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abstract

Challenges in Reverse Shoulder Arthroplasty: 
Addressing Glenoid Bone Loss
ADAM J. SEIDL, MD; GERALD R. WILLIAMS, MD; PASCAL BOILEAU, MD

Reverse shoulder arthroplasty (RSA) 
was designed for the treatment of 
shoulder arthritis with severe de-

struction of the rotator cuff. It has been con-
sistently used in France since 1991 and in 
the United States since its Food and Drug 
Administration approval in 2003. Since 
its introduction, RSA has gained immense 
popularity and its use has increased dra-
matically.1 The indications for RSA have 
expanded. Currently, in addition to being 
used for cuff tear arthropathy (CTA), RSA 
is being performed to manage massive ro-
tator cuff tear without arthritis, proximal 
humerus fractures, fracture sequelae, in-
flammatory arthropathy, osteoarthritis with 

abnormal glenoid morphology, and in the 
revision setting following failed total or 
hemiarthroplasty.2-10 Good results have 
been reported using RSA for all of these eti-
ologies, although superior results are seen 
in patients with CTA.11,12

The increased acceptance and use of 
RSA has led to better understanding, ap-
preciation, and description of preoperative 
factors that can lead to complications and 
failure. One of the most important factors 
for successful RSA is appropriate base-
plate placement regarding position and 
fixation. Significant glenoid bone loss, if 
not addressed, can lead to improper base-
plate positioning and/or poor fixation and 

result in early baseplate failure, disloca-
tion, and/or scapular notching. Glenoid 
bone erosion is encountered frequently in 
patients undergoing RSA. Acquired bone 
defects are present in nearly 40% of pa-
tients with CTA undergoing RSA.13,14 In 
this article, the characteristics of glenoid 
bone loss for different etiologies are dis-
cussed and strategies to address this bone 
loss at the time of RSA to decrease com-
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Glenoid bone loss is not uncommon in patients undergoing primary or revision RSA. 
Failure to appreciate and address glenoid bone loss during RSA can lead to 
improper baseplate positioning and early failure or complications such as 
dislocation or scapular notching.
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plications and optimize outcomes are pro-
vided.

CLINICAL SCENARIOS
Glenoid bone loss is often multi- 

planar and requires correction in more 
than 1 plane. However, for the purposes 
of discussion and planning, it is helpful to 
describe deformities in the predominant 
plane. There are 4 typical scenarios in 
which glenoid bone loss is encountered 
and needs to be addressed when planning 
for and performing RSA: primary os-
teoarthritis with horizontal glenoid bone 
deficiency–posterior glenoid erosion or 
retroversion (Walch B2/C), inflamma-
tory arthritis with central glenoid erosion 
and joint line medialization (Walch A2, 
Lévigne stage 2/3), CTA with vertical 
bone deficiency (Favard E2/E3/E4), and 
revision arthroplasty with glenoid bone 
defects.

Primary Osteoarthritis
The incidence of abnormal glenoid 

morphology and/or humeral head sub-
luxation in glenohumeral osteoarthritis 
is greater than 50%.15 The morphologic 
changes in osteoarthritis are predomi-
nantly in the horizontal plane, most com-
monly posterior humeral head sublux-
ation with or without posterior glenoid 
bone loss. In the majority of cases, these 
changes are mild and can be addressed 
with anatomic shoulder arthroplasty and 
well-described techniques such as ec-
centric reaming and/or an augmented 
glenoid component.16 In cases with 
more severe humeral head subluxation 
(>80%) or significant posterior glenoid 
erosion, poor functional results and high 
complication rates have been reported 
when patients are treated with anatomic 
arthroplasty.17,18 The poor functional re-
sults, high rates of recurrent instability, 
and early glenoid loosening have led to 
the use of RSA in this setting. Reverse 
shoulder arthroplasty allows the surgeon 
to address the static posterior instability 
and glenoid erosion.

Cuff Tear Arthropathy
Cuff tear arthropathy is the most 

common indication for RSA. Abnormal 
glenoid morphology and bone loss is 
frequently seen in CTA, with a reported 
incidence of nearly 40%.13,14 In contrast 
to osteoarthritis, where glenoid bone 
loss primarily occurs in the horizontal 
plane, patients with CTA often present 
with bone loss in the vertical plane.13 
On the basis of diagnosis alone, patients 
with CTA are not candidates for ana-
tomic shoulder arthroplasty and are best 
treated with RSA. For these patients, an 
emphasis should be placed on the iden-
tification and management of abnormal 
glenoid morphology. Failure to appreci-
ate and address significant change in gle-
noid inclination and wear in the vertical 
plane can lead to improper placement of 
the baseplate. The most common error in 
this situation is failure to address superior 
erosion, leading to placement of a base-
plate with superior tilt, which increases 
the risk of complications, including early 
baseplate failure.19-21

Inflammatory Arthritis
Patients with inflammatory arthritis 

commonly present with central glenoid 
bone loss and medialization of the gle-
nohumeral joint. Concomitant rotator 
cuff pathology, either frank tearing or 
cuff dysfunction, is present in a large 
percentage of these patients.22 Those 
patients with significant central glenoid 
wear and a radiographically intact rota-
tor cuff often have difficulty using the 
cuff muscles because of the mechanical 
disadvantage of a medialized glenohu-
meral joint line. For these reasons, the 
functional results of anatomic shoulder 
arthroplasty have been unpredictable in 
this patient population.23-25 Furthermore, 
with longer follow-up, a high incidence 
of proximal humeral migration and as-
sociated progressive loosening of the 
glenoid has been observed.23,26,27 Reverse 
shoulder arthroplasty has been advocated 
because it allows the surgeon to address 

the dysfunctional rotator cuff as well as 
the glenoid bone deficiency. Favorable 
results have been reported using RSA in 
this setting.27

