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A complete and informative diagnosis of the general health of mili-
tary personnel before surgical intervention is of great importance
for its successful implementation. A simple and affordable diagnos-
tic method of radiological diagnostics is the method of remote in-
frared thermography. Conducting a comprehensive thermographic
examination of military personnel before surgical intervention al-
lows for the treatment of those pathological conditions that were de-
tected during the thermographic examination. Objective. To show
the possibility and evaluate the diagnostic informativeness remote
infrared thermography in the system of comprehensive diagnostic
monitoring of the health of military personnel before surgical inter-
vention; to obtain thermographic visualizations of detected patho-
logical changes associated with participation in combat operations.
Methods. The work used a domestic thermograph with a temperature
sensitivity of 0.07 °C and a ThermaCAM thermograph E 300 FLIR
SYSTEM. Observation and control of thermal fields were carried out
in the ranges of 3+5 um and 8+14 um. The examination was car-
ried out during inpatient and outpatient treatment. Results. Received
thermographic visualizations detected pathologies: disorders func-
tions breathing; thermal asymmetries zones projections lung because
of COVID-19; complications after firearm injury — pneumothorax;
zones hyperthermia temporal bones due to contusion; vascular pat-
tern disorders in the thyroid gland; functional and chronic disorders
organs gastrointestinal and urological pathologies; degenerative-
dystrophic musculoskeletal changes The oscillographic distribu-
tions of temperature patterns of the detected pathological conditions,
which characterize the severity of traumatic and degenerative-dys-
trophic changes, were studied. Conclusions. In the presented work for
the first time obtained and the results of a comprehensive thermograph-
ic health check-up military personnel after a long stay in the combat
zone and before operational Remote infrared thermography, as one
of the methods of radiological diagnostics, allows for a comprehen-
sive examination of a significant number of military personnel in
a short period of time and to identify pathological changes that require
additional examination by narrowly specialized specialists.

Iosnoyinna i ingpopmamusna 0iacHOCMUKA 3a2ANIbHO20 CIAHY
300p08’51 BILICbKOGOCTYHCOOBYIE Neped XIPYypeiuHUM 6mpyuaH-
HAM MAE GeluKe 3HAYeHHs 0N 1020 YCHIWHO20 NPOBEOEHHS.
IIpocmum i oocmynnum OiazHOCMUUHUM MEMOOOM NPOMeHesol
diaznocmuku € cnocio oucmanyiunoi ingpauepsonoi mepmozpa-
¢@ii. Mema. Ioxazamu modxcaugicmo ma oyiHumu OiaeHOCMU4HY
iHghopmamusHicms oucmanyitinoi ingpauepsonoi mepmozpadii
6 cucmemi KOMNIEKCHO20 OiA2HOCMUYHO20 KOHMPONIO 3d CMa-
HOM 300D08’s BIlICbKOBOCIYHCO08YI6 Neped onepamueHumM 6mpy-
YAHHAM, ompumamu mepmocpagiuni 6izyanizayii GusEIeHUxX
NAmMoONO2IYHUX 3MIH, NOGSA3AHUX 3 Y4acmio 6 OOU0GUX OISX.
Memoou. 3acmocosano eimuuzHsHull mepmoepagd i3 memnepa-
myproto yymausicmio 0,07 °C i mepmoepag ThermaCAM E300
FLIR SYSTEM. Cnocmepedicents ma KOHmMpOIb Meniogux noiie
30itichiosanucy y oianasonax 35 ma 8+14 mxm. Obcmedicenns
npo8ooOUNOCy Ni0 yac cmMayionaprozo i amoéyiamopHozo niKy-
eanns. Pezynomamu. Ompumani mepmoepaiuni gizyanizayii
BUAGNCHUX NAMONO02II: NOPYULEeHHS PYHKYII OUXAHHA MepMo-
acumempii 301U npoekyii necend nicaa nepenecenozo COVID-19;
VCKNAOHEeHHA NiClA 802HeNAaIbHO20 NOPAHEeHHS — NHeGMOMmOo-
Dpaxc; 30HU 2inepmepMmii CKPOHeBUX KICHOK YHACAIOOK KOHMY3Iii;
NOpYuLeHHs CYOUHHO20 PUCYHKY 8 WumonooioHill 3a103i; (yHK-
YIOHANbHI MA XPOHIUHI PO31a0U OP2AHI8 WLYHKOBO-KUUUKOBO2O
mpaxmy U yponoeiuHi namonoeii; 0eceHepamueHo-oucmpopiuni
3MiHU onopro-pyxoeoeo anapama. Bucnoexu. Hasedeno enep-
we ompumani pe3ynomamu KOMNIEKCHO20 MepmMocpapivnoo
obcmedicents Cmamny 300P08’sL GIlICbKOBOCIYHCOOBYLE NICI MPU-
6an020 nepebysanns 6 30ni 6oLi06UX Oill Ma nepeo ONepamusHUM
empyuanuam. Jucmanyivna ingpavepsona mepmozpadis, Ak
00UH i3 Memooi6 NPomMeHesoi OiaeHOCMUKY, 00368019€ KOMNIEKC-
HO 0bcmedicumu 3Hauy KilbKiCmb GiliCbKOGUX 3G KOPOMKUIL ne-
piod uyacy ma euasumu namonociyHi 3MiHU, AKi nompebyoms
000amK08020 06CMeENCEeHHS 8Y3bKONPODIIbHUMU CReYIaniCIAMU.
Kanrouosi cnosa. Ingpauepsona mepmoepadhis, epadienm, mem-
nepamypa, iticbKo80CayHCO08YTL, OCYUI02PAGIUHUL MEePMO3PI3.

Keywords. Infrared thermography, gradient, temperature, military personnel, oscillographic thermal image

© Kostrub O. O., Shukalo O. I., Dunaievskyi V. I. et al., 2025



6 ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 1

Introduction

Non-invasive research methods in clinical di-
agnostic medicine with the maximum informative
content of examination results allows detecting dis-
eases at an early stage, which is the key to successful
treatment.

Such non-invasive diagnostic methods of mod-
ern radiology include computer thermal diagnostics,
which is based on highly sensitive spectral fixation
of infrared radiation of the affected anatomical struc-
ture with the possibility of further digital process-
ing of the obtained information on thermal radiation
of organs and tissues of the human body [1, 2].

To verify the diagnosis in the shortest possible
time or determine the need for its verification using
other clinical methods, as well as monitor the course
of the disease over a long period of time and evaluate
the effectiveness of the treatment process.

Modern thermal imaging systems use multi-ele-
ment matrix photodetectors in the so-called «instan-
taneous look» mode. The formation of a thermal
image is created by projecting the study area using
a lens onto the matrix photodetector, electronically
reading information from the photodetector matrix
element by element, and presenting the thermograms
on the PC display screen.

The thermograph provides the ability to perform
measurements in any part of the skin surface (SS)
of a biological object (BO) in the ranges of 3+5 um
and 8+14 pm. The ability to visualize the studied BO
with qualitatively new characteristics (temperature
sensitivity, image contrast) allows significantly ex-
panding the scope of application of remote infrared
thermography (RIT) in medical practice. Intensive
work is underway to improve the software and hard-
ware [3, 4].

The RIT method does not compete with other di-
agnostic methods. It occupies its own special niche
as a diagnostic and preventive method, which is as-
sociated with analytical and radiological diagnostics.
RIT contributes to reducing the duration of primary
diagnostics, predicting treatment tactics and timely
establishing the necessary nature and volume of med-
ical care.

It should be noted that temperature is a universal
reflection of the vital activity of the body. A change
in temperature distribution is a potential signal
of the development of a pathological process, which
can manifest itself in one of three thermographic
signs: the existence of anomalous zones of hypo- or
hyperthermia, a violation of the normal thermotopo-
graphic pattern, as well as a change in the tempera-

ture gradient in the area under study. Inflammatory
processes cause a change in the gradient between
the affected area and surrounding tissues: in chronic
inflammatory processes 0.7 °C, in acute 1.0-1.5 °C,
in purulent-destructive 1.5-2.0 °C. Analysis of ther-
mograms includes their qualitative and quantitative
assessment. Qualitative assessment is the visualiza-
tion of the thermal picture on the surface of the BO
(distribution of «hot» and «cold» areas). The quanti-
tative assessment includes the so-called temperature
gradient — the difference between the temperature
of the studied area and the neighboring area, which
makes it possible to take into account the localization
of the exposed area, the degree of its vascularization
and the severity of the pathological process. In addi-
tion to changes in the temperature gradient, thermo-
grams during inflammatory processes register zones
of thermal asymmetry, which in shape, size and lo-
cation correspond to the most pathological changes.

The presence of pathological changes in internal
organs leads to temperature anomalies and is pro-
jected onto the skin due to tissue thermal conduc-
tivity, capillary convection, and convection through
large vessels. In addition, local changes in tissue tem-
perature often appear before structural changes that
can be detected by other instrumental methods.

Thus, thermography makes it possible to identify
the relationship between the severity of clinical man-
ifestations of a potential disease and the temperature
of the respiratory tract.

In conditions of military operations, it is impos-
sible to ensure the conduct of high-quality diagnostic
measures to determine the health status of military
personnel, especially those who have been wounded
and injured. RIT is a mobile diagnostic complex that
allows you to obtain information about damaged ar-
eas and the scope of surgical intervention.

To diagnose the health of military personnel, com-
plex laboratory and instrumental diagnostic methods
are used, such as: radiography (RF); computed to-
mography (CT); ultrasound diagnostics (USD); mag-
netic resonance imaging (MRI) and others.

Each of the above diagnostic methods has its own
advantages and disadvantages. Significant radiation
exposure to the subject, which requires a certain pe-
riod of time before the next examination, significant
cost and insufficient informativeness, especially in
the early stages of the development of the patholog-
ical process, necessitated the use of the RIT method.

The current level of development of thermal im-
aging technology allows for the reliable diagnosis
of a wide range of diseases, which is reflected in
the works of domestic and foreign clinicians [2, 5—11].
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The undeniable advantages of this method in med-
icine are: remote and non-invasive nature of the study,
the possibility of repeated use both during compre-
hensive diagnostic examinations and during treat-
ment for the purpose of monitoring and correcting
therapeutic measures.

Objective: to perform a comprehensive exami-
nation of the health of military personnel using
the method of remote infrared thermography be-
fore surgical intervention; to obtain thermograms
of pathological changes associated with participation
in combat operations; to analyze oscillographic tem-
perature patterns of the thermal field.

Material and methods

The work used a domestic thermograph with
a temperature sensitivity of 0.07 °C developed by
the V. Ye. Lashkaryov Institute of Semiconductor
Physics of the NAS of Ukraine with a cooled ma-
trix photodetector and a basic test program for
the TherrmoVisio thermal imaging system, as well
as the ThermaCAM E300 FLIR SYSTEM thermo-
graph. Observation and control of thermal fields was
carried out in the ranges of 3+5 pm and 8+14 pum.
The implementation of program codes was carried
out in the Delphi programming language in the Bor-
land Delphi 7 development environment.

When formatting the results of thermographic
studies (personal thermographic patient card),
the program uses the properties of a Microsoft Word
document to create a template and inserts them into
the appropriate field of the text editor, and also adds
a set of special commands necessary for working
with infrared (IR) images (the ability to insert a text
comment, a patient photo card, his IR image, the re-
quired thermal profile, a results table, etc.) and var-
ious research tools. The diagnostic information ob-
tained in this way can be stored as an electronic card
in the Basic IR Photo template for further operational
analysis, observation and prediction of the dynamics
of the functional state.

The examination was conducted during inpatient
and outpatient treatment. The age of the patients
ranged from 25 to 58 years, the weight of the pa-
tients ranged from 55 kg to 80 kg depending on age,
the number of examined persons was 66. No special
division of patients into groups was carried out.

Before the thermographic examination, the pa-
tients did not undergo thermal procedures, they did
not take medications that affect blood circulation and
metabolic processes, and they were also subject to
adaptation to the temperature conditions of the ther-
mography room.

The study was conducted in accordance with
the principles of bioethics set forth in the Declara-
tion of Helsinki «Ethical Principles for Medical Re-
search Involving Human Subjects» and the «Uni-
versal Declaration on Bioethics and Human Rights»
(UNESCO).

Thermogram processing and further actions to
format the results of thermographic studies were per-
formed using the TherrmoVisio program, which was
improved by the authors and allows obtaining ther-
mographic images with removed background noise
and imperfect pixels, and simplifying the obtaining
of oscillographic thermal sections in the real temper-
ature value [12, 13].

Results

The paper presents the results of a comprehensive
thermographic examination of military personnel be-
fore surgical intervention on knee joints, which they
received in the combat zone.

Being in difficult field conditions and not being
able to contact medical specialists in a timely manner
regarding diseases, military personnel experience ex-
acerbation of both chronic and acquired pathologies.
The combination of gunshot wounds with other types
of diseases such as: traumatic injuries of the muscu-
loskeletal system, inflammatory processes of the ENT
organs and respiratory organs, frostbite and hypo-
thermia in winter require multidisciplinary diagnostic
methods. The RIT method allows you to effectively
get an idea of the prevalence and nature of diseases
with the possibility of photofixation and ensuring dy-
namic monitoring of pathological processes.

The inflammatory process in the maxillary and
frontal cavities, which leads to impaired respiratory
function, is the most common pathological condition.
One of the causes of this pathology is a congenital or
acquired deviation of the nasal septum.

Fig. 1, a shows thermographic visualization —
impaired respiratory function on the left (the air
flow inhaled through the right nasal cavity is iso-
lated, through the left — absent). The pathological
condition revealed is a deviation of the nasal sep-
tum and an inflammatory process in the maxillary
sinuses. The temperature gradient on the left is:
AT °C = +1.42 °C, on the right — +0.83 °C.

The thyroid gland (TH) has significant vascu-
larization and is located directly under the thy-
roid gland, making it an easily accessible organ for
thermographic examination [11]. Thermographic
visualization of pathological changes and oscillo-
graphic temperature distribution in the projection
zone of the thyroid gland on the right are shown in
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Fig. 1, b, c. The hyperthermic area is characterized by
a temperature gradient of +1.48 °C, which is a diag-
nostic signal for a detailed examination of the thyroid
gland.

A thermographic examination of a serviceman
was performed during the rehabilitation period af-
ter a gunshot wound to the left lung and a compli-
cation — left-sided pneumothorax (shown by ar-
row 1, Fig. 1, d). The temperature gradient between
the selected and adjacent areas (arrows 1 and 2, re-
spectively) is: AT°1-2 = +1.52 °C, which indicates
the presence of pathological changes in the lungs.

Thermography, as part of the differential diag-
nosis of diseases of the bronchopulmonary system,
allows you to identify areas of local hyperthermia
and thermal asymmetry of the posterior projection
of the lungs [14, 15].

It should be noted that thermographic imaging
of lung thermal fields in patients after COVID-19
differs from thermographic imaging of the lungs af-
ter bacterial or viral pneumonia not associated with
COVID-19.

Fig. 1, e, f shows a thermogram of the posterior
projection of the lungs (history of COVID-19) and
an oscillographic thermal section relative to the line.
The temperature gradient in the projection zone
of the left lung is +1.74 °C; in the right lung zone —
+1.87 °C.

One of the characteristic signs of COVID-as-
sociated pneumonia is the symptom of “ground
glass” — areas of reduced transparency of the lung
parenchyma, which have a low density, against
the background of “ground glass” vessels and bron-
chi are differentiated, which are distinguished by
a denser structure [15, 16]. Parenchymal consolida-
tion (consolidation) is an area of often irregular shape,
which exceeds the density of the “ground glass” zone,
due to which vessels and bronchi are not visualized.
Consolidation is also due to the accumulation of ex-
udate in the alveolar spaces, which is characteristic
of bacterial pneumonia, which affects the nature
of infrared radiation from lung tissue.

A dangerous health condition is contusion [17],
which is thermographically visualized as hyper-
thermia of the temporal part (Fig. 2, a, ¢). The tem-
perature gradient in the hyperthermia zone on the
left (arrow 1) has a maximum value of +3.03 °C and
+2.96 °C (arrow 3 — intact zone). The serviceman
received a bullet wound in the area shown by ar-
row 2 in Fig. 2, a. The temperature distribution os-
cillogram (b) is made relative to the line ((a), bullet
wound zone), on which the appearance of separate
zones with temperature maxima is observed (zones 1,

2 are highlighted in Fig. 2, b). After the temperature
drop, we observe a sharply pronounced zone (3) with
a maximum temperature corresponding to the area
of the bullet wound; the thermogram of the temporal
part on the right with the oscillographic temperature
distribution (c, d — respectively) is also shown.

Gastrointestinal disorders (GI) appear as vari-
ous combinations of chronic or recurrent symptoms,
which often indicate the result of the interaction
of psychosocial factors and changes in the physiol-
ogy of the stomach, gallbladder, intestine in field con-
ditions. The appearance of pathological changes in
the organs of the digestive system leads to changes in
the temperature indicators of the abdominal cavity.

Fig. 3, a shows the projection zone of the pancreas,
performed by the ThermaCAM E300 FLIR SYSTEM
thermograph. Temperature fluctuations in the vi-
sualization zone of the pancreas (along the line in
Fig. 3, a) are in the range from 32.7 °C to 34.2 °C.

The use of the RIT method for detecting urolog-
ical pathology complements the comprehensive di-
agnostic base. As an example, Fig. 3, b shows ther-
mographic visualization of hypothermia areas in the
kidney projection zone. This nature of thermographic
visualization indicates the presence of urolithiasis,
which is confirmed in the anamnesis. The tempera-
ture gradient of the left kidney projection zone is: —
1.3 °C, on the right: — 1.8°C.

Significant physical exertion leads to exacerba-
tion of degenerative-dystrophic changes, discogenic
pathologies of the spine in military personnel. RIT
provides an opportunity to promptly and objectively
assess the severity of the identified pathologies. Thus,
in Fig. 4, a, a hyperthermia area in the lumbosacral
region is presented (arrow 1, a; arrow 2 — intact zone)
and oscillographic distribution (b) relative to the line;
the temperature gradient is: AT 2—1 =+1.87 °C, which
indicates an exacerbation of the identified pathology
and significant pain syndrome.

The presented thermogram (Fig. 4, ¢) and oscillo-
graphic temperature distribution (Fig. 4, d) visualize
Thermotopography of the lower limb with tempera-
ture changes characteristic of a vascular disorder —
varicose veins (VV). VV of the left lower limb is
represented by uneven saccular dilation of the veins,
accompanied by valve insufficiency and impaired
blood flow.

The presence of VVD imposes restrictions on
the ability to perform heavy physical exertion. Ac-
cording to the authors, circulatory disorders serve as
a prerequisite for the occurrence of functional and de-
generative changes in the knee joints, which was also
reflected in the works of other researchers [18-21].
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Fig. 1. Impaired respiratory
function on the left (a);
hyperthermia of the right
lobe of the thyroid gland (b)
and temperature distribution

oscillogram relative to

the line (c); hyperthermia
of the posterior projection
of the lungs, pneumothorax
(d); hyperthermia of the
posterior projection of the
lungs after COVID-19
(¢) and  temperature
distribution oscillogram (f)
relative to the line

Fig. 2. Hyperthermia of the temporal regions (a, c¢) due to
concussion, (arrow 2 — site of bullet wound); oscillographic
distribution of temperature (b, d) relative to the lines

Fig. 3. Hyperthermia of the projection zone of the pancreas (a);
hypothermia of the projection zone of the kidneys (b)

Orthopedic pathology of the knee joints oc-
cupies a leading position in terms of frequency
of occurrence among degenerative-dystrophic dis-
eases of the musculoskeletal system in military
personnel. An important aspect of the problem
is the timely diagnosis of the disease using simple
and affordable methods of radiological diagnostics.

Fig. 4. Hyperthermia of the lumbosacral region (a) and
oscillographic distribution (b) relative to the line; HRV
of the lower extremities (c) and oscillographic distribution (d)
relative to the line; hyperthermia of the left knee joint after
anterior cruciate ligament reconstruction, partial resection
of the medial meniscus: anterior (¢) and posterior (g) projections;
oscillographic distribution (f, h) relative to the lines
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Thermographic visualization of knee joints with var-
ious manifestations of lesions allows you to reliably
and informatively enrich the comprehensive diag-
nostics of the musculoskeletal system, provide an as-
sessment of the effectiveness of treatment and safely
monitor it [12, 22-24].

Fig. 4, e, shows thermographic visualization
of the left knee joint after surgical treatment — an-
terior cruciate ligament reconstruction, partial re-
section of the medial meniscus. The condition after
surgery and the presence of implants leads to changes
in temperature patterns, presented in oscillographic
temperature distributions (Fig. 4, e, g).

Discussion

In connection with military operations, interest
in the use of RIT, which is aimed at identifying and
timely treating diseases in military personnel, has
significantly increased.

The authors of the work [25-26] investigated
the diagnostic capabilities of spectral infrared ther-
mography in the treatment of gunshot wounds of soft
tissues. The issue of the use of RIT in obliterat-
ing diseases of the lower extremities is the subject
of the work of the author [18]. The use of the thermal
imaging control technique for monitoring the dynam-
ics of thermal fields on the SS in the case of short-
term cryosurgical treatment of soft tissue pathology
with quasi-point the authors’ work [27] is devoted to
the cryoapplicator. The feasibility of using thermal
imaging studies in medicine to obtain thermal radia-
tion from the CB's SS is described in [3]. Visualized
thermal radiation makes it possible to assess the state
of both peripheral blood circulation and obtain infor-
mation about deep processes in the body:.

The authors of [28] used the thermographic
method to assess the condition of military personnel
before and after surgical intervention due to gunshot
wounds, which allows for timely detection of compli-
cations and taking prompt medical measures to pre-
vent postoperative complications.

In the presented work, the results of a comprehen-
sive thermographic examination of the health status
of military personnel before surgical intervention
are obtained for the first time. Oscillographic distri-
butions of temperature patterns of detected patho-
logical conditions are presented separately, which
characterize the severity of traumatic and degener-
ative-dystrophic changes. Thermographic visualiza-
tions of detected pathologies were obtained: respi-
ratory function disorders; hyperthermia of the lung
projection zone after COVID-19 and complications
due to gunshot wound — pneumothorax; hyper-

thermia of the temporal parts after contusion; patho-
logical processes in the thyroid gland; functional and
chronic disorders of the gastrointestinal tract and uro-
logical pathologies; degenerative-dystrophic changes
in the musculoskeletal system. A comprehensive un-
derstanding of the health status of military personnel
will be the key to successful surgical intervention and
will contribute to a speedy recovery.

Conclusions

Preservation of the health of military personnel
is a top priority for ensuring the combat readiness
of military units. The use of existing radiation diag-
nostic methods in field conditions and in conditions
of front-line deployment of military personnel is
a problematic issue due to the use of complex equip-
ment and limited capabilities for conducting diagnos-
tic actions.

First performed comprehensive thermographic
examination of military personnel before surgical
intervention: obtained thermographic visualizations
and oscillographic temperature distributions of such
pathological conditions as contusion, bullet wound,
residual phenomena in the bronchopulmonary system
due to COVID-19, exacerbation of chronic diseases
of the pancreas and urinary system, traumatic inju-
ries of the musculoskeletal system, etc.

Remote infrared thermography, as one of the meth-
ods of radiation diagnostics, in the system of com-
prehensive diagnostic measures additionally provides
doctors of almost all specialties with important infor-
mation about the presence and severity of detected
pathologies before surgical intervention.

Given the ease of use, mobility, significant infor-
mativeness and efficiency, it is advisable to introduce
the method of remote infrared thermography into
the system of comprehensive diagnostic measures at
various stages of providing medical care to military

personnel.
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Ankle arthrodesis after combat related injuries
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Combat related injuries of the ankle joint (4J) are often accom-
panied by severe changes in the musculoskeletal system, which
require arthrodesis of the damaged joints in the final stage
of treatment. Objective. To analyze the results of AJ arthrodesis
in patients after combat related injuries, to highlight aspects
of the use of different fixation methods. Methods. AJ arthrodesis
was performed in 21 patients with the consequences of severe
combat related injuries of the posterior part of the foot. An in-
tramedullary locked rod (18 patients), screws (2 patients) and
an llizarov-type external fixation device (EFD) were used for
fixation in one patient. The results were assessed no earlier than
6 months after the start of loading using the AOFAS (posterior
part), SMFA (short musculoskeletal functional assessment) and
EQ-5D-5L (mobility, self-care, usual activity, pain, anxiety,
VAS) scales and questionnaires. Results: In the specified terms,
the results were traced in 21 patients. A differential approach
was used in choosing the method of fixation of the AJ. A signifi-
cant increase in function was obtained according to the AOFAS,
SMFA and EQ-5D-5L scales (p < 0.001). Conclusions. AJ ar-
throdesis in patients with the consequences of severe combat
related injuries allows to restore the resistance of the limb and is
the final stage of treatment of these patients.

botlosi nopanenns HuxiCHbOI KiHYIGKU, 6 MOMY YUCII OLISAHKU
Haon’amroso-eominkosoco cyenoba (HI'C), € nativacmiviumu
Ha noxi 0010 U 3a36uUlali CYNpo8OONCYIOMbCA MANCKUMU 3MIHA-
Mu onopno-pyxogoi cucmemu. Opmoneouuni pekoHcmpyKmue-
Hi 8MPYYAHHA € QIHATLHUM emanom NiKY8aHHs YpadceHb yiei
OINAHKU [ HANPABAEH] HA BUKOHAHHI ApmMpooesy yepe3 MaXiCKI
BHYmMpIHb0CY2n10006i yuikooxcenus HI'C, wo cynposodocyromo-
Csl NICAAMPABMAMUYHUM OCMEoapmpO30M i3 eupadicenum 060-
avosum cunopomom. Mema. IIpoananizyeamu peszyiomamu
apmpooesy HI'C y xeopux nicisi gocnenaibHux nopamens, Gu-
CceImaUmu acnekmuy 3acmocy8anHs pPizHuUxX cnocooie gikcayii.
Memoou. Ilposedenuii apmpodez HI'C y 21 nayienma 3 nac-
JOKAMU MANCKUX BOCHENANbHUX NOPAHEHb 3A0HbLO2O BIOOLILY
cmonu. Bik nocmpascoanux cmanosus (38,1 + 10,9) poky, oxci-
HOK 6yn0 2, wonogixie — 19. 3acmocysanu onsa ¢ikcayii inmpa-
MmeoynapHuil brokosanuti cmpusicens (18 oci6), eeunmu (2) ma
6 00H020 — anapam 306HiwnboI Qikcayii (A3®) muny Inizaposa.
Memoouxa apmpooesy HI'C nepedbauana ukoHauHs 080X 00C-
Mynig: 1ameparbHO20 ma MedianrbHo20, OCMAHHIN 30IUCHI08A-
U 3a HeobXiOHocmi. Pezynomamu oyinroganu ne paniue 6 mic.
nicia nouamky HAGAHMAICEHHA 34 WKALAMU Md ONUMYEAlb-
nuxamu AOFAS (3ao0muiti 6iooin), SMFA (short musculoskeletal
functional assessment) ma EQ-5D-5L (mobinonicme, camooo-
CY208YBAHHS, 36UYAUHA AKMUGHICMb, 0inb, mpusoea, VAS).
Pesynomamu. Y 3a3naueni mepminu pe3yromamu oyiniogaiu
v 21 nayienma. 3acmocogysaiu ougepenyiiinuii nioxio y eubopi
memooa ¢ixcayii HI'C. HezaoosineHuil pe3ynvmam ompuma-
HO 6 1 eunaodky, 6ionosiono 0o AOFAS, ane 32i0H0 3 wkaramu
SMFA ma axocmi scummsa EQ-5D-5L giomiueno cymmese no-
Kpawjenus NOKA3HUKI6 camoodCiy208y8anusa nayienma uepes
6 mic. 3aghixcosano docmogipnuii npupicm @yuxkyii 3a wikaramu
AOFAS, SMFA ma EQ-5D-5L (p < 0,001). Bucnosxu. Apmpooe3
HI'C'y oci6 i3 nacniokamu msdicKux nOpaHeHb 0036075€ BIOHO8-
J106amu 0NOPO30AMHICIb KIHYIGKU Ma € (DIHATbHUM emanom
JiKyeanns yux nayicumis. Kniouogi cnosa. Boenenanvhe nopa-
HEeHHsl, HAON SIMKOBO-2OMIIKOGULl CY2N00, apmpooes3, onopos-
oammuicmo KinyieKu.
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Introduction

Today’s combat injury is a severe injury due to
the high kinetic energy of projectiles and the use
of a wide range of means of destruction. All gunshot
wounds can be divided into bullet and mine-explosive
(mine-explosive trauma, MET) with high, medium
and low energy of impact on the human body, which
depends on many factors. In MET, damage occurs
both because of direct contact with an explosive de-
vice and as a result of injury by elements (fragments,
shrapnel, etc.). Severe injury can also occur without
direct contact with the projectile (device), i. e. as a re-
sult of the action of the blast wave on protective ele-
ments and their direct traumatic effect (for example,
an explosion in a car without the penetration of frag-
ments into the interior) [1].

Lower limb injuries are the most common on
the battlefield [2—4]. At the same time, gunshot
wounds to the lower leg and foot occur in 26 %
of cases, with bullet wounds prevailing over explo-
sive trauma [5].

Injuries to the talocrural joint (TCJ) have their
own characteristics due to the small volume of soft
tissues around the bone and joint, which, for example,
in 80 % of cases of gunshot wounds leads to bone
fractures with a predominance of intra-articular in-
juries and trauma to the vascular and neurovascular
trunks [6]. A corresponding problem of injuries to
the TCJ is the issue of preserving the lower limb or
performing primary amputation. We were unable
to track the frequency of TCJ injuries separately in
the literature [5, 7, 8].

Orthopedic reconstructive interventions are the fi-
nal stage of treatment of lesions in this area and are
aimed at performing arthrodesis due to severe in-
tra-articular injuries of the TCJ, accompanied by
post-traumatic osteoarthritis with severe pain syn-
drome [9]. External fixation devices (EFDs), partic-
ularly those using ring supports of the Ilizarov type,
are commonly employed for the fixation of the TCJ
after gunshot wounds. This method is associated
with microbial contamination of the tissues. The pos-
sibility of using other fixation methods and the fre-
quency of complications during their use are unclear.
The terms of union of the TCJ area when using dif-
ferent fixation methods are observed on average after
8—12 weeks [11], and bone union occurs in 69-77 %
of cases [12], which may require repeated surgical
interventions.

Purpose: to analyze the results of arthrode-
sis of the talocrural joint in patients after gunshot

wounds, to highlight aspects of the use of different
fixation methods.

Material and methods

The results of the treatment of 21 patients with
the consequences of severe injuries of the TCJ area,
who were hospitalized in the clinic at the State Insti-
tution “National Institute of Traumatology and Ortho-
pedics of the National Academy of Medical Sciences
of Ukraine”, Kyiv from 2014 to 2024, are presented.
The study was approved by the Bioethics Commis-
sion of the State Institution “ITO of the National
Academy of Medical Sciences of Ukraine” (protocol
No. 2 dated 07.02.2025). The study was conducted
in compliance with the requirements and provisions
of the Helsinki Declaration on Human Rights (2000),
including the revision of EC-GCP, the Constitution
and Fundamentals of Ukrainian Legislation on Health
Care (1992), and all ethical standards for conducting
clinical trials. All patients signed informed consent.

Most patients (18 subjects, 86%) were injured af-
ter the start of the full-scale invasion of the Russian
Federation on 24 February 2022. Among them, 2
(9.5 %) were civilians. The age of the patients was
(38.1 = 10.9) years, there were 2 women, and 19 men.

The patients received treatment at the evacuation
stages in accordance with the rules for providing
medical care to the wounded. At the time of hos-
pitalization, they had no wounds or clinical signs
of infection.

The study did not include patients with conse-
quences of minor injuries to the TCJ area and those
who required high amputation of the lower limb.

Arthrodesis of the TCJ was performed with screw
fixation, intramedullary locking rod, and external
fixation device. The function of the lower limb was
assessed before and after surgical treatment using
the AOFAS scale (TCJ segment and hindfoot (HF)),
SMFA (Short musculoskeletal function assessment)
and EQ-5D-5L quality of life questionnaire. The data
were entered into Excel spreadsheets, and the signifi-
cance of the difference in means was calculated using
a paired two-sample t-test. The results were evaluated
no earlier than 6 months after the start of loading the
limb after surgery.

Additionally, the type of injury (mine-explosive
or bullet), the degree of tissue damage according to
the Gustilo-Anderson classification, the time from
the moment of injury to reconstructive surgery,
the number of previous operations, the presence of an
infectious process at the previous stages of treatment
or after the performed reconstructive surgery were
analyzed.
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Results

Severe cases of gunshot wounds of the TCJ are
characterized by significant disintegration of the
anatomy of this area (Fig. 1), the supporting function
in this case is achieved by arthrodesis of the damaged
joints.

The technique of arthrodesis of the TCJ in-
volved performing two approaches: lateral and me-
dial, the latter was performed if necessary. A feature
of the approaches after TCJ injuries is the presence
of post-traumatic scars, which can be quite large in
area, different in localization, and depends on the na-
ture of the injury, methods of treatment and closure
of soft tissue defects. In our study, lateral access to
the TCJ was not possible in 2 injured patients (10 %
of cases), so the main one was medial, due to sig-
nificant cicatricial changes of the lateral surface
of the TCJ. Resection of the lateral bone was man-
datory, which could later be used for plastic surgery
of bone defects; in 2 patients it was not performed
due to damage to this bone. Next, sparing resection
of the articular ends of the TCJ of the tibia and talus
was performed in such a plane that it was possible to
set the foot at 90° to the axis of the lower leg and in
a neutral position of the posterior part of the foot to
the supporting surface.

We mostly used intramedullary locking rod (ILR)
for fixation (18 out of 21 cases), due to existing bone
defects in the wound area, complex disintegration
of anatomical structures (not only the TCJ, but also
the entire posterior part of the foot) with significant
changes in the subtalar joint. In 6 patients (29 %
of cases), a significant defect of the tibia or talus in
the TCJ area was diagnosed, but bone defect replace-
ment was used in 4 (19 % of cases). In 2 with existing
defects, stability of fixation was achieved by using
intramedullary rod fixation without bone autoplasty.

In 2 patients, screws were installed for fixation
of the TCJ (without fixing the subtalar joint), since
the patients had a rapid development of post-trau-
matic osteoarthritis of the TCJ after injury, but there
were no avascular changes in either the talus or de-
generative changes in the subtalar joint. In 1 per-
son, a rod EFD on Ilizarov-type ring supports was
used for fixation due to the manifestation of clin-
ical signs of infection during hospitalization and
preparation for surgical intervention. EFD fixation
was in the stabilization version without further cor-
rection of fragments, since the plane of resection
of the articular surfaces provided for the installa-
tion of the foot at an angle of 90° to the tibia with
tight contact of the surfaces. In the case of ILR
fixation, dosed loading of the limb was started
4-5 weeks after dynamization of the fixator, in
the case of screws — after 8 weeks, and in the case
of EFD — after 12 weeks, when signs of union were
noted. The presence of a defect and bone autoplasty
during surgery did not affect the timing of the start
of dosed loading with ILR fixation.

Most patients had the consequences of mine-ex-
plosive trauma with shrapnel wounds (Table 1), which
is a result of modern wars with the use of explosive
shells. In our study, there were no consequences
of bullet wounds, but this is more of an exception
than a rule, since bullet wounds of the talocrural joint
usually occur on the battlefield [3].

Severe injuries of the TCJ were observed in METs
that occurred in the event of a car explosion without
the penetration of fragments, as well as during in-
jury by a “petal” type mine. It should be noted that
the latter variant of injury did not lead to amputation
of the lower limb if the servicemen used footwear
with the appropriate class of protection against such
mines.

Fig. 1. Radiographic
images and clinical
presentation of patient G.
exhibiting the sequelae
of shrapnel injury to
the TCJ and the posterior
part of the foot
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Among the features of gunshot wounds are injury
to soft tissues, tendons, vessels and nerves, primary
contamination of wounds with microorganisms,
which requires appropriate tactics with staged surgi-
cal interventions. In our study, the number of previous
operations ranged from 1 to 8, on average (4.7 £ 2.6).
All of them were aimed at bone stabilization, infec-
tion prevention, staged necrotectomies and second-
ary closure of the tissue defect. Accordingly, the time
from injury to reconstructive intervention took on av-
erage (10.8 £ 6.9) months (from 1 to 30 months). Dur-
ing reconstruction, 11 out of 21 patients (52 %) had an
equinus foot position, which did not allow full load-
ing of the limb and sufficient assessment of the possi-
bility of its single-bearing loading.

We obtained good anatomical and functional re-
sults, taking into account the indicators of the AO-
FAS scales (segment for TCJ and HF) and SMFA, as
well as the data of the EQ-5D-5L quality of life ques-
tionnaire (Table 2 and 3), with a significant increase
in function 6 months after the start of limb loading
after surgery.

Infectious complications in the postoperative pe-
riod were observed in 2 patients (9.5%). In one case,
after drainage of the pathological focus and targeted
antibiotic therapy, the infectious process was stopped,
the wound healed with secondary tension. In another
patient, after 6 months of observation and union at
the site of TCJ resection, the metal fixator was re-
moved, and the infectious process was transferred to
the remission stage (Fig. 2).

Table 1

Distribution of patients by nature of injury, type of TCJ injury according to the Gustilo-Anderson classification,
number of previous surgical interventions, and history of clinical infection

No. Type of injury G-A Time to arthrodesis Number of previous History of clinical
of the TCJ, months interventions infection
1 MET (fragments) II 9 6 —
2 MET (fragments) 11 10 3 —
3 MET (fragments) II-A 9 5 —
4 MET (fragments) II 13 1 —
5 MET (mine) I1I-A 30 1 —
6 MET (fragments) II 4 7 —
7 MET (fragments) II 8 3 —
8 MET (fragments) 11 10 5 —
9 MET (fragments) II 5 4 —
10 MET (fragments) II-A 9 8 yes
11 MET (fragments) 11 11 8 —
12 MET (mine) II-A 2 7 —
13 MET (mine) — 1 4 —
14 MET (fragments) 11 12 5 —
15 MET (fragments) III-A 24 7 —
16 MET (car bomb) — 10 1 —
17 MET (fragments) II-A 8 8 yes
18 MET (fragments) III-A 10 7 —
19 MET (car bomb) 11 21 1 —
20 MET (fragments) 11 11 6 —
21 MET (fragments) III-A 8 5 yes
Table 2
Average lower limb function scores according to the AOFAS and SMFA scales
before and after surgical treatment with comparison of the difference in means
Scale Before intervention (n = 21) After intervention (n = 21) p (at & =0,05)
AOFAS 24.6 £16.3 79.8 +£10.5 p <0.001
SMFA 126.5+19.4 46.7 £ 14.5 p <0.001
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Clinical example

A 36-year-old patient G., military serviceman.
In the anti-terroristic operation zone (2015) as a re-
sult of an MET (stepped on an anti-personnel mine
with his left foot), the left foot was amputated and
open comminuted fractures of the right TCJ (Gusti-
lo-Anderson IITA) bones and toes of the foot occurred.
Staged treatment, final amputation of the left lower
limb at the level of the proximal third of the tibia,
successful prosthetic repair. Open injuries of the right
lower limb were healed, the fusion of the right TCJ
fracture did not occur, due to the use of the leg,
a varus deformity was formed, and deforming arthro-
sis significantly progressed. Full loading of the limb
is impossible. He was hospitalized and examined in
the clinic of the State Institution “National Institute
of Traumatology and Orthopedics of the National
Academy of Medical Sciences of Ukraine”. Resec-
tion arthrodesis of the TCJ with intramedullary fixa-
tion with a blocked retrograde tibial rod in a dynamic
blocking variant was performed. The postoperative
period was uneventful, after 1.5 months the patient
began to bear weight in the “Chobit” orthosis, after
another month — without restrictions. Examination
after 6 months: walks without additional support, full
weight-bearing on the right lower limb (Fig. 3).

Discussion

Intra-articular gunshot fractures of the TCJ are
characterized by pronounced post-traumatic changes,
which are accompanied by the development of os-
teoarthritis and require reconstructive interven-
tions aimed at immobilizing the joint with the foot
in a functionally advantageous position [9, 13]. This
improves the function of the limb, despite the lack
of complete recovery.

In our study, an unsatisfactory result was obtained
in 1 case, according to AOFAS, but according to
the SMFA and EQ-5D-5L quality of life scales, asig-
nificant increase in patient self-care indicators was
noted 6 months after the start of loading the limb,
while the patient's function recovery is still ongoing.
Therefore, we also used patient-oriented scales in
the assessment of results. If we consider only the AO-
FAS scale, then the number of good, positive and neg-
ative results in our study coincides with the observa-
tions of recent years by foreign specialists [9, 13].

We excluded from the analysis patients requiring
high lower limb amputation (HLA) based on the sum
of the signs and the absence of prospects for recon-
structive and restorative treatment. Despite the pos-
sible reluctance of the patient and doctors to perform
HLA, the results of reconstructive interventions in

Table 3

Average values of EQ-5D-5L before and after surgical treatment
with comparison of the difference in means

EQ-5D-5L Before intervention (n = 21) After intervention (n=21) p (at a = 0,05)
Mobility 39+0.8 2.1+0.5 p <0.001
Self-care 29+1.1 1.5+£0.6 p <0.001
Routine activity 3.8+0.9 22+0.6 p <0.001
Pain 3.8+0.9 2.1+0.6 p <0.001
Anxiety/depression 2.6+09 1.4+0.5 p <0.001
VAS 534+14.8 81+£6.0 p <0.001

Fig. 2. Radiogra-
phic images and
clinical presentation
of patient G.
exhibiting the
condition after
reconstructive
and restorative
treatment and remo-
val of the metal
fixator
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Fig. 3. Radiographic images, computer scans and clinical presentation of patient G. before and after reconstructive and restorative
treatment on the right lower limb

such cases, even in the case of achieving wound heal-
ing and bone consolidation, do not provide a signifi-
cant increase in limb function, which is confirmed by
relevant studies [10, 14, 15].

Depending on the type of TCJ injury, the main
ones are mine-explosive (fragmentation, direct con-
tact with mines and in the case of a car explosion)
and bullet wounds. The former are more common in
the case of combat operations in open and rural areas
[3], which may explain the absence of consequences
of bullet wounds in our study.

An additional problem in patients is the develop-
ment of equinus foot posture, which makes it impos-
sible to load the entire surface after injury. Preven-
tion of the development of such posture at the stages
of treatment in several cases allows avoiding ortho-
pedic surgical interventions, since the destruction
of cartilage from injury can spontaneously lead
to ankylosing of the joint. If the limb is fixed after
removal of the EFD in an orthosis or plaster cast,
the desired angle of 90° can be obtained to achieve
resistance of the limb and avoid further surgical
interventions.

