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Abstract

Background. According to the analysis of large arthroplasty registers we have noted the increase in the use of non-
cemented implants, because the latter shows the same results of implant survival as well as cemented implants. On
the other hand, they can affect the quality of the bone around the implant in different ways. These components differ
in shape, length, and surface properties. According to the analysis of the arthroplasty register of the Vreden National
Medical Research Center of Traumatology and Orthopedics, a significant decrease of the Alloclassic femoral stem
using can be noted. In parallel the use of its SL-PLUS MIA modification has increased significantly.

Aims of the study: 1) to determine the influence of changes in the design of the Zweymiiller-type femoral stem
on midterm and long-term outcomes and its survival; 2) to identify the characteristics of adaptive remodeling
of periprosthetic bone tissue around these femoral stems; 3) to determine risk factors for aseptic loosening of
these femoral stems.

Methods. 492 cases of hip arthroplasty using the Alloclassic and SL-PLUS MIA femoral stems were observed, with
an average follow-up 78.6 months. The patients were divided into 2 groups according to the type of femoral stem.
The assessment the hip articulation condition was carried out using the HHS and OHS. The intensity of the pain
syndrome was assessed by VAS, and the level of patient’s satisfaction. The dynamic analysis of X-rays was also
performed visually.

Results. A significant improvement in clinical and functional results was observed according to the HHS and OHS
in both groups of patients, regardless of the type of femoral stem. Analysis of X-rays over time showed differences
in the behavior of these two femoral component models. The radiolucent lines around the femoral stem are absent
in SL-PLUS MIA group, in Alloclassic stem group radiolucent lines are present even at a minimal period (12 months).
We also found that a tight fit of Zweymiiller femoral stems in the distal shaft is a risk factor for severe stress-
shielding syndrome, especially in the funnel channels. But ceteris paribus, a distal tight fit of SL-PLUS MIA stems
despite similar geometry of the distal part does not lead to such frequent manifestation of severe stress shielding.
Conclusion. The change in Zweymiiller stem design from Alloclassic to SL-PLUS MIA improved the nature of adaptive
remodeling in the periprosthetic area of the femur. It may improve the long-term results of primary hip arthroplasty,
but these differences require closer observation.

Keywords: hip arthroplasty, Zweymiiller-type femoral stems, stress-shielding syndrome, radiolucent lines,
aseptic loosening.
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Pecdepar

AKmyanbHOCmb. AHAI3 KPYITHBIX PETUCTPOB apTPOILIACTMUKY TTOKA3bIBAET, YTO HABGIIONAETCS 3HAUNTENIbHBIN POCT UCITOJb-
30BaHMsI GeCIIEMEHTHbIX 6eIpeHHbIX KOMIIOHEHTOB, TAK KaK COBpeMeHHbIe KOHCTPYKIIMM TTOKA3bIBAIOT CXOXKME PEe3YIbTaThl
BbDKMBAEMOCTY Kak IMMpYU I[eMEHTHOI, Tak U Mpu GeciieMeHTHOI dukcanyy. OgHAKO 3TV KOMITOHEHTBI Pa3IMyaloTCs o
dbopme, IvHE M CBOIICTBAM MOBEPXHOCTH, TIO3TOMY MOTYT O-Pa3HOMY BJIMSTh HA KA4eCTBO KOCTM BOKPYT MMIUIAHTATA.
CornacHO JaHHBIM peructpa sHpaonporesupoBanusi HMULL TO um P.P. BpeneHa, oTmeuaeTcss 3HaUUTE/bHOE YMEHbIIIe-
HMe IOJIM UCIIO/Ib30BaHus 6egpeHHoro kKomroHeHTa Alloclassic, B TO BpeMst Kak OIS MCITOJIb30BaHMSI €T0 MOAVGUKALUM
SL-PLUS MIA 3HaunTeNnbHO YBeINYUIACh.

Ilenu uccnedosanus: 1) onpenenuTb, BIUSIET I U3MeHEHMe Ou3aiiHa OeIpeHHOro KOMIOHeHTa Tuna Zweymiiller Ha
CpelHeCPOUHbIE M OTHAJEHHbIE PE3YJIbTAThI U €T0 BbDKMBAEMOCTbD; 2) ONpeeanTh 0COOEeHHOCTM afalTUBHOTO PeMoie-
JIMPOBAHMS TIEPUTIPOTE3HOI KOCTHOM TKAHU B 06JACTY UMILIAHTAIIMU 3TUX GeIpeHHbIX KOMIIOHEHTOB; 3) OIpeneauThb
(axkTOphI pMCKa aCENITUUECKOTO PACIIATHIBAHNS JAHHBIX O€IPEHHBIX KOMIIOHEHTOB.

Mamepuan u memoosi. BoinosiHeH aHanmmu3s 492 ciayyaeB SHOHOIIPOTE3MPOBAHMS Ta300eqPEHHOr0 CYCTaBa C MCIOIb30-
BaHMeM KoMmIoHeHTOB Alloclassic n SL-PLUS MIA. Cpenuuii cpok Habmogenus — 78,1 mec. (MKU 36,0—132,0). ITamu-
€HTBI OBUIM pa3/iesieHbl Ha ABe TPYIMIbI B 3aBUCUMOCTY OT TUIIA 6eJpeHHOTO KOMIIOHeHTa. [IpoBeeHa KIMHMUYECKast
OlleHKa COCTOSIHMS Ta300eIpeHHOro cycTaBa o mkaaam Harris 1 OHS, TOMOMHUTENbHO OIeHUBAIUCh MHTEHCUBHOCTD
6omeBoro cuHApoma 1mo VAS U ypoBeHb yIOBAETBOPEHHOCTYU MAI[MEHTOB pe3yJbTaTaMy JieueHMs. Takke BbITTOJHEH
aHa/lIu3 peHTreHOrpaMM B JMHAMUKe.

Pe3ynsmamest. 3HaUUTENbHOE YAYUIIeHVE KIVMHUKO-(QYHKIIOHATBHBIX PE3yIbTATOB HabM0manoch mo mkasam HHS u OHS
B 00euX rpymmax naiyMeHTOB He3aBUCUMO OT TUIIA GeIpeHHOTO KOMITOHEHTA. AHAIM3 PEHTreHOTrpaMM B AMHAMUKE T10-
Kasas pasjauuusi B MOBEAEHUM ITUX ABYX Mojeseil 6eIpeHHOr0 KOMITIOHEHTA. JIMHUY PEeHTreHOBCKOTO ITPOCBETIEHMS
BOKPYT 6eIpeHHOTO0 KOMITOHEHTA OTCYTCTBOBAIM TPU MCIIONIb30BaHMM OGelpeHHOro KommnoHeHTa SL-PLUS MIA, a mpu
ucnoab30BaHMy HOXKM Alloclassic mpucyTcTBOBaMM Jaske Mpy MUHUMAaJIbHOM CpoKe HabmwogeHus (12 mec.). @akTopom
PUCKA Pa3BUTHS TSKEJIOTO CTPeCC-IIVIIIMHT CUHIPOMA TIPY UCITOJIb30BaHMM GeApeHHbIX KOMITOHEHTOB Tuma Zweymiiller
SIBJISIETCS TUIOTHAS MOCAAKA B AVCTANBHOI YaCTU HOXKM, 0COGEHHO B BOPOHKOOOpa3HbIX KaHanax. Ho mpu mpouynx pas-
HBIX YCJIOBUSIX IVIOTHAS AUCTaabHas nocajgka Hoxkek SL-PLUS MIA, HecMOTps. Ha CXOKYI0 reOMeTPUIO AUCTAIbHONM 4acTH,
He NMPUBOAUT K CTOJIb YaCTOMY ITPOSIBJIEHUIO TSIKEJIOTO CTpeCcC-IMIWIIMHTA.

3axntouenue. VismeHeHne ay3aitHa HOkkM Tima Zweymiiller u3 Alloclassic B SL-PLUS MIA mo3BoaWIO yIydlinTh XapakTep
aZarTMBHOTO PEMOJIETMPOBAHMS IIEPUITPOTE3HON 30HbI 6eJPeHHOI KOCTH, UTO, BO3MOXKHO, YAYUIIUT OTHATEHHbIE PE3YITb-
TaThbl IEPBUYHOTO SHAOIpoTe3upoBaHusi TBC. Ho qaHHbIe pa3nnuus TpeGyIoT JabHEIIero HabmoaeHus.

KaroueBsbie ciioBa: SHOOIIPOTE3NpPOBaHME TaSOGGHPGHHOFO CyCTaBa, BbDKMBA€MOCTb S9HAOOIIPOTE3a, IMHUM PEHTI€HOBCKOI'O
IMIPOCBETIEHNS, aCeIITUYeCKOe pacCllaTbIBaHNe 6e,upeHHoro KOMIIOHEHTa.

Insi uutupoBaHus: llly6usakos U.U., Puaxu A., Cepena A.Il., YepkacoB M.A., XyxkaHazapos U.D., TuxuioB P.M.
Yro usmeHmwna Momudurauus OeopeHHOTO KommoHeHTa Zweymiiller? Tpasmamonozus u opmonedus Poccuu.
2023;29(3):5-17. https://doi.org/10.17816/2311-2905-13226.
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BACKGROUND

One of the trends in modern arthroplasty is the
increasing frequency of using non-cemented im-
plants in hip replacement, which is confirmed
by the data of numerous arthroplasty regis-
ters!® and scientific publications [1, 2, 3, 4, 5].
On the one hand, this is due to the fact that ex-
isting non-cemented prostheses show similar or
even better survival results than cemented ones
[4, 6,7, 8]. On the other hand, the use of cemented
implants, despite their relative cheapness, is as-
sociated with an increase in the surgery duration,
which levels their economic attractiveness [6, 9].

Nowadays, there is a huge number of non-
cemented femoral stems of different geometry,
which, due to their design features, transfer the
load to the underlying bone in different ways,
leading to formation of specific adaptive remod-
eling response [10, 11]. In some cases, the normal
process of adaptive bone remodeling becomes
negative, and leads to bone weakening and im-
plant loosening [10, 12].

Analysis of hip arthroplasty register of the
Vreden National Medical Research Center of
Traumatology and Orthopedics has revealed a
tendency towards gradual decrease in the pro-
portion of straight wedge-shaped stems with a
rectangular cross-section compared to proxi-
mally curved wedge-shaped stems fully coated
with hydroxyapatite. In particular, the most
commonly used Zweymdiiller (Alloclassic) femo-
ral stems have become five and a half times less
frequently used, with their share decreasing from
42.4% of all non-cemented stems in 2007 to 7.7%
in 2018-2020. At the same time, the SL-PLUS MIA
modification of this stem was used in only 0.8%
of cases in 2014 (at the beginning of use) and in
2018-2020 - in 14,0% [5].

Aims of the study: 1) to determine the influ-
ence of changes in the design of the Zweymiiller-
type femoral stem on midterm and long-term
outcomes and its survival; 2) to identify the char-
acteristics of adaptive remodeling of peripros-
thetic bone tissue around these femoral stems;

3) to determine risk factors for aseptic loosening
of these femoral stems.

METHODS

Hip arthroplasty register database contained
1580 cases of primary arthroplasty using two
Zweymiiller stem models: Alloclassic (Zimmer-
Biomet) and SL-PLUS MIA (Smith+Nephew). Of
these, only 779 observations had both pre- and
postoperative X-rays. Of these cases, some obser-
vations were lost to complete analysis: 9 patients
(11 observations) had died by the time of the
study, and 269 patients (276 cases of hip arthro-
plasty) could not be contacted. Therefore, assess-
ment of functional results and analysis of X-rays
in dynamics were performed in 492 (63.2%) obser-
vations out of 779 at a mean time of 78.1 months
(IQR 36.0-132.0; Me = 60.0: 12.0 to 180.0) (Fig. 1).
Patients were operated by different surgical teams
using different approaches and were divided into
two groups according to the type of the stem.
Alloclassic stem was used in 37.3% of cases in
men and 62.7% of cases in women, whereas SL-
PLUS MIA stem was used in 25.3% of cases in
men and 74.7% of cases in women (p = 0.012).
There was also a statistically significant differ-
ence in the frequency of stem use in complex cases
of primary hip arthroplasty: Alloclassic stems were
used in 80.3% of complex cases and 19.7% in stan-

SL-PLUS MIA

101 167

Alloclassic

186 325

% 10% 20% 30% 40% 50% 60% 70%  80%
(Number of lost observations

90%  100%

Number of observations available for subsequent analysis

Fig. 1. Distribution of observations by the type
of femoral stem

! American Joint Replacement Registry. Annual report 2020. Available from: http://www.ajrr.net/publications-data/annual-reports.
% Australian Orthopaedic Association. National Joint Replacement Registry, 2022 Annual Report. Available from: https://aoanjrr.sahmri.com.
3National Joint Registry for England, Wales, Northern Ireland and the Isle of Man 19* Annual Report 2022. Available from:

https://www.njrcentre.org.uk.

“Norwegian Hip Arhtroplasty Register Annual Report 2021. Available from: http://nrlweb.ihelse.net.
5Swedish Hip Arthroplasty Register. Annual Report 2021. Available from: https://registercentrum.blob.core.windows.net/slr/r/SAR-

Annual-Report-2021-SJIAFmIRI5.pdf.

6The German Arthroplasty Registry (EPRD — Endoprothesenregister Deutschland). Annual Report 2020. Available from: https://www.eprd.de.
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dard cases, while SL-PLUS MIA stems were used in
93.2% and 6.8%, respectively (p<0.001) (Tab. 1).

Follow-up period was statistically signifi-
cantly longer when Alloclassic stems were used
(p<0.001). Patients operated with SL-PLUS MIA
stems had a follow-up period of 37.6 months (IQR
24.0-48.0: Me = 36.0: 12.0 to 84.0), while patients
operated with Alloclassic stems had a follow-
up period of 99.4 months (IQR 60.0 to 144.0;
Me =96.0: 24.0 to 180).

Clinical outcomes of hip arthroplasty were as-
sessed according to the Harris Hip Score (HHS), the
Oxford Hip Score (OHS) and the satisfaction index
on a 10-point scale. Pain syndrome intensity was
assessed by 10-point VAS.

To achieve the goals, we processed and ana-
lyzed X-rays of all patients before and after sur-
gery using the "mediCAD® Classic" software
(Sante Medical Systems, Russia).

The following quantitative parameters were
measured on preoperative and postoperative pel-
vic X-rays:

— femoral offset,

— difference in limb length,

— Dorr index [13],

— degree of prosthetic filling in the three
Gruen zones [13],

- prosthesis axis/femoral axis angle.

Qualitative X-ray parameters were also
evaluated:

— presence of stress-shielding syndrome and
its severity according to the C. Engh classifica-
tion [14],

— presence of radiolucent lines around the
stem along the Gruen lines,

— presence of the cortical layer hypertrophy of
the bone,

— presence of pedestal [15].

Table 1
Distribution of observations by etiologic diagnosis, n (%)
Etiologic diagnosis Alloclassic SL-PLUS MIA Total
Standard cases of arthroplasty PHOA 105 (20.5) 16 (5.9) 121 (15.5)
AONFH 20 (3.9) 10 (3.7) 30 (3.8)
PFF 4(0.7) 0 (0) 4(0.5)
Total 129 (25.1) 26 (9.6) 155 (19.8)
Complex cases of arthroplasty DHOA 283 (55.3) 189 (70.5) 472 (60.6)
Arthritis 25 (4.8) 12 (4.4) 37 (4.7)
PTHOA 67 (13.1) 29 (10.8) 96 (12.3)
Ankylosis 7(1.7) 12 (4.7) 19 (2.6)
Total 382 (74.9) 242 (90.4) 624 (80.2)
Total 511 (100) 268 (100) 779 (100)

PHOA — primary hip osteoarthritis; AONFH — aseptic osteonecrosis of the femoral head; PFF — proximal femur
fracture; DHOA — dysplastic hip osteoarthritis; PTHOA — post traumatic hip osteoarthritis.

Statistical analysis

Statistical calculations were performed using
the SPSS Statistic v. 26 (IBM) software. Methods
of descriptive statistics were used. Taking into
account the non-normal data distribution, in
addition to mean values, the median (Me) was
used to measure the central tendency for the
studied parameters, and the lower (Q1) and up-
per (Q3) quartiles (25-75% IQR) were used as
measures of dispersion. Minimum and maxi-
mum values in the data series were also indi-
cated. Quantitative parameters in groups and

subgroups were compared using the Mann-
Whitney U-test, and for multiple comparisons
the method of single-factor analysis of variance
(ANOVA test) was used. Comparison of the fre-
quency characteristics of the parameters was
performed using the nonparametric chi-square
test, in case of a small number of observations
with the Yates correction. Prediction methods
were used for a number of parameters — cal-
culation of odds ratios (OR). Survival rates for
each type of the stem were determined using
the Kaplan-Meier method.

8 2023;29(3)
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RESULTS
Number of revisions and time of surgery

Twenty-eight out of 492 observations (64.1%
of 779 observations included in the study) were
performed between 2007 and 2020, representing
5.7% with an overall mean follow-up period of
7.7 years (IQR 3.5-11.5; Me = 7.5: 1.0 to 14.0).
There were 23 revisions in the Alloclassic group
(mean follow-up period was 93.3 months (IQR
36.0-132.0; Me = 108.0: 12.0 to 156.0), and 5 cas-
es were noted in the SL-PLUS MIA group (mean
follow-up period was 31.2 months (IQR 12.0-

Survival functions

Accumulated survival

00 50,00 100,00
Period of observation (months)
Femoral stem (FS)

ISL Plus MIA
-MAlloclassic

150.00 200,00

~1.00-revision
—+2.00-revision

Fig. 2. Survival of endoprostheses according
to the Kaplan-Meier method

54.0; Me = 24.0: 12.0 to 60.0). Despite the higher
number of revisions in the group of patients with
the Alloclassic stem, this difference was not sta-
tistically significant (p = 0.095) (Table 2). The 10-
year Kaplan-Meier prosthesis survival rate with
the endpoint "revision for any reason" was 92.8%
(Fig. 2).

Given the difference in the follow-up periods,
the structure of reasons for revision differed be-
tween the patient groups (Table 2). When using
the SL-PLUS MIA stem, there were no revisions
associated with aseptic loosening of the compo-
nents, and aseptic loosening of the Alloclassic
stem was noted in 6 (1.8%) cases.

Functional state of patients

The vast majority of patients had a signifi-
cant improvement in hip function after sur-
gery, expressed in an increase of the HHS com-
pared to the preoperative level. Preoperatively,
the mean HHS was 42.0 points (IQR 36.0-46.0;
Me=43.0:24.0t067.0),andaftersurgery-93.1points
(IQR 91.5-96.0; Me = 94.0: 72.0 to 98.0) (Fig. 3).

Patients with the Alloclassic stems had a
mean HHS of 93.1 (IQR 92.0-96.0; Me 94.0: 72.0
to 98.0) and those with the SL-PLUS MIA stems
had a mean HHS of 93.3 (IQR 91.0-97.0; Me = 95.0
(72.0 to 98.0; p = 0.001).

Distribution of the OHS was similar: patients
operated with the Alloclassic femoral stem had
a mean score of 44.7 (IQR 43.0-47.0; Me = 46.0:
36.0 to 48.0), and patients with the SL-PLUS MIA
femoral stem had a mean score of 44.3 (IQR 42.0-
47.0; Me = 46.0: 35.0 to 48.0; p<0.001).

Table 2

Reasons for revision in groups with different stems

Cause of revision Alloclassic (n = 325)
FS aseptic loosening 6(1.8)

AC aseptic loosening 4(1.2)
Prosthesis dislocation 5(1.5)
Infection 6(1.8)
Periprosthetic fracture 0(0)
Muscle weakness 1(0.3)
Pain syndrome 1(0.3)
Total 23 (7.1)

SL-PLUS MIA (n = 167) Bcero (n = 492)
0(0) 6(1.2)
0(0) 4 (0.8)
2(1.2) 7(1.4)
1(0.6) 7(1.4)
0 (0) 0(0)
1(0.6) 1(0.2)
1(0.6) 1(0.2)
5 (3.0) 28 (5.7)

FS — femoral stem; AC — acetabular component.
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Fig. 3. Average score on the HHS before and after surgery: a — Alloclassic; b — SL-PLUS MIA

Despite statistically significant differences in
functional scale scores, there was no significant dif-
ference in clinical outcomes. A high level of patient
satisfaction index was obtained in both groups with
no statistically significant difference between the
groups (p = 0.059). Patients operated with the use
of the Alloclassic femoral stem had a mean satis-
faction index of 9.0 (IQR 8.0-10.0; Me = 10.0: 4.0
to 10.0) and with the use of the SL-PLUS MIA - 8.6
(IOR 8.0-10.0; Me =9.0:3.0 to 10.0). The mean VAS
pain score of the patients with the Alloclassic fem-
oral stem was 1.0 points (IQR 0.0-2.0; Me = 0: 0 to
8.0) and that of the patients with the SL-PLUS MIA
stems was 1.6 points (IQR 0.0-2.0; Me = 1.0: 0 to
8.0; p = 0.404).

X-ray signs of adaptive bone tissue
remodeling around femoral stems

During the studied period of observation when
Alloclassic femoral stem was used in 108 (33.2%)
cases, hypertrophy of the cortical layer was de-
tected in the Gruen zones 2-6. The most pro-
nounced changes were observed in the zones 3
and 5. Pedestal formation in the distal part of the
stem was observed in 101 (30.1%) cases. When the
SL-PLUS MIA stem was used, hypertrophy of the
cortical layer around the implant was observed
only in 24 (14.3%) cases, and the pedestal was
formed only in 28 (16.7%) cases. However, this
discrepancy may be accounted for the differences
in the follow-up time, as the degree of adaptive
remodeling of the bone around the prosthetic
stem became more distinct over time (Pearson's
positive correlation R = 0.470; p<0.001).

At the long-term follow-up, rather significant
stress shielding (3-4 degrees) was detected in 39
cases. The third degree was detected in 27 cases
out of 325 (8.3%) in patients with the Alloclassic
stems (mean follow-up period 74.4 months (IQR
63.0-97.0), in patients with the SL-PLUS MIA
stems — in 2 cases out of 167 (1.2%) (mean fol-
low-up period 55.5 months). In other 10 (3.1%)
observations, grade 4 stress shielding was noted
when the Alloclassic stems were used (Fig. 4, 5).

In these cases, the mean follow-up period was
117.0 months (IQR 96.0-138.0). No significant bone
remodeling was observed in our study when using
the SL-PLUS MIA femoral stem, probably due to
considerably shorter follow-up periods (Table 3).

The time since surgery was the most sig-
nificant factor in the development of stress-
shielding syndrome. Odds ratio for detecting
grade 2-4 stress-shielding syndrome at follow-
up of 48 months or more was OR 5.662 (95%
CI: 3.171-10.113; p<0.001). However, there are
other factors, including anatomical features of
the femur and technical details of the femoral
stem implantation. A funnel-shaped canal (Dorr
type A) has been found to be a risk factor for the
development of more pronounced stress-shield-
ing syndrome (grades 2-4). Correlation between
the canal type and the severity of stress-shield-
ing syndrome is demonstrated using the chi-
square test. Chi-square value is 55.853, which
indicates a highly statistically significant corre-
lation (p<0.001) (Table 4).

Another factor affecting the development of
stress-shielding syndrome is the way the femo-
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Fig. 4. A 66-year-old patient in 2008 underwent left THA for primary idiopathic hip arthritis.

The canal fill index in the 1% zone was 0.63, and in the 2 and 3" zones, it was 1.0 (a).

At the time of the survey, the patient’s satisfaction was 10 points, and VAS pain score was 0. X-rays taken 13
years later show signs of stress shielding syndrome of the 4th degree, characterized by thinning of the inner

and outer cortical layers to the femoral diaphysis (b).

X-rays also reveal areas of osteolysis in the proximal part of the femur, especially clear up to the level of the
lesser trochanter, and osteolysis areas in the screw region in the retroacetabular zone, as well as heterotopic
ossification in the area of the greater trochanter (Brooker 1-2). The enlarged X-ray visualizes bone loss
(atrophy) without clear boundaries, while preserving the trabecular structure, especially at the border with the
implant. The bone in this case does not exhibit focal deformations typically seen in osteolytic changes. This is
because the mechanism of bone loss is related stress bypass in the distal direction, consequently resulting in

reduced loading bone in the proximal regions (c)

ral stem fills the canal. Tighter fit in the distal
third of the stem is a risk factor for the develop-
ment of more severe stress-shielding syndrome.
If the canal filling index with Zweymdiller stems
(Alloclassic and SL-PLUS MIA) is greater than the
mean value for the respective component type,
the risk of grade 2-4 stress-shielding syndrome
is higher than that with a filling index less than
the mean value (OR = 3.166; 95% CI: 2.02-4.96;
p<0.001) (Table 5).

In49 (15.1%) observations when the Alloclassic
femoral stem was used, the presence of radiolu-

Fig. 5. A 40-year-old patient in 2014 underwent left
THA for dysplastic hip arthritis, with a canal fill index
of 0.63 in the 1%t zone, 0.79 in the 2™ zone, and 1.0 in
the 3 zone (a). At the time of the survey, the patient
was satisfied with 10 points, and VAS pain score

was 0. X-rays taken 6 years later show signs of stress
shielding syndrome of the 3 degree, characterized by
thinning of the inner cortical layer below the level of
the lesser trochanter (b)

cent lines along the stem of the prosthesis, more
pronounced in the proximal region, was detected.
No such lines were found when using the SL-PLUS
MIA stem.

In our study, we could not detect the intensity
and localization of radiolucent lines depending on
the varus-valgus position of the stem (Table 6).
However, the presence of radiolucent lines may be
a sign of gradual loosening of the femoral stem.
Odds ratio for aseptic loosening of the Alloclassic
stem in the presence of radiolucent lines is OR
12.178 (95% CI: 2.167-68.446; p = 0.003) (Fig. 6).
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Table 3

Severity of stress-shielding syndrome depending on the femoral stem and its position

Severity of stress-shielding syndrome

Femoral stem Position in the canal Total
1 2 3 4
Alloclassic Varus 55 20 8 3 95
Neutral 12 108 17 12 7 156
Valgus 8 47 12 7 0 74
Total 29 210 49 27 10 325
SL-PLUS MIA Varus 6 31 12 0 0 49
Neutral 10 48 20 2 0 78
Valgus 5 23 12 0 0 40
Total 21 102 42 167
Total 50 312 91 29 10 492
Follow-up period, mos. 17.2 28.1 65.7 95.9 103.1
Table 4
Severity of stress-shielding syndrome depending on the Dorr index
Severity of stress-shielding syndrome
Femoral stem Dorr type Total
0 1 2 3 4
Alloclassic Dorr A 1 65 28 17 6 117
Dorr B 10 126 20 8 4 168
Dorr C 18 19 1 2 0 40
Total 29 210 49 27 10 [325
SL-PLUS MIA Dorr A 3 23 26 2 0 54
Dorr B 6 70 15 0 0 91
Dorr C 12 9 1 0 0 22
Total 21 102 42 0 167
Total 50 312 91 29 10 492
Table 5
Localization of stress-shielding syndrome depending on the degree
of canal filling at different levels
Severity of stress-shielding syndrome
Femoral stem Zone Degree of canal filling Total
0 1 2 3 4
Alloclassic <0.6 6 36 11 14 6 73
>0.6 23 174 38 13 4 252
<0.79 19 99 29 11 2 160
>0.79 10 111 20 16 8 165
<0.92 32 91 13 4 0 140
>0.92 7 109 36 23 10 185
SL-PLUS MIA <0.6 4 36 7 2 0 49
>0.6 17 66 35 0 0 118
<0.79 12 65 20 2 0 99
>0.79 9 37 22 0 0 68
<0.90 19 42 15 0 0 76
>0.90 2 60 27 2 0 91
Total 50 312 91 29 10 492
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Fig. 6. A 49-year-old patient: bilateral hip dysplasia with high dislocation of the left
hip (C2 according to Hartofilakidis) and low dislocation of the right hip (B2 according
to Hartofilakidis). In June 2011, left THA was performed with a shortening osteotomy
according to Paavilaainen. In March 2012, right THA was performed (a).

On follow-up X-rays in February 2014, radiolucency lines are already detected in zones
1,2, 6, and 7 of Gruen (b). However, until the beginning of 2020, there were no clinical
manifestations of femoral component loosening. On X-rays in September 2020, the
radiolucency lines became more pronounced (c), and the patient complained of hip
pain after loading. Revision of the femoral component was performed (d)

Table 6
Localization of radiolucent lines around the femoral stem

depending on its position in the canal and possible association with aseptic loosening

Localization of radiolucent lines according
No to the Gruen zones
Femoral stem Position in the canal lines Total
1zone | 2zones | 3 zones 4 or more
zones
Alloclassic Varus 79 6 4 4 2 95
Neutral 137 2 10 1 6 156
Valgus 60 1 6 1 6 74
Total 276 9 20 6 14 325
Revision due to FS aseptic loosening 9 1 0 0 3 6
SL-PLUS MIA Varus 49 0 0 0 0 49
Neutral 78 0 0 0 0 78
Valgus 40 0 0 0 0 40
Total 167 0 0 0 0 167
Revision due to FS aseptic loosening 0 0 0 0 0 0
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Correlation between radiologic signs,
functional scale scores and patient
satisfaction

Presence of radiolucent lines in case of patients
with the Alloclassic stem was accompanied by
reduced functional scores according to all scales

compared to patients who did not have radiolu-
cent lines. The average level of pain syndrome
in these patients was higher, and the degree of
satisfaction with the results of the surgery was
lower. This difference was highly statistically sig-
nificant for all parameters (Table 7).

Table 7

Correlation between the presence of radiolucent lines, patients’ functional state according
to the OHS and HHS scales, VAS pain score and satisfaction index in the Alloclasic group

Radiolucent Statistical values
Scale li
Ines Mean value Me IOR 25-75% Min-Max
HHS Yes 87.8 89.0 87.0-90.0 72.0-97.0
No 94.3 94.0 94.0-95.0 87.0-97.0
OHS Yes 41.9 42.0 40.0-43.0 36.0-48.0
No 44.9 46.0 45.0-47.0 36.0-48.0
VAS Yes 3.1 3.0 2.0-4.0 0.0-7.0
No 0.4 0.0 0.0-0.0 0.0-6.0
Satisfaction index Yes 7.9 8.0 7.0-9.0 6.0-10.0
No 9.3 10.0 9.0-10.0 6.0-10.0

Group values for all scales are highly statistically significantly different in all groups (p<0.001).

DISCUSSION

This retrospective study showed that the wedge-
shaped non-cemented rectangular stems devel-
oped by Karl Zweymiiller provide reliable long-
term results. Survival rate for revision for aseptic
loosening of the Alloclassic stems was 98.2% at a
mean follow-up period of 166.3 months and 100%
for the SL-PLUS MIA stems at 37.5 months. Both
types of stems had high HHS and OHS values and
high patient satisfaction index independent of
the stem design. This is consistent with the gen-
erally accepted notion of a high efficacy of pri-
mary total hip arthroplasty using non-cemented
rectangular wedge-shaped stems [16, 17, 18, 19].
Analysis of X-rays in dynamics showed that
the development of the classical phenomenon
of stress-shielding syndrome (as described by
C. Engh [14]) depended on the time elapsed since
the arthroplasty, but was observed in a number of
patients already 12 months after surgery. Similar
changes were observed by other researchers
[20, 21]. According to our data, the risk factor for

the development of severe stress-shielding syn-
drome when using Zweymiiller stems is a tight fit
in the distal part of the stem (canal filling index
in the Gruen zone 3 is 0.98 and more), especially
in combination with a funnel-shaped canal (Dorr
type A). However, all other things being equal,
the tight distal fit of the SL-PLUS MIA stems,
despite the similar geometry of the distal part,
does not lead to such a frequent manifestation
of severe stress-shielding syndrome. According
to S.Nakamura et al.,, bone loss around the
Zweymiiller stems does not depend on the peculiari-
ties of the femoral anatomy, but the follow-up period
in their work did not exceed 12 months. [21].

Other unfavorable variants of bone remodel-
ing are radiolucent lines at the prosthesis-bone
interface [22]. Appearance of this phenomenon
also depended on the follow-up period, but it was
observed only in patients with the Alloclassic
stem. Mean follow-up period in the group with
the presence of radiolucent lines was 103.5
months in patients with the Alloclassic stem,
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with a minimum follow-up period of 12 months,
and 76.2 months in patients with no radiolucent
lines. Mean follow-up period with the SL-PLUS
MIA stem was 35.4 months, which is significantly
shorter than the mean period with the Alloclassic
stem and does not exclude the development of
this phenomenon in the future. At the same time,
the minimum term at which the lines are detect-
ed is 12 months. It is possible that the absence of
this phenomenon in the group with the SL-PLUS
MIA stems is due to the peculiarities of its de-
sign, in particular, the presence of hydroxyapa-
tite coating in the proximal part, especially since
the maximum follow-up period of these stems
in our study is 60 months. Probable influence of
the hydroxyapatite coating in the proximal part
of the stems is also confirmed by a comparative
study by A. Tanaka et al. in which they found
radiolucent lines when using the SL-PLUS MIA
stems with hydroxyapatite in comparison with
the SL-PLUS MIA stems without hydroxyapatite,
in which lucent lines were found in 6% of cases
[23]. On the other hand, D. Hoornenborg et al. did
not observe a positive effect of hydroxyapatite
coating on Zweymiiller stems with regard to their
possible migration [24, 25].

In our study, we have found out that the pres-
ence of radiolucent lines can negatively affect the
functional outcome and postoperative patient
satisfaction, but the presence of radiolucent lines
in three or more Gruen zones is an independent
risk factor and an important predictor of aseptic
loosening of the stem.

It appears that despite the high survival rates,
Alloclassic stems are less predictable in terms of
stress remodeling of the periprosthetic femoral
region, and under unfavorable circumstances
(funnel-shaped canal and tight distal fit) there
is an increased risk for aseptic loosening in the
distant period. According to the results of our
study, the redesign of the proximal part of the
Zweymdiiller stem implemented in the SL-PLUS
MIA stem improved the nature of adaptive re-
modeling in the periprosthetic zone of the femur,
possibly improving the long-term results of pri-
mary hip arthroplasty. However, longer follow-up
periods are required to make a definitive judg-
ment about the possible benefits of the SL-PLUS
MIA stem.
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Abstract

Background. The use of custom-made acetabular components is one of the promising methods for reconstruction
of the acetabulum in cases of significant defects, including those associated with pelvic bone dissociation. It
allows achieving stable fixation and restoring the biomechanics of the hip joint.

Aim of the study — to compare the results of individually designed components, supportive antiprotrusion
rings, augments, and hemispherical components in revision total hip arthroplasty for type IIIB bone defects
according to Paprosky classification.

Methods. The study analyzed the treatment outcomes of 90 patients with type II1IB bone defects who underwent
revision total hip arthroplasty between 2017 and 2022. Patients were divided into three groups: the first group
received individually designed acetabular components, the second group received augments with hemispheres,
and the third group had antiprotrusion cages implanted. The analysis included the reasons for revision surgery,
operation duration, blood loss volume, and type of revision procedure. Pain and functional outcomes were
assessed with WOMAC, Harris Hip Score, and VAS.

Results. Constructs were more frequently implanted in patients with pelvic bone dissociation. The first
group showed a significantly positive dynamic in functional outcomes. Complications were diagnosed in
27 (30%) cases: joint instability (dislocation) in 10 (11.1%) patients, periprosthetic infection in 8 (8.8%), aseptic
loosening in 4 (4.4%), and sciatic nerve neuropathy in 5 (5.5%) patients. The number of these complications was
higher in the second and third groups of patients.

Conclusion. Custom-made implants using 3D technologies are a preferable option for revision total hip
arthroplasty in patients with type IIIB defects according to Paprosky classification, especially in cases of pelvic
discontinuity.

Keywords: revision total hip arthroplasty, acetabular defects, pelvic discontinuity, custom-made acetabular
components, 3D printing.
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Pedepar

AxkmyanvHocmb. VIcI0/1b30BaHMe MHAVBULYATbHbBIX BEPTIY>KHBIX 3D-KOMIIOHEHTOB SIBASETCSI OGHUM U3 MepCreK-
TUBHBIX METOJOB PEKOHCTPYKIIMM BePTIYXKHOI BIIAAVUHBI TIPU e 3HAUUTENIbHBIX fedeKTax, B TOM 4uc/ie COMpoBO-
SKIAIOMIMXCST AMCCOLIMalMeit KocTeit Ta3a, Mo3BoJIsIeT JOOUTHCS CTabUIbHOI (MKCaIMM ¥ BOCCTAHOBUTD OMoMexa-
HMKY Ta300eIpeHHOro cycTaBa.

ILlens uccnedoseanus — CpPaBHUTH Pe3yNbTaTbl MPUMeHEHUSI MHAVBUAYAIbHO M3TOTOBAEHHBIX 3D-KOMIIOHEHTOB,
OTIOPHBIX AHTUTIPOTPY3MOHHBIX KOJIEIl, ayTMEHTOB U TeMucdeprueckux KOMIIOHEHTOB B PEBU3MOHHOM 3H/IOTIPOTe-
3MPOBaHMM Ta306eJpEHHOTO CycTaBa Py KOCTHBIX AedekTtax Tuma IIIB mo knaccudukaimmu W.G. Paprosky.
Mamepuan u memodst. IIpoBefieH aHanM3 pe3ynbTaToB JeueHUsT 90 MAlMEHTOB C KOCTHbIMU Aedekramu Tuma
IIIB, KOTOPBIM BBIMIOJIHSJIOCh PEBU3MOHHOE SHAOMPOTE3MpOBaHME Ta300eIpeHHOro cyctaBa B mepuon ¢ 2017
o 2022 r. [TanmeHTs! OBLIM pa3fesieHbl HA TPU TPYMILI: B IIEPBO TPYINe MMILUIAHTUPOBAIU UHANBUTYATbHBIE
3D-KOMIIOHEHTBI BePTIYKHOM BIIaMHbI, BO BTOPOJi rpyIirne — gedekTbl KOMIIEHCMPOBA/IM ayTMeHTaMy U/Uu re-
MuchepryecKuM KOMIIOHEHTOM, B TPETbe IpyIire YCTaHABIMBAIMU AHTUITPOTPY3MOHHbIE KOJTbIa. AHAINU3 ObLT BbI-
MOJIHEH 110 CIeAYIIIMM ITapaMeTpaM: MPUUYMHBI peBU3MOHHOTO BMeUIaTeIbCTBa, POLO/DKUTENIbHOCTD OIlepalun,
06beM KpOBOIIOTEPH, TUTT PEBU3MOHHOTO BMeNaTeabCTBa. OIeHKY BhIPasKeHHOCTY 601€BOTO CMHAPOMA U (PyHKITU-
OHAJbHBIX Pe3ylAbTaTOB NPOBOAMIM ¢ ToMoulbio mKa1 WOMAC, Harris Hip Score, BAIII.

Pe3ynvmameut. 3D-KOHCTPYKIMM Yallle UMILIaHMPOBAIM NallMeHTaM C AMCCOoLualMeit KocTei Ta3a. YCTaHOB/IEHA BbI-
pakeHHas TOMIOXKUTEIbHAS AMHAMMKA (PYHKIIMOHATBbHBIX PE3y/IbTaTOB B IIepBo¥i rpyrie. [loc/ie BBITTOIHEHHBIX PeBU-
3MOHHBIX BMEIIATEIbCTB AUarHoCcTUpoBaHo 27 (30%) ocnoxkHeHUIi: HeCTabWIBHOCTD B cycTaBe (BbiBMX) y 10 (11,1%)
MaIeHTOB, epurporesHas nHerus —y 8 (8,8%), acenTuueckoe paciiaTbiBaHMe KOMIIOHEHTOB — Y 4 (4,4%), Heli-
pomaTusi ceganuiHoro Hepsa — y 5 (5,5%) mauuenTos. KomnuecTBO 0CIOKHEHNT OBITIO 60JTBIIIE BO BTOPOI M TPETbEI
rpynmnax nauyeHTOoB.

3axntoueHue. V13roTOBIEHHbIE CUCIIONb30BaHNEM 3D-TeXHOMIOTUI MHAVBUAYaTbHble KOMIIOHEHTBI SIBISIIOTCS IPUOPU-
TEeTHBIM BapMaHTOM ITPM PeBM3MOHHOM 3H/IOMIPOTE3MPOBAHMM Y ITalIeHTOB ¢ fedekramu Tuna I11B o kiaccuduraimm
W.G. Paprosky, 0co6eHHO ¢ myuccoimansMm KocTeii Tasa.

KnioueBbie ¢J10Ba: peBU3MOHHOE SHIONPOTE3UPOBAHME Ta300€IPEHHOTO CYyCTaBa, edeKThbl BEPTIYKHOI BITaIUHbI,
HapyIlIeHye I1eJIOCTHOCTY Ta30BOTO KOJIbIIA, MHAUBUIYAIbHbIE BEPTIYKHbIE KOMITOHEHTBI, 3D-I1€UaTh.
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BACKGROUND

Over the last two decades, there has been a sig-
nificant increase in the number of primary large
joint arthroplasties, leading to an escalated need
for surgical revision [1, 2, 3, 4]. The reconstruc-
tion of the acetabulum in defects IIC, IIIA, and
ITIB according to the W.G. Paprosky classification,
especially when accompanied by disruption of
the pelvic ring, poses a complex challenge [5, 6].
A wide range of standard implants is necessary to
restore the acetabular area with substantial bone
defects [7]. Currently, numerous surgical options
and techniques for utilizing standard revision im-
plants exist; however, achieving their prolonged
survival is not always successful [8]. The use of
individually customized acetabular components
stands out as one of the most effective approaches
for reconstructing the acetabular defect with sig-
nificant bone loss [9, 10, 11]. The application of
3D-printed components in cases of extensive bone
defects, coupled with pelvic bone dissociation, not
only ensures stable fixation but also restores the
biomechanics of the hip joint [12, 13].

The aim of this study was to compare the out-
comes of using customized components, sup-
portive antiprotrusionn rings, augments, and/or
hemispherical components in revision total hip
arthroplasty for type IIIB bone defects according
to the Paprosky classification.

METHODS

Study design

A prospective cohort study was conducted from
2017 to 2022. The treatment outcomes of 90 pa-
tients with type IIIB bone defects who underwent
revision total hip arthroplasty were analyzed.

Inclusion criteria:

* loosening of the acetabular component of
the hip joint replacement with a type IIIB bone
defect according to the Paprosky classification;

» second-stage treatment of periprosthetic
infection (PJI) (spacer removal, implantation of
prosthetics components).

Exclusion criteria:

e HIV infection, drug addiction, mental
disorders;

e deep PJI of the hip joint;

e severe somatic pathology requiring ac-
tive correction and contraindicating for surgical
treatment or significantly increasing operative
risk;

» patients with PJI and presence of the si-
nus tract;

e decompensation of somatic pathology
before surgical treatment.

All patients were divided into three groups.
The first group comprised 30 (33.3%) individuals
who received individually customized acetabu-
lar components; the second group included 30
(33.3%) patients in whom defects were compen-
sated with augments and/or hemispherical com-
ponents; the third group consisted of 30 (33.3%)
patients who received antiprotrusion supportive
rings.

The indication for revision total hip arthroplasty
was aseptic loosening of prosthetics components or
the second stage of revision surgery for PJI.

Comprehensive preoperative assessments of
all patients were conducted in accordance with
the recommendations of the II International
Consensus Meeting on Musculoskeletal Infection,
including:

e clinical examination;

e evaluation of pelvic and hip joint x-rays;

« assessment of blood parameters: ESR and
C-reactive protein;

e joint aspiration for microbiological and
cytological analysis [4].

Customized acetabular component
manufacturing

For 3D reconstruction of the pelvis and its de-
fects, a three-dimensional CT scan with slices no
thicker than 0.6 mm and taken within two weeks
was used. Subsequently, the CT scans were sent
to a design engineer, who generated a 3D model
of the pelvic defect and created a trial component
model using PME Planner software (MEDTEK,
Russia) (Fig. 1a, b).

Collaboratively with the surgeon, a 3D model
of the component was created to assess potential
implant-bone contact, determine directions for
fixing screws, and identify the center of hip rota-
tion. An anteversion angle of 25° and an inclina-
tion angle of 45° were chosen (Fig. 1c).
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To better comprehend existing bone defects
within the acetabular area, tactile 3D pelvic mod-
els were created in a 1:1 scale. These models al-
lowed analysis of the patient's pathological hip
joint anatomy, accurate classification of bone
defects, and more precise positioning of the im-
plant (Fig. 2).

To enhance osteointegration, a porous
structure was applied at the "implant-bone" in-
terface, with beam thickness ranging from 0.45
to 0.50 mm. Additional recesses were created
on the inner surface of the acetabular compo-

nent to accommodate the caps of 6.5 mm di-
ameter cancellous bone screws, with a depth
not exceeding 0.2 mm. To monitor the lower
edge of the acetabulum and facilitate position-
ing of both the trial model and the actual com-
ponent, a depression up to 1.5 cm in diameter
was requested from the manufacturers at the
"6 o'clock" position (Fig. 3). The inner part of
the component was designed for implant-
ing the acetabular cemented component. We
used personalized implants customized by LLC
"TIOS" (Russia).

Fig. 1. Preoperative digital planning based on 3D visualization:

a — evaluation of acetabular bone defect before component removal;

b — evaluation of acetabular bone defect after component removal (the red area indicates the portion
to be removed for accurate positioning of the implant component);

¢ — fixation of the custom-made acetabular component with screws

Fig. 2. Tactile 3D model of the pelvis at a 1:1 scale

Fig. 3. Custom-made pelvis fragment, component,
and trial model of the acetabulum. The red circle
indicates an additional recess at “6 o’clock” for
optional orientation during implant positioning
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Surgical technique

After preliminary preparation, the operative
treatment was carried out. For patients who re-
ceived individually customized constructs, an
anterior-lateral approach to the hip joint was
used, but in the absence of proximal femur ac-
cess, it was shifted to a lateral approach. After
removal of the prostetic components, wound
debridment was performed using antiseptic so-
lutions delivered through the Pulsavac system
(ZimmerBiomet). Subsequently, the acetabular
area was prepared, a bed for the personalized
component was formed, and the 3D model was
tried on using a trial component and within the
wound. The congruence and stability were as-
sessed (Fig. 4).

The implantation of the individual acetabular
component followed (Fig. 5). The customized im-
plant was secured using 6.5 mm diameter screws,
with lengths from 30 to 80 mm, in accordance
with preoperative planning results.

It's noteworthy that during model formation,
the designers only evaluated the presence of
bone tissue. However, often soft tissues act as an

Fig. 4. Trial component fitting: a — on the pelvis model;

b — in the wound

Results assessment

For statistical analysis, the following parameters
were chosen: gender, age, patients' body mass in-
dex, reason for revision surgery, number of pre-
vious surgical interventions, duration of surgery,
intraoperative blood loss, partial or complete
revision surgery, use of dual mobility systems.
Pain syndrome assessment and functional out-

interponent, adding difficulties for positioning
and installing the 3D model. Therefore, meticu-
lous preparation of the bed is essential for accu-
rate component implantation. Postoperatively,
all patients underwent control radiography, and
at 3 months, CT scans were performed to assess
the stability and positioning of the implanted
components (Fig. 6).

At 3, 6, and 12-months post-surgery, radio-
graphic evaluations were conducted in three zones
of the acetabulum according to the DeLee-Charnley
lines of radiolucency [14], in order to assess stability
and potential loosening of the implants.

Loosening of the acetabular component was
identified based on the following criteria:

e negative progression in radiolucency bor-
der expansion;

« fracture of screws fixing the acetabular
components or their migration;

e migration of the acetabular component
by more than 2 mm and alteration of its inclina-
tion angle by more than 4° [15];

» shift of the center of rotation compared to
previously taken x-rays [16].

Fig. 5. Implantation of the
individually designed acetabular
component

comes were conducted before surgery, at 3, 6,
and 12 months, and subsequently annually using
WOMAC, Harris Hip Score (HHS), and VAS.

After surgical treatment, the frequency and
structure of complications were analyzed, includ-
ing aseptic loosening, implant instability, devel-
opment of PJI, and sciatic nerve neuropathy.
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Statistical analysis

Statistical analysis was performed using IBM
SPSS Statistics Base 22.0 for Windows. The
Kolmogorov-Smirnov test was used to check
for normal distribution. HHS, WOMAC, and
VAS showed non-normal distribution upon
Kolmogorov-Smirnov test. Other parameters
were deemed to have a normal distribution.
The following non-parametric tests were used
for further analysis: Wilcoxon rank-sum test
(for before and after surgery parameters) and
Mann-Whitney U test (comparative analysis of
the first and second groups). Qualitative char-
acteristics were described using relative (%)
and absolute frequencies. Pearson's y? test was
used for comparing two independent groups
of qualitative characteristics. Continuous vari-
ables with normal distribution were presented as
M=SD, where M represents the sample mean and
SD is the standard deviation. For non-normally
distributed data in both groups, median (Me)
[Q1, Q3] was used. Differences with p<0.05 were
considered statistically significant.

Fig. 6. Evaluation of stability and positioning

of the implanted custom-made acetabular
component: X-ray images (a) and tomograms (b)
of the pelvic bones

RESULTS

Our analysis indicated that the study groups
were comparable in terms of gender, BMI, and
types of acetabular bone defects. However, the
first group exhibited more cases of type IIIB
bone defects, often combined with pelvic bone
dissociation. The average follow-up period was
37 months (range: 26 to 56) for the first group
(3D-component application), 42 months (range:
30 to 59) for the second group (augment and/or
hemispherical component application), and 40
months (range: 27 to 58) for the third group (sup-
port rings application). Notably, the first group of
patients had a higher number of revision surger-
ies in their medical history compared to the se-
cond and third groups (p<0.05) (Table 1).

Despite the longer duration and scope of sur-
gical interventions in the first group, the average
intraoperative blood loss was greater in the se-
cond group by 23.3 ml compared to the first group,
and by 98 ml compared to the third group. Out
of 22 cases of pelvic bone dissociation, 15 cases
involved implantation of individual constructs,
3 cases involved the use of an augment and/or
hemispherical component, and in the remaining
4 cases, support rings were used. Complete intra-
operative data is presented in Table 2.
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Table 1
Characteristics of the study groups
. First group Second group Third group Total
Indicator n-=730 n =30 n =30 n =90
Mean age, years 58.6 62.1 72.4
BMI 29.3 28.7 27.6
Male 11 9 8 28
Gender
Female 19 21 22 62
Number of previous operations 3.8 2.36 2.1
Defect type
I1IB 30 30 30 90
including pelvic bone dissociation 15 3 4 22
Reason for revision
Aseptic loosening 24 24 19 67
Second stage of P]JI treatment 6 6 11 23
Table 2
Intraoperative indicators
. First group | Second group | Third group Total
Indicator n =30 n=730 n=730 n=90
Yes 0 2 3 5
Impaction bone grafting
No 30 28 27 85
Operation duration, mins 168.4 (£24.2) | 129.2 (¥23.1) | 134.4 (+12.1)
Intraoperative blood loss, ml 696.7 (¥127.1) | 720 (¥172.2) 622 (£152.3)
Average number of screws, pcs. 5.1 (*1.2) 4.6 (2.1) 4.3 (£2.2)
Use of dual mobility components, pcs 21 0 8 29
Partial 6 14 9 29
Revision procedure type
Complete 24 16 21 61

Complications

After the revision surgeries, 27 (30%) complica-
tions were identified, with a higher number of
complications observed in the second and third
groups (Table 3).

In the first group of patients with 3D con-
structs, 2 cases (6.6%) of deep P]I were diag-
nosed, one of which resulted in a fatal outcome.

In the second case, successful debridment was
performed, resulting in infection control, pain
relief, and a positive clinical outcome.
Dislocation of the prosthesis occurred in
2 cases (6.6%): one involving a patient with a dual
mobility system and the other with standard com-
ponents (Fig. 7). Dislocation occurred 4 months
after surgery in the patient with a dual mobility
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system, and 3 weeks after surgery in the patient
with standard components. In both cases, an
open reduction was performed with an increase
in head size. Another complication occurred
23 months after partial revision arthroplasty of the
right hip joint. This complication was diagnosed
solely through follow-up X-rays and manifested

as a fracture of one flange, but it had no impact
on component stability and functional outcomes
(Fig. 8).

Evaluation of the outcomes of revision hip
arthroplasty involves important indicators such
as clinical results and pain intensity. Results as-
sessment are presented in Table 4.

Table 3
Complications after revision in three patient groups

Complication Firrslt:gégup SeC(;lnS g(r)oup Thirrldz gzrcc))up r}"c:)tg%)

Joint instability 2 (6.6%) 4 (13.2%) 4 (13.2%) 10 (11.1%)
Periprosthetic infection 2 (6.6%) 3 (10%) 3(10%) 8 (8.8%)

Loosening of components 1(3.3%) 2 (6.6%) 1(3.3%) 4 (4.4%)

Neuropathy 1(3.3%) 2 (6.6%) 2 (6.6%) 5(5.5%)

Total 6 (20%) 11 (36.6%) 10 (33.3%) 27 (30%)

Fig. 7. Pelvis X-rays after revision total hip replacement:

a — dislocation of the prosthesis head (dual mobility system);
b — after open reduction with an increase of the prosthesis head (dual mobility system)

arrow)

Fig. 8. X-ray of the right hip two years after partial revision hip replacement
— fracture of one of the flanges of the individual component (indicated by an
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Table 4
Results assessment by different scales
Harris hip score WOMAC VAS
Group
Before surgery | After surgery | Before surgery | After surgery | Before surgery | After surgery
First 27[25.5;29.2] | 78[36.9;90.1] | 76[34.7;92.2] 7[2.9;15.1] 9[8.7;10] 0.5[0.3;1.2]
Second 32[24.3;38.2] | 72[38.2;91.7] | 68[31.9;82.1] 14[7.7;28.5] 8[7.9;9.8] 1.1]0.8;2.5]
Third 34[29.2;39.5] | 70[32.5;85.9] | 71[32.8;85.4] 1719.9;32.9] 716.7;8.9] 1.5[0.7;3.1]
p<0,05.

DISCUSSION

As the number of primary hip arthroplasty sur-
geries in young patients increases, the frequency
of revision surgeries steadily rises [17]. In 2017,
for instance, more than 8000 revision surgeries
on the hip joint were performed in the UK [18].

Each revision surgery is a complex task for the
surgeon, particularly when dealing with exten-
sive bone defects of the acetabulum. Surgeons
are faced with challenges like ensuring reliable
implant fixation and joint stability. Competent
preoperative planning is crucial to address these
challenges, as accurate interpretation of bone
defects minimizes the risk of error and facilitates
the surgical procedure [19].

The classification of acetabular bone defects
proposed by Paprosky in 1993, based on radiologi-
cal signs, is convenient for preoperative planning
[13]. However, it has limitations in terms of in-
depth diagnosis, as it does not distinguish between
limited and extensive bone defects, nor does it con-
sider acetabular bone dissociation [20]. Therefore,
detailed assessment of each acetabular defect re-
quires CT scans followed by 3D visualization.

M.S. Ibrahim et al demonstrated favorable
outcomes in revision hip arthroplasty when us-
ing impaction bone grafting and uncemented
components with porous coating simultaneously.
However, the authors emphasize that this meth-
od may not provide long-term implant survival
for extensive acetabular defects such as type IIIA
and IIIB [21]. Other researchers report high com-
plication rates when using impaction bone graft-
ing or allografts to address massive acetabular
defects [22, 23]. The primary advantage of impac-
tion grafting is bone mass restoration, particu-
larly in younger patients who may require further
revision in the future [24, 25].

Metal augments with tantalum coating are
increasingly being used in revision surgery.
However, these augments require sufficient ex-
isting bone tissue for reliable fixation and sub-
sequent osseointegration. M. Whitehouse et al
demonstrated a fairly high survival rate (92%) 10
years after revision hip arthroplasty using aug-
ments [26]. While versatile, augments often ne-
cessitate additional bone milling, reducing the
available bone tissue. Moreover, the orientation
of screws in augments is parallel, limiting the
possibility of changing screw direction for better
fixation. Consequently, in certain cases of revi-
sion hip arthroplasty, the use of augments may
not adequately address the bone defect [8]. In our
study, we observed 6.6% cases of aseptic loosen-
ing of components when using augments.

Another treatment option for patients with
significant acetabular bone defects is supportive
antiprotrusion rings. The main advantage of this
method is its cost-effectiveness. However, the ab-
sence of biological fixation does not provide long-
term stability for the construct [27]. Therefore, this
method is not recommended for active and young
patients. In our study, the average age of patients
who received antiprotrusion rings was 72.4 years,
classified by the WHO as elderly.

In cases of combined anterior and posterior
column deficiencies of the acetabulum, none of
the standard revision implants can restore the true
center of femoral head rotation. The only method
for reconstructing extensive acetabular bone de-
fects is the use of individually customized con-
structs with three flanges. This approach enables
a personalized solution for each case. While this
method is more costly compared to using stand-
ard implants [28], it often becomes the only viable
treatment option [29]. Additionally, the presence
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of a porous surface in the implant's contact area
with the bone bed promotes biological fixation
and osseointegration, directly affecting long-term
stability [30]. M.J. Taunton et al demonstrated that
the cost of a individually customized component
is comparable to that of an uncemented cup with
augments [31]. R.M. Tikhilov et al argue that using
individual acetabular constructs is a more effec-
tive treatment strategy from an economic stand-
point for extensive defects, compared to implan-
ting standard acetabular components [32].

A.A. Korytkin and colleagues identified a di-
rect correlation between postoperative center
of rotation deviation and subsequent revision
of the femoral component, emphasizing the im-
portance of restoring hip joint anatomy [33]. The
implanted custom-made component allows to
restore a preplanned center of anatomically cor-
rect rotation.

The main drawbacks of individually custom-
ized acetabular components are complex preop-
erative planning and the extended manufactur-
ing process [33]. On the other hand, this method
simplifies the surgical procedure: there's no need
to implant allografts, model support rings,
choose augments, cages, or hemispheres for ad-
equate fixation [8, 34]. However, in our study,
implanting a personalized component took 39.2
minutes longer than installing an augment with
a hemisphere, and 34.0 minutes longer than pla-
cing an antiprotrusion ring and cup.

The frequency of complications after revi-
sion hip arthroplasty using individual constructs
reaches 26% [35]. A.C. Kawalkar et al demonstra-
ted that when using individual three-flange con-
structs, the incidence of dislocations ranges from
0% to 30% according to different data sources. In
our study, the dislocation rate was 6.6% (2 out of
30 patients) [36].

Many authors point out the improvement
in HHS results from around 25 points be-
fore surgery to 75 or more after the operation
when using personalized implants [6, 9, 38, 39].
In our study, the average HHS increased from 27
[25.5; 29.2] to 78 [36.9; 90.1], which is compara-
ble to literature data. The relatively low scores
on assessment scales after surgery indicate the
initially severe condition of the patients and the
extent and complexity of the revision hip arthro-
plasty performed [6].

In our study, the results for the group of pa-
tients who received personalized constructs were
1.08 times higher on the HHS than the group
with augments and 1.10 times higher than the
group with antiprotrusion rings. Similar results
were obtained for the WOMAC scale: the result
was 1.95 times better than that of patients with
augments and 2.32 times better than that of pa-
tients with antiprotrusion rings. The number of
postoperative complications in the group of pa-
tients with individual constructs was 1.83 times
lower than in the second group and 1.66 times
lower than in the third group.

Limitations to the study

This study was limited by a relatively short fol-
low-up, with an average period of 42 months. The
postoperative observation periods varied, which
could have influenced the comparative results of
these three groups as well.

CONCLUSION

Individually customized constructs using 3D
technology are a preferred option for revision
hip arthroplasty in patients with type IIIB de-
fects according to the Paprosky classification,
especially when accompanied by pelvic bone
dissociation. However, when utilizing persona-
lized components, a reduction in the duration
of the surgical procedure should not be expected.
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Pecdepar

AKmyansHocms. BI60p MeTO1a OTIEPATUBHOTO JIEUEHMS TIPU JeTeHepaTUBHOI MTaTOMOTUM MTOSICHUYHOTO OTAEJa TO3BOHOY-
HuKa (I10OI1) 3aTpynHEH B CBSI3U C OTCYTCTBMEM YETKUX KIMHUKO-PEHTIeHOIOIMYeCKUX KPUTepUeB AMarHOCTUKU U TIPSIMO
3aBUCUMOCTM MEXKIY TSKECTHIO PEHTTEHOMOTUYECKIX MTPOSIBJIEHN T 3a60/1eBaHMS Y KIIMHUUECKO CUMITTOMATUKOIA.

Ilens uccnedoeanus — Ha OCHOBE aHAIN3a KIMHUYECKUX, HEBPOJIOTUUECKUX Y PEHTTEHOMOTUYECKMX XapaKTePUCTUK Taly-
€HTOB NOKMJIOTO U CTapUYeCcKOTo BO3pacTa C lereHepaTUBHO MMaTOIO0rMeli MOSCHUYHOTO OT/iesa MT03BOHOUHMKA BbIIETUTD
JTOMMHUPYIOIINE KIMHUYECKE U PEHTTEHOIOTMYeCKIEe CUHIPOMbI, OITPeIeIsIoNe CHIKeHYe KaueCTBa KU3HU U Tpebyio-
1[Me XUPypruueckoit KOppekuun.

Mamepuan u memoOdst. C UCIIOJIb30BAaHMEM MaJIOMHBYU3UBHBIX TEXHOJIOTUIA (M30MpoBaHHble mekomipeccuu, TLIF, LLIF,
ALIF) B niepuog ¢ 2013 no 2017 r. onepupoBaHo 1013 manueHTOB (367 My>XKUMH U 646 >keHIIMH) B Bo3pacTe 60-89 ner
(B cpemHeM 66 jieT). Kpurepun BbIfe/eHUsT BeAYIIUX CUHAPOMOB: 60JIb B HOT€/CIIMHE C ITOPOTOBBIM 3HAUEHMEM 5 6aljioB
1o BAIII, peHTreHoMIOTMYeCKMe KPUTEPUM KIMHMUECKOH HecTabmibHOCTM 110 A.A. White 1 M.M. Panjabi (>5 6a10B), yron
Ko66a >10°, mapKepbl caTUTTaJIbHOTO Auc6anaHca: uHaekc Barrey (II u III), moBbiiieHue PT Bbillle 1e/IeBbIX 3HAUEHMUIA,
nmeduuut L4-S1 u LL.

Pe3ynsmamet. CUMITTOMbI KOMITPECCUM BBISIBJIEHBI Y 97% MAlMEHTOB: CUHAPOM PAAMKYIONATUU — y 665 (66%) 60TBHBIX
c 60151MM B Hore (B cpemHeM 7 6aioB 1o BAIIT), HeliporeHHas nmepeMeskatoniasicst xpomora —y 319 (31%). [lereHepaTUBHBIIi
CIOHIUIONNCTES 0 PEHTTEHOIOTUYECKUM KPUTEPUSIM BbIsSIB/IeH y 428 (42%) malnueHTOB, AereHepaTuBHAs CKOIMOTUYE-
ckast gedopmarusa — y 91 (9%). B cOOTBETCTBUM C MPeNIOKEeHHBIMM KPUTEPUSIMU TOMUHUPYIOMINIA CUHIPOM KOMITpeC-
cuu omnpenieNieH y 624 (62%) maiyeHToB, CMHIPOM KIMHUYECKOi HecTabuiabHOCTU — y 338 (33%), cuHApOM medopManym
C CAaTUTTAIbHBIM Aycbamancom — y 51 (5%).

Baxntouenue. CHAPOMAabHAS OLleHKA KIMHUYECKUX, HEBPOJIOTMYECKUX Y PEeHTTeHOJIOTMUEeCKMX MTPOSIBJIeHUI lereHepa-
TUBHOJ ITaTONIOTMY 06€eCIeunBaeT BO3MOKHOCTD BbIIeJIEHNS JOMUHUPYIONIETO KIMHUKO-PEHTTEHOMOTUYECKOTO CUHIPO-
Ma, TpeOYIoIIero orepaTMBHOrO JieueHus U qudbepeHIMPOBAHHOTO MTOAX0JA K BBIOOPY ONMTUMAIbHON XUPYPTrUYECKOi
OIILINA.

KiroueBble cl10Ba: fiereHepaTyBHbIe 3a601eBaHNS [I03BOHOYHMKA, CTEHO3 TI03BOHOYHOTO KaHaja, pafgMuKy/I0NaTs, MMHN-
MaJIbHO MHBA3MBHAs XMPYPIisl I03BOHOYHMKA, TIOXKIION BO3pacT.

I[Jm uutupoBanusi: Knumor B.C., Xanema P.B., Amenuua E.B., EBciokoB A.B., Kpusomankuu A.JIL.,
Pa6bix C.0. CuHIpoManbHas OI€HKAa JIereHepaTUBHOM TMATOJNOTMM TOSCHUYHOTO OTAeNa IMO3BOHOYHMKA
y TAalMeHTOB TIIOKWJIOTO M CTapyeckoro Bo3pacta. Tpasmamonozuss u opmonedus Poccuu. 2023;29(3):31-45.
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Abstract

Background. The choice of the method and options for surgical treatment of degenerative pathology of the lumbar spine is
difficult due to the lack of clear clinical and radiological criteria for diagnosis and a direct correlation between the severity
of the radiological manifestations of the disease and clinical symptoms.

The aim of this study was to analyze the clinical and neurological characteristics of elderly patients with degenerative
disorders of the lumbar spine and to identify the dominant clinical and radiologic syndromes.

Methods. Cohort of 1013 patients were operated using MIS technologies (decompression alone, TLIF, LLIF, ALIF) in the
period 2013-2017 (367 male/646 female). The age range is 60-89 years (mean 66 years). The criteria for identifying the leading
syndromes: leg pain/back pain with a threshold value of 5 points according to VAS, X-ray criteria for clinical instability by
A.A. White and M.M. Panjabi (value >5 points), Cobb angle >10°, markers of sagittal imbalance: Index Barrey (II and III), PT
increase above target values, L4-S1 and LL deficiency.

Results. Symptoms of compression were identified in 97% of patients. Radiculopathy syndrome was detected in 665
(66%) patients with mean leg pain 7 points, neurogenic intermittent claudication — in 319 (31%) patients. Degenerative
spondylolisthesis according to radiological criteria was detected in 428 (42%) patients. Degenerative scoliotic deformity
had 91 (9%) patients. In accordance with the proposed criteria, the dominant compression syndrome was determined in
624 patients (62%), clinical instability syndrome — in 338 (33%), deformity syndrome with sagittal imbalance — in 51 (5%).
Conclusion. Syndromic assessment of clinical, neurological and radiological manifestations of degenerative disorders
provides the possibility of identifying the dominant syndrome requiring operative surgical treatment and a differentiated
approach to choosing the optimal surgical option.

Keywords: elderly age, degenerative diseases, stenosis, syndromic assessment, minimal invasive surgery.
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BBEJEHUE

06 yBenMueHUM KOIMYECTBA MAIMeHTOB cTapiie
BO3PACTHOI T'PYIIIbl C JereHepaTUBHOM IMaTOJ0rMen
MOSICHUYHOTO OTAesa 1no3soHouyHuka (I10II) u creHo-
30M M03BOHOYHOro KaHana (IIK) cBMAEeTenbCTBYIOT
COBpPEMEHHbIE 3MUAEMUOIOTMYECKME MCCIeL0BaHUs
[1, 2, 3]. Xupypruueckue BMemarenbcTBa Ha IIOIT
y MalMeHTOB CTaplleii BO3pacTHO TPYIIIbI CONPSIKe-
HBI C PUCKOM MHTPA- U MOC/Ie0NnepauOHHbIX OCI0XK-
HEHUI1, 4aCTOTa KOTOPBIX OKMUIAEMO YBEINIMBAETCS
C BO3pacTOM ¥ HaJMYMEM COUYETAaHHOI IaTOJIOTUH,
OIHAKO B JOCTYIHBIX HaM JUTEPATYPHbIX UCTOYHU-
Kax CBeJeHMs O TakKOM BIMSHUM IPOTUMBOPEUMBBI
[3, 4, 5]. JomonHuTenbHble CIOXKHOCTU TIPU OIEH-
Ke KauecTBa XKM3HM NalMeHTOB CTaplleil BO3pacT-
HO TIpyInbl € JereHepaTuBHON mnartonorueir I1OII
00OYCJIOB/IEHBI OTCYTCTBMEM UETKUX KIMHUYECKUX
M PEHTTreHOJOTUYECKUX KPUTEPUEB AUArHOCTUKMU,
B TOM UMCJIe KOPPEISILMOHHON CBSI3U MEXIY BbIpa-
SKEHHOCTBIO PEHTIeHOJOTMYECKMUX ITPOSIBIeHM 60-
JIe3HM M KIMHUYECKO CUMIITOMAaTUKO# (60meBoit
CMHIDPOM, HEBPOJOTUYECKME CUHAPOMBI, CHOHIU-
JIONMUCTE3, CAaTUTTAIbHbBINA AMCOATAHC), OTCYTCTBUEM
eAVHBbIX TPUHIIMIIOB KiIaccubuUKaluy, B YaCTHOCTU
y nauueHToB co creHO30M I[IK, KpuTepues OLieHKMU
KayecTBa XMU3HM B TIOCAEOINEepPalMOHHOM I[epuone
U UCXOLIOB jleueHus [6, 7, 8].

Ilenv uccnedosauuss — MPOBECTU AHANIU3 KIUHMU-
YeCKUX, HEBPOJIOTMYECKUX U PEHTTeHOJOTMYECKUX
XapaKTepUCTUK MALMEHTOB MOKUIOTO U CTAPUYECKOTO
BO3pacTa C JereHepaTMBHOI aToM0ruel MoSICHUYHO-
rO OTAe/ia MTO3BOHOYHMKA U BBILEIUTh JOMUHUPYIO-
e KJIMHUYECKME U DPEHTreHONIOrMyeckue CUH[-
pOMBI, OMpefessiolIe CHUKEHME KauecTBa >KMU3HU
" Tpebylolye XUPYPruueckoit KOppeKkinn.

MATEPUAJI 1 METO/IbI
Jlvi3zaiiH uccjiegoBaHUS

[MIpoBemeHO peTPOCHEeKTUBHOE MUCCAeJOBaHMe.
IMepuon Habopa maHHbIX: SHBapb 2013 T. — mekabpb
2017 r. Bo3pactHoit Kopugop namueHToB: 60-89 ner
(66/65 (62;69) net). 3mech U manee MPUHST CIEOYIO-
muit dopmaT onucaHusl TaHHBIX: CpelHee/MenyaHa
(1-1%; 3-11 KBapTUIN).

Kpumepuu exniouerus 6 uccnedosauue:

1) moxkmmoit u crapueckuit Bospact (60-75 u
75-90 net o kputepusm BO3 1963 1.);

2) nmereHepaTuBHbIe u3meHeHus [10I1:

— 00yC/IoB/IeHHbIE TPbDKEl MEKIIO3BOHKOBOI'O
nucka (MITO) n/vnm creHosom IIK ¢ kiInMHMYeCKUMU
MIPOSIBJIEHUSIMU B BUZE CUMHIPOMA HEMpPOTeHHOI 1me-
peMeskaronencss XpoOMOThI, PaAUKYJIOTaTUN WIN UX
coueTaHus;

— 00YyC/IOBJIEHHBIE HECTaOMJIbHOCTHIO ITO3BOHOUY-
Ho-mBuratenbHoro cermenrta (IIJIC) w/mnm medop-
Malyeil MO3BOHOYHMKA B CarMTTA/IbHOM (AereHepa-
TUBHbIM CIOHAWIONMCTE3 HU3KOM CTEIeHU Irpajgaluymn
1-2 crenenu no knaccudbuxkauyy HW. Meyerding) [9]
1 ¢poHTanbHOI (yron Cobb >10° u <30°) MIOCKOCTSIX
C HaJM4YMeM CTOVKOro OO0JEeBOrO0 BePTEOPATBHOTO
CUHIpOMaA B BUe XpoHuueckoii 6oam B ITOIT ipu oce-
BOJi Harpyske 5 u 6osee 6a/mtoB o BAIII,

3) OTCYTCTBME TOJIOKUTEIbHOrO 3¢ deKra oT Mmpo-
BeeHNsT KOMILJIEKCHOM KOHCEpPBATUBHOM Teparnumn
B TedeHMe 12 He[,

Marepuan wuccieqoBaHus 0Oa3upyeTcss Ha KOM-
TJIEKCHOM aHaju3e KIMHUKO-HeBPOJIOTMYeCKUX IPo-
saBneHui y 1013 nmauyeHTOB MOXXUIIOTO U CTApPUYECKOTO
BO3pacTa C KJIMHMUYECKM 3HAUMMBIMU JereHepaTuB-
HbIMM 3aboneBaHusmu IIOIT: 367 (36%) MyKUMH
" 646 (64%) skeHIIVH. Bce mamyeHThbl ObLUIM OTNEPU-
pOBaHbI C NPUMEHEHMEM Pa3JIMYHbIX MMUHUMAIbHO
MHBA3sUBHBIX TexHomoruii (MIS): u3onmpoBaHHas
MUKpOXMpypruuyeckas gekomrpeccusi — 624, TLIF —
294, LLIF — 72, ALIF — 23. Bo Bcex cilyyasx IpoBee-
HMe pa3/IMYHbIX METOLOB MUHUMAa/IbHO MHBa3MBHOTO
MEKTEJIOBOrO CIIOHAWIONEe3a ObLIO JormonaHeHo MIS
nepkytaHHoi TII®. [TaHHas cTaThsl OCHOBaHa Ha pe-
3y/IbTaTax JUCCEPTALIMIOHHOTO UCCIIEIOBAHMS .

METO,E[I)I U KpUTEepmumn OL€HKU

[TpoTokon ob6cienoBaHMsI BKIOUAA cOOp aHaMHesa,
KJIVMHUKO-HEBPOJIOTMUECKOe 06CIeIoBaHKe U Jiyde-
Bble METObI AMATHOCTUKU. [1J1s1 OLLeHKM CTeIleHM Bbl-
PaXeHHOCTM 6OJIEBOTO CMHIPOMA B CITMHE U B HYSKHUX
KOHEYHOCTSIX MCIOAb30BAIM BU3YaJdbHYIO aHAJIOro-
ByIo mkanxy 6o (BAIID). KauecTBO sKM3HU OI[EHUBAIU
o uHgekcy OcBectpu (Oswestry Disability Index —
ODI, 1976 [10]) u no mxkane The Short Form-36
(SF-36). B kauecTBe NOpPOTOKONA KOAMYECTBEHHOM
OLIEHKM CUMHJApOMAa HelpPOTeHHOI IepeMeskaloleincs
XPOMOTBI UCIIONMb30BaIM TECT C ONpeneIeHNeM JUC-
TaHIMM CAMOCTOSITEIbHOM XOAbObI 10 MOSIBJIEHUST OC-
HOBHBIX KJIMHNYECKUX CUMIITOMOB.

