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Background: Reverse shoulder arthroplasty (RSA) is rapidly being adopted as the standard procedure for a growing number of shoulder
pathologies. Lateralization of the glenoid component is known to reduce the incidence of scapular notching and possibly improve post-
operative range of motion. A number of methods are used for glenoid component lateralization, including bony increased-offset reverse
shoulder arthroplasty (BIO-RSA) and porous metal-augmented baseplates. Presently, there exists little comparative literature on bone vs.
metal lateralization. Therefore, the purpose of this study was to compare BIO-RSA to metal-augmented glenoid baseplates by assessing
clinical outcomes and baseplate migration using model-based radiostereometric analysis.
Methods: A power analysis indicated 40 patients would be required for this radiostereometric study. Therefore, 41 shoulders were pro-
spectively randomized to receive either glenoid bone grafting (BIO-RSA) or a porous metal-augmented wedge-shaped titanium base-
plate for primary reverse shoulder arthroplasty. At the time of primary surgery, all patients also underwent implantation of 8 tantalum
marker beads in the glenoid and coracoid. Following surgery, participants were imaged using a calibrated, stereo radiographic technique.
Radiographs were acquired at 6 weeks (baseline), 3 months, 6 months, 1 year, and 2 years postoperatively. Migration of the prosthesis
was compared between bone and metal lateralization groups at each time point using a mixed effects model with Bonferroni test for
multiple comparisons. Outcome measures were acquired preoperatively and 2 years postoperatively.
Results: No significant differences were observed along any translation or rotation axis at any time point for either glenoid fixation
group (P � .175). Mean total glenoid component translation (� standard deviation) 2 years postoperatively was 0.4 � 0.2 mm and
0.5 � 0.3 mm for BIO-RSA and metal-augmented baseplates, respectively (P ¼ .784). No significant differences were observed between
groups in active range of motion; pain; American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form score; Simple
Shoulder Test score; Disabilities of the Arm, Shoulder, and Hand score; Constant Shoulder score; or Subjective Shoulder Value
(P � .117), with the exception of increased active external rotation in the BIO-RSA cohort (P ¼ .036).
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Conclusion: This randomized clinical trial assessed reverse shoulder arthroplasty glenoid component migration using model-based
radiostereometric analysis. At 2-year follow-up, our results indicate both BIO-RSA and porous metal wedge augmented baseplates pro-
vide stable initial fixation, which is maintained at 2 years’ follow-up, with no substantial differences in clinical outcomes.
Level of evidence: Level I; Randomized Controlled Trial; Treatment Study
Crown Copyright � 2021 All rights reserved.
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Reverse shoulder arthroplasty is being used as the
standard surgical procedure for a rapidly growing number
of shoulder pathologies.10,18,27 Glenoid preparation and
implantation remains a technical challenge, as different
pathologies present varying glenoid wear patterns.11

Excessive reaming, in an effort to optimize glenosphere
baseplate seating, may lead to medialization of the gleno-
humeral joint’s center of rotation and exacerbate scapular
notching.6,26,35 For this reason, glenoid lateralization has
been recommended. Glenoid lateralization may be con-
ducted by the addition of a structural bone autograft
underneath the baseplate, a technique termed bony
increased-offset reverse shoulder arthroplasty (BIO-
RSA).3,4 Although the short-term literature demonstrates
good outcomes with BIO-RSA,3-5 concerns are still raised
for possible problems with bone graft healing, baseplate
stability, increased operative time, and that the autograft
technique is limited to primary surgeries.

Alternatively, metal-augmented baseplates have been
engineered and marketed to address varying glenoid de-
ficiencies, without relying on structural bone auto-
graft.13,31,36 Although metal augmentation provides a
promising solution to scapular notching and improving
impingement-free range of motion, there are concerns
about lateralization of the joint’s center of rotation and the
introduction of bending moments at the bone-implant
interface, compromising fixation and survivorship.2,7,14,15

Model-based radiostereometric analysis is a calibrated,
dual-plane radiography technique capable of measuring
submillimeter implant migration, and is currently the gold
standard for such purposes.32 The technique has been used
extensively in studies of lower limb arthroplasty, where it
has been shown that early implant migration, within the
first 2 years postoperatively, is predictive of later loos-
ening and failure.21,22 To our knowledge, few to no studies
have investigated glenoid component migration in reverse
shoulder arthroplasty. The purpose of this prospective
randomized clinical trial was to compare the migration
between BIO-RSA and porous metal-augmented glenoid
baseplates using model-based radiostereometric analysis
in the first 2 years postoperatively. Secondary patient-
reported outcome measures and incidence of scapular
notching were also recorded. It was hypothesized that
there would be no difference in migration between

augmentation techniques and that patients would report
comparable outcomes.

Materials and methods

Study design

This is a prospective, randomized clinical trial with 2 � 2 factorial
design, investigating both glenoid and humeral stem fixation in
reverse shoulder arthroplasty. This article presents the methods
and results of the glenoid fixation study arm. At the time of study
conception, and to our knowledge, few to no studies have evalu-
ated glenoid component migration in reverse shoulder arthro-
plasty. Consequently, the study sample size was determined based
on previously reported radiostereometric analysis results of hu-
meral stem migration in anatomic shoulder arthroplasty,24 and
powered appropriately. Assuming a standard deviation of 0.3 mm
within groups and 4 repeated measurements, differences in
migration of 0.235 mm between cohorts can be detected with 80%
power and an alpha value of 0.05. To account for 10% dropout, 20
patients were included in each group.

