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Paprosky Type 3B Acetabular Defects: Uniform Pattern
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Abstract

The aims of the study — to identify variants and combinations of acetabular structural damage in patients
with Paprosky type 3B defects based on the three-dimensional reconstructions of the pelvis, as well as to
determine the degree of heterogeneity among these variants within type 3B defects and the dependence of
the formation of different damage variants on various factors.

Methods. The study included 132 patients with Paprosky type 3B acetabular defects who underwent revision
total hip arthroplasty. Based on the computer tomography data, three-dimensional reconstructions of the
pelvis were created. Acetabular supporting structures were assessed. Each structure was evaluated according
to three levels of integrity: anatomically preserved, partially preserved/lytic destruction, and complete
loss of support/full defect. The heterogeneity of defect variants was assessed using the Shannon index.
The association between identified defect variants and patient-related factors was evaluated using multi-
variate ordinal logistic regression with calculation of odds ratios for each factor.

Results. Five main variants of acetabular damage within Paprosky type 3B defects were identified.
The most common variant was the combination of a complete medial wall defect and an anterior column
defect. The normalized Shannon index was 0.91 (H/Hmax), suggesting that, for the five identified variants,
the heterogeneity of type 3B defects approaches the maximum possible level. A prior periprosthetic joint
infection increased the odds ratios of developing a defect pattern with more extensive involvement of load-
bearing structures by nearly 2.5 times, while each additional revision procedure increased the risk by 65%.
Conclusions. At least five distinct variants of acetabular load-bearing element damage within Paprosky type
3B defects can be identified. Among the five identified variants, the diversity approaches its maximal possible
level. Significant factors influencing the variant of defect were a history of periprosthetic joint infection
and the number of previous revision operations. Mandatory three-dimensional visualization for extensive
acetabular defects gives the surgeon a more informative picture of the lost and preserved supporting elements.
Mandatory three-dimensional modeling in cases of extensive acetabular defects provides the surgeon with a
more informative understanding of the lost and preserved load-bearing structures.

Keywords: revision total hip arthroplasty; acetabular defects; Paprosky classification; three-dimensional
reconstruction; Shannon index.
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HedekTbl BepTny)kHon obnactu Tuna 3B no Paprosky:
TUNUYHASA KapTUHA UK pa3HOO6pasue BapuMaHTOB?
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Pedepar

ILlenu uccnedosanus — BbiieNIeHYE BAPVAHTOB IMOBPEKAEHMIT aHATOMMUUECKYUX CTPYKTYP BEPTIY>KHON BIIAIVHbI
Y X KOMOMHALMI y TIalyeHToB ¢ 3B Tumnom gedekToB 1o kinaccuduranmu Paprosky Ha OCHOBaHMM HAaHHbIX
TPeXMEePHOI PEKOHCTPYKIIMM Ta3a, OIIpeeseHI e CTeNeH Pa3HOPOAHOCTY BAPMAHTOB MOBPEKAEHMIA TIPU TTe-
(dexrax Tumna 3B u 3aBucuMocTy GOPMUPOBAHMS BAPMAHTOB ITOBPEXKIEHMI OT Pa3IMUHbIX (PAaKTOPOB.
Mamepuan u memoodsi. B viccienoBanme 6bUTM BKIIOYEHbI 132 manueHTa ¢ qedekramMiu BEPTIYKHOI 06acT
Tuna 3B, KOTOpbIM 6GbLIO BBITIOTHEHO PEBM3VOHHOE SHAOIMPOTE3MPOBaHME Ta300eIpeHHOro cycrasa. Ha oc-
HOBaHMYM KOMITbIOTEPHOV TOMOTpaduy BBIIOIHSIACH TPEXMepHAsl PeKOHCTPYKIMS Tasa. OleHMBaaach COX-
PAHHOCTD OIMOPHBIX CTPYKTYP BEPTIYKHOM 0071acTy. CTPYKTYPbI BEPTIIYSKHOM 06/1aCT OIEHUBAIUCH 10 TPEM
CTEIIEeHSIM IIeJIOCTHOCTY: aHATOMMUYECKasi COXPAaHHOCTh, YACTUYHASI COXPAaHHOCTb/IUTUYECKOE paspylIeHne U
ITOJIHOE OTCYTCTBYME OTIOPHOCTM/TIONHBIN medeKT. AHaMM3 Pa3sHOPOAHOCTY BApMAHTOB IMOBPEKIEHMI TPOBO-
IUJICSL C UICTIONb30BaHKueM MHIeKkca llleHHOHA. B3auMOCBSI3b BapMaHTOB MMOBPEXIEHMUIT C Pa3JIMUHBIMU (haK-
TOpaMM OIpeHeNsiach Mpy MOMOIIY MHOTOGAKTOPHONM MOPSIAKOBO JIOTMCTUYECKOI Perpeccuu ¢ pacueToM
OTHOIIEHMS MMAHCOB IS KaXKAoro dhakTopa.

Pe3synomamel. Bbutu BbIZeEHbI MSTh OCHOBHBIX BApMaHTOB MOBPEXIEHU BEPTIYKHOI 061acTu Tuma 3B
o kinaccudukanum Paprosky. Hambosee yacTo BCTpeuaeMbIM BapMaHTOM SIBJISIACh KOMOMHAIIMSI IOJTHOTO
JedeKTa MeayuaabHOI CTEHKM U IepenHeli KoJoHHbl. HopmanusoBaHHbIi MHAeKC [lleHHoHa coctaBua 0,91
(H/Hmax). 3To 03Ha4vaeT, 4YTO Py AT MpeaCcTaBIeHHbIX BapMaHTaxX MOBPEXAEHUI1 Mbl MMeeM AeJi0 C pas-
HOOOpa3sueM, 6IM3KUMM K MaKCMMaIbHO BO3MOKHOMY. Hanmune nmepumnpote3Hoit mHeKIMy B aHaMHe3e yBe-
JIMYMBAJIO OTHOIIEHVE IIaHCOB BapMAaHTa MOBPEXIEHMUS C OOIBIIMM IMOPasKEHNEM OIIOPHBIX CTPYKTYP MOUTHU
B 2,5 pa3a, a KoMM4yecTBO MPeAIIeCTBYIONMX PEBU3MOHHBIX ONlepanyii B aHaMHe3e — Ha 65%.

3axmouerue. MOXXHO BBIIEJIUTb HE MEHee ISITY BapMAHTOB IMOBPEKIEHMIT OITIOPHBIX 3JIEMEHTOB BEPTIYKHO
obmactu ripu Tutte medekToB 3B 1o knaccuduraiu Paprosky. IIpy nsiTy BhIfeIeHHBIX BApMAHTAaX OTMEUAeTCs
pasHoobpa3sue, 63Koe K MaKCMMaJbHO BO3MOKHOMY. BaskHbIMM (haKTOpaMy, BAMUSIIOIIVIMM Ha BAPMAHT ITOB-
PEKIEeHMS, SIBISIIOTCS TIEPUTIPOTEe3HAsT MHMPEKIMST B aHaMHe3€e ¥ KOJIMYECTBO BHITTOJIHEHHBIX HAaKaHYHE PEeBMU-
3MOHHBIX omnepanuii. O6s3aTeIbHOE TpexMepHOoe MOAeIMPOBaHMe NPy OOMMPHBIX JedeKTax BepTayKHO 00-
JIACTU aeT XUPYpry 6oee MHGOPMATUBHYIO KAPTUHY O TIOTEPSTHHBIX M COXPAHMBIIMXCS OTIOPHBIX 9JIeMEHTAaX.

KitroueBblie (JIOBa: pEBU3MOHHOE SHAOIIPOTE3MPOBAHME Ta300eJpEHHOrO CyCTaBa; AedeKThl BEPTIYKHOI BIla-
IVHBI; Knaccudukauyst Paprosky; TpexmepHast peKOHCTPYKLMS gedeKToB; mHaekc [lleHHOHA.
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INTRODUCTION

At present, there is a continuing trend toward an
increase in the number of revision hip arthroplas-
ty (RHA) procedures. Moreover, predictive mo-
dels forecast a further rise in their incidence [1].
According to the data from the local registry of
Vreden National Medical Research Center of
Traumatology and Orthopedics. The frequency
of using complex and high-cost acetabular
implants in RHA is increasing, indirectly indica-
ting a substantial proportion of severe acetabu-
lar bone defects [2]. Under these circumstances,
accurate preopera-tive assessment of the extent
of bone loss becomes even more important, as it
determines the surgical strategy and ultimately
influences the outcomes of RHA [3].

Various classifications have been proposed
to assess acetabular bone defects [4, 5, 6, 7].
All of them aim to address several objectives —
from providing a universal language to describe
the degree of skeletal damage to guiding the
choice of surgical reconstruction strategies. The
Paprosky classification is most commonly used
to standardize acetabular defects [8]. It is based
on the evaluation of four radiographic criteria:
migration of the hip rotation center, ischial
osteolysis, teardrop osteolysis, and disruption of
Kohler’s line. The most extensive and challenging
defects to treat, according to the Paprosky
classification, are type 3B defects. At the same
time, reconstruction options for this defect
type encompass a wide range of both standard
and patient-specific implants. The variability of
technical reconstruction approaches within a
single defect type highlights the limitations of
the Paprosky classification.

A major drawback of existing classifications
is that relying solely on plain radiographs makes
it difficult to accurately assess the anatomical
characteristics of bone defects, especially in
cases of extensive destruction. In such situations,
three-dimensional (3D) reconstruction of the
acetabular defect region based on computed
tomography (CT) data is a valuable visualization
tool. When used in addition to radiographic
evaluation, this method can significantly
influence the surgeon’s perception of the defect’s
severity and affect surgical planning at the
preoperative stage [9, 10].

The lack of a unified approach to managing
Paprosky type 3B acetabular defects, as well as
our routine experience with 3D reconstruction
technology at the preoperative stage, led us to
formulate the following research questions:

1. What variants and combinations of
acetabular structural damage can be identified
in patients with Paprosky type 3B defects
undergoing aseptic and septic revision?

2. What degree of heterogeneity exists among
these variants within type 3B defects?

3. Does the formation of different damage
variants depend on patient-related factors
such as sex, age, history of periprosthetic joint
infection (PJI), time since primary arthroplasty,
or the number of previous revisions?

METHODS

Study design

The study design was retrospective.

Inclusion criteria were as follows: (1) presence
of a Paprosky type 3B acetabular defect confirmed
by radiographic evaluation, and (2) availability of
preoperative CT scans.

A total of 132 patients who underwent revision
RHA with acetabular component replacement
between 2016 and 2023 at our clinic, all operated
on by the same surgeon, were included in the
study.

The baseline characteristics of the patients
are presented in Table 1.

A wide range of surgical implants and their
combinations were used, including jumbo cups,
modular augments, antiprotrusio cages, cap-
cages, and various patient-specific solutions
for acetabular reconstruction. The evaluation of
treatment outcomes was not within the scope
of the present study. Based on the CT data, 3D
reconstructions of the pelvis were created. The
following acetabular supporting structures
were assessed: the iliac wing, anterior column,
posterior column, medial wall, and ischium. Each
structure was evaluated according to three levels
of integrity: anatomically pre-served, partially
preserved/lytic destruction, and complete loss
of support/full defect.

Patients with acetabular defects involving
pelvic ring disruption, which are not represented
in the original Paprosky classification, were
excluded from the study.
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Table 1
Baseline characteristics of the patients
. . Percentage share / :
Characteristic Number of patients Me [Q,; Q] min-max
Gender
male 30 22.7% -
female 102 77.3% -
Age, years 132 61 [52; 70] 28-85
History of PJI
yes 47 35.6% -
no 85 64.4% -
Number of previous revision operations 132 11[0; 2] 0-8
Time since primary arthroplasty, years 106 13[8; 19] 0-34
26 No data available
Statistical analysis component revealed that isolated defects

Prior to performing statistical analysis, the
normality of distribution of quantitative
variables (age, time since primary arthroplasty,
and number of previous revision operations) was
tested using the Shapiro-Wilk and Kolmogo-
rov-Smirnov tests (with Lilliefors correction).
All quantitative variables demonstrated de-
viation from normal distribution (p < 0.05).
Therefore, quantitative variables were described
using the median (Me) and interquartile range
[Q,; Q,]. Qualitative variables were presented as
absolute frequencies and percentages. To assess
the heterogeneity of defect variants, descriptive
statistics and diversity analysis were performed
using the normalized Shannon diversity
index, calculated with the Past 4.16 software
package. The association between identified
defect variants and patient-related factors was
evaluated using multivariate ordinal logistic
regression with calculation of odds ratios (OR)
for each factor.

RESULTS

Characteristic variants of defects

The analysis of acetabular defects classified
as type 3B according to Paprosky in patients
indicated for revision of the acetabular

of individual supporting elements of the
acetabulum were practically not observed.
Such defects were usually combined either
with complete destruction of other supporting
structures or with lytic bone lesions of varying
severity. Therefore, all defects of the supporting
elements without complete destruction of at
least one of them were grouped separately.
Since the analysis included defects with a
high migration of the rotation center, all cases
demonstrated varying degrees of destruction of
the iliac wing.

Thus, five variants of defects were identified
(Table 2):

1) lytic defects with partial destruction of the
acetabular supporting elements;

2) complete defects of the anterior column
with complete or partial preservation of the
medial wall and posterior column;

3) complete defects of the medial wall with
complete or partial preservation of the anterior
and posterior columns;

4) combination of complete defects of the
medial wall and anterior column with complete
or partial preservation of the posterior column;

5) combination of complete defects of the
medial wall and posterior column with complete
or partial preservation of the anterior column.

8 2025;31(4)
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Table 2

Characteristic variants of defects in patients with Paprosky type 3B defects

Lytic defect with
partial destruction
of the acetabular
supporting elements

Complete defect of
the anterior column
with preservation of
the medial wall and

posterior column

Complete defect of
the medial wall with
preservation of the
anterior and posterior
columns

Combination of
complete defect of
the medial wall and
anterior column with
preservation of the
posterior column

Combination of
complete defect of
the medial wall and
posterior column with
preservation of the
anterior column

X-rays of patients with defects
R

Statistical assessment of defect

heterogeneity

The statistical analysis in the observation group
revealed that the most common variant of defect
structure within Paprosky type 3B was the
combination of a complete medial wall defect and

defects

B Lytic defect — 24

B Complete defect of the anterior column — 6
B Complete defect of the medial wall — 38

B Combination of complete defect of the medial wall and anterior column — 43

an anterior column defect. This configuration
(medial wall + anterior column) occurred almost

seven times more frequently than the rarest
variant (isolated anterior column defect). The
proportions of different defect variants within
Paprosky type 3B are shown in Figure 1.

B Combination of complete defect of the medial wall and posterior column — 21

Figure 1. The structure of variants of acetabular damage in Paprosky type 3B
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The Shannon diversity index indicated that
the Paprosky type 3B defect demonstrated
moderate heterogeneity (H = 1.465). In addition,
the normalized Shannon index, ranging from
0 (no diversity) to 1 (maximum diversity), was
0.91 (H/Hmax), suggesting that, for the five
identified variants, the heterogeneity of type 3B
defects approaches the maximum possible level.
Thus, defects classified as Paprosky type 3B
cannot be regarded as a single uniform entity.

Statistical assessment of patient-related
factors influencing the defect pattern

Significant factors affecting the pattern of ace-
tabular damage were a history of PJI and the
number of previous revision operations. A prior
PJI increased the OR of developing a defect
pattern with more extensive involvement of
load-bearing structures by nearly 2.5 times, while
each additional revision procedure increased the
risk by 65% (Table 3). The time elapsed since the
primary arthroplasty showed a weaker statistical
association with the defect category. Patient age
and sex had no influence on the type of defect.

Table 3

Impact of patient-related factors on the odds of developing a more severe damage
pattern in Paprosky type 3B defects

Patient factor Coefficient OR (95% CI) p-value
History of PJI 0.94 2.56 (1.31-5.01) 0.006
Number of previous revision operations 0.5 1.65 (1.26-2.17) <0.001
Time since primary arthroplasty 0.08 1.08 (1.03-1.14) 0.004
Age -0.01 0.99 (0.97-1.01) 0.370
Sex 0.3 1.35 (0.68-2.68) 0.390
DISCUSSION

Classification systems for acetabular defects
in RHA emerged as an attempt to systematize
the situations encountered by surgeons and
to propose appropriate treatment options.
However, the continuous increase in the number
of such classifications and the ongoing efforts
to introduce new modifications indicate that
existing systems fail to encompass all possible
defect types, particularly in cases of extensive
bone loss [11, 12].

At present, the Paprosky classification
has gained the widest acceptance [13]. It is
characterized by logical structure, clear criteria,
relative simplicity, and the ability to determine
the defect type based on standard X-rays routi-
nely obtained during preoperative assessment.
Nevertheless, accumulated clinical experience
has shown that even this classification does not
cover all possible defect patterns [14]. Another
limitation is that two-dimensional X-rays
cannot fully reflect the complexity of 3D bone
morphology.

The widespread use of CT and 3D visualization
has substantially increased the informativeness
of preoperative imaging and allows for a more
accurate assessment of the defect type [15, 16,
17]. In this context, new classification systems
have been proposed, based on quantitative
evaluation of bone density and 3D reconstruction
of the acetabular region [18, 19]. However, their
implementation requires specialized software
and technical expertise, which may not always
be available to practicing surgeons. At present,
3D-based classifications still need to prove
their practical utility. Nonetheless, it is already
evident that the implementation and widespread
adoption of such systems in clinical practice will
be determined by their convenience and ease
of use, just as was the case with the Paprosky
classification.

In the studies evaluating the techniques and
outcomes of managing extensive acetabular
defects, the Paprosky classification [20, 21]
continues to be widely used, even though
3D imaging is increasingly applied for defect
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assessment and surgical planning in RHA.
However, it can be observed that when referring
to type 3B defects, researchers often describe
different reconstruction approaches within the
same defect category [9, 10].

As demonstrated by our findings, Paprosky
type 3B defects may represent a range of
distinct damage patterns. In addition to
identifying the specific variant of the defect,
3D imaging makes it possible to assess such an
important parameter as the extent of bone loss
[9]- Therefore, the evaluation of the remaining
supporting elements through 3D modeling of
the pelvis and acetabular region is of substan-
tial importance [11].

Distinguishing between different variants
of damage within extensive acetabular defects
has significant practical relevance. It allows
the surgeon to anticipate the need for different
implant types, including patient-specific designs,
thereby providing additional time for their
planning and fabrication, or to determine the

appropriate configuration of available standard
revision systems.

Lytic defects and complete defects of the
anterior column, despite their extent, require the
restoration of the sphericity of the acetabular
region, which can be reconstructed using bone
grafts, augments, and standard hemispherical
components (Figure 2 a, b).

Reconstruction of complete medial wall
defects, as well as combined complete defects
of the medial wall and anterior column, requires
the use of antiprotrusio devices to ensure the
stability of the acetabular component. For this
combination of defects, a wide range of types and
sizes of standard cages may be necessary (Figure
2¢, d). In cases of combined complete defects of
the medial wall and posterior column — the most
challenging in terms of biomechanical stability
of the acetabular component — there is a need for
a highly reliable primary fixation of the implant,
which cannot always be achieved with standard
revision systems (Figure 2 e).

Figure 2. Various options for acetabular reconstruction in Paprosky type 3B defect:

a — lytic acetabular defect reconstructed using impaction bone grafting with
implantation of a standard cemented acetabular component;

b — complete anterior column defect reconstructed with an augment and

a hemispherical acetabular component;

¢ — complete medial wall defect reconstructed with augmentation and combined
implantation of a hemicap cage;

d — combination of complete medial wall and anterior column defects reconstructed
with a Burch-Schneider antiprotrusio cage and a cemented acetabular component;

e — combination of complete medial wall and posterior column defects
reconstructed with a patient-specific acetabular component
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In addition, the knowledge of the approximate
proportion of different types of acetabular defects
can help optimize the allocation of financial
resources for patient treatment in specialized
orthopedic departments.

In the available literature, we found no studies
directly assessing the influence of the number of
revision operations and PJI on the extent of the
defect. However, several authors have noted that
PJI is an indication for revision hip RHA and may
be associated with bone loss in the acetabular
region [22]. Reconstruction of acetabular defects
can represent a significant challenge during
revision operations performed for PJI [23].
S. Hayashi et al. reported that multiple revision
procedures and the size of the acetabular defect
may serve as predictors of poorer clinical outcomes
[24]. Thus, the available evidence indirectly
indicates the complexity and extent of acetabular
defects that develop as a result of PJI and repeated
revisions.

CONCLUSIONS

The results obtained in this study indicate that
Paprosky type 3B acetabular defects represent
a heterogeneous group of lesions, within which
at least five distinct variants of load-bearing ele-
ment damage can be identified. Therefore, type
3B defects according to the Paprosky classifica-
tion cannot be considered uniform, and it is
essential to specify which anatomical structures
remain supportive in order to determine the
appropriate surgical strategy. Notably, among
the five identified variants, the diversity
approaches its maximal possible level.

The most significant factors influencing the
defect variant were a history of periprosthetic
joint infection and the number of previous
revision operations. The strategic importance of
these findings lies in the necessity to improve
the quality of both primary and revision
arthroplasties, ensure prevention and effective
management of infectious complications, and
thereby reduce the need for repeated revisions.

Mandatory three-dimensional modeling in
cases of extensive acetabular defects provides the
surgeon with a more informative understanding
of the lost and preserved load-bearing structures,
which, in turn, facilitates the selection of the
most reliable reconstruction option and timely
preoperative preparation. Existing classifications

of acetabular defects require refinement or
revision in light of the growing use of three-
dimensional assessment techniques. At the same
time, any classification that incorporates the
three-dimensional configuration of the defect
should remain clear, practical, and easy to apply
in routine surgical practice.
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PaHHAA AMarHoCcTMKa acenTMYecKoro paclaTbiBaHUA KOMNOHEHTOB
3HAOMNpPOTE3a Ta306eAPEHHOr0 CyCTaBa METOA0M aKyCTUUECKOI
apTpomMeTpum
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Pedepar

AxmyanvHocmp. OfHOI 13 OCHOBHBIX IIPUYMH PEBU3MOHHOIO SHAONPOTE3MPOBAHMS SIBJISIETCS aceTMUYECKOe paciiaThiBa-
HJEe KOMIIOHEHTOB 3HAO0NPOTe3a. BapuaHTOM paHHel AMAarHOCTUKYU 3TOTO OC/IOKHEHMS SIB/ISIETCS HeMHBa3UBHOE UCCIIe10-
BaHMe COCTOSIHMS SHIIONPOTE3a C IPMMeHEeHMEeM TPEXOCEBOTO akcelepomMeTpa — aKyCTMYecKasi apTpoMeTpus.

Llens uccnedoganuss — OLEHUTb BO3MOXKHOCTb MCITOMb30BAHMSI aKYCTUUECKO apTPOMETPpUM sl paHHel IMarHOCTUKU
acernTUUeCKOro pacuIaThiBaHMSI KOMIIOHEHTOB M M3HOCA MOMAMAITWIEHOBOTO BKJIAJbIIIA HAOMPOTE3a Ta300eJpeHHOro
cycTaBa.

Mamepuan u memodol. ViccienoBaHye IPOBOIMUIIOCH C UCTIONb30BaHMEM pa3paboTaHHOTO YCTPOICTBA IJISi HeMHBA3UBHOM
perucTpanyy BUOpalMOHHBIX M aKyCTMUECKMX KoebaHuit B 0671acTu MPOTe3MPOBAHHOrO cycTaBa. VIHTeprpeTauys 1 aHa-
JIN3 TIOTYYEHHBIX aKyCTMUECKUX CUTHATYDP SHIOINpPOTe30B MpoBoawInuch B nmporpamme MATLAB. C nomoubio ycTpoiicTBa
rosyyeHa 3amMmch akycTudyeckoit amuccun y 120 manmeHToB, B TOM uncie y 40 607IbHBIX C IMAarHOCTMPOBAHHBIM acemnTy-
YeCcKMM pacliaTbiBaHMeM KOMIIOHEHTOB 9HJIONpoTe3a, y 40 — ¢ M3HOCOM IOIMATUIEHOBOIO BKIaabiuia 1 y 40 maiyeHToB
KOHTPOJIbHOI I'PYMIIbI 6e3 kanob Ha GyHKLMIO POTe3UPOBAHHOTO CycTaBa. IIpeJMKTOPBI aceNTMUYECKOrO pacuIaThIBAHUS
KOMIIOHEHTOB M M3HOCA [TOIM3TWIEHOBOTO BK/IAAbINIA BISIBISIIMCH C IIOMOIbIO PETPECCMOHHOTO aHa/lIn3a.

Pe3ynemamst. B MHOTOMAKTOPHOI MoOJenyu pucKa M3HOCA TMOJMITUIEHOBOTO BKJIAABINIA SHIONPOTE3a C MOMOIIbIO
ROC-aHanu3a ompepesieHbl JydlliKe IO CyMMe IIOKa3aTeau UyBCTBUTENbHOCTH (91,7%) u crneuubuuHoctu (84,6%)
paccMmaTpuBaeMoro metoza. [Ipy [uarHocTuke pacuiaTblBaHMSI KOMIIOHEHTOB SHAOMNPOTE3a YyBCTBUTEIbHOCTh METOLA
cocraBwia 79,5%, a crienupuUuHOCTb — 65,8%.

3axnouenue. Criennduueckye akyCTMIecKyie CUTHATYPbl, TPOaHaIM3MPOBaHHbIE C MCIIOIb30BaHMEM pa3paboTaHHbIX Olle-
HOYHbBIX Kputepues (Peak, Asymmetry, Width) KoppeanpyioT ¢ TaHHbIMYM PEHTTEHOJIOTMYECKUX VCCIIeIOBAHMIT M UMEIOT BbI-
COKYI0 crienuuHoCTb (84,6%) M UyBCTBUTENBHOCTD (91,7%), uTO 0OyC/IaBIMBAET BO3MOXKHOCTD ITPMMEHEHMS aKyCTUYeC-
KO¥t apTpoOMeTpu B KaueCcTBe CKpMHMHTOBOTO MeTO/A /I/Is1 pAHHETO BbISIBJIEHMS paciiaTbIBaHMSI KOMIIOHEHTOB SHAOIIPOTe3a
¥ M3HOCA MOMUATUIIEHA.

KimioueBble cjI0Ba: SHIONPOTE3UPOBAHME Ta300eApeHHOTO CyCTaBa; acelTHUeCcKoe paculaThiBaHMe; M3HOC MOIUITUTIEHa;
aKkycTuueckast apTpoMeTpus.

IOns uutupoBaHus: TamraHos B.P., [TaBios B.B., Paiidenbn M.A., BaciokoB B.H., KopbITkuH A.A. PaHHAS AMarHoCcTUKa
acernTUYeCcKoro paciiaTbIBaHUSI KOMIIOHEHTOB SHIOMIPOTE3a Ta300eIpeHHOTO CyCTaBa METOIOM aKyCTUUeCKOI apTpo-
meTtpun. Tpasmamonozusi u opmonedust Poccuu. 2025;31(4):15-27. https://doi.org/10.17816/2311-2905-17732.
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Abstract

Background. One of the main causes of revision hip arthroplasty is aseptic loosening of prosthetic components.
A non-invasive method for early detection of this complication is the assessment of prosthesis condition using a triaxial
accelerometer — acoustic arthrometry.

The aim of the study — to evaluate the potential of acoustic arthrometry for early diagnosis of aseptic loosening
of prosthetic components and polyethylene liner wear in hip prostheses.

Methods. The study was performed using a custom-designed device for non-invasive registration of vibrational and
acoustic oscillations in the area of the implanted joint. Interpretation and analysis of the obtained acoustic signatures
were performed using MATLAB software. Acoustic emission recordings were obtained from 120 patients: 40 with diagnosed
aseptic loosening of prosthetic components, 40 with polyethylene liner wear, and 40 control patients with no complaints
regarding prosthesis function. Predictors of aseptic loosening and polyethylene wear were identified using regression
analysis.

Results. In a multivariate risk model of polyethylene liner wear, ROC analysis demonstrated optimal sensitivity (91.7%)
and specificity (84.6%) of the proposed method. For diagnosing aseptic loosening of prosthetic components, the sensitivity
and specificity were 79.5% and 65.8%, respectively.

Conclusion. Specific acoustic signatures analyzed using the developed evaluation criteria (Peak, Asymmetry, Width)
correlated with radiographic findings and showed high specificity (84.6%) and sensitivity (91.7%). These results support
the feasibility of using acoustic arthrometry as a screening tool for early detection of prosthetic component loosening
and polyethylene wear.

Keywords: hip arthroplasty; aseptic loosening; polyethylene wear; acoustic arthrometry.
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BBEJEHUE

AcenTuyeckoe paciiaTbiBaHMe KOMIIOHEHTOB 3HJIO-
MpoTe3a SIBISIeTCS] OGHUM M3 Haubosiee YacThIX OC-
JIOKHEHUIT SHIONPOTE3UPOBaHMSI Ta300eIpeHHOTOo
cycTaBa Ha MO3JHMUX CPOKax HaOMoAeHNsI, COCTaBIsS,
10 JaHHBIM perucrtpa aprporuiactuku HMUL TO um.
P.P. BpenieHna, 42,1% Bcex IpUUNH PeBU3UOHHBIX Olle-
pauuii [1].

BrisiBneHue paHHMX TMIPU3HAKOB HAaCTyIalolle-
o paclliaTbIBaHMsI KOMIIOHEHTOB 3HJIIOIpPOTe3a WU
M3HOCA IOMMITUIeHA CTAaHOBUTCS OCHOBHOM 3ana-
yeii HaOMIOJeHMs 3a ManyeHTaMu, epeHecHIMMu
SHJIOIPOTe3MpOBaHMe, ¥ OYEHb BaXXHBIM SIBJISIETCS
oOHapykeHMe 3TUX MPU3HAKOB [0 TOSIBJIEHUST PEHT-
reHOJIoTnYecknx mM3MeHeHwuit. K coxkaneHuio, auiib
B OTJeNbHBIX CJIy4asX YAaeTCs BBISIBUTH Hauya/lbHbIe
npu3HaKu Oe@eKTHOCTUM KOMIIOHEHTOB, UTO I03BO-
JI1eT MPOBeCTV PeBM3MOHHOEe 3HAOIpPOTe3MpOoBaHMe
C VCIIOJIb30BaHMEM IEPBUYHBIX MJIM C YaCTUYHOM 3a-
MEeHOJ paHee YCTAaHOBJIEHHBIX KOMIIOHEHTOB [2, 3].
OIHako HeCBOEBPEMEHHO BbISIBJIEHHOE paclliaTbhIBa-
HME KOMIIOHEHTOB 4peBaTo 6osiee 0ObeMHBIM OIle-
paTMBHBIM BMeLIATeJIbCTBOM C 3aMEHOM BCeX KOM-
IIOHEHTOB ¥ MCIIOAb30BaHMEM [ OIOIHUTENbHBIX
KOHCTPYKLVI, JOHOPCKOM KOCTHOJM TKaHU U Hepe[ -
KO — MHIUBUIYAJIbHO M3TOTOBJIEHHBIX C ITIOMOIIbIO
aJIUTUBHBIX TEXHOJNIOTMII KOHCTpyKIMii [4, 5, 6, 7].
[To3pgHee BbISBIeHME paCLIATbIBAHUSI KOMIIOHEHTOB
MPUBOAUT HE TOJBKO K MOBTOPHBIM PaHHUM PEBU3U-
OHHBIM BMeIIATeNbCTBAM, HO U K JTOIIOJIHUTEIbHBIM
3KOHOMMYECKMM 3aTpaTam [6]. B ucrtopum snmonpo-
TE3MPOBAHUS YK€ ObUIM TIPEINPUHSATHI TOMBITKA
YCOBEPIIeHCTBOBATh MHCTPYMEHThI paHHEe AMarHoc-
TUKU paclIaTbIBaHUSI KOMIIOHEHTOB U M3HOCA I10JIN3-
TUJIEHOBOI'O BKJIabIa [8, 9].

Ha cerogHgmHMii NeHb OpTOIleAbl PYKOBOZCTBY-
I0TCSl TIPeMMYIIEeCTBEHHO pes3y/lbTaTaMy pPEHTIeHO-
JIOTMYeCKMX MCCIeOBaHMi Ta306eIpeHHOro CyCTaBa.
Ucnonb3yioT 30HbI Gruen sl OLlEHKM YCTONUYMBO
ukcanyy 6empeHHOT0 KOMIIOHEHTA, 30HbI DeLee-
Charnley — pnas1 OlLleHKM COCTOSIHUSL IIeMEeHTHOTO
BEPTIY’)KHOTO KOMITOHEHTa, METOAVKY OLIEHKU OMO-
JIOTMYeCKoit (uKcauuu BepTIY)KHOIO KOMIIOHEHTA,
npenioxkeHHylo S. Milan, 1 pacueT 1ieHTpaly roa0B-
KU 3HAO0IpPOTe3a IJIS1 OLLeHKU COCTOSIHMS TOIUITUIIe-
HOBOro BKIaapiima [10, 11]. XoTs peHTreHo/mIornyeckoe
UccIenoBaHNue AeMOHCTPUpPYeT BBICOKMe IIoKasare-
JIY YyBCTBUTETBbHOCTU U CIIenUUHOCTH, IPU3HAKU
paciaTbIBaHMUS U MU3HOCA KOMIIOHEHTOB SHI0IIPOTE3a
MIPOSIBJISIIOTCSL TIOCTEIIeHHO, B TeueH)e IJIUTEbHOIO
BpeMeHM IIOC/Ie SHIONPOTe3supoBaHMA. B mouckax
aJTbTEPHATUBBI ObITU TTPETIOKEHBI Pa3/IMYHbIE METO-
IIbl MICCIEOBAHMI, TaKMe KaK TEPMOMEeTPUST HUKHUX
KoHeyHocTeil (mateHT RU 2197892 C1), aHanus myH-
KTaTa U IpenolepaliOHHbIN aHAIN3 KPOBU, UMel0-
LM IPOTrHOCTUYECKYIO LIEHHOCTS [4, 8].

OpHMM U3 BapMaHTOB paHHENM AMAarHOCTUKU SIBJISI-
eTCsl HeMHBa3MBHOE UCC/IeJOBaHMe COCTOSIHMS 3H0-
MpoTe3a — aKyCcTuueckas aprpomeTtpus (AA) (anbrep-
HaTVBHbIE HA3BaHMS: BUOpALMOHHAS apTPOMETpPUSI,
aKkycTuueckast aprporpadusi) ¢ mpuMeHeHUEM TpeXx-
0CeBOro akcenmepometpa [9, 12]. 9TOT MeTOz, O3B0~
eT aHaIM3MPOBaTh BUOpaIyM (aKyCTUUECKYIO SMUC-
CUI0), UCXOISIIME OT SHIAOIPOTe3a Ta306eqpeHHOro
cycraBa. AA 6bUla HEOZHOKPATHO M3y4YeHa SKCIIepu-
MEHTAJIbHO U MMeeT IOJIOKUTENbHbIE Pe3yIbTaThbl
B TIOABJSIOIEM KOJIMYECTBE UCCAeN0BaHMUii U OTpU-
LiaTeabHble — B OTAENbHBIX CJIydasx [13].

Llenv uccnedosaHuss — OLEHUTb BO3MOXKHOCTD UC-
M0JIb30BaHMsI aKyCTMUECKOM apTpOMEeTpUM JJisl paH-
Hell JOMarHOCTMKM acenTUuyecKoro paculaTbhiBaHUS
KOMITOHEHTOB M M3HOCA MOAMITUIEHOBOTO BKJIAbl-
112 SHIOIPOTe3a Ta300eAPEHHOTO CYCTaBa.

MATEPUAJI U METO/IbI
JlvizaiiH uccjaegoBaHUS

Tun uccnenoBaHus — CpaBHUTEIbHOE KOTOPTHOE He-
paHIOMU3MPOBAHHOE, BKIIOUAET PETPOCIEKTUBHYIO
U MPOCTeKTUBHBIE TPYTIIIbI MAllMEHTOB.

B wuccnemoBanuu mnipuHsaau ydvactue 120 mauu-
€HTOB, KOTOpble ObLIM pasfeleHbl Ha TPU TPYIIIbIL.
[lepBas (koHTpOnbHAs) rpymnmna — 40 MauueHToB, KO-
TOpble O6PATWINCh B aMOYIaTOPHO-TIOMUKIMHAYE-
CKOe OThesieHNe [ KOHTPOJIbHOIO OCMOTpa uepes
1-7 net nocne 3HAONPOTE3UPOBAHMS U HE IMEJIN JKa-
7106 Ha QYHKIIMIO TPOTE3MPOBAHHOIO CYCTaBa; BTOpas
rpynna — 40 manuueHTOB, TOCOUTAIU3UPOBAHHBIX T10
MoBOAY M3HOoca nonuatuiaeHoBoro (I13T) Braaabiia;
TpeThbs Tpymia — 40 MalueHToB, TOCITUTAIN3UPOBAH-
HbBIX I10 TIOBOZAY aCeITUYeCKOr0 pacuiaTbIBaHMS KOM-
MTOHEHTOB HAOMPOTE3a Ta306€APEHHOTO CYCTaBa.

Bcem manyeHTam npu NOCTYIUIEHUM B CTallMIOHAP
ObUIO BBITIOTHEHO PEHTTEHOJIOTMYECKOe MCC/IenoBa-
HMe C ONUCAaHMeM DPEeHTreHOrpaMM COTPYIHUKAMU
OTHOeNeHusT JIyueBOi AuarHOCTuUkU. [IpM3HaKoB pac-
IaThIBAHMUSI KOMIIOHEHTOB wiu u3Hoca [I9T Bkia-
IIbIIlIa B TI€PBOJi TPYIIIIe MALMEHTOB He 0OHAPYKEHO.
Bo BTOpPYIO ¥ TPETHIO TPYITITHI ObUINM BKIIOUEHBI Maly-
€HTbl C COOTBETCTBYIOUIMMU DPEHTreHOJIOTUYEeCKUMU
MIpU3HAKaMU.

Kpumepuu exnwoueHus B TEpBYIO TPYIIY: OTCYT-
CTBME XKaJI00 HAa MPOTE3MPOBAHHBIN CYCTaB, CIIOCOO-
HOCTb TTepeIBUTaThCs 6e3 JOTOTHUTETbHbIX CPEICTB
oropsl. Kpumepuu HeekoUeHUs: OTCYTCTBUE aKTUB-
HOTO JBVKeHMS, OTKa3 OT yYaCTUs B UCCIeLOBAHUN.

Kpumepuu exnioueHusi BO BTOPYIO U TPeTbIO I'PYII-
[Ibl: Ha/JMuue OIOPbl HAa HMKHIO KOHEYHOCTb CO
CTOPOHBI OMEPMPOBAHHOTO CYCTaBa, CIOCOOGHOCTD
repenBUraThCs.

Cpoku HabmomeHnst cocTaBuim ot 3,5 o 13,5 ropa.
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Onmucanue meroga

Ilyist mpoBeneHusT UCCIeNOBaHuUsI ObLIO pa3paboTaHo
YCTPOVICTBO HEMHBA3MBHOI pPErUCTpaluy BUOpaIu-
OHHBIX ¥ aKyCTMUECKMX KomebaHuit B 061acT SHIO0-
MPOTEe3MPOBAHHOTO CYCTaBa, paboTalliee Ha OCHOBE
TPEeX0oCeBOro akcejepoMeTpa. JleTaabHoe OIMCaHUeE
MexaHM3Ma yCTPOICTBa MpeCTaB/JeHO B Hallleli mpe-
Ibiayieit pabore [12].

VeTpoiicTBO UKCUPYETCsl Ha TTOBEPXHOCTU KOXMU
B 00JIaCTM TIPOTE3UPOBAHHOTO CYyCTaBa C TOMOIIbIO
MeIUIIMHCKOTO TUIacThIps (puc. 1) B ABYX BapuaHTaX:
B o6sacTy 6osbIIoro Beprena (1-i BapuMaHT) Uin, pu
HaJIMYMM B TIPOEKIIMY OOJIBIIIOTO BepTesia BhIPaskeH-
HOJI TIOAKOKHOJ XKMPOBOJIT TKaHM, B 00J1aCTU Iepem-
HeBepXHeil OCTU IOAB3IOIIHON KOCTU (2-11 BapUAHT).
ODTU 30HBI SIBJISIIOTCSI Hauboiee JOCTYITHBIMU U JIETKO
orpepensieMbIMU NaJbIaTOPHO.

[MTocsie HAKOXKHOM (PUKCALMY YCTPOICTBA MALMEHT
XOOWJI TI0 TIPSIMO¥, POBHOI MMOBEPXHOCTU B TeUeHMe
5 MMH. MPUBBIYHOIM 151 cebsl MoxoaKoii. Bo Bpems
X0IbObl 3a(PMKCUMPOBAHHOE YCTPOMCTBO OCYILIECT-
BJISUIO PETUCTPAIIMIO M 3alMCh BUOPALUMOHHBIX U
3BYKOBBIX KOJIe0aHMIi, BOSHMKAIOIINX B 06/IaCTM 9H-
nmorporesa. ITocie 3aBepiieHns] X0AbObI YCTPOVCTBO
CHMMAJIOCh, ¥ 3amMcaHHasi uHopmauus epeHoCcu-
Jlach Ha TepCOHaIbHBIN KOMIBIOTEP.

I/IHTepnpeTaum{ M aHA/IN3 ITOIYY€HHbIX
AKYCTUYECKUX CUTHaATyp

AHanM3 ¥ MHTEPIIpeTaIui0 TMOJyYeHHbIX aKycTuye-
CKMX CUTHATYP SHAOMPOTE30B (BMOPAIMVi KOMIIOHEH-
TOB SHOIPOTE3a, BO3HMKAIOIIME TIPU XOAb0Oe) Mpo-
BOOMIM C TIOMOIIBIO IIPOrPaMMHOIO ObGecreueHust
MATLAB (MathWorks, Inc., CIIIA)

AKyCTUYeCKMe CUTHATYpbl IPENCTaBISIOT o607t
oumndpoBaHHbIe BpeMEHHbIE pean3aliy CUTHAJIOB
Ha 4yactoTte 6666 I'1, momyyeHHbIe C UCIIOIb30BaHMEM
TPEXOCEeBOr0 akcejiepoMeTpa B MOMEHT Illara Ialy-
eHTa U MMeIolie XapaKTep UMITY/IbCOB. JieMeHTaMu
CUTHATYp, TPEeJCTaBASIONIMMU MHTEpecC IJisS Mccie-
JOBaHMS ¥ SIBJISIOIIMMMCS OCHOBOJ [IJIT BBIBOJOB

>

\

O COCTOSTHMM 3HAONPOTE3a, SBSIOTCS BEPIIMHBI M-
ITy/IbCOB (KOIe06aHMit), COBNaAAoNIMe C HaYaaoM IIUK-
Jla [mara IaiyeHTa — ¢asbl OIOpbI, KOHTAKTa (ymapa)
IISITKU C OTIOPHOM MOBEPXHOCTBIO. TpexoceBoii akce-
JlepOMeTp Kak 1iefbHasl JeTalb OJHOT0 YCTPOICTBA
BOCIIPMHMMAET KoJebaHUs B TpeX OCSIX ONHOBpe-
MEHHO. YCTPOJCTBO MPUBOAUT MOJIyYeHHbIE TAHHbIE
K eOVHOMY YCpeSHEeHHOMY I[IOKa3aTesl, YTO IOo-
3BOJISIET BCE CMEILEHUS BbIPa3uTh B OOHOM KPUBOIA.
IMogpo6HO METOHOIOTHS M PacUeThbl eIMHULL BbIOpaH-
HBbIX KpUTEpPUEB OMMCAHbI B paHee OMyOIMKOBAHHOM
HaMu cTaTbe [12].

Iy vccneqoBaHus ObUIM BbIOpaHBI CAEAYIOLIME
KPUTEpUN:

1) Peak — oToOpakaeT MCKakeHME MMITYJIbCA,
noporooe 3HaueHue 0,49. OCHOBHBIM NPU3HAKOM
n3Hoca II9T Bkiagpliia SIBASIETCS pa3gBOeHMe Bep-
MIVHBI UMITYJIbCA, TPU 3TOM Peak MOXXeT MeHSITbCS
B 3aBYICMMOCTHU OT CTAOMIILHOCTY APYTUX KOMITOHEH-
TOB 9HIONPOTE3a, TOTAA KaK B HOPMeE MMITY/IbC MMeeT
OLHOBEPIIMHHBIN XapaKTep.

2) Asymmetry — acMMMETPUYHOCTb MMITY/IbCA,
0TOOpaskaeT M3HOC KOMIIOHEHTOB, ITOPOrOBOEe 3HaUe-
Hue 0,02.

3) Width — mmpuHa uMmynbca, MpeacTaBIsSomast
paciiaTbiBaHKe WM pa3pyllieHe KOMIIOHEHTOB, O-
poroBoe 3HaueHue 500.

Kputepun BBICOTBI UMITYJIbCOB
yUI0BHBIMU eavHMLaMu (y.e.) 0, 1, 2, 3...

PacuiatpiBaHMI0 KOMIIOHEHTOB 3HIOIPOTE3a CO-
OTBETCTBYET CHIKEHMeE ToKasaTesei KoadduieHTa
Peak, uTo 0603HaYaeT HEPAaBHOMEPHBII ITOIbEM UM-
My/bCa, TPOUCXOMSIINIA B CBSI3U C pacliaTbIBaHMEM
OIHOTO M3 KOMIIOHEHTOB; yBeJIMUeHye Moka3saTesiei
Width ob6o3HavaeT yBequveHMe IMPUHBI UMITYJIbCA
(puc. 2).

B nenom meton AA MOXHO HpencTaBUThb ClIemy-
oMM obpasoM. Ilowie MoaydyeHUsI aKyCTUUECKO
aMMcCUM U3 06JIaCTU IHAOMPOTE3a CJIEAYIOT ee aBTo-
MaTudeckass 06paboTka B aKyCTMUYECKHME CUTHATYPbI
U UX NOUIeOYIOLINMI aBTOMAaTU4YeCKuii aHaius. [Ipu
MPOBEAEHUM WCCAeNOBaHMS HEeOOXOOMMO IIpUAep-
KMBATbCS C/IeSYIOIIMX 3TaloB. B mepByw ouepelb
OlleHKe T0AJieskaT PaBHOMEPHOCTbh aMIUIMTYObI KO-
Je6aHnii M CUMMETPUUYHOCTb KakKIOro KoyjebaHus.
B HOpMe Kome6aHusI CMMMETPUYHBIE Y UMEIOT PABHbIE
BepINMHBI. BeicoTa KoiebaHMii B HOPME OJIKHA ObITh
He HIoKe 10y. e. [lanee ciemyeT aHaau3 Kpurepusi Peak,
B YACTHOCTM KaXKIOOTO KOJIe6aHUs — KaXKOOro Imara

0603HaYeHbI

v Pucynok 1. Cxematmueckoe 1306paskeH e MeTO/Ia VICCIeIOBaHMS:
1-71 BapMaHT — aKkcesiepoOMeTp pacrosaraeTcs B 0671acTyi 60/IbIIOTO BepTesia 6eApeHHOi KOCTH;
2-71 BapyaHT — B 00/IaCTU IlepeqHeBePXHEe OCTY ITOAB3I0IIHOM KOCTHI
Figure 1. Schematic representation of the study method:
option 1 — accelerometer is located in the area of the greater trochanter of the femur;
option 2 — in the area of the anterior superior iliac spine
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M CpeHero 3HaueHusI Bcex KonebaHuii B HopMe, COOT-
BeTCTBYWOIIEN > 0,49y. e. TpeTbuM 3Tarom ¢JieAyeT aHa-
3 kputepust Width, orobpaskaroiero crabmibHOCTb
KOMIIOHEHTOB 3H/IONIPOTE3a ¥ COOTBETCTBYIOIETro 3Ha-
yenusam <500 y.e. I mowtegHuM, IIPU COOTBETCTBUM

rpezfenamM HOPMbI BCeX BbIllIeyKa3aHHBIX KPUTEPUEB,
cremyeT aHAIN3 KpuTepust Asymmetry, KOTOPBIi 6611
BBISIBJIEH B XOJ€ MCC/IeOBaHMS Kak MeHee UyBCTBU-
TeJNbHBbIV, HO He MeHee CIelU(UUHbI KpUTepuii
u cooTBeTCTBYeT 3HaueHusm < 0,02 (puc. 3).
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PucyHoK 2. KpuTepun o1jeHKM aKyCTUUeCKUX CUTHATYp. B OTHenbHOM NMPpsSIMOYTO/IbHUKE M306paskeH U361paTeabHO
B3STbI/t HOPMaJIbHbBIN UMITY/IbC aKyCTUUECKOI CUTHATYPbI (0603HAUEH CXOASIIMMUCS YepHbIMY JIMHUSIMMA),
KOTOPBIi MTPOaHATM3MPOBAH C TO3UIIUY MPeJIOKEHHBIX KPUTEepUeB

Figure 2. Acoustic signature evaluation criteria. A separate rectangle shows a selectively taken normal pulse
of the acoustic signature (indicated by converging black lines), which is analyzed from standpoint of the proposed criteria

PR

—_—

—

—

L —
———

' M \\ f

WIDTH: 186
ASYMMETRY: 0.0073264
PEAKS: 049568

\

|
2\

x10%

PucyHok 3 (a). O6uiuit Bua akKyCTMUYEeCKUX CUTHATYD, AeTaNIU3aIMsI OTAEMbHO B3SThIX BEPIIMH VIMITY/IbCOB
M PEHTTEHOTPAMMBI Ta300eIJPEHHOTO CYCTaBa B MPSIMOJi ITPOEKIINN:
a — 6e3 pacuraThIBaHNsI KOMIIOHEHTOB 3H/IOIIPOTE3a Ta300eIPEHHOTO CYCTaBa;

Figure 3 (a). General view of acoustic signatures, details of individual pulse peaks and X-rays of the hip in AP view:

a — without loosening of hip prosthetic components;
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PucyHOK 3 (b, ¢). O61init B aKyCTUYECKUX CUTHATYD, JETATMU3AINS OTAETbHO B3AThIX BEPIIVMH UMITY/IbCOB

¥ PEHTTeHOTPaMMbI Ta306€IPEHHOrO CYCTaBa B MPSIMOI MTPOEKIIVN:

b — ¢ U3HOCOM MOMMITUIEHOBOTO BKJIA/IbIIIA, HO 6€3 paclIaThIBaHUSI KOMIIOHEHTOB;

C — C pacuIaThIBaHXEM BEPTITY>KHOTO KOMIIOHEHTA (TIPoJIarc) ¥ 6eApeHHOro KoMIToHeHTa (stress shielding, pe3op6iys
30H Gruen 6, 7) sHOONPOTE3a Ta300€JPEHHOTO CYyCTaBa

Figure 3 (b, c). General view of acoustic signatures, details of individual pulse peaks and X-rays of the hip in AP view:
b — with wear of polyethylene liner, but without loosening of components;

¢ — with loosening of the acetabular component (prolapse) and femoral component (stress shielding, resorption

of Gruen zones 6 and 7) of hip prosthesis
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CpaBHHUTeIbHBIN aHAIN3

CpaBHUTEeNbHBIMI  aHAIMU3  AKYCTUUYECKUX  CUT-
HaTyp ¢ OOG30pHBIMM peHTTeHOrpaMMaMM Tasa
B IIPSIMOJ TPOEKLIMM M KOPPEJSLMIO C Pe3ylbTaTaMu
AA mpoBOgMAM IBA HEe3aBMCUMBIX MCCIeI0BaTeNs], He
MHGOPMIUPOBAHHBIX 06 UCTOPUU UCC/IeyeMbIX Maly-
€HTOB U UX pasfeeHuy Ha IPYyIIIb.

CraTuCcTUUYeCKHUii aHA/InU3

Cratuctuueckme pacueTbl ImpoBoauiauch B IDE
RStudio (Bepcust 2024.12.0 Build 467) Ha s3bike R
Bepcus 4.4.2 (2024-10-31 ucrt0). PacrnpepneneHus
rmokasarejieil MCIHBITBIBJINCh Ha corjacue ¢ 3a-
KOHOM HOPMAaJbHOTO paclpefeneHusi Kpurepuem
[Marmpo-VYunka. B GonbIIMHCTBE COy4yaeB paciipe-
JleJleHusl TIoKa3aTeseil OTAMYaauCh OT HOPMAaJbHbIX.
[ist  onmcaTesnbHON CTAaTUCTUKU MCIIOIb30BAINUCh
KBapTWIM, a MEXIPYIIIOBOe CpaBHEHME MIPOU3-
BOOMJIOCH ~ HelapameTpPUYeCKMMM  KPUTEPUSIMMU.
HernipepbiBHbIE TIOKa3aTeau IpeAcTaBjieHbl B BuUIe
MeyaHbl ¥ MEXKBapTWIbHOro uHTepBana (Me [Q;
Q,]); KoMMUeCTBO M YaCTOTa COOBITMI MPUMEHSIIUCH
[T XapaKTepUCTUKU paclipefiesieHus 0 AMarHosy,
ToJTy ¥ MaTepuayaM TPUOOIOTMUECKOii Mmapbl SHIO0-
npoTe30B. HenpepsiBHbIE TTOKa3aTeNM CPaBHUBAINUCD
¢ ucnonb3oBanuem U-kputepusi MaHHa— YUTHHU, Ka-

BBISIBJISUIUCh MPEAUKTOPbl M3HOCA MOMMITUIIEHA U
pacuiaTeiBaHMs SHAOIPOTe30B. Mogenn MHorodax-
TOPHBIX perpeccuit CTPOWINCh MeTOZaMMU MPSMOro
¥ 06paTHOrO IIara U3 oJHO(GaKTOPHBIX MOJEEeNl AJIst
HekoppenupyeMsiX (|r| <0,3) KoBapuaT ¢ JOCTUTHYTbI-
MM YPOBHSIMM 3HAYMMOCTHU p He 6onee 0,3. MeTogamu
ROC-ananmm3a 1js1 MHOroaKTOPHBIX MOJeNeil pac-
CUMTBIBAJICS JIyUINii 110 MHAeKcy KOmeHa nopor pucka
C OLIEHKOJ MPOTHOCTUYECKUX XapaKTepUCTUK. TecToM
Xocmepa—JlemeloBa mccineqoBaau COIaCOBAHHOCTh
MIPOTHOCTUYECKUX YaCTOT MHOTO(MaKTOPHBIX MOJe-
Jieil ¢ aKTMUYeCKoi YacTOTOl HeraTMBHBIX COOBITUIA
M3HOCa M pacliaTbiBaHMS SHA0NPOTE30B. Bee cpaBHU-
TeJIbHbIE TeCThI ObUTM ABYCTOPOHHMMMU. IIpu mocTur-
HYTOM YpOBHe 3HaumMmocTu p<0,05 pasiuume i
MPEeIUKTOPBI CYUTAIUCH CTATUCTUYECKY 3HAUMMBIMMA.

PE3VJIbTATbBI

XapakTepucTMka NaLMeHTOB BCeX TPYIN UCCIeNO-
BaHMs TpeAcTaBjieHa B Tabnuie 1. Ciemyer oTme-
TUTb MMHUMAJbHYI0 pa3HUIy B BO3pacTe, IOKa-
3aTensax mHAaekca macchl Tena (MMT) mauueHTOB u
B pacrpeeneHnu o TUITYy hUKcAUKU SHAOTPOTE30B
(L1leMeHTHBIN/6eclieMeHTHbIN). BhISIBI€HO pasnnune
B CpeIHUX CPOKaxX HAGMIOMeHNS, TPUYeM MUHUMAIIb-
HbI CPOK OTMEYEH B MePBOI (KOHTPOIbHONM) IPYIIIIEe

TeropuajbHble ¥ OMHApPHBbIE — TOYHOTO Kpurepusi (3,5 roma), MakCMMAaJbHBIII — BO BTOPOJ TpYIIIe
Ouirepa. ITocTpoeHUSIMM JTOTUCTUYECKUX perpeccuit (13,5 roma).
Tabnuua 1
XapakTepucTHKa NalMeHTOB IPyIIl CPaBHEHUS
Tpynma Bospacr, ner, UMT, Cpox H"’feHT}OﬂeHm’ LHeMeHTHBI /
Me [Q,; Q] Me [Q,; Q] Me [Ql;’ Q] GeciieMeHTHBIIA, n (%)
[TepBas (KOHTPOJIbHAS) 64,0 29,8 3,5 8 (20) /32 (80)
[61,0; 70,0] [26,2; 33,4] [1,5; 7,0]
Bropas (u3HOC 65,0 31,6 13,5[10; 15] 4 (10) / 36 (90)
IT9T BR/IAObIIIA) [55,0; 72,0] [29,8; 32,9]
Tpetbs (paciiaTbiBaHME 63,0 27,9 8,0 10 (33,3) / 30 (66,6)
KOMITOHEHTOB) [57,0; 66,5] [23,7; 30,3] [3,5; 14,0]
3HaueHMe p 1-2 rpynmsr: 0,578 1-2 rpynmner: 0,302 1-2 rpynner: 0,009 1-2 rpynmsi: 0,325
1-3 rpymmsr: 0,156 1-3 rpynmsr: 0,036 1-3 rpynmsr: 0,033 1-3 rpymmsr: 0,583
2-3 rpynnsi: 0,881 2-3 rpynnsi: 0,006 2-3 rpynnsi: 0,028 2-3 rpynnsi: 0,090

Turnbt (I)I/IKCaLU/II/I (LLEMEHTHHH/6€CLIEMGHTH8H) CpaBHMUBAJINCD C IIPUMEHEHMEM TOUHOI'O KPDUTEPUS d)MLuepa, OCTaJIbHbIE

rokasareny — U-kputepnusi ManHa — YUTHMN.

ITokazatenu AA moaTBepOWIM OXUAAEMble pas-
UM MEeXIy MpeIIoKeHHbBIMY KPUTEepUSIMU, TIpU
3TOM CpeJHMe 3HaueHUs CyleCTBEeHHO pa3invainch:
Peak (13Hoc I19T Bkiampia) — MEXIY ITEPBOIi U BTO-
poii rpynnamu; Width (paciiaTsiBaHie KOMIIOHEHTOB)
MeKIy IEPBOI U TPeTbeil IPyInamMmu 1 1o aMIUIUTYIe
KoebaHuit MeXIy IepBoii, BTopoit rpymmamu (10,0)
U TpeTbeil rpymmoii (8,5). Mexkmy rpyImnaMyu He BbISIB-
JIEHO abCOMIOTHOM PA3HUIIBI B CPEIHUX 3HAUEHUSIX 10

KpUTepuio Asymmetry, OMHaKO ObUTM BbISIBJIEHBI 3HA-
YMMbIe cTaTucTHdeckue pasanuus (p = 0,002) (Tabm. 2).

KonnuecTBo maiueHTOB, NepeceKarolnx 3aJaH-
HbIIi TIOPOT B MCCIEAYyeMbIX TPyMIlax MO KPUTEPUIo
Peak, cocraBuino: 15/40 (37,5%) B mepBOii rpyIle,
33/40 (83%) BO BTOpOIL rpyriae u 28/12 (70%) B Tpe-
Thell IpyIIie, YTO MOATBepPXKAAeT 3HaUeHMe JaHHOIO
KpuTepus B auarHoctuke msHoca [19T Brimagpima u
pacumiaThiBaHMSI KOMIIOHEHTOB 3HAOIpOTEe3a Ta30-
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(24/16 (60%); 25/15 (62,5%)) (Tabn. 3). B mokasarensx
KpuTepus Asymmetry CTaTUCTUUYECKM 3HAYMMOI pas-
HUIIbI HE OGHAPYKEHO.

6empeHHOro cycraBa. PesynbraThl Kputepus Width
TAaKKe MMeNIM 3HAYMMYIO PAa3HUIy MEXKIY TepBOi
rpynrnoit (12/28 (30%)), BTOpOi1 U TpeTbel rpyniaMmmu

Tabnuya 2
CpaBHMTE/IbHbBIN aHAJIN3 KPUTEPUEB OLIEHKU PEe3yIbTaTOB aKyCTUYECKO apTPOMeTPun,
Me [Q,; Q]

I'pynmna Peak Width Asymmetry Amruintyna konebaHmit
IepBas (KOHTPOIbHAS) 0,49077 369,9 0,014639 10,0
[0,48853; 0,49245] [285,9; 535,6] [0,009975; 0,016764] [8,2; 11,5]
Bropas (u3Hoc I[19T 0,48847 483,5 0,01918 10,0
BKJIQ/IbIILA) [0,48763; 0,48938] [376,7; 555,0] [0,01705; 0,02222] [9,4; 10,6]
TpeTbs (paciiaThiBaHME 0,48916 621,5 0,01613 8,5
KOMIIOHEHTOB) [0,47795; 0,49782] [380,0; 1102,2] [0,01247; 0,01911] [7,5;9,5]
3HaueHue p 1-2 rpynmnsi: 0,019 1-2 rpynner: 0,060 1-2 rpynmnsi: 0,002 1-2 rpynmsi: 0,867
1-3 rpynmst: 0,206 1-3 rpynmnsi: 0,001 1-3 rpynst: 0,102 1-3 rpynmnsi: 0,006
2-3 rpynmsi: 0,195 2-3 rpynnsi: 0,124 | 2-3 rpynmsi: 0,022 2-3 rpynnsr: 0,014

[Tomy>kMPHBIM TIPUGTOM 0603HAYEHBI CTATUCTUIYECKY 3HAYVIMbIE OT/INYMS.

Tabnuua 3

CpaBHUTE/IbHBIN aHAIU3 Pe3y/IbTATOB aKYCTMYECKOIi apTPOMETPUM B TPEX IPYIIIax B epeceyeHnn
MOPOTrOBbIX 3HAYCHUI TPEX KPUTEPUEB OIeHKU

I'pynna

[TepBast (KOHTPOIIB)

Bropas (u3noc I[19T
BKJIaZbIIIIA)

Tperbs
(pacmarbpiBaHue
KOMIIOHEHTOB)

3HaueHue p

Peak Width Asymmetry
(moporoBoe 3HaueHue 0,49) (moporosoe 3HaueHue 500) (moporosoe 3HaueHue 0,02)
15 (37,5%) 12 (30%) 7 (17,5%)

33 (83%) 24 (60%) 14 (35%)
28 (70%) 25 (62,5%) 8 (20%)

1-2 rpynmnsi: 0,009
1-3 rpymmsi: 0,080
2-3 rpynnsi: 0,174

1-2 rpynnsr: 0,304
1-3 rpynmnsi: 0,008
2-3 rpynmnsl: 0,524

1-2 rpynmnsr: 0,442
1-3 rpynmsl: 0,999
2-3 rpynmnsl: 0,434

[Tomy>kMpPHBIM HIPUGTOM 0603HAYEHBI CTATUCTUIYECKY 3HAUVIMbIE OTINYMS.

B MHorogaxkTopHoit Momenu pucka usHoca II9T
BKaafpilia ¢ rnmomMoinbio ROC-aHanm3a omnpepnesieHbl
HawIyullye MoKa3aTean YyBCTBUTENbHOCTHU (91,7%)
u crenupuaHocT (84,6%) mJisl IOPOrOBOrO 3Haue-
HUSI BEpOSITHOCTU M3HOca 24,1%. Vcnionb3ys momy-

UYEeHHOE IMOpOroBoe 3HaveHue, y IIalMeHTOB C pac-

CUMTAHHON Mo dopmyse Momenu MHOroGaKTOPHO
perpeccuu ¢ BeposITHOCTbIO M3Hoca [19T Bkiaagpliia
6oiee 24,1% MpOrHo3upoOBaIyu M3HOC, IIPU ITOKa3a-
TeJISIX HYKe TTOPOTOBOTO 3HAUEeHMST CYUTANN, UTO U3-
Hoca HeT (Tabi. 4, 5; puc. 4).

Tabnuya 4

Ta6MIa CONPSKeHHOCTM MHOT0(haKTOPHOI MOIe/IM BePOATHOCTM M3HOCA MOJIUITUIEHOBOrO
BKJIajbIlia 4JIS MOPOroBoro sHaueHus 24,1%

Tect PesysnbraT + Pesysbrar - O6111ee KOIMYECTBO
Tecr + 36 6 42
Tecr - 4 34 38
Oo611ee KOIMYeCcTBO 40 40 80

TecT — MPOTHO3 MHOTO(GAaKTOPHOI MO/, pe3yabTaT — MCXObl (peabHbIe TaHHbIE).
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Tabnuya 5
Ta6auia MPOrHOCTUYECKUX CBOJICTB
MHOTO(aKTOPHOI Moe/M pMucKa M3HOCa
MOJIM3TUJIEHOBOT'O BKJIAAbIIIA JI/ISI IOPOTrOBOr0
3HaueHus 24,1%

XapakTepucTuKa 3unauenne (95% OU)
YyBCTBUTETHHOCTD 91,7% (61,5-99,8)
CrieuupuUIHOCTh 84,6% (69,5-94,1)
[NonoxurenbHas 64,7% (38,3-85,8)

IMPOTHOCTHUYECKAsd IEHHOCTDb

OTpuuatenpHoe
IIPOTHOCTHYECKOe 3HaUeHe

97,1% (84,7-99,9)

ITonmoxxurenbHOe OTHOLIEHNE 6 (2,8-12,7)
MIpaBaOIIOA06Ms
OTpuiiaTenbHOE OTHOILIEHNE 0,1 (0,0-0,6)
MIpaBaOIIO#06Ms
Wnpexc IOnena 0,8 (0,3-0,9)

JnarHocTuyeckasi TOUHOCTb 86,3% (73,7-94,3)

JInarHoCcTu4YecKoe OTHOLIEeHe
IIaHCOB

60,5 (6,5-559,4)

B MHOrodaKkTOpHOII MOmenu pucka paciiaThi-
BaHMs/pa3pylieHusT KOMIIOHEHTOB  3HIOIMPOTe3a
¢ nomonipio ROC-aHanmsa ompeneneHbl Jyqlline o
CyMMe TIIOKa3aTeny 4YyBCTBUTeNbHOCTU (79,5%) wu
crienuduuHoctu (65,8%) paccMaTpuBaeMOro MeETO-
[a [y oTmpeJiesieHrsI TIOPOTOBOT0 3HAUEHUST BEPOSsIT-
HOCTM pacllaTbIBaHMS/Pa3pylIeHUs] KOMIIOHEHTOB

100

.24 (84.6%, 91.7%)

80
I

60
|

/

rd
P
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Pucynok 4. ROC-kpuBas (I1oporosoe 3HaueHue 24,1%)
MHOTro(}aKkTOPHO MOJeIN pUcKa M3Hoca
MOIMATUIIEHOBOTO BKJIa IbIIIA

Figure 4. ROC curve (threshold value of 24.1%)
of the multivariate model for predicting polyethylene
liner wear

sHporpore3a — 42,5%. Vcrnonb3ysl moimyyeHHOe T0-
poOroBoe 3HaueHMe, y TAIMEHTOB C pPacCUMTAHHOI
mo ¢dopmyne MomeauM MHOroGaKTOPHON perpeccum
C BEpOSITHOCTBIO paclliaThIBaHMs/pa3pyiIeHust 6ojee
42,5% TpOTHO3MPOBAIM paCHIaTbIBAHWE WM pas-
pyllieHe KOMIIOHEHTOB SHJOIpoTe3a (Tabn. 6, 7;
puc. 5)

Tabnuya 6

Taoaua cCOnPsHKeHHOCTM MHOTO(aKTOPHO MOZEeI BEPOSITHOCTHA
pacmaThIBaHMsI/PaspylieHMsI KOMIIOHEHTOB 3HOIIPOTE3a IJIsl IOPOroBOro 3HaUeHus 42,5%

Tect Pesynbrat + Pesynbrart - O6i1iee KOIMYEeCTBO
Tect + 32 14 46
Tecr - 8 26 34
O6111ee KOINYeCTBO 40 40 80

TecT — IPOrH03 MHOTO(GaKTOPHOI MOJIE/H, pe3yIbTaT — UCXObI (PeasibHbIe JaHHBIE).
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Tabnuya 7
Ta6auia MPOrHOCTUYECKUX CBOJICTB
MHOTO(aKTOPHO MoaeIn pucKa
paciaTbIBaHMSI/pa3pylieHVsI KOMIIOHEHTOB
SHAOIPOTEe3a M1 IIOPOroBoro 3uaueHus 42,5%

XapakTepucTuka 3unauenne (95% o)
YyBCTBUTENBHOCTD 79,5% (64,7-90,2)
CrneundnUIHOCTh 65,8% (48,6-80,4)
TTonosxxkurenbHast 72,9% (58,2-84,7)

IMPOTHOCTMYECKada eHHOCTb

OTpunatenbHoe
MIPOTHOCTMYECKOE 3HAUYeHNe

73,5% (55,6—87,1)

TTonoxkurenbHOE OTHOLLEHNE 2,3 (1,5-3,7)
MIpaBIoIIOm06Ms
OTpuiiaTesbHOE OTHOIIIEHNE 0,3 (0,2-0,6)
MIpaBaOIIO#06Ms
Wnnekc I0nexa 0,5 (0,1-0,7)

JnarHocTuyeckasi TOY4HOCTb 73,2% (62,2-82,4)

InarHocTuyeckoe OTHOILIeHMe
IIaHCOB

7,5 (2,8-20,2)

OBCY>XITEHUE

PesynbTaThl JAHHOTO MCCIEIOBAHUS HE MPOTUBOpE-
yaT MpeApIAylIuM WUCCAeA0BAaHUSIM, MPOBEIEHHBIM
X.]J. Gao c coaBTopamu u F. Kummer ¢ coaBTOpamMu
[14, 15], v B ouepemHOIi pa3 JeMOHCTPUPYIOT, UTO
AA umMmeeT mOTeHIIMAN B KaueCTBe OTOJHUTEIbHOTO
CKPMHMHTOBOT'O METO/a AMarHOCTUKM Ha aMbyiaTop-
HOM 3Tarie Ijisl PaHHEro BbISIBIIEHUSI He6Iaromosy-
Unii CO CTOPOHBI SHAOMpPOTe3a. Hamr MeTop, rmokasan
OYeHb XOpOoIllMe pe3ylabTaTbl, NEMOHCTPUPYS YYyB-
CTBUTEIBHOCTb — 79,5% u crenupuuHocTb — 65,8%
B OMArHOCTMKE acCenTUYeCKOTO pacliaThIBaHUS,
a B amarHocTuke m3Hoca [19T Bkiangpiiia 4yBCTBU-
TeJIbHOCTh — 91,7%, cnenyduaHocTb — 84,6%. Hamn
pe3y/bTaThl MPEBOCXOAST JaHHbIE, TOTyYEeHHbIE BbI-
1IeyKa3aHHbBIMU aBTOPaMM, KOTOpble CpaBHUBAIU
AA ¢ KIVMHUKO-PEHTTeHOJOTMUYEeCKMMU UCCIeI0Ba-
HUSIMM U TIOMYyUYWIM COOTBETCTBME B 87% cirydaes.
[MIpumeuaTenbHO, 4TO aBTOpPBI B 8 wiydasx u3 120,
KOTOpbIE HE COBIAAANU C pe3yabTaTaMU PEHTTEHO-
rpadum, ykasajiu Ha CABUT rpaduyeckoii KapTUHbI
AA, COOTBeTCTByIOIEel paclaTbIBAaHMUIO, UYTO MO-
KeT CBUAETENbCTBOBATh O BO3MOKHOCTU HpPUMEHe-
HUS AA B [MarHoCTUKe HapYyII€HUI 1eI0CTHOCTU
B CUCTEME «KOCTb — UMIUIAHTAT» [10 TTOSIBJIEHUS PEHT-
reHOJIOTMYeCKUX IIPU3HaKoB [14]. Hcnonb3oBaHue
UHBIX, HETyYeBbIX, METO/IOB, OCHOBAHHBIX Ha aJib-
TepHATUBHBIX (QU3NYECKUX MPUHIMUIIAX, TTO3BOJSIET

100
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1

Mopor 0.42 (65.8%, 79.5%
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Pucynok 5. ROC-kpuBas (IoporoBoe 3HaueHue 42,5%)
MHOTO(hAaKTOPHOI MOJENM PUCKA PacIiaThIBaHMSsI/
paspyuieHus: KOMIOHEHTOB SHAOIPOTe3a

Figure 5. ROC curve (threshold value of 42.5%)

of the multivariate model for predicting prosthetic
components loosening/destruction in all patients

BBISIBJISITh paclIaThiBaHME U M3HOC KOMIIOHEHTOB Ha
CTaguM pPa3sBUTUSI, KOLJA PEHTTeHOJOTUYEeCcKue Me-
TOBbI elle He CIIOCOOHBI BBISB/SITH BbIIIEYKa3aHHbIE
MIPU3HAKN.

IMonydyeHHble HaMM AAHHbBIE ITOATBEPKOAIOT pe-
3Y/IbTAThl CPABHUTENIBHOTO aHaaM3a AA C KIMHUKO-
PEHTTeHOJIOTUYEeCKMY  JaHHBIMM, IIPeacTaBjIeH-
Horo B pab6ore F. Kummer ¢ coaBTOpaMu. ABTOpBI
uccremoBaiy 98 MalMeHTOB M OTMETWIM IepCrek-
TUBY WMCIIONIb30BaHMS MeToma AA B AMArHOCTUKE
msHoca II9T BKIamplla M paclIaTbIBAHUS KOMIIO-
HEHTOB [15]. ABTOpBI BBISIBUIIM CXOXeCTb rpaduuec-
KUX M300paskeHui aKyCTMUYECKMX MMIIYJIbCOB 3[0-
pPOBOro cycTaBa C rpad@uueckuMyu u306pasKeHMUSIMU
MMITY/JIbCOB HepacIlaTaHHOTO SHIOIpoTe3a U 6e3
M3HOCA IONMITUIEHA, HO He MMeJIM BO3MOXKHOCTH,
B OT/IMYME OT HAC, IPEeICTaBUTD MOTyUEHHbIE TaHHbIE
B UMCJIOBBIX 3HAUEHUSIX, UTO SIBJISIETCSI OTPaHMUEHUEM
UX MICCITeMOBAHMS. BhIsIBJIeHM e aBTOPaMU BU3YaIbHBIX
pasnuumit rpaduuecKux n306paskeHNit y ManyeHToB,
uMeromux usHoc II9T BKIambllia ¥ IMIPUSHAKU pac-
IIAThIBAHMs KOMIIOHEHTOB, ITOUEpPKMBAET BO3MOXK-
HOCTM METOa, a MpeacTaBjeHye JAaHHbIX He TOJbKO
B Bue rpaduka, HO U B UMCIOBOM (opmarte Mo3BO-
sisieT u36ekaTh OMIMOOUYHBIX CYOBEKTUBHBIX CYKAe-
HUIA. ABTOPBI ITOTYUMIU TPU TUIIA TpadUUecKux 130-
Opa’keHMii MMITY/JIbCOB, XapaKTePHBIX [JISI 3L0POBOIO
CyCTaBa, CXOXKEro CO CTabMIbHBIM SHIOMPOTEe30M (1),
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st usHoca I19T Brimagpima (2) u OJisl paciiaTaHHbIX
KOMITIOHEHTOB 3HAOMNpoTe3a (3). OmHaKO MeXIy aKy-
CTUYECKMMM CUTHATypaMM IIOCJeOHUX COCTOSTHUIA
He OOHApY)KeHO KJIMHMUYECKM 3HAUMMbBIX PasINuuii,
U 3TO, 10 BCel BUAMMOCTHU, CBSI3aHO C BU3yaJbHBIM
CyGBEKTVBHBIM CpaBHeHMeM rpadukoB. Eciu 661 JaH-
HbIe MMeJIM YMCI0Bble 3HAUEeHMS, He UCKIIOUEeHO, UTO
pesyabTar 6bUT ObI MHBIM. ABTOPBI ITOJUEPKUBAIOT
BBICOKMI MOTEeHI[MaJ]l HOBOTO MeETOAa, HO OTMeYalor,
4TO [IJIs1 0OObEKTMBHOI OLIeHKM BO3MOXKHOCTEN AA He-
06x0IMMbl 60/Iee 06beMHas 6a3a MMalMeHTOB 1 OLleH-
Ka YyBCTBUTEIbHOCTU U CHELMOUYHOCTY JaHHOTO
MeToIa.

WHoM nogxof K MpMMeHeHMIO AA TTPOJAEeMOHCTPU -
poBanu A.P. Georgiou u J.L. Cunningham, koTopblie MH-
IYIMPOBAIM KOJIeO6aHMs SHAOMPOTE3a ITyTEM HaIlpaB-
JIEHHOJ BMOpaLuu C 3aJaHHOM 4acTOTOJ B 00JacTu
MBIIIEJIKOB 6eIpeHHO KOCTY C IMTOCIEAYIONINM ee 13-
MepeHMeM IocjIe MPOXoKIeHMUsS BUbpaluii uepes sH-
JIOTIpoTe3 B 06yacTu 60/1bIIOT0 BepTena [16]. JJaHHbI
MeTop, 6bUT ITPOTEeCTUPOBaH Ha 30 MalmMeHTax, mocjie
Yyero ObUIM OII€HEHbI €r0 UYBCTBUTEJIBHOCTh M CIIe-
IVOUUHOCTD M BBINIOJHEH CpPaBHUTEIbHBIN aHAIU3
C pesyJabTaTaMy pPeHTreHorpaduu. ABTOPBI 3aKIIO-
YWIN, YTO TIPE[JIOKeHHbIVi MMM METO[, AMarHOCTUKU
YyBCTBUTETbHEE peHTreHorpaduy Ha 20% 1 O3BOJIMI
BBISIBJISITh pacliaThiBaHMe KOMIIOHEHTOB 3HIOITPOTe-
3a Ha 13% u4alie, 4em IIpyU PEHTTeHOJIOTUYECKOM Me-
Toze mcciaenoBanus. Ho mo crnenyduyHOCTM HOBBIN
METOH, OMArHOCTUKU YCTYIUJ peHTreHorpapum —
90% 1 100% cOOTBETCTBEHHO, YTO MOXKHO OOBSICHUTD
HeOOJTBIIION IPYIIIION UCCIeTyEMbIX ITAllIEHTOB.

JOIIOTHUTEJIbHAS NTHO®OPMALIMISI

3asnenenHslii 6Kk1a0 asmMopos

Bce aBTOpBI cAenany 3KBUBAJIEHTHBIM BKJIaj B MOATO-
TOBKY ITyOIMKALIMMN.

Bce aBTOpBI TpowIn U ofo6pman GUHATBHYI0 BepCUI0
PYKOITMCY CTaTh!. Bce aBTOPBI COTIACHBI HECTM OTBETCTBEH-
HOCTb 3a BCE aCIeKThl paboThl, YTOOBI 0OECTIEUNTh Hale-
Kalee pacCMOTPEHME U PEIlIeHMe BCEX BO3MOKHBIX BOITPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZEKHOCTDIO JTH000I
4acTy paboThl.

Hcmounuxk  ¢unancuposanus. ABTOpBI  3asIBJISIIOT
06 OTCYTCTBUM BHeIlTHEro GMHAHCUPOBAHUS MIPU MPOBeJe-
HUU UCCTeN0BaHMS.

Bo3mookHblli KOHpIUKIN uHmMepecos. ABTODBI eKiia-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATbHBIX KOH(DIMKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIeii HaCTOSIIEN CTaTh.

Omuueckasn 3kcnepmu3a. He npumeHumMa.

HngopmupoeanHoe coznacue Ha nyoaukayuio. ABTOpbI
MOyYM/IM TIMChbMEHHOE corjiacue MalleHTOB Ha ydyacTue
B MUCC/IENOBAHUY U ITyOIMKALIVIO PE3YIbTaTOB.

Tenepamuenslii uckyccmeeHnHulii unmesnexkm. Ilpu co3-
JIaHUY CTaTby TEXHOJIOTMM TeHePATUBHOIO MCKYCCTBEHHOTO
MHTEJUIeKTa He VCIIOMb30BaJIN.

MeTon AA moc/ie NpOXOKIEeHMS roCyIapCTBEHHOM
perucTpauuy U3geanust U MoydeHus permcTpalmoH-
HOT'O YIOCTOBEPEHMSI MOXKET ObITh PEKOMEHIOBAH [JIsT
IIMPOKOTO MPUMEHEeHUS] B KIMHUYECKON IpaKTUKe
B KauecTBe [OIOJHEHUS] K JIyUYeBbIM MeTomaM M}C-
CJleoBaHMS TIPY COMHUTENIbHBIX pe3yabTaTax. Peru-
cTpaius, u3MepeHue, aHa/IM3 aKyCTUIECKMX CUTHATYP
He TpeOyIOT y4yacTus Bpaua, IIOCKOJIbKY ITPOMCXOMOST
aBTOMAaTHUeCKM, UTO ITOBbBIIIAeT OOBEeKTUBHOCTD I0-
JIVUEHHBIX JAaHHBIX M KapAMHAJbHO OTJIMYAETCS OT
BU3YaJIbHOTO OIMCATEJbHOTO PEHTTeHOJOIMYeCKOro
MeTona.

3AK/TIIOYEHHE

AKycTMYecKkass apTpoMeTpusi ¢ IpUMeHeHUEeM TpeX-
0CEeBOT0 aKkceJepoMeTpa MO3BOJISIET MOMYYaTh CIIeIN-
duueckne kpurepum (Peak, Asymmetry, Width),
XapaKkTepHble KaK [JIsI XOPOIIO (UKCUPOBAHHBIX
KOMITOHEHTOB 0e3 IMPU3HAKOB Ne(eKTHOCTU, TaK U
[T paciaTaHHbIX KOMITOHEHTOB M M3HOCA TIOJIM-
aTuneHa. IlomydyeHHble crienyduyeckue akycTude-
CKMe CUTHATYpPhl, MPOaHATU3UPOBAHHbIE C MCIIONb-
30BaHMeM pPa3pabOTaHHBIX OLIEHOYHBbIX KpPUTEpUEB
(Peak, Asymmetry, Width) KoppenupyioT ¢ KIMHUKO-
PEHTTeHOJOTUYECKUMU HAHHBIMU U MMEIOT BBICO-
Kyl0 crnenu@uuHocTb (84,6%) U UyBCTBUTEIbHOCTD
(91,7%), uTo 06yC/IaBAMBAET IOTEHUMATbHYIO BO3-
MOKHOCTDb TIPUMEHEHMSI aKyCTUYecKOi apTpoMeT-
pUM [IJIST PAaHHETO BBISBJAEHUST paclIaThIBAHUS KOM-
MMOHEHTOB JHIOINpPOTEe3a M M3HOCA TOAMITUIEHA,
KOTJla PEHTreHOMIOTMYeCKre MeTOAbl MCC/IeqOBaHMS
UX He 00HApPYKUBAIOT.
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JTanHoe pe3HAoNpoTE3MPOBAHUE KOJIEHHOMO CyCTaBa y NauuMeHToB
C NnepunpoTesHoi MHPeKLMen: Koraa OCTaHOBUTLCA?

I1.M. ITpeobpaskeHckuii, C.A. BoxkkoBa, A.B. Kazemupckuit

OI'BY «HauuoHanvHoili MeOUUUHCKULL ucciedosamenscKuli ueHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Munsdpasa Poccuu, 2. CaHkm-Ilemep6ype, Poccus

Pedepar

AxkmyansHocmp. OlieHKa MOTEHIMAIbHOTO PYCKA PEIMINBA Y TTALMEHTOB C ITepUIpoTe3Hoii nHdekimeii (TIIN) KoneHHo-
rO CycTaBa CIYKUT OCHOBaHMEM JIJIsl pa3pabOoTKM JalbHeIeli TAKTUKY XUPYPIUUECKOTO JIeUeHUs I MOKET ITOBbICUTD €ro
3 HEKTUBHOCTD.

Ilens uccnedosanus — paspabotaTh 1 aIpo6UPOBATh B KIMHNYECKOI MPAKTUKE QJITOPUTM TAKTUKM ITAITHOTO XUPYP-
IMYECKOTo JeYeHUs MalMeHTOB C MePUIPOTe3HOI MHEKIIMK ToCcae MEePBUUHOTO IHAOMPOTE3UPOBAHUS KOJIEHHOTO
cycrasa.

Mamepuan u memoOdsl. PeTpOoCIIeKTUBHAS YaCTh MCCIeN0BaHMs OCHOBaHa Ha cBefeHusIx o 161 mamuenTe c¢ TN nocie
SHIOMPOTE3MPOBAHMS KOJEHHOIO CyCTaBa, MpollefieM STarmHoe jiedyeHue 3a nepuop, ¢ saBaps 2007 o sHBapb 2017 1.
C 1e/bl0 YTOUHEHUST HAIMUMS AOTIOMHUTENbHBIX (HakTOpOB pucka penuausa [T manmueHTOB pa3menuan Ha IBe IPyIi-
bl CpaBHeHMS: rpynna 1 — nanueHdTsl ¢ peuyauBamu [N mocie BbITIOMHEHUS MTEPBOTrO STana jeuyeHnus (48 yeoBek);
rpymra 2 — nauyeHTsl ¢ [TTH, ycrenrHo npouieAie STamHoe JieueHue 6e3 peruauBoB nHdekuuu (113 venosek). B xome
MMPOCITIEKTUBHOTO aHaIM3a BHIMTOJIHU/IM anpobalinio paspaboranHoro ajroputma Ha 100 mamyenTax ¢ TN mocie mep-
BUYHOTI'O SHJONPOTE3UPOBAHMS KOJIEHHOTO CyCTaBa.

Pe3ynemamst. Ha peTpOCIIEKTMBHOM MacCuBe JAHHBIX MPY MOMOIIY MeTOAA AepeBbeB KIacCubUKAUMU OTpeIeauin
BECOMOCTh KaKAoro (akTopa puUcKa, MHTePBaJIbHble 3HAUEHMSI, XapaKTepU3yIole BepOSITHOCTh HeyJauu IPeCTOos -
et onepanuy ¥ aHaJOTUYHBIN TTOKa3aTesb IJi CyMMapHOro 6aia pucka peunausa (CBPP), KOTOPbIit MO3BOIUT MPU-
MEHUTb Ha MPAaKTUKe IMOJyueHHble NaHHble. VITOrOM peTpOCIeKTMBHOIO MCCAef0BaHMUs CTala aArOpUTM, OCHOBaHHBIN
Ha CBPP, a Takke HOTOJHUTENbHBIX (aKTOpax, MO3BOJSIOIMNI CTPaTUUIIMPOBATh BEPOSITHOCTh HEYJAUYHOrO MCXOJa.
W3 100 mauneHTOB NpOoCIeKTUBHO rpyniibl ¢ [TITW KoseHHOro cycTaBa nocjie MMILIAHTAluu crieicepa spaaguKanus uH-
dekiun Habmoganack y 95 mamnyeHToB — 3 dekTuBHOCTD 95,0%. VI3 5 maiueHTOB ¢ peunuauBom I BbICOKMIT PUCK
(CBPP 4) 3aperucTpupoBaiu B 2 cyyasiX, MCXOJAOM B OJHOM C/iydyae ObII apTpoae3 KOJEHHOTO CyCTaBa, OCTallb-
HbIe YCIIENIHO MPOLUIY 3TamHoe jeueHue. TakuM o6pasoM, KynmMpoBaHMe MHQPEKIUY OOCTUTHYTO B 88%, penuaue —
B 12% ciyuaes.

3axnouenue. Knanueckast anpobauus MpeajioskeHHOTO alrOPUTMa ITOMOIVIA BbIOPATh ONMTUMAIBHYIO TAKTUKY JIEUEHUS
B HEOJHO3HAYHbIX KIMHNYECKUX CUTYaLUIX, UYTO IIOBBICUJIO 3(1)(1)6KTI/IBHOCTI) 3TAITHOTIO JIeUeHWUsI. O,E[HaKO IIPOCIIEKTMBHAA
YacTh MCCIEA0BAHMS ITOKa3a1a OrPaHUUYEHHYI0 MPOTHOCTUYECKYIO 3G (}EKTUBHOCTD MPEIJIOKeHHOTO alTOPUTMA, YTO Tpeby-
eT MpOoBeJleHMs] TaabHEeNIINX UCCIeN0BaHNI, TI0-BUAVMMOMY, BKIIOUAIOUIMX 60/iee MIMPOKUIA CIIeKTP KIMHUKO-TabopaTop-
HBbIX, KIMHNYECKUX U MHCTPYMEHTAJIbHbIX TaHHBIX.

KimoueBble ¢JIOBa: IepUIIPOTe3Hast MHGEKINS ; peBU3MOHHOE YHAOIMPOTe3MPOBaHNE KOJIEHHOTO CYCTaBa; KOMOPOUIHOCTD;
axTopsl pucka.

IOnsa nutupoBanus: [IpeobpaxkeHckuit I1.M., BoskkoBa C.A., Kazemupckuit A.B. dTanHoe pesHIONPOTe3UpOBaHMeE
KOJIGHHOTO CyCTaBa y Mal[MeHTOB ¢ MepupoTe3Hoit HbeKLyei: Korga ocTaHOBUThCS? Tpasmamonozus u opmonedust
Poccuu. 2025;31(4):28-40. https://doi.org/10.17816/2311-2905-17733.
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Staged Revision Knee Arthroplasty in Patients
with Periprosthetic Joint Infection: When to Stop?

Petr M. Preobrazhensky, Svetlana A. Bozhkova, Alexander V. Kazemirsky

Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia

Background. Assessing the potential risk of recurrence in patients with periprosthetic joint infection (PJI) of the knee serves
as the basis for determining the optimal surgical treatment strategy and may increase its effectiveness.

The aim of the study was to develop and clinically validate an algorithm for staged surgical treatment of patients with
periprosthetic joint infection following primary total knee arthroplasty.

Methods. The retrospective part of the study was based on the data from 161 patients with PJI after total knee arthroplasty
who underwent staged treatment between January 2007 and January 2017. To identify additional risk factors for recurrence,
patients were divided into two comparison groups: Group 1 — patients with recurrent PJI after the first stage of treatment
(n = 48); Group 2 — patients with PJI who successfully completed staged treatment without recurrence (n = 113).
Subsequently, a prospective validation of the developed algorithm was performed in 100 patients with PJI after primary
total knee arthroplasty.