During the treatment of patients with the con-
sequences of gunshot wounds to the area of the
TCJ, we applied a differential approach to choos-
ing a fixation method, which was aimed at achiev-
ing resistance with maximum preservation of limb
function. This approach is similar to the approach
to treating the consequences of traumatic injuries to
the TCJ [11].

For the treatment of post-traumatic changes in
the joints that developed because of gunshot wounds,
many authors consider it advisable to use only
EFD of various modifications [6, 9, 10, 13]. Despite
the contamination of tissues with microorganisms

during the wound, the use of internal fixation is pos-
sible, it does not cause more complications, compared
to other methods [16, 17]. The use of ILR in cases
of existing bone defects in these patients provides
reliable fixation and allows for early rehabilitation
and loading of the limb. This is especially important
considering the time from the moment of injury to
the performance of TCJ arthrodesis (Table 1), since
the prolonged absence of loading of the limb nega-
tively affects the restoration of its functionality. Post-
operative complications with internal fixation in our
study were in 2 cases, while removal of the fixator
was performed in one wounded patient, which did
not affect the overall result, since bone union was
achieved.

Such complications and their number do not go
beyond the known data during the treatment of pa-
tients with consequences of open fractures using
various fixation methods [12], therefore, we believe
that ILR is not contraindicated and can be used in
patients with consequences of gunshot wounds with
fixation of the TCJ. Bek et al. [9], who used EFD for
fixation of the TCJ, indicate the presence of previous
operations in patients with consequences of gunshot
wounds of the hindfoot, which preceded the arthrod-
esis of the TCJ. These interventions were aimed at
arthrodesis of the joints adjacent to the TCJ, damaged
during the injury. In our study, the use of ILR allowed
us to solve the issue of simultaneous stabilization
of the TCJ and the subtalar joint in cases where there
was damage to both the talus and calcaneus, which
was 2/3 of the cases of gunshot wound consequences,
which makes the use of ILR even more appropriate
in patients with the consequences of gunshot wounds
of the TCJ.
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In cases without avascular changes in the talus or
severe degenerative changes in the subtalar joint, it
is absolutely reasonable to block only the TCJ (fix-
ation with screws or a combination of screws and
a plate). It is important to maintain maximum mobil-
ity of the posterior part of the foot, and the mobility
of the subtalar and transverse metatarsal joints pro-
vide 30 % of the amplitude of movements of the an-
kle joint, allowing to preserve a significant share
of human motor activity.

In the presence of clinical signs of infection, we
used the TCJ area for fixation of the EFD on Ilizarov-
type ring supports. Undoubtedly, EFD is an accept-
able option in case of existing infectious processes in
the surgical area.

At the same time, the possible choice of types
of EFD is quite wide and allows to perform a number
of tasks during the treatment of patients with similar
issues. In our observation, we waited for the signs
of bone union before starting the load in this patient
due to pronounced osteoporotic changes in the bones
of the foot and fears of the development of osteolysis
around the rods, but the use of EFD gives an oppor-
tunity to start early load on the operated limb [18],
which is relevant during the treatment of this cate-
gory of patients, as mentioned above.

Conclusions

The final stage of treatment of the consequences
of severe gunshot wounds of the TCJ area with
the prospect of restoring the function of the limb is
the arthrodesis of this joint. Severe disintegration
of its anatomy, as well as the subtalar joint, in com-
bination with existing bone defects, makes the option
of fixation using ILR a priority during surgical inter-
vention. Rapid rehabilitation of these patients is very
important, since the treatment period after injury is
extended in time and negatively affects the restora-
tion of the function of the injured limb. At the same
time, a differential approach should be applied to fix
the TCJ in such patients to achieve the maximum
possible functional result.
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According to statistical data from the National Military Medical Clini-
cal Center for the period from February to May 2022, bone defects in
gunshot fractures accounted for 76 % of cases, with defects exceeding
6 cm — classified as critical — found in 28 % of cases. Currently,
the "gold standard" for reconstructing critical bone defects is the in-
duced membrane technique, also known as the two-stage Masquelet
technique. The most promising substitute for autologous bone is con-
sidered to be biphasic bioactive ceramics. In this study, we aimed to
evaluate the feasibility of reconstructing critical bone defects resulting
from combat trauma using a modified bioactive ceramic-autograft
mixture during the second stage of the Masquelet technique, combined
with additive manufacturing technologies. The study included a sam-
ple of 36 patients with critical bone defects who underwent reconstruc-
tion using the Masquelet technique. During the second stage, the de-
fect was filled with a mixture of calcium phosphate ceramics (CPC)
and autologous cancellous bone. We analyzed the treatment outcomes
of patients with critical bone defects caused by combat-related inju-
ries over the past 2.5 years who received treatment at the Dobrobut
Medical Center. The evaluation criteria included pain levels, range
of motion, axial load capacity, functional recovery (work capacity),
and radiological signs of callus formation, deformities, graft migra-
tion, or remodeling. After 12 months of follow-up: Complete functional
recovery (clinically and in range of motion) was achieved in 28 (78 %)
patients. Partial functional recovery was observed in 7 (17 %) pa-
tients. Significant functional impairment requiring additional surgi-
cal interventions occurred in 1 (5 %) patient. Conclusions. Based on
our experience, the use of a CPC-autografi mixture in the two-stage
reconstruction of critical diaphyseal bone defects provides positive
treatment outcomes in most clinical cases. The integration of 3D mod-
eling and biodegradable materials enhances the range of possibili-
ties for performing bone grafting procedures and simplifies technical
challenges in reconstructive surgery.

3a oanumu cmamucmuunoeo 6i00iny Bilicbko80-MeOUUHO20 Kii-
Hiuno2o yenmpy lligniunoeo peciony 3a nepiood JOMul—mpaseHs
2022 poky Kicmkogi depekmu 6 paszi 60eHeNaiIbHUX Nepeilomis
cknadanu 76 %, i3 Hux nonad 6 cm (kpumuuni) —y 28 %. Ha
CbO20OHI CMAMycy «30]10M020 CMAHOAPMY» 6 PEeKOHCMPYKYIl
KiCmKO8UX OeqheKmie KpumuuHo2o po3mipy Habysae memoouxa
iHOyK08aHOi Membpanu abo 0soemanua mexuika 3a Masquelet.
Haiibinew nepcnekmusHuM 3aMIiHHUKOM AYMOKICMKU 86adicd-
1omb 060¢hasHy OIoakmusHy Kepamiky. ¥ docniodcenni oyinosaiu
MOJACTUBOCIE PEKOHCMPYKYIT KPUMUUHUX KICIKOSUX Oeghekmis
nicns 60ti06oi mpasmu Ha opyeomy emani memoouxu Masquelet cy-
Miwuio MoOuQpIiKoeanoi 6ioaxmueHoi Kepamiku t aymocnoHeiosu,
31 3aCMOCYBANHAM AOUMUGHUX MmexHOon02il. Onpayboeano 6UGIpKy
3 36 nayicnmis, KOMpuM 3a KPUMUYHUX PO3MIPIE KICMKOBUX Oe-
¢hexmis nociyeosysanucs memoouroro Masquelet. Ha 2-wy emani
npoeoounu niacmuxy degekmy 3 euxopucmarnnim cymiwi KOK
ma aymocnonziosu. Ilpoananizoeéano pesynomamu JiKy8anHs no-
cmpaxcoanux nicas BIK i3 kpumuunumu posmipamu degexmis
KICMOK KiHYi80K 3a ocmanHi 2,5 poku, AKi Ompumyeanu nikyeaHHs
6 «ML] Jlobpobymy». 3a kpumepiti oyiHO8anHsA 00paAIU NOKASHUKU
007110, 0052 PYXi6, 0CbOBe HABAHMAIICEHHS | BIOHOBNEHHSA QYHKYIT
(npayez0amuocmi), peHmeeH 03HaKU MO30]eymE0peHHs, depop-
Mayitl abo miepayiti yu nepedyoogu mparcnianmama. 3a 12 mic.
Nno6He 6IOHOGNEHHS (DYHKYII KINYIGKU KITHIYHO ma 3a 00¢cs120M py-
xie 6yno 6 18 (78 %), uacmkose gionosnenmns Gyuxyii y 4 (17 %),
v 1 (5 %) nayienma 3nauni nopyuienns, siki nompeoysanu nooaib-
wux onepamusnux empyyans. Bucnosku. Bukopucmanns cymiuii
K®KnK i aymocnoneiosu 3a 2-emanto2o 3aMilyeHHa KpUmudHux
oiaghizapnux Kicmkosux oegexmis dae 30e0iIbU020 NO3UMUGHI
pezynemamu nikyeanis. 3D-mooenioeanns ma 3acmocysanns 6io-
0e2paodyrouux Mamepianie po3umupioe OlanazoH MOXCIUgoCcmel 01
NnposedenHs KiCmKOBONIACMUYHUX Maninyiayii. Knouoei ciosa.
Kpumuuni posmipu xicmxosux Oeghexmis, memoouxa Masquelet,
KICIMKOBO-NAACMUYHI MAHINYAAYIT, KICMKOBONIACMUYHA CYMIU,

OloakmueHa Kepamixa, aOumueHi mexHouozii.

Keywords. Critical bone defects, Masquelet technique, bone grafting, bioactive ceramics, additive

technologies, bone reconstruction
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Introduction

The use of modern means of killing manpower
in most armies, in particular during the war in
Ukraine, has led to a significant increase in the sever-
ity of combat trauma to the limbs, increased the fre-
quency and volume of multiple and combined inju-
ries [1, 6]. Gunshot bone fractures (GBF) are quite
complex in terms of biomechanics and pathophysio-
logical reactions of traumatic disease, mainly due to
the loss of the regenerative potential of bone tissue
and the formation of significant bone defects. Thus,
according to literature sources, primary bone defects
in GBF are recorded in 7.1% of victims, of which
79.3 % have damage to long bones over 3 cm [1, 5, 6].
Among explosive injuries, limb injuries account for
56.3—70.1 % of cases [4, 6]. According to the statis-
tical department of the Military Medical Clinical
Center of the Northern Region, for the period Feb-
ruary—May 2022 bone defects in the case of gunshot
fractures were 76 %, of which more than 6 cm — in
28 %. Injuries of the extremities received on the bat-
tlefield, in addition to large fragmentary bone defects,
are distinguished by the development of infection
from the very moment of injury, which significantly
complicates the use of traditional methods of their
treatment.

The use of the “gold standard” — bone auto-
plasty, is effective in eliminating segmental defects
< 5 cm in size [1, 2]. For defects > 5 c¢m, autograft
is impractical due to the large volume of bone that
must be moved to the area of injury, which most
often leads to necrotization of a significant part of it
[2, 10].

Today, the status of the “gold standard” in the re-
construction of bone defects of critical size is acquired
by the induced membrane technique or the two-stage
technique according to Masquelet. This method can
be used with limited resources in the harsh conditions
of surgical departments on the front line or impro-
vised field hospitals. Unlike microvascularized bone
grafting or bone transport procedures, the technique
is limited by the availability of osteoinductive bioma-
terial and has positive results when using autologous
bone [1, 10].

Thus, it is generally accepted that the best result
is obtained with cancellous autoplasty [2, 10, 12].
However, traumatologists face the issue of the lack
of a sufficient volume of autospongiosis (considering
the critical sizes of defects). The second problem in
the case of plastic surgery of critical bone defects
with autospongiosis is the frequent presence of loci
of aseptic necrosis [2, 10]. To solve these problems,

allogeneic bone grafts and alloplastic materials are
increasingly used: bioceramics, bioglass, etc. [2,
5]. The ideal ratio between autogenous, allogeneic
and alloplastic biomaterials is still a subject of con-
troversy. In general, 70 % of autogenous bone and
30% of volume expanders are considered optimal
[1, 2, 10, 12]. In his articles, Masquelet noted that
the most promising substitute for autologous bone
is a two-phase bioactive ceramic, which is a com-
bination of hydroxyapatite (20%) and B-tricalcium
phosphate (80 %). This substitute has a micro- and
macroporous structure and proven osteogenic prop-
erties [10, 15].

The increase in the number of cases of criti-
cal bone defects, a large number of complications
after GBF and a high percentage of disability re-
quire error analysis, development and improvement
of the algorithm of actions, optimization of the ap-
proach to their treatment. The existence of a sig-
nificant number of techniques and materials for
plastic defects requires a thorough study of the ef-
fectiveness of operations depending on such factors
as the localization of the defect, mechanical sta-
bility, the presence of concomitant complications,
circulatory disorders, and the ability of the body to
reparative osteogenesis [2, 4].

Purpose: to evaluate the possibilities of recon-
structing critical bone defects after combat trauma
in the second stage of the Masquelet technique with
a mixture of modified bioactive ceramics and auto-
spongiosa using additive technologies.

Material and methods

During the period 2022-2024, more than 110 pa-
tients with tubular bone defects were observed in the
clinic “MC Dobrobut”, 63 of whom had critical de-
fects. It is considered that critical defects cannot heal
physiologically and require surgical manipulation for
fusion. By size, they are generally considered to be
defects larger than 2 cm with 50% loss of bone cir-
cumference [1, 2].

In our study, we selected a sample of 36 patients
who received the Masquelet technique for treating
critical bone defects and used a mixture of calcium
phosphate ceramics (CPC) and autospongiosis in the
second stage for defect plasticity. The study was ap-
proved by the Bioethics Commission of the private
higher education institution “Academy Dobrobut”
(protocol No. 1 dated 03.02.2025). Informed consent
was obtained from all patients.

The treatment of patients with bone defects
of the femur (7 cases (19 %), humerus (14 people
(40 %)), tibia (9 (24 %)) and forearm bones (6 (17 %))
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resulting from combat injuries, without septic mani-
festations at the time of bone-plastic manipulations,
was analyzed.

The results of treatment of patients after GBF
with critical sizes of limb bone defects over the past
2.5 years, who underwent reconstruction using a mix-
ture of silicon-doped CPC (SdCPC) and autospongio-
sis and involving additive technologies of 3D model-
ing and printing, were studied.

The average age of the patients was (28 + 3) years
(from 19 to 54), the treatment period of patients was
from 3.5 to 16 months (on average 7.3). The vast ma-
jority were men — 34 (94 %), women — 2 (6 %).

Plasticity of bone defects was carried out in two
stages using PMMA spacers (polymethylmethacry-
late with gentamicin) in the first stage according to
the Masquelet method. In patients with severe GBF,
this method is chosen to prevent possible local in-
fectious complications and temporarily fill the cav-
ity of the bone defect in order to form a bed for
future plasticity. In the first stage, a membrane satu-
rated with antibiotics and growth factors is induced
around the PMMA spacer-filled defect. In the sec-
ond stage, plasticity of defects was carried out and
during this period the stability of bone fragments
was maintained, which allows for early rehabilita-
tion [10, 12].

The timing of osteoplastic manipulations varied
greatly, which is due, in our opinion, to a large num-
ber of influencing factors, namely: the quality and
timing of primary surgical wound treatment (PST)
and secondary wound treatment (SST), which were
most often performed in different clinics, the degree
of wound contamination, the extent of trophic dis-
orders and the level of the patients' immune system.
Therefore, when assessing the timing of the 2" stage
of the Masquelet technique, we chose not the recom-
mended 2-3 months after the first [10, 16], when the
process of induced membrane formation is consid-
ered to be the most active, but a period of at least
1-2 months after normalization of general clinical in-
dicators of inflammatory processes in the blood and
after 2 negative results of microbiological tests from
the site of the bone defect.

Replacement of bone damage was mostly per-
formed simultaneously with the replacement
of the metal fixation method with a mixture of Sd-
CPC in combination with autospongiosis. To fill
cavity defects of critical sizes of the diaphyseal
part of the bone, preference was given to the use
of a mixture of granules of modified nanostruc-
tured two-phase bioactive ceramics and auto-
spongiosa tissue, which made it possible to achieve

the following goals: increasing the volume of plas-
tic material, providing osteoinductive properties
to bioactive ceramics, compliance with the terms
of replacing plastic bioceramic material with bone
tissue with the terms of limb consolidation. As
a plastic biomaterial for implantation into the cav-
ity of the induced membrane, porous granules
of SACPC, 3—4 mm in size, were used. It consisted
of three biocompatible phases: 65 wt. % hydroxy-
apatite (HAP), 30 wt. % pB-tricalcium phosphate
(B-TCP), 5 wt. % a-tricalcium phosphate (a-TCP).
Due to different crystal structures, the three phases
of the biomaterial have different solubility. During
contact with the physiological environment, a small
amount of the more soluble a-TCP phase dissolves
faster, increasing the nanoporosity of the biom-
aterial. The more resistant to dissolution phase
of the HAP provides a framework that, gradually
resorbing, keeps the shape of the lost bone frag-
ment. Silicon alloying contributes to the creation
of a nanostructure (Fig. 1), which gives osteoinduc-
tive properties to the biomaterial; in addition, sili-
con is an important element of connective and bone
tissue, accelerates the healing of injured bones, ac-
tivates stem cells, and gives osteoinductive proper-
ties to synthetic materials [3, 11, 13].

In order to maintain the shape of the plastic ma-
terial and the possibility of impaction, polymer and
titanium meshes were used as a frame for the plastic
area and frame meshes made of biodegradable poly-
lactide material. In 4 cases, additive technologies
were used — 3D-modeled and printed on a 3D printer
volumetric forms of plastic material similar to
the bone defect, which had a relationship with metal
fixators.

To analyze the degree of concomitant traumatic
injuries and contamination of soft tissues during gun-
shot wounds, the R. B. Gustillo classification of open
fractures was used, in order to identify the severity
of bone tissue damage — the AO classification, which
in most cases of observation in our clinic included
type C for metaphyseal and diaphyseal GBFs, as well
as group C3 for limb joints. Vascular and neurological
lesions in GBFs were assessed according to the AO
classification of open fractures.

All patients underwent bacteriological culture
of wounds and bone defect sites for flora and antibi-
otic sensitivity determination during hospitalization
and surgery.

Patients were clinically and radiologically moni-
tored after 1 and 3 months, in the absence of compli-
cations. Treatment results were analyzed at 6, 12 and
18 months from the time of plastic surgery on bones.
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The outcome of surgical treatment was assessed us-
ing our own modified 100-point scale, which, accord-
ing to the principles of the Harris and Rowe scale,
takes into account 4 criteria: pain syndrome, clinical
picture of functional recovery, radiographic images
and the presence or absence of infectious and trophic
complications (Table).

Results

The method of temporary filling of wounds with
a PMMA cement spacer with gentamicin was used
in 36 patients with bone defects and the risk of local
manifestations of septic inflammation.

In the absence of septic manifestations in the le-
sion area and normalization of general clinical
analysis indicators, the second stage of planned
bone plasticity of defects was performed, taking
into account the size and localization of the injury,
the state of soft tissue damage and limb trophism
(Fig. 2).

For critical bone defects, using the Masquelet
technique in segments with one bone (shoulder,
thigh) intramedullary blocked osteosynthesis with

additional fixation with a bone metal fixator (plate)
or two plates was mainly chosen. In segments with
2 bones (forearm, tibia) during fixation of bone frag-
ments of one bone, bone metal fixators — plates
were mainly used.

At the 2" stage of replacing the PMMA spacer
with a bone-plastic mixture, in some cases, a tita-
nium mesh was additionally used in 17 patients,
a biopolymer mesh in 6 patients, a frame mesh
made of biodegradable material hollowed out in the
shape of the defect using a 3D printer in 2 patients
(Fig. 3).

In 9 patients, no additional materials were used
to form the plastic mixture, mostly those who were
operated on in 2022-2023. The plastic material
was placed in a cavity that was formed and limited
only by the induced membrane, but from experi-
ence, this led to partial migration of the plastic ma-
terial into the surrounding soft tissues, or during
the plastic surgery it was not possible to impact the
mixture accordingly to give it greater physiological
density.

Fig. 1. Microstructure of
nanostructured bioactive
ceramics modified with silicon
(a) and conventional porous two-
phase bioactive ceramics (b),
same magnification

Fig. 2. Combined two-
stage  bone  grafting
according to the Masquelet
method (radiographs after
necrosequestrectomy  in
the EFD (a) and the 1st
stage (conversion of metal
osteosynthesis and filling
of the defect with a PMMA
spacer) (b) and the 2nd with
TEN metal fixation with
a bone plate and titanium
mesh, fixing mixture
of autospongiosa and
SdCPC (¢)
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Fig. 3. Examples of using different types of meshes to form a mixture of autospongiosa and SACPC (biopolymer mesh (a), titanium
modeled mesh (b), 3D-modeled biodegradable mesh (c)), examples of the appearance of meshes on X-ray control (radio-contrast
titanium (d) and non-radio-contrast biopolymer (e))

Table

Modified 100-point scale for evaluating surgical outcomes

Criteria

Result

excellent

satisfactory

unsatisfactory

Scoring criteria

P a i n
syndrome
according to
the VAS scale

up to 2 points

up to 5 points

more than 5 points

25-21 — no pain;
20—11 — pain during movements;
0—10 — pain at rest

points

Clinical Limitation to 20 % | Limitation to 50 % of | Limitation of more | 25-21 — full recovery of working
assessment: of range of motion in | range of motion; than 50 % of range of | capacity, range of motion and axial
range of | adjacent joints; axial loading to 40—50 % | motion; loading;
motion axial loading is | of body weight (walking | axial loading to | 20—15 — partial recovery of working
in adjacent complete; with a cane); 50 % of body weight | capacity, socialization, limitation of
joints, full recovery of | partial recovery of | (walking with | the range of motion in adjacent joints
axial loading | working capacity working capacity, | crutches, wheelchair | to
(restoration of socialization use); 20-30%, partial limitation of load,
function) absence or slight [ 0-14 — limitation of movement,
recovery of limb | load, socialization
function that limits
socialization
X-ray Presence of signs of | Weak manifestations of | Absence of signs of | 25-21 — presence of signs of
sign callus formation and | signs of callus formation; | callus formation and | periosteal callus formation and
osseointegration and | absence of | osseointegration and | osseointegration and reconstruction
reconstruction of the | osteointegration  and | reconstruction of the | of the graft;
graft; reconstruction of the | graft; 20-11 — absence of signs of
absence of signs | graft; presence of signs | consolidation, presence of minor
of migration or|presence of minor|of migration or | deformation or migration of metal
deformation of metal | signs of migration or | deformation of | fixators and graft;
fixators and graft deformation of metal | metal fixators and |0-10 — absence of signs of
fixators and graft, which | graft, which require | consolidation, presence of significant
do not require corrective | corrective treatment | deformation or migration of metal
treatment fixators
Presence of | Absence of infectious | Local infectious or | Infectious or trophic | 25 — absence of complications;
complica-|or local trophic |trophic complications | complications that | 20—11 — local minor infectious or
tions complications that are eliminated by |require further | trophic complications;
conservative treatment | intervention 0-10 — infectious or trophic
or local surgical complications that require further
manipulations intervention
Total
g}‘mber 75-100 50-75 less than 50 —
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In 2 cases, for the need for early axial loading dur-
ing the replacement of a critical defect of the femur,
additive technologies were used, which consisted
of 3D design, modeling and manufacturing of SACPC
products, which were used as a plastic material to re-
place the bone defect at the 2nd stage of treatment
(Fig. 4).

Patients were monitored after 1 and 3 months,
pain syndrome was assessed using the visual analog
scale (VAS), the volume of movements in adjacent
joints and X-ray signs of stability of metal fixators
and the absence of deformations or migrations from
the side of the grafts. The results of treatment were
studied in 6 months in all 36 subjects, in 12 months
in 23, and in 18 months in 17 patients, they dif-
fer for those with injuries of the upper and lower
extremities.

Most patients with critical defects of the upper
extremities during the 6-month control showed
excellent clinical results, and with lower limb
injuries — satisfactory, which corresponds to
the average terms of consolidation of bone injuries
of this localization and restoration of working ca-
pacity. When analyzing the results of treatment in
the 12-month period after plastic manipulations,
excellent indicators with full restoration of limb
function were obtained in 18 (78 %) patients,
satisfactory — in 4 (17 %) subjects, in 1 (5 %)
the result was unsatisfactory, which required fur-
ther surgical interventions. As an example, we
present the data of a patient with a critical defect
of the humerus, who underwent treatment and re-
covered within 6 months after plastic manipula-
tions (Fig. 5). The average pain syndrome index in
the control period of 6 and 12 months on the VAS
scale in patients with an excellent treatment result
was 1.6 points, in the group with a satisfactory —
2.4 points, in a person with an unsatisfactory re-
sult — 4.1. Radiographic assessment of consolida-
tion was performed according to 3 criteria: bone
callus formation, signs of graft consolidation and
remodeling. All 36 patients had signs of bone
callus formation at 3, 6 and 12 months, and with
regard to the degree of graft consolidation and
structural consolidation, assessment of significant
signs can be performed at longer periods of time
(18, 24 months and more), which requires further
observation.

Complications in the postoperative period in
the form of local septic inflammatory processes were
in 7 patients, in 5 cases they were of the nature of lo-
cal manifestations in the area of postoperative scars
and were leveled after surgical and antiseptic manip-

ulations. In 2 cases there was a need for secondary
surgical treatment using pulse lavage, washing and
VAC systems.

Discussion

Recently, the number of studies on combat
trauma of the limbs, especially GBF with a bone
tissue defect, has been increasing. It damages all
components of the limb architecture, namely: skin,
soft tissues, bone, vascular and nerve elements,
which requires a quick and accurate assessment
with the selection of treatment methods to opti-
mize functional results.

Due to early replacement of tissue defects, it is
possible to achieve a significant reduction in the risk
of infectious complications, preservation of the vi-
ability of bone fragments, tendons, articular carti-
lage, vessels and nerves, as well as optimization
of the course of reparative processes, and as a result,
better results of healing and restoration of limb func-
tion [1, 6, 7].

Despite the large number of literary sources on
this topic, today there is no generally accepted al-
gorithm of actions, clear criteria for tactics, timing
of manipulations, choice of plastic materials and
methods of stabilizing fragments have not been
defined.

Own experience of using a mixture of auto-
spongiosa and SACPC in combination with stable
submerged osteosynthesis (performed in two stages
by the method of conversion from external to sub-
merged) makes it possible to obtain a positive re-
sult in most clinical cases of treatment of critical
post-traumatic diaphyseal bone defects.

The use of such modern technologies as 3D-
modeling using CT of the bone defect of patients,
together with the possibility of using bioactive bio-
resorbable materials, simplifies the technical diffi-
culties that arise during reconstructive and restora-
tive operations.

Thus, the use of 3D-grids made of biodegradable
plastic helps to form and maintain the required vol-
ume of plastic mixture to fill a critical bone defect
of the required shape. And the manufacture of a 3D-
model of an implant from SdCPC provides the op-
portunity not only to use plastic material according
to the shape and size of the defect, but also greater
interfragmentary stability and can, by correcting
the density of the material, adjust the terms of bio-
degradation in accordance with the physiological
terms of bone remodeling. Taking into account the
longer terms of remodeling of the bone-plastic mix-
ture, as compared with the average term of union
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Fig. 4. Example of using 3D modeling in the conditions of using SACPC products. X-ray of a patient with a defect of the femoral shaft
after MOS with a plate and replacement of the defect with a PMMA spacer (a), during the operation, replacement of the defect with
a 3D-modeled SACPC implant (b), in the postoperative period, X-ray control on the day after surgery (c) and after 4 months, photo
of the operated limb after restoration of function (d)

Fig. 5. An example of treatment of a patient using the Masquelet technique with a critical defect of the humeral diaphysis on CT
(a), after conversion of external metal osteosynthesis to submerged at the Ist stage with replacement of the defect with a PMMA
spacer (b) and at the 2nd stage — plastic surgery of the defect with a mixture of autospongiosa and SACPC using a titanium mesh on
intraoperative photos (c) and X-ray control after surgery (d) and a photo of the treatment result with the volume of movements and
restoration of function and working capacity after 6 months (e)
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of fractures of this localization, longer observations
in the distant period (24 and 36 months) are required
for their evaluation.

Conclusions

After analyzing the treatment results, we believe
that the use of a mixture of SACPC and autospongiosa
during two-stage replacement of critical diaphyseal
bone defects has a positive effect in most clinical
cases.

Rational in the treatment of wounded from
the military-industrial complex and critical bone de-
fects is the combination of modern orthopedic and
traumatological techniques and the latest technolo-
gies. 3D modeling and the use of biodegradable ma-
terials expand the range of possibilities of the doctor
for performing bone plastic manipulations.

The recommended tactics of choosing techniques
and materials for replacing post-traumatic critical
bone defects due to combat injury in combination
with stable metal osteosynthesis made it possible to
obtain positive treatment results in more than 90 %
of patients, which indicates the possibility of its use

in traumatological practice.
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The effect of CO, therapy and its combinations
on inflammatory activity and immune status:

an experimental study

V. V. Shtroblia
Uzhhorod National University. Ukraine

Osteoarthritis (OA) is a chronic degenerative disease charac-
terized by cartilage destruction, inflammation, and autoimmune
processes. The limited effectiveness of current therapies has
generated interest in alternative approaches, such as carboxy-
therapy, which possesses anti-inflammatory and regenerative
properties. Objective. To evaluate the effects of carboxytherapy
(CO;) in mono- and combination therapy on a carrageenan-in-
duced model of inflammation in rats by assessing leukocyte dif-
ferential counts and integral indices. Methods. The study was
conducted on 56 white rats divided into 7 groups (n = 8): con-
trol (intact and carrageenan-induced), mono- and combination
therapy with CO; in conjunction with diclofenac or chondroitin.
Changes in the leukocyte differential counts and integral indices
(NMR, NLR, LSI, LI, IIR) were evaluated. Results. CO> monother-
apy (Group V) reduced the NMR (Neutrophil-to-Monocyte Ratio)
by 25.4 % (15.60 + 2.95 vs. 20.92 £ 8.89 in Group I, p < 0.001).
The Leukocyte Index (LI) increased by 82.2 % (1.471 + 0.155 vs.
1.791 £ 0.191, p = 0.001). The combination of CO, with diclofenac
(Group VI) reduced NMR by 68.3 % (6.61 +2.72, p < 0.001) and
increased L1 by 103.1 % (3.637 £ 0.770, p < 0.001). CO, combined
with chondroitin (Group VII) reduced the NLR (Neutrophil-to-
Lymphocyte Ratio) by 48.6 % (0.290 £ 0.0938, p < 0.001) and
increased LI by 121.7 % (3.847 £ 1.421, p < 0.001). In Groups VI
and VII, there was a significant decrease in band neutrophils (by
79.2 % and 75.0 %, respectively) and an increase in lymphocytes
(by 72.2 % and 70.9 %, p < 0.001). Conclusions. Carboxytherapy
modulates the inflammatory response and enhances the immune
response. The best results were observed with combined CO,
therapy with diclofenac or chondroitin, confirming their potential
in reducing inflammation and stimulating regeneration.

Ocmeoapmpum (OA) — xponiune decenepamusHe 3ax60po6an-
HA cyeno6ie, namoeenes AK020 N0 A3AHUL I3 3aNaNIeHHAM i Ouc-
Gyukyieio imynnoi cucmemu. 'V ceoito uepey, kapbokcumepanis
(CO,) € nepcnexmusHuM MemoOOM JNIKYBAHHIA OCMEOApmpUnty
3A805IKU CEOIM NPOMUIANALLHUM | PE2eHePAMUGHUM GILACMUBOC-
mam. Mema. Oyinumu éniug kapboxcumepanii sk monomepanii
ma 6 Komoinayii' 3 OUKI0heHaKom Hampilo ma XOHOPOIMUHY Cylb-
amom Ha nokasHuku neuKoyUMapHoi opmynu, iHmeepaIbHi
iHOeKcU 3anaients i IMyHHOL 8I0N06I0L Yy Wypie i3 KapazeHiHO-
6010 MoOenio 3ananenis. Memoou. /locniodcenns nposedeno na
56 6inux wypie, noodinenux na 7 epyn (n = 8). /lns mooenosanis
3ananeHns 6UKOPUCMO8Y8au Kapazenin. I pynu ompumyeanu
CO; (0,5 mn), ouknogpenax nampiro (4—8 me/xe), xonopoimumy
cyrvpam (3 me/ke) abo ix xombinayii. Ananis neikoyumapuoi
opmyau npogoounu 3a CManoOapmHoOr MemooOuKo, po3paxo-
sysaau inmezpanvii inoexcu netikoepamu (ICHM, ICJIM, ICHJI,
13J1, JII). /lani 06pobasau 3a 00nomo2or OUCnepcitino2o anai-
3y (p < 0,05). Pesynomamu. Monomepania CO, 3nusunra ICHM
na 25,4 % (p < 0,001) ma ICHJI na 46,9 % (p < 0,001), mooi
Ax kombinosane 3acmocysanns CO; i3 Juxnogenaxom Ham-
pito smenwuno ICHM na 68,3 % (p < 0,001) i niosuwuno JIl na
103,1 % (p < 0,001). CO; i3 xondpoimuny cyroghamom 3HU3UE
ICHM na 45,5 % (p = 0,026), a JII spic na 121,7 % (p < 0,001).
Yacmrka nimgpoyumis y epyni CO, + ouxnopenax nampiro 30i16-
wunaca na 42,9 % (p < 0,001), wo éxasye na axkmusayiro aoan-
mueHozo imynimemy. Bucnosxu. Kapbokcumepanis epexmueno
MOOYIIOE 3aNANbHI NPOYECU, 3HUNCYIOYU HEUMPOPiibHy akmue-
HiCMb [ NOCUTIONOYU A0ANMUBHY IMYHHY 610n06i0b. Kombinayis
CO:; i3 Juxnoghenaxom Hampito abo XOHOPOIMUHY cynvbhamom
0eMOHCMPYE CuHep2iuHull epexm, wo 00380J5€ 3MEHUUMU
003U mpaduyiinux npenapamie i minimizyeamu nooiuni egex-
mu. Ompumani pezynomamu niOMeepoA’CYIONMs NepcneKmus-
nicmo euxkopucmannsi CO,-mepanii' y 1iky8anni ocmeoapmpumy.
Kniouosi crnosa. Kapbokcumepanis, gyenekucauti 2as, 3andieH-
Hs, Heumpo@inu, rimpoyumu, OuUKIopeHar Hampiio, XOHOPOi-
mumny cyropam, KapaceHinoga Mooeb

Key words. Carboxytherapy, carbon dioxide, inflammation, neutrophils, lymphocytes, diclofenac, chondroitin

sulfate, carrageenan model
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Introduction

Osteoarthritis (OA) is a long-term degenerative
joint disease, with its pathogenesis remaining incom-
pletely understood. It is characterized by cartilage
destruction, osteophyte formation, and inflammatory
processes [1]. OA was previously considered a disease
caused mainly by mechanical wear of the joints. How-
ever, modern studies emphasize the significant role
of the immune system in its development. Infiltration
of immune cells into the joint, production of inflam-
matory mediators, and autoimmune processes indi-
cate that OA has an immunological nature [2].

The release of pro-inflammatory mediators (cy-
tokines, adipokines, growth factors) has been proven
to determine inflammatory reactions in joint tissues,
which are accompanied by loss of their structure and
function [3].

Studies have shown that changes in hematological
parameters, in particular leukocyte (neutrophil, lym-
phocyte, monocyte) and platelet levels, as well as ery-
throcyte distribution width and acute phase protein
content, can reflect the degree of systemic inflam-
matory response in OA [4, 5]. On this basis, it has
been proposed to use different ratios of blood cellular
elements, neutrophil to lymphocyte (NLR) or mono-
cyte to lymphocyte (MLR), as markers that correlate
with the course of OA [6]. The study of hematological
parameters is a convenient, minimally invasive and
economically available method for detecting systemic
inflammation in osteoarthritis [4].

Modern treatment of OA mainly includes chon-
droprotectors, nonsteroidal anti-inflammatory drugs
(NSAIDs), and in case of progression, arthroplasty
[7]. Recently, more and more attention has been paid
to the use of natural substances that block molecules
involved in the progression of inflammation and car-
tilage destruction [8]. Modern therapy is increasingly
focused on a comprehensive approach, supplemented
by alternative treatment methods [7].

One of the promising areas in the treatment of OA
is carboxytherapy, a method based on the introduc-
tion of carbon dioxide (CO,). This approach attracts
attention due to the anti-inflammatory and regenera-
tive properties of CO2 [9]. The mechanism of action
includes improving microcirculation, stimulating tis-
sue metabolism and activating regenerative processes
[10]. The introduction of CO, promotes vasodilation,
improves oxygen transport to tissues and the removal
of metabolic products [11, 12].

It is assumed that CO, may have an anti-inflam-
matory effect, modulating the immune response and
promoting the recovery of damaged tissues [13, 14].

However, the mechanisms of action of CO, during
the treatment of OA remain poorly understood.

Purpose: to evaluate the effect of carboxytherapy
both as monotherapy and in combination with tra-
ditional anti-inflammatory drugs (diclofenac sodium
and chondroitin sulfate) on leukocyte formula and
integral intoxication indices in case of carrageenan
inflammation in rats.

The study aims to determine whether carboxy-
therapy is able to modulate inflammatory processes
and promote tissue regeneration, as well as to inves-
tigate its ability to enhance the anti-inflammatory ef-
fect of traditional drugs. We assume that combination
therapy will contribute to a more effective immune
response, reduce inflammatory activity and trigger
recovery processes, which may become the basis for
the development of new therapeutic approaches in
the treatment of osteoarthritis.

Material and methods

The study, conducted at the vivarium of Poltava
State Medical University, was approved by the eth-
ical committees of Poltava State University (proto-
col No. 225 dated 21.03.2024) and Uzhhorod Na-
tional University (protocol No. 9/2 dated 07.06.2023).
All procedures complied with the main provisions
of the Council of Europe Convention for the Pro-
tection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes, as well as Direc-
tive 2010/63/EU of the European Parliament and
of the Council of the EU.

This fragment is part of the initiative research
topic of the Department of Pharmacology, Clini-
cal Pharmacology and Pharmacy of Poltava State
Medical University “Pharmacological study of bi-
ologically active substances and drugs for the de-
velopment and optimization of indications for their
use in medical practice” (state registration number
0120U103921), as well as the research topic of the De-
partment of General Surgery of the State Higher Ed-
ucational Institution “Uzhhorod National University”
“Monitoring of traumatic disease against the back-
ground of chronic stress” (state registration number
0124U002167).

The study used 56 white rats (n = 56), weigh-
ing 285-315 g, of which 34 (60.7 %) were females.
The animals were kept in standard vivarium condi-
tions at a temperature of (22 + 2) °C, relative humid-
ity (55 = 5) % and a 12-hour light regime. They had
free access to water and standard food. The animals
were randomized and divided into 7 groups of &
rats each (n = 8): group I — intact control (saline);
group II — control pathology (carrageenan 1 %,
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0.1 ml); group III — control pathology + diclofenac
sodium (8 mg/kg, intraperitoneally); group [V — con-
trol pathology + chondroitin sulfate (3 mg/kg, intrap-
eritoneally); group V — control pathology + carbon
dioxide (CO,, 0.5 ml, p/s); group VI — control pathol-
ogy + diclofenac sodium (4 mg/kg) + CO, (0.5 ml);
group VII — control pathology + chondroitin sulfate
(3 mg/kg) + CO, (0.5 ml).

To simulate acute inflammation, a carrageenan
model was used in rats. Animals were injected sub-
plantarly with a 1 % solution of carrageenan in a vol-
ume of 0.1 ml. Diclofenac sodium in doses of § and
4 mg/kg, and chondroitin sulfate in a dose of 3 mg/kg,
were administered intraperitoneally one hour be-
fore the carrageenan test. Subcutaneous administra-
tion of CO, was performed using an INDAP Insuf
apparatus (Czech Republic) using a BD Mikrolance
3.30 G 2 0.3 x 13 mm needle in a dose of 0.5 ml per
animal one hour before the administration of carra-
geenan. The intact control group was administered
saline in an equivalent volume.

Six hours after the administration of carrageenan,
the rats were euthanized under thiopental anesthesia
(50 mg/kg), and blood was collected from the heart
until it stopped. The blood was fixed in test tubes with
a layer of 2-substituted salt of ethylenediaminete-
traacetic acid. For cytological examination, blood
smears were prepared, fixed and stained according
to the standard Romanovsky-Giemza method. Their
analysis was performed using a light microscope
with an immersion system (lens x100, eyepiece x10).
The number of leukocytes of different types in
the field of view per 100 cells (cells/ul) was counted.

To identify the intensity of the inflammatory
process and the general state of the immune sys-
tem, the following integral leukocyte indices were
calculated: INMR (neutrophil-monocyte ratio =
neutrophils/monocytes); ILMR (lymphocyte-mono-
cyte ratio = lymphocytes/monocytes); INLR (neu-
trophil-lymphocyte ratio = (rod-nucleated neu-
trophils + segmented neutrophils)/lymphocytes)); ILS

(leukocyte shift index = (eosinophils + basophils +
segmented neutrophils + rod-nucleated neutrophils) /
(Iymphocytes + monocytes)); LI (leukocyte index =
lymphocytes/neutrophils); IIR (immunoresistency
index) = (lymphocytes + eosinophils)/monocytes
[15, 16].

Digital data were processed using Jamovi
2.3.21 version. Results are presented as mean val-
ues + standard deviation. The Shapiro-Wilk test was
used to check normality. Group comparisons were
performed using Welch's t-test or Tukey's test for nor-
mal distribution, and for non-normal distributions,

the Kruskal-Wallis test with Bonferroni correction.
Results were considered statistically significant at
p <0.05.

Results

Analysis of the results (Tables 1 and 2) demon-
strates the modulating effect of CO, on the hemo-
gram, which is manifested in changes in both individ-
ual leukocyte indices and integral indices.

The tables show relative indicators. The values are
presented in percentages per 100 cells, and “< 0.01”
indicates a level that does not exceed the detection
limit of the analysis method. Statistical analysis
was performed using one-way analysis of variance
followed by Tukey's a posteriori test. Statistically
significant difference ***p < 0.001, **p < 0.01,
*p < 0.05 compared to the control pathology group
(carrageenan).

In order to find new effective methods for
the treatment of inflammatory diseases, a study was
conducted to study the anti-inflammatory activity
of combined therapy of traditional drugs using CO,
and to analyze changes in the leukocyte formula and
immune indices, which allowed to identify the mech-
anisms of the positive effect of CO, during its use as
part of both mono- and complex therapy with tradi-
tional drugs. The results obtained may contribute to
the development of new approaches to the treatment
of osteoarthritis and other diseases associated with
inflammatory processes. In group II (carrageenan),
an increase in the level of neutrophils was observed:
rod-shaped by 12.0 %, segmented by 24.4 %, and
the proportion of lymphocytes decreased by 30.1 %
compared to intact animals (p < 0.05). The INMR
increased almost threefold (by 190.9 %, p < 0.001),
the INLR by 97.2 % (p < 0.001), and the ILS by
118.5 % (p < 0.001), which indicates the activation
of the acute phase of inflammation.

