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Modern technologies for replacement
of cartilage defects

Abstract. Background. The prevalence of joint diseases affecting cartilage tissue and all components of the
joint due fo tfrauma and degenerative-dystrophic conditions has notably risen in recent years. Despite an ex-
tensive body of research, addressing large bone and cartilage defects remains a significant clinical challenge.
This reality underscores the imperative fo innovate freafment methods and enhance existing approaches. In
this review, we will examine and analyse contemporary materials and techniques for replacing cartilage de-
fects, including hydrogels, nanofibers, 3D membranes, and BioCartfilage. Additionally, it explores key aspects
of orthobiology, specifically the utilisation of mesenchymal stem cells and exosomes. The article also considers
instances of employing modern methods fo replace cartilage defects in both experimental and clinical studies.
The purpose was fo investigate, analyse, and inferpret data on the application of confemporary materials and
methods for cartilage defect replacement as described in experimental, clinical, and review studies. Materials
and methods. A comprehensive literature search was conducted using terms such as osteochondral defect,
BioCartilage, nanofiber, allograft cartilage, mesenchymal stem cell, hydrogel, and nonwoven membranes. The
search was conducted on the basis of Google Scholar, CrossRef, PubMed databases for the last 5 years. Logical
analysis and evaluation were performed on the results of studies encompassing diverse modern fechnologies
and principles for replacing cartilage tissue defects. Results. Microfracturing and tunneling are quite effective
methods in replacing cartilage defects with carfilage-like regenerate. Their effectiveness reduces with increa-
sing mechanical and axial loads on the formed regenerate. Experimental studies show that physical proper-
ties of hydrogel can be compared to native cartilage tissue. Moreover, hydrogel can be used as a matrix for
the delivery of anti-inflammatory and some biological drugs. However, this method needs more specific clinical
and experimental studies fo be put info practice. The use of exosomes fo replace osteochondral defects is a
simple method, but rapid degradation limits its effectiveness. Combining exosomes with hydrogel or hyaluronic
acid can solve these problems by prolonging their release and degradation, enhancing biological activity and
biocompatibility. Bioprinting and nanofiber sponge (3D membrane) have reasonable theoretical and experi-
mental value for replacing cartilage defects and require further clinical studies. Promising methods of cartilage
tissue regeneration are the implantation of aufologous chondrocytes, the use of ChondroFiller and BioCarti-
lage. For a wider assessment of the resultfs of using these treatment methods, longer clinical studies are needed.
Conclusions. An analysis of more than 36 literature sources, including review, experimental, and clinical studies,
reveals a structured summary of the latest research and developments in carfilage tissue defect repair. There
is no universal technology for replacing cartilage defects that would be suitable for all patients. Therefore, this
review highlights the advantages of different methods for cartilage defect repair adapted to specific clinical
cases. Based on the analysis of literature data regarding the use of implant materials to correct cartilage de-
fects in orthopaedics and tfraumatology, it can be concluded that the chosen direction of scientific research
is relevant and significant. Additionally, certain aspects of the development of this issue can be outlined, and
questions requiring further study and resolution can be identified.

Keywords: chondrocytes, cartilage; cartiage regeneration,; exosomes, hydrogel; BioCartilage; ChondroFiller;
nanosponges
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Introduction

There are three forms of cartilage in the human body:
hyaline or articular cartilage, fibro-elastic cartilage (menis-
cus), and elastic cartilage.

Hyaline (articular) cartilage is a robust and elastic type of
connective tissue, composed of a uniform main substance
rich in proteoglycans. This cartilage covers the articular
surfaces of the epiphyses, enhancing congruence, providing
improved cushioning, and reducing friction on articulated
surfaces. In physiological conditions, the articular cartilage
surface is smooth and moistened with synovial fluid, playing
a crucial role in the physiological mobility of joints.

According to Alcaide-Ruggiero, the primary compo-
nent in the extracellular matrix of cartilage for repair (as
an example of hyaline cartilage) should be type II collagen
(95 %), with the absence of type I collagen. Various meth-
ods exist for collagen visualisation, but histopathologic
techniques are the most popular due to their cost-effective-
ness and simplified sample preparation. Picrosirius red and
toluidine blue are commonly used staining techniques. It
is crucial to observe collagen’s orientation in these stained
sections using polarised light [1]. Immunohistochemical
methods are also frequently employed to visualise the pre-
sence and location of specific collagen in cartilage [2].

Speaking about the relevance of this review, it is necessary
to note a study that covered more than 30,000 arthroscopic
operations. Approximately 60 % of patients had high-grade
cartilage lesions, with more than 50 % of the cartilage sur-
face being affected. Furthermore, these chondral defects
lead to increased contact pressures on healthy neighbouring
cartilage, potentially causing degenerative knee arthritis [3].

Researchers have outlined several criteria and concepts
to optimise the creation of materials which aimed at carti-
lage regeneration [4—S8]:

— biocompatibility. Given that most cartilage regenera-
tion materials are intended for use in the articular cavity,
elements capable of triggering immunological reactions and
inflammation should be avoided,;

— cell affinity. Facilitating cellular connection or em-
bedding is crucial for cartilage regeneration, making the
material conducive to cell interaction;

— tissue integration property. To prevent treatment fai-
lure resulting from component separation and enhance ma-
terial integration into the tissue during regeneration, hydro-
gels and tissue must adhere seamlessly;

— feasibility. The practical advantages of sprayable and
injectable hydrogels, especially in therapeutic contexts,
make them desirable.

Currently, there is no universal technology for cartilage
defect replacement suitable for all patients. The method
chosen depends on the defect’s size, localization, and in-
volvement of the subchondral bone [9].

In addition to identified surgical methods like abrasive
chondroplasty, mosaic chondroplasty, microfracturing, and
tunneling, new, more contemporary methods and materi-
als for treating cartilage defects are emerging [9—11]. Selec-
ting the appropriate treatment strategy requires a thorough
understanding of the advantages and disadvantages of these
methods.

According to the declared keywords in the Google Scho-
lar, CrossRef, PubMed databases with a search depth of 10
years, we found publications 36 of which (16 experimental,
12 clinical and 8 literature reviews) were included in the fur-
ther analysis and discussion. This paper presents a systema-
tic review of criteria for selecting literature sources on mo-
dern technologies for the replacement of cartilage defects
over the past decade. Focusing on English-language sources
and considering access type, this review aims to outline ef-
fective strategies for identifying relevant literature in this
field. Key criteria are the inclusion of recent studies on car-
tilage regeneration, the use of advanced technologies such
as exosomes and hydrogel, and innovations in BioCartilage
and nanosponges.

Among these publications, 5 considered the use of hy-
drogel, 3 were about exosomes, 2 — nanofibers, 6 — 3D
membranes, 4 — allotransplantation, 2 — ChondroFiller,
2 — BioCartilage, 2 — bioprinting and 2 about microfrac-
turing in the surgical treatment of cartilage defects in joints.

This work was carried out as part of the scientific re-
search work with the grant support of the Ministry of Health
of Ukraine No. 0123U101089 “To develop and implement
technologies for replacing bone defects in victims with com-
bat limb injuries”.

Review

Until recently, the primary treatments for knee carti-
lage defects were lavage and articular surface debridement
[12]. The introduction of arthroscopy popularised the
notion of mechanically cleaning the joint of non-viable
cartilage fragments and intra-articular bodies. In instan-
ces of complete joint cartilage degeneration, arthroscopic
lavage and debridement proved ineffective. Instead, the
proposal was to address the defect by introducing mesen-
chymal cells through techniques such as cartilage abra-
sion, tunneling, and microfracturing of the subchondral
bone [12]. Despite various marrow stimulation strategies,
some researchers concluded that the overall quality of
cartilage regeneration was suboptimal and did not align
with the characteristics of native hyaline cartilage on ar-
ticular surfaces [4, 9, 12, 13].

Abrasive joint chondroplasty, performed during ar-
throscopic surgery, entails removing pathological, mobile
cartilage areas causing conflicts in the joint, and contribu-
ting to the destruction and degeneration of articular carti-
lage. This procedure involves both the removal of the patho-
logical area and the stabilisation of the cartilage edge, pre-
venting further degradation [12].

Microfracturing is a surgical intervention that facilitates
the restoration of articular cartilage by filling the defect zone
with mesenchymal cells from the subchondral bone, resul-
ting in the formation of fibrous cartilage. Seidl (2018) notes
that one advantage of microfracturing is its arthroscopic
feasibility [14]. Using a microfracture awl, the subchondral
bone is pierced perpendicularly to the bone surface, starting
from the lesion’s edge and moving inward. Each microfrac-
ture hole typically has a depth of 2 to 4 mm and is spaced 3
to 4 mm apart. Sufficient spacing is crucial to prevent frac-
turing between penetrations. To facilitate the emergence of

6 TpaBMma, ISSN 1608-1706 (print), ISSN 2307-1397 (online)
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bone marrow components from the subchondral holes, the
irrigation pump pressure is eventually reduced [12].

Tunneling is a surgical intervention similar to microfrac-
turing, utilising spokes instead of bone awls to create perfo-
ration holes. Following fracturing and tunneling, the defect
site is filled with fibrocartilage, which may not be optimal
for joints subjected to axial loads. While demonstrating posi-
tive short-term results, this approach can lead to long-term
deterioration, particularly in joints with significant load
bearing, though it may be less critical in joints with lower
loads [14].

In a study by Wang (2018) involving 14 shoulders from 13
individuals, with an average follow-up of 10.2 *+ 1.8 years,
improvements were observed in patients’ scores on the visual
analog scale, the Simple Shoulder Test, and the American
Shoulder and Elbow Surgeons score. These improvements
were statistically significant in comparison to preoperative
values, with no notable differences between short-term (mean
2.3 years) and long-term (mean 10.2 years) follow-up [36].

The above shows that microfracturing and tunneling are
quite effective methods of replacing cartilage defects with
cartilage-like regenerate. Effectiveness of these methods
reduces with increasing mechanical and axial loads on the
formed regenerate.

Hydrogels, three-dimensional hydrophilic polymer net-
works with a high water absorption capacity while maintai-
ning structural integrity, exhibit features similar to cartilage.
Various sources, including synthetic polymers like polyeth-
ylene glycol, polyvinyl alcohol (PVA), and polyacrylamide,
have been employed to create hydrogels in tissue enginee-
ring. While hydrogels made from synthetic polymers offer
high mechanical strength and reproducibility, challenges
related to their biocompatibility remain underexplored.
Notably, the physical and biological characteristics of hy-
drogels allow for their effective combination with other
techniques [36].

In a study on the tribological properties of cartilage sub-
stitutes, Shi et al. conducted a thorough research experiment
by combining graphene oxide (GO) with PVA hydrogels to
create new hybrid hydrogels. To enhance the mechanical
and tribological capabilities of prospective articular car-
tilage replacements, GO was incorporated into PVA. The
compressive mechanical capabilities, creep resistance, and
dynamic mechanical properties of PVA/GO hydrogels with
varying GO contents were investigated. Frictional beha-
viour under stationary and migrating contact configurations
during unidirectional and reciprocal sliding movements
was also examined. The impacts of load, sliding speed,
counterface diameter, and counterface material on the fric-
tional coefficient of PVA/GO hydrogels were discussed.
PVA/0.10wt%GO hydrogel show higher compressive mo-
dulus and creep resistance, but moderate friction coef-
ficient. Like real articular cartilage, PVA/GO hydrogels’
friction performance exhibits load, speed, and counterface
diameter dependence. The experimental investigation con-
ducted by Shi is very comprehensive, and it is very convin-
cing that hydrogel is suitable for cartilage replacement [15].

In Oliveira’s research, various techniques were employed
to create crosslinked PVA hydrogels for cartilage replace-

ment, which, in addition to possessing adequate mechani-
cal and tribological properties, could serve as delivery sys-
tems for locally administered anti-inflammatory drugs.
Cast-drying hydrogels, after creation, underwent additional
processes such as annealing, high hydrostatic pressure, and
vy radiation, resulting in solid, impermeable structures. An-
nealing (especially at 150 °C) and vy irradiation reduced the
swelling capacity of hydrogel and increased its mechanical
resistance to tensile loads. These improvements were at-
tributed to increased hydrogel crystallinity and additional
crosslinking induced by the procedures. These modifica-
tions had minimal impact on the wettability of the mate-
rials. A150 samples, in both tensile and compression tests,
exhibited the highest values for elastic modulus, strength,
and toughness, showing the most significant improvement
in mechanical behaviour [16].

The A150 samples, selected for their superior perfor-
mance, were loaded with anti-inflammatories, resulting in
practically complete drug release within the first 24 hours.
The addition of vitamin E further enhanced drug release
profiles by creating hydrophobic barriers to drug diffu-
sion. This study highlights that annealing PVA hydrogels at
150 °C significantly improves their mechanical and tribo-
logical properties. Additionally, the secure local delivery of
anti-inflammatory medications such as diclofenac can be
achieved using these materials. Consequently, A150 gels of-
fer new possibilities for load-bearing cartilage replacements
with immediate post-surgery healing effects [16].

Arjmandi and colleagues conducted a comprehensive
experimental study evaluating biphasic and biocompa-
tible polyacrylamide-alginate hydrogels as potential candi-
dates for load-bearing surfaces of joint implants. The study
focused on the friction and wear behaviour of polyacry-
lamide-alginate interpenetrating network hydrogel under
reciprocating sliding motion, considering varying para-
meters of load, speed, and lubrication. The results indi-
cated that applied load and lubrication had a more sig-
nificant impact on the wear rate of hydrogels compared
to the speed parameter. Under bovine serum lubrication,
hydrogel exhibited an average friction coefficient of 0.03,
comparable to native cartilage tissue, revealing its robust
wear properties [17].

The above experimental studies show that physical pro-
perties of hydrogel can be compared to native cartilage
tissue. Moreover, hydrogel can be used as a matrix for the
delivery of anti-inflammatory and some biological drugs.
However, this method needs more specific clinical and ex-
perimental studies to be put into practice.

Exosomes. An article by Chen (2019) suggests that exo-
somes, extracellular vesicles with functions akin to their
cell of origin, offer therapeutic potential without the im-
munogenicity and tumorigenicity concerns associated
with mesenchymal stem cells (MSCs). While direct injec-
tion of exosomes into osteochondral defects is a straight-
forward method, rapid decomposition limits their efficacy.
However, encapsulating exosomes with a hydrogel can
address these limitations by prolonging their release and
decomposition, enhancing biological activity and biocom-
patibility [9].
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Exosomes exhibit potent therapeutic effects, and re-
search by Chen (2018) demonstrated the effectiveness of in-
jectable exosomes in small animal models with osteochon-
dral defects. In vitro fluorescence imaging revealed rapid
endocytosis of exosomes by chondrocytes within 24 hours,
reaching maximal intensity at 12 hours. In mouse models
receiving weekly exosome injections for 12 weeks, thera-
peutic effects were observed by the fourth week, indicating
rapid consumption by native cells. The study concluded that
chondrocyte-derived exosomes mimic the chondrogenic
niche, promoting chondrogenesis and maintaining cartilage
stability, along with anti-angiogenic properties contributing
to a favourable cartilage-inducing niche [13].

In the other research, exosomes were mixed with hya-
luronic acid (HA) solutions for functional cartilage repair.
Three intra-articular injections of HA over a 12-week pe-
riod promoted sustained cartilage repair. However, due to
HA'’s rapid degradation in vivo, it may not be suitable for
manufacturing cartilage implants in severe osteoarthritis
cases [9].

To extend the therapeutic effect, Lui et al. (2017) deve-
loped a cell-free tissue patch for cartilage integration using
exosomes derived from human-induced pluripotent stem
cell-derived MSCs and co-crosslinked gelatin/HA. The
patch exhibited excellent exosome retention, with only
~ 10 % loss after 14 days of immersion in phosphate-buffered
saline. Implantation of the tissue patch in a rabbit hind leg
joint defect model promoted the migration of chondrocytes,
fibroblasts, and blood cells into the scaffold, fully restoring
the smooth surface and integration of cartilage. In contrast,
directly injected exosomes could not achieve similar carti-
lage repair and regeneration [19].

By incorporating mitochondrial-related proteins in MSC
exosome therapy, Chen (2019) demonstrates the potential
to repair mitochondrial malfunction and oxidative stress
damage in degenerative cartilage. The administration of
MSC-derived exosomes corrected the imbalance in energy
metabolism and facilitated cartilage repair. Through stereo-
lithography, our 3D printed, radially oriented extracellular
matrices (ECM)/methacrylated gelatin (GelMA)/exosome
scaffolds were shown to successfully address cartilage mi-
tochondrial dysfunction, enhance chondrocyte migration,
and polarise the synovial macrophage response toward an
M2 phenotype. Promising efficiency in repairing osteo-
chondral defects was evidenced in a model of an osteochon-
dral defect [18].

The use of exosomes to replace osteochondral defects
is a simple method, but rapid degradation limits its effec-
tiveness. Combining exosomes with hydrogel or hyaluronic
acid can solve this problem by prolonging their release and
degradation, enhancing biological activity and biocompa-
tibility.

Bioprinting. In the realm of cartilage bioprinting, re-
searchers explored various ECMs to establish an in vitro
chondrocyte niche. Employing GelMA and methacrylated
hyaluronic acid (HAMA) in a stereolithographic bioprinting
method, both substances supported cartilage ECM develop-
ment and the restoration of chondrocyte phenotype. As bio-
inks, GeIMA and HAMA were utilised to create cartilage

models with varying chondrocyte densities. Over a 14-day
culture period, the models maintained their shape, vitality,
and uniform cell distribution. Chondrogenic differentia-
tion, demonstrated by the deposition of type 11 collagen and
the expression of COL2A1 and cartilage-typical proteogly-
can genes, occurred after 14 days. High cell density printing
(25 x 10° cells/mL) resulted in improved zonal segmenta-
tion typical of cartilage compared to lower cell density cul-
tures (5 x 10° cells/mL). GeIMA led to a greater expression
of COLI1ALl, indicative of a more premature chondrocyte
phenotype. Both GelMA and HAMA, depending on initial
cell density and selection as bioinks, proved practical for
in vitro cartilage printing with diverse differentiation pat-
terns and ECM organisation [20].

Nanofibers. Poly-L-lactic acid (PLLA), a synthetic
polymer composed of L-lactic acid monomers, is both bio-
degradable and biocompatible. Recognized for its piezo-
electric properties, PLLA generates a small electric current
during compression. Its application in medicine stems from
its biostimulating properties and ability to stimulate colla-
gen production.

Research by Liu (2022) proposes the use of a biodegra-
dable piezoelectric PLLA nanofiber scaffold as a battery-
free electrical stimulator to promote chondrogenesis and
cartilage regeneration under applied force or joint strain.
The scaffold produces a controllable piezoelectric charge,
enhancing extracellular protein adsorption, facilitating cell
migration or recruitment, inducing endogenous transfor-
ming growth factor 3 via the calcium signalling pathway,
and boosting both in vifro and in vivo chondrogenesis and
cartilage regeneration. Rabbits with critical-sized osteo-
chondral defects treated with the piezoelectric scaffold and
exercise displayed hyaline-cartilage regeneration and fully
healed cartilage with abundant chondrocytes and type II
collagen after 1—2 months of exercise (2—3 months post-
surgery, including a recovery month before exercise). Con-
versely, rabbits treated with a non-piezoelectric scaffold and
exercise exhibited unfilled defects and limited healing [10].

Various hybrid nanofiber scaffolds have also been em-
ployed, with poly(lactic-co-glycolic acid)/collagen scaffolds
presenting optimal potential for chondrogenesis. Li et al.
developed a PLLA/silk fibroin composite for cartilage tis-
sue engineering, providing a favourable platform for chon-
drocyte attachment and development. Aligned nanofibrous
scaffolds, mimicking the natural extracellular matrix, have
demonstrated fibrochondrogenesis. Shafiee et al. illustrated
the impact of aligned PLLA/polycaprolactone nanofibrous
scaffolds, which, in contrast to randomly oriented scaffolds,
exhibited bipolar extension along the fiber and significantly
increased expression of chondrogenesis markers [21].

Sponge (3D membrane). Autologous chondrocyte im-
plantation (ACI) is a method of cartilage regeneration that
utilises an individual’s own chondrocytes. These chondro-
cytes are harvested, expanded in the laboratory to increase
their numbers, and then re-implanted (typically after around
4 weeks) into the damaged cartilage area using a specialized
surgical technique.

According to a meta-analysis by Gou (2020), patients
undergoing ACI may experience significant improvements
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in their quality of life, pain relief, and ability to perform
daily activities [22].

Matrix-induced autologous chondrocyte implantation
(MACI) represents the third generation of ACI. Its main
distinction lies in directly attaching the chondrocytes to
a collagen membrane sourced from pigs, which is subse-
quently employed for implantation into the cartilage lesion.
The US Food and Drug Administration (FDA) has granted
authorization to MACI as the first autologous tissue-engi-
neered scaffold in the United States. The FDA recommends
MACI for the treatment of one or more symptomatic, full-
thickness knee cartilage abnormalities in adults, regardless
of bone involvement [23]. Both ACI and MACI are sug-
gested for treating medium to large, deep, or full-thickness
cartilage abnormalities, as per Hinckel (2018). Due to the
procedures’ expense and invasiveness, they are reserved as
a last resort for cases where previous cartilage repairs have
failed, and the abnormalities are less than 2 cm?. It can be
considered as a primary procedure for larger lesions due to
reduced efficacy in treatments like microfracture or osteo-
chondral autograft transfer. Contraindications include the
presence of infections, recent inflammatory arthritis, seri-
ous medical comorbidities, and an inability to complete the
demanding postoperative therapy. Relative contraindica-
tions include bipolar and uncontained lesions, which re-
quire specific procedures [24].

Jacob G. Calcei (2020) outlined that MACI is preferred
in the patellofemoral joint, multifocal flaws, tibial defects, or
as an alternative for large single femoral condyle defects. The
use of MACI in other joints or for bipolar disorders is consi-
dered by the FDA an off-label indication. Contraindications
encompass inflammatory arthritis, obesity with a body mass
index exceeding 35, and established osteoarthritis with more
than 50% narrowing of the joint space. As with any cartilage
restoration procedure, it is crucial to address associated ar-
ticular conditions such as ligamentous instability, mechanical
axis misalignment, and meniscal insufficiency either simulta-
neously or sequentially. A robust osseous base with substan-
tially intact subchondral bone is preferred for ACI, although
the “sandwich” approach can be employed in larger osteo-
chondral defects, successfully implanting autologous chon-
drocytes while also bone grafting the defect [25].

The third-generation ACI product, Novocart 3D (Aes-
culap Biologics, LLC, Breinigsville, PA), is currently in
phase 3 clinical trials and has not yet received FDA approval
in the United States. In contrast to MACI, which employs
a type I/III porcine collagen matrix, Novocart 3D utilises
a biphasic scaffold membrane made of collagen and chon-
droitin sulphate. Additionally, Novocart 3D is anchored
into the defect similarly to previous ACI generations, using
tiny bioresorbable pins or absorbable sutures. In a case series
by Zak et al., the authors reported a significant improve-
ment in clinical outcome ratings and follow-up magnetic
resonance imaging results at 2 years following surgery for
the treatment of extensive focal chondral and osteochondral
defects in the knee with Novocart 3D [25].

Comparatively, in the study by Brittberg (2018), MACI
demonstrated better clinical outcomes compared to micro-
fracture. Over the five-year follow-up, improvements in the

Knee Injury and Osteoarthritis Outcome Score (KOOS)
pain and function domains maintained. The advantage of
MACI over microfracture in the co-primary outcome of
KOOS pain and function remained clinically and statisti-
cally significant five years after therapy. Daily living activi-
ties continued to improve statistically significantly in MACI
patients, with quality of life and other symptoms remai-
ning higher, but losing statistical significance compared to
the findings of the SUMMIT 2-year analysis. Despite both
treatments showed improved defect filling in magnetic reso-
nance imaging scans, no statistically significant differences
were found between treatment groups [11].

This technique can be employed as the first line of sur-
gical treatment for patients, especially after less surgically
complex techniques such as microfracturing fail to lead to
clinical improvement.

Miiller (2018) conducted an interesting experiment
involving 40 patients with knee cartilage abnormalities.
Twenty patients received treatment with Novocart 3D as
a first-line therapy, and 20 identical patients underwent
autologous chondrocyte implantation as a second-line
therapy. Matched pair analysis was carried out based on the
number, position, and size of the corrected defects, gender,
age, and body mass index. Group I, receiving Novocart 3D,
showed significantly improved outcomes on the Interna-
tional Knee Documentation Committee (IKDC) and visual
analog scale at 6, 12, 24, and 36 months compared to group
IT with second-line autologous chondrocyte implantation.
Group I also demonstrated a decreased failure rate, with no
revision surgeries required, while group II had a 30% failure
rate. The study concluded that full-thickness cartilage ab-
normalities can be successfully treated using third-genera-
tion autologous chondrocyte implantation [26].

Furthermore, the proposed method has fewer complica-
tions compared to other generations of ACI. According to
a study by Niethammer (2018), one major complication of
ACI procedures, graft hypertrophy, was observed in 22 % of
patients. The study found that graft maturation was com-
plete after 2 years, and although post-ACI graft hypertro-
phy was observed, it did not result in a reduction in cartilage
quality [27].

Implantation of autologous chondrocytes on various
matrices is one of the promising methods of cartilage tis-
sue regeneration. But now this method of treatment requires
significant financial costs.

Osteochondral transplantation. Osteochondral trans-
plantation is a procedure that involves replacing damaged
cartilage and bone in the knee joint with healthy donor car-
tilage and bone.

Presently, the transplantation of mature healthy hyaline
cartilage and the underlying subchondral bone using fresh-
stored osteochondral allografts (OCAs) is a preferred ap-
proach when dealing with concurrent osseous pathology.
This includes conditions like posttraumatic damage, sub-
chondral cysts, avascular necrosis, osteochondritis disse-
cans, and cases of unsuccessful marrow stimulation or cell-
based repair. OCAs are aneural, avascular, and considered
immunoprivileged due to the protective matrix surroun-
ding live chondrocytes from host immune surveillance [25].
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One drawback is the limited availability of donor material.
Schmidt’s (2017) matched-pair study suggests that OCAs
with extended storage up to 28 days do not negatively im-
pact clinical outcomes. Extended storage of OCA tissue is
considered safe and effective for treating extensive osteo-
chondral lesions of the knee, producing similar clinical re-
sults and satisfaction to the transplantation of early release
grafts [28].

Familiari’s (2018) systematic review, comprising 19 stu-
diesand 1,036 patients, reported a mean 10-year survival rate
of 78.7 % (range: 39.0—93.0 %), and a mean 5-year survival
rate of 86.7 % (range: 64.1—100.0 %). At 15 years, the mean
survival rate ranged from 55.8 to 84.0 %, and at 20 years, it
was 67.5 % (range: 66.0—69.0 %). The weighted mean fol-
low-up was 8.7 (range: 2—32) years, and the weighted mean
patient age was 31.5 (range: 10—82) years [29]. While these
outcomes are commendable, Thomas (2019) reported that
39 patients (63.9 %) were able to restore preoperative func-
tion, while 22 patients (36.1 %) were unable to do so due to
chronic, rate-limiting knee discomfort after OCA [30].

Additionally, Cotter (2018) found that patients who un-
derwent unicondylar, multiplug OCA using the snowman
approach had worse clinical results, higher rates of reopera-
tions, and more failures compared to those who underwent
isolated single-graft transplantation [31].

ChondroFiller. ChondroFiller is a stable aqueous solu-
tion of collagen, presenting as an acellular matrix with the
consistency of a solid gel. It serves as a protective covering
for damaged cartilage, facilitating the migration of chon-
drocytes into the defect area.

In the treatment of damaged cartilage, ChondroFiller,
derived from rat tail collagen, is utilised as a cell-free type
1 collagen implant. Particularly beneficial for patients with
extensive full-thickness cartilage defects, ChondroFiller
acts as a scaffold-free solution, allowing migrating cells
from surrounding tissue to fill the defect. The primary ob-
jective is to provide a matrix structure in the cartilage defect,
serving as a scaffold for chondrocyte migration, attachment,
proliferation, and extracellular matrix synthesis [32]. Key
advantages of ChondroFiller [32] include its suitability for a
single-stage procedure, ease of storage and ready-to-use na-
ture, straightforward injection process employing the needle
and curette technique, and relatively low cost.

In the procedure described by Ulrich Schneider, the
ChondroFiller implantation was carried out using a CO,
gas medium. Collagen gel was injected into the defect using
a cannula until the entire area was filled, as observed ar-
throscopically. The gelification process typically takes 3—5
minutes, indicated by a colour shift from translucent to
white [33]. The ChondroFiller group treated 10 cartilage
defects in the medial femoral condyle area, 3 defects in the
articular surface of the tibia, 1 defect in the trochlea area,
and 1 patellar defect. The mean IKDC values in the Chon-
droFiller group significantly increased from 43.3 £+ 10.4 pre-
operatively to 60.6 £ 13.5 after three months and further to
72.1 £ 13.2 after six months (p < 0.05). This improvement
persisted for a year during the follow-up [33].

BioCartilage. BioCartilage is a product designed for
implantation over a microfractured defect, containing de-

hydrated, micronized allogeneic cartilage. Through the
channels created by microfracture, MSCs in the subchon-
dral bone can access the defect, filling a transplanted scaf-
fold and playing a crucial role in promoting and stimulating
chondrogenesis. When administered in conjunction with
microfracture to address articular cartilage abnormalities,
platelet-rich plasma demonstrates potentiation effects on
chondral regeneration. Additionally, the development of
hyaline-like tissue is enhanced when platelet-rich plasma is
coupled with a collagen membrane or matrix near a micro-
fractured area [34].

BioCartilage, an allogeneic cartilage supplement, con-
tains type II collagen, proteoglycans, and various growth
factors. The dried and micronized nature of BioCartilage
serves as a scaffold that retains local MSCs and growth
factors, potentially enhancing cartilage regeneration be-
yond the capabilities of MSCs and growth factors alone.
The micronized matrix granules, with a consistent particle
size range of 100 to 300 mm, provide a chondroconduc-
tive, biocompatible, and resorbable material. This charac-
teristic improves handling and distribution into the defect
while offering a larger surface area for in vivo MSC attach-
ment [35].

In comparison to microfracture alone, the use of BioCar-
tilage-assisted microfracture marrow stimulation appears to
elicit a more concentrated healing response at the chondral
damage site. The subsequent repair tissue closely mimics
native hyaline cartilage [35].

Conclusions

The synthesis of over 36 literary sources, spanning re-
views, experimental and clinical studies, forms the robust
foundation of this comprehensive review. Delving into the
latest research and developments in cartilage tissue repair,
this work systematically structures and summarises the di-
verse methodologies employed. Through meticulous analy-
sis, it delineates the advantages of distinct cartilage defect
replacement methods, tailored to varying clinical contexts.
Furthermore, this review elucidates the fundamental prin-
ciples guiding cartilage regeneration, highlighting the essen-
tial criteria for attaining enduring results.

Various methods for cartilage defect replacement have
been explored, each showing distinct levels of efficacy.
While microfracturing and tunneling effectively replace
cartilage defects initially, their efficacy is reduced under
increased mechanical stress. Hydrogel exhibits promising
physical properties akin to native cartilage tissue and can
facilitate drug delivery, necessitating further specific clini-
cal and experimental validation. Exosomes show efficacy
in osteochondral defect replacement but degrade rapidly,
suggesting adjunct use with hydrogel or hyaluronic acid.
Bioprinting and nanofiber sponge present theoretical po-
tential but require additional clinical validation. Autologous
chondrocyte implantation, ChondroFiller, and BioCarti-
lage demonstrate promising outcomes, yet comprehensive
assessment demands longer clinical studies. While the FDA
recommends MACI for full-thickness cartilage treatment,
its cost-effectiveness warrants consideration, suggesting its
use when alternative methods prove inadequate.
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Contemporary methods for cartilage defect replacement
have demonstrated positive clinical outcomes, proving their
efficacy in addressing cartilage-related issues. These mo-
dern approaches offer a pragmatic and successful pathway
towards cartilage repair.

In conclusion, the analytical scrutiny of literature per-
taining to implant materials for correcting cartilage defects
underscores the relevance and significance of ongoing sci-
entific inquiry in orthopaedics and traumatology. This as-
sessment also identifies key developmental trajectories and
unresolved questions warranting further investigation.
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2IHcTutyT ximii nosepxHi imeri O.O. Yyvika HAH YkpaiHu, m. Knis, YkpaiHa

Cyu4acHi TEXHOAOTIT 3aMilLLeHHs AedeKTiB XpsiLa

Pe3tome. Axmyaavnicms. OctanHiMM poKaMM IIOMIiTHO 3pOC-
JIa TIOLIMPEHICTh 3aXBOPIOBAHb CYIJIOOIB, 10 BPaXKalOTh XPSIIOBY
TKaHWHY Ta BCi KOMITOHEHTH CYIJ00a BHACJIIOK TPaBM i JereHe-

paTUBHO-IUCTpodiyHUX cTaHiB. He3Baxkaroun Ha BEJIMKY KiJIbKIiCTh
TTOCITIIKEHb, JTIKyBaHHS BEJMKUX KiCTKOBHUX i XPSIIOBHX Ie(EKTiB
3QJIMIIAETHCS CEPHO3HOI0 KITiHIYHOIO MpobiieMoro. Lle minkpeciioe
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HEOOXiIHICTh IHHOBALIIHUX METO/IiB JIIKYBaHHS Ta BAIOCKOHAJIEHHS
ICHYIOUMX TTiIXOMiB. Y IIbOMY OTJISIIi MU ITPOaHaTi3yEMO CyJacHi Ma-
Tepiaau i METOAMKM 3aMillleHHsI 1edeKTiB Xpsillia, BKJIOYalo4H Tij-
porei, HaHOBOJIOKHA, 3D-MeMOpaHu Ta TexHosorio BioCartilage.
KpiM Toro, nociimkeHo KJI0UOBi aclekTh opTobiosiorii, 30KkpemMa
BUKOPHUCTaHHS ME3eHXIMaJbHUX CTOBOYPOBUX KJIITUH Ta €K30COM.
¥ cTaTTi TaKOX HaBEAEHO MPUKJIaI1 3aCTOCYBaHHS CyYaCHUX METO-
NiB 3aMillieHHsI 1e(DeKTiB Xpsillia B eKCIEePUMEHTATbHUX i KJTiHIYUHUX
nociimkeHHsax. Mema nosisirana y BUBYEHHI, aHAIIi31 Ta iHTepIipe-
Tallii JTaHuX, 110 CTOCYIOTHCS BUKOPUCTAHHS CyJacHUX MaTepiaiB i
METO[iB /151 3aMillleHHsI IeeKTiB Xpsilla, siK OMKUCAHO B eKCIepu-
MEHTAJIbHUX, KIIHIYHUX Ta ONISIOBUX AOCTIKeHHSAX. Mamepiaiu
ma memoodu. by npoBeieHNII KOMIICKCHUI MOIIYK JIiTepaTypu 3
BUKOPHUCTAaHHSAM TaKMX TEPMiHiB, SIK OCTEOXOHIPATbHUN NedeKT,
TexHoJorist BioCartilage, HAHOBOJIOKHO, XpsIlI aJIOTpaHCIIaHTaTa,
Me3eHXiMaJIbHi CTOBOYpPOBi KJIITUHU, TiAporesib i HeTKaHi MeMO-
panu. [lomyk 3milicHeHO Ha ocHOBi 6a3 maHux Google Scholar,
CrossRef, PubMed 3a octanHi 5 pokiB. [IpoBeneHo soriunuii aHa-
J1i3 1 OLIiIHKY pe3yJIbTaTiB NOCHiIKEHb, 1110 OXOTUTIOIOTh Pi3HOMaHITHi
Cy4dacHi TEXHOJIOTIi Ta MPUHLUMIU 3aMillleHHS 1e(eKTiB XpsIIOBOI
TKaHUHU. Pesyavmamu. MikpodpaKkTypyBaHHsI i TYHENIOBaAaHHS €
TIOCUTH e(PEKTUBHUMM METOIAMU 3aMillleHHST Ne(EKTiB XpsIIiia Xpsi-
LIONONIGHUM pereHepaToM. IXHSI edeKTUBHICTh 3HMXYEThCS MPU
30UIbIIIEHHI MEXaHIYHUX i OCbOBUX HaBaHTaxKeHb Ha c(hOPMOBaAHUIA
pereHepat. B ekcriepruMeHTaIbHUX JOCTIIKEHHSIX TIOKa3aHo, 110 33
Gi3MYHUMU BIACTUBOCTSIMU TiIPOTENb MOXHA MOPIiBHITH 3 HATUB-
HOIO XpSIIIIOBOIO TKaHWHOIO. Kpim Toro, rigporeib MOXHa BUKO-
PUCTOBYBATH SIK MAaTPUIIIO JJIST TOCTABKU MIPOTU3ATIAJIbHUX 1 AESTKIX
GioyorivHUX mperapaTiB. OgHaK 1eil MeTOM MOTPeOy€e OLIBIT KOH-
KPETHUX KJIiHIYHUX Ta eKCIIEPUMEHTATbHUX TOCIIIKEHb TSI BITPO-

Ba/DKEHHS Ha TIpakTuili. BUKOpUCTaHHS €K30COM ISl 3aMillleHHS
OCTEOXOHAPAIbHUX Ae(EeKTiB € MPOCTUM METOJOM, ajie IIBUAKA
nerpajailisi oomMexye ixHio eekTuBHICTb. [To€qHaHHS €K30COM i3
rigporesiemM abo riaJlypoOHOBOIO KUCIOTOK MOXKE BUPIILIUTH 11i MPO-
0JIEeMM TIUISIXOM TTOIOBXKEHHSI iXHBOTO BUBLILHEHHS Ta JeTpaallii,
MinBUIIIEHHs 0i0JOTiYHOI aKTUBHOCTI i GiocymicHocTi. bioapyk i
ryoka 3 HaHOBOJIOKOH (3D-MeMOpaHa) MaloTh TEOPETUYHY Ta €KC-
TepUMEHTAIbHY LIHHICTD IIOIO0 3aMillleHHs NeeKTIiB Xpsiiia if mo-
TpeOYIOTh MONANBIINX KIIHIYHUX AOCTiIKeHb. [lepcrieKTMBHUMU
METOIaMM pereHepallii XpsoBoi TKAHWHU € iMIUTaHTallisi aBTO-
JIOTIYHUX XOHAPOUUTIB, BUKOpUCTaHHs TexHousoriii ChondroFiller
i BioCartilage. s mmpIIoi OLIHKKM Pe3YyJIbTATiB 3aCTOCYBaHHS
IIUX METOMIB JIIKYBaHHS HEOOXimHi OLTBII TpUBaJi KIiHIYHI BH-
npobyBaHHs. Buchoseku. Anainiz nmoHan 36 JiTepaTypHUX JKepe,
BKJIIOYAIOY Y OTJISIIOBI, €KCIIePUMEHTAbHI Ta KIIiHIYHI OCTiIKeH-
H$I, HaJIa€ CTPYKTYPOBaHE 3BEICHHST OCTAHHIX IOCSITHEHb i PO3pO-
00K y BiIHOBJICHHI IeMeKTiB XpsIIOBOi TKAHUHU. YHiBepcaabHOI
TEXHOJIOril 3amilleHHs nedeKTiB Xpsina, ska 0 MiaxXoawia BCiM
naiieHTam, He icHye. ToMy B LIbOMY OIJIsIIi BUCBIT/IIOIOThCS Mepe-
Baru pisHUX METO/IiB 3aMillleHHs Ae(EeKTiB Xpsilia, alanToOBaHUX J10
KOHKPETHUX KJIIHIYHUX BUManKiB. Ha ocHOBI aHaIi3y JTiTepaTypHUX
NMaHUX 1100 BUKOPUCTAHHS iIMIUTAHTAILIMHMX MaTepialiB A1 KO-
pekiil feeKTiB XpAII0oBOi TKAHMHU B OPTOIIE/ii Ta TpaBMAaTOJIOTii
MOXHa IiTU BUCHOBKY IPO aKTYaJbHICTh i 3HAUYILiCTh 0OpaHOTO
HaTnpsMy HayKOBUX 0CIiKeHb. KpiM TOro, MOXHA OKPECINTH Je-
SIKi aCTIEKTH PO3BUTKY Li€l MpoOieMaTUKy i BU3HAUYNUTH TTUTAHHS,
110 TOTPEOYIOTh MOAAJBIIIOTO BUBYCHHST Ta BUPILLICHHSI.

