.

11.016

11. Farng E, Zingmond D, Krenek L, Soohoo NF. Factors predicting

complication rates after primary shoulder arthroplasty. J Shoulder

Elbow Surg 2011;20:557-63. http://dx.doi.org/10.1016/j.jse.2010.

11.005

12. Farshad M, Grogli M, Catanzaro S, Gerber C. Revision of reversed

total shoulder arthroplasty. Indications and outcome. BMC Muscu-

loskelet Disord 2012;13:160. http://dx.doi.org/10.1186/1471-2474-

13-160

13. Favard L, Katz D, Colmar M, Benkalfate T, Thomazeau H, Emily S.

Total shoulder arthroplastydarthroplasty for glenohumeral arthropa-

thies: results and complications after a minimum follow-up of 8 years

according to the type of arthroplasty and etiology. Orthop Traumatol

Surg Res 2012;98(Suppl 4):S41-7. http://dx.doi.org/10.1016/j.otsr.

2012.04.003

14. Fevang BT, Lie SA, Havelin LI, Skredderstuen A, Furnes O. Risk

factors for revision after shoulder arthroplasty: 1,825 shoulder

arthroplasties from the Norwegian Arthroplasty Register. Acta Orthop

2009;80:83-91. http://dx.doi.org/10.1080/17453670902805098

15. Fox TJ, Cil A, Sperling JW, Sanchez-Sotelo J, Schleck CD,

Cofield RH. Survival of the glenoid component in shoulder arthro-

plasty. J Shoulder Elbow Surg 2009;18:859-63. http://dx.doi.org/10.

1016/j.jse.2008.11.020

16. Fox TJ, Foruria AM, Klika BJ, Sperling JW, Schleck CD,

Cofield RH. Radiographic survival in total shoulder arthroplasty.

J Shoulder Elbow Surg 2013;22:1221-7. http://dx.doi.org/10.1016/j.

jse.2012.12.034

17. Franta AK, Lenters TR, Mounce D, Neradilek B, Matsen FA III. The

complex characteristics of 282 unsatisfactory shoulder arthroplasties.

J Shoulder Elbow Surg 2007;16:555-62. http://dx.doi.org/10.1016/j.

jse.2006.11.004

18. Griffin JW, Hadeed MM, Novicoff WM, Browne JA, Brockmeier SF.

Patient age is a factor in early outcomes after shoulder arthroplasty.

J Shoulder Elbow Surg 2014;23:1867-71. http://dx.doi.org/10.1016/j.

jse.2014.04.004

19. Hasan SS, Leith JM, Campbell B, Kapil R, Smith KL, Matsen FA.

Characteristics of unsatisfactory shoulder arthroplasties. J Shoulder

Elbow Surg 2002;11:431-41. http://dx.doi.org/10.1067/mse.2002.

125806

20. 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. http://dx.doi.org/10.2106/JBJS.J.01994

21. Li X, Williams PN, Nguyen JT, Craig EV, Warren RF, Gulotta LV.

Functional outcomes after total shoulder arthroplasty in obese patients.

J Bone Joint Surg Am 2013;95:e160. http://dx.doi.org/10.2106/JBJS.

L.01145

22. Linberg CJ, Sperling JW, Schleck CD, Cofield RH. Shoulder arthro-

plasty in morbidly obese patients. J Shoulder Elbow Surg 2009;18:

903-6. http://dx.doi.org/10.1016/j.jse.2009.02.006

23. Mook WR, Garrigues GE. Diagnosis and management of peri-

prosthetic shoulder infections. J Bone Joint Surg Am 2014;96:956-65.

http://dx.doi.org/10.2106/JBJS.M.00402

24. Muh SJ, Streit JJ, Wanner JP, Lenarz CJ, Shishani Y,

Rowland DY, et al. Early follow-up of reverse total shoulder

arthroplasty in patients sixty years of age or younger. J Bone

Joint Surg Am 2013;95:1877-83. http://dx.doi.org/10.2106/JBJS.

L.10005

25. Pappou I, Virani NA, Clark R, Cottrell BJ, Frankle MA. Outcomes and

Costs of reverse shoulder arthroplasty in the morbidly obese: a case

control study. J Bone Joint Surg Am 2014;96:1169-76. http://dx.doi.

org/10.2106/JBJS.M.00735

26. Portillo ME, Salvado M, Alier A, Sorli L, Martinez S, Horcajada JP,

et al. Prosthesis failure within 2 years of implantation is highly pre-

dictive of infection. Clin Orthop Relat Res 2013;471:3672-8. http://dx.

doi.org/10.1007/s11999-013-3200-7

27. Raiss P, Schmitt M, Bruckner T, Kasten P, Pape G, Loew M, et al.

Results of cemented total shoulder replacement with a minimum

follow-up of ten years. J Bone Joint Surg Am 2012;94. http://dx.doi.

org/10.2106/JBJS.K.00580. e1711-10.

28. Rasmussen JV. Outcome and risk of revision following shoulder

replacement in patients with glenohumeral osteoarthritis. Acta

Orthop Suppl 2014;85:1-23. http://dx.doi.org/10.3109/17453674.

2014.922007

29. Rasmussen JV, Polk A, Brorson S, Sorensen AK, Olsen BS. Patient-

reported outcome and risk of revision after shoulder replacement for

osteoarthritis. 1,209 cases from the Danish Shoulder Arthroplasty

Registry, 2006-2010. Acta Orthop 2014;85:117-22. http://dx.doi.org/

10.3109/17453674.2014.893497

30. Sajadi KR, Kwon YW, Zuckerman JD. Revision shoulder

arthroplasty: an analysis of indications and outcomes. J Shoulder

Elbow Surg 2010;19:308-13. http://dx.doi.org/10.1016/j.jse.2009.

