Mpaui HTLW. MeanyHi Hayku Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua

2025, Tom 77, Ne 1 ISSN 2708-8634 (print) ISSN 2708-8642 (online) 2025, Vol. 77, 1
OpwuriHanbHi 4OCAIAXEHHS: KNiIHIYHI HayKKn Original research: Clinical sciences
8 KOPOTKOCTPOKOBI PE3YJIbTATHU

OPEN (¢) ACCESS PEBEPCUBHOIO EH[JONPOTE3YBAHHSA
DOI: 10.25040/ntsh2025.01.08 n"EqOBoro CyrnOBA

Appeca pna nucrysBaHHsa: KHIM «Micbka
KNiHiYHa nikapHa N¢ 16» AMP, npocn. B.
XMenbHuubkoro, 19, AHinpo, 49000, YkpaiHa
E-mail: vasylmakarov2010@gmail.com

Hapiwna po pepakuii: 25.03.2025

Bacunb Makapos'-2

NpuiinsTta Ao Apyky: 16.05.2025 1AY «IHcTuTyT naroJsiorii xpebra 1a cyr/106iB iM.
g:gg";;“a"“ 20.06.2025 npo. M. I. CuteHka HAMH Ykpairun», Xapkis, YkpaiHa

5 ; S . 0 ; N
Bacinb Makapos: KHIT «Micbka kniHiyHa nikapHa N2 16» /JMP, /lHinpo, YkpaiHa
https://orcid.org/0000-0003-0936-7039
KoudznilfT inTepecis: asTop He mae nps- | J1O0CNiA)KEHHS OCTAHHIX POKiB 3aCBiAYYOTb CEPMO3HICTb Npobe-
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iHTepeciB (ron_wpa_pm, KOHcy_anauiT CroHcop- nneyvyoBol KICTKK, a IX TAXKICTb 3POCTa€E 3 BIKOM 4epe3 HECTPpU-
CbKMX OpraHisaull, BONOAIHHA B3aCMHUMV|  Mpe moriplueHHst MiHepanbHOI LWiNbHOCTI KiCTKOBOI TKaHUHW. Pe-
doHAaaMu, NnaTHi ceiaveHHs ekcnepTi). Llew o . .
PYKOMWC He MpusHauenuit ans npocysawns | KOMeHAaLUii €BpOMEMcbKOro TOBapuCTBa TpaBMaToJIONyHOI Ta
GyAb-sKoi iHwoi iHdopmauii, okpiM nosigom- | HegjaknaaHol Xipyprii BiA3Ha4alTb TEHAEHLII0 A0 3BOPOTHOMO

JIEHHS NPO pe3ynbTaTu AOCNIAXEHHS. . . X
. eHAonpoTe3yBaHHA Nae4YoBOro cyrn06a Y NITHIX NAauUIEHTIB.
Oco6ucTunii BHecCok aBTopa:

KoHuenuisi, 36upaHHa 1 aHanisyBaHHS Aa-
HUX, HanucaHHs cTatTi: Bacune Makapos Meta. AHanis KOpPOTKOCTPOKOBUX (DYHKUIOHaNbHUX pe3ysbTa-
Aossin komicii 3 GioeTuku Ha nposeAeHts | Tig BMPOBA/XXEHHSI OPUriHaNbHOrO TOTaNbHOrO PEBEpPCHUBHOIO
AocCnipKeHHNA: KoMicia 3 6ioetukn AY «IH- . .
CTUTYT naTonori]'XpeGTa Ta cyrnoGiB im. |-|p0¢). MOLI.y}'IbHOFO eH,CI,OI'IpOTGBa nae4yoBoro CyrﬂOGa y XIpprILIHOMy
M. I Cutenka HAMH Yipaitn» nanana nosu- | - flijkyBaHHI MaUIEHTIB 3 MepenoMaMu MNpPOKCMManbHOro Bigainy
TUBHUI BUCHOBOK LLIOAO AOTPUMAHHS ETUYHUX B 60 i . . .

Ta MOpasbHO-NPaBOBMX HOPM MPY NPOBEAEHHI I'Iﬂue‘-IO.BOI KICTKV! abo IX"HaCﬂI,D,KaMM Ha TJ1I 3HUXEHOI MIHEPAallb-
HayKOBOro AOCNIMAKEHHS i3 3a/y4YeHHsIM Jito- HOI WIJTbHOCTI KICTKOBOI TKAHUWHMW.

AvHn (npotokon N¢ 191 Big 22.04.2019, npo-
Tokon N¢ 229 sia 20.02.2023) . i
®iHaHCyBaHHS: aBTOP He OTPUMAaB XOA- MeToau pocnipkeHHs. [1pocneKkTUBHe A0C/IAXEHHSA NMpoBeaeHe

Hoi biHaHcoBOI NiATPUMKYM Ans ceoro Aocni- [ Y FPYNi 3 14 NaUi€HTIB, AKi BiANOBIAANN TaKMM YMOBAM 3a/lyuYeHHs:
FOKEHAA. BiK =50 pokiB; NepenoM NpoKkcMMasbHOro Biadiny nieyoBoi KicTKu
© Bacune Makapos, 2025 | 1y 11-B a6o 11-C 3a knacudikauieto AO/OTA; NposiB 3HUKEHHS

= MiHepanbHOI LWiIbHOCTI KICTKOBOI TKaHWHW 3i 3HAYEHHAM KipKOBO-
ro iHgekcy <0.4. XipypriyHe BTpy4aHHS nNpoBefeHe 3 BUKOPUCTaHHSAM OpUriHarbHOrO peBepCMBHOIO
TOTaNIbHOro MOAY/IbHOIO eHA0MNPoTE3a MN/1e4OBOro cyrnoba Ha OCHOBI @AUTUBHUX TEXHONONIN. DYHKLO
naeyoBoro cyrnoba ouiHioBanu y 6anax 3a wkanoto Constant-Murley Shoulder Score yepes 3, 6 12
MicauiB nicna BTpyYaHHS. BigMiHHOCTI MK yHKLiOHANbHMMK pe3ynbTaTaMu OLiHIOBaNW 3a KpUTEPIEM
TblOKi Ha piBHi 3Ha4vyLWwocTi p<0.05 Ha OCHOBI OAHOCTOPOHHBLOIrO ANCNEPCIMHOIO aHanisy.

Pe3ynbtatn. CepeaHili Bik nauieHTiB ctaHoBMB (65.0+7.8) pokiB. Bci Manu nposiBneHe 3HMXKEHHS
MiHEepanbHOI LiSIbHOCTI KICTKOBOI TKaHWHMK, 6inbl Sk nonosuHa (8 oci6, 57.1%) mann KipkoBWUIA iH-
Aekc y gianasoni (0.30-0.38). Yac Big TpaBMu 0o onepadlii MaB cepefHE 3HadeHHs (82.3+70.5) aib.
Po3pobneHuin MmoaynbHUI eHponpoTe3 ByB 3aCTOCOBaHMIA y MaLIEHTIB, SKi Manu o4yeBMAHI AedeKTu
MPOKCUManbHOro BiaAiny nnevyoBoi KiCTKM Ha T/i 3HMXEHHA MiHepanbHOI LWiIbHOCTI KiCTKOBOI TKaHU-
HW, @ TaKOX Nicna HeBAANOI BIAKPUTOI peno3uLii Ta BHYTPILWHbOI dikcauii.

BucHoBku. CtatnctnyHo 3Hauylle (p<0.05) nokpalweHHs dyHKLiOHaNnbHUX pe3ynbTaTiB NauieHTiB
JOCNiAXYBaHOI rpynun Yepe3 12 MmicdauiB nicna onepadii NiaTBepamMno AoUiNbHICTb 3aCTOCYBaHHS pe-
BEPCMBHOIO0 MOAYJ/IbHOMO eHA0MNpoTe3a Ne4YoBoro cyrnoba 3 NOpMCToro TUTaHy, BUrOTOBIEHOMO 3 BU-
KOpUCTaHHAM aanTuBHUX 3D-TexHonorin, y Bunagkax nepenomis Tuny 11-B ta 11-C npu HeaocTaTHIN
MiHepanbHil LWiNbHOCTI KICTKOBOI TKAHMHW Y NauieHTiB cTapwmx 50 pokis 3 gedekTamm npokcumarb-
HOro BiAAiNy Me4YoBOl KiCTKM. YacTka ycknagHeHb y NauieHTiB rpynu Ha piBHi 28.6% He BUXoaAUTb 3a
MeXi cepefHiX 3Ha4yeHb, 3aiKCOBaHMX B aHANOMYHNX AOCAIAXKEHHSX iHLWNX aBTOPIB.

KnroyoBi cnoBa: eHaonpoTe3yBaHHA, NpoTe3un Ta iMANAaHTK, Nnede, NiTHIN BiK, WiNbHICTb KiCTKO-
BOI TKAQHUHW, pe3ynbTaT JiKyBaHHA.
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Introduction. Recent studies highlight the growing concern
regarding the increasing number of proximal humerus frac-
tures, the severity of which escalates with age due to the pro-
gressive decline in bone mineral density. Recommendations
from the European Society for Trauma and Emergency Surgery
emphasize a growing trend toward reverse shoulder arthro-
plasty in elderly patients.

