=0 Journal of Orthopaedic Whittemore, Carter, Kevin Setter, and Timothy A. Damron. 2024. “Custom Bi-Flanged
#§ Experience & Innovation Constrained Total Shoulder Revision Implants: A Novel Design and Report of Two
RS Cases.” Journal of Orthopaedic Experience & Innovation 5 (1).
https://doi.org/10.60118/001¢.90727.

Clinical, Economic, and Innovative Orthopaedic Experience

Case Report
Custom Bi-flanged Constrained Total Shoulder Revision Implants:
A Novel Design and Report of Two Cases

Carter Whittemore™®, Kevin Setter, MD?, Timothy A. Damron, MD*

1 School of Medicine, SUNY Upstate Medical University, 2 Department of Orthopedic Surgery, SUNY Upstate Medical University
Keywords: Custom, shoulder, arthroplasty

https://doi.org/10.60118/001¢.90727

Journal of Orthopaedic Experience & Innovation
Vol. 5, Issue 1, 2024

Case

Custom revision total shoulder replacements are one option for salvage of failed shoulder
arthroplasty, but reports are scarce. We report two cases of revision shoulder arthroplasty
using a custom constrained total shoulder (CCTS) endoprosthesis with a bi-flanged
scapular (BFS) component in the setting of soft tissue, humeral, and glenoid bone loss.

Conclusion

The CCTS with BFS is a viable salvage implant for failed reverse total shoulder
arthroplasty to achieve pain reduction, but long-term follow up is needed.
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INTRODUCTION

Shoulder arthroplasty surgeries have become more preva-
lent in the United States over the past three decades. There
was a 720% increase in the prevalence of patients who un-
derwent total shoulder arthroplasty from 1995 to 2017 (Far-
ley et al. 2021). Contributing to this is an increased use
of reverse total shoulder arthroplasty (rTSA) (Wagner et al.
2020). This increased prevalence of shoulder arthroplasty
patients has led to a subsequent increase in the revision
shoulder arthroplasty (Singh, Sperling, and Cofield 2011).

Failure of total shoulder arthroplasty can result from in-
fection, instability, loosening, and soft tissue deficiencies
(Chalmers et al. 2019). Periprosthetic joint infection (P]JI)
is a particularly devastating cause of shoulder arthroplasty
failure and often difficult to salvage. Treatment may in-
clude debridement, single stage revision, two-stage revi-
sion, arthrodesis, chronic antibiotic suppression, place-
ment of permanent spacer, and amputation (Bonnevialle et
al. 2017). When revision reconstruction is to be considered,
conventional options include hemi-arthroplasty, osteoar-
ticular allograft, and allograft prosthetic composite (APC),
each of which has its own limitations and risks.

Custom constrained total shoulder (CCTS) endoprosthe-
sis is a reconstructive alternative for difficult to salvage
cases particularly after failed shoulder arthroplasty with
glenoid and humeral bone loss. Advantages of custom im-
plants include the ability to match remaining anatomy, ac-
commodate unique bone deficiency, achieve stability, re-
store the joint line, optimize prosthesis orientation, and
achieve screw placement with proper length and optimal
positioning (Porcellini et al. 2021). Other cases of custom
shoulder arthroplasty revisions have been reported (Por-
cellini et al. 2021; Chammaa, Uri, and Lambert 2017; Bo-
dendorfer et al. 2021; Ortmaier, Wierer, and Gruber 2022;
Debeer et al. 2019; Stoffelen, Eraly, and Debeer 2015), but
none have used a bi-flanged scapular (BFS) component af-
fixed to the remaining scapular body. We present two cases
of CCTS with BFS endoprosthesis to salvage failed shoulder
arthroplasty secondary to PJI.

