
lable at ScienceDirect

JSES International 8 (2024) 132e140
Contents lists avai
JSES International

journal homepage: www.jsesinternat ional .org
Mid-term results of the use of structural humeral head autograft to
correct glenoid bone loss in reverse total shoulder arthroplasty

Adam Shafritz, MDa, Jack Mangan, BAb,*, Michael DeSarno, MSc,
Christopher D. Kanner, DOd

aDepartment of Orthopedic Surgery, University of Vermont Medical Center, Burlington, VT, USA
bLarner College of Medicine, University of Vermont, Burlington, VT, USA
cDepartment of Medical Biostatistics, University of Vermont, Burlington, VT, USA
dDepartment of Radiology, University of Vermont Medical Center, Burlington, VT, USA
a r t i c l e i n f o

Keywords:
Reverse total shoulder arthroplasty
Shoulder arthroplasty
Shoulder replacement
Glenoid bone loss
Glenoid deficiency
Glenoid bone graft
Patient-reported outcomes

Level of evidence: Level IV; Case Series;
Treatment Study
IRB Information: This study was approved by The
mittee on Human Research in the Medical Sciences
with approval number 15-381.
*Corresponding author: Jack Mangan, BA, Larner Co

of Vermont, 89 Beaumont Ave, Burlington, VT, 05405
E-mail address: jack.mangan@med.uvm.edu (J. Ma

https://doi.org/10.1016/j.jseint.2023.08.018
2666-6383/© 2023 The Authors. Published by Elsevier
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
a b s t r a c t

Background: Native glenoid bone loss presents technical challenges in shoulder arthroplasty. The
purpose of this study is to report the mid-term clinical and radiographic outcomes of patients treated
with structural humeral head autograft reconstruction of glenoid bone loss in the setting of reverse total
shoulder arthroplasty (rTSA).
Methods: Retrospective review of 30 shoulders in 28 patients undergoing rTSA with a structural hu-
meral head autograft to correct glenoid bone loss. Demographics, comorbidities, anatomic details, and
patient-reported outcome measures were collected for analysis.
Results: Range of motion and patient-reported outcome measures were all significantly improved
postoperatively (P < .001). Bone grafts were found to incorporate into 100% of shoulders, with no
protheses displaying signs of loosening or other structural concerns. No revision procedures were per-
formed, and all patients were satisfied with their shoulder postoperatively. Two patients developed
scapular notching on follow-up.
Discussion: The use of a humeral head autograft to reconstruct glenoid bone loss in patients undergoing
rTSA is a safe and effective procedure. It allows for a local graft source to be utilized thus avoiding po-
tential comorbidity and complications associated with the use of alternative site autografts or allografts
and has the advantage of nearly congruent fit within the defect.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Reverse total shoulder arthroplasty is a proven technique to
relieve pain and restore function in the arthritic, rotator cuff defi-
cient and unstable shoulder. Anatomical studies of the arthritic
shoulder have demonstrated several patterns of glenoid bone loss.
Walch et al. developed a classification of glenoid morphology as
unstable shoulders with deviations in glenoid axial plane geometry
present a challenge to reconstructive surgeons. Type B2, B3, C2, and
D all involve moderate to severe bone loss with glenohumeral
subluxation.8,13 These morphologies can also be associated with
bone loss to the glenoid vault depth, precluding implantation of a
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cemented standard glenoid component in anatomical shoulder
arthroplasty, and reduced bone stock for implantation of reverse
total shoulder ingrowth componentry.8,18 It has been reported that
up to 40% of patients with rotator cuff arthropathy present with
superior bone loss to the glenoid.18 Favard et al. described the most
common patterns of glenoid erosion attributed to rotator cuff tear
arthropathy, with varying degrees of erosion in the coronal plane.1,8

The original reverse total shoulder arthroplasty design approved
for use in the USA by the Food and Drug Administration (FDA)
designed by Grammont utilized a cemented humeral component
with a 155-degree neck shaft angle and an ingrowth glenoid
component with a medialized center of rotation relative to the
glenoid face.4 This construct has been proven successful in the long
term;21 however, the medialized center of rotation combined with
a valgus neck shaft angle has been associated with the radiographic
phenomenon of scapular notching.1 A technique termed “BIO-RSA”
was developed in 2007 to lateralize the glenoid component using
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Figure 1 Humeral head autograft fits native glenoid defect perfectly. Glenoid defect modelled via 3D printed glenoid targeting guide (Matchpoint; Materialise, Leuven, Belgium).
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an onlay intercalated cylindrical autograft from the humeral head
using a long post Grammont RSA metaglene component. Inter-
mediate studies have shown the graft incorporates 90-94% of the
time and this can reduce the rate of notching.3