05.016

31. Shields E, Iannuzzi JC, Thorsness R, Noyes K, Voloshin I.

Perioperative complications after hemiarthroplasty and total shoulder

arthroplasty are equivalent. J Shoulder Elbow Surg 2014;23:1449-53.

http://dx.doi.org/10.1016/j.jse.2014.01.052

32. Singh JA, Sperling JW, Cofield RH. Risk factors for revision surgery

after humeral head replacement: 1,431 shoulders over 3 decades.

J Shoulder Elbow Surg 2012;21:1039-44. http://dx.doi.org/10.1016/j.

jse.2011.06.015

Early revision after shoulder arthroplasty e329



33. Singh JA, Sperling JW, Cofield RH. Revision surgery following total

shoulder arthroplasty: analysis of 2588 shoulders over three decades

(1976 to 2008). J Bone Joint Surg Br 2011;93:1513-7. http://dx.doi.

org/10.1302/0301-620X.93B11.26938

34. Singh JA, Sperling JW, Schleck C, Harmsen WS, Cofield RH.

Periprosthetic infections after total shoulder arthroplasty: a 33-year

perspective. J Shoulder Elbow Surg 2012;21:1534-41. http://dx.doi.

org/10.1016/j.jse.2012.01.006

35. Sperling JW, Cofield RH, Rowland CM. Minimum fifteen-year follow-

up of Neer hemiarthroplasty and total shoulder arthroplasty in patients

aged fifty years or younger. J Shoulder Elbow Surg 2004;13:604-13.

http://dx.doi.org/10.1016/j.jse.2004.03.013

36. Strickland JP, Sperling JW, Cofield RH. The results of two-stage

re-implantation for infected shoulder replacement. J Bone Joint Surg

Br 2008;90:460-5. http://dx.doi.org/10.1302/0301-620X.90B4.20002

37. Young SW, Zhu M, Walker CG, Poon PC. Comparison of functional

outcomes of reverse shoulder arthroplasty with those of hemi-

arthroplasty in the treatment of cuff-tear arthropathy: a matched-pair

analysis. J Bone Joint Surg Am 2013;95:910-5. http://dx.doi.org/10.

2106/JBJS.L.00302

e330 B.C. Werner et al.



Factors predicting postoperative range of motion
for anatomic total shoulder arthroplasty

Jonathan C. Levy, MDa,*, Moses T. Ashukem, MDb, Nathan T. Formaini, DOa

aHoly Cross Orthopedic Institute, Fort Lauderdale, FL, USA
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Background: Total shoulder arthroplasty (TSA) has repeatedly been shown to be an effective and durable
treatment option for end-stage arthritis with good long-term survivorship. Whereas pain relief is typically
the primary goal, improvements in range of motion are typically expected as well. The factors that influ-
ence postoperative motion have not been well characterized. The purpose of the study was to examine the
factors that influence ultimate postoperative motion after TSA.
Methods: A retrospective review was conducted of prospectively collected data of 230 patients with min-
imum 1-year follow-up after TSA for end-stage arthropathy with an intact rotator cuff. Analysis was
focused on factors that may correlate with postoperative measured forward flexion, abduction, external
rotation, and internal rotation. Included in this analysis was perception of motion, age, body mass index
(BMI), comorbidities (smoking, diabetes, osteoporosis, hypercholesterolemia, inflammatory arthritis, and
thyroid disease), and number of comorbidities.
Results: Preoperative motion in all directions was predictive of postoperative motion for forward flexion
(R ¼ 0.235; P < .001), abduction (R ¼ 0.363; P < .001), external rotation (R ¼ 0.325; P < .001), and
internal rotation (R ¼ 0.213; P ¼ .002). BMI and diabetes both negatively correlated with internal rotation
(R ¼ �0.134, P ¼ .40 and R ¼ �0.196, P ¼ .003, respectively). Individual and total number of comorbid-
ities were not predictive of postoperative motion. The patient’s perception of preoperative motion also did
not correlate with postoperative motion.
Conclusions: Preoperative range of motion before TSA is most predictive of final motion achieved. Indi-
vidual and total number of comorbidities are not predictive of postoperative motion. Patients with high dia-
betes and increased BMI have limited postoperative internal rotation.
Level of evidence: Level IV, Case Series, Treatment Study.
� 2016 Journal of Shoulder and Elbow Surgery Board of Trustees.

Keywords: Total shoulder arthroplasty; TSA; range of motion; comorbidities

Anatomic total shoulder arthroplasty (TSA) is widely
accepted as a reliable treatment option for patients suffering
from end-stage glenohumeral arthritis.6,19 Through multi-
ple studies, TSA has been shown to be effective10 and
durable,10 with good long-term survivorship of the opera-
tion.4,24 Whereas pain relief is typically the primary goal of
patients who elect to undergo this procedure, improvements
in range of motion (ROM) are usually expected as well.12
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Numerous studies have shown that TSA improves
shoulder motion,5,10,12,13,20 but the factors that predict
postoperative motion in TSA are not well understood. In
total knee arthroplasty, it is well established that preoper-
ative ROM is the strongest predictor of postoperative
ROM.1,2,21 Other factors, such as intraoperative motion,1,21

soft tissue releases,1,21 gender,11 and obesity,18 have been
shown to influence postoperative motion achieved after
total knee arthroplasty. Unfortunately, there is a paucity of
data regarding the factors that influence postoperative
motion in shoulder arthroplasty. Analyzing patients un-
dergoing reverse shoulder arthroplasty, Schwartz et al23

determined that intraoperative forward flexion is the
greatest predictor of postoperative ROM. Other studies
have isolated factors that influence overall outcomes, such
as better preoperative shoulder function,7 limited preoper-
ative external rotation,13 and certain comorbidities.22

However, no study to date has specifically analyzed the
factors that influence ultimate postoperative motion after
TSA.