Bcem nauyeHTaM, BKIIOUEHHBIM B MCC/IEIOBAHUE,
MPOBOIMIM MarHUTHO-pPe30HAHCHYI0 ToMorpaduio
(MPT) Ha anmapate Avanto (Siemens) ¢ HamnpsikeH-
HOCTbIO MarHurtHoro mnosns 1,5 Tin. Ha caruTranbHbIx
cpesax T2-BU uneHntudmuyposanu GopaMuHaabHbIi
CTeHO3 C BblJjelleHMeM TpeX CcTerneHel Mo Kiaccubu-
Kauuy S. Lee ¢ coaBTopamu [11]. [Ins ompeneneHust
JnaTepanbHOro creHosa IIK uCIonb3oBamu KpuUTepun
N. Mamisch c coaBTopamu [12]. YV nanyeHTOB C LIeHT-
panbHBIM CTeHO30M onpegensiiau napaMmeTpsl [1IK kin-
HUYECKM 3HaYMMOTO YPOBHSI KOMIIPECCUMM KOPEIKOB
[12, 13]. OnpeneneHue Benyliero Mopdonaornuecko-

* Kmumos B.C. IuddepeHnyipoBaHHbI HEIPOOPTONIEAUYECKUI TIOAXO0L, K XMPYPTUUECKOMY JIEYeHUIO MallieHTOB MOKWIOTO U CTap-
YeCcKOro BO3pacTa C AereHepaTMBHON MATOJIOrMel MOSICHUYHOTO OTJeNna MO3BOHOYHMKA: OUC. ... I-pa Men. Hayk: 14.01.15, 14.01.18.

HoBocubupcek. 2021. 487 c.
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ro cy6eTpaTa KOMIIPeccuy MPOBOIMIIN TI0 TIPUHLIMAITY
KJIMHUKO-MOP(OIOrMIeckoro cooTBeTCTBYS. OIeHKY
CTeIeHy MeHTpaabHoro creHosa I1K npoBoaunu mo-
JIYKOIVYECTBEHHBIM METOAOM II0 KiIaccupumrammm
Schizas [14].

MynbTHCIIMPATbHYI0 KOMITBIOTEPHYIO TOMOTPadUIo
(MCKT) BBITIONHSIIM Ha COUPAJIBHOM 64-Cpe30BOM KOM-
bIOTepHOM TOoMoOrpade Somatom Definiton (Siemens).
BaskHBIM KpuUTepyueM OI€HKM CarUTTAIbHOTO OasaH-
ca sIBJsIeTCsl OTHOLleHue nuHuy orBeca C7 K KpecT-
1IoBO-6eapeHHoMy paccrosiuuio (C7 plumb line/
sacrofemoral distance — C7/SFD).

DTOT mapaMeTp M3BeCTeH Kak uHaekc Barrey (IB),
KOTODBbIi1 SBJSETCS OTHOLIEHMEM MeXAY JBYMS pac-
CTOSIHUSIMU: TIEPBO€ — 3TO OUCTAHUMS MEXIY Bep-
TUKAJIbHONM JVHMEN, NPOBEAEHHON Yepe3 TOJOBKU
6empeHHBIX KOCTel, 1 auHuel orBeca C7; BTopoe —
9TO OUCTAHIMUS MeXay auHuel orseca C7 1 BepTu-
KaJIbHO JIMHMEN, NPOBEeAEeHHO yepe3 3aAHMI Kpait
BepXHel 3aMbIKaTeJbHONM IJIACTMHKM S1 IMO3BOHKA
(puc. 1).

DTOT UHIEKC paBeH HYIIO B Clyuyae, ecjiy JUMHUS
orBeca C7 mpoenupyeTcss TOYHO Ha 3aAHUI Kpait
BepXHel 3aMbIKaTeJIbHON IUIACTMHKM S1 MO3BOH-

Puc. 1. CxemaTnyeckoe
n306paskeHe pacueTa MHAEKCA
Barrey [15]

Fig. 1. Schematic representation

of the calculation of the Barrey
index [15]

C7PL/SFD=-0.9

BanancupopaHHEI KommencupopaHHEI JIeKOMITeHCHPOBAHHBLI
MO3BOHOTHHEK aucdanane nucbanane
C7PL/SFD < 0.5 C7PL/SFD < 0.5 C7PL/SFD >=0.5
“ C7PL ¢<>
=

i)
3
v

Ka, ¥ paBeH efguHuIle, koraa auHus orseca C7 mpo-
elMpyeTcss TOYHO Ha BEPTUKAIbHYIO JIMHUIO yepe3
TOJIOBKM OeIpeHHBbIX KocTeil. B HopmanbHOI 310po-
BOI1 MOMY/SILIMY ero cpefHee 3HAUeHMe COCTaBJIsIeT
-0,9+1,0. Ero 3HaueHue SBJSIETCSI OTPULIATEIbHbBIM,
korma auHMUSA otrBeca C7 mpoenupyercs K3aau OT
KpecTiia, a B cayyasix, Korga jguHus otBeca C7 mpo-
eLVIPYeTCs KIepeay OT TOJIOBOK OeIpeHHbIX KOCTel,
ero 3HaveHye MpeBbIlaeT eauHuIly. IB 6oee TOUHO
OTpa)kaeT COCTOSIHME TII06aJbHOTO CAaruTTAIHHOTO
6asaHca 1o cpaBHeHUIO ¢ SVA, MOCKOIbKY obecreun-
BaeT BO3MOXHOCTb yuyeTa rnepejHe3aJHero pasmepa
Ta3a, KOTOPbIii MeHsSIeTCSI B 3aBUCMMOCTHU OT 3Haue-
Hus Pl u MMewmMxcss KOMIEHCATOPHBIX MeXaHU3-
MOB. B COOTBETCTBUM CO CTeIEeHbIO BbIPaKeHHOCTU
CaruTTaJbHOTO AycHasaHca BbIOESIOT TPU TUIIA Ca-
TUTTAJIBHOTO MPOQUJIS IMTO3BOHOYHMKA: GalaHCUPO-
BaHHBIN MO3BOHOYHMK (I TUIT), KOMIIEHCMPOBAHHBIN
myc6ananc (II TiIT) u JeKoMITeHCUMPOBAaHHBIN aycoa-
nanc (111 tum) (puc. 2) [15].

Pentrenorpadusi Bcex OTHENOB IMO3BOHOYHMKA
MPOBOAM/IACH B TIOJIOXKEHUM CTOSI B IBYX MPOEKILIMUSIX
C 3axXBaTOM TOJIOBOK GeIpeHHBbIX KOCTeil IJIsl orpe-
nmenenus ymia Cobb m mokasaTeneii MO3BOHOYHO-
TasoBoro 6ananca (ITTB): PI, SS, PT, LL, HukHe-11051C-
HUYHbIN 1opHo3 L4-S1, SSA, SVA, unnekc Barrey [16].
WccneqoBaHus MpOBOIMINCE HAa LM(POBOI peHTre-
HOBCKOJ ycTaHOBKe Axiom (Siemens). sl olleHKMU
KIVHUYECKM 3HAYMMOM HeCTabWIbHOCTU MCIIONb30-
Bayi Kputepuu White —Panjabi (>5 6a/ioB cooTBeT-
CTBOBa/IM HecTabwibHOCTHM) [17]. TUl OCHOBHOI OyTU
MCKPUBJIEHUS OTIPeAesiICSl B COOTBETCTBUM C KJIacCH-
dbuxanmeit SRS -Schwab [18].

CraTuCcTHUYECKNI aHaIN3

['wmoTe3y o0 HOpManabHOM pachpefereHun YuUCIo-
BbIX JaHHBIX TPOBEPSUIM C IIOMOIIbIO KpUTEPUEB
lanmupo-Yunka u Konmoroposa-CmupHoBa. Tak
KaK OCHOBHOJ 00beM KOJIMYECTBEHHBIX U IIKAJIb-
HbIX JAHHBIX He XapaKTepu30BaJICsI HOPMaJIbHbIM
pacnpeneneHieM, TO IJis ONMMCAHUS AAHHBIX TPU-
MeHSUIC clefyoinuii dopmart: cpegHee/MenyaHa
(1-11; 3-71 kBapTunu). CpaBHeHME TPYMIl MPOU3BO-
IUIOCh C TIOMOILb JIBYXCTOPOHHETO HelapameTpu-
Yyeckoro kputepusi MaHHa — YuTHHU. 3a YpOBEHb CTa-
TUCTUYECKOV 3HAauMMOCTM mpuHuMManu p<0,05.
CratucTtuueckasi 06paboTKa JaHHBIX TPOU3BOANIACH
C TIOMOIIBIO MPOrpaMMHOI0 HMpoayKTa R (6a30BbIit
dbyHKIIMOHA).

Puc. 2. Knaccuduranysi mo3BOHOYHO-Ta30BbIX
B3aMMOOTHOIIIEHMIA C BbIZIEJIEHMEM TPEX TUIIOB
106aIbHOTO CarMTTaBHOTO GasaHca 1o 1B [15]

Fig. 2. Classification of vertebral-pelvic relationships with
the allocation of three types of global sagittal balance
according to IB [15]
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PE3VJIBTATBI
OO61ast XapaKTepPUCTUKA KOTOPThI

Mo ypoHio mopaxkenusi [IJC moMuHMpOBaIM TMa-
LIMEeHTHI C NaTOJMIOTMel B allMKaJIbHOM CerMeHTe I0-
sicHMYHOTO jopposa L4-L5 — 612 (60,4%) uenoBexk.
PacnipeneneHue nmauyueHTOB 10 YPOBHSIM MOpakeHUS
MpescTaBaeHo B Tabmuie 1.

Tabnuya 1
PacrnipeneneHne nmauyeHTOB 110 YPOBHAM
Iopa>keHus
Uncro naiyeHToB
VpoBeHb
n %
L1-L2 6 0,5
L2-L3 27 2,6
L2-L3,L3-L4 11 1,1
L2-L3,L3-L4,1L4-L5 20 2,0
L3-14 121 12,0
L3-L4,L4-L5 69 6,8
L3-L4, [4-L5,L5-S1 2 0,2
L4-L5 612 60,4
L4-L5,L5-S1 28 2,8
L5-S1 117 11,6
HUtoro 1013 100,0

BoMbIIMHCTBO TMalMeHTOB MMeJu OAHOYPOBHE-
BbIli xapakTtep nmopaxkenus IIOIT — 883 (87%), knu-
HUYeCcku 3HauuMMmblii cteHo3 IIK Ha AByX ypOBHSIX
ompeneneH y 108 (11%) 6onbHBIX, Ha Tpex — y 22
(2%). BOMPMIMHCTBO MAalMEHTOB MMeEIM MacCy Tena
Bbillle HOpMbI. CpemHnii mHAekc macchl Tena (MIMT)
coctaBun 31,6. Oxupenme (MMT >30) BBISIB/IEHO
y 582 (57,5%) manyeHTOB aHAIM3UPYEMOI KOTOPTHI.
¥ 999 (98,6%) mauueHTOB BbISIBJIEHA COMYTCTBYIOIAS
coMaTuyecKasl IMaTOJMOTHS, Y ITONABIISIONIETO GOJb-
MIMHCTBA OOJIBHBIX BBISIBJIEHHAs] COITYTCTBYIOMIAS
rmaTojorusi 6blla MHOXKecTBeHHOit — 844 (83,3%).
Cpenuuii mokasaTenb komopougHoctu (CCI) B uccie-
IyeMoi1 Koropre coctaBui 63/77 (53; 90).

IMpy KIMHUKO-HEBPOJIOTMIECKOM 00CIeI0BaHUN
CHMHIPOM PaAVKYJIOaTUM BBISIBIEH Y 665 (66%) ma-
LIMEeHTOB, CMHAPOM HEIPOreHHOI IepeMeXXaloleics
XpoMOTBI — Y 319 (31%) 60BHBIX C AVICTAHITIMEN XOIb-
661 96/100 (50; 100) m. Takum obpasom, B 97% ciry-
yaeB KOMITpeCCHsi HEPBHBIX KOPEIIKOB B Pa3/JIMUHBIX
otmenax ITK 6b171a OCHOBHBIM ()aKTOPOM, OIpenesio-
MM CHVDKeHMe KauecTBa KM3HU y MalMeHTOB cTap-
11eii BO3pacTHOM IPYIIIIbI.

[lo maHHBIM JyuyeBBIX METOLOB MCCAeNOBaHMS,
y 428 (42%) maUMEeHTOB BbISIBJIEH [dereHepaTuB-
HBbI/ CIIOHIMJIONUCTE3, M3 HUX 10 KiaccubuKanmm
Meyerding mepBasi crerneHb 6buta onpepeneHa y 390
(91%) 6onmbHBIX, BTOpast cTeredb — y 38 (9%). OmHako
KOJIMYECTBO MALIMEHTOB C 5 1 60j1ee 6ayiamMu 1o Kpu-
Tepusim A.A. White u M.M. Panjabi cocraBuno 338
yesoBek (33% OT BCero KOJIMYecTBa OONbHBIX), UYTO
COOTBETCTBOBAJIO  KIMHMYECKON HEeCTabMIbHOCTU
IIC. [ereHepaTuBHAsI CKOMMOTHYECKas medopMa-
uwmst TTIOIT ¢ yrimom Cobb Bo GpOHTaIbHOI IIJIOCKOCTY
oT 10° mo 30° muarHoctupoBaHa y 91 (9%) mauyeH-
Ta, M3 KOTOPBIX TOJABKO Y 51 OTMeUYeHbI KIMHNYECKIE
M PEHTTeHOJIOTUYECKMEe MPOSBAEHUS CaruTTaIbHOTO
nucbanaHca.

O1ieHKa KOTrOpPThI C MO3UIIU JOMUHUPYIONIUX
KJIMHUYECKUX ¥ PEHTTeHOJIOTUYEeCKUX
CHMHIPOMOB

Iyist BbIfeneHUs] JOMMHUPYIOIIUX KIMHUYECKUX U
PEHTTEHOIOTUYECKUX CUHIPOMOB, TPEOYIOIUX XU-
pypruueckoit KoppeKiiuu, Mbl UCIIOJIb30BaaM paspa-
OOTaHHbBINi AJITOPUTM BbIAEIEHUST JOMUHUPYIOIINX
CUHIPOMOB: KOMITPeCCUM, HecTabmIbHOCTY U tedop-
MalMK, B OCHOBY KOTOPOTO IOJIOKEH MPUHLIMIT KIIu-
HUKO-MOPGOIOTUYECKOTO COOTBETCTBUSI UMEIOIMXCSI
HapyleHuii (puc. 3).

s Bblfe/NeHUs] ITOMMUHUPYIOUIETO CHUHAPOMA,
OTpenesonero UMeIoHIyocsl KIMHNYECKYI0 U HeB-
POTIOTUYECKYI0 CUMIITOMATHKY, & TaKke HeoOXOmu-
MOCTb XUPYPrUUecKkoii KOppeKIu, Mbl UCIIOIb30Ba-
JIV TIOPOTOBOE 3HaUeHMe 60JIeBOro CMHApoMa 1o BAIII
B 5 6a/I710B, IIpeobiagaHme 601 B CIIMHE UK B HOTe,
HajauMuue WM OTCYTCTBME KIMHUYECKUX CUMIITOMOB
caruTtanbHoro aucbamnanca. Takke ObUTM MpPUMeHe-
HbI PEHTTeHOJIOTUYECKMEe KPUTEPUU HECTAOUITBHOCTHU
(moporoBoe 3HaueHue 5 u 6osee 6a10B 1Mo A.A. White
and M.M. Panjabi), Tunt oCHOBHO1 IyI'¥ UCKPUBIEHMS
no kiaccuburanumu SRS-Schwab u mapkep carut-
TajbHOrO Mucbananca — Index Barrey (IB).

AHanu3 OCHOBHBIX KJIMHUKO-HEBPOIOTMUYECKUX U
PEHTTEHOMIOTUYECKUX KPUTEPUEB GOMBHBIX CTAPIIETO
BO3pacTa Mbl IPOBOSMU/IN B TPeX IPyIIax MalyeHToB,
BbIZIeJICHHBIX B 3aBUCUMMOCTM OT IOMMUHUPYIOLIEro
KJIVHUYECKOTO U DPEeHTTeHOJIOrMYeckoro CMHApPOMA:
rpynmna 1 — TOMUHUPYIONIINI CUHIPOM KOMITPECCUH,
rpymmna 2 — HecrabunbHoCTh ITC, rpymma 3 — mere-
HepaTuBHas AedopManusi C CaruTTAJIbHBIM AucOHa-
ylaHcoM (Tab6i. 2). TTo MCXOAHBIM BO3PACTHBIM U T'eH-
IepHbIM TpM3HAKaM 3TU TPYIIIBI MeXOy coboil He
otanvanucs (p>0,05).

OcHOBHbIe KIMHUYECKMe IoKasaTejlu U HeBpO-
JIOTUYeCKMe CUHIDPOMBI, XapaKTepusymollue aHa-
MU3UPYyeMyI0 KOTOpPTY IallMeHTOB, IIpeiCTaBJ/IeHbl
B Tabnuie 3.
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KnuHUKO-HEBPONOrM4eCKUH 0CMOTP

v v '

CUMNTOMbI KOMAPECCuu Ty e e Cumntomil gedropmaun
e Bonb B Hore > Gonb B cnuHe + 6onb B Hore < 6onk B cnuHe
* fonb B Hore < 60nb B CNKHE
e fonbBHOre= 5 o B e Sk ®  HapyLUEHWE CarrTuTanbHOM
e fBonbecnuHe <5 fianaHca

Her 4\ Na

thopmauus

Tun N
no SRS-Schwab

Tun pecopmauuu

Tunel T, L, D
no SRS-Schwab

1 Tun

lecTabunLHOCTE
COOTBETCTBHH C KpUTEPUAM
White-Panjabi

2 unun 3 Tan

MeHee 5 5 n bonee
A
Kputepun
Komnpeccus HecrabunbHocTh MCKNIOYEHnA
Puc. 3. Anroputm BaiJiesleHsI JOMUHUPYIOLEro KIMHUYECKOro CMHAPOMa
Fig. 3. Algorithm for identifying the dominant clinical syndrome
Tabnuua 2

XapakTepucTHUKa rPymi NaMEeHTOB B COOTBETCTBUY C BbIIeJIeHHbBIM
JOMVHHUPYIOIIUM CUHIPOMOM

[TokasaTenb I'pynma 1 (n = 624) I'pynma 2 (n = 338) I'pynima 3 (n=51)
Kpurepun White — Panjabi <5 >5 <5
BAIII 60716 B HOTe (CpenHee), 6aslyibl 6,9 6,5 5,9
BAIII 6011b B criviHe (CpeqHee), 6aibl 5,4 7,2 6,6
Tabnuya 3

KnuHuueckue roKasaTem 60JIbHBIX aHaJIM3MpyeM0]71 KOropThbl

[TokasaTenb I'pynma 1 (n = 624) I'pynma 2 (n = 338) I'pymma 3 (n=51) Utoro (n=1013)
Hesponozuueckue cuHOpombl
PapukynonaTtus 479 (77%) 154 (46%) 32 (63%) 665 (66%)
HeiiporenHast xpomoTa 145 (23%) 163 (48%) 11 (21%) 319 (31%)
V30onupoBaHHbIN - 21 (6%) 8 (16%) 29 (3%)

BepTe6pabHbIi 60/1eBOii
CUHIPOM
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OxoHuaHue mabauyst 3

ITokasaTenb

I'pynmna 1 (n = 624)

I'pynma 2 (n = 338)

I'pynma 3 (n=51)

HUrtoro (n=1013)

UMT

BAIII 60716 B CIIMHE, OAJI/IbI
BAIII 60715 B HOTe, 6aJl/IbI
ODI, 6au1bI

SF-36 PH, 6asuibl

SF-36 MH, 6aju1bl

CCL %

JMCcTaHIMs XOMbObI
(319 naneHToORB), M

White — Panjabi, 6abl
IlereHepaTUBHbI CKOMNO3

Vron Cobb (ckonmnos), °

Knunuueckas xapakmepucmuxka

30,6/30,1 (26,8; 33,6)
5,4/6 (4; 7)
6,9/7 (5; 8)

55/56 (42; 68)
27/26 (23; 30)
29/28 (22; 34)
64/77 (53; 90)
105/100 (50; 150)

2,9/3 (2; 4)
21
17,9/14 (13; 22)

33,2/33 (28,8; 36,6)
7,2/7 (6; 8)
6,5/7 (5; 8)

58/60 (52; 66)
26/26 (22; 30)
27/26 (20; 32)
62/77 (53; 90)
88/100 (50; 100)

6,3/6 (6;7)
19
18/17 (13; 23)

32,9/33,5 (29,2; 36,3)
6,6/6 (5; 8)
5,9/6 (5; 8)

56/54 (45; 62)
25/24 (22; 28)
26/26 (22; 28)
58/77 (21; 90)
103/75 (50; 125)

3,7/4 (2;4)
51
16,5/15 (11; 20)

31,6/31,1 (27,6; 35,1)
6,1/6 (5; 8)
6,7/7 (5; 8)

56,2/57 (44; 66)
26,6/26 (23; 30)
27,9/27 (22; 33)
63/77 (53; 90)
96/100 (50; 100)

91

I'pynna 1 npencraBneHa 624 (62%) nmauyeHTaMu
¢ TpeobiafaHMeM CUMIITOMOB KOMITpeCCUM KOpelll-
KOB KOHCKOTO XBOCTa B BUJE PaAMKyJONaTUM, Heli-
pPOTeHHO} TlepeMeXalleics XpPOMOThI MO0 UX
couyeTaHus. Y BCex 3TUX O0TbHBIX B KIMHNYECKO Kap-
TUHE TIpeobrafaiu CUMIITOMbI KOMIIPECCUM KOpelI-
KOB KOHCKOT'O XBOCTa HaJ, CTeNeHbIO0 BbIPaKEHHOCTU
60/1eBOTO BepTebpanbHOro cuMHApoma. Ilo JaHHBIM
JIy4eBbIX METOAOB ucciaemoBanus, y 81 (12,8%) ma-
LIMeHTa IPynnbl 1 BbISIBAEH JereHepaTUBHbBIN CIIOH-
IUIONUCTE3, U3 HUX MO0 Kinaccudukanmmu Meyerding
1-g cremeHpb OblIa orpeneneHa y 96,3% OOIbHBIX,
2-9 creneHb — y 3,7%. IlereHepaTUBHbIN CKOJIMUO3
[TOIT Tuma N ¢ yrimom Cobb Bo ppoHTaIbHOI IJIOCKOC-
™ oT 10° mo 30° guarHoctupoBaH y 21 (3,4%) nauu-
eHTa. 3Hauenne yriaa Cobb y Hux cocraBuiao 17,9/14
(13,4; 21,8)°. YV mauueHTOB II€PBONM TPYIIIIbI OTCYT-
CTBOBAJIY SIBHbIE ITPU3HAKY KIMHNYECKOM HeCTabuiib-
Hoctu I1JIC, a mokasarenb Mo Kputepusim A.A. White
1 M.M. Panjabi cocrasui 2,9/3 (2; 4) 6anna.

C y4eTOM HEOOHOPOAHOV KIMHUYECKOM CUMIITO-
MaTUKU U KpUTepueB OMArHOCTUKM Pa3JINUYHbBIX BU-

noB creHosa [IK no panusiMm MPT nanmeHTsl rpyli-
mbl 1 6bLIM pasfeseHbl Ha TPU TOATPYIIIbI, UCXOMAS
U3 onpeneneHus OJjisl KaKIOro MalueHTa OCHOBHOTO
(dakTopa KOMIIpeccuM KOPEUIKOB KOHCKOTO XBOCTa
U TIOATBEPXAEHUS SAHHBIMMU JIYYEBBIX METOLOB MC-
cmemoBaHMs (akTa HaIMuMs KOMIIpecCMu Ha COOT-
BETCTBYIOILEM TOIMYECKON AMArHOCTUKe YpoBHe [19].
CxeMma pacmnpegeneHus MalMeHToB rPynbl 1 Ha of-
TPyHOIibl B 3aBUCMMOCTM OT JIOKaAM3aluy KOMIIPeC-
CUM U ero OCHOBHOTrO Mopdosoruyeckoro cyberpara
IpefiCTaB/leHa Ha PUCYHKe 4.

VY 393 (63,0%) mauyueHTOB IOATPYIILI 1 equHCT-
BEHHbIM MOpPGhOIOTUUECKMM CyOCTpaToM KOMIIpec-
cuu o gaHHaeiM MPT 6buta rpeika MIIJI, pacmona-
raBIIascsl Ha ypoBHe OOKOBBIX U TMapamMeIuMaHHBIX
otgenos [1K, koTopas BbI3bIBajia CoaBJIeHNE KOpellKa
B JIaTe€pPaJbHOM KapMaHe C YCTOMUYMBBIM IMCKOpaLu-
KyJASIpHBIM KOH(auKTOM. 13 HUX v 28 (4,5%) nanuen-
TOB KOMIIpeccHsi Kopelllka Obl1a BbISIB/IeHa Ha YPOBHe
MEXIIO3BOHKOBOIO OTBEpPCTHMS JlaTepalbHee HapyX-
HOI TemuKyASIPHON JAMHMM, a MOPQOIOrMYecKUM
cyOCTpaToM KOMIIpeccuM SIBsinach sKkcTpadopamu-

( [lOMUHMPYIOWMIA CUHAPOM — KOMMNPECCHS KOPELLKOB )

v

lpbika ancka (n = 393),
BK/ItoYas 28 hopaMmMHaNbHbIX

Y
j [ NaTepanbHbiit cTeHos (n = 86) j [ LleHTpanbHbIi cTeHo3 (n = 145) J

Puc. 4. Pacnpenenelme MaleHTOB I'PYIIIIbI 1 Ha IIOATPYIIIILI B 3aBMCMMOCTHU OT JIOKA/IM3alIMM KOMIIPECCUN

¥ €r0 OCHOBHOTO MOP(OJIOr1YecKoro cyoerpara

Fig. 4. Distribution of patients in group 1 into subgroups depending on the localization of compression

and its main morphological substrate
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HaJibHas Tpbika MIIJI. V Bcex TuX GOJBHBIX I10 KJIac-
cudumkanyu S. Lee onpenensuiach 3-5 cTereHb Gopa-
MMUHaJIbHOTO CTEHO3a C KOMIIpeccueii BbIXOASIIEro 13
MEeXI03BOHKOBOTO OTBEPCTHSI HEPBHOI'O KOpellKa.

IMogrpynma 2 (86 (13,8%) mauyeHTOB) — KIVHMU-
yeckas CMMIITOMAaTMKa M peHTTeHoJornveckasr ce-
MMOTHKA TI0 KpuTepussM Mamisch cooTrBeTcTBOBaIN
JlaTepajJbHOMY CTeHO03Y I1K, 4TO KIMHMYECKN MPOSIB-
JISTIOCh MOHOPAAVKYJISIPHBIM 60JIEBBIM CUHIPOMOM
BCJI€ACTBYE KOMIIPECCUY TTPOXOISIIEro Kopeuika.

V 145 (23,2%) nauyueHToB (MOATPYIIA 3) BbISB-
JIeH LieHTpaabHbIV cTeHOo3 [IK, KOoTOopslli KIMHNYE-
CKM MPOSIBISJICSI CUHAPOMOM HENPOTreHHOI Mepe-
MeXKaloleincs XpoMOThl. B GONBIIMHCTBE CIy4yaeB
(106 6GONBHBIX) CMMIITOMBI HEPOTe€HHOM XPOMOTHI
COYeTAIUCh C CUMIITOMAaMM KOMIIPECCUM KOPEIKOB
B BUAE OMHAMMUUECKON paguKyJomaTuu, KoTopasi
uMesia Kak OGHOCTOPOHHMIA, TaK U ABYXCTOPOHHMIA
xapakrep. ITo kputepusm C. Schizas cTreHo3 cremne-
uu B BoigBieH y 8 (5,5%), C — 69 (47,6%) u D — 68
(46,9%) nanMeHTOB.

I'pynna 2 mpepcraBieHa 338 (33%) manyeHTa-
MU C JOMMHUPYIOIIMM CUHAPOMOM KIMHUYECKOT
HecTabuibHOCTK (5 U Gosiee GAJIJIOB MO KPUTEPUSIM
A.A. White nu M.M. Panjabi — cpeguuii 6ay1 y HUX
cocTaBua 6,3/6 (6; 7)). Y Bcex GOJTbHBIX I'PYIIIbI 2
B KIMHMYECKOJ KapTYHE OTMEeYaIoCh Haauume 6ome-
BOTO BepTebpasbHOro cuHapoma (BAIIl >5 6amioB).
V 48,3% GOJbHBIX IPYIIIIBI 2 B KIMHUYECKOI KapTUHE
OTMeYajoch IpeobiagaHue 60JIEBOrO BepTebpalib-
HOTro cuHApoMa (60ib B ciiuHe 1o BAIIl >5 6anioB)
HaJi, CTeIIeHbI0 BBIPAKEHHOCTM 60JIEBOTO CMHApPOMA
B HIDKHMX KOHEUHOCTSIX, 00YCIOBJIEHHOTO KOMITpec-
cueli KOpelKoB KOHCKOTO XBOCTa B BUA e paAuKy/omna-
TUU, HEIPOTEHHO e peMesKaoIeiicss XpOMOThI JINO0
ux couetanust. Y 317 (93,8%) naumeHTOB HECTAOUIIb-
HocTb [IIC coueTanach ¢ CMMIOTOMaMM KOMITPECCUN
KOPEIIKOB KOHCKOTO xBOCTa. Toynbko y 21 manueHTa
3TOV I'PYIIbI OTCYTCTBOBaJIM CUMIITOMBI KOMIIpeC-
CUM HEpPBHBIX KOpellKoB. IIpeobnaganyu manueHTbI
¢ 1-ii cTereHbIO CIIOHOMJIONMUCTE3A MO Kiaaccudpu-
kamuu H.W. Meyerding — 278 (89,1%), a cnoHgu-
JIONIUCTES 2-V1 CTereHu ObUT OIpedeseH TOIbKO y 34

(10,9%). V 26 (7,7%) naumeHTOB CUHAPOM KJIMHMU-
yeckoii HecrabuiabHocTU IIJIC He COMPOBOXIAICS
pasBuTMEM CHOHAWIOAMUCTe3a. [lereHepaTuBHAas
ckonmorudeckas gedopmanust IIOIT ¢ yrmom Cobb
BO (ppoHTaNBHOI IockocTy oT 10° mo 30° muarHo-
ctupoBaHa y 19 (5,6%) nmanyeHTOB, IPU 3TOM MMe-
fomascs mebopMaius CylleCTBEHHO He BJMsIIa Ha
KauyecTBO XXM3HU U HapyllleHMe XXU3HeAesaTeTbHOCTU
(ODI47/47 (32; 52), SF-36 PH — 24/23 (22; 27), SF-36
MH- 26/26 (20; 30), 4TO He OTANYAIOCH OT ITOKa3aTe-
Jieit manueHToB rpymnsl 2¢ yriioMm Cobb, He TpeBbI-
marwmum 10°).

CxeMaTuueckoe pacrpenejieHue MaiueHToB Ipym-
bl 2 B 3aBUCUMOCTH OT JIOKJIM3aLUU KOMIIPECCUU U
ee OCHOBHOTO MOP(QOJOTMYECKOro cybcTpaTa Ipef-
CTaBJIEHO Ha PUCYHKe 5.

B 154 (45,6%) ciryuasix OTMeEYaIoCh COUeTaHUE BEp-
Te6pOreHHOro 60J1eBOro CMHAPOMA C CMHIPOMOM pa-
IVUKYJIONaTUM 3a CYeT MPSIMOiT KOMIIPeCCUY HEPBHOTO
KOpelllKa 0 JaHHBIM JIy4yeBbIX METOJIOB MCCaenoBa-
Hust: y 103 (30,5%) mauyeHTOB 3a CUET JIaTepabHOIO
CTeHO3a Ha YpoBHe HectabuiapHoro ITIC, B 51 (15,1%)
aryyae — GopaMMHAIBHOIO cTeHo3a. Y 163 (48,2%)
OOJIbHBIX BBISIBIEHO COUETaHME BepTebporeHHOro 60-
JIEBOTO CMHApPOMa C KIMHUYECKUMU ITPOSIBIEHUSIMU
HeIPOTeHHOJ ITepeMesKaloIeicsl XpOMOTbI, 06YC/IOB-
JIEHHOJ LIeHTpa/JibHbIM cTeHO30M IIK Ha ypoBHe He-
crabuabHoro ITIC. YV atux 60/abHbIX 10 JaHHbIM MPT
B cooTBercTBUMM ¢ Kputepusmu C. Schizas crteHo3
crerienn A4 BoisiBiieH v 1 (0,6%) mauyenrta, B —y 33
(20,3%),C —y 77 (47,2%) u D —y 52 (31,9%).

3HauyeHMs peHTTeHOoNornuyeckux rnmapamerpos 1011
MalMeHTOB TPYIIbl 2 MpPeNCcTaB/ieHbl B Tabmuie 4.
Kak oremyeT u3 IpeaCcTaBJIeHHON TaOGMMUIbl, OOIb-
UIMHCTBO MalleHTOB MMeIOT BbICOKMe TToKa3aTenu Pl.
Heob6xoaumMo OTMETUTb UMEKIINIACS 1e(ULUT HIK-
HEMOSICHUYHOTO M IJI06AJBbHOTO MOSCHUYHOTO JIOP-
[103a C OTKJIOHEHMEM OT 1ie/IeBbIX 3HaUeHUIi CpeIHUX
rokasareseii. CjiemoBaTeabHO, eULUT [JTI06aIbHOTO
MOSICHMYHOTrO Jioppo3a (LL) M HMKHEIIOSICHMYHOTO
sopposa (LL4-S1) MoXXHO paccMaTpuBaTh Kak TPUTTED
pasBUTUSL Y HUX HapyllleHUii MO3BOHOYHO-Ta30BbIX
B3aMMOOTHOILIEHUIA.

( [loMUHUPYOLWMIA CUHAPOM — HeCTabunbHOCTb (N = 338) )

v

v

C KoMnpeccueit KopeLwKoB
(n=317)

) (

bes komnpeccum KopeLwkos
(n=21)

Y
LleHTpanbHbIi CTeHO3
(n=163)

) (

ﬂaTepaanbm CTEHO3
(n=103)

(n=51)

) (

(MopamMuHanbHbIM cTeHo3 ]

Puc. 5. Pacr[pe,ueneHMe MalV€HTOB I'PYIIIIbI 2 B COOTBETCTBUM C JIOKa/IM3aluen u Beoymum MOpd)O.TIOI'I/I‘{ECKI/IM

CY6CTpaTOM KOMIIpeCCumn

Fig. 5. Distribution of patients in group 2 according to localization and leading morphological substrate of compression
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Tabnuya 4 Tabnuya 5
PeHTreHo/siormuyeckKue rnapamMeTpsl IaliMeHTOB PeHTreHosiornueckmue napamMeTpsl NalnueHToOB
rpynmnsi 2, rpaj. Tpymisl 3, rpaj.

CarutranbHble MOANDUKATOPBI 3HaueHue CarutranbHble MOAMMUKATOPBI 3HaueHue
PI 56,4/57 (48,5; 63) PI 53/53 (46; 60)
LL 54,6/55 (46; 63,5) LL 43,6/45 (36; 52,5)
Ieneoit LL 58,1/58,4 (53,8; 61,6) Lenesoit LL 56,5/56,2 (52,2; 59,7)
LL4-S1 30,9/31,5 (23,9; 38) LL4-51 26,4/27 (17,5; 36)

Llenesoii LL4-S1 38,3/38,5 (35,5; 40,7)
PT 22,5/22 (16; 27)

LleneBoii PT 24/25,1 (22; 25,1)
(C KOppPeKTUPOBKOI Ha BO3PACT)

Lenesoit PT (opmyrna) 13,4/13,7 (9,9; 16,3)
sS 34,1/33,4 (27,8; 41,2)
SL 6,2/5,9 (3; 9)
SVA 20,1/17 (-13; 37)
PI-LL 1,8/1 (-6,3; 8)

I'pynna 3 mpexncrasneHa 51 mauueHToM (5% OT
BCEIl KOTOPTHI OOJIbHBIX) C JOMUHUPYIOIIUM CUHJ-
poMom pnedopmanuyu BO (POHTANIBHOM IIJIOCKOCTY
¢ yrimom Cobb ot 10° go 30°, onpefensiouum CHIKe-
HMe KaueCTBa XU3HU U HapyllIeHNe KU3HelesaTeIbHO-
CTU. DTUX MTALIVEHTOB He TOTBKO 6€CTIOKOMIIN 60JIeBOIA
BepTebpanbhblii (100% 60IbHBIX TPYIIIIBI 3) U pas3any-
HOT'O BMJa KOMIIPECCMOHHbBIE CMHAPOMEBI (84%), HO U
BCE OHU TPEIbSIBISIU JKAT0O0bl HA HEBO3MOKHOCTH
JITUTeTbHOTO HAXOXKIEeHUS B TIOJIOKEHUM CTOSI, Hapy-
meHre QYHKIMY XOOb0bI, CBSI3aHHOE C TPYAHOCTSIMU
yIOepkaHusl TeJlla B BEPTUKAILHOM IMOJOXKEHUU, 06-
YCJIOBJIEHHBIE HApYIIEHMEM JIOKaJbHOTO JIM6GO TJI0-
6aTbHOTO CaruUTTAILHOTO OajaHca ITO3BOHOYHMKA
C TIpeBblllIeHeM HOPMAaTUBHBIX MTOKa3aTeseil carut-
TanbHbIX Moauduxatopos (IB II u III Tunos).

Vron Cobb B rpymme cocraBua 16,5/15° (11; 20°).
Ilo maHHBIM JIyuyeBbIX METOLOB MCCIeNOBaHUS, Y 35
GOBHBIX TPYIIIBI 3 (68,6%) Ha (OHE AereHepaTUBHOIN
CKOIMOTMYECKO Tedopmaliuy BbISIBIEH JereHepa-
TUBHbBIN CHOHAMUIONINCTE3 HA OJHOM YpOBHe (n = 9), Ha
IBYX YPOBHSIX (1 = 23), Ha TpeX ypOBHSIX (n = 3). I3 Hux
1-a crenenp no kinaccudpukanuu H.W. Meyerding
Oblia omnpeneneHa y 34 GOJMbHBIX, a 2- CTelleHb —
y 1 mauuenra. [To jaHHBIM peHTTeHOTpaduu ¢ GyHK-
I[MOHAJBHBIMM TIPO6aMU, O OTiepanuu He ObUIO BbI-
sBJIeHO HecTabmibHOcTH IIIC, 4TO COOTBETCTBOBAJIO
3,7/4 (2;4) 6amtam (MeHee 5 6amnoB 1o A.A. White u
M.M. Panjabi). PenTreHonoruueckme xapakTepucTu-
KM TIAIIMEHTOB TPYIIIIbI 3 MpeCcTaBIeHbl B TabmuIe 5.

Kaxk cimenyeT u3 npencTaBiaeHHbIX JaHHBIX, BCe Ta-
I[MEHTBI TPYIIIBI 3 UMETU CaruTTATbHbIN MUcOaIaHC
ITOII ¢ medurutom LL4-S1, LL, SSA, yBennuenmem PT
BbIIlle TAPTeTHBIX MHIUBUYATbHbBIX 3HAUEHUIA.

LleneBoii LL4-S1 37,1/37,1 (34,4; 39,4)
PT 21,9/22 (17; 26,5)

Llenesoii PT 24,3/25,1 (22; 25,1)
(C KOPppPeKTUPOBKOJ Ha BO3PACT)

Lleneoii PT (bopmyrna) 12/11,9 (8,6; 14,8)
SS 31,2/31 (26; 36)
SSA 118,8/120 (113,5; 125)
SVA 46,3/43 (16,5; 67,5)
PI-LL 9,5/8 (0,5; 17)

TK 33,9/36 (27; 41)
Vron Cobb 16,5/15 (11; 20)

[Tpeo6naganye 60/IeBbIX OIIYIIEHMII B CIIMHE HAa[
00/IbI0 B HOTe/HOTax OTMeueHO y 28 (55%) manueH-
TOB 3TOJi rpyImsI (6016 B criuHe — 7,2/7 (6; 8,5), 6011b
B Hore — 5,2/5 (4; 7,5) 6aoB). [Tpy KIMHUKO-HEBPO-
JIOTUYECKOM O06C/IeIOBaHUM CUHIPOM PaAMKY/IOMa-
TUM BBISIBIIEH Y 17 (33%) nmanueHTOB. PaguKynsipHbIit
6071eBOi CUMHAPOM ObUI OOYCIOBJIEH KOMIIpeccueit
HEpPBHOTO Kopemika B (OpaMMHAIBHOM OTBEPCTUM
Ha BOTHYTO} CTOpOHe AedhopManyy, UTO IOATBEPK-
nmanoch maHHbiMy MPT. V Bcex 3THX IALIMEHTOB ObLI
ompeneneH (GopaMUHATbHBINA CTEHO3 MTO3BOHOYHOIO
KaHaJia 2-7i cTerieHu 1o S. Lee ¢ coaBTopaMu.

B 29% ciyuaeB (15 mamyeHTOB) BbISIBJIEHO COUETA-
Hye GopaMMHAIBHOTO U LIEHTPaIbHOTO cTeH030B ITK.
CUHAPOM KOMITPECCUYM HEPBHOTO KOPEIIKa B MEKIT03-
BOHKOBOM OTBEPCTUU IPOSIBIISAICS 60110 B HOTe (5,9/6
(4; 8) 6a/IOB), TAKKe Y BCEX STUX IALIMEHTOB OTMe-
YeHbl MPOSIBJIEHUSI HEMPOTeHHOM MepeMekariencs
XPOMOTHI CO cpenHeit mucraHuyeii xomb6sl 107 M (OT
20 mo 200 m). ITo knaccuduranym C. Schizas cTreHo3
COOTBETCTBOBA TUITY B y 4 601bHBIX, TUITY C — y 11.
B 22% cnyuaes (11 mauueHTOB) BCaeAcTBue GopMu-
POBaHMS LIEHTPATBHOTO CTEHO3a KOMITPECCHST KOpel-
KOB KOHCKOTO XBOCTa ITPOSIB/ISIIACh CMHAPOMOM Heli-
POTEeHHOM MepeMeXarwlleincss XpOMOTbI €O CpemHeit
myctaHnmeii xomp6sl 93 M (ot 10 mo 300 m). ITo kiac-
cudukauym C. Schizas creHO3 cooTBeTCTBOBAJ TUITY C
y 8 60IbHBIX, TUITY B —y 3.V 8 60/IbHBIX € IMHCTBEHHOIA
MIPUUYMHONM YXYAIIEHNS] KaueCcTBa JKU3HYU U CHVSKEHUS
cTereHy QYHKIMOHAIBHONM amanTaiuy 6b11 601eBOi
BepTeOpabHbIN CUHAPOM C MHTEHCUMBHOCTBIO OO
B Horax 110 BAIIl He 6os1ee 2 6asioB.
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CxeMaTuueckoe pacrpeejieHe MalieHTOB IPyM-  [epBUYHbBIX OMePaTUBHBIX BMELIATeIbCTB C IpUMeHe-
bl 3 B 3aBMCUMOCTH OT JIOKQ/IM3ALUMU KOMIIPECCUM U HMEM DPA3IMUYHBIX MUHMMAaJIbHO MHBAa3MBHBIX TEXHO-
€ro OCHOBHOTO Mop@onornueckoro cyocrpara npef-  JIOTUIA, B T.4. M30JMPOBAHHbIE MUKPOXUPYPTUUECKME
CTaBJIEHO HA PUCYHKE 6. IeKoMIpeccuu — 624, meKOMITPECCUBHO-CTaOMIN3U-

B cooTBeTCTBUM C BBIIEIEHHBIMM TOMUHUPYIOIIM-  pylolIKe onepauyuy — 338, MHOrOypoBHeBast (uKca-
MM CMHApPOMAaMM IamyeHTaM Obumi BoImonHeHbl 1013 1ms ¢ koppekiueir nedopmaruii — 51 (puc. 7).
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Puc. 6. PacripesiesieHye MalMeHTOB IPYIINBI 3 B COOTBETCTBUM C JIOKAIM3aIyel 1 BegyuM MOphOI0ruuecKumM
Cy6CcTpaToOM KOMITpeCCuu

Fig. 6. Distribution of patients in group 3 according to localization and leading morphological substrate of compression
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Puc. 7. PacripefiesieHye MalMeHTOB 10 BMIaM IIPOBEIEeHHbIX OlepaTUBHbBIX BMEIIATEIbCTB B 3aBUCUMOCTH
OT BBIJI€JIEHHOTO JOMMHUPYIOIIETO CUHIPOMA

Fig. 7. Distribution of patients by types of surgical interventions performed depending on the identified dominant
syndrome

40 2023;29(3) TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

OBCY>XIEHUE

[MauneHTHI MOXWIOTO U CTaApYeCKOro BO3pacTa C Je-
reHepatuBHoil mnarosoruein IIOII mpencTaBisOT
KpaitHe pasHoponHyio rpymmy [20]. 3To obyciosie-
HO pasHooOpa3ueM KJIMHUYECKMUX TIPOSIBJIEHUN Ie-
reHepaTMBHO MaTOJIOTUM: pasauMyHas JOKaau3auus
KIVMHUYECKM 3HAUMMBIX CTEHOTUUECKUX IOpaskeHMUit
(rpprka MIIM, uenTtpanbHblii cteHos IIK, creHo3 na-
TepanbHbIX OTHenoB IIK, xomripeccuss Kopeluka Ha
YPOBHE MEXKII03BOHKOBOTO OTBEPCTUSI, COUYETaHMSI
3TUX COCTOSIHUI), HaJuuMe WU OTCYTCTBME COMYT-
CTBYIOIIETO CIIOHAMIONMCTE3a, HecTabuabHOCTb ITJ1C,
HepeaKo BCTpevaroluecss CKOMMOTHMYeckue medop-
Malluy, JereHepaTUBHbIe M3MeHEeHUs (PaceTOUHbIX
cycTaBoB. [IJi1 HUX XapaKTepHO coueTaHue pasind-
HbIX KJIMHUYECKUX CMHIPOMOB, TaKMX KaK PaguKy/Io-
raTusl, HeliporeHHast XpoMoTa, 60JIeBOit BepTebpasib-
HBbI/I CMHIPOM, HapylleHUs CarUTTaJbHOro OajaHca
Tejla Pa3HOil CTeleH BbIPAKeHHOCTHU. Taxke TUIINY-
HBIM [JISI TIOKWJIbIX OOJIbHBIX SIBJISIETCSI MHOTOYPOB-
HEBbII Xapakrep AereHepaTUBHBIX M3mMeHeHuit T10I1.
KroueBoii 0COOEHHOCTBIO 3TUX NALIEHTOB CUMTAETCS
BBICOKAast KOMOPOUAHOCTH C HAIMUMEM CaXapHOTo Jua-
6eTa, OKMpeHMs U ocTeoriopo3a. HeraTuBHoe BAMsIHME
OXKMpPEHMST Ha pe3yabTaTbl XUPYPTUUECKOTO JeueHus
OTMeYeHO BO MHOTMX Iybinukanusx [3, 21, 22, 23].

B Hamiem ucciiefoBaHMM YCTaHOBJIEHO, UTO MOJA-
BJsIIONee OOBIIMHCTBO TAI[MEHTOB CTapiieil BO3-
pPacTHO¥ TPYIIIIbI C fereHepaTUBHbIMM 3200/1€BaHMUS-
mu ITIOII, Hy>RIAOLWNXCS B XUPYPrUUeCcKOM JIeYeHUH,
umenu oxupenue (57,5%) M COMyTCTBYIOIIYIO COMa-
TUUYeCKyIo natonoruio (98,7%), a u3bbITOUHAs Macca
tenay Hux (MMT >30) siByisteTcst pakTOpoOM pucKa pas-
BUTHSI CMHIIpOMa KIMHMYeCKoii HectabuabHocTu [171C
n dopMupoBaHUSI AereHepaTUBHON HedopmMaiin.
B 97% cnyyaeB NpUUYMHON HapylleHUs >KU3HeLes-
TeJIbHOCTY U CHUKEHMST KaueCTBa KM3HU Y TTallMeHTOB
cTaplieit BO3pacTHO IPYIIITbI ObLIA CTOIKAs HEBPOJIO-
rMyecKas CMMIITOMATHKa, 00YCIOBIeHHAas CaBIeHN-
€M HepBHBIX KOPELIKOB B pa3anyHbIX otaenax [1K.

VccnenoBanusi, HapaBeHHbIE HA U3yYeHME KOppe-
JISIIIAY MEXITY KIMHUUECKMMU ITPOSIBJIEHUSIMU CTE€HO3a
ITK ¥ ;aHHBIMM JTyYEBBIX METOL 0B UCC/IeNOBAHNMS, AT
BecbMa MNPOTUBOPEUYMBBIE DPE3y/IbTaTbl: OLHU aBTO-
Pbl HAXOHST MEXIY HUMMU CTaTUCTUUECKY 3HAUUMYIO
CBSI3b, HO GOJIBIIMHCTBO CIIEIVAJIMCTOB He HaXOIST
[6, 24, 25]. 3To IMKTyeT HEOOXOOUMOCTb CUHIPOMAJIb-
HOTO TOAXOJAa K KOMIUIEKCHOV OLleHKe IMalli€HTOB
cTaplieil BO3pacTHOM TPyIIbl ¢ JereHepaTUBHON Ia-
TOJIOTMEI C 1eIbI0 BbIAe/IeHMS JOMUHUPYIOLIEro Kun-
HMYECKOTO ¥ PEHTI'€HOJIOTMYeCKOT0 CMHIPOMa, Tpeby-
IOLIEro XMPypruvyeckoii Koppekuun. Mcnonb3oBaHue
MpEeJIO)KeHHOTO HaMM ajropuMTma I[oKasanao, 4To
B 62% Ci1y4yaeB JOMUHUPYIOLIUM KIMHUYECKUM U PEHT-
TeHOJIOTMYECKUM CHMHIPOMOM Y 3TUX OOJIbHBIX SIBJISI-
eTCs M30/IMPOBaHHAs KOMIIpeccusi HepBHBIX KOpell-

KOB B pasjnyHbIX otaenax 1K, HecMOTps Ha Hajuuue
y 12,8% 13 HUX JereHepaTMBHOTO CIIOHAUJIONNCTE3a
ny 3,4% — cxonnosa. O mpeBaauMpoBaHMM 6OJIEBO-
ro cuHapoma B Horax (BAIIl >5 6aynioB) Ham 60IbI0
B CIIMHE Yy MalMeHTOB CTapliero Bo3pacra, KOTOPbIM
HeOo6XOAMMO TIPOBOAUTDH JIOKAJIbHbIE M30JMPOBAH-
Hble JeKoMIIpeccuu 1o TexHonormu MIS, ykasbiBa-
eTcsa U B uccnegoBanuu L. Papavero ¢ coaBTOpamu
[26]. CoBpemeHHble TyOAMKAIMM ITOKA3bIBAIOT, UTO
BBIIIOJTHEHME MUKPOXUPYPIrUUECKUX IeKOMIIPeCCUit
obecrieynBaeT TIONydYeHME OTIMYHBIX pe3yibTa-
TOB Yy 3TONM Kareropum mnanueHToB [27, 28, 29].
Ony6iMKoBaHHbIE B TOCTEeIHME TONbI KIMHMUUECKUE
peKoMeHalMY YKa3bIBaloT, YTO METOIOM BbIOOpa X1~
PYPru4ecKoro jeuyeHusl y naiueHTa ¢ CMMITOMHBIM
creHo3oM IIK 6e3 comyTCTBYIOIIEN HECTAOMIBHOCTY
SIBJIIETCSI LEKOMIIPECCMBHOE BMeUIaTeabCTBO (Ypo-
BeHb JokasarenbHocTu «C») [30]. Eule 601ee BbICOKMI
YPOBEHB TOKA3aTeJIbHOCTY («B») IMOKa3bIBAIOT MCCIIe-
nmoBaHms 1o arumoit North American Spine Society
(NASS), B KOTOpBIX yKa3bIBaeTCs, UTO MalMeHTaM
C IpeBaIMPOBaHMEM KIMHUYECKUX CUMIITOMOB B HO-
rax 6e3 HeCTaGWIbHOCTH 11€1eCO06Pa3HO BBITIOMHSTh
MU30/IMPOBAHHYIO eKoMIpeccuio [31].

M3 1013 mauneHTOB, BK/IIOUEHHBIX B MCCIed0Ba-
HUE, JOMUHUPYIOLIMM CUHLPOMOM Mbl ONIpeAenyin
CUMHIPOM KOMIIpeccum y 624, u3 KOTOPBIX B 63% Ciy-
yaeB OCHOBHBIM KOMIIPMMMPYIOILMM HEPBHBIN KO-
peniok Mop¢oaorMyecKuM cybcTpaTom 6blIa TphiKa
MII,. 3tum 393 GOMBHBIM C IIEJIbI0 TEKOMIIPECCUU
Mbl BBIIOJTHWIN MUKPOXUPYPIUUYECKYIO JIUCKIKTO-
MUIO C TIipuMeHeHueM MIS-TexHonorni, u3 HUX y 28
omepaius 6puIa TIpoBeeHa yepe3 IapaBepTebpasib-
HbIlt goctyn no Wiltse [32]. Takum ob6pa3om, Bbize-
JieHVe JOMMHUPYIOLIEro KIMHUYECKOTO M PEHTIeHO-
JIOTMYECKOTO CMHAPOMa KOMITPeCCUM B COOTBETCTBUU
C MpeJJI0KeHHbIM aJITOPUTMOM 06eCIIeunio BO3MOK-
HOCTh MMHMMU3MPOBATh 00bEM Ollepalyy ¥ CHU3UTh
PUCKM TIepUONEePALIMOHHBIX OCJI0KHEHWU, UYTO MMeeT
Ba)XKHOEe 3HaueHue 15 NMalMeHTOB CcTaplieil BO3pacT-
HO1 IPYIIIIBL.

JOMMHUPYIOWINIA KIMHUKO-PEHTTEHONIOTUYECKUIA
CUHIPOM HECTabWIbHOCTM ObLI orpeneneH y 33%
6ombHbIX. [Ipy aTom y 317 u3 Hux (93,8%) Hecra-
O6MJIBHOCTb CcoUeTasach C CUMIITOMaMy KOMITpeCCUm
KOpEeILIKOB KOHCKOro xBocra. CienoBaTesbHO, 3TUM
nanyeHTam JAjisl TOMyYeHMsI XOpOILIero KJIMHUYeCKO-
ro sddexra oT omepaiuy MpoBegeHNUe TeKOMIIpec-
CUU 11e71eco06pa3Ho ObUIO JOMOMHSITh MEXKTETOBhIM
cnougunogesom c¢ TIID. [Iasg guMarHOCTUKMU HeCTa-
6MIbHOCTY 110 GYHKIMOHATBHBIM PEHTTeHOTPaMMaM
6bLTIO TIPeJIOKeHO 60JbII0e KOJINUECTBO Pas3INUHbIX
KpuTepueB oLieHkM. HecMOTpsl Ha Bce ycwins, pefi-
NIpUHSATBIE B MOCTAEAHUE AeCITUIETUS, HET eIUHOTO
PEHTreHOJIOTMYECKOr0 30JI0TOTO CTaHZapTa Auar-
HocTuKM HectabuabHocTu IIC [33, 34]. Iloatomy,
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Ha Halll B3I/IsA, B PyTMHHOI MpaKTUKe OJi AUarHoc-
TUKU U OIpenesieHUs] TaKTUKU JieueHUsl TMaleHTOB
¢ gereHepaTuBHOI natonorueii IIOIT enecoo6pasHo
MCIIO/Ib30BaTh MOHSITUE KIMHUYECKOV HeCcTabMIbHO-
CTH, IJIS1 UOEHTUGUKAIIMY KOTOPO¥ CYIeCTBYIOT UeT-
KO ompepeneHHble kpurepuu [17].

IMogxompl K XUPYpPTMUECKOMY JIeUeHUIO0 Talu-
€HTOB CTapllieli BO3PacTHOI TPYyNIIbl C COYETAaHUEM
KIMHMYeCKM 3Haummoro creHosa IIK u nereHepa-
TUBHOM AedopManyuy 3HAYUTENbHO OTIMYAIOTCS: OT
MUHMMAJIbHO MHBA3MBHBIX CIIOCOO0B M30JIMPOBAH-
HbBIX JIOKAJbHBIX TEeKOMIpeccuit 1O MHOTOYpPOBHE-
BOJVi Koppekiuu aedopmanyu [24, 35]. IIpu sTrom oc-
HOBOTIOJIAralIMMU TPUHIUIIAMU XUPYPIUIECKOTO
JleyeHUsI 3TOM MAaTOJIOTUM Y JIULL TOXUIOTO U CTap-
YeCcKOTO BO3pacTa psiJi aBTOPOB CUMTAIOT KOPPEKIMIO
HectabwibHOCTY IT1IC M/MM CaruTTaIBHOIO U (PPOH-
tanpHOro (yron Cobb>20°) muc6amanca [36, 37, 38].
CoBpemenHble MIS-texuuku (MI-TLIF, LLIF, OLIF)
MOKa3aau CBOIO 3(PEGEKTUBHOCTb C TOUYKMU 3PEHMUS
CHIDKEHUSI TPaBMaTUYHOCTM XUPYPTUUECKUX IIpO-
1lenyp, a TakKe 4acTOThbl MOBTOPHBIX BMeIIaTeIbCTB
[39,40]. [Toxkubie aneHTsI, IEpeHeCHIMe Oepanuio
MI-TLIF, uMelOT He TOJBbKO COIOCTaBMMYK 4YaCTOTY
TepUOoIIepaIOHHbIX OCIOKHEHMIT B CpaBHEHNM C 60-
Jilee MOJIOIBIMY GOTbHBIMM, HO U TIOTYYAIOT KIMHUYE-
CKM 3HAUMMOe YMeHbIIeHMe 60, yiaydiieHue QyHK-
LIMM U KauecTBa xxu3Hu [41].

B Hamem uccnemoBaHuM orpepesieHo, uto IB gB-
JIIETCSI YyBCTBUTEIbHBIM MapKepoM CaruTTaabHOTO
nIycbasiaHca y 9TOM KaTeropuy mauyeHToB. Ero mpu-
MeHeHMe B CTPYKType aJroOpuMTMa BbIAeNeHUs IO0-
MMUHMPYIOIIEro CUHApoMa maedopMaiuy obecredn-
JI0O BO3MOXXHOCTDb BBISIBJIEHUSI OOJIbHBIX, ¥ KOTOPBIX
MMEHHO AycOasaHc 6b1 OCHOBHO IMPUYMHO CHUKE-
HUSI KauyecTBa KM3HU, HECMOTPS Ha HaJIMuue KIMHU-
yecKkux nposiBieHuit creHosa I1K. B coorBetcTBum ¢ IB
BCe TallMeHThl, y KOTOPBIX Mbl ONpeIenuIn JOMUHN-
pyomuii cMHAPOM aedopMaiuy, MMeJIu BbICOKUi Pl
¥ BBIpakeHHbIe HAPYIIEHMST CaruTTATbHOTO GajaHca
B Bujie neduiiuTa rio6aJbHOTO MOSICHMYHOIO JIOPA0-
3a u opmosa L4-S1, uto Tpe6oBaio MpoBemeHNs Tap-
TeTHOV KOPPEKLN.

[IpoBeneHHBINT HAMM aHAIMU3 OCJIOKHEHUN Y 3TOM
KaTeropuy MaiyueHTOB B COOTBETCTBUU C KPUTEPUSI-
vy Dindo-Clavien [42] moka3as, 4TO 4acTOTa OC/IOXK-
HEHMI CTaTUCTUUECKM 3HAUMMO 3aBUCUT OT TaKUX
(akTOpOB, KaKk OXMUpPEHMUE, KOMOPOUIHOCTh, 0ObEM
U CJIOKHOCTb CaMO¥ orepauuin, KOTOpbie SIBJSIOTCS
Hamboee 3HauMMbIMMU. Vcronb3oBanmue MIS-ommmit
ILJISL IedeHMsI TTal[MeHTOB MOXUIIOT0 BO3pacTa CHMKa-
€T KOJIMYECTBO TSKENIbIX XMPYPTUUECKUX U COMaTUIe-
CKUX OCJIO>)KHeHMIA [43].

Hns ymydineHus1 pe3ynbTaTOB oIlepaluii Ha II0-
3BOHOYHMKE y repuaTpuyeckux mnaiueHto M. Zileli
u E. Dursun pekoMeHIyIOT COOIofeHe CJIeMYIOMX

MPUMHUMIIOB: TIaTe/lbHas OIl€HKa COIyTCTBYIOIEH
COMaTUMYEeCKON TaTONIOTUM, JIeueHue 3TuX 3abosne-
BaHMII Ha IJTalle MOpemolepalyiOHHOV MOATOTOBKMU,
IMarHoCcTuKa ¥ KOMILJIEKCHOe JiedeHMe OCTeoInoposa,
MpelM3MOHHOe MpenonepalyoHHOe IIaHUPOBaHUE
C 1LIeJIbl0 MMHUMM3ALUKU XUPYPIUUECKOI arpeccum
Y UCIIO/Ib30BaHMe MUHMMAa/IbHO MHBa3UBHBIX Ollepa-
uuii [44].

HecmoTps Ha psig onyOIMKOBaHHbIX MCC/TETOBAHMIA,
MMeIOIIVX BbICOKMIT YPOBEHb 10OKa3aTelbHOCTH, OCTa-
IOTCSl CIIOPHBIMM BOIIPOCHI OIpezeeHus MoKa3aHuit
K ONepaTMBHOMY JiIeUEHMIO Yy MalMeHTOB C pas3ind-
HbIMM Bumamu creHosa ITIK 1 BbiGopa Xupypruueckoi
OTIIMY, TIOCKOJIbKY TMarHOCTUKA Y JIedeHYe 3TUX 60Tb-
HBIX TPeOYIT KOMILIEKCHOTO TOAXOHA K IMPUHSITUIO
perieHns, 0CO6eHHO Yy TAIlMEHTOB TOKMUIIOTO U CTap-
YeCcKOro BO3pacTa, M OUKTYeT HeOOXOOMMOCTh yueTa
MHOTUX (haKTOPOB MJIST OIpeIeeHNsI ONTUMATIbHOTO
MeTO[Ia C 1e/1bI0 TIOYYeHMS ONTUMAIBHOTO KIMHNYE-
ckoro 3 dekTa 4151 KaXKIOro MaleHTa.

OI‘paHM‘IEHI/Iﬂ nuccieaoBaHus

OmnpeneneHHble OTpaHUYEHUSI B MHTEPIpETALUU pe-
3YJIbTATOB OOYC/IOBJIEHBI PETPOCIIEKTUBHBIM ¥ MOHO-
[IEHTPOBBIM XapaKkTepoM Habopa MaTepuasna. [loaTomy
HeOOXOOMMO TIpOBelleHNe HAJTbHENIINX IPOCIeK-
TUBHBIX PaHIOMM3UPOBAHHBIX MYJbTULIEHTPOBBIX
MCCTeOBAaHMII B 3TOM HampaBleHUM IJis yaydllie-
HUSI OTHAJIEHHBIX MCXOLOB XUPYPTUUECKOTO JIeYeHUS
CHIKEHMS KOMMYEeCTBa OCIOXHEHMI y MalMeHTOB
cTapiiieli BO3pacTHO IPyMIIbl.

3AK/TIOYEHUE

CuHApOMAabHAS OLIEHKA KIMHUYECKUX, HEBPOJIOTU-
YeCKMX M PEHTTeHOJIOTMYECKUX IIPOSIBJIEHMI Iere-
HepaTuBHOI mmatonorueit IO y manyueHTOB obecrte-
YMBaeT BO3MOXXHOCTh BbIZieJIeHUSI TOMWUHUPYIOIIEro
CMHIPOMA, TPeOYIOIIero XMPypPruuecKoro JeueHwmsl,
1 auddepeHINPOBaHHOTO MOAX0Na K BbIOOPY OII-
TUMAaJIbHOM [JISI Ka>KAOro KOHKPETHOTrO IIallyeHTa
omnuuen. JOMUHUPYIOIUM CUHAPOMOM B 62% CiIy-
YyaeB, y MalMEeHTOB CTaplleli BO3PacCTHOM TPYIIBI C
nereHepatuBHOM martonorueit ITOII, HyKmaommxcs
B XMPYPruuecKoM JieueHUM, SIBSIICS CUMHIPOM KOM-
MIPeccun, UTO MOTPeOOBAIO MPOBEIEeHMs Pa3IMUHbIX
M30JIMPOBAHHBIX HEKOMIIPECCHIA C IIPMMEeHEeHMeM
MaJIOMHBA3UBHBIX onuMii. Y 33% 60JbHBIX JOMUHM-
PYIOIIMM CUMHAPOMOM, TPEOYIOIIUM XUPYPTrUIeCcKOi
KOPPEKIINM, SIBJISUICSI CMHIPOM KJIMHMYECKONM HecTa-
OMIbHOCTU, TIpefonpeneuBIINiI HeoOXOOUMOCTh
BBIIIOJIHEHUSI Pa3IMUHBIX [AeKOMIIPEeCCUBHO-CTabu-
MU3Upylomux omnepanuit. Tombko B 5% cirydaeB oc-
HOBHOJ 11€/1bI0 XUPYPIUUYECKOTro JieueHUs SIBIISIIach
KOppeKLMsl JereHepaTUBHOI CKOJMOTUYECKON [e-
(opmaiiuy ¢ BocCTaHOBJIEHMEM IIOKa3aTeseil caruT-
TaJIbHOTO 6aJiaHca.
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JOIIOTHUTEJIbHASI NTHO®OPMALIMISA

3asnenexHslii 6K1a0 asMopos

Knumos B.C. — pa3paboTKa KOHIEMIIMY UCCIeTOBaHMSI,
c60p M MHTEPIIPEeTALMS JAHHBIX, HATIMCAHNE U PeJAKTUPO-
BaHMe TEeKCTa CTaTbMU.

Xanena P.B. — c60p ¥ MHTEpIIpeTaIMsl JaHHbBIX, peHaK-
TUPOBAHME TEKCTA CTATbU.

Amenuna E.B. — aHanmM3 [aHHBIX, pPefakTUpOBaHMe
TEeKCTa CTaTbMU.

Eescioko8 A.B. — c60p ¥ MHTepIIpeTalMs JaHHbBIX.

Kpusowankuu A. JI. — pegakTUpPOBaHME TEKCTa CTATbU.

Pabbix C.0. — pa3paboTKa KOHIEIIIUY U Ou3aiiHa uccie-
TIOBaHMs, HaIlMCaHVe UpeJakKTUPOBaHMe TEKCTa CTaTb.

Bce aBTOpPBI Npowin U opo6puan GUHATBHYIO BepCUIo
PYKOINCU CTaTh!. Bce aBTOPBI COT/IaCHBI HECTM OTBETCTBEH-
HOCTh 3@ BCE€ aCIeKTbl PaboThl, YTOOBI 06ECIIEUNUTDb HaJJIe-
Kallee pacCMOTpPeHMe U pellieHM e BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO M HALEKHOCTBIO 060
yacTu paboThI.

Hcmounuk  ¢unaHcuposanus.  ABTOpBI  3aSIBIISIIOT
06 OTCYTCTBMM BHEIIHEero GMHAHCMPOBAHMS MIPU MPOBee-
HUM UCCIIeN0BaHMUS.

Bo3mookHblli KOHpAUKIM uHmMepecos. ABTOPBI JeKia-
PUPYIOT OTCYTCTBME SIBHBIX Y MOTEHI[MATbHBIX KOHGQINKTOB
VMHTEPECOB, CBSI3aHHBIX C MTyO/IMKaLMeli HaCTOSIIEe CTaTh.

Amuueckasn 3kcnepmu3a. He nipyumeHumMa.

HUngopmupoeantoe coenacue Ha
He TpebyeTcs.

nyénuxkayuro.
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Influence of Posterior Tibial Slope on the Risk of Recurrence
After Anterior Cruciate Ligament Reconstruction

Mikhail S. Ryazantsev!, Aleksei N. Logvinov', Dmitrii O. II’'in %) Nina E. Magnitskaya,
Aziz R. Zaripov 2, Aleksandr V. Frolov 2, Aleksey P. Afanasyev!, Andrey V. Korolev 12

! European Clinic of Sports Traumatology and Orthopedics (ECSTO), Moscow, Russia
2 RUDN University, Moscow, Russia

Abstract

Background. Anterior cruciate ligament (ACL) graft rupture has multifactorial causes, with traumatic factors
being the most prevalent. Modern literature presents conflicting data regarding the influence of the posterior
tibial slope on the risk of traumatic ACL graft rupture.

Aim of the study — to determine if there is a correlation between the posterior tibial slope and ACL graft injury
in patients who have previously undergone ACL reconstruction.

Methods. This was a single-center cohort retrospective study that included patients diagnosed with a
complete ACL rupture and who had undergone ACL reconstruction using standard techniques without graft
rupture at the last follow-up. Inclusion criteria for the first group included a diagnosis of traumatic ACL
rupture followed by reconstruction, a graft composed of semitendinosus and gracilis tendons (St+Gr), femoral
fixation with a cortical button, tibial fixation with a sleeve and screw, and the absence of graft rupture at the
time of the study. This group included 30 consecutive patients (15 males and 15 females) with a mean age of
36.3 years (min 17, max 59). Inclusion criteria for the second group included an indirect traumatic mechanism
of ACL graft rupture and subsequent revision ACL reconstruction. This group consisted of 33 patients (23
males and 10 females) with a mean age of 33.0 years (min 19, max 60). The lateral (LPTS) and medial (MPTS)
posterior tibial slopes were measured on lateral knee radiographs.

Results. The median time from surgery to the last follow-up in the first group was 65 months (IQR 60; 66),
while in the second group, it was 48 months (IQR 9; 84). The median MPTS in the first group was 7.8° (IQR 5.3;
9.4), while in the second group, it was 8.5° (IQR 7.5; 11). The median LPTS in the first group was 9.9° (IQR 8.4;
12.1), whereas in the second group, it was 12.0° (IQR 9; 15.4). There was no statistically significant difference in
MPTS and LPTS based on gender in both groups and the entire sample (p>0.05). When comparing LPTS values
between both groups, a statistically significant difference (p = 0.04) was found, with higher LPTS values in
patients in the second group (with ACL graft injury).

Conclusion. Increased posterior tibial slope, particularly LPTS, is identified as a potential predictor of ACL graft
rupture. The study demonstrates the impact of LPTS on the risk of ACL graft rupture (p<0.05) in cases of indirect
traumatic injury.

Keywords: revision ACL reconstruction, anterior cruciate ligament, posterior tibial slope, ACL graft rupture.
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BnugHue 3apHero HaknoHa 60nbwebepL0oBOit KOCTU Ha PUCK peumnamBa
nocne peKoOHCTPYKLUMUU NnepeaHei KpecTtoobpasHOM CBA3KM

M.C. Psa3aniieB !, A.H. Jlorsunos!, 1.0. Vinbuu 2, H.E. Marautckas !, A.P. 3apurios -2,
A.B. ®ponos 2, A.Il. ApanacbeB !, A.B. Koposnes !'2

! Egponelickas kauHuka cnopmugHoti mpasmamosiozuu u opmoneduu (ECSTO), 2. Mocksa, Poccus
2 @IrAQY BO «Poccuiickuti yHusepcumem opyxo0sl Hapodos», 2. Mockea, Poccus

Pedepar

AKkmyansHocme. PaspbIBayTOTpaHCIUIaHTaTaIepeaHelikpecToobpasHoiicBsa3ku ([TKC) umMmeeTMHOT0(aKTOPHYIO
MpuUpoay, IpuueM TpaBMaTudeckuit ¢pakTop IpeBaiupyeT Hafi OCTAIbHbBIMU MIpUUYMHaMK. B iuTepatype nme-
IOTCSI IPOTUBOPEUMBBIE TAaHHbIE OTHOCUTEIBHO BIAMSHUS 3aJHEr0 HAK/IOHA OOMbIIe6epIIOBOI KOCTM HA PUCK
TpaBMaTHUUECKOTO pa3peiBa TpaHciuianTaTa [TKC.

Llenwv uccnedosanus — onpenennTb, CyIIeCTBYET IV CBSI3b MEKAY 3aHMM HAKJIOHOM OO0JIbIe6epIIoBOi KOCTU
¥ TIOBpEXXIeHMeM TPaHCIUIAHTaTa MepeqHeii KpecTooOpasHoli CBSI3KM Y MAIlMeHTOB, KOTOPBIM YiKe OGbLiIa Mpo-
BeJleHa PeKOHCTPYKLMS TlepeaHeli KpecTooOpasHOi CBSI3KM.