In 2004, one year after the Grammont design was approved,
another reverse total shoulder arthroplasty design was approved
for use in the USA by the FDA. This implant relied on a more
anatomical humeral neck shaft angle of 135 degrees, and a lateral
offset ingrowth glenoid component. This implant differed from
Grammont, as the ingrowth glenoid component was a screw-in
baseplate, rather than a press-fit post metaglene. Long term
follow-up studies have also shown this design to be successful with
the added benefit of markedly reduced rates of scapular notching
thought to be a function of an anatomical neck shaft angle along
with a lateral offset glenoid center of rotation.6

Regardless of implant chosen, a goal of reverse total shoulder
arthroplasty is to restore glenoid version to 0-10 degrees of retro-
version, and inclination from -10-0 degrees of inferior tilt in order
to obtain a stable construct able to withstand shear forces long-
term.2,7,9,20 Because glenohumeral arthritis and rotator cuff
arthropathy are associated with glenoid bone loss which can be
severe, reconstructive techniques using metal augments, allograft,
and autografts from the iliac crest have been utilized.10,14,24 We
observed that in many cases of glenoid bone loss the defect tends to
mirror the shape of the humeral head, and that the humeral head
seemed to fit the glenoid defect perfectly (Fig. 1). Because the
glenoid component in our preferred RSA implant is screwed into
position, it seemed intuitive that the patient’s humeral head might
serve as an ideal structural bone graft to correct severe bone loss
and restore the native paleo-glenoid morphology.

The use of a humeral head autograft to augment glenoid bone
loss in RTSA has been previously reported in 2 small case series
using the same implant design from the BIO-RSA studies. Both
studies demonstrated successful correction of large glenohumeral
deficits and restoration of inclination and retroversion angles. No
graft failures were reported in either study and patient outcome
measures were significantly improved postoperatively. However,
both studies reported high rates of scapular notching.11,22

The purpose of our study is to evaluate the feasibility, safety, and
efficacy of using a structural humeral head autograft to correct
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glenoid bone loss in patients undergoing reverse total shoulder
arthroplasty with radiographic and clinical outcomes. All cases
utilized a screw-in baseplate with a lateralized center of rotation
glenosphere and a 135-degree humeral stem. Our research hy-
pothesis was that the patients native humeral head will correspond
geometrically to the void present in the glenoid, and this anatom-
ical relationship can be leveraged to the surgeon’s advantage to
reconstruct bone loss allowing for incorporation, restoration of
anatomical alignment, and improved patient outcomes that are
durable over the intermediate term. We also evaluated whether
medical comorbidities influenced postoperative outcomes.

Methods

A retrospective review of all patients who underwent reverse
total shoulder arthroplasty for glenohumeral arthritis associated
with severe glenoid bone loss reconstituted with a humeral head
autograft performed by a single surgeon at our institution from 2005
to 2019 was performed as approved by our institution’s IRB. All pa-
tients treated surgically with the DJO/Encore Reverse Shoulder
Prosthesis (DJO, Austin, TX, USA) augmented with a humeral head
autograft were identified. These cases were further stratified ac-
cording to the Walch classification (A2, B1, B2, B3, C1, C2, and D),8,13

the Favard classification (E0, E1, E2, E3, and E4),8,15 and whether they
had concomitant rotator cuff insufficiency. The Walch and Favard
classifications have only been validated for cases of primary osteo-
arthritis and massive rotator cuff tear, respectively. However, we
describe the anatomy of each shoulder using both classification
systems to allow the reader to better understand the three-
dimensional (3D) deformity of each shoulder. Beginning in 2016, a
commercially available custom 3D printed model of the glenoid and
targeting guide for central screw placement in the glenoid (Match-
point; Materialise, Leuven, Belgium) was used intraoperatively to
aide in sizing and preparing the bone graft (Fig. 2).

Surgery was performed under general anesthesia, in the beach
chair position. A standard deltopectoral approach was utilized. A
subscapularis peel, biceps tenodesis to the pectoralis major, and
standard anterior humeral and glenoid releases were performed
to gain access to the glenoid. The humeral headwas resected using
the standard 135 degree extra-medullary cutting guide in 20-30



Figure 2 Two three dimentional (3D) printed models of the glenoid used to assist
intraoperatively with reconstruction from patients in this study (Matchpoint; Mate-
rialise, Leuven, Belgium).