It is imperative to educate patients on realistic expec-
tations and outcomes after TSA to help achieve better
overall patient satisfaction with the procedure. With this in
mind, gaining a better understanding of which factors truly
influence postoperative motion after TSA is vital in
defining realistic patient expectations and ultimately pro-
ducing satisfactory patient outcomes. The purpose of the
study was to examine the factors that influence ultimate
postoperative motion after TSA. We hypothesized that
preoperative ROM would be the greatest predictor of
postoperative ROM.

Materials and methods

A retrospective query of prospective collected data of all patients
treated with TSA was conducted by the Holy Cross Shoulder
Outcomes Repository. It has previously been established that
postoperative motion plateaus at 12 months after TSA.15 Thus, all
patients who underwent TSA with an intact rotator cuff and a
minimum follow-up of 12 months were included in this analysis.
Patients with complications requiring revision surgery were
excluded from this analysis.

A single shoulder fellowship-trained surgeon performed each
TSA during a 7-year period (November 2006–November 2013).
The surgical technique was identical for all patients with the
exception of management of the subscapularis tendon. Patients
were treated with a subscapularis peel if preoperative external
rotation was <0� or there were signs of poor bone quality (i.e.,
history of osteoporosis or osteopenia). The remaining patients
were treated with a lesser tuberosity osteotomy. All patients were
treated with a TSA system that uses a cemented polyethylene
glenoid and a modular humeral head (Encore Foundation or DJO
Turon, Austin, TX, USA). Postoperative rehabilitation was stan-
dardized for all patients. Patients were placed in a shoulder
immobilizer for the initial 6-week period and encouraged to
initiate pendulum exercises 3 times daily. At 6 weeks, patients
were instructed in self-directed supine active assisted exercises

and were encouraged to use the extremity for light activities of
daily living with a 2-pound weight restriction. After 3 months,
patients were encouraged to continue self-directed stretching and
strengthening exercises and were allowed to return to activities
within comfort level.

ROM measurements including forward flexion, abduction, and
external rotation were performed with a manual goniometer and
entered into the repository as part of the standard protocol for all
repository patients. Motion measurements were typically per-
formed with the patient in a gown and were referenced on the
basis of the angles formed between the arm and the torso. For
forward elevation, the measurement was made from the side of the
patient. For abduction, the measurement was made from behind
the patient. External rotation measurements were made with the
elbow pressed on the patient’s torso with the arm at 0� of
abduction. Internal rotation motion was based on the highest
midline segment of the back that can be reached. Perceived mo-
tion was assessed using the repository by allowing each patient to
select the picture that best represented his or her ability to achieve
different directions of shoulder motion (forward flexion, abduc-
tion, and internal rotation). Each picture was correlated with its
degree of motion (Fig. 1).

Data analyzed from the repository included measured preop-
erative and most recent postoperative motion, perceived preoper-
ative and most recent postoperative motion, age at the time of
surgery, body mass index (BMI), individual comorbidities
(smoking, diabetes, osteoporosis, hypercholesterolemia, inflam-
matory arthritis, and thyroid disease), and total number of
comorbidities. The focus of the data analysis was on the corre-
lations of each variable with measured postoperative motion in
each direction.

To determine the relationship between the variables analyzed
in this study and postoperative ROM, linear regression analyses,
Pearson correlations, Spearman correlations, and point-biserial
correlations were used where appropriate. Correlation coefficients
(R) and P values were reported to determine level of significance.
Statistical analyses were performed with SPSS version 21 (SPSS
Inc., Chicago, IL, USA), with significance set at P < .05.

Results

A total of 238 patients met the inclusion criteria for this
study. The average age of subjects was 70 years (range, 45-
89 years), with an average follow-up of 28 months (range,
12-82 months). There were a total of 121 men and 117
women. BMI averaged 29 (range, 18-49). Eight of the 238
subjects were removed from the final analysis because of
postoperative complications: 1 patient with posterior sub-
luxation, 4 patients with subscapularis insufficiency, 1 pa-
tient with a postoperative infection, 1 patient with
postoperative neuropathy, and 1 patient with a post-
operative rotator cuff tear. The remaining 230 patients were
included in the final analysis.

Significant improvements in measured ROM were
observed for all directions of motion (Table I). As seen in
Table II and Figure 2, preoperative motion was predictive
of measured postoperative motion. This was true for for-
ward flexion (R ¼ 0.235; P < .001), abduction (R ¼ 0.363;
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P < .001), external rotation (R ¼ 0.325; P < .001), and
internal rotation (R ¼ 0.213; P ¼ .002). However, the pa-
tient’s perception of preoperative motion was not correlated
with postoperative motion (P value range, .113-.991).