Results. Using classification tree analysis on the retrospective dataset, we determined the weight of each risk factor, the
interval thresholds characterizing the likelihood of surgical failure, and an analogous indicator for the total recurrence risk
score (TRRS), which allows for the practical application of the obtained data. The resulting algorithm, based on the TRRS and
additional factors, enabled the stratification of the probability of treatment failure. Among 100 patients in the prospective
cohort with knee P]I after spacer implantation, infection eradication was achieved in 95 patients (effectiveness = 95.0%). Among
the 5 patients with recurrent PJI, a high risk (TRRS = 4) was identified in 2 cases; one patient required knee arthrodesis, and
the remaining patients successfully completed staged treatment. Overall, infection eradication was achieved in 88% of cases,
while recurrence occurred in 12%.

Conclusion. Clinical validation of the proposed algorithm helped determine the optimal treatment strategy in controversy
clinical situations, thereby improving the effectiveness of staged therapy. However, the prospective part of the study
demonstrated limited predictive performance of the algorithm, indicating the need for further research, likely including a
broader range of clinical, laboratory, and instrumental data.

Keywords: periprosthetic joint infection; revision total knee arthroplasty; comorbidity; risk factors.
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BBEJEHUE

OueHKa MOTeHLMATbHOTO PUCKA pelyanBa Iepurpo-
Te3Hoi uH@eruuu (I[1I111) KoeHHOro cycTaBa CIysKUT
KpUTEpPUEM [JIs1 pa3pabOTKM JajbHeNIIeil TaKTUKU
XUPYPrUYECKOro JIeUeHUSI U MOXKET MOBBICUTb €ro
3¢bderTUBHOCTD, a TaKXKe OTPaiguUTh XMUpypra OT 3a-
BEJOMO DMCKOBAaHHOIO BMeIIaTelabCTBA. PaHee Mbl
BBITIOJTHU/IM DPETPOCHEKTUBHBIN aHaau3 MalMEHTOB
¢ nepumnpoTe3Hoit uHbexiueit (III11M) koneHHOTO CyC-
TaBa (KC), onpenenuiau CTpyKTypy, 4aCTOTY U CTeIleHb
BBIPQXKEHHOCTM COITYTCTBYIOIIMX 3aboyieBaHMit, pac-
cunTanu MHIekc kKomopoupHoctu (MK). DToT moka-
3aTesb MO3BOMWI BBISIBUTh KaTeropuio MalMEHTOB
C BBICOKOJ BepOSITHOCTBI0 pucka peuyanusa[1]. OnHako
B IUTepaType onucaH psip hakTopoB pucka MmaHude-
crauunu u peumuausa TN, He CBSI3aHHBIX C KOMOP-
6uaHOCThIO MalueHTOB. K Takum akTopam OTHOCSAT-
CS1 MHOTOKpaTHbIe OlepaTMBHbIE BMeIaTe/lbCTBA Ha
KOJIEHHOM CYyCTaBe, IIpeAlleCcTBOBABIINME IEPBUUHOMY
SHIOIPOTE3UPOBAHMIO, HAINYME TPYLHOU3IEUMMBIX
Bo30ynuTeneil [2], a TakKe MCXOOHBIN IUArHO3, IO-
CITYKUBILIMIA MPUYMHOI NEPBUUYHOIO BMeLIaTelIbCTBa
[3], TPOmOKUTENBHOCTh TOCHUTANM3alMu (Gosee
35 mHeit) [4] ¥ TAIT MMITJIAaHTMPOBAHHOTO Ha JTaIle ca-
HalUY aHTMMUKPOOHOTO 1IeMeHTHOTO crieiicepa [5].

B psipme ciyyaeB HeOgHOKpAaTHbIE MOMBITKY 3Tall-
HOTO pe3HpoIpoTesupoBaHusa nanueHTos ¢ I[N KC
C HajaMuyMeM MHOTOYMCIeHHBIX (HaKTOPOB pucka 3a-
BeZIOMO OGpeveHbl Ha Heyhauy, M Kaxkaas ocIenyo-
11ast caHalMs WK PeIHI0NPOTEe3MPOBaHMe IPUBOIST
JIUIIb K YCYTYOJEHUI0 KOMOPOWMIHOCTM TMAalYeHTa,
GoJsiee 3HAUMMOIi TTOTEPe KOCTHOI Macchl, pybIIOBOiA
Iedopmaiuy MITKUX TKaHelt B 067aCTU OIepaTuB-
HOTO BMeLIaTe/lbCTBAa MaKCMMaAbHO 3aTPYLOHSS Bbl-
TIOJIHEHMe apTpozesa, Kak eIMHCTBEHHO BO3MOKHOIO
aJbTEPHATMBHOIO BMeIIATe/lIbCTBA, IT03BOJISIOLIEro
COXPaHUTD ONEPUPOBAHHYI0 KOHEYHOCTb.

Lleny uccnedosanuss — pas3paboraTh M anpobupo-
BaTb B KJIMHMYECKO} MPAKTUKE aITOPUTM TaKTUKU
3TaHOTO XUPYPrUUECKOro Je4eHus MalMeHTOB C Ie-
pUIIpoTe3HO MHeKLMel mocae IepBUYHOTO SHIO-
MIPOTe3MPOBaHMS KOJIEHHOT'O CYCTaBa.

MATEPHAJI 1 METO/1bl

WccnemoBaHue COCTOSIIO U3 PETPO- U IPOCIIEKTUBHOM
yacrei.

PerpocriekTuBHas1 4acTb UCCAeA0BaHUs OCHOBaHA
Ha cBemeHusax o 161 manuenTe c ITIIM nocie sHApo-
npotesupoBanus KC, rpomenmmx 3TarHoe JeueHue
B OI'BY «<HMUIL] TO um P.P. BpenmeHa» MuH3apaBa
Poccunm 3a nepuop, ¢ suBapst 2007 o siHBaps 2017 1.,
COOPAHHBIX B XO/ie AMCCEPTALIOHHOTO UCCIeI0BAHMS
IepBOro aBTOpa*. MemuaHa CpoKa HAOMIOZEHUST CO-
craBmia 5,6 [2,4; 7,2] roga, MemuaHa Bo3pacta — 61,4

[51; 73] roma. [TogpobHast XapaKTepuUCTUKa KOTOPTHI
MpeficTaB/IeHa B paHee OITyOIMKOBAHHOM MCCIe0Ba-
Hum [1]. C 1enbio yTOUHEHMS TOTIOMTHUTENbHBIX (hak-
TOpPOB pucka peuyuausa IIIIU nmauyeHTOB pasmennin
Ha JiBe I'PYIIIbl CDAaBHEHMUS

— rpymnna 1 (n = 48) — mauueHTshl C peluaMBaMU
[TITN mocie BBITTOJIHEHMSI TIEPBOTO Tara ieueHus$

— rpymnna 2 (n = 113) — nauuenTsl ¢ I[1I1H, ycren-
HO TIpOLIeAINe 3TAIHOe JiedeHue 6e3 peluauBOB
MHGEKLINN.

HOnsa guardHoctuky I KojsieHHOTro CycTaBa Ipu-
MEHSIM aJITOPUTM, NPUHATBI Ha MeXayHapogHO
cornacuTenbHO KoHdepeHuyu 2013 1. [6].

IToMuMO JaHHBIX O AMArHOCTMUYECKOM 3HAUMMOC-
™™ UK, Mo/siydeHHbIX B XO[e MpeabIayILIero ucciaeno-
BaHMS, Mbl IPOAHAIU3UPOBAIU [IOMOTHUTEIbHBIE
(akTOpbI pUCKa, HE OCBELIEHHbIE B paHee OITyOIMKO-
BaHHOM ucciaenoBanuu [1]. Cpeau HUX OBLIN: KOMKO-
IeHb, IepeHeCeHHbIVI paHee BUPYCHBIN remnatuT B
u C, TpoMmb60debuT, posKMUCTOE BOCIIAJIEHUE, BapU-
KO3HOe pacliMpeHye BeH, NMpUeM rOpMOHaJbHBIX U
[IUTOCTATUUYECKUX TIpernapaToB, Haauuue UHGOEK-
UMM MOYEBBIBOASAILMX TIyTel, MpeAIecTBYIOL/e
MEePBUYHOMY 3HIOMPOTE3UPOBAHNIO OIEPaTUBHBIX
BMelllaTelbCTB Ha CyCcTaBe, a TakXke TUIl BBbISIBIEH-
HOro Bo36yauTens. [Ipu momomy MeTona JepeBbeB
KJIaccuPuUKAIUM ONpenenyii BeCOMOCTbh KaskIoro
rokasareJsi, MHTepBadbHble 3HAUEeHUSs, XapaKTepu-
3yl0lllYie BEpPOSITHOCTh Hey#auu MpeAcTosilieit ore-
panuy ¥ aHaJOTUYHbIN MOKa3aTesb IJ1s1 CYMMapHOTo
6amta pucka perunusa (CBPP), KoTOpbIii MO3BOIUT
NPUMEHUTb Ha MpPaKTMUKe T[IOTyuyeHHble OaHHBbIE.
IOTIOMHUTENBHO TIpU TOMOIIM  KiIaccubUKanmm
AORI uMHTpaomepauOHHO OLIEHUJIMU KOCTHBbIE [e-
dekTpl MeTasmMdU30B OegpeHHOl U Oosbliebep-
LIOBOJ KOCTei, copMMUPOBABIINECS B PE3YIbTATE
MHGEKIIMOHHOTO IIPOIIecca, a TakKe Mociie YIaaeHus
KOMITOHEHTOB 3HJ0IIpoTe3a [7].

HToromMm peTpOCIEKTUMBHOTO MCCIENOBAaHUSI CTall
aJIrOpuTM, oCHOBaHHbIM Ha CBPP, a Takke mOIOIHM-
TeJbHBIX (PaKTOPOB, MMO3BOJISIOIINIA CTPATUDULIUPO-
BaTb BEPOSITHOCTb HEYAAYHOTO MCXOAA U OMPeaeINThb
11e71eCO00pa3sHOCTh TMOUIENYIONUX  XUPYPTUUECKUX
BMeIlIaTelbCTB.

B xome MpOCMEKTMBHOrO aHaau3a BbIMOIHUIN
ampobanuio paspaboraHHoro ajroputma Ha 100 ma-
uueHTax c 1IN nocie nepBUMYHOTO SHAOIIPOTE3UPO-
BaHMSI KOJIEHHOTO CycTaBa B repuoj ¢ ¢peppasst 2018 1.
o amnpenb 2022 r. MegvaHa HaGIIOOEHUSI COCTAaBMIa
2,9 ner [1,1; 4,2]. MeguaHa BO3pacra HNaLieHTOB UC-
C/IemyeMolt TPYIIBI cocTaBmia 65 et [59; 75].

B xome mpeponepaiMoHHOTo 06CIeI0BaHMS Y BCEX
MalMeHTOB aHaAM3UPOBAIU CTPYKTYPY COIMYTCTBY-
1omiei natonoruu u noacunteiBaau MK, mocie atoro

* peo6pakeHckuit T1.M. ITyTV ONTUMMU3aLUY PEBU3MOHHOTO SHIOTIPOTE3UPOBAHNMS KOJIEHHOTO CYCTaBa y Mal[MeHTOB
C MepUIpOTe3HOM MHbeKIMe. [Inc. ... KaHuf. Mmea. HayK. CaHkT-TTeTep6ypr, 2017. 163 c.
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BBISIBJIS/IM HaJIMUME WM OTCYTCTBUE NOTIOTHUTENb-
HbIX (pakTOpoB pucka. [anmee, ommpasicb Ha KO-
YecTBO IOydeHHbIX 6aytoB 1o MK u mkansl CBEPP,
MaIMEeHTOB CTPATUMUIIMPOBATIN K KaTEeTOPUM MUHU-
MaJbHOIO, CpeJJHETO WM BBICOKOTO PUCKa peluauBa
[IIIN. Ha ocHOBe mojyyeHHO} uHMOpMaLuu ormpe-
JeJIs/IY TaKTUKY XUPYPIUUYecKOro JieueHus B ciyvae
pa3BUTUS peLIUANBA.

IOns onpepenenuss 3PGEKTUBHOCTM aJTOPUTMa
onpenensyin AOMI0 NalMeHTOoB ¢ KynupoaHHo [T
Ha KaXIOOM 3Tarle jedyeHus. 3a Heymauyy NpuHUMaIn
epeyCcTaHOBKY Crelicepa Iocae ero MmepBUIHON UM-
wia"HTauynu. 06 3¢pGEeKTUBHOCTY 3Talla PesHIOIPO-
Te3UPOBaHUS CYAUIU 10 pe3yabTaTaM OYHOI'O OCMO-
Tpa uiau TeleOHHOTO aHKETUPOBAHMS He paHee YeM
yepe3 2 roja rocjie OKOHYaHMS 3TAIHOTO JieueHus .
JleTanbHBINA UCXOZ, BHE 3aBUCMMOCTU OT €r0 NPUYMH
OBLT paciieHeH KaK HeraTUBHBIN VCXO/, JIeUeHMSI.

CraTucTUUYECKU aHaIn3

[lonmydyeHHbIe B TMpOIleCCe BBITIOJHEHUSI PpPabOThI
KIVMHUYECKME pe3yabTaTbl aHAIU3UPOBAIU Cpen-
crBamu nporpammuoi cucrembr STATISTICA 10.
CorocTaByieHMe 4aCTOTHBIX XapaKTePUCTUK (T10J1, TUII
[TV, KOMOpPOMIHOCTD, TUIT CIIelicepa M UCXOM) Kave-
CTBEHHBIX MOKa3aTeseil MPOBOAUIM C TIOMOUIbIO He-
rapamMmeTpuyecKux MeTosoB 2, x2 ITupcoHa, Kpurepnst
Ouiiepa. CpaBHeHME KOIMUYECTBEHHBIX MapamMeTpOB
(BO3pacT, OJUTENbHOCTb CTAllMOHAPHOIO JIEUEeHMS)
B MCC/IeIyeMbIX I'PYIIaxX OCYIECTB/ISIIN C UCIIOIb30-
BaHMeM KputepueB MaHHa - YuTHMU. B KadyecTBe 1ieH-
TPaJIbHO} XapaKTePUCTUKU MUCIIONb30BaAM MeAuaHy
(Me), a B KaueCcTBe Mep pacCessHUs HUKHUIT U BepX-
Huit kBapTwn [Q,; Q,]. Pasnmnums Mexmy rpynmnammu
CUMTAJIU CTATUCTUYECKY 3HAUMMbIMMU ITpu p < 0,05.

Iist ompeenieHMs 3HAUMMOCTM (aKTOPOB U ITOPO-
TOBBIX 3HAUEHMIT B MMPEIJIOKEHHOI B 00beIVMHEHHOI
MIPOTHOCTMYECKO! IKaje ObUI MCIIOMb30BAH METO[,
IepeBbeB Kaaccupuraum.

PE3VJIbTATbBI
PeTpocrnekTUBHas 4acTh MCCIeJOBaHUA

IMocte monyyeHHO!N MHGOPMAUUM O BAUSHUU WH-
JeKca KOMOPOMIHOCTY Ha BEPOSITHOCTh Pa3BUTUS
peuyauBa MHGEKUMMU ObUI MPOAHAIM3UPOBAH PSITI
Ipyrux ¢GaKTOpOB C MCIIOJIb30BaHMEM aHAIOTMYHOI
PeTpOCIIeKTUBHOI BbIOOpKM. Haubonee BecOMbIMU
ObUIV: MPONOKUTETBHOCTh MPEObIBAHMS MAI[MeHTa
B CTal[MOHape Ha 3Tale MMIIaHTalluy cIiejicepa 1 ero
TUII, STMU30IbI POKMUCTOIO BOCIAJIEHUS UIU TPOBIOd-
ne61Ta orepypPoOBaHHOI KOHEUHOCTH, IepeHeCeHHbIii
BUPYCHBIN reratuT B wim C, pe3suCTEHTHOCTb BO30Y-
IuTens. MeTop, mepeBbeB KIacCUGUKAIIUY TTO3BOJINIT
BBISIBUTb 3HAUMMOCTb BBIIIEYIIOMSIHYTHIX (haKTOPOB
(Tabm. 1).

Ha cnemyromiem stare GbUTM OIpene/ieHbl MHTEP-
BaJIbHbIE 3HAUEHMSI, 6y1arofapst KOTOPbIM MOXKHO CY-
IINTb O CTeTIeH! Mpe/iojaraeMoro pucka Xupypruuec-
KOT'O BMEMIATENbCTBA, KAKIOMY (PaKkTOPy ITPUCBOEHBI
TIOpOroBbie KpuTepuu (Tabim. 2)

BbII0 MOACUUTAHO COOTHOIIIEHNe TaleHTOB pas-
JIMYHBIX KaTeropmii pucka cpeay BcexX Ial[MeHTOB
¢ peunpgusamy I ¥ ycremHo mnpoiegunx OBYX-
aranHoe jeueHue. IIpu CBPP, Korma puck paciieHu-
BJICSI KaK CpemHMiA, MCXO[N [BYX3TAITHOTO JIeYeHUS
B GOJTBIIMHCTBE CJTyYaeB ObLT MTOJIOKUTETbHBIM (69,9%)
(p = 0,003). TTameHTHI, Y KOTOPBIX PA3BUBAJICS PELIN-
nus IIIU, B 66,7% (p = 0,0001) mpuHaajiexxanu K KaTe-
TOpuM BbICOKOTO pycka o CBPP (4-9 6aioB).

Menuana CBPP y ycrmenrHO MposeYeHHbIX MaleH-
TOB cocraBuna 1,2 [0; 4], y manueHTOB C peuuauBaMy —
3HauMMO BbIlie — 4,1 [1; 8]. BeipaskeHHYI0 B3auMOC-
BSI3b HeyCIlexa TAIHOTO JeyeHusi co 3HaueHnem CBPP
xXapakTepusyeT Ko3QduIMeHT Koppensauuy Tramma
(Ry =+0,95). BeposTHOCTb pa3BUTHS pelyanBa MHDeK-
uyu (OR) B ciiydae HM3KOTO ero pucka B COOTBETCTBUM
¢ CBPP (1-3 6a1a) 6onbliie B 9,2 pa3a 110 CpaBHEHUIO
C manyeHTamu, y kotropbix CBPP pasen 0 (Ta6m. 3).

Tabnuya 1
®dakTopsl pucka peuuausa [N
®dakTop 3HAYMMOCTh p
Wnnexc komopounHoctu (VIK) 1 0,003
[Tpomo/kUTEeNbHOCTD CTAI[MOHAPHOTO JIeYeH s, KOMKO-/IeHb 2 0,010
Tpombodne6uT 3 0,010
BupycHsble renatutel B u C 4 0,010
Tun cneiicepa 5 0,010
PoskucToe BocmaneHue 6 0,020
[IpenuiecTByIOIIME OI€paLIUA 7 0,020
I'paMoTpuLIaTeIbHbIE MUKPOOPTraHM3Mbl, MMKPOOHbBIE acCOLIMaIUK 8 0,030
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Tabnuya 2

IMoporoBeie 3HaUeHMS MTOKa3aTeleil M cyMMapHOro 6asuta pucka penunusa (CBPP)

[TapameTtp

[Toporossie kputepuu ajisi CEPP

VHIeKkc KOMOPOUIHOCTI

[TponoKMUTENBHOCTD CTALIMIOHAPHOTO JIeYeHY s, KOVKO-IeHb
Tpom6oduiebuT

BupycHsiii renmatut B u C

Tun cneiicepa

PoskucToe BocnaneHue

[IpenumiecTByOMNe ONepaLun

I'paM(-) MMKPOOPTAHU3MbI, MUKPOOHbIE acCOIMALIU

VTOroBsli1 6a/i1

CBPP = 0 6a/10B — HM3KMit pucK penyausa [N
CBPP = 1-3 6ayi1a — CpegHUI PUCK PeluanBa
CBPP = 4-9 6aJ71a — BbICOKMIT PUCK PeLMINBA

0-7=0;8-12=1;Bpime 12 =2

0-34=0; bonee 34 =1

Her=0; Ectb=1

Her=0; Ectb=1

Aptukynupyromuii = 0; HeapTUKyIupyommii = 1
Her=0; Ectb=1

Her=0; Ectb =1

Ipam(+) = 0; I'pam(-) mau MUKpo6Hast accoruaums = 1

Tabnuya 3

PacripeneneHye 1o KaTeropusiM pmucKka B ¥ KaKA, 0¥ IPyIIIb] McciegoBanus, n (%
p P p HYTP pyn )

Puck

I'pynma 1

I'pynma 2

p (Mexny rpymnramMmm)

Huskunit
CpenHuit
Boicokuit

HTtoro

0@
16 (33,3)
32 (66,7)

100%

32 (28,3)
79 (69,9)
2(1,8)
100%

0,0001
0,0300
0,0001

Hanunune Tak Ha3bIBaeMOIii Cepoii 30HbI (CpeaHM
PUCK peluauBa) MO3BOIUIIO MPENNON0KNUTh, YTO CY-
MIECTBYIOT OOTIOTHUTEbHbIE (AKTOPbI, HE IIOMaB-
niye B mepeyeHb CTaTUCTUUECKM 3HAUMMBIX, HO TIPU
3TOM WTpallliie CYIIeCTBEHHYI0 pOJib B Pa3BUTUU
pelauBa.

CpaBHUTENbHBIN aHAAU3 CTPYKTYPbl MUKPOOG-
HbIX BO30ymuTesnel IOKa3aJl, 4YTO Yy IMalieHTOB
C peuuaMBaMM B 2 pasa yaile BcTpeuanncbh MRSA
(40% vs 17,7%) (p =0,086). B TO ke BpeMsI IIPOIIEHT
MRSE B 06eux rpymnmax He MMeJ 3HaUYMMBIX pasJiu-
uynit. TpymHOuU3NIeUMMble BO3OYAUTENN, a MMEHHO
Corynebacterium spp., fam. Enterobacteriaceae i MUK-
pobHbie accouyanuu (22,6 vs 10,6%; p = 0,05) vaiie
ObUTM BBIJEIEHbI Y MAIMEHTOB C 3MMU30JaMU pely-
IuBOB. Bonee Toro, y HuX 6oyee ueM B 2 pasa vaiie
(18,8% vs 6,2%) B MUKpPOOHOI acCOIIMAIUU TIPUCYT-
crBoBasM ['pam(-) BO3GYymuTENN.

O1ieHKa KOCTHBIX AedeKToB MeTasnudusoB Oef-
pPEHHOJi U 60JbIIe6epIIoBOIl KOCTeH Ioce yaase-
HMSI KOMITOHEHTOB SHAOMPOTE3a MO KIaccubuKaImm
AORI moka3sasa, 4To repeycTaHOBKa aHTUMUKPOOHO-
ro cIieiicepa y 3HaUMMO gonu namueHToB (p = 0,05)
MIPUBOOUT K KPUTUUECKON ITOTepe KOCTHOM MacChl:
nmedextbl THIIOB 2B 1 3 Kak 6empentnoii (F) (v 64,3%
MaieHToB), Tak U 6onbinebepuoBoit (T) Kocreii
(46,5% maiueHToB) (puc. 1, 2).

e Bl pynna 1
Sk 43,3

42,9*

Olpynna 2

40%

30%

20%

10%

0% -

F1 F2A F2B F3

Pucynok 1. [ledexTsl MeTasnudusa 6egpeHHO KOCTH
TIOC/Ie 9Tara caHallMy Y MalMEHTOB TPYIIN CPaBHEHUS
* — p=0,05 B cpaBHEHUU C TPYIIION 2

Figure 1. Femoral metaphyseal defects after spacer
implantation in patients from 1 and 2 groups
*—p=0.05 compared with group 2
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50% 49,6

pynna 1

Olpynna 2

40%

30%

20%

10%

0%
T T2A T2B T3

PucyHoKk 2. JledekTbl MeTasmidusa 60biie6epIioBoii
KOCTM I10CJIE 3Talla CaHAIMy Y MaleHTOB IPYIII
CpaBHEHMS
*—p=0,05B cpaBHEHMM C TPYIIIION 2
Figure 2. Tibial metaphyseal defects after spacer
implantation in patients from 1 and 2 groups
*—p=0.05 compared with group 2

Onmucanue aJZIropmrmMa

AHanM3 peTpOCIIeKTYBHOIO MacCuBa JAHHBIX, B X0[e
KOTOPOTO OBV M3yUYeHa YaCTOTa BCTPEYaeMOCTH pas-
JIMYHBIX (DAKTOPOB PUCKA y MAIMEHTOB C peIUANBAMMU

[T u 6e3 Hero, cTaJl OCHOBaHMEM IJISI pa3paboTKu
1 GOPMYIMPOBKM aaropuUTMa, Graromaps KOTOPOMY
Ipy nocTtyrvienun nauyeHTta ¢ [ MoXHO B 3aBU-
CUMOCTY OT KIIMHMYECKOM CUTYyalluy BbIOPATh TY MU
MHYI0 TaKTUKY XMPYPrUUECKOro jedeHus (puc. 3).

B mensp rocnmTanm3anuy mauyeHTa mocjie KIyuHu-
KO-71a60paTOPHOTO 0OC/IeIOBAHMUSI OMPENENISIM €ro
KaTEeropuIo pycKa pelyanBa Mpy MOMOIIM KaJIbKyJIs-
uum CEPP.

Ecum puck penuausa MHGEKLMM 10 CyMMe 6ai-
JIOB cooTBeTcTBOBan Hu3skomy (CBPP = 0), cuntanu
IOITyCTUMBIM CHeaTh ABEe TIIOIMbBITKY PaAVKaIbHOM
XUPYPIrUYECKOil 06paboTKM ¢ MMILUIAHTAIMEe aHTU-
MUKpOOHOro crieiicepa. Eciu mepeycTaHOBKa aHTU-
MMKpPOOHOIO CIiejicepa IOTepriesia Heymady, Iocie-
IyIOIMe OEeVCTBUS BBITTOMHSUIM B 3aBUCUMOCTU OT
MPUCYTCTBMUS Y TALMEHTa HIDKeIepeuncIeHHbIX
dbaxkTopoB:

— TPYOHOM3JIEYMMbIA Bo3Oymurtenb I u/unm
MUKpOOGHast accouyanys ¢ ['pam(-) maToreHamu;

— HEYAOBJIETBOPUTENIbHOE  COCTOSTHME  MSITKUX
TKaHeli B 06/1aCTM OTIEPATMBHOTO BMEIIATE/bCTBA;

— BbIpaKE€HHbIE KOCTHbBIE Te(heKThI.

[Tpu HaNMMUMM OJHOTO MM 6OJiee KPUTEpUEB Tia-
[IMEeHTY PEKOMEHAOBAIN TI0C/Ie OYepemgHO caHaluu
BBITIOJIHUTD apTPOIE3VPOBAHNE KOJIEHHOTO CyCTaBa

MauuenT c MM ]

v

Hu3kuit puck peumnamea MM
(CBPP 0)

v

im

C6op aHaMHe3a,
KNUHWMKO-NnabopatopHoe
obcnepoBaHune gng pacyeta CbPP ¢

Bbicokuii puck peunausa MNMn
(CBPP 4-9)

v

aHTl/IMI/IKp06HOFO cnemcepa

—
)

CpepHuit puck peumnamsa MNMn
(CBPP 1-3)

* HeyA. COCTOAHUE MATKUX TKaHEN
® MaCCMBHbIE€ KOCTHbIE ,D,edJEKTbI

v

v v

[ CaHaums, yctaHoBKa

l/IHqJeKuMﬂ Peunans
KyI'IMpOBaHa

CaHaums, ycTaHOBKa
aHTl/IMMKp06HOFO cneﬁcepa

(O (n

C PeaH,uonpOTe3MpOBaHme ) l/IHqJeKu,Mﬂ

Y

] [ Peungus
Kyl'MpOBaHa

CaHaums, yctaHoBKa ApTpones
QHTMMUKPOBHOrO
cneﬁcepa yy yy

* TPyAHOU3NEUUMBIN Bo36y,quenbj

Y v

( Ycnex ) ( Peunaons

PEBH,EI,OI'IPOTGBVIDOBaHVIe

)

v

I/IHqJeKu,Mﬂ Peunams
Kyl'lMpOBaHa

v

( Ycnex )( Peunauns

( PeBH,EI,OI'IpOTeBl/IpOBaHMe )

v v
( Ycnex )( Peunans )

PucyHOK 3. AJITOpUTM BbIOOpA XMPYPTUUECKOI TAKTUKM TarHOro JieueHust [TV koneHHOTO cycTaBa
Figure 3. Surgical algorithm for staged treatment of periprosthetic knee joint infection
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B CBSI3M C 0ecrepcrieKTUBHOCTbIO JaJIbHENIIero
3TAHOTO XUPYPTMUECKOTO JieueHUs1. B ciydae ecin
IOIOHUTENBHBIX (AKTOPOB He OBbUIO BBISIBIIEHO,
MpeJNPUHUMaJIK ellle ONHY IOIbITKY MMIUIaHTalUK
crieiicepa ¢ JaJbHENIIMM PE3HAONPOTE3MPOBAHMEM.
[Tpu Heymaue 6BLIO PEKOMEHA0BAHO apTPOIe3UPOBa-
Hue. Eciiu peunanB pa3BuBasICs MOC/e PEBU3MOHHOTO
3HJIOMPOTE3UPOBAHMS, TAKKE AOMYCKa/Iach ellle OgHa
TOMBITKA 3TAallHOTO XUPYPTUUECKOTO JieueHUs, Mpu
HETraTMBHOM MCXO[e BBITIOMHSIIN apTPOZes.

B aryyae cpegHero pucka penuaua I (CBPP
1-3) mowie mepBOVi MOMBITKMU XUPYPTUYECKOTO Jie-
YeHUsT U TIOCIEAYIONEro PeluIMBa Ha JII0O0OM 3Tare
IajbHeIas caHalys M peuMITIaHTalVsT MOIJIa ObITh
BBITIOJTHEHA TOJIbKO, €/ He ObUIO (aKTOPOB, U3JIO-
SKeHHBIX BBIIIIe.

JlonomHUTe/IbHbIe KPUTEPUY OLIeHUBAJIU TIPU T1ep-
BMUHOM MOCTyIJIeHuM mauyueHToB ¢ IIIIN B cioydae
BbICOKOTO pucka peunanusa (CBPP 4-9). Ecnu oHu He
ObLTM BBISIBJIEHBI, MOKHO OBUIO TPEIIIPUHSITL OTHY
TOMBITKY CaHAalMM C AAJbHENIIUM pesHIOIpOoTe3un-
poBaHueM. Hanuune ke XoTst 661 OIHOTO (haKTOpa SIB-
JISJIOCh TIOBOAOM K BBITIO/JIHEHMIO TIALIMEHTY apTpoje-
3a IocJie CAaHUPYIOIero BMeulaTeabCTBa.

IIpocnieKTUBHAA YaCTh VICC/IEAOBaHMS

Cpenu 100 mauyenTtos c IITIM noc/ie nepBUYHOTO SH-
IOTIPOTEe3MPOBAHMS KOJIEHHOTO CyCTaBa, BKIIIOUEH-
HbIX B IIPOCIIEKTMBHYIO YaCTb MCCIeIOBaHMS, IIpe-
obnaganyu kenmyusl (p = 0,03). MenuaHa Bo3pacTa
ManyeHToB cocraBwia 65 ser [59; 75], reHmepHoe
pacripesenieHyie ObLJIO COMOCTABMMO C TALMEHTaMMU
PEeTPOCIIEKTUBHO YacTy UccIenoBanus (Taoi. 4).

CorocTaBMMBIMM OKa3aJIUCh M OCTaJIbHbIE II0-
Kasatenu, oToOopaxkeHHble B Tabnuile 4. ITo3mHss
reMatoreHHass MHQeKIMs ObUIa XapaKTepHa [JIs
MOABJISIONIEN O TMAlMeHTOB, Takke KaK U UIU-
OTMaTUYeCKMi TOHAPTPO3 KaK MPUUYMHA TIePBUYHOTO
SHAOIPOTE3UPOBaHMS. AGCOMIOTHOMY OOIBIIMHCTBY
MalMeHTOB MPOCIEeKTUBHONM TPYNIbl 6bUI MMILIAH-
TUPOBAH apTUKYIUPYIONINI aHTUMUKPOOHBIN Ccrieii-
cep (96 u3 100).

B 1esom cTpykTypa BO3GymuUTENeil y IalyMeHTOB
PeTpo- U IMPOCIIEKTUBHO YacTeil ucciemoBaHmus 6pia
corroctaBuMoit. Obpamaer Ha ceb6s BHMMaHME JIUIIb
6onbIIast OO METUIIMUIMH-PEe3UCTEHTHOTO INTaM-
ma S. epidermidis (MRSE) — 61,7%, HO 9TO He OKa3ayo
BAMSIHMS Ha 3Q¢deKTMBHOCTb caHaiyuy (20 yCITemHo
MPOJIEUEHHBIX MALIMEHTOB M OOVH pPeluauB) (Tabi. 5).

Tabnuya 4
XapakTepucTVUKa NanyeHToB, n (%)
Mapamerp PeTpocmeKTHBHAS YacTh [IpocreKTUBHAS YaCTh p
uccinenoBaHus (n = 161) uccnenoBanus (n = 100)
Ilon
My>KUMHBI 41 (25,5) 34 (34) 0.03
JKeHImHbI 120 (74,5) 66 (66) ’
Tun IITIIA
Pannsst 46 (28,5) 20 (20)
OTcpoueHHas 48 (29,9) 29 (29) 0,04
IMo3gHss 67 (41,6) 51(51)
Hcxoonas namonoezus
WNaononaTtmnyeckuii roHapTpO3 103 (64,0) 69 (69)
ITocTTpaBMaTnyeckuyi rOHapTPO3 37 (23,0) 21 (21) 0,46
PeBMaTouaHbIN apTPUT 21 (13,0) 10 (10)
Tabnuya 5
CrpykTypa Bo3oyauTeseii [T y nanyueHToB MPO- ¥ PeTPOCIIeKTUBHOI YacTeii uccrenoBaHus, n (%)
Bosbynutens [IpocniekTMBHAY YacTb UCCIeNOBaHusl | PeTpocrneKTMBHAs 4acThb UCCIeL0BaHMS p
Staphylococcus epidermidis 39 (30,7) 63 (32,6) 0,72
Staphylococcus aureus 31 (24,4) 62 (32,1) 0,13
Ipyrue KoHC 10 (7,9) 20 (10,4) 0,45
Streptococcus sp. 5(3,9) 4(2,1) 0,44
fam. Enterobacteriaceae 8 (6,3) 12 (6,2) 0,97
Enterococcus sp. 11 (8,7) 12 (6,2) 0,40
HedepmenTupyioniye 6 (4,7) 3(1,6) 0,11
Corynebacterium 3(2,4) 5(2,6) 0,91
Propionibacterium sp. 10 (7,9) 5(2,6) 0,03
Candida sp. 0(0) 1(0,5) 0,26
Hpyrue 4(3,1) 6(3,1) 0,99
Bcero 127 (100) 193 (100) 0,72
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Y nanyeHTOB MPOCHEKTUMBHONM 4YacTu MUCC/IeA0Ba-
Hus MegnaHa MK Ha MOMEHT MOCTYIUIEHUS COCTaBU-
na 9,3 6aya. 3HaYeHUS] MHIEKCa, COOTBETCTBYIONIME
pa3JIMYHbIM CTEMEeHsIM PMCKa, TpeicTaB/IeHbl Ha pPU-
CyHKe 4 a.

Mepnnana CEPP B mpOCHeKTUMBHOI KOropTe maiu-
eHTOB 6buTa 1,2 6as11a, YTO TAKKE COOTBETCTBYET YMe-
peHHOMY pUCKY peluauBa. TpaKToBKa pe3y/lbTaTOB
¢ ucnonb3oBanuem kitoua CBPP 1o crerneHsim pucka
oTobOpaskeHa Ha pUCYHKe 4b.

JleTanbHBIN UCXOH, 3aPETUCTPUPOBAHHBIN B 6 CIIy-
Yyasx, He ObUI CBSI3aH C MHGEKIMOHHBIM IPOIEeCCOM.
Mennana MKy stux naiyesToB 6bu1a 10,3 6asia, mpu-
yeM y 5 u3 6 ManyeHTOB 3aperucTpupoBaHa Cyokom-
MMeHCHMpPOBAHHASI CepIeuHO-COCYAMCTas IaToOrus,
a Takke OXupeHue 3-it crereHu u 6onee. MenuaHa
CEPP y BbIIIeyIIOMSIHYTOM KOTOPTHI IMAlIMEHTOB COC-
TaBuia 2 6asa.

N3 100 maumentos ¢ I KC nocne nepBoro sra-
T1a JIedeHusl ycrex 6bUT JOCTUTHYT Y 95 maimeHToB —
apdexruBHOCTL 95,0%. 13 5 manueHTOB ¢ Hebsa-
TOTIPUSITHBIM MCXOOM BBICOKMIA PUCK peLyuauBa
(CBPP 4) 6611 ycTaHOBJIEH B 2 cyiyyasx. Vi3 HUX OgHO-
MYy TallMEeHTY BBITIOJIHEH apTpOAe3 KOJIeHHOTO CYC-
TaBa KaK OINTMMAa/IbHOE pellleHMe MJIsI COXpaHeHMUs
OITOPOCITOCOOHOCTY HUKHEN KOHEUHOCTU C YUYETOM
COXPaHHOCTM MSTKMX TKaHeil B 00JIaCTU OIepaTuB-

CreneHb pucka (UK)

®

HOT'O BMelllaTeabCTBa, OTCYTCTBUS MAaCCUBHBIX KOCT-
HBIX 7e(GeKTOB ¥ BO3OYIUTEJSI, TOAIAIOIIErocs aHTU-
6akTepuanpHOil Tepanuu. Erne ogHOMYy mMaIMeHTy
B CBSI3M C OTCYTCTBUEM [IOIONHUTENbHBIX (aKTOPOB
pucKa OblIa BBITIOJTHEHA YCITENTHAs CaHAIUS C Tepe-
YCTaHOBKOM aHTMMUKPOOHOTO IIeMEeHTHOTO cIieiicepa
Y TIOCeNYIOIINM PE3HA0NPOTEe3UPOBAHMEM.

Y ocraBumxcs Tpex mnaiueHToB CBPP cooTseTt-
CTBOB&JI YMEpPEHHOMY DUCKY IpU OTCYTCTBUM [0O-
MTOJTHUTENbHBIX (PaKTOPOB PUCKA — TUM IALMEHTaM
OBV YCIIEIITHO BBITIOTHEHBI ITepeyCTaHOBKA crieiicepa
¥ pe3HA0NPOTE3UPOBAHNE.

TakuM 06pa3oM, KynuMpoBaHMe MHQPEKIUM HOC-
TUTHYTO B 88%, peuuauB — B 12% ciydaeB. YMepio
10 MpuYuHam, He cBsisaHHbIM C [I[1M, 6 mauyeHTOB
(puc. 5).

B manpHeimemM noacuMtaHa 3¢pGeKTMBHOCTh 3pa-
IUKauyuy MHGEKIMKU B PeTPO- U IIPOCIIEKTUBHOM KO-
ropTrax B 3aBMCMMOCTM OT pUCKa peliuauBa, OlleHeH-
HOTO 110 cymMe roryueHHoro CBPP (ta6:. 6).

Eciiu B peTpOoCIieKTMBHOV TpyIIe NpoCaekBanach
B3aMMOCBSI3b MeKOy 3((PEeKTMBHOCTBIO 3paavKalum
uHbeKIMM M KaTeropmeil pucka peuyausa TN, To
Yy MaIMeHTOB IPOCHEKTUBHOM TpymIbl 3(pdeKTuB-
HOCTb ITPU HU3KOM ¥ CpefHeM pUCKe peluanBa o6bu1a
COTIOCTaBUMOIA.

Puck CBPP

3%

® MUHUManbHaa m CpeaHan m Bbicokan ® MVUHMManbHbIN m CpegHuii = BbiCOKUI
Pucynok 4. PacripesiesieHye rnauyeHTOB 10 CTEIIEHN pUCKa:
a — 10 MHIEeKCYy KoMopOouaHoCcTH; b — B cooTBeTCTBUM C KitouoM CEPP
Figure 4. Patients’ distribution by risk level:
a — according to the comorbidity index; b — according to the total risk score for recurrence prediction
Tabnuya 6
dddexrTuBHOCTD 3pamukanuu I[N B 3aBucumocTtu ot 3uaueHuss CBPP, %
Pyck o CEPP PeTpocnekTuBHas 4acThb [IpocriekTMBHAS 4YacTb p
MCCIeOBaHUS MCCIeNOBaHUA (Mexpy rpynnamm)
Huskuit 100 95,6 0,5300
Cpenuuit 83,2 94,2 0,0200
Bbicokmii 5,9 83,6 0,0001
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PucyHOK 5. Pe3ynbraThl aTanHoro jgeuenus [N y maieHTOB MPOCIEeKTUBHOI YacTy UCCTeq0BaHUS
Figure 5. Outcomes of staged treatment of periprosthetic joint infection in patients from the prospective part of the study

OBCY>KIEHUE

OmpeneneHne KaTeropuit IMalMeHTOB C ITOBBIIIEH-
HbIM puckoM pa3Butus [N nocne nmepBuUYHOro 5H-
IIOTIPOTE3UPOBAHMS SIBJIIETCSI HEOThEMJIEMOI YaCThIO
aaropuTMa  IpeforepalnMoHHOT0  00CIenoBaHMs.
C yueToM TOrO, UTO GOJbIIAs OOJS U3BECTHBIX (ak-
TOPOB pPUCKA SBJSIETCS MOIUGULIMPYEeMON, MOKHO
3ab;aroBpeMeHHO MMHUMM3UPOBATh UX IOTEHIU-
aJbHOe HeraTHBHOE BJIMSIHME Ha UTOTOBBIN pe3yib-
TaT 3HAONpoTe3MpoBanusi. C 3TOI 1Lieabl0 MO0 UTO-
ram cornacurenbHoit KoHbepenuu 1o I mocne
ompeneneHus Haubosee 3HAUMMBIX (HaKTOPOB ObLI
pa3paboTaH KaabKyJIsSTOpP pMUCKA, TTO3BOJISIONINI OT-
HeCTM TalMeHTa K TO¥ WIM MHOM KaTeropmm pucka
manudecraruum I[N [8].

B manbHeriiem CrieliaaucTbl CTaau 06paiaTh BCe
60sbIllee BHMMaHMe Ha (PaKTOPbI, BAUSIONIME Ha PUCK
pasButus peuuausa TN nocie BBINOJTHEHUS CaHU-
pyIOIllero BMeIaTeabCTBA M 3Tana pPeBU3UOHHOTO
SHIONpOoTe3upoBaHusl. IIoMMMo aHaNMM3a CTPYKTYPbI
9TUX (PaKTOPOB, CTENEHN UX BAUSHUS Ha 3hPeKTUB-
HOCTb 3pagmuKauuyu MHQeKuny, a Takke cpaBHEHMS
¢ bakropamu pucka maHudecTaum, OGHUM U3 HAU-
60s1ee BasKHBIX SIBJISIETCSI OTBET Ha BOIPOC: KaKoe KO-
JIMYECTBO TIOMBITOK 3TAITHOTO JIeYeHMs] Bpad MOKeT
MIpeIIIPUHSTD TI0C/Ie TIEPBOTO MU304a peluanBa UH-
(exumonHoro mnporecca?

B xome aHan3a BAUSIHUS CTeIIEHY KOMOPOUITHOC-
TM Ha pe3yabTaThl 3TanHoro jeueHus I paHee
HamMM ObUT YCTAHOBJIEH psAn (PaKTOpOB, 3HAUYMMO
yamie MPUCYTCTBYIONIMX Y MAllMEHTOB C peluauBa-

mu 1IN [1]. HanipumMep, Mbl BBISICHUIN, UTO HaJIUM4Me
y TauMeHTa B aHaMHe3e TpombOodiebuTa, pOXKMU-
CTOTO BOCIHAaJIEHUSI ONlepUpyeMoii KOHEUHOCTU BHO-
CUT CBOJ BKJIAJ B pa3BUTHUe peluauBa MHOEKUUN,
yto moaTrBepsknarT maHHbie C. Klemt ¢ coaBTOpa-
MU, YCTAHOBMBIIMX, UTO CTAaTyC KOHEUHOCTU 3 IO
McPherson (cocymucras MmaToOMOTUSI KOHEUYHOCTH,
HaJIu4yMe MHOXECTBEHHBIX IIOC/Ie0IepalOHHBIX
pyO1I0B, CBMILEBOI'O XOfa, peruoHapHblii 6oeBoit
CUHIIPOM) sIBJsieTcsl Hamubosiee BeCOMbBIM IIpU MUC-
MOJb30BaHUM KAJIbKYISITOPA, IPeJI0XKEeHHOrO IPYyII-
ot aBTopoB [2]. Bosnee Toro, cBoit BKIaz B ycyryoiie-
HMe CTaTyca ONepUPOBAHHON KOHEYHOCTU BHOCST
NpeliecTBYIOLIMEe TePBUYHOMY SHIONPOTE3UPOBA-
HUIO XMpypruyeckye BMellaTeabCTBa HA CETMEHTE U
MX KOIMYEeCTBO. BplllieyTOMSHYTBIMM aBTOPaMU [10-
Ka3aHO HeraTMBHOE BJMSIHME HaJINUYMS B aHAMHe3e
60s1ee Tpex OTKPBITHIX omnepaiuii. Hame mccienosa-
HMe TIOATBePANIO 3Ty 3aKOHOMEPHOCTh, U 3TOT ¢ak-
TOp yuuThiBaIu ipu noacuete CHPP.

Ananornunblii 3¢ GeKT 0Ka3bIBAIOT IMOTMBITKY CAHU-
pYIOLIMX BMEIIATEeNbCTB C COXpAaHEHMEM KOMIIOHEH-
TOB YHIOIPOTE3a Mocie MaHudecTauy MHPEKIMOH-
Horo mporiecca. A. Rajgopal ¢ coaBTopamu rmokasasiu,
YTO JaJ/ibHelilllee 3TallHOe JieueHe COMPOBOXKIAETCS
6onbieit yactoroit peuunusoB IIIIM, HapyumeHmit
TeueHMs] PaHeBOro IMpolecca M XyamumMu QyHKIUO-
Ha/lbHBIMU pesyinbTaTaMu [9]. IIporpeccuBHOe CHU-
skeHre 3(GEeKTUBHOCTY KaKIOi IOCIenyIoleil ca-
HUpYIOLIEeH orepauyuy 6bII0 MOKA3aHO HAMM B XOfe
IIepBoJ yacTy ucciaenosanus [1].
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[TpongoMmKNUTENbHOCTh TOCMIUTAAM3ALMM Tal[MeH-
TOB, KOTOPBIM IVIAHUPYETCS BITIOJTHEHME IEPBUYHO-
ro SHJOINPOTE3UPOBAHMS, B JOOIEPALOHHOM Tepu-
ofie ISt ONTUMM3ALIMY COMMYyTCTBYIOIMIMX 3a00IeBaHmit
WIU B OKUIAHUY PEe3YIbTATOB 6aKTEPUOIOTUUECKOTO
MUCC/IeOBaHMS TIOJIOXKUTEBbHO KOppeaupyeT C MOBbI-
IIEHHBIM pUckoM MaHmdbecrtanum I, mpuuem aB-
TOPBHI HEe 0603HAYAIOT KOHKPETHBIX CPOKOB, ITPEBBICUB
KOTOPbIE PUCK 3HAYUTENBHO yBenuumusaetcs [10, 11].
Ocob6eHHO omacHas CUTyaUMsl CKIaAbIBAETCS, KOTHA
peub UIEeT O MepeBofe MalMeHTa U3 APYroro crauu-
OHapa, Mpu 3TOM IMOXUJIOM BO3PACT SIBJISIETCS B 3TOM
cuTtyanym otardarimum dakropom [12]. IlomydyeHHbIE
HaMM JaHHbIe MMO3BOJISIOT CIeAaTh BbIBOJ, O TOM, UTO
ITUTebHOe TpeObIBaHMe TAlMEeHTOB B CTal[MOHAape
YBeIMYMBAEeT BEPOSITHOCTb HE TOIBKO MaHMdecTa-
uuu, HO u peuuausa [N, ipuueM CTaTUCTUUECKUIA
aHa/IN3 TOKa3aJI, YTO TepPUOA, ToCIuTaam3anmum 60-
Jiee 34 nOHeM CYIIECTBEHHO CHIDKAET BEPOSITHOCTD
MOJIOKUTENBHOTO MCX0Aa. PeopraHusauus mpeno-
MepauyoHHONM MOATOTOBKM, & MMEHHO BBITIOTHEHME
6aKTepMOIOTMYECKOTO aHAM3a U KOPPEKIMS COIMYT-
CTBYIOIIEN MaTOJIOTUY Ha aMOy/IaTOPHOM 3Talle, MOT-
J1a 6Bl CHU3UTh CPOKM TOCIIUTATU3ALUU U TTOTEHIIN-
aJibHbIe PUCKHA.

HeobxogMMoOCTh MMIUIAHTALUMMU  OGIOKOBUIHOIO
AHTUMMKPOOHOTO LIEMEHTHOTO Criejicepa BO3HMKAET
B CJIOKHOV KJIMHMYECKOV CUTyaluu — Ipu JedekTe
MSITKMX TKaHel, HaIMYMM MacCCUBHBIX KOCTHBIX [ie-
(bekTOB, TOBpPEKIEHNM PA3TUOATEIBHOIO allapara —
U COTMPOBOXAAETCS BBICOKOI TPaBMaTUUYHOCTBIO Olle-
paTMBHOTO BMeNIaTeabCTBa, BCAEACTBME YE€ro CHU-
skaeTcsl 3(DGEKTUBHOCTb CAHUPYIOIIEH OIepaiumn.
Metaanaimm3 J.P. Sina ¢ coaBTOpamMu, BK/IIOUMBIINIA
41 uccnemoBaHMe, JOKa3aja, YTO MCIOJIb30BaHME He-
apTUKYIUPYIOIIMUX CIIelicepoB IOBbIIAET PUCK pe-
uyuauBa MHQEKIMM M APYTUX I0CTIeO0NepalOHHbIX
OCJIOKHEHUI (TIepe/ioMbl KOHCTPYKIMIA, ITIepUIPOTE3-
Hble [epesioMbl, HEBPOJIOrMYecKkue HapyueHus) [13].
[Mo-BuaMMoOMYy, pelieHe 06 UMILIaHTALMM ITOJ0OHbIX
KOHCTPYKIIMIA JO/DKHO MIPUMHUMATBCS CTPOTO I10 TTOKa-
3aHMSIM, KOTa yCTaHOBKA apTUKYIUPYIOLIEro crerice-
pa HeBO3MOXKHa.

[To HamMM JaHHBIM, TAKUM 3Ke HeBIarompusTHbIM
MPEeIVKTOPOM SIBJSIETCSI MacCUBHAs MOTePSI KOCTHOM
Macchl MeTasnudu3oB O6eIpeHHOl 1 O0IbIIeOePIO-
BoJi KocTeli (Tunbl 2B, 3 1mo AORI) mocie yoaneHMs KOM-
IMIOHEHTOB aHTUMUKPOOHOTO criejicepa. ITa CUTyalust
TpebyeT YCTAHOBKM 3HAUMTEIHHOTO KOJIMYECTBA ayT-
MEHTOB, a yallle — OTIOPHbBIX MeTadn3apHBIX KOHYCOB
WM CTPYKTYPHBIX aJZIOTPAHCIIIAHTATOB. B psige ciy-
YyaeB, KOrma B 30HY JedeKTa IoIagaeT OyrpyucTOCTb
60/IbIIE6EPIIOBOI  KOCTY, ITPOMCXOIUT HapyIIeHue
1IeJIOCTHOCTY CBSI3KM HaJIKOJIEHHMKA, YTO TpebyeT ee
OanbHellle peKOHCTPYKIMN. BolllierepeuncieHHbIe
axTopsl, MO HalleMy MHEHUIO, YBEIMYMBAIOT TPaB-
MaTUYHOCTb, ITPOLO/DKUTENBHOCTh OINEPaTUBHOTO

BMelllaTeNbCTBa U, Kak Cle[CTBMe, MHTpaoIlepalioH-
HYI0 KPOBOTIOTEPIO, TTOBBIIIIAs PUCK HEOIATOMPUSITHO-
ro UCX0Aa.

IlaHHBIE O CTPYKType BO3OGyOuTesNei, IMOaydeH-
Hble B PETPOCIIEKTMBHOI YacTy Hallero ucciaenoBa-
HMS, IOKa3ajau, 4YTO BbIsIBJeHNe y nanyueHToB ¢ [T
TPYAHOM3JIEYMMbIX BO3OYIMTENE) HETaTMBHO CKa3bI-
BaeTCs Ha Jla/ibHelillleM ITPOTHO3€e MePBOro 3Tamna Xu-
PYPIMUYECKOTO JIEYEHUST I UTOTOBOV 3G (PEeKTUBHOCTH,
TIpY 3TOM AAHHbI (HaKTOp MoKa3aja cedbs M Kak Hesa-
BMCHUMbIN (aKTOp pUCKa. P aBTOPOB ITOATBEPKIAIOT
IaHHYIO 3aKOHOMepHOCTh. Tak, S.W. Jhan ¢ coaBTopa-
MM COOOIIAIOT O 6ojiee YeM UYeThIPEXKPaTHOM BO3-
pacTaHuu pUCKa penuauBa Mpu BbisgBaeHuM ['pam(-)
B0306ynuTeneit [14]. AHATOTMYHBIM 0OPA30M BIMSIET
U MPUCYTCTBUE TIONMMUKPOOHOI MHMEKIMU, O UYeM
coobmaror A.C. Steinicke ¢ coaBTOpamMu, Ipuuem
OIS TIOAOOHBIX CTyYaeB PacTeT C KaKI0¥ MOMBITKOM
MMILJTAHTALMM Ccriericepa: oT 18% Bcex ciiy4aeB Mpu
mauudecranum I go 27% u 32% npu mepBoM u
MMOBTOPHOM peluauBe COOTBeTCTBeHHO [15]. Hamm
OaHHbIE CBUIETENbCTBYKOT O BBICOKONM pAone MRSE
mrTamma S. epidermidis (61,7%) B IPOCIEKTUBHO WC-
ciepyemori koropre. M.R. Hays ¢ coaBTopamMu Take
COOOIIAIOT O CMEIIEHUM CTPYKTYPbl BO3OyIUTENIEH
[I[TA B CTOPOHY METULMIIUH-PE3UCTEHTHBIX IITAM-
MOB CTaMIIOKOKKOB [16].

B03MOXHOCTD OIpenennTb MOTEHIMATbHbBIN PUCK
MPEJCTOSIEr0 XUPYPruueckoro jgeyeHus] Ha 3Tare
nocrymineHus nauueHTa c [ saBisieTcss 04eHb BaK-
HOJi OITIMeEN, ITO3BOJISIIOIIEN yoepeub KakK IalMeHTa,
Tak ¥ Bpaya OT He0OOCHOBAHHBIX BMENIATETbCTB, IT0-
TeHIMaabHas 3QPEKTUBHOCTb KOTOPBIX KpaliHe Majia
[17, 18]. C aTO¥ 1eNbI0 PSIIOM aBTOPOB ObUIM CO37a-
Hbl KaJbKy/ISITOPBI, YUUTHIBAIOIIME Hauboiee 3Ha-
yyMble (aKTOPbI PUCKa penyuauBa MHGeKIun. B3sas
KanbKynsiTop CBPP 3a OCHOBY, Mbl MHTErpupoBaIu
ero B aJIFOPUTM MPUHSITUS pellleHUil O Xupypruue-
CKOJ TaKTMKe JIEeUeHMS U ITPOBEJIM ero arpobanuio Ha
MIPOCIIEKTUBHOM KOTOPTE MAIMeHTOB, KOTOPbIM ObLIIN
TIPUCBOEHBI pa3/iMuHble KaTeropum pucka. Paznuums
BO B3aMMOCBSI3M MEXKIY CTeleHbI0 pUCKa peluanBa
B PeTpo- U MPOCIEKTUBHOIN KOroprax, Mo Haliemy
MHEHMI0, MOTYT OBbITb CBSI3aHbI C GOJIbILIEN YaCTOTO
MMILJIAHTAUMU HeapTUKYIUPYIIUX creiicepoB, IJu-
TeJIbHBIM OXXMIAHMEM 3Tarla Pe3HI0NPOTe3UPOBAHMS
" OGOBIIMM KOJIMYECTBOM IIOTBITOK 3TAITHOTO PEJH-
JIOMPOTE3UPOBAHUS Y MALMEHTOB PeTPOCIIEKTUBHOIA
TPYTIIBI.

MHorMe wuccieoBaTeny COOOMIAIOT O BIUSIHUM
MHOKeCTBA IPYTuX GakKTOPOB, IOMUMO YK€ YCTaHOB-
JIEHHBIX, Ha UCX0Z, Xxupypruueckoro gedenus I1I1N.
K HMM OTHOCST MYXKCKO# 0JI, MOJIOAOV BO3pacT, Ha-
Myme UMMyHoepuUIMTa, ATUTETbHOCTD aHTUOMOTH -
KOTepanuy, HapyllleHle TeueHs paHeBOoro Impoijecca
(remaTtoMa, pacxoX[eHue KpaeB paHbl) B paHHEM
MOC/IeonepaliMOHHOM Tepuojie, a TakKe BbISIBIEHUE
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HOBOTO BO30yOMTeNsI B MHTPAOIIEPAIMOHHBIX IOCe-
Bax [19, 20, 21, 22, 23, 24]. B psue paboT nmpu IMOMOIIN
CTATUCTUYECKUX MHCTPYMEHTOB ObLIM pa3spabOTaHbI
KaJIbKY/ISITOPBI, KOTOpPbIE BKIIOUAIM Haubosee 3HAUM-
Mble (HaKTOPbI ¥ MO3BOJISUIM ONPENETUTh KATETOPUI0
pUCKa peruanBa y KOHKPETHOTO manyuenTa [2, 25, 26].

CrekTp KII0UYeBbIX (aKTOPOB, BIAMSIONIMX Ha 3(]-
(bexTMBHOCTD 3TAITHOTO JIEYEHMSI, TOCTATOYHO MINPOK,
¥ aBTOPBI CXOISITCS BO MHEHUU JIXIIIb B Psifie mapamMe-
TpoB. K HUM OTHOCSITCS Haliuuue y nauyueHTa caxap-
HOro auabeTa, MOBBIIIEHHbI yPOBeHb C-peakKTUBHOTO
6enka, Bo3pacT namnueHTa. 1o psmy Ipyrux rmapamer-
pOB MHeHMs1 pasiauuarpTrcd. B. Zhang ¢ coaBTopamu
IoKasaau BiusiHye I'paM(-) MMKPOOPraHM3MOB Ha 3¢ -
(bexTMBHOCTD SpaAMKAIINN, UTO COBIIAJAET C HAIIMMU
IaHHbIMM, omHaKo C. Klemt ¢ coaBTOpamu yKa3bIBarOT
Jumb Ha cnyvau IITIU, BeIsBaHHOI Enterococcus sp.
[2, 25]. B xome Haiero uccieqoBaHus AOKa3aHO BIIM-
sIHME OTKPBITBIX XMUPYPTrUUECKUX BMeIIaTeJbCTB Ha
cerMeHTe, TMpeJlIeCTBOBABIIMX IMMEPBUUHOMY IHIO-
nporesupoBannio. Cxoxue JaHHble JeMOHCTPUPYIOT
C. Klemt ¢ coaBTopamMu, Ipu 3TOM Jejas akIeHT Ha
ux Kojamuectse (3 u 60j1ee), B TO K& BpeMS YKa3bIBasi
Ha emie Oonblliee BAMSHME IPEIIIECTBYIOMNUX He-
YCIIEeIIHBIX MMONBITOK CAHUPYIOLMX BMEILIaTenbCTB [2].
l'oBopst 0 BKage COIYTCTBYIOIIEN ITATOIOTUM, BBI-
HIEYTIOMSIHYTbIE aBTOPBI BBIIENSIOT B KauecTBe (ak-
TOPOB pUCKA OIpene/ieHHble HO30JOTMMM: MeTa-
craTuyeckoe mopaxkenue, BUY, auaber, mempeccus,

JOIIOTHUTEJIbHASI MTHO®OPMALIMISI

3aseneHHslii 6K1a0 asmMopos

Tpeobpaxcerckuii [I.M. — KOHUENIMS U OU3aMH UCCie-
IOBaHMS, COOp, aHAAM3 UM MHTEpPHpeTalus IMOTyYeHHbIX
JIaHHBIX, CTATUCTUUYECKAs] 00paboTKa JaHHbIX, HaNMCaHUe
TeKCTa PYKOMMUCH.

Boxkosa C.A. — KOHLENUMS U AU3aMH UCCIen0BaHMs,
aHAIN3 Y MHTEPIIPETAlUMs MMOTyYeHHbIX JAaHHbBIX, HAIMCa-
HMe U pefaKTUpPOBaHMe TeKCTa PYKOIMCH.

Kazemupckuii A.B. — c6op, aHa/IM3 U MHTepIpeTarus
TTOJTyYeHHBIX JaHHbBIX, PeIaKTUPOBAHME TEKCTA PYKOIMUCH.

Bce aBTOpBI NMpouwin 1 ogo6puian GUHAIBHYIO BEpPCUIO
PYKOTIUCH CTaTby. Bce aBTOPHI COTTIaCHBI HECTU OTBETCTBEH-
HOCTb 3a BCe acCIeKThl paboThl, YTOOBI 0OECITEUNTh HaJIJIe-
Kalllee pacCMOTpeHMe U pellieHye BCeX BO3MOXKHbBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAZEXHOCTHIO JII000I
YyacTu paboThl.

Hcmoynuk ¢uHancupoeanus. ABTOpbI  3aSIBJISIIOT
00 OTCYTCTBMM BHENIHEro GMHaHCUMPOBAaHMS IIPU MpOBee-
HUM UCCIIeIOBaHMSI.

Bo3mozicHblli KOH(pAUKM uHmepecos. ABTOPHI JeKia-
PUPYIOT OTCYTCTBME SIBHBIX U IMOTEHIIMAIbHBIX KOHMIMKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIMei HaCTOSIIEN CTaTh.

Omuueckasn 3kcnepmu3a. He ipumeHumMa.

Ungopmuposantoe coznacue Ha
He TpebyeTcs.

TI'enepamueHblii uckyccmeeHnHulii unmesuiekm. I1pu cos-
JIaHUY CTAThY TEXHOJIOTYY € HEPATUBHOI'O MCKYCCTBEHHOTO
MHTEJIEKTA HE UCIIOIb30BaJIN.

nyonuxkayuio.

cUcTeMHbIe 3a60/IeBaHMsI, B TO BpeMsl KaK Hallle JC-
CIeJoBaHMe IM0KAa3aJi0 CaMOCTOSTEIbHOE 3HAauMMOe
BJIMSHME Ha MCXOZ, JeUeHNs He TOJIbKO Haaudus, HO
M BBIPAKEHHOCTM COMYTCTBYIOIIEN IIaTOJIOTMM, UTO
MOXKHO OII€HUTD IIPU TTOMOIIM TPeII0’KeHHOTO HaMU
MHIEKca KoMmopoumHocTy HesaBucumo ot CBPP.

OI'paHM‘IEHI/Iﬂ nuccieaoBaHns

OrpaHuyeHMeM Halllero MCC/IefoBaHMS SIBJISIETCST He-
BKJIIOUEHMe B MCC/IeloBaHMe MallMeHTOB, ITOCTYIa0-
mux Ha starne peuyausa [T, ogHaKo naaHUPYETCs
IanbHelilllee MPOCIIEKTVMBHOE MCC/IenoBaHMe, KOTO-
poe oxXBaTuUT 6oJiee OOIIMPHYIO KOTOPTY MMAllMEHTOB.

3AK/TIOYEHUE

IMpenokeHHbIT HAMM aJTOPUTM IMO3BOIMII CYMMMU-
poBaTh pesynbTar onpepeneHuss CBPP u Hamnuue
He3aBMCUMBbIX (DaKTOPOB pMCKa He6IaromnpusiTHO-
ro ucxoma. Knmuuueckass ampobaius Takoro ITOf-
X0fa IOMOIVIa BBIOPATh ONTUMAIbHYI0 TAaKTUKY Jie-
YeHMS] B HEOMHO3HAYHBIX KIMHUYECKUX CUTYAILUSIX,
YTO TMOBBICWIO 3(PGhEKTUBHOCTL ITAITHOTO JIEUEHUs.
OmHaKo MPOCIEKTUMBHAST YacTh MCCIeHOBaHMS TTOKa-
3aJla OTPAHUYEHHYI0 ITPOTHOCTUYECKYIO 3¢ deKTUB-
HOCTb MPEIJIOKEHHOTO aJITOPUTMA, UTO TpebyeT mpo-
BeJeHUS TaIbHEMIINX VCCIeOBaHNIA, IT0-BUANMOMY,
BK/IIOUAIOMNX 0Oojiee IMMPOKUI CHEKTP KIMHUKO-
J1a60pPaTOPHBIX, KIMHUYECKUX Y MHCTPYMEHTATbHBIX
TaHHBIX.

DISCLAIMERS

Author contribution

Preobrazhensky PM. — study concept and design, data
acquisition, analysis and interpretation, statistical data
processing, drafting the manuscript.

Bozhkova S.A. — study concept and design, data analysis
and interpretation, drafting and editing the manuscript.

Kazemirsky A.V. — data analysis and interpretation,
editing the manuscript.

All authors have read and approved the final version
of the manuscript of the article. All authors agree to bear
responsibility for all aspects of the study to ensure proper
consideration and resolution of all possible issues related to
the correctness and reliability of any part of the work.

Funding source. This study was not supported by any
external sources of funding.

Disclosure competing interests. The authors declare
that they have no competing interests.

Ethics approval. Not applicable.
Consent for publication. Not required.

Use of artificial intelligence. No generative artificial
intelligence technologies were used in the preparation of
this manuscript.

38 2025;31(4)

TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

JINTEPATYPA [REFERENCES]

1.

10.

Ipeo6paskenckuit [L.M., BoxkkoBa C.A., Kasemupckuit A.B.
PacueT uHOeKca KOMOpPOGMOHOCTM Kak  (akTo-
pa pucka peuMaMBa IEPUIPOTE3HON UHGEKIUn
rmocjae YCTAHOBKM CIiejicepa KOJEHHOTO CyCTaBa.
Tpasmamonozus u opmonedus Poccuu. 2022;28(1):7-18.
doi: 10.17816/2311-2905-1718.

Preobrazhensky P.M., Bozhkova S.A., Kazemirsky A.V.
Comorbidity Index as a Risk Factor of Knee P]JI
Recurrence After Spacer Implantation. Traumatology
and Orthopedics of Russia. 2022;28(1):7-18. (In Russian).
doi: 10.17816/2311-2905-1718

Klemt C., Tirumala V., Smith E.J., Padmanabha A.,
Kwon Y.M. Development of a Preoperative Risk
Calculator for Reinfection Following Revision Surgery
for Periprosthetic Joint Infection. ] Arthroplasty.
2021;36(2):693-699. doi: 10.1016/j.arth.2020.08.004.
Sultan A.A., Mahmood B., Samuel L.T., George ]J.,
Faour M., Pelt C.E. et al. Patients with a History of
Treated Septic Arthritis are at High Risk of Periprosthetic
Joint Infection after Total Joint Arthroplasty.
Clin Orthop Relat Res. 2019;477(7):1605-1612.
doi: 10.1097/CORR.0000000000000688.
Rodriguez-Merchan E.C., Delgado-Martinez A.D. Risk
Factors for Periprosthetic Joint Infection after Primary
Total Knee Arthroplasty. J Clin Med. 2022;11(20):6128.
doi: 10.3390/jcm11206128.

Warwick H.S., Tan T.L., Weiser L., Shau D.N., Barry J.].,
Hansen E.N. Comparison of Static and Articulating
Spacers After Periprosthetic Joint Infection. | Am
Acad Orthop Surg Glob Res Rev. 2023;7(2):22.00284.
doi: 10.5435/JAAOSGlobal-D-22-00284.

Parvizi J., Gehrke T.; International Consensus
Group on Periprosthetic Joint Infection. Definition
of periprosthetic joint infection. | Arthroplasty.
2014;29(7):1331. doi: 10.1016/j.arth.2014.03.009.

Engh G.A., Ammeen D.]. Classification and
preoperative radiographic evaluation: knee.
Orthop  Clin  North  Am. 1998;29(2):205-217.
doi: 10.1016/s0030-5898(05)70319-9.

Tan T.L., Maltenfort M.G., Chen A.F., Shahi A.,
Higuera C.A., Siqueira M. et al. Development and
Evaluation of a Preoperative Risk Calculator for
Periprosthetic Joint Infection Following Total Joint
Arthroplasty. ] Bone Joint Surg Am. 2018;100(9):777-785.
doi: 10.2106/JBJS.16.01435.

Rajgopal A., Panda I., Rao A., Dahiya V., Gupta H.
Does Prior Failed Debridement Compromise the
Outcome of Subsequent Two-Stage Revision Done for
Periprosthetic Joint Infection Following Total Knee
Arthroplasty? ] Arthroplasty. 2018;33(8):2588-2594.
doi: 10.1016/j.arth.2018.02.087.

Gonzalez-Vélez AE., Diaz-Agero Pérez C.,
Robustillo-Rodela A., Monge-Jodra V. Incidence and
associated factors of surgical site infections after hip
arthroplasty. Revista Espaiiola de Cirugia Ortopédica y
Traumatologia (English Edition). 2011;55(4):270-276.
doi: 10.1016/S1988-8856(11)70318-2.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Société de Pathologie Infectieuse de Langue Francaise
(SPILF); College des Universitaires de Maladies
Infectieuses et Tropicales (CMIT); Groupe de Pathologie
Infectieuse  Pédiatrique (GPIP); Société Francaise
d’Anesthésie et de Réanimation (SFAR); Société Francaise
de Chirurgie Orthopédique et Traumatologique (SOFCOT);
Société Francaise d’Hygiene Hospitaliére (SFHH) et al.
Recommendations for bone and joint prosthetic device
infections in clinical practice (prosthesis, implants,
osteosynthesis). Société de Pathologie Infectieuse de
Langue Francaise. Med Mal Infect. 2010;40(4):185-211.
doi: 10.1016/j.medmal.2009.12.009.

Lee ]., Singletary R., Schmader K., Anderson D.].,
Bolognesi M., Kaye K.S. Surgical site infection in the
elderly following orthopaedic surgery. Risk factors and
outcomes. J Bone Joint Surg Am. 2006;88:1705-1712.
doi: 10.2106/]BJS.E.01156.

Sina J.P.,, Sabah S.A., Schrednitzki D., Price Al].,
Hamilton T.W., Alvand A. Indications and techniques for
non-articulating spacers in massive bone loss following
prosthetic knee joint infection: a scoping review.
Arch Orthop Trauma Surg. 2023;143(9):5793-5805.
doi: 10.1007/s00402-023-04893-z.

Jhan SW.,LuY.D., Lee M.S.,Lee C.H., Wang ].W., Kuo F.C.
The risk factors of failed reimplantation arthroplasty
for periprosthetic hip infection. BMC Musculoskelet
Disord. 2017;18(1):255.doi: 10.1186/s12891-017-1622-1.
Steinicke A.C., Schwarze J., Gosheger G., Moellenbeck B.,
Ackmann T., Theil C. Repeat two-stage exchange
arthroplasty for recurrent periprosthetic hip or
knee infection: what are the chances for success?
Arch Orthop Trauma Surg. 2023;143(4):1731-1740.
doi: 10.1007/s00402-021-04330-z.

Hays M.R., Kildow B.J., Hartman C.W., Lyden E.R.,
Springer B.D., Fehring T.K. et al. Increased Incidence
of Methicillin-Resistant Staphylococcus aureus in
Knee and Hip Prosthetic Joint Infection. J Arthroplasty.
2023;38(65):8326-S330. doi: 10.1016/j.arth.2023.02.025.
[Inuusk C.H., bapa6am A.I1., T'upkano M.B. [IByxaramHoe
PEBU3MOHHOE SHIOMPOTE3UPOBAHME MPU TTEPUIIPOTE3-
HOJ MHQEeKIUM KojleHHoro cycraBa. Kagedpa mpasma-
moJiozuu u opmoneduu. 2016;3(19):58-61.

Shpinyak S.P., Barabash A.P., Girkalo M.V. Two-stage
revisionary endoprosthesis in periprosthetic infection of
a knee joint. Department of Traumatology & Orthopedics.
2016;3(19):58-61. (In Russian).

Manwuenko JI.M., Hukonaes H.C., EmenbsinoB B.IO.

CpenHecpouHble  pe3ylbTaTbl JiedeHUSI TepUIIPO-
Te3HOM WMH(eKIUM KOJeHHOr0 CycTaBa C IIpU-
MeHeHMEeM crejicepa c KOMOVMHVPOBaHHBIM

YIJIEPOOHO-CEPEOPSIHBIM aHTUGAKTEPUATBHBIM TTOKPbI-
TueM. BecmHux meduyurckozo uncmumyma «PEABH3».
Peabunumayus, Bpau u 30oposve. 2024;14(1):47-54.
doi: 10.20340/vmi-rvz.2024.1.CLIN.1

Malyuchenko L.I., Nikolaev N.S., Emel’yanov
VYu. Treatment of periprosthetic knee joint
infection using a spacer with a mixed carbonsilver
antibacterial coating in the medium term. Bulletin
of the Medical Institute «REAVIZ» (Rehabilitation,
Doctor and Health). 2024;14(1):47-54. (In Russian).
doi: 10.20340/vmi-rvz.2024.1.CLIN.1.

Chen Y.C., Lin Y.C., Chang C.H., Lee S.H., Chang Y.
Risk Factors for Treatment Failure in Patients Who
Have Knee Periprosthetic Joint Infection Treated
With Two-Stage Exchange Arthroplasty as Well
as Their Fate. ] Arthroplasty. 2023;38(2):355-360.
doi: 10.1016/j.arth.2022.08.033.

39 2025;31(4)

TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

20. Ekhtiari S., Gazendam A., Saidahmed A.,
Petruccelli D., Winemaker M.]J., de Beer ].D. et al.
Risk factors for recurrence of periprosthetic joint
infection following operative management: a cohort
study with average 5-year follow-up. Ann Jt. 2022;8:2.
doi: 10.21037/a0j-22-4.

21.Wang Q., Huang J., Chen X., Jin Y. Risk factors of
reinfection after prosthesis removal and antibiotic
bone cement spacer implantation for the treatment
of periprosthetic joint infection. BMC Infect Dis.
2022;22(1):905. doi: 10.1186/s12879-022-07908-z.

22. Sakellariou V.I., Poultsides L.A., Vasilakakos T.,
Sculco P., Ma Y., Sculco T.P. Risk Factors for Recurrence
of Periprosthetic Knee Infection. ] Arthroplasty.
2015;30(9):1618-1622. doi: 10.1016/j.arth.2015.04.005.

23.Lee W.S., Park KK., Cho BW., Park J.Y., Kim 1.,
Kwon H.M. Risk factors for early septic failure after two-
stage exchange total knee arthroplasty for treatment
of periprosthetic joint infection. J Orthop Traumatol.
2024;25(1):6. doi: 10.1186/s10195-024-00750-w.

CeedeHus 06 asmopax
D Ipeobpasxenckuii [Temp Muxaiinoeuu — KaHA,. Me[. HAyK
Apnpec: Poccus, 195427, r. CaHkT-IleTepOypr,
yi. Akagemuka baiikoBa, 1. 8
https://orcid.org/0000-0002-9569-1566
eLibrary SPIN: 1243-7268
e-mail: Pedrro@yandex.ru

Boskosa Ceemnana AHamonveeHa — I-p Me[l. HayK,
npocdeccop
https://orcid.org/0000-0002-2083-2424

eLibrary SPIN: 3086-3694

e-mail: clinpharm-rniito@yandex.ru

Kazemupckuii Anekcandp Bukmoposuu — KaH,. MeJi. HayK
https://orcid.org/0000-0002-5652-6541

eLibrary SPIN: 4183-6094

e-mail: Alexkazemir@mail.ru

24.

25.

26.

I'pumyk A.H., JleomoBa C.H., Kameka A.JL
Hcronb3oBaHue aJropuTMa BbIGOpa XUPYPruueckoit
TaKTUKM TTPU TIEPUITPOTE3HON MHGBEKIMY KPYITHBIX CYC-
TaBOB. Acta Biomedica Scientifica. 2020;5(6):199-204.
doi: 10.29413/ABS.2020-5.6.24

Grishchuk A.N., Leonova S.N., Kameka A.L. Using
an Algorithm to Choose the Surgical Tactics for
the Treatment of Periprosthetic Infection of Large
Joints. Acta Biomedica Scientifica. 2020;5(6):199-204.
(In Russian) doi: 10.29413/ABS.2020-5.6.24

Zhang B., Liu Z., Liu S., Liu B., Li M., Li W. et al.
Retrospective Study from a Single Center to Identify
Risk Factors Associated with Reinfection in Patients
Undergoing 2-Stage Revision Surgery for Periprosthetic
Joint Infection. Med Sci Monit. 2022;28:€936973.
doi: 10.12659/MSM.936973.

Tikhilov R., Bozhkova S., Denisov A., Labutin D.,
Shubnyakov 1., Razorenov V. et al. Risk factors and
a prognostic model of hip periprosthetic infection
recurrence after surgical treatment using articulating
and non-articulating spacers. Int Orthop. 2016;40:1381-
1387. doi: 10.1007/s00264-015-3072-4.

Authors’ information

DX Petr M. Preobrazhensky — Cand. Sci. (Med.)

Address: 8, Akademika Baykova st., St. Petersburg,

195427, Russia
https://orcid.org/0000-0002-9569-1566

eLibrary SPIN: 1243-7268
e-mail: Pedrro@yandex.ru

Svetlana A. Bozhkova — Dr. Sci. (Med.), Professor
https://orcid.org/0000-0002-2083-2424

eLibrary SPIN: 3086-3694
e-mail: clinpharm-rniito@yandex.ru

Alexander V. Kazemirsky —Cand. Sci. (Med.)
https://orcid.org/0000-0002-5652-6541

eLibrary SPIN: 4183-6094
e-mail: Alexkazemir@mail.ru

40 2025;31(4) TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Original article
https://doi.org/10.17816/2311-2905-17754 @

Indices of Systemic Inflammation for Predicting Early Infections
After Major Joint Arthroplasty
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Abstract

Background. Infectious complications after arthroplasty pose a serious problem for both the patient and
the health facility. Therefore, their prognosis is of great clinical importance.

The aim of the study — to determine the feasibility of using systemic inflammation indices (SII, SIRI,
AISI) to predict the development of early periprosthetic joint infection at the stage of planning major joint
arthroplasty.

Methods. A single-center retrospective non-randomized comparative study of cases of primary hip or knee
arthroplasty (n = 6036) was conducted: Group 1 — patients without subsequent development of infection at
a period of < 4 weeks after surgery (n = 5843); Group 2 — with subsequent development of periprosthetic joint
infection (n = 193). Threshold values of quantitative indicators (BMI, age, inflammation indices SII, SIRI,
and AISI) were calculated. The contribution of variables (including categorical ones such as sex and joint)
to the risk of developing early infection was determined using Al-driven machine learning based on multiva-
riate logistic regression.

Results. The study groups were comparable in terms of sex, BMI, and operated joints, but differed in terms of
age (p = 0.0067). The values of SIRI, SII, and AISI were statistically significantly higher in Group 2. SII (with
a logistic regression coefficient of 0.2108) was the most significant factor in predicting the development
of infection. The obtained SII and SIRI threshold values were 498.9 and 0.8 (respectively), with an AUC of
0.55 (95% CI: 0.54-0.56). The constructed model for predicting the risk of early infection after arthroplasty
based on multivariate logistic regression showed an average accuracy level of AUC = 0.62 (95% CI: 0.30-0.72),
indicating a low risk of infection with a coefficient between 0.30 and 0.50, and a high risk with a coefficient
between 0.51 and 0.72.

Conclusion. The use of systemic inflammation indices (SII, SIRI, AISI) in a mathematical model for predicting
early periprosthetic infection can help in taking necessary measures for preoperative preparation of the
patient before primary arthroplasty to reduce the incidence of this infectious complication.

Keywords: systemic inflammation indices; SIRI; SII; AISI; early infection; infection risk prediction;
arthroplasty.
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NHAEeKCbl CUCTEMHOro BOCNasieHusl B NPOrHO3UMpPOBaHUU
paHHUX MHGEKUMIt nocne 3HA0NPOTE3UPOBAHUSA KPYMHbIX CYyCTAaBOB

JI.B. Tro6umosa !, E.A. Mukumauusa 2, H.C. Hukonaes 2, E.A. Jlro6uMOB !,
E.B. IIpeo6paskeHcKas !
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(2. Yeboxcapwl), 2. Yebokcapel, Poccus
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Pedepar

AxmyanvHocme. Pa3Butie MHGEKIIMOHHBIX OCIOKHEHUIT TIOC/Ie SHAOIPOTE3UPOBAHNUSI — Cepbe3Hast Mpobie-
Ma Kak JIijIs TTalyeHTa, TaK U AJIsI 1e4eOHOTO YUPEKAEHNs, B CBSI3Y C UeM MX ITPOTHO3MPOBAHME MMEET BaKHOE
KIMHNYECKOe 3HaUeHue.

Ilens uccnedosanus — onpeneanTb BO3SMOKHOCTb MCIOJb30BaHMS MHIEKCOB CCTEeMHOro Bocranenus (SII,
SIRI, AISI) gt Ipor{o3sa pa3sBUTHSI paHHEl ITepuIIpoTe3Hoii MHGEeKIUY Ha dTame IIaHMPOBAHUSI SHIOIIPO-
Te3UPOBAHUS KPYITHBIX CYCTaBOB.

Mamepuan u memodst. IIpoBeIeHO OTHOIIEHTPOBOE PETPOCIIEKTUBHOE HEPAHIOMM3MPOBAHHOE CPABHUTEITb-
HOEe MCC/IeIOBaHMe CJIYYaeB MEPBUYHOTO SHIOMPOTE3UPOBAHMST Ta300eIPEHHOTO MM KOJIEHHOTO CyCTaBa
(n = 6036): rpymnma 1 — manueHThI 6€3 MOCAeAYIOMIEro PasBUTKS MHGEKINYM Ha CPOKe < 4 HeJl. TToCJIe orepa-
uyu (n = 5843); rpynmna 2 — ¢ NOCIAeAYIONIMM Pa3sBUTUEM ITepUIIPOTe3HOM MHbekuy (n = 193). PaccumTaHbl
TOPOTOBbIe 3HAUEHMS KOJMUYeCTBeHHbIX oka3aTesneil (MMT, Bo3pacra, mHaekcoB BocnaneHus SII, SIRI, AISI).
OmnpepeneH BKIaf MPU3HAKOB (B T. Y. KATETOPUAIbHBIX — I10JI, CYCTaB) B PUCK Pa3BUTHUS paHHel MHeKIuu
METOIOM MAaIlMHHOTO 06yYeHMs C TIOMOIIbI0 MCKYCCTBEHHOTO MHTEJVIEKTA HAa OCHOBE MHOTO(MaKTOPHOI JIO-
TUCTUYECKON perpeccumu.

Pe3ynemamet. ['pyTinsl ucciegoBaHus 6bUIM COMTOCTaBMMBI IT0 10Ty, UMT, orepupoBaHHBIM CyCTaBaM, pasJin-
4asich 1o Bospacty (p = 0,0067). IlokasaTtenu nHaekcoB cucreMHoro Bocnanenus SIRI, SII; AISI y nanieHTOB 13
IPYIIbI 2 6bUIM CTATUCTUYECKM 3HAUMMO Bbiiie. Hanbosnee 3HaUuMMbIM (DAKTOPOM B ITPOTHO3€ Pa3BUTUST MH-
dexuym siBnsercst mumekc SII ¢ koadduimerHToM oructudeckoii perpeccun 0,2108. IToyueHHbIE TOPOTOBBIE
sHauenus SII u SIRI cocrasnsanm 498,9 u 0,8 coorBeTcTBeHHO, AUC = 0,55 (95% IIU: 0,54-0,56). [TocTpoeHHast
MOZIeJTb IIPOTHO3a Pa3BUTUSI paHHE MHPEKIIVY TIOC/Ie SHAOIIPOTE3UPOBAHMS HA OCHOBE MHOTO(aKTOPHO JT0-
TMCTUYECKO perpeccuy Immokasajia cpeauuii yposeHb TouHoctu AUC = 0,62 (95% OW: 0,30-0,72), onpenennus
HU3KUT pucK uHbexuuu npu Kospduiunente ot 0,30 mo 0,50, BbicoKuit — B mpegenax 0,51-0,72.
3akarouenue. Vicrionb3oBaHMe MHAEKCOB cucteMHoro BocnaseHnus (SII, SIRI, AISI) B maTemaTuuyecKkoii Moje-
JIU TIPOTHO3a Pa3sBUTUSI paHHEN MTepUIIpoTe3HON MHGEKIMM MOKET IIOMOYb IIPUHSITh HEOGXOIMMbIE MEPBI I10
peAoIepauyOHHONM NOATOTOBKE MalMeHTa K MePBUYHOMY SHA0TIPOTE3MPOBAHUIO ¥ CHU3UTD YaCTOTY ee BO3-
HUKHOBEHMSI.

KnroueBble cjioBa: MHIEKCHI cucTeMHOro Bocranenus; SIRI; SII; AISI; paHHss MHGEKINS; TPOTHO3 PUCKA MH-
(bex1mit; SHIONPOTE3UPOBAHME.
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INTRODUCTION

Infectious complications after arthroplasty
are a serious problem both for the patient and
for the healthcare institution, which makes
the prediction of such complications clinically
significant [1]. Among the serum markers of
inflammation, it is important to identify the most
informative ones to develop a simple and effective
method for detecting the risk of infections at the
stage of patient preparation for arthroplasty.

A complete blood count (CBC) is a simple,
widely available, inexpensive, and informative
method of investigation, used by physicians in
everyday practice for the diagnosis of various
diseases, including infectious ones. However,
the informativeness of CBC results regarding
individual blood cell elements is limited.

In recent years, in different fields of medicine,
combinations of individual CBC parameters have
increasingly been used to assess the prognosis
of disease severity; these have been termed
“novel integral markers of inflammation”. They
include the Systemic Immune-Inflammation
Index (SII), the Systemic Inflammation Response
Index (SIRI), and the Aggregate Index of Systemic
Inflammation (AISI). These indices combine
several blood parameters, which increases their
informativeness compared to individual markers.
They comprehensively reflect the activity
of leukocytes, neutrophils, monocytes, and
platelets, which play a key role in the infectious
process [2, 3, 4].

The SII index mathematically relates
platelets, neutrophils, and lymphocytes and, as
has been shown, is a good predictor of systemic
inflammatory response syndrome and sepsis in
patients with odontogenic abscess [2].

The calculation of the SIRI index is based on
neutrophil, monocyte, and lymphocyte counts.
This index has demonstrated its usefulness
in predicting successful re-implantation of
prosthesis after two-stage revision procedures
(“1.5-stage revision arthroplasties”) in chronic
cases of periprosthetic joint infection (P]JI) [3].

The AISI index, which reflects the ratio of
neutrophils, lymphocytes, monocytes, and plate-
lets, is a tool for predicting disease severity and
mortality in various inflammatory processes [4].
The AISI index is a more accurate predictor of

odontogenic abscess severity compared to other
systemic inflammatory markers and CRP. Its
introduction into clinical practice may improve
early identification of high-risk patients, leading
to better treatment outcomes and a reduced
likelihood of complications [5].

In the field of orthopedics and traumatology,
these biomarkers are useful for the quantitative
assessment of surgical trauma severity and
for developing recommendations for various
osteosynthesis protocols [6, 7].

We hypothesized that the inflammatory
indices SIRI, SII, and AISI, due to their ability
to reflect systemic inflammation and immune
imbalance, may be useful in predicting early
infectious complications at the site of surgical
intervention (arthroplasty). The hypothesis
of this study is that these indices may indicate
latent inflammation and prior colonization of the
nasopharynx, gastrointestinal tract, urinary tract,
and other organs by pathogenic microorganisms,
which contribute to the development of early PJI.

The aim of the study - to determine the
feasibility of using systemic inflammation indices
(SII, SIRI, AISI) to predict the development of
early periprosthetic joint infection at the stage of
planning major joint arthroplasty.

METHODS

A single-center retrospective non-randomized
comparative study was conducted at the Federal
Center of Traumatology, Orthopedics, and
Arthroplasty (Cheboksary), hereinafter referred
to as the Center.

The sample included the cases of primary
hip or knee arthroplasty (n = 6036) performed at
the Center, based on the data from the Medialog
medical information system (MIS).

Inclusion criteria: patient age 18 years and older;
ICD-10 codes M17.0-M17.9 and M16.0-M16.9.

Exclusion  criteria: revision procedures,
infectious arthritis, systemic diseases.

Group 1 included patients without subsequent
infection within 4 weeks or less after primary
arthroplasty performed in 2023 (n = 5843);
Group 2 included patients with early P]JI
(n = 193), operated between 2015 and 2023 (due
to the extremely small number of observed cases
of early PJI) (Table 1).
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Table 1
Baseline characteristics of the study groups
Parameter Group 1 Group 2 p
Sex male, n 2102 78
0.2350
female, n 3741 115
Joint knee, n 2895 99
hip, n 2948 94 0.6860
Age, years, Me [Q,; Q] 64 [57; 70] 62 [54; 68] 0.0067
BMI, kg/m?, Me [Q,; Q,] 30.5 [27.2; 34.1] 31.0 [26.7; 34.5] 0.6153

Follow-up data were obtained from the MIS.
The mean follow-up period for patients in both
groups was 3.6 years.

The study groups were comparable in terms of
sex, BMI, and the ratio of operated knee to hip
joints. Group 2 differed statistically significantly
from Group 1 in age, with a predominance of
younger patients.

