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Total shoulder arthroplasty (anatomical or reversible) has gained
considerable popularity, but the difficulty of installing the glenoid
component determines the development of 30-50 % of mechanical
complications and revision operations. To simplify glenoid instal-
lation, an individual tool of an unusual design is used. Objective.
To show clinical case of individual modeling of a glenoid implant,
made by 3D printing, for the patient with old fixed humeral dislo-
cation. Methods. A 52-year-old patient complained of severe pain
and impaired limb function 4 years after a fracture-dislocation
of the left numeral head, that was not reduced. The difficulty was
in the presence of a significant HillSachs impression and huge
anterior glenoid defect, IV stage osteoarthritis. Results. To solve
the problem, a three-dimensional modelof the scapula was built
based on the results of computer tomography, and its plastic model
was printed. Designed individual augment for glenosphere installa-
tion. Lateralization of the center of rotation by 5 mm and downward
inclination of the glenosphere by 5° was performed in the implant.
The implant stem channel and screw holes are modeled to pass
through the most massive parts of the scapula. An individual tool
has been developed for installing this component and drillings for
the screws. During the surgical intervention, the prepared tools
and implant allowed to install a revers total shoulder implant and
obtain the nearest positive result. Conclusions. It is advisable to use
three-dimensional modelling with 3D printing in cases of reversible
shoulder arthroplasty for patients with old fixed humeral disloca-
tion and significant glenoid defect. Key words. Shoulder, chronic
dislocation, revers shoulder arthroplasty.

Tomanvhe enOonpome3yeants Niew06020 cyznoba (anamomiune
abo pesepcusHe) HaOYN0 3HAUHOI NONYAAPHOCI, ane CKAAOHICMb
6CMANOBNEHNA 21eHOIOH020 KOMNOHEHMA 00YMOBII0E PO3BU-
mok 30-50 % mexaniunux yckiaonens i GUKOHAHHS PeGi3iliHUX
onepayii. /s cnpowjenns 6CManoGIeH A iMNIaHmama 2ieHoi-
0a BUKOPUCHOBYIOMb THOUBIOYANbHUL IHCMPYMEHM He 36UYHO20
ouzauiny. Mema. Hasecmu KuiHiYHUil 8UNadok iHOUBIOYAIbHO2O
MOOeno8anHs IMIIAHMAMA 21eH0i0a, BUCOMOBIEHO20 MEMOOOM
3D-0pyKy, 0ns peeepcurHo20 eHOONPOMe3y68aHHs NIEU08020 CYe-
1064 X60p020 HA 3ACMAPINUL BUBUX 20N06KU NAEH0BOI KICIMKU.
Memoou. Iayienm, 52 poxu, 36epHy8csi 3i cKapeamu HA CUTbHULL
6116 | nopyueHHs (pyHKyii Kinyiexu uepes 4 poxu nicis neperomo-
BUBUXY 20]I06KU NI60T NIEU080I KicmKu, AKUll He OV6 8npasieHull.
Ckaaonicmio Hadanus 0onomoau 6y1a HaAGHICMb SHAYHO20 iIMIpe-
citinozo degpexmy Hill-Sachs ma nepeonvozo xkpaio cy2n06060i
nosepxui ronamku, ocmeoapmpos IV cm. Pezynemamu. [ns eu-
piwienns npodaemu 6y10 n06y008aAHO MPUBUMIPHY MOOETb CYelo-
008601 3anaduHU TONAMKU HA OCHOBI Pe3YTbMAamie KOMN iomepHoi
momoepaghii ma eueomosieHull ii RIACMUKOBUL MaKem 3a 0ONo-
mozoto 3D-0pyxy. Cnpoexmosanuil inOugioyanvHutl ayemenm Ois
6CMAHOGNEHHSA 2NeHOChepu pesepcleHo20 enoonpomesd. B imn-
JaHmami 6UKOHAHO 1AMePAni3ayilo yenmpa ooepmants Ha 5 Mm
i Haxun enenocepu donuzy na 5° Kanan ons nisicku imnaanmama
il omeopu 0N 26UHMIE 3MO0ENbOSAHI MAK, WO 60HU NPOULIU
6 HaumacusHiux yacmunax aonamku. Pospobaeno inousioyanw-
HUll iHcmpymenm OJisi 6CMAHOBNIEHHA Yb020 KOMNOHEHMA ma
npogedentst QixcysanvHux eeunmis. I1io uac xipypeiuno2o empy-
YaHHA NI020MOBAEHI THCMPYMeHmu U IMRAAHMAm 003801UIU
6CMAHOBUMU NAYIEHMY PedepCusHuUll eHOOnpome3 i ompumamu
HatbnuXsCUULl NO3UMUSHUL pe3yavmam. Bucrnosku. 3acmocyeanns
mpugumipHo2o mooeniogantsa 3 3D-0pykom 0oyinbHo eukopuc-
Mosyeamu y GUNAOKAX PeBePCUBHO20 eHOONPOMe3y8aAHHs NIeH0-
6020 cyenoba 6 nayienmis 3i 3aCMapiiuMu 6USUXAMU 20JI08KU
naevosol Kicmku ma 3HaUHUMU 0eghekmamui cyenobo6oi nogepxHi
nonamxu. Knouosi crosa. [lneuosuil cyeno6, sacmapinuil 8usux,
€HOONPOMe3VBaANHSL.
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Introduction