In group III (diclofenac), a decrease in neutrophil
activity was observed: rod-shaped neutrophils de-
creased by 62.8 %, segmented neutrophils by 24.6 %,
while the proportion of lymphocytes increased by
31.9 % (p < 0.001). The INMR decreased by 28.6 %
(p < 0.001), the INLR by 47.3 % (p < 0.001), and
the ILS by 43.9 % (p < 0.001), which indicates a de-
crease in the intensity of inflammation and the activa-
tion of adaptive immunity.

Group IV (chondroitin sulfate) had the highest
level of segmented neutrophils, which increased by
529 % (p < 0.001), while lymphocytes decreased
by 23.3% (p < 0.001) compared to group II. INMR
and INLR remained at high levels, indicating an in-
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creased neutrophilic response characteristic of acute
inflammation.

In group V (CO, monotherapy), there was a de-
crease in the INMR by 25.4 % (p < 0.001), the INLR
by 46.9 % (p < 0.001), and the ILS by 43.5 %

33

68.3 % (p < 0.001), the INLR by 49.3 % (p < 0.001),

and the ILS by 51.9 % (p < 0.001). LI increased by

(p = 0.015), which indicates a decrease in neutrophil

activity.

The combination of CO, with diclofenac sodium
(group VI) provided a decrease in the INMR by

103.1 % (p < 0.001), and the proportion of lympho-
cytes by 42.9 % (p < 0.001), which confirms the acti-
vation of adaptive immunity.

In group VII (CO, + chondroitin sulfate),

the INMR decreased by 45.5 % (p = 0.026), the INLR

by 48.6 % (p = 0.014), and the ILS by 49.1 %
(p <0.001). The LI increased by 121.7 % (p < 0.001),

Table 1

Effect of carboxytherapy on leukocyte formula in carrageenan inflammation in rats (M + SD, n = 8)

Animal Changed, % Rods, % Segmented, % Eosinophils, % Monocytes, % Basophils, % Lymphocytes, %
group

Intact not detected not detected not detected

0000 | (c0oneo | 21603543 | 21320641 | 3130991 | (ZIESETT | 730043550
11 12.00 £ 0.586 | 4.38+0.916 | 24.40+3.623 6.00 = 1.069 1.75+£1.035 | 0.125+£0.354 | 51.00 £2.730
111 1.63 + 18.40 + 67.30 +

5.25+1.035 0.518%%* 1.408%* 5.38+1.923 1.50+£0.535 | 0.125 +0.354 1.040%%
v 37.30 + 14.00 + not detected 39.10 +

375+ 1.282 | 3.50 +0.756 375 5 s7eek 3£0756 | (Coono 5 10ses
v . 33.00 = not detected

3.00+1.195 | 2.75+1.165 0,926 6.50 + 1.309 2.38 £0.518 (<0.01)£0 52.40 + 3.160
VI not detected 250+ 18.30 = % not detected 72.90 +

(<0.01) £0 1.309%%% 2765 3.38£0.518% 1 3£1069 | gopyro | 2.500m
VII % 17.60 + not detected 72.40 +

0.50+£0.535 | 3.00+0.756 5097+ 4251488 | 250 1604 | & TORCE Py
f;rt‘;'iz'r’éip ¥ =51.20 2 =37.90 F = 118.00 F =38.40 F=523 %2 =5.09 F =224.00
i ororons p <0.001 p <0.001 p <0.001 p < 0.001 P =0.002 p=0.532 p <0.001
I%I;’Srt“glﬁ;yim_ W=0836 | W=0955 | W=0988 W=0968 | W=0982 | W=0382 | W=0991
Will) P p <0.001 p=0.036 p=0.862 p=0.149 p=0.589 p <0.001 p=0953

Notes: * —p <0.05; ** — p < 0.01; *** — p < 0.001.
Table 2
Effect of carboxytherapy on integral immune response indices
in carrageenan inflammation in rats (M % SD,
Animal group INMR ILMR INLR ILS LI IR

Intact 7.19+£2.31 254+775 0.286 +0.0603 0.303 + 0.0651 3.623 +£0.738 26.1+797
11 20.92 + 8.89 38.3+17.90 0.564 +0.0660 0.662 + 0.0486 1.791 £ 0.191 43.0£20.24
111 1494 £5.27 50.5+ 1820 | 0.297 £ 0.0220*** | 0.371 £ 0.0279*** | 3.376 + 0.246*** 54.9 +£20.75
v 14.53 +4.78 13.8 £3.79 1.048 + 0.1502*%*%* | 1.306 + 0.1472 0.970 £ 0.124 18.7 +4.81
\Y 15.60+2.95 23.0£5.08 0.686 + 0.0738* 0.776 £ 0.0835 1.471 £ 0,155 259 +5.67
VI 6.01 +2.72%** 227+586 | 0.286+0.0641%** | 0.318 £ 0.0587*** | 3.637 £ 0.770*** 237 +6.04
VII 11.47 + 8.69* 37.1+22.89 | 0.290 4 0.0938*** | 0.337 £ 0.0843%** | 3.847 & 1.421*** 39.0 +£23.44
Probable F = 11.40 F=9.32
intergroup <0 601 =257 =441 F=101.00 =441 F=5.63
differences p=u p <0.001 p <0.001 p <0.001 p <0.001 p=10.001
I;é’srt“(lgﬂ;yim_ W =0.983 W =0.963 W =0.942 W =0.985 W =0917 W =0.973
Wilk) P p=0.594 p=0.086 p=0.010 p=0.687 p <0.001 p=0.244

Notes: * — p < 0.05; *** — p < 0.00L.
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and the proportion of lymphocytes increased by
42.0 % (p < 0.001), which indicates a decrease in in-
flammation and activation of the immune response.

Comparison of groups I1II (diclofenac sodium) and
VI (diclofenac sodium + CO,) showed that the com-
bined therapy significantly enhances the anti-inflam-
matory effect. The INMR in group VI decreased by
55.8 % compared to group I1I (p < 0.001), the INLR by
3.7 % (p < 0.001), and the ILS by 14.3 % (p < 0.001).
The LI increased by 7.7 % (p < 0.05), and the propor-
tion of lymphocytes increased by 8.3 % (p < 0.001).
These results indicate a synergistic effect of CO, with
diclofenac, which reduces neutrophil activity and en-
hances the adaptive immune response.

Comparison of groups IV (chondroitin sulfate)
and VII (chondroitin sulfate + CO,) demonstrates
a similar trend. The INMR in group VII decreased by
21.1 % compared to group IV (p < 0.05), the INLR by
72.3 % (p < 0.001), and the ILS by 25.8 % (p < 0.001).
The LI increased by 194.2 % (p < 0.001), and the
proportion of lymphocytes increased by 85.2 %
(p < 0.001). These changes confirm that the addition
of CO, to chondroitin enhances the anti-inflamma-
tory effect and significantly activates the adaptive im-
mune response.

The results obtained emphasize that CO, is im-
portant both in monotherapy and in combination
with anti-inflammatory drugs, enhancing their effect
and contributing to the reduction of inflammatory
activity.

Discussion

Our studies confirm that carboxytherapy (CO,) is
a promising method in modulating inflammatory and
regenerative processes. The observation also showed
that the combined use of CO, with diclofenac sodium
or chondroitin sulfate is more effective in reducing
inflammatory activity and enhancing the adaptive
immune response than the use of each component
separately. The greatest effect was demonstrated un-
der the conditions of combined therapy of CO, with
diclofenac, where a decrease in the INMR index by
68.3 % (p < 0.001) and an increase in LI by 103.1 %
(p < 0.001) was observed compared to the pathol-
ogy group. In the “CO, + chondroitin sulfate” group,
the INMR decreased by 45.5 % (p = 0.026), and
the LI increased by 121.7 % (p < 0.001). It is impor-
tant that CO, enhances the anti-inflammatory effect
of traditional drugs, allowing to reduce their dosage
by 2 times and, thus, to reduce the risk of side effects.
A similar synergistic effect of CO, was also observed
in clinical studies involving patients with post-trau-
matic and postoperative lesions [9]. The mechanisms

of action of CO2 include a decrease in the activity
of NF-kB and MAPK, which suppresses the expres-
sion of pro-inflammatory cytokines [17, 18]. In ad-
dition, hypercapnic acidosis inhibits ERK1/2, con-
tributing to a decrease in the inflammatory response,
which confirms the role of CO, in the modulation
of cellular metabolism [19].

CO, is actively studied and used in many areas
of medicine, as it helps to accelerate fracture heal-
ing and increase bone strength by stimulating micro-
circulation, tissue oxygenation, as well as reducing
the levels of pro-inflammatory cytokines (HIF-1a, IL-
1B, IL-6) and increasing the expression of factors that
produce regeneration (VEGF, TGF-p) [20]. A study
by P. Chou et al. demonstrated that the use of a de-
cellularized matrix treated with supercritical CO, in
combination with stem cells significantly improves
tissue regeneration and reduces inflammation. This
confirms the potential of CO, in stimulating repara-
tive processes [21]. In the treatment of muscle injuries,
the use of CO, paste helps to increase the expression
of MyoD and myogenin, reduce the levels of IL-1f,
IL-6 and TGF-p, and accelerate muscle regeneration
through the induction of the Bohr effect [22]. In addi-
tion, the use of CO, stimulates angiogenesis by regu-
lating the expression of VEGF and TGF-f, which in
turn improves the repair and regeneration of damaged
tissues [23, 24]. Thus, the available data demonstrate
the broad therapeutic potential of the use of carbon
dioxide due to its ability to modulate key molecular
and cellular processes that underlie reparative mech-
anisms in the body. The use of carboxytherapy in or-
thopedics is becoming increasingly relevant due to
its ability to modulate inflammatory and regenerative
processes. Osteoarthritis and other degenerative joint
diseases are often accompanied by chronic inflam-
mation, impaired blood circulation and progressive
damage to cartilage tissue. Since neutrophils play
a central role in the pathophysiology of osteoarthritis,
the modulating effect of CO, on their activity through
the effect on pH and inhibition of NF-kB opens up
new perspectives for therapeutic intervention [25]. In
addition, CO, enhances the anti-inflammatory effect
of traditional drugs, allowing to reduce their dos-
age and reduce the risk of side effects. Thus, the use
of carboxytherapy in orthopedics is of great impor-
tance for the individualized and effective treatment
of osteoarthritis and other degenerative joint diseases.

Conclusions

Carboxytherapy demonstrated a significant an-
ti-inflammatory effect in the carrageenan model
of inflammation. The use of CO, as monotherapy
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reduced the neutrophil-monocyte ratio index by
25.4 % (p < 0.001), the neutrophil-lymphocyte index
by 46.9 % (p < 0.001), and the leukocyte shift index
by 43.5 % (p = 0.015), indicating a decrease in neu-
trophil activity.

The combination of CO, with diclofenac reduced
the neutrophil-monocyte ratio index by 68.3 %
(p <0.001) and the neutrophil-lymphocyte ratio index
by 49.3 % (p < 0.001), while increasing the leuko-
cyte index by 103.1 % (p < 0.001). The combination
of CO, with chondroitin also demonstrated a positive
effect: a decrease in the neutrophil-monocyte ratio
index by 45.5 % (p = 0.026), the neutrophil-lympho-
cyte index by 48.6 % (p = 0.014) and an increase in
the leukocyte index by 121.7 % (p < 0.001). These
results indicate an increase in the anti-inflammatory
effect of traditional drugs due to the addition of CO..

The use of CO, contributed to an increase in
the proportion of lymphocytes by 42.9 % (p < 0.001)
in the CO, + diclofenac sodium group and by 42.0 %
(p < 0.001) in the CO, + chondroitin sulfate group,
which indicates the activation of the adaptive im-
mune response.

The results obtained in the carrageenan model
of inflammation in animals confirm the promising
potential of combined use of carboxytherapy with di-
clofenac or chondroitin for modulating inflammatory
processes. Given the effectiveness of reducing neu-
trophil activity, improving integral indices and stimu-
lating the adaptive immune response, further clinical
studies are appropriate.

The prospective use of such combined therapy can
provide a more targeted correction of the inflamma-
tory process in patients with degenerative joint dis-
eases, in particular osteoarthritis of the knee and hip
joints. This will allow reducing the dosage of tradi-
tional anti-inflammatory drugs, minimizing side ef-
fects and enhancing regenerative processes in the af-

fected tissues.
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Objective. To conduct a comparative retrospective analysis of the im-
pact of postoperative complications on functional outcomes following
different surgical treatment methods for proximal humeral fractures
of AO/OTA types 11-B and 11-C in patients over 45 years old with de-
creased bone mineral density. Methods. The study analyzed the sur-
gical treatment outcomes and postoperative complications in 102 pa-
tients aged (61.1 £ 8.1) years, who were divided into three groups
based on the treatment method: (1) open reduction and internal fixa-
tion (ORIF) using a PHILOS plate (n = 50); (2) ORIF with a PHILOS
plate combined with 3D-printed PLA implants (n = 44); (3) primary
reverse total shoulder arthroplasty (RTSA) using a newly developed
total reverse endoprosthesis (n = 8). Functional outcomes in patients
with complications were assessed using the Constant-Murley Score
at 3, 6, and 12 months postoperatively and analyzed based on individ-
ual preoperative parameters and treatment methods. Results. A total
of 30 postoperative complications were recorded, the most common
being superficial infection (7.8 % of the total population), secondary
displacement (6.9 %), varus malalignment of fragments (6.9 %), and
avascular necrosis of the humeral head (3.9 %). The highest number
of complications was observed in Group (1), with 19 patients affected,
accounting for 38 % . For all complications except avascular necro-
sis, a significant improvement in functional outcomes was observed
between 3 and 12 months postoperatively. The mean Constant-Mur-
ley Score in patients with complications at 12 months postoperatively
was (78.7 £ 8.5). Conclusions A retrospective analysis of postopera-
tive complications following different surgical treatment methods
established that, compared to other options, reverse total shoulder
arthroplasty (RTSA) is a modern and optimal surgical treatment op-
tion for proximal humeral fractures of AO/OTA types 11-B or 11-C in
the context of severe bone mineral density reduction, particularly in
elderly patients.

Mema. IIposecmu nopieHAIbHUTI pemPOCNEKMUSHULL AHATI3 6NIUBY
nicasonepayiiHux YCKIaOHeHb Ha (YHKYIOHAIbHI pe3yibmamu 3d
PI3HUX MemOOUK XipypeiuHO20 NIKYEAHHS NEPEIOMIE NPOKCUMATb-
Ho20 6i00iny niewosoi kicmxu munie AO/OTA 11-B, 11-C y nayich-
mie cmapwux 3a 45 poKig i3 3HUICEHHAM MIHepaIbHOI WITbHOCMI
Kicmxoeoi mxanunu. Memoou. Bugueno pesynomamu Xipypeiunozo
smpyyannsa ma nicaaonepayitini ycxkaaonenns ¢ 102 ocio eikom
(61,1 + 8,1) poky, Axi 3a memooom AiKy8anHs po3dineHi na 3 epy-
nu: (1) 8iokpuma penosuyis ma HAKICMKOBUL MeMaio00CmeoCuH-
me3 naacmunoro PHILOS (n = 50); (2) eiokpuma penosuyis ma
Hakicmkosuil memanoocmeocunmes naacmunoro PHILOS i3 euxo-
pucmannam 3D—imnaanmamie PLA (n = 44); (3) nepsunne RTSA
PO3pOOICHUM MOMATLHUM PedepcusHUM eHoonpomesom (n = §).
DYHKYIOHATLHI pe3yIbmamu nayi€Hmie i3 YCKAAOHEHHAMU OYi-
nrosanu 3a cucmemoro Constant-Murley Score uepes 3, 6, 12 mic.
niCas XIPYPeiuHo20 GMPYUAHHS Ul AHATIZYEANU 3AeHCHO 8I0 THOU-
BIOYAILHUX NEePedONepayiHux NOKA3HUKIE | MemoOuKu JiKYEaHHSL.
Pesynomamu. Vevoeo 3agixcosaro 30 eunaokis nicisionepayiiinux
VCKIIAOHEeHb, 3 AKUX HAUNOWUPEHIUMY 0YIU NO8epxHesa iHpeKyis
(7,8 % 6i0 3aeanvHoi nonyaayii), emopunne smiwjenns (6,9 %), ea-
pycHe smiujenns gionamxie (6,9 %), asackynapnuil nekpo3 2o106Ku
nnevosoi kicmku (3,9 %). Haiibinowa xinbkicms yckiaouens 3a-
@ixcosana 6 (1) epyni — 19 ocio (38 %). J{na ecix euois ycxknaonens,
OKPIM aBACKYIAPHO20 HEKPO3Y, BCIAHOBIEHO 00CHOGIPHe NOKPA-
wenns QynkyionanvHux pesyibmamis y mepminu 3 3 0o 12 wic.
Cepeoniti 6an Constant-Murley Score 6 ocid 3 yckaaonenHsmu
uepes 12 mic. nicis empyuanns cmanosus (78,7 £ 8,5). Bucrnosku.
Pempocnexmusnuil ananiz nicisonepayiiHux yCKIAOHeHb 3a pi3-
HUX MEMOOUK XIpypeiunoeo NikysanHsi 00616, wjo RTSA e cyuacnum
i ONMUMAnbLHUM 8apianmom onepayii nPOKCUMANLHUX NepesomMie
naevoeoi kicmku AO/OTA 11-B abo 11-C na ¢oni eupasicenozo
SHUIHCEHHS MIHEPATLHOL WiTbHOCTNI KICMKO80T MKAHUHU, 0COONUBO
6 nayienmie noxunozo 6iky. Knouogi cnosa. llepenom npoxcumans-
HO20 BI00INY NIeYO0B0I KICIKU, Pe8EPCUBHA MOMATbHA APMPONJIAC-
muxa niewogozo cyenoba, RTSA, ycknaonenus, Constant-Murley
Score, minepanvra wineHnicmes Kicmkoeoi mKanuHu, QyHKYionat,-
He OYIHI0BAHHS

Keywords. Proximal humerus fracture, reverse total shoulder arthroplasty, RTSA, complications, Constant-
Murley Score, reduced bone mineral density, functional assessment
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Introduction

Fractures of the proximal humerus (FPH) are
the second most common upper extremity traumas
and account for 40 to 82 % of all injuries, and 57 %
of musculoskeletal ones [1, 2]. In recent times, par-
ticularly in developed nations, shoulder injuries have
been increasingly recognized not only as a medical
concern but also as a source of substantial economic
loss. These injuries and the resultant pain significantly
decrease the quality of life, often leading to a con-
siderable number of hospital stay days on average.
For example, among the working population, up to
30 % of patients report daily pain in the shoulder joint
within a year after the injury [3, 4]. Impaired func-
tion of the upper extremity, in particular the shoulder,
creates critical limitations in professional and daily
activities, leads to deterioration of health due to re-
duced activity, reduced income and overall quality
of life. Therefore, a significant proportion of compli-
cations and repeated interventions in the case of sur-
gical treatment of shoulder injuries is becoming a real
challenge for the healthcare system in the world [3, 4].
Mostly, FPHs are observed in patients over 50 years
of age secondary to a decrease in bone mineral den-
sity, which complicates the choice of the optimal
treatment method to ensure stable fixation and early
mobilization of movements [5—8]. Unlike most two-
fragmentary FPHs, when it is possible to obtain good
functional results during conservative treatment, in
the case of unstable 3- and 4-fragmentary FPHs (AO/
OTA 11-B, 11-C), which are most common in the age
group over 50 years, positive results can be achieved
only with the help of surgical intervention [9, 10].

Recently, in the treatment of FPH fractures in
patients with reduced bone mineral density, there
has been an increase in the use of reversible total
shoulder arthroplasty (RTSA), compared with open
reduction and internal fixation (ORIF) and hemiar-
throplasty (HA) [11-14]. Due to the biomechanically
proven principles of operation and design features
of reversible RTSA endoprostheses, functional out-
comes as assessed by the Constant-Murley Score
have been significantly improved, as they provide
a relatively better impact on health-related quality
of life than other treatment methods [15]. However,
overall, the rate of complications and reoperations
for shoulder injuries remains high, and the analysis
of complications and functional outcomes in people
with FPH fractures is relevant. Thus, according to
a French study, patients with shoulder pain lost 1.8
to 8.1 years of work during a 9-year follow-up pe-
riod, and the decrease in quality of life may persist

even after retirement [4]. The literature highlights
concerns regarding the insufficient quality of studies
and the lack of data on the relative proportion and
distribution by type of complications associated with
the surgical treatment of FPH [16]. The indicators are
mostly obtained from meta-analyses or information
summarized by different clinics and even countries,
which makes it difficult to predict the effectiveness
of surgical treatment of FPH fractures and the dy-
namics of functional results acceptable to the patient
or the need for repeated interventions.

Purpose: to conduct a comparative retrospective
analysis of the impact of postoperative complications
on functional results with different methods of sur-
gical treatment of fractures of the proximal humerus
of types AO/OTA 11-B, 11-C in patients older than
45 years with reduced bone mineral density.

Material and methods

The study materials were reviewed and approved
by the Bioethics Committee at the State Establish-
ment “Professor M. 1. Sytenko Institute of Spine and
Joint Pathology of the National Academy of Medi-
cal Sciences of Ukraine” (protocol No. 191 dated
22.04.2019, No. 229 dated 20.02.2023). All patients
involved in the study were familiarized with the plan
of surgical interventions and signed an informed
consent.

The study involved an assessment of anatomical
and functional results of surgical treatment of 102 pa-
tients (mean age 61.1 + 8.1; range 45-78 years) with
reduced bone mineral density and three- and 4-frag-
mentary fractures of the lumbar spine of types 11-B,
11-C according to the AO/OTA classification, as well
as postoperative complications recorded in this pop-
ulation. The severity of bone mineral density loss
was determined by radiographs of the humerus in
the anteroposterior projection with the calculation
of the cortical index (CI). According to the treatment
method, patients were divided into groups as follows:

— I — open reduction, bone-on-bone metal osteo-
synthesis with a PHILOS plate, period 2009-2022
(n=50);

— II — open reduction and bone-on-bone metal
osteosynthesis with a PHILOS plate using 3D PLA
implants were applied, period 2015-2022 (n = 44);

— III — primary RTSA was performed with a de-
veloped total reversible endoprosthesis, the indica-
tion for which in all cases was fractures of the AO/
OTA 11-B or 11-C type secondary to a pronounced
decrease in bone mineral density; period 2015-2023
(n=273).
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The detailed procedure for performing the oper-
ations, as well as the examinations in the pre- and
postoperative periods, has been described in a pre-
vious study [17]. The functional results of the treat-
ment itself were assessed using the Constant-Murley
Score system 3, 6, and 12 months after surgery, and
patients with complications were analyzed depending
on individual preoperative indicators and treatment
methods.

In the statistical analysis, categorical variables
were presented as percentages, demographic data as
means and ranges, and quantitative estimates were
presented as sample means and standard deviations
(SD), expressed as (M £ SD). To visualize the com-
parison of sample values, graphs with SD markers
were constructed. When studying the differences in
mean values, ANOVA and Tukey's test with a signifi-
cance level of p < 0.01 were used.

Results

According to the results of the treatment of 102 pa-
tients, 30 cases of postoperative complications were
recorded. Their distribution by type and treatment
group (Table 1) showed a higher number of com-
plications in group I both in absolute value and in
proportion.

In group I, 4 patients (2 women, 2 men) were
diagnosed with avascular necrosis of the humeral
head due to an unfavorable ORIF outcome (no signs
of consolidation, migration of the metal structure),
so the structure was removed and RTSA was per-
formed 6 to 12 months after the primary surgical in-
tervention; in 6 patients, a secondary displacement
of the greater tubercle up to 10-15 mm was detected
a month after the operation; in 2 patients, varus mi-
gration of the head occurred without significant im-
pairment of the function of the shoulder joint; in one
patient, complete destabilization of the metal struc-
ture occurred, which led to its removal 3 months after
installation.

In group 1I, in the postoperative period, in one
patient, a perforation of the humeral head fragment
occurred with a screw 6 weeks after the operation,
and it was removed under C-Arm control through
a skin puncture under local anesthesia; in one pa-
tient, 3 months after surgery, secondary displacement
of the lesser tubercle up to 8-10 mm occurred; in
5 patients, varus displacement of the humeral head
up to 5 mm was diagnosed, but this did not lead to
perforation with screws. Signs of avascular necrosis
of the humeral head were not recorded in patients
of group II.

Table 1
Distribution of postoperative complications
by type and treatment group

Complication Group
I 11 1
(n=50) | 1=44) | @=8)

Superficial infection 5 2 1
Secondary displacement 6 1 —
Varus displacement of fragments 2 5 —
Avascular necrosis of the 4 o L
humeral head
Perforation of the fragment of the 1 1 L
humeral head with a screw
Destabilization of the metal structure 1 — —
Dislocation of the endoprosthesis — — 1
Total 19 9 2

In group III, one case of superficial infection and
one dislocation of the endoprosthesis were recorded
among patients.

In all cases, superficial infection was eliminated
by antibacterial local and systemic therapy.

Determination of the directions of further analysis
implied consideration of the demographic and pre-
operative indicators of the patients (Table 2). Within
the age range of patients 45—78 years, the division into
age subgroups was carried out with a 10-year group-
ing interval, namely 45-54, 55—64 and 65-78 years;
the last subgroup was expanded to 78 years, since in
total there were only 6 subjects over 75 years of age
and their allocation to a separate age subgroup was
inappropriate.

There were no differences in mean age, sex ra-
tios and side of injury between subgroups of patients
with and without complications. Among patients in
the age subgroups 55—64 and 65-78 years, compli-
cations were recorded on average twice as often as
in patients aged 45—54 years. In the subgroup of pa-
tients with complications, the proportion of type 11-C
fractures was higher, compared to patients without
complications.

During the analysis of bone mineral density in-
dicators for patients without complications, the cor-
tical index was (0.386 + 0.020), with complications
(0.374 + 0.025), and among patients who had a CI
within 0.38 + 0.40, the proportion of complications
was 20.2 %, in the case of CI < 0.36 it was as high as
53.6 %.

When comparing the functional results of pa-
tients on the CMS scale within each individual ob-
servation time (3, 6 and 12 months after the interven-
tion), no significant difference was obtained between



40 ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 1

Table 2
Patient demographics and preoperative characteristics (N = 102)
Indicator Patient Category Person
with complications | without complications with complications | without complications
Number (proportion) 30 (29.4 %) 72 (70.6 %) )
Age, years 63.2+7.6 60.3+8.2 g‘;‘:}fi ify(;]:ém);
23 (76.7 %) / 55(76.4 %) / 45-54 pokiB (n=19) | 3 (15.8 %) 16 (84.2 %)
Sex, number (proportion): 7 (23.3 %) 17 (23.6 %) 55-64 pokis (n =44) | 13 (29.5 %) 31 (70.5 %)
female/male 22(73.3 %)/ 56 (77.8 %) / 65-78 pokis (n=39) | 14 (35.9 %) 25 (64.1 %)
8 (26.7 %) 16 (22.2 %)
Side of injury, o o
number (proportion): 2% (;ég 0;0) / 5166(7272'82 ﬁ;) / Metonuia
right/left ( . 0) ( . 0) J'[?KyBjdHHﬂ,
T ot im0 AC/ KUIBKICTH (JacTKa):
ype of fracture according to I rpyia (n =50
OTA, 17 (56.7 %) / 54(750%) /| fgyna((n _ 43‘) 59( 2(385-0;/;) g; E%.(S) Zjog
number (proportion): 13 (43.3 % 18 (25.0 % - =7 = 0
e 8 GOy 08 |2050%)  |6(750%)
operative indicators of patients was carried out for
5 % the selected subgroups, which revealed different
H | proportions of AO/OTA 11-B and 11-C fractures, as
%« 85 | ‘ well as the average CI values for these subgroups (Ta-
S s ‘ ‘ ble 3): varus displacement of fragments was observed
% i ‘ mainly after type 11-B fractures, secondary displace-
iz 65 ment after 11-C, avascular necrosis of the humeral
E, head in the case of 11-C with CI values < 0.36.
S 55 For subgroups of patients with the three most com-
é A B c mon postoperative complications in this study, the dy-

Fig. 1. Functional outcomes of patients with and without

complications; X-axis — comparison subgroups: A —
complications excluding superficial infection (n = 22), B —
superficial infection (n = 8), C — without complications

(n = 72). Values for different terms after intervention (months)
are indicated by different colors: light blue — 3, blue — 6,
blue — 12

the indicators of patients with superficial infection
(n = 8) and people without complications: at the same
time, the average values in these subgroups had sig-
nificant (p = 0.005 < 0.01) positive changes from 3
to 12 months of observation (Fig. 1). Given that pa-
tients with superficial infection achieved a functional
outcome at the level of those without complications,
their data were not taken into account in further study
of postoperative complications.

For the following study, three subgroups of com-
mon complications were selected in sufficient num-
bers for comparative analysis: secondary displace-
ment (n = 7), varus displacement of fragments
(n = 7), and avascular necrosis of the humeral head
(n=4). Since in the general population the proportion
of complications varies for different types of frac-
tures and values of bone mineral density indicators,
a more detailed examination of the individual pre-

namics of the Constant-Murley Score scale was also
analyzed 3, 6, and 12 months after the intervention
(Table 3). A significant improvement in functional
outcomes was found in patients with secondary dis-
placement from 3 to 6 months (p = 0.001 < 0.01), and
for those with varus displacement of fragments from
3 to 12 months after the injury (p = 0.003 < 0.01).
In patients with avascular necrosis of the humeral
head, the Constant-Murley Score deteriorated from
(72.5 £ 2.9) in 3 months to (62.5 + 2.9) in 6 months
after the intervention.

Discussion

The demographics of the patients who participated
in the study, and in particular the subgroups with
complications, correspond to the known global trends
in the prevalence of FPH fractures mainly in the age
category of people over 50 years [2] and the average
European indicators of a 2-3 times higher rate of such
fractures among women [1, 6, 7].

The overall rate of complications in the study pop-
ulation was 29.4 %, the highest value by treatment
group — 38 % in group I. Systematic reviews and
study reports of recent years contain conflicting val-
ues and assessments of the rate of postoperative com-
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Table 3

Preoperative indicators and functional outcomes of patients by type of complications

Indicator Secondary displacement (n = 7) Varus displac(emeg; of fragments Avascular necroiis of"t;he humeral head
n= n=

Proportion in the general population 6.9 % 6.9 % 39%
Age, years 58.8+£9.5 679+4.2 66.3+8.2
Cortical index 0.380 +0.020 0.366 + 0.018 0.358 £0.005
Number (proportion) of AO/OTA
fractures 11-B / 11-C 2 (28.6 %) /5 (71.4 %) 6 (85.7 %) /1 (14.3 %) 1(25%)/3 (75 %)
Constant-Murley Score in
— 3 months; 70.9 £2.3% ** 70.0 £ 5.0* 72.5£2.9% **
— 6 months; 75.7 £ 1.9%* 75.0£5.0 62.5 +£2.9%*
— 12 months after intervention 77.1 £3.9% 81.4 +6.3* 62.5 +2.9%

Note. Different numbers of * indicate values that are significantly different from each other within the same column
of the table according to the results of comparison using the Tukey test.

plications with different methods of surgical treat-
ment of FPH fractures.

In [18], it was reported that, in 173 patients over
60 years of age, ORIF for the treatment of FPH had
a complication rate of 44 % and a reoperation rate
of 11 %; the failure rate was 39 % for 3-fragment
fractures and 45 % for 4-fragment fractures. The av-
erage complication rate after shoulder surgery was
42.6 % [1]. According to [19], the overall complica-
tion rate after RTSA was 12.1 %, with dislocation
being the most common (2.5 %). It was also noted
that compared to patients after ORIF or hemiar-
throplasty, older or female patients who underwent
RSA had a higher Charlson comorbidity index. Pa-
tients who underwent ORIF had a higher incidence
of both complications (23.03 % vs. 18.62 %) and reop-
erations (20.3 % vs. 10.3 %) than patients who under-
went RSA [12]. After revision shoulder arthroplasty,
complications occurred in 34 % of cases, with 20 %
requiring reoperation [20].

The proportion of patients with avascular necrosis
reported in these studies, 3.9 %, is consistent with
the results of other investigators (4 %) [1].

Thus, the overall proportion of complications and
the percentage of their individual types found in this
study are generally within the ranges of postoperative
complication estimates reported in the literature for
similar types of surgical procedures.

The mean CMS in the subgroup of patients with
complications is lower than in the remaining pa-
tients (Fig. 1), but the results 12 months after sur-
gery, except for those with avascular necrosis, are
satisfactory. The average CMS score for patients with
complications after 12 months was (78.7 & 8.5). This
suggests an effective selection of treatment method
and management of complications, aligning with cur-

rent RTSA practices as the complication rate is lower
than the group average.

Analysis of negative ORIF results in patients
of group I, where porous PLA implants could be
used, allowed us to propose a differentiated approach
to the choice of surgical treatment for people with
AO/OTA 11-B, 11-C type FPH fractures, according
to which in case of CI = 0.4-0.5, ORIF is considered
appropriate and necessary; under CI < 0.4, ORIF is
possible, with the mandatory use of 3D-porous poly-
lactide implants as a reinforcing material; for AO/
OTA 11-C type; CI < 0.4, in case of technical impos-
sibility of stable ORIF, primary reversible total hip
arthroplasty is necessary [17].

The initial use of RTSA in cases of AO/OTA
11-B, 11-C type AO/OTA fractures and in conditions
where ORIF was technically impossible allowed for
positive results in 75 % of cases 6 to 12 months after
surgery with an average CMS score in the subgroup
(81.2 £ 6.4) with restoration of shoulder joint function
in the absence of signs of instability of the endopros-
thesis components [17]. However, a limitation of this
study is the relatively small number of both the total
number of people with RTSA and the number of pa-
tients with complications among them, which makes
it impossible to conduct a quantitative analysis to
identify the main risk factors for postoperative com-
plications during this treatment method. The recom-
mendations of the European Society of Trauma and
Emergency Surgery (ESTES) for FPH in the elderly
indicate that the risk factors for failure in the case
of HA are age, sex, the presence of comminuted
tubercles, avulsion fractures, and decreased bone
mineral density. There is a clear trend towards re-
verse shoulder arthroplasty, especially in people over
75 years of age, while RTSA, especially secondary to
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other surgical interventions, provides good clinical
results with a low number of revisions [21]. This tech-
nique is considered the gold standard for the treat-
ment of 3- and 4-part displaced fractures in the el-
derly [16].

The information provided [15] proves that conser-
vative therapy and RTSA are associated with a lower
risk of need for re-intervention. At the same time,
a number of authors believe that due to the com-
plexity of the RTSA technique, the surgeon should
have a complete design of the fracture characteris-
tics, available surgical options and possible compli-
cations that may occur, as this will increase safety
and ensure satisfactory clinical results [1]. Accord-
ing to the observations of Tagliero et al. [20], among
patients with negative consequences of RTSA, 12 %
had persistent dislocations, and 10 % had radiolog-
ical signs of loosening of the endoprosthesis stem.
Analysis of the results of RTSA, including the as-
sessment of previous conservative or surgical treat-
ment of FPH, type of fracture, type of reversible
endoprosthesis, type of prosthesis or osteosynthesis
of the tubercles, proved the lack of statistical signif-
icance of factors affecting the risk of endoprosthesis
dislocation [20]. Younger age and diabetes mellitus at
RTSA significantly increased the risk of reoperation
(p = 0.013 and p = 0.037, respectively). The authors
noted a trend towards an increased risk of reoperation
in patients who had failed ORIF in FPH at the first
stage (hazard ratio = 2.95), but without reaching
statistical significance [20]. When comparing the two
groups (total 125 people, ORIF in 66 (52.8 %), RTSA
in 59 (41.2 %), both groups had comparable Charlson
indices) it was shown that the overall complication
rate was 37.8 for ORIF and 22.0 % for RTSA, with
revision rates of 12.1 % and 5.1 %, respectively [22].
Multivariate analysis did not show significant differ-
ences between the two types of surgery (P = 0.500),
but age was an independent significant factor in
overall complications (P = 0.018) [22]. Risk factors
for serious complications after ORIF were low bone
mineral density, varus impression FPH, posterome-
dial fracture line with a distance between fragments
greater than 8 mm, diaphyseal displacement >4 mm,
and multifragmentary tubercle fractures. For RTSA,
more complications were observed in patients with
a higher Charlson index, diabetes mellitus, and tu-
bercle fractures, although the authors emphasize that
the Neer classification system was not predictive in
either group [22].

It should be noted that for each surgical technique
for the treatment of FPH, the incidence of complica-
tions has been decreasing in recent years [13]. This is

due to the improvement of biomechanical character-
istics and implant design for both ORIF and RTSA,
combined with the accumulation of experience of sur-
geons [23]. An important factor is the abandonment
of hemiarthroplasty and the preference for RTSA in
FPH, especially in patients over 65 [14].

Thus, the choice of RTSA compared to other sur-
gical options is a modern and optimal way to treat
proximal humeral fractures AO/OTA 11-B or 11-C
against the background of a pronounced decrease in
bone mineral density, especially in elderly patients.

However, evidence-based recommendations are
still lacking [21]. In patients with AO/OTA 11-B, 11-C
FPH, RTSA is a reliable surgical treatment option
with predictable functional outcomes and few revi-
sions [21]. Hemiarthroplasty is appropriate if fixation
and healing of the tubercles are achievable. Unfortu-
nately, this is not the case in most fractures. Risk fac-
tors for failure include age, sex, comminuted tubercle
fractures, avulsion fractures, and low bone mineral
density [21].

So, can RTSA be considered the gold standard
for the treatment of proximal humeral fractures in
the elderly when ORIF is not technically feasible and
conservative treatment fails to relieve pain and re-
store upper limb function? The answer is currently
unknown. The literature suggests mostly low-qual-
ity studies, which requires further work to achieve
a complete understanding of this important issue.

Conclusions

Retrospective analysis of postoperative compli-
cations with different surgical methods of treating
proximal humeral fractures of types AO/OTA 11-B,
11-C in patients over 45 with reduced bone mineral
density revealed a higher proportion of complications
in patients who underwent open reduction and bone-
on-bone metal osteosynthesis with the PHILOS plate
(38% of the group).

Comparative analysis of functional outcomes
with complications established that patients with
superficial infection did not differ from those with-
out complications in terms of the dynamics of func-
tional changes during the observation period
(p = 0.005 < 0.01); patients with secondary and varus
displacement of fragments had a significant improve-
ment in functional outcomes in the period from 3
to 12 months (p = 0.001 < 0.01; p = 0.003 < 0.01,
respectively).

Avascular necrosis of the humeral head in this pop-
ulation was recorded only in patients who underwent
open reduction and bone-on-bone metal osteosynthe-
sis with the PHILOS plate, mainly after type 11-C
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fractures with CI values < 0.36. In them, CMS indi-
cators deteriorated from (72.5 + 2.9) in 3 months to
(62.5 &+ 2.9) in 6 months after the intervention.
RTSA, compared with other techniques, is a mod-
ern and optimal option for surgical treatment of prox-
imal humeral fractures AO/OTA 11-B or 11-C against
the background of a pronounced decrease in bone

mineral density, especially in elderly patients.
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The impact of preoperative volume overload
on hemodynamic parameters during shoulder arthroscopy
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Objective. To investigate the influence of preoperative volemic loading
on changes in hemodynamic parameters due to positioning of anesthe-
tized patients in the beach chair position. Methods. A prospective ran-
domized single-center study included 140 patients. Group [ (n = 70) —
patients who underwent preoperative loading in a volume of 12 ml/kg
before changing the body position. Group Il (n = 70) — patients who
did not undergo preoperative loading. Afier induction with propofol/
fentanyl in standard doses and orotracheal intubation, the patient was
transferred from the supine position to the BCP. Non-invasive systolic
blood pressure (SBP), diastolic blood pressure (DBP), mean arterial
pressure (MAP), and heart rate were determined using a Mediana
YM6000 monitor. The first measurement of SBP, DBP, and MAP was
performed immediately afier positioning the patient supine, the sec-
ond after induction, the third 5 minutes afier positioning in the NSP,
and subsequently blood pressure measurements were performed ev-
ery 5 minutes, heart rate, and SpO; continuously. In the postoperative
period, the following criteria were evaluated: frequency of nausea/
vomiting, frequency of orthostatic collapse within 48 hours, average
heart rate within 6 hours. Results. Induction of general anesthesia
caused comparable changes in hemodynamics in patients of the stud-
ied groups without significant differences between groups. When
changing the body position in the BCP, hemodynamic changes had
significant differences between groups. Only 7.1 % of the subjects
in group 1 had nausea and vomiting in the early postoperative pe-
riod, while in group II 21.4 % of patients had nausea and vomiting.
The development of tachycardia was noted during the first 6 hours
after surgery in patients in group II (95.0 = 5.8), compared with group
1(70.3£6.5) (p < 0.001). The development of orthostatic collapse was
observed more often in patients in group Il and amounted to 14.3 %
vs. 10.0 % of the subjects in group 1. Conclusions. Preoperative infu-
sion loading does not significantly affect hemodynamic reactions that
occur during induction of general anesthesia in young patients ASA
I-II. Preoperative infusion loading during operations in a BCP sig-
nificantly reduces the number of early postoperative complications:
postoperative nausea and vomiting, orthostatic collapse and the de-
velopment of tachycardia.