Ki1040Bi c10Ba: xonapouuty; Xpsii; pereHepatist Xpsiia; eK30-
comu; Timporenb; TexHojorii ChondroFiller i BioCartilage; HaHO-
ryoKu
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OUiHKQO pe3yAbTATIB AiKYBOHHS NepeAOMiB
BEAUKOroMIAKOBOI KIiCTKWU Y NALIEHTIB
i3 3aMBOIO BArOKO

Pe3tlome. AKTyaAbHICTb. [TOLIKOAXKEHHST KICTOK HUKHBOI KIHLIBKM € OAHMM 3 HQMGIABLL TSKKUX MOLLKOAXKEHb
OrMOPHO-PYXOBOI cucTemu. NikyBQHHST NepeAOMIB HUXKHBbOT KIHLIBKW YCKAQAHIOIOTLCS Y MALIEHTIB i3 3QMBOKO BA-
OO TQ OXKUPIHHSIM, Y AFOAEW i3 3AXBOPKOBAHHSIMU KICTOK, CUCTEMU KDOBOOBITY, LIyKPOBUM AIQOGETOM TQ IHLLMMUN
XBOPOOAMU BiKY TQ BArY. HQ CbOroOAHI AAST AIKYBAHHSI MePeAOMIB KICTOK BUKOPUCTOBYIOTb YOTUPM OCHOBHUX
METOAM TA iX MOAMGIKALIT — BGAOKYIOYMI IHTPAMEAYASIOHU ocTeocuHTed (bIOC), HOKICTKOBUI OCTEOCUHTE3
naactmHamm (HKO), anapartm 30BHiwHboI ¢ikcauii (A3®) Ta rincosi nos s3ku. MeTa: oLiHUTY PE3YALTATU AIKY-
BQHHSI MALIIEHTIB 3 MepeAOMAMM BEAMKOrOMIAKOBOI KICTKM i3 3arBOIO BAroto metoaamm 6IOC, HKO ta A3®. Ma-
Tepianu Ta MeToAHU. [DOBEeAEHO QHOAI3 AIKYBAHHST 42 NALEHTIB 3 TEPEAOMAMU BEAMKOTOMIAKOBOI KICTKM BIKOM
Bia 21 A0 71 pOKy. Y BCix NQUIEHTIB BiaAMIYOAM 3QrBY BAry. B cepeaHboMy IMT craHosmB 28,6 + 1,8 3 pO3KuAOM
Bia 25,4 p0 33,0. [NauieHTaM ANSI AIKYBAHHS IEPEAOMY BUKOPUCTOBYBAAM BIOC — 27 (64,3 %), HKO — 9 (21,4 %)
1a A3Q — 6 (14,3 %). OUiHKY CTQHY NQALIEHTIB MPOBOAMAN AO AIKYBAHHSI, MICAST onepaLlii 1a 'y repmiHu 1,5, 3,5;
6 1a 12 MicC. Bip MOYATKY AiKYBQHHSI: OLIIHIOBAAW CTYriHb ©OABOBOrO CUHAPOMY, AQHI ONUTYBAALHUKA C.A. Tyms-
HQ TQ CUCTEeMU OLIHKM BIAAQASHUX PE3YABTATIB AIKYBAHHSI, TEPMIHW BIAHOBAEHHST QYHKLIIOHAABHUX MOXXAMBOC-
ey nauieHTa. Pesyabratn. Ao onepaLllii NQLUIEHTH OLiHIOBAAM BiAb Y MOLLIKOAXKEHIV KIHLIBLL SIK CUABHUM | AYXKE
cunbHUY (8-10 6QAIB), riicast oniepauii Ginb 3HU3MBCSI, QA€ AULLMBCSI HQ CePEAHbOMY PIBHI. 30 AQHUMY QHQAAI3Y,
HasIBHe CTATUCTUYHO 3HAYYyLLe (p = 0,001) 3HKeHHS1 GOAbOBOro CUHAPOMY MK MepioAQMU CIIOCTEPEXXEHHS].
[licas onepauii 3 KOHCOAIAQLT mepeAomy nauieHTv B rpyni bIOC paHille NoOYMHQKOTs HOBAHTAXKYBATU KiHLBKY |
HQ MOBHY OropY BUXOASITb HQ MICSILIb PAHILLE, HXK XBOPI iHLLMX rpyr. OUIHKQ Pe3yABTATIB AiKYBAHHST MALIEHTIB 30
oruntyBanbHUKomMm C.A. TyMSIHQ MOKA3AAQ, LLO TEHAEHLLST AO MOAINLIEHHS 36epirQeTbCS BIPOAOBXK BCbOro Tep-
MiHY AiKyBQHHST y BCIX XBOPUX, QA€ HAVKPALLI pe3yAbTaTt 6yAn B rpyni BIOC, y skivi HaviBULLmMY 6QA BiA3HAYEHO
BXKXe HQ 6-41 Micsiub criocTepexeHHsl. OUIHKQ QYHKLIOHAABHUX MOXAMBOCTEM MALIEHTIB MOKA3AAQ, WO Yyepes
12 mic. nauieHtn rpyn 6IOC 1a HKO Biamidaam a60 BiaCyTHICTs 6oato (77,8 Ta 55,6 % BianmoBiaHO), a60 romip-
Huvi Ginb MICAS TPUBAAOT x04b6M (22,2 Ta 33,3 % BiAnNoBiAHO), rpyna A3®D CKkQpKMAQCS HA GiAb MICAS TPUBAAOT
xoabbu. Yepes 12 mic. y rpyni 6IOC KinbKiCTb MALIEHTIB 6€3 KYyAbraBOCTI CTAHOBUAQ 74,1 %, y rpyni A3® nawj-
EHTU MAAW MTOMIPHY | HE3HQYHY KYAbraBICTb. BUCHOBKWN. [10OBEAEHM QHOAI3 PE3YALTATIB AiKYBAHHST NALIEHTIB 3
nepeAoMamMy BEAUKOTOMIAKOBOI KICTKU MEeTOAQMM BAOKYOHYOro OCTEOCUHTE3Y, HOKICTKOBOrO OCTEOCUHTE3Y
TQ 30 AOMOMOroK0 QNAPATAa 30BHILLHBLOI GiKCALl MOKA3AB AOLIAbHICTb BUKOPUCTAHHS BIOC y navieHTis i3 3a-
VIBOIO BAror. Lle A€ MOXXAUBICTL MOYATH PYXOBY AISIAbHICTb TA AOIASIAQTH 30 COB0K0 PAHILLIE, LLO BAXKAMBO AASI
TAKMX MNALIEHTIB.

KAKOYOBI CAOBQ: TEPEAOM BEAMKOTOMIAKOBOI KICTKI, 3QMBQ BArA, GAOKYKOYMM OCTEOCUHTES, HAKICTKOBMM OCTEO-
CUHTE3; QrnapPQAT 30BHILLUHBLOI pikcauil
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Bctyn

[MowKomKeHHs KiCTOK HUXKHBOI KiHI[IBKA € OJHUM 3
HaAWOULIBII TSKKUX TOLIKOIKEHb OMOPHO-PYXOBOI CHCTe-
Mu. BoHU TparuisitoTbest y 2 pa3u yacTillle, HiX TepeioMu
BEPXHiX KiHIIiBOK, a TIpU MOETHAHUX TpaBMaX CTAHOBJISITh
Bim 62 mo 90 % Bin ycix mepenomiB. Pi3ko 30iTbIIyeThCst
YacTKa YCKJIaZHEHb IPHW TpaBMaxX KiCTOK HIDKHIX KiHIIi-
Bok — Binm 40,6 % mipu mpocTux rnepenomMax a0 79 % mpu
YCKJIaJHEHUX Ta IMTO€IHAaHUX TpaBMax [1].

JlikyBaHHSI mepeoMiB HMXKHBOI KiHIIIBKM YCKJIaIHIO-
I0TbCSl Yy TAIIEHTIB i3 3aliBOI0 Baroiro Ta OXHUPIHHAM, Y
JIIofiel i3 3aXBOPIOBaHHSIMU KiCTOK, CUCTEMU KPOBOOOITY,
LIYKPOBMM J1ia0eToM Ta iHIIMMHU XBOpOoOaMM BiKy Ta Baru
[2]. OcTtaHHIMM poKaMU € TeHIEHILisI 10 301IbIIEHHSI Macu
Tijla y mozaeit Bix BikoBux rpyi. Y 2015 poui 3aranom 107,7
MinbitoHa aiteit i 603,7 MibiloHA JOPOCIUX CTPAKIAIA Ha
oxupinns [3]. [Mepenbauaernbes, mo g0 2030 poky 57,8 %
JIIoMIe#t MOXUJIOTO BiKy OyAyTh MaT! HaIJIMIIIKOBY Bary abo
OXUpiHHA [4].

Ha cporonni njs jikyBaHHsI MEpeIOMiB KiCTOK BMKO-
PUCTOBYIOTh YOTMPU OCHOBHMX METOAM Ta iX Moauika-
11ii — 6oKyrounii intpameayasipauii ocreocuntes (b10C),
HakicTKoBuii octeocuHTe3 TutactTuHamu (HKO), anmaparun
30BHIiITHBOI dikcarrii (A3®D) Ta rircosi moB’s3ku [5].

MeTa poOOTH: OLIHWTU pe3yJIbTaTH JIKYBAHHS ITalli-
€HTIB 3 TIepeioMaMi BEJIMKOTOMIJIKOBOI KiCTKH i3 3aiiBOIO
Baroio Mmetogamu bIOC, HKO ta A3®D.

MaTepiaAn Ta MeToAmn

IIpoBeneHoO aHaui3 jiKyBaHHsS 42 MaLi€HTIB 3 Mepeso-
MaMU BEeJIMKOTOMIJIKOBOI KicTKM BikoM Bif 21 o 71 poky.
Cepen nauieHTiB mepeBaxkanu 4oyoBiku — 29 (69,0 %),
iHok 6yJo 13 (31,0 %). ¥ Bcix maiieHTiB BinMivanau 3aifBy
Bary. Y cepenHbomy IMT craHoBuB 28,6 * 1,8 3 po3kugom
Bin 25,4 no 33,0.

[lamienTaM st JiKyBaHHSI MepeaoMy BUKOPHCTOBYBaA-
mu BIOC — 27 (64,3 %), HKO — 9 (21,4 %) ta A3® — 6
(14,3 %).

O11iHKY cTaHy Malli€HTIB TPOBOIMIIN JI0 JIIKyBaHHSI, TTic-
Jist omepaliii Ta y Tepminu 1,5; 3,5; 6 Ta 12 Mic. Bix movatky
JIIKyBaHHSI.

O1iHKY pe3yIbTaTiB JiKyBaHHS IIPOBOAMIN 3a 3MiHOIO
CTyIeHsI 60JTbOBOTO CUHAPOMY, OIMUTYBaJTLHUKOM 3 OIliH-
KM pe3yJIbTaTiB JIiKyBaHHS MAlli€HTIB 3 YIIKOIKEHHSIM Kic-

ToK rominku 3a C.JI. TymssHoM [6] Ta cHCTEMOIO OLIIHKHU
Bi/UTaJIECHUX pe3YJbTaTiB JIIKyBaHHSI, a TAKOX OLIIHIOBAJIA
TEPMiHU BiIHOBJIEHHS (YHKIIOHAIBHUX MOXJIMBOCTEM
TnaifieHTa.

Jlani Oynmu obOpoOieHi cTaTucTnaHo. HomiHanbHi maHi
OLIIHIOBAJIX METOMOM CIIPSIKEHUX TaOIUIb 3 pO3paxyH-
KOM KpUTHUYHOTro 3HaueHHs V Kpamepa Ta cTaTUCTUYHOL
3HAYYIIOCTI 3a Kci-kBafapaT. IlopiBHSIHHSI MiX TpynaMu
MPOBOIWIM METOIOM OAHO(AKTOPHOro AUCHEPCIHHOIO
aHami3y. [lopiBHSAHHSI MiX TepMiHAMM CIIOCTEPEKEHHS
MPOBOIWJIM 3a TOITOMOTOIO 3arajbHO1 JiHiAHOI MOAEi 115
IMOBTOPHMX BUMipIOBaHb. AHaJIi3 MPOBOIMIN B IpOrpaMax
MS Excel Ta IBM Statistics SPSS 26.0 [7].

Pe3yAbTaTU TO OGrOBOPEHHS

Jlo omepallii HalliEHTH OLIIHIOBAIU OiTb Y TMTOIIKOKEHI I
KiHIIBII SIK CUJIbHUI i Tyke cuiabHuit (8—10 GamiB), micist
orepallii 0ijTb 3HU3MBCS, aJie JIUIIUBCS Ha CEPeTHbOMY PiB-
Hi. Ha mopanpiimx erarnax CrioCTepesKeHHsI BiIMIi4a€eThCs
3HIDKCHHSI 0O0JIIO 0 HE3HAYHOTo abo IMOBHOI 10T0 BiACYT-
HocCTi (Tabm. 1).

Ilicna TpaBMM 0OOJBbOBUII CUHAPOM Y IAlli€HTIB OLli-
HIOBaBCS 9K cuJibHUN — Bin 8 mo 10 6aniB 3a BAIL, micasg
orepallii XBopi BiAMiyaayd MOro 3HMXKEHHSI y MexXax Binm 5
10 9 6aniB, pi3HMLI MiX BUAAMU KOHCOJiIALil nepeaomy
He BusiBjieHO (p = 0,129). [TounHarouun 3 TepMiHy MTiC/s
orepaiii 1,5 Mic. crmocTepira€Tbecsl IMOCTYITOBE 3HIDKEHHS
00J110 10 MaiiKe TTOBHOI MOTO BiZICYTHOCTI uepe3 pikK, xoua
NestKi malieHTy BigMivaiu cinadkuii 6ib. Yepes 1 pik micist
orepauii y manieHTiB y rpyni bIOC 6inp He nepeBulryBaB
2 G6anu, a B cepenHboMY 110 rpymi craHoBuB 0,5 £ 0,6 6ana,
Oinblle CKapXXKWIKCS Ha OOJbOBUM CHUHIPOM IMalliEHTU
rpynu HKO — 1,7 £ 1,1 6ana i nauienTu rpynu A3d —
2,0 £ 0,9 6asna, pizHuLs craTucTUuHO 3Hauyia (p = 0,001).
[iarpama 3MiHM 60JILOBOTO CUHAPOMY HaBeleHa Ha puc. 1.

3a JaHUMM CTAaTUCTUYHOIO aHajiizy (3arajibHa JIiHiil-
Ha MOJeJb), HasBHE CTAaTUCTUYHO 3HAYyIIe 3HWKEHHS
00JIbOBOTO CUHIPOMY MiX TMepiofaMu CIIOCTePEKEHHS
(p = 0,001), mpraomy HAIIPSIMOK KPUBUX 3HUKEHHS 00-
JIOBOTO CHUHIPOMY OTHOCTIPSIMOBAHUM i CTAaTUCTUYHO
omusbkuii (p = 0,522).

3a maHMMM, HaBeACHUMM Ha diarpami, MoxHa OayuTH,
1110 KpYBa 3HKeHHs 60110 B rpymi bIOC mae GinbIn ripo-
rpecuBHMI Xapakrtep, Hix 1ist Tpynn HKO ta A3®.

Tabnuus 1. 3miHa 60/1bOBOro CUHAPOMY Y NaLiEHTIB y Nepios criocTepeXxeHHs

Mepiop cnocTepeXXeHHs
fpyna - MNicnsa Yepes Yepes Yepes Yepes
Aoonepauil | o nonaui 1,5 mic. 3,5 mic. 6 mic. 12 mic.
5IOC 9,0x£0,9 6,9+0,9 3,7£1,3 2,7+1,2 1,211 0,5+0,6
8+-10 5+8 2+-6 1+5 04 0-+2
HKO 9,7+0,5 74+0,5 4,3+0,9 36+1,6 27%1,4 1,711
9+10 7+8 3+-6 1+5 0+5 0+3
A3D 9,8+0,4 7,5+0,8 47x1,4 42+15 2,7%+1,2 2,0x0,9
9+10 7+9 3+-6 3+6 1+4 1+3
ANOVA F=4,151 F=2,158 F=1,989 F=3,877 F=7,265 F=13,528
p=0,023 p=0,129 p=0,151 p=0,029 p =0,002 p =0,001
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PucyHok 1. fliarpama 3miHn 60/1b0BOro CUHAPOMY
y nauieHTiB

UYepes Te, 1110 TALlIEHTH MaJIu 3aliBy Bary, 0 € YCKJIaj-
HIOIOYMM (PaKTOPOM Y JIIKyBaHHI ITepeIOMiB HUKHIX KiHIIi-
BOK, iM IIPOITIOHYBAJIM 3HIDKEHHS MacH Tita. Y Ta0j. 2 Ha-
BeneHo 3MiHu IMT malieHTiB ynpomgoBxK CIIOCTepesKeHHSI.

3a JaHMMM CTaTMCTUYHOIrO aHaji3y, He OyJIO BUSBIIE-
Ho 3Hauymoi pizHuui B IMT y nauieHTiB pi3HuUx rpyn y
xxonHoMmy nepiofi (p > 0,05). CrioctepiraeTbcsl He3HAUHE
3HVDKEHHS Barv y maiieHTiB yepe3 1,5 Mic. micis onepa-
1ii, ajie y OUJIBIIIOCTI Bara ITOBEPTAETHCS BIIPOIOBXK POKY.
Xoua y nattieHTiB rpynu bIOC nomiTHO 3HUXEHHS Baru,
ajie BOHO He JIoCSITa€ 3HAYYIIOTO PiBHS MOPIBHSIHO 3 iH-
UMY TPYTIaMH.

[licnsg omepalii 3 KoHcodigauii repeaoMy Mali€eH-
™ rpyn BIOC Ta HKO nmouuHaoTh ciiatu B JIiXKY Ha
2-it neHb, manieHTu rpynmu A3® — Ha 3-Tio 100y, 110
cratuctuyHo 3Hauyie (p = 0,004), HixX B iHIIKMX Tpymnax
(Tabm. 3).

[MamienTn rpyn BIOC ta HKO cratnctuyHo 3HavyIe
(p = 0,001) panimre BcTaroTh Ha MUINLI (IIE€peBaXKHO Ha
3-T10 100Yy) Ta MOYMHAIOTH IIePECyBaTUCSI Ha MUJIUILIIX (I1e-
peBaxHO Ha 5-Ty 100y) (p = 0,004), Hix nauieHTn 3 A3D
(Ha 5—6-Ty Ta 7-My 100y BiIMOBIAHO).

BinHoBIeHHST HaBaHTaXKEHHSI Ha YIIKOIKEHY KiHIIiBKY
y MalieHTiB BinOyBa€eTbCs Ha Pi3HUX TepMmiHax. Y Tabn. 4
HaBeJIeHi TepMiHU, Ha SIKUX MalliEHTU TTOYMHAIM HaBaHTa-
JKyBaTH KiHIIIBKY Ha 25, 50, 75 ta 100 %.

HaBaHTaxyBaTu YILIKOIXEHY KiHLIBKY Ha 25 % pa-
Hime mounHany nauieHtn rpynmu b1IOC ta HKO — y ce-
penabomy Ha 7,4 = 1,3 ta 7,8 = 1,9 TmK. BigmoBimHO.
TMauientu rpynu A3® y cepeaHbOMY CTaTUCTUYHO 3HA-
gyme (p = 0,002) noynHaaM HaBaHTaXKyBaTH KiHIIiBKY Ha
10,0 = 1,7 Tk, PanHe HaBaHTaxkeHHs KiHLiBKU 10 50 %
y namienriB rpynmu bIOC — 11,6 + 1,6 Tux., 1o cratuc-
tuHo 3Hauyle (p = 0,001) panime, Hix y rpynmax HKO
ta A3® (13,8 + 1,9 Tix. i 14,8 £+ 1,3 TuX. BigMoBiIHO).
AHaJoriyHa IMHaMiKa MpoCTEXYEThCS 10 TIOBHOTO HaBaH-
taxkeHHs (100 %) Ha KiHIiBKY. ¥ cepemHbOMY MalliEeHTH
rpyrmn HKO moBHicTIO HaBaHTaXXyBaTH KiHIIiBKY ITOYMHA-
nu Ha 22,1 + 3,7 tux., a rpynu A3® — Ha 23,8 + 1,7 Tux.

3a JaHMMU 3arajbHOI JiHiliHOI MoJei, I/ BCiX IpyIl
XBOpUX icHYy€e ctatnuHO 3Hauyie (p < 0,001) moinineHHs
MiX TepMiHaMM crocTepexkeHHs. JlnHaMiKy HaBaHTaXKeH-
H$I Ha YIIKO/KEHY KiHIiBKY HaBeIeHO Ha puc. 2.

Tabnuus 2. 3miHa IMT y nauieHTiB ynpoaoBX CoCTepPeXXeHHs

Mepion cnocTtepexeHHsa

fpyna Mpun Yepes Yepes Yepes Yepes

HaAXOODKEHHi 1,5 mic. 3,5 mic. 6 mic. 12 mic.

BIOC 28,6+1,8 27,4+1,4 27,0£1,5 26,7+1,8 26,6 £2,0
25,4+32,0 25,1+29,7 24,2 +29,5 23,9+30,8 23,8 +31,4
HKO 29,3+2,3 28,1+1,9 27,6+1,4 28,0+1,6 28,1+1,6
26,1+33,0 26,1+ 31,1 25,9+30,5 25,7+31,4 26,1+31,5
A3D 27, 7+1,4 27,3+1,7 27,8+1,2 27,6 +0,9 28,0+0,9
26,0 +29,4 25,2+28,9 25,9+29,2 26,4+ 28,7 26,5+28,9

t=1,348 t=0,858 t=1,032 t=2,267 t=3,225

ANOVA p=0271 p=0,432 p=0,366 p=0,117 p=0,051

Tabnuusa 3. Pe3ynbTat aHanisy BigHOBJ/IeHHS NaLUieHTIB y paHHii TepMiH nicnsa onepauii

e BipHoBneHHs nauieHTiB nicns onepauii, no6a
CnaunTb y nixkKy BcTae Ha Munuui XoauTtb 3 MUIULSMU
BIOC :\STeepBan 12403 13405 25;07
HKo M$ep3an 12404 33407 43'(1)0
A3D M ® san 30 55 47;o9
b= 0,004 =001 ToE
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Tab6nnusa 4. TepMiHn HaBaHTaXKeHHS YLUKOAXEHOT KIHLiBKN, TVXHI

HaBaHTaxeHHs
Mpyna
25 % 50 % 75 % 100 %
BIOC 74%+13 11,616 15,7+1,7 19,2+1,9
4+11 8+ 16 12+19 14 +22
HKO 7,819 13,8+1,9 18,4+ 3,2 22,1+3,7
5+10 10+16 13+23 15+ 27
A3D 10,0+1,7 14,8+1,3 19,33 %0,50 23,8+1,7
8+12 14+17 19+ 20 2227
ANOVA F=7,159 F=13,183 F=11,293 F=12,126
p =0,002 p =0,001 p =0,001 p=0,001
Ha miarpami mokazano, mo B rpymi BIOC mamienTtu
paHillle MOYMHAIOTh HaBaHTaXKyBaTH KiHIIIBKY i Ha MTOBHY 2% soc
OIOPY BUXOASITh Ha MiCS1Ib paHillle, HixK XBOPi iHIIIMX TPYII. — ko
byna npoBenaeHa olliHKa pe3ysbTaTiB JIIKyBaHHS Malli- .
€HTiB 32 onutyBaibHUKOM C.JI. TymsiHa (Tadu. 5). OuiHKy s »
CTaHy MOYMHAJIU TPOBOAMTH uepe3 1,5 Micsius micis To- o
YyaTKy JIiKyBaHHSI.
Sk Oysno BU3HAUEHO 3a pe3yjbTaTaMU CTATUCTUYHOTO )
aHaji3y, BXe 4depe3 1,5 Micsild Imicisg ImOYaTKy JiKyBaH- % 15
Ha y nauieHTiB rpynu BIOC Oymu cTaTUCTUYHO 3HAUyIIIe =
(p =0,001) kpamuii pesynbratu (9,5 £ 1,3 6ana), HiX B rpy- 3 o
max HKO (7,4 &+ 2,1 6ana) Ta A3® (7,7 £ 1,0 6ana). 10
TenneHuis n0 MOJIMIIEHHS 30epira€TbCcsl BIPOMOBXK
BChOTO TEPMiHY JlikyBaHHs. Bxe uepes 3,5 mic. micist one-
pauii mauienty rpymu BIOC y cepeaHbOMY OLiHIOBAIM % 50 no 100
pesynabrar y 10,0 + 1,2 6ana, Ha Binminy Big rpyn HKO — HasSHTENCHNR 12 YLIORNGHY KB

8,8 £ 2,0 6ana Ta A3D — 8,5 £ 0,8 Gana. Tinbku uyepes
6 mic. y mauienTiB rpynu HKO cepenni pesyabratit HaG M-
3WINCH 10 pe3ynbTaTiB Ha 3,5 mic. rpynu BIOC i ctanoBu-
mu 10,4 = 1,6 6ana, y rpymi BIOC pe3ynbrati MoJinim-
nucs no 11,7 £ 0,8 6ana, y rpyni A3® cepenHiit 6an 6yB
9,8 + 1,0. Yepes 12 mic. pe3yabTaTul NOJIMIIMAINACH Y BCiX
rpynax, ane B rpymi BIOC Bonu 6y kpauymu. JluHamika
pe3yabTaTiB JIiKkyBaHHSI HaBeieHa Ha puc. 3.

bByna npoBeneHa oliHKa (GyHKITIOHATBHUX MOXJIMBOC-
Teil malieHTiB mouynHaouu 3 1,5 Micsist micis onepauii i
BITPOJOBXK CIIOCTepekeHHs 10 1 poKy. Pe3ynbraty HaBeme-
Hi B Ta0I. 6.

Yepes 1,5 mic. Imicas movaTKy JiKyBaHHS He OyJIO BH-
SIBJICHO 3HauyIIoi pizaui (p = 0,805) MixX rpynaMu maiti-

PucyHok 2. lnHamika BigHOB/1I€HHSI HABAHTa)K€HHS
Ha yLUKOAXEHY KiHLiBKY

€HTIB 1100 HAasIBHOCTI 0010 Tipu xoan0i. Lle rmos’s13aHo 3
TUM, 110 Ha 1Ieil Yyac OibIIICTh MalliEHTIB ITePeCyBaEThCS
Ha MWJIMLSX i oOMexXeHi y nepecyBaHHi. Yepe3 3,5 wmic.
Oinbiricts xBopux rpynu BIOC Binmivanum HasiBHIiCTb
6outo micasa TpuBaioi xoapou (13 (48,1 %)), a B rpymi
HKO mnepeBaxna KinbKicTh marieHTiB (5 (55,6 %)) Bin-
Midaju Gifb Ticas MoMipHOiI TIpOTyAsTHKU. Y Tpymi A3D
5 (83,3 %) mauieHTiB BimMmidanu Gib Ticas 3BUYAHOL
xoab6u. Yepes 6 mic. 6inbiricts nauieHTis rpyn BIOC (17
(63,0 %)) Ta HKO (4 (44,4 %)) He ckapXXuincs Ha Oinb,
Xoua JIesKi BigMivyanau AucKoM@OpT Mic/is TPUBAJIOi XOIb-

Tab6nunusa 5. OuyiHka pe3ynbTaTiB JIiKyBaHHSI NALiEHTIB 3 YLUKOAXXEeHHSAM KiCTOK roMisikv
3a onutyBanbHukom C.[. TymsaHa

N Mepion cnocTtepexeHHs
na

Py Yepes 1,5 mic. Yepes 3,5 mic. Yepes 6 mic. Yepes 12 mic.

BIOC 9,5+1,3 10,0+1,2 11,7+0,8 11,9+0,5
5+11 6+12 9+12 10+12

HKO 7,4+2,1 8,8+2,0 10,4+1,6 10,9+ 1,4
5+10 5+12 8+12 8+12

A3 7,7+1,0 8,5+0,8 9,8+1,0 10,3+0,5
6+9 8+10 8+ 11 10+ 11

ANOVA F=8,714 F=4,978 F=10,491 F=13,213

p =0,001 p=0,012 p =0,001 p=0,001
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PucyHok 3. flnHamika oLiHKu pe3ybTaTiB
JliKyBaHHS1 NalieHTiB 3a OnNUTYBasibHUKOM
C.A4. TymsaHa

6u. Y rpyni A3®D yci xBopi BinzHauanu nomipHuii Oilib
TiCJIsSI TPUBAJIOL XOAbOM.

Yepes 1 pik mauieHntu rpyn bIOC ta HKO Binmivanu
abo BigcytHicTs 600 (77,8 Ta 55,6 % BinmosinHo), a6o
nmoMipHuit 6inb micas TpuBanoi xonpou (22,2 ta 33,3 %
BianosigHo). [Maimientu rpynu A3® Biamivanu 6isb mic-
JIs1 TpUBaJIol X0ab0M. Ha BCix eTarnax croctepe:keHHs pe-
3yJbTaTHU B IpyMax CTaATUCTUYHO 3HAYYIIO BiAPi3HSIMCS.
Haiiripmii pesyabTatyt BimMivaiau B rpymi A3D.

PesynbTaTu olliHKM 00CsTY pyXiB y Cyryio0ax HaBeJeHO
B Tab1. 7.

Yepes 1,5 mic. micasg onepauii namientu rpyn BIOC i
HKO BigMivanu nepeBaxkHO IOMipHe OOMEXEHHS pyXiB
(20 (74,1 %) Ta 6 (66,7 %) BinnosinHo), y rpymi A3®D 5
(83,3 %) xBOpHMX BiaMivaau BUpaxkeHe OOMEXEHHS PYyXiB,
1110 00YMOBJIEHO HOCIHHSIM 30BHIIIIHbOI KOHCTPYKILii.

Yepes 3,5 mic. y rpyni BIOC 36inbimumnacek Kijlb-
KicTh TallieHTIB 6e3 oOMexeHHs pyxiB — 15 (55,6 %),
y rpyni HKO nanieHTH mepeBaxxHo BigMivanu momip-
He oomexeHHS — 7 (77,8 %), BUpaxxeHOTo 0OMeXKeHHS
pyXJIMBOCTI He criocTepiranu. Y rpymi A3® GinblIicTh
XBOPUX Majud BHUpakeHe OOMeXEHHS PYXJMBOCTI Cy-
r1006iB.

Yepes 6 mic. mepeBaxkHa KiJlbKiCTh MAalli€HTIB TPyIu
BIOC (24 (88,9 %)) Ta HKO (6 (66,7 %)) He manu 06-
MeXeHb y cyrimobax, y rpymi A3®D 5 (83,3 %) xBopux Maiu
noMipHe oOMeXeHHsI pyxiB y cyriobax. Yepes 1 pik cTtaH
cyr100iB y MaIliEHTIB MTOPIiBHSHO 3 MOTIEPEAHIM MEPioToM
He 3MiHMBcd. Ha Bcix ertamax crioctepeskeHHsI pisHUIS
MiX TpynamMmu Oyjia CTaTUCTUYHO 3HAUYIIOW, Hauripiii
pe3yiabTaTu rmokasaja rpyna A3D.

PesynbraTi omiHKM XOALOM TAILIi€EHTIB y BimmajaeHUI
rnepioa HaBeAeHO B Ta0J. 8.

V nepuii 1,5 Mic. micas TpaBMU OpaKTUYHO BCi Malli-
€HTHU TIepecyBaucCs 3a JOMOMOIO MWW, KpiM 1 ma-
nienta 3 rpynu bIOC, sikuil moyaB KOPUCTYBaTHCS TPOC-
tHo. Yepes 6 micauiB mauientu rpyn HKO ta A3D
MPOJOBXKYBaJIM BUKOPUCTOBYBAaTH Muuili, y rpyni BIOC
7 (25,9 %) xBOpUX TIEPEHIITN Ha BUKOPUCTAHHS TPOCTH -
HA. Y 1Ii TEPMiHM CIIOCTEPEKEeHHS Pi3HUIlI MiX IpylIaMu
He cIiocTepiranocs.

Ha 6-my wmic. 17 (63,0 %) nauienri rpynu BIOC i 3
(33,3 %) rpynu HKO xonuiu BiIbHO, iHII KOPUCTYBaIU-
csl TpocTUHOM0. Y Tpyni A3®M naiieHTH NopiBHY KOPUCTY-
BaJIMCSl TPOCTUHOIO i MUTULISIMU.

Yepes 12 Mics11iB nepeBakHa KiJbKiCTb Malli€HTIB Ipy-
mu BIOC — 25 (92,6 %) xoauau 6e3 10AaTKOBOI OMOPH,
y rpymi HKO takux 6yno numre 6 (66,7 %), i Tinbku 1 ma-
mieHT 3 rpynu A3®D. Mwmiisgmu dyepe3 pik MaiieHTH He
KOPUCTYBaJUCs. Y TepMiHU CIOCTepeskeHHs 6 Ta 12 Mic.
Pi3HUIIS MK TpynaMu Oyj1a CTaTUCTUYIHO 3HAYYIIOIO, Tip-
i pesyabTaTu 0ynu B rpymi A3D.

Ta6aunysa 6. OyiHka 60/1bOBOIro0 CUHAPOMY B NPOEKLIT NepesiomMy y nauieHTIB y pi3Hi nepiogn
crocrepexxeHHs, n (%)

_ . _ Momip- Crar.
TepmiH Mpyna He TypGye nI;I:;: :;:2:- nil;:l:;;n!rppHM"BMa- ::jq:i;:;- 3";;‘:_.";{:’;“
01 XoAbLOoU JI0T Xoabou - (VKp, p)

BIOC 1(3,7) 3(11,1) 6(22,2) 17 (63,0)

1,5 Mic. HKO 3(33,3) 6 (66.7) V:)( Lzo?ég)go
A3D 1(16,7) 5(83,3)
BIOC 2(7,4) 13 (48,1) 9(33,3) 3(11,1)

3,5 wic, HKO 2(22,2) 5 (55,6) 2(222) | VRU%aet
A3®D 1(16,7) 5(83,3)
BIOC 17 (63,0) 7(25,9) 3(11,1)

6 mic. HKO 4 (44,4) 3(33,3 2(22,2) V{ffof’é?ﬁe
A3D 6 (100,0)
BIOC 21(77,8) 6(22,2)

12 mic. HKO 5 (55,6) 3(33,3) 1(11,1) VKTO%‘SZS
A3®D 3(50,0) 3(50,0)
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Tabnuuys 7. OuiHka o6csary pyxiB y nauyieHTiB y pi3Hi nepiogn cnocrepexxeHHs, n (%)

Tepwin Fpyna He obmexeni | groiblo, commont | ot o

BIOC 4(14,8) 20 (74,1) 3(11,1)

1,5 mic. HKO 6 (66,7) 3(33,3) NIV
A3D 1(16,7) 5(83,3)
BIOC 15 (55,6) 10 (37,0) 2(7,4)

3,5 wmic. HKO 2(22,2) 7(77.8) vgr:of)(,)gzo
A3D 1(16,7) 5(83,3)
BIOC 24 (88,9) 3(11,1)

6 Mmic. HKO 6 (66,7) 3(33,3) vr})<r==0?6ge138
A3D 1(16,7) 5(83,3)
BIOC 25 (92,6) 2(7,4)

12 mic. HKO 6 (66.7) 3(33,3) Vgrjo?égls
A3D 2(33,3) 4(66,7)

Tabnuus 8. OuiHka xoab6M y NauieHTIB y pi3Hi nepiogn cnocrepexexHs, n (%)

TepmiH lpyna BinbHO 3 TPOCTUHOIO 3 MunuuUaMn C&z:.uzz;?;l’\{(tigb
BIOC 1(3,7) 26 (96,3)
. VKr=0,116
1,5 mic. HKO 9(100,0) p=0,752
A3D 6(100,0)
BIOC 7 (25,9) 20 (74,1)
. VKr = 0,249
3,5 mic. HKO 1(11,1) 8(88,9) p=0,271
A3D 6 (100,0)
BIOC 17 (63,0) 10 (37,0)
; VKr = 0,464
6 mic. HKO 3(33,3) 5 (55,6) 1(11,1) p=0,001
A3D 3(50,0) 3(50,0)
BIOC 25 (92,6) 2(7,4)
. VKr = 0,621
12 mic. HKO 6 (66,7) 3(33,3) p = 0,000
A3D 1(16,7) 5(83,3)

Ta6nuusa 9. OuiHka KynbraBocTi y naui€eHTIB y pi3Hi nepioan cnoctepexxeHHs, n (%)

Crar.
. . Hemae 3HavyLLiCTb
TepmiH MNpyna BupaxeHa MomipHa He3HauHa KyNbraBocTi pisHML
(VKp, p)
BIOC 5(18,5) 21 (77,8) 1(3,7)
. VKr=0,472
1,5 mic. HKO 6 (66,7) 2(22,2) 1(11,1) b =0,001
A3D 6(100,0)
BIOC 2(7,4) 16 (59,3) 7 (25,9) 2(7,4)
. VKr = 0,486
3,5 mic. HKO 1(11,1) 6 (66,7) 2(22,2) p =0,003
A3dD 5(83,3) 1(16,7)
BIOC 3(11,1) 7 (25,9) 17 (63,0)
. VKr = 0,460
6 mic. HKO 3(33,3) 3(33,3) 3(33,3) p=0,007
A3D 1(16,7) 4 (66,7) 1(16,7)
BIOC 2(7,4) 5(18,5) 20 (74,1)
. VKr = 0,406
12 mic. HKO 3(33,3) 3(33,3) 3(33,3) p=0,008
A3D 3 (50,0) 3(50,0)
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Ta6nuys 10. OuiHka cIPOMOXXHOCTI gorasay 3a co60i0 y nayieHTiB
y Pi3HuUx nepiogax crnocrepexxeHHs, n (%)

TepmiH Mpyna YTpyaHeHnin He yTpyaHeHun c;g:“emw(?:%r)b
BIOC 20 (74,1) 7(25,9)
. VKr = 0,249
1,5 mic. HKO 8(88,9) 1(11,1) p=0,271
A3D 6(100,0)
BIOC 8 (29,6) 19 (70,4)
. VKr = 0,495
3,5 mic. HKO 5(55,6) 4 (44,4) p=0,006
A3D 6 (100,0)
BIOC 1(3,7) 26 (96,3)
) VKr=0,116
6 mic. HKO 9(100,0) =0,752
A3D 6 (100,0)
BIOC 1(3,7) 26 (96,3)
. VKr=0,116
12 mic. HKO 9(100,0) p=0,752
A3D 6(100,0)

PesynbTaTi OLiHKYM KyJIbraBOCTI MPU X0nb0i HaBeAeHi
B TabI. 9.

