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In elderly patients with a low bone mineral density primary endo-
prosthesis shoulder joint is one of the methods of surgical treat-
ment. Goal. Perform a historical review of the development of re-
verse shoulder arthroplasty (RSA) with analysis of biomechanical
features of existing implants, their advantages and disadvantages
to identify possible areas for further ways of improvement. Meth-
ods. Search for scientific information was performed in electronic
databases PubMed, ScienceDirect, Google Scholar with a search
depth of 30 years. There were selected 68 sources. Results. Un-
satisfactory results after shoulder hemiarthroplasty caused in pa-
tients with severe damage to the rotator cuff and multifragmental
fractures of the proximal humerus using RSA. Endoprosthesis de-
sign C. Neer replaced the implants of P. Grammont design, built
on the principles: spherical glenoid component, concave support
part on the humerus, the center of rotation at the level or medi-
ally of the scapular neck, proximal humerus fractures is displaced
medially and distally. Medialization of the center of rotation is an
unfavorable factor that leads to loss of tension of the deltoid mus-
cle. To eliminate this disadvantages, lateralized hemispheres have
been developed, with the help of which stability is achieved, the
formation of a defect of the lower edge of the scapular neck is pre-
vented. Their size affects on the volume of movements: the smallest
diameters should be used for prevention of soft tissue strain. Note
that the use of RSA with a lateralized center of rotation and varus
shoulder component brings biomechanics closer shoulder joint to
normal anatomical features. Conclusions. The main directions of
RSA improvement: conducting biomechanical research to evaluate
structures endoprostheses in order to choose the optimal design;
introduction of modern additive technologies that will allow to ob-
tain porous components with increased osteointegrative properties;
reduce the weight of the hemisphere; improving friction pairs. Key
words. Proximal humerus fractures, reverse shoulder arthroplasty.

YV nayienmis noxunozo ma cmapeuozo 6iky Ha omi 3HUICEHHA
MIHepanbHOi WinbHOCMI KICMKU NepeuHHe eHOONpOme3y8aHHs
NIeY08020 CYen00a € OOHUM i3 MemoOi6 XipypeiuHO20 NIKYEAHHSL.
Mema. I[Iposecmu icmopuunuii 02150 po36UMKY PeBepcusHo20
enodonpomesyeants (RSA) nievosoeo cyenoba 3 ananizom 6iome-
XAHIYHUX 0COOIUBOCMEl HASAGHUX IMNIAHMAMIS, IXHIX nepeeas
i HeOONIKI8 Ol GUBHAYUEHHSI MOJICIUBUX HANPIMIE NOOAIBUIOZO
800CKOHANIeHHS KOHcmpyKyit. Memoou. Tlowyk naykosol ingop-
mayii nposedenuti 8 enekmponnux daszax PubMed, ScienceDirect,
Google Scholar i3 eaubunoio nowyxy 30 poxkis. Bidibpano
68 Oorcepen. Pesynomamu. Hezaooeinvni pesynomamu nicia ee-
MIAGPMPONIACMUKU NIe408020 CYen00a 00yMO8UIU 8 NAYIEHMIE 3
BAANCKUMU VULKOOHCEHHAMU 00epmanvhoi Manscemu 1 bazamo-
@pazmenmaprumMu neperomMamu nNPOKCUMAILHO20 8i00iNy nievo-
eoi kicmxu (IIBIIK) suxopucmanns RSA. Endonpomesu ousatiny
C. Neer sminunu imnaanmamu koncmpykyii P. Grammont, no0y-
006aHI 3a NPUHYUNAMU: CHEPUUHULL 2IeHOIOAIbHULL KOMNOHEHN,
YGieHYmMa ONOPHA YACMUHA HA Ne408Il Kicmyi, yeHmp pomayii
Ha pisHi abo medianvriwe wutiku nonamxu, TIBIIK smiwenui
MmedianvHo ma oucmanvHiute. Meodianizayis yenmpa obepmanis
€ HeCnpUAMAUBUM YUHHUKOM, WO NPU3B0OUMb 00 GMPAMU HAN-
DPYoHCenHs 0enbmonooibno2o m’a3a. 3a0ns YcyHeHHs ybo20 Heoo-
JUKY po3pobiieno 1amepanizoeani 2emicghepu, 3a 00NoMo2oi0 aKux
docseaemvcs cmabilbHiCMb, NONEPEOHCYEMbCA YIMBOPEHHA Oe-
pexmy nudicnbo20 Kpato wutiku ronamxu. Dxuiii posmip enausae
Ha 00Ocse pyxie: HatlmeHwi OiaMempu Ciio 8UKOPUCO8Y8amu 05
nonepeodicents NepeHanpyHCeHHs. M AKUX MKAHUH. 3ay8ancumo,
wo 3acmocysants RSA 3 namepanizosanum yenmpom obepmanis
ma 8apycHuM NIe4O8UM KOMHOHEHMOM HADAUNCAE OIOMEXAHIKY
n1e406020 €y2n06a 00 HOPMANLHUX AHAMOMIYHUX OCOONUBOC-
metl. Bucnosku. Ocnoeni nanpsmu é0ockonanenns RSA: npose-
OenHtsl OIOMeXaHiuHUX O0CIIOMNCeHb O/l OYIHIOBAHHS KOHCMPYKYI
eHOonpomesig i3 Memoio 6UOOPYy ONMUMATLHO20 OU3ALIHY; 8NpO-
BAO0JCEHHA CYUACHUX AOUMUBHUX MEXHON021l, AKI 003680]1AMb
o0eparcamu NOpUcmi KOMNOHeHMuU 3 NiOGUWEHUMU OCmeoinmez-
PAmueHUMU GIACMUBOCAMU, 3MeHMUmu 8azy 2emicghepu;
soockonanenns napu mepmsa. Kniovogi crosa. Ilepenomu npoxcu-
ManbHO20 8I00iNY NAEU0B0T KICMKU, eHOONPOMe3y8aHHs nieyd.
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Introduction