Mamepuan u memoodsi. B MOHOIIEHTPOBO€E KOTOPTHOE PETPOCIIEKTMBHOE MCCIeIOBaHMEe BOILIN MTAllMEHTHI, Y
KOTOPBIX ObUT IMArHOCTMPOBAH MOTHbIN pa3psiB ITIKC 1 BBIMIONIHEHA ee PEKOHCTPYKLMS IO CTaHAAPTHON Me-
TomuKe Ge3 pasphiBa ayTOTPAHCIIAHTATa HA MOMEHT MOC/IeJHET0 OCMOTpa. Kputepnuy BKIIOUEHMS B TIEPBYIO
TPYIIY: AMarHOCTUPOBAHHbBIV TpaBMaTuueckuii pa3poiB [IKC ¢ mocnenyomnieil peKOHCTPYKIMel; TpaHCIIIaH-
TaT U3 CJIOKEHHBIX TTOIT0JIAM TTOTYCYXOKMIbHOM U HexkHOI Ml (St+Gr); 6empeHHast puKcanmusi KOPTUKAIb-
HOJt TyroBuiIleit, 6osbiie6epiioBas Gpurcanmusi — rwib3a + BUHT; OTCYTCTBME pa3pbiBa TpaHcIuiaHtata ITKC
Ha MOMEHT MPOBEIEeHUs] UCCIAeNOBaHMs. B aTy rpynmy 6sut 0ToO6paHbl 30 MOC/IeIOBATENbHbBIX IAlVIEHTOB
(15 mys>kumH 1 15 >KeHIIMH), cpemHMiT Bo3pacT 36,3 (min 17, max 59) net. Kputepun BKIIOUEHNMS BO BTOPYIO
TPyIITy: HEMTPSIMO¥ TpaBMaTHUUECKMIT MexaHU3M pa3pbiBa ayToTpaHcrianTata [IKC, BeiloTHeHHAs! PeBU3MOH-
Has mwiactuka [IKC. B aty rpynmy Bomwn 33 mamueHTa (23 my>kunHbl 1 10 XeHIIWH), cpegHuit Bospact 33,0
(min 19, max 60) roma. Y Bcex nanyeHTOB M3Mepsiau gaTepanbhbiil (LPTS) u meguanbubiit (MPTS) 3agHmit Ha-
KJIOH 60J1bIIe6epIloBOI KOCTY Ha PEHTTEeHOTpaMMax B 60KOBOJ ITPOEKIINUMA.

Pesynsmamoi. MeiyiaHa BpeMeHMU, ITPOIIIe/IIIero ¢ MOMeHTa oIepalyu 10 ocaeHero KOHTPOAbHOTO OCMOTPA,
B MepBoOi1 rpyrine cocraBuia 65 mec. (IQR 60; 66); Bo BTopoit — 48 mec. (IQR 9;84). Meauana MPTS B nepBoit
rpymme cocraBwia 7,8° (IQR 5,3;9,4); Bo BTopoit — 8,5° (IQR 7,5;11). Meguana LPTS B riepBoii rpyrne — 9,9°
(IOR 8,4;12,1); Bo BTOpOIiT — 12,0° (IOR 9;15,4). He 651710 BbISIBIEHO CTATUCTUYECKY 3HAUMMOI PasHUIIBI MEKTY
MPTS 1 LPTS B 3aBMCMMOCTH OT IT10J1a B 06€MX TPYIIax 1 Bceit BIOOPKe B 11esioM (p>0,05). ITpy cpaBHeHMM 3Ha-
yennit LPTS B 06eMx rpymmax rmojyuyeHa CTaTUCTUUeCKY 3HaunMast pasuuiia (p = 0,04) ¢ 66/1bIIMM 3HaUYEHVEM
LPTS y nauiieHTOB BTOPOVi IPYIIIHI (C TOBpeXxaeHueM TpaHcrnanTaTa [1KC).

3axntouerue. OMHMM 13 BO3MOXXHBIX ITPEIVKTOPOB pa3phiBa ayToTpaHciuianTara [TKC siByisieTcsl yBeIMueHHbIN
3aHMII HAKJIOH 60JIbIIe6epIloBOI KOCTY. BBISIBIIEHO BAMSHME JIaTepaIbHOTO 3aHET0 HAKJIOHA O0JbIe6epIio-
Boii koctu (LPTS) Ha puck paspbiBa ayroTpaHciuiantara ITKC (p<0,05) mpu HenmpssIMOM MeXaHM3Me TPaBMBbI.

KiroueBsble CJIOBa: epeqHsst KpecTooOpasHas CBsI3Ka, peBu3MoHHas ractuka ITKC, 3agHmii Hak/Io0H 60sblie-
6epI110BOJ KOCTH, pa3phIB TpaHcIianTaTa ITKC.

Onas uutupoBanus: Pasaniues M.C., JlorsuHoB A.H., Unbun [1.0., Maruutckas H.E., 3apunos A.P., ®ponos A.B.,
AdanacveB A.Il., KoponeB A.B. BiausHue 3aJHero HakJIOHa 60/blieOeplioBOii KOCTM Ha PUCK peluIauBa IOcIe
PEKROHCTPYKIIMM TIepeqHeli KpecToo6pa3Hoit cBI3ku. Tpasmamonozus u opmoneduss Poccuu. 2023;29(3):46-52.
https://doi.org/10.17816/2311-2905-7986.
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BACKGROUND

The number of surgeries for anterior cruciate lig-
ament (ACL) reconstruction annually increases
[1, 2], leading to a rise in revision reconstructions
[3, 4]. Literature reports a revision ACL surgery
rate of 3.2-3.6% after 5-7 years, with young age
being a predisposing factor [3, 5].

Repeat trauma is one of the main causes of au-
tograft rupture. According to R. Magnussen et al.,
the proportion of traumatic autograft ruptures
ranges from 46 to 56% [6].

There is evidence that an increased posterior
tibial slope (PTS) may be a predisposing fac-
tor for autograft rupture of the ACL in the early
postoperative period, especially in women [8],
contralateral ACL rupture [7], and medial menis-
cus rupture (with PTS values >13°) in an unstable
knee joint [7, 8, 9]. An increased PTS affects rota-
tional stability in patients with ACL rupture and
leads to greater translation of the tibia after liga-
ment reconstruction [10, 11]. Reducing the PTS
significantly reduces the load on the ACL graft
under axial loading by reducing anterior-poste-
rior displacement of the tibia [12, 13].

Aim of the study to determine if there is a cor-
relation between the posterior tibial slope and
ACL graft injury in patients who have previously
undergone ACL reconstruction.

METHODS

Study design: Single-center retrospective cohort.

The study included patients diagnosed with
a complete ACL rupture who underwent ACL
reconstruction at the European Clinic of Sports
Traumatology and Orthopedics (ECSTO) using
standard techniques without autograft rupture at
the time of the last examination.

Inclusion criteria for the first group were:
diagnosed traumatic ACL rupture followed by
reconstruction at the clinic; a graft consisting
of half-semi-tendinous and gracilis tendons
(St+Gr); femoral fixation with a cortical button,
tibial fixation with a sleeve and screw; no ACL
graft rupture at the time of the study. Exclusion

criteria consisted of the use of a different graft
or a different method of autograft fixation.

Inclusion criteria for the second group were:
indirect traumatic mechanism of autograft ACL
rupture, revision ACL reconstruction. Exclusion
criteria consisted other reasons for instability af-
ter ACL reconstruction and the absence of revi-
sion ACL reconstruction.

An indirect mechanism of injury was defined
as rotation, hyperextension, valgus/varus, or
combinations of these single-plane forces in the
absence of direct physical impact and external
force applied directly to the knee joint.

After applying the inclusion and exclusion cri-
teria, 30 consecutive patients (15 males and 15
females) were selected for the first group, and 33
patients (23 males and 10 females) were selected
for the second group.

The lateral (LPTS) and medial (MPTS) poste-
rior tibial slopes were measured on lateral knee
radiographs.

Technique for measuring MPTS and LPTS
on X-rays

Measurements were conducted using the
Radiant DICOM Viewer, v. 2021.2 (Medixant,
Poland). To minimize measurement errors, two
senior physicians from the department indepen-
dently performed measurements, and the aver-
age value of all measurements was determined.

The posterior tibial slope was determined on
lateral-view knee radiographs relative to the an-
atomical axis of the tibia. This was determined
by inscribing two circles on the proximal part of
the shin, 5 and 15 cm distal to the joint surface,
and drawing a line connecting their centers. The
surface of the medial (blue line) and lateral (red
line) tibial plateaus was determined (Fig. 1). The
angle between the tangent and the central axis
of the tibia was measured. MPTS and LPTS were
determined using the formula:

MPTS and LPTS = 90° - the angle between
the anatomical axis of the tibia and the tangent
drawn along each plateau.
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Statistical analysis

Statistical data analysis was carried out using IBM
SPSS Statistics 21 (IBM corp.) and STATISTICA
12.0 (Stat Soft, Inc). Quantitative data are pre-
sented as box plots. Normality of distribution
was assessed using the Kolmogorov-Smirnov
test. For normally distributed data, means with
minimum and maximum values are presented;
for non-normally distributed data, the median
(Me) with interquartile range (IQR) is provid-
ed. To compare data between two independent
groups, the Mann-Whitney U-test was used, and
for data comparison across multiple independ-
ent groups, the Kruskal-Wallis test was applied.
A critical level of statistical significance was set
at p<0.05.

Fig. 1. Determination of the medial and
lateral posterior tibial slope on lateral
knee X-rays:

a — medial tibial plateau surface

(blue line);

b — lateral tibial plateau surface

(red line)

RESULTS

At the time of surgery, the two groups were com-
parable in all parameters (Table 1). MPTS and
LPTS values for both groups of patients are pre-
sented in Figure 2.

Upon data analysis, no statistically signifi-
cant difference was found between MPTS and
LPTS based on gender in both groups and in the
overall sample (p>0.05). When comparing MPTS
values, no statistically significant difference was
observed between the groups (p = 0.2). However,
when comparing LPTS values, a statistically sig-
nificant difference was observed (p = 0.04), with
higher values in the second group of patients
(with ACL graft damage).

Table 1

Characteristics of patients in both groups

Indicator First group

Second group

Mean age, years

Time between surgery and
examination, months

MPTS, °
LPTS, °

36.3 (min 17, max 59)
37.5 (IOR 62;66)

7.8° (IQR 5.3;9.4)
9.9° (IQR 8.4;12.1)

33.0 (min 19, max 60)
48.0 (IQR 9;84)

8.5° (IQR 7.5;11.0)
12.0° (IQR 9.0;15.4)
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Fig. 2. Posterior tibial slope measurements in two groups of patients based on lateral knee X-rays:

a — medial tibial slope; b — lateral tibial slope

DISCUSSION

Reconstruction of the anterior cruciate ligament
(ACL) is a reproducible procedure with good
long-term outcomes [2]. However, graft rupture
leads to the need for revision surgery, increases
the risk of additional intra-articular injuries, and
revision surgery is technically more challenging
for the surgeon with worse outcomes compared
to primary ACL reconstruction [4, 14, 15]. The
main cause of graft rupture is repeat trauma,
with an indirect mechanism of injury predomi-
nating (60% of cases) [16].

The potential influence of an increased poste-
rior tibial slope (PTS) on ACL autograft rupture is
actively discussed in the literature [7, 10, 12, 17,
18]. There is an opinion that PTS increases the
load on the ACL due to an increase in anterior
tibial translation [11]. The results of a study by
E. Hohmann et al. showed that increasing MPTS
and LPTS increases the risk of non-contact ACL
graft rupture [17]. K.M. Bojicic et al. identified
the influence of PTS on ACL graft rupture regard-
less of BMI [19]. A study by J. Webb et al. showed
that the risk of graft rupture increases when PTS
is greater than 12° [18]. However, F. Blanke et
al. did not find a relationship between PTS and
graft rupture with an indirect mechanism
of injury [20].

Different methods for measuring PTS exist:
via radiographs, CT, and MRI [21]. This compli-
cates the comparison of results obtained between
studies.

Z. Ye et al. assessed PTS on MRI using me-
chanical (mechanical PTS) and anatomical (ana-
tomical PTS) axes of the tibia and found a signifi-
cant difference in values between patients with

and without ACL graft rupture: mechanical PTS -
10.7°£2.9° vs. 8.7°%1.9° (p = 0.003) and anatomi-
cal PTS - 13.2°42.8° vs. 10.5°%2.5° (p<0.001) [22].

In our study, we used the measurement meth-
od proposed by R.]J. Napier et al. based on later-
al-view knee radiographs [7]. This method was
chosen due to its good reproducibility and the
availability of radiographs in patients with a cap-
ture of more than 15 cm of the proximal tibia.

A study by Rahnemai-Azar et al. showed that
an increased lateral PTS of the femoral condyle
is a predictor of rotational instability in patients
with ACL rupture [10]. In our study, a statistically
significant difference was found when compar-
ing LPTS values between groups (p = 0.04), with
higher values in the second group of patients
(with ACL graft rupture). The influence of MPTS
on the likelihood of graft rupture was not identi-
fied. This suggests that the influence of LPTS on
graft rupture may be due to greater anterior-pos-
terior displacement of the lateral compartment,
creating an additional rotational component that
increases the load on the ACL graft.

Study limitations

Our study has limitations related to the complex-
ity of comparing the obtained data with other
works due to the large number of techniques for
measuring the posterior tibial slope.

CONCLUSION

ACL graft rupture has a multifactorial nature,
and one of the possible predictors is an increased
posterior tibial slope. In our study, the influence
of lateral posterior tibial slope on the risk of ACL
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graft rupture (p<0.05) with an indirect mecha-
nism of injury was identified.

Given the contradictory data in the literature
regarding the relationship between ACL graft in-
jury and posterior tibial slope, further research
with a focus on large samples and standardized
measurement methods is needed.
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Editorial Comment on the Article by M.S. Ryazantsev et al.
“Influence of Posterior Tibial Slope on the Risk of Recurrence

After Anterior Cruciate Ligament Reconstruction”
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Nikolai N. Kornilov
Vreden National Medical Research Center of Traumatology and Orthopedics, St. Petersburg, Russia

Abstract

The failure of ACL reconstruction may occur not only due to repeated injury but also technical errors or biological reasons.
The individual patterns of knee morphology addressed in the study of M.S. Ryasantsev et al., particularly tibial slope.
Statistically significant difference does not necessarily mean that it leads to clinical impact on the patient. Therefore, all
findings should be discussed from the point of minimal clinically relevant difference, especially if the study is underpowered.

Keywords: ACL reconstruction, tibial slope, knee morphology.
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PepakumnoHHbIM KOMMeHTapuii K ctatbe M.C. Ps3aHueBa ¢ coaBTopamu
«BnusiHue 3apgHero HaknoHa 60nbLe6epLOBOM KOCTU HA PUCK peunamBa

nocsie peKOHCTPYKLUUU NepeaHeit KpecToobpasHoi CBA3KU»
https://doi.org/10.17816/2311-2905-7986

H.H. KopauioB

DIBY «HauuoHanvHwili MeOUYUHCKUTI Ucc1ed08amensCkKuli yeHmp mpasmamaosiozu
u opmoneduu um. P.P. Bpedena» Mun3dpasa Poccuu, 2. Cankm-ITemep0ype, Poccus

Pedepar

HeynauHble 1CXOIbl PEKOHCTPYKIIMK TIepeqHeli KpecToo6pasHoli CBI3KY MOTYT 6bITh 06YC/IOB/IEHbI HE TOJMBKO ITOBTOPHO
TPaBMOIi, HO ¥ PSIIOM APYTUX MIPUUMH, CpeIy KOTOPbIX Bce 6osIbiliee BHUMaHME YaeIsieTCss He TOMbKO TEXHUYECKUM OIln6-
KaM " OCJIOKHEHMSIM, HO U OMOIoTMUeckuM (GakTopaM, B YaCTHOCTM OCOOEHHOCTSIM MOP(OIOTHUM KOJTEHHOTO CyCcTaBa, 13-
YUEHMIO KOTOPBIX U TIOCBsAIIeHa 06cykaaeMast cTaThs. C MPaKTUUECKOIi TOUKY 3PEHMS CTATUCTAYECKM 3HAUMMBbIe PasInaus
B CpaBHMBAEMbIX MapaMeTpax ClIeqyeT TPAKTOBATh TOJMBKO C YUeTOM MUHMMAIbHO KIMHUYECKU 3HAUMMbBIX BEJTMUNH, 0CO-
6GEeHHO eC/IY CTaTUCTUYEeCKAsl CUJIA MCCIeN0BaHUS HEJOCTATOUHA 13-3a MaJIoil BHIGOPKHA.

KioueBble c1oBa: peKOHCTPYKLMS MepeaHeli KpecTooOpasHoi CBSI3KY, 3aJHMIT HAKJIOH 60JbIIe6epIioBoii KOCTH, MOPGO-
JIOTUST KOJIEHHOTO CyCTaBa.
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The study by M.S. Ryazantsev and colleagues ad-
dresses an important aspect of the conceptual
shift in the surgical treatment of patients with
anterior cruciate ligament (ACL) rupture in mod-
ern traumatology and orthopedics. The global re-
search trend in recent decades has shifted from
discussing the optimal technical conditions of
ACL surgical reconstruction (such as graft selec-
tion, specifics of canal positioning, their quantity
and formation method, fixation options, etc.) to-
wards a comprehensive assessment of individual
anatomical, physiological, and functional patient
characteristics that contribute to ACL injury,
without diminishing the importance of trauma
as the main factor [1].

This shift in focus was prompted by the in-
creasing rate of revisions and re-revisions after
primary ACL reconstruction, where atraumatic
recurrent ACL ruptures are not uncommon in the
etiology. A study by A.S. Saprykin and colleagues,
analyzing 257 revision and repeat revision ACL
reconstructions, found that 38.9% of cases had no
history of traumatic re-injury [2]. While technical
errors, infectious complications, and rehabilita-
tion errors are the leading factors, the underesti-
mation of modifiable patient characteristics also
increases the risk of complications.

Excessive posterior tibial slope (PTS), pri-
marily the lateral slope, is recognized by many
researchers as an important factor contribut-
ing to recurrent instability after ACL surgery.
This is in addition to frontal limb deformity,
the mechanical integrity of other static stabi-
lizers (such as the anterolateral ligament, pos-
terior lateral corner), and the functional con-
dition of lower limb muscles. For instance, the
ESSKA consensus on revision ACL surgery re-
commends performing a corrective osteotomy
of the tibia to correct the posterior slope angle
when it measures equal to or greater than 12°
[3]. Interestingly, even isolated tibial slope cor-
rection can provide adequate knee joint stabil-
ity for some patients, eliminating the need for
ACL re-reconstruction.

The main finding of M.S. Ryazantsev and col-
leagues' work is that only the lateral tibial pla-
teau slope, not the medial slope, significantly
differed between the group of patients who un-
derwent revision ACL surgery and the sample of
patients who had primary ACL reconstruction.

Extrapolating these findings theoretically to the
clinical decision-making process raises the ques-
tion of the need for isolated lateral tibial plateau
osteotomy to correct its pathologic posterior
slope in patients with ACL injuries. Such inter-
ventions are usually performed in patients with
malunion fractures of the lateral tibial plateau
because, despite the integrity of all ligaments,
they complain of knee joint instability caused by
bone morphology [4].

It's worth mentioning another trend in con-
temporary orthopedic research: the shift from
simplifying the interpretation of detected differ-
ences from statistically significant to minimally
clinically significant differences [5]. A statistical-
ly significant difference is merely a mathematical
term indicating the unlikelihood of random dif-
ferences, and this fact is amplified in studies with
large sample sizes. However, not every statisti-
cally significant difference automatically implies
clinical significance [6]. While the authors were
able to demonstrate that the differences in the
2.1° slope of the lateral tibial plateau between
the groups of patients with primary and revision
ACL surgery were statistically significant, wheth-
er clinicians should take this into account in their
practice when making decisions about the scope
of surgical treatment unfortunately remains be-
yond the scope of this article.

Among other limitations of this study, im-
portant for clinicians, the following should be
mentioned. Firstly, the study would have been
strengthened by comparative radiological and
magnetic resonance tomographic evaluation of
the slopes of bony and soft tissue structures (car-
tilage and menisci, respectively). The latter sig-
nificantly mitigates differences between the me-
dial and lateral compartments of the knee joint,
reducing the magnitude of the actual posterior
slope [7, 8]. Secondly, increasing the statistical
power to an adequate level through a much larg-
er analyzed sample might have allowed for new
data to be obtained on other anatomical factors
associated with the risk of ACL re-rupture follow-
ing its reconstruction, including the medial tibial
slope.

In conclusion, this publication highlights
a relevant shift in the paradigm of modern ap-
proach: from treating such patients as a problem
of isolated surgical intervention to the analysis
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of individual morphological features of the knee
joint as an organ in particular and the locomo-
tor unit of the lower limb as a whole. This shift is
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Structural Reorganization of the Third Metatarsal Bone Shaft
After Autogenous Plasty of the Tibial Portion of the Sciatic Nerve

Nathalia A. Shchudlo, Tatyana A. Stupina, Tatyana N. Varsegova

National Ilizarov Medical Research Centre for Traumatology and Orthopedics, Kurgan, Russia

Abstract

Background. Previous research has shown that neurectomy of the sciatic nerve leads to a reduction in bone
density in the femur and tibia of laboratory mice and rats. However, the impact of surgeries aimed at restoring
nerve innervation on the bones of distal limb parts has not been studied.

Aim of the study — to identify structural changes in the shaft of the third metatarsal bone after primary
autogenous plasty of the resection defect of the tibial portion of the sciatic nerve in rats.

Methods. Autologous neuroplasty of the tibial portion of the sciatic nerve was performed on 16 Wistar rats
(aged 8-10 months). The animals were euthanized at 4 and 6 months after the surgery, and a control group
of 7 intact rats of similar age was included. Histomorphometric analysis was conducted on a dissected
fragment of the forefoot at the level of the metatarsal bones. The ratio of fuchsinophilic and anilinophilic
structures of the cortical plate was determined using point-count volumetry on Masson-stained images
of transverse sections of the third metatarsal bone shaft. The thickness of the cortical plate, numerical
density, area, and diameter of osteons and Haversian canals were measured.

Results. After 4 months, compared to the control group, a 15% decrease (p = 0.0001) in the proportion of
mineralized structures of the cortical plate and a 12.7% reduction (p = 0.0184) in its thickness were observed.
Osteolysis signs were present in the osteonal layer, along with decreased numerical density and dimensional
characteristics of osteons, and the presence of osteons with dilated Haversian canals. At 6 months,
the thickness of the cortical plate did not significantly differ from the norm (p = 0.2067), but there was
a progressive 33.6% decrease (p = 0.0001) in the proportion of mineralized structures. Reduced values
of numerical density, area, and diameter of osteons persisted in the osteonal layer, while the diameters
of Haversian canals in osteons increased over time.

Conclusion. From 4 to 6 months, the thickness of the cortical layer in the compact bone of the third
metatarsal bone shaft was restored. However, changes in the numerical and dimensional composition of
osteons, along with decreased mineralization of the extracellular matrix and erosion of the subperiosteal
bone layer, continued to progress. The developed experimental 2D model can be used to assess denervation
osteopenia in distal limb parts and further explore rehabilitation interventions that enhance and
improve reinnervation.

Keywords: rat sciatic nerve, autoneuroplasty, metatarsal bone shaft, denervation osteopenia, histo-
morphometry.
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Pecdepar

BeedeHue. VI3 MUPOBOI TUTEpaTypbl U3BECTHO BJIMUSIHME HENPIKTOMMU CEATMIIHOIO HEpBa HA CHMKEHME
KOCTHO1 IUIOTHOCTY OeIpeHHbIX M O0IbIIe6ePIIOBbIX KOCTEN JJaO0OPATOPHBIX MBIIIEN M KPbIC, HO HE U3YUYEHO
COCTOSIHME KOCT€ OUCTa/bHBIX OTAEI0B KOHEUHOCTe Moc/ie orepaluii, HalpaBJeHHbIX Ha BOCCTAHOBJIEHME
MHHepBalN.

Ilens uccnedoeanuss — BBISIBUTDH CTPYKTYpHbIe M3MeHeHMs auadmusa III miocHeBoi KOCTH MOc/e epBUYHOM
ayTOTEeHHOJ IJIACTUKY PE3EKIIMOHHOTO JedeKTa 60IbIIedepIioBOI MTOPLINUM CeTaIUIIHOTO HEPBA KPbIC.
Mamepuan u memodst. Y 16 kpbic Wistar (Bo3pact 8—10 Mec.) BbIIOJHEHA ayTOJOIMYHAS HEMPOILIACTUKA
60J1bIIIE6EPITOBOI TTOPIIUM CemaINIITHOTO HepBa. Yepes 4 mec. (n = 8) u 6 mec. (n = 8) mocye onepamuy KUBOT-
HbIX 9BTaHa3MpoBau. ['pyniry KOHTPOsSl (KOHTPOJIb) COCTaBWIN 7 MHTAaKTHBIX XXMBOTHBIX B Bo3pacTe 14 mec.
(n=3) u 16 mec. (n =4) — COOTBETCTBEHHO BO3PaCTy OIIePMPOBAHHBIX KPbIC HA MOMEHT 3BTaHa3Uu. [Ij1 rucTo-
MopdOoMeTprUecKoro aHaaM3a uccekaunu GparMeHT epesHero OTAeIa CTOIbI Ha YPOBHE TUTIOCHEBBIX KOCTEIA.
MeTomoM TOUKO-CUETHOI 06beMOMETPUM B M300pakeHUSIX IOIIepeYHbIX cpe3oB Anadu3sa III miocHeBoli KO-
CTU, OKpaIlleHHbIX TT0 MacCoHY, Onpenesisyiv COOTHOLIeHre GYKCMHOMDUIbHBIX ¥ aHMIMHODMIBHBIX CTPYKTYP
KOpTI/IKaIIbHOI'/JI IIJIACTUHKMN. I/IBMepﬂHI/I TOJNIIMHY KOpT]/[Ka]IbHOﬁ IJIaCTUMHKU, OIIpeneIsjn 4YnMCcJIeHHYIO IIOT-
HOCTb, IVIOLAlb U AMaMeTp OCTEOHOB Y TaB€pPCOBBIX KAHAIOB.

Pesynemamest. Yepe3 4 MeC. SKCIIEpUMEHTA 10 CPAaBHEHMIO C KOHTPOJIEM BBISIBJIEHO CHVKEHME OJIM MUHE-
PaIM30BaHHbBIX CTPYKTYP KOPTUKAIBHONM IJIacTMHKM Ha 15% (p = 0,0001), ymeHblleHa ee TonuHa Ha 12,7%
(p=0,0184). B ocTeOHHOM CJ10€ BbIpaskeHbI IIPU3HAKM OCTE0/IN3a, CHYKEHA UMCIeHHAs IVIOTHOCTb OCTEOHOB, UX
pasMepHble XapaKTepUCTUKY, OTMeUeHbl OCTEOHBI C PaclIMPeHHbIMM TaBepCOBbBIMM KaHaaMu. B cpok 6 mec.
TOJIVHA KOPTUKAIBHO IIJIaCTUHKM HE MMera CTAaTUCTUUECKY 3HAaUMMbIX OT/AMYMiA OT HOpMbl (p = 0,2067), ox-
HaKO IMPOTPEeCCUPOBAIO CHUKEHME N,0/IM MUHEPAIN30BaHHbBIX CTPYKTYP — Ha 33,6% (p = 0,0001). B ocreoHHOM
CJIOe COXPaHSIUCh CHMKEHHBIE 3HAUEHMS UMCIeHHOM IVIOTHOCTU OCTEOHOB, UX IUIOIAAM U [UMaMeTpOB. 3Have-
HUS [UaMeTPOB raBepCcoBbIX KAHAJIOB OCTEOHOB MPOAO/DKAIN YBEIUUMBATHCS.

3axnouernue. B nepuop ot 4 1o 6 Mec. BOCCTaHABIMBAIACh TOJMIIMHA KOPTUKAIbHONM IUTaCTMHKY nuadmusa 111
IIIOCHEBOJ KOCTUS, HO IPOTPECCUPOBAIYN U3MEHEHMS YMCIEHHO-Pa3MEPHOTO COCTaBa OCTEOHOB, YyMeHblle-
HYe MUHepaIn3aluyuu BHEKIeTOYHOTO MaTPUKCA ¥ 3pO3MpOBaHMe CYOIIepMOCTaabHOTO CJI0sT KOCcTu. O1jeHKa
JleHepBallMOHHO OCTEONeHMUM IUCTATbHBIX OTAEI0B KOHEUYHOCTEN B JaHHbBIX YUIOBUSX SKCIIEPUMEHTA MPU-
MeHMMa B HaJbHENIINX MCCAeA0BAHUAX PeabUIUTAIMOHHBIX BO3IECTBMI, YCKOPSIOUIUX U YAYUIIAIOMINX
peuHHepBaLMIo.

KaroueBblie ci1oBa: ceJa/IMIIHbBIN HEPB KPbICHI, aYTOHeﬁpOHHaCTIAKa, ,Z[I/Ia(l)I/IS TIJIFOCHEBOM KOCTH, JeHepBalln-
OHHas OCTeOoIIeHNsd, I‘I/ICTOMOp(l)OMETpI/IH.
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BACKGROUND

The study of bone structure changes in peripheral
nerve injuries has been ongoing for many years.
According to J.A. Gillespie, these changes are
a result of muscular atrophy due to inactivity, and
there is no evidence of specific trophic effects
of nerves on bones [1]. However, as early as the
first half of the 20th century, vasomotor nerves
of Haversian canals and nerve fibers in the bone
matrix were discovered [2]. In the last two de-
cades, research on bone innervation has inten-
sified [3], demonstrating the involvement of
peripheral nerves in bone development and re-
pair through neurotransmitters, neuropeptides,
axonal growth factors, and neurotrophins [4].
Neural regulation of osteoblast and osteoclast
function in both normal and pathological condi-
tions, particularly osteoporosis, has been studied
[5, 6, 7]. It has been established that the patho-
genesis of "spot" osteoporosis in post-traumatic
complex regional pain syndrome (CRPS), previ-
ously known as "reflex sympathetic dystrophy" or
"causalgia" (in patients with peripheral nerve inju-
ries), involves not only the peripheral but also the
central nervous system [8]. Radiologically, spotted
osteoporosis is often detected in the wrists and
feet, predominantly affecting the subchondral
bone. According to some authors, it does not lead
to fractures and resolves spontaneously in most
cases [9]. However, other specialists argue that the
development of therapy aimed at increasing bone
density is necessary for such patients [10].

Animal studies have shown a systemic de-
crease in bone density with chronic constriction
of the sciatic nerve [11, 12] and after neurectomy
[13, 14]. Separation, anisotropy, disruption of
continuity, and reduced trabecular density in the
proximal metaphysis of the tibia were more pro-
nounced after sciatic neurectomy than in ova-
riectomized rats [13]. On the other hand, bone
loss in ovariectomized rats was also associated
with decreased intracortical innervation [15].

Bone density loss after sciatic neurectomy oc-
curs more intensively in trabecular bone than in
compact bone [16]. However, in the cortical plate
of the mouse tibia, accelerated bone resorption
and decreased bone formation rate were observed
as early as 4 weeks after sciatic neurectomy [13].
A similar result was obtained in rats, with a de-
crease in bone density occurring in a distal-prox-
imal direction [17].

Pharmacological suppression of macrophages
[18], low-intensity loading [19], low-frequency
electric myostimulation [20], and the use of the
flavonoid naringenin [21] have been shown to
slow down bone mass loss induced by neurectomy.

However, the available literature does not
provide information on changes in the micro-
structure of bones in the distal parts of the limbs
after nerve surgeries aimed at restoring limb
innervation.

The aim of the study was to identify structural
changes in the diaphysis of the third metatarsal
bone after primary autogenous plasty of the re-
section defect of the tibial portion of the sciatic
nerve in rats.

METHODS

The study was conducted on 23 male Wistar
rats aged 8-10 months with a body weight of
360-420 g. Autologous neuroplasty of the tibial
portion of the sciatic nerve at the mid-third of the
thigh was performed on 16 experimental animals,
as described in our previously published article
[22] (Fig. 1). At 4 and 6 months after the surgery,
the animals were euthanized with an overdose
of thiopental after premedication: Rompun 2%
(1-2 mg/kg) and Zoletil 100 (10-15 mg/kg). The
control group consisted of 7 intact animals aged
14-16 months, corresponding to the age of the
operated rats at the time of euthanasia.

Fig. 1. Tibial portion (Tn) of the sciatic nerve after
suturing the autologous graft (At) with 10-0 thread,
Pn — peroneal portion of the sciatic nerve, Sn — sural
nerve
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For histomorphometric analysis, a fragment
of the anterior part of the foot at the level of the
metatarsal bones was dissected. The specimens
were fixed in 10% formalin solution, partially de-
calcified in a mixture of hydrochloric and formic
acid (needle test), dehydrated in ethanol, and
embedded in paraffin. Paraffin sections (thick-
ness: 5-7 um) were prepared using an NM 450
Thermo Scientific microtome (USA), stained with
hematoxylin and eosin, and with the trichrome
method according to Masson. Light microscopy,
digitization, and morphometry were performed
using an AxioScope.Al microscope with an
AxioCam digital camera and Zenblue software
(Carl Zeiss Microlmaging GmbH, Germany). The
object of histomorphometric analysis was the di-
aphysis of the third metatarsal bone innervated
by branches of the tibial nerve.

Using the point-count volumetry method in
full-color digital images of transverse sections
of the bone diaphysis stained with Masson's tri-
chrome, the percentage (%) of fuchsinophilic
(red-stained) and anilinophilic (blue-stained)
structures of the cortical plate was determined.
The measurements were performed at 400x mag-
nification using the PhotoFiltre 7 program with
a test grid of equidistant points with transparent
centers [23]. Morphometry was conducted using
the Zenblue software (Carl Zeiss Microlmaging
GmbH, Germany) with the following parameters:
at 40x magnification, the thickness of the cortical
plate (h, um) was measured, and at 400x magni-

fication, the numerical density of osteons (Na),
area of osteons (S, ym2), diameter of osteons
(d, yum), and diameter of Haversian canals (d, um)
were determined. 10 to 15 fields of view were
analyzed for each case.

Statistical analysis

Data analysis was performed using descriptive
statistics. Quantitative characteristics are pre-
sented as medians and quartiles (Me, Q1-Q3).
Non-parametric Wilcoxon test was used to test
statistical hypotheses for differences, and differ-
ences were considered statistically significant at
p < 0.05 (AtteStat software, version 9.3.1).

RESULTS

In the intact group of animals, the cortical plate
of the third metatarsal bone exhibited well-de-
fined outer and inner layers of the general plates,
with the osteonal layer located between them
(Fig. 2a). The osteonal layer showed structural-
ly mature osteons with narrow Haversian canal
lumens.

In the experimental group, a similar structure
was observed, but there were osteons with dilated
Haversian canals (resorptive-type osteons), in-
dicating bone loss due to resorption of compact
bone substance around blood vessels (Fig. 2b). The
Haversian canals were dilated and filled with eryth-
rocytes. Changes in the extracellular matrix, such
as the disruption of clear boundaries of osteons and
the architecture of bone plates, were observed.

Fig. 2. Fragments of the cortical plate of the third metatarsal bone. Experimental period — 4 months:
a — control (intact animals); b — experimental group; 1 — outer layer of the cortical plates;

2 — inner layer of the cortical plates; 3 — mature osteon; 4 — resorptive-type osteon.

Cross-section; stained using the Masson’s trichrome method. Mag. x400
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At 4 months of the experiment, a decrease
in the intensity of red staining in the sections
of the cortical plate, particularly in the oste-
onal layer, was noted compared to the con-
trol group. The percentage of fuchsinophilic
structures was reduced by 15% compared to
the control (Table 1). The frequency of occur-
rence of osteoclasts was 0-2 per field of view at
400x magnification.

At 6 months of the experiment, visually in-
creased proportions of anilinophilic structures
were observed in the Masson's trichrome-stained

sections (Fig. 3). Quantitative analysis revealed
a 33.6% decrease in the percentage of fuchsino-
philic structures relative to the control (Table 1),
indicating progressive reduction in cortical plate
mineralization. Signs of periosteal resorption of
the cortical plate were detected, and ingrowth
of blood vessels and active osteoclasts were ob-
served from the surrounding soft tissues (Fig. 3).

The outer layer of the general plates was thin
in most observations, with some areas showing
thickening. The osteonal layer exhibited signs of
osteolysis, with reduced size of osteons and ex-

Table 1

Ratio of mineralized and non-mineralized structures in the cortical plate during
the experimental stages, Me (Q1-Q3)

Parameter Mineralized structures (%) Non-mineralized structures (%)
Control 77.28 (74.93-79.06) 22.71 (19.89-24.51)
4 months experiment
Experiment 65.33 (64.51-68.48) 34.66 (31.52-34.56)
p p¥°=0.0001 p¥°=0.0001
6 months experiment
Experiment 51.25 (46.25-58.66) 48.75 (41.33-51.33)
p p*°=0.0001; p**=0.0018 p<° =0.0001; p**=0.0018

Wilcoxon test was used, and differences were considered statistically significant at p<0.05; p*° - comparison between con-
trol and experimental groups; p*® - comparison between experiment durations.

Fig. 3. Fragments of the cortical plate of the third metatarsal bone. Experimental period — 6 months:
1 — vascular invasion and osteoclast (arrow) in the outer layer of the bone plates;

2 — inner layer of the cortical plates;

3 — mature osteon; 4 — resorptive-type osteon.
Cross-section; stained using the Masson’s trichrome method. Mag. x400
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panded Haversian canals with irregular contours
(Fig. 3). The intensity of the resorption process
was indicated by an increase in the frequency of
occurrence of osteoclasts from 2 to 5 per field of
view at 400x magnification.

In the histomorphometric analysis, the thick-
ness of the cortical plate was significantly de-
creased in the experimental group compared to the
control at 4 months of the experiment (p = 0.0184),
but at 6 months, there were no significant differ-
ences compared to the intact group (p = 0.2067).

Throughout the experiment, the osteonal lay-
er showed a decrease in the area and diameter of
osteons compared to the control, with the low-
est values observed at 4 months. The numerical
density of osteons also progressively decreased.
There was a statistically significant increase in
the diameter of Haversian canals compared to
the control (p = 0.002), and by the end of the ex-
periment, the values of this parameter continued
to increase (Table 2).

Table 2
Quantitative characteristics of the third metatarsal bone, Me (Q1-Q3)
Parameter h cortical plate, ym Na osteons S osteon, ym 2 d osteon, um | d haversian canal, ym
332.39 1439.36 37.48
Control (239.2/466.8) > (4/6) (629.69/1934.58) | (21.71/59.63) | 63 (3:94/11.84)
4 months experiment
) 289.91 613.31 24.96
Experiment | »¢4 17202 26) 3.5(3/4) (435.06/954.82) | (21.14/56.59) |  8:83 (747/15.26)
p pro=0.0184 pro=0.017 p*° = 0.008 p*° = 0.0085 p*° = 0.002
6 months experiment
) 301.65 680.41 29.43
Experiment | »5c790) 297 03) 3@2/3) (311.07/987.07) | (19.18/45.65) | 10-88 (7.64/25.29)
pro=0.2067 p°=0.013 p<° = 0.0357 peo = 0.0357 p<° = 0.0027
p p*6=0.2701 p*6=0.0781 p*6=0.9149 p*6=0.5934 p*6=0.3735

Wilcoxon test was used, and differences were considered statistically significant at p<0.05; p*° — comparison between
control and experimental groups; p*® — comparison between experiment durations.

DISCUSSION

The primary end-to-end suture is considered the
gold standard for surgical treatment of anatomi-
cal nerve injuries. However, complete functional
recovery is achieved in only 10% of cases, as re-
ported in a review of publications from 25 coun-
tries [24]. The main reasons for unsatisfactory
clinical outcomes are believed to be the slow re-
generative growth of axotomized neurons, which
regenerates at a rate of only one inch per month
in humans [25], and the long regenerative path,
which predisposes to irreversible denervation
changes in the target tissues of the distal extrem-
ities even before reinnervation occurs [26]. In
particular, the degree of muscle changes can vary
widely, reflecting the heterogeneity of the initial
parameters of nerve injury and the different rates
of atrophic compensatory processes. However, in
the long term, the extent of these changes often
becomes significantly pronounced [27].

However, not only in clinical practice but also
in experiments on small laboratory animals,
nerve regeneration parameters are restored slow-
ly and partially. For example, up to 20 weeks after
transection and suture of the sciatic nerve in rats,
the ratio of peptidergic to non-peptidergic nerve
fibers in the epidermis of foot pads remains dis-
rupted [28]. According to other authors, 220 days
after the sciatic nerve suture in rats, the average
diameter of regenerating myelinated fibers in
the distal nerve segment reaches no more than
50% of the corresponding parameter in the in-
tact nerve, and the regenerating nerve contains a
large number of thin non-conducting fibers [29].

In our previous experimental model of prima-
ry autoplasty of the resection defect of the sciatic
nerve with a short autologous transplant, it was
found that at 6 months after the surgery, the av-
erage diameter of regenerating myelinated fibers
of the sciatic nerve at the middle third of the leg
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was 52% of the corresponding parameter in the
intact nerve. The vascularity index of the interos-
seous muscles of the sole was halved compared
to intact animals, and the median diameter of
muscle fibers was reduced by 20.96%, indicating
partial reinnervation and reduced muscle vascu-
larity in the foot [22].

In the present study, structural changes in
the diaphysis of the third metatarsal bone were
investigated for the first time in the long term
after primary autoplasty of the sciatic nerve. In
addition to the traditional hematoxylin and eo-
sin staining for osteoporosis assessment [30], the
Masson's trichrome staining method was used,
which allows differentiation between mature
mineralized bone and demineralized bone. The
former exhibits an affinity for acidic fuchsin and
is therefore stained red [31].

At 4 months of the experiment, a 15% de-
crease in the proportion of mineralized struc-
tures in the cortical plate compared to the con-
trol was found, and its thickness was reduced
by 12.7%. The osteonal layer exhibited signs of
osteolysis, decreased numerical density of oste-
ons, and altered dimensional characteristics of
osteons, including the presence of osteons with
dilated Haversian canals. At 6 months, the thick-
ness of the cortical plate did not show significant
differences from the normal value, but there was
a progressive decrease in the proportion of min-
eralized structures by 33.6%. Reduced numeri-
cal density, area, and diameter of osteons were
observed in the osteonal layer. The diameters of
Haversian canals of osteons increased over the
course of the observation. The dilated Haversian
canals with irregular contours were a result of os-
teoclastic resorption of bone tissue. By the end of
the experiment, pronounced signs of periosteal
resorption of the cortical plate were observed,
and invasion of blood vessels and osteoclasts was
registered from the surrounding soft tissues.

The dynamics of morphometric parameters
of compact bone are likely determined by persis-
tent reduction in vascularity of the surrounding
soft tissues and the bone itself under conditions
of incomplete reinnervation. The progressive in-
crease in the diameter of Haversian canals and
the restoration of cortical plate thickness may be
related, as the formation of resorptive-type oste-
ons provides a substrate for mineralization of the
newly forming matrix.

It is also worth noting that the changes ob-
served in our study are significantly different
from disuse-related osteoporosis, which is char-
acterized by a significant reduction in cortical
plate thickness predominantly due to endosteal
resorption [32], as well as from age-related os-
teopenia in rats, which is characterized by an
increase in the numerical density of osteons and
a decrease in the diameter of Haversian canals
[33]. The development of age-related osteopenia
in mice and humans is also manifested by an in-
crease in cortical plate porosity due to the forma-
tion of osteon-like structures [34]. Biomechanical
studies have shown that increased bone porosity
leads to irreversible changes in shape through
layer-by-layer compaction and destruction of the
microstructure without fragmentation [35].

CONCLUSION

The results of the conducted study indicate that
during the period of 4 to 6 months after autolo-
gous grafting of the resection defect of the tib-
ial portion of the sciatic nerve, the thickness of
the cortical plate of the diaphysis of the third
metatarsal bone is restored. However, progres-
sive changes in the numerical and dimensional
composition of the osteons, decreased minerali-
zation of the extracellular matrix, and erosion of
the subperiosteal layer of the bone are observed.
The developed experimental 2D model for evalu-
ating denervation osteopenia in the distal parts
of the limbs is applicable for further research on
rehabilitation interventions that accelerate and
improve reinnervation.
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Abstract

Background. Minimally invasive surgical interventions are widely used in trauma and orthopedic surgery.
Both the surgical technique and the instruments applied are being improved, which contributes to better
functional results of patients’ treatment.

Aim of the study — to present a new guide tool for minimally invasive surgical correction of acquired hallux
valgus.

Guide description. A guide tool intended to be used in minimally invasive surgical interventions for hallux
valgus (HV) correction has been developed. It consists of several interconnecting components: the distal bar,
the intramedullary guide, the proximal bar, and the wire guide. These components are fixed to each other.
At the same time, the distal bar, the proximal bar, and the wire guide are connected with the possibility of
adjusting their mutual positioning. The design of the proposed device enables to guide the first guiding wire
and to place the cannulated screw in an optimal position. The presented clinical case illustrates the successful
application of the described device. The patient underwent minimally invasive distal corrective osteotomy for
hallux valgus of medium severity. According to the preoperative X-rays, the first intermetatarsal angle and
the first toe deviation angle were 13.5° and 25°, respectively. Six months after the surgery, they were 3° and
7°, respectively. The result of the corrective surgery was considered excellent.

Conclusion. Application of the proposed guide tool decreases surgery duration, reduces soft tissue damage and
minimizes radiation exposure of the surgeon and the patient.

Keywords: minimally invasive surgery, valgus deformity of the first toe, hallux valgus, correcting osteotomy,
guide tool.
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OpurMHanbHblii HanNpaBuTenb AN MalOMHBA3UBHOM
AUCTa/IbHOW OCTEOTOMMU NEPBON NIOCHEBOU KOCTU NPU JIeYEHUM
Ba/ibl'yCHOM AedopMaLMmM NepBoro nasabua CTonbl
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A.E. buna3zapos!, 5.A. Maiiopos }2
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Pedepar

MasioMHBa3uBHbIe XMPYpruyeckue BMeIllaTelbCTBA MIMPOKO MPUMEHSIOTCSI B TPAaBMATOJOI MU U OPTOIEeIN.
CoBepIIeHCTBYeTCS KaK TeXHMKA OIeparuii, Tak ¥ MpUMeHsIeMble MHCTPYMEHTHI, YTO CITOCOOCTBYET YIydlle-
HUI0 GYHKIMOHAJIBbHBIX Pe3y/IbTaTOB JIeUeHUS MalieHTOB.

Llenws uccnedoeanus: MpeCcTaBUTh HOBBIN MHCTPYMEHT — HAIIPABUTED JJIS1 MAJIOMHBA3UBHOM XUPYyPrUUECKO
KOppeKIY MTPpUo6peTeHHOI BaJIbI'YCHOI AedhopMaly IePBOTO MMalblia CTOTIBI.

Onucanue uHcmpymenma. Pa3paboTaH HampaBUTeNb, IpeIHa3HAUYEHHbII IJIS1 MCIIONIb30BAHMST TIPU BbITIOJ-
HeHMUM MaJIOMHBAa3MBHBIX OIMEePaTMBHBIX BMeIIaTeabCTB 151 Koppekuyuu hallux valgus (HV). OH coctout u3s
HECKOJTbKMX COOMHSIOMMXCS MeKAY cO00Vi KOMITOHEHTOB: NUCTA/MbHAS TJIaHKA, MHTpaMeIy/UISIPHbBIN HaTpa-
BUTEJIb, TPOKCUMMAJTbHAS TJIAHKA, IA0JIOH JIJIST CIIUITBL. DTU AeTaiu GUKCUPYIOTCS IPYT ¢ Apyrom. [Tpu aTOoM mmc-
TaJbHas TUIaHKa, TPOKCUMaIbHasl IJIaHKa ¥ MAa6JIOH IS CIMIIbI COEIMHSIIOTCSI C BO3MOKHOCTBIO PETYIVMPOBKM
B3aMMHOT0 UX PacIojiokkeHs. KOHCTPYKIMs MpeIosKeHHOTO YCTPOVICTBAa MO3BOISIET IIPOBECTH TEPBYIO Ha-
MPABJISIONILYIO CITUITY JJIs1 yCTaHOBKYM KAHIOJIMPOBAHHOTO BUHTA B ONITUMAa/IbHOM T0JIOKeHM . [Ipe/icTaBIeHHbIN
KIVMHUYECKUI CTydait, MJUTIOCTPUPYeT yCIelrHoe MpyuMeHeHe OMMCaHHOTOo yCTpoiicTBa. [TalieHTKe BbIMOTHe-
Ha MaJIOMHBA3MBHAS AMCTATbHASI KOPPUTUPYIOIIAS] OCTEOTOMMSI IO TTIOBOAY BaJbI'yCHOTO OTKJIOHEHMSI TIepPBOTO
MaJiblia CpefiHeli cTeneHy TsikeCTu. [1o JaHHBIM JTOOIePaIMOHHBIX PEHTITeHOTPaMM IepBbIii MEXIUTIOCHEBBIN
YTOJI ¥ YTOJT OTKJIOHEHMSI TIePBOTO Taiblia 661K paBHbI 13,5° 11 25° COOTBETCTBEHHO, Uepe3 6 Mec. IMocJIe onepa-
1y — 3° u 7°, COOTBETCTBEHHO. Pe3ynbTaT KOPPUTUPYIOIEi oreparyy 6bUT MIPU3HAH OTJINYHBIM.
3axntouenue. IIpyMeHeHNe TIpeIOKeHHOTO HATIPaBUTeJIsI COKpalllaeT BpeMs oriepaly, yMeHbIllaeT ee TpaB-
MaTUYHOCTh ¥ MMHUMM3UPYET JIyUeBYI0 Harpy3Ky Ha XMpypra u naiyeHra.

KirroueBble ¢j10Ba: MMHMMAIbHO MHBA3MBHAasI XUPYPrius, BajbrycHas gedopmailys [epBOro IMajiblia CTOIbI,
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BACKGROUND

The problem of surgical treatment of hallux val-
gus (HV) has been a topic of interest to surgeons
for almost two centuries [1]. This can be explained
not only by the high incidence of this disease, but
also by the complexity of its etiopathogenesis
[2, 3, 4]. Surgeons' attempts to deal with various
pathogenetic factors of HV have resulted in more
than 130 variants of surgical interventions de-
scribed to date [1, 5]. The most modern methods
of treatment are minimally invasive corrective
osteotomies, which are widely used for mild and
moderate HV deformities [6, 7].

In publications dedicated to the surgical treat-
ment of HV, the authors mention three genera-
tions of minimally invasive interventions [6, 8].
The first generation includes the Reverdin-Isham
procedure, which is a wedge-shaped closed-an-
gle osteotomy at the level of the head of the first
metatarsal bone performed via mini-approaches.
The second generation is the minimally invasive
Bosch osteotomy. It consists of percutaneous
transverse distal osteotomy of the first metatar-
sal bone with fixation of bone fragments with a
Kirschner wire. These two generations of HV sur-
gical treatment methods have been criticized in
the scientific literature due to the insufficient
evidence base for their widespread clinical use
and high complication rates [8]. Nowadays, the
most popular is the third generation of surgical
procedures which is the minimally invasive distal
chevron osteotomy of the first metatarsal bone
combined with the Akin osteotomy (MICA - min-
imally invasive chevron Akin), where the bone
fragments are fixed using cannulated compres-
sion screws [7, 9].

Results of studies published in the previous
decade indicate that the functional outcomes
of minimally invasive and open corrective sur-
geries for HV are similar. [10, 11, 12]. However,
a meta-analysis of the most recent publications
on this topic says for minimally invasive inter-
ventions [6]. Advantages of minimally invasive
surgeries over open ones include gentler atti-
tude to soft tissues, shorter duration of inter-
vention, shorter rehabilitation time, and more
pronounced cosmetic effect [13]. However,
there are also some disadvantages. Minimally
invasive corrective osteotomies require man-
datory intraoperative X-ray imaging at the
surgical stages [14]. Closed technique of frag-

ment fixation using cannulated screws leads
to greater operating time of the image intensi-
fier and, consequently, increases the radiation
exposure of both the patient and the surgeon.
Duration of this surgical stage also depends on
the surgeon's experience. Incorrect final screw
positioning can lead to failure of fixation, pain
syndrome in the postoperative period, and
patient dissatisfaction with the treatment as
a whole. In order to solve these problems, we
have developed a universal guide device for in-
sertion of guide wires for cannulated compres-
sion screws. This device simplifies the stage of
fixation of osteotomized fragments of the first
metatarsal bone and minimizes the risk of in-
correct placement of screws.

Aim of the study — to present a new guide tool
for minimally invasive surgical correction of ac-
quired hallux valgus.

Guide description

The device has been invented at the St. Petersburg
I.I. Dzhanelidze Research Institute of Emergency
Medicine. This device is designed to be used in
minimally invasive surgical interventions for HV
correction. It consists of several interconnect-
ing components: the distal bar, the intramedul-
lary guide, the proximal bar, and the wire guide.
These parts are fixed to each other, whereby the
distal bar, the proximal bar and the wire guide are
connected with the possibility of adjusting their
mutual positioning (Fig. 1).

The distal and proximal bars are the main
parts of the device to which the intramedullary
guide and the wire guide are attached, respec-
tively. All parts of the device are assembled using
thread locks.

In the intramedullary guide, the part inserted
into the medullary canal of the first metatar-
sal bone with a 2 mm wide slit for the wire guide
should be highlighted. A guiding hole is located
in the wire guide. The axis of the hole intersects
the axis of the intramedullary guide and lies in
the same plane as its slit. The position of the wire
guide is adjusted along two mutually perpendicu-
lar axes due to the mobility of the wire guide and
the distal bar. Adjustment accuracy is achieved by
the scales on the proximal bar. The scale on the
short arm of the proximal bar has a scale division
value of 1 mm, on the long arm — 5 mm. The an-
gle of inclination of the axis of the guiding hole of
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the wire guide is 102° with 18-20° of deviation of
the distal osteotomized part of the first metacar-
pal bone from the axis of the proximal part of the
bone. The angular values as well as the division
values of the scales were calculated empirically
using computer modeling method. Due to such
design of the guide, the guide wire exits the lat-
eral cortical layer of the first metatarsal bone 10
mm proximal to the osteotomy site. This distance
is optimal for further fixation. One of the purposes

Surgical technique

The patient is placed on the operating table in a
supine position. The surgical field is treated with
antiseptic solutions and delimited with sterile
drape from the tips of toes of the operated foot
to the upper third of the lower leg. Using a scal-
pel, the surgeon makes a 3-4 mm skin incision
along the inner surface of the forefoot in the pro-
jection of the distal 1/4 of the diaphysis of the
first metatarsal bone right up to the bone. The
level of the osteotomy is located at a distance of
approximately 2.0-2.5 cm from the radiological
projection of the articular gap of the first meta-
tarsophalangeal joint. Transverse osteotomy of
the diaphysis of the first metatarsal bone is per-
formed with a 2.2-2.9 mm burr. The head of the
first metatarsal bone is displaced laterally. The
intramedullary guide of the developed device is
inserted into the medullary canal of the proximal
fragment of the first metatarsal bone through the
incision made earlier for osteotomy. The base of
the guide is placed against the head of the first
metatarsal bone, displacing it laterally and hold-
ing it in this position. The degree of outward
displacement of the head is determined by the

of the developed device is the ability to keep this
point unchanged with different anthropometric
data of patients.

The guide is positioned in the medullary ca-
nal of the first metatarsal bone so that a wire in-
serted through the wire guide passes through the
medial and lateral cortical layers of the first met-
atarsal bone. A cannulated screw for fixation of
fragments of the first metatarsal bone is inserted
using the installed wire as a guide.

Fig. 1. Guide view (oblique view):

a — distal bar; b — fixator;

¢ — intramedullary guide; d — proximal bar;

e — wire guide; f — wire;

g — adjusting screws fixing proximal and distal bars;
h — adjusting scales

design of the guide and is not adjusted addition-
ally. Depending on the individual features of the
foot, the surgeon adjusts the position of the wire
guide.

After setting up the device, a guide wire is in-
serted with a medical drill percutaneously and
transosseously through the hole in the wire guide.
The wire passes through the proximal fragment
of the first metatarsal bone and then enters the
metatarsal head. Position of the wire is assessed
using intraoperative X-rays. The drill is detached
from the wire. The guide tool is removed from the
surgical wound.

To reduce soft tissue damage, 2 mm incisions
are made to the sides of the points where the
wires enter the skin. Cannulated 2.7 mm drill bit
forms a channel for the cannulated screw along
the guide wire. Using a cannulated screwdriver,
a 3.5 mm cannulated screw is inserted to fix the
fragments of the first metatarsal bone. The wire
is removed. The second wire is inserted using the
free-hand method parallel to the already insert-
ed screw. Then, after the cannulated drill bit has
formed a channel along the wire, the second can-
nulated screw is inserted.
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The surgeon controls the stability of fixation
of fragments of the first metatarsal bone clini-
cally and radiologically. Next, a burr is used to
resect excess bone tissue of the medial part of
the proximal and, if necessary, distal fragments
of the first metatarsal bone. Surgical wounds are
washed with antiseptic solutions and sutured af-
ter control of hemostasis.

Clinical case

A case of a 48-year-old female patient with ac-
quired deformity of the left forefoot is present-
ed. At the time of preoperative examination,
she complained of pain in the area of deformity.
Complaints persisted for a year before the treat-
ment. Load X-rays of the foot were performed
(Fig. 2). To assess the degree of deformity correc-
tion, the first intermetatarsal angle and the first
toe deviation angle were measured and resulted
13.5° and 25°, respectively.

Fig. 2. Foot before surgery:
a — general view;
b — stress X-ray in AP view

The diagnosis was made: combined flat foot;
acquired deformity of the left forefoot; moderate
hallux valgus deformity of the left foot.

Conservative methods of treatment (shoe
fitting and individual orthotic insoles) were
ineffective. It was decided to perform surgical
treatment. The patient underwent minimally
invasive surgical correction of HV deformity of
the left foot with the use of the designed guide
device according to the technique described
above (Fig. 3).

In the X-rays performed on the first day after
the surgery, the first intermetatarsal angle was
3°, the valgus deviation angle of the first toe was
4°. The postoperative period was uneventful.

Control examinations with X-rays at 4 and 8
weeks revealed no complications. Signs of bone
callus formation were noted in the X-rays per-
formed at 8 weeks.

According to the load X-rays performed 6 months
after the surgery, the bone callus is fully formed. The
first intermetatarsal angle was 3°, and the valgus
deviation angle of the first toe was 7° (Fig. 4).
The patient returned to her usual way of life.

Fig. 3. Intramedullary guide inserted into the
medullary canal of the first metatarsal bone

Fig. 4. Six months after surgery:

a — general view of the foot;

b — stress X-ray in AP view: completed bone callus
formation
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DISCUSSION

Minimally invasive surgery is one of the most ad-
vanced areas of traumatology and orthopedics.
Many authors have discussed the issues of mini-
mizing traumatic effects of surgeries for acquired
forefoot deformities [7, 8, 9]. Minimally invasive
corrective osteotomies are technically more com-
plicated compared to open ones, but they have a
number of advantages. Due to this reason, ortho-
pedic surgeons all over the world have been us-
ing various variants of these minimally traumatic
surgical interventions in their clinical practice
for more than 30 years [1].

Minimally invasive corrective interventions of
the third generation imply fixation of fragments
of the first metatarsal bone with screws [7, 9].
Basing on our own experience of surgical treat-
ment of patients with HV, we believe that such
fixation allows us to start active rehabilitation
from the first day after the surgery. However, in
the future we are planning to perform compara-
tive studies to evaluate the effect of the rehabili-
tation protocol we use on the functional results
and patient satisfaction with treatment.

L. Ji et al. concluded in their meta-analysis
performed in 2022 that minimally invasive inter-
ventions in the treatment of HV were more effec-
tive than open interventions. This is evidenced by
better clinical and radiologic (degree of correc-
tion of the first intermetatarsal angle and valgus
deviation angle of the first toe) results of mini-
mally invasive surgeries. The authors also note
that the duration of minimally invasive interven-
tions is statistically significantly shorter than
that of open surgeries, while the cosmetic effect
is more pronounced, the postoperative rehabili-
tation time is shorter, and the patient's satisfac-
tion with the treatment is higher. It is worth add-
ing that the meta-analysis included publications
from 2021. [6]. These findings confirm the fact of
successful continuous development of minimally
invasive techniques for the treatment of HV.

In addition to improving surgical techniques,
surgeons and researchers have focused on devel-
oping instruments that simplify minimally in-
vasive corrective interventions and reduce their
duration. Mostly, wires, screws, or cannulated
screws are used to fix the fragments of the first
metatarsal bone after osteotomy [7]. Given the
minimally invasive technique of surgical inter-
vention, their insertion without auxiliary guide
devices is technically challenging.

Among the proposed instruments there are
devices that minimize the possibility of a sur-
geon's error when performing minimally invasive
corrective osteotomies for HV [15, 16, 17]. The
use of our guide also enables to reduce the prob-
ability of incorrect positioning of fixation screws
by simplifying the insertion of guide wires. As a
consequence, this reduces surgery duration. In
addition, the use of the guide decreases traumat-
ic effects of intervention by reducing the number
of attempts for correct insertion of guide wires.
This minimizes radiation exposure of the patient
and the surgeon, as the operating time of image
intensifier is also reduced.

CONCLUSION

Application of the proposed guide tool for mini-
mally invasive surgical interventions for HV de-
formity enables precise positioning of the guide
wire for the cannulated screw and makes it pos-
sible to achieve reliable fixation of the fragments
of the first metatarsal bone in the position of
correction.
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DHAONPOTE3MpPOBAHUE KOJIEHHOIO CyCTaBa
B K/IMHUUYECKOM NpaKTuKe: aHanus 36 350 HabaoaeHui
u3 peructpa HMULL, TO um. P.P. BpepeHa

I1.M. Ipeobpaskenckuii !, A.C. ®uns !, H.H. Kopaunos!, A.H. ITantenees !, M.C. I'yaiiaeB !,
A.B. Kasemupckmii !, T.A. Kynsi6a!, A.I1. Cepena -2

I @I'FY «HayuoHansHblli MeOUYUHCKUT UccnedosamesnvbCkKull yeHmp mpasmamosiozuu u opmoneduu um. P.P. BpedeHa»
Munszdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

2 Akademusi nocmouniomHozo 00pasosarus ®I'BY «DedepanvHoili HAYUHO-KAUHUUECKUL YeHmp CheyUuanu3upo8aHHsix 8U008
MeOQUYUHCKOL nomowu u MeduuuHckux mexHosozuii ®MBA Poccuu», 2. Mockea, Poccus

Pedepar

AxkmyansHocme. Ha cerogHSIIHNUI IeHb PEeTrUCTp HAOMpOTe3upoBaHus: KoneHHoro cycraa HMUIL TO um. P.P. Bpenena
(manee — LIeHTp) COMEPKAT KIMHUUECKME U CTATUCTUUYECKME AaHHble 0 60ee uem 39000 BMeIIaTeNIbCTB, UTO MTO3BOISIET
OLIEHUBATh TEHJEHIINY PA3BUTUS JAHHOTO BUIA XUPYprudeckoi nomoiu B Poccuiickoit depeparmn.

Llens uccnedosanHuss — NPOAHATM3UPOBATh TEHAEHUIMY PAa3BUTHUSI TIEPBUUHOTO IHAOMPOTE3MPOBAHMS KOJIEHHOTO CYCTaBa
10 JaHHBIM JIoKanabHOro perucrpa HMUILL TO um. P.P. BpeneHa.

Mamepuan u memodsl. [lanublie nomxydeHsl n3 perucrpa HMUIL TO um. P.P. Bpenena 3a mepuop ¢ 2011 mo 2022 r. CBefe-
HMSI TIO SHJIONIPOTE3MPOBAHMIO KOJIEHHOTO CYCTaBa BKIIIOUAIYM MM MUOIOTUYeCKYe JaHHbIe, BUIbI apTPOTUIACTUKM, TUITHI
MCITO/Ib3YeMbIX KOMIIOHEHTOB 3H/IOMTPOTE30B U CTEIeHb UX CBI3aHHOCTY, MH(OPMAIIMIO O IIPOTe3MPOBAHUY CYCTABHOI MO~
BEPXHOCTY HaJIKOJIEHHNKA, OHOMBIIIETKOBOM M PEeBM3MOHHOM 3H/IONPOTE3MPOBAHMM KOJIEHHOTO CyCTaBa.

Pesynsmamest u 06cyxoderue. C 2011 o 2022 r. 8 HMUILI TO um. P.P. BpemeHa 65110 BbITIoaHEHO 36 350 (92,3%) onepaiiuii
TIePBUYHON apTpoIuiacTUku. KoinuecTBO BBITIOTHSIEMbIX TIEPBUYHBIN Onepanuii yBeanuunaochk ¢ 1678 B 2011 r. o 3924
B 2022 r. AHaJIOTMUHbBIEe TEHAEHIIMA ITPOCIEKUBAIOTCS B ABcTpanuu u [lIBeluu, re yncio BBITIOTHSIEMbIX BMEIIATeTbCTB
BbIpocio Ha 8,2% 1 8% B 2021 1. B cpaBHeHMM ¢ 2020 I. cooTBeTCTBEHHO. YacTOoTa MCII0b30BaHMS HAJIKOJIEHHMKOBOT'O KOM-
nonexTa B IleHTpe coctaBmia 2,2% 3a BeCh epuoj, Hab/oaeHnit, B ABCTpaiuu JaHHbIi ITOKas3aTesb Bhipoc ¢ 41% B 2005 T.
o 76,1% B 2021 r., B lIBeiiniapun — ¢ 24,4% B 2015 r. ;o 31,9% B 2020 r. BbIIB/IeH CTaTUCTUYECKM 3HAUMMBII POCT OIe-
paiuit yactuuHoit aptporuiactuku B Llentpe ¢ 0,3% B 2011 1., 10 4,3% B 2022 r. OmHOMBIIII€JIKOBOE SHAOMNPOTE3MPOBaAHME
B CTPYKType MepBUYHbIX omepauuii coctasnseT B CIIA 4,2%, B ABctpanuu — 6,9%, B Kaname — 9,2%, B HopBerun —
11,9%, B lllBeuun — 12,8%, B llIBeiitapum — 18,4%. [Monis MCIONAb30BAaHMS SHOOIIPOTE30B C COXpaHeHMeM 3aaHeit
KpecTtoobpasHoii cBsI3KM B llenTpe cocraBmia 68,3%, B Hopsernn — 70,5%, B HoBoit 3enangum — 75%, B llIBenun —
93,5%, B CIIIA — 46,5%. O61uit Koiiko-meHb B HMULIL TO cumswmics ¢ 19,6 8 2011 r. go 8,6 B 2022 r. B Kanaze cpemumit
KOWMKO-IeHb cOoCTaBseT 2,3 (ToTalbHas apTporuiacTuka), B CIIIA — 0,8 u 1,7 o151 4acTUYHO U TOTaIbHOM apTPOIIaCTUKHA
COOTBETCTBEHHO.

3akaioueHne. AHaiIu3 JAHHBIX PerucTpa SHAOMPOTe3MpoBaHMsi kKomeHHoro cycraa HMUIL TO um. P.P. BpeneHna mo-
3BOJIMJT BBISIBUTH TPEH/, K YBEJIMUEHNIO KOJMYECTBA BBITTONHSIEMbBIX MEPBUYHBIX M PEBU3MOHHBIX Omepaluii. 3HaUnTelb-
HO CHM3WIACh JIJIUTEIbHOCTh CTAI[MOHAPHOTO JIeUeHMsI TOC/Ie IMepBUYHOTO 3HAompoTresupoBaHus. [lepsuunoe III KC
HauboJsIee YacTo BHITIOIHSIETCS JKEHIIMHAM MTOXKMUIIOTO BO3pacTa. B aGCOMIOTHOM GOMBIIMHCTBE CTy4aeB MTPUUMHOM BBITON-
HeHUS OTlepalyy SIBJSIETCS UIMOMIATUIECKMIA 0CTe0apTpo3. 3aMeHa CyCTaBHOM MTOBEPXHOCTY HAIKOJIEHHMKA BBITIOHSIETCS
MeHee UeM B 4% CTyuaeB, OJHAKO BbISIBJIEH CTAaTUCTUUYECKYM 3HAUMMbIii POCT YaCTOThI YaCTUUHOIT apTporiacTuky. Hanbomee
YacTO MCIOMb3YIOTCS SHIOMPOTE3bl 6e3 3aMelleHMs 3agHeit KpecToo6pasHoit cBsI3KuM. [10 JaHHBIM PETUCTPA, BBISIBIIEHbI
YyeTKye TPEeH/Ibl K YMEHbIIEeHNIO MHTPAoIepaliOHHOM KPOBOIIOTEPH U JIUTEIbHOCTY OTIePATUBHOTO BMELIaTeTbCTBA.

KiioueBble C/I0Ba: JIOKAIbHBIN PETUCTP SHAOMPOTE3UPOBAHMUS KOJEHHOTO CYCTaBa, SHAOMPOTE3UPOBAHME KOJEHHOTO
cycTaBa, OMHOMBIIIETKOBOE SHIOMPOTE3MPOBAHME.

[ mns uutupoBaHusa: IIpeo6paskeHckuit IL.M., ®unp A.C., KopumnoB H.H., Ilanteneer A.H., I'yamaee M.C.,
Kaszemupckuit A.B., Kyns6a T.A., Cepena A.Il. DHAOMPOTE3MPOBAHYE KOJIEHHOTO CYCTaBa B KAMHUYECKOI MPAKTUKe:
a”Ha/m3 36350 HabGmiomenumit u3 perucrtpa HMUIL TO um. P.P. Bpemena. Tpasmamonozus u opmonedus Poccuu.
2023;29(3):73-85. https://doi.org/10.17816/2311-2905-9349.
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Abstract

Background. Nowadays the knee arthroplasty register of the Vreden National Medical Research Center of Traumatology
and Orthopedics (hereinafter referred to as the Vreden Center) contains clinical and statistical data on more than
39,000 primary and revision knee replacements, that mimics current state of this kind of surgery in Russia.

Aim of the study — to analyze the last decade trends in primary knee arthroplasty in largest Russian arthroplasty
center.

Methods. Data were obtained from the register of the Vreden Center for the period from 2011 to 2022. Information on
knee arthroplasty included epidemiologic and numerous peri-operative data including type of surgery and implant,
degree of constrain, primary patella resurfacing etc.

Results and discussion. From 2011 to 2022, 36,350 (92.3%) primary arthroplasties performed at the Vreden Center.
The number of interventions increased more than twice: from 1,678 in 2011 to 3,924 in 2022. Similar trends observed
in Australia and Sweden, where the number of knee arthroplasties increased by 8.2% and 8% in 2021 compared to
2020, respectively. The frequency of primary patellar resurfacing at the Vreden Center was 2.2% over the entire period
of observation. On the contrary, the rate of patella replacement increased from 41% in 2005 to 76.1% in 2021 in
Australia and from 24.4% in 2015 to 31.9% in 2020 in Switzerland. The partial knee arthroplasty showed enormous
growth — more than 14 times: from 0.3% in 2011 to 4.3% in 2022 at the Vreden Center. Worldwide unicompartmental
knee replacement is still less popular than total and its number widely varies: 4.2% in the USA, 6.9% in Australia, 9.2%
in Canada, 11.9% in Norway, 12.8% in Sweden, and 18.4% in Switzerland. Posterior cruciate ligament (PCL) retaining
total knee arthroplasties (TKA) prevailed at the Vreden Center: 68.3%, while in other countries it utilize even more
widely: 70.5% in Norway, 75% in New Zealand and 93.5% in Sweden.

The total length of hospital stay (LOS) decreased dramatically from 19.6 in 2011 to 8.6 in 2022 at the Vreden Center.
Nevertheless, there are still opportunities to improve it: by the way in Canada the average LOS for TKA is 2.3 and the
USA — 0.8 and 1.7 for partial and total arthroplasty, respectively.

Conclusion. The main current trends of knee arthroplasty in Russia are the following: increase the number of surgeries,
reduced LOS, TKA without patella resurfacing and with PCL retention, finally the growth of partial knee arthroplasties.

Keywords: knee, arthroplasty register, total knee replacemet, partial knee arthroplasty.
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BBEJEHUE

C60p JaHHBIX U UX CUCTEMATU3ALNS SIBJISIOTCS HEOTDb-
eMJIEMbIM MHCTPYMEHTOM COBEPIIEHCTBOBAaHMS Jie-
yeOHOI AesSTeNbHOCTM B JIIOO0I OTpaciv MeIMULIVHBI,
B TOM UMCJIe B TPAaBMAaTOIOIUM 1 opTonenuu. MecTHble,
perMoHaibHble M HallMOHAJIbHbIE PETUCTPBI ChITPaIyu
BXHYIO PO/Ib B Pa3sBUTUM IHAONPOTE3MPOBAHUS Ta-
300€eIpeHHOTO0 ¥ KOJIEHHOTO CYCTaBOB. Tak, perucrp
apTpOIIaCTUKM KIMHUKM Meiio, co3maHHbIi B 1969 T.
MapkoMm KoBeHTpM U SBISIOIIMIACS CTapeiiiuMm U3
IeVCTBYIOUIMX, HApSIAy C PerMCTPOM apTPOIUIaCTUKU
Xappuca B MaccauyceTckoii 601bHUIE OOIIEro mpo-
(buns BHECM BaskHbBIN BK/IAM, B Pa3BUTHeE TeXHOIOTMIA
SHZOIMPOTE3UPOBAHMUS IIyTeM BbIsIBJIeHUs Hedddek-
TUBHBIX MMIIJIAHTAaTOB M MeTomoB JiedueHus B CIIIA.
[lIBenckmit pernucTp SHOOIPOTE3UPOBAHMS KOJIIEHHOI'O
cycraBa (III KC) sBisieTcsl crapeiiiMm HalMOHAJb-
HBIM PErucTpoM B MUpe B aHHOI 00JacTH, yCIell-
HO yHKUMOHMPYS ¢ 1975 1. [1]. Bce mepeuncieHHbie
MH(pOpPMaLIMOHHbIE CUCTEMBI CO3JaIM MeXaHU3MbI
aHa/n3a U OTYETHOCTH, KOTOPbIE TIO3BOWIN APYTUM
CTpaHaM BIIOC/IEICTBUM Pa3paboTaTh U BHEAPSITH CBOU
COOCTBEHHbIE HAIIVIOHAJIbHbIE PETUCTPBI.

DHAOMPOTE3MPOBaHME KPYIHBIX CYCTaBOB HUXK-
HUX KOHEYHOCTEe/l CTajlo0 IIMPOKO BBIMOJHSTh-
c1 B HaumoHanbHOM MeOUIIMHCKOM MCCIeAoBa-
TEeJbCKOM LIeHTpe TpaBMAaTOJOTUM U OpTONeIuM
uM. P.P. Bpenena (manee — LleHTp) ¢ 1991 r. riocie co3-
IaHus Pecrry6MKaHCKOTO LeHTPa SHA0MIPOTe3UPOBa-
Hu, a B XXI B. mpou3solen 3KCIIOHEHIMaAbHbIA POCT
YylCla eXerofHO BBINMOIHSIEMbIX ONepanuii o 3ame-
He cycTaBoB. HakomieHne KIMHMUYECKOTO MaTepuaia
MoOYOMIIO CO3[1aTh COOTBETCTBYIOIIVE PErUCTPhI SH-
IOTIPOTe3UpPOBaHMUs (Ta300eApPeHHOT0 U KOJIEeHHOTO
CYCTaBOB) C 11e/Ibl0 aHaaM3a MOCTYIAIOIIMX OTPOMHBIX
MacCUBOB JaHHBIX. [lepBOHaYa/JbHO CO3LAHHBIN pe-
TUCTP DHAOMPOTE3UPOBAHMS Ta306eJpeHHOTO CyCTa-
Ba BeJICSI Ha OYMayKHBIX HOCUTENSIX, ogHako ¢ 2011 r.
ObuIa 3amyleHa 37eKTPOHHas Bepcus [2].

