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Early results of reverse total shoulder
arthroplasty using a patient-matched glenoid
implant for severe glenoid bone deficiency
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Background: Reverse total shoulder arthroplasty (rTSA) in the presence of significant glenoid bone loss remains a challenge. This study
presents preliminary clinical and radiographic outcomes of primary and revision rTSA using a patient-matched, 3-dimensionally printed
custom metal glenoid implant to address severe glenoid bone deficiency.
Methods: Between September 2017 and November 2018, 19 patients with severe glenoid bone deficiency underwent primary (n ¼ 9) or
revision rTSA (n ¼ 10) using the Comprehensive Vault Reconstruction System (VRS) (Zimmer Biomet, Warsaw, IN, USA) at a single
institution. Preoperative and postoperative values for the Disabilities of the Arm, Shoulder and Hand score, Constant score, American
Shoulder and Elbow Surgeons score, Simple Shoulder Test score, Single Assessment Numeric Evaluation score, and visual analog scale
pain score and active range of motion were compared using the Wilcoxon signed rank test with the level of statistical significance set at
P < .05.
Results: Complications occurred in 4 patients (21%), including a nondisplaced greater tuberosity fracture treated conservatively in 1,
intraoperative cortical perforation during humeral cement removal treated with an allograft strut in 1, and recurrent instability and he-
matoma formation treated with humeral component revision in 1. One patient with an early periprosthetic infection was treated with
component removal and antibiotic spacer placement at an outside facility and was subsequently lost to follow-up. Eighteen patients
with 1-year minimum clinical and radiographic follow-up were evaluated (mean, 18.2 months; range, 12-27 months). Significant im-
provements were noted in the mean Disabilities of the Arm, Shoulder and Hand score (57.4 � 16.5 vs. 29.4 � 19.5, P < .001),
mean Constant score (24.6 � 10.2 vs. 60.4 � 14.5, P < .001), mean American Shoulder and Elbow Surgeons score (32 � 18.2 vs.
79 � 15.6, P < .001), mean Simple Shoulder Test score (4.5 � 2.6 vs. 9.3 � 1.8, P < .001), mean Single Assessment Numeric Eval-
uation score (25.4 � 13.7 vs. 72.2 � 17.8, P < .001), mean visual analog scale pain score (6.2 � 2.9 vs. 0.7 � 1.3, P < .001), mean
active forward flexion (53� � 27� vs. 124� � 23�, P < .001), and mean active abduction (42� � 17� to 77� � 15�, P < .001). Mean
external rotation changed from 17� � 19� to 32� � 24� (P ¼ .06). No radiographic evidence of component loosening, scapular notching,
or hardware failure was observed at last follow-up in any patient.
Conclusion: The preliminary results of rTSA using the VRS to manage severe glenoid bone deficiency are promising, but longer follow-
up is necessary to determine the longevity of this implant.
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Varying degrees of acquired glenoid bone loss have been
reported in up to 50% of patients undergoing primary
reverse total shoulder arthroplasty (rTSA),12,24,55 but larger
defects are more prevalent in revision procedures.2,9,27,36

Glenoid bone deficiency in both primary rTSA and revi-
sion rTSA remains a challenging problem for even the most
experienced surgeon because of the arduous task of prop-
erly positioning and securing the glenoid component in
poor bone stock. Failure to obtain sufficient glenoid base-
plate–bone contact, stable baseplate fixation, and adequate
version and inclination correction will lead to increased
baseplate stresses, micromotion, loosening, and early me-
chanical failure.11,14,15,20,21,23,31,46,48 Although glenoid
component loosening is uncommon with modern implants
and techniques,6,7,22,35,52 a recent meta-analysis found that
osteoarthritis with bone loss is the most common pathology
associated with aseptic baseplate loosening after primary
rTSA,52 and the incidence is higher still after revision
rTSA.6,52

Several techniques are available to address this issue
based on the severity of bone loss. Eccentric glenoid
reaming can address asymmetrical erosion and correct
retroversion up to 15�, albeit with the risks of joint medi-
alization and poor bone quality support secondary to
removal of subchondral bone.13,26 Metal augmented base-
plates are another option to address greater degrees of
eccentric wear while preserving bone1,3,25,33,40 but still
require adequate baseplate-bone contact for stability,
making them less suitable for large or uncontained defects.
For more significant glenoid bone loss, a number of
different bone grafting techniques have been described,
with inconsistent clinical results, and these methods still
carry the risks of graft subsidence, resorption, and
nonunion.6,8,19,39,41,44,45,47,49,51,53,56,57,61,28-30,32-34,38