Revision Arthroplasty
Reverse shoulder arthroplasty has be-

come a successful treatment option for 
patients in salvage situations, including 
the revision setting.4,28 Glenoid bone loss 
is commonly encountered during revision 
shoulder arthroplasty. Significant bone 
loss, if not addressed, may compromise 
baseplate fixation and lead to glenoid 
component loosening. Unlike the afore-
mentioned scenarios (osteoarthritis, in-
flammatory arthritis, CTA), there is not a 
characteristic pattern of glenoid bone loss 
for revision shoulder arthroplasty. The 
bone loss is variable and largely depen-
dent on the previous implant present, the 
mode of failure, and the process used to 
remove the implant. Although the causes 
and workup of failed shoulder arthro-
plasty are beyond the scope of this article, 
options and techniques for addressing gle-
noid defects at the time of revision to RSA 
are discussed.

CLASSIFICATION
Glenoid morphology and bone loss 

can be described using several well-
established classification systems. Hori-
zontal plane glenoid morphology is best 
described using the Walch classification 
(Figure 1).15 Vertical plane glenoid mor-
phology can be described using the Fa-
vard classification (Figure 2).29

Central wear and glenoid medializa-
tion in patients with rheumatoid arthritis 
can be characterized based on the clas-
sification by Lévigne and Franceschi30 
(Figure 3). In the revision setting, classifi-
cation of bone loss is more difficult. Antu-
na et al31 described intraoperative glenoid 
wear at the time of revision based on loca-
tion and extent of erosion. Williams and 
Iannotti32 later modified this classification 
for use in both primary and revision set-
tings (Figure 4).
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Antuna classification

osteonecrosis secondary to steroid use in 2, cuff tear
arthropathy in 2, psoriatic arthritis in 1, and humeral head
dysplasia with secondary osteoarthritis in 1 shoulder. The
mean interval between TSA and revision surgery was 3.8
years (range, 2 months to 13.5 years). Six patients under-
went a surgical procedure between the time of the TSA and
the revision surgery (2 rotator cuff repairs, 2 shoulder
arthrolyses for stiffness, 1 subscapularis repair for anterior
instability, and 1 debridement for a superficial wound
infection).

Reasons to revise the glenoid component included glen-
oid loosening in 29 shoulders, implant material failure in
14 (polyethylene liner dislodged from the metal tray [12],
fracture of the screws [1], fracture of the polyethylene [1]),
and shoulder instability associated with polyethylene wear
or component malposition in 5.

The majority of cases had additional problems lead-
ing to revision surgery. Seventeen shoulders had clini-
cally evident glenohumeral instability before surgery (12
with posterior instability, 3 with superior instability, 1
with anterior instability, and 1 with multidirectional
instability). Fifteen shoulders had synovitis associated
with polyethylene particle debris. The humeral compo-
nent was considered to be radiographically loose in 12
shoulders. Humeral malposition was present in 4 shoul-
ders. Four shoulders had a component of stiffness
defined as less than 90° of elevation and/or 0° of exter-
nal rotation.

Operative technique
At the time of revision shoulder arthroplasty, 29 shoul-

ders underwent a deltopectoral exposure with the anterior
deltoid origins left intact. The deltopectoral exposure was
combined with release of the clavicular and anterior acro-
mial origins of the deltoid in 19 shoulders to gain wider
exposure. Great care was taken to avoid injury to the ante-
rior aspect of the deltoid muscle, the axillary nerve on the
undersurface of the muscle, and the rotator cuff tendons.
The subdeltoid/subacromial space and the space between
the conjoined tendons and subscapularis were freed of
scar. The rotator cuff was evaluated for tears or stretching.
Rotator cuff tears were present and repaired in 9 shoulders
(5 being greater than 5 cm in diameter). One repair of a
massive cuff tear was reinforced with a fascia lata allo-
graft. With external rotation of 30° or greater, the sub-
scapularis tendon was divided over the humeral attach-
ment of the anterior capsule of the shoulder (35 cases).
With external rotation less than 30°, the subscapularis was
incised from the humerus (13 cases). The inferior capsule
was incised along the humeral neck with electrocautery,
carefully protecting the axillary nerve.

The humeral component was then evaluated for stabili-
ty of fixation and position. The humeral component was
loose in 12 shoulders, in a nonoptimal position in 4, and
interfered with glenoid exposure in 20, requiring removal.
The new humeral component was cemented in 16 shoul-
ders, whereas a tissue-ingrowth design was implanted in

218 Antuna et al J Shoulder Elbow Surg
May/June 2001

Figure 1 Classification of glenoid bone deficiencies after glenoid component removal. Mild and moderate defi-
ciencies are often suitable for component reimplantation with or without bone grafting of glenoid. Severe central
or combined deficiencies often preclude implantation of new component.Glenoid revision surgery after total shoulder arthroplasty.S.A. Antuna, J.W. Sperling, R.H. Cofield, C.M. Rowland. J Shoulder Elbow Surg 

10(3):217-224,2002



treatment classification is used for all types of glenoid bone
defects independent of the primary etiology. The residual glenoid
bone defect is evaluated after excision of the labrum, removal of
the glenoid component, or removal of the glenoid baseplate. The
size of the defect and quality of the residual bone guide the surgi-
cal plan.