CASE 1

A 69-year-old woman presented after resection arthro-
plasty of her right shoulder hemiarthroplasty and comple-
tion of antibiotic treatment for culture negative PJI for
evaluation of reconstructive options. She had a history of
a displaced two-part right proximal humeral fracture which
was repaired with an intramedullary nail. Post operatively,
she had persistent pain and CT scan of the shoulder showed
two screws in the humeral head that extended through the
cortex and into the glenohumeral joint. The screws were
removed and replaced with smaller screws. Subsequently,
she had non-union of the fracture in the setting of del-
toid weakness and was revised to a right hemiarthroplasty
(Figures 1-3). Post operatively, she had persistent pain re-
fractory to physical therapy and diminished function that
was impacting her quality of life. She sought subsequent
care, and there was concern for arthroplasty failure sec-

i

Figure 1. Case 1 right shoulder AP (A) and scapular Y
(B) radiographs show hemi-arthroplasty prior to
resection arthroplasty

ondary to a septic versus aseptic condition and the decision
to proceed with resection arthroplasty was made. During
resection arthroplasty, a significant amount of fluid was ex-
pressed from the joint space. The combination of the clini-
cal picture of progressive and persistent pain and the gross
expression of fluid were concerning for PJI and the decision
to treat was made. It was felt that the extent of humeral
bone loss did not allow for a stable cement spacer, so none
was placed. Intraoperative joint fluid cultures, anaerobic,
and fungal cultures were all negative for growth. Cultures
were held for 21 days to rule out C. Acnes infection. Consid-
ering the plan for future reimplantation, infectious disease
consultation recommended a 6-week course of vancomycin
but after 2 days the patient had a transfusion reaction and
was switched to daptomycin. She was left with markedly
limited active motion associated with severe pain. After
completion of the antibiotic course, the patient elected to
proceed with revision surgery. This patient had a flattened
and distorted glenoid and atrophied rotator cuff muscu-
lature demonstrated prior to resection arthroplasty on CT
(Figure 4). This patient’s prior hemiarthroplasty had been
a tantalum coated, cemented humeral stem with associated
marked thinning of the humeral cortex even prior to re-
section arthroplasty, and this resulted in a large amount of
proximal humeral bone loss during the resection (Figure 5).
The patient was severely debilitated by the right shoulder
and wanted to proceed with reconstruction. Because of the
combination of glenoid and humeral bone loss and the lack
of rotator cuff attachments, a custom constrained prosthe-
sis design process was initiated, and the implant was avail-
able 16 months after the resection arthroplasty. Preoper-
ative 3 phase SPECT (Single Photon Emission Computed
Tomography) three phase bone scan, upper extremity CT,
and blood work (WBC 5.4, ESR 9, CRP 0.8) showed no sug-
gestion of active infection.

CASE 2

A 62-year-old woman presented for evaluation of her re-
constructive options after resection arthroplasty of a right
rTSA and completion of antibiotic treatment for culture
negative PJI. Her rTSA had been an Encore prosthesis
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Figure 2. Case 1 right shoulder coronal (A) and axial
(B) CT images prior to resection arthroplasty showing
deficient glenoid bone.

Figure 3. Case 1 CT based 3D reconstruction of the
patient’s right scapula and humerus. Scapular anterior
(A), lateral (B), and posterior (C) views. Humeral
anterior (D) and posterior (E) views.

Figure 4. Case 1 right shoulder CT status post right
shoulder resection arthroplasty. A: Coronal view of the
right shoulder displaying significant proximal right
humeral bone loss. B: Axial view displaying the
flattened and distorted right glenoid.

placed due to rotator cuff arthropathy (Figures 6). Post-
operatively she had persistent pain, stiffness, and tender-
ness to palpation that was treated with physical therapy,
a steroid injection, and manipulation under anesthesia. An
infectious work up due to the chronic and persistent nature

Figure 5. Case 1 CT based 3D reconstruction of the
patient’s right humerus and scapula status post
resection arthroplasty. Scapular anterior (A) lateral (B)
and posterior views (C). Humeral anterior (D) and
posterior (E) views.