Figure 3 Humeral head autograft sizing intraoperatively.
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degrees of retroversion. The humeral head articular surface was
roughened using a manual rasp with care to preserve the sub-
chondral bone and then saved on the back table. The glenoid face
was then roughened with a manual rasp and the centerline for the
central screw of the baseplate was identified with a 2.5 mm long
drill using either the information gleaned from the preoperative
CT scan or later, a custom targeting guide starting in 2016. The goal
was to attain 0-10 degrees of retroversion and a minimum of 10
degrees of inferior angulation of the glenosphere. The centerline
axis drill hole depth was measured using a depth gauge in an
attempt to verify coordinates. A short 3mm drill bit was then
placed into the centerline axis. The humeral head bone graft was
then placed on the custom model (when available) with the best
congruent match to the defect and best bone stock placed into a
position to restore glenoid version to 0-10 degrees of retroversion.
Graft thickness was aimed at restoring the paleoglenoid
morphology, matching the premorbid joint line. The antero-
inferior part of the glenoid could not always reliably be used as
a landmark to determine the position of the premorbid joint line,
such as in patients with inferior glenoid bone loss (for example, a
Walch B1, Favard E4 glenoid). Preoperative CT scans were utilized
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to determine the exact glenoid morphology secondary to bone
loss. A 3mm drill was passed through the model retrograde to
recreate the centerline in the bone graft. From 2005-2016, before
this model technology was available, the carpentry to size and fit
the graft was all done by trial and error using the patient’s native
anatomy in situ.

Once the graft was sized (Fig. 3), the centerline axis hole was
increased in diameter using a 5.0 mm drill. The graft was then inset
over the 3 mm drill bit onto the glenoid face. A drift was used to
gently impact the graft flush and two .045-inch smooth Kirshner
wires were placed in the periphery of the graft holding it in position
(Fig. 4A). The 3 mm drill bit was removed and the 6.5 mm tap was
inserted with care not to disturb the graft. Using the starter can-
nulated reamer, the graft/native bone interface construct was
further shaped. The small reamer followed to complete the graft
shaping (Fig. 4B). Completion of reaming was determined with the
aid of a 3D templating program after it became available in 2016,
and by surgeon discretion with the assistance of 2D templating
prior. The graft was not allowed to project beyond the highest point
of the paleo-glenoid to prevent over-lateralization of the joint line
which could hinder the ability to reduce or dislocate the shoulder
implants as the case progressed. The 6.5 mm tap was removed
carefully, and the DJO/Encore RSP Baseplate was screwed into



Figure 4 A: Graft inset over glenoid face with Kirshner wires for stability. B: Graft reamed during graft shaping. C: DJO/Encore baseplate screwed into position, compressing graft
onto glenoid face. D: DJO/Encore locking screws placed in baseplate. E: Glenosphere implanted onto baseplate. F: Final prosthetic implant following passive intraoperative range-of-
motion testing.

Figure 5 Internal rotation 10-point scale. Created by Levy et al, 2014,16 adapted from Triplet et al, 2015.23
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position. Once there was the beginning of compression seen on the
graft, the two Kirshner wires were carefully removed, and the graft
was fully compressed into position (Fig. 4C). As a general rule, when
the scapula began to rotate through the screwdriver handle as the
baseplate was being inserted thus compressing the graft under-
neath, the baseplate installation was complete. Because the graft
was wedge shaped, it did not rotate upon applying further
compression after the Kirshner wires were removed. The 4 pe-
ripheral 5.0 mm locking screws were placed through the baseplate
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further securing the autograft using the fixed angle guides available
in the standard instrument set (Fig. 4D). The baseplate was then
over-reamed and excess graft was removed when there was a risk
of humeral impingement. If anterior dislocation of the humerus
was difficult following implantation of a thick graft and/or later-
alizing glenosphere, additional anterior releases, release of an
intact superior rotator cuff when present, use of a more medialized
glenosphere, and/or partial release of the pectoralis major and/or
latissimus dorsi was performed as not to compromise the greater