[TocTOSSHHO COBEpILIEHCTBOBAJIMUCH KaK COAEp-
’KaTesbHasl, TaK M TeXHUYecKas: yactu perucrpa I
KC. [Ins ymeHbllIeHUsI BpEMEeHU 3alloHEHUS U MU-
HMMM3AUM BBOZA OIIMOOUHBIX MAaHHBIX B 2021 T.
ObUT peanu30BaH MX aBTOMATMUYECKUI MMIIOPT B pe-
TUCTP U3 MeAULIMHCKOM MHGOPMAIIMOHHO CUCTEMBI
«Meguainor». HoBble TeHIEHUMYM B OPTOIELNUM, TAKUE
Kak OLleHKa pe3y/IbTaTOB JIeueHMs C UCII0/Ib30BaHUEM
6a/TbHBIX cucTeM olleHKM GyHKuuM KC, 3amonHse-
MBIX INalMeHTaMU, TI0SIBJIeHMe HOBBIX TEXHOJIOTUI U
MMIUIAHTATOB, IOTPe60BaIM OOHOBIEHUS OTHEIbHBIX
pasnenoB peructpa. bputu nob6aBaeHbl Takue TOTOJ-
HUTeJIbHbIE TIapaMeTpbl, KaK aHKeTa MalyeHTa, JaH-
Hble OKcdopacKoro onpocHuKa oteHkM GyHkoum KC
(Oxford Knee Score — OKS) B Mopndukrauyu LienTpa [3].
JornomHeHUsT Takke 3aTPOHY/IM TaKue MHTpaoliepa-
IIMOHHbIE 0COOEHHOCTH, KaK JOCTYII, TUII TTIePBUYHO-

TO ¥ PeBM3MOHHOTO 3HAOIIPOTE3MPOBAHMS, TPUUMHBI
PeBU3MOHHOIO SHIOIPOTE3MPOBAHMS, ONMCAHMUE CU-
HOBMAJIbHO 060JIOUKM, JOTIOTHUTETbHbIE MAaHUITYJISI -
LMM, UMITOPT MMIUIQHTATOB M3 IIPOTOKOJIA OTepalumn
(pasmepbl, ayrMeHTbI, MUCIIOIb30BaHME POOOTU3IUPO-
BAaHHBIX TEXHOJIOTUI, MHAUBUIAYAJIbHBIX PpPe3eKTOpP-
HBIX OJIOKOB).

Ha ceromHsHMII geHb PETrUCTP SHOOMPOTE3IUPO-
BaHus LleHTpa comep>kKUT KIAMHMUUYECKMEe U CTaTUCTU-
yeckyue maHHbie 0 6oee yem 39 000 BbIITOTHEHHBIX
B Poccuiickoit ®epepanyu onepauuii 11 KC, uto mo-
3BOJISIET OLIEHMBATDb €TI0 TEHJEHIIMM He TOJIbKO B OT-
IeJIbHOM JIeueOHOM YUYPEXIEeHMM, HO M B CTpaHe
B II€JIOM.

Ilenw uccnedosauuss — MpOAHAIU3UPOBATh TEHAEH-
UMM pa3sBUTUSI TIEPBUYHOrO SHIOIPOTE3UPOBAHMS
KOJIEHHOTO CyCTaBa 10 JaHHbBIM JIOKAJIbHOTO perucTpa
B HMUIL] TO mm. P.P. Bpenena 3a nepuog ¢ 2011 mo
2022 1.

MATEPHAJI 1 METO/1blI

V3 peructpa LleHTpa 6bUIM B3STHI CaeAylonIye maH-
Hble: SMUIEMMOJIOTHS, BUM, SHAOIPOTE3MPOBAHMSI,
TUIT UCIOAb3yeMbIX KOMIIOHEHTOB 3HJOMPOTE30B U
CTeIeHb UX CBSI3aHHOCTU, MH(OpMaLMs O MpoTe3u-
pOBaHMM CYCTaBHOJ IOBEPXHOCTM HaAKOJIEHHUKA,
OITHOMBIIIIEIKOBOM ¥ PEBU3MOHHOM 3HJIOIIPOTE3UPO-
BaHMM KOJIEHHOTO CyCTaBa.

CraTucTuueckuii aHaaus

[MosmyyeHHbIe B MPOIIECCe BBHIMOMHEHNS PabOThI JaH-
Hble aHIM3UPOBAJIU C UCIIOIb30BaHMEM [IPOrPaMMBbI
STATISTICA 10 (StatSoft). ComocTaByiieHue 4acTOT-
HBIX XapaKTepUCTUK (11071, Tvi [T, KoMOpOUIHOCTD,
TUII Crieiicepa U UCXOA) KaueCTBEeHHBIX MOKa3aTeei
IIPOBOAM/IM C TIOMOIbI0 HelmapaMeTpuueckux MeTO-
noB 2, x* IlupcoHa, kputepusi duiiepa. CpaBHeHMe
KOJIMYECTBEHHBIX I1apaMeTpoB (BO3PacCT, IJIUTENb-
HOCTb CTallOHAapHOTO JIeYeHMs, JIUTEIbHOCThb
ormepauyy U 00beM KPOBOIIOTEPU) B UCCIETYyEeMbIX
TpyIax OCYIIEeCTBISUIM C MUCIIONb30BaHMEM KpUTe-
pusi ManHa-YuTHMu. Pasnuums MeXOy Trpynnamu
CUMTAIM CTATUCTUUECKM 3HauMMbIMM Tipu p<0,05.
KonmnuecTBeHHbIe TOKa3aTeny, UMelye HOpMallb-
HOe pacrpeleneHue, ONMChIBaIM C IIOMOILIBIO Cpef-
Hux apupmermueckux BennuuH (M), rpaHut 95%
IIOBEPUTETLHOTO MHTepBaia (95% W) 1 cTaHmapTHO-
ro KBaApaTUYHOTO OTKIOHeHUs (SD).

PE3VJIbTATbBI

Haumnasi ¢ 2011 r. mpousouien ABYXKPaTHBINE POCT
orepauuii ImepBMUYHOro U peBusnoHHoro OII KC.
B 2022 r. BBITIONIHEHO HaubOIbIlIee UMCIIO orepainii —
4263, Ipy 3TOM COOTHOLIEeHMEe TEePBUYHBIX (92%)
M peBU3MOHHBIX (8%) BMeIlaTeabCTB B IOCAeLHUE
TOJIbI OCTAETCS MPAKTUUEeCKU HeU3MEHHBIM (puc. 1).
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Puc. 1. CooTHOIIIEHME YMC/ia BhITIOJIHEHHbBIX ITePBUYHbBIX
M PEBU3VOHHBIX OTepaIuii SHA0MPOTEe3UPOBAHNS
KoneHHoro cycrasa B 2011-2022 r.

Fig. 1. Ratio of the number of primary knee arthroplasties
to revision arthroplasties performed in 2011-2022

Bo3pacT maieHTOB, KOTOPBIM ObIJIO BBITIOIHE-
Ho nepBuyHoe II1 KC, Haxoauics B MHTepBasie OT 18
o 92 jeT, 3Ta ke 3aKOHOMEPHOCTb ITPOC/IeXXMBAIACh
u B iepuof ¢ 2011 o 2021 r. (puc. 2). BospacT camoro
MOJIOAOTO TaleHTa, MpoonepupoBaHHOTO B 2022 T.,
coctaBu 25 jieT, camoro noxkwioro — 89 yet (cpen-
HUI1 BO3pacT — 64,8). Bce moka3zareny He UMEIOT CTa-
TUCTMYECKM 3HAUMMBbIX pa3anuiuii 3a BeCh Iepuo/ pa-
60TbI peructpa LleHTpa (Tabm. 1).

TpaguimonHo 311 KC yaiiie BbIITOTHSIETCS KeHIIM -
HaM, YTO OTpaskaeTcsl M B JaHHBIX peructpa lleHTpa
(puc. 3).

ITo panubIM X. Yang ¢ coaBTOpaMu, 3a IocjiegHue
25 j1eT KOMUYeCTBO JIIofeli Ha TIaHeTe C OKMPEeHNEeM
(UMT 6onee 30 Kr/mM?) yOBOMIOCH U MPUOIU3UIOCH
K 500 muH [4]. Takas xe 3aKOHOMEPHOCTb YCTaHOB-
JieHa ¥ 110 JaHHbIM perucrtpa LlenTpa. Ho xoTs monsa
nanyenToB ¢ UMT 30,0-39,9 u 6osee 40 B mociier-
Hue 10 yleT HEYKJIOHHO yBenmuuBanach, B 2022 T.
OIS 9TUX ABYX TPYIII MAIMEeHTOB HECKOAbKO CHU-
3mtach: ¢ 58,3% 1 12,0% B 2020 r. go 57,2% n 11,1%
B 2022 1. (puc. 4).
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Puc. 2. Bo3spacTHbie KaTeropuy ralyueHToB
py MEPBUUYHOM 3HAONpoTe3upoBauuu B 2011-2022 r.

Fig. 2. Age groups of patients for primary arthroplasty
in 2011-2022
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Puc. 3. TeHgepHblii COCTaB NMAlMEHTOB, KOTOPBIM ObLIO
BBITIOJIHEHO TTePBUYHOE 3H/IOIPOTEe3MPOBaHMe
KOJIEHHOT'O CycTaBa

Fig. 3. Gender of patients who underwent primary
knee arthroplasty

Tabnuya 1

CraTucTuueckye rmokasaTe/ay BO3PAaCTHBIX XapaKTePUCTHUK MallMeHTOB, KOTOPBIM BBIIIOIHSIOCHh
nepBuYHOe 3HAonporesuposanue 8 HMUIL TO um. P.P. Bpenena B 2011-2022 rr., 1eT

Crar. Top,
IoKa3aTeb
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Min 21 19 19 19 22 19 18 23 21 22 18 25
Max 89 88 91 92 92 89 88 91 88 89 95 89
M 61,68 | 63,23 63,5 63,64 63,3 64,5 64,03 | 64,56 64,3 64,7 64 64,8
SD 10,98 | 10,01 10,1 9,36 9,4 9,4 9,06 8,96 9,5 8,7 8,4 8,4

SD — cTaHaapTHOe OTKJIOHEeHMe.
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Puc. 4. PacnipeniesieHue MaleHTOB, IepeHeCInX
IIepBUYHOE SHIONPOTE3MPOBAHNE KOJIEHHOTO CYCTaBa,
10 MHAEKCY MacChl Tea

Fig. 4. Distribution of patients after primary knee
arthroplasty by body mass index

Mognepuusauust peructpa B 2021 r. mosBonamia
ToyTyyaTh 6ojiee AeTanbHble TaHHBbIE U CHeana CTa-
TUCTUUYECKUI aHaiM3 Oojiee IPOCTbIM. B cumy Tex-
HMYECKMX OCOOEHHOCTE! 3aTPYyIHUTENbHO BBIMOJ-
HUTH cpaBHeHKue VIMT y marmeHTOoB, KOTOpble ObLIN
npoonepupoBansl 10 2021 r. [ToaToMy MbI IPUBOAUM
pe3ynbTaTel cpaBHeHUsI UMT y nauyeHTOB, KOTOPbIM
OBLIIO BBHITIOJIHEHO TIEPBUYHOE TOTATbHOE, [IEPBUYHOE
omHOMBIIIenkoBoe U peBusuoHHoe JII KC B 2021-
2022 rT. (Tabm. 2).

Ananmu3 nokasan, yto UMT He oTnuuancst Mmexny
rpynmnamMy MalMeHTOB C TEePBUYHBIM TOTAIbHBIM
U TIEPBUYHBIM OJHOMBIIIEIKOBBIM 3HIOMPOTE3UPO-
BaHMEM, a TAKKe MEeXAY TPyNIaMu PeBU3MOHHOTO
U TIEPBUYHOTO OJHOMBIIEIKOBOTO 3HIOMPOTE3UPO-
BaHusg. OgHAKO B TpyIlle MEePBUYHOTO TOTAIbHOTO
sHporpore3upoBanusi UMT okasascst CTaTUCTUYECKU
3HAYMMO GOJIBIITM, YEM ITPY PEBU3MOHHOM ITPOTE3NU-

poBaHMN. DTOT pe3y/ibTaT BbI3bIBA€T HEKOTOPOE YAUB-
JieHue, TaK Kak TPaguLIMOHHO CYMTAETCs, YTO BBICO-
Kkuiit UMT sBasieTcst paKTOPOM pUCKa Pa3HOOOPa3HbIX
OC/IOKHEHMIA. DTOT (AKT 3aCTYKMBAET OTAETbHOTO
aHaJM3a, BBIXOASIIETO 38 PAMKM 3TOV PabOThI.

Peructp IlleHTpa MTO3BOJISET MOMTYUNUTD ITOAPOOHYIO
MHGOPMAIMIO O HAIWMYUM Y TALMEHTa COIMTYyTCTBYIO-
1IeJi aTOJIOrMM, KOTOpasl B JaJbHENIIeM MOKET ObITh
MCIIONb30BaHa [Jig aHaau3a IPUUMH Pa3JINUHBIX
OCJIO’)KHEHMI, BO3HMKAIOIIUX IIOC/e TMepPBUYHOIO U
peBusmonHoro A1 KC. K Haubosee yacTo BCTpevyaro-
IIeJiCs TaTOIOTMY OTHOCSITCST 3a60IeBaHMS JKeTyI0u-
HO-KUIIeyHoro tpakra — 3280 mauueHTOB (83,6%),
cepoevyHO-coCcyamucToin cucrtembl — 3207 (81,7%),
SHIOOKpMHHAas matonorust — 1051 (26,8%).

Hamnbonee uacroit mpuumHoit nepsuuHoro II1 KC,
0 AaHHBIM peructpa LleHTpa, ocTaeTcss ocTeoapTpo3
Pa3IUYHON 3TUOAOTUM (MAMOIMIATUYECKUIA, TOCTTPaB-
MaTUYeCKUIA, BTOPUYHBIN) — 96% B CTPYKType BCeX
npyuyH B 2022 T. ITOT ITOKA3aTesb OCTAETCS CTabMITb-
HbIM HaumHas ¢ 2015 r., Korga cTasa oCTeIIeHHO CHU-
3KaTbCSl OOJS BOCIanauTenbHbix apTputoB. C 2011 T.
YMCIO MAIMEHTOB C CUCTEMHBIMM 3a60JIeBaHUSIMMA,
KOTOPBIM MPOBOAUTCSL 3HAOMNPOTE3MpOBaHMe, 3Ha-
YUTENbHO CHU3UJIOCh, YTO OTpaskaeT yCIlexu oTedve-
CTBEHHBIX PEBMAaTOJIOTOB B COBEPIIEHCTBOBAHMUM aJI-
TOPUTMOB paHHel AMAarHOCTUKU M HeollepaTUBHOTO
JIeueHUsI JAHHO KaTeropmu 60JbHbBIX (PUC. 5).

B mepBbie Tpu roga paboThl perucTpa SHAOIPOTe-
3MPOBaHMS MPOJOIKUTETbHOCTD Ollepaliuy yaile Bce-
ro cocrasisia ot 90 go 180 muH. (70-73% Bcex mep-
BUYHbBIX BMemIaTenbCcTB). HaunHas ¢ 2014 r., mo mepe
HaKOIUIEHUSI XMPYyPraMy OIbITa, COBEPILIEHCTBOBAHMS
XUPYPIUYECKO/ TEeXHUKU U TaKTUKMU Tepuorepanm-
OHHOT'O BeleHMSI TallMeHTOB A0Js Olepauuit Iau-
TENbHOCThI0O MeHee 90 MMH. CTajla HEYKJIOHHO pacTu
u B 2022 r. pocturna 81,7%. B nociegHue Tpu roga
nepBuuHbie onepauyy 11 KC npomomKuTenbHOCTbIO
6omee 180 MuH. cocTaBisIOT He 60mee 0,5% (puc. 6).

Tabnuya 2

CpaBHUTEIbHBI aHAIN3 cpegHuX 3HaueHuit UMT y manmeHTOB, KOTOPBIM ObLIO BBITIOTHEHO
NepBUYHOE TOTAJIbHOE, IIEPBUYHOE OJHOMBIIIEIKOBOE ¥ PeBU3MOHHOE 3HIOINPOTe3MpoBaHe
KOJIEHHOTO cycTaBa B 2021-2022 rr.

M SD
I'pyrinbl cpaBHEHUS
(1vs2) b
Ip1 I'p 2 Ipl I'p2

IMepBuuHoe ToTanbHoe (I'p 1; n=6511) vs 33,2 32,3 10,5 9,1 0,11
nepBuYHOe ogHOMbIIenkoBoe (I'p 2; n = 326)
IMepBuuHoe ToTanbHOoe (I'p 1; n=6511) vs 33,2 31,3 10,5 6,4 0,003
peBusmoHHoe (I'p 2; n = 275)
PeBusuonHoe (I'p 1; n = 275) vs repBu4YHOE 31,3 32,3 6,4 9,1 0,15
onHoMmbIlenkoBoe (I'p 2; n = 326)
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Fig. 5. Structure of initial pathology that led to primary
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Puc. 6. [IponomKkuTenbHOCTb ONIepaL il TIEPBUYHOTO
SHZONPOTE3MPOBAHMS KOJIEHHOTO CyCTaBa, MMUH.

Fig. 6. Surgery duration of primary knee arthroplasty,
min

[lepnomnepaMoHHOEe TIpUMEHEHVE WMHTUOUTOPOB
(ubpUHONIM3a, UCIIOMb30BaHME YIIPABISIEMONM TUIIO-
TOHMU, a TaKke CHMXKeHME BpeMeHU OIepaTUBHOIO
BMeIIaTe/bCTBA MPUBEIO K TOMY, 4YTO B 2022 T. B 10O-
JaBjsiioeM OONMbIIMHCTBE ciaydaeB (97,3%) oObem
MHTpaoIlepalMOHHOI KPOBOIIOTEPU COCTaBUI MeHee
500 ms1. B 2011 r. y 60mee uem 21,2% mannueHTOB 00b-
eM MHTPAoIlepaliIOHHO! KpOBOIIOTEPU Koiebasncs
B uHTepBaje 500-1000 mu1, ogHako K 2014 1. 3TOT 110-
KasaTeab CHU3NICSA B 4 pasa (puc. 7).

Metonuka nepsuuHoro 311 KC ¢ coxpaneHnem cyc-
TaBHOJi IOBEPXHOCTM HaIKOJIEHHMKA, 10 JAHHBIM pe-
ructpa lleHTpa, 6bl71a IPUOPUTETHOI 3a BECh ITEPUO]T,
Habmomennii. B 2019 r. Hab/m0gacst HEKOTOPBIN criaf,
10 BCell BUAMMOCTH, OOYC/IOBJIEHHBIN POCTOM ITOITY-
JISPHOCTY OJHOMBIIIEJIKOBOTO 3HA0MPOTE3UPOBAHMS
c0,3% B 2011 1.100 6,4% B 2019 1. K 2022 I. IOJIST 3TOT'O

BUIA SHIOOIMPOTE3UPOBaHMST mocturia 94,5% yxke 3a
CYeT CHYDKEHMS oM SHIOMPOTEe3MPOBAHMS C 3aMe-
1eHMeM CYCTaBHOJ MOBEPXHOCTU HAJKOJeHHUKA —
c2,8% B2019T. 10 1,2% B 2022 1. (pHc. 8).
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Puc. 7. CtpykTypa MHTpaoIepalMOHHOM KPOBOIOTEPU
NP IEPBUYHOM 3H0INPOTE3MPOBAHUY KOTEHHOTO
cycTaBa, %

Fig. 7. Intraoperative blood loss during primary knee
arthroplasty, %
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Puc. 8. BapV[aHTbI IIePBUYHOI'O SHAOIIPOTE3MPOBAHUS
KOJIEHHOr'0 CcyCTaBa

Fig. 8. Types of primary knee arthroplasty

DHAOIPOTE3bl C COXpaHEHMEM 3afHeil KpecTo-
obpasHoit cBg3kM (3KC) TpaguLIMOHHO SIBJISTFOTCS
Hanubosee yacTo MMIUIAaHTUpyeMbIMu B LleHTpe, mx
noiis npesbimaetr 70% HaumHasg ¢ 2016 1. TTocne He-
3HauunTenbHOro crnaga B 2018-2019 rr. gons MMILIaH-
TalMM TaKUX KOHCTPYKUMIA BHOBb Hauajga pacTy,
mocturayB K 2022 1. 73,2%. OT1OT haKT MOXKET OBbITh
cBs3aH ¢ ocBoeHrem metoauky JI1 KC HaumHamomu-
MU CIeMaIUCTaMy, YIUTbIBAsI TEXHUUECKME CIIOXK-
HocTu coxpaHeHMs1 3KC B HEKOTOPBIX KIMHUYECKUX
cutyauyax. Ceifyac 4yacToTa MMIJIAHTAUMM 3afHe-
CTaOMIM3UPOBAHHBIX KOHCTPYKIMIA HAXOOUTCS Ha
MMUHMMAaJIBHOM YPOBHe 3a mnocinennue 7 net (18,1%).
ITpu stoM B mpenpigymue rombl gepunut 3KC xu-
pPypru MoIiM KOMIIEHCMPOBATh IyTeM MMILIaHTaluu
SHJIOMPOTE30B C YJIbTPAKOHIPYIHTHBIM BKJAJbIIIEM,
B HACTOSIL[MIT MOMEHT MPaKTUUECKM OTCYTCTBYIOIIMNX
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B K/IMHMKe. J10Jis TTOMYyCBSI3aHHbBIX U IIaPHUPHBIX KOH-
ctpykuuii ipu nepsuyHom 11 KC HaxonouTcs Ha CTa-
61uapHOM ypoBHe ¢ 2011 1., coctaisst B 2022 1. 2,0% u
1,0% cooTBeTcTBEHHO (puc. 9).

Hambonmee uvacTro Ha MPOTSKEHUM TOCTETHUX
8 JeT ycraHaBiIMBaeTcsl MpoTre3 Zimmer Biomet
NexGen®, nanee ciegyet Zimmer Biomet AGC co 3Ha-
YYMBIM POCTOM [J0M MMILIAHTALMIL TTI0 CPAaBHEHUIO

100% g e
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0% =
60% |

50%

IS e e e
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0% | 8N
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¢ 2021 r. Tpetbe mecto mensit Johnson & Johnson
DePuy u Synthes SIGMA™ Knee System c Takoii
)K€ OMHAMMKOI pocTa MMIIaHTanuii, Kak u AGC
10 CpaBHEHMIO C TpedbIAyIIMM TOAOM, a TaKke
Smith&Nephew Anthem ¢ mporpeccupyomeit no-
jneit HauuHag ¢ 2017 r. Yto ke KacaeTcs OJHOMBI-
menkoBoro II1 KC, momyasipHOCTb KOTOPOTO OTO-
OpaskaeT 4acToTa MMILIAHTAIIMM CUCTEMbI Zimmer
Biomet Oxford® Partial Knee, To mpu miaHomep-
HOM yBeJIM4YeHUM J0au ycTaHOBOK ¢ 2011 mo 2019 1.
¢ 0,4% mo 5,9% manee nmociemoBaa HEKOTOPBIN CIIa/,
u B 2022 r. 5TOT IOKa3aTeJdb COCTaBIs 3,9%, Kak
u B 2017 r. (TabI. 3).

Puc. 9. PacnipeneneHye pas3jinyHbIX MOJieJieli TepBUYHbBIX
SHJOIIPOTE30B KOJIEHHOTO CYCTaBa Io CTeleHn
CBSI3aHHOCTH, %

Fig. 9. Distribution of different models of primary knee
prostheses by the constrain type, %

Tabnuya 3

Jonst ncnosb30BaHHBIX MOJeIei 9HAOIPOTE30B KOJIEHHOIO CYyCTaBa Py NepBUIHOM
sHponpore3duposanuu B HMHAIIL TO um. P.P. Bpegena B 2011-2022 rr., %

Mopenb fon

2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
Zimmer Biomet NexGen 26,4 | 24,5 | 28,6 | 28,5 | 36,0 | 37,1 | 36,9 | 31,9 | 29,9 | 259 | 27,6 | 23,1
Zimmer Biomet Persona 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,0 0,1
J&]J DePuy Synthes PFC 41,7 | 42,3 | 352 | 27,3 | 9,5 179 | 20,8 | 14,6 | 14,0 | 17,5 | 10,9 | 15,1
Sigma
Zimmer Biomet AGC 23,8 | 17,7 | 16,5 | 12,6 | 18,2 | 124 9,2 10,9 9,2 19,2 | 11,9 | 17,6
Zimmer Biomet Vanguard 0,0 0,0 0,0 0,0 2,8 2,6 1,9 1,6 2,0 1,7 2,5 3,8
Aesculap Columbus 39 | 10,6 | 12,3 | 11,2 | 12,2 | 13,1 | 9,8 7,6 6,4 | 11,1 | 9,8 6,2
J&J DePuy Synthes LCS 2,3 2,0 2,9 7,2 0,1 0,7 0,7 0,8 0,3 0,1 0,0 0,0
Zimmer Biomet Oxford 0,4 0,1 0,4 1,2 2,5 34 4,0 4,7 5,9 3,7 5,0 3,9
Zimmer Biomet OSS 0,8 0,7 0,8 0,4 0,3 0,2 0,2 0,2 0,1 0,0 0,0 0,1
Smith&Nephew Genesis II 0,0 0,0 0,2 3,8 4,3 3,2 2,7 2,6 3,3 2,3 2,6 3,3
Stryker Scorpio NRG 0,0 0,0 0,1 54 | 11,5 | 8,6 8,4 4,0 3,3 1,9 0,8 0,3
Stryker Triathlon 0,0 0,0 0,0 0,0 0,0 0,0 2,4 8,4 6,4 52 8,0 6,8
Smith&Nephew Uni 0,0 0,0 0,0 0,2 0,3 0,4 0,5 0,8 0,5 0,5 0,5 0,3
Smith&Nephew Anthem 0,0 0,0 0,0 0,0 0,0 0,0 2,2 8,7 | 12,8 | 55 | 12,0 | 15,1
Microport Wright Advance 0 0 0 0 0 0 0 1,8 4,3 3,0 2,0 0,2
Maxx Ortophedics Freedom 0 0 0 0 0 0 0 1,1 1,2 1,3 2,2 2,3
Ipyroe 0,7 2,8 4,2 3,6 4,0 0,9 0,7 0,9 1,3 2,0 6,2 4,2
Bcero 100,0 | 100,0 | 96,9 | 100,0| 97,8 | 99,6 | 100,0 | 99,6 | 100,0 | 100,0 | 100,0 | 98,2
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VIMmiaHTanmys MOIYJIbHBIX  GOJIbIIEOEPIIOBBIX
KOMIIOHEHTOB SIBJISIETCSI TIPUOPUTETHOM, UTO JOKa-
3bIBAIOT JaHHbIE PErMCTpPa 3a BeCb Iepuoj HabJIo-
JeHuit — ux gois B 2022 1. coctaBuiaa 65,9%. Taxkke
IIPOCIEXKMBAETCSI TPEH, K COXPAHEHMIO TTOMY/ISIPHO-
CTM MOHOOJIOKOBBIX 60/bIIe6epIOBIX KOMIIOHEH-
TOB, IIPUYEM KaK METANIMYECKUX, TAK U MOJTHOCTHIO
monuaTuiaeHoBbix (All Poly). KnuHuueckast M 3Ko-
HOMMYECKAsT PallMOHAIbHOCTb IIPUMEHEHUSI TAKOTO
TUIIA KOHCTPYKIIMI [IOATBEPKIAETCS JaHHBIMM MeTa-
aHAJIM30B U KIMHNYECKUX UCCIeI0BaHMii, COOOIIan-
IIMX O MO MEeHbIIE Mepe COMMOCTaBUMON, a 3a4acCTyH0
M JIyYIleil BbBKMBAEMOCTH TAKOT'O TUIIA KOMIIOHEHTOB
[0 CPaBHEHMIO C MOMOYJIbHBIMU 6OJIbIIE6EPIIOBBIMY,
B TOM YMCJIe Cpeay MalMeHTOB CPeIHUX BO3PACTHBIX
rpymn [5, 6, 7]. Ucneitas cniag B 2019 u B 2021 rT.,
IOJIST MOHOOJIOKOBBIX OOJIbIIEOEPIIOBBIX KOMITOHEH-
TOB npubausmwiack B 2022 1. K 30%, 4TO COIMOCTAaBUMO
C aHAJOTUYHBIMMU TIOKa3aTeIsIMU B OCTAJbHbIE TOJIbI

paboTsl peructpa (puc. 10).
]Ir
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Puc. 10. CTpyKTypa TUIIOB MMIUIAHTUPYEMBIX
60JTbIIIe6EPIIOBBIX KOMITOHEHTOB SHIOMPOTE30B

TIpY TIEPBUYHOM 3H/IOMPOTE3MPOBAHUY KOJIEHHOTO
cycraBa

Fig. 10. Structure of types of implanted tibial prosthetic
components in primary knee arthroplasty

brnaromapss aBTOMaTUMYECKOMY BHECEHMIO B 6asy
peructpa lleHTpa KaXXAOoro MMIUIAHTMPOBAHHOIO
KOMIIOHEHTa 3HJIONpPOTe3a eCTb BO3MOXXHOCTb KOC-
BEHHO CYIUTb O J0Jie IallMeHTOB C BbIpaskeHHbIMU
medbopMmarussmMu (>20°), OTHOCSIIMMUCS K CJIOXKHBIM
CIy4yasiM [IepBUYHOTO 3HOONPOTEe3UPOBaHMS [8].

B 2022 r.y 70 (1,8%) nanueHTOB MpyU IEPBUYHOM
II1 KC cnonb30BaICs OOUH MOAY/IbHbBIN MeTajande-
CKUIi OJIOK, KOTOPBIi B ITOAABJISIOIIEM OOJbIIMHCTBE
CJTyyaeB IPUMEHSIICS I/ KOMITIeHCAIlMM OCTaTOYHOI0
KOCTHOro AedeKxra MeauaJbHOrO WU JIATePaTbHOIO
MBbIIIIeJIKa OOIbIIeOePIIOBOIi KOCTU TIIyOUHOI Gosee
1 ¢cM MM 3aHMMAaIOIIEro Iiomaab 6omee 2/3 mopa-
>KEHHOTO Mbllesika. Momy/ibHble HOXKM, KOTOPbIMU

IOIOHSUIaCh (UKCALMST TPU MUCIIOIb30BAHUM TOJI-
CTBIX TIONIMATUAEHOBBIX BKJAAbIlIe, MOAY/IbHBIX
6710KOB, KOCTHOM aJ/UIOTIIACTUKM Y HEYAOBJIETBOPU-
TEeJIbHOM COCTOSIHMM KOCTHOJ TKaHM, ObLIM MMILIaH-
TUpoBaHbl B 102 (2,6%) ciydasix.

ITpomO/KUTETLHOCTD  OOLIET0 KOMKO-IHS Hey-
KJIOHHO CHMKanmach (¢ 19,6 8 2011 r. mo 8,6 B 2022 r.)
B OCHOBHOM 3a CUeT COKpallleHMs MocaeorepalnoH-
HOTO Ipe6GbhIBaHMS IMAIMeHTOB B KIMHMKe. HaumHast
¢ 2020 r., roce ONTUMMU3ALMN aITOPUTMOB IIJIAHOBOW
TOCIIUTAIMU3AINN, TPOCTIEKMBAETCS TEHIEHLIVS K CHU-
SKEHMIO Y J0OTepaliOoHHOTO KOVKO-IHS — B CpelHEM
2,84 B 2022 r. UcknoueHmeMm siBisietcs 2014 r., B KOTO-
POM OOLIMIi KOMKO-IEeHb COCTaBMI 23,6 B CBSI3U C Karu-
TaJIbHBIM PEMOHTOM OITepPallMOHHOrO 6710Ka (puc. 11).
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Puc. 11. TIpogo/msKuTeNbHOCTD TPeObIBAaHMS NTAL[MEHTOB
B craumnoHape 1npu repsuyHom I11 KC, koiiko-neHb
Fig. 11. Duration of hospital stay in primary knee
arthroplasty, bed days

OBCY>XIEHHE

Te3uc 0 MOCTOSTHHOM yBeJIMUeHUM UMC/Ia BhITIOHSIEe-
mbIx omnepauuit OI1 KC moaTBepkaaloT OaHHbIe pe-
rUucTpoB ABcTpanuu (Ha 8,2% B 2021 r. B cpaBHEHUU
¢ 2020 r.) u lIBenun (Ha 8% B 2021 r. MmO CcpaBHe-
Huw ¢ 2020 r.) [9, 10]. B To e Bpems, MO SAHHBIM
peructpa AHrauu u Yanbca, B 2021 r. mpupocra
yucnaa nepsuuHbiXx JI1 KC mo cpaBHeHuio ¢ 2020 r.
He 6buTO0 [11]. AHAJIOTMYHBINA TTOKa3aTenb B IleHTpe
B 2022 . IO CpaBHEHMUIO C TIPeAIIeCTBYIOIIUM rOI0M
coctaBua 16,1%, 4To CTaja0 BO3MOXKHBIM Garogapst
MPOTPeCCUMBHOMY CHVDKEHUIO TIPOJOIKUTETbHOCTU
npe6GbIBaHMS MAIMEHTOB B CTAalMOHape, ONTUMM3a-
MY TIPOIeCCOB TrocmuTamusanumu (OTMeHa o6si3a-
TEJbHON cHauy jJabopaTOPHOTO MUHMMYMa IIOCTIEe
MOCTYIUIEHMST TallieHTa, y4eT amMOyJaTOpHBIX Jia-
60paTOPHBIX MCCIAEAOBAHMUI, OCMOTDP HPOMUIbHbI-
MU CHeluaJucTamMu B AeHb MOCTYIIJIeHNUS ), a TaKxKe
MoaubUKaIuM aJrOpUTMa IepruoIepanoHHOro Be-
IleHus MalyueHTOoB.
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Hosist mnepBUYHBIX BMelIaTenbCTB (92,3%) B LleHTpe
COOTBETCTBYET aHAJOTMUYHBIM ITOKa3aTessiM psfa 3a-
PYOEKHBIX PErucTpoB. 110 JaHHBIM aBCTPAIUIICKOTO
(1999-2021), HOpBeskckoro (1994-2021), kKaHaACKOTO
(2020-2021) u HoBO3emaHnackoro (1999-2021) peru-
CTPOB, 3TOT IOKa3aTeab cocTasisieT 92,7%. [laHHbIe
IPYTUX PETUCTPOB TaKXKe COMOCTaBUMBI U HE UMEIOT
3HauuMMbIx pasanumii: CIHA (2012-2020) — 88,6%,
IBenus (2021) — 86,3%, LlBetiuapus — 87,4% (2021).
B wurtore moxHO ckasaTb, uTo cTpykTypa OII KC
B LleHTpe COOTBETCTBYeT OOIIEMMUPOBBIM ITOKa3aTe-
nam [9, 12, 13, 14, 15,16].

B renmepHOI CTPyKType MalMeHTOB, KOTOPbIM BbI-
nonHsetrcsa II1 KC B LleHTpe, coxpaHSIeTCS OTHOCU-
TeJIbHBIN TAPUTET C He3HAUUTEIbHBIM ITpeobaanm-
eM TalMeHTOB XXeHCKoro nosa. [To J7aHHbIM perucrpa
Anrnun u Yanbca 3a 2021 1., Jos )KeHIIUMH COCTaBU-
na 56,2%, B ABctpanuu — 56,1% B 2021 1., B HoBoOV1
3enanguu — 51,5% B 2020 r., B llIBeuunu — 55,4%
B 2021 1. [9, 10, 11, 13]. HeckonbKko GONMbIINI pa3pbiB
rokasareJsieil MpogeMOHCTPUPOBAJIX OTUEThI HOPBEX-
ckoro perucrtpa — 61,6%, perucrtpa lBeiuapun —
60,3% v Kananmpt — 57% [12, 14, 15].

B peructpe aprporiactuku CIIA paHHBIE
0 TeHJEepHO} CTPYKTYype IpencTaB/ieHbl C pasfelie-
HMEeM Ha BO3pacTHble KaTeropuu. Eciu cpeom ma-
LIMEeHTOB CTapllel Bo3pacTHOM rpynmbl (>90 neT)
paspsIB ojeil ObLI 3HAUUTENbHbBIM — 64,5%, TO
B I'PYIIIE MOJIOABIX MaIMeHTOB (<50 j1eT), OH He GbLIn
CTOJIb OUeBUAHBIM — 59% [16]. B LleHTpe maiueHTbI
MY>KCKOTO TI0J1a COCTaBJISIIOT a6COTIOTHOE MEHbIINH-
ctBO — 19,0% (Tabm. 4). T pasanuus MOKET 00b-
SICHUTb TSDKEJIbI JemMorpaduueckuii Kpusuc, mpe-
ClenyrIluii MHOTHE CTpaHbI, B TOM uncie u Poccuto,
B MOC/IeIHME JeCSITUIeTUS: HeJOCTaTOUHas pokiae-
MOCTb, BBICOKAsi CMEpPTHOCTb CpeIy MYKCKOrOo Ha-
ceJleHMs CTpaHbl, MeJJieHHasl AMHAMMKA yBeauue-
HUSI CpegHel Mpono/KuTenbHOCTY X1u3Hu (0,48 et
i1 My>kuuH u 0,31 et gjs skeHInyH). JlanbpHeinie
MIPOTHO3YUPYyeMble TEeHAEHIIVM TOBOPSIT JUIIb 00 yCy-
ryomeHuu Tekyiei curyamuu [17].

VuuThiBasi, UTO NPOLO/IKUTENBHOCTh YXU3HU
B Poccuyu HeCKONMbKO MeHblle, O YeM TOBOPUJIOCH

Bblllle, HE3HAUUTEIbHO OT/INYAETCS UM CPegHUIl BO3-
pacT maiMeHTOB, IPOXOASIIUX jeueHne B LleHTpe —
64,8 roma. B BenmuroOGpUTaHMM STOT ITOKA3aTesb
cocrasisier 70,0 ner; B IBeiimapum — 69,5 jer;
B ABcTpamuu — 68,5; B IlIBenuu — 68,7; B HoBoit
3enanguu — 68,2, B CIIIA — 67,0 1eT [9, 10, 11, 13, 14, 16].
OpHyM u3 (aKTOPOB, KOTOPbIN MOTEHLMAIbHO MO-
KeT TIPMBECTM K YBEIMYEHMIO CpelHero Bo3pacTa
B MOMEHT OOpallleHus] MalyeHTOB JiS [epBUYHO-
r0 3HAOMPOTE3UPOBAHMS, SIBISIETCS HEOOXOAMMOCTH
M3MeHeHMs] mapaJurMbl B AMArHOCTMKe TOHapTpo3a
C aKklleHTOM Ha BbISBJEHMEe MalUMeHTOB C paHHeH
cTagyei Tpy TOMOIM 6ojiee YyBCTBUTEIbHBIX, YeM
peHTreHorpadus, MeTonoB, B yacTHOCTH MPT, Tak Kak
B 3TOM (JIyuyae CBOEBpeMEHHOEe Hayajlo KOHCepBAaTUB-
HBIX METOJIOB JieueHus 6osee 3pPeKTUBHO 3aMeIseT
MporpeccupoBaHye 3a0601eBaHNUS ™,

AHanu3 pmaHHbIX peructpa lleHTpa mokasasi, 4To
Hambosnee vacroii mpuumHoii OI1 KC Ha mpoTsike-
HUM nocnegHux 11 jetr sBaseTcs roHapTpos — 96%
B 2022 r. ['ogoBbIe OTYETHI MHOCTPAHHBIX PETUCTPOB
3a 2021 r. moaTBEPKAAOT OCHOBHYIO POJIb 3TOM ITaTO-
soruu B II1 KC: 97,4% B peructpe AHIIMMU u Yanbca;
88,7% — B llIBetiyin, B ABCTpayium — 97,8%; 99,3% —
B Kanapme [9, 10, 11, 15]. HeckonbKO MeHbIIIe 3TOT
nmokasatenib B HoBoi1 3enanaun — 94,8%, roe, Kak u
B HaieM IlenTpe (3,5%), HECKOIBKO OOJIBIIIE 10 CPaB-
HEHUIO C JIpYTMMU CTpaHaMu A0Js PeBMaTOUIHO-
ro aprpura — 2,7% [13]. Heckonbko uMHave pacripe-
IeWJIUCh JOMM Pa3/JIMYHBIX MATOJOTUi B PETUCTPE
[IBeriapun: roHaptpo3d — 88,3%; OCTEOHEKPO3 —
1,4%; aptputsl — 0,9%; uadexuum — 0,2% 1 ocTaib-
Hoe — 9,2% [14].

OgHMM 13 KOMITOHEHTOB 3apyOeXKHBIX PEruCTPOB
SHIOIPOTE3UPOBAHUS SIBJIIETCS OlleHKa KOMOpOu-
HOro (oHa MaIMeHTa repes aHecTe3ue Mo Kaaccu-
dbukaiy AMepMKaHCKOTO 06IIeCTBa aHECTE3MOIOTOB
(ASA). OHa He mpencKa3bIBaeT IepUoOIlepaniOHHbIE
PUCKM, & IBJISIETCS JIUIIb MIKAI0V (GMU3MUECKOTOo CTaTy-
ca manuenTta**, Ilpu crpaTuduKauum ManueHToB Ha
KJIacChl TI0 JaHHO IIKaJie YYUThIBAIOTCS COMYTCTBY-
IoIIye 3a60IeBaHysI ¥ BpeJHbIe PUBBIUKY, TaKME KaK
TabaKOKypeHMe U yIOTpebaeHue ajIkorojs, OXupe-

Tabnuya 4
l'engepHoe pacripegeneHue ManMeHTOB 10 JaHHBIM HallMHAJIbHBIX PerUuCTpPOB, %
AHrINsa Hogas HMHII TO
ITon | Kanapga ABcTpanus [IBenyust | Hopsernsi | llBeittapus | SInoHus um. P.P.
¥ YanbC 3enaHgus B
peneHa
M 43 43,8 439 48,54 44.6 39,4 39,7 19 19
K 57 56,2 56,1 51,46 55,4 61,6 60,3 81 81

* Knuandeckue pekomengauuyu — FoHapTpo3 — 2021-2022-2023 (03.09.2021) — YTBepxaeHs! Mun3sapaBom P®. Pexxum gocTyma:

https://cr.minzdrav.gov.ru/recomend/667_1.

** ASA Physical Status Classification System, 2020. Available from: https://www.asahq.org/standards-and-practice-parameters/

statement-on-asa-physical-status-classification-system.
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HJe, caxapHbIil AuabeT, apTepuaabHas TUIepTeH3 M.
OmHaKo M3BECTHO, UTO LEJbIi Psif, COMyTCTBYIOIIMNX
3ab0/ieBaHMIi KaK I10 OTAEeIbHOCTH, TaK ¥ B KOMOMHA-
LMY MOTYT OBITh (haKTOpaMM pUCKa MHQPEKIMOHHbIX
OCTIOKHEHMIA Mmoc/ie 3HAOoIpoTe3upoBanus. C Cuiib-
HBIM YPOBHEM KOHCEHCYCa COOTBETCTBME naiyueHTa 11
u 6oJee Kiaccy o Kinaccudurauym ASA Takke 6GbUIO
OTHECEHO K (haKTOpaM pyMcKa IePUITPOTE3HON MHPEK-
vy [18]. Peructp LieHTpa comepskuT MHGOPMAIIHIO O
COMYTCTBYIOIIE} MaTOMOTUM MaleHTOB, YTO MOKET
OBITH MCITOJIb30BAHO KakK JJIsSI aHAIM3a KOMOPOUIHO-
CTHU, TaK U JJIs1 OmpeeieHns MOTeHI[MaJTbHOTO pUCKa
Pa3sBUTUS TIEPUITPOTEIHON MHOEKIINM, UTO SIBJISIETCS
MIPEeUMYIIECTBOM Iepef, 3apyOeskHbIMU PErucTpammu
OII, KOTOpble MPEIOCTABISIOT MHGOPMAIINIO UCKITIO-
4nTenbHO O Kiacce ASA u 3HaueHun UMT.

YacToTra 3amelieHMsI CYCTaBHOM ITOBEPXHOCTU
HagkoneHHMKa npu nepsuyHom III KC Bapbupyer
B pPa3HbIX CTpaHax B CBSI3U C Pa3IMYHbBIMU MPEATIO-
YTeHMUSIMM B MMIUIAHTALMM TeX WIM UHBIX CUCTEM,
psio M3 KOTOPBIX IO METOAMKe TpebyeT SHAOIMPOTe-
3MpOBaHMS HAJKOJEeHHUKA, & TaKKe C YCTOSBIIENCS
XUPYPTrU4IECKOi TMpaKkTuKoi. B pspe crpaH momns 911
C 3aMellleHMeM HaJIKOJeHHMKA 3HAuMMO pacTeT:
c41%B20051.1076,1% B 2021 1.B ABCTpanmuu [9], Takas
ke TeHaeHUusT otMedaeTcs u B llIBeinapum — ¢ 2015
no 2020 r. moss BBINIEYIIOMSHYTBIX BMEIIATENIbCTB
yBenuumiach ¢ 24,4% no 31,9% coorBeTcTBeHHO [14].
ITo panHBIM peructpa LleHTpa, SHAONIPOTE3UPOBAHE
HaJKOJIeHHMKA BbINOMHSIETCS B 2,8% CiydaeB, UTO CO-
OTBETCTBYET TeHAEHIMSIM, OTOOpaskeHHbIM B OTUETaX
peructpoB lIBenuu n Hopserum 3a 2021 1. — 4,7%
u 7,6% cootrBercTBeHHo [10, 12]. Heobxogumo mom-
HUTb, 4TO Il HagKONIEeHHMKA AAJieKO He Bcerma pe-
1maet nmpobaeMy BOSHMKHOBEHMS 60JIEBOTO CMHAPOMA
B (eMOpO-TIaTe/UIIPHOM CyCTaBe BHE 3aBUCHMMOCTU

OT MMIUIAHTUPYEMOI MOZEeIN 3HA0IPOTE3a, TOCKO/b-
KY BaXXHBIM (haKTOPOM SIBJISIETCSI KOPPEKTHOE POTAIIN-
OHHOE MOJIOKEHNE OeIPEHHOro U 60JbIIe6epIOBOTO
KOMIIOHEHTOB, a TakXke COXpaHeHMe eCTeCTBEHHOTO
YPOBHSI IMHUM CyCTaBa.

HeonHo3HauHa MO3ulMs OPTOIENOB IO OTHOIIe-
HUIO K 3HJIONPOTe3aM Pa3jnM4HOl CTeleHM CBSI3aH-
HocTtu. B LleHTpe anmonporTessl ¢ coxpaHeHneMm 3KC
MCITOb3YIOTCS B Gostee uem 70% cirydaes, UTO COMO-
CTaBMMO C JaHHbIMMU peructpoB Hopsernu u HoBoii
3emangyu — 70,5% u 75% coorBercTBeHHO [12, 13].
ITpu aTom manHbie peructpoB lIBenyn u CIIA geMoH-
CTPUPYIOT MPOTUBOPEUMBBIE TTOKa3aTeau — 93,5% u
46,5% cootBeTrcTBeHHO [10, 16]. Takast pasHOpOmHAs
CTaTUCTUKA MOXET ObITh TPOAMKTOBAHA KAaK HAIVO-
HaJIbHBIMM TpPeHAAMU B TPUBEPXEHHOCTU OIlpefe-
JIeHHbIM XUPYPIUYECKUM KOHLEMLMSIM, TaK U Mpeu-
MYIIeCTBEHHbBIM MCIT0/Ib30BaHMEM IHAOIPOTE30B TEX
VTV VHBIX GUPM-TIPOU3BOIUTEIEN.

Bonpeku nokaszaHHBIM MPeUMYIIeCTBaAM YaCTUU-
HOJM apTpOMJaCTMKM HaJl TOTAJbHOM MpU IOpaxke-
HUM OOHOTO M3 KOMIIAPTMEHTOB KOJIEHHOTO CyCTaBa,
B MMPOBOM OpPTOIMEONYECKOM COOOIIeCTBE OT-
CYTCTBYET KOHCEHCYC OTHOCUTENbHO €e MWCIIOJb-
3o0BaHMs. II0 JAHHBIM 3apyOeKHBIX PErUCTPOB,
ogHOMBbIIIenKoBoe JDII B CTPYKType MEePBUYHBIX Orle-
pauuii cocrasnsiet B CIIA 4,2%, B ABcTpanunu — 6,9%,
B Kananme — 9,2%, B Hopserun — 11,9%, B llIBetiyin —
12,8%, B llIBeitnapum — 18,4% [9, 10, 12, 14, 15, 16].

B rabnuue 5 npencraBieHa MHGOpMALNS O Hau-
6o/lee YACTO WMCIIONIb3YEMbIX MOZEISIX SHJIOIMPO-
Te30B 10 [JAHHBIM TOAOBBIX OTUETOB PETUCTPOB
Asctpanun, HoBoi 3emanaum, Hseunn u HMULL TO
uM. P.P. BpeneHa: Ha gomi0 4 KpyImHENIMX Mpou3BO-
nuTenei mpuxogutcs 6oee 90% ot 061Iero Koamye-
cTBa 3HJoNpoTe30s [9, 10, 13].

Tabnuya 5

Hawu6oee MomnyJyIipHbi€ MOOe/IN II€EPBUYHBIX SHAOIIPOTE30B KOJIEHHOIO CyCTaBa,
yCTaHaB/IMBa€MblI€ B pa3/IMYHbIX CTPpaHaxX

IlaHHbBIE PETUCTPOB

ABcTpanus
Triathlon CR 36,3%
Persona 25,5%

Attune CR 9,2%

GMK Sphere Primary 8,1%
Attune PS 4,9%

NexGen CR Flex 3,7%
Apex Knee CR 3,6%
Legion Oxinium CR 3,5%

HoBas 3enanmus IBennsa HMMII TO um. P.P. Bpenena

Triathlon 38,8%
Attune 27,7%
Persona 16,3%
Genesis I1 3,9%
Nexgen 3,5%
LCS 3,4%
PFC Sigma 2,4%
Sigma 1,7%
Vanguard 1,2%

NexGen MBT 53%
PFC Sigma MBT 16%
Triathlon MBT 15,2%

NexGen 23,1%
AGC 17,6%
Anthem S&N 15,1%
PFC Sigma 15,1%
Triathlon 6,8%
Columbus 6,2%
Oxford 3,9%
Genesis I1 3,3%
Freedom 2,3%
Hpyrue 6,6%

Persona 5%

Genesis II MBT 2%
Legion/Genesis II Pri MBT 2%
NexGen TM 1,6%

PFC Sigma APT 1,5%
Persona TM 1,2%
NexGen TM 1,2%

Legion Oxinium PS 2,7%

Legion CR 2,4% Balansys 1%

82 2023;29(3) TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OPFAHU3ALMA TPABMATONOTO-OPTOMNEAMYECKON MOMOLLLM / TRAUMA AND ORTHOPEDIC CARE

ITepcriekTHBBI pa3BUTHS perucTpa
sHponporesuposanuss HMUII TO
umMm. P.P. Bpegena

HecmoTpsi Ha JoKasaHHbIe ITpEMMYIIECTBA HaIMo-
HaJIbHBIX PETMCTPOB, Y JIOKAJIbHBIX PEIUCTPOB €CThb Ta-
Kye CUJIbHbIE CTOPOHBI, Kak 6ojiee BbICOKMIT YPOBEHb
JIeTanu3aiyn, BO3MOXKHOCTb COTIOCTAaB/ISITh KIMHUYE-
CKMe JaHHbIe C PEHTTeHOJOTMYECKUMH, a TaKKe BbI-
TIOJIHSITh TIepeKpPeCcTHbIe CChUIKM C APYTMMU KIMHNYE-
CKMMY 6a3aMM JaHHBIX Y MTHAVBUIYATbHBIMM KapTaMyu
MalYeHTOB, YTO MTO3BOJISIET PA3HOOGPA3UTD U CHENATh
6onee mIy60KMM M3YyUYeHME OTHENbHBIX crenyduye-
CKUX BompocoB. Tak, peHTreHorpadusi B coueTaHUn
C KIMHUKO-Tab0paTOPHBIMM TAHHBIMM ITO3BOIMAIN
MPOBECTM MHOTOIIEHTPOBOE MCC/IeloBaHMe, Mpoje-
MOHCTpMPOBaBIliee HU3KMI YPOBEHb M3HOCA TTOTlepey-
HOCBSI3aHHOTO TTOJIMATUIEHA B TeueHue 10 u 6onee jieT
ripu TotanbHOM JI1 TazobepeHHOrO cycTasa [19].

PeBu3uu, BHITIONIHEHHBIE TI0 MPUYMHE TEPUTIPO-
Te3HOM MHGEeKINN, MOTYT MMEeThb IepeKpecTHbIe
CCBUTKM C TOAPOOHBIMM MUKPOOMOTOTMUYECKMMU
IaHHBIMMU, YTO TO3BOJUT COCTAaBUTb IIOMHBIN IIpPO-
b Takux nauueHtos [20, 21], a pe3yabTaThl Ha-
GmiomeHMs 3a MallMeHTaMM, KOTOPbIM YCTaHOBJIEHbI
MeranpoTe3bl (OHKOJIOTMYECKUe), MOTYT OBbITh COIO-
CTaBJIEHbI C MHCTUTYLIVOHATbHBIMY JIOKAJIBHBIMU Oa-
3aMM JAHHBIX MTaTOMOPGOIOTMYECKUX J1abopaToOpuii.
Ony6;MKoBaH psifi paboT, OCHOBAHHBIX Ha JIOKAJTbHBIX
6a3ax JaHHBIX 00 MCIIOTb30BAHMM BBICOKOTIOPUCTHIX
MeTa/UTMYeCKUX WMMIUIAHTATOB TIpU PEeBU3UOHHOM
apTpPOIUIaCcTUKe Ta300eIPeHHOTO U KOJIEHHOTO CyCTa-
BOB, YUeT MCIT0/Ib30BaHMs TAKMX KOHCTPYKIIMIA TTO3BO-
JIAT TIPOaHaIN3UPOBATh PE3YIbTAThl XUPYPTUUECKOTO
JleyeHusl TMaIMeHTOB C MAaCCUMBHBIMU KOCTHBIMU Jie-
tdexramu [22, 23, 24].

HecMmoTps Ha TO, uTO, MomMumo IleHTpa, perucTpsl
OI1 KC BemyTcs B (peepaabHbIX IIEHTPAX SHIOMPOTE-
supoBaHus B YeGokcapax, bapHayme u CmoneHcke,
B HACTOSIIIIee BpeMsl OTCYTCTBYET OOILIeHAIMOHAIb-
HBII PEerucTp HAOIPOTE3UPOBAHMS KPYITHBIX CyCcTa-
BOB. VIMeHHO TaKo¥i TUII peTucTpa siBjsieTcs MHGOp-
MalMOHHO ¥ 9KOHOMMYecky 3G PeKTUBHOM CUCTEMOT

JOIIOTHUTEJIbHASI MTHO®OPMALIMISI

3asenenHslii 6K1a0 asmMopos

Ipeobpasxcerckuti [1.M. — KOHLIENUVS Y AU3AIH Uccie-
IOBaHMS, aHAJIU3 M MHTEPIPETALS JaHHbIX, CTATUCTUIE-
cKast 06paboTKa JaHHbIX, HAIMMCAHWE TEKCTA CTAThM.

Dunb A.C. — KOHIEIIMS M OU3aiH UCCIeI0BaHus, MH-
TeprpeTanys MoJy4YeHHbIX TaHHbIX, HAIlMCAHMEe U pefak-
TUPOBAHME TEKCTA CTATbMU.

KopHunos H.H. — KOHUENUMS U OU3alH UCCIeOBaHMS,
MHTEepIpeTauysl MOJIyYeHHbIX NAHHBIX, PeJaKTUPOBaHUE
TEeKCTa CTaThH.

Ianmenees A.H. — HTepIIpeTALs MMOTYYEHHBIX JaH-
HBIX, HallMCaHMe U pefaKTMPOBaHMe TEKCTa CTaThN.

OLIEHKM pe3yabTaTOB JaHHOTO BUIa XUPYPTUUECKOTO
JledeHMs], TO3BOJISIONIEl OOBEKTUBHO OIPENENSTh
TeHAEHIMM Pa3BUTUSI U KAUECTBO SHAOINPOTE3UPOBA-
HMS B KOHKpeTHOJ} cTpaHe. OTCYyTCTBME HAIMOHAJIb-
HOT'O PErucTpa SBSIETCS] IPUUMHON HEBO3MOKHOCTU
TOJIHOIIEHHOTO aHa/in3a BbDKMBAEMOCTM 3SHAOMPO-
TE€30B B MacluTabax CTpaHbl, a TaKKe CYIIEeCTBEHHO
OTPAHMYMBAET BO3MOKHOCTU [IJISI TIPOBeHEHMUS 00b-
eKTMBHOIO CPaBHUTEJbHOTO aHaiu3a pe3yabTaToB
onepauuit 11 KC, BBIITOMHEHHBIX B PA3/IMUHBIX JIeUeo-
HBIX YUPEXAEHUSIX U C UCIOIb30BaHMEM DPa3IUUYHBIX
KOHCTPYKILIMIA.

3AK/TIOYEHHE

AHann3 JaHHBIX PerucTpa SHAOMPOTE3UPOBAHUS KO-
sieHHoro cycraa HMUII TO um. P.P. BpeneHa u cpas-
HEHMe ero pesy/JbTaTOB C JAHHBIMMU 3apYOEKHbBIX Ha-
IIMOHAJIbHBIX PETUCTPOB ITO3BOJMIN BBISIBUTH TPEH]
K YBEJIMUEHUIO KOJIMUECTBa BBITTOMHSIEMbIX IepBUY-
HbIX U peBu3MOHHBIX 11 KC, mpu 3TOM COOTHOILIEHME
TIepBUYHBIX ¥ PEBU3MOHHBIX Ollepaliuii B rociaegHue
roJbl OCTaeTCs Hen3MeHHBIM. B LleHTpe 3HaunTe/NbHO
CHU3WJIACh IJUTENbHOCTh CTalMOHAPHOTO JieueHUsI
nauyeHToB nocie rnepsuuHoro JI1. [To faHHBIM peru-
crpa LleHTpa M GOBIIMHCTBA 3apyOeKHBIX, ITePBUY-
Hoe JI1 KC Haubosee 4acTo BHITOIHIETCS JKeHIMHAM
MOXXWIOrO0 BO3pacta. B abCOMIOTHOM OOIbIIMHCTBE
CJTy4aeB IIPUYMHOI BBITTOTHEHUS OTIepaliiy SIBJISIETCST
UOMOIIATUUYECKUI OCTe0apTpPOo3 KOJIEHHOTO CycTaBa.
OmHAaKO B MMPOBOM OPTOIEIMYECKOM COOOIIECTBE
OTCYTCTBYET €OMHOe MHEHME OTHOCUTEIbHO Heo0Xo-
IVIMOCTYU 3aMellleHMsI CYCTaBHOI MOBEPXHOCTU Ha[l-
KOJIeHHMKA U UCIT0/Ib30BaHMSI OTHOMbIIIETKOBBIX MM-
TU1aHTaToB. [IpM 3TOM B HallleM yupeXxAeHMM 3amMeHa
CyCTaBHOJ TTOBEPXHOCTY HAJIKOJIEHHMKA BbITIOHSIET-
Csl MeHee yeM B 4% CiydaeB, a 4aCTOTa BBITIOJIHEHUS
YaCTUYHBIX apTPOIIACTUK UMeEET CTaTUCTUYECKNM 3Ha-
yymbIit poct. B HMULI TO um. P.P. Bpenena Hanbomnee
YacTO MCIIOJIb3YIOTCSI SHIAOIPOTE3bl 6e3 3aMelieHusI
3KC.Ilo iaHHBIM peruCTpa, BbISIBJIEHBI YETKME TPEHIbI
K YMEHbUIEHUIO UHTPAOIIePALiMOHHOM KPOBOIIOTEPH,
IJINTeTbHOCTY OIIepaTMBHOIO BMellaTe/lbCTBA.
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TI'yayaes M.C. — uHTepIipeTals MOTYyUYeHHbIX JaHHBIX,
HamucaHue U peJakTUPOBAHME TEKCTA CTAThMA.

Kaszemupckuti A.B. — nu3aifH uccaeqoBaHUsI, MHTeP-
MpeTauys MOMYYEHHBIX TaHHbBIX, PeIAKTUPOBaHME TEKCTa
CTaThu.

Kynaba T.A. — vHTeprIpeTanys MOJyYeHHbIX JTaHHbIX,
penakTUpOBaHMe TEKCTA CTATbMU.

Cepeda A.Il. — KOHIENIMS M OU3AMH UCCIeN0BaHNS,
penakTUpOBaHMe TEKCTA CTATbMU.

Bce aBTOpBI Mpowin U omo6pwin GUHATBHYIO BEPCUIO
PYKOINCK CTaTh!. Bce aBTOPBI COIIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCE aCIeKThl paboThl, YTOOBI 0OECTIEUNTD Haj/le-
Kaliee pacCMOTPEHME U pellleH) e BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO U HAJEKHOCTDIO JII06071
YyacTu paboThl.

Hcmounuk  ¢uHaHcuposanusn.  ABTOpPbI  3asIBJISIIOT
06 OTCYTCTBUM BHEIIHErO (GMHAHCUMPOBAHMS TIPU MPOBeIe-
HUM UICCIIEIOBAHMSI.

Bo3mozicHblli KOH(IUKM uHmepecos. ABTOPBI JleKia-
PUPYIOT OTCYTCTBME SIBHBIX Y TIOTEHIMATbHBIX KOHQIUKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIMei HaCTOSIIEN CTaTh.

Omuueckasn 3kcnepmu3a. He ipumeHumMa.

Hngopmupoeantoe coenacue Ha
He TpebyeTcs.

nyonauxkayuro.
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Telemedicine Consultations for Children with Musculoskeletal Injuries:
Data from the Turner National Medical Research Center
of Children’s Orthopedics and Trauma Surgery
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St. Petersburg, Russia

2 Mechnikov North-Western State Medical University, St. Petersburg, Russia

Abstract

Background. Currently, the mortality rate of pediatric patients due to injuries surpasses mortality from other
causes worldwide. The selection and timely transfer of the injured to specialized clinics are crucial elements
of the healthcare system. Telemedicine consultations (TMC) are considered by several authors as an effective
means to enhance the quality of trauma care and optimize patient routing processes.

Aim of the study was to analyze the results of urgent and emergent telemedicine consultations and
hospitalizations based on telemedicine consultations for children with musculoskeletal injuries.

Methods. TMC requests from 2020 to 2022 were analyzed. When evaluating TMC requests, attention was
given to the type of request (planned, urgent, emergent), the region from which the request originated, and
the correspondence of the request’s urgency category to the patient’s diagnosis. The study also involved an
analysis of the injury structure, its severity according to the Injury Severity Score (ISS) at the time of trauma,
and the timelines for requesting and transferring to the federal clinic from the moment of injury.

Results. From 2020 to 2022, a total of 3745 requests for TMC were received. Among them, there were 572
urgent and emergent requests. A threefold increase in the number of TMC requests was observed over the span
of three years. In the same period, 78 patients were transferred to the clinic. For 36 patients with combined
and multiple injuries, the severity of trauma was assessed using the ISS scale. The average score was 31
(min 9; max 57). The average time for regional institutions to send a request from the moment of the patient’s
hospitalization was 6.7 days. Hospitalization in the center’s clinic from the moment of injury was 10.3 days
(min 1, max 58).

Conclusion. The study revealed the following issues that need to be addressed through further organizational
steps: a high percentage of mismatch between the type of request and the actual clinical picture, delayed
consultations, prolonged medical evacuation, and organizational aspects of medical evacuation.

Keywords: telemedicine, children, injuries of musculoskeletal system, medical evacuation, emergency care,
trauma center, disaster medicine.
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AHanus TeneMeaAnLUHCKMX KOHCYNbTaLMA AEeTIM

C NOBPEXAEeHUSIMU ONOPHO-ABUraTe/IbHOro annapara

no aaHHbiM HMULL, peTckoi TpaBMaTonormm u optoneanu
uM. [LU. TypHepa

B.1. 3opun b2, C.A. JIyKbSTHOB !

I @I'FY «HayuoHansHblii MeduyuHckuii ucciedosamensckuli yeHmp demckoti mpasmamonozuu u opmoneduu
um. I.U. Typuepa» Mur3zdpaea Poccuu, 2. Cankm-Ilemep6ype, Poccus

2 @I'BOY BO «Cesepo-3anadHulii 20cydapcmeeHHsili MeOUUUHCKULi yHusepcumem um. .1, MeuHuxosa»
Mun3sdpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

Pedepar

AxkmyansHocmes. B HacTos11iee BpeMsi CMepPTHOCTD IMall€HTOB AETCKOr0 BO3pacTa OT TPaBM IIPEBbILIAeT CMepT-
HOCTb OT ITPOYMX MPUUMH BO BceM Mupe. OT6Op 1 CBOEBpEeMeHHbIN TIepeBO/, TOCTPAIABIINX B CIIEIMAIU3UPO-
BAHHYIO KIIMHUKY SIBJIIETCS B&SKHBIM 3JIEMEHTOM paboThl MEIUIIMHCKOV cucTeMbl. TeileMeIUIIMHCKYE KOHCYITb-
taiuy (TMK) paccMaTpuBaIOTCS pSIIOM aBTOPOB KaK OAMH 13 3(GEKTUBHBIX CIIOCOO0B MOBBIIIEHNST KAUeCTBa
TPaBMaTOJIOTMYECKOI MOMOILM U ONITUMU3ALUM MTPOLIECCOB MapIIPyTU3alUM NalleHTOB.

Ilenvs — ipoBeCTM aHAIU3 PE3Y/IbTAaTOB 3KCTPEHHBIX M HEOTJIOKHBIX TeleMeAULIMHCKUX KOHCY/IbTAalUil U TO-
CIIUTAIU3ALNNA TI0 TeleMeIUIMHCKUM KOHCYAbTallMsIM Y AeTeil ¢ TpaBMaMy OTIOPHO-ABUTATe/bHOTO anmapara.
Mamepuan u memodst. Bbly IpoaHaaM3MpPOBaHbl 3aIpockl Ha mpoBeaenne TMK B 2020-2022 rr. [Tpu o11eH-
Ke yIelsuiM BHMMaHMe TUITY 3ampoca (IJIaHOBbIM, SKCTPEHHBIV, HEOTIOXKHBINA), pETMOHY, U3 KOTOPOro MO-
CTYNWJI 3aIpOC, a Takke COOTBETCTBMIO KaTerOpUM CPOYHOCTU 3aIipoca AMarHosy nauyueHra. B xonme uccie-
IOBaHMS ITPOBeAEH aHaIMU3 CTPYKTYPhbI MOBPEXAEHM, UX TSOKeCTU Mo mikasse Injury Severity Score (ISS) Ha
MOMEHT TPaBMbI, & TAK’Ke CPOKOB GOPMUPOBAHMS 3aIIpoca U riepeBoja B hemepabHyI0 KIMHUKY C MOMEHTA
TOTyYeHUS TPAaBMBbl.

Pezynomamei. 3a 2020-2022 rr. moctynuiao 3745 3ampocoB Ha npoBeneHue TMK, 13 HUX SKCTPEHHBIX U He-
OTJIOKHBIX 572. B AiHaMMKe OTMeUEH pOCT KomuecTBa 3ampocoB Ha TMK 6osee yuem B Tpu pasa 3a 3 roga. 3a
2020-2022 IT. B KIMHUKY GbUIM TlepeBefeHbl 78 mauyueHToB. Y 36 MalMEHTOB C COYETAHHBIMU Y MHOKECTBEH-
HBIMM TTOBPEKAEHUSIMYM ITPOBEIeHa OLIEHKA TSKECTV TPaBMbl B COOTBETCTBUM CO IIKaIoii ISS, cpemumic 6asmt
— 31 (min 9; max 57). Cpeguuii CpoK OTIIPABKM 3aITPOCa PETMOHAIBbHBIM YUPEKAEHMEM C MOMEHTA TOCITATAIV -
3alMy MOCTpagaBIIero coctaBua 6,7 cyT. locnuranu3anms B KIMHUKY LleHTpa OT MOMEeHTAa MOTyYeHUs TPaBMbI
cocraBmia 10,3 cyT. (min 1; max 58).

3axmouerue. By BBISIBJIEHDBI CIeAyIOIMe MPO6eMbl, Ha pellieHue KOTOPBIX IOJKHBI OBbITh HAIPaB/IeHbI
JIaJibHelille OpraHM3alMOHHbIe aru: BbICOKas J0Jis1 HECOOTBETCTBUS TUIIA 3a11POCA UCTUHHOM KIMHUYECKOI
KapTyuHe, OTCPOUEHHbIe 0OpaIieHs 3a KOHCY/IbTalyel, JIUTeTbHOCTh MeIUIIMHCKOV 3BaKyalyu ¥ BOIIPOCHI
ee OpraHusaiu.

KnioueBsble c10Ba: TeleMeIULIVHA, IeTU, TPaBMbI OITOPHO-IBUTATENbHOV CUCTEMbI, MEAUIIMHCKAS IBaKyalus,
3KCTPEeHHas IOMOII[b, TPABMAIleHTP, MeAUIIMHA KaTacTpod.

s nutupoBaHus: 3opuH B.U., JIykesaHoB C.A. AHanu3 TeleMeIUIIMHCKUX KOHCY/IbTALUI AETSIM C TIOBPEKIEeHUSIMU
ONOPHO-JBUraTeNbHOro amnmnapara no gaHHsiM HMMUIIL netckoit TpaBmaronormyu u oproneauu um. [LU. TypHepa.
Tpasmamonozusi u opmonedust Poccuu. 2023;29(3):86-93. https://doi.org/10.17816/2311-2905-11175.

DX} Jlykesroe Cepzeti Andpeesuu; e-mail: Sergey.lukyanov95@yandex.ru
Pykomnuch nmonyyeHa: 18.05.2023. Pykonuch ogobpena: 17.08.2023. CtaThst onybamkoBaHa onaiH: 01.09.2023.

© 3opuH B.1., Jlykesinos C.A., 2023

87 2023;29(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



TRAUMA AND ORTHOPEDIC CARE

BACKGROUND

According to data from the WHO and EuroSafe
(European Association for Injury Prevention and
Safety Promotion), injuries constitute the lead-
ing cause of death and disability among patients
aged 1 to 19 years"23,

As early as the 1990s, predictions were made
that traumatic injuries, particularly those caused
by road traffic accidents, would become the main
cause of child mortality by 2020, surpassing mor-
tality from infectious diseases®. This epidemiolog-
ical shift reflects the progress achieved in prevent-
ing and treating pediatric infections, as well as the
absence of highly effective programs focused on
trauma prevention and treatment. Some studies
reveal that residents of sparsely populated regions
face risks of both traumatic injuries and high mor-
tality due to trauma, often resulting from insuffi-
cient access to medical care. This issue is not spe-
cific to the Russian Federation alone.

Research indicates that treatment outcomes
for trauma patients, especially children, are sig-
nificantly better when conducted promptly in
specialized centers equipped with trained per-
sonnel and modern resources. Due to socioeco-
nomic constraints, this provision is challenging
in remote regions. Compared to patients injured
in urban areas, patients from rural areas have
fewer chances of receiving treatment at trauma
centers, and their risk of fatality is twice as high
[5,6,7,8].

Possible reasons for patients with traumatic
injuries not promptly accessing appropriate spe-
cialized care include delays in notifying or trans-
porting emergency medical services, significant
distances between the injury site and the nearest
trauma center, difficulties in determining treat-
ment strategies by regional medical profession-
als, patients' preference to stay close to their
families, and several other factors [5, 9]. Limited
human and technological resources can lead to
delays in diagnosis and necessary treatment,
misguided tactics, and an increase in inter-insti-
tutional transfers before a patient is eventually
admitted to a specialized department [10].

In recent years, one of the potential solu-
tions to address some of these issues has been
the widespread adoption of real-time telemedi-
cine consultations (TMC) or consultations within
regulated time frames. This approach aims to en-
hance the quality of trauma care [11, 12, 13].

Therefore, the question of digital consulta-
tive interaction between institutions of different
levels that provide emergency and urgent care,
particularly for pediatric trauma patients, tak-
ing into account the geographical features of the
Russian Federation, is extremely relevant.

Aim of the study is to analyze the outcomes of
urgent and emergent telemedicine consultations
and subsequent hospitalizations based on tele-
medicine consultations for children with muscu-
loskeletal injuries.

METHODS

Study design:
the study employed a retrospective, single-center
design with a retrospective depth spanning from
2022 to 2020.

In accordance with the Russian Ministry of
Health Order No. 965n "On the Approval of the
Procedure for the Organization and Provision
of Medical Assistance Using Telemedicine
Technologies," a telemedicine system for remote
consultations at federal and regional le-vels was
established in the Russian Federation (http://
tmk.minzdrav.gov.ru/). The order outlined three
forms of telemedicine consultations (TMC):

« Emergency form: for sudden acute illnesses,
conditions, exacerbation of chronic illnesses pos-
ing a threat to the patient's life. Response time:
30-120 minutes from the time of the request.

» Urgent form: for acute conditions, exacer-
bation of chronic illnesses without evident life-
threatening signs. Response time: 3-24 hours
from the time of the request.

 Planned form: for preventive measures, dis-
eases and conditions not accompanied by a threat
to the patient's life, not requiring emergency or
urgent medical care. Initiating TMC according to
this normative document is the responsibility of
the attending physician.