Figure 6. Case 2 right shoulder X-rays 5 months post
RTSA. A: AP view of the right shoulder showing the
reverse total shoulder with the arm in neutral. B: AP
view with the arm internally rotated.

of the pain showed WBC 7.4, ESR 53, CRP 1.2. Patient de-
nied further work up with a tagged white cell scan and pre-
ferred continued clinical monitoring to observe pattern of
symptoms. Eleven months later, she endorsed persistent
pain. Repeat infectious work up showed WBC 4.5, ESR 13,
and CRP 1.1. Despite the normal inflammatory markers,
a 10-day trial of Augmentin was initiated and failed to
change her symptoms. The decision to proceed with 1 vs
2 stage reconstruction was made. During resection arthro-
plasty, a substantial amount of fluid was expressed from
the joint capsule concerning for PJI. A cement spacer was
placed, and the patient was treated with 6 weeks of van-
comycin and cefepime (Figure 7). There was proximal
humeral bone loss as the result of resection arthroplasty
due to the humeral stem. The glenoid component was loose
and associated with glenoid bone loss, further complicated
by the need for removal of a broken central screw (Figure
8).

Intra-operative frozen sections, tissue cultures, and
gram stain showed no signs of infection. Following treat-
ment, inflammatory markers remained normal (WBC 5.5,
ESR 22, CRP 0.9), and aspiration of the shoulder showed no
organisms on gram stain and no growth on aerobic, anaer-
obic, fungal, and acid-fast bacilli cultures. Cultures were
held for 21 days to rule out C. Acnes infection. She was
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Figure 7. Case 2 right shoulder neutral anterior (A)
and anterior with internal rotation (B) radiographs
status post resection arthroplasty with placement of a
cement spacer displaying substantial right humeral
and glenoid bone loss.

Figure 8. Case 2 right Shoulder CT status post
resection arthroplasty with spacer in place. A: Coronal
view of the right shoulder showing the cement spacer
in the humerus with substantial bone loss B: Axial
view displaying the misshapen glenoid with
substantial bone loss.

left with profoundly limited active motion and severe pain
and the patient elected to proceed with revision surgery.
Because of the combination of severe glenoid and humeral
bone loss and the lack of rotator cuff attachments necessi-
tating a design with additional constraint, the decision to
proceed with custom prosthesis design was made 9 weeks
after resection arthroplasty.

PROSTHESIS DESCRIPTION AND
MANUFACTURING

The prosthesis in both cases was a constrained articulation
between the scapular and a humeral component. The
scapular component was a custom bi-flanged glenoid com-
ponent with anterior and posterior flanges that wrapped
around the scapular body to which a Trident locking mech-
anism was attached. The humeral component was com-
posed of a modular replacement system humeral stem with
a conformation like a proximal femoral component with a
male taper to which a femoral head was attached.

PREPARED BoNg
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&
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PNt

&

Figure 9. A: CT-based sterile model of patient the
patient’s scapula with markings on the glenoid rim
demonstrating optimal contouring of the glenoid for
placement of the glenoid prosthesis (A). An arrow
pointing to where it is placed on the scapula (B). The
custom glenoid component wrapping around the
scapula (C).

The prosthesis custom design was based on pre-opera-
tive protocol CT scan through joint meetings of the primary
surgeon (TAD) and the design team (Stryker, Inc., Mah-
wah, New Jersey, USA). Once design plans were finalized,
outside independent review of the surgical and custom en-
doprosthetic indication was received, and Institutional Re-
view Board approval was obtained under the Compassion-
ate Use protocol, the endoprosthetic implant was produced
by a proprietary 3-D printing process (Stryker). In addition
to the implant, a 3D constructed replica of the patient’s na-
tive and post-preparation scapula(individually), a replica of
the bi-flanged custom glenoid component, and replicas of
the custom threaded drill guides were manufactured with a
plastic resin that allowed them to be sterilized and used for
anatomic reference during the procedure (Figure 9). The re-
gions of the native scapula that required contouring with a
burr were marked on the model.