Of the comorbidities analyzed, only BMI and diabetes
were found to negatively correlate with postoperative
measured ROM. This is summarized in Table II. BMI and
diabetes negatively correlated with preoperative internal
rotation only (R ¼ �0.134, P ¼ .40 and R ¼ �0.196,
P ¼ .003, respectively). BMI and diabetes, however, were
positively correlated with each other (R ¼ 0.171; P ¼ .10).
No other comorbidity was predictive of any direction of
measured postoperative motion. Looking specifically at

preoperative internal rotation, BMI was negatively corre-
lated with measured preoperative internal rotation
(R ¼ �0.206; P ¼ .002).

Discussion

TSA is widely accepted as a reliable treatment option for
end-stage glenohumeral arthritis with an intact rotator
cuff.4,10,14,16,19 It has consistently been shown to improve
pain, function, and overall quality of life.16,19 As noted in
this and multiple other studies, TSA results in significant
improvements in motion.3,6-8 However, before this study,

Figure 1 Perceived motion. Pictures used in the repository, which allow patients to estimate their motion. Each patient selects the picture
that represents his or her ability to reach straight in front (forward flexion, FF), out to the side (abduction), and up the back (internal
rotation, IR). Each picture was then converted to a measured degree of motion.

Table I Improvements in measured range of motion

Change in measured range of motion

Average measured preoperative motion Average measured postoperative motion Change in motion P value

Abduction 69� 101� 32� <.001
Forward flexion 98� 142� 44� <.001
Internal rotation 4 (sacrum-L4) 8 (T12-T8) 40% (improvement) <.001
External rotation 18� 50� 32� <.001
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the factors that may influence postoperative motion had not
been well established. The results of this study demonstrate
that preoperative motion is the factor most predictive of
postoperative motion in all directions. Comorbidities, for
the most part, did not correlate with overall postoperative
motion.

Factors that influence overall outcomes of TSA have
been previously described. Most reports have focused on
radiographic findings, such as glenoid erosion, rotator cuff
degeneration, and humeral head subluxation.6,8,13 Matsen
et al17 reported that higher preoperative physical function,
social function, mental health, and shoulder function
correlated with postoperative shoulder function after TSA.
Henn et al12 found that increased patient expectations
correlated with better outcomes, whereas decreased patient
expectations correlated with poorer overall outcomes. Ian-
notti and Norris13 noted that postoperative external rotation
was dependent on the degree of measured preoperative
external rotation. Finally, Donigan et al5 were unable to
correlate preoperative motion with postoperative outcome;
however, admittedly, the study may have been
underpowered.

In our study, with the exception of BMI and diabetes (for
internal rotation only), comorbidities did not correlate with
postoperative motion. This was true for the individual
comorbidities as well as for the number of comorbidities
for each patient. Patient demographics and comorbidities
such as age, smoking, osteoporosis, hypercholesterolemia,
inflammatory arthritis, and thyroid disease were not pre-
dictive of final postoperative motion, nor did the number of
comorbidities correlate with postoperative motion. Donigan
et al5 noted similar findings in their study as it relates to
final outcome, as the number of comorbidities did not
correlate with postoperative patient outcomes. In contrast,
others have reported poor outcomes in patients with an
increasing number of comorbidities.17,22 Interestingly,
whereas BMI and diabetes were shown to significantly
correlate with postoperative internal rotation, BMI also was
shown to negatively correlate with preoperative internal
rotation. Thus, this study suggests that patients with
increased BMI tend to have limited internal rotation
regardless of treatment.

The strengths of this study relate to the large cohort of
patients included in the analysis as well as the examination
of all major directions of postoperative motion. The study
was focused specifically on the factors that correlate with
measured postoperative motion. In addition, as a single-
surgeon series, all patients were treated with identical
postoperative rehabilitation protocols and essentially the
same surgical technique, which helped to control for vari-
ations seen in surgical technique and rehabilitation with
multisurgeon studies. However, as with any single-surgeon
series, the results may not be applicable to the other or-
thopedic surgeons. Whereas statistically significant corre-
lations between measured preoperative and postoperative
motion were observed, the observed effect (R ranged from

Table II Predictors of measured postoperative motion

Predictors of forward elevation

Predictor variable Postoperative
abduction

P value

Preoperative forward flexion R [ .363 <.001
Perceived preoperative forward
flexion

R ¼ .102 .181

Age R ¼ .068 .293
BMI R ¼ .063 .334
Any comorbidity R ¼ .006 .926
Total number of comorbidities R ¼ .002 .972
Smoking R ¼ .078 .230
Diabetes R ¼ �.034 .604
Osteoporosis R ¼ �.041 .526
Hypercholesterolemia R ¼ .032 .617
Inflammatory arthritis R ¼ �.117 .079
Thyroid disease R ¼ .007 .909
Predictors of abduction
Preoperative abduction R [ .245 <.001
Perceived preoperative
abduction

R ¼ .009 .991

Age R ¼ .045 .490
BMI R ¼ .003 .959
Any comorbidity R ¼ .080 .219
Total number of comorbidities R ¼ .028 .669
Smoking R ¼ .074 .252
Diabetes R ¼ �.073 .264
Osteoporosis R ¼ �.103 .111
Hypercholesterolemia R ¼ .076 .246
Inflammatory arthritis R ¼ �.102 .117
Thyroid disease R ¼ .036 .575

Predictors of external rotation
Preoperative external rotation R [ .325 <.001
Age R ¼ .013 .844
BMI R ¼ .082 .205
Any comorbidity R ¼ .026 .688
Total number of comorbidities R ¼ .074 .253
Smoking R ¼ .031 .636
Diabetes R ¼ �.007 .913
Osteoporosis R ¼ .056 .389
Hypercholesterolemia R ¼ .036 .584
Inflammatory arthritis R ¼ .012 .848
Thyroid disease R ¼ .097 .135

Predictors of internal rotation
Preoperative internal rotation R [ .213 .002
Perceived preoperative
internal rotation

R ¼ .117 .133

Age R ¼ .001 .992
BMI R [ �.134 .040
Any comorbidity R ¼ �.101 .121
Total number of comorbidities R ¼ �.075 .250
Smoking R ¼ �.016 .811
Diabetes R [ �.196 .003
Osteoporosis R ¼ �.032 .624
Hypercholesterolemia R ¼ .093 .152
Inflammatory arthritis R ¼ �.088 .178
Thyroid disease R ¼ �.016 .806

BMI, body mass index.