The history of endoprosthetic repair of the shoul-
der joint dates back to the 19th century. In Paris In-
ternational Hospital on 11 March 1893, the surgeon
Jules Emile Pean performed it for the first time [1].
He replaced the shoulder joint destroyed by tuber-
culosis with an implant made of platinum and rub-
ber. His work was based on Themistocles Gluck's
research on the development of shoulder joint endo-
prosthesis designs [2]. In 1921, Albee tried to replace
the defect of the proximal part of the shoulder with
a graft from the fibula bone [3]. In 1933, L. Jones
described arthroplasty in the case of fragment frac-
tures of the proximal end of the humerus [4]. He re-
sected all fragments of the head and tubercles and
rounded the remainder of the humerus and sutured
components of the musculotendinous cuff to it,
but this rarely resulted in good restoration of func-
tion. Since those times, the history of orthopedics
has known many attempts to transplant an artificial
shoulder joint, but the starting point is considered to
be the works of Charles Neer [5]. In 1951, he suc-
cessfully replaced the humeral head with a unipolar
endoprosthesis with a 44 mm radius of curvature,
made of vitalium. The first result of the operation was
published in 1955 [5]. Surgical treatment made it pos-
sible to significantly improve the function of the limb
compared to previously known arthroplasty interven-
tions. Currently, the following are used in clinical
practice: unipolar endoprosthesis (hemiarthroplasty),
total, which is also called anatomical, and reversible.
Usually, modular implants are used for a better op-
portunity to anatomically adapt the size of the endo-
prosthesis to the patient's joint.

In Ukraine, the first endoprosthesis of the shoulder
joint was developed by V. A. Rodichkin (1981) [6],
who reported on three successful operations to re-
place the shoulder joint due to chronic fracture-dislo-
cations of the proximal part of the humerus. The next
domestic implant of the shoulder joint was also a uni-
polar endoprosthesis ORTEN [7].

Reversible shoulder joint replacement is the most
important achievement in shoulder surgery over
the past 30 years. The method was developed by
R. Grammont et al. [8], but the first operations of re-
versible endoprosthesis showed not too encouraging
results due to wear and loosening of the components.

However, later the technique of reversible shoul-
der arthroplasty was technologically improved,
which made it possible to expand its surgical capa-

bilities, the number and complexity of operations [9].
Improvement of implant fixation methods, creation
of new materials for osseointegration of support sur-
faces increased the service life of these endopros-
theses [10—12]. The development of new implant
designs has expanded the possibilities during sur-
gery. New modifications have appeared: different
angles of the neck and diameter of the glenosphere,
the length of the leg, modular leg systems that trans-
form from an anatomical endoprosthesis into a re-
versible one, and asymmetric pads for installing
the glenosphere [13—16]. In addition, software for
preoperative planning has significantly improved, al-
lowing the development of 3D printed individual tem-
plates and implants [16—19].

Total shoulder arthroplasty (anatomic or rever-
sible) is becoming increasingly popular, but the place-
ment of the glenoid component remains problematic,
resulting in 30-50% of mechanical complications
requiring revision surgery. Incorrect positioning
of the glenoid component is one of the main errors
in the case of defects and deformations of the gle-
noid, therefore, an individual tool is used to simpli-
fy and optimize the installation of the implant. But
in significant deformations of the articular surface
of the scapula, it is not possible to install a glenoid
implant of the usual design. In this case, it is made
individually.

Purpose: to cite a clinical case of individual mode-
ling of a glenoid implant made by 3D printing for re-
versible endoprosthetic repair of the shoulder joint in
a patient with chronic dislocation of the humeral head.

Material and methods

A 52-year-old patient B. suffered a household inju-
ry in 2017 as a result of a fall on his left shoulder. He
was diagnosed with a fracture of the head of the left
humerus, and was referred to closed reduction and
fixation with a bandage. In 2 weeks, a repeated dis-
location occurred, which was also closed. Further, he
received conservative treatment; however, according
to the patient he felt limited movement and pain.