In addition to demographic characteristics
(sex, age) and BMI, the following parameters
were assessed: laboratory data (CBC with diffe-
rential — neutrophils, monocytes, lymphocytes,
platelets) at hospital admission prior to primary
knee or hip arthroplasty; admission diagnosis
(ICD-10). Systemic inflammation indices were
calculated using the following formulas:

SIRI = neutrophil count x monocyte count +
lymphocyte count;

SII = neutrophil count x platelet count +
lymphocyte count;

AISI = neutrophil count x monocyte count x
platelet count + lymphocyte count.

All blood cell counts used in the calculations
were expressed in absolute numbers.

At the first stage of the study, quantitative
parameters were calculated, including systemic
inflammation indices, with an assessment of
the sensitivity and specificity of each factor and
their threshold values. To improve the accuracy
of infection prediction, the parameters were
combined into a multivariate regression model.
The contribution of categorical variables (sex,
joint) to the development of early infectious
complications was determined using logistic
regression.

At the second stage, the multivariate risk
model for early infectious complications after
knee and hip arthroplasty was tested using

machine learning based on artificial intelligence,
which allowed the verification of the results
obtained at the first stage. Weighted logistic
regression was chosen as the model for testing
the proposed algorithm for predicting early
infectious complications (due to the presence of
categorical data, binary classification, and data
imbalance caused by the rarity of early infections).
This model effectively addresses class imbalance,
improves calibration of predicted probabilities,
and automatically encodes categorical data.

Statistical analysis

Statistical analysis was performed using the
MedCalc software package and the built-in
statistics library in Python. The normality
of distribution of continuous variables was
assessed using the Kolmogorov-Smirnov and
Shapiro-Wilk tests (for a sample size of n=193).
For quantitative variables with a non-normal
distribution, the median (Me) and interquartile
range [Q,; Q,] were calculated. For categorical
variables, intergroup significance was assessed
using the x? test or Fisher’s exact test. Differen-
ces were considered statistically significant at
p < 0.05. To determine the diagnostic per-
formance of the proposed serum biomarkers
(threshold values, AUC, 95% CI, sensitivity, and
specificity), a receiver operating characteristic
(ROC) curve was constructed. The Youden
index (Youden index = sensitivity + specificity
- 1, range 0-1) was used to determine the
optimal threshold value for each biomarker.
Multivariate analysis was performed by
constructing a multivariate regression model
based on weighted logistic regression. To assess
the impact of the data on the outcome variable
(infection occurrence), Cramer’s V coefficient
was applied.
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RESULTS

Systemic inflammation indices (SIRI, SII, AISI)
in patients of Group 2 were significantly higher
compared with Group 1 (Table 2).

Based on program analysis of all examined
cases, threshold values for age, BMI, SIRI, SII,
and AISI associated with early infection were
identified. Among the studied parameters, AISI
had the highest diagnostic value (AUC = 0.56
with a sensitivity of 54.4% and a specificity of
56.8%) (Table 3).

Figure 1 shows the ROC curves of quantitative
factors (systemic inflammation indices SIRI,
SII, and AISI, BMI, age) as predictors of early
infection after major joint arthroplasty. The AUC
of the ROC curve of sensitivity and specificity
ranges from O to 1, reflecting the correlation
of the examined parameter with the presence
of infection. The closer the AUC value is to 1,
the higher the informativeness of the integral
parameter.

To improve the accuracy of predicting
infectious complications, we decided to analyze
a combination of several independent and
objective patient-related factors: sex, BMI, age,

joint, SII, and SIRI. The AISI index was excluded
from the analysis due to its high correlation with
other systemic inflammation indices (SII and
SIRI).

During model testing, the optimal ratio
for splitting the dataset into training and tes-
ting samples was selected: 80% of the data were
used for training (n, = 4828), and 20% for testing
(n, =1208).

The model was based on the logistic (sigmoid)
function:

_ 1
1+e?

p

where z = a X +aX,+..., X, X +,... are the
factors; a,, a, — estimated coefficients, e — cons-
tant value; p — the probability of belonging to
one of the classes (“no infection” or “infection”).

For the purpose of model construction during
machine learning, categorical variables (sex,
joint) were encoded numerically. Quantitative
variables were also binarized. If the actual value
of the variable corresponded to the calculated
threshold, it was assigned “1” (high risk
of infection). Values below the threshold were
assigned “0” (low risk of infection) (Table 4).

Table 2
Comparison of systemic inflammation indices in the study groups, Me [Q,; Q,]
Systemic inflammation index Group 1 Group 2 p
SIRI 1.1[0.8; 1.6] 1.2[0.9; 1.8] 0.0195
SII 484.0[349.8; 676.2] 533.9[363.6; 770.7] 0.0191
AISI 280.1[185.7; 427.4] 326.6 [201.2; 489.3] 0.0054
Table 3
ROC analysis of systemic inflammation indices, age, and BMI
Parameter Age, years BMI, kg/m? SIRI SII AISI
Threshold values <61 >32.5 >0.8 >498.9 >312.2
AUC (95% CI) 0.56 0.51 0.55 0.55 0.56
(0.55-0.57) | (0.50-0.52) | (0.54-0.56) | (0.54-0.56) | (0.55-0.57)
Sensitivity (95% CI) 48.2 40.9 86.5 58.0 54.4
(41.0-55.5) | (33.9-48.2) | (80.9-91.0) | (50.7-65.1) | (47.1-61.6)
Specificity (95% CI) 61.4 64.7 22.1 52.7 56.8
(60.2-62.7) | (63.5-66.0) | (21.0-23.2) | (51.4-54.0) | (55.5-58.0)
Positive predictive value, % 4.0 3.7 3.5 3.9 4.0
Negative predictive value, % 97.3 97.1 98.0 97.4 97.4
Accuracy, % 61.0 64.0 24.1 52.9 56.7
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Table 4

Infection risk prediction model after arthroplasty based on multivariate logistic regression

Variable Coefficient Value of the variable
Quantitative variables
0 1
Age 0.1827 >61 <61
BMI 0.1263 <325 >32.5
SIRI 0.1532 <0.8 >0.8
SII 0.2108 <498.9 >498.9
Categorical variables
Sex -0.1365 Female
0.1260 Male
Joint -0.1712 Hip
0.1607 Knee

Figure 2 graphically presents the model
coefficients, reflecting the importance of the
predictors. A positive coefficient indicates
a positive “weight” of the predictor in the
occurrence of the adverse event, while a negative
coefficient reflects a reduced probability of the

adverse event (infection risk). Thus, “female sex”
and “hip joint” did not increase the risk of early
infection, whereas all other factors contributed to
an increased risk. The most significant predictor
of infection was the SII index, with a logistic
regression coefficient of 0.2108.
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Based on the coefficients obtained from the
logistic function, a ROC curve was constructed
for multivariate analysis: AUC = 0.62 (95% CI:
0.30-0.72), with a sensitivity of 55.2% and a
specificity of 65.6%. The model estimates the
probability that a patient with the studied
combination of predictors will belong to the
“infection” or “no infection” group. This
probability ranged from 0.30 to 0.72. A cutoff
point of 0.5 was selected as the threshold for
classification between the two groups (Figure 3).

According to the results of testing the
predictive algorithm for early infectious
complications, a confusion matrix was obtained
for the testing dataset (n, = 1208) (Table 5).

The model was tested on 1208 cases of primary
arthroplasty, of which 41 actually resulted in
early infection. The model correctly predicted
infection in 23 of these cases, while 18 cases were

Figure 2. Representation of
the impact of variables on
the risk of early infectious
complications

010 015 0.20

incorrectly classified as “no infection”. The model
correctly predicted 681 cases without infection,
whereas the actual number was 1167.
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Figure 3. ROC curve for multivariate analysis

Table 5

Confusion matrix for the testing dataset

True values

i Patient groups
& with infection without infection total
@
>
e Group 2 (with infection) 23 486 509
s
)
S | Group 1 (without 18 681 699
Y infection)

Total 41 1167 1208
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An additional analysis of the confusion
matrix stratified by affected joint was performed
(Table 6).

The sensitivity of the method was 57.9% for
the hip joint and 54.5% for the knee joint, while
the specificity was equal (58.4%). The model
demonstrated similar sensitivity and specificity

for both joints. The influence of the categorical
variable (affected joint) on infection occurrence
was evaluated using Cramer’s V coefficent, which
revealed a weak association between the variab-
les (p = 0.16). The resulting mathematical mo-
del demonstrates moderate predictive accuracy
(in the range of 0.6-0.7).

Table 6
Extended contingency table with the affected joint
True values
Patient group
% with infection without infection total
Tsu Group 2 knee 13 278 291
,; (with infection) .
o hip 10 208 218
)
2 | Group 1 knee 9 279 288
& | (without infection) | _ .
hip 9 402 411
Total 41 1167 1208
DISCUSSION (in the retrospective study group) to 4.1% in

The prediction of infectious complications is
of great importance in clinical practice, as the
number of arthroplasty procedures is steadily
increasing each year, which in turn leads to a
higher incidence of infections [1, 8].

In the search for mechanisms to reduce the
incidence of postoperative infections, researchers
have investigated various patient-related factors.
It has been demonstrated that modifiable risk
factors for PJI include anemia, diabetes mellitus,
and obesity, whereas advanced age and male sex
represent non-modifiable risk factors [9, 10, 11,
12]. In our study, using a mathematical model, we
confirmed the findings of other authors, showing
that male sex, age over 61 years, and obesity (BMI
> 32.5 kg/m?) are risk factors for the development
of early infection after arthroplasty.

The American College of Surgeons (ACS-
NSQIP) developed the Surgical Risk Calculator to
predict postoperative complications (including
infectious ones). However, researchers have
concluded that this tool does not provide
accurate predictions of complications in patients
undergoing arthroplasty [13, 14].

Russian researchers proposed an infection
risk prediction model after arthroplasty based
on the analysis of 14 factors, which reduced the
incidence of subsequent infections from 7.5%

the prospective study group [15]. This finding
encourages further research into patient-related
risk factors that can be applied to infection risk
prediction.

Individual parameters of the white blood cell
differential are not always specific and may be
elevated for reasons unrelated to infection (e.g.,
postoperative stress), but in combination they
provide a more accurate assessment. It is known
that measuring the counts of individual blood
elements, particularly leukocytes, has limited
diagnostic value in routine verification of PJI due
to low sensitivity (55%) and specificity (66%),
although some clinicians still use a CBC because
of its easy accessibility [16].

The number of neutrophils in serum increases
in many infectious diseases and is an important
parameter in infection diagnostics; however, this
indicator is used only in combination with other
diagnostic tools for the identification of PJI [17].

S. Zareifar et al. demonstrated the role of
platelets in the infectious process, showing that
as their count increases, their mean volume
decreases in patients with active infectious
diseases compared with recovered patients [18].

Monocytes, after migrating to the site of
infection, differentiate into macrophages and
dendritic cells,which are essential for phagocytosis
of pathogens and elimination of damaged cells.
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However, they are particularly important in
the control and clearance of fungal, viral, and
protozoal infections [19].

Lymphocytes are responsible for the
specific immune response, and a reduction in
their levels may indicate suppressed adaptive
immune function, which can lead to more severe
infections. Moreover, it has been demonstrated
that persistent lymphopenia lasting four days
after the diagnosis of sepsis may predict both early
and late mortality and can serve as a biomarker
of sepsis-induced immunosuppression [20].

In 2014, B. Hu et al. proposed the systemic
immune-inflammation index (SII) as a prognostic
marker in patients undergoing radical resection
of hepatocellular carcinoma [21]. Subsequently,
SII has shown promise as a prognostic indicator
in various inflammatory conditions, including
malignant tumors, coronary artery disease,
acute ischemic stroke, and several chronic
systemic disorders [22]. Consequently, the
potential application of SII in infectious
diseases is currently under active investigation.
The usefulness of SII in identifying patients at
increased risk of severe infections is determined
by the different roles played by blood compo-
nents (lymphocytes, neutrophils, and platelets)
in shaping the immune response. Lymphocytes
are the only cells in the body capable of accurately
recognizing and responding to diverse antigens.
They play a key role in most chronic inflammatory
disorders, particularly autoimmune diseases and
conditions associated with persistent antigens.
Neutrophils are crucial in fighting infections,
whereas platelets are responsible for blood
clotting and are also involved in inflammatory
and defense processes [23]. Given that the index
incorporates several blood cell components
(lymphocytes, neutrophils, and platelets), SII
provides a broader reflection of the balance
between systemic inflammation and immune
status. In our study, the role of SII was confirmed
as the most significant factor in predicting
infection after arthroplasty.

Compared with traditional markers (CRP and
ESR), which are often elevated in chronic diseases
but do not always predict early infection, systemic
inflammation indices take into account multiple
blood cell parameters, which may be more
specific for latent inflammation. For instance,
in 2024, F. Moldovan published a study on the role
of serum markers in the differential diagnosis

of PJI and aseptic loosening, in which ROC
analysis yielded cutoff points and AUCs for SII
(605.31; AUC = 0.851; 95% CI 0.758-0.943), SIRI
(83.34; AUC = 0.810; 95% CI 0.712-0.909), and
AISI (834.86; AUC = 0.822; 95% CI 0.726-0.917),
demonstrating the high diagnostic significance
of these indices in infection detection [4].

To predict the development of Ilate
complications in patients with trauma and other
diseases, the CAR index (the ratio of C-reactive
protein to albumin) has been proposed, with
higher values associated with an increased risk
of infection, sepsis, and mortality [24]. We were
unable to evaluate this parameter for predicting
early infections after arthroplasty, as CRP and
albumin tests were not included in the standard
preoperative assessment.

The statistically significant differences we
identified in the values of integral inflammatory
markers between the study groups served as the
basis for their inclusion in a multivariate model
for predicting infectious complications in pati-
ents scheduled for major joint arthroplasty. We
observed that the AISI index demonstrated a high
correlation with other systemic inflammation
indices (SII and SIRI) and was therefore excluded
from the multivariate prognostic model. The
threshold values of SII and SIRI obtained in our
study differed from those reported by F. Moldovan
[4], amounting to 498.9 and 0.8, respectively,
with an AUC = 0.55 (95% CI: 0.54-0.56).

The multivariate model we developed is
proposed for preoperative screening of patient
susceptibility to early PJI. When the calculated
coefficient fell below the empirically selected
cutoff of 0.5 (range 0.30-0.50), the risk of
infection was considered low; values exceeding
this threshold (0.51-0.72) indicated a high
risk of infection. The actual cutoff can only be
determined empirically through prospective
model testing in clinical practice. For patients
with calculated values between 0.51 and 0.72,
it is necessary to optimize correctable risk
factors before surgery to reduce the likelihood
of early PJI.

Practical application of the mathematical
model lies in the assessment of the individual
risk of postoperative infection. Based on this
assessment, a set of preventive measures can
be implemented: preoperatively — optimization
of glycemic control in patients with diabetes,
eradication of chronic infection foci (oral
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cavity, urinary tract), and smoking cessation;
postoperatively — nutritional support, extended
antibiotic prophylaxis (up to 72 hours), and close
monitoring of the surgical site.

Study limitations

This study was single-center in design. For
implementation in clinical practice, prospective
studies are required to confirm the value of
systemic inflammation indices in predicting
early periprosthetic infection. Comorbidities
(autoimmune, oncological) which could have
influenced the study results were not taken into
account.

CONCLUSION

The use of systemic inflammation indices
(SII, SIRI, AISI) in a mathematical model for
predicting early periprosthetic infection,
combined with preventive measures applied
during the preoperative preparation stage for
primary arthroplasty, may reduce the incidence
of this infectious complication. Considering the
insufficient accuracy of the predictive model,
further investigation of additional factors
influencing the risk of infectious complications
in the early postoperative period is required.
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Peno3nuMoHHO-CTabUNU3UPYIOLWLUIA TPAHCNEAUKYNAPHDIA
OCTEOCUHTE3 NPU NOBPEXAEHUAX FPYAHOr0 U NOSACHUYHOrO OTAEN0B
NO3BOHOYHMKA: aHA/IM3 OLUMOOK M OCJI0XKHEHU

B.C. Kydros !, B.[I. VcukoB

1 TAY3 «BpsiHckas zopodckas 6onvHuya N 1», 2. Bpauck, Poccus

2 @I'BY «HayuoHanbHbili MeOUYUHCKULL Ucced08amesnvbCKuli yeHmp mpasmamoJsiozuu u opmoneduu um. P.P. BpedeHa»
Mun3sdpasa Poccuu, 2. Cankm-ITemep06ype, Poccus

Pedepar

AKmyansHocmp. Peno3suiMOHHO-CTaOUIN3UPYIONINI TPAHCIIEAUKY/ISIPHBI OCTEOCUHTE3 SIBJISIETCSI COBPEMEHHBIM METO-
JIOM CTaGMIU3aLY IPYIHOTO U MOSICHUYHOTO OTAEIOB TO3BOHOUHMKA. CHUCTEMATUUeCKMIT aHATNU3 OIIMGOK U OCIOKHEHMIA
TI03BOJISIET BBISIBJISTD NIPEeOUKTOPBI PUCKA, COBEPIIEHCTBOBATh TEXHUKY YCTAHOBKM BMHTOB M CHIDKATh YaCTOTY IOC/IeoIe-
PaLMOHHBIX OC/IOKHEHUIA.

Ilens uccnedosanus — MPOBECTYU aHAINU3 OMIMOGOK U OCTOXHEHMIA TIPU PEIIO3UIIIOHHO-CTabUIN3UPYIOIEM TPAHCIeIN-
KYJIIPHOM OCTEOCHMHTe3€e IPYAHOTO U MOSICHUYHOTO OT/Ie/I0B I03BOHOUHMKA U ONpefennThb (PaKTOPbl pucka UX pa3BUTHS.
Mamepuan u memodsi. IIpoBe[leHO pPeTPOCIeKTMBHOe MccaefoBaHMe 228 MalyMeHTOB (MenuaHa Bo3pacTa 38,5 jer)
C OLHOYPOBHEBBIMM IOBPEXIEHMUSIMM IPYJHOTO M MOSICHUYHOTO OTHEN0B IO3BOHOYHMKA, ONEPUMPOBAHHBIX B NEpU-
ox 2003-2023 rr. [TauyeHTsl pa3feneHbl Ha JBe TPYIIbl: OCHOBHAS (C pero3yuuyeii IOBPEXIeHHOI0 CeTMeHTa 0 pac-
CUMTAHHBIX 1lelleBbIX TOoKa3aTeseit) U KOHTPOIbHas (6e3 pacueTa LiejieBbIx MMOKasaTesneit). OLleHuBaaUCh 10, BO3PacT,
BpeMs OT TPaBMbl, MOP(OIOTHS TMOBPEXKIEHNS, HEBPOJIOTUUECKUIT CTaTyC U 06BEM XMPYPTUUECKOTO BMEIIATENTbCTBA.
[Io KOMIIbIOTEPHBIM TOMOI'DAMMAaM aHaAM3UpoBaIUCh MopdoMeTpuueckue MnapameTpbl: AVH — mnepenHsis BbI-
coTa Tena mo3BoHKa; PVH — 3anmHss BbIcOTa Tejia MO3BOHKA; Yroa o — cerMeHTapHbiii yron; A-VDCH — mepep-
HSS BbICOTA IMO3BOHOYHO-IMCKOBOro Komimiekca; P-VDCH — 3apmHsigs BbICOTAa MO3BOHOYHO-AVICKOBOTO KOMILJIEKCaA.
CpoKM 10 HACTyIUIeHUSI OCJIOKHeHMIt aHanu3upoBanuch Metonom KamaHa-Maiiepa, a BausHue GpakTopoB pucka —
C TIOMOLIbIO PErPECCHMOHHON MOAENN.

Pesynomamet. V 32 (14,0%) nauueHTOB BbISIBJIEHbl OCIOXKHEHMS: MHTpaomnepauuonHsle — y 2 (0,9%), paHHMe mocieo-
nepauyonHele — y 8 (3,5%), nosgHue mexaHuuveckue — y 22 (9,7%). Mexxny rpynnaMu 3a@uKCUpPOBaHbI CTAaTUCTHUE-
CKM 3HAUMMbIE Pa3IMuMsl 10 YacToTe OCcaokHeHMt (y2 = 7,471; p = 0,006). PucK 0C/I0O5KHEHMIT B KOHTPOJIbHO IPyIIe 61
B 3,9 pa3sa Bbllle, yeM B 0CHOBHO¥ (OP = 3,948; 95 % 11 1,326-11,757; p = 0,014).

3akntouenue. Hanbosnee 4acThiMy OCIOKHEHUSIMU ObUIM MeXaHUYeCKye, 06YCIOBAeHHbIe OMMOKAMM MPU PENO3ULIUK
II03BOHOYHMKA. BoccTaHOBIEHME pacCUMTaHHBIX 1le/eBbIX IOKasaTesei, BK/IIOUYasl pa3Mepbl [IO3BOHOYHO-IMCKOBOIO
KOMILJIeKCa ¥ CeTMEHTAapHOr0 yIia, CTaTUCTMUECKM 3HAYMMO CHMKAIO YacTOTY OCJAOKHEHMI Y MalMeHTOB C MTOBpexze-
HMSIMU IPYJHOTO ¥ ITOSICHUYHOTO OTZE/I0B I03BOHOYHMKA.

KinioueBbie ciioBa: IrepejioMbl ITO3BOHOYHMKA, I‘py,[[HOV[ U TIOSICHUYHBIN OTHeJIbI; TpaHCHe,E[I/IKYJIHprIﬁ OCTE€OCHMHTE3;
OIIMOKM U OCJTOKHEHMUSI.

IOna upurupoBanusi: Kybro B.C., VYcukoB B.[l. Peno3uiMOHHO-CTaGMIM3UPYIOUMIA TpaHCIeAUKY/ISPHbIi
OCTEeOCUMHTE3 IIPU MOBPEXKIEeHMUSIX I'PYLHOTO U MOSICHUYHOT'O OT/Ie/I0B TO3BOHOYHMKA : aHAIN3 OLIMOOK M OCTIOKHEHMUIA.
Tpasmamonoeus u opmonedus Poccuu. 2025;31(4):53-65. https://doi.org/10.17816/2311-2905-17777.
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Percutaneous Pedicle Screw Fixation for Thoracic
and Lumbar Spine Injuries: Analysis of Errors and Complications

Vladimir S. Kuftov!, Vladimir D. Usikov?

I Bryansk City Hospital No 1, Bryansk, Russia
?Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia

Abstract

Background. Percutaneous pedicle screw fixation is a modern method of stabilizing the thoracic and lumbar spine.
Systematic analysis of errors and complications makes it possible to identify risk predictors, improve screw installation
techniques, and reduce the incidence of postoperative complications.

The aim of the study — to analyze errors and complications during percutaneous pedicle screw fixation of the thoracic
and lumbar spine and to identify risk factors for their development.

Methods. A retrospective study was conducted on 228 patients (median age 38.5 years) with single-level injuries of the
thoracic and lumbar spine who underwent surgery between 2003 and 2023. The patients were divided into two groups:
the main group, in which reposition of the damaged segment was performed to the calculated target parameters, and
the control group, in which target parameters were not calculated. The following factors were assessed: sex, age, time
from injury, morphology of injury, neurological status, and volume of surgical intervention. Morphometric parameters
were analyzed using CT scans: AVH — anterior vertebral body height; PVH — posterior vertebral body height; angle a —
segmental angle; A-VDCH — anterior vertebral-disc complex height; P-VDCH — posterior vertebral-disc complex height.
The time to complication onset was analyzed using the Kaplan-Mayer method. The impact of risk factors was assessed by
building a regression model.

Results. Complications were detected in 32 (14.0%) patients: intraoperative — in 2 (0.9%), early postoperative —
in 8 (3.5%), late (mechanical) — in 22 (9.7%). Statistically significant differences in the incidence of complications were
found between the groups (y* = 7.471, p = 0.006). The risk of complications in the control group was 3.9 times higher than
in the main group (HR = 3.948; 95% CI 1.326-11.757; p = 0.014).

Conclusions. The most common complications were mechanical ones caused by errors in spinal reposition. Restoration
of the calculated target parameters, including the measurements of the vertebral-disc complex and segmental angle,
significantly reduced the incidence of complications in patients with thoracic and lumbar spine injuries.

Keywords: spinal fractures; thoracic and lumbar spine; percutaneous pedicle screw fixation; errors and complications.
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BBEJEHUE

[MoBpexgeHus TPySHOTO ¥ IOSCHUYHOIO OTHEIO0B
MMO3BOHOYHMKA SIBJISIIOTCSI ONHOM M3 Haubosee aKkTy-
aJIbHBIX MPOGJIIEM COBPEMEHHO! TPaBMaTONIOTUM U
HeMpOXupyprun, ouu Bcrpevarorcsa y 10-20% nauu-
€HTOB C OCTPBIMM TpaBMaMM I[O3BOHOYHMKA [1, 2].
OTU MOBPEXIeHMSI HEpeIKO COIIPOBOXKAAIOTCS HeCTa-
6MIbHOCTBIO TO3BOHOYHMKA, KOMITpeccuelt CIMHHOTO
MO3ra U HapylieHreM (QYHKIUM HeBPaJIbHbBIX CTPYK-
TYD, UTO AenaeT CBOeBpeMeHHOE XUPYyPTUUeCKOe BMe-
IIATEBCTBO 0COOEHHO 3HAYMMBIM [3, 4].

WcTtopuuecku s CTabuamMsauuy TO3BOHOU-
HMKA [PUMEHSINUCh pas3iMyHble MeTalyInyecKyue
KOHCTPYKUMM U BHeNIHMe (PUKCATOPHI, OLHAKO UX
MCIIONIb30BaHMe He Bcerja obecreynBano goCTaTou-
HYI0 YCTOMUMBOCTD U Ge3omacHOCTh [5]. BHenpeHune
TPaHCIIEAUKYISIDHOTO OCTEOCUHTe3a, IpefJioXKeH-
Horo R. Roy-Camille, oTKpbIJIO HOBYIO 3pY B XUPYP-
TMY TI03BOHOYHMKA, MO3BOJIUB JOOUTHCS TTPOUYHOIA
¢duxcanum no3BoHKOB [6]. C MOMeHTa BHeIpeHMUS
MeTOLMKa oOlepanuii mperepriesia CylleCTBEHHbIE
M3MeHeHMUs: ObUTY pa3paboTaHbl METOIbI UPECKOXK-
HOJ YCTaHOBKM BMHTOB, BHEIDEHbl HaBUTALIMOH-
Hble CHUCTEeMBI, TpexMepHasi KOMIbIOTEpPHAs TO-
morpaduss u poboTusupoBaHHble IaTGopmbl [7].
Perno3uIMOHHO-CTaOMIM3UPYIONMIT  TPAHCIIeoUKY-
JIIPHBINL OCTEOCHHTE3 MNPOLEMOHCTPUPOBAT BBICO-
KyI0 3¢ ()eKTUBHOCTb B o6ecreueHny CTabuIbHOCTH
MO3BOHOYHMKA U KoppeKuuu aedopmannit [8]. Tem
He MeHee OMMOKY YCTAHOBKM BMHTOB BCTPEUAIOTCSI
y 5-10% naiuenTos [9, 10].

AHanu3 COBpeMEeHHONM auTepaTypbl IOKa3blBa-
eT, UTO B IOCJeqHMe Trofbl MPoduiib OCIOXKHEHMUIA
TPaHCIIeIUKYISIPHOM PUKCcALMY U3MEHUIICS TTPeUMY-
IIECTBEHHO BCJIECTBME TEXHUYECKMX WMHHOBALIMIA.
[lepkyTaHHble MOAXOObI ¥ POOGOT-aCCUCTUPOBAHUE
MO3BOJIMIM CHU3UThb OINEPalMOHHYK TpaBMaTUu-
HOCTb ¥ TOBBICUTb TOYHOCTb YCTaHOBKM MMILIAH-
TaTOB, OLHAKO IMOTHOCTBHIO MCK/IIOUUTD PUCK IOCIIe-
OIlepalliOHHBIX OCJIOKHeHUI He ypanoch [11, 12].
Haubonee Tskenble OCIOKHEHMSI (TTOBpeXIeHME
CIIMHHOTO MO3ra, MarucTpaJbHbIX COCYHNOB, LIeMEeHT-
Hasi 3MOO0/IMSI) BCTPeUalTCsl pelKo, HO TpebyioT BbI-
COKOVi KBanudurauum xupypra, TIIATeNbHOI TIpe[-
OTepalMOHHO MOATOTOBKU Y CTPOTOT0 COOIOAeHNS
TeXHUKM orepauuu [13, 14].

HecMoTpst Ha 3HaUNTENbHBIV HAKOTIJIEHHBIV OIBIT
B M3YUYEHUU OUIMOOK U OCIOXKHEHMII TPaHCIIEeIUKY-
nsapHoit ¢ukcauum [15, 16], ocraeTcss axkTyaabHOM
3a7aya BbIsIBIeHUS (GaKTOPOB, BAMUSIOMNUX Ha 3 dek-
TUBHOCTb U MCXOAbI XUPYPTUUECKOTO JI€UEHMSI.

Ilenv uccnedosanuss — MPOBECTU aHaAU3 OLIMOOK
M OCJIOKHEHMI TIpU Perno3uULOHHO-CTabUIU3UPYIO-
€M TPaHCIEeIVKYISIPHOM OCTeOCHMHTE3e IPYLHOTO U
MOSICHUYHOTO OTHEe/I0B O3BOHOUYHMKA U ONpENeNNUTh
(dbaxTopbl pMCKa UX Pa3BUTUSIL.

MATEPUWAJI U METO/bI
JIu3aiil ucciaegoBaHusa

Tun uccnemoBaHUsT — PeTPOCHEKTHMBHOE OMHOIEHT-
pOBO€ KOTOPTHOeE.

Pero3niMoHHO-CTabUAN3UPYIOMINI  TpaHCIIeou-
KYJISIDHBII OCTEOCUMHTE3 BBITIONIHEH Y 228 MaljeHToB
MO TIOBOJY MOBPEXIEeHUI TPYJHOTO U TMOSCHUYHOTO
OT/IeJIOB II03BOHOUHMKA B BpSIHCKOI rOpoICcKoit 60/1b-
Huie N2 1 B mepuop ¢ 2003 o 2023 1.

Kpumepuu exarwueHus:

— MY>KUMHBI U XXKeHIIMHBI B Bo3pacTe oT 16 1o 70 sieT;

— OHOYPOBHEBbIE TIOBPEXIEHUSI IPYAHOTO U TI0-
SICHUYHOTO OT/IeJI0B [I03BOHOUHMKA;

— MOpGOJIOTUYECKME  TUIIBI
(AO Spine): A2, A3, A4, B, C;

— HeBposoruveckuii cratyc (ASIA): A,B,C, D, E.

Kpumepuu nesxarwoueHust:

— HeTpaBMaTUYeCKMe IepeiOMbI;

— MHOTOYPOBHEBbIE IMOBPEKIEHNUS;

— BPOXIEHHbIe aHOMa/IMM Pas3sBUTUS MUiau gedop-
Malluy I03BOHOUYHMKA;

— paHee BbBITIOJIHEHHbIE Omepaly Ha ITO3BOHOY-
HUKe.

MenmaHa Bo3pacTa nalyeHToB coctaBmia 38,50 et
[27,00; 51,75] (16,00-70,00).

Bce manyeHTbI 6bUIM pacIipee/ieHbl Ha IBe perpe-
3eHTaTuBHbIe Tpynmbl: OCHOBHYKO (108 maumyeHTOB)
u KOHTponbHyI0 (120 mauueHTOB). B KOHTpOIBHOM
TpyTIie TPUMEHSTUCh TPAOUIIMOHHbIE METOAbI Pero-
3UIMOHHO-CTaOMIM3UPYIOIIEr0 TPAaHCIIEAVKYISIPHOTO
OCTeOCHHTe3a. B OCHOBHOVI TpyTiTie BBITOTHSIN TIpe-
IomepalyoHHOe IUIaHMpPOBaHME C MaTeMaTU4yeCKu-
MU pacueTaMy HeOOXOOMMbIX IeJIeBbIX IapaMeTpOB
B BlUJle pa3MepOB IT03BOHOUHO-AMCKOBOTO KOMILIEKCa
U CETMEHTApPHOTrO YI/a.

B xXome onepaTMBHOTO BMeIIAaTe/IbCTBA B OCHOBHOI
TpymIie CTPEMWINUCh K OOCTVOKEHUIO PaCCUUMTAHHBIX
LleJIeBbIX mapameTpoB. i (uKcanum MHOBpeXOeH-
HOTO OTIeJia TMT03BOHOYHMKA IIPUMEHSUIMCh TpaHCIIe-
OVKYJSIpHbIe KOHCTPyKUUM 1u3 TutaHa BT6 mmamer-
poM 6 MM [jis BepXHe- U CpeJHEerpyIHOr0 OTAENOB,
7 MM — [1J1S1 HUDKHETPYJHOTO ¥ TTOSICHUYHOTO OTAEeNI0B
ITO3BOHOYHMKA.

MuHMMAIbHBIA TIepUON, HaAOIIONEeHMsT BKIIIOYA
paHHMI1 TIOCIeonepallMOHHbIA Tepuoa, MaKCUMab-
HbIN mepuop coctaBua 19 net. MenyuaHa nepuoaa Ha-
OmopeHns: B KOHTPOJbHOI rpymme — 56,50 [11,50;
86,75] (1,00-236,00) mec.; B ocHOBHOI — 42,50 [24,50;
62,00] (1,00; 122,00) mec.

C60p HDaHHBIX OCYIIECTBIISICS MyTEM WM3YyUeHUs
MEeIUILMHCKOM NOKyMEHTAalluM TMallMeHTOB, pe3yib-
TaTOB HEBPOJIOTMYECKUX OCMOTPOB M PEHTTEeHOIOI M-
YeCcKMX MeTOMOB ucciaemoBanms. OleHMBaa0Ch BpeMs
OT MOMEHTa MMOTyYeHHON TPaBMBbI 10 onepaium, Mop-
onmorusa noppexxgenus 1o kinaccupukauym AO Spine,
HeBposorndeckuii craryc 1o ASIA. VYuursiBancs
06beM OMIepaTHMBHOrO BMEIIATeIbCTBA: KOJIMYECTBO

MOBpeXIeHUl
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BUHTOB, UCITOJIb3YeMbIX JIJIST (DUKCAIMM; BBITIOJTHEHYIE
JIAMVH3KTOMUM M BEHTPAIbHOTO 3Talla BMeIIaTesb-
cTBa. T MTOKA3aTeNn, HapsSIAy C AeMorpaguyeckumm

IAaHHBIMU (T10JI, BO3PACT), UCIIOb30BAJIMCH B KauecCT-
Bé MPeSUKTOPOB IPU aHaIM3€e BEPOSITHOCTHU Tepesno-
Ma MeTaJUIOKOHCTPYKLWii (Tabi. 1).

Tabnauya 1
OcHOBHBIE XapaKTePUCTUKU TPYII NALMEHTOB, n (%)
I'pynna
[Tapamertp p
ocHOBHag (n = 108) KOHTposnbHas (n = 120)
Bospacr, ner
Me 39,00 37,00 0.421%*
[Q;Q.] [28,00; 52,00] [25,00; 51,00] ’
min-max 16,00-69,00 16,00-70,00
Ilon
SKEHCKUI 48 (44,4) 51 (42,5) 0,767*
MY>KCKO 60 (55,6) 69 (57,5)
Jlokanusauusa
Bbinre ThXII 17 (15,7) 13 (10,8) 0.387*
ThXII-LII 84 (77,8) 95 (79,2) ’
Hioke LI 7 (6,5) 12 (10,0)
Tun nepenoma o AO Spine
A3 20 (18,5) 30 (25,0)
A4 65 (60,2) 58 (48,3) .
B1 2 (1,9) 3(2,5) 0,509
B2 8(7,4) 11(9,2)
C 13(12,0) 18 (15,0)
HeBponoruueckuit cratyc mo ASIA
A 8 (7,4) 8 (6,7)
B 2(1,9) 4(3,3) "
C 26 (24,1) 28 (23,3) 0,968
D 16 (14,8) 17 (14,2)
E 56 (51,8) 63 (52,5)
KonuuecTBo GUKCUPYIOMINX BUHTOB 4 (3,7) 16 (13,3)
4 18 (16,7) 34 (28,3) 0.001*
5 86 (79,6) 70 (58,3) ’
6
BhITO/IHEHA JTAMYHIKTOMMST 33 (30,6) 56 (46,7) 0,013*
BeHTpaibHbIIi 9Tal onepauun 1(0,9) 10 (8,3) 0,009*
* — kpurepuii x? Ilupcona; ** — kpurepuit MaHHa — YUTHM; *** TOUHBIN KpuTepnit Purnepa — @pumaHa — X0ITOHA.

PeHTreHONMOrMYeCKMii aHa/N3 BKIIOYAI M3ydeHUe
JAaHHBIX KOMITBIOTEPHOI TOMOTrpaduu 10 U Mocye ore-
palmm C OLIeHKO MOPGhOMETPUYECKMX ITapaMeTPOB:

- AVH (anterior vertebral body height) — mepe-
HSIST BBICOTA TeJjIa MTO3BOHKA;

- PVH (posterior vertebral body height) — saguss
BBICOTA TeJIa TTI03BOHKA;

- A-VDCH (anterior vertebral-disc complex
height) — mepengHss BbICOTA MO3BOHOYHO-AMCKOBO-
ro KOMILIEKCa (PacCTOSTHYE MEXIY IepegHNM Kpaem
HVDKHE 3aMbIKATeNTbHO TUTACTUHKM BbIIIIEJIESKAIIETO
MT03BOHKA U MepeJHNM KpaeM BepxHeli 3aMbIKaTeIb-
HOJ IJTACTMHKY HVSKEJIeKAIlero M03BOHKA, BKITIOYAI0-
Iee TeJ0 TOBPEKAEHHOTO ITO3BOHKA M CMEKHBIE
MEKITO3BOHOYHBIE JTNCKN);

- P-VDCH (posterior vertebral-disc complex
height) — 3agHas% BbICOTA ITO3BOHOYHO-IVICKOBOTO
KOMILJIeKca (pacCcTosiHMe MeXay 3aJHUM KpaeM HUXK-
Hell 3aMbIKaTeIbHO MJIACTUHKYM BBIIIENEXAaIero no-
3BOHKA M 3aJHMM KpaeM BepXHeil 3aMbIKaTeIbHOM
TJIACTUMHKY HU3KeIeXalllero Mo3BOHKa, BKIKUaolee
TeJIO MOBPEXIEHHOTO IT03BOHKA U CMeXKHbIe MeXKIT03-
BOHOYHbBIE AVCKN)';

— Yrol oo — CerMEeHTapHbIi Yo, 06pa3soBaHHbIN
HMKHEI KOPTMKAJbHONM MJaCTMHKONM Teja BbIlIese-
>KaIlero M BepxXHeil KOPTUKAIbHOM IVIAaCTMHKO Tesa
HIDKeJeXalllero OT MOBPeXAeHHOTo M03BOHKa.

HocTurHyTble BO BpeMsl oOIllepaliMy YIJIOBble U
JIMHeliHble TapaMeTpbl CPaBHUBAINUCH C PACCUMUTAH-
HbIMM 3HaYeHMsIMU. MeToAuka pacueToB OCHOBaHa

! B HacTosIelt paboTe rokaszaTeay pa3sMepoB TeJla MO3BOHKA CO CMEXHbBIMM AMcKaMy 0603HaveHbl Kak A-VDCH u P-VDCH,
B IIpebIAYIIMX HAallMX CTAThsIX SKBYBAJIEHTHbIE TI0Ka3aTeay ONMMChIBaNIKCh Kak Mta 1 Mtp cooTBeTcTBeHHO [17].
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Ha pa3Mepax CMeXHbIX T0O3BOHKOB ¥ MeXII03BOHOY-
HBIX IMCKOB U OIMCaHa B OAHOI 13 HAIUX MIpedbIay-
X pabot [17].

OmuMbKM Pperno3ulMOHHO-CTAOMIN3UPYIOIIETO
TPaHCIIEeOUKY/SIPHOTO OCTEeOCMHTe3a aHaIu3uUpoBa-
Jiu o gaHHbIM KOHTponbHbIX CKT 1 MPT. IlpusHaku
MHGEKIMOHHBIX ¥ HEBPOJIOTMUECKUX OCTOKHEHM
HaMM YUYUTHIBAIUCH IPU HAIMYUU COOTBETCTBYIOIINX
3amuceii B McTopum 6oe3Hu naiueHTa. OCIOKHEHUS
B OTJaJIeHHOM Iepuoe, CBSI3aHHbIe C IIepeioMOM U
MUTpalyeil MeTaJUZIOKOHCTPYKIMM, OLIEHUBAINUCH T10
IaHHbIM peHTreHorpaduu u CKT: oTpaskaauch Mpo-
MEKYTKYM BpeMeHMU, KOTIa OCJIOKHEHMS elle He 6bIIo
¥ KOTZA OHO OBbIJIO BBISIBIEHO.

CraTucTUYeCKN aHaIN3

CraTuCTUYECKYI0 0O0PabOTKy AAHHBIX ITPOBOAMIN C
ucIonb3oBaHueM mporpammbl SPSS Statistics 27.0.1
(IBM, CIIIA). ITpenBapuTeIbHO KaXkAasi U3 CpaBHMUBaAe-
MbIX KOTMYECTBEHHbIX [lepeMeHHbIX OlleHMBalach Ha
MpeIMeT ee COOTBETCTBMS 3aKOHY HOPMaJIbHOTO pac-
npeneeHs, O Yero MCIOIb30BaIUCh KPUTEPUU
Konmoroposa—-CmupHoBa u lanupo—VYunka. beuio
YCTaHOBJIEHO, UTO paclipefesieHue 3HaYeHUil KOJu-
YeCTBEHHBIX IepeMeHHbIX OTINYaeTCs OT HOpMasb-
HOTO, B CBSI3U C 3TUM JJIsl MX OMMUCAHUS U aHaIu3a
MPUMEHSIUCh HelmapaMeTpuueckue MeTonpl. B kaue-
CTBe ONMCATENbHBIX CTATUCTUK YKa3bIBaau MeAuaHy
(Me), meskkBapTUIbHBINA pasmax [Q,; Q,] u KpaiiHue
3HaueHMss B BbIOOpKe (min-max). IIpu cpaBHEHUM
KOJIMYECTBEHHBIX MTepeMeHHbIX UCIO0Ib30Ba/ICS KpU-
Tepuii MaHHa—-YuTHu. KauecTBeHHbIE T€peMEHHbIE
OIMCBHIBAIIVCH C TIOMOIIBIO MTPeACTABIeHUS abCOMIOT-
HOTI'O YMC/Ia COOBITUI C JOei OT OOLIero Kojanyecrsa
HabI0geHni B BBIGOPKE, BRIPasKEHHOI B MPOLIEHTAX.
AHanu3 KauyecTBEHHBIX IMepeMeHHbIX MPOM3BOIMUIICS
IyTeM TIOCTPOEeHMS TabINI] COMPSDKEHHOCTU C pac-
yeToM Kputepus x* [ImpcoHa uiM TOUHOTO KPUTEPUSI
Ouiiepa—dpumaHa — X0JATOHA.

AHaiM3 CPOKOB A0 HACTYIUIEHUS] OCJIOXKHEHMI TIPO-
BOIVIM C UCIIONb30BaHMeM MeToaa Kannana—Maiiepa.
Pasnuuuss MeXay MoTydeHHbIMMU KPUBBIMM OLiEHMBaA-
JIV ¢ TIOMOIIIbI0 Tecta ManTesnst — Kokca (Log-rank test).
[y onipefenieHuUsT BAUSHUSI TPUHAAJIEKHOCTU Taly-
€HTOB K OCHOBHOV M/ KOHTPOJBbHOI TPyIIe U pac-
4yeTa OTHOIIeHMSI pUCKOB (OP) mpuMeHSIIN perpeccuio
Kokca.

Vzyuenue BausaHus (HakTOpPOB HA PUCK Pa3BUTHUS
OCTIOKHEHMIA (TTepesioM MJIM MUTPaLysl MeTaTIOKOHC-
TPYKLMIT) IIPOBOAMUIOCH C IIOMOIIBIO TIOCTPOEHMUS pe-
I'PECCHOHHOI MOenu. B cBsI3U ¢ GMHAPHBIM UCXOA0M
MIpUMeHsUIach MHOTOGAKTOpHAS JIOTUCTUUECKAs pe-
rpeccusi. PerpeccMoHHbIi aHaIU3 ObLT HAIIPaBJIeH Ha
BbISIBJIEHME TIPEOUKTOPOB, CTATUCTUYECKM 3HAUMMO
BAMSIIOIMX Ha PUCK Pa3BUTUS OCIOKHEHWUI, a Tak-
’Ke Ha OLIeHKY BbIPaXXeHHOCTU 3TOTO BAMSIHUS ITyTEM
a”anm3a oTHolreHus maHcoB (OII) c ero 95% moBe-

PUTEbHBIM MHTEpBaIOM (95% JI1). B cBSI3M ¢ MasbIM
YMCIIOM COOBITUI B OCHOBHOJ I'PYIIIIE perpeccMoHHast
MoJIesb OblJIa IIOCTPOEHA )it BceX Habmomennii. [Ipu
MOCTPOEHUM MOJIeNIM TIPUMEHSJICSI TOIaroBbiii Me-
TOA, UCKJIFOUEeHMS] He3HAUMMBIX MPEeIVKTOPOB Ha OC-
HOBE TeCTa OTHOILIEHMS ITpaBaoIomooms. s oreH-
KU pasjanuuii BIUSIHUSI (PAaKTOPOB MEXKIY OCHOBHOI
M KOHTPOJBHONM TpyImamu ObUIa JOTOJHUTETHLHO
MOCTPOEHa perpeccMoOHHasl MOAE/Ib C BKIKOUEHUEM
B3aMMOAENCTBUI MEXIY MPUHAIJIEKHOCThIO K TPYII-
Tie U NMpegUKTOPaMu.

Kputuueckuii ypoBeHb CTAaTUCTUUYECKON 3HAUM-
MOCTM JJIs1 HACTOSIIEro MCC/iemoBaHusl ObUT BhIOpaH
o = 0,05, To ecTb Hy/IeBasI TUIIOTE3a OTBEPTajaach Mpu
p <0,05.

PE3VJIbTATbBI

Y 32 (14,0%) nipooriepupOBaHHbBIX MALMEHTOB BbISIBJIE-
HbI pa3jMyHble OCIOKHEeHUS. VI3 HMX MHTpaomnepauu-
OHHbIE, CBSI3aHHBIE C BBITIOIHEHMEM TPaHCIIeOUKYIISIP-
HOT'O OCTEOCHHTEe3a B BUJie IPOBeleHNsI BUHTOB MUMO
aHAaTOMMYECKUX OPUEHTUPOB, BbIsIBIeHBbI y 2 (0,9%)
MalyeHToB.

PanHme mnocieonepauyoOHHbIE OCIOXHEHUS] BbI-
sBJieHbl Y 8 (3,5%) IMalMeHTOB, BKIOUAs CMeIleHe
BEpPXHUX BMHTOB B CTOPOHY BEpXHEN KOPTUKAIbHOM
IUIAaCTMHKM Tejla MO3BOHKA y 3 (1,3%) mainueHTOB;
BOCTIAJIUTENBHBIN IIPOIIECC B IIYOOKMX TKAHSIX —
vy 4 (1,8%); nukBopHbIit cBUll —y 1 (0,4%).

B aHanus3 oCI0KHEHUI He BKIIYAIUCh BOCIIAIN-
Te/bHble M3MEHEeHMSI B MOBEPXHOCTHBIX TKAHSAX Kak
He TOBJMSIBIIME Ha (puUKcalMio, MpoBeAeHue peabu-
JIATALMU U Pe3y/bTaThl JIeueHNs .

[To3aHMe (MexaHMUYeCKMUEe) OCIOKHEHUS OMarHoC-
TUPOBaHbI y 22 (9,7%) nanuenTos: B 20 (8,8%) ciyya-
SIX — TepesioMbl MeTAJNIOKOHCTPYKIMM U B 2 (0,9%) —
MuUrpauyst GUKCUPYIOIMUX IITAHT.

OC/o)KHEHMSI B OCHOBHOM TpyIIi€ BbISIBJE€HBI
y 8 (7,4%) nmauyeHTOB (25,0% OT BCEX OCIOKHEHMUIA):
6 cryuaeB ObUTM CBSI3aHBI C BBITIONIHEHMEM TpaHCITe-
IVKYJISIPHOTO OCTEOCUHTE3a, OOVH — C BOCIAIUTENb-
HBIM ITPOLIECCOM B IIYOOKMX TKAHSIX PAHBI M OAVH —
C JIMKBOPHBIM CBUIIIOM. B KOHTPOJIBHOI TpYyIIIle OC-
JIO)KHeHMs1 Habmopgamuch y 24 (20,0%) mauueHTOB
(75,0% Bcex ocnoskHeHMIt): 21 cIydait cBsI3aH C BbI-
TOJIHEHMEM TPaHCIEeAUKYISIPHOTO OCTEOCHHTe3a U
3 ciayyass — C BOCHQJIUTENbHBIM MPOLIECCOM B TUIy-
O00KMX TKaHSX. YacToTa OCJIOKHEHMI B I'PYyIIIax MC-
CJlelOBaHMSI pasiuMyajach CTATUCTUUYECKM 3HAUMMO
(x*=17471; p = 0,006).

WHTpaomnepaliMoHHble OCIOKHEHUSI B BUIEe Maslb-
MO3ULMY BUHTOB 3aperMCcCTpUpPOBaHbl y 2 MalMeHTOB
KOHTPOJIBHOJ IPYTIHI TPYU GUKCAUY CPeTHETPYIHOTO
oThena. BUHTBI TPOXOAWIN Hall KOpHEM AYTU U JiaTe-
paIbHO, UTO HAPYIIAIO CTAOMIBLHOCTb KOHCTPYKLIVIM.
O6a mamyeHTa ObLIM ITIOBTOPHO ITPOOIEPMPOBAHBI
TIoc/Ie BhISIBJIEHNS JedeKTa Ha KOHTpobHOV CKT.
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PanHue nocneonepaiMOHHbIe OCIOXKHEHUS B BUJIE
CMellleHNs] BepXHUX BUHTOB U UX MUTPALUU B CTO-
POHY BepxHelV KOPTUKAJbHONM IIJIACTUHKM Teja II0-
3BOHKA OTMeuayinch y 3 (1,3%) mauyueHTOB. B ogHOM
cryyae yepes 6 Mec. TIoc/Ie onepaiuy 6bl1a BhISIBIeHa
pe30op6IMsI KOCTHOM TKaHU BOKPYT BEPXHMUX BUHTOB
U CMellleHMe UX TI0f, BEPXHIOK KOPTUKAJIbHYIO IIa-
cTuHKY. KnyHMYecku 3TO MPOSBISIIOCh HECTabMiIb-
HOCTBIO B CEerMeHTe C YTpaToOil OOCTUTHYTOM [e-
dopmanuu Ha 8,1°. I[NauMeHTy BTOPBIM 3TariomM ObLI
BBITIOJTHEH MEXTEJIOBOI KOpHopozes IMIMHApUYeC-
KUM KelIykeM C ayTOKOCTbIO, OT KOTOPOTO OH IepBO-
Havya/JbHO BO3JepXkuBajics. Y ABYX KeHIIMH cTapiie
60 j1eT cMelleHye BMHTOB ObIJIO CBSI3aHO CO CHVKEH-
HOI MMHEPaJIbHOV TJIOTHOCTBI KOCTU; BBUIY OTCYTC-
TBUSI 60OJIEBOTO CHHAPOMA M HEBPOJIOTUUYECKUX HAPY-
1IeHuit TOBTOPHbIE BMeIIaTeNbCTBa He TPOBOAUINCD.

BocmanurenbHblii Ipolecc B INTYOOKMX TKaHSX
pasBwica mnociae omepanuu y 4 (1,8%) maumeHTOB.
[IpenmnocbuikaMy MOCIYXXWJIM COLMANIBHBIN CTATyC U
HapylleHue OpTOIeINYecKOro pexxumMa, a Takke Ha-
pYIIeHUs B MMMYHHOJ CHUCTeMe TIpu TyOepKyiese u
BWY. B cBg3u ¢ oTcyTcTBMEM (P eKTa KOHCEPBATUB-
HbIX METOJIOB JieueHMsI KOHCTPYKIUMSI Yy BCeX Malu-
eHTOB Oblia ymaneHa. B 1 (0,4%) HabmogeHuu mocjie
onepauyy OTKPbUICS JMKBOPHBIN CBull,. [JaHHOE OC-
JIO)KHEHME BO3HUKJIO B pe3y/bTaTe paHeHUs TBep-
IOV MO3roBOJ OOO0JIOUKM KOCTHBIM (PparMeHTOM IO
rnepegHe60KOBOI IMOBEPXHOCTMU. B MOMEHT orepa-
1y JedeKkT He ObLI BbISBIEH. [IpM3HAKMU JIMKBOPEU
TIOSIBMJIVCH uepe3 2 Hel., UTO MOoTpe6oBaio MoBTOP-
HOJ oIepauun ¢ repMmeTu3sanmeii TBepaoii Mo3roBoit
0060JIOUKM.

CaMbIMM YaCTbIMM OBUIY MeXaHUUYECKYEe OCIOKHE-
HMSL: TIEPEJIOMBI M MUTpanyst GUKCUPYIOIEN MMITAHTU
(22 cnyvast us 32; 68,8%). OHM AMArHOCTUPOBAINCH
B MeAMaHHbIe Cpoku OT 14,5 [12,0; 24,0] mec. mo 35,0
[26,3; 45,5] mec. mocye orepanun.

1,0

0,8

0,6

0,4

0,2

Onsa naumeHTOB 6€3 0CNOXKHEHUI

0,0

CBeZeHus O MalMeHTax C MepejoMaMy MeTalsio-
KOHCTPYKUMM U MUTpanyein GUKCUPYIOIMUX IITAHT
MIpefiCTaBIeHbl B MPUIOKEHNUY, OITyOIMKOBAHHOM KaK
IOTIOMIHUTENbHBI MaTepual B 3JIEKTPOHHOI BepCum
CTaTby Ha CaiiTe KypHasa.

MennaHa Bospacta 22 MauyeHTOB (9 My>XUMH U
13 >keHIIMH) ¢ TTepeIoMaMy META/VIOKOHCTPYKLIUU U
Murpanuein Gukcupyrolei mranru cocraBwia 29,0
[21,5; 42,3] neT. OCNOKHEHUS BBISIBJISUIACH ITPEVIMY-
IIeCTBEHHO Mpu KOHTponbHbIX KT-mcciemoBaHusax
1 y 13 manyeHTOB HOCWIM GECCMMIITOMHBIN Xapak-
Tep, nuiib y 9 (40,9%) nainmueHTOB COMPOBOXAANNUCH
CYOBEKTUBHBIMU KajlobaMy — OVCKOMGOPTOM W
6onsiMu B Mecte onepanyuu. Hambosee yacTo JaHHbIE
OCJIO’)KHEHMS BCTPeYaauCh MpU MOBPEKAEHUSIX B IPY-
IIOTIOSICHUYHOM OT[iesie, IpeUMYIIeCTBEHHO Ha YPOB-
He LI no3BoHKa (72,7%).

Ha pucyHke 1 mpepcraBieHbl KpuBbie KamiaHa-—
Maiiepa, IOCTpOEHHbIE HAa OCHOBAHMUM CPOKOB 00-
Hapy>KeHUsl TepeioMOB MeTANIOKOHCTPYKUMU WU
MUTpalMy ILITAaHT. B KauecTBe BpemMeHM HacCTyIlie-
HUSI COOBITUSI MbI OpasM CPOKM BBISIBIIEHUS OCIOXK-
HeHMS TIpU 06C/IeqoBaHUM (YKa3aHbl B IIPYITOSKEHUM).
[To pesynbTaTam MpPOBENEHHOr0 TecTa MaHTens—
Kokca (Log-rank test) oOGHapysKeHbI CTaTUCTUUECKU
3HauMMble pasanuns MeXAY M3ydaBIIMMUCS IpyTIa-
v (y2 =7,092; p = 0,008). Pyuck ociokHEHMIT Y TTamy-
€HTOB KOHTPOJIbHOJ I'PYMITbI ObUT B 3,9 pasa BblllIe 10
cpaBHeHMIO ¢ ocHOBHOI1 (OP = 3,948; 95% N 1,326—
11,757; p = 0,014).

it oleHKM BIAUSHUS (HAKTOPOB HA BEPOSITHOCTD
nepejioMa MeTA/JIOKOHCTPYKUMM B TOcCaeonepa-
[IMOHHOM I1epuojie ¢ TIOMOIIbI0 MHOTr0o(haKTOPHOM
JIOTUCTMYECKOI perpeccuu Oblla TOCTpPOEHA pe-
IPeCCMOHHAs MOJesb. B Mopmenb ObUIM BKIIOUEHBI
clienylolue MpeauKTOpbl: 10/, BO3PACT, TPUHAIJIEX-
HOCTb K OCHOBHO MJI KOHTPOJIbHO TpyIIle, HEBPO-
Jormdyeckue HapymeHus no ASIA, tun nepenoma

fpynna
-1 OcHoBHas
-1 KoHTponbHas
—+ OcHOBHas — LLeH3yp1pOBaHO
—+ KoHTponbHas - LLeH3ypupoBaHO

Pucynok 1. Kpussie Kaniana —Maiiepa
BpPeMeHM [0 Pa3BUTUS OCTIOXKHEHWIA
TocJie onepauumn

Figure 1. Kaplan-Meier curves showing
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Mecsaupbl

250

timing for development of postoperative
complications
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mo AO Spine, KonMmuyecTBO (GUKCUPYIOIIVIX BUHTOB,
JIOKa/IN3alusi, BBITIOJIHEHME BEHTPAJIbHOIO 3Tarna u
JaMMUHIKTOMMUMN. [To/lyueHHbIe B pe3y/bTaTe mocTpoe-

HUSI PEerpeccroHHOl Moaenyt Ko3hdUIMeHTbl, OTHO-
IIEHMS [IAHCOB, & TAKKEe 3HAYEHUS p IIPEICTaB/I€HbI
B Tabnute 2.

Tabnuya 2
Ioka3zaTenu nMosyueHHOM perpecCMoOHHON MO eIu
PerpeccroHHbI OIII pj1s1 perpecCMOHHOTO o
dakrop KO3 GULeHT 4 KoappumenTa 95% [N pst OLI
I'pymma 1,497 0,009 4,468 1,451-13,760
Bospact -0,036 0,037 0,964 0,932-0,998
KoncranTa -1,929 0,013 0,145 -

[Ipy mocTpoeHMM MOAENN MPUMEHSJICS IOIIaro-
BbIII METOJ, MCK/IKUEeHUS He3HAUMMbIX IpeguKTO-
POB HAa OCHOBe TeCTa OTHOLIEHMS MPaBAONOA0OMS.
[IpencraBneHHas mogeib IonaydeHa Ha 10-m miare
MOCTPOEHMST U SIBJISIETCS CTaTUCTUUYECKM 3HAUYMMOM
(x%=13,766; p = 0,001).

[lepeiomMbl MeTaZIOKOHCTPYKLMM PETUCTPUPO-
Ba/JIMChb MPU BCEX TUIIAX TOBPEXIEHUI IO KIaccu-
ukauym AO Spine, vame nipu Tune A4 (59,1%), uro
COOTBETCTBYET €ro IpeobnafaHuI0 B MCCIemyeMoit
BbIOOPKe (53,9%). OTCyTCTBME BEHTPAJbHOrO 3Ta-
a XUPYypPruyeckoro jJeueHus MOIJIO CIIOCOOCTBOBATh
Pa3BUTUIO JAHHBIX OCJIOKHEHMUI, XOTS TepeIoMbl OT-
MevyaanuCh ¥ Py ABYXATAITHbIX onepauusaxy 3 (13,6%)
MaleHTOB.

[To unciny GURCUPYIOUIUX BUHTOB OCIOKHEHMST OT-
MeYeHbl IIpU 4-BUHTOBOM (pukcanum B 18,2% ciryda-
€B, TP 5-BUHTOBOI — B 27,3%, ¥ IIpU 6-BUHTOBOI —
B 54,5%; mpu 3TOM HaHHbIE BapMaHThl (UKCALUU
npumMeHsyMcb v 7,9%, 21,9% wu 70,2% nanyueHTOB
COOTBETCTBEHHO.

PacnpepeneHue naieHTOB C epeioMaMy MeTasl-
JIOKOHCTPYKUMI 1Mo mKase ASIA ObIJIO COMOCTaBUMO
¢ obeit BbibopKroii: A —4,5%; C— 27,3%; D — 22,7%;
E —45,5%.

MeauaHHBI CPOK, HA KOTOPOM ObLIM IPOOIIEPH-
pOBaHbI MalMEHTHI, Y KOTOPBIX ITPOMU3O0IIE/ IlepeioM
MeTa/NIOKOHCTPYKIMM, coctaBmwin 9,00 [4,75; 15,75]
(2,00-49,00) nHel ¢ MOMEHTA MOJIy4eHHO! TPpaBMBbI.
B ocuoBHoit rpymme — 11,00 [2,50; 21,75] (2,00-
23,00) mHeit, B KoHTpoibHON — 9,00 [5,00; 12,00]
(3,00-49,00) gHeit. CTaTUCTUYECKM 3HAUMMOJN pas-
HUIIBI TI0 JAHHOMY ITapaMeTpy OOHapY>KeHO He ObLIO
(» =0,902).

Takum 06pasoM, ObLJIO OTMEUEHO, YTO ITPUHAI-
JIKHOCTh K OCHOBHOJ WM KOHTPOJIBHONM TpyIIre
cratuctuyecku 3Haunmo (p = 0,009) Bausetr Ha puUCK
OCJIOKHEHMIA, TIPU 3TOM B KOHTPOJIBHOI I'PyIIie pUCK
pa3BUTHUS Tlepe/ioMa MeTa/UIOKOHCTPYKLMM WIN MU-
rpaiuy y HalyieHTOB ObLI B 4,5 pa3a BbIIIE 10 CpaBHe-
HMIO ¢ ocHOBHOI (OI1I 4,468; 95% I 1,451-13,760).

Kpome TOro, Bo3pacT mauyeHTa Takke ITOKa3anl
CTAaTUCTUYECKM 3HAUMMYI0 OOpaTHYIO 3aBMUCUMOCTD

C pucKoM ocnoxkHeHmi (p = 0,037): yBenudeHne BO3-
pacra Ha 1 rog, yMeHbIIaj10 MIaHChl Pa3BUTUS TTepesio-
Ma MaM MUTpaluy MMIUIaHTaTta Ha 3,6% (OLI 0,964;
95% I 0,932-0,998).

15 OLleHKM BO3MOXKHBIX Pasjinunii BAUSIHUS IIpe-
IUKTOPOB MEXAY TpyIamMu ObLaa ITOMOJTHUTENIbHO
MOCTPOE€HA MOJE/b C BKIUYEHMEM B3aMMOAENCTBUIM
MeXIy IPUHAAJIEXHOCTbIO K TPYIIe U IPYTUMU Iie-
pemMeHHbIMKU. OgHaKO HOOaBIEHNME B3aUMOJENCTBUIA
He MNPUBENO K CTaTUCTUYECKM 3HAUMMOMY YIydllle-
HUIO TIOATOHKM MOZENN IO CpaBHEHMIO C 6a30BOI
(x*=15,210; p=0,764) u CONMPOBOXAAIOCH HECTA-
OMJIbHOCTBIO OLI€HOK.

CremyeT OTMETUTH, UTO Ha IIare 9 U3 Moaenu 6bu
VCK/IIOUEeH TpeguKTOp JamMMHIKTOMUS. Mcxoms u3
3TOT0, MOXKHO MPEATIONOXKNUTD, YTO MPU YBEJINIEHUN
MOILHOCTM CTaTUCTUYECKMX METONOB, CBSI3aHHOM
C pacuiMpeHueM BbIOOPKM M POCTOM YMCIa COOBITHIA,
YKa3aHHbII (HaKToOp MOT Obl IPOJAEMOHCTPUPOBATH
CTAaTUCTUYECKM 3HAUMMOE BJMSHME HAa BEPOSITHOCTb
Pa3BUTHUS OCIOKHEHUA.

ITocneonepauyonHsie 3HaueHus A-VDCH wu
P-VDCH yacTo OT/IM4anauch OT paCcCUYMTAHHbBIX Iapa-
METpOB, UTO CBUIETEIbCTBOBAJIO O HENOCTATOYHOI
MV M30BITOYHOI IUCTPAKIMM OTIePUPOBAHHOTO Cer-
meHTa. Y 11 (50%) mammenToB 3HaueHuss A-VDCH BbI-
xomauiu 3a mnpenensl 95-105% OT pacyeTHBIX, aHAJIO-
rmuHo Yy 9 (40,9%) — o nokasarento P-VDCH.

Ilepennsisi (AVH) u 3amusasa (PVH) Bwicota Ten
MO3BOHKOB He BCerga BOCCTAaHaBIMBAINCH TIPO-
nopuuoHaabHO usMeHeHusm A-VDCH u P-VDCH.
HepocTtaTouHOEe BOCCTAaHOBJIEHME BBICOTHI MPU LO-
CTUTHYTBIX pacyeTHbIX 3HAYEHMSIX T03BOHOUHO-
IVCKOBOTO KOMILIEKCA TPUBOAMIO K YBEIUYEHUIO
KOCTHOTO JedeKTa M CII0COOCTBOBAJIO IepeaoMam
KOHCTpyKuuu. Tak, y 10 (45,5%) maiueHTOB MO-
are onepanyu A-VDCH 6onbiie AVH, a y 3 (13,6%)
P-VDCH 6omnbuie PVH 6onee uem Ha 5%. Hao6opor,
Y OTAENbHBIX MAIMEeHTOB HaOJoAaIach HEIOCTATOY-
Has muctpaknus (AVH 6onbmie A-VDCH — 3 ciyvas;
PVH 6onbire P-VDCH — 9 cryuaes).

HepaBHomepHas gucTtpakuus (pasauna A-VDCH —
P-VDCH 6omnee 5%) 6buia ormeueHa y 10 (45,5%)
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MalyeHTOB M MNPUBOAMIA K OTKJIOHEHUIO CerMeH-
TapHOTO yIVIa OT PAacUYeTHOIO B cpegHeM Ha 5,0+37°.
[Tocie mepesnioMa KOHCTPYKIMM YToJl M3MEHSIJICS Ha
7,8+3,4° ¢ moTepeil JOCTUTHYTOM KOPPEKLUM B Cpef -
HeM 6,9+4,7°,

[TepesioMbl TPOIOJBHBIX INTAHT HAOIIOOAINCH
B 18,2% cinyuaeB. [Tomo6HO BUHTAM, IITAHTY pa3pylia-
JIXCh B MeCTaX MaKCMMAaIbHOTO HAIIPSIKeHMSI, a MUMEH-
HO HeJaJIeKO OT y3/1a (UKCALIMU C BUHTOM. DJIEMEHTHI
KOHCTPYKIIMM HECKOJIbKO Yallle JIOMaJaCh KaymaaabHO
OT MOBPEXKIEHHBIX TO3BOHKOB.

HemocTaTouHO IPOYHOE 3aTIrMBaHME TaikKuU U
MpuaeraHye MITAHTY He IOJ MPSIMbIM YIJIOM K BUHTY
MMPUBOAVIN K HEIIOJTHOIIEHHOM (PUMKCcAIlUM IITAHTU U
ee MocneayIole Murpanyu. B HallleM 1ccieg0BaHUN
aTo Habmomanocky 2 (9,1%) maimeHToB. I[Ipy moBpesk-
meHuu LI mo3BOHKA MuUrpauys MTAaHTY IPOUCXOaNIa
KayJaJbHO B CPOKM OT 3 10 5 Mec. (ImoTepst KOppeKuun
medopmarium 9,7°). IIpu noBpeskaennn LII mo3BoH-
Ka IITaHra MUTPMUPOBaaa KpaHUAIbHO B CPOKU OT 13
Io 24 mec. (rmorepst Koppekuuu gedopmanuu 3,4°).
[Tocie BbISIBIEHMS TaHHOTO OCAOXKHEHMUS IalMeHT
C MUTpaLMeN ITAaHIY KayaaJbHO ObLT peorepupoBaH,
a BTOpas maleHTKa 0TKa3ajach OT OIlepalyi.

Takum 06pa3oM, IMpU JIEUEHUN IAIMEHTOB C I10-
BpPEXIEHUSIMM TPYIHOTO U TOSICHUUHOTO OTHEeOB
IMO3BOHOYHMKA TOJTHOCTbIO 136€eKaTh PasBUTUS Pas-
JIMYHBIX OCJIOXKHEHMII He YAAJ0Ch. BONBIIMHCTBO
OCJIOXKHEHMIT OBLIO CBSI3aHO C TEXHUUYECKUMMU U
6MOMeXaHMYECKMMM OINMOKAaMM, OJHAKO BCE OCIOXK-
HEHMUSI CTAllMOHAPHOTO Iepuoja ObLIM CBOEBPEMEH-
HO YCTpaHeHbI 1 He OKa3aau 3HaUMMOTO BAMSHUS Ha
KOHEUHbII pe3y/lbTaT JeueHusl, TUIlb YIJIMHUB CPOKU
peabuIuTalNn.

OBCY>XIEHUE

B Hacrosimee BpeMsl TpaHCIeOUKYIIpHas Qurcanms
SIBJISIETCS MIMPOKO PACIpPOCTPAaHEHHBIM METOIOM
BHYTpEHHEe! CTabmin3aiymu, mo3BOSIOIMUM BOCCTa-
HOBUTb aHATOMMWYECKOe ITOJIOKEHME ITO3BOHOYHMKA
U 00eCIIeUUTh €ro BbICOKYI0 CTaGMIbHOCTb. OleHKa
COCTOSTHMSI OTIEPMPOBAHHOTO CEIMEHTA U MPOBeIeHIe
MopdOMeTpPUUeCcKoro aHalM3a CTAHOBSITCS BO3MOXK-
HbiMu 6marogapst CKT [18].

OmmbKM, BO3HUKAWOIIME TIPU TPAHCIIEAUKYJISP-
HOV pUKCaH, TPAAUIIMOHHO AeJISIT Ha TAKTUYecKue,
TeXHUYeckre U OuomMexaHmueckue. TakTUUecKue
OIIMOKY CBSI3aHbI C ITAIIOM IUVIAHMPOBAHMS TPaHCIIe-
IUKYISIPHOTO OCTEOCHHTE3a U Yalle BCero 06ycioBie-
HbI HEeJOOLIeHKO CTereHy HeCTabUIbHOCTY ITOBPEXK-
IeHNsI, aHATOMUYECKUX OCOOEHHOCTel MO3BOHKOB,
COCTOSTHMSI CMEKHBIX CETMEHTOB M ITPOTSKEHHOCTU
ukcanym [19, 20].

TexHuyeckue OUIMOKM BOSHMKAIOT BO BpeMs BbI-
TIOJTHEHMSI OTIEPAIVU U CBSI3aHbI C YCTAHOBKOM BUHTOB
u cbopkoii KoHCTpyKimu [21]. Vix yacToTra moBsblimia-
eTcs TIPU OTPaHMYeHHON BU3yanusaluu, 0COOEHHO

YpPeCKOXXHOM yCTaHOBKe BMHTOB [22]. YacToTa Malb-
MO3UIMM BUHTOB ¥ Tepdopauyyu KOPTUKATbHOMN
MIACTUHKY JocturaeT 15% [23]. TOUHOCTb YCTAaHOBKMU
MeOUKYISIPHBIX BUHTOB SIBJSIETCS KJIIOYEBBIM (DaKTO-
POM YCIEUTHOTO UCXO0AA: aske He3HAaUUTeIbHOE CMe-
1ieHue MOXKET MPUBECTU K MOBPEXAEHUIO CIMHHOTO
MO3Ta, KOPEeUIKOB, COCYAMUCTBIX CTPYKTYp WMJIM Opra-
HOB, IIPWIEXAalMX K MO3BOHOYHMKY [24]. B Haulem
MCCIeN0OBAaHMM JINIIDb B IBYX CAy4asix MOTpe6boBagach
peormepanus 13-3a MaJabIIO3UIIUY BUHTOB, UTO ObLIO
CBSI3aHO C HEAOCTATOYHONM BU3yanau3salueii aHaTOMM-
YeCcKUX OPUEHTUPOB IIPU BhIPAKEHHOI Aedopmanymn
M03BOHOYHMKA. [IpMMeHeHMe HaBUTALIMOHHbBIX U PO-
O60TM3MPOBAHHBIX CUCTEM ITO3BOJISIET CHU3UTH PUCK
HENpaBWIbHOM TPAaeKTOPUM YCTaHOBKM BUHTOB [0
2-5% [25].

BuomexaHnveckyue OHIMOKM OOYCIOBJIEHBI He-
aJeKBaTHOM >XeCTKOCTbI0O KOHCTPYKLMM, HeHOOlleH-
KOV CaruTTAIbHOTO MPodWIS IIPY KOppeKkuuu gedop-
Mal}y U OTCYTCTBMEM KOHTPOJISI 32 BOCCTAHOBJIEHMEM
BBICOTBI TeJla ITOBPEXIEHHOTO IT03BOHKA [26].

OC/IOKHEHMST  TPaHCIEAUKYISIPHON  duKcauun
MoApasnesloTCs Ha MHTpaonepalMoHHble (Hempa-
BUJIbHOE TMO3ULIMOHMPOBaHWE BUHTOB, MOBpeXIe-
HME COCYJOB M OPraHOB, KpPOBOTeUYeHME), PaHHUE
nocieonepanuonHble (MHGEKUNS, TUKBOPEsT) U OT-
IaseHHble (HeCTaOMIbHOCTb U TIepeioM MeTalIo-
KOHCTpYKLMM). YacToTa OCIOKHEHUII B pa3lUMUYHBIX
UCCIeN0BaHMSIX M MeTaaHa/ln3ax CyIleCTBEHHO Ba-
pbUpYeT B 3aBUCUMOCTU OT KPUTEPUEB BKIKUEHMUS
namnueHToB [27, 28]. Hamubosee TsoKenabie OCIOKHE-
HUSI — TIOBPEXIeHMue CIIMHHOTO MO3ra, LieMeHTHas
3MOO0MS, MAaCCUBHbBIE COCYAUCTBbIE TTOBPEKIEHUS —
BCTPEUAIOTCS PeJIKo, HO TPeOYIOT TIATeNbHO Mpe-
OTepanyoOHHO TOATOTOBKY U CTPOTOT0 COBTIONEHMS
XUPYPrUUEeCKoi TeXHUKH [29].

OTK/IOHEHMEe BMHTAa OT HOXKM IT03BOHKa OCTa-
eTCsS paclpoCTpaHEHHbIM SBI€HMEM, CBSI3aHHBIM
C TEXHUYECKYMM OIIMOKaMU, ¥ MOKET ITPUBECTY K HEB-
pOJIOTMYECKUM OCTOKHEHMSIM. OgHAKO KIMHUYECKU
3HauMMble HEBPOJIOrMYeCcKMe HapylleHUs BCTpe-
yaTcs peako. CucreMaTuyeckye 00630pbI MOKA3bI-
BAIOT, UTO OTKJIOHEHME BMHTA MeHee ueM Ha 2 MM,
Kak MpaBWio, He BbI3bIBAae€T HEBPOJOIMYECKUX pac-
cTpoiicTB [30], Torma Kak cMelleHue 6oee 4 MM CII0-
COGHO TPUBECTU K TOBPEXKAEHMUIO KOPEIKOoB [31].
Yacrora NMomoOHBIX OCIOKHEHUI TaKXKe HAMPSIMYIO
3aBUCUT OT OIIbITA XUpypra [32].

WubekMoHHbIe OCTOXHEHMS TIOC/TIe TpaHCIIe-
IVKYJISPHOM (UKcanmuyu BCTpedvarTcss B 2-5% cy-
yaeB M 3aBUCIAT OT 00beMa BMeIaTeabCTBA, XapaK-
Tepa TpaBMbl U CONYTCTBYIOLIEN naToaoruun [33, 34].
[MonyyeHHbIE HAMM JAHHBIE II0 YACTOTe MHQEKLMI
COTIOCTaBMMBI C pe3yJabTaTaMyu APYIUX MccaenoBa-
Huit. Tnyb6okme uH@EKIUM TPeOYIT arpeccMBHOIO
JleueHus, BKIOYasl aHTUOAKTePUATbHYIO Tepanuio |,
MpM HEeOOXOAMMOCTY, PEBU3UIO UM yHaajieHNue KOH-
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crpykuym [35]. CoxpaHeHMe MMIUIAHTaTa BO3MOSKHO,
e MHOEKIMS pa3BUIach B TeUeHMe MePBhIX 3 Mec.
Toc/Te omepaiuu; pu 6osiee MO3gHEM BO3HUMKHOBE-
HVY MHGEKITMY TTOKA3aHO ero ynanenue [36].

ITo manHbIM A.I. MapTuKsSHa C COaBTOpamMu, pas-
PBIB TBEPIIOV MO3TOBOJ OOGOJIOUKM AUATHOCTUPYETCS
y 32,9% manueHTOB C MepejioMaMy IPyagHOTO U MO-
SICHUYHOTO OT[Ee/I0B MO3BOHOUYHMKA, a B 9,1% ciydaeB
B IIOC/IEONEPallMOHHOM TepUojie OTMeYaeTcs JIMKBO-
pest [37]. BeposiTHOCTE pa3pbiBa TBEpPAOM MO3TOBOVA
000JIOUKY TIOBBIIIAETCS TPV HATUMUMUM HEBPOJIOTUYe-
ckoro gedwuiymrta, BeIpakeHHOM KOMITPECCUM TT03BO-
HOYHOTO KaHa/la U yBeIMYeHUU MeXIeAUKYISIPHOTO
paccTosiHMsI. B Halllem uccienoBaHMM YacToTa Mocie-
OTepanyoHHO IMKBOPeN OblIa HIKE, UTO, BEPOSITHO,
CBSI3aHO C PETPOCIEKTUBHBIM XapaKTepoM aHaau3a
¥ BO3MOKHBIM HEJIOYYeTOM CJIyuaeB, KyIMPOBaHHbIX
6e3 IMMOBTOPHBIX OIePAaTVBHBIX BMEIIATEIbCTB.

B oTmaneHHble CPOKM YacCTOTa MeXaHUUYECKUX OC-
JIO(KHEHMI, CBSI3aHHBIX C IEPEIOMOM WJIM MUTpaLen
MMIUIQHTATOB, JOocTuUraet 28%, B CpeiHEM COCTaBJISISI
okoso 14% [38, 39]. DTu ocnoxkHeHMS yYalle Habo-
JaloTCSl TPU BBICOKOV Harpy3ke Ha KOHCTPYKIMUIO,
KOPOTKOCEIMEHTApHOV GUKCAMM ¥ OCTeOIopo3e
y TMOXWIbIX TalueHTOB. LleMeHTMpOBaHME BUHTOB
U yIOJMHEHMEe KOHCTPYKILMM TOBBIIIAIOT MPOUYHOCTD
ukcanym [40]. ITo HamWIMM AAHHBIM, y TANMEHTOB
MOXUJIOTO BO3pacTa YyacTOTa MeXaHUYeCKUX OCIO0XK-
HEHMUi1 OblJIa HUKE, BEPOSITHO, BCIEACTBUE MEHbIIIE
(pu3MUecKoit aKTMBHOCTH.

B mutepaTtype NOSIBISIIOTCSI COOOIIEHMS 0 HE0OXO0-
IUMOCTH yOaJeHUs] UMIUIaHTaTOB B CpeLHEM uepes
rop [41]. [IpuMmepHO B TpeTH ciiyyaeB, KOria UMILIAHT
He ObLT yaaJieH 10 MCTEeYEeHUM BOCHMM JIET, OH JIO-
maics [42].

ITo manubiM G. Shokouhi ¢ coaBTOpamu, BBITION-
HeHMe JIAMUHIKTOMMUM TIpU TIOBPEXIEHUSIX B IPyLO-
MOSICHUYHOM OTZHejle T03BOHOYHMKA He IPUBOIU-
JIO K HapacTaHuio yriaa gedbopmanuu yepe3 6 mec.
110 CPaBHEHMIO C 3aKpbITON IeKoMIipeccuein [43],
YTO MOATBEPXKIAIOT pe3y/bTaThl HAIEro UCCIem0Ba-
HUS B 6ojIee TTO3THUE CPOKM.

[TpomormskaroTcs ycKyccum o ¢akTopax pucka He-
COCTOSITEIBHOCTY TOJBKO 3agHeit ¢pukcanuu. K Hum
OTHOCSIT ITOKa3aTesib 60s1ee 7 6ajIoB IO KiaccuduKa-
LM pacrpeneneHusi Harpysku [44], npenonepauyoH-
HbIii yros Ko66a >15°, a Takke BbICOKMIT MHAEKC MaCChl
Tena. YcuieHue KOHCTPYKLIMM BO3MOYXKHO 3a CUeT UC-
TOJIb30BaHMUS KOOQJIBTOXPOMOBBIX CTepyKHEN, KOTO-
pble 06/1a7ar0T GOJIBILEN TPOYHOCTHIO 10 CPABHEHMIO
C TUTAaHOBBIMM aHAJIOTAMM TOTO Ke AvamMeTpa [45].

HeopHo3HauHOM oOCTaeTcs HEOOXOAMMOCTb BbI-
MOJHEHUSI CIIOHAMIIOAEe3a TOoc/ie TpaHCHeoUKYJIsIp-
HOVi ¢uKcanuy BBUAY PUCKA CUHAPOMA CMEKHOTO

ypoBHS [46]. [lokazaHUsI K YKpEIUIEHUIO BEHTpPasb-
HOJ KOJIOHHBI 3aBUCSIT OT KECTKOCTM 3a[Hel cTadbu-
JIM3aluy, CTelleHM TOBPeXKIeHMs MepeaHeit KOIOHHBI
U MEXII03BOHOYHOro pnucka [47]. B psge ciyvyaes
TepenHmnii CIIOHAMIONE3 MOXKHO OTIOXWUTb WIM U3-
6exkaTh BOBCE, IIOCKOJIBKY OH He CHMKAEeT PUCK Iepe-
JIOMOB MMIUIAHTOB B OTAA/IeHHOM Itepuoge [48, 49].

Murpauyus (QURCUPYIOIIMX CTep>KHEl, Kak IIpa-
BUJIO, CBSI3aHA C TEeXHMYECKMMM OLIMOKaMM — Hemo-
CTaTOYHOJN afariTamyueii MpoaoJIbHbIX IIITAHT K IMa3aM
TOJIOBOK BUHTOB WM OCIabaeHueM (GUKCUPYIOINX
raek. JJaHHble 06 3STOM OCJIOKHEHMM HeMHOTOUMCIeH-
HbI 1 Yallle TpeJICTaBIeHbI B BUE OTAeIbHBIX KINMHU-
yeckux Habmromennit [50, 51].

CrpeMsieHMe K BOCCTAaHOBJIEHUIO MCXOOHOI aHa-
TOMUM TIOBPEKIEHHOTO CerMeHTa I103BOHOYHMKA
B I'PYOHOM M TIOSCHMYHOM OTHelaX CII0COGCTBY-
eT CHVDKEHMIO YaCTOThl OMOMEeXaHMYeCKMX OLIMOOK
M COXpPAHEHMIO JTOCTUTHYTOM Koppekuuu medopma-
MK, YCTaHOBJIEHO, YTO BOCCTAaHOBJIEHME BhICOTHI Tejla
TOBPEXAEHHOr0 MO3BOHKA M CarMTTaJbHOTO MHAEKCA
BO BpeMsI oIiepainy obecreurBaeT B OTIaJIeHHOM ITe-
puome CTabUIBHOCTb KOPPEKUIMM U MpPemoTBpaliaer
BTOPMYHOE CHIMKEHME BbICOTHI TO3BOHKA MOC/Ie yaa-
JIeHusI UMILIaHTaTta [52].

OI'paHM‘IEHI/Iﬂ nuccieaoBaHus

V3-3a OTHOCUTETbHO HEGOJBILIOTO pa3Mepa BhIOOPKH,
pe3yabTaThl UCCAEIOBaHMS MOTYT OBITh B HEKOTOPOIA
CTEMeHy MCKakKeHbl. B Oymyinem [Ajisa MOATBEpKiae-
HMS HAllMX BBIBOAOB IUIAHMPYETCS MPOBECTM IPO-
CTIIEKTMBHOE PAaHIOMM3MPOBAHHOE KOHTPOIUPYEMOE
MCCIeqoBaHme

3AK/TIOYEHHE

Haubonee 4acThiMy OCIOKHEHUSIMY, OTIPEHesISIonIy-
MU PUCK HEYOOBJIETBOPUTENIbHOTO MCXOAA, SIBJSIACH
MexXxaHuJeckue — IepesoMbl M MUTpalMsl MeTasio-
KOHCTPYKLMK. BocCTaHOB/IEHME MCXOOHOM aHAaTOMUU
MTO3BOHOYHMKA BO BPeMs PeNO3ULMOHHO-CTaOMUIN3N-
pYIOLIEro TPaHCIEeAUKYISIPHOTO OCTEOCMHTE3a CTATUC-
TUYECKU 3HAUMMO CHMKAJIO YaCTOTY OCJIO)KHEHUIA.

dakTopaMy, He OKa3aBIIMMM CTaTUCTUUECKU
3HAYMMOTO BJIMSIHUSI HA YaCTOTY OCJIOKHEHU, ObLIN
CPOKM C MOMEHTA IOJIyueHMs] TPaBMbl 4O Olepalu,
xXapakTep MopdOoIOrnYecKuX IMOBPEXIEHMI, UCXOM-
HbI/i HEBPOJIOTUMYECKUI CTATyC, BBITIOJIHEHME JTaMMU-
HYKTOMMU U TlepeJHEr0 CIOHAMUIIOAE3a.

Pa3paboTka KOMIUIEKCHOJ CUCTEMBbI IPOPUIaKTI -
KJ OCJIOKHEeHUI 1 ONTUMM3aLMs TpefomnepaliOHHO-
rO 3Tarna Mo3BOJAT CHU3UTb UX YaCTOTY U YIYYIIUTh
pes3yabTaTbhl XUPYPIUMUECKOTO JieueHus IMaleHTOB
C MOBPEXIEHUSIMMU I'PYLHOTO U MOSCHUYHOTO OTHEI0B
MO3BOHOYHMKA.
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JOIIOTHUTEJIbHAS NTHO®OPMALIMISI

3asenenHslii 6K1a0 agmMopos

Kygpmoe B.C. — KOHIENUUSI U OU3aifH UCCIeIOBaHMUS,
cO0p, aHa/IN3 M MHTEPIIPETALIMS JAaHHBIX, [TOUCK Y aHaIu3
JINTEepaTypbl, HaIlMCaHMe TeKCTa PYKOIIUCH.

Ycukoe B./l. — KOHLeNIMS U AM3aiiH MCCaeq0BaHMsI, Ha-
MCaHMe Y peJaKTUPOBaHME TEKCTA PYKOIUCH.

Bce aBTOpPBI Mpowiu U omgo6puan GUHAIBHYIO BepCUIo
PYKOTIMCH CTaTby. Bce aBTOPBI COIMIaCHbI HECTY OTBETCTBEH-
HOCTb 3a BCE aCIeKThl paboThl, YTOOBI 0OECTIEUNTh Hajle-
Kallee pacCMOTpeHMe U pellieHe BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAJEKHOCTbIO JIF06071
4acTy paboThl.

Hcmounuk ¢puHaucupoeaHus. ABTOPbI  3asIBJISIOT
06 OTCYTCTBUM BHeIIHEro GMHAHCUPOBAHUS MIPU MPOBeJe-
HUM UCCIIeTOBaHMSI.

Bo3MmozcHblli KOH(IUKM UuHmMepecos. ABTOPHI JeKia-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATbHBIX KOH(DIMKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIeii HaCTOSIIEN CTaTh.

Imuueckas skcnepmu3a. He npumeHnMma.

HUnpopmuposanHoe coznacue Ha nyoauKayuo. ABTOpbI
MOYyYMIM MMCbMEHHOe corjlacue TalMeHTOB Ha yuyacTue
B MCC/IEAOBAHUY U ITyOIMKALIUIO Pe3yIbTaTOB.

TI'enepamuenblii uckyccmeeHHstii unmesiekm. I[lpu co3-
JIaHUM CTaThy TEXHOJOTMY TeHEPaTUBHOIO MCKYCCTBEHHOTO
MHTEVIEKTA HE UCIIOIb30BaJIN.
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CpepHecpoyHble pe3ynbTaTbl OCTEOCMHTE3A U SHAONPOTE3UPOBAHUS
Y NAaLMEHTOB C YeTbipexdparMeHTapHbIMK NepenoMaMm
NMPOKCUMaJIbHOIO OTAENA NIe4YeBON KOCTH

K.A. Ernasapss, [1.C. Epmios, E.I1. Terunnaa, .. Muxaiinos, H.M. Kouabipes

@I'BOY BO «Poccutickuili HayuoHatbHblli uccnedosamensckuii meduyuHckuil yuusepcumem um. H.HU. ITupozosa»
Muwnsdpasa Poccuu, 2. Mockea, Poccus

Pedepar

AxkmyansHocms. YeTbipexdparMeHTapHble II€peIOMbl TPOKCMMAIBHOTO OTAena IuieueBoii koctu (TTOTIK) mpemcTaBiisiioT
HauOOo/IbIIMEe TPYAHOCTY IIPU BBIGOpE METOMA JIeUeHNs.

ILlens uccnedoeéaHuss — CPaBHUTH CPeAHECPOUHbIE KIVHUYECKNE VCXOAbl XMPYPTUUECKOTO JIeUeHNS MMalyieHTOB C YeThI-
pexdparMeHTapHbIMM MTePeIOMaMM XUPYPTUUECKOI IIeJ KM TIeueBOi KOCTH TOC/Ie HEOCTOKHEHHOTO OCTEOCMHTE3a U He-
OC/IO)KHEHHOTO 3HJIOMPOTE3MPOBAHMS C UCIIOIb30BaHMeEM pa3paboTaHHOI CUCTEMbI CYOBEKTUBHONM OLIEHKM Pe3yIbTaTOB
JIleyeHus.