The defects are broadly classified as centric (Fig. 1) and eccen-
tric (Fig. 2) defects. Centric defects (contained) are further
subclassified as follows:

C1: Shallow (depth <50% of AP glenoid diameter)
C2: Deep (depth >50% of AP glenoid diameter + stable vault)

Figure 1 Centric defects.

Figure 2 Eccentric defects.

Management of glenoid bone defects in RSA 855
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Seebauer classification

Gupta A, Thussbas C, Koch M, Seebauer L (2017) Management of glenoid bone defects with reverse shoulder arthroplasty–
surgical technique and clinical outcomes. J Shoulder Elbow Surg 27(5):853–862 



Clinical Case
• Female   77 y old, retired

• Previous surgery (2008): hemiarthroplasty 
TESS stemless right

• Difficulty using arm for daily tasks, severe 
pain on daily basis

• CONSTANT’S SCORE:  23 

      ( PAIN 0, ADL 12, ROM 10, STRENGHT 1)

       FF 80°, LE 60°, IR battock,

       ER  hand behind head, elbow forward  



X-ray



CT scan



CT scan



CT scan



3D reconstrution



Promade





X-ray post-op



X-ray 1y



Clinical case

Male   60 y old, farmer



CT scan



3D reconstruction



3D reconstruction



Promade



Promade



PSI



Promade 3D Modelling



X-ray post-op



clinical checkup after 1 year



Clinical case

• man, 54 years old
• manual worker
• non-dominant limb
• Pseudoparalytic shoulder: Constant score 11
• HIV +, HCV +



2013 latarjet surgery



2015: X-ray



2015: CT scan



2015: 3D recontruction



2016: Screw removal surgery



2017: CT scan



2017: 3D Reconstruction



2017: MR



Preoperative planning



Surgery



Surgery



X-ray post-op



checkup after 2 year



Clinical Case
• Female   70 y old, retired

• First surgery (2018): TSA stemless LIMA



Clinical Case
Second surgery (2018): failure subscap               RSA stemless LIMA



Clinical Case
Third surgery (2022): infection             prosthetic removal



Clinical Case
Fourth surgery (2023): re-implantation  RSA 



Clinical Case
Fourth surgery (2023): re-implantation  RSA 
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 Fig. 17: Use of Glenoid Drilling Guide and section view of the screw hole using the guide 

9. Complete fixation with the planned screws 

     

Fig. 18: Planned screws 

10. Remove osteophytes around the implant and then proceed with the following steps 
as per regular SMR surgical Technique. 

11. If you plan to perform a 2 stages surgery you can find in the implant box a cap and a 
screw that you can thread on the non-detachable connector in order to protect the 
connector and its thread until the glenosphere implantation 

       

Fig. 19: Example of an assembling of the Cap and the Safety Screw on the Implant for a 2-
stages surgery 

NOTE: If 2 stages surgery is not performed, please discard the cap 

24mm 

30mm 

34mm 



Clinical Case
Fourth surgery (2023): re-implantation  RSA 



Treatment of severe glenoid deficiencies in
reverse shoulder arthroplasty: the Glenius Glenoid
Reconstruction System experience

Philippe Debeer, MD, PhDa,*, Bart Berghs, MDb, Nicole Pouliart, MD, PhDc,
Gert Van den Bogaert, MDd, Filip Verhaegen, MDa, Stefaan Nijs, MD, PhDe

aOrthopaedics, University Hospitals Leuven, Department of Development and Regeneration, K.U. Leuven, Belgium &
Institute for Orthopaedic Research and Training, Leuven, Belgium
bOrthopaedics, AZ Sint-Jan, Brugge, Belgium
cDepartment of Orthopaedics and Traumatology, Universitair Ziekenhuis Brussel, Vrije Universiteit Brussels, Brussels,
Belgium
dDepartment of Orthopedic Surgery, AZ Elisabeth Herentals, Herentals, Belgium
eTraumatology, University Hospitals Leuven, Department of Development and Regeneration, K Katholieke Universiteit
(K.U.), Leuven, Belgium

Background: The treatment of glenoid bone deficiencies in primary or revision total shoulder arthro-
plasty is challenging. This retrospective study evaluated the short-term clinical and radiologic results of a
new custom-made patient-specific glenoid implant.
Methods: We treated 10 patients with severe glenoid deficiencies with the Glenius Glenoid Reconstruc-
tion System (Materialise NV, Leuven, Belgium). Outcome data included a patient-derived Constant-
Murley score, a visual analog score (VAS), a satisfaction score, the 11-item version of the Disabilities of
the Arm, Shoulder and Hand score, and the Simple Shoulder Test. We compared the postoperative posi-
tion of the implant with the preoperative planned position on computed tomography scans.
Results: At an average follow-up period of 30.5 months, the mean patient-derived Constant-Murley score
was 41.3 ± 17.5 points (range, 18-76 points) with a visual analog scale of 3.3 ± 2.5 points (range, 0-7 points).
The mean 11-item version of the Disabilities of the Arm, Shoulder and Hand score was 35.8 ± 18.4 (range,
2-71), and the mean Simple Shoulder Test was 47.5% ± 25.3% (range, 8%-92%). Eight patients reported
the result as better (n = 3) or much better (n = 5). One patient had an elongation of the brachial plexus,
and 1 patient had a period of instability. The average preoperative glenoid defect size was 9 ± 4 cm3 (range,
1-14 cm3). The mean deviation between the preoperative planned and the postoperative version and in-
clination was 6° ± 4° (range 1°-16°) and 4° ± 4° (range 0°-11°), respectively.
Conclusion: Early results of the Glenius Glenoid Reconstruction System are encouraging. Adequate pain
relief, a reasonable functionality, and good patient satisfaction can be obtained in these difficult cases. Further
follow-up will determine the bony ingrowth and subsequent longevity of this patient-specific glenoid
component.