Yepes 1,5 mic. miciaa movyaTKy JiKyBaHHS (oIlepalrii)
BCi IMalliEHTH Maju KyJIbraBiCTh Pi3HOTO CTYyIIEHS BU-
paxeHocti. ¥ rpyni BIOC nepeBaxHa KiJIbKiCTb XBO-
pux — 21 (77,8 %) — Majia moMipHy KyJbraBicTh, a 5
(18,5 %) — Bupaxeny. Bonnouac y rpyni HKO Bupa-
XKEHY KyJbraBicTb Manu 6 (66,7 %) maiieHTiB, TOMip-
HY — 2 (22,2 %). Yci nanientu rpynu A3® manu Bu-
paXXeHY KyJIbraBiCThb.

Ha 3,5 wmic. criocrepexxeHHst B rpyni BIOC 36inbiiu-
JIaCh KiJIbKIiCTh IMTAIIiEHTIB 3 HE3HAYHOIO KYJIbIaBiCTIO —
7 (25,9 %), momipHy Kyabrasicte Mamu 16 (59,3 %), 2
(7,4 %) s3anuIIMINCS 3 BUPAXEHOIO KYJIbraBicTIO, a 2
(7,4 %) — ne manu kynbrasocti. ¥ rpyni HKO nepeBax-
Ha KiJIbKiCTh XBOopUX — 6 (667 %) Maau MOMIpHY KyJb-
raBictb. Y rpyni A3®D 5 (83,3 %) XBOpUX 3aUIIATKCS 3
BUPAXEHOIO KYJIbIaBiCTIO.

Ha 6-my wmicaui B rpyni BIOC BinbHO xomuam 17
(63,0 %). ¥ rpyni HKO rakux mauienTis 6yo 3 (33,3 %),
iHIIIi MaJIu KyJIbTaBiCTh MOMiPHOTO Ta BUPAXKEHOTO CTYyTIe-
Hs1. Y rpyni A3® naiieHTU IpOaOBXKYBaIU IIepPeCyBaTUCS
3 KyJIbIaBiCTIO.

Yepes 12 mic. y rpyni BIOC kinpKicTh mali€eHTiB
6e3 KyabraBocti 30inpinuaachk 1o 20 (74,1 %), ixuri
Manu He3HauyHy (5 (18,5 %)) a6o nomipny (2 (7,4 %))
kyabrasictb. Y rpyni HKO curyauis 3 KyJibraBicTio
MalLli€HTiB He 3MiHUJIAaCh TTOPiBHSIHO 3 TEPMiHOM 6 Mi-
caniB. Y rpymi A3® manieHTH Malu MMOMipHY i He3Ha-
YHY KYJIbTraBiCTh.

Ha Bcix eramax criocTepeskeHHs 3HaiieHa CTaTUCTUY-
HO 3HAYYyIIa Pi3HULS MiX rpynamu. Haiiripii pe3yibrat
BusiBUIMCS B rpyri A3D.

PesynbraTil OLIHKM CIIPOMOXHOCTI AOIJISIAATH 3a CO-
0oto HaBezeHi B Tab. 10.

Yepes 1,5 mic. micasg moyaTKy JIiKyBaHHSI IepeBakHa
KiJIBKiCTh XBOPUX MaJIM TPYIHOILI y AOTJsAAI 3a co0olo.

Y rpyni BIOC rtakux 6yno 20 (74,1 %), y rpyni HKO —
8 (88,9 %), A3® — 6 (100 %). PizHumi MixX rpynamMu He
3HaitneHo (p = 0,271).

Yepes 3,5 mic. y rpyni BIOC 19 (70,4 %) xBopux Manu
MOXJIMBICTh OOINISIHATH 3a coboio, y rpymi HKO takumx
namieHTiB oyno 4 (44,4 %). Y rpyni A3® nainieHTH He
MOIJIM TIOBHOLIIHHO JA0MIsiAaTH 3a coboto. PizHuMusS Mix
rpynamMu ctaTuctuyHo 3Hauyma (p = 0,006).

Yepes 6 Mic. yci maLieHTH HE MaJIX TPYAHOILLIB Yy cCaMo-
obcnyroByBaHHi, kpim 1 mauienta 3 rpynu BIOC (tpya-
HoIIli MoB’s13aHi 3 BikoM). Taka x cuTyallist 36epirjiacst Ha
12-1i MicSILIb CITOCTEPEKEeHHSI.

BUCHOBKMU

[IpoBeneHmii aHaji3 pe3yabTaTiB JiKyBaHHS ITalli€H-
TiB 3 IepeoMaMU BEIMKOTOMiJIKOBOI KiCTKA MeTOmaMU
0JI0KYIYOI'0 OCTEOCHHTE3Yy, HaKiCTKOBOIO OCTEOCUHTE3Y
Ta 3a JOMOMOTIOIO arnapaTra 30BHIIIHBOI (hiKcallil moKa3aB
nolinbHicTh BUKoprcTanHst BIOC y maiieHTiB i3 3aiiBoto
Baroto. Lle 1ae MOXJIMBICTh MOYATU PYXOBY HisIbHICTb Ta
JIOTJISIAATH 32 COOOI0 paHillle, 110 BaXKJIMBO JIJISI TAKUX Ta-
LIIEHTIB.

KonduikT iHTepeciB. ABTOpY 3asiBISIOTH MPO BifCYT-
HiCTh KOH(QJIKTY iHTepecCiB Ta BJIaCHOI (hiHAaHCOBOI 3alli-
KaBJICHOCTI IIPH ITiATOTOBIIi JAHOI CTATTi.
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Evaluating the results of freatment for tibia fractures in overweight patients

Abstract. Background. Lower limb bone injuries are one of the
most severe traumas to the musculoskeletal system. Treatment of
lower limb fractures is complicated in overweight and obese patients,
in people with diseases of the bones, circulatory system, with diabe-
tes mellitus and other age- and weight-related diseases. Today, four
main methods and their modifications are used to treat bone frac-
tures: blocking intramedullary osteosynthesis (BIOS), plate osteo-
synthesis (PO), external fixation devices (EFD), and plaster casts.
The purpose of the study was to evaluate the results of treatment of
overweight patients with tibia fractures using BIOS, PO and EFD.
Materials and methods. The treatment of 42 patients with tibia
fractures aged 21 to 71 years was analyzed. All of them were over-
weight. The average body mass index was 28.6 = 1.8, with a range
from 25.4 to 33.0. For the treatment of fracture, 27 patients (64.3 %)
underwent BIOS, 9 (21.4 %) — PO, and 6 (14.3 %) had EFD. Pa-
tients were examined before treatment, after surgery, and at 1.5, 3.5,
6, and 12 months after the start of treatment for the degree of pain;
score on the S.D. Tumian questionnaire, data of the system for as-
sessing long-term treatment outcomes, the timing of recovery of the
patient’s functional abilities were evaluated as well. Results. Before
the surgery, patients rated the pain in the injured limb as severe and
very severe (8—10 points). After the surgery, it decreased more, but
remained at an average level. According to the analysis, there is a

statistically significant (p = 0.001) decrease in pain between the
observation periods. After the bone fracture repair, patients in the
BIOS group begin to load the limb earlier and reach full weight bear-
ing a month earlier than in the other groups. Evaluating treatment
outcomes on the S.D. Tumian questionnaire showed that the ten-
dency to improvement persisted throughout the treatment period in
all patients, but the best results were in the BIOS group, which had
the highest score already at the 6th month of observation. The assess-
ment of the functional abilities demonstrated that after 12 months,
patients in the BIOS and PO groups reported either no pain (77.8
and 55.6 %, respectively) or moderate pain after prolonged walking
(22.2 and 33.3 %, respectively), while the EFD group complained of
pain after prolonged walking. After 12 months in the BIOS group,
the number of patients without claudication was 74.1 %, in the EFD
group, people had moderate and not significant claudication. Con-
clusions. The analysis of outcomes in patients with tibia fractures
who were treated using blocking osteosynthesis, periosteal osteosyn-
thesis and external fixation devices showed the feasibility of BIOS in
overweight individuals. This makes it possible to start motor activity
and the ability to take care of oneself earlier, which is important for
such patients.

Keywords: tibia fracture; overweight; blocking osteosynthesis;
plate osteosynthesis; external fixation device
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Hanpy>XeHiCTb CTPeCOPHUX peakL,in
Y NALIEHTIB 3 OCTEOAPTPO3OM TA CYNYTHbOIO
KAPAIOABHOIO NATOAOTIEIO
npu onepauii eHAONPOTEe3yYBAHHS KYAbLLOBOTO
Ccyrano6a

Pesiome. AKTyanbHiCTb. TOTQABHE EHAOMPOTE3YBAHHST KYyAbLLOBOro cymoba (TEKC) € oaHielo 3
HanbesrneyHiILmx i HanepeKkTUBHILLMX OPTONEANYHMX OnepaLiv, ane 3a PUMKOM YCKAQAHEHb MNOCIAQE OAHE
3 MPOBIAHVX MiCLb B opTOneAil. Tomy B1GID ONTUMAALHOIO BUAY XiPYPrYHOro AOCTYMY MQE BEAUKE 3HQYEHHS!
AN XBOPUX i3 MOEAHAHOK KAPAIQABHOK MNATOAOrIED. MeTa AOCAIAXEHHS — MOPIBHSIHHSI OCOBAMBOCTEN HA-
MPY>KeHOCTI CTDECOPHUX PEQKLIN Y nepionepauiviHoMy nepioai HQ QOHI OLiHKN QYHKLIIOHYBAHHST KyAbLLIOBOIO
cymobQa B nauieHTiB 3 OCTEOQPTPO30M TQ CYMNyTHbOK KAPAIQABHOK MATOAOrIED My onepaLii TOTAAbHOro
EHAOMPOTE3YBAHHSI KYALLLOBOIO CYA06Q 3QAEXHO BiA BUAY XiPYPrH4HOro AOCTyny. Marepiaau Ta MeToAu.
[pOQHAAIZ30BAHO PEIYALTATU AiKYBAHHS 90 MALIEHTIB 3 OCTEOAPTOO30M KYAbLLOBOIro CYrmo6Q 1a CyrnyTHbOK
KQPAIQABHOO MATOACTIEIO MICAST OrepaLii TOTAALHOIO LIeMeHTHOIro eHAOMPOTE3YBAHHSI KYAbLLOBOIrO Cymo6ba.
Ycix nauieHTiB 6YAO MOAINEHO HQ 2 rpyrnu BIAMOBIAHO AO METOAY XipYPriHHOro AOCTYny: 3QAHIV TRQANLIVIHA
(rpyna 1 — 35 nauieHTiB) i 3QAHIVT MOANGIKOBAHMY (rpyna 2 — 55 nauieHTIB). BU3SHQYAAM PIBHI IHCYAIHY, KOP-
TU30AY, IAKOKO3U, IL-6 Ta TNF-a y CUpOBQTLi KDOBI nepeas ornepartvBHUM BTRYYQHHSIM, 6€3rM0CepeAHbO MICAS
0nepQATMBHOIO BTPYHYAHHS, Yepes 24 roAVHW | Yepead TMXKAEHb MICASI HbOro. Ha KOXXHOMY 3 Liux eTaniB po3pa-
xoByBaAu iHaekc HOMA (Homeostasis model assessment) Ta npoOBOANAM OLIHKY 6GOAbOBOro cTarycy 3a BALL.
AN OLHKN @ YHKLIOHYBAHHST KYAbLLIOBOIO CYA06Q BUKOPMCTOBYBAAM LUKAAY peabinitauii (Lukany Xappica) A0
ornepadji, Y4epes TMKAEHb | Yepes MICsILb MICAsI ONepaTUBHOIo BTPYYAHHSI. PE@3yAbTATU. 3QCTOCYBAHHS MOAU-
®iKOBAHOro 3aAHbOro Aocrtyry (M3A) 3HQYHO ¥ BIPOMAHO 3HVKYBAAO MICASIONepALiviHni GiAb, HONOGIAbLLOKO
MipOtO Lie CroCTepiraAocs nicAst onepauii (2-n eTan AOCAIAKEHHST). AO KiHLUSI AOCAIAXKEHHS! IHTEHCUBHICTb
6OAI0 3QAULLIAAQCST BIDOMAHO MEHLLOK Y XBOPUX, KM BUKOHYBABCS M3A. Npu aHanisi iHaekcy HOMA Bu-
SIBUAOCSI, O HQA MOYATKY AOCAIAKEHHST B 060X rpyrnax BiH 6yB OAHQKOBUMN. HA 1-Luy AOBY MiCAs onepauii iH-
Aekc HOMA npu BukopuctaHHi M3A 6yB BipOrAHO HVDKYMM, HQ 7-My AOBY PI3HULISI 6YAQ MAKE BipOriAHOK
(p =0,08), npu ubomy y rpyri 2 iIHAEKC 6YB HKYUM. [TOAIBHQ AMHAMIKQ CMOCTEPIrAAQCS M LLOAO KOPTU3OAE-
mii. KoHueHTpauist IL-6 Ta TNF-a yripOAOBXK NepLumx TPbOX €TArB AOCAIAKEHHS BIAMIHHOCTEM MDK royrnamu He
MQAQ, HO 7-My AOBY MiCAsT ornepauii e MOKA3HUK Y XBOPUX, SIKUM BUKOHAAM M3A, CTAB BiDOMNAHO MEHLLUM.
QyHKLST KyAbLLIOBOrO Cyrmo6a BrpOAOBXK CEMU AI6 ricAst ornepaLil 6yAQ OAHAKOBOKO MICAST BUKOHAHHST 060X
AOCTYriB B 060X rpyrnax, aAe Yyepes MiCsiLb y XBOPUX, SIKUM BUKOHYBAAM M3A, ¢yHKUIS Cyoba CTAAQ BIPOTiA-
HO KpQLLoK. BucHoBKkN. 3acTocyBaHHS1 M3A MQe Cceprio3Hi nepesary nepes BUKOPUCTAHHSIM TRQANLIMHOIO
niAXoAY rpwv onepaLlii TOTAAbHOIro eHAOMPOTE3YBAHHST KYAbLLOBOIO CYiA06Q y rNALEHTIB 3 OCTEOQPTLO30M TA
CYMyTHLOK KAPAIGALHOK MATOAOTIEO.

KAIOHOBiI CAOBQL: CTpecopHi peakLii; 0CTeoapTPOo3; KQPAIQALHQ MATOACTIS; TOTAALHE EHAOMPOTE3YBAHHST KYAb-
LLIOBOro Cymo6Q; XipypridHi AOCTYr

© «TpaBma» / «Trauma» («Travmay), 2024
© Bupaseub 3acnascokmit 0.10. / Publisher Zaslavsky 0.Yu., 2024

[Ina kopecnoxpeHuii: byp’aHoB OnekcaHap AHaTonifioBIny, AOKTOP MeUYHUX Hayk, Npodecop, 3aBiayBay kadeapy TpaBmartonorii Ta optonesii, HawioHanbHuit megununmii yrisepcutet imeni 0.0. bo-
romonbus, 6ynbe. Tapaca LLleBuerka, 13, m. Kuig, 01601, YkpaiHa; e-mail: kaftraum@ukr.net; dakc: +380 (44) 288-01-26; Ten.: +380 (67) 796-68-76

For correspondence: Oleksandr A. Burianov, MD, DSc, PhD, Professor, Head of the Department of Traumatology and Orthopedics, Bogomolets National Medical University, Taras Shevchenko boulevard,
13, Kyiv, 01601, Ukraine; e-mail: kaftraum@ukr.net; fax: +380 (44) 288-01-26; phone: +380 (67) 796-68-76

Full list of authors’ information is available at the end of the article.

22 TpaBma, ISSN 1608-1706 (print), ISSN 2307-1397 (online) Tom 25, N2 3, 2024



OpuriHaAbHI pocAiaXXeHHs / Original Researches I

Bctyn

3axBOpIOBaHHSI KYJIbIIOBOIO CYyrjioba € OQHi€l0 3 Hali-
MOILIMPEHIIINX TPo0JeM, 3 IKUMU CTUKAIOThCS JIIOAU B
ycboMy CBiTi. L1i 3axBoproBaHHS MOXYTh 3HAYHO 3HMXKYBa-
TH SIKIiCTh JKUTTS TALIEHTIB Ta MaTU CEPHO3HI COLiaIbHO-
€KOHOMIiYHi Hacligku. 3TiAHO 3 MOCTIIKEHHSIM, OIMyOJIi-
koBaHuM y XypHaji The Lancet 2017 poky [1], rmobaasHa
MO PEHICTh apTPO3y CTAHOBUTHL MPUOIN3HO 15 % Hace-
JICHHSI TUIaHEeTH, TOOTO MoHan 1 MiJIbSIpA TIoAeii cTpaXkaa-
I0Th Bif Hboro. Lle poOUTh apTpo3 OAHUM 3 HAUTIOLIUPEHi-
11X MEIUYHUX AiarHO3iB Y BCbOMY CBIiTi.

B Yxpaini moka3HuK MepBUMHHOI iHBaJiAHOCTI BiI 3a-
XBOPIOBaHb KiCTKOBO-M’I30BOi CUCTEMM Ta CITOJyYHOI
TKaHWHY CTAaHOBUTH 0JIM3bK0 9 Ha 10 THC. HaceJIeHHs ITpa-
1e3JaTHOTO BiKy [2], Ha MaTOJIOTiIO0 KYyJIBIIIOBOIO CyTjiIo0a
(KokcapTpo3), 30Kpema, mpumnanae Bifg 3 1o 5 % [2, 3], aHa
MepBUHHY iHBaiAHICTh Big Hboro — 10,7 % [3].

Hexipypriuti MeToauKu, BKIIIOYHO 3i 3MiHOIO CIIOCOOY
KUTTS, JIIKyBaJbHOIO (Di3KYyIbTYpPOIO, MEAMKAMEHTO3HOIO
Tepami€ro Ta (iziorepamni€ro, T03BOJSIOTh HOCIITU 3MEH-
IIEHHST CTYIEeHsI BUPaXKEHOCTI KJIiHIYHOI CUMIITOMATUKU
OA Ha HeTpMBaJuii yac, aje BIUIMHYTU Ha Tepedir 3aXBo-
pIoBaHHsI BOHU He 3aaTHi [4]. ToTasibHe eHIOoMpPOTe3yBaH-
Hs1 KyJsbinoBoro cyrinoda (TEKC) Ha choroaHi € omHieo
3 Haiibe3rnevyHimmnx i Haie(eKTUBHIIIUX OPTOIMEIUIHUX
orepatiii [4—6].

Pamionaneae EKC cyyacHMMM KOHCTPYKLISIMA —
eheKTUBHUIT METO/1 JTIKyBaHHSI, 1110 I03BOJISIE 3HU3UTH Jie-
TaJIbHICTh, pAHO aKTHBI3yBaTH Ialli€HTa, BITHOBUTH SIKiCTb
JKUTTSI, 3MEHIIUTUA (biHAHCOBiI BUTpaTU Ha peaditiTaliio,
JIOCSIITU TTIO3UTUBHUX PE3YJIbTaTIiB y MepeBakHill KiTbKOCTI
BTpy4YaHb Ta 3HU3UTU PiBEHb iHBATiMHOCTI.

AJle BolHOYAC, He3BaXaloyu Ha MOCTiliHEe BAOCKOHAa-
JIEHHST y XipypriyHiil TeXHilli ¥ KOHCTPYKILii iMIUIAaHTATiB,
YCKJIaJTHEHHSI TTiJ1 yac MpoBeJeHHS TaKUX Orepalliil Bce 1e
TPAIUISIOThCS. 3aXMCHUI IMYHITET TIiC/sl TpaBMU, 30KpeMa
oIepaliitHoi, 3HAYHOIO Mipoi0 00YMOBICHUI BilIIOBiIHIM
LUTOKiIHOBUM OanaHcoM. LluTokinu — 1e iMmyHHI MemiaTo-
P, SIKi CIIPSIMOBYIOTD 3aIlajIbHYy peakllifo Ha MicCIis TTOIIKO-
JKEHHS, Bilirpalouu HeBil’€éMHY pOJib y 3aTO€HHI paH |7,
8]. MMouarkoBa rnpos3anajbHa iMyHHa BiIOBiAb Ha Xipyp-
riyHe BTPYYaHHS OMOCEPEIKOBYETHCS B MEPIILY YEPry BpO-
JIKEHOIO iIMYHHOIO cucTteMoto. HacTyrmHa koMIieHcaTopHa
MpoTu3arnajibHa BiANOBiAb OINOCEpPEeNKOBaHA KIITMHAMM
ananTuBHOI iMyHHOI cuctemu [9]. Ak i GinbiricTs dizio-
JIOTIYHMX peaklliif, 3arajeHHs1 i iMyHITeT € TUHAMIiYHU-
MU TIpOLIECaMU, SIKi TIPY MOPYIIEHHI MOXYTh BUKJIMKATU
iMYHHY TUC(QYHKIIiIO Ta BIUIMBATH Ha BUHUKHEHHS Pi3HO-
MaHiTHUX yckianHeHsb miciss EKC [8].

TEKC 3a 0o06csiroM i CKIamgHICTIO BTpyYaHHSI, TeMOIM-
HaMiYHMMU PO3JIaJlaMu CEePLIeBO-CYAMHHOI CUCTEMU, KPO-
BOBTPATOIO, PU3MKOM 3arajibHMX Ta MiCLIEBUX YCKJIaJHEHb
MocCifae ogHe 3 MPOBIAHUX MICILIb B OPTOMEil, TOMY BUOip
ONTHMAJIBHOTO BUY XipypriyHOTO JOCTYIy MAa€ BEJIMKE
3HAYEHHSI, 0COOJMBO JJIsI XBOPUX i3 TTOETHAHOIO Kap/iaib-
HOIO MaTOoJIOTIE0.

Meta DOCTiIKEHHS: MOPIBHSHHS OCOOJIMBOCTEH Ha-
IIPYKEHOCTI CTPECOPHUX peakiliii B MepiomepamiiiHoMy
nepioni Ha (oHI OLIHKM (PYHKIIIOHYBaHHSI KYJIbIIOBOTO
cyriao0a y Mali€eHTiB 3 0CTe0apTPO30M Ta CYIIyTHBOIO Kap-
JiaJIbHOIO TTaTOJIOTi€I0 IIPH OTlepallil TOTaIbHOTO €HIOMPO-
Te3yBaHHsI KYJIbIIIOBOIO CYIJIo0a 3ajexKHO Bif BUAY Xipyp-
TiYHOIO JAOCTYITY.

MarTtepiaAu Ta meToamn

Y po6oTi mpoaHaxizoBaHO pe3yibTaTH JikyBaHHs 90 ma-
LIEHTIB 3 OCTE0apPTPO30M KYJILIIIOBOIO Cyrjioba 3—4-1 cTa-
Iii, IKUM OyJI0 BUKOHAHO OIlepallilo TOTaJTbHOTO 1IEMEHT-
HOTO €HIOIIPOTe3yBaHHS KyJIBIIIOBOIO Cyrioba (Tabm. 1).

Vcix mauieHTiB OyJI0 MOMIEHO Ha 2 TPYIM BiAIIOBiIHO
10 METOAY XipypriuHOro AOCTyIly (3amgHiil TpaauililiHWi
4y 3aHiil MoauGiKOBaHUI), SIKUII BUKOPHUCTOBYBAIM IIPU
BUKOHAHHi TOTAIbHOTO ILIEMEHTHOIO E€HIOMPOTE3yBaHHS
KyJIbII0BOTO cyrjioba. o rpynu 1 ysiiinwo 35 mauieH-
TiB 3 0OCTE0APTPO30OM KYJBIIOBOTO CYrj006a Ta CYyMmyTHHOIO
KapJiaJbHOMW maroJorieto (23 yoynoBiku i 12 XiHOK y Billi
64,7 + 3,7 poky 3 macoto Tija 83,4 + 6,1 Kr), sIKi HAOIAIUTA
nmo 1Y «Iacturyr cepust MO3 Ykpainu» 3 METOIO IIpOBe-
nenHs omnepanii TEKC.

Jlo rpymu 2 BKJIIOUEHO 55 MAalli€HTIB 3 OCTE0apTPO30M
KYJIBIIIOBOTO Cyrio0a Ta CymyTHBOIO KapAiaJlbHOIO IaTo-
Jsoriero (36 yosoBikiB i 19 xiHOK y Biti 66,1 + 4,3 poky 3
Macolo Tina 82,3 + 7,5 kr), ski Hangiiiuum go Y «IHcT-
TyT cepust MO3 YkpaiHu» 3 METOIO MPOBEACHHS Orepaliil
TEKC.

I'pynu npojiikoBaHUX TALIiEHTIB BipOTiHO HE Pi3HWIM-
CsI 32 aHTPOITOMETPUYHUMU TTOKAa3HUKAaMU, BiKOM, CTaTTIO
i1 ingexcoMm KomopbimHocti Yapimcona (IKY).

XBopuM 1-1 rpynm IIpoBOIMIIACS TEpAIlisl i OnepaTUB-
He BTpYYaHHS (LIeMeHTHE eHIOMPOTE3yBaHHS KYJIbIIOBOTO
cyriao6a) 3 BUKOPUCTAHHSM TPaAMLIiMHOTO 3aAHBbOTO Xi-
pypriuHoro nocryny (T3/1). XBopum 2-i rpynu — Teparis
i1 onepaTuBHE BTpy4YaHHs (LIEMEHTHE €HIOMPOTe3yBaHHS
KYJIbLIIOBOTO CYTIJ100a) 3 BUKOPUCTAHHIM MOAU(IKOBAHOTO
3aJIHbOTO XipypriyHoro poctymy (M3/1). AHecTesionoriuHe
3a0e3nmeYeHHs TPOBOIMIIOCS 3TiTHO 3 TPAIUIIIHOIO METO-
nukoto, npuitHsaToro B 1Y «IHctutyT cepist MO3 Ykpai-
HW».

Ta6nuusa 1. Po3nopgin o6¢cTe)xxeHnx XxBopux 3a rpynamu

Bik, poku | MacarTina, | IK4, 6anu . .
Mpyna AocTtyn M 2 o) kr (M £ o) (M £ o) Yonogikn | XiHkn Bcboro
1(n=35) TpaanuinHuin 3agHin 64,7 £ 3,7 83,4 £ 6,1 5,7+3,1 23 12 35
2 (n=55) J'\l"HCi’g”d"KOBa“”“ 3 | 661443 | 823%75 | 54%27 36 19 55
Bcboro (n=90) 65,2 4,1 82,6 6,9 56+29 59 31 90
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J1J1s1 OLLIHKM CTYIIeHsI BUPaxkKe€HOCTi oIepaliiiHoro crpe-
Cy B YCiX MalliEHTiB BU3HAYaJIMCh OCHOBHI 0iOXiMiuHi Map-
KepH CTPECOBOI TOPMOHAJIBHOI peakilii opraHiamy, a came:
PiBHi iHCYJiHY, KOPTU30y, TJI0OKO3U Y CUPOBATIIi KPOBI,
SIKi BUMipIOBaJIMCS Mepe] ONlepaTUBHUM BTPYYaHHSIM, 0e3-
MOCepeHbO TIiC/sI OINepaTMBHOTO BTpyYaHHs, depe3 24
TOAVMHU, Yepe3 TUXACHD TTiCIIs HbOTO, Ha KOXHOMY 3 IIUX
eramniB po3paxoByBanu iHTeKc HOMA (Homeostasis model
assessment).

I'nmikemito BusHauanu Ha aHajizatopi ABL800 Flex Se-
ries 835 (Radiometer, JlaHist); piBeHb iMyHOpPEaKTHBHOTO
incyminy (IPI) — enexTpoxeMiqlOMiHECLIEHTHUM iMyHO-
JIOTIYHUM aHai3oM 3a fonomoroto Habopy Elecsys Insulin
(Roche, HimeuunHa) Ha iMmyHoaHajizatopi cobas e 411
(Roche, HimeuunHa); KOHIIEHTpallil0 KOPTU30J1y B CH-
poBartii KpoBi — 3a gomnomoroto Habopy Elecsys Cortisol
II (Roche, Himeuunna) Ha imyHoaHasi3aTopi cobas e 411
(Roche, Himeuunna). Inmekc HOMA, mo BimoGpaxkae
piBeHb iHCYTiHOPE3MCTEHTHOCTI, SIKa MiABUIILYETHCS MPU
HarnpyXeHUX CTPECOPHUX peakllisiX, po3paxoByBau 3a 3a-
raJbHOMIPUIHATOIO (OPMYJIOIO:

rimikeMist (MMostb/a) ¢ IPT (MkMO/mo)

HOMA = ,
22,5

ne IPI — imyHOpeakTUBHUI iHCYJTiH.

751 OLiHKM CTyTeHsI BUPAXXEHOCTI CUCTEMHOI 3analib-
HOI peaKlIil 0 i IicJIsT OImepaTUBHOIO BTPYYaHHs y rpyIax
XBOPUX BU3HAYAJIM KOHLIEHTpALIilO B IJIa3Mi KPOBi KJIIO-
YOBMX Tpo3ananbHuX HuToKiHiB IL-6, TNF-0 niepen orre-
PaTUBHUM BTpYYaHHsIM, O€3ITOCepeaIHbO MiC/sl OIepaTuB-
HOTO BTpYYaHHSI, yepe3 24 TOAMHMU, Yyepe3 TUXKICHb ITiCIIst
HBOTO.

Busnauenus IL-6 y cupoBatii KpoBi MPOBOIMIN 3a
JIIOTIOMOTOI0 METONy iMYHO(EPMEHTHOIO aHaji3y 3Til-
HO 3 METOAMYHUMM PEKOMEH/AIlisSIMU, 10 JTOAAIOTHCS 0
cTaHmapTHUX HabopiB peakTtuBiB Access I1L-6 (Beckman
Coulter, CILIA). OuinKy pe3yabTaTiB IIPOBOIMIN 3a JOIIO-
MOTOI0 iMyHOXiMiuHOTO aHamizatopa Access 2 (Beckman
Coulter, CILIA).

BusznauenHss TNF-a y cupoBaTili KpoBi MPOBOAWIM 32
JIOMTOMOT 010 METOY iIMyHO(EPMEHTHOIO aHasli3y 3TiHO 3

METOAMYHUMU PEKOMEH/IAIiSIMU, 1110 T0IA0ThCs O CTaH-
nmaptHux HabopiB peakTuBiB Elabscience, CILA. Ouinky
pe3y/bTaTiB MPOBOAMIM 3 BUKOPUCTAHHAM MiKpOILIaH-
metHoro horomerpa HiPo MPP-96 (Biosan, JlaTsis).

OLiHKY 60J1bOBOTO CTaTyCy (BUKOPUCTAHHS Bi3yalbHO-
aHajoroBoi 1mkanau 6osto (BAILl)) mpoBoauau 3a 3arajib-
HOMPUIHSITOI METOIMKOIO TIepe]l OTIepaTUBHUM BTPYyYaH-
HSIM, 0e3I10cepeTHbO ITiC/IsI HhOTO, Yepe3 24 TOOUHHU i yepe3
TUXJCHbD.

OwniHKy yHKIiOHYBaHHS KYJIBIIOBOTO CYIJI00a IIPOBO-
IVUTA 3 BUKOPUCTAaHHSIM IIKaJIM peadimiramii (mkamm Xap-
pica) mo omepallii, yepe3 THKIEHb Ta Yyepe3 MiCsIb IiCst
OIEpPaTUBHOTO BTPYYaHHS 3a 3arajlbHOMPUNHHSATO METO-
JIUKOIO.

JIJTs1 OLIiIHKM BipOTiIHOCTI BiIMiHHOCTE! BUKOPHUCTOBY-
Bayin t-kputepiit CtelogeHTa, ripu p = 0,05 BiaMiHHOCTI
BBaXKajli CTaTUCTUYHO BiporimHumu. HasBHiCTh Kopessi-
1i¥1 M)k OTPUMaHUMU TTIOKa3HUKAMM BU3HAYAIU 32 KPUTE-
piem IlipcoHa.

PesyAbTaTU

HanpyXeHicTb cTpecOpHUX peakliliil OLIiHIOBaIM 3a J0-
rnmomorolo piBHiB iHaekcy HOMA (sikuii cKi1amaeThes 3 piB-
Hs IPI Tta rnikemii), koptuzony, IL-6 Ta TNF-a. {k 3Mi-
HioBaBcs IPI B 060x rpynax, mokazaHo Ha puc. 1. MoxHa
no6aynTH, 110 Mepel onepaliclo BiH y rpynax OyB onHa-
koBuM (p > 0,5). dani BimmiHHOCTI Oyr Ha piBHi p < 0,03.

I'nikemis 3miHIOBanacst Takum ynHoM (puc. 2). Ha mo-
YaTKy IOCJiIKEHHsI BOHA OyJia BipOTiIHO OXHAKOBOIO B
o0ox rpynax. [Ticns onepatiii Ta uepe3 100y pizHuULIS Oyna
BiporigHoo (p < 0,001), axe Ha 7-my moOy BiZMiHHOCTI
3auku (p > 0,3).

IHTerpanbHUM MOKAa3HMKOM BYIJIEBOAHOIO OOMiHY
MoxkHa BBaxaTu iHgekc HOMA, nuHamika SIKOro nmokasa-
Ha Ha puc. 3. bBauumo, 1110 nepes onepallielo y rpyrax BiH
He BiapisHsBes (p = 0,5). ITicasa onepatiii Ta yepe3 100y
pizHui Oyia BiporigHoto (p < 0,001), Ha 7-My 100y pi3HU-
st sMeHmmnacs (p = 0,08).

Koptuzonemist Ha rmoyaTky JOCTiIKEHHSI MK TpyriaMu He
BinpizHsuiacs (p = 0,1), o MoxxHa rnodaunTtit Ha puc. 4. [Ticis
orepaliii Ta yepe3 mo0y pizHuld Oyina BiporimHoio (p < 0,001),
Ha 7-My 100y pi3Hutis Oys1a HeBiporigHoio (p > 0,1).

137 IHcynin,
MkMO/mn

Etan

I'nioko3a,
MMonb/Mn

5,61

54

5,21

5,01

4,81

Etan

[lo onepauii Nicns onepauii Yepes poby 7-Mafoba M+m

[lo onepauji Nicns onepauii 7-mapfoba M+m

Yepes poby

Pucynok 1. AuHamika IPI Ha eTanax gocnig)xeHHs1
3aJie)xHo Big aocTtyny

PucyHok 2. OuHamika rnikemii Ha eTanax
AOCNif)KEeHHS 3aJ1eXXHO Big [4OCTYyny

24 TpaBma, ISSN 1608-1706 (print), ISSN 2307-1397 (online)

Tom 25, N2 3, 2024



OpuriHaAbHI pocAiaXXeHHs / Original Researches I

Konmnentpartist IL-6 mepen orepatiiero B 000X rpyrnax oyiia
onHakoBoto (p > 0,4), micis onepaliii Ta yepe3 100y pi3HULIS
Oyna Ha piBHi p > 0,2 (puc. 5). Tinbku Ha 7-My 100y pi3HHULIS
cTajia craTucTUYHO 3Hauy1ow (p < 0,001).

Konuenrpanist TNF-a mo onepatrii, micist Hei Ta yepes
o0y B 000X rpymax Oyia ogHakoBow (p > 0,3), Ha 7-my
100y pisHuLs Bxe craHoBuia p = 0,02 (puc. 6).

Ouigka 00JbOBOr0 CTATYCY 3aJI€2KHO BiJ JOCTYymy.
Ilepen omeparii€lo 6ilb 3a iHTEHCUBHICTIO B 000X Ipymax

p=0,001.

CTaTUCTUYHO He BinpisHsiBes (puc. 7). Hapani B 060X rpy-
nax 6aiu 3a BAILLl 3MiHIOBaIMCs BipoOrimHO, ajie BIPOAOBXK
nociimkeHHs y rpyni T3/ 6iab OyB BipoTiIHO CUIBHILLIMM
3a rpyny M3]1. HaiiGinpia pizHuULISI criocTepiranacs Tic-
st oniepattii (p < 0,0001). Jlaii pisHuULIS He TepeBUIIyBaia

DyHKIIis KyJbIIOBOrO CYrji00a 3ajeXHO BiJ 10CTy-
my. Ha mouartky nocnimxeHHsi Ta Ha 7-My 100y micis
omepalii ¢GyHKIis KyJIbIIOBOrO Cyrjoba 3a IIKaJaoo

3,3HOMA
3,11
2,94
2,71
2,51
2,31

2,11

Koptu3on, mkr/an

Etan

[lo onepauii

Nicns onepauii

Yepes goby 7-mafoba M+m Flo onepauyii

Nicns onepauii

Yepes poby

7-Manoba M +m

PucyHok 3. fiuHamika ivgekcy HOMA Ha eTanax
AOCiAXXEeHHSs 3a/1eXXHO Big [ocTyny

PucyHok 4. lnHamika piBHSI KOPTU30J1y Ha eTanax
AOCiAXXeHHs 3a/IeXHO Big AocTyny

IL-6, nrimn TNF-a, nr/mn
L
......... 75

9,0 ..
8,5 7,0 <
8,0

: 6,5

3 1
75 :
70 6,0
6,5 55 peols
M3g
<0,05
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- p<0,05 Eran 45 — p<005 Eran

! [lo onepauii Nicns onepauii Yepes poby 7-ma poba M+ m ' [lo onepauii Nicns onepauii Yepes poby 7-Mapoba Mtm

PucyHok 5. AinHamika piBHs IL-6 Ha eTanax
AOCNif)KeHHSs 3aJ1eXXHO Big AoCTyny

PucyHok 6. fluHamika pisHa TNF-a Ha eTanax
AOCJig)XEeHHs 3aJ/1eXXHO Big AocTyny
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PucyHok 7. IHTeHcuBHicTb 60/1bOBOro CUHAPOMY
3aJiexxHo Bif [AO0CTyny Ha eTanax AOCNiA)XeHHS

PucyHok 8. DyHKUis KynbLLOBOro cyrsioba 3anexHo

Big gocrtyny
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Xappica B 060x rpymnax 0yina omHakoBoto (p > 0,8), ue-
pe3 Mics1b micis onepaiii pizHuLst 3pocia go p = 0,005
(puc. 8).

O6roBopeHHs

3acrocyBaHHs M3/] 3HaUHO ¥ BipOTiHO 3HUKYE TIiCIIs-
oInepauiiiHuii 0i1b, HaOIBIIIOIO MipOIO 1Ie CIIOCTEPiramao-
cs1 micys omepalii (2-i eTam mociaimkeHHs ). Jlo KiHIg mo-
CIIIIKEHHsI iIHTEHCUBHICTh 0010 OyJia BipOriZHO MEHILIOI0
y XBOPUX, SIKUM BUKOHYBaBcst M3/1.

[Tpu nocnimxeHHi HanmpyKEHOCTi CTPECOPHUX peakliiit
BusiBuiIocs, 1o iHmeke HOMA Ha movaTKy A0C/iIKeHHs
B 000X rpymnax 0yB ogHakoBuii. I1icis onepaliii Ta Ha 1-11y
nooy micist onepauii iHnekc HOMA mipu BUKOpUCTaHHI
M3/ GyB BiporiiHO HXKYMM, Ha 7-My 100y miciist oreparttii
pi3HuLs Oyna maiike BiporigHoto (p = 0,08), mpu uboMy
nicast M3]1 ingekc 60yB HkunM. [lomiOoHa muHaMiKa CITo-
cTepirajacs i 1010 KOPTU30JIeMil.