Computer-aided design (CAD) and computer-aided
manufacturing (CAM) technology and 3-dimensional
(3D) printing are being increasingly used by orthopedic
surgeons.42 The successful use of patient-matched, 3-
dimensionally printed custom acetabular components to
address severe acetabular defects in total hip arthro-
plasty5,43,58 prompted the development of patient-matched,
3D printed custom glenoid implants to address severe gle-
noid defects in shoulder arthroplasty, with multiple Euro-
pean studies reporting promising early results.10,16-18,59,60

The Comprehensive Vault Reconstruction System (VRS)
(Zimmer Biomet, Warsaw, IN, USA) received US Food and
Drug Administration 510(k) clearance in 2016 for use with
rTSA in patients with significant bone loss.18 The VRS is
the only implant of this type commercially available in the
United States, but published reports of its use are limited to
case examples.16,18 The purpose of this study was to present
the 1-year minimum clinical and radiographic outcomes of
a series of patients who underwent rTSA using the VRS to
address severe glenoid bone deficiency.
Materials and methods

Study design

This was a retrospective study of all patients undergoing rTSA
using the VRS performed by the senior author at a single insti-
tution with 1-year minimum clinical and radiographic follow-up.
The indication to consider use of the VRS was severe glenoid
bone deficiency with a failure to achieve at least 50% baseplate
contact with native glenoid bone using the alternative scapular
spine centerline24 and a full-wedge augmentation during preop-
erative 3D planning (Blueprint software; Wright-Tornier, Mem-
phis, TN, USA). In each case, after an extensive discussion of
treatment options, a shared decision to use the VRS was made
between the senior author and the patient. Between September
2017 and November 2018, 19 patients underwent rTSA using the
VRS. One patient was lost to follow-up <3 months after surgery
and was excluded from the final analysis. Thus, 18 patients (7
women and 11 men) with 1-year minimum clinical and radio-
graphic follow-up were included in the study. The mean follow-up
period was 18.2 months (range, 12-27 months). The group had a
mean age of 66.6 years (range, 50-80 years) at the time of surgery.
Patient demographic and preoperative data are listed in Table I.
The VRS was used in 8 patients undergoing primary rTSA, 1
patient undergoing single-stage revision after a failed hemi-
arthroplasty, and 9 patients undergoing the second stage of a 2-
stage revision for infection or failed rTSA.

Clinical and radiographic assessment

Preoperative clinical data collected included indication for sur-
gery, number of previous arthroplasty procedures, active range of
motion, Disabilities of the Arm, Shoulder and Hand (DASH)
score, Constant score, American Shoulder and Elbow Surgeons
(ASES) score, Simple Shoulder Test (SST) score, Single Assess-
ment Numeric Evaluation (SANE) score, and visual analog scale
(VAS) pain score. Postoperative clinical data collected at each
visit included length of follow-up, any complications or revisions,
active range of motion, DASH score, Constant score, ASES score,
SST score, SANE score, and VAS pain score.
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Table I Patient demographic and preoperative data

Patient
No.

Age, yr Sex Follow-up,
mo

Prior
arthroplasty

Presence of implants Indication for
surgery

Defect
classification2,4,56,63

1 65 M 27 2 Antibiotic cement
spacer

Periprosthetic
infection

Severe combined
central and
posterior

2 58 M 27 3 Antibiotic cement
spacer

Periprosthetic
infection

Severe combined
central and
posterior

3 73 M 27 3 Antibiotic cement
spacer

Failed rTSA Severe combined
central and anterior

4 76 M 24 2 Antibiotic cement
spacer

Periprosthetic
infection

Severe combined
central, anterior,
and posterior

5 58 F 22 2 Antibiotic cement
spacer

Periprosthetic
infection

Severe combined
central, anterior,
and posterior

6 63 F 20 2 Antibiotic cement
spacer

Failed rTSA Severe combined
central and
posterior

7 50 M 19 1 Hemiarthroplasty Failed
hemiarthroplasty

Severe combined
central, anterior,
and posterior

8 57 M 18 0 None Glenohumeral arthritis C
9 64 M 18 3 Antibiotic cement

spacer
Traumatic
periprosthetic
scapular fracture
and periprosthetic
infection

Severe combined
central, anterior,
and posterior

10 67 F 18 0 None Glenohumeral arthritis C
11 73 M 17 0 None Cuff tear arthropathy E3/B2
12 73 M 15 4 Antibiotic cement