Figure 6 Preoperative glenoid vault depth and retroversion measurement via CT im-
aging (Horizon Rad Station, McKesson Co., Irving, TX, USA). Note the coracoid insuf-
ficiency fracture at the base.
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tuberosity or lever against the coracoid. A trial glenosphere was
placed and the humeral reconstruction was performed using
standard methods. The glenosphere ultimately chosen was based
upon standard principles of reverse total shoulder arthroplasty,
making sure there was adequate overhead and external rotation
motion, proper tension on the conjoint tendon and posterior
capsule, and no posterior instability (Fig. 4 E and F). Adequate
tension of the posterior capsule was assessed through range of
motion and stability testing. Desired stability was defined as less
than 25 percent posterior translation or shuck between the glenoid
and humeral components when reduced in neutral rotation and
zero degrees of abduction all the way through the spectrum up to
maximum internal and external rotationwith associated degrees of
increasing abduction. After implantation of all final components,
the anterior capsule and subscapularis were repaired if feasible
using 2 #5 FiberWire sutures (FiberWire; Arthrex, Naples, FL, USA).
Two drains were placed for 24-48 hours within the dead space, and
a standard closure was performed. Grashey and axillary views were
performed postoperatively with the patient under anesthesia. All
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patients were placed into a slingwith awaist strap and admitted for
24 hours of IV antibiotics.

Patients were allowed to move their arms with up to 1 pound of
additional weight to approximately 120 degrees of forward eleva-
tion and 30 degrees of external rotation with the arm at the side
beginning postop day one. Patients were not permitted to weight
bear on the arm. At 6 weeks postop, AP, Grashey, and axillary ra-
diographs were performed and if no loosening, implant shift, stress
fractures, or other concerns were seen, patients were allowed to
move the arm ad lib with up to 10lbs lifting in the postoperative
arm. By 6months postsurgery, if therewas no change in the glenoid
component on plain radiographs, weight bearing on the upper
extremity was allowed when needed for ambulatory assistance.
Formal physical therapy was initiated only at the patient’s request
but was not routinely ordered. A standard postoperative follow-up
examination was performed by the surgeon with additional docu-
mentation provided using patient-reported outcomemeasures, any
therapy notes, resident notes, radiology reports at 3-month in-
tervals for the first year, and then yearly thereafter until the patient
either relocated out of state and was no longer willing to travel or
died. The data recorded prospectively preoperatively and post-
operatively included active range of motion (forward elevation,
abduction, internal and external rotation) and pain score (VAS)
reported on a scale of 0-10. External rotation was performed at
0 degrees abduction. Internal rotation was reported using a 10-
point scale based on 5 anatomical range segments adapted from
Levy et al (2014) (Fig. 5).16,23 A goniometer was used for range of
motion measurements. The Simple Shoulder Test (SST)17 and Dis-
abilities of the Arm, Shoulder, and Hand (DASH)12 scores were
collected preoperatively and then postoperatively at 6 months, one
year, and beyond with each subsequent visit.

Additional data collected included age, gender, Walch classifi-
cation, Favard classification, and all medical comorbidities
including: osteoporosis, obesity, smoking status (current or
former), alcohol use, diabetes, hypertension, heart disease, liver
disease, autoimmune disease (including inflammatory arthritis),
malignancy (former or current), psychiatric disease (anxiety,
depression, mania), or other systemic diseases. Medical comor-
bidities were identified by searching our institution’s electronic
medical record. Supporting consultation notes and active medical
treatment for a given medical problemwere required in order to be
included in our analysis. Patients who sustained postoperative
complications were identified. We defined successful graft incor-
poration as radiographic evidence of healing, without any shift of
implants in position over time, no screw fracture, no progressive
osteopenia/osteolysis around the screws or behind the baseplate. If
there was concern for eminent failure, a computed tomography
(CT) scan was obtained. Medical comorbidities were evaluated as
risk factors for complications.

Preoperative CT imaging, as well as pre- and postoperative plain
films were analyzed via Horizon Rad Station (McKesson Co., Irving,
TX, USA) to determine Walch and Favard glenoid morphology
classifications, preoperative glenoid vault depth, and pre- and
postoperative glenohumeral version and inclination angles
(Figs. 6e8).

Preoperative glenohumeral version was measured on axial CT
scan using the Friedman method inwhich a line is drawn down the
long axis of the scapula, from the tip of the medial border of the
scapula to the center of the glenoid. The line of neutral glenoid
version is then drawn perpendicular to the first line. Lastly, the
glenoid fossa line is drawn between the anterior and posterior
margins of the glenoid. The angle between the glenoid fossa line
and the neutral glenoid version line is the version angle.

Postoperative glenohumeral version was measured on axial
plain films. A line was first drawn through the scapular spine or



Figure 7 Preoperative and postoperative glenohumeral inclination angle measurements (Horizon Rad Station, McKesson Co., Irving, TX, USA).

Figure 8 Postoperative glenohumeral retroversion angle measurement (Horizon Rad
Station, McKesson Co., Irving, TX, USA).
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the central locking screw. Next, the glenoid fossa line is drawn as
previously described. The angle between these two lines repre-
sents the amount of correction from the preoperative version
angle.

Preoperative and postoperative glenohumeral inclination angles
were measured on coronal plain films. A line is first drawn from the
tip of the acromion to the superior angle of the scapula. The glenoid
fossa line (preoperatively) or a line parallel to the glenosphere
baseplate (postoperatively) was then drawn. The angle between the
scapular line and the glenoid fossa or baseplate line is the incli-
nation angle.

Statistically significant differences in categorical variables rep-
resenting graft failure to incorporate postoperatively and other
complications between cases were tested for using contingency
tables by Fisher’s Exact Test, due to small cell sample sizes. Statis-
tically significant differences in categorical variables representing
comorbidities between cases were also tested for using Fisher’s
Exact Test. For continuous outcome variables representing numeric
measures, such as shoulder ROM, VAS, DASH, SST, the Wilcoxon
Rank Sum test, and Kruskal-Wallis test, were used in order to test
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for statistically significant differences between levels of indepen-
dent variables. These tests were also used due to the non-normal
distribution of the outcome variables. Statistical analyses were
performed using SAS statistical analysis software (SAS Institute,
Inc., Cary, NC, USA). Statistical significance level alpha was set a
priori at 0.05.

Results

Thirty procedures met inclusion criteria and 10 belonged to
patients found to be deceased at the time of data analysis.
Seventeen shoulders had rotator cuff tear arthropathy, seven
shoulders had osteoarthritis with posterior glenoid bone loss
along with posterior instability and tears to the superior sub-
scapularis with fatty atrophy of the muscle belly, four shoulders
had rheumatoid arthritis with erosive bone loss and rotator cuff
insufficiency, and 2 shoulders had postcapsulorraphy arthrop-
athy with subscapularis insufficiency secondary to prior Putti-
Platt procedure. The 3D printed glenoid model and targeting
guide for glenoid central screw placement was utilized intra-
operatively for 16 shoulders. Patient-reported outcomes and
functional range-of-motion testing were collected at an average
of 4.3 years (range: 2.0-7.6 years, SD: 1.5 years) for the alive
cohort, and 3.1 years (range: 0.2-8.5 years, SD: 2.7 years) for the
deceased cohort. In the deceased cohort, the mean time between
most recent follow-up and date of death was 1.9 years (range:
0.05-5.86 years, SD: 1.62 years).

The mean age of patients included in this study at the time of
surgery was 73.5 years (range: 63-89 years, SD: 6.8 years), and the
mean body mass index (BMI) at the time of surgery was 31.0 kg/m2

(range: 17.0-47.5 kg/m2, SD: 8.2 kg/m2). Additional patient de-
mographic information can be found in Table I.

The anatomy of each shoulder was characterized utilizing both
the Favard andWalch classification systems. The Walch B3 (n ¼ 10)
and the Favard E3 (n ¼ 9) and E4 (n ¼ 9) classifications were the
most prevalent (Table II). When combining both classifications to
describe the 3D morphology of each shoulder, we found 16 unique
combinations. No one combination was described for more than
three shoulders; however, theWalch B3was associatedwith Favard
E2 or E3 in 6 cases (Table III).



Table I
Summary of patient demographics.

Variable n ¼ 30 (%)

Sex
Male, n (%) 12 (40)
Female, n (%) 18 (60)

Implant Laterality
Dominant Side, n (%) 16 (53)
Non-Dominant Side, n (%) 14 (47)

Smoking Status
Never Smoked, n (%) 17 (57)
Former Smoker, n (%) 12 (40)
Current Smoker, n (%) 1 (3)

Diabetes, n (%) 3 (10)
Inflammatory Arthritis, n (%) 4 (13)

Table II
Walch and Favard classification of shoulders.

Favard n ¼ 30 Walch n ¼ 30

E0 3 A2 6
E1 1 B1 1
E2 8 B2 5
E3 9 B3 10
E4 9 D 8

Table III
Unique shoulder morphologies using combined Walch and Favard classifications.

Morphology n ¼ 30

E0-B2 2
E0-D 1
E1-B3 1
E2-A2 2
E2-B2 1
E2-B3 3
E2-D 2
E3-A2 2
E3-B2 1
E3-B3 3
E3-D 3
E4-A2 2
E4-B1 1
E4-B2 1
E4-B3 3
E4-D 2

Table IV
Anatomical and intraoperative details.