Later, the pain worsened, and in 2020 the patient
presented with pain and restriction of movement. Fol-
lowing X-ray and computed tomography (CT), an old
anterior dislocation of the head of the left humerus,
an improperly restored fracture of the greater tu-
bercle, a significant impression defect of Hill-Sachs,
a defect of the anterior edge of the glenoid, IV stage
osteoarthritis were diagnosed (Fig. 1). The patient
had no neurological deficit; there was moderate
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Fig. 2. Appearance of
the left shoulder joint of
a 52-year-old patient B.

Fig. 3. A plastic model of the
scapula, printed according to
the built model of the patient,
simulating the installation of
a standard reversible scapular
endoprosthesis component

Fig. 4. Modeling of an individual augmentation for fixing the glenosphere of a reversible shoulder joint prosthesis: a) general
view of the endoprosthesis; b) three-dimensional model of augment; ¢) designing the position of the leg of the endoprosthesis
and the directions of the fixing screws
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Fig. 5. Conductors for positioning the
leg of the endoprosthesis and fixing
screws: a) for guiding the spoke
under the leg; b) for drilling channels
for screws printed from titanium;
¢) plastic model of augment

Fig. 6. Individual augment for fixing the glenosphere of the reversible endoprosthesis of the shoulder joint: a) computer
model; b) implant

atrophy of the supraspinatus, subspinatus and deltoid
muscles (Fig. 2).

Visual examination of the glenoid defect showed
that it was impossible to use a standard implant for
a reversible endoprosthesis.

Results and their discussion

At the first stage, we built a three-dimensional
model of the articular cavity of the scapula and pro-
duced a plastic sample using additive technology
(Fig. 3). This was done in order to find the possibil-
ity of installing a glenoid implant using bone plastic.

Fig. 7. Stages of surgical intervention and
X-ray after surgery: a) removed humeral
head; b) a model of a scapula and a plastic
model of an implant on the operating table;
¢) established augment; d) the glenosphere
is attached to the augment; e¢) X-ray after
surgery

Installation of an implant with the maximum allow-
able retroversion angle of 100 was practically impos-
sible, since there was no possibility to install the leg
of the endoprosthesis in the body of the scapula.
Using three-dimensional modeling technology,
we manufactured a custom implant that replica-
ted the shape of the articular surface of the remai-
ning scapula and additionally supported the base
of the coracoid process. The position of the implant
leg was designed in the place where the largest mass
of bone remained at the base of the glenoid. This aug-
ment was built under the glenosphere with a 42 mm
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Fig. 8. CT scan of the shoulder joint after surgery

«reversible shoulder prosthesis». Lateralization
of the center of rotation by 5 mm and downward in-
clination of the glenosphere by 5° was performed in
the implant (Fig. 4). The endoprosthesis stem chan-
nel and screw holes were pre-molded to pass through
the most massive parts of the scapula. Conduc-
tors were printed during intraoperative positioning
of the canal for the endoprosthesis stem and drilling
of screws (Fig. 5). After building the model, a tra-
becular mesh was applied to its attachment surface
and sent for 3D printing from pure titanium (Fig. 6).
Under general anesthesia, the patient underwent
an arthrotomy of the left shoulder joint, after isolation
and economical resection of the head of the humerus,
a capsulotomy was performed and the articular cavi-
ty of the scapula was isolated. The latter was freed
from soft tissues, and according to individual guides
printed on a 3D printer, channels were drilled for
the leg of the endoprosthesis and for fixing screws
(Fig. 7). The augment was inserted with the leg into
the opening of the articular surface of the scapula,
fixed with screws, and the glenosphere was attached
to it. The leg of the endoprosthesis was installed,
the adjustment was performed and the range of mo-
tion and stability of the joint was checked. Passive
movements were in full force on the operating table.

After the operation, the patient underwent a CT scan
to assess the position of the augmentation of the joint
cavity. The results of the study are shown in Fig. 8.
On the selected sections and reconstructions, it can
be seen that the implant fits tightly to the surface
of the scapula, and the screws are located in the most
massive parts of the scapula, which fully corresponds
to the preoperative modeling.

In the postoperative period, immobilization with a ker-
chief bandage was applied for three weeks. Active move-
ments in the hand and elbow joint were recommended to
the patient, in the shoulder joint, abduction was allowed
no more than 45° and external rotation was prohibited.
After 3 weeks, the range of motion in the shoulder joint
was partially restored. The patient did not have pain at rest
or during movement. He began to use his hand, gradually
restoring muscle tone and limb function.

Conclusions

It is advisable to use three-dimensional modeling
with 3D printing in cases of reversible endoprosthetic
repair of the shoulder joint in case of chronic dislo-
cations of the head of the humerus and a significant
defect of the articular surface of the scapula, which
makes it possible to obtain a good clinical and func-
tional result.
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