spacer
Periprosthetic
infection

Severe combined
central and
posterior

13 77 M 14 0 None Glenohumeral arthritis B3
14 80 F 13 0 None Glenohumeral arthritis B3
15 71 F 13 0 None Glenohumeral arthritis B3
16 60 F 12 2 Antibiotic cement

spacer
Periprosthetic
infection

Severe combined
central and
posterior

17 72 F 12 0 None Painful proximal
humeral malunion
and glenohumeral
arthritis

A2

18 62 M 12 0 None Capsulorrhaphy
arthropathy

B3

M, male; rTSA, reverse total shoulder arthroplasty; F, female.
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Radiographic evaluation included plain shoulder radiographs
(true anteroposterior and axillary views) obtained preoperatively
(Fig 1, A) and each postoperative visit. Fine-cut computed to-
mography (CT) scans with 3D reconstructions were obtained
preoperatively and used to classify glenoid deficiency according
to the Walch classification4,62 in patients with glenohumeral
arthritis, the Favard classification55 for rotator cuff tear
arthropathy, or the classification described by Antuna et al2 for
revision rTSA (Table I). All postoperative radiographs were
reviewed in sequence for each patient to assess for humeral and
glenoid component loosening, scapular notching, or other hard-
ware failure.

Statistical analysis

The significance of the effect of the surgical procedure was
measured using the Wilcoxon signed rank test comparing preop-
erative and postoperative values for range of motion and patient-
reported outcome measures. The level of statistical significance
was set at P < .05.



Figure 1 (A) Preoperative anteroposterior and axillary radiographs of patient 2 showing antibiotic spacer placement and severe glenoid
bone deficiency. (B) Preoperative computed tomography–based 3-dimensional reconstruction showing severe combined central and pos-
terior bone loss. (C) Preoperative Comprehensive Vault Reconstruction System (VRS) plan showing the implant, central and peripheral
screw trajectories, planned custom boss, and built-in anterior lip to assist with positioning and orientation. The inferior glenoid osteophyte
was removed to prevent scapular notching once the VRS was securely implanted.
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To assess the ability of the data to detect a difference between
the preoperative and postoperative measures, a post hoc power
analysis was performed. The measure of statistical significance
was set to an a of .05 and a b of .8.

Preoperative planning

In each case, using a 3D reconstruction of the scapula from a fine-
cut preoperative CT scan (Fig. 1, B), engineers worked with the
senior author to design a proposal for the implant matched to fill
the defect in the patient’s anatomy (Fig. 1, C). This included
implant size and positioning, screw trajectories, and any recom-
mended bone removal for a custom boss if adequate bone stock
was available. The final implant made of titanium with a porous
plasma-spray coat was manufactured along with sterilizable high-
fidelity models of the implant and scapular bone for intraoperative
use (Fig. 2, A and B).

Surgical technique

All patients were positioned supine, and a deltopectoral approach
was used. In primary rTSAs, a soft tissue tenodesis of the long
head of the biceps was performed to the superior border of the
pectoralis major tendon. The subscapularis tendon was tagged,
peeled, and repaired at the end of the case whenever possible. The
humeral head was then cut in primary cases. In revision cases,
humeral implants were removed, and cement and soft tissues were
removed from the intramedullary canal.

With the scapular bone model used as a guide, the entire
glenoid face and the base of the coracoid process were completely
exposed by releasing or removing all soft tissues until the implant
model sat flush on bone. If any bony mismatch was discovered
between the glenoid and the model, excess bone was meticulously
contoured with a high-speed burr to ensure proper seating of the
final implant.

If a custom boss was planned, the boss reaming guide was
used to drill the central guide pin and ream the boss. In all cases,
the final implant was then positioned using the built-in anterior
lip to assist with seating and orientation (Fig. 1, C). Two drill bits
were inserted in predetermined peripheral screw holes and left in
place for provisional fixation (Fig. 2, B). The central 6.5-mm
nonlocking screw was placed and achieved bony purchase and
compression in all cases. All peripheral holes then received 4.75-
mm fixed locking screws. Intraoperative fluoroscopy was used in
all cases to confirm implant position and seating and to assess



Figure 2 (A) Sterilizable polyamide models of the scapular bone and implant are used intraoperatively to guide exposure and ensure
proper seating of the final implant. (B) Final Comprehensive Vault Reconstruction System (VRS) implant in situ with 2 drill bits inserted in
predetermined peripheral holes for provisional fixation prior to central screw placement. (C) Postoperative anteroposterior and axillary
radiographs of patient 2 at 27 months’ follow-up. No change in implant position or evidence of loosening was observed after sequential
review of all postoperative radiographs.
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screw lengths and trajectories. At this point, on the basis of the
preoperative plan, any excess bone or glenoid osteophytes that
could lead to scapular notching or impingement were carefully
removed.

