ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. No 2

VK 616.727.2-089.843(045)

DOI: http://dx.doi.org/10.15674/0030-59872025229-37

Short-term outcomes of using custom 3D printed
base plates in reverse shoulder arthroplasty

for patients with glenoid cavity defects
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Objective. To conduct a retrospective analysis of the short-term
clinical and radiographic outcomes of reverse total shoulder ar-
throplasty using custom glenoid base plates in patients with gle-
noid cavity defects. Methods. We retrospectively studied the sur-
gical outcomes of 10 patients with defects of the glenoid cav-
ity who underwent reverse total shoulder arthroplasty using in-
dividual glenoid base plates. The average follow-up period post-
surgery was (2.6 £ 1.6) years. The mean age of the patients was
(62.4 + 5.6) years, including 7 women (70 %) and 3 men (30 %).
Two patients (one woman and one man) underwent RTSA on both
shoulders, resulting in a total of 12 RTSA procedures performed
on 10 patients. All patients underwent shoulder joint imaging us-
ing spiral computed tomography, modeling of the individual base
plate implant for the glenoid part of the endoprosthesis, and fab-
rication of the implant using 3D printing with titanium powder.
The function of the shoulder joint was evaluated using the Con-
stant-Murley Shoulder Score (CMS). Results. The mean cortical
index was 0.38 + 0.06. Lateralization and distalization angles were
measured at 80° + 5.6° and 55° + 8.2° respectively. The average
active range of motion for external rotation was 60° + 5.5°, flex-
ion and elevation of the upper limb at the shoulder joint (includ-
ing the scapula) was 135° £+ 8.4°, internal rotation was 85° + 3.4°,
and abduction of the shoulder joint (including the scapula) was
145°+ 10.2°. The mean score on the CMS scale was 85. Conclusion.
The retrospective analysis demonstrates a significant reduction or
complete absence of pain syndrome along with improved functional
outcomes in patients after RTSA with glenoid cavity defects when
using custom base plates for the glenoid part of the reverse shoul-
der endoprosthesis. Keywords. Reverse total shoulder arthroplasty,
RTSA, proximal humerus fracture, glenoid cavity defect, shoulder
osteoarthritis, additive technology, 3D printing, porous titanium
custom implants, Constant-Murley Score.

Mema. IIposecmu pempocnekmusHull AHALi3 KOPOMKOCMPOKO-
BUX KIIHIYHUX [ peHMeeHO02PADIUHUX pe3yTbmamie 360pOmHO-
20 eHOONPOMe3YBAHHA NIEY0B020 CY2N00d 3 BUKOPUCTIAHHAM
IHOUBIOYANLHUX O6A308UX NAACMUN Y NAYIEHMIE 13 Dehexmamu
cyeno6ooi 3anadunu ronamru. Memoou. Busueno pezyrvma-
mu xipypeiunozo nikysanns 10 oci6 i3 deghekmamu cy2no6060i
6naouHu 1onamku, sikum 6yno npogedene RTSA 3 euxopuc-
MAHHAM [THOUBIOYANbHUX 2]IeHOIOAIbHUX 0A3068UX NIACMUH.
Cepeoniui nicasonepayiihuil mepmin CROCMEPEN’CeHHI —
(2,6 £ 1,6) poky. Cepeoniii 6ix nayicumie cmanosu (7 dici-
nok i 3 wonosikie) (62,4 + 5,6) poxkis. [{eom ocobam (dcinka
ma 4ono6ix) euxonano RTSA obox nievosux cyznobdie. Omowce
nposedeno 12 RTSA 10 xeopum. Ycim 30iticneHo mooentogan-
Ha ma Opyk Ha 3D-npummepi iHOU8iOyanvHo20 iMnIAGHMAMA
0a3080i naacmuHy 21eHoioaIbHOi YacCmuHU eHOOnpomesa.
DyHKYiI0 N1ew08020 cyenoba 3a pe3yibmamamiu 1iKy8aAHH
oyiniosanu 6 danax sa wkanoio Constant-Murley Shoulder
Score (CMS). Pezynemamu. Cepeouiii Kipkoguii iHOeKc cK1as
(0,38 + 0,06). Kym namepanizayii ckaas 80° + 5,6° oucma-
nizayii — 55° + 8,2°. AxkmusHuil 06cse pyxie 306HIWHbOL pO-
mayii 6 cepeonvomy cxkaae 60° £ 5,5° szeunanns ma nioiomy
6epPXHbOI KIHYIBKU 6 NIeu08oMy Cyelo0i 00 nepedy pasom i3
aonamroio — 135° £ 8,4°, enympiwnvoi pomayii — 85° £+ 3,4°,
8i06e0eHHs 6 NIeY08OMYy CYen00i, pasom 3 JONAMKONWO —
145° + 10,2°. Cepeowniu 6an 3a wxonoro CMS — 85. Bucnogok.
Pempocnexmuenuii ananis 006ie, wo 6 nayicumie nicas RTSA
3 Oepexmamu 2neHoi0anbHol 3anaduHU QIKCYEMbCA 3MeH-
wenHss abo NosHa GIOCYMHICMb O0IbO08020 CUHOPOMY 3 OOHO-
YACHUM NOKPAWEHHAM (DYHKYIOHATbHUX NOKAZHUKIE 3d YMOB
BUKOPUCMAHHS THOUBIOYANbHUX OA308UX NAACMUH 2eHOI0Ab-
HOI yacmunu 360pOMHO20 eHOONPOMe3a NAeY08020 Cyeroba.