Bold values indicate statistical significance.
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0.213 to 0.363) may be of less clinical significance. Finally,
measurement bias from goniometric measurements of
motion9 may have been introduced by several factors,
including patient effort and clinician measurement.

Conclusions

TSA significantly improves shoulder ROM, with pre-
operative motion being the most important factor in
predicting a patient’s final postoperative ROM. With the
exception of a negative correlation of internal rotation
with increased BMI and diabetes, comorbidities did not
correlate with postoperative motion.

Disclaimer

Jonathan C. Levy is a consultant for and receives roy-
alties from DJO Orthopaedics. All the other authors,
their immediate families, and any research foundation
with which they are affiliated have not received any
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Analysis of bone
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Analysis of the cement mantle
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Statistical analysis

t P <

>

Results

Bone volume removed

Table I Patient demographics and correction of version

Severity of wear Age Gender Bone density (g/mL)

Mean (±SD)

Retroversion before

correction (degrees)

Retroversion after

correction (degrees)

Mild wear 87 Female 0.28 (±0.18) 8 0

Moderate wear 62 Male 0.29 (±0.18) 13 1

Severe wear 64 Male 0.27 (±0.22) 17 2

SD, standard deviation.

Table II Posterior shift of the humeral head to account for

retroversion

Severity of wear Retroversion

before

correction

(degrees)

Posterior

translation

(mm)

Mild wear 8 4

Moderate wear 13 6

Severe wear 17 8

Figure 4
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Discussion

A B

Figure 2 A B

Table I Average preoperative and postoperative outcome scores of combined reverse total shoulder arthroplasty with an allograft

or autograft

Time of assessment Pain ASES Constant SPADI SST Active

abduction,°

Active forward

flexion,°

Active external

rotation,°

Preop, Avg ± SD 6.3 ± 2.3 35.9 ± 17.6 30.1 ± 11.1 85.2 ± 24.4 3.2 ± 2.6 70 ± 28 75 ± 28 14 ± 26

Postop, Avg ± SD 1.9 ± 2.6 74.9 ± 21.8 57.7 ± 14.8 35.0 ± 30.2 8.2 ± 3.5 102 ± 29 116 ± 26 26 ± 20

P value* <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 .0209

ASES, American Shoulder and Elbow Surgeons; SD, standard deviation; SPADI, shoulder pain and disability index; SST, simple shoulder test.

* P values <.05 are statistically significant.

Table II Average preoperative and postoperative outcome scores of reverse total shoulder arthroplasty patients with an allograft

Time of assessment Pain ASES Constant SPADI SST Active

abduction,°

Active forward

flexion,°

Active external

rotation,°

Preop, Avg ± SD 6.1 ± 2.7 38.3 ± 16.5 34.6 ± 15.2 81.6 ± 23.0 3.9 ± 2.3 61 ± 32 64 ± 32 24 ± 22

Postop Avg ± SD 2.8 ± 3.7 72.6 ± 28.9 57.0 ± 15.2 34.1 ± 32.7 8.1 ± 3.2 101 ± 23 116 ± 28 26 ± 16

P value* .0244 .0028 .0034 .0011 .0053 .0020 .0003 .7728

ASES, American Shoulder and Elbow Surgeons; SD, standard deviation; SPADI, shoulder pain and disability index; SST, simple shoulder test.

* P values <.05 are statistically significant.

Table III Average preoperative and postoperative outcome scores of reverse total shoulder arthroplasty patients with an autograft

Time of assessment Pain ASES Constant SPADI SST Active

abduction,°

Active forward

flexion,°

Active external

rotation,°

Preop, Avg ± SD 6.4 ± 2.2 35.0 ± 18.2 28.6 ± 9.3 86.5 ± 25.1 2.9 ± 2.7 73 ± 27 80 ± 26 10 ± 27

Postop, Avg ± SD 1.5 ± 1.9 76.0 ± 18.0 58.0 ± 14.9 35.4 ± 29.5 8.3 ± 3.6 103 ± 31 116 ± 25 26 ± 22

P value <.0001 <.0001 <.0001 <.0001 <.0001 .0003 <.0001 .0142

ASES, American Shoulder and Elbow Surgeons; SD, standard deviation; SPADI, shoulder pain and disability index; SST, simple shoulder test.

* P values <.05 are statistically significant.
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Table IV Comparison of average preoperative measurements between reverse total shoulder arthroplasty patients with an allograft

and an autograft

Time of assessment Pain ASES Constant SPADI SST Active

abduction,°

Active

forward

flexion,°

Active

external

rotation,°

Preop allograft, Avg ± SD 6.1 ± 2.7 38.3 ± 16.5 34.6 ± 15.2 81.6 ± 23.0 3.9 ± 2.3 61 ± 32 64 ± 32 24 ± 22

Preop autograft Avg ± SD 6.4 ± 2.2 35.0 ± 18.2 28.6 ± 9.3 86.5 ± 25.1 2.9 ± 2.7 73 ± 27 80 ± 26 10 ± 27

P value .7363 .6123 .1677 .6072 .4441 .2231 .0992 .1181

ASES, American Shoulder and Elbow Surgeons; SD, standard deviation; SPADI, shoulder pain and disability index; SST, simple shoulder test.