Patients were randomized into one of 4 RSA cohorts: BIO-
RSA with either press-fit or cemented humeral stem and porous
metal-augmented-wedge glenoid with either press-fit or cemented
humeral stem. Block randomization was used to ensure a 1:1
allocation between the 4 groups. Five blocks of 8 were initially
assigned, with an additional block of 4 added following the
withdrawal of 2 patients from the study prior to radiographic
assessment. This additional block resulted in the addition of 3
more participants for a total of 41 shoulders recruited for the study
(the additional patient added because of randomization order,
ensuring 20 patients in each glenoid cohort). Randomization
sequence was generated using the online tool at seal-
edenvelope.com. Treatment allocations were printed, concealed,
and sealed in an opaque envelope and then numbered sequentially.
Envelopes were opened 3 weeks before surgery to ensure adequate
time for preoperative templating and instrument availability.

Patient recruitment

Thirty-nine nonconsecutive patients (41 shoulders, 20 male) pro-
vided written, informed consent for prospective study enrollment
and reverse shoulder arthroplasty. Procedures were completed
between July 2017 and June 2019 by GSA, a fellowship-trained
shoulder surgeon at St Joseph’s Health Care, London, Canada.
Inclusion criteria were shoulder arthrosis requiring reverse
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shoulder arthroplasty, a functional deltoid muscle, and the ca-
pacity to provide informed consent. Exclusion criteria included
patients who were pregnant or planning to become pregnant, un-
able to read or write English, significant cognitive impairment, a
gait or motor control disorder, and if their indication for surgery
was humeral fracture, avascular necrosis, or revision surgery, or if
they had insufficient bone stock for random treatment allocation.

Clinical and radiographic outcomes

Patient-reported outcomes were acquired preoperatively and 2
years postoperatively as secondary outcome measures. Active
forward elevation, lateral abduction, and external rotation (at
0� abduction) were measured using a 30-cm handheld goniometer.
Active internal rotation was measured as the highest point along
the spine reached by the thumb pointing upward. Validated
outcome measures include the Subjective Shoulder Value; the
American Shoulder and Elbow Surgeons Standardized Shoulder
Assessment Form; the Simple Shoulder Test; the Disabilities of
the Arm, Shoulder, and Hand questionnaire; and the Constant
Shoulder score. Pain was ranked from 0 to 10.

The most recent anteroposterior radiographs were assessed for
evidence of scapular notching according to the grading by Sir-
veaux et al,28 glenoid lucency, and specific to the BIO-RSA
cohort, incorporation of bone graft.4 Glenosphere inclination
angle was also recorded, measured as the angle subtended by
tracing the floor of the supraspinatus fossa with a line perpen-
dicular to the back of the glenosphere.17

Surgical technique

All procedures were performed by a fellowship-trained shoulder
surgeon (G.S.A.) and used the Aequalis Ascend Flex humeral
component (Wright Medical-Tornier Group, Memphis, TN, USA).
Prior to surgery, computed tomography scans of each patient’s
glenohumeral joint were assessed for glenoid deficiency and
classified according to the Walch and Favard systems as appro-
priate (Table I).16,34 Preoperative templating (BLUEPRINT;
Wright Medical-Tornier Group) was completed for each patient to
optimize implant size and positioning, though final sizes and
placement were evaluated intraoperatively. The standard delto-
pectoral approach was used, with patients in the beach chair po-
sition. During surgery, 5 tantalum beads 1 mm in diameter
(Halifax Biomedical Inc., Mabou, NS, Canada) were inserted into
the glenoid vault, and 3 beads in the coracoid, before implanting
the glenoid baseplate. Beads were spaced as far apart as possible
to facilitate subsequent radiostereometric analysis.

For the BIO-RSA cohort, bone graft with a thickness of
approximately 10 mm and diameter appropriate to the baseplate
was harvested from the humeral head prior to head resection. The
graft was then shaped to match each patient’s glenoid deficiency,
as described by Boileau et al,5 and fixed using a long (25 mm)
central post implant (Aequalis Reversed II; Wright Medical-
Tornier Group), 2 compression, and 2 locking screws. A 36-mm
glenosphere was used in 9 cases, a 39-mm glenosphere in 3
cases, and a 42-mm glenosphere in 8 cases.

For patients in the porous metal wedge cohort, the full wedge
(15� slant) augment (Aequalis PerFORMþ Reversed, ADAPTIS
integrated porous metal) was used, with a diameter of either 25 or
29 mm. The augmented baseplate was seated to the reamed

glenoid and fixed using either a 6.5- or 9-mm-diameter central
screw, 1 compression screw, and 3 locking screws. Eight 36-mm,
three 39-mm, and ten 42-mm glenospheres were used. In 1 case
(36 mm), a 15-mm-diameter central post was used, as insufficient
purchase was achieved using the central screw. Radiographic
differences between the 2 augmentation techniques are illustrated
in Figure 1. In all cases, centered glenospheres were used.