Mamepuan u memoodsl. B peTpoCIIeKTMBHOE JCCIeOBaHMe ObLIM BKIIOUEHbI MalMeHThl B Bo3pacTe 18-90 jieT ¢ 4yeTsI-
pexdparmMeHTapHbIMU TIepesioMamMu U repeaomoBbiBuxaMy ITOTIK maBHOCTBIO A0 14 cyT. ITanyeHThl 6bLIM pasaeeHbl Ha
JIBe TPYIIIbI: Ipymia ocreocuHTesa (O, n = 23) u rpymnmna sHaonpore3upoBanus (9, n = 25). B o6eux rpyriax yepes 12 mec.
C MOMEHTa BBITIOJHEHMSI Orepanuy ObLT MPOBEJEH OIMPOC C MCIONb30BAHMEM CIENAJbHO Pa3pabOTAaHHOM CUCTEMbI
CYOBEKTMBHOI OLIEHKM Pe3y/IbTATOB JIEYEH M.

Pesynsmamet. 3HaUMMOI pasHUIIBI MEXIY IPYMHIIaMM B CYOBEKTUBHOI OLIEHKE Pe3y/lbTaTOB JIEUeHUS Yepes Tof, Mocje
octeocuHTesa IMOTIK 1 3HIOMPOTE3MPOBAHMS TJIEUEBOTO CYCTaBa BbISIBJIEHO He 6b110. OJHAKO Y IMal[ieHTOB B TPYIINax
GBIV BBIZEIEHBI pa3HbIe KPUTEPUY B KauecTBe 60siee 3HAUMMBbIX, KOTOPbIE BAMSUIM Ha CYObeKTUBHYIO OLIEHKY pPe3y/bTaTa
JleyeHUs repeyioMa. B rpyrire sHIOMPOTEe3MPOBAaHUSI MMM CTAIM OTPAaHUYEHME NBVKEHMI B BepXHell KOHEUHOCTU U IPO-
LIEHT BOCCTAaHOBIeHUs (QYHKIMM BepxHeil KOHEYHOCTM. B rpyrime ocTeocuHTe3a MPOTHOCTUYECKM BasKHBIMU B OI[€HKE
JIeYeHUsI CTaM ypoBeHb 60y 1o 10-6annbHoit BAIIl ¥ TMYHBIA BKIAA B peabMIMTAIMIO OMEPUMPOBAHHON PYKU IOCIIEe
ornepaunuu.

3axntouenue. TIpy BLITIOMTHEHUY HAKOCTHOTO OCTEOCMHTE3a Y MAIMEHTOB C YeTbIpexdparMeHTapHBIM I1€PEIOMOM ITPOK-
CMMaJIbHOTO OT[Jesa IUIeYeBOV KOCTM MOXKHO OXMIATh COIIOCTaBUMMBIX C PEBEPCUBHBIM 3SHIOIPOTE3UPOBaHMEM ILie-
YeBOTO CyCTaBa Pe3ylIbTAaTOB JieueHus. VcciemoBaHyue TMOKAa3bIBaeT BAKHOCTh CYOBEKTMBHON OIIEHKM KadyecTBa >KU3HU
U YIOBJIETBOPEHHOCTH MalMeHTOB, KOTOPbIE CTAHOBSITCS BasKHBIMM KOMIIOHEHTaMM MPUHSATUS KIMHUYECKUX PellleH Ui Tpu
JIedeHUM YeThipexdbparMeHTapHbIX TePeIOMOB ITPOKCMMATBHOTO OT/esa IJIeUeBOi KOCTH.
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Four-Part Proximal Humerus Fractures Treated With Osteosynthesis
and Reverse Shoulder Arthroplasty: Mid-Term Results
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Pirogov Russian National Research Medical University, Moscow, Russia

Abstract

Background. Four-part fractures of the proximal humerus (PHF) present great difficulties in selecting an appropriate
treatment method.

The aim of the study — to compare the mid-term clinical outcomes of surgical treatment in patients with four-part fractures
of the surgical neck of the humerus after uncomplicated osteosynthesis and arthroplasty, using the results of a newly
developed subjective outcome assessment system.

Methods. The retrospective study included patients aged 18 to 90 years with four-part fractures and fracture-dislocations
of the proximal humerus, with injury duration of up to 14 days. Patients were divided into two groups: the osteosynthesis
group (O, n = 23) and the arthroplasty group (A, n = 25). In both groups, 12 months after the surgery, we conducted a survey
using a specially developed subjective assessment system.

Results. No significant difference was found between the groups in the subjective assessment of treatment outcomes
one year after osteosynthesis of PHF and reverse shoulder arthroplasty. However, in patients from both groups, different
criteria were identified as more significant in subjective assessment of the fracture treatment outcome. In A group,
following criteria were significant: restricted range of motion in the upper limb and the percentage of functional recovery
of the upper limb. In O group, the most prognostically important criteria for treatment assessment were the VAS point
and the patients’ self-assessment of their contribution to the rehabilitation of the operated arm after surgery.
Conclusion. In four-part fractures of the proximal humerus, plate osteosynthesis can be expected to yield treatment
outcomes comparable to those of reverse shoulder arthroplasty. Our study highlights the importance of subjective assessment
of quality of life and patient satisfaction, which have become key components in clinical decision-making in the treatment
of four-part fractures of the proximal humerus.

Keywords: proximal humerus fracture; reverse shoulder arthroplasty; plate osteosynthesis; ORIF; quality of life.
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BBEJEHUE

[lo maHHBIM COBPEMEHHON IUTEepaTyphl, NepeoMbl
MIPOKCUMAIbHOrO oThena IevyesBolt Koctu (ITOIIK)
HaXOZISTCS Ha 7-M MeCTe U COCTaBJIsIIoT 10 10% oT Bcex
IepeIoMOB Y B3pOCbIX [1, 2]. YV MOXMIIBIX Jt0felt Iepe-
nomsl [TOITK HaxopsITCs Ha TpeTbeM MecTe [3, 4, 5, 6].
XapakTrep TpaBMbl pa3anMyaeTcs: y MOJIOJbIX MalMeH-
TOB OHAa CBSI3aHa C BICOKO3HEPTeTUYECKOV TPaBMOIA,
y MOXXWIBIX — C HU3KOIHEPreTMUUeCKoii, Jalle BCero
00yc/ioBIeHHOM ocTeonopo3oMm [7]. TenmepHoe pac-
rpefeneHye NOCTUTaeT COOTHOLIeHMs 1:3 B IONb3y
keHIVH [8]. Y mauyeHTOB € MOMUTPaBMOi Ha6IIO-
JlatoTcst 6osee CIOXKHbBIE TIEPETIOMBI TPOKCUMATIBHOTO
oTAerna IeyeBoit koctu [9, 10].

IOnsa omucanusa mnepeinomoB IIOIIK mpumeHs-
0T pasHble KiaaccuduKaluu, U3 KOTOPHIX Hambo-
Jlee BOCTPeOOBAaHHBIMM SIBJISIIOTCS  KJIacCUPUKALIUU
Association of Osteosynthesis (AO) u Neer [11, 12].
YersipexdparmeHtapHbie mepenomsl [TOIIK (Neer 4)
u niepeniombl Tuma C (AO) IBASIOTCS HamMbosee «CJI0XK-
HbIMU». bonbmimHCTBO mnepenoMoB IIOIIK ymauHo
JleyaTcsl KOHCepBaTUBHO, 3a MCKIIIOUEHMEM IIepesio-
moB Tuna Neer 3 u 4 [13]. YUeTbipexdparmeHTapHbIe
repesioMbl — Haubosee TPyJHbIE C TOYKU 3PEHUS He
TOJIBKO «MOJeu» IepesomMa (IOBbILIAeTCs PUCK aBa-
CKYJISSPHOTO HEKpO3a r'oJIOBKM IIJIEYeBOIM KOCTU), HO U
BbIOOpA XUPYPruUeckoii TakTuku [14, 15, 16].

Ha ceropHsmHuii geHb y IalUMEHTOB MOJIOAO0I0
BO3pacTa ¢ 4YeThIpexdparMeHTapHbBIMM Ileperoma-
mu ITOIIK pekoMeHyeTCs! BBIMOMHATHCS HAKOCTHBIN
ocreocuHre3 [17, 18]. IloXuabIM MalyeHTaM peKo-
MEH[IYIOT BBIIIOJTHEHME PEBEPCUBHOrO SHIOMPOTE3N-
poBaHus mwievesoro cycrasa (P3I1C) [14, 16, 18].

[MostB/IeHME TUIACTUH C YIJIOBOM CTAOMIbHOCTBIO
MpUBEI0 K TOMY, UTO NAHHBII MeETOJ XUpypruuec-
KOro JIeYeHMS] MUCIIOIb3yeTcs NpU JIeueHUM Nalu-
@HTOB C [JIBYX-, TpeX- U ueTbipexdparMeHTapHbIMU
nepenomamu IIOIIK co cMmeleHreM OTIOMKOB [17].
ApTporiacTuka BepxHell KOHEYHOCTM MOSIBUJIACh
CpaBHUTE/IbHO HelaBHO. MeTop ropassio MeHee pas-
BUT, Y€M apTPOIUIACTUKA HMUKHEI KOHEYHOCTH, SIBJISI-
€TCSl BBICOKOTEXHOJIOTMYHBIM U TPebGyeT OT Xupypra
COOTBETCTBYIOILIVX HAaBBLIKOB [19, 20, 21].

OTcyTCcTBME YeTKMX MMOKa3aHUI K TOMY MJIX MHOMY
XUPYypruyeckomy Mertony neyeHus nepenomos ITOITK
M PasHble MOAXOMAbI K BHIOODPY JIEUEHUST BCTPEYAIOTCS
BO MHOKECTBE ITyOIMKALINIA, KaCaIoIIMXCsI CPaBHEHUS
P3OIIC M HaKOCTHOTO OCTEOCHMHTE3a, apTPOIIACTUKU
Y HAKOCTHOTO ocTeocuHTe3a, POIIC u reMmuapTponiac-
TUKHA [22].

Ilenv uccnedosauuss — CpaBHUTbH CpeIHECPOUHbIE
KIVMHMYECKME UCXOObl XUPYPIUUECKOTO JeYeHMs Ma-
LIMEHTOB C yeTbIpexdparMeHTapHbBIMU IepeIoMaMu
XUPYPIUYECKON LIejiKy IleYyeBOl KOCTU IIociae He-
OCJIOKHEHHOTO OCTEeOCHHTEe3a U HEeOCIO0)KHEeHHOI'O
SH/IOTMIPOTE3MPOBAHUSI C UCIIONb30BaHMEM pa3pabo-

TaHHOJ CHCTEMbI CYO'beKTUBHOJI OILIEHKU PE3Y/IbTaTOB
JieyeHusl.

MATEPUAJI U METObI
JlvizaiiH uccjaegoBaHUSs

Pa6ora 6blyia BBITIOJIHEHA B YHMBEPCUTETCKON KIIM-
HUKe TpaBMaTonoruuM u oproneauu PHUMY wum.
H.W. Tluporosa nipu I'Kb N2 1 um. H.U. Iluporosa
(r. MockBa). B peTpoCreKTUBHOe UCCIeJOBaHMe ObLTU
BKJIIOUEHBI MaleHThl B Bo3pacTe 18-90 neT ¢ yeTsI-
pexdparMeHTapHbBIMYM TIepeioOMaMM U TepPeIOMOBBI-
Buxamu [1OTIK gaBHOCTBIO 10 14 CyT., Mpoonepupo-
BaHHbIe B niepuog, ¢ 2020 o 2023 T.

OmnepaTMBHOE BMeEIIATEIbCTBO ObIIO BBIMTOTHEHO
B 0O0beMe OCTeOCHMHTe3a IIACTMHON C YIJIOBOI CTa-
6unbHOCThI0O mMau PIIIC. Omepaiius IIPOBOAMIACH
B TeUeHMe MepBoii HeJle/Iu TOoc/ie MOCTYIUIeHUST TTal[u-
€HTa B CTAllMOHApP; MUHUMAaJIbHOE KOJIUUECTBO AHEN
Iocjie TpaBMbI — 1 IeHb; MaKCUMaibHOe — 21 TeHb.

Kpumepuu HeskI0OUeHUS: MHOXECTBEHHbIE U CO-
YyeTaHHbIe TIOBPEXEHUS; OTKPBITbIe MepeOMbl UK
TepelOMOBBIBUXY TLJIEUeBOIl KOCTU; YCTaHOBJIEHUE
dakra HapymeHus: GYHKIMM TMOBPEXKIEHHON Bepx-
Heli KOHEYHOCTM OO0 TeKylleil TpaBMbl; CUCTEMHbIe
BOCIIAJIUTEe/IbHbIe 3abojieBaHMsI; 3ab60/eBaHUsS CO-
eqIUHUTENbHOM TKaHM; COIYyTCTBYIOIAs TATOJNOTUS,
KOTOpasi, M0 MHEHUI0 UCCIefoBaTessi, He MO3BOIUT
MPOMTU KypC peabuauTaluu Iocae omepaluu; He-
CIIOCOOHOCTh MJIM aKTMBHOE HeKeJlaHue COOJonaTh
peKoMeHIaluy Bpaua; 6epeMeHHOCTb MY JTaKTalys.

Kpumepuu uckntoueHus: 0TKa3 B OCJieonepalioH-
HOM Tiepuoze OT NaJbHeNIlero yuacTus B UCCIef0Ba-
HUU, TIOTEPSI CBSI3U C MAI[MeHTOM.

[ManieHThI B 3aBUCMMOCTU OT BBITIOJIHEHHOI Orle-
paiuy ObUIM pasfelieHbl Ha [ABe TPYIIIbI: TpyIa
octeocuHTesa (rpynmna O, n = 23) u rpyIna 3HA0IpoTe-
3upoBaHus (rpynna J, n = 25). [TanyeHTs! B rpyrme O
MMeu mokasaHus K POIIC, KoTopoe He 6bIUIO BbINOJ-
HEHO IO MPUYKMHEe 0TKa3a MaleHTOB OT SHI0TIPOTe3U-
poBaHusi. Kpurepuem BrioueHus B rpyminy O SBsIICS
XOpOIINA peHTTeHOorpahuUIecKuil pe3yibTaT JeueHus,
COOTBETCTBYIOIINIA IBYM KPUTEPUSIM : BOCCTAaHOBJIEHME
reoMeTpu KOCTU U KOPPEKTHOe PacIonokeHue Tiiac-
TUHBI ¥ BUHTOB.

B xome paboThl 6blIa MCHOIb30BaHa CIIEVATBHO
paspaboTaHHas HAMM CHCTeMa CyOBbEKTUBHONM OlLieH-
KM Pe3y/IbTaTa JIeueHusI, 10 KOTOPOi1 ObIIO TPOBEIeHO
aHKeTUpOBaHMe MalueHToB. OTpoc BKIIOUAJ CIefyi0-
mye IapaMeTphl: OlleHKa Hauboyee BBIPasKEHHOIO
0CTaTOYHOro 60/IeBOro cuHapoMa 1o 10-6a/IbHOI
BU3yaJIbHO-aHanoroBol mkase (BAII) mpu nBuke-
HMSIX PYKOI WJIM BO BpeMs CHA, OlleHKa OTpaHUYeHUsI
IBIDKEHMIT B pyKe B 6GajlyiaX, OIleHKa JIMYHOTO BKIaja
B peabMIuTAIMIO OIEePUMPOBAHHON PyKM B Gajuiax,
OlleHKAa CTeINeHM BOCCTAHOBJIEHUSI OIMEePUPOBAHHON
PYKM B TIPOLIEHTAaX, OlleHKa pe3y/ibTaTa JieueHus rnepe-
JIoMa 1o 5-6a/uTbHOI mIKase (Tab. 1).
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Tabnuua 1

Cyﬁ'beKTMBHbIe KpUurepum, MCiio/ib30BaHHbI€ INNallMEHTAMM /i1 OII€HKHN pe3yJjibTaTa JICUeHUA

Cy6beKTUBHBIN KpUTEPUIi

3amaHue )i MalyeHTa 1 OIMCaHMe OLEHKM KPUTePUsI

10-6annbHasT BU3yaTbHAS
aHaJIoroBasi uKaua

OrpaHuueHue OBUXKEHUN

B BepxHeli KOHeYHOCTH B 6aynax (1-4):

O1uieHKa IMYHOTO BKIaJa

B peadbMINTaLIAIO
OIlepMPOBAHHOV PYKU IT0CIIe
omepauumn

B 6annax (0-4):

JIy4IIETO pe3y/bTaTa,

[TpoueHT BOCCTaHOBIEHUS
dyHKUMYM BepxHen
KOHEUHOCTU

O1ieHKa pe3yinbTaTa JIEeUeHUA

10 5-6aJ1/IbHOI 1IKajIe 5 — oTIMuHoO.

OLieHMTe OCTATOYHBIN 60/eBoIi cuHAPOM OT 0 1o 10 Mpy ABVKEHUSIX PYKOW WU
BO BpeMsI CHA, rae 0 — 60/1b TOTHOCTHIO OTCYTCTBYET, 10 — MaKCMMAaIbHO BO3MOSKHAST
B BallleM I1peficTaBaeHn 60b

BaM HY’KHO IaTh OLIeHKY OTpaHMYeHMs JBMKEHNI B OTIepMPOBAaHHOM IIEU€BOM CYCTaBe

1 — HeT, MOTy IBUraTh ONIEPUPOBAHHOM PYKOI1 KaK 3I0pPOBOIL;
2 — IBUXKEeHUS B pyKe HEMHOT'O OTpaHUYEeHb;

3 — IBVDKeHMS B pyKe 3HaUUTE/bHO OTpaHMYeHbl;

4 — coBCceM He MOTY IBUTaTh PYKOI1

BaM HYKHO aTh OLIEHKY JIMYHOTO BKIaJa B PeabIIMTAIVIO OTIePUPOBAHHON PYKU
0 — He mpwiarasi(a) yCuianit K pa3paboTKe IBVSKEHUI B CyCTaBe;
1 — 6bUTM HEKOTOPBIE MTOTIBITKY Pa3paboTKY ABVKEHMIT B CYCTaBe;

2 — ygensi(a) BHMMaHKe pa3paboTKe ABUKEHUI B CYCTaBE;
3 — oueHb cTapajcsi(ach), HO IyMalo, YTO NPy HOJIbIIEM YCEPAUM MOKHO OBLIIO JOCTUYD

4 — 3aHuMaJcs(ach) pa3paboTKOi ABVKEHMIT BECh HEOOXOIMMbIi ITepUOT,
BOCCTAHOBJIEHMSI, TPUJIOKM/I(Q) MAKCUMAa/IbHO BO3MOYKHbBIE YCUITUS

O1eHNTe BOCCTAaHOBJIEHME (QYHKLIMM PYKM B CPABHEHUM C MCXOOHBIM COCTOSTHUEM
o tpaBmbl oT 0 1o 100%, roe 100% — monHOe BOCCTaHOBJIEHYE

OrnieHKa pe3ynbTaTa JIeUeHM s IepeioMa 1o 5-6a/IbHOI 1IKaJse, rae 1 - oueHb IJ1I0XO,

Ormpoc mpoBoauics yepe3 12 Mmec. ¢ MOMEHTA BbI-
MojHeHus omnepaiuy. Tak Kak aHKeTUPOBAHME ObIIO
KJIIOUEeBbIM 3TaIllOM MCCIedOBaHMUsI, TOTepsT CBI3U
C TMalMeHTOM SIBJISIIaCh KpUTEPUEM MCKIIOUEHUS U3
UCCeOBaHMSI.

CraTuCcTUYeCKU aHaJIn3

CraTuCcTUUeCKMiI aHaau3 ObUI IPOBEIEeH C MCIIO/b-
30BaHMeEM SI3bIKa MporpaMmmupoBauust Python 3.10.9
(6ubnmoTekM scipy, pandas, seaborn).

BHYTpU Kaskmoi1 TpyIIbI OblIa MTOCTPOeHa MaTpy-
11a Koppeasiuuit Mpu3HakoB ¢ IIpMMeHeHNeM KpUTe-
pust Kenpasmia. BHyTpu rpyrn o kputepuio Kenpanna
ObLIM  ompemeseHbl KO3(QQGUIMEHTHI KOPPEeSLn
Mpu3HaKoB. 3HaueHus: kosdduumenta 0,1-0,3 cooT-
BETCTBOBa/M c1aboii kKoppensiun; 0,3-0,5 — ymepeH-
Ho¥ Koppensitiun; 0,5-0,7 — CUIIbHOM KOPPeNSInu;
0,7-1,0 — oueHb cuUIIbHO Koppensinun. Koppensuus
mora 6bITh B guamnasoHe ot 0,0 mo +1,0 m ot 0 1o -1,0.
[MonosxkutenbHOe 3HaueHMe KoadduimeHTa TPaKTO-
BaJIOCh KaK MpsiMasi 3aBMCUMOCTh OJHOTO TpU3HaKa
OT IPYTOro — yBeJIMueHye OJJHOTO 3HaUeHMs COOTBET-
CTBOBAJIO YBeJIMUEeHMIO ipyroro. OTpuiiaTesibHOe 3Ha-
yeHue Kod3(pGUIMEHTa COOTBETCTBOBAJIO O6PaTHOI
3aBUCUMMOCTY — MIPY YMEHbBIIIEHUM OHOTO 3HAUEHUS
MIPOUCXOUIIO YBEIMUEHME IPYTOTO Y HA0OOPOT.

[yist ouleHKM pasanumii Mexxay rpynmnaMu O u O
ObLT TIpMMeHeH TecT MaHHAa—VYUTHM C IIOACUETOM
p-kputepus. CraTucTudyeckasi 3HaUMMOCTh YCTaHOB-
JieHa Ha ypoBHe p < 0,05.

PE3VJIbTATbBI

[lo KpuTepusiM BKIIOUEHMS B UCCAeIOBaHME ObLI
BKJIIoueH 81 mauueHT: 46 naleHTOB C OCTeOCUMHTe-
30M 1 35 — ¢ PIIIC. Buio ompoiieHo 48 mnaieHToB:
23 — B rpymme O (50%) u 25 — B rpynme 3 (71,4%).
CpenHuii BO3pacCT OIPOIIEHHbIX IMAallMEHTOB Ha MO-
MEHT BBIITOJIHEHMS OIlepalluy cocTaBuiI 64,5+7,2 roga
B rpymne O, 66%9,7 neT — B rpymme .

Pe3ynbTaTsl 10 OCTATOUHOMY 60JIEBOMY CUHIPOMY
OBLIM COMOCTaBMMBI B 00eux rpymmax. CpemgHee 3Ha-
yenue BAIII B rpymiie O coctraBwuio 1,34 6aa, B TpyII-
e 3 — 1,09 6amna (puc. 1). Ilpu nmpoBemeHuM Tecta
MaHHa-YUTHM He OBUIO BBISIBIIEHO CTATUCTUYECKU
3HAUMMBIX pasauMuMii MeXAy TPylnaMmiu MO YPOBHIO
60 (p = 0,76).

OrpaHuuyeHusi IOBWKEHMUII B ONepMPOBAHHOM
IJIEYEBOM CyCTaBe ObUIM OTMEYEHbI MalMeHTaMMU
B 00eux IpyImnax ¢ OAMHAKOBOJ yacToToii: 18 (78%)
B rpymiie O u 20 (80%) B rpymme d. B o6eux rpymnmnax
He 6bIIO TMAIMEHTOB, KOTOPbIEe OIEHUIM OTpaHuYe-
HMS IBVKEHMIT KaK «COBCEM He MOT'Y IBUTATh PYKOW»
Y TIOCTAaBMUJIM MaKCHMMaJIbHbIN 6aJi (4) OrpaHMUYEHUIO
OBVKeHMIT (puc. 2). bonblie MoJOBMHBI NAallMEHTOB
MOCYMUTAIU, YTO OHU WM TIOJTHOCTHIO BOCCTAHOBUIIN
IBUKEHUS, UM MMEIOT HebOOoJbIlNe OrpaHUYeHMs.
ITpu npoBefeHuy Tecta MaHHA — YUTHU He ObLJIO BbI-
SIBJIEHO CTAaTUCTUUECKM 3HAUMMBIX Pa3INuuili MexK-
Iy TpyHnIiamMy 1O YPOBHIO OTpaHMYEHMS] OABVKEHUI
(p=0,72).
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PMCYHOK 1. Pe3ynbTaThl OLIEHKM OCTaTOYHOTO 6071€BOTO CMHApOMa:
a, b — HanmMuMe ocTaTOYHOrO 60IEBOTO CMHApPOMA; C — MHTE€HCMBHOCTb OCTaTOYHOTI'O 6071€BOTO CMHOpoMa I10 BAIII

Figure 1. Residual pain syndrome (RPS): a, b — presence of RPS; ¢ — intensity of RPS according to the VAS
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B «CoBceM He MOry ABUraTb pyKon»

PucyHOK 2. Pe3ynbTaThl OLIeHKM OTpaHNYeHMSI ABVDKEHU I
B BepXHeli KOHEUHOCTH:

a, b — HayMuMe oTpaHUYEHMST IBVKEHMIT;

¢, d — cTemeHb OrpaHMYEHUST IBVKEHMIT B TIEU€BOM
cycTaBe

Figure 2. Restricted range of motion in the upper limb:
a, b — presence of movement limitation;
¢, d — degree of movement limitation in the shoulder

I'pynmer O 1 O OT/IMYANUCh MO BBIMIOJHEHUIO Pe-
a6MIUTAIIVIOHHBIX MEpOIPUSTUI TIOC/TIe OIepalluun.
B rpymnine O Bce manMeHThl OTMETWIIN, YTO B TOM WU
MHOV Mepe 3aHMMAaINCh peabwinTaleii. B rpymme 3,
B ominuue ot rpynisl O, 7 manueHToB (28%) oLeHu-
JI TIPWJIOSKEHHBIE YCUIUS K peabuIuTanmuy Kak «He
npuiarai(a) yeunuit K pa3paboTke IBVDKEHUI B CyC-
TaBe» WM «ObUIM HEKOTOpPbIE TOIBITKU Pa3paboTKu
IBUKEHUIT B CyCcTaBe», UTO MOJpa3yMeBaao MpaKkTu-
YyecKy TIOJIHOE OTCYTCTBMe peabwmTaium (puc. 3).
CraTuCTUUEeCKM 3HAUMMBIX pa3inunii B TpuUIaraeMbix
YCWINSIX TI0 TIPOBEIEHUIO PEaOINTAIIMOHHBIX MEPO-
MPUSATUIA MeXIy TpyIIaMyu Mpu MpoBedeHUM TecTa
ManHa — YUTHM BbISIBJIEHO He 66110 (p = 0,8).
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[ «Ymenan(a) BHUMaHWe pa3paboTke ABUXKEHMI C CycTaBe»

M «OueHb cTapancs(acb), HO fAymato, 4To Npu HonbLueM ycepaum
MOXHO BbI10 4OCTUYb IYYLLErO pe3ynbTaTas

W «3aHuMancs(ack) pa3paboTKoi ABUXKEHUIA BECb HEODXOANMBIN
nepuoz, BOCCTaHOBNEHUS, MPUIOXMII(A) MaKCMMasbHO BO3MOXHbIE
ycunus»

PMCYHOK 3. OueHKka namyeHTamMmu MIPUIOKEHHBIX YCI/LTII/Iﬁ
K peaGI/IJII/ITaI.U/II/I IJiedeBOro CyCcTraBa Imocjie onepaunumn

Figure 3. Patients’ self-assessment of their contribution to
the rehabilitation of the shoulder after surgery
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[onsi mauueHTOB, KOTOpble OLIEHWJIM DPe3yabTaT
JleueHusI o 5-6a/uThbHOI MIKaie Ha 4 1 5, 6bl1a MpaK-
TUYECKY OJMHAKOBO B 06eux rpyrimax — 87% B rpym-
ne O u 88% B rpymnme 3 (puc. 4). Ilpu nposeneHun
Tecta MaHHa - YUTHM TaKKe He ObLIO BBISIBJIEHO CTa-
TUCTUYECKM 3HAUMMBIX Pasanuuii MeXIy Tpyninamu
(p =0,54).

lpynna O [pynna 3

1;4%

. 2;8%

18;72% ek

PucyHoK 4. OlieHKa pe3y/ibTaTa JeueHus Mo 5-6amibHoi
IIKane

Figure 4. Assessment of treatment outcome using a
5-point scale
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CpenHuii TMpPOLIEHT OLEHKM BOCCTAHOBJIEHMUS
BepxHell KOHEYHOCTHM TOC/Ie Orepanyy O6bUT CXOKUM
B 00eux rpymmax: B rpymme O cocraBun 76+14%,
BTpyte D — 77+17% (puc. 5).ITo recty ManHa — YUTHU
CTaTUCTUMYECKM 3HAUYMMBIX Pas3/IiMunii Takke He GbIIO
BbIsIBJIEHO (p = 0,66).

B rpynmax O u D 6bL1a onpeneieHa 3aBUCUMOCTb
YBeIMYEHMs] OCTAaTOYHOTO YpOBHS 6Gomm mo BAII
MIpU YBEeJIMUEHUM CTelleHU OrpaHMYeHUs OBVDKEHUIA.
O6muM 1jas1 06eMx TPYHIl TaKkKe ObLIO CHUKEHUE
OLIEHKM pe3y/IbTaTa JIeueHUs 110 5-6ajUIbHOJ IIKaje
MIpU YBEeJIMUYEHUM CTelleHU OrpaHMYeHUs OBVDKEHUIA.
CremneHb OrpaHMYeHMS ABVKEHUI B BepXHE KOHEeU-
HOCTM ObUIa TIPSIMO IPOIOPIMOHAIbHA ITPOILEHTY
BOCCTAHOBJIEHUST QYHKIIMM BEPXHE KOHEYHOCTM KaK
B rpymre O, Tak U B rpyire 3. B obeux rpymmax pe-
3Y/IBTAT JIEUEHMSI 110 5-6aJIJTbHOJ IIIKaIe UMEJT ITPSIMYIO
KOPPEJISIIIUIO C TTPOLIEHTOM BOCCTAaHOBJIEHMS (QYHKLIVN
KOHEUHOCTH (Tabi1. 2).

PucyHok 5. [IpoueHT
BOCCTaHOBJIEHMUST QYHKIMY BepXHet
KOHEYHOCTH

Figure 5. Percentage of functional
recovery of the upper limb

0 10 1520 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

OueHKa BOCTAaHOBNEHUS PYKK, %

W [pynna O M lpynna 3
Tabnauya 2
Marpuna koppeasinmii Ipu3HaKoB B rpymnmne O
IMpusHax 1 ITpusHax 2 Kosdduupmerr p
KOppensimn
OrpaHuueHue OBVKEHUI B BepXHe OcTaTouHbIi 60/1€BOI CMHIPOM 0,32 0,0800
KOHEYHOCTU o 10-6amutpHO BAIII
O1eHKa pe3y/ibTaTa JIeueHUs OcTaTouHbIi 60/1€BOI CMHIPOM -0,67 0,0003
1o 5-6a/TbHO IIKaTe o 10-6amutbHOI BAIII
[po1eHT BoccTaHOBIeHMS PYyHKIIUK OcTaTouHbIit 60/1€BOI CMHAPOM -0,35 0,0400
BepxHell KOHeYHOCTU o 10-6amnpHO BAIII
OrpaHnueHe ABWKeHMI B BepXHeit ITpoLIeHT BOCCTAaHOBIEHMS PYHKIMYM BepXHEet -0,67 0,0001
KOHEYHOCTU KOHEYHOCTU
OrpaHMUY€eHMe IBVDKEHU B BEpPXHEIT O1ieHKa pe3y/ibTaTa JeueHus 1Mo 5-6a/IbHO -0,5 0,0100
KOHEYHOCTU rKase
OrpaHunueHue OBWKEeHUI B BepxXHe O11eHKa JMYHOIO BKIA[a B peabuaInTaiuio -0,38 0,0460
KOHEYHOCTU OIepMpOBaHHOI PYKM IOC/Ie onepanun
[po1eHT BoccTaHOB/IeHMS PYHKIIUK OlLieHKa pe3y/bTaTa JeueHus 1o 5-6a1IbHO 0,57 0,0010
BepxHeli KOHeYHOCTU 1IKase
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B rpynme O momosHMTENbHO OblIa OIlEHEHA 3a-
BUCUMMOCTh MEXIY BOCCTAHOBJIEHMEM (QYHKUIMM
BepxHell KOHEUHOCTU M OCTAaTOYHBIM 6OJIEBBIM CHH-
IpOMOM (UeM HyDKe ObUT IMPOIEHT BOCCTaHOBJIEHMS
PYKM, TeM BbIllle O/ IO OCTATOUYHOMY OOJIEBOMY
cunapomy BAIID), Mmexxay OLIEHKOI pe3ynbTaTa Jiede-
HUSI 10 5-6a/UIbHOJ IIKaJle ¥ OCTATOYHBIM 6OJIEBBIM
CMHAPOMOM (4eM Bbilie 6611 6at 1o BAIIL, TeM Huske

ObLJIa OIIeHKA pe3y/IbTaTa JIeueHMUs ), MEKAY OLIEHKO
OTpaHMYEHUS] B ABVMKEHMSIX BEpXHE) KOHEYHOCTU U
OIIEHKOJ BOBJIEYEHHOCTY B MPOIECC peabuamTauymn
(4eM BbIllle GbUTA OIIEHKA JIMYHOIO BKJIajga B peabu-
JIUTALIMIO OTIEPUPOBAHHOM PYKM, TEM HIDKE GbUT 6as
OrpaHMYEHMSI [OBVKEHUI B BepXHEl KOHEUHOCTMU)
(Tabm. 3).

Tabnuuya 3
MarTpuiia Koppeasiuuii IpU3HAKOB B rpymimne J
IIpusHaxk 1 IMpu3Hax 2 Ko puument p
KOppesuun
OrpaHuueHue ABVOKeHI B BepXHeli OcTaToOuHbIT 60IEBOI CUHIPOM 0,32 0,070
KOHEYHOCTU o 10-6amtbHOI BAIII
OrpaHuyeHne ABMKEHMIT B BepxHeit OlueHKa pe3y/abTaTa JeueHus Mo 5-6amibHo -0,36 0,050
KOHEYHOCTU rkase
OrpaHuueHue OBWKEHUI B BepXHE [TpolIeHT BOCCTaHOBJIEHMST QYHKLINM BEPXHE -0,72 0,0001
KOHEYHOCTU KOHEUHOCTU
O1eHKa pe3y/ibTaTa JIeueHUs [TpouieHT BoccTaHOBIEHMST QYHKLNY BEpXHE 0,48 0,004
o 5-6a/UTbHOI 1IKaTe KOHEYHOCTU

OBCY>XIEHUE

[Ty6nuKkanym, mocBseHHbIe CPABHEHUIO XUPyprude-
CKUX TaKTUK JieueHUs MepeilOMOB MPOKCHMMAaIbHOTO
oTHesna Iievya, HeOgHO3HauHbl 110 pe3yabTaraM U OT-
JIMYAIOTCS 110 BKAIOYEHHBIM B MCCIeL0BaHMe MalueH-
taM. R.G. Alrabaa ¢ coaBTOpaMu mpoaHaJIU3UPOBAIU
pesyabTaThl jJeyeHus: 384 158 malyeHTOB C Iepeso-
mom IIOIIK B mepuog ¢ 2010 o 2019 r. 1 npuuin
K BBIBOZY, UTO Y TIALIMEHTOB, KOTOPBIM ObLIT ITPOBEIEH
HAKOCTHBINi OCTEOCHMHTe3, ObLIO OO0Jjblle OCIOKHEe-
HUI1 ¥ MIOBTOPHBIX OMepalyii N0 CpaBHEHMIO C Ialy-
eHTaMM, KOTOpPbIM ObLI0 mpoBefeHo PIIIC. OmHako
B MCCIeI0BaHMe ObUTY BKIIOUEHBI TALMEHThI CO BCe-
mu tunamu nepenomos ITOIIK, a Takke OLeHUBAIN
UCK/IIOUMTEIbHO Hajluuue OCJIOXKHEHU, TOBTOP-
Hble orepaiyuu, obpameHnsl B OTHeleHNe HeOTIOX-
HOJ TOMOLIM U TOBTOpHbIE rocnuTanusauuu [22].
B.I. Yahuaca c coaBTOpamu IMpoaHaAM3UPOBAIN pPe-
3y/IbTAThl JieueHUsT 425 mauueHTOB (CpemHuii BO3-
pact 65*13 net, nuama3oH 18-93 yerT; ¢ ABYX-, TPEX-
u deTbipexdparmMeHTapHbIMKU Iepenomamu ITOIK),
KOTOPBIM OBV MPOBeIeHbl HAKOCTHBIN OCTEOCUHTE3,
PAIIC u remuaprtponiacTuka. I'pynrbl OTAMYAIUCH
10 YaCTOTe MOBTOPHBIX ONE€PAaTUBHbBIX BMEIIATeIbCTB
(HaumeHbLIas yactora — y rpymnisl PIIIC), a Takke 10
pagMoNoOTMUeCKUM MPU3HAKaM cpalieHus (OHM ObLIN
BBIIIIE B TPYIIIIE HAKOCTHOT'O OCTEOCHHTEe3a). B 06beme
OBVKEHUI MOC/Ie OoINepauun pasandmii Mexay IpyIi-
ramMu BbISIBJIEHO He 6buto [23]. Ilom HabmopeHMeM
A. Klug c coaBropamMu Haxoguiauch 60 MalyueHTOB CO
cnoxkubiMu nepenomamu ITOTIK, cpegHmii BO3pacT KO-
TOPBIX COCTaBUI 73,2%6,4 roga. B BIBOAax, TakKKe Kak
y R.G. Alraaba c coaBropamu u B.I. Yahuaca c coaBTO-
pamu, otMevaetcs cBsi3b PIIIC ¢ MeHbIIMM KOau4ye-
CTBOM OCJIO)KHEHMIT U PeBU3MOHHBIX BMEILATENbCTB.

Omnako A. Klug c coaBTOpamMy OTMETUIM JIYUINNE
(yHKIMOHA/IbHBIE PE3YAbTAThI B TPYIIIIe HAKOCTHOTO
ocTeocuHTe3a [24].

V.K. Kancherla ¢ coaBTopamu oTMevaroT, 4TO MO-
sIBJIeHMe KOMIIPECCUMOHHBIX IJIACTUH SIBJISIETCSI BECO-
MbIM apryMeHTOM PacCMOTPEThb UX B KaueCTBe MeToJa
XUPYPTrUUYECKOTO JIeUeHMs TPy YeThipexdpparmMeHTap-
HbIX MepenoMax Kak anbrepHaTtuBa POIIC. OmHako
IIaHHBI MeToH, TpebyeT COOTBETCTBYIOIINX XUPYPIU-
YeCKMX HaBbIKOB [17].

BaskHOIT OCOOGEHHOCTHIO HAIllero MCC/Ieq0BaHMs
SIBUJICSI KpUTEPUIL BKIIIOYEHMS C YIETOM OLIEHKM Kaue-
CTBa OCTEOCMHTE3a M0 JaHHBIM PEHTTE€HOIOTUYECKOTO
uccaenoBaHus. Mbl IpennonoXuwin, YTO HEKOPPEKT-
Has YCTaHOBKA IUIACTMHBI ¥ BMHTOB MOIJIA MOBIUSTh
Ha pe3yJIbTaT JeueHus, T03TOMY B UCCIeJoBaHMe ObLIN
BKJIFOUEHBI TOJIBKO TMAalMeHThI C «XOPOIIMMM» PEHTre-
HOJIOTMYECKMMM pe3y/lbTaTaMy IOC/Ie BbIIIOJHEHHO-
IO HAKOCTHOTO OCTeOCMHTe3a (Oblla BOCCTAHOBJIEHA
reoMeTpusl IPOKCUMAIbHOTO OTHeNa IJIeueBoii KOCTH,
MeTa/uIoUKcaTOp ObLT PACIIONOKEH KOPPEKTHO).

BTOpoit 0cO6EHHOCTBIO MCCIETOBAHMS CTAJIA OLIEH-
Ka TMOJTyYeHHbIX Pe3ybTaTOB OMePaTUBHOIO JeUeHUs
caMMMM IallieHTaMM MO0 pa3paboTaHHbIM CyObBeK-
TUBHBIM IKanaM. CyObeKTMBHAsI OILlEHKA SIBJISIETCS
aKTyaJIbHOJ IJI1S1 MATOJIOTUIA, Te TIPeUMYILEeCTBa pas-
JIMYHBIX XUPYPTUUECKMUX METOAOB JeueHMs 40 KOHIA
He uccnenoBaHbl. CyObeKTYBHbBIE OLIEHKM TalyeHTa-
MM BKJIIOYAIOT Takue IoKasaTely, Kak BOCIPUSTHE
COCTOSIHUSI 3JOPOBbBSI, YPOBHEHD 6011, GYHKIIMOHAJb-
Hble OTpaHMYeHUs U 00Ilee KauyecTBO XKU3HU. DTU
acleKTbl YacTO He YYUTBHIBAIOTCS B TPaAMIMOHHBIX
KIMHUYECKUX MCCIAeA0BaHUSAX, UTO MOXET OrpaHu-
YUTb BCEOOBEMITIONTYIO OLIEHKY TTOMYYEHHBIX Pe3yiib-
TatoB [25, 26, 27, 28, 29].
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G. Maccagnano ¢ coaBTOpaMyu MpoaHaIM3UPOBAIN
pe3y/bTaThl JeueHus 63 MalyeHTOB, IPOONepUPOBaH-
HbIX MeTodaMM HaKOCTHOro octreocuHTesa u PIIIC.
IToMMMO OLIEHKM ABUTATETbHOM (QYHKIIMM, TAKKE OLie-
HUBAIUCh CYOBEKTUBHBIE COCTABJISIIONINE C MUCTIONbH30-
BanueMm mikan General Anxiety Disorder-7 u Caregiver
Strain. ABTOpBI NPUIILIM K BBIBOAY, UTO HAKOCTHBIN
octeocunTes 1 PAIIC sgBisioTcst 3G PeKTUBHBIMU Me-
TomaMM JieueHus CJIOKHbBIX repenomoB ITOTIK, un gis
BbIOOpAa MeTOHAA JIeUeHMSI PEKOMEHIYeTCS aHaau3
TICUXOJIOTUYECKOTO COCTOSIHMS MauyenTa [30].

B Hamem wucciegoBaHuMM He OBLIO BBISIBIEHO
3HAUMMOI pa3HMUIBI MeXAYy pe3ylbTaTaMu Jjeue-
HMS TAlMEeHTOB B CpaBHMBaeMbIx rpymmax. OgHako
MMEJIUCh CTAaTUCTUUECKM 3HauMMble OTIUUUS TI0
CBSI3U UCC/IELOBAaHHBIX KPUTEPUEB BHYTPU KaxkAoit
u3 rpymn. Tak, B 06eux rpymmnax 6buia mpsiMas 3a-
BUCUMOCTD OLIEHKM JIeYeHMS 110 5-6a/VIbHOI IIKaJie
OT OIIeHKM BOCCTAHOBJIEHMSI BepXHeli KOHEUHOCTU
B MpOIeHTax (4eM BbIllIe OLIEHMBAIOCh BOCCTAHOB-
JIeHue PyKU B IPOIEHTaX, TeM BbIlle ObIa OI€HKA
JleueHUsI MO 5-6GajTbHOM 1IKaje). BoccraHoBIeHME
BepXHei KOHEUHOCT!U B MPOIeHTaX TakKXe 3aBUCEN0
OT 00beMa OTpaHMUEHMS IBVDKEHU (ueM boiee 3Ha-
YMMBIM OBbUIO OTpaHMUYEHME IBVOKEHWUI, TeM HIDKe
ObUI MPOIIEHT BOCCTAHOBJIEHUSI pyKM). B rpymme O
JIOTIOTHUTEbHO ObLJIa BBISIBIEHA 00paTHAs 3aBUCU-
MOCTh MEXAY YPOBHEM peabMIUTaIMYU U OTpaHNIe-
HMEM JIBUTATEIbHON (QYHKIMUM (4eM MeHbIle ObLIO
MIPUJIOKEHO YCUINI TI0 peabwiuTaiuu, TeM O0Jb-
IIYI0 CTeINeHb OTpPaHMYEHMII ABVOKEHUI OTMedaan
MmauyeHThl). JITaHHAs] TeHIeHLMs abCOMIOTHO OTCYTC-
TBOBaJIa y MAaIMEHTOB IOC/Ie SHIAONPOTE3MPOBAHMS.
Cemp (28%) mauueHTOB MOCAe 3HAONPOTE3UPOBA-
HMS TIOCUMTAIM, YTO He Npujarajyu IOMOJTHUTENb-
HBIX yCwInii K peabunurauyu. B rpymme O Takyio
OILIEHKY [1aJl TONbKO OAMH (4%) MalMeHT, OCTaJIbHbIE
22 (96%) NpuKIagbIBAIN YCUIINS 110 peaduaIuTalvIn.
HecMmorpst Ha 9Ty pasHuIly B peabuaIuTalIUMM OIeH-
Ka pe3yJabTaTOB JIeYeHUsT OblIa COIOCTaBMMa B 0be-
ux rpynmnax. B rpymnre O, B oT/iMuyMe OT rpyInsl 3, Ha
CyOBEKTUBHYIO OIleHKY BOCCTAHOBJIEHMSI BepXHe
KOHEUYHOCTU B MPOLIEHTaX U OLeHKY pe3ysbTaTa Jie-
YeHUs TaKKe BJIMSUI YPOBEHb 60/ (UeM Bbllle ObLaa

JOITOJIHUTEJIbHASLI MTHOOPMAIISA

3asnenenHslii 6K1a0 asmMopos

Ezuasapsin K.A. — KOHLleNUMS M OU3aliH UCCIeq0BaHms,
aHa/IN3 Y MHTepIIpeTalys JaHHbIX, PeJakTUPOBaHMe TEKCTa
PYKOINCH.

Epuwoes /I.C. — c60p, aHaIM3 U MHTEpIIpeTanys JaHHbIX,
penakTMpoBaHye TEKCTA PYKOMMICH, CTATUCTUUECKas o6pa-
60TKa JAHHbIX.

Tetuuxa E.IT. — c60p, aHAIN3 ¥ MHTEPIIPETALINS JaHHBIX,
TOMCK Y aHAJIU3 IUTEPaTyPbl, HallMCAHNE TEKCTA PYKOITMUCH.

Muxatinos U.M. — c60p, aHa/IU3 ¥ MHTEPIIpeTals TaH-
HBIX, HaIlMCaHMe TeKCTa PYKOIUCHU.

OIleHKa OCTATOYHOTOo 60JieBOro cuHapoma 1o BAII,
TeM HMKe ObUIM ITPOIEHT BOCCTAHOBJIEHUSI BEPXHEN
KOHEUHOCTU U OlleHKa pe3y/ibTaTa JeueHus).

[MamyeHTaM, KOTOPBIM BBITIOJIHSIETCSI OCTEOCUHTE3,
HeoO6XOIVIMO MPOXOOUTh PEaAdUIUTAIIIO JIJIST YBEJIU-
yeHMs 06beMa ABMKeHMI [31, 32]. DTO MO3BOIUT CHU-
3UTh BEPOSITHOCTb COXpaHEHMsI 60JEBOr0 CMHApPOMA
M TIOJTyYeHMsI HM3KOM OLIEHKM pe3y/bTaTa JedeHUs.
B T0 xe Bpems BeintosnHeHMe PITIC mo3BosisieT paccum-
THIBATb Ha XOPOIIINe U OTJIMYHbIE Pe3y/IbTaThbl JIEUeHMST
BHE 3aBMCUMOCTU OT ITPUIOKeHHBIX YCUIMIA K BOCCTa-
HOBJIEHUIO ABVKeHUI. [IpoBeieHHOe MCCaegoBaHMe
TO3BOJISIET CAEIATh BBIBOJ, UTO IPU BBIOOPE TAKTUKM
JleueHus yeTbipexdparmeHTapHbIX mmepensomMos [TOITK
11eJ1eco00pasHO OIeHMBATh IOTEHIMAT peaduIuTa-
UMM Y anyeHToB. [Ipy HM3KOM ITOTeHIMae peabu-
mutauym PAIIC siBisieTcst 6oj1ee MpearnoYTUTETbHbIM
MEeTOAOM JIEUeHMS.

3AK/TIIOYEHHE

Ipn uyeTbIpexdparMeHTapHBIX IlepeioMax IPOK-
CMMaJbHOTO OTHeNa I1JIeYeBOii KOCTU OIlepaTuB-
HOe JieueHMe AaeT OOHaIeXMuBalolue pe3yabTaThbl.
B kauecTBe JieueHMST MOXXHO BbIOMPATh HAKOCTHBIN
OCTEOCHHTE3 U OXKUAATh Pe3y/AbTaTOB JieueHMs COMo-
CTaBUMMBbIX C PEBEPCUBHBIM 3HAOMNPOTE3MPOBAHMEM
MJIeYeBOro CycTaBa. BaskHbIM YyCJIOBMEM [JisI 3TOTO
SIBJIIETCSI TIPOBEJleHMEe OCTeOCHHTE3a C IMOoIyYeHeM
XOpOIIer0 PeHTreHOMIOTMYECKOTO pe3yibTaTa, a Tak-
Ke TIPOXOKAeHMEM peabWINTAIMOHHBIX MepOoIpu-
saTuit. IIpy BBITTOTHEHUMM OCTEOCUHTE3a WIM DeBep-
CMBHOTO 3HJIOINPOTE3UPOBAHMS IIJIEYEBOTO CyCTaBa
y TMaIlMeHTOB C yeTbIpexdparMeHTapHbBIMU IePesio-
MaMM IPOKCUMMAIbHOTO OTHesa IJIe4eBOoil KOCTU IO
kinaccubukanyuy Neer He y BCeX TOCTUTAETCS TTOTHOE
BOCCTAHOBJIEHME BepxHeil KOHEeYHOCTU. JTO BaKHO
YUIMTBIBATh BO BpeMs Oecenbl IpM BbIOOpe MeTona
OIepaTUBHOTO JIeYeHMSI.

Hame uccienoBaHue mnoguepkuMBaeT BaXHOCTb
CYOBEKTMBHOV OLIEHKM KauyecTBa >KM3HM U YOOB-
JIETBOPEHHOCTM TMAlMEHTOB, KOTOpPble CTAHOBSTCS
BOKHBIMMU KOMIIOHEHTaMM TNPUHSATUS KIMHUYECKUX
peleHuii Ipu ie4ueHn M YeTbIpexPparMeHTapHbIX 1e-
penoMOB MPOKCUMAa/IbHOTO OTAea MjieueBoit KOCTH.

DISCLAIMERS

Author contribution

Egiazaryan KA. — study concept and design, data
analysis and interpretation, editing the manuscript.

Ershov D.S. — data acquisition, analysis and
interpretation, editing the manuscript, statistical data
processing, editing the manuscript.

Tychina E.P. — data acquisition, analysis and
interpretation, literature search and review, drafting the
manuscript.

Mikhailov ILI. — data acquisition, analysis

and interpretation, drafting the manuscript.

73 2025;31(4)

TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

Kouowsipeg H.M. — c60p, aHa/IU3 ¥ MHTepIIpeTalys gaH-
HBIX, HallCaHMe TeKCTa PyKOMUCH.

Bce aBTOpBI Mpowin U omo6pmiau pUHANbHYI0O BEpPCUI0
PYKOTIIUCH CTaThbU. Bce aBTOPBI COTMTaCHBI HECTY OTBETCTBEH-
HOCTb 3a BCE€ acIeKThl paboThl, YTOObI 06ECIIeUnTh HaJIe-
JKalllee pacCMOTPeHMe U pellleHMe BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO M HAZEXKHOCTDIO JII0607
YacTu paboThl.

Hcmoynuxk  ¢uHancuposaHusi. ABTOpbI  3asIBJISIOT
06 OTCYTCTBUM BHeIIHEro (GMHAHCUPOBAHMS MPU MPOBeJIe-
HUU UCCIIeIOBaHMSI.

Bo3mosicHbIli KOH(AUKIN UHIMepeco8. ABTOPBI OeKia-
PUPYIOT OTCYTCTBME SIBHBIX M TIOTEHI[MAIbHBIX KOHPIUKTOB
MHTEPEeCOB, CBSI3aHHbIX C MyOIMKaIIMe HaCTOSIIEeH CTaThH.

AOmuueckasa 3kcnepmu3a. He mpumeHnMa.

HngpopmupoeanHoe coznacue Ha ny6aukayuio. ABTOpbI
TMOMYYMUIM MUCbMEHHOe corjacue MalieHTOB Ha ydacTue
B MCC/IEOBAHUY U MTyOIUKALIVIO PE3YIbTaTOB.

TI'enepamueHblii uckyccmeeHHslii uHmesiekm. [lpu co3-
IaHUY CTaTbU TEXHOJIOTUY TeHEePaTUBHOTO UCKYCCTBEHHOTO
VHTeJIeKTa He UCIIOIb30BaJIN.
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Beyond Mechanism: Comparable Complication Rates
in High- and Low-Energy Distal Femoral Fractures
Suggest Complex Risk Interplay
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Abstract

Background. Distal femoral fractures traditionally present in two distinct populations: young males with high-energy
trauma and elderly females with low-energy injuries. Despite inherent differences between these groups, direct outcome
comparisons remain limited.

The aim of the study — to compare complication rates between surgically treated high- and low-energy distal femoral
fractures and to assess whether injury mechanism independently influences outcomes.

Methods. A retrospective review of surgically treated distal femoral fractures at a single center over a decade was
conducted. Cases were categorized into high- and low-energy mechanisms. Patient demographics, comorbidities, fracture
characteristics, fixation methods, and annual incidence were analyzed. Primary outcomes included nonunion, infection, and
hardware failure.

Results. A total of 162 cases were analyzed, with an overall complication rate of 12.3%: nonunion (6.8%), infection (3.1%),
and hardware failure (2.5%). Complication rates were comparable between high- and low-energy groups (p = 0.551).
Conclusions. Despite distinct demographic profiles and injury mechanisms, complication rates were similar between
groups, suggesting a complex balance of risk factors. This finding challenges the assumption that injury mechanism predicts
outcomes and emphasizes the importance of personalized perioperative care addressing patient-specific risk factors rather
than injury mechanism alone.

Keywords: distal femoral fractures; complications; high-energy trauma; low-energy trauma.
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Tonbko M MexaHusM TpaBMbl? ConocTtaBMMas HacToTa OC/I0XKHEHMIA
Npu1 BbICOKO- U HU3KODHEpreTUYeCcKMxX nepesioMax AUCTaNibHOro oTaena
6eapeHHOM KOCTU KaK NoKasaTesb C/I0XKHOU B3aUMOCBSA3U

¢akTopoB puUCKa

C. banp3uano!, 3. [IxmnHe3uH ?

IChaim Sheba Medical Center at Tel Hashomer, 2. Pamam-I'aH, M3pauns
?Rambam Health Care Campus, 2. Xatiga, 3pauns

Pedepar

AxkmyansHocme. [lepeoMbl IUCTANTbHOTO OTaena 6enpeHHoit kocty (JOBK), Kak mpaBuiio, BCTPEYAIOTCST Y MOMOABIX MY>KUMH
B pe3y/bTaTe BbICOKOIHEPTeTHUeCKO TPaBMbl U Y IMOKWIBIX KeHILIVH IIPY HU3KO3HepreTuyeckoi TpaBMe. HecMoTpsi Ha cy-
IIecTBEHHbIE Pa3InuMsi MeXIY STUMU IPyIIIaMy HaceeHMsl, JTaHHbIX O CPaBHEHUY MCXOI0B MX JieueH!s] HeJOCTATOUHO.
Liens uccnedoéanuss — CPaBHUTD YACTOTY OCJIOKHEHUI TIPU XUPYPTUUECKOM JIeUeHMUM BbICOKO- M HU3KOIHEPreTUueCKux
1epesIoOMOB AVCTaAbHOTO OTesa 6eJpeHHO KOCTU U OLIeHUTb, BIMSET I MexaHM3M TPaBMbI Ha UCXO[, TeueHUs He3aBUCH -
MO OT Apyrux HakTopoB.

Mamepuan u memodsl. Bl TpoBeJleH OLHOLIEHTPOBBIN PEeTPOCIIEKTUBHBIN aHAIN3 Pe3yIbTaTOB XUPYPIUUECKOTO JIeUueHMSI
nepenomoB [IOBK 3a mecsTuneTHuit nepuos. Bce HabGmomeHns: GbUTM pa3[eieHbl Ha TPYIIIBI BHICOKO- M HU3KOIHEPTeTu-
YeCKMX TPaBM. AHAIM3UPOBAIU AeMorpabuueckue NaHHbIE MAllMEHTOB, COMYTCTBYIOIIME 3a00/I€BAHMUSI, XaPAKTEPUCTUKA
IepesioMOB, MeTOAbI (DUKCALUY U eXKeroLHYI0 YaCTOTY CIydaeB. Bbliu BbISIBJIEHBI CJIefyIol/e OCIOKHEeHMsI: HecpallleHKe,
MHQEKUMS M HECOCTOSITeIbHOCTh MeTa/NIOKOHCTPYKIIUHA.

Pe3ynvmamut. Bcero 66110 MpoaHaan3mMpoBaHo 162 cryuas. O61as 4yacToTa OCIOKHEeHMI cocTaBuia 12,3%: HecpaleHue
(6,8%), nndexuus (3,1%) 1 HECOCTOSITENBHOCTb META/NIOKOHCTPYKIMM (2,5%). HacToTa OCIOKHEHMIT OblJIa COMTOCTAaBUMA
B IPyIIaXx C BBICOKO- ¥ HU3KOIHepreTuueckumu Tpasmamu (p = 0,551).

3axntouerue. HecMoTpst Ha pa3nnuusi B JeMorpadmuyeckmx XxapakKTepuCcTUKax U MexaHn3Max TPaBMbl, YaCTOTa OC/IOKHEHU A
B IpyIIax 6bula CX0oXKeit, YTO yKa3blBaeT Ha KOMIUIEKCHOe B3auMogelicTBie GakTopoB pucka. IomyueHHbI pe3yabTaT cTa-
BUT I10f, COMHEeHMe TIPeJII0I0KeHNe O TOM, UTO MeXaHM3M TPaBMBbI OIIpeiesisieT UCXO, TeueHus. [loquepKkuBaeTcs: BASKHOCTb
[1epCOHaIM3UPOBAHHOTO ITepUOIepallMOHHOTO BeleHNsI TallyieHTa ¢ yueToM crienuduieckux GakTopoB PUCKa, a He TOJIbKO
MeXaHM3Ma TPaBMBbl.

KiawoueBbie cioBa: IIepejoMbl AMCTAJIbHOIO OTAe/ia 6E,E[I)EHHOI7I KOCTHM; OCJIOXKHEHMSI; BbICOKOOHEpreTnuyeckas TpaBMa,
HU3KO03HepreTnuyeckad TpaBMa.

Onsa uutupoBanus: banbsuano C., [I>xuHe3suH 3. TonbKo M MexaHM3M TpaBMbl? COMOCTaBMMasl 4acTOTa OCIOXK-
HEHUIT TIPM BBICOKO- ¥ HU3KOIHEPTeTUYECKUX TepesioMax AMCTAJIbHOTO OThena GeIpeHHOl KOCTM KaK ITOKa3aTeslb
CJIOKHOJ B3aMMOCBSI3M (pakTOpoB pucka. Tpasmamonozusi u opmonedusi Poccuu. 2025;31(4):76-83. (Ha anrL.).
https://doi.org/10.17816/2311-2905-17763.
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Pykomuch momydyeHa: 06.09.2025. Pykonvich ogo6pena: 21.10.2025. CtaThs onmy6mkoBaHa oHtaiH: 07.11.2025.
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INTRODUCTION

Distal femoral fractures, though comprising only
1% of all fractures and 3-6% of femoral fractures,
represent a significant clinical challenge warranting
increased attention as demographic shifts predict
a rising incidence, particularly with the expanding
global geriatric population [1, 2].

These fractures present a unique dichotomy in
their demographic distribution and mechanism
of injury. The first group predominantly consists of
young males sustaining high-energy trauma, while
the second encompasses elderly females typically
experiencing low-energy injuries [1, 2]. This distinct
bimodal distribution offers a compelling opportunity
to examine how different injury mechanisms and
patient characteristics influence outcomes.

The current treatment landscape encompasses
a spectrum of interventions, ranging from
conservative management to various surgical
fixation techniques. While the fundamental
goal remains consistent across all approaches —
maintaining joint architecture and ensuring
articular stability [3] — the path to achieving these
objectives varies considerably. The complexity of
management is further compounded by significant
complications, including malunion, nonunion,
infection, and hardware failure, often necessitating
challenging revision surgeries [2, 4, 5, 6]. These
complications not only impact patient outcomes and
quality of life but also pose substantial healthcare
resource challenges [7, 8, 9]. Current literature
reports considerable variation in complication rates,
with nonunion rates spanning 6-38% and infection
rates ranging from 3-15% [10, 11, 12, 13]. However,
there remains a notable gap in comparative analyses

The inherent physiological, mechanical, and
demographic differences between these two distinct
patient populations suggest potential variations in
complication patterns and rates [14]. Understanding
these variations could prove instrumental in developing
targeted treatment algorithms and optimizing
resource allocation. Given the relative infrequency of
these fractures and their significant impact, there is a
compelling need for comprehensive research in this area.

The aim of this study — to compare complication
rates between surgically treated high- and low-energy
distal femoral fractures and to assess whether injury
mechanism independently influences outcomes.

METHODS
Study design

This single-center retrospective cohort study
was conducted following institutional committee
approval, analyzing outcomes of surgically treated
distal femoral fractures over an eleven-year period
(January 2006 — March 2017).

Patient selection and data collection

We identified 200 patients with surgically treated distal
femoral fractures at Rambam Health Care Campus
between January 2006 and March 2017 using ICD-9
codes. Inclusion criteria were: age > 18 years; acute
distal femoral fractures (AO/OTA 33 group) treated with
definitive surgical fixation. All diagnoses were verified
through detailed medical record review and preoperative
radiographic assessment. Exclusion criteria were:
periprosthetic fractures; bilateral fractures; miscoded
cases not representing distal femoral fractures;
preoperative mortality; and primary amputation due
to vascular compromise. After applying these criteria,
162 patients remained for final analysis (Figure 1).

between demographic groups.

200 Surgically treated adult distal
femoral fractures

-/

[ 2 Died before surgery J<—
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Figure 1. Patient selection flowchart
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Cases were stratified by injury mechanism
into two groups: low-energy trauma (falls from
standing height) and high-energy trauma (motor
vehicle accidents or falls from above standing
height). Comprehensive data collection included
demographic characteristics, lifestyle factors, and
major comorbidities such as diabetes, hypertension,
cardiac conditions, and chronic renal failure.
Additionally, we documented fracture characteristics
and associated injuries, which were quantified using
the Injury Severity Score [15]. Fracture classification
was performed using the AO/OTA system, with
independent verification by two authors to ensure
reliability.

Post-operative protocol

A standardized rehabilitation protocol was imple-
mented, consisting of an initial six-week non-weight-
bearing period followed by a subsequent six-week
partial weight-bearing progression. The median
follow-up duration was 7 months [4; 12], with
60.5% of patients completing extended follow-up
(> 3 months).

Outcome measures

Complications were defined according to standardized
criteria. Nonunion was defined as cessation of
consolidation progress after 8 months or lack of
radiographic improvement over 3 consecutive
months. Hardware failure was characterized as
implant breakage or significant radiological loosening
resulting in re-displacement, shortening, or fracture
movement. Surgical site infection was documented as
microbial contamination within one year of implant
placement [16].

Statistical analysis

Continuous variables were assessed for normality
using the Shapiro-Wilk test and were found to be non-
normally distributed. Therefore, they are presented
as median (Me) with interquartile range [Q,; Q,] and
compared using the Mann-Whitney U test. Categorical
variables are presented as counts and percentages and
compared using Pearson’s chi-square or Fisher’s exact
test, as appropriate. A p-value < 0.05 was considered
statistically significant. All analyses were performed
using SPSS version 26.0 (IBM, Armonk, NY, USA).

RESULTS
Demographics and lifestyle characteristics

The final cohort comprised 162 adult cases with
surgically treated distal femoral fractures, distributed
between low-energy (51.2%) and high-energy (48.8%)
mechanisms. The overall median age was 57.9 years
[35.4; 73.2], with significant age disparity between
groups: low-energy cases had median age of 70.0 years
compared to 36.0 in high-energy cases (p < 0.001).
Gender distribution showed significant variation,
with female predominance in the low-energy group
and male predominance in the high-energy group
(p < 0.001) (Table 1). The age and sex distribution of
the cohort demonstrates peaks in young males and
elderly females (Figure 2).

In the subset of patients with available BMI data
(22.2%, n = 36), the low-energy group demonstrated
significantly higher median values (29.1 vs 23.1;
p = 0.002). Smoking status, documented in 35.1% of
cases (n = 57), was significantly more prevalent in the
high-energy group (p = 0.002). Comorbidity analysis
revealed significantly higher rates of diabetes (p =0.015),
hypertension (p < 0.001), and cardiac diseases (p < 0.001)
in the low-energy group (see Table 1).

Table 1
Patient characteristics at baseline

Parameter Low-energy group High-energy group p-value
Age, years, Me [Q,; Q] 70.0[59.3; 79.7] 36.0[26.8; 53.5] < 0.001
Gender (F), n (%) 71 (85.5) 27 (34.1) <0.001
BMI, kg/m?, Me [Q,; Q,] 29.1[24.9; 33.3] 23.1[20.7; 27.5] 0.002
Smoker, n (%) 8(30.7) 22 (70.9) 0.002
Co-morbidities, n (%)
Diabetes 22 (26.5) 9(11.3) 0.015
Hypertension 32 (38.5) 9 (11.3) <0.001
Cardiac condition 17 (20.4 2 (2.5) <0.001
Renal condition 2 (2.4) 1(1.2) 0.589

BMI — body mass index.
Statistically significant values are shown in bold.
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SEX Fracture characteristics
20.0+ Fracture laterality showed equal distribution between
groups (p = 0.542). According to AO/OTA classification,
type 33-A fractures predominated (58.6%), followed
1504 by type 3_3—].3 (30.3%) and type 33-C (11.1%)'. Detailed
characteristics of the fractures are presented in Table 2.
g Surgical management
;-;10.0_ All procedures were performed within 7 days of
= injury. Plate fixation was the predominant surgical
technique, employed in 107 cases (66.0%). Detailed
fixation method distribution is presented in Table 2.
5.01 Complications and outcomes
The overall complication rate was 12.3% (n = 20),
comprising nonunion (6.8%), infection (3.1%), and
0.0~ hardware failure (2.5%). Notably, complication rates
0.00 2000 4000 6000  80.00 100.00 showed no significant difference between high and
AGE low-energy groups (p = 0.551) (Table 3), surgical
Figure 2. Distribution of the cohort with the subdivision techniques (p = 0.445), open fractures (p = 0.177), or
between sexes. F — female, M — male injury severity scores (p = 0.281).
Table 2
Fracture and fixation methods distribution
Parameter _ Low-energy gro;op rlHigh—energy group% p-value
AO/OTA classification 0.921
33-A 50 60.2 45 56.9
33-B 9 10.8 9 11.3
33-C 24 28.9 25 31.6
Injury characteristics
Open fracture 0 0.0 18 22.8 <0.001
Injury Severity Score <0.001
Moderate 0 0.0 54 68.4
Severe 0 0.0 16 20.3
Critical 0 0.0 9 114
Fixation method 0.004
Plate 57 68.6 50 63.3
Nail 24 28.9 15 19.0
K-Wire 1 1.2 0 0.0
Screws 1 1.2 4 5.1
External fixator 0 0.0 10 12.7
Statistically significant values are shown in bold.
Table 3
Complication rates
. Low-energy group High-energy group
Complication p-value
n % n %
Infection 1 1.2 4 5.1
Nonunion 6 7.2 5 6.3
Hardware failure 2 2.4 2 2.5
Total 9 10.8 11 13.9 0.551
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Management of nonunion cases (n = 11) involved
revision surgery performed 6-12 months post-
initial procedure. Treatment strategies included
isolated bone grafting (5 cases), plating (4 cases),
and combined plating with bone grafting (2 cases).
All revision cases demonstrated radiographic healing
within 3 months post-revision.

Post-operative outcomes

All patients achieved functional range of motion,
defined as absence of extension lag and minimum
flexion of 110 degrees, with no discrepancy in leg
length at final follow-up.

DISCUSSION

Our study of distal femoral fractures, conducted at
a major medical center serving approximately two
million residents, revealed an incidence of 9.56 cases
per million per year. This finding aligns with existing
literature and reinforces the relative rarity of
these fractures [17], underlining the importance of
comprehensive analysis to better understand their
epidemiology.

The demographic distribution in our cohort
strongly supports the bimodal pattern theory,
contrasting with Court-Brown and Caesar’s ori-
ginal unimodal distribution model [18]. Our data
demonstrated clear peaks in young males and elderly
females, as in several other studies [17, 19], with
corresponding injury mechanisms: high-energy trauma
predominantly affecting young males and low-energy
falls primarily involving elderly females [17, 20, 21].
The low-energy group predictably exhibited a higher
prevalence of comorbidities, reflecting the age-related
health challenges in this population.

Regarding fracture patterns, our finding of AO/OTA
33-A predominance showed no correlation with injury
mechanism, consistent with several previous studies
[17, 19, 22]. This contrasts with some reports sugges-
ting higher rates of complex articular fractures (AO/OTA
33-C) in high-energy trauma [23], highlighting the
complex nature of fracture pattern determinants.

The mean follow-up period of 9.7 months, while
shorter than some published series, proved sufficient
for assessing primary outcomes and complications.
This duration adequately captured the critical healing
period, as evidenced by our observation that all
revision cases achieved union within 3 months post-
revision. Moreover, the local healthcare structure,
where patients with persistent problems remain in
follow-up while those achieving satisfactory outcomes
often return to community care, suggests that our
complication rates likely represent a comprehensive
capture of significant adverse events. This follow-
up pattern reflects real-world clinical practice and
provides valuable insights into the actual trajectory of
these injuries.

Our findings regarding surgical management
align with current evidence supporting operative
intervention, particularly in older patients [8]. The
preference for plate fixation at our institution reflects
broader trends in the literature [17, 22, 24]. Notably,
our data corroborates previous studies showing
comparable outcomes between intramedullary nailing
and locking plates [25, 26, 27], supporting surgical
decision-making based on individual patient and
fracture characteristics rather than rigid protocol-
based approaches.

Our overall complications align with published
data, with nonunion rates of 6.7% matching
M. Zlowodzki’s systematic review findings of 6.0%
across 1.670 cases [7]. Similarly, our deep infection
rate of 3.0% corresponds well with the literature rate
of 2.7% [7, 28, 29, 30].

A key finding of our study was the comparable
complication rates between high- and low-energy
groups (p = 0.551), which presents an intriguing
paradox given their distinctly different demographic
and clinical profiles. Our observations suggest a
compelling hypothesis about the equilibrium of risk
factors between these groups. The high-energy group
faced challenges from severe initial soft tissue trauma,
higher smoking rates (p = 0.002), and potentially
more complex injury patterns, while the low-energy
group contended with reduced physiological reserves,
increased comorbidities, and potentially compromised
bone quality. This balance of competing risk factors
may explain the similar outcomes between groups.
For instance, while advanced age and comorbidities
in the low-energy group might predispose to
complications, the increased soft tissue damage and
higher smoking rates in the high-energy group could
pose comparable risks through different mechanisms.

This finding carries significant clinical implica-
tions.First,it suggests that the traditional assumption
of higher complication rates in either group may
need reconsideration. Second, it emphasizes the
importance of individualized risk assessment
rather than relying solely on injury mechanism as
a predictor of complications. Third, it highlights
the need for careful preoperative optimization and
meticulous surgical technique in both groups, as
neither appears to have an inherent advantage in
terms of complication risk.

Study limitations

Study limitations include its retrospective, single-
center design and incomplete data collection for
certain variables. However, the substantial cohort size
and comprehensive complication analysis provide
valuable insights into the management of these
challenging fractures. Future prospective studies
incorporating patient-reported outcomes would
further enhance our understanding of these injuries.
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CONCLUSIONS

Our study demonstrates that despite distinct
demographic profiles and injury mechanisms in
distal femoral fractures, complication rates remain
comparable between high- and low-energy trauma
groups. This finding challenges traditional assump-
tions about outcome predictors and emphasizes that
each population faces unique risk factors that may
ultimately balance out: soft tissue damage and higher
smoking rates in the high-energy group versus reduced
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Comparison Between Proximal Femoral Nail

and Dynamic Hip Screw in Non-Displaced or Minimally Displaced
Intertrochanteric Fractures of the Femur:

A Prospective Study
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Abstract

Background. Proximal femoral nail (PFN) and dynamic hip screw (DHS) are widely used for the management
of intertrochanteric femur fractures (ITFs). Proximal femoral nailing offers biomechanical advantages but may cause
iatrogenic displacement during the insertion.

The aim of the study — to compare the degree of fracture displacement, specifically femoral shaft lateralization
and neck-shaft angle changes, following dynamic hip screw and proximal femoral nail fixation in minimally displaced
or non-displaced intertrochanteric femur fractures.

Methods. A prospective cohort study was conducted on 40 patients with AO 31A1 ITFs from January to June 2024. Patients
were divided into two groups: DHS (n = 20); PFN (n = 20). Radiological outcomes including postoperative neck-shaft angle
and femoral shaft lateralization were measured on both injured and non-injured sides.

Results. In the PFN group, the mean postoperative neck-shaft angle (131.30+4.54°) showed a varus change compared to
the intact side (134.70£3.77°), but the difference was not statistically significant (p = 0.109). In the DHS group, there was
no significant difference (p = 0.827). Femoral shaft lateralization on the injured side was significantly higher in the PFN
group (56.60%£7.07 mm) than in the DHS group (49.50 £ 6.59 mm; p = 0.002). No significant difference was found on the
non-injured side (p = 0.261).

Conclusion. Both PFN and DHS yield comparable neck-shaft angle outcomes in minimally displaced ITFs. However,
PFN is associated with greater lateralization of the femoral shaft, which may reflect iatrogenic displacement during
fixation.

Keywords: proximal femoral nail; dynamic hip screw; intertrochanteric femur fractures; neck-shaft angle;
non-displaced fracture.
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NMpumeHeHne NpoKcMMaNbLHOro 6eApeHHOro CTEPXKHS

U AUHAMMUYECKOro 6eApeHHOro BUHTA B JIeYEHUU Ype3BepPTebHbIX
nepenoMoB 6eppeHHOM KOCTH 6€3 unau ¢ MUMHMMAaJIbHbIM CMELLEeHUEM:
CpaBHUTENbHOE NPOCNEKTUBHOE UccNenoBaHue

M.X. A6gens Paxum, M. ABagm, A. Mypcu, A. Onbcanp, M.A. Dna6,

Ain Shams University, . Kaup, Eeunem

Pedepar

AxkmyansHocmbs. [IpokcuMabHbIi 6eapeHHblit crepskeHb (PFN, proximal femoral nail) n munamuueckuit 6eipeHHbIN BUHT
(DHS, dynamic hip screw) mmpoKo UCTIONb3YIOTCS B JIeUEHM M Upe3BepTeTbHbIX ITepeioMOB 6epeHHoit kocTu. PFN o6nagaet
610MexXaHMYeCKUMM TIPEUMYIIeCTBaMM, HO MOKET BbI3BAaTh ITPOTEHHOE CMeIlleH) e BO BpeMsI YCTaHOBKH.

Llens uccnedosaHus — CPaBHUTH CTEII€Hb CMeEIIeHMs OTJIOMKOB, B UaCTHOCTM JaTepanusaliiio 6epeHHOro OTIOMKa
Y BEIMUMHY IlleeuHO-Auadu3apHOro yriaa, npu GuKcaluyu IMHAMUYECKUM OGeIpeHHbIM BUHTOM M IPOKCUMATbHBIM
6GepeHHBIM CTEPKHEM Y TMaleHTOB C Ype3BepTelbHbIMU MepeioMaMy 6eIpeHHOI KOCTH 6e3 CMellleHuUsT WK C MUHU-
MaJbHbIM CMellleHVeM.

Mamepuan u memodsl. B riepuop, ¢ SHBaps 1Mo nioHb 2024 T. 6bITIO TPOBEIEHO MTPOCIIEKTUBHOE KOTOPTHOE MCC/IeOBaHMe
¢ yuactueMm 40 maieHTOB C Upe3BepTeabHbIM mepesomom Tuma 31A1 mo AO/OTA. IMaieHTs! 6GbIIM pa3zeieHbl Ha IBe
rpynrsl (PEN, n = 20; DHS, n = 20). PeHTreHOMOTMYEeCKME PE3YIbTAThI, BKJIIOUAS MMOCIe0TepaliOHHbII eedHo-auadum-
3apHbIit yroa (LIY) u naTepannusaiyio 6eIpeHHOTo OTIOMKA, Ol HUBAIUCh KaK C IOBPEXIEHHO, TaK U C HEITOBPEXK/IeH-
HOJi CTOPOHBI.

Pe3zynvmameult. B rpymiie PEN cpemnnuit mocteonepauyonssii Y (131,30£4,54°) mokasan BapycHOe M3MeHEeHMe 10 CpaB-
HEHMIO C MHTAKTHOI cTOpoHO#t (134,70+3,77°), Ho pa3Huila He O6bUTa CTATUCTUUECKM 3HAUMMOIL (p = 0,109). B rpymme DHS
3HAUMMOJI Pa3sHUIILI BbISIBIEHO He ObuTO (p = 0,827). JlaTepanusauusi 6eIpeHHOTO OTIOMKa Ha TOBPEXKIEHHON CTOpO-
He 6blIa CTAaTMCTUUECKM 3HAUMMO Bbiile B rpymme PEN (56,60+7,07 mm), uem B rpyrmne DHS (49,50+6,59 mm; p = 0,002).
Ha HemoBpeskIeHHOI CTOPOHE CTaTUCTUUECKY 3HAUMMOT pasHUIbl 06HAPYKeHO He 65110 (p = 0,261).

3axnoueHue. Kak MpoKCUMabHbI GeIpPEeHHbI CTePKeHb, TaK ¥ AMHAMUYECKUI 6eIpeHHbI BUHT AAl0T COTIOCTaBUMYIO
BeJIMUMHY IIeeUHO-Arad3apHOro yia y MaliyeHTOB ¢ Ype3BepTebHbIMU MepeioMaMu 6eIpeHHOM KOCTU 6e3 CMelleHus
WU C MMHMMAaJIbHBIM cMellieHreM. OTHAKO MPOKCUMAaTbHbIN 6eIpeHHbI CTepKeHb aCCOLMMPYETCS C OOJbIIIe JaTepanm-
3a1ueit 6eIpeHHOr0 OTJIOMKA, UYTO MOYKET BbI3bIBATh SITPOTEHHOE CMeIlleHVe BO BpeMs (pUKCAIUN.

KiroueBsble cjIoBa: MPOKCMMAaIbHbIN GeIpeHHbI CTepsKeHb; IMHAMMUUeCKIit 6epeHHbIii BUHT; Upe3BepTe/IbHbIi [epeioM
6eIpeHHO KOCTH; IIIeeuHO-aAuadu3apHbIil yToi; epeioM 6e3 CMeleHus.
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INTRODUCTION

Over recent years, the application of the proximal
femoral nail (PFN) in managing intertrochanteric
fractures (ITFs) has seen notable growth, largely
attributed to improvements in implant engineering
and refinements in surgical techniques. PFN has
emerged as a preferred fixation method due to mul-
tiple advantages, including decreased intraoperative
blood loss, quicker implantation, facilitation of
early mobilization, and minimal postoperative limb
shortening [1].

From a biomechanical perspective, PFN's design
ensures proximity to the mechanical axis of the
lower limb, effectively shortening the lever arm
and diminishing the bending forces exerted on the
implant [2]. This configuration not only enhances
load distribution but also mitigates collapse and
reduces tensile stress, collectively lowering the risk
of implant failure. Furthermore, PFN provides stable
three-point fixation with controlled axial impaction,
promoting fracture stability and improved clinical
outcomes [3].

A recognized technical challenge associated
with PFEN fixation is the so-called “wedge effect”,
characterized by the distraction at the fracture site
during nail insertion [4]. This phenomenon can
result in lateral displacement of the femoral shaft
(FS) and varus malalignment of the femoral neck [5].
It typically arises when the proximal femoral canal
has not been sufficiently reamed to accommodate
the broader cephalomedullary portion of the
PFN. In contrast, the dynamic hip screw (DHS) is
generally indicated for stable intertrochanteric
fractures where the medial buttress remains
intact [6]. Its use is contraindicated in cases with
unstable fracture configurations, reverse obliquity
patterns, significant osteoporotic changes, or a
compromised lateral femoral wall thickness of less
than 20.5 mm [7, 8]. As a surface-based fixation system,
DHS is biomechanically less likely to contribute to
intraoperative fracture displacement [9].

This study hypothesizes that PFN may occasionally
cause iatrogenic displacement of non-displaced
or minimally displaced ITFs more frequently than
DHS. The aim of the study — to compare the degree
of fracture displacement, specifically femoral
shaft lateralization and neck-shaft angle changes,
following dynamic hip screw and proximal femoral
nail fixation in minimally displaced or non-displaced
intertrochanteric femur fractures.

METHODS
Study design

This prospective study was performed on 40 patients
at Ain Shams University Hospitals from January
2024 to June 2024 to quantify the degree of fracture
displacement after fixation with DHS versus PFN in
cases of non-displaced or minimally displaced ITFs.
The forty cases were divided into two equal groups:
DHS group (n = 20) and PFN group (n = 20).

Inclusion and exclusion criteria. Patients were
eligible for inclusion if they had minimally displaced
(< 5 mm) or non-displaced intertrochanteric fractures
classified as AO type 31Al1.2 or 31A1.3. Exclusion
criteria included open fractures, prior surgeries on
the ipsilateral or contralateral hip, non-ambulatory
status, and pathological fractures due to malignant
disease.

Preoperative evaluation. All patients underwent
comprehensive preoperative evaluation, including
detailed history, general and local physical
examination, and radiological assessment with
anteroposterior and lateral hip X-rays. The femoral
neck-shaft angle (NSA) was measured as part of the
radiographic analysis.

Post-operative. Prevention of infection, analgesia
and anticoagulation.

Radiological assessment

Postoperative evaluation included immediate
anteroposterior (AP) and lateral X-rays of the hip.
The femoral NSA was determined according to the
methodology described by C. K. Boese et al. [10]. This
angle was calculated between the axis of the femoral
neck and the anatomical axis of the FS. The neck axis
was drawn from the femoral head center (HC) to the
neck center (NC), the latter defined as the midpoint
between points where a circle (centered on the HC)
intersected the superior and inferior borders of the
femoral neck. The shaft axis was established by
connecting central points identified at both proximal
and distal segments of the femoral diaphysis [11].
The tip-apex distance (TAD) was calculated as
the cumulative length from the screw tip to the
apex of the femoral head as seen on both the AP
and lateral projections [12]. FS lateralization was
assessed by measuring the horizontal distance from
the femoral head center to a reference line parallel
to the lateral cortex of the femur, comparing the
injured side with the contralateral uninjured side [7]
(Figures 1, 2).
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Figure 1. Neck-shaft angle
measurements on an upright pelvis
plain X-ray

Quality of reduction

A score out of 4 was used to quantify the quality
of fracture reduction depending on radiological
findings. Score4wasinterpreted as excellentreduction,
2-3 — acceptable reduction, while score 0-1 — poor
(Table 1).

Table 1
Quality of reduction scoring system [8]

Item Score
Garden alignment
AP view: slight valgus or normal 1
Lat view: 160-180° 1
Fragment displacement
AP view: positive or neutral medial cortex 1
support
Lat view: anterior cortex smooth continuity 1
Quality of fracture reduction
Excellent 4
Acceptable 3or2
Poor lor0

AP — anteroposterior; Lat — lateral.

Statistical analysis

Data processing and analysis were conducted
using IBM SPSS Statistics for Windows, version
23.0 (SPSS 1Inc., Chicago, IL, USA). Continuous
variables with normal distribution were expressed
as mean*standard deviation (SD) along with the
range, whereas skewed (non-parametric) data were
presented as medians with their corresponding
interquartile ranges [IQR] (Me). Categorical data

Figure 2. Calculation of the wedge effect (net lateralization of the shaft
compared to the head/neck segment): line B represents the distance
from the center of the femoral head (C) to the lateral femoral shaft (A)

were summarized using frequencies and percentages.
The normality of data distribution was evaluated
using both the Kolmogorov-Smirnov and Shapiro-
Wilk tests. Comparative analysis between groups
was performed using the independent samples t-test
for normally distributed variables, and the Mann-
Whitney U test for non-normally distributed data.
Qualitative variables were compared using the Chi-
square test, and Fisher’s exact test was applied when
the expected frequency in any cell was below five.
Statistical significance was determined at a 95%
confidence level, with p-values < 0.05 indicating
statistical significance.

RESULTS

There were no notable variations between the DHS
and PFN groups regarding baseline characteristics.
The mean age was 63.45+14.95 years in the DHS
group and 66.45+¥9.08 years in the PFN group
(p = 0.147). Sex distribution (male: 75% vs 50%,
p = 0.102), fracture side (left: 60% vs 55%, p = 0.749),
AO classification (31A1.2 vs 31A1.3: 55% vs 65%,
p = 0.519), and surgeon experience (consultant: 45%
vs 60%, p = 0.272) were also comparable between the
two groups.

There was no notable variations between the DHS
and PFN groups regarding the quality of reduction
score. Similarly, the distribution of reduction quality
levels (acceptable vs excellent) showed no significant
difference between the groups (Table 2).

There was no notable variation in TAD between
the DHS and PFN groups (Table 3).

No significant difference in neck shaft angles
was observed postoperatively compared to the
contralateral side in either PFN or DHS groups
(Table 4, Figures 3, 4).
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Table 2
Quality of reduction in the studied groups
DHS PFN p-value
Quality of reduction score
Mean#£SD 3.20%0.77 3.10+0.72
Median [IQR] 3[3-4] 3[3-4] 0.673
Range 2-4 2-4
Level of quality of reduction score
Acceptable 12 (60.0%) 14 (70.0%)
Excellent 8 (40.0%) 6 (30.0%) 0.507
Table 3
Position of the implant in the studied groups
DHS PFN p-value
TAD (mm)
Mean=SD 24.88%+9.41 21.72+7.01
Range 7-42 6-32 0.236
TAD level
Abnormal 8 (40.0%) 6 (30.0%)
Normal 12 (60.0%) 14 (70.0%) 0.507
Table 4
Postoperative and contralateral neck-shaft angles in the studied groups, deg.
Postoperative neck-shaft angle, deg. | Neck-shaft angle of the intact side, deg. p-value
DHS
Mean=SD 135.45+6.33 135.70£6.42
Range 124-147 126-147 0827
PFN
Mean=SD 131.30+4.54 134.70+3.77
Range 123-139 126-140 0-109

Figure 3. X-ray of a patient from the DHS group:
a — postoperative neck-shaft angle;
b — neck-shaft angle of contralateral unaffected side

Figure 4. X-ray of a patient from the PFN group, showing
5 degrees of varus malalignment as compared to the
unaffected contralateral side
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In the PEN group (n = 20), the mean lateralization
of the FS on the injured side was statistically
significantly higher compared to the DHS group
(56.60+7.07 vs 49.50+6.59 mm; p = 0.002). However,
on the non-injured side, there was no statistically
significant difference between the PFN group
and the DHS group (51.65*4. vs 49.65%*6.09 mm;
p-value = 0. 261) (Figures 5, 6, 7).
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Figure 5. Femoral shaft lateralization on the injured side
in the studied groups

Figure 6. X-ray of a patient from the DHS group, showing
femoral shaft lateralization (uninjured side — 50 mm,
injured side — 49 mm)

Figure 7. X-ray of a patient from the PFN group, showing
femoral shaft lateralization (uninjured side — 47 mm,
injured side — 54 mm)

DISCUSSION

DHS and PFN are both widely accepted surgical
options for the management of ITFs [13]. Although
extensive literature exists comparing their
performance in unstable fracture patterns, data
specifically addressing their outcomes in stable
ITFs remain relatively scarce [14]. The present study
was designed to evaluate and compare the clinical
and radiographic outcomes of DHS versus PFN in
the operative treatment of stable intertrochanteric
fractures.

The findings revealed a statistically significant
increase in FS lateralization in cases treated with PFN
compared to those who underwent DHS fixation. As
for the NSA, the PFN group exhibited a mean varus
deviation of approximately three degrees relative to
the DHS group; however, this difference did not reach
statistical significance.

In a study involving 70 cases with AO 31A1-2
intertrochanteric fractures, L. Fang et al. observed an
inverse correlation between the femoral NSA and the
degree of FS lateralization following PFN fixation.
Specifically, a reduction in the NSA was associated
with a corresponding increase in lateralization
of the FS [7].

The concept of femoral lateralization parallels
that of femoral offset — a critical parameter used
to evaluate hip geometry, particularly in total hip
arthroplasty. Femoral offset is modulated by the
NSA, rising with varus orientation and diminishing
with valgus alignment [15]. Importantly, femoral
offset has been shown to positively correlate with
the strength of the hip abductor musculature,
especially the gluteus medius, as well as with the
extent of hip abduction. Consequently, in the context
of peritrochanteric fractures, restoration of femoral
lateralization — akin to optimizing femoral offset in
total hip arthroplasty — is essential for preserving
normal hip biomechanics and should approximate
the patient’s native anatomical values as closely as
possible [7].

A comprehensive Cochrane systematic review,
encompassing 76 studies, compared DHS and
PEN in the treatment of both stable and unstable
ITFs. The findings indicated that extramedullary
fixation methods, such as DHS, provide functional
outcomes comparable to those of intramedullary
(cephalomedullary) devices in managing
extracapsular fragility fractures of the hip. Although
intramedullary nails are linked to lower incidences
of infection and non-union, they are associated
with a higher rate of implant-related fractures —
a complication that remains unresolved despite
advances in nail design [16].

In a separate study, H. Mohan et al. evaluated
54 cases with two-part ITFs (31-Al type in the AO
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classification) and concluded that there was no
definitive evidence favoring PFN over DHS. Their
results supported the clinical equivalence of both
fixation methods in managing these specific fracture
patterns [17].