Konuenrpanis IL-6 ta TNF-a ympomoBxX IepIimx
TPbOX €TalliB BiIMiHHOCTEM MixX TpylaMU He MaJia, Ha 7-My
OOy TTicJisl omepallii el MOKa3HUK y XBOPUX, SIKUM BUKO-
Han M3]1, cTaB BipOrigHO MEHILIMM.

DyHKIIiS KyJIBIIOBOIO CyIIo0a, SIKy OLiHIOBAJIN 3a 10-
MOMOTO10 IIKau Xappica, MpOTSATroM CeMHU Ii0 Ticist ore-
parii 0yJa OTJHAKOBOIO IiCJIsI BUKOHAHHS 000X JOCTYITiB B
000X rpymnax, ajie uepe3 Micsillb Y XBOPUX, SIKUM BUKOHYBa-
mm M3, ¢yHKIIis cyrioba cTaja BiporiZHO Kpallloo.

BinpuricTs gocmimkeHb pi3HUX aBTOPIB 30cepeikeHi Ha
BUBYEHHi KaTexonamiHiB, C-peaktuBHoro 6inka (CPB),
mBuakocTi ocimaHHs eputpouutiB (IIIOE), rmoko3u Ta
KopTu3ody B cuctemHiii Bignosini Ha EKC. OctraHHim
4acoM WIKaBJATh TEHAEHIII KOPTU30Jy i TJIIOKO3U B Te-
pionepauiifHoMy TIepiofii Xipyprii KyJbLIOBOTO Cyrjio0a,
OCKIJIbKM 11i Oi0XiMiUHi MapKepu MalTh BEJIMKE 3HAUCHHS
JUIST XBOPUX 3 META0OJiYHUM CUHIPOMOM i OXUPIHHSIM.
JocmimKeHHs TT0Ka3aJid, 10 piBeHb ITTIOKO3U TOCSITAE MKy
3a 4 rox mpu EKC, Toxmi K piBeHb KOPTU30JIy OCATAE iKY
3a 8 TO[I i 3aIUIIAETHCS MiABUILIEHUM ITpoTsiroM 7 aHiB [10].

YucneHHi DOCTiMKEeHHST TaKOX 3BEpTaloTh yBary Ha Te,
1110 Mpo3anajbHi HUTOKIHM BiAirpaioTh MEeBHY POJb y BU-
3HAYEHHI pe3y/bTaTiB JiKyBaHHs mailieHTiB miciss TEKC.
[TponeMOHCTPOBAHO MOCiIOBHUI 3B’ 130K MiX 3armajibHU -
MM Mapkepamu, sik-oT IL-6, CPB, ¢i6punoren Ta TNF-a,
i BAHUKHEHHSIM CeplIeBO-CYIMHHMX TIO/iii TTics oreparii
[11—14]. YactuHoto dizionorii, 1110 JEXUTh B OCHOBI LIMX
BUCHOBKIB, € aKTHBallig KacKaay 3rOpTaHHS Ta TPUTHi-
JyeHHSI (iOpMHOI3Y CUCTEMHOIO 3aIlajibHOIO peakIli€io
Ha XipypriuHe BTpydaHHs [15]. byno nokasano, mo IL-6
BILIMBAE Ha KacKaj 3ropTaHHs Ha AeKiIbKOX piBHX [13].

dakrnuno IL-6, CPB, KilbKiCTh JEHKOLMTIB i MigBuU-
1eHa B’SI3KiCTh KPOBi BBAXKalOThCSI CUJIBHUMU JOBTOCTPO-
koBuMHU mpeaukropamu IXC, 1110 Kopenroe 3 4acTOTOIO
nicasionepauiiiHuX TpoMOO03iB TJIMOOKUX BEH, TpPOMOOEM-
001ii JIereHeBOI apTepil Ta iHdapKTy Miokapaa [13, 15].

Byno mokaszanHo, 1o miciagonepaliiiiHa akKTUBAllis IIHA-
TOKIiHIB i OLIKiB ToCTpoi (ha3W He TiJILKUA OIIOCEPEIKOBYE
3alaJbHy peaklililo Mmalli€eHTa, ajie i Ma€ acolialliio 3 Xipyp-
riyHnM BigHOBIeHHIM [16]. KpiM TOTO, XpOHIYHMIA TiCIs-
omnepauiiiHuii 6ijb OyB IMOB’sI3aHMIA 3 TPUBAIUM TTiC/IsI0IIe-

pauiitHum 3ananeHHsMm [17]. [licnsonepaitiiiHe 3anajieHHs
aAKTUBYE KacKaj 3rOpTaHHs, MpUTHiuye dhiopuHoIi3 i Bimi-
rpa€ HeBiJl’EMHY pOJb MPU CYIYTHIX CEepLIEBO-CYAUHHUX
3axBoproBaHHsX [11—14].

Xoua B IeSIKUX poOOTax OyJI0 BUSIBJIEHO KiJIbKa LIEHTPaJlb-
HMX IMOKa3HUKiB (a came IL-6, nentux, CPB i kopTtuson), siki
MOXYTh BIuBatu Ha pe3ynbrati TEKC, HeoOxinHi momaib-
1Ii JOCJIIKEHHSI, 1100 YiTKO OKPeCIUTH CKJIaaHi OioXiMiuHi
LIUISIXY, 1O PEeryJIIoI0Th peakllilo TMalliEHTa Ha orlepallilo Ha
crerdi. IcHye ckylagHa B3a€MOisl MixK iMYHITETOM, IIMTOKi-
HOBHMMH KaCKaJaMU Ta XKMPOBOIO TKAHWHOIO B yMOBAX CYIyT-
HbOI KapAiaJbHOI MaTOoJOrii, iHCYJIiHOBOI HEAOCTATHOCTI Ta
po3ajy JiirigHoro ooOMiHy. 3a yMOBU BUKOPHCTAHHST YaCOBOT
Ta KOHTEKCTHOI aKTUBHOCTI MapKepiB 3aIajeHHsI, iMOBipHO,
GioXiMiUHI IUISIXW MOXYTh OyTH CITPSIMOBaHI Ha TTOJTITTIIIEHHST
3aro€HHS M SIKMX TKAHMH i KicToK [18].

Lli HOBi MeTOIM MOXYTbH IOIOMOITH JOCSITH KiHIIEBOL
METU 3MEHIIEHHS MicasionepaliiHuX yCKIaAHEHb Y XBO-
pux micast TEKC i omHoYacHO MOMMIIMTY pe3yIbTaTH Jii-
KyBaHHSI Malli€HTIB Y chepax 000 Ta GyHKIIiI, 0COOIMBO
MAali€HTIB i3 CYIyTHBHOIO CEPLIEBOIO HETOCTATHICTIO.

BUCHOBKMU

TakuMm 4MHOM, pe3yJIbTaTU MOPiBHSIHHS 0COOJMBOCTEN
HAaIIpy>KeHOCTI CTPECOPHUX peaklliii y mepionepaliiiHoMy
rnepioni Ha ¢OHi OLHKMU (DYHKILIOHYBAaHHSI KYJIBILIOBOTO
cyrioba y malieHTiB 3 0CTE0apTPO30M i CYITyTHBOIO Kap/li-
anpHoIo ratoJiorieto mpu onepatii TEKC 3anexxHo Big Bumy
XipypriyHoro JOCTYITy CBiI4aTh Mpo Te, 1110 3aCTOCYBaHHS
M3]I Mae cepito3Hi mepeBaru nepen BUKOPUCTAaHHSIM Tpa-
IULIMHOTO MiIX0oay y JIIKyBaHHI Malli€HTIB 3 MOAIOHOIO KO-
MopOigHo0 nartosorieto. Lle minTBepaKyeThCs BipoTrifHUM
3HIDKEHHSIM ITic/IsionepaniiiHoro 0010 BIPOIOBX J0CIi-
JKeHHST Ta MOJIIMIIEeHHSIM (DYHKIIiI KyJbIIIOBOIO Cyrjioda
3a IIKaJIOK Xappica yepe3 Micsipb IMicasl onepaTUBHOIO
BTPYUYaHHS y IPYIMi Mali€eHTiB 3 BUKOpUcTaHHAM M3/, a
TaKOX 3HMXKEeHHSIM piBHIB iHaekcy HOMA i koptuszonemii
ta koHueHTpauii IL-6 ta TNF-o Ha 7-Mmy 100y micst orre-
patuBHOTO BTpydaHHs. Tomy Bukopuctanus M3]l MmoxHa
peKoMeHayBaTu 10 BrpoBamkeHHs rpu omepaiii TEKC y
Mali€HTIB 3 OCTE0apTPO30M Ta CYMYTHBHOIO KapmiaJbHOIO
MaTOJIOTIEI0 MJI TOJIIIIEeHHSI pe3yJbTaTiB JiKyBaHHS Ta
MpOoGiTaKTUKI MOXKIMBUX YCKIIaTHEHb.

KondJikr iHnTepeciB. ABTopu 3agBisIOTh MPO BiACYT-
HiCTh KOH(IIIKTY iHTepeciB Ta BilacHOI (iHaHCOBOI 3aili-
KaBJICHOCTI ITpH MiATOTOBIIi JaHOI CTATTi.
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Tension of stress responses in patients with osteoarthritis
and concomitant cardiac pathology during hip joint replacement surgery

Abstract. Background. Total hip arthroplasty (THA) is one of the
safest and most effective orthopaedic surgeries, but it carries a signifi-
cant risk of complications, particularly in patients with concomitant
cardiac pathology. Therefore, choosing the optimal type of surgical
approach is crucial for these patients. The study purposed to compare
the intensity of stress reactions in the perioperative period and assess
hip joint functioning in patients with osteoarthritis and concomitant
cardiac pathology undergoing THA, depending on the type of surgical
approach. Materials and methods. This study analyzed the treatment
outcomes in 90 patients with hip osteoarthritis and cardiac pathology
who underwent total cement hip arthroplasty. All patients were divid-
ed into two groups based on the surgical approach: traditional poste-
rior (35 patients, group 1) and modified posterior (MPA) (55 patients,
group 2). Serum levels of insulin, cortisol, glucose, IL-6, and TNF-a
were measured before surgery, immediately after it, 24 hours later,
and one week after surgery. At each stage, the homeostasis model as-
sessment (HOMA) index was calculated, and pain status was assessed
using the visual analogue scale. Hip joint functioning was evaluated

with the Harris scale before surgery, one week, and one month after
it. Results. The MPA significantly reduced postoperative pain, most
notably immediately after surgery (stage 2). Throughout the study,
pain intensity remained significantly lower in the MPA group. The
HOMA index was initially similar in both groups, but it was signifi-
cantly lower in the MPA group immediately after surgery and on the
first postoperative day. By the seventh postoperative day, the HOMA
index difference approached significance (p = 0.08), remaining lower
in group 2. Cortisol levels showed similar dynamics. IL-6 and TNF-a
concentrations did not differ between groups during the first three
stages but were significantly lower in the MPA group on the seventh
postoperative day. Hip function was comparable in both groups one
week post-surgery but was significantly better in the MPA group after
one month. Conclusions. The modified posterior approach offers sig-
nificant advantages over the traditional approach in THA for patients
with osteoarthritis and concomitant cardiac pathology.

Keywords: stress reactions; osteoarthritis; cardiac pathology; total
hip arthroplasty; surgical approach
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AOCAIAXXEHHS HaNpYXXeHO-AedOPMOBAHOIo CTAHY
MOAEAEeUN NA€YOBOI KiCTKU
NP HOABUPOCTKOBUX YAOMKOBUX NepeAOMaX
Yy AiTen 1a NiAAITKIB MPWY Pi3HMX BAPIAHTAX
yepesLwKipHoi dikcauil

Pes3lome. AKTyaAbHiCTb. [TIepeAOMU AMCTAABHOIO eniMeTadisy MAe4YoBOIl KICTKU Y AITEN TA MIAAITKIB € OA-
HIEKD 3 HAWMOLUMPEHILLMX TPABM, O CTAHOBASITL 16-50 % ycCix nepenomis KicTok. 3apa3 iCHye ABI OCHOBHI
KOH®Irypauii pikcauii HaABUPDOCTKOBUX MEPEAOMIB Y AITEV TA MIANITKIB: KOHCTRYKLIS 3 MepexpeLLeHUMN Criv-
LsIMU TQ KOHCTPYKLUIS 3 2 60 3 AQTEPAABHUMU CMULSIMU, PO3TALLIOBAHUMU 3 AUBEPIEHLIEID Y KOPOHAPHIN
MAOLUMHI. HeAOAIKOM AQTEPAABHOI pikcauil € MiABULLEHMA PU3UK BTDATK PErO3unLii, L0 MOXXE rpu3BECTN AO
Aepopmauii cubitus varus. CyTreBOIO NMPOBAEMOO MPM BUKOPUCTAHHI nepexpeLleHol pikCyrHoi KOHCTPYK-
Uil € aTporeHHe rnoLwKOAXEHHS AIKTbOBOro HepBa (2-8 %). Merta: nopiBHSITY PIBEHb HAMPYXXEHb Y MOAEAI
MA€YOBOI KICTKW 3 HOQABUPOCTKOBUM YAQMKOBUM MELEAOMOM MPU PI3HUX BAPIAHTAX Yepe3LKipHOI ¢gikca-
uii rip, BIAMBOM PI3HWX HOBAHTAXKEHbL. MarepiaAmn Ta MeTtoAU. Po3pobreHa 6Q30BA CKIHYEHHO-EAEMEHTHA
MOAEAb MAEYOBOI KICTKM, HQ OCHOBI SIKOI CTBOPUAM MOAEAL HOABMPOCTKOBOIO YAQMKOBOIo nepenomy. Mo-
AEAIOBAOAU ABQ BAPIQHTY OCTEOCUHTE3Y: ABOMQ CIMULSIMU, PO3TALLIOBAHUMM HABXPECT (repexpecHA ¢ik-
cauist), Ta Ny4YKoM 3 TPbOX CrnLb (AQTEPAALHA gikcauis). HanpyXxeHo-AepOPMOBAHUM CTAH MOAEAEeN AO-
CAIAXKYBAAM i, BIAMBOM HQBAHTQXKEHHSI HQ PO3TSITHEHHSI, 3rMHAHHSI T CKPYYYBAHHSI. Pe@3yAbTaTn. HAsIBHICTb
YAQMKOBOrO HQABUPOCTKOBOIO NeEPEAOMY MNAEHOBOI KICTKU MPM3BOANTE AO QCUMETPUYHMX 3MIH Y PO3MOAIAI
HAMpYy>KeHb Yy HOABUPOCTKAX BULLLE | HUXKYE Bip AiHIT MepeAomMy npu 3AIMCHEHHI nepexpecHOI pikcauii Apoma
crimusimun. Tlpn AQTEPAAbHIV Qikcauii TObOMQ CMLSIMU 1A BIIAMBOM PO3TSINYHOHOrO HQBAHTQXKEHHST 3HUXKY-
OTbCSI AO MIHIMYMY HQMPYXKEHHST B MEAIQALHOMY HQABUPOCTKY | BABIYI MIABULLYETLCSI X PIBEHb HQ AQTEPAAb-
HOMY i OCOBAMBO B YAQMKY KICTKU. Lle MoB sI3QHO 3 OAHOBIYHUM MPOBEAEHHSIM My4YKaA Crivub. [lpouv ubomy
MeAIQAbHUI HOABUPOCTOK 3QAULLIAETLCS HEDIKCOBAHUM i, BIAMOBIAHO, HOBAHTAXKEHHS HQ HHOIo MPAKTUYHO
He nepeaQoTbCs. KicTKOBMM pereHepar AAS LibOro BUSIBASIETbCS 3QHAATO M SIKM, o6 3anobiratv nepe-
MiLLeHHIO AMCTAALHOIO ¢ppArMeHTa. BOAHOYAC BiAbLL KOPCTKA QiKCALLiSI AQTEPAABHOIO HOABUPOCTKA, HK Y
BAPIQHTI 3 ABOMQ CMNLISIMN HOBXPECT, BUKAMKQE MIABULLEHHST DIBHST HAMPYXXEHb Y AQTEPAABHOMY HQABUPOC-
TKY | yAQMKOBOMY pparmeHTi, CyMQpHQ BEAMYNHQ MNAOLLI NepeTuHy ny4KkQ CrnuLb npu AQTepAAbHIN gikcauil
3a6e3neyvye BABIYI HUXKYIiVI PIBEHb HAMPYXKEHb Y HUX MOPIBHSIHO 3 NepexpecHoK ¢ikcauieto. BucHoBkun. Ma-
TEMQATUHHE MOAEAKOBAHHS MAEYOBOI KICTKI 3 HOABUPOCTKOBUM YAQMKOBUM NMepeAOMOM AO3BOAMAO AOBECTH
nepeBary riepexpecHoi gikcauii ABOMQA CMUSIMU HOA AQTEPAABHOK QIKCALIED MYYKOM CrvLb Mpu BCiX
BAPIQHTAX HOBAHTAXKEHHST. OCOBAMBO Li€ BU3HQYAETLCS PIBHEM HAMPYXKEHb HQ YAQMKOBOMY QP ArMeHTi, HQ-
MPYXKEHHST HQ SIKOMY 3POCTAKOTL B PA3U MPK HABAHTAXKEHHSIX HQ CKPYYYBQHHSI TQ 3rMHQHHSI 3Q PAXYHOK He-
CUMETPUYHOro PO3TALLYBAHHSI CMULb MNPV AQTEPAAbHIV GikCcauil,
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Bctyn

[lepenomu nucranbHOro emniMeradisy IJI€YOBOI KiCTKU Y
MiTeH Ta MiUTITKIB € OMHIEI0 3 HAUTIOIIMPEHIIINX TPaBM, 1110
craHoBJIAATL 16—50 % ycix nepesioMiB KicTok. Cepel MOLIKO-
JDKEeHb L€l TUITHKA HalvacTille 3yCTpidatoThCsl HaJIBUPOC-
TKOBi (3—18 %) Ta yepe3BupocTKOBi iepenaomu (57,5—70 %),
nepeBaxHo y aiteit 6—7 pokis [ 1]. Cepen 06roBoproBaHUX ITH-
TaHb 100 JiKYBaHHS HAABUPOCTKOBUX IEPETOMIB OCOOIIH-
BY yBary IpuBepTa€ KOH(irypaiisi BHyTPIillIHIX (PiKCyroumnx
KOHCTPYKIIiii, 1110 € MPeaAMETOM Ie0aTiB MPOTSITOM OCTaHHIX
NEeCTUNITh. 3apa3 iCHye B OCHOBHI KOHirypaltii ¢ikcariii
HaJIBUPOCTKOBMX MEPEIOMiB y AiTel Ta MiUTITKiB: KOHCTPYK-
11is1 3 TepexpeleHUMU CIULSIMUA Ta KOHCTPYKILisl 3 2 a6o 3
JlaTepaJIbHUMU CITULISIMM, PO3TAIlIOBAHUMMU 3 TUBEPIEHIIIEIO
Y KOpOHApHili TUIOIIMHI [2]. AHaji3 aHaTOMO-0iOMeXaHIIHIX
JOCJTiKEHb TTOKa3ye, 110 HeIOJIIKOM JlaTepalibHOI (ikcallii €
MABUIICHUI PU3WK BTPATH PETTO3UILii, TII0 MOXKE TTPU3BECTH
1o nedopmatiii cubitus varus i B mogaibLIomMy 10 HeoOXimHOC-
Ti OmepaTMBHOI KOpEKIIii yepe3 MeHIy OioMeXaHidyHy CTa-
OUIbHICTH TIOPIBHSIHO 3 IMepexpelleHo0 KoHgirypartieo [3].
Tpu Giuni mTUdTU 3a0€3MeUyIOTh TOCTaTHIO CTaOiLIbHICTh
0e3 3HauHoi pizHulli [4]. CyTTeBOIO MPOOIEMOIO MPU BUKO-
PpUCTaHHI nepexpenieHol (hikcyrouoi KOHCTPYKILii € ATpOreH-
He TIOLIKOIKEHHSI JTIKThoBOTo HepBa (2—8 %), 1110 moTpebye
MiHiBIIKPUTOI TEXHIKM TPOBEACHHSI MeiabHOI Crvlli abo
coHorpagiuHoro cynposoay [5].

Taxum ynHOM, TTOTJTMOIEHHS 3HAHB 111010 METO/IIB Tep-
KyTaHHOI (pikcailii HaIBUPOCTKOBUX IIEPEIOMIB Y OiTEH Ta
MiUTITKIiB € BaXKJIMBUM MUTAaHHSM OPTOIIEii B IeaiaTpuy-
Hili MpaKTUlLIi.

Merta: mopiBHATU piBeHb HaMpyKeHb Yy MOAENi Iie-
YOBOI KICTKM 3 HaJIBUPOCTKOBUM YJIaMKOBUM TEPETOMOM
MpU Pi3HUX BapiaHTaxX 4yepe3lIKipHoi (ikcallii min Briu-
BOM Pi3HMX HaBaHTaXeHb.

Marepiaam Ta meToamn

V na6oparopii 6iomexaHiku Y «IHCTUTYT matojorii
xpebTa Ta cyrio6iB iM. ipod. M.I. Cutenka HAMH Ykpa-
iHU» OyJ1a po3pobJieHa 6a30Ba CKIHUEHHO-EJIEMEHTHA MO-
JIeJNTb TIeY0BOI KicTKM [6] (purc. 1a), Ha OCHOBI SIKOi CTBO-
PWIM MOJeJIb HaABUPOCTKOBOIO YJIAMKOBOIO TMEpeoMy
(puc. 10).

Ha Mopneni 3 HaIBUPOCTKOBUM TT€PETIOMOM MOJIETIOBAIN
JIBa BapiaHTU OCTEOCUHTE3Y: ABOMA CIULISIMU, PO3TalllOBa-
HUMM HaBxpecT (rmepexpecHa ¢ikcauis — I1D) (puc. 2a),
Ta MyYKOM 3 TPbOX CIUL (JaTepasibHa dikcais — JID)
(puc. 20).

[Tpu MonmemtoBaHHI MaTepiajl BBaXXaJu OTHOPIIHUM Ta
i3orponmHUM. fIK CKiHUeHHMI eneMeHT oOpaHo 10-By3-

JIOBUI TeTpaenp 3 KBaJpaTUYHOIO alpokcumallieo. Me-
XaHIYHI BJIACTUBOCTI OiOJOTIYHMX TKAHWUH (KOPTHKAaJIbHA
Ta rybyacra KicTKa) Uil MaTeMaTUYHOTO MOJIETIOBaHHS
o0paHo 3a gaHumu Jjitepatypu [7—10]. Ockinbkyu Mix-
YIaMKOBUI pereHepaT HaOyBa€ MilTHOCTI Bif 0 1o 3HAYEH-
HSI KOPTUKAJIBHOI KiCTKM TpUBaJIUiil IIepio, 0ya0 oOpaHO
MiHiMaJbHEe 3HAYeHHSI MOMYJs MPYXKHOCTi, SIKe JOocsra-
€ThCS1 HA IOYATKOBOMY €Tarli 3pOILeHHS KiCTKHU, T03BOJISIE
rnepenaBaT HaBaHTaXXEHHsS MiX @parMeHTaMy Mojaesi
i He Ma€ CYTTEBOTO BIUIMBY Ha BEJIMYMHM HAMpyXkeHb B il
KiCTKOBUX i METaJIEBUX eJleMeHTaX. Marepiajl eJIleMeHTIiB
MEeTaJIOKOHCTPYKIIiii — XipypriuHa cranb [11]. MexaHiuHi
XapaKTEepUCTUKHU IITYYHUX MaTepiasliB o0Mpaiu 3a JaHUMU
TexHiuHoi JiTeparypu [12]. 151 aHasi3y BUKOPUCTOBYBAIU
TaKi XapaKTepUCTUKH, SIK E — MomyIb py>KHOCTI (MOIYIb
IOnra), v — xoediuient Ilyaccona. [lani mpo mMexaHiuHi
XapaKTepUCTUKY MaTepialliB HaBeIeHo B Ta0JI. 1.

HanpyxeHo-aedopmoBaHuil cTaH MoAeIe MOCTiIXKY-
BaJId MiJl BIUINBOM HaBaHTaXXEHHSI Ha PO3TSITHEHHS, 3IU-
HaHHS Ta CKPYYyBaHHSI.

Po3TSITHEHHST — 11 HAaBaHTaXKEHHSI, 1110 Ji€ B3I0BX I10-
3MOBXHBOI OCi KicTKW. Take HaBaHTaXXeHHs MOXe OyTu
SIK CTUCKAIOYUM, TaK i pO3TATYIOUMM. Y JaHOMY BUIIAAKY
BeJMUYMHU HATIPYXXEeHb y MOJIeJIi He 3ajieXaTh Bi/l HAIIpsIM-
Ky MPUKIAIEHOTO HaBaHTaXEeHHS (CTUCHEHHs abo po3-
TITyBaHHS), TOMY 110 aOCOJIOTHI 3HAUYE€HHSI HamIpyKeHb
3ajieXKaTh TIIbKU Bil BEIWYMHU {0901 CUIU. Y LIbOMY 10-
CIiIXKEHHI 10 AMCTAJbHOIO KiHIISI TJI€YOBOI KiCTKU MpPU-
KJIaJajau po3Tsryoue HaBaHTaxkKeHHs1 BeaunuuHowo 100 H
(puc. 3a).

[Tpy HaBaHTaXXE€HHI HAa 3TMHAHHSI [isl CUJIU BEJIMINHOIO
50 H Oyma cripssMoBaHa cliepeny Has3azn i IpUKJIageHa 10
JNIUCTAJILHOTO KiHIIS TIJIe40BOi KicTKM (puc. 30).

[Ipu HaBaHTaKeHHI Ha CKPYyYyBaHHS 10 OHUCTaTbHOTO
KiHIISI KiCTKY TPUKJIAdaIM KPYTHU MOMEHT BEJIMYMHOIO
2 H/™m (puc. 3B).

l'onoBka mIe4oBoi KiCTKM MU BCiX BUAAaX HaBaHTaXKeH-
Hs1 OyJ1a XKOPCTKO 3aKpiruieHa.

PeectpyBaiu MmakcuMaabHUM piBeHb HAIPYKEHb Y KiCT-
KOBHUX €JIEeMEHTax Ta Ha MeTaJleBUX KOHCTpYyKUisx. [1o0y-
IIOBY Mojeni 3milicHioBayim B mporpami SolidWorks [13].
PospaxyHku HanpyxeHo-1ehOpMOBAHOTO CTaHY Mojeei
BUKOHYBaJI 3 BUKOpUCTaHHSIM Tiporpamu ANSYS [14].

Pe3yAbTaTU TO OGrOBOPEHHS

Posmsaenenns/cmuckanna. Ha nepuiomy erami po6o-
T TIPOBOAMIM HOCTIIKEHHSI HaImpyXeHo-aedopmMoBa-
HOTO CTaHy MOJeJell MIeYOBOI KiCTKM Mij BILJIMBOM IIO-
3M0BXHBOTO OCHLOBOTO HABaHTaXXEHHSI Ha PO3TSTHEHHS.

Tabnuusa 1. MexaHi4yHi XxapakTepUCcTUKN MaTtepiasniB, BUKOPUCTAHUX NMPU MOAEJTIOBaHHI

Martepian MonyIcIFIIaOHra, KoediuieHT NyaccoHa
KopTukanbHa KicTka 18 350 0,3
lybuacTa kicTka 1040 0,3
MixxynamKkoBuin pereHepat 1,0 0,45
XipypriuHa ctanb AlSI 316L 200 000 0,30
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Posnonin HampyXeHb y KiCTKOBMX e€JeMeHTax Mojesei
HaBelleHO Ha puc. 5.

Pe3ynbrati MOIeIIOBaHHS MOKA3aJIu, 110 ITiJ BIUIMBOM
PO3TATYIOUOTO HaBaHTaXKCHHSI B HEYIIKOKEHIl Tiedo-
Bill KiCTIi MakCMMaJIbHi 32 BEJIMYMHOIO HaIpyXeHHS 4,1
MI1a BUHUKAIOTh Yy MeiaIbHOMY HaJIBUPOCTKY, MiHiMalb-

Hi 2,4 MIla — y BepxHiii TpeTuHi miadiza. 3a HasIBHOCTI
HaJIBUPOCTKOBOTO yjamMKoBoro mepeiomy 3 I1d maBoma
CITUIISIMU CTTOCTEPITAETHCS MiIBUILIEHHST PiBHST HATTPYXKEHb
HWKYE Bif JIiHiT tepesnomy 1o 4,9 MIla 3 MenianbHOTrO 60Ky
i no 3,5 MIla — 3 natepanbHOro. B iHIIMX KOHTPOIBHUX
TOUYKaX MOJeJIi HaNpy>KeHHS 3HIKYI0Thest. HampykeHHs B

a 6

6

PucyHok 1. Mogeni nne4oBoi kictku: a — 6a3o-
Ba (Hopma); 6 — 3 HagBUPOCTKOBUM YJIAMKOBUM
nepesoMmom

PucyHok 2. CxemMun oCcTeOCUHTE3y: a — rnepexpecHa
dikcauisa (aBoma cnuysamu); 6 — natepanbHa Qik-
cauis (Tpu cnuui)

a 6 B

PucyHok 3. CxeMu HaBaHTa)XxeHHs1 MoAdeJli: a — Ha PO3Tar-
HeHHS1; 6 — Ha 3ruHaHHSsI; B — Ha CKPYYYyBaHHS

PucyHok 4. KOHTpOibHIi TOYKU

a (4]

PucyHok 5. Po3nogin Hanpy>XeHb y KiCTKOBUX eJIieMeHTax MoAgesiei rnae4yoBoi KICTKU nig BrsinBOM pO3Tsi-
rylo4oro HaBaHTa)keHHsI: a — B HOpMi; 6 — nepexpecHa ikcaLjis ynaMmkoBoro nnepesiomy 2 CriMusmMmu; B —
NnarepanbHa ¢ikcawis ynamMmkoBoro nepesomMmy 3 cnuyusmm
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PucyHok 6. Poanogin Hanpy>xeHb y crnuuysix MogeJsie rnjie4oBoi KiCTKu nig BriJInBOM pPO3TAryo4oro HaBaH-
Ta)KeHHs1: a — nepexpecHa ¢ikcauia 2 cnuuamu; 6 — narepanbHa Qikcauia 3 cnuysamn
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KoHTponbHi Touku KoHTponbHI ToYKM
EHopma W 2cnmyi o 3 cnmuj 2 cnni W3 oy
a 6

HanpyxeHHs, MIMa
[o>]
Hanpyxenns, MMNa

o N

PucyHok 7. iarpamu Benn4mnH Hanpy>xeHb Yy KOHTPOJIbHUX TOYKax MoAeJ1e Nnae40Boi KiCTKu 3 yJ1aMKOBUM
HaABUPOCTKOBUM NepesioMOM rig Br/INBOM PO3TAryl04Oro HaBaHTaXXeHHsI: a — Y KiCTKOBUX e/lIeMeHTax;
6 — y cnuusx

o = N W s OO N 0 ©

a (4] B

PucyHok 8. Po3anopgin Hanpy>eHb y KiCTKOBUX e/lieMeHTax MoAgeJieli nie4oBoi KiCcTKu nig BnjinBoM 3ruHalo-
4Oro HaBaHTa)XkKeHHsI: a — B HOPMi; 6 — 3 yJ1aMKOBUM repesioMoM 3 nepexpecHolo gikcauiero 2 cnuuamu;
B — 3 YJ1aMKOBUM riepeJsioMOM 3 JlaTepasibHoIo ¢ikcauieto 3 cnuusamm
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a 6

PucyHok 9. Po3nopgin Hanpy>xeHb y cnuusix Mogesiei niae4oBoi KiCTKv nig BNJIMBOM 3rMHal0o4oro HaBaHTa-
J)KeHHSsI: a — nepexpecHa ¢ikcauyia 2 cnuuamu; 6 — natepanbHa Qikcauis 3 cnuysmn
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1 2 3 4 5 6 Crmi
KonTponbHi Toyku KoHTponbHi TouKM
M Hopma 1 2 cnuui [ 3 cnwi B 2 ey N 3cmuui
a 6

PucyHok 10. Qiarpamv Besin4nH Hanpy>xeHb Yy KOHTPOJIbHUX TOYKax MoAesien rnae4oBoi KicTkn 3 HaaBu-
POCTKOBUM Y/1aMKOBUM repesioMOM rif BIJIMBOM 3ruHal040ro HaBaHTaXkeHHs1: a — Y KiCTKOBUX e/IeMeH-
Tax; 6 — y cnuusax

14,527

e
o

o =, N WA OO N O ©

a (4] B

PucyHok 11. Po3anogin Hanpy>eHsb y KiCTKOBUX eJIieMeHTax MoAeJiei nie4oBoi KiCcTKu nig BnjinBom
HaBaHTa)keHHS Ha CKPyYYyBaHHSA: a — B HOPMi; 6 — 3 y1aMKOBUM riepesioMOM Ta nepexpecHoro gikcauiero
2 cnuuysimu; B — 3 YJ1aMKOBUM MepeJsioMoOM Ta 1aTepasibHolo Qikcauieto 3 cnuuamm
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a

6

PucyHok 12. Po3nogin Hanpy>eHb y crvysix Mogesie nie4yoBoi KiCTKU nig Br/JIMBOM HaBaHTaXkeHHS
Ha ckpy4yBaHHSI: a — nepexpecHa Qikcauia 2 cnuusmu; 6 — natepanbHa ¢ikcauis 3 cnuuamu
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PucyHok 13. Qiarpamu Benn4nH Hanpy>xeHb Y KOHTPOJIbHUX TOYKax MoAeJs1e Mnae40Boi KicTKu 3 HaaBu-
POCTKOBUM YJIaMKOBUM MepesIoMOM rig BIJINBOM HaBaHTa)keHHSI Ha CKPY4YYyBaHHSI: @ — Y KiCTKOBUX eJle-
MeHTax; 6 — y cnuusax

yJIaMKy BU3HavyeHo Ha piBHi 2,9 MIla. ITpu JI® nmyykom
CMULlb BU3HAYAETHCS 3HAUHE 3POCTAHHSI PiBHSI HAMPY>XeHb
Ha JlaTepaJiIbHOMY HaaBUPOCTKY 1o 9,7 MIla Huxue Bif
JiHii repeoMy i mo 8,2 MIla B ynamky. Ha MemianbHOMY
HAABUPOCTKY, HaBMaKW, HAIIPYKEHHSI CITaJaloTh 10 MiHi-
myMy 0,4 MIla Buie Bin jiiHii mepenomy i 1o 1,5 MIla —
HUXYe Bifl Hel.

Posnonin HanpyXeHb y CIIMLSX MPU Pi3HUX BapiaHTax
(ikcariii HaBeseHO Ha puc. 6.

[Mpu T1® ynaMKOBOro HaJABUPOCTKOBOTO I€PEIOMY
JIBOMa CITUIISIMA MaKCUMaJIbHi HAaMpPY>XeHHs B METaJleBUX
KOHCTPYKIIisIX BUHUKAIOTh 10 TOPU30HTAIBHIN JIiHil repe-
JIoMy i csTaroTh mo3Hauku 248,5 MIla. TTpu JI® tproma
CMULISIMU PiBeHb HATIPYKEHb Y HUX HE TEePEBUIILYE TTO3HA-
ykm 128,8 MIla, 1110 3yMOBJICHO MiIBUILEHHSIM CyMapHOiL
IUIONII IX TEepeTHHY IOPiBHSHO 3 OCTEOCHHTE30M IBOMA
CIULISIMU.

[aHi npo BeJIMYMHU HAMPYKEeHb Y KOHTPOJIbHUX TOUKAX
MoJesieil HaBeeHi B Ta01. 2.

HaouHe ysBJIeHHST PO CITiBBiIHOIIEHHS BEIUYMH Ha-
MPYXeHb Y KOHTPOJIbBHUX TOYKAaX MOJIeJIei TIJIeu0BOi KiCT-

KU1 3 HAJIBUPOCTKOBUM YJIaMKOBUM TE€PEIOMOM ITiJl BIUIU-
BOM PO3TSTYIOUOTO HABAHTAXKEHHSI MOJJAHO Ha puc. 7.

Sl HaBemeHO Ha diarpaMax, HasIBHICTh YJIaMKOBO-
ro HaJIBUPOCTKOBOTO II€peJoMYy IUIEYOBOI KiCTKU MpH-
3BOMUTHh OO ACUMETPUYHUX 3MiH Yy PO3MOIiI Hampy-
>KeHb Y HAABUPOCTKAX BUIIE i HUKYE BiJl JIiHiT mepeioMy
npu 3aiicHedHi [T® gsoma crimugmu. [Ipu JIO tproma
CMUILISIMU TIiJl BIJIMBOM PO3TATYIOUOTO HaBaHTaXXEHHS
3HUXYETHCS A0 MiHIMyMy HampyXeHHSI B MeliailbHOMY
HAIBUPOCTKY i BABIUi MiABMIIYETHCS IX piBeHb Ha JaTe-
pajbHOMY i 0COOIMBO B yaaMKy KicTku. Lle moB’s3aHo 3
OOHOOIYHMM TIPOBEACHHSIM ITyuka cnullb. [Ipu mpomy
MediaJlbHUIA HAaABUPOCTOK 3aIMIIAETHCS He(piKCOBAaHUM
i, BiIMOBiAHO, HaBaHTaXXEHHSI Ha HHOTO IPAKTUYHO HE
nepenawTbes. KicTkoBuii pereHepar mjisl LIbOTO BUSIB-
JIIEThCST 3aHAATO M’SIKAM, 11100 3amobiratv mepemilieH-
HIO IUCTaJbHOTO (hparMeHTa. BogHouac Gibll )XopcTKa
(ikcaris naTepaabHOro HaJABUPOCTKA, HIX Yy BapiaHTi 3
JIBOMa CITULISIMU HaBXPECT, BUKIIMKAE TiABUIICHHS PiBHS
HaIpyXeHb y JIaTepaIbHOMY HaJIBUPOCTKY i yJIaMKOBOMY
¢parmenTi. CymapHa BeIWYMHA IUIOIII IIEPEeTUHY IMydKa
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Tab6auusa 2. BennymnHmn Haripy>xeHb y KOHTPOJIbHUX TO4YKax Moaene nig BnJiNBOM HaBaHTa)XX€HHS

Ha pO3TArHEeHHs!
HanpyxeHHsi, MlNa
KOHTpPOJIbHI TOYKKN
Hopma 2 cnunui 3 cnuui
1 2,8 2,6 2,6
2 3,7 29 8,2
3 2,7 3,5 9,7
4 3,5 3,3 0,4
5 4,1 4,9 0,5
6 2,4 2,3 2,1
Cnvui 248,5 128,8

crnuip nipu JIP 3a6e3neuye BABiUI HUXKYiN piBeHb HAMNpy-
JX€Hb Y HUX MOpiBHSIHO 3 [1MD.

3eunanns. HactyriHMM eTarioM poGOTH OYJI0 BUBYEHHS
HarpyxeHo-1e(OopMOBaHOTO CTaHY MOJIEJIi TJIEYOBOI KiCT-
KU TIii BIUINBOM HaBaHTaXXEHHsI Ha 3ruHaHHs. Posmnomin
HarnpyXeHb y KiCTKOBUX eJIeMeHTaxX MojieJieil HaBeleHO Ha
puc. 8.

Ilpy HaBaHTaXeHHSIX Ha 3TUHAHHS HEYIIKOJXXEeHOI
IUIEYOBOI KiCTKM HaIlpyXkeHHsSI HaOyBalOThb MaKCUMaslb-
Horo 3HaueHHs1 10,8 MIla y BepxHiii TpeTuHi miadiza.
Y HMXHII TpeTWHi Hampy>XeHHsI BU3HAYalOThCsS Ha IMO-
3Hauli 4,5 MIla, HanpyXeHHSI Ha HaIBUPOCTKAax pO3-
MOINSIOTHCS piBHOMiIpHO B Mexax Bia 2,0 mo 2,8 MIla.
3a HassBHOCTiI HaJJBUPOCTKOBOTO yJIaMKOBOTO TEePEIOMY 3
I1® gBoma crivUsIMU, MTOPIBHSIHO 3 MOAEJIIO B HOPMi, Ha
MelliaIbHOMY HaJBUPOCTKY BU3HAYAIU 3HUXEHHS PiBHS
HanpyxeHb 10 2,0 MIla HMXK4Ye Big rOopM30HTAJIbHOI JIi-
Hii mepesomy i niaBuiieHHs 10 3,1 MIla Buiie Bix Hei.
HanpyxeHHs B y1aMKOBOMY ¢parMeHTi BM3HAY€HO Ha
piBHi 2,5 MITa. JI® i3 TpbOX CrUilb JO03BOJISIE 3HU3UTHU 10
MiHiIMyMy piB€Hb HAIIPy>X€Hb HA MeliaJIbHOMY HaJBUPOC-
1Ky — 10 0,11 0,3 MIla Buie i HUXK4e Bij JTiHiT mepesomy
BinnosigHo. [Ipy boMy Ha naTepajbHOMY HaJABUPOCTKY
Hampy:KeHHS 3pOCTaloTh i caraloTh mo3Hadok 11,4 MIla
HUXX4Ye Bia JiHil mepenomy i 9,0 MIla — B ynamkoBoMy
¢dparMeHTi, 110 MOB’SI3aHO 3 HECUMETPUUYHUM PO3TaIIly-
BaHHSIM CITU1b.

Po3sroain HanpyXeHb y CIIULISIX MOJIesIei TPU HaBaHTa-
JKeHHI Ha 3TMHaHHS HaBeJleHO Ha puc. 9.

Ilpy HaBaHTaXEHHSX Ha 3TMHAHHS MaKCUMaJlbHUI
piBeHb HampyxkeHb y cruugx 286,2 MIla Bu3Ha4YaeThCs
npu JI® HaaBUPOCTKOBOIO yjiaMKoOBOro mepejomy. [Ipu
[1®d nBoMa cnuuUsIMU piBeHb iX HAIPYKeHb € HUKIUM —
160,7 MIla, 1110 CBiTYMUTh HA KOPUCTh CUMETPUYHOI (hiK-
cailii ¢pparMeHTIB y IIPOTUIii 3rMHAIOYOMY HaBaHTaXKEHHIO.

JaHni npo BeJIMUMHU HAMPYKEeHb Y KOHTPOJIbHUX TOUKAX
MOJIeJIell TUIEYOBOI KICTKM TPU HaBaHTaXXEHHSIX Ha 3TU-
HaHHS HaBelIeHi B TaOI. 3.

JI71s1 HAOYHOTO TTOPIBHSIHHSI PiBHSI HAIIPY>KeHb Y KOHT-
POJBHUX TOYKaX MOJAEJel IJIe40BOi KiCTKM 3 HaJaBUPOC-
TKOBUM YJIAMKOBUM TE€PEJIOMOM IiJl BILIMBOM 3TMHAIOYOTO
HaBAHTAXKEHHS 1100yNOBaHa Jiarpama, ska HaBeleHa Ha
puc. 10.

Hagenena miarpama rokasye, 1110 3a HasiBHOCTI yJITaMKO-
BOTO HAJBUPOCTKOBOTO mepenoMy 1M gBoma CrMIsIMH,
3 TOUKY 30pY PO3MOJiy HANIPYXXeHb B €JIeMEHTax MOJeli,
BUIJISIIAE TIepeBakaiovoto 3a JIM mydkoM 3 TphOX CITULIb.

Ckpyuysanns. Ha octaHHbOMY eTalti poOOTH T0CIIIKY -
BaJIM HAIIpy>XKeHO-Ie(OpPMOBAaHUI CTaH MOMAENEH ILIeUOo-
BOI KiCTKM ITiJl BIUIMBOM HaBaHTa>K€HHSI Ha CKPy4YyBaHHSI.
OTpuMaty ysIBJICHHSI PO PO3MOIiJ HAMIPYKEHb Y KiCTKO-
BUX eJIeMEHTax MOJeJIi MOXHa 3a JOIMOMOrolo puc. 11.

JocainkeHHs Hanpy>XeHo-1e(hOpPMOBAHOTO CTaHy MO-
JIeJTi HeYIIKOKEeHOT IJIeYOBO1 KiCTKY TIiJl BILTMBOM HaBaH-

Tabnuus 3. Benin4nHu Hanpy>xeHb y KOHTPOJIbHUX TOYKaxX MoAesiel naey4yoBoi KicTku
nig BrnJiMBoM HaBaHTa)keHHS1 Ha 3rMHaHHs

KOHTpOsnbHI TO4YKMU Hanpyxetus, Mila
Hopma 2 cnuui 3 cnuui
1 4,5 4,3 3,3
2 2,8 2,5 9,0
3 2,0 2,0 11,4
4 2,2 3,1 0,1
5 2,2 2,0 0,3
6 10,8 10,1 9,8
Cnnui 160,7 286,2
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Ta6nnusa 4. Benn4ynHn Hanpy>xeHb y KOHTPOJIbHUX TOYKaxX MoAesieli nig BrinBoM HaBaHTa)KeHHS
Ha CKpy4YyBaHHS

HanpyxeHHs, MlNa
KoHTponbHI TO4YKMU
Hopma 2 cnuui 3 cnuui
1 6,7 8,8 7,1
2 7,7 11,2 31,3
3 8,2 9,9 34,3
4 8,0 9 0,4
5 6,5 15,1 1,5
6 4,9 4,3 3,7
Cnnui 94,0 181,4

TaXKEHHSI HA CKPYYyBaHHS BU3HAYUJIO, 11O MiHIMaJIbHi 3a
BEJIMYMHOIO HamnpyxeHHs 4,9 MIla BUHUKAIOTh Y BEpXHiii
TpeTuHi niadiza, a Makcumanbhi — 8,0 MI1ay BepxHiii uac-
THHI MeIiaJlbHOro HamBupocTtka Ta 8,2 MIla — y HmKHi#
YaCTUHI JIaTepaJIbHOTO. Y MOJIEi 3 YJIaMKOBUM HaJIBUPOC-
TKOBUM mniepesioMoM 1ipu [1dD nBoma cnuisiMu MakCUMyM
HamnpyxeHb 15,1 MIla BuHMKae Ha MenialbHOMY HalBU-
POCTKY HMKYE Bin JTiHil mepesoMy, a Takox 11,2 MITa — B
yinamkoBoMy ¢parmenTi. [1pu JI® tppoma cnivusiMu 3Ha-
YHO TJIBUILYETbCS PiBeHb HAIPYXeHb Ha JlaTepaJbHOMY
HanBUpPOCTKY — 10 34,3 MIla HuXYe Bif TOPU30OHTAIBHOT
JiHil nepesomy Ta no 31,3 MIla — B ynramMmkoBoMy cpar-
MeHTi. Ha mMenianbHOMY HamBUPOCTKY Hampy>KeHHs 3HU-
XKyI0Tbcs 1o MiHiMymy 0,4 MIla Bullie Big ropu30HTAIBHOI
JIiHiT mepenomy i He mepeBuIyoTh 1,5 MIla Hikae Bin Hei,
1110 3HOBY K € HACIiIKOM OTHOOIYHOI0 BCTAHOBJIEHHS (hiK-
CYIOUHX €JIEMEHTIB.

Posznonin HanpyXeHb y CIIMLSX MPU Pi3HUX BapiaHTax
OCTEOCHHTE3y HaBeeHO Ha puc. 12.

[1py HaBaHTaXXKEHHSIX Ha CKPYYyBaHHS MPU 000X BapiaH-
Tax (pikcallii MaKcMMallbHi 3HAYeHHsI HaTIPY>XXeHb Y CITULISIX
BU3HAUalOThCSl Ha JIiHil nepeioMy. Ha BeuunHu 1ux Ha-
MpyXeHb TaKOX BIUIMBAE CUMETPUYHICTh PO3TAlllyBaHHS
dikcyrounx eeMeHTiB. Tak, MaKCUMAaJIbHUM piBeHb HAIIPy-
xeHb y criuiix pu [1® BuzHayeHo Ha rmosHaui 94,0 MT1a,
a ipu JI® HanpyxeHHs1 BaBivi Buii — 181,4 MITa.

[JaHi npo BeJIMYMHU HAMPYKEHb Y KOHTPOJIbHUX TOUKAX
MOJIeJIeil MJIe40BO1 KiCTKH i/ BIJIMBOM HaBAHTAXXEHHS Ha
CKpY4YYyBaHHsI HaBe/IeHi B Ta01. 4.

Hiarpamu, siki HaBeAeHO Ha puc. 13, MO3BOJISIOTH Ha-
OYHO TIOPiBHSITU BEJIMYMHU HAIPYKeHb Y KiCTKOBUX eJie-
MEHTaX i CIUISIX MOJEeH, IKi BAHUKAIOTh ITiJl BILIMBOM
HaBaHTaXXEHHs Ha CKPYYyBaHHSI.

Ak mokazaHO Ha jiarpamax, MpU HaBaHTaXEHHSIX Ha
CKpy4dyBaHHS IlepexpecHa (ikcalisi 1BoMa CIULSIMU 10-
BOIMTH CBOIO IepeBary Haj jJaTepaabHolo (iKcalli€ro Imyd-
KOM CITHULIb.

BUCHOBKMU

MarematnuHe MOIETIOBAHHS TUIEYOBOI KiCTKU 3 HaJIBU-
POCTKOBUM YJIaMKOBHMM TIEPEIOMOM JIO3BOJIUIIO JTOBECTU
mepeBary mnepexpecHoi (ikcarlii JBoMa CIIMISIMM Hal Jia-
TepaJibHOIO (hiKcalli€lo IMyYKOM CIIMIb IpU BCiX BapiaH-

Tax HaBaHTaxeHHs. OCOOJMBO 1Ie BU3HAYAETHCSI PiBHEM
HarpyXeHb Ha yJaMKOBOMY (hparMeHTi, HaIlpy>KeHHsI Ha
SIKOMY 3pOCTalOTh B pa3u MPU HaBaHTaXKEHHSIX Ha CKPY4IY-
BaHHS Ta 3TMHAHHS 3a paXyHOK HECUMETPUYHOTO pO3Ta-
LIIyBaHHS CIIMLb IIPU JIaTepalibHil (ikcairii.

KoHnduiikT iHTepeciB. ABTopu 3asIBISIIOTH PO BiACYT-
HiCTb KOH(JIKTY iHTepeciB Ta BIacHOI (hiHAHCOBOI 3alli-
KaBJICHOCTI IIPM MiArOTOBIIi JaHOI CTATTi.
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Study of the stress-strain state of the humeral models in supracondylar comminuted fractures
in children and adolescents with different options of percutaneous fixation

Abstract. Background. Fracture of the distal epimetaphysis of the
humerus in children and adolescents is one of the most common
injuries, accounting for 16—50 % of all bone fractures. Currently,
there are two main configurations to fix supracondylar fractures
in children and adolescents: the crossed pin design and the design
with 2 or 3 lateral pins diverging in the coronal plane. The disad-
vantage of lateral fixation is an increased risk of loss of reposition,
which can lead to cubitus varus. A significant problem when using
a crossed fixation structure is iatrogenic damage to the ulnar nerve
(2—8 %). The purpose was to compare the level of stresses in the
humeral model with a supracondylar comminuted fracture with
various options of percutaneous fixation under the influence of dif-
ferent loads. Materials and methods. A basic finite-element model
of the humerus was developed, based on which a model of a su-
pracondylar comminuted fracture was created. Two options of os-
teosynthesis were modeled: with two pins located crosswise (cross
fixation) and a bundle of three pins (lateral fixation). The stress-
strain state of the models was studied under the influence of tensile,
bending and twisting loads. Results. The presence of a comminuted
epicondylar fracture of the humerus leads to asymmetric changes in
the zone of stress distribution in the epicondyles above and below

the fracture line when performing cross fixation with two pins. In
lateral fixation with three pins under the influence of tensile load,
the tension in the medial epicondyle is reduced to a minimum and
its level is doubled on the lateral epicondyle and especially in the
bone fragment. This is related to the one-sided conduction of a
bundle of pins. At the same time, the medial epicondyle remains
unfixed and, accordingly, the loads on it are practically not trans-
ferred. The bone regenerate is too soft to prevent the movement of
the distal fragment. However, a more rigid fixation of the lateral
epicondyle than in the construction with two pins across, causes
an increase in the stress level in the lateral epicondyle and bone
fragment. The total size of the cross-sectional area of the pin bun-
dle with lateral fixation ensures a twice lower stress level in them,
compared to cross fixation. Conclusions. Mathematical modeling
of the humerus with a supracondylar comminuted fracture made
it possible to prove the advantage of cross fixation with two pins
over lateral fixation with a bundle of pins in all load variants. This is
especially determined by the stress level of the bone fragment, the
stress on which increases many times under twisting and bending
loads due to an asymmetric location of pins in lateral fixation.
Keywords: humerus; supracondylar fractures; osteosynthesis
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AOCAIAXKEHHS HaNpPY>XeHO-AeDOPMOBAHOIO CTAHY

MOAEAEN Pi3HNX BAPIAHTIB OCTEOCUHTE3Y
KICTOK FOMIAKU 3 AiddisapHMMU NepeAOMaMU
B CepPeAHiN TPETUHI Y AiTe 3 HeAOCKOHOAUM
OCTeOreHe3OM T He3dBepLUEeHUM POCTOM.
YactuHa 2. Kpy4yeHHs

Pestome. AKTyanbHICTb. HEAOCKOHOAM OCTEOreHe3 CyrnPOBOAXKYETbCS MHOXMHHMMI MEPEAOMAMM KICTOK CKeAe-
TQ, PO3BUTKOM MPOMPECYOYMX ASPOPMALIV KICTOK KIHLIBOK i, SIK HOCAIAOK, MOPYLUEHHSIM GYHKLII OropK TQ XOALOU.
HavinoLuvpeHitmm 3aco60om CTabinizaLiil ppArMeHTiB KICTOK rpu AIKYBAHHI MEpEeAoMIB YHACAIAOK HEAOCKOHAAOIO
OCTEOreHe3y € IHTPAMEAYASIOHI QIKCATOPM PI3HVX KOHCTRYKLM. NiKyBAHHS LiiET XBOPO6GM NOTPEBYE TOUBAAOIO HACY,
TOMY BUKOPUCTAHHST BHYTPILLHIX GiKCATOPIB 6€3 MOXXAMBOCTI iX MOAOBKEHHS A, HOC POCTY CKEAETA MPMU3BOANTL AO
36iAbLLEHHST HOCTOTY MOBTOPHMX XIPYRrIHHMX BTOYHAHb, OOYMOBAEHMX HEOOXIAHICTIO IXHBOI 3aMiHY. MeTa: AOCAIAMTN
HAMPY>KEHO-AEDOPMOBAHMV CTAH MOAEAEV TOMIAKU TMiA BIIAVBOM HOBOHTAXKEHHSI HQ KPYYEHHSI B YMOBQAX MepeAoMy
060X KICTOK y CEPEAHIV TOETVHI TQ iX OCTEOCUHTE3Y 3 BUKOPUCTAHHSIM IHTDAMEAYASIOHMX CTOMKHIB I3HVX KOHCTR YKLV
Y AlTert 3 HEAOCKOHQAVM OCTEOreHe30M | He3aBEPLLEHM POCTOM. Marepiann Ta MeToaU. BuyikoHaHe MaremaTyHe
MOAEAOBQAHHST ABOX BOPIQHTIB OCTEOCHHTE3Y KICTOK FOMIAKIM 3 MELEAOMOM Y CELEAHIV TOETUHI Y AlTEV 3 HEAOCKOHQ-
AVIM OCTEOreHe30oM: 1) CTpuKeHb 6e3 POTALiVIHOI CTAGIABHOCTI, 2) CTPWYXKEHb 3 POTALIMHOK CTABIALHICTIO. [lov rpo-
BEAEHHI AOCAIAKEHbB BUBHYQAAM HAMPYXKEHO-AEDOPMOBAHI CTAH MOAEAEM IMiA BIAVBOM HOBOHTQXKEHHST HQ KDYYEHHS.
Pesynsrar. CTpoumKkeHb 3 POTALIHOK CTABIABHICTHO MPv OCTEOCUHTESI BEAMKOTOMIAKOBOI KICTKI AO3BOASIE 3HU3NTI Pi-
BEHb HAMPYXKEHb Y3A0BXK AHIl nepesomy A0 0,3 MIIa. B iHLLMX 30HAX HAMPY>XKEHHST 36epirQroTbCsl HQ TOMY K PiBHI, LLO
V1 1pu BUKOPUCTAHHI POTALIMHO HECTABIALHOIO CTPWMKHST. OCHOBHQ MEPEBAIa, SIKY HOAQE CTOWKEHb 3 POTALIMHOK
CTABIABHICTIO MY OCTEOCUHTE3] BEAVKOTOMIAKOBOI KICTKU M4, BIIAVBOM HOBAHTQYKEHb HQ KPYYEHHS], LI€ 3HVKEHHST DiBHST
HaArpy»KeHb y3A0BXK AiHIl meperomy Ao 0,3 MIIQ, 1O MAE BAXKAMBE 3HQHEHHST Mov AIKYBAHHI AiTEVi 3 HEAOCKOHQOAMM
OCTEOreHe30M. BUCHOBKW. [pv HOBOHTAXKEHHSIX HQ KD YYEHHST CTRVKEHb 3 POTALLIMHOK CTABIABHICTIO 306e3redye B 10
PA3IB HWKY PiBEHB HAMPY KEHb Y3AOBXK AiHIi MTepeAoMy MopIBHSIHO 3 POTALIVIHO HECTAGIAbLHIM CTOVKHEM.

KAKOUYOBiI CAOBQL: AiTU; FOMIAKQ,; OCTEOCUHTE3; TEAECKOMIYHNI IHTDAMEAYASIOHUA CTOMKEHB; MOAEAOBAHHSI

Bctyn

Henockonanuit ocreoreHe3 — 1ie reHeTUYHA 1aTOJIO-
Tist, HAaCJIiAKOM SIKOI € TOpYIIeHHsSI (popMyBaHHSI KoJja-
TEHOBUX BOJIOKOH, TIPOIIECIiB YTBOPEHHS i MiHepati3alil
KiCTKOBOTO MaTpUKCY Ta (DOpMYyBaHHSI KiCTKOBOI TKaHM-
HU 3 HU3bKMMU MEXaHiYHUMU BiacTUBoOCTsIMU [1—4]. Lle
3aXBOPIOBAHHSI CYMPOBOIXYETHCS MHOXWUHHUMU Tiepe-
JIoMaMU KiCTOK CKeJjieTa, PO3BUTKOM IPOTrPeCyoUux lie-

¢opmalliif KicToK KiHIIiBOK i, SIK HaCIiA0K, MOPYIIEHHIM
dbyHK1ii onopu Ta xoap6u. Ha choroaHi HaiimommpeHi-
UM 3acoboM crabinizanii ¢pparMeHTIB KiCTOK Mpu Ji-
KyBaHHIi TepeJIoMiB KiHIIiBOK YHACiIOK HETOCKOHAIOTO
OCTeOoTeHe3y € iHTpaMenyJsIpHi ikcaTopu pi3HUX KOH-
crpykuiit [5]. JlikyBaHHS 11i€l XBopoOM moTpedye TpuBa-
JIOTO 4acy, TOMY BUKOPHUCTaHHS BHYTPIILIHIX (ikcaTopiB
0e3 MOXJIMBOCTI iX MOAOBXEHHS IIiJ 4ac POCTy CKejeTa

© «Tpasma» / «Trauma («Travmay), 2024
© Bupaseub 3acnascokmit 0.10. / Publisher Zaslavsky 0.Yu., 2024

[ina kopecnoxaeHuii: Kapnincokuit Muxaiino Hpiiiony, crapiunit HaykoBwit cnipobithuk nabopatopii 6iomexaniku, [IY «[HcTuTyT natonorii xpe6Ta Ta cyrno6is imeni npodecopa M.I. Cuterka HAMH
Ykpainu», Byn. [puropis Ckosopoau, 80, M. Xapkis, 61024, Ykpaita; e-mail: korab.karpinsky9@gmail.com; Ten.: +380 (67) 571-48-63

For correspondence: Mykhailo Karpinsky, Senior Research Fellow at the Biomechanics Laboratory, State Institution “Sytenko Institute of Spine and Joint Pathology of the National Academy of Medical
Sciences of Ukraine”, Hryhoriya Skovorody st., 80, Kharkiv, 61024, Ukraine; e-mail: korab.karpinsky9@gmail.com; phone: +380 (67) 571-48-63

Full list of authors information is available at the end of the article.

Tom 25, N2 3, 2024

www.mif-ua.com, http://trauma.zaslavsky.com.ua 37



I OpuriHaAbHi pocAiaXXeHHs / Original Researches

MPU3BOAUTH 0 30UJIBIIEHHST YaCTOTU MOBTOPHUX Xipyp-
TiYHUX BTpy4aHb, OOYMOBJIEHUX HEOOXiTHICTIO IXHBOI 3a-
MiHu. OTxe, HeOOXiAHICTb pO3POOKU Ta OOIPYHTYBaHHSI
TEJECKOMIYHUX IHTpaMeayIsIpHUX (ikcaTopiB mJIs JIiKy-
BaHHS MAaIli€HTIB i3 HEAOCKOHAIMM OCTEOT€HE30M Ta He-
3aBepILEHUM POCTOM HE BUKJIMKAE CYMHIBY.

Meta: goCHIUTU HaTNpyXeHO-aehOpPMOBaHUN CTaH
MOJIeJIeil TOMIJIKM TIif BIUIMBOM HaBaHTaXXEHHSI Ha Kpy-
YEHHs B yMOBaX IepeioMy 000X KiCTOK y CepeHii TpeTUHi
Ta iX OCTEOCHHTE3y 3 BUKOPUCTAHHSIM iHTpaMEIyJISIpHUX
CTPVDKHIB Pi3HMX KOHCTPYKIIN y HiTell 3 HeZOCKOHAJIUM
OCTEOTreHe30M i He3aBEPIIIEHUM POCTOM.

MarepiaAn Ta meToamn

3a ocHOBy Oyja obpaHa MOIEIb AUCTAJIBLHOIO KiHIIS
HIDXKHBOI KiHIIIBKY, po3po0JieHa B JlabopaTopii biomexaHi-
ku 1Y «IHcTUTyT marosorii xpe6Ta Ta cyryio6iB iM. mpod.
M.I. Cutenka HAMH VYkpaiuu» [6] (puc. 1).

Bysio BUKOHaHe MaTeMaTU4YHe MOJIEIOBAaHHST BapiaHTIiB
OCTEOCHHTE3Y KiCTOK TOMIJIKU 3 MEPEeJOMOM Y CepelHiit
TPETHUHI y JIiTe#l 3 HEIOCKOHAIMM OcTeoreHe3oM. Mojesnto-
BaJIM 2 BapiaHTU OCTEOCUHTE3Y BEIMKOTOMIIKOBOI KiCTKM:
1) crpuxeHb 6e3 poraliiiHoi crabinbHOCTI (Try Macke-
JoBanb); 2) CTpUKEHb 3 POTALIIAHOIO CTA0LIbHICTIO KOH-
crpykuii ITIXC [7].

OCTeoCHuHTE3 MaJOTOMIJIKOBOI KiCTKM IIpM BCiX Ba-
piaHTax He MogaemoBanu. IIpoirapok Mix @parmeHTa-
MU MaJIOrOMIJIKOBOI KiCTKM 3alTOBHIOBAJIM MaTepiaJioMm 3
BJIACTUBOCTSIMU MiXXYJIaMKOBOTO pereHepary. Mojeib 3
niacizapHUMM MepeioMaMU KiCTOK TOMIJKW B CepeaHiit
TPETUHI Ta iHTpaMeIyJsspHUM OCTEOCHMHTE30M HaBedeHa
Ha puc. 2

Marepian BBaXkanu OFHOPIZHUM Ta i30TPONHUM. K
KiHLIeBU# eJeMeHT OyB oOpaHuii 10-By3jaoBUiI TeTpaemp
3 KBaJpaTUYHOIO ampokcumaliero. Ilpu oOpaHHi Mexa-
HIYHMX BJIACTMBOCTEM 0iOJOriYHUX TKAaHMH BpPaxoOBYBaJU
TOl (hakT, 1110 MPU HETOCKOHAIOMY OCTeOreHe3i KicTkoBa
TKaHWHA Ma€ HU3bKY MEXaHIUHY MillHiCTb, Ha 110 3BepTa-
JIA yBary Mpu BUBYEHHI JlitepaTypHux mxepen [8—11]. Xa-
PaKTEepPUCTUKHU IITyYHUX MaTepianiB oOupasn 3a NTaHUMU
TexXHiuHO1 Jiiteparypu [12]. MexaHiuHi XapaKTepUCTUKU
MarepiajiB, 1110 BUKOPUCTOBYBaJIM B pO3paxyHKax, HaBe-
neHi B Tao. 1.

IIpu nmpoBeneHHi mocaiaXkeHb BUBYAIM HAIPYKEeHO-
nedopMoBaHUI CTaH MoOAeJel ITi BIJIMBOM HaBaHTa-
JKEHHsI Ha KpydeHHs1. s 1iboro 10 THOiaJlbHOTO MJaTo
BEJIMKOTOMIJIKOBOI KiCTKM MpUKJIagalu KPyTHUNA MO-
MeHT BesmunHot 5 HM. Ctoma Monesneii Oyina JKopCcTKO

PucyHok 1. BazoBa moaesib romisnikuv
6e3 yLkoaxeHb KicTok

PucyHok 2. Mogenb rominku 3 nepesiomom o60x
KiCTOK y cepenHiii TPeTuHi Ta iHTpamenynsspHUM
OCTEOCUHTE30M

G

PucyHok 3. CxemMu HaBaHTa)XKeHHs Mogesei
Ha Kpy4YeHHs

Tabnuusa 1. MexaHi4yHi xapakTepucTuku Matepiasis, O BUKOPUCTOBYBAJIN NMPU MOLAEJTIOBaAHHI

Martepian Monynll\,nllfl):ra (E), KoediuieHT NMyaccoHa, v
KopTukanbHa Kictka 12 240 0,30
[ybyacTa KicTka 330 0,30
XpsLioBa TKaHMHA 5,58 0,45
MixxynamkoBuin pereHepat 1,00 0,45
JleroBana ctanb 210000 0,30
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3akpirieHa. CxeMU HaBaHTaXXeHHS MojeJiell HaBeJeHO
Ha puc. 3.

151 TOpiBHSIHHS Pi3HMX BapiaHTiB OCTEOCUHTE3Y MPO-
BOJMJIM PEECTpALlil0 BEJIMYUH HAIPYXeHb Yy MOJAEISX Y
MEeBHUX KOHTPOJbHUX TOUYKax. Cxema po3TallyBaHHS
KOHTPOJIbHUX TOYOK HaBeJeHa Ha puc. 4.

JlocmimKkeHHsT HaIIpyKeHOo-1e(OPMOBAHOTO CTaHy MO-
Jieiel BUKOHYBAJIM 3a JOTIOMOTOI0 METONY KiHIIEBUX ejle-
MEHTIB. fIK KpuTepiii OLiHKMA HAMpy>KEHOTo CTaHy MOIe-
JIeil BUKOPUCTOBYBaJIM HaIlpy>KeHHs 3a MizecoM [13].

5
3
/7
4 '/8
2

PucyHok 4. Cxema po3TaLuyBaHHSI KOHTPOJIbHUX
TOYOK, y SIKUX MPOBOANIIN PEECTPAaLiI0O BeJINYNH HA-
npyxeHb y mogensix: 1 — npokcumasnbHuii metais

BEJINKOroMi/IKOBOI KiCTKU; 2 — ANCTasIbHUI MeTa-
i3 BesimkorominkoBoi kictku; 3 — AaUCTanbHUA
KiHeLb npoKcumMasibHOro ¢pparmeHTa BeJsINKOromisn-
KOBOI KicTku; 4 — npoKkcumMasibHUiA KiHeub ANC-

TasibHOro ¢pparmMeHTa BeJIMKOroMisIKoBOi KiCcTKu;
5 — npokcumanbHni pparMeHT BeJIMKOroMisIkoBOi

KicTku B 30Hi nepenomy; 6 — gucrasibHuii ¢ppar-

MEHT BeJINKOrOMIJIKOBOI KiCTKMU B 30Hi nepesiomy;
7 — AncTasibHUIA KiHelb NpoKcuMasibHoro ¢par-
MEeHTa MaJIoroMisIKOBOI KicTku; 8 — npokcumasb-
HWI KiHeLUb ANCTasIbHOro ¢oparmeHTa Masioromisi-
KOBOI KiCTKM

MonenioBaHHS BUKOHYBaJM 3a JOMOMOTOI0 CHUCTe-
MU aBTOMaTU30BaHOTO MpoekTyBaHHsI SolidWorks. Pos-
paxyHKU HaIpyx)keHo-n1eOopMOBaHOTO CTaHy Mojeleit
BUKOHYBaJM 3a JIOMOMOTOI0 IPOrPAMHOTO KOMILUIEKCY
CosmosM [14].

PesyAbTaTH

IMpu nocnimxeHHi Mozieneli Ha KpyYeHHSsI MepIIuM eTa-
IOM BHBYAIM HAIpyXeHO-Ae(OpMOBaHUIN CTaH MOJEi
roMiJIKu 0e3 yiKomkeHb. KapTuHy po3nominy HarmpyXeHb
y Liii MoAei Iia BIUIMBOM HaBaHTaXK€HHSI Ha KPYYEHHS
MOXKHa CIIOCTepiraT Ha puc. 5.

3a BiICYTHOCTI YIIKOMXEHb KiCTOK TOMUIKM TIpU Ha-
BAHTaXEHHI Ha Kpy4YeHHs HaAWOIbIII HANpy>XEHHS BU-
HUKAIOTh Y BEJIMKOTOMIUJIKOBOI KiCTIi I CSTal0Th 3HAYEHHST
6,5 MTla Ha 1l mpokcuMaabHOMY KiHIi Ta 3,9 MTIla Ha nuc-
TagbHOMY. Y nmiadizapHili YacTHHI BEJIMYMHU HAMpPYXKEeHb
He repeBulyioTh 1,6 MITa. ManoromMiikoBa KicTKa 3au-
IIAETHCS MPAKTUYHO HEHABAHTAXEHOIO, TIPO 10 CBIAUYUTH
HU3bKUI piBeHb HampyxeHb y Hill — 0,1 MI1a.

Ha puc. 6 HaBefeHa KapTUHA HApPyXKeHO-Ie(hOpMOBa-
HOTO CTaHy MOJeEJi 3 OCTEOCMHTE30M BeJIMKOTOMiJIKOBOI
KiCTKM iHTpaMeayIsIpHUM CTPMXKHEM 0e3 poTalliiiHoi cTa-
OiBbHOCTI.

OcTeocrHTe3 BEJTMKOTOMIJIKOBOT KiCTKM pOTalliiiHO He-
CTaOUIbHUM CTPUKHEM TTPU HaBaHTaXKEHHSIX Ha KPyYEHHS
MPU3BOAUTH 10 MiIBUIIEHHS PiBHSI HAIpYyXeHb B il MPO-
KcuMaJibHOMY Bigmim mo 9,3 MIla, BogHOYac m03BOJISIE
3HU3UTH PiBeHb HAIIpy:KeHb B Ii miadisi, 1e BOHM BU3HA-
yaoTbesd B Mexax Big 0,1 mo 0,2 MIla. OcobnuBy yBary
CJIil IPUIIIATU TOMY (baKTy, 1O B3AOBXK JiHil IIepeaomy
B IMCTaJbHOMY (hparMeHTi BEJIMKOIOMIiIKOBOI KiCTKU Pi-
BEeHb HarpyxeHHs 3pocrtae a0 3,1 MIla. BincyrHicTb po-
TaliliHOI CTaOITIBHOCTI TaKOX MPU3BOIMUTL IO MiABUILIEH-
HSI HaNIpyXXeHb y Aiadisi MaJoroMiakoBoi Kictku 1o 1,5 Ta
2,2 MIla B aucranbHOMY Ta TTPOKCUMaIbHOMY (hparMeH-
Tax BiIMOBIITHO.

PosrnsiHeMO, SIK 3MIiHIOETBCS KapTWHA PO3IIOMUIY Ha-
MpYyXeHb Y MOJEJIi TOMIJIKM 3 TIlepejioMaMi 000X KiCTOK y
CepenHill TpeTUHI il BIUVIMBOM HaBaHTa>K€HHS Ha KPy4eH-

a 6 B

O =2~ N WDHhooON OO =20
o o

I , Min: 5e-14

r

PucyHok 5. KapTuHa po3anoginy Hanpy>eHbs y MogeJsli roMisiku B HOPMi nig BrjinBOM HaBaHTa)X€HHSI Ha KPY-
YeHHsI: a — 3aranbHuii Burnsg; 6 — eurnsg 3 megianbHoro 60ky; B — BUrnag 33any; r — PO3TUH BEJINKOro-
MIifIKOBOI KiCTKU;  — 30Ha rnepesiomy
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PucyHok 6. KapTuHa po3noginy Hanpy>eHb y MOAeJli roMisiku 3 nepesiomamMm 000X KiCTOK y cepenHiii
TPeTuHI Nig BNIMBOM HaBaHTa)keHHS1 Ha KpYy4eHHSl. OCTeoCUHTe3 CTpukHeM 6e3 poTauiriHoi cTabinbHoCTi:
a — 3aranbHuv Burnsg; 6 — eurnsg 3 megiasibHoro 60okKy; B — BUrnsag 33agy; r — PO3TUH BEJINKOroMiJIKO-

BOI KICTKM; J — 30Ha riepesiomy

J1

r

| , Min: 5e-14
A

(| N
O LN WA ON®O=0
o ™

PucyHok 7. KapTtuHa po3noainy HanpyxeHb y mogesni. OCTeOCUHTe3 CTPMKHEM i3 poTauiliHolo cTabinbHic-
TIO: @ — 3aranbHuii BUrnsn; 6 — surnsag 3 MmegiasibHoro 60Ky; B — BUrnss 33aay; r — Ppo3TUH BeJINKOroMis-
KOBOI KicTKU; 4 — 30Ha nepesiomy

Tabnuusa 2. Benn4nHu Hanpy>xeHb y MOAeJ1i rOMiIku 3 nepesioMmamu 060X KICTOK y cepeaHivi Tpe TuHI
nig BMJIMBOM HaBaHTa)keHHS1 Ha KPy4YeHHS1. OCTEOCUHTE3 CTPVIKHAMU

HanpyxeHHs, MlNa
KoHTponbHi
TOUYKU Hopma PoTauiliHo HecTabinbHuit | PoTauiiiHo cTaGinbHuii
CTPUXEHb CTPUXEHb
1 6,5 9,3 9,3
2 3,9 0,4 0,4
3 1,3 0,1 0,1
4 1,6 0,2 0,2
5 1,1 0,1 0,1
6 1,1 3,1 0,3
7 0,1 2,2 2,1
8 0,1 17 15
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M Hopma

1 2 3 4 5 6 7 8

KOHTpOMnbHi To4kn

M PoraujiiHo HecTtabinbHui

B PorauiitHo cTabinbHui

PucyHok 8. fliarpama Hanpy>xeHb y Mogeni rominku 3 nepesioMmamy o60x KiCTOK y cepeaHivi Tpe TUHI
nig BMJIMBOM HaBaHTa)ke€HHSI Ha Kpy4YeHHS1. OCTEOCUHTE3 CTPVIKHAMU

H$I TIpY BUKOPUCTaHHI JIJISI OCTEOCUHTE3Y CTPUKHS 3 pOTa-
1itHOMO cTabiNbHICTIO (pUC. 7).

CTpuKeHb 3 pOTalliifHOIO CTAaOUIBHICTIO MPU OCTEO-
CUHTE31 BEJIMKOIOMIJIKOBOI KiCTKU J03BOJISIE 3HU3UTU
piBeHb HaIpyXeHb Y3I0BX JiHii mepeaomy no 0,3 MIla.
B iHmmMx 30Hax HampyXeHHs 30epiraloThbCsl Ha TOMY XK
piBHi, 110 I TIpU BUKOPUCTAHHI poTaliiiHO HecTabiib-
HOTO CTPUXHSI.

3HaueHHsI BEJIMYUMHM HATpPyKeHb Y KOHTPOJbHUX TOY-
Kax MojieJieid TOMIJIKY 3 TiepeJioMaMu 000X KiCTOK y cepe/l-
Hill TpeTUHI Tl BIJIMBOM HaBaHTaXXEHHs Ha KPYyYeHHS B
YMOBaxX OCTEOCUHTE3y IHTpaMemyJIsIpHUMU CTPYKHIMU
HaBe/ieHi B Ta0I. 2.

bBinpir HAaOYHO TIOPIBHATH BEIWYMHM HAIPyXEeHb Yy
KOHTPOJIbHUX TOYKax MOJejeil TOMITKM 3 TiepeoMaMu
000X KIiCTOK y cepenHili TPeTHHi Iia BILIMBOM HaBaHTa-
JKEHHSI Ha KpYy4YeHHSI B yMOBAaX OCTEOCHHTE3Y iHTpaMemy-
JIIPHUMU CTPUKHSIMU MOXHA 3a JOMOMOTIOIO Jiarpamu,
sKa HaBeJleHa Ha puc. 8.

Sk 6auMMo, OCHOBHA TiepeBara, sSIKy Haga€e CTPUXKEHbD 3
pOTaliifHOIO CTAOLTBbHICTIO MIPU OCTEOCUHTE3i BEJMKOTO-
MIJIKOBOI KiCTKH TIiji BIUIMBOM HaBaHTaXXeHb Ha KPYYEHHSI,
1Ie 3HVDKEHHS PiBHS HaIIpyXeHb y3IOBXK JIiHII TepeioMy
no 0,3 MIla, mo mae BaxjivBe 3HAYEHHS MPU JiKyBaHHI
NiTelt 3 HEIOCKOHAIMM OCTEeOreHe30M. B iHIIMX 30Hax Ha-
MIpYXeHHsI 30epiraloTbCsl Ha TOMY X PiBHi, 11O i TIpU BU-
KOpPUCTaHHI poTalliifHO HeCTaO1IbHOTO CTPYXKHSI.

BucHoBKM

Tlpn HaBaHTaXXeHHSIX Ha KPYYeHHs CTPWXKEHb 3 PO-
TalliifHOI0 CcTaOinbHiCcTIO 3a0e3neuye B 10 pasiB HIDKUMI
piBEHb HAIpPy>XeHb Y3[I0BX JIiHii MepesoMy MOPiBHSIHO i3
poTaLiifHO HeCTAOUTbHUM CTPUKHEM.