Kuio4oBi cj10Ba. 3BOpOTHE €HIOMPOTE3yBAHHS TIJIEYOBOTO CYTI00a, MEPETOM ITPOKCUMATBHOTO BIIILTY T1Jie-
YOBOI KICTKH, AC(PEKT IIICHOINaIbHOI 3aMaJuHU, 0CTE0apTPO3 IICYOBOI0 Cyriioda, aauTUBHI TEXHOJOII,
3D-npyk, TOpUCTi TUTAHOBI iHAMBIAYya bHI iMmIanTaTu, Constant-Murley Score
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Introduction

Reverse total shoulder arthroplasty (RTSA) is an
effective surgical treatment for multifragmentary frac-
tures of the proximal humerus with reduced bone min-
eral density and their sequelae, especially in elderly
patients [1]. Over the past decades, there has been an
increase in the use of RTSA worldwide, with a simul-
taneous increase in the number of different types of re-
verse shoulder arthroplasty [2]. Despite the existing
experience of RTSA for 40 years, complex bone loss
of the articular part of the scapula and its deformations
remain a significant problem [3]. Curvatures and de-
fects of the glenoid fossa can occur as a result of severe
degenerative or post-traumatic changes, congenital
anomalies, tumors, or after primary total shoulder ar-
throplasty. The lack of sufficient contact area with the
base plate of the glenoid component of the endopros-
thesis and poor bone quality lead to early instability,
dysfunction, and pain [3, 4].

Various approaches have been used to address
this complex issue: eccentric expansion of the gle-
noid cavity with burrs, bone auto- or alloplasty,
the use of metal base plates with an alternative lo-
cation of the central screw or metal base plates with
a porous surface or augments [5]. However, clinical
results with their use remain ambiguous. The high
rate of complications, including implant instabili-
ty and lack of its integration, prompts the search for
new methods for solving the problem of defects in
the scapular glenoid cavity [6].

Several literature sources have already reported
satisfactory short-term clinical and radiological re-
sults of RTSA using individual implants obtained
using additive technologies [4—7]. The introduction
of computer modeling with subsequent 3D printing
from titanium powder to create an individual base
component of the glenoid cavity to replace defects is
one of the promising directions for solving this issue.

Purpose: to retrospectively analyze the short-term
clinical and radiographic results of reverse shoulder
arthroplasty using individual base plates in patients
with scapular socket defects.

Material and Methods

The retrospective study included 10 patients with
scapular socket defects who underwent RTSA using
individual base plates. The study was approved by
the Bioethics Commission of the State Institution Pro-
fessor M. 1. Sytenko Institute of Spine and Joint Pa-
thology of the National Academy of Medical Sciences
of Ukraine (22.04.2019, protocol No. 191, 20.02.2023,
protocol No. 229). All the patients provided written
informed consent, confirming their voluntary partic-

ipation and understanding of the study procedures,
potential risks and benefits. The mean postoperative
follow-up period was (2.6 £ 1.6) years (range 2 to
5), and the mean age of the patients was (7 women,
3 men) (62.4 + 5.6) years (range 50 to 70). Two pa-
tients (a woman and a man) underwent RTSA of both
shoulder joints. Thus, 12 RTSA were performed in
10 patients.

