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Effects of Acquired Glenoid Bone Defects on
Surgical Technique and Clinical Outcomes in
Reverse Shoulder Arthroplasty

By Steven M. Klein, MD, Page Dunning, BA, Philip Mulieri, MD, PhD, Derek Pupello, MBA,
Katheryne Downes, MPH, and Mark A. Frankle, MD

Investigation performed at the Foundation for Orthopaedic Research and Education, Tampa, Florida

Background: Reverse total shoulder arthroplasty is the accepted method of treatment for selected shoulder disorders.
The purpose of this study was to compare primary reverse shoulder arthroplasty surgical techniques as well as clinical
and radiographic outcomes in patients with acquired glenoid bone defects and in those with normal glenoid morphology.

Methods: Preoperative three-dimensional computed tomography scans were performed on 216 shoulders in 211 pa-
tients undergoing primary reverse shoulder arthroplasty between 2004 and 2007. The glenoids were classified as normal
or abnormal on the basis of preoperative radiographs and three-dimensional reconstructions of the scapula. One hundred
and forty-three shoulders had been followed for two years. There were eighty-seven normal and fifty-six abnormal glenoids.
The surgical techniques that were compared included bone-grafting and glenosphere selection. The clinical outcomes for
the two groups were compared with respect to the American Shoulder and Elbow Surgeons score.

Results: Surgical technique differed between the groups. All fifty-six glenoids with acquired bone defects had center
screw placement along an alternative (scapular spine) centerline. A bone graft was used in twenty-two shoulders with
acquired glenoid bone defects compared with none of those with normal glenoid morphology (p = 0.016). Shoulders with
glenoid defects were treated with larger glenospheres (36 or 40 mm) more often than those with normal glenoids (p <
0.001). No significant difference was detected between the groups with regard to the preoperative or postoperative
American Shoulder and Elbow Surgeons scores. Radiographs did not demonstrate failure or resorption of a glenoid bone
graft when present. All outcomes improved significantly postoperatively. There were five complications, and one patient
was unsatisfied with the result.

Conclusions: Glenoid bone defects, when managed with an alteration of surgical technique, including bone-grafting
when indicated, are not a contraindication to reverse total shoulder arthroplasty.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

accepted method of treatment for a range of shoulder

disorders associated with rotator cuff dysfunction. A
wide range of pathologic osseous changes can result from
the altered kinematics caused by a torn rotator cuff. Often, the
drastic departure from normal anatomy can present challenges
to conventional strategies in reverse shoulder arthroplasty.
Previous reports on primary reverse shoulder arthroplasty for
massive, irreparable rotator cuff tears have shown promising
short-term results"?. Reverse shoulder arthroplasty in the

Reverse total shoulder arthroplasty has become an

revision setting has not typically achieved a similar level of
success™. This may be due to several factors, including glenoid
bone loss. The challenges in the revision setting can also occur
in primary reverse shoulder arthroplasty. Frankle et al. reported
that up to 37.5% of patients receiving a primary reverse shoul-
der arthroplasty acquired glenoid bone defects because of al-
tered kinematics’.

A variation in glenoid morphology and its effect on total
shoulder arthroplasty for osteoarthritis have been reported.
Several techniques to accommodate bone loss, including

Disclosure: In support of their research for or preparation of this work, one or more of the authors received, in any one year, outside funding or grants in
excess of $10,000 from DJO Surgical. In addition, one or more of the authors or a member of his or her immediate family received, in any one year,
payments or other benefits in excess of $10,000 or a commitment or agreement to provide such benefits from a commercial entity (DJO Surgical).
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preferential reaming, the use of specialized glenoid compo-
nents’, and structural bone-grafting’, have been described.
Despite these efforts, substantial glenoid bone loss in the set-
ting of either primary or revision total shoulder arthroplasty
has been associated with inferior outcomes®'*. To date, there is
little information in the literature addressing how substantial
alterations in glenoid morphology associated with a massive,
irreparable rotator cuff tear affect treatment strategies and
clinical outcomes in the setting of primary reverse shoulder
arthroplasty. Classification schemes have been developed to
describe the progressive radiographic changes in cuff tear ar-
thropathy'’'*. The Seebauer classification also attempted to
establish a treatment algorithm for cuff tear arthropathy on
the basis of the severity of radiographic changes and the sta-
bility of the joint”. None of the existing classifications, how-
ever, link the deformity caused by cuff tear arthropathy to the
treatment and expected outcomes. Acquired glenoid bone de-
fects may necessitate alterations in surgical technique to make
implantation of the baseplate possible and to avoid inferior
outcomes'* ",

The primary purpose of this study was to compare out-
comes after a primary reverse shoulder arthroplasty in patients
with and without glenoid bone loss as previously classified by
Frankle et al.”. Our hypothesis was that patients with acquired
glenoid bone defects undergoing reverse shoulder arthroplasty
would have inferior outcomes compared with patients with
normal glenoid anatomy. Our secondary purpose was to an-
alyze the surgical technique used in patients with either normal
or abnormal glenoid bone stock.