Kondaikr inTepeciB. ABTopu 3asiBISIOTH MPO BiACYT-
HiCTb KOH(UIIKTY iHTEpeciB Ta BiacHOI (hiHaHCOBOI 3alli-
KaBJICHOCTI IIPY MiATOTOBII JaHOI CTATTi.
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Study of the stress-strain state of models of various options for osteosynthesis
of tibia bones with diaphyseal fractures in the middle third in children with imperfect osteogenesis
and incomplete growth. Part 2. Torsion

Abstract. Background. Osteogenesis imperfecta is accompanied
by multiple fractures of skeletal bones, the development of progres-
sive deformations of the limb bones and, as a result, impaired sup-
port, and walking. The most common mean for stabilizing bone
fragments in the treatment of fractures due to osteogenesis imper-
fecta are intramedullary fixators of various designs. The treatment
of this disease requires a long time, therefore, the use of internal
fixators without the possibility of their extension during skeletal
growth leads to an increase in the frequency of repeated surgical
interventions due to the need for their replacement. Goal: to in-
vestigate the stress-strain state of the lower leg models under the
influence of torsional load in conditions of a fracture of both bones
in the middle third and their osteosynthesis using intramedullary
rods of various designs in children with osteogenesis imperfecta
and incomplete growth. Materials and methods. Mathematical
modeling was carried out of two options for osteosynthesis of tibia

bones with a fracture in the middle third in children with osteo-
genesis imperfecta: 1) a rod without rotational stability; 2) a rod
with rotational stability. During the research, the stress-strain state
of the models under the influence of torsional load was studied.
Results. A rod with rotational stability during tibial osteosynthesis
allows reducing the stress along the fracture line to 0.3 MPa. In
other zones, the stress remains at the same level as when using a
rotationally unstable rod. The main advantage provided by a rod
with rotational stability in tibial osteosynthesis under the influence
of torsional loads is the reduction of the stress along the fracture
line to 0.3 MPa, which is important in the treatment of children
with osteogenesis imperfecta. Conclusions. Under torsional loads,
a rod with rotational stability provides a 10 times lower stress along
the fracture line compared to a rotationally unstable rod.
Keywords: children; tibia; osteosynthesis; growing intramedullary
rod; modeling
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"HavuioHaAbHWY MeAmndHu yHiBepcuteT imeHi O.O. boromMoAsLs, M. KuiB, YkpaiHa

2AY «IHCTUTYT NaQToAorii xpebTa 1a cymobis imeHi npogpecopa M.l CuteHka HAMH YkpaiHn»,

M. XapkiB, YkpaiHa

Hanpy)xeHo-AedopMOBAHUN CTOH
HOAMNAEYOBO-KAKOYNYHOTO CYrA06a
NPU YILKOAXKEHHI 3B’430K
KAIOYNYHO-OKPOMIAABHOIO CYrao6a i pisHux
cnocobax pikcauii

Pe3lomMe. AKTyaQAbHICTb. ICHYOTb ABQ OCHOBHUX CIIOCO6M pikcaLil AKPOMIQABHOIO KiHLIST KAKOYMLI 3Q AO-
MOMOroto MEeTaAEBUX KOHCTPYKLIN: radykonoaibHa naactmHa (hook plate) i cnoci6é Bebepa (tension band
wiring). HeAOAiKn CyHQCHUX QIKCYOYMX KOHCTPRYKLIV HErQTMBHO BIAMBQIOTE HQ PE3YALTATU AIKYBQAHHSI, LLO
notpebye po3pobKu HOBITHIX 3QC0O6IB ANST CTABIAIZALIT QKPOMIQABHOIO KiHLIST KAKOYML. MeTa: nposecTu ro-
PIBHSIAbBHUM QHQAI3Z pikcauii QkpOMIAALHOrO KiHUST KAtoYmLui 30 Bebepom, hook plate i 3arpornoHOBAHOO
KOHCTPRYKUIEKD LUASIXOM BUBYEHHST HAMPYXKEHO-AE€(OPMOBAHOrO CTAHY HAAMAEYOBO-KAKOYUYHOIO CYyrmoba
v NMNOEAHAHOMY YLLUKOAXEHHI lig. acromioclaviculare inferior i lig. acromioclaviculare superior i pi3Hux
criocobax ¢ikcauii. Marepiaan ta Meroau. Y AQHOMY AOCAIAKEHHI MOAEAKOBAAM MOEAHQHE YLLUKOAIKEHHST
3B’S130K HOAMNAEYOBO-KAKOYMYHOro cyrmoba, a came lig. acromioclaviculare inferior i lig. acromioclaviculare
superior 3 gikcauier AKPOMIAAbHOIO KiHLST KAtOYMLI TPbOMQ criocobamu: 3a Bebepom, hook plate i 3a-
MPOMOHOBAHOK KOHCTPYKLIE. BUKOPUCTOBYBAAM HABAHTAXKEHHSI, SIKI AlKOTb HQ HQAMNAEYOBO-KAKOYUYHIMMA
Ccymob rnpu BiABEAEHHI BEPXHBOI KiHLIBKY HQ KyT 90°. P@3yAbTaTU. BCTAHOBAEHO, 1O BCI TUMW pikcaTopIB rnpu
yLIKOAXKEHHI lig. acromioclaviculare inferior i lig. acromioclaviculare superior AO3BOASIKOTE OTPUMATU MPU-
OGANBHO OAHQKOBUI PIBEHb HAMPYXKEHb Y KICTKOBUX EAEMEHTAX MOAEAIL BUHSITKOM € ¢ikcauis 30 Bebepom,
Mpu SIKiIVi HOMNP Y XKEHHST HQ QKPOMIAAbBHOMY KiHL KAKOYMLL Vi QKPOMIQABHOMY BUROCTKY AOMATKU 3GIiAbLLYKOTHCS
B AEKIAbBKQ PQ3iB, O MOXE BYTU MPUYNHOK PYMHYBAHHST KICTKOBOI TKAHWHW B 30HI KOHTQKTY 3 METQAEBUMU
eneMeHTaMU. Hanpys>keHHs1 B COMOMY AP OTI HOBITb MOXKYTb MEPEBULLYBATU MEXXY MILLHOCTI XiDYPriYHOI CTAAI I,
SIK HACAIAOK, CTATU MPUYMHOKO MOro po3pumBy. DikcATop LWAPHIPHOro Tmny 3a6e3rnedye sk HaMKp QLM PO3-
MOAIA HAMPY>XXEHb Y KICTKOBUX EAEMEHTAX MOAEAIL, TAK | AOCUTb HU3bKIM PIBEHb HAMPYXKEHb Y HEYLLIKOAXKEHUX
3B’93KAX. 3 TOYKM 30PY BEANYNH HAMPYXKEHb B EAEMEHTAX MOAEAI hOOk plate Mmae HEMOraHi MOKA3HWKU rpu
BIAOKPEMAEHMX YLUKOAXKEHHSIX 3B 130K | 3QNMAE MPOMDKHE MOAOXKEHHST 34 BCIMQ AOCAIAKEHUMU MOKQA3HU-
Kamu. 3Q Kputepiem MiHIMI3ALii BEAMYUHM BIAHOCHUX A€OPMALIN Y 3B S1I3KAX KAKOYMYHO-AOMATKOBOIO 34Ae-
HYBQHHSI Mpu YLLKOAXKEHHI lig. acromioclaviculare inferior i lig. acromioclaviculare superior KpaLui pes3ysb-
TATY MOKA3AB MeToA ¢ikcauii 30 Bebepom. Are pe3yAbTaTi AOCAIAKEHHST PO3MOAINY HAMPYXXEHb Y AQHIN
MOAEAI 3BOASITb HQHIBELb NepeBari MiHiMIi3aLii AepOopMALLit HeYLLKOAXEHMX 3B 30K, BUCHOBKK. DikcalLlis
QKPOMIQABHOIO KiHLST KArOYMLi 30 Bebepom 3abesnedye A00pI PEIYABTATN 3 TOYKM 30PY SHMKEHHS PIBHS
HAMpPYy>XeHb i BIAHOCHUX A€OOPMALLIV B HEYLUKOAXKEHWX 3B S1I3KAX, QA€ MPU3BOANTb AO MIABULLLEHHST B KIABKQ
PQ3IB PIBHSI HAMPYXXEHb HA QKPOMIQABHOMY KIHL KAKOYUL TQ QKPOMIQABHOMY BUPOCTKY AOMQATKU. PIBEHb HQ-
MPY>XeHb Yy APOTI MNpu BIABEAEHHI KIHLIBKU MU YILKOAXKEHHI 3B SI30K KAKOYNYHO-AKPOMIQABHOIO 3 €AHQHHSI
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MOXKE MepeBULLYBATA MEXXY MILIHOCTI, LLIO MOXKE YTV MPUYNHOKO PO3PUBY APOTY i, SIK HOCAIAOK, BTDATV CTA-
GiAbHOCTI HQAMAEYOBO-KAKOYMYHOIo cymoba. Pikcarop hook plate 3ariMae npoOMIKHE MOAOXKEHHS 3Q MO-
KQ3HUKAMU PO3MOAIANY HAMPYXXEHb Y MOAEAI, QA€ 3Q MOKA3HMKOM BIiAHOCHUX AEDOPMALLIN Y HEYLLIKOAIKEHUX
3B’S13KAX MOKQA3QAB HAUrPLLMA pe3yAbTaT. PikcaTop 3anPONOHOBAHOI KOHCTPYKLUII 3Q6e3neYye HAMKP QLM
6ANQHC SIK 30 KPUTEPIEM PO3MOAIAY HAMPYKEHb B EAEMEHTAX MOAEAI, TAK | 30 BEAMYMHOK BIAHOCHUX A€-

dopmaLin y HEYLLIKOAXKEHMX 3B SI13KAX.

KAIOYOBiI CAOBQ: HOANAEUOBO-KAKOUNYHMEI CYIAOG; 3B S13Ki, GIKCALLST

Bctyn

BuBuxu akpomiansHoro Kinus kmounili (AKK) — mo-
LIKpEeHa TpaBMa, sIKa CTAaHOBUTH 3—26 % Bia yciX BUBMXIB i
10 % Bin TpaBM IJIEUOBOTO TOSICY, HAYACTIlIIE TPATISIETh-
Cs1 B MOJIOAMX YOJIOBIKiB Ipalie3a1aTHOIO BiKy, 1110 pOOUTH
1110 IIpo0GIeMy collialbHO 3HauyIo1o [1].

IchytoTh 1Ba ocHOBHUX criocobu (ikcarii AKK 3a go-
TMOMOTOI0 METaJIeBUX KOHCTPYKILili: raukoroaioHa rmiacTu-
Ha (hook plate), 3anporoHoBana G.E. Fade, J.E. Scullion
(2002) [2], i cioci6 Bebepa (tension band wiring) [3].

KoxxHuii crioci6 3acTocyBaHHSI MeTajleBUX KOHCTPYK-
miii Mae cBoi mepeBaru i Hemouiku. Ilpm 3acTocyBaH-
Hi cocoOy Bebepa me mopymieHHST HiJiCHOCTI ApOTY i
CIIMIIb, pyHHAIlisI aKpOMiaJbHOTO BMPOCTKA JIOMIATKMU M
aKpOMiaJIbHOTO KiHIISl KJIFOUMII, Mirpamisi COoMiib, SKi
3yMOBJIEHI ME€XaHIYHUMU BJIACTUBOCTSIMU JaHUX KOH-
crpykuiit [4]. Cepen HemoiikiB BUKOpUCTaHHS hook
plate: Ginb y ruiedi, pyiiHallisi KicTKOBOI TKAHUHU, OCO-
OJIMBO B IUISTHIL aKpOMiaJlbHOTO BUPOCTKA, i cy0aKpoMi-
albHUI KOHDIIKT [5].

Henoniku cyyacHux ikcyroumx KOHCTPYKIIiil HeraTuB-
HO BIUIMBAIOTh HAa PE3yJbTaTH JIIKyBaHHS, 1110 MOTPeOye
pO3pOOKM HOBITHIX 3ac00iB mist cTadimizamii AKK.

Merta: 1npoBecTHM TMOPIBHSUIBHUI aHammi3  (ikcarii
aKpoMiaJbHOro KiHIsl kiaouuili 3a Bebepom, hook plate
i 3arpoIIOHOBAHOI0 KOHCTPYKIII€I0 IUISIXOM BHUBYEHHS
HanpyXeHo-1e(OpPMOBAHOIO CTaHy HaIIIEYOBO-KIIIO-
yuyHoro cyrioda (HKC) nmpu noenHaHoMy yIIKOTKEHHi
lig. acromioclaviculare inferior i lig. acromioclaviculare
superior i pi3HuX crocobax gikcarrii.

MarepiaAn Ta meToamn

Y naboparopii GiomexaHiku Y «IHcTUTyT martoso-
rii xpe6bTa Ta cyriob6iB iM. ipod. M.I. Curenka HAMH
Vkpainn» Oyna 1moOymoBaHa CKiHYEHHO-€JIEMEHTHA MO-
NIeJTb HAATUIEYOBO-KIIOYMYHOTO CYIioba, sika cKiamaiacs
3 JIOMATKM, KJIIOYUIIi Ta 3B 130K HATJICUOBO-KITIOUMIHOTO
1 13p000-KIIIOYNIHOTO KOMILIEKCIB (puc. 1).

YV naHoMy nociiIKeHHi MOJIeTIOBaIU MOEIHAHE YIITKO-
JDKeHHS 3B’ S130K HAITIJIEYOBO-KITIOUMYHOTO CYTJI00a, a caMe
lig. acromioclaviculare inferior i lig. acromioclaviculare
superior (puc. 2).

IIpu xoxxHOMy BapiaHTi ymKomkeHHs 3B’s130Kk HKC
monemoBanu ¢ikcaniro AKK tppoma cnocobamu: 3a Be-
6epoMm, hook plate i 3ampOMOHOBAHOI0 KOHCTPYKIIEIO [6]
(puc. 3).

IIpr MopmemioBaHHI MartepiaJl BBaxKajdyd OIXHOPITHUM
Ta i30TPONMHUM. SIK CKiHYEHHUI eJlieMeHT OyB oOpaHuit
10-By3;10BMi1 TeTpaeap 3 KBaIpaTUIHOIO allPOKCUMAIII€ETO.
MexaHiuHi BIacTMBOCTI MaTtepiajliB BimiOpaHoO 3 mKepen
nmiteparypu [7—11]. Bukopucrani xapakrepuctuku (E —
MoayJb npykHocTi FOHra, v — koedinieHt Ilyaccona) Ha-
BeJeHi B Ta0. 1.

Ilpu mpoBeneHHi AOCHiAXEHHS MOIeToBaIu Ha-
BaHTaxXeHHs, ki nmirotb Ha HKC npu BinBemeHHi
BepXHbOI KiHIiBKK Ha KyT 90°. Jlo Mojaeneit mpukia-
lajay CUJIU, SIKi iMIiTyBaJiu it0 M’ S13iB: cepeHs TopIList
nenprornoaioHoro m’s3a (middle deltoid) — 173,4 H,
MmepeaHs IOpPILisa XeabTOIloAiOHOro M’s3a (anterior
deltoid) — 121,9 H, 3amHs mopiis aeabTonomioHo-
ro Mm’s3a (posterior deltoid) — 371,3 H, namocTtuc-
TUIl M’a3 (supraspinatus) — 190,7 H, ninionatkoBuit
m’a3 (subscapularis) — 1029,8 H, mizoctuctuii mM’s3
(infraspinatus combined) — 55,6 H [12]. Cxema Ha-
BaHTaXXeHHS MOJieJli HaBeaeHa Ha puc. 4.

JI1st TopiBHSIHHST BEJIMYMH HATIPYKEHb B €JIEMEHTaX MO-
nesieit 3 pisHUMU YIIKOIKeHHSIMU T BapiaHTaMu dikcartii
Oynu oOpaHi KOHTpPOJbHI Touku. Cxema po3TallyBaHHS
KOHTPOJIBHMX TOYOK HaBeIeHa Ha puc. 5 i B Ta0m. 2.

MaxkcumaabHUl piBeHb HaIIpyXKeHb PEECTPYBAIN Y
3B’gI3Kax, KICTKOBMX e€JIeMEHTaxX i Ha MeTaJeBUX KOH-
cTpykiisix. OKpiM TOro, BUBYQJIM BEIMYMHU BiTHOCHUX
nedopmaliii y 38’sa3kax. [1oOynoBy Momei 3aiiicHIOBaIn
B niporpami SolidWorks [13]. Po3paxyHku HanpykeHO-/e-
(opMoBaHOroO CTaHy MoJiejieii BUKOHYBAJIM 3 BAKOPUCTaH-
Hsim nporpamu ANSYS [14].

Tabnuus 1. MexaHi4Hi xapakTepucTUKu BUKOPUCTAHUX MaTepianis

Marepian Mo;l:g:ll_:anEr:yl\)':(ﬁl:cﬁ KoedpiuieHT MyacoHa, v Me)Kaannl_iIL;Hoc'ri,
KopTukanbsHa KicTka 18 350,0 0,3 170,0
lN'y6yacTa KicTka 1040,0 0,3 10,0
3B’A3KM 330,0 0,4
XpAu 5,58 0,44
XipypridyHa ctanb AlSI 316L 200 000 0,30 505,0

44 TpaBma, ISSN 1608-1706 (print), ISSN 2307-1397 (online)

Tom 25, N2 3, 2024



OpuriHaAbHI pocAiaXXeHHs / Original Researches I

Tab6anusa 2. KOHTPOsibHI TOYKM

KOHTpOnbHi
TOYKM

AHaToOMi4YHa AingHKa

EnemeHT Mmogeni

NaTepanbHuii kpan

MegianbHuin kpan

Brimka nonatkun

NonaTtka

[3b060noaiéHMI BiApOCTOK

AKpoMianbHUI BiopOCTOK

AkpoMianbHUI KiHEUb

MPYyAVIHHUI KiHeub

Knounus

O N[O |~ W IN| =

Tino

©

KoHiyHa (lig. conoideum)

-
o

Tpaneuienoaibra (lig. trapezoideum)

11 BepxHa HagnnevyoBo-kntodmn4yHa (lig. acromioclaviculare superior)

3B’A3kU

12 HwuxHa HagnneyvoBo-kntoymyHa (lig. acromioclaviculare inferior)

PesyAbTaTU

Ha nepmomy etari po6oTu OyB IpoBeneHUI aHaIi3 Ha-
npykeHo-Ae(OPMOBAHOIO CTaHY MOJIEi 03 YIIKOIKEHHSI
3B’SI3KOBOro amapaty. Po3momis HampykeHb Y KiCTKOBUX
eJIeMEHTax MOJIeJIi B HOpMi HaBelleHUI Ha puc. 6.

[IpoBeneHe moCaiIKEeHHs 103BOJWIO BU3SHAYUTH, 11O B
yMoBax HeymkKomkeHux 38’130k HKC BinBenmeHHsST Bepx-
HBOI KiHIIBKM BUKJIMKAE HAIMPYXEHHs €JEeMEHTIB MoJe-
JIi, sIKi HaOyBalOTh MakcMMasibHOTO 3HayeHHs 81,8 MIla
Yy CepemHili YaCTWHI KJIIOUMIIi, a MiHiMaJIbHUI piBeHb Ha-
npyxenb — 3,0 MIla coctepiraetbes Ha ii TpyIuHHOMY
Kinui. Ha nomatui Hait6inem Hanpyxenum — 32,5 MlIla
BUSIBJIIETHCS Kpaii 11 BUIMKM, MiHiMaJbHi HaIpyXXeHHS
11,2 MIla BuHUKaIOTH 10 ii MemiaibHOMY Kpaw. Cepen
3B’SI30K HaMOUIbIINI piBeHb HaIpykeHb 3a(hiKCOBaHO
Ha lig. trapezoideum — 50,6 MIla, HaitHWX4Mit — Ha lig.
acromioclaviculare superior — 39,5 MI1a.

Ha npyromy eramni poO0OTHM BUBYAIM 3MiHM Harpyxe-
HO-IIe(D)OPMOBAHOTO CTaHy MOJAETI TPHU YIIKOKEHUX
3p’s13kax HKC. KaprtuHa po3moniay HammpyXeHb Y MOIe-
Ji 3 ymKomkeHHsIM lig. acromioclaviculare inferior i lig.
acromioclaviculare superior HaBeeHa Ha puc. 7.

Po3puB 060x 3B’s130k HKC npusBoauth 10 3HUKEHHS
HaIpyXeHb Ha aKpOMiaJIbLHOMY BUPOCTKY JIONATKU 10 Mi-
HiMaabHMX 3Ha4YeHb 1,0 MI1a, 1110 € HaCIiAKOM BiICyTHOC-
Ti MeXaHi3My HOro HaBaHTaXKeHHsI, TOOTO caMe 3B’SI30K.
Y cBoto uepry, e MPU3BOAUTH 0 TOTO, 1110 BCE HaBaHTAa-
keHHs1 3i ctabinizanii HKC 6epe Ha cebe KITIOUMYHO-13b0-
OomnomiOHUIT 3B’SI3KOBUI KOMIUIEKC, 110 BU3HAYAETHCS
MiIBUIIEHHSAM piBHS HamIpyXeHb Ha I3b000ITOHiOHOMY
BupocTtKy no 81,7 MIla. AHamoriyHa KapThHaA CITOCTEpi-
Ta€ThCS i Ha KIIIOYMIIi, e HApyKeHHs Ha aKpoMiaJlbHO-
My KiHui magaoTth 10 0,1 MIla, ane B ii cepenHiii yacTuHi
ninpuiryotbes 10 120,0 MITa. BianoBigHo 3B’S13K1 KJIIO-
YUYHO-A3b00OOMNOAIOHOTO KOMILJIEKCY MAaloTh IiJBUIIICHE
HaBaHTaXXEHHs, 1110 TTPU3BOIMUTH A0 30LIbIICHHS X HATIpY-
JKeHHsI B 3 pa3u MOPiBHSIHO 3 MOJIEJUTIO B HOPMI, a came J10

134,51 147,0 MIla Ha lig. conoideum i lig. trapezoideum
BiIMOBiIHO.

Posriozin HanpyXeHb y KiCTKOBUX €JIEMEHTaX MOJe-
JIi TIpM YIIKOMXKeHHI lig. acromioclaviculare inferior i lig.
acromioclaviculare superior 3 ¢ikcauiero AKK 3a Bebepom
HaBeJIeHO Ha puc. 8.

Ak 1 mpu momepenHiXx BapiaHTaX MOJAEIIOBAHHS YIIKO-
mkeHb okpeMux 38’130k HKC, BukonanHs dikcartii AKK
CITULISIMU i CEPKIISDKHMM JIPOTOM BUKJIMKAE 3HAYHE ITiIBU-
1meHHs piBHs HarpyxxeHb Ha AKK no 227,0 MIla i Ha akpo-
MiaJIbHOMY BUPOCTKY JionaTku — 10 451,0 MITa. [Tpu upomy
HarmpyXeHHsI B caMOMY JIPOTi csiratoTh mo3Hauku 845,3 MI1a,
1o B 1,5 paza repeBulilye Mexy MilTHOCTI XipypriqyHoi cTaJti, 3
SIKOI BiH BUTOTOBJICHUIA. AJie HANIPy>KEHHS B HEYIIIKOIKEHIX
3B’s13KaxX KIIOYMYHO-I3b000IONIOHOTO KOMILIEKCY 3HIKY-
€TBCSI 10 PiBHSI, HUXKYOI'O 32 MOJIE/Ib 0€3 YIIKOIKEHb.

Ha puc. 9 HaBeneHO po3MoAil HAMPYXeHb Y KiCTKOBUX
eJeMeHTax MoJIeJIi 3 yIIKOIKeHHsIM lig. acromioclaviculare
inferior i lig. acromioclaviculare superior npu ¢ikcartii
AKK hook plate.

IMpu ymkomxkeHHi o6ox 38’s130k HKC hook plate no-
3BOJISIE 3HU3UTHU PiBeHb HATIPYKEHb Y KITFOUHNII TTPAKTUIHO
IO piBHSI HOPMH, ajie HANpPYKEHHS Ha A3b00OITOIIOHOMY
BUPOCTKY JIONIATKM 3aJIUIIAIOTBCS HA JTOCUTh BHCOKOMY
piBHi — 90,0 MIla. Takox 3HauHi Hanpy>eHHs BUHUKA-
I0Th Ha aKpoMiaJbHOMY BUpOCTKYy — 55,3 MIla i mo kpato
BUIMKU jonaTku — 54,2 MIla. [1pu LiboMy HarpysKeHHS
caMoi MJIaCTUHU MiABUIIYIOThCs 10 433,3 MIla, 110 1ocuth
OJIM3bKO 0 MEXi MIL[HOCTi MaTtepiajly, 3 SKOro BOHa BU-
rotopjieHa. HanpykeHHs Ha HeyLIKO/XKEHUX 3B’ sI3KaX X0u
i 3HMKYIOTBCSI TIOPiBHSIHO 3 MojieJLTIo Oe3 ikcaliii, aje 3a-
JINIIAIOTHCS Ha JJOCUTh BUCOKOMY piBHI — 97,21 76,7 MIla
Ha lig. conoideum i lig. trapezoideum BiZImOBigHO.

HanpyxeHo-ngedopmoBaHMii cTaH MOIEJIi 3 YIIKOIKEH-
HsM lig. acromioclaviculare inferior i lig. acromioclaviculare
superior npu dikcarii AKK 3anponoHoBaHOI KOHCTPYK-
i€t HaBeaeHO Ha puc. 10.
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N

a 6 B

PucyHok 1. Mogesnb nie4o710naTkoBOro 347eHyBaHHS: a) BUrnagn y QopoHTasnbHii naowmHi; 6) Burnsas
y caritanbHi NAOWWHI; B) BUrssig 3Bepxy

T

PucyHok 2. BapiaHtn mogeni a 6 B
3 YLUKOMKEeHHSIM
lig. acromioclaviculare inferior PucyHok 3. Mopgeni 3 ¢pikcauiero akpomMiasbHOro KiHusi KJ1l049uLli:
i lig. acromioclaviculare a) 3a Be6epowm; 6) hook plate; B) pikcaTopom 3anponoHoBaHoOi
superior KOHCTPYKUii

PucyHok 4. Cxema HaBaHTa)€HHSI PucyHok 5. Cxema po3TawiyBaHHsI KOHTPOJIbHUX TOYOK: a) BUI S
mMogeni cnepepay; 6) Burnsag 3asepxy
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A B
A

a (4}

6

PucyHok 7. Po3anonin Hanpy>eHb B esieMeHTax moaeni 3 yuikomxeHHsam lig. acromioclaviculare inferior
Ta lig. acromioclaviculare superior: a) y kicTkoBux enemeHTax; 6) y 3B’a3kax

-

PucyHok 8. Poanopgin Hanpy>xeHb B efieMeHTax moaeJi 3 ywkomxeHHsaMm lig. acromioclaviculare inferior
ilig. acromioclaviculare superior npu ¢ikcauii akpomianbHOro KiHuUs kno4Yuli 3a Be6epom:
a) y kictkoBux enemeHTax; 6) y 3B’a3kax

b2

PucyHok 9. Po3nopgin Hanpy>xeHb B efieMeHTax MmoaeJii 3 yuwkogxeHHsM lig. acromioclaviculare inferior
i lig. acromioclaviculare superior npu ¢ikcauii akpomianbHOro KiHusi ko4unui ¢pikcaropom hook plate:
a) y KicTkoBUx esieMeHTax; 0) y 3B’a3kax

6
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80
72
64
56
48
40
32
24
16
8

0

a

PucyHok 10. Po3anogin Hanpy>xeHb B esieMeHTax Mmoagesi 3 yukoga)xeHHsm lig. acromioclaviculare inferior
i lig. acromioclaviculare superior npu ¢ikcauii akpomiasbHOro KiHLUs1 KJio4uLi 3arnponoHOBaHOIO
KOHCTPYKUi€IO: a) y KICTKOBUX efleMeHTax; 6) y 3B’°sa3Kkax

350

300

250

200

150

HanpyxeHHs, MlMa

100

50

1 2 3 4 5 6 7 8 9 10 1 12
KOHTpOnbHi To4kn

B Hopva M Bes dikcaui H Cepknsx Hook plate M WapHip

Pucyrok 11. liarpama BeninYnH Hanpy>xeHb Yy KOHTPOJIbHUX TOYKAX MOAEJi 3 YLUKOAXKEHHSIM
lig. acromioclaviculare inferior i lig. acromioclaviculare superior npu pi3aHux BapiaHTax gikcauii
aKpoMiasnibHOro KiHUs1 KJ1io4Yunyi

0,3

0,15
0,13125
0,1125
0,09375
0,075
0,05625
0,0375
0,01879
0

a

PucyHok 12. Po3noain BigHocHux gegopmauiii y 3B’sa3kax Mmoagesii: a) B HOpMi; 6) npu yLLUKOAXKEHHI
lig. acromioclaviculare inferior i lig. acromioclaviculare superior 6e3 ¢gikcauii
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4K iBmonepeaHix Mo IsIX, BUKOPHUCTAaHHS IIapHipHO-
ro (ikcaTopa J03BOJISUIO OTPUMATU TOCUTh PiBHOMipHUM
PO3MOIiN HAMPYKeHb Y JIOTATIL, TPU LIbOMY MaKCUMaJlb-
HUIi iX piBeHb He mnepesuinye 34,3 MIla Ha akpomiajib-
HOMY BUPOCTKY. HampyxXeHHsI B KJTIOUMII 3HUXKYIOTbCS
HUXKYE BiJ piBHS Mojeli 6e3 yIKomKeHb. HampyxkeHHst
B 3B’SI3Kax 3aJIMIIAIOTHCSI HA IMiABUILEHOMY piBHi 54,6 i
71,5 MIla Ha lig. conoideum i lig. trapezoideum Binmo-
BiIHO, ajie 11e HUX4e, HiX Mpu BUKOpUCcTaHHiI hook plate.
Cami yactTuHu (ikcaTopa BUTIPOOYIOTh BEJIMKI HaBaHTa-
JKeHHsI, TIPO 110 CBiYMTH BUCOKIill piBeHb HAIpPyXeHb y
HUX — 10 414,6 MI1a.

HaHi Tpo BEJIMYMHU MaKCUMaJIbHUX HaMpyXeHb VY
KOHTPOJIbHUX TOYKax Mojejeil 3 YIIKOMKEeHHsIM lig.
acromioclaviculare inferior i lig. acromioclaviculare superi-
or rpu pizHux BapianTax (ikcauii AKK HaBeneHi B TabJ1. 3.

TlopiBHSUIBHI BEJIMUMHU HAIMPYXEHb Y KOHTPOJBHUX
TOYKax Mofeni 3 ymkomkeHHsM lig. acromioclaviculare
inferior i lig. acromioclaviculare superior mpu pi3HUX Bapi-
anTax (ikcanii AKK momani Ha puc. 11.

Hageneni mani cBimyaTh, 1110 (pikcaTop 3amporioHoBa-
HOI KOHCTPYKIIii TO3BOJISIE OTPUMATH HAWOLIBIT HU3BKWMN
piBeHb HaIpyXeHb Yy JIOMATLi i KJIIOUHUIli, MOPiBHSIHHUI 3
MOKa3HUKaMM MOJeJi B HOPMi, a TAKOX 3HAYHO 3HUBUTHU
piBeHb HANIPYXeHb y HEYIIKOIKEHUX 3B’sI3KaxX MOPiBHSIHO
3 MoJiesuTio 0e3 dikcartii. Xoya HATHVXKYUI piBeHb HaIpy-
XKeHb y 3B’sa3Kax 3abe3reuye dikcamis AKK 3a Bedbepom,
ajie 3HaYHO BUIIMI piBeHb HampykeHb Ha AKK Ta akpomi-
aJIbHOMY BUPOCTKY JIOIIaTKM, SIKWI Y IeKiJIbKa pa3iB mepe-
BUILYE MOKA3HUKMU MOJIEJIi B HOPMi, pOOUTH HEMOXIUBUM
BUKOPUCTAHHS 1IbOrO METOAY MPU NAHOMY TUIi YIIKO-
JIKEeHb.

Jani mpo BeJWYMHU HANpyXeHb B eJIeMEeHTax Me-
TajJeBUX KOHCTPYKIIi Momeni 3 YIIKOIKEeHHaAM lig.
acromioclaviculare inferior i lig. acromioclaviculare
superior mpu pi3HmMX BapianTax ¢ikcanii AKK HaBeneHi B
Taon. 4.

HaBeneni maHi cBimuath, 110 ¢ikcaTop 3aIlpoIOHOBa-
HOI KOHCTPYKIIii 103BOJISIE OTPUMATH HANOLIbII HU3bKUI
piBeHb HaMpyXeHb Ha (DIKCYIOUMX TBUHTAX i, SIK HACITIJOK,

0,3

0,15
0,13125
0,1125
0,09375
0,075
0,05625
0,0375
0,01879
0

PucyHok 13. Po3nopgin BigHocHux aegopmadii y mogensx npu ywkoaxeHHi lig. acromioclaviculare
inferior i lig. acromioclaviculare superior: a) ¢pikcauis 3a Bebepom; 6) ¢pikcarop hook plate; B) ¢pikcarop
3anporioHOBaHOi KOHCTPYKLii

50

45
40

BigHocHa nedopmauist, %

Conoideum

Trapezoideum

B Hopma W Bes dikcaui

W Cepknsik

Acromioclavicular superiror Acromioclavicular inferiror

Hook plate B WapHip

PucyHok 14. Liarpama BennyunH BigHOCHUX Aedopmauiii y 3B’a3kax Mmogesieii rnpu yLUKOAXXEeHHI
lig. acromioclaviculare inferior i lig. acromioclaviculare superior
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Tabnunusa 3. BenindnHu Hanpy>eHb y KOHTPOJIbHUX TOYKax MoAesti 3 yuukogxeHHsm lig. acromioclaviculare
inferior i lig. acromioclaviculare superior npu pi3Hnx BapiaHTax ¢ikcauii akpomMiasbHOro KiHus K/o49uLi

HanpyxeHHs, MMNa
KoHTponbHi TOukn
Hopma Bes dikcauii | 3a Bebepom Hook plate LWapHip
1 19,3 20,2 20,9 20,4 21,3
2 11,2 11,5 10,6 11,6 9,4
JNonaTtka 3 32,5 42,5 29,8 34,5 34,7
4 28,2 251 21,9 20,7 24,0
5 27,9 25,7 300,7 26,6 33,9
6 21,2 35,6 174,6 26,6 23,7
Kniouunug 7 3,0 4.3 3,7 3,4 3,8
8 81,8 81,8 81,8 81,2 81,0
9 44,0 52,9 28,1 43,8 38,6
10 50,6 71,3 38,2 46,0 47,7
3B’a3kun
11 39,5 95,1 60 62,5 37,2
12 48,2

3a0e3MeynTH iX cTabiibHiCcTh. [Ipu (ikcallii CepKISIKHUM
NIPOTOM MaKCHUMaJIbHI HaPY>XE€HHS B APOTi MOXYTb Miepe-
BMILYBAaTU MEXXY MILIHOCTi Xipypri4HOi cTaji i, BiAMOBiIHO,
CTaTy MPUYMHOIO MOro pO3pHUBY.

Ha ocranHboMy erari poOOTHM BMBYQJIM BEJIMUYMHU
BiHOCHUX jAedopMalliil y 3B’s13Kax Mojeseil y HOpMi Ta
npy YIIKOmMKeHHi lig. acromioclaviculare inferior i lig.
acromioclaviculare superior, a TaKoX IPHW BCiX BapiaHTax
dikcanii akpoMiaabHOro KiHIls Kintouunili. KapTtuHa po3mo-
Iy BiTHOCHMX AedopMalliil y 3B’s13KaxX Ha MOZEIi B HOpMi
Ta MpM YIIKOIXKeHHi lig. acromioclaviculare inferior i lig.
acromioclaviculare superior 6e3 ¢ikcallii akpoMialbHOTO
KiHIIS KJIFOYMIII HaBeJleHa Ha puc. 12.

[IpoBeneHe nocCaiaKeHHs MOKa3auo, 10 B HOPMi Mpu
BiIBeAeHHI BEepPXHBOI KiHIIIBKM MaKCHUMaJbHi BigHOC-
Hi nedopmanii 19 % BimuyBae lig. trapezoideum, MiHi-
ManbHi 12 % — lig. acromioclaviculare superior. BimHoc-
Hi medopmarii lig.conoideum i lig. acromioclaviculare
inferior Bu3HavatoThcsa Ha piBHi 13 i 14 % BigmosimHoO.
Ilpn ymkomxeHHi 000X 3B’430K KIIOUMYHO-aKPOMi-
albHOTO 3’€lHAHHS BCi HAaBaHTaXeHHsI, sIKi BUHUKAIOTh
y HKC, 6epyth Ha cebe 3B’S1I3KM 113b000-KITIOUMYHOTO
34JICHYBaHHSI, 1110 MPU3BOIUTH J0 3HAYHOTO 30iIbIICHHS

ix BimHOCHMX Aedopmaniit — 10 40 % s lig. conoideum
i44 % — nns lig. trapezoideum.

PosrnsiHeMo, SK BIUTMBAa€E Ha BEIWYMHM BiTHOCHMX
nedopmalliii  HeyIIKomKeHux 3B’s130K dikcamis AKK.
Posmnonin BimHOCHMX nOedopmalliii y MOAeNsIX 3 pi3HU-
Mmu Bapiantamu ¢ikcanii AKK npu ymkomxkeHHi lig.
acromioclaviculare inferior i lig. acromioclaviculare
superior HaBeleHO Ha puc. 13.

3acrocyBaHHs (ikcailii 3a BebepoM 103BoJIsSIE BHU3UTH
BiTHOCHI nAedopwmaliii BCix HeymKomkeHuX 3B’ 130K, [Tpu
boMy nedopMallii 3B’ 130K A35000-KITIOUMIHOTO 3UJICHY-
BaHHS 3HMKYIOTBCSI HMXKYE Bill TOKA3HUKIB MOJIEi B HOP-
Mi i1 BU3HauaThes Ha piBHi 111 14 % nng lig. conoideum
ilig. trapezoideum BiAIIOBigHO.

BukopucrtanHs hook plate 103BoJisIE 3HU3UTU PiBEHb
BiTHOCHMX nedopmalliii y 3B’s3Kax A3b000-KIIOUYNYHO-
ro 3ujJieHYBaHHSI HMXXYe Bif piBHS Mogeni 6e3 (ikcarlii,
ajie MOPiBHSIHO 3 IHIIMMU MeToxamu (ikcallii BimHOC-
Hi nedopmallii BU3HAYAlOThCsI HAWOIIbII BUCOKUMU, a
came 10 30 % — wHa lig. conoideum i 1o 23 % — Ha lig.
trapezoideum.

