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Objective. To conduct a comparative retrospective analy-
sis of the anatomical and functional results of surgical treatment
of proximal humerus fractures AO/OTA 11-B, 11-C using different
methods in patients over 50 years old with osteoporosis to justify
a differential approach. Methods. The study included 102 patients
aged 50 years and older with osteoporosis and proximal humerus
fractures AO/OTA 11-B, 11-C. The patients were divided into three
groups: 1 — 50 (16 men, 34 women) whom were performed open
reduction and internal fixation (ORIF) with the PHILOS plate; 1] —
44 (8 men, 36 women) — ORIF with the PHILOS plate and using
3D polylactide (PLA) porous implants were applied; III — 8 (2 men,
6 women) whom were performed primary reversed total shoulder
arthroplasty (RTSA) with developed total reversible endoprosthe-
sis. The results of treatment were evaluated according to the Con-
stant-Murley Shoulder Score system after 3, 6, 12 months. The re-
sults. Positive results in the first group were obtained in 72.0 %
of patients (the average Constant-Murley Shoulder Score after
12 months was 78.4 points); in the second — in 81.8 % (88.0 points);
in the third — 75.0 % (82.0 points). A differentiated approach to
the choice of surgical treatment of patients aged 50 years and older
with fractures AO/OTA 11-B, 11-C is proposed. The clinical trial
of the reverse total modular shoulder endoprosthesis developed by
us using porous 3D titanium parts, manufactured by additive tech-
nologies, showed positive short-term results. The design features
of the device increase the reliability and durability of proposed en-
doprosthesis. Conclusions. RTSA in the case of unstable proximal
humerus fracture or in the case of metal structure migration after
primary ORIF in patients with low bone mineral density is the ef-
fective surgical intervention that allows to achieve satisfactory
Sfunctional results in up to 3 years.

Mema. Ilposecmu nopieHsIbHULI pemMPOCNEKMUBHULL AHANI3 AHAMO-
MO-(DYHKYIOHATbHUX pe3Vbmamis XipypeiuHo2o JNIKY8aHHs nepe-
JIOMI6 NPOKCUMATILHO2O0 6i00Lny naeuogoi kicmxu (IIIIBIIK) munie
AO/OTA 11-B, 11-C i3 6UKOpUCmMaHHAM PI3HUX MemOOJi8 Y NayicH-
mie cmapwux 3a 50 poxie i3 ocmeonopozom 0nsL OOTPYHMYSaAHHS
Jupepenyitinoco nioxody. Memoou. Y oocniodicenns 6Kuoueno
102 nayieumu sixom 50 pokie i cmapuie 3 0cmeonopo3om i mpu-
ma womupugpaemenmaprumu IITBIIK 3a xnacugirayiero Neer
abo muny AO/OTA 11-B, 11-C. Xeopux po3nodinuiu Ha mpu epynu:
1 — 50 (16 uonosikis, 34 JHciHKU), BUKOHAHO BIOKPUMY DENO3ULiIo,
Hakicmkosull memanoocmeocurnmes niacmunoro PHILOS; I —
44 (8 yonosixis, 36 AHCIHOK), 3ACMOCOBAHO GIOKPUNY PENnO3UYIio ma
Haxicmkosuil memanoocmeocunmes niacmunoro PHILOS i3 eu-
xopucmanuam 3D-imnaanmamie PLA; 11l — 8 (2 uonosiku, 6 dci-
HOK), nepeunne RTSA po3pobrenum momanbHum pesepCueHuM
ernoonpomesom. Pesynomamu 1iKy8anHs OyinIO8AIU 3d CUCMEMOIO
Constant-Murley Shoulder Score uepes 3, 6, 12 mic. nicis xipypeiu-
noeo empyuanns. Pesynomamu. [losumueni pezynomamu 6 I epyni
ompumani 6 72,0 % nayienmie (cepeons oyinxa 3a Constant-Murley
Shoulder Score uepes 12 mic. cknana 78,4 6ana); y I —y 81,8 %
(88,0 6anis); 11l — 75,0 % (82,0 6an). 3anpononosano oughepen-
yitiosanutl nioxio 0o 8UOOPY XipypeiuHo2o AKYBAHHA NAYIEHMIS 6i-
xom 50 poxis i cmapwe 3 neperomamu muny AO/OTA 11-B, 11-C.
Kriniuna anpobayist po3podieHo2o Hamu peepCusHo20 MOOYIbHO2O
eHOonpome3a Naeuo8oco cyenoda 3 nopucmozo ID-mumany, eueo-
MOBIEHO20 3a OONOMO20I0 AOUMUBHUX MEXHONO2Il, NOKA3aNd no-
3umueHi Hatibnuicui pesytomamu. Kowempykmueni ocobnusocmi
NPUCMPOIO NIOBUYYIONb HAOIUHICb [ 008208IUHICTb 11020 POOOMU.
Bucnosxu. Tomanvhe pesepcuene eHOOnpome3sy68anHs Nie4o08020
cyenoba 6 pasi nespocaux IIBIIK, miepayii memanokoncmpyxyii,
PO3GUMKY ABACKVISPHO20 HEKPO3Y 2011068KU NLeH0801 KiCmKU HA (hOHi
HU3bKOI MIHEPATLHOT WITLHOCTE KICIKU € eqheKMUSHUM XIpypeiuHUM
VIMPYYAHHAM, AKe 0d€ 3M02Yy 00CAemU 3A008ITbHUX (DYHKYIOHATb-
HUX pe3ynvmamie y mepmin 00 3 pokis. Knrouosi crnosa. [lepenom
NPOKCUMATILHO2O BI00LNY N1e4080i KICMKU, NAACUHU 3 KOO0
cmabinenicmio PHILOS, 3D-ivmnaanmam, nonirakmud, nopucmuii
mumatn, DLC-nokpumms, PEEK, pesepcusnuii endonpomes nie4o-
6020 cyenoba, ocmeonopos.
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Introduction