Mema. Jlocrioumu eénaugé nepedonepayitinoco 801eMiUHO20 HA-
BAHMAICEHHSL HA 3MIHU NOKA3HUKIE 2eMOOUHAMIKU GHACTIOOK NO-
SUYIIOBAHHA AHECME3068AHUX X6OPUX Y HANIGCUOAUOMY NOTOIHCEHHI
(HCII). Memoou. [Ipocnexmuere panoomizosane 0OHOYEHMPOse
docnioxcenns exknrouano 140 nayicumis. Ipyna I (n = 70) — x60-
Di, AKUM NPOBOOUNIOCH Nepedonepayiiine HABAHMANCEHH S 6 00CA3I
12 mn/ke neped sminennsim nonodicenns mina. I pyna Il (n = 70) —
ocobu, 6e3 nepedonepayiiino2o Hasanmaxcenns. Ilicaa npoge-
OenHsl iHOYKYii nponogon/henmanin y cmanoapmuux 003ax ma
opompaxeanvhoi iHmybayii nayicum nepesoouscs 3 NOJONHCEHHA
nearcauu 00 HCIL. [lepwe sumipio8anms cucmoniunoz2o apmepians-
Hozo mucky (CuAT), diacmoniunozo apmepianvrozo mucky (JiAT)
ma cepednvoco apmepiansrozo mucky (CAT) suxonysanoce oopa-
3y nicasA NO3UYIOBAHHI X80PO20 Nedcadll Ha ChuHi, opyee — nic-
J15 IHOYKyii, mpeme — uepes 5 xeé nicisi nozuyirosants ¢ HCII ma
Haoani GUMIPIOSAHHS APMEPIAIbHO20 MUCKY 30ILICHIOBAIU KOJICHT
5 x8, uacmomy cepyesux ckopouenv (4CC) ma camypayiro nepe-
Gupuunoi kposi (SpO,) nocmitino. Y nicisonepayiinomy nepiooi
oyinlosanu: 4acmomy HyOOmu/6a106ants ma po3guUmMKY opmo-
cmamuyno2o Konancy npomsazom 48 200, cepeonio YCC npomszom
6 200. Pesynomamu. IHOykyis 3a2a1vHoi anecmesii GUKIUKANA CNIG-
CMABHI 3MIHU 2eMOOUHAMIKYU 68 NAYIEHMIE O0CTIONCY8AHUX 2PV
0e3 0ocmosipHoi pisnuyi misxc epynamu. Apmepianrvruil muck ma-
Kodic 00cmogipHo 8iopisnasca 6 nayienmie I ma Il epyn. YV 7,1 %
docnidoicenux y I epyni cnocmepizanoce wyooma ma On08aHHs
6 pannvomy nicisionepayiinomy nepiodi npomu I epynu 21,4 %
xeopux. Pozeumox maxixapoii npomseom nepuiux 6 200 nicis one-
payii 6 nayicumis 1l epynu cxnae (95,0 + 5,8), npomu (70,3 £ 6,5)
(p < 0,001), a opmocmamuunui konanc y Il epyni 6ys 14,3 npomu
10,0 %. Bucnoexu. Ilepedonepayiiine in@y3iiine HABAHMANCEHHS
00360151€ MIHIMI3Y8aMU NOCHYPAbHI 3MIHU 2eMOOUHAMIKU NiO Yac
onepayiii 8 HANIBCUOAUOMY NONONHCEHHI. BoHO 0ocmosipHo He éniu-
8a€ HA pearyii eeMOOUHAMIKU, AKI UHUKAIOMb NI Yac IHOYKYil
3a2a1bHOT anecmesii 8 MOLOOUX nayienmis. 3a ymos onepayii  Ha-
NIBCUOAYOMY NOJONHCEHHI OOCIMOBIPDHO 3MEHULYIOMbCA KITbKICIb
PaHHIX nicisAonepayiinux ycKiaoHenvb: Hyooma ma Onio8amHs,
OpMOCMamuyHuil KOAanc, po3eumox maxixkapoii. Knouosi crosa.
Haniecuosue nonooicenns, 3aeanvha anecmesis, inQy3itina mepa-
nis, apmpockonis

Keywords. Semi-sitting position, general anesthesia, infusion therapy, arthroscopy
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Introduction

The change in the patient’s body position from
the supine to the semi-sitting position (SSP) initiates
physiological changes to adapt the cardiovascular sys-
tem. In particular, this adaptation is impaired during
general anesthesia due to the effects of anesthetics on
sympathetic activity and dysregulation of the barore-
ceptor system. However, this is associated with sig-
nificant hemodynamic instability, which leads to an
increased risk of cerebral hypoperfusion [1]. Cerebral
perfusion pressure decreases by approximately 15 %
in the sitting position in non-anesthetized patients and
drops significantly under anesthesia due to vasodila-
tion and impaired venous return, resulting in hemo-
dynamic instability, impaired oxygen delivery with
possible subsequent organ dysfunction. Conversely,
fluid overload leads to multisystem effects, including
interstitial edema with effects on gas exchange, renal
function, and the gastrointestinal system [2]. Periop-
erative hypotension is not necessarily indicative of an
intravascular fluid deficit, but rather a result of general
anesthesia causing a weakening of vascular tone [3].
A decrease in cardiac index by 24 % during the trans-
fer of patients to the SSP occurs due to the transfer
of 14 % of blood volume from the intra- to the extra-
thoracic space [4]. At the time of changing the body
position, the hemodynamic problem becomes greater
due to caudal accumulation of blood, and, in turn,
a decrease in preload [5]. The effect of infusion load-
ing before transferring an anesthetized patient to
the SSP remains uncertain. Traditionally, infusion
preload has been used to prevent intraoperative hy-
potension caused by spinal anesthesia, but this issue
still remains controversial [6]. New data are emerging
on the positive effect of infusion preload on hemody-
namic stability in patients with SSP [7], so this issue
requires further investigation.

Purpose: to investigate the influence of preoper-
ative volemic load on changes in hemodynamic pa-
rameters due to positioning of anesthetized patients
in a semi-sitting position.

Material and methods

The study was performed at the State Establish-
ment “Professor M. 1. Sytenko Institute of Spine and
Joint Pathology of the NAMS of Ukraine”. It was ap-
proved by the local Bioethics Committee (protocol
No. 231 dated 20.05.2023) of the relevant institution in
accordance with the rules of ICH GCP, the Helsinki
Declaration of Human Rights of 2002, the Council
of Europe Convention on Human Rights and Biomed-
icine approved in 1977, as well as the current legisla-
tion of Ukraine. Informed consent was obtained from

all patients included in the study. The prospective
randomized study included 140 patients, divided into
2 groups: I (n = 70) individuals who underwent pre-
operative loading in the amount of 12 ml/kg before
changing the body position; II (n = 70) without preop-
erative loading. The average age of patients in group |
was (42.4 £ 10.7), in group II (41.1 £ 13.3) years. Pa-
tients with cardiac arrhythmia, angina pectoris, re-
spiratory, renal or hepatic failure were excluded from
the study.

According to the American Society of Anesthe-
siologists (ASA) scale, all subjects were classified as
Class I and II. Patients in Group I received a volume
load of 12 ml/kg 30 min before surgery. The quali-
tative composition of the infusion therapy consisted
of balanced crystalloid solutions. Patients in Group II
did not receive a preliminary volume load before
the intervention. Before induction, patients were ad-
ministered pantoprazole 40 mg, diazepam 10 mg. In-
duction was provided with propofol 1 % 2 mg/kg,
fentanyl solution 0.2 mg, muscle relaxation was pro-
vided with suxamethonium solution 1 mg/kg, and sub-
sequently atracurium besylate 0.3 mg/kg. General an-
esthesia was maintained with propofol 1 % 5—7 mg/kg/h,
and fentanyl solution was used for anesthesia. After
orotracheal intubation and transfer of the patients to
mechanical ventilation, their position was changed to
the SSP.

Peripheral blood saturation (SpO,), non-invasive
systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), mean blood pressure (MBP), heart rate
(HR) were determined with a Mediana YM6000
monitor. The first measurement of SpO,, SBP, DBP
was performed immediately after positioning the pa-
tients lying on their back, the second one after induc-
tion, the third one 5 min after positioning in the SSP,
subsequently blood pressure control was performed
every 5 min, heart rate and SpO, constantly.

In the postoperative period, the following criteria
were studied: the frequency of nausea/vomiting and
the development of orthostatic collapse within 48 h,
average heart rate within 6 h.

The groups were comparable in age and duration
of surgery (Table 1).

Statistical analysis. The obtained data were an-
alyzed using the IBM SPSS 9.0 software. The nor-
mal distribution of the samples was checked using
the Kolmogorov-Smirnov test. The mean and stan-
dard deviation were determined. Differences between
groups of indicators were assessed using the Student's
t-test.



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 1 47

Results

Analysis of changes in hemodynamics depending
on preoperative volume load

The primary hemodynamic indicators did not
differ statistically between the groups (Table 2).
Similarly, induction of general anesthesia caused
comparable changes in hemodynamics in patients
of the studied groups without a significant differ-
ence between them. In the case of a change in body
position before SSP, hemodynamics had significant
differences between the groups. The most signifi-
cant were recorded in terms of heart rate (beats/
min): (95.0 £ 5.8) in patients of group Il compared to
(70.34 £ 6.52) in group I (p < 0.001). Blood pressure
also significantly differed in patients of groups I and
IT (mm Hg): Systolic blood pressure (103.9 + 7.8) vs.
(95.9 £5.9), respectively (p < 0.001); Diastolic blood
pressure (63.3 = 7.2) vs. (57.5 = 5.0) (p < 0.001) and
MBP (76.8 + 7.2) vs. (69.6 = 5.4) (p < 0.001). Con-
sidering that SSP support provides autoregulation
of cerebral circulation, the study did not allow even
a short-term decrease to 65 mm Hg.

Analysis of postoperative complications

The criteria for the adequacy of intraoperative
volemic status and hemodynamic stability can be
considered the frequency of postoperative complica-
tions: tachycardia in the postoperative period, vom-
iting and orthostatic collapse in the first 48 hours
after the intervention. Our observation data showed
that patients of the studied groups had a signifi-
cant difference in these indicators. Thus, only in
7.1 % of cases in group I nausea and vomiting were
recorded in the early postoperative period, while

Table 1
General characteristics of the examined patients

Patient group Age of patients, years Duration of surgical

intervention, min

in group II in 21.4 %. The development of tachy-
cardia was noted during the first 6 hours after sur-
gery in patients of group II (95.0 £ 5.8), in group
1 (70.3 £ 6.5) beats/min (p < 0.001), and orthos-
tatic collapse was observed more often in patients
of group II and amounted to 14.3 versus 10.0 %
of the studied in group I (Table 3).

Discussion

Significant cardiovascular changes can occur
when patients are placed in the upright position.
Mean blood pressure, central venous pressure,
and arterial partial pressure of oxygen (PaO,) de-
crease, while the alveolar-arterial oxygen gradient
(PAO,-Pa0,), pulmonary vascular resistance, and
total peripheral resistance increase. Under nonan-
esthetic conditions, these effects are compensated
for by an increase in systemic vascular resistance
of 50-80 %. However, this autonomic response is
blocked by the vasodilatory effects of anesthetics,
which further increase and impair cardiac output.
Blood pressure remains unchanged or increases in
nonanesthetic patients in the sitting position but de-
creases under anesthesia.

In the supine position, the blood pressure mea-
sured in the arm and that providing brain perfusion
are essentially the same, but if the patient is in an
upright position in a chair, it is lower in the brain than
in the heart or arm. The difference in blood pressure
will be equal to the hydrostatic pressure gradient be-
tween the heart/arm and the brain.

A study of 23,073 patients found that if the arm
systolic blood pressure is 65 mm Hg and the dis-
tance to the external auditory canal (which is
the base of the brain) is 30 cm above the heart,
the pressure at the level of the cerebral cor-
tex is 42 mm Hg (Figure). That is, when chang-
ing the body position in anesthetized persons in

[(=70) 424+107 126.0+254 the SSP, each centimeter of verticalization leads to
11 (n=70) 4L1=133 1291252 a decrease in blood pressure by 0.77 mm Hg [8].
Table 2
Hemodynamic variations observed in patients of the study groups
Patient Hemodynamics indicators
group
primary after induction after positioning
SBP DBP MBP HR SBP DBP MBP HR SBP DBP MBP HR
(mm Hg) | (mmHg) | (mm Hg) (b/min) (mm Hg) | (mmHg) | (mm Hg) (b/min) (mm Hg) | (mmHg) | (mm Hg) (b/min)
I 1415+ | 862+ | 1047+ | 808+ | 1046+ | 674+ | 798+ | 725+ | 1039+ | 633+ | 76.8+ | 703+
(n=70) 20.6 12.6 14.1 11.5 14.9 9.0 10.5 7.8 7.2 7.2 6.5
11 1455+ | 88.8+ | 1040+ | 835+ | 1040+ | 656+ | 784+ | 778+ | 959+ | 575+ | 69.6+ | 950+
(n=70) 17.8 14.8 12.7 9.4 12.7 9.9 10.4 59 * 5.0% 5.4%* 5.8%

Note. * — p <0.001, comparing groups I and II.
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Table 3
Presence of complications
in early post-operative period

Patient group | Average heart rate Nausea and Orthostatic
in the first 6 hours | vomiting within collapse within
after surgery, 48 hours, 48 hours,
beats/min patients patients
I (n=70) 703+6.5 5 7
11 (n = 70) 95.0+5.8 * 15 10

Note. * — p <0.001, comparing groups I and II.

Frontal cortex

MBP 42 mm Hg

30 cm — height
difference;

23 mm Hg —
perfusion pressure
difference

Mean blood pressure drops by 0.77 mm Hg for every centimeter of elevation above
the reference point (blood pressure cuff)

Figure. Comparison of MBP at shoulder and head level when
changing body position in SSP (according to Rodney A. Gabriel)

A. Jesudoss et al. compared SSP and middle cerebral
artery blood flow velocity and found that the semi-sit-
ting position under general anesthesia resulted in an
average decrease in SSP of 24.8 % and in middle ce-
rebral artery blood flow velocity of 28.0 % [9]. Lee
et al. noted that postural hemodynamic responses
during transfer to the SSP were observed in patients
with elevated baseline blood pressure [10].

Current guidelines recommend maintaining sys-
tolic blood pressure at a level of at least 70 mm Hg
[11]. The issue of hemodynamic correction in the SSP
remains controversial. In their studies, Soo Y Cho
et al. found that the use of vasopressin solution be-
fore transferring the patient to the SSP helps reduce
episodes of hypotension associated with verticaliza-
tion [12], but correction of low intraoperative values
of systolic blood pressure with vasoconstrictors alone
does not guarantee good organ perfusion. Gokdu-
man et al. performed fluid loading (crystalloid and
colloidal solutions) in a volume of 10 ml/kg of ideal
body weight 30 min before surgery before position-
ing, which contributed to a decrease in the frequency
of episodes of postoperative nausea and vomiting [7].
The results obtained by the authors are comparable
with our data. Other methods of preventing cerebral
hypoperfusion in SSP include preventing hyperven-
tilation and using high compression stockings [11].
Maintaining normovolemia may be more beneficial
than using vasoconstriction to increase SSP to pre-

serve cerebral perfusion; therefore, increasing intra-
vascular volume may be more effective in protecting
patients from possible hypoperfusion [13].

Conclusions

A preoperative infusion load of 12 ml/kg mini-
mizes postural changes in hemodynamics during op-
erations in the semi-sitting position.

Therefore, it does not significantly affect the he-
modynamic responses that occur during induction
of general anesthesia in young ASA I-II patients.

Preoperative infusion load during interven-
tions in the semi-sitting position significantly re-
duces the number of early postoperative complica-
tions: nausea and vomiting, orthostatic collapse, and

tachycardia.
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The Forgotten Joint Score-12 (FJS-12) is an important tool for
assessing the effectiveness of treatment of patients after large
joint arthroplasty. Its main advantage is its sensitivity to the pa-
tient's subjective perception of the artificial joint, which makes it
extremely useful for assessing the level of comfort after surgery.
Objective. To perform an official translation of the Forgotten
Joint Score-12 scale into Ukrainian, to conduct its adaptation
and validation among patients who have undergone knee or hip
arthroplasty. The translation was carried out within the frame-
work of official cooperation with Forgotten Joint Scores (BGGK
GmbH, Switzerland) in accordance with international standards
Good Practice for the Translation and Cultural Adaptation Pro-
cess for Patient-Reported Outcomes (PRO) Measures. Results.
The pilot testing was conducted among 20 patients and was
aimed at identifying the clarity of the questions, ease of comple-
tion and time required to complete the survey. That is why this
scale allows to assess the degree of awareness of the presence
of a joint implant in everyday life, is an important addition to ex-
isting methods of studying the results of treatment. Conclusions.
Due to its unique approach, the FJS-12 allows for a more accu-
rate assessment of the results of arthroplasty, which contributes
to the improvement of surgical techniques, optimisation of reha-
bilitation programmes and improvement of the level of medical
care. Its Ukrainian-language version is now available for use in
clinical practice and scientific research in our country, which
will contribute to a more objective assessment of the effective-
ness of treatment of patients after total arthroplasty. This also
opens up new opportunities for international cooperation, as it
allows Ukrainian researchers to use unified assessment methods
and compare their results with those of their colleagues.

LUlxana Forgotten Joint Score-12 (FJS-12) € eascnusum incmpy-
MeHMOoM 015 OYIHKU eeKmUSHOCmi NiKY8AHHA NAYICHMI8 Nicisa
endonpomesysauns eeauxux cyenobis. Ii zonosna nepesaza no-
n524€ 8 YYMAUBOCHT 00 CYO EKMUBHO20 CRPUTTHAMMA WUMYUHO20
cyenoba camum nayieHmom, wo pooums ii Ha036UUALIHO KOPUC-
HOM0 01151 OYIHIOBAHHS Pi6Hs Kompopmy nicas onepayii. Mema.
Buxonamu ogiyiiinuil nepexnao wikanu Forgotten Joint Score-12
Ha YKpaiHcbKy Mogy, npogecmu ii adanmayiio ma 6anioayiio ce-
peo nayicHmie, SIKUM 6UKOHANU eHOONPOMEe3Y8aHHs KONIHHO2O
abo kynouiosoeo cyenobis. Ilepexnad 30ilcHIOBA6C 6 MeXHCax
ogiyitinoco cnispodimuuymea 3 Forgotten Joint Scores (BGGK
GmbH, Switzerland) 8i0nogiono 0o misxxcnapoonux cmaunoap-
mie Good Practice for the Translation and Cultural Adaptation
Process for Patient-Reported Outcomes (PRO) Measures.
Peszynemamu. Ilinomne mecmysannua nposoounocs cepeo
20 nayienmis, Oy10 CnpAMO8AHe HA BUABLEHHS 3PO3YMITOCI
3anumandb, 3pYYHOCMI 3ANOBHEHH MA YAcy, HeoOXiOHo2o 0
npoxodoicennss onumyeanus. Came momy ys wKaia 0036015€
OYIHUMU CMYNIHL YCBIOOMIEHHS HASAGHOCMI CY2n100068020 iMN-
naHmama 6 noGCAKOEHHOMY JHCUMMI, € BANCTUBUM OONOGHEH-
HAM 00 ICHYIOUUX MemOo0i6 8UGUEHHS Pe3yIbMamis NiKYEaHH .
Bucnosku. 3aeosku ceoemy yHikanvnomy nioxooy FJS-12 0o3-
607151€ NPOBOOUMU DiNbUL MOUHY OYIHKY pe3y1bmamie eHOonpo-
me3y8anHs, W0 CNPUAE 800CKOHANEHHIO XIPYPIUHUX MEMOOUK,
onmumizayii npoepam peadinimayii ma niosuweHHIO pieHa Me-
Ouunoi donomozu. Ii ykpainomosna eepcis napasi docmynua ons
BUKOPUCMAHHSA 8 KATHIUHIL NPAKMuYyi ma HayKo8ux 00CAi0HCeH-
HAX Hawoi Kpainu, wo cnpusmume Oilbwiitl 00 €KMUSHOCMI
OYIHKU eheKMUGHOCMI NIKY8AHHSA NAYIEHMIB NICISL MOMATLHO2O
enoonpome3syeanns. Lle makodc 6i0kpusac HOGI MONCIUBOC-
mi Ol MIJDICHAPOOHO20 CNIBPOOIMHUYMEA, OCKIIbKU O0360JI€
VKPATHCOKUM OOCTIOHUKAM SUKOPUCIOBY8AMU VHI(PIKOGAHT Me-
MOOUKU OYIHIOBAHHS MA NOPIGHIOBAMU C8OI pe3yibmamu 3 0d-
Humu koaee. Knouogi cnosa. Tomanvue enoonpomesyeanms
KYIbUL0BO20 cyenoba, momanvhe eHoonpome3sy8aHHs KOJIIHHO20
cyanoba, Forgotten Joint Score-12, FJS-12.

Keywords. Total hip arthroplasty, total knee arthroplasty, Forgotten Joint Score-12, FJS-12
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Introduction

Total hip and knee arthroplasty is an effective
treatment for patients with severe osteoarthritis or
other degenerative joint diseases. This surgical pro-
cedure can significantly improve the quality of life
of patients, reduce pain, and restore joint function.
Assessment of arthroplasty outcomes using tradi-
tional scales such as the Harris Hip Score (HHS)
[1], Knee Society Score (KSS) [2], Western Ontario
and McMaster Universities Osteoarthritis Index
(WOMAC) [3] focuses primarily on objective pa-
rameters: pain, physical function, range of motion,
and risk of complications. In contrast, the HHS
and KSS scales rely solely on clinical evaluations
conducted by physicians. Meanwhile, the WOMAC
[3] and Oxford Hip and Knee Scores (OHS/OKS)
[4, 5] incorporate patients' subjective experiences
and perceptions into their assessments. However,
it is the person who is at the center of attention in
modern medicine, within which the quality of life
and the patient’s subjective perception of the results
of treatment are considered an important indicator
for determining the effectiveness of treatment. In
this context, the Forgotten Joint Score-12 (FJS-12)
[6] is a key tool for assessing the patient’s ability
to forget about the artificial joint in everyday life.
The concept of the “forgotten joint” suggests that
the more inconspicuous the joint becomes to the pa-
tient, the more successful the surgical treatment
was [7]. The FJS-12 allows the assessment of not
only physical functionality but also the patient’s
psychological comfort, making it an extremely
sensitive indicator of the success of the treatment
[8]. This scale was developed in 2007 by Professor
Marcus S. Couste, an orthopedic surgeon special-
izing in joint replacement. The results of its vali-
dation were first published in 2012 in The Journal
of Arthroplasty [7].

The Forgotten Joint Score-12 (FJS-12) scale has
been tested for reliability and validity in patients after
knee [9-12] or hip [11-13] arthroplasty. Due to its
high sensitivity to assessing subjective comfort af-
ter total joint replacement, this scale has a minimal
ceiling effect, unlike other patient-reported outcome
measures (PROMs) [14]. A ceiling effect refers to
the point at which the scale cannot detect improve-
ment in a patient’s condition after treatment. This is
important for detecting small functional changes, es-
pecially among individuals with high activity levels.

The FJS-12 has been translated into several lan-
guages with promising results regarding validity and
reliability for patients after knee [15-19] and hip [20,

21] arthroplasty, but a translation into Ukrainian has
not yet been performed. This limits the possibilities
for improving treatment due to the lack of feedback
from the patient regarding his feeling of the artificial
joint and the absence of this assessment in other used
scales.

Purpose: To translate the Forgotten Joint Score-12
scale into Ukrainian and validate it for patients who
have undergone knee or hip arthroplasty.

Material and methods

The study was approved by the Bioethics Com-
mission of the State Establishment “Professor
M. 1. Sytenko Institute of Spine and Joint Pathol-
ogy of the NAMS of Ukraine” (protocol No. 248
dated 10.02.2025). All patients signed an informed
consent.

The work was carried out within the framework
of a formal cooperation agreement with Forgotten
Joint Scores (BGGK GmbH, Switzerland) [9], repre-
sented by the Chief Translation and Licensing Officer
Dagmara Kulis. During the cooperation, we trans-
lated into Ukrainian and conducted linguistic vali-
dation of the English version of the FJS-12 scale for
further use in the practice of Ukrainian doctors. This
was carried out in the following sequence, in accor-
dance with the requirements of the Good Practice for
the Translation and Cultural Adaptation Process for
Patient-Reported Outcomes (PRO) Measures [22]:

— double translation: the questionnaire was trans-
lated into Ukrainian by two independent experts;

— reconciliation: both translations were combined
into one optimal version;

— back translation: two independent back trans-
lations of the Ukrainian version into English were
created;

— verification: a team of translators and clinicians
checked the text for compliance with the original;

— expert proofreading: the text was proofread by
a professional linguist;

— pilot testing: testing was conducted with the par-
ticipation of 20 patients after hip (n = 10) and knee
(n = 10) joint replacement;

—finalization: all necessary corrections were made
based on the testing results.

Results

The result of the collaborative work is the Ukrain-
ian-language validated Forgotten Joint Score-12
scales for patients after knee or hip arthroplasty,
shown in Fig. 1 and 2.



52 ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 1

Questions for assessing the condition of the knee joint (Forgotten Joint Score-12)

Patient: Date:

A joint is considered healthy if it functions without you noticing it. However, even the slightest problem can draw your attention to the
joint. You start thinking about it, paying attention to your feelings. The following questions concern how often you pay attention to

your affected knee joint in everyday life.
Please choose the answer that best reflects your feelings.

No. Do you pay attention to your knee joint... Never | Almostnever | Rarely | Sometimes | Almost always

1. .. at night, when you are in bed? o} o o e}

2. .. when you sit in a chair for an hour or more? o} o) o o} o
3. .. when you walk for more than 15 minutes? o} o) o o} o
4. .. when you take a bath/shower? o} o o e} o
5. .. when you drive/travel as a passenger in a car o) o) [e) ) )
6. .. when you climb stairs? o} o o e} o
7. .. when you walk on uneven surfaces? o) o) 0) ) )
8. .. when you get up from sitting on a low surface? o} o) o) o} o
9. .. when you stand for a long time? o) ) @) ) )
10. .. when you do housework or gardening? o) o) [e) o) )
11. .. when you go for a walk/hike? o} o o o} o
12. ... when you play your favorite sport? o) o) 0) o) )

Fig. 1. Forgotten Joint Score -12 scale for the knee joint

During the pilot testing, the purpose of the survey
and the meaning of all questions were well under-
stood by all patients without exception.

Scoring algorithm

Each of the 12 questions in the scale is scored
from 0 to 4 points, where the patient's answer
“Never” is equal to 0, and “Almost always” is equal
to 4 points. Thus, the total score obtained ranges
from O to 48 [7]. The resulting score is linearly
transformed into a scale from 0 to 100 according to
the formula:

The final score = 100 — ((sum of all points / )
number of questions with answers) x 25).

For example, if the patient answered “Sometimes”
(3 points) to all 12 questions, then the final score is 25.

The final score = 100 — ((36 / 12) x 25) =25. (2)

A high score on the FJS-12 scale indicates a good
result after treatment.

If the patient did not answer more than 4 ques-
tions, the total score is not used.

The FJS-12 scale for the hip joint (Fig. 1) is aimed
at assessing the level of involvement of the operated
limb in the patient’s usual life after total hip ar-
throplasty. The main attention is paid to such aspects
as the feeling of discomfort in the joint while sitting,

walking, climbing stairs, driving a car, standing for
a long time or performing physical exercises.

The patient’s responses are scored on a scale
from “Never” to “Almost Always,” which measures
the level of awareness of the joint in various everyday
situations. The total score is converted into a scale
from 0 to 100 points, where 0 indicates maximum
awareness (discomfort, limited movement), and
100 means complete “forgetfulness” of the joint. This
approach allows us to assess not only the physical
function, but also the patient’s psychological comfort,
in particular the ability to return to an active lifestyle.

The FJS-12 scale for the knee joint (Fig. 2) is
aimed at assessing the functionality and sensation
of the joint in patients after arthroplasty. It covers as-
pects such as the ability to climb and descend stairs,
walk on uneven surfaces, do household chores, play
sports, or stand for long periods of time.

Each response is scored in the same way as in
the hip joint scale. Due to the high sensitivity of the
scale, it is possible to accurately detect the patient's
level of recovery, differentiating even the slightest
changes in the condition of the joint. The FJS-12 for
the knee joint is extremely useful for individuals
seeking to restore physical activity, including sports.

Discussion

The FJS-12 scale can be used to assess the results
of clinical studies aimed at improving the quality
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Questions for assessing the condition of the hip joint (Forgotten Joint Score-12)

Patient: Date:

A joint is considered healthy if it functions without you noticing it. However, even the slightest problem can draw your attention to the
joint. You start thinking about it, paying attention to your feelings. The following questions concern how often you pay attention to

your affected hip joint in everyday life.
Please choose the answer that best reflects your feelings.

Ne 3/m Do you pay attention to your hip joint... Never | Almostnever | Rarely | Sometimes | Almostalways
1. ... at night, when you are in bed? o} o) o}

2. .. when you sit in a chair for an hour or more? o} o) e} le) o
3. .. when you walk for more than 15 minutes? o} o) o} o o
4. .. when you take a bath/shower? o} o o} le) o
5. .. when you drive/travel as a passenger in a car o) [¢) o) @) )
6. .. when you climb stairs? o} o) o} le) o
7. .. when you walk on uneven surfaces? o) [¢) o) 0) )
8. .. when you get up from sitting on a low surface? o) [¢) o) 0) )
9. .. when you stand for a long time? o) @) o) @) )
10. .. when you do housework or gardening? o) fe) o) o )
11. .. when you go for a walk/hike? o} o) o} o o
12. ... when you play your favorite sport? o) ¢) o) @) )

Fig. 2. Forgotten Joint Score -12 scale for the hip joint

of life of patients after joint replacement. The effec-
tiveness and benefits of using the FJS-12 scale are
based not only on the subjective experience of ortho-
pedic surgeons but also have practical application in
clinical studies. Behrend et al. [7], using the FJS-12
scale, showed the influence of the year of manufac-
ture of hip joint endoprostheses on the outcome of pa-
tient treatment, indicating the possibility of using
the FJS-12 for studies of different options for pros-
theses. This scale can be used to assess the results in
studies of different durations. Thus, using the FJS-12,
J. Manara et al. [23] revealed the advantages of using
a robotic system during partial knee replacement over
a 2-year follow-up period. The use of FJS-12 for long-
term observation was evaluated in patients with total
hip arthroplasty due to femoral head aseptic necrosis
over a period of 10 years [24].

The internal consistency of the FJS-12, according
to Cronbach's alpha, is high [14] and is 0.95 in the first
publication [7], for the knee joint from 0.97 to 0.86
[11, 15, 25], demonstrating its reliability as a self-re-
port instrument for patients. The construct validity
of the FJS-12 is confirmed by the presence of strong
correlations with WOMAC (r = —0.75) [7], and with
OHS/OKS (r = 0.79 and r = 0.75, respectively) [11].
Moreover, the FJS-12 scale has a high sensitivity to
detect minimal changes in the condition of patients
after arthroplasty [15].

The advantage of the FJS-12 is that it takes into ac-
count the patient’s subjective comfort in everyday life
and is more sensitive to minor changes and problems,
which eliminates the limitations of its use for assess-
ing long-term results of arthroplasty, especially in in-
dividuals with a high level of functionality, which is
impossible when using traditional scales [14].

Conclusions

The Forgotten Joint Score-12 scale is a reliable
and sensitive tool for assessing the results of hip and
knee arthroplasty. It allows obtaining accurate data
on the subjective perception of patients about their
condition, contributes to the improvement of surgi-
cal techniques and helps to determine the optimal
approaches to the treatment of patients who are in-
dicated for knee or hip arthroplasty. The Forgotten
Joint Score-12 scales for knee and hip joints trans-
lated by us into Ukrainian are absolutely correct and
validated, which provides a guaranteed opportunity
for Ukrainian-speaking specialists to use them cor-

rectly in their daily practice.
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Autologous biotechnological products based on bone marrow (BM)
are a source of stem cells, in particular, hematopoietic and multi-
potent mesenchymal stromal cells, and act as one of the alternative
therapeutic agents that can slow cartilage degeneration, improve its
repair and, ultimately, prevent joint replacement. Objective. To de-
velop quality and safety criteria of minimally manipulated biotech-
nological products from autologous bone marrow for use in patients
with pathology of the musculoskeletal system. Methods. The material
for the development of quality and safety criteria for the manufacture
and use of biotechnological products from autologous red bone mar-
row aspirate was 83 patients with osteoarthritis and aseptic necrosis
of the hip and knee joints, who used biotechnological products made
from it. Cell counts in the myelogram and CFU-analysis of MMSC-
BM were performed in all patients. Results. As a result of the develop-
ment of quality and safety criteria for biotechnological products from
BM aspirate, 3 types of it were established: 1 — polymorphic (with
the presence of progenitor cells of all types within the normal range),
2 — moderately cellular (with the presence of all types of progeni-
tor cells, but some of them below the norm), 3 — hypocellular (with
the presence of most types of progenitor cells, some of them below
the norm). Functional quality criteria of biotechnological products
from BM aspirate were developed on the basis of CFU-analysis and
calculation of seeding efficiency coefficient (KEP) of MMSK-BM.
Conclusions. Quality and safety criteria of biotechnological prod-
ucts based on autologous bone marrow aspirate based on the results
of myelograms and CFU analysis have been established. Accord-
ing to the results of myelograms, type 1 BM aspirate was evaluated
as excellent for the further manufacture of a biotechnological prod-
uct, type 2 — good, type 3 — satisfactory. According to the results
of the KUOf analysis, the KEP indicator < 0.001 % was evaluated
as unsatisfactory, the KEP indicator within the range of 0.001—
0.003 % — satisfactory, the KEP indicator > 0.003 % — good.
The KEP < 0.001 % — unsuitable for use.

Aymonoeiuni 6iomexHoI0iuHI NPOOYKMU HA OCHOGL KICMKOB020 MO3-
Ky (KM) € 0xcepenom cmosdyposux Kuimun, 30Kpema 2emonoemuy-
HUX [ MYTbMUNOMeHMHUX Me3eHXIMATbHUX CIMPOMATLHUX KIiMUH.
Bonu signsioms co6010 00un i3 anbmepHamueHux mepanesmuiHux
3acobie, AKULl Modice CROGITbHUMU 0e2enepayilo Xpaujd, NoKpawu-
mu tio2o penapayilo ma 3anobiemu eHOONpPome3V8anHIo Cyenooa.
Mema. Po3pobumu kpumepii skocmi ma 6e3nexu MaioManinyibosa-
HUX DIOMexXHON0IYHUX NPOOYKMI8 3 aymonoeiunoeo KM ons 3acmo-
CYBAHHA 6 NAYIEHMIE 13 NAMOJIO2IEI0 ONOPHO-PYX06020 anapama.
Memoou. /[ns ompumanmsa 6iomexHonoiuHux npooyKmie 6UKopuc-
MAHO Acnipam YepeoHo20 KICMK08020 MO3KY 85 nayicnmis 3 ocmeo-
apmpo3om ma acenmuyHUM HeKpo3oM KYIbUo8020 ma KOMHHO20
cyenobis. B ycix 3paskax npogoounu niopaxyHoK KIimuH y Mi€noepa-
mi ma KYOg-ananiz mynemunomenmnux me3eHxXiMaibHux cmos-
OYPOBUX/CMPOMATLHUX KIIMUH KicmKkogo2zo mo3Kky (MMCK-KM).
Pesynomamu. ITio vac po3pobxu 3asnauenux sxocmeti Oiomexnono-
eiunux npoodykmie 3 acnipama KM ecmanosneno 3 tioco munu: 1 —
noAiMop@HULl (KATMUHU-NONEPEOHUKI YCIX MUNIE ) MENCAX HOPMU);
2 — NOMIpHOKIMUHHUL (NPUCYMHE 8CT MUNU KIATMUH-NONEPEOHUKIS,
ane OesAKi 3 HUX Hudicue HOpMu), 3 — 2INOKAIMUHHULL (i3 HAAGHIC-
mro OLILUWOCE Munie KIimuH-nonepeorUKie, 0esxki 3 HUX Hudicue
Hopmu). Pospobreno gynkyionanvhi kpumepii akocmi 6iomexto-
noeiynux npooykmie 3 acnipama KM na niocmasi KYOg-ananizy
il 06paxyuxy Koeghiyicuma epexmuenocmi nociey (KEII) MMCK-
KM. Bucnoeku. Busigneno kpumepii sxocmi ma 6e3nexu Oiomex-
HONOIYHUX NPOOYKMIE HA OCHOGL aymonoeiunozo acnipama KM 3a
pesynomamamu mienoepam ma KYOgp-ananizy. 3a pesynomamamu
mienoepam mun 1 acnipama KM oyinosanu, sk 6iominHutl 01 no-
0anbUio2o 8U20moseH s OI0OMexHON02IuH020 NPOOYKmY, mun 2 —
0obpuii, mun 3 — 3a0osineruil. 3a KYOg-ananizom nokasnux KEII
< 0,001 % susnauanu ax nesaoosinvnuil, y mexcax 0,001-0,003 % —
3adoginenutl, y pasi > 0,003 % — xopowwuii. Acnipam KM i3 KEIT
< 0,001 % posyiniosanu nenpudammum ons sacmocysanns. Kniouosi
cnosa. Pecenepamuena opmonedis, pecenepamuena in'ekyitina me-
panis, ocmeoapmpos, acenmuiHull HeKpo3, KYIblogull cyenod, Ko-
JUHHULL CY200.

Key words. Regenerative orthopedics, regenerative injection therapy, osteoarthritis, avascular necrosis, hip, knee
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Introduction

Recent advances in biotechnology and regenera-
tive medicine have significantly expanded the range
of applications of biotechnology products, in par-
ticular in traumatology and orthopedics. Currently,
the source of cell and tissue products for the treat-
ment of diseases and injuries of the musculoskele-
tal system is red bone marrow (BM) [1, 2], as it is
considered to be one of the most accessible sources
of multipotent mesenchymal stem/stromal cells
(MMSCs) in the adult body [3, 4]. Therefore, discuss-
ing the prospects and effectiveness of using biotech-
nology products obtained from these tissue sources
for the treatment of osteoarthritis and aseptic necrosis
of the hip and knee joints is a rather relevant issue.
Most often, BM concentrates containing MMSCs are
used in clinical practice today [5, 6].

Autologous biotechnological products based on
BM are a source of stem cells, in particular HSCs
and MMSCs, and are one of the alternative thera-
peutic agents that can slow down cartilage degenera-
tion, improve its repair and, ultimately, prevent joint
replacement [7, 8]. MMSCs are able not only to di-
rectly differentiate into chondrocytes, but also pro-
duce many biologically active substances that have
immunomodulatory and anti-inflammatory effects,
stimulate angiogenesis and are inducers of chemo-
taxis for endogenous progenitors. Due to their high
proliferative potential in vitro, paracrine effects and
ability to restore damaged cartilage and bone tissue
in vivo, MMSCs are considered an effective tool for
cell therapy of musculoskeletal pathologies. Among
the studied sources of stem and progenitor cells, red
bone marrow MSCs (BM-MMSCs) can be consid-
ered the most promising in terms of availability,
safety, and expected therapeutic efficacy [7]. Key
prognostic characteristics of the therapeutic efficacy
of BM-based biotechnology products for regener-
ative orthopedics are cellularity indicators and the
ratio of cell types in the myelogram (hemopoietic
cells) and during the CFU analysis of stromal cells
(BM-MMSCs).

Purpose: to develop criteria for the quality and
safety of minimally manipulated biotechnological
products from autologous bone marrow for use in pa-
tients with musculoskeletal disorders.

Material and methods

The study was conducted at the Department
of Tissue and Cell Therapy of the State Institution
“ITO NAMS of Ukraine” in the period from 2021
to 2024. Informed consent was obtained from all pa-
tients before the study and treatment. The study was

performed in compliance with the principles of bio-
ethics (protocol No. 1 of the meeting of the Bioethics
Committee of the State Institution “Institute of Trau-
matology and Orthopedics of the NAMS of Ukraine”
dated 11 January 2021).

During the study, red bone marrow aspirate from
85 patients with osteoarthritis and aseptic necrosis
of the hip and knee joints was used, from which
biotechnological products were subsequently man-
ufactured. BM aspirate from 71 patients was used
for cell counting in the myelogram, and from 14 pa-
tients for the CFU analysis of MMSC-BM. We iso-
lated red bone marrow from the iliac crest. Accord-
ing to literature sources, this localization prevails
over other possible ones in terms of the number
of progenitor cells obtained compared to the tibia
and calcaneus [9].

We used three approaches for BM aspiration
(Fig. 1): anterior parallel (through the iliac wing)
(Fig. 1, a), posterior parallel (parallel to the posterior
superior iliac spine) (Fig. 1, b, ¢) and posterior per-
pendicular (perpendicular to the posterior superior
axis of the iliac bone) (Fig. 1, d). Aspiration was per-
formed with an 11G trocar 100 or 150 mm long, after
flushing its lumen with a small amount of heparin.
After local anesthesia, by manually placing the can-
nula in the iliac crest, rotating it clockwise and coun-
terclockwise, we simultaneously applied axial force
or pressed the trocar to the bone, pushing the cannula
through the cortical layer. After its passage, we felt
some relief in the movement of the trocar, then we
deepened it into the spongy layer of the iliac bone by
another 0.5 cm. After making sure that the trocar was
in a stable position in the thickness of the bone, we
connected a Luer-Lock syringe, then carefully pulled
its piston towards us, without much effort, and made
sure that there was bone marrow aspiration in its lu-
men. Having determined its presence, further sam-
pling should be performed slowly, since significant
efforts during aspiration will increase the patient's
pain syndrome.

Bone marrow sampling from one area leads to
a decrease in the number of mesenchymal stem cells
due to dilution with peripheral blood, so after filling
2-3 syringes, we changed the depth of sampling. We
obtained 100 ml of aspirate to isolate one dose of the
mononuclear fraction. To obtain several doses,
sampling was performed from several accesses. If
necessary, ultrasound or a C-curve was used for
navigation.