The Ethical Committees of all of the participating centers approved this study
(S60441; B322201734648).

*Reprint requests: Philippe Debeer, MD, PhD, University Hospitals
Leuven, Herestraat 49, B-3000 Leuven, Belgium.

E-mail address: philippe.debeer@uzleuven.be (P. Debeer).

www.elsevier.com/locate/ymse

1058-2746/$ - see front matter © 2018 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
https://doi.org/10.1016/j.jse.2018.11.061
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relief, a reasonable functionality, and good patient satisfaction can be obtained in these difficult cases. Further
follow-up will determine the bony ingrowth and subsequent longevity of this patient-specific glenoid
component.
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and to avoid scapular notching. In addition, we defined optimized
screw fixation trajectories for each patient to angle screws toward
the best bone stock available and avoiding surrounding neurovas-
cular structures. The Clinical Engineer prepared the preliminary screw
planning, based on surgeon preferences and restricted/guided by the
implant position and the remaining bone stock of the patient.

This planning was finalized through discussion with the surgeon
to make sure that the screw fixation was optimized, the position of
the screws did not interfere with any nerves or vessels, and the pro-
posed insertion angles of the screws were technically feasible. An
average of 5 screws were planned for implant fixation, optimizing
both position and orientation to allow for cross-fixation, prefera-
bly bicortical extension, and a relatively good amount of bone stock
to have good grip.

Next, the implants were designed based on the surgical plan. This
implant design is patient-specific: it is made in such a way to best
fit the patient’s shoulder anatomy. The solid base plate is designed
to cover all screw heads and to provide the female taper connec-
tion to the cobalt-chromium glenosphere. The volume between the
baseplate and the host bone is then filled with a titanium trabecu-
lar augment. This structure is optimized to balance the need for
sufficient contact to the bone and a relatively slim, light structure
to allow easy insertion in the surgical incision. Porous structures
near nerves or vessels are covered in a thin solid layer. The porous
structure is intended to promote bone ongrowth and ingrowth, pro-
viding additional implant stability.

Patient-specific instruments were designed to assist the surgeon
in accurate glenoid component positioning and fixation during surgery.
The guide is connected to the implant, and additional supports provide
unique contact surfaces fitting on the scapular bone to ensure the
correct position of the implant. Drill sleeves are designed on the guide
to direct the drilling of each screw hole and fixation of the bone screws
according to the trajectories planned in the surgical plan.

Next to the patient-specific guide, additional plastic parts, in-
cluding bone model(s) of the scapula and trial components, are
provided to the surgeon to test the fit of the implant on the bone
model before applying in the patients and to check the fit of the trial
implant in the patient before inserting the titanium implant. The
custom titanium implant (baseplate) is produced via additive manu-
facturing (3D printing), more specifically selective laser melting,
where titanium powder particles are fused and melted layer-by-
layer by a laser beam (Fig. 1). The plastic guide and models are
produced via selective laser sintering, another additive manufac-
turing technique, where medical-grade polyamide (PA2200) powder
particles are fused, but not melted, by the laser. The cobalt-
chromium glenosphere is shaped from a cobalt-chromium block by
computer numerically controlled milling and turning actions. Fig. 2
gives an overview of all of the components in the GGRS package.
An illustrative case is shown in Fig. 3.

Surgical technique

All patients were operated on in the beach chair position through
a deltopectoral approach. The glenohumeral joint was exposed, and
any remaining prosthetic materials were identified. In 6 patients, no
prosthetic material was present. We removed a cement spacer in 3
patients and an anatomic humeral component (hemiarthroplasty) in
1 other case. A circumferential release of the soft tissues around the
glenoid was performed. All loose bone or cement fragments that might
interfere with proper placement of the implant were removed. Care
was taken not to destroy the bony anatomy of the glenoid, because
any changes could alter the position of the implant.

During the débridement, special attention was paid to visualize
the bone contact points for the guide. We used a plastic bone model
and a trial implant as a reference for the bone contact areas of the
guide and the implant. Any remaining bony prominences that might
result in notching or limitation of mobility were removed after im-
plantation of the custom-made implant. In some cases, the
preoperative planning indicated that a certain amount of bone needed
to be removed to allow a correct fit of the GGRS. We drilled several
small holes in the remaining glenoid surface to enhance bony in-
growth, hoping to promote ingrowth of the component. To evaluate
the accuracy of the débridement, the intraoperative situation of the
glenoid was compared with the plastic bone model of the scapula.
The plastic trial implant was fitted with the proper guide on the bone,
and correct placement flush to the bone was verified.

The definitive titanium baseplate was inserted and fixed with 5
screws. The length of the screws was determined on the preopera-
tive CT reconstructions. Next, the custom-made glenosphere was
inserted and fixed. The humeral side was prepared according to the
manufacturer’s instructions.