Final glenosphere size, offset, and eccentricity were deter-
mined intraoperatively based on the preoperative plan, and the
glenosphere was impacted into the built-in reverse Morse taper in
the central screw hole of the implant. All humeral components
were placed in 20� of retroversion, and all stems were press fit
using the shortest length that could provide stable fixation. Hu-
meral trays and bearings were chosen after trialing. All gleno-
spheres and humeral components were standard implants from the
Comprehensive Reverse Shoulder System.
Results

Clinical and radiographic assessment

Clinical assessment data for all patients collected preop-
eratively and at last follow-up visit are reported in Table II.
Preoperative Constant, ASES, and SST scores were not
available for 1 patient.
Mean active forward flexion (aFF) improved from 53� �
27� to 124� � 23� (P < .001), and mean active abduction
(aABD) improved from 42� � 17� to 77� � 15� (P < .001).
Mean active external rotation (aER) was 17� � 19� pre-
operatively and 32� � 24� at last follow-up (P ¼ .06).

The mean DASH score improved from 57.4 � 16.5 to
29.4 � 19.5 (P < .001). The mean Constant score improved
from 24.6 � 10.2 to 60.4 � 14.5 (P < .001). The mean
ASES score improved from 32 � 18.2 to 79 � 15.6 (P <
.001). The mean SST score improved from 4.5 � 2.6 to 9.3
� 1.8 (P < .001). The mean SANE score improved from
25.4 � 13.7 to 72.2 � 17.8 (P < .001). The mean VAS pain
score improved from 6.2 � 2.9 to 0.7 � 1.3 (P < .001).

Subgroup analyses were performed of the 8 patients who
underwent primary rTSA and the 10 patients who under-
went revision rTSA. In the primary group, we observed
significant improvements in all measured variables when
comparing preoperative and last follow-up data (P < .05).
Significant improvements in all clinical outcome metrics, as
well as aFF and aABD, were also found in the revision
group (P < .05); however, no significant change in aER was
noted (P ¼ .51).



Table II Range of motion and patient-reported outcome measures prior to surgery and at last follow-up

Patient
No.

Follow-up,
mo

aFF, � aABD, � aER, � DASH score Constant
score

ASES score SST score SANE
score

VAS pain
score

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

1 27 45 110 45 85 30 45 76.7 29.2 45.0 54.9 50.0 71.7 10 10 50 55 6 0
2 27 100 120 70 90 45 50 39.2 10.8 38.0 68.5 66.7 96.7 7 12 30 85 2 0
3 27 10 117 10 88 10 52 67.5 18.3 20.0 61.4 56.7 75.0 3 9 10 70 1 0
4 24 45 90 45 75 0 35 46.7 21.7 25.7 56.3 50.0 78.3 6 10 25 65 2 0
5 22 45 90 45 45 10 45 62.5 23.3 22.0 44.8 11.7 81.7 2 8 30 80 8 0
6 20 45 135 40 90 0 30 24.2 9.2 13.0 70.1 45.0 83.3 2 11 20 80 3 0
7 19 0 120 0 90 0 �30 82.5 63.3 8.0 47.5 13.3 68.3 0 7 2 60 8 0
8 18 80 150 45 75 �20 45 33.3 16.7 25.7 71.2 33.3 95.0 7 9 20 85 6 0
9 18 45 90 45 45 30 10 72.5 62.5 13.0 28.8 11.7 55.0 3 8 10 60 9 3
10 18 80 150 45 70 0 40 69.2 30.0 27.0 84.0 8.3 98.3 3 12 10 99 10 0
11 17 45 128 45 67 20 25 52.5 12.5 NA 61.5 NA 91.7 NA 10 40 75 7 0
12 15 45 100 45 80 10 �20 42.5 35.8 25.0 41.0 41.7 51.7 6 6 25 60 5 3
13 14 70 135 70 60 40 30 56.5 20.0 20.0 74.0 21.7 93.3 7 10 50 65 9 0
14 13 60 130 30 75 20 40 70.0 67.0 17.0 57.8 13.3 55.0 3 6 30 70 9 4
15 13 45 160 45 100 0 60 55.0 2.5 22.0 85.0 16.7 100.0 3 12 20 100 9 0
16 12 45 165 45 85 50 30 64.7 49.2 23.0 69.5 43.3 78.3 2 10 15 75 3 0
17 12 45 120 30 80 25 30 42.5 20.0 29.0 56.3 33.3 85.0 7 9 30 90 6 0
18 12 110 120 60 80 30 50 75.8 36.7 44.0 55.4 26.7 63.3 6 9 40 25 8 2