Objective. To analyze the short-term functional outcomes of
implementing an original modular reverse total shoulder pros-
thesis in the surgical treatment of patients with proximal hu-
merus fractures or their sequelae in the context of reduced

Original research: Clinical sciences

OPEN aACCESS

DOI: 10.25040/ntsh2025.01.08

For correspondence: City Clinical Hospital
No. 16, Dnipro, Ukraine

E-mail: vasylmakarov2010@gmail.com

Received: 25 Mar, 2025
Accepted: 16 May, 2025
Published: 20 Jun, 2025

ORCID ID
Vasyl Makarov:
https://orcid.org/0000-0003-0936-7039

Conflict of Interest The author declares
no direct (employment, stock ownership,
grants, patents) or indirect conflicts of
interest (fees, consultancy for sponsoring
organizations, mutual fund holdings, paid
expert testimonies). This manuscript is not
intended to promote any information other
than the dissemination of research results.

Author’'s  Contribution  Concept, data
collection and analysis, manuscript Writing:
Vasyl Makarov

Ethical approval: The Bioethics Committee
of the Sytenko Institute of Spine and
Joint Pathology of the National Academy
of Medical Sciences of Ukraine provided
a positive conclusion on compliance with
ethical and moral-legal norms in conducting
scientific research involving human subjects
(Protocol No. 191, April 22, 2019; Protocol
No. 229, February 20, 2023).

bone mineral density. Funding The author received no financial

support for this research.
Methods. A prospective study was conducted on a group of
14 patients who met the following inclusion criteria: age = 50

© Vasyl Makarov, 2025
years; proximal humerus fracture type 11-B or 11-C according

to AO/OTA classification; significantly reduced bone mineral density with a cortical index < 0.4.

Surgical intervention was performed using an original modular reverse total shoulder prosthesis
based on additive manufacturing technologies. Shoulder joint function was evaluated using the
Constant-Murley Shoulder Score at 3, 6, and 12 months postoperatively. Differences in functional
outcomes were assessed using Tukey'’s test at a significance level of p < 0.05 based on a one-way
analysis of variance.

Results. The mean age of patients was 65.0 £ 7.8. All patients had significantly reduced bone
mineral density, and more than half (8 individuals, 57.1%) had a cortical index in the range of
0.30-0.38. The mean time from injury to surgery was 82.3 £ 70.5 days. The developed modular
prosthesis was used in patients with substantial proximal humerus defects on the background
of reduced bone mineral density, as well as following failed open reduction and internal fixation.

Conclusions. A statistically significant (p < 0.05) improvement in the functional outcomes of
patients in the study group at 12 months postoperatively confirmed the feasibility of using a po-
rous titanium modular reverse shoulder prosthesis manufactured with additive 3D technologies in
type 11-B and 11-C fractures with reduced bone mineral density in patients over 50 with proximal
humerus defects. The complication rate of 28.6% in the study group did not exceed the average
values reported in comparable studies by other authors.

Keywords: arthroplasty, prostheses and implants, aged, bone density, shoulder, treatment out-
come.
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BcTtyn

EnigemionoriyHi gocnigaXeHHsa Ta ornaam octaH-
HiX pOKIB 3acCBigYylOTb CEpPNO3HICTb nNpobnemu
36iNblUEeHHA KiNbKOCTI nepenioMiB NpoKCUMarib-
Horo Bigainy nnevosoi kictku (MBIK), ski 3a
MOLUMPEHICTIO BXXe NocCifatoTb Apyre Micue cepen
nepesioMiB BEPXHbOI KiHLIBKW Ta CTaHOBATb
5-7% BiA ycCix TpaBM OMOPHO-PYyX0BOi CUCTEMU,
NPMYOMY LieN MOKa3HWK 3pOCTaE pa3oM 3i 36inb-
LLEHHSAM YaCTKM HaceneHHs NiTHboro Biky [1-3].

BusHaveHo, wWwo 4acrtoTta nepenomis MNBIK €
BULL OO cepepf ocib cTtapwmx 50 pokis, ocobnm-
BO cepef XiHOK [4-5]. Y uih nonynsauii 3HauyHa
yacTKka rnepesioMiB CrpuyYnMHEHa HU3bKOeHep-
reTUYHMMM nagdiHHaAMKW, nepeBaXxKHo nobyTo-
BMMW, 3 BUCOTM CBOr0 3pOCTY, Npuyomy b6inb-
WiCTb rMepesioMiB — CK/aAHI Ta 3i 3MilWEHHAMU,
a iXHS TSKKICTb 3pocTaE 3 BikoM [2]. OueBngHa
TeHAeHUia A0 36iNbleHHS pU3NKY Ta TSXKOCTI
nepesioMiB 3i 36iNblIEHHSM BiKY MOSACHIOETHCH
6iNbLIOK MMOBIPHICTIO NAAiHb | HEBIABOPOTHUM
noripweHHsAM MiHepasibHOI LWiSIbHOCTI KiCTKO-
BOi TKaHMHM BHACNiAOK CTapiHHSA [6-7].

OkpeMi aBTopu MiAKPecnoTb, WO NO3UTUBHI
pe3ynbTaTu y Bunagkax Hanbinbw nowwupe-
HUX Yy CTapLil BiKOBIl rpyni Tpu- Ta 4YOTMpPU-
dparmMeHTapHux nepenomis MBIK Baxko oOT-
puMaTW MpU KOHCEPBATMBHOMY JliKyBaHHI Ta
MOXJINBO AOCAITU JMLLE 33 A0MOMOrol Xipyp-
rivHoro BTpy4aHHsa [8-9]. MNpu UbOMY HasABHiI
3ayBaXeHH$, WO 4Yepes CKNagHICTb nepenomis
MBIMK Xipypr noBnMHeH MaTW BUYEPMHi 3HAHHA
LWOAO0 XapaKTEPUCTUK MepesioMy, AOCTYMHUX
BapiaHTIiB JiKyBaHHA Ta MOXJMBUX YCKa4-
HEeHb, AKi MOXYTb BUHUKHYTW, OCKiSIbKM came
ue cnpuatume 6e3neui NauieHTIB i OTpUMaH-
HI03a40BINIbHUX KJ/iHIYHUX pe3ynbTaTis [1].

AHanis cyyacHux TeHAEHUiNn Yy XipypriyHo-
My nikyBaHHi nepesiomis lBIK cBigunTb npo
36inblUIEHHS BUKOPUCTAHHSA pPEBEPCUBHOIO TO-
TanbHOro0 eHAOoMNpoTe3yBaHHA MJ1€40BOro Cyr-
noba (RTSA) (3 4% y 2007 poui go 34% vy
2018 poui) a HereMmiapTponnacTMku i BigKpu-
TOi peno3uuii Ta BHYTPiWHbOI dikcauii (ORIF),
0Ccob6MBO Yy MauieHTiB cTapwmx 65 pokis [3;
10]. OueBMaHO, WO Take 3Ha4YyHe 36iNblIeHHSs
BMKOpUCTaHHA RTSA € cBigueHHAM nporpecy y
XipypriuHux TexHikax [9; 11-12].

CTtatTuCcTM4Hi aaHi goBoasTb, Wwo RTSA crano
CNpUSTAMBUM BMOOPOM AJ/1s1 JliKyBaHHS TPbOX-
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Ta 4YoTMpbOXparMeHTapHNX NepenomiB 3i 3Mi-
WEeHHAM Y MauieHTiB MiTHbOro BiKY, OCKIiNIbKU
3abe3neyye Kpalli KNiHiYHi pe3ynbTaT i MeHLy
YACTOTY pPEeBI3iHUX onepawuif MOPIBHAHO 3 iH-
LWMMMN METOAAMM, L0 iX 3aCTOCOBYIOTb Y CXOXUX
yMmoBax [8; 13-14]. RTSA BBaxaloTb CBOEpIA-
HWM 30/10TUM CTaHAaPTOM XipypriyHOro fikyBaH-
HS TPbOX- Ta YOTMPbOXMdparMeHTapHUX nepeno-
MiB 3i 3MilLeHHAM Y ftogen NiTHboro Biky [15].

PekomeHpauii €Bponencbkoro TOBapuUCTBa
TpaBMaATONOr4YHOI Ta HeBiAKNagHoOI Xipyprii
(ESTES) nigkpecnioloTb iCHyBaHHA O4YeBUAHOI
TeHAEeHUIlT A0 3BOPOTHOrO eHAonpoTe3yBaH-
HA nne4voBoro cyrnoba, ocobsmMBo y NauUieHTIB
cTapwux 75 pokis, npu uboMy RTSA, 30kpema i
BTOpMHHe RTSA nicng iHWoro XipypriyHoro ni-
KyBaHHs, 3abe3neyvye XOpoLwnii KNiHiYHNI pe-
3yNbTaT i3 HEBE/IMKOK KiNbKicTo peB.isin [16].
3BOpPOTHE eHAOoNpOoTE3YBaHHSA MJ1€YOBOro Cyr-
noba [04aTKOBO [AEMOHCTPYE [AOBrOCTPOKOBI
nepesaru, WMpLi NOKasaHHA Npu TpaBMaTny-
HUX YLWKOAXEHHSAX Ta BUCOKUI piBEHb 3a40BO-
neHocTi nauieHTiB [17].