Proximal humerus fractures (PHF) make up
5—-6 % of injuries of the musculoskeletal system
[1-3]. It is known that 80 % of AO/OTA A2/A3 type
PHF are stable, and conservative treatment in such
cases results in good functional outcomes [4—5]. But
in unstable three- and four-fragment PHF accord-
ing to Neer or type AO/OTA 11-B, 11-C this can
be achieved only with the help of surgical interven-
tion [4—6]. For patients with osteoporosis, there are
no standards for the selection of surgical treatment
methods in types B and C PHF, and the issue remains
debatable. The main types of surgical intervention
for them are open reduction and internal fixation
(ORIF) using various plates with angular stability
and the mandatory use of various auto- or allografts,
bone cement [7-13], including structural porous im-
plants made of polylactide (PLA) [14—16]. Hemiar-
throplasty of the shoulder joint for three- and four-
fragment PHF is now used much less often compared
to reverse total shoulder arthroplasty (RTSA). This is
due to a significant number of unsatisfactory results
and complications [17-19]. In recent years, RTSA
of the shoulder joint, proposed by Grammont [20-21],
is the main method of surgical treatment in patients
with types AO/OTA 11-B, 11-C PHV secondary to
osteoporosis [22-25]. However, there are few studies
comparing the clinical results of RTSA and ORIF in
patients with type B and C proximal humeral frac-
tures (AO/OTA).

The purpose of the study: to conduct a compara-
tive retrospective assessment of the anatomical and
functional results of surgical treatment of types AO/
OTA 11-B, 11-C fractures of the proximal humerus
using different methods in patients over 50 with os-
teoporosis to substantiate a differential approach.