! Child Safety Report Card 2009: Europe Summary for 24 Countries. Published online 2009. https://webgate.ec.europa.eu/chafea_pdb/
assets/files/pdb/20101212/20101212_d1-00_oth_en_ps.pdf. Accessed January 15, 2023.

2 CDC Injury fact book. Published online 2006. Available from: https://stacks.cdc.gov/view/cdc/11438. Accessed January 15, 20232.

5 The Global burden of disease : a comprehensive assessment of mortality and disability from diseases, injuries, and risk factors in 1990
and projected to 2020 : summary / ed. by Ch.].L. Murray, A.D. Lopez. Available from: http://apps.who.int/iris/handle/10665/418643.
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Since 2020, the Turner National Medical
Research Center for Children's Orthopedics and
Trauma Surgery has been participating in consulta-
tive activities through the aforementioned system.

A comprehensive analysis of requests in the
telemedicine system for remote consultations at
federal and regional levels was conducted, fol-
lowed by a selection based on the following in-
clusion criteria:

 Diagnosis according to ICD-10 nomencla-
ture corresponding to class XIX: injuries, poison-
ings, and certain other consequences of external
causes (S00-T98).

« Pediatric age (up to 18 years).

» Consultation profile: "pediatric traumatol-
ogy and orthopedics."

« Type of request: planned, urgent, emergency.

« Availability of complete information for con-
sultation (medical documentation, radiological
archive).

Furthermore, when evaluating requests in the
system, attention was given to the region, the
correspondence of the urgency of the request
to the patient's diagnosis, the localization of in-
juries, an assessment of the severity using the
Injury Severity Score (ISS) at the time of trauma,
and the time intervals from injury to request for-
mation and transfer to the Federal Center.

Statistical analysis

The obtained data were analyzed using StatTech
v. 3.1.6 software (StatTech, Russia) and Microsoft
Excel. Categorical variables were described with
absolute values and percentages. Comparison
of groups based on quantitative variables was
performed using the Mann-Whitney U test.
Comparison of percentage distributions in the
analysis of multinomial contingency tables was
conducted using Pearson's y? test.

RESULTS

During the period of 2020-2022, a total of 3745
requests for TMC were received, including 572
urgent and emergent requests (Table 1).

Upon analyzing the number of TMC requests
by year, a cumulative threefold increase was ob-
served over the span of three years, including a
twofold increase in urgent and emergent condi-
tions. It's worth noting that while the total num-
ber of requests continued to rise in 2022, the

count of urgent and emergent requests slightly
decreased. However, an analysis of this category
of requests revealed a substantial frequency of
mismatch between the content of the request
and its urgency category. The regression of this
mismatch was observed in 2022.

Requests not matching the urgency category
pertained to planned conditions related to long-
standing orthopedic pathologies of the musculo-
skeletal system without signs of acute progres-
sion or significant deterioration in the patient's
condition.

The structure of TMC requests, matching the
urgency criteria, based on the location of the in-
jury is presented in Table 2.

Table 1
Structure of telemedicine consultation
requests in 2020-2022

Type of consultation 2020 2021 2022
request
Planned 465 999 1709
Il‘flrigle‘:;tch to request 2 /5369 3 741/22 6 391/32 .
typey n / % * . .
fn?serfl%i?}tl to request ) 1;153 g 459/%0 25 ;3330 .
type’ n / % * .
Total TMC
i i 569 1251 1925
including urgent +
emergent 18.3% 20.1% 11.2%
Table 2

Structure of requests based on injury
localization in patients with trauma

. . Number of patients,
Injury localization n (%)
Multiple and combined injuries 65 (18.7)
Maxillofacial trauma 6 (1.8)
Extremity injuries 199 (57.6)
Pelvic injuries 17 (4.9)
Spinal injuries 59 (17.0)
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The geography of regional specialist consulta-
tions with the labels of urgent and emergent re-
quests (351 and 221, respectively) covered 78 re-
gions. Notably, a significant number of requests
came from relatively sparsely populated regions.
Table 3 provides the regions of the Russian
Federation from which the highest number of ur-
gent and emergent TMC requests were received.

The structure of request causes encompassed
combined and multiple injuries as well as isolat-
ed injuries.

Table 3
Russian regions with the highest number
of telemedicine consultation requests in
"urgent” and "emergent” categories

Region equests.
Kamchatka krai 36
Kursk region 25
Yamalo-Nenets autonomous okrug 23
Lipetsk region 20
Chechen republic 18
Kaliningrad region 18
Voronezh region 17
Republic of Bashkortostan 14
Krasnodar krai 14
Penza region 13

Starting from 2021, the Turner National
Medical Research Center for Children's
Orthopedics and Trauma Surgery established a
service for providing assistance to children and
adolescents with musculoskeletal injuries requir-
ing high-tech medical care, as well as consultative
support for regional specialists on various types
of musculoskeletal injuries, operating around the
clock daily. Based on the results of urgent and
emergent telemedicine consultations during the
period of 2021-2022, 78 patients were hospital-
ized at the center (46 in 2021, 32 in 2022). The
average age of the patients was 13.2 years (min 4,
max 17). For patients with combined injuries (36
children), an evaluation using the ISS scale was

performed, with an average score of 31 (min 9,
max 57). Additionally, the hospitalized patients’
types of trauma were analyzed (Figure 1). Cases
of attempted suicide among children and ado-
lescents were categorized as domestic injuries.
Statistical analysis revealed a significant differ-
ence between patients with isolated and com-
bined injuries (p = 0.019) — domestic injuries,
primarily suicide attempts (self-inflicted inju-
ries), were more prevalent among patients with
combined injuries.

The structure of injuries based on their locali-
zation among patients admitted to the Center as
a result of TMC is presented in Table 4.

100,01

Percentage Share
v
o
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Combined
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Injury type
Type of injury Jurytye

. Domestic . Street

[ school-related

[l Sports-related

Fig. 1. Analysis of injury type in patients with
isolated and combined injuries admitted to the
Center.

Table 4
Structure of injuries in patients hospitalized
at the center

Injury localization Number of patients,

n (%)

Multiple and combined injuries 28 (36)

Maxillofacial trauma 3(4)

Chest injuries 1(1)

Pelvic injuries 5(7)

Spinal injuries 15 (19)

Extremity injuries 26 (33)
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The average time between the occurrence of
trauma and urgent or emergent TMC requests
was 6.7 days (min 1, max 45; Q1-Q3 = 1-8).
Notably, the average time for TMC requests re-
lated to isolated injuries was 5.5 days (min 1, max
45; Q1-Q3 = 2-5), while for multiple and com-
bined injuries, it was 7.8 days (min 1, max 38;
Q1-Q3 = 1-10). Although statistical analysis did
not reveal significant differences in TMC request
times between patients with isolated and com-
bined injuries (p = 0.624), there was a noteworthy
dissociation between the complexity of the clini-
cal situation and the timing of the consultation
request, including the determination of the ra-
tional patient management approach.

The average time between trauma and admis-
sion to the Center was 10.3 days (min 1, max 58;
Q1-Q3=2-12).0ut of the 78 patients, 42 (54.4%)
were medically evacuated by local medical organ-
izations. For the remaining 36 patients (45.6%),
transportation was organized by relatives, with
the delivery distance exceeding 500 km in 23
cases. A comparative analysis of admission times
to the Center between patients with isolated and
combined injuries did not reveal significant dif-
ferences (p = 0.976) (Figure 2). This could pos-
sibly indicate organizational factors that may
override or outweigh clinical considerations.

60 -

40 |

20 A

Hospitalization time since injury, days

11

Injury type

BH Isolated B3 Combined

Fig. 2. Time interval between injury and admission
to the Center clinic

DISCUSSION

Over a span of three years, more than 3000 TMC
(Telemedicine Consultation) requests were re-
ceived, and their numbers continue to rise. These
data provide insight into the demand for the sys-
tem within regional institutions specializing in
"pediatric traumatology and orthopedics." This
mode of operation is relatively novel. This might
account for the significant number of false ur-
gent and emergent TMC requests. Additional
potential reasons could include the regional spe-
cialists' desire to obtain conclusions in the short-
est possible time, even for planned pathological
conditions, or their lack of awareness about the
operational protocols of the telemedicine sys-
tem. With the passage of time, this operation is
gradually being streamlined, but their incidence
remains substantial — around 30%.

The geography of urgent and emergent con-
sultations covered virtually the entire country
(78 regions). The Kamchatka Krai emerges as the
leader in urgent and emergent TMC requests,
likely due to several factors such as demographic
(low population density), workforce availability,
geographical isolation from other regions, and
the absence of direct overland communication.

In the analysis of patients admitted to the
center based on TMC results, the significance of
this format for patients with multiple and com-
bined injuries, constituting half of the hospital-
ized cases, was established.

Attention is drawn to the prolonged time in-
tervals for generating requests from the mo-
ment of trauma, which, in our perspective, do
not significantly correlate with the severity and
complexity of the injuries. This aspect holds im-
portance in the treatment of skeletal injuries in
children, where early surgical intervention is op-
timal before active consolidation processes occur
in a malposition, thus increasing the trauma as-
sociated with surgical procedures.

Data indicate the absence of significant dif-
ferences in the hospitalization periods between
patients with combined and isolated injuries. For
certain injuries (complicated spinal, pelvic, and
sacral injuries), delayed surgical treatment is less
effective and less safe in terms of the risks of var-
ious complications.
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Based on the data obtained, no objective rea-
sons explaining the extended time frames for
seeking consultation were identified. It seems
logical that complex clinical situations would re-
quire early collective discussions. However, the
average time for generating requests for children
with injuries, according to our data, was 6.7 days.
Presumably, this question of transferring to a
specialized center for surgical treatment arises as
the patient's condition stabilizes. In our opinion,
an optimal model for resolving tactical and clini-
cal issues within a unified system is preferable,
implemented in a timely manner rather than se-
quentially, which overall prolongs the timeframe
for providing assistance.

According to specialists experience reflected
in scientific research, the application of tele-
medicine technologies facilitating rapid inter-
action between regional institutions and clini-
cal specialized trauma centers helps reduce the
number of transfers between institutions, the
overall duration of hospitalization, and the
number of non-essential diagnostic procedures
[13,14].Furthermore,unwarranteddelaysintrans-
fer significantly deteriorate treatment outcomes
[15, 16]. Considering the obtained data and lit-
erature findings, the enhancement of TMC ser-
vices for urgent and emergent conditions should
be pursued jointly with the development of regu-
lated routing algorithms and patient transporta-
tion between institutions, ultimately forming a
coordinated system for providing assistance to
patients with trauma, considering the geograph-
ic conditions of the region and the country as a
whole [14, 17, 18].

In summary, the implementation of the TMC
system in the domain of "pediatric traumatology
and orthopedics," as evidenced by the analysis,
has demonstrated its demand, progressively in-
creasing quantitatively from year to year. It has
facilitated prompt interaction between special-
ized centers and all regional institutions across
the country. Nonetheless, certain pertinent is-
sues have emerged:

Improving the quality of formulated consulta-
tive requests (matching the category, providing
a comprehensive amount of information: radio-
graphic archive, medical documentation).

Extended time frames for generating requests
for injuries requiring high-tech treatment, in-
cluding within specialized centers.

The problem of organizing transportation and
medical evacuation of patients to a specialized
center is identified as the ultimate element of
consultation effectiveness.

CONCLUSION

The telemedicine consultation system, as proven
by practical experience, is a widely sought-after
and effective element of operational collabora-
tion between federal and regional institutions
in providing assistance to children with muscu-
loskeletal pathologies. This aspect is particularly
crucial considering Russia's vast geography and
overall plays a positive role in enhancing the
efficiency and quality of specialized urgent as-
sistance, including high-tech assistance, to the
pediatric population in the domain of "trauma-
tology and orthopedics." The analysis conducted
has outlined certain challenges related to the
quality of requests, the timing of their submis-
sion, and the process of patient transfer and
transportation. Evidently, these matters lie with-
in the interests and responsibilities of the profes-
sional community and are also within the realm
of organizational decisions, including at the in-
terdepartmental level.
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Human Immunodeficiency Virus in the Focus of Bone
Tissue Destruction in Patients With Aseptic Osteonecrosis
of the Femoral Head: Two Case Reports

Evgeny O. Peretsmanas, Tatiana E. Tyulkova, Vladimir S. Zubikov,
Ilya A. Gerasimov, Grigory D. Kaminsky

National Medical Research Center of Phthisiopulmonology and Infectious Diseases,
St. Petersburg, Russia

Abstract

Background. Osteonecrosis of the femoral head is significantly more common in HIV-positive patients than
in the general population. The etiology and pathogenesis of this process are not fully understood. In some
studies, suggestions have been made about the possible direct pathological action of the virus on bone
tissue cells. No studies dedicated to the identification of the virus directly in the foci of osteonecrosis were
found in available literature sources.

The aim of the study — to present the first clinical cases of patients with aseptic osteonecrosis of the
femoral head in whom HIV RNA was found in the focus of bone necrosis.

Case presentation. Patients aged 54 and 38 years, suffering from HIV infection, were admitted to the clinic due
to aseptic osteonecrosis of the femoral head. For diagnostic purposes, the patients underwent trephine biopsy
of the osteonecrosis sites in the femoral head and unaltered bone tissue of the greater trochanter. The biological
material was studied using PCR, microbiological, and histological methods. As a result of the PCR study,
HIV RNA was detected in the foci of osteonecrosis in the femoral head. In the blood plasma of both patients,
viral load was undetectable. In the bone tissue of the greater trochanter in the 54-year-old patient, the viral load
was not determined, while in the 38-year-old patient, the viral load in the greater trochanter was significantly
lower than in the necrosis focus of the femoral head.

Conclusion. The obtained data may indicate the possibility of direct involvement of the virus in the
pathogenesis of arthropathy and cast doubt on the aseptic nature of osteonecrosis in HIV-positive patients.

Keywords: HIV, human immunodeficiency virus, osteonecrosis, aseptic necrosis.

Cite as: Peretsmanas E.O., Tyulkova T.E., Zubikov V.S., Gerasimov I.A., Kaminsky G.D. Human Immunodeficiency Virus
in the Focus of Bone Tissue Destruction in Patients With Aseptic Osteonecrosis of the Femoral Head: Two Case Reports.
Traumatology and Orthopedics of Russia. 2023;29(3):94-101. (In Russian).https://doi.org/10.17816/2311-2905-7989.

DA< e-mail: peretsmanas58 @mail.ru

Submitted: 13.03.2023. Accepted: 24.04.2023. Published Online: 31.07.2023.

© Peretsmanas E.O., Tyulkova T.E., Zubikov V.S., Gerasimov I.A., Kaminsky G.D., 2023

94 2023;29(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CASE REPORTS

KnuHuueckuii cyvaii [@ey |

VIK 616.718.41-021.4:616.988
https://doi.org/10.17816/2311-2905-7989

Bupyc ummyHoaedpuumta YenoBeka B ovare AeCTpyKuum
KOCTHOM TKaHM NpU acenTMYeckoOM HeKpo3e roioBKM 6eapeHHON KOCTH:
KJIMHUYeCKue HabnoaeHus

E.O. [Tepenmanac, T.E. TionpkoBa, B.C. 3youkos, 1.A. I'epacumos, I'.[T. KamMuHCKMit

@OIFY «HayuoHanwvHwlii MeOUYUHCKULl ucciedosamenvckuii yeHmp mu3uonyasMoHoA02UU U UHQEKYUOHHbIX
3abonesaruti» Munzdpasa Poccuu, 2. Mockea, Poccus

Pedepar

AxkmyanvHocme. OCTeOHEKPO3 roJIOBKY 6eIpeHHOM KOCTY 3HAUMTENbHO Yalle BcTpedaeTcss y BUU-601bHBIX,
yeM B 00IIelt Moy, MexaHu3M STHOJIOTUY Y TTaToreHes3a 9TOro IMpollecca A0 KOHIA He U3yJyeH. B enu-
HUYHBIX UCCJIeLOBAHUSIX BBICKA3bIBAIOTCS MPEATON0KEHUSI 0 BO3MOXHOM MPSIMOM IaTOJIOTUYECKOM [eii-
CTBMUM BUPYCa Ha KJIeTKM KOCTHOV TKaHu. VMccnemoBaHMs, TOCBSIEHHbIE HAXOXIEHUIO BUpyca Hemocpe[-
CTBEHHO B 0Uarax OCTeOHEeKpO03a, B JOCTYIHBIX IUTEPATYPHBIX UCTOUHMKAX HE HAliAEeHBbI.

Ilenv — mipenCcTaBUTD MePBbIe KIMHMYECKME HAOTIOAEeHNST O0bHBIX C aCENITUUECKMM HEKPO30M T'OJIOBKU Ge-
IpeHHO KOCTH, poTeKaouuM Ha doHe BUY-uHbeknn, y KoTopbix BbissieHa PHK BUY B ouare KoCcTHOTO
HeKpo3a.

Onucanue KAuHuU4ecKux cayuaes. IlauyeHnts! 54 u 38 et, 6ombHble BUU-MHbeKIINE, TOCTUTAIN3UPOBAHbI B
KJIMHMKY T10 TTIOBOY aceITUUYeCKOT0 HeKpPOo3a rojIoBKYM OeipeHHOoli KoCcTH. ITaleHTaM C 1eTbio AMarHOCTUKNU
BBIMTOJTHEHA TPEMaHOOMOIICHST YUaCTKOB OCTEOHEKPO3a B TOJIOBKE OeAPeHHO KOCTU ¥ HeM3MEeHEHHO KOCT-
HOJi TKaHM 6OJBIIIOTO BepTesa. buomornueckuit MaTepuan usydeH npy nomoriy I[P, MMKpOOGMOIOrMYecKu-
MM U TUCTOJIOTMUECKUMU MeTomaMu. B pesynbrate ITIIP-1cciemoBaHus B ouarax OCTeOHEKpo3a B rOJIOBKe be-
IpeHHO KocTu obHapyskeHa PHK Bupyca nmMmyHopeduiinTa yesoBeka. B rasme KpoBu y 060MX MMaIM€HTOB
— HeoIpeessieMasi BUPyCHast Harpyska. B KocTHOJ TKaHM 6GOJIBIIOTO BepTeia y MaleHTa 54 jet BupycHas
HarpysKa He ompeje/ieHa, y maluyeHTa 38 jieT BUpyCcHas Harpys3ka B 60JIbIIOM BepTeyie Oblia 3HAUMTEIbHO
HIKe, UeM B oUare 0OCTeOHEeKpOo3a ToJIOBKM GepeHHOI KOCTH.

3axnrouenue. TlomydyeHHble NaHHbIE MOTYT CBUJIETEIbCTBOBATb O BO3MOYKHOCTM MPSIMOTO y4yacTusi BUpyca
B ITaTOTeHe3e apTpONaTUM U CTaBAT ITOJ, COMHEHME acellTUYeCKYI0 IPUPOAY OCTeOHEKpo3a y O0nbHbIX BIY-
uHdeKen.

KnioueBsbie ciioBa: BUY, Bupyc MMMyHOmebUIIMTA YeJIOBEKA, OCTEOHEKPO3, aCEIITUUECKMIT HEKPO3.

IOna uurupoBaHus: Ilepenimanac E.O., TionbkoBa T.E., 3youkoB B.C., TepacumoB WM.A., Kamuuckmii I.JI. Bupyc
MMMyHOZeduIMTa UYeslloBeKa B oOuyare JeCTPYKUMM KOCTHOW TKaHM TIpU acCelTUYeCKOM HeKpo3e TOJ0BKU
OGepeHHOI KOCTM: KIMHMYecKue Habmomenus. Tpasmamonozus u opmonedus Poccuu. 2023;29(3):94-101.
https://doi.org/10.17816/2311-2905-7989.
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BACKGROUND

Aseptic necrosis, or osteonecrosis, is a condition
characterized by ischemic death of subchondral
bone due to disruption of arterial blood sup-
ply [1]. According to various sources, the inci-
dence of aseptic necrosis among HIV-infected
patients is 2.5 to more than 100 times higher
than in the general population [2, 3]. The most
common location of aseptic necrosis in patients
infected with the human immunodeficiency virus
(HIV) is the femoral heads [4, 5, 6]. Osteonecrosis
of the femoral head in HIV-infected individuals
was first registered in 1990 [7]. Recent publica-
tions report that aseptic necrosis of the femoral
head is the most common cause of disease among
HIV-infected individuals [3, 8].

Many assumptions have been made about the
etiology and pathogenesis of aseptic necrosis in
HIV patients. Factors contributing to the devel-
opment of necrosis in chronic viral infection in-
clude necrotizing vasculitis and hyperlipidemia
[3]. Some authors consider antiretroviral therapy
(ART), especially protease inhibitors, to be the
main link in the pathogenesis [9]. However, re-
ports of aseptic necrosis in this category of pa-
tients were registered even before the era of ART
(antiretroviral therapy), necessitating the search
for other causal factors [2].

The cited studies dictate the need to continue
studying the role of the human immunodefi-
ciency virus in the etiology and pathogenesis of
necrosis of the femoral head in HIV patients in
clinical practice.

The aim of the study is to demonstrate clini-
cal cases of patients with aseptic necrosis of the
femoral head, occurring against the background
of HIV infection, in whom HIV RNA was found in
the focus of bone necrosis.

METHODS

The subject of the study is patients admitted
to the bone and joint pathology department
of the National Medical Research Center for
Phthisiopulmonology and Infectious Diseases
with the referral diagnosis of "aseptic necrosis of
the femoral head, associated with HIV infection".
Data from PCR, microbiological, and histological
diagnostics of biological material from destruc-
tion foci in the femoral head were analyzed, as

well as PCR diagnostics data of biological mate-
rial from the greater trochanter obtained during
trephine biopsy.

To determine HIV RNA from the obtained
biomaterial, a commercial kit "Extraction 100"
(Vector-Best, Russia) was used in accordance with
the manufacturer's instructions. Quantitative
determination of viral RNA was carried out by
PCR-RV method using a commercial kit "Realbest
RNA HIV quantitative" (Vector-Best, Russia).
Microbiological examination for Mycobacterium
tuberculosis (MTB), nonspecific flora and fungi
was performed according to standard methods.
A parallel histomorphological study of samples
from the same bone destruction foci was carried
out. Upon admission to the hospital, data from
medical history were examined, a clinical exami-
nation was performed with a description of the
local status, radiological and laboratory studies
were conducted.

Clinical case 1

A 54-year-old patient presented with complaints
of pain in the left hip joint that worsened sharply
during movements. The pain had been present
since March 2021 after a fracture of the left femo-
ral neck, which was treated with internal fixation.
The patient had limited weight-bearing on the
joint (used crutches) for 8 months. After radio-
logically confirmed fracture union, the patient re-
sumed full weight-bearing, but in February 2022,
he noticed an increase in pain. In August 2022,
MRI revealed a diagnosis of post-traumatic asep-
tic necrosis of the left femoral head. HIV infec-
tion was diagnosed in 2016, transmitted through
intravenous drug use. The patient had been on a
consistent antiretroviral therapy (ART) regimen,
including etravirine, lamivudine, and phosphaz-
ide, since the diagnosis of HIV. Throughout the
years of follow-up, undetectable viral load was
registered. In the same year, the patient was diag-
nosed with pulmonary tuberculosis and received
chemotherapy for two years. In April 2018, the
patient underwent thoracoplastic osteoplasty. He
was discharged from medical supervision in 2019.
The patient was admitted to the National Medical
Research Center for Phthisiopulmonology and
Infectious Diseases in September 2022 due to in-
creasing pain in the left hip joint.
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On admission, the local status revealed a
pain syndrome (6 points according the VAS) ag-
gravated by active and passive movements. The
patient used a crutch for walking and exhibited
significant limping. There was a relative short-
ening of the left lower limb by 2 cm. No redness
or swelling was observed in the left hip joint
area, and local temperature was not elevated.
Thigh muscle atrophy was present, measuring
3 cm compared to the contralateral side. The
patient reported temporary relief from non-ste-
roidal anti-inflammatory drugs. X-rays, CT, and
MRI showed signs of stage 3B (late) aseptic ne-
crosis of the left femoral head according to the
ARCO classification (Fig. 1, 2).

Biochemical and complete blood count results
were within the reference values. CD4 count upon
admission was 1747 cells/uL, and the viral load in
the blood was undetectable. ART was continued.

Under fluoroscopic control, the patient un-
derwent diagnostic trepanobiopsy of the pre-
sumed necrotic focus in the left femoral head
and a control biopsy from the greater trochant-
er area. Pathological examination of the bi-
opsy material from the femoral head described
a zone of bone tissue necrosis, lysis of bone
trabeculae, signs of diffuse lymphocytic in-
filtration, and moderate edema. Focally, bone
trabeculae with signs of resorption and diffuse
lymphohistiocytic infiltration were observed.
No signs of granulomatous inflammation were
detected (Fig. 3).

PCR analysis of the material from the femo-
ral head identified HIV RNA at 7900 copies
per mL, while no viral load was detected in the
control material from the greater trochanter.
Microbiological examination (cultures on nutri-
ent media) did not reveal any pathogenic flora.

Fig. 1. Clinical case 1. X-ray of the pelvis in frontal
projection: osteonecrosis of the left femoral head —
stage 3B (late) according to the ARCO classification

Fig. 2. Clinical case 1. MRI in frontal (a) and axial (b) projections: osteonecrosis of the left femoral head —

stage 3B (late) according to the ARCO classification
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specimen:

Therefore, in a patient with HIV infection suf-
fering from post-traumatic aseptic necrosis of
the left femoral head while receiving antiretro-
viral therapy and having undetectable viral load
in the blood, HIV RNA was detected in the bone
necrotic focus in the femoral head.

Clinical case 2

A 38-year-old patient presents with complaints of
constant pain in both hip joints, more severe on
the right side. The patient has considered him-
self unwell since 2019. He was treated conserv-
atively by a neurologist in his area of residence
with a diagnosis of "spinal osteochondrosis,"
but to no avail. For arthralgia, he sought medi-
cal attention again only at the beginning of 2022.
Radiographic examination led to a diagnosis of
"aseptic necrosis of the femoral head." He was re-
ferred to the National Medical Research Center
for Phthisiopulmonology and Infectious Diseases
hospital for planned hip arthroplasty.

HIV infection was detected in 2005. The pa-
tient has been receiving antiretroviral therapy
(ART) since 2011, with a regimen of lamivudine,
abacavir, and lopinavir/ritonavir. According to
the patient, the infection occurred through sex-
ual transmission. HIV RNA was not detected in
the blood during the observation period. In 2016,
the patient was hospitalized and treated for
"Pneumocystis pneumonia and esophageal can-

Fig. 3. Clinical case 1. Pathomorphological examination of the biopsy

a — necrotic zone; b — lysis of bone trabeculae; ¢ — focal infiltration;
d — fibrosis zone.
Hematoxylin and eosin staining. Mag. x100

didiasis." During the hospitalization, disseminat-
ed pulmonary tuberculosis was discovered. The
patient was treated in hospital for eight months,
but did not continue outpatient treatment, al-
though he was observed at the tuberculosis dis-
pensary in his place of residence. He was exam-
ined at the tuberculosis dispensary in July 2022.
Sputum culture results from 06.07.22 did not
reveal mycobacterium tuberculosis growth, and
the tuberculin skin test was negative. A CT scan
of the chest from 13.07.22 showed no pathologi-
cal changes. Conclusion: clinical recovery from
disseminated pulmonary tuberculosis. Other
comorbidities: chronic pancreatitis, gastroduo-
denitis, pyelonephritis. Unhealthy habits: has
smoked since the age of 12, currently up to one
and a half packs of cigarettes per day.

Upon admission, there were no visual signs of
swelling or redness of the skin in the area of the
hip joints. On palpation, there was local and axial
tenderness in the projection of the right femo-
ral head. The range of motion in the right hip
joint was limited — external abduction 10°. Pain
on the VAS was 5-6 points. The left hip joint was
painless, with a full range of motion. There was
a shortening of the right lower extremity by 2.0
cm. X-rays and CT scans showed signs of bilat-
eral aseptic necrosis of the femoral heads, more
pronounced on the right — stage 3B-4 according
to ARCO (Fig. 4, 5). In blood tests, the ESR was ac-
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celerated to 58 mm/hr., other results were within
reference values.

Immune status CD4 from 23.05.2022: 23% -
627 cells/uL, HIV RNA was not detected in the
blood.

Infectious disease specialist's conclusion: HIV
infection, stage 4B, remission phase with ART.

Fig. 4. Clinical case 2. CT scan of the pelvis, axial
reconstruction — bilateral osteonecrosis of the
femoral heads: right — stage 3B (late) according to
ARCO, left — stage 3A (early) according to ARCO

Fig. 5. Clinical case 2. X-ray in frontal projection —
bilateral aseptic osteonecrosis of the femoral heads:
right — stage 3B (late) according to ARCO

Under fluoroscopic control, the patient under-
went diagnostic trepanobiopsy of the presumed ne-
crotic lesions in the left femoral head and a control
trepanobiopsy from the greater trochanter area.
Pathological examination of the biopsy material
from the femoral head revealed bone trabeculae
with signs of resorption and diffuse lymphohis-
tiocytic infiltration, along with focal fibrosis.
There were no signs of granulomatous inflam-

mation. PCR testing of the femoral head biopsy
material detected HIV RNA at a concentration
of 22,000 copies/mL, while the control material
from the greater trochanter had a lower concen-
tration of 9,400 copies/mL. According to PCR and
cultural analysis (cultures on nutrient media), no
pathogenic flora was detected.

In the presented clinical case, HIV RNA was
detected in the bone biopsies from the necrotic
lesions in both femoral heads of HIV-positive pa-
tients undergoing antiretroviral therapy, despite
undetectable viral load in the blood. The concen-
tration of HIV RNA in the femoral head lesions
was significantly higher in one patient compared
to the other. Considering the fact that viral load
was undetectable in the blood of both patients at
the time of hospitalization, the presence of HIV
RNA in the necrotic lesions may indirectly indi-
cate the involvement of HIV in the development
of local destructive processes in the hip joints.

DISCUSSION

Currently, there is increasing attention to or-
thopedic problems in HIV-infected patients.
However, there is a lack of clear understanding
regarding the etiology and pathogenesis of ne-
crotic processes involving the joint-forming bone
structures, including the commonly observed
femoral head necrosis in these patients.

The majority of patients are admitted to
hospitals with a diagnosis of "aseptic (avascu-
lar) necrosis" established solely based on radio-
graphic findings. Without in-depth etiological
diagnostics, these patients undergo standard
procedures for joint replacement. However, some
authors have noted a higher incidence of sup-
purative complications and revision surgeries in
HIV-infected patients with this pathology com-
pared to the general population [1, 3, 5, 10, 11].
The lipid metabolism disorders and decreased
bone mineral density referenced by authors do
not always fully correlate with the occurrence of
complications [1, 3, 5].

Since R.H. Withrington and colleagues re-
ported the isolation of HIV from synovial fluid
in a patient with HIV-associated oligoarthritis
in 1987 [12], there have been grounds to sus-
pect a direct inflammatory effect of the immu-
nodeficiency virus on the bone-joint system.
S.L. Lamers et al. reported in 2016 that HIV DNA
is often present in pathological tissues obtained
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during autopsies of patients with undetectable
viral loads who received combined antiretroviral
therapy [13], indirectly confirming the possibility
of viral deposition in bone tissue.

New evidence supporting the hypothesis of
direct inflammatory effects of HIV on the bone-
joint system includes the detection of p24 anti-
gen, HIV DNA, and tuboreticular inclusions in
the synovial fluid of affected joints [13], which
may indicate a viral etiology of inflammation.
Notably, p24 antigen was found in joints at levels
ten times higher than in serum [10]. B. Raynaud-
Messina et al. provided the first experimental
evidence in 2018 that osteoclasts serve as a res-
ervoir for HIV. Their studies on laboratory ani-
mals demonstrated the direct destructive effects
of HIV-1 on the structure and function of osteo-
clasts [14].

In our observations, HIV RNA was detected
in the bone tissue of both patients with HIV in-
fection and bone destruction lesions. During the
same period, viral load in the blood and control
biopsy from the greater trochanter either could
not be detected or was significantly lower. This
selective deposition of the virus in the site of de-
struction suggests a direct viral impact on the in-
flammatory mechanism, which is consistent with
the views of some authors [11, 15].

The assumption of direct contact between the
immunodeficiency virus and bone tissue, in our
opinion, could provide a new perspective on the
problem and help establish diagnostic and treat-
ment algorithms. With proven viral "deposition”
in the necrotic zone, it is evident that we should
consider it as viral arthritis and adopt appropri-
ate treatment strategies, potentially including
two-stage joint replacement techniques. The
facts we have presented regarding the detection
of HIV RNA directly in the area of bone necro-
sis, due to the small sample size, do not allow for
definitive conclusions about the frequency of in-
tra-articular viral localization. However, they ad-
vocate for further investigation of the spectrum
of infectious agents using preoperative invasive
methods in HIV-infected patients.

CONCLUSION

The observations conducted in this study dem-
onstrated the presence of HIV RNA in the bone
destruction lesions of patients with HIV infec-
tion and aseptic necrosis of the femoral head, de-

spite the absence or significant decrease of the
virus in anatomically adjacent bone structures
(greater trochanter) and undetectable viral load
in the blood. This suggests the influence of the
immunodeficiency virus on the development of
local inflammatory processes in the joint, which,
in turn, may affect the outcomes of joint replace-
ment surgery. The findings of this study empha-
size the need for further research on the role of
HIV in the etiology and pathogenesis of various
musculoskeletal disorders in HIV-infected pa-
tients in clinical practice.

It should be noted that the presence of HIV in
the affected bone area poses certain risks for the
surgical team during surgical interventions, de-
spite the undetectable viral load in the blood.
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Reconstruction of Acetabular and Femoral Bone Defects
with Impaction Bone Grafting in Revision Hip Arthroplasty:
A Case Report
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Abstract

Background. For many years, the main reasons for revision surgeries after hip arthroplasty remain aseptic loos-
ening and osteolysis, which lead to formation of bone defects of various size and localization. Given the rela-
tively young age of patients undergoing revision, the methods of biological restoration of the bone tissue, such
as impaction bone grafting (IBG), are of particular interest.

Aim of the report — to demonstrate the delayed outcome of impaction bone grafting using compacted
morselized bone allograft.

Case presentation. Complicated clinical case of a 62-year-old patient with Paprosky type IIA bone defi-
ciency in the acetabulum and Paprosky type II bone defect in the proximal femur with aseptic loosening
of the acetabular and femoral components of the hip prosthesis is presented. During revision arthroplasty
with cemented components, IBG of the acetabulum and femur was performed with a reconstructive mesh
augmentation of the acetabulum using Stryker X-Change technology. Bone allograft prepared with the
heat disinfection method served as an osteoplastic material. Follow-up period was 4 years. Control X-rays
demonstrate restoration of the center of rotation of the hip, presence of bone masses in the areas of pelvic
and femoral bone defects, absence of osteoplastic material resorption and migration of implants during the
follow-up period. Clinical assessment shows an improvement of the Harris Hip Score from 34 to 85 points.
Conclusion. Obtained results showed the efficacy of impaction bone grafting with the bone allograft prepared
with the use of heat disinfection method in the mid-term period.

Keywords: impaction bone grafting, revision hip arthroplasty, bone defect, bone allograft, osteoplastic material.
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3ameweHue aedeKkToB BEPTNYXXHONK BNaAUHbI

u 6eapeHHOI KOCTU C UCNO/Ib30BAHUEM UMNAKLLMOHHOM
KOCTHOM NNACTUKK NPU peBM3MOHHOM 3HA0MNPOTE3UPOBAHUM
Ta306eApeHHOro CycTaBa: KJIMHUYECKUI cnyyvai

B.H. TonpbHuk !, B.A. ITleneranuyk!, F0.M. batpaxk !, B.B. ITaBnioB?,
N.A. Kupunona?

! @I'BY «DedepansHblii yeHmp mpasmamonozuu, opmoneduu u sHdonpome3uposauus» Munzdpasa Poccuu,
2. Bapnayn, Poccus

2 @I'BY «Ho8oCcubupckuli HayuHO-Uuccne008amenvpCKuli uHCmumym mpasmarmosiozuu
u opmoneduu um. .71 Llusvana» Munsdpaea Poccuu, 2. Hosocubupck, Poccus

Pedepar

AxmyanvHocms. OCHOBHBIMMU MPUUMHAMM PEBU3MOHHBIX BMENIATENbCTB MOC/Ie SHAOMPOTE3UPOBAHMUS Ta30-
6epeHHbIX CYCTABOB B Te€UE€HNME MHOTUX JIET OCTAIOTCS acerTuiecKoe paclaThiBaHMe U OCTeONIN3, KOTOpbhIe
MIPUBOISAT K 06pa3oBaHMIO Ae(eKTOB KOCTHO TKAHM PA3JINIHON IMPOTSDKEHHOCTH U JIoKam3anuy. C yueTom
OTHOCUTEIBLHO MOJIOOTO BO3PacTa NalyIeHTOB, TOABEPTAIONIMUXCS PEBU3UM, OCOOBIN MHTEPEC TPEACTABISIOT
MEeTO/IbI 6V0JIOTMUECKO pecTaBpanyy KOCTHOV TKaHM, HAITpUMeP MMITAKIIMOHHAS KOCTHAS TIaCTUKA.
Ilenvto coobIeHMs SIBSIETCS OEMOHCTpAIMS OTCPOYEHHOTO pe3ylbTaTa MMITAKIVOHHOM KOCTHOM IIACTUKUA
rpy 3amenieHun gedeKTOB BePTIYy>KHOM BIIaJMHbBI ¥ OeIpeHHO KOCTYU B XO/ie PEBU3MOHHOTO SHAOIPOTE3UPO-
BaHMS Ta300eAPeHHOTO CYCTaBa.

Onucanue cayuas. IlpencraBiieH CJIOKHBIN KIMHUYECKUI CTydaii JiedeHus MmauyeHTa 62 et ¢ geuiuToM
KOCTHOJ TKaHM B 06/1aCTV BEPTIYKHOJ BriaayHbl [TA Tima 1o Paprosky ¥ mpoKcuMMaabHOTO OTAe1a 6e A pEHHOT0
koctu tmma II mo Paprosky ¢ acentuyeckum paciiaTbIiBaHMEM alleTabyIIpHOTO U 6eIpeHHOr0 KOMIIOHEHTOB
9HAOMpOoTe3a. B XoAe peBM3MOHHOTO SHAONPOTE3MPOBAHMS C MCIIOIb30BaHMEM KOMIIOHEHTOB 3HIONPOTE3a
IIeMeHTHOM (MKCcaIMY BBIMOTHEHA MMITAKIMOHHAs KOCTHAS IUIAaCTYKA BEPTIY)KHOM BIIAAMHBI U 6eIpeHHO
KOCTM C ayrMeHTalMeil PeKOHCTPYKTUBHOM CeTKOJ HamalleTaOylIsIpHOrO MaccuBa 10 TexHojorum Stryker
X-Change. B kauecTBe KOCTHOIUIACTUYECKOT'O MaTepuasa MCII0b30BaHa a/VIOKOCTh, 3aTOTOBJIEHHAS C T10-
MOIIIbIO MeToa TepMoge3nHberuyu. Cpok HabmogeHUs cocTaBui 4 roga. KOHTpobHbIE peHTTeHOIPaMMBbI
IEeMOHCTPUPYIOT BOCCTAHOBJIEH)E IIEHTPA POTAlMM Ta300eIpeHHOr0 CYyCTaBa M KOCTHOTO MaccuBa B 00-
nacty gedekToB Ta30BOI 1 6epeHHOI KOCTe, OTCYTCTBYME pe30pOLyM KOCTHOIIACTMYECKOTO MaTepuasa
M MUTpaUuM 3HJompoTe3a. [Ipy KMHMUECKON OlieHKe COCTOSIHMS 1O IiKasie Harris oTMeueHo yiydlleHue
¢ 34 no 85 6a/110B.

3axntouerue. CpemHECPOUHbIE Pe3y/bTaThl HOKas3ayu 3G(PEKTMBHOCTh MMIAKIIMOHHOM KOCTHO IUIACTUKU C
MCITO/Ib30BaHMEM aJUIOKOCTH, 3aTOTOBJIEHHOM METOIOM TepPMOIe3UHGbEKITNA.

KiroueBsblie ¢10Ba: MMINAKLMOHHAY KOCTHAY IJIACTUKA, PEBM3NMOHHOE SHOOIIPOTEe3MPOBaHME Ta306€,&peHHOI‘O
CyCTaBa, KOCTHBIN ,ZLE(I)EKT, QJVIOKOCTh, KOCTHOIIACTUYECKUIA MaTepuasl.

Ons putupoBanusa: lonbHuk B.H., Ilemeranuyk B.A., batpak 0.M., IlaBnos B.B., Kupmiosa U.A. 3ameuieHue
nedeKTOB BepTIY;KHOI BIAAMHBI ¥ OeIPEeHHOM KOCTM C MCIIOMb30BaHMEM MMIAKIIMOHHOM KOCTHOI IUIACTUKU IIPU
PeBU3MOHHOM 5HIOIPOTE3UPOBAHUM Ta306€APEHHOI0 CyCTaBa: KIMHUUECKUI ciaydait. Tpasmamonozus u opmonedust
Poccuu. 2023;29(3):102-109. https://doi.org/10.17816/2311-2905-8008.
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BACKGROUND

The number of revision hip arthroplasties is in-
creasing annually. This type of intervention is
characterized by a higher cost compared to pri-
mary hip replacement as it requires a large stock
of various implants, an appropriate instrumental
support, the use of additive technologies, bone
grafting, and the need for specialists experienced
in revision arthroplasty, which ultimately affects
expenses [1, 2]. This trend is typical both for coun-
tries with intensive development of primary ar-
throplasty and those without significant growth.
In the former case, despite the low growth rate of
revision arthroplasties, the total number of these
surgeries is increasing annually [3]. In the latter
case, the increase of number of revision interven-
tions is significantly higher than that of primary
surgeries [1]. Long-term results of revision sur-
geries are characterized by a higher complication
rate than primary surgeries. Five-year survival
rates after various revision surgeries range from
67.0 to 84.8% [4]. Aseptic loosening and osteoly-
sis have been the main causes of revision inter-
ventions after hip arthroplasty for many years,
leading to bone defect formation of various size
and localization [1, 3, 5, 6, 7, 8]. Given the rela-
tively young age of patients undergoing revision,
the methods of biological restoration of the bone
tissue, such as impaction bone grafting (IBG), are
of particular interest [9].

The aim of the report is to demonstrate the de-
layed outcome of impaction bone grafting using
compacted morselized bone allograft.

CASE PRESENTATION

A 62-year-old patient was admitted with com-
plaints of pain in the left hip, significant restric-
tion of movements, shortening of the left leg and
lameness.

Status localis. The patient walks on his own
using crutches. The distance he is able to walk
does not exceed 300 m. Examination revealed a
relative shortening of the left lower limb by 2 cm.
The Harris hip score is 34 points.

Anamnesis. Left hip replacement with W. Link
cemented prosthesis was performed 13 years
ago. In the postoperative period there were dis-
locations of the femoral component, for which a
revision surgery with replacement of the pelvic
component was performed. Pain in the left hip
joint has been disturbing the patient periodically

for 11 years and has been gradually progressing.
Restriction of movement and shortening devel-
oped. Two years ago, due to severe pain syn-
drome and prevalent dysfunction, the right hip
replacement with SL-Plus/R3 (Smith&Nephew)
prosthesis was performed for aseptic necrosis of
the femoral head.

Secondary diagnosis. Stage 3 essential hy-
pertension, drug-controlled 1st grade arterial
hypertension, cardiovascular risk 4, functional
class 2 of the stage 1 CHF. CHD: artificial pace-
maker (2017). Transitory atrioventricular block g
rade 1. Lower extremity varicose vein disease,
CVD grade 1, postthrombophlebitic syndrome of
the left iliofemoral segment, the right popliteoti-
bial segment, complicated by PATE. Condition af-
ter implantation of permanent inferior vena cava
filter (2011).

Preoperative X-rays dated 30/07/2018 showed
(Fig. 1):

- pelvic prosthetic component loosening,
Paprosky type IIA defect [10];

- femoral component loosening and subsid-
ence, Paprosky type II defect of the femur [11];

- varus remodeling of the left femoral in-
tramedullary canal;

- Brooker stage 3 heterotopic ossification of
the left hip joint;

- right hip arthroplasty.

In the preoperative period, the left hip arthro-
centesis was performed, followed by cytologic
and microbiologic studies of synovial fluid as-
pirate. No data indicating the presence of infec-
tious process in the joint were obtained.

Fig. 1. Plain pelvis X-ray before revision of the left
hip (explanation in the text)
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On 02.08.2018, the left hip revision arthroplasty
using Stryker Exeter prosthesis and IBG of the ac-
etabulum and proximal femur with bone allograft
and augmentation of the supraaceta-bular bone
mass with reconstructive mesh were performed.

The approach was performed along the old
postoperative scar on the anteroexternal surface
of the thigh. The anterior portion of the gluteus
medius muscle was isolated, cut off and retracted
using instruments. The bone bed and the compo-
nents of the prosthesis were separated from the
scar tissues and bony overgrowths. On revision
of the components, the stem and the acetabular
component of the prosthesis were completely
unstable. The femoral component was exterior-
ized and removed. The acetabular component
was removed without technical difficulties.
Tissue examination did not reveal any significant
inflammatory changes. The acetabulum and the

IBG of the acetabulum was performed us-
ing Stryker X-Change' revision instruments.
After cement-based volume restoration, a 58
mm Stryker Contemporary acetabular compo-
nent was implanted. Using Stryker X-Change
revision instruments, impaction grafting of the
femur was performed with impactor No. 4 with
offset 44. Reduction test with head -4 (32 mm)
was performed. Joint stability test showed no
dislocation. Stryker Exeter stem was implanted
into the prepared cement-based bed. The head
-4 (32 mm) was permanently fixed to the neck
of the femoral component after cement hard-
ening. Prosthesis was assembled in the wound.
Surgical wound was sutured layer by layer, asep-
tic dressing was applied.

femoral intramedullary canal were cleared of scar
tissue, granulations, and fibrous membrane. On
examination, a segmental defect of the posterior
edge of the acetabulum was detected, but in gen-
eral, the limitation was preserved. The defect was
classified as type III according to the AAOS clas-
sification [13]. It was repaired using a reconstruc-
tive mesh fixed with two screws.

In order to replace the bone defect, bone
grafting material from the hospital bone bank
was prepared in the form of allogeneic bone
chips of 8-10 mm in diameter for the acetab-
ular plasty and 5-6 mm for the femoral IBG
(Fig. 2). The size and the quality of bone chips
are important for the early mechanical stability
of the impacted bone allograft. The particles
should be of the largest size that can be im-
pacted between the acetabular bone walls and
the impactor.

Fig. 2. Production of bone chips:
a — for acetabular IBG;

b — for femoral IBG prepared with
a bone mill

In the control X-ray dated 03.08.2018 after
revision arthroplasty, acetabular reconstruction
with mesh and IBG and proximal femoral recon-
struction with IBG using Stryker Exeter cement
stem, the bone grafting material filled the ace-
tabulum evenly (Fig. 3 a). The posterior edge of
the acetabulum is augmented with a reconstruc-
tive mesh, the femoral component is positioned
correctly, parallel to the femoral axis, the osteo-
plastic material fills the femoral intramedullary
canal evenly, with the same intensity in all zones.
Radiolucent lines at the osteoplastic material-
cement interface are not observed.

In the postoperative period, the patient was
ambulated; the 1st stage of rehabilitation was
performed. No complications were observed.

* https://www.bizwan.com/_mydoc/stryker/Hip/049%20X-change%20Revision%20Instruments%20Surgical%20Technique%20-%20

Femur%20and%20Acetabulum.pdf
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The patient was discharged on the 14th day after
the surgery with the recommendation of limited
weight bearing on the operated limb for 12 weeks.

The results of revision surgery after 4 months
and 4 years are shown in Figures 3 b and 3 c,
respectively.

On physical examination, the patient has no
complaints of pain. There is a slight lameness.
The patient moves on his own without any means
of support, uses a cane occasionally during long
walks, does not experience serious social and
everyday restrictions. The HHS is 85 points.

Fig. 3. Plain pelvis X-rays after the left hip revision:

a — control X-ray immediately after the surgery (02.08.2018): even distribution of osteoplastic material,

restoration of the center of rotation of the joint;

b — 4 months after the surgery (24.12.2018): position of components remains unchanged, no migration of the
acetabular and femoral components is observed, the state of osteoplastic material is satisfactory with no signs
of resorption; radiolucent lines at the osteoplastic material-cement interface are absent;

¢ — 4 years after the surgery (24.10.2022): X-ray signs of restructuring of osteoplastic material in the pelvic
and femoral bones, radiolucent lines at the osteoplastic material-cement interface are absent, position of
components remains unchanged with no signs of migration or subsidence

DISCUSSION

Various methods are currently available to re-
store the bone deficit, ranging from filling bone
defects with bone cement and application of
various modular systems with metal augments to
the use of patient-specific 3D constructs [14, 15].
It is very important to minimize bone deficiency,
especially in young patients, and to try to restore
the bone mass. In fact, only one out of many tech-
niques can partially solve this problem, which is
IBG using allogeneic bone [16].

The aim of IBG is to achieve stable fixation of
the implant using compaction of the morselized
allogeneic bone graft and subsequently to pro-
vide conditions for reparative regeneration by
gradual replacement of allogeneic bone with the
patient's own bone. This is a rather attractive
technique that allows one to anticipate bone re-
generation both structurally and functionally. On
the other hand, it is difficult to balance between
achieving primary stable fixation of the implant
and a long biological process of allogeneic bone
remodeling [17, 18, 19, 20].

The outcome of revision arthroplasty was al-
ways worse than that after primary arthroplasty.
The smooth endosteal surface remaining after
removal of the primary implant does not allow to
achieve reliable fixation of the bone cement on
the surface, which leads to early loosening of the
cemented prosthesis. IBG solves this problem,
which is confirmed by long-term results [21, 22,
23, 24].

The use of IBG is possible under certain con-
ditions in a bone wound. First, bone allograft
must be retained inside the bone defect; second,
it must be structural and able to withstand me-
chanical load; third, it must create conditions for
reliable fixation of the cemented pelvic compo-
nent of the prosthesis. Creation of such condi-
tions is possible in case of a specific form of the
acetabular bone defect — the most important
criterion is its limitation. In primary pathology,
an example of such defects is the acetabular roof
protrusion in cases of systemic connective tissue
diseases or posttraumatic defects [22, 25, 26].
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A prerequisite for IBG is the integrity of the
pelvic support structures: anterior and posterior
columns (Paprosky types IIA, ITIB defects). At the
same time, cavitary bone defects with minor seg-
mental deficit (AAOS type III) can be transformed
into completely limited ones with the help of re-
constructive meshes. In this case, the use of IBG
is also possible [21, 22].

One of the key points of successful bone defect
grafting is the high-quality preparation of osteo-
plastic material [27, 28, 29]. Studies have shown
that bone fragments of 8-10 mm in diameter pro-
vide the best initial stability [21, 30]. Another
advantage of large particles is that they form a
more porous and more permeable compacted
bone layer. This is important since reduced po-
rosity can impede the neoosteogenesis in com-
pacted bone masses. In addition, comparison of
bone ingrowth in compacted material with non-
ideal particle size distribution (non-ideal distri-
bution ensures at each level that voids between
larger particles are open and not filled by smaller
particles) with ideal particle distribution showed
increased bone tissue formation [31, 32].

CONCLUSION

The clinical example of impaction bone graf-
ting using osteoplastic material from the alloge-
neic femoral head prepared by heat disinfection
method shows the possibility of bone restoration
in case of defects. Bone grafting efficiency has
been shown in the mid-term in a rather uncom-
mon case where it was performed both in the ace-
tabular area and in the proximal femur. Further
studies are required to confirm the efficacy of
impaction bone grafting in revision hip arthro-
plasty in case of bone deficiency.
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Treatment of latrogenic Nerve Injury After Humeral Shaft Fracture
Fixation: A Case Report
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Abstract

Background. Iatrogenic neuropathies of the radial nerve following intramedullary nailing of the humerus are
observed in 2.9% of patients. In 30% of cases, iatrogenic nerve injury is associated with distal nail locking.
Questions about the timing and volume of diagnostic measures to determine the nature of nerve damage,
methods of conservative and surgical treatment, and their effectiveness remain relevant.

Aim of the study — to present, through a clinical case, the causes, methods of prevention, diagnosis, and
treatment of iatrogenic injuries to the radial nerve in cases of humeral fractures.

Case presentation. A 30-year-old female patient was admitted with a nonunion fracture of the left humerus and
iatrogenic radial nerve injury three months after the fracture was fixed with a locking nail. A revision operation
was performed: removal of the nail from the left humerus; re-fixation of the left humerus with a plate; revision,
neurolysis, and plastic repair of the left radial nerve using autografts from the right sural nerve. Postoperative
courses of medication therapy, physiotherapy, and therapeutic exercises were conducted. At 26 months after
the surgery, complete range of motion and restoration of strength in active extension of the left wrist and three
phalanges, abduction of the first finger, partial extension of the first finger, and restoration of sensitivity on the
outer surface of the left forearm and the back of the hand were observed.

Conclusion. latrogenic radial nerve injury primarily occurs as a result of incorrect technique when introducing
locking screws during intramedullary nailing of humeral shaft fractures. Delayed examination and surgical
treatment of patients with injured radial nerve lead to a lack of full functional recovery, potential muscle
atrophy, and impairment of their motor function. Surgical treatment aimed at restoring the radial nerve at an
early stage after injury, combined with a full range of postoperative rehabilitation for a year, is the only correct
treatment approach.

Keywords: iatrogenic injury, radial nerve, humerus fracture fixation.
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JleueHune naumeHTa € ATPOreHHbIM NOBPEXAEHUEM
Ny4yeBOro HepBa Nocsie OCTEOCUHTE3a NeYeBOM KOCTH:
KJIMHUYECKUI Cnyyan
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L' TFY3 «HayuHo-uccnedosamensckuii uHcmumym ckopoti nomowju um. H.B. Ckaugocosckozo
Zenapmamenma 30pasooxpareHus 2. Mockewi», 2. Mocksa, Poccus
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Pedepar

AxkmyansHocmbs. SITporeHHbIe HelpoNaTMu JTyuyeBOro HepBa IocC/e OCTeOCHHTe3a Auadu3a IiedeBoil KoCTu
mtudToM ¢ 6;I0KMPOBaHMEM Pa3BUBAIOTCA Y 2,9% mnauyeHToB. [Ipu 3TOM B 30% CiyuaeB ITPOTEHHOE MMOBPEX-
IeHle HepBa CBSI3aHO C AVCTATbHBIM GIOKMpOBaHMeM ITUGTA. BOTpOCk 0 cpokax 1 06beMe AMaTHOCTUYECKUX
MepOoIpPUSITUIL, HAIIpaBIeHHbIX Ha OlIpe/je/ieH)e XapaKTepa II0BpeXaeHs HepBa, MeTOLaX KOHCepBaTUBHOIO U
XUPYPTrUUYECKOTO JieueHus, X 3PPeKTUBHOCTY OCTAIOTCS aKTyaabHbIM.

Ilenvs — Ha KIMHUYECKOM MIpUMepe 1oKa3aTh MPUUMHBI BO3HUKHOBEHMS, METOI bl TPOMUIAKTUKM, UaTHOCTU-
KU U JIeUeHUs SITPOreHHBIX ITIOBPeXIeHI1 TydeBOro HepBa IIpY IepeyioMax I1e4eBoit KOCTH.

Onucanue kauHuueckozo cayuas. IlanyenTtka 30 jeT ocTynmia ¢ HeCPOCIIMMCS ITepeIoMOM JIeBOi IIeYeBOoit
KOCTHU, SITPOT€HHbIM IOBPEXIeHMEM JIyueBOTr0 HepBa cjieBa CITYCTs 3 Mec. [10cjie OCTeOCHHTe3a Iepeoma 6710Ku-
poBaHHBIM HITUGTOM. BhiTloTHEeHa TOBTOpHAs ollepalys: yaaneHue mtudTa 13 ieBoit mieueBoii KOCTH; peocTe-
OCHHTE3 JIeBO1 I1JIeYeBOil KOCTU IUIACTUHOM; peBU3UsI, HEBPOIN3, IIJIaCTMKA JIEBOT'O JIy4eBOro HepBa ayTOTpaH-
CIJIAaHTaTaMM 13 MKPOHOKHOTO HepBa cripasa. ITocie onepanmy MpoBOAWIN KYPChl MeAMKaMeHTO3HOI Tepamny,
¢busnoTepaneBTMUECKOE JIeueHe, Jede6HyI0 TMMHACTUKY. Yepe3 26 Mec. 1ocie orepauuy HabIogaIm IOMTHYIO
aMIUTUTYOY ¥ BOCCTAHOBJIEHME CUJTBI aKTMBHOTO pasrubaHust JIEBOW KUCTU U TpexX(alaHTOBbIX Ma/IbIIEB, OTBEIE-
HMSI TIEPBOTO MajbIla, HEMOMHYI0 aMIUIUTYLY Pa3rubaHus epBoro najblia, BOCCTAHOB/IeHYE UyBCTBUTETbHOCTHI
T10 HapY>KHOV IIOBEPXHOCTH JIEBOT'O NIPEIIJIeUbs ¥ ThUIbHOM II0BEPXHOCTU KUCTU.

3axnatouenue. SITporeHHOE MOBPEXIEHME JTYYEBOIO HEPBA MPOUCXOAUT MIPEUMYILECTBEHHO B pe3y/ibTaTe He-
COOTIONIEHNSI TEXHUKYM BBEIEHUST GJOKMPYIOUIMX BUHTOB IIPU OCTEOCHMHTE3€ IepelioMOB Auadu3a IIeueBoit
koctu mtudramu. HecBoeBpeMeHHOe 06C/IeI0OBaHNEe U ONEPAaTUBHOE JieUueHMe TalMeHTOB C TOBPEXIEHHbIM
Jy4eBbIM HEPBOM MPUBOIUT K HEBO3MOXKHOCTH IMOTHOTO QYHKI[MOHATbHOTO BOCCTAHOBJIEHNS, TOTEHIIMATbHO
aTpoduu MBI, YTHETEHUIO UX OBUTaTeabHON QyHKuMM. OnlepaTMBHOe JieueHMe, HAIIpaBleHHOe Ha BOCCTa-
HOBJIEHMeE JTyUYeBOr'0 HepBa B paHHMe CPOKM [10CJIe TPAaBMbI, B COUeTaHUM C IIOJIHBIM CIIEKTPOM I10C/Ieonepan-
OHHOII peabMIUTAIMU B TEUEHME TOfa SIBJSIETCS €AMHCTBEHHO BEPHBIM BapUaHTOM JIEUEHUS.

KiioueBsbie cjIoBa: SITpPOreHHOE MOBPEXEHNe JTy4eBOro HepBa, IepeioM IjiedeBoit KOCTU, OCTEOCUHTES Tijie-
YeBOJ KOCTH.

Ina uutupoBauus: Kucens I.A., ®aitn A.M., CBemioB K.B., Boromo6ckuit 10.A., AneitiukoBa U.B., CuHkuH M.B.
JleueHne MalMeHTA C ITPOTEHHBIM ITOBPEKAEHMEM JIyYEBOrO HEPBA IOC/Ie OCTEOCHHTE3a IJIEUeBOI KOCTH: KIMHNYEC-
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BACKGROUND

The problem of iatrogenic injuries to the radial
nerve arising from the surgical treatment of hu-
meral fractures remains relevant and significant
[1, 2, 3, 4]. Questions regarding the timing and
extent of diagnostic measures aimed at determin-
ing the nature of nerve injury, methods of con-
servative and surgical treatment, as well as their
effectiveness, continue to be debated [5, 6, 7].

Aim of the study is to present, through a clini-
cal case, the causes, methods of prevention, diag-
nosis, and treatment of iatrogenic injuries to the
radial nerve in cases of humeral fractures.

Case presentation

A 30-year-old female patient sustained a closed
diaphyseal fracture of the left humerus in January
2019 due to a fall. She was treated at a clinical
hospital in one of the regions of the Russian
Federation, where closed osteosynthesis of the
left humerus was performed using a nail in the
delayed postoperative period. During the early
postoperative period, the patient experienced an
absence of active extension of the left wrist and
fingers. Iatrogenic radial nerve injury on the left
side was diagnosed, and the patient underwent
conservative treatment without improvement for
2.5 months.

She was subsequently admitted to our medical
institution 3 months after the injury, complain-
ing of pain in the left shoulder area and the ina-
bility to actively extend the left wrist and fingers.

Upon examination, minor soft tissue swelling
was observed in the left shoulder and left wrist
areas. Shoulder joint movements were limited
due to pain. There was an absence of active ex-
tension of the left wrist and fingers (MO0), abduc-
tion of the thumb (M0), and a sensory disorder
along the external surface of the left forearm and
hand in the area innervated by the superficial
branch of the radial nerve (S0). Blood circulation
in the fingers was normal.

X-ray examination revealed a fracture of the
left humerus at the level of the middle third of
the diaphysis after the osteosynthesis with a
blocked nail, with no signs of consolidation. The
nail extended 2 cm above the bottom of the med-
ullary canal of the humerus, and the tip of the

nail protruded 3 mm above the surface of the
humeral head. Both distal blocking screws were
inserted in a medial-to-lateral direction (Fig. 1).
The patient provided an ultrasound examina-
tion report of the left radial nerve, which indicated
signs of compression and integrity violation of the
radial nerve in the lower third of the shoulder in
the area of the blocking screw, as well as swelling
of the radial nerve trunk. Electroneuromyography
(ENMG), including stimulation at the Erb's point,
revealed complete functional block of neural
conduction along the radial nerve on the left side

(Fig. 2).

Fig. 1. X-rays after the left humeral bone nailing:
a — anteroposterior view; b — lateral view
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Fig. 2. Preoperative electroneuromyography
protocol
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Three months after the injury, the patient un-
derwent a repeat operation, which included the
removal of the nail from the left humerus, re-
osteosynthesis of the left humerus with a plate,
nerve revision, neurolysis, and repair of the left
radial nerve using autotransplantation of the
sural nerve from the right side.

During the surgery, it was revealed that the
radial nerve in the middle third of the humerus
was embedded within scar tissue and interrupted
at the contact point with one of the distal block-
ing screws. There was scar transformation of the
nerve over a length of 4.0 cm, with a neuroma at
the proximal end (Fig. 3).

Fig. 3. A break in the radial nerve is identified
(indicated by arrows) in the projection of the distal
blocking screw; a neuroma at the proximal cult of the
nerve

Fig. 4. X-rays after re-fixation of the left humeral
bone with a plate; the position of the fragments and
metal fixator is satisfactory:

a — anteroposterior view; b — lateral view

The nail was removed, and the fragments were
extracted from the scar tissue, refreshed, aligned,
and fixed with an extra-articular plate to achieve
angular stability with compression (Fig. 4).

The scar-transformed segment of the radial
nerve and the neuroma were excised. To repair
the nerve defect, a sural nerve autograft was har-
vested from the right side. Four grafts, each 5 cm
in length, were placed into the defect area. Using
an operating microscope, an epineural suture
was performed using Prolene 9/0 thread (Fig. 5).

The postoperative period was uneventful, and
the patient was discharged from the hospital on
the 9* day after the operation.

Fig. 5. Plating of the humeral bone, and radial nerve
reconstruction using autografts (indicated by arrows)

During the 11-month outpatient period, the
patient received medical therapy and under-
went physiotherapeutic treatment, including
electromyostimulation, acupuncture, paraffin
baths, mud therapy, massage, and therapeutic
exercises involving passive and active finger
and wrist movements.

According to the patient, positive recovery
dynamics of the radial nerve began to appear
10 months after the operation, with the return
of sensation in the external surface of the left
forearm and dorsal surface of the wrist. After
13 months, the patient reported the ability to
actively hold the wrist in a semi-physiological
position without the assistance of an orthosis,
with a slight amplitude of active extension of
the three phalanges of the fingers, which fur-
ther improved over time, followed by the resto-
ration of active wrist extension. The function of
active abduction of the first finger was restored
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last, after 15 months. At the 18-month follow-
up, the patient noted progressive improvement
in fine finger motor skills.

At the 26-month follow-up after the operation,
complete amplitude and restoration of strength
in active wrist extension and three phalanges of
the fingers (M5), as well as abduction of the first
finger (M5), were observed. The amplitude of the
first finger extension was not complete (M3-4).

ENMG data showed significant positive dy-
namics, with a low-amplitude M-wave and in-
creased chronodispersion from the extensor in-
dicis muscle and low-amplitude sensory nerve
action potential upon stimulation of the superfi-
cial radial nerve (Fig. 6).

Left., Extensor indicis, Radialis, c6 C7 C8

4 1
.03 ,1j

N |Stim. site Dist., rnmiLat' IAmp fong,, |Vel,
ms |mV ms m/s

Left., Ext indicis, Radialis, c6 C7 C8

1_|midshoulder [s0 [14 o 116 |

3 |midshoulder |0 26 135 o0 760

Fig. 6. ENMG protocol after 26 months
post-operation

DISCUSSION

According to the analysis of the world literature,
the frequency of iatrogenic radial nerve injuries
ranges from 2% to 17% [8]. In our study, iatro-
genic neuropathies after humeral shaft osteosyn-
thesis with blocking screws developed in 2.9% of
patients. In 30% of cases, radial nerve injury was
associated with distal screw blocking [9].

In this particular case, the injury resulted from
a combination of several technical errors during
the osteosynthesis procedure. Firstly, a screw of

insufficient length was selected. On postopera-
tive X-rays, it can be observed that, even with the
proximal end of the screw protruding a few mil-
limeters above the head of the humerus, there is a
deficit of approximately 2 cm in length. Secondly,
despite the presence of a hole for distal blocking
in the sagittal plane, both blocking screws were
inserted from the outside towards the inside. With
the screw being too short, such blocking inevitably
occurs over the radial nerve [10]. When soft tissue
protection is inadequate, the nerve trunk is high-
ly susceptible to damage during drilling or screw
insertion. In some cases, damage caused by the
drill's cutting edge leads to a complete nerve dis-
ruption, which, evidently, happened in this case.

Timely diagnosis of iatrogenic nerve injuries
is crucial. Clinically identifying traumatic neu-
ropathy after anesthesia has worn off is usually
straightforward. However, the clinical approach
does not provide insight into the nature of the
injury since any nerve injury, from contusion to
complete anatomical disruption, presents with a
comprehensive picture of sensory-motor deficit.

Visualization of the radial nerve through ul-
trasound examination allows for accurate deter-
mination of the level and nature of the injury
[1, 3, 6, 7]. Conducting the examination immedi-
ately after surgery and confirming nerve trunk
disruption would allow for immediate repair of
the nerve integrity. In cases of diagnosed com-
plete anatomical disruptions, we perform a revi-
sion with nerve integrity restoration. If conflicts
with fragments or metal constructs are iden-
tified instrumentally in the context of radial
nerve neuropathy, we conduct revision and neu-
rolysis. In cases with inconclusive results from
instrumental examinations, we perform nerve
revision. An active-waiting strategy, in combi-
nation with conservative treatment, is chosen
when the anatomical disruption or conflicts
with metal constructs are not confirmed instru-
mentally. In the absence of positive progress
from conservative treatment within 3-4 months,
we perform a nerve revision. Unjustified delay
in the results of conservative treatment without
verification of the type of nerve injury jeopard-
izes the possibility of restoring lost upper limb
function [1, 2].
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In this clinical case, after humeral shaft osteo-
synthesis, with the clinical symptoms of radial
nerve injury in the early postoperative period, the
lack of medical vigilance and failure to conduct
timely diagnostic verification led to the absence
of instrumental diagnosis, which resulted in the
late determination of the nerve injury's nature.
The patient's initial consultation at our clinic oc-
curred three months after the iatrogenic compli-
cation. The absence of clinical improvement and
the detected nerve conduction block according to
the ENMG data provided the basis for searching
for the anatomical cause of the persistent func-
tional impairment. Visualization examination
revealed nerve disruption.

The degree of motor function recovery in the
upper limb muscles directly depends on the tim-
ing of surgical treatment and patient rehabilita-
tion. ENMG data shows that muscle contractility
impairment in the form of fibrillation potentials
manifests itself within 3 weeks after nerve injury,
and motor function inhibition becomes irrevers-
ible in the 12-18 month period. Muscle degener-
ation becomes irreversible within 18-24 months
[1]. Literature reports observations confirming
that operative treatment performed six months
after injury results in significantly poorer nerve
recovery [5]. After 10-12 months, the only option
for restoring wrist and finger extension function
is tendon transposition [1]. The best results have
been described after neurolysis, nerve suturing,
and grafting using short autografts within 1-2
months [7, 11, 12].

Postoperative treatment is also essential for
the quality and timing of limb function recovery.
The goal of influencing the damaged nerve is to
create conditions for its physiological regenera-
tion [10, 12].

The therapeutic approach aims to accomplish
the following tasks:

Restoration of tissue trophism (combatting
edema and hypoxia through physiotherapeutic
treatment, antihypoxants, and medications im-
proving microcirculation).

Restoration of nerve structure and function
(activation of axoplasm movement, maintenance
of conditions for axon and myelin regeneration,
improvement of nerve impulse conduction and
neuromuscular transmission). For this purpose,
B-group vitamins, cholinesterase inhibitors, and
phospholipid donors are used.

Prevention of atrophy in immobilized and
denervated limb tissues (prophylaxis against
joint contractures, denervated tissue training).
Physiotherapy and myostimulation play a crucial
role in this aspect.

We believe that the comprehensive postop-
erative rehabilitation treatment, which includes
medication therapy, therapeutic exercises, and
physiotherapy, including electromyostimulation,
allowed us to achieve excellent functional results.

CONCLUSION

Iatrogenic radial nerve injury is a common com-
plication of operative treatment for humeral
shaft fractures, particularly with screw block-
ing. A significant portion of such complications
is related to nerve injury during distal blocking.
Surgical prevention of such complications in-
volves appropriate selection of the fixator and
adhering to the technique of inserting blocking
screws outside the area of the radial nerve.

Delayed completion of comprehensive exami-
nation and lack of early operative treatment in
patients with radial nerve injuries lead to the ab-
sence of full functional recovery, potential mus-
cle atrophy, and inhibition of motor function.
Operative treatment aimed at restoring the radi-
al nerve in the early stages after injury, combined
with a full spectrum of postoperative rehabilita-
tion over the course of a year, is the only correct
treatment approach. The timing of specialized
care for patients with radial nerve injuries plays
a significant role in the restoration of upper limb
function and the patient's workability.
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Coracoid Process Fracture Associated With a Distal Clavicle Fracture:
A Case Report
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Abstract

Background. Fracture of the distal clavicle fracture associated with a coracoid process fracture is extremely rare
in the practice of an orthopedic surgeons. Therefore, there is no common approach to the treatment of patients
with this type of bone injuries of the shoulder girdle.

Aim of the study — to demonstrate positive experience of conservative treatment of the coracoid process
fracture combined with hook plate fixation for distal clavicle fracture.

Case presentation. We present a rare clinical case of a closed distal clavicle fracture associated with coracoid
process fracture. Trauma occurred when the patient fell down the stairs on his abducted upper limb. After
examination, the distal clavicle fracture was fixed with a hook plate. Intraoperatively, X-rays showed a
satisfactory position of the coracoid process of the scapula. Therefore, it was decided not to fix it additionally.
CT scans three months after the surgery showed bone fragments consolidation. Removal of the hook plate and
screws from the clavicle was performed.

Conclusion. Presented clinical case illustrates successful treatment result of this type of fractures without
fixation of the coracoid process fracture. The hook plating allows to stabilize bone fragments and restore
ligament tension, which makes this implant non-alternative for fixation of this type of injuries.

Keywords: acromioclavicular joint injury, distal clavicle fracture, coracoid process fracture, hook plate.
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Mepenom KNOBOBMAHOrO OTPOCTKA IONATKU B COMETaHUU
C NepefioMOM aKpOMMAJIbHOrO KOHLLA K/THOUYULLbI:
KIMHUYECKUA Cyyan

AWM. Asnees 2, [I.I. [Tapdees !, [I.[1. ITapiinn?, E.B. CuHMIIbIHA 2

T @I'BY «HayuoHanvHbili MeOUYUHCKULL ucciedo8amensCKuti yeHmp mpasmamosiozuu
u opmoneduu um. P.P. Bpedena» Mun3dpasa Poccuu, 2. Cankm-ITemep0ype, Poccus

2 @I'BOY BO «Caukm-Ilemepbypzckuli 20cydapcmeaeHHbiti neduampuueckuti MeouyuHcKuii yHusepcumem»
Mun3sdpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

Pedepar

AxkmyansHocms. [lepesioM aKpOMMaJbHOTO KOHIIA KAOUMIIBI B COUETAHUM C TIepeioMOM OCHOBAaHMUS KIIOBO-
BUIHOT'O OTPOCTKA JIONIATKM B ITpaKkTMKe TPaBMaTo/lI0ra-opTolie[ia BCTpevyaeTcs KpaiiHe pefko. B ¢Bs31 ¢ aTum
OTCYTCTBYET eIMHbIi TTOAXO]I, K JIeueHMI0 Mal[MeHTOB C MMOBPEXIEeHMUSIMM KOCTel IJieueBOTro Mosica TAaKOro TUIIA.
Llenvto maHHOI ITyOMMKALIMYM SIBJSIETCS HEMOHCTPAIMS TTOMIOKUTEILHOTO OIITA KOHCEPBATUBHOTO JIEUEHMS
repejioMa KJII0BOBUIHOIO OTPOCTKA JIOTIATKM B COYETaHUM C OCTEOCMHTEe30M IlepesioMa akpoMMUaTbHOTO KOHIIA
K/IIOUMIIbI KPIOUYKOBUIHOM MIaCTUHOM.