Table V Comparison of average postoperative measurements between reverse total shoulder arthroplasty patients with an allograft

and an autograft

Time of assessment Pain ASES Constant SPADI SST Active

abduction,°

Active

forward

flexion,°

Active

external

rotation,°

Postop allograft, Avg ± SD 2.8 ± 3.7 72.6 ± 28.9 57.0 ± 15.2 34.1 ± 32.7 8.1 ± 3.2 101 ± 23 116 ± 28 26 ± 16

Postop autograft, Avg ± SD 1.5 ± 1.9 76.0 ± 18.0 58.0 ± 14.9 35.4 ± 29.5 8.3 ± 3.6 103 ± 31 116 ± 25 26 ± 22

P value .1193 .6304 .8479 .9017 .9134 .8399 .9990 .9879

ASES, American Shoulder and Elbow Surgeons; SD, standard deviation; SPADI, shoulder pain and disability index; SST, simple shoulder test.

Table VI Comparison of average improvement between reverse total shoulder arthroplasty patients with an allograft and an autograft

Graft Pain ASES Constant SPADI SST Active

abduction,°

Active forward

flexion,°

Active external

rotation,°

Allograft Avg ± SD 2.7 ± 2.6 29.5 ± 24.6 24.2 ± 19.1 43.0 ± 40.1 4.1 ± 3.0 37 ± 30 47 ± 28 1 ± 35

Autograft Avg ± SD 4.9 ± 3.2 41.0 ± 18.8 29.1 ± 12.8 54.5 ± 21.9 5.1 ± 2.8 30 ± 35 38 ± 32 19 ± 23

P value .0638 .1357 .3950 .2854 .4782 .5983 .4175 .0869

ASES, American Shoulder and Elbow Surgeons; SD, standard deviation; SPADI, shoulder pain and disability index; SST, simple shoulder test.

Table VII Comparison of average preoperative measurements between patients with an allograft or autograft and follow-up in an age-

and gender-matched reverse total shoulder arthroplasty cohort without grafts

Time of assessment Pain ASES Constant SPADI SST Active

abduction,°

Active

forward

flexion,°

Active

external

rotation,°

Preop graft, Avg ± SD 6.3 ± 2.3 35.9 ± 17.6 30.1 ± 11.1 85.2 ± 24.4 3.2 ± 2.6 70 ± 28 75 ± 28 14 ± 26

Preop no graft, Avg ± SD 6.8 ± 2.3 28.4 ± 19.0 27.9 ± 16.6 83.2 ± 21.4 2.4 ± 3.0 68 ± 35 84 ± 42 15 ± 21

P value .3623 .0829 .5143 .7526 .2862 .8655 .2715 .8877

ASES, American Shoulder and Elbow Surgeons; SD, standard deviation; SPADI, shoulder pain and disability index; SST, simple shoulder test.
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Table VIII Comparison of average postoperative measurements between all combined RTSA patients with an allograft or autograft

and an follow-up in an age- and gender-matched reverse total shoulder arthroplasty cohort without grafts

Graft Pain ASES Constant SPADI SST Active

abduction,°

Active

forward

flexion,°

Active

external

rotation,°

Postop graft, Avg ± SD 1.9 ± 2.6 74.9 ± 21.8 57.7 ± 14.8 35.0 ± 30.2 8.2 ± 3.5 102 ± 29 116 ± 26 26 ± 20

Postop no graft, Avg ± SD 0.6 ± 1.7 88.1 ± 16.3 76.5 ± 13.2 21.5 ± 25.3 10.0 ± 2.5 104 ± 22 146 ± 27 32 ± 17

P value* .0089 .0019 <.0001 .0514 .0070 .7968 <.0001 .2093

ASES, American Shoulder and Elbow Surgeons; SD, standard deviation; SPADI, shoulder pain and disability index; SST, simple shoulder test.

* P values <.05 are statistically significant.
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Table IV Comparison of complications for non–subscapularis-repaired and subscapularis-repaired cohorts

Non–subscapularis-repaired cohort Subscapularis-repaired cohort

Complication

Instability 3 (1.2%) 0 (0%)

Periprosthetic humeral fracture 3 (1.2%) 4 (1.2%)

Scapular spine fracture 3 (1.2%) 2 (0.6%)

Radiographically loose glenoid 2 (0.8%) 2 (0.6%)

Unexplained pain 2 (0.8%) 1 (0.3%)

Infection 1 (0.4%) 5 (1.5%)

Loose humeral prosthesis 1 (0.4%) 2 (0.6%)

Deltoid or pectoralis muscle strain 1 (0.4%) 0 (0%)

Acromial pain 1 (0.4%) 1 (0.3%)

Pain after fall (no shoulder fracture) 0 (0%) 4 (1.2%)

Stiff shoulder 0 (0%) 3 (0.9%)

Pulmonary embolism 0 (0%) 1 (0.3%)

Overall complications 17 of 251 (6.8%) 25 of 340 (7.4%)