Variable n ¼ 30 (%)

Walch Classification
A2 6 (20)
B1 1 (3.3)
B2 5 (16.7)
B3 10 (33.3)
D 8 (26.7)

Favard Classification
E0 3 (10.0)
E1 1 (3.3)
E2 8 (26.7)
E3 9 (30.0)
E4 9 (30.0)

Variable Mean (Range)

Preop Glenoid Vault Depth (mm) 20.0 (11.0-30.0)
Retroversion Angle (⁰)
Preop 10.6 (�32.0 to 40.0)
Postop 6.8 (0.0-16.0)
Correction �3.7 (�30.0 to 42.0)

Superior Inclination Angle (⁰)
Preop 4.3 (�12.0 to 25.0)
Postop �8.4 (�23.0 to 9.0)
Correction �12.8 (�30.0 to 3.0)

All numbers are absolute values.

A. Shafritz, J. Mangan, M. DeSarno et al. JSES International 8 (2024) 132e140
Preoperatively, patients were found to have an average glenoid
vault depth of 20.0 mm (range: 11.0-30.0 mm, SD: 4.3 mm), with an
average retroversion angle of 10.6 degrees (range: �32.0 to 40.0
degrees, SD: 17.6 degrees), and a superior inclination angle of 4.3
degrees (range: �12.0 to 25.0 degrees, SD: 10.0 degrees). Post-
operatively, the average retroversion angle was found to be 6.8
degrees (range: 0.0-16.0 degrees, SD: 4.3 degrees), and the incli-
nation angle was �8.4 degrees (range:�23.0 to 9.0 degrees, SD: 7.7
degrees). Mean correction of retroversion angle was found to
be �3.7 degrees (range: �30.0 to 42.0 degrees, SD: 17.8 degrees),
and mean correction of glenohumeral inclination was �12.8 de-
grees (range: �30.0 to 3.0 degrees, SD: 8.3 degrees). Anatomical
details are listed in Table IV.

Patient-reported outcome measures improved during the study
period with VAS improving from 4.9 to 0.03 (range: 0-1, SD: 0.2, P
value <.0001), SST improving from 2.6 to 8.7 (range: 1-12, SD: 3.4, P
value <.0001) and DASH improving from 53.6 to 24.5 (range: 0-67,
SD: 23.9, P value <.0001). In addition, forward flexion improved
from 76.4 degrees to 148.7 degrees (range: 80-170 degrees, SD: 22.2
degrees, P value <.0001), abduction increased from 64.3 degrees to
137.9 degrees (range: 60-170 degrees, SD: 28.7 degrees, P value
<.0001), internal rotation improved from 2.1 to 4.3 (range: 2-8, SD:
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1.6, P value <.0001), and external rotation increased from 20.8
degrees to 54.7 degrees (range: 30-70 degrees, SD: 12.8 degrees, P
value <.0001), (Table V).

No revision procedures were performed on any patient during
the follow-up period, and all patients were satisfied with their
shoulder postoperatively. Bone grafts were found to incorporate
into 100% of shoulders with greater than 6 months of follow-up,
with no prostheses displaying signs of loosening or other struc-
tural concerns. Two patients (6%) were noted to have developed
scapular notching on follow-up. One patient sustained a scapular
body fracture as the result of a fall that healed without surgery.

Discussion

To achieve anatomical reconstruction of glenoid anatomy in
patients with bone defects options include metal augments, allo-
graft, autograft from a distant site, and autograft from the local
surgical field.10,14,24 In this study, we have shown that the native
humeral head will match the observed defect in the glenoid. This
relationship can be leveraged to the surgeon and patients’ advan-
tage, as the humeral head which is normally resected as part of a
total shoulder arthroplasty can serve as structural bone graft. Its
thickness and diameter are wide enough to fill the defect and to
provide stability to the glenoid baseplate. In this particular
arthroplasty system, the baseplate central screw can be used to
fixate the bone graft with compression. As the glenoid-facing side
of the graft is shaped like a wedge, graft rotation during final screw
compression was not observed. The peripheral locking screws
further stabilize the graft. This improves mechanical stability of the
construct, and likely engenders incorporation. With glenoid anat-
omy restored to 0-10 degrees of retroversion, -10-0 degrees of
inferior tilt, and lateral offset of the glenoid neck restored to the
paleo-glenoid, the likelihood of postoperative instability is greatly
reduced, and superior shear forces on the glenosphere are also
reduced. This should therefore result in improved range of motion
and longevity of the implant, compared to a medialized glenoid
with a superiorly angled glenosphere.