Materials and Methods
Patient Selection

n a previous investigation’, radiographs and computed to-

mography scans were used to classify the glenoid mor-
phology in 211 patients (216 shoulders) treated with a primary
reverse shoulder arthroplasty from October 2004 through
December 2007. Patients included in the study presented for a
primary reverse shoulder arthroplasty after failing to respond
to nonoperative measures. Our current investigation is an in-
stitutional review board-approved study to examine the clin-
ical outcomes of the patients in the previous study. A cohort
of 141 patients (143 shoulders) with minimum of two years of
follow-up (average, 30.9 months; range, twenty-four to fifty-
one months) was included in the current series (Table I). The
average age of the patients at the time of surgery was 71.7 + 8.3
years (range, forty-two to eighty-seven years). Of the 143
shoulders, fifty (35%) were in men and ninety-three (65%)
were in women. Surgery was performed on eighty-five right
shoulders (59%) and fifty-eight left shoulders (41%). Reverse
shoulder arthroplasty was performed for an underlying diag-
nosis of primary rotator cuff deficiency (massive, irreparable
rotator cuff tear and no previous surgery) in seventy-eight
shoulders (55%), failed rotator cuff surgery in sixty-three
shoulders (44%), and fracture sequelae in two shoulders (1%).
All surgical procedures were performed by the senior author
(M.A.E).

EFFECTS OF GLENOID BONE DEFECTS ON TECHNIQUE AND
OUTCOMES IN REVERSE SHOULDER ARTHROPLASTY

TABLE | Patient Demographics and Surgical Information

Demographics
Patients
Total no. (shoulders/patients) 143/141
No. of shoulders in women 93
No. of shoulders in men 50
Average age (range) (yr) 72 (42-87)
Average follow-up interval 31 (24-51)
(range) (mo)
Surgical information (no. of shoulders)
Reason for arthroplasty
Primary rotator 78
cuff deficiency
Failed rotator 63
cuff repair
Fracture sequela 2
Glenoid morphology
Normal glenoid 87
Abnormal glenoid 56
Side affected
Right 85
Left 58

Anatomic Evaluation

Details of the anatomic measurements for the group have
been described previously’. Briefly, each patient underwent
a preoperative radiographic evaluation (anteroposterior;
anteroposterior tangential to the face of the glenoid with
the arm in neutral rotation, i.e., a true anteroposterior or
Grashey view of the glenohumeral joint; axillary; and outlet
or scapular Y views) and two-dimensional computed to-
mography scans (with a slice thickness of <1 mm). The
computed tomography scans were further used to create three-
dimensional reconstruction models: the original computed
tomography scan images, after isolating the scapula from
the other structures, were converted into a stereolithography
file by the program Mimics (Materialise, Leuven, Belgium)
and then were imported into a computer-aided design
program (SolidWorks, Concord, Massachusetts). Glenoid
morphology was classified as either normal (eighty-seven
shoulders; 61%) or abnormal (fifty-six shoulders; 39%) by
three independent observers on the basis of (1) plain radio-
graphs alone, (2) a combination of plain radiographs and
two-dimensional computed tomography scans, and (3) the
three-dimensional computed tomography reconstruction
models (Fig. 1). Abnormal glenoids (those with acquired os-
seous defects) were then further subdivided by the site of
erosion into posterior (twenty-five shoulders; 17%), supe-
rior (sixteen; 11%), global (eleven; 8%), and anterior (four;
3%). Anatomic measurements of the scapulae (see Appen-
dix) were made with use of three-dimensional reconstruc-
tion images of each and included the glenoid height, width,
version, and inclination; the distance from the coracoid base



1146

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 92-A - NUMBER 5 - MAY 2010

EFFECTS OF GLENOID BONE DEFECTS ON TECHNIQUE AND
OUTCOMES IN REVERSE SHOULDER ARTHROPLASTY

Fig. 1

Plain radiograph, axial two-dimensional computed tomography scan, and three-dimensional computed

tomography reconstruction model of a shoulder with normal glenoid morphology in a seventy-two-year-old
man (A), in a shoulder with abnormal glenoid morphology and posterior bone loss in a seventy-four-year-old
man (B), and in a shoulder with abnormal glenoid morphology and anterior bone loss in an eighty-five-year-

old woman (C).

to the glenoid surface; and the distance from the acromion
base to the glenoid surface (Fig. 2). Additionally, the bone
available for purchase by the baseplate was determined by
measuring the standard centerline perpendicular to the
glenoid surface (defined as the line that originated in the
center of the glenoid, perpendicular to the articular surface,
and exited on the anterior aspect of the scapular neck)"™*
and the alternative scapular spine centerline (defined as the
point that originated in the center of the glenoid and then
was aligned with the scapular spine but was not necessarily
perpendicular to the glenoid surface). The glenoid area
available for peripheral screw placement was measured in
the quadrants and columns with use of a previously described
technique’.