After completing the BM aspirate sampling pro-
cedure, the patients were recommended to remain in
a horizontal position for 30 minutes.
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Figure. Accesses to the pelvic bone for collecting BM aspirate: a) anterior parallel; b), c) posterior parallel; d) posterior

perpendicular

Table 1

Example of a myelogram of patient G., whose aspirate is unsuitable
for further manufacturing of a biotechnological product

Cellular element Result Norm (in % according Cellular element Result Norm (in % according
to A. 1. Vorobyov) to A. I. Vorobyov)
Reticular cells — 0.1-1.6 Normocytes 72 89-16.9
Blasts that do not undergo polychromatophilic
morphological — 0.1-1.1 Normocytes oxyphilic 0 0.8-5.6
differentiation Promegaloblasts - o
Myeloblasts 0 0.2-1.7 Megaloblasts
" Promyelocytes 0.2 1.0-4.1 basophilic
% % Myelocytes 1.4 7.0-12.2 Megaloblasts o o
g% Metamyelocytes 0.8 8.0-15.0 polychromatophilic
3 5 | Rods 40 128237 ﬁiﬁﬁ?‘i"“s — —
Segmented 52.0 1317241 Elements of lymphopoiesis:
o o [Fromyelocytes — 0.5-58 ~ lymphocytes 24 43-137
g %‘ xyelocytes — 0.5-58 — plasma cells 0.2 0.1-1.8
2 _E etamyelocytes 0.6 0.5-5.8 Elements of
g a Rods — 0.5-5.8 monocytopoiesis:
Segmented — 0.5-58 — monocytes 8.6 0.7-3.1
" Promyelocytes — 0.0-0.5 _ mitoses of white - 2500
2 2 | Myelocytes — 0.0-0.5 germ elements '
@é Metamyelocytes 0.2 0.0-0.5 — mitoses of red _ 3500
g = | Rods — 0.0-0.5 i:i: i?;::s
Segmented — 0.0-0.5 indices:
Elements of erythropoiesis: — leuko:erythro 94:1.0 35-4:10
— erythroblasts 0 02-11 — neutrophil maturation 0.04 0.6-0.8
— pronormocytes 0.2 0.1-1.2 — erythrokaryocyte 08 0809
— basophilic normocytes 2.2 1.4-4.6 maturation ' o

Preparation of a bone marrow aspirate smear for
counting the cellular composition

Having taken the slide by its long edges, we
touched its surface (stepping back 0.5-1 cm from
the narrow edge) to a drop of aspirate (but not to
the skin). The drop should be small in size, and it

should be placed so that the entire smear fits on
the glass, not reaching 1-1.5 cm to its edge. Its fix-
ation was carried out according to May-Grunwald
[10]. The smear of the BM aspirate was stained ac-
cording to Romanovsky: the cell elements were
stained in different colors and shades with a mixture
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Table 2
Example of a patient C’s type 1 myelogram
Cellular element Result Norm (in % according Cellular element Result Norm (in % according
to A. 1. Vorobyov) to A. I. Vorobyov)
Reticular cells — 0.1-1.6 Nolrm}(l)rc};;ei - 96 89-16.9
Blasts that do not undergo polychromatophitic
morphological — 0.1-1.1 Normocytes oxyphilic 6.4 0.8-5.6
differentiation Promegaloblasts o o
Myeloblasts 0 0.2-17 Megaloblasts _ _
Promyelocytes 1.2 1.0-4.1 basophilic
o @
E ii Myelocytes 10.4 7.0-12.2 Megaloblasts N L .
?j‘% Metamyelocytes 6.0 8.0-15.0 polychromatophilic
g & | Rods 15.2 12.8-237 Megaloblasts _ _
Z & oxyphilic
26.4 13.1-24.1 .
Segmented 6 3 Elements of lymphopoiesis:
o3 Promyelocytes — 05-538 — lymphocytes 15.6 43-137
% ? Myelocytes — 0.5-5.8 — plasma cells 0.4 0.1-1.8
c'8 _
23 Metamyelocytes 0.4 0.5-5.8 Elements of
& a Rods — 0.5-5.8 monocytopoiesis:
Segmented — 0.5-5.8 — monocytes 4.0 0.7-3.1
,, | Promyelocytes — 0.0-0.5 — mitoses of white o 2500
i:’ 2 | Myelocytes — 0.0-0.5 germ elements '
Q .
*§._§ Metamyelocytes 0.4 0.0-0.5 — mitoses of red _ 3500
2 e germ elements )
A & | Rods — 0.0-0.5
o0 Bone marrow
Segmented — 0.0-0.5 indices:
Elements of erythropoiesis: — leukozerythro 40:1.0 3.5-4:1.0
— erythroblasts 0.4 0.2-1.1 —neutrophil maturation 0.4 0.6-0.8
— pronormocytes 0.4 0.1-1.2 — erythrokaryocyte 08 0.8-0.9
— basophilic normocytes 32 1.4-4.6 maturation ] -

of basic (azure II) and acidic (water-soluble yellow
eosin) dyes. Staining was carried out with a ready-
made solution of Romanovsky dye for 40 minutes.
After complete drying, the smear is ready for count-
ing, which was carried out in the clinical diagnos-
tic laboratory of the municipal non-profit enterprise
“Kyiv City Clinical Hospital No. 9”. Based on the re-
sults of the smear counting, a myelogram of the cor-
responding BM aspirate sample was formed.

MMSC-CM CFU analysis

Heparinized (2 units/ml heparin sodium) red
bone marrow aspirate, taken from the iliac crest,
was seeded in complete growth medium containing
MEM alpha modified (BioWest), 10 % ETC (Sig-
ma-Aldrich), 1 ng/ml bFGF (Sigma-Aldrich), anti-
biotic-antimycotic solution (BioWest), 2 units/ml
heparin sodium at the rate of 5.7 million nucleated
cells of red bone marrow aspirate per large Petri
dish with a diameter of 100 mm (3 dishes with 10 ml
of complete growth medium per each bone marrow
sample) and cultured for 14 days in a CO, incubator
at 37 °C and in a 5 % carbon dioxide atmosphere and

96 % humidity. The growth medium in the dishes
was changed every third day. After 14 days of cul-
tivation, Petri dishes with colonies (colony-forming
units of fibroblasts, or CFUs) were washed with
phosphate-buffered saline and fixed for 20 min at
room temperature with buffered formalin solu-
tion and stained with hematoxylin-eosin solution.
Stained colonies were counted.

Results

Morphological criteria for the quality and safety
of BM aspirate and biotechnological products made
from it

According to the results of the analysis of my-
elograms of patients who underwent sampling for
the manufacture of a biotechnological product,
all variants of the aspirated fluid were divided into
2 types: aspirate of BM and without signs of the pres-
ence of BM. The results of determining the type
of BM aspirate in 16 samples obtained were poly-
morphic, in 26 samples — moderately cellular, in
29 — hypocellular.
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Table 3
Example of a patient K’s type 2 myelogram
Cellular element Result Norm (in % according Cellular element Result Norm (in % according
to A. I. Vorobyov) to A. I. Vorobyov)
Reticular cells — 0.1-1.6 N(;)lrlzl}(l)rco}::;o il 96 89-16.9
Blasts that do not undergo POy P
morphological — 0.1-1.1 Normocytes oxyphilic 0 0.8-5.6
differentiation Promegaloblasts o o
Myeloblasts 0.2 0.2-17 Megaloblasts o _
Promyelocytes 0.6 1.0-4.1 basophilic
o @
E ‘i’% Myelocytes 12.8 7.0-12.2 Megaloblasts N L o
?‘j‘% Metamyelocytes 16.0 8.0-15.0 polychromatophilic
8 8 | Mamwaxonnepui 8.8 12.8-237 Megaloblasts — —
Z & - oxyphilic
CermMeHTosIepHi 27.2 13.1-24.1 Elements of lymphopoiesis:
o3 Promyelocytes — 05-538 — lymphocytes 13.6 43-137
% ? Myelocytes — 0.5-5.8 — plasma cells 0.2 0.1-1.8
g8 _
23 Metamyelocytes 0.6 0.5-5.8 Elements of
& & | IlanuukosaaepHi — 0.5-5.8 monocytopoiesis:
2 ‘ viop '
CerMeHTos IepHi — 0.5-5.8 — monocytes 3.8 0.7-3.1
,, | Promyelocytes — 0.0-0.5 — mitoses of white o 2500
% 2 | Myelocytes — 0.0-0.5 germ elements .
Q .
g% Metamyelocytes 0.2 0.0-0.5 — mitoses of red _ 3500
2 2 - germ elements '
m £ | HanuukosanepHni — 0.0-0.5
0 - Bone marrow
CermeHTOs ACpHI — 0.0-0.5 indices:
Elements of erythropoiesis: — leuko:erythro 53:1.0 3.5-4:1.0
— erythroblasts 0.2 0.2-1.1 —neutrophil maturation 0.8 0.6-0.8
— pronormocytes 0.6 0.1-1.2 — erythrokaryocyte 06 0.8.0.9
— basophilic normocytes 5.6 1.4-4.6 maturation ] -

When examining the aspirated fluid, two criteria
were considered: megakaryocytes in the myelogram
as a marker for bone marrow, and the leuko-ery-
throcyte index. In the absence of megakaryocytes
in the myelogram and the leuko-erythrocyte index
of more than 20:1, the aspirated fluid is not suitable
for further manufacture of a biotechnological product
(Table 1).

Conclusion: bone marrow punctate is hypocellu-
lar. No megakaryocytes were observed in the prep-
aration. Considering the approximation of the cellu-
lar composition of the bone marrow to the cellular
composition of the peripheral blood, the absence
of megakaryocytes and fragments of the bone mar-
row reticulum, a significant admixture of blood to
the aspirate cannot be ruled out.

In turn, the BM aspirate obtained during collec-
tion was divided into 3 types according to the results
of myelogram analysis. The first is polymorphic, with
the presence of precursor cells of all types within nor-
mal limits. This type of aspirate is characterized by
the presence of megakaryocytes in the myelogram,

the leuko-erythrocyte index does not exceed 4:1. An
example of a myelogram of this type of BM aspirate
is given in Table 2.

The bone marrow punctate is moderately cellular,
polymorphic. The dimensions of the erythron are pre-
served (20.0 %), with normal maturation. The gran-
ulocytic series is preserved (59.2 %), mature forms
of granulocytes prevail. Megakaryocytes are single in
the preparation, freely located platelets in sufficient
quantity.

Type 2 is moderately cellular (with the presence
of all types of precursor cells, but some of them be-
low normal). This variant of the aspirate is character-
ized by the presence of megakaryocytes in the myelo-
gram, the leuko-erythrocyte index is (5:1)—(10:1).

An example of a myelogram of this type of BM
aspirate is given in Table 3.

Therefore, the bone marrow punctate is moder-
ately cellular. The dimensions of the erythron are
preserved, closer to the lower limit of the norm,
with delayed maturation in young forms. The gran-
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Table 4
Example of a patient C’s type 3 myelogram
Cellular element Result Norm (in % according Cellular element Result Norm (in % according
to A. 1. Vorobyov) to A. I. Vorobyov)
Reticular cells — 0.1-1.6 N(?lrr?}?fgr;?[o hilic 6.4 89-16.9
Blasts that do not undergo POty P
morphological — 0.1-1.1 Normocytes oxyphilic 1.2 0.8-5.6
differentiation Promegaloblasts o o
Myeloblasts 0.2-17 Megaloblasts _ _
Promyelocytes 1.0-4.1 basophilic
o @
E i;’, Myelocytes 2.8 7.0-12.2 Megaloblasts - . .
§' % Metamyelocytes 1.6 8.0-15.0 polychromatophilic
8 8 | Manwaxonnepui 3.6 12.8-237 Megaloblasts — —
Z &h - oxyphilic
CerMeHTosIepHi 42.0 13.1-24.1 Elements of lymphopoiesis:
o3 Promyelocytes — 05-538 — lymphocytes 32.0 43-137
% ? Myelocytes — 0.5-5.8 —plasma cells 0 0.1-1.8
3’8 _
23 Metamyelocytes 0.8 0.5-5.8 Elements of
& & | IlanmuukosaepHi — 0.5-5.8 monocytopoiesis:
2 . ytop :
CerMeHTos IepHi — 0.5-5.8 — monocytes 6.4 0.7-3.1
,, | Promyelocytes — 0.0-0.5 — mitoses of white o 2500
.’% ‘E Myelocytes — 0.0-0.5 germ elements '
Q .
g-.% Metamyelocytes 0.4 0.0-0.5 — mitoses of red _ 3500
2 2 - germ elements '
m £ | HanuukosanepHni — 0.0-0.5
0 - Bone marrow
CermeHTOs ICpHI — 0.0-0.5 indices:
Elements of erythropoiesis: — leukozerythro 9.0:1.0 35-4:1.0
— erythroblasts 0.2-1.1 —neutrophil maturation 0.1 0.6-0.8
— pronormocytes 0.1-1.2 — erythrokaryocyte 0.8 0.8-0.9
— basophilic normocytes 24 1.4-4.6 maturation ] -

ulocytic series is preserved, with normal maturation.
Megakaryocytes are single in the preparation.

Type 3 is hypocellular, with the presence of most
types of precursor cells, some of them below
the norm. This variant of the aspirate is character-
ized by the presence of megakaryocytes in the myel-
ogram, the leuko-erythrocytic index is (10:1)—(20:1).

An example of a myelogram of this type of BM
aspirate is given in Table 4.

The cellularity of the bone marrow punctate was
found to be reduced. There are cells of all hematopoi-
etic germs at different stages of maturation.

Type 1 of the BM aspirate was assessed as excel-
lent for further production of a biotechnological prod-
uct, type 2 — good, type 3 — satisfactory.

Functional criteria for the quality of BM aspirate
and biotechnological products made from it

Today, the CFU analysis is considered one
of the “gold standards” for determining the frequency
of clonogenic MMSC-BM. According to the results
of the analysis of the cultivation of nucleated cells
of the BM aspirate, the number of colonies in three

samples was counted and the average indicator was
determined for each patient. The seeding efficiency
coefficient (the percentage of MMSC among all nu-
cleated cells) was calculated using the following for-
mula: SEC (seeding efficiency coefficient) = the av-
erage number of colonies in three samples of each
patient * 100% / 5.7 million (the number of nucleated
cells per 1 large Petri dish). The results of determin-
ing the seeding efficiency are given in Table 5.

The SEC index < 0.001% was considered unsat-
isfactory, within 0.001-0.003% — satisfactory, in
the case of > 0.003% — good. Thus, the BM aspirate
with SEC < 0.001% was considered unsuitable for use
as a biotechnological product. The optimal for use is
the BM aspirate with SEC > 0.003 % (i. e. more than
3 clonal colonies of MMSC per 1x105 nucleated cells
of the BM aspirate).

Discussion

Today, autologous bone marrow aspirate is in-
creasingly used for the treatment of orthopedic
and trauma patients, in particular in conditions
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Table 5

Patient No.

Number of nucleated cells
in 5 ml of BM aspirate
(million)

Number of colonies (CFU)
of nucleated cells (NC)
in three samples

Average number
of nucleated
cells colonies

SEC (%)

145.0

246

163

188

199.00

0.0035

230.0

203

157

225

195.00

0.0034

79.5

345

298

367

336.70

0.0059

247.0

203

211

202

205.33

0.0036

83.0

139

126

118

127.67

0.0022

242.0

263

235

131

209.67

0.0037

150.0

104

117

63

94.66

0.0017

281.0

289

271

232

264.00

0.0046

77.0

55

77

103

78.33

0.0013

10

191.0

96

122

101

106.33

0.0019

11

316.0

88

87

80

85.00

0.0015

12

86.0

38

24

11

24.33

0.004

13

106.0

99

117

149

121.67

0.0020

14

167.0

129

158

210

165.67

0.0030
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of osteoarthritis and aseptic necrosis [11, 12]. Literary
sources describe treatment with autologous concen-
trated BM aspirate mostly as “stem cell therapy” [13,
14]. Howeyver, it should be noted that it contains dif-
ferent types of cells, most of which belong to the he-
matopoietic lineage, not mesenchymal. Our study
also confirms this fact. We, like other researchers,
found only a small percentage of mesenchymal stem
cells in bone marrow aspirate [15, 16]. This fact in-
dicates the feasibility of a more detailed approach to
the terminology of biotechnology products. We can
only talk about treatment with mesenchymal stem
cells if they have been isolated from bone marrow
aspirate and cultured in vitro.

In the case of using BM aspirate and its deriva-
tives (concentrated BM aspirate, mononuclear frac-
tion of BM aspirate), it is more appropriate to use
the term “regenerative therapy”, since the best expla-
nation of the positive effect of biotechnological prod-
ucts from bone marrow aspirate is the paracrine ef-
fect of the obtained cell concentrate due to the growth
factors it contains [17].

Conclusions

As a result of the development of quality and
safety criteria for biotechnological products derived
from bone marrow aspirate, three classifications have
been established: 1) Polymorphic, which includes
the presence of progenitor cells of all types within
the normal range; 2) Moderately cellular, where all
types of progenitor cells are present, albeit with some
below the normal range; and 3) Hypocellular, char-
acterized by the presence of most types of progeni-
tor cells, with several below the normal range. Bone
marrow aspirate type 1 was evaluated as excellent for
subsequent biotechnological product manufacturing,
Type 2 was deemed good, while type 3 was consid-
ered satisfactory.

To determine the functional criteria of quality
of biotechnological products from BM aspirate, we
used CFU analysis and MMSC-BM seeding effi-
ciency coefficient. If the SEC indicator is less than
0.001 %, it is considered unsatisfactory; between
0.001 % and 0.003 %, it is regarded as satisfactory;
and greater than 0.003 %, it is deemed good. BM as-
pirate with SEC < 0.001 % is unsuitable for use.

It has been established that mesenchymal stem
cells constitute a minor population in bone marrow
aspirate, and the clinical impact of biotechnological
products made from bone marrow aspirate is likely
to occur at the expense of hematopoietic progenitor
cells.
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Features of deformation of the «debris — external core apparatus» model
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Objective. To study the linear and angular displacements
of the "fragments" during their connection with an external rod
apparatus manufactured by HB ORTHO (Ukraine) or Orthofix
(USA) under different variants of the geometry of the "fragments —
apparatus"” structure in order to clarify the mechanical principles
of its rational construction. Methods. The model was rigidly fixed
at one end in a horizontal position, and a transverse force was
alternately applied to the opposite end using weights of 1, 2, 3, 4,
5 kg. The experiment involved the study of the magnitude and na-
ture of the displacement of the fragments depending on the follow-
ing parameters of the rods: the number of rods in the fragment (2
or 3); diameter (5, 6 mm); length of the rod section from the bone
to the support (100, 50 mm); length of the bone section between
the extreme rods (150, 100 mm); the presence of a multi-plane
arrangement of the rods and, in particular, when they formed
a 45° angle between them, the number of external supports: one
or two, located in parallel or side by side. Results. The first most
important parameter that influenced the amount of displace-
ment of the distal "fragment” was the distance from the bone
to the support. In the case of a distance of 50 mm, the amount
of displacement of the fragment is 2—4 times less than in the case
of 100 mm. The second parameter that influenced the displace-
ment of the fragments was the length of the bone section between
the extreme rods screwed into the fragment. If it is reduced by
30 %, the displacement increases by 64% and almost does not de-
pend on whether 2 or 3rods were used. It is possible to significant-
ly reduce the displacement of the distal fragment (at least twofold)
by inserting rods in different planes, in particular, by position-
ing the rod so that in the proximal fragment near the fracture in
a plane that is 45° to the frontal plane. With a gradual transverse
load, the deformation of the structure at the initial stages (1, 2,
3 kg) is elastic in nature and with an increase (up to 4-5 kg),
residual deformation occurs due to: movement of the clamp on
the cylindrical support, plastic deformation of the rods, which is
inherent in HB ORTHO devices (Ukraine).

Mema. Jjocrioumu na @hizuuniti Mooeni ninitini ma Kymogi nepe-
MiWenHA «YIAMKIB» Nio yac iXxHb20 3 COHANHA 308HIUUHIM CINPUIC-
Hesum anapamom eupoonuymea «HB ORTHO» (Vxpaina) uu
npucmpoem «Orthofixy (CLLA) 3a pisnux eapianmie ceomempii
KOHCMPYKYIi «yiamku — anapamy OAs 35CY8AHHA MEXAHIYHUX
npunyunie ii payionanvroi nobyoosu. Memoou. Mooerv 0OHUM
KiHYeM JICOPCMKO 3aKPInAAiu 6 20pU30HMAIbHOMY NOJIOJCEHHI,
a 00 NPOMUNEIHCHO20 NOYEP2OBO NPUKAAOANU NONEPEUHY CUTLY, 6U-
Kopucmogyrouu eupi macorw 1, 2, 3, 4, 5 ke. Excnepumenm nepeoba-
4ag 00CNIONCEHHS BeNUUUHI A XAPAKMepy nepemiujersb YIamKie
BANENHCHO BI0 MAKUX NAPAMEMPIE CIMPUINICHIE. KITLKICIb 8 VIAMKY
(2 abo 3); diamemp (5, 6 MM); 006dHCUHA OINAHKU CIPUINICHS IO
xicmxu 0o onopu (100, 50 mm); 0oeacuna OiANKU KICMKU MidC
kpavinimu cmpudsxcruamu (150, 100 mm); nasenicmo pisnoniowun-
HO20 PO3MAULYBAHHS CIMPUIICHIG | 30KpeMd, KONU BOHU YMBOPIO-
8au midxe coboro Kym 45°, KineKicmv 308HIWHIX Onop: 00HA a60
081, posmautosati napanenvho 4u nopso. Pesynomamu. Ilepuum
3a 3Hauywjicmio napamempom, AKull 6NaUBAS HA GeIUHUHY nepe-
MiwjeHHA OUCMATLHO20 «YIAMKA» € 8I0CMaHb 6i0 KicmKu 00 ono-
pu. V pasi eiocmani ¢ 50 mm eenuuuna nepemiujeHHs YIamKy
6 2—4 paszu menwa, nisic 3a 100 mm. [pyeum napamempom, saxuii
BNIUBAB HA NEPEMIUYEHHSL YIAMKIG € Q08NHCUHA OLISIHKU KICMKU, WO
SHAXOOUMbCSL MIJNC KPAUHIMU CIPUNCHAMU 3A26UHYEHUMU 8 YId-
MoK. 3a smenwenns i na 30 % eenuuuna nepemiwjenns 30inouLy-
emuvca na 64 % i maiidsce He 3anexcums 6i0 moeo, 6yno 3aeedeno 2
uu 3 cmpudicni. Cymmeso asmeHwumuy nepemiuyerns OucmanbHo2o
yiamka (MiHIMyM YO8iui) MONCHA WAAXOM PISHONIOWUHHO20 3d-
6e0eHHsT CMPUIICHIB, 30KPeMAa pO3MauLy8asuiu Cmpudicelb uood
il 3HAXOOUBCS 8 NPOKCUMANLHOMY YVIAMKY NOONU3Y nepenoma
6 NIOWUHI, KA po3mauiosana nio 45° do ¢hponmanvroi. 3a cmy-
NeHe8020 NONePeuH020 HABAHMANCEHHS Oeopmayii KOHCMPYKYii
Ha nouamxoeux emanax (1, 2, 3 k) maroms npyscHull xapaxmep,
31 30IbUEHHAM (00 4—5 K2) 6UHUKAE 3aTUUKO8e GUKDPUBTICHHS e
pes: nepemiuyeHHs 3amucKaya Ha YUIHOPUYHIL Onopi; naacmuy-
Hy Ooeopmayiio cmpudicuie, ska npumamanna anapamam «HB
ORTHO» (Vkpaina). Kniouosi cnosa. Ilepenom cmeenooi kicmku,
306HIUWHIL CMPUIICHEBUI ANAPan, HA8AHMAICEHHS.

Keywords. Femoral fracture, external fixation device, loading
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Introduction

The prevalence of numerous gunshot fractures
in the extremities has shifted the priority of meth-
ods for fragment fixation, with the use of external
rod devices (ERDs) emerging as a prominent area
of focus for new theoretical concepts and practical
applications. When connecting ERDs, a non-rigid
structure is created, allowing for certain movements.
This differs from structures that use a plate or an
intramedullary locked rod. Studies on experimental
models and patients have shown that during the con-
nection of ERDs, the linear movement of their ends
was within 0.6—16 mm [1, 3, 11], and with bone osteo-
synthesis 0.017-0.07 mm [2]. The difference was one
or two orders of magnitude. We have already drawn
attention to the fact that the presence of movement
of the fragment(s) under load is not a sign of an un-
stable state of the structure, provided that it is elas-
tic (temporary). Accordingly, it was proposed to use
the terms “rigid structure” in relation to the connec-
tion of fragments with a plate or a blocked rod and
“elastic structure” for those connected by an external
rod (spoke) apparatus. In both cases, these will be
stable structures [4].

As our previous studies have shown, elastic defor-
mations of the fractured segment with the specified
movements of the ends of the fragments at the first
stages of hardware treatment of diaphyseal fractures
do not disrupt the process of union, but on the con-
trary, lead to the formation of periosteal bone regen-
erate. The mechanisms of its formation under con-
ditions of elastic movements of fragments are given
in our publications [S]. However, as practice shows,
there is a risk of their re-displacement during the use
of the ERD [7]. It is expected and can be largely pre-
vented with the appropriate knowledge, experience
and technical capabilities.

In the modern scientific literature there is a lack
of information on the substantiation of mechanically
and geometrically rational designs of “fragments —
ERD” for fractures of a certain localization. Atten-
tion is focused on the selection of places for inser-
tion of rods taking into account the anatomical and
topographic features of vessels, nerves and ten-
don-muscle formations [9, 10] as well as on the study
of the strength of devices or their elements using dif-
ferent materials [6, 14].

The works confirm the principle of expediency
of using multi-plane rod insertion to achieve more
reliable fixation of fragments [12, 13].

Our clinical data [7] indicates that from 2022 to
2024, external rod devices manufactured by “HB OR-

THO” (Ukraine) and the “Orthofix” device (USA) were
commonly used in treating gunshot fractures of the ex-
tremities. Moreover, in 87.5 % of patients, these devices
were used as the main method of fixing fragments (with-
out replacing them with submerged osteosynthesis).
Purpose: to study on a physical model the linear
and angular movements of “fragments” during their
connection by an external rod device manufactured
by “HB ORTHO” (Ukraine) and the “Orthofix”
device (USA) for different variants of the geome-
try of the “fragments — device” structure to clarify
the mechanical principles of its rational construction.

Material and methods

We studied models using the Ukrainian-made “HB
ORTHO” and foreign-made “Orthofix” (Galaxy Fixa-
tion Gemini model) [8], which were most often used
to treat gunshot fractures in Ukraine in the period
2022-2024 [7]. Although these devices are structurally
different, they are related in functional purpose; they
are commonly used for temporary fixation of frag-
ments in the case of open fractures for the period un-
til the wound heals. Their characteristic feature is that
they provide for the possibility of creating different ge-
ometry of the structure depending on the localization
of the fracture, soft tissue damage, as well as the sur-
geon’s ideas about its mechanical reliability.

The situation of a femur fracture was chosen as
the basis, when the fragments were fixed with a rod
apparatus. Clinical practice shows that in this case,
a condition always arises when the damaged limb
is horizontal and at the same time the distal frag-
ment is subjected to a transverse force of the limb
mass, and the proximal fragment may be subjected to
a force in the opposite direction as a result of tension
of the m. iliopsoas (Fig. 1). The force acting down-
wards is of considerable magnitude, especially if
the tibia is in an extended position, since the exten-
sion of the lever increases the moment of force. This
situation is extremely dangerous due to the possibil-
ity of repeated displacement of the fragments if they
are fixed with a rod apparatus. Recent experience in
the treatment of gunshot fractures shows that it is
most difficult to hold the fragments with the appa-
ratus when the fracture is localized in the upper half
of the femur [7]. If the tibia is bent to a right angle,
the moment of force will significantly decrease. When
the injured limb is in a vertical position, the load vec-
tor coincides with the axis of the femur, and the foot
interacts with the supporting surface (which neu-
tralizes the force of the mass of the distal fragment),
the situation becomes less dangerous. Biomechani-
cal studies on a physical model have shown that in
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the case of axial loading, the fragments connected
by the ERD move significantly less than in the case
of transverse loading [3].

The physical model (Fig. 2) was a cylindrical
wooden (beech) bar 400 mm long, 35 mm in diam-
eter, corresponding to the average anthropometric
dimensions of the femur. In the middle, the bar was
sawn transversely and the ERD was connected using
geometrically different schemes in accordance with
the experimental plan. The “fragment — ERD” model
thus obtained was rigidly fixed at one end in a hor-
izontal position and a transverse force was applied
to the opposite end in stages using weights weigh-
ing 1, 2, 3, 4, 5 kg. The movement of the fragments
was recorded photometrically, with a camera fixed on
a tripod, while the model was located on graph paper.
The linear displacement of the distal (a) “fragment”
of the model between standardly selected points was
measured with a metal ruler and its angular displace-
ment (b). The measurements were performed under
load and after removal of the corresponding weight.
If there was a residual displacement (al), it was also
recorded and measured. For each variant of the con-
struction of the study structure, the average value
of the displacement values was taken as a basis. Af-
ter each experiment, the connection of the rods with
the external support was renewed, the nuts were
tightened as much as possible.

The experiment involved studying the magnitude
and nature of the displacements of the fragments de-
pending on a number of key (in our opinion) geomet-
ric parameters of the “fragments — ERD” structure.
We were interested in the dependence of the magni-
tude of the displacements of the fragments on the fol-
lowing parameters (Fig. 3):

— the number of rods in the fragment (N) — 2 or 3;

— the diameter of the rods (D) — 5 or 6 mm;

— the length of the rod section from the bone to
the support (L) — 100 or 50 mm;

— the length of the bone section between the ex-
treme rods (H) — 150 or 100 mm;

— the presence of a multi-planar arrangement
of the rods and when they formed an angle (G) of 45°;

—number of external supports: one or two, located
parallel to each other.

In total, an experiment was conducted on the move-
ments of the distal fragment using 15 variants of the “frag-
ment — ERD” design configurations using the “HB OR-
THO” (10) and “Orthofix” (9) apparatus (Table 1).

The studies were performed in the biomechan-
ics laboratory of the State Establishment “Professor
M. 1. Sytenko Institute of Spine and Joint Pathol-
ogy of the National Academy of Medical Sciences
of Ukraine” (head of the laboratory, Doctor of Medi-
cal Sciences O. A. Tyazhelov).

Fig. 1. Schemes illustrating the mechanics
of displacement of femoral fragments in

different limb positions

Fig. 2. General view of the model under load and deformation: a — linear displacement of the distal “fragment”; b — angular

displacement of the distal “fragment”
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Results

In the case of transverse loading of the model,
the distal fragment was found to move uniformly
in space in the sagittal plane. Its longitudinal axis
moved at an angle and in width, as shown in Fig. 2.

The magnitudes of the displacement of the distal
“fragment” under the action of the maximum (5 kg)
transverse load for different geometric parameters
of the model are given in Table 1.

The experiment showed that both linear and an-
gular displacements of the distal fragment rela-
tive to the proximal one under the action of a step
load correlate with each other in their magnitudes.
Therefore, the magnitudes of the linear displace-
ment (a) of the fragment under a step load were cho-
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sen as the main criterion, by which the deformation
of the structures can be compared with each other.

At the beginning, we will consider the linear dis-
placements (a) in the case of fixation of the fragments
with the “HB ORTHO” apparatus in the geometric
parameters indicated in ordinal numbers 1-4 of Ta-
ble 1 (Fig. 4).

This series of experiments demonstrated the be-
havior of the model in the case of using rods with a di-
ameter of 5 mm and a length of 200 mm, which were
included in the specified apparatus. With a rod section
length of 100 mm (from the support to the bone), there
was a significant movement (a) of the distal fragment,
up to 33.8 mm in the case of inserting 2 rods into
each fragment and 41.7 mm when inserting 3. With
a reduction in the length of the rod section between

Fig. 3. Some basic schemes illustrating

the geometric parameters of the “frag-

ment — ERD” structure

Table 1
Displacement of the distal “fragment” under the action of the maximum (5 kg)
transverse load of the model with different geometric parameters of the “fragment — ERD” design
Ne Geometrical parameter of the design Distal fragment displacement
3/ at maximum load (5 kg)
number  rod rod section bone section | angle between number «HB ORTHO» «Orthofixy
of rods in diameter D length L (mm) length H (mm) | planes G (deg. | of external
fragments N (mm) supports linear A angular B linear A angular B

(mm) (deg.) (mm) (deg.)
1 2 5 100 150 — 1 33.8 14.0 — —
2 3 5 100 150 — 1 41.7 17.1 — —
3 2 5 50 150 — 1 6.8 4.0 — —
4 3 5 50 150 — 1 10.0 6.0 — —
5 2 6 100 150 — 1 23.9 14.0 13.8 11.0
6 3 6 100 150 — 1 18.2 12.0 11.0 13.0
7 2 6 50 150 — 1 4.0 7.9 4.0 6.0
8 3 6 50 150 — 1 4.7 3.0 3.0 5.0
9 2 6 100 100 — 1 — — 23.1 9.9
10 3 6 100 100 — 1 — — 18.8 15.0
11 2 6 50 100 — 1 — — 9.0 4.0
12 3 6 50 100 — 1 — — 9.0 5.0
13 2 6 100 150 10 1 25.2 13.0 — —
14 2 6 100 150 45 1 — — 10.0 12.0
15 2 5 100 150 — 2 17.0 14.0 — —




ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 1 69

the support and the bone to 50 mm, the movement
decreased, compared to the previous situation, by
4-5 times, to 6.8 mm and 10 mm, respectively. We
draw attention to the fact that the magnitude of the
movement did not significantly depend on whether 2
or 3 rods were inserted into each of the fragments. It
was not possible to compare the obtained data with
those obtained when using the Orthofix device, since
its equipment did not include rods with a diameter

50
3 rods, 100 mm|
.

40 /2 rods, 100 mm
) / /.//.

3 rods, 50 mm

rodls, 50 mm
0 1 2 3 4 5

Fig. 4. Linear displacements (a) in the case of stepwise loading
of the model with geometric parameters indicated under numbers
1-4 of the Table

mm
50

40
30

20 ”ﬂz

kg

Fig. 5. Linear displacements during stepwise loading of the models
with geometric parameters indicated under numbers 5
and 6 of the table using the devices “HB ORTHO” (I — 3
rods,100 mm; 2 — 3 rods, 100 mm) and “Orthofix” (3 — 3 rods,
100 mm; 4 — 3 rods, 100 mm)

50

40
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__.Ezj‘_—:-z-rr‘—if‘
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Fig. 6. Linear displacements during stepwise loading
of the models with geometric parameters indicated under
numbers 7 and 8 of the table using the devices “HB ORTHO”
and “Orthofix”

of 5 mm and a length of more than 100 mm. This was
done in a series of experiments, where rods with a di-
ameter of 6 mm were provided and used.

The second series of work consisted of comparing
the displacements in the case of using the “HB OR-
THO” and “Orthofix” devices with similar geometric
parameters and using rods with a diameter of 6 mm
(numbers 5—8 in the Table) (Fig. 5).

The first thing that was found was that when
fixed with the “Orthofix” device, the displacements
A were significantly smaller — by 40 %, compared
to the “HB ORTHO” device — 23.9 mm, 18.2 mm
and 13.8 mm, 11 mm, respectively, for a rod section
length of 100 mm. But after reducing the rod sec-
tions to 50 mm, there was no difference in the mag-
nitude of the displacements and at the same time they
were 2—4 times smaller than for a rod section length
of 100 mm. It is also clear that the displacement mag-
nitude was not significantly affected by the number
of rods in each of the fragments (2 or 3).

The study of the deformation of the structure iden-
tified a significant feature. During the initial stages
of loading (1, 2, 3 kg), the deformation was elastic;
meaning that after the load was removed, the "frag-
ments" returned to their original position. In the case
of the following stages of loading (4 and 5 kg), af-
ter its removal, a residual deformation of the struc-
ture appeared, which in mechanics is characterized
as plastic. Therefore, it can be stated that the “frag-
ments — ERD” structure during stepwise transverse
loading deforms according to the elastic-plastic
type. When comparing the magnitude of the residual
deformation at the maximum load (5 kg) with the use
of the “Orthofix” apparatus, it was 43 %, and with
the “HB ORTHO” apparatus — 76.5 %. We present
graphs that reflect the linear movements of the ends
of the “fragments” during stepwise loading of models
using the “HB ORTHO” and “Orthofix” apparatuses
with similar geometric parameters and the use of rods
with a diameter of 6 mm (Fig. 6).

An examination of the deformed structures re-
vealed that the residual deformation of the “fragment —
ERD” structure arose due to the rotation of the clamps
on the cylindrical external support, which are located
near the fracture, as well as due to the plastic deforma-
tion of the rods in this zone (Fig. 7).

To prevent the movement of the clamp with the rod
on the cylindrical support, an additional support can be
used, which was fixed on the same rods. The effective-
ness of such a structure was tested in an experiment
on a model. When using two supports in the struc-
ture of the “HB ORTHO” apparatus, the linear move-
ment of the “fragment” was reduced by half (17 mm),
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Fig. 6. Graphs showing linear displacements of the ends of the “fragments” during stepwise loading of the models and using

the devices “HB ORTHO” (a) and “Orthofix” (b)

Fig. 7. General view of the deformed “fragment — ERD”
structure with a demonstration of the connecting node and
the rod, in which residual deformation occurs

compared to the structure with one support (33.8 mm).
But the main thing was that with two attachment points
for each rod, the occurrence of residual deformations
was significantly reduced — 2 and 22 mm.

Thus, the results obtained in the above part
of the experiment revealed that the most vulnerable to
deformation is the structure in which all the rods are
located in the frontal plane and the external support is
located at a distance of 100 mm from the bone. The ex-
periment allowed us to identify the key zone of defor-
mation of the structure — the rod with the clamp,
which is located in the proximal “fragment” near
the fracture (Fig. 7). There is an assumption that this
is caused by the torque of the force on the rod lever.
The larger the lever, the greater the force that deforms.
The torque can be counteracted by changing the lo-
cation of the specified rod in such a way that the vec-
tor of the deforming force coincides with its axis.
The ideal option would be to bring it into the sagittal
plane, in which the deforming force acts. But consider-
ing that this is not desirable when fixing femoral frag-
ments, a compromise option can be used, to place it in
a plane that is located at an angle of 45° to the sagittal
and frontal planes. The experiment showed that with
such a construction of the geometry of the “fragment —

ERD” structure, the displacement is reduced by half,
unlike the structure when all the rods are located in
the frontal plane (Fig. 8).

Fig. 9 shows graphs that display the magnitude
of the displacement of the distal “fragment” during
step loading depending on the length of the bone sec-
tion located between the extreme rods of each of the
fragments (the parameters are indicated in points 5
and 9 of the table). It can be seen that it moves non-
linearly, the distance between the fragments begins
to increase in the case of a load of 4 and 5 kg. With
a decrease in the distance between the rods in each
of the “fragments” by one third (from 150 to 100 mm),
the magnitude of the displacement at maximum load
increased by 64% (14 and 23 mm, respectively).
In addition, we performed mathematical calcula-
tions of the magnitude and directions of the forces
that arise in the places of attachment of the rods to
the external support and in the zone of their contact
with the bone under the action of an external force
in the sagittal plane (according to the experimental
conditions). 4 options were selected, when the “frag-
ments” are connected by the “Orthofix” apparatus
using two rods in each “fragment”, the distance be-
tween the rods is 150 or 100 mm, and the distance
from the “fragment” to the external support is 100 or
50 mm (items 5, 7, 9, 11, Table 1).

First, we will determine the magnitude
of the forces in the rods at the point of their contact
with the distal “fragment”. To do this, we will rep-
resent it as a beam on two supports, where the func-
tion of the supports is performed by the rods (Fig. 10).

To determine the support reactions, it is assumed
that the body is in a static position (without move-
ment, in a state of equilibrium), and at the same time
the sum of all forces and moments of forces acting on
the body is zero. Thus:

P*(H1 + H2)

Rl = B , (1)
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P*HI1

R2=- ) . )
When transferring these loads to the external sup-
port at the location of the clamps, we have, in addi-
tion to the action of bending forces R1 R2, R3, R4
in the sagittal plane, the appearance of an additional
one, which twists the external support. This torque is

determined by formula (3):

MR = L*R, 3)

2

where L is the distance between the distal “fragment
and the external support (the length of the rod), R is
the load on the rod at the point of its contact with
the distal fragment.

Now we can calculate the magnitude of the stresses
that arise in the external support at the points of at-
tachment of the rods (Fig. 11).

Similarly, we find the reactions of the support R3
and R4.

Ry - RUF(HI + H2 + H3 + H4) - R2* (H3 + H4)

@

H4

RI*(H2 + H3) - R2*H3
H4

R4 = )

Based on the formulas and actual geometric di-
mensions, we calculate all the forces and torques act-
ing on the external support at the places of attach-
ment of the rods under the action of an external load
of 5 kg (Table 2).

Having all the forces and moments of forces act-
ing on the external support, we can construct dia-
grams that characterize the distribution of stress in its
various areas (Fig. 12).

The obtained digital data revealed the following
patterns:

1) in the case of a transversely directed force act-
ing on the end of the distal “fragment™ in the “frag-
ment — ERD” design model, the highest level of loads
occurs on the external support, directly at the nodes
of connection of the rods with it. For example, for
option number 5: if at the point of connection of rod
1 with the bone only a force of 56.9 N acts, which
is located in the sagittal plane and a moment arises
that bends the fragment, then at the point of its

Fig. 8. The magnitude of the distal “fragment” displacement at maximum load of the model with the use of the “Orthofix” device,
provided that all rods are located in the frontal plane (a) and during the insertion of one rod, which is in the proximal fragment in
a plane that is at 45° to the frontal plane (b) (structure parameters 9, 14 in Table 1)

mm
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30 2 rods, 100 mm, 100 mm
P
20 —
10 M Al
____.,Ms, 100 mm, 150 mm
g T
0 ¥ T T T T T
0 1 2 3 4 5
kg

R2 R1

|

Force P

/

H2 H1

Fig. 9. Distal “fragment” displacement graphs during
stepwise loading of the model using the “Orthofix” device
under conditions of distance between the extreme rods of 150
and 100 mm with the same other parameters (items 5 and 9
of Table 1)

Fig. 10. Scheme for calculating the reactions of supports for
the distal fragment, where P is the force with which the structure
is loaded, R1 and R2 are the reactions of the supports, H1 is
the distance from the point of application of the load to 1 support
(1 rod), H2 is the distance between the supports (rods)
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connection with the external support a torque
of 5.7 N*m is added to these forces;

2) the load on the external support is not distrib-
uted evenly (consider example No. 11 of Table 1):

— the greatest in the sagittal plane is at the point
of contact of rod 3 with the external support (122.6 N),
and the least is in the area of location of rod 2 (7.8 N).
Other zones have an intermediate load (rod 1 —
56.9 N, rod 4 — 73.5 N);

— the load in the sagittal plane creates stress in
the external support, which leads to its bending.
The stress that bends the external support is distrib-
uted as follows: from rod 1 it increases to 7.35 N*m
(in rod zone 2), from rod 2 it continues to increase,
but less actively and reaches 12.24 N*m in rod zone
3, and then decreases to 0;

— there is also a torque, which between 1 and
2 rods reaches 3.7 N*m, then between 2 and 3 rods
decreases to 2.5 N*m, after 3 rod is equal to 0 (pro-
vided that 3 rod can completely absorb all the torque).
It should be noted that in the sections between 1-2

A A R2
re Tr3 1 &, ’f4

\%MRI

gl
L]
N

H4 H3 H2

Fig. 11. Scheme for calculating the forces acting in the external
support at the points of its connection with the rods, where R1
and R2 are the forces acting on the rod; R3, R4 are the reactions
in the supports transmitted to the proximal fragment, MR1 and
MR2 are the torques; H2 is the distance between the rods on
the distal “fragment”, H3 is the distance between the second
and third rods close to the “fracture”, H4 is the distance between
the rods on the proximal “fragment”
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and 3-4 rods the torque is absorbed by the “frag-
ment — ERD” structures, which are connected by
rods, and in the section between 2-3 rods this load
is perceived only by the central section of the exter-
nal support. Therefore, the most loaded is the support
zone with clamps between 2 and 3 rods, which ex-
plains the appearance of deformations on the model
of 3 rod in the form of plastic deflection and scrolling
of the clamp on the support;

3) there is a direct relationship between the rod
length (L) and the acting torque. Halving the rod's
length (from 100 to 50 mm) reduces the torque on it
by half (from 5.7 to 2.85 N*m).