Buxoasuu 3 uiei iHpopmauii, Bubip RTSA no-
PIBHAHO 3 iHWWMW XipypriyHMMKM BapiaHTaMu
BBaXalTb Cy4YaCHWM, PO3yMHUM i 6e3neyHmnm
BapiaHTOM nikyBaHHAa nepenoMis [NBI1K, oco-
611BO y TUX, XTO Ma€ binbll CKnagHi nepeno-
MK, Ta/abo y niTHiX nauieHTiB [3].

CyyacHa pgemorpadiyHa cuTyauia B Ykpai-
Hi O3HayeHa 36iNblIEHHAM 4YaCTKWM HacesneH-
HS cTapwux 60 pokiB, TOMY AOCHIAXEHHS Ta
BMPOBALKEHHS CYy4YacCHMX METOAIB NiKyBaHHS
nepenomiB MNBIK, aki gepani vacTiwe cratTb
NPUYMHOIO DYHKLIOHaANbHNX OBMEeXeHb i 3HU-
YXKEHHS SKOCTI XUTTSA NiTHIX NOAEN, € BaXIn-
BUMU Ta CBOEYACHUMMU.

MerTa ui€i po60Tn — aHani3 KOPOTKOCTPOKOBUX
(dYHKLiOHaNbHMX pe3ysibTaTiB BMNPOBaAXEHHS
opuriHasnbHOro ToTasibHOro peBepCUBHON0 MO-
AyNbHOro eHaonpoTesa njeyvyoBoro cyrnoba y
XipypriyHoMy JliKkyBaHHi MaLUIi€EHTIB 3 nepeno-
MaMW MPOKCUMaNbHOro BiAAiNy NeyoBol KiCT-
kn abo ix Hacnigkamm Ha TNi 3HMXEHOI MiHe-
panbHOI LWiNbHOCTI KiCTKOBOT TKAHUHMU.

MauieHTM Ta MeTOAM

lMpocnekTMBHE [OCNIAXEHHA npoBedeHe Yy
rpyni 3 14 nauieHTiB BiANOBIAHO A0 €TUYHUX
NpUHUMNIB, BMKNaAeHUX Yy enbCiHKCbKIN ae-
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Introduction

Epidemiological studies and recent reviews
highlight the growing concern regarding the
increasing incidence of proximal humerus frac-
tures (PHF), which now rank second in preva-
lence among upper limb fractures and account
for 5-7% of all musculoskeletal injuries. This
incidence is rising in parallel with the increasing
share of the elderly population [1-3].

It has been observed that the frequency of PHF
is higher among individuals over 50, particu-
larly among women [4-5]. In this population,
a significant proportion of fractures result from
low-energy falls, mostly from standing height
in domestic settings. Most of these fractures
are complex and displaced, with their severi-
ty increasing with age [2]. The increasing risk
and severity of PHF with advancing age can
be attributed to a higher likelihood of falls and
the progressive decline in bone mineral densi-
ty due to aging [6-7].

Some authors emphasize that achieving posi-
tive outcomes in the most common three- and
four-part PHF, particularly in the elderly, is
challenging with conservative treatment and
can only be reliably achieved through surgi-
cal intervention [8-9]. Given the complexity
of PHF, it has been noted that surgeons must
possess comprehensive knowledge of fracture
characteristics, available treatment options,
and potential complications. This expertise is
essential for enhancing patient safety and en-
suring satisfactory clinical outcomes [1].

An analysis of current trends in the surgical
management of PHF indicates a significant in-
crease in the use of reverse total shoulder ar-
throplasty (RTSA), rising from 4% in 2007 to
34% in 2018. This increase is particularly pro-
nounced in patients over 65, in comparison with
hemiarthroplasty and open reduction and inter-
nal fixation (ORIF) [3; 10]. The substantial rise
in RTSA utilization is considered indicative of ad-
vancements in surgical techniques [9; 11-12].

Statistical data demonstrate that RTSA has
become a favorable choice for the treatment
of displaced three- and four-part PHF in el-
derly patients, as it provides better clinical
outcomes and a lower revision surgery rate
compared to other treatment modalities under
similar conditions [8; 13-14]. RTSA is now re-
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garded as the gold standard for surgical man-
agement of displaced three- and four-part
fractures in the elderly population [15].

Guidelines from the European Society for
Trauma and Emergency Surgery (ESTES)
emphasize the growing trend toward reverse
shoulder arthroplasty, particularly in patients
over 75 years of age. RTSA, including second-
ary RTSA following previous surgical treat-
ment, has been associated with favorable
clinical outcomes and a low revision rate [16].
Furthermore, reverse shoulder arthroplasty
demonstrates long-term benefits, broader in-
dications for traumatic injuries, and high pa-
tient satisfaction rates [17].

Given this background, RTSA is considered a
modern, rational, and safe treatment option
for PHF, especially in patients with complex
fractures and/or elderly individuals [3].

The current demographic situation in Ukraine
is characterized by an increasing share of the
population over 60. Therefore, research and
implementation of modern treatment strate-
gies for PHF, which increasingly contribute to
functional limitations and reduced quality of
life in elderly individuals, are both relevant
and timely.

The objective of this study is to analyze the
short-term functional outcomes of implement-
ing an original modular reverse total shoulder
arthroplasty prosthesis in the surgical man-
agement of patients with complex proximal
humerus fractures against the background of
reduced bone mineral density.

The aim of the study is to evaluate the short-
term functional outcomes of utilizing an origi-
nal modular reverse total shoulder prosthesis
in the surgical treatment of patients with prox-
imal humerus fractures or their sequelae in the
context of decreased bone mineral density.

Methods

A prospective study was conducted on a cohort
of 14 patients according to the ethical princi-
ples outlined in the Declaration of Helsinki. The
study was approved by the Bioethics Commit-
tee of the Sytenko Institute of Spine and Joint
Pathology of the National Academy of Medical
Sciences of Ukraine (April 22, 2019, Proto-
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Knapauii. [MpoBeaeHHA [OCNIOKEHHA CXBa-
neHe KowMicieto 3 6ioetnkm AY «IHCTUTYT na-
Tonorii xpebta Ta cyrnobis iM. npod. M. L.
CuteHka HAMH VYkpaiHu» (npotokon N2191
Big 22.04.2019 Ta npotokon N2 229 Big
20.02.2023). Bci nauieHTV Haganu NUCbMOBY
iHpopMOBaHy 3roay, nNiATBEPAXYHOUYM CBOKO
[06pOoBiNbHY y4yacTb i pO3yMiHHA npoueayp
OOCNIAXEHHS, NOTEHLINHNX PU3KKIB | NepeBsar.
Onsa 3abe3nedyeHHa KOHMIAEHUIMHOCTI NaLuieH-
TiB yci ocobucTi gaHi 6ynn aHoHiMi3oBaHi Bia-
MOBIAHO A0 €TUYHUX NPpUHUMNIB. XKOAHUX KOH-
NikTiB iIHTEpECIiB LWOA0 ETUYHOIrO NPOBEAEHHS
LbOro AOoCNiAXeHHS He 6ysi0 BUSIBNIEHO.

XipypriyHe nikyBaHHSA Maui€eHTIB npoBeAeHe Yy
nepiog 2020-2023 pp. Ha 6a3i KHIM «Micbka
KniHiYHa nikapHa N2 16» AMP (QHinpo, Ykpa-
iHa). Yci nmauieHTn BignoBigann TakMM ymMoBaM
3aNy4yeHHsa A0 AOCNIAXKEHHS:

Bik He MeHwe 50 pokis;

nepenom MNBIMK Tuny 11-B a6o 11-C 3a kna-
cndikauiero AO/OTA [18];

MPOSAB 3HMXEHHSA MiHEepanbHOI LWiNIbHOCTI Ki-
CTKOBOI TKaHWHW 3i 3HAUYEHHSM KipKOBOro
iHoekcy KI <0.4.

Mpwv 3any4deHHi He 6yno obMexxeHb Ha TePMIH nic-
Na TpaBMU — 3asy4ann 9K NauieHTIB i3 rocTporo
TpPaBMOIO, TaK i TUX, XTO MaB 3acTapi/ii nepesomMmu
abo ycknagHeHHs nicna Hesganoi ORIF,

YciM nauieHTamM y nepegonepauiiHOMYy nepi-
Oo4i NpoBOAWNW CTaHAapTHe KIiHiyHe obcTe-
XKEHHS Ta peHTreHonoriyHe obctexeHHs MNBIMK
TpaBMOBAHOI pyku. [Ana BUABNEHHS ocobnn-
BOCTel 3MiweHHs ynamkis MBIMK Ta gedekTis
KiCTKW BCiM Maui€EHTaM BUKOHYBasW CriipasibHy
komn'totepHy Tomorpadito (CKT). MiHepanbHy
WiNbHICTb KICTKOBOI TKAHWHW Yy BCiX Maui€eH-
TiB OUIHIOBANM 3@ peHTreHorpaMamum nae4yosoi
KiCTKM Y nepefHbo-3afHil Npoekuii 3 064nc-
neHHam KI [19]. WinbHICTb KiCTKOBOI TKAQHUHMU
€ MPeAuKTOpOM HFKOCTI XipypridHol peno3uuii
Ta MOXJ/IMBOCTI Npopi3aHHa abo Mirpauii rBuH-
TiB Npwu po3rnagi MMOBIPHOCTI MNpoBeAeHHS
BiAKPUTOI perno3uuii Ta HaKiCTKOBOI dikcauil.

Yci onepauil BUKOHYBanu Yy HaniBCcuasayomy
CTaHi (Tak 3BaHMM CTaH NASXHOro Kpicna) nig
3arajsibHOKO Ta MpPOBIAHMKOBOK aHecTesi€l.
Onsa Bcix nauieHTiB 3abe3nedyBann iHTpao-
nepauiiHUin pPEeHTreHONONYHUIA KOHTPOSb 3a
poromoroto C-arm. LWloao BOCbMWM NaUi€EHTIB
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BUKOPUCTaANU AenbTOMeKTOpanbHUA A0CTyn,
LWOAO0 peLwTn WeCTn — NnepeaHbonaTepasibHUM.
JenbTonekrtopanbHUA  AOCTYN  BWUKOPUCTO-
BYIOTb MpW 3acTapiimx nepesioMo-BUBUXAX
nneyosoro cyrnoba, abo y Bunagky paHiwe
npoBefAeHUX XipypriyHMx onepauin 3a umm ao-
CTYNOM, OCKi/IbKW Lie AA€ 3MOry MakCMMasibHO
peTenbHO BMAINUTKM pybueBi TKaHWUHW Ta opi-
EHTYBaATUCA B CKNAAHIM 3MiHEHil aHaToMii sk
KICTOK, TakK i CYyAMHHO-HEPBOBUX CTPYKTYD,
0Cco6NMBO Mpw 3MilleHHI dparMeHTiB roniBku
0o nepeny abo Ao 3aay BiAHOCHO rfeHoiganb-
HOl 3anaauHu. lpun npoBeAeHHi NepBUHHOMO
peBepCUBHOro eHAonpoTe3yBaHHA Yy nepLi
TUXHI nicna TpaBMU nepeaHbonaTtepasbHUi
AOCTYN MeHLW TpaBMaTUYHUN | A€ MOXJIIUBICTb
3py4YHO npoBecTn o6pobKy rneHoiganbHoOI 3a-
naguMHU Ta iMMAAHTaUIlO HiXXKK, a 3a noTpebu
— 3 OCTEOCMHTE30M ropbKiB A0 NPOKCUMANbHOI
YaCTUHW eHJoNpoTe3Y.

XipypriyHi BTpy4YaHHS rnpoBeneHi 3 BUKOPUC-
TAHHSAM OpUriHaNbHOrO PEBEPCUBHONO TOTAsb-
HOro MOAY/IbHOrO eHaonpoTesa nnJjeyvyoBoro
cyrnoba, BUIOTOBJIEHOrO i3 3aCTOCYBaHHSAM
AANTUBHUX TEXHOJONIN, SKi AalOTb 3MOTY BUTO-
TOBJIATN KOMMOHEHTU eHAoNpoTe3iB CKNagHnX
reomeTpuyHmx cdopm [20]. Y 3anponoHOBaHO-
My eHAOoMNpOoTe3i reHoiganbHy ronieky (Hanis-
chepy) BurotonsoTb abo 3 TutTaHosoro, abo
3 K06anbTOXPOMOBOro CNaBy, a rNeHoiganbHy
OMOPHY MJACTUHY Ta MPOKCUMAsbHY MJ1Ie4oBY
YaCTUHY eHAonpoTe3a APYKYHTb Ha 3D-npuH-
Tepi 3 TUTAHOBOrO MOPOLLKY, WO YMOX/IUBIIOE
3a noTpebu 3MmiHOBaTK ii popmy (puc. 1). Bu-
pobHuk - nignpuemctBo TOB «Benta Megi-
kan»: Byn. Cepria NogonuHcekoro, 6ya. 318,
M. [Hinpo, [AHinponeTpoBcbka 06n., 49000,
YkpaiHa, kog €APMOY 45177599. Ceptudi-
kaT 80139 ACTY: EN ISO/IEC 17021-1, 3ape-
€CTpOBaHuin y PeecTpi opraHy 3 cepTudikauii
19 rpyaHs 2023 poky N980139.C¥A.42-23,
AincHuii oo 18 rpyaHsa 2026 p.: «lMpoekTyBaH-
HA Ta BMPOOGHMUTBO XipypriyHux iMnnaHTaTiB
ANna opToneaii Ta TpaBMaToMoril, WO BUIOTOB-
NATLCA Ha 3aMOBJIEHHS, SIKE 3AiINCHIOETHCH
TOBApUCTBOM 3 OOMEXeHOI BiANOBIAANBHICTIO
«BenTta Megikan».

Y 10-Tn nauieHTiB Yepe3 HasiBHICTb aedeKTiB
rneHoiganbHOI 3anaauvHuM JilonaTkM Ha OCHOBI
paHunx CKT npoBepneHe iHgmsiayanbHe 3D npo-
EKTYBaHHSA OMOPHUX MACTUH 3 ypaxXyBaHHAM
aAedekTy Ta 34iMCHEHe BWUIOTOBJIEHHS BiAMo-
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col No. 191; February 20, 2023, Protocol No.
229). All patients provided written informed
consent, confirming their voluntary participa-
tion and understanding of the study proce-
dures, potential risks, and benefits. To ensure
patient confidentiality, all personal data were
anonymized in compliance with ethical princi-
ples. No conflicts of interest were identified in
relation to the ethical conduct of this study.

Surgical treatment was performed between
2020 and 2023 at the Municipal Non-Profit En-
terprise “City Clinical Hospital No. 16" of the
Dnipro City Council (Dnipro, Ukraine). All pa-
tients met the following inclusion criteria:

age = 50 years;

proximal humerus fracture classified as
type 11-B or 11-C according to the AO/OTA
classification [18];

significant reduction in bone mineral density
with a cortical index (CI) < 0.4.

There were no restrictions regarding the time
elapsed since the injury. The study included
both patients with acute trauma and those
with chronic fractures or complications follow-
ing failed ORIF.

All patients underwent standard preoperative
clinical and radiographic evaluation of the in-
jured proximal humerus. Spiral computed to-
mography (CT) was performed for all patients
to assess fracture displacement and bone de-
fects. Bone mineral density was evaluated us-
ing anteroposterior radiographs of the humer-
us with CI calculation [19]. The bone mineral
density is a predictor of the quality of surgical
reduction and the potential for screw cut-out
or migration when considering open reduction
and internal fixation.

<
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All surgeries were performed in the “beach
chair” position under general and regional
anesthesia. Intraoperative radiographic con-
trol was provided using a C-arm fluoroscopic
system for all cases. A deltopectoral approach
was used in eight patients, while an anterolat-
eral approach was applied in the remaining six
patients. The deltopectoral approach is used
for chronic shoulder fracture-dislocations or in
cases of previous surgeries using this approach
because it allows for the most thorough isola-
tion of scar tissue and orientation in complex
altered anatomy, both of bones and neurovas-
cular structures, especially when fragments
of the humeral head are displaced anterior-
ly or posteriorly relative to the glenoid fossa.
When performing primary reverse shoulder
arthroplasty in the first weeks after trauma,
the anterolateral approach is less traumatic.
It allows for convenient preparation of the gle-
noid fossa and implantation of the stem, with
tubercle osteosynthesis to the proximal part
of the endoprosthesis as needed.

The surgical procedure involved using an
original modular reverse total shoulder pros-
thesis based on additive manufacturing tech-
nologies, enabling the production of complex
geometric prosthetic components [20]. In the
proposed prosthesis, the glenoid head (hemi-
sphere) was made from either a titanium or
cobalt-chromium alloy. In contrast, the glenoid
support plate and proximal humeral compo-
nent were 3D-printed from titanium powder,
allowing for shape customization if required
(Fig. 1). Manufacturer: VELTA MEDICAL LLC,
31v Serhiya Podolynskoho Str., Dnipro, Dni-
propetrovsk Oblast, 49000, Ukraine, EDRPOU
code 45177599. Certificate 80139 DSTU EN
ISO/IEC 17021-1, registered in the Register of
the Certification Body on December 19, 2023,

D

Figure 1 External view of the components of the modular reverse total shoulder prosthesis: A—glenoid support plate;
B—porous proximal component with a high-molecular-weight polyethylene insert; C—glenoid hemisphere with the
support plate and screws; D—glenoid support plate and the inner section of the glenoid hemisphere
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BiAHMX KOMMOHEHTIB 3 TpabeKkynsapHOro Tuta-
Hy i3 3aCTOCYyBaHHSAM aAUTUBHUX TEXHONOrIN
3D-apyky (puc. 2). B oagHOMYy BMMNaAKy BUKO-
HaHe iHAMBIAyanbHE MOAESNIOBAaHHS Ta BUIO-
TOBJIEHHS HIXKKM eHAoMnpoTe3a.