Fractures of the proximal humerus (FPH) account
for 5-6 % of all fractures of long skeletal bones, they
are found in one third of patients over 65 years, most
often in women (70 %) [1, 2]. In young people, FPHs
usually occur due to high-energy injuries [3, 4]. In
patients older than 50-55 years, FPH, which is diag-
nosed by low-energy mechanisms of injury, is a sign
of osteoporosis. Conservative treatment is the most
common method for most patients (67—85 %) with
FPH [1-11]. Unstable three- and four-fragment frac-
tures are considered to be indications for FPH surgery
in elderly patients. The choice of surgical technique
depends on the function of the limb before injury, co-
morbidities, the level of qualification of the surgeon.
Improvements in the technique of open reduction in-
ternal fixation (ORIF) have led to the spread of this
technique [12]. The use of PHILOS bone plates and
intramedullary rods for the osteosynthesis of FPH
in young patients with A and B/A fractures and
good bone quality allows to obtain positive results
of surgical treatment in most cases [13]. In elderly
and senile patients, against the background of re-
duced bone mineral density, ORIF does not provide
adequate fixation and leads to negative results [14].
An alternative method of surgery is primary arthro-
plasty of the shoulder joint, which reduces the period
of maladaptation after injury, pain in the first weeks
after surgery and improves quality of life.

The aim of the study was to conduct a historical
review of the development of reversible shoulder ar-
throplasty with analysis of biomechanical features
of existing implants, their advantages and disadvan-
tages to determine possible areas for further improve-
ment of structures.

Material and methods

The search for scientific information was conduc-
ted in electronic databases PubMed, ScienceDirect,
Google Scholar with a search depth of 30 years.

Results and discussion

Since the first arthroplasty of the shoulder joint
by Jules Emile Pean in 1893 in tuberculosis (accord-
ing to [15]), several stages have been improved in
the design and technique of shoulder arthroplasty. For
example, hemiarthroplasty of the shoulder joint [16],
proposed by Dr. Charles Neer in 1955 as an opera-
tion of despair in avascular necrosis of the humeral
head in multifragmentary FPH due to unsatisfactory
results is now practically not used [17, 18]. It is noted
that there is no statistically significant difference bet-
ween the results of conservative treatment of mul-