Patients received either a cemented or press-fit stem, with
either a 1.5-mm (n ¼ 38) or 3.5-mm (n ¼ 3) eccentric tray
(Aequalis Ascend Flex; Wright Medical-Tornier Group). Trial
reduction was completed prior to final polyethylene selection to
ensure stability and mobility of the joint. Polyethylene diameter
was matched to glenosphere diameter, with a �6-mm-thick
polyethylene used in 35 cases and �9-mm used in 6 cases.

Radiostereometric analysis

Immediately following surgery, a graduated rehabilitation pro-
gram was initiated. Six weeks postoperatively, the sling was
removed. Baseline radiostereometric analysis examinations were
taken at 6 weeks, with subsequent examinations taken at 3 months,
6 months, 1 year, and 2 years. Patients were imaged in a dedicated
radiostereometric analysis suite using 2 ceiling-mounted x-ray
units (Proteus XR/a; GE Medical Systems, Milwaukee, WI, USA).
X-ray tubes were positioned parallel to the floor and 40� to one
another, directed at the patient sitting in front of a uniplanar
calibration cage (Cage 43, RSA Biomedical, Umea, Sweden),
their arm at rest by their side. Images were acquired with 35.5
� 43.2-cm computed radiography imaging cassettes featuring 0.1-
mm pixel spacing and 10-bit gray scale mapping (Capsula X CR;
Fujifilm, Tokyo, Japan). Radiographs were taken at 90 kVp, with
6.3-16.0 mAs depending on patient size.

Table I Patient demographic characteristics (mean � SD)

BIO-RSA
(n ¼ 20)

Augment
(n ¼ 21)

P value

Age, yr, mean � SD 75 � 9 70 � 9 .096
Sex, male/female, n 11/9 11/10 .867
BMI, mean � SD 30 � 6 32 � 7 .335
Walch classification
A1 3 2 .985
A2 1 3
B2 2 5
B3 3 1

Favard classification
E0 6 8 .197
E2 2 2
E3 3

Indication
OA 7 10 .535
CTA 9 6
MRCT 2 4
OA þ RCT 1 1
RA 1

OA, osteoarthritis; CTA, cuff tear arthropathy; MRCT, massive rotator

cuff tear; RCT, rotator cuff tear; RA, rheumatoid arthritis; BIO-RSA,

bony increased-offset reverse shoulder arthroplasty.
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Glenoid implant migration was measured in commercial
model-based radiostereometric analysis software (RSACore, Lei-
den, the Netherlands). Linear translations were recorded along the
medial (þ)–lateral (–) x axis, superior (þ)–inferior (–) y axis, and
anterior (þ)–posterior (–) z axis (Fig. 2, a). A 3-dimensional total
translation vector was measured at each time point as well,
calculated as the square root of the sum of squared translation
components from each translation axis. Rotations of the glenoid
implant were recorded about the anteversion (þ)–retroversion (–)
x axis, and declination (þ)–inclination (–) z axis (Fig. 2, b). The
glenosphere is symmetric about its y axis, and these measurements
were consequently indeterminate. Note that rotations follow Euler
rigid body kinematics and therefore are not in line with the model-
based radiostereometric analysis global coordinate frame, as
translations are.

Bias and repeatability of this technique using the same implant
have previously been validated under ideal conditions, with a re-
ported bias (mean absolute value � 95% confidence interval) less
than, and repeatability greater than, 0.08 � 0.02 mm and 0.15 mm,
and 0.3� � 0.1� and 0.2� in translation and rotation, respectively.33

The condition number, a value representative of the dispersion of
the fiducial markers, was also recorded for each measurement. A
well-conditioned marker cluster will be spread out in 3 di-
mensions, rather than colinearly, and will have a low condition
number. It has been generally suggested that measurements with
condition numbers less than 150 provide reliable results.32

Because of the small glenoid and coracoid area within which
tantalum beads could be placed, there is the potential for worse
dispersion and higher condition numbers, and therefore this value
has previously increased to 300 for the glenoid component of the
shoulder.29 In order to assess the clinical precision of model-based
radiostereometric analysis, double exposures were taken 3 months
postoperatively. Clinical precision is reported as 1.96 � SD of the
measured migration values when no migration has taken place (ie,
examinations taken a few minutes apart).30 Clinical precision
provides a lower limit for migration measurements recorded in the
model-based radiostereometric analysis software, allowing the
user to distinguish between meaningful migration values and
noise. The threshold for rigid body error, measured as the absolute
change in position of tantalum beads between exposures, was set
at 0.350 mm.32

Statistical analysis

Glenosphere translations were measured along each orthogonal
axis, in addition to a 3-dimensional ‘‘total translation’’ vector,
and rotations were measured about the anteversion-retroversion
and inclination-declination axes. Measurements were made
relative to the 6-week baseline exams. Significant differences in
migration between cohorts were assessed using a mixed effects
model with Bonferroni test for multiple comparisons. Within-
group effects were also assessed using Bonferroni test for mul-
tiple comparisons to determine if there were any significant
differences in migration within cohorts between time points.
Assessment of interaction between glenoid component migration
and type of humeral stem fixation was performed using a 2-way
analysis of variance.

Significant differences in continuous clinical outcomes were
assessed using either an unpaired t test, if normally distributed, or
the Mann-Whitney test if not. Categorical data was assessed using
the c2 test. Normality was evaluated using the Pearson d’Agostino
test. Analysis was performed in Prism 8 (GraphPad Prism, San
Diego, CA, USA), with statistical significance set at P < .05.