@OyHKUil0 nnevoBoro cyrnoba 3a pesynbTarta-
MW NiKyBaHHSA OUiHIOBanM y 6anax 3a LKanow
Constant-Murley Shoulder Score (CMS) - 6ara-
TO6aNbHOK PYHKLiIOHANbHOK LLKANoK 3 Makcu-
ManbHMM 3aranbHum 6anom 100, wo Bigobpaxae
onTUManbHy QyHKUio nneva. OuiHIOBaHHS 34in-
CHIoBanu vepe3s 3, 6 i 12 Mmicauis nicnsa xipypriy-
HOro BTPyYaHHS. Yepe3 opraHizauiriHi npuynHu
TEPMiHM PIYHOro OBCTEXEHHS BapitOBaNMCS MiX
49 Ta 54 TvxxHamu. Banu 3a cucremoro CMS ans
KOXXHOro nauieHTa BU3HA4Yanu 3 TOYHICTIO A0 Li-
JI0ro Yncna 3 ornagy Ha UinnoyYnCcesibHICTb WKanu.

Mpw aHanisi pe3ynbTaTiB KaTeropianbHi 3MiHHI
HaBeAeHi y BiacoTkax, AeMorpadidHi agaHi — 9K
cepefHi 3HavyeHHda Ta Aiana3oHW, a KiNbKiCHI
OUiHKM — 9K cepefHe (X) * cepeaHE KBaapa-
TUYHE BIAXWEHHA cepeaHboro apudmeTny-
Horo (SE). BigMiHHOCTI MiX GyHKUIOHanbHWU-
MKn pesynbTatamu y 6anax CMS ouiHioBanu 3a

C
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KpuTepieM TblOKi Ha piBHI 3HauvywocTi p<0.05
Ha OCHOBI pe3y/bTaTiB OAHOCTOPOHHLOIO AUC-
nepcinHoro aHanisy (ANOVA).

Pe3synbTatn

JemMorpadiyHi Ta No4YaTKOBI KJiHIYHI AaHi na-
LieEHTIB HaBedeHi y Tabn. 1. Y rpyni nepesa-
XKanu XiHKW, MOM0BUHA MauieHTIB Manu BiK Yy
Aiana3oHi 60-72 poku. Bci TpaBmMn 6ynu no-
6yToBi. 3adikcoBaHi 3Ha4Hi BIiAMIHHOCTI y yaci
Bi4 TpaBMu A0 onepauii: Bia 2 (aBi ocobn) go
270 (opHa ocoba) nib, Ang NONOBUMHKU NauieH-
TiB Ler yac 6yB y giana3oHi 30-90 aib.

BinbLWicTb MauieHTIB Mann YLIKOOXEHHA npasol
pyKu, nepeBaxanu nepenomm tuny 11-C 3a kna-
cndikauiero AO/OTA. Bci nauieHTn Mmann odyeBma-
HE 3HWXEHHS MiHepasibHOI LWifIbHOCTI KiCTKOBOI
TKaHWHW, 6inbLL SK NonoBuHa (Bicim oci6, 57.1%)
Manu KipkoBuM iHaekc y giana3oHi (0.30-0.38).

3aBAsAKM KOHCTPYKTUBHUM 0COBMMBOCTSAM pO3-
pobsieHoro MoAy/nbHOrO eHaonpoTesa  WMoro
6yn0 3aCTOCOBAHO Yy TUX MAUIEHTIB rpynu, sKi
Ha T/i 3HUMXKEHHA MiHepasibHOI LWiNbHOCTI KiCT-
KOBOI TKAHWUHW Manun o4yeBnaHi gedekTun NBIMK.

D

PucyHok 1. 30BHilLHil A BUISiA KOMMOHEHTIB pEBEPCMBHOINO MOAYJ/TIbHOMO eHA0MNpOoTE3a Nje4yoBoro cyrnoba: A -

rneHoiganbHa ornopHa naactuHa; B — nopucta npokcuManbHa YacTuHa 3 BK1AAKOK i3 BUCOKOMOIEKYNSAPHOIO

nonietuneHy; C - rneHoiganbHa HaniBcdepa pa3oM i3 rneHoigasibHOK OMOPHOK MIacTUHOW Ta rBuHTamMm; D -
rneHoiganbHa onopHa njacTuHa Ta BHYTPILWHSA YacTUHa reHoiganbHoi HaniBchepu

PucyHok 2. [neHoiganbHa onopHa niacTuHa nig rneHoiganbHy roniBky (HaniBcgepy) npotesa 3 ypaxyBaHHSM 3aMillleH-
Hs nedekTiB: A, B — komn'totepHi 3D-mogeni; C — 3D-Moaenb onopHOi NiacTuHKM 3 HaniBchepoto; D — onopHa nnacTuHa
nia Haniecgepy, BUrotosseHa 3a gonomorot 3D-apyKy i3 TpabeKynsapHOro TuTaHy
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Figure 2 Glenoid support plate for the glenoid head (hemisphere) with defect compensation: A, B—computer-generated
3D models; C—3D model of the support plate with the hemisphere; D—support plate manufactured using 3D printing
from trabecular titanium

No. 80139.SUYA.42-23, valid until December
18, 2026: “Design and manufacture of cus-
tom-made surgical implants for orthopedics
and traumatology, carried out by VELTA MED-
ICAL Limited Liability Company.”

In 10 patients, due to the presence of glenoid
cavity defects, individualized 3D modeling of
support plates was performed based on CT
data, considering the defect characteristics.
These custom components were manufac-
tured from trabecular titanium using additive
3D-printing technologies (Fig. 2). In one case,
an individualized design and fabrication of the
prosthetic stem was conducted.

Shoulder function was assessed using the
Constant-Murley Shoulder Score (CMS), a
comprehensive functional scoring system with
a maximum total score of 100, representing
optimal shoulder function. Evaluations were
conducted at 3, 6, and 12 months postopera-
tively. Due to logistical constraints, the timing
of the one-year follow-up ranged from 49 to
54 weeks. CMS scores for each patient were
determined with whole-number precision, giv-
en the discrete nature of the scoring system.

For data analysis, categorical variables were
presented as percentages, demographic data
as mean values and ranges, and quantitative
assessments as mean (X) * standard error of

the mean (SE). Differences in functional out-
comes based on CMS scores were assessed
using Tukey's test at a significance level of p <
0.05, based on the results of a one-way anal-
ysis of variance (ANOVA).

Results

Demographic and baseline clinical data of pa-
tients are presented in Table 1. Most of the
study group were female, with half of the pa-
tients aged between 60 and 72 years. All inju-
ries were domestic in origin. A wide variation in
the time from injury to surgery was observed,
ranging from 2 days (2 patients) to 270 days
(1 patient), with half of the patients under-
going surgery within 30-90 days post-injury.
Most patients sustained right-sided injuries,
and the majority of fractures were classified
as type 11-C according to the AO/OTA classifi-
cation. All patients demonstrated significantly
reduced bone mineral density, with more than
half (8 individuals, 57.1%) having a cortical
index (CI) within the range of 0.30-0.38.

Owing to the modular prosthesis’s structural
design, it was successfully applied in patients
with pronounced proximal humerus defects
and decreased bone mineral density.

Clinical Case 1. Patient C., female, 71 years
old, was admitted to the department six
months after injury with a diagnosis of chronic

Table 1

Demographic and baseline clinical data of patients (N = 14)

Indicator

X + SE, Range

Indicator Number (Percentage)

Age (years)

65.0 + 7.8 (50-76)

Sex: female / male 8 (57.1) / 6 (42.9)

Time between injury and surgery (days)

82.3 £ 70.5 (2 -270)

Affected side: right / left | 10 (71.4) / 4 (28.6)

Cortical index

0.36 + 0.04 (0.30-0.40) | AO/OTA type: 11-C / 11-B

9 (64.3) / 5 (35.7)
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Tabanys 1

AemorpadivHi Ta noyaTkoBi kniHiuHI gaHi nauieHTiB (N = 14)

MokasHukK
Bik, NOBHi poku
Yac Big TpaBMu oo onepadii, AHIB
KopkoBui iHaekc

X * SE, giana3oH [MokasHuK
65.0 £ 7.8 (50-76) CTaTb: XIiHKW / YONOBIKM
82.3 £ 70.5 (2 -270) | CTopoHa YLKOAXEHHS: npaBa / nisa

0.36 + 0.04 (0.30-0.40) | Tun nepenomy 3a AO/OTA: 11-C/ 11-B

Kinbkictb (4acTka, %)
8 (57.1) / 6 (42.9)
10 (71.4) / 4 (28.6)
9 (64.3) / 5 (35.7)

MpuMiTKK: X — cepeaHe, SE - cepeaHE KBaapaTUUHE BiAXWIEHHS CepefHboro apudmMeTMyHoro