Surgical Technique

Insertion of the reverse shoulder arthroplasty glenoid baseplate
(Reverse Shoulder Prosthesis; DJO Surgical, Austin, Texas) in
the eighty-seven shoulders with normal glenoid morphology
proceeded in a standard fashion®*'. In these shoulders, the ideal
position of the central screw followed the path of the standard
glenoid centerline (Fig. 3, A) as described by Matsen et al.”” and
Bicos et al.*. This placement results in the baseplate being
oriented perpendicular to the glenoid surface and the central
screw exiting anteriorly on the scapular body.

The surgical technique was modified in the fifty-six
shoulders with acquired glenoid bone defects (as determined
by preoperative radiographic evaluation and intraoperative
inspection). In all fifty-six shoulders with acquired glenoid
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Fig. 2

EFFECTS OF GLENOID BONE DEFECTS ON TECHNIQUE AND
OUTCOMES IN REVERSE SHOULDER ARTHROPLASTY

Inclination

The anatomic measurements used in glenoid morphology are the scapular coordinate system (A); the glenoid height and width
(B); the glenoid version, the distance from the coracoid base to the glenoid surface (C-G distance), and the distance from the
acromion base to the glenoid surface (A-G distance) (C); and the glenoid inclination (D). (Reprinted from: Frankle MA, Teramoto A,
Luo ZP, Levy JC, Pupello D. Glenoid morphology in reverse shoulder arthroplasty: classification and surgical implications.

J Shoulder Elbow Surg. 2009;18:874-85; with permission from Elsevier.)

bone defects in the current series, a different orientation of the
central screw was used to increase the amount of bone cap-
tured. This alternative centerline originated from the center of
the glenoid surface, passed along the axis of the scapular spine,
and passed through the junction of the scapular spine as it
joined the body of the scapula’ (Fig. 3, B and C).

After the central hole was drilled along the spine cen-
terline, depth gauge measurement confirmed a minimum
screw length of 25 mm. The tap was then placed, and a can-
nulated glenoid reamer prepared the glenoid surface. If <80%
of the underside of the glenoid baseplate was in contact with
the reamed glenoid (Fig. 4) because of eccentric bone loss,

which occurred in twenty-two of the fifty-six shoulders, either
a bulk graft from the humeral head (twenty-one shoulders) or
a femoral head allograft (one shoulder) was used. The graft was
contoured and placed directly into the defect and was held in
place by either Kirschner wires or a 3.5-mm screw. The con-
struct was then reamed to conformity with the tap still in place.
The tap was then removed and the baseplate inserted. The
baseplate was tightened to provide compression of the graft to
the native glenoid surface (Fig. 5). Five-millimeter locking
screws were placed, and the temporary Kirschner wires were
removed. The structural graft was then sculpted around the
implant with a burr.
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Fig. 3

EFFECTS OF GLENOID BONE DEFECTS ON TECHNIQUE AND
OUTCOMES IN REVERSE SHOULDER ARTHROPLASTY

Inferior axial view of the scapula with the acromion removed for clarity. A: Scapula with normal glenoid morphology. The baseplate
tap is inserted down the standard centerline. B: Scapula with posterior bone erosion. The tap is anteverted slightly for insertion
down the spine centerline. C: Scapula with anterior bone erosion. The tap is also anteverted slightly for insertion down the spine

centerline.

Glenosphere selection was based, first, on the presence of
a glenoid defect and, second, on the ability of the components
to provide stability without restricting motion. In the presence
of a defect, a larger glenosphere was selected for 46% (twenty-
six) of fifty-six shoulders to adequately cover the defect. In
glenoids without bone loss, a smaller size (32-mm [-4-mm
offset], which has a 6-mm center of rotation lateral to the
glenoid surface, for female patients and 32-mm [neutral off-
set], which has a 10-mm center of rotation lateral to the glen-
oid surface, for male patients’) was routinely used. The
humeral socket chosen for 89% (127) of the 143 shoulders was
the standard (neutral) size. Next, the shoulder was reduced,
and humeral and glenoid component articulation was verified.
Finally, shoulder range of motion was tested. If the shoulder
was unstable or there was a restriction in motion due to tight
soft-tissue structures, both components would be changed to
achieve the optimal combination.