tifragmentary FPH and hemiarthroplasty [19]. Un-
satisfactory results after the latter led to the creation
of total endoprostheses of the shoulder joint. In-depth
study of biomechanics of the shoulder joint, introduc-
tion of new materials, improvement of surgical tech-
niques for total shoulder arthroplasty (TSA) allowed
to obtain much more positive results in the long term
compared to hemiarthroplasty [19, 20]. At the same
time, as a result of negative TSA results in patients
with severe rotator cuff injuries and multifragmen-
tary FPH, total reversible shoulder arthroplasty
(RSA), based on a different biomechanical concept,
has gradually developed [20]. TSA has historically
been considered the ideal treatment for stage III os-
teoarthritis of the shoulder joint, but some surgeons
now prefer RSA in the elderly and senile with pri-
mary osteoarthritis of the shoulder joint and intact
rotator cuff due to postoperative (secondary) rup-
ture. Further research and longer-term follow-up are
needed to determine the optimal implant in elderly
patients with primary osteoarthritis. It is believed that
the optimal indications for RSA are multifragmen-
tary fractures on the background of osteoporosis and
inoperable damage to the rotating cuff of the shoulder
in the case of osteoarthritis of the shoulder joint [22].

In general, total reversible shoulder arthroplasty
has been developing for the last 50 years. Initially,
RSA was used as a solution in case of damage to
the rotating shoulder cuff. The first endoprosthe-
ses created by Dr. Charles Neer, failed (Fig. 1, a, c).
Revolutionary principles in endoprosthesis design
strategy implemented by Dr. Paul Grammont in 1985:
spherical glenoid, concave support on the humerus,
center of rotation at or below the scapular neck, and
the proximal humerus should be displaced medially
and distally. Despite the creation of the latest endo-
prostheses, the principles of RSA by Dr. Paul Gram-
mont still define the development of implants and sur-
gical techniques [15]. In November 2003, the US Food
and Drug Administration (FDA) approved the use
of RSA. Accordingly, in 2003-2004, the number
of RSA transactions in the country began to grow and
increases annually [23]. With the increase in the num-
ber of surgical procedures using RSA, the number
of reports and evidence in support of its use in FPH
has increased [24-27]. Persistent problems, failures,
and completely unpredictable results with conserva-
tive treatment, ORIF, and hemiarthroplasty for FPH,
especially in the elderly, have led to a significant in-
crease in RSA use, mainly due to independence from
the condition of the rotator cuff muscles.

A number of design features that were previously
considered appropriate are no longer used in modern
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models of reversible endoprostheses. For example, at-
tempts to reproduce the anatomical center of rotation
in an endoprosthesis have resulted in early unsatisfac-
tory results due to increased contact stresses, as well
as stresses in the glenoid recess and destabilization
of the basic support. Lack of positive results of MARK
series endoprostheses developed by Dr. Charles Neer,
led to the refusal to use them (Fig. 1) [28].

Further developments to improve the design
and stability of the fixation of the glenoid compo-
nent of the reversible endoprosthesis led to the cre-
ation of the Kessel endoprosthesis, which uses one
large central glenoid screw for the base support, and
the stem is made of polyethylene [30]. In 23 patients
who had such implants and who were under obser-
vation for at least 5 years, radiologically transparent
lines around the glenoid components were observed,
and in 6 persons repeated operations were performed
up to 3 years of observation [31]. Later, the RSA de-
sign was improved by Bailey and Walker (Fig. 2):
the glenoid screw was covered with hydroxylapatite,
and the center of rotation was moved medially and
distally, the shoulder polyethylene stem was replaced
with a metal one with a polyethylene liner [31].

The Liverpool reversible endoprosthesis (1969)
is similar to the design of an inverted hip implant,
the glenoid component and the stem were cemented
in the scapula and the polyethylene cup in the proxi-
mal humerus [32]. In 1973, Y. Gerard et al. [33] pub-
lished the results of 6 implants of reversible total
endoprostheses of the shoulder joint (Fig. 3, a) with
a metal glenoid plate fixed with 2 screws in the blade
and with a hole in the center for screwing a metal
sphere 20 mm into the plate. The shoulder compo-
nent was a polyethylene hemispherical cup mount-
ed on a metal stem. All patients achieved stability
of the shoulder joint and reduction of pain. Howe-
ver, the active movements did not increase because
the design of the prosthesis did not compensate for
the function of the rotating cuff.