In a study of 54 patients undergoing reverse total shoulder
arthroplasty using an autograft from humeral head to purely



Table V
Patient-reported outcomes and active range-of-motion comparisons.

Variable Preop mean (range, SD) Postop mean (range, SD) P value

Forward Flexion (⁰) 76.4 (0-135, 27.9) 148.7 (80-170, 22.2) <.0001
Abduction (⁰) 64.3 (0-100, 23.6) 137.9 (60-170, 28.7) <.0001
External Rotation (⁰) 20.8 (0-60, 18.0) 54.7 (30-70, 12.8) <.0001
Internal Rotation* 2.1 (0-4, 1.1) 4.3 (2-8, 1.6) <.0001
VAS (0-10) 4.9 (0-10, 2.7) 0.03 (0-1, 0.2) <.0001
DASH 53.6 (18-91, 19.9) 24.5 (0-67, 23.9) <.0001
Simple Shoulder Test 2.6 (0-9, 2.2) 8.7 (1-12, 3.4) <.0001

VAS, visual analog scale; DASH, disabilities of the arm shoulder and hand; SD, standard deviation.
*Internal Rotation was reported using a 10-point scale based on 5 anatomical range segments adapted from Levy et al, 2014.16 See Fig. 5.
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lateralize the glenoid component, Boileau et al reported a failure rate
of 6%.3 The technique they called “BIO-RSA” used a keyhole saw to
remove a circular bone graft from the humeral head shaped like a
donut. This graft was placed onto themetaglene component andwas
impacted on the face of the glenoid adding lateral offset. It was
secured using 2 locking and 2 compression screws. The mechanical
theory of the technique was to add lateral offset to a reverse total
shoulder implant system that was not designed with any significant
lateral offset. The hope was to improve range of motion and reduce
scapular notching.3 This technique is substantially different from the
described technique as it is not designed to reconstruct a defect in
the native glenoid. The use of bone graft in our technique allowed for
correction of glenoid bone loss and retroversion, as well as laterali-
zation of the construct back to the native paleo-glenoid alignment.

A similar surgical technique has been described in 2 recent
retrospective case series. Tashjian et al. studied 17 patients under-
going primary RTSA with concomitant structural humeral head
autografting with a mean follow-up of 2.6 years. Fifty percent of
patients had been diagnosed with rotator cuff tear arthropathy
preoperatively. Glenohumeral inclination angle was corrected a
mean of 19 degrees, however maximum correction was performed
to 35 degrees. Radiographic evaluation demonstrated 100% graft
incorporation. Active forward elevation as well as patient outcome
measures including visual analog pain scale, Simple Shoulder Test,
and the American Shoulder and Elbow Surgeons score were all
significantly improved postoperatively.22

In an additional study, Harmsen et al. reviewed 29 shoulders
from 26 patients undergoing RTSA with a “shaped” humeral head
autograft. All patients had primary glenohumeral osteoarthritis
with significant posterior glenoid bone loss and an intact rotator
cuff. Mean follow-up time was 2.9 years. Mean preoperative gle-
nohumeral retroversion angle was 32.3 degrees (range: 17-52 de-
grees). All autografts were found to incorporate without
radiographic evidence of loosening. Patient-reported outcome
measures, range of motion, and strength were all significantly
improved postoperatively.11

These studies used long-post metaglene components, similar to
the BIO-RSA technique. In contrast, our construct was designed
using a central compression screw. Additionally, both studies cited
used Grammont humeral components with a 155 degree neck shaft
angle. As previously described, this valgus neck shaft angle has
been associated with scapular notching. Thus, the rate of scapular
notching in our construct (6%) was considerably less than Harmsen
(28%) and Tashjian (64%).11,22

RTSA has revolutionized the treatment of the rotator-cuff defi-
cient shoulder, however the indications for the procedure have
vastly increased. For patients with severe bone loss to the glenoid,
with or without concomitant rotator cuff arthropathy, RTSA with
autograft humeral head bone augmentation seems to be a viable
surgical option. Even in cases with significant subluxation of the
humeral head, correction of inclination angle >30 degrees and
retroversion angle >40 degrees yields satisfactory outcomes
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without graft failure.11,22 McFarland described the midterm results
of rTSA without bone grafting for glenoid bone loss in 31 cases
utilizing the same implant system in our study. Unlike our cohort,
none of their cases were associated with rotator cuff deficiency.
Rather, an anatomical glenoid component could not be utilized
because of lack of fit or support by the native glenoid vault. They
reported a 94% baseplate survival rate at 5 years, and a significantly
higher rate of scapular notching than we observed in our sample
(19% vs. 6%). Their methodology for normalization (lateralization)
of the joint line relied on commercially available glenospheres after
reaming the high side of the glenoid to restore glenoid version to a
nonpathological state. We used autograft to restore the joint line
and only added high lateral offset glenospheres if laxity or insta-
bility was encountered during trialing. Although both methods are
proven viable at mid-term, we believe bone grafting should be
considered as a first line of reconstruction when feasible, because
removing native glenoid bone could lead to medialization of the
joint line with subsequent inability to restore stability of the final
construct using commercially available implants.19