A larger glenosphere with a hood was utilized in fif-
teen shoulders to overhang and protect the graft (Figs. 6 and
7). All operations were performed in a single stage regardless
of glenoid morphology. All humeral components were ce-
mented in 30° of retroversion. The system utilized in this

study contains humeral sockets with different thicknesses:
the neutral thickness for each diameter is the thinnest, and
the +4-mm and +8-mm sockets represent an increase in the
thickness of the polyethylene relative to the neutral socket
of 4 or 8 mm, respectively. In the eighty-seven shoulders
with normal glenoid morphology, a neutral socket was se-
lected for 92% (eighty shoulders); a +4-mm socket, for 7%
(six shoulders); and a +8-mm socket, in one shoulder. In
the fifty-six shoulders with acquired glenoid bone defects, a
neutral socket was placed in 84% (forty-seven shoulders);
a +4-mm socket, in 13% (seven shoulders); and a +8-mm
socket, in 3% (two shoulders). Socket height was chosen on
the basis of soft-tissue tension during trial insertion of the
components.

Clinical Evaluation

Patients were followed clinically for a minimum of two years.
At each follow-up visit, data were routinely collected for the
American Shoulder and Elbow Surgeons (ASES) scores™, the
Simple Shoulder Test (SST)*, and a 10-point visual analog
scale for pain and function. All range-of-motion measure-
ments reported were active range of motion and were made
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Fig. 4

A: The glenoid surface following standard reaming of a hormal glenoid for insertion of the baseplate. B: The glenoid surface

following reaming with slight anteversion because of posterior bone loss for which the anterior portion of the glenoid surface is
preferentially reamed. C: The glenoid surface following reaming with slight anteversion because of anterior bone loss for which the
posterior portion of the glenoid surface is preferentially reamed. At this point, if <80% of the baseplate (dashed line) is in contact

with the glenoid bone, bone graft is used.

preoperatively and postoperatively with use of a previously
described method™.

Radiographic Evaluation

Postoperative radiographs were reviewed for all 143 shoul-
ders. The initial radiographs were compared with interval ra-
diographs through the patient’s most current follow-up. The
standard four radiographs of the shoulder, including an an-
teroposterior radiograph, an anteroposterior tangential radio-
graph with the arm at neutral rotation (a true anteroposterior
or Grashey radiograph of the glenohumeral joint), an axillary
radiograph, and an outlet or scapular Y-view radiograph, were
compared to identify any evidence of component failure or
notching, progressive radiolucent lines, or obvious baseplate or
graft failure. The Grashey radiographs were evaluated at each
postoperative visit, and they were compared with successive
radiographs to determine what, if any, interval changes oc-
curred. Finally, the first postoperative radiographs were com-
pared with the most recent radiographs, and any radiolucencies
at that time were noted.

Statistical Analysis

Outcomes Assessment

A post hoc power analysis was performed on the basis of our
primary outcome measure, the ASES score. This analysis re-
vealed that a minimum sample size of thirty-seven was re-
quired to detect a 15-point difference in the ASES score” (o =
0.05 and B = 0.90). Preoperative and postoperative outcome
measures as well as range of motion were compared for all
patients and between groups on the basis of sex, glenoid
morphology, use of bone graft, and glenosphere size. The
normality of all variables was evaluated with use of the
Kolmogorov-Smirnov test. Comparisons between the patients
with normal morphology and those with acquired glenoid
bone defects with regard to the scores obtained preoperatively
and postoperatively were conducted with use of the non-
parametric Mann-Whitney U test to determine whether there
were baseline differences between the two groups. The differ-

ences between preoperative and postoperative values were then
analyzed with use of a t test with a Levene test to evaluate
equality of variance. All variables including outcome scores,
glenosphere size, and the use of bone graft were compared on
the basis of patient sex and glenoid morphology with use of
either the t test or the Mann-Whitney U test for continuous
variables and either the Fisher exact test or the chi-square test
for categorical variables. Alpha was set at 0.05.

Morphologic Analysis

Previously collected data’ on the morphologic features of the
glenoid, including height, width, inclination, version, acromial-
glenoid distance, coracoid-glenoid distance, standard center-
line distance, and spine centerline distance, as well as the
peripheral screw placement area, were used for the current
study. These values were compared, with use of the t test or
Mann-Whitney U test, on the basis of glenoid morphology
(normal or acquired glenoid bone defects) and the need for
bone graft.