Results

The mean age at time of surgery was 72 � 9 years, with no
difference in demographic characteristics between cohorts
(Table I). Mean glenosphere inclination in the BIO-RSA
cohort was 1� � 3�, and 4� � 5� in the metal augment
cohort (P ¼ .055). There was no significant difference in
glenosphere size distribution (36, 39, or 42 mm) between
cohorts (P ¼ .880). A preoperative difference between
groups was observed in forward elevation (mean
difference ¼ 18�, P ¼ .047), though no other range of
motion or outcome measures were significantly different
(Table II). Postoperative patient-reported outcomes are also
reported in Table II, along with the mean difference from
baseline and comparative gain between cohorts. All out-
comes for each cohort improved significantly 2 years

Figure 1 Anteroposterior radiographs of glenoid component augmentation ( ) using (a) bony increased-offset reverse shoulder
arthroplasty and (b) a porous metal full wedge augment. Tantalum beads are also visible in the glenoid vault and coracoid as small
radiopaque circles.
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postoperatively, with the exception of external rotation in
the porous metal augment cohort. Differences in external
rotation were observed between groups 2 years post-
operatively, with the BIO-RSA group showing increased
range of motion (mean difference ¼ 11�, P ¼ .036).
Adverse events include 1 revision due to dislocation in the
augment cohort 9 months postoperatively, and 1 acromion
fracture in the BIO-RSA cohort that healed without

intervention. One patient in the BIO-RSA cohort passed
away from unrelated causes prior to 2-year follow-up. Full
study flow is illustrated in Figure 3. All bone grafts
demonstrated structural integrity at the most recent follow-
up, with no evidence of glenoid lucency. Grade I scapular
notching was apparent in 3 cases, 2 of which were porous
metal wedge patients. All 3 patients had a neutral or
slightly superior glenoid inclination angle (range ¼ 1�-4�).

Figure 2 Right-handed coordinate system illustrating (a) translational axes and (b) rotational axes.

Table II Patient-reported outcome measures

Preoperative Postoperative (2 yr) Difference from preoperative

BIO-RSA Augment P value BIO-RSA Augment P value BIO-RSA
(P value)

Augment
(P value)

Absolute
difference in
gain between
cohorts

Forward elevation (�) 62 � 31 80 � 26 .047 125 � 17 129 � 18 .484 þ63 (<.001) þ49 (<.001) 14
Lateral abduction (�) 56 � 22 71 � 26 .062 108 � 22 113 � 23 .489 þ52 (<.001) þ42 (<.001) 10
External rotation (�) 24 � 19 26 � 23 .838 43 � 15 32 � 13 .036 þ19 (.003) þ6 (.267) 13
Internal rotation

(1-6)*
3 � 1 3 � 2 .281 4 � 2 5 � 1 .468 þ1 (.004) þ2 (.011) 1

Pain (0-10) 7.0 � 2.2 6.9 � 2.4 .896 1.4 � 1.5 1.1 � 1.6 .324 –5.5 (<.001) –5.8 (<.001) 0.3
SSV (0-100) 33 � 21 29 � 22 .715 90 � 9 82 � 19 .117 þ57 (<.001) þ53 (<.001) 4
ASES (0-100) 34 � 14 34 � 19 .895 83 � 14 84 � 16 .724 þ49 (<.001) þ50 (<.001) 1
SST (0-12) 2 � 1 3 � 2 .075 8 � 3 9 � 3 .852 þ6 (<.001) þ6 (<.001) 0
DASH (0-100) 57 � 15 52 � 16 .322 20 � 18 15 � 17 .378 –37 (<.001) –37 (<.001) 0
Constant (0-100) 23 � 9 30 � 15 .074 67 � 9 70 � 14 .259 þ44 (<.001) þ40 (<.001) 4

SSV, Subjective Shoulder Value; ASES, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form; SST, Simple Shoulder Test; DASH,

Disabilities of the Arm, Shoulder, and Hand; Constant, Constant Shoulder score; BIO-RSA, bony increased-offset reverse shoulder arthroplasty.

Values are mean � standard deviation.
* Based on the landmarks from Constant Shoulder score: 1 ¼ lateral thigh, 2 ¼ buttock, 3 ¼ lumbosacral junction, 4 ¼ waist, 5 ¼ T12, 6 ¼ T7 or

interscapular.

Bold values are statistically significant.
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Clinical precision measured from double examinations
is reported in Table III. Out-of-plane translations and ro-
tations about the inclination-declination axis had the
poorest precision. The glenosphere has one axis of rota-
tional symmetry, and therefore measurements about this
axis are indeterminate. Mean condition number for patients
with BIO-RSA was 135 � 66, and 127 � 63 for patients
with the metal augment.

There was no significant difference in total translation
(mean difference ¼ 0.1 mm, P ¼ .784) between BIO-RSA
and porous metal-augmented cohorts 2 years

postoperatively (Fig. 4), or at any time point along any axis
between glenoid lateralization groups (Table IV). Within
cohorts, significant differences in total translation were
observed from baseline through 3 months in both BIO-RSA
(mean difference ¼ 0.4 mm, P < .001) and metal augment
(mean difference ¼ 0.4 mm, P < .001) cohorts. No further
differences were observed from 3 months to 6 months, 6
months to 1 year, or 1 year through 2 years in either cohort
(all P > .999).

Assessing for interaction between glenoid implant
migration and humeral stem fixation, there was no

Figure 3 CONSORT study flow diagram. BIO-RSA, bony increased-offset reverse shoulder arthroplasty.
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significant interaction between factors at any time point
along any axis (P range ¼ .112-.893), with the exception of
the medial-lateral translation axis at 3 months (P ¼ .044),
where a mean difference in medial-lateral translation of
<0.1 mm was reported between cohorts with press-fit and
cemented stems.

Discussion

A handful of studies have investigated glenoid component
migration in anatomic shoulder arthroplasty, with variable
results. Unfortunately, the anatomic results are not trans-
ferable to the reverse shoulder glenoid component, as the
reverse shoulder experiences different biomechanics and
loading conditions.9,19,20,23,25,29 Therefore, the purpose of
this study was to compare implant migration in the first 2
years postoperatively between BIO-RSA and porous metal
wedge augmentation techniques using model-based radio-
stereometric analysis. Patient retention at 2 years was 88%
(36/41). No statistically significant differences in migration
were observed along any translation or rotation axis at any
time point between groups, supporting our hypothesis.
Although it is likely that some minute migration occurred
as the implant baseplates integrated with the reamed gle-
noid in the first few months postoperatively, the precision of
the technique is poorer than the migration values observed,
and therefore no distinguishable differences were observed

between groups. Overall, it appears that immediate, stable
fixation is achieved with both augmentation techniques.

Further, in assessing for interaction between glenoid
implant migration and type of humeral stem fixation, the
only instance of interaction between factors was at 3
months along the medial-lateral translation axis. The re-
ported difference in glenoid implant migration between
cohorts with cemented and press-fit stems was <0.1 mm,
below the level of clinical precision for model-based radi-
ostereometric analysis and clinically negligible. As a result,
the authors conclude the type of humeral stem fixation had
no effect on glenoid implant migration.

Both cohorts improved in all functional metrics 2 years
postoperatively, with the exception of external rotation in
the metal augment cohort. This limited improvement in
external range of motion may be a result of the metal
augment’s geometry. A single geometry (15� full wedge,
Aequalis PerFORMþ Reversed) was used for all patients in
the metal-augmented cohort regardless of glenoid erosion
pattern, whereas the bone graft for the BIO-RSA cohort
was shaped to address patient-specific glenoid defects. This
unique modification with BIO-RSA may have provided
greater patient-specific benefit in our study. Practically
speaking, a number of different porous metal augment ge-
ometries have come to market with the goal of managing
different erosion patterns.1,13 Presently, the Aequalis Per-
FORMþ Reversed full wedge is only offered in the 15�

geometry. By choosing an appropriate augment for the
suggested indication, this may provide superior patient
outcomes. At this time, however, there were no differences
in patient outcomes between BIO-RSA and porous metal-
augmented glenospheres 2 years postoperatively, with the
exception of external rotation. Additionally, it should be
noted that this study was primarily powered for implant
migration, and range of motion was a secondary outcome.
As such, the difference in external rotation should be
interpreted with caution and not overstated. Further, the
immediate stability achieved with the 15� full wedge in this
patient cohort may not be representative of all porous
metal-augmented geometries, which vary in the volume of
glenoid bone removal required for sufficient seatingdthe
15� full wedge requiring the least bone removal compared
to the half wedge and standard nonaugmented designs.1

The incidence of scapular notching was minimal in both
cohorts, supporting the use of both glenosphere lateralization
techniques for impingement-free range of motion. The total

Figure 4 Mean � 95% confidence intervals of total translation
measurements for BIO-RSA ( ) and porous metal wedge augment
( ) glenoid lateralization techniques. Model-based radio-
stereometric analysis precision is illustrated as the for BIO-RSA
and the for porous metal wedge augment. BIO-RSA, bony
increased-offset reverse shoulder arthroplasty.

Table III Precision (1.96 � SD), reported for translation (mm) and rotation (�)

Medial (þ)–
lateral (–) (Tx)

Superior (þ)–
inferior (–) (Ty)

Anterior (þ)–
posterior (–) (Tz)

Total
translation (Tr)

Anteversion (þ)–
retroversion (–) (Rx)

Declination (þ)–
inclination (–) (Rz)

BIO-RSA 0.4 0.4 0.5 0.3 1.0 1.1
Augment 0.4 0.4 0.7 0.4 1.0 1.9

SD, standard deviation; BIO-RSA, bony increased-offset reverse shoulder arthroplasty.
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frequency of 7% (3/41) is lower than previously reported for
BIO-RSA (40%),3 and likely a result of combining gleno-
sphere lateralization with a more acute humeral neck-shaft
angle (145� vs. 155�), as used in this study.

This study has limitations. At the time of study conception
and initiation, to our knowledge, few to no studies had been
conducted investigating glenosphere migration in reverse
total shoulder arthroplasty. Consequently, a priori power
analysis was based on previously published mean and stan-
dard deviation results of humeral stem migration. The mean
difference in glenosphere migration measurements between
cohorts recorded for the present study were an order of
magnitude smaller than the 0.235 mm used for power anal-
ysis. As a result, the current sample size at 2 years (n ¼ 35
analyzed) is smaller than that required for power of 0.8 with
alpha ¼ 0.05. Despite this limitation, however, the authors

believe the results are an accurate representation of the
migration patterns of bothBIO-RSAand porousmetal wedge
augmented glenosphere baseplates in reverse total shoulder
arthroplasty. There were no incidences of observable
migration in either cohort, and although a greater number of
patients are required for adequately powering the gleno-
sphere study arm, it is unlikely that any statistically signifi-
cant difference in migration between cohorts would be
clinically meaningful given the patterns observed in this
study.

The present study relied on the use of the glenosphere
CAD models as the implant surface model rather than a
reverse-engineered model. One group recently, after our
study had already started, evaluated the clinical precision of
glenosphere migration measurements in the reverse shoulder
using a reverse-engineered glenosphere model in the same
model-based radiostereometric analysis software, with
slightly improved results: Tx ¼ 0.22 mm, Ty ¼ 0.13 mm,
Tz ¼ 0.25 mm, Rx ¼ 0.36�, Rz ¼ 0.69�.8 This study also
changed the imaging position of the patients, having them lie
supine, with the calibration cage rotated 90� from our sitting
examinations. It has been shown that reverse-engineered
models improve the clinical precision of model-based radi-
ostereometric analysis compared to CAD models, and this is
likely a source of their finer results.12 Another limitation is
that the glenosphere is symmetric about its y axis, and
therefore rotations about this axis could not be measured.

The condition number for both BIO-RSA and metal
augment cohorts was comparable, and within the acceptable
range, at 135� 66 and 127� 63, respectively. Traditionally,
the upper limit for condition numbers has been set at 150;
however, this limit has been increased to 300 for the gle-
noid.29 Tantalum beads were inserted into the coracoid in
addition to the glenoid vault in order to improve the condition
number, but as the results show, the limited surrounding bone
volume is still a limitation of acquiring reliably small
migration measurements in the glenoid.

Additionally, this study only examined BIO-RSA and
glenoid baseplate augments as techniques for lateralization.
Other techniques that are also effective, such as lateralized
glenosphere implants, were not studied. Lastly, further
long-term follow-up is required to relate implant longevity
to these 2-year results and to determine the effect of any
potential future bone graft resorption or glenoid lucency.

Conclusion

There are few to no randomized clinical trials comparing
BIO-RSA to metal-augmented baseplates in reverse
shoulder arthroplasty. The present study compared gle-
noid implant migration between bone and metal aug-
ments using model-based radiostereometric analysis. At
2-year follow-up, our results indicate both BIO-RSA and
porous metal wedge augmented baseplates provide

Table IV Translational (mm) and rotational (�) migration
values

BIO-RSA Metal augment P value

Medial-lateral (Tx)
3 mo 0.0 � 0.3 0.0 � 0.2 >.999
6 mo 0.1 � 0.3 0.0 � 0.2 .625
1 yr 0.1 � 0.2 0.1 � 0.2 >.999
2 yr 0.1 � 0.3 0.0 � 0.3 >.999

Superior-inferior
(Ty)
3 mo 0.0 � 0.2 –0.1 � 0.3 >.999
6 mo 0.0 � 0.2 0.1 � 0.2 >.999
1 yr 0.0 � 0.1 0.0 � 0.3 >.999
2 yr 0.0 � 0.2 0.0 � 0.3 >.999

Anterior-posterior
(Tz)
3 mo 0.1 � 0.4 0.0 � 0.4 >.999
6 mo 0.0 � 0.3 0.0 � 0.4 >.999
1 yr 0.1 � 0.3 0.0 � 0.5 >.999
2 yr –0.1 � 0.3 –0.2 � 0.4 >.999

Total translation
(Tr)
3 mo 0.4 � 0.3 0.4 � 0.3 >.999
6 mo 0.4 � 0.2 0.4 � 0.2 >.999
1 yr 0.4 � 0.2 0.5 � 0.3 .629
2 yr 0.4 � 0.2 0.5 � 0.3 .784

Anteversion-
retroversion (Rx)
3 mo –0.1 � 0.8 0.0 � 0.7 >.999
6 mo –0.1 � 0.8 –0.3 � 0.5 .885
1 yr –0.2 � 0.9 0.1 � 0.5 .785
2 yr –0.3 � 0.8 0.0 � 0.4 >.999

Declination-
inclination (Rz)
3 mo 0.1 � 0.6 0.1 � 0.6 >.999
6 mo –0.2 � 0.8 –0.3 � 0.7 >.999
1 yr –0.1 � 0.7 0.4 � 0.6 .175
2 yr –0.2 � 0.8 0.1 � 0.9 .477

BIO-RSA, bony increased-offset reverse shoulder arthroplasty.

Values are mean � standard deviation.
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initial, stable fixation, with no substantial difference in
clinical outcome measures.

Disclaimer

MV was supported by a Transdisciplinary Bone and
Joint Training Award (Western University). External
funding was granted by the Arthritis Society (grant
number YIO-15-223). No outside source was involved in
data collection, data analysis, or the preparation or
editing of the manuscript.

George S. Athwal has received research support
funding, IP royalties, and stock or stock options from
Stryker Wright Medical Technology, Inc. All the other
authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this article.