In a comparative study conducted by W. Yu et al.
with extended follow-up, outcomes of cases treated
with proximal femoral nail anti-rotation (PFNA)
were evaluated against those managed with DHS.
The DHS group exhibited a higher incidence of
reoperation within the first postoperative year and
experienced more orthopedic-related complications.
Statistically significant improvements in Harris
Hip Score were consistently observed in the PFNA
group across multiple follow-up intervals. However,
there was no notable difference in the incidence of
systemic medical complications between the two
cohorts. Based on these findings, the study suggested
that DHS may be less favorable than PFNA for the

DISCLAIMERS

Author contribution. All authors made
contributions to the study and the publication.

All authors have read and approved the final version
of the manuscript of the article. All authors agree to bear
responsibility for all aspects of the study to ensure proper
consideration and resolution of all possible issues related to
the correctness and reliability of any part of the work.

equal

Funding source. This study was not supported by any
external sources of funding.

Disclosure competing interests. The authors declare that
they have no competing interests.

Ethics approval. Approval for the study was obtained
from the Research and Ethics Committee of Ain Shams
University (FWA000017585; approval number FMASU
MS 664/2/2/2/2). Informed consent was secured from all
patients prior to surgery.

Consent for publication. The authors obtained written
consent from patients to participate in the study and publish
the results.

Use of artificial intelligence. No generative artificial
intelligence technologies were used in the preparation of
this manuscript.

REFERENCES

1. Jonnes C.,SmS.,Najimudeen S. Type II Intertrochanteric
Fractures: Proximal Femoral Nailing (PFN) Versus
Dynamic Hip Screw (DHS). Arch Bone Jt Surg.
2016;4(1):23-28.

2. Wang C., Duan N., Li Z., Ma T., Zhang K., Wang Q.
et al. Biomechanical evaluation of a new intramedullary
nail compared with proximal femoral nail antirotation
and InterTAN for the management of femoral
intertrochanteric fractures. Front Bioeng Biotechnol.
2024;12:1353677. doi: 10.3389/fbioe.2024.1353677.

surgical management of stable intertrochanteric
femoral fractures [18].

Study limitation

A key limitation of the study was its relatively small
sample size and the absence of comprehensive clinical
follow-up, which restricted the ability to correlate
radiographic parameters with long-term functional
outcomes.

CONCLUSIONS

Both dynamic hip screw and proximal femoral nail
provide good and comparable radiological outcomes
for minimally displaced intertrochanteric fractures.
However, dynamic hip screw demonstrated advantages
over proximal femoral nail in terms of reduced femoral
shaft lateralization and lower cost. The functional
impact of femoral shaft lateralization on union rates
and failure rates remains unclear.

JOIIOTHUTEJIbBHASI THO®OPMALIMISI

3asenenHslii 6K1a0 agmopos. Bce aBTOPHI cAenaan K-
BUBAJIEHTHBII BK/IJ, B IOATOTOBKY ITyOGIMKAIIVIN.

Bce aBTOpBI Mpowin U ogo6puan GUHAIBHYIO BEPCUI0
PYKOMIMCH CTaTbi. Bce aBTOPBI COTVIACHBI HECTU OTBETCTBEH-
HOCTb 3a BCe acCIeKThl paboThl, YTOOBI 0OECTIEUNTh Hafie-
sKallee pacCCMOTPEHME U pellleHre BCeX BO3MOKHBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO M HAZEKHOCTBIO 06071
yacTu paboThI.

Hcmounuk ¢punancuposaHnus. ABTOPBI 3asIBJISIIOT 06 OT-
CYTCTBUM BHEIIHEro (GMHAHCUPOBAHUSI TIPU TPOBEIEHUN
uccyieqoBaHus.

Bo3mocHblii KOH(AUKM uHmepecos. ABTOPBI IeKja-
PUDPYIOT OTCYTCTBME SIBHBIX U MIOTEHIIMATBbHBIX KOHDIMKTOB
MHTEPECOB, CBSI3aHHbIX C ITyOIMKaIeli HacTOSIIel CTaTh.

Omuuyeckana 3xkcnepmusa. PaspelieHue Ha TMpoBeJe-
HMe MCCIIeOBaHNS ObUIO TIOMydYeHo oT Komurera 1Mo 3Tu-
Ke HayyHbIX MCUIefoBaHuii YyHuBepcutera AviH-1lamc
(FWA000017585; Homep FMASU MS 664/2/2/2/2).

HUngopmupoeanHoe coznacue Ha nyoauKkayuio. ABTOpbI
MOIYy4YWIM TIMCbMEHHOE corjiacyie TMalyeHTOB Ha ydacTue
B MUCC/IENOBAHUY U ITyOIUKAIIVIO PE3YIbTATOB.

T'enepamueHblli ucCKyccmeeHHblii uHmennekm. I1pu cos-
JIaHUY CTaTby TEXHOJIOTUY reHepaTUBHOIO MCKYCCTBEHHOTO
MHTeJJIEKTa He UCII0/Ib30Balln.

3. Yen S.H.,, Lu C.C., Ho C.J.,, Huang H.T., Tu H.P,
Chang J.K. et al. Impact of Wedge Effect on Outcomes of
Intertrochanteric Fractures Treated with Intramedullary
Proximal Femoral Nail. J Clin Med. 2021;10(21):5112.
doi: 10.3390/jcm10215112.

4. Hao W., Fang L., Yin S., Lin Y., Wang B. Reverse
wedge effect following intramedullary  nail
fixation of trochanteric fracture, what does it
imply? BMC Musculoskelet Disord. 2021;22(1):497.
doi: 10.1186/s12891-021-04388-1.

90 2025;31(4)

TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

10.

11.

Chen PH., Wu C.C.,, Chen W.]. Factors affect
stability of intertrochanteric  fractures when
elderly patients fall. Biomed J. 2016;39(1):67-71.
doi: 10.1016/j.bj.2015.08.007.

Wu H.F., Chang C.H., Wang G.]., Lai K.A., Chen C.H.
Biomechanical investigation of dynamic hip screw
and wire fixation on an unstable intertrochanteric
fracture.  Biomed  Eng  Online.  2019;18(1):49.
doi: 10.1186/512938-019-0663-0.

FangL.,QiJ]., Wang Z., LiuJ., Zhao T., Lin Y. et al. Inverse
relationship between femoral lateralization and neck-
shaft angle is a joint event after intramedullary nailing
of per trochanteric fractures. Sci Rep. 2023;13(1):10999.
doi: 10.1038/541598-023-38209-3.

Chang S.M., Zhang Y.Q., Ma Z., Li Q., Dargel J., Eysel P.
Fracture reduction with positive medial cortical support:
a key element in stability reconstruction for the unstable
pertrochanteric hip fractures. Arch Orthop Trauma Surg.
2015;135(6):811-818. doi: 10.1007/s00402-015-2206-x.
Zhang Y., Hu J., Li X., Qin X. Reverse wedge effect
following intramedullary nailing of a basicervical
trochanteric fracture variant combined with a
mechanically compromised greater trochanter.
BMC Musculoskelet Disord. 2020;21(1):195.
doi: 10.1186/512891-020-03212-6.

Boese C.K., Dargel J., Oppermann J., Eysel P,
Scheyerer M.]., Bredow J. et al. The femoral neck-
shaft angle on plain radiographs: a systematic
review. Skeletal Radiol. 2016;45(1):19-28.
doi: 10.1007/s00256-015-2236-z.

Haddad B., Hamdan M., Al Nawaiseh M., Aldowekat O.,
Alshrouf M.A., Karam A.M. et al. Femoral neck shaft
angle measurement on plain radiography: is standing or
supine radiograph a reliable template for the
contralateral femur? BMC Musculoskelet Disord.
2022;23(1):1092. doi: 10.1186/s12891-022-06071-5.

Authors’ information

DA Mohamed H. Abdel Rahim, MSc

Adress: 38, Abbassia Square, Next to Al-Nour Mosque,
Cairo, Egypt

https://orcid.org/0009-0006-2557-1004

e-mail: Mohamedhamdy9581 @gmail.com

Mohamed Awad, MD, Assistant Professor
https://orcid.org/0000-0003-4916-0411

e-mail: Mohamed_awad2007 @hotmail.com

Ahmed Morsi, MD, Assistant Professor
https://orcid.org/0009-0004-0124-3351

e-mail: ahmorsi74@gmail.com

Ahmed Elsaeed, MD, Professor
https://orcid.org/0000-0002-9929-307 1

e-mail: Drahmedsaeed88@yahoo.com

Mostafa A. Elabd, MD
https://orcid.org/0000-0001-5543-4971

e-mail: Moustaphaalil35@gmail.com

12.

13.

14.

15.

16.

17.

O’Malley M.]., Kang KXK., Azer E., Siska P.A.,
Farrell D.J., Tarkin [.S. Wedge effect following
intramedullary hip screw fixation of
intertrochanteric proximal femur fracture. Arch
Orthop  Trauma  Surg.  2015;135(10):1343-1347.
doi: 10.1007/s00402-015-2280-0.

Shiraz S., Shujauddin M., Hasan K., Elramadi A.,
Ahmed G. Comparison of Dynamic Hip Screw and
Proximal Femoral Nailing Techniques in Stable
Intertrochanteric Fractures. Cureus. 2023;15(1):e33366.
doi: 10.7759/cureus.33366.

Xu H., Liu Y., Sezgin E.A., Tarasevicius S,
Christensen R., Raina D.B. et al. Comparative
effectiveness  research on  proximal femoral

nail versus dynamic hip screw in patients with
trochanteric fractures: a systematic review and meta-
analysis of randomized trials. J Orthop Surg Res.
2022;17(1):292. doi: 10.1186/s13018-022-03189-z.

Choi Y.S., Park JW., Kim T.W., Kang K.S., Lee Y.K,,
Koo K.H. et al. Effect of Total Hip Arthroplasty on
Ipsilateral Lower Limb Alignment and Knee Joint Space
Width: Minimum 5-Year Follow-up. J Korean Med Sci.
2023;38(20):e148. doi: 10.3346/jkms.2023.38.e148.
Lewis S.R., Macey R., Gill J.R., Parker M.].,
Griffin X.L. Cephalomedullary nails versus extramed-
ullary implants for extracapsular hip fractures in older
adults. Cochrane Database Syst Rev. 2022;1(1):CD000093.
doi: 10.1002/14651858.CD000093.pubé.

Mohan H., Kumar P. Surgical Treatment of Type 31-Al
Two-part Intertrochanteric Femur Fractures: Is Proximal
Femoral Nail Superior to Dynamic Hip Screw Fixation?
Cureus. 2019;11(2):e4110. doi: 10.7759/cureus.4110.

.Yu W.,, Zhang X., Zhu X., Yu Z., Xu Y., Zha G. et al.

Proximal femoral nails anti-rotation versus dynamic
hip screws for treatment of stable intertrochanteric
femur fractures: an outcome analyses with a minimum
4 vyears of follow-up. BMC Musculoskelet Disord.
2016;17:222. doi: 10.1186/s12891-016-1079-7.

Cesedenus 006 agmopax

DK Myxammed X. A60env Paxum

Anpec: 38, Abbassia Square, Next to Al-Nour Mosque,
Cairo, Egypt

https://orcid.org/0009-0006-2557-1004

e-mail: Mohamedhamdy9581 @gmail.com

Myxammed Asad — DOUEHT
https://orcid.org/0000-0003-4916-0411

e-mail: Mohamed_awad2007 @hotmail.com

Axmed Mypcu — OOIEHT
https://orcid.org/0009-0004-0124-3351

e-mail: ahmorsi74@gmail.com

Axmed dnvcaud — nipodeccop
https://orcid.org/0000-0002-9929-3071

e-mail: Drahmedsaeed88@yahoo.com

Mycmada A. Sna60
https://orcid.org/0000-0001-5543-4971

e-mail: Moustaphaalil35@gmail.com

91 2025;31(4)

TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://orcid.org/0009-0006-2557-1004
mailto:Mohamedhamdy9581@gmail.com
https://orcid.org/0000-0003-4916-0411
mailto:Mohamed_awad2007@hotmail.com
https://orcid.org/0009-0004-0124-3351
mailto:ahmorsi74@gmail.com
mailto:Moustaphaali135@gmail.com
https://orcid.org/0009-0006-2557-1004
mailto:Mohamedhamdy9581@gmail.com
https://orcid.org/0000-0003-4916-0411
mailto:Mohamed_awad2007@hotmail.com
https://orcid.org/0009-0004-0124-3351
mailto:ahmorsi74@gmail.com
mailto:Moustaphaali135@gmail.com

KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

Hayunag craTbs —
VIOK 616.717/.718-001.45-022 @

https://doi.org/10.17816/2311-2905-17740

CnekTp Bo36yauTenei MHpeKuumn 60eBbiX PpaH KOHEYHOCTEH:
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Pedepar

AxkmyansHocms. VIHQEKUIMOHHbIE OCTOXKHEHMS, BO3HMKAIOIIMe TpU O0eBbIX DaHEHUSX, INPEeACTaBSIOT C000it OmHY
13 Haubosee cepbe3HbIX MPO6IeM BOEHHO MeOUIIMHBI. IX MUKPOOMOIOTMYECKT MOHUTOPVHT SIBJISIETCS HEO6XOmMMOit
OCHOBOJ1 11 BbIOOpA CTApTOBOI aHTUMMKPOOHO! Tepamnuu, TPOrHOCTUUECKOM cTpaTuduKanmMmu pUCKOB, ONITUMU3AINN
XUPYPTUUECKO TAKTUKY 1 GOPMMUPOBAHMS JIOKATBHBIX TPOTOKOIOB BeAeHNSI MAI[MEeHTOB.

Llens uccnedosaHuss — U3yINTh BUAOBOI COCTaB BO3OyaMTeNeil paHeBoii MHGEKIMY TPy 60eBbIX pAHEHMSIX KOHEUHOCTe
Ha OCHOBe Pe3y/IbTaTOB MUKPOOVOIOTMYECKOTO UCCIeI0OBaHMSI, IPOBEIEHHOT0 B YOIOBUSX CTallMOHApa, GYHKUIMOHUPYIO-
IIETO B IEPMOJ, BOEHHOTO KOHIMKTA.

Mamepuan u memodet. TIpoBefieH PeTPOCIEKTUBHBIA aHAIN3 MUKPOOMOIOTUUECKUX JAHHBIX 249 MaIMeHTOB ¢ 60eBbI-
MM paHEHMSIMU, TIOCTYMMBILIMX B CTAl[MOHAp B miepuop ¢ uions 2023 o mapt 2025 r. UgeHTudMKaIus MUKPOOPraHM3MOB
BbInonHsnachk MetogoM MALDI-TOF macc-criekTpoMmeTpun.

Pesynomamer. Cpenu 383 wusonsaToB momuuHupoBan Staphylococcus aureus (30,03%), 3a KOTPBIM CJIeqoOBaju
Acinetobacter baumannii u Pseudomonas aeruginosa (1o 8,62%). S. aureus BCTpeyajicsl 3Ha4MMO yaiile, yeM A. baumannii
u P. aeruginosa BMecTe B3SIThIe. BbISIBJIEHO 59 YHMKAIbHBIX TTaTOT€HOB, BKIIoUast 13,31% YCIOBHO PeIKMUX, MOJST KOTOPbIX
He mipeBbilIana 1% ot obuiero umcia Bos6ymureneit. [TomMMuKpo6Hble acconyauuy o6HapysKeHbl y 37,34% malieHTOB.
IoJist rpaMITOJIOKUTENTbHOI MUKpOGUIopsI (55,1%) 3HauMMo npeobiamana HaJl TpaMOTpULIATENbHOI (43,1%).

3axntoyerue. TlonyyeHHbIe JaHHbIE TTOATBEPKAAIOT CTATUCTUUECKM 3HAUMMOE NJOMUHMPOBAaHME S. aureus B CTPYKType
BO30yaMTeNeil paHeBbIX MH(EKUNI TPy OTHEeCTPEeNIbHBIX PAaHEHUSIX. BbICOKash yacToTa MOMMMUKPOOHBIX acColMaImnit u
HaJMuMe peiKkux Bo3oyauTesneiil TpebyloT MpyMeHeHUsT COBPEMEHHbBIX MeTOJ0B TMATHOCTUKM, KOMOVMHMPOBAHHO aHTU -
MUKPOOGHOJi Tepanuu ¥ MHAMBUIYATbHOTO MOAX0A K JIEUeHUIO.

KnroueBble coBa: 60eBble paHeHus ; paneBas uHdekuus; Staphylococcus aureus; MUKPOGHBIE acCOIMAINN; MUKPOBHbBIN
nei3ax; CrekTp BO3GymuTeeit.

IOns uutupoBanus: [llaburynun P.A., 3sernHieBa A.A., AxtamoB U.®., Emenud A.JI., Mupasumos D.b., Xapuu H.B.,
Banuynnuna U.P. CniekTp Bo36ynuTeneit mHbeKIM 60eBbIX paH KOHEUHOCTel: COOCTBEHHbIE Pe3y/IbTaThl M PEeTPOCIIeK-
TUBHBI aHaNMu3. Tpasmamonozus u opmonedus Poccuu. 2025;31(4):92-100. https://doi.org/10.17816/2311-2905-17740.
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The Spectrum of Pathogens in Combat Wounds of the Limbs:
Own Results and Retrospective Analysis
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Abstract

Background. Infectious complications arising from combat wounds are one of the most serious problems in military
medicine. Their microbiological monitoring is a necessary foundation for choosing the initial antimicrobial treatment,
predictive risk stratification, optimization of surgical tactics, and implementation of local patient management protocols.
The aim of the study — to explore the species composition of wound infection pathogens in combat injuries of the limbs
based on the results of microbiological testing conducted in a hospital functioning during a military conflict.

Methods. We performed a retrospective analysis of microbiological data from 249 patients with combat wounds admitted
to the hospital between July 2023 and March 2025. Microorganisms were identified using MALDI-TOF mass spectrometry.
Results. Among the 383 isolates, Staphylococcus aureus dominated (30.03%), followed by Acinetobacter baumannii and
Pseudomonas aeruginosa (8.62% each). S. aureus occurred significantly more often than A. baumannii and P. aeruginosa
combined. We identified 59 unique pathogens, including 13.31% relatively rare pathogens. Polymicrobial associations
were found in 37.34% of patients. The proportion of Gram-positive microflora (55.1%) significantly predominated over
Gram-negative microflora (43.1%).

Conclusions. The obtained data confirm the statistically significant dominance of S. aureus in the structure of pathogens in
infected gunshot wounds. The high frequency of polymicrobial associations and the presence of rare pathogens necessitate
the use of modern diagnostic methods, combined antimicrobial therapy, and an individualized treatment approach.

Keywords: combat injuries; wound infection; Staphylococcus aureus; microbial associations; microbial landscape; pathogen
spectrum.
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BBEJEHUE

VHbexiMOHHbIE OCIOKHEHUS, BO3HMKAIOILIMe IIpU
60€eBbIX pPaHEHMSX, MPEACTABISIOT COo60it OgHY W3
Haubosiee cepbhe3HbIX MPOOIEM BOEHHOI MeIULIVHBI.
Hecmotpst Ha 3HauUMTE/NbHBIE TOCTUKEHUST B 00/aCTU
aHTUMMKPOOHOI Tepanmmu U XUPYPrUYecKoro Jeye-
HMSI, paHeBble MHGEKIMM OCTAIOTCS YacCThIM M OIac-
HBIM OCJIOXHEHMEM, OKa3bIBAIOUIMM CYILeCTBEHHOE
BJIMSIHME HA UCXOIbI JIeUeHUsI U MPOIO/IKUTENIbHOCTD
peabuinTanMu paHeHbIX [1, 2].

CoBpeMeHHbIe 6GOEBble PaHEHMS] XapaKTepU3y-
I0TCSI OOIIVPHBIMY TTOBPEXIEHUSIMU TKaHE, BbICO-
KOJ CTeNeHbIO 3arpsi3HEeHUS U CJIOXKHOCTBIO 3TUOI0-
TMYEeCKOM CTPYKTYpbl BO30ymuTesneit. OCHOBHBIMU
(akTopamu, croco6CTBYIOIIMMY pa3sBUTUIO MHPEK-
UM, SBASIOTCS KOHTaMMHALMSI paHbl GakTepusiMu
U3 OKpYyXXalollell cpenbl, HAJIMYME MHOPOLHBIX Tel,
a Takxke JJINTeNIbHOE TTpeObIBaHME TAlMEHTOB B yC-
JIOBUSIX CTallMOHapa, IJle BO3MOXHO MHOUIMpPOBA-
HMe BHYTPMOOJbHUYHBIMM HITAMMaMM MUKpOOpra-
HU3MOB [3, 4, 5, 6].

MuKpoOHbBIiT Teii3ask 00eBbIX paH IpeTeprieBa-
eT 3HauuTeJIbHble U3MeHEeHMS] B 3aBUCUMMOCTU OT
Jrana OKa3aHus MeOUIMHCKOI nomomu. Ha paH-
HUX CTaausIX I[peobiafaloT IPaMIIoIOKUTeTbHbIe
6akTepuy, TOrga Kak Ha MO3OHMX ITarnax Jiede-
HUSI YBEIMUYMBAeTCsSl NOJS TONUPEe3UCTEeHTHBIX Tpa-
MOTPULIATENIbHBIX ~ MMKPOOPTaHM3MOB,  BKJIIOUAS
Acinetobacter baumannii, Klebsiella pneumoniae un
Pseudomonas aeruginosa [7, 8]. Oco6yi0 TPeBOTY BbI-
3bIBa€T BBICOKAsl YCTOWUMBOCTD ITUX BO3OYyAMUTENEN
K aHTMOMOTUKAM, UTO 3HAUUTETHHO OCIOXKHSIET IO -
60p addexTuBHOI Tepanuu [9, 10].

B ycnoBusix coBpeMeHHBIX BOEHHBIX KOHGIMKTOB
OTMeYaeTcss pOCT YacTOThl BbIIENEHMS] IOIUPEe3UC-
TEHTHBIX IITAMMOB, UTO TPEOYET MOCTOSIHHOTO MUK-
POOMOIOTYECKOTO MOHUTOPUHTA ¥ CBOEBPEMEHHOI
KOppEeKLMM aHTUOAKTepuanbHOi Teparm [11, 12].
Kpome Toro, BaskHYI0 ponib B MpoduiakTuke MHPEK-
LIMOHHBIX OCJIOKHEHUI UTPAIOT XUPYpPruueckas oopa-
60TKa paH, MpUMeHeHMe BaKyyM-acCUCTUPOBAHHOM
Tepanuu u cobiofeHye TPOTUBOIMUIEMUUECKUX Me-
ponpusaTuii [13, 14].

Takum 006pa3oM, MUKPOOUOIOTUUECKUIA MO-
HUTOPUHT UHQEKUMOHHBIX OCIOKHEHUil Yy mauu-
€HTOB C GOEBBIMM TpaBMaMM TMPEACTABISIET COOOI
HeOOXOMMMYI0 OCHOBY JJii 060CHOBAaHHOTO BBIOO-
pa CTapTOBOI AaHTMMMKPOOHOII Teparuu, MPOTHOC-
TUUYECKOM CTPATUDUKALIMY PUCKOB, OIITUMU3ALIUY XU~
PYpPrUuecKoit TaKTUKU U GOPMUPOBAHMS JTOKATbHBIX
MMPOTOKOJIOB BefeHus1 MNanueHToB. ComocTaBieHue
COOCTBEHHBIX [aHHBIX C Pe3yJabTaTaMM aHaJIOTUY-
HBIX MCC/IeJOBaHU}t TMO3BOJISeT 00beKTUBU3UPOBATh
JIOKaJIbHbIE OCOGEHHOCTM CIIEKTpPa BO36OyauUTeNeil,
MOBBICUTD KIMHMYECKYI0 3(PGeKTUBHOCTD Tepanumu.

Ilenv uccnedosaHuss — W3YUUTb BUIOBOI COCTaB
BO30OyauTeseil paHeBoit MHGEeKIMY Ipu O0EBbIX pa-
HEHUSIX KOHEUHOCTeil Ha OCHOBE pe3yJbTaTOB MUK-
pPOBMOIOTMUECKOTO WMCC/IeOBAHMS, ITPOBEIEHHOTO
B YCIOBUSIX CTalMOHAPa, GYHKIMOHUPYIOIIETO B ITe-
PMOI BOEHHOTO KOH(IMKTA.

MATEPUAJI 1 METO/IbI
JlvizaiiH uccjaegoBaHUS

Tur nccnenoBanyst — OJHOIEHTPOBOE, HAGMTIOAATENTh-
HO€, PeTPOCIIEKTVBHOE.

ITpoBeneH aHaMN3 Pe3y/IbTATOB MUKPOOMOIOTHYE-
CKMX MCCIeIOBAHMIA TAalleHTOB ¢ 60eBbIMM PaHEHMU-
SIMU KOHEUHOCTEe, MOTyYeHHBIMU B YUIOBUSIX COBpe-
MEeHHOTO BOEHHOTO KOH(IMKTA.

OO6DbEeKTOM MCCIEIOBaHUSI TIOCTYKUJIU  Pe3yilb-
TaTbl MMUKPOOMOJOTMYECKOTO MCCIeIOBaHUS paHe-
BOI'O OTHAENSIeMOT0, IIOYYEeHHOTO IIpU INEePBUYHONM
MepeBsi3Ke Yy TMAallMeHTOB, NPOXOOUBIIUX JIeUeHUe
B PecryGAMKaHCKOM KIMHWYECKOW OompHUIE  (T.
Kaszanb) B nepuof c 1 mionsg 2023 r. o 31 mapra 2025 1.

Bcero nmpoaHanu3upoBaHbl MUKPOOMOIOTUYECKIE
IaHHbIe 249 MalMeHTOB ¢ MHAUIIMPOBAHHBIMU 60e-
BBIMM TPaBMaMM KOHEUHOCTEN

3a60p KIMHMYECKOTO Marepuaga ITPOBOIUICS
C COOMIOeHMEM acelTUUeCKUX YCIOBUIA TP MEePBOit
mepeBsi3Ke 10 06pabOTKY paHbl CTEPUIBHBIM TyII(he-
pOM C TTIOBEPXHOCTY TPaBMMPOBAHHbBIX TKaHel (¢ac-
UMM, MBIIIIBI, CYXOKUJINSI, KOCTHASI TKaHb) B 3aBUCU-
MOCTU OT MOPGOJIOTUM PaHBbI.

Mukpo6uonoruueckoe UCCIeJOBaHUE PAHEBO-
rO OTHENIeMOro OCYLIeCTB/SIZIOCh B COOTBETCTBUM
c MeToauuecKumy pekomeHaanusimMmu BO3 «OcHOBHbBIe
MeTObl JIabOPATOPHBIX MCCIEIOBaHUIT B KIMHUYE-
ckoit 6akTepuonorun» (CKernesa, 1994).

[y TIepBUYHOM MAeHTUGMKAIIMY MUKPOOPTaHMU3-
MOB IIPOBOAVJIYM II0CEB HA NMUTATENbHYIO Cpely — KO-
mym6uiickmii arap («Cpemodd», Poccus). THKybOamms
OCYIIEeCTB/IS/IaCh B TepMOCTaTe IIpM TeMIleparype
37°C B Teuenue 24 4. [Ipu OTCYTCTBUM pPOCTa KyAbTypa
TepMOCTaTUPOBaIach JOMOIHUTENBHO A0 48 4.

BoimeneHHble UUCTbIe KyAbTYPbl MUKpPOOpra-
HM3MOB TOABEPTAINUCh UIAeHTUIUKALIMMU MEeTOIOM
MALDI-TOF macc-cnekKTpoMeTpuu € UCIOIb30Ba-
HueM mpubopa Microflex MALDI Biotyper (Bruker
Daltonik GmbH, TepmaHus).

Ouddepeninannuss MexOy KIMHUYECKM 3Ha-
YMMBIMM BO3OYOUTENSIMM UM KOHTAMMHAHTaMM He
MIPOMU3BOIMIACD.

CraTucTuueckuii aHajaus

AHann3 nonmy4eHHbIX JaHHBIX IIPOBOIMIICS C UCIIONb30-
BaHMeM TporpaMmHoro obecriedenust Microsoft Excel
Office 2013. TTpu onycaHUy UCTIOTb30BAINCh a6COIIOT-
Hble 3HaueHus (n) u ponu (%). OCHOBHOe BHUMAaHMe
YIeS/IOCh OLlEHKe YaCTOThI BBIAENEHMST Pa3/IMYHBIX
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BUIIOB BO30yOuTeNeli, pacrpeneieHni0 B 3aBUCUMO-
CTY OT OKpacku 1o 'pamy, MMKPOOGHBIM acCOIMAIMSIM
Y IPUCYTCTBUIO PEIKNX ITATOTE€HOB (T01s1 MeHee 1%).

ITpoBepka rumoTe3bl 0 TOM, 4uTO Staphylococcus
aureus BCTPeYAETCS CTATUCTUMYECKM 3HAUYMMO dalle
Ipyrux BO36yOuTesnelf, MPOBOAWIACH MPU TOMOIIU
¥2-TecTa Ha paBHOMEPHOCTH pacIipeneneHus (Bce BO3-
OymuTeNn PaBHOBEPOSITHBI) U Z-TeCTa JJIsl CpaBHEHMS
nporopuuii (S. aureus ¢ octajibHbIMM). [Ipy TpoBepKe
CTaTUCTUYECKUX TUIIOTe3 Hy/leBas TMIIOTe3a OTBep-
rajach npu 3HaueHum p < 0,005. IIpu mpoBemeHuMU
MHOXeCTBEHHBIX CpaBHEeHMIi ITPMMeHSIach MonpaBka
BoHdeppoHn K ypOBHIO 3HAUMMOCTH (CKOPPEKTUPO-
BaHHbIN o* = 0,000098).

PE3VJIbTATbBI

B mcciiemoBaHye BKIOUEHbI 249 ranyeHTa ¢ 60eBbIMU
paHEeHUSIMM KOHEUHOCTEeN, OT KOTOPBIX ITOTy4YeHo 383
MUKPOOHBIX U30J151Ta. [IpoBeIeHHbIIi aHaIN3 [OKa3al
PA3SHOTUITHBINA CIIEKTP BO3OYyAuUTEseii, YTO yKa3bIBa-
eT Ha COIOCTaBMMOe y4yacTue IPaMIIOIOXKUTEeNIbHbIX
U TPaMOTpPULIATETbHBIX MUKPOOPTaHM3MOB B CTPYK-
Type paHeBbIX MHQEeKIIMIA.

Cpenyt Bcex M30JISITOB OIS IPaMIIOIOKUTEIbHOM
mopsr cocraBumia 55,1% (n = 211), rpamMoTpuLIaTeNIb-
HOIl — 43,1% (n = 165). B 1,83% (n = 7) cnyyaeB 6bLIU
BBISIBJIEHBI TIJIECHEBBIE U IPOXKKEBbIE IPUOBI. YCIOBHO
penxue BO3OYAMTENM, OO KOTOPBIX HE IIpeBbIIIa-
ga 1% or o6iero umcia BO3OyauTeNei, COCTaBUIN
13,31% (n = 51), uTo NMOOYEPKUBAET 3HAUUTEIHHOE
MMKPOOMOIOrMueckoe pasHooOpasue U HeoOXomm-
MOCTh KOMILJIEKCHOJ IMarHOCTUKM (Tabim. 1).

Tabnruya 1
CriekTp BO30yauTeseii 60eBoit MHbeRmmn
KOHEYHOCTen
Bosbyautens % n
Staphylococcus aureus 30,03 115
Acinetobacter baumannii 8,62 33
Pseudomonas aeruginosa 8,62 33
Corynebacterium striatum 6,01 23
Staphylococcus epidermidis 5,48 21
Enterococcus faecalis 4,70 18
Escherichia coli 4,70 18
Klebsiella pneumoniae 2,87 11
Enterobacter cloacae 2,61 10
Acinetobacter pittii 1,83 7
Streptococcus dysgalactiae 1,57 6
Achromobacter sp. 1,31 5
Acinetobacter nosocomialis 1,31 5
Staphylococcus simulans 1,31 5
Stenotrophomonas maltophilia 1,31 5
Streptococcus pyogenes 1,31 5
Acinetobacter sp. 1,04 4
Alcaligenes faecalis 1,04 4
Proteus mirabilis 1,04 4
ITpoune 13,31 51

BrisBiienue 6omee uem 13% pegkux Bo30yguTeei,
BK/IIOYAsT JPOSKKEBbIe TPUOBI, ITOTUEPKMBAET Bask-
HOCTb IIPYIMEHEHUS UyBCTBUTETbHBIX M COBPEMEHHBIX
METOHOB MAeHTUdUKauy, Takux kKak MALDI-TOF
Macc-CIeKTPOMETPUSI.

V 93 (37,34%) naluyeHTOB BBISIBJIEHbI MUKPOOHbBIE
accoumanyuu, 4YTo Tpebyer 0co60ro rmoaxoma K aHTU-
MMUKPOOHOIJ Tepanmyu U XUPYPrUUecKoil TaKTUKe.
Tax, B 156 ciyyastX MCTOUHMKOM MH(MEKLVA BbICTYITAJ
OIVH BO3OYIUTENb, B 66 CIydasx — 2 BO3OymauTes,
B 18 ciryuasx — 3 BO36yauTes, B 6 cryuyasx — 4 Bo30y-
IuTens, B 2 ¢IydyasX MCTOUYHMKAMM MHPEKIUM ObLIN
5 Bo3bymureseii, a B 1 ciyuae — 7 BO30GyauTeeii.

CTaTUCTMUYeCKU aHaau3 BBISIBUI 3HAYMMOE OT-
KJIIOHEeHMe pacripeeneHnus: Bo30yauTeneil OT paBHO-
mepHoit mopmenmm (x = 1963,5; df = 51; p < 0,0001).
HOonst  Staphylococcus aureus cocraBuiaa 30,03%
(95% OU: 25,66—34,80), UTO 3HAYMMO IIPEBbINIA-
JIO OXMIAeMyI0 IpY paBHOMEPHOM paclipefene-
Huu gonww (Z = 39,1; p<0,0001). Staphylococcus
aureus 3HAUYMMO TMpeoOiaman HaJ BCEeMM OPYTHU-
MM BO3OYOMUTENSIMM, BKIKOUAsT CyYMMAapHYIO MO0
Acinetobacter baumannii u Pseudomonas aeruginosa
(Z = 4,12; p = 0,000019). Bce monapHbie CpaBHEHMUS
C OTHEJNbHBIMM BO30OYAUTEISIMU OCTAINUCh CTATUCTU-
YyeCcKM 3HAYMMbBIMM ITI0C/Ie TOomNpaBku BoHdeppoHU
IJIs1 MHOXeCTBeHHBIX cpaBHeHMI (p < 0,000098 nis
BCEX TeCTOB).

OBCY>XIEHUE

[IpoBemeHHOE MCCIeNOBaHME TIPEACTABISIET Xapak-
TEPUCTUKY CHEKTpa BO36ymuTesneil MHPEKIVMOHHBIX
OCJIOKHEHMI y TIallMeHTOB C 60eBbIMM pPAHEHUSIMU
KOHEUHOCTe, IOJIyUeHHBIMM B YCIOBUSX COBpe-
MEHHOI'0 BOEHHOTO KOHQUIMKTA. AHanu3 383 nsons-
TOB OT 249 MalMEeHTOB BBISIBWI PSIJ OCOOEHHOCTEN,
KOTODbIE, C OJJHOV CTOPOHBI, COTJIACYIOTCS C 00IIeMMU-
POBBIMM TEHAEHIMSIMM, & C JPYTOil — MOJUepKUBa-
0T CIenu(UKy SMUIEMUOIOIMUECKON 0O6CTaHOBKMU
B Halllell KIVMHMUKE U, BO3MOKHO, OpraHMU3aIumu Me-
OUIMHCKOM ITOMOIIIN.

Haunbonee 3HauMMbIM BBIBOJOM HAIIlETO MCCIIe-
IIOBAHMS SIBJISIETCSI CTATUCTUYECKYM TTOATBEPKIEHHOE
moMmuHupoBanue Staphylococcus aureus (30,03%),
KOTOpOEe BCTPEeYajoCch 3HAYMMO 4Yallle He TOJIbKO
yeM JI060i OPyroii OTHeNbHbBIN MAaTOreH, HO U YeM
CyMMapHasi JOJs CAeAyioIIuX 3a HMUM II0 YacTOoTe
Acinetobacter baumannii u Pseudomonas aeruginosa
(o 8,62% xaxpgplil). ATO OTIMYAET HAIlM JaHHBIE
OT psAla MCCIedOBaHMII OGOEBBIX paHEHMIi, ITpoBe-
IeHHBIX B XOme KOHQUIMKTOB Ha BimmskHem Bocroke
(Upak, Adranmucrad, Cupus), B KOTOPbIX CO0OOINAIOCh
0 MmpeobnafaHuM TPaMOTPULIATEIbHbIX HedepMeH-
TUPYIOIIMX OakTepwuii, mpexmae Bcero A. baumannii
u P aeruginosa [4, 7, 8, 10, 12, 15]. B paborax
V. Kovalchuk c coaBropamu u C.L. Teicher ¢ coaBTopa-
MU Ha Joimo A. baumannii npuxoguiocs ot 30 mo 40%

95 2025;31(4)

TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

U305ATOB [4, 15, 18]. Takoe pacxokgeHue MOKeT 00b-
SICHSITbCSI HECKOJTbKMMM (pakTOpamMm, a MMEHHO CpO-
KaMM OKa3aHMsS MeIMUIIMHCKOV ITOMOIIY, SITUIEMUO-
JIOTUYECKUMM U TeorpaduIecKUMU OCOOEHHOCTSIMU
TeaTpa BOEHHBIX AeCTBUIA.

[Ipeobnafganye rpaMIIOIOXKUTENBHON  GIIOPHI,
B YaCTHOCTHU S. aureus, 4aCcTo acCOLMMPOBAHO C Oojee
PaHHUMMU CTaAMSIMM paHeBOi uHeKIuu. S. aureus
SIBJISIETCS KITACCMYECKYM KOMITOHEHTOM KOKHOM MUK-
POGMOTHI ¥ OMHWUM U3 MEPBBIX KOJIOHM3ATOPOB PAHBI.
Beicokast [Ons TPaMITONOXKUTENbHBIX MUKpPOOpra-
Hu3MoB (55,1% mpoTus 43,1% rpaMoTpULIATETbHBIX)
B HAIlleM MCC/IeIOBAaHMM MOKET KOCBEHHO CBUIETETb-
CTBOBaTh O TOM, YTO TALIMEHTHI IMOCTYIIAAM B CTALV-
OHAp Ha OTHOCUTEIbHO PAaHHMX 3Tarax Iocjiae paHe-
HUS U TIOABEPTAIMCh aJleKBATHOM U CBOEBPEMEHHOI
MEPBUYHON XMPYPIUIECKOi 06paboTKe. DTO OrpaHu-
YMBAJIO Pa3BUTHE TO3THUX BHYTPUOOTbHUYHBIX WH-
(exumit, BbI3BIBAEMBIX TOIMPE3UCTEHTHBIMM TpaM-
OTPUIATETbHBIMM TTaTOTeHAMM.

BTOpoit BakHOV HaxXOOKOJ SIBJISIETCS MMKPOOHOE
pasHooGpasyue. Bputo MaeHTUGUIMPOBAHO 59 BU-
OB MMKPOOPTraHM3MOB, IpudyeMm 13,31% uU3015TOB
ObUIM OTHEeCEeHbI K KaTeropuy pemkux (Hois MeHee
1%). DToTr (akT, HapsSAy C BBICOKOI YaCTOTOI ITO-
JIMMUKPOOHBIX accoumaumii  (37,34% IalueHToB),
MTOJTHOCTBIO COOTBETCTBYET MAAHHBIM COBPEMEHHBIX
MCCTIeNOBaHMiI O0OEBBIX paHEHUIA, THe IOIMMMUKPOO-
Hble MHOEKIUN SIBISIIOTCS CKOpee ITPaBUIOM, YeM MC-
wioueHueM [1, 2, 7, 11]. OgHako nomy4yeHHass HamMuU
mosns accoumanuii (37,34%) HECKOJIbKO HUKe, YeM
nokasatesu B 70-85%, mpuBemeHHble B Tabauie 2
st apyrux KoHduukToB [1, 2, 4, 10, 15]. 3To Takke
MOXKET IMOAAEPKUBATH TUIIOTE3Y O OHojIee paHHEM I10C-
TYIUIEHUY MAIMeHTOB, KOT/IA elle He ycrena chopmu-
POBaThCS CJIOKHASL BTOPMUYHASI MUKPOOHAsT OMOTUIeH-
Ka, XapaKTepHas /11 XpOHUUECKMX PaH.

Pe3ynbTaThl COMOCTaB/IEHBI C JAHHBIMU ITyOIH-
Kaluii I0 MUKPOOMOIOTMYECKOMY COCTaBy paH Ipu
60€eBbIX TPAaBMax B pasHbIX CTpaHax (Tabi. 2).

Tabnuya 2
CBogHas TaOJIUIIA Pe3yJIbTATOB MUKPOOMOIOTMIECKUX MCCIeT0BaHMIT
v s
[ S
e | | &3 .
HcTouHuK Tel s 3 § Bemymiue Bo36yourenu, % Mertop, pacuera
=8 58| £8
£g | £ | =8
Co6cTBEeHHbIE 29,9 | 54,83 37,34 | Staphylococcus aureus (30,03%), OT uncia U30/IITOB
IaHHbIE Acinetobacter baumannii (8,62%), (n=1383)
Pseudomonas aeruginosa (8,62%)
Kpiokos E.B. 64,7 | 33,8 He Klebsiella pneumoniae (21,6%), OT uncia u30JITOB
unp., 2023 yKasaHo |Acinetobacter spp. (20,8%), (n=2217)
Pseudomonas spp. (13,8%)
bybman JI.W. 64,7 | 35,3 77,8 A. baumannii (44,4%), OT uyc/Ia NalnyeHToB
u op., 2024 E. faecalis (43,9%), P. aeruginosa (26,2%), K. | (n=234)
pneumoniae (17,3%)
Kovalchuk V., 65,0 | 35,0 12,3 | Acinetobacter spp. (53% 06pa31ios), Ipam(+) / T'pam(-):
Kondratiuk V., Pseudomonas spp. (15% o6pas1ioB) oT U30JsTOB (n = 117);
2017 MTOJIMMUKPOOGHOCTh:
oT 06pasiioB (n = 100)
Mende K. 74,63 | 52,84 61,00 | Enterococcus spp. (36,42%), Ot uncna uHderumit
et al., 2022 Escherichia coli (21,79%), (n=1335)
Pseudomonas spp. (21,49%)
Petersen K. 81,00 | 19,00 47,00 | Acinetobacter spp. (33,33%), OT uncna U30aITOB
et al., 2007 Escherichia coli (15,15%), (n=132)
Pseudomonas spp. (15,15%)
Akers K.S. 62,0 38,0 72,0 Acinetobacter baumannii (24,0%), OT umcia U30ISITOB
etal., 2014 Pseudomonas aeruginosa (23,7%), (n =448)
Escherichia coli (8,5%)
Teicher C.L. 56,0 | 44,0 13,33 | Staphylococcus aureus (44,19%), OT uncia U30JIITOB
etal., 2014 Pseudomonas aeruginosa (23,26%), (n=43)
Escherichia coli (18,60%),
Acinetobacter baumannii (13,95%)
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OxoHuaHue mabauyst 2

o
[ S
® | x| &2
WCTOYHMK Te |l Ta S5 Benymine Bo36ynutenu, % Mertop, pacueTa
N
A5 | A5 S8
e | 28| =&
Heitkamp R.A. 52,0 | 48,0 58,0 | Enterococcus spp. (30,0%), OT urcia NauyeHToB
etal., 2018 Staphylococcus aureus (20,0%) (n=50)
Kovalchuk V. 68,00 | 32,00 82,00 | Acinetobacter baumannii (35,00%), OT uncia u30JITOB
et al., 2024 Pseudomonas aeruginosa (30,00%) (n=120)
Omnpumenko A.A.| 8,70 | 78,26 | 21,74% | Staphylococcus aureus (OMUHUPYET OT unEia manueHToOB
u op., 2018 Ha [IepBUYHOM 3Talle); n=69)
Acinetobacter baumannii (17,86%)
u Pseudomonas aeruginosa (10,71%)
Ha 3Tare HO30KOMUATbHOI MHDEKIMM

s cpaBHEHMS: B IPAsKAAHCKUX OPTOMeNUUeCcKUX
craimuoHapax Poccum 1onsi TrpaMIIONOKUTeTbHOM
dnopst gocturana 77,5%, nonst MUKpPOOHBIX accoIma-
unit — 51,2% [20], B eBpoIeiicKUX U aMepUKaHCKUX
IPaXkJaHCKUX YUPEKAEHUSIX Tpeobnmaman S. aureus,
B ToM unciie MRSA mipu ojle MUKPOOHBIX accorma-
umit 20-30% [21].

Hamm pe3ynbTaThl 3aHMMAIOT MPOMEXKYTOUYHYIO
MO3UIMI0 MEXKTY 60EBbBIMM U TPAKTAHCKUMU YC-
JIOBUSIMM TeueHUS MHOEKUMOHHBIX OCIOXKHEHMI:
npeobiamanue S. aureus yKa3blBaeT Ha BO3MOXKHOE
Ooee paHHee MOCTYIUIEHME TALMEHTOB U 3ddek-
TUBHOCTb TIEPBUYHON XUPYpPruyeckoin o6paboTKM.
OmHako BBICOKAS [IOJIT MUKPOOHBIX accOIManuit
U peaKkux Bo36ymuTesneil TpebyeT yray6IeHHOro jIa-
60paTOPHOTO MCC/IENOBAHMSI, BKIIOUAsl BBISIBIEHUE
penKkux MaToreHOB U Olpeje/ieHNe MeXaHU3MOB UX
pe3UCTeHTHOCTU, UTO JUKTYeT MHOTOYPOBHEBBIN
MOAXO0[, K Tepanuu.

OrpaHuyeHus UCCIegOBaHUS

[Ipu mpoBemeHUM MCCAeAOBAHMS Mbl He TPUHMMA-
JIY BO BHMMaHMe CPOKU TMOSYyYeHHON TpaBMbI, Ipe-
IBIOYIIYIO Teparnuio, a Takke 3Tambl COPTUPOBKMU
M 3BaKyallMy TOCTPANABIINX, YTO MOSKET SIBJSTHCS
orpaHuMueHmem ucciaenoBanus. Jpyrum dakTopom,
OTpaHMUYMBAIOIIMM Hallle MccaeqoBaHue, SIBSETCS
OTCYTCTBYME BO3MOXHOCTU IubdepeHIIMPOBKMA MeEK-
Iy OUArHOCTUYECKM 3HAUYMMBIMM BO3OYIUTEISIMU
¥ KOHTaMMHAHTaMMU.

IlepcrieKTUBBI

HanbHEeNIMMM BOIIPOCAMY, TPEOYIOIIUM U3YUEHMS,
SIBJISIIOTCST PE3VCTEHTHOCTb BO30OyAuMTENeil B Hamieit
BBIOOPKE U X aHTUOMOTUKOUYBCTBUTETbHOCTD, 4 TaK-
Ke TTOMCK KOppeNsiiny MeXay obHapykeHuMeM Bua
BO30YIMTENS M OKa3aHMeM MTePBUYHOI MeIUIIMHCKOM
MTOMOIIIY, a TAK)Ke STArlaMyU COPTUPOBKYM U 3BAKyalluu
MOCTPaJaBIINX.

3AK/TIOYEHUE

Hacrosiiee nccieqoBaHue 4eMOHCTPUPYET, UTO CIIEKTP
BO30yauTeseli paHeBOVi MHGEKIMM TIPU OTHECTPEITb-
HbIX PaHEHMSIX KOHEYHOCTel XapaKTepU3yeTcs: JOMMU-
HuUpoBaHueM Staphylococcus aureus, a TaKoke 3HAUM-
TebHOV nosneit Acinetobacter baumannii v Pseudomonas
aeruginosa. BoisiBJIeHO BbICOKOE MMKPOOHOE pa3HO00-
pasue — 59 BUIOB ITaTOT€HOB, BKIoUas 13,31% peaxux,
YyTO TpebyeT NMpuMeHeHUsT COBpeMeHHBIX METO0B V-
arHoctuku (MALDI-TOF). OTMeueHa BbICOKasl 4aCcTOTa
MMKPOOHBIX accoumauii (37,34% ciaydaes), 0COGEHHO
TIPY TSDKEJIbIX paHeHMsIX (o 7 Bo36ymuTeseli B OMHOM
paHe), YTO OUKTyeT HeoOXOAMMOCTb KOMOMHMPOBAH-
HOJ Tepanuy ¥ UHAVBUAYaJIbHOTO OAX0A4. BoisBieHa
60siee BbICOKAS TOJIST TPAMITOIOKUTENBHOM (IIOpHI 110
CPaBHEHMIO C APYTMMU UCCIeAOBAaHUSIMM, UTO MOXKET
OBbITH CBS3aHO C 6ojlee paHHMUM IIOCTYTUIEHMEM Taly-
eHTOB U 3(h(eKTUBHON MepBUYHOI XUPYPrUUecKoi
o6pabotrkoit. OgHAKO AaHHOe YTBep:KAeHue TpebyeT
JIaJbHeNMIIero momucka Koppeusauuy MeXIy OobHapy-
KeHMeM BMIa BO30yOUTeNS M OKa3aHueM TepBUYHOM
MeAUIMHCKO MTOMOIIY, @ TAKKe 3TallaMiu COPTUPOBKMU
Y 3BaKyaluy MOCTPafaBILInX.
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3asnenenHslii 6Kk1a0 asmopos

Ilaguzynun P.A. — KOHLIENIVS Y OU3aIH UCCTIeI0BaHNUS,
c60p, aHAMN3 U UHTePIIpeTalus JaHHbIX, HATIMCAHNE U pe-
JaKTUPOBaHME TEKCTA PYKOITNUCH.

3secuHyesa A.A. — aHanu3 U MHTepIIpeTalNsl JaHHBIX,
HallycCaHMe TeKCTa pyKOIIMCH.

Axmsamog A.®D. — HaydyHOe PYKOBOACTBO, peIaKTUpOBa-
HJe TeKCTa PYKOIIMCH.

Emenun A.JI. — aHa/IM3 U MHTepIpeTanus JaHHbBIX, HAa-
nycaHue TeKCTa pyKOIIUCH.

Mupa3sumos 3.b. — craTucTuueckast 06paboTKa JaHHbIX,
HallyCaHMe TeKCTa pyKOIIMCu

Xapun H.B. — craTucTdeckast 06paboTKa TaHHbIX.

Banuynnuna H.P. — c60p HOaHHBIX, pegakTUpPOBaHMUeE
TEKCTa PYKOIIUCH.

Bce aBTOpBI TpowIn U ofo6pmian GUHANBHYI0 BeEpCUI0
PYKOINCU CTaTbU. Bce aBTOPBI COIIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCE aCIeKThl paboThl, YTOOBI 0OECIEUNTHh Hale-
Kalllee pacCMOTpPeHMeE U pellieHNe BCeX BO3MOXXHBIX BOIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO U HAJEXKHOCTBIO JII0607
4acTy paboThl.

Hcmounuxk  ¢uHnaucuposanus. ABTOPBI  3asIBJISIIOT
06 OTCYTCTBUM BHeIlIHEro GMHAHCUPOBAHUS TIPU MPOBeJe-
HUU UCCIIeJOBaHUSI.

Bo3mookHblli KOHGIUKIM uHmMepecos. ABTODBI TeKJia-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATbHBIX KOHDIMKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIeii HaCTOSIIEN CTaTh.

Amuueckasn 3kcnepmu3a. He ipumeHnuma.

HUngopmupoeanHoe coznacue Ha
He TpebyeTcs.

TIenepamueHulii  uckyccmeeHHslli uHmennekm. Jns
MoucKa HeoOXoaMMmoil WMHGPOPMAaluM B OPUTMHAJIb-
HBIX CTaThsIX, MPEICTABAEHHBIX B Tabmuie 2, MpPUMEHS-
Jlach CHUCTeMa MCKYCCTBEHHOTO WMHTeiekTa DeepSeek
(https://www.deepseek.com) c mocienywlieii BbIYUTKOI,
BepuduKanmeii M MPOBEPKOI TMOTYUeHHON MHGOPMAIN
aBTOpaMU CTaTbMU.

nyonuxkayuro.
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Abstract

Background. The nature of synovitis development in the early stages of Legg-Calvé-Perthes disease (LCPD),
as well as certain aspects of the pathogenesis of subsequent osteodestructive processes, remains incompletely
understood. A targeted approach to the treatment of the hip osteochondropathy should be based on an
understanding of the dysregulation of osteogenesis at the molecular and cellular levels.

The aim of the study — to perform a comparative analysis of the concentrations of immunoregulatory mole-
cules in the synovial fluid of patients with manifested Legg-Calvé-Perthes disease and those with transient
synovitis of the hip.

Methods. This prospective case-control pilot study included two groups of children. We analyzed the
concentrations of five mediators/chemokines/cytokines (CD40, MDC/CCL22, Fractalkine (CX3CL1), IP10/
CXCL10, VEGF) in the synovial fluid of 42 children with transient synovitis of the hip (TSH), as well as in 26
children with stage II LCPD according to the Waldenstrom classification.

Results. The conducted study demonstrates differences in the nature of synovial inflammation with favorably
occurring TSH and LCPD. The concentrations of regulatory molecules in synovial fluid depends on the
predominant etiological factor and may influence the processes of osteoresorption and osteogenesis. Thus,
changes in cytokine activity in patients with LCPD indicate the significance of disturbances in the coupling
of angiogenesis and osteogenesis at the molecular and cellular levels. An increase in the concentration of
phosphoprotein CD40, along with VEGF-induced glycoprotein proliferation, is associated with the activation
of inflammation in vascular disorders. In the development of TSH, an increase in the level of cytokine IP10,
which regulates the Th1 immune response, was observed.

Conclusions. In transient synovitis of the hip, the predominant factor is the immune-inflammatory response
accompanied by activation of the chemokine system. The manifestation of Legg-Calvé-Perthes disease
is associated with disturbances in the coupling of angiogenesis and osteogenesis at the molecular and cellular
levels, as well as with increased expression of inflammatory mediators.
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LuToKnHOBbBIN Npoduab CMHOBUANIbHOM XXUAKOCTU AeTei
¢ 6onesHblo Jlerra-Kanbse -lepreca u TpaH3UTOPHbIM CUHOBUTOM
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Pedepar

AkmyansHocme. T[Ipupona pasBUTHUSI CMHOBUTA Ha paHHUX cTaausax 6omesun Jlerra—Kanbse —ITepreca (BJIKIT),
a TaKke HEKOTOpbIe BOIIPOCH] NTaTOreHe3a JalbHeMINX OCTeONeCTPYKTUBHBIX ITPOLIeCCOB OCTAIOTCS O KOHIIA
He U3BeCTHbIMU. TapreTHbIN i BAPUAHT JIEUEHUS] OCTEOXOHAPONIATUNM Ta306ePEeHHOr0 CyCTaBa I0JKeH 6a3upo-
BaTbCS HAa [IOHMMAaHUM HapYILIEeHUI PeryIsuun 0CTeoreHes3a Ha MOJIEKY/ISIPHO-KIIeTOYHOM YpOBHe.

Llens uccnedoéanus — BBHIIOTHUTD CPaBHUTEIbHBIN aHAIM3 KOHIIEHTPALUMY UMMYHOPETY/ISITOPHBIX MOJIEKYIT
B CMHOBMAJIbHOI KUIKOCTY y TTAIMEHTOB ¢ MaHudecraiueii 6ome3uu Jlerra—Kanbse —IlepTeca U y malMeHTOB
C TPAH3UTOPHBIM CMHOBUTOM Ta300€IpEHHOTO CyCTaBa.

Mamepuan u memodsi. B IMJIOTHOM MPOCIIEKTUBHOM MCC/I@A0BAHUM 110 IPUHIIUITY «CIy4aii—KOHTPOJIbY yua-
CTBOBQJIO [iBe TPVIIILI AeTell. BollosiHeH aHanu3 KOHLEHTpauuu ISTU MeLuaTOpPOB/XeMOKMHOB/IIMTOKMHOB
(CD40, MDC/CCL22, Fractalkine (CX3CL1), IP10/CXCL10, VEGF) B cuHOBMa/IbHO JXUAKOCTHU Y 42 neTeit ¢ qua-
THO30M «TPaH3UTOPHbBI CMHOBUT TaszobenpeHHoro cycraBa» (TCTC), a Takke y 26 MallMEHTOB C JUAarHO30M
«bonesus Jlerra—Kanbpe - I[Tepreca» 2-it cTaguu mo knaccudmkauy Waldenstrom.

Pesynvmamol. BoIllOTHEHHOE MCCIe0BaHNMe CBUETENbCTBYET O Pa3/IMUHbIX IIPUPOLE U XapaKTepe Boclaje-
HUSI CUHOBMM TIpu GaronpustHo npoTtekaiomyx TCTC u BJIKII. KoHlieHTpalus peryisiTOpHbIX MOJEKY/ B CU-
HOBMAJIBHOM JKUJIKOCTU 3aBUCUT OT BeAYIIET0 3TUOMOTMYECKOro (pakTopa 1 MOKeT BAUSTh Ha MPOLeCChl OCTeO-
pe3opbuun u ocreoreHesa. Tak, U3SMEHEHMS] aKTUBHOCTY IUTOKMHOB y nanyeHToB ¢ BJIKIT cBUETETbCTBYIOT
0 3HAUMMOCTHY HapylLIeHUI B CUCTEMe COIPSIKEHUST aHTMOreHe3a M 0CTeoreHe3a Ha MOJIEKY/ISIPHO-KI€TOYHOM
ypoBHe. PocT koH1leHTpauuu Takoro gocdomnporenta, kak CD40, Ha doHe MHAYKIMM Tponndepaunu rnuKo-
nporenHa VEGF cBsi3aH ¢ akTuBaluen BociajieHus pu HapyleHusIx B cocyayuctom pycie. [Tpu passutum TCTC
oTMeyvascs pocT ypoBHs uTokuHa IP10, perynupyiomiero Thl uMMyHHBI OTBeT.

3axntouenue. [Tpy TPAaH3UTOPHOM CMHOBUTE Ta306€PEHHOT0 CYCTaBa BEAYIMM (GaKTOPOM SIBJISIETCS UMMYHO-
BOCTIQJIUTETbHBIN OTBET C aKTUBAIIMEN CUCTEMBI XeMOKMHOB. MaHudecTtanust BocrnaaeHus npu 6one3Hu Jler-
ra—KanbBe -Ilepreca cBsi3aHa C HapylIeHUSAMM B CUCTeMe COIPSIKeHMS] aHTMOTeHes3a M OCTeoreHesa Ha MoJie-
KYJISIPHO-KJIETOUHOM YPOBHE, a TaKKe C yCHJIeHNeM 3KCIIpeccuy MeIuaTopoB BOCIIaIeHus.

KiroueBbie cj1oBa: 60j1€3Hb Jlerra—KasnbBe —IlepTreca; ocTeoreHes; OCTEOAECTPYKIMA; MeOAMaTOPbI BOCITIA/ICHMS.
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INTRODUCTION

Legg-Calvé-Perthes disease (LCPD) is a type
of osteochondropathy characterized by the
development of idiopathic avascular necrosis
of the femoral head. Despite long-standing
research, the nature of hip joint synovitis in
the early stages of the disease, as well as the
pathogenesis of osteodestructive processes,
remains incompletely understood. An important
research objective is to elucidate the patterns
of molecular and cellular cascade alterations
depending on the stage of LCPD [1, 2].

The onset of avascular necrosis is considered to
be triggered by the formation of a hypoperfusion
focus in the proximal femoral epiphysis against
the background of vascular collapse. Acute tissue
hypoxia is accompanied by the overexpression
of hypoxia-inducible factor la (HIF-1a). The
increased transcription of this oxygen-dependent
protein is aimed at regulating processes such
as angiogenesis, erythropoiesis, and energy
and glucose metabolism. It also participates
in numerous intercellular signaling pathways.
The primary biological function of HIF-la is
cellular adaptation to hypoxic conditions. The
protective role of HIF-1a is associated with its
ability to activate the transcription of genes
encoding erythropoietin (EPO) and vascular
endothelial growth factor (VEGF) [3, 4]. Increased
VEGF activity promotes angiogenesis and
revascularization of the hypoperfused area.

At the same time, proteins of the HIF-1 family
may act as both anti-apoptotic and pro-apoptotic
factors. One of the possible mechanisms of apop-
tosis induction is associated with prolonged
acute hypoxia and the concomitant enhance-
ment of HIF-1a and p53 protein expression [5].
The p53 protein is a potent tumor suppressor
and transcription factor that promotes the
activation of genes initiating programmed cell
death. The relationship between the increased
expression of HIF-1a and p53 was demonstrated
by co-immunoprecipitation in cells exposed to
hypoxia [6].

Moreover, it has been shown that HIF-1la
overexpression can activate the production of
inflammatory mediators, including the pro-
inflammatory cytokines IL-1f3, TNF-a, and IL-6
[7, 8]. In experimental animal models of surgically
induced avascular necrosis of the femoral head,
HIF-1a overexpression was accompanied by

the subsequent activation of pro-inflammatory
cytokines IL-1B, TNF-a, and IL-6 [2, 8].
The proliferation and migration of these
cytokines are associated not only with increased
HIF-1a expression but also with damage-
associated molecular patterns (DAMPs), whose
elevated extracellular concentration results from
osteocyte apoptosis under hypoxic conditions
[9, 10, 11]. Alterations in the cytokine profile
may play a significant role in the disruption of
bone homeostasis regulation.

From this perspective, it is quite possible
that the pathogenesis of LCPD manifestation
may be associated with a local phenomenon
of an exaggerated inflammatory response and
dysregulation of immunoregulatory molecules-
cytokines, chemokines, and soluble forms
of transmembrane receptors-under hypoxic
conditions. At first glance, similar mechanisms
may underlie transient synovitis of the hip (TSH)
in children. Moreover, this form of inflammatory
arthropathy is highly prevalent among preschool
and early school-aged children [12]. At the early
stages, both diseases share similar clinical and
instrumental features, characterized by the
acute onset of pain and synovitis of the hip joint.
However, in TSH, synovitis resolves completely,
whereas in LCPD it may progress into a chronic
condition. Several experimental studies have
demonstrated high concentrations of IL-6 and
TNF-a in synovial fluid in LCPD, confirming the
phenomenon of an uncontrolled inflammatory
response [8, 9].

Currently, active research continues on
several regulatory molecules involved in
chronic inflammation, including the soluble
form of the transmembrane glycoprotein
CD40, which belongs to the tumor necrosis
factor receptor (TNFR) superfamily [13]; the
macrophage-derived chemokine MDC/CCL22
[14, 15]; the chemokine Fractalkine (CX3CL1),
one of the key molecules in the pathogenesis
of systemic lupus erythematosus and juvenile
rheumatoid arthritis [16, 17]; the interferon
gamma-induced chemokine  IP10/CXCL10,
which plays an important role in the activation
and regulation of inflammatory and immune
responses and contributes to the development
of autoinflammatory diseases [18, 19]; as well as
VEGF, extensively studied in autoimmune and
autoinflammatory disorders [20, 21]. All of these
molecules are considered potential targets for
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the development of new therapeutic approaches
for autoimmune and autoinflammatory diseases.
It is therefore likely that dysregulated regulatory
mechanisms in the hip joint in LCPD are also
linked to these mediators. Thus, understanding
the patterns of molecular composition changes
in synovial fluid during osteodestruction in LCPD
may provide a foundation for developing new
diagnostic criteria and treatment strategies for
this pathology, including the use of genetically
engineered biologic agents.

The aim of the study - to perform a
comparative analysis of the concentrations of
immunoregulatory molecules in the synovial
fluid of patients with manifested Legg-Calvé-
Perthes disease and those with transient synovitis
of the hip.

METHODS
Study design

The study was designed as a pilot prospective
case-control study.

Two groups of children participated. The first
group included 42 children diagnosed with TSH,
comprising 32 boys and 10 girls, with a mean
age of 6.7%0.6 years. The second group included
26 children with stage II LCPD according to the
Waldenstrom classification, comprising 21 boys
and 5 girls, with a mean age of 6.1+0.8 years.
All children with TSH and LCPD were treated in
the Department of Traumatology and Orthopedics
of Kuzbass Regional Children’s Clinical Hospital
named after Y.A. Atamanov (Kemerovo, Russia)
between 2017 and 2022. All examined children
were of Caucasian ethnicity and residents of the
Kemerovo Region.

The diagnosis of LCPD was established based
on X-rays (AP and Lauenstein views) and MRI of
the hip joint. All LCPD cases were accompanied
by pronounced synovitis. The inclusion criterion
was a diagnosis of stage II LCPD according to
the Waldenstrom classification, confirmed by
instrumental studies. The exclusion criterion
was the presence of other nosological entities
associated with bone destruction.

The diagnosis of TSH was made after excluding
surgical and orthopedic pathology and confirmed
during follow-up observation. All children were
examined by a rheumatologist, and no cases
of juvenile idiopathic arthritis were identified.

The inclusion criteria were coxalgia and limited
range of motion in the hip joint developing
in previously healthy children. The exclusion
crite-ria were bone destruction according to
instrumental studies and infectious or auto-
immune inflammation of the hip synovium.

All children included in the study underwent
synovial fluid aspiration during hip joint punc-
ture, performed as part of femoral head decom-
pression in patients with LCPD and during
differential diagnosis in patients with TSH.
The needle was inserted from lateral to medial,
targeting the projection of the femoral head
beneath the inguinal ligament, with the puncture
site located away from the femoral artery pulse.
The presence of synovial fluid in the syringe
confirmed correct entry into the hip joint cavity.
No complications occurred during the procedu-
res. The preparation of synovial fluid samples
involved treatment with hyaluronidase (4 mg/ml,;
Sigma, USA) at 37°C for 1 hour in a shaker, with
the addition of 0.5% bovine serum albumin (BSA)
as the final concentration. After incubation, the
samples were centrifuged at 1000 g for 5 minutes
at room temperature. The resulting supernatants
were stored at -20°C until analysis.

In all samples from 68 patients, the
concentrations of five mediators/chemokines/
cytokines - CD40, MDC/CCL22, Fractalkine
(CX3CL1), IP10/CXCL10, and VEGF - were

measured using ELISA kits (Invitrogen, USA).
The analysis of synovial fluid was performed
at the City Hospital No. 40, Kurortny District
(St. Petersburg, Russia). All samples were analy-
zed in duplicate according to the manufacturer’s
instructions. The concentrations of the studied
mediators were expressed in pg/ml.

Statistical analysis

To identify significant differences between
groups, statistical processing was performed
using Statistica 10.0 and MedCalc 17.5.2
software, applying the principles of variational
statistics. Quantitative data were presented
as median (Me) and 25" and 75% percentiles
(P25 and P75). The Mann-Whitney U test was
used to assess the significance of intergroup
differences. To evaluate the role of the studied
mediators in the development of LCPD, multiple
linear regression with a logit transformation was
applied. The dependent variable was the presence
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of LCPD (score = 1) or TSH (score = 0), while the
independent variables were the concentrations of
all analyzed mediators. The type I error (a) was set
at 5%, and the type II error (B) at 20%. Therefore,
statistical significance was established at
p < 0.05, in accordance with standard require-
ments. The performance of the resulting logistic
model was evaluated using the area under the
curve (AUC) derived from ROC analysis, which is
the standard criterion for assessing the quality of
binary classification. During logistic regression,
potential confounding factors such as age, sex,
and body weight of the patients were taken into
account.

RESULTS

Hip joint aspiration was performed in all
patients under local anesthesia using an
anterior approach. In several cases, ultrasound
guidance was utilized to ensure accurate needle
placement into the joint cavity. The volume of
aspirated synovial fluid ranged from 2 to 6 ml.
There were no significant differences in the
amount of synovial fluid obtained between the
study groups.

The study revealed distinct characteristics
of synovial inflammation in patients with TSH
and LCPD. The predominant molecular patterns
varied depending on the underlying pathology
triggering the inflammatory process. The analysis
of chemokine and mediator profiles in synovial
fluid demonstrated significant differences for
most of the studied molecules (Table 1).

As shown in Table 1, the concentrations of
several molecules in the synovial fluid of patients

with LCPD significantly differed from those
observed in patients with TSH. In particular,
CD40 and VEGF levels were elevated in LCPD,
whereas children with TSH had significantly
higher concentrations of IP10. No differences
between groups were found for macrophage-
derived chemokine (MDC) and Fractalkine. These
findings suggest an important role of the soluble
form of the CD40 receptor and VEGF in the
development of LCPD.

To assess the interactions among the studied
mediators involved in LCPD pathogenesis and
to derive an equation for estimating the risk of
LCPD, multiple linear regression followed by
logit transformation was performed. The results
are presented in Table 2. It should be noted that
B-coefficients of the classifier reflect the relative
influence of each predictor on the dependent
variable, whereas B-coefficients represent the
predictive value of the corresponding factor and
can be used in the logistic function equation.

As shown in Table 2, the predictors of LCPD
included elevated concentrations of soluble
CD40 receptor and VEGF in the synovial fluid,
while [P10 (CXCL10) and Fractalkine (CX3CL1)
acted as protective factors. These results are
consistent with the data in Table 1, where
soluble CD40 receptor and VEGF were also
identified as key molecules in the manifestation
of synovial inflammation in LCPD.

Based on the B-coefficients and the logit-
transformed regression results, an equation
was developed to estimate the risk of LCPD
formation according to deviations in mediator
and chemokine levels in hip synovial fluid.

Table 1
Comparison of chemokine/mediator concentrations in synovial fluid in LCPD and TSH
LCPD TSH
Cytokines p
Me P25 P75 Me P25 P75
CD40, pg/ml 239.854 137.949 341.758 73.387 25.183 121.591 0.012
Fractalkine (CX3CL1), pg/ml 24.121 2.479 45.764 31.764 0.832 62.696 0.067
IP10 (CXCL10), pg/ml 10.928 3.974 17.882 64.468 25.034 103.902 0.024
MDC (CCL22), pg/ml 343.317 198.988 487.646 163.796 117.140 210.451 0.079
VEGF, pg/ml 209.804 103.329 316.279 64.336 23.973 104.699 0.043
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Table 2
Immunoregulatory predictors and protectors of LCPD
Parameter B SE of p B SE of B p
Regression intercept - - 0.3900 0.1223 0.0041
CD40, pg/ml — X1 0.4029 0.1918 0.0009 0.0004 0.0468
IP10 (CXCL10), pg/ml — X2 -0.2749 0.1720 -0.0018 0.0011 0.1236
VEGF, pg/ml — X3 0.2983 0.1692 0.0006 0.0004 0.0911
Fractalkine (CX3CL1), pg/ml — X4 -0.2329 0.1898 -0.0017 0.0013 0.2322

SE — standard error.

The logistic regression equation was as
follows:

- XA 100%

1 +exp(z) ’
where z = 0.39 + 0.0009*X1 - 0.0018*X2
+ 0.0006*X3 - 0.0017*X4, where X1, ...,
X4 are the factors listed in Table 2;

0.39 is the intercept (constant) of the logistic
model; and p represents the probability of LCPD
development based on inflammatory mediator
levels in hip synovial fluid. The overall model was
statistically significant (p = 0.0001).

To evaluate the quality of the equation, ROC
analysis was performed (Figure 1). The following
parameters were analyzed: the area under the

curve (AUC), indicating diagnostic accuracy
(0.9-1.0 = excellent; 0.8-0.9 = very good; 0.7-0.8
= good; 0.6-0.7 = moderate; < 0.6 = poor), as well
as specificity and sensitivity.

The sensitivity and specificity of the develo-
ped equation for predicting the risk of LCPD
based on inflammatory changes in synovial
fluid exceeded 78%, indicating high diagnostic
performance.The discrimination threshold was
60.47%. The AUC was significantly higher than
that of a random classifier.

Thus, the proposed equation can be used as
a predictive tool for assessing the risk of LCPD
development based on inflammatory mediator
profiles in hip joint synovial fluid.

LCPD _risk

100 =
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30 . Specificity: 78.6
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Figure 1. ROC analysis of the equation for calculating the risk of developing Legg-Calvé-Perthes disease

(AUC = 0.878; p = 0.0001)
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DISCUSSION

The formation of a hypoperfusion focus in the
femoral head during the development of LCPD
has been confirmed by numerous studies,
including histological investigations, hip MRI
with perfusion imaging, and Doppler ultra-
sonography [22, 23].

The crucial role of the vascular component in
the pathogenesis of osteochondropathy at the
molecular and cellular levels is evidenced by a sig-
nificant increase in the concentration of VEGF,
which plays a key role in stimulating angiogene-
sis through the activation of endothelial cell
proliferation. The increase in VEGF activity may
be associated with the rise of HIF-1a level in
response to acute tissue hypoxia [24]. Enhanced
VEGF activity can therefore be interpreted as a
compensatory mechanism aimed at restoring
perfusion and promoting angiogenesis under
acute ischemic conditions.

Alongside VEGF proliferation, elevated levels
of the phosphoprotein CD40 were observed in
the synovial fluid of patients with LCPD, which
may indicate the activation of inflammatory
processes associated with vascular dysfunction.

Several studies have highlighted the pivotal
role of the soluble form of the transmembrane
receptor CD40 in the pathogenesis of chronic
inflammation [25, 26]. Increased expression
of CD40, including its alternatively spliced
transmembrane isoform, promotes the synthesis
of pro-inflammatory cytokines (IL-6, TNF-«)
and regulates transcription factors such as
nuclear factor kappa p (NF-«xf) [27]. Interaction
between CD40 and its ligand (CD40L) induces
phosphorylation of protein kinase B (Akt) and
nuclear translocation of NF-kf. Experimental
studies have demonstrated that fibroblasts, when
stimulated with CD40L, express CD40 and secrete
pro-inflammatory cytokines such as IL-6 and
TNF-a. In the present study, patients with LCPD
exhibited a marked increase in the concentration
of transmembrane phosphoprotein CD40 in the
synovial fluid.

In addition, several studies have linked
the CD40/CD40L system with enhanced
thrombogenesis [13, 14]. The transmembrane
CD40 receptor is expressed on the surface of
platelets, endothelial cells, vascular smooth
muscle cells, and B-lymphocytes. Although CD40
does not directly influence platelet aggregation,

it facilitates platelet adhesion to the vascular
wall [28]. Experimental studies in CD40-deficient
mice demonstrated a twofold reduction in the
risk of atherosclerosis compared with the mice
with normal level of CD40 thrombocytes.

The etiology of impaired blood supply
to the proximal femur in LCPD remains
unclear. In some children, the disease follows
a more aggressive course characterized by
osteoarthritic changes that lead to early hip
osteoarthritis [29]. Meanwhile, the increased
concentration of CD40 in synovial fluid
observed in patients with LCPD may indicate a
higher risk of atherosclerotic plaque formation
followed by the development of a hypoperfusion
focus in the femoral head.

In contrast, the synovial fluid of patients with
TSH showed slightly elevated levels of interferon-
gamma-inducible cytokine IP10 (CXCL10)
compared with LCPD. This is an important
laboratory finding for understanding the
mechanisms of TSH in children. IP10 (CXCL10)
is a chemokine that promotes migration and
adhesion of activated T-cells through binding
to the CXCR3 receptor. IP10 is secreted by
macrophages infected with viruses or bacteria, as
well as during antigen presentation. Its secretion
is upregulated by interferon-gamma stimulation
of T-cells and other pro-inflammatory cytokines
(IL-17, IL-23, IL-6, TNF-q, IL-1B). Moreover, IP10
regulates the Thl-type immune response and
recruits leukocytes, including T-lymphocytes and
natural killer (NK) cells. A positive feedback loop
is thought to exist between Thl lymphocytes
producing interferon-gamma and resident cells
secreting CXCL10 [30]. Elevated IP10 levels in the
synovial fluid of patients with juvenile idiopathic
arthritis (JIA) confirm the cytokine-mediated
pathogenesis of the disease. CXCL10 is expressed
by various cell types within the synovial
environment in JIA, including macrophages,
epithelial, and endothelial cells. Several studies
have demonstrated that targeting CXCL10 or
its receptor CXCR3 may represent a potential
therapeutic strategy for JIA [31].

Thus, the present study demonstrates distinct
nature and mechanisms of inflammation in
TSH and LCPD. The concentration of regulatory
molecules in synovial fluid depends on the
predominant etiological factor and may influence
processes of bone resorption and osteogenesis.
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Specifically, cytokine activity patterns in LCPD
indicate a significant disturbance in the coupling
between angiogenesis and osteogenesis at the
molecular and cellular levels. The increased
concentration of the phosphoprotein CD40, along
with VEGF-induced glycoprotein proliferation,
reflects activation of inflammation associated
with vascular dysfunction, whereas in TSH, an
elevated level of IP10 indicates stimulation of the
Thl-mediated immune response.

Study limitations

According to the presented study design, there
were limitations regarding age and population.
The direct interpretation of the results does not
apply to children younger than 5 or older than
8 years, nor to other populations. The study was
limited to children aged 5 to 8 years living in the
Kemerovo Region, without severe comorbidities
or obesity.

CONCLUSIONS

Changes in the concentration of immunoregulatory
molecules in synovial fluid may determine the
course of various diseases. The present study
demonstrated a different nature of inflammation in
Legg-Calvé-Perthes disease and transient synovitis
of the hip. In case of transient synovitis, the leading
factor is an immune-inflammatory response with
the activation of the chemokine system. In contrast,
the manifestation of Legg-Calvé-Perthes disease
is associated with disruptions in the coupling of
angiogenesis and osteogenesis at the molecular
and cellular level, formation of a hypoperfusion
focus in the femoral head, and subsequent induc-
tion of inflammatory mediator expression.
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Abstract

Background. The impact of regular sports activities and specific types of sports on the effectiveness
of conservative treatment for adolescent idiopathic scoliosis (AIS) has not been sufficiently studied.
Understanding this relationship is essential for personalizing programs of physiotherapeutic specific scoliosis
exercises (PSSE) and preventing deformity progression.

The aim of the study — to compare the results of conservative therapy for adolescent idiopathic scoliosis
among rhythmic gymnasts, swimmers, and patients not engaged in regular sports activities, as well as to
evaluate the influence of sport type on changes in frontal and sagittal trunk balance parameters and flexibility.
Methods. A retrospective analysis was performed on 54 patients: 21 rhythmic gymnasts (Group 1),
11 swimmers (Group 2), and 22 non-athletic patients (Group 3, control). The groups were comparable in terms
of key anthropometric and radiological parameters. All patients underwent PSSE according to the BSPTS
Rigo method. TLSO bracing was used when indicated. Before and after treatment, the Cobb angle, thoracic
kyphosis, lumbar lordosis, sagittal index, angle of trunk inclination (ATI), and flexibility (sit-and-reach test)
were assessed.

Results. Significant intergroup differences were found only for the Cobb angle (H = 9.366; p = 0.007) during
treatment. Post-hoc analysis revealed that gymnasts showed a statistically significantly greater reduction
in Cobb angle compared with the control group (p<0.0167). Differences between the control group and
swimmers, as well as between gymnasts and swimmers, did not reach statistical significance after adjustment.
No significant intergroup differences were found for other parameters (thoracic kyphosis, lumbar lordosis,
sagittal index, flexibility, body mass, and height). Intragroup analysis demonstrated a statistically significant
decrease in Cobb angle and ATI among gymnasts, and improved flexibility in both gymnasts and the control
group. Deformity progression greater than 5° occurred less frequently in athletes (3.1%) than in non-athletic
patients (27.3%; p = 0.0144).

Conclusion. Conservative treatment based on physiotherapeutic specific scoliosis exercises is effective in
all patients with adolescent idiopathic scoliosis. Rhythmic gymnasts demonstrated a more pronounced
correction of frontal plane deformity and a greater reduction in trunk inclination compared with non-athletic
patients. Swimming did not show advantages for correction of deformities in either the frontal (Cobb angle)
or sagittal (lordosis, kyphosis) planes.

Keywords: adolescent idiopathic scoliosis; physiotherapy; bracing; PSSE (BSPTS Rigo); rhythmic gymnastics;
swimming; Cobb angle.
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Pecdepar

AKmyansHocms. BiysiHye peryisipHbIX 3aHSITUI CIIOPTOM M €ro Buaa Ha 3¢Q(eKTUBHOCTb KOHCEPBATUBHOTO
JleueHMS I0OHOIIEeCKOro uauonatmudeckoro ckonmosa (IOVC) nsyyeHo HemoctaToyHO. OripefenieHue 3Toi KOp-
pesIMy BaskHO 1)1 TTepCoHATM3anuu Iporpamm creiudnyeckux yrpaxkaenuit (PSSE) u mpodunarktukm mpo-
rpeccupoBaHus nedopMaium.

Llenws uccnedosanus — CpaBHUTD PE3Y/IbTATHI KOHCEPBATMBHOI Tepanyy I0HOIIECKOTO MAMOIIATUUECKOTO CKO-
JI103a Y CIIOPTCMEHOB XYA0KeCTBEHHOI I'MMHACTUKH, IUVIOBL[OB U MallMeHTOB, HE 3aHMMAaIOLMXCS PETY/SPHO
CIIOPTOM, a TaKKe OIIEHUTDH BIMSIHME BUA CIIOPTA HA M3MeHeHMe GPOHTATbHBIX Y CArMTTAIbHbIX ITApaMeTPOB
6ajaHca TYJIOBUIIA U TMOKOCTH.

Mamepuan u memodst. IIpoBeneH pPeTPOCHEKTUBHbBIN aHAAMU3 JieueHUs] 54 manyeHTOB: 21 T'MMHACTKU
(rpynma 1), 11 mioBuoB (rpynmna 2) 1 22 mauyeHTOB, He 3aHMMAaKIMXCS peryasipHO CIIOPTOM, (TpyIiIa 3, KOH-
TposibHasI). [pyIIbl 6LV COTIOCTABUMBI [0 OCHOBHBIM aHTPOIIOMETPUYECKUM Y PeHTTeHOTOTUYEeCKMUM ITOKa-
3arensm. Bcem nanyentam npoBoguian PSSE no BSPTS Rigo; npu Hanumuymm nokasaHmit IpUMEHSIJICS KOPCET
TLSO. Io u 1ocie jedeHust oueHuBanyu yroja Ko66a, rpyaHoi kKudos, MOSICHUYIHBINA JTOPI03, CaruTTaaAbHbIN
MHIEKC, yTol HakiIoHa TyiaoBuina (ATI) u rubkocTs (sit-and-reach Tecr).

Pe3zynvmamet. 3HauMMble MEXIPYIITIOBbIe PA3/IMUMS BbISBIEHbI TOJMBKO B BeauunHe yriaa Ko66a (H = 9,366;
p = 0,007) B xone nedyeHus. ATIOCTEPUOPHBIN aHAJIM3 OKA3aJ, YTO Y TMUMHACTOK CHMKEHME BEJIMUYMHBI yI/a
Ko66a 65110 cTaTUCTMUECKM 3HAYMMO OO0JIbIlle TI0 CPABHEHMIO C KOHTPOIbHOI Tpymmoit (p < 0,0167). Pasnu-
Unda Mexny KOHTpOJIbHOﬁ rpynnof/'[ " IUIOBLIAMM, a TaKXKe MeXAy '’MMHAaCTKaMM U IVIOBHaMM He JOCTUILIN
CTATUCTUYECKOM 3HAUMMOCTH TTOC/Ie MOMpPaBku. [IJIsI OCTaAbHBIX ITapaMeTpoB (TPyAHO K103, MOSICHUYHbI
JIOPII03, CAaTUTTAIbHBIN MHIEKC, TMOKOCTh, Macca ¥ POCT) MEKIPYIITIOBBIX Pa3InNuuii He BbISIBJIeHO. BHYTpHK-
TPYTIIIOBOM aHAIN3 MMOKA3aJI CTATUCTUUECKHM 3HAaUMMoe yMmeHbiieHue yrina Ko66a u ATl y rTMMHACTOK, a TakKe
yiIydieHye rmOKOCTY y TMMHACTOK UM B KOHTPOJIbHOI Tpyrime. IIporpeccupoBanue nedbopmanuu 6onee 5°
Yy CIIOPTCMEHOB Habmomanoch pexke (3,1%), yueM y IMalMeHTOB, He 3aHMMAIOIIMXCS PEryasipHO CIIOPTOM,
(27,3%; p = 0,0144).

3aknouenue. KoHcepBaTuBHoe jeueHMe Ha ocHOBe PSSE s(deKTMBHO y Bcex MallMeHTOB C IOHOIIECKUM
UIMOTIATUYECKUM CKOMIMO30M. Y TMMHACTOK OTMeYeHbl 0ojiee BbIpaskeHHass KOppeKuus gedbopmaiuu BO
(bpoHTaNMBHO TIOCKOCTM M CHIDKEHME YIVIa HaK/JIOHA TYJI0BUINA 10 CPABHEHMIO C MAlleHTaMy, He 3aHMMa-
IOIMIMMMCST PETYIIPHO criopToM. He BBISIBIEHO NpeMMYINECTB IUIaBaHMUS AJIsI KOppeKuuu nedbopMaiuy BO
dponTansHoI (yros Ko66a) 1 caruTTabHOM MIOCKOCTIX (JIOpA03, Knudo3).

KioueBble ¢JIOBa: I0OHOLIECKMIT MAMOTIATUYECKMIT CKOMMO3; pusmorepanus; kopcetorepanus, PSSE (BSPTS
Rigo); xymoskecTBeHHast TMMHACTHUKA; J1aBaHKe; yron Ko66a.
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INTRODUCTION

Adolescent idiopathic scoliosis (AIS) occurs in
1-3% of adolescents and represents a three-
dimensional deformity of the spine characte-
rized by a lateral curvature greater than 10° in
the frontal plane [1]. The etiological factors of
AIS have not been fully established. However,
genetic predisposition, specific features of mus-
culoskeletal growth, hormonal influences, and
mechanical loading are believed to play a role
in its development [2]. The diagnosis is typically
made between the ages of 10 and 18, and the
disease tends to progress during the periods of
rapid growth, leading to significant cosmetic and
functional impairments [2].

The role of physical activity in the develop-
ment and progression of AIS remains a matter
of debate. Different types of sports have varying
effects on the spine and the musculoskeletal
system [3]. Rhythmic gymnastics is associated
with high flexibility demands and asymmetric,
extreme ranges of motion, which may increase
the mechanical load on the spine and, according
to several authors, contribute to the progression
of scoliotic deformity in adolescents [4, 5, 6, 7].

In 1996, P. Tanchev et al. performed a scree-
ning examination of 4.800 schoolgirls aged 11-14
years and identified scoliosis in 1.1% of them [7].
In 2000, the same authors performed a similar
study involving 100 athletes actively engaged
in rhythmic gymnastics and found that scoliosis
occurred ten times more frequently (12%).
The scoliotic deformities were mild to moderate
in severity and were associated with delayed
menarche, generalized joint hypermobility, and
repetitive asymmetric spinal loading during
growth, which is typical for this type of sport [8].

Swimming, on the other hand, has traditio-
nally been regarded as a balanced form of phy-
sical activity that promotes uniform muscular
development, improves posture, and reduces the
risk of spinal deformities [3, 5]. However, recent
studies show that regular swimming training
does not always prevent the development or
progression of the disease and, according to some
authors, may even increase the risk of AIS [9, 10].

For curvatures less than 45° conservative
treatment is indicated, which includes an
individualized program of scoliosis-specific
corrective exercises (Physiotherapy Scoliosis
Specific Exercises, PSSE). For curvatures greater

than 25°, orthotic management using thoraco-
lumbosacral braces is recommended [11, 12,
13, 14]. The effectiveness of PSSE and brace
therapy has been confirmed by numerous studies.
However, their outcomes in athletes who are
regularly exposed to sport-specific physical loads
remain insufficiently studied [14, 15, 16, 17, 18].

The 2016 SOSORT guidelines emphasize that
sports activities should not be prescribed as an
independent treatment method for idiopathic
scoliosis, as their goals differ from those of
PSSE, which specifically targets the correction
of deformity, functional impairment, and
postural control [5]. Nevertheless, patients are
encouraged to maintain regular physical activity,
as participation in sports generally does not
affect the occurrence or severity of scoliosis and
provides psychophysical benefits. Correlations
have been identified for certain sports: swimming
— with trunk asymmetries and hyperkyphosis,
although without proven causality; tennis — with
no detected association with spinal deformities;
gymnastics and ballet — with a higher prevalence
of scoliosis, likely related to hyperlaxity and
delayed menarche. During brace treatment,
aerobic training may help maintain respiratory
function [18, 19, 20].

The analysis of treatment outcomes in athle-
tes with AIS engaged in different sports
disciplines allows for assessing whether the
nature of athletic loading influences the effecti-
veness of conservative therapy. Comparing
rhythmic gymnastics and swimming in this
context is of particular interest, as these sports
differ significantly in movement biomechanics,
load symmetry, and training regimen.

The aim of the study - to compare the results
of conservative therapy for adolescent idiopathic
scoliosis among rhythmic gymnasts, swimmers,
and patients not engaged in regular sports
activities, as well as to evaluate the influence
of sport type on changes in frontal and sagittal
trunk balance parameters and flexibility.

METHODS

Study design

The study design was
cohort-based.
Conservative treatment outcomes of AIS were
evaluated in 54 patients: professional rhythmic
gymnasts (Group 1), professional swimmers

retrospective and
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(Group 2), and individuals not engaged in
professional sports (Group 3, control group).
Treatment was carried out between 2015 and
2022. The end of treatment was defined as the
attainment of skeletal maturity (Risser stage 5).
Follow-up assessments were conducted at two
fixed time points: before treatment (baseline exa-
mination) and upon reaching skeletal maturity
(final examination). The mean follow-up duration
was 44.3 months (range: 12-65 months).

Inclusion criteria: diagnosis of AIS with a Cobb
angle of 10-45°; age 10-15 years at treatment
initiation; Risser stage 0-3; availability of at least
two spinal X-rays (including the baseline one).

Exclusion  criteria:  secondary  scoliosis;
refusal of participation by the patient’s legal
representative; non-compliance with the
prescribed rehabilitation program.