A recent study investigated the utility of retroversion correction
during rTSA on patient-reported outcomes and concluded that pa-
tients with postoperative retroversion >15 degrees had similar out-
comes to those with <15 degrees of postoperative retroversion. The
mean retroversion correction of both cohorts (1 degrees and 4 de-
grees) was similar to 3.7 degrees seen in our cohort. However, the
range of correctionwe observed (�30 to 42 degrees) was significantly
larger than the range reported by the authors (�8 to 10 degrees
and �6 to 14 degrees). In addition, the range reported by the authors
(�8 to 10 degrees and�6 to 14 degrees)was significantly less than the
rangewe observed in our study (�30 to 42 degrees). While there may
be utility in focusing on preservation of bone stock rather than aiming
for a certain degree postoperative retroversion in patients with min-
imal to moderate alterations in preoperative version, we believe that
patients with significant alterations in native alignment benefit from
version corrective measures at the time of surgery.5

We observed considerable variation in preoperative glenoid
morphology given the large range of retroversion (�32.0 to 40.0
degrees) and inclination (�12.0 to 25.0 degrees) angles. Thus, the
mean preoperative retroversion and inclination of 10.6 degrees and
4.3 degrees respectively, represent averages of a wide distribution
and likely are clinically insignificant. Additionally, we were sur-
prised by the relatively large increase in external rotation post-
operatively. There is a possibility that this could represent a post
operative subscapularis tear in some patients allowing for
increased external rotation, however performing a functional
subscapularis repair was not a goal of this procedure and was not
specifically assessed intraoperatively or postoperatively.

We studied whether medical comorbidities had any association
with catastrophic failure or outcome. Compared against current or
former smokers, nonsmokers were found to have a significant
improvement in both forward flexion (P ¼ .04) and external rota-
tion (P ¼ .04). It is possible that this relationship is related to
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particular behaviors unique to patients and not reflective of the
general population. We did not find any significant differences in
functional or patient-reported outcomes when analyzing implant
laterality in relation to a patient’s dominant hand, diabetes status,
history of a prior shoulder surgery, age, sex, or BMI.

While many of the patients included in this study were of
advanced age, functional decline and deconditioning over the
course of follow-up impacted our cumulative outcome measure
analysis. Multiple patients became wheelchair bound or were
placed in nursing homes in the years following their procedure.
Other patients suffered from autoimmune arthritis of the hands
and elbow. Additionally, one patient fell 6 years postoperatively
leading to a scapular body fracture. The fracture healed, yet it
caused her to lose a tremendous amount of function. Decondi-
tioning has a negative impact on both objective range of motion
measures, as well as DASH and SST scores, which assess activities of
daily living (ADLs) to evaluate functional status. Additionally, 2
patients within the deceased cohort did not follow-up within 3
years of their date of death. Therefore, we cannot exclude the
possibility of graft failure or re-operation at another institution. We
believe this to be unlikely because we were able to review the
electronic health records (EHRs) for these patients, as our health
network uses a unified EHR, which did not indicate any post-
operative shoulder problems or referral out of network for revision
surgery.

A strength of our study was that it implemented strict inclusion
criteria: patients must have had abnormal glenoid morphology as
the majority of autograft studies draw conclusions from cohorts of
patients with normal glenoid morphology and thus biomechanical
considerations are different. Limitations of this study include its
retrospective nature, small sample size, and variable follow-up af-
ter 2 years.

Conclusion

There is value in using the patient’s humeral head as an auto-
graft to restore glenoid bone stock and alignment in reverse total
shoulder arthroplasty. It allows for a local graft source to be utilized
thus avoiding potential comorbidity and complications associated
with the use of alternative site autografts or allografts and has the
advantage of nearly congruent fit within the defect. Even though
this technique may add time, cost, and risk to the procedure, it
appears to lead to excellent clinical outcomes and mid-term
durability.
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