KniHiyHuvi npuknaa 1. NMauientka C., 71 pik, no-
Tpanwuna [o BigA4isleHHA Yepe3 6 Micsauis nicns
TpaBMM 3 [iarHO30M: 3acTapiiiMin nepesoMoBu-
BMX MPaBOro njaevyoBoro cyrnoba 3 o4eBUAHO
NpUBIAHOK KOHTPAKTYpOK Ta nposiBoM 601b0-
BOro cuHApoMy; Tun nepenomy 11-B32 3a AO/
OTA; KI = 0,30, nedekT cyrnoboBoi NoBepxHi
rneHoiganbHoi 3anagnim (pmc. 3A). 3a pesynb-
TatamMn MPT BCTaHOBNEHE YLIKOAXEHHS M'S3iB
obepTanbHOi MaHXeTn nneva. Yepes HasABHICTb
AedekTy rneHoiganbHol 3anagmMHm NauieHTUi Ha
nigcrasi gaHmx CKT npoBeaeHe iHAMBIAyabHE
3D MogentoBaHHSA Ta CTBOPEHHSA iHAMBIAyanb-
HOi rneHoiganbHOi 6a30BOi MNACTUHWU Mg re-
Micpepy peBepCMBHOro eHAonpoTesa nje4vyoBoi
KiCTkM 3 TpabekynapHoro TutaHy. Mia 3arane-
HOIO Ta MPOBIAHMKOBOK aHEeCTe3i€l0 NauieHT-
Ui BUKOHaHe rMepBUHHE TOTasIbHE PEBEPCUBHE
eHponpoTtesyBaHHsA (puc. 3B,C). Immobinizauis
noBs’si3koto Tuny [le30 TpuBasa 4YOTUPU TUXKHI.
MacuBHI pyxu B nne4yoBoMy cyrnobi Niag KOHTp-
onem disnyHoro TepanesTa 6ynun A03BOMEHI Ha
nepLuomMy TWXKHI nicng onepauil, akTUBHI — 4e-

\\L

pe3 4YoTUpu TUKHI. OYHKLIS N1eYoBOro Cyrmo-
6a BigHOBMNacs i yepes 3 Micaui nicnga onepauii
ouiHeHa Ha 85 6anis CMS.

Po3pobneHunn moaynbHuii eHpgonpoTtes 6yB 3a-
CTOCOBaHMM TaKoX Y YOTUPbOX BMMAAKaxX oye-
BuaHoro gedekty MNBMK nicna Hesganoi ORIF.

KniHiyHui npuknaa 2. MauieHtka b., 50 po-
KiB, noTpanwuna Ao Big4ineHHs yepes 9 micauis
nicns nobyToBOi TpaBMW i3 3aKPUTUM OCKOI-
KOBUM rMepesioMOM MNpPOKCUManbHOro Bigdiny
niBoi NneyoBoi KicTkn Tnny 11-C21 3a AO/OTA
3 AiarHo3oM: aBacCKY/IiPpHUI HEKpOo3 rosiB-
K1 niBoi nne4voBoi Kictkn nicna ORIF PHILOS
3 nposieaMn 601bOBOr0 CMHAPOMOMY, BiACYT-
HiCTIO DYHKLIi BiABeAEHHS Ta 3rMHAHHSA fiBOI
BEPXHbOI KiHUIBKM Yy nne4yoBoMy cyrnobi; KI =
0.40. 3adikcoBaHa BiACYTHICTb KOHconigauii
Ha TNi 3HMXEHOT MiHepanbHOI LWiNbHOCTI KiCT-
KOBOI TKAQHWHU, @ TakKOX BTOPUHHE 3MilLEHHS
BiANaMKIB i Mirpauis MeTanoKoHCTPyKUii (puc.
4A,B). NauieHTuUi Nig 3aranbHOK Ta NPOBIAHU-

PucyHok 3. PeHTreHorpamu nauieHTtkn C.: A — fo onepadii, 3acTapinunii nepenoMoBUBMX MNJe4oBOro cyrnoba 3 aedek-
TOM cyr1060B0Oi MOBEpXHi rneHoiganbHoi 3anaanHn; B, C — yepes 3 Micsui nicns nepBUHHOIO TOTaslbHOrO PEBEPCUBHOMO
eHAoMNpoTe3yBaHHA
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fracture-dislocation of the right shoulder joint,
marked adduction contracture, and severe
pain syndrome. The fracture was classified as
type 11-B3.2 according to AO/OTA; CI = 0.30,
with a defect of the articular surface of the
glenoid cavity (Fig. 3A).

MRI findings revealed damage to the rota-
tor cuff muscles. Due to the presence of a
glenoid cavity defect, individualized 3D mod-
eling and fabrication of a custom glenoid
baseplate for the hemisphere of the reverse
prosthesis from trabecular titanium were
performed based on spiral CT data. Under
general and regional anesthesia, the patient
underwent primary total reverse shoulder ar-
throplasty (Fig. 3B, C). Immobilization with
a Desault-type sling was maintained for four
weeks. Passive movements under the super-
vision of a physical therapist were initiated
during the first postoperative week, with ac-
tive movements permitted after four weeks.
Shoulder joint function was restored and
evaluated at 85 points on CMS three months
postoperatively.

The developed modular prosthesis was also
used in 4 cases with significant proximal hu-
merus defects following failed ORIF.

Clinical Case 2. Patient B., female, 50 years
old, was admitted to the department nine
months after a domestic trauma with a

\\L
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closed comminuted fracture of the proxi-
mal left humerus, type 11-C2.1, according
to the AO/OTA classification. The diagnosis
was avascular necrosis of the left humer-
al head following PHILOS ORIF, accompa-
nied by severe pain, complete absence of
abduction and flexion function of the left
upper extremity at the shoulder joint; CI
= 0.40. Nonunion was documented against
the background of decreased bone mineral
density, along with secondary displacement
of fragments and migration of the fixation
hardware (Fig. 4A, B).

Under general and regional anesthesia, the
patient underwent left shoulder surgery: re-
moval of hardware, arthrolysis, and total
cementless shoulder arthroplasty using the
developed modular reverse prosthesis (Fig.
4C). The patient was immobilized using a
Desault-type sling for four weeks. Passive
shoulder movements under physical thera-
pist supervision were initiated in the fourth
week postoperatively, with active movements
introduced after six weeks. Shoulder joint
function was restored and evaluated at 80
and 85 points on CMS at 6 and 12 months
postoperatively, respectively.

The statistical analysis of the results did not
reveal any statistically significant differences
(p < 0.05) within the study group either in
the dynamics of functional status changes or

Figure 3 Radiographs of patient C.: A—preoperative image showing chronic fracture-dislocation of the shoulder joint
with a defect of the glenoid articular surface; B, C—at 3 months following primary total reverse shoulder arthroplasty
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KOBOI aHecTe3i€el0 BUKOHaHa onepauis nisoro
naeda: snaaseHHa MeTasIOKOHCTPYKLUIl, apTpo-
ni3, ToTanbHe 6e3LUeMeHTHe eHAONpOoTe3yBaH-
Hs nnevoBoro cyrnoba cneuianbHoO po3pobne-
HUM MOAY/IbHUM PEBEPCUBHUM €HOOMPOTE30M
(puc. 4C). NMauieHTui npoBoaunn immobiniza-
Lito NoB’A3kot0 TMNY [1e30 NpPOTAroM YOTUPbLOX
TUXHIB. MNacmBHI pyxu y nnevyoBomy cyrnobi
nig kKoHTponem ddi3nyHoro TepaneBTa 6ynu
[03BOJIEHI Ha 4YeTBEepTOMY TWXHI nicna one-
pauii, akTUBHI — Yepes3 WiCTb TUXHIB. OYyHKLUIA
nneyosoro cyrnoba BigHoBWMacs i Yepes 6 Ta
12 Micauis nicng onepadii ouiHeHa BigNOBIAHO
Ha 80 Ta 85 6anis CMS.

MpoBeaeHU CTAaTUCTUYHWUI aHani3 pelynbTa-
TiB HE BUABMB Yy rpyni AOCNIAXEHHA CTaTUC-
TUYHO 3Hauywmx (p<0.05) BiaMiHHOCTEN aHi
y AVHaMiILi 3MiH (PYHKUIOHANbHOro CTaHy, aHi
y 6anax CMS HanpuKiHUi CNOCTEPEXEHHS 3a-
JNIeXXHO BiA BiKY, CTaTi, CTOPOHU YLUKOAXKEHHS,
Tuny nepenomy 3a knacudikauiero AO/OTA,
TPMBANOCTI Yacy Big TpaBMW A0 onepauii Ta
3HaYyeHHSA KipKOBOIro iHAEKCY MaLui€eHTIB.

Cepen nauieHTiB rpynu 3adikcoBaHi 4oTMpwU
yCknagHeHHs (28.6%) - Tpu BunNaakum mno-
BEepxHeBOi iH(eKUii Ta 04ANH BUBUX e€HAOMNpPO-
Te3a. loBepxHeBy iHdeEKUiO YyCYyHYnM i3 3a-
CTOCYBaHHSAM aHTubakTepianbHOI MicLeBOi Ta
cucTeMHoi Tepanii. Bci 4yeTBepo naui€HTIB 3
YCKNaAHEHHAMN Manu NO3UTUBHY AMHAMIKy Ta
yepes 6 i 12 Micauis ixHi cepegHi 6ann CMS

.
O
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)
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HEe Mann CTAaTUCTMYHO 3Haudywmx (p<0.05)
BiAMiHHOCTen Bia cepepgHix 6anis CMS iHWMX
nauieHTiB rpynu.