Onucaxue cayuas. Mbl ipefcTaBisieM pefKuii KIIMHUYECKUI Cy4dai 3aKpbITOTO IepeioMa aKpoOMUaabHOTO
KOHIIAa KJIIOUMIIbI B COUETaHUM C TIepeIOMOM OCHOBaHMS KJIIOBOBUIHOTO OTPOCTKA JIOMTATKM, HACTYIIUBIINIA B
pes3y/bTaTe MajeHus MalMeHTKY C JIECTHUIIBI C OTIOPOJi Ha OTBEEHHYIO0 BEpPXHIOI0 KOHEUHOCTbD. [Tocie obce-
JIOBaHMS ObUIO MPUHSITO pelieHue o GUKCcAnuy aKpOMUATbHOTO KOHIIA KTIOUMIIBI KPIOYKOBUIHON TIJIACTH-
HO¥1. lHTpaomepallMOHHO TOC/Ie OCTEOCHHTEe3a aKpOMMaAbHOTO KOHIIA KIIOUMIIBI HA PeHTreHorpaMmMax OT-
MeYaIoCh YIOBIETBOPUTEIbHOE MOOKEHYE KITIOBOBUIHOTO OTPOCTKA JIOTIATKM, B CBSI3M C YeM ObIIO ITPUHSITO
peleHue TOTOTHUTENbHO ero He GUKCUpoBaTh. OnepaTMBHOE BMEIIATEIbCTBO, KAK ¥ MOCIE0TepaIiOHHbI
nepuo, mpoTekanu 6e3 ocobeHHocTet. IIpy BBIMOJHEHUM KOMIIbIOTEPHO ToMorpadum yepes 3 mec. rmocie
orepanyu oTMedeHa KOHCOMUAAIMS OTIOMKOB. BbITIONTHEHO yialieHye KPIOUKOBUAHOM MJIaCTUHBI C BUHTAMM
M3 KITIOUYMIIBI.

3axntouenue. [IpencTaBieHHbIN KITMHUYECKUI CTy4Yall WITIOCTPUPYET Pe3yJbTaT JeYeHUsI TaKOTO TUTIA [Teperno-
MOB 6e3 hMKcaIMy KIIOBOBUIHOTO OTPOCTKA JIOMATKY C JOCTVDKEHMEM OTIMYHOTO KIMHUYECKOTO Pe3y/bTaTa.
[Mo HalleMy MHEHMUIO, TIPMMeHEeHYEe KPIOUKOBUIHOM IIaCTVHBI TTO3BOJISIET CTAOMIM3MPOBATh KOCTHBIE OTJIOMKM
¥ BOCCTAaHOBUTD HATSDKEHME CBS30K, UTO JeIaeT 3TOT MMIUIAHTAT 6e3a/IbTepHATUBHBIM IJ1s1 (GUKCAIUM TAKOTO
TUIA MOBPEXOECHUIA.

KiroueBsble ci1oBa: TpaBMa aKpOMMaJIbHO-K/IIOUMYHOTO CyCTaBa, I1epejioM aKpOMMa/JIbHOTO KOHIIA K/IIOUUIIbI,
I1epejioM K/IIOBOBUHOI'O OTPOCTKA, KPIOUKOBMIHAA IJIaCTMHA.

IOns nutupoBanus: ApneeB A.U., ITapdees [.I., Tapmuu [1./0., Cunuisiga E.B. TlepesioM KJIIOBOBUAHOTO OTPOCTKA
JIOTIATKM B COUETAaHUM C MepeioMOM aKpOMMaIbHOTO KOHIA KITIOUMIIbI: KIMHUUECKUIt ciydait. Tpasmamonozus u
opmonedust Poccuu. 2023;29(3):118-123. https://doi.org/10.17816/2311-2905-14793.

DK Asdees Anexcandp Hzopesuu; e-mail: spaceship1961@gmail.com
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BACKGROUND

The incidence of distal clavicle injuries in the
structure of clavicle fractures varies from 10% to
30% [1, 2, 3]. Fractures of the coracoid process are
even less common: 3-16% of all scapula fractures
[4]. Cases of combined injury of the distal clavi-
cle and the coracoid process are described only
in a few publications, which, in turn, indicates
the lack of a unified approach to the treatment
of this category of patients [5, 6, 7, 8]. Difficulties
in selecting a treatment method for a patient are
associated with the determination of reasonable
limits of the surgical aggression and require bal-
anced approach for trauma surgeon's part.

Aim of the study — to demonstrate positive ex-
perience of conservative treatment of the cora-
coid process fracture combined with hook plate
fixation for distal clavicle fracture.

CASE PRESENTATION

A 45-year-old female patient sustained a right
shoulder injury in August 2022 as a result of a
fall from a ladder on the abducted upper extrem-
ity. Physical examination revealed deformity of
the right shoulder area, acute pain in the projec-
tion of the right acromioclavicular joint, posi-
tive piano key symptom. Range of motion in the
shoulder joint was severely limited due to a pro-
nounced pain syndrome. X-ray of the right shoul-

der shows radiologic signs of a closed fracture of
the distal part of the right clavicle with displace-
ment of fragments associated with a closed frac-
ture of the coracoid process (Fig. 1).

Identical vertical displacement of the central
clavicle fragment and the coracoid process al-
lowed to infer indirectly that the coracoclavicular
ligaments were intact. In our opinion, the hook
plate was and remains the preferred implant for
this purpose. On the first day of hospital stay, the
patient underwent the surgery: open reduction of
fragments, fixation with a hook plate and screws.
Based on control X-rays, the final intraoperative
decision was made not to fix the coracoid process
of the scapula additionally (Fig. 2).

After the reduction of the clavicle fragments
and restoration of anatomical relationships in the
acromioclavicular joint, anatomical reduction of
the coracoid process occurred due to the resto-
ration of the tendon pull balance of the muscles
fixed to the coracoid process. Therefore, it was de-
cided not to additionally fix the coracoid process.

Postoperative period was uneventful. The pa-
tient was discharged for outpatient treatment
on the 5th day after surgery. The right upper ex-
tremity was put in a sling for 4 weeks from the
date of surgical treatment. Twelve weeks later,
the patient underwent a CT scan of the area of
surgical intervention, which showed CT signs of
bone union of both the distal clavicle and the

Fig. 1. X-ray of the right acromioclavicular (AC) joint
in AP view. Signs of closed fracture of the right distal
clavicle with displacement of fragments combined
with coracoid process fracture

Fig. 2. Fig. 2. Intraoperative X-ray of the right AC
joint in AP view after open manual reduction and
fixation of the right distal clavicle with a hook plate.
Displacement of fragments is eliminated
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coracoid process (Fig. 3). Based on clinical tests,
instrumental findings, and time elapsed since
the surgery, the patient was recommended to
have the fixator removed from the right clavicle.

X-rays taken at the time of implant removal
also show signs of bone union and absence of
subluxation (Fig. 4).

In December 2022, elective removal of the
hook plate and screws from the distal part of the
right clavicle was performed. Clinical recovery
was achieved (Fig. 5).

Fig. 3. Right shoulder CT scan 3 months after
surgery. CT signs of bone union of the distal clavicle
and coracoid process

Fig. 4. X-ray of the right AC joint in AP view 3
months after surgery. Signs of bone union without
subluxation

Fig. 5. X-ray of the right AC joint in AP view after
implants removal

DISCUSSION

There are very few publications that are in one
way or another related to fracture of the coracoid
process [9, 10, 11]. As a consequence, there is no
unified approach to the treatment of this type of
fracture.

According to A. Igbal et al., only three cases
of isolated fracture of the coracoid process out of
nine presented had surgical treatment options,
namely, ligament refixation, open reduction with
internal fixation, and, finally, percutaneous screw
insertion. In all presented clinical cases, patients
were able to return to active sports within 3 to 12
months, regardless of the chosen treatment op-
tion [12].

Simultaneous fractures of the distal clavicle
and coracoid process are even less frequently
described. In a similar clinical case presented by
W. Zhang et al. in addition to fixation of the ac-
romioclavicular joint with a hook plate, fixation
of the coracoid process with a 3.5 mm cannulated
screw was performed. Three months after sur-
gery, the shoulder joint function was restored,
and the patient had no complaints [13]. Despite
the positive result achieved in the presented case,
we would like to note the difference in approach-
es and different degrees of surgical aggression in
the treatment of patients with similar pathology.

M.M. Broekman et al. compiled and analyzed
the results of treatment of 37 patients with dis-
location of the distal part of the clavicle and
fracture of the coracoid process. In 22 cases, the
preferred treatment option was surgical, and in
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12 cases both the acromioclavicular joint and the
coracoid process were fixed, in 9 cases only the
acromioclavicular joint was fixed, and in one case
only the coracoid process was fixed. As a conclu-
sion, the authors note that even though there
is a large sample for such a rare pathology, it is
impossible to scientifically justify certain recom-
mendations for the treatment of this category of
patients [14].

In our opinion, in cases of satisfactory posi-
tion of the fragments of the coracoid process, it is
possible to get along without its additional fixa-
tion, which minimizes the risk of intraoperative
complications and overall reduces the extent of
surgical intervention.

CONCLUSION

Presented clinical case illustrates treatment re-
sult of this type of fractures without fixation of
the coracoid process of the scapula with excel-
lent clinical outcome. In our opinion, the use of
the hook plate allows to stabilize bone fragments
and restore ligament tension, which makes this
implant non-alternative for fixation of this type
of injuries.
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TpaBmaTonorusa u oproneamsa B GOKyce UHTENNIEKTYas/IbHOM
CO6CTBEHHOCTHU

T.H. 9pusaHiiena, C.10. Ty3osa, H.B. JIsickos, 10.B. bioxuna, A.A. icamoBa

QDIBY «DedepaivHblli UHCMUMYmM NPOMblULIEHHOL coOcmeeHHOCmuU», 2. Mockea, Poccust

Pecdepar

Bbicokuit ypoBeHb TpaBMaTH3Ma, 3a60/1€BaHMiT KOCTHO-MbIIIIEUHOI CUCTEMbI ¥ COeIVHUTETbHOM TKaHU 06yC/IaBIMBaeT
CIIPOC Ha COBpEMEHHbIE BhICOKOTEXHOJIOTMUHbIE MAaTepMasIbl B 06/1aCTI OPTONEINY M TpaBMaTOIOrMM. PazpaboTKka oTeue-
CTBEHHBIX MaTEPHMAJIOB SIBISETCS KpaitHe aKTyaabHOI 3a/1aueit, 0cO6€HHO B YCJIOBUSX OTPaHUYEHMS ITOCTaBOK B Poccumii-
ckyio demepalio MHOCTPAHHBIX TPOAYKTOB. CO3maHMe HOBBIX M3IeINii ¥ MOCAeYIOIMi BEIBOM UX HA PHIHOK TPe6yIoT
BCECTOPOHHE 0XpaHbl BOILIOIEHHO B MTPOAYKT YHUKAIbHOM MHGOPMALIMM O er0 YCTPOIICTBE, COCTaBe MV TeXHOIOTUN
MTOJTyYeHMST/U3TOTOBIeHNS. AHAJIM3 TATeHTOBAHUS OTeUeCTBEHHbBIX Pa3paboToK B 06/1aCTV TPAaBMATOIOTUM U OPTOTIeANN
Ha TeppuTopun Poccuiickoit @emepaliui 1oKasaj, 4YTO B aclieKTe KOMMePIMaan3aluy 0TeueCTBEHHbIX IIPOAYKTOB CY-
IIeCTBYET psAl puckoB. Tak, oTeuecTBEeHHbIE Pa3pabOTUMKM B psifie CyuaeB MpeHe6peraioT MaTeHTHO! OXpaHOoi CBOMUX
paspaboToK, UTO CTABUT yCIIEeNIHbIe pa3pabOTKM M0, YTPO3y HECAHKIVIOHMPOBAHHOTO KOTIMPOBAHMS WM MTPeIbABICHNS
MpeTeH3ui CO CTOPOHBI APYIUX PHIHOYHBIX UTPOKOB. C APYroit CTOPOHBI, CTpATErus MaTEeHTOBAHMs OTeYeCTBEHHBIMU
pa3spaboTYMKaMy CBOMX MPOAYKTOB B GOJIBIIMHCTBE CIyuyaeB COAEPKUT P, OIMO60K, TAKUX KaK Y3Kye paMKi ITaTeHTHO
OoXpaHbl, 06YC/IOBJIEHHbIE HEBEPHO COCTaBIeHHOI (popmyitoit nsobpetenns. K HuM OTHOCSATCS GOPMYIMPOBKM, KOTOpPbIE
JIOCTAaTOYHO JIETKO OOOMTH TPY HaJMUYMM KOMMEPUECKOro MHTepeca K IIPOAYKTY, IpeMMylleCTBeHHOe IaTeHTOBaHue
PEKMMHBIX TEXHOJOTMUYECKUX MTPOI[€CCOB, OTCYTCTBME KOMIUIEKCHO MaTeHTHOI OXpaHbl MPOAYKTa. YKa3aHHbIe OMIMOKMU
MaTeHTOBaHMS [e/IaloT pa3spaboTKy HelpMBIeKaTeIbHO /i MHBECTOPOB U MPOM3BOAUTEIEl, UTO TIPUBOAUT K HU3KOIM
KOMMePIMaIU3yeMOCTU POCCUIICKUX pa3paboTok. TakuM 06pa3om, poccuiickue paspaboTuuKy, UMeIIie 3HAaUUTeb-
HbIii HaYYHbII IOTEHIMAT ¥ KOMITETeHI[MMI IJIs1 CO3aHMst BbICOKO3(h(EKTMBHBIX OTEUECTBEHHbIX IMPOIYKTOB, HE peasin-
3YI0T TpaHchep TeXHOIOTH U He MOTYT BHIBECTM CBOM MEPCIIEKTUBHbIE 1 BOCTPe6OBaHHbIE ITPOAYKTHI Ha PHIHOK.

KrouesBsle ciioBa: TPaBMaTOJIOTUS M OPpTOIIeans, M306peTEHI/Ie, I10/1e3Has MOaeJib, IIaTeHT, MHHOBAaL M.

Ons nurtupoBanuna: dpusaHiesa T.H., Tysosa C.IO., JIrickoB H.B., Bioxuna 0.B., VicamoBa A.A. TpaBmaTonorus
u opTorenus B GOKyce MHTe/UIEKTYaIbHOV co6CcTBeHHOCTU. Tpasmamonozus u opmonedust Poccuu. 2023;29(3):124-135.
https://doi.org/10.17816/2311-2905-15522.
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Traumatology and Orthopedics in the Focus of Intellectual Property

Tatyana N. Erivantseva, Svetlana Yu. Tuzova, Nikolay B. Lyskov,
Yulia V. Blokhina, Anna A. Isamova

Federal Institute of Industrial Property, Moscow, Russia

Abstract

High incidence of injuries, diseases of musculoskeletal system and connective tissue leads to a high demand for modern
high-tech materials in the area of orthopedics and traumatology. Development of russian materials is an extremely
relevant issue, especially under conditions of restricted supply of foreign products to the Russian Federation. Creation
of new products and their subsequent launch to the market require comprehensive protection of unique information
about the design, composition or production/manufacturing technology of the product. Analysis of patenting domestic
solutions for trauma and orthopedic surgery in the Russian Federation has shown that there are various risks associated
with the commercialization of national products. For example, russian developers in a number of cases neglect patent
protection of their developments, which puts successful developments at risk of unauthorized copying or claims from
other market players. On the other hand, patenting strategy of domestic developers for their products in most cases
contains a number of errors, such as narrow bounds of patent protection due to incorrectly drafted patent claims.
For example, these can be in formulations that can be easily bypassed in case of commercial interest in the product,
preferential patenting of technological processes, lack of comprehensive patent protection of the product. Such patenting
errors make the development unattractive for investors and manufacturers, which leads to low commercializability of
russian inventions. Thus, russian developers, who have significant scientific potential and competencies to create highly
effective national products, do not proceed with technology transfer and cannot bring their promising and in-demand
products to the market.
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BBEJEHUE

TpaBMaTo/norusi U OpPTONEnUSl SBSIETCS OLHUM U3
Haubosiee TEXHOJIOTMYHBIX ¥ HAYKOEMKUX HaIpas-
JIeHUii B COBPEMEHHOJ MeAuLIMHe, TOCKOIbKY OpTO-
reguyuecKyie MaTepuatbl ¥ MHCTPYMEHTHI B 60OJIbILION
CTeleHM OIpefesioT KavyecTBO OKa3blBaeMOIl Ha-
CeJIeHUI0 MeOMIIMHCKOV Tomoluu. PemieHne mpo6-
JleM XUPYPIUMYEeCcKOro JeYeHUsl MepeioMoB KOCTel U
opTollegMUecKoil MaToJOTUM 3a4yacTylo TpebyeT Mc-
MOb30BaHMsI CaMbIX COBPEMEHHBIX XUPYPIUUYECKUX
TEXHOJIOTUI U MeOULUMHCKUX MU3IENuil (armnaparTos,
MMILUIAaHTATOB), @ TaKKe MHCTpyMeHTapus. bBricTpoe
MX COBEpPLIEHCTBOBaHME IMO3BOJISIET OBBICUTbL BEPO-
SITHOCTb 6J1aTOTNIPUSTHOTO MCXOa CIIeLMaIN3UPOBaH-
HO MeIUIIMHCKOM MTOMOIIIN.

B Hacrosilllee BpeMs B MMUpE OTMEUYaeTcCsl BbICO-
Kuit ypoBeHb TpaBMaTu3Ma U 3a60/IeBaHMIi KOCTHO-
MBILIIEUHO cucTeMbl. Haubosnee CUIBHO 3aTpOHY-
TO TakKMMM OOJIe3HSIMMU HaceleHue CTPaH C BbICOKUM
I0xX0OoM (441 MJIH 4esloBEK), lajnee CAeOYIOT SXUTEIU
3amagHoi yactu Tuxoro okeaHa (427 MJIH 4eJI0BEK)
u I0ro-BocTouHoii Asun (369 MJH 4yenoBek). bonesHn
KOCTHO-MBILIEYHOM CUCTEMbl 3aHMMAIOT Bexyliee
MecTo cpeny GaKTOPOB MHBAMIHOCTY B MUpel.

ITo panueiM MuHTpYHa, B Poccuiickoilt @epepaiinm
(P®) 60nee 600 ThIC. TpakImaH MMEIOT HapyIIeHUS
OIOPHO-JBUTAaTeIbHOIO anlapaTa, eXxerogHO BbIIO-
Hstetcs 6osiee 1 MutH 200 ThIC. BBICOKOTEXHOJIOTMUHBIX
ornepaunuii mauyeHTaM TpPaBMaTOJIOrO-OpToIefnyde-
cKoro mpodus?.

Boicokasi moTpe6GHOCTh B TPaBMAaTOIOTO-OpPTOIIe-
IMUeCKOi TIOMOIIYM OOyCIaBAMBAaEeT 3HAUUTENbHbIN
CIIPOC Ha COBpeMEHHbIE BbICOKOTEXHOJOTUYHBbIE Ma-
Tepuasbl, METOAVKU U U3IeNus, 4To Ha ¢GoHe KO-
HOMMWYECKMX CAaHKUMI MOBBIIAET aKTyaJlbHOCTb MC-
MOJIb30BaHUSI MMEHHO OTeUYeCTBEHHbIX Pa3paboTOoK.
Tak, B 2022 r. pacniopspkeHuem IIpaBurtenncrBa PO
ompesesieHo, YTO B Oimuskaiiiiye TPU Tofa CBBILIE
2,7 mapn py6ieit 6ymeT HampaBieHO Ha MOJepHMU-
3alMI0 TIPOM3BOACTB [JIs1 BBIYCKA MeIUIIMHCKUX
uU3nennit B 06/1acTU OPTONEeIUU U TPaBMATOIOTUNS,
a B pamkax locymapcTBeHHOI TIiporpaMMmbl PO
«PasBuTtue (QapmaneBTUUECKON U MeOULIMHCKOMN
IIPOMBILIJIEHHOCTU» TOCPENCTBOM peanusaluy mpo-

eKTa PeKOHCTPYKLUM ¥ TEXHUUYECKOTO IepeBoopyxke-
Hust OI'YIT «IIUTO» k 2030 r. INTaHUPYeTCS YBETUIUTD
IIOJTI0 OTeYeCTBEHHbIX M3IeNii 1JIs1 TPaBMaTOIOTUM U
opromneavu 00 30% u B IepCcrieKTMBE MOJTHOCTBHIO 3a-
MECTUTh UMIIOPTHYIO IPOIYKLIMIO B 3TOM CETMeHTe,

CrnegyeT OTMETUTD, YTO B HACTOSIIMIA MOMEHT A0S
MMIIOPTHBIX MEOUIIMHCKUX M3IeNNit, OTHOCSIIMXCS
K TpaBMAaTOJIOTUM U OPTONEeONM, 3aperucTpUpPOBaH-
HbIX B [O0CyIapcTBEHHOM peecTpe MeOULIMHCKUX U3-
Ieauii M OpraHMs3aLuit®, Bce elle MpPEeBbIaeT TOJII0
OTEeUYeCTBEHHBIX MPUMePHO B 1,5 pasa. Tak, B KaTero-
pun «ITpoTe3bl CyCTaBOB MMILIAHTMPYEMbIe» POCCUTL-
CKUM IIPOM3BOAUTENSIM IIPUHAIJIEXUT 38% m3menmii,
MHOCTpPaHHBIM — 62% [1]. Takum ob6pa3om, B CBeTe
orpaHmyeHusl noctaBku B Poccuiickyro @emepaiinio
MHOCTPaHHBIX IIPOAYKTOB OTeUeCTBEHHbIE pa3paboT-
KM B 00/71aCTV TPaBMAaTOJIOI MU M OPTOIEINUM SIBJISTFOTCSI
BechbMa BOCTPe6OBaHHBIMMU.

ITATEHTOBAHUE HOBbBIX PASPABOTOK
B OBJIACTH TPABMATOJIOI'MU 11 OPTOIIEAVI

CosfmaHue HOBBIX M3MENUII U TOCIEeAYIOIINiA BbIBOJ,
MX Ha PbIHOK TPe6YIOT BCECTOPOHHEI 0XpaHbl BOILIO-
IIEHHO B MPOAYKT YHUKAIbHOM MHGOPMAIIUM O €0
YCTpPOICTBe, COCTaBe MJIM TEXHOJOTUY TTOTYyUeHUST/U3-
TOTOBJIeHUS [2, 3]. 3a4acTylo CpencTBa (B TOM YUCIIE
O10IKeTHBIE), BIOKEHHbIE B pa3pabOTKy CBEpPXKOH-
KYPEHTHOTO IPOAYKTa, MOTYT ObITh MOTpavYeHsbl 3psi,
ewIn ee cosmaTesnb He 0oOPMUT CBOM TIpaBa Ha Hee,
MCK/TIOUVB TeM CaMbIM BO3MOXKHOCTh HeZO6POCOBECT-
HbIM KOHKYpPEHTaM CKOMMPOBaThb MPOAYKT U MPOU3-
BOIUTbH €ro Mo, COGCTBEHHBIMY JIOTOTUIIAMM, a TAKKE
MpeIOTBPATUB PUCK HapyIIeHUs MpaB JIUIl, KOTOpbIe
IaHHYIO pa3paboTKY ysKe 3alaTeHTOBaIu. bojee Toro,
BBIBOJ, Ha PHIHOK HOBBIX MTPOAYKTOB COMTPOBOXKAAETCS
my6IMKalyei OXpaHsIoMNX UX MaTeHTHBIX TOKYMeH-
TOB, U MOSIBJIEH/E HOBBIX IAaTEHTOB KOCBEHHO CBUIE-
TeJILCTBYET O TOSIBJIEHMM HOBBIX pa3paboTOK Kak Ha
YPOBHE OTAeIbHBIX KOMITAHMUIA, TAK U CTPAHBbI B 11€JIOM,
IEeMOHCTPUPYSI YPOBEHb HAIIMOHAJIBHOTO TEXHOJIO-
TMYeCKOT0 CyBepeHMuTeTa B OIpele/ieHHOM HayuyHO-
TEXHOJIOTMYECKOM 06/1acTy. AHAMU3UPYS TaTEHTHYIO
aKTMBHOCTb PE3UIEHTOB 1 HEPE3UIEHTOB® Ha Teppu-
Topuu PD, MOXHO fe/1aTh BBIBOABI KaK O MMPOBOAVMBIX

! 3a6osneBaHus1 ONOPHO-ABUTaTENbHOrO anmnapara. 2023 r. BcemupHast opraun3sanms 34paBooOXpaHeHMsI.
Pexxum pocryna: https://www.who.int/ru/news-room/fact-sheets/detail/musculoskeletal-conditions.

2 MunTpyz: 6omee 600 ThICSU POCCHSIH KMBYT C HapyIIEHMSIMM OTIOPHO-IBUTraTesibHOro ammaparta. 30 mapra 2021 r. UuTtepdakc
Poccusi. Pesxum pocryma: https://www.interfax-russia.ru /main/mintrud-bolee-600-tysyach-rossiyan-zhivut-s-narusheniyami-oporno-

dvigatelnogo-apparata.

5 PacniopskeHue IlpaBurenbcrBa Poccuiickoit @emepauny ot 19 ssuBapst 2022 roga N224-p. [IpaBurenbctBo Poccym.

Pexxum moctymna: http://government.ru/docs/all/138973/.

4 Criektop B.C. Peanusaumst mporpamMmbl MMITOpTO3aMelieHust B cepe TpaBmaTonoruu u opromnenmu. CaHkr-Iletep6ypr, 2020 .
YesnoBek u ero 310poBbe. Peskum mocrymna: https://congress-ph.ru/common/htdocs/upload/fm/travma/20/prez/004.pdf

5 TocymapCTBEHHbI peecTp MeIULIMHCKMX U3ennii v opraumsanmit. 2023 r. DegepaabHast cysk6a 1o Hag30py B cepe 3mpaBooxpaHe-
Hus. Pexxum gocryna: https://roszdravnadzor.gov.ru/services/misearch.

¢ Tlom pesuaeHTaMM TIOAPA3yMEBAIOTCS POCCUICKME MATEHTOOOaJaTeNu MaTeHToB Poccmiickoit ®denepaumy Ha M300peTeHUS
i TIOJIe3HbIe MOJEJH, TIOf, Hepe3uAeHTaMM — MHOCTPaHHbIe MaTeHToo6/IagaTeNu nateHToB Poceuiickoit @egepanmn.
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B CTpaHe pa3paboTKax ¥ HAIpPaBJIE€HMUSIX TEXHOIOTU-
YeCcKOTO Pa3BUTUS, TaK U O 3allOJTHEHUM TEXHOJIOTU-
YeCKUX HUII MHOCTPAHHBIMM pa3paboTUMKaMu.

Bricokasi BOCTpeOGOBAHHOCTh B OPTOIEOUM WH-
HOBAIIMOHHBIX MAaTepMajOB U METOOMK O06yCIaB-
JMBAET MX AKTUBHYIO pa3paboTKy BO BCEM MUpe.
TpaBMaToMOrMs M OPTOTIeaNs, HAPSIAY C 0hTaTbMOJIO-
rueii U Kapauoaoruen, 3aHuMaeT OgHY U3 JIUOUPYIO-
IMX TO3ULIMI 110 KOTUYECTBY 3aperucTpupoOBaHHbIX
pe3yabTaTOB MHTEIEKTYa/IbHOM [1eSITeTbHOCTU Cpe-
IV OIpyrux obsacreil Mmegumyubl. Hanbonee akTMBHO
MMaTEeHTYIOTCS pa3paboTKy B 06aCTU OPTONEAUU U
tpaBmartosiornu B CIIIA, ctpaHax EBpormbl (Mmeert-
cs B BUAY peTrMOHalIbHOE TAaTeHTOBaHME B paMKax
eBpOIIeNiCKON IaTeHTHON opraHmu3anuu) u Kutae
(Tabm. 1).

Tabnauya 1
JuHaMMKa MaTeHTOBaHWUS B MUpe
B 2003-2022 rr.

JIngmepom mateHTOBaHUS siBasercs Kurtaii, B KO-
TOPOM KOJIMYECTBO IOMYyYeHHbIX B 2022 T. NaTEHTOB
B 33 pasa IpeBbIlIaeT KOAMYECTBO MMATEHTOB, ITOTY-
yeHHbIX B PO, unu B 18 pas, ewyin CpaBHUBATH ITaTEH-
TYI0 aKTMBHOCTb 3a 2019 I. (JOKOBUAHDIN IIEPUOL).

AHanM3 MaTeHTOBAHUS OTEeUYECTBEHHBIX pa3pabo-
TOK B 06/1aCTV TPaBMATOJIOTUM M OPTOIeOUM Ha Tep-
putopun PO nmokasai, UTo B acIieKTe uxX KOMMepIua-
JIU3alUU CYILIECTBYIOT CeAyIole PUCKHA:

— poccuiickue pa3paboTuMKM MpeHe6GperarT ma-
TEHTHOJ OXpaHOi CBOMX pa3paboOTOK IpU BHIBOIE
MX Ha PBIHOK, YTO CO3JAeT Yrpo3bl MOSyUyeHuUs Tpe-
TEH3MIl CO CTOPOHBI APYIMX PBIHOYHBIX UTPOKOB,
CBOEBPEMEHHO 3aMaTeHTOBABIIMX CBOU IPOAYKTHI,
M HEeCaHKIMOHMPOBAHHOIO MCIIOIb30BaHUS MHBIMU
JIULIAMU YIIOMSIHYTBIX Pa3paboToK;

— poccuiickue paspaboTuuMKu He (HOPMUPYIOT
CTpaTerMi0 TPABOBOI OXpaHbl CBOMX pa3pabOTOK,
B YaCTHOCTU OTHAeTCs MpenIoyTeHe TONbKO MaTeH-
TOBAaHUIO DPEXMMHBIX TEXHOJIOTMYECKUX IPOLIECCOB
JIaske B cJrydae paspaboTKy MeIUIIMHCKOTO U3Oenus,
YTO JIe/laeT 3aIllaTeHTOBAHHYI0 pPa3paboTKy KOMMep-
yeCcKy He TIPUBJIEKATENbHOV [JI MHBecTopa Jjmbo
YSI3BMMOJI C TOUKM 3PEHUS «00X0a» TAKOrO MaTeHTa
KOHKypEeHTaMM.

Pasbepem monpo6GHee CIOKUBIIYIOCS B PO cu-
Tyauuio B cdhepe maTeHTOBAHMUS B 00JaCTU OpPTOIIe-
IUUM U TpaBMAaTOJOTMM B acleKTe IOTeHIMana ee
KOMMepIuain3auum.

TEKVIIAS CUTYALIUSL C TATEHTOBAHUEM
PA3PABOTOK B POCCUMCKOUN ®ENEPAIITN

B P® mnareHTOBaHME OTEUYECTBEHHBIX pPa3pabOTOK
B 06/IaCTM TPaBMaTOJIOTUM ¥ OpTOIenuu Ipeobia-
IaeT HaJ 3apyOeXXHBIMU: pe3ueHTaM MPUHAIJIEKUT
87% 1maTeHTOB Ha M300peTEHNST U MOJIe3HbIe MO
(puc. 1).

K coxanenuioo, B 60JbIIOM KOJIMYECTBE Cay4a-
€B TIpU BbIBOZE COOCTBEHHOTO ITPOMYKTa HA PBHIHOK
poccuiickue paspaboTuMKy 3a4acTyilo mpeHe6pera-
IOT MMATEHTHOM OXpaHOo¥ CBOUX pa3paboTok, He yle-
JI4 OO/DKHOT'O BHMMAHMA CTpaTernmy raTeHToBaHmsd,
YyeM CTaBST CBOJ MPOAYKT MOJ, yTPO3Y NpeIbsBIEHUS
MIPeTeH3UIl CO CTOPOHBI APYTrUX PBIHOYHBIX UIPO-
KOB, YCIIEIIHO 3alaTeHTOBAaBIIMX CBOM IMPOLYKTHI.
B c1ydae Hanmuus 4y>Xoro OeiCTBYIONLETO MaTeHTa,
MellIawIlero BBIMTYCKY OTEUYECTBEHHOTO MPOAYKTA,
HeoOXOIMMO MMEThb B BUAY, UTO HapylleHUe Uy-
KMX TMPaB MOXKET MPUBECTU K IpaskgaHCKO-IIpaBo-
BOi1 (cT. 1406.1 T'K P®) u yronosHoit (cT. 147 TK P®)
OTBETCTBEHHOCTH.

Takum 06pasom, IJjIsI CBOEBPEMEHHOTO 3aHSITHUS
OCBOOOIMBIIIENCS PBHIHOYHON HUIIM HEOOXOmMMO,
MpeXXae BCero, OLeHUTh CTelleHb MaTeHTHOM oxpa-
Hbl (Ha Tepputopum PD) 3apyOeXHBIX IMPOLYKTOB
yimeammnx KOMIIaHUI U CTaTyC BbISIBJIEHHBIX OXpaH-
HbIX [OKYMEHTOB (HOelCTByeT WM He [AelCTBYET).

KonnuecTBO MMaTeHTOB, BbIJAHHBIX NAaTE€HTHBIMU
BEIOMCTBaMMU
Ton < =
S, & 5 & 2| 8

2003 | 990 535 43 214 85 202
2004 | 1217 | 731 70 281 83 190
2005 | 1217 | 617 104 270 101 238
2006 | 1369 | 725 110 231 161 226
2007 | 1292 | 687 147 292 139 253
2008 | 1280 | 790 146 407 133 185
2009 | 1404 | 758 225 460 161 219
2010 | 1688 | 657 182 348 150 164
2011 | 1761 765 209 315 185 158
2012 | 2015 837 286 365 210 110
2013 | 2308 | 887 298 484 196 123
2014 | 2610 | 955 424 488 235 131
2015 | 2474 | 942 506 427 207 164
2016 | 2624 | 1174 | 610 475 204 148
2017 | 2737 | 1120 | 732 471 208 117
2018 | 2642 | 1127 | 903 499 190 167
2019 | 2922 | 1161 876 453 220 165
2020 | 2737 | 1099 | 1050 | 457 259 189
2021 | 2849 | 1038 | 1402 | 475 283 163
2022 | 2773 | 929 1323 | 544 264 85

Bcero | 40909 | 17534 | 9646 | 7956 | 3674 | 3397
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Kak u3BecTHO, mopgep>KMBaeMblii IaTeHT (TO €CTh
OEeCTBYIOUIMUI OXpaHHBIA OOKYMEHT) OAeT IIPaBo
MaTeHTo00aaTe 0 3alpellaTh TPeTbUM JIUIAM
MCIIONIb30BaTh Pa3paboTKy B KOMMEPUYECKUX LIeJISIX
U 00paTuTbCA B CyO C TpeGOBaHMEM IIOTYUEHUS
KOMITeHCalMu ¥ TIpeKpalleHus ee MUCIOIb30BaHUS
B CJTy4yae yCTaHOBJIeHMS (paKkTa HeIPaBOMOYHOTO BBe-
IeHus B 000POT 3aIlaTEHTOBAHHOI pa3spaboTKM.
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Puc. 1. [luHaMuKa MaTeHTOBaHMS B 06/1aCTU OpTOTIeAUN
u TpaBMaTonioruu B Poccuiickoii @enepaunm

(manHbIe 3a 2023 1. maHbI 3a 5 Mec.):

a — uszobpeTeHnit; b — monesHbIx Mogenei

2020 2021 2022 2023

Fig. 1. Dynamics of patenting in orthopedics

in the Russian Federation (data for 2023 are given
for 5 months):

a — inventions; b —utility models

Cratyc mateHTa P® sBisieTcsl OTKpBITON MHGDOP-
Maumeit U mybnukyertcs Ha caiite ®UIIC B pasmene
«OTKpbITBIE peecTpbl»’. [Ipy aHa/MM3e MaTEHTOB BaXK-
HO obpamiaTh BHMMaHME Ha IPaBOBOI CTATyC OX-
paHHBIX OJOKYMEHTOB, a Takke Ha OCTaBILIMIICS CPOK
MOANEep)KaHUSI UX B CUjle, eCIy B HaJIMUUU CTaTyC
«gerictByeT». CTaTyc «IeMCTBYeT» CBUOETEIbCTBYET

" https://www.fips.ru/registers-web/

0 TOM, YTO B paMKax IaTeHTa IaTeHTO0OIagaTelb
MOKEeT BOCIIONb30BaThCsl BCEM CIIEKTPOM WMCKIIIO-
yurenbHbIX mpaB (ctatbsa 1229 TK, cratbsa 1358 I'K),
B TOM 4MCJIe 3alIpPeTUTENbHONM PyHKIMe. CTaTyc «He
JlelicTByeT» yKa3bIBaeT Ha TO, YTO IIPaBOBasi OxXpaHa
Ha 3arlaTeHTOBAaHHYIO pa3paboTKy 6ojiee He pacHpo-
CTpaHsieTcs U pa3paboTKa Iepelnia B 00IeCTBEHHOe
mocrosinue (ctaTtbs 1364 I'K), TO eCTh €10 MOXET IT0Jb-
30BaThCs JII060E JINI0, U 9TO He OyHeT HapylleHMeM
MCKITIOUMTENBHBIX TIPaB IpaBoobiamaTens. Tak, Ha-
MIpUMeEp, aHAIN3 MAaTEeHTHBIX AOKYMEHTOB 3a 20 jeT
1oKasaj, 4TO [eMCTBYIOIIUMM SIB/SIETCS B CpegHEeM
KaKIbI TPETUI MTaTEHT PE3UNEHTOB U KaKAbI BTO-
pO¥i TTaTEeHT Hepe3UAEHTOB. DTO MO3BOJSIET COEIATh
BBIBOJl, O TOM, YTO Hepe3UJeHThbl OOJblle 3aMHTepe-
COBaHbI B MOAAEPKKE CBOMX MAaTEHTOB BBUIY BBeJe-
HUSI B 060pOT CBOMX pa3spabOTOK U ITOSyUYeHMs Bpe-
MEHHO} MOHOTIO/NIMM, B TO BpeMs KaK pe3UAeHTbI
OTHOCSITCS K TOTYyYEHUI0 OXPAHHOTO JOKYMEHTa Kak
K (hopMaabHOCTU, HEOOXOOMMONM IJISI COCTaBJIEHUS
otueta. Takum 06pa3oMm, IMTOMCK MTAaTEHTOB HA MHTepe-
CyIoll[ie TeXHOJIOTUM IO3BOJISIET ONpeneauTb CTaTyC
M OCTaBUIMICS CPOK HEVCTBUS OXPaHHBIX HOKYMEH-
TOB, UTO HEOOXOOMMO MJIsl BbIPAGOTKM CTpaTerumu
MOBEJeHNSI OTeUYeCTBEHHbBIX Pa3paboTuMKOB HA POC-
CUICKOM DBIHKE.

VHTepecHy0 KapTMHY IOKa3biBaeT aHalIU3 Ma-
TEHTOBAHMSI 110 Pa3JIMYHBIM 06JIaCTSIM TPABMATOJIOTU
" opromnenuu (3[ech U Jajgee B aHAIN3 ObLIM BKITIO-
YeHbI TOJBKO MEOUIVHCKME TexXHOoJorMu 6e3 ydera
TeparneBTUUECKMX METONOB JIeueHUsT U Ipoduiak-
TUKM). VIcxonsl U3 OaHHBIX MAaTEHTHOM aKTUBHOCTM,
OCHOBHbBIE Pa3pabOTKM B aHAIM3UPYEMOIi 06IaCTyU
OTHOCSITCS K TAKMM HaIllpaB/IeHUSIM, KaK «XUpypruye-
CKMe CITOCOOBI JIEUEHUS», «MMILIAHTAThI U ITPOTE3bI»
U «YCTPOJICTBA BHEINHE} ¥ BHYTPEHHEN (GUKcauum»
(Tabmn. 2). YV pesumeHTOB OOJbIIAsl YacTh ITATEHTOB
MMeeT CTaTyT «He IeliCTBYeT», y Hepe3uJeHTOB pak-
TUYECKY 110 BCEM YKa3aHHBIM HAIpaBIeHUSIM HaOJTI0-
IaeTcss obpaTHasl KapTUHA: GOJBIIMHCTBO ITaTEHTOB
MMEIOT CTATyC «AECTBYET».

Bcero nmo manusimM Ha 01.06.2023 B cdepe TpaBMa-
TOJIOTMM U OPTOTIEAVM AECTBYIOIIMM SIBJISIIUCD 1282
IaTeHTa, YTO COCTABJISIET MOpsiaKa 17% oT o6111ero Ko-
JIMYEeCTBA TOSTyYeHHBIX TIATEHTOB B 9TOM 061acTu 3a
20 neT. B TO ke BpeMs Hepe3UAEeHThbl MOAAEPKUBAKOT
B cujie GoJbliiee KOJMMUECTBO IOMYYEHHBIX ITaTEHTOB
(54% naTeHTOB Ha M300peTeHus U 60% MMATEHTOB Ha
ToJIe3Hble Mofenn), ueM pesuaeHTsl (20% u 45% mna-
TEHTOB COOTBETCTBEHHO), YTO JE€MOHCTPUPYET OTHO-
HIeH/e Hepe3UIeHTOB K OXpaHHbIM JOKYMEeHTaM Kak
K MHCTPYMEHTY YIIpaBaeHMs] CBOMMM Pa3paboTKaMu
TIpY BBEIEHMU UX B 000POT (KOMMEPIIMATU3ALIN).
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Tabnauya 2

ITaTeHTHast aKTUBHOCTD 10 M300PETEeHMSIM/TI0JIE3HBIM MOJEISIM B 00/1aCTH TPaBMAaTOJIOTUN
u oproneauu 3a 20 u 10 1eT COOTBETCTBEHHO

PesupeHTsl HepesuneHTs!
Hanpasnenue DejictBylomye | Hepejictyromue | JeiictBytomye | HemeficTByomue
MMaTEHTbI TIaTeHThI MaTeHThI MaTeHThI
Xupyprudeckue criocobbl JeueHust 382/27 1713/79 8/0 17/1
VYerpolicTBa BHENIHeV ¥ BHYTPeHHeN 171/76 496/165 54/7 80/2
ukcauym
WHCTPYMEHTBI /IS OPTOIEeANIECKUX 15/32 58/43 28/0 48/1
ornepauui
WMIutaHTaThl U MPOTE3bI 28/159 48/77 147/0 83/3
VHcTpyMeHTa/IbHAsA LUarHoCcTuKa (Hapumep, 0/0 2/0 0/0 0/0
ApPTPOCKOIIBI)
CpencTBa HEXUPYPTUUECKOTO JTeUeHUsT 32/29 119/62 42/5 14/1
(Harpumep, KOPCeThl U IMHbI)
BcnmomoraTenbHble yCTpoiicTBa 4/1 14/3 0/0 0/0
ILJISI TIepeABYDKeHMS (HAIIpUMep, BKIIAIbIIIN
B 06YBb, CpeICTBA [1JIs YIIPaBJIeHMS
poTe3aMu)

CrnemyeT OTMETUTh, UTO JOMSI MHOCTPAHHBIX Ta-
TEeHTOOOIaiaTesNiell B pacCcMaTpUBaeMoil 061acTu Ha
Tepputopuu P® cocrasnsieT auiib 13% OT Bcex 3ape-
TUCTPUPOBAHHBIX B CTpPaHE MAaTE€HTHBIX TOKYMEHTOB,
O[HAaKO, HECMOTPSI Ha aKTMBHOEe MaTeHTOBaHUE U30-
OGpeTeHMit poccUiicKMMM pa3paboTUMKaMu, KapTUHa
Ha pbIHKe abCOIOTHO MPOTUBOIIONOXKHAS: OIS POC-
CUICKMX TIpPOU3BOAUTENE Ha PbIHKE MeIULIMHCKUX
U3AeNUii i TpaBMaTOJIOTUM U OpTONeouU TOpSIA-
Ka 13%, 4yTo IBHO He COOTBETCTBYET OT€UYeCTBEHHOII
“300peTaTeNnbCckoil aKTUBHOCTM ¥ JTeMOHCTPUPYET
BBICOKMII MHTEpeC MHOCTPAHHBIX IPOU3BOAUTENEN
K POCCUIICKOMY PBbIHKY B 007aCTM TpPaBMAaTOJIOTUM
U opTomenuu. ITO OOBSICHIETCS TeM, YTO MHOCTPaH-
Hble KOMIIAaHUM CTapaloTCs 3alUTUTh CBOM paspa-
GOTKM IMMaTeHTaMM He TOJbKO B TOi CTpaHe, Ime 3a-
perucTpMpoBaHa KOMMaHMS U BBIITyCKAEeTCS MTPOAYKT,
HO U Ha TepPUTOPUM OAPYTUX CTpaH, B KOTOPBIX Iia-
HUPYeTCs PBIHOK COBITA MPOAYKTA, peannsys TaKuM
06pa3oM CTpaTeruio 3axBaTa MHOCTPAHHOTO PBIHKA.
OTeuecTBeHHbIE Ke Pa3pabOTUMKU, ITOTYUMB MTATEHT,
JlaJlek0 He Bcerpa AOBOIST 3allaTeHTOBAaHHYIO pas-
paboTKy 40 KOMMepPIManu3auuu u teM 6oee He 3a-
IYMBIBAIOTCS O peajmu3aly CTpaTeruu HaAeXHOI
IIPaBOBOM OXPaHbI.

IOpyrum BakHbIM (haKTOPOM SIBJISIETCSI TIPUHA/I-
JIESKHOCTb HaMOOJIbIIETO KOMMYECTBA MATEHTOB POC-
cuiicKuX nateHToobnamaTeneit HUM u Bysam, a B C1y-
Yyae MHOCTPAHHBIX — MPOMBIIIJIEHHBIM KOMITAaHUSIM.

CreyeT OTMETUTD, YTO aKTMBHOE IaTeHTOBaHUE
paspaboTOK WMHOCTPAHHBIMM TATEHTOO61a[aTe -
MU B UYXKOJ CTpaHe U IIpOABMKEHME CBOUX TOBa-
POB Ha PBIHOK CO37JaeT yrposy Ijsi GopMupoBaHUs
HaI[MOHAJIBHOTO TEXHOJOTMYECKOTO CyBepeHuTeTa
B paccMaTpuBaeMoOii 06jaCT¥ ¥, COOTBETCTBEHHO,
pasBUTHUSI HAIMOHA/JIbHOTO OM3Heca. JTO CBSI3aHO
¢ hopMUpPOBaHMEM YCJIOBMIT GIIOKMPOBAHMUS BO3MOXK-
HOCTM HAIlMOHA/JIbHOTO IIaTEHTOBAHUSI OTEUYEeCTBEH-
HBIX TEePCIeKTUBHBIX IPOAYKTOB, UTO MPEISITCTBY-
eT BbIBOJY MX Ha PBIHOK. YUUTHIBAsSI, UTO €XKETOIHO
B Poccun nmpoBoauTcs nopsaka 1 miaH 216 ThIC. oIre-
pauuii B 0671aCTy TPaBMAaTOJOTUM U OPTOHEAM, U3
KOTOpbIX 6osee 250 ThIC. — omepaiMy Ha CycTaBax®,
POCCUIICKIIA PBIHOK SIBJISIETCSI KpaiiHe IIPUBJIEKATE b~
HBIM [IJ1s1 3apyOesKHBIX ITOCTaBIIMKOB.

Ilpu maTeHTOBaHMM CBOeli paspabOTKU CIemyeT
TIOMHUTbB, UTO HATEHT BBIMIOJHSIET B TOM UMC/IE PeK-
JJaMHYI0 (DYHKIINIO (IeMOHCTPUPYET YHUKAIbHOCTD
MPOAYKTA ¥ MHHOBAIIMOHHbIN ITOTEeHI[Ma KOMITaHU M-
MaTeHToo0aaTe sI) M BBICTYIIaeT MHCTPYMEHTOM
usBaeueHus npuobumM. IMoctenHss GyHKUUS 006y-
CJIaBJIMBAETCS UCKITIOUMTENIbHO YMEHMEM TIOCTPOEHMS
cTpaTerMy MaTeHTHOJ OXpaHbl, KOTOpasi, 10 CYTH, U
MO3BOJISIET MCIIO/Ib30BaTh IMATEHT KaK MHCTPYMEHT
IS U3BjIedeHus npuoblin. Takoe BHUMAaHME WHO-
CTPaHHBIX KOMIIAHUII K HeMaTepuaJIbHbIM aKTUBaM,
KOTOpbIE 3aUacTyi0 OMpeAensiioTCs MMEHHO MaTeHTa-
MM, 00yC/IOBJIeHa YMeHMEeM KOMITaHMii IT0Tb30BaThCs

8 HeBunHass H. PoccuiickuMe WMMIUIAHTBI IOMOIYT YBEIMUYUTb OOBEMBI oOpromenyuueckoit momomm. 11.04.2021. Poccuiickas

rasera. Pexxum JoCTyma:
html?ysclid=1jmko9udn0727263697

https://rg.ru/2021/04/11/rossijskie-implanty-pomogut-uvelichit-obemy-ortopedicheskoj-pomoshchi.
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MaTeHTOM KaK MHCTPYMEHTOM I10 M3BJI€YeHUIO TIpU-
ObLIM U3 CBOMX pa3paboTok. C HelbI0 aKTUBU3ALUA
(buHaHCOBOM (YHKIMM ITaTeHTA M U3BJICYEHUS U3
3TOTO0 MaKCMMAaJIbHOI IPUOBUIM MHOCTPAaHHbIE pa3-
paboTYMKY U BBICTPAMBAIOT CTPATETMIO MATEHTOBA-
HUSI CBOUX MTPOAYKTOB.

Taxk, Hepe3UJeHTbI IPeVMYIIECTBEHHO MaTeHTYIOT
usobperenus (B 93% ciaydyaeB), B TO BpeMsI KaK pocC-
cuiicKue pa3paboTUMKYM MPEIIOUNTAIOT TTATEHTOBATh
CBOM paspaboOTKM B KauvyecTBe M300pEeTEeHUS TOJIb-
KO B [Ba pa3a yallle Mojie3HbIX Moaeneii. ITone3Hyro
MOZENb YacTO Ha3bIBAIOT MaJIbLIM M300peTeHNeM.
TpaaAuLIMOHHO B MUpe B KaueCTBe I0JIe3HbIX MO eJeN
OXPAHSIOTCSA Pa3paboTKy, Kacawmmecs HeCTOKHBIX
C TEXHMUYECKONM TOUKU 3pEeHUS] pelleHUli, UMEeKIIX
KpPaTKOCPOYHBIMA KOMMeEpUeCKuii LUKI. [Ipu 3Tom
Mpolielypa pacCMOTPeHMS 3asIBOK Ha TOJe3Hble MO-
ey B TAaTeHTHBIX BEJOMCTBAx IMpolle U OGbicTpee,
HeXXenu 3asBOK Ha mu300peTeHus. [lonesHble mMope-
JIU, TIO CYTH, SBJISIIOTCSI HAIEKHBIM OOBEKTOM OXpa-
HbI I TIPEATIPUSTUII MaJIOTO U CpeAHero 6msHeca,
MPEeUMYIIECTBEHHO BBIMYCKAIOMINX He3HAYUTeb-
HO YCOBEpIIEHCTBOBaHHbIE W3BECTHbIE ITPOLYKTHI.
PecypcoemMKkue, MHHOBALIMOHHbIE PeIIEHUS] OXpaHs-
IOTCSI COTVIACHO MMPOBOI IPaKTUKe B KauecTBe MHOTO
00beKTa ITaTEHTHOTO ITPaBa — U300pPeTEeHMSI.

Kpome Toro, s¢heKTMBHOCTb CTpaTeruy MaTEeHT-
HOJ OXpaHbl MTPEVMYIEeCTBEHHO 3aBUCUT OT BbIOO-
pa TOro, Kak KjroueBasi pa3paboTKa 3araTeHTOBaHa.
Hamnpumep, pacripefeneHyue MaTeHTOB IO IMpeame-
TaM MaTeHTOBaHUS Yy Pe3UJEeHTOB U Hepe3UAeHTOB
KapIMHaJIbHO pasianyaeTcsl. Y OTeUeCTBEHHBIX Ia-
TeHTOOGMaAaTesnei B 70% ciryuaeB 06beKTOM M3006pe-
TEHMIA SABJISETCS «CIIOCO0» (TEXHOIOIUS TIONYyYEHMs,
TEXHOJIOTUSI M3TOTOBJIEHMSI, CITOCOO JIeUYeHMsI/TIpo-
bUIaKTUMRY/OUarHOCTUKMA U T.7.), TOTHA KakK y MHO-
CTpaHHBIX B 92% cilyuaeB — «IIPOAYKT» (COCTaB/MaTe-
pUal, KOHCTPYKIMSI KAKOro-Jmbo yCTpoiicTBa/meTanu
U T.A.). DTO CBSI3aHO, MMPEXIe BCEro, C TeEM, UTO MHO-
CTpaHHble KOMIAHUM TPeIIOYMUTAIOT MaTeHTOBaTh
TO, YTO HambosIee JIETKO MOKET ObITh BBISIBJIEHO ITPU
OTCEXVBaHMUM HapYyIlIeHUS UCKITIOUUTETbHBIX TIPaB, a
3TO «IMPOAYKT». Hanmpumep, B ciyyae co34aHMUSI KOCT-
HOTO MMIUIAHTaTa BaKHO 3allaTeHTOBATb OCHOBHOIA
(6a30BbIil, BCETOA MCIOAb3yEeMbIii) COCTaB KOCTHOTO
MMIUIAHTATa ¥ €r0 KOHCTPYKTMBHBbIE OCOOEHHOCTU
(MMEHHO 3T O0OBEKTHI MTO3BOJISIOT BbISIBUTH TPETHUX
JIN1], HECAaHKI[MOHMPOBAHHO MUCIIO/b3YIOMINX AAHHYIO
paspaboTKy). be3ywioBHO, TEXHOIOTUIO (CITOCO6) Mo-
JlyueHUs 3TOT0 MMIUIAHTaTa M ero MCI0/b30BaHUS
TakKke MOXHO ITaTeHToBaTb. Ho 6a30Boii paspaboT-
KOJi, TepBOHAYAJbHO ITATEHTYeMOi, HOJIKEH ObITh
npoayKkT. [Ipy 3TOM 0COGEHHOCTH, HENOCTYITHBIE JIJISI
BBISIBJIEHVS TPETBMMMU JIUI[AMMU, 11€JIeCO0OPA3HO OXpa-
HSTDb B PEXXMME HOY-Xay.

[Ipu BBICTpaMBaHMUM CTPATETMM IIPABOBON OXpPaHbI
pa3paboTKyu KpaifHe BaKHO OCTOPOKHO OTHOCUTD-

cs1 K GopMyIMPOBKAM XapaKTePUCTUK MPOAYKTA MU
criocoba. Hampumep, HeKOTOpble TEXHOJIOTMUECKYE
0COOEHHOCTM TIONy4YeHUs (TeMIlepaTypHO-BpeMeH-
Hbl€ PEXMMBbI, DPACTBOPUTENM U T.[I.) UIU IPUMEHEHUS
(BapbupyeMbie B 3aBUCUMOCTU OT MHAUBULYaJTIbHBIX
0COOEHHOCTE MalyeHTa WK TeUeHNSs 3a001eBaHMS),
KOTOpbI€ JOCTATOYHO CJIOKHO BBISIBJISIIOTCS MPU UC-
CJIeAOBAaHMUM TIPOAYKTA, I11e71eco00pa3sHO COXPaHUTh
B pexXxuMe KOMMEPYECKON TalHbl MM IMOCTapaThCs
U3JIOKUTD UX HA QYHKIMOHAIBLHOM YPOBHE (IIpU Ha-
JINYUU TAKOi BO3SMOKHOCTU), MUHUMMU3UPYS TEM Ca-
MBIM PUCK «00X0ma» (CO3maHMsI aHAJOTUYHOTrO ITPO-
IyKTa/crocoba ¢ He3HAYMTETbHBIMU M3MEHEHUSIMU
XapaKTePUCTUK 3aIIaTEHTOBAHHOM pa3paboTKy) KOH-
KypeHTaMM 3allaTeHTOBAHHOI pa3paboTK.

TEKVHIAS CUTYALIUSL
C KOMMEPIUAJIN3AIIMEN PA3PABOTOK
B POCCNNCKOU PEOEPATININ

OmHMM U3 TTOKa3aTesieii BOCTpe6OBaHHOCTH 3allaTeH-
TOBaHHO pa3pabOTKU SIBJSIETCS CPOK MOAAEPsKaHMUS
naTeHTa B cuiie. V3 Bcex MpoaHaIM3UPOBAHHBIX Ha-
MpaB/IeHN B 06JIaCTU TPaBMAaTOJIOTUM Y OPTONEIN
cyoTexHonorust «VIMILIaHTaThl M TIPOTE3bI» MMeEeT
HaubOMBIINIT CPOK TOAIepsKaHMs TTATEHTOB Ha U30-
OpeTeHMe B cujie: B CpeHEeM 7 JIeT Y pe3auaeHToB 1 10
JIeT y Hepe3uaeHTOB. 13 3TOro MOXXHO Clie/iaTh BbIBOT,
0 TOM, UTO TaHHAasI CyOTEeXHOIOTUS SIBISIETCSI OMHOM U3
Haubosee yCIelHbIX B aCIIeKTe KOMMePIMaI3aLn
pa3paboToK.

Taxoke ogHM U3 HanbosIee MPOIOJIKUTEIbHBIX CPO-
KOB MOAepPKaHMs [TaTeHTOB Ha M306peTeHNe B CUjIe
OTMEYaloTCs elle Mo ABYM HalpaBJIeHUSIM

— «Cpe[CTBa HEXMPYPTUUECKOTO JieueHUs1 (HaTrpu-
Mep, KOpCeThl U INHbI)» — B CpeiHeM 8 JieT KakK IJis
pe3uIeHTOB, Tak U /151 Hepe3uJeHTOB;

— «YCTpOJCTBa BHeIIHe ¥ BHYTpeHHel ¢urca-
IuMU» — B CpefHeM 6 JieT /151 Hepe3uaeHTOB U 9 jeT
IIJIST Hepe3UIeHTOB.

CnemyeT 0co60 OTMETUTDH, UTO IPAKTUYECKMU IO
BCEM HaIpaBJeHMSIM B 00JaCT¥ TpPaBMAaTOJIOTUM U
opToIenuu CpelHUIT CPOK TOoAAepsKaHus MaTeHTOB
B CiJIe Y Pe3UIEHTOB He MpeBbINIaeT 5 JieT, a B 60Jb-
IIOM KOJIMUECTBe CydyaeB MaTeHT Ha IOJIe3HYI0 MO-
Jle/b He TOLepKUBaeTCs Cpasy Iocje IOayYeHUs OX-
PaHHOTO JOKYMEHTA, YTO CBUAETEIbCTBYET O HU3KOM
YpOBHE KOMMEPUYECKOI TMPUBJIEKATENbHOCTA POC-
CUICKUX pa3paboTOK M HEeaKTYaJbHOCTU UX C TOUKMU
3peHust BOCTpeOOBaHHOCTM PHIHKOM. B cpemHeM Cpok
Mo Iep>kaHMsI TaTEHTOB Ha M306peTeHNs y pesuIeH-
TOB COCTaBJIsIeT 5,6 JieT, a y Hepe3uaeHToB — 8,7 JieT.

Bonpuinit cpok mopAepkaHusl MAaTEHTOB B Cuje
Yy Hepe3UIEeHTOB, CKOpee BCero, CBUAETEIbCTBYET
0 6oyee aKTMBHOM KOMMEPUYECKOM MCITOb30BAHUM
MMM CBOMX TIaTE€HTOB. B 3TOl CBsI3M BO3HMKaeT 3a-
KOHOMEPHBIN BOIMPOC O MPUUMHAX HEKOMMepPLaIN-
3yeMOCTU OOJIbIIMHCTBA MMATEHTOB POCCUIICKUX pas-
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paboTUMKOB. BEposITHO, OMHON U3 HUX SIBJISIETCS TO,
YTO MPEBATUPYIOIIMMY MTaTeHTOO0OagaTeIsIM B Ha-
e crpaHe saBis0Tcss HAW u By3bl, He peannsyolie
TpaHchep TEXHOTOTHUIA.

VM3 ananm3a o611ero miMpoKoro CrekTpa 3arnaTeH-
ToBaHHbIX HVUU 1 By3aMu OTeueCcTBeHHbBIX ITIPOIYKTOB
MOYKHO CHeJIaTh BBIBOJ, UTO Y POCCUIACKUX pa3paboT-
YMKOB MMeeTCs 3HaUUTeNbHbIV Hay4UHbII MOTeHUMAI
¥ KOMITETEHIIUA JIJIST CO3aHUS BICOKO3(DPEKTMBHBIX
OTeYeCTBEHHBIX MPOAYKTOB (puc. 2). OmHaKo cpaBHe-
HMe JAaHHBIX O MATeHTOBAaHUM U PaCIopssKeHUN Mpa-
BOM MHTEJJIEKTYQIbHOM COGCTBEHHOCTU CBUIETENb-
CTBYET O TOM, UTO JO KOMMepUMaIU3auun TOXOAUT
KpajiHe HMU3KUII MMPOLIEHT Pa3paboToK B 06J1aCcTU Op-
TOIEAM, TO €CTb OTCYTCTBYeT TpaHCchep TeXHOIOTMit
(tabm. 3). Hampumep, 13 1222 nmatentoB HUU Ha uso-
6peTeHMe TOJIBKO IO YyeThipeM (!) ObLIO 3aperucTpu-
pPOBaHO pacrnopskeHue MPaBoOM, UTO HUKAK He COIia-
CyeTcsl ¢ 3aTpadyeHHbIMMU CpefcTBamMu (emepasbHOTO
6romxkera’.
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Puic. 2. AKTUBHOCTH ITATEHTOBAaHMS U306peTeH it
3a 20 sieT 1 Hone3HbIX Mogerneli 3a 10 et pasnMYHbIMU
KaTeropusmMu nateHToobmasarenei

Fig. 2. Patenting activity of inventions (over 20 years)
and utility models (over 10 years) by different categories
of patentees

OpHOI 13 NIPUUYMH CTOJIb MaJIO KOMMEpPLMaInN3y-
eMOCTH pa3paboTok By30B 1 HUU saBisieTcs TOT (axT,
YTO MPU MaTEHTOBAaHUM OHM OTHAIOT IMpefoyTeHue
perucTpauyy MaTeHTHBIX MPaB Ha DPEXMMHbIE TeX-
HOJIOTUM JIEUEHUS Y AMATHOCTUKYU. DTO MOKHO 00b-
SICHUTb HU3KMM YpPOBHEM 006pasoBaHUSI B 00JaCTU
MHTEJUIEKTYaIbHOJ co6CcTBEHHOCTH. KpoMe Toro, He-
KOTOpbIe MCCAe0BaTeNM yKa3bIlBalOT HAa TO, YTO OC-
HOBHBIM HampaBJ/ieHMEM [OesTe/IbHOCTU By30B 1 HUN
SIBJISIETCS pa3paboTKa HOBBIX METOJOB OIIEPATUBHOTO
JleueHUsl TAIMEHTOB C TATOJOTMEN OMOpPHO-ABUra-
TEJIbHOM CUCTEMbI, METOHOB JieUeHUs] U TTpoduIaK-
TUKM TIOC/IeOTNePalMOHHbIX OCJIOXKHEHMI, a Takke
MmepCOHNGUIIMPOBAaHHAS MeOuIMHa (pereHepaTuB-
Hasi MeIUIMHA, aIIUTUBHbBIE TEXHOIOrUM)!%, KoTOpbIE
SIBJITIOTCS KOMMepYeCKy HeIpuBIeKaTeTbHbIMU [
PbIHKA BBUY CBO€V HM3KO MOHETU3UPYEMOCTH.

Eme ogHOVM MpUYMHON SIBASETCS MOMyYeHUEe MC-
cnegoBatenssMu 13 By30B M HMU maTeHTOB Ha CBOU
paspaboTKy IS TpeOyeMoii OTYETHOCTU IIPU ITOY-
YeHUM IPAHTOB WJIXM B KauecTBe [10Ka3aTesbCTBa HO-
BU3HBI U MTPAKTUUECKOI 3HAUMMOCTU TIpeI0KeHHbIX
MEeTOAOB U pelleHuit TMpu 3alliuTe KaHIMUIATCKUX
U TOKTOPCKUX AuccepTauuii. B cBsisu ¢ sTuM B 60JIb-
IIMHCTBE CyIydaeB By3bl v HYU He mpuaaioT 60/1bII0T0
3HaueHMs TOMY, UTO U Kak MaTeHTOBAaTb, MOCKOIbKY
B M3HAUaJbHO He IJIaHMPYeTCsS KOMMepluaanusaius
paspaboToK.

[MepeunciieHHbIe TPUUYMHBI (PAKTUUECKM B CBOEI
OCHOBe MMeKT 6aHaJIbHOEe HEyMeHMe IaTeHTOBAaTh
CBOM pa3paboTKyM TaK, YTOObI OHM ObUIM KOMMeEp-
YyecKu TMpUBJIEKaTeJbHBIMU I ITPOU3BOLUTEENA.
Hampumep, BMecTO IaTeHTOBaHMSI COGCTBEHHO IMPO-
IYKTOB, B KOTOPBIX 3aMHTEpPeCOBaHbl MPeAIpUSITHS,
MaTeHTYIOTCSI TOJIBKO TEXHONIOTUM (PEKMMHBbIE CIIO-
co6bI), mpuueM B GOPMYIMPOBKAX, KOTOpbIE JOCTa-
TOYHO JIETKO OGOMTU MPU HAIUUUM KOMMEPUECKOIo
MHTepeca K MPOAYKTY.

Tabnuya 3

PacrnopspbkeHNe IIpaBoM Ha pasjIMUHbIe 00bEeKThI MHTE/VIEKTYAIbHO COOCTBEHHOCTHM Pa3sHbIMM
naTeHToooMagaTensamu 3a nepuop, 20 et ajasa usoopereHuii u 10 jeT AJis MoJIe3HbIX MoaeIeit

By3sbl HUN WHble 1opuandeckme auia dDusnueckue auiia
ITaTeHTHI PO
I H/1 I H/1 it H/L, it H/L,
V306peTeHust 7 0 1 13 0 3 4
ITonesHbie Momenu 5 2 3 3 14 2 3 3

I — IEeCTBYET, H/I, — He IeMCTBYeT.

® Hamipumep, B 2021 . 06beM accUTHOBaHMIt 13 ¢elepanbHOro 6io/keTa cocTaBmi 626,6 mippm, py6b., a B 2022 r. — 631,7 mupn py6.
[UeHa poccuiickoit Hayku: pacxonsl dhemepanbHoro 6romskera. 26.07.2023. HaumoHampHbIN MCCIeNOBATENbCKMIT YHUBEPCUTET «Bbiciiast
LIKOJIa 9KOHOMMUKM». Pexxum goctymna: https://issek.hse.ru/news/848712418. html].

10 TTy6muunblii otyeT ®TBY «HMMULI um. H.H. IIpnopoBa» Munsapasa Poccun 3a 2021 rop. Pexxum mocryna: https://www.cito-priorov.

ru/cito/Ily6nmunbiii%200tyet.pdf.
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AHanu3 MaTeHTHOM AaKTUMBHOCTU NOATBEPXOaeT
BbIllIeyKa3aHHble BbIBOAbI. Tak, MpennpusiTus, 3a-
MHTepeCcoOBaHHbIe B KOMMepIMaau3aluyu CBOUX pas-
paboTOK, MPEATIOUNTAIOT MMATEHTOBATh <ITPOMYKTHI»,
a By3bl M HUW, roe nipeBanupyeT UCCAeN0BATENbCKII
MHTEpPeC, MaTeHTYIOT «CII0COObI» (puC. 3).
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Puc. 3. [IpenmeTsl naTeHTOBaHMS B Poccuiickoit
®enepauuy pasaMYHbIMM KaTETOPUSIMU
nateHToobamaresneit 3a 20 et

Fig. 3. Subjects of patenting in the Russian Federation
by different categories of patentees over the last 20 years

CrouT 0co060 OTMETUTh, UYTO HAy4YHbIE I[€HTPBI,
B KOTOPBIX yYeHble M Bpauy pa3pabaThIBAlOT HOBbIE
MeTOAbl ONEePaTUBHOTO JieueHUsl MalMeHTOB, MeIN-
LMHCKME MHCTPYMEHTHI U amnmaparypy, 0671amanT co-
BpeMeHHbIM 000pYIOBaHMEM, XapaKTepPU3YIOUMMCS
VHUKATbHBIMU  UCCIEN0BATENbCKUMY  QPYHKIIUIMMU,
KOTOpble MOTYT ObITb MHTEPEeCHBI AJisI TIPOMU3BOL-
CTBEHHBIX KOMIIAHMII TPU CO30aHUM MHHOBALMOH-
HbIX MPOAYKTOB. [IpM 3TOM NaTeHTHBIMU IpaBaMu
Ha CO3[laHHble MPOAYKTHI MOTYT 06/1aJIaTh COBMECTHO
Kak yuyeHble UM Bpaul, TaK U MPOU3BOACTBEHHbIE
kommanuyu. Hampumep, HUM ob6napmaioTr 060pymo-
BaHMEM, MO3BOJSIOIIMM peann30BaTh aJIUTUBHbIE
TEXHOJIOTUY Y TPOEKTUPOBATb OPTOIEINYECKYIO KOH-
CTPYKLMIO C YUY€TOM MHIOMBUAYATbHBIX 0COOEHHOCTEH
KOCTHOTO nedekTta [4]. Hapacraromasi momyyisipHOCTb
aIIUTUBHBIX TEXHOJIIOTUI B TPaBMAaTOJIOTUU U OPTO-
reguy MOXKET TakKe CII0COOCTBOBATH YBEINUEHUIO
aKTUBHOCTM B pa3paboTKe M perucTpanuy HOBBIX
Crocob0B, CBSI3aHHBIX C 3D-peKOHCTpyKIMel aHa-
TOMMUYECKUX CTPYKTYP U CO3JaHUEM BUPTYaIbHOI
Mozen KOCTHOro JedeKra, MpOM3BOACTBOM U MM-
IUIaHTaIuel MepCcoOHUGUIMPOBAHHBIX MMILIaHTA-
TOB. OIHAKO PeTUCTPUPYETCS B KaUeCTBe MaTeHTa Ha
n306peTeHMe UM MONEe3HYI0 MOAEIb KpaliHe HU3KOe
KOJIMYeCTBO COBMECTHBIX pa3paboToK YUeHbIX U MPO-

usBopurenen. [Ipu 3TOM 3HAUUTEIBHOTO KOJIMYECTBA
repenavyy MaTeHTHBIX MpPaB OT YYEHBbIX MPOU3BO[-
CTBEHHBIM KOMIIQHMSIM TaKkXke HET, ¥ B 1[eJIOM OTMe-
yaeTcsl HU3KOEe KOIMYEeCTBO PacCIopsisKeHuit MpaBoM
B paccMaTpuBaeMoi1 06;1acTum.

Ilepemaua mpaB Ha Takoil OOBEKT ITATEHTHOTO
MpaBa, Kak CIIoco6, Gblla OCYyIIECTBJIEHA 3a IOC-
negHue 20 get B 10 ciydasx u3 66, IpuueM U3 3TUX
10 maTeHTOB B HACTOSIIMII MOMEHT He AEMCTBYIOT
3 mareHra.

[Ipoiiecc monmyyeHUsT OXPaHbl MCKIHOUUTEIbHBIX
MpaB B cepe MHTEIeKTYaJIbHO COOCTBEHHOCTY Ha
o6bekThl PUJI, TepeunciieHHble B paMKax 1. 1 cT. 1225
'K P®, yactu ueTBepTOIi!'!, BBeIEHHO! B IeiiCTBUE
¢ 01 guBaps 2008 r. demepalbHBIM 3aKOHOM OT
18 mekabpst 2006 r. N2 231-D3, c yueTOM U3MEHEHMIT 2,
BCTYIUBIIMX B CUTy C 26 Moist 2019 ., IB/ISIETCS aKTy-
aJIbHOJI 3amayveit Ay obecrieye s yCTOIMIMBOIO POC-
Ta POCCUICKOM 9KOHOMMUKMU.

Bo BcemM Mupe BbICOKME TEXHOJOTUM U MHTEN-
JIeKTya/IbHAsT COOCTBEHHOCTD SIBJSIIOTCSI Hepa3pbIB-
HO CBSI3aHHBIMM (haKTOpaMy PasBUTHUST SKOHOMMUKMU,
obecrieunBasl YCTOYMBBI MHHOBAIMOHHBIA KypC
pasBUTHUSI OTpaciu U CTpaHsl. [Ipy stom dbopmupo-
BaHME KOHKYPEHTOCITOCOOHBIX OTpacieit u IIpou3-
BOZACTB, pacliMpeHyue pbIHKAa HAyKOeMKO} MpOAyK-
MM HEBO3MOXKHO 6e3 obGecrieueHus 3¢(HeKTUBHOM
3alIUThl  MHTEJUIEKTYaJIbHOW COOCTBEHHOCTM  [6].
WuTennekTyanbHas CO6CTBEHHOCTb SIBJSIETCS OJHUM
M3 BaKHENIIMX CTpaTermyecKuX akTUBOB MpeNnpusi-
TUSI B CBSI3Y C TEM, UTO TEXHOJIIOTMUECKYE Pa3paboTKU
SIBJISIIOTCST OCHOBOJI BCEro 6M3HeC-IIpoIiecca peaamnsa-
uuu npoaykra. Hosejiline mepemoBble TEXHOIOTUM,
MHHOBAIMM, B KOTOPbBIX BOILJIOIEHbI PE3Y/IbTAThI MH-
TeJIJIEKTYaJbHOM AesiTeIbHOCTY, CTAaHOBSITCSI OCHOB-
HBIM JBUTaTe/IeM HayuHO-TEeXHMUCKOTO ITpolecca Kak
Ha OTHeJIbHBIX IPeATIPUITUSIX B PA3IUYHBIX OTPAC/ISIX
MPOMBIILIZIEHHOCTH, TaK 4 TOCyJapCTBa B 11€JI0M.

V3BeCTHO, YTO KOMMEPUECKMI1 ycrex pa3paboT-
KM TECHO CBSI3aH C obecrieueHyeM ITPaBOBOI OXpaHbI
BCEX €€ COCTaBJISIOIINX, C [TOMOIIIBI0 KOTOPBIX 0becIte-
YMBAETCS MOTydYeHMe HOBOTO ITPOOYKTa MU Criocoba
[3]. K coskaneHu1o, B GONBIIMHCTBE CIIy4aeB POCCUT-
CKMe TaTeHTOoOoOMamaTeNM OTPaHNUMBAIOTCS TOIBKO
MMaTEHTHOJ OXpPaHOJ OOHOTrO KOMIIOHEHTA CO30aHHOM
TEXHOJIOTUY, He 3a60TSICh 06 OXpaHe BCEX ee COCTaB-
JITIOIMX, BO3MOSKHBIX BapuaHTOB/MOPM ero Impoms-
BOZCTBA MJIX UCIIOIb30BAHUS.