Fig. 5

A: Baseplate insertion down the spine centerline for anterior
bone loss. Because of bone erosion, <80% of the underside of
the baseplate would be in contact with the glenoid bone. B: A
bone graft is placed in the defect before insertion of the
baseplate.
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Fig. 6
A: A standard glenosphere is used with a normal glenoid. B: A glenosphere with an extended hood is

oriented to cover the bone graft for posterior bone loss. C: A glenosphere with an extended hood is oriented
to cover the bone graft for anterior bone loss.

Surgical Technique Analysis

Operative technique was analyzed retrospectively to identify
accommodations made for various types of glenoid erosion.
Particular attention was given to the use of bone graft and the
size of glenosphere selected. These factors were first compared
between the normal and acquired glenoid osseous defect
groups in a univariate analysis. Next, a multivariate regression
analysis with use of forward stepwise likelihood ratio methods
was performed to determine the independent effects of vari-
ables, including patient sex, glenoid morphology, patient age
at the time of surgery, and previous rotator cuff surgery, on
operative technique (selection of glenosphere size and use of
bone graft).

Source of Funding

The Foundation for Orthopaedic Research and Education, a
private foundation, received research support from DonJoy
Orthopaedic Surgical (DJO Surgical). DJO Surgical manufac-
tures the Reverse Shoulder Prosthesis under investigation. The
senior author (M.A.F.) is the designing surgeon for the Reverse
Shoulder Prosthesis.

Fig. 7
Left: Postoperative radiograph of the seventy-two-year-old man in Figure 1, A, showing normal version of the glenoid component. Middle: Radiograph of

EFFECTS OF GLENOID BONE DEFECTS ON TECHNIQUE AND
OUTCOMES IN REVERSE SHOULDER ARTHROPLASTY

Results
Outcomes Assessment
All Patients
summary of the preoperative and postoperative ASES and
SST scores and the range of motion for all patients is
presented in the Appendix. All mean outcomes for the entire
group improved postoperatively (p < 0.0001). The mean total
ASES score improved from 39.1 to 75.1, the mean SST score
improved from 1.9 to 6.4, and the mean visual analog pain score
improved from 6.1 to 1.5. Range-of-motion analysis revealed
improvements in the mean values for forward flexion (from 67°
to 140°), abduction (from 65° to 126°), external rotation (from
19.8° to 49°), and internal rotation (from a spinal level of S1 to
L2). The outcome was rated as excellent by eighty patients, good
by forty-one, satisfactory by nineteen, and unsatisfactory by one.

Patient Subsets

Preoperative and postoperative range of motion and functional
scores (including ASES, SST, and visual analog scale scores)
were also compared for specific patient subsets (Table II and
Appendix). There were significant differences between male

the seventy-four-year-old man in Figure 1, B, showing the glenoid baseplate slightly anteverted and the glenosphere oriented so that the hood covers the
posterior bone graft. Right: Radiograph of the eighty-five-year-old woman in Figure 1, C, showing the glenoid baseplate slightly anteverted and the

glenosphere oriented so that the hood covers the anterior bone graft.
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and female patients on the preoperative SST scores (p = 0.002)
and differences that were approaching significance on the
postoperative ASES function and SST scores; however, these
findings disappeared when preoperative and postoperative
differences were compared. No significant difference was de-
tected when the patients were grouped by glenoid mor-
phology or use of bone graft.

Postoperative Radiographs

No evidence of failure was noted with respect to the graft or
component loosening in any shoulder. No radiolucent line was
noted at the baseplate-bone interface. No progressive radio-
lucent lines were evident around the bone-cement interface on
the humeral component. One shoulder with grade-2 notching
of the scapular neck, according to the Nérot grading system™,
was noted in a patient with normal glenoid morphology.
This finding was seen on the one-year postoperative radio-
graph. No progression was noted through the thirty-six-month
follow-up period, and thus the patient continued to be treated
conservatively.

Morphology

Normal Compared with Abnormal Glenoid Morphology
Significant differences between these groups were seen with re-
spect to the glenoid height, width, inclination, coracoid-to-glenoid
distance, acromion-to-glenoid distance, centerline distance, spine
centerline distance, and peripheral screw area (Table II).

Bone Graft
Glenoids with acquired osseous defects that were treated with
bone-grafting were compared with abnormal glenoids that had

EFFECTS OF GLENOID BONE DEFECTS ON TECHNIQUE AND
OUTCOMES IN REVERSE SHOULDER ARTHROPLASTY

not had grafting. Glenoids treated with bone-grafting had a
greater amount of erosion preoperatively as depicted by an
increase in inclination (mean, 19.9° compared with 13.5% p =
0.0065) (Table II).

Surgical Technique

Bone Graft

Bone-grafting was performed in twenty-two of 143 shoulders.
Twenty-two (39%) of the fifty-six abnormal glenoids received
a bone graft, and no normal glenoid was treated with a graft
(p = 0.016).