Table V Comparison of rTSA shoulder outcome scores reported in literature

Study Sample

size

Follow-up,

mo

Average Constant score Average ASES score

Preoperative Postoperative Preoperative Postoperative

Sirveaux et al,12 2004 N = 77 44 22.6 65.5 NR NR

Werner et al,15 2005 N = 44 38 29 64 NR NR

Frankle et al,5 2005 N = 60 33 NR NR 34.3 68.2

Boileau et al,1 2006 N = 42 40 17 58 NR NR

Levigne et al,7 2008 N = 337 47 23 58 NR NR

Stechel et al,13 2010 N = 59 48 15 55 NR NR

Nolan et al,8 2011 N = 71 24 27.5 61.8 26 76.1

Present study N = 591 36.6 Repair: 34.8

No repair: 33.8

Repair: 72.9

No repair: 67.9

Repair: 38.8

No repair: 34.9

Repair: 86.7

No repair: 82.1

ASES, American Shoulder and Elbow Surgeons; NR, measurement not reported; rTSA, reverse total shoulder arthroplasty.

Table VI Comparison of rTSA shoulder motion data reported in literature

Study Average active forward flexion, ° Average active external rotation (arm at side), °

Preoperative Postoperative Preoperative Postoperative

Sirveaux et al,12 2004 73 138 3.5 11.2

Werner et al,15 2005 42 100 17 12

Frankle et al,5 2005 55.0 105.1 12.0 35.9

Boileau et al,1 2006 55 121 7 11

Levigne et al,7 2008 70 125 7 9

Stechel et al,13 2010 47 105 –9 19

Nolan et al,8 2011 61.2 121.3 13.8 14.6

Present study Repair: 91

No repair: 85

Repair: 141

No repair: 137

Repair: 13

No repair: 20

Repair: 34

No repair: 35

rTSA, reverse total shoulder arthroplasty.

6 R.J. Friedman et al.
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Figure 1 rTSAs
CTA OA RCT

Table I Comparison of baseline factors for shoulders with and without scapular notching (N = 476)

Variable* No scapular notching Scapular notching Significance

(n = 428) (n = 48) (P )

Age, y 72.4 ± 7.1 72.6 ± 7.7 .8088

Height, cm 165.7 ± 9.7 165.9 ± 11.1 .8465

Weight, kg 77.2 ± 16.9 71.1 ± 14.7 .0362

BMI, kg/m2 28.0 ± 5.4 25.7 ± 4.1 .0061

Length of follow-up, mo 37.0 ± 15.9 46.1 ± 17.9 .0001

Male gender 34 (144/428) 42 (20/48) .2682

Dominant extremity 67 (288/428) 52 (25/48) .0355

Preoperative function

Overall shoulder function 3.8 ± 2.0 3.7 ± 1.8 .9759

ASES score 38.2 ± 15.7 34.3 ± 15.0 .1074

Constant score 35.0 ± 13.8 32.7 ± 12.8 .4174

New SPADI score 81.0 ± 22.5 82.2 ± 21.8 .8340

Simple Shoulder Test score 3.5 ± 2.2 3 ± 2.2 .4340

UCLA Shoulder Rating scale 13.6 ± 4.0 13.1 ± 3.7 .5547

Active abduction,° 72 ± 36 70 ± 34 .9679

Active forward flexion,° 89 ± 40 89 ± 41 .8915

Active external rotation,° 16 ± 23 14 ± 21 .7757

Internal rotation score 3.3 ± 1.8 3.3 ± 1.8 .7818

Strength, lbs 1.3 ± 2.7 1.2 ± 2.4 .7822

Operative factors

Latissimus dorsi transfer 0.5(2/428) 2 (1/48) .1805

Subscapularis repaired 58 (233/400) 57 (26/46) .8225

Baseplate screws, No. 4.2 ± 0.5 4.3 ± 0.5 .0853

Blood loss, mL 269 ±116 314 ±119 .0121

ASES, American Shoulder and Elbow Surgeons; BMI, body mass index; SPADI, Shoulder Pain and Disability Index; UCLA, University of California, Los Angeles.

* Continuous data are shown as mean ± standard deviation and categoric data as percentage (n/N).
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Table IV Comparison of complications for shoulders with and

without scapular notching

Complication No scapular

notching

Scapular

notching

(n = 428) (n = 48)

No. (%) No. (%)

Aseptic humeral loosening 2 (0.5) 0 (0)

Deltoid strain 1 (0.2) 0 (0)

Dislocation/instability 2 (0.5) 0 (0)

Humeral fracture/periprosthetic

fracture

5 (1.2) 2 (4.2)

Fractured scapula/stress fracture 3 (0.7) 1 (2.1)

Infection 4 (0.9) 0 (0)

Aseptic glenoid loosening 2 (0.5) 1 (2.1)

Persistent pain 4 (0.9) 3 (6.3)

Stiffness 1 (0.2) 0 (0)

Rate, % 5.6 14.6
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Postoperative sports protocol
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Results
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− − P =

+ + P =

P <

Table I Demographics of hemiarthroplasty and reverse total

shoulder arthroplasty cohorts

Variable HHA RTSA P value*

(n = 71) (n = 102)

No. (%) No. (%)

Diagnosis

Arthritis + RCD 51 (71.8) 80 (78.4) .3688

Proximal humeral fractures 17 (23.9) 17 (17.1) .2493

Rheumatoid arthritis 3 (4.2) 5 (5.2) 1

Age, y

<70 47 (66.2) 44 (43.1) .0033

>70 24 (33.8) 58 (56.9) .0033

Gender

Male 23 (32.4) 33 (32.4) 1

Female 48 (67.6) 69 (67.6) 1

Extremity

Dominant 43 (60.6) 58 (56.9) .6418

Nondominant 28 (39.4) 44 (43.1) .6418

HHA, hemiarthroplasty; RTSA, reverse total shoulder arthroplasty; RCD,

rotator cuff dysfunction.