Outcome rating scales

We evaluated all patients postoperatively with the Simple Shoul-
der Test, the 11-item version of the Disabilities of the Arm, Shoulder
and Hand score, and a patient-derived Constant–Murley score.23

Postoperative pain was evaluated using the visual analog score (VAS).
Patients were asked whether they considered their postoperative

Figure 1 Custom-made titanium implant with porous coated back-
side that corresponds to the glenoid defect (left). Custom-made cobalt-
chromium glenosphere (right).

Figure 2 Components of the Glenius Glenoid Reconstruction
System (GGRS; Materialise NV, Leuven, Belgium). The GGRS
package comprises 2 plastic patient-specific guides, a plastic re-
construction of the patient’s scapula, a plastic trial implant, a porous-
coated titanium baseplate, a cobalt-chromium glenosphere, and several
metal drill sleeves for screw insertion through the guides.
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situation much better, better, the same, or worse as before surgery.
Unfortunately, no preoperative data were available for all patients.

Radiographic evaluation

In all shoulders, a postoperative CT scan was obtained as de-
scribed by Eraly et al.10 We compared the position (version and
inclination) of the GGRS with the preoperative planned position of
the component.

Three patients (GLEN-02, GLEN-04, and GLEN-05) had a repeat
CT scan more than 2 years after surgery. We measured the
postoperative version and inclination, and anterior, medial, and in-
ferior displacement of the GGRS to assess potential migration of
the implant.

Results

Clinical evaluation

Results of the clinical evaluation are reported in Table II. The
mean postoperative patient-derived Constant-Murley score was
41.3 ± 17.5 (range 18-76). Postoperatively the mean VAS score
was 3.3 ± 2.5 points (range, 0-7 points), the mean 11-item
version of the Disabilities of the Arm, Shoulder and Hand
score was 35.8 ± 18.4 points (range, 2-71 points), and the mean
postoperative Simple Shoulder Test was 47.5% ± 25.31%
(range, 8%-92%). Compared with before the operation, 8 pa-
tients reported a better (n = 3) or much better (n = 5) result,

Figure 3 Resection arthroplasty with severe glenoid defect after removal of infected hemiarthroplasty (patient GLEN-02). (a) Standard
radiographs. It is impossible to evaluate the size of the glenoid defect. (b) Three-dimensional computed tomography reconstruction of the
scapula. The size of the defect is 12 cm3. (c) Reconstruction of the original shape of the native scapula. (d) Virtual Glenius Glenoid Re-
construction System (Materialise NV, Leuven, Belgium) implant. Solid metal-backed baseplate with porous structure (left). The glenosphere
is fixed onto the baseplate with a taper connection (right). (e) Postoperative radiographs show excellent implant position.

Table II Postoperative clinical outcome data

Patient ID VAS CM QuickDASH SST Satisfaction Complications

(points) (points) (points) (%)

GLEN-01 0 52 45.5 33.3 ++ Stretch brachial plexus
GLEN-02 5 32 12.5 66.7 0
GLEN-03 2 37 34.1 33.3 + Instability
GLEN-04 2 29 54.5 25 ++
GLEN-05 2 67 31.8 66.7 ++
GLEN-06 2 43 29.5 75 ++
GLEN-07 6.5 27 36.4 50 0
GLEN-08 7 18 70.5 8.3 +
GLEN-09 6 31 40.9 25 +
GLEN-10 0 75 2.27 91.7 ++
Mean ± (SD) 3.3 ± 2.5 41.3 ± 17.5 35.8 ± 18.4 47.5 ± 25.3

VAS, visual analog scale for pain; CM, patient-derived Constant-Murley score; QuickDASH, 11-item version of the Disabilities of the Arm, Shoulder and
Hand; SST, Simple Shoulder Test; SD, standard deviation; ++, much better; +, better; 0, same as before.
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Conclusion: Early results of the Glenius Glenoid Reconstruction System are encouraging. 
Adequate pain relief, a reasonable functionality, and good patient satisfaction can be 
obtained in these difficult cases.
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Custom-made reverse shoulder arthroplasty 
for severe glenoid bone loss: review 
of the literature and our preliminary results
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Abstract 
The treatment of severe glenoid bone loss in shoulder arthroplasty represents a challenge, and the results of current 
prosthetic designs with only glenoid fixation still remain unsatisfactory. In the past decade, customized glenoid pros-
theses have been developed to address severe glenoid arthritis and in the revision setting. In this review, we analyzed 
the current surgical options, the classification limits, past literature evidence, and our preliminary results of 6 patients 
(3 male, 3 female) treated with a reverse implant and custom-made glenoid implant (ProMade; LimaCorporate, Italy). 
Computer analysis of the residual shape and the amount of glenoid bone stock in association with new classifications 
could help the surgeon to obtain good clinical and radiological outcomes. The development of navigation systems 
could improve the adequacy of the implant and, thus, the reliability and longevity of the implant itself.
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Introduction
The management of glenoid bone loss is a highly demand-
ing challenge for orthopedic surgeons, and the number of 
cases is expected to rise in the future, in proportion to 
the increase of prosthetic implants, life expectancy, and 
functional demand of patients [1–3].