[Ipn mocTpoeHMM CTpaTeruy MaTEHTHO OXpaHbI
CBOEro NMPOAYKTa clefyeT MIOMHUTD, UTO [3]:

— TIOYYUTDb MATEHTHYIO OXpaHy HeoOXOAMMO Ha
BCe cofepsKaiuecss B pa3paboTke MOTEeHIIMAIbHO OX-

! TpaskmaHckuii Komeke Poccuiickoit @eneparum — yactb yerBepras (C M3M. Ha 5 mekabpst 2022 roma, pemakiusi, OeiiCTBYIOIAS

¢ 29 mions 2023 roza).

12 PepepanbHbIil 3aK0H OT 12.03.2014 1. N2 35-®3 «O BHeceHUM M3MEHEeHMI B YacCTy MEPBYI0, BTOPYIO M YEeTBEPTYIO ['pa)kgaHCKOTO
Konekca Poccuiickoit @efepanyiyt U OTAeIbHbIE 3aKOHOJATEIbHbIE aKThl Poccuiickoit enepaunn». Poccuiickas razera. N2 59. 14.03.2014.
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PaHOCIIOCOOHBIE YACTM Pa3paboTKM, KOTOPbIE MOTYT
OBITh BOCITPOM3BEAEHBI TPETBMMM JIMIIAMM TIPU O3HA-
KOMJIEHUM C HOBO#1 pa3paboTKOIf;

- B hopmyiie u306peTeHns HEOOXOAMMO MUCIIONb-
30BaTh XapaKTePUCTUKM — UHIAMUKATOPHI TEXHOJIOTUN,
KOTODBbIE JIETKO BBISIBUTD ITPY OTC/IEKMBAHUY HapyIIle-
HUSI IIPaB, KOTOPbIE He OYyIyT 3aBUCETD OT ITpubopa, Ha
KOTOPOM ITOJTyY€Hbl;

- B 3asgBKe HEOOXOAMMO OIMCaTh ITOTYYEHHBIN
MIPOJIYKT C YYETOM BO3MOXKHBIX BAPVAHTOB €T'0 BBITION -
HeHMsI (COCTaBOB, OTHENbHBIX AeTalsiel, TEXHOIOI U
TTOTYYEHMSI/BBITIOJTHEHMS U T.7.), CO BCeMU MOaUbU-
KaIMsSIMM U BO3MOKHBIMM YCOBEPIIEHCTBOBAHUSIMH;

— TIATeHT AeCTBYeT Ha TEPPUTOPUM TOTO TOCYaap-
CTBa, B KOTOPOM BbIIaH, a 3HAUMUT, 11€J1IeCO00pa3HO Py
bopmupoBaHMM cTpaTernum 3ayMaThCs HaJl IIePCIiek-
TUBaMM MPOABMKEHUS pa3paboTKy B ApyTHe CTPAHbI,
CJ1e0BaTEIbHO, O 3apyOeKHOM IMaTeHTOBAHWN;

— HAUUTATh TNATEHTOBaHME HEOOXOOMMO C KITIO-
YyeBoJi (6a30BOJT) TEXHOIOTMMU, IIOCTEIIEHHO ITePEXOs
K YaCTHBIM (popmMaM ee UCII0Tb30BaHMs.

PaszbepeMm monpo6GHee YKasaHHbIE IPUHIIUAIIBI
(opMupoBaHMS MaTeHTHON OXpaHbl HA ITPUMepax.

KoMMepuecky yCIeniHblii moAxXohd, K ITaTeHTOBa-
HUIO CBOMX Pa3pabOTOK MOKHO IPOIEMOHCTPUPOBATD
Ha paspabotrke kommnauuu Stryker (CIIHA). CorrmacHo
myoimaHoMy otdery 3a 2022 r., 06beM MPOJaK KOM-
maHuu coctaBua 18,4 muipm $. B ob61ieii CI0KHOCTU
KoMIlaHus BiageeT 6omee 12000 maTeHTaMy, U3 HUX
B 00JIaCTM TPaBMATOJIOTMM M OPTOMEOUM 3aperu-

CTPUPOBAHO 566 MATEHTOB, YTO IIPMHECIO KOMIIaHUM
okoyo 7,7 muipg, $ (42% ot obuiero oo6bemMa MmpomakK)
3a 2022 roxg'3. CiemyeT OTMETUTb KOMILIEKCHBIN TTOIXO],
IAHHOV KOMIAHMM K 3alUTe CBOEI MHTEJIEKTYalb-
HOJi cobcTBeHHOCTH. Tak, HAIIpUMeED, XUPypruyeckast
po6GOTM3MpPOBAHHAS CUCTEMA IJISI 3aMEHbI CYyCTaBOB
Mako oxpansietcst 79 mareHTamu. IIpydyemM KOMIaHMS
MaTeHTyeT CBOM Pas3spabOTKM He TOIBbKO HA TEPPUTO-
puu CIIIA, Ho U 3a pybexkoM. Tak, cTpaHamMy MHTEpeca
sisitores Snonus, Kuraii, ABcrpanus, Kopesi, EBpora.
Cucrema mOjig JiedeHMs ITO3BOHOUHMKa Mesa Spinal
Systems TOJ ke KOMITaHUY OXpaHsIeTCs 29 maTeHTaMMu.

CxeMaTMUYHO KOMILJIEKCHBIN MOAXOH, K MOTyYEHUIO
MPaBOBOJi OXpaHbl Pa3pabOTKM MOXKHO ITPOJEMOH-
CTPUPOBATh Ha YCJIOBHOM IIpMMepe OpTomenunyecKo-
ro rekcamnoja, IpUMEHSIONIErocss B OpTONeauu mOjist
KOPPEKLMM CIOKHBIX MHOTOIUIOCKOCTHBIX Hedopma-
LM KOCTeit KoHeyHocTel. OToe/nbHbIe UaCTU JaHHO-
ro mpubopa MOTYT OXPAHSATHCSI HECKOJIbKUMMU TOKY-
MeHTaMM KaK MaTeHTHOTO IpaBa, Tak M aBTOPCKOTO.
Kpome Toro, B KauecTBe TOProBOro 3Haka MOXHO 3a-
pPerucTpMpoBaTh Ha3BaHMe ITOTO MIPMOOpPa MM JIOTO-
TUIT GUPMBI-U3TOTOBUTENS (PUC. 4).

Ipyroit BakHbIN aCIleKT MATEHTHOM OXpaHbl 4yac-
TO BBISIBJIISIETCSI B C/Iydyae BBICTABIEHUS KOMY-JIM-
060 OOBMHEHMSI B HeIOOpPOCOBECTHOI KOHKYPEHIIUM,
a MMEHHO — KOMMPOBaHUM YY>KOT0 MpoayKTa. Bompoc
00 MCITONIb30BaHUM M300pETEHUS WM TIOJe3HOM
MOJe/y pelllaeTcsl B paMKax COMOCTaBUTENbHOIO aHa-
JIM3a He3aBMUCUMMOTO ITYHKTa (POPMYIIbI ¥ aHAIM3UpYe-

POBOTU3UPOBAHHAA CUCTEMA BHELLHEN ®UKCALUK
[ANA KOPPEKLMU AESOPMALMM KOCTEN

BITOK YNPABNEHWA NPUBOOAMK

W30EPETEHME: —
* KoHcTpykums Gnoka ynpasnexvs

LennKom

+  KOHCTPYKUMA 3NeMEeHTOB KpenneHus
Onoka ynpaenexns K pamkam
annapara

+ Cnocob narotoBnexlus Gnoka
ynpaenexus

+ Cnocob penosuuuu U OCTEOCUHTe3a
KOCTHBIX OTAIOMKOB

MNONE3HAA MOJENL:

+  KOHCTPYKUMA SMEMOHTOR KPENNeHUa
Bnoka ynpasnenms k pamkam
annaparta W30BPETEHUE:

MPOMBLILLNEHHLIN OBPASEL: *  KoHcTpyKuma pamki

+ ®opma kopnyca bnoka ynpaenenua *

MPOrPAMMA 3BM:

KONbUEBbLIE

PAMKW .
KOHCTpyKUMA coepquHuTenei Ans (uKkcaumm K
pamke Apyrux fetane annapara

W3O0BEPETEHME:
BNOK cnuu , * KoHcTpykuma cnny,
¥+ KoHcTpykuma Gnoka Kpennexus cnmu
K pamkam annapara
+ Cnoco6 u3roToBneHus cnuu
*  YGTpORGTBO [NA MSIOTOBNEHNA GNnLL

+ Marepuan cnuy,
NONE3HAA MOOENb:
+  KoHCTpyKuma cnuiy
nP1MBoa HOY-XAY:
+ Marepuan cnuu 1 NOKPLITUS CNULY
W30EPETEHMUE:

+  KoHcTpykums npuecaa UenuKom

+  KoHcTpykuus wapHupHoro 6noka
KpenneHuA NpMBOAA K pamMkaMm annapara
KoneTpykuums Bnoka gat4mkos npusona
KoHeTpykuwsa Gnoka npeobpasosanns
BpalLaTenbHoro ABXKeHUA ABhraTens
nocTynartenbHoe ABukeHne Npreoaa

+ Mporpamma OBM ans peanusaym  *  Cnocob MroToBneHus pamku NONE3HAA MOOENL:
anropuTma ynpaeneHns npueogamy *  YCTPOIACTBO ANA M3rOTOBNGHMA PaMKN + KOHGTPYKWVS NPMBOGE M €10
MONE3HAA MOLOENL: GOGTABNAIOLLNX
KoHeTpykuma pamin MPOrPAMMA 3BM:

HOY-XAY:
+ Marepuan pamkn

+ [porpamma IBM ang B3auMopencTens
npveoga ¢ Gnokom ynpasnexus

Puc. 4. BapuaHTbl 06bEKTOB, HAa KOTOPbIe MOXKHO MOMYYUTH TPABOBYIO OXPaHy, Ha IIpuMepe po60TU3MPOBAHHOI!
CUCTeMbl BHelIHe hukcauum 1jist Koppekuyum gedbopmanum Koctei [6]

Fig. 4. Variants of objects for which legal protection can be obtained by using a distraction apparatus

for osteosynthesis as an example [6]

13 Comprehensive Report (Financial, environmental, social and governance). 2022. Stryker. Pexxum mocryma: https://s22.q4cdn.
com/857738142/files/doc_financials/annuals/2022/SKY-002_2022-Comprehensive-Report_Full-eport FINAL ADA.pdf.

133 2023;29(3)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



ANCKYCCUWN / DISCUSSIONS

MOro 00beKkTa — IMPOAYKTa UJIM CITOCo0a C yUeToOM I10-
JoskeHuit ctT. 1358 I'K P®. IIpu 3TOM yYeTy HofjIeskaT
BCe IIPU3HaKU, IIPMBeleHHbIE B HE3aBMUCMMOM ITyHKTE.

Takum 06pa3oM, OUEBUIHO, YTO YeM MEHBIIIe ITPH-
3HAaKOB B HE3aBUCUMMOM ITyHKTE U LIMpe CTelleHb UX
0600meHns, TeM 3(QeKTMBHee OXpaHa 3aIlaTeHTO-
BAaHHOTO TEXHMYECKOro pemieHus (6e3ycIoBHO, HpH
3TOM Ba’KHO YYMTBIBATh MPEUIECTBYIONINI YPOBEHb
3HaHUI).

PasHble 1MOAXOAbI K COCTaBIEHUIO (POPMYIIBI M30-
OpeTeHUs B POCCUIICKMX ¥ MHOCTPAHHBIX IMATEHTaX
MOKHO MPOAEMOHCTPUPOBATh Ha JBYX MaTeHTax —
POCCUIACKOTO ¥ aMepUMKAHCKOTO IaTeHToob/mazare-
neii. B matenTte PO N2 2670697 ot 24.10.2018 «Criocob
XUPYPrUUECKOro JIeUeHMSI XPOHMUECKO TaTepabHOM
HeCTabWIbHOCTM FOJIEHOCTOITHOTO CYCTaBa C IepeHe-
JlaTepaJibHbIM JOCTYIIOM» POCCUIACKOTO pa3paboTum-
Ka HAOJIOAAETCSI 3HAUNTENIbHOE CysKeHMe TTaTeHTHBIX
MpaB BBUAY CJIUIIKOM IOAPOGHOTO OMMCAHUST BCEX
3TAIOB XUPYPrUUECKOii orepanym: pa3paboTunK Mo -
POGHO OMMCHIBAET YKIAAKY MAlMEHTa, aCeITUIECKYIO
00paboTKy OIepaIOHHOTIO I10JIsI, YCTAHOBKY ITOPTOB;
yKa3bIBaeT yrojl 3peHusi apTpocKoIa, IJUHY paspe-
30B, MaTepuasl ¥ TOJNIIMHY HUTEN A1 ciiBaHus. [Ipu
3TOM cCjiefyeT YYUThIBaTh, YTO OIMUChbIBA€MbIe Ipe[-
BapuTebHbIE 3TAllbl ONepaluy SBISIOTCS, Kak Ipa-
BWIO, CTAaHAAPTHBIMMU, TAKKe KakK M MCIIONb3yeMblii
OIepalOHHbIN MHCTPYMEHTAPUIA, €CJIN TOIBKO OH He
SIBJISIETCS TIPEMETOM IMaTeHTOBaHMSI.

Kak ykasaHo B cT. 1358 'K PO 1. 3:

- u3obpeTeHNre TMPU3HAETCS WCIIOMb30BAHHBIM
B IIPOIYKTE WM CIIOCO0e, e/ TPOLYKT COMEPSKUT,
a B criocobe MCIT0/Ib30BaH Kaskablii IIPM3HAaK 13006pe-
TeHUs], IpMBeIeHHbI B He3aBUCMMOM ITYHKTE CoZlep-
sKaleiicss B raTeHTe (Qopmysibl M300peTeHusl, b0
MPU3HAK, SKBUBAJIEHTHbIN €My M CTaBIUUI U3BECT-
HBbIM B KaUeCTBe TAKOBOTO B JAHHOI 06JIaCTY TEXHUKA
IIO IAThI IPUOPUTETA U300pETEHMS.

— To/ie3Hass MOAe/b TMPU3HAETCS MCIONb30BaH-
HOJ B TIPOAYKTE, €CIM TPOAYKT COAEPKUT KaKAbIN
TIPM3HAK I10JIe3HOI MOJeNIN, TPpMUBEAEeHHbIV B HE3aBU -
CMMOM ITYHKTE COZepsKalieiicss B rmaTeHTe (opMyJIbl
I1071Ie3HO0¥ MOJeN.

B kauecTBe npumepa coctaBieHus GOPMYIbI MHO-
CTPaHHBIMM pPa3paboOTUMKAMM MOKHO MPUBECTU TIa-
TeHT CIIIA N2 11338061 ot 24.05.2022 «Criocob neve-
HUSI KOCTHOTO medeKTa», B KOTOPOM PacKpbITa CYyTh
pa3paboTKM — YyCTAaHOBKA KOCTHOTO TPaHCILIAHTATa
13 oIpefe/ieHHOr0 MaTepuasna, a B OTHOLIeHU! 3Ta-
Ma ero yCTaHOBKM yKa3aHO JMUIIb TO, YTO eMy Ipu-

JOIIOJTHUTEJIbHAS NTHO®OPMALIS

3aseneHHblil 6K1a0 A6MOpoe

Apueanyesa T.H. — nui3aitH vcciemoBanusi, 0630p my6-
JIMKAIMIA TIO TEMe CTaTby, aHAIN3 TIOTYYeHHbIX JaHHBIX, Ha-
MCaHye TeKCTa CTaTbMU.

Ty3z08a C.FO. — mu3aiiH UCCIeA0BaHus, 0630p My6IMKa-
1IMii TIO TeMe CTaThy, C60p ¥ aHAIU3 AAaHHBIX.

IaoT HeobXoauMylo GOpMy U pasmep IJis BBeOEeHUS
B KOCTHBIV MedeKT ¥ OCYIIECTBJSIOT BKMUBJIEHNE
chOpMMPOBAHHOIO MMILIAHTATA B KOCTHBIN Te(dEKT.

NsnuiiHe meTtanu3MpoBaHHOE OMNMCAHME YCTPOi-
CTBa MOXHO [MPOAEMOHCTPUPOBAThL Ha IMpuUMe-
pe poccuiickoro mateHta N2 2766250, 10.02.2022
«/IMmtaHTaT A1 3aMellleHMs] 30Hbl KOCTHOTO [e-
(dexTa Ha TNepengHell MOBEPXHOCTYU IJIEHOMIA JIOTAT-
KM IUIEYEBOTO CyCTaBa», rme (gopmyna mM3obpeTeHust
reperpykeHa HeCYIIeCTBEHHbBIMM IIpMeMaMiu, Xa-
paKkTepu3yIIIMMHY, HampuMep, IOATOTOBUTEIbHbIE
aranbl U3rotoBiaeHus uMmivianrtata — MCKT, ykasa-
HMe Ha TPEeXMEpPHYK PEeKOHCTPYKIMIO MMILIaHTaTa
M ero MHAMBUIYATbHOCTb, UCIIOIb30BaHME KOTOPBIX
Ype3BbIUAIHO CY)KaeT 00beM IaTeHTHOW 3allyThI.
Takoii IaTeHT JIerko OGOMTU KOHKYpeHTaM, He pu-
CKysl HApyIIUTb ITpaBa IaTeHToOoOMamaTe sl paccMa-
TpUBaeMOro MaTeHTa. B mpoTuBoOBeCc eMy B KauecTBe
MpMMepa MPaBUIbHO COCTABIEHHONM (OPMYIBI U30-
O6peTeHust MOKHO npuBecTy nateHT CIIIA N2 9775712
oT 03.10.2017 «OCTeOKOHAYKTUBHbBINA U OCTEOMHIYK-
TUBHBIM MMIUIAHTAT JJIS CTaOMIM3aIMM VI PEKOH-
CTPYKIMK OedeKTOB», Iae ONMMCaHbl VICKITIOUUTETbHO
Te NPU3HAKM, KOTOpble XapaKTepU3YyIT HeIocpen-
CTBEHHO MMIUIAHTAT, MPUYEM MCIIO/Ib3YETCS MpUemM
OTMCaHUS KOHCTPYKTUBHBIX 3JIeMEHTOB, OMMCAHHBIX
Ha YPOBHE BBITIOTHSIEMOM (QYHKIIUNA.

3AK/TIIOYEHHE

BbIBOA HOBOTO ITPOAYKTA HAa PHIHOK PUCKOBAH 6e3 Ha-
OEeXKHON IMaTeHTHOM OxpaHbl. 'paMOTHO BBICTPOEH-
Hasl cTpaTerus mpaBoOBOJ OXpaHbl MO3BOJISIET CAELNATh
MPOAYKT IIpUBJIEKATENbHBIM [J1S1 PbIHKA U MHBECTO-
pOB, TeM CaMbIM M3BJieYb U3 HEro MaKCUMaJIbHYIO
1109)2(0) )0

AHanu3 raTeHTHOM aKTUBHOCTU [10Ka3aJl, YTO IJIs
HacCbIleHMsI DPbIHKA OTEUYEeCTBEHHBIMM WU3IeTUSIMU
IIJISI TPABMAaTOJIOTUM M OPTOIIeAUM TIPeNNOUTUTENbHA
KoJTabopanusi MeXIy KpYIMHeNIMMMU HayuyHO-KIK-
HUYECKMMM LEeHTpaMi, MMEKIIMMU BO3MOKHOCTb
paspaboTaTh IMPOAYKT, CO3aTh AOKa3aTeIbHYI0 6a3y,
IeMOHCTPUPYIONTYI0 06e30MacHOCTh U HAeKHOCTb
MPOM3BOAMMBIX U3, ¥ HAYYHO-IIPOU3BOACTBEH-
HBIMU LIEHTPaMM, UMEKLMMMU KOMIETEHIUU B €ro
MPOM3BOJICTBE U BBIBOJE Ha PHIHOK.

[IpogymaHHas cTpaTerus yIpaBjieHUs MTPaBOBOM
OXpaHbl CO37AaBaeMbIX OTEUYECTBEHHBIX Pa3paboTOK
B chepe TPaBMaTONOTUM Y OPTOIIEANH JO/IKHA COITPO-
BOXXIATh pa3paboTKy Ha MPOTSDKEHNUY BCETO CPOKaA ee
CYLIeCTBOBaHMSI.

DISCLAIMERS

Author contribution

Erivantseva T.N. — study design, literature search and
analysis, data analysis and interpretation, writing the
article.

Tuzova S.Yu. — study design, literature search and
analysis, data analysis and interpretation.
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Jlvickos H.B. — c60p, aHAIM3 ¥ MHTEPIIPETALNS TaHHBIX,
pelakTupoBaHue CTaTbU.

Bnoxuna FO.B. — cbop, aHaIM3 M MHTepIIpeTanus
JlaHHBIX, peJaKTUPOBaHMe TeKCTa CTATbMU.
Hcamosa A.A. — cbop, aHaIM3 M MHTepIIpeTalus

JIaHHBIX, peIAaKTUPOBaHME TEKCTA CTATbMU.

Bce aBTOpBI Mpowiu U omo6pwin GUHAIBHYIO BEPCUIO
PYKOITNCH CTaTh!. Bce aBTOPBI COIIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCE aCIeKThl paboThl, YTOOBI 0OECIEUNTH Hale-
Kaliee pacCMOTPEHME U pellleH) e BCeX BO3MOXKHBIX BOITPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAJEXKHOCTbIO JII06071
yacTu paboThl.

Hcmounuk  ¢unaHcuposanusn.  ABTOpPbI  3asIBJISIIOT
06 OTCYTCTBUM BHEIIHErO (pMHAHCUMPOBAaHMS TP MPOBe[e-
HUU UCC/IeIOBaHMS.

Bo3mozicHblli KOH(AUKM uHmepecos. ABTOPBI JleKia-
PUPYIOT OTCYTCTBME SIBHBIX M TIOTEHIMATbHBIX KOHQIUKTOB
MHTEPECOB, CBSI3aHHBIX C MyOIMKaIMeii HaCTOSIIEN CTaTh.

Omuueckas 3kcnepmu3a. He mpuMeHumMa.

Ungopmuposantoe coznacue Ha
He TpebyeTcs.

nyonuxkayuro.
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O630pHast CTaThs
VIK 616.728.38-007.251-089.844-089.193.4
https://doi.org/10.17816/2311-2905-2130

PeBU3MOHHAA pEKOHCTPYKLMUSA NepeaHEen KPecToobpasHO CBA3KMU:
COBpeMEeHHble NoAXoAbl K npeaonepauMoHHOMY NIaHUPOBAHUIO
(cucremaTnueckuin 0630p nuTepartypbl)

A.C.Todep, A.A. AnekriepoB, M.B. I'ypaxes, A.K. ABnees, B.B. I[1aByos,
A.A. KOpbeITKMH

@I'BY «Hosocubupckuii HayuHo-uccied08amensbCKull uHcmumym mpasmamonozuu u opmoneduu um. A.J1. [usvaHa»
Munsdpasa Poccuu, 2. Hogocubupck, Poccus

Pedepar

AxmyansHocme. KonyuecTBo MepBUYHBIX PEKOHCTPYKLMII mepenHeit kpectroobpasHoit cBsisku (IIKC) exerogHo yBe-
JIMYUBAETCS, YTO 00YyC/IaB/IMBaeT POCT PEBM3MOHHBIX BMeIIAaTeNbCTB M3-3a HECOCTOSITENbHOCTM TpaHciuiaHTaTa ITKC.
[Ipu 3yvYeHUM IUTEPATYPHBIX JAaHHBIX BbISIBJISIETCSI MHOXeCTBO ()akTOPOB, KOTOPbIE B COBOKYITHOCTY BIMSIOT Ha UCXOZ,
peBU3MOHHOI peKoHCTpyKuyy ITKC, HO He Bceraa yUMThIBAIOTCS XMPYypraMum.

Ilens uccnedo8aHus — MPOBECTY CUCTEMATUYECKUIT 0030D UCCIENOBAHMIA, B KOTOPBIX OLIEHUBAIUCH PE3Y/IBTAThl PEBU3UOH-
HBIX PEKOHCTPYKIINI1 epefHeli KpecToo6pasHoii CBSI3KY U OMPEAETATh ONITUMA/bHbIE pellleHVsI Hanboiee YacTo BCTPevaro-
mMxcs 3874, BOSHUKAIOUIVX [IPU MTpeoTepaliOHHOM IJIaHMPOBaHUMN.

Mamepuan u memodsi. ITpoBefeH MHGOPMAIMOHHBIN MOUCK B 6a3ax gaHHbIX eLIBRARY, PubMed u Scopus 3a nepuop,
¢ 2013 mo 2022 r. [Ins aHanu3a oTOGPaHbI UCCIENOBaHMS], B KOTOPbIX OMUCHIBAINCH OCHOBHBIE ACIEKThI PEBU3MOHHOIM
pekoHcTpyKuyy I[TKC. Kputepuu BRIOUeHNS: CpeiHMit CpOK HAbII0LeHNs Tal[MeHTOB He MeHee 12 mMec., KOJIMYecTBO Ha-
6momennit He meHee 10 ciayuaes. [Tocte otieHKY 898 cTaTeit B cMCTeMaTUUECKIi 0630p 6bII0 BKITIOUEHO 22 CTaThH.
Pe3ynsmamet. BoIsIB/IeHO MATh OCHOBHBIX (aKTOPOB, KOTOpbIe HY>KHO YIMTHIBATb IIPU IIPefoNepaliOHHOM IUVIaHUPOBAHUMA
PeBU3MOHHOIT peKoHCTpyKIyy [TKC: BbIGOP TpaHCIUIAaHTATA, HEOGXOAVMOCTh PEKOHCTPYKIIVY MTepefHEeNaTEPATBHOTO KOM-
JIeKca, Koppexius gedopmanym miato 60mbiie6epiioBoif KOCTU B CAarUTTAIbHOM IUIOCKOCTH, ONIpeeNeHre TTOKa3aHuit
K OIHO- MM JBYX3TallHOMYy BMeIIaTe/lbCTBY, METOH, 3aMellleHMss KOCTHbIX JeeKTOB Mpy NBYXITAllHOM OIepaTUBHOM
JIeueHUM.

3axntoyenue. IIpennoutTeHye npu BbIOOpe TpaHCIUIAHTATa NO/DKHO OTIABAThCSl ayTOTKAHIM HaiueHTa. Koppekius us-
OBITOYHOTO MEepeIHe3aqHEr0 yIia HAKIOHA TIATO GOJbIIe6epIIoBOil KOCTY BBIMOIHSIETCSI TOMBKO MPYU MOBTOPHOM pe-
BU3MOHHOM BMeIIaTe/lbCTBe, eCIM YIol HaKJOHa mpeBbiliaeT 12°. BoccTaHoB/IeHMe NepeHenaTepaqbHOTO KOMILIEK-
Ca JTOJKHO BBITIONHSITBCS MOJIOJBIM, aKTUMBHBIM IMal[MeHTaM, KOTOPble 3aHMMAIOTCSI «[IOBOPOTHBIMMU» BUIAMMU CIIOPTA,
a TakKe IIPU HaJMUYUM BbIpaskeHHOI MepelHell HecTabuiabHOCTHU. [IpK onpefeneHNM BO3MOKHOCTM BbITIOTHEHUSI peBU-
3umoHHOM tiactuky IIKC B oguH MM ABa dTana AuMaMeTp KaHajaa He SIBJAsSeTCS OCHOBOIOJIAralouiMM MapamMmeTpoMm, Tak
KaK HeoOXOMMO YUYUTHIBATh BO3MOXKHOCTD CIMSIHMSI KAHAJIOB OT MpeJIIecTBYIOIel orepaluy ¢ BHOBb IPOBeIeHHbIMU.
[Ipy HAIMUMM KAHAJIOB C KOPPEKTHBIMM TOUKaMM BXOJla OFHO3TAIIHAsl PeBU3MOHHAs IUIaCTMKA MOXKET ObITh BbITTOTHEHA
1pu MKUpKUHe KaHajaa He 6onee 10 MM U B 3aBUCMMOCTY OT MpeZIoaraeMoro JuameTrpa U BUAa MOATOTOBIEHHOIO CY-
XOXXWJIbHOT'O TpaHCIIaHTaTa. KocTHas miacTyka BTOPMYHO pacIiMpeHHbIX KaHaJI0B IMPY JBYX3TAllHOM BMellaTeIbCTBe
MOXET OCYLIECTBJSIThCS JIIOOBIM MaTepuaaoM, OGHAKO a/UIOKOCTHbIE MJIM CUHTETUMUECKNE TPAHCIIAHTAThl 06GJaZaloT
omnpee/leHHbIMY IPeUMYLIeCTBAMMU.

KioueBbie ciioBa: repemHss KpecToo6pas3Hasi CBSI3Ka, apTPOCKOINMS KOJIEHHOTO cycTaBa, mactuka ITKC, peBu3MOHHast
pexoHcTpykuus ITKC.
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Revision Anterior Cruciate Ligament Reconstruction:
Current Approaches to Preoperative Planning
(Systematic Review)

Anton S. Gofer, Aleksandr A. Alekperov, Mikhail B. Gurazhev, Artem K. Avdeev,
Vitaliy V. Pavlov, Andrey A. Korytkin

Tsivyan Novosibirsk Research Institute of Traumatology and Orthopaedics, Novosibirsk, Russia

Abstract

Background. The number of primary anterior cruciate ligament (ACL) reconstructions increases every year, which causes
an increase in revision interventions due to ACL graft failure. When studying the literature, we identify many factors that
together influence the outcome of revision ACL reconstruction, but are not always taken into account by surgeons.

Aim of the review — is to perform a systematic review of studies that evaluated the outcomes of revision anterior cruciate
ligament reconstructions and to identify optimal solutions to the most common problems encountered in preoperative
planning.

Methods. Information search was performed in the eLIBRARY, PubMed, and Scopus databases for the period from 2013
to 2022. Studies describing the main aspects of revision ACL reconstruction were selected for analysis. Inclusion criteria
were the following: mean patient follow-up period of no less than 12 months, number of observations of no less than
10 cases. After evaluation of 898 articles, 22 articles were included in the systematic review.

Results. Five main factors that should be taken into account in preoperative planning of revision ACL reconstruction have
been identified: choice of the graft, necessity of reconstruction of the anterolateral complex, correction of tibial plateau
deformity in the sagittal plane, determination of indications for one- or two-stage intervention, method of bone defect
replacement in two-stage surgical treatment.

Conclusion. The patient’s autogenous tissues should be preferred when choosing a graft. Correction of excessive
anteroposterior tibial plateau inclination angle is performed only at the second revision intervention if the inclination
angle exceeds 12°. Reconstruction of the anterolateral complex should be performed in young, active patients who are
involved in pivot sports and in case of severe anterior instability. When determining the possibility of performing revision
ACL reconstruction in one or two stages, the canal diameter is not a crucial parameter, as it is necessary to take into
account the possibility of fusion of the canals from the previous surgery with the newly created ones. If the canals have
correct entry points, one-stage revision reconstruction can be performed with the canal width not exceeding 10 mm and
depending on the expected diameter and type of the prepared tendon graft. Bone grafting of the secondary dilated canals
in two-stage intervention can be carried out using any material, but allogenous bone or synthetic grafts have certain
advantages.

Keywords: anterior cruciate ligament, knee arthroscopy, ACL reconstruction, ACL revision reconstruction.
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BBEJEHUE

Pa3pbIB mepenHeii KpecroobpasHoit cBsisku ([TKC) —
OIHO M3 CaMbIX YaCTbhIX BHYTPUCYCTaBHBIX MOBPEX-
IeHMuit KoleHHOro cycrapa. [Io JaHHBIM JUTEpaTy-
pbl, BCTPEYAaeMOCTb [OAHHOJ TpaBMbl COCTaBJISET
36,9-60,9 cryuaes Ha 100 Toic. yesnoBek [1, 2, 3, 4, 5].
YuuThIBas BBICOKYIO YaCTOTY JaHHOTO MOBPeXAeHus,
YUCIO epBUYHBIX peKOHCTpyKumit ITKC yBennumsa-
eTcsl Kaxzaplii ron. COOTBETCTBEHHO, YBeJIMYMBAET-
CS M YUCIO BBINOMHSIEMBIX PEBU3MOHHBIX BMella-
TEJIbCTB M3-3a HECOCTOSITEIbHOCTU MJIM MMOBTOPHOTO
nospexnenus tpaHciuiaHrara IIKC. 3a mocinennue
IecsITUIeTUsT 4YacToTa BBbINIOJIHEHUS pPEBU3UOH-
HoM pekoHcTpykuuu IIKC Bwipocna ¢ 4,1 go 13,3%
[6, 7, 8].

IToBTopHas pexoHcTpykims IIKC siBasiercs 6omee
CJIOKHBIM OTIepaTUBHBIM BMeIIaTeIbCTBOM, YEM Iep-
BUYHAas, BCIENICTBYE psifila 0COOeHHOCTel !

— HeCTaHJapTHas TeXHUKa olepauuu [4, 9, 10];

— yBelu4eHHoe BpeMs onepauuu [10];

— HeoOXOAVMOCTb MCIIOTb30BaHMUS CIIeIaanu3u-
pPOBaHHOTO MHCTpyMeHTapus [3, 5, 10];

— JUCIONb30BaHME PEBU3MOHHBIX WMMILIAHTATOB
[7,91;

— HaJMuye COIYTCTBYIOIIUX BHYTPUCYCTaBHBIX
TOBpeXAeHi1 KoleHHOTo cycrasa [9, 10, 11].

[y osryyeHUs XOPOLIero KIMHUYECKOTO pesyib-
tata peBusmoHHON 1iactuku [IKC TpebyeTcs moHu-
MaHMe NPUYMH TepBOHAuYaJbHON Heygauu, Tak Kak
3TU TaHHble HeOOXOOMMBI 1)1 BHITOTHEHMS aIeKBaT-
HOT'O IIpefonepanMoOHHOro IJIaHMPOBaHMsl, TeXHMUYe-
CKOJi KOPPEKTUPOBKYU CaMoOli onepauuu u nociaenyo-
et peabuauTanuy nanyeHrTa [12].

CornacHo COBpeMeHHBIM JIUTePATYPHbIM JaHHBIM,
IJIaHMPOBaHME PEBU3MOHHOTO BMeIIaTelbCTBA Ha
ITKC moKHO BKIOYATD Cefyoliye acleKThl:

— BbIOOp TpaHCIUIAHTATa MAJiS PEeBU3MOHHON pe-
KoHcTpykuuu IIKC [13, 14];

— BbIOOp OJHO- MJIM JBYX3TAITHOM TEXHUKU OIle-
pauunu [15, 16, 17];

— BbIOOp MaTepuaa AJis 3aMeleHNsI KOCTHBIX Je-
(bexTOB IpU ABYX3TAITHOM BMellIaTenbCTBe [18, 19];

— HeoOXOIVMOCTb BOCCTAHOBJIEHMS TepeaHesa-
TepanbHOro KoMmruiekca (IUIK): rutacTuka aHTeposia-
TepanbHO CBI3KU (AJIC) uau aTepaabHbIA SKCTpa-
apTuUKyIsSpHbI TeHoznes (JIDT) [20, 21, 22];

— HeoOXOAMMOCTb KOPPEKUUYM U36bITOYHOTO YI/a
HaKJIOHAa I1aTo 6onbirebepioBoit Koctu (IIBK) B ca-
TUTTAIBHO TJIOCKOCTH [23, 24, 25, 26].

Taxkum 06pa3oM, B TaKTUKe JieueHUs IIPU peluam-
Be HeCTaObWIbHOCTM KOJIEHHOTO CycTaBa IIOC/ie Tep-
BUYHOI pekoHCTpyKumuu ITKC ocraercss MHOXeCTBO
aCIeKkToB, Tpebyouux 6ojee NeTaJTbHOTO U3YyUEHUS.
AXTyasibHOCTb 3TOJl TeMBl U OTCYTCTBUE €eNUHOIO
MHEHUSI OTHOCUTEIbHO MOAX0Ha K BBITIOJIHEHUIO pe-
BU3MOHHOI peKoHCcTpyKuum ITKC mocmykuino noso-

IIOM JJIS IPOBEIEHMS CUCTEMATUUECKOro 0630pa Jin-
TepaTyphl ¥ OTIpee/InIo 1ieJib UCCIeIOBaHMSI.

Ilenv uccnedosavuss — TPOBECTU CUCTEMATUUE-
CKuit 0630p MCCIIeIOBaHMI, B KOTOPBIX OLIEHMBAIMCh
pe3y/nbTaThl PEBU3MOHHBIX PEKOHCTPYKIMI Iiepeq-
Hell KpecTooOpasHO CBSISKM M ONpPEeHeIUTb OITHU-
MaJIbHbIe pelleHus HauboJiee YacTO BCTPEUaIOIINX-
cs 3ajayv, BO3HMKAIOIIMX IIpU IIpemornepaloHHOM
TUIaHUMPOBAHUM.

MATEPHAJI 1 METO/1bl

[TpoBeneH MHMOPMaLMOHHbBIN MOMCK B 6a3ax HaH-
HbIx eLIBRARY, PubMed 1 Scopus. ['my6uHa noncka Ha-
11ero uccenenoBaHms cocrasmia 9 et — ¢ 2013 o 2022 1.
st mmoucka pycCKOSI3bIUHBIX PAbOT MCIIOIb30BAINCh
KJIIOYEBbIE C/I0BA: PEBM3MOHHASI apTPOCKOIMS KOJeH-
HOTO CyCTaBa, HECOCTOSTENbHOCTb TpaHCIUIAaHTaTa
[TKC, peBusnonHas pekoHcTpykuys ITKC. [ljis momncka B
3apybeskHbIX McTouHMKax — ACL revision surgery, ACL
graft failure, anterior cruciate ligament reconstruction.

Anroputm otbopa Ty6GMMKaLMil TIpefcTaBieH
Ha GJIOK-CXeMe, BBITIOJTHEHHOV 10 pPeKOMeHIalysIM
PRISMA pyis cucteMaTMUeCcKMX 0030pOB M MeTaaHa-
Jn30B (puc. 1).

Kputepuu BKIIOUEHMSI B KOJIMUYECTBEHHbI aHa-
JIU3: CpelHMUit CPOK HAOTIOMEeHMS MallieHTOB He Me-
Hee 12 Mec., KOJIMYECTBO HaOMIOMEeHMII He MeHee
10 arygaes. IIpu cobmomeHny 3aJaHHbIX KPUTEPUEB
BK/IIOUEHMSI He BBISIBIEHO MyOnMKaluil, CBSI3aHHBIX
C MpUMEHEHMEM ayTOTPaHCIUIAaHTaTa CyXOXUJIUS
IJIMHHOM Mayio6epIiOBOI MBIIIIbI JJIS1 BBHITTOTHEHMS
PeBU3MOHHBIX BMELIATENbCTB 10 MOBOLY MOBpeXIe-
Hus TpaHciuianTara [IKC, a Takke o6HapyskeHO orpa-
HUYEHHOE KOJIMYEeCTBO UCC/IeS0BaHMI, OTHOCSLIUXCS
K BBISIBJIEHUIO BAVSIHMS M30bITOYHOTO MepeqHe3a He-
ro ymia HakioHa ITBK Ha ucxonbl pekoHcTpyKumit ITKC.
Ha 3TOM OoCcHOBaHMM HaMM CHejaHbl BBIHY>KIEHHbIE
VCKITIOUeHUS JJISl TpexX CTaTeil: B ABYX MyOIMKAIUIX
[27, 28] onMcaHO MCIIONL3OBAHME CYXOXKUIUS OJIVH-
HOJi MaJIoOepI[OBO} MBIIIILIBI TPV BBITIOJHEHUN TIep-
BUYHOJ peKOHCTpyKuuu ITIKC, 4TO He COOTBeTCTBYeT
KPUTEPUIO BKIIOYEHMS], KacalOIerocsi pacCMOTPEHMS
CTaTeil MMEHHO PeBM3MOHHBIX peKOHCTpyKumii ITKC,
a B MCCIeIOBaHNM, TJIe OmycaHa Koppekius gedopma-
unu [1BK [23], onticaHo 9 ciryuaes, UTO He COOTBETCTBY-
eT KpUTepUsM IO KOIMYECTBY CIyyaeB. B KoHEUHOM
UTOTE C YIETOM BCEeX KpUTEPUEB JJ151 KOMNMYECTBEHHOTO
aHayM3a 6bUTI0 0TOGpaHo 22 MyOGIMKAIUY, B TOM YMUCTIEe
Tpu MeTaaHanmu3a [15, 21, 27] (tabm. 1).

CraTucTHUYeCKUi aHaInu3

1T OLleHKM [aHHBbIX IPUMEHSIIUCh MEeTOLbI OIlu-
CaTeIbHOM CTaTUCTUKM:. [OAHHbIe BBIPAKINCH KakK
cpepnue (M) co cTaHAApPTHBIMUM OTKJIOHEHUSIMU (SD)
M MaKkCMMaJbHbIM (mMax) ¥ MWHMMAaJbHBIM (min)
3HAUEHUSIMU.
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SR
( My6nukaumu, obHapyxeHHde B pesysbTaTe noucka B 6asax
naHHbix eLIBRARY, PubMed u Scopus (n = 898)
x \
g v
My6nukauum nocne yaaneHus oyénukatos P N
(n=1607) MckntoueHo nybnukaumii — 558:

N * NpeacTaBeHo 3arofoskamMm — 53

= ¢ * He CBA3aHbl C TeMoii — 323

E ( V6 * nepBuYHas pekoHcTpykums MKC — 107

g Y ﬂMKaLLMM,?npi)Uég,gI)JJMe CKPUHAHT * MOBTOpHas peBM3MOHHas nnactuka MNKC — 39

] L ¢ MYNbTUAWTAMEHTapHbIe NMOBPEXAEHUS KONEHHOTO CyCTaBa — 36
—/

© s Y McknoyeHo NONHOTEKCTOBbIX CTaTel — 27: A

x MONHOTEKCTOBbIE CTATbU, OLLEHEHHbIE HA BO3MOXHOCTb « cpenHuii cpok HabnioaeHus meree 12 mec. — 11

gr L BK/IOYEHNs B aHanu3 (n = 49) e KONMYecTBO HabnoaeHuit MeHee 10 cnyvaes — 16
—_/ ~
/?\ \

2 MccnenoBaHusg, BKIOYEHHbIE B KONMYECTBEHHBIN aHaM3

2 (n=22)

5

2 \
—/

Puc. 1. Biiok-cxema Mmoucka 1 0T60pa myommKanmit
Puc. 1. Flow chart of literature searh and selection
Tabnuya 1
CTaTI)I/I, 0T06paHHbIe AJISI KOJIMYeCTBEHHOI'0 aHaJIn3a
ABTOpbI YpoBeHb Tox Koin-Bo CpenHuit CpenHMit CPOK
I0Ka3aTeJIbHOCTU cydaesn BO3pacT, j1eT Hab/IomeHus, Mec.

Colatruglio M. [15] v 2020 524 - 49
von Recum J. [18] I 2020 40 31 24
Louis M. [20] v 2017 349 29 48
Grassi A. [21] v 2020 851 28 58
Dejour D. [23] III 2015 9 30 48
He]J.[27] II 2021 925 27 19
Goyal T. [28] v 2021 10 33 12
MARS Group [29] II 2014 1200 26 24
Nissen K.A. [30] 11 2018 1619 29 12
Barié A. [31] I11 2019 78 30 52
Winkler PW. [32] I 2022 260 26 72
Eggeling L. [33] 111 2021 114 29 27
Ahn J.-H. [34] 111 2020 93 - 24
Mitchell J. [35] I1I 2017 88 31 24
Dragoo J. [36] v 2018 18 26 24
Werner B.C. [37] v 2016 16 28 32
Prall W. [38] v 2020 103 29 12
Franceschi F. [39] 111 2013 30 29 60
Alm L. [40] v 2020 73 31 24
Winkler P. [41] 11 2021 102 23 62
Napier R. [26] I1I 2019 330 25 24
Akoto R. [42] v 2020 20 27 30
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PE3VJIbTATbBI

OO6Iee KOMMYECTBO KIMHUYECKUX HAOGTIOMeHUi Co-
CTaBUIO 3238: MMHMMAaJIbHOE KOJIMYEeCTBO — 9 ye-
JIOBEK, MakcuMmanibHoe — 1619. Cpoku HabI0meHNUs
cocTaBuUIM B cpenHeMm 33,9%18,3 mec. (oT 12 mo 72
mec.). CpenHuii Bo3pacT nmauueHToB — 28,8%+2,6 roga
(ot 23 mo 33 net, Me = 29 neT). B 19 uccnegoBaHusix
OBLIO MMPUBEIEHO COOTHOIIEHNE MYKUMH U SKEHIIVH :
B cpempHeM 59,7% myxxunH u 40,3% >KeHIIVH.

Ipu TmpoBemeHUM CUCTeMaTUUeCKoro o0630pa
JIUTepaTypbl GbIIM BISIBJIEHBI HaMOOJIee YacTo BCTpe-
yalonyecs: Mmpoo6aeMbl, KOTOpbIe MJIST ONMTUMMU3ALN
0630pa 6bLIM pa3eeHbl Ha IBa 6/I0Ka.

IMepBbIil 6I0K: OIpeneneHue TUIA TPAHCIUIAHTA-
Ta. [IByMSI OCHOBHBIMM KaTerOpUsIMU TPAHCIVIAHTaTOB
SIBJISUTUCh aJl7Io- U ayTtorpadthl. B 2353 ciryvasx uc-
MOMb30BaIM pPa3/MUYHbIe BapUMaHThl ayTOTPAHCILIAH-
TAaTOB, Haubojee YacTO BCTPEYAIOUIMMMCS TUIIAMU
SIBJISUTMCh CYXOKWJTMSI TIOIKOJIEHHBIX crubartesieit ro-
nenu (HT) — 1420, veThIpexIaBoii MBILIILI OGempa
(QT) — 415, niuHHOI Mamo6epIoBoii MbImbl (PLT) —
57 M TpPaHCIUIAHTAT KOCTh-CYXOXWIME-KOCTh — 461.

Hcnonb3oBaHMe  a/lJIOTPAaHCIIAaHTATOB
B 7 paborax (486 ciyuaes).

Bropoit 6/10K: Hanuuue IOMOMHUTENbHBIX XUPYP-
TMYecKMX BMeIllaTeabCTB, TAKMX KaK KOCTHAS TIacTu-
Ka MMeIOIIMXCS BTOPMUHO pacIIMpeHHbIX KaHajI0B
Tocje TEepBUYHOIN omepalni; KoppeKuus IepeaHe-
3agHero HaknoHa I1bK; BoccranoBnenue ITJIK.

PesynbTaTbhl KOCTHOM IIJIACTUKM BTOPUYHO pacCIIy-
PEHHBIX KaHAJIOB OIMCaHbI B 6 paboTax (289 ciayyaes),
TaK ke Kak pe3ynbTaTbl BoccTaHoBMeHUs [TJIK B xome
peBu3MOHHONM pekoHCcTpyKuymu ITIKC — 6 pabor (574
cryvasi). Koppekuus mnepenHesagHero HakioHa IIBK
BBIMTOJTHSIACH B 4 pabotax (71 crygait).

OneHka (YHKIMOHAIbHBIX PE3YJIbTATOB B OONb-
IIMHCTBE paboT ImpoBoauiaach mo mkagaMm Lisholm,
IKDC u Tegner. B 12 wnccienoBaHusIX CpaBHUBAIU
byHKIIMIO cycTaBa A0 ¥ IIOC/Ie PeBU3MOHHON orepa-
uyu 1o mkase Lisholm, B 8 paborax — mo mkase IKDC
u B 10 — o mkane Tegner. Bo Bcex mccienoBaHusIX
OoTMeyvaeTcs yIydllleHe oKa3aTesieii B rmocjieonepa-
LIMOHHOM Tlepuojie MO CPpaBHEHMIO C JOOIepalioH-
HbIM (Tab6I. 2).

OIIMCaHO

Tabnauya 2
OueHka GYyHKIMOHAIbHBIX Pe3y/IbTAaTOB I10 IIKa/JIaM, 6a/IIbl
Lisholm IKDC Tegner

CTaTuCTU4ecKui

TIOKasaTesb IO OTIepaLum onré%g;em IO oTIepaLum onré%g;emm IO oTIepanym onréggienm
M 56,6%8,4 83,6%6,7 52,2%7,0 77,677 3,2%+0,7 5,35+0,80
Me 56,5 88,0 54,3 78,9 3,0 5,5
Min 38,4 72,5 40,0 64,0 2,5 4.3
Max 69,8 95,0 63,3 89,0 5,2 7,0

AHamm3 my6MMKanuMii ToKasaji, YTo OCIOXKHEHUS,
oTpe6oBaBIINe PEBU3MOHHOTO BMEIIaTeIbCTBA, pas-
BUIKCH B cpegHeM B 1,60+0,09% ciyuaeB: ot 4% [13]
o 16,7% [45], Me 8%. Haubosee 4acTo BCTpeUaINCh
reMaTroMa 00JIaCTU XUPYPruyeckoro BMeIlaTeabCTBa
(M = 5,85%3,50%; Me = 4,95%), BHOBb BO3HUKIIIasl He-
CTaOWIBHOCTh OTIEPUMPOBAHHOTO KOJIEHHOT'O CyCTaBa
M = 5%£1%; Me = 5%) u rumecte3us mecra 3abopa
TpaHciuianTata (M = 11,2%4,8%; Me = 8,8%).

OBCY>XKIEHUE

Bp100Op TpaHCILUIAaHTaTa P PEeBU3NOHHOM
pexoHcTpyKiuu [TKC

[TpoBeneHHBIV aHAIN3 NAHHBIX JIUTEPATYpPhl He 1103-
BOJIIET OJHO3HAUHO OIpefenuTb, Kakoi TpaHC-
IUIaHTAT 06eCcIeunBaeT HAWTyUIIe Pe3yabTaThl MPU
noBTOPHOM peKoHCcTpyKuuu IIKC. VenoxHseT npen-
OllepaliOHHOe IUIaHMpOBaHMe BUJ, TPAHCIUIAHTA-
Ta, KOTOPBIit yke ObLI UCIIONIb30BaH MPU IEePBUYHON
pexkoHcTpyKuuu [IKC, yTo orpaHMYMBaeT BapMaHTbI
BbIOOpa. TpeboBaHMs K TPaHCIUIAHTATY IIPU PeBU3U-

OHHOM BMeIIaTebCTBEe SIBJSIOTCS TaKMMM Ke, KakK U
Mpy TepPBUYHOM: TIPOUHOCTb, NOCTYIMHOCTb, IJMHA
u guameTp [30]. OCHOBHbIMM BUIAMM I'padTOB, MEXK-
Iy KOTOPBIMM CYIIECTBYIOT KaTeropuyHble pasiu-
Yy, SIBJISIIOTCS aJJIO- M ayTOTpaHCIuIaHTaThl [29, 30].
B TO ke BpeMsi UCIIO/NIb30BaHME COBPEMEHHbBIX CUH-
TeTUYeCKUX MPOTe30B He SIBJSIeTCs CTaHAapTOM Ipu
peBU3MOHHOV pekoHCcTpyKumu [1KC, Tak Kak B JOITO-
CpOYHOJi TepCHeKTVBe OAHHBIA BUI, MMILUIAHTATOB
OKa3bIBaeT HeraTMBHOE BMSHME HA MUCXOZ, JedeHUs
[43, 44].

Ucmonb3oBaHue alJIOTPAHCIUIAHTATOB IO3BOJISIET
136eKkaTh BO3MOKHBIX IMPOOJEeM C JOHOPCKUM MecC-
TOM, a IMIMPOKAst BapMabebHOCTD B AJIVHE U TOJIIVHE
CYXOXMJIbHOM YaCTy BBITOJHO OTJMYAET MX OT JII060T0
ayToTpaHCIIaHTaTa. B HacTosiee BpeMs CHUKeHNe
HETaTUBHOTO BJIMSHMUS HEOOCTaTKOB, CBOVCTBEHHBIX
autorpadtam (pUCK nepemauu MHGEKUUM, MeIIeH-
Hasl MHTerpauysi B KOCTHBI KaHall, CHUKeHMe Tpou-
HOCTM HpU 00paboTKe U XpaHEeHUM), OOYCIOBIEHO
6o7ee 3pHeKTUBHBIMU METOLAMM COBPEMEHHO cTe-
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punusanuu, Jydileil opraHusauyueil XpaHeHUS U
TPAaHCIIOPTUPOBKM TKaHeil. OgHAKO ITOBCEeMECTHas
JIOCTYITHOCTb JaHHOTO BUJa TPAHCIIAHTATOB OCTaeT-
Cs1 OTpaHMYEHHOI BC/Ie[ICTBYME OpPraHn3alMOHHO-TIpa-
BOBbIX U (PMHAHCOBO-3KOHOMMYECKUX MpuunH [45].
Takum 06pa3soM, MOXKHO CHEIaTb BbIBOJ O TOM, YTO
IJIS1 peBU3MOHHOI peKOHCTpyKuyy ITKC onTumManbHbI-
MM TPAHCIUIAHTATaMU SIBJISTIOTCSI COOCTBEHHbIE TKAHMU
MalMeHTOB, YTO MOATBEPKAAETCS KPYIMHBIMU UCCIIe-
JosaHusaMmu [29, 30].

B wacTHOCTH, pe3ynbTaThl UCCIEIOBAHUST TPYIIIIBI
MARS mokasanu, 4TO MMEHHO ayTOTPaHCIJIaHTaT
obecreuMBaeT Jydlive CyObeKTUBHBIE OILIEHKM ITa-
LIMEHTOB, 6ojiee HMU3KYIO YacTOTYy TOBTOPHBIX pas-
PBIBOB U yiyullleHKe CIIOPTMBHBIX MOKasaTesei 1o
cpaBHeHMIO ¢ a/uioTpaHciuiaHtaTom [29]. K.A. Nissen
C COaBTOPaMM TaKke BBISIBUIM HEraTUMBHOE BJIMUSIHME
MUCMOAb30BaHMS AJJIOTPAHCIUIAHTATOB, HO B OT/IMYME
OT ucciaegoBaHus Tpyrmbl MARS oHM He 0GHAPYKU-
JIU PA3/IMUMii B CYObeKTUBHBIX OI[€HKAX ITallIeHTOB U
B OyHKLMM KOJeHHOTO cycrasa [30].

VuuTeiBasi IpenoOYTUTENbHOCTh IMPUMeHEeHUs
ayTOTKaHell Tpu PeBU3MOHHOM BMeIIaTeNbCTBE,
MHOTI'VEe aBTOPbI HavaIy 6ojiee IMOAPOGHO 3aHMMATh-
Cs1 BOIIPOCOM MCIIOJIb30BaHMSI TOTO WJIM MHOTO BUZA
TpaHCIUIaHTaTa. B paborax A. Barié ¢ coaBTopamu u
PW. Winkler ¢ coaBTopamMu IoJlyueHbl XOPOIINE pe-
3yJIbTAThl peBU3MOHHOV peKOHCTpyKimu [TKC mpwm mc-
noyib30BaHMUM TpaHcIviantata QT. B monb3y MCnons-
30BaHMS JAHHOTO CYXOXKWINS CBUIETENbCTBYET Oojiee
HU3KUIT ypOBEHb GOJIE3HEHHOCTY JOHOPCKOM 06j1ac-
T [0 CPAaBHEHMIO C TpaHCIUIaHTaTOM BTB BO Bpems
CTOSIHMSI Ha KOJIeHSIX U TpUCeNaHUsIX, a Takke COIo-
CTaBMMbIEe Pe3yabTAThI C HAMbOJIee YacTo UCIIOIb3ye-
MBIM IIpu peBu3um aytorpanciianrarom HT [31, 32].
B 10 ke Bpems nnpumeHeHue TpaHcivianTaTta QT nme-
eT HeKOTOpbIe OTpaHMUEHMS: HaInuye Tmareio-de-
MOPaJIbHOTO OCTE0apTpO3a; HapyllleHue paBHOBECUS
HaJKOJIEHHMKA; yBeJliMueHMe BpeMeHU, 3aTpauyuBa-
eMOro Ha B3sITMe TpaHCIUIaHTaTa; OrpaHMuYeHue Mo
IJIVHE TOJTyYeHHOTO rpadTa, HeSOCTATOUHbIN OITBIT
XUPYProB BBUIY HEUACTOTO UCII0/Ib30BaHUS JAHHOTO
BUZIA TpaHCIuiaHTaTa. TeM He MeHee POCT IMOMyJsSp-
HOCTM MWCIIOJIb30BAHUSI CYXOXWIMSI UeTbIpexIyiaBoii
MBIIIIIBI OeIpa MOXKHO OObSICHUTh YBEIMUEHUEM KO-
JIMYEeCTBA MyOIMKYyeMbIX HAYYHBIX PaboT, B KOTOPBIX
YMCII0 YCIIEeUTHbIX PEBU3MOHHBIX BMEIIaTeIbCTB C UC-
MOb30BaHMEM HJAHHOTO ayTOTPAHCILJIAHTATa BBIIIIE,
yeM NOpPU NOPUMEHEHUM CYXOXWINI ITOJKONEHHbIX
crubareneit, TpaHciuiaHtaToB BTB u ammorpagToB
[30, 31, 32].

TpaHcmiantaTt PLT gBisieTcst Haubosiee Iepcriex-
TUBHOM aJIbTEPHATUBON APYTUMM ayTOTPAHCILIAHTA-
Tam. [IpoBefieH psia MUCCAedOBaHMIA, OOKa3bIBAIOIIMX
6e30I1aCHOCTb, YHOOCTBO, XOpOIIMe ITPOYHOCTHbIE
XapaKTePUCTUKU TaHHOTO CYXOXWIUS MPU TepBUY-
HOM U peBu3uOHHONM pekoHcTpykuum IIKC [27, 28].

B wacTtHOCTHM, Wcronb30BaHMe TpaHcmiaaHTtata PLT
IJ1s1 peBU3MOHHOM peKoHCTpyKumy [TKC m oTcyTCcTBUME
KaKUX-TMO00 HapylIIeHUii CO CTOPOHBI (PYHKIMU CTO-
TIbI OIMCBIBAIOT B CcBoeil pabore T. Goyal ¢ coaBTOpa-
vu [28]. TIpu Habmomeruu 10 MayeHTOB B TEUEHME
24 Mec. oCjie omepalyy aBTOPbI BBISBWIM 3HAUM-
TeJIbHOE yinydieHne QyHKIIMOHAIbHBIX TTOKa3aTenei
KOJIEHHOTO CyCTaBa 10 OCHOBHBIM (DYHKUVOHAIbHBIM
mKajgaM. Pe3ynbTaTel O1eHKM (YHKIMM TOIEHOCTOTI-
HOTO CyCTaBa ObUIY COTIOCTABMMBI C KOHTpaIaTepaib-
HO MHTAaKTHOJ KOHEYHOCTHIO.

[IpnuMHOI peaKoro MCHOMb30BaHMUSI TPAHCIJIAH-
taTa PLT siB/IsieTCS pUCK HApyIIeHUs (PYHKIUM CTOIIBI
Y TOJIEHOCTOITHOTO CYCTaBa, OHAKO MPOBeAeHHbIE CO-
BpeMeHHbIe MCCIeA0BaHMS TTOATBEPKAAOT Ge3omac-
HOCTb JAHHOTO BUJa TpaHcIuiaHTara [27, 28]. Tem He
MeHee CYIIeCTBYeT HeoOXOIMMOCTb B OII€HKe OITbITa
MICITOIb30BaHMSI CYXOKUJIUS IJIMHHOM Maao6epLioBoit
MBIIIIbI B GOJMbIIEM KOMMUYECTBE BbICOKOKAUECTBEH-
HbIX UCCIEeIOBAHUII B paMKaxX MMEHHO PEBU3MOHHOM
xupyprum ITKC.

JTanmHOCTb PeBU3MIOHHBIX BMEIIATEeIbCTB
IIpU HeCcoCTosITeIbHOCTU TpaHcmiaHTaTa [IKC

JIByxXaTarnHble peBU3MOHHbIEe BMeIIaTeIbCTBa TEXHU -
YeCKM CJIOXKHBI, PACTSIHYThI BO BpeMeH!, U3Ha4YaIbHO
MpennoiaraloT HeOGHOKPAaTHYK TOCHUTAIU3aLNUI0
nalyeHTa B CTallMOHAP U MOBBILIAIOT PUCK Pa3BUTUS
OCJIO)KHEHMIT U3-3a OBYX XUPYPrMUYECKUX MpOLEnyp.
C yuyeTOM MMEIOMIMXCS HETaTUBHBIX MOMEHTOB IBYX-
3TalHbIX BMeENIaTeIbCTB B HEKOTOPBIX HAayUHBIX pa-
60Tax OMMUChIBaeTCsS MpUMeHeHMe OLHOITAIHbIX XU-
PYPTMUECKMX TEXHUK KaK 6oJiee MpenouTUTETbHbBIX
[36, 37].

B perpocnektuBHOM uccienosaHuu B.C. Werner
C COaBTOpaMM Ha OCHOBaHUM Pe3y/IbTaTOB JIEUEHUS
16 mauMeHTOB NpU CpPeAHEM CPOKe HaGIIOeHUs
32 MecC. OLeHMIM BO3MOXKHOCTb BBIIIOJIHEHUS OFHO-
ararnHoi pesusuoHHoM miactuky IIKC. ITpu BeInon-
HEHUM ONEePaTMBHOIO BMeIIaTeNbCTBa B MMEIOLIMIACS
BTOPMYHO PAaCIIMPEHHBIN KaHal GelIpeHHO KOCTU
MMITaKTUPOBAJCS LWIMHIPUUYECKUIT KOCTHBIN asio-
rpadt B Bume wtudra nuamerpom ot 10 mo 18 mm.
[IpoBeneHre HOBOTO KaHala BBINOIHSJIOCH MO BO3-
MOKHOCTU B IpDyTOM BEKTOpe HalpaBjeHMs OT KaHa/la
MpeAIeCcTBYIOIIETO BMELIATeIbCTBA ¥ C aHATOMUYHOM
TOYKOJ BbIXO[A. BB TTOMy4YeHbI XOpollye Mocieorne-
palVOHHbIE KIMHMUYECKME PEe3Y/IbTaThl 0 OCHOBHBIM
OLI€HOYHBIM LIKanaaM [37].

Cxoskee uccnenoBanue nposenu J.L. Dragoo ¢ co-
apTopaMy. [7aBHOe paszinuyue 3aK/IHYaaoch B 3a-
MOJIHEHUM LUWIMHIPUYECKMM KOCTHBIM aIOTPaHC-
IUIAHTaTOM PaCUIMPEHHOro 6osble6GepIioBOro, a He
6epeHHOro0 KaHala, U OSHOBPEMEHHO} yCTaHOBKe
CYXOXMJIBHOTO TpaHCIUIaHTaTa C (ukcauueit Me-
Ta/ZIMYECKMM BMHTOM B aHaTOMMUYHOI TOYKE BXOZa
B KaHaJ. B uccienoBaHuM He BbISIBIEHO CYObEKTUB-
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HOJI IOCIeONepanyioHHON HeCTabMIbHOCTU KOJIEH-
HOT'O CyCTaBa " OCJIOKHEHUIA, TOTPebOBABIINX PEBU-
3MOHHBIX BMEINIATENIbCTB, & TaKKe ObUIM IONyYEHbI
CTaTUCTUYECKY 3HAUMMBble YAYUIIeHUS 10 OCHOBHBIM
(byHKIMOHAIBHBIM IIKaIaM [36].

[Ipr olLleHKe pe3y/lbTaTOB MOCIEOINePalMOHHOM
MCKT B.C. Werner ¢ coaBTOpamyu BBISIBUIM, UTO BCE
/UIOTPAHCIVIAHTaThl MMeU TOJHYI MHTETrpauuio u
peMozenupoBaHuMe KOCTHOTO a/UIOTPaHCIIAHTAaTa,
He ObUIO CIYYaeB OCTEOJIM3a MM KUCTO3HOTO obpa-
3oBaHMs. CpefHssl OTHOCUTENbHAsA IJIOTHOCTb KOCT-
HbIX ayutorpadToB cocraBuiaa 607,3105,6 HU [39].
A B ucciegoBanuu J.L. Dragoo ¢ coaBTOpamu [Ojist
OLIEHKM MHTerpauyuu KOCTHOTO TpaHCIUIaHTaTa U
KOCTHbBIX KaHaJ0B Mcrojb3oBagach MPT, uTo BbI3bI-
BaeT COMHEHMSI MPU MHTepNpeTalyun MOTyUyeHHbIX
pe3ynbTatoB [36]. [Tomumo 3TOrO, yKazaHHbIE aBTOPbI
He OINMCHIBAIOT KPUTEPUM, HA KOTOPbIE OHU OMUPaA-
JIUCh TIPU OLiEHKe MHTerpauyuim KOCTHOTO TPaHCIUIaH-
TaTa U NPUHATUU PelleHUs] O MIPOBeJeHNM BTOPOTO
JTarna JieueHus, a TaKke He ObUIO ITPEIOCTABIEHO
JaHHBIX O TOM, Kakoi muameTtp rpadra MMIakTu-
pOBAJICSI B TOT WJIM WMHOW pasmep paedeKkTa KOCTU
[36, 37]. IlpyuMeHeHne NaHHBIX METOAVK HE MOXKET
OBITh TTOBCEMECTHBIM, TaK KaK CYIIECTBYET MHpobiie-
Ma BCeoOIeil MOCTYITHOCTM TOTO WIM WHOTO BUAA
KOCTHOTO TPAaHCIUIAHTATA, TAKKe HeOOX0AMO UMEThb
B BUJLy OTHOCUTEJIbHYIO CJIO’KHOCTD M BOCIIPOMU3BOIM-
MOCTb HEKOTOPBIX OFHO3TATHbIX METOAMK, UTO MOKET
MPUBECTM K MHTPAONEPALMOHHBIM OCIOXKHEHUSIM
U YBEJIMYEHUIO JIUTEIbHOCTY OTlepalun.

Psim aBTOPOB COOOGIIAIOT O CXOXKMX OTHATEHHBIX
pesyabTaTax OGHO- U ABYX3TAIMHbIX PEBU3UOHHBIX pe-
koHcTpyKumii ITKC. B wactHocty, J.H. Ahn ¢ coaBTo-
pamu u J.J. Mitchell ¢ coaBTOpaMy IpUIIUIA K BHIBOAY,
YTO MocaeomnepalioHHble pe3yabTaThl JBYX3TallHbIX
peBU3MIT SIBJSIOTCS COMOCTaBMMBIMM C MCXOHAMU
OHOSTAITHOTO JieueHUsI MPU YCIOBUU KOPPEKTHOTO
oT6opa MAIMEeHTOB B paMKax IpeAorneparMoHHOrO
wiaHupoBaHus. [Ipu olleHKe KIMHUUYECKUX DPe3Yilb-

TaTOB MOKA3aTeM CYObEKTUMBHOI OIEHKM IO (PYHK-
[IMOHAJIBHBIM IIIKAJIaM, OOBEKTMBHBbIE ITOKA3aTesN,
YacTOTa OCJIOXKHEHUI, a TakKKe PUCK ITOBTOPHOI
HeCcoCTosITeNbHOCTU TpaHcmiaHTata [IKC He umenn
CTAaTUCTUYECKM 3HAUMMBIX pasiuuMii MeXAy OLHO-
" IBYX3TAITHBIM JieueHueM [34, 35].

[laHHbIe BBIBOAbI COBIIAAAIOT C pe3yabTaTaMy CUC-
TeMaTuuyeckoro o63opa M. Colatruglio ¢ coaBTopamu
[15]. ABTOpBI OTpenensoT ClIeayolMe ToKa3aHUIMM
K JBYX3TAlTHOMY XUPYPIrUYeCKOMY JIeYeHUIO:

— HeaHaTOMMUYHOE TOJIOKeHMe BXOda B MMeEI0-
HIMiics KaHajl, KOTOpOe He TMO3BOJsIeT MPOBECTU HO-
BbIV KaHAJI C KOPPEKTHO TOUKOI BXO/a U3-3a X BO3-
MO3KHOTO CJIMSTHUS;

- OUaMeTp paHee IIPOBENEHHOrO KaHama 6onee
14 mm;

— HEBO3MOXXHOCTb  (MKCAIMM  TPaHCIUIAHTA-
ta [IKC 0OQHOMOMEHTHO C yOaJIeHMeM IpeabIayIINX
(buKcaTOpPOB WM 13-3a MTePEeKPHIBAIOIINXCS UMeIOIIe-
rocsi 1 IJIaHMPYeMOTO KaHasoB.

C ydeTOoM pasIMyHBIX BapMaHTOB IIpefoIepa-
LIMOHHOTO TUIAHMPOBAHMUSI M TpeAjiaraeMbIX XU-
PYPTMUECKMX TEXHUK BO3HMKAET HeoOXOOMMOCTb
B CTaHZapTMU3alMM TOAXOAA K ONpefdeeHUI0 ITall-
HOCTU XUPYPTUUECKOTO JieUeHUsI TP PEBU3UOHHOM
BMeIlaTe/lbCTBE, KOTOPBII YUMUTHIBAET ITOJIOXKEHUE,
IuaMeTp, HalpaBjeHMe KaHaJIOB OT IMpenbiayliei
omepanuu. D. de Sa ¢ coaBTOpamMyu HpemJIOKUIN
KiIaccupUKALMIO BbIOOpA XUPYPIUUECKONM TaKTUKU
REVISE ACL (Revision using Imaging to Guide Staging
and Evaluation). Knaccudwmkanys npeacrasisieT co-
6071 ITPOCTYI0 U TOHSTHYIO B MCITOJIb30BAHUM CUCTe-
My (Tabn. 3). HemocTtaTkoM HpemJIOKeHHOW CHUCTe-
MbI SIBJISIETCSI OTCYTCTBME UETKUX KPUTEpUeB IJs
omnpezneeHNs: TOKa3aHUI K BBITIOJIHEHUIO OGHO- WU
IBYXJTAITHOV PEBU3UM B 3aBUCUMOCTU OT (DOPMHBI,
HampaB/ieHMs] KaHaJIOB OT IpeAlIecTBYIOIEro BMe-
1I1aTe/bCTBA, a TAKOKe OT ITPOLIEHTHOV Pa3HULIbI MEKAY
TJIAHMPYEMBIM U y3Ke MMEIOIIMMCS TI0JI0KeHMeM TOU-
KM BXOJla B KaHaJI [46].

Tabnuya 3
Knaccudmkamms Beroopa xupyprudeckoit Taktukyu REVISE [46]

Tun 1A KaHaJibl, He TpeOylolye KOpPeKTUPOBKM UM 3aMelleHns (OMHOITaITHAsT PEBU3MS)

Tumn 1B OpHoaramnHast peBu3us. TpebyeTcst MpoBeeHe HOBOTO 60/blie6epIi0BOro Wi 6epeHHOro KaHaa

Tun 1B-F OpHoaramnHast peBusus. TpebyeTcst MpoBeIeHe HOBOTO 6eJpeHHOro KaHaja ¢ COXpaHeHMeM
6071b111€6EPIIOBOTO

Tum 1B-T OpHoaTtamnHas peBu3usi. TpeGyeTcst MPOBeIeHEe HOBOTO GOIbIIE6EePIIOBOTO KaHAaIa C COXpPaHEHUEM
6eIpeHHOro

Tumn 1B-FT OpnHosTarnHas peBusus. TpebyeTcs poBeeHe HOBBIX 00JIbIIe6EPIIOBOTO 1 OeIPEHHOTO KaHaI0B
(pa3HOHAMpPaBJIEHHOE WM «AaHATOMUYHOE» ITPOBeJleHye 6e3 CISTHIS)

Tumn 2 I ByxaTamHasi peBU3¥sl. BBIMOMHSIETCS MTPY «<HEAHATOMMUYHOM» PACIIOIOKEHUY Y U3OBITOYHO
pacupeHHOM KaHajle (KaHasax) (MMeeTCs PUCK CJIMSIHYS), TOTePEe KOCTHOV MacChl, HAIMUUY MHOEKLIUYI

Tumn 2-W I ByxaTamHast peBu3us. I36bITOYHOE pacIiMpeHie KaHaja, TpeOyoliee BHIITOTHEHMS KOCTHOM IIaCTUKU

Tun 2-M IIByxaranHas peBusus. KputmuuHoe cMmenieHne KaHasa (IOT€HLMANBbHO BbICOKUIA PUCK CIVISTHUSI K<HOBOTO»
U «CTapOro» KaHaJIOB)

Tun 2-1 IIByxaTamHas peBU3usl, OCJI0KHEeHHAasT MH(peKIye
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HWccnemoBanmsi, pacCCMOTPEeHHbBIE B HACTOSIIIIEM 06-
30pe, He MO3BOJISIIOT OINpee/UTh OLHO3HAYHbIE TTOKa-
3aHMS K 3TAlTHBIM BMeIIaTe/lbCTBaM, KOTOPble MOTYT
OMMUPAaThCsl Ha ONpene/ieHHbIV IMaMeTp KaHala, Tak
Kak pasjinuusi MeXAy XUPYPrUuecKUMU TeXHUKaMu
M TaKTUKOW MpefonepalyioHHOr0 TIaHUPOBAHMS
OTPaHMYMBAIOT BO3MOKHOCTb OOBEOVMHEHMS IIOTy-
YeHHBIX JAHHBIX B €IMHYI0 CUCTEMY.