OPERATIVE INDICATIONS

Both patients had a history of failed shoulder arthroplasty
resulting in substantial humeral and glenoid bone loss
along with soft tissue loss. CCTS with BFS endoprosthesis
was indicated due to the anatomical deficiencies. The con-
straint was needed to address the lack of adequate soft tis-
sues to produce a reliably stable glenohumeral articulation.
The substantial glenoid replacement was felt necessary to
replace deficient scapular bone and the flanges to provide
stable fixation to withstand the stresses of a constrained
glenohumeral articulation.

SURGICAL TECHNIQUE

In each case, the patient was placed in a semi-beach chair
position. The initial anterior approach was through the del-
topectoral interval via the old scar. Posteriorly, a transverse
incision was made in the infrascapular spine region to ex-
pose the posterior scapula for placement of trans-scapu-
lar bolts through the glenoid component from posterior
to anterior. Irrigation and extensive debridement of both
the intraarticular and intramedullary canal of the proxi-
mal humerus was performed, given the history of prior PJI.
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Debridement was performed utilizing rongeurs, curettes,
elevators, and a scalpel. To expose the anterior scapula,
a standard deltopectoral was used for proximal humeral
and scapular exposure. Subperiosteal dissection was ac-
complished beneath the remaining capsule both anteriorly
and posteriorly at the level of the glenoid, thereby avoiding
injury to the suprascapular nerve cephalad to this region
and the quadrilateral space inferiorly. Following the in-
ferior glenoid, subperiosteal dissection was also accom-
plished along the lateral scapular border. The latter was
accomplished to facilitate rotating of the flanges onto the
scapular body from inferiorly to their final resting horizon-
tally oriented position. Once the flange was positioned on
both sides of the scapular body, the posterior flange was ex-
posed through a separate posterior incision beginning on
the posterior aspect of the acromion and extending medi-
ally. The deltoid was detached from the mid portion of the
scapular spine beginning lateral to the scapular notch and
extending to the posterior lateral aspect of the acromion.
A cuff of deltoid and periosteum was preserved for subse-
quent repair.

Because of associated severe proximal humeral bone de-
ficiency in case 1, a femoral strut allograft and 3 cables
were used to cover the defect to contain the intramedullary
humeral canal to accept the cemented intramedullary stem.
In case 2, humeral prosthesis trialing required resecting
2 cm of bone distal to the original cut of the proximal
humerus to accommodate the proximal humeral replace-
ment endoprosthesis standard body.

To optimize apposition of the custom flanges onto the
anterior and posterior aspects of the remaining scapular
body, a small amount of the remaining glenoid was con-
toured with a high-speed burr using a CT-based sterile
model of the desired shape as a reference (Figure 9). Once
optimal fit and apposition were achieved, three posterior
to anterior bolts were used to affix the anterior and pos-
terior BFS arms to the scapula. Drill bits were marked in-
traoperatively, using the provided model of the endopros-
thesis and drill guides, with a steristrip as a visual cue for
the planned depth for drilling of each of the three holes
flange holes to avoid damaging the threads in the holes
on the deep anterior flange of the prosthesis since the far
side could not be directly visualized (Figure 10). Each cus-
tom drill guide was screwed into the corresponding poste-
rior hole of the flange (Figure 11). After drilling, each bolt
was passed through the posterior flange of the prosthesis,
the scapular bone, and then to engage the threads in the
anterior flange. Bone cement was introduced from the su-
perior aspect of the scapula to fill gaps between the flanges
and the underlying scapular body where necessary. To re-
pair the deltoid sleeve, the sharp point of a suture needle
was used to make holes through the scapular spine which
the deltoid was tied over the top through the holes using #5
Ticron suture.

The humeral component was composed of a Stryker
modular replacement system (MRS) humeral stem with a
conformation like a proximal femoral component with a
male taper (Figure 12). An actual femoral head was im-
pacted onto the proximal humeral component. After ce-

Figure 10. The custom bi-flanged scapular prosthesis
with drill bits marked to reproduce the planned depth
for each of the three holes of the prosthesis based on
prosthetic design to avoid damaging the locking
threads in the holes on the deep anterior flange of the
prosthesis in which the locking bolts are designed to
engage. The custom drill guide can be seen screwed
into the posterior hole of the flange.

menting of the humeral component, a hex dome hole plug
was inserted to cover the central glenoid hole. A con-
strained Trident acetabular insert was then impacted into
the custom glenoid component, and the femoral head was
reduced into the acetabular liner.