Glenosphere Size

The most commonly used glenosphere sizes in all patients
were a 32-mm (—4-mm offset) glenosphere (59%), a 32-mm
(neutral offset) glenosphere (17%), and a 36-mm (—4-mm
offset) glenosphere (15%). The other sizes (thirteen shoulders)
were excluded from the remaining analyses because of low
sample sizes. Univariate analysis revealed that glenosphere size
varied depending on three factors: glenoid morphology (p <
0.001), sex (p < 0.001), and bone-graft use (p = 0.016). Among
the shoulders with normal morphology, the majority had
implantation of either a 32-mm (—4-mm offset) glenosphere
(77%) or a 32-mm (neutral offset) glenosphere (21%).
Shoulders with acquired glenoid bone defects demonstrated a
different distribution, with a 32-mm (—4-mm offset) gleno-
sphere implanted in 47% and a 36-mm (—4-mm offset) gle-
nosphere implanted in 39%, indicating a shift toward larger
sized implants. In the presence of bone graft, a 32-mm (—4-mm
offset) implant was used in 27% (six) of twenty-two shoul-
ders and a 36-mm (—4-mm offset) glenosphere was used

TABLE Il Anatomic Measurements of Normal and Abnormal Glenoids

Abnormal Glenoids (N = 56)
Comparison of Comparison of
Treated with Glenoids with and Normal and
Normal Glenoids Bone-Grafting No Bone-Grafting without Grafting Abnormal Glenoids

(N = 87) (N=22) (N = 34) (p value) (p value)
Height* (mm) 34.9 (27.4-43.9) 38.5 (29.7-53.7) 38.2 (26-50.9) 0.594 <0.0001t
Width* (mm) 29 (22.5-35.6) 31.2 (21.6-51.7) 33 (22.5-55) 0.2167 <0.0001t
Version* (deg) -7.6 (-22.4-0) -3.9 (-43.5-37.9) -10.8 (-41.5-24.1) 0.0966 0.7232
Inclination* (deg) 13 (-6.5-23.7) 19.9 (1.2-42.1) 13.5 (-12.4-27.3) 0.0065t 0.0203¢t
Distance from 3.1 (-2.4-8.5) -2.2 (-12.36.4) -0.5 (-14.1-8.3) 0.2614 <0.0001t
coracoid to glenoid* (mm)
Distance from 21 (15.6-26.6) 16.1 (5.9-22.09) 19.6 (9.3-27.1) 0.1704 <0.0001t
acromion to glenoid* (mm)
Standard centerline* (mm) 28.5 (20.7-39.5) 20.6 (11.5-38.1) 22.9 (10.9-33.7) 0.2151 <0.0001+
Alternative centerline* (mm) 42.6 (21-104.7) 27.4 (11.7-69.6) 32.5(17.6-87.3) 0.0702 0.0031¢t
Median screw 774.7 429.8 472.9 0.5959 0.01867
surface area (mm?2)
*The values are given as the mean, with the range in parentheses. tSignificant (p < 0.05).
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in 55% (twelve shoulders). Sex was also found to have sig-
nificant effects on the size of glenosphere chosen. The most
frequently used sizes in women were 32-mm (—4-mm offset)
(80%) and 36-mm (—4-mm offset) (19%), but the most
commonly used sizes in men were 32-mm (neutral offset)
(55%) and 32-mm (—4-mm offset) (36%). Logistic regression
accounting for glenoid morphology, bone-grafting, sex, prior
rotator cuff surgery, and age at the time of surgery revealed that
the four factors identified in univariate analysis remained
significant predictors for different device sizes. Specifically,
female sex (p < 0.001) and no use of bone graft (p = 0.021)
were predictive for 32-mm (—4-mm offset) glenosphere
placement, and male sex (p < 0.001) was predictive of 32-mm
(neutral offset). Normal morphology was associated with
placement of both 32-mm (—4-mm offset) and 32-mm (neu-
tral offset) glenospheres, whereas the use of bone graft was
strongly predictive of placement of a 36-mm (—4-mm offset)
glenosphere.

Complications

There were five complications. Two shoulders had an acromial
fracture, which was treated nonoperatively. Two shoulders had
a deep infection; one was treated with a two-stage revision and
the other with extensive irrigation and débridement along with
single-stage revision surgery. The remaining complication was
a periprosthetic fracture that occurred when the patient lifted a
heavy tree. The shoulder was treated nonoperatively. Of the
patients with complications, two rated the outcome as excel-
lent; two, as good; and one, as satisfactory. All complications,
with the exception of the periprosthetic fracture, were in the
group with normal morphology.