aFF, active forward flexion; aABD, active abduction; aER, active external rotation; DASH, Disabilities of the Arm, Shoulder and Hand; ASES, American

Shoulder and Elbow Surgeons; SST, Simple Shoulder Test; SANE, Single Assessment Numeric Evaluation; VAS, visual analog scale; Pre, preoperative; Post,

last follow-up visit; NA, not available.
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Post hoc power analysis indicated 100% power for aFF,
aABD, the Constant score, the ASES score, the SST score,
the SANE score, and the VAS pain score; 99.7% power for
the DASH score; and 51.9% power for aER. Assuming a
desired power of 0.8 to detect a difference in aER at an a
level of .05, 43 patients would be required to reach
significance.

No radiographic evidence of humeral or glenoid
component loosening, scapular notching, or other hardware
failure was noted in any patient. Postoperative advanced
imaging was not indicated as all patients were doing well
clinically.

Complications

Complications occurred in 4 of the 19 patients (21%). One
patient with chronic hepatitis C lived in the Caribbean and
presented to a local hospital with an infected prosthesis
eroding through the skin. He underwent emergent compo-
nent removal, irrigation and d�ebridement, and antibiotic
spacer placement <3 months after the surgical procedure
and was lost to follow-up. In 1 patient with a history of
chronic anticoagulation and multiple revision shoulder
arthroplasty procedures, recurrent instability and hematoma
formation developed. Three additional operations were
performed within 2 months of revision rTSA using the
VRS. Humeral component revision was performed in the
first 2 procedures, and the third procedure was an isolated
surgical wound hematoma evacuation. The glenosphere and
VRS were not revised. This patient showed continued sta-
bility after the last procedure >2 years ago. One patient
required an allograft strut graft to stabilize a cortical
perforation of the humeral shaft that occurred during
cement removal at the time of revision rTSA. One patient
sustained a nondisplaced greater tuberosity fracture intra-
operatively that was treated conservatively and healed.
Discussion

Glenoid bone loss is frequently encountered in both pri-
mary rTSA and revision rTSA.2,9,12,24,27,36,55 The incidence
of primary shoulder arthroplasty is increasing,37,50,54,63,64

and a corresponding increase in the incidence of revision
shoulder arthroplasty should be expected. Despite this
knowledge, the best treatment option for severe glenoid
bone deficiency in rTSA remains unknown. This study
presents 1-year minimum clinical and radiographic out-
comes of rTSA using the VRS and adds to the paucity of
available literature reporting outcomes using patient-
matched custom glenoid implants for severe glenoid bone
deficiency.

The CAD-CAM total shoulder replacement (TSR)
(Stanmore Implants Worldwide, Elstree, UK) is one type of
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custom implant used for severe glenoid deficiency, which
resembles a total hip arthroplasty and consists of a large
glenoid shell fixed around the deficient glenoid bone to the
scapula, a polyethylene liner, and a cobalt-chrome humeral
stem and head.10,59,60 Uri et al59 first reported on its use as a
revision implant for failed rTSA in 11 patients with a mean
follow-up period of 35 months. Pain and functional
outcome scores significantly improved. Four patients
required reoperations unrelated to the glenoid component,
and no glenoid loosening was noted.

The CAD-CAM TSR was also used as a revision
implant in 21 patients with severe glenoid bone loss and a
failed hemiarthroplasty for proximal humeral fractures or
fracture sequelae.60 Although pain and functional outcome
scores significantly improved at 3 years’ mean follow-up
and no glenoid component loosening was noted, the
complication rate was nearly 50%.

Chammaa et al10 presented the outcomes of 37 patients
with severe glenoid bone loss and rotator cuff deficiency
who received the CAD-CAM TSR as a primary shoulder
arthroplasty. At 5 years’ follow-up, pain, functional
outcome scores, and range of motion all showed statisti-
cally significant improvements. However, mean post-
operative forward elevation was only 64�, and the authors
attributed this to the constrained design of the implant.
Reoperations occurred in 24% of patients, but glenoid
loosening occurred in only 1 patient after a mechanical
fall.