PEARLS AND PITFALLS

A floppy lateral position is key to attain adequate simul-
taneous anterior and posterior exposure of the scapula.
Subperiosteal dissection about the glenoid is important to
avoid injury to vital structures and difficult to control
bleeding. Utilizing a Cobb or other curved ended periosteal
elevator is helpful to allow elevation anteriorly and poste-
riorly onto the glenoid body and to facilitate palpation of
the posterior flange through the posterior incision. Enough
inferior exposure must be obtained to allow rotation of
the two flanges from inferiorly to superiorly to engage the
scapular body. Care must be taken throughout the proce-
dure to remain on the scapular body side of the coracoid
process to minimize risk to the brachial plexus, artery and
vein.

POST-OPERATIVE COURSE

Case 1. At the latest follow-up one-year post-op, patient
1, who had the more extensive humeral exposure, was ex-
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Figure 11. The custom glenoid component with the
drill guide screwed into the posterior aspect of the
flange. The drill bit is passed through the drill guide to
help avoid damaging the locking threads of the deep
anterior flange.

Figure 12. Case 1 anterior view of the humeral
component of the reconstruction showing the humeral
component with the femoral strut allograft and the
endoprosthetic head reduced into the constrained
glenoid component (left). Posterior view of the bi-
flanged scapular prosthesis wrapping around the
scapula inferior to the scapular spine (right).

tremely pleased with the results of the surgery despite oc-
casional pain. She had resolution of an early post-op radial
nerve palsy. She could button up her blouse and get her
hand to her mouth. Her shoulder and scapular x-rays
showed some new radiolucency between the superior as-
pect of the glenoid prosthetic component and the associ-
ated bone cement in the subacromial space (Figure 13). At
2 years post-op she continues to have significant pain re-
lief and has maintained her active range of motion (AROM).

Figure 13. Case 1 right shoulder and humeral X-rays 1
year post custom shoulder arthroplasty.

Anterior (A) and lateral (B) views of the right shoulder. Anterior view in neutral (C) and
anterior view with internal rotation (D) of the right humerus.

Elbow AROM was from 10 to 145 degrees. Shoulder AROM
was abduction to 15 degrees and internal rotation allowing
the hand to reach the level of L5/S1 vertebrae.

Case 2. At the latest follow-up one-year post-op, the pa-
tient expressed that the pre-operative pain had resolved
after the operation. Despite this, she stated that if given
the option again she would not undergo the surgery be-
cause she did not attain the function she expected and felt
that her function may have decreased compared to pre-
op. Overall stability and alignment were good. On physical
exam, she was able to reach within 1 inch from her mouth
and had 20 degrees abduction and 5 degrees forward flexion
actively. Active elbow flexion was 0 to 120 degrees (Figures
14). At 2 years post-op she had some regression in her pain
but accompanied by modestly decreased AROM. Shoulder
AROM was 15 degrees abduction, and 5 degrees forward
flexion. Elbow AROM was from 0 to 105 degrees of elbow
flexion. CT scan showed increased lucency surrounding the
humeral component concerning for osteolysis and prosthe-
sis loosening (Figure 14). Blood work at the 2-year mark
to investigate the radiolucencies and decreased AROM left
us with low suspicion for infection (WBC 5.4, ESR 33, CRP
<3.0).

DISCUSSION

Given the recent rise in the prevalence of shoulder arthro-
plasty patients, the need for revision shoulder arthroplasty
has increased (Farley et al. 2021; Singh, Sperling, and
Cofield 2011). Custom endoprostheses have been reported
infrequently for this indication, and none of the reported
designs had a custom constrained total shoulder (CCTS)
with a bi-flanged scapula (BFS) extending both anterior and
posterior to the scapular body. In this study, two cases of
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Figure 14. Case 2 right shoulder and humeral X-rays 1
year post custom shoulder arthroplasty. Right shoulder
anterior (A) and lateral (B) views. Humeral neutral
anterior (C) and anterior with internal rotation (D)
views.