Acknowledgments

The authors thank Rudy Baronette for his assistance as
radiography technologist for this study.

References
1. Abdic S, Knowles NK, Walch G, Johnson JA, Athwal GS. Type E2

glenoid bone loss orientation and management with augmented im-

plants. J Shoulder Elbow Surg 2020;29:1460-9. https://doi.org/10.

1016/j.jse.2019.11.009

2. Ackland DC, Roshan-Zamir S, Richardson M, Pandy MG. Muscle and

joint-contact loading at the glenohumeral joint after reverse total

shoulder arthroplasty. J Orthop Res 2011;29:1850-8. https://doi.org/

10.1002/jor.21437

3. Athwal GS, MacDermid JC, Reddy KM, Marsh JP, Faber KJ,

Drosdowech D. Does bony increased-offset reverse shoulder arthro-

plasty decrease scapular notching? J Shoulder Elbow Surg 2015;24:

468-73. https://doi.org/10.1016/j.jse.2014.08.015

4. Boileau P, Moineau G, Roussanne Y, O’Shea K. Bony increased-offset

reversed shoulder arthroplasty: minimizing scapular impingement

while maximizing glenoid fixation. Clin Orthop Relat Res 2011;469:

2558-67. https://doi.org/10.1007/s11999-011-1775-4

5. Boileau P, Morin-Salvo N, Gauci MO, Seeto BL, Chalmers PN,

Holzer N, et al. Angled BIO-RSA (bony-increased offset-reverse

shoulder arthroplasty): a solution for the management glenoid bone

loss and erosion. J Shoulder Elbow Surg 2017;26:2133-42. https://doi.

org/10.1016/j.jse.2017.05.024

6. Boileau P, Watkinson DJ, Hatzidakis AM, Balg F. Grammont reverse

prosthesis: design, rationale, and biomechanics. J Shoulder Elbow

Surg 2005;14:147-61. https://doi.org/10.1016/j.jse.2004.10.006

7. Costantini O, Choi DS, Kontaxis A, Gulotta LV. The effects of pro-

gressive lateralization of the joint center of rotation of reverse total

shoulder implants. J Shoulder Elbow Surg 2015;24:1120-8. https://doi.

org/10.1016/j.jse.2014.11.040

8. Fraser AN, Tsukanaka M, Fjalestad T, Madsen JE, R€ohrl SM. Model-

based RSA is suitable for clinical trials on the glenoid component of

reverse total shoulder arthroplasty. J Orthop Res 2018;36:3299-307.

https://doi.org/10.1002/jor.24111

9. Gascoyne TC, McRae SMB, Parashin SL, Leiter JRS, Petrak MJ,

Bohm ER, et al. Radiostereometric analysis of keeled versus pegged

glenoid components in total shoulder arthroplasty: a randomized

feasibility study. Can J Surg 2017;60:273-9. https://doi.org/10.1503/

cjs.001817

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

plasty to utilization of primary shoulder arthroplasty. J Shoulder Elbow

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

11. Jean K. Classifications of glenoid dysplasia, glenoid bone loss and

glenoid loosening: a review of the literature. Eur J Orthop Surg Trau-

matol 2013;23:301-10. https://doi.org/10.1007/s00590-012-1119-4

12. Kaptein BL, Valstar ER, Stoel BC, Rozing PM, Reiber JHC. A new

model-based RSA method validated using CAD models and models

from reversed engineering. J Biomech 2003;36:873-82. https://doi.org/

10.1016/S0021-9290(03)00002-2

13. Knowles NK, Ferreira LM, Athwal GS. Augmented glenoid compo-

nent designs for type B2 erosions: a computational comparison by

volume of bone removal and quality of remaining bone. J Shoulder

Elbow Surg 2015;24:1218-26. https://doi.org/10.1016/j.jse.2014.12.

018

14. Kontaxis A, Johnson GR. The biomechanics of reverse anatomy

shoulder replacement – a modelling study. Clin Biomech 2009;24:

254-60. https://doi.org/10.1016/j.clinbiomech.2008.12.004

15. Kwon YW, Forman RE, Walker PS, Zuckerman JD. Analysis of

reverse total shoulder joint forces and glenoid fixation. Bull NYU

Hosp Jt Dis 2010;68:273-80.

16. L�evigne C, Boileau P, Favard L, Garaud P, Mol�e D, Sirveaux F, et al.

Scapular notching in reverse shoulder arthroplasty. J Shoulder Elbow

Surg 2008;17:925-35. https://doi.org/10.1016/j.jse.2008.02.010

17. Maurer A, Fucentese SF, Pfirrmann CWA, Wirth SH, Djahangiri A,

Jost B, et al. Assessment of glenoid inclination on routine clinical

radiographs and computed tomography examinations of the shoulder. J

Shoulder Elbow Surg 2012;21:1096-103. https://doi.org/10.1016/j.jse.

2011.07.010

18. Nam D, Kepler C, Neviaser A, Jones K, Wright T, Craig E, et al.

Reverse total shoulder arthroplasty: current concepts, results, and

component wear analysis. J Bone Joint Surg Am 2010;92:23-35.

https://doi.org/10.2106/JBJS.J.00769

19. Nuttall D, Haines JF, Trail IA. The early migration of a partially

cemented fluted pegged glenoid component using radiostereometric

analysis. J Shoulder Elbow Surg 2012;21:1191-6. https://doi.org/10.