The idea of a reversible endoprosthesis by J. M. Fen-
lin (Fig. 3, b) was to create a two-fragment scapular
component that could fill two extensions of the spongy
cavity extending beyond the articular arch. One
of these extensions goes unevenly to the beak-shaped
process, the other — down along the edge of the sca-
pula. Its blade anchor was cemented to the blade,
as in previous RSA models. To solve the problem
of fixation of the glenoid component in the scapu-
la B. Reeves et al. [35] proposed a new design with
the reproduction of the normal anatomical center
(Fig. 3, c). This endoprosthesis showed higher tear
strength than other designs during in vitro testing, but
its use was also unsuccessful.

In 1985, Dr. Paul Grammont et al. [36] published
the first results of arthroplasty with reversible endo-
prosthesis of the author's design. A distinctive feature
of this implant is the medialization of the center of ro-
tation, which allowed to reduce the cutting and shear
stresses around the glenoid sphere and the base plate
and, accordingly, improve the survival of the endo-
prosthesis [37]. Dr. Paul Grammont suggested that
shifting the center of rotation in the distal direction is
necessary to improve the function of the deltoid mus-
cle by tightening it and increasing tone. This concept
remains the «cornerstone» in the creation of most re-
versible shoulder prostheses today. Although media-
lization of the center of rotation is one of the main
principles in the development of reversible endopros-
theses of the shoulder joint, if they are installed, a de-
fect of the lower edge of the scapular neck develops,
which can lead to instability of the glenoid compo-
nent of the implant. Based on a multicenter study [38]
involving 80 patients who underwent a reversible
Grammont Delta shoulder joint prosthesis, minimal
pain or no pain was noted in 96 % of cases with good
recovery. Instability of the glenoid component oc-
curred in 5 patients, hemispheric and basal plate dis-
orders in 7, development of cervical notch in 49, deep
infection in 1. The mean follow-up was 44 months.

Fig. 1.
Reversible
endoprostheses:
a) Mark I (for
[29]); b) MARK
11; (for [28]);

¢) Mark IIT (for
[15])
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The authors concluded that improving the design
of RSA would reduce the number of complications.

Further, medialization of the center of rotation
was considered an unfavorable factor, leading to
a loss of tension in the deltoid muscle due to disrup-
tion of normal rotation around the large tubercle.
At the same time, the design features of advanced
Grammont-type endoprostheses improve the func-
tion of this muscle only by shifting the center of ro-
tation distally. However, excessive displacement in
the distal direction is also an insensitive factor for
the restoration of function, as it can potentially cause
overstretching of the film nerve plexus, increase
the «dead space» around the prosthesis and, conse-
quently, increase the risk of infection [39].

To eliminate the negative factors of RSA center
of rotation mediation, lateralized hemispheres have
been developed, which allow to achieve stability
with improved function and prevent the occurrence
of a defect of the lower edge of the scapular neck.
The stability of the shoulder joint is ensured by shift-
ing the lateral edge of the large tubercle to almost
normal anatomical position. Restoration of the dis-
tance from the large tubercle to the articular cavity
of the scapula and acromial-tuberculous offset allows
to maintain the tension of the rotating cuff physio-

Fig. 2. Bailey-Walker reversible endoprosthesis (Stanmore
Implants, Elstry, UK) (for [31])

logically appropriate. This restores the compression
effect of the deltoid muscle when working around
a large tubercle. Increasing stability allows the use
of varus shoulder components, which, in turn, re-
duces the risk of scapular impingement [40]. The ad-
vantages and disadvantages of medialization and
lateralization of the center of rotation are currently
under discussion. It is known that the anatomical
and functional features of the human shoulder joint
are very complex and it is impossible to repeat them
perfectly with an artificial implant, and therefore ex-
pect maximum recovery of function. Biomechanical
research has shown that the varus shoulder com-
ponent is a major factor in reducing the likelihood
of developing scapular impingement [41]. Other im-
portant components are the position of the base plate
and the lateralization of the center of rotation. This
concept is confirmed clinically, as under the condi-
tions of lateralized endoprostheses with varus shoul-
der component the frequency of defect formation
on the lower edge of the scapular neck is from 0 to
10 %, and in classic Grammont endoprostheses with
medialization of the center of rotation up to 90 %.
S. Guitierrez et al. [39] biomechanically substanti-
ated the increase in the volume of movements un-
der the conditions of lateralized glenosphere. Its low
oscillation and downward tilt, varus shoulder com-
ponent are also significant factors that affect func-
tion. However, other authors have shown that the use
of varus shoulder components with medialization
of the rotational center is unacceptable due to the high
frequency of instability of the endoprosthesis compo-
nents. The use of reversible implants with a latera-
lized center of rotation improves external rotation due
to the increased tension of the preserved rotational
cuff muscles and the increase in the radius of rotation
before the onset of bone impingement [42].