Figure 15. Case 2 right Shoulder CT status post custom
shoulder arthroplasty. Coronal (A), axial (B), and
sagittal (C) view of the right shoulder showing an area
of lucency surrounding the humeral component
indicative of component loosening.

revision shoulder arthroplasty with a novel CCTS with BFS
endoprosthesis are reported.

Other custom shoulder endoprosthetic designs have
been reported to address substantial glenoid bone loss that
leaves inadequate glenoid on which to base the scapular
reconstruction similar to the reported two cases (Table 1).
In the design that is most similar to the current report,
Chaama et al. described a custom total hip inspired, large
acetabular like glenoid shell affixed to the scapula around a
deficient glenoid, but, instead of flanges as in this reported
design, relied upon screw fixation directly through the shell
into the remaining scapula (Table 2) (Chammaa, Uri, and
Lambert 2017). Their design showed promising clinical im-
provement in patients with severe glenoid deficiencies in
which decreased glenoid bone stock limits options for di-
rect attachment of an endoprosthesis to the glenoid itself

and allows for attachment directly to the scapula around
the deficient glenoid. Revision was necessary in 6 of 37 pa-
tients (16%) at mean 60 months follow-up (Chammaa, Uri,
and Lambert 2017).

Custom glenoid baseplates show promise for those with
sufficient glenoid bone stock for direct fixation of a custom
baseplate to the glenoid itself but with morphology or bone
stock non conducive to reshaping for standard glenoid en-
doprostheses. This is as opposed to the substantial glenoid
bone loss seen in our patients for which custom glenoid
based arthroplasty is insufficient which required a custom
glenoid component to wrap around the deficient glenoid.
In this regard, Bodendorfer et al described a computer-
aided design / computer aided manufacturing (CAD/CAM)
custom glenoid base plate composed of plasma spray tita-
nium that matches and contours to the patient’s specific
glenoid defect and attaches to the glenoid itself for reverse
shoulder arthroplasty (Table 2) (Bodendorfer et al. 2021).
All measured clinical outcomes showed improvement in the
median scores and of the 12 shoulders done all were ra-
diographically stable without loosening and had no com-
plications (Table 1). Porcellini et al. described a CAD/CAM
reverse custom glenoid baseplate matching and contouring
to the patient’s glenoid defects and attaching directly to
the glenoid itself (Table 2). Improvements in clinical out-
come scores and pain were reported in a cohort of 6 pa-
tients (Table 1) (Porcellini et al. 2021).

Several papers report glenoid endoprostheses in which a
flat metal glenoid baseplate is attached to a custom porous
metal structure which fills an irregular glenoid cavity. Or-
tameir et al. reported improvement in all clinical scores in
their 10 patients (Table 1) (Ortmaier, Wierer, and Gruber
2022). Debeer et al. reported improved function in 8 of 10
patients (Debeer et al. 2019). Stoffelen et al. reported a case
with increased range of motion and clinical score utilizing a
similar design (Table 1) (Stoffelen, Eraly, and Debeer 2015).

The described CCTS with BFS endoprosthesis is effective
in achieving fixation when the glenoid bone loss prevents
fixation through the glenoid alone. In our two cases, pain
relief was achieved in both but increased function in only
one compared to resection arthroplasty with a spacer. This
custom endoprosthesis represents an alternative recon-
structive option for cases with substantial glenoid bone
loss necessitating a constrained design. Currently, the con-
struct shows limitation in its ability to provide post-oper-
ative improvement in function and range of motion. The
constrained design may have contributed to hardware loos-
ening seen in the second case, The small sample of patients
who have received the construct limits the ability to draw
conclusions regarding its role in reconstruction in the fu-
ture, although the results are promising for achieving pain
relief in salvage procedures. Long term follow up is needed
to determine the viability of this construct.