Y BCiX MauieHTiB rpynn AOCArHYTO BiAHOB-
neHHa dyHKUii nnevoBoro cyrnoba 3a Bia-
CYTHOCTi 0O3HaK HecTabiNibHOCTIi KOMMOHEH-
TiB eHponpoTe3sa. Bci nauieHTM npoTarom
12 MmicauiB Mann no3uTUBHI (PYHKUiOHaNbHI
pe3ynbTatn. He3apoBinbHi pesynbTatn abo
3MeHWweHHa 6anie CMS 3 4yacoMm y nauieHTiB
rpynu He 3adikcoBaHi.

CepegHin 6an CMS nauieHTiB rpynu yepes 12
MicAUiB nicna onepauii nokasas CTaTUCTUY-
HO 3Hauyuwe (p<0.05) 3pocTaHHA Bia TepMi-
Hy 3 Micsaui nicng onepauii (puc. 5) Ta cra-
HOBMB HaMpuKiHUi TepMiHy CRoCTepexXeHHs
(83.57£2,95).

Y npoBeneHoMy AocChigXeHHi 3adikcoBaHi no-
3UTUBHI (PYHKUIOHaNbHI pe3ysbTaTh 3acTocy-
BaHHSA opuriHanbHOro eHgonpoTtesa npu RTSA
y XipypriyHoMy niKyBaHHi Maui€HTIB CTapLimx
50 pokis 3 nepenomamn Tuny 11-B 1a 11-C 3a
knacudikauiero AO/OTA Ha TNi 3HUXKEHOT MiHe-
panbHOI LWiSIbHOCTI KiCTKOBOI TKAHWHWU Y TEPMi-
HW oo 12 micauis.

PucyHok 4. PeHTreHorpamu nauieHTkn b.: A — CKT-ckaH nie4yoBoro cyrnoba 3 Mirpauieto MeTasoKoOHCTPYKLUi;
B - cyrno6 3 nnactuHoto PHILOS go onepadii; C - yepe3 12 Micsaui nicis ToTanbHOro peBepCMBHOINO €HAOMNPOTE3YBaHHS
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Figure 4 Radiographs of patient B.: A—CT scan of the shoulder joint with hardware migration;
B—shoulder joint with PHILOS plate before surgery; C—at 12 months after total reverse shoulder arthroplasty

in CMS at the end of the observation period,
with respect to age, sex, side of injury, AO/
OTA fracture type, time from injury to surgery,
or cortical index values.

b

{]
[

Four complications (28.6%) were recorded
among patients in the group—three cases of
superficial infection and one case of prosthe-
sis dislocation. The superficial infections were
resolved through local and systemic antibac-
terial therapy. All four patients with complica- A B C
tions demonstrated positive recovery dynam-
ics, and at 6 and 12 months postoperatively,

th
th

Constant-Murley Score
=~
A

Figure 5 Dynamics of functional outcomes based on

their mean CMS scores showed no statistically mean CMS scores at 3 (A), 6 (B), and 12 (C) months
significant differences (p < 0.05) compared to postoperatively; the upper and lower borders of the box
the mean CMS scores of the other patients in represent the 25th and 75th percentiles; the horizontal

line within the box indicates the median; dark and
the group. light shading indicate the 50th and 75th percentiles

respectively; the ends of vertical lines represent the
All patients achieved restoration of shoul- minimum and maximum values; different letters indicate
der joint function without signs of prosthe- results that differ significantly (p < 0.05)

sis component instability. Positive function-
al outcomes were observed in all patients

throughout the 12-month follow-up period. Discussion

No cases of unsatisfactory results or deteri-

oration in CMS scores over time were docu- The present study demonstrated positive
mented. functional outcomes following the application

of an original prosthesis in reverse total shoul-
The mean CMS score of the study group at der arthroplasty (RTSA) for surgical treatment
12 months postoperatively demonstrated a of patients over the age of 50 with type 11-B
statistically significant increase (p < 0.05) and 11-C proximal humerus fractures, accord-

compared to the 3-month postoperative score ing to the AO/OTA classification, in the con-
(Fig. 5), reaching (83.57 £+ 2.95) at the end of text of reduced bone mineral density within a
the observation period. 12-month follow-up period.
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PucyHok 5. [lnHamika 3MiH pyHKLiOHaNbHMUX pe3yfbTaTiB

nauieHTiB 3a cepegHiMn 6anamm CMS uepes 3 (A), 6 (B)

Ta 12 (C) MicsuiB nicns onepaduii; BEPXHS i HUXHS MeXi
NPSIMOKYTHMKA — rpaHunui 25% i 75% KkBapTuniB; rOpnU3oH-
TasibHa NiHis BcepeauHi NPSAMOKYTHUKA — MediaHa; TEMHUI

Ta CBITNWUIA Konip no3HavatoTb BignosiaHo 50% i 75%

KBapTWUNiB; Kpal BEPTUKANbHUX JiHilA — MiHIManbHe Ta Mak-
CMMasnbHe 3HaYeHHs; pi3Hi NiTepy No3HavaoTb pesynbTa-
TW, SIKi MalOTb CTAaTUCTMYHO 3HauvyLi (p<0.05) BiAMiIHHOCTI

O6roBopeHHs Ta BUCHOBKM

JdemorpadiyHi XapaKTepuCTUKM AO0CNIAXKEHOi
rpynu 3 6inbLUOK0 YACTKO XIHOK 3arasoMm Bia-
noBifaloTb AAaHMM IHWMX aBTOPIB, AKi 3a3Hava-
H0Tb, Wo nepenomu MNBIK y XiHOK TpannaoTbca
y ABa-Tpu pa3u [1], a B ocib ctapwwux 50 pokis
— Y 4OTMpM pasn [2] vacTiwe, HiXX y YONOBIKiIB.

Tak caMo 8K i B iHWKX onybnikoBaHuUx Aocni-
IKEeHHSAX [2], y ubOMy AocnigXeHHi He 6ynu
BUSAB/MIEHI CTAaTUCTUYHO 3HauyLlli BiAMIHHOCTI Yy
dyHKLUiOHaNbHNX pe3ynbTaTax MNauieHTIB 3a-
JIEXKHO BiA, CTOPOHM YLUKOAXKEHHS, BiKY Ta cTaTi.

ABTOpM HaraTtbOX AOCNIAXEHb HAronowykTb,
wo RTSA Habyno nowwupeHHs Ans Xipyprid-
HOro JliKyBaHHSA NepesioMOBMBUXIB Ta nepeso-
MiB M/1e40BOl KICTKM 3i 3MiLLEeHHAM Y NauieHTIB
BikOM =65 pokiB, ockinbku RTSA 3abesne-
UYy€E paHHE noserweHHs 600 Ta NOBEPHEHHS
dyHKUiT nneva [9].

Y uboMy pocnigxeHHi RTSA 6yno 3actocoBa-
He Ans nauieHTiB ctapwmx 50 pokiB y Bunaa-
Kax TexXHIYHOI HEMOXJIMBOCTI IHLWWX MeTOoAiB
NepBMHHOIO eHAOoMNpoTe3yBaHHA 4Yepe3 HU3b-
KY MiHepasibHY LWifIbHICTb KIiCTKOBOI TKaHWHM,
oueBuaHi aedektu MBMK abo rneHoiganbHOI
CcyrnoboBoi NMOBepXHi, a TaKoX Yy BMNaakax
3acTapinmMx nepenomosmsuxis Tuny 11-B Ta
11-C 3a knacudikauieto AO/OTA. MNoeagHaHHS
y nauieHTiB rpynu RTSA 3 agUTUBHUMKN TEXHO-
norigamu 3D-ApyKy iHAMBIAYaIbHUX KOMMNOHEH-
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TiB eHAonpoTesiB i3 TpabekynsApHOro TUTaHy
[ano 3Mory noaonaTtu TeXHIUHI CKNagHoLWi, aKi
BUHMKAIOTb MpU 3a3HavyeHux nepegonepawin-
HUX CTaHaX Maui€EHTIB 3@ YMOB BUKOPUCTAHHSA
CTaHAAPTHUX KOMEpPLUINHUX PEBEPCUBHUX EH-
AonpoTesiB nievyoBoro cyrnoba.

OTpuMaHi y pocnigXeHHi No3uTUBHI dyHKLUIO-
HaNbHi pe3ynbTaTW Yy MNALIEHTIB NpU 3acTOCy-
BaHHi po3pobneHoro MoAyibHOro eHaonpoTesa
nicnsa Hespasnoi ORIF y3roaxyoTbca 3 AYMKOKO
OKpEMUX aBTOpPIB LWOAO MOXNMBOCTEW RTSA
AK onepauil NOPATYHKY Yy BUMNaAKaxX HeBAanmx
NepBUHHUX XipypriuyHnx kopekuin [9]. MNpoTte
aBTOPU [OCNiIAKEHb 3BepTaloTb yBary Ha He-
06xigHiCTb NoganbLIMX AOKasiB nepeBar Uboro
meToay [9].

HaykoBUi 3a3HayaloTb, Wo RTSA gae Moxum-
BiCTb 3HA4YHO MOKpawWMTN dYHKUIOHaNbHI pe-
3ynbTaTM 3a ouiHkoto CMS Ta 3abe3neuntu
BIAHOCHO KpaluWii BMNIMB Ha NOB'A3aHy 3i 340-
pPOB'AM SAKICTb XMUTTH, HX iHWI MeToAW niKy-
BaHHSA [12].

3adikcoBaHe y nauieHTiB rpynu yepes 12 Mmi-
cauiB nicna onepauii CTaTUCTUYHO 3Hauylle
(p<0.05) 36inbweHHsa cepegHboro 6any CMS
Ao (83.57+2,95) niaTBepAXye AOUINbHICTb
Ta YChilWHICTb 3acTocyBaHHSA obpaHoro ans
UMX nauieHTiB nigxoay A0 eHAonpoTe3yBaH-
HA. OTpuMaHi y gocnigxeHHi dyHKUiOHaNbHi
pe3ynbTaTy MnepeBulyOTb MNOPOroBi MokKas-
HUKW KNIHIYHO BaXXJ/IMBOro MNonirnweHHsa CTaHy
rnauieHTa, nNpo 4Ki, 30KkpeMa, NOBIAOMNAETLCS
y niTepaTypHuUX Oxepenax, Ta aki gna RTSA
BU3Ha4yeHi Ha piBHi 52 6aniB CMS uepes 12
MicauiB nicns onepauii [17].

YacTka yckiagHeHb y rpyni AOCNIA)KEeHHA Ha
piBHi 28.6% 3arasiom BignoBigae pesynbTaTtaM
iHWKX aBTopiB. SIK BUAHO 3 HayKOBWUX nyb6ni-
Kauin, y cepeaHbOMY XipypriyHe JikyBaHHS
nepenomis TBIK cynpoBoaxyetbca 42.6%
ycknagHeHb [1], npu uboMy RTSA nos’sa3aHe
3 MEHLMM pU3UKOM BTOPUHHOI onepauii [12].
Ona RTSA pi3Hi aBTopuM BKa3ylTb 3HAYEHHSA
Big 34% ycknagHeHb i 20% NoBTOPHUX onepa-
uih ana 17 nauieHTis [21], oo 12.1% ycknaa-
HeHb Ansa 13513 nauieHTiB [22] Ta 18.62%
ycknagHeHb i 10.3% noBTOpHMX onepauin ans
384158 nauienTiB [23]. HanuacTiwnm ycknaa-
HeHHAM RTSA daxiBui BBaXaloTb BUBUX 3 Yac-
TOoTOO 2,5% [22]. AN MNOpPIBHAHHSA Yy LbOMY
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The demographic characteristics of the study
group, with a predominance of female patients,
are consistent with the findings of other authors,
who report that proximal humerus fractures oc-
cur two to three times more frequently in wom-
en [1] and up to four times more frequently in
individuals over 50 [2] compared to men.

In line with other published studies [2], no
statistically significant differences in function-
al outcomes were identified based on the side
of injury, age, or sex.

The literature emphasizes that RTSA has be-
come increasingly used for the surgical man-
agement of fracture-dislocations and displaced
humerus fractures in patients aged =65, as it
provides early pain relief and restores shoul-
der function [9].

In the present study, RTSA was applied to pa-
tients over 50 years of age in cases where other
primary arthroplasty options were technically
unfeasible due to low bone mineral density,
severe proximal humerus or glenoid defects,
or chronic fracture dislocations classified as
AO/QOTA type 11-B and 11-C. Combining RTSA
with additively manufactured, patient-specific
prosthetic components made of trabecular ti-
tanium allowed the surgical team to overcome
technical challenges typically encountered in
these preoperative scenarios, which cannot be
addressed adequately with standard commer-
cial reverse shoulder prostheses.

The favorable functional outcomes observed
following the use of the modular prosthesis in
patients with failed ORIF align with existing lit-
erature that supports RTSA as a salvage pro-
cedure in cases of unsuccessful initial surgical
correction [9]. However, the need for further
evidence regarding the advantages of this ap-
proach remains widely acknowledged [9].

The literature reports that RTSA can signifi-
cantly improve functional outcomes, as mea-
sured by the Constant-Murley Score, and
can have a comparatively greater impact on
health-related quality of life than alternative
treatment methods [12].

The statistically significant increase in the
mean CMS to (83.57 £ 2.95) at 12 months
postoperatively supports the appropriateness
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and success of the chosen arthroplasty strat-
egy for this patient cohort. These results ex-
ceed the threshold for minimal clinically signif-
icant difference reported in the literature for
RTSA, which is defined at 52 CMS points at 12
months postoperatively [17].

The complication rate in the study group (28.6%)
is generally in line with published data. Litera-
ture sources report that surgical management
of proximal humerus fractures is associated with
a mean complication rate of 42.6% [1], while
RTSA is associated with a lower risk of revision
surgery [12]. Reported complication rates for
RTSA vary widely, from 34% complications and
20% reoperations in a cohort of 17 patients [21]
to 12.1% in a cohort of 13,513 patients [22] and
18.62% complications and 10.3% reoperations
among 384,158 patients [23]. Dislocation is the
most commonly reported complication of RTSA,
with a frequency of 2.5% [22]. In comparison,
the current study recorded one case of prosthe-
sis dislocation, representing 7.1%.

The present study’s limitations include the
small sample size and heterogeneity of the co-
hort in several parameters, such as time from
injury to surgery and cortical index, which
limited the ability to identify preoperative risk
factors or other variables influencing postop-
erative functional outcomes.

Further long-term follow-up is necessary to as-
sess outcomes at more extended time points.

In summary, the statistically significant (p <
0.05) improvement in functional outcomes ob-
served at 12 months postoperatively confirms
the feasibility and effectiveness of reverse
shoulder arthroplasty in type 11-B and 11-C
fractures with decreased bone mineral density
(CI < 0.4) in patients over 50 years of age.

The implementation of an original modular re-
verse total shoulder prosthesis made of porous
titanium and fabricated using additive 3D-print-
ing technologies in clinical cases with severe
proximal humerus defects, where other arthro-
plasty methods were technically unfeasible,
demonstrated favorable short-term outcomes.

The complication rate of 28.6% in the study
group remained within the average values re-
ported in comparable studies by other authors.
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AocnigkXeHHi 3adikcoBaHO OAMH BUMaAoOK BU-
BUXY eHAonpoTesa, Wwo ctaHoBuTb 7.1%.

O6MexXeHHSIMU LbOoro AOCNIAXKEHHS € HeBenunka
KiJIbKICTb MaLUieHTIB y rpyni, @ TakKoX reteporeH-
HICTb Fpynn 3a HM3KOK MOKAa3HWKIB, 30KpeMa 3a
YacoM Big TpaBMKM A0 onepauil Ta KipKOBUM iH-
[EKCOoM, Lo He Aano 3MOorv BUABUTU cepej iHAN-
BigyanbHMX nepeaonepauinHnuxX NoKasHWKIB dak-
TOPWU PU3UKY Ta iHLLI YUHHUKM, AKi BNIMBAKOTb Ha
nicnsonepauinHi dyHKUiOHanNbHi pe3ynbTaTu.

MoTpibHi TakoX noAasnbllui CNOCTEPEXEeHHS 3a
nauieHTamMM rpynu 3 peecTpauielo @yHKLUio-
HanbHUX pe3ynbTaTiB y 6inblw BigaaneHi Tep-
MiHW nicng onepadil.

OTxe, cTtaTucTtuyHo 3Haudywe (p<0.05) no-
NiNwWeHHa @yHKUioOHaNbHUX pe3ynbTaTiB naui-
€EHTIB AOCNIAXYBaHOI rpynu vepes 12 micauis
nicng onepauii nNigTBEpAUNO AOUISIbHICTL 3a-

Original research: Clinical sciences

CTOCYBaHHA peBEpPCUMBHOro eHAOoNpoTe3yBaH-
HA y BUNagkax nepenomis Tuny 11-B ta 11-C
3a knacudikauiero AO/OTA npu HepocTaTHIlM
MiHepanbHil WiNbHOCTI KiCTKOBOI TKaHuHK (KI
< 0.4) y nauieHTiB cTapwux 50 pokis.

BrnipoBag)XeHHA OpUriHanbHOro TOTasIbHOIMO
peBEpPCUBHOIMO MOAY/IbHOIO eHAoNpoTe3a nne-
4yoBOro cyrsioba 3 MOpUCTOro TUTaHy, BWUIO-
TOBJ/IEHOr0 3a AOMNOMOro aanTuBHMX 3D-Tex-
HOMOTIN, Yy KJ/IHIYHMX BMNagKax O4YeBUAHUX
AedekrTis MBIMK 3a BiaCYyTHOCTI TEXHIYHOT MOX-
NINBOCTI 3aCTOCYyBaHHSA iHWKMX MeToAiB npoTe-
3yBaHHSA rMokasano NO3UTUBHI KOPOTKOCTPOKO-
Bi pe3ynbTaTu.

YacTka ycknagHeHb Yy nMauieHTiB rpynu Ha
piBHI 28.6% He BMXOAUTb 3a MeXi cepefHix
3Ha4yeHb, 3adiKCoBaHMX B aHaNOrivyHMUX A0Cni-
JXKEeHHAX IHWMX aBToOpiB.
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