The most common complications of RSA are in-
stability of the base plate and components, fracture
of the acromion, infection, neuropathy of the humeral

Fig. 3. Reversible
endoprostheses: a) Y. Gerard
et al. (for [33]); b) J. M. Fenlin
(for [34]); c¢) B. Reeves et al.
(for [35])
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plexus. The design features of a reversible endopros-
thesis significantly affect the risk of complications.
Weakness and instability of the base support can
occur due to significant shear forces at the bone-im-
plant boundary or loss of structural integration bet-
ween bone and implant. /n vitro studies have shown
that shear forces at the «bone- endoprosthesis base»
boundary are greater at lateralization of the center
of rotation than at medialization [43]. In clinical set-
tings, instability of the base plate was determined in
12 % of patients after arthroplasty with implants with
a lateralized center of rotation of early design [44].
After extensive use of 4 peripheral locked screws to
fix the base support, the frequency of its instability
approached 0 %. This indicates that the risk of de-
veloping this complication is predictably reduced
with increasing stability and rigidity of the primary
fixation of the basic support [45]. As the magnitude
of the shear forces due to the connection of the base
su port with the articular process of the blade increa-
ses with the lateralization of the center of rotation, it
is very important to obtain the primary rigid fixation.
The base plate should be installed with the maximum
possible degree of compression and additionally fixed
with peripheral locked screws [43, 44, 46—49].

Another reason for the development of instabi-
lity of the basic support is its aseptic shaking due
to the formation of a defect along the lower edge
of the scapular neck in the case of scapular impinge-
ment. The third reason is the wear of polyethylene
and the accumulation of inflammatory debris with
the development of aseptic lysis of bone [45, 46].

The frequency of instability under the use of en-
doprostheses with different centers of rotation is ap-
proximately the same. Biomechanical studies confirm
that the improvement of stability is achieved with an
increase in lateral offset, the depth of the liner and
the arc of rotation to obtain bone impingement. Late-
ral offset and bone impingement depend on the di-
ameter of the hemisphere, the center of rotation, and
the depth of immersion in the liner — an independent
value from the center of rotation [46, 50-53].

Glenosphere size directly affects the volume
of movements in the postoperative period. Its smallest
diameters should be used to prevent soft tissue strain
and, as a result, to increase the destabilizing force
on the base support. It can be considered that the use
of endoprostheses with a lateralized center of rotation
and varus shoulder component brings the biomecha-
nics of the shoulder joint closer to normal anatomical
features [46].

It should be noted that among the features of sur-
gical technique, it is advisable to try to suture the ten-

don of the subscapularis muscle either to the proximal
humerus, or to the endoprosthesis. Experts believe
that this manipulation is necessary because the work
of the subscapularis muscle allows to balance the ef-
fort of the back of the shoulder girdle muscle. It is
necessary to consider that shifting the axis of the gle-
nosphere further downward can reduce the risk
of a scapular neck defect, but at the same time, by
increasing the tension of the deltoid muscle, it can
lead to a fracture. On the contrary, the central loca-
tion of the glenosphere reduces the risk of fracture
of the articular process of the scapula, but increases
the risk of scapular impingement [46, 49, 50, 52, 54].

All known reversible endoprostheses of the shoul-
der joint have certain advantages and disadvantages.
The center of rotation in RSA is only one of many
factors that determine the function and stability of an
artificial shoulder joint. Regardless of the choice
of endoprosthesis type, it is always very important
to change the anatomy minimally to prevent compli-
cations and restore maximum function. Today, most
authors suggest the use of reversible endoprostheses
of the shoulder joint with lateralization of the center
of rotation, which allows to increase the range of mo-
tion [43, 44, 46-54].