Submitted: July 25, 2023 EDT, Accepted: November 30, 2023
EDT
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Table 1. Summary of Custom Shoulder Prosthesis in the Setting of Glenoid Bone Loss

Custom Bi-flanged Constrained Total Shoulder Revision Implants: A Novel Design and Report of Two Cases

Author Year Sample Design Functional Mean Mean Significant
Size outcome active FE ER Results
and scores (range)
Mean (Interquartile
FU range)
(mo’s)
Chammaa, 2016 SS: 37 CAD-CAM x  0SS§27+ 64° + 38° 150+ Improvement in
Uri, and MFU: total 11 17°¢ clinical scores,
Lambert 60 shoulder X  SSV 60% pain, and active
(2017) replacement +24% forward
with a hip elevation and
inspired with external
alarge rotation.
acetabular Component
like glenoid revision in 6 of
shell affixed 37 cases.
to the scapula
around the
glenoid
Bodendorfer 2020 SS: 11 CAD/CAM A ASES 45 150° 40° Improvement in
etal.(2021) MFU: designed (20-62) all clinical scores
30 reverse ANPRS-7 (-7 and active range
custom to-4) of motion, no
glenoid base A SANE 43 radiological
plate that (18-65) loosening or
contours to A PSS 49 complications
the glenoid (20-58)
Ortmaier, 2022 SS: 10 Flat glenoid x CMS51.7 NA NA Improvement in
Wierer, and MFU: base plate +9.86 all clinical scores
Gruber 23.1 with an x  UCLA with high patient
(2022) integrated 22.9+3.18 satisfaction
glenosphere x  SSV 520
attachedtoa +10.33
custom
porous
structure
filling a
glenoid
defect
Debeer et al. 2018 SS: 10 Flat glenoid x CMS41.3 NA NA 8 patients rated
(2019) MFU: base plate +17.5 results as better
30.5 attached to x VAS3.3z or much better;
custom porus 25 2 post op
structure X complications
filling glenoid QuickDASH including
defect 35.8+18.4 elongation of the
attached to a x  SST47.5 superior trunk of
custom-made +25.3 the brachial
cobalt- plexus and post-
chromium op dislocation.
glenosphere
Porcellini et 2021 SS: 6 CAD/CAM A ASES 30.57 Increased NA No statistically
al. (2021) MFU: designed +10.77 by 10° significant
31.67 reverse ACMS9.83+ (23.459) changein
custom 5.60 internal or
glenoid base AVAS5.67 + external
plate 1.63 rotation.
contoured to Reduction of
glenoid pain and
increased
clinical scores
Stoffelen, 2015 SS: 1 Flat glenoid CMS51 110° 40° Improvement in
Eraly, and MFU: baseplate SPDI 28% clinical scores
Debeer 30 attached to QuickDASH and range of
(2015) custom 3D 40.9 motion at short
printed term follow up
porous
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Author Year Sample Design Functional Mean Mean Significant
Size outcome active FE ER Results
and scores (range)

Mean (Interquartile
FU range)
(mo’s)

structure

filling bony

defect

0SS= Oxford shoulder score

SSV= Subjective shoulder value

ASES= American Shoulder and Elbow Scores
NPRS= Numeric pain rating scale

SANE-= Single assessment numeric evaluation
CMS= Constant Murlay score

SST= Simple shoulder test

SPDI= Shoulder pain and disability index
PSS= Penn shoulder score

Journal of Orthopaedic Experience & Innovation



Custom Bi-flanged Constrained Total Shoulder Revision Implants: A Novel Design and Report of Two Cases

Title and Author

Prosthesis picture

Chammaa et al. (2017)

Bodendorfer et al. (2021)

Paper’s Description

“The computer-aided design—computer-
aided manufactur- ing (CAD-CAM) total
shoulder replacement (TSR) (Stanmore
Implants Worldwide, Elstree, UK), a hip-
inspired total shoulder design with a
large acetabulum-like glenoid shell, fixed
to the scapula around the deficient
glenoid rather than to the glenoid itself”