Group 1 included 21 patients (all female),
Group 2 — 11 patients (7 females and 4 males),
and Group 3 — 22 patients (17 females and
5 males). The groups were homogeneous in terms
of age, changes in anthropometric parameters
over the observation period (height and body
weight), sagittal index, and severity of spinal
curvature (Cobb angle, kyphosis, and lordosis).
However, they differed significantly in baseline
height, body weight, flexibility (assessed using
the sit-and-reach test) [20], and in the number
and duration of training sessions. The gymnasts
demonstrated substantially higher flexibility
compared to participants in Groups 2 and 3.

Treatment protocol

All patients followed a standardized program of
physiotherapy scoliosis-specific exercises (PSSE)
based on the BSPTS Rigo concept [21]. The prog-
ram included one individual session with a cer-
tified physiotherapist per month (90 minutes)
and home exercises performed five times per
week for 20 minutes. The exercises were aimed
at posture correction, breathing training, and
activation and integration of postural muscle
chains.

A rigid thoracolumbosacral orthosis (TLSO)
was prescribed in 25 cases (8 gymnasts, 6 swim-
mers, and 11 patients in the control group).
Indications for bracing were determined
according to the Scoliosis Research Society
(SRS) criteria, which include: a Cobb angle of
25-40° with documented curve progression, or
a Cobb angle of 20-25° in patients at high risk of
progression (Risser 0-2) [22].

When prescribed, brace wear time ranged from
18 to 23 hours per day. The orthotic devices used
were designed in accordance with the principles
of the Rigo-Chéneau system and the BSPTS
methodology [21].

Evaluation of treatment outcomes

The following clinical and radiological parame-
ters were used to assess treatment outcomes:
1) Cobb angle (spinal X-ray in the AP view) and
sagittal index (in mm); 2) thoracic kyphosis
and lumbar lordosis angles (measured using an
inclinometer); 3) angle of trunk inclination (ATI),
determined with a scoliometer; 4) flexibility,
measured using the sit-and-reach test; 5) anthro-
pometric data (height and body weight), recorded
at baseline and final examinations; 6) proportion
of cases showing scoliosis progression greater
than 5° (considered as failure of conservative
treatment).

Statistical analysis

Descriptive statistics were used to summarize
demographic and clinical data. Quantitative
variables with a normal distribution were
presented as mean * standard deviation (M£SD),
while those with a non-normal distribution were
presented as median, interquartile range, and
extreme values (Me [Q; Q,] (min-max)).

The normality of distribution was assessed
using the Shapiro-Wilk test. For normally
distributed variables, comparisons between
independent groups were performed using one-
way analysis of variance (ANOVA) with Tukey
post-hoc test. Paired samples were analyzed
using the paired Student’s t-test. For non-
normally distributed variables, nonparametric
tests were applied: comparisons among three
independent groups were performed using
the Kruskal-Wallis test with exact p-values
calculated via the Monte Carlo method. When
required, post-hoc analysis was conducted
using the Mann-Whitney test with Bonferroni
correction. Within-group differences (before
and after treatment) were analyzed using the
Wilcoxon signed-rank test.

For comparative analysis of proportions,
Pearson’s x2 test was used. In pairwise
comparisons, Fisher’s exact two-tailed test was
applied. Differences were considered statisti-
cally significant at p < 0.05. Statistical analysis
was performed using SPSS Statistics v.26.0
(IBM, USA).
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RESULTS

The Shapiro-Wilk test for normality showed a
normal distribution for most variables, including
age, height (before treatment), flexibility (sit-
and-reach test), and scoliosis severity parameters
(Cobb angle, kyphosis, lordosis, and sagittal
index). Deviations from the normal distribution
were found for body weight (both at baseline
and in its change over the observation period)
and for change in height during follow-up.
The assessment of group comparability for these
characteristics is presented in Table 1.

The Shapiro-Wilk test also demonstrated
anormal distribution for all evaluated parameters
except for the change in Cobb angle following
treatment.

In Group 1, a statistically significant reduction
in Cobb angle was observed. In Group 2, the Cobb
angle also decreased, though this change was
not statistically significant. In Group 3, a slight,
statistically non-significant increase in Cobb
angle was recorded.

Patients in Groups 1 and 2 also demonstrated
a statistically significant improvement in the ATI
measured with a scoliometer before and after
treatment, while in Group 3, the change in this

parameter was not statistically significant.
No statistically significant changes were obser-
ved in sagittal index, thoracic kyphosis, or lumbar
lordosis across all three groups.

Improvement in flexibility (sit-and-reach test)
was noted among patients in all three groups
(Table 2).

Before treatment, no statistically significant
differences were found between the groups in
the main parameters — Cobb angle, kyphosis,
lordosis, sagittal index, and ATI (p >0.05).
The only exception was the flexibility measure
(sit-and-reach test): gymnasts demonstrated
significantly higher baseline values compared
with swimmers and patients not engaged in
regular sports (ANOVA p < 0.001; Tukey post-hoc
test for both pairs p < 0.001).

After treatment, statistically significant
differences in Cobb angle were observed
between Groups 1 and 3 (p=0.008), while
the differences between Groups 1 and 2 and
between Groups 2 and 3 did not reach statistical
significance. Differences in thoracic kyphosis
were also identified: patients in Group 2 showed
higher values compared to Group 1 (p =0.027).
No intergroup differences were found in lumbar

Table 1
Assessment of group comparability at baseline
Parameter ?ézug 1; ?rfiuf 1? ?rf(iugz‘;’ p
Criteria for normally distributed data (ANOVA; t-test), M*SD
Age, years 12.13+1.70 12.50+1.30 12.64+1.20 0.468
Height, cm 149.1+11.6 159.3+11.1 158.5%9.7 0.024
Cobb angle, deg. 22.3+8.3 26.6%12.5 25.3£7.0 0.363
Thoracic kyphosis, deg. 20.8%11.8 30.5%£18.9 24.5+10.2 0.143
Lumbar lordosis, deg. 29.9+10.2 30.0+11.9 29.0%6.8 0.939
Sagittal index, mm 30.7%31.0 54.5%¥44.4 39.3%28.3 0.164
Sit-and-reach test, cm 17.5%6.7 -1.1+13.8 -0.1+8.9 <0.001
Number of training sessions per week 5.4%0.6 4.8+0.7 - 0.027
Duration of training sessions, h. 4.8+1.4 1.5%0.6 - <0.001
Criteria for non-normally distributed data (the Kruskal-Wallis test with exact p-values calculated via the Monte Carlo method),
Me [Q,; Q,] (min-max)
Change in height during follow-up 6.4 [5.0; 10.6] 6.1[3.3; 13.1] 7.3[3.6; 10.2] 0.981
(0.4-28.6) (2.0-27.9) (-4.2-18.7)
Weight, kg 38.0[31.5; 44.6] 47.9[37.8; 51.3] 46.1[39.0; 54.4] <0.001
(20.0-53.1) (33.4-66.3) (34.4-75.2)
Change in weight during follow-up 7.2 [4.0; 12.0] 6.3 [3.6; 12.7] 7.9[5.3; 11.4] 0.825
(0.2-25.1) (0.0-20.4) (-5.0-16.2)

115 2025;31(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

lordosis, sagittal index, or ATI. As before
treatment, patients in Group 1 demonstrated
significantly higher flexibility than those
in Groups 2 (p < 0.001) and 3 (p < 0.001).

The analysis of mean changes in parame-
ters after treatment showed that the change in
ATI was statistically significant only between
Groups 1 and 3: -6.57%6.05° vs +0.45%8.19°
(p=0.009) and -2.81#2.87 vs -0.23%3.54
(p = 0.023), respectively. No intergroup diffe-
rences were found in the mean changes of

kyphosis, lordosis, sagittal index, or flexibility
(p > 0.05) (Table 3).

According to the nonparametric Kruskal-
Wallis analysis, significant differences between
the groups were observed in the change of Cobb
angle during treatment (H=9.366; p =0.007).
Post-hoc analysis using the Mann-Whitney test
with Bonferroni correction revealed a statistically
significant difference in the change of Cobb angle
between Groups 1 and 3 (p < 0.0167). Differences
between Groups 2 and 3 and between Groups 1

Table 2
Within-group analysis of conservative scoliosis treatment outcomes (paired t-test)
Group 1 (n =21) Group 2 (n=11) Group 3 (n = 22)
Parameter
M+SD p M+SD p M=SD p
Cobb angle, deg. before treatment | 22.33#8.31 26.60+12.57 25.36%7.00
<0.001 0.284 0.797
after treatment 15.76+7.94 23.60+18.14 25.82%7.97
Thoracic kyphosis, deg. | before treatment | 20.86+11.80 30.55%18.98 24.59%10.22
0.873 0.906 0.207
after treatment 20.57+9.98 31.09+12.68 27.05+10.07
Lumbar lordosis, deg. before treatment | 29.95+10.21 30.00+11.86 29.05+6.86
0.705 0.421 0.540
after treatment 29.05+6.89 32.36%9.16 29.95+6.34
Sagittal index, mm before treatment | 30.71+31.04 54.55%44.47 39.32%28.30
0.213 0.884 0.762
after treatment 38.57+17.40 55.91+29.22 40.91+25.76
ATI, deg. before treatment 8.43+4.08 9.09+6.02 9.23+4.06
<0.001 0.005 0.767
after treatment 5.62%4.05 6.55%5.93 9.00+4.49
Sit-and-reach test,cm | before treatment 17.52%6.69 -1.09+13.8 -0.11+8.90
0.008 0.017 <0.001
after treatment 21.24+5.38 4.00+15.06 5.50+8.80
Table 3

Between-group analysis of conservative scoliosis treatment outcomes
(one-way ANOVA with Tukey post-hoc test)

Tukey | Tukey | Tukey
Group 1 Group 2 Group 3 ANOVA p p p
Parameter (n=21) (n=11) (n=22) p | Gri- | Gri- | Gr.2-
Gr. 2 Gr.3 Gr.3
Cobb angle, deg. before 22.33+8.31 | 26.60+12.57 | 25.36 £7.00 | 0.363 0.419 0.498 0.927
treatment
after treatment | 15.76%7.94 | 23.60+18.14 | 25.82£7.97 | 0.009 0.140 0.008 0.846
Thoracic kyphosis, | before 20.86+11.80 | 30.55+18.98 | 24.59+10.22 | 0.143 0.121 0.616 0.434
deg. treatment
after treatment | 20.57 #9.98 | 31.09+12.68 | 27.05+10.07 | 0.024 0.027 0.122 0.559
Change of thoracic kyphosis -0,29+8,06 | 0.55%¥14.98 2.45%8.84 0.665 0.973 0.648 0.865
Lumbar lordosis, before 29.95%£10.21 | 30.00+11.86 | 29.05%6.86 | 0.939 1.000 0.946 0.959
deg. treatment
after treatment | 29.05%6.89 | 32.36%9.16 | 29.95%6.34 | 0.465 0.435 0.910 0.637
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End of Table 3
Between-group analysis of conservative scoliosis treatment outcomes
(one-way ANOVA with Tukey post-hoc test)

Tukey | Tukey | Tukey
Group 1 Group 2 Group 3 ANOVA p p p

Parameter (n=21) (n=11) (n=22) p | Gori- | ori- | cr2-

Gr.2 Gr.3 Gr.3

Change of lumbar lordosis -0,90+10,80 | 2.36%9.34 0.91+6.85 0.605 0.600 0.790 0.901

Sagittal index, mm | before 30.71+31.04 | 54.55%¥44.47 | 39.32+28.30 | 0.164 0.139 0.672 0.432
treatment

after treatment | 38.57+17.40 | 55.91£29.22 | 40.91+25.76 | 0.134 0.130 0.944 0.209

Change in sagittal index 7.86+28.00 | 1.36%30.26 | 1.59+24.27 | 0.704 0.795 0.729 1.000

ATI, deg. before 8.43%+4.18 9.09%6.32 9.23*+4.06 0.842 0.922 0.839 0.997
treatment

after treatment | 5.62%4.15 6.55+6.22 9.00+4.49 0.068 0.861 0.061 0.350

Change in ATI -2.81%2.87 | -2.55%¥2.38 | -0.23%£3.54 | 0.019 0.971 0.022 0.114

Sit-and-reach test, | before 17.52+6.86 | 1.09+14.48 | -0.11+8.90 | <0.001 | <0.001 | <0.001 0.959
cm treatment

after treatment | 21.24%5.51 | 4.00+15.79 | 5.50+#8.80 | <0.001 | <0.001 | <0.001 0.907

Change in flexibility 3.71£5.75 5.09 £5.94 5.61%6.58 0.590 0.820 0.572 0.971

and 2 did not reach statistical significance after
correction (p > 0.0167) (Table 4).

Furthermore, differences between groups
were found in the proportion of cases with
curve progression. Progression greater than 5°

was observed in only one (3.1%) athlete —
an 18° increase (from 44 to 62°) — and in six
(27.3%) patients from the non-athlete group.
This difference was statistically significant
(p =0.014).

Table 4

Comparison of groups by the magnitude of Cobb angle change during treatment
(post-hoc Mann-Whitney test with Bonferroni correction)

Comparison U Z p (uncorrected) | p (Bonferroni) r (effect size)
Group 1 vs Group 3 370 3.38 <0.001 0.0023 0.52 (medium to large)
Group 2 vs Group 3 164 1.64 0.105 0.314 0.29 (small to medium)
Group 1 vs Group 2 109 -0.26 0.812 1.000 0.05 (negligible)

DISCUSSION

The results of the present study demonstrated
that the type of athletic activity influences the
effectiveness of conservative therapy for AIS.
Under a standardized PSSE (BSPTS Rigo) protocol
and, when indicated, bracing, rhythmic gymnasts
showed a marked reduction in the ATI and
greater correction of the Cobb angle compared
with patients not engaged in regular sports.
Among swimmers, the decrease in Cobb angle
did not reach statistical significance. However,
their final thoracic kyphosis values were higher
than those of the gymnasts. The proportion of
curve progressions greater than 5° was lower

among athletes overall. These findings are
consistent with current concepts of conservative
scoliosis management and suggest that the
biomechanical profile of training — asymmetrical
and coordinative in rhythmic gymnastics versus
predominantly symmetrical and cyclical in
swimming — may interact differently with the
mechanisms of PSSE and bracing [18, 20, 23].
Our observations align with contemporary
evidence on the benefits of early, individuali-
zed, scoliosis-specific exercises (PSSE) [19, 20].
According to the literature, in adolescents with
curves below 25°, PSSE can stabilize or reduce
the deformity, while bracing combined with
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PSSE is effective for more severe curvatures
[11, 12, 13]. The more pronounced positive
dynamics observed in rhythmic gymnasts are
likely related to superior postural control and
trunk coordination, inherent to the specific
demands of this sport. The symmetrical nature
of swimming loads exerts a lesser influence on
the three-dimensional, including rotational
and torsional, components of spinal deformity,
which may explain the less pronounced frontal
correction despite adherence to a comparable
PSSE protocol.

Our findings are consistent with the
observations of G. Bielec et al., who reported
that standard school swimming lessons
(45 minutes per week over 2 years; ~600 m per
session) have little effect on most postural
defects in adolescents and are only slightly
associated with scoliosis regression compared
with controls, without significant changes in
growth or BMI. The authors emphasized the
need for individualized training programs rather
than “general” swimming. In our study, under
a standardized protocol (PSSE (BSPTS Rigo) *
bracing), rhythmic gymnastics was associated
with greater frontal correction (lower final Cobb
angle and greater reduction; more pronounced
decrease in ATI) compared with no regular
sports participation. Among swimmers, the
decrease in Cobb angle did not reach statistical
significance, and final thoracic kyphosis values
were higher than in gymnasts. These differences
support Bielec et al’s conclusion that
symmetrical, cyclic loading in water alone does
not replace a personalized, three-dimensional
corrective program and, if performed with
improper technique (e.g., unilateral breathing
in freestyle), may contribute to asymmetry.
Therefore, for swimmer athletes, PSSE should
be complemented with targeted aquatic mo-
dules that modify stroke patterns and breathing
under physiotherapist supervision [18].

Study limitations

The limitations of this study include its
retrospective design, unequal group sizes
(particularly the swimmers), incomplete control
over the dose and adherence to both sports
activity and PSSE/bracing, as well as the use
of inclinometer and scoliometer measurements
for some metrics instead of biplanar 3D assess-
ment. Nevertheless, the use of a standardized

treatment protocol and comparability of baseline
radiological parameters enhance the internal
validity of the study.

CONCLUSION

The application of scoliosis-specific exercises
according to the PSSE (BSPTS Rigo) concept,
combined with appropriate bracing, achieves
comparable clinical effectiveness regardless
of the type of sport practiced. Comparison
between rhythmic gymnastics and swimming
showed similar outcomes in key corrective
parameters when the PSSE protocol was
followed. Potential differences were limited
to secondary parameters and did not alter the
overall trend. Therefore, training loads should
be individualized according to age, growth stage,
and risk of progression, and supplemented with
defect-oriented PSSE elements.
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Pedepar

AxmyanvHocmp. HejiponiaTyist HaiJIONIaTOYHOTO HEPBA B COYETaHMM C MaCCMBHBIMM pa3pblBaMM BpalllaTeNbHOV MaHXeTbl
1J1eva IpefiCcTaBiseT CI0KHOCTY IIPY AMArHoCTUKe U jiedeHuy. COBpeMeHHble MeTO/Ibl IMarHOCTMKY MTO3BOJISIIOT BBISIBUTD
HeBPOJIOTMYeCKYe HapyIlIeHNs JOCTATOYHO TOYHO, O HAKO JaHHasl [1aTOIOTHs cCoueTaeT HeCKOIbKO MaToGU3MONIOTMIeCcKuX
MmexaHu3mMoB. PytuHHas MPT no3BosisieT OLleHUTb CTPOeHMe BbIPe3KM JIONATKM ¥ MPeAIoNoXKUTh HaauuMe HeliponaTun
HAaJJIONaTOYHOTO HepBa.

Ilens uccnedosanus — ONpenenuTh aHATOMUYECKIE OCOGEHHOCTM CTPOEHMSI BBIPE3KM JIOMATKY MO faHHbIM MPT y manm-
€HTOB C HeliponaTueii HaJI0aTOYHOTO HepBa B COYETaHUM C MAaCCMBHBIMM pa3pblBaMy BpalllaTeIbHOM MaHXXeThl Iieya
U UX BIMSIHUE HA CTEINeHb MOBPEXIEHNSI CAMUX POTATOPOB, BRIPAXKEHHOCTh 6OJIEBOTO CMHAPOMA U (PYHKIMOHAIbHBIE Ha-
pylLIeHus.

Mamepuan u memodsi. B viccinegoBaHue 6bUIM BKIIOYEHBI 19 MALIMEHTOB C TPABMATUUECKUMU TIOBPEKIEHUSIMU CYXOKU-
JIVIA Y MBI BpallaTelbHOM MaHXXeThI IJIeya B COUeTaHMM C KIMHMYECKMMM IPU3HAKaMy HeliponaTuy HajJ1011aTOYHOTO
HepBa, B TOM umcie 15 My>kunH U 4 skeHIIMHbI. CpegHMUit BO3pacT MalueHTOB cocTaBua 58,7 rona. Bo Bpemst KiuMHuYe-
CKOTO OCMOTpa MalyeHThl 3aN0THUIM CTaHAAPTMU3MPOBaHHbIe MmKaibl-onpocHuku: BAIIL Leeds Assesment of Neuropathic
Symptoms and Signs (LANSS) u American Shoulder and Elbow Surgeons Standardized Assessment Form (ASES).
Bcem maryeHTaMm 0 1 TIOc/Ie onepanyy 6putm BoimonHeHbl MPT riieva [iist onipeesieHus MOp(OoIornueckux 0COGeHHOCTe
HaJJIOTIATOYHOM BbIpe3KM U 3eKTpoHelipomuorpadus (OHMI) njisi IMarHoCTMKY HapylleHUit MpoBefeHMs] MMITYJIbca
B 30He MHHepBaluM HaJJIONIaTOYHOTI'O HepBa.

Pesynvmamet. HejiponaTys HaZI0MaTOYHOTO HEpPBa NPU MOBPEXIEHMIX BpalllaTelbHOJ MaHXXeThl Ijleya Jallle BCTpe-
YyaeTcsl y NalMeHTOB C NIy6OKOM M OTHOCUTENbHO y3Koi U-06pa3Hoii BbIpe3KOoii JOaTKMU IPU 3aJHeBepXHUX pa3pbiBax
JlaHHBIX CYXOKWINI — HaJOCTHOM U MOLOCTHOM MbIL (Tuil D no knaccudurauyuy Collin) B coueTaHUM ¢ BbIpaskeHHO
peTpaxkiyeit 3TUX CyXoxkuauit (3-g crernedsb mo kiaccudmkaiyu Patte). [To ganubsivm SHMI y Bcex malyeHTOB ObIIN BbI-
sIBJIEHBI IPM3HAKM HapylleHUsl IPOBeJeHysl MMIY/IbCa B 30HE MHHepBallMyM HAAJIONaTOYHOrO HepBa B BUJle M3MEHEHUS
M-oTBeTa OT HaOCTHO ¥ TIOLOCTHOM MbILII. AHAIM3 II0Ka3al, YTO KakK TUIl MOPGOIOTMM BhIpE3KM, TaK U MaCCUBHOCTh
paspbiBa SIBJSIIOTCS CTATUCTUUYECKM 3HAUMMBIMM IpeAuKTopaMu (GYHKIMOHAABHOTO COCTOSIHMS 10 mikane ASES. Ilpu
3TOM MOPGOJIOTHS BhIPE3KM MPOIEMOHCTPUPOBAIA HECKOIBKO GOsbillee 3HAYEHVE B IPOTHO3MPOBAHUY HYHKIVOHATb-
HBIX OrPaHMUYEHUIA.

3axntoueHue. BpisiBieHHAs1 CUIbHAsA KOPpensus MeXIy TUIIOM CTPOeHMs BbIpe3KM JIONATKY U TSDKECThI0 pa3pbiBa Bpa-
L1aTenbHOM MaHXeThI I/Ieva MO TBEPKAAaeT TMIIOTe3Y O TOM, UYTO y3Kasl BbIpe3Ka Co3[aeT HeBPOJIornyeckye MpeAoChlIKu
It GOPMUPOBAHUSI XPOHMUECKOI 60U M HapyLIeHNs] MTHHEePBALMM MBIIIL] BPalIATeTbHON MaHXeThI Iuieua. TO CIeayeT
YUUTHIBATH MPU Pa3paboTKe aJrOPUTMOB IMArHOCTUKU Y JIEUeHMSI TTAI[IEHTOB C JAHHOI ITaTOOTHENA.

KiaroueBbie ciioBa: HeﬁpOl’[aTMﬂ HaaJIOIIaTOYHOTO HEPBA; pa3pbIB BpamaTeanoﬁ MaH>XeTbI; Ha/IJIOIIaTOYHAs BbIPpE3Ka.
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0OCOOEHHOCTEl BBIPE3KM JIONTKM C HelpomaTueil HAAJOMATOYHOTO HepBa MNpM MOBPEKIEHMSIX BpallaTelb-
HOJi MamHXeTbl IUleya: OaHHble MP-muarHoctuku. Tpaemamonoeus u opmoneduss Poccuu. 2025;31(4):120-129.
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Neuropathy and Rotator Cuff Tear Patterns: MRI Data
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Abstract

Background. Suprascapular nerve neuropathy combined with massive rotator cuff tears presents significant challenges
in both diagnosis and treatment. Modern diagnostic methods allow for sufficiently accurate detection of neurological
impairments. This condition involves several pathophysiological mechanisms. Routine MRI enables the assessment
of the morphology of the scapular notch and allows clinicians to suspect suprascapular nerve neuropathy.

The aim of the study — to identify the anatomical features of the scapular notch on MRI in patients with suprascapular
nerve neuropathy combined with massive rotator cuff tears, and to assess their impact on the extent of rotator damage,
the severity of pain, and functional impairment.

Methods. The study included 19 patients with traumatic injuries of the rotator cuff tendons and muscles combined
with the clinical signs of suprascapular nerve neuropathy, including 15 men and 4 women. The mean patient age was
58.7 years. During the clinical examination, patients completed standardized questionnaires: VAS, the Leeds Assessment
of Neuropathic Symptoms and Signs (LANSS), and ASES. All patients underwent pre- and postoperative shoulder MRI to
assess the morphological features of the suprascapular notch, as well as electromyography (EMG) to diagnose conduction
impairments within the suprascapular nerve innervation zone.

Results. Suprascapular nerve neuropathy in patients with rotator cuff injuries is more commonly observed in those
with a deep and relatively narrow U-shaped scapular notch, particularly in the presence of posterosuperior tears of the
supraspinatus and infraspinatus tendons (Collin type D), combined with pronounced tendon retraction (Patte grade 3).
EMG revealed impaired impulse conduction within the suprascapular nerve innervation zone in all patients, demonstrated
by altered M-responses from the supraspinatus and infraspinatus muscles. The analysis showed that both the morphology
type of the notch and the extent of the tear were statistically significant predictors of functional status as assessed
by the ASES score. Notably, the morphology of the notch showed a slightly greater contribution to predicting functional
limitations.

Conclusion. The strong correlation identified between the morphology of the scapular notch and the severity of rotator
cuff tears supports the hypothesis that a narrow notch creates neurological preconditions for the development of chronic
pain and impaired innervation of the rotator cuff muscles. This should be taken into account when developing diagnostic
and treatment algorithms for patients with this pathology.

Keywords: suprascapular nerve neuropathy; rotator cuff tear; suprascapular notch.
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BBEJEHUE

ViiemieHue HaAJI0MIaTOYHOTO HepBa [0 HelaBHEro
BpeMeHM CUMTAI0Ch PeL KO [aToI0rMen, BCTpeyalo-
1Ieyicsl B OCHOBHOM Y cIiopTcMeHOoB [1]. CoaBneHue
HaJIJIOTIaTOYHOr'0 HepBa YaCTO BO3HMKAET BCIeICTBYE
Pa3IUYHBIX TPUUMH U IPUBOIUT K HAPYILIEHUIO QYHK-
UMM KOHEYHOCTU, MBIIIEYHOV aTpodum U MOosiBie-
HMIO HelipornaTuyeckoii 6o [2]. B HacTosee BpeMst
B CBSI3M C COBEPILIEHCTBOBaHMEM AMArHOCTUYECKUX
METOJIOB, & TaKke C Oojiee yrIyOJE€HHBIM MOHMMA-
HMYEeM OMOMeXaHUKU U MaTOhU3MOMOTUM TJIeueBOTo
CyCTaBa [aHHas IaTONOTUS CYUTAETCs AOCTAaTOYHO
YyacTol MPUUYMHOI pasBUTKUSI 6o B 06JaCTH TIIeva
[3, 4, 5].

KomnpeccnoHHble TOBpeXIeHUs HaJa0NaTOYHO-
ro HepBa MOTYT COYETaTbCsl C TpPaBMaTUYEeCKMM pas-
PBIBOM BpalllaTe/bHOV MaHXXeThI IIJIeYeBOr0 CyCTaBa.
Knunnueckue mccnenoBaHms oKas3ain, YTO MIPU3HAKU
HeliponaTuy HaAJIONaTOYHOTO HepBa MMEKT MeCTO
y 30% mnanuMeHTOB C MAaCCUBHBIMU ITOBPEXIEHUSIMU
BpauaTebHOM MaHKeThl IIeua 1 CIIoCOOCTBYIOT pas-
BUTUIO Y HUX O0JIEBOTO CMHIPOMA Y MBIILIEUHOI aTpo-
umu [6, 7]. CytecTByeT MpeAronoxKkeHKue 0 TOM, UTO CO-
KpaTMBIIMeCs B pe3y/abTaTe II0JHOCIOMHOTO pa3phiBa
CYXOXKWJIbHASI ¥ MblILIeYHAsl 4acTy 3aJHEeBEPXHEro OT-
JleJia BpalaTeabHO MaHKeTbl MOTYT CITOCOGCTBOBATD
C,aBJIEHMIO HAJI0TIaTOYHOI'O HepBa B BbIpPe3Ke JIoNaT-
KU U pa3BUTHUIO CTOMKOTO HEBPOJIOTMYECKOT0 60/IeBOTO
CMHApPOMA B IlJIeye, COXPAHSIOLIErocs U rocjie apTpo-
CKOIIMYeCKOI peKOHCTPYKUMM [§].

HamocTHast siMKa mpezcTaBisieT co60ii BOTHYTYIO
I10JI0CTh, HVKHEJ CTEHKOM KOTOpOi SBJSETCS OCThb
JIOTIATKY, a JlaTepajabHOM I'paHullell — aKpOMUOH [9].
OHa mupe B Me[UaJbHOM HAMpaBIEHUU U YKe
B JlaTepaJbHOM; 2/3 MeAuaabHOI YacCTU 3aIlOJHEHBI
OPIOIIKOM HAAOCTHOM MBINIIIbI. HajmonaTouHast BbI-
pes3Ka, pacIioNo’)keHHasi Ha BepXHeM Kpae JIONAaTKY,
OTZe/sIeT ee OT K/IKBOBMUIHOIO OTPOCTKAa. BepxHss
rorepeyHasi CBSI3Ka JIONIATKY, PACIIONIOKeHHasl Ha[
BBIPE3KOI, IPUKPEILISIeTCS] K OCHOBAHUIO KIIIOBOBU -
HOT'O OTPOCTKA, GOPMUPYS OTBEPCTHE, Uepe3 KOTopoe
MPOXOAUT HAMJIONAaTOUHbII HepB. S.S. Rengachary
C COaBTOPaMM BbIEIW/IN IIECTb TUIIOB CTPOEHUS HaJ, -
JIOTIATOYHO BbIpe3Ky, npuuem npu VI Tumne orme-
YyaeTcs IOJHOe OKOCTeHeHMe BepxHeil IoIlepeyHoi
cBs13KkM jortatku [10].

3avacTylo JMarHo3 «HeiponaTus HaJa0laTOYHOro
HepBa» BBICTABJISIETCS C 3all03JaHMeM, B Xone Oosee
YITyOG/IeHHOTO 06C/IeI0BaHMs MAlMEHTOB, 0COGEHHO
10C/Ie Hey[auHbIX OIlepaTMBHBIX BMeIaTelbCTB Ha
BpalllaTe/IbHOM MamxkeTe Iuleva [11]. JIuarHocTmka
HeliponaTuy HaIJIONaTOYHOrO HepBa [O/KHA BKIIIO-
YyaTh KIMHUYeCKUit ocMoTp [12], sanubie DHMI 1 MP-
uccnenoBaHums [13, 14, 15].

Llenv uccnedosaHuss — ompenenrUTh aHATOMUYE-
CKMe OCOGEHHOCTM CTPOEHMS BBIPE3KM JIOMATKU II0
ma"HHbiM MPT y nmanjueHTOB C HeliponaTuein Haljiona-

TOYHOTO HEpBa B COUETaHUM C MAaCCUBHBIMU paspbi-
BaMy BpalllaTeJbHOI MaHKeThl [JIeUa U UX BIUSHUE
Ha CTeleHb MOBPEKIEHUSI CaMMX POTaTOPOB, BbIpa-
SKEHHOCTh 060JIEBOTO CHMHApPOMAa U (YHKLMOHAJIbHbIE
HapYyIIeHNs.

MATEPUAJI 1 METO/IbI
Jlv3zaiiH uccjaegoBaHUS

[TpoBeeHO OTHOIIEHTPOBOE ITPOCHEKTUBHOE MCCIe-
nmoBaHye Ha 6aze OO0 «lleHTp KIMHUYECKOI Memu-
LMHBI “DBKAMUIT”» (T. BOpOHEK).

Kpumepuu exniouenus:

- HaJnuye kajob Ha 60j1b B 06/1aCTY JIOTIATKH;

- Ha/IMuMe MOJHOro 00beMa MaCCUBHBIX IBVKEHMUIA;

— HajJIMuye TOJTHOCTIOHOTO Pas3pbiBa CYXOKUIIMS
Ha[OCTHO? MBIIIIIbI, 8 TAKKE YaCTUUHBIX WJIN TTOJTHBIX
Pa3pbIBOB CYXOXKWINIA MOOCTHOM U MOA/I0TIaTOUHOM
MBIIIIIT;

— OTCYTCTBME IpEMIIeCTBYIOIIEr0 ONepaTUBHOIO
JIeUeHMs Ha MOpasKeHHOM IIjIeye;

— OTCYTCTBME IMOJOKUTENLHOTO 3¢ PeKTa OT KOH-
CepBaTUBHOTO JIEUEHMUS;

- Ha/luuye TMOTEeHIIMAJTbHO BOCCTAHOBMMBIX Pas-
PBIBOB BpalllaTeIbHOM MaHXeThbl (CTEIeHb KMPOBOI
nere"epauyu 1o Goutallier — He 6omee 3-it).

Kpumepuu HeskroueHus:

— IIpenlecTBYIONIME ONepaTMBHbIE BMeIIaTesb-
CTBa Ha 3TOM I1JIeUeBOM CYCTaBe;

— HajJMuye aare3MBHOTO KarlCy/InUTa;

- Ha/Iuuye PeBMaTOJIOrMueCcKux 3a601eBaHMiA.

IManmmeHTHI

B ucciemoBanue Bouuiu 19 marueHTOB: 15 MysKuMH
u 4 KeHIMHBI, CpegHMit Bo3pacT — 58,7 roma. Cpok,
MPOIIeANINIi C MOMEHTA MOyuYeHNs] TPaBMBbI 10 Ofie-
pauuu, BapbupoBai ot 3 Hefl. 7o 10 mec., B cpegHeM —
5,1 mec. CpegHuii ToKasaTeb aKTMBHOTO CTMOaHMST —
105,79°, akTMBHOTO OTBeleHUSI — 63,94°, HApYKHO
porauuu — 14,73°.

MeTozab! McciIegOBaHUSA

Bo Bpems KIMHMYECKOTO OCMOTpa IaLyeHThl 3aI1071-
HSUIM  CTaHAAPTU3MPOBAHHBIE  IIKAJIbI-OIPOCHUKNA:
BM3yaJbHO-aHa/NOroBylo  mmkamy (BAII), Leeds
Assesment of Neuropathic Symptoms and Signs
(LANSS) [16] u American Shoulder and Elbow
Surgeons Standardized Assessment Form (ASES) [17].

MPT mneyeBOro cycraBa NpOBOIWIACH IO U IIO-
cte onepaiuy Ha Tomorpade Philips MR 5300 1,5 Tn
(Hupepnanpapr). TonyHa Cpe3oB COCTaBIsIa 3 MM.
MPT mnpoBomgmiach € WMCIONb30BaHMEM CTaHIAPT-
HBIX IIPOTOKOJIOB B aKCHAJIbHOM, KOCO-CaruTTallb-
HOJ M KOCO-KODOHIBHOV IMPOeKUMSIX, C IOMOIIbI0
KOTOPBIX OBbLIM IIOMyYeHbI: MMITYIbCHbIE MOCTEN0-
BarenbHOCTU B T1- u T2-B3BelIeHHbIX U306paske-
HUSIX B pexkuMe rpagueHTHoro sxa (FFE_T2W), 1306-
pakeHMsl, B3BELUIEHHbIE 10 INPOTOHHON IIOTHOCTU
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(TSE PDW), a Takke C UCIIOJIb30BaHMEM MOOABJIEHMS
curHazna ot xxupooii Tkauu (TSE PD SPAIR). [Tpu sTom
B KOCO-KOPOHApPHOW IIJIOCKOCTM YTON OJIOKa Cpe3oB
B aKCMAJIbHOJ IJIOCKOCTM MPOXOAWII MapasijiesIbHO JIU-
HUU, COEAVHSIONIEN LIeHTP CYCTaBHOTO OTPOCTKA JIO-
MaTKX U LEHTP TOJIOBKU TIJIeYeBOI KOCTU, UM BIOJb
CYXOXKMIMST HAOOCTHOM MbIIIbl. B caruTTanbHbIN
IUIOCKOCTM Cpe3bl MPOXOAWIM TapasuiebHO TMOAJIO-
MMaTOYHOM M HaJOCTHOM MbImam. OpueHTauus 6pu1a
MpoM3BeJieHa M0 CYyCTaBHOMY OTPOCTKY JIOTIATKM, a He
IO TIIeYeBoit KocTu. Cpesbl 3aXBaThIBAJIM BCIO 00J1aCTh
IJIEYEBOTO CYCTaBa OT KIIFOBOBMUIHOTO OTPOCTKA JIOTIAT-
KU U Ha IBa cpe3a C3aJi/ OT TOJIOBKU I1Ieya.

Mopdonoruueckme 0COOGEHHOCTM HAIJIONAaTOUYHO
BBIPE3KM aHAIM3UPOBAIUCh B KOCO-KOPOHAJIbHOM
IUIOCKOCTY Ha T2-B3BeHMIEHHBIX M300PakKeHMUSX, I0-
JIYUEHHBIX B PeXXUMe TypOo-crmHoBoro sxa (T2-TSE)
C OpMeHTaluel Cpe30B, CTPOrO IEePHEeHANKYISIPHON
IJIMHHOM OCU Teja jonaTku. Takasi OpueHTauus Io-
3BOJISIeT U36ekaTh apTedakTOB KOCOTO cpesa u obe-
CreynBaeT [TOCTOBEPHYIO OIIEHKY MopdoMeTpun
HaJJIONMAaTOYHO BbIpe3Ku. Busyanusanus Henocpes.-
CTBEHHO HAaJJIONAaTOYHOro HepBa (BBUIY €ro MaJlbIX
pasMepoB) B LieJiM UCCAeq0BaHMs He BXoauaa. Takke
OIlEHMBAIY KOHMPUIYpaluio pa3pbiBa BpallaTelb-
HOI MaHXeThbl Ijleya IO KOJIMYECTBY IMOBpeXAeH-
HBIX CYXOKunui (OOHO, ABa UK TPU), TUITY pa3pbiBa
o Collin [18], cTrenmeHu KMPOBOII IereHepanyuyu IO
Goutallier [19], cTenenn perpakuuu 1o Patte [20],
a Tak>Ke TUII CTPOEHMST HaJJIONMaTOYHO BbIPE3KU T10
Rengachary [10].

[ng TnoATBepXKIeHMs [OMarHosa «HeWporaTus»
BCeM TalyeHTaM ObUla BBITIOJTHEHA 3JIEKTPOHENPO-
muorpadust (QHMI') Ha anmapate HeitpoH-CriekTp-5
(Poccust) gt BbISIBAEHMSI HApYIIEHUI MMPOBEAEHMUS
MMITYJIbCa B 30HE MHHEPBalMM HA/I0IaTOYHOTO Hep-
Ba. MccnemoBaHye BKIIOUA/IO OIIEHKY CKOPOCTU IPO-
BeIEHUSI MMIIyJIbCa IO [BUraTeIbHbIM BOJIOKHAM
KHaJ0CTHO M ITOA0CTHO MBIIILAM, aHAIMU3 ITapaMeT-
poB M-oTBeTta (aMIuMTyOa, Gopma, IIUTETbHOCTb)
U OIIEHKY aKTMBHOCTU IPU MPOMU3BOJBHOM YCWJIUU
(Hajauuye MPU3HAKOB JeHepBauum — GUOPUILISIIINIA,
TTOJIOKUTENIbHBIX OCTPbIX BOJIH, TOTEHIIKAIOB (aciy-
KyJIsSIuuii). [IMarHo3 «HeMpoIaTus» yCTaHaBIMBAJICS
MpY YBEJIMYEHUM JIATEHTHOCTU, CHUSKEHUYN aMIUIATY-
Obl M-oTBeTa M/WIM HAAUYMKU TIPU3HAKOB €HEepBa-
LMY B UCC/IeSyeMbIX MbIIIIAX.

CraTucTUYeCKN aHaIn3

CraTUCTUYECKMII aHa/M3 ObUT HAIlpaB/ieH Ha BBISB-
JleHMe ¥ KOJMUYECTBEHHYI0 OILIeHKY B3auMOCBSI3eii
MeXy aHaTOMUYeCKMM CTpPOeHMEeM HaJJI0NaTOYHO
BBIPE3KM, CTPYKTYPHBIMM IOBPEXIEHMUSIMM Bpalla-
TeJIbHOM MAaHKeThl IIeYa ¢ GOJMIeBBIM CHMHIPOMOM

" GYHKIMOHATBHBIMY HapPyHIEHUSIMM C TTOMOIIBIO
cTaHmapTu3upoBaHHbiX mkaa BAI, LANSS n ASES.

[IpoBepka pacmnpeneieHus] KOJMUECTBEHHBIX IIe-
peMeHHBbIX Ha HOPMaJIbHOCTb MPOBOAMIACH C TOMO-
mbo0 Kputepus llanupo-VYuika. YU4uTbiBas Masblii
06beM BbIOOPKM (1 = 19) U OTCYTCTBME HOPMAaJIbHOTO
pacrpenesieHUs] B UCCAeAyeMOii IpymIie, AJjsl onuca-
HUSI KOJIMYECTBEHHBIX TTlepeMeHHbIX UCI0/Ib30BaIUCh
mennaHa (Me) M MeRKBapTWIbHbIN pasmax [Q,; Q,].
KauecTBeHHbI€ ITepeMeHHbIE OIMCHIBAIMCH aOCOMIOT-
HBIMU 3HAUEHUSIMMU U MIPOLIEHTaMMU.

Ins aHanu3a B3aMMOCBSI3€l MeEXAY IMOPSOKO-
BbIMM UM KOJMYECTBEHHBIMM I€pPEeMEHHbIMU TIpU-
MEHSIJICS HelapaMeTpuYecKuii Ko3pduuyeHT paH-
ropoit koppensuum CnupmeHa (p). Iasi OLeHKuU
CUJIbI KOPPENSLUMOHHONM CBSI3Y NPUMEHSUIM HIKaILy
Yennoka, COINIAaCHO KOTOPOM KOPpeasiius MOXKeT
6bITH ciaboii (0,1-0,3), ymepennoii (0,3-0,5), 3ameT-
Hoii (0,5-0,7), Beicokoit (0,7-0,9) 1 BecbMa BbICOKOJ1/
cunbHo (0,9-1,0). Iy IpOBepKM CTAaTUCTUUECKOM
3HAYMMOCTM acCoUMalii Mexay KaTeropuaabHbIMU
repeMeHHbIMM B TabGIMIIAX COMPSIKEHHOCTU C yUe-
TOM MaJIOTO 06beMa BbIOOPKM (OKMAAaeMble UaCTOThI
B siYeiikax MeHee 5) MPUMEHSICS TOYHBIA Kpure-
puit ®uiepa - dpumana —XoaToHa. 11 cpaBHEHUS
KOJIMYECTBEHHBIX [MOKa3areyeil Mexay TpeMs u 60-
Jiee He3aBMUCUMMBIMM Tpynmnamy (MeXIY TUIIAMU IO
Rengachary) ucmonb3oBajicsl HemapaMeTpUUeCcKUii
kputepuii Kpackena—Yomnnuca ¢ mocjiegyommm armo-
CTepMOPHBIM aHa/JIN30M C TOMOIIbI0 TecTa JlaHHa
¢ momnpaBkoii BoHbeppoHM Ha MHOXECTBEHHbIE
CpaBHEHMSI.

VauTbiBasi Majblii 00beM BbIOOpKM (n = 19), mis
OLIEHKM CBSI3M Ka&XIOTO OTHEeNbHOTO ITpeauKTopa
¢ GYHKUMOHAIBHBIM MCXOIOM I10 1Kajie ASES 6GbUT BbI-
TTOJIHEH OMHO(AKTOPHBI PErpecCMOHHbIN aHATNUS.

CTaTuCTMYeCcKuii aHaIu3 MPOBOAMIICS C MUCIOJNb-
30BaHMEM MPOrpaMMHOTro obecreuenust R (v.4.3.1) u
rmakeToB rstatix, dunn.test, coin. YpoBeHb CTaTUCTHU-
YeCKO¥ 3HAUMMOCTH JJIS1 BCEX TECTOB ObLIT YCTAHOBJIEH
Ha ypoBHe p < 0,05.

PE3VJIbTATbBI

Ananu3 paHHbiXx MPT y mauyeHTOB C HelpomaTu-
el HaJJIONaTOYHOr0 HepBa B COUETAHUM C pa3pbl-
BaMM BpalllaTe/IbHOV MaHXXeThbl Iiedya MmoKa3asl, uTo
Yy 2 IanMeHTOB ObLJIO MOBPEXIEHO OTHO CYXOXUINE,
y 8 manueHTOB — [Ba CYXOXXWaus (HaAOCTHOM U I0-
IOCTHOJM MBIIIIL), Y 9 MalMeHTOB — TPU CYXOXUIUS
(HagOCTHOM, MOAOCTHOM M MOAJIOMATOYHOM MBIIIIIT).
BapmaHTbI cTpoeHMs BbIpe3KM JIOTATKM, TUITbI U Xa-
paKkTep TIOBPEXIEHMS CYyXOXWINMA BpallaTeabHOI
MaHXeThl Iuieya no gaHHeiM MPT mnpeacraBieHbI
B Tabmuie 1.
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Tabnauya 1
PesynbraTnl MPT-ucciegoBaHus mauyeHTOB
Knaccudukarnms Tun/creneHs (KOJIMYECTBO NALMEHTOB)
Tun cTpoeHuMs BbIpe3Ku jonaTku 1o Rengachary I1(5) II(3) 11 (9) IV (2) V (0) VI (0)
CreneHb peTpakuum 1o Patte 1(3) 2 (6) 3(10) - - -
CreneHb XUPOBOIt mereHepauuu o Goutallier 1(4) 2 (8) 3(7) 4(0) - -
Tun paspeiBa BpalaTelbHO MaHxkeTsl 110 Collin A(3) B (0) C(5) D (7) E#) -
Takum 00pasoM, HejipomaTus HaIJIONATOY- HAM He BCTPETUJIMCH YACTUUHO VIJIM TTOJTHOCTHIO OKOC-

HOTO HepBa B COUETAaHMM C pas3pbiBaMM Bpala-
TeJbHOI MaHXeThl IlJleya dalle BCTpedyaeTcs Mpu
ture III ctpoeHus BbIpe3Ky jomaTku Mo Rengachary,
3-11 cTenieHM peTpakiyu 1o Patte, 2-7i cTeneHM XXMUPO-
BOJi fereHepaiyuu o Goutallier, mpu Tume paspsiBa D
o Collin, To ecTh pu 3agHEBEePXHUX Pa3phIBax Bpa-
LIaTe/IbHOJ MaH>KeThl IjIeua. B Hallem mucciegoBaHnUN

TeHeBIlINe ToTiepeyHble CBSI3KM JIOTIaTKN.
B xome mccnemoBaHusi Gbla yCTaHOBJEHA KOp-
pensiiyss MopdonorMy HamJIONMaTOYHON BbIPE3KU
C TIATONOTMeN HAJIONAaTOUHOTO HepPBa U CTPYKTYPO
TOBPEXIEHMI BpalaTeabHOM MaHkeTsl. Ha pucyH-
Ke 1 mpepacTaBieHbl MpUMEPbI Pa3aUUHBIX TUIIOB
HaJIJIONaTOYHOI BhIpe3ky Mo Rengachary.

PucyHok 1. [Ipymepsl TUTIOB HAJIOMATOYHOM BbIPE3KM MO Knaccudurauum Rengachary:
a — tum I; b — tun II; ¢ — un III; d — Tun IV; 06;1acTh HaIJIOTIATOYHOI BBIPE3KM OLIEHUBAIM B KOCO-KOPOHAPHOI
npoekuyuu B pexxume T2 TSE

Figure 1. Anatomical variations of the scapular notch, according to the Rengachary classification:
a — type I; b — type II; ¢ — type III; d — type IV; the scapular notch area was assessed in the oblique coronal view

using T2 TSE mode

ITo panHbiM DHMT y BcexX MaleHTOB ObLIN BbISIB-
JIeHbl TIPM3HAKM HapyllleHUs MPOBeleHMs] MMITY/IbCa
B 30He MHHepBallMM HAAJIOMAaTOUYHOTO HepBa B BuUIe
u3MeHeHUsT M-oTBeTa OT HAaJOCTHOM M IIOJOCTHOM
MBI, — yBeauueHe JaTeHTHOCTU U CHUKeHMe aM-
wmTyasl M-oTBeTa.

CraTuCTUUeCKMI1 aHa/Iu3 BBISIBUJI HaIuU4uMe CUJIb-
HOJ TIONIOKUTENBbHOM CBSI3U MEXIY TUIIOM CTPOEHMS
BbIpe3KM 1o Rengachary u Tumom paspsisa 1o Collin:
Kosbduument koppensnuyu CHOupMeHa COCTaBUII
p = +0,72; p<0,001. Ota cunapHasE KOPPEISILMOHHAS
CBSI3b JIEMOHCTPUPYET, UTO HaIuMuyue HeBpOJoTuye-
CKOJ TIaTOJIOTMM B3aMMOCBSI3aHO C HeOIarompusT-
HBIM TUIIOM CTpOe€HMs BbIpe3ku jonatku (tum III),
MpYU 3TOM CTAaTUCTUUECKM 3HAUMMO acCOIMMPOBAHO
¢ 6osee TSIKETBIM TUITOM ITOBPEXKIEHUST BpallaTesb-
HOJ MaH>XeThl.

AHanmm3 Ta6GMUITBI COMPSIKEHHOCTM IT0Ka3aja deT-
KYI0 3aKOHOMEPHOCTb paciipeesieHus: Y MalMeHTOB
¢ Tuniom [ mo Rengachary npeo6namanu n3onmpoBaH-

Hble pa3pbIBbl TMHA A; y nauyeHToB ¢ Tunom III mo
Rengachary DOMMHMpPOBaIM MacCCUBHBIE Pa3pPbIBbI
tunoB C u D nio Collin (Ta6:. 2).

[To pe3ynbTaTam NpMMeHeHUS] TOYHOTO KPUTEPUS
Ouiepa—-PpumaHa—-X0ATOHA BbISIBJEHHbIE pas-
JIMUMSL B paciipeliesieHMM OKa3aauchb CTaTUCTUUECKU
3HaunmMmbimu (p = 0,021).

CTaTuCTMYeCcKuii aHaanu3 Takke BbISIBUJ CUJIbHYIO
TOJIOXKUTENbHYI0 KOPPesiMI0 MeXIy TUIIOM CTpoe-
HMSI BbIpe3KM 110 Rengachary u MHTEHCMBHOCTbIO 60U
no BAIIl, a Takke CWIBHYIO OTPUIIATENbHYIO CBSI3b
¢ ¢yHKIMOHAMLHONM MmKanoii ASES, uTo cBUAETENb-
CTBYeT O Oojiee BbIPaKEHHOV 60U U Xymrieir hyHK-
MM Y TTAIMEHTOB C He6GIaronpusTHOM Mopdoorueit
BbIpesky (tut III) (Tabi. 3).

CpaBHeHMe ToKa3aTeseil (GYHKIMOHAIbHBIX KAl
MeX[y TPYIIaMy C pa3HbIM TUIIOM CTPOEHMS HalJIO-
MaTOYHO BbIPE3KM BBISIBUJIO CTATUCTUUECKM 3HAUMU-
Mble pasnuuus (Tabim. 4).
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Tabnauya 2
Koppensuusa Mexay TUIIOM CTPOeHUSI HaJITONIaTOYHO BbIpe3Ku mo Rengachary
¥ TUIIOM pa3pbiBa BpaniaTeabHO MaHXeTsI 1o Collin
Tt rio Tun o Collin
Rengachary A B C D Bcero

I 4 (80%) 1 (20%) 0 (0%) 0 (0%) 5 (100%)

1 4 (40%) 3 (30%) 2 (20%) 1 (10%) 10 (100%)

I 0 (0%) 1(25%) 2 (50%) 1(25%) 4 (100%)

Bcero 8 (42%) 5 (26%) 4(21%) 2 (11%) 19 (100%)
Tabnuya 3

Koppensuys Tuiia HaJI0IaTo4YHo Bbipe3Ku no Rengachary ¢ GyHKIMOHAIbHBIMM IIOKA3aTEISIMMU
¥ CTeIleHbIO 60JIEBOr0 CMHApPOMa

[IIkana Koappuument Crimpmena (p) YpoBeHb 3HAUMMOCTH (P) NHuTepnpetanus (mo Yeaaoky)
BAIII +0,65 < 0,001 3ameTHas
LANSS +0,48 0,002 YmMmepeHHas
ASES -0,71 <0,001 Bricokast oTpuiiaTenbHas
Tabauya 4
Koppensnus nokasaresieit GyHKIMOHATbHBIX LIKAJI C TUIIOM CTPOEHUS
HaJJIONaTOYHO BbIpe3ku, Me [Q,; Q,]

Tumn o Rengachary BAIII LANSS ASES
TunI(n=75) 3,0[2,0; 4,0] 4,0[3,0; 6,0] 85,0 [76,0; 89,0]
Tumn II (n = 10) 6,0 [5,0; 7,0] 8,0[5,8; 10,0] 66,5 [58,8; 74,0]
Tun III (n = 4) 7,5[7,0; 8,0] 12,5[10,0; 16,0] 47,5 [41,0; 56,8]
p-kputepuii (Kpackena—Yonnuca) < 0,001 < 0,001 < 0,001

ATIOCTEpUOPHBI aHA/IU3 C MOIPaBKoil [laHHa T10-
Kasaj, YTO CTAaTUCTUYECKM 3HAUMMbIe Pa3IUUUS TI0
mrkajaM BAIIT u ASES Ha60ma0TCs MeXXOy Tumamu I
u 11, a Taxcoke mexxny Tunamu I u I11. ITo wkane LANSS
3HaUMMble Pa3aMUMs BBISIBJIEHbI MeXAYy TuUmaMu I

Koppensitius Mesxny TunoMm paspbiBa 1o Collin u
MoKasaTeasIMu 60/ IpeIcTaB/ieHa B Tab/uile 5.

[lyist oTipeiesieHNsI CBSI3U OTE/bHBIX ITPEIVKTOPOB
¢ GyHKIMOHANBHBIM Pe3yIbTaToOM (06U 6 1Mo
ASES) 6bu1 poBefleH 0qHOGaKTOPHBIN perpeccuoH-

u II1. HBII aHaIU3 (TA6I. 6).
Tabnuya 5
Koppensuus Tuna paspsia o Collin ¢ 60/1eBbIM CMHAPOMOM
[Ikana Koadpuiment CnpmeHna (p) YpoBeHb 3HAUMMOCTH (P) WuTepniperanus (o Yennoky)
BAIII +0,58 < 0,001 3ameTHas
LANSS +0,52 < 0,001 3amMeTHas
ASES -0,63 < 0,001 3ameTHas OTpuUllaTeNbHaAs
Tabnuya 6
CBSI3b IPEOUKTOPOB € QYHKIMOHAIBHBIM MCX0A0M (mKaia ASES) mo JaHHbIM
0nHO(AKTOPHOTO PerpecCMOHHOr0 aHaau3a
IIpepgyuxTop KoadduiuneHt B (cTaHIapTU30BaHHbII) D-KpuUTepuii WHTepnipetanus
Tun o Rengachary -0,71 < 0,001 CTraTuCT4YeCcKM 3HaYMMBbIii
Tun o Collin -0,63 < 0,001 CTaTUCTUYeCKY 3HAUUMBIIA
Bospact -0,29 0,23 He3Hnaunmblit
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AHanmm3 o TBEpAWI, YTO KaK TUIT MOPGOIOTUY BbI-
pe3ku 1Mo Rengachary, Tak 1 MacCMBHOCTb pa3pbiBa 110
kinaccudukanuy Collin SIBJISIOTCS CTaTUCTUYECKY 3HA-
YUMBIMM TIPEOUKTOPaMM (DYHKIIMOHAIBHOTO COCTOSI-
Hus 110 1mKaie ASES. IIpy 3ToM MOpGhosorust BbIPE3KH
MIPOJIEMOHCTPUPOBAIA HECKOIBKO GOJBINNIL BEC B TIPO-
THO3MPOBAHUY (PYHKUIMOHATBHBIX OTPAHUYEHUIA.

JTM pe3yabTaThl MOATBEPKOAIOT, UTO Oojee mac-
CUBHBIE Pa3pbIBbI BPAIATeIbHOM MaHKeThl CTATUCTH-
YeCKy 3HaUMMO aCCOIIMMPOBAHBI C OOJbIIIeN MHTEHCUB-
HOCTBIO 60/, 60J1ee BbIPasKEHHBIM HEMporaTUIeCKUM
KOMITOHEHTOM ¥ 3HAUUTEIbHBIMM (QYHKIMOHATbHBIMU
OTpaHMYEHUSIMMA.

OBCY>XIOEHUE

JoronHuTenbHasi AMArHOCTMKA HeNMponmaTum Hajl-
JIOTIATOYHOTO HepBa B COUETaHMM C pas3spbIBOM Bpa-
1IATe/JbHOM MaHXeThl IlJleya OCTaeTCs HempOoCTOi
3aJaveil B CBSI3M C MHOTO(QAKTOPHOCTBIO TAHHOTO
3aboeBaHMs. 3a ToCaegHME 5 jieT OmyGIMKOBaHbI
pe3y/nbTaThl HECKOJIbKUX MCC/IeNOBaHUI, B KOTOPBIX
omucaHbl BapuaHTbhl MPT-IMarHocTuky M 0COGeHHO-
CTU aHATOMMM HAIJIONATOYHO BbIpe3Ku. Pe3yibTaThl
MMPOBEIEHHOTO HaMM MCC/IefOBaHMUSI O B3aMMOCBSI3U
TUTIA U TSKECTU TIOBPEeXIeHMs CYXOKWInii Bpailiia-
TeJIbHOV MaHXXeTbl C TUIIOM CTPOEHMSI BbIPE3KU JIO-
MaTKX BO MHOTOM CXOXXM C pe3yJbTaTaMi, IOTyUeH-
HBIMM IpyTUMM aBTOpamu [21, 22, 23, 24]. Hanipumep,
S. Saran ¢ coaBTOpaMy TaKke YTBEpPKIAIOT, UTO 00-
JIaCTb HAaJJIONATOYHOV BbIPE3KM — BaykHasl 30HAa,
U TIaTOJIOTUM, 3aTparuBaloliie ee ColePXK1UMOe, MOTYT
BJIMSITH Ha GQYHKIMIO TIeueBOro cycrasa [21]. 3HaHue
0COGEHHOCTEll aHATOMMYECKOTO CTPOEHMSI JaHHOI
0071aCTM MOKET 3HAUMTEIbHO ITOMOYb ITPU ITOCTAHOB-
Ke JuarHosa.

Pe3ynbTaThl Halllero Mcc/ieg0BaHMUsI BO MHOTOM CO-
BragamT ¢ gaHHbIMM A. Al-Redouan ¢ coaBTopamu,
KOTOpbIE OIMUCAIMU TSITh MOP(OIOrMUECKUX TUIIOB
CTpOeHMSI HAJJIOMATOYHO BbIPE3KU O OTHOIIEHUIO
[JTyOMHBI K IIMPUHE U KOPPEeISILMIO C HeiipornaTuei
HAJJIONAaTOYHOrO HepBa. HambosnblieMy PUCKY Heii-
poraTuy HaaJI0IaTOYHOTO HepBa Tak>Ke MoIBepsKeHbI
MaIlMEeHThl C Y3KOW M IITyOOKO¥ BBIpE3KOil. ABTOPBI
CUMTAIOT, YTO YJAbTPAa3BYKOBOW MeTOJ, MO3BOJISIET 60-
Jiee TOYHO OLIEHUTH 00'beM 00JIaCTH BhIPE3KY JIOMIATKA
IaHHOI 30HbI, yero MPT He mo3BosisieT caenaThb, IIpu
stom MeTop, Y3U cunTaercs 6osiee 3aBUCUMbBIM OT MC-
cnepoBarerns, yem MPT [22].

Ha Heo6XoauMOCTb YUUTHIBATH MOP(HOIOrMUeCcKoe
CTpOeHMe JonaTKy yKasbiBaiau J. Park ¢ coaBTopamu,
NpemJIoKUB onpenensite 1o gaHHbiM MPT miomanb
MOTIePeYHOro CeueHMs] HaJJIOMaTOYHOM BbIPE3KH,
KOTOpasl, 10 UX JaHHbIM, MOKET ObITh XOPOIIMM JMa-
THOCTUMYECKMM TapaMeTpoOM IJjisi OlleHKM Heliporia-
TUM HAIJIONAaTOYHOro HepBa [23]. B cBoio ouepenp,
IJIST oTpefie/ieHMs] HaIMuMsl HelporiaTuM Hajjiorna-
TOYHOTrO HepBa no gaHHeiM MPT J. Cho ¢ coaBTOpamu

MpenJIoXKUAN UCTIONb30BaTh IJIOIAaAb MOIEePEUYHOTO
ceyeHMsI TTOAOCTHOV MBILILbI, YTBEPKAas, YTO JaH-
HbIIl METOJ, SIBJISIETCS LOCTATOYHO TOUHBIM M 3HAUM-
mbIM [25]. K.C. Noh ¢ coaBTOpamMu Takke IOATBEP-
IWIN, 4TO y3Kasi WIM OKOCTeHeBIas HaAjI0MmaTouHas
BbIpe3Ka SIBJIIEeTCS Tpenpacioaraiimmum (Gaxkropom
BO3HMKHOBEHMSI HelpornaTuy HaJJ0NaTOYHOTO Hep-
Ba: y mamueHToB ¢ TuIiom VI 1o Rengachary rornepeu-
HbI JMaMeTp BbIpe3KM ObUT HAMMEHbIINUM, COOTBET-
CTBEHHO, PUCK HelpomnaTuy HaAJI0NMaTOYHOrO HepBa
ObLT BbIIIIE, UeM IIPU APYTUX TUTIAX [24].

HecMoTpss Ha OMarHOCTUMYECKYIO LeHHOCTb MPT
B KOMILJIEKCHOJ OlLleHKe MaTOJ0TMM [1JIeYeBOTO CyCTa-
Ba, 3TOT METO[, MUMeeT Psif, CYIleCTBEHHbIX OrpaHuye-
HUI1 TIpU OeTaJIbHOM M3y4eHUM KOCTHOM aHATOMMUU
HaJJIONaToO4YHOM BbIpe3ku. I[Io cpaBHeHuw ¢ KT-
uccaegoBaHMeM (BO3MOXHOCTh 3D-peKOHCTPYKLIVIN)
MPT-auarHocTuka AaeT OrpaHMUYeHHOEe IIPOCTpaH-
CTBEHHOE pa3pellieHNe I/ KOCTHBIX CTPYKTYP, MOKeT
HEJOCTaTOYHO TOYHO OTOOPaKaTh TOHKME KOCTHBIE
Meperopojiki, 4YaCTUYHOE OKOCTEHEHMe CBSI3KU WU
CJIOKHYIO TeOMETPUIO BbIpe3KM jonaTku. Takxke He-
TOYHas YCTAHOBKA IJIOCKOCTY CKaHMPOBAaHMS MIPUBO-
IUT K TOTYYEHUIO KOCBIX CPe30B, KOTOpbIE MCKasKa-
0T ICTUHHYIO (GOpMY, ITYOMHY M IIMPUHY BBIPE3KH,
Jenas M3MepeHMUs] HeJOCTOBEPHBIMM U 3aTPyIHSIS
KOPPEKTHYI0 KIacCU(PUKAIUIO 10 aHATOMUYECKUM
TUIam [26, 27].

Ha mam B3misia, TpebyeTcss KOMITIEKCHASI OlleHKa
pe3ynbTaToB 06C/IeOBaHNS ALMEHTOB C JaHHOI ma-
TOJIOTMEl, BK/IIOYAIONIAS MMOAPOOHBIN KIMHUUIECKUIA
ocmoTtp, MPT u OHMI, a Takke nipoBeneHue KT u Y31
IJ1s1 yTOuHeHus naHHbiXx MPT.

OI‘paHM‘IEHI/Iﬂ nucaieasoBaHmMsa

HWccneqoBaHue OCHOBAHO Ha MaJIoii BRIOOPKE IareH-
TOB (n = 19). Takke BCTpeUyasoCh Maja0e KOIUYECTBO
CJIyyaeB HaAJ/I0IIaTOYHONM BbIpe3ku tvna IV u coBceMm
He BCTpeyvannuch tTuiibl V 1 VI, pegKko BCTpedanoch CO-
yeTaHMe C pa3pbIBOM BpalllaTeJbHOI MaH>XeTbl TUTIOB
D u E, 4yTO orpaHMuYMBaeT BO3MOXKHOCTDb ITOTYUYEHUS
TOIHOLI€HHBIX BBIBOZOB.

3AK/TIOYEHHE

HeiiporniaTisi HamjIonmaTOYHOTO HEpBAa B COUETAHUM
C BOCCTaHOBMMBIMM pa3pblBaMM BpalllaTeJbHOM
MaHXeTbl IlIeya dYalle BCTpeYyaeTcsl Y MalyeH-
TOB, MMEIONMX TIIYOOKYI0 M OTHOCUTEJIBHO Y3KYIO
U-06pa3Hyio BbIpe3KYy JIOTIATKM IIPU 3aZHEBEePXHUX
pa3pbiBaxX CyXOKWINIA HAZOCTHOM U ITOAOCTHOM MBbIIIIL]
(tumt D mo Collin) B coueTaHum c BBIpaKEHHON pe-
TpakLyei JaHHbIX CyXOXUIuii (3-51 crerneHs 110 Patte).
CTaTuUCTUYECKUI1 aHaIU3 MOATBEPKIAeT CYILIEeCTBOBA-
HMEe KOMILJIEKCHBIX B3aMMOCBSI3€Mi MEXIYy aHaTOMMU-
YeCKMM CTPOEHUEM, CTPYKTYPHBIMM ITOBPEKIECHUSIMU
" KIMHNYECKMMMU IIPOABJIEHUAMM, UYTO OO/DKHO Y4Mn-
THIBAThCS IIpM paspaboTKe MHAVBUIYATU3UPOBAH-
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HBIX QJITOPUTMOB OUAarHOCTUKMU U JieueHUsl malueH-
TOB C IATOJIOTMEN BpalllaTe/IbHOV MAaHKEeThbl Iieva.
Mopdosorust HaiJIONaTOYHO BhIPE3KU SIBJIIETCS Of-
HOJi 13 BaXXHbBIX MPEAIIOChIIOK MaTOIOTUMU — CUJIbHAS
KOppensius MeXIy TUIIOM CTPOEHMSI U TSDKeCTbIo
paspbiBa BpalllaTeTbHOV MaHXeThI Ijleva MOATBEPK-
JaeT TaTOo(MU3MONIOTMYECKYIO TUIIOTE3y O TOM, YTO
y3Kasl BbIpe3Ka JIOMATKM CO3JaeT HeBPOJIOorMyecKue
TIPeATIOChITKMA 11 (OPMMUPOBAHMUS  XPOHUUECKOM

JOIIOTHUTEJIbHASI THO®OPMALIMISI

3aseneHHblii 6K1A0 a8Mopos

Hoxonun C.IO. — Hay4YHOe PYKOBOACTBO, KOHLIEILIVIS
VI OU3aiiH VICC/IeIOBaHMS.

Yuikoea O.I. — ydacTue B JieUeHMM TalMeHTOB, cOOp,
aHAIN3 U MHTEepIIpeTays AJAaHHbIX, [IOUCK M aHAJINU3 JIUTe-
paTypbl, HalmCcaHMe TeKCTa PYKOIVICH.

LlepwiHes A.M. — yyacTue B JieUeHUY MaLMEHTOB, COOD,
aHA/IN3 U MHTepIIpeTalys AJaHHbIX, [IOUCK M aHaJINU3 JIUTe-
paTypbl, HalmCcaHMe TeKCTa PYKOIVICH.

Kysvmuma B.M. — y4acTue B JieUeHUU MALMEHTOB, CO0D,
aHa/IN3 U MHTepIIpeTanys JaHHbIX.

Bce aBTOpBI Tpowin ¥ omo6pmiay GUHANbHYI0 BEpPCUI0
PYKOINCH CTaTh!. Bce aBTOPBI COTIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCe aCIeKThl paboThl, YTO6BI 0OECIeUnTh Hajie-
Kalee pacCMOTpPeHMe U pellieHye BCeX BO3MOXXHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZEXKHOCTDIO JII0607
YyacTu paboThl.

Hcmounuk ¢puHaucupoeaHus. ABTOPbI  3asIBJISIOT
06 OTCYTCTBUM BHeITHEro (MHAHCUPOBAHUS MPU MPOBEJIe-
HUY UICCIIEOBAHUSI.

Bo3moscHblli KOH(AUKIM uHmMepecos. ABTOPBI AeKIa-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATbHBIX KOH(DIMKTOB
MHTEPECOB, CBSI3aHHBIX C MyOIMKAIIMEe HACTOSIIEN CTAThU.

Amuueckasn 3xcnepmus3a. He nnpyumeHnma.

HngopmupoeanHoe coznacue Ha nyoauKkayuio. ABTOpbI
MOYYWJIM TMChbMEHHOe CcOorjacye TMalyeHTOB Ha ydJacTue
B MUCCIEIOBAHUY U ITyOIMKALIVIO PE3YTbTATOB.

TIenepamueHblii uckyccmeeHHstii unmesiekm. [lpu co3-
JIaHUY CTaThy TEXHOJIOTUY TeHePaTUBHOIO MCKYCCTBEHHOTO
MHTEJIJIEKTA He MCII0/b30BaJIN.
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of Patients with Operated and Non-Operated Chronic Total Anterior
Cruciate Ligament Injury
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Abstract

Background. The anterior cruciate ligament (ACL) plays a fundamental role in maintaining knee joint stability, primarily
by preventing the forward translation of the tibia relative to the femur. The functional effects of ACL injuries can be seen
in patients, irrespective of their surgical intervention.

The aim of the study — to compare knee functional results, quality of life, quadriceps and hamstring muscle strengths,
and muscle thickness differences using ultrasonography between patients diagnosed with total anterior cruciate ligament
injury who have undergone surgery and those who have not.

Methods. Male patients aged 18 to 40 with total ACL rupture were evaluated during chronic period. The study evaluated
patients’ pain levels, joint range of motion, thigh circumference measurements using the visual analog scale, and quadriceps
and hamstring muscle thickness measurements using ultrasonography. Functionality was assessed using the single-leg
jump test, Lysholm Knee Scale, and Anterior Cruciate Ligament Quality of Life Questionnaire.

Results. The study involved 21 non-operated and 20 operated patients. The rate of rehabilitation was significantly
higher in the operated group, despite no significant difference between the groups in terms of the injured side.
Furthermore, the operated group exhibited a statistically significant difference in thigh circumference between the
right and left sides. The evaluation conducted by USG found a significant difference in hamstring muscle thickness
between the operated group and the control group. However, there was no significant difference observed between the
groups in terms of knee functionality, as indicated by the Lysholm knee scale and jump tests, and flexor and extensor
isokinetic muscle strengths.

Conclusion. Patients with anterior cruciate ligament injuries may exhibit no significant difference between knee
functionality and isokinetic muscle strength evaluations, regardless of whether they have undergone surgery or not.
However, the group that underwent surgery showed significant muscle loss.

Keywords: anterior cruciate ligament injury; functionality; isokinetic muscle strength; surgery.
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Pedepar

AxmyansHocme. [lepenHss KpectroobpasHas csi3ka ([IKC) urpaet KIOUeBYIO pOib B TIOAIEPsKAHUM CTaOMIBHOCTY KOJIEH-
HOTO CYyCTaBa, MpeIoTBpaIlas cMelleHue 60JbIIe6epIi0Boi KOCTY BIiepes OTHOCUTETbHO 6eApeHHOI KocTH. OYHKIVOHAIb-
Hble ocencTBYS moBpexxaennii [IKC Ha6GMI0oa0TCs y TAlYIeHTOB He3aBUCUMO OT TAKTUKM UX JTeUeHMs].

Ilenv uccnedosanus — CpaBHUTH GYHKIVIOHATBHOE COCTOSIHME KOJIEHA, KAUeCTBO KU3HU, CUITY YeThIPEXIIaBOi MBIIILIBI 1
MTOJKOJIEHHOTO CYXOXKMJIMSI, @ TAKKe TOJIIMHY MBIIILL C IIOMOLIBIO YIBTPa3BYKOBOTO MCCIeNOBaHMS Y MAIIEHTOB C TOTAIb-
HBIM Pa3pbIBOM IepegHelt KpecTo0Opa3HOi CBSI3KY, IepeHe X OTepaluio, 1 TeX, KOTo JeYIn HeolepaTUBHO.
Mamepuan u memodst. Bbiy 06C/Ieg0BaHbI MALIMEHTHI MYKCKOTO IT0j1a B Bo3pacTe oT 18 no 40 jieT ¢ MOMHBIM pa3phIBOM
[IKC B XxpoHMYECKO cTaguu. B xome ycciaeqoBaHusI OLeHUBAIUCH YPOBEHb 00U, aMILIUTYA IBVSKEHMIT B CyCTaBe, U3Me-
peHMsI OKPY>KHOCTY GeZipa Py IMOMOIIY BU3YaTbHOI aHAJIOTOBOI IIKAbI, & TAKKE M3MePeHUs TOMIIVHbI YeThIPeXTIaBoii
MBIIIIIBI U TTOAKOJIEHHOTO CYXOXKMINS C TTIOMOIIBIO YIBTPA3BYKOBOTO MCCIenoBaHMs. OYHKIMOHAIBHOE COCTOSIHYME OLeHU-
BaJIOCh ITyTE€M ITPOBEIEHNS TeCTa C IPBDKKaMM Ha OIHOM HoTe, 10 MmiKase Lysholm u ompocauky ACL-QoL (Anterior Cruciate
Ligament Quality of Life).

Pesynemamest. B wuccnepoBaHuMM TpuHSUIM ydyactue 21 TanyeHT, NMpONeYeHHbI 6e3 OMepaTMBHOTO BMeEIIATEeNbCTBA,
1 20 MauMeHTOoB, IepeHecunx orneparyio. CKOpoCTb peabuInTay 6bU1a 3HAYUTETHHO BhIILE B TPYIIIE TPOOIIePUPOBAHHBIX
MalMeHTOB, HECMOTPSI Ha OTCYTCTBYE CYLIeCTBEHHBIX PA3INUMIT MEKIY IPYIIIAMU C TOUKY 3PEHUSI COCTOSIHUS TIOBPEXKIEH-
HO¥ cTopoHbI. KpoMe TOrO, B IpyIine MpoonepypoBaHHbIX MAIMeHTOB HAGMI0AaIach CTATUCTUYECKM 3HAUMMAS Pa3HULIA
B OKPYKHOCTM Gefpa MeXIy IpaBoii U JIeBOi cTopoHaMu. Pe3ynbraTsl V3U MO3BOMMIN BBISIBUTH 3HAUUTENBHYIO Pa3-
HMUILY B TOJIIMHE MBIIII] IIOAKOJIEHHOTO CYXOKMWINS MeXny rpynnamu. OgHaKo MeXIy IPyIIamMy He HabII0ganoch cyie-
CTBEHHO pa3HULbI B QYHKIVIOHATBHOCTY KOJIEHA, O YeM CBUAETEIbCTBOBAIY Pe3yIbTaThl HIKaIbl Lysholm 1 MpeIKKOBBIX
TeCTOB, & TAK)KE B M30KMHETUIECKIX ITIOKA3aTeNsIX CUIIbI MBIIIL-crubarerneii U pasrubaTeneii.

3akntoueHue. V MalMeHTOB C MOBPEXAEHUSIMY ITepeJHel KPecTooOpa3Hoi CBSI3KM MOXKET He HaOGMI0AThCS CYLIeCTBeHHOI
pasHMULBI MeXIY QYHKIMOHAIBHBIM COCTOSTHMEM KOJIEHA Y M30KMHETUYECKUMM [T0KA3aTeIsIMY CUITBI MBIIIL, He3aBUCHMO
OT TOTO, TOABEPraIUCh OHM XUPYPTUUECKOMY BMeLIaTelbCTBY Wiy HeT. OGHAKO B IPYIIIE MalMeHTOB, TIepeHeclIX orepa-
L[MI0, HAGITI0A/Iach 3HAUNTETbHAS [TOTePS MbIIIEYHOI MaCCHI.

KimioueBble c10Ba: MOBPEKIEHME ITepeIHeit KpecTooOpa3Hoii CBsI3KM; QYHKIMOHATBHOCTD; M30KMHETHUECKAsT MbIIIeUHAs
cuia; omepanmusi.

[ Ans uuruposanms: Bynyr [LA., Alibuiabis A., Mamkeorny CU., Meimas @., Maxunkas T., Open O.T., KypaH B.
CpaBHeHMe MBIIMIEUHONM CWIbI ¥ (QYHKIMOHATBHOIO COCTOSIHMSI OII€PMPOBAHHBIX M HEOMEPUMPOBAHHBIX MAIVEHTOB
C TIOJIHBIM Pa3pbIBOM IlepenHeii KpecTooOpas3Hoii cBsI3ku. Tpasmamonozus u opmonedus Poccuu. 2025;31(4):130-142.
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INTRODUCTION

The anterior cruciate ligament (ACL) plays a
fundamental role in maintaining knee joint stability,
primarily by preventing the forward translation of
the tibia relative to the femur [1]. The function of
the stabilizer is to act as a key mechanical stabilizer,
especially during dynamic movements involving
pivoting, sudden stops, or directional changes. In the
field of knee ligament research, the ACL has been
identified as the most frequently injured structure.
This observation has led to the conclusion that ACL
injuries represent the most prevalent type of ligament
injury within the knee joint [1, 2]. In the United States
alone, the incidence of ACL injuries exceeds 200.000
cases per annum, thus emphasizing the widespread
nature of this clinical problem and its significant
burden on healthcare systems [3]. The injuries
sustained in such incidents predominantly affect a
younger, more physically active population, including
athletes and individuals participating in high-demand
physical activities. It is estimated that approximately
65% of ACL injuries occur during sporting activities.
Notably, 70% of these injuries are attributed to non-
contact mechanisms, such as sudden deceleration,
cutting, or landing awkwardly after a jump, rather
than direct trauma [4, 5].

The objective of treating ACL injuries is to alleviate
pain and instability in the knee and restore the knee
function [6]. However, the optimal treatment for
ACL injuries is not yet definitive. Although surgical
treatment is commonly performed, it may increase
the risk of complications. Furthermore, surgical
intervention improves static knee stability. A number
of studies have indicated that there is no substantial
discrepancy in knee functionality, sports performance,
or objective measurements of muscle strength in the
surrounding musculature when comparing patients
who have undergone ACL reconstruction with those
managed non-operatively [7, 8, 9, 10].

The aim of the study — to compare knee functional
results, quality of life, quadriceps and hamstring
muscle strengths, and muscle thickness differences
using ultrasonography between patients who have
undergone surgery and those who have not.

METHODS

This cross-sectional, single-blinded, analytical
study involved male patients aged 18-40 who had
experienced a total ACL rupture on knee MRI within
the past 6 months. Only patients with unilateral ACL
rupture who had undergone surgery with hamstring
autograft and anatomical-single band technique
or had at least 6 months since the ACL injury were
included. Furthermore, patients with a Tegner Activity
Scale (TAS) score of > 4 were considered for the study.
The study excluded patients with specific condi-

tions, such as posterior cruciate ligament rupture
accompanying total ACL rupture, articular cartilage
damage, chondromalacia patella, stage III collateral
ligament damage, accompanying fracture, traumatic
injury or surgery on the other knee, partial anterior
cruciate rupture, a history of recurrent ACL surgery,
and intra-articular effusion.

The study participants provided detailed
information on their age, occupation, education level,
weight, height, body mass index, presence of trauma,
injured knee side, dominant knee, date of injury, date
of operation, presence of rehabilitation, and slipping
sensation. Pain levels were evaluated using the Visual
Analog Scale (VAS). Additionally, the front part of
each participant’s knee was covered with tape prior to
evaluation.

The investigators performed the physical
examination, ultrasonography (USG), and isokine-
tic evaluation while blinded. Joint range of
motion (ROM) measurements were taken using
a goniometer on a hard surface, and the degrees of
flexion and extension were recorded. TAS was used
to determine the pre-injury activity levels of the
patients. Additionally, the anterior drawer test was
utilized to compare the operated and non-operated
groups. The anterior drawer test was considered
positive if anterior tibial translation greater than
6 mm was observed compared to the contralateral
side, along with a soft end-point, in accordance with
standard clinical definitions. Thigh circumference
measurements were confidently taken bilaterally
in centimeters using a tape measure, at the same
distance from the medial malleolus of the tibia.

The study measured the hamstring and quadriceps
muscle thicknesses twice in both legs of the patients
using USG, following the methodology described in
the literature. The quadriceps muscle thickness, which
includes the vastus intermedius and rectus femoris,
was measured with the knee in full extension while
the patient was in a supine position. The midpoint
of the patella was marked using 50% of the distance
between the spina iliaca anterior superior (SIAS) and
the midpoint of the patella (Figure 1).

The vastus intermedius and rectus femoris muscles
were each measured twice at the same point for both
legs, and the average of the two measurements was
taken for each leg. The patient was positioned prone
and the knees were extended to measure hamstring
muscle thickness. The study measured the hamstring
surface cross-sectional area and the difference in
muscle thickness between both legs. Measurements
were taken twice from the same point for each leg and
the average was calculated separately for each leg.
The maximum cross-sectional area of the hamstring
was found at the greater trochanter and 60% of the
lateral knee (Figure 2).
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To evaluate the patients’ functional status, we
conducted single-leg jump tests twice on each
extremity and completed the Lysholm Knee Scale (LKS)
[11]. Our study measured the distance and time of a
single-leg 6-meter jump. The farthest distance jumped
with one leg while wearing sports shoes on hard ground
determined the single-leg jump distance. Using the
Limb Symmetry Index (LSI), the jump test evaluated
both extremities for symmetry, with results of 90% and
above considered symmetrical and results below 90%
considered asymmetrical [12]. The single-leg 6-meter
jump test required patients to jump 6 meters on one
leg, and the time was measured with a stopwatch.
The test was performed twice for both extremities, and
the average time in seconds was recorded.

The Anterior Cruciate Ligament-Quality of Life
questionnaire (ACL-QoL) [13] assessed the quality
of life for both groups of patients. A higher score
indicates a better quality of life. The questionnaire
was completed by all patients, and the average score
for each of the five subheadings was calculated by
averaging the scores of the items.

The study conducted an isokinetic knee flexion and
extension muscle strength test using a Cybex-350®
dynamometer, with the assessor blinded. The patients
were positioned on the device with their trunks at
an angle of 80-85° with the hips and fastened to the
chair with tapes over the trunk, pelvis, and thighs.
Additionally, patients held onto the handles on both
sides of the dynamometer seat during the test. Before
the test, each patient completed a 10-minute warm-
up program on a bicycle ergometer. Following this, the
patients underwent a 3-minute stretching routine for
their quadriceps and hamstring muscles before being
tested. The test protocol consisted of 4 trials with
4 repetitions at a speed of 60°/s, and 5 trials with

Figure 1. Ultrasonographic
measurement location of m. rectus
femoris and m. vastus intermedius

Figure 2. Ultrasonographic
measurement location of the hamstring
muscles

20 test repetitions at a speed of 240°/sec. Throughout
the test, verbal motivation was provided to the
patients. At the end of the test, peak torque values,
percentages of peak torque (PT) values according to
body weight (BW) (PT/% BW) and total work (TW)
done were recorded for both knees.

Statistical analysis

The research data was analyzed using SPSS (Statistical
Package for Social Sciences) for Windows 22.0 (SPSS
Inc, Chicago, IL). Descriptive statistics are presented
as mean*standard deviation, median [Q,; Q,]
(min-max), frequency distribution, and percentage.
Categorical variables were evaluated using Pearson’s
chi-square test, Yates’s corrected chi-square test, and
Fisher’s exact test. The normal distribution suitability
of the variables was examined using the Shapiro-Wilk
test. Statistical significance between two independent
groups for variables that complied with normal
distribution was determined using the Student’s
t-test. For variables that did not comply with normal
distribution, the Mann-Whitney U test was used.
The relationship between variables was evaluated
using Spearman’s correlation analysis. We accepted
a statistical significance level of p < 0.05.

RESULTS

The study analyzed 41 patients with ACL rupture, with
51.2% (21 patients) treated operatively and 48.8%
(20 patients) — non-operatively. The demographic
data of the patients is presented in Table 1.
No statistically significant differences were found
between the age, height, weight, BMI, education
level, time since injury, injured tissues, affected and
dominant knee, pre-injury TAS, duration, and type
of rehabilitation for those receiving it (p > 0.05).
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However, those who underwent surgery had a
significantly higher rate of rehabilitation compared
to those who did not undergo surgery (p < 0.05).
The patients’ operation-related characteristics were
examined, revealing a median time of 30 months
(7-42 months) since the operation and a median time of
5 months (1-26 months) from injury to operation. The
majority of patients (71.4%) underwent a “hamstring
autograft + meniscus repair”, while the remaining
28.6% underwent only a “hamstring autograft”.

The examination results demonstrate a statistically
significant increase in anterior drawer test positivity
in non-operated patients (p < 0.05). Moreover, non-
operated patients exhibited a significantly lower
diameter difference between the affected and intact
thighs compared to operated patients (p < 0.05).
Lastly, operated patients demonstrated a significantly
higher difference in hamstring muscle thickness
between the affected and healthy side (p < 0.05).
There was no significant difference in quadriceps
muscle thickness between the affected and unaffected
areas, as well as affected hamstring muscle thickness
(p > 0.05). However, the operated group demonstrated
a significantly higher difference in intact hamstring

muscle thickness and healthy/affected side hamstring
muscle thickness compared to the non-operated group
(p < 0.05). No statistically significant differences were
found between the study groups in terms of slipping
sensation, right and left thigh diameter, LKS score,
knee function degree according to LKS, and asymmetry
according to the distanced single-step jump test
(p >0.05). Furthermore, all patients exhibited
symmetrical single-leg 6-meter jumps during the test
time.

The LKS score was significantly higher in the
rehabilitation group (p < 0.05) when compared to non-
operated patients who did not receive rehabilitation.
Additionally, the rates of being symmetrical in the
single-leg hop test and having good to excellent
knee function were significantly higher among
non-operated patients who received rehabilitation
(p < 0.05). No statistically significant difference was
detected between the non-operated patients who
received rehabilitation and those who did not in
terms of the anterior drawer test, slipping sensation,
affected and intact thigh diameter and differences,
affected and intact quadriceps femoris and hamstring
muscle thickness (p > 0.05) (Table 2).

Table 1
Demographic characteristics of patients
Parameter Operated (n=21) Non-operated (n = 20) p
Age (y.0.), M£SD 29.43%5.01 28.45%7.02 0.6112
Body weight (kg), M£SD 81.91%15.16 74.08+9.71 0.0572
Height (cm), M+SD 175.81+7.43 173.90+6.84 0.3982
BMI (kg/m?), M=SD 26.36%3.82 24.50£2.93 0.089:
Education, n (%)
High school 12 (57.1) 11 (55.0) 0.890"
University 9 (42.9) 9 (45.0) ’
Time since injury (month), Me [Q,; Q,] 35 [24; 38] 20.5[13.8; 34.3] 0.053¢
Injured tissue, n (%)
Anterior cruciate ligament 6 (28.6) 4 (20.0) 0.719¢
Anterior cruciate ligament + meniscus 15(71.4) 16 (80.0) ’
Injured knee side, n (%)
right 8 (38.1) 14 (70.0) 0.083"
left 13 (61.9) 6 (30.0)
Dominant knee, n (%)
right 18 (85.7) 20 (100)
left 3(14.3) 0 0.252¢
Rehabilitation status, n (%)
Non-taken 3(14.3) 10 (50.0) 0.034b
Taken 18 (85.7) 10 (50.0)
Rehabilitation duration (month), Me [Q,; Q,] 210.7; 7.0] 0.5[0.0; 3.5] 0.944¢
Rehabilitation program, n (%)
Home exercise program 9 (50.0) 7 (70.0) 0.434¢
Supervised by a physiotherapist 9 (50.0) 3 (30.0) ’
Tegner activity scale, Me (min-max) 7(5-9) 7 (3-9) 0.739¢

M — mean; SD — standard deviation; BMI — body mass index; * — Student’s t-test; ® —Yates’s corrected chi-square test;

¢ — Mann-Whitney U test; ¢ — Fisher’s exact test.
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Table 2
Distribution of laxity status, functional status, quality of life, and muscle diameter
and thickness among study groups
Parameter Operated Non-operated |
Anterior drawer test, n (%)
“) 18 (85.7) 9 (45.0)
1+ 3(14.3) 5 (15.0) 0.004°
(2+4) 0 8 (40.0)
Anterior drawer test group, n (%)
Negative 18 (85.7 9(45.0
Posgitive 3 ((14.3)) 11((55.0)) 0.016°
Slipping sensation, n (%)
) 16 (76.2) 11 (55.0) 0.2715
*) 5(23.8) 9 (45.0)
Injured thigh diameter, cm, M*SD 59.50+6.18 57.80£5.47 0.433
Healthy thigh diameter, cm, M+SD 60.62+6.61 58.12+5.45 0.230
Thigh diameter differences, cm, Me [Q,; Q,] 1[0.0; 1.5] 0.0 [-0,5; 0.6] 0.021
Injured quadriceps femoris muscle thickness, mm, M*SD 27.79%6.49 25.49%6.52 0.901
Healthy quadriceps femoris muscle thickness, mm, M+SD 30.48+6.78 26.48+6.84 0.901
Quadriceps femoris muscle thickness differences, mm, Me [Q,; Q.] 3.4[0.1; 5.4] 0.0 [-0.9; 3.0] 0.570
Injured hamstring muscle thickness (mm), M+SD 31.27%8.40 26.80+7.02 0.570
Healthy hamstring muscle thickness (mm), M*SD 35.04+8.23 26.89+7.52 0.324
Hamstring muscle thickness differences (mm), Me [0 ; Q] 4.65[-3.2; 5.6] 0.6 [-1.8; 2.5] 0.730
Lysholm knee scale, Me [Q,; Q] 90 [73; 96] 81.5[72.8;94.3] 0.367¢
Bad, n (%) 2(9.5) 3 (15.0)
Moderate, n (%) 6 (28.6) 8 (40.0)
Good, n (%) 5 (23.8) 4(20.0) 0.737
Perfect, n (%) 8 (38.1) 5(25.0)
Distanced one-step jump test, n (%)
Asymmetric 3(14.3) 5(25.0)
Symmetric 18 (85.7) 15 (75.0) 0.454°
Timed one-step jump test, n (%)
Asymmetric 0 0
Symmetric 21 (100) 20 (100) N
ACL-QoL, Me [Q; Q,]
Symptoms and physical complaints 100.3 [70.5; 108.3] 89.3[52.8; 105.5] 0.3754
Work-related concerns 112.3[84.5; 115.0] 73.4 [45.4; 101.0] 0.011¢
Hobbies, sports or competition 64.9 [36.1; 106.0] 29.0 [16.3; 74.6] 0.047¢
participation
Life style 102.8 [62.7; 110.2] 71.9 [46.2; 103.1] 0.167¢
Social and emotional 82.0[45.8; 109.0] 40.0 [21.2; 82.9] 0.020¢
Total 469.9 [308.6; 529.8] 318.7 [184.3; 447.7] 0.030¢

M — mean; SD — Standard deviation; ACL-QoL — Anterior Cruciate Ligament-Quality of Life; * — chi-square test;
b — Fisher’s exact test; © — Student’s t-test; ¢ — Mann-Whitney U test.