* Values in bold are statistically significant (P < .05).

Table II Change in visual analog scale score after shoulder

arthroplasty

Variable HHA RTSA P value*

Overall −4.15 −5.64 .007

Diagnosis

Arthritis + RCD −3.90 −5.61 .008

Proximal humeral fractures −4.24 −6.35 .53

Rheumatoid arthritis −6.53 −6.58 .97

Age, y

<70 −4.56 −5.66 .133

>70 −3.36 −5.61 .018

Gender

Males −4.78 −5.50 .44

Females −3.84 −5.71 .007

Extremity

Dominant −3.94 −5.30 .057

Nondominant −4.46 −6.12 .047

HHA, hemiarthroplasty; RCD, rotator cuff dysfunction; RTSA, reverse total

shoulder arthroplasty.

* Values in bold are statistically significant (P < .05).
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Return to sports
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postoperative satisfaction

P =

P =
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P =

Discussion

≥

Table III Change in American Shoulder and Elbow Surgeons

score after shoulder arthroplasty

Variable HHA RTSA P value

Overall +37 +39 .63

Diagnosis

Arthritis + RCD +34 +43 .083

Proximal humeral fractures +34 +45 .48

Rheumatoid arthritis +52 +61 .51

Age, y

<70 +42 +42 .96

>70 +30 +38 .33

Gender

Males +42 +39 .96

Females +35 +40 .44

Extremity

Dominant +33 +41 .21

Nondominant +45 +39 .44

HHA, hemiarthroplasty; RCD, rotator cuff dysfunction; RTSA, reverse total

shoulder arthroplasty.
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Table IV Return to ≥1 sport after shoulder arthroplasty surgery

Variable HHA RTSA P value*

No (%) No (%)

Overall 34/51 (66.7) 67/76 (88.2) .0063

Diagnosis

Arthritis + RCD 23/35 (65.7) 53/59 (89.8) .0063

Proximal humeral fractures 10/13 (76.9) 10/13 (76.9) 1

Rheumatoid arthritis 1/3 (33) 4/4 (100) .14

Age, y

<70 26/40 (65.0) 31/32 (96.8) .0009

>70 8/11 (72.7) 36/44 (81.2) .6741

Gender

Males 15/22 (68.1) 23/26 (88.5) .15

Females 19/29 (65.5) 44/50 (88) .022

Extremity

Dominant 16/30 (53.3) 40/47 (85.1) .0036

Nondominant 18/21 (85.7) 27/29 (93.1) .64

HHA, hemiarthroplasty; RCD, rotator cuff dysfunction; RTSA, reverse total shoulder arthroplasty.

* Values in bold are statistically significant (P < .05).

Table V Top activities for patients before and after shoulder arthroplasty

Sport Within 3 y

before RTSA

After

RTSA

Rate of

return

Within 3 y

before HHA

After

HHA

Rate of

return

P value*

(No.) (No.) (%) (No.) (No.) (%)

Noncontact high-load sports

Singles tennis 12 4 33.3 5 3 60 .59

Doubles tennis 8 3 37.5 6 4 66.7 .59

Softball/baseball 1 1 100 4 2 50 1

Noncontact low-load sports

Swimming 33 23 69.7 15 9 60 .53

Fitness sports 27 27 100 13 9 69.2 .008

Golf 20 11 55 13 7 53.8 1

Cycling 12 8 66.7 7 4 57.1 1

Fishing 4 1 25 1 1 100 .4

Rowing 1 1 100 1 1 100 1

Non-upper extremity sports†

Running 7 5 71.4 10 7 70 1

Downhill skiing 7 2 28.6 5 2 40 1

Dancing 2 1 50 2 1 50 1

Horseback riding 2 1 50 1 0 0 1

Contact sports

Basketball 1 1 100 2 1 50 1

HHA, hemiarthroplasty; RTSA, reverse total shoulder arthroplasty.

* Values in bold are statistically significant (P < .05).
† With risk of falling.
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Materials and methods

Table I Primary diagnoses for patients undergoing shoulder

arthroplasty

Diagnosis Percentage

of patients

Osteoarthritis 45

Rotator cuff arthropathy 29

Failed shoulder replacement 12

Infection 6

Fracture 4

Malunion 1.5

Avascular necrosis 1.5

Failed open reduction–internal fixation 1
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Statistical analysis
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Logistic regression and multivariate ROC curves
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Figure 1 ASES

SF12 MCS,
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MCID analysis

Univariate analysis
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Figure 2 A-D
ASES

SF12 PCS A-C
B

MCS D

Table II MCID and threshold values for shoulder arthroplasty patients were defined by univariate analysis

MCID Threshold AUC Sensitivity Specificity P value

ASES function 6.5 <12 0.60 48% 74% <.001

ASES pain 8.0 <25 0.79 83% 69% <.001

SF-12 PCS 5.4 <46 0.62 36% 75% .005

SF-12 MCS 5.7 <42 0.83 85% 71% <.001

MCID, minimum clinically important difference; AUC, area under the curve; ASES, American Shoulder and Elbow Surgeons; SF-12, 12-Item Short Form Health

Survey; PCS, Physical Component Summary; MCS, Mental Component Summary.

Preoperative ASES function, ASES pain, SF-12 PCS, and SF-12 MCS were predictive of clinically meaningful improvement at 1-year follow-up.
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