The main causes of bone defects include degenerative 
bone diseases of the glenohumeral joint, chronic dislo-
cations, congenital malformations, sequelae of autoim-
mune diseases including rheumatoid arthritis, status post 
proximal humerus fractures treated with fixation devices 
(intramedullary plates or nails) secondary to damaging of 
the glenoid articular surface due to extrusion or migra-
tion of fixation devices [4]. Further recurrent reasons are 
related to previous prosthetic implant complications—
septic or aseptic mobilization of the glenoid component 
in anatomical or reverse shoulder implants frequently 
induces a significant loss of glenoid bone stock, forcing 

the surgeon to make extremely difficult decisions in order 
to guarantee the best compromise between functionality 
and pain regression.

Glenoid bone loss can be mild (B2 and B3 according to 
Walch classification) and is usually treated with eccen-
tric glenoid reaming, hemiarthroplasty, bone grafts, and 
augmented implants [5–8]; or it could present significant 
concentric or eccentric defects [6, 9].

The definition and quantification of severe bone loss of 
the vault and the glenoid surface are controversial. In our 
experience, we consider a case to be ‘severe’ if it is impos-
sible to treat with traditional implants including the use 
of wedges.

Classifications
Various classifications are present in the literature, but 
the most commonly used are the classifications proposed 
by Antuna and Seebauer.

Antuna et  al. classified glenoid bone loss as central, 
peripheral, and combined, with each group being parti-
tioned into mild, moderate and severe [10].

Seebauer et  al. classified the defects as centric and 
eccentric erosions. Centric defects (contained) are 
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Our preliminary results of 6 patients (3 male, 3 female) treated with a reverse implant and custom-
made glenoid implant (ProMade; LimaCorporate, Italy). The mean age of the patients at the time of 
the surgical procedure was 64 years (minimum 48 and maximum 74 years) and the mean follow-up 
time was 31.67 months (minimum 25 and maximum 38 months). 
The mean pain reduction was 5.67±1.63 according to the pain VAS scale. 
The mean increase in the Constant score and the ASES score was 9.83±5.60 and of 30.57±10.77, 
respectively. 
None of the patients presented glenoid notching or implant mobilization. 
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Hypothesis and Background: Complex glenoid bone loss and deformity present a challenge for the shoulder arthroplasty surgeon.
Eccentric reaming, bone grafting, augmented glenoid components, and salvage hemiarthroplasty are common strategies for managing
these patients. The glenoid vault reconstruction system (VRS; Zimmer-Biomet) is a novel solution for both primary and revision arthro-
plasty using a custom glenoid baseplate. We hypothesized that patients undergoing reverse shoulder arthroplasty (RSA) with VRS would
have acceptable short-term outcomes and complication rates.
Methods: Patients who underwent RSA with VRS for severe glenoid deformity or bone loss by one of 4 board-certified, fellowship-
trained shoulder and elbow surgeons at 3 academic tertiary referral centers between September 2015 and November 2018 were eligible
for inclusion. Patient data were obtained via medical record review and telephone questionnaires. The Numeric Pain Rating Scale
(NPRS), Single Assessment Numeric Evaluation (SANE), American Shoulder and Elbow Surgeons Standardized Shoulder Assessment
Form (ASES), Penn Shoulder Scores, and range of motion (ROM) measurements were obtained pre- and postoperatively. Radiographs
were reviewed at final follow-up for evidence of component loosening or hardware failure. Any complication was documented. Out-
comes were compared using Wilcoxon signed-rank tests with P <. 05 considered significant.
Results: Twelve shoulders (11 patients) were included with a mean age of 68 years; 7 were primary arthroplasties and 5 were revisions.
At an average follow-up time of 30 months, median improvement in NPRS score was 7 points, SANE score 43%, ASES score 45 points,
and Penn Shoulder Score 49 points. There were statistically significant improvements in median ROM measurements (forward elevation
20!, external rotation 40!, internal rotation 2 spinal levels). At final follow-up, all implants were radiographically stable without loos-
ening. There were no complications.
Discussion and Conclusion: This study demonstrates that RSA using the custom VRS glenoid implant is a safe and effective technique
addressing complex glenoid deformity or bone loss in both primary and revision settings. At short-term follow-up, all patient-reported
outcomes and ROM measures improved significantly, and there were no complications. Future work should determine mid- and long-
term outcomes, preferably in a prospective manner with defined patient populations.
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Statistical analysis

Statistical analysis was performed using RStudio (v 0.99.902;
RStudio Inc) in the R statistical environment (v 3.6.3; R Foun-
dation for Statistical Computing). Means, ranges, counts, and
percentages were provided for patient characteristics. Given the
size of the sample, descriptive statistics for outcome measures
were reported as median (interquartile range), and nonparametric
methods were used for analysis. Differences between pre- and
postoperative NPRS, SANE, ASES, Penn Shoulder Scores, and
ROM measures were assessed with Wilcoxon signed-rank tests.
FE and ER were both treated as continuous measurements. IR
required translation to an ordinal scale for statistical analysis, as
follows: no IR or to abdomen, 0; to hip/side, 1; to sacrum, 2; to
L4-L5, 3; to L2-L3, 4; to T12-L1, 5; to T10-T11, 6. Comparisons
of pre- and postoperative IR assessments were performed through
cumulative link mixed model analysis. For all ROM analysis,
patients for whom pre- or postoperative data were unavailable for
a given measurement were omitted from the analysis of that
measurement. The paired-sample nonparametric effect size r was
calculated for NPRS, SANE, ASES, and Penn scores, with 95%
confidence intervals estimated through bootstrapping with the
percentile method. These were transformed to Cohen d for ease of
interpretation. Between-group differences in continuous variables
were assessed with Mann-Whitney U tests and Mood median test

and differences in categorical variables using Fisher exact or c2

tests as appropriate. A P value <.05 was considered statistically
significant.