OTKPBITBIM OCTAETCS BOIIPOC O TEXHUUECKON BO3-
MO>KHOCTY BBITIOJIHEHMSI PEBU3MOHHOTO BMellaTelb-
CTBa IIpM aHATOMMYHO PAacCIlONOKEeHHbIX KaHajax,
KOoTOopble uMeT auametrp 10-14 mm. [Ipu aHanu-
3e JIMTepaTypbl BBISIBJIEHO, UTO Takue IapaMeTpbl
KaHaJI0B SIBJSIOTCS IMOKa3aHUEeM [Jis1 BbITIOTHEHMUS
O HO3TAINHOTO BMelllaTenbCTBa. OgHAKO, 10 HAIIUM
HAOMIOMeHMSIM, OMAMETP IIONYyUeHHOTO M IIOATO-
TOBJIEHHOTO CYXOKWJIBHOTO TPAaHCILIAHTATa B 60/Ib-
IIMHCTBE CJIy4yaeB MMeeT 3HaueHue MeHee 10 MM u
OKa3bIBaeTCs HeAOCTATOUHBIM JJISI OCYIeCTBJIEHUS
HaZeXHOV duKkcanum u press-fit yctaHOBKYM TpaHC-
MJIaHTaTa B KOCTHbBIM KaHa/l auamerpom 10-14 mm,
YTO MOKET OTPULATeNbHO MOBAMSITH Ha JajibHel-
IIyI0 ONTUMAJbHYIO MHTErpaluio. YUUTbIBAsT BO3-
MOKHOE BO3HMKHOBEHME W30BITOYHON pa3HUIIBI
MeXAy pasMepoM TpaHCIUIaHTaTa U [OMamMeTpoM
MMeIoerocsi KaHajia, MOKHO CIejiaTb BbIBOJ, UTO
MoKa3aHueM AJjis BBITIOJTHEHUSI OLHOITAIHOTO pe-
BU3MOHHOTO BMeIIaTeabCTBA SIBJISIETCSI aHATOMUYHO
pacrnonoXXeHHbIV KaHal ¢ AuamMmeTpoM meHee 10 Mmm.
DTO MOATBEPKAAIOT MCCIeNOBAHMS, B KOTOPBIX CO00-
1IAaeTCs 0 XOPOILIUX CPpeSHECPOUHBIX pe3y/IbTaTaX Bbl-
TOJTHEHHOM peBU3NOHHOM peKoHCTpyKumu ITKC npnu
aHATOMMYHO PaCIOJIOKEHHBIX KaHa/laX AMamMeTpoM
meHee 10 mm [18, 47]. C gpyroii CTOPOHBI, IpU Aua-
MeTpe KaHajaoB 10—14 MM BapuaHTOM BbIGOPa MOTYT
OBITh AJ/VIO- MM AYTOTPAHCIUIAHTATHI ¢ KOCTHBIMU
6JI0OKaMM, TTO3BOJISIONINE TOOUTbCS HAmEXKHOM (PUK-
canuu. OgHaKo NpU UCIIONb30BAaHUM JaHHOTO BUZA
rpadToB HeOOGXOAMMO YUMUTHIBATH pasMep Aedek-
Ta U ero MHTpaollepaliMOHHOEe YyBeluuyeHue Iocjie
pe3eKkuMM CKIepO3MpPOBaHHOV TKaHu. [Io Hammemy
MHEHMUIO, IPM TakKOM pa3Mepe KaHajaoB CyIeCTBYeT
BEPOSITHOCTb HeHAJeKHOM (PuKcarmy mosryueHHOTO
CYXOKMJIBHOTO TPaHCIJIaHTaTa 6e3 KOCTHBIX GJIOKOB
MIpU YUIOBUY NedUIIUTa ero IMaMeTpa, a TakkKe He-
obxomumoii press-fit ycTaHOBKM [Ji1 ONTMMAaJIbHOI
MHTeTpaluy B KOCTHBI KaHall.

Nmeromasics PaspO3HEHHOCTh MoKa3aHUM
K OJTHOSTAITHOMY JIEUEHMIO, a TAK)Ke TOT (PakT, YTO
O HO- U IByX3TalHble peBU3MOHHbIE ONepaTUBHbIE
BMellaTelbCTBA MMEIOT COIOCTaBMMble KIMHUYE-
CKUe pe3yabTaThbl, CBUAETENbCTBYIOT O HE0OXomm-
MOCTY KOPPEKTHOTO 0TO60pa ManyeHTOB U CTaHIap-
TU3alUM TMOAXO0Ja B paMKax IpeaolepaiuMoOHHOTO
IUJIAHMPOBAHUSI.

KocTHas riacTuka pacliMipeHHbIX KaHaJIOB

TIPU IBYX3TAITHOV PeBU3MOHHOM

pexkoHcTpykuyu ITKC

BbI60p KOCTHOTO TPAHCIUIAHTATA /ISl TUIACTUKU Pac-
IIMPEHHBIX KAHAIOB SIBASIETCS Ba)KHBIM AaCIEeKTOM
ycrelmiHo peBu3uMoHHON xupyprum IIKC. MHorue
XUPYPTU CXOHOSITCSI BO MHEHUM, YTO MCIIOIb30BaHUE
ry6uaToil KoCcTu U3 TpebGHS MOAB3OUIHOM KOCTU SIB-
JISETCS 30JI0TBIM CTaHIAPTOM, IIOCKOJBKY [aHHBINA
ayTOTPAHCIUIAHTAT BCEr/ia IOCTYTIeH U 00/IaiaeT mpe-
MMYIeCTBaMM 10 CPaBHEHUIO C aJJIO- U CUHTETHU-
4YeCKMMU TpaHCIUIaHTaTamu [39, 47]. B To sxe Bpems
JIAaHHBIII MaTepuan o6JaZaeT PSIOM HeIOCTATKOB:
OTPaHUYEHHBINl 06bEM TOTyUYaeMoli Iry6uaToi KoCcTu
[12], yBenn4eHue Xupypruaeckoi arpeccun, JanuTelb-
HOCTY OTlepallun, a TaKke 60JIe3HEHHOCTb TOHOPCKO-
0 y4acTka [48].

B kauecTBe anbTepHATMBBI MCIOAb30BAaHUIO ayTO-
TPaHCIUIAaHTATOB ]. von Recum ¢ coaBTOpaMu OLLeHUIN
BO3MOXXHOCTh IIpMMEHEHMUS] CUJIMKaT-3aMelleHHO-
ro kambuuii-ocdara (Si-CaP). OTo mcciegoBaHue
MMeeT BBICOKMIT YPOBEHb JIOKa3aTeNbHOCTHU, HO 00-
JIafaeT PSIIOM HeJJOCTATKOB: HEOOJIbIIIOE KOTMYECTBO
manueHToB (n = 40), a TakKe mepuop, HabIIOmeHNUs
24 Mec., He TO3BOJISIIONINI OIEHUTh OTAAJIEHHbIE pe-
3y/AbTaThl. IIpy OLleHKe pe3yiabTaTOB MUCCIELOBAHUS
MEXIY TPYIIaMy He ObLJIO BBISIBIEHO CTATUCTUYE-
CKM 3HauMMBbIX pa3nnuuii [18]. B peTpocneKTMBHOM
uccnepoBanum W.C. Prall ¢ coaBTopammu, B KOTO-
POM IPOBOAMIACH OLleHKA NPMMEHEeHUs aJlJIOTpaH-
CIJIaHTaTa B CPaBHEHUM C ayTOKOCTbIO, KOJIMNYECTBO
HabJI0IaeMbIX MAaVeHTOB 66110 60sbiie (n=103), HO
CPOK HabTI0IeHMs COCTaBMUII Bcero 12 Mec. ABTopaMu
MOJTyY€eHbl CONIOCTaBMMble ITOC/Ie0NIepallMOHHbIE pe-
3yJIbTaThl JIEYEHNUSI MEXIY IPYIIION, IIe MCIO0Ib30-
BaJICSI KOCTHBI a/UIOTPAHCIUIAHTAT, ¥ TPYNIION, rae
MPUMEHSIJICSI ayTOTPAHCIUIAHTAT U3 TPeOHS TMOof-
B3J0IIHOM KocTu nanueHdTa. [1Io pesynbratam MCKT,
B 06eux TpyImax KayecTBO 3aMeIeHMS] KaHaJIOB
MMEJIO COTMOCTaBUMMble 3HAUEHUS: B «aJUIOTEHHOM
rpynne» — 79,9%, a B «ayTOJIOTMYHON TpyImne» —
79,6%. CpeiHsISI OTHOCUTEIbHAS IIJIOTHOCTh KOCTHBIX
aimnorpadToB coctaBmia 536+124,5 HU, mIOTHOCTH
ayrorpadra — 435+02,5 HU [38]. HegocTtaTkom 060-
UX UCCIeIOBaHMUII 6bUIO TO, UTO aBTOPAMMU He OIMCca-
HbI KPUTEPUU, IO KOTOPHIM OLl€eHMBAJIACh MHTErpa-
I} M peMOJeNnypoBaHNue KOCTHOTO TPaHCIUIAHTATa.
Hecmotpst Ha uMmeronyecs: HeJOCTaTKM, B paboTax
ObUIM TIOJTYYEHBI XOPOIIe KIMHUYECKUEe pe3yibTa-
Thl. [103TOMY WMCMIOJb30BaHME TyOUATBIX KOCTHBIX
aJUJIOTPAHCIVIAHTATOB WM CUJIMKAT-3aMelleHHOTO
KanpLuuii-gocdara sBasieTcss 6e30IMaCHOI aabTep-
HATMUBOM ayTOJOTMYHBIM KOCTHBIM Tpad)TaM, XOTS
BOIIPOC JOCTYIIHOCTM JAaHHOrO Buaa Marepuana
OCTaeTCsI OTKPBITHIM.
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BiusiHue BoCCTaHOB/IEHMS MepegHeIaTepajlbHOro
KOMIIIEKCa Ha pe3y/IbTaThl PeBU3MOHHOMI
miaactuku ITKC

CrenyioiuM BaXKHBIM aCeKTOM TpeaonepaluoHHO-
ro TJIaHMPOBAHUS TOBTOPHON pekoHCTpykuuu ITKC
saBiseTcs BoccraHoBieHMe [1JIK KojeHHOro cycrasa.
Pactymiuit 06beM IyOaMKyeMbIX paboT, CBSI3aHHBIX
C BOCCTaHOBJIEHMEM [aHHOM CTPYKTYPbI, OOBSICHS-
eTcs ompeneneHueM OuoMexaHuueckoit pomu AJIC
B KOHTpOJIe BHYTPEHHEl pPOTAlMOHHON CTabuiIb-
HOCTM ¥ CMellleHuM ocu BpameHust [49, 50, 51].
B 2013 r. S. Claes ¢ coaBTOpamu OITyGIMKOBAIU MC-
clefoBaHMe, B KOTOPOM Ha KaJjlaBepHOM MaTepuasie
ToAPOOHO MCCaenoBaiach 1 Gblyia OMycaHa aHATOMMS
AJIC u ee yuacTue B 6oMeXaHMKe KOJIEHHOTO CyCTa-
Ba [51]. Ha ocHOBaHUM [OajnbHeMIINX UCCIeSOBaHU
B KauyecCTBe AOTOJTHUTENbHBIX MPOIeypP MPU PEKOH-
crpykuyy TIKC 6bUtM MpenjioskeHbl BHECYCTaBHbIE
ayrMeHTalluu C UCIIOJb30BaHMEM KaK OT[e/bHOTO
TpaHcIuiaHTara, Tak 1 JIST [20, 21, 22]. OcHOBHOI 3a-
Jayeil TaKOro BMeIIaTeIbCTBA SIBASIETCST YAy4IlIeHUe
POTAIMOHHOIM CTAaOMJIBHOCTU KOJIEHHOTO CYyCTaBa,
CHUKeHMe Harpy3ku Ha TpaHcmiaHTtaT [IKC u B pe-
3y/JbTaTe — CHYDKeHMe YaCTOThI Heyiau peBU3UIA.

MHorue aBTOpPbI OCHOBHBIM TOKazaHueM K JIOT
CUMTalOT peBu3MOHHYI0O xupypruw IIKC [20, 32,
33, 40]. B wacTHOCTM, B CUCTEMATUYECKOM 0030pe
A. Grassi ¢ coaBTOpamMu ObUTM TTOMYYEHBI XOPOIIVE
rocjieoniepalMoHHble (PYHKIIMOHAIbHbIE Pe3yabTaThl
OAHOMOMEHTHO peBU3UOHHOI peKoHCTpyKiuu ITKC
n BoccraHoBienus IUVIK [21]. Ilpu mHTepnpeTauumn
pe3ynbpTaToB 12 MCCaemoBaHMii BbISIBIEHO M36BITOU-
HOe CMellleHMe OCU BpallleHusI BCero'y 2% MalieHTOB,
YTO OOJbIIE COTIOCTABMMO C pe3y/lbTaTaMy MepBUU-
Holt pekoHCcTpykuuu [TKC, yem ¢ pesynbTaTaMu U30-
mpoBaHHo¥i peBusuy ITKC (7%) [52].

AHasiorMuHbIe BBIBOIbI MOXKHO CAe/aTh M0 TTOBOY
MOC/Ie0NepalIOHHO CyObeKTUBHOI OLIeHKM 10 IIKa-
se IKDC, mockosibKy B 0630pe A. Grassi ¢ coaBTopamu
[21] cpenHee 3HaueHMe IO AAHHOJ LIKa/le COCTaBUIIO
83,3 6asu1a, a B uccnenosanuy MARS [29] — 77 6annoB,
YTO CBUMETENbCTBYET O MPEUMYIIECTBE KOMOMHUPO-
BAHHOTO BMellaTe/nbcTBa. A. Grassi ¢ coaBTOpamu
TaKKe OMMUCHIBAIOT HECKOJbKO Pa3IUUHBbIX XUPYPIU-
YeCKUX TEXHUK, YTO TOBOPUT 06 OTCYTCTBUM 30JI0TO-
ro CTaHJapTa IJs pacCMaTpUBaeMOTO BHECYCTaBHOTO
BMeNIaTe/lbCTBA. Kpome TOro, HemOCTaTOUHOE KO-
JIMYECTBO MyOAMKAIMiA B CHUCTEMaTUYecKOM o630pe
A. Grassi ¢ coaBTOpamMu OpensiTCTBOBAI0 He TOIbKO
CTaTUCTUUECKOMY CPaBHEHUIO Pe3yabTaTOB pa3jiny-
HbIX TeXHUK, HO U CPaBHEHUIO Pe3YyIbTaTOB PEeBU3U-
OHHO¥ pekoHCTpyKuMM ¢ JIST ytu 6e3 Hero [21].

Hanuuue omaceHuit y XUMpyproB IO TOBOAY He-
TaTUBHOTO BIMSIHUSI TIepeIHEeHapYKHOI CTabuIu-
3allMM Ha JiaTepa/ibHble CTPYKTYPbl KOJEHHOTO CYC-
TaBa OINPOBEPraeTcsl MOJYYEHHbBIMU pe3yabTaTaMu
UCCeN0BaHMi, B KOTOPBIX YACTOTa BCTPEUAEMOCTHU

MPU3HAKOB OCTe0apTpo3a B HApPYKHOM OTAe/e KO-
JIEHHOTO CyCTaBa cocTtaBuia 7,2%, v NpennoiokeHne
o BiusHUM JIDT Ha M3MeHeHMs B IaTepaJIbHOM OTAEe
He Hauwio noxrsepxaenus [21]. B cucrematnyeckom
0630pe B.M. Devitt ¢ coaBTopamu [53], Tak ke KaK u
B 0030pe A. Grassi ¢ coaBTopamu [21], moKa3aHo, 4TO
cTabummsanys repegHeHapysKHOTO OTesa He YX[I-
1IMja paHee CylleCTBOBaBlllee MOBpeXAeHMe Xpsla
M UTO OCHOBHBIM MPEAUKTOPOM OCTE0apTpO3a Moc-
Jle KOMOMHMPOBAHHON PEBU3UMU SIBJISLIACH BBICOKAS
YyacToTa pe3eKluit MeauaabHOTO UM JaTepaJbHOTO
MeHMcKa. [Ipyrue aBTOPbI MOTYUMIIN CXOKME Pe3Yilb-
taThl — JIOT mpuBen K 3HAUUTEIBLHOMY CHMXXEHUIO
YacTOThl MOBTOPHBIX PEBM3UOHHBIX BMEILATENbCTB,
a TaKke K YIyUNIeHUIO TTOCIe0rnepanMoOHHbIX (YyHK-
LMOHAJIbHBIX MTOKa3ateneii [20, 40].

AHanu3 BK/IIOUEHHBIX B HACTOSIIIUIT CUCTEMATU-
yecKuii 0630p paboT MO3BOJIUII ONIPENennTh, uTo JIST
SIBJIeTCsT 6e30IMacHOii KOMOMHMPOBAHHON ITPOIENy-
POt U CHMXKAeT pUCK MOBTOpHOro paspsiBa I1IKC, mo-
3TOMY MOYKET BBITIOJHSTCSI KaK MPyU MePBUYHON pe-
KOHCTpyKuyuu IIKC y manumeHTOB € OIpeneieHHbIMU
(dbaxkTopamu pucka (MOJIOIOI BO3PACT, «ITOBOPOTHbIE»
V/UAM KOHTAKTHble BUAbI CIOPTa M 3HauMUTeNIbHas
nepenHssl M BHYTPEHHSSI POTAI[MOHHAs HeCTaOowIb-
HOCTb), TaK M MPU PEBU3UOHHON DPEKOHCTPYKIUU
ITKC. OcTraeTcst OTKPBITBIM BOIIPOC O MIPU3HAHUM 00-
HIETIPUHATON TEXHUKM BBIIIOTHEHUS] JaHHOTO BUAA
BMellaTe/lbCTBa. YUMTBhIBAsI HEAOCTATKM U30/IMPOBaH-
HOJt peKOHCTpYKIMK AJIC (OTHOe/NbHbIN CYXOKUIbHBIN
TpaHCIIAaHTaT, MMUHMMYM JIBa (puKcaTopa), Hambosee
paLMOHANbHBIM SIBJISIETCS BbINOMHeHMe JIOT ¢ uc-
MOJIb30BAaHMEM WIMOTUOMAIBHOTO TPaKTa M OFHO-
ro ¢pukcaropa. HecMoTps Ha TO, UTO B KIMHUYECKOI
npaktuke JIDT gBasieTcsl pacrpoCTpaHEHHBIM BMe-
1IaTebCTBOM, COIMPOBOXKAAIOUIMM PEBU3MOHHYIO pe-
koHCTpykumio TTIKC, uccienoBanmii BbICOKOTO YPOB-
HS J0Ka3aTeIbHOCTM He MPOBOAUIOCH, UTO TOBOPUT
0 HEOOXOIMMOCTY yUeTa BCeX AOTOMHUTETbHbBIX (ak-
TOPOB IpH MpeJoIepalMOHHOM IJIAaHMPOBaHUM.

BiausiHue mepegHesaaHero HaKJOHa IUIaTO
60JIBIIIEe6EePIIOBOIE KOCTHU HA VICXOIbI
IOBTOPHOM peKOHCTpyKiuu ITKC

AHanu3 COBpeMEHHbIX MyOAMKaIMil ToKas3al, UTo
B YCJIOBUSIX YBEIMUEHHOTO NepefHe3a Hero HakIoHa
I1BK BO3HMKaeT HallpaB/JeHHOe CMelleHKe C olpee-
JIEHHOJ! CUJIO, BEKTOp KOTOPOJ Hampas/ieH Ha CMe-
meHue 60/bIle6epIIoBOit KOCTM KIepeny Ipu 0CeBoit
Harpyske [24, 54]. [Tockonbky ITKC gBnsieTcsI OCHOB-
HBIM ITepeJHMM CTabMIN3aTOPOM KOJIEHHOTO CYCTaBa,
€CTb OCHOBAHUS T1071araTh, UTO yBeaUeHye repeiHe-
3apgHero HakoHa [IBK yBennumBaer Harpysky Ha [IKC
U TIOTEeHLMAIbHO YBeJIMUMBAET PUCK ee paspbiBa [55].
D. Dejour, M. Bonnin BbIIBWIM, YTO Ha Kaxkable 10°
yBeJIMYEHUs NepeaHe3anHero HakioHa ITBK Ha6mio-
JAJIOCh yBeIMuyeHye MepesHero cMelieHus 60sbie-
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6epII0BOI1 KOCTM HA 6 MM HE3aBUCUMMO OT COCTOSTHUSI
[IKC [54].

Vcxopsi u3 pes3ynbTaToOB MCCIELOBaHUIA, paccMO-
TPEHHBIX B HACTOSIIIEM 0030pe, MOXKHO C/IesaTh BbI-
BO[I, UTO BbIPaXKEHHBIN TepenHe3agHnii HakIoH 16K
(6onee 12°) oxasbIBaeT HETaTMBHOE BJIMSIHME Ha pe-
3y/IbTAThI KaK MepPBUUHbBIX, TAK M PeBU3MOHHbBIX PEKOH-
crpykumit IIKC. B vactHocTH, R.]J. Napier ¢ coaBTOopa-
MU BBISSBWIM Y TIALIMEHTOB C MOBTOPHBIM pPa3pbIBOM
TPaHCIJIAHTaTa CTaTUCTUUECKM 3HAUMMble Pa3/INMuus
B 3HaUeHMIX IepegHe3anHero HakioHa I1BK 1o cpas-
HEHMIO C TeMU, Y KOTO He ObIJIO TIOBTOPHOTrO pasphl-
Ba [26]. Cxokme BBIBOOBI ObUIM TIOMyYeHBbI B paboTe
P.W. Winkler c coaBTopamu [41], B KOTOPO# Takke GbLIa
BbISIBJIEHA 3aKOHOMEPHOCTh MeXIy Oosiee BbIpasKeH-
HBIM IlepegHe3agHuM HakjaoHOM IIBK ¥ mOBTOpHBI-
MU noBpexxkaeHusimu TpaHcruiantrata [IKC, momnomHu-
TeJIbHO ObUIM BBISIBJIEHBI HELOCTATKM MCIIOIb30BaHMS
CYXOXKWJIBHOTO a/VIOTPAaHCIUIAaHTaTa, Kak U B MUCCIIe-
nosanuu rpymmbsl MARS [29]. D. Dejour ¢ coaBTopamu
u R. Akoto c coaBTOpamMu Takke IMPUILIM K BHIBOJAM,
MOATBEPXKIAIONIMM TUIIOTe3y O HeraTUBHOM BJIMSIHUU
U36BITOYHOTO TepeqHe3amHero HakiaoHa I1BK Ha pe-
3y/IbTaThl PEBU3MOHHBIX peKOHCTpyKuuii [TKC [23, 42].
OnHako B ITlepBOM MUCC/IeIOBAaHUM KOPPEKIMS yIyia Ha-
knoHa I1BK mpoBoaniack B OAMH 3Tall C peBU3MOHHOM
mwiactukoi IIKC, a BO BTOpOM — IBYX3TAIlHO, OJHAKO
MpeJCTaBIeHHbIE Pe3Y/IbTaThl CYIIECTBEHHO He OT/IN-
yayuck. CrieqoBaTeNbHO, M30BITOYHBIN TepemHe3an-
HUi1 yron HakiaoHa IIBK mMoxeT mpuBecTu K aTpaBMa-
TUYHOMY MeXaHM3My MOBpeXIeHMUs] TpaHCIJIaHTaTa
[IKC ¢ mocTeneHHbIM Pa3sBUTHUEM pPeLVIAUBUPYIOLIEN
HecTabunbHOCTM [41]. YuuThIBasi TPaBMAaTUYHOCTb
KOpPUTUPYIOIIE/ OCTEOTOMUM M CBSI3aHHbIE C 3TUM
yBe/IMUeHHbIe PUCKU OCTOXKHEHMH, cenyeT BbITION-
HSTh JAaHHBIV BUJ BMeIIaTelbCTBA CTPOTO IO TOKa-
3aHMSIM (BeimumHa Jedopmaiiuy 6omee 12°), a Takke
paccMaTpMBaTh KOPPEKIIMIO 60/IbIIIe6epIIOBOTO HAKIIO-
Ha MMEHHO IIpu NOBTOPHOI peBusum ITKC.

JOINIOJTHUTEJIbHASI THOOPMAIIMS

3aseneHHslii 6K1a0 asmopos

Bce aBTOpBI chenanyu 3KBUBAJIEHTHBIN BKIAaZ, B MOMATO-
TOBKY IyOIMKaIINN.

Bce aBTOpBI Mpowin U omoOpwiu (GUHAIBHYIO BEPCUIO
PYKOINCH CTaTh!. Bce aBTOPBI COTIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCE€ acIeKThl paboThl, YTOObI 06ECIIeUnTh HaJIe-
Kalllee pacCMOTpeHMe U pellieHMe BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAJEKHOCTbIO JII06071
yacTu paboThl.

Hcmounuk  ¢unaHcuposanus.  ABTOpPHI  3aSIBJISIIOT
06 OTCYTCTBMM BHENTHEro hbMHAHCUPOBAHMS NP MPOBEJIe-
HUY UCCIIeJOBAHUSI.

Bo3moskHblili KOHpIUKIN uHmMepecos. ABTODHI JleKiia-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHLIMATbHBIX KOH(DIMKTOB
MHTEPEeCOB, CBSI3aHHBIX C MyOIMKaIIMe HACTOSIIEN CTAThH.

Amuueckasn 3xcnepmu3a. He nnpumenuma.

Ungopmuposantoe coznacue Ha
He TpebyeTcs.

nyéauxkayuio.

3AK/TIOYEHUE

[IpoBemeHHBIN CUCTEMATUUYECKUIT 0030p JUTEpaTY-
PbI IO3BOJINI OTPENEUTh OCHOBHbBIE aCIIeKThl PEBU-
3MOHHOI pekoHCcTpyKuyy [TKC, KoTopble Heo6xoauMOo
YUYUTBHIBATh IPU IPEeAONePaliOHHOM IVIaHUPOBAHUM.
[IpenmnouteHMe OOKHO OTHABAThCS ayTOTPaHCIUIaH-
tatam. Koppekinio 136bTouHOr0 yriaa Hakiaona [1BK
HeO0O6XOAMMO BBITIONHSITh TOMIBKO IIPY TTOBTOPHOM pe-
BU3V/OHHOM BMelllaTelbCTBe B CJIydyae, eciix yroj Ha-
Ki10oHa npesbiliaer 12°. BoccranoBnenue ITIK, kak
MPaBUIO, MOXET BBIIIOTHATHCS MOIOJBIM, aKTUBHBIM
naiyeHTaM, KOTOpble 3aHUMAIOTCS «IIOBOPOTHBIMM»
BUIAMMU CIIOPTA, a TAKKe MPU HAJIMIMU BbIPAXKEHHO
nepenHeit HecTabuIbHOCTU. [IpU ornpeneneHnn BO3-
MOXXHOCTY BBIIIOJIHEHUS] PEBU3UOHHON IJIACTUKU
IIKC B oguH miu fgBa sTamna guaMeTp KaHajla He SB-
JiseTcsl OCHOBOMOJIaTaloUIMM IMapaMeTpoM, TaK Kak
HeoOXOIMMO YUUTHIBATH BO3MOKHOCTD CJIMSIHUS Ka-
HaJIOB OT INpeJIIeCcTBYIONIeli orepanyy ¢ BHOBb MIPO-
BeeHHbIMU. [Ipy HaMM4MM KaHaJIOB C KOPPEKTHBIMU
TOYKaMM BXOJa OfHO3TaNHasl peBU3MOHHAS IIJ1aCTU-
Ka MOXXeT ObITb BBITIOJIHEHA IIPY UIMPMHE KaHaa He
6oee 10 MM, a Takke B 3aBUCUMOCTH OT IIpeAIIoa-
raemMoro gmuamMeTrpa ¥ BUIa MOATOTOBJIEHHOTO CYXO-
SKMJIBHOTO TpaHcIiaHTaTta. KocTHasi miacTuka BTO-
PUYHO paclIMPEHHBIX KaHaJOB IIPU [ABYX3TAllHOM
BMeIIaTeIbCTBE MOXET OCYLIeCTBISITLCS JI0OBIM
MaTepuasioM, OGHAKO a/VIOKOCTHbIE WJIM CUHTETU-
yecKyue TPAHCIIAHTAThl 06/1aJa0T ONpeAe e HHbIMU
MpeUMyILIeCTBAMMU.

DTU BBIBOABI TMOATBEPKIAIOT MHOTOGAKTOPHYIO
3TUOJIOTUIO YaCThIX HeyJady peBM3MOHHBIX oOrepa-
UMiA, YTO MOXKET MPUBECTM K IOPOYHOMY KpYTY,
BKJIIOUYAKIEMY MOC/IENYIOUIME XUPYyPTUUECKe BMe-
1IaTe/NbCTBA, OCAOXKHEHUS U CHMKEHMe KadyecTBa
ku3Hu. [1o3TOMy HEOO6XOOUM ONTUMU3MPOBAHHBIN
aArTOPUTM IUIAHUMPOBAHMSI DPEBU3MOHHBIX PEKOH-
crpykuuii ITKC.
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3aMeLueHne KOCTHbIX aedeKToB npu aAnabeTtmyeckon
HelpoocTeoapTponaTtuu (ctone Lapko):
0630p nuTepartypbol

I1.C. Bapmioros !, M.B. ITapmmnkos %, H.B. SIpbiruH 2

! @I'FY «HayuoHansHblli MeOUYUHCKUl uccnedosamesbckuii yeHmp aHdokpuHonozuu» Muxsdpasa Poccuu,
2. Mockea, Poccus

2 @I'BOY BO «MockoscKuli 20cy0apcmeeHHbili MeduKo-cmomamosiozuueckuii ynusepcumem um. A. . Ee0okumosa»
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Pecdepar

AKkmyansHocms. Bo BceM Mupe pacTeT KOJMYEeCTBO OOMbHBIX CaXapHbIM J1abeTOM, B TOM YMC/Ie C ero TSKeTbIMM OC/TOK-
HEHMSIMMU, TAKMMM KaK AuabeTnueckas HeifpoocTeoapTporartus. BocctaHOB/IEHME OMOPOCIIOCOOHOCTH, CO3aHMe YCIOBUiA
JIIS1 3a5KUBJIEHUST SI3B SIBJISIIOTCST CJIOKHOV 3a/1aveii 1jisk TPaBMaTOIOTOB-OPTOTIETIOB, OCOOEHHO B CBSI3M C HEOOXOAVIMOCTBIO
KOMITEHCUPOBATh AedeKT KOCTHOM TKaHM.

Llens 0630pa — cpaBHUTb COBpeMEHHbIE METOAVIKM 3aMelleHs 00beMHBIX Ie(eKTOB KOCTHOM TKaHM MCTATbHOTO CETMEH-
Ta HIDKHE KOHEUHOCTH Y MAlYeHTOB C AMabeTnuecKoi HeiipooCcTeoapTponaTmeii.

Mamepuan u memodsi. TTovick craTeit mpoBoauics B 6asax gaHHbix PubMed/MEDLINE, Google Scholar, Scopus, eLIBRARY,
CyberLeninka. ITouck ocyiiecTBieH M0 CIeTYIONIMM KIIOUEBbIM CJIOBAM M CIOBOCOYeTaHMsIM: ctorna lllapko, muabetnue-
CKasi ocTeoapTpoIaTust 1 KocTHas miactuka; Charcot foot, diabetic arthropathy and bone grafting. OT6upanuch moaHo-
TEKCTOBbIE CTATbM HA PYCCKOM U aHIIMICKOM sI3bIKax. [IOMCK MPOBOAMIICS 6€3 XPOHOJIOTUUECKUX OTPAHUUEHUIT B CBSI3U
C MaJIbIM KOJIMYECTBOM OIYOIMKOBAHHBIX pabOT U Y3KOi TEMaTUKOIA.

Pe3ynsmamet. BoO3MOKHOCTY 3aMeIlleHNsT KOCTHBIX JedeKToB mpy crore Illapko B MUPOBOIL IUTEpAType OMMUCAHBI 10-
BOJIbHO CKYIHO. Y3Kas crienuduKa ¥ OTHOCUTEIbHAS PeJKOCTh MATOJIOTUU SIBJISIETCS] BEPOSTHOI MTPUUYMHO MaIOTO KOJIK-
yecTBa My6IMKaINiA, OTCYTCTBUS MICCIIENOBAHMI C BLICOKMM YPOBHEM JIOKa3aTEbHOCTH.

3axnoueHue. KocTHas ayToIJIaCTUKa MPY MOPakeHUM MeOValIbHOM WM JlaTepajabHOM KOJOHHBI CpeAHEro OTaena
CTOIIBl U yAJAMHEHMe ToleHu 1o Vam3apoBy [JisI KOMIIEHCAUMM YKOPOUYEHMSI KOHEUHOCTU T0C/ie PeKOHCTPYKTUBHBIX
ormepaluii Ha ypoBHE 3aJIHEr0 OTAeja CTOIBI U TOJIEHOCTOITHOTO CYCTaBa SIBJISIIOTCS Hambosee 4acTo mMpyuMeHsIeMbIMU
MeToJaMM 3aMelleHNsT KOCTHbIX JedheKTOB y ManyeHToB co croroii [llapko. CBo60ogHAs MIacTMKa ayTOKOCThIO (BO3-
MOXHO ¢ [IKM) siB/IsieTcst MeTOHOM Bbi6opa mpu gedeKkTax He6oIbIIoro 06bema JiaTepalbHOoi MY MeauaabHOM KOIOH-
HBI CpeJIHero OThesa CTOIIbI.

KiioueBbie cmoBa: crora Illapko, quabeTndeckast apTpomnaTys, KOCTHAS TUIACTYKA, KOCTHBI TPaHCIUIAHTAT.

Iist umrupoBanus: Bapaioros I1.C., [Tapmukos M.B., SIppirun H.B. 3amMelieHne KOCTHBIX AedeKTOB npy auabeTuyuec-
Koit HelipoocTeoapTponatuu (crome Illapko): 0630p auTepatypbl. Tpasmamonozus u opmonedus Poccuu. 2023;29(3):
149-156. https://doi.org/10.17816/2311-2905-8001.
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Bone Defect Replacement in Diabetic Neuropathic Osteoarthropathy
(Charcot Foot): Review

Petr S. Bardyugov!, Mikhail V. Parshikov?, Nikolay V. Yarygin?

! Endocrinology Research Centre, Moscow, Russia
2 A.I Yevdokimov Moscow State University of Medicine and Dentistry, Moscow, Russia

Abstract

Background. The number of patients with diabetes mellitus, including those with its severe complications such as Charcot
neuropathic osteoarthropathy, is increasing worldwide. Restoration of weight bearing ability and creation of conditions
for ulcer healing is challenging for trauma and orthopedic surgeons, especially because of the need to restore bone tissue
defects.

Aim of the review — to compare modern methods of replacement of large bone tissue defects of the distal segment of the
lower limb in patients with Charcot neuropathic osteoarthropathy.

Methods. The articles were searched in PubMed/MEDLINE, Google Scholar, Scopus, eLIBRARY, CyberLeninka databases.
The search was performed using the following keywords and word combinations: Charcot foot, diabetic neuropathic
osteoarthropathy and bone grafting. Full-text articles in Russian and English were selected. The search was carried out
without chronological limitations due to the small number of published studies and specific subject of research.

Results. The possibilities of bone defect replacement in Charcot foot are poorly described in the world literature. The narrow
specificity and relative infrequency of this pathology is the probable reason for the small number of publications and the
lack of studies with a high level of evidence.

Conclusion. Bone autografting for lesions of the medial or lateral midfoot column and Ilizarov tibial lengthening to
compensate for limb shortening after reconstructive surgeries at the level of the hindfoot and ankle joint are the most
commonly used methods of bone defect replacement in patients with Charcot foot. Free bone autografting (possibly with
demineralized bone matrix) is the method of choice for small defects of the lateral or medial column of the midfoot.
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BBEJEHUE

HOnabetuueckass HeiipoocteoapTponatus (JHOAID),
unu cromna llapko — 3TO HeCTPyKLus KOCTeil U Ccyc-
TaBOB JMUCTAJIbHOIO CerMeHTa HUKHEl KOHEYHOCTU
HenHGEKIMOHHOTO XapakTepa, BbI3BaHHas [uabe-
TU4yeckoy Heipomnatuen [1, 2]. JanHOoe ompeneine-
HMe TOYHO XapaKTepusyeT IaToreHe3 3abojeBaHMS.
IecTpyKuys KOCTHOM TKaHM 00S13aTeJIbHO COIIPOBO-
kpaeTcs obpa3oBaHMeM AedeKkTa KOCTU/KOCTel ouc-
TaJIbHOTO CErMeHTa HVDKHEN KOHEeYHOCTU, KOTOPbIN
B psfie CIyvyaeB MPUBOAUT K BO3HMKHOBEHUIO IMATO-
JIOTUYECKOI TOABMKHOCTH, (OPMUPOBAHUIO Tpy-
0bIX medopMaluii, CIIOCOOCTBYIOIINX 06Pa30BaAHUIO
HeJiponaTU4ecKuXx S13B B 30HaX MOBLILIEHHOTO MeXa-
HMYECKOTO BO3LENCTBUS Ha UX «BBICOTE» U Hapylle-
HUIO OTIOPOCIIOCOOHOCTH. [IpM 3TOM KauecTBO SKU3HU
MalyeHTa COMOCTaBMMO C TakOBBIM IIOC/IE IepeHe-
CEHHOJ BBICOKOJ aMITyTalyM HIDKHENl KOHEUYHOCTU
[3,4,5,6].

Tsokenvle nposienenus JHOAIIL (Hanuume o6Immp-
HOTO JlepekTa KOCTHOV TKaHM) He TTOIAI0TCS Teparmm
TOJIbKO KOHCEPBAaTMBHBIMM METOLAMMU U SIBJISIOTCS
TOKa3aHueM JJIsl Xupyprudyeckoro jgeyeHus [7, 8, 9],
MIPY OCYILLECTBIEHUM KOTOPOTO IJ151 HOCTVXKEHUS LIeNIN
XUPYpPr HEpeNKO BCTPeYaeTcsl C 3HAYUTeIbHbIMU
TPYOHOCTSIMM U TEXHUYECKUMMU CIIOKHOCTSIMMU. Llenpb
JledeHMsT — BOCCTAHOBJIEHME OMOPOCIIOCOOHOCTU KO-
HEYHOCTM C CO3JAaHMEM YCAOBMII OJiS 3aKUBJIEHUS
paH. Ob1eMypoBas MpakTUKa MoKa3asua, YTo JOCTUT-
HYTb 3TOTO BO3MOYXHO BBIIIOJTHEHMEM apTPOLe3Upy-
IOIIUX olepanuil ¢ pesekiueil HeKM3HECITOCOOHOII
KOCTHO# Macchl (MHGUUMPOBAHHON MM HET) U TIPU-
MeHeHVeM BHYTpPeHHell WaM BHellHei Qurcauum
[10, 11, 12, 13]. B nuTepatype OTCYTCTBYET eINHOe
MHEHMe [0 IOBOAY ONTMMAaJbHOTO MeTOZa OCTeOo-
CMHTe3a B KOMIUIEKCE DPEKOHCTPYKTUBHONM XUPYPTUU
IHOAIL VY Toro 1 Ipyroro MeToia eCTb CBOY O0bEKTUB-
Hble ITPeyMYIIecTBa ¥ HeIOCTaTK, KPOMe TOTO, BhIOOD
MeTopa puKcaym 3a4acTyro MPOAUKTOBAH HaBbIKaMU
M CYOBeKTMBHBIMM IIPEIIIOUTeHUSIMU XUPYpra, Ipu
3TOM psif, ITyOIMKAIMii TIOCBSIIEH OJHOBPEMEHHOMY
coueTaHuIo 060ux BUIOB [14, 15, 16, 17].

C/IO>KHBIM BOIIPOCOM IpeLCTaBIsieTCss KOMIIeHca-
1Msl TIOTepu 06beMa KOCTHOI TKaHM, COMPOBOXKIA-
Iolleli peKOHCTPYKTUMBHYIO omepanuioo. M eciu s
dbopmupoBanus (GYHKUMOHAIBHOIO aHKWIO3a Ha
YPOBHE cpefHero othena cromsl lllapko ykopoueHue
cTornbl Ha 1-4 cM BiMsieT Ha 6MOMeXaHUKY U TTOXO[ -
Ky HEKPUTUYHO, TO YKOPOUEHMEe HIKHEN KOHEUYHOCTHU
(ipM mopakeHuM 3aJHero OThesa CTOMbI U TONEeHO-
CTOITHOTO CyCTaBa) Ha 3—6 CM SIBJISIeTCS ITPOOIeMOii,
Belyllleil K BbIpAXKEHHOMY HapylleHMI0 (QyHKIUU
KOHEUHOCTU. ITO TpebyeT KOMITeHCAIMU MHIUBU-
IIyaJIbHO M3TOTOBJIEHHOI OpTOIlegMUeckoil 06YBbIO
CO CHeLVaJIbHOM CTeNbKOI WIN/U NPUMEHEHUST XU-
pYPrUUecKux KOCTHOIUIACTUYECKUX TeXHUK [18, 19,
20, 21].

Ilenv 0630pa — CPaBHUTH COBPEMEHHbBIE METOIM-
KU 3aMellleHMs] 00beMHbBIX He(eKTOB KOCTHOIM TKaHU
IVICTAJIbHOTO CETMEHTA HIDKHE) KOHEYHOCTH Y Taly-
€HTOB C IMabeTUIecKoii HeiipooCcTeoapTpoIaTHeii.

MATEPHAJI 1 METO/1bl

Iouck JuTEpATypbl MpOBOAWICS B 6aszax HaH-
Hbix PubMed/MEDLINE, Google Scholar, Scopus,
CyberLeninka, eLIBRARY 6e3 orpanuueHusi 1o Bpeme-
HU TyOIMKAIUM, YIUTBIBAS Majoe KOJMYECTBO OITy-
6MKOBAHHBIX PAbOT M y3KYI0 TeMaTuky. Kputepun
BKJTIOUEHMSI ; IOJIHOTEKCTOBbIE CTATh, MOHOTpaduy 1
K/IIMHMYeCKe peKoMeHaaluum Ha pyCCKOM " aHIINI-
CKOM sI3bIKax. ITOMCK OCYIIECTBJIEH IO CIeIYIOIIUM
K/JII0UeBbIM ¢/ioBaM: croma Illapko, muabeTtuyeckas
ocTeoapTpornaTusi, koctHas ractuka; Charcot foot,
diabetic arthropathy, bone grafting.

PE3VJIBTATDBI

MOXHO BBIIENUTb CIeAyoIliye OCHOBHbIE METO[bI
3aMeneHust KocTHeIX AedekroB mpu JTHOAII: cBo-
6omHas ayTOIUIaCTMKA, a/UIOMJIACTMKA WJIM OCTeo-
3aMellanie MMIUIAHTAThl, YOJIMHEHME KOCTU II0
VinusapoBy. IlyOoamkanuii, IOCBSIIEHHBIX HECBO-
00IHOI KOCTHOIi IIaCTHKe, HaiimeHo He Obuto. ITo
BCEil BUAMMOCTH, 3TO CBSI3aHO C OONBIIMM PUCKOM
OCJIOXKHEHUI, HAIMYMeM aHTMONaTUM y MalMeEHTOB
¢ cu"apomoM auabetudeckoit cromnsl (CAC) pasHoit
CTereHy BbIPa)KEHHOCTH.

B my6mKanmsx, moCcBAIIEHHbIX 3aMeIIeHNI0 KOCT-
HbiX nmedekroB mpu JHOAII, maeT pedb O peKoOH-
crpykuyu cpegHero (tursl 11 u 111 mo kiaccuduramnym
L. Sanders u R. Frykberg) mwiu 3amHero oTaena CTOIbI U
roJIeHOCTOTHOro cycraBa (tTun IV u V o knaccudu-
kaiuu L. Sanders u R. Frykberg) [22, 23]. HekoTopbie
paboThl TOCBSIEHbI ONHOM JIOKAIU3aLUUM, IpyTue —
obenm.

0630p CTPYKTYPUPOBAH IO ABYM KPUTEPUSIM:

- MeTopny 3ameneHMst dedeKkTa KOCTHOI TKaHMU
(OTpa>keHO B OA,3ar0jI0BKax);

— JIOKaau3alyuu OEeCTPYKTUBHOTO Ipolecca (BbI-
JleJIeHO KYPCUMBOM B TEKCTE).

CBOOOIHAs ayTOIIACTUKA

Haubonee pacrnpocTpaHeHHbBIM MeETOOOM ayToIlIa-
CTUKU SIBJISIETCS TIPUMEHEHYE KOCTHOI TKaHU, U3bSI-
TOI U3 rpeGHS MOAB3OOIIHOM KOCTHU. [laHHAs MeTO-
JIMKa YCIeIIHO IIPUMeHSIIach HEKOTOPBIMY aBTOPaMM
(ommcaHus KIMHUYECKUX CTyYaeB) IIPU apTpoze3npo-
BaHUM 3a0He20 omdenia cmonsl [24, 25]. [Ipeumy1iecTBo
JIAaHHOTO CI0Co0a: HaMOOMbIINIT AOCTYIHBI 00beM
ayTOKOCTHM XOpollero kauecrsa. HemocraTku: Tpas-
MaTUYHOCTb JOCTYIa Mpu 3a60pe KOCTH, PUCK IO-
BpEXAEHUsT OPIOIIMHBI, BEPOSITHOCTh 06Gpa3sOBaHUS
OOIIMPHOI TeMaTOMbI, 3HAUMUTeTbHOE YBeJInueHue
MPOJIOJKUTENBHOCTU OTepaluy, KOCMeTUYecKuit ne-
dext u T.1. [26, 27].
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AJbTepHATUBHBIM UCTOYHUKOM 3a60pa COOCTBEH-
HOJ KOCTHOJ TKAaHM MOXET ObITh IPOKCHMMAaJIbHBbIN
oTmen 60bIIe6ePIIOBOII KOCTU TP PEKOHCTPYKTUB-
HBIX OIepauusix Ha cpedHem omdene cmonst [28, 29].
JTOT MeToz, 3a60pa ayTOKOCTM MOTEHIMAIbHO MeHee
TpaBMaTHUUEH, HO I10 JJOCTYITHOMY 06beMYy KOCTH 3Ha-
YUTEIbHO MEHbIe 10 CPaBHEHUIO C TpebGHEeM Iof-
B3[JOIIHOI KOCTMU.

[IpeumyiiecTBa MCMOMb30BaHUSI  (HparMeHTOB
MayIo6epIIoBOii KOCTM B KadecTBa ayTOTPAHCIUIAH-
Tata Mpu apmpode3e 20eHOCMONHO20 cycmasa uu
nAamouHo-60abebepY068020 apmpode3a 3aKIIOUAOTCS
B OTCYTCTBUM HEOOXOAVIMOCTY BBITIOTHEHUS OOTION-
HUTENBHOTO XUPYPTUUECKOTO AOCTYIa: MOTYT WMC-
TOJIb30BaThCS YTUIIbHASI KOCTb, (hparMeHThI HAPYXK-
HOJ1 JTOmbIKKY. HO TOCTYIHBI 06beM KOCTHO TKaHU
TaKke He Besuk [30, 31, 32].

AJIOINIACTHMIKA ¥ OCTe03aMellaroye
VMILJIAHTAThI

Vcnionb3oBaHMe crelMaJbHbIM 06pa3oM IMOATOTOB-
JICHHOTO aJ/UIOTPaHCIIZIaHTaTa B PEKOHCTPYKTUBHOIA
xupyprum cronbl llapko mMmeeT cBOM NpeuMylie-
CTBa: COKpallleHMe MPOAODKUTEIbHOCTU OIepaluu,
MeHbIlIasl TpaBMaTU3aLysl, OTCYTCTBUE OCI0KHEHUIA,
CBSI3aHHBIX C 3a00pOM ayTOKOCTH, IOTEHLIMATbHO He-
OrpaHMUYeHHbINi 06beM a/loTpaHcIiaHnTaTa. OmHako
CYLIECTBYIOT M HEJNOCTaTKM: HU3KME OCTEOMHAYK-
TUBHbIE U OCTEOKOHAYKTMBHbIE XapaKTePUCTUKU I10
CpPaBHEHMIO C ayTOKOCTbIO, JOPOTOBM3HA, PUCK UM-
MYHHOT'O OTBeTa ¥ OTTOp>KeHus [33].

Kepamuueckuit ummiantaT (cyibdaTr Kanbius
B KOMOMHALIUY C TUJPOKCUAMIATUTOM) YCTPAHSIET BO3-
MOKHOCTb MMMYHHOTO OTBeTa. [Ipy 3TOM MCK/IIOUeHa
ero MnepecTpoiika B «MaTEPUHCKYI0» KOCTHYIO TKaHb,
T.€. OCTEOMHIYKTUBHBIE Y OCTEOKOHAYKTUBHBIE CBOW-
CTBa caMble HU3KMe [34].

B moucke ONTMMaJbHOTO MeTOda CBOGOAHOI
IUIACTUKU PSf, CIELMaTUCTOB YCIEIIHO MPUMEHSIIN
KOMOMHALMM ayTOJOTUYHOM KOCTHOM TKaHU WU
MHBIX KJIETOK NTaljeHTa U a/JIOTPaHCIIAHTaTOB: 3TO
MeTa/UIMYeCKUl UMILIAHTAT C TPaGeKyIsIpHOI TeK-
CTYpOV MaKCUMaJbHOM BBICOTOM 3 CM B COUETaHUU
C ayTOKOCTbIO, U3BIATOM U3 KaHana nuadusapHoit
yacTu OefpeHHOI KOCTM TpU apTponesze nodma-
PAaHHO20 U 20J1IeHOCMONHO20 cycmaesos [35], couera-
H}e aJUIOTPAHCIJIaHTaTa C ayTOTPAHCIIJIAaHTAaTOM U3
MPOKCUMAJILHOTO OT/ena 60sblie6epIioBoii KOCTU
MpY PeKOHCTPYKTUBHBIX OIlepalusix Ha cpedHeMm
omdesne cmonsl TpPU MeHbIIEM O00beMe KOCTHO-
ro gedekra (1-3 cm®) [36]. B o6eux myGamMKauu-
SIX OMMCaH YCIEUIHbI pe3yabTaT 4yepes3 rof, Mocie
KOCTHOM IIJIACTUKM Y MMHMMAaJbHOTO KOJIMYECTBA
MalMeHTOB: JBa — B MepBO¥ MyGAMKaAUUU U TPU —
BO BTOpPOII paboTe. Bri3piBaeT BOMpPoC 060CHOBAH-
HOCTb (YUMTHIBASI MMHMMAJIbHYIO BBIOOPKY) OTHA-
JIEHHBIX Pe3YyJIbTaTOB ¥ BO3MOXKHOCTb OCJIOKHEHMUIA

Npy TpUMeHeHUM MAaCCUBHBIX MeTaJIOKOHCTPYK-
UM M aUIOTpaHCIJIaHTaTOB y nanueHToB ¢ CHC,
a B CJIyuyae peKOHCTPYKIUM CpedHez0 0maoena cmonsl
M aJJIONJIaCTUKM Majoro o6bema BOOOIEe Heo6x0-
IVIMOCTb ee MpUMeHeHMsI, TeM 6ojiee B COUETAHUU
C ayTOIUIACTUKOJ (HaBepHOEe, MOXHO ObIIO 0007i-
TUCh TObKO OLZHUM METOLOM).

B mocwienHue roabl TMOMYASPHBIM MaTepUaaoM
U a/UIOTUIaCTUKM CTald AeMUHepaau3MpOBaHHbINA
KOCTHbBIV MaTpuKC (IKM). B peKOHCTPYKTUBHON XU-
pyprumn ripu CIC ero MHOrga COYETAIT C ayTOKOCTHIO
[37]. HamoctatkoM JKM MOKHO CuMTaTh aMOPGHYIO
CTPYKTYPY, OTCYTCTBUE «OTIOPHOCTU».

Mertog, 3amerneHust AedeKTOB C IMpUMeHeHMeM
IOKM n aytorocTy HarnssgHo npeactaBuan C.A. OcHau
C COaBTOpaMM C ONMCaHMeEM Psifa KIMHUYECKUX CITy-
yaeB MOpPaxkeHUsT Kak cpedHezo, mak u 3adHezo omoe-
s106 cmonet Llapxo [38]. B maHHO paboTe MpuMeHeHa
MeTOJMKA STalHOI KOCTHOM IutacTuku Masquelet
B COYETAHUM C JIOKAJbHOI aHTUOMOTUKOTEpAIIUEIL.
OueBUIHBIM TPEUMYILECTBOM SIBJSIETCS OTHOCU-
TEJIbHO MaJiasl TpaBMaTMUUHOCTh CITocoba 3abopa ay-
TOKOCTM (M3 KOCTHOMO3IOBOTO KaHasia GeIpeHHOI
KOCTM C TIOMOIIbIO CUCTEMBbI PUMMEDP-UPPUTATOP-
acmmupaTop) o CpaBHEHMIO, HalpuMmep, ¢ 3a60pom
13 TpebHSI MOAB3IOMIHON KOCTM. OIHAKO CJIOKHO
chOpMUPOBATH OOBEKTUBHYIO KAPTUHY PE3YIbTATOB
BBUIY OTCYTCTBUS B MCCIENOBAHUM OOBEKTUBHBIX
KpUTepHueB [jis1 CpaBHEHUS C KOHTPOJbHON IpyII-
MO¥i: OJMHA CeTMeHTa KOHEeYHOCTM B CAaHTMMeTpax,
CPOK ¥ XapaKTep KOHCOMMAAUNU, PYyHKIMOHATbHbIE
XapaKTepPUCTUKHU, MPOHOIKUTETbHOCTh (GUKCAUU
u T.0. TeM He MeHee OIMCAHHbBIA XUPYPTUUECKUN
OTIBIT pacIIXPsieT TOPU30HT BO3MOXKHOCTEN TeueHUs
OIMCBIBAEMOJ MAaTONIOTUN.

He MeHee vycrieliHOe TpUMeHeHUE METOIUKU
Masquelet omucaau M.F. Mak c coaBTOpamu mnpu
STAITHOM JIeYeHMM MHGUIMPOBAHHOIO e eKTa KOCT-
HOJi TKaHu B cpedHem omdene cmonsi mipu JTHOAII,
3a MCK/IYEHMEM TOro, YTO MMM Ha BTOPOM 3Tare
MpUMeHsSIach IIacTMKa nOedeKkra M3 IpebHS IOof-
B3[0IIHOM KOCTH [32].

Takum 06pa3oM, TexHMKa Masquelet mpakTuyecku
He3aMeHMMa IIPY ITAITHOM JieueHuM Ha (hOHe OCTPOro
MHGEKIIVMOHHOTO BOCITaJIEHMS.

[Toxkasmyit, caMbIM COBPEMEHHBIM SIBJISIETCSI METO,
IUIACTUKU C ucrnonb3oBaHuem KM B KOMOMHALIMMU
C Me3eHXMMAaJIbHbIMM CTBOJIOBbIMU KieTkamu (MCK).
B pa6ore S.M. Hollawell onvican pe3ynbraT jiedeHUs
20 manueHTOB €O cronoi Ilapko, KOTOPBIM ITPOBO-
IWICS apTpoje3 CyCTaBOB CTOIbI WJIM TOJI€HOCTOII-
HOTO CyCTaBa. B 3Tux HaGMIOAEHMSIX HE OCYIIECTBIIS-
JIOCh 3aMelleHMs KPYITHOTo AedeKTa KOCTHOM TKaHM,
a TOJIBKO [A00aB/isiaM Majblii 00beM Mpemaparta
B 30HY apTpoaesa. O6palnaioT Ha ceOs1 BHUMaHMe OT-
HOCUTEJIBHO KOPOTKME CPOKM (POpMUPOBAHMUS KOCT-
HOTO aHKMI03a (B cpegHeM 6 mec.). HeogHOKpaTHOE
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YIIOMMHaHMe KOMMEPUECKOTO Ha3BaHMS Mperapara,
HECMOTPSI Ha 0603HaUYeHHOE OTCYTCTBME QMHAHCUPO-
BaHMSI, yCWIMBAET CKENTUYECKOe OTHOIIeHNe K 3TO
pa6ore [39].

D.K. Lee u G.D. Mulder Taxke 3asBsIIOT O 60ee
paHHeM MOSBJeHUY PEeHTTeHOIOTMYeCKUX PU3HAKOB
cpanieHus ipu npumeHenn MCK B peKOHCTPYKTUB-
HOV Xupyprum ctomnsl lllapko obeux nokanusauuii: 6,4
npotus 9,2 Hex. (p<0,024) y nauyeHTOB 6e3 MmpuMe-
HeHusi MCK. Ho oTmMedarwT mpyu 3TOM CXOOHOE MJIN
6oJbIlIee KOTMYECTBO OCIOKHEHWI WIM HEYIOBJIET-
BOPUTENIbHBIX pe3ynbTaToB [40].

KocTHag ninactuka nno innsaposy

IaHHBII CcIIOCOO 3aMelleHus] 00beMHOro medekTa
KOCTHOJM TKaHM SIBJSIeTCS Haubosiee MPOBEPEHHBIM
BpeMeHeM, B TOM uuciae u npu jgedeHumn [THOAIIL
B HekoTOpBIX paboTax 3apyOeskKHbIX aBTOPOB OIMMCAH
OITBIT BBITIOJIHEHUS apmpode3da 3adHezo omadesia Cmonbl
U NAMOYHO-60bLUEOEPL08020 APMPOOe3d C YIIUHEHU-
eM 60JIbIIe6ePII0BOJi KOCTH 3a CUeT AUCTPAKIMOHHO-
ro ocreoreHesa [41, 42, 43, 44]. Takum 06pa3om Ipo-
MCXOOUT KOMITEHCAIMSI IPOM30IIEeAIIero YKOPOUeHMsI
KOHEYHOCTU. ABTOpaMy pPabGOT OIMMCAHO YCITENTHOe
MpUMeHeHMe aImapaTta BHellHeil ¢ukcauyu (ABD)
VnusapoBa Kak M30JIMPOBAHHO, TaK ¥ B KOMOVHALIN
C OCTeOCHMHTe30M: geMoHTaxXk AB® rocie okoHuUaHMsI
aTarna AUCTPAKUUM C MOUIeTYIONMM OCTEOCHHTE30M
Mpy TIOMOIIM MHTPaMeOy/UIIPHOTO 6JI0KMPyeMOro
mrtudTa. IIpeumymiecTBaMyu AAHHOTO METOHA KOCT-
HOJI TVIACTUKMU SIBJISTIOTCS abCOJIOTHAST 6110COBMECTH-
MOCTb U «(PM3MOJOTMYHOCTh» pereHepara, MupoKue
BO3MOYKHOCTY (B TOM YMC/Ie B KOMOMHAIIUA C IPYTU-
MU BUAAMM KOCTHO IIJIACTUKM U JIOKQJIbHOM aHTU-
6MOTUKOTEpaINelt) BOCIIOTHEHMS YTPAUeHHOI'O 00be-
Ma KOCTY M KOppeKIuu nedopmalium, a Takoke Hu3Kast
ce6ecToMMOCTb.

[J1st KOMITEHCAIMY YKOPOUYEHMS TOJIEHU MTPU Nsi-
mouHo-601bedepy080oM apmpode3e 3a cueT GopMu-
pOBaHMSI AMUCTPAKIMOHHOTO pereHepaTta MCIIOIb-
3yeTCs OCTEOTOMMSI He TOJIBKO B IMPOKCUMMAaabHOM
yacTy 601b11e6epILi0BOil KOCTU, HO U B AUCTAJIbHOIA,
B TOM YMCJI€ C MHTPAMEeOY/UISIPHBIM PETPOrPagHbIM
OCTEOCUMHTE30M 10 3aBepIIeHNUM ITATa JUCTPAKIUN
B AB® [44]. ABTOPBI CYUUTAIOT IIPEUMYILLECTBOM 3TOM
METOAMKM CTUMYJISIINIO KPOBOOOpAIeH s Ha YPOB-
He [AUCTAIBHOIO CEerMeHTa HMKHENl KOHEUHOCTU
(B 30He ISITOYHO-60/IbIIE6EPIIOBOrO apTpoaesa) 3a
CYeT OCTEOTOMMUM AUCTAJbHON 30HBI OOJbIIE6GEp-
IIOBOJ KOCTM, & TaKKe MEHBIITYI0 IPOAOJIKUTENb-
HOCTh TaKOTO OOpeMeHMUTETbHOTO IJIs IalMeHTa
MeTonma ¢ukcauuu, kKak AB®. OgHako, 1o HalleMy
MHEHUI0, IIpUMeHeHMe IIOTPYKHOIO0 MeTalJIoo-
creocuHTe3a y nauyeHToB ¢ CIC sBaseTcs Hemo-
CcTaTKOM MeTomuKu. Kpome TOro, aBTOpBI CTaThu
YKasbIBalOT Ha OoJyiee IJIUTENbHbI CPOK (popmMu-
pOBaHMSI pereHepara B HVDKHEN TPeTU TOJE€HU IO

CpaBHEHMIO C OCTEOTOMMEN B MPOKCUMAJIbHOM Me-
tadusapHoit 30He: mpubausuTenbHo 10 u 8 mec.
COOTBETCTBEHHO.

Cpoxu HotieHust AB® u hopmMupoBaHMsSI KOCTHOTO
aHKMI03a IPU COYeTaHUM KOCTHOM IuiacTuku JKM
C ayTOKOCTBIO JJjI1 KOMIEHCAUUM YKOPOUEHUS To-
JIeHU TIpU TISITOUYHO-OO0NBIIEOEPIIOBOM apTpomese
[38], nconb30BaHUM META/UIMYECKOTO MMILIaHTaTa
¢ TpabeKy/asIpHOI TEKCTypoil B COUETAaHUU C ayToO-
KOCTbIO [35], yonuHeHuu roneHu no WnusapoBy 3a
cueT GOPMUPOBAHUS AUCTPAKIMOHHOTO pereHepa-
Ta B MPOKCMMaJIbHOM MeTadwuse [43] comocTaBu-
Mbl. ODHAKO MCIIOJNb30BaHMe CBOOOMHOI KOCTHOI
TJIACTUKU JOPOXKe U TEXHUUYECKU clokHee. Hanuune
MOrPY>KHBIX (DUKCATOPOB U JIIOOOr0 BUAA KOCTHBIX
TPaHCIJIAaHTATOB [Jisl mnanueHToB ¢ CIAC moTeHuu-
aJIbHO 60JIee PUCKOBAHHO.

Kaxkpmass 13 ONMMCAaHHBIX METOOMK IpeNCTaBisieT
Hay4HbI U IpaKTUYeCKUi MHTepec. OmHAKO HeIlo-
HSTHO, KOTJIa ¥ TIPU KaKuX OOCTOSTENbCTBAX CIIemy-
eT OTAABaTh MpPEAIIOUTEHME TON MIM UHOM TEXHUKE.
Bo Bcex coOOILeHMSIX ONMMUCAH ITOMOKUTEIbHBIN OMBIT
KocTHO¥ iactuku ripu JHOAIL OpgHako cpeau nsy-
YeHHBIX MYOAMKAIMii HET HY OJHOTO MCC/IeNOBaHMS
C BBICOKMM YpOBHEM [10Ka3aTeJlbHOCTH, T.e. paHAO-
MU3UPOBAHHBIX KOHTPOIUPYEMBIX KIMHUUECKUX UC-
cremoBaHMil. B Tex mybnukanysx, roe gpurypupona-
Jla KOHTPOJIbHASI TPYIIIa, ee Moabop ObLT HE COBCEM
KOpPPEeKTHbIM, KPUTepUM CpaBHEHMSI He BblJe/eHbl,
0OBEKTMBHBIE TTOKA3aTeNM CKYOHbI. B OOIbIIMHCTBE
CJlyyaeB aBTOPbl OrPaHUYMBAINCH CJIOBECHBIM OIMU-
CcaHMeM TOJIOKUTENbHOM OVMHAMMKM U Pe3yJbTaTOB
JleyeHusl.

I peKOHCTPYKTUBHOM XUPYPTUU CPEIHEro OT-
nmena crombl Illapko 6Gomee akTyajgbHa CBOGOIHAS
IJIACTUKA, HO MyOaMKauuii o GOpMMUPOBAHUM IUC-
TPaKIMOHHOTO pereHepaTta B JaHHOM 0O6JACTM MbI
He BCTpeTwin. Bo Bcex paboTax, MOCBSIIEHHbIX JaH-
HOJi TeMaTuKe, YIIOMUHAETCsI, YTO ayTOIIacTUKa IOo-
MIpeKHEMY SIBJISIETCSI 30/I0ThIM CTaHZAPTOM 3aMelle-
HUSI KOCTHBIX 1e(EeKTOB HEOOIBIIOr0 00beMa.

OueBMUIHO, UTO Y KaXKAOro Crioco6a KOCTHOI Tia-
CTUKU eCTb CBOM MPEMMYLIECTBa M HeJOCTaTKu. Bce
OHM elll€ HY>KIAITCS B IIPOIOIKEHUM UCC/IeN0BaHMIA,
aHAIM3e U U3YUYEHUM MpaKTMuecKoil 3¢pdeKTuBHO-
cTu. Ham npepcrasisieTcsi, UYTO 3aMellleHe KOCTHOTO
IedeKTa Impy oMoy GopMmUpoOBaHUSI BHEOUATOBO-
ro JMUCTPaKUMOHHOTO pereHepara SIBJSIETCSI MeHee
PUCKOBAHHBIM U 6ojiee (U3MOIOTUUHBIM, TTPOCTHIM,
JlellleBbIM M HaJeXHbIM METOJOM I10 CPaBHEHMIO CO
CBOOOJHOI KOCTHO¥ IIACTMKOI KOMITPOMETUPOBAH-
HOJ 30HBI OIOPHO-IBUIraTeIbHOrO ammnapara MOpu
IOHOAIIL B 6o0sbliieii cTemeHy 3TO KacaeTcsl yaJIuHe-
HUS TOJIEHM MPU MOPakKeHUM 3aJHero OTHaesia CTOIbI
Y TOJIEHOCTOITHOT'O CyCTaBa.

YKopoueHre Ha 1-3 CM 3a CYeT pe3eKUMOHHOro
apTporesa CpelHero OTHe/la MpU IMOpaXeHUM KOC-
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Tell MO BCeil IMPUHE, HAa Hall B3IVIS[, MMeEeT Oorpa-
HUYEHHOE ITOKAa3aHMe IJISI BHITIOTHEHMUS CBOOOMTHOM
KOCTHO# ITACTUKY, T.K. (QYHKIMUS CTOIIbI, Ouomexa-
HMKA, OIMOPOCIIOCOOHOCTh KOHEYHOCTM B TAKOM CITy-
yae He COMPOBOXIAITCS TIPyObIMM HapyIIeHUSIMMA.
[IpumeHeHMe XKe TpaHCIUIAHTATa 6OJIBIIOTO 0Obema
Ipy CBOGOIHOY KOCTHO IIACTUKE 3TOM 30HBI YBEJIN-
YlBaeT CPOK JieueHMs, pUCK OCJIOKHEHUI U CHMKaeT
IMPOTHO3 YCIEeUTHOTO pe3y/bTaTa olepalun.

JOIIOTHUTEJ/IbHASI THO®OPMALIMISI

3aseneHHslii 6K1a0 asmopos

Bapoweos I1.C. — pusaitH 0630pa, MHGOPMALVIOHHBI
TIOVCK ¥ aHaIU3 MyOauKaIuil, HamucaHue U pesakTUpoBa-
HMe TeKCTa CTaTbMU.

IHapwukoe M.B. — vHGOpMaLlMOHHBII MOMUCK, Hamuca-
HMe U pefaKTMpOBaHye TeKCTa CTaTh.

Spvleun H.B. — MH(MOPMAaILMOHHBII MOMUCK, HaNMCcaHue
M peJaKTUPOBaHMe TeKCTa CTATbMU.

Bce aBTOpBI mpowin U omo6pUIN GUHAIBHYIO BEPCUIO
PYKOTIMCH CTaTbU. Bce aBTOPBI COTMIaCHBI HECTU OTBETCTBEH-
HOCTb 3a BCE acIeKThl PaboThl, YTOObI 06eCIIeUnTh HajIe-
kalllee pacCMOTpeHMe U pellleHKe BCeX BO3MOKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO U HAJ@XKHOCTbIO JII000I
YacTy paGoThl.

Hcmounuk  ¢punaHcupoeaHusi.  ABTOpPBI  3aSIBJISIIOT
06 OTCYTCTBMM BHelIHero ¢hMHAaHCUPOBAaHUS NIPU MpOBeJie-
HUM UCCITIeSOBAHUS.

Bo3moskHblli KOHpIUKIM uHmMepecos. ABTODHI JleKiia-
PUPYIOT OTCYTCTBME SIBHBIX U IIOTE@HLIMATbHbBIX KOH(DIMKTOB
MHTEPECOB, CBSI3aHHBIX C MTyOIMKAIlVell HaCTOSIIIEeN CTaThH.

Amuueckas 3kcnepmu3a. He npuMeHuMa.

Hugopmuposeannoe coznacue Ha
He TpebyeTcs.

nyéauxauyuio.
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CEPTrE/ NABJ1IOBUY MUPOHOB
1948-2023

14 aBrycra 2023 r. Ha 76-M TOAY >KM3HU TIOC/IE He-
MIPOIOKUTENbHOM 6O0JIe3HM CKOPOTIOCTVDKHO CKOH-
Yasicsl BbIAAIOIINIACS YUEHbIN, OTIMIHBIV OpraHU3aTop,
MPEeKPaCHbBI KIVHULIVCT, 3PYAVUPOBAHHBIN I€Haror,
OOGIIIeCTBEHHBIN IEATENb, JOKTOP MEIUIIVMHCKUX HayK,
npodeccop, axkagmemuk PAH Cepreit IlaBioBuu
MupoHOB.

Cepreitr IlaBnoBuu popmwics 6 asrycra 1948 T.
B MockBe. Bcsi TpymoBasi gesTenbHOCTb Cepres
IMaBnoBuua 6GblyIa HEPa3pbIBHO CBsI3aHa ¢ lleHTpasib-
HBIM MHCTUTYTOM TPaBMAaTOJIOTUM U OPTOHEOUYN UMe-
Hu H.H. IIpuoposa. Emnie 6yayun crynentom [lepBoro
MOCKOBCKOTO MeAUIIMHCKOTO MHCTUTYTA, OH Haval
37ech paboTaTh CaHUTApPOM, a 3aTeM MedopaToM.
[Tocne okoHuaHMst MHCTUTYTA B 1973 T. ero pacopene-
JIUIM Ha paboTy B OTHAENeHNe IeTCKOV TPaBMaToJo-
ruu LHHUTO.

B 1979 r. C.II. MupoHOB 3alMTWJI KaHAMUOAT-
CKYI0 JuccepTanuio Ha Temy «OrepaTuBHOe jeue-
HME TIOCTTPaBMaTUYECKMX KOHTPAKTYp UM aHKUIIO-
30B JIOKTEBOTO CyCTaBa y geTeii». B 1983 1. oH 6bLT
u36paH MO KOHKYPCY Ha JO/DKHOCTh 3aBenyolle-
0 OTHeJieHNeM CIIOPTUBHON U 6ajieTHOV TpaBMBbI.
B 1984 r. C.Il. MMpoOHOB 3aKOHYWI PabOTy HaJ ITOK-
TOpCKOJt  guccepraimeii  «IIoCTTpaBMaTUUYECKKE
medbopManuy ¥ KOHTPAKTYPhbl KPYITHBIX CYCTAaBOB
y IeTell U TMOAPOCTKOB U UX JieUeHME», KOTOPYIO
YCIIeUIHO 3alIUTHII.

HanbHeIIas HayyHas AesiTeTbHOCTb ITpodeccopa
C.I1. MupoHoBa 6bli1a CBsSI3aHa C pa3paboTKOIi U BHEI-
peHreM B TPaBMAaTOJOTUIO U OPTOTIEIUI0 MaJOMHBA-
3UBHBIX aPTPOCKOMNYECKUX U MUKPOXUPYPIUUECKUX
METOJIOB JIeUeHUSI.

C 1995 mo 2011 r. Cepreii ITaB1oBUY SIBJISLIICS 3a-
MecTuTeneM yrpasiasimero aenamu [IpesugeHTa
Poccuiickoit ®@emepannum, HavyaabHUMKOM I[J1aBHOTO
MeIUILIMHCKOTO yrpasieHus, a ¢ 1998 mo 2019 r. —
nupektopom IWTO, rme SpKO TIPOSIBUJICS €ro
TamaHT opraHusatopa. C 2019 r. mo mnociaenHe-
ro Bpemenu Cepreii ITaBiOBMY OBII IOUYETHBIM
[Ipesupentom HMMUIL] TpaBMaTO/NOIrUM U OPTOIEAUNA
um. H.H. I[Ipnoposga.

Ha mporsskenuu 25 jmer Cepreit ITaBmoBuY SIB-
JISUICSI  TIaBHBIM ~ BHEIITATHBIM  CIELMaJUCTOM
TpaBMaToJIOroM-opTonenom MwmH3npaBa Poccun

M TIPOBOAMJI OTPOMHYI0O PabGOTy II0 pasBUTHUIO
TPaBMAaTOJIOTO-OPTOIEANYECKON CIY>KObI BO BCEX pe-
rmoHax Poccuiickoit @emepanyn.

Cepreii IlaBnOBUY [OJUTENBHOE BpPEMSI PYKOBO-
I KadeapamMy TPaBMAaTOJIOTMKU U optonenuu MIY
uMm. M.U. JlomoHocoBa, a 3atrem ®I'BOY BO «MI'MY
uMm. .M. CeuyeHoBa» MwuH3gpaBa Poccumn, rme ro-
TOBWJIM TPaBMaTOJOTOB-OPTONENOB HE TOIbKO IJs
Poccuiickoit @epepanyin, HO u ajs crpad CHIL

C 1999 r. mo nocnegHero noHs Cepreit [1aBnoBuY
ObUT IABHBIM PeIakKTOPOM KypHasia «BecTHMK Tpas-
maronoruu u optorneaun uMmenu H.H. [Ipuoposa»r,
a Takke UJe€HOM pefaKIMOHHBIX KOJJIETHIl psfa Be-
IYIIUX OTEUYEeCTBEHHBIX U 3apyOEKHBIX KYPHAIOB 110
Hallleil creluaJbHOCTH.

Ero o6miecTBeHHas! [OeSITENIbHOCTb Hepa3pbIBHO
CBsI3aHa C cosmaHueM B 1996 r. mpodeccuoHalIbHO
obiecTBeHHOM opraHmsauuu «Poccuiickoe apTpo-
CKomMueckoe ob6IiecTBo», a B 2014 1. — Accouumannmu
TpaBMaTOJIOTOB-OpTOTenoB Poccuu, mnpe3ugeHTOM
koTopbix Cepreii I1aB1oBUY SIBJSUICS HA TPOTSDKEHUN
IJIATEIbHOTO BpeMeHM.

ITamstb 0 Cepree ITaBnoBuue MMpoOHOBe, MpeKpac-
HOM uYeJIOBeKe, TATaHT/IMBOM OpraHU3aTope U PYKOBO-
IuTeNe, HaBCerma COXPaHUTCS B CepAliaxX ero POAHbIX,
IIpy3eii, Kojller, yYyeHUKOB U MalieHTOB.

Konnekmue HMHUL] TO um. H.H. IIpuoposa
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