The key concept of the mechanics of a normal
shoulder joint is best described by F. Matsen and
S. Lippitt [50, 52]: the greater the depth of the concave
surface, the greater the displacement force that will
shift the sphere or hemisphere from this concavity
for a particular compressive load. In a healthy shoul-
der joint, the rotator cuff muscles provide a com-
pressive load. Their damage results in an imbalance
of muscle tone and instability of the head relative to
the cavity [50].

Another important issue in the biomechanics
of the shoulder joint is the concept of the central
line of the glenoid [52]. In a normal healthy human
scapula, the central line is perpendicular to the ar-
ticular surface of the cavity and is directed on ave-
rage about 10° back from the plane of the scapula.
The central line serves as an axis relative to which
the head of the humerus rotates; movements in
the shoulder joint and movements of the shoulder
blade relative to the chest are interconnected to keep
the axis of rotation of the head relative to this line.
In case of muscle deficiency or damage to the rota-
tor cuff, wear of the articular surface of the glenoid
cavity increases. Ideally, the articular component
is located along the centerline of the articular cavi-
ty. However, in some cases of loss of bone tissue
of the articular cavity of the scapula, the establish-
ment of components in this plane is impossible.
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In case of severe or eccentric loss of bone tissue, it is
necessary to use either bone plastic or replacement
of the defect with porous structures — augmenta-
tions of titanium alloys.

The third important biomechanical factor in mas-
sive supraspinatus damage is the impingement bet-
ween the great tubercle and the acromion. In patients
who have lost the dynamic stabilizers of the rotator
cuff muscles, the humeral head is displaced upward
and results in a stop under the acromion. In such ca-
ses, the use of RSA helps to neutralize pathological
dynamic instability.

Fixation of the components of the reversible en-
doprosthesis of the shoulder joint has undergone sig-
nificant changes since Dr. Charles Neer proposed his
first designs. Initially, the implants were fixed with
cement, later, during the development of endopros-
thesis designs, their osteointegration was taken into
account. It is achieved under conditions of reliable
primary stabilization of the endoprosthesis compo-
nent to the bone, using a press-fit technique or fixa-
tion with screws [53]. For greater osseointegration,
the surfaces of the humeral and glenoid components

[k] [1]

[m] [n]

Fig. 4. Modern reversible total shoulder endoprostheses: a) DJO RSP (Vista, CA); b) Zimmer Biomet Comprehensive® Reverse
Shoulder System; c) Exactech Equinox (Gainesville, FL); d) Wright Tornier Aequalis (Edina, MN); e) Mirai RSA Permedica, Italy;
f) Affinis Inverse, Switzerland old type; g) Affinis Inverse, Switzerland, new type; h) Universal Arrow System (Heimsbrunn,
France); 1) Lima SMR (Udine, Italy); j) Zimmer Trabecular (Warsaw, IN); k) DePuy Delta I1I reverse shoulder Warsaw, IN; 1) Reverse
Anatomical Shoulder Fracture system Zimmer with two types of stem; m) Evolutis UNIC Reverse Shoulder Prosthesis; n) Univers

Revers™ Modular Glenoid System Arthrex
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are produced with rough coatings with a porosity
of 65-80 % [46, 47, 53].

The designs of reversible endoprostheses of the shoul-
der joint available today (Fig. 4) use a combination
of cement to fix the diaphyseal part of the shoulder
component and a rough proximal coating to achieve
osseointegration. Fixation of the glenoid part of all
endoprostheses is only cementless, provided by com-
pression and neutralization of possible shear forces.
Compression is performed by a central screw, and
peripheral screws counteract the destabilizing shear
forces along the contact area, reducing the possibility
of micro-mobility to a minimum [48].

Some experts emphasize the importance of plac-
ing one of the peripheral screws to fix the base plate at
the base of the beak-like process. The study of screw
compression of the glenoid component of the two
most frequently implanted endoprostheses revealed
a 10-fold difference between DJO RSP (2000 N) and
Delta I1I (200 N) [49]. Although biomechanical studi-
es have shown stronger fixation using a 6.5 mm cent-
ral locked screw in combination with 3.5 mm periph-
eral unlocked screws for glenoid fixation, instability
in the use of such structures has been clinically deter-
mined by about 10 % [43, 44].

Further analysis by scanning electron micro-
scopy revealed impaired bone germination between
the base support. The use of 5.0 mm central and
3.5 mm peripheral locked screws has been found to
reduce the incidence of instability by up to 14 % [54].
The search for optimal positioning and design
of the glenoid component continues. P. M. Grammont
and E. Baulot [55] believe that the violation of the sta-
bility of the base plate by RSA is associated with sig-
nificant shear stresses passing through the glenoid
component, and medialization of the center of rota-
tion will reduce these stress loads [56].

An analysis of the adverse RSA results associ-
ated with base plate instability found that in all ca-
ses the glenosphere was established with an upward
slope [45]. The most uniform distribution of forces
that affect the glenoid component occurs during its
implantation with a downward slope of 10—15° [57].

RSA is increasingly used in the case of three- and
four-fragment FPH for elderly patients, as the num-
ber of complications and unsatisfactory results after
hemiarthroplasty and ORIF remains high. In particu-
lar, the frequency of reoperations after RSA is much
lower than 20 years ago, with significant improve-
ments in functional outcomes, especially in the elder-
ly. The patient and the surgeon should be aware that
although the function will not be normal, it is usually

suitable for this population with low needs. RSA is
also a «rescue surgery» after a failed ORIF [58—61].

Improvements in surgical techniques, implanta-
tion technologies, and more accurate patient selection
have improved RSA outcomes in the case of STDs.
In a retrospective study with a mean follow-up
of 35 months involving 52 patients aged 59—89 years
with three- and four-fragment FPH who underwent
RSA, mostly positive results were obtained [62]. But
despite the growth of positive RSA results, the excel-
lent consequences in the case of these FPH are quite
rare. It is believed that RSA in FPH achieves 80 %
of normal shoulder function, pain relief and the ability
to self-care. Comparison of RSA and hemiarthroplas-
ty in the elderly with three- and four-fragment FPH
showed that more favorable and reliable functional
results are observed in patients after RSA. Although
the incidence of complications varies, the number
of reoperations is significantly lower in patients af-
ter RSA. Unlike hemiarthroplasty, the successful
outcome of RSA does not depend on the healing
of the large tubercle and the integrity of the rotational
cuff of the shoulder [63]. However, restoration of ana-
tomical tubercles may increase the range of motion
in the shoulder joint in patients after RSA [64—-67].
In a multicenter retrospective study of 898 people
with FPHs who underwent RSA, the overall inci-
dence of complications was 12.5 %, revisions — 5%,
mortality rate 1 year after surgery — 6%. Insta-
bility was the most common complication in 33 %
of cases, the formation of a defect of the lower edge
of the scapula in 11.9 %. The frequency of revisions
after RSA was recorded at the level of 5.1 % versus
12.1 % after ORIF in the period up to 3.6 years after
surgery [68].

Conclusions

Positive functional results after RSA and long-
term functioning of the reversible endoprosthesis are
associated with the design, features of surgical tech-
niques and adequate patient choice.

Summarizing the results of the analyzed scientific
publications, we believe that the main directions for
improving the design of reversible total endoprosthe-
sis of the shoulder joint are:

— conducting three-dimensional modeling for com-
parative assessment of stresses arising in a healthy
human joint and after implantation of different struc-
tures of endoprostheses, glenosphere at different
angles, as well as the use of eccentric and elliptical
glenospheres;

— introduction of modern additive technolo-
gies that allow to obtain both glenoid and shoulder
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porous components with increased osseointegrative
properties;

— biomechanical and histological experimental
studies of porous 3D components of endoprostheses
to justify their use in clinical practice.

Improving the design of the reversible endopros-
thesis of the shoulder joint, it is necessary to pay at-
tention to the diameter and depth of the concavity
of the shoulder component (liner), its inclination rela-
tive to the diaphysis of the humerus; the angle of fixa-
tion of the glenoid component relative to the axis
of the articular process of the scapula and its cent-
ral axis, the presence of a defect of the glenoid cavi-
ty, the importance of central and peripheral fixation
of the base plate; reducing the weight of the hemi-
sphere and the features of its fixation to the base plate;
improving friction steam to reduce wear and possible

lysis of bone tissue.
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