Conclusions

In the case of connecting the “fragments” with
external rod devices, a structure is formed, which,
under the action of a transverse load of 1-5 kg on

H4
12260

Forces acting 0
in the sagittal
plane, N

H3 H2

S0 | 13509

Bending
moments
of the force
acting on
the external
support, N*m

12.24 7.35

Torque
moments
acting on

the external
support, N*m

2o 3.7

Fig. 12. External support load diagrams

Table 2

Calculation of all forces and torques acting on the external support
at the rod attachment points for structures with two rods in debris

No. in Geometrical parameter of the structure, mm Magnitude of all forces
Table 1 and torques at maximum load (5 kg)
Distance from Distance Distance between Distance Rod length R1, | MRI1, | R2, | MR2, R3, MR3, | R4, (H)
the loading between the second and between (distance between | (H) | (H*m) | (H) | (H*m) (H) (H*m)
point to the first | the first and third rods (zone the third and the fragments
rod, H1 second rods of “fracture”), fourth rods, and the external
H2, H4 H3 H4 support) L
25 150 50 150 100 5691570 | 7.8 | 0.8 | 1226 | 5.0 | 73.5
25 150 50 150 50 5691285 | 78 | 04 | 1226 | 2.5 | 735
50 100 100 100 100 73.51 730 {245 2.5 | 171.6 | 5.0 | 122.6
11 50 100 100 100 50 7351 3.65 245 1.2 | 171.6 | 2.5 | 122.6
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the distal “fragment”, moves in width and at an angle.
At the same time, the linear displacement of the end
of the distal “fragment” near the fracture occurs
within 1-41.7 mm, depending on the geometry
of the formed “fragment - device” structure.

The first parameter in terms of significance that
affects the displacement of the distal “fragment” is
the distance from the bone to the support. At a dis-
tance of 50 mm, the displacement of the fragment is
2—4 times smaller than at 100 mm.

The second is the length of the bone section be-
tween the extreme rods screwed into the fragment.
With a decrease of 30 %, the displacement increases
by 64 % and almost does not depend on whether 2 or
3 rods were inserted.

Under stepwise transverse loading, the deforma-
tion of the structure at the initial stages (1, 2, 3 kg) is
elastic in nature and with an increase (up to 4-5 kg)
a residual deformation occurs, which is associated
with the movement of the clamp on the cylindrical
support or plastic deformation of the rods, which was
inherent in the devices “HB ORTHO” (Ukraine).

Recommendations

The regularities that we discovered experimen-
tally and through mathematical calculations can be
used to improve external fixation devices and meth-
ods for connecting fragments with them.

1. When connecting fragments with external
rod devices “HB ORTHO” and “Orthofix”, in cases
where the external support is located at a distance
of 100 mm from the bone or more, there is a risk
of their repeated displacement, and in order to re-
duce it, it is necessary to have the information pro-
vided and learn to anticipate dangerous situations
when the patients perform movements. The treatment
method should include teaching the patient the pro-
cedure for transitioning from a horizontal position to
a vertical one and vice versa and the “correct” way
of walking with crutches.

2. When performing the operation of connecting
fragments with an external rod apparatus for a dia-
physeal fracture, the following principles should be
observed:

— screw rods into each of the fragments at
the maximum permissible distance from each other
(within the diaphysis);

— place the external support as close as possible
to the surface of the segment. A distance of 1-3 cm
is rational;

— in the case of a bone fracture in the middle part
of the diaphysis, it is advisable to use two rods in each
of the fragments;

— use two-plane insertion of rods in the presence
of a short fragment and a significant layer of soft
tissues.

The manufacturer of the HB ORTHO device
should pay attention to the design shortcomings iden-
tified as a result of the study and improve the device

and its equipment.
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Mathematical modeling of the muscles responsible
for shoulder joint flexion in upper obstetric paralysis

O. D. Karpinska, A. M. Hrytsenko

Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine, Kharkiv

Objective. To determine the degree of change in muscle length
and torque of the shoulder joint during flexion in conditions
of the pathological position of the upper limb in Erb-Duchen
syndrome. Methods. The analysis of the change in muscle length
and torque of the shoulder joint was performed at flexion within
50°-60°. In the Erb syndrome clinic, the torque value of the joint
is reduced due to weakness or paralysis of the muscles that pro-
vide stability and mobility of the shoulder joint. Verification
of the appearance of the model was carried out according to
the 3D-model obtained from the CT scan of the patient. Results.
After analyzing the work of the muscles responsible for the flexion
of the shoulder joint, it was determined that a decrease in muscle
strength leads to a decrease in the moment of force acting on
the joint, a change in the length of the force lever affects the mo-
ment of force, a change in the angle between the force and the arm
of the force leads to a decrease in the muscle's efficiency. Internal
rotation of the humerus reduces the length of the muscle, which
is demonstrated in the models. When lifting the arm with a load,
the muscle shortens and its length decreases accordingly. Other
muscles not represented in the model do not contribute to the gen-
eration of torque of the shoulder joint due to their lack of direct
connection to the humerus, but they are responsible for the move-
ment of the scapula and clavicle. A decrease in their strength,
a change in the direction of the force vector leads to significant
changes in the ratio of the anatomical structures of the shoulder
girdle with high individual variability. Conclusions. A change in
the direction of the force vector of a muscle and its length during
bending lead to changes in motor activity: a decrease in the mo-
ment of the joint leads to a limitation of the amplitude of move-
ments in the joint, the balance between different muscles acting
on the joint is disturbed, it can lead to its instability and defor-
mates. Biomechanical changes limit the functionality of the joint
and cause pain syndrome. The identified biomechanical changes
indicate the need to correct the specified pathological conditions.

Mema. Bushauumu cmyninb 3MiHU O08ICUHU M A316 MA KPYM-
HO20 MOMEHMY NAeu06020 cy2100a nio 4ac 32UHAHHA 6 YMOBAX
NAmon02iuH020 NONONHCEHHST BEPXHbOT KIHYIBKU 8 PA3i CUHOPO-
my Ep6a-/liowena. Memoou. [Ipoananizyeanu 3minu 008dicu-
HU MA1316 | KPYMHO20 MOMEHMY NAe408020 cy2aoba 3a (rexcii
6 mearcax 50°—60°. 3a ymos cunopomy Epba senuuuna kpymmnozo
Momenmy cyenoba 3HudiCyemvcs uepes ciabkicms abo napanid
m’azie, AKi 3abe3neyyroms cmadiibHICMYb | pYXAUSICMb NAe4060-
2o cyenoba. Bepugikayito euensady modeni nposoduau 6ionogio-
Ho 00 3D-mooeni, sixy ompumanu 3 KT nayienma. Pezynomamu.
Pozensnysuiu pobomy m’a3i6, i0nosioaIbHUX 3a (AeKCio nieyo-
6020 Cy2n00a 8UHAUUNU, WO 3MEHWIEHHS CUNIU M 830 NPU3B0OUNb
00 3HUIICEHHS] MOMEHMY CUNU, KA OIE HA CYe00, 3MIHA 00BIHCUHU
6aoicesis CUIU 6NAUBAE HA MOMEHM CUNU, 3MIHA KYMa MIdC Cu-
71010 [ nieuem CUIU CRPUYUHIOE 3MEHULEHHS eheKMUEHOCE M S34.
Brympiwins pomayisi niewo8oi Kicmxu 3MeHULYe 008AHCUHY M 34,
1o NPoOEeMOHCMPOBAHO HA MOOENAX. Y pasi 3eunanns nie1o6o-
20 €y2100a 008XHCUHA M’A3A 3MEHUWLYEMBCSA, NPUYOMY 8 DA308ill
i 0eghopmosaniii Mooensix OOHAKOBO, XOUA NOYAMKOBA OOBICUHA
MmAa3a depopmosanoi mooeni menuie, Hixe y 6a3086ii. Inui m’asu,
AKi He HagedeHi @ MoOeni, He 6NAUBAIOMb HA CINBOPEHHS KPYM-
HO20 MOMEHNY Nie408020 cy2n0ba uepes GiOCymuicms ixHb020
NPAMO20 3 EOHAHHSL 3 NIEY080I0 KICKOIO, A€ BOHU 8I0N08I0AI0Mb
3a pyx 10namKy ma Kaovuyi. 3MeHueH s iXHboi cunu, 3MiHa Ha-
NPAMKY 6eKmopa Oii cuiu npu3eo0ums 00 3HAYHUX 3MIH CHiBGI0-
HOWEHHSA QHAMOMIYHUX CIPYKIMYP NAEU0B020 NOACY 3 BUCOKOIO
iHOugidyanbHolo 6apiabenvricmio. BucHosxku. 3minu Hanpsamky
sexmopa Oii cunu m’a3a ma o020 O0ICUHU NIO HAC 3CUHAHHS
CHPUYUHIOIOMb 3MIHU 8 PYXOGIll AKMUGHOCMI: 3MEHUIEHHS MO-
MeHmy cyenoba CnpuvuHioe 0OMedICeHHs amMnaimyou pyxie y cy-
271001, nopyuwyemscs 6anianc Mixce pisHumMu M’sa3amu, aKi 0ilomy
Ha cyenob, modce npuzgecmu 00 1020 HecmabinbHoCmi ma Oe-
Gopmayii. biomexaniuni 3miHU 0OMeHCYIOMb PYHKYIOHATLHICD
cyenoba il 00yMosnomy 601b08ULL CUHOPOM. Buseneni Giome-
XaHIUHI 3MIHU c8i0uamv npo HeoOXIOHICMb KOpeKyii O3HAYEeHUX
namonoeiunux cmais. Kniouogi cnosa. Axywepcokuti napanid,
cunopom [rowena-Epoa, nievosuili cyenob, momenm cyenooa,
CUNA M’A30, MOOENIOBAHHS.
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strength, modeling
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Introduction

Obstetric brachial plexus palsy occurs most of-
ten as a result of nerve damage in the shoulder area
during difficult vaginal birth due to excessive forces
applied to the shoulder, which cause it to stretch
[1, 2]. It is observed in approximately 1—4 cases per
1,000 newborns. Anatomically, it occurs on both
sides, but more often on the right.

Three main types are distinguished by the level
of damage:

— upper (Duchenne-Erb palsy), when the Cy—Cy;
roots are injured. Characteristic manifestations of the
syndrome are the adducted and rotated inward arm,
“waiter's hand pose”, impaired abduction and exter-
nal rotation of the shoulder, limited forearm flexion;

— middle (Remak's palsy) — damaged Cy; roots,
characterized by impaired extension of the forearm,
extension of the hand and fingers. It can often be
combined with the previous type;

— total (Dejerine-Klumpke paralysis) — roots
Cy—Cymp are affected. Signs include complete pa-
ralysis of the entire arm, “hanging arm”. Damage
to T; can cause Horner syndrome (ptosis, miosis,
enophthalmos).

In this study, we consider Erb-Duchenne syn-
drome. Erb’s point is a place in the upper trunk of the
brachial plexus, located 2—3 c¢cm above the clavicle [3],
formed by the union of the Cy and Cy; roots, which
later converge. Damage to the axillary, musculocu-
taneous and suprascapular nerves leads to impaired
nerve transmission and muscle atrophy and, as a re-
sult, to clinical manifestations of Erb’s syndrome [4].

Surgical intervention at an early age (up to a year)
increases the chances of partial or even complete res-
toration of limb functions. However, even with suc-
cessful reconstruction, patients may have some resid-
ual movement impairment and may require long-term
rehabilitation [5].

In medical practice, there are instances when con-
servative treatment of brachial plexus paralysis syn-
drome does not achieve the desired outcome, and early
surgical intervention is not performed. The course
of the disease for 4-10 years leads not only to the pro-
gression of muscle imbalance, but also to deformation
of the bones of the upper limb with the involvement
of the humeral head, often accompanied by its sub-
luxation or dislocation. Changes in the anatomical
proportions of the components of the shoulder joint
cause violations of both the length of the muscles
and the vector of their action, which, in turn, leads to
a disorder of the movements of the upper limb.

The main goal of treatment of patients with a long
course of Erb's syndrome is to restore the “hand-
mouth” movement, that is, to provide basic conditions
for self-service. It is the ability to perform the spec-
ified actions that allows the patient not only to eat
independently, but also to perform most of the daily
exercises [6].

Purpose: to determine the degree of change in
muscle length and the magnitude of their torque
in the shoulder joint during flexion in conditions
of pathological position of the upper limb in the case
of Erb-Duchenne syndrome.

Material and methods

The specificity of Erb's syndrome is the magnitude
of the joint torque, which is reduced due to weakness
or paralysis of the muscles that provide stability and
mobility of the shoulder joint. In particular, the re-
duced torque affects the child's ability to abduct and
externally rotate the shoulder, which limits the func-
tionality of the hand. The joint torque is determined
by muscle strength, shoulder length (perpendicular
from the line of force to the axis of rotation) and
the direction of force [7, 8].

The greatest force a muscle can develop when
its fibers are stretched to the optimal length (indi-
vidual for each). Given that the length of the lever
(joint bones) does not change, the torque will be
affected only by the muscle strength and the angle
of its action. In the case of a long-term state of im-
balance of the muscles of the joint, namely the weak-
ening of those that abduct the shoulder back and
the preservation of muscle strength from the side
of the clavicle, the direction of action of the muscle
force vector of the entire upper limb changes. This
leads to a change in the joint torque and the direction
of movement of the limb. The pathological position
of the shoulder, such as pressing against the body,
causes a decrease in the length of the muscles re-
sponsible for its abduction, which prevents full flex-
ion of the joints of the arm, even if the innervation
of the control muscles is intact.

The work 1s based on the DAS-3 model, which
is part of the Dynamic Arm Simulator project for
real-time modeling of the musculoskeletal sys-
tem of the shoulder and arm. The main parameters
of the basic model and the mathematical foundations
are presented by E. Chadwick et al. [9].

The model consists of 138 muscles and 6 joints:
supraclavicular, sternoclavicular, humeral, humer-
al-ulnar, humeral-radial and radiocarpal (Fig. 1, a).

In the modified model, the location of the hu-
meral head in the joint was changed to the outside
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by 45° and the bones of the humerus were raised,
which led to a corresponding change in the location
of the entire shoulder joint (Fig. 1, b, ¢) and rotation
of the elbow joint to the outside. The wrist was flexed
at 30°, the arm was pressed against the body, inter-
nally rotated in the shoulder joint, the forearm was
pronated, and the elbow joint was extended. The size
of the scapula was reduced by 20 %. Verification
of the appearance of the model was carried out ac-
cording to the 3D model obtained using a CT scan
of the patient (Fig. 2).

The analysis of changes in muscle length and
torque of the shoulder joint was carried out with flex-
ion within 50°—60°.

Results

The shoulder joint (articulatio humeri) is the most
mobile joint of the bones. Its anatomical structure al-
lows the upper limb to perform a wide range of move-
ments, such as external and internal rotation, flexion,
extension, abduction and adduction of the arm. With
the help of the joint, various actions are performed by
the upper limb. The most important movement that
provides the possibility of self-service is the ability to

Fig. 1. DAS-3 model: basic models with muscles and contact
geometry elements (a) and without muscles (standard joint
arrangement) (b); ¢) modified model according to the description
of the location of the shoulder girdle joints in Duchenne-Erb
syndrome

Fig. 2. 3D image obtained from the patient's CT scan

bring the palm to the mouth. Let us examine the func-
tioning of the muscles responsible for this action.

The front part of the deltoid muscle (m. deltoideus)
raises the arm forward, facilitating shoulder joint
flexion. It is located in the area of the acromial, clav-
icular and scapular spine. Its acromial part (middle
fibers) abducts the arm, while the clavicular and scap-
ular play a significant role in stabilization, providing
a stable plane of abduction. The clavicle can act as
a flexor and internal rotator of the upper limb, while
the scapula (posterior fibers) can extend and rotate
the arm outward.

In the model, the deltoid muscle is represented
by two muscle groups: deltoid clavicle (4 fibers)
and deltoid_scapula (11 fibers). The extreme fibers
of the anterior and posterior parts of the muscle are
analyzed in both the basic (N) and deformed (D)
models (Fig. 3, ¢).

Assessment of the work of the anterior part
of the muscle shows that normally, during flexion
in the shoulder joint, the length of the fibers located
dorsally increases most significantly (N_delt clav 4),
1. e., when the shoulder is raised, the muscle travels
a longer path than its ventral part (N _delt-clav 1)
(Fig. 3, a). In the deformed model, we observe a com-
pletely different picture, namely: internal rotation
of the shoulder joint and medial adduction of the hu-
merus lead to a greater stretching of the dorsal part
(D _delt_clav 1) than the anterior part (D_delt
clav_4) (Fig. 3, a). The change in muscle length in
the deformed model is less than in the baseline model.

The dorsal and ventral fibers of the posterior
part of the m. deltoideus (Fig. 3, b) during flexion
of the shoulder joint have the opposite direction
of change in length, which is preserved during defor-
mation of the model. But in the latter, the dorsal fi-
bers are less stretched than in the normal one due to
the reduced size of the scapula, i. e. due to the reduc-
tion in the length of the muscle itself. The anterior
fibers of the posterior part of the m. deltoideus change
their length little due to their more central location.

The biceps brachii muscle helps to raise the arm
and supinates the forearm. It consists of a short and
long head. The long head is located on the lateral side
of the biceps brachii muscle, and the short head is on
the medial side. The biceps brachii muscle is able to
generate movements in the shoulder and elbow joints.

For the execution of the “hand-mouth” movement,
m. biceps brachii controls both the shoulder and el-
bow joints, while the length of both heads of the mus-
cle decreases, i. e. during the movement the mus-
cle shortens. Normally, when the shoulder joint is
flexed, the long head of m. biceps brachii long head
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practically does not change its length. It is important
to note that the observed phenomenon occurs when
the arm is raised without any load, resulting in mus-
cle shortening and a decrease in length. This scenario
is not under consideration.

In the deformed model, a parallel trajectory
of the reduction of the attachment points of both
heads of the muscle can be observed, this is due to
the fact that during internal rotation of the shoulder
joint (Fig. 4, a) the long head of the muscle, which
originates precisely at the head of the humerus, ro-
tates to the middle position, i.e. becomes parallel to
the short one, and the degree of contraction depends
only on the initial length of the muscles.

During elbow flexion (Fig. 4, b) the trajectories
of muscle length reduction are parallel, but in the de-
formed model they converge, for the reason already
indicated.

The pectoralis major muscle (m. pectoralis major)
is responsible for flexion and adduction of the arm
and is the largest superficial muscle of the anterior
chest wall. It has two heads: clavicular and sterno-
costal. In the model it is represented by two muscle
groups m. pectoralis major _clavicle (2 fibers) and
m. pectoralis major_terez (6 fibers) (Fig. 5, c). We
analyze the extreme fibers of the sternocostal muscle
and both clavicular fibers.

Changes in the length of the fibers of the clav-
icular head of m. pectoralis major occur unidirec-
tionally due to their parallel arrangement, which
is displayed on the graph (Fig. 5, a). A decrease in
the length of the fibers during the function of flex-
ion in the shoulder joint was recorded. The length
of the corresponding muscles also changes in the de-
formed model.

The nature of the change in the length of the ster-
nocostal part of the m. pectoralis major in the basic
and deformed models is the same (Fig. 5, b). The fi-
bers located caudal to the elevation of the shoulder in-
crease, and in the coronary, on the contrary, decrease.
In the deformed model, the process of muscle length
changes is similar, but they are noticeably smaller.

It is noted that the m. pectoralis major is inner-
vated by the T,—Tjy roots and is not injured in Erb's
syndrome. Its function is preserved, unlike the mus-
cles of the back. It is the predominance of the strength
of the anterior group of muscles that leads to internal
rotation and adduction of the humerus.

The coracobrachialis muscle (m. coracobrachi-
alis) is involved in flexion and adduction of the arm.
It starts from the beak-shaped process of the scap-
ula, located on the supramedial part of the humerus.
Its main function is to flex and adductorize the hu-

merus, and promote internal rotation of the arm. In
the model, it is represented by three parallel fibers
(Fig. 6, c). Let us analyze the change in the length
of the longest fiber.

Internal rotation of the humerus reduces the length
of the muscle, which is demonstrated in the mod-
els. During flexion of the shoulder joint, the length
of the muscle decreases, and in the basic and de-
formed models it is the same, although its initial size
in the deformed model is smaller than in the basic
one.

We have considered the main muscles that pro-
vide movements in the shoulder joint. All of them,
except for the pectoralis major muscle, are innervated
by the roots of the Cy—Cy;, that is, they change their
functionality in the case of Duchenne-Erb syndrome.
A decrease in innervation, depending on the degree
and location of the damage, leads to a decrease in
muscle strength, sometimes to complete paralysis.
That is, the mobility of the joint, which is charac-
terized by its torque, changes, because the mus-
cle strength, length and angle of action of its force
vector affect it, provided that the length of the limb
is preserved. We do not consider muscle paralysis.
In the model with a deformed humerus, we reduce
the strength of the muscles that innervate the joint
by 50 %. Of course, this is conditional, because there
is a large variability in both the change in muscle
strength and the angle of their action during joint
rotation.

Let us consider how a change in muscle strength
and the vector of its action affect the torque
of the joint. Therefore, it can be influenced only by
the muscles that pass through the joint, or directly by
the movement of its components. Let us analyze not
individual muscle fibers, but the influence of the en-
tire array on the joint. As the modeling showed, in
the deformed model we observe a significant decrease
in the torque of the joint. Thus, this torque, which
is created by the clavicular part of the deltoid mus-
cle, in the basic model has a characteristic increase in
the phase from 20° to 30°. With an increase in the an-
gle of flexion of the shoulder joint, further movement
is intercepted by the muscles of the humerus (m. bi-
ceps), in the deformed model we observe a moderate
increase in the action of the deltoid muscle through-
out the entire time of flexion. The torque in the de-
formed model is noticeably less than in the basic one
(Fig. 7, a).

The action of the scapular part of the deltoid
muscle on the torque of the shoulder joint continues
throughout the flexion phase. In the deformed model,
the action of the scapular part of the deltoid muscle is
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Fig. 3. Change in the normalized length of the m. deltoideus muscle during flexion of the shoulder joint: a) anterior section;
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Fig. 4. Change in the normalized length of the m. biceps brachii muscle: a) during flexion of the shoulder joint; b) during flexion
of the elbow joint; c) appearance of muscles in the model
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Fig. 5. Change in normalized length of m. pectoralis major during flexion of the shoulder joint: a) clavicular head of the muscle;
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practically constant, but at the initial stage it exceeds
the corresponding torque in the basic one, which may

indicate constant muscle tension (Fig. 7, b).

The pectoralis major muscle (m. pectoralis major)

simultaneously acts from two structures of the joint,

Fig. 6. Change in normalized length of
m. coracobrachialis during flexion of the shoulder
joint: a) in the basic and deformed models;
b) m. coracobrachialis

the clavicle (Fig. 7, ¢) and the sternum (Fig. 7, d).
Even without changing the force, in the deformed

model the torque of the clavicular part of the muscle

is less than in the basic one. In the thoracic one, on

the contrary, it increases.
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Fig. 7. Torque of the shoulder joint created by the muscles responsible for its flexion: a) m. deltoideus (clavicle); b) m. deltoideus
(scapula); c) m. pectoralis major (clavicle); d) m. pectoralis major (thorax); €) m. coracobrachialis; ) m. biceps

The coracobrachialis muscle (m. coracobrachi-
alis) takes an active part in raising the shoulder. In
the basic model, its force is not changed. In the de-
formed state, the changes led to a significant decrease
in the moment in the shoulder joint (Fig. 11, ¢) and
were more gradual than in the baseline state.

The strength of both heads of the biceps is re-
duced, which led to a significant decrease in the mo-
ment, almost to the complete absence of muscle
activation.

Other muscles do not affect the creation
of the torque of the shoulder joint due to the absence
of their direct connection with the humerus, but they
are responsible for the movement of the scapula and
clavicle. A decrease in their strength, a change in
the direction of the action vector leads to significant
violations of the ratio of the anatomical structures
of the shoulder girdle with high individual variability.

Conclusions

Our findings allowed us to make the following
generalizations: a decrease in muscle strength leads to

a decrease in the moment of force acting on the joint.
This means that the muscle becomes less effective in
creating movement in the joint. A change in muscle
length due to prolonged restriction of mobility affects
the torque of force.

A change in the angle of action of the muscle
force causes a disruption of the normal biomechan-
ics of the joint and can lead to a decrease in muscle
efficiency.

Disruption of the function of one muscle causes
a loss of synergy: the joint work of the muscles. Injur-
ing one can affect the work of other muscles that are
part of the synergistic group and additionally reduce
the torque of the joint.

The data presented indicate significant changes in
the motor activity of the joint: a decrease in torque
leads to a limitation of the function (amplitude)
of movements, a violation of the balance between dif-
ferent muscles that act on the joint, causes its insta-
bility and deformation. Biomechanical changes limit
functionality and cause pain syndrome. The identi-
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fied biomechanical changes indicate the need to cor-

rect the indicated pathological conditions.
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The efficiency of surgical treatment and rehabilitation in the recovery
of patients with a cetabular posterior wall fractures

M. L. Ankin !, V. O. Ladyka ', O. O. Glynyana %, M. M. Barylovych '
' Shupyk National Medical Academy of Postgraduate Education, Kyiv. Ukraine

2Bogomolets National Medical University, Kyiv. Ukraine

Fractures of the posterior wall of the acetabulum are one
of the most difficult injuries to treat in Orthopedics and trau-
matology. The most common causes of this fracture are road
traffic accidents, falls from heights, and injuries resulting
from military actions. There is a high risk of post-traumatic
arthritis at later stages and avascular necrosis, often leading
to future disability. Objective. to assess the efficiency of surgi-
cal treatment and rehabilitation in patients with acetabular
posterior wall fracture. Methods. The study was conducted
at the Kyiv Regional Clinical Hospital and Kyiv City Clini-
cal Hospital No. 8 from 2021 to 2023. A total of 44 patients
aged 19 to 68 participated in the study. Treatment outcomes
and rehabilitation measures were assessed using the Matta
and Harris Hip Score scales. All patients underwent open re-
duction and internal fixation of the posterior wall of the ac-
etabulum with plates and screws. The Kocher-Langenbeck
surgical approach was used in all cases. Clinical and radio-
logical results were analyzed at 3, 6, and 12 months in all pa-
tients. Results. The Harris Hip Score in the main group was
(81.51 + 4.03) points at 6 months and (87.09 + 5.31) points at
12 months. In the control group, the scores were (75.43 + 4.45)
at 6 months and (84.01 £ 4.17) at 12 months (p < 0.01). Conclu-
sions. Early closed reduction of hip joint dislocation and sur-
gery with reconstruction of normal joint anatomy and stable
fracture fixation is crucial for efficiency of surgical treatment.

Ilepenom 3a0mb0i cmiHKU KYIbWOB0I 3aNaOuHu € O0OHIEI0
3 HAQUCKIAOHIWMUX MPABM, 3 AKOIO CMUKAIOMBLCA OpMoneou-
mpasemamonoau. Halnowupeniwumu tio2o npuvunamu € 00-
POIACHLO-MPAHCROPMHI NPU20OU, KAMAMPABMU Tl YUKOOICEHHSL
6HACNIOOK BOEHHUX Oill. Bucokuil pusux po3eumxy nocmmpas-
MAMUYHO20 Apmpo3y HA BI00ANEHUX eMANax i d8dcKYIAPHO20
HeKpo3y, 4acmo npu3eo0ums y noOAILUOMY 00 iHeaniou3ayii.
Mema. Oyinumu eghekmuericmo XipypeiuHo2o 1iKy8aHHs ma ped-
binimayitinux 3ax00ié Wooo 6I0HOGIeHHs NAYIEHMIE i3 nepeno-
MOM 3a0HbOI CMIHKU KYIbulogol 3anadunu. Memoou. 30iicHeno
NPOCNEeKMUBHUU AHANI3 X8OpUX, AKUX aikyeaiu Ha oazi KHII
KOP «Kuiscvka obnachna kniniuna nikapusay ma KHIT «Kuiscoka
Mmicvka Kainiuna nikapua Ne 8» y nepioo 3 2021 no 2023 poxu. [Jo
docriddcenns Oyno 3anyueno 44 nayienmu, cepeoHill 6iK AKUX
cmanosug (42,2 + 13,1) poky. Pesynomamu niKyeanusa ma pea-
oinimayitini 3axo0u oyiniosanu 3a wkaramu Mamma u Harris
Hip Score. Ycim xeopum suxonano onepamugne 6mpyuanus —
ocmeocunmes 3a0Hb0I CMIHKU KYIbWOGO! 3anadunu niacmu-
namu ma egunmamu. Xipypeiunui oocmyn Koxepa-Jlaneenbexa
suKopucmosysagcs y 6cix eunaokax. I[lpoananizoeano Kii-
HIKO-peHmeenonoiuni pezyromamu uepes 3, 6 i 12 micayis.
Pesynomamu. Iloxasnuxu, ompumani 3a wxanoio Harris Hip
Score uepes 6 mic. 6 ocnosniu epyni ckaanu (83,51 £ 4,03) 6ana,
uepes 12 micayie — (87,09 + 5,31); y konmponvHii epyni ue-
pe3 6 mic. — (75,43 + 4,45) 6ana, uepesz 12 — (84,01 + 4,17)
(p < 0,01). Bucnosxu. Ha eghexmugnicmo xipypeiuno2o nixkyean-
HA NayicHmis i3 nepeiomamu 3a0Hb0i CMIHKU KVAbUWO080I 3ana-
OUHU BNAUBAIOMb. BUACHE 3AKpUINE YCYHEHHs GUBUXY 20]108KU
CmMezHo80i KicmKu, NpogedeHHs ONepamusHo20 GMpPYUAHHS
6 HaUOIbUl PaAnHIl MepMiH 13 8I0HOGIEHHAM HOPMAIbHOI aHa-
mowmii cyanoba, cmabinenoio Qixcayielo nepeiomy ma pammii
nouamoxk peadirimayitnux 3axodis. Knouosi cnosa. Ilepenom,
peabinimayis, 3a0Hs CMIHKA KYIbUWOGOI 3aNA0UHU.

Keywords. Fracture, rehabilitation, posterior wall of the acetabulum

© Ankin M. L., Ladyka V. O., Glynyana O. O., Barylovych M. M., 2025



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 1 83

Introduction

Fractures of the posterior wall of the acetabulum
are the most common type of injury to the acetabu-
lum, often high-energy and combined with injuries to
other organs. Surgical treatment is indicated in case
of fractures of the acetabulum that lead to instabil-
ity and incongruence of the joint, as well as in cases
of injuries with the presence of bone fragments or
soft tissues within this localization.

This group of fractures is characterized by
a high level of early and late post-traumatic com-
plications, which lead to disability in 73-88 %
of cases [1]. Treatment tactics can vary from closed
or open reduction of the dislocation of the femoral
head, arthroscopy, osteosynthesis, and even hip ar-
throplasty [2]. Posterior hip fracture is intra-articu-
lar, presents a high risk of developing post-traumatic
arthrosis, avascular necrosis in the late stages, and
often causes disability. The percentage of these com-
plications increases significantly with displaced frac-
tures and largely depends on achieving anatomical
reduction [3]. A well-performed surgical intervention
is an important component, but no less important is
comprehensive rehabilitation, which should comple-
ment the measures taken and help reduce secondary
disorders. Rehabilitation treatment should be aimed
at improving mobility in the hip joint, increasing
strength, endurance, and functional independence
of the patient in the shortest possible time.

Purpose: to evaluate the effectiveness of surgical
treatment and rehabilitation measures in the recovery
of patients with posterior hip fracture.

Material and methods

The study was carried out in compliance with
the provisions of the Helsinki Declaration of Hu-
man Rights (2000), the Constitution and legisla-
tion of Ukraine on healthcare. The issues of bio-
ethical expertise and ethics of scientific research
were considered and approved by the commission
of the P. L. Shupyk National Institute of Health
of Ukraine (protocol No. 11 dated 16.11.2021). In-
formed consent was obtained from all patients in-
cluded in the study.

A prospective analysis of 44 medical records
of patients who were inpatients at Kyiv Regional
Clinical Hospital and Kyiv City Clinical Hospital
No. 8 in the period from 2021 to 2023 was conducted.

A physical examination was performed, radio-
graphs before and after surgery, and computed to-
mography results were studied. The reduction was
assessed using the Matt scale, and hip joint func-
tion was assessed using the Harris Hip Score scale.

The results were calculated using mathematical
statistical methods.

Postoperative assessment of the reduction was
performed using the Matt scale: anatomical (displace-
ment up to 1 mm), imperfect (2-3 mm), unsatisfac-
tory (more than 3 mm) [4]. Clinical and radiological
results were analyzed after 3, 6, and 12 months in
all patients in the postoperative period. A separate
task was to study the effectiveness of intervention in
the case of fractures of the posterior wall of the hip
socket using the Harris Hip Score scale. The follow-
ing indicators were assessed using it: “Pain”, the max-
imum score of 44 meaning the absence of pain, while
severe pain at rest means 0 points; for the categories
“Function”, “Amplitude of movements” and “Defor-
mity” — 47, 5 and 4 points, respectively. The assess-
ment of function is based on 4 categories: preservation
of usual daily activity — 14 points, absence of lame-
ness — 11, absence of need for assistive devices dur-
ing walking — 11, duration of walking — 11. Preser-
vation of preoperative range of motion is assigned
5 points, absence of deformity — 4. The maximum
number of points for one joint that can be obtained
by assessing the patient’s condition using the Harris
Hip Score scale is 100. The sum of points from 100
to 90 is considered excellent, from 89 to 80 — good,
from 79 to 70 — satisfactory, and less than 70 —
unsatisfactory [5]. The gender distribution is as fol-
lows: men — 28 (63.6 %), women — 16 (36.4 %).
The average age was (42.2 + 13.1) years. The main
mechanisms of injury: road accidents — 19 patients
(43.2 %), due to military actions — 16 cases (36.4 %),
catatraumas — 9 subjects (20.4 %) (Fig. 1).

Right-sided injury was recorded in 23 people
(52.3%), left-sided — in 21 (47.7 %). Unremoved dis-
location of the femoral head during hospitalization
was diagnosed in 19 patients (43.2 %), the period
of dislocation reduction from 1 to 26 days, aver-
age — (8.9 £ 2.6) days. The criteria for excluding pa-
tients from the study were complex fractures, which
were combined with damage to internal organs (rec-
tum, bladder) and craniocerebral trauma.

The primary task for traumatologists was closed
reduction of dislocation of the femoral head at the ear-
liest possible date. Closed reduction was successfully
performed on the day of injury in 11 (57.9 %) patients,
in the first 3 days after injury in 5 (26.3 %) patients,
and delayed reduction was performed in 3 (15.8 %)
cases. The time of surgical intervention from the mo-
ment of injury ranged from 1 to 26 days, with an av-
erage of (10.8 + 3.8) days.

The Kocher-Langenbeck surgical approach was
used in all cases. Reduction was performed using
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traction devices on the operating table to fix the pa-
tient at the intact area at the level of the posterior su-
perior iliac spine and femoral diaphysis. All patients
underwent the following interventions: osteosynthe-
sis of the posterior wall of the acetabular fossa with
plates and screws. The size of the plate depended on
the number and size of the fragments. The main goal
of osteosynthesis was to achieve anatomical reduc-
tion and stable fixation of the fracture. During the op-
eration, revision of the n. ischiadicus and its protec-
tion from intraoperative damage.

For all patients, the management protocol in-
cluded: after hospitalization, the imposition of a skel-
etal traction system over the supracondylar zone
of the femur, ultrasound Dopplerography of the ves-
sels of the lower extremities before and after osteo-
synthesis, surgical intervention for the timely detec-
tion of thrombotic complications.

Rehabilitation measures, which were an important
component of the patients' recovery, began the day
after their hospitalization.

The acute period (the patient was on skeletal trac-
tion) included therapeutic interventions: familiar-
ization with the method of treatment of the injury,
rehabilitation measures, possible complications and

&
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Fig. 1. Distribution of patients in the prospective group by
mechanism of traumatic injury
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Fig. 2. Results of reduction according to the Matt scale

measures to avoid them; cold therapy (to reduce pain
and sensitivity). The following exercises were also
performed:

— for a healthy lower limb (LL) — flexion/exten-
sion in the knee, hip, supracalcaneal-tibial joints, ab-
duction/adduction in the hip joint;

— raising the pelvis with support on a healthy
lower limb (prevention of bedsores);

— for the upper limbs (UL) — sitting in bed with
support on a Balkan frame;

— for an injured LL — ideomotor, movements in
the supracalcaneal-tibial joint;

— respiratory — diaphragmatic breathing, training
in full exhalation, coughing and expectoration of se-
cretions, use of a breathing simulator for the preven-
tion of respiratory complications.

According to the results of the obtained reposi-
tion according to the Matt scale, patients were di-
vided into two identical groups, the main (n = 22) and
the control (n = 22).

The control group (n = 22) was engaged in the tra-
ditional program of medical institutions, which in-
cluded: performing therapeutic exercises (general-
developing, isometric, passive, passive-active and
active), early verticalization of patients, movement
with assistive devices, therapeutic massage, cold and
magnetolaser therapy.

In the main group (n = 22), the developed program
was used, which included, in addition to traditional
ones, modern methods and means of rehabilitation:
cryotherapy, TENS therapy, myofascial release, soft
tissue mobilization (with elastic floss tape, blade),
a set of therapeutic exercises with Thera-bend, on
spheres and hemispheres (Table 1). The rehabilitation
program after surgery included three periods, which
are given in Table 1.

In addition to the listed methods and means in
the acute period, an important aspect was the early
mobilization of patients. At the beginning, verti-
calization was carried out with the mandatory use
of compression therapy (elastic bandaging or com-
pression stockings), learning to move with means for
additional support. Patients who did not have excess
weight and coordination problems moved with in-
guinal crutches without loading the operated limb,
only the first toe was allowed to touch the floor, in-
dividuals with high risk factors for falling walked
with the help of a walker. During training to walk
on crutches, a two-support technique was used, in
which the point of support was on the healthy LL,
the crutches and the damaged limb acted as one
whole, and the healthy one as a separate unit. Patients
were taught to climb stairs using first the healthy
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hip joint, then carry crutches simultaneously with
the operated limb, and when descending the stairs,
first lower the crutches and the damaged, and then
the healthy hip joint.

In the presence of pronounced edema of the op-
erated hip joint, elevation was performed 2-3 times
a day for 20-30 minutes. Initially, the amplitude
of movements in the operated hip joint was limited
due to edema, inflammation, and initial adhesion be-
tween the lateral vastus femoris muscle and the tensor
fascia latae femoris muscle, so movements were per-
formed passively and passively-actively for several
days. Patients were advised to avoid hyperextension,
internal rotation, and lifting of the operated straight
hip joint in the hip joint. Active therapeutic exercises
for the gluteus maximus muscle and its strengthening
were limited in the first 6 weeks due to the possibility
of hip hyperextension.

The main aspect was the functional activity and
independence of the patient: they were taught to roll
over to the uninjured side, sit up independently, get
out of bed, dress using the injured limb, and undress
using the healthy limb. Initially, the patients needed
help, and later they independently performed daily
activities with the use of assistive devices (elevated
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toilet seat, reach devices for putting on socks and
pants) to reduce the load on the operated joint.

Therapeutic exercises were performed according
to pain tolerance, the visual analogue scale (VAS)
score was within 4 points [6]. Further change in
the load on the operated limb was selected according
to the results of the radiograph, fracture stability and
the course of union.

Results

The average term of radiographic consolidation
of the fracture was (12 + 3) weeks. Among the pa-
tients in the postoperative period, the following com-
plications were diagnosed: post-traumatic sciatic
nerve neuropathy, in the main group in 1 (4.54 %)
person and in the control group in 2 (9.09 %); hetero-
topic ossification in 4 (18.2 %) patients in the main
group and in 7 (31.8 %) in the control group; aseptic
necrosis of the femoral head in 6 (27.3 %) patients in
the main group and 9 (40.9 %) in the control group.

After surgical treatment, an assessment was made
using the Matt scale: in 38 patients (86.5 %) anatomi-
cal reduction of up to 1 mm was achieved, in 4 (9 %)
it was not ideal (up to 2-3 mm), and in 2 patients
(4.5 %) it was unsatisfactory (more than 3 mm), the
results are shown in Fig. 2.

Table 1

Rehabilitation program for patients after surgical treatment
for a fracture of the posterior wall of the acetabulum

Period Acute Post-acute Prolonged
1. Management of edema and pain 1. Management of edema 1. Restoration of full function
2. Early mobility and verticalization and pain in the hip joint
3. Strengthening of the upper shoulder | 2. Improvement of muscle 2. Restoration of the correct
girdle muscles and healthy NC strength, functional indicators gait pattern
Task 4. Adaptation to load in the hip joint 3. Restoration of muscle
5. Prevention of contracture in the hip | 3. Improvement of balance strength
joint and coordination 4. Return to professional
4. Maintenance of physical activity
fitness
5. Return of the patient to self-care
1. Cryotherapy 10 min 3 times a day 1. Therapeutic exercises 1. Therapeutic exercises
(5 procedures) (general-developing, special, (functional, stretching, with
2. Mechanotherapy on the CPM device | stretching, breathing, isometric, | resistance to increase muscle
20 min once a day (10 procedures) movements with a scar) strength with Theraband),
3. Lymphatic drainage massage 2. Myofascial release, coordination on spheres and
10—-15 min (10 procedures) mobilization of soft tissues hemispheres)
4. Active therapeutic exercises (elastic floss tape, blade) 2. Mechanotherapy (Nautilus
Methods in all joints of a healthy LL and UL 3. TENS therapy (once a day for | exercise bike to strengthen the
and means 5. Passive, passive-active 10 min) quadriceps)
and active movements 4. Functional mobility training | 3. Heat compresses were
in the operated joint (moving in bed, walking up applied remotely to
6. Isometric tension of the quadriceps | stairs) the spasmed muscles
muscles 5. ADL training (using aids for | before performing
7. Isotonic exercises dressing, hygiene, etc.) the exercises
for the supracalcaneal-tibial joints
8. ADL training (skills in daily life)
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The assessment of the results using the Harris scale
in subgroups, carried out using the Shapiro-Wilk test,
showed compliance with the parameters of the nor-
mal distribution (p = 0.382-0.573), which allows
using the arithmetic mean (M) and standard devia-
tion (SD) for descriptive statistics of the results. At
the same time, the presence of the number of obser-
vations in subgroups less than 30 (n = 22), made it ad-
visable to use non-parametric criteria for comparing
the results between groups (Mann-Whitney test) and
in time course (Wilcoxon test).