Surgical treatment of patients was performed in
the period 2019-2025 at the City Clinical Hospital
No. 16 (Dnipro, Ukraine). All patients met the follow-
ing inclusion criteria:

— age not less than 50 years;

— fracture of the proximal humerus of type 11-B
or 11-C according to the AO/OTA classification or its
consequences [8];

— stage 3 osteoarthritis of the shoulder joint with
a defect in the glenoid cavity;

— pronounced decrease in bone mineral density
with a cortical index (CI) value < 0.4.

In 8 patients (3 men and 5 women), the defect
of the glenoid cavity was caused by post-traumatic
changes, in 2 (women) by osteoarthritis of the shoul-
der joint.

All patients underwent a standard clinical exam-
ination and X-ray examination of the injured upper
limb in the preoperative period. To identify the fea-
tures of the displacement of the fragments of the gle-
noid cavity and defects of the glenoid cavity, all pa-
tients underwent spiral computed tomography (SCT).

The study of the shoulder joint was performed on
an AQUILION spiral computed tomography (Toshi-
ba, Japan) with the acquisition of slices for building
a three-dimensional model and further modeling
of an individual implant of the base plate of the gle-
noid part of the endoprosthesis. At the stage of co-
operation with engineers, the possible dimensions
of the implant, its location, directions of insertion and
the number of screws for fixation were determined.
A device made of sterilized plastic was also created
for the correct orientation and insertion of the axial
pin into the glenoid cavity. Then, according to the ob-
tained models, implants were printed on 3D printers
from titanium powder.

Features of the surgical technique

Under general anesthesia in the “beach chair”
position, deltopectoral access was performed in all
cases. Special attention was paid to the careful re-
lease of soft tissues from the humeral fragments and
scars, both interfragmentary and between the humer-
al fragments and the glenoid cavity in the case of old
fractures of the proximal humerus. It is mandatory to
mobilize the proximal humerus so that it is possible
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to make a correct cut of the humeral head according
to the guides, with the subsequent installation of a re-
tractor to shift the humerus downward. Depending
on the specific situation, it is possible to mobilize
the deltoid muscle from the acromion. Scar tissue in
the subacromial space is always carefully removed,
as well as the scars that fill the glenoid cavity defect
with remnants of the labrum and long head of the bi-
ceps tendon. In all cases, a 3D-printed plastic guide
device was used to guide the central pin. After that,
a plastic base support implant similar to the titanium
one was placed on the pin to determine its orienta-
tion, location, and the need for soft tissue and bone
removal (but excessive removal should be avoided).
Next, a press-fit fixation of the printed porous implant
was achieved using an impactor. Visual confirmation
of complete placement was performed by checking
the presence of clearance in the screw holes and light
manual testing using a hook. The implant was tightly
positioned without wobble in all cases, and for ad-
ditional initial stability, fixation was performed with
3.5 mm titanium screws according to 3D planning.
A diamond-like carbon (DLC) coated metal gleno-
sphere was then placed on the Morse taper of the base
plate (Fig. 1), followed by placement of the humeral
component of the prosthesis and standard surgical
completion. All RTSAs were performed by the same
surgeon. Additional cementation of the base plate was
not used in any case.

Retroversion of the prosthesis stem was 10° in
12 cases.

The rehabilitation protocol was standard. Postop-
erative fixation of the upper limb in all patients was
performed with a Dezo bandage for 4 weeks. Passive
movements in the elbow and shoulder joints were al-
lowed for 2-3 days after surgery under the supervi-
sion of a physiotherapist instructor, active movements
were allowed in 3—4 weeks. After surgery, patients
had appointments for control examinations in 3, 6
and 12 months, as well as annually for radiographic
evaluation in two projections.

When using standard reverse shoulder endopros-
theses, lateralization and offset depend on the hemi-
sphere and design of the shoulder component, as well
as inserts. In our cases, individual three-dimensional
biomechanical modeling allowed lateralization to be
laid in the base plate.

Bone mineral density in all patients was assessed
by radiographic images of the humerus in the an-
teroposterior projection with calculation of the CI
[9]. The presence of a scapular neck defect was as-
sessed according to the Nerot-Sirveaux classifica-
tion [10, 11].

Fig. 1. Glenosphere covered with DLC

Lateralization and distalization were measured us-
ing the angles described by Boutsiadis et al. [12].

Radiographic characterization of signs of bone ly-
sis around the glenoid cavity was performed accord-
ing to the Souter’s-Deutsch classification [13].