Debeer et al17 recently described their series of 10 pa-
tients undergoing primary or revision rTSA using the
Glenius Glenoid Reconstruction System (GGRS; Materi-
alise, Leuven, Belgium) for severe glenoid deficiency. The
GGRS is similar to the VRS in design, but the glenosphere
is also a custom implant. No preoperative data were
available for comparison, but at a mean of 30.5 months’
follow-up, the mean VAS pain score was 3.3 (range, 0-7);
Constant score, 41.3 (range, 18-75); QuickDASH (short
version of DASH questionnaire) score, 35.8 (range, 2.3-
70.5); and SST score, 5.7 (range, 1-11). Range of motion
was not reported. One patient had postoperative instability
treated with a larger polyethylene insert, and another pa-
tient had a brachial plexus injury that partially recovered
but resulted in limited range of motion.

Published reports of rTSA using the VRS include just 4
brief case examples of patients undergoing revision rTSA
using the VRS for significant glenoid bone loss.16,18, Three
of these patients had undergone explant and antibiotic
spacer placement for periprosthetic infection, and the
fourth patient had a failed anatomic total shoulder arthro-
plasty with rotator cuff deficiency. The mean length of
follow-up in these patients was 27.5 months (range, 18-48
months). Although only minimal range-of-motion data and
no clinical outcome metrics were reported, satisfactory
outcomes were described in all patients.

Our study is the most extensive case series of patients
with severe glenoid bone deficiency undergoing rTSA using
the VRS as either a primary or revision implant. At a mean
follow-up of 18.2 months, the patients in our study showed
significant improvements in range of motion, function, and
pain relief. Comparison of our mean postoperative outcome
measures with those of the GGRS series shows that the
VRS cohort had a shorter follow-up period (18.2 months vs.
30.5 months), a lower VAS pain score (0.7 vs. 3.3), a higher
Constant score (60.4 vs. 41.3), a similar DASH score (29.4
[DASH score] vs. 35.8 [QuickDASH score]), and a higher
SST score (9.3 vs. 5.7).

The VRS does have a learning curve for surgeons. In
patients treated earlier, the VRS implants were designed to
be thick and wide, attempting to fill the entire defect, but
these implants were cumbersome and difficult to maneuver
and position. Because of this, we moved toward con-
structing implants using the least amount of metal neces-
sary to restore version and inclination, prevent excessive
medialization, and provide adequate bony contact for
ingrowth.

Minimizing the time between the preoperative CT scan
and surgery is also very important. In our experience, from
the time the preoperative plan was approved, the implant
could be manufactured and available for surgery a mini-
mum of 8 weeks later. Even that duration may cause subtle
changes to the glenoid anatomy if a hemiarthroplasty or
cement spacer is present, leading to difficulty with seating
the final implant at the time of surgery.

The VRS implant costs approximately $15,000, and this
does not include glenosphere or humeral component costs.
Facilities may not receive adequate reimbursement for
these procedures, so cost remains an important consider-
ation when deciding to use the VRS.

This study has several limitations. First, this is a retro-
spective study performed by a single surgeon at one insti-
tution, and although we had complete preoperative data for
17 of the 18 patients, there was no control group for
comparison.

Second, we did not have an independent evaluator assess
active or passive range of motion, and active range of
motion was assessed clinically by the senior author at each
visit. As shoulder range-of-motion evaluation solely based
on chart review is highly unreliable, these results should be
interpreted with caution.

Third, our radiographic assessment was based on a true
anteroposterior view and an axillary view of the shoulder at
each follow-up visit. The VRS has a complex 3D structure,
and combined with inconsistent radiographic protocols,
lucencies around the glenoid implant may have been
missed. CT scans would have provided a more accurate
assessment, but these were not performed in this study
because of the added cost and radiation exposure for our
patients.

Finally, although the primary impetus to use the VRS
in patients with poor glenoid bone stock is to minimize
the risk of glenoid loosening, the follow-up period in this
study is too short to adequately assess for this potentially
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devastating complication. However, this study is
ongoing, and further follow-up of these patients will be
performed.
Conclusion
The VRS is a patient-matched custom metal glenoid
implant for use in rTSA with severe glenoid bone defi-
ciency, and it is the only implant of this type commer-
cially available for use in the United States. Preliminary
results of this series of patients are promising, but longer
follow-up is necessary to determine the longevity of this
implant.
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