The results of treatment according to the Harris
Hip Score scale are given in Table 2.

A statistical analysis of the influence of the timing
of surgical intervention on the achievement of ana-
tomical reduction of the fracture was performed (Ta-
ble 3).

A study of the patterns of development of aseptic
necrosis depending on the timing of the elimination
of dislocation of the femoral head is given in Table 4.

Discussion

A significant part of domestic and foreign works
presents conservative and surgical methods of treat-
ment for fractures of the posterior wall of the acetab-
ulum. The authors emphasize that the recovery of pa-
tients is influenced by a number of factors, including
the type of fracture, damage to the femoral head,
concomitant injuries, timing of the operation, quality
of osteosynthesis and surgical access [3, 7, 8]. Com-
plications in the case of fractures of the acetabulum

include postoperative infection, sciatic nerve damage,
heterotopic ossification, thromboembolic complica-
tions, malunion and nonunion [9].

N. Kaple, M. Lakhwani provide rehabilitation
measures for the recovery of patients with this type
of fracture using the skeletal traction method. How-
ever, it requires a long stay of the patient in a hori-
zontal position, which makes it impossible to quickly
restore functional indicators in the hip joint and con-
tributes to an increase in risks from the cardiovascu-
lar, respiratory systems and musculoskeletal system.
Pressure ulcers, infections of the spinous canal and
urinary tract, thrombosis, pneumonia are possible
side effects of prolonged bed rest [10].

Most authors emphasize the importance of sur-
gical treatment for a fracture of the posterior wall
of the acetabular fossa and high-quality reconstruc-
tion of the fracture [3, 9, 11]. We believe that the best
method of surgical intervention in patients with pos-
terior acetabular fractures is a bridge-like bone metal
osteosynthesis (the plate is located from the ischial
tuberosity to the roof of the acetabular cavity) using
the Kocher-Langenbeck approach. The main goal is
to achieve anatomical reduction, which directly af-
fects the outcome of treatment. A mandatory task
during surgery is revision, protection and analgesia
of the sciatic nerve.

A fairly small part of the studies is devoted to re-
habilitation measures [10, 12], which are an important
component of the prevention of pre- and postopera-
tive complications in patients with posterior acetabu-

Table 2
Results of assessing hip joint function using the Harris Hip Score (M = SD)
Stage (months) Harris Hip Score criteria and groups P (MW)
main (n =22) control (n=22)
Pain level
3 33.04 £4.01 30.19 £ 4.16 0.0250*
6 38.47 £ 4.41 34.51 +£4.73 0.0060*
12 4226 £4.52 39.36 + 3.69 0.0240%*
P (3-06) 0.0001* 0.0020%* —
P (3-12) 0.0001* 0.0001* —
HHS (general)

3 78.03 +4.15 69.14 +£4.38 0.0001*
6 83.51 +£4.03 75.43 £ 4.45 0.0080%*
12 87.09 £5.31 84.01 £4.17 0.0380%*
P (3-06) 0.0090* 0.0040* —
P (3-12) 0.0001%* 0.0001%* —

Notes: P (MW) — comparison between groups according to the Mann-Whitney test (* — difference is statistically
significant); P (3—6), P (3—12) — assessment of indicators in dynamics according to the Wilcoxon test (* — difference is
statistically significant); M + SD — arithmetic mean and standard deviation.
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lar fractures. Most programs include therapeutic ex-
ercises, massage and verticalization of the patient, but
do not take into account a comprehensive approach
involving educational work with the patient, the use
of mechanotherapeutic means, physiotherapeutic,
myofascial techniques for working with muscles and
postoperative scar, which improves and accelerates
recovery.

Studying the analysis, we believe that the result
is influenced by the quality of reposition, the timing
of surgical intervention from the moment of injury,
early start of rehabilitation measures. The best result
was found in patients who underwent surgery within
21 days from the moment of injury, achieved ana-
tomical reposition and began rehabilitation measures
immediately from the moment of hospitalization to
the hospital. Among the rehabilitation measures,
the following had the greatest impact: a comprehen-
sive approach, early mobilization of the patient, mea-
sures to reduce swelling and stiffness in the hip joint,

Table 3
Analysis of the influence of the timing of the surgical
intervention on fracture reduction

Duration of surgery Patient distribution Frequency of
(number of days) anatomical reduction
Upto7 36 (81.8 %) 34/36 (94.4 %)
7-21 5 (11.4 %) 3/5 (60.0 %)
21 and more 3 (6.8 %) 1/3 (33.3 %)
p (D) — p=0.002*

Note. P (y?) is a comparison between groups (¥ —
the difference is statistically significant).

increase muscle strength, improve daily activities and
activity.

Clinical case number 1

A 52-year-old patient Z. was treated in the con-
ditions of Communal Non-Profit Establishment Kyiv
City Clinical Hospital No. 8. The injury was received
as a result of a road accident on 27.06.2023. Diagno-
sis: closed fracture of the posterior wall of the left
acetabular fossa with displacement, condition after
removal of the dislocation of the left femoral head
(28.06.2023).

He underwent conservative treatment at the Cen-
tral Regional Hospital and was hospitalized in
the Kyiv City Clinical Hospital No. 8 on 03.07.2023.
Rehabilitation measures began on 04.07.2023. Surgi-
cal intervention was performed on 10.07.2023 — open
reduction of fragments of the left acetabular fossa,
metal osteosynthesis of the fracture with a plate and
screws. Evaluation of results according to the Har-
ris scale: after 3 months — (79.12 &+ 2.41) points, af-
ter 6 months — (83.02 + 3.84), after 12 months —
(85.42 + 3.12).

Clinical case No. 2

A 60-year-old patient G. was treated in the con-
ditions of the Communal Non-Profit Establishment
of Kyiv Regional Council “Kyiv Regional Clinical
Hospital”. She received the injury as a result of a fall
from a height on 03.12.2021. Diagnosis: closed frac-
ture of the posterior wall of the left acetabular fossa
with displacement. Hospitalized to the CNP KRC
“Kyiv Regional Clinical Hospital” on 03.12.2021.
Rehabilitation measures were started on 04.12.2021.

Table 4
Results of the study of the patterns of development of aseptic necrosis
Day of dislocation Patient distribution Frequency of initial signs of ANFH Necrosis index (Koo and Kim)
reduction

A B C
First 11 (57.9 %) 8/11 (72.7 %) 6(54.5%) | 2(18.2%) —
Up to3 5(26.3 %) 5/5 (100.0 %) 1(200%) | 4(80.0 %) —
3-26 3(15.8 %) 3/3 (100.0 %) — 2(667%) | 1(33.3%)

Fig. 3. Radiographs and CT scans of the posterior acetabular fracture of patient Z.: a), b) fracture of the posterior wall of the left
acetabular fossa; c) condition after osteosynthesis of the acetabular fossa with a plate and screws



88 ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 1

Fig. 4. Radiographs and CT scans of the posterior acetabular fossa fracture of patient G.: a, b) fracture of the posterior wall of the left
acetabular fossa; ¢) condition after osteosynthesis of the acetabular fossa with a plate and screws

Surgery was performed on 06.12.2021 — open re-
duction of fragments of the left acetabular fossa,
metal osteosynthesis of the fracture with a plate and
screws. Evaluation of results according to the Har-
ris scale: after 3 months — (80.02 £ 2.11) points, af-
ter 6 months — (83.21 + 3.78), after 12 months —
(88.62 £ 5.37).

Conclusions

The effectiveness of surgical treatment of patients
with fractures of the posterior wall of the acetabu-
lum is influenced by closed removal of the disloca-
tion of the femoral head and surgical intervention
at the earliest possible date with restoration of nor-
mal anatomy of the joint, stable fixation of the frac-
ture. The statistical analysis showed that removal
of the dislocation of the femoral head on the first day
after the injury reduces the risk of aseptic necrosis by
26.3 % compared to a later date of removal of the dis-
location. When surgical intervention is performed
within the first 7 days after the injury, the possibility
of achieving anatomical reduction of the fracture is
94.4 %, while if the intervention is performed within
the period of 7-21 days or more, it is 60 and 33.3 %,
respectively.

The proposed rehabilitation program for the main
group: therapeutic exercises, cryo- and TENS-ther-
apy, myofascial release, soft tissue mobilization (elas-
tic floss tape, blade), a set of therapeutic exercises
with Thera-band, on spheres and hemispheres con-
tributed to the restoration of functional indicators in
the hip joint according to the Harris Hip Score scale
in comparison with the control group after 3 months
by 12 and after 6 months by 10.7 %.
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The work purpose was to present a new method of preopera-
tive planning of high valgus tibial osteotomy with an individual
instrument. Methods. Computed tomography (CT) of the lower
extremities of a patient with stage Il varus gonarthrosis was
used. Bone segmentation from surrounding tissues, modeling
of the lower extremities, correction of the tibia axis, and con-
struction of individual blocks for resection were performed.
The individual instrument is a block for performing osteotomy
with depth indication and a hole for the upper middle screw
of the T-shaped plate and two individual wedges for opening
the osteotomy to the marks applied to them. The surgical in-
tervention was performed with fluoroscopy control after knee
arthroscopy. Partial removal of the medial meniscus and mi-
crofracture of the cartilage defect of the medial femoral condyle
were performed simultaneously. Results. The planned correction
of the tibia was accurately reproduced, which was confirmed
by CT after surgery. In the postoperative period, there were no
complications with wound healing, loading of the limb was start-
ed after 3 weeks, walking with a cane after 6, and without addi-
tional support after 10. X-rays were performed after 6, 12 weeks
and 6, 12 months after the operation. A year later, the full range
of motion and symmetrical walking were restored. The indi-
vidual instrument allowed for quick and accurate placement
of the plate, and wedges for opening the osteotomy helped to
correctly reproduce the correction and hold it during osteosyn-
thesis. Conclusion. The use of the proposed individual instru-
ment for high valgus tibial osteotomy was convenient, simplified
some stages of the surgical intervention, and ensured accurate
planned correction of the angular deformity.

Mema. Hagecmu nogy memoouxy nepeoonepayitinozo niamy-
B8AHMS BUCOKOI 6aNb2I3YIOUOI 0CMeomoMii 8eIUKO2OMINIKOBOT
KiCmKU 3 6U20MOGIEHHAM I[HOUBIOYANbHO2O [HCMPYMEHMA.
Memoou. Buxopucmaro komn ' tomepny momoepagiio (KT) nuoic-
HIX KIHYI6OK nayicuma 3 eapychum comapmposom Il cmadii.
byno 30iticneno cecmenmyeans KiCmku 6i0 HAGKOJUWHIX MKA-
HUH, MOOENIO8AHHS HUNCHIX KIHYIBOK, KOPEKYis OCi 8eNUKO-
20MIiNKO6OT KicmKku ma no6yooea inougioyanvHux 610Ki6 O/
pesekyii. [nousioyanvruil incmpymenm — ye 010K 015 BUKOHAH-
HA 0CcmeomoMii i3 6KaA3aHHAM 2AUOUHU 1l OTNEOPOM Ni0 6epXHill
cepeoHiti eeunm T-nodibHoi nracmunku ma 08a iHOUBIOYAIbHI
KAUHU OJisl PO3KPUMMIA OCIMeOomoMii 00 HaneCeHUux Ha HUux mi-
moxk. OnepamusHe 6mpyuaHHs NPOGEOEHO 3 PEHM2eHOCKONIUHUM
KOHmponem niciis apmpockonii koninnozo cyz2ioba. Oonouacto
30IUCHEHO napyianvbHe GUOANIeHHS MedlalbHO20 MeHicKka ma
MIKpo@paxmupuzayiro deghekmy xpauja MediaIbHO20 BUPOCIKA
cme2Hos0i kicmku. Pezynomamu. 3annanoeany xopexyiio eenu-
KO2OMINIKOBOI KICMKU MOYHO 8i0meopeHo, wo niomeepouno KT
nicns empyuanns. Y nicisionepayiinomy nepiodi He 6y10 YCKIA0-
HeHb i3 3A420€HHAM PaHU, HABAHMAICEHHA KIHYIBKU pO3NOYaAmo
uepes 3 muoicHi, X00bba 3 mpocmunoio — yepes 6, a bez oooam-
k0601 onopu — uepes 10. Penmeenozpagito nposoounu yepes 0,
12 muorcnie ma 6, 12 mic. nicaia onepayii. Yepes pix 6i0Ho81€HO
nosHUll 06cse pyxie ma cumempuuny xo0voy, IHougioyanvruil
iHCmpyMenm 0036018 WBUOKO MA MOYHO 6CTNAHOBUMU NIACMUH-
KY, 4 KIUHU 01 PO3KPUMNIS OCMEOMOMil 00NoMo2u NPaGUIbHO
Bucnosok. Bukopucmanms 3anpononoeanozo inougioyaibHo2o
iHCmpymenma Onsi 8UCOKOI 6ANb2i3yI0H0l 0Cmeomomii 6eauKo-
20MINKOBOI KICMKU OYI0 3PYYHUM, CHPOCMULO OesKi emanu
npoeeoeHHs. ONepamuHo20 MpPYUanHs ma 3a0e3neyuno moiry
3anianoeany Kopekyilo Kymoeoi degopmayii. Kniovosi crosa.
Ocmeomomis, iHOU8IOyanbHuLl IHCMPYMeHm, 20HAPMPO3.

Key words. Osteotomy, individual instrument, gonarthrosis

© Golovakha M. L., Bondarenko S. A., Hart R., Orljanski W., 2025



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 1 91

Introduction

Corrective osteotomy of the tibia is one of the widely
used surgical methods that allow preserving the knee
joint for a long period of time [1, 8, 9]. It is combined
with arthroscopy, as well as various chondroplasty
techniques. Using corrective osteotomy, we can re-
store the function of the knee joint against the back-
ground of various deformities for a period of at least
8 years [3, 8, 11]. The problematic issues lie simulta-
neously in several planes:

— at what stage should the patient be offered
osteotomy;

— how best to replace the cartilage defect;

— within what limits should the axis of the knee
joint be corrected;

— how to ensure the accuracy of the planned cor-
rection of the deformity?

Purpose: to present a new method of preoperative
planning of high valgus osteotomy of the tibia with
the manufacture of an individual instrument.

Material and methods

The study was approved by the ethics committee
of the Zaporizhzhia State Medical and Pharmaceu-
tical University (protocol No. 8 dated 26.12.2022),
the patient's informed consent was obtained.

This study presents the result of the treatment
of a 53-year-old patient L. with secondary osteoar-
thritis of the knee joint and varus deformity (Fig. 1),
who underwent corrective osteotomy using an indi-
vidual instrument. Body mass index — 32 kg/m?2,
varus deformity with a peak in the proximal tibia,
without significant damage to the lateral knee joint,
stage Il by Kellgren-Lawrence classification.

The study used computed tomography (CT)
of the patient’s lower limbs with a slice thickness
of 0.8 mm. The design was carried out in two stages:
1) segmentation of the bone from the surrounding
tissues was performed in the Materialise Mimics
26.0 software; 2) modeling of the lower limbs, cor-
rection of the tibia axis and construction of individual
blocks for resection were performed in the Geomagic
FreeForm Plus software (Fig. 2).

The basis for planning an osteotomy in the knee
joint area is the femur. Therefore, the sagittal and
frontal planes of the model were installed on it and
the slope of the “knee joint line” was assessed, which
in three-dimensional modeling does not look like
a line, but a plane. This is determined by the structure
of the femur — in this case, the slope of the knee
joint plane was normal. The software restored
the correct mechanical axis of the limb by means
of a virtual high valgus opening osteotomy (Fig. 3).

After compensating for the deformity, we measured
the correction angle and planned the osteotomy level,
the position of its plane and the position of the plate
for osteosynthesis (Fig. 4). Finally, we designed an in-
dividual instrument consisting of a cutting block with
holes for guide wires along the osteotomy plane and
a channel for the upper middle screw of the Tomofix
plate [2], as well as two individual wedges for open-
ing the osteotomy with marks of their insertion depth
(Fig. 5). The patient data, the depth of the osteotomy
and the drilling of the channel for the upper middle
screw of the plate were applied to the cutting block.
After approval, the tibial model, cutting block and
wedges were printed from the medical photopolymer
resin Dental SG Resin (Fig. 6).

After surgery, a CT scan of the knee joint was per-
formed and the accuracy of the instrument was assessed
by comparing the radiographic parameters of the os-
teotomy planning and the data after the intervention.
The operation was performed according to a known
technique with fluoroscopy control after knee arthros-
copy [5, 8, 9]. Partial removal of the medial meniscus
and microfracture of the cartilage defect of the medial
femoral condyle were performed simultaneously. Dur-
ing the surgical intervention, after the proximal tibia
was isolated, we applied the individual cutting block to
the model and to the bone alternately, trying to achieve
maximum compliance of the block position. The stages
of the surgical intervention of the double high valgus
osteotomy of the tibia are shown in Fig. 7.

Results

To verify the accuracy of the application of the in-
dividual instrument for corrective osteotomy, we
performed a virtual installation of individual cutting
guides and wedges in a three-dimensional model,
which was built using a CT scan of the patient after
surgery. Thus, Fig. 8 shows a model of the lower limb
after surgery, an open osteotomy, virtually “inserted”
wedges and an applied individual template for cutting.

Fig. 1. X-ray of the knee joint
of a 53-year-old patient L. before
surgery
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Fig. 2. Limb model for planning osteotomy, determining
deformation and assessing the limb axis (a); measuring
the required correction angle (b)

Fig. 3. Osteotomy planning: a) the upper point of the osteotomy
at the level of the fibular head, which is 5 mm from the cortical
layer; b) double osteotomy design

Fig. 4. Modeling the plate position

Fig. 5. Designing individual wedges to hold the osteotomy
opening and the hole for the upper middle screw
of the plate

Fig. 6. Tibia model, individual block and wedges for osteotomy
opening

In (Fig. 8, b, ¢) it is clearly seen that the wedges abso-
lutely “laid” in the open osteotomy, and the template
for cutting — on the surface of the tibia.

A comparative analysis of the primary radio-
graphic indicators used for osteotomy planning and
correction was conducted based on post-operative re-
sults. CT was used before and after surgical interven-
tion (Fig. 9, Table).

As a result of the analysis, no significant devia-
tions from the plan presented on the radiographs were
identified (Fig. 10).

In the postoperative period, there were no com-
plications with wound healing, the patient began to
load the limb 3 weeks after the operation according
to the protocol after microfracture of the knee car-
tilage defect. Walking with a cane was allowed af-
ter 6 weeks, and without additional support after 10.
Radiography was performed 6 and 12 weeks and 6,
12 months after the operation. One year post-inter-
vention, the patient exhibited full range of motion
and symmetrical gait. The Knee Society Score (KSS)
was 173 points, the Hospital for Special Surgery
(HSS) score was 92, and the Lequesne index was 3.
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Fig. 7. Stages of surgical intervention with an individual instrument for high valgus osteotomy of the tibia: medial (a) and lateral
(b) parts of the knee joint; c) installation of an individual conductor and insertion of guide wires; d) fluoroscopy check; e) drilling
of a hole for the middle proximal screw; f) osteotomy along the lower edge of the individual block; g) fluoroscopy control of the depth
of the osteotomy; h) after opening the osteotomy, individual wedges are installed; i) X-ray control - plastic wedges do not cover
the bone; j) installation of the plate through the middle proximal hole on a pre-drilled channel and insertion of the screw; k) X-ray

of plate installation

Fig. 8. Three-dimensional model of the limb after osteotomy
with installation of models of individual wedges for opening
and individual conductor for cutting: a) the mechanical axis
of the lower limb is determined; comparison of the results
of the installation of wedges (b) and conductor (c)

Fig. 9. Scheme of comparison of the results: 1) the point
of the mechanical axis of the limb on the tibial plateau (in
percent); 2) the value of the mechanical proximal medial tibial
angle; 3) data of the mechanical distal lateral femoral angle;
4) the angle of opening of the osteotomy
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Table

Radiographic parameters planned and obtained as a result of surgical intervention

Patient Osteotomy opening angle Limb axis position, %

Medial tibial angle, ° Lateral femoral angle, ©

plan after intervention plan

after intervention plan

after intervention plan after intervention

1 11.0 11.0 58.0 58.1

87.0 871 87.0 87.2

Fig. 10. Radiography after surgery: a) frontal and b) lateral
projections

The metal structure was subsequently removed.
The observation lasted for 4 years (Fig. 11) and
showed a satisfactory functional result, the patient did
not notice any deterioration in his condition, although
the radiography corresponds to stage I11 gonarthrosis.

Discussion

As a result of the surgical intervention, the indi-
vidual instrument allowed to quickly find the osteot-
omy plane, did not require an increase in the length
of the skin incision, and did not interfere with fluo-
roscopy control. The planned hole for the upper mid-
dle screw allowed for a quick and accurate installa-
tion of the plate. Individual wedges for opening the
osteotomy helped to correctly reproduce the correc-
tion and maintain it during osteosynthesis, regardless
of the fluoroscopy data.

Our study has a number of shortcomings. To ob-
tain more accurate and generalized conclusions, fur-
ther comparative studies are required, which should
include a larger number of patients and consider long-
term results. In addition, it is important to anticipate
the individual characteristics of each case and the op-
timal choice of treatment method taking into account
clinical and anatomical factors. Particular attention
should be paid to the comparative analysis of the ef-
fectiveness of the operation with an individual instru-
ment and convection technique, as well as the study
of long-term results and patient satisfaction.

In general, published articles in recent years con-
firm the prospects and effectiveness of using individ-
ual instruments for tibial osteotomy in varus gonar-

Fig. 11. Radiography 4 years after surgery

throsis [4, 6, 7, 10]. Further studies will allow us to
clarify and supplement the obtained data, which will
contribute to improving the results of surgical treat-
ment of this pathological condition [10, 11].

Individual three-dimensional osteotomy planning
has a significant advantage as it enables the detec-
tion of limb deformation, rotation, and the position
of the knee joint plane. It also allows for accurate de-
termination of both the level and height of the osteot-
omy opening. An individual conductor and wedge-
spacers that are non-contrast for fluoroscopy facilitate
the work during the operation, and a predetermined
position of the plate for osteosynthesis simplifies and
speeds up the operation.

Conclusion

The use of the proposed individual instrument for
high valgus osteotomy of the tibia was convenient,
simplified the main stages of the surgical intervention
and ensured accurate planned correction of angular

deformation.
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DIGEST AND REVIEWS

Osteosarcopenia: epidemiology, risk factors

and modern management strategies

D. Yu. Kurylo, N. V. Grygorieva

State Institution «D. F. Chebotarev Institute of Gerontology of the NAMS Ukraine», Kyiv

Osteosarcopenia is a combination of osteoporosis and sarco-
penia that has been identified as a distinct geriatric syndrome,
which has recently attracted increasing attention from the medi-
cal community. Unfortunately, to date, there are no unified cri-
teria for defining this syndrome, which affects the determination
of its epidemiology and prevention methods. The coexistence
of osteoporosis and sarcopenia in an individual is associated
with an increased risk of falls and fractures, reduced functional
capabilities and quality of life, and a heightened risk of mor-
tality; thus, it holds significant medical and social importance.
The aim of this review was to analyze the current literature
on osteosarcopenia, including its prevalence, pathogenesis,
risk factors, and management. Methods. A review of literature
sources was carried out in the electronic scientometric data-
bases PubMed, Scopus, Web of Science and Google Scholar

using the keywords: "osteoporosis", "sarcopenia”, "osteosarco-

penia”, "sarcoporosis” for 2019-2024 with additional inclusion
in the analysis of earlier publications which have a recognized
scientific value. Both cohort and prospective studies, as well as
meta-analyses and systematic reviews, were analyzed. The re-
sults of this work included clarifying terminology, determining
the global prevalence of osteosarcopenia, and analyzing risk
factors and key components of its pathogenesis, particularly
in subjects with comorbidities (such as diabetes and obesity).
Scientific studies on the most explored pharmacological and
non-pharmacological approaches to treating osteosarcopenia
were also reviewed, with a focus on methods that require fur-
ther research to confirm their effectiveness. Conclusions. Given
the prevalence of osteosarcopenia and the associated risks,
further investigation, especially within the Ukrainian popula-
tion, is highly relevant and necessitates new research to improve
the management of this geriatric syndrome.

Ocmeocapkonenisi € NOCOHAHHAM OCMEONOpo3y mda capKone-
Hil, sKe OY10 GUOLIEHO, K OKpeMUll 2epiampudnuil CUHOPOM,
Wo OCMAaHHIM 4acoM npueepmac 6ce Oinvuie yeazu MeoudHol
cninonomu. Ha oicans, cbo200mi nemae eounux kpumepiis ujo0o
11020 GU3HAYENHA, WO GNIUBAE HA BUGUENHA enidemionozii ma
memodie npoginakmuku. Iloeonanna ocmeonopo3y ma cap-
Konewii 8 00Hiei ocobu acoyitiosano 3 NiOGUWEHHAM PUSUKY
naodinb I nepenomis, 3HUNCEHHAM (DYHKYIOHATLHUX MONCIUBOC-
meti ma AKOCMI JHCUMMs, 3POCIAHHAM PUSUKY CMEPMHOCMI,
MOMY MA€E BKPAll 8adCIUBE MEOUKO-cOYyianbHe 3Havenns. Mema.
Ipoananizysamu cyuacwi rimepamypHi Odcepena, siKi Ueuaomy
ocmeocaproneriio, ii nowupenicms, namozenes, axmopu pu-
3uKky ma meneoxucmenm. Memoou. Oazns0 nimepamypu 30itic-
HEHO 6 eleKMPOHHUX Haykomempuunux 6azax oanux PubMed,
Scopus, Web of Science ma Google Scholar i3 euxopucmarnnsm
KII0U0BUX CTlIB: «OCIMEONopo3y, «CApKONeHisy, «ocmeocapkone-
Hify, «capkonoposy 3a 2019—2024 poku 3 0o0amkosum 6KI0-
YeHHAM 00 AHANI3Y OilbW PAHHIX pOOIM 3a YMOBU IX GUSHAHOT
HayKo8oi yinnocmi. Po3ensanymo ax Ko2opmmui ma npocnekmueHi
O0CHIONCEHHA, MAK 1 MEeMAaanaiizu i CUCMEeMAMUYHI 02NA0U.
Pesyromamom yiei pobomu € ymouneHHs mepMiHOI02Ii, 8U3HA-
YeHHs NOWUPEHOCTI 0CMeoCcapKonerii' y ceimi, ananiz ¢pakmo-
PIi8 pUsuKy ti OCHOBHUX JIAHOK NAMO2eHe3Y, 30Kkpema i 6 0cib i3
CYRYMHBOIO NAMONORIEI0 (YYKpOGULl diabem, OACUPIHHA MOUJO).
Ipoananizoeani HayKo8i pobOMuU CMOCOBHO HAUOLIbLUL BUSYEHUX
MEOUKAMEHMOZHUX | HeMeOUKAMEHMO3HUX NiOX00i8 y NIKVEAHHI
ocmeocapkonenii 3 po3ena0om mMemoois, AKi nompedyoms no-
0anbUl020 GUGUEHHs OISl NIOMBEPOAICEHHST CBOEI eheKmuUeHOC-
mi. Bucnosku. Ypaxogyiouu nowupenicms ocmeocapkonemii
ma pusuxu, AKi noe’asaui 3 Hero, ii nodarvuie 8UBHUEHHS, 30-
Kpema U 8 YKPAaiHCubKill nonyaayii, € 6Kpail akmyaibHum i no-
mpebye npoeederHs HOBUX HAYKOBO-00CIIOHUX PO3POOOK 01
NOKPAWEHH MEHEeONCMEHMY YbO2O 2epiampuiHoco CUHOPOMY.
Karouoei cnosa. Ocmeonopos, capkoneHnis, ocmeocaprkonenis,
Ccapkonopos.

Key words. Osteoporosis, sarcopenia, osteosarcopenia, sarcoporosis
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Introduction

As human life expectancy has increased due to
improved living conditions and medical advances,
the proportion of the elderly in the world popula-
tion has increased significantly. According to cur-
rent projections, the number of people aged 60 years
and older will continue to increase, from 1.1 billion
in 2023 to 1.4 billion in 2030 [1]. This will contrib-
ute to a rise in the number of age-associated dis-
eases and conditions, and their study is becoming
increasingly relevant. The main geriatric syndromes
include cognitive impairment, depression, chronic
pain, polypharmacy, certain functional limitations,
urinary or fecal incontinence, constipation, orthos-
tatic hypotension, syncope, pressure ulcers, vision,
hearing or sensory impairment, falls, frailty, malnu-
trition, or loss of muscle mass and strength (sarcope-
nia) [2—4]. The presence of the latter in combination
with osteoporosis in one person has been singled out
as a separate geriatric phenomenon, which has been
combined with the terms “osteosarcopenia” (OSP) or
“sarcoporosis” [6]. However, today there is no con-
sensus in the world on the definition of this condi-
tion. Some scientists define OSP as a combination
of osteoporosis, instrumentally confirmed by two-
photon X-ray absorptiometry (DXA) and sarcopenia,
others in the presence of low bone mineral density
(BMD, osteopenia or osteoporosis) and sarcope-
nia or in the case of an osteoporotic low-traumatic
fracture in combination with sarcopenia [7-10]. OSP
poses a threat to the elderly due to the increased risk
of a number of complications characteristic of both
diseases, therefore it requires more attention and in
-depth study. In recent years, there has been an in-
creasing number of high-quality studies studying this
syndrome. Regrettably, the Ukrainian-language lit-
erature contains only limited research on the study
of OSP as evidenced by references [11, 12].

Purpose: to analyze modern literary sources on
osteosarcopenia, its epidemiology, pathogenesis, risk
factors and possible ways of prevention and treatment.

Material and methods

A review of literature sources was carried out
in the electronic scientometric databases PubMed,
Scopus, Web of Science and Google Scholar using
the keywords: “osteoporosis”, osteosa-
rcopenia”, “sarcoporosis” for

2019-2024 with additional inclusion in the anal-
ysis of earlier studies provided that their recognized
scientific value was recognized. Both cohort and pro-
spective studies, as well as meta-analyses and sys-

tematic reviews, were analyzed.

9 ¢

sarcopenia”,

Results

Definition of osteosarcopenia

As noted above, OSP combines two diseases: sar-
copenia and osteoporosis.

The term “sarcopenia” was first proposed to de-
scribe the loss of skeletal muscle mass by 1. Rozen-
berg in 1989, and in 1998 R. Baumgartner used this
term to characterize a syndrome associated with an
increased risk of falls and physical weakness [13, 14].
According to the latest European guidelines issued by
the European Working Group on Sarcopenia in Older
People (EWGSOP) in 2019, it is a progressive and
generalized skeletal muscle disease associated with
an increased risk of falls, fractures, impaired motor
activity and mortality [15].

The definition of “osteoporosis” was first pro-
posed by the World Health Organization (WHO)
in 1994 [16]. This disease is characterized by a de-
crease in bone density and impaired bone microar-
chitecture and leads to an increased risk of falls and
fractures, and, as a result, to disability and increased
mortality [17].

To describe the combination of osteoporosis and
sarcopenia, G. Duque and colleagues first proposed
the term “osteosarcopenia” [18]. The latter is charac-
terized by low BMD (according to WHO standards
osteopenia (according to the assessment of DRA val-
ues by T-criterion from —1 to —2.5 standard devia-
tions (SD)) or osteoporosis (T-criterion < -2.5 SD) or
the presence of a low-energy osteoporotic fracture
regardless of the state of bone tissue and low mus-
cle mass and decreased function (sarcopenia)), which
are established using criteria related to muscle mass,
strength and functional capabilities of the subject.

However, there is still ongoing debate about
the definition of OSP, and studies use different in-
clusion criteria to identify patients, which makes it
difficult to compare its incidence and consequences.
For example, in a meta-analysis by N. Veronese et al.
[7], osteoporosis and sarcopenia are combined for
the diagnosis of OSP, using generally accepted cri-
teria for their establishment. In another meta-anal-
ysis by S. Chen et al., other OSP criteria were used
for consideration: a combination of sarcopenia with
low BMD (osteopenia or osteoporosis) or sarcopenia
with osteoporosis [10]. In some publications, scien-
tists define OSP as a combination of sarcopenia and
low BMD (osteopenia or osteoporosis) [19-23], while
other scientists consider the presence of sarcopenia
and osteoporosis as criteria for determining OSP
[24-28].
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It should be noted that different researchers use
not only different data on the assessment of bone tis-
sue status (osteopenia, osteoporosis or low-traumatic
fractures), but also different criteria for determining
sarcopenia (EWGSOP, Asian Working Group for Sar-
copenia (AWGS), Foundation for the National Insti-
tutes of Health Sarcopenia Project (FNIH), Sarcope-
nia Definitions and Outcomes Consortium (SDOC),
etc.). Differences in the definition of OSP complicate
the study of its epidemiology and require a unified
approach, including outlining management and prog-
nosis strategies.

Epidemiology of Osteosarcopenia

A meta-analysis by N. Veronese et al., which in-
cluded 14,429 individuals (mean age 70 years, 64.5 %
women, OSP criteria included a combination of os-
teoporosis by DXA and sarcopenia), showed that
the prevalence of OSP was 12.72 % (95 % confi-
dence interval (CI): 9.65-15.78) [7]. Another obser-
vation [10] analyzed data from 64,404 individuals
aged 46.6-93 years to determine the overall inci-
dence of OSP in the adult population worldwide and
used different combinations of criteria. The results
showed that the overall prevalence of this syndrome
was 18.5 % (95 % CI: 16.7-20.3 %), including 15.3 %
(95 % CI: 13.2-17.4) in men and 19.4 % (95 % CI:
16.9-21.9) in women. The authors found significant
differences in the prevalence of OSP among people
who were hospitalized (24.7 %) and living in the com-
munity (12.9 %) (p = 0.001).

The use of different criteria in the study of the ep-
idemiology of OSP significantly affected the fre-
quency of diagnosis of the syndrome. Thus, the prev-
alence of sarcopenia combined with osteopenia or
osteoporosis was 20.7 % (95 % CI: 17.1-24.4), and
sarcopenia alone with osteoporosis confirmed by
DXA was 16.1 % (95 % CI: 13.3-18.9) [10]. Another
meta-analysis that studied the prevalence of OSP was
conducted by T. Huang et al. [29]. They analyzed
31 studies involving 15,062 subjects aged 64.1 to
84.8 years. The following diagnostic criteria for sar-
copenia were used: 8 studies — AWGS, 16 — EW-
GSOP, 2 —FNIH, 3 — Japan Society of Hepatology
(JSH), and the remaining 2 — two other sets of di-
agnostic scales. In 16 studies, OSP was considered
the combination of sarcopenia and low BMD, and in
15 — the presence of osteoporosis and sarcopenia.
Thirteen studies were conducted in Asia, 8 in Europe,
6 in Oceania, and 4 in the Americas. The prevalence
of OSP ranged from 1.5 to 65.7 % with an overall
rate of 21 % (95 % CI: 0.16—0.26). It was higher in
women, at 28 % (95 % CI: 21-35 %), and in men,
at 14 % (95 % CIL: 9-20 %). It has been shown to be

more common in European populations (26 %; 95 %
CI 11-45 %) than in Asian populations (18 %; 95 %
CI 13-24 %). It is higher in South America (23%;
95 % CI 5-48 %) than in North America (11 %; 95 %
CI 8-15 %), while in Oceania it is 21 % (95 % CI
10-34 %). Among those living in the community,
the prevalence of OSP was lowest (12 %; 95 % CI
7-18 %), compared with those receiving inpatient
(26 %; 95 % CI 18-36 %) or outpatient care (33 %;
95 % CI 16-53 %) [29].

The heterogeneity of the results of the above-men-
tioned meta-analyses on the epidemiology of OSP is
apparently related to differences in the populations
included in the analysis, study designs (cohort, cross-
sectional), and criteria for defining OSP. According to
some scientists, the presence of an osteoporotic frac-
ture is an important criterion for OSP. Thus, B. Kirk
et al. found that the prevalence of OSP among the el-
derly living in the community varies within 5-37 %,
with the most significant indicators in patients with
a history of fractures: ~46 % for people with low-trau-
matic fractures and from 17.1 to 96.3 % with a femur
fracture [9]. The inclusion criteria for this study were
the definition of OSP, which included the combina-
tion of osteopenia or osteoporosis according to DXA
or a current low-energy fracture regardless of BMD
together with sarcopenia. In a later study by this au-
thor, which included 481 community-dwelling indi-
viduals (mean age 78 years, 75.9 % women), the in-
clusion factors for determining the prevalence of OSP
were the combination of osteoporosis or osteopenia
and sarcopenia diagnosed according to the SDOC or
EWGSOP?2 criteria. When the former was used to de-
fine sarcopenia, the prevalence of OSP was 37.2 %,
and when the latter was used, it was 25.6 % [30].

Thus, to date, the results of individual publications
and meta-analyses indicate significant variability in
the frequency of OSP, which is caused by different
approaches to its definition. Currently, the prevalence
of this syndrome in Ukraine has not been studied,
which requires research to determine its medical and
social significance in our country.

Pathogenesis of osteosarcopenia

A substantial body of evidence has been accumu-
lated, indicating a close connection between muscles
and bones. In addition to mechanical influence, ge-
netic and molecular associations and the influence
of many endocrine factors are important [31, 32].

The most explained and studied is the mechani-
cal factor in the development of OSP, since such an
interaction between muscle and bone is obvious and
is emphasized by the “mechanostat” hypothesis. Ac-
cording to this theory, the muscle acts on the bone
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with a mechanical force with a certain threshold,
which determines the activity of the osteosynthesis or
resorption process. An increase in muscle mass leads
to stretching of collagen fibers and periosteum, which
causes stimulation of osteosynthesis. A decrease in
muscle mass and, as a result, a decrease in the me-
chanical effect on the bone, respectively, activates
the processes that cause a decrease in BMD [33].

Furthermore, since muscle and bone are derived
from mesenchymal stem cells, they are influenced
by the same genetic factors [34]. Genome-wide as-
sociation studies (GWAS) have confirmed the plei-
otropic effects of some genes on bone and muscle.
These include genes for growth/differentiation fac-
tor 8 (GDFB8), glycine-N-acyltransferase (GLYAT),
methyltransferase-like 21 C (METTL21C), gamma
coactivator l-alpha (PGC-1a), myocyte enhancer fac-
tor-2 C (MEF2C), sterol regulatory element-binding
transcription factor 1 (SREBF1), and others [20, 35].
Vitamin D receptor polymorphisms have also been
shown to be associated with sarcopenia and osteopo-
rosis [36].

The relationship between bone and muscle tis-
sue can be mediated by several autocrine, endocrine
and paracrine mechanisms. Muscle secretes “myok-
ines” — factors that affect other tissues, including
bone metabolism. On the other hand, factors synthe-
sized in bone tissue — “osteokines” (in particular,
osteocalcin, osteoprotegerin and sclerostin) — have
a regulatory effect on muscle tissue metabolism.
Some myokines (insulin-like growth factor-1, irisin,
follicle-stimulating hormone, interleukin (IL)-15, etc.)
have a positive effect on bone formation, while other
myokines (myostatin, IL-6) have a negative regula-
tory effect on its remodeling [33, 37].

Myostatin (growth and differentiation factor 8) is
a well-studied myokine [38, 39] that inhibits skeletal
muscle growth and also affects tendons and bones. It
not only inhibits muscle differentiation and growth,
promotes protein breakdown, affects adipogenesis
and bone remodeling, but is also a potent anti-os-
teogenic factor and a direct modulator of osteo-
clast differentiation. Myostatin can activate SMAD
and protein kinase signaling pathways, suppressing
the Wnt/B-catenin pathway to synergistically regulate
muscle and bone growth and metabolism, and is cur-
rently being studied as a therapeutic target to inhibit
osteoclast formation [39].

Thus, current knowledge about the pathogenesis
of OSP allows us to confirm the complex relation-
ships between bone and muscle tissue, and com-
mon hormonal and humoral mediators are the object

of study as therapeutic targets for the possible treat-
ment of this syndrome.

Risk factors for osteosarcopenia

In recent years, increased interest in OSP among
clinical researchers has led to an increase in the num-
ber of publications on its risk factors. As noted above,
the relationship between decreased muscle mass
and low BMD is explained by the mechanical effect
of muscles on the stimulation of osteosynthesis and
the humoral dependence of muscle and bone tissue.
Therefore, decreased muscle mass and the presence
of sarcopenia are important risk factors for osteopo-
rosis, and therefore OSP.

This thesis is confirmed by numerous studies.
Thus, in the publication of D. Scott et al. involving
3,334 people (mean age 70 years), it was confirmed
that patients with sarcopenia had significantly lower
BMD of the lumbar spine and femur, distal radius and
tibia than the group without defined sarcopenia and
with its probable presence (all p < 0.05) [40]. Other
studies also confirmed that probable and severe sar-
copenia was associated with osteoporosis (p < 0.05).
At the same time, low muscle strength, as measured
by hand dynamometry, and low physical capacity, as
assessed by the 4-meter test, were associated with os-
teoporosis (p < 0.02).

Low muscle strength and physical capacity were
associated not only with osteoporosis (p < 0.001) but
also with osteopenia (p < 0.05). In addition, prob-
able sarcopenia was associated with osteopenia at
the femoral neck (p < 0.01) [41].

Sung-Young Jang et al. found an association be-
tween low muscle mass and osteoporosis in the lum-
bar spine and femoral neck in both men (lumbar
spine: odds ratio (OR) = 1.73; 95 % CI: 1.08-2.76;
femoral neck: OR = 3.39; 95 % CI: 1.69-6.80) and
women (lumbar spine: OR = 1.52; 95 % CI 1.17-1.97;
femoral neck: OR =2.09; 95 % CI 1.56-2.80). The as-
sociation between low muscle mass and osteoporosis
was significant in men and women across age groups,
except for men aged 50—64 years [42].

A retrospective cohort study of 140 postmeno-
pausal women demonstrated that the most common
risk factors for OSP were insufficient protein in-
take (79.3 %) and dietary calcium intake (65.7 %),
low physical activity as measured by the SPPB test
(53.6 %), and hyperlipidemia (33.6 %). It was also
found that dynamometry indicators are decisive for
the occurrence of OSP (relative risk (RR) = 0.86; 95 %
CI: 0.80-0.92), and a decrease in handgrip strength
using a hand dynamometer by one unit increases
the risk of OSP by 1.16 times (95 % CI: 1.09—1.25)
[19]. Similar results were obtained by T. Tiftik et al.,
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who found a relationship between low dynamometry
values (< 22 kg) and a 1.6-fold increase in the risk
of osteoporosis [43].