1016/j.jse.2011.07.028

20. Nuttall D, Haines JF, Trail II. A study of the micromovement of

pegged and keeled glenoid components compared using radio-

stereometric analysis. J Shoulder Elbow Surg 2007;16(Suppl 3):65-70.

https://doi.org/10.1016/j.jse.2006.01.015

21. Pijls BG, Plevier JWM, Nelissen RGHH. RSA migration of total knee

replacements: a systematic review and meta-analysis. Acta Orthop

2018;89:320-8. https://doi.org/10.1080/17453674.2018.1443635

22. Pijls BG, Valstar ER, Nouta K, Plevier JWM, Middeldorp S,

Nelissen RGHH, et al. Early migration of tibial components is asso-

ciated with late revision: a systematic review and meta-analysis of

21,000 knee arthroplasties. Acta Orthop 2012;83:614-24. https://doi.

org/10.3109/17453674.2012.747052

23. Rahme H, Mattsson P, Larsson S. Stability of cemented all-

polyethylene keeled glenoid components. J Bone Joint Surg Br

2004;86:856-60. https://doi.org/10.1302/0301-620X.86B6.14882

24. Rahme H, Mattsson P, Wikblad L, Larsson S. Cement and press-fit

humeral stem fixation provides similar results in rheumatoid pa-

tients. Clin Orthop Relat Res 2006;448:28-32. https://doi.org/10.1097/

01.blo.0000224007.25636.85

BIO-RSA vs. metal augmented RSA 599



25. Rahme H, Mattsson P, Wikblad L, Nowak J, Larsson S. Stability of

cemented in-line pegged glenoid compared with keeled glenoid

components in total shoulder arthroplasty. J Bone Joint Surg Am 2009;

91:1965-72. https://doi.org/10.2106/JBJS.H.00938

26. Roche CP, Stroud NJ, Martin BL, Steiler CA, Flurin PH, Wright TW,

et al. The impact of scapular notching on reverse shoulder glenoid

fixation. J Shoulder Elbow Surg 2013;22:963-70. https://doi.org/10.

1016/j.jse.2012.10.035

27. Schairer WW, Nwachukwu BU, Lyman S, Craig EV, Gulotta LV.

National utilization of reverse total shoulder arthroplasty in the United

States. J Shoulder Elbow Surg 2015;24:91-7. https://doi.org/10.1016/j.

jse.2014.08.026

28. Sirveaux F, Favard L, Oudet D, Huquet D, Walch G, Mol�e D.

Grammont inverted total shoulder arthroplasty in the treatment

of glenohumeral osteoarthritis with massive rupture of the cuff.

Results of a multicentre study of 80 shoulders. J Bone Joint

Surg Br 2004;86:388-95. https://doi.org/10.1302/0301-620X.86B3.

14024

29. Streit JJ, Shishani Y, Greene ME, Nebergall AK, Wanner JP,

Bragdon CR, et al. Radiostereometric and radiographic analysis of

glenoid component motion after total shoulder arthroplasty.

Orthopedics 2015;38:e891-7. https://doi.org/10.3928/01477447-

20151002-56

30. Ten Brinke B, Beumer A, Koenraadt KLM, Eygendaal D, Kraan GA,

Mathijssen NMC. The accuracy and precision of radiostereometric

analysis in upper limb arthroplasty. Acta Orthop 2017;88:320-5.

https://doi.org/10.1080/17453674.2017.1291872

31. Theivendran K, Varghese M, Large R, Bateman M, Morgan M,

Tambe A, et al. Reverse total shoulder arthroplasty using a trabecular

metal glenoid base plate. Bone Joint J 2016;98:969-75. https://doi.org/

10.1302/0301-620X.98B7

32. Valstar ER, Gill R, Ryd L, Flivik G, B€orlin N, K€arrholm J.

Guidelines for standardization of radiostereometry (RSA) of im-

plants. Acta Orthop 2005;76:563-72. https://doi.org/10.1080/

17453670510041574

33. Van de Kleut ML, Yuan X, Athwal GS, Teeter MG. Validation of

radiostereometric analysis in six degrees of freedom for use with

reverse total shoulder arthroplasty. J Biomech 2018;68:126-31. https://

doi.org/10.1016/j.jbiomech.2017.12.027

34. Walch G, Badet R, Boulahia A, Khoury A. Morphologic study of the

glenoid in primary glenohumeral osteoarthritis. J Arthroplasty 1999;

14:756-60.

35. Werner CML, Steinmann PA, Gilbart M, Gerber C. Treatment of painful

pseudoparesis due to irreparable rotator cuff dysfunction with the Delta

III reverse-ball-and-socket total shoulder prosthesis. J Bone Joint Surg

Am 2005;87:1476-86. https://doi.org/10.2106/JBJS.D.02342

36. Wright TW, Roche CP, Wright L, Flurin P-H, Crosby LA,

Zuckerman JD. Reverse shoulder arthroplasty augments for glenoid

wear: comparison of posterior augments to superior augments. Bull

Hosp Jt Dis 2015;73(Suppl 1):S124-8.

600 M.L. Van de Kleut et al.