Material and methods

The research materials were reviewed and ap-
proved by the Bioethics Committee at the State Insti-
tution Professor M. 1. Sytenko Institute of Spine and
Joint Pathology of the National Academy of Medical
Sciences of Ukraine (Protocol No. 191 of 22.04.2019).
All patients involved in the study were familiarized
with the plan of surgical interventions and signed
the informed consent.

The study involved evaluation of anatomical and
functional results of surgical treatment of 102 patients
aged 50 years and older with osteoporosis and three-
and four-fragmented PHF according to the Neer clas-
sification [26] or AO/OTA types 11-B, 11-C [27]. Pa-
tients were divided into three groups:

— Group I — 50 individuals (16 men, 34 women,
from 50 to 76 years old). In the period 20092022,
open reduction, osseous metal-osteosynthesis with
the PHILOS plate was performed. 32 patients had
a three-fragment fracture according to the Neer clas-
sification (AO/OTA 11-B), 18 had a four-fragment
fracture (AO/OTA 11-C). 4 subjects underwent RTSA
(UNIC, Evolutis, France) within 6 to 12 months after
primary surgical intervention due to an unfavorable
result of ORIF (lack of consolidation signs, migration
of the metal structure with the development of avas-
cular necrosis of the humeral head) [28];

— I — 44 individuals with osteoporosis (8 men,
36 women, from 50 to 78 years old). In 2015-2022,
open reduction and osseous metal-osteosynthesis
with the PHILOS plate using 3D PLA implants were
performed [14, 15, 29]. 32 patients were diagnosed
with a three-fragment fracture according to the Neer
classification (AO/OTA 11-B), 6 patients had a four-
fragment fracture (AO/OTA 11-C);

— IIT — 8 individuals with osteoporosis (2 men,
6 women, from 50 to 76 years old) in the period
from 2020 to 2022 underwent primary RTSA with
the elaborated total reversible endoprosthesis [30].
In all cases, the indication for RTSA was fractures
of type AO/OTA 11-B (2 subjects) or AO/OTA 11-C
(6 subjects) secondary to severe osteoporosis.

In the pre- and postoperative period, all patients
underwent a standard clinical examination and radio-
graphy. Spiral computed tomography was performed
in some cases in multifragmentary fracture-disloca-
tions to determine the defect of the articular surface.
The severity of osteoporosis was assessed by X-rays
of the humerus in the anterior-posterior projection
with the calculation of the cortical index (CI) [31, 32].

Radiographic standard examination of the proxi-
mal part of the humerus in 2 projections was per-
formed in 1, 3, 6, 12 months. The results of treatment
were evaluated according to the Constant-Murley
Shoulder Score system within 3, 6, 12 months after
surgery [33].

Operations were performed in the «beach chair»
position under general anesthesia and nerve block. In-
traoperative X-ray control was provided using C-arm.

Deltopectoral access was performed in 85 pa-
tients, anterolateral one in 23.

In Group II patients, two porous 3D PLA implants
with a diameter of 8 or 10 mm and a length of 20 to
45 mm were mostly used. In the case of severe os-
teoporosis (CI < 0.29) [31, 32] and a large diameter
of the humeral canal (more than 15 mm), a third PLA
3D implant with a diameter of 12—15 mm was previ-
ously installed in the canal as a support for the other



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2022. Ne 3—4

two. In some cases, in a significant post-traumatic
defect of the cancellous tissue of the humeral head,
the space between the 3D PLA implants was addi-
tionally filled with allobone, a cortical-spongy granu-
late OMS-A-KGG produced at the State Institution
Professor M. 1. Sytenko Institute of Spine and Joint
Pathology of the National Academy of Medical Sci-
ences of Ukraine.

In primary or revision RTSA, a standard deltopec-
toral access was used. Immobilization in a Dezo ban-
dage lasted 4—-6 weeks with the possibility of oscil-
lating and pendulum movements in the shoulder and
elbow joints with a small amplitude of 10-20°. Vacu-
um drainage was left for 24—48 hours. Active move-
ments in the elbow joint were allowed on the 2™ to
37 day after surgery, passive movements in the shoul-
der joint on the 3rd to 5th day. Active movements
in the shoulder joint were usually allowed 4 weeks
after the operation and in significant post-traumatic
defects of the humeral head and severe osteoporosis
(C1<0.29) in 6 weeks.

Group III patients underwent surgical intervention
using the elaborated reversible total modular endo-
prosthesis of the shoulder joint [30]. The following
tasks were set while improving the design of the en-
doprosthesis: to upgrade the stability of fixation in
the bone; to enhance the durability of the device; to
increase the life of the friction pair to prevent the pos-

sible development of aseptic instability due to wear
of the polyethylene liner.

The use of additive technologies makes it possible
to print parts of endoprostheses of complex geometric
shapes with the required porosity. In the proprietary
endoprosthesis, the glenoid support plate, printed on
a 3D printer from titanium powder (similar to VT-5),
has a central rod covered with conical ribs and pores
with a pore rib length of 350-500 pm. The surface
of the glenoid component is also completely porous
(pore edge length 350-500 pum) to a depth of 2 mm.
The outer surface of the glenoid support plate is made
in the form of a Morse cone for the fitting of the gle-
noid head, which also has a Morse cone surface on
the inner side (Figs. 1, 2).

The proposed endoprosthesis contains a glenoid
head (hemisphere) made of a titanium alloy covered
with a diamond-like coating (Fig. 2) or made of poly-
ether ether ketone (PEEK). It is fixed to the glenoid
support plate with a screw through the central hole.
Coating of the external friction surfaces of the gle-
noid head with a diamond-like carbon coating from
a filtered vacuum-arc cathode plasma with the ap-
plication of high-voltage pulse potentials of negative
shear to the deposited surfaces ensure high adhesion
of these coatings to the surfaces, a low level of in-
ternal stresses against the background of ensuring
a high hardness of not less than 40 GPa and a low

- [a]

o W w

Fig. 1. Reversible modular endoprosthesis of the shoulder joint: 1 — a leg made in the form of a conical three-lobed rod; 2 — porous
proximal part, printed on a 3D printer from titanium powder (similar to VT-5); 3 — an PEEK insert in the form of a conical cylinder;
4 — concave spherical surface of the liner; 5 — Morse cone; 6 — the proximal part of the endoprosthesis is fixed using a Morse cone
to the proximal part of the leg; 7 — locking nut; 8 — glenoid head; 9 — glenoid support plate; 9 — the outer edge of the support plate,
made in the form of a Morse cone; 10 — fixing screw; 11 — central rod; 12 — cone-shaped ribs with a pore rib length of 350-500 pm;
13 — central screw; 14 — the porous surface of the glenoid support plate with a pore edge length of 350—500 um to a depth of 2 mm;
15 — the outer surface of the glenoid support plate in the form of a Morse cone; 16 — spherical holes of the glenoid support; 17 —
spherical washers; 18 — screws; 19 — proximal part with ribbed porous outer surface [30]; a) appearance; b) frontal projection;

¢) side view
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coefficient friction ~ 0.1 [34, 35]. When this coating
slides over the titanium nitride coating, the coefficient
of friction between them decreases several times and
becomes less than 0.1. The thickness of protective
coatings, made of diamond-like carbon coating is not
less than 1.5 pm, provides not only reliable protection
of the metal surface from electrochemical corrosion,
but also a sufficiently high service life due to a signi-
ficant reduction in the coefficient of friction of these
surfaces during their mutual sliding.

Results and their discussion

Results of treatment of Group I patients accord-
ing to the Constant-Murley Shoulder Score system 3,
6, 12 months after the operation averaged 71.3; 76.6;
78.4 points respectively. In 3 patients, varus migra-
tion of the head occurred without significant impair-
ment of the function of the shoulder joint, in 2 pa-
tients complete destabilization of the metal structure
occurred, resulting in its removal 3 months after sur-
gery. In 5 operated patients, a secondary displacement
of the greater tubercle occurred up to 10—15 mm one
month after surgery. Avascular necrosis of the head
of the humerus was determined in 4 patients within 6
to 12 months, resulting in the removal of metal struc-
tures and implementation of RTSA [28]. The conduct-
ed evaluation showed that the use of PHILOS plates
made it possible to obtain positive results (excellent
and good) in 36 Group I patients (72.0 %) within 6 to
12 months after surgery, 8 (16.0 %) were satisfactory,
6 (12.0 %) were unsatisfactory.

In Group II patients the average indicator accord-
ing to the Constant-Murley Shoulder Score system
within 3 months after the operation was an aver-
age of 78.0 points, 81.8 points within 6 months and
88.0 points within 12 months. Fragment consolida-
tion was achieved in all patients. No signs of avas-
cular necrosis of the humeral head were observed.
One woman experienced perforation of a fragment
of the head with a screw 6 weeks after surgery, which
was removed under C-arm control through a skin
puncture under local anesthesia [28]. 2 patients deve-

Fig. 2. Appearance of the reversible
modular  endoprosthesis of
the shoulder joint: a) glenoid support
plate; b) porous proximal part;
¢) glenoid head

loped a superficial infection, which was eliminated by
local and systemic antibacterial therapy. One patient
in 3 months was found to have a secondary displace-
ment of the lesser tubercle up to 8—10 mm, 8 subjects
had a varus displacement up to 5 mm without func-
tional impairment. In all patients of this group, a plate
of the PHILOS type, 2-3 PLA implants were used,
and in 14, cortical-spongy granulate OMS-A-KGG
was additionally employed. The conducted analysis
showed that the use of PHILOS plates using addi-
tional reinforcement with 3D PLA implants allowed
to obtain positive results (excellent and good) in 36
(81.8 %) patients, satisfactory results in 8 (18.2 %) and
to reduce the number of complications (88.0 points
by the Constant-Murley Shoulder Score) within 6 to
12 months after surgery.

Clinical example No. 1

Patient G., born in 1963, was hospitalized to the De-
partment of Polytrauma, Endoprosthetics and Rehabili-
tation of the Medical Center City Clinical Hospital
No. 16 of Dnipro City Council on 28.02.2022 with
the diagnosis: closed craniocerebral injury, concus-
sion, intra-articular fragment fracture of the proximal
part of the left humerus (AO/ OTA 11C21) (Fig. 3).
On 01.03.2022 an open reposition under general anes-
thesia was performed followed by nerve block using
osseous metal-osteosynthesis with the PHILOS plate
and two porous 3D PLA implants. She was immo-
bilized with a Dezo type bandage for 4 weeks. Ac-
tive movements in the left elbow joint were allowed
on the 2™ day after surgery, passive movements in
the shoulder joint under the control of a physical the-
rapy instructor in the first week after surgery, and ac-
tive movements in 4 weeks. The function of the right
shoulder joint was restored according to the Constant-
Murley system 78 points within 3 months, 85 points
within 6 months (Fig. 4).

In Group III patients the average score according
to the Constant-Murley Shoulder Score system within
3 months after the operation was 76 points, 80 points
within 6 months, 82 points within 12 months. Res-
toration of the shoulder joint function was achieved
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in all of them in the absence of signs of instability
of the endoprosthesis components. One patient de-
veloped neuropathy of the radial nerve, the function
of which was restored in 3 months following neuro-
tropic therapy. In the period from 6 to 12 months after
surgery, 6 patients (75 %) had good results, 2 (25 %)
had satisfactory results.

Clinical example No. 2

Patient O., born in 1962, was admitted to the De-
partment of Polytrauma, Endoprosthetics and Reha-
bilitation of the Medical Center City Clinical Hos-
pital No. 16 of Dnipro City Council on 15.12.2021
with a diagnosis of chronic fracture, fragment frac-
ture of the right proximal humerus (AO/OTA 11C21)
(domestic injury of 04.11. 2021), pronounced pain
syndrome, absence of abduction function and flex-
ion of the right upper limb in the shoulder joint. On
16.12.2021, an operation under general anesthesia was
performed followed by nerve block: total cement-
less endoprosthetic repair of the right shoulder joint
with an elaborated modular reversible endoprosthesis
(Figs. 5, 6).

Patient O. was immobilized with a Dezo bandage
for 4 weeks. She began active movements in the right
elbow joint on the 3rd day after the operation, pas-

sive movements in the shoulder joint under the cont-
rol of a physical therapy instructor on the 4™ week,
and active movements in 6 weeks. The function
of the right shoulder joint was restored according
to the Constant-Murley system: 75 points within
3 months, 78 points within 6 months, 80 points with-
in 12 months (Fig. 7).

Discussion

PHF makes up almost 30 % of all fractures in
the elderly. Due to the aging of the population, the in-
cidence of these fractures will continue to increase
[36]. Although the majority of such injuries are
treated conservatively, some patients with type AO/
OTA 11-B, 11-C fractures are recommended surgical
treatment. However, debate continues regarding its
indications and ideal strategy. The Section of Skeletal
Trauma and Sports Injuries of the European Society
of Traumatology and Emergency Surgery (ESTES)
appointed a working group to reach a consensus
among European countries on PHF management.
The recommendations compare conservative and
four possible options for surgical treatment — ORIF,
intramedullary blocked osteosynthesis, hemi- and to-
tal reversible endoprosthesis [37]. People over 50 with
osteoporosis are recommended to undergo either

Fig. 3. X-rays of patient G.: a) AO/
OTA 11C21 (injury of 24.02.2022),
b, ¢) within 6 months after surgery

Fig. 4. Photo of
patient G. within
6 months after
ORIF. Functional
result
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hemiarthroplasty or RSTA due to the impossibility
of osteosynthesis. Hemiarthroplasty has been shown
to result in worse functional outcomes compared to
RTSA. Secondary RTSA after other surgical treat-
ment also results in outcomes comparable to primary
RTSA [37].

A retrospective assessment of the treatment out-
comes of patients who underwent shoulder arthro-
plasty due to PHF from 2010 to 2019 showed no sig-
nificant differences in the function of the shoulder
joint after RTSA and hemiarthroplasty. The authors
concluded that this could be explained by the restric-
tive indications for hemiarthroplasty [38]. In another
retrospective study [39] of the results of treatment
of patients with PHF from 2010 to 2017, the authors

Fig. 5. X-rays of patient O.:
a) AO/OTA 11C21 (domestic
injury of 04.11.2021); b, c) after
total hybrid endoprosthetic
repair of the right shoulder
joint with a developed modular
reversible  endoprosthesis
(operation of 16.12.2021)

Fig. 6. Stages of surgical
intervention: a) implantation
of a cementless glenoid
support plate; b) fixation of the
glenoid head to the support
plate; c¢) implantation of
a cement leg with a proximal
porous part and an insert

Fig. 7. Photo of patient O.:
functional result in 12 months

differentially analyzed osteosynthesis or endopros-
thetic repair. Osteosynthesis of type AO/OTA 11-B,
11-C fractures was carried out when technically pos-
sible. Either a deltopectoral access or minimally inva-
sive plate osteosynthesis (MIPO) was used. Hemiar-
throplasty was used if it was possible to reconstruct
the tubercles and there were no signs of osteoarthri-
tis. In all other cases, RTSA was performed. The au-
thors believe that both osteosynthesis and primary
arthroplasty can lead to a good or even excellent
functional result, noting a high frequency of revisions
after osteosynthesis. Revision procedures, which involve
endoprosthetic repair after failed osteosynthesis, provide
much lower functional results [39]. Thus, it has been
proven that surgical treatment of PHF in the elderly
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and senile secondary to osteoporosis creates problems
for decision-making regarding the choice of a surgi-
cal intervention method.

The use of RTSA has led to a paradigm shift in
the treatment of PHF in the elderly. The unique bio-
mechanical principles and design features of RTSA
make it a suitable treatment option for PHF in
the elderly with osteoporosis and tubercle defects.
The method is considered a reliable approach after
failed hemiarthroplasty or failed ORIF [40]. RTSA
has clear advantages over hemiarthroplasty and in-
ternal fixation, providing pain relief and reliable
recovery or significant improvement in functional
outcomes. As a result, an increase in the number
of RTSAs in elderly patients has been observed over
the last decade [41].

Our evaluation of surgical treatment of patients
with PHF over 50 showed that the use of 3D PLA
implants as a reinforcing material during ORIF re-
sults in positive outcomes with a minimum num-
ber of complications in the majority of patients. In
an unfavorable result of ORIF, repeated interven-
tion involves revision, removal of metal structures,
arthrolysis and reversible total endoprosthetic repair
of the shoulder joint. Our experience proves that
the initial use of RTSA in chronic type AO/OTA 11-B,
11-C fracture-dislocations and the technical impos-
sibility of conducting ORIF results in positive out-
comes up to 3 years after the operation.

Thus, on the basis of a retrospective assessment
of our own results and special literature, we offer
a differentiated approach to the selection of surgical
treatment for patients aged 50 years and older with
type AO/OTA 11-B, 11-C fractures:

1. In the absence of expressed osteoporosis ac-
cording to densitometry data (or CI = 0.4-0.5), ORIF
is justified and necessary.

2. In expressed osteoporosis (CI < 0.4), ORIF is
possible, but with the mandatory use of allo- and au-
tografts or bone cement.

3. Severe osteoporosis (CI < 0.4) and technical im-
possibility of conducting a stable ORIF require pri-
mary reversible total endoprosthetic repair.

Conclusions

Positive results of open repositioning and os-
seous fixation of PHF with PHILOS type plates in
patients over 50 with osteoporosis were obtained in
72 % of cases, satisfactory in 16 and unsatisfactory in
12 %. Average Constant-Murley Shoulder Score was
78.4 points within 12 months.

The use of PHILOS plates for osteosynthesis
of PHF with additional reinforcement using the elabo-

rated porous 3D polylactide implants in patients
with osteoporosis allowed to obtain positive results
(excellent and good) in 81.8 % of cases, satisfactory
in18.2 %, and to reduce the number of complications
within 6 to 12 months after the operation. The ave-
rage Constant-Murley Shoulder Score was 88 points.

In all Group III patients, restoration of the func-
tion of the shoulder joint was achieved in the absence
of signs of instability of the endoprosthesis compo-
nents. In the period from 6 to 12 months after the opera-
tion, 6 (75 %) patients had good results, 2 (25 %) had
satisfactory results. The outcome reached 82 points
according to Constant-Murley Shoulder Score.

Total reversible endoprosthetic repair of the shoul-
der joint is an effective surgical intervention in case
of nonunion PHF, migration of the metal structure,
development of avascular necrosis of the humeral
head secondary to low bone mineral density, damage
to the rotator cuff or muscle hypotrophy, allowing to
achieve satisfactory functional results in up to 3 years.

The clinical trial of our proposed reversible modu-
lar endoprosthesis of the shoulder joint from porous
3D titanium, manufactured using additive technolo-
gies, showed positive near-term results. Design fea-
tures of the proposed reversible endoprosthesis will
increase the reliability and duration of its work with
improved functional and clinical properties.

The proposed differentiated approach to choos-
ing a treatment method for patients with PHF aged
50 years and older according to the type of fracture
according to the AO/OTA classification and osteo-
porosis results in mostly positive anatomical and
functional outcomes and prevention of the negative

consequences of surgical treatment.
Conflict of interest. The authors declare no conflict of
interest.
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