Discussion

he present study showed that, in patients who have a

primary reverse shoulder arthroplasty, surgical techniques
can be modified to accommodate glenoid bone loss in shoul-
ders with acquired osseous defects of the glenoid. Additionally,
it showed, in contrast to our hypothesis, that patients with
acquired glenoid bone defects can have clinical outcomes
comparable with those in patients with normal glenoid mor-
phology. These results indicate that, with a modified surgical
technique, reverse shoulder arthroplasty for patients with
acquired glenoid bone defects can yield short-term clinical
outcomes similar to those in patients with normal glenoid
morphology.

Our understanding of reverse shoulder arthroplasty has
advanced substantially in recent years. This has enabled pa-
tients to obtain outcomes beyond the limited goals once set for
shoulders with rotator cuff deficiency accompanied by varying
degrees of arthritis”. However, glenoid bone loss continues to
present a challenge in shoulder arthroplasty. Much of the lit-
erature regarding glenoid bone loss has been in the setting
of conventional, unconstrained total shoulder arthroplasty,
for which various strategies for glenoid component reim-
plantation have been described™'"'>***. Overall, the results
have been consistently inferior to outcomes in primary total
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shoulder arthroplasty without glenoid bone loss, regardless of
technique. Failure rates of up to ten times that of primary
arthroplasty without glenoid bone loss have been reported”".
The consequences of not accounting for glenoid bone loss
during reverse shoulder arthroplasty implantation have been
linked to compromised outcomes as well'****. The majority of
the literature on the topic of glenoid bone loss is in the setting
of revision surgery. However, on analyzing our patients pre-
senting for a primary reverse shoulder arthroplasty, we found
that 37.5% of them had an abnormal glenoid because of bone
loss”. Although the prevalence of patients with glenoid bone
loss in the general population is largely unknown, our expe-
rience suggests that this problem may occur with greater fre-
quency than has been previously recognized.

Regardless of the type of shoulder arthroplasty planned,
inadequate bone stock to support a glenoid component has
been discussed as a reason to abandon component placement
altogether because of the likelihood of decreased functional
outcomes and early failure>'*****. However, techniques to ac-
commodate for bone loss and allow glenoid component im-
plantation during reverse shoulder arthroplasty have been
reported™®'”**, Neyton et al."® reviewed the cases of nine pa-
tients with a Grammont-type reverse shoulder arthroplasty
who underwent glenoid bone-grafting for severe bone loss. At
a minimum two-year follow-up period, their results showed
good pain relief but low postoperative functional scores (a
mean Constant score of 53 points), and six patients had ra-
diographic evidence of inferior scapular notching. Elhassan
et al."” reported on twenty-one patients who had reconstruc-
tion of the glenoid with a femoral head allograft because of
insufficient bone stock during revision shoulder arthroplasty.
Three of the patients underwent a Grammont-type reverse
shoulder arthroplasty. Those patients were noted to have im-
provements in the level of pain and forward flexion but an
overall decrease in external rotation.

To our knowledge, the present study is the first to com-
pare outcomes of reverse shoulder arthroplasty in patients with
and without glenoid bone loss. Despite the challenges pre-
sented by bone loss, clinical results in all outcomes measured
were not significantly or clinically different from those achieved
by the group with normal glenoid morphology. This may be
due to several factors inherent in the reverse shoulder ar-
throplasty design that increase the constraint of the shoulder
relative to that of an anatomic total shoulder replacement and
make stability and proper soft-tissue tension attainable.
Greater surface contact area between the glenosphere and
socket in conjunction with the reversal of the articulation
neutralizes the destabilizing force of the deltoid. This neu-
tralization enables the baseplate to be relatively anteverted” in
order to accommodate for glenoid bone loss. Despite this
anteversion, no shoulder had a dislocation.

Additionally, we believe that in the setting of acquired
glenoid bone defects, initial fixation of the baseplate is of
paramount importance in the surgeon’s ability to successfully
implant a glenoid component. By implanting the baseplate in
the scapular body along the spine centerline, it is possible to
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achieve stable fixation even when bone loss is present. No
glenoid fixation failure was observed in either patient group
during the follow-up period. This appears to indicate that the
initial fixation of the central axis of the glenoid baseplate (in
this case, a central screw) is critical and can allow for the
addition of peripheral osseous support with a bone graft. In
our current series, the selection of the alternative scapular
spine centerline made it possible to achieve stable glenoid
fixation in all shoulders with an abnormal glenoid regardless
of the level and location of bone loss.

However, preoperative identification of the level and
location of bone loss is an important part of surgical planning.
Identification of glenoid bone defects on standard shoulder
radiographs should prompt further imaging, including a
computed tomography scan with three-dimensional re-
construction. These images can help to guide placement of the
central screw (the central axis of the baseplate) into adequate
bone for initial fixation. Both the standard glenoid centerline
and spine centerline axis should be identified and the proper
alignment selected for the baseplate to allow for maximal
central screw fixation. Additionally, identification of segmental
bone loss, which may prevent sufficient contact with the
backside of the baseplate, can be anticipated preoperatively. We
found that abnormal glenoids that were supplemented with
bone graft had greater glenoid inclination (in the superior
direction) than those that had not had grafting. Osseous
contact with the backside of the baseplate can be improved
with the addition of bulk autograft or allograft to fill eccentric
voids in the glenoid.

In addition to initial fixation of the baseplate, proper
soft-tissue tensioning may play an important role in improving
functional outcomes following reverse shoulder arthroplasty.
The selection of various glenosphere sizes in our series reflects
alterations in the soft-tissue envelope secondary to either al-
tered glenoid morphology and/or sex. All glenosphere selec-
tions were made on the basis of the surgeon’s perception of
soft-tissue tension to provide a stable shoulder with a range of
motion that was unencumbered by the remaining soft-tissue
structures. Male patients and patients with acquired glenoid
bone defects were treated more frequently with larger gleno-
spheres. Patients who received a larger glenosphere had sub-
stantial improvement in all planes of motion including
forward flexion (mean, 65.5° to 141°), abduction (mean, 63°
to 127.7°), external rotation (mean, 21.2° to 43.9°), and in-
ternal rotation (mean, S1 to T12). We suspect that the smaller
glenospheres in female patients relate to their smaller stature
and, therefore, were selected at the time of surgery to ac-
commodate the diminished volume of the soft-tissue envelope.
Currently, there is little information available to assess optimal
soft-tissue tension, but we believe that correct soft-tissue
tensioning contributes to a successful outcome after reverse
shoulder arthroplasty.

One weakness of our study was the lack of a true control
group. Patients who had a glenoid with normal morphology
were compared with a series of patients with acquired glenoid
bone defects that required treatment with a modified tech-
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nique. There was no control group consisting of patients with
glenoid bone defects implanted with a reverse shoulder re-
placement with use of the standard technique. Therefore, while
the modifications in surgical technique assisted in our ability
to implant the device, we cannot isolate the effect of surgical
technique on clinical outcomes. It is difficult to say whether
glenoid fixation would have been possible without modifying
the surgical technique.

Additionally, it is important to note that while radio-
graphic outcomes were encouraging, these were not fluoro-
scopic views and radiographic follow-up was short term.
Grashey radiographs were evaluated at each postoperative visit,
and they were compared with successive radiographs to de-
termine what, if any, interval changes occurred. Finally, the
first postoperative radiographs were compared with the most
recent radiographs and any radiolucencies at that time were
noted.

Another weakness of the study was that the results were
based on a single surgeon using a single type of prosthesis at a
unique tertiary-care center that has the longest experience with
reverse shoulder arthroplasty in the United States. As such, our
experience may not represent that of practices outside the realm
of a subspecialty-based tertiary-care referral center or that of
practitioners who either have less experience or use other re-
verse shoulder devices. Techniques utilized in the study were
employed with an implant design containing a baseplate with a
central compression screw and a center of rotation lateral to the
glenoid. Alternative techniques may be necessary to accom-
modate the varying baseplate and glenosphere designs cur-
rently available. Finally, while the results are encouraging for
these techniques at a minimum two-year follow-up, this time
period is relatively short considering the expected lifespan of
the prosthesis. Longer follow-up is necessary to evaluate im-
plant survival, the ultimate fate of the graft, and whether the
clinical outcomes seen in this study can be maintained.

Clinically important, acquired glenoid bone defects may
not be uncommon and were present in 39% of the shoulders in
this series of primary reverse shoulder arthroplasties. Osseous
erosion may require alteration in operative technique such as
the use of the spine centerline, bone-grafting, and larger gle-
nospheres. Surgeons can anticipate and prepare for these altered
techniques with preoperative identification of glenoid bone loss.
The spine centerline allows for secure initial fixation of the
glenoid baseplate in abnormal glenoids, regardless of the lo-
cation or severity of bone loss. Larger glenosphere sizes can
accommodate for bone loss and appropriately tension the soft-
tissue envelope. These modifications may enable patients with
acquired glenoid bone defects to obtain short-term functional
outcomes similar to those of patients with normal morphology.

Appendix

@ Tables showing the preoperative subgroup comparisons,
clinical outcomes, postoperative subgroup analysis, and

anatomic measurements of the scapulae are available with the

electronic version of this article on our web site at jbjs.org (go

to the article citation and click on “Supporting Data”). ®
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