In 3 patients, a multifragmentary fracture
of the scapula was observed as a result of trauma, si-
multaneously with a fracture of the glenoid cavity: type
IB according to the Ideberg-Goss classification [14] in
1 patient, type Il in 2. Due to the lack of surgical treat-
ment in the first months after the trauma, a post-trau-
matic defect of the glenoid cavity was formed. In con-
clusion, we consider these cases within the concept
of post-traumatic osteoarthritis of the shoulder joint
with a glenoid cavity defect, which is subject to classi-
fication according to Walch [15].

Shoulder function after treatment was assessed
using the Constant-Murley Shoulder Score (CMS)
[16], a functional scale with a maximum total score
of 100, reflecting optimal shoulder function. Treat-
ment outcomes were assessed 3, 6, and 12 months
after surgery. CMS scores for each patient were de-
termined to the nearest integer due to the integer na-
ture of the scale.

Statistical analysis. Quantitative assessments
were defined as mean (x) + standard error (SE). Dif-
ferences between functional outcomes in CMS scores
were assessed using the Tukey test at a significance
level of p < 0.05 based on the results of one-way anal-
ysis of variance (ANOVA).

Results and Discussion

12 RTSAs were performed in 10 patients.
The average postoperative follow-up period was
(2.6 £ 1.6) years (from 2 to 5). At the time of the last
control, none of the operated patients had complica-
tions that affected the final outcome.

The CI was determined at 0.38 + 0.06 (0.30—0.40).
Type 11-C fracture according to AO/OTA was



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. No 2

observed in 8§ patients, stage 3 osteoarthritis
of the shoulder joint in 2.

According to the Walch classification of glenoid
cavity defects, type B1 was observed in 2 patients, B2
in 2, and type C in 6 [15].

Lateralization and distalization [12] were noted at
the following level: lateralization angle — 80° + 5.6°,
distalization — 55° + 8.2°.

In 2 patients, radiological characteristics of signs
of bone tissue lysis around the base plate showed
grade II after 2 years according to the Sout-
er’s-Deutsch classification [13] without signs of func-
tional impairment and pain syndrome.

Scapular notch, which is a specific complication
of reverse shoulder arthroplasty, did not occur in any
case during the observation period.

The active range of motion of external rotation was
on average 60° = 5.5°, flexion and elevation of the up-
per limb in the shoulder joint to the front together with
the scapula 135° + 8.4°, internal rotation 85° + 3.4°, ab-
duction in the shoulder joint, together with the scapula
145° + 10.2°. All patients are satisfied with the result
of the operation. The average CMS score was §5.

Clinical case

A 60-year-old patient C. was admitted to the poly-
trauma department of the CNE CCH No. 16 DCC with
a diagnosis of old fracture dislocation of the right and
left shoulder joints with pronounced adductor contrac-
ture and pain syndrome (AO / OTA 11-C3, CI = 0.3),
2 months after injury, Walch type C defect of the artic-
ular surface of the glenoid cavity (Fig. 3, 4).

According to the SCT, both individual design
of plastic 3D conductors for the axial pin and individ-
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Fig. 2. Dynamics of changes in functional results of patients
according to mean CMS scores 3 (A), 6 (B) and 12 (C) months
after surgery; upper and lower borders of the rectangle are lines
of 25 and 75% quartiles; horizontal line inside the rectangle
is the median; dark and light color indicate 50 and 75 %
quartiles, respectively; borders of vertical lines are minimum
and maximum values; different letters indicate results with
statistically significant (p < 0.05) differences

ual modeling and manufacturing of a porous glenoid
support plate for the hemisphere of the Evolutis endo-
prosthesis were performed (Fig. 5, 6).

Under general and conductive anesthesia, patient
S. underwent the following first stage: primary total
hybrid reversible arthroplasty of the right shoulder
joint with an individual porous titanium support 3D
plate, taking into account the replacement of glenoid
cavity defects (Fig. 7, 8).

Immobilization with a Dezo bandage lasted
4 weeks. Passive movements in the shoulder joint un-
der the control of a physical therapy instructor were
started on the 1st week after the operation, active ones
in 4 weeks. The function of the right shoulder joint
was restored: the Constant-Murley index 3 months
after the operation was 80 points, and 85 points in
6 months (Fig. 8).

At the second stage, after 8 months, under general
and local anesthesia, patient S. underwent primary to-
tal hybrid reversible endoprosthesis of the left shoul-
der joint Evolutis with an individual porous titanium
support 3D plate, taking into account the replacement
of defects in the glenoid cavity (Fig. 9-12).