Preoperative planning

Each patient’s computed tomographic scan data, taken within 6
months of surgery, was reconstructed into a 3-dimensional model,
allowing engineers to create an implant proposal. The proposal
includes implant position, orientation and size, screw trajectory
and size, and recommended bone removal if necessary. Surgeons
can view and manipulate the plan, and prior to manufacture the
proposal is accepted or modified based on surgeon input. With
each custom baseplate, the surgeon receives a patient-specific
bone model, implant model, implant, and if necessary, a custom
boss reaming guide, all of which are sterilizable and intended as
single-use disposable instruments and can also be used for plan
approval.

Intraoperative approach

After induction of general endotracheal anesthesia, patients were
positioned in the beach-chair position, and preoperative prophy-
lactic antibiotics were administered. Full muscular paralysis was

Figure 1 CAD/CAM vault reconstruction system glenoid implant (Zimmer Biomet). (A) 3D reconstruction produced from CT scan. (B)
Computer-aided design used to create a proposed implant. (C) Prototype of implant produced. (D) After surgeon approval, the final implant
is manufactured. (E) Schematic demonstrating superior peripheral screw, central compression screw, and inferior peripheral screw tra-
jectories. Images reproduced with permission from Zimmer-Biomet. CAD/CAM, computer-aided design / computer-assisted manufacturing;
CT, computed tomography.
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Methods: Twelve shoulders (11 patients) were included with a mean age of 68 
years. At an average follow-up time of 30 months ASES score 45 points. There 
were statistically significant improvements in median ROM measurements 
(forward elevation 20, external rotation 40, internal rotation 2 spinal levels). 
At final follow-up, all implants were radiographically stable without loosening. 
There were no complications. 
Conclusion: This study demonstrates that RSA using the custom VRS glenoid 
implant is a safe and effective technique addressing complex glenoid deformity or 
bone loss in both primary and revision settings 

Glenoid vault 
reconstruction system 
(VRS; Zimmer-Biomet) 
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A B S T R A C T   

Reverse Total Shoulder Arthroplasty is being increasingly performed, with indications in both elective and 
trauma settings. Accordingly, there are an increasing number of revision cases where glenoid bone loss is a 
concern. There are well recognised surgical techniques for dealing with mild to moderate glenoid wear, including 
eccentric reaming and impaction grafting. In cases of severe wear or uncontained glenoid defects these may not 
be suitable, and the surgeon may look to a customised implant to deal with such bone loss. There are several 
implant manufacturers who currently market and produce patient specific instrumentation and customised 
glenoid baseplates to achieve the best possible fixation in cases of severe bone loss. This article outlines some 
examples of custom implants currently available to surgeons, and the process by which they may be procured and 
used. Implant and surgical considerations, and key aspects of surgical technique are also covered. Literature on 
outcomes and complications following custom shoulder arthroplasty shows promising results, but at present is 
limited to relatively small case series with no long-term outcome data.   

1. Introduction 

Reverse shoulder arthroplasty (RSA) is becoming increasingly com-
mon, with both trauma and elective indications. RSA was initially 
introduced for rotator cuff tear arthropathy, but the indications have 
extended to include irreparable rotator cuff tears without arthropathy, 
primary osteoarthritis (OA) with an attenuated cuff, poor glenoid bone 
stock with an intact rotator cuff, and 4-part proximal humerus frac-
tures.1 Many manufacturers market implants with excellent survivor-
ship and clinical outcomes reported at 10 years.2–4 A key consideration 
when planning shoulder arthroplasty is glenoid morphology, particu-
larly when there is significant glenoid bone loss. Pre-operative planning 
will help ensure good primary fixation. Important principles of glenoid 
implantation are to restore desired version, inclination and lateralisa-
tion which will promote impingement free range of movement.5 

Several techniques are described to manage glenoid morphology 
with mild to moderate deficiency in bone stock.6–9 These include 
correction with eccentric reaming, patient specific instrumentation, 
bone grafting and augmented glenoid components. In more severe cases 
of glenoid wear there remains a significant challenge when deciding on 
the most effective operative option. Off-the-shelf components may not 

achieve adequate structural support from the residual bone stock or a 
satisfactory implant position. In these circumstances further consider-
ation must be given to the choice of implant, and recently several patient 
specific custom solutions are available. 

Few manufacturers offer customised glenoid implants. In this article, 
we identify some of the implants available to surgeons. We review the 
decision-making process from the decision to proceed with a custom 
implant to the post-operative follow up. We also include an objective 
report of implant characteristics and review the current literature on 
outcomes of custom glenoid implants. 

2. Classification 

The glenoid is initially assessed from glenohumeral antero-posterior 
and axillary radiographs. Different pathologies will present with distinct 
and well recognised wear patterns, including posterior wear in osteo-
arthritis, central wear in inflammatory arthritis, and anterior/superior 
wear in cuff arthropathy.10 Several classification systems therefore exist 
as a guide for evaluating glenoid deformity. 