3anponoHoBaHMii PikcaTOp MIAPHIPHOIO TUITY TO3BO-
JIsIE HAONM3UTHU MMOKAa3HUKM BimHOCHMX Aedopmaliiii Ha

Tabnuus 4. Benn4nHn Hanpy>eHb B eJIeMeHTax MeTasieBUX KOHCTPYKLii MoAesti npy noLKOAXeHHI
lig. acromioclaviculare inferior i lig. acromioclaviculare superior npu pi3Hnx BapiaHTax ¢gikcauii
aKpoMiasibHOro KiHuUsi KimoYuni

HanpyxeHHsi, MINa
BapiaHnTu Cnuus Nate- Meagi- Mnac- Mnac- | rpyprn MBUHTK
dikcauii Dpit | nepe- 2:":: q_ﬂi‘: panbHi  anbHi ;:::_;_ K;':':;’I_ Ha Nlo- | Ha KO-
OHA A rTBUHTU TBUHTU narui ynui
Ka us
3a Bebepom 582,0 131,2 277,8
Hook plate
LLlapHip 393,9 312,6 59,7 118,9
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Tabnuusa 5. MakcumanbHi Beim4nHu BigHOCHUX Aegdopmauiii y 3B’a3kax Mogeneu
npwu ywkomxeHHi lig. acromioclaviculare inferior i lig. acromioclaviculare superior

BipHocHa pedopmauia, %
KOHTpPOJIbHI TOYKHN
Hopma Be3 dikcauir 3a BebGepom Hook plate LLapHip
Lig. conoideum 13 40 11 30 17
Lig. trapezoideum 19 44 14 23 22
Lig. acromioclaviculare superior 12
Lig. acromioclaviculare inferior 14

HEYIIKOMXXEHUX 3B’sI3Kax OO PiBHS MOeIi B HoOpMi. Mak-
CUMYM BiTHOCHUX AedopMmalriii lig. conoideum cTaHOBUTH
17 %, lig. trapezoideum — 22 %. [JaHi mpo MaKCUMaJbHi
BEJIMYMHU BiTHOCHUX Aedopmalliii y 3B’s13Kax Mofesei
HaBeJeHi B Tab. 5.

Haoune ysgBieHHS Npo CMiBBiAHOIIEHHS BEJIUYMH Bil-
HOCHUX JiehopMalliil y 3B’ si3Kax MOJIeICH MPU YITKOIKEH -
Hi lig. acromioclaviculare inferior i lig. acromioclaviculare
superior MoXHa ofiepXaTH 3a JOMOMOTOI0 JiarpaMu, sika
HaBeJeHa Ha puc. 14.

3a pe3ynbTaTaMy TOCIHIIKEHHS MOXHA CTBEPIKYBaTH,
IO 3a KPUTEpieM MiHiMizalii BEIMYMHM BiTIHOCHUX -
dopMaliii y 3B’S13Kax KIIOYUIHO-JIOMATKOBOTO 3WICHY-
BaHHS TpU YIIKOMKEHHI lig. acromioclaviculare inferior i
lig. acromioclaviculare superior Kpalili pe3yJbTaTh IOKa-
3aB MeTo] (hikcaii 3a Bebepom. Hait6inbii gedopmariii y
3B’s13KaX BUHMKAIOTh MMpH (pikcallii ruractuHoto hook plate,
X04a BOHU I HMXKYi Bi/l piBHSI TOKa3HUKIB Mojieti 6e3 ¢ik-
catlii.

O6roBopeHHs

VY pesynbraTi MPOBEOEHUX IOCITIIXEHb BCTaHOB-
JIEHO, 110 BCi TUnu (ikcaTopiB mMpu ymkomkeHHi lig.
acromioclaviculare inferior i lig. acromioclaviculare
superior M03BOJISIIOTh OTPUMATU TMPUOJIU3HO OJHAKO-
BUIi piBeHb HAIIPYKEHb Yy KICTKOBUX eJIeMEHTaX MOJAE]I.
Bunstkom € ¢ikcais 3a BeGepom, mpu sKiii Hampy-
KeHHsS Ha AKK i akpoMialbHOMY BUPOCTKY JIOTIaTKU
301IBIIYIOTHCSI B AEKibKa pas3iB, 110 MOXe OYyTH Mpu-
YUHOIO pyIHYBaHHS KiCTKOBOI TKAHWHU B 30Hi KOHTaK-
Ty 3 MeTaJleBUMHU ejieMeHTaMu. HarpykeHHsI B caMOMy
NPOTi HaBiTh MOXYTb IMEPEBUILYBATU MEXY MillHOCTI
XipypriuHoi cTaji i, K HacCJiJoK, CTaTW TPUYUHOIO
itoro po3puBy. DikcaTop MApHIPHOTO TUITY 3a0e3Teuy€e
K HaWKpalluii po3Ioiij HAMPYXeHb y KiCTKOBUX eJie-
MEeHTax MOJeJi, TaK i JOCUTh HU3bKilli piBeHb HAIIPy-
KeHb y HEeYIIKOIXeHUX 3B’ s13Kax. Hook plate, 3 Touku
30py BEJIWYUH HamNpyXeHb B €JIeMEHTaX MOAesi, Mae
HenoraHi MOKa3HUKMW MPU BiTOKPEMJIEHUX YIIKOAXKEH -
HsIX 3B’SI30K i 3aiiMa€ MpPOMIiXHE TOJIOXEHHS 3a BCciMa
MOCTIAXKEHUMHU TTOKa3HUKAMU.

3a KpuTepiem MiHiMi3allii BeIMUMHU BiTHOCHMX Jie-
dopmatiiit y 38’s13Kax KJIIOUMUHO-JTIOMATKOBOTO 3UJIEHY -
BaHHS IIPY YIIKOIXKeHHI lig. acromioclaviculare inferior
i lig. acromioclaviculare superior Kpali pe3yJbTaTU
nokazaB MeTon dikcaiii. Aje pe3yabTaTH OOCIiIXEeH-

HS PO3IOLiJy HampyXeHb y JaHiii Moxesai 3BOASTH
HaHiBellb mepeBaru B jedopmallisix HeYLIIKOIXEHUX
3B’s130K. Haiibinbuii nedopmaliii 38’130k BUHMKAIOTh
npu ¢ixkcaiii nracTuHow hook plate, xoua BOHM i HUX-
4i BiJ piBHS MOKa3HUKIB Mojeni 0e3 dikcalii. 3anpo-
IMOHOBaHUI (iKcaTop IIApHIPHOTO TUITY 3a0e3Iedye
HalKpaliil 6ajaHc y po3IoAiJli HalIpyKeHb B yCiX ele-
MEeHTax MOAeJi Ta BeJAMYMHAX BiTIHOCHMX AedopMalliit
HEeYIIKOIKEHUX 3B’ S130K.

BUCHOBKMU

1. dikcalisg akpoMiaJIbHOTO KiHIS KJIOUMIIi 3a Be-
OepoM 3abe3reyye moOpi pe3yabTaTH 3 TOYKU 30pYy
3HUXKEHHS PiBHS HAIIPYyXeHb i BiTHOCHUX aedopmaliii
y HEYIIKOIXEHUX 3B’sI3Kax, aje IMPU3BOAUTH M0 Mil-
BUIIIEHHSI B KijbKa pas3iB piBHS HampyxeHb Ha AKK
Ta aKpoMiaJlbHOMY BHUPOCTKY JionaTKu. PiBeHb Hampy-
KE€Hb y JApPOTi MPU BiIBENEHHI KiHUIBKW MpPU YIIKO-
JIKeHHI 3B’SI30K KJIIOUMYHO-aKpOMiaJbHOTO 3 €THAHHS
MOXeE TIepEeBUIIYBAaTH MEXY MIIIHOCTi, 110 MOXe OyTH
MPUUYUHOIO PO3PUBY APOTY i, IK HACJiI0K, BTpaTH CTa-
6inpHOCTI HKC.

2. dikcarop hook plate 3aiiMae MPOMIiKHE ITOJIOXKEHHS
3a TMOKa3HUKaMU PO3TOIiTy HallpyXXeHb y MONENi, ajie 3a
IMOKA3HUKOM BiTHOCHUX IecopMalliii y HEYIIKOIKEHUX
3B’s13KaxX MMOKa3aB HAUTipIIUii pe3ybTarT.

3. dikcarop 3aMpoIrOHOBaHOI KOHCTPYKIIil 3a0e3meuye
HalKpalluii 0ajaHC SIK 3a KPUTEPIiEM PO3IOIiIY Hampy-
>KEHb B €JIEMEHTaX MOJIEJIi, TaK i 3a BEJIMUMHOIO BiTHOCHUX
nedopmalliii y HEYIKOIKEHUX 3B’ sI3Kax.

Kokt inTepeciB. ABTopu 3asiBISIOTH MPO BiICYT-
HiCTh KOH(JIIKTY iHTEpECiB i BacHOi (hiHaHCOBOI 3alliKaB-
JIGHOCTI IIpU ITiATOTOBLIi JAHOI CTATTI.
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Stress-strain state of the suprahumeral-clavicular joint with damage to the ligaments of the clavicular-
acromial joint and various methods of fixation

Abstract. Background. There are two main methods of fixing
the acromial end of the clavicle with the help of metal structures:
hook plate, and Weber’s technique (tension band wiring). The
disadvantages of modern fixing structures negatively affect treat-
ment outcomes, which requires the development of advanced
methods to stabilize the acromial end of the clavicle. Purpose:
to conduct a comparative analysis on the fixation of the acromial
end of the clavicle according to Weber, using hook plate and the
proposed construction by studying the stress-strain state of the
suprahumeral-clavicular joint with a combined injury of the lig.
acromioclaviculare inferior and lig.acromioclaviculare superi-
or and various methods of fixation. Materials and methods. In

this study, we modeled a combined injury of the ligaments of the
suprahumeral-clavicular joint, namely lig.acromioclaviculare in-
ferior and lig.acromioclaviculare superior, with fixation of the ac-
romial end of the clavicle in three ways: according to Weber, with
hook plate and the proposed construction. We used loads that act
on the suprahumeral-clavicular joint when the upper extremity is
abducted to an angle of 90°. Results. It was found that all types of
fixators in case of damage to the lig.acromioclaviculare inferior
and lig.acromioclaviculare superior allow to obtain approximate-
ly the same level of stress in the bone elements of the model. An
exception is Weber’s fixation, in which the stress on the acromial
end of the clavicle and on the acromion process increases several
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times, which can be the cause for the destruction of bone tissue in
the area of contact with metal elements. The stresses in the wire
itself can even exceed the strength limit of surgical steel and, as a
result, cause it to break. The hinge-type fixator provides the best
stress distribution, both in the bone elements of the model, and a
fairly low level of stress in the intact ligaments. Hook plate, from
the point of view of stress values in the elements of the model,
has good indicators for isolated ligament injuries and occupies an
intermediate position according to all the studied indicators. In
term of the criterion of minimizing relative deformations in the
ligaments of the clavicular-scapular joint in case of damage to the
lig.acromioclaviculare inferior and lig.acromioclaviculare supe-
rior, the Weber fixation method showed the best outcomes. But
the results of the study on stress distribution in this model negate
the advantages of minimizing the deformations of the intact liga-
ments. Conclusions. Fixation of the acromial end of the clavicle

according to Weber provides good results in terms of reducing
the level of stresses and relative deformations in the intact liga-
ments, but leads to a severalfold increase in the level of stresses
on the acromial end of the clavicle and the acromion process. The
level of stresses in the wire during abduction of the limb in case
of damage to the ligaments of the clavicular-acromial joint may
exceed the strength limit, which may be the cause of wire break-
ing and, as a result, loss of stability of the suprahumeral-clavicular
joint. The hook plate occupies an intermediate position in terms
of stress distribution in the model, but according to the index of
relative deformations in the intact ligaments, it showed the worst
result. Fixator of the proposed design provides the best balance,
both according to the criterion of stress distribution in the model
elements and the magnitude of relative deformations in the intact
ligaments.

Keywords: suprahumeral-clavicular joint; ligaments; fixation
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XipypriyHa TOKTUKA Npu NnepeAoMaxX AUCTAABHOIO
BIAAIAY BEAUKOTOMIAKOBOI KICTKMW.
OraAsA AiTepatypu

Pesiome. AKTyanbHICTb. [TeperomMUy AMCTAALHOIO ernimeradiaa BeAMKOrOMIAKOBOI KICTKM (epeAom pilon) cTa-
HOBASITb 5—7 % Bif, YCIX MepeAoMiB BeAUKOTrOMIAKOBOI KiICTKku Ta 10-15 % Bia yCix MepeAOMIB KICTOK HUKHLOI KiHLBKU.
YacTka HE3AAOBIAbHUX PE3YALTATIB AIKYBAHHST MW NEPEAOMAX PIlon 3AAULLIQETLCSI BUCOKOO | Aocsrae 38-40 %.
BaXknvBuM pQKTOPOM, O OOYMOBAIOE TAKMM BUCOKUM BIACOTOK HE3QAOBIALHUX PE3YALTATIB AiKYBAHHSI, € BIACYT-
HICTb AiKYBQABHVX QAFOPUTMIB, MPOUHSITUX MOOTOKOAIB AiKYBAHHST TQ CUCTEMU MPOTHO3YBAHHST HACAIAKIB AiKYBQOH-
Hs1. Meta: npoBecCTy QHAAI3 OCOBAMBOCTEN CYyHYQCHOI XipypriYHOI TAKTMKM B PA3i NepenoMiB AMCTAALHOIO BiAAI-
AY BEAVKOTOMIAKOBOI KICTKW, BUSHQYNTU ANCKYCIVIHI | HEBUPILLIEHI MATAHHS, OKPECAUTIA MOXKAMBI MOUYMHN 3HAYHOT
KIABKOCTI HE3QAOBIABHUX PE3YABTQTIB AiKYBAHHSI LiiEl KATEropii NaLieHTIB, Q TAKOXX LLASIXU MOAIMLLEHHST PE3YALTATIB
AIKyBaHHS. Marepiaau Ta MeToam. [TooBeAeHO omsia 878 nybaikauivi B 6a3i PubMed 3a octarHi 15 pokis. Biaibpa-
HO TQ MPOAHAAIZ0BAHO 210 ry6AikaALivi. 3aCTOCOBAHO METOAN AHAAITMYHOI TQ OMMCOBOI CTATUCTUKM. Pe3yAbTaTH.
Cepea AVCKYCIVIHUX MATAHB, LLO HAMYACTILLE OBrOBOPIOIOTLECST B AITEPATYPI TQ BIAHOCHO SIKUX BIACYTHIVI KOHCEH-
Ccyc Q60 3QranbHOMPUVHSITAN MIAXIA, LLO MAE AOKQ30BICTb TQ OOIPYHTOBAHY TAKTUKY, MOTRIOHO BUAIAUT HQCTYIHI:
BMOBIp YacCy XipypriyHOro BTRYYAHHS, BUGID METoAY Ta 3QC0By ¢ikcaLli; pALOHAABHQ TAKTUKA KOHBEPCIl METAAO-
OCTEOCUHTE3Y, HEOBXIAHICTb TA 3HQYEHHS BIAHOBAEHHS MAAOTOMIAKOBOI KICTKU (A YQC AIKYBQHHSI TepeAoMiB pilon;
3HQYEHHSI KICTKOBOI MAQCTUIKU TA MPIOPUTETHICTb BIAHOBASHHST QHATOMII BEAMKOTOMIAKOBOI 3Q MPOUHLMITOM KOAOH;
MicLe NepBUHHOIO aPTPOAE3Y B XiDYPIIYHIVI TAKTULI AIKYBAHHS MepeAoMiB pilon. BUCHOBKW. BKQ3QHI MUTAHHSI MO-
TPE6YIOTb MOAQABLLLOIO AOCAIAKEHHS 3 PO3POOKOK HOBUX OBrOYHTOBAHMX QAFOPUTMIZOBAHUX MOOTOKOAIB AIKY-

BQHHSI, L0 6Q3yBATUMYTLCST HO AOCTATHIV AOKQ30BIV 6Q3i T CUCTEMI MPOrHO3YBAHHST PE3YALTQTIB.
KAIOYOBI CAOBQL: AVICTOABHII €MIMETADI3; BEAMKOTOMIAKOBQA KICTKQ, MEEAOM Pilon; OmsA AiTeparypu

Bctyn

[lepenomu mucTtaabHOTO eniMeradisza BeIMKOIOMIiIKO-
Boi KicTKH (mepesioMm pilon) — e TSDKKE MOIIKOIKEHHS,
110 B OUIBIIOCTI BUNIAAKIB € Pe3yJIbTaTOM BUCOKOEHEpTe-
TUYHOI TPaBMM Ta CYIPOBOKYETHCS HE JIUILEC 3HAYHUM
YIIKOJKEHHSIM JUCTaJbHOTO BiAiy BEJIMKOTOMiJIKOBOI
KIiCTKH, ajie i CyTTEBUM YpaXKeHHSIM M’SIKUX TKaHWH Y [li-
JISTHII TpaBMU. 3TiTHO 3i CTATUCTUKOIO, LI TUTI TIePEIOMiB
CTaHOBUTbL 5—7 % Bim yciX TepeaoMiB BEJIMKOTOMIJIKOBOT
kictkn Ta 10—15 % Big ycix mepesoMiB KiCTOK HUKHBOT
KiHIIIBKM, 3yCTPiYa€ThCs IEpPeBaKHO y Ialli€EHTIB Hali-
OB IMpale31aTHOrO BiKy Ta OOYMOBJIIOE TPUBAIMIA Me-
pioa Hempale3naTHOCTI 3 MOJAIbIIUM CTIAKMM OOMeXeH-
HSIM (DYHKIIT TpaBMOBAHO1 KiHIIiBKU, 3HUXEHHSIM SIKOCTi

KUTTSI, OOMEXEHHSIM Tpalie3a1aTHOCTI abo iHBaIiau3alieio
[1,2]. MexaHi3M TpaBMU B OJIBIIOCTiI BUMAKiB HEMTPSIMUIA,
TpaBMa BUCOKOEHEpreTUYHa, y pe3y/ibTaTi NaliHHSI 3 BUCO-
TH Ha HOTU (KaTaTpaBma) ab0 MOPOXHBLO-TPAHCIIOPTHUX
npuron. B iHIIMX BUTIaaKax MexaHi3M TpaBMU MOB’sI3aHU A
3 MaJIOEHEPTeTUYHUM POTALITHUM TOIIKOIKEHHSIM TO-
Minkm [3]. YHacaHigox mii TpaBMYyIOUOi CHJIM Ha I’ SITKOBY
Ta HAIIl ITKOBY KiCTKY OJIOK OCTaHHBOI, 4epe3 ii OIMyKILy
¢opMy Ta 3HaYHO OiIBIITY HIUIbHICTD Ta IMPYXKHICTh KiCTKO-
BOI TKAHMHU TMOPIiBHSHO 3 IMCTaJbHUM BiIIiJIOM BEJIUKO-
TOMIJIKOBOI KiCTKM, HailyacTillle MpU3BOIUTL 0 TIepeioMy
OCTaHHBOTO. BrcoKOeHepreTuuHe 3iTKHEHHST TTPU3BOINTh
o dparMeHTalii, JeCTPyKLii Cyrjo00BOi IMOBEpXHi Ta
MOILIKO/KEHHST M’SIKUX TKaHWH HaBKOJIO HAaIIl SITKOBO-
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TOMIJIKOBOTO CyTJ100a, 1110 Y4aCTO OOYMOBJIIOE HE3ad0BIIbHI
HaCJIiIK!, TTPU3BOAUTH 10 HU3KHU YCKIJIAJHEHb Ta MOTaHUX
pe3yabTariB JiKyBaHHs. 3riHO i3 CyyacHUMHU TMigxoaa-
MU, 3yCWLJIS TPaBMAaTOJIOTIB MPU JIIKyBaHHI 1Ii€l Kateropii
MalieHTIB CIPsSIMOBaHI Ha TepelorepalliiiHy MiAroTOBKY
M’SIKMX TKaHWH, PETIO3UILi0 YIaMKiB Ta ix ¢ikcaitito [4, 5].
I1pu mpboMy JiKyBaIbHMIA TTepiod HAMYACTIIIIE € TPUBAIINM,
nependavae Cepilo eTamHuX XipypriyHUX BTpPyJYaHb Ta Ja-
JIEKO He 3aBXIu 3abe3rneuye BimHoBieHHs. [lepemomepa-
LillHe TUTaHYBaHHS BKJIIOYAE BU3HAYEHHS ONTUMATbHUX
XipypriuHux AOCTYIIiB, BMOip 3aco0iB (ikcallii, BU3Ha-
YeHHS HeoOXigZHOCTI KiCTKOBOI IJIaCTUKM Ta iH. Ha xanb,
HE3BaXXaryu Ha CydyacHi TeXHiYHi MOXJIMBOCTi, iHHOBALLil
Ta JOCSITHEHHsI B MEIMYHIil rajy3i, yacTka He3al0BiTbHUX
pe3yJIbTaTiB JIIKyBaHHSI IPU TiepesioMax pilon 3a1uiiaeTbest
BUCOKOIO i mocsirae 38—40 % [5—7]. Y GinbIIOCTI BUMTaaKiB
116 OOYMOBJIEHO HE JIMIIIe 3HAYHOIO TSKKICTIO TPAaBMU, ajie
i XMOHOIO CTpaTeri€lo JIiKyBaHHS, HepalliOHAJIbHUM BHU-
0OpPOM XipypriuyHOi TAKTMKM, HU3KOIO MOMMJIOK Ha eTarax
nepeaonepauiiiHoi MiAroToBKY Ta TIaHyBaHHS, TOPYIIEH-
HSIM XipypriyHoi TeXHiKM, HeNpaBWIbBHMM ITiIXOI0M OO
peabiniTarii [6, 7]. BaxauBum (pakTopoM, 110 00YMOBITIOE
TaKWil BUCOKMI BiICOTOK HE3aJOBUIBHUX PE3YJIbTATiB Ji-
KyBaHHSI, € BiICYTHICTb 3arajbHOINPUIHSITUX CTaHIAPTH-
30BaHUX JIIKYBAJIbHUX JITOPUTMIB Ta CUCTEMU MPOTHO3Y-
BaHHS HACJIIKiB JIiKyBaHHSI, 1110 BpaxoByBaja 0 He JIMIIe
TUTI TIEPEJIOMY Ta XapaKTep TpaBMH, a BU3Hayaja iHAUBI-
Iyalli3oBaHMH ITOXiaO 3 ypaxyBaHHSIM TaKMX OCOOJIMBOCTEM
MaIi€HTa, K BiK, CTaTh, CTAaH M SIKMX TKAHWH Ta KiCTKOBO-
CyIJ1000BOi CCTeMHU, KOMOPOiTHICTh Ta iH.

3a TaHUMU Pi3HUX aBTOPIB, Y CTPYKTYpi HE3amd0BijIb-
HUX HACJIiIKiB JIiIKyBaHHS BUAUISIIOTh: XMOHi 3pOIIEHHST —
42 % Ta He3pouleHHS — 18 %, 1O CYMPOBOMKYIOTHCS
CYTTEBUMHU MOPYIIEHHIMU OiOMEXaHiYHOI OCi ypaXeHOol
KiHIIiBKY; MOBepxHeBY iHdeK1ito — 20 %; ocTeoMieTiT —
17 %; nicasitpaBMaTUUHUIT ocTeoapTuT — 54 %. Yce 1e
00yMOBIIIOE HEOOXiTHICTh BUKOHAHHS CKJIATHUX Xipyp-
TiYHUX BTpyYaHb, cepell SKUX Mpuodan3Ho 27 % npunamae
Ha apTpoje3 HaAll ITKOBO-TOMiJIKOBOrO Cyryioba, 0Ju3b-
KO 3—5 % — Ha eHOONpOTe3yBaHHs, 6 % — Ha TPaHCTH-
OianbHi amnyTauii [6]. OgHak MmosiBa OLTBIN IIATHUX J0
M’SIKUX TKQaHUH METOiB JIiKyBaHHS MepeoMiB IUCTAb-
HOro erimMeradiza BEJIMKOTOMIJIKOBOI KiCTKM, a TaKOX

poO3po0Ka eTaITHOro MEeTOMY JIiIKyBaHHS 3MiHUJIM 1Ie CITiB-
BiIHOIIEHHS Y OiIbII cipusATauBUit Oik [7—9]. Jeski aB-
TOPM BiIMiYarOTh CXOXi pe3yJbTaTU Ta KiJIbKICTh YCKJIaI-
HEHb MpPU aHali3i BUKOPUCTAHHS arapaTiB 30BHILLIHbOI
(dikcanii (A3®) i BHYTPIIHLOTO METAJIO0OCTEOCUHTE3Y
(MOC) K equHOTrO Ta OCTATOYHOTO MeToMy hikcartii [10].
Bapro 3a3HauuTH, 1110 TSKKi, OaratoyjiamMKoBi MepeioMu
pilon, a TakKOX Ti, 1110 CYTTPOBOIXYIOTbCSI CUJILHOIO TPaB-
MaTU3alli€l0 M’SIKUX TKAaHWH, 3a3BUYail MPU3BOISITH 10
HE3aJI0BUIbHUX PEe3yJbTaTiB JIIKyBaHHs, HE3BaXalouu Ha
JIBOX- YU TPbOXETAMMHUUN TPOTOKOJ. OTXe, BUSHAYECHHS
OINTUMAJIbHOI CTpaTerii JIiKyBaHHS, XipypriuHOi TaKTUKMU,
po3po0Ka HOBUX KJiHIYHUX aJrOPpUTMi30BaHUX IIPOTO-
KOJIiB Ta cUCTeMa MPOrHO3yBaHHSI HACHIAKIB JTO3BOJIUIN
0 3MEHILIUTH BiICOTOK YCKJIaJHEHb Ta HE3aJ0BIJIbHUX pe-
3yJIbTATIB Y 1Ii€l KaTeropii mali€eHTiB, 3MEHIIUTU TpUBa-
JIICTh Ta MOJIMIIWTYU PE3YAbTaTH JiKyBaHHS, MiABUIIATU
AKICTh XXUTTS TMAlli€HTIB.

Mera nocaiIKeHHs: Ha ITACTaBi OIVISIAY JIiTepaTypu
MIPOBECTH aHali3 OCOOJMBOCTEM CydyacHOI XipypridHOi
TaKTUKU B pasi MepesioMiB OTUCTAIbHOIO BiIIily BEJIUKO-
TOMIJIKOBOI KiCTKM, BU3HAYUTU OMCKYCiiiHi i HEBUpillleHi
MUTaHHS, OKPECAUTH MOXJIMBI NMPUYMHU 3HAYHOI KiJlb-
KOCTi He3aJI0BIIbHUX Pe3yJIbTaTiB JiKyBaHHS 1i€1 KaTeropii
MAaL[iEHTIB, a TAKOX IUISIXW MOJIMIIEHHS Pe3yJIbTaTiB JiKy-
BaHHSL.

MarTtepiaAu Ta meToamn

[Tomyk myOJikalid, 1m0 CTOCYIOTbCSI TeMU POOOTH,
nposeneHo B 6a3i PubMed 3a nepiog 2010—2024 pp. 3a-
rajibHa KiJIbKiCTb 3HaiieHuX myoJikailiii craHoBuia 878.
V mpoueci aHamizy BUKIIOUEHI CTATTi, IO CTOCYBAaJIUCh
IepeIoMiB y IiTeil abo IepeoMiB MUCTAJILHOTO eIli-
MeTadily IHIIMX KiCTOK, KpiM BeJIMKOroMinkoBoi. s
KiHIIEBOTO oIpaliloBaHHs BigiopaHo 210 myo6uikariit,
10 CTOCYIOTbCSI TEpeIOMiB IUCTAJIbHOTO emiMeTadisy
BEJIMKOTOMIJIKOBOI KicTKH, 3 SKuX 140 — omucoBi gocii-
JKeHHST 200 MOPiBHSIHHS XipypriyHux cepiii, 10 — cucte-
MaTUYHI OISIAN JliTepatypu, 18 — GioMexaHiuHi Ta ornu-
COBi cTarTi, 3 — MeTaaHasi3u, 23 — onucyu HOBUX (Ha yac
HamuMcaHHs) TEXHIK Ta METOAMK JIiKyBaHHsI, 16 — omucu
BUIIAJIKiB. 3aCTOCOBAHO METOAM aHAJITUYHOI Ta OMTUCOBOT
CTaTUCTUKU.

Kinekicto < P - MeTaaHaniau,
BUAANEHNX axepen, < 3aranbHa KinbkicTb cTarten, —p n=3
n = 668 n=23878
i i i . o nncu
CucrematuHi Onucun Bunagkis, B'OMeX,aHNH", XipypridHi cepii, Onue :
ornagu, n=16 OMNUCOBI CTaTTi, n =140 HOBMX TEXHIK,
n=10 n=18 n=23
PucyHok 1
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PesyAbTaTH
MNepBUHHE AIKYBOHHS TA AiOFrHOCTUKA

3 orisiay Ha CKJIAAHUIA XapaKTep BUCOKOEHEPTeTUUHUX
MOIIKOKEeHb TUCTAIBLHOTO eriMeTadiza BeTMKOTOMIJIKO-
BOI KICTKM MepeaonepaliiHuil riaH MOBUHEH BKJOYa-
TU MOBHY KJIiHIYHY i pamiorpadiuHy ouiHky. HeobxigHo
OLIIHUTH MPOTUJIEXKHY HUXKHIO KiHIIiBKY, iHIIIi CTPYKTYpH
OpraHi3aMy Iali€eHTa Ha BMIIQIOK IOJIiTpaBMU, CTaH Cy-
MTUHHO-HEPBOBOI CUCTEMM Ta M’SIKUX TKAHUH ypPaKeHOI
kinniBku [20]. [TomkomkeHHs i HAOPSIK M’ SIKNX TKaHWH,
110 BJIACTMBI BUCOKOEHEPTETUYHUM IiepesoMam pilon,
MOXYTh TIPU3BOJUTU 10 PO3BUTKY KOMITAPTMEHT-CHUH-
IpOMY, BUHUKHEHHSI (IiKTeH abo BimIapyBaHHS IIKi-
pu, iHgikyBaHHs [20, 23, 24]. T'ocTpuii 6iib, 1110 TTOraHO
KOHTPOJIIOETHCSI HaBiTh omiaTaMM, OiJb MPU MiAOIIOBHO-
MY 3TMHaHHi CTOIM, CJIa0KiCThb MPU 3TMHAHHI BEJIMKOTO
naJblsl CTOMU, a TAKOXK IJIaHTapHa rirnepecTe3iss — 03Ha-
KM KOMITApTMEHT-CUHIPOMY, SIKU i TAKOX MOKe IToTpeody-
BaTW HEBiIKJIagHOTO JiKyBaHHS [25]. BaxauBum etarnom
€ 30ip aHaMHe3y 3 BUSHAUEHHSIM CYIyTHiX 3aXBOPIOBaHb
Ta WIKIIJIMBUX 3BUYOK, SIKi Oe3MmocepeqHbo MOB’si3aHi 3
YCKJIaAHEHHSIMU, TTOPYIIEHHSIM TPpOodiky Ta pereHeparii:
aJIKOTOJIi3M, KYpiHHS, IepudepuyHi 3aXBOPIOBAHHS Cy-
JIMH Ta ocTeornopos [25, 26].

PanionoriuHa giarHocTrKa rmepeaoMiB IMCTaIbHOTO eITi-
MeTadiza BEJIMKOTOMIJIKOBOI KiCTKM TTOUMHAETHCS 3i CTaH-
MapTHOI peHTreHorpadii HaaI ITKOBO-TOMIJIKOBOTO CY-
106a Ta MaHOpaMHOI peHTreHorpadii 000X FOMiJIOK Y ABOX
MPOEKIIISIX I OLIHKU OCi, 3MIIIEHHSI TapaHHOI KiCTKM
(mpokcuMaIbHUI a0 JlaTepajibHUM/MeliaTbHUN BUBUX),
BU3HAUYECHHST IIPOIOBXEHHS JIiHil TIepesioMy Ha miadi3 Be-
JINKOTOMIJIKOBOI Ta MaJIOTOMIJIKOBOI KiCTOK. 3aeXHO Bifl
MeXaHi3My TpaBMM IOJajblle JIiKyBaHHSI BiIpi3HSIETHCS.
VY Bunaaky mMajaoeHepreTHYHOl TpaBMU, CIIPUUMHEHOI po-
TaliflHUM MEXaHi3MOM, HUKHS KiHIliBKa iMMOOLTi3yeThCs
JIOHTETOI0, a B MOJAJBIIOMY JIKYETHCS 3a KIACUYHUMU
npuHIMITamMu, omrcanuMmy Ruedi Ta Allgower y 1979 pomi
[12]. ¥ Bumaaky BMCOKOEHEPreTUYHOI TpaBMU IS YHUK-
HEHHSI YCKJIaJIHEHb, 1110 BUKJIMKAHI TSDKKUM TTOITKOIKEH -
HSIM M’SIKAX TKAHUH i paHHBOIO BiIIKPUTOIO PEITO3UIIEI0
Ta BHYTPILIHIM METal00CTEOCUHTE30M, BUKOPUCTOBYIOTh
eTalmHUM MiAXim, 110 CKJIaJa€ThCs 3 MEePBMHHOIO HakJia-
naHHsg A3® TpiaHTYISIpHOI/YOTUPUKYTHOI KOH(Irypaiiii,
MiArOTOBKU M’SIKMX TKAaHWUH 10 ONIEPaTUBHOIO BTPYYaHHSI,
a B nogagbiiomy MOC m1acTUHOIO Ta TBUHTAMM 3 Pi3HUX
noctymiB [8, 27—30, 49]. He3axatouu Ha Te, 1110 eTarHa
METOAMKa JIIKyBaHHSI BBaXKA€THCS 3aralbHOMIPUIHSITOIO,
NesiKi aBTOpU HABOJASTH JIaHi, 1110 BKa3ylOThb Ha MOXJIM-
BICTb PaHHBOTO 3arjMOJIEHOr0 OCTEOCHUHTE3y TEpesIOMiB
pilon 6e3 KJIACMYHMX YCKJIAgHEeHb, BUKJIMKAHUX ITOIIKO-
IDKEHHSIM M’SIKUX TKaHWH, 110 da€ Ao0pi (yHKIIOHAIbHI
pe3yJbTaTu Ta BiIHOCHO IIBMUIKE BimHOBIEeHHS [31—34].
Bukopucranus A3® K 0CTaTOYHOIO METO.TY JTiIKyBaHHSI B
NeSIKUX BUIAAKaX MPU3BOJIUTD 10 CIIOBUILHEHOI KOHCOJi-
nauii [35]. A3® 103BoJisiE MPOBECTU MEPBUHHY HENPSIMY
pero3ullifo KiCTKOBUX (DparMeHTiB 3aBISKMU JIiraMEHTO-
TaKCUCY, MiHIMAJIbHO MOITKOIKYIOUN M’SIKi TKaHUHU |36,
37]. Yepes 3HauHe MiBUIIIEHHSI pU3UKY iH(DIKyBaHHS y BU-
naaKy IepeTMHAHHS JIiHIl po3pi3y OTBOPIB Bil CTPIKHIB

Ilanua xipypr Ma€ 3a3gajeriiab rnepeadayuT KOHBEPCilo
MeTofy dikcallii, yHuKaouu 1iei noMuiaku [38].

BinkpuTi mepeioMu IUCTAIBHOTO BilIily BEJIMKOTO-
MiJTKOBOI KiCTKM JIKYIOTbCSI 32 BCTAHOBJIEHUMM TIPUH-
nunamMu. PaHHe BBemeHHSI aHTUOIOTUKIB BHYTpIilll-
HbOBEHHO, MacHBHE TIPOMHUBAHHSI paHU, BUIAJICHHS
HEXUTTE3NATHUX M SIKMX TKAHWUH Ta APiOHUX BiTbHUX
KiCTKOBMX (bparMeHTIiB HeoOXimHe IS 3HMXKEHHs iH-
(ekiiiiHOro pu3UKy i CTBOPEHHS CIPUSATIUBUX YMOB
s BimHOBieHHS [22, 39]. TlpoTe BUIaleHHS BEJIUKUX
KiCTKOBMX (pparMeHTiB MOX€e YCKJIaIHUTHU BiTHOBJIEHHS
aHAaTOMiIYHOI CTPYKTYpPHU KiCTKHU.

JedeKkT 1IKipyd 3a MOXJIMBOCTI 3aKpUBAETHCSI O/pasy,
0e3 HaTATy TKaHWH. SIKI110 3aKpUTH AeeKT IIKipu He Ba-
€ThCsI, Y TIepIili 7 AHIB ITicCJisi TPABMU PEKOMEHI0BAHO TPO-
BECTU TUIACTUKY Je(eKTy BaCKYJISIPU30BAHUM HIKIpHUM
kiamnTeMm [42] abo 3actocyBatn VAC-Teparriio [43, 44].

[Ticna mepBuHHOI (hikcallii Ta 00poOKM paH IIPOBOINUTH-
cs1 KOMIT I0TepHa ToMorpadisi, mepeaom 10AaTKOBO KJIacu-
(dikyerbesa 3a Topliss/Leonetti Ta Tigani, a npu Binkputux
nepeiaomax — 3a Gustillo-Anderson, (GopMyeThbcsl TIaH
KiHIIEBOT'O XipypriyHOIro BTpPyYaHHSI.

Kaacuoikauis

Knacudgikaliiss mepenomiB AUCTaIbHOIO BildiIy BeJM-
KOTOMIJIKOBOI KicTKM mpoBoauThest 3rinHo 3 AO/OTA a6o
3a Ruedi ta Allgower [11, 12]. OaHax 1i cuctemu 6a3ytoTh-
csl Ha peHTreHorpadii, a Tomy oOMeXkeHi Y BAKOPUCTaHHi
IUIS1 TIepeaornepaliifHoro rjlaHyBaHHsI Ta TTPOTHO3YBaHHS
pesynbrariB [13]. Ha ocHoBi KT-pocnimkens Oyau chop-
MOBaHi HOBi kinacu@ikairii, a came Topliss [14], Leonetti
ta Tigani [15]. Kiacugikamisa BiZKpuTHX IIepeJoMiB 3a
Tscherne [21] i Gustillo-Anderson [22] TakoX BIUIMBa€E Ha
BUOIp METOIIB i1 €TaIlHICTh JIIKyBaHHS MEPEJIOMIB TMCTaIb-
HOTO eniMeTadiza BeTMKOTOMiJIKOBOI KiCTKH.

OTtxe, Haifuacrile rpu Kiaacudikauii nmepeaomiB auc-
TaJbHOTrO eriMeradiza BEJIMKOTOMIJIKOBOI KiCTKM BU-
KopucToBytoTh Kiacudikamnio AO/OTA abo Ruedi Ta
Allgower [12]. Ruedi ta Allgower Ki1acuikytoTb repeiomMu
pilon:

1) Ha TTepesToMu €3 3MIlIeHHS YJIAMKIiB 31 30epeskeHHIM
KOHTPYEHTHOCTI Cyrjio0a;

2) mepenoMu 3i 3MIIeHHSIM YJIaMKiB i BTpaTOI0 KOHTPY-
€HTHOCTI cyri1o0a;

3) nepejioMu 3i 3MillIEeHHSIM yJIaMKiB, BTPaTOl0 KOHTPY-
€HTHOCTI cyr;100a i BeJIMKOIO KiTbKICTIO YJIaMKiB.

LIs knacudikallist IIMPOKO BUKOPUCTOBYETHCS, ajie MA€E
c1a0Ky B3aEMOBIATIOBIIHICTD Y AIarHOCTUILI, OCOOJIMBO MixX
2-M Ta 3-m tunamu. Knacudikauis AO/OTA nae 6inbin
TOYHI pe3yJIbTaTh 3a IIMM TTapaMeTpoOM, TOMY 3 YacOM Ha-
Oysa OiIBIIOI MOITYJISIPHOCTI Ta YaCTOTU BUKOPUCTAHHS Y
KJIiHIYHINM mpakTui [45].