The use of 3D modeling, considering the defect
of the glenoid articular surface and the creation of an
individual glenoid part of the reversible endoprosthe-
sis of the humerus from trabecular titanium, allowed
obtaining an excellent stable result, namely 85 points
according to the Constant-Murley Shoulder Score
system.

The superiority of RTSA over conservative treat-
ment in very elderly patients (over 80 years) with varus
posteromedial and valgus impact fractures is not clearly
proven [17]. At the same time, in patients under 80 years
of age, RTSA has shown its superiority in functional
outcomes compared with conservative treatment and
hemiarthroplasty in most studies. Recent observations
also demonstrate the superiority of RTSA over open re-
duction and internal fixation in patients over 60 years
of age [18]. Most authors recommend performing RTSA
in the acute phase after a proximal humerus injury, al-
though some studies have not found a significant differ-
ence compared with performing RTSA in the delayed
period after the injury [19].

Reverse shoulder arthroplasty has become a suc-
cessful surgical solution for many patients with proxi-
mal humerus fractures. The benefits of RTSA are rec-
ognized for fractures with severe head involvement,
but are not as evident for borderline varus posterome-
dial and valgus fractures [20].

Current RTSA base plate designs have a low fail-
ure rate, but further analysis is needed in the set-
ting of glenoid fossa defects to determine whether
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Fig. 3. Radiographic images of patient C., 60 years old, 11-C3, 2 months after injury, defect of the articular surface of the glenoid

cavity of the right (a) and left (b) shoulder joints

Fig. 4. Photo of CT scans of patient C., 60 years old, 11-C3, 2 months after injury, defect of the articular surface of the glenoid cavity
of the right (a) and left (b) shoulder joints

the degree of feasibility is critical or whether custom
3D-printed glenoid augments or base plates are pref-
erable [21].

Early designs of reverse total shoulder arthroplas-
ty demonstrated high rates of complications and re-
operations related to the standard glenoid baseplate
design. Although modern versions of the arthroplas-
ty have reduced the failure rate, an increased risk
of complications has been reported for RTSA when
bone grafts are used to replace glenoid socket defects
during the first two years after surgery [22].

Several studies [23, 24] have shown that clinically
significant improvements, as reported by patients and
measured by scales, after RTSA in the case of glenoid
socket defects and the use of custom baseplates are
only observed one year after surgery. This makes our
observations valid for comparison.

The anatomic and functional improvement rates
we obtained are consistent with those of previous

studies that used custom implants to correct glenoid
socket bone deficiencies after RTSA [25].

Today, the implantation of the base plate after
RTSA remains a challenge and is technically dif-
ficult even for an experienced surgeon. Instabili-
ty of the glenoid component is one of the common
reasons for revision shoulder arthroplasty [22-25].
Therefore, we consider it appropriate to use individu-
al base plates of the glenoid part of the reverse shoul-
der arthroplasty in case of defects in the bone tissue
of the articular process of the scapula. Our observa-
tions indicate a decrease or complete absence of pain
syndrome in patients after RTSA with a simultane-
ous increase in functional results. Thus, a significant
increase in the volume of active movements and an
improvement in the quality of life due to the full use
of the upper limb in daily life was recorded.

This retrospective study is limited by a small pa-
tient sample and short follow-up; longer observation
is needed to assess implant stability over time.
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Fig. 5. Stages of modeling in the presence of a glenoid cavity defect: multi-projection image of the glenoid base plate (a); Custom
modeling and manufacturing of a porous glenoid base plate for the hemisphere of the Evolutis endoprosthesis (b); computer 3D model
with a conductor for the axial wire (c) and the glenoid base plate for the hemisphere of the Evolutis endoprosthesis taking into account
the replacement of defects (d)

Fig. 6. Plastic printed model of the developed glenoid base plate taking into account the defects of the glenoid cavity of the scapula
on the right

Fig. 7. Stage and surgical treatment of patient S.: implantation of a 3D glenoid support plate (a) and its appearance in the surgical
wound (b)
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Fig. 8. Radiographic images of patient S. immediately (a) and
3 months (b) after surgery

Fig. 9. Plastic printed model of the developed glenoid support
plate taking into account defects in the glenoid cavity of the left
scapula

Fig. 10. Printed titanium porous base individual glenoid plate
taking into account defects (a); glenoid plate with a glenosphere
covered with a diamond-like carbon (DLC) (b)

Fig. 11. Radiographic images of the right (a) and left (b)
shoulder joints of patient S. 2 years after surgery — complete
osseointegration without signs of lysis

Fig. 12. Photo of patient S. 2 years after RTSA — functional
outcome
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