The sub-factor scores of the ACL-QoL for “work-
related concerns”, “hobbies, participation in sports
or competition”, and “social and emotional” as
well as the total score of the non-operated patients
were significantly lower than those of the operated
patients (p < 0.05). There was no significant difference

between the groups in terms of the “symptoms and
physical complaints” and “lifestyle” sub-factor scores
of the ACL-QoL (p >0.05). In non-operated patients
who received rehabilitation, the ACL-QoL total score
and the sub-factor scores of symptoms and physical
complaints, hobbies, participation in sports or

135 2025;31(4)

TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

competitions, lifestyle, social, and emotional were
significantly higher than in non-operated patients
who did not receive rehabilitation (p < 0.05).

No statistically significant differences were
found in isokinetic measurements for extension and
flexion between the two groups (p > 0.05). However,
a statistically significant difference was observed in
PT/BW at 60°/sec angular speed, PT/BW at 240°/sec,
TW, and TW/BW values at 240°/sec on the affected
side during flexion when comparing non-operated
patients who received rehabilitation to those who
did not (p <0). There was no significant difference
found in all isometric measurements in extension
(p >0.05) and other isometric measurements in
flexion. Furthermore, there was no significant
difference observed between non-operated patients
who received rehabilitation and those who did not,
in terms of hamstring/quadriceps ratios at 60°/sec
and 240°/sec on both the affected and healthy sides
(p > 0.05).

Table 3 demonstrates the relationship between
the ACL-QOL questionnaire and various factors,
including age, body mass index, time since injury,

TAS score, LKS score, and thigh diameter and muscle
thickness differences, based on the operating status.
The LKS score and the ACL-QOL questionnaire
total score, as well as the scores for symptoms and
physical complaints, work-related concerns, hobbies,
participation in sports or competitions, life style,
and social and emotional factors were all evaluated
and found to have a strong correlation (r = 0.71,
r=0.74,r=0.67,r=0.71,r=0.56,r = 0.61, respectively;
p < 0.05). The study clearly demonstrates a positive
and statistically significant relationship between
the sub-factor scores of the operated patients.
A positive and strong correlation was found in non-
operated patients between LKS score and ACL-QOL
questionnaire total score, as well as symptoms and
physical complaints, work-related concerns, hobbies,
participation in sports or competitions, life style,
and social and emotional sub-factor scores (r = 0.68,
r=0.63,1r=0.58,1r=0.68,r=0.56,1r = 0.61; p <0.05,
respectively).

The relationship between affected side isokinetic
measurements and ACL-QOL scores of operated and
non-operated patients is also shown in Table 4.

Table 3
The relationship between the ACL-QoL questionnaire score and various factors,
based on the operating status
ACL-QoL subscales
Symptoms Hobbies, .
Factors Y aIr)ld Work- sports or . Social
- related e Life style and Total
physical competition .
- concerns RN emotional
complaints participation
Operated (n = 21)
Age -0.106 -0.128 -0.131 -0.097 -0.150 -0.095
BMI -0.083 -0.215 -0.048 0.008 -0.026 -0.086
Time since injured -0.054 0.127 -0.175 -0.231 -0.064 -0.104
Tegner activity scale 0.354 0.354 0.363 0.297 0.246 0.371
Lysholm knee scale 0.743** 0.666™* 0.709** 0.560%* 0.608** 0.707**
Thigh diameter differences 0.370 0.357 0.347 0.255 0.379 0.374
Quadriceps muscle thickness 0.213 0.250 0.318 0.229 0.286 0.273
differences
Hamstring muscle thickness -0.411 -0.200 -0.395 -0.207 -0.404 -0.397
differences
Non-operated (n = 20)

Age 0.036 0.066 -0.106 -0.252 -0.248 -0.163
BMI 0.017 0.157 0.066 -0.035 0.000 -0.003
Time since injured 0.003 -0.012 0.041 -0.029 -0.185 -0.061
Tegner activity scale 0.090 0.054 -0.036 0.151 0.182 0.136
Lysholm knee scale 0.632%* 0.580%* 0.680** 0.565%* 0.611** 0.680™*
Thigh diameter differences -0.027 -0.129 -0.038 -0.199 -0.096 -0.123
Quadriceps muscle thickness 0.223 -0.305 0.060 0.238 0.105 0.054
differences
Hamstring muscle thickness 0.396 0.335 0.198 0.296 0.314 0.347
differences

**p < 0.01.
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Table 4
The relationship between the ACL-QoL questionnaire score and isometric muscle strength
measurements of operated and non-operated patients

ACL-QoL subscales
Parameter Symptorps Work- ?p%brlt);e(; . Social
and physical | related e Life style and Total
complaints | concerns competition emotional
participation
Operated (n = 21)
Extension
PT (60°/s) Injured 0.684** 0.505* 0.692%* 0.569** 0.652%* 0.652**
Healthy 0.033 -0.082 0.100 0.000 -0.077 0.050
PT%BW (60°/s) Injured 0.818** 0.680** 0.665** 0.474* 0.709** 0.693**
Healthy 0.205 0.091 0.123 -0.062 0.154 0.171
PT (240°/s) Injured 0.299 0.157 0.428 0.403 0.383 0.364
Healthy 0.025 -0.086 0.167 -0.021 -0.001 0.093
PT%BW (240°/s) Injured 0.577** 0.480* 0.515* 0.433* 0.547* 0.531*
Healthy 0.052 -0.033 0.063 -0.151 -0.050 0.048
TW (240°/s) Injured 0.257 0.019 0.322 0.261 0.296 0.256
Healthy -0.151 -0.316 -0.026 -0.071 -0.113 -0.082
TW%BW (240°/s) Injured 0.343 0.089 0.318 0.248 0.430 0.286
Healthy -0.047 -0.188 -0.157 -0.352 -0.144 -0.134
Flexion
PT (60°/s) Injured 0.571** 0.241 0.575%* 0.424 0.354 0.491*
Healthy 0.197 -0.110 0.187 0.077 0.049 0.118
PT%BW (60°/s) Injured 0.653** 0.420 0.455*% 0.219 0.340 0.438*
Healthy 0.368 0.126 0.213 0.030 0.130 0.219
PT (240°/s) Injured 0.264 0.077 0.381 0.403 0.236 0.290
Healthy 0.101 -0.115 0.162 0.083 0.031 0.112
PT%BW (240°/s) Injured 0.467* 0.379 0.404 0.355 0.335 0.393
Healthy 0.214 0.061 0.158 0.024 0.052 0.169
TW (240°/s) Injured 0.427 0.083 0.397 0.198 0.309 0.329
Healthy 0.056 -0.241 0.091 -0.032 -0.026 0.030
TW%BW (240°/s) Injured 0.597** 0.325 0.395 0.134 0.367 0.401
Healthy 0.222 0.009 0.087 -0.055 -0.001 0.099
Hamstring/quadriceps Injured -0.069 -0.210 -0.194 -0.307 -0.368 -0.262
(60°/s) Healthy 0.371 0.092 0.201 0.170 0.142 0.195
Hamstring/quadriceps Injured 0.091 0.060 0.034 0.033 -0.140 0.000
(240°/s) Healthy 0.303 0.107 0.177 0.229 0.187 0.203
Non-operated (n = 20)
Extension
PT (60°/s) Injured 0.274 0.296 0.298 0.320 0.272 0.316
Healthy -0.136 -0.105 -0.183 -0.073 -0.048 -0.126
PT%BW (60°/s) Injured 0.320 0.290 0.280 0.241 0.229 0.356
Healthy 0.029 -0.035 -0.014 0.023 0.034 0.076
PT (240°/s) Injured 0.647** 0.487* 0.346 0.361 0.338 0.498*
Healthy 0.183 -0.037 -0.047 0.063 -0.001 -0.014
PT%BW (240°/s) Injured 0.546* 0.358 0.320 0.341 0.303 0.451*
Healthy 0.169 -0.148 -0.142 -0.038 -0.147 -0.081
TW (240°/s) Injured 0.593** 0.343 0.332 0.547* 0.436 0.477*
Healthy 0.380 0.108 0.236 0.314 0.305 0.274
TW%BW (240°/s) Injured 0.705** 0.388 0.398 0.561* 0.487* 0.584**
Healthy 0.571%* 0.213 0.330 0.417 0.405 0.462*

137 2025;31(4) TPABMATONOIMA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

End of Table 4
ACL-QoL subscales
Parameter Symptorps Work- ;%lft);egé . Social
and phy§1ca1 related competition Life style and Total
complaints | concerns participation emotional
Flexion
PT (60°/s) Injured 0.501* 0.237 0.287 0.348 0.209 0.332
Healthy -0.058 -0.183 -0.321 -0.155 -0.248 -0.255
PT%BW (60°/s) Injured 0.721%% 0.357 0.487* 0.440 0.398 0.573%*
Healthy 0.220 -0.167 -0.044 0.011 -0.004 0.020
PT (240°/s) Injured 0.500* 0.274 0.387 0.288 0.346 0.439
Healthy 0.066 -0.029 -0.176 -0.020 -0.149 -0.126
PT%BW (240°/s) Injured 0.523* 0.227 0.380 0.316 0.348 0.452*
Healthy 0.317 0.113 0.023 0.138 0.005 0.121
TW (240°/s) Injured 0.699** 0.408 0.492* 0.537* 0.426 0.565**
Healthy 0.287 0.080 -0.085 0.093 -0.059 0.035
TW%BW (240°/s) Injured 0.760%* 0.408 0.507* 0.513* 0.442 0.611%*
Healthy 0.528* 0.098 0.177 0.281 0.165 0.283
Hamstring/quadriceps Injured 0.223 -0.142 -0.084 -0.096 -0.140 -0.065
(60%s) Healthy -0.064 -0.104 -0.306 -0.223 -0.305 -0.271
Hamstring/quadriceps Injured 0.096 -0.018 0.289 0.247 0.220 0.195
(240°/s) Healthy 0.098 0.161 -0.009 0.038 -0.116 0.005

*p <0.05; **p <0.01.

DISCUSSION

Our study included only male patients to ensure
consistency with the trend of a high prevalence
of male patients in studies on ACL injuries. This is
supported by T.L. Sanders et al. who reported a higher
incidence of ACL injuries in men than in women in the
general population (81.7 per 100.000 — men, 55.3 —
women; p = 0.001) [14].

Patients with ACL lesions commonly experience
pain and slipping sensation. Pain is caused by
hemarthrosis in the acute period and mostly by the
development of osteoarthritis in the chronic period.
It is important to note that a study conducted by
H. Moksnes et al. found no significant difference in
VAS values between operative and non-operative ACL
injuries, indicating that non-operative treatment may
be a viable option for some patients [2]. In a meta-
analysis by T.O. Smith et al., it was determined that
the development of osteoarthritis after ACL injury
occurred more after 5 years [7]. Our study evaluated
patients within the first 5 years after the injury,
consistent with the literature. We found no significant
difference between the groups in terms of pain and
slipping sensation.

The main objective of conducting a physical
examination on patients with ACL injuries is to assess
the stability of the knee. In this study, we utilized the
anterior drawer test to evaluate knee stability and
found a significantly higher rate of positive tests in

the non-operated group, indicating that the knees of
patients who underwent surgery were more stable.
Our findings are consistent with those of H. Moksnes
et al. who also found better knee stability in patients
who underwent surgery [2]. Studies objectively
evaluating stability using devices such as KT-1000 or
KT-2000 found the operated group to be stable [2, 15].
Furthermore, there was no significant difference in
functionality between the groups despite the operated
group being more stable upon physical examination
[8, 9, 15]. Interestingly, 45% of non-operated patients
exhibited a negative anterior drawer test despite
MRI-confirmed ACL ruptures. This may be due to
neuromuscular adaptation over time, particularly
through hamstring activation that compensates for
anterior laxity. Additionally, partial scarring or fibrosis
of the ruptured ACL remnant may provide some
mechanical stability. Other potential factors include
voluntary or involuntary muscle guarding during the
test, or variability in clinical grading of borderline
laxity. These findings highlight the importance of
integrating clinical examination with imaging and
functional assessments.

Operated and non-operated patients showed
differences in muscle thickness and isokinetic
measurements in thigh circumference. It is important
to note that muscle thickness is correlated with muscle
strength, as stated by T. Abe et al. [16]. Our study found
that although the hamstring muscle thicknesses
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differed between the two groups, no difference was
detected in the isokinetic evaluation or flexor muscle
group strengths. Muscle thickness is not necessarily
correlated with muscle strength. Age and gender are
among the factors that may impact muscle strength.

Meniscus damage commonly accompanies ACL
injuries. Meniscus damage accompanies acute ACL
injuries in 16-84.7% of cases, as shown by research
[17, 18, 19]. Additionally, a 6-year cohort study
conducted by K.R. Duchman et al. found that this
value was 65.3% [20]. Our study found that meniscus
damage was present in 15 patients (71.4%) in the
operated group and in 16 patients (80%) in the non-
operated group.

In a prospective randomized controlled study
conducted by R.B. Frobell et al., 120 active adult
patients aged 18-35 were included. At the 10% week,
61 patients underwent early ACL reconstruction,
while reconstruction was postponed and performed if
necessary in the remaining 59 patients. Early surgical
treatment resulted in significantly less instability
when evaluated by Lachman and pivot-shift tests, with
no significant difference in pain, symptoms, and Knee
injury and Osteoarthritis Outcome Score (KOOS), SF-
36 QoL questionnaire, and TAS when evaluating 5-year
results. Following a five-year period of observation, it
was found that knee stability at rest was statistically
significantly superior in knees that had undergone
early ACL reconstruction in comparison with those
that had undergone initial rehabilitation, with the
option of undergoing subsequent reconstruction if
deemed necessary, as indicated by normal Lachman
and pivot-shift tests. Additionally, there was no
significant difference between the groups in terms
of osteoarthritis development [10]. H. Grindem et al.
conducted a study examining the 1-year results of
active rehabilitation patients with ACL injuries who
underwent surgery and those who did not. The non-
operative group showed significantly better results in
four jump tests, the Knee Outcome Survey Activities
of Daily Living Scale (KOS-ADLS), and International
Knee Documentation Committee (IKDC)-2000 scores,
despite showing more laxity in KT-1000 measurements.
Knee function and return to sports did not differ
between the two groups [21].

These findings demonstrate the reliability and
consistency of isokinetic tests and devices in providing
objective data for the follow-up of patients with ACL
injuries. The study results indicate that there was
no statistically significant difference between the
flexion and extension muscle peak torques, PT/BW
values at an angular speed of 60°/s, and the flexion
and extension peak torque, PT/BW values and total
work at 240°/s in the operated and non-operated
groups. Our findings are supported by the literature.
H. Grindem et al. conducted a 2-year follow-up in 2014
and found no significant difference in knee flexion

and extension muscle strength and knee function
between operatively and non-operatively treated
patients, which is consistent with our study [9]. Our
study supports T.O. Smith et al. meta-analysis, which
found no significant difference between flexion and
extension muscle strength in the one- to four-year
results [7].

Quadriceps weakness is common in ACL injuries
and its etiology is multifactorial. There is less loss
of strength in the hamstring muscles after ACL
injury compared to the quadriceps. This supports the
hypothesis that knee flexors are ACL agonists and that
flexor muscle strength is less affected by compensatory
mechanisms after ACL injury [22]. Neurological
dysfunction was found to be less effective in the knee
flexors than in the knee extensors in patients with
ACL injuries, as concluded by Y. Konishi et al. [23].
Additionally, patients who underwent reconstruction
with hamstring and patellar tendon autograft showed
no difference in muscle strength [24].

The hamstring to quadriceps (H/Q) ratio assesses
the balance between the hamstring and quadriceps
muscles, and changes in this ratio may increase the
risk of developing osteoarthritis after an ACL injury
[25]. H.J. Kim et al. meta-analysis supports the
existence of a protective mechanism in the knee after
an ACL injury that reduces quadriceps isokinetic
strength and theoretically increases hamstring
strength to protect against tibial anterior translation.
The research demonstrates that quadriceps muscle
strength loss is three times greater than hamstring
muscle strength loss, leading to an increased H/Q
ratio in the injured leg compared to the healthy leg
[26]. Our study shows that the average H/Q ratios
of the injured knees in both the operated and non-
operated groups at 60°/s and 240°/s were higher than
those of the healthy knee.

In a review in the literature, no difference was
found between surgical treatment and conservative
treatment of ACL injuries in adults in terms of KOOS
score, SF-36 QoL score and return to sports activity
rates, but it was stated that this review was at a low
level of evidence [27]. Our study found that ACL-QoL
questionnaire results were significantly better in
the group that underwent surgery compared to the
non-operated group. The subheadings that showed
significant differences were mostly related to the
patients’ emotional state. The patients’ psychological
state, fear of re-injury, and kinesiophobia may
have also influenced these differences. Notably,
S. Sonesson et al. conducted a study that demonstrated
improved return-to-sport rates when rehabilitation
included psychological factors such as motivation
[28]. Psychological factors, such as kinesiophobia and
fear of injury, play a significant role in determining
whether an individual returns to their pre-injury level
of sports activity [29].
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Rehabilitation is a crucial factor that impacts
the outcomes of both conservatively treated and
surgically treated patients. These findings suggest that
rehabilitation may not be the sole determining factor
in patient outcomes and that other factors should be
considered as well. Our study found that the rate of
rehabilitation was significantly higher in the surgical
group. However, despite the higher number of patients
receiving rehabilitation in the surgical group, no
significant difference was detected in functionality
(LKS and jump tests) and isokinetic test results. There
were no significant differences in symptoms (VAS,
slipping sensation) and physical examination findings
(anterior drawer test, ROM, thigh diameter differences)
between the non-operated patients who received
rehabilitation and those who did not. Nevertheless,
patients who received rehabilitation demonstrated
significantly better results in LKS and jump tests,
which evaluate knee functionality. Our study found
a strong and statistically significant positive correlation
between all subheadings of the ACL-QoL and LKS
in both the operated and non-operated groups. This
confirms the findings of G.I. Kinikli et al., who reported
a fair correlation (r = 0.23) between LKS and ACL-QoL
in their Turkish translation of the questionnaire [13].

Whenwe examined theliterature, we could not find
any studies examining the correlation between the
ACL-QoL and isokinetic muscle strength. However,
the relationship between isokinetic muscle strength
and the SF-36 QoL questionnaire was evaluated.
In this study conducted by D. Marn-Vukadinovic et al.,
a negative correlation was found between knee
extensor weakness (60°/s PT) and physical function
and social function (r = -0.59, p < 0.01 and r = -0.43,
p < 0.01, respectively) [30]. Our study confirms that
a reduction in knee extensor muscle strength is
linked to a decline in the quality of life of knee injury
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patients. Furthermore, we examined the relationship
between ACL-QoL subheadings and isokinetic muscle
strength measurements for both the operated and
non-operated groups. The study found a significant
positive correlation between extension PT and
PT/BW on the affected side of the operated patients
at a speed of 60°/s, extension PT/BW at 240°/s,
and all subheadings of the ACL-QoL. These results
demonstratetherelationshipbetweenthesevariables.
The correlation analysis of the non-operated group
showed a statistically significant relationship
between the “symptoms and physical complaints”
subheading of the ACL-QoL and the affected side
with 240°/s extension PT, PT/BW, TW, TW/BW and
60°/s flexion PT, PT/BW. Furthermore, the isometric
strengths of PT, PT/BW, TW, TW/BW at a speed of
240°/s exhibited a positive difference. The operated
group did not show a significant relationship between
the other subheadings of the ACL-QoL questionnaire.

Study limitations

The main limitations of our study are the relatively
small number of patients in the groups, the lack of pre-
injury data, and the fact that it was a cross-sectional
study. Prospective studies with larger patient groups
are needed in the future.

CONCLUSION

There were no significant differences in knee
functionality and isokinetic muscle strength between
the operated and non-operated patients. However,
it is worth noting that the quality of life was better in
the operated group, which contradicts the literature.
This could be due to the higher number of patients
receiving rehabilitation in the operated group and the
fact that the differing subheadings were more related
to emotional and kinesiophobia.

JOITOJIHUTEJIbHASI THO®OPMALIVIS

3asneneHHblll 6K1A0 A8Mopoe

Munap A. Bynym — KOHUEIIUSI UCCAeI0BaHUs, CTaTU-
cTuueckas 06paboTKa JaHHbIX, COOP JaHHbBIX.

Alinun Alistndsi3 — cb60p, aHaIU3 U MHTepIIpeTais
JMaHHBIX, CTaTUCTUUYECKasT 06paboTKa JAaHHbIX, TIOUCK U 06-
30p JMTEpaTyphbl, HaMMCaHMe ¥ pPeJaKTHMPOBaHME TeKCTa
PYKOIIVCH.

Cenvda Y. HHO®ceo2sry — c60p MaHHBIX, CTATUCTUYECKAS
00paboTKa JaHHBIX.

duzen Hoinmas — aHanus U MHTeprpeTanus NaHHBIX,
penakTUpoBaHMe TEKCTA PYKOIVCH.

Tiopkep IllaxuHkas — cTaTUCTHUeCKass 00paboTKa JaH-
HBIX, C60p JJaHHBIX.

Ocmat T. OpeH — aHANU3 ¥ UHTEPIIPETALMS TaHHBIX.

Bany KypaH — KOHUeNUMS M OU3aMH MCCIeIOBaHMUS,
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Bce aBTOpBI Mpowin 1 ogo6pman GUHATBHYIO BEPCUIO
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OCTEOMHTerpaTMBHaﬂ CUcTeéMa 3K30npoTesmpoBaHua.
NMUIOTHOE AOK/IMHU4YecKoe uccneposaHue

A.B. Cunery6 !, B.A. YynipsieB 2, K.H. [Tlemuenko ?, C.E. Bopouus ®, K.B. diimenpman !
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3 @I'BY «HayuoHanvHblli MeduyuHckuii ucciedosamensckuti yenmp um. B.A. Aaimazosa» MuH3dpasa Poccuu,
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Pedepar

AxmyansHocms. TpagyLIMOHHbIE MPOTE3bl C KyJIbTEIIPUMEMHON I'M/Ib30i1 MMEIOT Dsifi, HeLOCTaTKOB, BKJIOYAasi KOKHbIe
OCJIOSKHEHMSI, HeCTabM/IbHYI0 GUKCAIMIO ¥ OTPaHMUYeHMe MTOABMKHOCTY Mal[MeHTOB. [lepcrieKTUBHO anbTepHATUBOI SIB-
JISIIOTCSI OCTeOMHTEerpaTUBHbIE 5K30IIPOTE3bl, KOTOPbIE KPEMSTCS K Telly UeJIoBeKa Yepe3 MMIUIAHTaT, XMPYPIUIecKy ycTa-
HOBJIEHHBI B OCTaTOYHYIO KOCTb KyJAbTU. ITO pellleHye obecreunBaeT HaJeXHYI0 Gukcanmio u ocobeHHo 3¢pbeKTUBHO
JLJIS TALMEHTOB C KOPOTKUMM MUJIU MaTOSOTUIECKUMM KYIbTSIMMU.

Llens uccnedosarHusi — OLEHUTb 6MIOCOBMECTUMOCTD U 6€30IMaCHOCTh MPUMEHEeHMSI OTeueCTBEHHOM OCTeOMHTErpaTUBHOI
CUCTeMBI [IJIs1 9K30ITpOTe3MpoBaHmst 6epa Ha KPYITHO KMBOTHOI MOZENN.

Mamepuan u memodst. OTHO TI07I0BO3peJIoit CBUHbe-MUHUIIUTY B IBA 3Tala 6bUl MMIVIAHTUMPOBAH TUTAHOBbI OCTEOMH-
TerpMpyeMblil UMILIAHTAT, afalTUPOBaHHbINM 10 faHHbIM KT. B TeueHne 3 Mec. HabMOAeHUST IPOBOSMIN KOMILIEKC K-
HUYECKHUX, JIAOOPATOPHBIX U PEHTTEHONIOTMYECKUX UCCAeI0OBaHMIL, OCYLIECTBIISUIN YXO, U 6aKTepMOIOruuecKuii KOHTPOIb
COCTOSIHMSI CTOMBI, 10 3aBepIIeHNI — My/UI-ayT TeCT MMILJIaHTaTa.

Pe3ynsmamet. JXUBOTHOE OMMPAIOCh Ha MPOTe3 MPU CTOSIHUM U XoAbpbe. Macca yBenmumiach rnpumMepHo Ha 10 kr. Yeunue
Ha OTPBIB MMILIaHTaTa (Iy/UI-ayT TecT) coctaBwio 400 H, yTo cBumeTenbcTByeT 0 GOPMUPOBAHUM MeXaHUUYECKOM CBSI3U
€ KOCThbI0. B X0n1e Ha60AeHs OTMeUeHbl YIIpaBisieMble OCIOKHEHMSI: Pa3BUTHe aHEeMUNM U 6ecCUMIITOMHAs 6aKkTepu-
aJibHas KoJoHM3anus ctoMbl Staphylococcus spp. 107 KOE/mi1 6€3 KIMHUYECKUX TTPU3HAKOB MH(MEKLVM U CUCTEMHOJ BOC-
MaJINTENbHOM Peakyn.

3akntoyenue. TIpogeMOHCTPMPOBaHA BO3MOKHOCTb YCIEIIHOTO ¥ 6e30MacHOro NMpUMMEeHeHMsT pPacCMaTpuMBaeMoil OCTeo-
MHTEerpaTUBHO CUCTeMbI Ha KPYITHO XKUBOTHOM Mozenu. OGHapyKeHHbIe OCTIOKHEHMS He ObUIM KPUTUIHBIMU. [ToTydeHHbIe
JlaHHbIe TIOATBEPXKAAIOT 6MOCOBMECTMMOCTb M (PYHKIMOHATBHOCTb CUCTEMBI, YTO OOOCHOBBIBAET HEOOXOAMMOCTD HATbHel -
KX, 60/1ee MaCIITAOHbIX JOKIMHUYECKUX UCCIeN0BaHMIA.

KiroueBble c10Ba: UpeCKOXXHOe IPOTE3UPOBaHMeE; K30IPOTe3UpOBaHUE; OCTEOI/IHTEI‘paTI/IBHHﬁ 3K30IIpOTe3 66}1133.;
JOK/IMHNYECKOe McCcieqoBaHue.

[ Ana uwuruposanusi: Cunery6 A.B., Uynpses B.A., [Jlemuenko K.H., Bopouun C.E., 3Siinenbman K.B.
OcTreoMHTerpaTMBHas CHUCTeMa 5K30MPOTE3MPOBaHMSI: NMUIOTHOe NOKIMHMYECKOe McciefoBaHue. Tpasmamosnozus
u opmonedus Poccuu. 2025;31(4):143-151. https://doi.org/10.17816/2311-2905-17749.
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Osseointegrated Exoprosthesis System: A Pilot Preclinical Study

Andrey V. Sinegub !, Victor A. Chupryaev?, Konstantin N. Demchenko?, Stepan E. Voronin?3,
Konstantin V. Eidelman'

! NewStep LLP, St. Petersburg, Russia
2 Kirov Military Medical Academy, St. Petersburg, Russia
5 Almazov National Medical Research Center, St. Petersburg, Russia

Abstract

Background. Traditional socket prostheses suffer from several limitations, including skin complications, unstable
fixation, and restricted patient mobility. Osseointegrated exoprostheses represent a promising alternative as they
attach to the human body via an implant surgically placed in the residual bone. This solution provides secure fixation
and is particularly effective for patients with short or pathological residual limbs.

The aim of the study — to evaluate the biocompatibility and safety of a domestically developed osseointegration system
for femoral exoprosthetics using a large animal model.

Methods. A customized titanium osseointegrated implant, adapted based on CT data, was placed in one sexually mature
minipig using a two-stage surgical protocol. During the 3-month observation period, a comprehensive set of clinical,
laboratory, and radiographic examinations was performed. The study also involved routine stoma care and bacteriological
monitoring. At the end of the period, an implant pull-out test was conducted.

Results. The animal was able to endure weight-bearing on the prosthesis while standing and walking. Body weight
increased by approximately 10 kg. The implant pull-out force was 400 N, indicating the formation of a mechanical bond
with the bone. Manageable complications were noted during the observation, specifically the development of anemia
and asymptomatic bacterial colonization of the stoma with Staphylococcus spp. at 107 CFU/ml. There were no clinical signs
of infection or systemic inflammatory response.

Conclusion. The study demonstrated the feasibility of the successful and safe application of the evaluated
osseointegration system in a large animal model. The observed complications were not critical. The findings confirm
the biocompatibility and functionality of the system, justifying the need for further expansive preclinical studies.

Keywords: percutaneous prosthetics; exoprosthetics; osseointegrated femoral implants; preclinical study.
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BBEJEHUE

HecmoTps Ha JOCTMKEHMS] COBpEMEHHO MeIULIVHDI,
MOTPe6GHOCTh B COBEPIIEHCTBOBAHUM METOAOB IIPO-
Te3MPOBaHMS KOHEUHOCTEN 0CTAaeTCs BbICOKOI BBULY
CTa6MIBHOTO YMCIa aMITyTaluit, 06yCJIOBIEHHBIX CO-
CYIMUCTBIMU 3200/I€BaHUSIMU, TPAKAAHCKUMMU U Goe-
BbIMM TpaBmamu [1, 2, 3, 4]. CtaHgapTU3MPOBAHHbIN
TOL X0/, OCHOBAHHBIN Ha IIPMMEeHEeHU KyJIbTellpueM-
HBIX I'MJIb3, COTIPSIKEH CO 3HAUUTEIbHBIMY OrpaHuye-
HUSIMM: GOJIEBBIM CHMHAPOMOM, KOKHBIMMU OCJIOXKHE-
HUSIMU, HECTAOMIBHOCTBI0 PUKCALIMY U CHUKEHMEM
MOGWIBHOCTHM TalyMeHTa [5, 6]. JIj1s1 maiueHToB C KO-
POTKMMM MJIM NMATONOTUYECKYN U3MEHEHHBIMU KY/b-
TSIMU UCIIONIb30BaHMe KyJIbTelIpUEeMHBIX I'M/Ib3 CTa-
HOBUTCS TEXHUUECKY MaJIOpPeaiu3yeMbIM U TpebyeT
3HAYMTENbHBIX IHEPro3aTpaT Mpu xoasoe [2].

B KauecTBe mepCrHeKTMBHOM aJbTepHATUBLI pac-
CMaTpUBAETCsl OCTEOMHTErpaTUBHOE 3SK30IPOTe3U-
poBaHMe — MeTO[I, IIpeJIonarauuii Npsamyo Guk-
calMI0 MMIUIAHTATa B KOCTH [6, 7]. Takast TeXHOIOTUS
obecrieunBaeT GMU3MOIOTUUHOE paclipefeneHne oce-
BOI1 Harpysku, CIIocCOOCTBYeT BOCCTAHOBJIEHUIO CEH-
COpHBIX olyieHuit (3dderT ocTeonepienuumn)
Y TIOBBILIAET KaueCTBO XXMU3HU, OTKPbIBASI BO3MOKHO-
CTU JJIS1 TIPOTEe3UPOBAHUS B CIOKHBIX KIMHUYECKUX
ayyasx [8, 9, 10, 11]. MeTo[ He inileH pUCKOB, IVIaB-
HBIMM U3 KOTOPBIX SIBJISIIOTCST MH(MEKIMOHHbIE OCTIOX-
HEHUSI U BepOSTHOCTb MeXaHMYeCKUX ITOJIOMOK, YTO
TpeGyeT cTpororo or6opa maumeHToB [12, 13, 14].
BrimeckaszaHHOe oIlpefensieT aKTyaJIbHOCTb paspa-
60TKM U SOKIMHUYECKOTO U3YUEeHUSI OTeUeCTBEHHbBIX
CUCTEM OCTEOMHTEIPATUBHOIO 3K30IPOTE3UPOBAHMS
[15, 16].

Ilens uccnedosarus — O1eHUTH 6MOCOBMECTUMOCTb
1 6e30I1aCHOCTb TPUMeHeHMsI OTeUeCTBEHHOI OCTeOo-
MHTETPaTUBHOM CUCTEMBI [JI 5K30IPOTEe3UPOBaHMS
6enpa Ha KPYITHO SKMBOTHOM MOZENN.

MATEPHAJI 1 METO/1bl

aHHOe TNMJIOTHOEe OOKIMHMYECKOe MCClIeqoBaHue
ObIIO TpoBemeHO Ha 6ase IleHTpa MOKIMHUYECKUX
U TPAHCASIUMOHHBIX ucwienoBaHuim ®IBY «HMUAILL
uM. B.A. AnmaszoBa» MunH3apasa Poccun.

JXuBoTHasg mojeib

B uccienoBaHuu GbIIO 3a/1€/iCTBOBAHO OTHO KJIMHMU-
YyecKy 3J0pOBO€e I0J0BO3pPeoe XUBOTHOE — CaMKa
MUHUIINTA (Sus scrofa domesticus) B Bo3pacre 13 mec.
C UCXOMHOVM Maccoil Tena 64 kr. [locine mepuona ka-
paHTMHA XUBOTHOE COAEP>XKa/IOCh B MHAVBUAYAIbHOM
BOJIbEpeE (TII0MIaAb 6omee 2 M%) Ipy TeMIIepaType BO3-
nyxa 18-20°C, snaxxHocty 30-70%. CBeTOBOM pexum
OBLJT aBTOMATUUECKM PErYIUPYEMBIM MO TPUHLIMITY:
12 4. TemHoTa, 12 4. CBeT.

JlvizaliH ¥ MOJAroTOBKa MMILIAHTATa

Bbl1 pa3spaboTaH MMIUIAHTAT, KOHCTPYKIMSI KOTOPOTO
OCHOBbBIBA/IACh HAa IIPUMEHSIOLIMXCS B MUPOBOJ IIpaK-
TUKe OCTeOMHTEerPAaTUBHBIX MMIUIAHTATaX, yCTaHABIIM -
BaeMbIx MeTozoM press-fit. KOHCTpYKTUMBHO MMIUIaH-
TaT COCTOUT U3 MHTpPaMeny/UISIPHOM U UYPeCKOKHO
JacTeii, COeqVHSIEMbIX C MOMOIIbBI0 KOHYCA Y Pe3bOBl.
VHTpaMeny/isipHblii KOMIIOHEHT OCHAIlleH aHTUPOTa-
I[MOHHBIMM IUTUIIAMMU JIJISI CTAOWIIBHOCTY U STYEUCTON
CTPYKTYPOI1 [iJ151 YIy4IllIeHUs] OCTeOMHTerpalum.

C menb0 MHAMBUAyaIMU3aLUM pa3sMepoOB MHTpPA-
MeIy/IAPHOM 4YacTM MMIUIAHTATa >KMBOTHOMY IO
cemanyeil O6bUla BBIIIOTHEHA KOMIIBIOTEPHAS! TOMO-
rpadus (KT). Ha ocHoBanuu KT 6buin ompeneneHbl
M CKOPPEeKTMPOBaHbl AVaMeTp U IJIMHA MHTpaMe-
OYJUISIPHOTO KOMIIOHEHTa MMILIaHTaTa JJisi COOTBeT-
CTBMSI aHAaTOMMUYECKMM IlapaMeTpaM KOCTHOMOS3IO-
BOTO KaHaja 6elpeHHOI KOCTU XKMBOTHOTO (pucC. 1).
IIpemonepalOHHOE IJIAHVPOBAHNE BKIIIOYAJIO TPeX-
MEpHYIO PeKOHCTPYKLMIO ¥ BUPTYyalbHOE MOZLEINPO-
BaHMe MMO3ULIMOHUPOBAHMS UMIUIAHTaTa (pUC. 2).

PucyHoK 1. IMII1aHTaT U 3K30MpPOTE3,
CIIPOEKTMPOBaHHbIE MHAVBUIYAIBHO JIJIS1 SKUBOTHOTO
Ha OCHOBE KOMITbIOTEPHOI TOMOI'DaMMbl

Figure 1. Implant and exoprosthesis custom-designed
for the animal based on computed tomography data

PucyHok 2. 3D-Mogenb MUMIUIAHTaTa U 9K30IPOTE3a,
YCTaHOBJIEHHBIX B 33JHIOI0 KOHEUHOCTH KMBOTHOTO

Figure 2. 3D model of the implant and exoprosthesis
positioned in the animal’s hind limb
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NmmuiadtaT ObUI  M3rOTOBJAEH MeTomom SLM
3D-nmevaTty u3 nopoiuka Ti6Al4V. ITocte usrorosie-
HMSI MMIUIAHTAT IPOXOAMI TIECKOCTPYIHYI0 o6pa-
60TKY, a 3aTeM TepMOOOPabOTKY B MEUYM C PEKUMOM
900°C B TeueHue 2 4. 30Ha YPECKOKHOTO MHTEpderi-
ca MMIUIaHTaTa monaupoBanach Ao Ra 0,4; mepoxoBa-
TOCTh OCTJIbHBIX YaCTell MMIUIaHTATa ObUIa MEXIY
Ra 6,3mRa 12,5.

XI/IprI‘I/I‘IeCKOE BMeEIIaTe/JIbCTBO

Iyist oTpabOTKY XUPYPTUUECKOM TEXHUKU YU MUHUMM--
3aI[MM MHTPAOTIEPAIIMOHHBIX PUCKOB OBLIIO BHITIONHE-
HO JBa TpeJBapUTeNbHbIX BMelLlaTe/lbCTBa Ha Kaga-
BEPHOM MaTepuase C UCIOAb30BaHMEM IJIaCTUKOBBIX
mogesieli MMIUIQHTAaTOB. JTO IIO3BOJAMJIO YTOYHUTH
aHaTOMMYeCcKue OpPUEHTUPBI U TMOC/IeI0BaATENbHOCTD
3TaroB olepauum.

NmnmaHTauus nmpoBoamMiach B ABa stara. Xupyp-
rMyecKkyie BMeNIATeNbCTBA BHIIOMHSIUCH GpuUramoi
xupypros BMegA um. C.M. Kuposa npu aHecTesno-
JIoTMYyeckoM obecrieueHuu coTpygHMkamyu HMUIL
uM. B.A. Ainimasosa.

IlepBbiii 35Tam: yCTaHOBKA MHTpaMeOy/UISIPHO-
ro mumiuiaHrata. JKuBoTHoe 6bUIO 3aUKCUPOBAHO
Ha OIepalyOHHOM CTOJie B TOJOXEHUM Ha CIIMHE.
[TpumeHsTach KOMOMHMPOBAHHAS AHECTE3USI:

1) BBOZHas aHecTe3us: BBeeHle IpenapaToB 30-
Jietnna (20 MI/KT BHYTPUMBILIEUHO), KCUIAa3MH (3 MI/KT
BHYTPUMBILIEYHO); BBITIOJIIHSIACh B MOATOTOBUTENb-
HOM TIOMeIlleHUM; TIpU OOCTVOKEHUM ONTUMAaTbHOTO
YPOBHS ceJaluMy >XMBOTHOE TPaHCIOPTUPOBAIOCh
B OIEepPalMOHHYIO;

2) moaaepKMBaIOIIAsl — aHeCTe3usl:  Herocpeq-
CTBEHHO Ha OMNepalyOHHOM CTOJIe OCYIIEeCTBJISTACDH
MHTY6ALMS Tpaxeu U IepeBOj KUBOTHOro Ha VBJI
(mapameTpbl BeHTWISIIMM 25-30 mu/kr/mMuH.; YO
8-14 B MuH., 65% Kuciopoaa B CMecn);

3) OOIOMHUTENbHASI aHeCcTe3Uus: peruoHapHas
6/10KaJjla HEPBOB pACcTBOPOM pOIMMBaKaMHa B [103€
5 MI/KT.

TaKkoi1 MoaX0, MO3BOIVII CHU3UTH TTyOMHY 0OIIero
HapKo3a ¥ 06eCIIeUnThb CTaA6MIbHOE COCTOSTHYE SKUBOT-
HOT'O Ha IIPOTSKEHUM BCeli oriepalum.

3a 30 MuH. 1O Hayvajga orepanuu C Leablo Mpo-
bunakTMKy MHGEKIMOHHBIX OCIOKHEHU BHYTPU-
MBIIIEYHO >KMBOTHOMY ObUI BBeIeH aHTUOMOTUK
IIMPOKOTO CrHeKTpa nerictBus. Ilocime cTaHOapTHOM
acernTUYecKoil TMOATOTOBKM OINEPalMOHHOIO OIS
(BbIOpMBaHME MIEPCTM HA IIPABOil 3aHEl KOHEUHOC-
T, MHOTOKpaTHasi 06paboTKa pacTBOpaMy aHTUCEM-
TUKOB, U3OJSIMS CTEePUJIbHBIM OIepaMOHHbIM Oe-
JibeM) OblIa BBITIOJIHEHA aMITyTallysl IIPaBoii 3aJHel
KOHEYHOCTV Ha YPOBHE CpemHeil TpeTu GempeHHO
KoCTu. KpyrHble cocyabl M HepBbI ObUIM THIATETHHO
nurupoBaHbl. ITocie ocreoroMun GempeHHON KOCTU
ObLT BCKPBIT KOCTHOMO3rOBOJ KaHaji. KaHan mocie-
JIOBaTeJIbHO pPacCBEpIMUBAICS HabOPOM CTePWIIbHBIX
XUPYPruuecKmx CBepi Bo3pacrarwiero auamerpa (11,
12 n 13 mm). UHTpamMeny/isipHas 4acTh MMILJIaHTaTa
(IMaMeTp MHTpaMeny/UIIpHOI yactu 13,5 MM) ObLia
YCTAHOBJIEHA B IIOATOTOBJIEHHBI KOCTHOMOS3T'OBOA
KaHa/l TM0J, KOHTPOJeM 3JIeEKTPOHHO-ONTUYECKOTO
npeo6pasoBatens (C-myru). MbIIILbl KyJAbTU ObLIN
YIIUTBI HAJl TPOKCMMAaIbHOM YaCThIO MMILJIAHTATA JJ151
cosmaHus MblieuHoi MydTbl. KoskHast paHa yiiuBa-
Jlach MOCJIOMHO C OCTaB/lieHMeM aKTMBHOTO JpeHaxa.
boina mpoBefeHa MHTpaomnepalyoOHHasi aHTUCENTU-
KoImmpoduaakTuka (puc. 3).

BTopoit sTam: ycTaHOBKa YpeCcKOXHOro abat-
MEHTa M 3K30IpoTe3a. Yepes 4 Hepn,. 1mOcC/ae MePBOro
3Tamna MoJ aHaJOTMYHBIM ITPOTOKOJIOM aHecTe3uu
M acerTUyecKkoi MOATrOTOBKM OMNepalMOHHOTO IOJS
6bLT 0OecIievueH AOCTYII K AMCTAIbHOMY TOPILY paHee
YCTAHOBJIEHHOTO MHTpaMeay//ISPHOTO0 MMIJIAHTATa.
Ha Bepxyl1iKe KyJbTU C UCIOJb30BaHMEM CHELIVATIN-
3MPOBAHHOIO TPyOUATOTO HOXa (CTOMOpe3a) nua-
MeTpPOM, paBHBIM AMaMeTpy abaTMeHTa, 6bu1a chop-
MMpOBaHa CTOMa JJjis BbiBojAa MMILIaHTaTa. [locie
reMoCcTa3a YpecKOKHbIi abaTMeHT ObII BBUHUEH
B MHTpameIy/UIIPHbI/A MMIIJIAaHTaT C MCIOJb30Ba-
HMEM CIeNMaan3MpoOBaHHOrO Kiwoua (6e3 KOHTp-
yOep>)KaHUsI MHTpamMeIy/UIIPHOTO  MMILJIAaHTaTa).
Kpas KOXM BOKpPYT CTOMBI OBLIM aJanTUPOBAHbI
C TIOMOILbI0 KMCETHOTO 1IBa. HanoskeHa acenTuuec-
Kas MOBsI3Ka. 3aTeM K abaTMeHTY ObUT IPUCOEINHEH
3K30I1poTe3 (puc. 4).

PucyHok 3. PesynbTaT nepsoro sramna
orepauyu:

a — chopMMUPOBAHHAS KY/bTS;

b — peHTreHorpaMMa MMIUIAHTMPOBAHHOTO
MHTpaMeIy/IIsIpHOTO KOMIIOHEHTa

Figure 3. Outcome of the first surgical stage:
a — the formed residual limb;

b — X-ray of the implanted intramedullary
component
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PuicyHOK 4. Pe3ynbraT BTOPOro 3Tana onepanun:
a — MHTPAoIIepanyioHHoe GOTO C YCTAHOBIEHHBIM YPECKOKHBIM 3/IeMEeHTOM; b — hOTO JKMBOTHOTO C 3K30IIPOTE30M

Figure 4. Outcome of the second surgical stage:

a — intraoperative photograph showing the installed percutaneous element; b — photograph of the animal fitted with

the exoprosthesis

IlocneomnepanMOHHBIN YXO4 M MOHUTOPUHT

B nmocieonepallOHHOM IepuoOfe SKUBOTHOE TI0-
JIY4ayi0o KypC CUCTEMHON aHTUOMOTMKOTEparuu Wu
aHaynbre3un c ucnonbzopanuem Ilexcrpena (10 mur)
u Menokcukama (2 M Ha 64 KT Beca JKMBOTHOT'O) OAVH
pa3 B neHb, B TeueHue 10 cyTok. ExxemHeBHO mpo-
BOAWICS KIMHUYECKUIT OCMOTP C OIIEHKOM 06Iero
COCTOSTHMSI, TIOBeJleHMs, alllleTUTa, peakuy Ha pas-
IpakKUTENN, COCTOSIHUSI KOXKHBIX TOKPOBOB, CIU3U-
CTBIX 060JI0UEK U TOHYCA MYCKy/IaTypbl. O6/aCTh CTO-
MBI OZIMH pa3 B CYTKM 00pabaThiBajach pacTBOpaMu
aHTUCENTUKOB. PerncTpmpoBamuch Mpu3HaKU MeCT-
HOTO BOCIaJIeHNs (TUITIepPeMMUS, OTEK, IKCCyHaIus), 60-
JIe3HEHHOCTD IIPU MaJIbMallMK U CTTIOCOOGHOCTD SKUBOT-
HOT'O ONMPATHCS Ha MPOTE3MPOBAHHYIO KOHEUHOCTb.

Yepes Mecsl1] IOC/ie BTOPOit omepauyuu U meper,
BbIBEleHMEM KMBOTHOTO M3 IKCIIepMMeHTa IPOBO-
IUau 3a60p KPOBU [IJIst O6BIIETO U GUOXMMUYECKOTO
aHanM30B. Takke MBaKIbl BBIMOMHSIICS 3a60p 6MO-
MaTepuana u3 06JacTy CTOMBI IJist 6aKTepuoaoruye-
ckoro 1noceBa. OnyH pa3 B MecCSI BBITIOJHSIIU PEeHT-
reHorpadmio ONMepuUpPOBAHHO! KOHEYHOCTU B IBYX
CTaHIAPTHBIX MTPOEKIUSIX [T KOHTPOJISI CTAOUIBbHO-
CTY MMILIAHTATa U OLIeHKU COCTOSIHUSI KOCTHOI TKa-
HM Ha TpaHUlle C UMIUIAHTaTOM.

dBTaHasusa u 3a60p MaTepuaia
JUISI TUCTOJIOTMYECKOTO MCCIeH0BaHMS

Yepe3 3 mec. Mocjie BTOPOTO 3Tama omnepanuu Gbuio
BBIIIOJIHEHO BhIBEJEHI€e JKMBOTHOTO 13 SKCIIePMMEHTa
IyTeM 3BTaHa3UM IOA, ITyHOKOI 001eii aHecTe3uelt,
MOCJTe Yero Mpou3Bein aMITyTaI[Mi0 CETMEHTAa KOHEeY-
HOCTU ¢ MMILTaHTaToM. OcyliecTBmIn 3a60p Ma3KOB
13 KOCTHOMO3TOBOTO KaHala B 06/1aCTV MMILIaHTaTa
Ha 6aKTepMOIOTMUYeCKIit I0CEB.

AMHYTI/IPOBaHHaH KOHEYHOCTbD I1oaBepriach IIyJi-
ayT TeCTy IIyTeM BblAEePIrMBaHMs MMIIJIAaHTaTa U3 KOC-
TU C UCIIOJIb30OBaHMeM AMHaMOMeTpa C permcrpanum-
eil MMKOBOTO ycuinns, HEO6XO,Z[I/IMOI‘O OJisg TIOJTHOTO
M3BJIEUEHNI MMIIJIAHTAaTa M3 KOCTHOT'O JIOXKa.

PE3VJIBTATDBI

B xome skcrepuMeHTa He 6bUIO 3abUKCUPOBAHO
Cepbe3HbIX MOCIe0INepalMOHHBIX OCIOKHeHUA. OT-
MeueHO TOCTIDKeHMe (PYyHKUIMOHANIbHOI HArpy3Ku Ha
MPOTE3MPOBAHHYI0 KOHEUHOCTb: KMBOTHOE YBEDEH-
HO OMMPaaoCch HA OCTEOMHTErpaTUBHBI IPOTE3 NPU
CTOSIHUU U X0fbbe. DTO B COUETAHUM C PEHTTEHOJIO-
TMYECKU TMOATBEePXKIEHHbIMU HpU3HAKaMM occudu-
Kalyy¥ BOKPYr MMIUIAHTaTa M pe3ylbTaTaMu ITyJUI-
ayT Tecta (400 H) mocne sBTaHa3um CBUIETENbCTBYET
0 YaCTMYHOJ OCTEOMHTerpauuM MMIUIAHTaTa U €ro
MexaHU4ecKoit cTabuabHoCTU. OOIIee COCTOSTHME KU -
BOTHOTO Ha MPOTSPKEHUM 3KCIIEPUMEHTa OCTaBaIoCh
YIOBJIETBOPUTENBHBIM, YTO MOATBEPXKIAETCS XOPO-
IIMM aTeTUTOM U HabopoM Beca 0kojio 10 Kr mociie
NepBOJ XUPYPruuecKkoil MHTEPBEHIIUN.

ExeHeBHBII OCMOTD CTOMBI He BBISBI/ISII BbIpa-
SKEHHBIX NPU3HAKOB BOCIAJIEHUS, TAKMX KaK 3Haul-
TeJIbHBIN OTeK, TUIIEPEMMS WIIX THOVHOE OTHeNsieMoe.

Ha KOHTpO/MbHBIX peHTreHOrpaMMax yepes 3 Mec.
BU3YQ/IM3UPOBAIOCh POpMUPOBaHIeE TTepUOCTATbHOM
KOCTHO#1 MO30/1 1 0CTeOUTOB B OUCTANTBHON YacTu
KyJIbTU (pUC. 5).

PesynbTaThl KIMHNYECKUX aHAIMU30B KPOBU Ipe -
cTaBJieHbI B Tabnutie 1.

BakTepuonornyeckuit MOHUTOPUHT 06JIACTH CTO-
Mbl BBISIBU Hanuuue Staphylococcus spp. B KOHIIEHT-
pauum 107 KOE/mi B ipo6ax uepes Mecsili Ioc/ie BTo-
poIJi onepanuu U reper BbIBeLeHNEM.
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PucyHOK 5. PeHTreHorpaMma repej BbIBeeHeM JKMBOTHOIO M3 SKCIIEPUMMEHTA
¢ GOpMIUPOBAaHUM IIEPUOCTATBHOI KOCTHOM MO30JIM 1 0CTeO(DUTOB
B IMCTaJIbHOM YaCTy KYJIbTH

Figure 5. X-ray taken prior to study termination showing the formation
of periosteal callus and osteophytes in the distal residual limb

,H,I/[HaMI/IKa OCHOBHBIX ITOKa3aTeJjen 06]].[9[‘0 dHa/IM3a KPpOBMU B ITOCJIE€OIIEPAIIMOHHOM IIepuoae

Ilokasartenb

Temorno6uH, /71

OputpoinTtsl, x10'2 /1

Jlejikouutsl, x10° /1

TpoM6OIUTHI, (aBTOMATUYECKMIt TmoacueT) x10° /i

Tpom6oIUThI, (PyuHOIt ToacueT) x10° /1
F'emaTokput, %

CCI'3, iir

CKI'D, r/nn

C20, dn

sippocopepkaiye 3puTpouuThI ki1/100 y1eiikouToB

dosuHOoWIBL, x10° /11

Baszodwmbl, x10° /i

Bractabie kiaeTtku, x10° /i1
ITpomuenouTsl, x10° /n

MuenounTsl, x10° /i1

MetamuenounTsl, x10° /1
[ManoukosimepHbie HeilTpodubl, x10° /1
CermeHTOSsIIEpHBIE HEMTPOGMIIBI, x10° /11
JiumdounTsi, x10° /n

MonHouuTsl, x10° /11

Tabauya 1
Yepes MecsI] mocjie BTOpoii onepaiiuy | Ilepend BbhIBemeHMEM
102,0 88,0
4,40 3,79
10,29 11,66
403 408
555 495
30,9 26,9
23,2 23,1
33,0 32,5
70,2 81,1
0 0
0,31 0,47
0,1 0,23
0 0
0 0
0 0
0 0
0,1 0
4,32 4,55
4,94 6,3
0,51 0,12

OBCY>KIEHUE

[MnoTHOE ¥CCIemoOBaHMe HA MOAEIM MUHUIIUTA IO -
TBEPOWIO peaau3yeMOCTb ¥ TepBUUYHYI0 Oesomac-
HOCTb OTEYEeCTBEHHOM OCTEOMHTErpaTUBHOM CUCTe-
MbI 6efipa. PaHHSISI OoIopa Ha 9K30mIpoTe3 6e3 moTepu
ukcanyy, mpU3HAKY TMMEPUMMILIAHTATHOTO KOCTe-
00pa3oBaHMs M pe3yabTaThl My/i-ayT Tecta (400 H)
YKa3bIBAIOT HA YaCTUYHYIO OCTEOMHTErPaInio U JOC-
TaTOUYHYIO IEPBUYHYIO CTAOMIBHOCTb KOHCTPYKLIVN
C AHTUPOTAIMOHHBIMU IIIMIIAMU U SYEUCTON 30-
HO¥A. [IJI1 COTIOCTaBUMOCTY Pe3y/IbTaTOB HEOOX0AMO
CTAaHIAPTU3MPOBATb METOOVKM MEXaHUYECKUX UCITbI-
TaHU (YOT0BMS (PUKCALIMY CETMEHTa, CKOPOCTh TPaK-
LU, TPOTOKOI U3MepeHuin).

UpeckoxHpili uHmepegetic: Ipu BbICOKOI obceme-
HeHHOCTM Staphylococcus Spp., XapaKTepHOW st

IaHHOTO BUA, MPU3HAKOB KIMHUYECKM 3HAUMMOI
MHOEKIVY He OTMEUEHO; eskeTHEBHASI aHTMUCEIITUYe-
cKast 06paboTKa ogaepsK1Basia yI0BIeTBOPUTETbHOE
COCTOSIHVE€ CTOMBI. TO MOTUYEPKUBAET KPUTUUECKYIO
pOJIb AM3aliHa YpecKoKHOro MHTepderica v yxoma myst
yITyunieHnst 6apbepPHBIX CBOJCTB.

T'emamonozusi: GBIV BBISIBJIEHBI aCITEKTHI, TPEOYIO-
mye BHUMaHUS. KiMHuuecKuit aHaamM3 KpoBM yepes
MeCSIII TTOc/Ie TTOJTHOM YCTaHOBKY MMILIAHTATA yKa3asl
Ha pasBUTHE BbIPAKEHHOV aHEMMM, UYTO He CBSI3aHO
C KpOBOITIOTEPEei BO BpeMs ollepanyu, Tak Kak Kpo-
BOIIOTePS MPM BBIMOJIHEHUM 06Geux omepauuii 6biaa
MMUHUMMAJIbHOM — 1m0 50 Mj. BeposiTHOI MpUYMHOI
SIBJISIETCSI aHEMMSI, CBSI3aHHAs C peakiueit opraHmusma
Ha VMILIAHTAT, OOHAKO HEJb3s MOTHOCTbIO MCKITIO-
yaTh U JOpyrue (PakTophl, TakKMe KaK aMMeHTapHast
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HeIOCTaTOYHOCTh MJIM COIYyTCTBYIOIME IaTOJIOTUM,
He BBISIBJIEHHbIE Ha 3Tane CKPUMHUHTA. B nanpHelimem
HeoOXOAMM pacIIUPEHHbIi MOHUTOPUHT (KOHTPOJIb
YPOBHS heppUTHHA, CBIBOPOTOYHOTO JKejie3a, PETUKY-
Jo1UTOB, C-peakTUBHOIO OeJIKa).

TexHuueckue acnekmsl: [ByX3TallHas WMMIUIAH-
TalMsl BBITIOJIHEHA TI0 IUIaHy; BBOpauyMBaHue
abaTMeHTa 06€3 KOHTpYIEPXKaHMUSI WMHTpaMemyi-
JISPHOTO KOMIIOHEHTa MOTeHIMaTbHO CO30aeT MUK-
POTIOBMKHOCT — TpebyeTcs MHCTPyMEHTAaTbHas
KOHTpbMKcanusi. PaHHee MO3MpPOBaHHOE HArpyxkKe-
HYEe B OrpaHMUYEHHOM O6beMe He COIMPOBOXKIAIOCH
MpU3HaKaMu pacuiaTbiBaHus. Takke caenaH BbIBO[,
0 TOM, UTO OMaMeTp HOXa JJISI CTOMBI JOJIKEH ObITh
Ha 2—4 MM MeHblIIle AyiaMmeTpa BbIBOOMMOTO MMIIIaH-
TaTa AJIs CO3MaHUs HATSKeHMs, TOrga He MoTpedy-
eTCsl HaK/IaAbIBaTb KMCETHBINM OB HA CTOMY [JIS ee
repMeTu3aly Ha UMILIAHTAaTe.

WuTpaonepalMOHHble HAOMIOOEHUST TaKKe I10-
3BOIMJIM CHEeNaTh BaXXHbBI BBIBOZ, OTHOCUTEIbHO
KOHCTPYKLIMM MMIUIaHTaTa. B mpoiiecce ero ycra-
HOBKM MeTOmoM press-fit oTmedasoch 3HAYUTENb-
HOe TIOBbILIIEHNEe BHYTPUKOCTHOTO [JaBiaeHus. s
€ro CHYDKeHMS U 06ierdyeHus BbIXOa KOCTHOTO MO3-
ra B OyOylIux BepPCUSX MMIUIAHTATa 11ej1ecoo6pasHo
NpeaycCMOTpeTb CKBO3HOJ ITPOAOJIbHbBINV KaHal. Takas
MoauduKanys He TOMBKO YIIPOCTUT YCTAHOBKY, HO
M TIOTEHIMATBHO CHU3UT PUCK KMPOBOI SMOOINU U
HEKpO3a KOCTY OT M3OBITOYHOTO TaBIEHNS

Ipaxmuueckas 3HauuMocms: TIONyYeHHbIe pe-
3y/JbTaThl MOATBEPXKAAIOT KOPPEKTHOCTh MHXXeHep-
HBIX peleHuit U 3aJal0T HalpaBIeHus JOPaboTKY —
ycuneHue 6apbepHBbIX CBOVICTB YPECKOKHOTO WH-
Tepdeiica M KOHTPOIb GUOIUIEHKM, CTAHIAPTU3 AL NS
MeXaHUYeCKMUX U DPEHTTeHOJIOTUUECKUX KPUTEPUEB
MHTerpaluy, peraamMmeHThl yxofa 3a CTOMOM U mpo-
TOKOJIbI paHHEN Harpy3Kiu.

[TomyyeHHbIe HaMM pe3y/abTaTbl COIMOCTAaBUMBI
C JAaHHBIMMU IPYTUX pabor. Tak, B.T. Grisez c coaBTopa-
MM B IIMJIOTHOM MCC/IeJOBaHMM Ha OBLIaX yepes 16 He[.
TIOJTYYMITU OGMOJTIOTMUECKYI0 OCTEOMHTErPAIMIO § IBYX
U3 TpexX MMIUIAHTATOB ¥ He OOHAPYKWIN MTPU3HAKOB
uHbekuu [17]. [IpoleHT ycrexa MX SKCIEpUMeH-
Ta (67%) COOTBETCTBYET pe3ylbTaTaM MCCAeI0BAHUS
0 YaCTMYHOI MHTEerpauuyu: y MUHUIIUTA TakkKe OT-
MedeHO (GopMupoBaHMe HOBOW KOCTM BOKPYT MM-
IUIaHTaTa, M pe3y/abTaThl MyJ/I-ayT TeCTa COCTaBUIU
400 H. B uccremoBauuu T.J. Shelton ¢ coaBTOpammn
OBIIBI Yepe3 12 Mec. Mocjie ammnyTaluy MOAIePKU-
BaJIM Harpy3Ky Ha OMNEpPUPOBAHHYI0 KOHEUYHOCTh Ha
YpOBHE 74% OT UCXOOHOW M MMEIU CUMMETPUYHYIO
rmoxonky [18]. 3To coBmamaeT ¢ HamMMM HabIOAe-
HUSIMM — YBEpeHHasl Omopa ¥ XoAbba KMBOTHOTO
C 3K30MPOTE30M Cpa3y Iocjie yCTaHOBKM UPeCKOXHO-
ro abaTmMeHTa M 3K30ITpOTE3a.

AHanu3 TUCTONOTUYECKUX U KIMHUUECKUX pe-
3y/IbTaTOB, MOTYYEHHBIX IPYTUMU UCCIEI0BATENSIMU,

TaKke IOATBEPKIAeT 3(DPEKTUBHOCTb OCTEOMHTE-
rpaTMBHOTO Ioaxonma. B skcmepumenTax B.]. Farrell
C COaBTOpaMM MMIUIAHTUPOBAIM AOMalllHell KOIlKe
TOPUCTBIN TUTAHOBBIA MTUPT B OOIBIIEOEPIIOBYIO
KOCTb, yepe3 11 Hep,. )KUBOTHOE TOJTHOLIEHHO XOAMIIO
Ha IpoTe3e 6e3 MPU3HAKOB MHQEKIMUY, a TYUCTOIOTHU-
YyecKy OTMeuasi BpacTaHye KOCTU U KOXKU B ITIOPbI UM-
raHTara [19]. IIpu sTOM Macca Tesa KOIKY BbIPOCIa
¢ 3,2 0o 4,0 Kr 3a BpeMs 3KCIIepMMEHTA aHAJIOTUYHO
TOMY, Kak caMmKa MMUHUIINTA B HallleM 3KCIIepUMeHTe
Habpasa 1o 10 Kr. OTU JaHHbIE XOPOIIO COOTHOCSITCS
C TIOJTyYeHHBIMYM HaMM PEHTTeHOJIOTMYEeCKMMU Pe3yiib-
TaTaMu MepUMMILIAaHTATHOTO OKOCTEHEHUS U KIMHU-
YeCKMM BOCCTAHOBJIEHMEM (DYHKIMM KOHEUHOCTM!.

Yro KacaeTcst MHPEKIMOHHBIX OCIOKHEHWIA, HAIIN
HaOMIOAeHMS YKIAAbIBAIOTCSI B M3BECTHBIE TPEH/BI.
HecmoTpst Ha BBICOKYIO GaKTEpPHATbHYIO KOJOHM3A-
LMI0, B 9KCIIEPMMEHTE He pa3Buiach KIMHUYECKas
nHpekuyst. B.T. Grisez ¢ coaBTopaMy aHAJIOTUYHO HE
BBISIBWIM MUKpPOOHOe BocmnaneHue [17]. B peambHO
KJIMHMYECKO} TpaKkTMKe TMPU MUCIONb30BaHUM Upec-
KOXXHBIX OCTEOMHTErpaTUBHBIX CUCTEM YacTOTa MO-
BEPXHOCTHBIX MHGEKINI y TMAIMeHTOB COCTABIISIET
npubmusuTenbHo 13-30% [13], uTo roBopuUT 0 HEOO-
XOOVMMOCTY COBEPILEHCTBOBAHMSI KOHCTPYKIUM y3Jia
M yXOfla 32 CTOMOJ1. B HallleM HabIIOIeHNY eXXeTHEB-
HOe TIpYMeHeHMe AHTHCENTUKOB 06eCreuymnsio yaoB-
JIETBOPUTENBHOE COCTOSIHME KOXM, UTO TMOATBEPXK-
JlaeT BbIBOAbI IPYTMX aBTOPOB O BAXKHOCTU TUTMEHBI
[17,18,19].

Takum 06pa3om, IOSyYeHHbIE MPU MPOBEAEHUN
9KCIIEpPUMEHTA Pe3y/IbTaThl 10 QYHKIIMOHAIBHOI Ha-
Ipy3Ke, 06pa30BaHMIO0 KOCTHO TKaHM ¥ 6€30ITaCHOCTY
COTIOCTaBMMBI C JAHHBIMM aHAJOTUUHBIX UCCAe0Ba-
HUIt Ha KMBOTHBIX: OHUM MOATBEPKAAIOT MPUHUMUIIN-
aJbHYI0 3(PQGEeKTUBHOCTh METONA OCTEOMHTErpaIyi,
HECMOTPSI Ha HeM30eKHbIe TeXHUYECKUE CIIOKHOCTH.
Ha sTOoM (boHe BbISIBIIEHHBbIE ITPY BBITTOTHEHUU WUC-
CJieflOBaHMS TaHHbIe — YaCTUYHAs OCTEOMHTerpaius
M KOJIOHM3ALMSI CTOMBI 6e3 BOCIaJeHNSI — XOPOIIO
COIVIACYIOTCS C JIUTEPATYPHBIMM OTYETaMM U 3a7al0T
BEKTOPBbI IJIS JaTbHEMIINX VCITITAaHWIA.

OI'paHM‘IEHI/Iﬂ nuccieaoBaHmnsa

EnuHuuHOe HabIIomeHe U CPOK 3 Mec. He TI03BOJISI-
IOT OLEHUTDH [JIUTENbHYI0 CTaOMIbHOCTH, ITO3IHME
MH(PEKUVOHHbIE COOBITUSI M PEeMOIeNMPOBaHKE; OT-
CYTCTBOBA/IM MCXONHbIE TeMaTOJOTMUYECKME IaHHbIe
M MHCTPYMEHTA/IbHAS OLleHKA ITOXOIKM.

3AK/TIOYEHHE

[IpoBeseHHOE NUIOTHOE MCCAedOBaHME MPOAEMOH-
CTPUPOBAJIO TPUHUIMUIIUAIBHYIO PaboTOCIIOCOGHOCTD
M TIEPBUYHYI0 6€e30I1aCHOCTh OTeUeCTBEeHHON 0CTeo-
MHTErpaTUBHOM CUCTEMbl Ha KPYITHOM >XMBOTHOM
mogeny. JOCTUTHYTHI (YHKIMOHAIbHAS Harpyska
Ha IpoTe3 M YacTUYHas OCTEOMHTerpalys UMILIaH-
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Tara. BolaBieHHbIe HeXeNaTebHbIE SBIEHUS, TaKue
Kak aHeMus ¥ OeCCMMIITOMHASI KOJOHMU3AIMSI CTO-
MbI, TPeOYIOT AANTbHENIIEr0 U3YUYEeHNUSI Y ONMTUMU3A-
LMY TIPOTOKOJIOB BeAeHMs. Pe3ynbTaTbhl 000CHOBBI-
BAIOT 11€71eCO06Pa3HOCTh MPOBEAEHMSI PaCHIIPeHHbIX

JOIIOTHUTEJIbHASI NTHO®OPMALIVISA

3asnenexHslii 6Kk1a0 asmMopos

CuHezy6 A.B. — KOHIEIIUSI U OU3aiH MCCIeI0BaHMUS,
c60p, aHaIM3 ¥ MHTEepPIpeTalus JaHHbIX, HAallMCaHue U pe-
IaKTUPOBaHMe TeKCTa PyKOIMUCH.

Yynpsies B.A. — KOHLENUUS U AU3aH UCCIeIOBaHMS,
c60p, aHa/IU3 Y MHTEPIIpeTaLVs JaHHbIX.

Jlemuenko K.H. — KOHILIeIUMS M OU3aiiH UCCIeq0BaHMs,
c60p, aHa/IU3 Y MHTEPIIpeTaLVs JaHHbIX.

BopoHun C.E. — KOHLeNUMs U AU3alH UCCIefoBaHus,
c60p, aHa/IU3 Y MHTEPIIpeTaLVs JaHHbIX.

dlidenvman K.B. — HamMcaHue U pelakTUPOBaHMe TeKCTa
PYKOTIACH.

Bce aBTOpBI MpowIn U omoOpuian GUHATBHYI0 BEPCUIO
pYKOMUCH CTaTbu. Bce aBTOPBI COrTaCHbI HECTU OTBETCTBEH-
HOCTb 3a BCe acIeKThbl paboThl, YTOOBI 06ECTIEUNTD HaZJIexka-
1Ijee pacCMOTpeHMe U pellleHre BCeX BO3MOKHBIX BOIIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO M HAZEXKHOCTDIO JTF060I YacTu
paboThI.

Hcmounuk ¢uHnancuposanus. Pabora BBITOMHSIIACH
B COOTBETCTBUM C IUIAHOM Hay4yHbIX ucciaemoBaHuit 000
«HproCrern».

Bo3mozicHblli KOH(AUKM uHmepecos. ABTOPHI JleKja-
PUPYIOT OTCYTCTBME SIBHBIX ¥ TIOTEHIMATbHBIX KOHQIUKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIMeii HaCTOSIIEN CTaTh.

Smuueckana 3kcnepmu3sa. VicciemoBaHue TIpoBefie-
HO TIpM COOJIIONEeHUNM TPUHIIMIIOB T'YMAHHOTO O6GpalieHust
¢ 1a6opaTOPHBIMM JKMBOTHBIMM B COOTBETCTBUM C TpeboBa-
Husamu EBpomneiickoit KOHBeHIIMM T10 3alIUTe T03BOHOUHBIX
SKMBOTHBIX, UCIIO/Nb3YEMbBIX IJISI SKCIIEPUMEHTOB U APYIUX
HayuHbIX Leneit u gupektusoii 2010/63/EU EBpomneiickoro
napiaaMenTa u CoBetra EBporeiickoro corsa oT 22 CeHTSIOpS
2010 r. mo oxpaHe >XUBOTHBIX, UCIIOJIb3yeMbIX B HaYUHBIX
LeJIsX.

Ungpopmuposantoe
He TpebyeTcs.

TenepamueHblii uckyccmeeHHstii unmesiekm. I[lpu co3-
IaHUY CTaTbU T€XHOJOTUY TeHePaTUBHOTO UCKYCCTBEHHOTO
VUHTEJIeKTa He UCIIOIb30BaJIN.

cozjacue Ha nyﬁnuxauuto.
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Nail-Plate Combination for the Treatment of Pubic Symphysis
Disruption and Pubic Rami Fractures

Nikita N. Zadneprovskiy, Alexey M. Fain, Pavel A. Ivanov, Yuri A. Bogolyubsky,
Alexander N. Mansurov

Sklifosovsky Research Institute for Emergency Medicine, Moscow, Russia

Abstract

Background. Anterior pelvic ring fractures, including pubic symphysis disruption and pubic rami fractures,
represent a complex clinical challenge in traumatology. They are associated with significant pain syndrome,
loss of weight-bearing function, and often with damage to the anterior abdominal wall caused by stomas,
drains, etc. There remains a strong demand in pelvic surgery for effective treatment methods that provide
stable bone fixation in this anatomical region, shorten rehabilitation, and improve functional outcomes with
minimal complications.

The aim of the study — to demonstrate a new method of simultaneous fixation of pubic symphysis disruption
and pubic rami fractures using the nail-plate combination.

Surgical technique. A 10-cm Pfannenstiel incision was made directly along the superior edge of the pubic
symphysis, followed by vertical incision of the aponeurosis and dissection of the prevesical space. After
revision of the symphyseal rupture zone, the identified diastasis was reduced using Weber or small Jungbluth
forceps. Sequential fixation of the pubic rami fractures was then performed with interlocking nails on both
sides, but without inserting the locking screws. Without removing the guide from the last inserted nail, a plate
was positioned so that its midpoint corresponded precisely to the midline of the reduced pubic symphysis.
The nail was then interlocked with two 3.5-mm cortical screws through the plate holes. The guide was
removed and connected to the remaining nail (the nail ends usually protrude 1-2 mm from the entry points
and are easily palpable).

Conclusion. The method of combined fixation using the nail-plate system is a technically feasible and safe
approach for the treatment of pubic symphysis disruptions and pubic rami fractures.

Keywords: pubic symphysis disruption; pubic rami fracture; interlocking nail; plate fixation; nail-plate
combination.
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ConpsixeHHas ¢puKcauusa paspbiBa cumdpusa M nepesoMos
NOBGKOBbIX KOCTEN CUCTEMOM KWTUGT — NIACTUHAY

H.H. 3agHenpoBckuii, A.M. ®@aiiH, I1.A. ViBaHoB, 10.A. Boromo6ckuit, A.H. MaHCcypoB

I'BY3 «HayuHo-uccnedosamensckuii uHcmumym ckopoti nomowju um. H.B. Ckaugpocosckozo J13M»,
2. Mocksa, Poccus

Pedepar

AxmyanvHocmes. IlepeiomMbl TiepegHEro MOAYKOJIbIla Ta3a, BKIOYAsh paspbiB JIOHHOTO cuMdu3a 1 IepeioMbl
JIOOKOBBIX KOCTE, MPeaCTaB/IsIIoT 0605t CIOKHYIO KIMHUYECKYI0 TPo6ieMy TpaBMaTonoruu. OHM COMTPOBO-
SKIAIOTCS 3HAUUTENIbHBIM 60JIEBBIM CMHIPOMOM, HapyleHueM GYHKINMIT OTIOPBI ¥ HEPEIKO MOBPEXIeHEeM
repenHeii 6PIOIIHOM CTEHKM CTOMAaMu, IpeHakaMy U T. I1. B XMpyprum Ta3a COXpaHsIeTCs] BBICOKMIA CITPOC Ha
HOBbIe 3¢ (PeKTUBHbIE METOIbI JIEUeHMsI, KOTOpbIe ObI 06eCcIeunBaIu CTabMIbHYIO (UKCALIMIO KOCTE B 9TOI
aHATOMMYECKOJt 06/IaCTY, pAaHHIOI aKTUBMU3AIIMIO U YIyUlleHye GYHKIMOHAIbHBIX MCXOA0B C MUHMMAaJIbHbI-
MU OCJIOXKHEHUSIMU.

Llens uccnedosanus — mpencTaBUTh HOBBIM METOJ, OJHOBpEMEHHO duKcamu paspbiBa cumMdumsa u rnepeio-
MOB JIOOKOBBIX KOCTEJi COMPSIKEHHO CUCTEMO «IITUDT — TIaCTUHA».

TexHuka onepayuu. BeITIONHSIIM XUPYprudeckuii mocTyt o [IbaHHeHIITUIIo AyiHo 10 ¢M HerocpeICTBEHHO
10 BepxXHEMY Kpalo JJOHHOTO COUYJIeHeHMSI C BePTUKAJIbHBIM pacceueHreM arloHeBpO3a M pa3BeleHMeM KIIeT-
YaTKM IPeAITy3bIpHOTO ITPOCTPaHCTBa. ITociie peB1u3uy 30HbI pa3pbiBa IOHHOT'O COWIeHEHMS BbISIBIE€HHbIN A1a-
CTa3 yCTpaHSJIM C IOMOIIIbI0 MUITITOB Weber mau mManbix muios Jungbluth. /lanee BIMOMHSIIM TOOYEPETHYIO
(ukcanuio mepesoMoB JIOOKOBBIX KOCTEl OJIOKMPYEMbIMU IITU(GTaMM ¢ 06€UX CTOPOH, HO 6e3 yCTaHOBKY 6J10-
KUpPYIOLMX BUHTOB. He cHMMast HarmpaBUTeb C MOCJeAHEr0 YCTaHOBIEHHOTO MITHU(TA, YKIAIbIBAIN IIJIACTUHY
TakuM 06pa3oM, YTOOBI cepeMHa GUKCATOPa HAXOAWIACH CTPOTO TOCEPEIMHE COTIOCTABIEHHOTO IOHHOTO COY-
JeHeHMs1. [lajiee BBITIOIHSIIM OJOKMPOBKY IITU(TA ABYMS 3,5 MM KOPTUKAJTbHBIMM BUHTAMU Uepe3 OTBEPCTHS
IUIaCTUHBI. HarmpaBuTe b CHUMAaJIM M COEAVHSIIU C OCTAaBIIMMCS IITU(GTOM (KOHIIBI MITU(TOB, KaK ITPaBUJIO, BbI-
CTOSAT Ha 1-2 MM U3 TOUEK BXO/a U XOPOIIO OMpPeAesstoTCs).

3axntouenue. MeTo[1 CONPSIKEHHOM (GUKcAIIUY CUCTEMO «IITUGT — IIACTMHA» SIBJISIETCSI TEXHMYECKHM OCyIIe-
CTBMMBIM ¥ 6€30IacHBIM ITPYM JIEUeHUY pa3pbIBOB cMM@M3a U IePeIOMOB JIOOKOBBIX KOCTEIA.

KiroueBble ¢JIOBa: pa3pbIB cuMGM3a; IEPEIOM JIOOKOBBIX KOCTEI; GIOKMPYEeMbIil INTU(T; HAKOCTHBIN OCTEO-
CUHTE3; COTPSIKEHHbBIN OCTEOCHMHTE3 CUCTEMO «IUTU(DT — MIacTuHa».

[ Ansa uuruposanusi: 3anHenposckuii H.H., ®aiin A.M., WBanos II.A., Boromo6ckuit [0.A., Mancypos A.H.
ComnpsprkeHHast (ukcanusi paspbiBa cumdusa M MepeioMOB JOOKOBBIX KOCTeit cHUCTeMOit <«IITUQT — IJIaCTUHAY.
Tpasmamonoeus u opmonedus Poccuu. 2025;31(4):152-162. https://doi.org/10.17816/2311-2905-17774.
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INTRODUCTION

Anterior pelvic ring fractures, including pubic
symphysis disruption and pubic rami fractures,
represent a complex clinical problem in trauma
surgery [1, 2, 3, 4]. Such injuries occur in the
setting of high-energy trauma (motor vehicle
accidents, falls from height) and are associated
with high mortality, a risk of urogenital organ
injury, and prolonged rehabilitation [3, 5, 6].
The combined injury of the symphysis and pubic
bones does not have an established incidence
rate, as it is usually described in the literature
as a component of broader pelvic trauma [3, 4].
Pelvic ring instability leads to impaired weight-
bearing function, chronic pain, and reduced
quality of life in affected patients [7, 8, 9].

Modern fixation methods, such as plate
osteosynthesis, external fixation devices, and
minimally invasive subcutaneous systems
(INFIX), demonstrate various advantages
and disadvantages. For example, traditional
plates provide stability but require extensive
surgical exposure, which may lead to infectious
complications (4%) and neurovascular injuries
(0.3-2.0%) [10]. External fixation, in turn, is
associated with a high complication rate (up
to 62% cases of pin-site inflammation) [10,
11], while INFIX, although reducing surgical
invasiveness, may cause lateral femoral cutaneous
nerve neuropraxia in 28% of cases, heterotopic
ossification around screw heads in 9.4%, and
infectious complications in 1-3% [12, 13].

These limitations underscore the need for
continued development of new techniques
that combine the stability of classical osteo-
synthesis with minimal invasiveness [14, 15,
16, 17, 18]. In this context, the nail-plate system,

‘().

® |4

integrating intramedullary nailing and plate
fixation, represents a promising solution.

The aim of the study — to demonstrate a
new method of simultaneous fixation of pubic
symphysis disruption and pubic rami fractures
using the nail-plate combination.

Surgical technique

To ensure maximum safety and predictability
of the method, its performance was first
practiced in an anatomical laboratory on cadaver
specimens and is described in detail below with
the illustration of the key steps. The optimal
surgical approach was determined, the ideal
entry points for the locking nails were identified,
and the technical reproducibility of all stages of
the combined fixation was confirmed. Based on
these findings, a standardized operative protocol
was formalized and subsequently applied to
patients during the clinical phase.

For the procedure, the patient was positioned
on a radiolucent surgical table, with rolls placed
under the knees to achieve 20-30° of flexion.
To monitor urine output and detect intraopera-
tive bladder injuries, a Foley catheter was inser-
ted. The surgical field was disinfected three times
with antiseptic solution and draped with sterile
linens. A 10-cm Pfannenstiel incision was made
directly along the superior margin of the pubic
symphysis (Figure 1a) [19]. The concept of the
nail-plate combined system for the osteosyn-
thesis of bilateral fractures of the superior
pubic rami with nails and fixation of the pubic
symphysis disruption with a plate is illustrated
in Figure 1b. Intraoperative radiographic control
of fragment reduction, as well as nail and locking
screw placement, was performed throughout the
surgery using a C-arm.

Figure 1. Schematic representation of the Pfannenstiel approach (a); conceptual model of the combined
nail-plate system, comprising plate fixation of the symphyseal disruption and fixation of bilateral pubic rami

fractures with interlocking nails (b)
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The aponeurosis was vertically incised along
the linea alba, and the rectus abdominis muscles
were retracted with hooks. The prevesical
(Retzius) space was then bluntly dissected,
following the posterior surface of the pubic bone
bases (Figure 2a). After the revision of the pubic
symphysis disruption, the identified diastasis
was reduced using Weber forceps or small
Jungbluth clamps (Figure 2b).

The length of the nails was determined
according to the Nakatani classification of pubic
bone fractures: for fractures in zones I and II,
a 110-mm nail was used; for zone III fractures,
a 120-mm nail was used (for individuals taller
than 190 cm, a 130-mm nail was selected) [20].
It is important to achieve symmetrical entry
points for both nails: exactly at the midpoint of

the height of the pubic bone base in the outlet
view and at the apex of the anterior corner of the
pubic bone base in the inlet view.

Sequential fixation of the pubic rami fractures
was then performed using locking nails on both
sides through a 1-cm contralateral skin puncture
located below the Pfannenstiel incision, but
without inserting the locking screws. Without
removing the guide from the last inserted nail,
the plate was positioned so that the midpoint of
the implant lay exactly over the reduced pubic
symphysis (Figure 3).

To prevent displacement, the plate was
temporarily fixed with a 2-mm wire through the
technical hole. A drill sleeve was inserted through
the guide handle and aligned with the hole in the
plate closest to the symphysis (Figure 4).

Figure 2. Anterior intrapelvic Pfannenstiel approach: a — the incision is extended to 30 cm for illustrative
purposes; b — reduction of the symphyseal disruption using Weber forceps

Figure 3. Intraoperative inlet view of the pelvic with nails inserted into both pubic bones (a); the plate is
positioned at the midpoint of the superior symphyseal border via the surgical approach (b)
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Figure 4. Intraoperative outlet view of the pelvis with the guide cannula aligned for nail locking through the

plate hole (a); nail locking via the plate hole (b)

If necessary, the nail was slightly adjusted in
a retrograde or antegrade direction to achieve
precise alignment of the drill sleeve with the
plate hole. The nail was then locked with two
3.5-mm cortical screws through the plate holes
(Figure 5). The guide was removed and attached
to the second nail (the ends of the nails usually
protrude 1-2 mm from the entry points and
are easily palpable). The optimal angle of the
guide for subsequent nail locking was achieved
by rotating it around the nail axis under C-arm
control.

Standard positioning of the plate after
osteosynthesis and the view of the surgical field
prior to closure are shown below (Figure 6).

During the clinical phase, when performing
this surgical technique, patients underwent
drainage of the Retzius space using a Redon
drain through a contralateral incision in the
area of the Hesselbach triangle. The surgical
field was irrigated with saline and closed in

layers. Postoperative sutures were covered
with a sterile dressing. Before wound closure,
the absence of blood in the urinary catheter
was verified.

The Pfannenstiel approach allows simulta-
neous osteosynthesis of bilateral pubic rami
fractures with concomitant pubic symphysis
disruption, even in the presence of various
anterior abdominal wall defects. For example,
this technique can be applied in patients with
a colostomy or concomitant bladder rupture
(Figure 7).

It is important to note that the presented
method of anterior pelvic ring stabilization
is usually part of a comprehensive surgical
approach. In cases associated with posterior
ring instability, it should be combined with
appropriate fixation techniques, chosen indi-
vidually based on the complete diagnostic assess-
ment. In our practice, cannulated 6.5-mm screws
were typically used (Figure 8).

Figure 5. Intraoperative obturator-outlet view of the pelvis during locking of the nail with a 3.5-mm screw
through the plate hole (a); intraoperative photograph of the surgical site showing interlocking of the second

nail through the plate hole (b)
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Figure 6. Intraoperative anteroposterior view of the pelvis after combined fixation with the nail-plate
system (a); intraoperative photograph of the surgical site prior to wound closure (b)

Figure 7. Pelvic X-ray in the anteroposterior view: symphyseal disruption with significant diastasis
and fractures of both pubic bones (a); cystogram showing extravasation of contrast beyond the bladder
contour (b)

Figure 8. Postoperative X-ray: anterior fixation with the nail-plate system and sacral fixation
with cannulated screws in S1 and S2 (a); 2D CT reconstruction of the pelvis postoperatively confirming
restoration of the pelvic ring anatomy with fixation of the sacrum, pubic bones, and symphysis (b)
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In 11 (84.6%) of the 13 patients who under-
went the developed surgical technique, an ana-
tomical reduction of the fractures was achieved,
as confirmed by intraoperative fluoroscopy.
Two patients (15.4%) demonstrated minor
displacement (<5 mm) due to osteoporosis, which
required correction.

The mean operative time was 120+25 minu-
tes, with a blood loss of 150+50 ml. Postoperative
wounds healed primarily in all patients within
10-14 days. Radiographic bone union was obser-
ved at 122 weeks. No implant-related compli-
cations (migration, breakage) were reported.

Functional outcomes were assessed using
the Majee scale at 6 months: 9 (69.2%) patients
had excellent results (85-100 points), 3 (23.1%)
patients had good results (70-84 points), and
1 (7.7%) patient had satisfactory results (55-69
points).

DISCUSSION

The treatment of anterior pelvic ring fractures
(pubic symphysis disruption with concomitant
fractures of the superior pubic rami) in patients
with a colostomy, epicystostomy, drains, or
laparotomy wounds presents a particular
challenge due to limited surgical access, the risk
of implant-associated infection, and technical
difficulties in fixation. Patients with colostomies
often have impaired immunity and may develop
anemia or hypoproteinemia, increasing the risk
of general surgical complications with large
incisions.

Isolated fixation of the symphysis alone may
be insufficient, and open reduction and fixation
of the pubic bones can be technically difficult
due to the limited surgical exposure [5].

Providing care for patients with pelvic
fractures is generally a complex process that
requires a multidisciplinary approach and the
use of both surgical and non-surgical treatment
methods[11,21, 22]. The management of anterior
pelvic ring injuries, in particular, remains a
subject of ongoing discussion within the trauma
community [23]. There is a continuous search
for minimally invasive surgical techniques
due to improving mechanical properties of
fixation devices and constantly advancing
osteosynthesis technologies [14, 20, 24, 25, 26].
These developments significantly reduce opera-
tive time, blood loss, and complication rates.
Several surgical approaches for pubic symphysis

disruption with concomitant pubic rami frac-
tures have been described in the literature [13,
27, 28, 29]. The choice of treatment method de-
pends on multiple factors, including the specific
fracture morphology, the patient’s condition,
the presence of associated injuries, and the sur-
geon’s preference.

Plate fixation. The use of a long J-shaped
pelvic plate is considered the gold standard for
the surgical treatment of simultaneous pubic
symphysis disruption and pubic rami fractures.
This method provides high stability even in
osteoporotic bone and allows for the precise
restoration of the pubic symphysis anatomy.
Success is achieved in approximately 90% of cases
[3]. Surgical approaches to the anterior pelvis
vary and include the Pfannenstiel approach, the
modified Stoppa approach, and the ilioinguinal
approach according to Letournel, each with
its own set of potential complications [10, 13,
19]. However, these methods are not without
significant drawbacks: extensive exposure carries
the risk of injury to major vessels and nerves,
averaging around 4%, and there is potential
for blood loss and postoperative infectious
complications in about 5% of cases [31]. Screw
or plate breakage is frequently observed during
treatment, although it generally does not affect
long-term outcomes.

External fixation devices are the most com-
monly used method for treating fractures of the
anterior pelvic ring. They are employed both as
a standalone treatment and as an auxiliary tool
for stabilizing pubic bone fractures during the
plate fixation of pubic symphysis disruptions
[2, 5]. The most frequent complications
associated with external fixation include soft
tissue inflammation around Schanz screws
(18-62%), device failure, and the need for re-
admission for device removal, which in itself
increases treatment costs [14].

Minimally  invasive  osteosynthesis  with
cannulated screws is used both for the fixation
of pubic symphysis disruptions and for
osteosynthesis of pubic rami fractures, with
screws able to be inserted retrogradely or
antegradely. The osteosynthesis of pubic bone
fractures with cannulated screws is typically
combined with the plate fixation of the pubic
symphysis. In this context, the antegrade
insertion technique is primarily wused, as
retrograde screw placement is often impeded by
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screws from the plate at the insertion site [31].
Moreover, the method is technically demanding,
and in approximately 13% of cases it cannot
be performed due to pronounced curvature of
the anterior pelvic ring [25]. Complications are
mainly related to screw placement outside the
bony corridor and may include injury to major
vessels, the femoral nerve, the spermatic cord
and the suspensory ligament of the penis in men,
or the round ligament in women [26].