3a knacudikauiero AO/OTA nepenomu pilon posmnomi-
JISIIOTHCS Ha TPY TOJIOBHI TPYIU:

— 43-A: no3acyriio0oBi nepeaomu;

— 43-B: 4aCcTKOBO BHYTPIllIHbOCYTJIOOOBI MepeiomMu;

— 43-C: oBHi BHYTPIillTHbOCYTJIO00BI MEpeIOMU.

KoxHa rojioBHa rpymna po3noaiisieThes 11ie Ha TPU TTijI-
IpyNu 3a CKJIAJHICTIO YIIKOIKEHHSI.
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Takox BukopuctoByloTh ABi KT-knacudikaiiii, a came
3a Topliss [14], mo posminse pparMeHTH Ha KOPOHApHi,
cariTaJibHi Ta ix miaTunu, a Takox 3a Leonetti Ta Tigani
[15], 1110 po3aijsgtoTh nepesoMu pilon Ha YOTUPU TUTIU:

1) mepenomu 6e3 3MillIEHHS;

2) niepesioMu 3 1BOX ()parMeHTiB 3 TIOMipHUM 3MillleH-
HSIM;

3) mepesioMu 3 TPHOX (DPArMEHTIB 3i 3MILLIEHHSIM;

4) mepeaoMHU 3 YOTUPHOX (PParMEHTIB 3i 3MIILIEHHSIM.

Takox 11i YOTUPU TUIU PO3AUISIOTHCS Ha MiATrpyIM 3a
OCHOBHOIO JIiHi€I0 TIepesioMy, 110 JIeXKUTh ab0 y caritajlb-
HoMy, abo y poHTanbHoMy 3pi3i. KT-knacudikatii tex
MaloTh MPOTHOCTUYHY LiHHICTh. [oCTimkeHHs 3 Hamiii-
HOCTI Ta B3aEMOBIATIOBIAHOCTI K1acuikalliil BKa3yrTh SIK
Ha nepesary kiacudikauiii AO i1 Ruedi ta Allgower [16],
Tak i HaBraku [17]. He3Baxxatoun Ha BapiaOGesbHICTb BU-
COKOCHepreTHIHMX IepetoMiB pilon, KT-300paxkeHHs me-
MOHCTPYIOTh TP TIOCTiliHiI (hparMeHTH, a came: oCTepo-
narepanbHuii (Volkmann), anteponarepansHuit (Chaput)
Ta MeAiayibHi pparmenTu [18, 19].

TAKTUKA XipypPriYyHOro AiKyBOHHS

Junckycii 1moa0 «IIpaBUIBHOTO» METOAY XipypridHOTO
JIIKyBaHHSI IIepeJIOMiB IMCTaJbHOTO eriMeTadiza BeInKo-
TOMIJIKOBOI KiCTKM TPHUBAIOTh i3 cepearHu XX cTopivys.
Aune mpuHIMIIM, 3anponoHoBaHi Ruedi ta Allgower, MOX-
Ha Ha3BaTU OCHOBOIO CydyacHUX MeToiB [12]. A came:

1) BimHOBJIEHHS JOBXWHU MaJOTOMIJIKOBOI KiCTKHU Ta ii
crabisibHa BHYTpIllIHS (ikcallis;

2) aHaTOMiYHa PEero3ullisi CyriIo00BO1T MOBEPXHi;

3) 3amoBHEHHSI AeEeKTy KiCTKOBOI TKAHMHM aBTO- a00
aJIOTPAHCIIJIAHTATOM;

4) cTabinizalliss MeniaJabHOI KOJIOHHU.

Bionosaenns 006xcunu Mmanoeominkosoi kicmku. Binb-
IIIiCTb aBTOPIB BiA3HA4YalOTh, 1110 BiTHOBJIEHHS JOBXWHU
MaJIOTOMIJIKOBOI KiCTKM Ma€ BimOyBaTHCS B IEpIIy 4epry,
SIK BaXXKJIMBUI eTan JIiKyBaHHSI TIEPEJIOMIB JMCTaIbHOTO
emimMeTadiza BeJIMKOToMiJIKOBOi KicTkr. OCTeOCHHTE3 Ma-
JIOTOMIJIKOBOT KiCTKM IMPOBOAUTHCS Ha TIEPILIOMY eTarti ore-
paiiii, 1o 3abe3Ieuye Kpally sIKiCTb aHATOMIYHOI PeIto31-
1ii cyrmo6oBoi moBepxHi [12, 35]. ABTOpH peKOMEHIYIOTh
caMe BHYTpIllIHIO (iKcallilo IUIacCTUHAMM Ta TBUHTaMM.
Lee et al. mopiBHSUIM I'pyIU TALiEHTIB, SKUM IIPOBOINB-
csi MOC MastoroMijikoBo1 KiCTKM TJIACTUHOIO Ta TBUHTA-
mu (Tpyra A), 3 rpynoro, y sIKiii mepesioM MajJoroMiJKoBoOl
KicTkM dikcyBaBes cnuieio (rpyna b), Ta rpynoto, y sKiit
nepeoMy MaJIOTOMIJIKOBOT KiCTKM He (ikcyBaiuch (Tpy-
na C). 3 ogHOro 00KY, BOHM MOKAa3aJu CXOXi pe3yabTaTh y
NMOCSITHeHHI perto3uiii ymamkiB (92/91,3/88 %, p > 0,05).
3 iHmoro OOKy, OCTaTOYHWI pe3yJibTaT JIiKyBaHHS, 1110
OlLIiHIOBaBCs 3a mKajaoio Teeny Ta Wiss, IToka3as, 10 KiJlb-
KicTh HOOpHMX Ta 3aJOBIIbHUX PE3yJbTaTiB Oyja HalOuIb-
oo came B rpyni A — 88 %, rpyna b — 69,6 %, a rpyna
C — 60 %. e noBeJo, 110 IKiCHa PENO3ulIis Ta CTabibHa
¢ikcallisi MaJIOroMiJIKOBOI KiCTKHM TIACTMHOIO Ta TBUHTA-
MU 0OYMOBJTIOE Kpallli pe3yabTaTh, Hixk HecTabiabHa (ik-
carisg a6o i BimcytHicTh (p < 0,008) [46]. [esaxi aBTropu
OIUCYIOTh BUKOPUCTAHHSI IBUHTIB a00 TEHIB (CMUIIb) IS
ikcarii MmamorominkoBoi Kictku [47, 48]. Bubip yacoBo-

ro IPOMIXKY IJISI OCTaTOYHOI (ikcalii MaJIoroMiIKOBOI
KIiCTKM y 0araTbox aBTOpPiB pi3HUTHCA. OmnmcaHi MeToau
MOC manorominkoBoi KicTku 3a Minimally Invasive Plate
Osteosynthesis (MIPO) onHouacHo 3 nepBUHHOW0O (dikca-
1iero nepesioMy pilon armapaTom 30BHiIIHBOI (ikcariii [50].

Y Bunaakax nepeaomis pilon 3 MOLIKOIXXKEHHSIM MixKT0-
MiJIKOBOTO CMHIECMO3y OocTaTouHa hikcallist MaJoromis-
KOBOI KiCTKM BBaXKa€ThCsl HEOOXiTHOIO JJIsI BiTHOBICHHS
CTa0iTLHOCTI CUHAECMO3Y, a TAKOX JOIIOMAara€ y BiTHOB-
JIEHHi IOBXWHU Ta YCYHEHHi poTallii BEJIMKOTOMIiIKOBOI
KicTku [51]. HaBiTh K110 Mi>KTOMIJIKOBUIT CHHIECMO3 He
IMOIIKOIKEHO, POJb aHATOMIYHOI PEeMO3NIIii i 0CTaTOYHOI
¢ikcallii MaJOroMiJIKOBOI KiCTKM TaKOX IIOJISITAE Yy pe-
nos3uliii ¢pparmeHTiB Volkmann ta Chaput 3aBasiku Bif-
nosinHuM lig. tibiofibularis anterior ta lig. tibiofibularis
posterior [52].

Bapro 3a3HauuTH, 1110 MUTAHHSI OCTEOCHUHTE3y MaJlo-
TOMIJIKOBOI KiCTKM He € aOCOJIIOTHO OZHO3HA4YHMM. [le-
SIKi aBTOpU BKa3yloThb, 1110 MOC MaJlorOMiJIKOBOI KiCTKH
€ He JinlIe He 00OB’SI3KOBUM, ajie iHOJi HaBiTh LIKOAUTh
pe3yabTataM JIiKyBaHHSI TiepeioMiB pilon. Hampukianm,
Torino ommcye OiIBIIY KiJIBKICTh HE3pOIIEeHb IIepeIOMiB
IMCTAJIbHOTO erimMeTadiza BeJIMKOTOMIJIKOBOI KiCTKU MpuU
OTHOYACHOMY OCTEOCHUHTE3i MaJIOTOMIJIKOBOI, 1110, Ha 10ro
IYMKY, OOYMOBJIEHO HaAMIipHOIO >XOPCTKICTIO ¢hikcallii
[51]. Kurylo et al. npu nopiBHsSIHHI cepii BUNAIKiB JiKy-
BaHHs TiepesioMiB pilon 3 ikcaliiero Ta 6e3 ¢ikcarlii Ma-
JIOTOMIJIKOBO1 KiCTKU He 3HAWIIJIM CTATUCTUYHO BipOTiji-
HOI pi3HUIII Y pe3yJIbTaTax perno3uilii abo dikcarii, okpim
migBuIeHHsT pu3uky iHgikyBanHsg (p < 0,01, n = 93) ta
HEOOXiTHOCTI Y BUIAJIeHHI METaIOKOHCTPYKIIiit [55]. Kpim
TOro, y pasi TSKKUX 0araToysiaMKOBMX II€PEIOMIB OUC-
TaJIbHOTO eliMeTadiza BEeJIMKOTOMIIKOBOI KiCTKM BKOPO-
YEHHSI MaJIOTOMIJIKOBOI KiCTKM MOXKe CIIPUSTU 3POILIEHHIO
rnepesjomy pilon 3aBIsiKu JOCSITHEHHIO Kpalloi Mixdpar-
MeHTapHoI KoMrpecii [56].

Xipypeiunuii docmyn. BaxJIMBUM acriekToM € BUOIp 10-
crymy s ikcallii mepesoMy MaJoromiJIKoBoi KicTKU. 3a-
TaJIbHOIIPUIHSITOI0 HOPMOIO BBAXKAEThCSI TUTAHYBAHHS JI0-
CTYMIiB TaKUM YMHOM, 1100 MiXX HUMM JINIIABCS IIKipHUN
«MICTOK» 3aBIIMPIIKY HE MEHIIIE Hi3K 6—7 CM, 1110 3MEHIIIYE
PM3UK LIKipHUX HEKPO3iB Ta KUJIbKIiCTh IiC/IsIONepaiiiiHuX
iH(pekuiiiHux ycknagHeHs [53, 54, 57, 58].

Anamomiuna penosuyis cyeno6060i nosepxui. 3a TIPUH-
uunamMu AO, pesysnbTar JIiKyBaHHSI BHYTPIillTHbOCYTJIO-
0OBOTO IepesioMy 3aJeXXUTh Bil aHATOMIYHOI PEMO3UILil
Cyr1I000BO1 MOBEPXHi Ta i abcoIIOTHOI cTadiibHOCTI [59].
Y Bumnankax 3 repejomamu pilon, 1o 0y oTpuMaHi BHa-
ciinok manoeHepreTuuHoi TpaBmu (tun 1 3a Ruedi), 1e
TBepIkKeHHs y 90 % BUITanKiB MOXHA Ha3BaTH TTPaBIUBUM
[57, 60]. IMpote HOBi mocmimkeHHs, C(DOKYCOBaHi Ha BU-
COKOEHEPIreTUYHUX TepeioMax AUCTaIbHOro emiMeTadiza
BEJIMKOTOMiJIKOBOI KiCTKM, BKa3aju Ha MpoOJeMU ILIbOro
te3ucy. Tak, Teeny Ta Wiss onucaju He3aro€HHs IMiCasi-
orepauiifHoi paHu, iH(MeKIIil, He3pPOILIEeHHS Ta 3JlaMU Me-
TajnodikcaTopiB y TMOJIOBUHI BUMAIKIB TepesoMiB pilon,
npoyikoBaHUX 3a mpuHuumamMu AO [64]. THmi aBTOpHM
TAKOX 3a3HAYWIM Li ycKiaaHeHHs [58—63]. 3 yacoM 1e
TOB’sI3aJTM 3 TPaBMOIO M’SIKMX TKaHWH, 3HAYHUM TIOpY-
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IIIEHHSIM KPOBOIIOCTAaYaHHSI KiCTKOBUX (parMeHTiB Ta
MOJOBXEHHSM 4Yacy XipypriyHOro BTpy4YaHHs, 1o OyJo
BUKJIMKAaHE TIeIAHTUYHOIO PEITO3ULIIEI0 Ta XXOPCTKOKO (hiK-
calli€ero KiCTKOBUX (DparMeHTiB yepe3 LIMPOKi XipypriuHi
JIOCTYIIH, a 1Ie BPEILTi-PellT MPU3BOAUIO A0 HECTIPUSITIN-
BUX pe3ynbTaTiB [65—69]. BogHouac onmumcyeThesT 3B’ 130K
HESKICHOI pero3ullil CyIJIoOOBOi MOBEpXHi Ta He3amo-
BiTbHOI (DyHKIIIT HAAIT ITKOBO-TOMIJIKOBOTO CYIJIO0a SIK Y
paHHBOMY MicasionepauiitHomy niepiomi [71], Tak i y Bimma-
JIeHil nmepcriekTtusi [70, 72]. 3 omisigy Ha BIUIUMB TSXKKOTO
MOIIKOMXXEHHSI M’SIKUX TKaHWH Ha pe3yJbTaTu Xipypriu-
HOTO JIiIKyBaHHSI MepesoMiB pilon Ta HeOOXiTHICTb aHATO-
MiYHOI pero3uilii cyrj1000Boi MOBEPXHi PO3BUTOK METO/IB
JIIKyBaHHSI CIIPSIMOBAHUI y OiK CTBOPEHHS €TalTHUX TPO-
TOKOJIIB, 1110 0a3yI0ThCSI HA BAKOPUCTaHHI TTepBUHHOI (DiK-
carii A3® a6o KoMGiHOBaHOI (hiKcallil mepes 0CTATOUHUM
MOC, m1o 3a0e3nedye MOXIMBICTh BiTHOBUTHUCH M’ SIKUM
TKanuHaMm [73—75]. bararo my6:ikaliii onmucyioTh BUKO-
pucTaHHS MOAM(MIKOBAaHMX €TaITHUX ITPOTOKOJIIB, sIKi Oa-
3YI0TbCS Ha 1uX npuHuunax [8, 28, 29]. V cknaai takux
KOMOiHOBaHMX MPOTOKOJIiB YAaCTO OMUCYIOThH iHIII Xipyp-
TiYHi TEXHiKM Ta METOAMKHM, 30Kpema: VAC-Teparnito [44,
45], dikcaTtopw, 110 PO3CMOKTYIOThCS [76], iHTpaMeaysp-
Hi HITUHOJIOBI Kapkacu [81], apTpOCKOIiYHY aCUCTEHIIiIO0
[82]. BaxxnuBy posib y JOCATHEHHI HEOOXiZHOI aHATOMIYHOI1
pero3uliii TaKoX Biflirpae TepeaornepailiiiHe IIaHyBaHHS
XipypriYHUX JOCTYMIB 3 BUKOpUCTaHHAM cydacHoi KT-3D-
PEKOHCTPYKIIil, 110 Ja€ MOXKIMBICTb MOBHOIIHHOI OLIIHKI
Xxapakrtepy nomkomkeHHs [77, 79, 80], a Takox oOyMoB-
JIIOE CTAaTUCTUYHO 3HAYMMY Pi3HMIIIO Y BiIMOBIAHOCTI KJ1a-
cuikariii [78] mopiBHSIHO 3i CTAHAAPTHOIO PEHTIeHOIpa-
diero.

Kicmkosa naacmuka degexmy. BucokoeHepreTHUHUI
MEXaHi3M TIepesIoMiB ITUCTaJIbHOTO eriMeTadiza BeJUKO-
TOMIJIKOBOI KiCTKM 3a3BMYail CYNPOBOIXYETbCS iMIaKILi-
€10 CMOHTIO3HOI KiCTKH, 110 MPU3BOIUTH 10 BUHUKHEHHS
ne(eKTy KiCTKOBOI TKAaHMHM B eITiMeTadizapHiii 30Hi ITicIIst
peno3ullii cyrio6oBoi moBepxHi [25]. OKpiM BimHOBIEHHS
CyIJ1000BOI ITOBEPXHi, BaXKJIMBUM €TaIlOM BBaXKa€ThCS Bill-
HOBJIEHHSI CTPYKTYPU KOJIOH BEJIMKOTOMIJKOBOI KiCTKM
[28]. 3anexxHO Bil TSKKOCTI MOIIKOMXKEHHSI BUHMKAIOTh
OCKOJIKOBi IIepeJIoMU MedialibHOi, aHTepoJaTepaibHOI Ta
3a[IHbOI KOJIOH BEJIMKOTOMiIJIKOBOI KicTKU. POpMyBaHHs
YJIaMKiB 3aJ€XUTh Bill IIUTbHOCTI KOPTUKAJIBHOTO IIapy
Ta MicCILIsI KOHTaKTy HaIIl ITKOBOI KiCTKU 3 pilon BeInKo-
TOMIJIKOBOI KiCTKM, TOMY YJIaMKOBIi YIIIKO/XXEHHS 3aIHbOT
KOJIOHM 3YCTpPi4aloThCs pimlne, HiXK MemiaabHOI Ta JlaTe-
panbHoOi [83, 84].

MertagizapHi gedekT KiCTKOBOI TKaHMHU y BUMAd-
Kax TepeoMiB pilon mpu aessKux yMoBax IPU3BOMASITH 10
yCKJIaJHEHb. 30Kpema:

— NP TIOPYIIEHHI CTPYKTYPU BCiX KOJIOH BEJMKOIO-
MIJIKOBOI KiCTKM BMHUWKA€E CKJIAMHICTh Y BUBHAUYEHHI aHa-
TOMiIYHUX OPiEHTUPIB,;

— TIpM BiIKPUTUX TepesioMaxX paHa 3a3BUYail MPOXO-
IWTH Y HAIIPpSIMKY IO MemiaJabHOI ITOBEpXHi, Oe3mocepen-
HBO B MicCIli TIepeioMy, T0Jal0und pU3nK iH(IKyBaHHS Ta
HE3POIIEeHHS, 3MYIIYIOUM BiIKJIACTU CTAOIIbHUIA OCTEO-
CUHTE3 10 3arO€HHs ILIKipHOTO neheKTy abdo 3aKpUTTSI

IOro BacKyJIIpM30BaHUM IIKipHUM KjanTeMm [22] 4u iH-
IIUMU METOJAMMU;

— HEIOCTAaTHICTh CTPYKTYPHOI MillTHOCTi, CIIpUYMHEHA
nedeKToM KiCTKOBOI TKaHWHHU, i BiICYTHICTh TOCTATHHOTO
00’eMy M’SIKMX TKAHWUH HaBKOJIO TIEPEJIOMY MOXKYTb TIPU-
3BECTH IO HECTTPOMOXKHOCTI MeTasio(ikcaTopa, a B pe3yib-
TaTi — 0 BapycHOI a00 BajbrycHOI Aedopmaliii 41 31amy
MeTanodikcaTopa, 110 BUKJIMKAE HEOOXiTHICTh IOBTOPHO-
r'o XipypriyHoro BTpy4aHH:I [85].

KictkoBuii nedekT mimsrae 3aMillleHHIO ITiCJsl perno-
3ULIii CyT71000BO1 MTOBEPXHi. BUKOPUCTOBYIOTHCA $SIK ajlo-,
Tak i aBTOTPAHCILJIAHTATH KiCTKOBOI TKAHWHMU, SKi TaKOX
MOXYTh OyTM KOMOiHOBaHi 3 CUHTETUYHUMM aHaAJOTaMHu,
Hanpukian 6i0aKTUBHE CKJIO, 110 TAKOX Ma€ aHTUOAKTe-
piajbHi Ta OCTEOIHAYKTUBHI BacTUBOCTI [13, 86].

Cmabinizayis mediarvnoi konsonu. Yepe3 yacTte BUHMK-
HEHHsI BapycHOI Aedopmaliii y mi3HbOMY MicsIoTepaliii-
HoMy Tiepioni cBoro yacy Ruedi ta Allgower HaroioIryBaim
Ha ToMy, 110 (iKcallisl MeaiaJbHOI KOJOHU BEIMKOTOMiJI-
KOBOI KiCTKM TJIJACTUHOIO Ta TBUHTAMU € MPUHUUIIOBUM
€TarioM XipypriyHoro JIikyBaHHS mepesiomiB pilon [12]. 3
MOSIBOIO OJIOKOBAHMX IUIACTUH €Ki Xipypry BiTiALILIN Bif
1IbOTO MPUHIIUITY HA KOPUCTD MepeaHbOIaTepaTbHUX IJ1ac-
THH i moctytiB [87]. Jeski 6iomexaHiuHi TOCTiIKEHHS, 1110
MOPiBHIOIOTh €(PEKTUBHICTh KJIACUYHOTO i OiJIbIII HOBOTO
BapiaHTa OCTEOCHMHTE3y, BKa3ylOTh Ha Te, 110 0OMIBa Ba-
piaHTM MalOTh CXOXY XopcTKicTh dikcarttii [90]. 3rinHo 3
IHIIMMM OOCTIIKEHHSIMU, aHTepoJaTepalbHi IIACTMHU
He3aI0BiIbHO (PiKCYIOTh MeIiaJbHUI MajIeosIpHUI par-
MeHT [89], i HaBMaku, MeiaJIbHI TIACTUHU He 3a0e3meyvy-
I0Th 3aI0BiIbHOI (hikcallii JaTepasbHoro dbparmenra [91].
Yepes 11e cyyacHi METOAMKM JIiIKyBaHHS 3a3BUYail BUKO-
PUMCTOBYIOTb ABi IUIACTUHU, BCTAHOBJICHI BiIKPUTO YU 3a
texHikoo MIPO [88, 92, 93].

XipypriyHa TexHika

Sosniuns pikcayis. Arapati 30BHILIHBOI (ikcallii Bu-
KOPUCTOBYIOTh K TMMYacoBUii MeTon ¢ikcalii mepen
KOHBEPCI€10, a TaKOX SIK OCTaTOYHUI METOJ JiKyBaHHS
repeoMiB IUCTaIbHOTO erniMeradiza BeJIMKOTOMITKOBOT
kictku. [1pu mpoBeieHHI MeTaaHaIi3y JOCIiIKEeHb, 110 T10-
PIBHIOIOTH Pe3yJIbTaTH JIIKYBaHHSI 32 TOTIOMOTOIO BiIKPUTOT
pemno3utiii Ta MetajgoocreocunTesy i A3D, MOC mnokasas
MEHIIy KiJTbKiCThb He3pOIlleHb, HeMPaBWJILHUX 3pOIIEHb i
rnoBepxHeBux iHdekuiii [10, 95]. MeTaananis, npoBeneHuit
Meng et al., y skoMy BpaxoBaHO 11 gociakeHb, 1110 IMOpiB-
HIOIOTh OocTaTouHe JikyBaHHSI A3®M Tta KoMbiHaiio A3D i
MOC, Hanae Taki naHi: ocraTouHe JiikyBaHHs A3®D npu-
3BOAUTH 10 OLBIIOTO PU3MKY BUHUKHEHHS MOBEPXHEBUX
indexuiit (RR % 2,71, 95% CI Y. 1,484,97, Chi® Y 5,65,
p % 0,001, n=575), ane He moKa3aB pi3HUII Y BAHUKHEHHI
rnu6okoro iHdikyBanHs (RR ¥4 0,65, 95% CI 4 0,37—1,14,
Chi? ¥ 12,99, p % 0,13). Takox mpu 3aCTOCYBaHHi ocTa-
TOYHOTO JTiKyBaHHSI B A3M BifACYTHSI CTATUCTUYHO 3HAUM-
Ma pi3HUIIS MiX TpyraMu 3a BAHUKHEHHSIM ITOCTTpaBMa-
TaHOTO ocTeoapTposy (RR % 0,98, 95% CI ¥ 0,79—1,23,
Chi? ¥4 6,88, 12 %4 13 %, p Y4 0,87); criocTepiraetbcst 3Ha-
YHE 3HMKEHHS YaCTOTU HenpaBuibHOro 3poiieHHs (RR V4
2,85,95% CI 4 1,23—6,60, Chi® ¥4 1,32, p ¥4 0,01), a Takox
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HespoineHHs (RR 4 2,09, 95% CI % 1,10—3,98, Chi? V4
7,49, 1233 %, p 4 0,02). CTaTUCTUYHO 3HAYYIIIOT PI3HULL
y paniorpadiyHuX i KJIiHIYHUX JAHUX Ta Y Yaci 3pOILEHHS
He OyJ0. [Tpu nmopiBHsaHHI A3®D 1UpKyIsipHOI KOHDirypa-
1ii 3 MOC aHati3 rmokasaB CX0Xi pe3yJIbTaTH 100 KiJlb-
KOCTi yCKJIamHeHb Ta (hyHKIliOHATbHOTO pe3ynabraty [32].
3aBasIKM JIIraMeHTOTaKCUCY MOXJIMBA HETIPSIMa PEeTO3UIList
YJIaMKiB 3 MiHIMaJbHUM YIIKOMXKEHHSIM M’ SIKUX TKaHUH,
aje npu BuKoprcrtanHi A3M sIK nepiioro eramny JiKyBaHHs
BapToO 3arodiraTu BXomkeHHIO cTprkHiB llaHma B miKipy
B MiCIISIX, 1110 MOXYTb BUKOPHUCTOBYBATUCH [IJIsI MaiiOyT-
Hboro poctyiy [38]. [1pu koHBepcii MeTomy JliKyBaHHS, 3a
YMOBM JOCTaTHLOI aHTUCENTUYHOI 00pooKu A3D, Mox-
JIUBE 10TO BUKOPUCTAHHSI SIK IHCTPYMEHTY perno3uilii [94].
PesynbraTu, MOpiBHSIHHI i3 3aCTOCYBAaHHSIM BHYTPIIITHHOTO
MOC, moka3zanu KoMOiHallii ocTaTouHOI (pikcarii 3a 70110~
morow A3® ta MIPO [95].

Biokpuma penoszuyis, MOC naacmunoro ma eeunmami.
OCHOBHOI0O METOIMKOIO JIiKyBaHHS IepeoMiB pilon €
BiIKpHUTa perno3ullis 3 ¢ikcalli€lo IUIaCTUHOK Ta T'BUH-
Tamu y Oinbinocti BunanakiB. 3aBasku KT icHye MOXJu-
BICTb JI€TAJILHOTO TIepeAoTnepalifHOTO MJIaHyBaHHS i MO-
OynoBu mMonmeni repeaomy [77, 79, 80]. ¥ tux Bumagkax,
KOJIM ocTtatoyHa (ikcallisi 000X KiCTOK TOMiJIKM TTPOBO-
JIUTHCSI OAHOYACHO, TTOPSIIOK BUBHAYAETHCSI TUTIOM Tepe-
JioMy. SIKII0 repesioM MaJlorOMiJKOBOI KiCTKM MPOCTHI,
11 (piKCYIOTH y IepIIly 9epry, Mo0 IOJETIINTHA PEeITO3UIIiI0
i dikcaliro BeIMKOTOMIIKOBOI KiCTKM. Y BMITamKy 3 0a-
raToyJIaMKOBHMMHU 200 OUIBII IMCTAIbHUMU IepeIoMaMu
MaJIOTOMIJIKOBOI KiCTKM iHOMi BEJMKOTOMIJIKOBa KiCTKa
dikcyeTbesl B Iepiny 4epry. Jleski aBTOpM BBaxKaloTh,
110 3a7HsI KOJOHA MOBUHHA OyTH 3acdikcoBaHa B MepIILy
yepry, a BUOip J0CTyMy 3aJeXUTh Bill ¢parMeHTIiB mepe-
oMy [96]. OnucoBi Ta MOPIBHSUIBHI CTATTi MMOKAa3yIOTh
CcX0Xi (DyHKIIiOHAJIbHI Ta aHATOMO-PEHTTEHOJIOTiUHI pe-
3yJIbTaTH, 3 HEBEJIMKOIO KiIbKICTIO YCKJIaIHEHb TIPU BU-
KOpHMCTaHHI KOMOIHOBaHMX Ta 3BMYAMHMX OOCTYIIB [87,
97, 98, 103], ase ocTaTOUHOTO KOHCEHCYCY 1110J10 BUOOPY
He icHye. PeKOHCTpyKIIil0 BEJIMKOTOMIJIKOBOI KiCTKHU I10-
YMHAIOTh i3 CyrJIo0OBOI IOBepxHi (emicpizapHoi yacTu-
HU), i Juiie 1motiM (ikeyoTs i 1o MeTamiadiza. Takox
PEKOHCTPYKILis CYyIJI000BOI MOBEPXHiI MOYMHAETHCS 3 3a-
IHBOT KotoHU. [Ticis uboro yaaMKu MpocTux ¢pparMeHTiB
nepeioMy KOMITPECYIOThCSI 32 JJOIMTOMOTO TBUHTIB [99].
BaraTtoynamkoBi nepesoMu (ikcyoThCs 3a IPUHLIMTIAMUA
MoCTONnomiOHOI (ikcalii, yHMKAaYd KOMIIpecii Ta I10-
JAJIbIIOTO TPABMYBAHHSI MEPiOCTy.

MIPO, o6nokosanuii inmpameoyisapHuil ocmeocuHmes.
3BaxkalouM Ha CTaH M SIKMX TKaHWH ITiCJIsI BUCOKOEHepre-
TUYHMX TIepeoMiB pilon, y BuUMOaakax 3 I03acyrio00BHU-
MM Ta MPOCTUMU BHYTPILIHBOCYIJIOOOBUMU TMepeoMaMUu
BUKOPHMCTOBYIOTh MeTajoocteocuHTe3 3a MIPO [100]
ta BIOC (6i10KOBaHUi1 iHTpaMeayIsIpHUI OCTEOCUHTE3)
[101].

3aBIsgKM BiTHOCHO MaJIeHBKUM PO3pi3aM Ta 00OMeKeHO-
MY TPaBMYBaHHIO MEPiOCTy, 110 MOPYIIYE KPOBOITOCTAYaH -
HS KiCTKOBHX YJIaMKiB IIiJl YaC BiIKPUTOTO OCTEOCUHTE3Y,
TexHika MIPO o0ymoBiII0€ MEHIIY KiJIbKiCTh YCKJIaAHEHD,
3a0e3rmeuyoun (QYHKIIIOHAJIbHI Ta PEHTIeHOJOTiIYHi pe-

3yJIbTAaTH, 110 He TTOCTyMaThes Binkputomy MOC Tta A3D
[33, 73, 102]. MiHimizallisi MOLIKOIXKEHHST M’ SIKUX TKAHUH
TaKOX JT03BOJISIE MPOBOAUTH TTEPBUHHUI OCTEOCUHTE3 BU-
COKOCHEPTeTUYHMX TepeIoMiB TUCTaTbHOTO erniMeradisza
BEJMKOTOMiJIKOBOI KicTku 3a MIPO, yHukaiouu Kiacud-
HUX YCKJIaJTHEHb, 110 MOB’s13aHi 3 TpaBMaTU3AIlIEI0 M SIKUX
tkaHuH [104]. Takox ¢ikcamio 3a MIPO BuxopucroBy-
I0Th y KOMOiHa1Iii 3 iHmmMu MeTonamu: 3 Binkputum MOC
IUIACTUHOIO Ta TBUHTaMU [104], cKeJeTHUM BUTSKIHHIM
[103], A3D [95].

Ilepsunnuii  apmpodes HaAOn’IMK0B0-20MINK08020 CY-
enoba. Y pasi y1aMKOBMX MepesioMiB pilon, mpu sIKUX pe-
KOHCTPYKIIisl CYIJTOOOBOI TTOBEpXHiI HEMOXJIMBA 4Yepe3
KIJIBKICTB YJIaMKiB, pyitHYBaHHSI CyrJIOOOBOI MOBEPXHi a00
yepes CYIyTHi 3aXBOPIOBaHHSI, BAKOPUCTOBYIOTb METO/IM -
Ky IIepBUHHOrO, ab0 BiATepMiHOBAaHOTO, apTpone3y. Me-
TaaHaJi3 TaHWX 100 BUKOPUCTAHHS IiET METOAMKHU O -
Cy€ MPUMHATHI (pyHKUioOHaIbHI pe3ynbTatu [105], TUM He
MEHIII, aBTOP HAroJIOIIye Ha HEOOXiTHOCTI MPOIOBXKEHHS
JIOCIiIXKEeHb Yepe3 iX HeAOCTaTHIO KiJIbKiCcTh. ICHYIOUI Tex-
HiK1 apTpoJe3yBaHHsI BUKOPUMCTOBYIOTh Pi3HOMAaHIiTHI Ba-
piaHTH METaJTOKOHCTPYKIIii 1JIsI JOCSITHEHHST METH: apTpO-
Jie3 TUIacTUHOI0-1e30M [106], MajOroMiJIKoBOIO KiCTKOIO
[107], mracTiHaMu B KOMOiHaIil 3 IUPKyIIpHUMU A3D
[108], a Takox iHTpamemynsipHuMm cTprkHem [109]. 3a
JMAHUMU AKX aBTOPiB, apTpoIe3yBaHHS HaIIl ITKOBO-
TOMIJIKOBOTO Cyri00a IMpy TSKKUX MeperoMax pilon mpu-
3BOAUTH [0 ILJIKOM MPUAHATHUX (PYHKUiIOHATBHUX pe-
3yJbTaTiB, a TAKOX MAa€ HEBEJMKY KiJIbKICTb YCKJIaIHEHb
[110, 111]. BapTo 3a3HayuTH, 110 TIiCJAs apTPOaE3yBaHHSI
MiABUILYETbCS YAaCTOTA BUHUKHEHHSI OCTE0apTpO3y Cy-
MixXHUX cyrio6iB [112]. [Tepesomu aAucTaabHOTO eniMeTa-
(hiza BEJIMKOTrOMIJIKOBOI KiCTKH, 110 KJIACUDIKYIOThCS K
C-Tu1, yacTo NoTpeOyIOTh 3HAYHOTO Yacy JiKyBaHHS, cepii
XipypriuHuX BTpy4YaHb, TPUBAJIOTO 3aCTOCYBaHHS MeIMKa-
MEHTiB, OTHAK Maifke 3aBXIM yce 11e TIPU3BOANTD 0 He3a-
IOBIIBHMX Pe3yJIbTaTiB, HE3BaXKalouy Ha 3yCHILIS Xipypra i
nauienTa. [lepBunHe abo BTOpHHE apTpOae3yBaHHS B Ta-
KMX BUMNAaAKax Habarato MIBUIIIE Aa€ 100pi (pyHKIIOHATb-
Hi pe3yJIbTaTh, JO3BOJISIIOUM PO3IIISAATH LIl METOI Y TTOIi-
OHUX PYWHIBHUX Ta MPOTHO30BaHO HETaTUBHUX BUIAIKAX.

BUCHOBOK

[lepenomu aucranbHOrO enimMeradiza BEJIMKOTOMIJIKO-
BOI KiCTKM — IIpoOjieMa HaBiTh IJII HaWOOCBiTYCHIIINX
xipypriB. KomOiHamisi TSKKOro 06araToyJaaMKOBOTO ITO-
IIKOMXKEHHsI KiCTKOBOI TKaHWHU, iMITaKilii MeTadizapHOi
30HM BEJIMKOTOMIJIKOBOI KiCTKM Ta TpaBMaTU3allii M’ SIKUX
TKAHWUH TPU3BOIUTH 10 3HAYHUX CYOUHHUX i TPODIUYHUX
MOpylIeHb Ta 00OYMOBJIIOE BUCOKHUIA BiICOTOK HE3a10Bib-
HUX QYHKIIOHAJIbHUX Pe3YJIbTaTiB JIiIKyBaHHSI, 1110 CYTTEBO
3HUKYE TMpale3qaTHICTh Malli€EHTIB aX 10 ii BTpaTH, Morip-
1IIy€ SIKIiCTh XUTTS Ta IPU3BOIUTD 0 3HAYHUX COILiaIbHO-
€KOHOMIYHMX BUTpAT.

3aBASIKM TIPOrpecy TEeXHIKM XipypridyHOTO JIiKyBaHHS
(GOopMyIOTbCS HOBi TaKTUYHI ITiAXOAW OO JKyBaHHS, SIKi
3a0e3IeuyIoTh IOJIMIIeHHsI pe3yabTaTiB. TUM He MEHIII,
CBHOTO/IHI MPOTrHO3 JJIS MalliEHTa, SIKUIl OTpUMaB Take I10-
IIKOJIKEHHSI, 3a3BUYAl 3JIMIIAETHCS HEBTILLIHUM, a JIiKY-
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BaHHs IOTpedye 6araTo yacy, CUi Ta pecypciB sIK 3 OOKY
nali€eHTa, Tak i 3 00Ky jikaps. Llsg mpobGiema morpedye
MOJABIIOrO AOCHIIXKEHHS 3 PO3POOKOI0 HOBUX aJITOPUT-
Mi30BaHUX ITPOTOKOJIIB JIIKyBaHHSI, 110 0a3yBaTUMYTbCSI
Ha JIOCTaTHIi MOKa30Biil 6a3i Ta cucTeMi MTPOTHO3YBaHHS
pe3ysbTarTiB.

Kondaikr inTepeciB. ABTopu 3asiBISIIOTH MPO BiACYT-
HiCTh KOHQJIIKTY iHTepeciB Ta BIacHOI (hiHAaHCOBOI 3alli-
KaBJICHOCTI ITPU MiATOTOBII JaHOI CTATTi.
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Surgical tactics for distal tibial fractures. Literature review

Abstract. Background. Fractures of the distal tibial epimetaphysis
(pilon fracture) account for 5—7 % of all tibial fractures and 10—15 %
of all lower extremity bone fractures. The percentage of treatment
failure in pilon fractures remains high and reaches 38—40 %. An im-
portant factor causing this is the lack of algorithms, accepted treat-
ment protocols, and a system for predicting the effects of therapy.
Purpose of the study: to analyze the features of modern surgical
tactics in case of distal tibia fractures, to identify controversial and
unresolved issues, to outline the possible reasons for a significant
number of poor treatment outcomes, as well as to outline ways to
improve them. Materials and methods. A review of 878 publications
in the PubMed database over the past 15 years was conducted. 210
publications were selected and analyzed. The methods of analytical
and descriptive statistics are applied. Results. Among the most de-

batable issues in the literature regarding which there is no consen-
sus or a generally accepted approach that has evidence and justified
tactics, the following should be highlighted: the choice of the time
of surgical intervention; selection of method and means of fixation;
rational tactics for osteosynthesis conversion; necessity and signifi-
cance of fibula restoration during the treatment of pilon fractures;
the importance of osteoplasty and the priority of restoring tibial
anatomy according to the “column” principle; the place of primary
arthrodesis in the surgical treatment for pilon fractures. Conclusions.
These issues require further research with the development of new
substantiated algorithmized treatment protocols based on a sufficient
evidence base and a system for predicting the outcomes.
Keywords: distal epimetaphysis; tibia; pilon fracture; literature re-
view
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