Risk factors that influence the development of OSP
were also investigated by T. Huang et al. [29]. The re-
sults showed that female gender (OR = 5.10; 95 % CI:
2.37-10.98; p < 0.0001), older age (OR = 1.12; 95 %
CI: 1.03-1.21; p = 0.008), and history of fractures
(OR =2.92; 95 % CI: 1.62-5.25; p = 0.0003) signifi-
cantly increased the risk of developing OSP, while el-
evated parathyroid hormone (PTH) levels (OR =2.41;
95 % CI: 0.59-9.87; p = 0.22) and high body mass in-
dex (BMI) (OR = 1.01; 95 % CI: 0.63—1.62; p = 0.97)
did not have a statistically significant association
with OSP. On the other hand, low BMI was found
to be a significant factor associated with the devel-
opment of OSP, according to the results of a retro-
spective study by H. Okamura et al. (OR = 1.71; 95 %
CI: 1.46-2.00; p < 0.01) in all age groups (65-74,
75—84 and 85 years and older) [25]. In a publica-
tion by P. Suriyaarachchi et al. with the participation
of 400 subjects (mean age 79 years, 65 % women),
it was reported that individuals with elevated blood
PTH levels and normal calcium were more common
in the OSP group than in the group without sarcope-
nia and osteopenia (OR = 6.88; 95 % CI: 1.9-9.2) [23].
This suggests that elevated PTH levels may be a risk
factor for the development of OSP, but this suggestion
requires further study.

A study of 2,353 community-dwelling Australians
identified risk factors associated with OSP, such as
physical inactivity (OR: 0.64; 95 % CI: 0.46—0.88),
low BMI (OR: 0.84; 95 % CI: 0.81-0.88 for men and
0.77; 95 % CI: 0.74—0.80 for women), increased body
fat (1.46; 95 % CI: 1.11-1.92 for men and 2.25; 95 %
CI: 1.71-2.95 for women) and older age (in men, prev-
alence ranged from 14.3 % in the 60—64 age group
to 59.4 % at age 75) and older. In women, the cor-
responding figures ranged from 20.3 to 48.3 %,
p <0.05) [9].

Osteosarcopenia and comorbidity

Osteosarcopenia and obesity

Since scientific studies [9] have shown that in-
creased fat mass is a risk factor for OSP, and fat,
muscle, and bone cells originate from the same mes-
enchymal precursors, it is worth considering the rela-
tionship between adipose tissue and OSP.

Fatty infiltration of bones and muscles is common
in patients with osteoporosis and sarcopenia. With
age, the composition of body tissues changes with an
overall increase in the percentage of fat in the body
and a decrease in muscle mass, while total body
weight may remain stable. This condition is com-

monly called “sarcopenic obesity,” and its presence
leads to impaired functional capacity and increased
disability among older people [44]. That is why in
recent years the combination of sarcopenia, osteo-
porosis and obesity has been increasingly studied as
a condition called “osteosarcopenia obesity”.

Today, it is known about the protective effect
of adipose tissue on bone mass, which can be par-
tially explained by the well-documented relationship
between the level of extraglandular estrogen syn-
thesis and the number of adipocytes. According to
some authors, muscle strength in obese individuals
may be greater than in people without it. This may
indicate a positive effect of excessive adipose tissue
on muscles, associated with chronic overload, which
can increase muscle size and strength [44]. Thus, in
the study by H. Okamura et al., not a single patient
from the OSP group had obesity [25], which could in-
directly indicate the absence of its negative effect on
the development of OSP and isolated cases of combi-
nation with OSP. But in the observation of A. Polito
with the participation of 1,344 postmenopausal
women aged 50 years and older, the prevalence of os-
teosarcopenic obesity was 32 % [45].

A cross-sectional study of 542 community-dwell-
ing Southeast Asians aged 21-90 years reported that
the prevalence of OSP and osteosarcopenic obesity
was 1.8 % and 0 % in those aged 21-59 years; 12.9 %
and 2.8 % in those aged > 60 years; 17.3 % and 4.1 %
in those aged > 65 years; and 25.5 % and 7.0 % in
those aged > 75 years, respectively [20]. It was also
found that the risk of osteosarcopenic obesity was in-
fluenced not only by age, sex, and race, but also by
alcohol consumption. However, it was not a reliable
predictor of functional impairment in the subjects.

It has now been proven that bone and muscle ho-
meostasis is linked to adipose tissue through neuro-
humoral connections. High levels of adipose tissue,
independent of BMI, are lipotoxic, affecting the func-
tion and structure of other tissues. Lipotoxicity and
local inflammation are reflected in the biosynthesis
of proinflammatory cytokines, including IL-6 and tu-
mor necrosis factor-a [46]. Adipokines, including lep-
tin, resistin, and adiponectin, which are released from
adipose tissue, are also able to regulate both muscle
and bone metabolism. Exercise-induced stimulation
of bioactive cytokines through the interaction of mus-
cle, bone, and fat enhances muscle anabolism, bone
formation, mitochondrial biogenesis, glucose utiliza-
tion, and fatty acid oxidation, and attenuates chronic
inflammation. At the same time, the release of lipo-
lytic myokines (IL-6, irisin, and leukemia inhibitory
factor) induced by physical exercise activates thermo-
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genesis, promoting the transformation and darkening
of adipocytes [37].

Therefore, the association of OSP with obesity
continues to arouse interest in the scientific commu-
nity, prompting the emergence of new studies regard-
ing osteosarcopenic obesity.

Osteosarcopenia and diabetes mellitus

Recent study has shown that type 2 diabe-
tes mellitus (T2DM) is a significant risk factor for
OSP. A. Moretti et al. [47] in a case-control study
demonstrated that postmenopausal women with
T2DM had a 5-fold increased risk of OSP compared
with those without T2DM (50 vs. 17 %; OR = 5.0,
95 % CI: 1.05-23.79; p = 0.04), and their hand
strength was significantly lower ((10.09 £ 4.02) kg vs.
(18.40 + 6.83) kg, respectively; p = 0.001) [47].

L. M. Pechmann et al. in the observation with
the inclusion of women and men with DM2 (mean
age (65.1 £ 8.2) and (68.8 + 11.0) years) also con-
firmed a higher prevalence of OSP (11.9 vs. 2.14 %,
respectively, p = 0.01), sarcopenia (12.9 vs. 5.4 %, re-
spectively, p <0.03) and fractures (29.9 vs. 18.5 %, re-
spectively, p = 0.02) in patients with DM2 compared
to the control group and lower hand strength indica-
tors ((24.4 = 10.3) kg vs. (30.9 + 9.15) kg, respectively,
p < 0.001). The mean Trabecular Bone Score (TBS)
values were (1.272 + 0.11) and (1.320 £ 0.12), respec-
tively (p = 0.001). According to multivariate analysis,
age, larger waist circumference, fractures and osteo-
porosis increased the risk of low TBS. TBS was also
found to be associated with complications of T2DM
(p = 0.03), but not with its duration or glycemic con-
trol [48]. According to the results of studies high-
lighted in the systematic review by A. Polito et al.,
T2DM patients with TBS have lower BMI, waist
circumference, body fat percentage and worse B-cell
function. It has been concluded that B-cell function
may be a factor in counteracting the development
of OSP, and the focus on its preservation in individ-
uals with DM2 is a preventive measure to prevent
the development of OSP [45].

Therefore, considering that DM2 has an adverse
effect on muscle and bone health, which leads to
the development of OSP and, as a result, impaired
functional ability of patients, there is a need to timely
establish algorithms for the detection of this condi-
tion, its treatment and prevention.

Osteosarcopenia and the risks of falls and
fractures

In a study by W. Septlveda-Loyola et al. in-
volving 253 individuals (77 % women; mean age
(779 + 0.42) years), a significant association between
sarcopenia and the risk of falls was demonstrated,

and OSP classified as severe sarcopenia significantly
increased the frequency of falls (OR = 2.83-3.63;
p < 0.05) [8]. Similar results were obtained by other
researchers. Thus, according to the observational
data of B. Kirk et al., the presence of OSP increases
the risk of falls by 54 % (hazard ratio (HR) = 1.54;
95 % CI: 1.20-1.97) [9]. An even greater increase in
the risk of falls in individuals with OSP was demon-
strated in the study by Z. Teng et al. (OR = 1.62; 95 %
CI: 1.28-2.04) [49].

On the other hand, OSP has been associated with
fracture risk. The disease was classified as severe
sarcopenia (according to the EWGSOP2 and FNIH
definitions) and resulted in an increased fracture rate
(OR = 3.86—4.38; p < 0.05) [8].

A significant increase in fracture risk in the pres-
ence of OSP was found in the publication by B. Kirk
et al. (HR = 2.13; 95 % CI: 1.61-2.81; pooled results
of 7 studies) [9], while a later follow-up found that
the probability of recurrent fractures (> 2 vs 0-1)
was significantly higher in individuals with OSP
compared with those with osteopenia or osteoporo-
sis regardless of definition, after adjustment for age,
sex, alcohol intake, smoking, BMI, lowest DXA
T-score, physical activity, and comorbidities (SDOC:
HR = 1.63; 95 % CI: 1.03-2.59; p = 0.04; EWGSOP2:
HR = 1.83; 95 % CI: 1.12-3.01, p = 0.02) [30]. An
even greater increase in fracture risk in individuals
with OSP was demonstrated in a study by Z. Teng
et al. (OR =2.46; 95 % CI: 1.83-3.30) [49].

Osteosarcopenia and mortality risk

To date, the results of existing publications indi-
cate that OSP not only affects the functional activ-
ity and quality of life of patients, but also increases
the risk of mortality.

Thus, in a meta-analysis conducted by N. Veronese
et al. with the participation of 14,429 people (mean
age (70 + 6) years, 64.5 % women), it was found that
OSP significantly increased the risk of mortality by
53 % (OR = 1.53; 95 % CI 1.28-1.78) [7].

Other researchers demonstrate even higher
mortality rates in patients with OSP. In the work
of B. Kirk et al. it was confirmed that OSP signifi-
cantly increases the risk of mortality (OR = 1.75; 95 %
CI: 1.34-2.28, analysis based on the results of 5 ob-
servations) [9]. A significant increase in the risk
of mortality in the presence of OSP was also demon-
strated by the results of the study by Z. Teng et al.
(OR = 1.66; 95 % CI: 1.23-2.26) [49]. It is clear that
the results of these studies are important to consider
when examining patients to ensure timely detection
and treatment of OSP. In addition, the proven high
risks of falls, fractures and mortality in people with
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OSP emphasize the urgency of continuing to study
this syndrome with a targeted focus on its timely di-
agnosis and treatment.

Osteosarcopenia therapy

There are presently two methodologies utilized for
the treatment of OSP: non-pharmacological and phar-
macological interventions.

The most effective non- pharmacological ap-
proach is to ensure rational physical activity, which
has been shown to improve bone [50] and muscle
strength [51]. In addition, according to some research-
ers, the use of nutritional supplements enriched with
nutrients, in particular sufficient amounts of vitamin
D and protein, can improve physical performance and
be an effective tool for the prevention and treatment
of OSP [36].

The randomized controlled trial FrOST (Fran-
conian osteopenia and sarcopenia trial) evaluated
the effect of dynamic resistance exercise on the treat-
ment of OSP in elderly men. For this purpose, BMD
and appendicular fat-free mass index (AFMI) were
studied in 43 subjects aged 73-91 years who led
a sedentary lifestyle. Physical training in the study
group was performed on simulators with high in-
tensity, speed and resistance twice a week, and
both groups (study and control) received sufficient
amounts of protein, calcium and vitamin D daily.
After 12 months of observation, the exercise group
showed preservation of BMD at the level of the lum-
bar spine, while the control group was diagnosed
with its decrease (p < 0.001; standardized mean dif-
ference (SMD) = 0.90). The IAMS index increased
in the study group, while it decreased in the control
group (p < 0.001; SMD = 1.95). Proximal femoral
BMD did not differ significantly between groups
(p = 0.06; SMD = 0.65), while changes in maximal
hip extensor strength were significant (p < 0.001;
SMD = 1.92) in the high-intensity resistance exercise
group [51]. The results of this randomized trial sug-
gest that dynamic resistance exercise may be a prom-
ising tool for the treatment of OSP. It should be noted
that strategies aimed at preventing falls in patients
with OSP may also have important practical value.
These may include the addition of balance training
exercises, safety assessment and risk reduction in
the home, and the use of assistive devices that reduce
falls. However, there is a lack of high-quality work
examining this issue in individuals with OSP.

Currently, much attention is paid to the devel-
opment of the effectiveness of dictary strategies, in
particular the rational consumption of various macro-
and micronutrients in the management of both sarco-
penia and osteoporosis, but there are no studies that

would study the feasibility of using these strategies in
the prevention of OSP.

It has now been proven that vitamin D supplemen-
tation affects the increase in muscle strength, reduc-
ing the risk of falls and mortality, and this relation-
ship is stronger in older people and people who are
deficient in this vitamin. To ensure the maintenance
of bone and muscle health, daily intake of vitamin D,
at a dose of 800-1000 IU/d; calcium 1300 mg/d;
1.2-1.5 g/kg protein/d (with 2.5-3 g leucine at each
meal) is recommended [9]. Addressing vitamin D de-
ficiency in older adults and promoting its optimal in-
take through diet or supplementation may be a valu-
able tool in the management of OSP.

Currently, some studies suggest that adding cre-
atine to resistance training increases gains in both
muscle strength and mass compared with exercise
training alone. A recently published meta-analysis
of randomized clinical trials demonstrated a positive
effect of creatine supplementation with resistance
training on both upper (4 studies, n = 97, p = 0.05)
and lower body strength (4 studies, n = 100, p = 0.03)
compared with a control group, provided that the fol-
low-up period was at least 24 weeks [52]. Although
this approach requires further scientific evidence,
creatine supplementation has also been suggested by
other authors [9] to increase muscle strength (3—5 g/d)
in older adults.

It is likely that a combination of high-intensity
resistance exercise, balance exercises, protein sup-
plements, vitamin D, calcium, and creatine may be
an effective treatment for OSP in the elderly, but this
issue requires further detailed study.

The literature does not provide well-defined
strategies for the pharmacotherapy of OSP or sarco-
penia. On the other hand, both antiresorptives (bi-
sphosphonates, denosumab, etc.) and bone forma-
tion stimulants are used to treat osteoporosis and
its complications. Recently, reports have appeared
confirming the positive effect of antiresorptives
not only on BMD, but also on the state of skeletal
muscles and the risk of falls, which may be prom-
ising in the treatment of OSP. Thus, in a retrospec-
tive cohort study conducted by T. Rupp et al. [53],
a positive effect of denosumab was demonstrated
not only on BMD, but also on changes in hand mus-
cle strength (p < 0.001), which was also observed in
the group using bisphosphonates (alendronate and ib-
andronate) (p = 0.001). However, in patients who used
denosumab, the results were better than in the case
of using bisphosphonates or placebo (the dynamics
of changes in muscle strength per year in the control
group was (—6.05 + 10.22) %; during treatment with
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bisphosphonates (+0.78 + 8.23) %; with denosumab
(+5.14 £ 25.49)%). In addition, treatment with deno-
sumab resulted in better results in the sit-stand test
and a significant increase in lower limb strength com-
pared with the group that received bisphosphonates
(the dynamics of changes per year was in the control
group (+5.82 + 12.74) %; in the group of patients that
received bisphosphonates, (+0.95 + 8.61) %, deno-
sumab (+8.20 = 14.38) %). However, the dynamics
of the time index during this test did not show signifi-
cant differences between the three groups [53].

The positive effect of denosumab on lower limb
muscle strength may explain the reduction in the risk
of falls during its use, which is confirmed by the re-
sults of a placebo-controlled study conducted by
P. Chotiyarnwong et al. [54], but this relationship still
needs further study.

In a prospective study conducted by M. Pizzonia
et al., the effects of alendronic acid and denosumab
on BMD, TBS and AFMI were compared in 98 pa-
tients over 65 years of age with osteoporotic hip frac-
ture. According to the results, an early trend towards
improvement in BMD and its quality was observed in
the group receiving alendronic acid compared with
those receiving denosumab (femoral neck BMD:
64.0 vs. 46.7 %; total femur: 68.0 vs. 53.3 %; lumbar
spine: 84.0 vs. 53.3 %, respectively); TBS (48.0 vs.
20 %, respectively). However, the denosumab group
showed better results in the AFMI index [55]. In
a study by N. Bonnet et al., appendicular muscle mass
(AMM) and hand strength were assessed in post-
menopausal women treated for osteoporosis for three
years. Both denosumab and bisphosphonates (alen-
dronate and zoledronate) resulted in improvements
in BMD compared with the control group, in which
no medication was administered ((0.12 £ 0.29) g/cm?
and (0.04 + 0.12) g/cm? vs. (=0.07 + 0.19) g/cm?, re-
spectively, both p < 0.05). In contrast, only the de-
nosumab group showed an increase in BMD
and strength in both hands ((0.66 + 2.2) kg and
(3.22 +£ 10.0) kg, respectively, versus (—0.06 + 0.39) kg
and (-0.07 £ 6.6) kg with bisphosphonates; and
(—0.36 + 1.03) kg and (-1.39 + 2.4) kg, respectively, in
untreated patients, both p < 0.05). Changes in BMD
and hand strength correlated with changes in lumbar
spine BMD (r*> = 0.82 and r*> = 0.81, both p < 0.001)
only in the denosumab group [56].

There is little scientific evidence to sup-
port the positive effects of denosumab on muscle
strength, but the available studies encourage further
study of its mechanisms to expand the possibilities
of drug treatment of OSP in the future. And a com-
bination of non-pharmaceutical and pharmaceutical

approaches in treatment, with individual selection
of the most effective drug, will provide the best result
in OSP treatment.

Conclusion

With an aging population, OSP is a significant
global issue, impacting quality of life and increasing
healthcare system burdens. Given the mechanisms
of OSP development, it is necessary to ensure a mul-
tidisciplinary approach for the timely detection, ef-
fective treatment and prevention of this important ge-
riatric syndrome. Continued research in these fields is
essential to establish clear protocols and standardized
recommendations for managing patients with OSP
and individuals at increased risk of its occurrence in

the near future.
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Hemostatic system disorders in patients with coxarthrosis
of ITI-1V stages after total hip arthroplasty

(literature review)

0. V. Vysotskyi

Municipal Non-Profit Enterprise «Kherson Regional Clinical Hospital». Ukraine

Objective. To analyze the current state of diagnosis and preven-
tion of hemostatic disorders in patients with Kellgren-Lawrence
grade III-1V coxarthrosis after total hip arthroplasty based
on scientific literature. Methods. A search was performed in
PubMed, Web of Science, Google Scholar and Scopus. Using
MeSH and keywords such as: "inflammatory markers", "cox-
arthrosis", "thromboembolism", "tranexamic acid", "anticoagu-
lants", "inflammation", "fibrinolysis”, "D-dimer", "arthroplas-
ty", "hypercoagulability”, "plasminogen”. Results. An important
issue in the prevention of thromboembolic complications during
total hip arthroplasty is to determine the dynamics of fibrinolysis
disorders. Thus, it was found that hip arthroplasty is character-
ized by an increase in inflammatory markers in the blood and
hemostatic disorders. Conclusions. In clinical orthopedics, after
hip arthroplasty in patients with coxarthrosis of IlI-1V stages,
complications often occur in the form of hemostatic disorders,
which are accompanied by the development of deep vein throm-
bosis of the extremities, in severe cases — pulmonary embo-
lism. These complications are monitored based on the results
of determining the markers of the hemostatic system, which are
examined before and after surgery. It has been proven that there
are many different factors that affect the development of hemo-
static disorders in the body. The age factor, as elderly patients
have their own metabolic characteristics and altered rheologi-
cal properties of blood. Increased body weight, in particular,
obesity, is also an important factor that cannot be ignored in
clinical practice. To date, clear clinical and laboratory criteria
for assessing the hemostatic system and a list of biochemical
markers of connective tissue to monitor the condition of patients
before and after joint replacement in the context of modern anti-
coagulant regimens remain to be defined.

Mema. Ha ocnosi O0ocnidocens Haykogoi nimepamypu npo-
aHanizyeamu cyuyacHuti cmatn Ola2HOCMUKYU Mma NpoQiiaKmuxu
nopyuienb y cucmemi 2emMocmasy y Xopux i3 KOKCapmpo3om
HI-1V c¢m. 3a Kellgren-Lawrence nicis onepayiti momauibHo2o
eHOONPOmMe3y8ants Kyavulogo2o cyeroba. Memoou. 3oiticneno
nowyk y PubMed, Web of Science, Google Scholar i Scopus.
3 suxopucmannam MeSH i kniouogux cnie, maxkux aK: «mapkepu
3ananenHsy, KKOKCapmposy, «mpomboemboniay, «<mpamexcamo-
84 KUCIOMAY», AHMUKOALYIAHMUY «3ANATEHHAY, «DIOpuHONizy,
«d-oumepy», «enoonpomesysanuay, «2ineproazynayiay, «nias-
Mminoeeny. Pesynomamu. Basxcaueum numannsam npogiraxmuxu
Mmpom60emMOONTUHUX YCKIAOHEHb Ni0 4ac MOMANbHO20 eHOO-
npome3y8anHs KyIbulogUX Cy2a00i8 € 6U3HAYEHHS OUHAMIKU
nopyweHs @iobpuronizy. Bcmanogneno, ujo eHOoOnpomesy6aHHs
KYIbULOBO20 CYeNioda Xapakmepuszyemvcs 30i1buenHIM MapKe-
pis 3ananenns 8 Kposi ma nopyulenHam 2emocmasy. Bucnosku.
V' kniniunitt opmonedii nicis onepayiti eHOONPOMe3y8aHHs
KYIbulogux cy2nobie y xeopux iz xoxcapmposzom III-1V cmadii
4acmo GUHUKAIOMb YCKAAOHEHHA Y U0l NopyuleHb cucmemu
2emMocmasy, AKi cynpogooA’CYIOmMbCsl pO3GUMKOM MPoMOO3y 2u-
OOKUX 6eH KIMYIBOK, ¥ 8ANCKUX 8UNAOKAX — MPOMOOeMOOIEN0
nezenesoi apmepii. Konmpons yux yckaiaoHenb nposooumscs
3a pe3ynomamami GU3HAYEHHs MAPKepPi6 cucmemu 2emMocmasy,
AKI 00CAI0ACYIOMbCA 00 MA NICAsi ONEPAMUBHO20 8MPYYAHHS.
Jloseoeno, ujo icrye 6enuxa KinbKicmb pisHOMAHIMHUX YUHHUKIG,
SAKI 6NAUEAIOMb HA PO3GUMOK NOPYULeHb CUCEMU 2eMOCMA3y
6 opeanizmi. Bikoeuil ¢hakmop, adce nayienmu noxunoco Gixy
Maome 61ACHI 0COOIUBOCME MeMAOONIZMY, A MAKONC 3MIHEHT
PeoNoiuni e1acmueocmi Kpogi. 30inbuenns macu miia, 30Kpe-
Ma, OAHCUPIHHIA, MAKONHC € 8ANHCTUBUM YUHHUKOM, AKULL HE MOXHCHA
He épaxogyeamu 6 KiiHiunil npaxmuyi. Ha cvoeooni 3anuwa-
FOMbCsl He 00 KiHYA 8UHAYEHT YimKi KAIHIKO-1a00pamopui Kpu-
mepii OYiHIOBAHHA CUCTIEMU 2eMOCA3Y A NepeiK OIOXIMIYHUX
Mapxepie chonyuHoi MKAHUHU 015 KOHMPOTIO CIany nayicumie
00 ma nicis eHOonpome3y8ants cy2n00i8 Ha oI 3aCMOCy8an-
HA CYYACHUX CXeM NpusHavenHs aumukxoazyisanmis. Kniouosi
croea. T'emocmas, endonpomesysanus, Kyibulosuii cyenoo,
mpomboemoonis, niasmMiHO2eH.

Keywords. Hemostasis, endoprosthetics, hip joint, thromboembolism, plasminogen
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Introduction

Total hip arthroplasty is an effective method
of treating patients with grades III-IV coxarthrosis
by Kellgren-Lawrence, as it allows 85-95 % to ob-
tain positive results and restore the musculoskeletal
function of the lower extremities [1]. However, during
such operations, severe thromboembolic complica-
tions (deep vein thrombosis, pulmonary embolism)
occur in 24-62 %. Therefore, blood loss control is
an important aspect of orthopedic surgery [2]. Hem-
orrhagic shock from trauma has been proven to be
a cause of mortality in both the military and the ci-
vilian population. It is also known that effective he-
mostasis during surgery is of great importance for
medical practitioners, as it prevents diffuse bleeding
from capillaries and venules, which close the surgical
field and increase the time of surgery and the risk
of infection [3].

The study of hemostasis system disorders in pa-
tients after total joint replacement surgery is currently
relevant and requires further study [2—6].

Purpose: based on analysis of scientific literature,
to assess the current state of diagnosis and preven-
tion of hemostasis system disorders in patients with
grades [1I-1V coxarthrosis by Kellgren-Lawrence af-
ter total hip replacement surgery.

Material and methods

A search was conducted in PubMed, Web of Sci-
ence, Google Scholar and Scopus. Using MeSH and

keywords such as: “inflammatory markers”, “cox-
arthrosis”, “thromboembolism”, “tranexamic acid”,
“anticoagulants”, “inflammation”, “fibrinolysis”,

“D-dimer”, “endoprosthetics”, “hypercoagulation”,
“plasminogen”. A comprehensive review of publica-
tions and meta-analyses was conducted to evaluate
the functionality of the hemostasis system in patients
undergoing endoprosthetic procedures. The study cri-
teria were original and clinical studies, presented in
English, high level of evidence, year of publication
(2012-2025).

In total, 1,723 sources were identified by searching
the literature in electronic databases, and 73 poten-
tially suitable publications were selected from them
during a detailed review. Ultimately, 46 publications
were retained following further analysis.

Results and discussion

During joint replacement, localization of bleeding
is especially important for obtaining satisfactory sur-
gical results. Considering that it is very difficult to
arrest bleeding from both intramedullary canals and
bone surfaces mechanically, the use of pharmacolog-

ical agents (epinephrine, desmopressin, tranexamic
acid, aminocaproic acid, etc.) may be a reasonable
addition for this purpose [3, 7].

The fibrinolytic system of the blood is involved in
hemostasis, removing blood clots after vascular dam-
age is repaired. In recent years, scientists have eval-
uated the effectiveness and safety of antifibrinolytic
agents in reducing perioperative bleeding [8—10].

Some conditions that clearly require the use of an-
tifibrinolytic drugs include trauma, postpartum hem-
orrhage, cardiac surgery, spinal surgery, and knee or
hip replacement [11-23]. There is currently little re-
search on the perioperative features of the fibrinolytic
system. The physiology of fibrinolysis, its relationship
to thrombus structure, and perioperative preparation
have been described [24]. Pathophysiological mecha-
nisms relevant to clinical practice and their possible
designs are discussed according to the proposed clas-
sification [25]. Today, there is a need to provide phy-
sicians with a broader understanding of the normal
functioning of fibrinolysis, the mechanisms of pos-
sible deviations from the norm in the perioperative
period, the pathophysiological rationale supporting
the current indications for antifibrinolytic drugs, and
some recent results obtained during their use [26-28].

An important issue in the prevention of thrombo-
embolic complications during total hip arthroplasty
is determining the dynamics of fibrinolysis disorders.
Their diagnosis involves an assessment of the level
of fibrinolytic activity, indicators of fibrin degrada-
tion products and thromboelastography results, which
are decisive for prescribing therapy to prevent throm-
bosis. Blood was taken from patients who underwent
arthroplasty to study the level of D-dimer and fibrin
degradation products before, during and after surgery
within 6, 12, 24 and 48 hours. Thromboelastography
indicators and D-dimer levels correlated with coag-
ulation and fibrinolysis data, all were within normal
limits, although higher than before surgery. In addi-
tion, the dynamics of D-dimer and fibrin degradation
products correlated with blood loss during surgery.
As a result, they were found to be quite effective and
informative diagnostic indicators for predicting fi-
brinolytic activity in the postoperative period, in par-
ticular, 6 hours after the intervention [29]. In addition,
postoperative complications, such as venous throm-
boembolism, cerebrovascular and cardiac diseases,
were the main sources of mortality risk in the early
postoperative period [30-33]. Therefore, acute deep
vein thrombosis is an absolute contraindication for
elective hip or knee arthroplasty. Surgery may dis-
place existing thrombi, which will lead to potentially
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life-threatening complications, such as pulmonary
embolism.

In the following studies, inflammatory markers
were determined after hip arthroplasty. 70 subjects
of different sexes were examined, the average age
of which was (68.4 £+ 10.9) years. Inflammatory mark-
ers were determined before, the next day, and 5 days
after surgery. Thus, after surgery, their significant in-
crease was found, in particular, C-reactive protein by
almost 10 times. Interleukin-6 increased significantly
the day after surgery, but decreased on the 5" day.
The number of leukocytes and the ratio of neutrophils
and lymphocytes, as well as platelets and lympho-
cytes, was significantly increased compared with
the indicators before surgery. Thus, it was established
that hip arthroplasty is characterized by an increase
in inflammatory markers in the blood and impaired
hemostasis. Therefore, determining their number can
provide useful information for monitoring patients at
risk of cardiovascular thromboembolic complications
[34-35].

F. Hartono et al. evaluated the clinical significance
of deep vein thrombosis after total hip and knee ar-
throplasty, which was accompanied by metabolic
changes in biochemical markers, namely collagen
types I and 1V, tissue factor, P-selectin and nitric
oxide. Patients were classified into three categories:
the first group received total arthroplasty, the sec-
ond group underwent hemiarthroplasty, and the third
group received open reduction internal fixation. In
all groups of patients, thromboprophylaxis was not
performed.

Blood tests were carried out on the 3% and 6" day
after the intervention. Deep vein thrombosis was de-
tected, which was confirmed by ultrasound Doppler
and venography 6 days after the operation. Deep vein
thrombosis was diagnosed in 18 patients (10 after to-
tal arthroplasty, 5 after hemiarthroplasty, 3 after open
reduction internal fixation). Thus, the risk of this
complication in patients after total arthroplasty was
found to be 3.5 times higher than after open reduction
internal fixation. Moreover, biomarkers (type I col-
lagen) and nitric oxide underwent changes as early as
3 days after the operation. This study established that
traumatization of the metaepiphyseal spongy bone
tissue of the joints affects the frequency of deep vein
thrombosis, confirmed by an increase in biochemical
markers. Three days after the operation, they became
the most informative for predicting the development
of thrombosis. Other biochemical parameters used in
the study (type I'V collagen, tissue factor, and P-selec-
tin) were not diagnostic. The authors also emphasize
the need for further research on this topic [36].

O. E. Dahl et al. emphasize that hip joint im-
plantation with bone cement intraoperatively affects
the development of cardiovascular and vascular com-
plications. They proved that patients after prosthetics
using cement often posthumously detected microem-
boli and fibrin deposition in the lungs. The reasons
for such changes are, apparently, the launch of the hy-
percoagulation mechanism and the local reaction to
methyl methacrylate, based on which bone cement
is created. A significant amount of toxic substances
is formed at the implantation site, which, together
with cell fragments, are released by damaged tissues.
These fragments are transported by blood to the lung
tissue, where they accumulate with the develop-
ment of microcirculation disorders and the forma-
tion of emboli. Thus, circulatory disorders occur in
the lungs with concomitant hypercoagulation, which
can cause significant dysfunction of various organs
and tissues with an impact on the brain, cardiovas-
cular system, renal blood flow, and also lead to he-
modynamic disorders. In a number of patients, these
changes lead to fatal outcomes, particularly in the el-
derly with femoral neck fractures. Thus, the patho-
physiological mechanisms underlying the above-men-
tioned abnormalities in cemented hip arthroplasty
may have serious consequences in the form of hyper-
coagulable complications due to cell destruction and
toxic reactions to bone cement, which are also associ-
ated with vasoactive substances [37]. A. Abedi et al.
indicate that the risk of venous thromboembolism
(VTE) increases after total hip and knee arthroplasty.
Although most VTE prophylaxis regimens are pre-
scribed postoperatively, activation of the blood coag-
ulation system begins during the intervention. During
prosthetic repair, after reaming the femur for pros-
thesis installation, it is manifested by increased lev-
els of thrombin-antithrombin complex, prothrombin
fragment 142, fibrinogen peptide A and D-dimer.
Intraoperative heparin significantly reduces the level
of fibrinopeptide A and prothrombin F1.2, which in-
dicates a decrease in the synthesis of thrombin and
fibrin, but does not affect the thrombin-antithrombin
complex [38]. F. J. Conway et al. investigated the role
of vitamin C in the development of connective tis-
sue impairment and hemostasis after hip arthroplasty.
Ascorbic acid is a well-known water-soluble vitamin
that has many diverse metabolic functions in the hu-
man body. In particular, it has the properties of a uni-
versal antioxidant that can protect cells from dam-
age, as well as an effect on hemostasis. In addition,
vitamin C is involved in the synthesis of some hor-
mones, collagen, carnitine, as well as the formation
of bile salts and affects the normal absorption of iron
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by the human body. There are also publications that
prove that there is a correlation between the content
of ascorbic acid in human blood plasma and the sys-
temic inflammatory process, which is controlled by
the concentration of C-reactive protein in the blood.
Changes in the content of vitamin C and tocopherol
in the blood of patients and their correlation with tis-
sue damage by free radicals as components of sys-
temic inflammation were revealed. During the ob-
servation, blood tests were performed 1, 2, 3 and
90 days after hip replacement. It determined such
biochemical markers as ascorbic acid, malondialde-
hyde, cholesterol, C-reactive protein, tocopherol and
albumin levels. A significant decrease in the blood
content of vitamin C was found by 74, tocopherol by
36, cholesterol by 40, malondialdehyde by 38, albu-
min by 29 %. At the same time, the content of C-re-
active protein increased by as much as 160 times due
to the systemic inflammatory process after surgery.
Three months after surgery, all indicators that were
analyzed at the beginning of the study returned to
their previous values.

As a result, it was found that the content of ascor-
bic acid can be an important and informative bio-
chemical marker in the case of the development
of a severe systemic inflammatory response in pa-
tients after surgical interventions on hip joint replace-
ment. Therefore, a decrease in the content of vitamin
C in the blood is apparently associated with its use
by the body as an antioxidant to support the regen-
erative capacity of tissues and repair damage during
the intervention, which caused a severe systemic in-
flammatory reaction [39]. N. Guler et al. investigated
the mechanisms of fibrinolysis disorders in patients
after total hip joint replacement, which, in their opin-
ion, remains an incompletely studied issue. As is
known, violations of the fibrinolytic link of hemo-
stasis in various inflammatory processes and their
activation after surgical interventions are not always
sufficiently pathogenically justified. We investigated
the fibrinolysis system disorders in patients in the first
24 hours after surgery for total hip arthroplasty. They
can lead to both thrombosis and bleeding in clinical
practice. We studied the medical histories of 98 pa-
tients who underwent arthroplasty. Among the fi-
brinolysis indicators, D-dimer and plasminogen acti-
vator inhibitor, as well as tissue plasminogen activator
were determined using the enzyme-linked immuno-
sorbent assay method, and the antiplasmin indicator
was also studied. The level of fibrinolysis markers,
except antiplasmin, before surgery was found to be
significantly higher in patients compared to clinically
healthy individuals. However, the percentage of anti-

plasmin before surgery was lower than in the control
group. The levels of plasminogen activator inhibitor
and D-dimer in patients were elevated, and the level
of antiplasmin was lower, compared to the values be-
fore surgery. Changes in tissue plasminogen activator
are insignificant. No correlation between the content
of plasminogen activator inhibitor and D-dimer was
also established.

The results obtained by the authors confirm
the violation of the fibrinolysis system in patients
after surgery for total joint replacement. They also
determined that during surgical intervention, control
of the fibrinolysis system is mandatory, since its vio-
lation can lead to complications in the form of bleed-
ing, hematomas and the need for blood transfusion
[40]. A. Burleson et al. conducted a study on the influ-
ence of perioperative factors on the fibrinolysis sys-
tem in patients who underwent endoprosthetic repair
of large joints. It is widely recognized that the ma-
jority of patients requiring total joint replacement,
particularly hip and knee, are elderly individuals who
often present with concomitant diseases, an elevated
body mass index, and impaired carbohydrate me-
tabolism. All these factors can affect the fibrinoly-
sis system both before and after surgery. The authors
revealed the influence of age, body mass index and
the use of tranexamic acid in the treatment of patients
on the fibrinolysis system. A total of 99 patients who
underwent total hip and knee arthroplasty were ex-
amined. Blood tests were performed on patients be-
fore surgery and on the first day after surgery, and
the levels of D-dimer, plasminogen activator inhib-
itor, and tissue plasminogen activator were deter-
mined using enzyme-linked immunosorbent assay
methods, as well as the level of antiplasmin. Data on
the age, sex, hemoglobin level, and body mass in-
dex of patients were systematized during the study
of their medical histories.

Blood levels of D-dimer and tissue plasminogen
activator were shown to have a positive correlation
with the age of patients, while the antiplasmin index
before surgery was negatively correlated with age.
Body mass index is associated only with the preoper-
ative level of tissue plasminogen activator. The type
of surgical intervention had no effect on the value
of fibrinolysis. There was no significant difference
in the D-dimer, plasminogen, tissue plasminogen
activator, or antiplasmin data between patients who
received tranexamic acid and those who did not.
The concentration of D-dimer and tissue plasmino-
gen activator showed significantly lower results in in-
dividuals who received this acid. The data obtained
by the authors confirmed that the advanced age
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of patients and an increased body mass index affect
the disruption of the fibrinolysis system after endo-
prosthetic repair, while the use of tranexamic acid re-
duces its level [41, 42].

Tranexamic acid is a potent antifibrinolytic agent
with recognized efficacy. Its use during joint endo-
prosthetic repair is approved by clinical boards [43].
The use of tranexamic acid covers almost 95 %
of patients after endoprosthetics worldwide [44].
The MATTER study (Tranexamic Acid in Surgery)
included 896 patients and found a 6.5% reduction in
mortality in patients receiving tranexamic acid [45].

Currently, therapeutic attention is focused on
the fibrinolytic system, including the mechanisms
regulating the formation and activity of plasmin on
cell surfaces, fibrin, and extracellular matrix pro-
teins, the effects of plasminogen/plasmin on plate-
let aggregation induced by various agonists, and its
pro-inflammatory function. Charithani B. Keragala
et al. reported that plasminogen administration im-
proves thrombolysis and accelerates wound healing.
Most of these findings have been based on in vitro or
animal studies, but the use of antifibrinolytic agents
to reduce bleeding in patients has been shown to have
clinically significant benefits, including a reduced
risk of infection that is independent of their hemo-
static properties [46].

Conclusions

In clinical orthopedics, after hip joint replacement
surgery in patients with grades III-IV coxarthrosis,
complications are often observed in the form of he-
mostasis system disorders, accompanied by the de-
velopment of deep vein thrombosis of the extremi-
ties, and in severe cases, pulmonary embolism. These
complications are monitored based on the results
of determining hemostasis system markers, which are
examined before and after surgery.

Today, there is no clear consensus among orthope-
dic specialists, as well as anesthesiologists, therapists
and specialists in hemostasis disorders regarding
the rational, safe and effective use of anticoagulants,
in particular, their correct combination in order to
minimize the risks of postoperative complications
from the blood coagulation/anticoagulant system.

Numerous factors have been identified that sig-
nificantly impact the development of disorders within
the hemostasis system. They include age factor, be-
cause elderly patients have their own metabolic char-
acteristics, as well as altered blood rheological prop-
erties. Weight gain, in particular obesity, is also an
important factor that cannot be ignored in clinical
practice. In addition, cardiovascular disorders are re-

flected in the development of arterial hypertension,
changes in the structure of vessels, and cause the for-
mation of thrombi and microthrombi. All this must
be taken into account when choosing the prevention
of hemostasis system disorders in patients who re-
quire joint replacement.

Today, clear clinical and laboratory criteria for
assessing the hemostasis system and a list of bio-
chemical markers of connective tissue for mon-
itoring the condition of patients before and after
joint replacement against the background of the use
of modern anticoagulant prescription schemes remain

incompletely defined.
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CTAHICNAB BOHAAPEHKO, AXABA/ MAPBI3I

PEKOMEHAALII
BCECBITHbOIO
KOHIPECY EKCNEPTIB
3 EHA4ONPOTE3YBAHHA
CYrnoesIB

NOCIBHMK

At the beginning of 2025, the manual "Recommendations of the World Congress of Experts on Joint
Replacement" was published, recommended by the Scientific and Publishing Council of the National Academy
of Medical Sciences of Ukraine and intended for a wide range of users.

The relevance of this practical guide is due to the fact that the current world level of orthopaedics and
traumatology is inevitably associated with the development of joint replacement. Despite the long history
of organ-preserving surgeries and the high level of modern radiological diagnostics, it is arthroplasty that has
significantly expanded the possibilities of treating various joint pathologies. Due to the technological sophis-
tication of operations, this technique has taken a leading position in orthopaedics, especially in the treatment
of complex clinical cases. In Ukraine, the development of arthroplasty is proceeding at a rapid pace, catching
up with what was lost during the economic downturn.

However, the lack of awareness of modern approaches among domestic orthopaedic surgeons leads to
severe complications. That is why the publication of this edition will be a reliable tool for specialists in their
practical work.

The manual has a logical structure and covers the key aspects of modern arthroplasty practice. The main
sections include selection of indications for surgery, prevention of complications, analysis of topical clinical
issues that arise in daily practice, as well as analysis of modern techniques and features of their application.
The publication covers not only the issues of primary and revision arthroplasty, but also certain approaches to
preventing unsatisfactory results and the development of complications, including the prevention and treatment
of periprosthetic infection.

This guide presents 58 topical and controversial issues, each of which has been subject to consensus
among global experts. All material is based on current evidence, thorough literature review, and expert opin-
ion from leading specialists from around the world, which underscores the importance of the issues covered.
Each statement corresponds to the most current trends in the field of arthroplasty, where theoretical basis and
professional experience are combined, making it a relevant guide for orthopaedic traumatologists of all levels.

The practical guide "Recommendations of the World Congress of Experts on Joint Replacement", pre-
pared by Stanislav Bondarenko and Javad Parvizi, is of practical value and is recommended for a wide range
of readers. It is structured in such a way that every specialist can quickly find the necessary information and
apply it in their practice. The presentation of the material is based on the latest developments and implemen-
tations of the world's leading orthopedists, anaesthetists, surgeons and rehabilitation specialists, making it an
indispensable guide for the development of future medicine.