“Novel solution that uses CAD/CAM to
create a custom glenoid base component™
“Preoperatively, a fine-cut 2-dimensional
computed tomographic scan of the
patient’s scapula and humerus is used to
construct a 3- dimensional scapular
model that is subsequently used to create
a patient-specific glenoid implant made
of porous plasma spray titanium”

Ortmaier et al. (2022)

“The implants consist of a metal base
plate and, depending on the defect size,
with a supporting, porous structure
filling the bone defect (titanium alloy).
The glenosphere connector is integrated
into the base plate.”

Debeer et al. (2019)

Scied puafe

Ereous sirrkre

Jo -3

“Glenius Glenoid Reconstruction System
(GGRS; Materialise NV, Leuven,
Belgium), a new patient-specific custom-
made glenoid component, in patients
with a large glenoid defect”

“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™

Porcellini et al. (2021)

“A reverse implant and custom-made
glenoid implant™

Stoffelen et al. (2015)

“3D-printed custom-made metal backing
with porous structure filling the bone
defect. The component has additional
threaded holes to allow conversion to a
reverse configuration”

Table 2. Custom Shoulder Prosthesis Design Pictures and Descriptions

Permissions:
Chammaa, Uri, and Lambert (2017)

Reprinted from Journal of Shoulder and Elbow Surgery, 26, Ramsey Chammaa, Ofir Uri, Simon Lambert, “Primary Shoulder Arthroplasty Using a Custom-made Hip-inspired Implant for
the Treatment of Advanced Glenohumeral Arthritis in the Presence of Sever Glenoid Bone Loss”, Pages 101-107, Copyright (2017), with permission from Elsevier.

Bodendorfer et al. (2021)

Reprinted from Journal of Shoulder and Elbow Surgery, 30, Blake M. Bodendorger, Galvin J. Loughran,Austin M. Looney, Anthony T. Velott, Jason A. Stein, David M. Lutton, Brent B.
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Wiesel, Anand M. Murthi, “Short-term Outcomes of Reverse Shoulder Arthroplasty Using a Custom Baseplate for Sever Glenoid Deficiency”, Pages 1060-1067, Copyright (2021), with per-
mission from Elsevier.

Ortmaier, Wierer, and Gruber (2022)

Reprinted from Journal of Clinical medicine, Authors; Reinhold Ortamaier, Guido Wierer, Michael Stephan Gruber “Functional and Radiological Outcomes after Treatment with Custom-
Made Glenoid Components in Revision Reverse Shoulder Arthroplasty” Creative Commons license: https://creativecommons.org/licenses,

Debeer et al. (2019)

Reprinted from Journal of Shoulder and Elbow Surgery, 28, Philippe Debeer, Bart Berghs, Nicole Pouliart, Gert Van den Bogaert, Filip Verhaegen, Stefaan Nijs, “Treatment of Severe Gle-
noid Deficiencies in Reverse Shoulder Arthroplasty: the Glenius Glenoid Reconstruction System Experience”, Pages 1601-1608, Copyright (2019), with permission from Elsevier.
Porcellini et al. (2021)

Reprinted from Journal of Orthopedics and Traumatology, Authors; G Porcellini, G M Micheloni, L Tarallo, P Paladini, G Merolla, F Catani, “Custom-made reverse shoulder arthroplasty for
severe glenoid bone loss: review of the literature and our preliminary results” Creative Commons license: http://creativecommons.org/licenses

Stoffelen, Eraly, and Debeer (2015)

Reprinted from Journal of Shoulder and Elbow Surgery, Volume 24, Daniel V.C Stoffelen, Koen Eraly, Philippe Debeer “The Use of 3D printing Technology in Reconstruction of a Severe
Glenoid Defect: a Case Report with 2.5 Years of Follow up”, Page e218-e222, Copyright (2015), with permission from Elsevier.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information.
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