Walch originally classified glenoid wear in osteoarthritis in 1999.11 

This was later modified in 2016 based upon axial CT images.12 He 
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A B S T R A C T   

Reverse Total Shoulder Arthroplasty is being increasingly performed, with indications in both elective and 
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tures.1 Many manufacturers market implants with excellent survivor-
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when planning shoulder arthroplasty is glenoid morphology, particu-
larly when there is significant glenoid bone loss. Pre-operative planning 
will help ensure good primary fixation. Important principles of glenoid 
implantation are to restore desired version, inclination and lateralisa-
tion which will promote impingement free range of movement.5 

Several techniques are described to manage glenoid morphology 
with mild to moderate deficiency in bone stock.6–9 These include 
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the most effective operative option. Off-the-shelf components may not 
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we identify some of the implants available to surgeons. We review the 
decision-making process from the decision to proceed with a custom 
implant to the post-operative follow up. We also include an objective 
report of implant characteristics and review the current literature on 
outcomes of custom glenoid implants. 

2. Classification 

The glenoid is initially assessed from glenohumeral antero-posterior 
and axillary radiographs. Different pathologies will present with distinct 
and well recognised wear patterns, including posterior wear in osteo-
arthritis, central wear in inflammatory arthritis, and anterior/superior 
wear in cuff arthropathy.10 Several classification systems therefore exist 
as a guide for evaluating glenoid deformity. 
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hole is present for compression, and peripheral holes will support both 
locking and non-locking options. Since communication was unable to be 
made with representatives from Zimmer-Biomet, we do not have access 
or permissions for any specific images of implants. 

7. Step by step guide – Author’s preferred method 

Before commissioning a custom implant, it is important to ensure the 
patient is a suitable candidate. We advocate several consultations to 
ensure the patient is fully informed, committed and likely to be 
compliant with any post-operative restrictions. The patient should be 
made aware that by definition, custom implants have no track record. 
They are used as a potential solution in a wide range of pathology, and in 
cases which are by definition complex. As such, outcomes are difficult to 
predict. 

Once a decision is taken to proceed with the surgery, a CT scan 
should be arranged and an implant design from the manufacturer 
requested. Liaison with the manufacturer ensures the CT scan meets 
their requirements and the scan should be performed as close to the date 
of surgery as feasible, allowing sufficient time for the manufacturing 

process. 
The manufacturer’s engineer will then send a design for approval. 

This is the prescription for the implant and the surgeon will need to 
provide the final approval (Fig. 13). Key considerations when checking 
the design are lateralisation, the bone/implant contact interface, and 
fixation. Excessive lateralisation can lead to soft tissue over-tensioning, 
leading to fractures or dislocation. It can also increase shear forces at the 
bone implant interface or make the implant too big to be practical. 
Lateralisation of the joint line can improve range of motion, but this 
needs to be balanced with the increased risks. Optimal lateralisation 
avoids over-tensioning and provides a stable implant. It is then impor-
tant to ensure that the base plate achieves maximal contact surface area 
relative to the native glenoid. Sometimes it is necessary to remove 
osteophytes and parts of the native glenoid to achieve this. Any bone to 
be removed should be necessary and not excessive. And finally the 
implant fixation and instrumentation should be checked. The instru-
mentation will often reference off the coracoid base or other local bony 
landmark to ensure the implant is in the correct position. Minimum 
adequate fixation should include one central peg and two non-locking 
screws, but often there will be more fixation options available. 

After any requests for change or modification are fed back to the 
design engineer, the manufacturer will produce a new iteration of the 
design. Once the final design is agreed, plastic models of the implant, 
scapula and guides can be requested as that helps further with pre- 
operative planning. It is usually at this point that the implant is pro-
cured and manufactured by 3D printing. 

On the day of surgery, a sterile custom guide, a model of the implant, 
a model of the scapula before any reaming and a model of the scapula 
after any reaming can be useful (Fig. 14). It is recommended to have a 
fall-back plan if the implant doesn’t fit as anticipated. For this reason we 
ensure a hemiarthroplasty prosthesis is also available. Alternatively a 
temporary cement spacer could be fashioned. 

After surgery regulatory requirements are likely to require follow up 
data to be collected. This is usually the responsibility of the manufac-
turer, who may clarify the data requirements and provide the resources 
needed for collection of the data. 

8. Outcomes 

There are currently no large studies supporting the use of custom 
arthroplasty implants but several smaller studies that show favourable 
results. In one of the larger studies Chamma al.20 evaluated the 

Fig. 11. Medacta Glenoid Baseplate on scapula template. Courtesy of Dr. med. 
Martin Jaeger, Universitätsklinikum Freiburg (DE). Reproduced 
with permission. 

Fig. 12. Post-operative AP radiograph of implanted Medacta Glenoid Base-
plate. Courtesy of Dr. med. Martin Jaeger, Universitätsklinikum Freiburg (DE). 
Reproduced with permission. 

Fig. 13. A templated baseplate with screw orientation. Courtesy of Lima-
Corporate, San Daniele, Italy. Reproduced with permission. 
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Conclusions
• Glenoid bone loss represents a great challenge for the orthopedic surgeons, in 

primary cases and especially in revisions cases.

• Careful study of the patient is essential for the success of the surgery. The 
reconstruction with 3D CT and the use of specific software provide us with the 
information necessary for the correct positioning of the implant.

• The development and diffusion of custom made implants will be important for the 
resolution of complex cases with severe glenoid bone loss. The first clinical and 
radiographic results are encouraging.

• These implants should be performed by dedicated surgeons with a high degree of 
experience in shoulder prosthesis, who are able to overcome unavoidable 
intraoperative difficulties. 
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