Subcutaneous systems: INFIX and Pelvic
Bridge Plate. It has been shown that a new
method for treating pelvic fractures — the
combination of lower pelvic coverage with a
pubic plate — effectively addresses Nakatani
type I, II, and III fractures, offering advantages
such as rapid recovery, safety, simplicity, and
improved aes-thetics [12, 25]. An alternative
is the minimally invasive anterior pelvic ring
internal fixator (INFIX), although it may not
be suitable for all patients due to potential
complications, such as femoral nerve palsy and
vascular occlusion [31, 33, 34]. Furthermore,
the management of the anterior component
of unstable lateral compression pelvic ring
injuries remains controversial. Researchers
continue to compare different fixation methods
to identify the most effective approach [35].
There is ongoing exploration of optimal pelvic
osteosynthesis techniques, both traditional and
novel, depending on fracture morphology and
the patient’s overall condition [12, 13, 31, 36].

Common complications associated with INFIX
include injury to the lateral femoral cutaneous
nerve, with reported incidence varying across
studies, and heterotopic ossification around the
screw heads [25, 32].

We hypothesized that for the osteosynthesis
of tilt-fracture type injuries, the use of a
combined nail-plate fixation system is entirely
appropriate. The principle involves locking the
nail through the plate holes, where the screws
securing the plate do not interfere but, on the
contrary, facilitate compact placement of the
fixators within the limited bony space. This
concept was made possible by the development
of a locking nail [20]. The fundamental idea of
hybrid use of fixators, where screws locking the
nail pass through plate holes, is not new and
has long been applied in osteosynthesis of other

anatomical regions, such as femoral and tibial
fractures [36, 37, 38].

When using standard symphyseal plates from
foreign manufacturers (Synthes, Switzerland,
Stryker, USA) or domestic producers (Osteomed,
Russia), coaxial alignment between the plate lying
over the pubic symphysis and the nail inserted
into the pubic bone is lacking due to differing hole
spacing in the plate and the nail. Additionally,
the fixators are positioned at slight angles
relative to each other in both the horizontal and
frontal planes. These factors make locking the
nail with two screws simultaneously practically
impossible. As a result, plate fixation through
the nail can only be achieved with a single screw,
which is biomechanically suboptimal, since the
screw in this configuration acts as a rotational
axis for both the plate and the nail, theoretically
creating an element of instability. The placement
of anti-rotational screws through the remaining
plate holes can be problematic due to the narrow
bony corridor of the pubic bone base already
occupied by the nail. Therefore, we developed a
new plate design in which the holes are coaxially
aligned with the nail holes to allow for secure
locking.

The special design of the plate holes allows
the surgeon to adjust the angle of the 3.5-mm
screws within a 50° cone, facilitating the
task of locking the nail with two screws. This
biomechanical concept of dual-screw nail
locking has been termed “doublet locking”.
The concept of “doublet locking” arose due to
the technical difficulties of standard fixation,
namely inserting screws into the narrow
bony corridor of the pubic bone base already
occupied by the nail. In our view, for maximal
rigid stabilization of a nail locked at only one
end, at least two fixation points are required.
Moreover, the plate is designed to allow
simultaneous locking of two nails in cases
of bilateral pubic rami fractures, making it a
versatile solution.

The key advantage of this method is
the combination of minimal invasiveness
(Pfannenstiel approach) with biomechanical
stability. This aligns with studies showing that
combined fixation methods achieve superior
outcomes compared to isolated use of plates or
nails [39, 40].
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Study limitations

The small sample size and the lack of long-
term follow-up limit the interpretation of the
results. Multicenter studies assessing long-term
outcomes, such as heterotopic ossification,
implant migration, or breakage, are needed to
confirm the efficacy of the method.

CONCLUSION

This study demonstrated that the combined
nail-plate fixation method is technically feasible
and safe for the treatment of pubic symphysis
disruptions and pubic rami fractures. The nail-
plate system combines a small Pfannenstiel
approach with high fixation stability provided
by double nail locking. This allows for reduced
operative time and lower risks associated with
extensive surgical exposure.

The proposed method aligns with current
trends in trauma surgery and may be
recommended for clinical implementation in
the management of unstable anterior pelvic ring
injuries, particularly in patients with polytrauma
or a high risk of infectious complications.
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HMIi B 9TOJ cdepe.

Llens uccnedoeanus — poBECTM MEPBUUHBII aHAIN3 PE3YIbTATOB PaGOThI TPABMATOIOTO-OPTONEIMUECKOI CITY>KOBI B TPEX
benepanbHbIX OKpyTrax Poccuu Mo JaHHBIM aBTOMAaTH3MPOBAHHO MH(MOPMAILIMOHHOM CUCTEMbI C60pa rOIOBBIX OTYETOB.
Mamepuan u memodst. [y aHan“3a 6panuch JaHHbIe M3 aBTOMAaTU3MPOBAHHOM MH(DOPMAIIMOHHOM CUCTEMBI c60pa OT-
yeToB (AVIC CO). C Lenbio [eMOHCTpaLy BO3MOXKHOCTEN JaHHOM CUCTeMbl aHaIM3y MOABEPIIMCH He BCe MMeIlyecs Mo-
KasaTesu, a IUIIb Haubojiee 3HAUMMbIe B paMKax M3y4aeMOro BoIpoca.

Pe3ynemamst. Ha MOMeHT HalMCaHMs CTaTby OBLIM MOCTYIIHBI CBeJleHUsI 0 paboTe 644 (44,1%) nmoppasmeneHnii Tpas-
MaTOJIOTUY U OPTOTIEANY CTAIIMOHAPHOTO ¥ aMOyIaTOPHOTO 3BeHa u3 1460, 3aperncTpMpoBaHHbIX B cucTeMe. Hambomee
BBICOKASI 3amoHsIeMocTh (61,1-71,7%) ormeuaercs B CeBepo-KaBkasckom, CeBepo-3anamHom u IOkHoMm demepanbHbIX
OKpyTax, MOCKOIbKY OHU Kypupyiorcs ®TBY «<HMUILL TO um. P.P. Bpemena» Mun3apaBa Poccun 1 BKITIOUMINCH B pabOTy
¢ AVC CO Ha rof paHblile OCTa/IbHBIX. B BbIZle/IeHHBIX OKPYTaX He BCe PerMOHbI IPUMHMUMAIOT yuacTue B 3anonHeHuu AVIC
CO — B C3®0 gaunbie npencrabuan 10 permonos 13 11, B CKOO — 7 u3 7, B I0OO®O — 7 u3 8. B HacTOS1IMIA MOMEHT MH-
dbopmanus o cranmoHapax MpemaoCTaBiseTcs aydlie, 4eM 06 aMOyIaTOPHO-TIOMUKIMHUUECKUX YUPEKAEHUIX, UMEEeTCS
nHbopmaiius o pabore 218 craionapos u 210 aM6yIaTOPHO-MOMUKINHAYECKUX YUPEKIEHUIA.

3axntouerue. IIpoBeleHHbIV aHAIN3 PE3YIbTATOB MOKa3as, yTo nHopmanuys n3 AVIC CO mo3BossieT MOAHSITh Ha HOBBI
KaueCTBEHHbBI YPOBEHb OLIEHKY paboThl TPAaBMAaTOIIOTO-OPTOINEAMYECKOI CTYK6bI TI060TO PErMOHA 3a CUEeT JeTaau3aiun
XapakTepa TOBPEKAEHMIT 1 JIe4UeGHbIX MepOIPUATHI. Ba30BBIM MOMEHTOM [IJISl TIPUHSTHSI PEeIleHuii 0 MapIipyTU3alun
TalMEeHTOB JO/KHO CTaTh MOHMMAaHMe Y3KOMPOMUIbHBIX acIIeKTOB PabOThI CIYKObI U TPO6IEM, CBSI3aHHBIX HEIMOCPe[-
CTBEHHO C OKa3aHMeM CIelMaan3upoBaHHoi momoInu. [To Mepe yBeMueHMsI YMc/Ia OpraHu3aLnii, BHOCSIIMX MHGOPMAIINIO
B AVC CO, 6yayT MOBBIIATHCS BaAUIHOCTb JAHHBIX M PACIIUPATHCS BO3MOXKHOCTY aHaAM3a paboThl TPAaBMAaTONIOT0-0P-
TOIMeANYECKOi cayk0bl. [Ipy MHOTO/IeTHEM (GYHKIMOHMPOBAHUY HAKOIJIeHHAas] 6a3a JaHHBIX MO3BOJIUT MPOBOAUTDL HE
TOJIbKO CKPMHMHTOBBIE MCCIeOBAaHMS, HO ¥ HabII0ieHM e TTPOIeCCOB B IMHAMMKE.

KimioueBblie CJIOBa: OpraHu3anys MeIUIIMHCKOM IOMOIIM; TPaBMaTOIOT0-0pTOTeIMUeCcKas CIy>k6a; aBTOMATU3MPOBAHHAS
MHGOpMaLMOHHAS CHUCTeMAa; MapIIPyTU3aLMs MalyIeHTOB.
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of Trauma and Orthopedics Services at the Regional Level:
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Abstract

Background. The relevance of this study is determined by the need for an objective assessment of the current state
of the trauma and orthopedics service in the Russian Federation and the search for effective tools that can support
informed management decisions in this field.

The aim of the study — to conduct a preliminary analysis of the performance of trauma and orthopedics services in three
federal districts of Russia based on the data from an automated information system for collecting annual reports.
Methods. Data for the analysis were obtained from the automated information reporting system (AIRS). To demonstrate
the capabilities of this system, we analyzed not all available indicators, but only those what were most relevant
to the research question.

Results. At the time of writing, information was available on the performance of 644 (44.1%) inpatient and outpatient
trauma and orthopedics units out of 1460 registered in the system. The highest reporting completeness (61.1-71.7%) was
observed in the North Caucasian, Northwestern, and Southern Federal Districts, as these districts are supervised by the
Vreden National Medical Research Center of Traumatology and Orthopedics and began working with the AIRS one year
earlier than the others. Not all regions within these districts participated in filling out the AIRS: in the Northwestern
Federal District, data were provided by 10 out of 11 regions; in the North Caucasian Federal District, by 7 out of 7;
and in the Southern Federal District, by 7 out of 8. At present, information from inpatient facilities is reported more
completely than from outpatient clinics: data are available for 218 inpatient facilities and 210 outpatient institutions.
Conclusion. The analysis of the results demonstrated that data from the AIRS make it possible to elevate the assessment
of the current state of trauma and orthopedics services in any region to a new qualitative level by providing detailed
information on the nature of injuries and therapeutic interventions. A fundamental component of decision-making
regarding patient routing should be an understanding of the highly specialized aspects of service operations and the
key challenges in delivering specialized care. As the number of organizations contributing data to the AIRS increases,
the validity of the information will improve, and the analytical capabilities for evaluating the performance of trauma and
orthopedics services will expand. With long-term functioning, the accumulated database will enable not only screening
studies but also the monitoring of processes over time.

Keywords: organization of medical care; trauma and orthopedics service; automated information system; patient routing.
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BBEJTIEHUE
B coorBetctBuu ¢ Ilpukazom N2 125 MunucrepcTBa
3apaBooxpaHenus Poccuiickoit  Penmepauum  OT

13 mapra 2019 r. «O6 yrBepskaeHuu IlomoskeHUsI
0 hopMUPOBAHUM CETU HAI[MOHATbHbBIX MeITUIIMHCKUX
uccimenoBaTtenbckux neHtpos (HMULL) u 06 opranu-
3alUM OesITeIbHOCTY HallMOHaJbHBIX MeIULMHCKUX
MUCC/IeN0BaTeNbCKUX II@HTPOB» MO0 MPOPUI0 «TpaB-
MaTojorus u opromnenus» (TO) 6bu1a chopMupoBaHa
ceThb 13 YeThIpex defepanbHbIX IEHTPOB MUH3ApaBa
Poccun: HMUIL TO mum. H.H. IIpuoposa, HMUILIL TO
uM. P.P. Bpenena, HMUILI TO um. [LA. Unusaposa,
HMMUII TO um. [.W. TypHepa.

IMocne mpeo6pasoBanus PHUWUTO B HMMUIL TO
uM. P.P. Bpenmena corpygHuku lleHTpa axkTUBHO
M3y4yaau HayyHble TPyAbl [0 OPTraHM3aLlUM TpaB-
MaTOJIOTMYeCKO¥ TTOMOIIM B APYyIUX CTpaHax [1, 2],
B CCCP [3, 4], B Poccun B 11e510M [5, 6, 7], B ee pernoHax
[8,9,10,11, 12,13, 14, 15], MeAMUIMHCKUX OpTraHu3a-
LIMSIX pasHbIX YpOBHeii [16, 17]. 3TO cTamo Xxopoumm
MOJCIIOpbeM B JOajbHeliielt pabote. [lanee mpuc-
TYIWIM K peanu3alyM HaIpaBIeHWUi, yKa3aHHBIX
B cT. 3 IIpukasa N2 125 — cO6op maHHBIX O paboTe
MeOUIIMHCKUX OpraHu3aluii MpUKPEIIEHHBIX pe-
TMOHOB OCYILECTBJSICSI TYTEM 3amlo/JHEHUs 4Yek-
JuctoB. IIpu stom kaxzasii HMUL TO 3aHumancs
pa3paboTKOit CBOUX OMPOCHUKOB OTAENbHO, a 3aTeEM
OTIPABJISLT B OYMaskHOM WJIM JIEKTPOHHOM BU/IE [IJIsST
3arnonHeHnusi. B pesynbrare nHbopmaiusi o pabore
TPaBMaTOJIOTO-OPTOTIEANYECKOI CIYyXObI  3ampa-
IMBajlach y IJIaBHOTO BHELITATHOIO CIeLMaaucTa
(I'BC) pernona mo TO, KOTOpbIil, B CBOI OuYepenb,
3anpauuBajg ee y 3aBenywoiiux orpeneHussimu TO
cBoero peruoHa. [asee mHpopmauus akKyMyanu-
poBanachk y 'BC, 1 OH Bpy4YHYIO CBOAMJI BCe JaHHbIE
B equHYI0 Tabauuy u npuckiian 8 HMULL TO. 3to
MMPUBOAMJIO K ellle 6osbleit sarpykeHHoctu I'BC pe-
TMOHOB. B CBSI31 C 3TUM CTa/IM aKTyaJIbHbIMMU CJIELLYI0-
1iMe 3aJaun:

1) pasrpyska I'BC mpu c6ope nHpopmanmu;

2) ympoileHue cbopa, BHECeHUS U Iepemaun
JIaHHBIX;

3) meranusanus uHOpPMaUUM MO OCYLIECTBsIe-
MOJi paboTe TpaBMaToJOTaMU-OPTONeNaMU B peru-
OHax;

4) akKyMyJIMpOBaHMe TONyUYeHHOI MHbOpMaLUU
B OTHOM MeCTe C yIOOHBIM JOCTYIIOM K Heii IJis BCeX
MOIb30BaTeEeN;

5) ympouieHue mpoliecca aHaau3a JaHHbBIX 32 CUeT
CTPYKTYpUpOBaHusI U (opManmusauuy MoTydeHHO!
nHbopmalun.

Ha momeHT Hauaja paGoOThl HajJ CUCTEMOI
B ®I'BY «PHUUTO um. P.P. Bpenena» MuH3npaBa
Poccuy uMesncsi 3HAUYUTENbHBIN IOJOXUTENbHBIN

OTNBIT MOHUTOPMHTA PabOThI TPAaBMATOIOTO-OPTO-
MeauMuecKkoil CaykObl OTHOENbHOrO cyobekra PO —
r. CankT-IleTepbypra. B reuenne 15 ieT mpoBOgMINCh
c6op M aHAIU3 EeXKEroJHbIX OTUYETOB 3aBeYIONMX
BCeX amMOyJIaTOPHBIX M CTALMOHAPHBIX TPAaBMAaTOJIO-
rO-OpTOIeaNYEeCKUX OTHeNeHUi Topoda, BKIHOUAs
MenuiuHcKMe opraumsamuu (MO) demepanbHOro
MOAUMHEeHMs, HO 6e3 yacTHbIX KIuHUK [18, 19, 20].
OTpaboTaHHbIE U YCOBEPIIEHCTBOBAHHBIE B ITPOIIEC-
ce MCIO/MIb30BaHMSI OTYETHbIe (POPMBI ITPY MacIITa-
6upoBaHUM 3aau HYKOAJIUCh B TIepeBOJie B COBpe-
MeHHbIi udpoBoii hopmat. Korma K mHpopMaum
npoduabHOI CIyK6bI T. CaHKT-IleTepbypra morpe-
60BaJIoCh MOGABUTH JAHHbBIE 10 TPEM KypUPYEMbBIM
demepasbHbIM OKpyraM, ObIJIO IIPUHSTO peIlleHNe
paspaboraTh OHJIAH-TIIaTGOPMY, Ha KOTOPOii OYAyT
pasMelneHbl Bce HEOOXOAMMbIe OTUYETHbBIE Pa3[eTbl
M CO3JaHbI JIMUHbIE KAGMHETHI JJI51 BCEX MOJIb30BaTe-
neit. B 2021 r. 6pu10 chOPMYIUPOBAHO TEXHUUECKOE
3afaHue ISl CO3JaHMSI aBTOMATM3MPOBAHHON MH-
dbopmaioHHoIi cucTeMbl c6opa oruetoB (AUC CO).
B 2022 r. AWIC CO 6bu1a 3amyiieHa B TeCTOBOM pe-
SKMMe BBIOOPOUYHO B AEBSITU PETMOHAX TPEX OKPYTOB
(C3D0, 0DO, CKDO). B 2023 1. Bce 26 TeppuUTOpMit
C3®0, 1000, CKOO 6b11m nopxkaoueHbr K AVIC CO.
B 2024 r. HMUI] TO mum. I.A. Unusaposa u HMULL TO
um. H.H. IIpropoBa Havanmu paboTy IO MPUCOEOU-
HeHMio K AVC CO. Ha maHHbBII MOMEHT BCe pPermuo-
HbI Poccuy mocTeneHHO MOAKIIIOYAIOTCS K paboTe Ha
iaTdopme eauHoii AVIC CO.

B HacTosmEeM McCIenoBaHMM IPeICTaBIeH ITIEPBBIN
OTIBIT aHa/M3a PabOThl TPABMATOIOTO-OPTOIEANYEC-
KOJi cy>k0bI 3a 2023 I. Ha OCHOBE CBeJIeHMIi, BHECEH-
HbiXx B AVIC CO. BBuay 3TOro aHaimsy moABepIrincCh
TOJIKO OT/Ie/TbHbIE TTI0KA3aTeu JIs IOHMMAaHUS BO3-
MOXXHOCTeJ TaHHO CHUCTEMBI.

Ilenv uccnedosaxuss — MPOBECTU MEPBUYHBIN aHa-
JIU3 Pe3yNbTaToB paboThl TPaBMATOIOTO-OPTOIEAN-
YyeCKoil CTYyKObI B TpeX demepabHbIX OKpyrax Poccun
M0 JaHHBIM ABTOMATU3MPOBAHHOV MHGMOPMAIVOH-
HOJ cucTeMbI c60pa rOJOBBIX OTYETOB.

MATEPHAJI 1 METO/1bI

s ananusa 6panu ganHbie 13 AVC CO. C 1enbio fe-
MOHCTpaluM BO3MOXXHOCTElM MTAaHHOW CUCTEeMbI aHa-
JIN3y TIOABEPINNCh He BCe MMelolecs: mokas3aTennu,
a b Haubojee 3HAUMMble B PaMKax M3y4yaeMOIO
Borpoca B 2023 1.

PE3VJIbTATbI

K Hauany aHaauMTHUeCKOi 06pabOTKM HAHHBIX ObLIU
IOCTYITHBI CBeJIeHMsT 0 paboTe 644 (44,1%) mompasme-
JIEHUI1 TPaBMaTOJOTUU U OPTOIeONN CTAlMOHAPHOTO
1 aMOy/aTOpHOTO 3BeHa 13 2104, 3aperucTpupoBaH-
HBIX B cucTeMe (puc. 1).
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Pucynok 1. PactipeneneHne MeIUIIMHCKUX OPTaHMU3A I
110 OKpyraMm, BHecmux ganHble B AVIC CO 3a 2023 r.

Figure 1. Distribution of healthcare facilities that entered
data into the AIRS by districts in 2023
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Obujue csedeHuss 0 mpex paccmampueaembix
okpyeax. Tlo mauHbIM Poccrara®, nHa 01.01.2024 T.
mwiomwaas C3®0O cocraBiger okojmo 1687 ThiC. KM?,
umn 9,9% ot Bceir wiomagu Poccun. Ilnomanb
CK®O — 170,4 thIic. kKM? (1% oT Tepputopunu Poccun).
Inomagb OO0 — 447,8 Thic. KM? (2,61% OT Teppu-
topun Poccun). CymMmapHO TpM pacCMaTpuBaeMbIX
OKpyra 3aHMMAaIOT OKojo 13,51% oT Bceit mioiany
Tepputopun Poccun. UnMC/IeHHOCTh HacCeleHus pe-
IMOHOB 3TUX OKpPYTOBIIpe[CTaBjieHa Ha pUCYHKax
2-4. Bcero B C3®0 npoxkuaet 13840352 uenoBexa,
B CKDO — 10251083, B 000 — 16 624 081. CymmapHO
HaceJeHNe 3TUX PErMOHOB cocTaBisieT 27,9% ot Hace-
JieHus Bcelt Poccuiickoin denepainn.
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Pucynok 2. Yncnennocts Hacenenus C3®@0, o ganHbiM PocctaTa, Ha 01.01.2024 1.
Figure 2. Population of the Northwestern Federal District, according to the Federal State Statistics Service, as of 01.01.2024
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PucyHnok 3. UncnenHocts HaceneHust CKOO, mo nanHbiM PoccraTa, Ha 01.01.2024 1.
Figure 3. Population of the North Caucasian Federal District, according to the Federal State Statistics Service, as of 01.01.2024

* Pervonbl Poccyn. OCHOBHbIE XapaKTepuCTUKY cyobekToB PO. 2024. https://rosstat.gov.ru/storage/mediabank/Region_Subekt 2024.pdf
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Pucynok 4. Yncnennocts HaceneHust OPO, no ganusiMm Poccrata, Ha 01.01.2024 1.
Figure 4. Population of the Southern Federal District, according to the Federal State Statistics Service, as of 01.01.2024

O6pairaeMoCTh IMalieHTOB C TpaBMaMM, UX I10-
CJIeICTBUSIMMU U 3a60JIEBAHUSIMU OIIOPHO-IBUTATENb-
Ho cuctembl (OC) sIBASIeTCSI OOHUM M3 KIIOUEBbIX
MoKasaresieil, OTpakalmllyM B 1IeJIOM BOCTpeb6OBaH-
HOCTb JAHHOI CHelalbHOCTH y HaceneHus. Bo Bcex
TPeX TEPPUTOPUSX Pa3IMUHbIE TPABMBbI CTAIM IIPUIM -
HOVi o6parneHus B 72-79% cinydaes (puc. 5).

Cpeny aMOy/MaTOPHBIX M CTAallMIOHAPHBIX MeIu-
umHckux opranmsamuii C300, CKOO n I0DPO BbI-

o o]o)

CK®dO
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m TpaBMbl = 3abonesaHus

AVC CO mo3BojsieT OeTaJu3upoBaTh pacmpee-
JieHue HpOCD]/IJIbeIX TIalII€eHTOB I10 HO30JIOTMYEeCKNM
IpyIIaMm, 4YTo, 6€3yCIOBHO, HEBO3MOXKHO TIOTYYUTD U3
CTaTUCTUUECKUX (POPM roCyIapCTBEHHO OTYETHOCTM.
PaccmaTpuBast 06palaeMocTb B aMOyIaTOPHO-KIVMHU-
yeckoe yupexpaeHue (AIlY) mauyeHTOB C NPUBSI3KO
K uX TIOCTeAylollieMy HallpaBAeHMIO B CTal[MOHap,

280/" 27%‘.
73%

OeNSIIOTCST 0 2-3 perMoHa M3 KaXOOro OKpyra C
MaKCMMaJIbHBIM 3allOJTHEHMEM OTYETHBIX (OpM.
g 6osplieli HANISITHOCTY OHM BbINEJIeHBbI IIBe-
ToM B Tabmuie 1. B C3®O ato r. Ca"kT-IleTepbypr
(39 MO) n Mypmanckast o6macts (14 MO), B CKOO —
Pecrry6nmuka arectan (61 MO) u CraBpOITONbCKUIT
Kkpaii (36 MO), B JO®O — Bonrorpazackast o6iactsb (33
MO), KpacHomapckuit kpait (54 MO) u Pecrry6nmka
Appires (8 MO).

[el0]0)

PucyHoOK 5. Jlonu naiyeHToB

C TpaBMaMu U 3a60IeBaHMSIMU
OIOPHO-IBUTaTeIbHON CUCTEMBI,
06paTUBIIVXCS B MeAVIMHCKME
opraHu3anuu okpyros B 2023 T.
Figure 5. Proportion of patients with
injuries and musculoskeletal diseases
who sought medical care in healthcare
facilities of the districts in 2023

MOXHO C OOJBIION [10o7eil yBEPEeHHOCTU TOBOPUTH
0 HEeIOCTaTOYHO NMPOPabOTAHHONM CUCTEMe MapIipy-
TU3AUMUK TAIMEHTOB (TabJ. 2).

basza manHbix AVIC CO 11o3BO/ISIET He TOJILKO aHa/M-
3MPOBATh CIIEKTP HO30JIOTMYECKUX TPYIIT MalMeHTOB,
HO Y OLIEHMBATh XMPYPTUYECKYI0 aKTYBHOCTb CTaLMIO-
HAapOB B 3aBUCUMOCTH OT TUITA TPABMBI (TabI. 3).
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Tabnuya 1
KonmuecTBo oGpanieHnii maiMeHToB ¢ TpaBMaMM U 3a60/IeBaHUSIMU
B MeguiHcKye opraausanumu C3®0, CKOO, 00 (2023)
EI ATV Kon-Bo MO, KomnmyecTBo obpaneHmit
S Pervon Crau, 3aNIOTHUBIINX Tpasmsl, 3a6onesanns OJIC, Bcero
OTHETBI a6c¢. u. (%) aoc¢. u. (%)
ApxaHrejbcKast 06/71aCTh ATIY 1 2506 (75) 824 (25) 3330
Crar 8 4367 (80) 1100 (20) 5467
Bonoronckas 065macTb AITY 1 1912 (83) 387 (17) 2299
Crar, 7 5867 (79) 1547 (21) 7414
r. CaHkT-TleTep6ypr AITY 23 409954 (91) 42615 (9) 452569
Craix 16 35919 (82) 7777 (18) 43696
KanuuuHrpagckas 06;1acTb AITY 39209 (96) 1463 (4) 40672
Crarg 3 2327 (67) 1136 (33) 3463
JleHMHTpaICcKast 06IaCTh AITY 1 2179 (50) 2202 (50) 4381
Crarj, 19 16758 (80) 4128 (20) 20886
MypmaHcKast 06/1aCTh AITY 7 35631 (61) 22755 (39) 58386
§ Crarg 7 4955 (54) 4221 (46) 9176
O | HeHelKkuit aBT. OKPYT AITY 0 H/A, H/[, H/A,
Crar, 0 H/I H/I H/L,
HoBropopckast 06;1acThb ATTY 2 2831 (66) 1487 (34) 4318
Crarj, 4 4400 (87) 658 (13) 5058
TckoBCcKast 0671aCTh ATTY 1 16954 (100) 0 (0) 16954
Crar 4 2614 (71) 1057 (29) 3671
Pecniybnuka Kapenus AITY 1 248 (77) 73 (23) 321
Craif 4 3079 (72) 1215 (28) 4294
Pecrry6vka Komu AITY 0 H/I H/I H/I
Crarj 2 963 (67) 477 (33) 1440
Bcero ATTY 41 511424 (88) 71806 (12) 583230
Crar 74 81249 (78) 23316 (22) 104565
Kabapnuno-bankapckas AITY 2 39 (28) 98 (72) 137
PecrryGmaxa Cran 1 1433 (79) 388 (21) 1821
KapauaeBo-Yepkecckas ATTY 26 (32) 55 (68) 81
Pecrry6mixa Cran 3 3831 (31) 8692 (69) 12523
Pecny6imka JlarectaH AITY 52 3921 (11) 33182 (89) 37103
Craix 9 12328 (74) 4248 (26) 16576
Pecrry6nmka VHTryteTus AITY 0 H/I H/I H/I
o Craig, 1 677 (96) 29 (4) 706
% Pecniy6nmka CeBepHast AlTY 3 3525 (76) 1140 (24) 4665
Ocernst — Ananms Cran 6 6222 (82) 1363 (18) 7585
CTaBpOMOIbCKUI Kpait ATIY 18 8822 (39) 14064 (61) 22886
Crarf 18 28051 (85) 4877 (15) 32928
YeueHckas Pecrry6nnka AITY 12 5054 (59) 3537 (41) 8591
Craif 4 13769 (91) 1287 (9) 15056
Bcero AITY 89 21387 (29) 52076 (71) 73463
Crar, 42 66311 (76) 20884 (24) 87195
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Okonuanue mabnuyst 1

. Kon-8o MO KonuuecTBo obparnieHmit
§ Peruon é‘{?;/ 3QIOMHMBIINX TpaBMsl, 3a6onesauns OJIC, Bcero
© OTYeTHI a6c. u. (%) a6c. u. (%)
AcTtpaxaHckast 06/1aCTb AITY 0 H/L H/L, H/L
Crarg 2 1394 (92) 116 (8) 1510
Bonrorpazckasi 0671acTb AITY 24 4271 (19) 18571 (81) 22842
Crarj, 9 9271 (81) 2159 (19) 11430
r. CeBacToI10/1b AITY 0 H/m H/I H/I
Crat 0 H/L H/L, H/L,
KpacHopapckuit kpait AITY 12 8230 (60) 5540 (40) 13770
g Crar 42 81103 (90) 9277 (10) 90380
< Pecrry6mmka Afpirest ATIY 4 18344 (93) 1353 (7) 19697
Crarg 4 1450 (73) 532 (27) 1982
Pecrry6nmka KaaMbIkust ATTY 1 295 (19) 1261 (81) 1556
Crarg 4 859 (72) 337 (28) 1196
Pecrry6nmka Kpsim ATTY 3 49 (4) 1329 (96) 1378
Crarg 4 1189 (71) 488 (29) 1677
PocroBckast 0651acTh AITY 36 13349 (26) 38099 (74) 51448
Crarg 36 32506 (78) 9212 (22) 41718
Bcero AITY 80 44538 (40) 66153 (60) 110691
Crarg 101 127772 (85) 22121 (25) 149893
HUtoro AITY 210 577349 (75) 190035 (25) 767384
Craig 217 275332 (81) 66321 (19) 341653
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OBCY>XIEHUE

Jlo6as HoBast popMa OTUETHOCTU TIPU ee BHELPEHUU
B pernoHax TpebyeT BpeMeHM Ha OTIaAKy Ipoliecca.
[Inrtocom B HamieM ciy4yae ObUI HAKOILJIEHHBIN OIIBIT
MpoOBeINeHNs] MOHUTOPMHTAa pPaboThl TPaBMAaTONO-
ro-opromennyeckoii momouu r. Cankr-Iletep6ypra.
YTo6bI COKPATUTH pa3dbpoc BapMaHTOB MHTEpPIIpeTa-
LU KIMHUKO-CTATUCTUIYECKUX TPYHIT 3aMOMHSIIOILN-
MU BpauaMy, Ha Ha4YaJIbHbIX 3Talax 3aloJHEHUS OT-
yeTHbIX popM 6b11a chOpPMIUPOBaHA BCIIOMOTaTeIbHAs
Tabyn1la, B KOTOPOJ HAIPOTUB KaskA0ii KIMHUKO-CTa-
TUCTUUECKOI TPYIIIbI OBLIM IepeuyncieHbl COOTBET-
CTByIOLIME OMarHo3bl U ux Kogbl mo MKB-10. Takxke
TO3ULIMOHHO OBLIN pasleseHbl COOCTBEHHO TPaBMbl,
UX TIOCJeACTBUS U OpTorenuveckue 3abo0meBaHMUs.
B KoMmIuiexTe OOTIOTHUTETbHO ObUIM TIPe[CTaBIEHbI
Ta6GMUIIBI 110 OKA3aHUIO BBICOKOTEXHOJOTUYHONM I0-
MOILM, XUPYPIrUUIECKO/ aKTUBHOCTY U €€ OCHOBHBIM
pe3synbratam. CoBepIllIeHCTBOBaHME OTUETHBIX (HOpPM
Ha OCHOBe ITOCTOSIHHOM 0OOpaTHOi CBSI3M OT TpaB-
MaTOoJIOTOB-OPTOIEe0B TOpOAa BeNIOCh HENpPepbIBHO
B TeUEeHME HECKOJbKUX JIeT. B uTore nosuuum or4yera
CTaayM MHTYUTUBHO TNOHSTHBI 3aBEeNYIOIIMM OTHAeNe-
HUSIMU, TIPOBOOMBILIMM 3aIrl0JTHEHME OTUeTHBIX (opM,
U PYKOBOOUTENSIM NPU MEPBUYHON aHAIUTUYECKON
00paboTKe JaHHBIX CBOUX MOTUYMHEHHBIX.

[Ipn macmrabupoBaHum mmeBlIeiics uHboOpMa-
LMOHHOM 6a3bl Ha MO Kypupyembix (degepaabHbIX
OKPYTOB ITPOSIBUJTUCH ITPO6JIeMBbI, KOTOPbIE B ITPUHIIV-
e 6bLIM OkUAaeMbl. TexHuueckye MpobiemMbl — pas-
JIMYHAsl CTeleHb OCHAIEHHOCTU TeppUTOPUATbHBIX
MO, uTo MOBAMSIIIO HA TOTOBHOCTH K paboTe C IIaT-
¢opmoit. CTOUT OTMETUTDH, YTO KOMIIbIOTEPHOE 060-
pyZdoBaHMe JOYKOMILJIEKTOBAJIIOCh B TeUeHMe IEPBOTo
roga. ITpodeccroHanbHble pobeMbl — BCe BOIIPOCHI,
CBSI3aHHBbIE C TMOJKIIOYEHMEM JUYHBIX KAaOMHETOB U
HeToCPeACTBEHHO C 3alloJHeHNEeM OTUeTHBIX (hopm
pellanuch cpasy Mo Mepe ux nocryrieHus. IIpoune
Mpo6IeMbI: B psifie CIydaeB IMpU eXXerogHO aHAIUTH-
yeckolt 06paboTKe MaTepuania BO3HUKAIM BOIPOCHI
K ero MOJHOTE U JOCTOBEPHOCTH, KOTOPbIE pelaanCh
¢ I'BC onnaiiH b0 BO BpeMsl OUHOTO ITOCEIIEHMSI
pernoHa. be3ycmoBHO, KaK ¥ IIpu abCOTIOTHO JII060M
cbope 6obIINX 06EMOB CTATUCTUUECKOM MHPOpMA-
LMY, MOXXeT BO3HUKHYTh COMHEHME B ee abCOMIOTHOM
IocToBepHOCTU. TeM He MeHee MPaKTUUeCKM MTOTHOe
OTCYTCTBME TaKoi MoapobHoit nHopmamum B ou-
UMaIbHBIX (OpMax TroCcygapCTBEHHON OTYETHOCTH,
HeOoOXOAMMOIi AJIsI IOHMMAaHMSI COCTOSIHUST U paboThbI
TPaBMAaTOJIOTO-OPTOIIeMUeCKOi CITYKObI B Kypupye-
MbIX pErMOHaXx, T03BOJISIeT CYUTATD [IOTyUYeHHbIE JaH-
Hble TTPUTOSHBIMU [IJIS1 aHATUTUYECKOI 00pabOTKMA.

OTHOCUTeNbHO paccMaTpuBaemoro 2023 r. Hau-
6osee BbicOKasl 3aronHsemocTb (ot 60,8 mo 71,7%)
ormeuaeTcss B CKOO, C300 u OO0, ocKoAbKY AaH-
Hble OKpyra Ha TOJ paHbllle BKIIUMIUCH B paboTy
C cucTteMoii. I3 npyrux TeppUTOPUil BBITOLHO BblJe-

jgsiercst YOO, rae 3amonHseMOCTb cocTtaBuia 46,9%,
a B OCTaJbHBIX OKpyrax B HACTOSIIWI/ MOMEHT 3a-
IOJIHAEeMOCTb Kojie6netcs ot 3,9 mo 18,7%. B cBs3u
C 3TUM [OAJbHEMIINI aHAIU3 TIPOBOAMIICS IO TpeM
(denmepasbHBIM OKpyraM C HaubOoJjiee IMOJTHbIM BHece-
HueM gaHHbIX. CllegyeT 06paTUTh BHMMaHME HA TO,
YTO B JAHHBIX OKPYTaxX Takke OTMEUAIOTCS MTPOOeTbl
B 3anosiHeHun AVIC CO — B C3P0 naHHbIE HE MTpeno-
craBuia HAO, B IO®O — r. CeBacTOIO/b.

ITnoTHOCTH Hacenenus: B C3D0 BeIlle, YeM B ABYX
Opyrux paccMarpuBaeMbix Okpyrax. B C3®d0 pac-
TIOJIOKEH BTOPOI MO YMCAEHHOCTM HaceleHUs TOpof,
Poccun, CaHKT-IleTepOypr, 4YTO CKa3bIBAaeTCSI Ha ITO-
Kasareisix paboThl TPaBMAaTOJIOTO-OPTOIEANYECKOM
CITy>KOBI. [Taske mpy 6eIyIoM O3HAKOMJIEHUM C JAHHBIMM
CUCTEMBI MEXIY 3TUMU TPeMsl OKpyraMiu OTMedaeTcst
CYIIeCTBEHHAs pa3HMLIA B OpraHu3alum 1 peanmsalumumn
TPaBMaTOJIOr0-OpTONeANYECKOi MOMOLIM HaCeTeHUIO.

OTnnumsi B IVIOTHOCTM HaceleHUs] U TePPUTOPU-
aJbHOM [JOCTYMHOCTM TPaBMaTOJOr0-OpTOIennyec-
KOV IIOMOIIM CO3JAI0T CIeluduuecKue IMpobaeMbl
C MapuIpyTHU3anyeii mpoduIbHbBIX MalyeHToB. Bo Bcex
pervoHax B MOJABJISIIOIIEM OOJBIIMHCTBE CJTyYaeB 00-
palieHue 3a creuuaIu3upoOBaHHON MOMOIIBIO IPOUC-
XOOMUT B pe3yJbTaTe pa3inuHbIX TpaBM. OOpaiieHue
o nosomy 3aboneBanuii OIC B Tpex demepalbHbIX
OKpyrax COCTaBJjsiio oT 21 1o 28%.

W mexny denepaJbHbIMMU OKpPyraMyu B IIEJIOM,
M BHYTPU KaKOOrO OKpyra MeKAy pernMoHaMm OT-
Meyvajach 3HauMTelbHas pasHMUIlA B paclipenese-
HMM 00paliaeMoCTV TaAlMEHTOB B aMOyJIaTOpHbIE U
craioHapHble MO [1ji1 oKa3aHMS TpPaBMaTOJIOTO-
OpTOIleIueCcKOoi MOMOIIH.

Ha mMoMeHT BBIOOpPKM TaHHbBIE IIO CTalMOHapam
TIpeJICTaB/IEHbI B O0Jiee MOJTHOM 00beMe, uem 1o AITY.
B 6a3e gaHHbIX UMeeTcsl MHDOpManus o pabore 217
crauuoHapoB u 210 AITY. B uenom B paccMmatpuBae-
mble AITY Tpex okpyroB o6paTusioch B 2,2 pa3a 60/b-
IIe TaIMeHToB ¢ TpaBMaMu U 3abonmeBanusimu OJIC,
yeM B IIpMeMHble OTAeleHMs CcTalMoHapoB. Takoe
pacmpeqiejieHie Harpy3Ku ITIpeACTaBIsIeTCsI COBep-
IIIEHHO 3aKOHOMEPHBIM ¥ OOYCJIOBJIEHO CTaTUCTHUYe-
CKMM COOTHOIIIeHMEM JIETKUX U TSKeIbIX TpaBM. [Tpu
3TOM BHYTPM DPErMOHOB OTMeUaeTCsl 3HAuYUTe/bHas
pasHuiia B pacrnpeneneHny MOTOKOB IMallieHTOB, YTO
OTYACTY MOKHO OOBSICHUTH HEOIMHAKOBON TEPPUTO-
pUaNbHOM JOCTYITHOCThIO MO, Ha 6a3e KOTOPBIX OKa-
3bIBA€TCSl SKCTPEHHAs U IUIaHOBas MOMOIIb MMallyeH-
TaMm ¢ TpaBMamu 1 3aboneBanusimu OZIC.

B mesom Kak B cTamyMoHapHbIe, TaK M amMOysa-
TopHble MO yale MonagaioT IMalMeHTbl ¢ TpaBMa-
vy (81% u 75% Bcex 0OpaTUBIIMXCS COOTBETCTBEH-
HO). Ho, Kak 1 1o ApyruMM MoKasaTejsiM, OTMedaeTcsl
3HAUNUTEIbHBIN Pasébpoc AAHHBIX B 3aBUCUMOCTU OT
cyobekta P®. Tak, B amOymaTopHbeix MO r. CaHKT-
[TeTep6ypra HabMOHAETCSI MAaKCUMaJIbHBIN TTOTOK ITa-
LIMEHTOB C TpaBMoil — 409 954 (91%), B TO BpeMs Kak
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nmainueHToB ¢ 3a6onmeBanusimu OJIC, 0OpaTUMBIINXCS
K TpaBMAaToJjIoTy-opToIieny, B 10 pa3 meHbIlne — 42 615
(9%). Takas crieruduKa 06paIraeMoCTy XapaKTepHa
umeHHO 1151 CaHKT-ITleTepbypra, B KOTOpOM ambyiia-
TOPHBII NpUEeM NalMeHTOB C OPTOIEeAUYECKONM ITaTO-
JIOTHEN OCYIIECTBIISIIOT XUPYPIY FOPOACKUX TOTUKIIM -
HUK, @ HE TPaBMAaTOJIOTY-OPTONEAbl, YTO 3aTPYIHSIET
IMOHMMAaHNe MOTPEOGHOCTU B XUPYPTrUUECKOM JIEUEHU N
MPO(UIbHBIX ITAIMEHTOB.

B ropoackue 6onpHuIbI CaHKT-ITeTepOypra ob6pa-
TWINCH 35 919 MaIeHTOB C TpaBMaMM, YTO COCTABUIIO
82% or Bcex obpamiennii, a ¢ 3aboneBanusvMu OIC —
7777 (18%). B MypMaHCKO#1 06/1aCTV BCE ITOKa3aTeNn
CMEIAIOTCS B CTOPOHY KomyecTBa 3a6oineBanmit O1C
oyt B 2-3 pasa (amOy/IaTOpHO: TpaBMbl — 35 631
(61%), 3aboneBanus — 22755 (39%); cranyoHapHO:
TpaBMbI — 4955 (54%), 3a6oneBanus — 4221 (46%)).

B CK®O cutyaums BBIIISAUT OUaMeTPaabHO MPo-
TUBOTIOJIOKHO B cpaBHeHuM ¢ C3D0 3a cyeT 60/IbIIOr0
KOJIMYECTBa 0OpalleHui MalMeHTOoB ¢ 3a00IeBaHUSIMU
OIC B ambynaTopusie MO (Pecrry6nuka [larectaH —
33182 (89%), CraBponoiabckuii Kpait — 14064 (61%)),
B TO BpeMsI KaK MaleHThI C TpaBMaMM 4acTo obpalia-
10TCsT B 6onmbHMIIbI pervoHa (Pecrybnuka TarectaH —
12 328 (74%), CraBpomnonbckuit kpait — 28 051 (85%)).

B I0®0 B Bonrorpaickoit 067acT CUTyaIUsl CXO-
ska ¢ CKDO, a B Pecriybiuke Ampirest MpOIOPLVST MaK-
CUMaJbHO 6iM3Ka K cutyauuu B CaHkT-IleTep6ypre.
BeposiTHO, Takoe pacripenesieHMe IMOTOKOB IalyieH-
TOB OOBSICHSIETCS CJIOKMBIIMMMCS TPAIUIIUSIMM 00pa-
LIEeHNS TalieHTOB K ONpefeIeHHbIM CIealINCTaM,
BBIPAKEHHOCTBIO KagpoBOro aeduumura M Oosbliei
IOCTYIMHOCTbIO AITY, yeMm craumoHapoB. Kpome Toro,
MalyeHThl € 1edbIM psgaoM 3aboneBannii OIC 06-
panaoTcs 3a KOHCYJIbTATMBHOM ITOMOIIBIO K Bpayam
IPYIUX CIIeLMaIbHOCTEN (TepareBTaM, XMpypraM, peB-
MAaTOJIOTaM ¥ HEBPOJIOTaM), U JIVIIIb HEIIOCPEACTBEHHO
orepaTUBHAs ITOMOIIb OKa3bIBAETCS B ITPOGUIbHbIX
OTIEeJIeHUSIX TPABMATOJIOTUM Y OPTOIIEIVIN.

B cpemHem ObUIM IlepeHaIIpaBjeHbl C IIpUeMa
B AIlY Ha cranmoHapHoOe jeueHue 12% mnamnyeHTOB
B C300, 22% — B CKDO, 16% — B ODO. Bo Bcex pe-
rMOHAxX Haubojiee YacTO IepeHaIpaB/suii IalyeH-
TOB C MPOHUKAIOIIMMM paHEeHUSIMU monocTein — 81%,
91%, 74% COOTBETCTBEHHO M C MepeoMaMy OJIVH-
HBIX KOCTE/l HMKHUX U BEPXHUX KOHEUHOCTEN, Hau-
6os1ee peIko — C MOBPEXKIAEHMUSIMM CBSI30UHOrO aIla-
para rojieHOCTOITHOTO M JIy4Ye3arsiCTHOIO CYCTaBOB.
VcpegHeHHas! KApTUHA 110 TPEM PEerMoHaM BBIIVISIIUT
MMPUMEPHO OIMHAKOBO, MMEIOIIVECS Pa3INIus IIpes-
craByieHbl B Tabmuile 2. CXOOHBIM BO BCEX PErMoOHax
SIBJISIETCST OOJIBIIIOE KOJIMYECTBO MAIllIEHTOB, 0OPATUB-
IIMXCS B aMOY/IaTOPHYIO CETh C TSKEJTbIMY TPaBMaMu,
OHO3HAYHO TPEOYIOIIMMM CTALIMOHAPHOTO JIEUEeHVS.
VAuThIBasI, UTO CAMOCTOSITEJIbHOE OOpalieHue Ialm-
€HTOB C ITepesioMaMy 6eIpeHHOM KOCTY UM KOCTSIMU
TOJIEHY COMHMTEIbHO, MOKHO IPEIIOI0KUTh, UTO

3TO cepbe3HbIN AedeKT MapuIpyTHU3aIuy OCTpagaB-
X 6puragamm CKOpoii ITOMOIIIN.

CoBpeMeHHbIe TEXHOJIOTUM OCTEOCHHTEe3a, apTpo-
CKOMIMM ¥ SHAOMPOTE3UPOBAHUS TO3BOJSIOT Mak-
CMMAJIBHO OBICTPO M C XOPOWMM (PYHKUIMOHAIbHBIM
pe3yabTaTOM JIEUNTh TOBPEXIOeHMs ¥ 3aboeBaHms
OpraHoB OIOpPbI U OBVDKEHMS. YUUTHIBASI LOCTATOYHO
BBICOKYIO CTOMMOCTb CTal[MOHAPHOTO KOWMKO-IHS, JI0-
TMYHO NPEJONO0XNUTD, UTO TOCTTUTAIU3ALINS TallMeHTa
JIOJKHA OCYIIECTB/ISITBCSL [JIS TIPOBEEeHUs JieueHus,
HEBO3MOKHOTO B aMOY/JATOPHBIX YCIOBUSX. TaKum
o6pa3oM, IOKa3aTe/lb XUPYPIUUECKON aKTUBHOCTU
SIBJISIETCS OMHUM U3 BasKHEMILIMX MapKepOB IIPY OLIeH-
Ke JeATeTbHOCTU MpOGbMIbHOTO OTHeneHust. Huskas
XUPYPTUUYECKasT aKTUBHOCTh MOXKET ObITh BbI3BaHA
HECKOJbKMMM OCHOBHBIMM (DaKTOpPaMM: KaIpOBBIM
Ie@uIMTOM CIelMauCTOB Pa3IMYHOTO YPOBHS, OT-
CYTCTBMEM Y Bpaueii 3HaHUI1 ¥ HAaBbIKOB [J151 BBIMIO/IHE-
HMSI BCETO HEOOXOIMMOrO CIIEKTpa OIepauuii, HU3Koi
MaTepUaTbHO- TEXHUYECKOV 00eCITIeYeHHOCTBIO CTaIV-
OHapa M HeIPaBWIbHOM MapuIpyTu3alye rmaiuyueHToB
B 1I€JIOM, TIpM KOTOPOJt B CTallMOHAP TOCIUTAIU3UPY-
IOTCSl TallMeHTbl, He HYXAAloliuecs B ONepaTMBHOM
JledeHUM B YCIOBUSIX CcTauyoHapa. [ToMmumo nepeumnc-
JIEHHBIX (DaKTOPOB, MOTYT OBITh M IPYIUe, KOTOPBIE
BBISIBJISIIOTCSI B XOfie YITyOJIEHHOTO M3YYeHMSI COCTO-
SHMUS Ha MecTax. Huskas xupypruyeckass akTUBHOCTb
TPaBMaTOJIOr0-OpPTONeANYECKUX OTAeNeHUH, TOMUMO
MPOYMX MPUUYMH, OOYCIOBIEHA OTCYTCTBMEM ITOTHO-
LIEHHO aHeCTe3MOJIOTMYECKO CITYSKOBI.

besycnoBHbIM mpeumyinectsom AVIC CO siBisieTcs
BO3MOXXHOCTb MaKCUMMAaJIbHO OETaJbHOrO (B OTIMYME
OT CYIECTBYIOIMX GOpPM roCyIlapCTBEHHO CTATUCTH-
YeCKOV OTYETHOCTM) pacIipeleneHus 06paTUBIIMXCS
MalMeHTOB M0 HO30JIOTMYeCKMM TpyTnaMm. Takke 6a3a
maHHbix AVIC CO comep>XuT CBeeHMs O IITaTHO-Kaf-
POBOM COCTaBe TPaBMaTOJIOr0-OPTONeNYECKUX OTHe-
nennii MO, nHGOPMAIIMIO O MalYeHTaX, 00PaTUBIIXCS
¢ 3a6071eBaHMSIMM CUCTEMbI OPTAHOB OTOPBI U JBUKe-
HMUSI, a TaKXKe O KOJIMYECTBe orepaiuii B 3aBUCUMOCTY
OT BMJla OKa3aHHOI MMOMOIIIH, UCITOIb30BAaHUY TEXHO-
JIOTMI1 SHIOIIPOTE3UPOBAHMSI, aPTPOCKOTINH U JP.

3AK/TIIOYEHHE

[IpoBeneHHbI IEPBUYHDIN aHAIN3 PE3YIbTATOB ITOKA-
3aJ1, YTO MHGOpPMAaIMs U3 aBTOMAaTU3UPOBAHHON CHC-
TeMbl COOpa OTUETOB TO3BOJISET TMOAHSTH HA HOBBIN
KaueCcTBEHHbII YPOBEHb OLIEHKY COCTOSIHMS TpaBMa-
TOJIOTO-OPTOIEANYECKO CTYsKOBI JIIOOOTO pernMoHa 3a
CUeT JeTaau3alu xapaKkTepa MOBpeXIeHnit 1 jJeueo-
HbIX MeporpusTuii. [Io Mepe yBenmMueHus yncia opra-
HM3aIMIA, BHOCSIIIUX MHOOPMAIMIO B CUCTEMY, OYIYT
MOBBIIIATHCS BAIMAHOCTb JaHHBIX M PaCIIUPSTHCS
BO3MOKHOCTM aHa/M3a paboThl TPaBMaTOIOT0-OpPTO-
TeIMYeCKOi CITYKOBbI.

ba3soBbIM MOMEHTOM [JISI TIPUHSITUSI PeLIeHUN
M0 MapuipyTM3anuy NauyeHTOB AO/DKHO CTaTh MO-
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HUMaHMe Y3KOIMPO(UIbHBIX acleKTOB paboThl TpaB-
MAaTOoJIOTO-OPTOMEANYECKO CIy;KObI U IIpobseM,
CBSI3aHHBIX HEIOCPENCTBEHHO C OKa3aHMeM CIernya-
JIM3UPOBaHHO nomonu. [Ipu ganpHeemM HaKoIIe-
HUM OOHO(POPMATHOTO MaTepuaia CTaHeT BO3MOKHA
TPacCUpOBKa MPU3HAKOB. AHAIN3 TUHAMMKM ITOKa-
3aTejieif IMO3BOJIUT OObEKTUBHO 0O0CHOBATh M3MeEHe-

JOIIOTHUTEJIbHASI NTHO®OPMALIMISI

3asenenHslii 6K1a0 agmMopoe

Bebep E.B. — KOHLENUMS M [OU3aiH UCCIeIOBaHMUS,
c60p, aHAMN3 ¥ VHTEPIpeTaluus TaHHbBIX, CTATUCTUIECKAS
00paboTKa JaHHbBIX, HAMMCAHME TEKCTA PYKOMVCH.

Boponyosa T.H. — aHanu3 M MHTepOpeTauus IIOmy-
YeHHBIX [TaHHBIX, HANMCaHME U DPeNaKkTMPOBaHME TeKCTa
PYKOIUCH.

Bozononsckas A.C. — aHaIN3 U MHTepHpeTanys IOMy-
YeHHBIX JAaHHbIX, [IOUCK U aHAJIN3 TUTEPaTypPbl, PEIAKTUPO-
BaHMe TEKCTa PYKOIIUCH.

Cepeda A.Il. — KOHIUENIMsS, aHAIU3 U VHTEpIIpeTaus
JlaHHBIX, peIaKTUPOBaHMeE TEKCTa PYKOIIUCH.

Yununos A.M. — aHa/IN3 ¥ MHTEpPIIpeTals JAHHBIX.

Tuxunoe P.M. — KOHUENUMSI U OU3aiH MCCIeI0BaHMS,
penakTUpoBaHMe TEKCTa PYKOMUCH.

Illy6Hakoe H.M. — KOHLENUMS M OU3aiiH MCCIemoBa-
HuUsI, cO0p, aHAIN3 Y MHTEPIIPETAIMS MTOTYIeHHBIX TaHHbBIX,
craTucTuueckasi o6paboTKa [JaHHBIX, HaIMCAHME TeKCTa
DPYKOINCH.

Bce aBTOpBI powin 1 omo6pWIN GUHAIBHYI0 BEPCUIO
PYKOIIMCH CTaTby. Bce aBTOpBI COrMIacHbI HECTU OTBETCTBEH-
HOCTb 3a BCe acreKThbl paboThl, YTOOBI 06ECTIEUNTDb HaIeKa-
1jee pacCMOTPEeHMe U pellleHre BCeX BO3MOKHBIX BOIIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZEKHOCTBIO JIF000IT 4aCTu
paboThI.

Hcmounuxk  ¢uHnancuposaHus. ABTOPBI  3asIBIISIOT
00 OTCYTCTBMM BHeIIHero pMHaHCHMPOBAHMS TIPU MPOBee-
HUU UCCIIeJOBaHUSI.

Bo3mocHblii KOH(AUKM uHmMepecos. ABTOPBI JeKja-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMAIbHBIX KOHDIMKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaleii HacTOSIIEl CTaTh.

Omuueckasn 3xcnepmusa. He nnpyumennma.

HUngopmupoeantoe coenacue Ha
He TpebyeTcs.

T'enepamueHblii ucKyccmeeHHblii uHmesnnekm. Ilpu cos-
JlaHUU CTaTby TEXHOJIOTUY TeHepPaTUBHOIO MCKYCCTBEHHOTO
MHTEJIJIEKTa He MCII0/Ib30BaJlN.

nyénuxkayuro.
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Subsidence of Vertebral Body Replacement Prostheses
in Spinal Tumors: A Systematic Review
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Abstract

Background. Vertebral body replacement is one of the key surgical methods for the treatment of spinal tumors.
One of its most common complications is vertebral body implant subsidence.

The aim of the review — to compare the subsidence rates of various types of vertebral body implants used in
the surgical treatment of thoracic and lumbar spinal tumors in order to determine the optimal reconstruction
methods for patients with spinal tumors.

Methods. A systematic literature review was conducted in accordance with the PRISMA guidelines. The
search was performed in the PubMed, Google Scholar, and eLIBRARY databases. Studies were included if they
involved vertebral body replacement in patients aged 18 years and older with oncologic lesions, provided a
clear definition of subsidence, and analyzed risk factors. Various implant types were evaluated, including
expandable, mesh, 3D-printed commercial, and patient-specific prostheses.

Results. Thirteen studies were included in the analysis (12 retrospective and 1 prospective) comprising a
total of 661 patients. The highest subsidence rates were observed with titanium mesh cages, ranging from
63.8 to 71.4%. Expandable implants demonstrated more favorable outcomes, with subsidence rates from 5.3
to 35.3%. The results for 3D-printed implants were the most inconsistent, ranging from 0 to 100% across
studies. The follow-up period varied from 7.4 to 101 months.

Conclusions. Expandable implants demonstrate the most favorable subsidence rates in vertebral body
replacement for patients with spinal tumors. The high subsidence rates of titanium mesh cages may be
attributed to a mismatch between the elastic modulus of the implant and bone tissue. 3D-printed implants
require further investigation to optimize their design and clinical use. An individualized approach to
prosthesis selection considering risk factors is essential.

Keywords: vertebral body replacement; spinal tumors; implant subsidence; expandable implants; titanium
mesh cages; 3D-printed implants; spondylectomy.
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Pedepar

AxmyansHocms. [IpoTe3upoBaHye Tesl MO3BOHKOB SIB/SIETCSI OOHUM M3 K/IIOUEBBIX METOLOB XUPYPTUUECKOTO
JIedeHMsI OITyXO0JIeBbIX MOpakeHN i MO3BOHOUHMKA. OgHMM U3 Haubosee pacrpoCTPaHEeHHBIX €r0 OCI0KHEeHM
SIBJISIETCS TIPOCeaHNe IpoTe3a Tejla 03BOHKa.

Ilenv 0630pa — CPaBHUTH YACTOTY MPOCEJAHNS PA3IMIHBIX TUIIOB IIPOTE30B TeJl I03BOHKOB TP XUpypruye-
CKOM JIeUeHUM ONyXOJIEBbIX MTOPakKeHMI IPyIHOTO U MOSICHUYHOTO OTE/0B I0O3BOHOYHMKA JJI51 Opee/ieHs
ONTUMAJIbHBIX METOJOB PEKOHCTPYKI[MM ITO3BOHOYHOTO CTOJIOA Y TTALIIEHTOB C OIYXOJISIMM TTO3BOHOYHMKA.
Mamepuan u memodet. IIpoBefieH cuCTEMATUUECKUIT 0630p TUTEPATYPhI B COOTBETCTBUM C PEKOMEH AU -
vy PRISMA. TTouck ocymiecTBisiiics B 6a3ax maHHbIXx PubMed, Google Scholar 1 eLIBRARY. Bbuiu BKITIOU€HBI
Mccaef0BaHMs, IOCBSILeHHbIE TPOTEe3MPOBAHMIO TeJl TIO3BOHKOB IIPY OITYX0JIEBbIX TOPasKeHUSX Y TallMeHTOB
18 neT u crapiie, ¢ YeTKUM OIpeneeHNeM ITPocedanusl U aHaanu3oM (GakTopoB pucKka. AHATU3UPOBAINCH
pasiuYHble TUIIbI UMIJIAHTATOB: Pa3ABIOKHbBIE, CeTUaThIe, CEPUITHbIE U MHAUBUAYa/IbHbIE 3D-TIpOTE3bI.
Pe3ynomamet. B aHanmu3 BKIOYEHO 13 uccnemoBanuii (12 peTpOCIIEKTUBHBIX, 1 MIPOCHEKTUBHOE) C YYaCTU-
eM 661 mauyenTa. Hambosnpinast yactora mpocemanust 3aMKCUPOBaHA IJISI TUTAHOBBIX CETUATHIX ITPOTE30B
— oT 63,8 no 71,4%. Pa3nBuskKHbIE MMIUIAHTATHI POAEMOHCTPUPOBAIN 6osee GIaronpusiTHbie pe3yabTaThl
C YacTOTOi mpocemauus oT 5,3 mo 35,3%. Pe3ynbTaTsl MpuMeHeHNUsT 3D-MMIIJIAaHTATOB OKa3aaMch Hambosee
MPOTUBOpPeuMBbIMHU, Bapbupyst oT 0 mo 100% B pas3nnuHbIX MUccaeqoBaHMsIX. [lepuos HaGMIOmeHMS COCTABIISIT
ot 7,4 no 101 mec.

3axmoyerue. Pa3gBusKHbIE MMIUIAHTATHI EMOHCTPUPYIOT Hamnbosee 6arompusiTHbIe Pe3yIbTaThl B OTHOIIIE-
HMM 4acCTOTbI NpOCefaHus IIpU MPOTEe3UPOBAHUM TeJl TIO3BOHKOB Y MallMeHTOB C OMYyXOJISIMM MTO3BOHOYHMKA.
Bricokas yacToTa mpocenaHuss TUTAHOBBIX CETUATHIX MPOTE30B MOKET ObITh 0OYCI0BIeHA HECOOTBETCTBUEM
MOZAYJIS YIIPYTOCTY MMILIAHTATa M KOCTHOV TKaHu. 3D-1rpoTe3bl TpeOyIOT JaabHeMIIero u3ydeHus OJis OmTy -
MM3alyuM UX Ou3aiiHa M KIMHUYECKOTO mpuMeHeHMs. Heo6XonyuM MHAMBUAYAJIbHBIN MOAX0 K BEIOOPY TUITA
mpoTe3a ¢ yueToM (HakTOPOB PUCKA.

KnroueBbie cioBa: npoTe3upoBaHMe TeJl IMO3BOHKOB; OITYXOJ/IM ITO3BOHOYHMKA,; IIpOCedaHVe MMIIJIAHTATOB;
pa3aBM>KHbBIE ITPOTE3bl; TUTAHOBLIE CETUYATBIE ITPOTE3bI; 3D-UMNIaHTAThl; CIIOHAUI3KTOMMUSI.
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INTRODUCTION

Vertebral body replacement is one of the key
surgical methods for the treatment of spinal
tumors. This procedure restores the load-bearing
function and stability of the spinal column after
the resection of the affected vertebra [1, 2]. The
long-term effectiveness of the method largely
depends on the stability of the implanted device
and its integration with the adjacent bone
structures [3]. Vertebral body implant subsidence
is one of the most common complications, which
can lead to sagittal imbalance, compression of
neural structures, pain syndrome, and, ultimately,
the need for revision surgery [4].

Assessing the incidence of implant sub-
sidence and identifying the factors influen-
cing its development is critically important for
optimizing surgical strategies and improving
long-term treatment outcomes [5]. Modern
spinal surgery utilizes a wide range of vertebral
body implants, including traditional titanium
mesh cages,expandableimplants,and innovative
3D-printed and patient-specific prostheses [6].
Each implant type has unique biomechanical
properties that may differentially affect the risk
of subsidence.

Despite significant advances in the develop-
ment of new implant types, the literature
lacks systematized data on the comparative
effectiveness of different vertebral body prosthe-
ses in terms of subsidence rates in spinal tumor
cases.

The aim of the review — to compare the
subsidence rates of various types of vertebral
body implants used in the surgical treatment of
thoracic and lumbar spinal tumors in order to
determine the optimal reconstruction methods
for patients with spinal tumors.

METHODS

This study is a systematic literature review
conducted in accordance with the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. A literature

search was performed in the PubMed, Google
Scholar, and eLIBRARY electronic databases in
both Russian and English using the following
keywords: vertebral body replacement, vertebral
body prosthesis, vertebral body reconstruction,
spinal tumor, spine tumor, vertebral tumor, spinal
metastases, implant subsidence, prosthesis
subsidence, cage subsidence, spondylectomy,
corpectomy, vertebrectomy, titanium mesh,
expandable cage, 3D printed implant, spinal
reconstruction, anterior spinal fusion. The
initial search identified 1054 potentially relevant
articles (Figure 1).

The selection of studies was based on the
PICO framework (Population, Intervention,
Comparison, Outcome). The Population (P)
included adult patients (18 years and older) with
primary or metastatic tumors of the thoracic
and/or lumbar spine. The Intervention (I) was
vertebral body replacement using various types
of implants (expandable, mesh, 3D-printed
commercial, or pacient-specific). The Comparison
(C) was made between different implant types.
The primary Outcome (O) was the incidence of
implant subsidence.

Inclusion criteria:

1) language of publication — English or
Russian;

2) publication period — from 2010 to 2025
inclusive;

3) study design — randomized controlled
trial, cohort study, case-control study, or case
series with at least 10 patients;

4) full-text article available.

Exclusion criteria: review articles, editorials,
letters to the editor, and poster presentation.

Studies were included if they focused on
vertebral body replacement for spinal tumors,
contained a clear definition and measurement
methods of subsidence, and analyzed risk factors
associated with subsidence. Studies dedicated
exclusively to traumatic or infectious spinal
conditions, as well as duplicate publications,
were excluded.
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Records identified by title in databases:
» PubMed (n = 345)
¢ Google Scholar (n = 504)
» eLIBRARY (n = 205)

Records excluded by title before screening:
« duplicate titles (n = 453)

\ 4

Records included in screening
based on title (n = 550)

Y

» removed for other reasons (n = 51)

Records excluded

Y

\ 4

Records selected for full text
analysis (n = 48)

based on abstract (n = 502)

Records excluded due to unavailability

Y

Y

Full-text records assessed
for eligibility (n = 45)

of full text (n = 3)

Records excluded:
 reviews (n = 20)

Y

L Records included in review (n=13)

\

e irrelevant topic (n =12)

Figure 1. Flow diagram of article search and selection

Two independent reviewers performed the
screening of titles and abstracts, followed by a
full-text review of selected articles. Disagree-
ments were resolved through discussion with
a third reviewer when necessary. The following
data were extracted from each included study:
study design, patient characteristics (number,
age, sex, tumor type and location), implant
type, definition and measurement methods of
subsidence, subsidence rate, risk factors, and
follow-up duration.

Data analysis was performed using
quantitative and descriptive methods. Par-
ticular attention was paid to comparing sub-
sidence rates among different implant types
and analyzing the risk factors associated with
subsidence.

RESULTS

In the course of a systematic literature review,
13 studies on vertebral body replacement in
case of spinal tumors were analyzed. The vast
majority (12 out of 13) had a retrospective
design, while only one was prospective. The pre-

dominance of retrospective studies limits the
ability to establish causal relationships based on
the obtained results (Table 1).

Information on tumor type was provided
in 11 out of 13 studies. Across these studies,
258 patients had primary tumors and 267 had
metastatic lesions. For 136 patients from two
studies, the tumor type was not specified.
The mixed nature of tumor involvement (both
primary and metastatic) in the analyzed studies
indicates heterogeneity of the patient po-
pulation, which may affect the generalizability
of the findings to specific tumor types.

Regarding the types of implants used,
3D-printed vertebral body prostheses were the
most frequently reported — mentioned in 7 out of
13 studies. Titanium mesh cages were used in four
studies, expandable implants in three, patient-
specific prostheses in five, and carbon fiber-
reinforced polyetheretherketone (CFR-PEEK)
implants in two studies. The diversity of implant
types reflects the evolving nature of spinal
reconstruction technologies and complicates
direct comparison of outcomes across studies.
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Characteristics of included studies

Table 1

Study Study design Patient population Implant type Follow-up period
Viswanathan A. | Retrospective 95 patients (24% with primary Expandable titanium Median 7.4
etal., 2012 [7] | cohort study tumors, 76% with metastatic prosthesis months (range
lesions) 1-62 months)
Yoshioka K. Retrospective 47 patients (15 with primary Titanium mesh cage Mean 70.2 months
etal., 2017 [8] | cohort study spinal tumors, 32 with metastatic (range

Girolami M.
etal., 2018 [9]

LiZ.etal.,
2020 [10]

Tang X. et al.,
2021 [11]

Shen F.H. etal.,
2022 [12]

Zhou H. et al.,
2022 [13]

CaoY.etal.,
2023 [14]

Chen Z.etal.,
2023 [15]

Shimizu T.
et al., 2023 [16]

Hu]J.etal.,
2023 [17]

Hu X. et al.,

2023 [18]

Schwendner M.
etal., 2023 [19]

Prospective case
series

Retrospective
cohort study

Retrospective
cohort study

Case series,
retrospective
multi-center review

Retrospective
cohort study, case
series

Retrospective
cohort study,
comparative study

Retrospective
comparative study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study

Retrospective
cohort study, case
series

lesions)

13 patients (8 with primary
bone tumors, 5 with solitary
metastases)

30 patients (23 with primary
spinal tumors, 7 with metastatic
lesions)

27 patients (predominantly with
primary spinal tumors, 4 with
metastatic lesions)

13 patients (8 with primary
tumors, 5 with metastatic
lesions)

23 patients (18 with primary
spinal tumors, 5 with metastatic
lesions)

20 patients with metastases in
the thoracolumbar region

35 patients (26 with primary
malignant tumors, 9 with
metastatic lesions)

136 patients (tumor type not
specified)

51 patients (33 with primary
tumors, 18 with metastatic
lesions)

145 patients (79 with primary
spinal tumors, 66 with metastatic
lesions)

25 patients (8% with primary
spinal tumors, 92% with
metastatic lesions)

Patient-specific
3D-printed titanium
prosthesis

Titanium mesh cage

3D modular prosthesis

Patient-specific implant
made of CFR PEEK

3D-printed prostheses
(patient-specific and
commercial)

Artificial 3D-printed
prosthesis

Commercial 3D-printed
prosthesis, titanium
mesh cage

Titanium mesh cage

3D-printed prostheses
(patient-specific and
commercial)

Titanium mesh cage,
expandable titanium
prosthesis, patient-
specific 3D-printed
prosthesis

Expandable prosthesis
made of carbon
fiber-reinforced
polyetheretherketone
(CFR-PEEK)

17-120 months)

Mean 10 months
(range
2-16 months)

Mean 41.8 months
(range
13-120 months)

Mean 22 months
(range
12-41 months)

Mean 8 months
(range
1-21 months)

Median 37 months
(range
24-58 months)

Median 21.8
months (range
12-38 months)

Mean 24.6 months
(range
12-60 months)

Mean 101 months
(range
36-232 months)

Median 21 months
(range
7-57 months)

Mean

53.61 months
(range

12-149 months)

Median
295 days (range
13-491 days)
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The duration of follow-up also varied among
the studies. Five out of 13 studies reported
median follow-up periods ranging from 7.4 to 37
months (with conversion of days to months for
the study by M. Schwendner et al.). Eight studies
reported mean follow-up durations ranging from
8 to 101 months. This wide variation in follow-
up duration may influence the assessment of
long-term outcomes and complication rates
across studies.

The rates of implant subsidence varied
considerably depending on the type of verteb-
ral body prosthesis used. For titanium mesh
cages, the incidence of subsidence ranged from
63.8 to 71.4%, as reported by K. Yoshioka et al.
and Z. Chen et al., respectively [8, 15]. In
the same study by Z. Chen et al., the perfor-
mance of a 3D-printed commercial prosthesis
was also evaluated, showing a subsidence rate
of 64.3% [15].

Expandable implants demonstrated variable
rates of subsidence. In the study by A. Viswanathan
et al., the rate for a titanium implant was 12.6%,
while in the study by M. Schwendner et al., the rate
reached 35.3% for a CFR-PEEK implant [7, 19].

The results of 3D-printed implants were
heterogeneous. In the study by X. Hu et al., no
cases of subsidence were reported among 51
patients who received 3D-printed prostheses
(both patient-specific and commercial) [18].
Similarly, F.H. Shen et al. reported no subsidence
with CFR-PEEK implants featuring custom
titanium endplates [12]. However, in the study
by M. Girolami et al., subsidence occurred in all
patients (100%) who received patient-specific
titanium 3D-printed prostheses [9]. In the study
by H. Zhou et al., the subsidence rate of 3D
implants was 21.7%, while X. Tang et al. reported
a rate of 38.5% for modular 3D-printed prosthe-
ses [11, 13] (Table 2).

Table 2
Subsidence rates by implant type
Study Implant type Subsidence rate Definition of subsidence Time of detection
Viswanathan A. | Expandable titanium 12/95 (12.6%) Migration > 1 mm Immediately after
etal.,, 2012 [7] | prosthesis surgery and more
than 30 days
postoperatively
Yoshioka K. Titanium mesh cage 30/47 (63.8%) > 2 mm One month
etal., 2017 [8] after surgery
Girolami M. Patient-specific 3D-printed 13/13 (100%) 4.3%£5.7 mm At the last
etal.,, 2018 [9] | titanium prosthesis follow-up
LiZ.etal., Titanium mesh cage 8/52 (15.4%) 10.9%4.5 mm At the last
2020 [10] follow-up
Tang X. et al., 3D modular prosthesis 10/26 (38.5%) Migration > 2 mm During the
2021 [11] follow-up period
Shen F.H. et al., | Patient-specific implant 0/13 (0%) Not applicable Not applicable
2022 [12] made of CFR PEEK
Zhou H. et al., | Patient-specific 3D-printed 1/10 (10%) Migration > 2 mm At the last
2022 [13] prostheses follow-up
Commercial 3D-printed 4/13 (30.8%) Migration > 2 mm At the last
prostheses follow-up
CaoY.etal, 3D-printed self-stabilizing 7/10 (70%) 1.8%2.1 mm At the last
2023 [14] artificial vertebra follow-up
Titanium mesh cage 9/10 (90%) 5.2+5.1 mm At the last
follow-up
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End of Table 2
Study Implant type Subsidence rate Definition of subsidence Time of detection
Chen Z. et al., Commercial 3D-printed 9/14 (64.3%) Decrease in mean vertebral | At the last
2023 [15] prostheses body height > 3 mm follow-up
Titanium mesh cage 15/21 (71.4%) Decrease in mean vertebral | At the last
body height > 3 mm follow-up
Shimizu T. Titanium mesh cage 44/136 (32.4%) 2-18 mm One month
et al., 2023 [16] after surgery
Hu]J.etal., 3D-printed prostheses 0/51 (0%) Not applicable Not applicable
2023 [17] (patient-specific and
commercial)
Hu X. et al., Titanium mesh cage 18/70 (25.7%) Not defined At the last
2023 18] follow-up
Expandable titanium 4/75 (5.3%) Not defined At the last
prosthesis follow-up
Schwendner M. | Expandable prosthesis 6/17 (35.3%) 3.8%3.1 (1-8) mm At the last
etal., 2023 [19] | made of CFR-PEEK follow-up

The degree of subsidence varied across studi-
es, ranging from implant migration of more than
1 mm to segmental height loss exceeding 3 mm.
The timing of subsidence detection also differed
— from the immediate postoperative period to
the final follow-up. In most studies, subsidence
was assessed either one month postoperatively
or during subsequent follow-up visits.

Implant instability rates were reported in 12 of
the 13 studies. Recorded instability rates ranged
from 0 to 32.4%, reflecting substantial variabili-
ty in implant performance among studies. Infor-
mation on the timing of implant instability was
available in only three studies: one reported a
mean time of 37.41 months, another a median
of 31 months, and the third provided specific
values of 24 and 36 months. In nine studies,
no information on the timing of instability was
provided, and in one study, this parameter was
not applicable due to the absence of instability
cases. The lack of consistent reporting on the
timing of implant instability limits the ability
to draw conclusions about the long-term
performance of different implant types.

DISCUSSION

The present systematic review provides the first
comprehensive analysis of vertebral body prosthe-
sis subsidence in spinal tumors, encompassing
various implant types and their clinical outcomes.
The data demonstrate considerable variability
in the incidence of subsidence across different
prosthesis types, which has important clinical

implications for selecting the optimal method of
spinal reconstruction in oncologic patients.

The highest subsidence rates were observed
with titanium mesh cages — ranging from 15.4
to 90.0%. These findings are consistent with
previous reports indicating a high incidence of
subsidence in titanium implants, particularly in
the presence of osteoporosis or weakened
endplates [20]. The high subsidence rates
associated with titanium mesh cages may be
attributed to the mismatch in elastic modulus
between the implant and bone tissue, as well
as stress concentration over a relatively small
contact area with the vertebral endplates.
These results align with biomechanical studies
demonstrating that the high stiffness of
titanium creates unfa-vorable conditions for
load distribution at the implant-bone interface,
especially in patients with com-promised bone
quality due to oncologic disease [21, 22].

Expandable prostheses demonstrated more
favorable outcomes, with subsidence rates
ranging from 5.3 to 35.3%. The advantage of
expandable designs lies in their ability to restore
vertebral height accurately and distribute loads
evenly across the endplates. Furthermore,
expandable implants allow intraoperative height
adjustment, promoting optimal contact with the
surrounding bone structures.

The outcomes of using 3D-printed implants
proved to be the most inconsistent, with reported
subsidence rates ranging from 0 to 100% across
studies. This considerable variability may be
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attributed to differences in implant design,
manufacturing materials, and patient-specific
characteristics. ~ Although  patient-specific
3D-printed prostheses are theoretically expected
to achieve superior anatomical conformity,
clinical results do not always confirm this
assumption.

Titanium alloy remains the standard material for
fabricating patient-specific 3D implants. Despite its
biocompatibility and mechanical strength, titani-
um possesses notable biomechanical disadvanta-
ges. Even porous titanium structures exhibit a
substantial mismatch in elastic modulus compared
to bone tissue — approximately 110 GPa for
titanium versus 3.78-14.64 GPa for bone [22, 23].
This discrepancy leads to a stress-shielding effect,
in which the stiffer implant bears the majority of
the mechanical load, thereby reducing stimulation
of the surrounding bone. According to Wolff’s
law, insufficient mechanical loading induces
bone resorption and weakening, which ultimately
promotes implant subsidence and structural in-
stability [24]. Additionally, stress concentration
over a relatively small contact area between a
rigid titanium implant and compromised vertebral
endplates further predisposes to subsidence.
In oncologic settings, where bone quality is often
impaired by tumor involvement, chemotherapy, or
radiotherapy, these biomechanical factors become
even more critical.

Paradoxically, while the patient-specific
geometry of 3D-printed prostheses was intended
to optimize load distribution, it does not
address the fundamental mismatch in material
mechanical properties. This may explain why
even anatomically precise custom implants
can show high subsidence rates, as reported by
M. Girolami et al., where the incidence reached
100% [9]. This issue underscores the need for
developing novel materials for 3D printing, such
as PEEK-based composites, that could better
approximate the mechanical characteristics of
bone while retaining the advantages of patient-
specific design.

Study limitations

This systematic review has several limitations.
First, significant heterogeneity among the
included studies in terms of design, patient
populations, and implant types limits the

feasibility of performing a quantitative meta-
analysis. Second, differences in the definition
of subsidence and measurement methods
complicate direct comparison of outcomes.
Third, the relatively short follow-up periods in
some studies may not adequately reflect long-
term results.

CONCLUSIONS

This systematic review highlights the need
for an individualized approach to selecting
vertebral body replacement implants in patients
with spinal tumors, taking into account various
risk factors. Expandable implants demonstrate
the most favorable outcomes with respect to
subsidence rates, whereas 3D-printed prostheses
require further investigation to optimize their
design and clinical application.

DISCLAIMERS

Author contribution

Zaborovskii N.S. — study concept and design,
drafting and editing the manuscript.

Shailieva Sh.L. — study concept and design,
drafting and editing the manuscript.

Masevnin S.V. — literature search and review,
drafting and editing the manuscript.
Smekalenkov O.A. — literature search and review,
statistical data processing, data analysis and
interpretation.

Murakhovsky V.S. — literature search and review,
statistical data processing, data analysis and
interpretation.

Ptashnikov D.A. — scientific guidance, editing the
manuscript.

All authors have read and approved the final
version of the manuscript of the article. All
authors agree to bear responsibility for all aspects
of the study to ensure proper consideration and
resolution of all possible issues related to the
correctness and reliability of any part of the work.
Funding source. This study was not supported by
any external sources of funding.

Disclosure competing interests. The authors
declare that they have no competing interests.
Ethics approval. Not applicable.

Consent for publication. Not required.

Use of artificial intelligence. No generative
artificial intelligence technologies were used in
the preparation of this manuscript.

186 2025;31(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://www.zotero.org/google-docs/?NIKLop
https://www.zotero.org/google-docs/?NIKLop
https://www.zotero.org/google-docs/?IKfrnq
https://www.zotero.org/google-docs/?5DoB3s

REVIEWS

REFERENCES 11. Tang X., Yang Y., Zang J., Du Z., Yan T., Yang R. et al.
Preliminary Results of a 3D-Printed Modular Vertebral

1. Usikov V.D., Ptashnikov D.A., Magomedov Sh.Sh. Prosthesis for Anterior Column Reconstruction after
Corpor- and spondylectomy in system of surgical Multilevel Thoracolumbar Total En Bloc Spondylectomy.
treatment of vertebral tumors.  Traumatology Orthop Surg. 2021;13(3):949-957. doi: 10.1111/0s.12975.
and  Orthopedics ~ of Russia.  2010;(2):140-142. 12 Shen F.H., Gasbarrini A., Lui D.F., Reynolds J.,
(InRUSSIan)dOI1021823/2311-2905-2010-0-2-140-142 Capua ]_, Boriani S. Integrated Custom Composite

2. Zaborovsky N.S., Ptashnikov D.A., Topuzov E.E., Polyetheretherketone/Carbon fiber (PEEK/CF)
levchenko E.V., Mikhailov D.A., Natalenko K.E. Spine Vertebral Body Replacement (VBR) in the Treatment
Tumor Epidemiology in Patients who Underwent of Bone Tumors of the Spine: A Preliminary Report
Orthopaedic Surgery. Traumatology and Orthopedics From a Multicenter Study. Spine (Phila Pa 1976). 2022;
of Russia.  2019;25(1):104-112.  (In  Russian). 47(3):252-260. doi: 10.1097/BRS.0000000000004177.
doi: 10.21823/2311-2905-2019-25-1-104-112. 13.Zhou H., Liu S., Li Z., Liu X., Dang L., Li Y. et al.

3. Zaborovskii NS, Masevnin SV, MurakhOVSky VS, 3D_printed Vertebral body for anterior Spinal
Mukhiddinov RA, Smekalyonkov O0.A., reconstruction in patients with thoracolumbar spinal
Ptashnikov D.A. Risk factors for hardware failure tumors. J Neurosurg Spine. 2022;37(2):274-282.
after total spondylectomy in patients with spinal doi: 10.3171/2022.1.SPINE21900.
tumors.  Genij  Ortopedii. ~ 2025;31(2):183-193. 14, Cao Y., Yang N., Wang S., Wang C., He Q., Wu Q. et al.
(InRuSSian).dOi: 1018019/1028'4427'2025'31'2‘183'193 The application Of SD_printed auto_stable artlfl(:lal

4. Berjano P., Cecchinato R., Pun A., Boriani S§. vertebral body in en bloc resection and reconstruction
Revision surgery for tumors of the thoracic and of thoracolumbar metastases. J Orthop Surg Res.
lumbar spine: causes, prevention, and treatment 2023;18(1):638. doi: 10.1186/s13018-023-04135-3.
strategy. Eur Spine J. 2020;29(Suppl 1):66-77. 15 Chen Z., Lii G., Wang X., He H., Yuan H., Pan C. et al.
doi: 10.1007/500586-019-06276-8. Is 3D-printed prosthesis stable and economic enough

5. Zaborovskii N., Schlauch A., Ptashnikov D, for anterior spinal column reconstruction after spinal
Mikaylov D., Masevnin S., Smekalenkov O. et al tumor resection? A retrospective comparative study
Hardware Failure in Spinal Tumor Surgery: A Hallmark between 3D-printed off-the-shelf prosthesis and
of Longer Survival? Neurospine. 2022;19(1):84-95. titanium mesh cage. Eur Spine J. 2023;32(1):261-270.
doi: 10.14245/ns.2143180.590. doi: 10.1007/s00586-022-07480-9.

6. Kasapovic A., Bornemann R., Pflugmacher R., 16 Shimizu T., Kato S., Demura S., Shinmura K.,
Rommelspacher Y. Implants for Vertebral Body Yokogawa N., Kurokawa Y. et al. Characteristics and risk
Replacement — Which Systems are Available and Have factors of instrumentation failure following total en bloc
Become Established. Z Orthop Unfall. 2021;159(1):83-90. spondylectomy. Bone Joint J. 2023;105-B(2):172-179.
(In German). doi: 10.1055/a-1017-3968. doi: 10.1302/0301-620X.105B2.B]]-2022-0761.R2.

7. Viswanathan A., Abd-El-Barr M.M., Doppenberg E., 17 Hu J., Song G., Chen H., Xu H., Wang A., Wang X.
Suki D., Gokaslan Z., Mendel E. et al. Initial eXperience et al. Surgical outcomes and risk factors for Surgical
with the use of an expandable titanium cage as a complications after en bloc resection following
vertebral body replacement in patients with tumors of reconstruction with 3D-printed artificial vertebral
the spinal column: a report of 95 patients. Eur Spine J. body for thoracolumbar tumors. World | Surg Oncol.
2012;21(1):84-92. doi: 10.1007/s00586-011-1882-7. 2023;21(1):385. doi: 10.1186/5s12957-023-03271-8.

8. Yoshioka K., Murakami H., Demura S., Kato S., 18 Hu X., Barber S.M., Ji Y., Kou H., Cai W., Cheng M.
Yokogawa N., Kawahara N. et al. Risk factors of et al. Implant failure and revision strategies after
instrumentation failure after multilevel total en bloc total spondylectomy for spinal tumors. J Bone Oncol.
spondylectomy. Spine Surg Relat Res. 2017;1(1):31-39. 2023;42:100497. doi: 10.1016/j.jbo.2023.100497.
doi: 10.22603/ssr1.1.2016-0005. 19. Schwendner M., Ille S., Kirschke J].S., Bernhardt D.,

9. Girolami M., Boriani S., Bandiera S., Barbanti- Combs S.E., Meyer B. et al. Clinical evaluation
Brédano G., Ghermandi R., Terzi S. et al. Biomimetic of vertebral body replacement of carbon fiber-
3D-printed custom-made prosthesis for anterior reinforced polyetheretherketone in patients with
column reconstruction in the thoracolumbar spine: tumor manifestation of the thoracic and lumbar
a tailored option following en bloc resection for spine. Acta Neurochir (Wien). 2023;165(4):897-904.
spinal tumors: Preliminary results on a case-series doi: 10.1007/s00701-023-05502-z.
of 13 patients. Eur Spine J. 2018;27(12):3073-3083.  20.Li Z., Guo L., Zhang P., Wang J., Wang X., Yao W.
doi: 10.1007/500586-018-5708-8. A Systematic Review of Perioperative Complications

10. Li Z., Wei F., Liu Z., Liu X., Jiang L., Yu M. et al. Risk in en Bloc Resection for Spinal Tumors. Global Spine J.
Factors for Instrumentation Failure After Total En 2023;13(3):812-822. doi: 10.1177/21925682221120644.
Bloc Spondylectomy of Thoracic and Lumbar Spine  21.Xu H., Wang X., Han Y., Jiang Y., Wang J., Zhang X.
Tumors Using Titanium Mesh Cage for Anterior et al. Biomechanical comparison of different prosthetic
Reconstruction. World Neurosurg. 2020;135:e106-e115. reconstructions in total en bloc spondylectomy:
doi: 10.1016/j.wneu.2019.11.057. a finite element study. BMC Musculoskelet Disord.

2022;23(1):955. doi: 10.1186/s12891-022-05919-0.

187 2025;31(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



REVIEWS

22.Heary R.F., Parvathreddy N., Sampath S., 23.Warburton A., Girdler S.]., Mikhail C.M., Ahn A., Cho S.K.

Agarwal N. Elastic modulus in the selection of Biomaterials in Spinal Implants: A Review. Neurospine.
interbody implants. J Spine Surg. 2017;3(2):163-167. 2020;17(1):101-110. doi: 10.14245/ns.1938296.148.
doi: 10.21037/jss.2017.05.01. 24. Frost H.M. A 2003 update of bone physiology and Wolff’s

Law for clinicians. Angle Orthod. 2004;74(1):3-15.
doi: 10.1043/0003-3219(2004)074<0003:AUOBPA>2.0.CO;2.

Authors’ information

DA Nikita S. Zaborovskii — Cand. Sci. (Med.)
Address: 8, Akademika Baykova st., St. Petersburg,
195427, Russia
https://orcid.org/0000-0003-4562-8160

eLibrary SPIN:3766-5993

e-mail: n.zaborovskii@yandex.ru

Sheridan L. Shailieva

https://orcid.org/0009-0005-2113-3077
eLibrary SPIN: 8199-7620

e-mail: sheri21072001 @gmail.com
Sergei V. Masevnin — Cand. Sci. (Med.)

https://orcid.org/0000-0002-9853-7089
eLibrary SPIN:5505-2641

e-mail: drmasevnin@gmail.com
Oleg A. Smekalenkov — Cand. Sci. (Med.)

https://orcid.org/0000-0002-4867-0332
eLibrary SPIN:7902-6380

e-mail: drsmekalenkov@mail.ru
Vladislav S. Murakhovsky

https://orcid.org/0000-0002-9985-5636
eLibrary SPIN:3819-8485

e-mail: drmurakhovsky@gmail.com
Dmitrii A. Ptashnikov — Dr. Sci. (Med.), Professor

https://orcid.org/0000-0001-5765-3158
eLibrary SPIN:7678-6542

e-mail: drptashnikov@yandex.ru

188 2025;31(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA





