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The Potential Use of Synovial C-Reactive Protein, Interleukin-6,
and Presepsin in Diagnosing Periprosthetic Joint Infection
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Nadezhda N.Pchelova', Vladimir Yu.Emelianov !2
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Abstract

Background. Diagnosing infectious complications in joint replacement surgery remains a significant challenge,
particularly when microbiological analysis of biological material fails to reveal pathogen growth.

The aim of the study was to determine threshold values for C-reactive protein, interleukin-6, and presepsin
levels, and to assess their diagnostic value in detecting periprosthetic joint infection.

Methods. Aprospective cohort single-center blinded study was conducted involving cases of revision arthroplasty
for periprosthetic joint infection (PJI) and aseptic prosthetic loosening. The study included 66 patients divided
into two groups: Group 1 (n = 17), with confirmed PJI using the 2018 ICM criteria, and Group 2 (n = 49), with
aseptic prosthetic loosening. Synovial fluid samples were subjected to bacteriological and cytological analysis,
measuring levels of C-reactive protein (CRP), presepsin, and interleukin-6 (IL-6). ROC analysis, sensitivity,
specificity, accuracy, and threshold values were determined for laboratory data.

Results. The highest diagnostic accuracy in distinguishing between PJI and aseptic loosening was observed
in the leukocyte count in synovial fluid (AUC 0.928; 95% CI: 0.837-0.977, p<0.0001). Elevated synovial CRP
levels were associated with infection, with an AUC of 0.776 (95% CI: 0.656-0.870, p = 0.0004), and IL-6 had an
AUC of 0.712 (95% CI: 0.583-0.820; p = 0.0048). Presepsin levels, however, showed no significant difference
between groups (AUC 0.582; 95% CI: 0.453-0.703; p = 0.3344). Threshold values were set at 5.6 mg/l for CRP,
1212.0 pg/ml for presepsin, and 988.5 pg/mL for IL-6. Sensitivity, specificity, and accuracy for PJI diagnosis were
determined for CRP at 62.5%, 85.7%, and 80.0%; for IL-6 at 87.5%, 63.0%, and 69.4%; and for presepsin at 43.8%,
79.6%, and 70.8%, respectively.

Conclusion. In cases where synovial leukocyte counts are at borderline levels, the additional assessment of
synovial fluid cellular composition and simple, cost-effective markers such as synovial CRP and IL-6 may be
recommended to confirm PJI.

Keywords: periprosthetic joint infection, aseptic prosthetic loosening, revision arthroplasty, synovial markers,
C-reactive protein, interleukin-6, presepsin.
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B03MOXXHOCTb MCNONIb30BaHUS CUHOBUAJIbHBIX C-peakTMBHOro 6enka,
MHTEpNenKMHa-6 U npecencuHa B AUArHOCTUKE NepunpoTesHoMm
MHpeKuUn

JI.B. Tio6umosa !, C.1. ITaBnosa?, H.C. Hukomnaes 12, E.A. Jlio6uMoOB !,
H.H. ITuenoBa!, B.}O. EmenbsiHOB 1+

L OI'BY «®edepanvHblii UeHMpP Mpasmarmosozuu, opmoneduu u a3Hdonpomesuposarus» Munsdpasa Poccuu
(2. Yeboxcapwl), 2. Yebokcapwl, Poccus

2 @I'BOY BO «Yysauickuii zocydapcmeenHsiii yrnusepcumem um. U.H. Yavarosa», 2. Yebokcapsl, Poccus

Pedepar

AkmyanvHocme. [IviarHoCTVKa MHOEKIMOHHBIX OCIOKHEHMIA TIPY MTPOTE3MPOBAHMM CYCTAaBOB OCTAETCS aKTy-
aJIbHOM 3ajaueii, 0CO6EHHO B CJIyYastx OTCYTCTBUSI pOCTa BO3OyAMTENeH Py MUKPOOMOIOTMYECKOM MCCIIeno-
BaHMM 6MoMaTepuaa.

Llensto uccnedosanus CTaao omnpeneieHne MOPOrOBbIX 3HAUEHMIT ypOBHS C-peakTUBHOrO 6eKa, MHTepei-
KMHAa-6 U MpecercyHa U UxX JUMarHoCTUUeCKOi 3HAUMMOCTHU IJIsI BBISIBJIEHUSI IEPUITPOTE3HO MHDEKIUMN.
Mamepuan u memoodsi. IIpoBeeHO IPOCIEKTMBHOE KOTOPTHOE OJHOIIEHTPOBOE CJieroe MCCIeqoBaHue
CTydaeB PeBU3VOHHOM apTPOIUIACTUKM KPYITHBIX CYCTaBOB IT0 ooy IIIM u acenTuyeckoii HecTabUIbHO-
CTY 3HAOIPOTe3a. B ucciegoBanme BOULIM 66 MalMeHTOB, KOTOPbIe ObLIM pa3AeieHbl Ha IPYIIbI: TpyIimia I
(n = 17) — cnyvam nogrBepkaenHoi [N cornacuo kputepusim ICM (2018), rpynma II (n = 49) — ciyyan
acenTUYEeCKO HecTaOMIbHOCTY SHAOIPOTE3a. BblIM BHIMOIHEHBI OAKTEPUOJOTMUECKOE U LIUTOJIOTUUYECKOe
UccaeqoBaHusI 06pasiioB CMHOBMATIbHOM JXUIKOCTH C OlIpeaeneHneM ypoBHeii C-peakTuBHoro 6enka (CPB),
MpecericuHa U uHrepneiikuia-6 (UJI-6). s mabopaTOpHbIX OaHHBIX mpoBoauiacs ROC-aHanus, onpenpene-
HJE YyBCTBUTEIbHOCTH, CIIEIMGUUHOCTH, TOYHOCTY Y TIOPOTOBBIX 3HAUEHMIA.

Pezynomamui. Haunbosnbllneii GOCTOBEPHOCThIO Ajs OuarHoctukyu I m acenTuueckoil HecTaGUIbHO-
CTU SHIOIpOTEe3a 06Mafany MoKasaTelIy KOJMUYeCTBa JIeMKOIMTOB B CMHOBMAIbHOI kumkoctu (AUC 0,928;
IO 95%:0,837-0,977, p<0,0001). [Tpu HGEKLMM TaKKe MMeIOCh MOBbIIIeHKe cuHoBuaabHoro CPB ¢ AUC 0,776
(oIN 95%: 0,656-0,870, p = 0,0004) u WJI-6 ¢ AUC 0,712 (IN 95%: 0,583-0,820; p = 0,0048). B T0O ke BpeMms
YpOBeHb IpecerncuHa He pasnmuajncsa mexnay rpymmamvu (AUC 0,582; OIW 95%: 0,453-0,703; p = 0,3344). Ilo-
poroBble 3HaueHus: coctaBuau ajast CPB 5,6 mr/a, mpecencuua — 1212,0 mir/mi, uHTepneiikuHa-6 — 988,5
r/Mut. YyBCTBUTENBHOCTD, CIENM(PUIHOCTD ¥ TOYHOCTD [J1s1 AyarHocTvky [N onpenenens ajis CPB Ha ypoB-
He 62,5%, 85,7% n 80,0%; mis uHTepneiikuHa-6 — 87,5%, 63,0% u 69,4%; nns npecericuHa 43,8%, 79,6% 1 70,8%
COOTBETCTBEHHO.

3axnatouernue. [Ipy NOrpaHUYHBIX 3HAYEHUSIX YPOBHS CMHOBUATBHBIX J€MKOLUUTOB 4151 moaTBepkaenus 1111
B JOITOJIHEHME K OIleHKe KJIETOYHOTO COCTaBa CMHOBMAIbHON KMIKOCTY MOXXHO PEKOMEHAOBATH MCIIOIb30-
BaHMe TaKMUX MPOCTHIX M HeJOPOTUX UCCAed0BaHUI, KaK cMHOBMUanbHbie CPB 1 UJI-6.

KnioueBbie ¢j10Ba: mepuIpoTesHasi MHPEKINS, acCeNTUUYecKas HecTabMIbHOCTh SHIOMPOTE3a, PEBU3MOHHOE
SHIOIIPOTE3UPOBAHNE, CMHOBUAIbHBIE MapKepbl, C-peakKTUBHBIN O€IOK, MHTEPJIeKUH-6, TIPEeCENCHH.

Ona uurupoBaHus: Jlio6umona JI.B., IlaBmoBa C.M., Hukomaes H.C., Jlio6umor E.A., IIuemoBa H.H.,
EmenbsinoB B.IO. BO3MOXXHOCTh MCITO/Ib30BaHMSI CUHOBMAJIbHBIX C-peakTMBHOTO Oejika, MHTepIeiiKuHa-6
M TIpecericMHa B JMarHOCTUKE TepUIpoTe3Hoit mHbekimnu. Tpasmamonozus u opmonedust Poccuu. 2024;30(4):5-13.
https://doi.org/10.17816/2311-2905-17578.
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INTRODUCTION

Infectious complications in joint replacement
are among the primary issues in orthopedic
surgery. Timely diagnosis of periprosthetic joint
infection (PJI), based on clinical, histological,
bacteriological, and  cytological criteria,
significantly influences treatment outcomes [1, 2].
However, identifying the infectious nature of the
pathology in prosthetic joints remains a complex
challenge that several international task teams
are attempting to address [3, 4, 5, 6]. One of the
biggest challenges in diagnosing perispostetic
joint infection (PJI) is the lack of microbial
growth in biological samples and/or borderline
levels of serum and synovial inflammatory
biomarkers [7].

A prospective cohort study by M. Fernandez-
Sampedro et al. demonstrated that 25% of
patients with PJI were misdiagnosed with
aseptic prosthetic loosening within the
first year after primary arthroplasty [8].
Microbiological and histological examinations
of intraoperative biopsies of periprosthetic
tissues are reliable methods for diagnosing
PJI [9, 10]. However, confirming the presence
of infection preoperatively is essential to
determine the optimal approach to revision
surgery. Synovial fluid inflammation markers
can serve as additional diagnostic tools for PJI.
Foreign researchers have demonstrated the
potential diagnostic value of CD14, TREM- 1,
TLR2, C-reactive protein (CRP), leukocyte
esterase, interleukin-6(IL-6), interleukin-1b,
a-defensin, and interleukin-17 in synovial
fluid [11, 12, 13].

The extensive experience of the federal center
for traumatology and orthopedics in Cheboksary
has shown that the rate of “unexpected
infections” in patients initially diagnosed with
aseptic loosening of the prosthesis reaches
2.08% [14]. Therefore, our study aimed to
evaluate the potential use of additional synovial
biomarkers, accessible in laboratory settings, for
diagnosing PJI.

The aim of the study is to determine
the threshold levels of C-reactive protein,

interleukin-6, and presepsin and their diagnostic
value in detecting periprosthetic infection.

METHODS

A prospective cohort single-center blinded study
was conducted on cases of revision arthroplasty
for major joints addressing PJI and aseptic
prosthetic loosening. The study took place at the
Federal Center for Traumatology, Orthopedics,
and Arthroplasty of the Ministry of Health of
Russia (Cheboksary) in 2023, hereafter referred
to as the Center. During the study, clinical
laboratory staff remained unaware of the group
assignment for each patient.

Inclusion criteria: patients after hip, knee, or
shoulder arthroplasty exhibiting signs of aseptic
loosening or PJI; a period of over one year since
the primary arthroplasty; preoperative synovial
fluid aspiration performed in the Center’s
outpatient clinic.

Exclusion criteria: patients under 18 years
of age; synovial fluid volume of less than
5 ml; no synovial fluid obtained (“dry joint”) or
samples unsuitable for analysis due to impurities
insoluble by hyaluronidase, such as metal or
cement particles, fibrin, or purulent clots.

Synovial fluid was collected preoperatively
from 101 patients. However, samples from
8 patients were unsuitable for analysis, and in
27 cases, less than 5 ml of fluid was obtained.
Consequently, the study group comprised
66 patients.

Based on the presence of PJI diagnostic criteria
(ICM, 2018), the patients were divided into two
groups [4]. Group I (n=17) included patients with
confirmed PJI (presence of one major criterion or
several minor criteria totaling 6 or more points);
Group II (n = 49) consisted of patients with
aseptic prosthetic loosening (Figure 1).

All patients underwent revision surgery:
Group I received a spacer, while Group II
underwent the reimplantation of the prosthesis.
The groups were comparable in the terms of
gender, age, and prosthesis localization (Table 1).

Bacteriological and cytological analyses were
conducted on synovial fluid samples, assessing
CRP, presepsin, and IL-6 levels.

7 2024;30(4)
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Cases of PJI and aseptic prosthetic loosening over 1 year
after the primary arthroplasty (n = 101)

Y

Joint aspiration was performed prior to revision surgery
to obtain synovial fluid

Excluded from the study: 35 patients
- synovial fluid volume <5 ml or synovial fluid not obtained
(“dry joint”) (n = 27)
- synovial fluid unsuitable for analysis (n = 8)

Y

[ Analysis of leukocytes, band neutrophils, CRP, presepsin, and IL-6 in synovial fluid (n = 66) J
[ Patient allocation to study groups based on the presence or absence of PJI according to ICM criteria (2018) J
{Conﬁrmed PJI: one major or several minor criteria (6 or more pointsﬂ [ Clinical and laboratory data not meeting PJI criteria j
[ Group | (PJI) (n=17) ] [ Group Il (Aseptic prosthetic loosening) (n = 49) ]
Figure 1. Study design flowchart
Table 1
Characteristics of the study groups
Parameter Group I (n=17) Group II (n = 49) p
Age,y.0 64.1+10.8 63.4+11.9 0.7821
Gender male 7 (41.2%) 19 (38.8%) 1.0000
female 10 (58.8%) 30 (62.1%)
Prosthesis localization
Knee 12 (70.6%) 29 (59.2%) 0.5634
Hip 4 (23.5%) 19 (38.8%) 0.3772
Shoulder 1(5.9%) 1(2.0%) 0.4517
For synovial biomarkers, the biological Bacteriological examination involved
material was centrifuged (Hettich MIKRO 200) intraoperative biopsy specimens (at least

at 3000 rpm for 5 minutes. CRP levels were
measured on the day of sample delivery using
automated biochemical analyzers SAPPHIRE 400
and Furuno CA-270 Electric, with the CRP FS kit
(DiaSys Diagnostic Systems GmbH, Germany)
through an immunoturbidimetric method. IL-6
was measured from the supernatant, which was
aliquoted and stored at -35°C until analysis
using the Bio-Rad iMark immunoassay analyzer
and the Interleukin-6-IFA-BEST kit (Vector-
Best, Russia). Presepsin levels were measured
via an immunochemiluminescent method using
the PATHFAST™ analyzer and the PATHFAST
Presepsin kit (PHC Corporation, Japan).

3 samples), joint fluid (if available), and rinses
from removed metal components (following
ultrasonic  processing), with  cultivation
extending up to 14 days.

Statistical analysis

The statistical analysis of the obtained data
was conducted using the Microsoft Excel
2007 Analysis ToolPak, GraphPad, and Prism
8.3.0 software. Categorical data (e.g., gender,
prosthesis localization, presence or absence of
infection) were described using nominal codes
for unranked categories. The distribution of the
quantitative variables was assessed for normality

8 2024;30(4)
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using the Shapiro-Wilk test. For the description
of normally distributed data, the mean and
standard deviation were used; for data not
following a normal distribution, the median and
interquartile range were reported as Me [Q1-Q3],
and in both cases, a 95% confidence interval (CI)
was applied. Group differences were evaluated
using the Mann-Whitney U test and Fisher’s exact
test. For each diagnostic test, ROC analysis was
conducted with calculation of the area under the
curve (AUC) to determine accuracy, sensitivity,
and specificity, with a 95% Clopper-Pearson
CI using MedCalc 13.2.2 software (MedCalc
Software bv, Ostend, Belgium). Positive predicti-
ve value, negative predictive value, and accuracy
were expressed as percentages. Threshold values
were calculated using the Youden index (J).

RESULTS

In the study cohort, women predominated
(60.6%). The average age was 63.6 years (95%
CI: 54.0-65.0). Knee joint pathology was the
prevalent condition, observed in 62.1% of cases.
In 100% of PJI cases (n = 17), identical positive

as. aureus

WCoNS @ E. faecalis 0O B. cepacia

Figure 2. The species spectrum of causative agents of
PJI cases

microbiological culture growth was observed in
at least two of the analyzed samples (Figure 2).

No bacterial growth was detected in any of
the analyzed biological samples in the aseptic
loosening group.

Among the isolated pathogens, gram-positive
microorganisms were predominant, particularly
S. aureus (10% of which were methicillin-resistant
strains).

All measured indicators were higher in the PJI
group, with statistically significant differences
in leukocytes, band neutrophils, and CRP levels
(p<0.05) (Table 2).

Figure 3 shows the ROC curves for evaluating
the significance of synovial markers (leukocytes,
band neutrophils, CRP, presepsin, and IL-6)
in diagnosing PJI. The AUC for the sensitivity
and specificity ROC curves ranges from 0 to 1,
indicating the correlation of the marker with
the presence of PJI. The closer the AUC value
is to one, the higher the informativeness of the
integrative marker is.

Synovial fluid cellular composition indicators
(leukocytes and band neutrophils) demonstrated
the highest discriminative ability between the
PJI and aseptic loosening groups, with AUCs of
0.928 (95% CI: 0.837-0.977; p<0.0001) and 0.876
(95% CI: 0.772-0.945; p<0.0001), respectively.
Among the synovial inflammation markers
studied, CRP had the highest discriminatory
power with an AUC of 0.776 (95% CI: 0.656-
0.870; p = 0.0004) and IL-6 at 0.712 (95% CI:
0.583-0.820; p = 0.0048). Presepsin did not show
significant differences between the study groups
(AUC 0.582; 95% CI: 0.453-0.703; p = 0.3344).

Threshold values for CRP, presepsin, and IL-6
were obtained, along with sensitivity, specificity,
and negative predictive value (Table 3).

Table 2
Laboratory results of synovial inflammatory markers, Me [Q1-Q3]
Parameter PJI group (n=17) Aseptic loosening group (n = 49) p*
Leukocytes, cells/pl 27312.0[7000.0-44069.0] 210.0 [100.0-498.5] <0.0001
Band neutrophils, % 92.5[88.0-95.3] 40.5[17.8-61.5] <0.0001
CRP, mg/1 7.2 [1.2-66.6] 0.6 [0.3-3.9] 0.0007
Presepsin, pg/ml 850.0[471.3-1541.0] 772.0 [318.0-1115.0] 0.3312
IL-6, pg/ml 1050.0 [991.5-1052.0] 819.0 [476.5-1045.0] 0.0112

p* — significance level, Mann-Whitney U test.
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Table 3
ROC Analysis of inflammatory marker parameters in synovial fluid
Statistical parameters Leukocytes Band CRP Presepsin IL-6
neutrophils
Threshold values 6250 cells/ul 76% 5.6 mg/1 1212 pg/ml 988.5 pg/ml
AUC (95% CI) 0.928 0.876 0.776 0.582 0.712
(0.837-0.977) | (0.772-0.945) | (0.656-0.870) | (0.453-0.703) (0.583-0.820)
Sensitivity, % (95% CI) 82.35 81.32 62.50 43.75 87.50
(56.57-96.20) | (55.47-95.10) | (35.43-84.80) | (19.75-70.12) (61.65-98.45)
Specificity, % (95% CI) 97.96 95.92 85.71 79.59 63.04
(89.15-99.95) | (86.02-99.50) | (72.76-94.06) | (65.66-89.76) (46.5-76.23)
Positive predictive value, % 93.33 87.50 58.82 41.18 45.16
Negative predictive value, % 94.12 94.00 87.50 81.25 93.55
Accuracy, % 93.94 95.92 80.00 70.77 69.35

DISCUSSION

Cultural methods for diagnosing infection are
undoubtedly significant for determining the
treatment strategy for patients with issues
related to prosthetic joints. In real practice,
according to our recent study, the proportion of
negative microbiological test results in patients
with a diagnosed infection can reach 29.1% cases
[7]. Diagnosing PJ]I is challenging, as clinical
symptoms often resemble those of aseptic

loosening, presenting as nonspecific pain. To
prevent unnecessary surgical interventions in
cases of false-positive PJI diagnosis, accurate
preoperative diagnostics is crucial. Furthermore,
the inability to diagnose PJI before revision
surgery may lead to a single-stage revision
without appropriate treatment, which is likely
to result in recurrent infection. The number
of studies attempting to determine the best
combination of laboratory tests for predicting
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PJI proves the need for improved diagnostics.
Analyzing the data from international literature,
we noted the potential of inflammatory synovial
markers for diagnosing PJI in addition to
established algorithms.

According to the study by L. Qin and collea-
gues, synovial IL-6 had the highest prognostic
value, with a threshold of 1855.36 pg/ml,
sensitivity of 94.59%, and specificity of 92.86%.
When combined with serum IL-6, it increased
the diagnostic accuracy for PJI to 96.77% [15].
However, we could not confirm these findings.
Nonetheless, synovial IL-6 showed good results,
with a threshold of 988.5 pg/ml, providing
the highest negative predictive value (93.6%)
compared to synovial CRP and presepsin.

The role of presepsin in diagnosing PJI was
evaluated by M.L. Delva et al., who concluded
that synovial presepsin could serve as a potential
biomarker for PJI. Despite demonstrating
an AUC of 0.41, further studies are needed to
correlate it with other laboratory data [16].
In their prospective study, A. Busch et al.
determined a threshold value for synovial fluid
presepsin above 0.06 ng/ml, with sensitivity of
29% and specificity of 51% for diagnosing PJI,
concluding that presepsin is not suitable for
excluding or diagnosing PJI [17]. In our study,
synovial presepsin performed poorly among
the synovial markers tested, failing to show
significant differences between the study groups.

Another important biomarker for PJI, accor-
ding to the study published by J.L. Miamidian
et al., is synovial CRP, with an optimal threshold
value of 4.45 mg/l for PJI, demonstrating a
sensitivity of 86.1% and specificity of 87.1%
[18]. In our small prospective cohort of patients
who underwent revision arthroplasty, the use of
synovial CRP proved to be a more accurate marker
for identifying PJI than the levels of synovial IL-6
or presepsin. In 2018, the American Society for
Musculoskeletal Infection proposed a diagnostic
algorithm for P]I, where one of the minor criteria
was the level of synovial CRP with a threshold of
6.9 ng/ml [4]. We obtained lower threshold values
for CRP (5.6 ng/ml) and confirmed its supportive
role in the diagnosis of PJI.

The conducted study confirmed the results
of other researchers that among all synovial
biomarkers, leukocytes and band neutrophils
exhibit the highest accuracy, sensitivity, and
specificity [19]. However, there is still no

consensus on the threshold values for these
tests, with reported figures varying from 1100 to
4200 cells/pl [20, 21, 22]. We obtained threshold
values for leukocytes (6250 cells/ul) and band
neutrophils (76%), which differ from the
previously suggested thresholds by other authors
[20,21,22]. Moreover, there is no uniformity in the
threshold values for the leukocyte composition
of synovial fluid, as reflected in the diagnostic
algorithm for PJI proposed by the European
Bone and Joint Infection Society (EBJIS, 2021),
which suggests a leukocyte range of 1500-3000
cells/ul as a criterion for probable infection [6].
In such uncertain cases, expanding diagnostics
with simple and inexpensive synovial markers
such as CRP and IL-6 can be utilized to confirm
or exclude PJI.

Limitations of the study

The limitation of the study was the small
sample size due to the exclusion of cases where
synovial fluid samples were either not obtained
or were unsuitable for analysis. We did not use
disposable sterile membrane filters to remove
foreign impurities, although this method could
potentially be applied to purify synovial aspirates.
When selecting a filter, it is important to consider
the composition of the membrane elements —
they should not reduce the activity of synovial
proteins. Given that the small sample size in
the prospective study resulted in no cases of
suspected PJI, the diagnostic threshold proposed
by us was calculated based on data from patients
with confirmed PJI. To confirm the diagnostic
significance of the obtained threshold values
for CRP and IL-6, further research is necessary
in a group of patients with suspected PJ]I at the
preoperative stage.

CONCLUSIONS

The analysis of synovial fluid prior to revision
arthroplasty is a critical component of the
differential diagnosis between PJI and aseptic
prosthetic loosening. Assessment of the cellular
composition (specifically synovial leukocyte
count and band neutrophils) is the most accurate
and widely accessible diagnostic method for PJI.
In cases where synovial leukocyte counts are at
borderline levels, additional use of simple and
cost-effective tests, such as synovial C-reactive
protein and synovial interleukin-6, can be
recommended to confirm PJI.
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Predictors for Recurrence of Chronic Osteomyelitis Following Long
Bones Cavity Defect Replacement with Synthetic Materials

Alexander V. Afanasyev, Svetlana A. Bozhkova, Vasily A. Artyukh

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

Abstract

Background. To date, there is a lack of studies in modern scientific literature that would highlight the factors
affecting the development of recurrent infection after surgical treatment of chronic osteomyelitis.

The aims of the study: 1) to identify significant risk factors for infection recurrence in one- and two-stage cavity
defect replacement with synthetic materials in patients with chronic osteomyelitis; 2) based on the findings,
to develop a surgical treatment algorithm for this patient population.

Methods. The study enrolled 131 patients with chronic osteomyelitis of long bones. Based on the treatment
outcome, the patients were divided into two groups: Group 1 (n = 90) — successful suppression of the infection,;
Group 2 (n = 41) - recurrent osteomyelitis after one- or during two-stage treatment. Differences between the
groups were assessed to identify the factors that affect the recurrence risk. We conducted a multifactorial analysis
using classification trees to develop a scale for Comprehensive Osteomyelitis Recurrence Risk Assessment
(CORRA).

Results. The following factors affecting the treatment outcome were assessed: localization (r = 0.205,p = 0.019);
duration of osteomyelitis (r = 0.23, p = 0.007); presence of debridement operations in the medical history
(r=0.264, p = 0.002); volume of the bone defect (r = 0.175, p = 0.045); anatomical type (r = 0.15, p = 0.086) and
physiological class (r = 0.188, p = 0.004) according to the Cierny-Mader classification; nature of the pathogen
(r=0.123,p =0.162). We determined the risk degree for osteomyelitis recurrence, as well as threshold values for
quantitative indicators and the total score on the CORRA. In patients with a score greater than 5 on the CORRA
during one-stage treatment, the risk of osteomyelitis recurrence increased 8.1 times compared to patients
with a score of 5 or fewer (OR = 8.143; CI 1.008-65.882). In two-stage treatment, patients with a score greater
than 5 on the CORRA had a 4.1 times increased risk of osteomyelitis recurrence compared to patients with
5 points or fewer (OR = 4.059, CI 0.461-35.714). Based on the CORRA scale, we developed an algorithm for
choosing a treatment strategy for these patients.

Conclusions. Significant risk factors for recurrence of infection are: localization, duration of osteomyelitis,
presence of debridement operations in the medical history, volume of the bone defect, nature of the pathogen,
anatomical type and physiological class according to the Cierny-Mader classification. The developed scale for
comprehensive osteomyelitis recurrence risk assessment based on the factors can help to predict the infection
recurrence and choose correct surgical treatment approach.

Keywords: osteomyelitis of long bones, risk factors for recurrence, cavity bone defect.
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MpeauKTopbl peunamBa XpoOHUUECKOro 0CTEOMUENUTA
NpU 3aNoSIHEHMMU NONOCTHbIX AedEKTOB AJIMHHbIX KOCTEMH
CUHTETMYECKUMU MaTepuanamm

A.B. Adanacees, C.A. BoskkoBa, B.A. ApTiox

@I'BY «HayuoHanbHblii MeQuyuHcKuli ucciedosamensbCckull yeHmp mpasmamonozuu u opmoneouu
um. P.P. Bpedena» Mun3sdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pedepar

AKmyansHocms. B cOBpeMeHHOJ HAay4YHO JIMTEpaType 0 CUX ITOp MaJIo ITyOaMKaluii, B KOTOPhIX OCBelle-
HbI (DAKTOPBI, BAUSIONIME HA PA3BUTHE pelUanBa MHOEKIIMN TTOCTIe XUPYPTUUECKOTO JTeueHNsI XPOHNIECKOTO
OCTEOMMENINTA.

Ilenu uccnedoeanus — orpenennTh 3HaUMMble (GAKTOPbI PUCKA Pa3BUTHUS pelAMBa MHPEKIUU TPy OTHO- U
IBYX3TAITHOM 3aMellleHUY ITOJI0CTHOTO AedeKTa CMHTeTMYeCKMMY MaTepuaaaMM Y MaMeHTOB C XPOHNYECKUM
OCTEOMMEIUTOM M Ha OCHOBAHMM TTOTYYEHHBIX JAHHBIX Pa3paboTaTh aJITOPUTM XUPYPTUUECKOTO JIeUeHMsI IIPOo-
(OWIBHBIX MTAIIEHTOB.

Mamepuan u memodst. B vicciemoBanme BKIOUeH 131 mauyeHT ¢ XpPOHMYECKMM OCTEOMMETUTOM IJIMHHBIX
KOCTelt KOHeYHOCTel. B 3aBMCMMOCTM OT pe3yJibTara jedeHus 60/bHbIe pa3zeieHbl Ha ABe IPYIIbL: Tpymmna 1
(n=90) — c ycrelmrHbIM KyIMpOBaHMeM MHOPEKIIMOHHOTO Iporiecca; rpyrmma 2 (n =41) — ¢ pa3BUTHEM pelianBa
OCTEOMMENIUTA TIOC/Ie OJHOSTAITHOTO WM B XOJle BYX3TAITHOTO jeueHust. OLeHMBAIN PA3TUYUS MEXKITY TPYII-
nmamu Jj1s1 BeISIBJIeHMs (DAaKTOPOB, BAMUSIOMNX Ha pasBuTue peuyausa. [IpoBomyim MHOTOQaKTOPHBIN aHAIN3
MeTOIOM KIacCubUKAIMOHHBIX JepeBbeB 151 GOpMUPOBAHMS IIKAIbl KOMIUIEKCHO OLIeHKM PUCKA Pa3BUTUS
ocreomuenura (KOPPO).

Pezynsmamui. BKOPPO 6bu1M BKITFOUEHBI (DaKTOPBI, BIAUSIONIME HA pe3y/IbTaT JedeHus : Jokanmsanus (r = 0,205;
p = 0,019); nmurenbHOCTb ocTeomuenuta (r = 0,23; p = 0,007); HaMUMe CAaHUPYIOUIMX OINEpalUii B aHAMHe3e
(r =0,264; p = 0,002); o6bem KocTHOrO fgedekra (r = 0,175; p = 0,045); pusmonormyeckuii Kiacc 1mo kiaccudmu-
kauym Cierny-Mader (r = 0,188; p = 0,004); anaTomuueckuii TuIr ocreomuenuta o Cierny—Mader (r = 0,15;
p=0,086); xapakTep Bo3oymurensi (r=0,123; p=0,162). YcTaHOBJIEHA CTEIIEHb PUCKA PA3BUTKS pELIMAMBA OCTEO-
MMEJINTA, a TaKKe ITOPOTOBbIe 3HAYEHMSI [JIS1 KOIMUYECTBEHHBIX TT0KasaTeneil u cymmapHoro 6amia mo KOPPO.
V manmeHTOoB ¢ okasatenem 6osee 5 6aytos o KOPPO mipy ogHOITAITHOM JIe4UeHUM PUCK Pa3BUTHUS PelluanBa
ocTeoMuennTa Bo3pactan B 8,1 pasa B CpaBHeHUM C MAllEHTaMU, MMEIOIMMU [T0Ka3aTellb 5 6a/ioB 1 MeHee
(OP 8,143; I 1,008-65,882). [Ipy mBYX3TAITHOM JIEUEHMM TALIMEHTOB C IOKasaTeleM Oojiee 5 6a/IJIOB PUCK
pa3sBUTUS pellAMBA OCTEOMMENTNTA Bo3pacTasl B 4,1 pa3a B cpaBHeHMM ¢ 60bHBIMMU C TTOKa3aTeseM 5 6aJIJIOB U
meHee o KOPPO (OP 4,059; 11 0,461-35,714). Ha ocuoBanuu KOPPO pa3pa6oTaH aJropuT™ BbI6Opa TAKTUKA
JledeHusI MPOGUIIbHBIX MALVIEHTOB.

3axniouenue. K 3HaunmMbIM akTOpaM pucKa pasBUTUS peluanBa MHMEKUUM OTHOCSITCS JIOKaIMU3aLMS, IJIM-
TEJbHOCTh OCTEOMMENNTA, HaIMuMe CAHMPYIOUMX Omepalnuii B aHamHe3e, 06beM KOCTHOTO medekTa, Xa-
pakTep BO30ymuTesns, GU3MONIOTUUECKUI KJIACC ¥ aHATOMMYECKUI TUII OCTEOMMUEeNIUTa IMOo Kiaaccuburanmm
Cierny-Mader. Pa3paboTanHast Ha OCHOBaHMM 3TUX (DaKTOPOB IIKaIa KOMILIEKCHOV OIeHKM PUCKA pelyanBa
OCTEOMMEINTA TTO3BOJISIET CIIPOTHO3MPOBATh Pa3BUTHE pelyanBa MHOeKIUY 1 BbIOpaTh PallMOHAIBHYIO TaK-
TUKY XUPYPIrUYECKOI0 IeUueHus.

KnioueBsble cJI0Ba: OCTeOMUETUT IJIMHHBIX KOCTel, hakTOphI p1ucka peliuanBa, IOI0CTHOM KOCTHBI TedeKT.

IOna unwurupoBaHusi: AdanacbeB A.B., BoskkoBa C.A., Aptiox B.A. IIpemuKkTOpbl pelyuAMBa XPOHUUYECKOTO
OCTeOMMeNNTa TIpU 3allOTHEHUM TIOJOCTHBIX JedeKTOB [JIMHHBIX KOCTell CHHTeTMUeCKMMM MaTepuaaaMu.
Tpasmamonozust u opmonedus Poccuu. 2024;30(4):14-24. https://doi.org/10.17816/2311-2905-17591.

DX} AgaHacves Anexcandp Bumanvesuu; e-mail: afanasyev1307 @mail.ru
Pykomuch monyyeHa: 29.07.2024. Pykonmch ogobpena: 04.10.2024. CraThs orybamkoBaHa onaiH: 07.11.2024.

© Adanacpes A.B., Boskkoa C.A., ApTiox B.A., 2024

15 2024;30(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://creativecommons.org/licenses/by/4.0/

CLINICAL STUDIES

INTRODUCTION

The number of orthopedic surgical interventions
on bones and joints increases annually, with
infectious complications developing in 1-17%
of cases postoperatively [1]. The presence of
comorbidities in patients, such as diabetes,
obesity, atherosclerosis, alcoholism, and smoking,
increases the risk of infection at the surgical site
following osteosynthesis [2, 3, 4]. Approximately
half of the cases of osteomyelitis of long bones
involve the tibia, 30% involve the femur, and the
remaining 20% are accounted for by the fibula,
humerus, ulna, and radius [5, 6, 7, 8]. The treatment
of osteomyelitis is associated with a significant
number of unsatisfactory outcomes, with the rate
of disability reaching 50-90% [9, 10, 11].

The threat to life due to infection genera-
lization, disability, limb shortening, malignancy,
compromised weight-bearing capacity, and
impaired function of the affected limb in patients
with osteomyelitis highlight the significant social
and economic impact of this disease [12, 13].
Additionally, treating musculoskeletal infections
requires substantial financial resources from the
healthcare system [14, 15]. Surgical treatment
of chronic osteomyelitis results in recurrence in
20-30% of cases and leads to limb amputation in
0.13-16.75% of cases [16, 17, 18, 19].

Limb-sparing surgical treatment is based on
the following principles: radical debridement,
adequate soft-tissue wound closure, restoration
of bone tissue defects and stabilization of the
limb segment, systemic and local antibiotic
therapy, limb reconstruction, and rehabilitation.
Following radical debridement of the osteomye-
litis focus, bone defects are formed, which must
be filled to restore the bone's weight-bearing
capacity and control inflammation [20]. There
are one- and two-stage methods for bone defect
replacement. In one-stage treatment, the bone
defect is filled with biological or synthetic bone
graft material simultaneously with the radical
debridement of the osteomyelitis [21, 22]. In the
two-stage treatment method, an antimicrobial
spacer based on polymethylmethacrylate is
placed at the first stage [23]. At the second stage,
the infection having been managed, the bone
cement is replaced with a biodegradable material.

In surgical interventions involving the filling
of residual bone cavities, several issues remain
unresolved concerning the methods and materials
for bone grafting, as well as the factors influencing
treatment outcomes.

The limited number of studies and the low level
of evidence regarding the effectiveness of studied
osteomyelitis treatment methods contribute to
the lack of clear guidelines for managing these
patients. Thus, the question of choosing an optimal
method for filling bone cavities in patients with
chronic osteomyelitis remains open.

The aims of the study are to identify significant
risk factors for infection recurrence in one- and
two-stage cavity defect replacement with synthetic
materials in patients with chronic osteomyelitis
and, based on the findings, to develop a surgical
treatment algorithm for this patient population.

METHODS

The study was based on unpublished materials
from the thesis of A.V. Afanasyev*.

The retrospective study included 131
patients treated for chronic osteomyelitis in
the Department of Purulent Osteology from
2009 to 2018.

All patients who underwent one- or two-stage
osteomyelitis treatment and met the following
criteria were included:

- presence of chronic osteomyelitis of
long bones of types III and IV, physiological
classes A and B (according to the Cierny-Mader
classification);

- filling of the bone cavity defect with an
antimicrobial spacer in the form of beads (in the
first stage for two-stage treatment), calcium sulfate
with tobramycin (Osteoset T), or B-tricalcium
phosphate with hydroxyapatite (ReproBone) and
an antibiotic (in one-stage treatment or in the
second stage of two-stage treatment);

- satisfactory condition of the soft tissues,
allowing for adequate closure of the surgical
wound without soft tissue grafting;

- ability to undergo prolonged (at least 6-8
weeks), including oral antibiotic therapy;

- absence of signs of chronic osteomyelitis
exacerbation: clinical (infiltration, significant
edema and hyperemia of the soft tissues, local

* Afanasyev, A.V. Differentiated approach to the choice of treatment tactics for patients with chronic osteomyelitis with cavity defects
of long tubular bones: Thesis ... Cand. Med. Sci. - St. Petersburg, 2022. - 184 p.
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hyperthermia, infectious inflammation of the
subcutaneous tissue, fasciitis, fluid accumulation
in the soft tissues) and/or systemic inflammatory
response syndrome;

- absence of untreated foci of infection in other
locations (e.g., trophic ulcers, genitourinary
infections, oral cavity infections, and others).

All patients underwent surgical debride-ment
of the infection site, performing a “fenestrated”
osteotrepanation for thorough debridement of
the osteomyelitis focus down to healthy bone
(positive “pinpoint bleeding” sign). This was
followed by extensive wound irrigation with
antiseptic solutions (3% hydrogen peroxide,

0.05% chlorhexidine, 0.1-0.2% Lavasept) and
saline solution. Subsequently, the bone defect
was filled with synthetic materials using the one-
or two-stage method.

To identify significant risk factors for
osteomyelitis recurrence, patients were divided
into two groups (Figure 1):

Group 1 (n = 90) - patients with chronic osteo-
myelitis of long bones in whom infection was
managed as a result of one- or two-stage treatment;

Group 2 (n = 41) - patients who experienced
osteomyelitis recurrence after one-stage
treatment or during two-stage treatment (after
the first or second stage).

Patients with chronic osteomyelitis of the long bones of limbs
(n=131)
v v
Group 2 (recurrence),n = 41
One-stage treatment (n = 17)
Group 1 (successful result),n = 90 Two-stage treatment (n = 24):
One-stage treatment (n = 44) > - after the first stage (n = 10)
Two-stage treatment (n = 46) - after the second stage (n = 9)
- after the first and the
second stages (n = 5)
- -

Figure 1. Study design flowchart

Infection was considered managed in the
absence of signs of inflammation for at least
one year postoperatively (e.g., elevated body
temperature, swelling, hyperemia, significant
pain syndrome, prolonged discharge from the
surgical wound (more than 10 days), leukocytosis,
and fistula formation). In the overall sample, the
mean follow-up period was 43 months.

Osteomyelitis recurrence was identified in 17
(28%) of 61 patients after one-stage treatment, in
15 (21%) of 70 patients after the first stage, and
in 14 (20%) of 70 patients after the second stage
of two-stage treatment.

An electronic database was created,
including possible risk factors for the infectious
complications:age,sex,localization ofthelesion,
pathogenesis and etiology of osteomyelitis,
leukocyte count and level of C-reactive protein
(CRP), duration of surgery and volume of blood
loss, size of the bone defect, presence and
number of previous debridement operations,
duration of osteomyelitis, and anatomical type
and physiological class according to the Cierny-
Mader classification.

Statistical analysis

Statistical analysis of the obtained results was
performed using GraphPad Prism 6.0 software. The
age of patients was presented as mean values with
95% confidence intervals (CI 95%), while other
quantitative variables were presented as medians
with 25-75% interquartile ranges [IQR 25-75%].
At the first stage, differences between groups
were assessed to identify factors significantly
influencing the risk of recurrence using the
Mann-Whitney U test for quantitative data.
Additionally, = the  relationship  between
phenomena was examined using Spearman's
rank correlation coefficient (r). Qualitative
data were presented as counts of events, and
Fisher's exact test was used to evaluate the
significance of differences between groups.
Differences were considered statistically
significant at p<0.05. At the second stage, after
the preliminary selection of significant risk
factors for recurrence, multifactorial analysis
was conducted using classification trees to
determine the importance of factors and their
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threshold values for developing a scale for
Comprehensive Osteomyelitis Recurrence Risk
Assessment (CORRA). The relative risk (RR) was
used to assess the risk of osteomyelitis recurrence
based on the total score from the CORRA.

RESULTS

The distribution of patients by age, gender,
localization, duration, and pathogenesis of
osteomyelitis was comparable between the
groups (Table 1). However, in Group 2, there was
a significantly higher proportion of patients
with a history of debridement operations and
a higher median volume of the bone defect
compared to Group 1.

No significant differences in the etiology of
osteomyelitis were found between the groups,
with staphylococci being the predominant
pathogens (Table 2).

We did not find a correlation between the
recurrence of infection in these patients and their
age(r=-0.0054;p=0.95),sex(r=-0.0197;p=0.823),
pathogenesis of osteomyelitis (r = -0.0627;
p = 0.477), leukocyte count (r = 0.0485;
p = 0.582),and CRP level (r =0.0741;p = 0.423)
prior to surgery, which led to the exclusion of
these variables from further analysis.

For the development of the CORRA, factors
that had a direct statistically significant

recurrence  were included: localization
(r= 0.205; p=0.019); duration of osteomyelitis
(r = 0.23; p = 0.007); presence of debridement
operations in the medical history (r = 0.264;
p =0.002); volume of the bone defect (r=0.175;
p = 0.045); and physiological class according
to the Cierny-Mader classification (r = 0.188,;
p = 0.004). The study established that a larger
proportion of osteomyelitis recurrences occurred
in patients with type IV anatomical classification
(according to Cierny-Mader) — 50% (8 out of 16)
— as well as in those with Gram-negative and
MRSA pathogens — in 42.9% (12 out of 28) of
cases. Based on the above, the anatomical type
of osteomyelitis according to the Cierny-Mader
classification (r = 0.15; p = 0.086) and the nature
of the pathogen (r = 0.123; p = 0.162) were also
included in the CORRA.

Based on the obtained data, multifactorial
statistical analysis allowed for the determination
of the risk degree for osteomyelitis recurrence,
as well as threshold values for quantitative
indicators and the total score on the CORRA
(Table 3).

It was established that a total score from
0 to 5 on the CORRA categorizes a patient as low
risk for osteomyelitis recurrence, while a score
exceeding 5 indicates a high risk of recurrence,
as confirmed by the treatment outcomes of

relationship with the development of the patients included in the study (Table 4).
Table 1
Characteristics of patients in the study groups
Parameter Group 1 (n=90) Group 2 (n=41) p
Age, y.0., Me [IQR 25-75%] 43 [31-55] 41 [33-50] 0.90
Male, n (%) 54 (60) 24 (59) 100
Female, n (%) 36 (40) 17 (41) )
Localization, n (%): thigh 21 (23.3) 16 (39) 0.09
upper arm 12 (13.3) 1(2) 0.06
lower leg 57 (63.3) 24 (59) 0.07
Pathogenesis of posttraumatic 26 (29) 14 (34) 0.50
osteomyelitis, n (%): hematogenous 21 (23) 6 (15) 0.35
postoperative 43 (48) 21 (51) 0.85
Debridement operations, n (%): 69 (77) 38 (93) 0.03
Anatomical type:
3,1 (%) 82 (91) 33 (80) 0.09
4,n (%) 8(9) 8 (20) .
Physiological class, n (%): A 9 (10) - -
B 81 (90) 41 (100) 0.06
Osteomyelitis duration, years, Me [IQR 25-75%] 2[1-5] 4[1-14] 0.06
Volume of bone defect, ml, Me [IQR 25-75%] 10[7-8] 15 [8-30] 0.04
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Table 2
Etiology of infection in the study groups, n (%)
Etiology of infection Group 1 (n =90) Group 2 (n=41) p
S. aureus, S. epidermidis and other 74 (82) 29 (71) 0.17
coagulase-negative staphylococci
MRS*-related 9 (10) 8 (19) 0.16
Gram(-)-related ** 7 (8) 4 (10) 0.74
Total 90 (100) 41 (100)
* — MRS — methicillin-resistant strains.
** — including fam. Enterobacteriaceae, Pseudomonas aeruginosa.
Table 3
Scoring of the Comprehensive Osteomyelitis Recurrence Risk Assessment scale (CORRA*)
Score
Factor
0 1 2
Proportion of patients with osteomyelitis recurrence
Localization Upper arm Lower leg Thigh
7.7% (1 out of 13) 29.6% (24 out of 81) 43.2% (16 out of 37)
Osteomyelitis duration <5 years >5 years -
24.7% (23 out of 93) 47.4% (18 out of 38)
Number of debridement operations 0 1 >1
8.7% (2 out of 23) 28% (14 out of 50) 43.1% (25 out of 58)
Volume of bone defect, cm? <5 5-19 >20
10% (2 out of 20) 28.6% (20 out of 70) 46.3% (19 out of 41)
Anatomical type 3 4
28.7% (33 out of 50% (8 out of 16) -
115)
Physiological class A B _
0% (0 out of 9) 33.6% (41 out of 122)
Pathogen Gram(+), Gram(-)
except MRSA and 36.4% (4 out of 11)
MRSE, MRSA/MRSE -
28.2% (29 out of 47.1% (8 out of 17)
103)

*To determine the total CORRA score, it is necessary to add up all the scores obtained.

Table 4

Frequency of osteomyelitis recurrence in patients using p-tricalcium phosphate
with hydroxyapatite depending on the sum of CORRA scores

One-stage treatment (n = 26)

Two-stage treatment (n = 40)

Outcome
0-5 points >5 points 0-5 points >5 points
No recurrence 18 (94.7%) 4 (57.1%) 22 (95.7%) 14 (82.4%)
Recurrence 1(5.3%) 3 (42.9%) 1(4.3%) 3(17.6%)
Total 19 (100%) 7 (100%) 23 (100%) 17 (100%)
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Additionally, a statistically significant moderate
positive correlation was found between the
total CORRA score and the development of
osteomyelitis recurrence (r = 0.35; p = 0.00389).

To exclude the influence of the bone grafting
material on the treatment outcome, the CORRA
was tested in patients using only B-tricalcium
phosphate with hydroxyapatite impregnated
with antibiotic during one- and two-stage
filling of the bone defect. The average
CORRA score for these patients undergoing
one-stage treatment was 4 [IQR 4-5],
which did not significantly differ from
the corresponding value in the two-stage
treatment group, which was 5 [IQR 4-7]
(p = 0.11). However, the recurrence rate in
patients with a score greater than 5 was
statistically significantly higher than in patients
with 0-5 points on the CORRA (p = 0.016). Thus,
a total score greater than 5 on the CORRA
increases the risk of recurrence after one-
and two-stage treatment of osteomyelitis by
5.25 times (OR = 5.25; CI 1.149-23.997).

It was also found that in patients with a score
greater than 5 on the CORRA during one-stage
treatment, the risk of osteomyelitis recurrence
increased 8.1 times compared to patients with a
score of 5 or fewer (OR = 8.143; CI 1.008-65.882).
The recurrence rate during one-stage treatment
was 42.9% for patients with a total score greater
than 5 and 5.3% for those with 5 points or fewer
on the CORRA (p = 0.019). In two-stage treatment,
patients with a score greater than 5 on the CORRA
had a 4.1 times increased risk of osteomyelitis
recurrence compared to patients with 5 points or
fewer (OR =4.059, C10.461-35.714). The recurrence
rates during two-stage treatment were 17.6% and
4.3% among patients with a total score greater than
5 and 5 points or fewer on the CORRA, respectively
(p=0.019) (p=0.166).

Thus, for patients with a score of <5 on the
CORRA, a one-stage procedure may be the
operation of choice. For those with a total score
greater than 5 on the CORRA, it is advisable to
opt for a two-stage treatment method due to the
lower risk of osteomyelitis recurrence.

Based on the results obtained from the
conducted research and practical experience in

treating patients, we formulated an algorithm
for choosing a treatment strategy (Figure 2). The
total score on the CORRA is calculated based on
the patient's medical history and the results of
clinical and laboratory examinations.

With a total score of 0 to 5, one-stage
surgical treatment using a biocomposite
osteo-replacement material is feasible. The
choice of antibiotic depends on the results of
microbiological testing; in the absence of such
data, it is recommended to use broad-spectrum
agents, such as fosfomycin or a combination of
vancomycin with a drug active against Gram-
negative pathogens.

For scores greater than 5 on the CORRA,
two-stage treatment is preferred, using an
antimicrobial spacer in the first stage and a
biocomposite osteo-replacement material in the
second stage.

In the event of an infection recurrence,
it is necessary to assess the nature of the
pathogen, the condition of the soft tissues,
and the possible type of bone defect following
the debridement. If a polymicrobial resistant
pathogen is identified, preventing adequate
local and systemic antibiotic therapy, the next
step is to perform the muscle grafting of the
bone defect. In cases of segmental or joint
defects, reconstructive plastic operations are
indicated to restore the bone defect or perform
arthrodesis, often using external fixators (the
Ilizarov technique) [24] or, less frequently,
internal fixators (locking intramedullary
osteosynthesis with antimicrobial cement
coating, Masquelet technique) [25]. For soft
tissue defects, soft tissue plastic surgery with a
non-free or free flap is recommended [26, 27].
If a cavity bone defect in chronic osteomyelitis
is associated with a soft tissue defect, the
CORRA score is used to decide between one- or
two-stage reconstruction in combination with
skin-fascia or muscle grafting, or if possible,
treatment may be performed using only a muscle
flap. If the affected limb lacks the potential for
functional recovery through reconstructive
plastic surgeries, amputation should be
considered as possible surgical treatment for
the patient.
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Patients with chronic osteomyelitis with the cavity bone defect of long bones
without soft tissue defect

Y

-
CORRA: \
Localization

Osteomyelitis duration
Number of operations

Volume of bone defect
Anatomical type
Physiological class
Pathogen

Sum of points 0-5
(Low recurrence risk)

Sum of points >5
(high recurrence risk)

A

\

( One-stage treatment (BC*)

) ( Two-stage treatment (PMMA** + BC*) )

A
( Recurrence )

\ 4 \
( Success ) (Recurrence) ( Success )

A
|

Y k

Polyresistant pathogen, soft tissue defect, segmental or articular bone defect

‘( Other methods of surgical treatment )

'k (soft-tissue grafting, TCDO***, arthrodesis, Masquelet technique, amputation and others)

BC* — biocomposite material; PMMA** — polymethylmethacrylate; TCDO*** — transosseous compression-distraction osteosynthesis

Figure 2. Treatment algorithm for patients with chronic osteomyelitis of long bones

DISCUSSION

In our study, we did not find any correlation
between the recurrence of osteomyelitis and
age, gender, the pathogenesis of osteomyelitis,
or laboratory indicators of inflammation (leuko-
cytes and CRP), which aligns with findings from
the scientific literature. The lack of influence
of laboratory data (ESR, leukocyte count, CRP),
gender, and age of the patient on the recurrence
of infection when studying risk factors for the
development of recurrent chronic osteomyelitis
has also been noted in the works of A. Yalikun
et al. in their analysis of the treatment of 149
patients [28] and K.N. Subramanyam et al., who
analyzed the treatment outcomes of 147 patients
with this condition [29].

Back in 1985, E.R. Wald identified that the
primary risk factor for the development of chronic
bone infections is the lack of thorough sanitation
or delayed treatment of acute osteomyelitis [30].
In our study, we formulated CORRA based on

the risk factors for the recurrence of chronic
osteomyelitis established during the first stage
of statistical analysis, including localization,
duration of osteomyelitis, number of debri-
dement operations in the medical history,
volume of bone defect, type of pathogen,
physiological class, and anatomical type
according to the Cierny-Mader classification.

The significance of the pathogen, the number
of previous debridement operations,
comorbidities, and bone defect in the deve-
lopment of recurrent infection has been noted in
the works of other authors [28, 31, 32, 33, 34].

H. Wu et al. noted in their analysis of the
treatment outcomes of 341 patients with chronic
osteomyelitis that segmental bone defects,
gram-negative infections, and smoking are
risk factors for recurrence [31]. A. Yalikun et al.
determined that in the treatment of patients
with chronic posttraumatic osteomyelitis of
the tibia using the Ilizarov method, the main
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risk factors for recurrent infection are the
pathogen Pseudomonas aeruginosa, soft tissue
defects with bone exposure, and the number
of previous operations (more than three) [28],
which corresponds with the results of our study.
These authors also classified the presence of
a soft tissue defect as a risk factor for infection
recurrence. However, patients with this condition
were not included in our study.

In the treatment of 424 patients with
chronic osteomyelitis of the long bones of the
extremities using the Masquelet technique,
X. Wang et al. found that the recurrence rate
of infection in posttraumatic osteomyelitis
was significantly higher than in hematogenous
osteomyelitis [32]. However, our study did not
reveal a significant impact of this factor on
treatment outcomes.

X. Wang et al. also identified the number
of repeated operations exceeding three,
localization of the process in the tibia, and the
presence of Pseudomonas aeruginosa as risk
factors for the recurrence of osteomyelitis.
A notable difference from our results is that
the involvement of the femur carries a higher
risk of recurrence compared to the involvement
of the tibia. This may be related to the fact
that X. Wang et al. included patients with soft
tissue defects in a single general group, while
chronic osteomyelitis of the lower leg is more
frequently associated with soft tissue defects
than other localizations. Additionally, X. Wang
et al. evaluated treatment outcomes in patients
with segmental bone defects, which may have
influenced the discrepancies with our findings.

N.S. Shah et al. reported a 51% recurrence
rate of infection in a two-stage treatment of 257
patients with posttraumatic osteomyelitis. They
identified diabetes mellitus, intravenous drug
use, and open fractures of the tibia as risk factors
for unsatisfactory treatment outcomes [33].
According to the Cierny-Mader classification,
diabetes mellitus and intravenous drug use
correspond to physiological class B, which is
also a risk factor in our study.
P.M. Preobrazhensky et al. established that
chronic  iron-deficiency = anemia, kidney
disease, obesity, and cardiovascular pathology
significantly influence the development of
recurrent periprosthetic infections [34]. This
aligns with the results of our study, as these

conditions fall under physiological class B
according to the Cierny-Mader classification.
A multifactorial analysis using classification
trees enabled P.M. Preobrazhensky et al. to
develop a comorbidity score to determine the risk
of recurrent periprosthetic infection, while in
our study, this analysis assisted in creating
CORRA for chronic osteomyelitis of long bones.

Limitations of the study

The limitation of our study is its retrospective
nature and the inclusion of a small number of
observations, which was determined by strict
inclusion criteria, as well as the use of two
different biocomposite materials for filling cavity
defects. This necessitates further validation of
the proposed method for scoring using CORRA
and the formulated algorithm for the choice
of treatment tactics within the framework of a
prospective study.

CONCLUSIONS

Significant risk factors for the recurrence of
infection in patients with chronic osteomyelitis
have been identified (localization, duration
of osteomyelitis, presence of debridement
operation sin the medical history, volume
of the bone defect, nature of the pathogen,
physiological class, and anatomical type of
osteomyelitis according to the Cierny-Mader
classification), which facilitated the creation
of a scale for Comprehensive Osteomyelitis
Recurrence Risk Assessment (CORRA). The
application of CORRA may assist in predicting
the potential development of infection recurrence
in relevant patients and in selecting a rational
surgical treatment strategy in each specific case
according to the formulated algorithm, which
requires further research.
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MpuunHbLI pEBU3MOHHOIO 3HAO0NPOTE3UPOBAHUS
Ta3ob6eApeHHOro cycTtaBa nocjie reMMapTponaacTMKu No noBoay
nepenoma weimiku 6eppeHHON KOCTH

A.H.lUen, H.E. MymutuH, A.K. [lynaes

@I'6OY BO «Ilepsvuiti Cankm-ITemep6ypeckuli 2ocydapcmeerHbiii MeQuyuHcKuill yuueepcumem um. akao. M.I1. Ilagnosa»
Mun3sdpaea Poccuu, 2. Cankm-Ilemep06ype, Poccus

Pedepar

BeedeHue. [IpyMeHeHMe TeMUAPTPOIUIACTUKY Y MAIMEHTOB MOKUIOTO BO3PacTa ¢ MepeoMaMy ek 6eJpeHHO KOCTU
JIO CMX IIOp BBI3bIBAET CIIOPHI B HAYYHOI IUTepaTyphl.

Ileny — mpoaHaNIM3MPOBATh HEYNOBJIETBOPUTEIbHbIE pe3ylbTaTbl NPMMEHEHMSI TeMMIHIONPOTEe30B M CPaBHUTh MX
C aHAJIOTUYHBIMU MCXOFAMU TOTAIBHOTO SHIOMPOTE3UPOBAHMS Ta306€IPEHHOr0 CYCcTaBa IoCiIe MepeinoMa Lieiku 6epa
y [all¥eHTOB CTapLIMX BO3PACTHBIX IPYIIIL.

Mamepuan u memods!. IIpoBefieHO peTPOCIIEKTMBHOE PaHOMIU3MPOBaHHOE MCCIefoBaHNe, B KOTOPOe BOLLIM 36 HaleH-
TOB, [TOABEPILIMXCS PEBM3MOHHOMY 3HI0IIPOTE3MPOBAHMIO I10C/Ie PA3/IMYHbIX BADMAHTOB apTPOILJIACTMKMY I10 TIOBOAY Iepe-
JIoMa 11eiiky 6eipeHHOo KocTy. [TaliMeHTh! 6bUTU paszesieHbl Ha TPY IPymIbl. B 1-1o rpynmy Bouwy 10 manueHToB, KOTOPHIM
SHZOINPOTE3MPOBaHMe BBIIOIHSIIOCH C IPMMeHeHeM reMU3HAOIIPOTe30B, BO 2-10 — 15 MaieHTOB I0c/Ie TOTaIbHOIO H-
JIOIIPOTE3UPOBAHMSI C UCIIONIb30BaHMEM BePTIYyKHbIX KOMIIOHEHTOB 1leMeHTHOM ¢ukcauuy, B 3-10 — 11 nanymeHToB, KOTO-
PBIM GBLIM YCTAHOBJIEHBI BEPTTYsKHbIE KOMIIOHEHTHI 6eCLieMeHTHO QUKCcaIn.

Pesynemamet. CpeqHuit BO3pacT G0TbHBIX HA MOMEHT BBINOTHEHYS! PEBM3MOHHOTO HIONPOTE3UPOBAHMS B 1-71 rpymme
cocTaBuI 79 jieT ¥ CTaTUCTUYECKY 3HAYMMO OTIMYAJICS OT BO3pacTa MauyeHToB 2-§ u 3-i1 rpynn (74,4 n 74,9 et coot-
BeTCTBeHHO). CpefgHMii CPOK PEBM3MOHHBIX BMeENIATEeNbCTB IOCIe reMuapTpoIiacTukyu cocraBuwn 40,2 mec. u 3Hauu-
MO OT/IMYAJICSI OT CPOKOB PEBU3UIA MOC/IE TOTATBHOTO IeMEHTHOro (82,7 Mec.) M TOTalIbHOTO GeclieMeHTHOTO (86,6 Mec.)
SHAoMNpoTe3upoBanus. CpegHUI CPOK MOSIBJIEHUST GOJIEBOTO CUMHIPOMA Y MAIMEHTOB 2-ii TPYIIBI COCTaBUI 68,2 Mec.,
a'y mauyeHToB 3-ii rpymmnsl — 71,2 mec. Hau6onee yacTo BcTpevyanuch KOcTHbIe fedekTs! TMoB 2C u 3A (cymmapHo 41,6%
BO Bcex rpynnax). Bo Bcex 100% ciiyyaeB BbIIOTHEHUS] TeMUAPTPOIIACTUKY ObUTM AOMYIIEHBI OIIMOKY B BHIGOPE BEIU-
YUHBI BEPTIYKHOTO OUIIONSIPHOTO MM MOHOIOJISIPHOTO KOMIIOHEHTa. Vcronb30BaHue Yallky reMUIpoTe3a GOIbLIero
pasmepa 1o CpaBHEHUIO C TOJIOBKOI GeIpeHHOI KOCTU MPUBOLMUIO K PaHHEH 3p03uM XpSIEeBOil TKaHM, a MEHbIIETO
pasmMepa — K PasBUTHUIO PAaHHUX NIPOTPY3Uil JHA BEPTIYKHON BHaayHbl. OCHOBHBIMM OIIMOKAMMU TOTAJBHOTO IHMAO-
MPOTe3MPOBAaHMS SIBISUIACH MAasbIIO3UIMS aleTabylasIpHOro KoMmmoHeHTa (33,3-54,5%) u HeageKBaTHasl I[€MEHT-
Hasg maHTUsA (20%). Heo6XoAMMO OTMETUTh, UTO MHGEKUUY Yy MAlUeHTOB 2-i U 3-if rpynm pasBUBAIUCh B CPOKU
10 24,7 Mec. Iociie IepBUYHO apTPOIJIaCTUKMA.

3akntouenue. OMMOKM, CBSI3aHHBIE C HEIIPAaBMIBHBIM BHIOOPOM pasmepa aneTaGyasipHOTO KOMIIOHEHTA SHZOIMPOTe3a BO
BpeMsl IEPBUYHOJ reMMapTPOIVIACTUKY, IPUBOAAT K PAHHUM OCJIOKHEHMSIM — 3PO3UM U IPOTPY3UM BEPTIY)KHOI BIIay-
HbL. BbIpakeHHBI 60/1€BOI CMHIPOM IPU HENPaBUIBHOM BbIGOpE pasmepa BepTIY>KHOIO KOMIIOHEHTAa reMUIHOMPOoTe-
3a pasBuBaeTcs B cpenHeM 4epe3 13,9 mec., a CPOKM BBIIIOTHEHMS] Pe3HAONPOTE3MPOBaHMS cocTaBastoT 40,2 Mec. rocie
IepBUYHOI omnepanuu. IIpyu spo3msx BepTIyKHOI BIIaAMHbI KOCTHbIE TedeKTbl OTCYTCTBYIOT, IPM MIPOTPY3USIX, yallle BO3-
HUKAIOT KOCTHbIE AedekTsl TMIOB 2C 1 3A. B cpaBHeHMM € MICXOAAMY TOTATBHOTO SHIONPOTE3VPOBAHMS Ta300ePEHHOTO
CyCTaBa Py MCIOAb30BaHUY e MUIHAOIPOTE30B OTMEYAETCs MX HU3Kas BbDKMBaeMocTsb (40,2 mec.).

KiioueBbie ciioBa: rmepejaomM 1eiku 6E,ELPEHHOI‘7I KOCTHU, pPeBU3MOHHOE 3HAOOIPOTEe3MPOBaHME TaBO6e,E[p€HHOI‘O CyCTaBa,
reMmapTpoIriacTka, 6I/IHOJ'IHIJHO€ SHOOIIPOTEe3NpPOBaHMe, OCIOKHEHM.

Jias putuposBanus: llen AH., Mymtun H.E., [lynaeB A.K. IIpMunyHbBI peBU3MOHHOIO SHLOIPOTE3UPOBAHUS Ta30-
6elpeHHOT0 CyCTaBa IOC/Ie reMUapTPOIUIACTUMKM IO MOBOLY Ilepeioma Lieiiku 6eqpeHHOI KocTu. Tpasmamonozus
u opmonedus Poccuu. 2024;30(4):25-37. https://doi.org/10.17816/2311-2905-17545.
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Causes of Revision Hip Arthroplasty After Hemiarthroplasty
for Femoral Neck Fracture

Alexander N. Tsed, Nikita E. Mushtin, Alexander K. Dulaev

Pavlov First Saint Petersburg State Medical University, Department of Traumatology and Orthopedics,
St. Petersburg, Russia

Abstract

Background. Hemiarthroplasty as a surgical choice for elderly patients with femoral neck fractures is still a matter
of scientific controversy.

The aim of the study is to analyse unsatisfactory outcomes of hemiarthroplasty and compare them with the similar
outcomes of total hip arthroplasty in elderly patients with femoral neck fractures.

Methods. We conducted a retrospective randomized study, which enrolled 36 patients who underwent revision
endoprosthetics after various types of arthroplasty for a femoral neck fracture. The patients were divided into 3 groups.
Group 1 included 10 patients who underwent arthroplasty with the use of hemiendoprostheses; Group 2 — 15 patients
with cemented acetabular components; Group 3 — 11 patients who had cementless acetabular components.

Results. The average age of patients in Group 1 at the time of revision arthroplasty was 79 years and was statistically
significantly different from the age of patients in Groups 2 and 3 (74.4 and 74.9 years, respectively). The average time for
revision interventions after hemiarthroplasty was 40.2 months and significantly differed from the time for the revisions
after total cemented (82.7) as well as total cementless (86.6) arthroplasties. The average time for the onset of pain among
patients in Group 2 was 68.2 months, and among patients in Group 3 — 71.2 months. The most common bone defects
were types 2C and 3A (total of 41.6% in all groups). There were errors in choice of the size of the acetabular bipolar or
monopolar component in all 100% of hemiarthroplasty cases. The use of a larger hemiendoprosthesis cup compared to
the femoral head led to early erosion of cartilage tissue. Smaller hemiendoprosthesis cups were complicated by early
protrusions of the acetabulum floor. The main errors in total arthroplasty were malposition of the acetabular component
(33.3-54.5%) and inadequate cement mantle (20%). It should be noted that infections among patients from Groups 2 and
3 developed up to 24.7 months after primary arthroplasty.

Conclusions. Errors associated with incorrect choice of the acetabular endoprosthesis component size during primary
hemiarthroplasty lead to early complications: erosion and protrusion of the acetabulum. Severe pain syndrome due to
incorrect selection of the acetabular hemiendoprosthesis component size develops on average after 13.9 months, and the
time period for revision endoprosthetics is 40.2 months after the primary operation. With erosions of the acetabulum,
there are no bone defects; with protrusions — bone defects of type 2C and 3A more often occur. In comparison with the
outcomes of total hip arthroplasty, the use of hemiendoprostheses shows a low survival rate of 40.2 months.

Keywords: femoral neck fracture, revision hip arthroplasty, hemiarthroplasty, bipolar arthroplasty, complications.
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BBEJEHUE

leMmuapTporiacTuka SBASIETCSI METOAOM BbIOOpa
MIpM SHIOIPOTE3UPOBAHUYM Ta306eAPeHHOTO CyCcTaBa
y TNau¥eHTOB IOXWIOrO BO3pacTra C IMepeloMamu
meitku 6enpeHHoi koctu [1, 2, 3, 4, 5]. OCHOBHBIMMU
MpeuMylLIecTBaMM TeMUapTPOIUIACTUKM 110 CpaBHe-
HUIO C TOTATbHBIM dHAOIIPOTE3MPOBaHMEM Ta306e] -
penHoro cycraBa (TBC) sgBisgeTcs 3HAUMMO MEHb-
e Bpems orepanuu 1 o6beM rnepuornepanmoHHOMN
KpoBormoTrepu [6, 7, 8], a Takke MeHbIIasl 4acToTa
IOC/eoIlepaliMOHHBIX BBIBUXOB 3HIOIpoTesa [3, 9].
OpHako, ecyin TOBOPUTH 06 OTHAMeHHBIX (PYHKIMO-
HaJIbHBIX pe3ylbTaTaxX 3HAoIpoTe3upoBaHus TBC,
TO reMMUapTPOIIaCTUKa CYIECTBEHHO YCTYyNaeT TO-
TanbHOM 3aMeHe TBC. Ha cerogHsImuHUI OeHb Cylle-
CTBYeT Ba BapMaHTa reMUIHA0IPOTE30B: MOHOIIO-
JIIpHbIe U 6UTIONSIpHbIe (MOAy/IbHbIe). HecMoTps Ha
TO, UTO B COBPEMEHHOI JIMUTEpaType BCTPEYAIOTCS
my6nuKanmMy, yKasblBaloliye Ha OTCYTCTBME pas-
HUIIBI B pe3yabTaTax NMpUMeHeHUs MOHO- U OUIIO-
JISIPHBIX Yauiek 3HAonpoTe30B [10], ucrnonb3oBaHue
MOJIY/JAbHBIX CUCTEM ITOKa3bIBaeT Jjyyiine QyHK-
LIMOHa/IbHbIe MCXOAbl OIlepauuu B CpefHeCPOUYHOIA
nepcrnektuse [11, 12]. Bonbuioe unucio uccneno-
BaHMII B MOCJIeLHME TOLbI MOCBSILEHO aHAIU3y OT-
[aleHHbIX pe3yabTaToB remuaprporuiactuku THC
B CpaBHEHMM C TOTAJIbHBIM 3SHIOMPOTE3UPOBAHU-
eM. ABTOpBI NPUBOAST MPOTUBOpPEUMBBIE IaHHbIE
M He OTHAI0T MpeAIoYTeHus TOMY WIM MHOMY BULY
apTPOIUVIaCTUKM y MNaLMEeHTOB MHOXWJIOro BO3pacTa
C TlepesioMaM¥u ek 6egpeHHOo KOCTH.

Ilenv uccnedosauvuss — TIpOAHAIU3UPOBATh He-
YIOBJIETBOPUTEJIbHBIE PE3Y/IbTAThl IIPUMEHEHMUS Te-
MUSHAONPOTE30B U CPAaBHUTb MX C aHAJIOTMYHBIMU
MCXOZAMM TOTAJIbHOTO 3HOOMPOTE3UPOBAHUS Ta30-
6eIpeHHOro CycTaBa Iocie IepeioMa Ieiiku 6empa
Ccpeny MalyeHTOB CTapIlMX BO3PACTHBIX IPYII.

MATEPUAJI U METO/1bI

JIusaiid ucciesoBaHus

Ha 6a3e KIMHMKM TpPaBMAaTOJOIMM ¥ OPTOIEINM
TCII6TMY um. akap. W.I1. ITaBnoBa B mepuon ¢ 2020

1mo 2023 r. mpoBeleHO PeTPOCIEKTMBHOE MCCIeI0Ba-
HMe, B KOTOpOe BOILIM 36 TMAalMeHTOB, MOJBePriinX-

Csl peBU3MOHHOMY 3HAonpoTe3upoBanuno THC mocre
pasAMUHbBIX BapMaHTOB apTPOIUIACTUKM II0 TMOBO-
Iy TepesjiomMa Ieiiku 6eqpeHHO KOCTM B aHaMHe3e.
PeBU3MOHHOE 3HIONPOTE3UPOBaHME Y TalMiEHTOB
BCeX TPYII BBIMOJHIIOCh OMHON XUPYPrUu4eCcKom
6puramoii.

[MarmeHTH! 6UIM pa3esieHbl Ha TPYU TPYIIIIbI CPaB-
HeHud. B 1-10 rpynmy Bowin 10 (27,7%) nauueHTOB,
KOTOpPBIM 3HAOIpoTe3upoBanme THC BBINMOTHSIOCH
C IpUMeEHEeHMEM DPa3JINYHbIX BapUMaHTOB TeMUIHAO-
MpOTEe30B; 2-10 IpymIry coctaBwim 15 (41,6%) maiu-
€HTOB C YCTAaHOBJIEHHBIMM BEPTIYKHBIMM KOMIIOHEH-
tamu (BK) emeHTHOI pukcauum; B 3-10 — 11 (30,7%)
60JIbHBIX, KOTOPBIM OBLIM YCTAHOBJIEHDBI BEPTIYKHbIE
KOMITOHEHTBI OeciieMeHTHON Tpecc-put dbukcammn.
Bce mauueHTnl 1-3 rpymmbl (TeMMapTpPONIaCTUKA),
a Takke 6oyee 75% 6GONBbHBIX 2-71 (LIleMEHTHbIE BEPT-
JIKHbIE KOMITOHEHTBI) M 3-ii rpymnm (6ecieMeHT-
Hble BepTIy>)KHble KOMIIOHEHTBI) MCC/IeJOBaHUS pa-
Hee ObUIM OIEPUPOBAHBI B TOPOMACKUX OOJbHUIIAX
Caukr-IleTepbypra u ApPyIUX PernoHoB Poccuiickoit
depepauyn.

Kpumepuu exnwoueHuss B uUcciefoBaHMe: BO3PacT
nauyeHToB crapiie 60 JieT; 3HAONPOTE3UPOBAHME
TBC 110 MOBOMY CBEXEro IepejoMa IIeiiku 6empeH-
Holi koctu TvoB Bl u B2 mo knaccudukammum AO
B aHaMHe3se.

Kpumepuii HesktoueHUs B UCCef0BaHMe: TeKOM-
TeHcalus COMaTU4eCcKOoi MaToM0TUM.

XapaKTepI/ICTI/IKa manMeHToOB

Ilepen BbITIOTHEHMEM PEBU3MOHHOIO SHAOIPOTeE-
supoBaHusi TBC mpomsBoamaach OIleHKa I10JIOBO3-
PAaCTHBIX XapaKTePUCTUK TMAalMeHTOB BCEX TPYIIM:
onpenensiiv UMT, mokanusauuio 601ei 1 cTereHb ux
BhIpakeHHOCTM TI0 BAIIl, Hainume wim OTCYyTCTBUE
XPOMOTBI, CPOK C MOMEHTA MePBUYHOT0 XUpPypruye-
CKOro BMeniaTeabcTBa. OLileHMBAIM JaHHbIE PEHTre-
HorpaMM ¥ MCKT B OTHOIIEHUM MMILJIAHTMPOBAH-
HBIX KOMIIOHEHTOB, HAJIMUMS U KIaCcCUDUKAIMOHHOTO
TUIIA KOCTHBIX Je(heKTOB BEePTIYKHOI BITaAMHBI (10
W. Paprosky), GyHKIMOHAIbHbIE TTOKA3aTEN 10 IIKa-
e OHS u cTeneHb akKTMBHOCTU MAallMMeHTOB IIO0 ILIKaJie
BO3/ECOG [13]. UcxomHble XapaKTePUCTUKU MaLIeH-
TOB IIpecTaBjeHbl B TabuIie 1.

Tabnuya 1
OO6uIasa xapaKTepUCTUKA MalMeHTOB IPYIIN UCCIeTOBaHMS
IMokaszaTenb Crar. I'pynmna 1 (n=10) | I'pymma 2 (n=15) | I'pynmna 3 (n = 11) p
MOKa3aTesb
M=SD 79,0£7,2 74,4%738 74,9%6,1 b, =029
Bospacr, neT Min-max 66-88 65-86 6-82 p, .=0,36
Me [LQ; UQ] | 80[77,5;83,5] 75[67,5;81,5] | 79[70,0;79,0] | Pas=0,98
M=SD 26,88%6,02 27,4%5,02 26,2+4.5
UMT, Kr/m> Min-max 18-37 19-37 18-31 >0,05
Me [LQ; UQ] | 26,7[23,5;30,6] | 28,1[24,6;30,3] | 28,4[23,6;29,9]
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OxoHuaHue mabauyst 1

Crar. _ _ _
[Toxkasarenp OKA3aTeNDb I'pynmna 1 (n=10) | I'pynma 2 (n=15) | I'pynma 3 (n = 11)
- MSD 13,90+1,66 16,10 £2,73 17305276 |, _g 1
Lahey Clinic Hip Implant Min-max 11-16 13 -22 13-22 p =005
Standartization Score 1-3 0.43
Me [LQ; UQ] 14[13; 15] 15 [14; 18] 18[15,5;18,5] | Pas =0
M=+SD 40,2%28,4 82,7*47,1 86,6%39,1 p 0.04
CPOK C MOMEHTA IEPBUUHOTO | pfin_ may 5-85 9-132 10-127 p . =0,02
JOI1 TBC, mec. 1-3 091
Me[LQ; UQ] | 35[16,0;60,0] | 108[39,0;115,5] | 97[95,5;101,0] | Pos=0,
[Ton mauueHTOB
MY>K4MHBI 1 (10%) 3(20%) 3(27,3%)
SKEHL/HBI 9 (90%) 8 (80%) 7(72,7%)
Tun remusngonporesa 1 BK
(nepsuuHoe JII TBC) o
MOHOMO/IPHbII 3 (300/1) - -
GUITONSIPHBII 7(70%) - -
ueMeHTHbli (low profile) - 3 (20/3) -
uemertnsii (full profile) - 12 (80%) -
GecieMeHTHBIi! (ITPOK/IALKa — OBGBIYHBII - - 9 (81,8%)
TIOIUATUIIEH) o
GecLieMeHTHBI} (II0TIepeYHOCBSI3aHHbII - 2(18,2%)
TIOJIUITUIIEH)

IlocneonepaiMOHHBIN IIEPUO],

ITocne oriepaliiy B TeueHue 6 Heq. ManyeHTaM peKo-
MEHIOBaJIOCh XOOUTDb HAa KOCTbIJIAX 6e3 0ceBoif Harpys-
KI, B TeUeHNe elie 6 HeO. JOITyCKaiaChb JO3MPOBAaHHAS
OcCeBas HAarpy3ka C ee roCTeIrneHHbIM YBEJIMUYEHMEM.

CTaTUCTUYeCKUIL aHA/INU3

HakormieHnre, KOppeKTUPOBKA, CUCTeMaTU3alus UC-
XOOHOM MHbOpPManuy U BU3yaaIMU3anus IOTyIeHHbBIX
pe3ybTaTOB OCYHIECTB/ISIUCH B JIEKTPOHHBIX Tab-
ymuax Microsoft Office Excel 2016. Cratuctuueckmit
aHaIM3 MTPOBOAMIICS C MUCIIOIb30BaHMEM MTPOTPaMMbl
STATISTICA v.13.3 (StatSoft.Inc).

KonmnuecTBeHHble TTOKa3aTea (BO3pacT, CPOKM T10-
sIBJIeHMsI 60JIEBOTO CUMHAPOMA, CPOKM PEBU3MOHHBIX
BMeNIaTebCTBA, (PYHKIMOHAIbHBIE ITOKA3aTeIM I10
mkasam OHS, BO3/ECOG) onieHuBanuCh Ha MpeamMeT
COOTBETCTBUSI HOPMaJbHOMY paclipefie/ieH!I0 ¢ T0-
moupio kKputepus lllanupo —Yunka. CraTucTuueckas
3HAUMMOCTDb pa3auuMii KOJIMUYeCTBEeHHbIX ITOKa3aTe-
Jieil, MMelouMx HOpMajbHOe paclipefeneHye (CpoK
BBITIOJIHEHMS PEBU3VOHHBIX BMEIIATENIbCTB, OasIIbI
o BAII, dbyHKIMOHAMbHBIE MOKA3aTeNM IO IIKaje
BO3/ECOG, 6amibl Mo cucTeMe BbIOOpa MMILIAHTA-
TOB KIMHMUKYM Lahey) MeXXoy rpymnmamMu olleHMBalach
MpY TOMOIIYM MHOTO(aKTOPHOTO IUCIIEPCUOHHOTO
aHanm3a nyteM pacuera kputepus F @uinepa. B cy-
yae 0GHAPYKeHMST CTATUCTUYECKM 3HAUYMMBIX pas3jiy-
YKt MeXIy TpynnaMu JOMOJTHUTENbHO ITPOBOAUIOCH
CpaBHeHMe COBOKYITHOCTE) MOTMapHO IMpU MOMOIIN
anoctepuopHoro Kputepusi Illedde. IIpu cpaBHe-
HUY HECKOJIbKMX BBIOOPOK KOMMUECTBEHHBIX JaHHBIX,

MMEeLIMX pacnpeneieHe, OIMYHOE OT HOPMaJbHO-
ro (BO3pacT, CPOK IOSABIeHUST 60/, GYHKIMOHATbHbIE
nokasartenu no mkane OHS) ucnonbsoBancs Kpure-
puit Kpackena—Yosuinca. B crydae o6HapysKeHMsI CTa-
TUCTUYECKM 3HAYMMBbIX Pasauuuii MeXIy Ipynnamu
JOTIOJTHUTEIbHO MPOBOAMUJIOCH TAPHOE CpaBHEHME CO-
BOKYITHOCTEJ IpM IMOMOIIY allOCTEPUOPHOrO KpUTe-
pus JaHHa.

CpaBHeHVE HOMMHAJIbHBIX JAHHBIX OIIMOOK, M0-
MyIIeHHbIX IpPM NEPBUYHONM oIepauuy, U NPpUUYUH
peBU3uit MPOBOAMIOCH MPU TIOMOLIM KPUTEpUs y>
IInpcona. B kauecTBe KOJMUECTBEHHO Mepbl 3(]-
(dexTa npu cpaBHEHUM OTHOCUTETbHBIX ITOKa3aTeneit
MCIIOIIb30BAJICS TOKa3aTejlb OTHOCUTEIbHOTO pHUCKa
(OP), oTpaxaromuii, BO CKOJbKO pa3 pUCK MUCX0Aa Ipu
Hanuuum (pakTopa pucKa Bblllle pUCKa UCXO#a IpuU
otrcyTcTBUM dakTopa pucka. OieHka GYHKIIMMU BbI-
KMBAaeMOCTY TaLlMEeHTOB IPOBOAMIACh IO METOLY
Karutana - Meiiepa. IIpu onmucaHMM KOJIMYECTBEHHOT'O
NpM3HaKa, pacrpeneneHye KOTOPOro OTAMYAETCS OT
HOPMAaJIbHOI'0O, YKa3blBanuch menuaHa (Me), 3Haue-
HUSI HUOKHETO U BepxHero kBapTtuieii [LQ; UQ].

PE3VJIbTATbBI

B ucciegoBaHuy ObII0 3HAUYMMO OOJIbIllee KoIuue-
CTBO MalMEeHTOB YKEHCKOTO I0jia BO BCeEX TpyIax:
24 (66,6%) >keHIIVHBI, 12 (33,4%) MmykunH. [laHHOE
COOTHOIIIEHME TPU PEBU3MOHHOI apTpOIUIaCTUKe
COOTBETCTBYET HAaHHbBIM JIUTEPATYpPbl O reHAEPHOM
pacnpeneneHuy IpuU MEPBUYHOM SHAOIPOTE3UPO-
BaHuyu TBC mo moBomy IepesioMOB IIeiiku 6empeH-
HOJ KOCTM y MalUMeHTOB MOXWJIOT0 U CTapyecKoro
BO3pacra [14].
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Cpenuuii Bo3pacT OOJNBHBIX, TOABEPIIIMXCS pa-
Hee TeMUapTPOIUIACTUKE, CTAaTUCTUUECKM 3HAUMMO
(p<0,05) oTMyacs OT CpegHero Bo3pacTa NaluyeHTOB
2-11 u 3-¥i rpymi. [Ipu o1jeHKe afeKBaTHOCTHM ITOKa3a-
HUIi K BBITIOJIHEHMIO TIEPBUYHOIO SHAOIMPOTE3UPOBaA-
Hust TBC o roBoay nepenoma etk 6eIpeHHoI KO-
CTM B aHaMHe3€e Mbl UCII0b30BaJIM CUCTEMY KIMHUKNA
Lahey, pa3paborannymio B Hauane 1990-x rr. [15]. IIpn
3TOM TIIOJlyueHa He3HAuUTeIbHasl CTaTUCTUYeCKas
pa3sHMIA MeXKIy moKasaTeasimMu B 1-i1 1 3-i1 rpymnnax
uccnemoBauust (p = 0,05). OmHako Haubonee BaXKHbIM
BBIBOJIOM SIBJISIETCS TO, UTO YHA0Ch A0Ka3aTh Paciin-

peHMe TOoKa3aHMII K YCTAHOBKE TeMMIHIOIpPOTEe30B
namyeHTam 1-i rpymmsl. TakuM 06pa3oM, OJHON U3
OCHOBHBIX MPUYMH HEYLOBAETBOPUTEIbHbBIX MCXOA0B
OI1 TBC B 1-i rpymmne SBasIach YCTAaHOBKA T€MMIH-
IOMPOTE30B He IO MOKa3aHMUSIM MOKUIbIM, HO IOCTa-
TOYHO aKTMBHBIM M COMaTUYECKU He OTITOLIeHHBIM
naieHTaMm.

Bblny ycTaHOB/IEHBI CPOKU, MTPOLIeAIIe C MOMEH-
Ta reMMapTPOIIaCTUKU U UMIUIAHTALIMM PA3TNYHbIX
BapMaHTOB BepPTIY’)KHOTO KOMIIOHEHTa 3HA0IpOTe3a
TBC mo noBomy mepejaoma Leiiku 6eqpeHHOl KOCTU

(puc. 1).

Survival Function (S) — with confidence interval
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Puc. 1. Kpusas Kaniana — Meiiepa OTHOCUTEIBHO CPOKOB BBITIOJIHEHUS peBU3MOHHOTO 3HA0mnpoTe3upoBanus ThC

Y IallMe€HTOB, OIIEPMPOBAHHBIX C IPMMEHEHMEeM Ire MMSHAO0IIPOTEe3a M PA3JIMUHBIX BAPpMAaHTOB BEPTIY)KHOI'O KOMIIOHEHTA
SHAOIPOTE3a: 3€JIEHbIN LBET — reMUIHOMPOTES; CUHMIT — TOTalbHOE 3HA0MpoTe3npoBannue ThC ¢ ucnonb3oBaHueM
LIEMEHTHOT0 BEPTVIY’)KHOTO KOMIIOHEHTA; KpaCHbI — TOTaJlbHOe 3HAoIpoTe3upoBaHue THEC ¢ 1UCIIonb30BaHMeM

GeCHEMeHTHOI‘O BEPTIIY>KHOT'O KOMIIOHEHTa

Figure 1. The Kaplan-Meier curve illustrating the timing of revision hip arthroplasty in patients treated with
hemiarthroplasty or total hip arthroplasty using various types of acetabular components:

green — hemiarthroplasty; blue — total hip arthroplasty with a cemented acetabular component;

red — total hip arthroplasty with an uncemented acetabular component

[IaTUIeTHSSI BBDKMBA€MOCTb KOMIIOHEHTOB, yCTa-
HOBJIEHHBIX paHee B rOPOMACKUX OOJBbHUIIAX, PACCUM-
TaHHasg no Mmeroguke Kamnana-Meiliepa coctaBunia:
GeclieMeHTHbBIX yaliek — 81%, 1eMeHTHbIX — 72%,
reMU3HIONPOTEe30B — 36%. CpemHue CpOKU pPEBU3U-
OHHBIX BMEIIATEeNbCTB MOC/TEe TeMUapPTPOILUIACTUKU
coctaBuau 40,2%28,4 mec. ¥ CTaTUCTUYECKM 3HAYMMO
(p = 0,04) oTiMyanuCh OT CPOKOB PEBU3UIL TTOCTIE TO-
TaJabHOTO IleMeHTHOro (82,7%47,1 Mec.) 1 TOTalIbHOTO
6eciieMeHTHOro (86,6+39,1 Mec.) SHIOIPOTE3UPOBA-
uus (p = 0,02) cortacHo MHOTOGaKTOPHOMY AMCIIED-
cuoHHOMY aHanusy (Tect ANOVA).

He meHbINit MHTEpeC BbI3BAIM TaHHbBIE O CPOKAX
TIOSIBJIEHUST 6OJIEBOTO CHMHIPOMA B OIEPUPOBAHHOM
TBC mocie MepBUYHON apTPOIUIACTUKM IO ITOBOAY
repesiomMa meiku 6eapeHHOM KocTu. CTaTUCTUYECKN
3HAYMMbIe OTJINYMS MOJTYYEHbI TOIBKO MEXAY TMalu-
eHTamu 1-1 u 2-¥, a Takke 1-i u 3-ii rpynn. Mexnoy
2-¥ M 3-11 TpynnamMmu pasHULbl B CPOKAaX TMOSIBJIEHUS
6071eBOT0 CMHIpOMA He TosyuyeHo. Takke OblIa MMpo-
BeZleHa OIlleHKa JIOKJIN3alM U CTEIEeHU BbIPAKEeH-

HocTy 60ymu 1o BAIII Bo BCex TpyIIiax MCCaeIOBaHMS
(Tabm. 2).

B 72,2% cryyaeB oTMedanuch 60MM B TaXy
y BCex TMalMeHTOB, YTO COOTBETCTBYeT KJIMHUYe-
CKOJi KapTuHe HeCcTabMJIbHOCTY BEPTIY’KHOTO KOM-
TMOHeHTa 3HAomnpoTe3a. Y 7 (19,4%) malyeHTOB 2-Ji
" 3-¥i TpyIn 6011 JIOKaIM30BaIUCh I10 JaTepabHOM
U TlepenHeli MOBEPXHOCTSIM BepxHeil TpeTu Gempa,
YTO CBUIETENbCTBOBAJIO O HAJIUYUU IPOOIEM CO
CTAaOMIIBHOCTBIO0 OeIPEHHOTO0 KOMITOHEHTa SHAOIPO-
Te3a. Y 80% manueHTOB NOC/Ie TeMUAPTPONIACTUKU
601 JOKaIM30BaINCh B Maxy. [0 cTemeHu BbIpa-
SKEHHOCTM GOV TIPU MTOCTYTUIEHUM B CTAI[MOHAP IS
BBITIOJTHEHUS] PEBU3UMOHHOTO 3HAOMPOTE3VPOBAHMUS
CTATUCTUYECKON pasHUIIbI B pe3ylbTaTax MeXIy
TPYMIIaMyM He ToiydeHo. Takke He ObUIO MOTYYEHO
CTAaTUCTUYECKM 3HAUMMBIX OTINUYMIL B GYHKIMO-
HaJIbHBIX MMOKa3aTesssx mo 48-6amibHoii mkage OHS
U crernneHM akTuBHOCTU IO mKajse BO3/ECOG mex-
Iy TpyIIaMu I[epe] BbITIOJIHEHMEM pPeBU3MOHHOI
apTPOIUIACTUKMU.
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Tabnauya 2

OneHKa QYHKIMOHATIBHBIX IOKa3aTesei ¥ 00JIeBOro CMHAPOMA Y MAIMeHTOB TPeX IPYIIII
VICC/IeOBaHMSI IIepef, BLITIOIHEHMEM PEeBU3MOHHOM apTPOINIAaCTUKM

IMapameTp IMokaszaTenu I'pynma 1 (n=10) I'pyrma 2 (n=15) I'pynma 3 (n=11) p
CpOK nosIBJIeHUS M=£SD 13,9%16,2 68,2+40,7 71,2%35,9 _
60/ mocie p,.,=0.001
Min-max 0,5-48 4-120 10118 p,_.=0.001
nepBuyHoro JII, -3 0.405
Mec. Me [LQ; UQ] 10[1,25; 17,25] 89 [32; 92] 82 [65,5; 84,0] by ;=U.
Jlokanusaiys 60m:
nax 8 (80%) 11 (73,4%) 8 (72,7%)
6enpo, criepenu 1(10%) 2 (13,3%) 0 (0%)
6empo, c3aau 1(10%) 0 (0%) 0 (0%)
6e1po, 1aTepasbHO 0 (0%) 2 (13,3%) 3(27.3%)
M=SD 8,70+0,67 8,40+0,83 8,40%1,21
BAIII, 61161 Min-max 8-10 7-10 6-10 Dy ,5>0,05
Me (LQ; UQ) 98; 9] 8(8; 9] 98; 9]
M=SD 19,3+3,1 21,9+4.9 21,3*4,1
OHS, 6ambl Min-max 14-23 14-29 14-27 D, ,>0,05
Me (LQ; UQ) 20[17,3; 21,7] 22 [18,0; 26,0] 21[18,5; 24,5]
M=SD 2,7%0,8 2,7+0,5 2,7%0,6
BO3/ECOG, 6amibl Min-max 2-4 2-4 2-4 P, , 50,05
Me (LQ; UQ) 2,5[2; 3] 3[2;3] 3[2;3]

Takke OBUIM MPOAHATU3MPOBAHbI TaHHbIE JTyde-
BBIX METOJIOB IMarHOCTUKY (CTaHLApTHAS PEHTreHO-
rpadust 1 MCKT) B oTHOIIEHUM KOCTHBIX AedeKTOoB,
a Takke OMIMOOK, NOMYIIEHHbIX B IIpoliecce Iep-
BUYHOTO 3HAOMpOTe3upoBaHus. Y 6 (60%) 601bHBIX
[ocjie reMuapTpPOIIaCTUKY He OTMEYEeHO KOCTHBIX
nedeKToB, YTO ObIIO CBSI3aHO TOJBKO C IPO3UeENt XPsi-
11eBO TKAaHM BEPTIYKHOM BIIaAMHBI, BO3SHMUKABILEN

(=T D T o B - B

W hemi

B paHHME CPOKM IOC/Ie NePBMYHOTO IHIONPOTE3N-
poBauus TBC. Kpome TOro, He OTMEYEHO TSIKEJbIX
KOCTHBIX JmedeKToB Tuma 3B u pelvic discontinuity,
a Takxke Jierkux IedekToB Tuma 1 cpenu Bcex maiu-
eHTOB. Hambosiee 4acTo BCTpevyaauch KOCTHbIE Jie-
dextor Tuos 2C u 3A — cymmapHo 41,6% Bo Bcex
rpyIIax uccjienoBaHus (puc. 2).

BTHA (cemented) MTHA (uncemented)

Puc. 2. Tumbl KOCTHBIX AedeKTOB BEPTIYKHOI BIIAAMHBI 1O Kinaccudukanmm Paprosky B rpymmnax ucciesoBaHus

Figure 2. Types of acetabular bone defects according to Paprosky classification in the study groups
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WcTuHHBIN pa3mep TOMOBKM TeMMIHIOMPOTE3a
OIpeessIeTcsl TOJIbKO MHTPAOIEPAIMOHHO TIPU I10-
MOIIY INTAHTEHIIMPKY/S WM CIIeIMaIbHbIX I1a6iio-
HOB. OfHAKO B HAIlleM C/Iy4ae OIMpeIeuTb pasmep
TOJIOBKYM GbLIO HEBO3MOKHO B CBSI3M C PETPOCIIEKTUB-
HBIM XapaKTepOM UCCIenoBaHMs. [lepBuUHbIE JaHHbIE
OBLIM TIOMYYEHBbI U3 APYTMX CTAIMOHAPOB. IlosTOMY
MbI CKOHIIEHTPUPOBAIVCH HA OIl€HKE HAHHBIX JTyde-
BBIX MICCJIEIOBaHMI, KOTOpPbIe KOCBEHHO MOTJIU CBUIE-
TeJIbCTBOBATD 00 OIIMOKAX, IOIYIIEHHBIX ITPU BhIOOpe
pasMepa MMIUIAHTATA.

ITpu aHanM3e UGPOBLIX 0630PHBIX PEHTIEHOBC-
KMX CHMMKOB Ta3a, BBIMOJIHEHHBIX B IIpOrpaMme
Weasis medical viewer 2.0.2, 611 paccuMTaHbl 3HA-
YeHMS TUIOMAAM OKPYKHOCTM TOJOBKM OGeqpeHHOI
KOCTH CO 3[40POBOI CTOPOHBI ¥ BBITIONIHEHO UX CPaB-
HeHMe C aHAJOTMYHBIMM 3HAUEHMSIMM IUIOIIAAM
OKPY)KHOCTM BEPTIY’KHOTO KOMIIOHEHTa TeMMUIH[IO0-
npoTes3a. JJaHHbI MeTOZ, He SIBJISIETCS] TOYHBIM — I10-
rpemHocTh coctasisger mo 0,8 mm? Kpome Toro, mo-
TIOJIHUTEIBHO OblIa IIPOBeIEeHa OIleHKA BeTMUYMHBI
TOJIOBKM T'eMM3HIOIpoTe3a 1o IrabiaoHam (Bipolar
Metall Shell, Zimmer), ycTaHOBJIEHHBIM U3 IPOrpaM-
MbI IIpeaoIepalOHHOTrO I1aHupoBaHus TraumaCad
v. 2.5.7 (Brainlab), KoTopasi mo3BojiieT IPOBOIUTH
TOYHYIO KaJIMOPOBKY pa3smMepoB. MsmepeHMs MpoBO-
IWIUCh TI0 OKPY>KHOCTYM BEPTIYSKHOW BITAAVHBI 3[10-
poBoro cyctaBa B cpaBHeHMM ¢ TBC, oneprpoBaHHBIM
paHee. TakuM 06pa3oM HaM yaaJ0Ch HUBEIMPOBATH
TIOTPENTHOCTh U3MEPEHMIT OKPYKHOCTY TOJIOBKM Gef-
PEHHOJi KOCTH 6e3 yJyeTa TOJIIVHBI XPSIIEeBOrO CI0s.
B Tex wryuasx, Korma pasMep YCTaHOBJIEHHOTO KOM-
IOHEHTa TeMMSHAOMNpoTe3a ObLI 6GOJbIEe MO CpaB-
HEHMIO C pa3sMEPOM BepPTIYKHONM BIIAIMHBI KOHTpa-
JIaTepaJbHOTO CYCTaBa, MOXHO OBUIO YTBEpPKIATh
00 omuMbKe mpyu BrIGOpE pasMepa reMUIHIOIPOTEe3a
B npouecce nepsuuHoro OI1 TBC. PesynbTaThl, mo-
JIyJYeHHBbIE B XOf€ MCCIeIOBaHUSI, MMO3BOIUIN yCTa-
HOBUTb, 4YTO BO Bcex 100% ciydyaeB BBINIOJTHEHUS
reMMapTPOIUIACTUKY GBIV JOIMYIIEHbI OMIMOKM ITPU
BbBIOOpE pasmepa TOJIOBKM OUITONSIPHOTIO VI MOHO-
TIOJIIPHOTO KOMITOHEHTa. VCITonb30BaHME TOMIOBKU

reMUSHIOIPOTEe3a 6GIBIIEro pasMepa o CPaBHEHMIO
C BEPT/IY>KHOM BITAAMHONM MPUBOAWIO K paHHEN 3pO-
3UM XPSIIIEBOM TKaHM BEPTIYKHON BIIaAMHbI (pUC. 3).
[IpyMeHeHMe TOJIOBKM TeMMUIHIOINpPOTe3a MEHbIIero
pasmepa, 4eM TOJIOBKA 3[I0POBOJi 6eIpeHHOli KOCTH,
MIPUBOAMIIO K PAHHUM MPOTPY3USIM AHA BEPTIY>KHOM
BIIaAVHBI (pUC. 4).

[Tpu olieHKe JaHHBIX JyYeBbIX METOAOB AMarHoc-
TUKU BO 2-1 U 3-11 IpyIIiax UCCIeg0BaHMsI OTMEYEHbI
OIMOKM TTO3UIMOHUPOBAHUS M YCTAHOBKM KOMIIO-
HeHTOB (Tabs. 3). YacToTa ommbOK B 1-ii rpymie co-
craBuna 100% (HeCOOTBETCTBME pa3Mepa TOIOBKU
reMMU3IHIOIpPOTe3a aHATOMMUYECKOMY pa3Mepy To/I0B-
Ku 6empa), Bo 2-i1 rpyrme — 53,3%; B 3-ii rpymmne —
54,5%. OCHOBHBIMM OIIMOKAMM TOTAJbHOIO 3SHMO0-
MIPOTE3UPOBAHNUS SIBJISUINCh MAIbIIO3ULIVST arleTady-
JITpHOTO KOoMMoHeHTa (33,3-54,5%) 1 HeaJeKBaTHasI
nemeHTHast MaHTUs (20%). B CTpyKType NpUYMH BbI-
TOJIHEHMST PEBU3MOHHOTO 3HOomnpoTe3upoBanusi THC
y BCEX MalMeHTOB 1-Ji IPyMITbl OCHOBHBIM (PaKTOPOM,
MOTPe6OBABIIEM BBIMOTHEHMSI TIOBTOPHOTO XUPYP-
TMYECKOr0 BMeEMIaTeNbCTBa, ObLIa OCTpas, HEKYIM-
pYIOIIAsicsT JIeKapCTBEHHBIMM ITperapatamu OO0Ib.
V mauueHToB 2-7 u 3-7i IpyIII uccaeqoBaHus 601eBOii
CUMHIAPOM He SIBJISIZICSI OCHOBHOJM IIPUYMHON BBIIOJI-
HeHus peBusuoHHoro II1 TBC, XOTsT 1 ObLI BBISIBIEH
NpU KIMHUYECKOM ocMoTpe. Cpeny MaiueHTOB, KO-
TOPBIM OBV YCTAHOBJIEHBI IeMEHTHbIE BEPTIYKHbIE
KOMITOHeHThI, 10 (66,6%) GOIbHBIX ObUIM MOBTOPHO
OIlepMpPOBaHbI 10 MPUUYMHE aCENITUUECKOTO pPaclliaThl-
BaHus, 2 (13,3%) 13-3a MO3THUX MHPEKIMOHHBIX OC-
JIO>)kHeHuH, 2 (13,3%) 1o npuumHe peauauBUpyrole-
ro BeiBuxa u 1 (6,8%) us-3a ocreonnsa. Y nauyeHTOB
3-i1 rpymnmbl (6eciieMeHTHbIe BepPTIY)KHbIE KOMIIO-
HEHTbI) OCHOBHOJ IIPUUYMHONM peBU3MOHHOro JlI
TBC mocaykmio Takke acenTUuyeCckKoe pacllaThl-
BaHlME BEPTIYKHOTO KOMIIOHEHTa (6 MalUeHTOB —
54,5%), octeonus (3 manueHta — 27,3%) ¥ MO3OHSISA
nepurnporesHas uHpeknus (2 nmauyeHta — 18,2%).
Heob6xoaumo 0TMeTUTb, UTO MHGEKLMS Y MalieHTOB
2-11 1 3-¥i TpyIIN UCC/Ief0BaHMS pa3BUBaIach B CPOKU
o 24,7 Mec. moc/ie IepBUYHOM apTPOMNIaCTUKMA.
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Puc. 3. KnMHMKO-peHTreHOMorMyeckasi KapTMHa 3p03UM XPAIeBOl TKaHM BepTIy>KHOM BIIaJMHbI,

pa3BuBLIeics y TalMeHTKN 77 jeT yepe3 2,5 rofia mocjie NepBMYHOM reMUapTPOIIACTUKY 110 IIOBOLY IlepesioMa Lieiiku
MpaBoii 6eIpeHHO KOCTH:

a — mepBUYHBI 0630PHBII PEHTTEHOBCKMII CHUMOK Ta3a (depe3 2,5 roga mociie SHAOMPOTE3UPOBAHUS) —
ompefensieTcs: GUIONSPHBIN TeMUIHAOIPOTES;

b — pacueT mIoMmaay OKPY>KHOCTY TOIIOBKY GeIPEeHHOI KOCTH C JIEBOIi 3T0POBOI1 cTOpoHBI (18,1 cm?),

CIpaBa — pacueT IVIOMAAY OKPY;KHOCTY GUIIONSIPHOI TOMOBKY SHIONpoTe3a — 21,6 cM?, yBenuyeHKe JAHHOTO ITapaMeTpa
Ha 3,5 cm?;

C — IaHHbIE PeOTIePal[MOHHOTO TUIAHMPOBAHUS, BBIMOTHEHHOTO B TporpaMme TraumaCad 2.5.7. Pazmep ronoBku
remusHomnporesa (50 mm) npasoro TBC cripoenpoBaH Ha JIeBYI0 CTOPOHY. OTMevaeTcs 3aX0XKIeHye nabioHa

Ha KOHTYPBI BEPTIY)XHO BIIaAVHBI;

d — 9p03us BePTITYKHOI BIIaJUHBI, XPSIII[EBAsi TKAHb OTMEUAETCSI TOJIBKO MO 1epudepuyt OKPYXKHOCTY B 06/1aCTV KPBIIIN

Figure 3. Clinical and radiographic picture of acetabular cartilage erosion in a 77-year-old patient, developed 2.5 years
after primary hemiarthroplasty for the fracture of the right femoral neck:

a — initial plain pelvic X-ray (2.5 years postop) showing a bipolar prosthesis;

b — calculation of the femoral head circumference area: 18.1 cm? on the healthy left side, 21.6 cm? on the right side with
the bipolar prosthesis, indicating an increase of 3.5 cm?;

¢ — preoperative planning using TraumaCad 2.5.7 software: hemiarthroplasty prosthesis head size (50 mm) from the right
hip joint projected onto the left side reveals the overlap of the template with the acetabular contours;

d — acetabular erosion: cartilage tissue is present only along the peripheral circumference in the acetabular roof area

32 2024;30(4) TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

Puc. 4. KnuHuKo-peHTreHONOrn4yeckas KapTuHa TsDKeIoV IPOTPY3uUM BePTIY>KHOJ BIIaAVHbBI, Pa3BUBLIENCS Y TALMEHTKN
81 roma uepes 3 ropa mocjie MePBUYHOM reMMUapTPOIUIACTUKY 110 TOBOAY IepeioMa LIei Ky MpaBoit 6eJpeHHOM KOCTH:

a — epBUYHBIN 0630PHBII PEHTTEHOBCKMIT CHUMOK Ta3a (OIpefesieTcs: IPOTPY3Msi MOHOMIOISIPHOTO TeMUOHIONPOTE3a);
b — pacueT nyomwaaAM OKPY>KHOCTY TOJIOBKM GeJpeHHOI KOCTH C JIeBO# 30poBoii croponsl (19,0 cm?), cipaBa — 1uiomaan
OKPY>KHOCTY MOHOIIOJISIPHO TOJIOBKM 3HA0IpoTe3a — 18,5 cm?. OTMeuaeTcst CHIDKeHMe JaHHOro rapaMertpa Ha 0,51 cm?;
C — IaHHbIe IIPeJolepallOHHOTrO IJIaHMPOBaHMSI, BBIIIOIHEeHHOro B mporpamMe TraumaCad 2.5.7.

Pasmep ronosku remmsHponporesa (46 mm) rnpasoro TEC cripoenipoBaH Ha eBy10 CTOpoHY. OTMeuYaeTcss HeloCTaTOYHas
BeJIMYMHA BbIGPAHHOTO pa3Mepa;

d — medexT gHA M KPBILIY BepTIY)KHOI BIIaAVHBI, Ha IHe KOTOPOJ1 ONpefiesisieTCsl MOHOIIO/SIPHAsI TOJI0OBKA TeMUIIPOTe3a

Figure 4. Clinical and radiographic picture of severe acetabular protrusion in an 81-year-old patient,

developed 3 years after primary hemiarthroplasty for the fracture of the right femoral neck:

a — initial plain pelvic X-ray showing protrusion of the monopolar prosthesis;

b — calculation of the femoral head circumference area: 19.0 cm? on the healthy left side and 18.5 cm? on the right side
with the monopolar prosthesis, indicating a reduction of 0.51 cm?;

¢ — preoperative planning using TraumaCad 2.5.7 software: hemiarthroplasty prosthesis head size (46 mm) from the right
hip joint projected onto the left side demonstrates inadequate sizing of the chosen implant;

d — defect of the acetabular floor and roof, with the monopolar prosthesis head positioned within the acetabular floor
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Tabnuya 3

CTpyKTypa OIMOOK, JOIIYIIEHHBIX MIPU IIEPBUYHOM IHAOMPOTE3UPOBAHUN U IPUUMHBI
BBIIIOJTHEHUSI PEBU3MOHHBIX BMEIIATE/ILCTB

ITapameTpsl

I'pynna 1 (n =10)

I'pymia 2 (n = 15) I'pymnma 3 (n=11)

Owu6ku nepeuutozo 311 TFC

OTcyTCTBYeT -
HecoorBercrByronmii pasmep BK
HeapexkBaTHast ieMeHTHass MaHTuss BK -
Masnbnosuius BK _

Bonb

Acentuueckoe pacuarsiBaHue BK
[epunporesHast MHPeKLMS -
Ocrteonus -
PeniaiuBuUpYyIOMINii BBIBUX -

10 (100%)

Ipuuuna peeusuonuozo 311 TBC

7 (46,6%) 5 (45,5%)
3 (20%) -
5 (33,3%) 6 (54,5%)
10 (100%) - -
- 10 (66,6%) 6 (54,5%)
2 (13,3%) 2 (18,2%)
1 (6,8%) 3 (27,3%)
2 (13,3%) -

OBCY>XKJIEHUE

FemuapTpoIIacTUKa MO-MPEKHEMY OCTAETCS OOHUM
U3 OCHOBHBIX METONOB XUPYPruuecKoro JjedeHusl
IepeioMOB IIeiiKu GeApeHHO KOCTU Y MalMeHTOB
MOXXUJIOTO U CTapyeckoro Bospacra. [To MHeHMIO psfa
aBTOPOB, pe3y/abTaTbl FeMUaPTPOIVIACTUKY HE UMEIOT
CTaTUCTUYECKM 3HAYMMBIX OTVIMYMIA OT MCXOLOB TO-
TalbHOro 3HAONpoTe3upoBaHus THC B OTHOILLIEHUU
(yHKIIMOHATBHBIX MTOKa3aTesel 1o mKkane Harris Hip
Score [16, 17, 18], yactorsl peBu3nii [19, 20], nepumnpo-
Te3HbIX MHGEeKIMIi, TepUITPOTe3HbIX IePeIoMOB U
TpoM603MbOIMUeCKUX OCIokKHeHut [21, 22, 23], oco-
6eHHO y MallMeHTOB B Bo3pacTe cTapiie 75 et [2, 24].
OpHako yepe3 5 JieT mocjie MepBUYHOTO SHIOIMPOTe-
3upoBaHusg TBC yacToTa NMOBTOPHBIX BMEILATEIbCTB
1ocjae TeMMapTPOIIaCTUKU yBeauuuBaeTcs [25].
B nHameMm wucciemoBaHMM HaM yAaIOCh YCTAHOBUTD
cpegHMe CPOKM BBDKMBAEMOCTM Te€MUIHAONPOTE-
30B, MOJBEPILIMUXCS PEBU3USIM, KOTOPbIE COCTaBUIN
40,2+28,4 mec. Takum 06pa3om, HEOOXOIUMO YUUTHI-
BaTb IOTEHIMAIbHYI0 MNPOLO/IKUTENbHOCTb KMU3HU
60/IBHOTO TIOC/Ie TIEPBUYHOTO IHIOMPOTE3UPOBAHNS,
COMaTMUYeCKUI CTATyC U CTerneHb GU3NYECKO aKTUB-
HOCTM TaljMeHTa MOXUJIOTO U CTapueckoro Bo3pacTa
MpM BbHIOOpE TAKOTO METOAA XUPYPTMUECKOro Jieye-
HMSI, KaK reMuapTpoIriactuka. Ecam mo ykasaHHBIM
BbIllle TI0KA3aTeNsIM TalMeHT CIOCOOeH TIPOXUTH
6osee 5 yeT, HEOGXOOUMO TPUMEHSTDh alleTabyIsIP-
Hble KOMIIOHEHTBI LIeMeHTHOV Wiu OeclieMeHTHOM
ukcaum.

A. Taheriazam ¢ coaBTOpamu BBITIOTHUIIM aHAIU3
HEeyJIOBJIETBOPUTENbHBIX PEe3yJIbTaTOB NPUMEHEHUS
reMM3HIONPOTE30B Y MalMeHTOB CTaplleil BO3pacT-
HOJ1 TPYIIIBI B cpegHue Cpoku 42 mec. [1o ux JaHHBIM,
cpenHMe CPOKM TOsIBJIeHUST 60/ y TTAaLIMEHTOB C T0-
CJleoniepalyiOHHBIMUM BbIBMXaMUM SHA0IPOTE3a COCTa-
Bwn 15 (min — 6, max — 24) Mmec., Ipu pa3BUTUM alle-
Taby/ISIPHOI 5PO3MM B COUETAaHUU C paclIaTbiBaHUEM
HOXKM — 34 (min — 6, max — 96) Mec., Ipy HaAUUUN

OIIHO1 aleTabynsipHoOIi 3po3um — 57 (min — 18, max —
108) mec. B 76,1% cirydyaeB y GOIbHBIX ObLIM OOIU
B Taxy, B 67,4% HaOMIOIeHMiI OTMeUeHa XpoMOTa, 1
eme y 28,3% 6G0JIbHBIX OBLJIO JMArHOCTUPOBAHO KJIU-
HMYECKM 3HAUMMOE YKOpOueHMe OIlepUPOBaHHOM
HIDKHeJ KOHeuHoCTH [26]. Ilo pesynbraraM Hallero
UCC/IedOBAaHMS YCTAHOBJIEHO, UTO y 80% MalyeHTOB
C HeyJoOBJIeTBOPUTEIbHBIMU MCXOZ4AMU TeMuapTpo-
TJIACTUKM GONU JIOKAIU3YIOTCS B Iaxy, YTO B I[€JIOM
COOTBETCTBYET ITAHHBIM JIMTEpaTyphl, B 10% HabII0-
IeHuii 60/ JIOKaIM30Ba/IMCh 10 MeIuaabHOM U Ie-
penHeli TOBepXHOCTSIM 6eIpeHHO KOCTH.

CornacHo ganHbIM A. Pankaj ¢ coaBTOpamm, oc-
HOBHBIMMU OpPTOIleAMYEeCKMMU OC/IOKHEHUIAMU TeMU-
apTPOIIACTUKU SIBJISIIOTCS 3PO3US XPSIIEBOI TKaHU
BEPTIYKHOI BIamuHbl (47,7%), paciiaTbiBaHue Oefi-
PEeHHOTO KOMITIOHeHTa 3HpornpoTe3a (54,4%) u mpo-
TPY3Us YallKY B ITOJIOCTh Majoro tasa (mo 4,3%) [27].
B Hamem uccieqoBaHMM YacTOTa HECOOTBETCTBUS
pasMepoB BeIMUMHBI YalIKM TeMMIHIOINpOTe3a U
TOJIOBKM OeIpeHHO} KOCTU (CO CTOPOHBI 3J0POBOTO
TBC) cocraBuna 100%, T.e. y BCeX MaliM€HTOB, KOTO-
pbIM ObUIa BBIMIOJIHEHA T€MUAPTPOIUIACTUKA TIO T0-
BOAy IlepeioMa Ieiiku Oenpa B aHaMHese, ObUIM
IMarHoCTPOBAaHbl HApYyIIEHUS] XUPYPIrUUECKOM Tex-
HMKM. OgHAKO 6ojiee BasKHBIM, HA HAIl B3TVISI, SIBJIS-
eTCsl aHIN3 [IPUYMH TaKO¥ BbICOKOJ 4aCTOThI 3pO3Uit
BEPTIY)XHOI BIaAMHBI I0CAE TeMUapTPOIIACTUKMA.
B my6nukammmu S.A. Shah c coaBTOpamu BbisiBIeHa
B3aMMOCBSI3b MEXAY HapylleHMeM pa3Mepa YalllKu
reMUSHIOIPOTE3a U YacToToi 3po3un [28]. ABTOpBI
IIOKA3bIBAIOT, UTO YBEJIMYEHHBIN pasmep OUIIOISIp-
HOJ Yallky MPUBOAUT K 3PO3UM Xpsillia B HaIpaBJie-
HUM KPBILIM BEPTIY>KHO Briaguubl Ao 1,62+1,00 MM,
B MeIMaJbHOM HampaBjieHMu — mo 4,15+2,70 mm
B OTHAJIEHHOM Iiepuofe HabmwogeHus. B To ske Bpe-
MsI MaJIeHbKMii pa3Mep YallkyM TeMMIHIOIpoTe3a
B CpaBHEHMM C HATUBHOI TOJIOBKOV 6Oegpa TMOTeH-
LIMaTbHO MOXKET MPUBOOUTD K MPOTPY3UM JTHA BEPT-
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JIy>KHOM BriaguHbl. B ucciegoBanum F. Emre ¢ coaB-
TOpaMM MPUBOISTCS pe3ylabTaThl FeMUAPTPOIIACTUKI
C MEHBIIMM pa3sMepoM OUITOISIPHOI yamky y 209 ma-
LIMEeHTOB B Iiepuop, Habmomenns 0o 5 et [29]. YacTora
MPOTPY3MOHHbBIX OCJIOKHEHMI coctaBuia 10%, a ale-
TabyISIpPHBIX PeBU3UIT 17%, UTO 3HAUMMO BBILIE 10
CpaBHEHMIO C TOTAJTbHBIM 3HAOIPOTE3VPOBAHUEM.

Eile ogHUM 13 TSKENbIX OPTOIeNYecKUX OC/I0XK-
HEeHUI1 TOCIe TeMUAPTPOILIACTUKM SIBIISIETCST TTy6o-
kas I1IN. [To MHeHMIO psiia aBTOPOB, OCHOBHO IpU-
YMHOM PpEBU3UMOHHOTO 3HAomnpore3upoBanus TbBC
0 MIpUYMHE alleTabyIsIpHON MPOTPY3UM TeMUIHIO0-
MPOTE30M SIBJSIOTCST MHGEKIMMOHHbBIE OCIOKHEHMS
B CBSI3M C Pa3sBUTHMEM KOCTHON pe30pOIuu U OCTeo-
nmu3uca [30, 31, 32]. B HameM uccieqoBaHny He O6bIIO0
3aperucTpupoBaHo ciydaeB IIIIM mocne remuapTpo-
IUIACTUKM, OGHAKO TOC/e TOTaJIbHOTO 3HIOMPOTE3N-
pOBaHMSI OAHHBIM IOKa3aTeab cocTaBwi 13,3% mipu
WCIIO/Ib30BaHMUM LIEMEHTHBIX U 18,2% — mpu UCIONb-
30BaHMM OeclieMeHTHbIX damiek. CrenyeT yKas3arThb,
YTO CTOJIb BBICOKME TTOKA3aTeIM YacTOThl MHGEKIIMIA
cBs13aHbI ¢ perucrpaiueit B 20,0-54,5% cinydyaeB omm-
60K, momnylieHHbIX nmpu mnepsuuyHom A1 TEC mo mo-
BOJYy IlepejioMa Iejiku 6epa y MmalueHTOB CTapliei
BO3pAaCTHOJ IPYIIIIbI.

Heob6xomumo Takke IMOMHUTH O TOM, UTO Cpe[l-
HMe 3HaueHMs TOJIIMHBI BCETO CJIOSI XPSIeBOi TKaHU
BEpPTIYKHOI BraauHbl HOopMasbHOro THC cOCTaBSIOT
ot 1,0 mo 3,6 mm. [Ipy 3TOM 5p03uUs XPSIIEBOI TKAHU
BEPTIY’KHOIM BIAAMHBI TIPU MCIIOIb30BAaHUM OUITO-
JISpHONM 4amiku, o gaHHeiM Y.S. Kim ¢ coaBTOpamm,
cocrasisiet 0,34-0,35 mm B rog, [33]. Takum o6pasom,
JIaxke TIPU aleKBATHO ITOJOOPaHHOM pa3Mepe Yallku
reMMUIHAONPOTe3a PUCK 3PO3UBHO-TIPOTPY3MOHHBIX
OCJIO’KHEHUIA CYIlleCTBEHHO YBeIM4YMBaeTCs, HauMHasi
¢ 3—-4-T0 roga nocjie reMuapTpoIiacTuk. Kpome toro,
ITUTENTbHOE MCITOb30BaHe OUIOMSIPHBIX TeMUIH/IO-
MPOTE30B COMPSKEHO C ellle OGHMUM TDKeIbIM OpTOIe-
IUYECKMM OCIOKHEHMEM — AYCCOLMAIyeit GUITomnsp-

JOIIOTHUTEJIbBHASI THO®OPMALIMISI

3aseneHHblii 6K1a0 a8mMopoe

Bce aBTOpBI caoenany S5KBUMBAJEHTHbBIN BKJIAJ B IMOJTO-
TOBKY ITyOIVIKALIAM.

Bce aBTOpPBI Mpowiu U ofgo6puan GUHATBHYIO BEpCUI0
PYKOINCH CTaThU. Bce aBTOPBI COT/IACHBI HECTM OTBETCTBEH-
HOCTb 3a BCe aCIeKThbl paboThl, YTOGBI 0OECIIeUnTh HaJjIe-
Kalee pacCMOTpPeHMe U pellieHN e BCeX BO3MOXKHBIX BOITPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO U HAZEKHOCTBIO 0607
YacTu paboThI.

Hcmounuxk ¢uHaHcuposaHus. ABTOpbI  3asIBJISIIOT
06 OTCYTCTBUM BHeNTHEro hbMHAHCUPOBAHUS TIPYU MTPOBe/Ie-
HUU UCC/IeIOBaHMSI.

Bo3mocHblii KOH(IUKM uHmepecos. ABTOPHI JeKia-
PUDPYIOT OTCYTCTBME SIBHBIX U MOTEHIMATbHBIX KOHGINKTOB
MHTEPEeCOB, CBSI3aHHBIX C MyOIMKaIMeii HaCTOSIIIEN CTaThu.

Omuueckasn 3xkcnepmusa. He nipymeHuma.

HoI1 ronoBku. [To manHbIM M. Hasegawa ¢ coaBTOpamMu,
CpemHMe CPOKM IUCCOLMALNY OUITONSPHOV TOJIOBKU
COCTaBJISIIOT 6,8 jieT. [laHHbIe aBTOPbI BBIOEISIIOT TPU
KIaccu@UKAIMOHHBIX TUIIA JuUcconmanum [34].

Takum 00pa3oM, MOJyYEeHHbIE HAMM AAHHbBIE, 3a
VCKIIIOUeHMEeM MHQPEKUIVOHHBIX OCIOXKHEHUI, COOT-
BETCTBYIOT JaHHBIM JIMTEPATYPhbl O UaCTOTE U CTPYK-
Type OpTOIeAMUYeCcKuX OCIOKHEHMI IIoc/ie TeMMU-
apTPOIUIACTUKM Y TallMeHTOB IOXWUIOTO BO3pacTa
C TepejoMaMM IIeiiKy GeapeHHON KoCTu. Ymaioch
BBISIBUTb OCHOBHbBIE OIIMOKM IEPBUYHOrO U MPUUU-
HbI PEBU3MOHHOTO 3HAonpoTe3upoBanus THC mocre
reMMapTPOILIaCTUKN.

3AK/TIIOYEHHE

OpHOM M3 OCHOBHBIX MNPUYUH HEYOOBIETBOPUTEND-
HBIX MICXOJI0OB reMUapTPOIJIACTUKM B CPETHECPOUHOM
repuojie SIBJSIeTCS BBITIOHEHMEe NAaHHON orepauuun
Yy aKTMBHBIX, COMaTUYeCKM He OTIATOLIeHHBbIX Ia-
LIMEHTOB IIOKMJIOTO BO3pacTa. HernpaBuiibHbBIN BbI-
60p pasmepa TOJOBKY TeMMUIHAOMIPOTE3a MPUBOAUT
K PaHHUM OCJIOXKHEHMSIM: 3PO3UM U MPOTPY3UU
BEPTIYKHOJ BITaAVHbI. BbIpaskeHHbII 60€BOI CUH-
IpOM TIpM HeNpaBMJILHOM BbIGOpe pasmMepa TOOB-
K TeMU3HA0NPOoTe3a pa3BMBaeTcs B CpeJHEM yepe3
13,9 mec., a CpPOKM BBIIIOJIHEHUS PESHAOIIPOTE3UPO-
BaHMS coCcTaBsioT 40,2 mMec. Moc/ie MepBUYHONM ore-
pauyn. [Ipu 3po3usIX BEepTIY;KHOM BIIAAMHBI KOCTHbIE
IedeKThI OTCYTCTBYIOT, IIPY IIPOTPY3MUSIX Yallle BO3SHU-
KaIOT KOCTHBIE Ae(deKThl BEPTITYKHO BITaAVHbI TUTIOB
2C 1 3A. DHIONPOTE3UPOBaHME Ta3006eIPEHHOrO CYC-
TaBa y MalMeHTOB MOXWJIOTO BO3pacTa C MepeioMoM
HIeiiky 6eIpeHHO KOCTY HEOOXOOMMO BBIIIOIHATh C
y4eToM BbIOOpA MMILIAHTATAa IO CUCTEME KIMHUKMU
Lahey, a Takske ITpOBOAUTH THIATENbHBIN ITOAO0P pas-
Mepa reMMIHAONpPOTe3a. B cpaBHEHUM C UCXOHaMu
TOTAJIBHOTO SHAOIPOTE3MPOBAHMS Ta300eqpPeHHOTO
CycTaBa IpU UCIONb30BaHUM T€eMUIHA0IPOTE30B OT-
MeuvaeTCs UX HM3Kasl BbbKMBaeMocCTb (40,2 mec.).
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Hngopmuposantoe coznacue Ha ny6aurayuro. ABTopbl
MOTYYM/IM TIUCbMEHHOE COomiacie TMalMeHTOB Ha yuyacTue
B MICCIEMOBAHMM U ITYOIMKALVIO PE3YIbTATOB.
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Abstract

Background. Younger patients undergoing primary total hip arthroplasty (THA) have different indications and outcomes
than elderly patients. Furthermore, studies reporting the results of THA in young patients are scarce in our area.

The aim of the study is to report the early experience and clinical results after total hip arthroplasty in patients <40 years
old from a regional Saudi-Arabian hospital as a representative of the Arab (Middle Eastern) population.

Methods. We conducted a prospective observational study over one year by following all patients (<40 vyears)
who underwent primary THA at a regional Saudi-Arabin orthopedics center. Twenty-five patients (a mean age
of 31.60%6.07 years, and 14 (56%) were males) were eligible for final inclusion. The functional assessment was performed
according to the Harris Hip Score (HHS), leg length discrepancy (LLD) was evaluated, and complications at any point were
reported.

Results. The commonest indication was advanced avascular necrosis (28%) followed by post-traumatic osteoarthritis
(24%) and rheumatoid arthritis (24%). Cementless fixation was utilized in 20 (80%) THAs, and the bearing surface was
either metal- or ceramic-on-polyethylene in 92% of THAs. After a mean follow up of 20.0¥4.5 months, HHS improved
from a pre-operative mean of 29.20+5.29 to 85.48+7.18 (p = 0.0001). Excellent and good results were reported in 84%.
All working patients (52%) returned to their jobs after THAs. The leg length discrepancy improved significantly from a pre-
operative mean of 2.12+1.01 cm to the last follow up mean of 0.72+0.4 cm, p = 0.0001. Two (8%) patients had superficial
wound infections at the time of suture removal, which were treated successfully by daily dressing and antibiotics.
None required revision.

Conclusions. Primary total hip arthroplasty is the option for managing end-stage hip disease, even in younger patients
when hip preservation surgeries are invalid. Our results showed improved functional outcomes and a return to pre-
disease daily activities in most patients, with considerably lower complication incidence.

Keywords: total hip arthroplasty, young patients, Middle Eastern.
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PaHHKMe pe3ynbTaThl NEPBUUYHOrO TOTA/IbHOIO 3HAONPOTE3UPOBAHMUS
Ta306e4peHHOro CycTaBa y MoJI0AbIX NaLMEHTOB B PErMOHA/IbHOM
oproneauyeckoM ueHTpe CaynoBckoit ApaBum: NpoCneKkTUBHOE
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Banun M. Anp-1llaep!, Anu X. Anb-SImun 234 Myxtap Axmen, Anb-Canp, !,
Anu Myxammen Anb-3augan®, iman Pagmax Anb-Cydann !, Axmen A. Xanmudas,
Paag M.M. Anp-Takadu'’, A6gyamoxceH X. Anb-Xamuanu 8, Myxammen M. Anb-3yban’

! Alhada Armed Forces Hospital, m-Taug, Caydosckas Apasus

2 Ministry of the National Guard — Health Affairs, /[udoa, Caydosckas Apasus

3 Abdullah International Medical Research Center, Ixcudda, Caydosckas Apasust

4 King Saud Bin Abdulaziz University for Health Sciences, /xudda, Caydosckas Apasus

* International Medical Center Hospital, /[xudda, Caydosckas Apasus

¢ Qena faculty of medicine and University Hospital, South Valley University, Kena, Ezunem
7 King Abdulaziz Specialist Hospital, 9m-Taug, Caydoeckas Apasus

8 King Faisal Hospital, 9m-Taug, Caydosckas Apasus

Pedepar

Llens uccnedosaHus — peiCTaBUTb PaHHME KIMHUYECKIME PE3YIbTaThl TOTATHHOTO SHAOMPOTE3UPOBAHMS Ta306eIpeHHOTO
CyCTaBa, BBITIOJIHEHHOTO B PerMOHAJIBHOM OpTOIeanveckoM IeHTpe CaymoBCKoil ApaBuu maimyeHTam B Bospacte 40 jet
¥ MIafllle, peCTaBIsIoOI MM HaceleHe cTpaH bamskHero BocToka.

Mamepuan u memoodsi. B paMKkax MMpOCIIEKTMBHOTO HAGIIOATEILHOTO MCCIeOBaHMs BCe MAIMeHThl B Bo3pacte <40 jer,
TiepeHecie MepBUYHOE TOTAJbHOE SHAOMPOTE3MpOBaHMe Ta300eJPEHHOrO CyCTaBa B PETMOHAJBHOM OPTOIEIANYECKOM
nieHTpe CaymoBCKOi ApaBuy, HAXOOWINCD TTON HabGIofeHeM B TeueHue OFHOro rofa. [IBailaTh MATh MalleHTOB, B TOM
yucne 14 (56%) My>XUMH, COOTBETCTBOBAIM KpUTepusIM BKiIroueHusi. CpeiHI BO3pacT naiueHToB coctaBuia 31,6+6,1 roga.
OyHKIMOHAMbHbBIE IOKa3aTeny oeHuBanu no mkane Harris (HHS), Takke onieHuBanack pasHuiia B AjIMHe HMOKHUX KOHeU-
Hocreit (LLD) 1 41c/Io OCTIOKHEeHN Ha BCex Tarax HabmomeHus.

Pesynsmamet. Hau6onee pacpocTpaHeHHbIM MoKasaHueM K TATBC 6b11 Tporpeccupyrolnii aBacKyIsipHbIi HeKpo3 (28%),
3a KOTOPBIM CJIeI0BA/IN IMOCTTPAaBMATUUECKUI 0CTe0apTpuT (24%) M peBMaTOUAHBIN apTpuUT (24%). BecuiemeHTHas1 hukca-
1Ms ucronb3oBanach B 20 (80%) ciyuasx. B 92% HabmogeHuit mapa TpeHust 6bu1a 1160 MeTalsInIeckoii, 1Moo KepaMuKa-
TonuaTuIeH. B cpegame cpoku Habmomenus 20,0+4,5 Mec. mokasaTesb 1o HHS yydimmmics ¢ mpenonepaluoHHOTO CpefHe-
ro sHaueHus 29,2+5.3 no 85,5%7,5 6annoB (p = 0,0001). OTIMYHbIE ¥ XOPOIIIME Pe3YIbTAaThl ObUIM 3aPETrUCTPUPOBAHbI Y 84%.
Bce pa6oratomue manyeHTsl (52%) BepHYINCh K CBOeii podeccroHanbHOM qesTenbHOCTH. [TokasaTens LLD ymyummics
¢2,12+1,01 1o 0,72+0,40 cm (p = 0,0001). Y 2 (8%) maiMeHTOB BO BPeMsI CHSTHMS IIBOB HAO/TI0aIach [TOBEPXHOCTHAsI paHeBast
MHOeKIIMs, KOTopas 6bla YCIIeIIHO KyMMpoBaHa exkeJTHeBHBIMM TTepeBs3KaMy U aHTU6MOoTHKaMu. Hu B oMHOM U3 C/TyyaeB
He TTOTPe60BaIoCh MOBTOPHOE XUPYPTUUECKOE BMENIATETbCTBO.

3akntoyerue. TepBYHOE TOTAIbHOE SHIOMPOTE3MPOBaHE Ta306eIPEHHOT0 CYCTaBa SB/SIETCS METOIOM BbIGOpA MPH Jieue-
HUM TEPMMUHATBHOM CTaAUY MaTOIOTUM Ta306eAPEeHHOT0 CyCTaBa daske Y MOJIOABIX MAI[MeHTOB, KOTIa CYyCTaBOCOXPaHSIONe
ornepanuu yske HeBO3MOXHbBI. Halll ombIT 1MoKasan xopoire GyHKUMOHAIbHbIE Pe3y/IbTaThl, BO3BpalleHne K MOBCeqHEeBHO
JIesITeTbHOCTY Y GONBIIMHCTBA MAI€HTOB Y 3HAUMTEIbHO 60Jiee HMU3KYI0 YaCTOTY OCTIOSKHEHUIA.

KiioueBbie CJI0Ba: TOTATbHOE SHAOMPOTE3MPOBaHME Ta300eIPEHHOTO CYCTaBa, MOJIObIEe MAalVeHThI, BavskHMiT BoCcTOK.

Onsa uutupoBaHusi: Anb-lllaep B.M., Anp-SImu A.X., Anb-Campg M.A., Anb-3aupman A.M., Anp-Cybauu WU.P.,
Xamda A.A., Anb-Takadpu P.M.M., Anp-Xamuanu A.M.X., Anb-3yban M.M. PaHHKe pe3ynbTaThl IEPBUYHOIO TOTAIb-
HOTO 3HIOINPOTEe3MPOBAHUSI Ta300eApPEeHHOr0 CyCTaBa y MOJIOABIX MAIlMEHTOB B PErMOHAIbHOM OPTONENMYeCKOM
teHTpe CaynoBCKOii ApaBui: IPOCIIEKTMBHOE HabmoaTe/bHOe uccienoBanue. Tpasmamosnozus u opmonedust Poccuu.
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INTRODUCTION

Total hip arthroplasty (THA) is considered as the
treatment of choice for end-stage degenerative
disease of the hip joint and has been termed “the
surgery of the century” due to its high success rate,
patient satisfaction, and improvement in life quality
[1, 2]. The prevalence of THA procedures for hip
deterioration in the USA increased by 50% from 1990
to 2002 and is expected to increase from 208.600
in 2005 to 572.000 in 2030 [3].

Although this procedure is commonly performed
in relatively elderly populations (95% of primary
THA in the UK are performed for patients older than
50 years) [4], more and more younger patients
require THA due to various indications [5, 6],
commonly — hip avascular necrosis (AVN) and the
sequel of developmental dysplasia of the hip (DDH), as
reported in The 20" annual report from the National
Joint Registry (NJR) of England [7].

Performing THA in relatively young patients
could be the sole option for pain relief and mobility
preservation in cases of advanced hip diseases or
when medical management or joint preservation
strategies fail [4, 8, 9]. However, this procedure in
younger patients can be challenging due to poor bone
quality secondary to systemic disease or medications,
and osseous deformities that could complicate
component placements [10]. Despite improvements
in surgical techniques, active young patients may
have a higher risk of revision surgery than elderly
patients do because they are willing to engage in
activities similar to those of their healthy peers
after THA and the expected longer life expectancy
[9,11,12].

The aim of the study is to report the early experience
and clinical results after total hip arthroplasty
in patients <40 years old from a regional Saudi-
Arabian hospital as a representative of the Arab
(Middle Eastern) population.

METHODS
Study design

After obtaining ethical committee approval, we
conducted a prospective observational study by
following all patients who underwent primary THA
over one year (between March 2018 and March 2019)
at the orthopedics center in King Abdulaziz Specialist
Hospital (Taif, Saudi Arabia).

Inclusion and exclusion criteria

We included patients aged or under 40 years old
regardless of the indication for THA, while patients
above 40 years old, revision THA, and patients with
incomplete data or follow-ups were excluded. Of 120
primary THAs performed during the study period,
29 patients met the inclusion criteria, and 25 were
eligible for final inclusion.

Peri-operative protocol

All patients underwent preoperative radiographic
evaluation, including an anteroposterior (AP) view
of the pelvis (showing both hips) and AP and lateral
views of the affected hip to confirm the diagnosis and
perform preoperative planning, including assessing
the leg length discrepancy (LLD) by measuring the
perpendicular distance from the inter-teardrop or
the inter-ischial line to a fixed point at the middle
of the lesser trochanter bilaterally.

All patients were operated upon by two senior
surgeons under spinal anesthesia through either
a posterolateral or modified direct lateral approach
at the surgeons’ discretion. The fixation types
(cementless, cemented, or hybrid) were chosen based
on the preoperative planning and the intraoperative
surgeons’ decision.

Postoperative and follow-up protocol

After the routine postoperative management of the
patients in the recovery room supervised by the
surgeon, the AP view of the pelvis, which included
the entire stem length, was obtained. In the ward,
patient-controlled analgesia was continued for the first
36-48 hours, and hemoglobin levels were checked on the
first postoperative day. A blood transfusion was given
if necessary. A broad-spectrum antibiotic (amoxicillin
with clavulanic acid) 1 g every 8 hours for 24 hours
postoperatively was given. Low molecular weight
heparin (LMWH) was started 12 hours postoperatively
every 24 hours (continued for three weeks).

Follow-up visits were scheduled at two weeks
for sutures removal and initial wound evaluation;
initial radiographic evaluation was performed at
six weeks. Then, the follow-ups were at 3, 6, and
12 months, then — annually. The Harris Hip Score
(HHS) was used for clinical evaluation of the patients
preoperatively and at follow-up visits. The score is
considered “excellent” if it ranges between 90 and
100, “good” — between 80 and 90, “fair” — between
70 and 80, and “poor” — if below 70.

Patients with sedentary occupations could return
to work after six to eight weeks. They could return
to occupations requiring limited lifting and bending
at three months. The limited athletic activity was
permitted, including swimming, cycling, and golfing.
However, jogging, racquet sports, and other activities
requiring repetitive impact loading or extreme hip
positions were unwise. Patients were warned that such
activities increase the risk of arthroplasty failure.

Outcomes evaluation

Basic demographic and clinical data, including age,
gender, and occupation, were collected. Procedure
details were recorded, taking into consideration
indication, laterality, type of prosthesis fixation, and
bearing surfaces. Clinical evaluation per HHS was
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reported at the last follow-up visit and compared
with preoperative scores. Radiographic evaluation
(postoperatively and during follow-ups) was also
performed to measure the LLD and compare it with the
preoperative values, evaluate acetabular component
inclination, and assess component migration
(Figures 1, 2, and 3). Any complications during the
course of management were reported.

Statistical analysis

Statistical analysis was performed using SPSS v. 20
(SPSS Inc., Chicago, Il). The results are presented
as the mean (M) = SD or numbers and percentages.
Non-parametric tests were used to compare the
preoperative and last follow-up values. P<0.05 was
considered statistically significant.

Figure 1. A 36-year-old male patient with bilateral avascular necrosis, right cementless THA
(metal-on-polyethylene bearing surface):
a — preoperative X-rays; b — X-rays at 6 months post-operatively; ¢ — X-rays at 18 months post-operatively

Figure 2. A 27-year-old male patient with failed fixation of left femoral
neck fracture leading to non-union, cementless THA
(ceramics-on-polyethylene bearing surface):

a — preoperative X-rays;

b — immediate post-operative X-rays;

¢ — X-rays at 12 months post-operatively;

d — X-rays at 24 months post-operatively
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Figure 3. A 30-year-old male patient with advanced left hip avascular necrosis with failed previous core decompression
and collapsed femoral head, cementless THA (metal-on-polyethylene bearing surface):
a — preoperative X-rays; b — X-rays at 6 months post-operatively; c — X-rays at 20 months post-operatively

RESULTS
Patients’ demographics and peri-operative data

A total of 25 patients (25 THAs) had a mean age of
31.6%6.07 (ranging from 22 to 40), where 14 (56%)
were males, 11 (44%) were females, 13 (52%) were
either manual workers or had sedentary jobs while
12 (48%) were not able to work because of their
hip disease. The left side was operated upon in 13
(52%) hips. The commonest indication for THA was
advanced avascular necrosis (AVN), constituting 28%,
followed by post-traumatic osteoarthritis (PTOA) in
24%, and rheumatoid arthritis (RA) in 24%. Details
and complexities are shown in Table 1.

The modified direct lateral approach was utilized
in 23 (92%) THAs. Cementless fixation was used
in 20 (80%) THAs, while cemented and hybrid
fixation were utilized in three (12%) and two (8%)
THAs, respectively. The bearing surface was metal-
on-polyethylene (MOP) in 18 (72%) THAs, ceramic-
on-polyethylene (COP) in five (20%), and ceramic-
on-ceramic (COC) in two (8%). Post-operative blood
transfusion was required in 11 (44%) patients.

Outcomes

After a mean follow up of 20.0+4.5 months (ranging
from 18 to 24), the HHS improved from a preoperative
mean of 29.20£5.29 (ranging from 20 to 36) to a mean
of 85.48%7.18 (ranging from 65 to 97) at the last
follow up, p = 0.0001. Excellent and good results were
reported in 21 (84%) hips, while four (16%) had fair
or poor results. All working patients (52%) reported
returning to their jobs after THAs, while 10 out of 12
non-workers reported re-engagement in their pre-
disease usual daily activities.

The mean acetabular cup inclination was
40.3%6.1 (ranging from 35.8 to 56.4). The LLD
improved significantly from a preoperative mean
of 2.12%#1.01 cm (ranging from 0.64 to 4.66) to the
last follow up mean of 0.72+0.4 cm (ranging from
0 to 1.4), p = 0.0001. No component migration was
detected.

No intraoperative complications were reported.
Two (8%) patients had superficial wound infection
at the time of suture removal, which was treated
successfully by daily dressing and antibiotics; no

Table 1

Complexity and underlying diagnoses for total hip arthroplasty

Diagnosis Hips Complexity and possible challenges
Sequel of DDH 4 (16%) Distorted anatomy, excessive shortening, restoration of the center
of rotation
Advanced AVN 7 (28%) Restoration of hip joint offset
Sequel of septic arthritis 1 (4%) Severe bone destruction, poor soft tissue condition
Post-traumatic or failed fixation 6 (24%) Removal of failed hardware, management of non-union fracture
Rheumatoid arthritis 6 (24%) Bone softening, increased vascularity
Ankylosing spondylitis 1 (4%) Fused hips, limited spine movement
Total 25 (100%)
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loosening or infection was reported till the last follow
up in any of the patients. None of the THAs required
revision.

DISCUSSION

Data regarding outcomes of total hip arthroplasty
performed in the young population is considerably
limited, as described by the joint replacement
registries [7, 13]; furthermore, the results from our
area are scarce.

In the current study, we achieved satisfactory
functional outcomes, restoration of equal leg lengths,
and a return to pre-disease activity levels, with few
complications and no early revisions in a small group
of selected young Arab patients who underwent
primary THA for various indications.

Performing THA in relatively young patients
is challenging owing to many variables. First is
the patient’s age, their need to get back to their
daily activities as early as possible, and the high
possibility of future revision surgery due to the
expected increase in their life span. Second, the
THA indications. Since most of these patients are
with secondary hip pathologies such as PTOA and
sequel of DDH or infection, which, as presented
in the current series, could be associated with
distorted anatomy, high hip center, bone deficiency,
and increased risk of infection. Third, the necessity
of a meticulous surgical technique to restore the
hip biomechanics and the leg length, as well as the
judicious selection of prosthesis fixation (which
is sometimes challenging due to bone softening,
such as in patients with RA), and proper selection
of bearing surfaces to avoid early wear and aseptic
loosening [5, 9, 14, 15, 16]. All the previous
factors and others contribute to the complexity
of managing such patients.

Indications for THA in young patients have
changed over time and seem to differ among studies
[17, 18]. The most common indication for THA in
our series was AVN, followed by RA or PTOA; this
slightly differed from previous studies’ indications.
A study by R. Galloway et al. [4], including 110
patients, reported that the most common indication
for patients younger than 40 years old in their series
was a sequel of DDH, which was similar to S. Rahm
et al., who reported that 144 primary THAs were
performed in 127 patients younger than 40 years, and
the most common indication for surgery was DDH
as well [12]. Furthermore, in even younger patients
(below 21 years old), RA was the main indication
for surgery (34.3%) followed by AVN and sequel
of DDH, as reported in a recent systematic review
by E. Huerfano et al. after evaluating the results of
1166 primary THAs, which confirms the surgical
indications diversity [9].

In the current study, we commonly used
cementless implants (80%) similar to the results
reported by E. Huerfano et al., where implant fixation
varied among studies. However, the majority were
cementless (70.6%), while cemented and hybrid
fixation represented 22.6% and 6.7%, respectively [9].
On the contrary, S. Rahm et al. reported that 66% of
their patients received a cemented stem, while the
acetabular cup was cementless in only 60% [12].

Various bearing surface options are available for
THA in young patients, and their proper selection is
crucial in implant survival [17, 19]. I. Swarup et al.
investigated 548 THAs in patients having a mean age
of 27 years old (upper age limit was 35), followed up
for a mean of 14 years. The bearing surfaces were MOP
(61.2%), MOM (3.1%), COP (23.1%), and COC (12.6%).
The revision rate of 23%, they reported a lower risk of
revision for COC implants (HR 0.1) or COP implants
(HR 0.47) compared to MOP implants [20]. In the
current study, 92% of the patients had either MOP
or COP-bearing surfaces. E. Huerfano et al. reported
that COC was the most frequently utilized (44%),
followed by MOP (37.3%) in patients included in their
systematic review [9].

Most of our patients (84%) achieved excellent or
good functional outcomes per HHS, with a mean score
of 85.48. Improved functional outcomes in younger
patients who had THA for end-stage hip disease were
reported as well by A. Chapot et al. where they even
included younger patients (less than 20 years),and at a
mean follow up of six years, the mean HHS was 81 (67%
had excellent or good outcomes) [21]. Furthermore,
the negative effect of LLD on the functional outcomes
after THA is well documented in the literature
[22, 23]. We were able to reduce the preoperative
LLD from 2.12%#1.01 cm to the last follow up mean
of 0.72#0.4 cm (p = 0.0001), which, we believe,
contributed to the better functional outcomes.

R. Galloway et al. followed their patients for a
median of 31 months; 18 out of 25 patients aged less
than 30 years old (72%) returned to their pre-disease
level of work [4]. In the current study, 92% of the
patients returned either to their pre-disease activity
or work level.

We did not report any revisions in the current
series, which could be attributed to the relatively
short follow-up period. However, given the fact that
these are young and relatively active patients, they
were consulted regarding the high possibility of
future revision relying on the results reported by
L.E. Bayliss et al., where they found that the lifetime
revision risk after primary THA is about 5% for
patients aged 70, while the incidence will increase to
35% for patients aged 50 years [15]. In the systematic
review by E. Huerfano et al., the overall revision
rate was 14.4%; of those, 63.6% were for aseptic
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loosening; the 10-year survival rate was around
84.9% [9]. Furthermore, S. Rahm et al. indicated that
the revision risk is linked to the primary diagnosis.
In their study, they reported a higher risk of revision
in patients diagnosed primarily as having DDH
(OR 16.8) compared to other diagnoses [12].

Limitations

We admit that the current study has several limitations.
First, the small number of included patients which
could be attributed to the high selectivity of specific
age groups. Moreover, these were operated upon
in a single center. Second, there is a relatively short
follow-up period, where the long-term complications
and revision incidence are not revealed. The last
limitation is the non-comparative study nature.
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CONCLUSIONS

To sum up, primary total hip arthtoplasty is the
option of choice for managing end-stage hip disease,
even in younger patients when hip preservation
surgeries are not valid. Our results showed improved
functional outcomes and a return to pre-disease
daily activities in most patients, with considerably
lower complication incidence. However, more robust
studies with a larger number of patients and a
longer follow-up period are needed to confirm the
results obtained in our study. Furthermore, a need to
conduct a multi-center study to report the outcomes
of THA performed in young patients from our area
and to compare the results with studies published by
other nationalities is highly suggested.
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Pecdepar

AxmyaneHocms. ManonHBa3MBHAS XUPYpPrudyeckasi TEXHUKA MO3BOJSIET CHU3UTh TPAaBMATUUYHOCTb OCTEOCHHTE3a Ipu
OKOJIO- I BHYTPUCYCTaBHBIX IIepesioMax MUJIOHA, OJHAKO He BCerja AaeT BO3MOKHOCTh BBITIOTHUTH aHATOMUYHYIO perio-
3UIMIO CYyCTABHOTO KOMITOHEHTA M TOOUTHCS CTAOMIbHOI MKCAIMYM BCEX KOJIOHH IUCTAIbLHOTO OTAesa 60IbIlle6epIioBoit
KOCTH.

Llens uccnedosaHus — MPOBEPUTH TUTIOTE3Y O KIMHUYECKUX MPEMMYIIECTBAX MHOTOKOIOHHOM UKCcayy Py OCKOJIbYa-
THIX IIepeIoMax MMI0HAa 60JIbIlIe6epIIoBoii KOCTH 10 CPaBHEeHMIO C TPAOULIVIOHHOM OTHOKOIOHHOI duMKcaleii.
Mamepuan u memodsl. B vicciiemoBaHye BOILIM 55 MAlMEHTOB C BHE- M BHYTPUCYCTaBHBIMM ITepesioMaMy JUCTaTbHOTO
oT[Iesia KOCTeit rojjeHn. M 6T BBITTOTHEeH MaJIOMHBAa3MBHbBIM HAKOCTHBI OCTEOCHHTEe3. Bblin chopMUpPOBaHbI IBE COIO-
CTaBMMBbIE IO TTOJTy ¥ BO3PACTY MAI[MEHTOB IPYIITbl B 3aBUCUMOCTM OT KOIMYeCTBa (DUKCUPOBAHHBIX KOJIOHH. B mepBoit
rpymme (28 mauyeHTOB) OCTEOCUHTE3 BBIIIOIHSIUIY OJHOV aHaTOMUYeCKM IIPebI30TrHYTON IIAaCTUHOM, BO BTOPOJ (27 na-
LIMEHTOB) — ABYMS U Oojiee TUIACTMHAMM, PACTIONOKEHHBIMU TT0 Pa3HBIM KOJTOHHAM. AHAJIM3UPOBAJIM KaueCTBO PEIo3y-
LMY KOCTHBIX OTIOMKOB ITO JAHHBIM KOHTPOJIbHBIX PEHTTeHOTPaMM, BbIIIOJIHEHHBIX Ha CAeIYIOUMil AeHb Moc/ie ornepa-
uyy. OyHKIMOHANBHBIN UCXOT JieueHMsT oleHMBanu no mkane AOFAS yepes 6 u 12 mec. mocie onepanyum, onpenensiam
YacTOTy PaHHUX M OTCPOUYEHHBIX OCJTOKHEHMI OCTeOCUHTEe3a.

Pesynomamet. Mexxny manyieHTaMy 06eux TPYII UCCAeOBaHMs He ObUIO 0GHAPYKEHO CTAaTUCTUUECKY 3HAUMMOIi pPas3HMU-
1Ibl B pe3y/abTaTax OLeHKM KauecTBa penosuuuu (p = 0,23). DyHKUMOHAIBHBIN pe3yabTaT B IIePBOJ IPYyIINe UCCIeSOBaHUS
B CPOK 6 Mec. coctaBwi Me = 63 6aymuta [Q1 — 50,00; Q3 — 73,00], B cpok 12 mec. — 74 6amna [Q1 — 65,00; Q3 — 83,25]; Bo
BTOpOIi rpymme — 75 6amioB [Q1 — 67,50; Q3 — 81,00] u 85 6ammoB [Q1 — 71,00; Q3 — 94,50] cooTBeTCTBEHHO. B cityuae
MHOTOKOJIOHHOVI hMKcalyu repeoMa MMaoHa Ha 060MX CpoKax Habmome st olleHKa QYHKI[MOHAILHOTO pe3y/bTaTa 6blia
CTaTUCTUYECKM 3HAUMMO BbIme: 6 mMec.: p = 0,015; 12 mec.: p = 0,028. BeposSITHOCTb OC/IOKHEHMIT B TepBOIi IpyTine 6blia
B 4,4 pasa Bblille, ueMm Bo BTopoii: OIIl = 4,444 (95% OIU 1,066—18,528).

3axntoueHue. MHOTOKOJMIOHHAST GUKCALVS TPY MOTHBIX OKOJIO- ¥ BHYTPUCYCTABHBIX ITepeioMax MuaoHa obecreunBaeT
gyunive GYHKIVOHATbHbIE TTOKA3aTeIy M0 CPABHEHMIO C OTHOKOJIOHHO, CHMKAET PUCK OCIOKHEHMIT 38 CUeT MOBbI-
IIeHMs] CTA6MIbHOCTY (BUKCAIMY OTIIOMKOB U YCTOMUMBOCTY CUCTEMBI «MMIUIAHTAThI — KOCTb» K (DU3MOIOTMUYECKUM
Harpyskam.

KiioueBble CJIOBa: MaJOMHBA3MBHAS XUPYPTUs, IepesoM 60blie6epiioBoii KOCTU, HAKOCTHBIA OCTEOCUHTE3, MHOTO-
KOJIOHHAsT GUKCAIVsI, OCIOKHEHMS] OCTEOCHHTE3a.
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Abstract

Background. Minimally invasive surgical techniques can reduce the degree of surgical injury during osteosynthesis
in peri- and intraarticular pilon fractures. However, these techniques do not always achieve anatomical reduction
of the articular component and stable fixation of all columns of the distal tibia.

Aim of the study — to test the hypothesis regarding the clinical advantages of multicolumn fixation for comminuted
pilon fractures over traditional single-column fixation.

Methods. The study enrolled 55 patients with extra- and intraarticular fractures of the distal tibia and fibula, all
of whom underwent minimally invasive osteosynthesis. Patients were divided into two groups based on the number of
fixed columns. These groups were comparable in terms of gender and age. The first group consisted of 28 patients who
underwent osteosynthesis with one anatomically precontoured plate. The second group consisted of 27 patients who
underwent osteosynthesis with two or more plates placed on different tibial columns. The quality of bone fragment
reduction was analyzed using control X-rays performed the day after the operation. Functional outcomes were evaluated
according to the AOFAS scale at 6 and 12 months post-operation. The incidence of early and delayed complications
of osteosynthesis was also determined.

Results. No statistically significant difference was found between the two study groups in terms of quality of reduction
(p = 0.23). The median functional outcome score in the first group at 6 months was 63 points [IQR 50.00-73.00]
and at 12 months was 74 points [IQR 65.00-83.25]. In the second group, the median scores were 75 points [IQR 67.50-81.00]
and 85 points [IQR 71.00-94.50], respectively. Multicolumn fixation of the pilon fracture resulted in statistically significantly
higher functional outcome scores at both follow-up periods: at 6 months (p = 0.015) and at 12 months (p = 0.028).
The probability of complications in the first group was 4.4 times higher than in the second group: OR = 4.444
(95% CI 1.066-18.528).

Conclusion. Multicolumn fixation of complete periarticular and intraarticular pilon fractures leads to better functional
results compared to single-column fixation. It also reduces the risk of complications due to increased stability
of the fragment fixation and the resistance of the implant-bone system to physiological stress.

Keywords: minimally invasive osteosynthesis, tibial fracture, pilon fracture, multicolumn fixation, complications
of osteosynthesis, functional outcomes.
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BBEJEHUE

B coBpeMeHHOI TpaBMaTonOruy Immpobiema JieueHust
OKOJIO- ¥ BHYTPUCYCTaBHbIX N1€PEIOMOB KOCTeN Iuc-
TaJIbHOTO OTAe/Na TojieHM COXpaHsIeT CBOI aKTyallb-
HOCTb. HecMoTps Ha pa3BUTME AUAarHOCTUUYECKUX
BO3MOJKHOCTEI, ITAITHOTO XUPYPruuecKoro jJe4eHusl,
MaJIOMHBA3MBHBIX TEXHOJOrMit QuKcauuy, MeTOgUK
aKTMBHO} amnmapaTHOl peabuIuTalyy, Pe3yabTaThl
JleyeHUsI 3TUX TPaBM He BCerha SIBJISIOTCS YOOBIIET-
BOPUTEIbHBIMY, & I0JIS1 OCJIOXKHEHUIT OCTAETCs JOCTa-
TOYHO BBICOKOM [1, 2, 3, 4].

Crabunmsanmuio OKOJIO- M BHYTPUCYCTAaBHBIX
MepeioMOB CO CTPOTUM COOMIONeHMeM MPUHIIUIIOB
OCTEOCMHTEe3a 3a4acTyl HEINpOCTO peaan30BaTh Ha
MPaKTHKe, TaK KakK >KeJaHe BBIIIOJHUTbh KaUeCTBEH-
HYI0 pPelo3UIIMIO U afeKBaTHYI0 (GUKcAIMIO TPUBO-
IUT K YBEIMUYEHUIO CTEIIEHU XUPYPTUIECKON arpec-
CUMU, CJIEICTBYEM KOTOPOI SIBJISIIOTCS OCTIOKHEHMS CO
CTOPOHBI MSITKUX TKaHei, HecpalneHusT U MHPeKIus
[1, 5, 6].

B psime coBpeMeHHBIX MybIMKAIMiA COOOIIAETCS
0 TOM, YTO pellleHMeM 3TOi Ipo6ieMbl MOXKET CTaTh
MHOTOKOJIOHHAs GuKcaus OUCTAIbHOTO OTHena
6ombiiebeprioBoii koctu (BBK), T.e. ycraHOBKa Hec-
KOJbKUX OIOPHBIX IJIACTMH IO MEAMaabHOI, jaTe-
paJIbHOM W/unu 3amHeil KonoHHaMm [7, 8, 9, 10]. 3to
MHOTA He yAaeTcs 1o IPUYMHE BbICOKOV TpaBMaTHUU-
HOCTU MeToZa. BbIXoqom 13 3TO¥ CUTyaluy MOTJIO ObI
CTaTb IPMMEHEHME MaJTOMHBAa3MBHOIO OCTEOCMHTE3a.
ManounBasuBHas Gukcalus He BCerga I03BOJSIeT
BBIIIOJTHUTh aHATOMMUYHYIO PENo3ULMI0 CYCTaBHOTO
KOMITOHEHTA IepejioMa, OLHAaKO OHa He COITPOBOXKIA-
eTCsd KPUTUYECKON AeBUTaIM3alMell OKpyKarlux
MSATKMX TKaHei u Koctu [11, 12, 13].

OnucaHHble BOMPOCHl TOCTYXWIM OCHOBaHU-
eM Ijisl TIpOoBeleHMUsT COOCTBEHHOIO MCCIeIOBaHMUS
Y OTIpeAeNnyIv ero akTyaabHOCTb.

Ilenv uccnedosauus — TIPOBEPUTb TUIOTE3Y
0 KJIMHUYECKUX IMPEMMYLIeCTBAX MHOTOKOJOHHOI
dbuxcanMy TpM OCKOTBUATHIX IlepesioMax IMIOHA
60s1b111€6ePIIOBOI KOCTY Mepe[] TPagULIVIOHHO OTHO-
KOJIOHHOJ (huKcaiyeir.

MATEPUAJI 1 METO/IbI
JlvizaiiH uccjiegoBaHUS

Tur uccaemoBaHus — KOTOPTHOE ITPOCIIEKTUBHOE He-
pPaHIOMMU3UPOBAHHOE JIBYXII€HTPOBOE.

B mcciemoBaHue BKIIOYEHO 55 MAllMEHTOB C BHE-
CYCTaBHbIMM MeTapu3apHbIMU U TIOTHBIMU BHYTPU-
CYCTaBHBIMM TepesioMaMiu AUCTAJIbHOTO OTAeNa KOC-
Telt rojieHu, KOTOPbIM IMPOBOAMIOCH XUPYPTUUECKOe
JieueHue C IpMMeHeHeM MaJIOVHBA3UBHOTO HAKOCT-
Horo octeocuHTesa B 'BY3 JIO «BceBonoskckast KMb»
u I'BY «<HUUCIT um. N.U. [I>kaHenuasze» B IepUO,
¢ 2018 mo 2023 r.

Kpumepuu exnoueHus naljieHTOB B MCCIeLOBaHMeE:

— HaJMumMe 3aKpbITOro IiepejioMa JUCTaIbHOTO
meTasmudusa 60/bie6epiioBoii KOCTH TUIIOB 43A1,
A2, A3, C1, C2,C3 no knaccudurauyum AO;

— BO3pacT MalMeHTOB cTaplie 18 sier.

Kpumepuu HesxnioueHus:

— HaJMumMe 3aKpbITOro IiepejioMa JUCTaIbHOTO
MeTasnubu3a 6onbiIe6epIioBoit KocTu TUIOB 43B1,
B2, B3 no knaccudmxkaiym AO;

— BO3pacT miiaziie 18 jier;

— HaJMuMe XPOHMUYECKUX 3a060JIeBaHUil B CTaAUU
JIeKOMITEHCAllMY, OHKOJIOTMUECKMUX 3abosieBaHMiA,
oyara XpOHMYECKO# MHQEKLIMM, CUCTEMHBIX 3a6oJ1e-
BaHMii, TpeOYIOMIMX MMOCTOSTHHOTO MpYeMa ITFOKOKOP-
TUKOUJIOB U IMTOCTATUKOB;

— HEBO3MOXXHOCTb OLIEHKM DPe3y/IbTaTOB JIeUeHUSs
Ha BCEX CPOKaxX HaGMIOmeH s,

MbI Takke BK/IOYWIM B UCCIEeLOBaHMUE MalMeH-
TOB C MHOXECTBEHHOJ TPaBMOI1 ¥ COUeTaHHBIMU I10-
BpEXAEHUSIMU, eCJI OHU He COIMPOBOXKAAIUCH TPaB-
MaTUYEeCKMM LIOKOM M pa3BUTUEM TPaBMaTUYECKON
60s1e3HM — TIPU YCJIOBUM TIEPBUYHOTO TTOKA3aTeJs 110
ISS (Injury Severity Score — 1ikaia TSDKeCTU ITOBPEXK-
IeHuit) meHee 16, Tak KaK CUMTa/IM, UTO COMYTCTBY-
IolIMe TIOBPEXIEHMSI He OKa3bIBAalOT CYILECTBEHHOTO
BJIMSIHUSI HA pe3y/IbTaT JieueHus mepeaoMa OUCTallb-
HOT'O OTJefa KOCTeli TONeHMU.

WcknoueHne MamnyeHTOB C HEMOTHBIMM CyCTaB-
HBIMM TlepeniomMamMy Tuma 43B 06yc/I0BI€HO TeM, UTO
LIeJIbI0 UCCIIeIOBAaHMS SIBJISITIOCh CpaBHEHME BO3MOXK-
HOCTEli pasauMyHbIX BapMaHTOB MaJOMHBAa3MBHOTO
OCTEOCHHTEe3a M0 MPUHLMITY OGHO- WU IBYXKOJIOH-
HOIt buKcalum, 4To MpeIonaraeT Haauuye MOJTHOTO
nepesioma Ha MeTadu3apHOM YpOBHe.

Bce manueHTbl ObUIM pasfeneHbl Ha [Be TPYII-
bl B 3aBUCUMOCTU OT KOJMMUYECTBA (UKCUPOBAHHBIX
KOJIOHH. B mepByio rpynmy Bouiy 28 MalyeHTOB,
KOTOPBIM OB BBITTOJIHEH OcTeocuHTe3 BBK omHO
aHAaTOMMYHOM OIIOPHOM IulacTMHOM. Ecin umenach
nepBUYHAsl BapycHas gedopmalus, IPpUMEHSIN Me-
OVAJbHYI0 IUIACTUHY, TPU IEPBUYHONM BaJIbI'YCHOM
nedopmaiuy UCIOMb30BAIM IepegHeNaTepaTbHy0
MJIaCTUHY.

Bo BTOpYIO Irpymny 66110 BKIIOUEHO 27 MalYIeHTOB,
¢duxcarmss BBK koTopbiM 6GbLiIa BHITIONIHEHA OBYMS U
6osee MIACTMHAMMY, YIOXKEHHBIMU 110 PA3HBIM KOJIOH-
HaM (MeIVa/IbHO, lepefHeaTepaJbHOM U 3aHE)
B 3aBMCUMOCTU OT KOJIMYECTBA IMOBPEXIEHHBIX KO-
JIoHH. [Ipy pa3geneHuy nauyeHTOB Ha TPYIIIbI Mbl HE
YUUTBIBAJIN BBIIIOJTHEHHBIN B PSZie CIy4aeB OCTEOCUH-
Te3 manobepiioBoit koctu (MBK).

I'pymmbl uccnemoBaHus ObUIM COMOCTaBUMBI 10
BCEM OTpaskeHHbIM B Tabnuile napamerpam (Taom. 1).
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XapaKTepucTHKa HalMeHTOB IPYII MCCIeX0BaHMS

[TapameTp

Bcero nmauyeHTos, n (%):
SKEHIMHbI
MY3KUMHbI

CpenHuit Bo3pacr, jietT (M*c)

Tum nepenoma, n (%):
43A1
43A2
43A3
43C1
43C2
43C3

[Tepesnom MBK, n (%)

[Tepenom MBK B HUKHe TpeTH, n (% OT Bcex cirydaeB nepenoma MBK):

MMPOCTO¥
CJIO>KHBIN

[TepBuyHas gedopmanus, n (%):
BaJIbIyC
Bapyc

HelTpaJibHOe ToNIoXKeHMe (% OT Bcex cirydaeB nepesnoma MBK)

[epBuuHas bukcanus, n (%):
ABO
TUIIC
CKeJIeTHOE BBITSKeHMe

Tabnuya 1
[TepBag rpymnna Bropag rpymnmna
28 27
10 (36) 7 (26)
18 (64) 20 (74)
49,2£13,3 47,0%15,6
1(4) 3(11)
2(7) 14
6 (21,5) 3(11)
6 (21,5) 3(11)
4(14) 5(19)
9 (32) 12 (44)
22 (79) 23 (85)
13 (59) 11 (47)
5(23) 4(17)
8 (36) 7 (30)
11 (39) 14 (52)
8 (29) 9(33)
9 (32) 4(15)
13 (48) 12 (43)
4(15) 14)
10 (37) 15 (53)

[Tpy BBIMTOTHEHMM HEPBUYHOI PuUKcaIUM C TIOMO-
11610 AB® upecKOoCTHbIE 3/IeMEHThI BBOAWIIN B 06/1aCTh
muacdusa BBK Bblllie 30HBI ITepeioMa, a Takke B 06-
JIaCTU MSTOYHOM KOCTH, IIEMKM TapaHHOM KOCTU WMIN
TUTFOCHEBBIX KOCTei. Hu B OBHOM citydae TepBUYHOI
ukcaiuy AB® He 6bIIO MTPOU3BEAEHO COUETAHHOTO
octeocuHTe3da MBK. BpeMs OKOHUATeIbHOTO OCTEO-
CMHTE3a OIpeensiyioch COCTOSTHUMEM MSITKUX TKaHei,
KYIIMPOBAHMEM OTEKa, 3aKUBJIEHMEM (IIMKTEH.

Ha ocHoBaHMM TIepBUYHBIX pEHTTeHOTrpaMM
B IBYX CTAHIaPTHBIX ITPOEKIMSX (ITPSIMOTL 1 GOKOBOIA)
C 3aXBaTOM KOJIEHHOTO U TOJIEHOCTOITHOTO CYCTaBOB
onpenensiin ™Mo mnepenoma BBK, Hamuume cmenie-
HMSI OTJIOMKOB, TEepBUYHYIO Aedopmanuio (Bapyc,
Ba/IbTyC, aHTe- WIN PeTPOKYpBallMio), HaJuuue, TUII
U nokanusanuio nepenoma MBK, Hamuuue BHYTpU-
CYCTaBHBIX (parMeHTOB, BIBMXOB WM IIOJBBIBUXOB
B TOJIEHOCTOTTHOM cycTaBe. [Ipy miaHUupOBaHUM Olle-
paly OKOHYATe/JIbHOTO BHYTPEHHEIO OCTeOCHMHTEe3a
IJIT YTOUYHEHUS] apXUTEKTOHUKMU ITlepesioMa BbITMOJ-
HSUTM KOMITBIOTEPHYIO TOMOTpaduio ¢ rmocienyorei
3D-peKOHCTPYKIIMEN U OLIEHKOM aKCHaTbHBIX, GPOH-
TaJIbHBIX ¥ CAaTUTTATbHBIX CPE30B.

[LJis1 BHYTPUCYCTABHBIX TTePeIOMOB OlleHMBaIU BO-
BJeUeHNe IlepenHeaTepaJbHOM, MeauaJlbHOM, 3a-
Heil KOJOHH [1], HaAM4Me TUIIMYHBIX (PparMeHTOB:
6yropka Tillaux—-Chaput, dparmenTa ®onbkMaHa u
MeOVaJIbHOM JIOOBDKKU. OMNpemensiin TUIT MMOBPEX-
IeHNUs KOJOHH (KOMIIpeccusi MU PacKoi), BbISIBJISI-

Ji1 06JIaCTM pacXOKAEHMS OTIOMKOB Ha IepemHeii u
3aJHell MOBEepPXHOCTIX OucTajabHOro meradusa BBK.
IIpn nepenomax tuna 43C3 BBISABASIM HaIuMuue u
CTelleHb CMellleHMs 1[eHTPaJbHOIO0 MMIIPECCUPOBaH-
Horo (gparmenTa. OLleHMBAIM OUCTAJIbHbBIA Mekbep-
LIOBBIV CMHECMO3, KOHTPYSHTHOCTD nosioxkeHnst MBK
B BbIpe3Kke BBK.

Ha ocHOBaHMM aHanAM3a MEPBUYHBIX PEHTIeHO-
rpamm U KT mpoBogmuin mpenorepaioHHOe TIaHM-
poBaHMe, OIIpenessiv HeoO6X0AMbIe XUPYPIUUeCcKye
JocTymbl U uMIanTaTel. Hanuumne nepenoma MBK,
TUII U JIOKaAM3a1us Takke YUUTHIBAIUCh HAMU B X0
TMpeJioTepalMOHHOTO TIaHUPOBAHMSI.

XI/IpypI‘I/I‘IECKaH TEeXHUKa

B 3aBucuMMOCTM OT THUIa MepesoMa MPUMEHSIIU TpU
MoaMduUKaIMy HAKOCTHOTO OCTEOCHHTE3a Y MalleH-
TOB 06€eMX IPYII UCC/IeTOBaAHMS.

ITpu okosocycTaBHOM IepejioMe OUCTaIbHOTO Me-
tasmudusa BBK (Tum 43A) U3 MONOXKeHUs Ha CIIMHE
BBITIOTHS/IM MaJIOMHBA3MBHBIV OCTEOCUHTE3 TJIaCTHU-
HOJM MO0 MeOVaJbHOM M/WIM NepegHenaTepaabHOM
nmoBepxHocty BBK [3, 11, 13]. YcTaHOBKY BhIOpaHHOI
B XOJle TIpefoIliepallMOHHOr0 IJIAHMPOBaHUsS Iiac-
TUHBI OCYIIECTBJISIA U3 ABYX MUHU-AOCTYIOB (AMUC-
TaIBLHOTO U MPOKCUMAIbHOTO), GOPMUPYS KaHa IO,
KOXkelt M MBIIIIaMU TolieHU. IMIJIaHTaT TPOBOAIN
3MUIIEPUOCTANIBHO TI0 MeAMaNbHON MM TepegHesna-
TepaJIbHOM MOBEpPXHOCTU. I[17aCTMHBI aHATOMUYHOI
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(opmbI cTapanuch Ipu 3TOM IO3UIMOHUPOBATH I10
KOHTYpaM KOCTM TaK, YTOObI OHA JIydIlle IMpujeraaa
K BOCCTAHOBJIEHHOJ} MO ocH, majiMHe U porauuu BBK,

Puc. 1. [Tepeniom nunoHa tuna 43C1 y nanyeHnTa 68 jer:

a BUHTBI, BBOAVMMbIE B AVCTAIBHBIN OTHEN IIACTU-
HBI, IPOXOAMIN CYOXOHAPATbHO, He Tephopupys npu
3TOM CYCTaBHYI0 ITIOBEPXHOCTB (puc. 1).

a, b, c — mauubie nepBuuHoi CKT, MO3BOISIONIME OLIEHNUTh PACIIONIOKEHME OCHOBHBIX KOCTHBIX (hParMeHTOB;
d — Xupypruyeckmue MUHU-IOCTYIIbI; € — PEHTTeHOJIOTMYeCKIUIA pe3y/bTaT olepanum

Figure 1. Type 43C1 pilon fracture in a 68-year-old patient:

a, b, c — initial CT scans showing the localization of the primary bone fragments;

d — medial mini-incisions; e — postoperative X-rays

Perosunuio otaomkoB BBK BbIMOMHSAM IIpe-
MMYIIIEeCTBEHHO 3aKpbITbiMM MeTofmamu. [ ocy-
MIeCTBJIeHMS TPaKLMM UM KOHTPOJSI poTaluyu B psije
CIydyaeB TPUMEHSIM CTPEXHEBOW IUCTPAKTOp WUIU
BBITTOJIHSIIOMNI ero (DYHKUIMIO ammapaT HapysKHO
(ukcanuy ¢ yCTAaHOBKOI YPECKOCTHBIX CTepsKHel
B o6nacTh BepxHeit Tpetu nuadmsa BBK uepes rpe-
06eHb B CaruTTAIBbHON IUIOCKOCTM U B 06IaCTh OyT-
pa TSITOYHOM KOCTM BO (DPOHTAIBHONM IUIOCKOCTH.
[Tpu nepenomax TmnoB 43A1,43C1 (IpocToii iepenom
MeTadn3a) B psize CIydaeB ISl 3aKPbITOM Peno3ULn
MCHONAb30BA/IM  OCTPOKOHEUHbIe  KOCTOAEepXKaTeu,
pacrosarast uX TakKuM 06pa3oM, UTOObI OHU He Ipe-
MSTCTBOBAIM MMIIAHTAIMY TUIACTUHBI.

[Tpm 0OCKOMBUATHIX OKOJIOCYCTABHBIX IeperoMax
TUNOB 43A2 1 43A3 pyKOBOICTBOBAIMCH IPUHIIUTIOM
aleKBaTHOM Pemo3UIMM U IIMHUPOBAHMUSI KOCTHBIX
OTJIOMKOB, BBITIOJIHSISI TPAKIMIO M KOHTPOJIb POTALIU
MeTOoaMy PYYHOU peno3ULU UK C UCTIONb30BaHU-
eM IucTpaktopa. Bo Bcex ciaydyasix cTapajnch MakCU-
MaJIbHO COXPAaHUTH MepubpakTypHYIO TeMaTOMYy.

151 yCTaHOBKM aHATOMUYHON AUCTAIbHON Meau-
aabHON TIACTMHBI BBIMOMHSUIM [ABa MUHU-TOCTYTIA.
JyicTanbHBIN HAUMHAIN OT BEPXYIIKY MeAUATbHOM J10-
IbDKKU U TIPOAJIeBaau ero MpoOKCMMaIbHO Ha 3—4 CM.
[TpokcMManbHbBI OOCTYN OJMHOM 3 CM BBITTOIHSIIN
HaJ, BEPXHUM KOHIIOM IIJIACTUHBI, OPUEHTUPYSI €ro
MPOAOABHO TIOCEPeAVHE MEXIy IepeIHUM U 3ah-

51 2024;30(4)

TPABMATONOIMNA U OPTONEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

HMM KOHTypamMy MeAVa/IbHOI IoBepxHOCTU BBK.
AJbTepHATUBHBIM BapMaHTOM ObUIO BBITIOJTHEHME
HECKOJbKUX OTHEeTbHbIX MPOKOJIOB KOXKMU AJIMHON 10
1 cM HaJ COOTBETCTBYIOIIMMM OTBEPCTUSIMU ILIACTU-
Hbl. Uepes 3T JOCTYIIbl YCTaHABIMBAIN BUHTBI C YIJIO-
BOJi CTAaGMJIBHOCTBIO: 4—5 BMHTOB — AUCTAJIbHO U 3—-4
BUHTA — MPOKCMMaIbHO. B psize ciyyaeB mepep, ycTa-
HOBKOJ OJIOKMPYIOIIMUX BUMHTOB BBOOWIM 1-2 KOPTU-
KaJIbHbIX BUHTA [JI YAYUIIeHUs MO3UIIMOHUPOBAHUS
IJIACTMHBI IO KOHTYPY KOCTU. Bce aTambl KOHTPOIMUpPO-
BaJI/ MHTPAOIIEPAIVIOHHO (IF00POCKOMMEN.

s yCTaHOBKM MepegHenaTepaabHOM MIaCTUHBI
MUCMONAb30BAIM [IBA BapMaHTa XUPYPruueckux JOCTy-
noB. B rniepBoM cjiyyae BBITIOMHSIM TPOAOJIbHbIN pa3-
pe3 KOXM U MOBEPXHOCTHOM (acuym IamMHoi 3-5 cm
Ha nepefHeil MOBEPXHOCTU TOJ€HM, HaIlpaBJIeHHbIN
Ha 4-10 IUIIOCHEBYIO KOCTb, HAUMHAs OT YPOBHS 1Len
rOJIEHOCTOITHOTO CyCTaBa Ha CepelyuHe PacCTOSTHUS
Mexmy nepeguum Kpaem MBK u rpe6uem BBK. [Tanee
B MPOAOJbHOM HampaBieHUM paccekalu yhepkuBa-
TeJIb CYXOKMIIMIA pa3Tubaresiei oJis OTBEIEHUS CyX0-
KU MeAVAIbHO M OOHAasKeHMS TepeHeIaTepab-
HOJI TTOBEPXHOCTH AyucTaabHoro snudusa BBK. Yepes
chOpMMPOBAHHOE OKHO CHMU3Y BBepX SIUIEPUO-
CTaabHO BBOOMJIM ITPELbI30THYTYI0 aHATOMUYHYIO T1e-
penHenaTepasbHy0 IUIACTUHY IS AUCTAAbHOTO OT-
nena BBK o Tex mop, noka ee AUCTa/IbHbBINA KOHEI He
IocTuUraa ypoBHS cy6xoHapaabHoro ciost BBK. ITocte
3TOTO IIpeIBapUTENbHO GUKCUPOBAIU TUIACTUHY K KO-
ctu cnuien KupiiHepa. Ha ypoBHe mpOKCUMManbHOTO
KOHIIA TUIACTMHBI Ha TMepefHenaTepajbHOl MOBEPX-
HOCTM TOJIEHM BBITIOJHSJIM pa3pe3 KOXU U MSTKUX
TKaHei OJIMHOI 3 CcM, MMHMMAJIbHO HeOOXOAVMOIi
IJIST BU3Yanu3alMy TUIacTUHbL. IIpy HeoO6XoamMMoCTH
BBITIOSTHSIV OKOHYATETbHYIO PEO3UIIUIO OTIOMKOB U
MO3UIMOHMPOBAHME TIACTUHBI TTOZ, KOHTposieM DOII,
BBOJSI KOPTMKajbHble BUHTHI B NMPOKCUMAJbHBIN U
IVUCTaNbHbIV KOHIIbI TJIACTUHBI UM BPEMEHHO YCTa-
HaB/IMBas KocTogepskarenu. Ilnactuay gurcuposamm
K KOCTVM BMHTaMM C YIJIOBO¥ CTabMJIbHOCTBIO, BBOMS
yepes3 AUCTAJIbHBINA AOCTYI HMXKe 30HBI MepejioMa U
yepes3 MPOKCUMMAalbHbIN AOCTYII BbIlllEe 30HBI MEPeIo-
Ma 1o 3—4 BUHTA.

B psinme ciyuaeB B KauecTBe AUCTaJbHOTO MpUMe-
HSUIM TIOTIEPEUHbIi OOCTYN AJAMHOI 3—4 CM, pacIo-
JIOK€HHbIN Ha 1-2 cM BbIlIe IIeay I'oJeHOCTOITHOIr'O
CyCTaBa, C MOoCaeayIeil MpoAOIbHOM AUCCEKIMEN U
bopmupoBaHMeM ABYX OKOH MEXKIY MTPOKCUMATbHOM
U OUCTIBLHONM MOPUMSIMU YOEPXKMUBATENS CYyXOKUINIA
pasrubarereii ajs mocryma K BBK. I[TepBoe okHO pac-
T10JIarasoch MeXIY AJIMHHBIM pasrubaTeneM IepBoro
Mayblia CTOMbI M IJIMHHBIM pasTubaTeneM IajblieB
CTOTIBI, BTOPOE — jIaTepaibHee AJIMHHOTO pasrubare-
JISI TIAJTBIIEB CTOIIBI. Yepes 9Ty OKHA JUCTaTbHbIe 6J10-
KUpYIOIJie BUHTbI BBOOMUJIU B TIJIACTUHY. TeXHUKA BbI-

TIOJIHEHMST TIOMOOHOV orepanyuy Mogpo6HO omucaHa
HaMU B paHee OITy6/IMKOBaHHOI paboTe [12].

B cryuastx ycraHOBKM J06aBOYHBIX OTIOPHBIX ITJIAC-
TUH y TalMeHTOB BTOPOi TPYyMIlbl MMILIAHTALINIO
OCYUIECTBJ/ISUIM STMUIIEPUOCTATBHO M0 MeAuaabHOM
WU TiepefHesaTepalbHO MOBEPXHOCTH, UCIIONb3YS
AHAJIOTUYHYI) XMUPYPIUUECKYI0 TEXHUKY U OTpaHMu-
yMBas AJIMHY pa3pe3oB pa3smMepamMu, HeoOXOIVMBIMU
IIJIT YCTAHOBKM JIBYX BMHTOB C YIVIOBOJ CTAOMJIbHO-
CTBIO B K&XXIOM 13 (pparMeHTOB. B KauecTBe m06aBOU-
HBIX OTMOPHBIX IVIACTUH NPUMEHSIIN IJIMHHbIE BEPCUM
PEKOHCTPYKTUBHOM, TPeThTPyOUaTOii WIM MPSIMO¥A
MAaJIOi TIACTVH, GUKCUPYS UX KOPTUKATBHBIMY BUH-
TaMM IMaMeTpoM 3,5 MM, BUHTaMM [AJIsSI TyOUaTOil KO-
CTV guaMmeTpom 4,0 MM ¥ BUHTaMM IMaMeTPOM 3,5 MM
C YIJIOBO¥ CTaOMIBHOCTBIO (pUC. 2).

[Ipy HaMMUUM BHYTPUCYCTABHOTO KOMITOHEHTA
repejiioMa mnepep, MMIUIAHTalMell TJIACTUH IPOU3-
BOAMAM 3aKPBITYI0 WIM OrPAaHUUYEHHYIO OTKPBITYIO
penosuiuio OTJIOMKOB, COAEPXKAIUX CYCTaBHYIO IO-
BEPXHOCTb, M PUKCUPOBATIN UX CTSITUBAIOIIVIMM BUH-
Tamu auaMeTpoM 4,0 MM C HEITOJIHO¥ pe3b00ii. BUHTBI
BBOJIWINCH NMEPIEHAUKYISIPHO TVIOCKOCTU BHYTPUCY-
CTaBHOTO IepenoMa. [jisl 3TOTO YBeIMUUBAIN IIUHY
IVUCTaTbHBIX JOCTYIOB IJISI MMIUIAHTALIUM TIJIACTUHBI
Ha 2-3 CM WJIM BBINOJTHSUIM JOOaBOYHBIE TPOIOIbHBIE
IOCTYIIbI IJIMHOM 3—4 CM TaKUM 00pa3oMm, YTOOBI 13-
6eskaTb KOHPIMKTA ¢ MITKOTKAHHBIM MOCTMKOM MeK-
Iy noctynamu. [IpyM HaIMuum MMIpeccuu 4o mpoBe-
IeHUs CTSTUBAIOUIMX BUMHTOB YCTPaHSIIM MMIAKIMIO
Y 3aITOJIHSIIV 06pa3oBaBIImMiics JedekT 0CTeOKOHIYK-
TUBHBIM MaTepuasom. [IpM HaaMuMyu CMeEIeHHOIO
3agHero ¢parmenTta BBK ero penosuinio u dukca-
LMIO OCYIIECTBJIS/IM U3 OTAENbHOTO 3aJHesaTepasib-
HOTO WIM 3aJHEMeIUaTbHOTO MAOCTYIa, (MUKCUPYS
3agHUiT (pparMeHT OTHEIbHON TPEeThTPYyOUaTON WU
PEKOHCTPYKTUBHO MPOTUBOCKO/b3SIIIEIN MIaCTUHOMN!.
[Tpu 3TOM OCTeOCHHTE3 3aiHeT0 parMeHTa, Kak Impa-
BWIO, MPOBOAWIM Tiepel BbIOTHEHUEM IepegHUX
JOCTYTIOB.

IIpn Hanmumumm codyeta”HHoro rnepenoma MBK ee
OCTEOCHHTE3 OCYILECTBIISIIM 10 CAeAYILMM MoKa3a-
HUsM [14]: HaM4ume epBUYHO BaJIbIYCHOM medop-
mauyu BBK ¢ mpeumyiecTBeHHO MHOTOOCKOIbYaTbIM
XapakTepoM IiepejioMa IlepelHeNaTepaqbHON KO-
sionHsl miioHa BBK 1 MBK; ocTtaTouHas BanbrycHasi
medbopMalusl M/UIM JlaTepalbHas HeCTabMIbHOCTD,
BbISIBJISIEMas Ha 3Tarnax OCTeOCMHTEe3a B XOZe UHTpa-
oIepalMOHHBIX CTPECC-TECTOB IO, KOHTPOJIEM PEHT-
TeHOCKOIMM; 3HauuTellbHOe CMellleHe OTIOMKOB
MBK, kxomnpomeTupymiiee MojaokeHMe JIaTepaJabHOI
Jnoabbkky B Beipe3ke MBK Ha BBK. Ilpu nomo3spenun
Ha TOBpEXIeHNe AUCTATBHOTO MeXO6epIioBOro CMH-
JlecMO03a YCTAaHABIMBAIYM MMO3ULIIMOHHBIN BUHT 110 06-
LIeTPUHSITON TEXHOIOTUH [3].
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Puc. 2. [Tepenom aucTanpHOTO OTAeNa rojeHu Tuma 43C3 y naruenTa 19 net:
a, b, c — manubie nepBuuHOit CKT; d — peHTreHOrpaMMbI B IIPSIMOJ1 1 GOKOBOII MPOEKIMsIX yepes 12 Mec. Iocsie orepauumn

Figure 2. Type 43C3 distal tibial fracture in a 19-year-old patient:
a, b, c — initial CT scans; d — X-rays in the AP and lateral views 12 months post-operation

Bce onepanuoHHbIe OOCTYIBI YIIMBAAMU MO CTaH-
IApTHOM MeTOOMKe, WCIONb3ysS aTpaBMaTUYHBIN
LIOBHBIN MaTepuaj, usberass HaTSKEHUST KpaeB Olle-
PALIMOHHBIX paH. BHENIHIO MMMOOUIMU3ALUIO He
BBITIOJIHSIM. Bce ommcaHHbIe METOObl PErno3uUIIuu U
MPUHLIUIIBI OCTEOCUMHTEe3a MbI MPUMEHSIM B 06eux
IpyImnax MCCaeqoBaHUsI, CTPEMSICh K MaKCUMMaabHO
BO3MOKHOMY BOCCTAHOBJIEHMIO aHATOMUM AUCTANb-
HOTO OTHeja TOJAeHM M MaKCUMa/JbHO CTabuIbHOI
(uKkcaiuy OTIIOMKOB.

Co BTOpPBIX CyTOK MOCAE€0NEPaAMOHHOrO ITepuoaa
PEKOMEHI0BaV aKTUBHbIE IBUKeHMS B FOJIEHOCTOII-
HOM cycTaBe. OceByI0 Harpy3Ky OrpaHU4MBaIu 0 Mo-
SIBJIEHUS TIPM3HAKOB KOHCOMMAALMK 1mepesioMoB BbK
1 MBK. KOHTpO/bHbIE pEHTTeHOTPaMMbl BbITIOIHSIIN
Ha CJIeIyI0LMIi IeHb IoC/ae onepauyu 1 yepes 6 Hejl.,
3, 6 u 12 Mec. rmocjie ocTeocuHTe3a. IT03ULIMOHHbIN
BUHT (IIPU €r0 YCTAHOBKE) yAaasuinm yepe3 6-—8 Hep.
ocJie onepamnun.

OI.IEHKH pe3yjibTaToB

Ilpu cpaBHeHMM TOMYYEHHBIX Pe3YyJbTATOB OIl€HU-
BaJIM IJIUTELHOCTD TpefornepaloHHOro mepmuoaa u
KayecTBO perno3uilium KOCTHBIX OTIIOMKOB. Pe3ynbTaThl
pero3uium OIeHUBaIM MO0 HaJUMYMI0 OCTaTOYHOM
YIJIOBOII medopManyy BO GPOHTATBHONM U CaruTTallb-
HOJ TUIOCKOCTSIX, YKOPOUYEHMSI M POTAlMM KOCTHBIX
OTJIOMKOB, OIpefe/sieMbIX 0 CTaHJapTHBIM pPeHTre-
HOTpaMMaM B TIPSIMOi 1 6OKOBOJI MpoeKIusX. B psime
CTyyaeB OPMEHTUPOBAINCH TI0 PpPeHTTeHOorpamMMam
KOHTpaJlaTepajbHOV KOHEUYHOCTU. [Ipu 3TOM perosu-
LIMI0 CUMTAIN «OTIMUHOV» TIPU OTCYTCTBUM OCTATOY-
HOJ YIVIOBOM medopManyy, poTauyuyu U YKOPOUEHMS
OIepMpOBaHHO roneHu. [jsi cpaBHUTEIbHOTO aHa-
JM3a TIPUMEHSUT BEJIMUMHBI CPeIHUX pedepeHTHHIX

YIJIOB TOJIEHU U TOJIEHOCTOITHOTO CyCTaBa B MPSIMOIt U
O0KOBOJI mpoekiusax, omucaHHbie JI.LH. ComoMMHBIM
¢ coaBTopamu [15]. Permos3uiyio cuuTaau ymoBIeTBO-
PUTENBbHONM (BOMYCTUMONM) MPU COXPAaHEHUM YITIOBOM
nmedopmanm He 6osee 5° (Banbryc, Bapyc, aHTe-, peT-
POKypBalyis), HeyAOBIeTBOPUTENbHON — TpU HaIu-
UMY YIJIOBOE medopMaryy 6oee 5°.

Pero3unnio BHYTPUCYCTaBHBIX ¢GparmMeHTOB BBK
OlLlEHMBAIM B Tpex Ipafalysix B 3aBUCUMOCTU OT
OCTaTOYHOTO CMellleHNs B BUJIe «CTYITeHbKIM» Ha CYC-
TaBHOW TMOBEPXHOCTM M/WIM paCIIMpeHUs] JUHUU
repejioMa Ha GOKOBOJi peHTreHorpaMmme. OTINYHOI
(AHATOMMYHOM) CUUTAIN PENO3ULUI0 MNPU OTCYT-
CTBUM CTYIN€HbKU, paclIMpeHus: JUHUMU Tieperioma u
TOABBIBMXa B TOJIEHOCTOIIHOM CyCTaBe, OIpeJens-
€MOr0 Ha peHTTeHorpaMMax B MpPSIMOil U GOKOBOI
MPOEKIIMSIX TIPU MOTHOM KOHTPYSHTHOCTU CYCTaBHBIX
TOBepPXHOCTel (OJMHAKOBOE PACCTOSIHME MEXKIY CYC-
TaBHBIMM ITIOBEPXHOCTSIMM TapaHHO, O0IbIIe6epIo-
BOJi 1 Maj106epI0BOii KocTeit). Pemo3uiius cunTanach
YAOBJIETBOPUTENBHOM TIPUM HAIUUUM  «CTYNIEHBKU»
CYyCTaBHOJM MOBEPXHOCTU /WM paCUIMPeHUMN JTUHUU
nmepesioma He 6Gosee 2 MM. HeymoBimeTBopuTeabHast
pemno3uIusl XapaKTepu30Baaach «CTYMEHBbKOW» CycC-
TaBHOWM MOBEPXHOCTU /WM paclIMpeHueM JIMHUU
repeyioMa 60j1ee 2 MM /UM IOJBBIBMXOM B T'OJIEHOC-
TOMHOM CyCTaBe [3, 16].

O11eHKy cpallleHMsI TepeIOMOB IMPOBOAMIIM Ha OC-
HOBaHMY KOHTPOJIbHBIX PEHTTeHOTPaMM B yKa3aHHbIe
Bbillle Cpoku. OTMeyanu KOHCOMMUIAIMIO TepeioMa
NPy HaJIMYMMU KOCTHOIM MO30/1M WM MCYe3HOBEHUU
JIMHUM TIepeJioMa B IMPSIMOI ¥ GOKOBOI HPOEKIM-
sax. O6pamayu BHMMaHMe Ha MPU3HAKM IMOIBBIBMXA
B rOJIEHOCTOITHOM CyCTaBe, HapacTaHue gedopmarim,
BTOPUYHOTO CMeIeHUs U MUTpalyuu MMILIAHTATOB.
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OYHKIMOHAIBHBI UCXO[, JIEUeHNS OLIeHUBAJIU B Oaj-
Jax 1o mkane AOFAS-AHS depe3 6 u 12 mec. mocie
ornepanumu [17].

OTHoenbHO aHAIM3UPOBAJIM PaHHME U OTCPOUYEH-
HbI€ OCJIOKHEHUS OCTeOCUMHTe3a: TITy6oKMe U TTOBepX-
HOCTHbIe MHMEKIVOHHbIE OCIOXKHEHMUS, MUTPAIUIO
MMILUIAaHTATOB, 3aMe[JIeHHYI0 KOHCOMMUOAIMUIO Tiepe-
JIOMOB, BTOPMYHOE CMellleHMe KOCTHBIX OTIOMKOB
C HapacTaHMeM YIVIOBO¥ Aedopmanyy, MocTTpaBMa-
TUUYECKUIT OCTEOAPTPUT.

CraTucTuyecKuin aHaamus

IIpy cTaTUCTMYECKOM aHajau3e [OaHHBIX COOTBET-
CTBME KOIMYECTBEHHBIX I€peMEeHHbIX 3aKOHY HOP-
MaJIbHOTO pacIipefieieHUsI IPOBEPSIOCh C UCIIONb-
30BaHueM kpurtepueB Konmoroposa—-CmupHOBa U
lanmpo - Yunika. s MopsigKOBBIX ¥ OMHOMMUHAIb-
HBIX TIepeMeHHBIX aHAJIU3UPOBAINUCH TaGIUIIBI CO-
MIPSKEHHOCTY C pacyeToM KpUTepust y2, OTHOLIEHMS
mracos (OII) ¢ 95% noBepuUTeTbHBIM MHTEPBAIOM
(95% [ON), kputepus y2 c MOMPABKOI HA ITPABIOIIO-
nobue, TouHOTO KpUTEpuUs: duirepa, TOYHOTO KpUTe-
pusi duinepa->®dpumana—XontoHa. CpaBHeHME KO-
JIMYEeCTBEHHBIX [IepeMEHHBIX B 3aBUCMMOCTY OT TUIIA
pacnpeneneHus: JaHHBIX IIPOU3BOAMIIOCH C TIOMOIIBLIO
IIBYXBBIOOPOUHOTO t-KpuTepus: CThIOgeHTa MU KpU-
Tepuss MaHHa-VYutHu. OnucareinbHble CTAaTUCTUKU
[JI1 TIepeMeHHBbIX C HOPMaJbHBIM paclpefeieHneM
MpeLCcTaBIeHbl B BUE CpefHero 3HaueHus CO CTaH-
JapTHbIM OTKJIOHeHMeM (M%SD), a B ciiyuae pacmpe-
JleJleHUs OTJIMYHOTO OT HOPMaJIbHOTO — B BUZE Me-
Iuanbl (Me) ¢ ykazaHMeM MeXKBapTUIBHOTO pa3sMaxa
[Q1-Q3], a Takke MUHUMAJIBHOTO ¥ MaKCUMMAaJIbHOI'O
3HaueHMs. OTHOCUTENbHbIE BEINYMHBI BbIpaKE€HbI
B [IPOLIEHTAX.

dopmMuMpoBaHNEe MAaCCUBA JAaHHBIX ObUIO BITIOIHE-
HO B TabmmuHOM pepakTope Excel makera rporpamMmm
Microsoft Office (Microsoft, CIIIA). CtaTuctuueckmi
aHa/mu3 mpousBoawics B nporpamme SPSS Statistics
v. 27 (IBM, CIIA).

PE3VJIBTATDBI

Pacripenenenue naumueHToOB ¢ nepeiomamy tuna 43C
10 BOBJIEUEHHBIM KOJIOHHAM aHaJIM3UPOBaIu B 0be-
ux rpymnnax. B nepsoii rpyrmrme y 8 (29%) nauyueHToB
OBLIM TTOBpEXIEeHbI BCe TPU KOJOHHBI: MeAyuaabHasl,
nepenHenaTepaabHasi, 3agHss1. Takke uMesncs dpar-
MEeHT LleHTpa/JbHOI umnpeccun. Y 3 (11%) nannen-
TOB BOBJIEUEHME Tpex KOJIOHH (IepefHesaTepalib-
HOM, MeauaJbHOM U 3afHel) He COMNPOBOXIAIOCh
dbopmupoBaneM ¢parMeHTa IEHTPAJTbHON WM-
npeccuu, emie y 8 (29%) maiueHTOB ObLI BHISIBJIEH
MPOCTOVi BHYTPUCYCTaBHOI IepejioM C OLHOJ II0C-
KOCTbIO U C (HOpMUPOBAHMEM OTHEIbHOTO 3aJHEro
dbparmenra.

Bo BToOpoOit rpynre y 11 (41%) manyeHTOB ObLIN
TOBpEeXAEeHbI BCe UeThbIpe CTaHAAPTHBIX KOMIIOHEHTA
nepesioMa: MeJuanbHasl, NepefHenaTepaabHas, 3a/-
HSISI KOJIOHHBI U (pparMeHT IIeHTPaJbHON MMIIpec-
cumn. V 9 (33%) mauMeHTOB BOBJIeUEHME TPEX KOJIOHH
(epenHenaTepasbHOM, MeOVaNbHOM U 3afHel) He
COTIPOBOXKIANM0Ch GopMMUpoBaHueM (pparmMeHTa IeH-
TPaJIbHOI MMIIPECCUN.

Ionu mainueHTOB B TpyINax M0 TakKuM Iapame-
Tpam, Kak MMpMMeHeHMe MaJOMHBAa3MBHOTO HAKOCT-
HOT'0 OCTEOCUHTE3a U3 MUHU-AOCTYIIOB C 3aKPBITOM
perio3uiiieli OTIOMKOB, OTKPbITasl pero3niiys uepes
OTpaHMYEHHBbIE CTaHOapTHble IepenHenaTepasb-
HBIA MAM TepegHeMeOMabHbI TOCTYIMbI, OCTEO-
cuHaTe3 MBK, a Takke peno3suuyus no AAaHHBIM I0-
C/leonepallMOHHBIX PEHTTeHOTpaMM IpelCcTaBJ/IeHbl
B Tabiuie 2.

MbI 06HApPYKMIM, UTO B CJIyuae MHOTOKOJIOHHOIA
dbukcanuy mnepesomMa IMWIOHA MHPU HATIUUUM Iepe-
joma MBK ee ocTeocHHTE3 BBIMOJHSIJICS CTATUCTU-
YyecKM 3HAUMMO pexe: Kputepuit y? paBeH 4,148;
p = 0,042; Ol = 3,709 (95% IOU: 1,021-13,472).
CTaTuCTMUeCKM 3HAUMMBbIX pasjuuMii IO YacTo-
Te OOCTMKeHUS aHAaTOMUUHOM perno3ulum MeKIy
TpyHIlIaMM OTMEUYEHO He ObLIO: TOUHBIA KpUTepuit
Ouinepa—-PpumaHa - X0ATOHA paBeH 2,69; p = 0,23.

Tabnuya 2
Pe3YJII>TaTLI CpaBHECHMUS KA4Y€CTBE€HHbIX IoKa3aTe/iei B rpynmnax mcciegoBaHusa
[Tapamertp IepBas rpymnmna (n = 28) Btopasg rpynmna (n = 27) p
MIPO 15 (54%) 13 (48%)
0,786
ORIF 13 (46%) 14 (52%)
Ocrteocuute3 MBK 17 (61%) 11 (41%) 0,042
Penosunus:
aHAaTOMMUYHAasI 18 (64%) 22 (81%) 0.230
YIOBJIETBOPUTETbHAS 8 (29%) 5(19%) ’
HeyJI0BJIeTBOPUTEIbHAs 2 (7%) 0
JKupubim mpucdTom BbigeneH p<0,05. MIPO — maJoMHBAa3MBHbBIN HAKOCTHBI OCTEOCMHTE3 M3 MUHU-AOCTYIIOB

C 3aKpbITOI perosunyeit oT1oMKoB; ORIF — oTKpbITas pernosuiiys yuepe3 orpaHMYeHHbIe CTaHAApTHBIE IiepegHenaTepaib-

HBI U HepeﬂHEMe,ﬂMaﬂbHLIﬂ OOCTYIIbI.
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B mocieonepaliuoOHHOM IepuoAe KOHTPOJIbHbIE
OCMOTPBI C BBIIIOJIHEHVEM KOHTPOJIbHBIX PEHTTeHO-
rpaMM B JABYX CTaHIAPTHBIX MPOEKIMSIX MPOBOAU-
JIUCh B CPOK 3, 6, 12 mec. OLieHUBaIM PEHTTEHOJIO-
rmyeckue MpU3HaKMU CpallleHus mepeaoMa, SiBJeHUs
MUTpaliMy U mepeaoMa MMIIJIAHTATOB, BTOPUUYHOTO
CMelleHMs] KOCTHBIX OTJIOMKOB M pe30pbmuu KoCT-
HOI TKaHM BOKPYT BMHTOB KaK MpM3HaKa HecTa-

ounpbHOCTM uKkcanuy. OLeHUBaIM TaKKe peHTre-
HOJIOTMYECKYEe TIPU3HAKY TIOCTTPABMATUYECKOTO
ocreoapTpuTa (CyskeHue CyCTaBHOI IIeyn, ocTeodu-
ThI, GopMupylomuecs gedpopMaiy rOJIeHOCTOITHOTIO
CyCTaBa).

KonndectBeHHbIe, B TOM Unciie GYHKIIMOHATbHbIE,
MTOKa3aTesIn, a Tak’Ke Pe3yabTaThl UX CPAaBHUTETHLHOTO
aHaM3a IpeCcTaB/IeHbl B Tabmuiie 3.

Tabnuua 3
Pe3ynbTaThl CpaBHEHUS KOIMYECTBEHHBIX MTOKa3aTesiell B rpynnax uccjaegoBaHus
[Tapamertp [TepBas rpynma (n = 28) Bropas rpynma (n = 27) p

[IpemonepaliMoOHHbBIN KOMKO-IeHb 10 [9,00-14,25] 11 [9,50-22,00] 0,247
min — 6, max — 27 min — 7, max — 52

I nuTeNnbHOCTh TOCIIUTAIM3ALN, THE 16,5 [14,00-19,25] 18 [15,00-26,00] 0,249
min — 12, max — 27 min — 8, max — 61

AOFAS 6 mecsitieB, 6amibl 63 [50,00-73,00] 75 [67,50-81,00] 0,015
min — 42, max — 84 min — 59, max — 83

AOFAS 12 mecsiieB, 6aibl 74 [65,00-83,25] 85[71,00-94,50] 0,028
min — 60, max — 95 min — 53, max — 99

OcnoxkHeHUs 10 (36%) 3(11%) 0,029

JKupubim mpudTom BeigeneH p<0,05.

OcnokHeHus

B mepBoii rpymnne mccaeqoBaHUSI OCIOKHEHUS BBISIB-
sennl y 10 (36%) nauyeHTOB, B TOM 4ucie 2 Ciaydas
IyOoKo¥ MHGeKIMK, IMOTpeGOBaBIleii peBU3MOH-
HOJ1 onlepauyu; 1 ciaydai MOBepXHOCTHOM MHGMEKIUM
U KpaeBOTO HEKpO3a MOCIeoINepalMOHHOM paHbl;
1 ¢1yyail BTOPMUHOTO CMeIlleHUsI U TepejioMa UM-
iaHTarta; 1 cyyail HecpalieHus 3a cueT GopMupo-
BaHMSI MeTadu3apHOro KocTHoro nedekrta; 1 caydait
3aMe[IJIeHHOTO CpalleHus; 2 ciay4dasi OCTaTOUYHOM
BaJIbTyCHOI medopMaliuy, OOUH U3 KOTOPBIX MOTpe-
60BaJT PeBM3MOHHOTO OCTEOCUHTE3a; 2 CJTyvyast BbIpa-
SKEHHOTO MOCTTPaBMaTU4YeCKOTO OCTe0apTPUTA.

Bo BTOpoOIi rpynme ucciefoBaHUST OCIOXKHEHMUS
BBISIBIIEHBI ¥ 3 (11%) maiueHTOB — BCe C MepeaoMa-
mu tumna 43C3. I3 HUX y OJHOTO TMallMeHTa BbISIB/Ie-
Ha TepUMMIUIaHTHas1 MHOEKIVs, BO3HUKINIAS B CPOK
5 Mec. 1ocie orpaHMYEHHOV OTKPBITOV pPero3uUIny
¥ buKcaluu MUJIOHA U3 3aJHeMeAMalbHOTO AOCTYIIa
C YCTAaHOBKOJ TPeTbTPYOUATOI IIACTUHBI HA 3aTHIOI0
KOJIOHHY, AUCTATbHON MeValbHOV MJIAaCTUHBI HA Me-
IMaTbHYI0 KOJIOHHY M MaJOMHBA3MBHOI duKrcamn
TPeTbTPYOUaTOi IUIACTUHOI IepeaHeIaTepaabHOM
KOJIOHHBI. [Ipy 3TOM SIBJIeHMSI MeCTHOV MHGeKUun
B BUIE OTeKa ¥ TUIIepeMUM KOKIU HaOII0Iaanch mpe-
MMYIIECTBEHHO B 00J1aCTM 3aJHEeMeIuaJlbHOTO [I0-
cTyrna. Ha KOHTPOMbHBIX peHTreHOTpaMMax Mpu3Ha-
KM cpallleHusl mepeinoMa. B xome caHauuu yaaneHbl
IUIACTMHBI C 3aJHe U MeIuaabHOM KOJIOHH, TPeTh-
TpyOuaTas IIaCTMHA Ha IlepegHenaTepalbHO KO-
JIOHHe coxpaHeHa. SIBjieHMsT MeCTHOM MHMeKIUM Ky-

nupoBaHsbl. [lalieHT 0OCMOTpPEH B CpoOK 12 mec. moce
ocTeocHHTe3a — 60JIeBOI CUHIPOM U IPYTHeE KaT0ObI
OTCYTCTBYIOT, MMEIOTCSI YMepeHHble OTrpaHUuYeHUsI
IBIDKEHUI B TOJ€HOCTOTHOM CyCTaBe 3a CYeT ThIIb-
HOTO pasrmbaHus (Yroi ThIIbHOTO pasrmbanms — 85°,
yrol TOAOUIBeHHOTo crubanust — 130°), dyHKumMo-
HaJIbHBII pe3ynbTaT — 85 6a/u10B 1o 1mKane AOFAS.

Y oflHOTO TMaIMeHTa BTOPOVi IPYINbI B CPOK 1 rof,
TOC/Ie TPaBMbI BBISIBJIEH TTOCTTPAaBMAaTUUECKUIL OCTEO0-
apTPUT roJIeHOCTOMMHOTO CyCTaBa, COPOBOKAAIOIINIA-
cs1 6071eBBIM CMHIPOMOM, OTPaHMUYEHVEM aMIUTUTYIbI
IBVKEHUI, XPOMOTOV M BbIpaXeHHBIMU DPEHTTEHO-
JIOTUUYEeCKUMMM TIPU3HAKaMU B BUIE CYy>KeHUS CyCTaB-
HOJA IIeJIM ¥ OKOJIOCYCTaBHbIX 0cTeobUTOB. [Ipu 3TOM
TOCeonepalMOHHas PeHTTeHOoNIoTYecKas OlleHKa
Pero3uINy KOCTHBIX OTJIOMKOB ObljIa YIOBIETBOPU-
TeJIbHOJ C COXpaHeHMeM OCTATOUYHOTO Bajbryca 0 5°.
[To moBoAy MOBTOPHOTO OIMEPAaTUBHOTO JIeUeHUS Ma-
LIMEHT He obpaliaics.

Ellle oguH mamueHT MMes BbICOKOIHEepTeTUUeCKUT
MHOTOOCKOJIbYAThIN Iepenom Tuma 43C3 co 3Hauu-
TeJIbHOI IeHTpa/ibHOV uMIipeccueii. [locne nmeppuy-
HOV dukcauyuu MUpPKyIsIpHbIM ABD® B peskume yme-
PEHHOI TpaKIUM C BOCCTAHOBJIEHUEM OCU U AJIUHBI
TOJIEHM Ha 9-e CyT. eMy ObLIM BBITIOJHEHbI OTpaHM-
YeHHasl OTKPbITAsI PEIIO3ULIUS M OCTEOCUHTE3 Iepesio-
ma nmuwioHa BBK uepe3 nmepenHenatepaabHbIl JOCTYII
¢ (pukcaimeit peKOHCTPYKTUBHOI TIACTUMHO Tepe/i-
HeJIaTepaJIbHOM KOJIOHHBI, NOTMOIHUTENbHOM Maso-
MHBAa3MBHOM (UKcalyeil MeauaabHOM KOJIOHHBI IIPU
TIOMOIIU IUCTAJIbHOV MeAVaTbHON TJIACTUHBI, a TaK-
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ke ocreocuHTes nepenoma 43F2A MBK Tpetbrpy6ua-
TOJi TJIACTUHOM. B X0me omepaium 6bU10 JOCTUTHYTO
«OTJIMUHOE» PEHTTEeHOJIOTUUECKOe II0JI0KeEHUe OT-
soMKoB. [Toc/eornepalyioHHbIe paHbl 3aKMIM 6e3 oc-
JIOKHEHWH, TTAaMEeHT MPUCTYIIMII K XOAb0e C TPOCThIO
B CPOK 3 Mec. rocyie TpaBMbl. OfHAKO Ha KOHTPOJIBHbBIX
OCMOTpax B CPOKM 6 M 12 MecC. BBISIBJIEHO Hecpalle-
HMe TepesomMa 13-3a chOpMIUPOBABIIErOCs KOCTHOTO
medekra B MeTadu3apHOi 30HE, MOATBEPXKIEHHOTO
KT-uccnemoBaHmueM M 4YaCTMUYHOM MUTpaluein Meau-
QIbHO OTIOPHOV TUIACTMHBI. BbITTOTHEHA KOCTHAS ay-
TOIIACTMKa MeTadu3apHOii obnactu U pedurcanys
MeIMaabHOM OIMOPHOV MIACTUHOM, IIPUBEAIIas K KOH-
conupauuy rnepeaoma uepes 3 Mec. 1ocjie TpaBMbl.

B 1mesom pasHuila B 4acTOTe OCAOXKHEHMIA y Iia-
LIMEHTOB TEPBONM M BTOPONM TPYII OKa3ajachb CTaATU-
CTUYECKM 3HAUMMOJ: KpUTepuit y? ¢ MOmpaBKoOi Ha
npasgomnonobue pasen 4,818; p = 0,029; OIII = 4,444
(95% IOW: 1,066—18,528). Takum 06pa3soM, BepoOsIT-
HOCTb OCJIOKHEHMUI1 B TIepBOii IpyIie O0bl1a B 4,4 pasa
BBIIIIE, YEM BO BTOPOIA.

OBCY>XIEHUE

[lepenomMbl TOMIOHA, OCOOEHHO TSKENbIE ITOBPEX-
menus tuna 43C3, TpeOyIOT TIIATENBHOTO MOAX0na
K IUIaHMPOBAHUIO U XUPYPrMuyeCcKoOMy Je4eHUIo, U
MHOTOKOJIOHHAS (uKcalus B TaHHOM CIydae, C Ha-
el TOUKM 3peHusi, 6onee ONpaBAaHa, TaK Kak IMOA-
pasyMeBaeT 6ojiee TIPULIETbHBIN ITOAX0], K OCTEOCHH-
Te3y BCEX MOBPEKAEHHBIX CYCTaBHBIX (PAarMeHTOB.
Hanuune comyTcrBytomero rnepenoma MBK comnpsi-
’KEHO C BOIIPOCOM O HEOOXOOMMOCTU ee (pUKCaIumn.
[To HamemMy MHEHMIO, 3Ta IMPO6IEMa HEOIHO3HAYHAS
u TpebyeT OTAENbHOrO MccaenoBanus. OcTeocuHTe3 B
IaHHOM (JTyyae CjlelyeT pacCMaTpMUBaTh He Kak (ak-
TOp CTAabWJIBHOCTH, a, CKOpee, KaK Pero3UIIMOHHBIN
MaHeBp. B psage cirydaeB 9TO o6sieryaeT pero3uImio
nmioHa BBK, HO TOMBKO Mpu MPOCTOM XapakTepe Ie-
penoma MBK, Korma BeposSITHOCTh OIIMOKM B BOCCTa-
HoBneHunu aauHbl MBK HeBenuka. ®ukcanuio MBK
CJlelyeT BBITIOIHSTD 110 OIpee/ieHHbIM MMOKa3aHUsIM
U He TIpU BCEX TUIIaX [epeioMOB NuioHa [14].
[Togo6HOE HACTOPOKEHHOE OTHOIIEHME K OCTeOo-
cuHTe3y MBK BbICKa3bIBalOT MHOrME COBpPEMEHHbIE
aBTopsl [18, 19, 20]. ITo mauusim B. Shafiq ¢ coaBTo-
paMu, HAaKOCTHbINM ocTeocuHTe3 MBK mnoBbiaeT puck
UHOEKIMOHHBIX OCJIOKHEHUI ¥ HEOOXOOMMOCTH ya-
JIeHUsI MUMIUIaHTaTOB. KpoMe TOTO, OH yAJIMHSET Orle-
pauuio, a yaJIMHeHue ornepauun Ha Kaxabie 10 MuH.
Ipu 0o6IIIel ee MPOAO/DKUTEIbHOCTU O6ojee 120 MuH.
Talkke 3HAYMMO IIOBbIMIAeT pucK wHbekmm [18].
Wcxons 3 HallMX OaHHBIX, MOXXHO OTMETUTb, UTO
MHOTOKOJIOHHAs (PUKcanmsl CTaTUCTUYECKM 3HAYMMO
CHIKaJIa HeobXOAMMOCTh ocTeocuHTe3a MBK mpu
nepejoMax nujaoHa TUIoB 43A u 43C.
PeHTreHosornmvecknuii pe3yabTaT pPernosuLUm OT-
JIOMKOB, OlLleHEeHHbI/I HaMM B ABYX IpyIIiax, IPOBO-

IUJICSI TIO OOIIENIPUHSITBIM KPUTEPUSM, OMMCAHHBIM
B JMTepaType U TNpUMEHsSIeMbIM APYTMMM aBTOpa-
mu [3, 16]. B rpymme MHOTOKOJIOHHOW (uKcauym
IIOJIS TIAIMEeHTOB C aHATOMMYHO perno3uiyeii 6bu1a
BbIIIe. MbI 0OBSICHSIEM 3TO BO3MOKHOCTBIO O0jiee Ka-
YeCTBEHHOT0 MPOCTPAHCTBEHHOTO BOCCTaHOBJIEHMS
TOJIOXKEHMS U 1IeJIOCTHOCTY KaXK[I0¥ U3 KOJIOHH C TIpU-
MeHeHVeM KOMOWHAIUY XUPYPIUUEeCKUX JOCTYTIOB U
MMILJIAHTATOB, T.€. IOAX0A0M, KOTOPbIM Mbl PYKOBO[I-
CTBOBAINCH IIPU BBITIOTHEHMM OTlepaliyii, mocaenoBa-
TEJIbHO BBITIO/HSIST PETIO3UIINI0 U (MUKCAIMIO KaskI o
3 MOBPEXAEHHBIX KOJOHH. TakuMx peKOMeHaalui
NpUAEPKMUBAIOTCSI MHOTME COBpPEeMeHHble aBTODBbI,
3aHMMamWIIecss OCTEeOCMHTEe30M CJIOXHBIX Mepe-
snomoB nuioHa BBK [7, 16, 21]. B To xe Bpems pis
BbIJleJIeHMS CTaTUCTMUYECKM 3HauMMBIX 3aKOHOMeEp-
HOCTeli Heob6XoguMo 6ojiee MHOTOUYMCIIEHHOE MYJIb-
TULIEHTPOBOE UCCaeq0BaHNeE.

Pasmuuns B GyHKIMOHATBHBIX ITOKA3ATENSIX MEXK-
Iy TPyIIaMu, Ha Hall B3IJISIA, MOTYT ObITb CBSI3aHBI
C MeHbIIeNi [ojeil OC/IOKHEeHUI B TpyIllle MHOTO-
KOJIOHHOJ (MKcauyu, ¢ 6OJbIIeli ojeii mauyeHTOB
C KaueCTBEHHbIM BOCCTaHOBJEHMEM aHATOMMUYECKUX
B3aMMOOTHOIIIEHUII B TOJIEHOCTOITHOM CyCTaBe, a Tak-
ke ¢ 60j1ee BICOKMM YPOBHEM CTaOMIbHOCTU (DUKCA-
I[MM, CIIOCOOCTBOBABIIMM paHHEMY HAuay aKTMBHBIX
I BVIKEHUIA.

Hois oCo)KHEeHNUI B TEPBON TpyIlne MNaiyeHTOB
coctaBuia 36%, BO BTOpOii — 11%, 4TO COOTBETCTBYET
IaHHBIM Ipyrux aBTopoB. Tak, Y. Chen c coaBTOpammn
B rpymne u3 102 maiueHTOB ¢ mepeoMaMy IUI0Ha,
MPOOIIepUPOBAHHBIX C MPUMEHEHMEM COBpPeMEeHHBIX
MOJXOA0B K HAKOCTHOMY OCTEOCUHTES3Y, B 28 CiTydasix
(27,5%) momyumnu 36 OCJIOKHEHUII C IpeobagaHu-
€M ITOBEPXHOCTHOJ U IIyooKoi MHpekuyu (1o 8,8%)
[22]. B uccnegoBannu C. Sommer ¢ coaBTOpamMu A,0JISI
OCJIOKHEeHMM B rpyririe u3 109 nanueHTOB C Iepeso-
mamy TmIoB 43B n 43C cocraBuna 36,2% [23].

B Hameii pabore B mepBoii rpyIiie HabMIOIAINUCh
Clenyrolye OCIOXKHEHMS MSATKUX TKaHel: B 7% ciy-
yaeB — mIybokast MHGbEKIus, B 4% — 3aMemJieHHOe
3aKMBJIEHME PaHbl. DTU OCIOKHEHMSI OOYCIOBJIEHbI
B GOJIbIIIEI CTEIIeHM TSKECThIO CaMOil TPaBMbI, a TaK-
)K€ BBICOKMM PUCKOM U3JIMUIIHEN TpaBMaTU3alUn
MSITKMX TKaHeil IpU NMpUMeHeHUM CTaHIAPTHBIX XU-
pPyprudyeckux JOCTYIIOB, faske OrpaHUUYEeHHBbIX 110 AJIM-
He. HeoOGXOmMMOCTh IOJHOLIEHHON BU3yalIu3alnmn
CYCTaBHBIX ()parMeHTOB M HempsiMasi MaHUITYISIINS
oTHajeHHbIMM (dparMeHTamMu (HampuMmep, 3agHUM
kpaeMm bBBK) MOryT npuBOAuUTb K U3JIUIIHEN TPAKLIUU
KpaeB paHbl C MOCIAeAYIONEN UX UIIleMUeN, TTOBbIIIAs
PUCK MHMULIVIPOBAHMS.

Bo BTOpOI1 rpymie npu MpUMEHEHMM KOMOMHA-
IMU XUPYPrUUYeCKUX HOCTYIOB, KOTOpbIE NAIT Ipsi-
MOV TIOAXON K peroHupyeMoMy ¥ (GUKCUPYEMOMY
(bparmeHTy ¥ KOTOpbIe HEKOTOPbIE ABTOPBI HA3bIBAIOT
fragment-specific approaches [18], nHbeKIIMOHHbIE
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OC/IOKHEHMSI HAOIONAMNCh TOMBKO Y OSHOTO Ially-
eHTa. IIpu 3TOM ITpO6IIEM C 3aKUBJIEHMEM PaH He OT-
meveHO. OCIO’)KHEeHMS, CBSI3aHHbIe C 3aMelJjIeHHbIM
CpalleHMeM, HeCpalleHeM, OCTaTOYHOM BaJIbI'yCHOM
YI7I0BOJ medopMalyeii, BTOPUMUHBIM CMEIIeHMEM OT-
JIOMKOB TaKe BCTpeuaJuCh yallle B MepBOii Tpyrire
MCCIeNOBAHMS, YTO MOKHO OOBSICHUTH KaK [IOIOJI-
HUTENbHBIM HapylIeHMeM KPOBOCHAOXKEHUSI KOCT-
HBIX OTJIOMKOB 3a CYET MaHUITY/SALMIA C HUMU, TaK U
OImMOKaMM TIEPBUYHON PENO3UIIMU C COXpaHEeHMEeM
CMellleHMSI OTJIOMKOB ¥ HeLOCTaTOYHBIM YpPOBHEM
CTAaOMIBHOCTU (UKCALUM TIPU MUCIIONb30BAHUM OfI-
HOJ M1aCTUMHBI. BO BTOpPOI IpyIile MalyeHTOB Mpu
MpUMeHEeHUM T0C/IelOBaTebHOV peno3suiumu Mo-
BpEXAEeHHBIX KOJIOHH U3 MPSMBbIX JOCTYIIOB U MHOTO-
KOJIOHHOJ (UKCAIMM CHUKAETCS PUCK M3JIUIITHEA
IEeBUTAIU3AINY OTJIOMKOB ¥ TTOBBINIAETCSI CTAOMIIb-
HOCTb (UKcaMM OUCTAIbHOTO Mertasmudusa BBK
B LIeJIOM. AHQJIOTUYHOTO MHEHMUSI TIPULEPKMUBAIOTCS
MHOTMe aBTOPbI, TOBOPSI O TOM, YTO MOCIeA0BaTelb-
HOe MpulieJibHOe BOCCTAaHOBJIEHME TMOBPEXIEHHbBIX
KOJIOHH JlaeT MPeMMYIIeCcTBO B IJIaHe KayecTBa perno-
UMM CYCTABHOW ITOBEPXHOCTH, (PYHKIMOHATHHOTO
pe3ynbTaTa M 9acTOThI OCTIOKHEHMI [24, 25].
Bpicokasi [onsi pasBUTUSI MOCTTPAaBMaTUYECKOTO
ocreoapTpuTta B 06eux rpymmnax (7% — B IepBOil u
4% — BO BTOpPOI1) 00yCIOBIeHA OOMBIION IOEi TsI-
JKeJIBIX BHYTPUCYCTABHBIX MepesoMoB Tuma 43C3.
B TO ke Bpemsi, 110 JaHHBIM JINTEPATYPbI, A0S TTOCT-
TpaBMaTMUECKMX apTPO30B 3HAUMTENbHO BbIllle. Tak,
0. Bakan ¢ coaBropamu npmBogar undpy 57,1% moct-
TpaBMaTMUECKOTO OCTeoapTpuUTa TOJIEHOCTOITHOTO
CycTaBa 2-i1 CTeIeHM ¥ BBIIIe MO KiIacCUpUKaun
Kellgren - Lawrence. ABTOpPBI, KaK 4 B HallleM MCCIIe-
IIOBaHUM, CPDAaBHUBAIOT Pe3Y/IbTaT HAKOCTHOTO OCTEO0-

JOIIOTHUTEJIbHASI THO®OPMALIMISA

3asnenexHslii 6K1a0 a6Mopos

Maiiopoeé b.A. — KOHUeNUVS U OU3aH UCCIeL0BaHMS,
c60p, aHaJIU3 Y MHTEPIIpeTalys JaHHbIX.

benenvkuti U.I. — KOHLeNLMS U AMU3aiiH UCCIeq0BaHMS,
pelakTupoBaHMe TeKCTa PyKOIMUCH.

Cepzees I /. — c60p, aHAIM3 ¥ MHTEPIIPETALINS JaHHBIX,
HamnucaHue U peJakTUPOBaHMe TeKCTa PYKOIIMUCH.

TI'ndoee K.K. — cb6op, aHanu3 M MHTepIpeTanus
IaHHbBIX.

Cepzeesa M.A. — c60p IMaHHBIX, HAMMMCAHME U PeOaKTU-
pOBaHMe TeKCTa PYKOMMUCH.

Bce aBTOpBI Mpowin M ogo6puian GUHAIBHYIO BEPCUIO
PYKOTIMCH CTaTby. Bce aBTOPBI COrMIaCHBI HECTM OTBETCTBEH-
HOCTb 3a BCe aCIeKThbl paboThl, YTOOBI 0OECITEUNTh HaJJIe-
Kalllee pacCMOTpeHMe U pellieHye BCeX BO3MOKHbBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAZEXKHOCTBIO JII00O0IA
YyacTu paboThI.

HcmouHuk cpuHancupoeauus. ABTOpbI  3asIBJISIIOT
00 OTCYTCTBMM BHENIHEro GMHaHCHMPOBAHMUS IIPU MpOBee-
HUU UCCIIeIOBaHMS.

CUHTe3a Ipu Iepenomax mwioHa Tuma 43C B ABYX
rpynmnax ¢ mpuMeHeHyeM MHOTOKOJIOHHOM U OFHOKO-
JIOHHOJ pmKcalum. B rpyrirne MHOTOKOJIOHHOV (puKkca-
LMY aBTOPbI IMATHOCTUPOBAIN IMOCTTPaBMaTUUECKUI
octeoapTputT y 40% OOJIbHBIX, XOTSI K HEJOCTaTKaM
MCCTeNOBaHMSI MOXHO OTHECTM CJMIIKOM MajieHb-
KOoe KOJMYEeCTBO MalMEeHTOB B TPyIllle MHOTOKOJIOH-
Ho¥t pukcauyy (10 ManMeHToB) M OTCYTCTBYE YETKOIO
ONMCaHUS KIMHUYECKUX MPOSIBIEHUIt TIOCTTpaBMaTH-
YeCcKoro ocreoaprpura y Hux [26]. BosmoxkHo, Haiia
OlleHKa YaCTOThl IOCTTPaBMaTUUECKOTO OCTe0apTpuUTa
OCHOBAaHa Ha BBISIBJIEHUY apTpuUTa 60Jiee TSKeJoit cTa-
MY C BBIPDSKEHHBIMU KIIVMHUYECKUMMU MTPOSIBIEHUSIMU,
OJIHAKO MbI MOXXeM OTMETUTb, UTO HalllM JaHHble He
MpeBbILIAIOT JaHHbIe, MPUBOAMMBIE B iuTepaType. [Ipu
3TOM apTpOoLe3UpOoBaHIe TOIEHOCTOITHOTO CycTaBa He
OBbUIO BBITIOTHEHO HY OJHOMY M3 HAIIMX MalMIeHTOB.

3AKJ/TIIOYEHHE

MHOTOKOJIOHHAsI TexHMKa (UKCAIUM IIPU ITOTHBIX
OKOJIO- ¥ BHYTPUCYCTaBHBIX ITepesioMax IMuIoHa obec-
rmeunBasia aydie QyHKIMOHATbHbIE TIOKA3aTeN 10
CPaBHEHMIO C OJHOKOJIOHHOJ, CHVSKAIa PUCK OCIOXK-
HEHMII 3a CYeT MOBBIIIEHNST CTAOMIBHOCTU (PUKCALIUN
OTJIOMKOB ¥ YCTOWUYMBOCTM CUCTEMBI «MMILIAHTA-
ThI— KOCTb» K (DM3MOTOTMUECKMM HArpysKaM, a TakxKe
peke TpeboBajia OCTEOCHHTE3a MAT06epPILIOBOT KOCTH.
[pumeHeHME KOMOMHAIIMM XUPYPTUUECKUX IOCTY-
OB ¥ VIMIUIAHTATOB ITO3BOJIMJIO B GOJIBIIOM KOJIM-
YyeCcTBe CIy4aeB AOOUTHCS aHATOMMUYHON Pero3uLymn
OTJIOMKOB, CpalleHMsI ITepesioMa ¥ BOCCTAHOBJIEHMS
dyHRMK. [Ipy 3TOM DpUMeEHeHVe KOMOMHALIUMU KO-
POTKMX TPSMBIX ITOCTYIIOB ¥ MHOTOKOJIOHHOV (DUK-
calMy TPUBENIO K CHIMKEHUIO PUCKA MSATKOTKaHHBIX
OCJIOKHEHUIA.
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Changes in the Donor Site Following Bone-Patellar Tendon-Bone Graft
Harvesting with Open or Closed Defects

Pavel A. Trachuk, Aleksandr P. Trachuk, Oleg E. Bogopolskiy

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

Abstract

Background. The patellar tendon is frequently used as a graft source for anterior cruciate ligament
reconstruction.The search of the factors that enhance the healing process of the donor site may contribute to
improved anatomical and functional outcomes.

The aim of the study — to determine the features of the harvesting techniques for better donor site healing by
examining postoperative changes in the patellar tendon following two different graft harvesting methods.
Methods. This study examined the condition of the patellar tendon after two methods of graft harvesting
under the same early mobilization protocols. Group 1 (retrospective) enrolled 30 patients who underwent
follow-up MRI at different times after surgery, during which ligamentous and bony defects were not closed.
Group 2 (prospective) included 30 patients who received full-layer suturing of the patellar tendon and
patellar and tibial bone defects plasty. Postoperatively, all patients underwent radiography, and the Insall-
Salvati ratio of their patellar position was evaluated. In Group 2, MRI was performed preoperatively and
12 months post-surgery, while CT scans were taken 1 day and 6 months post-surgery. MRI was utilized to
measure the size and qualitatively assess the condition of the tendon, whereas bone defects were evaluated
on CT scans.

Results. The Insall-Salvati ratio of patellar position was within the physiological norm and did not
differ between the groups (M, = 1.11; SD, = 0.13 and M, = 1.12; SD, = 0.15; p = 0.955). In Group 2, after
12 months, the length of the tendon was 3.1% shorter (M = -1.4 mm; SD = 2.4 mm; p = 0.003). The width
of the tendon in the upper third and middle third was slightly increased (M = 0.3 mm; SD = 2.4 mm;
p = 0.502 and M = 0.5 mm; SD = 2.1 mm; p = 0.205), while in the lower third it was 2.7% larger
(M = 0.7 mm; SD = 1.7 mm; p = 0.034). The thickness of the tendon increased by 55% (M = 2.4 mm;
SD = 1.6 mm; p = 0.001). All patients in Group 1 exhibited persistent bony and ligamentous defects. In Group 2,
six months after surgery, cancellous bone filled the defects and integrated with the bone bed; 12 months later,
the tendon was healed, and its shape and size approximated preoperative parameters.

Conclusion. Full-layer suturing of the patellar tendon, reconstruction of defects using cancellous bone autograft,
and early mobilization promote the healing of bone defects and restore the integrity, shape, and size of the
tendon.

Keywords: patellar tendon, anterior cruciate ligament, donor site, graft harvesting technique.

Cite as: Trachuk P.A., Trachuk A.P., Bogopolskiy O.E. Changes in the Donor Site Following Bone-Patellar Tendon-Bone
Graft Harvesting with Open or Closed Defects. Traumatology and Orthopedics of Russia. 2024;30(4):60-71. (In Russian).
https://doi.org/10.17816/2311-2905-17606.

DX Pavel A. Trachuk; e-mail: trachukpav@gmail.com
Submitted: 02.09.2024. Accepted: 18.10.2024. Published Online: 11.11.2024.

© Trachuk P.A., Trachuk A.P., Bogopolskiy O.E., 2024

60 2024;30(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://creativecommons.org/licenses/by/4.0/

CLINICAL STUDIES

HayuHast cTatbst [@ey ]

VK 616.718.49-089.843
https://doi.org/10.17816/2311-2905-17606

U3MeHeHUs B AOHOPCKOI 30He Nnocsie 3abopa TpaHCNAaHTaTa
U3 CBA3KM HaAKOJIEHHUKA C OCTaB/IEHUEM MU 3aKpbITUEM AedeKToB

[T.A. Tpauyk, A.II. Tpauyk, O.E. borormnonbckuii

@OI'BY «HayuoHa vHbili MeOUYUHCKULI UCCIe008aMENbCKULL UeHMP MPasMamosiozuu u opmoneouu
um. P.P. Bpedena» MuH3zdpaea Poccuu, 2. Cankm-Ilemep6ypez, Poccus

Pedepar

AxmyanvHocms. CBSI3KYy HaJKOJEHHMKA YacTO MCIIONb3YIOT KaK MCTOUHMK TPaHCIUIAHTATa [JisS TUIACTUKU
repenHeli KpecToob6pa3Hoit cBA3KY. [ToMCK GaKTOPOB, MOBBIMIAIOIIMX KAUeCTBO 3aKMBJIEHMS JOHOPCKOTO fie-
bexTa, MOXKeT CIT0CO6CTBOBATD YIYUIIEHMIO aHATOMO-(QYHKIIMOHATbHBIX PE3YIbTATOB.

Ilenvs — Ha OCHOBaHMM U3YUeHMUS TTOC/IeOIepallMOHHBIX M3MeHeHMI1 B CBSI3Ke HaIKOJIeHHMKA Mocje ABYX Ba-
PMAHTOB 3a060pa TpaHCILIAaHTAaTa OIPeIeIUTh 0COOEHHOCTH TEXHUKY, 0OecieunBalonye 60ee MoJTHOLIEHHOe
3aKMBJIEHME JOHOPCKOI 30HBI.

Mamepuan u memodst. [IpoBeieHO MCCIeOOBaHME COCTOSTHUS CBSI3KM HaIKOJIEHHMKA ITOC/Ie IBYX BapuaH-
TOB 3a60pa TPaHCIUIAHTATa B OAMHAKOBBIX YCIOBMSIX paHHe! MoOuan3anun. B mepByio (peTpOoCIIeKTUBHYIO)
rpymnny Boliu 30 maiueHToB, KOTOPbIM B pa3/iMyHble CPOKM MOc/Ie ornepaiuy BoinoaHsau MPT, cBsa30uHblie
¥ KOCTHbIE feeKThl He YCTPaHSIIU. BTOPYIO (MMPOCIEKTUBHYIO) IPYIITY cocTaBuiu 30 MaIeHTOB, Y KOTOPhIX
BBITTOJTHSIM TTOJTHOC/IOMHBIN OB CBSI3KM U KOCTHYIO ayTOIUIACTUKY Ae(eKTOB. Y BCeX MalMeHTOB BBIMOTHSIIN
peHTTeHorpaduIo ¥ M3yJyaan MHIEKC MOJIoKeHNsT HagKkoneHHMKa Insall - Salvati mocte onmeparuu. Bo BTopoii
rpymne BeinonHsau MPT no onepanuu n uepe3 12 mec., KT — uepe3 1 meHb 1 6 Mec. riociie onepauyu. [To MPT
M3MepPSUTM pa3Mepshl M KAUECTBEHHO OLIEHMBAJIM COCTOSTHME CBSI3KM, 110 KT — coCcTOsTHME KOCTHBIX Ae(eKToB.
Pe3ynsmamet. PeHTTeHOTOTMYECKMIT MHIEKC ITOJOKEHMSI HaJKOJIEHHMKA COOTBETCTBOBAJ (DM3MOIOTUYECKOT
HODMe M He OTIMYajicsa Mexay rpynnamu (M, = 1,11; SD, = 0,13 u M, = 1,12; SD, = 0,15; p = 0,955). V ma-
LIMEeHTOB BTOPOJi TPYIIIbI uepe3 12 Mec. OjaMHa CBI3KM Oblia MeHblIe Ha 3,1% (M = -1,4 mMm; SD = 2,4 MM,
p = 0,003); mimprHa CBSI3KM B BEpPXHEN TpeTu U B CepelyVHe He3HAUUTENbHO yBenuuusasacb (M = 0,3 mm;
SD =2,4MmMm; p=0,502u M =0,5mm; SD = 2,1 mm; p = 0,205), a B HU3KHeit TpeTu oHa ObL1a 6obIie Ha 2,7%
M = 0,7 mMm; SD = 1,7 mm; p = 0,034); TonuuHa CBI3KM Bo3pacTtaia Ha 55% (M = 2,4 mm; SD = 1,6 MMm;
p =0,001). Y Bcex mauMeHTOB MEPBOJI I'PYTIITbI MMEIMUCh CTOKYE KOCTHBIE U CBSI30UHbBIE TedeKThbl. Bo BTOPOit
TpyIIIie yepe3 6 Mec. IToC/Ie onepanyuy rybuarast KOCTb 3aloHsUIa JedeKThl ¥ NpuUpacTaia K CTeHKaM, yepes
12 mec. cBSI3Ka CTAaHOBMJIACH 1I€JIOCTHOI, ee hhopMa ¥ pasMepbl IPUOIMKAINUCh K JOOTIEPALIIOHHBIM ITOKa3a-
TeJISIM.

3axnatouerue. TT0MHOCTOHOE CITMBAaHMeE CBSI3KM HAJIKOJEHHMKA, IJIACTHUKA JeGeKTOB IrybuaToii ayTOKOCThIO
¥ paHHSS MOOMIM3aNMsT 06eCIeunBaIOT 3aKMBIIeHMEe KOCTHBIX Me(eKTOB M BOCCTAHOBJIEHME IIeTOCTHOCTH,
(opMbI 1 pasmMepoB CBSI3KMA.
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INTRODUCTION

The problem of the improvement of the surgical
reconstruction of the damaged anterior cruciate
ligament (ACL) remains relevant, as ongoing
discussions persist regarding the advantages and
disadvantages of various grafts [1, 2, 3,4]. Reports
continue to emerge about the novel techniques
for graft harvesting [5, 6, 7], optimal placement
[8,9, 10, 11],and minimizing postoperative donor
site complications [12, 13, 14, 15]. Most surgeons
agree that effective operation requires adherence
to the anatomical concept of reconstruction
[16, 17, 18, 19], which focuses on restoring the
function of the damaged ligament by using an
appropriate biological graft, placing it correctly,
and securely integrating it at the original ACL
attachment sites [20, 21, 22].

The patellar tendon graft, harvested from
its middle third, remains the material closest
in structure, form, and properties to the native
ligament [23]. Many surgeons prefer this graft,
particularly for young patients actively engaged
in contact, team, and jumping sports [24, 25,
26, 27]. According to international surveys,
in 2020, 45.5% of respondents from North
America identified the patellar tendon graft as
their first-choice option, compared to an average
of 16.1% from other regions [28]. Data from
nearly all national registries indicate that this
graft has the lowest revision rates (ranging from
1.5% to 3.2%), which is particularly crucial since
it is often used for physically active patients at
high risk of repeated injury [4, 29, 30]. Moreover,
the functional status of the operated knee joint
exhibited superior rotational stability compared
to soft tissue tendon grafts [31].

However, the use of the patellar tendon graft
can be associated with significant donor site
changes. Postoperative findings have included
thickened fixed scars [32, 33, 34], painful palpable
defects at the donor site [35, 36], shortening of
the tendon [37], patellar fractures, persistent
degenerative changes in the tendon, and even
ruptures [38, 39]. Various methods have been
proposed to mitigate donor site complications,
but their effectiveness remains under debate.
There is no consensus on how best to close the
tendon defect—whether to leave it open, suture
only the peritenon, loosely approximate the
superficial layers, or perform full-layer suturing
of the tendon and peritenon. The necessity and

potential outcomes of bone grafting for donor
site defects also remain unclear.

Itis reasonable to assume that if clinical issues
stem from changes at the patellar tendon donor
site, a more complete tendon restoration may
lead to improved results. Thus, this study focuses
on the condition of the patellar tendon following
graft harvesting for ACL reconstruction.

The aim of the study was to determine the
features of the harvesting techniques for better
donor site healing by examining postoperative
changes in the patellar tendon following two
different graft harvesting methods.

METHODS

A retrospective-prospective study was conducted
to evaluate the condition of the patellar
tendon in 60 patients who had underwent ACL
reconstruction with graft harvesting and defect
closure using two different techniques.

Inclusion criteria: (1) age 18-45 years; (2) no
signs of osteoarthritis; (3) postoperative X-rays
and MRI data available for analysis; (4) consistent
rehabilitation program aimed at restoring the
weight-bearing capacity of the lower limb, full
knee extension and mobility, and activation of
thigh muscles from postoperative days 1-3.

Exclusion criteria: pathological conditions
at the graft harvesting site (tendinitis,
osteochondropathy, previous extensor apparatus
injuries and their sequelae).

Group 1 (retrospective) included 30 randomly
selected patients who underwent MRI after
ACL reconstruction for various reasons (follow-
up, new complaints, recurrences). This group
comprised 21 men and 9 women, with a
mean age of 28 years (M = 28.2; SD = 7.0). The
follow-up period ranged from 1 to 20 years,
with a median follow-up of 4.7 years (Q1 = 3.8;
Q3 =6.4).

In this group, graft harvesting was performed
via two horizontal incisions (Figure 1). Incisions
up to 3 cm in length were made away from bony
prominences. The upper incision was below the
apex of the patella and the lower incision was
above the tibial tuberosity. The peritenon was
incised only at the skin incisions, mobilized
between them with a clamp, and the graft was
taken while preserving the integrity of the fascial
sheath. After graft harvesting, the peritenon
edges and tendon bundles were sutured at the
skin incisions over the tendon ends using one
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or two absorbable sutures. Bone defects were
not repaired. The tendon bundles within the
preserved sheath were not sutured, assuming
that the guiding sutures at the tendon ends
would suffice for approximation and subsequent
healing. All patients in Group 1 underwent
arthroscopic transtibial ACL reconstruction.

Figure 1. Stage of graft harvesting from the patellar
tendon through horizontal incisions in a patient from
Group 1

Group 2 (prospective) consisted of 30 patients
who, in 2022, underwent anatomical double-
incision ACL reconstruction using a patellar
tendon autograft from its middle third. This
group included 22 men and 8 women, with a
mean age of 30 years (M = 30.1; SD = 6.9), and
a follow-up period of 12 months (M = 11.9;
SD =0.2).

Graft harvesting involved a longitudinal
incision of the skin and subcutaneous tissue
over the patellar tendon, 5-7 cm in length;
the peritenon was incised longitudinally and
mobilized, exposing the patellar tendon edges.

A graft measuring 10-12 mm in width with bone
blocks from the patella and tibial tuberosity,
20 mm and 30 mm in length respectively and
up to 8 mm deep, was prepared. Two columns
of cancellous bone (diameter 4.5 mm each)
were harvested from the tibial tuberosity. An
absorbable No. 2 interrupted suture was placed
at the edge of the patella apex, capturing
peritenon layers, tendon edges for the entire
thickness, and underlying fat pad. This isolated
the bone defect in the patella from the tendon
defect to prevent migration of bone fragments
and marrow cells. The previously prepared
cancellous bone columns were tightly packed
into the patellar defect, over which the peritenon
layers and prepatellar bursa were sutured. The
peritenon and tendon bundles were then sutured
with absorbable No. 2 sutures with stitches of
0.5-1.0 cm length up to the tibial tuberosity
defect (Figure 2). During ACL reconstruction,
bone chips were collected during graft bone
edge preparation and tunnel formation, and
these chips were placed into the tibial defect,
with the tendon and peritenon edges sutured
over it. Finally, the subcutaneous tissue and skin
were closed with intradermal sutures.

To assess potential shortening of the patellar
tendon following different graft harvesting
methods, postoperative X-rays were analyzed,
and the Insall-Salvati ratio of patellar position
was calculated. Lateral views were used to
measure the ratio of the distance between
the patellar tendon attachment points to the
maximum vertical patellar size [40], and values
were compared between groups. MRI was used to
evaluate the presence or absence of defects at the
donor site.

Figure 2. Stages of graft harvesting
through a longitudinal incision in patients
from Group 2:

a — mobilization of the longitudinally
incised peritenon and exposure of the
anterior surface of the patellar tendon;

b — appearance of the sutured donor site
defect
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All patients in Group 2 underwent MRI
preoperatively, X-ray and CT the day after
operation, CT at 6 months postop, and MRI at 12
months postop. MRI assessments included the
measurements (length, width, and thickness)
of the patellar tendon preoperatively and at 12
months. Length was measured along the poste-
rior contour of the tendon between attachment
points on sagittal slices where tendon length
was minimal. Width was measured on axial
slices in the upper, middle, and lower thirds: the
first measurement was taken 6-8 mm from the
patellar edge, the second at the mid-tendon, and
the third 6-8 mm from the tibial attachment.
Thickness was measured on an axial slice at the
mid-tendon, recording the maximum dimension.
CT scans evaluated the healing dynamics of
patellar and tibial tuberosity defects replaced
with cancellous bone autograft. Imaging was
performed at Vreden National Medical Research
Center for Traumatology and Orthopedics using
a Siemens Somatom Definition AS CT scanner
(Germany) and a Siemens Magneton Verio
3.0 T MRI scanner (Germany). Measurements
were performed using RadiAntDICOMViewer
4.2.1 (Medixant, Poland).

Statistical analysis

Statistical processing was performed using SPSS
17.0 (Microsoft®, USA). For describing quanti-
tative values of the Insall-Salvati ratio in both
groups and patellar tendon dimensions before

and after surgery in Group 2, the normality was
tested with the Shapiro-Wilk test. Mean (M) and
standard deviation (SD) were used to describe
quantitative variables. Comparisons of the Insall-
Salvati ratio between groups were conducted
using a two-sample Student’s t-test. Paired
Student’s t-test was used to compare quantitative
variables in Group 2 over time. Differences were
considered statistically significant at p<0.05.

RESULTS

The performed Shapiro-Wilk test showed that
all the examined data were normally distributed
(p>0.05). The radiological Insall-Salvati ratio
of patellar position after surgery was within
the physiological norm, with no significant
differences between the groups: M, = 1.11 (SD,
=0.13) in Group 1 and M, = 1.12 (SD, = 0.15) in
Group 2, p = 0.955, t(58) = 0.06.

All patients in Group 1 exhibited unfilled
bone defects of the patella and tibial tuberosity
that persisted wuntil the final follow-up
(Figure 3). In the areas where the ligament
bundles were sutured, a homogeneous ligament
of sufficient width and thickness was observed.
In regions where the ligament was not sutured,
all patients displayed persistent defects filled
with scar tissue resembling the adjacent adipose
tissue in density and structure. No signs of defect
replacement by tissue resembling ligament
were observed even 20 years postoperatively
(Figure 4).

Figure 3. Unfilled bone defects at the donor site of the patella (a) and tibial tuberosity (b) in a patient

from Group 1 at 20-year follow-up
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Figure 4. The unsutured segment of the patellar tendon filled with scar tissue resembling the adjacent
adipose tissue in density and structure (a); the sutured segment appears homogeneous, broad enough,
and slightly thickened (b) in a patient from Group 1 at 20-year follow-up

Postoperative changes in patellar ligament
dimensions analyzed in patients of Group 2 are
presented in Table 1. At 12 months, the average
shortening of the patellar ligament was 3.1%.
The width of the ligament in the upper and
middle thirds was nearly restored to its original
size, while in the lower third it increased by an
average of 2.6%. Ligament thickness increased by
an average of 55%.

In all patients of the Group 2 who underwent
graft harvesting with subsequent full-layer
suturing of the defect, the ligament after
surgery formed a unified structure. The suture
line was either not visible or barely discernible.
No tendon defects or deformities due to suture
divergence were observed. The width of the
ligament was almost completely restored, with

only moderate thickening visible on all axial
slices (Figure 5).

Two patients with sutures placed at intervals
of more than 2 cm and not across all layers
exhibited areas of deformed and incompletely
healed ligament (Figure 6).

CT evaluation on the day following surgery
revealed that bone defects after ligament
harvesting were nearly completely filled with
cancellous bone, and all graft material was
localized within the defect zones (Figure 7). At
6 months, all observations showed that bone
grafts had fused with the defect walls and were
nearly indistinguishable in density from the
surrounding bone, with their surface becoming
smoother. No signs of heterotopic ossification
were observed (Figure 8).

Table 1

Changes in patellar ligament dimensions 12 months after harvesting in patients
of Group 2 (n = 30)

Preoperative Parameter value
Patellar ligament P 12 months Parameter difference
parameter value . p
parameters postoperatively (L,,-L,, mm)
(L, mm) (L., mm)
127

Length M =44.5 (SD =4.8) M=43.1(SD=4.7) | M=-1.4(SD = 2.4; t(29) =-3.284) 0.003
Width in the upper third M =30.7 (SD = 3.6) M=31.0(SD=3.3) | M=0.3(SD=2.4;1t(29)=0.681) 0.502
Width in the middle third M =28.9(SD = 3.6) M=29.4(SD=3.5) | M=0.5(SD=2.1;1(29) = 1.297) 0.205
Width in the lower third M=26.8(SD=3.5) | M=275(D=3.7) | M=0.7 (SD = 1.7; t(29) = 2.225) 0.034
Thickness in the middle M=4.4 (SD =0.6) M=6.8(SD=1.7) | M=24(SD=1.6;t(29)=28.138) 0.001
of the ligament
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Figure 5. MRI scan of the patellar tendon in a patient from Group 2 before (a, b) and after graft
harvesting (c, d)

Figure 6. Appearance of the deformed
patellar tendon after graft harvesting
with non-full-thickness suturing:
tendon edges are approximated but not
sutured (a), only the superficial layer and
peritenon are sutured (b)

Figure 7. CT scans showing filled bone defects
of the patella (a) and tibial tuberosity (b) on the
first postoperative day

Figure 8. Three-dimensional CT reconstruction of the knee joint showing
cancellous bone-filled donor defects of the patella and tibial tuberosity
6 months after surgery
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Thus, the identified characteristics of
postoperative changes in the patellar ligament
under early mobilization conditions indicate that
restoring the structural integrity and dimensions
of the ligament requires reliable full-layer
contact between ligament bundles, filling the
bone defects of the patella and tibial tuberosity
with cancellous autograft, and careful coverage
of the healing zone with peritenon. Under these
conditions, the bone union and closure of patellar
and tibial tuberosity defects were observed within
6 months, and at 12 months the patellar ligament
became a continuous homogeneous structure. Its
shape and dimensions approached preoperative
values, with width nearly restored, length slightly
decreased, and thickness moderately increased.

Effective healing of the donor site was
achieved through the following technical
measures: longitudinal skin incision outside bony
prominences; full-layer suturing of ligament
bundles after graft harvesting; mobilization
and subsequent suturing of peritenon layers;
reconstruction of patellar and tibial tuberosity
defects with bone cancellous autograft; and
wound closure with resorbable suture material.

DISCUSSION

The extensive experience of using a graft from
the middle third of the patellar ligament suggests
that it is the most suitable option for patients
with high demands for functional recovery,
primarily athletes [24, 41]. However, patients
often reported postoperative pain, palpable
deformities, and crepitus in the donor site area,
which were associated with graft harvesting.
Initially (in the pre-arthroscopic period), ACL
reconstruction was performed via arthrotomy.
Atight suture of the capsule and patellar ligament
bundles was necessary to restore the synovial
environment of the joint cavity and reduce
the risk of postoperative infection. Protective
measures for the graft during the first 1-2
months after surgery (limited weight-bearing,
immobilization or wearing a brace restricting
movement from 10 to 90°, prohibited active knee
extension involving quadriceps contraction,
cautious and gradual rehabilitation) contributed
to the formation of fixed scars and joint stiffness.
Reports of significant scarring and shortening of
the patellar ligament, arthrofibrosis, persistent
contractures, and adverse graft harvesting
outcomes led to a transition to more “aggressive”

rehabilitation approaches, including leaving
the ligament defect open and suturing only the
peritenon [31, 36, 37, 38].

One of the first to use MRI for donor site
evaluation was S.D. Coupens et al. [44]. They
evaluated 6 mm axial slices and found that
18 months after full-layer defect suturing, the
ligament width was restored, thickness increased
by 42.5%, and its structure approached normal.
The authors did not assess patellar ligament
length, using the contralateral joint as a control.
Our data from a prospective study were similar,
though we were able to use thinner (3 mm) slices
to measure each patient’s patellar ligament
dimensions (length, width, and thickness at
various levels) before surgery and compare them
12 months after harvesting.

In 1994, D. Kohn and A. Sander-Beuermann
detected defects between unsutured ligament
bundles via ultrasound two years after surgery.
Additionally, 36% of patients exhibited painful
bone spurs at the patella apex resulting from
patella reconstruction with bone chips [32].
Our data include MRI images from patients at
longer postoperative intervals. In all cases where
patellar ligament bundles were not sutured
after harvesting, the ligament consisted of
two bundles with a clearly visible defect filled
with unorganized scar tissue. In Group 2, we
reconstructed patellar and tibial tuberosity
defects with cancellous autograft after suturing
the patellar ligament bundles. CT scans
performed the day after surgery and at 6 months
revealed no signs of bone fragment migration,
patellar spurs, or ligament ossification. Bone
fragments fused with the defect’s bone bed where
placed. Dense contact of sutured bundles and
peritenon suture over bone graft areas appeared
to aid in retaining bone fragments within the
bone bed.

In 1995, E.Adrianietal.studied openand closed
patellar ligament donor sites via ultrasound and
radiography at 3-12 months [34]. Vertical patellar
position slightly decreased with no differences
between groups. In the open-defect group,
ultrasound showed a “binocular” pattern of two
ligament bundles with a hyper-echoic bridge,
while in the closed-defect group, echogenicity
normalized within a year. Our radiological
patellar position ratio data showed no group
differences postop, indicating that patellar
ligament bundle suturing did not shorten the
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ligament. Our data confirmed that cross-suturing
did not affect patellar height, and minimal
changes in ligament length were observed
at 12 months.

Large incisions over the patellar ligament
often damage subcutaneous femoral nerve
branches, causing persistent neuropathy in
the lower leg, manifesting as discomfort when
walking on knees [13, 15, 33]. To reduce donor
site problems, less invasive graft harvesting
techniques were proposed: small horizontal
or vertical incisions, ligament body isolation
without cutting the fascial sheath and
peritenon [6, 13, 15, 33]. Preserving peritenon
integrity was thought to maintain bundle
contact and improve donor site vascularization.
In 1999, J. Kartus et al. compared open and
minimally invasive harvesting [42]. They found
that two years post-surgery, patellar ligament
bundle gaps were smaller with subcutaneous
techniques. In our study, the minimally invasive
technique was also used for Group 1, but no
spontaneous defect healing was observed
on MRI; the unsutured ligament remained
fragmented long-term.

Long-term pathological changes in donor site
tissues identified via MRI, ultrasound, and biopsy
[39,42, 43] have led to warnings against repeated
graft harvesting from this site and prompted
broader use of alternative graft sources. Later
publications  primarily compared clinical
outcomes of different grafts, noting relatively
more frequent anterior knee compartment
problems after ACL reconstruction with patellar
ligament grafts [1, 3]. No definitive technique
for optimal graft harvesting and ligament
and bone defect closure has been established
[5, 12, 14]. Some recent reports suggest that
modern ACL reconstruction techniques using
patellar ligament grafts may cause fewer
complications, attributed to improved evaluation
systems and refined surgical techniques [7].

This study focuses on the patellar ligament
and the in-vivo assessment of postoperative
changes in the donor site after different graft
harvesting techniques. The common factor in the
retrospective-prospective study was identical
rehabilitation protocols, including brief (up to
3 days) full-extension immobilization, manual
patella mobilization, early knee joint mobility
restoration, and walking initiation.

MRI data analysis in the retrospective group
revealed no spontaneous complete healing of
ligament and bone defects. Forces exerted during
rehabilitation did not maintain contact between
ligament bundles. All patients developed
persistent ligament and bone defects filled with
unorganized scar tissue. We observed restoration
of ligament integrity, shape, and width only at
the ligament and peritenon suture sites.

In the prospective group, donor defects
were closed with full-layer ligament sutures,
with peritenon closure over the suture line.
Measurements of patellar ligament dimensions
before and after surgery, as well as postoperative
MRI at 12 months, showed that despite early
mobilization, sutures maintained tight bundle
contact without deforming the ligament. During
healing, the patellar ligament restored its
preoperative width after harvesting a 10-12 mm
graft strip and became a unified structure. Its
length was slightly reduced without pathological
patellar height lowering. Thickness moderately
increased at 12 months postoperatively.

Full-layer suturing of the patellar ligament
edges at attachment sites isolates the bone
bed from ligament defects, preventing possible
bone fragment migration from the grafting site
during early physical activity. Dynamic CT scans
demonstrated that by 6 months postoperatively,
both cancellous bone columns (in the patella)
and bone chips (in the tuberosity) fused with
defect walls, without resorption or migration. No
signs of heterotopic ossification were observed
one year postop.

Study limitations

The limitations of this study include, first and
foremost, the lack of analysis of the correlation
between changes in the patellar tendon and
the severity of clinical problems at the donor
site. Unfortunately, accurate comparison of the
patient groups observed in our study was not
possible due to significant differences in ACL
reconstruction techniques. Therefore, we focused
on an objective assessment of changes in the
patellar tendon and identifying conditions for
more complete defect healing.

Secondly, the observation period for the
prospective patient group was minimally
sufficient for drawing reliable conclusions, as
the process of reparative regeneration generally
concludes within this timeframe.

68 2024;30(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Prospects

To observe potential changes in the patellar
tendon over longer periods in this patient sample.

CONCLUSIONS

Minimally invasive harvesting of grafts from
the middle third of the patellar tendon, with
preservation of the fascial sheath and suturing
of the tendon bundles only at their ends, leads
to the formation of persistent tendon and bone
defects. Full-layer suturing of the tendon bundles
and peritenon, along with the reconstruction of
defects using cancellous bone autograft, creates
more favorable conditions for donor site healing.
Osteoplastic closure of patellar and tibial
tuberosity defects occurs by 6 months postop. By
12 months postop, the patellar tendon becomes a
unified structure, regaining shape and size close
to its preoperative state.
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Abstract

Background. Anterior cruciate ligament (ACL) tear isacommon ligament injury of the knee joint. Anterior cruciate ligament
reconstruction (ACLR) using autografts or allografts is the standard of treatment for complete ACL tear. Anatomical
tunnel positioning provides a better rotational as well as anteroposterior stability following ACLR. Nevertheless, a well-
performed anatomical ACLR does fail due to various reasons. Graft selection may be one of the contributing factors.

The aim of the study is to compare the outcome of anatomical anterior cruciate ligament reconstruction using bone-
patellar tendon-bone autograft and hamstring tendon autograft at a mean follow-up of 8 years.

Methods. The study enrolled 150 patients who underwent primary anatomical anterior cruciate ligament reconstruction
using either bone-patellar tendon-bone (BPTB) or hamstring tendon (HT) autograft. Plain radiography was used to
differentiate anatomical and nonanatomical reconstruction. Eighty patients (BPTB — 36, HT — 44) with anatomical
reconstruction were then compared for their clinico-radiological outcome at a mean follow-up of 8 years.

Results. The BPTB group showed better outcome over the HT group in terms of increased rotational and anteroposterior
stability at long-term follow-up (pivot-shift test, p = 0.001; anterior drawer test, p = 0.001; the Lachman’s test, p = 0.001;
radiological Lachman’s test, p = 0.001). There was no difference between the groups in terms of objective and subjective
IKDC forms (p = 0.363 and p = 0.154, relatively), the Lysholm score (p = 0.894), anterior knee pain (p = 0.678), single-leg
hop testing (p = 0.248) and osteoarthritic change (p = 0.550) at a mean follow-up of 8 years.

Conclusions. Bone-patellar tendon-bone autograft resulted in superior clinical outcome over hamstring tendon autograft
in terms of increased knee stability. No difference was observed between the grafts in other clinical outcomes and
osteoarthritic change at a mean follow-up of 8 years.

Keywords: anatomical anterior cruciate ligament reconstruction, bone-patellar tendon-bone autograft, hamstring tendon
autograft.
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CpaBHUTENbHbIE pe3ynbTaTbl aHATOMMUYECKOU peKOHCTpyKuum MNMKC
aytoTrpaHcnaaHtatoMm BTB u aytoTpaHcnnaHTaToM M3 NOAKONEHHbIX
CYXOXHUUMN: CpeaHUI CPOK HabnoaeHus BoceMb et
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Pedepar

AxkmyansHocms. Pas3pbiB TepenHeii kpectoobpasHoii cBsa3ku ([TKC) — pacnmpocTpaHeHHOe MOBPEXKIAEHMEe KOJIEHHOTO
cyctaBa. PeKOHCTPYKIMS TiepemHeit Kpectoo6pas3Hoit cBsisku (pIIKC) ¢ ucrmonb30BaHMeM ayTOTPAHCIUIAHTATA MU aj-
JIOTpaHCIUIAHTATa SBJSETCS CTaHAAPTOM B JiedeHUM IMOAHOTO paspbiBa [IKC. AHaTOMMYeCKOoe pacIioiokeHue TYHHeS
obecrieunBaeT 60siee BHICOKYIO POTALIVIOHHYIO U TIepeIHEe3aAHIO CTaOMIbHOCTD CyCcTaBa mocie omneparuu. OqHaKko Mo,
BIIMSTHMEM Pa3HBIX GAKTOPOB AaKe KauecTBEHHO BbITToHeHHAas pITIKC nHoTIa He JaeT JKelaeMbIX pe3ynbTaToB. OqHUM U3
Takux (aKTOPOB MOXKET ObITh BbIGOP TpaHCIIAHTATA.

Llens uccnedosaHus — CpaBHUTH PE3YIbTATHI PEKOHCTPYKIMY ITepeaHelt KpeCTo06pa3HO CBSI3KY C MCIIOIb30BAHMEM ayTO-
TPaHCIUIAHTaTa U3 CBSI3KM HaZKOMEHHUKA «KOCTh-CYXOXKMUIMEe-KOCTb» ¥ ayTOTPAHCIUIAHTATa U3 MOJKOMIEHHbIX CYXOXMUIINIA
B CpPeIHMIT CPOK HAGMIOneHUS 8 JIeT.

Mamepuan u memodsl. B viccienoBanme Bouuiu 150 mamyeHToB, KOTOPbIM ObljIa BHITTOJIHEHA MTEPBUYHAS PEKOHCTPYKIINS
IKC ¢ ucronb30BaHMeM ayTOTPAHCIVIAHTATA «KOCTh-CyXOKMUIMe-KocTh» (bone-patellar tendon-bone — BPTB) miu ayTo-
TPaHCIUIAHTaTa U3 MOJKOMIEHHbIX cyxokmmmii (hamstring tendon — HT). s auddepeHnyanmy aHaTOMUYECKO PEKOH-
CTPYKLIMM OT HEAaHATOMMYECKOi ITPUMEHSsIIach 0630pHasi peHTreHorpadust. B pesynbrate peHTreHorpadmum 6butn oTobpa-
Hbl 80 maneHToB ¢ aHaTOMKYeckol pekoHcTpyKkiueii (BPTB — 36, HT — 44). CpaBHeHMe KIMHUKO-PEHTTEHOIOTUYECKUX
Pe3yabTaTOB ITPOBOAMIIOCH B CPEIHMIA CPOK HabMIOmeHs 8 JieT.

Pesynomamet. T'pynina BPTB mokasasa 60siee BbICOKME pe3ynbTaThl, ueM rpymma HT, 1o mokasaTesisM poTalMoOHHOI 1 ITe-
penHesagHel cTabUIbHOCTY CyCTaBa IPY JOJATOCPOUYHOM HabmogeHun (pivot-shift tect, p = 0,001; TecT mepegHero «Bbij-
BIDKHOTO sIyKa», p = 0,001; tect JlaxmaHa, p = 0,001; peHtreHonornueckuii Tect Jlaxmaua, p = 0,001). He 6b110 BBISIBIIEHO
Pa3HUIBI MEXIY IPYIIIaMU 10 MTOKa3aTelsIM 06beKTUBHOM 1 cy6bekTuBHOM hopm IKDC (p = 0,363 u p = 0,154 cooTBeT-
CTBEHHO), mKasbl Lysholm (p = 0,894), 60 B nepeaHeit yactu KoneHa (p = 0,678), TeCTMPOBaHMS IIPIKKA HA OIHOI HOTe
(p = 0,248) 1 ocTeoapTpUTHUUECKUX U3MeHeHuI (p = 0,550) B cpemHuit CpOK HAG/MIOAEHNS 8 JIeT.

3axntoyeHue. AyTOTPAHCIUIAHTAT U3 CBSI3KM HaJIKOJTEHHMKA «KOCTb-CYXOKMINME-KOCTb» 00ecreunBaeT Yl KIMHU-
YeCKUi MCXOM B OTHOLIEHMM CTAOMIIBHOCTY KOJIEHHOTO CYCTaBa [0 CPABHEHUIO C ayTOTPAHCIUIAHTATOM M3 IMOAKOTEHHBIX
CYXOXunii. PasHULIBI MEXY TPaHCIIAHTATAMU B OTHOLIEHUY APYTUX KIVMHUUECKMUX PE3YIbTATOB U OCTE0apPTPUTUUECKUX
M3MeHeHMIT He HabIomanoch.

KiroueBble €/10Ba: aHATOMMYECKAST PEKOHCTPYKIMS TepeqHeil KpecToo6pa3Hoil CBA3KM, ayTOTPAHCIUIAHTAT U3 CBSI3KMU
HaJKOJIEHHMKA «KOCTb-CYXOXKMU/IME-KOCTh», ayTOTPAHCIVIAHTAT U3 TIOAKOIE€HHBIX CYXOKUIIMIA.

IOnsa uutupoBanusa: Cantamyptu T., KcaBbe A.A., Yemnamyty JI., Kanuanepyman A., Iy6eit [I.K. CpaBHUTeIbHbIE
pe3ynbTaThl aHaToMuuyeckoii pexkoHCTpykuuy I[TKC ayrorpancriantatomM BTB u ayToTpaHCIJIaHTaTOM IIOAKOJEH-
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INTRODUCTION

Anterior cruciate ligament (ACL) tear is a common
ligament injury of the knee joint. Approximately
one third of the injuries develop persisting knee
instability and osteoarthritic (OA) change over
the long term if not being treated surgically [1].
Anterior  cruciate ligament reconstruction
(ACLR) using autografts or allografts is the
standard of treatment for complete ACL tear. In
the last two decades, concepts in ACLR evolved
in terms of tunnel positioning, graft selection,
fixation methods, timing from injury to surgery,
postoperative rehabilitation and so on. Anatomical
tunnel positioning provides a better rotational
as well as anteroposterior stability following
ACLR [2, 3]. Nevertheless, a well-performed
anatomical ACLR does fail due to various reasons.
Graft selection may be one of the contributing
factors. Though both autografts and allografts
are used commonly, majority of the studies
favours autografts over allografts [4, 5]. The most
commonly studied autografts are bone-patellar
tendon-bone (BPTB) and hamstring tendon
(HT) autografts. Many studies favour both the
grafts with their merits and demerits, leaving
a space for further search for an ideal graft.
Furthermore, the debate on long-term OA changes
using these two grafts still remains unanswered
[6, 7]. Most of the clinical studies comparing
the grafts retrospectively have not considered
anatomical tunnel positions on the femoral and
tibial side. Therefore, there is a scope for studying
the outcome of anatomically performed ACLR using
these two grafts. This would possibly reduce or
eliminate the confounding effect of nonanatomical
tunnel positions on the final outcome.

The aim of the study is to compare the outcome of
anatomical anterior cruciate ligament reconstruction
using bone-patellar tendon-bone autograft and

hamstring tendon autograft at a mean follow-up
of 8 years.

METHODS
Study design

This was a retrospective single-center study
conducted at a tertiary care hospital in South
India. Data of patients who had underwent primary
arthroscopic ACLR during the period of January 2013
to January 2016 were selected from the hospital
registry. Patients aged between 18 and 50 of both
sexes who had underwent single-bundle ACLR for
only isolated ACL tear using either BPTB or HT
autografts were included in this study. Patients with
associated meniscal injuries, the Kellgren-Lawrence
(KL) grading >2 [8], multiligamentous knee injuries,
ipsilateral limb fractures, generalized ligament laxity
and postoperative infections were excluded from the
study.

Surgical procedure and postoperative
rehabilitation

The recruited patients who fulfilled the primary
inclusion criteria had underwent arthroscopic single-
bundle ACLR using either BPTB or quadrupled HT
autografts harvested from ipsilateral limb. A single
fellowship-trained arthroscopic surgeon performed
the surgery in all the patients. Transportal (TP)
technique was used for femoral tunnel creation.
Titanium interference screws (Stryker, USA) were
used for both femoral and tibial side graft fixation.
All the patients recruited for the study underwent
standard postoperative rehabilitation as per hospital
protocol.

Evaluation of clinical and radiological outcomes

The selected cohort was subjected to radiological
examination to differentiate anatomical and non-
anatomical ACLR. Plain radiography of both knees in
standing anteropasterior view with 0° knee flexion,
pasteroanterior view with 30° knee flexion and lateral
view with 30° knee flexion were taken. All X-ray images
were interpreted in DICOM format in PACS (version
8.2). The anatomical nature of reconstruction was
assessed as per the radiological landmarks described
by L.A. Pinczewski et al. [9] (Figure 1).

Figure 1. Plain X-rays of the knee joint
showing anatomical tunnel parameters
and GIA:

a — sagittal tunnel positions;

b — coronal tunnel positions;

¢ — graft inclination angle
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Accordingly, the tunnel parameters analysed
in the selected cohort were coronal femoral tunnel
position, sagittal femoral tunnel position, coronal
tibial tunnel position, sagittal tibial tunnel position
and graft inclination angle (GIA). Patients found to
have anatomical tunnel position and GIA were then
subjected to final analysis (Figure 2). Those who were
found to have nonanatomical tunnel position and
GIA were excluded from the study.

Figure 2. A patient’s postoperative X-rays showing
anatomical tunnel parameters and GIA:

a — sagittal tunnel positions;

b — coronal tunnel positions;

¢ — graft inclination angle

Patients with anatomical ACLR were divided into
two groups based on the autograft used (BPTB group
and HT group). Patients in each group were evaluated
for clinical (subjective and objective) and radiological
outcomes at their latest follow-up. The outcome
parameters used in the study were as follows:

[ — Subjective clinical outcome parameters

1) International Knee Documentation Committee
(IKDC) subjective knee evaluation form

2) The Lysholm score

3) Anterior knee pain

IT — Objective clinical outcome parameters

1) International Knee Documentation Committee
(IKDC) objective knee evaluation form

2) Single leg-hop testing (SLHT)

3) Pivot-shift test (PST)

4) Anterior drawer test (ADT)

5) Manual Lachman’s test (MLT)

IIT — Radiological outcome parameters

1) Radiological laxometry test (RLT)

2) Osteoarthritic change

The objective clinical parameters were graded as
per IKDC objective knee evaluation form. Radiological
laxometry test was performed at 25° of knee
flexion using 134 N (13.5 kg) weight to quantitate
the anteroposterior stability (modified J.L. Lerat

method) [10]. The contralateral uninjured knee served
as reference for comparing the knee stability tests.
The results of stability tests were graded as per IKDC
objective knee scoring system. Osteoarthritic change
was assessed by comparing the preoperative weight-
bearing plain X-rays of injured knee with the latest
postoperative plain X-rays using the KL grading.
Radiological evaluation was done by two radiologists
with reliable inter- and intra-observer correlation.

From the hospital registry 150 patients were
enrolled for the study. They were subjected to
radiological examination for tunnel positions and
GIA. Among them, 88 patients (BPTB group — 40,
HT group — 48) had anatomical ACLR. Remaining
62 subjects who had nonanatomical tunnel positions
and GIA in both groups were excluded from the study.
Due to various reasons 8 patients out of 88 study
subjects dropped out from the study, leaving a total
of 80 (BPTB group — 36, HT group — 44).They were
finally evaluated for clinico-radiological outcome
measures. The flow chart of patient selection for the
study shown in Figure 3.

ENROLLED SUBJECTS FROM HOSPITAL

REGISTRY (N=150)

RADIOLOGICAL SURVEY FOR
TUNNEL POSITION AND GIA

NON ANATOMICAL
ACLR (N=62)

ANATOMICAL ACLR

(N=88)

INCLUDED IN
THE STUDY

HT (48) BPTB (40)

EXCLUDED FROM
STUDY

8 PATIENTS DROPPED OUT
FROM STUDY ( BPTB-4 + HT-4)

FINAL STUDY
POPULATION (N=80)

EVALUATED FOR LONG TERM
CLINICORADIOLOGICAL OUTCOME AND
GRAFT FAILURE

FINAL OUTCOME

Figure 3. Flowchart showing patient selection
for the study
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Statistical analysis

A statistician performed all the data analyses using
IBM SPSS Statistics v. 23.0 (IBM Corp, Armonk, NY,
USA). Demographic variables were summarized with
standard descriptive statistics, such as frequency,
mean (standard deviation) or median (interquartile
range). The subjective clinical outcome between the
two groups was compared using the Pearson’s chi-
square test and the Mann-Whitney U test. Statistical
difference between the two groups in terms of objective
clinical and radiological outcome was performed with
the Student’s t-test. The level of significance was
5% (two-tailed) for all analyses. The clinical and
radiological outcome parameters were dichotomized
for the purpose of statistical analysis (Table 1).

Table 1
Dichotomization of clinical and radiological
outcome parameters

Variable Dichotomization
Grade A
Pivot-shift test
fvot-shift tes Grade B,Cand D
IKDC (obiecti Grade A and B
(objective) Grade Cand D
Single leg-hop testin Grade Aand B
& g-hop g Grade Cand D
Grade A
Anterior d test
nterior drawer tes Grade B, C and D
Manual Lachman’s test Grade A
Grade B,C and D
Grade A
Radiological 1 try test
adiological laxometry tes Grade B, C and D
Kellgren-Lawrence grading Normal and Grade 1
Grade Grade 2, 3 and 4
RESULTS

A total of 80 patients, comprising 36 (45%) in BPTB
and 44 (55%) in HT group, were analysed for the
clinico-radiological outcome. The results were
analysed at a mean follow-up of 8+2 years after ACLR.
The mean (SD) age of the study subjects was observed
to be 31.25%6.83. Around 34 (42.5%), 32 (40%)
and 14 (17.5%) of them belonged to the age group
20-29 years, 30-39 years and 40-49 years, respectively.
Male and female subjects accounted for 71 (88.8%)
and 9 (11.3%), respectively. Road traffic accidents —
34 (42.5%), injury from a fall — 24 (30%) and sports
injury — 22 (27.5%) were reported to be the different
modes of injury among the study subjects. The median
time from injury to surgery was found to be 90 (30-
180) days. The mean (SD) follow-up time for patients
was 98.59+13.78 months (8+2 years). The demographic
profile between the two groups was comparable with
no statistical difference (Table 2).

Table 2
Demographic profile of patients
from the BPTB and HT groups
Demographic profile BPTB HT p-value
Age, years 31.28 31.23 0.248
Sex
male 32 39 0.724
female 4 5
Time since injury, days 144.64 | 128.23 | 0.241
Mechanism of injury
road traffic accident 15 19 0.881
injury from a fall 10 14 :
sports injury 11 11
Follow-up time, months 94.44 | 101.98 | 0.31732
Side of injury
right 20 26 0.971
left 16 18

Preoperative parameters

The subjective, objective and radiological preoperative
parameters were comparable between the two groups
as shown in Table 3. The distribution of clinical and
radiological outcome in the BPTB and HT groups are
shown graphically in Figure 4 and Figure 5.

Table 3
Comparison of preoperative parameters between
the BPTB and HT groups
Clinical and radiological HT BPTB | p-value
parameters
Pivot-shift test
Grade A 1 1
0.886
Grade B,Cand D 43 35
IKDC objective form
Grade A and B 0 1
0.266
Grade Cand D 44 35
Single leg-hop testing
Grade A and B 2 0
0.279
Grade C and D 42 36
Anterior drawer test
Grade A 1 1
0.886
Grade B,Cand D 43 35
Manual Lachman’s test
Grade A 2 0
0.195
Grade B,Cand D 42 36
Radiological laxometry test
Grade A 2 0
0.195
Grade B,Cand D 42 36
Kellgren-Lawrence grading
Normal and Grade 1 40 34
Grade 2, 3,4 4 2 0.550
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End of Table 3
Clinical and radiological HT BPTB | p-value
parameters
IKDC subjective form
Mean 50.680 | 48.086
Minimum 6.9 33.3
0.121
Maximum 71.3 67.8
Standard deviation 10.7046 | 8.659
Lysholm score
Mean 3732 | 39.50
Minimum 2 24
0.841
Maximum 66 58
Standard deviation 12.0 10.953
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Figure 4. Distribution of objective clinical and radiological

outcomes in the BPTB group
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Figure 5. Distribution of objective clinical and radiological
outcomes in the HT group

Postoperative clinical outcome

There was no difference between the two groups
in terms of subjective clinical outcomes such as
postoperative IKDC subjective form (p-value 0.154),
the Lysholm score (p-value 0.894) and anterior knee
pain (p-value 0.678) (Table 4). There was no statistical
difference between the two groups in terms of IKDC
objective form (p-value 0.363) and single leg-hop
testing (p-value 0.248), although two patients in
the HT group exhibited Grade C according to IKDC
objective form and SLHT, while none in the BPTB group
had Grade C with regard to these two parameters. In

contrast, the objective clinical outcome in terms
of postoperative PST, ADT and MLT were found to
be superior in the BPTB group over the HT group
(BPTB/HT) as follows:
PST — Grade A — 31/5, Grade B — 5/37, Grade C — 0/2;
ADT — Grade A — 34/3, Grade B — 2/37, Grade C — 0/4;
MLT — Grade A — 3 1/5, Grade B — 5/37, Grade C — 0/2.
The difference was statistically significant in
all these three parameters (p = 0.001) as shown
in Table 5.

Table 4
Comparison of postoperative subjective clinical
outcome parameters between the BPTB

and HT groups
Subjective clinical HT BPTB p-value
outcome parameters
IKDC subjective form
Mean 90.361 92.019
Mini
1n1.mum 50 77 0.154
Maximum 98.9 97.7
Standard deviation 6.7138 5.1267
Lysholm score
Mean 93.86 94.31
Mini
1n1'mum 50 85 0.894
Maximum 100 100
Standard deviation 5.147 4.439
Anterior knee pain
Present 1 2 0.678
Absent 43 34 67
Table 5

Comparison of postoperative objective clinical
outcome parameters between the BPTB

and HT groups
Objective clinical HT BPTB | p-value
outcome parameters
Pivot-shift test
Grade A 5 31
Grade B, C and D 39 5 0.001
IKDC objective form
Grade A and B 43 36
Grade C and D 1 0 0.363
Single leg-hop testing
Grade A and B 41 36 0.248
Grade C and D 3 0 )
Anterior drawer test
Grade A 3 34
.001
Grade B,C and D 41 2 0.00
Manual Lachman’s test
Grade A 5 31 0.001
Grade B,C and D 39 5 ’
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Postoperative radiological outcome

The postoperative radiological laxometry test
assessment has shown better outcome in the
BPTB group compared to the HT group (BPTB/HT)
as follows: (Grade A — 31/5, Grade B — 5/37 and
Grade C — 0/2) and the difference was statistically
significant (p = 0.001). There was no difference in OA
change between the two groups (p = 0.550) (Table
6). Interestingly, none of the patients has shown
progression of osteoarthritis at long-term evaluation
and the current postoperative KL grading remains
the same as that of their preoperative KL grading in
all the patients.

Table 6
Comparison of postoperative radiological
outcome parameters between the BPTB

and HT groups
Radiological outcome HT BPTB | p-value
parameters
Radiological laxometry test
Grade A 5 31
Grade B,C and D 39 5 0.001
Kellgren-Lawrence grading
Normal and Grade 1 40 34
0.550
Grade 2, 3,4 4 2
DISCUSSION

The primary finding in our study was that patients in
the BPTB group have shown superior clinical outcome
over the HT group in terms of improved rotational
as well as anteroposterior stability. These results
were statistically significant, and more importantly
the difference was found at a mean follow-up of
8+2 years after ACLR. There was no difference between
the two groups in terms of demography, fixation
method, femoral and tibial tunnel drilling technique,
IKDC forms (objective and subjective), SLHT, the
Lysholm score and OA change. The distinct feature of
the current study was that we evaluated the outcome
only in anatomically reconstructed ACL, in order to
avoid confounding effect of nonanatomical tunnel
parameters on the final outcome. Majority of the
clinical studies in the past compared the outcome of
BPTB and HT autografts either at short- or mid-term
(<5 years) follow-up [11, 12, 13]. Only few studies
have a long-term follow-up of >5 years [14, 15, 16].
In all these studies, when comparing the grafts,
either the tunnel parameters were not considered or
nonanatomical tunnels have not been excluded using
radiography. The current study was distinct from the
above ones in that we aimed to compare the outcome
of these two grafts only in anatomically reconstructed
ACL using plain radiography at a mean follow-up
of 8 years.

M.C. Ciccotti et al. in their systemic review on
mid-to long-term follow-up studies on anatomical
ACLR via independent tunnel drilling (transportal
technique), comparing BPTB and HT autografts, found
no difference between the grafts in terms of clinical
outcome scores and graft failure rates. However,
they noted that the BPTB autograft causes greater
anterior knee pain and OA change. On the other
side, HT autografts showed increased laxity and less
knee flexion strength. They have not analysed tunnel
parameters radiologically for confirming anatomical
ACLR. The authors probably considered independent
tunnel drilling as a way of anatomical ACLR [17].
In our study, though, all the patients underwent ACLR
by transportal technique. We carried out radiological
evaluation of tunnel positions and graft inclination
angle to ensure only anatomical ACLR is used for
comparing the outcomes between these two grafts.
We found no difference between these two grafts in
terms of subjective outcome, but the BPTB autograft
has shown a better rotational and anteroposterior
stability over the HT autograft. Although many studies
mentioned anterior knee pain was more so associated
with the BPTB autograft [17, 18, 19], the current study
results have shown that only two patients in the BPTB
and one in the HT group had anterior knee pain and
the difference was insignificant. M. Suri et al. have
recently studied anterior knee pain in patients who
underwent ACLR using BPTB autograft and found that
functional anterior knee pain was less, compared to
literature, using this graft [20].

R. Cristiani et al. conducted a comparative study
between BPTB and HT autografts on 5462 patients for
knee laxity and patient-reported outcome measures
following primary ACLR. Their study showed greater
anterior laxity and more surgical failures using HT
autografts over BPTB autografts at the 1-year follow-
up. Their study has no differentiation between
anatomical and nonanatomical tunnel positions
[11]. Our study results also showed similar results,
but more importantly at a mean follow-up of 8 years
in anatomical ACLR.

L.A. Pinczewski et al. reported a significantly
higher incidence of radiographic arthritic changes
in the BPTB group compared with the HT group in
their long-term prospective study [9]. In a mid-term
study, S.L. Keays et al. found a significantly higher
incidence of tibiofemoral osteoarthritis in the BPTB
group (62% BPTB vs 33% HT) [21]. 1. Holm et al. at 10
years of follow-up compared BPTB and HT autografts.
They found that the prevalence of osteoarthritis
was significantly higher in the operated leg than in
the contralateral leg, but there were no significant
differences between the two groups. They concluded
that the choice of graft type after an anterior cruciate
ligament injury has minimal influence on the
prevalence of osteoarthritis 10 years after surgery [6].
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In the current study, we could not find any difference
between the grafts in terms of OA changes at a mean
follow-up of 8 years. In our study, patients who had no
OA change at the time of surgery were found to have
no OA change in the operated knee in both groups.
Interestingly, patients who had preexisting Grade 1
and Grade 2 OA changes at the time of surgery also
did not show any deterioration of OA change at their
latest follow-up in both groups. Similar results were
also shown in other studies [22, 23]. This indicates
that apart from graft selection other factors like
tunnel parameters, concomitant meniscal or chondral
injuries may be a major contributory factor for OA
changes as described in previous studies [24]. Since
our study population had no concomitant meniscal
or focal chondral injuries, the above findings
may be attributed to this. Another possible reason
could be that we used transportal technique in all
our patients. Studies have shown that anatomical
ACLR using TP technique results in less OA changes
at long-term follow-up [23, 24]. It was also shown in
previous studies that patients who underwent ACLR
using transtibial (TT) technique demonstrated OA
change at long-term follow-up in contrast to the
TP technique. B. Barenius et al. in their study found
that more than half of transtibial ACLR patients
demonstrated radiographic evidence of Grade 2 or
higher joint degenerative changes at 14 years [25].
Similarly, L.A. Pinczewski et al. performed a study
on 200 patients who underwent ACL reconstruction
for clinical and radiological assessment at the 7-year
follow-up. The authors reported that a more vertical
graft in the coronal plane was significantly correlated
to inferior rotational stability and an increased level
of OA [9]. Since we excluded nonanatomical ACLR in
our study, we obviously eliminated vertical grafts.
This could be another possible reason for absence of
OA changes in our study population.

The novelty of our study was that we compared the
results of two grafts only in patients with anatomical
ACLR. Many studies showed that anatomical ACLR
results in superior long-term clinical outcome and
low graft failures [2, 3]. Hence, we believed that
by excluding nonanatomical ACLR in the study
population one could eliminate the confounding
effect of tunnel positions on the final outcome,
making the comparability meaningful. In order to
achieve the anatomical ACLR, one should place the
femoral and tibial tunnels in centre of the native
foot prints. Though it was argued that transportal
drilling would aid in achieving anatomical ACLR
on the femoral side, one cannot assume that all
patients with this technique will have anatomical
ACLR, as studies have shown that nonanatomical
femoral tunnel placement equally exists in both TP
and TT technique [26]. On the tibial side, anatomical
tibial tunnel position in ACLR would be difficult to

determine by preoperative images, intraoperative
arthroscopy landmarks or intraoperative fluoroscopy
[27, 28]. Hence, we believe that the best way to assess
the anatomical ACLR is evaluation using postoperative
plain X-rays or CT scans. Though CT scanning has more
precision among the two, higher radiation exposure
and cost precludes its use in our region. Thus, we used
only plain radiography in the current study to evaluate
tunnel positions as described by L.A. Pincewzki et al.
[9] to include only those subjects who had tunnel
parameters in the anatomical range for comparing the
outcome of two grafts. P. Sadoghi et al. carried out a
comparative study on clinical outcome between BPTB
and HT autografts using postoperative 3D CT images for
assessing tunnel positions and found that anatomical
tunnel positioning showed better clinical outcome [2].
Although they used CT images for assessing tunnel
positions, their study did not exclude nonanatomical
ACLR. The authors compared single-bundle
(SB)-BPTB and double-bundle (DB)-HT autografts
while we compared SB-BPTB and SB-HT autografts in
our study. Furthermore, their study period was only
1 year whereas our study has 8-year mean follow-up.

Limitations

We performed a retrospective study, having a
retrospective data collection. Consequently, a possible
selection bias of study population was unavoidable.
Though we attempted to exclude nonanatomical
tunnels using plain radiography, the accuracy of this
method needs to be validated, since subtle rotations
of the knee joint in plain radiography are possible.
Besides, the graft diameter was not comparable as
the HT group had more graft diameter variability
(from 7 to 10 mm) opposed to the BPTB group,
which had constant 9 or 10 mm graft diameter in
all patients. We did not compare other outcome
parameters such as time taken for return to sports
or return to preinjury level between the two groups,
which has an implication on early graft incorporation.
The other limitation was that we have not assessed the
rotational or anteroposterior stability by instrumented
arthrometers like KT-1000 Arthrometer, although we
used stress radiography in all the study population and
compared to contralateral knee for anteroposterior
stability (radiological laxometry test).

CONCLUSIONS

Bone-patellar tendon-bone autografts have shown
superior clinical outcome over hamstring tendon
autografts in terms of rotational and anteroposterior
knee stability at a mean follow-up of 8 years after
anatomical ACLR. There was no difference between
these two grafts in terms of other clinical parameters
and osteoarthritic change. Future long-term
prospective randomized studies on this subject are
recommended to validate our results.
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Abstract

Background. Anterior cruciate ligament (ACL) reconstruction is the gold standard surgical option for ACL tears.
Another treatment method is primary ACL repair. The latter has some limitations such as a small range of
indications — proximal tears only. However, they still constitute a significant portion of ACL injuries. Although
the primary repair has been known for a long time and is still developing, recent publications show conflicting
opinions regarding its application.

The aim of study is to compare functional outcomes of patients who underwent anterior cruciate ligament
reconstruction and primary repair.

Methods. In the period from 2020 to 2023, we conducted randomized prospective multicenter control
comparative study, which enrolled 170 patients with the ACL tear types A, B, E according to the Gachter
classification. The injuries were no older than 3 months. The patients were divided into two groups: Group
1 — primary repair of the ACL, Group 2 — standard technique of the ACL reconstruction with a tendon auto
graft. Knee function was assessed before surgery and 3, 6, 12, 24 months postoperatively using the IKDC 2000
and Lysholm Knee Score.

Results. Type E of ACL injury prevailed in the sample. The most common associated injury in both cohorts was
medial meniscus tear — 39.3+0.05% and 45.3+0.05% for Group1 and 2, relatively. Chondrolabral defects were
observed in 15.5%0.04% of patients with primary repair, and in 10.5+0.03% of patients from the reconstruction
group. Pain relief therapy in the form of opioid analgesics received 46.03*0.06% patients in Group 2 and
25.35%0.05% in Group 1 (p<0.05). The proportion of patients requiring reoperation for ACL injury in Group
1 was 3.5% and 1.2% in Group 2 (p>0,05). Both groups had a statistically significant increase in functional
outcomes according to the scales at 3, 6, 12 months (p<0.05). The difference in knee function between the
groups was not statistically significant (p>0.05).

Conclusion. Primary ACL repair still retains a large number of limitations. It cannot and should not replace ACL
reconstruction. However, with strict adherence to the indications and surgical technique, primary ACL repair
demonstrates comparable functional outcomes.

Keywords: anterior cruciate ligament injury, ACL reconstruction, primary repair, arthroscopy, knee joint
instability.
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Pedepar

AKmyansHoCme. 307I0THIM CTAaHAAPTOM BOCCTAHOBJIEHMS ITepeIHelt KpecTooopasHoii cBs3ky (ITKC) mpMHSITO CUMTATD
apTPOCKOMMYECKYIO ayTOIIaCTUKY. IHbIM BapMaHTOM JieueHuUsI siBJisieTcsl peuHcepiys. [locieqHsss uMmeeT CBOM Orpa-
HUYEHNS, B YaCTHOCTH BBITTOIHSIETCS TOIbKO IIPY MPOKCUMMAJIbHBIX Pa3pbIBax, OLHAKO OHM COCTABJISIOT JOCTATOUHYIO
Jomio B cTpykType nospexaennii [IKC. HecMoTpst Ha TO, YTO peuHCepLis M3BeCTHA JaBHO M pa3BUBAETCS C TeYeHMEM
BpeMeH!, B COBPEMEHHBIX ITyOIMKAIIMUSIX OMMUCAHBI IPOTUBOPEUMBbIE MHEHMS O 11€J1eCO00Pa3HOCTY ee TPUMEHEeHMS.
Llens uccnedosanus — CpaBHUTDb (PYHKIMOHATbHBIE PE3Y/IbTATHI JIeUeHNS MalYIeHTOB, IepeHecIMX apTPOCKOIMye-
CKOe BOCCTAHOBJIEHME TTepeHell KpecTo06pa3HOi CBSI3KY C TIOMOIILI0 PEUMHCEPIIUA U CYXOXKUIbHOM ayTOTIACTUKA.
Mamepuan u memodsi. C 2020 mo 2023 r. B MHOIOIEHTPOBOE IPOCHEKTUBHOE PaHIOMM3MPOBAHHOE KOH-
TPOJIMPYEMOE CpPaBHUTENbHOE MCC/IeMOBaHMe ObLIO BKIOUeHO 170 mamyeHTOB c moBpexkneHmeMm IIKC Tumos
A, B, E cornacHo knaccudmkanmm Gichter 1 JaBHOCTbIO TpaBMbl He Gosiee 3 Mec. B miepBoit TpyIie MaiyeHTOB Bbi-
TOMHSIACh PEMHCepLNSs, TallMEeHTOB BTOPOI I'PYIIIbI ONIEPUPOBAIU C IPMMEHEHMEM CTaHAAPTHON TeXHUKU ayTo-
TJIACTUKYU CYXOKMIbHBIM TpaHCIIaHTaTOM. O1leHKa QYHKIMOHATbHOTO COCTOSIHMSI KOJIEHHOTO CyCTaBa IIPOBOAMIIAChH
B IIpeJlONepaliOHHOM IIepuojie, a TakKe B CPOKU 3, 6, 12, 24 Mec. nocite onepauuu ¢ nomousko wkasn IKDC 2000 n
Lysholm Knee Score.

Pesynvmameol. B 0611eit Bbibopke npeobaaman Tun E nospexxgenus [TKC. Hanbosnee pacipocTpaHeHHBIM COITYTCTBY-
IOIIYM TIOBPEKAEHMEeM CMEXKHbBIX CTPYKTYp B 06eMx rpymnrax 6bUT paspblB BHYTpeHHero MeHucka — 39,3+0,05% u
45,3+0,05% cooTBeTCTBEHHO. XOHApaIbHbIE TedeKThl BbisiB/IeHbI y 15,5%0,04% B rpymie peuncepiuu n'y 10,5+0,03%
— B TpyIIe IIaCTUKK. B rpyIine miaacTuky 06e3601MBaOIIYI0 TePANIMIO B BUAE CUIbHOIENCTBYIONIMX IpernapaToB
niorryyanu 46,03+0,06% manyeHTOB, B rpymie peuHceprun — 25,35£0,05% (p<0,05). [Toss nauueHTOB ¢ HEO6X0IMMO-
CTBIO TOBTOPHOI! oTiepalmyu 1o noBoxy rmospexnenus [IKC B rpyrine penHcepimu coctaBmia 3,5%, B rpyrime miacTu-
k1 — 1,2%. B 06eux rpymmax BbISIBIEH CTATUCTUYUECKY 3HAUMMBIi IPUPOCT GAJIJIOB T10 MIKAIaM 0 OTeparuu 1 B Cpo-
K1 3, 6, 12 mec. (p<0,05). OyHKIMOHATbHAS OLIeHKA COCTOSIHMSI KOJIEHHOTO CYCTaBa IT0 IIKajaaM B IIpeIonepalioHHOM
reprofie Y B KOHTPOJIbHbIE CPOKYM HAOIIOeHMS B IPYIIax Ob1M corocTaBumsi (p>0,05).

3axoueHue. PeyHcepuys repesHeit KpecTtooopasHoii CBA3KY, SIB/ISSICh OMHMM M3 METOHO0B CTa0MIM3aI M KOJIeH -
HOTO CyCTaBa, Ha CeTOAHSIIHNI AeHb COXPaHseT O0bIIOe KOTMYECTBO OTPaHNYEHUT, HE MOKET U He IO/KHA 3aMe-
HUTb CYXOXXWJIbHYIO ayTOIIACTHUKY, HO IIPY YETKOM COOJIIOeHM [TOKA3aHMIT M TEXHUKM XUPYPIUM TeMOHCTPUPYET
CcpaBHUMbIE QYHKIMOHATbHBIE PE3YIbTATHI.

KimoueBble /IOBa: TOBpEXIeHMe TepeqHeii KpecTooOpasHoit CBsI3KM, ayTorutactuka IIKC, pemHcepuus,
apTPOCKOINS, HECTaOMIBHOCTH KOJIEHHOTO CyCTaBa.

Onsa uutupoBaHus: I'epacumoB C.A., MoposoBa E.A., Haitma [I.A., Konmakos [1.0., 3sikuH A.A., XpamioBa E.B.
PeuHcepuyuy WIM  ayTOIUIACTMKA TepefHeil KpecToo6pa3HoOii CBSI3KM TPU  MPOKCUMATbHBIX  Pa3pbIBax
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INTRODUCTION

Anterior cruciate ligament (ACL) tear is one of
the most common injuries of the knee joint [1].
According to registry data, the incidence of
ACL injuries varies across different countries:
in Scandinavian countries, this figure is
approximately 37 people per 100,000 population,
while in the United States, it reaches 69 per
100,000 population [2]. Most patients with
ACL injuries are young, active people engaged
in sports [3]. Based on a systematic review by
AV. Montalvo et al., the prevalence of ACL
injuries among male athletes is approximately
2%, while for female athletes, it is 3.5%, with
amateur athletes being more prone to such
injuries than professionals [4].

Currently, the gold standard for treating ACL
tears is arthroscopic reconstruction using an
autograft, which restores knee stability, prevents
damage to adjacent structures that inevitably
occurs with prolonged instability, and slows the
joint’s degenerative process [5, 6]. This surgical
procedure is widely practiced: in Sweden,
approximately 4,000 interventions are performed
annually [7], in the United Kingdom — more than
2,000 [8], and in Norway — around 2,000 [9].
Reliable data on the prevalence of this procedure
in Russia are unavailable due to the absence of a
national registry.

Over the past two decades, surgical and graft
fixation techniques have been significantly
improved, yet some complications and adverse
effects remain, such as neuropathy, pain at the
graft harvesting site, muscle hypotrophy, and
failure of fixation [10, 11, 12]. All these factors
influence the overall functional outcome.
Moreover, recurrent instability due to ACL graft
failure remains a serious issue, with reported
rates reaching up to 17%, necessitating careful
consideration when choosing between single-
stage or two-stage revision reconstruction [13].

Another method for restoring knee joint
stability is primary ACL repair, which involves
reattaching the ACL stump to its footprint on
the femur. This technique dates back to the late
19% century, when A. Mayo-Robson performed
an open ACL repair at the proximal attachment
site in a 41-year-old male, achieving favorable
clinical and functional results after six years of
follow-up [14]. With advances in arthroscopic
surgery and contemporary understanding of

knee anatomy and biomechanics, primary ACL
repair has reached a new level of precision and
efficacy. However, this procedure has more
stringent indications. Some authors recommend
performing ACL repair for acute tears within three
monthsofinjury, citing the expression of ligament
repair factors, whose levels significantly decrease
after this period [15]. The most critical limitation,
however, is the type of ACL injury — primary
repair is only applicable for proximal ACL tears
without fiber retraction, where their reposition
is possible [16]. Nonetheless, according to some
authors, such injuries occur in 15-40% of ACL
injury cases [17, 18, 19].

Recent publications present conflicting data
regarding the functional outcomes of primary
ACL fixation, leading to cautious use of this
technique among surgeons [20, 21]. As a result,
most physicians prefer reconstruction using
autografts for acute proximal ACL tears due to its
more extensively studied and predictable nature.

The aim of the study is to compare the
functional outcomes of patients who underwent
arthroscopic repair of proximal anterior cruciate
ligament tears using primary fixation and tendon
autografting methods.

METHODS

Study design

A multicenter  prospective  randomized
controlled comparative study is being conducted
across three medical centers. Patient enrollment
and evaluation of treatment outcomes began in
2020 and is ongoing (Figure 1).

The study included patients who underwent
arthroscopic ACL reconstruction.

Inclusion criteria:

— patient age from 16 to 45 years;

—-proximal ACLinjurywithout fiberretraction,
with possible repositioning according to Gachter
types A, B, and E classification [22];

- chondromalacia of one compartment not
exceeding grade III according to the Outerbridge
classification [23];

- compliant patients available for follow-up
and monitoring.

Exclusion criteria:

- patients with chronic ACL rupture (injury
duration exceeding 3 months);

- body mass index (BMI) over 35;

- ligamentous injuries of the knee joint in

84 2024;30(4)
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both limbs;

- concomitant injury to the medial or lateral
collateral ligament;

- previous reconstructive operations on the
knee ligamentous complex;

- non-compliant patients.

A total of 170 patients met the inclusion
criteria and were divided into two groups: the
repair group, in which ACL restoration was
performed using the primary repair method (84
patients), and the autograft group, treated with
tendon autograft reconstruction (86 patients).

Total number of patients meeting inclusion criteria operated from 2020 to 2023 (n = 170)

Y

Y

[ Group 1 repair (n = 84 j

[ Group 2 autograft (n = 86) j

¢ 3-month follow-up survey ¢

Scheduled for follow-up (n = 84)
Completed follow-up (n =79)
Unavailable for follow-up (n = 5)

Scheduled for follow-up (n = 86)
Completed follow-up (n =71)
Excluded at current follow-up point (n = 1)
Unavailable for follow-up (n = 14)

¢ 6-month follow-up survey ¢

Scheduled for follow-up (n = 82)
Completed follow-up (n = 69)
Excluded at current follow-up point (n = 2)
Unavailable for follow-up (n = 11)

Scheduled for follow-up (n = 84)
Completed follow-up (n = 69)
Excluded at current follow-up point (n = 1)
Total excluded (n = 2)
Unavailable for follow-up (n = 14)

Scheduled for follow-up (n =78)
Completed follow-up (n = 70)
Excluded at current follow-up point (n = 2)
Total excluded (n = 4)
Unavailable for follow-up (n = 4)

¢ 12-month follow-up survey ¢

¢ 24-month follow-up survey ¢

Scheduled for follow-up (n = 70)
Completed follow-up (n = 59)
Excluded at current follow-up point (n = 2)
Total excluded (n = 4)
Unavailable for follow-up (n = 11)

Scheduled for follow-up (n = 62)
Completed follow-up (n = 45)
Total excluded (n = 4)
Unavailable for follow-up (n =17)

Scheduled for follow-up (n = 51)
Completed follow-up (n = 33)
Total excluded (n = 4)
Unavailable for follow-up (n = 18)

Figure 1. Study design flowchart

50

40

Repair Autograft

M Males Females

Figure 2. Distribution of patients by age in the
groups

Patients

Both groups were predominantly male: in the
repair group, 73.8%0.04% (62 patients) were
male, while in the autograft group, 80.9+0.04%
(67 patients) were male. Women accounted for
26.2%0.04% (22 patients) and 22.1+0.04% (19
patients) in the repair and autograft groups,
respectively (p>0.05). The groups were also
comparable by age (p>0.05) (Figure 2).

Clinical evaluation of anterior knee instability
before surgery was performed using Lachman
and anterior drawer tests. Magnetic resonance
imaging (MRI) with a magnetic field strength
of at least 1.5 was utilized for visualizing intra-
articular knee structures. The final decision on
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the feasibility of either surgical method was
made intraoperatively following arthroscopic
examination of the ACL and confirmation of the
injury type’s adherence to the study’s inclusion
criteria (Figure 3).

Figure 3. Arthroscopic image of the ACL injury of
type A (Gachter classification)

Surgical technique

Arthroscopic primary ACL repair was performed
using the technique described by G.S. DiFelice
et al. [26], involving stitching of the ACL stump
with free sutures, preparation of the footprint
area until “pinpoint bleeding” appeared,
threading the sutures through an anchor loop,
inserting it into a pre-prepared bone tunnel, and
final fixation after tensioning the sutures and
repositioning the ACL stump at the footprint
(Figure 4).

Reconstruction of the ACL with a tendon
autograft was carried out using the standard

Figure 4. Arthroscopic image of the primary ACL
repair

technique, harvesting the semitendinosus and
gracilis tendons. Femoral fixation of the graft
was achieved using a button with adjustable loop
size; tibial fixation was performed with a screw.

Postoperative period

Postoperative recommendations were consis-
tent for all patients and included the use of
crutches for 3 weeks, wearing a brace for 4 weeks,
and limiting physical activity for 3 months. From
the third week, knee flexion in the operated
joint was allowed up to 30°, gradually increasing
to 90° by the end of the first month.

Assessment methods

A subjective assessment of the kneefunktion
was carriedjut preoperatively and at follow-up
intervals of 3, 6, 12, and 24 months using IKDC
2000 [24] and Lysholm Knee Score [25] scales,
with treatment outcomes assessed via phone
interviews.

Dynamic MRI monitoring was not mandatory
for all patients due to the wide geographic
distribution of patients.

Statistical analysis

Statistical data processing was performed using
Statistica v. 13.3 software (TIBCO Software Inc).
The data were tested for normality using the
Kolmogorov-Smirnov test and quantile-quantile
plots. Depending on the distribution, quantitative
data are presented as M*SD (M — mean value,
SD — standard deviation) or as Me [IQR] (Me —
median, IQR — interquartile range). Qualitative
data are presented as P*op (P — percentage,
op — standard deviation of the percentage).
The Mann-Whitney U test was used to compare
two independent groups with non-normally
distributed data. Comparisons of dependent
variables with non-normal distributions were
conducted using the Wilcoxon signed-rank
test. Differences were considered statistically
significant at p<0.05.

RESULTS

In the repair group, the mean waiting period for
surgery after injury was 64.5 [50.0; 74.5] days,
while in the autograft group, it was 68.5 [55; 77]
days (p>0.05). In both groups, the torn ACL was
commonly attached to the posterior cruciate
ligament, corresponding to type E according to
the Gachter classification (Table 1).
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TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Table 1
Patient distribution by the types of
ACL injury according to the Gachter
classification, n (P+op)

.. Repai Aut ft
Type of ACL injury (nengli) (lrll 2g8r 2)
A 34 30
(40.5%0,05) (34.9+0.05)
B 5 4
(5.9%0.02) (4.6+0.02)
E 45 52
(53.6+0.05) (60.5+0.05)
p>0.05.

Patients undergoing ACL reconstruction with
a tendon autograft had a longer surgery duration
than those having primary repair: 40 [35; 48] vs
33 [25; 45] minutes (p<0.05). Non-absorbable
synthetic 2 mm tape (32.2+0.05%) and No. 1 non-
absorbable sutures (67.8+0.05%) were used as
suturing material for primary repair, with fixation
achieved through knotless anchor systems.

ACL  reconstruction was  consistently
performed using semitendinosus and gracilis
tendon autografts. The graft diameters were as
follows: 33 cases (38.30+0.05%) had a diameter
of 7.5 mm; 23 (26.70¥0.04%) had 7 mm; 20
(23.20+0.04%) had 8 mm; 5 (5.80%0.02%) had
8.5 mm; 2 (2.30+0.02%) had 6.5 and 9 mm;
and 1 (1.20+0.01%) had 6 mm. Seven patients

augmentation with 2 mm Fiber Tape due to
insufficient graft diameter: four cases involved
7 mm, while three cases involved 7.5, 6, and
6.5 mm diameters. In all ACL autograft
reconstructions, TightRope adjustable button
was used for femoral fixation, while either
bioabsorbable or polyetheretherketone screws
were used for the tibial fixation.

Among the repair group, 51.20£0.05% had
concomitant meniscal injuries, compared to
59.30+0.05% in the autograft group (p>0.05)
(Table 2). Meniscal resections were most
common across both groups. When suturing the
meniscus, the all-inside technique predominated
(27 cases; 71.10£0.03%), followed by combined
all-inside and outside-in (7 cases; 18.40+0.03%)
and isolated outside-in technique (4 cases;
10.50+0.02%) (p<0.05) (Table 3).

In addition to concomitant meniscal injuries,
each group included patients with chondral
defects. In the repair group, their share
was 15.50+0.04% (13 patients), while in the
autograft group it was 10.50+0.03% (9 patients)
(p>0.05).

Approximately half of the patients
(46.03£0.06%) who underwent ACL reconstruc-
tion received strong analgesic therapy during
their hospital stay, compared to only a quarter
(25.35%0.05%) in the repair group (p<0.05).

Within two years postop, 6 patients in the repair
group experienced re-injuries, presenting with

(8.10+0.03%) required additional autograft complaints of joint swelling and instability. MRI
Table 2
Assessment of the menisci condition, n (P£ep)
Condition of the menisci Repair (n = 84) Autograft (n = 86)

Intact 41 (48.80+0.05) 35 (40.70+0.05)

A medial meniscus tear 33 (39.30+0.05) 39 (45.30+0.05)

A lateral meniscus tear 9 (10.70%0.03) 7 (8.20%0.03)

Injury of both menisci 1(1.20£0.01) 5 (5.80+0.03)

p>0.05.
Table 3
Surgical approach for concomitant meniscal injuries, n (P£ep)
Group Resection Suture p
Repair (n = 43) 26 (60.50£0.07%) 17 (39.50£0.07%) <0.05
Autograft (n = 51) 30 (58.80%0.06%) 21 (41.2%0.06%) >0.05
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confirmed re-injury of the ACL in only 3 of these
patients, who subsequently underwent tendon
autografting. One patient had a medial meniscus
tear requiring resection of the damaged part. In the
autograft group, 2 patients experienced re-injuries;
one required a repeated intervention due to a
meniscal suture failure, leading to resection. The
second patient underwent revision reconstruction
due to graft damage. Additionally, 2 patients
developed complications related to instability
of the fixation screw, with one case caused by
infection. Therefore, the share of primary repair
patients requiring revision operation due to ACL
re-injury was 3.50%0.02%, which was 2.5 times
higher than in the reconstruction group, where the
rate was 1.20+0.01%.

Functional state assessment before surgery
and at all follow-up intervals using IKDC 2000
and Lysholm Knee Score questionnaires showed
comparable results between groups (p>0.05)
(Table 4).

Both groups demonstrated a statistically
significant increase in IKDC 2000 and Lysholm
Knee Score values when comparing preoperative
status with outcomes at 3, 6, and 12 months
(p<0.05). Pain syndrome, evaluated using
IKDC 2000 pain subscale, decreased over the
observation period in both groups. Scores
for IKDC 2000 (pain) before surgery and one
year postop showed statistically significant
differences (p<0.05) in both the repair and the
autograft groups.

Table 4

Functional state assessment using questionnaires before surgery and at follow-up
intervals after surgery, Me [Q1; Q3]

Group Interval IKDC 2000 IKDC 2000 (pain) Lysholm Knee Score

Before surgery (n = 84) 46.5[37.3; 59.2] 5.0[3.0; 6.0] 53.5[42.5; 67.5]

Ny 3 months (n=79) 66.6 [57.5; 76.0] 2.0[1.0; 4.0] 77.0 [66.0; 88.0]

.g 6 months (n = 70) 78.1[65.5; 87.3] 2.0[0.0; 4.0] 85.0[74.0; 95.0]

= 12 months (n = 70) 85.0[75.8;90.8] 1.0[0.0; 3.0] 90.0 [83.0; 95.0]
24 months (n = 45) 87.3[82.7;91.9] 010.0; 2.0] 91.0 [87.0; 98.0]

After surgery (n = 86) 52.0[39.0; 58.7] 5.0[3.0; 7.0] 63.0 [45.0; 71.0]

& 3 months (n=71) 67.8 [57.5; 77.0] 2.010.0; 4.0] 76.0[68.0; 90.0]
EO 6 months (n = 69) 77.0 [68.9; 84.0] 2.0[0.0; 4.0] 84.0[72.0; 93.0]

2 12 months (n = 59) 83.9 [72.4; 90.8] 2.0[0.0; 3.0] 89.0[79.0; 98.0]
24 months (n = 33) 90.8 [78.1; 94.2] 00.0; 3.0] 91.0 [83.0; 98.0]

DISCUSSION

The idea of ACL refixation is not new. However,
after an initial phase of enthusiasm and
popularity for this procedure, the vast majority
of surgeons moved away from its use, favoring
arthroscopic  reconstruction instead. This
shift was due to unsatisfactory treatment
outcomes. It is important to note that in most
of the studies reporting poor results, outdated
techniques were used, involving simple suturing
of the torn ACL fragments or applying the
procedure in cases with poor ligament stump
quality or concomitant collateral ligament
injuries [19, 21, 26]. With advances in surgical

techniques, modern implant fixation systems,
and the visualization of intra-articular injuries
using improved MRI technology, arthroscopic
primary ACL repair has seen a resurgence.
Surgeons have since focused on identifying
factors that might predict negative treatment
outcomes [26, 27].

In our study, we excluded patients whose injury
occurred more than 3 months before surgery, as
it was traditionally believed that this procedure
should be performed as soon as possible post-
injury. H.D. Vermeijden et al. analysed outcomes
for patients operated on between 15 and 285
days post-injury, finding similar clinical and
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functional results at short- and mid-term follow-
ups. The authors concluded that the most
critical success factors for reinsertion are likely
the quality of the remaining ligament fragment
and its length, rather than the time elapsed
before surgery [28]. Supporting this hypothesis,
many researchers have noted that the type of
ACL injury plays a crucial role in its refixation
prognosis. Proximal tears near the femoral
footprint demonstrate the greatest potential for
success [26, 28, 29].

In our work, we used the ACL injury
classification proposed by A. Gichter, based
on arthroscopic findings [22]. According to
this system, types A, B, and E injuries can be
repaired using either tendon autografts or repair
techniques. The literature also describes novel
methods for addressing ACL tears in the middle
and distal segments, incorporating fibrin clots
and collagen matrices combined with various cell
technologies, though such studies involve small
patient groups [29, 30].

In our study, we limited patient age to 45
years, assuming that older age might affect
clinical outcomes. However, G.S. DiFelice et al.
reported comparable results in patients aged 17
to 57 years [26].

According to various authors, failure and
recurrent instability rates after ACL repair
range from 7 to 11%, with primary causes being
re-injury and rehabilitation protocol violation
[31, 32]. In our current study, these factors led
to a 3.5% re-injury rate, slightly lower than
the figures reported by foreign colleagues. It
is undeniable that the recurrence of instability
due to re-injury is typically higher in the repair
group compared to tendon autografts [33, 34].
Many researchers affirm this, emphasizing,
however, that revision operation in such cases is
comparable to primary reconstruction in terms
of surgical complexity and functional outcomes.
This is not necessarily the case with revisions
after ACL tendon autografts, which may require
two-stage surgeries, thereby prolonging overall
treatment duration and reducing functional
outcomes [35, 36].

For many years, ACL reconstruction has been
a well-established method for restoring knee
stability, consistently delivering predictable
and high functional outcomes [37]. However,
numerous studies also show excellent functional
results with primary ACL repair — exceeding 85%

of the maximum scores according to commonly
used scales. In our study, we achieved comparable
results using IKDC 2000 and Lysholm Knee Score
scales at the 12-month follow-up, with median
scores of 85.0 [75.8; 90.8] and 90.0 [83.0; 98.0],
respectively.

Undoubtedly, the final functional outcome
depends not only on the stabilization method
but also on the condition and surgical treatment
of other knee joint structures, such as meniscus
and articular cartilage. Our study groups were
comparable in these parameters.

CONCLUSIONS

Primary anterior cruciate ligament repair, as
a method for stabilizing the knee joint, still
presents numerous limitations and cannot
— and should not — replace arthroscopic
reconstruction. However, with strict adherence to
surgical indications and technique, this method
demonstrates comparable functional outcomes
and may be recommended for use.
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Crpyktypa o6pawaeMoCcTi U cnocoboB eyeHUs NaLueHToB
C TpaBMOM KUCTU U Kucresoro cyctasa 8 HMUL, tpasmaTtonoruu
n optoneauu um. P.P. BpeaeHa

E.B. Bebep, A.I1. 3aBbsiioB, A.W. ABaeeB, M.A. )Koruna, C.C. CMUpPHOB

QOI'BY «HayuoHansHulli MeOUYUHCKUL ucciedosamensCKuli yeHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Mun3sdpaea Poccuu, 2. Cankm-Ilemep06ype, Poccus

Pedepar

AxmyansHocms. KonmuecTBO TpaBM KUCTY ¥ KMUCTEBOTO CYCTaBa €XKeroJHO pacTeT. JleueHMe TaKUX MALIEHTOB B YCIOBUSIX
cTalMoHapa BIeueT 3a Co00ii yBelueHne GMHAHCOBBIX ¥ BpEMEHHBIX 3aTpaT MeIUIIMHCKUX OpraHu3aliuii. B cBsSI3u ¢ 3STUM
U3ydeHue CTPYKTYPbl KOHTMHIEHTA MMalIeHTOB, 0OPAaTMBIINXCS B IPMEMHOE OT/eJIeHI e, TI03BOIMIIO 6bl 601ee 06BEKTUBHO
MMPUHUMATD pelleHMe 110 OPraHu3alMy OKa3aHUS MeIUIIMHCKOI TOMOIIIN.

Llens uccnedosanus — i3yuuTh CTPYKTYpy 06paliaeMOCTy 1 CIIOCOGBI JIeueHs MalyieHTOB C TPaBMOJi KUCTU U KMCTEBOTO
cyctasa B mpueMHoM otfeneHuu HMUILL TO um. P.P. BpeneHa.

Mamepuan u memodst. TIpousBeneHa Bbi6opKa 18 848 maryeHTOB, 0OpaTMBIIMXCS B IpueMHOoe otaeneHne HMUIL TO
uM. P.P. BpemeHa ¢ TpaBMoOit KMCTM ¥ KUCTEBOro cyctaBa B mepuop ¢ 2020 mo 2023 roapl B 6a3e JaHHBIX MeOUIIMHCKOM
nHGOPMALMOHHO cucTeMbl Mennaior.

Pesynsmamest. Han6osee 4acTbIMM TUTIAMY TPABM KMUCTHU ¥ KUCTEBOTO CYCTaBa ObIIM MepesioMbl (haslaHT MMaiblieB U MSCT-
HBIX KOCTel, TOBpeXIeHMS] KOXM U TIOJKOKHOM KJIeTYaTKM, CyXOKUIIUIA TTaTblieB, MOBpeXaAeHMs] HepBoB. U3 xupypruye-
CKMX oTepaliuii Haubosiee YaCTO BBITTONHSIIY OCTEOCUHTE3 CIIUIIaMU, IEPBUYHbINA OB CYXOKWINIA pasrubaTeneii u cru-
GaTesieii maabileB. 3HAUMTEIbLHO PeXKe BBIMTOMHSIACH TIePBUUHAS XMpypruueckass 06paboTka paH, IIOB HEPBOB, COCYIOB,
pemnaHTanus 1 peBackyaspusanusi. Okono 20% mauneHTOB € TpaBMaMi KUCTY HEOTI0XKHAsI MeAUIIMHCKAsI IOMOILb MO-
5KeT 6bITh OKa3aHa B TpaBMITyHKTax CaHKT-IleTepOypra, TeM CaMbIM YMEHBIIUTCS OUepelb Ha OKa3aHue XUPyprudeckoii
TIOMOIIM B IPUEMHOM oTheneHuu LleHTpa.

3aknouerue. J1jis TedeHus TAIMEHTOB C TPABMOJ KMCTY U KMCTEBOTO CYCTaBa TpeOyeTcsi KOMIUIEKCHBII TIOAXO, C IPUBJIe-
yeHMeM Bpaueil pasHbIX CIelMaJbHOCTEN Ha KakA0M JTare jiedeHus. [IpaBuiabHasi opraHu3auus MeIUIIMHCKON TTOMOIIA
TaKUM MaleHTaM MTO3BOIUT YIYUIIUTb KAUeCTBO U Pe3yabTaThl JIeUeHUSI.

KiioueBblie (JIOBa: TpaBMa KMCTY U KMCTEBOTO CYyCTaBa, MOBPEXIEHMEe CYXOKIINIA criubaTesieii u pasrubaTesieii, oBpexe-
HJEe HEPBOB KMCTH, HEOTVIOXKHASI MeAULIMHCKAsI [TOMOIIb, OPTaHU3aIMs 30 PaBOOXPAHEHMS.

IOns uutupoBanus: Bebep E.B., 3aBbsyioB A.IL., ABfeeB A.U., JKormua M.A., CmupHoB C.C. CTpykTypa obpaijaemoc-
TU U CIIOCOOOB JIeUeHUS TIAlIMEHTOB C TPAaBMOM KUCTU U KUCTeBOro cycraBa B HMUII TpaBMaTOMOTMM U OPTOTIEAUN
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Outpatient Visits and Treatment Methods of Patients with Hand and
Wrist Injuries in Vreden National Medical Research Center
of Traumatology and Orthopedics

Eugeniy V. Veber, Alexander P. Zavyalov, Alexander I. Avdeev, Margarita A. Zhogina,
Sergey S. Smirnov

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

Abstract

Background. Number of injuries of the hand and wrist is constantly growing from year to year. Inpatient treatment
of these patients increases both time and financial costs for healthcare organizations. Thus, analysing the structure
of patients who applied to the emergency department would make it possible to take more objective decisions
on the organization of healthcare delivery.

The aim — to analyse outpatient visits and treatment methods of patients with hand and wrist injuries who applied
to the emergency department of the Vreden National Medical Research Center of Traumatology and Orthopedics.
Methods. A sample of 18.848 patients who applied to the emergency department with hand and wrist injury in the period
from 2020 to 2023 was drawn in the database of the Medialog medical information system of the Center.

Results. The most common types of hand and wrist injuries were: metacarpal and phalangeal fractures, damage to the
skin and subcutaneous tissue, damage to the finger flexor tendons and nerves. Of the operations performed, K-wire
osteosynthesis and primary suture of the extensor or flexor tendons of the fingers were most often used. Significantly less
common were the following operations: primary surgical debridement, suture of nerves and blood vessels, replantation
and revascularization. About 20% of patients with hand injuries can receive emergency medical care in emergency rooms
of Saint Petersburg, thereby reducing the queue for surgical service in the Center’s emergency department.

Conclusion. Treatment of patients with hand and wrist injuries requires comprehensive approach involving doctors
of various specialties at each stage of the treatment. Proper organization of such patients’ treatment will significantly
improve the quality of medical care and the treatment outcomes.

Keywords: hand injury, wrist injury, flexor and extensor tendon injuries, nerve damage in the hand, emergency medical
care, health care organization.
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BBEJIEHUE

TpaBMbl KUCTM UM KUCTEBOTO CYCTaBa MMEIOT CBOIO
Ce30HHOCTb. VMIX KOMMUeCTBO M3 rojia B roj pacTer.
JleyeHye TakMX MALMEHTOB B YCIOBMSIX CTallMOHapa
BJIeUeT 3a co6o0il yBeauueHue 3aTpaT MeIUIMHCKUX
opraHmsaimii, Kak (pMHAHCOBBIX, TAK ¥ BPEMEHHBIX.
B cBsI3M € 9TUM M3ydeHMe CTPYKTYpbl KOHTUMHTEHTA
MaIMeHTOB, OOPATUBIIMXCS B MIPUEMHOE OTIe/IeHue
MEeOULIMHCKOM OpraHu3aluy, MO3BOJMIMIO Obl Oosee
00BEKTUBHO IPMHMMATD PEIIeHMe [0 OpraHu3alun
OKa3aHUs MeAUIIMHCKO TTOMOIIIN.

Ha cerogHsImHmi1 AeHb CYIIECTBYIOT ITyOIMKaIum,
oTpaxkalolie paboTy MMPUEMHOIO OTHEeJIEHUSI 3apy-
GesKHbIX 6OIBHMUIL 110 JIEUeHMIO Mal[MeHTOB C TPaBMOit
KUCTU U KUCTEBOro cycTasa [1, 2, 7], HO B pOCCUIACKOIA
Hay4yHOJl JInTepaType M3yyaeMbIii BOIPOC OCBellleH
CKPOMHO.

Ilenv uccnedosaHus — M3YYUTh CTPYKTYypy obpa-
IaeMOCTH U CITOCOOBI JIeueHMSI MTAIlMEHTOB C TPAaBMO¥
KMUCTU ¥ KUCTEBOTO CYCTaBa B MPMEMHOM OTAeIeHUU
OIbY «HMUL, TO um. P.P. Bpemena» MwuH3gpasa
Poccun.

MATEPUAJI 1 METO/IbI

Vcnonb3yst 6a3y AAaHHBIX MeIMUIIMHCKON MHGOpMa-
umoHHoM cucrtemsl (MUC) Mepuanor LleHTpa, Tpous-
BemeHa BbIOOpKa 18 848 manymeHTOB, 0OpaTUBIINXCS
B IIPMEMHOE OTHe/IeHMe C TPaBMOJ KUCTU U KUCTEBO-
ro cycrasa B repuop, ¢ 2020 o 2023 r.

PE3VJIBTATDbI

Hammu 6b11 mpoBemen aHanmus 24 135 o6paiieHuit
B InpueMHoe otaeneHue lleHTtpa 3a 4 roma ¢ 2020
o 2023 r. 3 Hux 6bu10 oToOpaHo 18 848 maiimeHTa
C TpaBMOM KUCTM M KUCTEBOro cycraBa (puc. 1),
T.e. mpubnausurenbHo 80% oT Bcex o6paleHuii.
OcranbHble 06paleHus 6bUIM TI0 TOBOAY TPAaBM KITIO-
YUIIBI, TIIeYa U IPeAIIeubs, HXKHUX KOHEUYHOCTE.

B 2021 r. mo cpaBHeHMIo ¢ 2020 r. KOIMYECTBO
06paTUBIIMXCS B TPUMEMHOE OTAENeHNe IalyeH-
TOB yMeHbIIWIOCh mouTtu Ha 200 (4%) denoBek.
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DTO MOXKET OBITh CBSI3aHO C IIPOBeJIeHMEM ITPOTUBO-
3MUIEMUOIOTNYECKMX MEePOIIPUSITUIL TPU HOBOI KO-
poHaBupycHo MHbek A [3]. C KaXKIbIM IMOCIeIyI0-
MM TOJOM KOJMUYECTBO MMaleHTOB YBeJINYMBAIOCh
npumepHo Ha 500 yesoBeK, T.e. IPUPOCT COCTABIISIIT
10-15% exeromHo. Taxk, yke B 2023 r. 06paTUioCh
5392 denoBexa.

Puc. 1. KonmnuecTBo NaiMeHToB, 06paTUBIINXCS

B HMUII TO um. P.P. BpeneHna c TpaBmMOIt KUCTU

U kucteBoro cycrasa B 2020-2023 rr.

Figure 1. Number of patients with hand and wrist injuries
who applied to the Center in 2020-2023

AHanus reHAEpHOro COCTaBa MAaLMEHTOB B Cpe[-
HeM 3a 4 ro/ia oKa3all, YTO MY>KUMH ObUIO CTA6UITBHO
6osnblie, yeM XeHIIVH (3:1) — cpeau oO6paTUBIIUXCS
obuto 74,41% wmyxkumH u 25,79% >xeHmuH (puc. 2).
JTO cOmIacyeTcsl ¢ JAHHBIMU APYTUX MOJOOHBIX UC-
c/enoBaHumii [2, 4, 5).

CpenHuii BO3pacT nanueHToB coctaBua 39,8 roxa,
cpemuuit poct — 175 cM, cpemuuit Bec — 76,9 Kr,
a cpepauit UMT — 24,6 (Tabm. 1).

Puc. 2. CooTHO1IeHNE MYXUMNH
M SKeHIIVH Cpey NalieHTOB
C TpaBMaMM KUCTU U KUCTEBOTO CyCTaBa

Figure 2. Male/female ratio among
patients with hand and wrist injuries
2023
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Tabnauya 1

CpegHue aHTPOIIOMETPUYECKME JaHHbIE 00PATUBIINXCS MAIMEHTOB

IToka3zaTenb 2020 2021 2022 2023 CpenHee 3HaUeHMe 3a BCE TOJIbI
Bospacr, net 38,7 39,3 40,5 40,8 39,8
Pocr, cm 175,7 176,2 173,8 174,2 175,0
Bec, xr 77,6 774 76,1 76,4 76,9
UMT 24,5 24,5 24,7 24,7 24,6

AHanu3 6a3bl JaHHBIX [10Ka3aJ, YTO Yallle BCEro
B KJIMHUKY 06paIaanch MysKUMHbBI MOJIOJIOTO BO3pac-
Ta (1o knaccudukanyu BO3 — no 44 neT) u HOpMasb-
HOTO TesocnokeHus. [Ipy 3TOM HabIIOgAeTCs CTOVi-
Kasl TeHAEeHUMSI K He3HAUUTEeTbHOMY YBeJIUUYEeHUIO
BO3pacTa TPaBMUPOBAHHBIX MalyeHTOoB. [1o TaHHbIM
IPYTUX UCCIeNOBAaHU, CpeJHUIT BO3paCT MalyieHTOB
C TpaBMOIt KUCTU cocTaBisieT 25-29 ner [3, 6, 7, 8].

AHanu3 TPyooBON OesTeTbHOCTY OOpaTUBIIMXCS
3a 4 roja MalXeHTOB [10Ka3al Clefyloliue pe3yabTa-
TbI (PUC. 3):

- oduLMaNbHO TPYLOyCTpOeHHbIe — 52%,

— obyualoIuecs B Ko/UIekaxX U By3ax — 3%,

— He NMpeJoCTaBWIM JaHHbIE O MecTe paboThl — 45%
(caMo3aHsIThie ¥ HEeODUITUATBHO TPYAOYCTPOEHHBIE,
TIeHCUOHEePbI, JOMOXO3SMKN U TTPOUMeE).

O6yuaromyecs Moay4yaoT TPaBMbl KUCTU U KUCTe-
BOrO CycTaBa KpaiiHe peaKo, a MaluMeHTbl, opuIiu-
aJbHO paboraroinye U 6e3 JaHHbIX 0 MecTe pPaboThl,
COCTAaBJISIIOT B CpefHeM [0 BCEM rofgaM OKOIo 97%.
Ilo maHHBIM UCCIegOBaHUS, IpoBefeHHoro B 2021 r.,
B MeXMKO CTy[eHTbl U AOMOXO03SIIKM COCTaBUIU T0-
JIOBMHY U3 BCeX 06paTUBIIMXCS MALIYEHTOB C TPaBMOJi

2023 KkucTu. B CaymoBcKoii ApaBuu CTyIeHTbI 06paliaanch

2022 B 35,1% cinydaes [1, 9].
%8%% _ AHann3 maiMeHToB 10 MeCTy UX KUTeIbCTBa I10-
46 o ObnuansHo KasaJl, 4To OOpallajluch IIPEMMYIIEeCTBEHHO KUTe-
46 . TPYLOYCTPOEHHbIE mu CaukTt-IleTepbypra u JleHMHrpaACcKoi o6macTy,
45 56 pexke — uMelolMe MPOIMUCKY B IPYTUX PermoHax

41 52 O6yuaioumecs CTPaHbl ¥ MHOCTPAHLBI (pUC. 4). B quHaMuKe BUOEH
il B Konnemxax u eysax pocT monu skuteseit JIeHoOaaCTy U OPYTUX PErMoOHOB
2 51w Bes ganHbix 0 MecTe Poccuny, a Taxoke MHOCTpaHLeB. Cpeyt MHOCTPAHIIEB,
3 " 4 TPyAOYCTPOiCTBa 06paTUBIIMXCS 32 MEAMIIMHCKONM IOMOIIbIO, 60/b-
2 IIMHCTBO cOCTaBWiIu rpaxpaHe crpad CHI. [Tomumo
3

Puc. 3. TpynoBasi IesiTeIbHOCTh 06PaTUBIIUXCS
MnamueHToB, %

Figure 3. Work activity of patients who applied, %

3TOrO, O6pamannuch rpaxknaHe BikHero BocToka,
EBpocoto3a, Kutas u CIIIA.

2023 69,68% 10,92% 10,26% 9,14%

2022 71,24% 10,43% 9,58% 8,35%

2021 70,89% 11,26% 10,02% 7,83%

2020 71,91% 10,49% 10,92% 6,65%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

2020 2021 2022 2023
CaHkT-lMeTepbypr 3199 3034 3368 3757
JleHnHrpapckas obnactb 467 482 512 589
Lpyrue pervoxbl Poccuu 486 429 453 553
Npyrue cTpaHbl 296 335 395 493

Puc. 4. Teorpadust nauueHToB
Figure 4. Geographic distribution of the patients
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CaMoii 4acToii IpUUMHOM obOpalleHus 3a Meau-
LIMHCKOJ TTOMOIIbIO SIBJISUIUCh MepenoMbl — 57,53%
OT BCeX TPaBM, YTO CPAaBHMMO C JaHHBIMU JPYTUX UC-
TOYHMKOB [10, 11]. B cTpyKType Bcex repesoMoB MOX-
HO BBIJIENUTD IMEePeIOMbI MSCTHBIX KOCcTeil — 48,33%,

repesioMsl ¢ananr — 40,67%, epeaomMbl AVCTATbHO-
ro Mertasnudusa aydeBoit koctu (IMIJIK) — 8,03%,
TepeyioMbl KocTeil 3amsicths — 2,97% (puc. 5), KoTo-
pble MOBPEXIAIOTCS yallle OCTaJIbHBIX KOCTel KUCTU
U KUCTeBOro cycrasa [8,12].
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MepenoMbl NACTHbLIX

2021

Mepenombl kocTew
3anacTbs

Mepenombl AUCTanbHOO
MeTasnudusa nyyesow
KOCTH

M2022 w2023

Puc. 5. O6paieHus ¢ mepeioMaMy KOCTei KMCTU U KICTEBOTO CyCcTaBa

Figure 5. Patients’ visits for hand and wrist fractures

C KaskgbIM TOIOM KOJIMYECTBO IMAIlMEHTOB, 00pa-
TUBIIMXCS 10 IIOBOMY II€peioOMOB, HEYKJIOHHO pOC-
j0. [IMHaMMKA OOpameHNit BBIVISIAUT CIeOYIOMIM
obpasom:

a) mepesoMbl dasaHr — 3a 4 Tofa UX KOJUUECTBO
yBeIU4IMIOCh Ha 11,7%;

6) mepeaoMbl MSICTHBIX KOCTel — Ha 8,3%;

B) MepeoMbl KOCTel 3amscThs — Ha 4,5%;

r) nepenomsl IMDJIK — Ha 97%.

PaHeHMsT MATKMX TKaHEN C IIOBPEXIEHMEM TOJIBKO
KOXM ¥ TTOAKOKHOM KJIETYATKM CTaIX IIPUUMHOIN 00-
pailieHus1 B mpueMHoe oTaeneHnue lleHTpa B cpengHeM
3a 4yeThIpe rofa B 16% crydasx oT 06111ero umcia mamm-
€HTOB C TPaBMOJ1 KMCTU U KUCTEBOTO CYyCTaBa, a TAaKKe
MOBPEXIeHMe CyxXoxkmamii — 15%, HepBoB — 4%, co-
cynoB — 1% (puc. 6). I1o ganabiM [1.B. OBUMHHMKOBA
C COaBTOpaMM, YaCTOTA BCTPEUAEeMOCTM ITOBpeXIe-
HUI CyXOXXWINI coctasisieT 17,8%, 4To CXOxe ¢ HaIlu-
MU IToKasarensimu [4].

Bcero ¢ noBpeskageHreM MSITKOTKAHHBIX CTPYKTYP
00paTHIoCh 6672 MmaiyeHTa 3a 4 roga, YTo COCTABJISIET
MPUOIMU3UTENIBHO 35% OT BCEX TPaBM KUCTU U KUCTe-
Boro cycrasa. [Ipu ocyliecTBieHUM aHalu3a IOTy-
YeHHbBIX TaHHBIX OTMeUaeTCs TeHAEHIINS K eXXKeTOqHO-
MY POCTY KOJIMYECTBA MalMeHTOB C MITKOTKaHHbBIMU
MOBPEXIeHMUSIMMU (TabII. 2).

CnenyiomuM 35TarioM ObLT OCYIIECTBJIEH aHAINU3
Ce30HHOJI 06palaeMoCT TMAUMEHTOB C TpaBMaMu
kuctu (puc. 7). Haubornee mokasaTeabHbIM SIBUJICS
2020 1., Korma 6Gosbllle BCETO IMaIMEeHTOB MOCTYIIAN0
3uMoi u petoM. B 2021 u 2022 IT. ZOMMHUPYIOIIUMU
SIBUJIMICh BECEHHMIA M JIETHUIA C€30HbI IT0 BCEM HO30J10-
rmyeckuM Gopmam, a B 2023 r. — JIeTHUIT U OCEHHUIA.
[MonyueHHbIe JaHHbIE OAHO3HAUHO BbIAENSAIOT TeTHU
MepMoz, B KaueCTBe JMIUPYIOIIETO 10 KOTUYECTBY 00-
pallieHuii ¢ TpaBMaMy KUCTU U KMCTEBOTO CyCTaBa.

MospexaeHns koxu, MKK
MoBpexaeHune cocynos

1 MoBpexaeHne HepBOB
MoBpexaeHne Cyxoxunui

T

1
Puc. 6. [loBpeskaeHMs MSITKOTKaHHBIX CTPYKTYD, %
Figure 6. Soft tissue injuries, %

Tabnuya 2
KonmuyecTBO MauMeHTOB ¢ MSTKOTKaHHBIMM IMMOBPEXAEHUSIMU
[ToBpexxneHus 2020 2021 2022 2023
Koska, TDKK 608 667 761 909
HepBol 165 212 193 230
CyXOKUITUS 593 718 753 786
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H3uma MBecHa MJleto M OceHb

3 Bcex onepaTUBHBIX BMEIIATeNIbCTB IPU TPaBMax
KOCTel KUCTU U KUCTEBOTO CYCTaBa BBITTOTHSIICS TTPeu-
MYII[eCTBEHHO OCTeOCHHTe3. JJOMUHUPYIONUM U3 HUX
okasajcsl cuHTe3 crimiamu KupiiHepa. Ha ¢ukcanyio
MUHU-TJIACTUHAMM U BUHTAMM, a TakKKe TOIbKO BUH-
TaMM MPUIIUIOCh TI0 6% Ha KasKMbIil criocob (Tabm. 4).
ITo panHbiM B.A. KombicoBOJi ¢ cOaBTOpaMu, MPU BbI-
MMOJIHEHUM 3aKPBITOI PENo3uIvi 1epeioMoB ¢asaHT
MajblieB KUCTU M MSICTHBIX KocTeil 6onee yem B 30%
CTy4aeB TPeGyeTCs] OCTEOCUHTES B CBSI3Y C BTOPUUHBIM

) 2
‘\0@"‘ oﬁé@’*oa 5 @Ci‘“ & 0@ CcMelleH)eM OTIIOMKOB [13].
<\Qj;.'b e"'&ﬁo zqe?%?g" a*Qeﬁ¢<\-° [Tpu TpaBMax MSITKUX TKaHel yallle BCero BhITOJ-
& é\o“‘ *‘%Qe Qqe*? & e‘gﬁ Hsuics moB cyxoskmnuii u [TXO (puc. 8). [TomyuyeHHbIe
R () P
o o &F SRS & IaHHble TIOATBEPXKIAIOTCS OAaHHBIMU JIUTEPATyPhI

H3uma MBecHa ®/leto M OceHb

Puc. 7. Uncno obpalieHnii MalyeHTOB C pa3HbIMU
TpaBMaMu B 3aBUCMMOCTHU OT C€30Ha rofa

Figure 7. Seasonal variation of patients’ visits for various
injuries

OmnepaTuBHOE BMEMIATEIbCTBO OBIJIO BBHITOTHEHO
72% mnauyeHToB (13 565 ueynoBeK), a KOHCePBaTUB-
Hoe — 28% (5283 uenoBek). Pacmpemenenue 1o ro-
JaM OTpaskeHo B Tabnuile 3.

[1, 14]. CToUT OTMETUTH, YTO B aOCOTIOTHOM 3Ha-
YeHUM KOJIMYEeCTBO peIuIaHTaluii 3a ueTbipe ropa
BBIPOCJIO Ha ueThipe, a peBacKylIsipuMsaluit — Ha
ceMHaJlaTh, B TO BpeMs Kak B IIPOLIEHTHOM COOTHO-
IeHuy HabmogaeTcss o6paTHas AMHaMuKa (Tabit. 5).

CooTHoOllleHMe [0/ TIPOJ€UeHHBbIX MalyieHTOB
C TpaBMOIJi crubareneil u pasrubartesnei npeacrasie-
HO Ha pucyHke 8. B cpefHeM 3a ueTbipe ropa Iojy-
yaeTcs mponopuus 40% crubareneit Kk 60% pasruba-
Teneit. [lo maHHbIM auTepaTypsl, B CIIA n Mekcuke
BCTPEYAIOTCs IIOXO0XKMEe pe3ylbTaThl [1].

Tabnuya 3
Buapl 1eueHys1 MaliMeHTOB C TPAaBMOJ KMCTU U KMCTEBOr0 CyCTaBa B IPMEMHOM OTAeIeHUN
2020 2021 2022 2023
Bun neuenus
a6ce. % a6c. % a6ce. % a6c. %
OmnepaTuBHOE 3122 70 3146 73 3369 71 3928 72
KoHcepBaTtuBHOE 1326 30 1134 27 1359 29 1464 28
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Tabnuya 4
Buasl oneparnii, BBIIOJIHEHHBIX IIPY KOCTHBIX MOBPEKAEHMAX KUCTU M KMCTEBOTO CyCTaBa 4
Omnepanust 2020 2021 2022 2023 Bcero
OcTteocuHTe3 (BCETO) 1770 1710 1785 2030 7295
OcTeoCcHHTe3 CIIMaMu 1185 1038 1182 1435 4840
OcTeoCcHHTE3 BUHTAMU 289 365 317 278 1249
OcTeoCHHTEe3 MUHU-TVIACTUHOM ¥ BUHTAMU 296 307 286 317 1206
BripaByieHne BbIBMXA 51 43 45 191
ApTpopes nanbleB KUCTU 26 11 14 78
AmnyTainus naablia 250 179 219 248 896
s ) 4% 22 2% Puc. 8. YacToTa BCTpe4aeMoCTH
IIBa crubaTesieit u pasrubaresnei
Figure 8. Incidence
of the extensor and flexor
2020 2021 2022 2023 tendons suture

paarnbarenun crubarenn

Tabnuua 5
Buppl onepaunii, BBIMOJTHEHHBIX TP MOBPEXAEHUSIX MATKUX TKaHel KUCTU U KUCTEBOTO CYCTaBlzl

Omnepanus 2020 2021 2022 2023 Bcero

[TepBuyHas Xxupypruuyeckast 06paborka 633 575 619 772 2599

[lIoB cyxoxuus (Bcero): 619 597 672 734 2622

crubareeii 248 264 257 310 1079

pasrubareneii 371 333 415 424 1543
[lIoB HepBa 142 205 187 211 745
CoCyauCTBIi LIOB 20 18 18 17 73
PertanTanum 8 11 7 14 40
PeBackymsipusanys 5 15 17 23 60
MecTHas KOKHAas IJIaCTUKa 142 153 88 73 456
CBob6omHast KOXKHAs IUIACTUKA 77 73 52 64 266
ITnacTMKa Ha COCYOMCTOM HOXKKE 18 21 15 20 74

OBCY>XJIEHUE

[To pauubim uccnenosanus D.L. Colen c coaBTopamu,
B CIIA B mepuop ¢ 2009 no 2012 r. KonM4ecTBo Ma-
IIMEHTOB, 0OPATUBLIUXCS B OTHEIEHUS HEOTIOKHOI
TIOMOIIIY C TPAaBMOV KUCTU U KUCTEBOTO CYCTaBa, BbI-
pocno Ha 5% [15], a mo HaMKUM pe3yibTaTaM, B IEPUOS,
¢ 2019 o 2023 r. mpupocT coctaBui 15%. B 60bIIMH-
CTBE CTPaH MYKUMHBI 06PAIalOTCs C TPAaBMOI KUCTU
yaiie, YeM KeHIIUHBI [2, 4, 5, 7, 11]. TIpubnusutenbHo
MOJIOBMHA O6paTUBINMXCSI — paboTalomiye, U Ioay-
yeHHasl TpaBMa Jejajga UX BpeMeHHO HeTpymoCIo-
COOHBIMM, UTO MOXKET HecTu 3a co60il mpodeccuo-
HaJIbHbIE Y IKOHOMUYECKME ITOTepu. ITO COTacyeTcst
C MHEHMSIMMU IpYTUX aBTOpOB [1, 3, 6,7, 8,9]. B Henane,
Mekcuxke 1 CayoBcKoii ApaBuM KOIUYECTBO MOCTpa-
IaBIIMX CTYIEHTOB Ooybllle — JOCTUTAeT 33%, 4TO
3HAUNUTENIbHO NIpeBbILIAeT HalllX AaHHbIe [1, 7, 9].

U3 Bcex manyueHToB, 06paTuBLImxcs B LIeHTp, MHO-
CTpaHHbIe TpaskgaHe cocTaBUIM 8%, TO eCTb Kaskblii

12-71 mauyeHT, 60JIBIIMHCTBO U3 HUX ObUIM IpaskIaHa-
mu crpad CHI.

Bonee yem B 1moyioBMHE CJTyyaeB IIPUUMHONM 06pa-
HIeHMS 32 MeIVILMHCKO MTOMOIIBIO CITY>KUIYU TIepeso-
Mbl, IPEUMYIEeCTBEHHO (DaJIaHT MATbIEB U TSICTHBIX
KOCTeJ, JOCTATOYHO YaCTO MPUIMHAMU ObUIM TTOBPEXK-
OEeHUST MITKUX TKaHel U CyXoxminii. CXoxue ImoKa-
3aTeIu ONyOJMKOBaHbI aBTOpamMu 13 Mekcuku u CIIA
[1, 15]. Boree pegkuMM OKa3a/IMCh ITePEIOMbI KOCTEA
3aIsICThsl, B TOM YMCIe JagbeBUIHON KOCTH, a TaKkKe
TOBPEXIEeHMST apTepuil 3amsCcThbsl, KUCTU U TaJblieB.
CaMbIMM YacCTbIMM OTl€epaTUBHBIMM BMeIIaTeIbCTBa-
MU SBASUIUCh OCTEOCUMHTE3 CIUIaMMU, TepBUYHAs
Xupyprudeckasi o6paboTka paHbl, OB CYXOXWUJINS
(B 60% cirydasix moB pasrubaresieii). Pesxke BBITIOTHS-
JIUCb OTKPBIThbIe BIIPABJIEHUSI BBIBUXOB, COCYIMUCTbIA
IIOB, PEIIAHTAIMS M PeBACKY/ISIpU3aIusi, CBO6G0IHAS
MJaCTUKA U TIJIACTMKA Ha COCYIMCTON HOXKKe, apTpo-
ne3 rnajbleB KUCTU. B 2% npoleHTax ciyyaeB namu-
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€HTBI IOBTOPHO O6paNiaauch B paMKaxX OJHOTO KJIN-
HMUYEeCKOro cjryJas.

AHanM3uUpys MOMyYeHHbIe JaHHbIE 06 OKa3aHHOIA
XUPYPTUYECKON IMOMOIIM B MPUEMHOM OTIe/eHUMN,
MOKHO KOHCTAaTMPOBATh, UTO OOJBIIMHCTBO Mally-
€HTOB, KOTOPhIM ObUIM BbINOJHEHBI ITXO 1 1IOB Cy-
XOKUIMIA pasrubaTeneil MmaablleB KUCTU, SIBJISUIACH
cyry6o aMOyJaTOPHBIMM ¥ He TpeboBaM CTALMO-
HapHOro jeueHus. B ¢Bs3u ¢ 3Tum okosio 20% mauu-
€HTOB MOXXeT ObITh OKa3aHa MeAMIIMHCKAs ITOMOIIb
Ha ypoBHe TpaBMITYHKTOB CaHKT-IleTepOypra, 4to
COKPaTUT odepellb OXKUIAIIINX OKa3aHUSI XUPYPIU-
YeCKOlM MOMONIM B IpUEeMHOM oTaeneHun lleHTpa.
IOns ocranbubix 80% B CaHKT-IleTepOypre MMeIOT-
cs AeXKypHble OpuUragbl TPaBMAaTOJIOIOB-OPTOIEIOB
B LeHTpe xupyprum kuctu @Iy «HMUIL TO
umM. P.P. Bpenena» Munsapasa Poccuu, oka3piBaoIie
KBaJIMGUIMPOBAHHYIO MEIUIIMHCKYIO [TOMOIIb Hally-
€HTaM C TPaBMOI1 KUCTU M KMUCTEBOTO CyCcTaBa U Ipu
HEeOOXOAMMOCTY BBIITOHSIONIVIE MUKPOXUPYpPrudec-
KMe orepamnuyu 1O BOCCTAHOBJIEHMIO OTYIE€HEHHBIX
CerMeHTOB (MaJIbLbl, KUCThD).

Bcem maiyeHTaM IIOC/ie BBIIOJIHEHUS TOM WU
MHO¥ onepauyy MpeCTOUT albHeliInee HabMogeHe
B TPaBMIIYHKTe II0 MECTY KUTEIbCTBA, I[le OCYIIeCT-
BJISIIOTCSI TEPEBSI3KM, CHSTHE IIBOB U HaOMIOIeHMe
3a MalMeHTaMy C MMMOOWIM3ALMOHHONM IOBSI3KOIA.
Ho momumo sToro mocjie MIBOB CYXOXKWInii crubare-
JIeil TalblleB KUCTU IalMeHTaM TpebyeTcsl MOHO-
LIeHHAsI [T03TaITHas peabuIuTalNs 1o, HabIIIeHeM
OITBITHOT'O peabumInTosora (<KKMCTEBOTO TepaTIeBTa») 1
¢usmorepanenTa. K coxkayneHuo, B HallleM ropofe Ta-
KMX CITeIMaJUCTOB OYe€Hb MaJIo, M MallMeHT IeliCTBY-
€T He BCEerna Tak, Kak eMy OO6bsICHSI Bpau B LleHTpe.
DTO ellle pa3 MOAYEPKMBAET BaKHOCTb KOMILIEKCHO-
ro TMoaxofia K Je4eHMI0 MalleHTOB C TPaBMOM KUCTU

JOIIOTHUTEJ/IbHASI THO®OPMALIMISI

3aseneHHslii 6K1a0 asmMopos

Bce aBTOpBI cHenany 5KBMBAJIEHTHBIN BKJAM, B MOATO-
TOBKY MyOIMKAIA.

Bce aBTOpBI Mpouan U ogo6pmian GUHATBHYIO BEPCUIO
PYKOINCK CTaTh!. Bce aBTOPBI COIIACHBI HECTY OTBETCTBEH-
HOCTb 32 BCE aCIeKThl paboThl, YTOOBI 0OECTIEUNTD Ha/le-
Kalee pacCMOTpPEHME U pellleH)e BCeX BO3MOXKHBIX BOITPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAJEKHOCTbIO JII06071
yacTu paboThI.

Hcmoynuk uHancuposaHus. ABTOpbI  3asIBJISIOT
00 OTCYTCTBMM BHeIlIHero GbMHAHCHMPOBAHMS TIPU MPOBee-
HUY UCCIIEIOBAHMSI.

Bo3mozicHblli KOH(AUKM uHmepecos. ABTOPBI JeKia-
PUPYIOT OTCYTCTBME SIBHBIX M TIOTEHIMAIbHBIX KOHPIUKTOB
MHTEPECOB, CBSI3aHHBIX C MyOIMKaIMei HaCTOSIIIEN CTaTh.

Amuueckasn sxkcnepmu3sa. He mpyuMeHuMa.

Ungopmuposantoe coznacue Ha
He TpebyeTcs.

nyéauxkauyuio.

M KUCTEBOTO CyCTaBa C 3afeliCTBOBAHMEM Bpaueil
pasHbIX CIIeIMaJbHOCTE) Ha KakKIOM 3Talle Jede-
Hu. [Ipy paBUIbHON OpraHM3aLyy JIeYeHUsT TaKUX
MalyeHTOB 3aMEeTHO YIYUIINTCS KaueCcTBO OKa3aHMs
MeIUIIMHCKOM TTOMOIIM U pPe3y/IbTaT JIeueHMsI.

Hamie wucciegoBanue cjiegyeT paccMaTpuUBaTh
B KOHTEKCTe CJIeAyIIIuX OrpaHuuyeHuii. Bcsa uH-
dbopmaius 6bpUTa MoMydYeHa 13 6a3bl JaHHBIX MeOu-
LIMHCKOJ MHGOPMAIMOHHOI cucTeMbl Memuasor
HMUIL, TO um. P.P. Bpemena. Mbl He TpOBOOMINU
aHa/MM3 U OLIEHKY pe3yJbTaTOB JieueHMs IallieHTOB
B JajibHeileM. B cBsSI3M C 3TUM CJIOKHO CKa3aTh,
BBITOJIHSIT JIY TAIVMEeHT peabyIMTalOHHbIE Mepo-
MIPUSTUS T0C/Ie XUPYPIUUECKOTO JIeUeHUSI UM HeET,
1 KaKOBa ero yJI0BJIeTBOPEHHOCTD.

3AK/TIIOYEHUE

HaM6onee YaCTbIMU TUIIAMM TPABM KUCTU U KUCTEBO-
ro CycTaBa ObLIM MepeoMbl (alaHT MalbIeB U IISCT-
HbIX KOCTE, TTOBPEKIEHMUS KOKU U TTOJKOKHONM KJIeT-
YaTKU, CyXOXKWJINIA TablieB, TOBPeXAeHsS] HEPBOB.

V3 Xupypruueckux omepaiuii Hamuboiee 4acTo
BBITIOTHSIJIM OCTEOCUHTE3 CIIULIAMU, peske — IMepBuUY-
HYI0 XUPYpPru4eckyio ob6paboTky paH. locTaToyHO
YaCTO OCYIIECTBJIS/IM TEPBUYHBINA LIOB CYXOXUJINIA
pasrubareseil u crubaTesneil maablieB. 3HAUUTETHHO
peke BBITIONHSIIM 11I0B HEPBOB, COCYIOB, peljlaHTa-
LIVIO M PeBACKY/IIpMU3aLNI0 — IJI TAKUX MaHUIIYIISA-
uuii TpebyeTcsi MMKPOCKOIIMUYECKOe 000pyIOBaHMe.
B sleueHun maiuMeHTOB C TPaBMOM KUCTU U KUCTe-
BOT'0 CyCTaBa TpebyeTcss KOMILIEKCHBIN MTOAX0, C 3a-
IelCTBOBAHMEM Bpaueil pasHbIX CIlelMaabHOCTEN
Ha KaXXJO0M 3Tarie jedyeHus. [Ipy npaBuMIbHOI opra-
HM3anuuu JieueHUs TaKuX IIallMeHTOB 3aMeTHO YIyu-
HINTCS KavyeCTBO OKa3aHUuiAa ME,E[]/[H]/IHCKOI'/JI ImoMoIimn
U pe3yabTaT JIeueHusl.
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Pedepar

AxkmyansHocms. BaxkHoe 3HaueHMe [Jis1 obecrieueHMs] JJIUTeTbHOV BbDKMBAeMOCTM SHIOMPOTE30B, YCTaHOBIEHHBIX
C IpUMEHEHMEM UMITaKLIMOHHO KOCTHOM TUIACTUKM, MUMEIOT MeXaHYeCcKMe CBOMCTBA TPaHCIUIaHTATa.

Llens uccnedosanuss — U3yYUTb MeXaHMUYECKMEe CBOICTBA KOCTHO-IJIACTMYECKOTO MaTepuasa U OMpeneIuTh BO3MOKHOE
BIMSIHME UKINYECKUX HATPY30K Ha M3MeHeHMe MPOCTPAaHCTBEHHOTO TOMOKeHMSI TAa30BOT0 KOMITIOHEHTA I10C/Ie PeBU3MOH-
HOTO 3HJOMPOTEe3MPOBAHNS TA300ePEeHHOr0 CYCTaBa C UCII0Mb30BaHMEM MMITAKI[MOHHO KOCTHOM MJIACTUKMU.

Mamepuan u memodol. [IpoBeieH 3KCIIEPUMEHT 110 OLleHKe BIMSHUS IUKINIECKMX HArPy30K Ha MexaHuvecKye CBOCTBa
KOCTHO-TIJIACTMYECKOTO MaTepuasa. IlepBbIM 3TalioM ITPOBeJeHbl MCIIBITAHNSI HA OTHOLIMKIOBOE CTECHEHHOE CKaTue, BTO-
PBIM 3TAIlOM BBIMIOJHEHBI IUKIMYECKME UCTIbITaHMs. C yUeTOM MPUCYTCTBUSI B paHe KPOBY Obljia MTPeAyCMOTPeHa MOZE/b
¢ nobasneHnem 45% BOIHOTO pacTBopa rauiepyuHa. KnnHuueckas MHTepripeTanus MeXaHUIeckuX SIBJIeHMI IPOBOMIACDH
Ha OCHOBaHMM JAHHBIX PEHTreHorpaduy B AMHAMMUKE Y ABYX MALIMEHTOB, TEPEHECIINX PEBMU3MOHHOE SHIONIPOTE3MPOBAHME
Ta306eIpeHHOro CycTaBa ¢ MMIIAKIMOHHOM KOCTHOM TUIACTUKOM — OLIEHMBAIM M3MEHEeHMe TMO0KeHMsI LIeHTpa POoTalun
M OpMEeHTaLMM Ta30BOT0 KOMITIOHEHTA.

Pesynsmamet. [Ipy ONHOLMKIOBOM HarpyskeHuu Obl1a BbISIBIEHA 3aBYCUMOCTD HAIIPSDKEHMI OT fedopmaliuii py CTeCHeH-
HOM COKaTuu. [Ipy UMKINYECKMX UCTIBITAHUSX ObIIO MOTYYEHO YBEIMYEHE MTHOBEHHOTO MOIYJISI YIIPYTOCTY B 2,6 pas st
«cyxoro» obpasua u B 3,9-4,7 paza — [ij1s1 06pasioB C JXUIKOCTbI0. Ha peHTreHOrpamMmax y 060Mx ManyeHTOB 0TMeYaaoch
CMellleHye I[eHTpa poTalMy KpaHUaJIbHO U JIaTepaIbHO: B IIEPBOM CJTyuae Ha 2,4 1 1,5 MM, Bo BTopoM — Ha 14,9 1 9,5 Mmm
COOTBETCTBEHHO, M3MEeHEeHNe MHKIMHALMM Ta30BOT0 KOMITOHeHTa cocTaBuio 18,7° B mepsom ciydae u 19,8° — Bo BTOpom.
OteHka (YHKIMOHAJIBHOTO COCTOSTHMS TI0 MoauduuypoBaHHo¥ mkage HHS cocraBwia 97 6a/1oB y EPBOTo MalyeHTa
u 53 6a1a — y BTOpOTO.

3axntouenue. VicTonb3yeMblit JiS1 MMIIAKLMOHHOM KOCTHOM IUIACTMKM MaTepuas MoABepikeH AedopMalyy Kak BO Bpe-
Ml ollepalyuy, TaK U B MOCIeONEePAIMOHHOM mepuope. VCIbITaHUSI Ha CKaTue MO3BOMWIN MPEeNIIONOXUTb, YTO Aedop-
Manysl ¥3MeJlbUeHHOT0 MMIIAKTUPOBAHHOTO KOCTHO-IIJIACTMYECKOTO MaTepuaia B IOC/IeonepalMoHHOM Mepuoje mocTe-
IIeHHO CTPeMUTCS K BbIXOAY Ha IIIaTo, a ¢ 3aBepileHueM AedopMauny MpeKpailaeTcss MUrpaus Ta30BOro KOMIIOHEHTa.
CMellleHMe LIEHTPpa POTALMU U M3MeHeHMe MOI0oKeHMST alleTaby/IsIpHOr0 KOMIIOHEHTa MPU OTCYTCTBUYM PEHTIeHONPOo3pay-
HOVi IMHUY He SIBJISIeTCS a6COMIOTHBIM IMPY3HAKOM pacllaThIBaHMS.

Kinrouesbie cioBa: 6I/IOMeX3.HI/IKa, OIUKINYEeCKMe Harpy3km, MMIIAaKIIMOHHAA KOCTHAs IVIaCTUKa, KOCTHBIi1 ,E[ed)eKT, TpaHC-
IVIAaHTAT, PEBU3MOHHOE SHAOOIIPOTE3MPOBAHME.
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Abstract

Background. The leading role in long-term survival of the prosthesis installed using impaction bone grafting is given to the
mechanical properties of the graft.

The aim of the study is to explore the mechanical properties of osteoplastic material and determine the potential impact of
cyclic loads on dynamic changes in the position of the acetabular component after revision hip arthroplasty using impaction
bone grafting.

Methods. We conducted an experiment evaluating the impact of cyclic loads on the mechanical properties of osteoplastic
material. At the first stage, a single-cycle tension-compression testing was carried out. Cyclic tests were carried out at
the second stage of the experiment. Taking into account the presence of blood in the wound, we provided for a model
with an aqueous solution of 45% glycerin. Clinical interpretation of biomechanics was carried out basing on the dynamic
radiography data of two patients who underwent revision hip arthroplasty with the use of impaction bone grafting (IBG).
The changes in the position of the rotation center and acetabular component were assessed.

Results. During a single-cycle loading, we observed stress-strain dependences and instantaneous elastic moduli for each
specimen. During cyclic tests, we obtained the increase of the instantaneous elastic modulus by 2.6 times for a “dry”
specimen and from 3.9 to 4.7 times for the ones with liquid. X-rays of both patients showed the shift of the center rotation
cranially and laterally: 2.4 and 1.5 mm in the first case and 14.9 and 9.5 mm in the second one, respectively. In the first case
the change in the inclination was 18.7°, in the second case — 19.8°. The Hip Harris Score (HHS) was 97 points for the first
patient, 53 points — for the second one.

Conclusions. The material used for IBG is subject to deformation both in the intraoperative and postoperative period.
Compression tests have suggested that the deformation of morselized impacted bone graft gradually tends to reach a
plateau in the postoperative period, and with the completion of the deformation, migration of the acetabular component
stops. The change in the position of the rotation center and acetabular component in the absence of a radiolucent line is not
an absolute sign of loosening.

Keywords: biomechanics, cyclic loads, impact bone grafting, bone defect, graft, revision arthroplasty.
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BBEJEHUE

CoBpeMeHHbIMM OCOGEHHOCTSIMY PEBU3MOHHOTO 3H-
IorpoTresupoBanust TazobeaperHHoro cycrasa (TBC)
SIBJISIIOTCSL YBEeJIMUEHMeE UMCia DPAHHUX PEBU3UI U OT-
HOCUTEJIbHO MOJIOA,0M BO3pacT MalMeHTOB, B TOM YMC-
Jie B CBSI3YM C paclIMpeHMeM MOKa3aHMI K 3HIOIPO-
Te3MPOBaHUIO, YBEIMYEHMEM IIPOLOKUTENbHOCTY
SKU3HUM Y CHUKEHMEM CpefHEero Bo3pacra NaluyeHTOoB,
IepeHeclux IepBUYHOE 3HIOONpOTe3upoBaHue [1].
HekoTopbIM 13 HUX MOXET MOHALOOUTHCS ABE MU
6osee peBM3UM B TeueHMe KM3HKU. HeomHOKpaTHbIE
pEeBM3MOHHBbIE BMeIIaTeAbCTBA COMPSDKEHBI C Cylie-
CTBEHHOI1 MOTepeit KOCTHOM Macchl B 06/1aCTU 3H[IO-
nporesa [2, 3].

s Bo3MellleHMSI KOCTHBIX NeeKTOB B HACTOSI-
1ee BpeMs CyILIeCTBYeT MHOXKECTBO PelIeHN I : Hauu-
Has OT 3aroyiHeHUsI NedeKTOB KOCTHBIM LIEMEHTOM U
3aKaHuMBas NMpUMEHEHMEM Da3JIMYHBbIX MOIYIbHBIX
PEBU3MOHHBIX CUCTEM C ayTMEHTaMU U agIUTUBHBIX
TexHonoruit [4, 5]. TeM He MeHee BOIIPOC BOCIIO/IHE-
HUSI KOCTHOTO JedULMUTa C MMOMOIIbIO PasIUUYHbBIX
KOCTHO-TuIacTuueckux Martepuanos (KIIM) y naH-
HOJ KaTeropuu MaiMeHTOB 0COOEHHO aKkTyasleH [6].
B ompeneneHHbIX caydasx HOCTAaTOYHO 3(DPeKTUBHO
3TO MOKET OBbITh TOCTUTHYTO C MUCIIONIb30BaHUEM VM-
MaKUMOHHOM KocTHOM nnactuku (VIKII). TaHHas Tex-
HOJIOTMSI TIO3BOJISIET 06eCIeunTh CTaOWIbHYI0 (QUK-
calMI0 MMIUIAaHTaTa C HOCeAyIolieil pecTaBpaLyeii
KOCTHOTO JedeKkTa IMyTeM YacTMYHOTO 3aMellleHuUs
KIIM cobCcTBEHHOI KOCThIO, UTO SIBJISIETCSI TIPUBJIEKa-
TEJIbHOJ OILMeN, [03BOMSIONLE BEPHYTh KOCTHBIN
craTyc 6/1M3Ko K ucxogHOoMy. HecmoTpst Ha TO, 4TO
VIKIT mo3suiMoHmnpyeTcs: Kak Crocob 61omornyecKkoin
pecTaBpalilMM B pacueTe Ha MHKOPIIOpALMIO U Iepe-
CTPOJIKY MMITAaKTUPOBAHHOI KOCTU [7], BeLyllee 3Ha-
yeHMe B ObOecrieueHuy [JIUTENbHON BbIKMBAEMOCTU
SHIOIPOTE30B OTBOLUTCS M3YUYEHUI0 MeXaHUYECKUX
CBOJCTB MCIIOJIb3YeMOIO TPaHCIIaHTaTa U BO3MOXK-
HOCTY YYYIIUTD UX C TIOMOIIIbI0 pa3HOOOPa3HbIX Me-
TOOMK YIUIOTHEHMS M KOMOVHALIMY Pa3/IMUHbBIX BULOB
KIIM [8, 9, 10, 11, 12].

Llens uccnedosamuss — U3yYUTh B AMHAMUKE MeXa-
HUYECKME CBOJCTBA KOCTHO-TIJIACTUYECKUX MaTepua-
JIOB U OTIPELle/TUTh BO3MOXKHOE BAUSHME IUKINIECKUX
Harpy3oK Ha M3MeHeHMe MPOCTPaHCTBEHHOTO IOJIO0-
>KeHMSI Ta30BOIO KOMIIOHEHTa IOC/Ie PeBU3MOHHOIO
SHIONPOTE3UPOBAHMS Ta300eIPEeHHOTO CYCTaBa C UC-
MOIb30BaHMEeM UMIIaKLIIMOHHOM KOCTHOM IIJIACTUKU.

MATEPUAJI 1 METO/IbI

Hamu Gblna mpoBefieHa 3KCIlepUMeEHTaNIbHAs paboTa
T10 OLIeHKe BJIMSHMUS UKINUYECKUX HarPpy30K Ha Mexa-
Huueckue cpoiictBa KIIM, mogo6HOro ToMy, KOTOPbIi
UCIIO/Ib3YeTCsl HaMM B KIMHUYECKON IPaKTUKe [JIst
3aMelleHys] KOCTHBIX 1e@eKTOB BepTIY)KHOI BIaau-
Hbl IIPM PEBU3UMOHHOM 3HIONPOTE3UPOBAHUU Ta30-

6enpenHoro cycrasa [6]. ®parmenTts! KIIM s nissTu
00pasoB OGbUTM IPUTOTOBJIEHBI BPYYHYIO C [IOMOIIBIO
Kycauek JI10o3pa M3 KOCTM KPYITHOTO POraToro CKOTa,
MPUOIVKEHHOV M0 MeXaHMYeCKMM CBOJCTBaM K ye-
JIOBEUECKONM M 4acCTO MCIIOAb3YEeMON B KJIMHUUYECKOM
MPaKTMKe B KaueCTBe KCeHOTpaH CIuIaHTarTa [13].

Il 060beKTUBM3ALUM JAHHBIX ObIO HEOOXOIVIMO
MOJTYYUTh YMCIOBbIE 3HAUEHMSI OCHOBHBIX ¢um3muec-
KX TlapamMeTpOB KOCTHO-IIAaCTUYECKOTo MaTepuaa,
Takue Kak momy/ib IOHra (Moay/nbp HOpMaabHOM yIpy-
TOCTHU), XapaKTePU3YIOIINI CIIOCOOHOCTh MaTepuasia
COMPOTUBJISATHCS PACTSDKEHUIO, CKaTUIO TIPU YIIPYTOi
medopMmarum, u kKospduuyent Iyaccona (kospdu-
LIMEHT MOMNepevyHoi medopMarin), IOKa3bIBAOIINIA
3aBUCMMOCTh MEXIY IPONOJbHBIMM U IOIEpPEYHbI-
vy pedbopmanysivu dnemenTta [14]. KoaddbunmeHt
ITyaccoHa 1 mopgysb KOHra MOMHOCTBIO XapaKTepusy-
0T yIIpyTrye CBOICTBAa M30TPOIHOTO MaTepuania.

Bcero 0bLIO IIOATOTOBJAEHO MSITh 0OpPasIOB.
VUnuThIiBasl, YTO MeXaHUYECKMe U TPUOOIOrmvecKme
cporictBa KIIM MOryT MeHSITbCSI B 3aBUCUMOCTU OT
MIPUCYTCTBUSI PaHEBOI KPOBU, ObLIA MPeayCMOTpeHa
Mojenb ¢ mobapieHueM 45% BOOHOIO pacTBOpa ININ-
LlepyHa, BSI3KOCTb KOTOPOTO BO BpeMsl MCIbITaHUI
MpM KOMHATHOJ TemIlepaType COOTBETCTBOBAsIA BSI3-
KocTy KpoBu 5,3 mIla-c [15]. Takum o6pasom, 3KcIie-
PUMEHTBI B IBYX CIy4yasxX MPOBOLWINCH Ha «CyXOM»
o6pas3siie U B TpeX CIy4astx — C SKUIKOCTBIO.

DKCIEPUMEHTATbHYI0 YacThb paboThl ITPOBOAM-
JIM HA YHMBEPCAIbHONM WCIIBITATEIbHON MallllHe
Zwick/Roell Z100 (Tepmanwus). Cxema MCITBITAHUS
MpeacTaBieHa Ha PUCYHKe 1.

Mg

Puc. 1. CxemMa MCIIbITAaHNSI KCEHOKOCTM Ha CTECHEHHOE
C©KaTtue B paspese:

1 — xpyrnas mwiatdopma;

2 — UMAMHIP (TTOJbIA VIV C OTBEPCTUSIMNA);

3 — o6pasel] KCeEHOTpaHCIUIaHTaTa; 4 — IITaMIT;

5 — Harpyska 1500 H, mpuknambiBaeMasi K 06pasiry

Figure 1. Scheme of testing xenobone for constrained
compression in section:

1 — round platform,;

2 — cylinder (hollow or with holes);

3 — xenograft specimen; 4 — stamp;

5 —load of 1500 N applied to the specimen
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O6pasupr KIIM moMeInanuch B MOJbIA MeTalin-
YeCcKUil IIMJIMHAP CO ChbeMHOM IIaTdOopMOii i U3-
BJIeueHMsT 00pa3loB. BbUIO MCIIONB30BaHO 2 BUOA
TTOJIBIX UVJIMHAPOB: OJUH CO CIUIONIHOM 60KOBOJI O~
BEPXHOCTbIO ¥ BTOPOJ C OTBEPCTUSIMU Ha OOKOBOI
MOBEPXHOCTU IJIs1 APEHMPOBAHMS U3JINIITKOB SKMIKOC-
TU, UTO COOTBETCTBOBAJIIO OTKPBITOMY ¥ MeKdpar-
MeHTapHOMY npocTpaHcTBY yactul, KIIM ripu peBu-
3MOHHBIX omnepanusax. [Tociequuit 6pl1 UCIIOIb30BaH
B OJHOM CJIy4ae C 00pasIioM C XUOKOCTBbIO (puc. 2).
Onsa xommpeccun KIIM B nmnmMHApe MCHOIb30BAJICS
LITaMII, COOTBETCTBYIOIINII BHYTPEeHHEMY AMaMeTpy
LMAMHIPA.

Puc. 2. O6pasel; N2 4 B HMIMHIPE C OTBEPCTUSIMU

u no6aByieHMEM BOJHOTO PacTBOPA MIULEPUHA,
MOZEIMPYIOLIero KPOBb B KCIIEPUMEHTe

Figure 2. Specimen No. 4 in a cylinder with holes and with
the addition of an aqueous glycerol solution simulating
blood in the experiment

[TepBbIM 3TanoM B 3KCIIEPUMEHTE Ha OTHOIMUKIIO-
BO€ CTeCHEHHOE C)KaTye B KaKIOoM oOpasiie cHavaja
3aaBaJIOCh ITepeMelleHye MTaMIla Ha 5 MM, UTO MO-
IenupoBaso nepeuuHoe yiuioTHeHue KIIM xupyprom
C TIOMOIIbI0 CIEeIUATU3UPOBAHHOTO WMHCTPYMEH-
Tapus. 3aTeM 0O6pasIbl HATPYKaJUCh OTHOKPATHO
¢ cwioii mo 1500 H 3a 30 cek., YTO MOIEIMpPOBAIO
Harpy3ky Becom maiiueHTa 150 kr. CripeccoBaHHbIe
o6pasibl KIIM u3BaeKaauch U3 IMIMHApPA, ITOMe-
manuMch Ha ImIaThopMy M TIOABEpPrajich CKaTHUIO
Ha 30%. ®oToduKkcanust mpoliecca CKaTusi obpas-
1la TPOU3BOAMIACH C TIOMOIbIO cucteMbl Vic-3D
(Benmko6GpuTaHMS) C YACTOTOM CheMKM 1 Kazp B CeK.
Kosdbduument IlyaccoHa mis Kaxkmoro m3 obpas-
1I0B Oompefesisuiv Mo ABYM paKypcaM Ha MOyYeHHBIX
KaJpax, CpaBHMBas M3MeHEeHNe pa3MepoB 00pasiia 1o
U IOCTie COKaTHSI.

Ha BTOpOM 3Tamne mucciaeqoBaHuUs MPOBEAEHbI IIUK-
JUMYecKMue MCIbITaHMS Ha obpasiax N2 2-5 uepes
2 MecC. B CBSI3M CO 3HAUMUTEIBHON penakcauyein ma-
Tepuasa, MOMyYeHHOIi Ha mepBoM arare. O6pasiibl

XpaHWINCh B XOJOAWIbHUKE pu Temiepatype -20°C.
Kakmpiii o6pasel UMKIMUECKM HATPYKajICs B 6 oTa-
noB. HavanbHas coKumamwlilas Harpyska cocCTaBuia
okojsio 980 H. Kaskmpiit sTan coctostyi 13 10 LUKIOB
HarpykeHusi TIpM TOCTOSTHHOM 3HauyeHUM Harpys3Ku.
ITocne kaxkmoro 10-ro nykiaa mpouCXognia perakca-
LM HAaTIpSKeHM, T.e. Ha 10-M LMK/Ie IITaMIT OKUMat
MaTepua 1 OCTaBajICs B MOJI0KEHUM MaKCMMaTbHOTO
okatus Ha 300 cek. B TeueHue 3TOTO BpeMeHU HaIpsi-
>KeHMSI B CKaTOM MaTepualie KCeHOKOCTU CHVDKAIUCh
3a CYeT Ipollecca pesakcaluy, KOTAA MPOUCXOAUT
repecTpoeHue MaTrepuasa Ha MUKPOCTPYKTYPHOM
YPOBHE B CTPEMJIEHUM K COCTOSIHMIO paBHOBECUSI U
MUHMMYMY IIOJIHOM SHEprum cucrembl. Hampumep,
3TOT IPOIIECC peaKcalyym XOpolio BuaeH Ha VI aTa-
re HarpykeHusl Ha nociaegHem 10-m uukie (puc. 3.),
KOIJla OT MMKOBBIX 3HAUEHMIT HampsibKeHUs MafaioT
1o npsimoii ot 4,7 MIla mo 3,2 MIla npu MOCTOSTHHOM
3HaueHun gedopmanmii 0,43. 3aTeM 110 UCTEUEHUM
300 cek. mpoucxoausia IOJHAs pas3rpys3ka obpasia.
ITocne 3TOro HauUMHAJICS CAEOYIOUIUIA 3Tal, Harpys3-
Ka yBesimumBaack Ha 1000 H, u o6pasel] cHOBa CKu-
masics B TedeHue 10 HUKIOB IIPM HOBOM MOCTOSTHHOM
3HaUEHUM HArpy3ku C MOCAeLYIOUIMM IPOLIeCcCoM
penakcanyuu. OnucaHHas MeTOAMKa MOBTOPs/Iach Ha
Ka>KIOM 13 6 3TaIlOB 3KcrepumMeHTa. [Ipenronaranocs,
YTO 3a CUeT yBeJMUeHMUs HArpy3Ku Ha KakJOoM 3Tare
MaTepuana OymeT YIUIOTHSTBCS, M, COOTBETCTBEHHO,
oymeT yBenmuumBaThcsl mMomyab IOHra. Ilporecc pe-
JlakcalMM B 3KCIIEPUMMEHTE MOAEIMPOBal Tepuo-
bl OTAbIXa MalMeHTa, KOTAA a/VIOKOCTb HaXOOUTCS
B CTATMYECKOM COCTOSTHUM CKaTusl 6€3 BO3IeiiCTBUS
UMKJINYECKOTO Harpy>KeHus.

Oedopmauua In(1+€) [mm/mm]

-0.5 -0.4 -0.3 -0.2 -0.1 0

Hanpsmenue o [MnNa]

Varan  lllsTan Il atan | 3Tan

V aran

3Tanbl Harpy;eHuA

Puc. 3. [lukanueckoe HarpyskeHue Ha mpumepe o6pasiia
N2 2 B 6 aTanoB

Figure 3. Cyclic loading of specimen No. 2 in 6 stages
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C 1e/1b10 KIMHUYECKOM MHTePIIpEeTALVN TTOTyYeH-
HBIX Pe3yIbTaTOB OMOMEXaHWYEeCKOrO SKCIIepUMeH-
Ta ¥ KOCBEeHHOJ onieHKM noBemenus KIIM B medekre
BEPTIYKHOM BHaAMHbBI MTOC/Ie ONlepaTMBHOTO BMellla-
TeNbCTBA I0J, BAMSHUEM IUKINYECKUX HArpy3ok OT
€CTeCTBEHHO (PU3MOIOrnueckoil aKTMBHOCTY (XOMIb-
6a) Tpou3BeAeHbl M3MeEpeHMs IIOKa3aTeseil Ioo-
SKEHMSI BePT/IYKHOTO KOMITOHeHTa 3HAompoTesa ThC
B IMHAMMKe Y JBYX NallMEHTOB, IepeHeCIINX PeBU3U-
OHHY!0 onepaiuio Ha TbC ¢ npuMeHeHMeM MMITaKLIM-
OHHOW KOCTHO IJIACTUKY C OTCYTCTBUEM U HAJIMYMEM
KIVMHUYECKMUX TIPU3HAKOB pacliaThbIBaHUSI Ta30BOTO
KOMITOHEHTA T10C/Ie pesHAonpoTre3upoBanusi. Ha 06-
30pHBIX pEHTreHOTpaMMax Ta3a MPOU3BOOWIN WU3-
MepeHMe MHKIMHAIMM U OLIEHKY pacloIoKeHUs
IIeHTpa pOTaIMM CYCTaBa OTHOCUTETBHO «(PUTYpPbI
Cjie3bl» B IBYXMEPHON CUCTeMe KOOpAMHAT 10 Me-
Tonuke, oncanHoi W.S. Borland ¢ coaBTopamu [16]:
1o ocu X OlieHUBaJIM JIaTepajabHOEe CMellleHKe, TI0 OCHU
Y npou3BOAMIM OLIEHKY KpPaHMAAbHOTO CMellleHus.
JIOTIOMHUTENIbHO TIPOM3BOOMIM M3MeEpeHue aHTe-
BEPCUM Ta30BOTO KOMIIOHEHTA. [laHHbIe TTapameTpbl
OLIEHMBAINCh HEINOCPeNCTBEHHO TIocjae orepauun
U B CpeJHECPOYHOM Iiepuojie BO BpeMsl JBYX BU3U-
TOB. V3MepeHMST MPOU3BOAWIN TIOC/TE KaaMOPOBKMU
usobpakennii B DICOM-daiinax ¢ mOMOIIbIO ITPO-
rpaMMHOrO obecrieueHus] ISl TUIAHMPOBAHUSI OIle-
pauuii BonaPlanner 2D ¢ ucnonb3oBaHueM (QyHKLU
«II0CIeONepaMOHHbIT  KOHTponb». [Ipm  oneHke
MPU3HAKOB paclllaTbiBaHUSI Ta30BOTO0 KOMIIOHEH-
Ta MCHOJb30BaIM KpuTepun, onncaHHele J.G. DeLee
u J. Charnley [17].

PE3VJIbTATbDI

B pesynbTaTe MCOBITAHUII HA OGHOLMKIOBOE HArpy-
SKeHue ObLIM ITOMyYeHbl 3aBUCUMOCTM HAIpSKeHMU
oT medopmaruii mpyu CTeCHEHHOM CKaTUM IJIST KaK-
moro obpasia. XapakTep Harpy>kKeHUSI M Pas3rpy3Ku
SIBJISIETCS] HEJIMHEHbIM.

Mogaynp FOHra (MrHOBEHHBIIT MOIY/Ib YIIPYTOCTH)
BBIUMCIISICS 110 hopmyie [18]:

B (Gmax _ cSmin)
ic (gmax_gmin)

roe o™ — 0cCceBOe HaIIpsDKeHMe B KOHIE Harpysku,
o™ — oceBoe HaTpsDKeHMe B KOHIIE pasrpy3Ku, Om3-
KOe K HyJI0; €™* — oceBas gedopmaiyus B KOHIlE
Harpysku; e™" — ocepas medopmaiusi B KOHIle pas-
rpy3ku. TOUKM, B KOTOPBIX OTIpeNe/siINCh 3T 3Have-
HUSI, BbIIeJIeHbl HAa YMEHbIIIeHHOI cxeMe (puc. 4).

IIpu ompenenenun kosbduumenta IlyaccoHa
B Ipollecce SKCIepPMMeHTa HaG/I0maIoCh YaCTUUHOE
HapylleHMe 1eJIOCTHOCTY 00pasioB N2 2 u N2 4 (ot-
Ka/IbIBa/IMCh 4acTuilbl). IIpy ckatum obpasia N2 3
(C>KMAKOCTBIO) U3MEHEeHUS paAuaIbHbIX pa3MePOB He
MPOU301II0, M03TOMY Koadduiiment [TyaccoHa ormpe-
JeJIUTD AJ151 HETO He yAaI0Ch.

0,15

Hanpawenune [MMa)]

====-No4 + KpoBb
Ne5 + kposb

1
"
]
1
1
l
]
H

4’ — =—No3 + KpoBb
]

1

1

Ledopmauma [mm/mm]

Puc. 4. [Ilnarpamma 3aBUCUMOCTU HaIPSKEHUA

oT nedopmMauuy Ijist 06pasIoB MPY OMHOKPATHOM CKaTUM
Figure 4. Stress-strain diagram for specimens under
single-stage compression

Pe3y.TIbTaTbI orpenejleHnad MIHOBEHHOTO MOIYJISA

yopyroctu u KoadduiinenTa [TyaccoHa mpu oLHOLMK-
JIOBOM BCECTOPOHHEM CXKaTuU TpefcTaBieHbl B Tab-
nuue 1. TM MexaHMUeckue MapaMeTpbl MaTepuasa
COOTBETCTBYIOT HAUYaJIbHOMY COCTOSIHMIO a/UIOKOCTU
cpasy mocJie orepanyy J0 BO3AeiCTBUSI KAKOTO-/TMO0
LIUKINYECKOTO HarpyskeHusl.

HpI/I OVKINYECKUX MCIIBITAaHMUAX 06pa3u013 MI'HO-

BeHHble Momym ynpyroctu E, j = 1...6 onpepers-
JIUCh TI0 HAKJIOHY KPUBOM G —¢& AuarpaMmsl (puc. 3)
Ha y4aCTKax Harpy>xeHus repej y4acTKaMy pPelaKca-
MY HanpspkeHmit (tabi. 2). Mozyne E') onpenensiicst
MeTOJIOM CeKylleil [IPSIMOVA.

Tabnauya 1
MexaHanuyecKyue mapamMeTpsl Py OJHOIMKIOBOM
BCECTOPOHHEM CKaTUU

O6paserr

IToka3aTenb

Ne1 Ne2 | N23 | N24 | Ne5

MrHoBeHHbIV
MOJY/b
ynpyroctu E,,

MIla 10,780 | 12,190 | 12,840 | 13,020 | 14,020

Koadduunent

ITyaccona 0,348 | 0,240 - 0,123 | 0,109
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Tabnuya 2
3HaueHMsA MTHOBEHHOTO MOXIY/IS
ynpyroctu Ejy, MIla
O6paserr

Homep uukna

Ne 2 Ne 3 Ne 4 Ne 5

10 17,4 15,8 15,0 16,2

20 24,9 23,1 26,2 25,2

30 31,8 33,2 40,6 34,6

40 37,2 41,2 48,0 48,9

50 41,8 48,7 57,2 57,4

60 45,8 61,6 71,2 65,4
OTHOCHUTeIbHOE

M3MeHeHMe
3HaueHUsI 2,6 3,9 4,7 4,0

B Hauaje Harpy>keHus 3HAUYe€HMUS MIHOBEHHbIX
MOZYJIeil YIIPYTOCTH IJIS BCeX 06pasIioB HMpuOIU3u-
TelbHO paBHbl. C yBeIMUEHMEM IIMKIOB HarpyKe-
HMSI MOIY/IM YIIPYTOCTM PacTyT, YTO yKa3biBaeT Ha
VIUIOTHEHMEe MaTepuajia ¥ yMeHbIleHue ero o6bema
(puc. 5). To ecTb mapaMeTpbl MO MaTepuaia Oy-
IYT 3aBMCETh OT OTHOCUTEIbHOTO M3MeHeH s 00beMa

obpasna E = E(J). Heo6xonyM0O OTMETUTb, YTO 3HAa-
YeHUs] MOJYJIEel YIPYrocTy 06pasioB C KUAKOCTBHIO
0Ka3aJauCh Bbillle. BpUIO MO/TyuyeHO yBelnuvyeHe MIrHO-
BEHHOT'O MOAYJISI YIIPYTOCTY B 2,6 pa3 Ajist «CyX0ro» 00-
pasia, a Ayig 06pasioB C KUIKOCTbIO B AMATA30HE OT
3,9 mo 4,7 pas, UTO MOXET CBUIETEIbCTBOBATh O OO0JIb-
[IeM YIUIOTHEHUM UM YMEHbIIeHUY 00beMa MMITaKTH-
poBanHoro KIIM in vivo B IpUCYTCTBUM KPOBM.
VIIoTHeHMe MaTepuasia M yMeHbIIeHe ero 00b-
emMa IIpy YBeJIMUYeHUM Yncia IUKIOB Harpy3Ku MOKHO
MOSICHUTh KJIMHUYECKMMU TipuMepamu. [IpoBenmeHa
OlleHKa pe3y/lbTaTOB PEHTIE€HOJOTMYECKOTO MCCIeno-
BaHMS B IMHAMMKe Yy HaryeHTKu 59 yet (manueHt 1),
repeHecilieli IBYX3TallTHOe PEeBU3MOHHOE 3HIOIPO-
Te3MpOoBaHME II0 TOBOLY WHOUIMPOBAHHONM HeCTa-
OWJILHOCTM KOMITOHEHTOB 3HZOIPOTE3a C MCIIONb30-
BaHueM UKII Ha 3aK/IH0UMTENBHOM 3Tare (puc. 6). s
aHa/M3a IMHAMMKY MUTPALlMM Ta30BOTO KOMIIOHEHTA
BBIOpaHbI 0030pPHBIE PEHTreHOrpaMMbl Tasa, IONIy-
YyeHHble HENOCPeACTBEHHO TIOC/Ie omepauuy, depes
3 rofa mocje orepaTMBHOTO BMeIaTeNbCTBA U Ha MOC-
JiemHeM KOHTPOJIbHOM OCMOTpe 4depes 7 jeT (puc. 7).
AGCOTIOTHBIE 3HAUEHMS IIPEICTABIEHBI B TAGIMIIE 3.

) Ne2 . | Ne3
J Ne4 1J Ne5
© —o—Mopaynb No2 —e—Mopaynb N23 + KpoBb
E 80 +—Mogaynb Ne4 + kpoeb —e—Mogynb N5 + KpoBb 1 g
S- 70 » Fs 0,9 §
g - 08 3
> 60 Y
g - 07 g
2 50 - 06 o
= -
g 40 05 £
é 30 L 04 @ Puic. 5. MrHOBEHHbBIE MOIYJU YIIPYTOCTYU
z 0.3 s M OTHOCUTEbHOE M3MEeHeHNe 06bemMa
T 2 = 0 B 3aBMCUMMOCTHM OT KOJIMUECTBA LIMKIIOB
()]
§ 0,2 z Figure 5. Instantaneous elastic moduli
s 10 01 & and relative volume change depending
0 ., - on the number of cycles

10 20 30 40 50

Yucno ynknos, N

Puc. 6. O630pHast peHTreHorpaMma Tasa naiyeHnTa 1

C IpU3HAaKaMM paclliaThiBaHMs Ta30BOTO U 6eIpeHHOTO
KOMITOHEHTOB 3HAonpoTe3a gesoro THC, ocTeonn3om
6eIpeHHO KOCTU c/ieBa

Figure 6. Plain X-ray of the pelvis of patient 1.

Signs of loosening of the pelvic and femoral components
of the left hip joint endoprosthesis and femoral osteolysis
on the left are observed
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Puc. 7. KnuHMYeCckuit mpuMep MUTPaLMY Ta30BOT0 KOMITOHEHTA Y ManyeHTa 1 6e3 pasBUTHS pacIlaThIBaHUS:
a — mocJie omepauuu; b — uepes 3 roma; ¢ — uepes 7 jeT (CMelleHMe MPOKCUMAaIbHO U JIaTepaibHO,
yBenuuyeHMe MHKIMHALMYU Y M3MeHeHe aHTeBepCUm)

Figure 7. Clinical example of the pelvic component migration in patient 1 without subsequent loosening:
a — after surgery; b — in 3 years; ¢ — in 7 years (proximal and lateral displacement, increased inclination,
change in anteversion)

Tabnuua 3
TlokasaTe/au MO3UIMM TA30BOr0 KOMIIOHEHTA 3HAOIPOTE3a JIeBOro Ta300eIPeHHOro cycraBa
y nmauyenTa 1 Ha pa3s/JIMYHbIX CPOKAX HAGIIOmeHMSs

[Tokasarenb ITocne onepauyin UYepes 3 roza Yepes 7 net A
PacrionoxkeHne 1ieHTpa poTanum mo ocu Y, MM 20,3 20,6 22,7 2,4
PacnonoxkeHne LieHTpa poTauuu o ocu X, MM 34,7 343 36,2 1,5
NuxnuHaums, rpag,. 41,7 49,2 60,4 18,7
AHTeBepcus, rpag. 34,0 27,8 30,8 3,2

B IuHamMuke crycTtsi 7 jleT OTMeYaeTcs CMelle-
HMe IeHTpa poTalyuu B GOJNbIIEl CTeIeHN B KpaHU-
aJbHOM HaIlpaB/ieHUM, YyBeIMYeHue WHKIMHALUU
Ta30BOTO KOMIIOHEHTa M M3MEHEeHMe yI/ia aHTeBep-
cun. [Ipu 3TOM KJIacCUUeCKUX PEHTIeHONIOTMYeCKUX
MPU3HAKOB paclliaTbiBaHUs Ta30BOI'O KOMIIOHEHTA
nmo Charnley B Buae peHTreHONPO3PAYHbIX JIMHUI
Ha rpaHuile uHTepdeiicoB KOCTh — I[eMEHT He BbISB-
neHo. Knuunyeckasi omneHka (GyHKIMOHAIBHOTO pe-
3y/IbTaTa 110 MOoauUIMpoBaHHO ikane HHS Ha mo-
MEHT MOoC/efHero KIMHMYeCKOTr0 OCMOTpa CoCTaBMIa
97 6a/1JI0B. 1 .

[TpoBeneH aHamM3 0630PHBIX PEHTTEHOIPAMM Ta3a i I
naiyeHTa 53 jet (mauueHT 2), IepeHecIIero peBusnu- & ‘

OHHOE SHIOIPOTe3MPOBAHME JIEBOTO Ta300eApeHHO- N
IO CyCTaBa I1o MOBOY ACEIITUYECKOro paciarbiBanuss  PMC- 8. O630pHas peHTreHOrpaMma Tasa maryenTa 2
KOMIIOHEHTOB 3H/I0NPOTe3a T8.306e,£[peHHOI‘O cycTaBa C IIpM3HAaKaMM pacClIaTbIBaHNMs Ta30BOT'O U 6e,upeHHoro

KOMIIOHEHTOB 3HAOOIIPOTE3a JIEBOI'o TBC ¢ ocTeonnsom
¢ mpuMeHeHuem VKII Ha Ta30BOM U GeIpeHHOM Cer- .

6e,&p6HHOI/I KOCTU CJieBa
meHTax (puc. 8).

Figure 8. Plain X-ray of the pelvis of patient 2.

Signs of loosening of the pelvic and femoral components
of the left hip joint endoprosthesis and femoral osteolysis
on the left are observed
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[T OLleHKM PEHTTEeHOJIOTMYeCcKOi AMHAMUKU
BBIOpAHbI CHMMKM, BBITIOJIHEHHbIE HEIOCpenCTBEeH-
HO ToC/Ie onepanuu, yepes 1 rog M Ha MociefHEM
KOHTPOJIBHOM OCMOTpe uepe3 5 JieT ¢ MOMeHTa ore-
pauuu, Ha KOTOPBIA TMALMeHT SIBUWICS C XXajiobaMmu
Ha 6oy B 06/1IaCTH JIEBOTO Ta300eJpeHHOrO CycTaBa
(puc. 9). OyHKIMOHATbHAS OLIEHKA 110 MOAUPUIIUPO-
BaHHOI miKaine HHS Ha MOMeHT mociieqHero ocMoT-
pa cocraBwia 53 6asmia. [Ipu olleHKe peHTTeHOrpaMm
B JMHaMMKe 10C/Ie pPeBU3MOHHOTO 3HA0IPOTE3UPO-
BaHMsI OTMeYaeTCsl IOCTelleHHOe CMellleHNe 1ieHTpa
poTtauuy KpaHUaJbHO A0 14,9 MM U j1aTepaibHO [0
9,5 MM, yBenMueHMe UHKIMHALUYU U U3MeHeHNe aH-
TeBepCUM Ta30BOTO KOMITOHeHTa (Tabi. 4). HecmoTps
Ha OTCYTCTBME PEHTreHOJOTMYEeCKUX JUHUI Opo-
CBeT/IeHMsT Ha TrpaHule uHTepdeiicoB maHHas

MHUTpallyd Ta30BOI'O KOMIIOHEHTAa B COBOKYITHOCTU
¢ 60/1eBBIM CMHOIPOMOM 6bLTa pacClieHeHa KakK pacuia-
TbIBaHME Ta30BOTO KOMIIOHEHTaA.

OBCY>XKJIEHUE

OnHOVt U3 cepbe3HbIX IpobGIeM IMpPU aHalMU3e pe-
3yabTaToB HUMKII Kak MeTOOUKM, MHTepIIpeTauun
IaHHBIX JIUTEPATYPHI ¥ COOCTBEHHBIX JAHHbBIX SIBJISI-
eTcs 60JbIIoe KOJIMYEeCTBO TepeMeHHbIX U CIIOCO-
60B olleHKM pe3yabTaToB. OCO6GEHHO 3TO KacaeTcs
MPU3HAKOB pacllaThiBaHMsI KOMIIOHEHTOB U KOp-
pensuuu MeXAy PeHTTreHOJOTMYeCKUMM, TUCTOJIO0-
TMYEeCKMMU UM KIMHUYECKUMMU JaHHbIMKU. MHOTHE
aBTOPBI COOOGIIAIOT O XOpOoIllelt MepecTpoiike KOCT-
HO-TIJIaCTMYECKOTO MaTepuana, OLHAKO HeT eau-
HbIX KpUTEpUEB AJjis1 OLlEHKM TaKoi IepecTpoiiku,
a pEeHTreHoJoruvyeckue NpU3HAKM MOTYT 3HauM-
TEeMbHO OTAMYATHCS OT KIMHUYECKO! 6ecCUMMIITOM-
HOM cuTyaiuu ¢ GopMUpOBaHMEM CUHAPOMA «KJIU-
HMKO-PEHTTe€HOJIOTUYECKUX HOXHMI». C  ydyeTom
IaHHBIX 0OCTOSITEILCTB B OGECIIeUeHU MePBUUHOI
CTabMWIbHOM GUKCAUUM TPUOPUTET, IO HalIeMy
MHEHMUIO, cliefyeT OTBOAUTh MMEHHO MeXaHUYeCKUM

Puc. 9. KinMHMYeCKUiT TIpUMEp MUTpAlV Ta30BOr0 KOMITIOHEHTA C Pa3BUTMEM pacilaThIBaHMs y HalueHTa 2:
a — mocste onepauuun; b — yepes 1 rog; ¢ — yepes 5 jieT (CMelleHKe LeHTPa POTaLMy IIPOKCUMATbHO 1 KHAPYKH,

YBe/IMUEeHME MHK/IMHALOUN, YMEHbIIEHNE aHTeBepCI/II/I)

Figure 9. Clinical example of the pelvic component migration with subsequent loosening:
a — after surgery; b — in 1 year; c — in 5 years (shift of the rotation center proximally and outward, increased inclination,

decreased anteversion)

Tabnuua 4

ITokasaTesin MO3UIIMM Ta30BOr0 KOMIIOHEHTa 3HAOIIpOoTE3a JIEBOro TasoﬁenpeHHoro cycTaBa
Yy NanueHTa 2 Ha Pa3/INYHBIX CPOKaXxX

ITokasaTenb [Tocne onepauym Yepes 1 ropn, Yepes 5 et A
PacnonoxkeHue 1ieHTpa poTauum 1o ocu Y, MM 19,5 24,3 34,4 14,9
PacrnionoxeHune eHTpa poTanuu 1o ocu X, MM 42,9 433 52,4 9,5
VIHKIMHALMS, Tpa. 53,3 54,5 73,1 19,8
AHTeBepcus, rpag. 13,6 12,6 2,8 10,8
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rnapaMeTpamM MUCIHOAb3yeMOT0 KOCTHO-IJIACTUYECKOTO
marepuana.

CaMbIM BaXXKHBIM U HanboIee TPyJO0eMKMUM TATIOM
npu BoinonHeHuy UKII gBisieTcs yIIOTHEHME KOCT-
HO-TIJIACTMYECKOro MaTepuasia, KOTOpoe JOCTUTAeTCs
IyTeM MTOBTOPHBIX SHEPTUUHBIX YIAPOB UMIIAKTOPOM.
VIMeHHO 1ocjIe YIUIOTHEeHUST parMeHT ry6uaToii Ko-
CTU CTAHOBUTCSI JOCTATOYHO ITPOYHBIM, UTOOBI BbI-
JlepskaTh Harpy3Ky Moj BecOM IMallieHTa U CujiaMu,
BO3/IE/ICTBYIOIIVIMM B pe3y/iabTare (U3MOJIOTUIECKO
akTMBHOCTU. Ha cTemeHb YIJIOTHEHMS B OCHOBHOM
BJIMSIIOT CMJIa yapa M KOJIMYeCcTBO LIMKIOB. Bo BpeMs
npoliecca yIUIOTHEHUSI TpPaHCIUIAHTaTa MPOUCXOAST
IiacTudeckass medopmaiys U cMelneHne GparmeH-
TOoB KIIM Apyr OTHOCUTENbHO APYra, YTO MPUBOOUT
K UX 60j1ee 6IM3KOMY PaCIIONIOKEHNIO U YMEHbIIEHUIO
obbema [19].

Hamm skcriepyMeHTBI 10 U3YYeHUIO TOBeIeHUs
HampsokeHusT U gedopmMaru, XOTs M Jaau 1peaBa-
pUTeIbHbIE KPMBBIE HATIPSDKEHUS U AedopManyu, HU
B KOEM cCiydae He ObUTM MCUeprbIBalomyMu. Tem He
MeHee B 3TUX ITepBOHAUYaIbHbBIX KCIIEPUMEHTAX Mbl
TECTUPOBAIM HATUBHBIN KOCTHBIII KCEeHOMAaTepuasn
B YCJIOBMSIX, MOAENUPYIOIINX LMKIMUECKME Harpys-
KU, BO3[ENCTBYIOLMEe Ha TPAHCIUIAHTAT, U IOIy4YM-
JIX pe3y/bTaThl, Jalllye TpeacTaBlieHue O MPUPO-
e MexXaHMYeCKMuX siBaeHui, rnmpoucxopsamux ¢ KIIM
B KJIMHUYECKO MpakTuke. B UMKIMYECKUX UCIIbITA-
HMUSIX 00pasioB Mbl MOMYUMIM YBETUUYEHME MOIYIIS
YIOPYTOCTU C KaXAOM cepueit IUKIOB, UTO TOBOPUT
00 YBEIMYEHUM TUIOTHOCTY 0OPa3II0B U IOBBIIIEHUN
CITOCOGHOCTM TIPOTUBOCTOSATH Harpyskam. C mpyroii
CTOPOHBI, TIPU KAXKIOV CepUM LUKINIYECKUX HArPY30K
Ha (oHe YIUIOTHEHMS TPaHCIUIAHTaTa OTMEYasaoCh
OTHOCUTENIbHOE M3MeHeHMe oObemMa 00pasloB, UTO
B KJIMHMYECKOV MPaKTUKe 00513aTeIbHO IPUBOIUT
K M3MEHEHUIO TOJIOKEeHUSI KOMIIOHEHTOB 3HAOIpPO-
Te3a UM MPOSBISETCS B BUAE Pa3IUYHOI CTeleHU
MUI'pallMM — «I€MEHTHBIN alleTaOyJIsIPHbIA KOMIIO-
HEHT cjefyeT 3a YIUIOTHSIOUIMMCS TPaHCIIAaHTaTOM,
MpU COXpaHEeHUU C HUM HeloCpeICTBEHHOTO0 KOHTAaK-
Ta IO BCEi MOBEPXHOCTU».

E. Ornstein ¢ coaBTOpamu IpoBeIu pagnoCTepeo-
MeTpUUECKMiIl aHalMU3 MUTPALUM Ta30BOTO KOMIIO-
HeHTa nocie BbinosHeHHOM UKII ¢ mucronb3oBaHu-
€M BEepTIYKHOI BIIaJMHbI II€MEHTHOM GUKcauun
B 21 cimyvae y 20 mauueHTOB. BO Bpems omnepauyun
aBTOPbI BHEAPS/IM TAHTAJIOBbIe LIAPUKU AMAMETPOM
0,8 MM B 006J1aCTh aleTaOYISIPHOIO KOMIIOHEHTA, Ce-
JaMUITHOTO Oyrpa M KPBIIIM BepPTIYKHOW BIIaIMHbBI
C IMOCJIeYIONIEN OLIEHKO UX IONIOoKeHMs uepes 1,5; 3;
6;12; 18 u 24 mec. mocne onepanum. Bce, kpome onHO-
ro 13 21 KOMIIOHEHTOB, MUTPUPOBAJIN B TeUeHME 2 JIET
B IPOKCMMaIbHOM HallpaBJIeHU!, MeaHa COCTaBmIa
2,1 (0,5-6,4) MM; 6 KOMIIOHEHTOB — B MeIMaJbHOM
HanpasjaeHuu, meguana cocrasmia 0,8 (0,4-1,2) mm;
6 — B JlaTepaJibHOM HaIllpaBjieHMM, MeJIaHa COCTaBU-

jga 0,8 (0,4-2,0) mMm; 14 — B 3aAHEM HampaBJIeHUMN,
menuaHa coctauia 0,8 (0,3-2,3) mm; 1 amerabyisp-
HbIV KOMIOHEHT MUrpupoBas Ha 0,6 MM B IiepefHEM
HarnpaBiaeHUMU. Mwurpanusi IOCTEeeHHO 3amMmenJisi-
Jlach C TeueHMEeM BpeMeHM BO BCEX CAyuasix, OMHAKO
B 7 HAOMIOAEHNSX KOMITOHEHTBI ITPOIOJIKAIM CMe-
martbest B nepuopn 1,5-2,0 roma. ABTOpBI Toguep-
KHY/M, YTO B JAHHOM MCCAeJ0BaHUM MUTPaALUs IO-
Kaszasa 6osblllee CMelleHMe, YeM B aHaJOTMUYHOM
MCCIIeOBAHUM C TIPMMEHeHMeM OOBIYHON I[eMeHT-
HOJ peBMU3UM U KOMOMHALIMM LIEMEHTA C aymorpad-
TOM [20], YTO He MPOTMBOPEUUT AAHHBIM HAIIero
MCCief0BaHMS.

IMosmHee M. Mohaddes ¢ coaBTopaMu B MUCCIIeO-
BaHMM, TakKke OCHOBAHHOM Ha pajuoCTepeoMeTpu-
YyeCcKOM aHa/liu3e MUTpaluy Ta30BOTO KOMITOHEHTA
B TedyeHue 17 jieT mocjie omepanuyu peBU3IMOHHOTO
SHAONPOTE3UPOBAHMS C KUcIoab3oBaHueMm UKII, mo-
Ka3aju pe3yabTaThl, COTIOCTaBUMbI€ C JaHHBIMU, OTIU-
candbpiMu E. Ornstein c coaBropamu [21].

B pa6ore A. Philips ¢ coaBTOpamu, aHaJIOTMYHOIA
Haie, 6bII0 MOKa3aHO, UTO MPY MOCTOSTHHOM YPOB-
He Harpy3ku C yBeJIMYeHMEeM KOJMUYeCcTBa IMKJIOB
3HaueHMs MOZYJISl YIIPYTOCTU BBIXOJSIT Ha HEKOTOpPOe
IJIaTO, UTO, TAKUM 06pa3oM, OJUYePKUBAET BAXKHOCTh
xopouiero yrioTHeHus KIIM Bo BpeMsi oriepauyum gjist
YMEHbIIIeHUS Pa3BUTHUS TUIACTUUECKUX AedopMarinit,
MPUBOASUIMX K MUTPALIMM YalllKU S9HAOIIPOTe3a Mocje
ornepauuu [18].

[IpencraBieHHble HAMU KIMHUUYECKME MPUMEDPHI
MJUTIOCTPUPYIOT ONMCAHHbBIE BbINIe sSBIeHMs. B 060-
UX CIyYasix B CpeIHEeCPOYHOM Iepuoze Mbl UIEeHTHU-
buiupoBanyu pasBuBIIMECS TIOA, BO3IENCTBUEM IIK-
KJIMYEeCKMUX Harpy3oK MpuU3HaKuM MUTpAIUM Ta30BOTO
KOMIIOHEHTa CO CMellleHMeM LieHTpa poTaluy, Kak
ONMCHIBAJIOCh BbIllle, B KPaHMAIbHOM U JaTepasib-
HOM HallpaBJeHMSIX, & TaKKe yBeJIudyeHue yria UH-
KIMHALMM U U3MeHeHMe aHTeBepcuu. IOCTaTOYHO
KPUTUYECKass WMHKIVMHAUMS BIAOMHBI 0OYCIOBIIe-
Ha yiuioTHeHueM KIIM mnpeumyinecTBeHHO B I 30He.
OpHako Kjlaccuyeckue TIpM3HAKM pacllaTbIBaHUS
KOMIIOHEHTOB B BUJE PEHTreHOMpPO3PayHbIX JiU-
HUI TONIIMHON 2 MM U 6GoJjiee OTCYTCTBYIOT. TeM He
MeHee Y TamyeHTa 2 C Y4eTOM OIleHKM (YHKIMO-
HaJIbHOTO pe3yibTaTa Io mikaje HSS B 53 6amia u
’Kaj106 Ha 60JIb CUTYaLVsI C MUTpaLMeil areTabymsp-
HOTO KOMITOHEHTa MOXXeT ObIThb pacileHeHa Kak pas-
BUBalollleecsl pacliaTbiBaHUe, CAYXUTb MMOKa3aHUeM
K [MPOBEIEHNIO PEBM3MOHHOIO BMelllaTe/bCTBa.

C Iapyroii CTOpOHBI, HEKOTOPBIMM aBTOpaMu CO-
06IIAIOCh 0 HAINYMUYM PEHTTE€HOIIPO3PAYHBIX JTMHMIA
B KJIMHUYECKU 340p0BOM cycTaBe nocie UKII, omHako
MX 3HaUeHMe B IPOTHO3€ BbIKMBAEMOCTU OTAEIbHOTO
MMIUIQHTaTa He SICHO [22].

T. Slooff ¢ coaBTOpaMy, MOApPOGHO OIMCABLINE
npouenypy UKII Ha Ta30BOM cerMeHTe, MOAYEPKU-
BaJIM, UYTO OHA CWJIbHO 3aBUCUT OT XUPYPTUUECKOM

109 2024;30(4)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



TEOPETUYECKWME N SKCMEPUMEHTAJIbHBIE MCCNEOOBAHNSA / THEORETICAL AND EXPERIMENTAL STUDIES

TexHUKM [23]. Knuunuyeckoe HabmomeHue C UCIOIb-
30BaHMeM oneHKu GyHKiuy TBC mmpoko pacmrpo-
CTpPaHEHO ¥ BIIOJTHE MOKeT ObITb YMECTHbBIM, OHAKO
peHTreHorpaduueckas oleHKa CJIOKHA U MOXKET ObITh
HEeHaJlesKHOV IJ1s1 OLleHKM MHTeTpalu U peMOAeIN-
posanus KIIM [24].

C ToukM 3peHMs] OMOMEXaHMKM TepBUYHAST CTa-
6uabHasT (UKCAIMS MOXKET ObITh TapaHTUPOBAHHO
IOCTUTHYTa TPU MCIIONb30BaHMM TaK Ha3bIBAEMOIA
MIeabHOV CMeCy KOCTHBIX ()parMeHTOB, MMEIOIINX
rpagyeHT Gpu3nyeckux pasMepoB, KOTOPbIe OTMbIBA-
JIUCh OT 3KMpa U ONITUMATbHO YIUIOTHSIIach. HecMoTps
Ha TO, UTO 3TU 3Talbl JOCTATOYHO TPOU3BOJIbHBI U He
MMEIOT KOHKPETHBIX TTapaMeTpPOB, OHU TeM He MeHee
BIMSIIOT Ha OMOMIOTMUYECKME TPOIEeCChl, CBSI3aHHbIE
¢ nepecrpoiikoit KIIM. IIpymeHeHMe M3MebUEHHO-
ro KOCTHOTO TPAHCIUIAHTATa TAKUM CITOCOO0M MOXKET
OBITh M3YUYEHO Uepe3 MeXaHMKY I'PYHTa UM MEeXaHUKY
VIUIOTHEHMS, & CaM TPAHCIVIAHTAT MOXXET ObITh OIM-
CaH KaK MaTepuas B BUie YaCTHUIL 1, 60/iee KOHKPETHO,
KaK PBIXJIbIii aryioMepart uiay arperar [25]. B texunuec-
KUX HayKax yIUIOTHEHME U TIOBeJeHMe MaTepuaaoB
B BUJI€ YaCTHUI] B OTHOCUTEIbHO MPOCTHIX HAMIPSKEH-
HbBIX COCTOSIHMSIX HE COBCEM IOHSITHBI, & B COBOKYII-
HOCTU C MeXaHMYEeCKUMMU NapameTpamMy KOCTU MpU-
MeHeHMe 5TUX 3HaHUl BeCbMa OrpaHu4eHo [26].

HekoTopble uccienoBatein MOMbITAIUCH ONITUMM-
3MpOBaThb MexXaHMYeCKMe XapaKTepUCTUKU U3MeJlb-
YEeHHOT0 KOCTHOTO TpaHCIUIaHTaTa MpU MMIaKIUM,
9KCIIEPUMEHTUPYSI C pa3MepoM (parMeHTOB U UX
rpajaunmei, a Takke NbITAIMCh CMEIINBATh C YaCTU-
LIaMM OPYTUX MaTepuanoB, 6oiee MPOYHBIX U TUIOT-
HBIX, YeM KOCTb, 9KCITEPUMEHTUPOBAJIU CO CIIOCO6aMM
yIuioTHeHus [27, 28, 29].

Takske BaskHYIO POJIb B YIVIOTHEHUU UTPaeT XXUZ, -
KocTb. ComepskaHue Bjiaru B TPYHTE SIBJISIETCST ONITU-
MaJIbHbIM, KOT[Ia €e MOCTATOYHO, YTOObI CMa3bIBATh
YaCTUIII, CIOCOOCTBYS UX OTHOCUTETbHOMY JIBUKE-
HUIO, HO He HACTOJIbKO, UTOOBI B SKUJKOCTM pa3BUBa-
JIOCh JABJIEHME U YaCTUIIbI OB pa3aeneHbl. OmHOI
u3 ocobenHocreit KIIM sBjsieTcsl BbICOKOE COmEp-
sKaHMe KUIKOCTU (06bIYHO 52% Bombl U 31% kupa),
YTO SIBISETCS M30BITOYHBIM [IJIST HEIIOCPENCTBEHHOTO
MUCIIOJIb30BAHMS B KIMHUYECKOM MpakTuke. O6GbIYHO
nepen npuMmeHenuem KIIM mpoBOguTCS mpOMbIBa-
HME KOCTHBIX (pparMeHTOB TEIUIbIM (U3PaCTBOPOM
DIl yOAJaeHUs JKUPOBOii, puOPOPeTUKYISIPHONM TKa-
HM B MEXTpabeKyJSIpHOM MPOCTPAHCTBE IyOuaToii
KOCTU. DKCIepuMeHTalbHble MCCIed0BaHUS in Vivo
Ha B3POCJIbIX CBUHbSIX ITOKA3aJIM, UTO yAaJeHue XXupa
YBeIMUMBAET HAYAIbHYIO CTAOMIBHOCTb MMIIAKTU-
pPOBaHHOI KOCTHO}M Mmaccel [25]. Takum o6Gpasom,
MMPOMbBIBaHME KOCTHBIX (PParMeHTOB ITOBBINIAET CTa-
6unbHOCTh KIIM myTeM yaydlleHUs] MIPOYHOCTU Ha
COBUT TpaHCIUIaHTaTa [25].

B Hammx skcrepMMeHTax ObLIM BBISIBJIEHBI OIpe-
JleJIeHHbIe 3aKOHOMEPHOCTH TIpU PaboTe C «CyXUMM»

obpasnaMu U ¢ gob6aBIeHMEM pacTBOpa IIUIEepUHa,
MPUOMVKEHHOTO TI0 PEeOJIOTMYECKUM CBOMCTBAMU
K KpoBM. B 06pasiiax ¢ mobaBiieHMEM KUIKOCTY ObUI
MOJTyYeHbI 60J1ee BLICOKVE MOIY/IYM YIIPYTOCTH 3a CUET
MpOSIBJIEHMST TTOpOoynpyrux 3ddekToB. HecmoTps Ha
MOJTyYeHHbIe TaHHbIe, KOPPeIMpYyIolye ¢ pe3yibTa-
TaMM APYTUX aBTOPOB, OHM He SBJISIIOTCS abCOMIOT-
HBIMM, TTOCKOJIbKY TECTUPOBAIM HATUBHBIN KOCTHBIN
KCEHOMAaTepual B yUIOBUSIX, KOTOPbIE OTJMYAIOTCS OT
YCJIOBUIA in Vivo, KOTAa B paHe Takke IMPUCYTCTBYIOT
KJIETOUHBIV Ae6puc, 6eJIKu U Ip.

[ToBenmeHMe CIOKHBIX MHOTOKOMITOHEHTHBIX CUC-
TeM TIO[ BIVSTHUEM CUJI PA3JIMUHbBIX BEJIMUMHBI U Ha-
MIpaBJIeHNs], CBSI3aHHBIX C IeSITeIbHOCTBIO TALVEHTA,
TaKKe HaXOOUTCS B cepe MHTEPECOB OMOMEXaHUKMA.
A. Phillips ¢ coaBTOpaMy ¢ MOMOIIbIO JTBYXMEPHOTO
KOHEUYHO-3JIEMEHTHOTO aHalIn3a B SKCIIEPUMEHTaX
omnucaau IoBeJeHMe Ta30BOro komrioHeHTa u KIIM
MOJ, [OEeVCTBMEM IIOCTOSSHHOM M TMepEeMEeHHOM CUII.
B xome aHanmM3a KOHTPOIMPOBAIM Pa3BUTHE CMeIe-
HMSI U TIOBOPOTA BEPTIY>KHOTO KOMITOHEHTA TI0 4aco-
BOJi CTpeJIKe, CpaBHMBAS BIAAMHBI AMaMeTpoOM 44 MM
1 56 MM. Bpu1o 1okasaHo, 4TO ¢ 60/bIIei BIIafgMHOM
rmacTudeckue aedopManyuy TPAHCIUIAHTATA pPa3BU-
BaJICh B MEHbIIIE} CTEIIEHN, UYTO MOKET ObITh MHTEP-
MPEeTUPOBAHO KAaK IPEMMYIIECTBO MCIIOIb30BaAHMS
KOMITOHEHTOB 60JIbIIIETO pasMepa B couetanuy ¢ MKII
[30]. Tlo3mHee Te ke aBTOPBI, IPOBES] aHAIU3 BIIUSI-
HUSI GU3MOMOTMUECKMX HATrPy30K HA MUTPAIMIO Ta-
30BOT'0 KOMITOHEHTA IIPU eCTeCTBEHHON aKTUBHOCTH,
BBISIBWJIN, UTO IIPU XOAbbe HauboJIbllee BO3IeCTBIE
MIPUXOOUTCS Ha BEpPXHUI Kpall BepTAY>KHON BHaOM-
HbI ¥ TIPUBOAUT K MUTpauuu BBepx. IIpucakuBanue
Y BCTaBaHMe ObLIM 110 cBOeMY 3G (EKTY CXOKU U BbI-
3BIBJIV MUTPAIIMIO BITAAVHbBI K3aau. [Ipu omieHKe Cul,
MPUBOASIINX K CMEIIEHUIO BO BPeMSI XOAbObI, BbI-
SIBJIEHA POTAlMS BOKPYT CarUTTAJIbHOI OCY, IIPUBO-
Isasi K abayKIimm ¥ AeMOHCTPUPYIOIIAsT TUTTMYHbBIN
B PEBM3MOHHOM SHJOIPOTE3UPOBAHMM MeXaHU3M
pasBUTHUSI pacCIIaThIBAHMS Ta30BOTO KOMITOHEHTA.
HampotuB, mpu BcTaBaHMM U MIPUCAKUBAHUM TTPOUC-
XOAUT POTaNysT BOKPYT (PPOHTANBbHON ¥ BePTUKAJb-
HOJ oceil. DTO MPOUCXOOUT U3-3a Pe3yAbTUPYIOIIEN
CUJIBI, AEVCTBYIOIIE B OCHOBHOM B BepXHEM Halpas-
JIEHVUY BO BpeMsI XO[IbObI ¥ B 3aJHEM HAIIPaBJI€HUY BO
BpeMSI IPUCAKMBAHMS U BCTaBaHus [31].

W. Nele ¢ coaBTOpamu B cBOEM GMOMeXaHUYECKOM
MCCIeNOBAaHMM TIPOBEIV CPABHUTEIbHYIO OIIEHKY J1aB-
JIEHUSI, TOPCMOHHOV HArpy3KM ¥ OTPbIBA BIAAVHBI
nocine mpoBefeHHON UKII B ywIOBMSIX PasIMYHBIX
CerMeHTapHbIX HeheKTOB BepTIYKHOM BIAAVHBI.
Iedexkrsl TMHa [IB o Paprosky 6111 ppesepoBaHbl Ha
15 mosnyTasax CBMHbBM C yIJIAMU CETMEHTHBIX Ie(eKToB
40°, 80° 1 120°. ITocne UKII B KaXkAoM CJiyyae MMILIaH-
TUPOBAIN TIONIUITUIEHOBYIO YAIlKy 1IeMEHTHOM (GUK-
cayu. Yamku ¢ UKII rokasany acMMIITOMAaTUYECKYIO
murpanuio B cpegHem Ha 0,26%0,11 mm. B nutore UKII
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He ToKa3ajia XyaImx 6MoMexaHUUeCKUX CBOVCTB TPy
yrax nedexra cermeHtapHoro tuma IIB mo 80° mo
CpaBHEHMIO ¢ yalrkaMmy 6e3 gedexTos [32].

BesycioBHO, BakHbIM (aKTOPOM, TaKke BIIMSIO-
IIMM Ha CTaOMIbHOCTD ITIOJOOHOI CIOKHOI GMoMe-
XaHUYECKOM CUCTEMBI, SIBSIIOTCS OMOJIOrMYecKue
npoueccol repectporiku KIIM, cBsi3aHHbIE KaK C Jer-
pajaumei, Tak U KocreobpaszoBaHuemM. CyIecTBYIOT
orpefie/ieHHble TTPOTUBOPEUMS B BOIIPOCe HEOOXOIM-
MOCTY TIOJTHOJ OCTeOMHTerpauyuu uin BO3MOXKHOCTHU
obecrieunTh NpUEMIEMYIO CTeleHb CTAaOUIBHOCTU
B JOJITOCPOYHOJ ITepCIIeKTUBE 3a CUET BpacTaHUs BO-
JIOKHUCTOJ TKaHU. [JaHHBIE aCIleKThl B HAllleM UCCIIe-
JIOBaHUM He PacCMaTpPUBAIUCD.

JOIIOTHUTEJ/IbHASI THO®OPMALIVISI

3aseneHHslii 6K1a0 asmMopos

TonvHuk B.H. — olleHKa ¥ MHTepIpeTanys JaHHbIX KIu-
HMYECKOTO 3Tara, HalmucaHue TeKCTa PyKOIIMCH.

@édoposa H.B. — oOlleHKa M MHTepIpeTauusi AaHHBIX
9KCIIePUMEHTaTbHOIO Talla.

Jlapuukuxn A.FO. — 3KcriepuMeHTa/lbHas pabora, 006-
paboTKa NaHHBIX, aHAIN3, HATlMCAHMe U pelakKTUPOBaHMe
TeKCTa PYKOIUCH.

Botiko C.B. — 3KcllepMMeHTajbHas paboTa, aHaIu3
M MHTEepIpeTauys JaHHbIX.

Ianuenko A.A. — 3KcIlepuMeHTaabHas paboTa, aHaIN3
M MHTEepIpeTauys JaHHbIX.

Kocunos A.M. — 3KcmiepuMeHTabHas paboTa, aHAINU3
M MHTEepIpeTauys JaHHbIX.

Ienezanuyk B.A. — mu3aifH McCIeq0BaHMs, HaMMCaHMe
M peJaKTUPOBaHMe TeKCTa PYKOMUCH.

Ilasnoe B.B. — py3aiiH UCCIeN0BaHMs, HAy4YHOe PYKO-
BOJICTBO, PeJJaKTUPOBaHMe TeKCTa PYKOUCH.

Bce aBTOphI mpowin U ofo6puau GUHAIbHYIO BEpCUI0
PYKOIIMCH CTaThy. Bce aBTOPBI COMIACHBI HECTU OTBETCTBEH-
HOCTb 3a BCe acreKThbl paboThl, YTOOBI 00ECITEUNTD Ha/IJIEXa-
Iiee pacCMOTpPeHMe U pellieHVe BceX BO3MOKHBIX BOTIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZEKHOCTHIO JII0060 YacTu
paboThl.

Hcmounuk  unaHcuposanus.  ABTOpbI  3aSIBJISIIOT
06 OTCYTCTBMM BHeIIHero puHaHCHMPOBaHMS MIPU MpoBe[e-
HUY UCC/IeOBaHMS.

Bo3mookHblii KOH(pAUKM UHmMepecoe. ABTOPBI JeKia-
PUPYIOT OTCYTCTBME SIBHBIX Y MOTEHIMATbHbIX KOHGIUKTOB
MHTEPECOB, CBSI3aHHBIX C ITyOIMKAaIVeil HaCTOSIIEN CTaThU.

Amuueckas 3kcnepmu3a. He npuMeHuMa.

HupopmuposanHoe coenacue Ha ny6nukayuio. ABTOpbI
MONMYyYWIM MMUCbMEeHHOe COoIacue MalleHTOB Ha yuyacTue
B MICCTIEIOBAHUY U MTyOIMKAIVIO Pe3YIbTATOB.
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Pedepar

AxkmyansHocmp. ToTanbHOE SHIONPOTE3MPOBaHME KOJEHHOTO CyCTaBa y IMalMeHTOB B pe3uIyaJbHOM Iepuoje Ioano-
MMETUTA SIBJISIETCS CJIOKHOV TEXHMYECKOI 3a[jaueil B CBSI3U C aHATOMUYECKMMM 0COOEHHOCTSIMM M 06YC/IOBIEHHBIMU STUM
CJIOSKHOCTSIMM TTPY BHIOOPE MMITIAHTATA.

Llensto ny6aukayuu SIBASIETCS NEMOHCTPALMS YCIEITHOTO 3HAOMPOTE3MPOBAHMSI KOJEHHBIX CYCTABOB Y TMalMeHTa
C BBIPAKEHHOI TUITEPIKCTEH3YEN Y BAIbI'yCHO medopmaliueii B pe3uayabHOM IEPUOAE MOJIMOMMETUTA IO, KOHTPOIEM
HaBUTAL[MOHHOM CUCTEMBI.

Onucanue cayuas. TIpencTaBiieH KIMHMYECKUIA CTyuaii JeueHus maluyeHTa 55 1eT ¢ HYoKHUM neprdepudeckum mnapamnape-
30M KOHEYHOCTei B pe3yJibTaTe lepeHeceHHOTO MOIMOMMeNNTa, IBYCTOPOHHMM FOHapTPO30M COIPOBOXKIAIIMMCS Bajlb-
T'YCHOI1 medopmanyeii M BbIpaKeHHO rumepaKkcTeHsueit. ITalyeHT nepeaBuraics ¢ KOCThIIIMM Ha paccTOsiHME He Golee
300 M. B mBa sTamna 66111 BBITTOTHEHBI OMEepallMy SHAOIIPOTE3MPOBAHMS KOJIEHHBIX CYCTABOB C MPYMEHEHMEM HaBUTAI[MOH-
HOJi CMCTeMBbI ¥ YCTAaHOBKOJ POTALIMOHHO-CBSI3aHHbBIX MILJIAHTATOB BTOPOTO IMOKOIeHMs. Yepes 4 roma JOCTUTHYT XOPOIINii
KIMHUYECKUI pe3yibTarT, MaljMeHT YA0BJIeTBOPEH pe3ylibTaTaMy ollepalyiu.

3axnouenue. HaM ynanoch JOOUTHCS XOPOIIUX PE3YAbTATOB SHAOIPOTE3VPOBAHMS Y MalMeHTa C IBYCTOPOHHE BhIpaskKeH-
HOJ TUTIEPIKCTEH3MEN 1 BaTIbTYCHOIT AedopManyieil KOJEHHBIX CYCTAaBOB B pe3UAYyaIbHOM MEePUOE TIONMOMMETnTa 61aro-
Japsl UCIIOTb30BAHMIO Pa3pabOTaHHOTO CIIOCO6a YCTAHOBKM POTALMOHHO-CBSI3AHHOTO SHIOIPOTE3a BTOPOTO MOKOIEHUS
1071, KOHTPOJIEM HABUTALIMOHHO CUCTEMBI.

KiioueBble c10Ba: TOTAJIbHOE SHIOMPOTE3UPOBaHME KOJEHHOTO CYCTaBa, IMOMMOMUENINT, TUIIEPIKCTEH3NS, BATbTyCHAs
Iedopmaliysi, KOMIIbIOTEPHAS HaBUTaI[MS.
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Computer-Assisted Total Bilateral Knee Arthroplasty
for a Patient with Severe Hyperextension in Residual Poliomyelitis:
A Case Report

Valery Yu. Murylev %, Semyon S. Alekseev?, Grigory A. Kukovenko -2, Pavel M. Elizarov !,
Dmitriy O. Golubkin', Aleksey V. Muzychenkov -2

.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia
2 S.P. Botkin Moscow City Clinical Hospital, Moscow, Russia

Abstract

Background. Total knee arthroplasty in patients in the residual stage of poliomyelitis is a technically difficult job.
The reasons for this are anatomical features and therefore difficulties in an implant choice and conflicting results.
In the present case report, we describe a unique method of a computer-navigated installation of a rotating-hinge implant
in a non-standard position for a patient with residual poliomyelitis.

The aim of the study is to demonstrate a method of a computer-navigated installation of rotating-hinge knee implants in a
patient with severe hyperextension and valgus deformity in the residual stage of poliomyelitis.

Case description. The clinical case presents a 55-year-old man with lower peripheral paraparesis as a consequence of
poliomyelitis and bilateral valgus knee arthritis with severe hyperextension. The patient moved on crutches at a distance
no more than 300 meters. Two-stage total knee arthroplasty was performed using a navigation system and second-
generation rotating-hinge implants. At the 4-year follow-up period, we note a good clinical result, and the patient is
satisfied with the total knee arthroplasty outcomes.

Conclusion. The clinical case demonstrates good results of performing total knee arthroplasty in a patient with bilateral
severe hyperextension and knee valgus deformity in residual poliomyelitis. Having analyzed available topic-related
literature, we developed an original method of a computer-navigated installation of a second-generation rotating-hinge
implant. The method can be an effective treatment solution for patients with knee arthritis deformity in the residual stage
of poliomyelitis.

Keywords: total knee arthroplasty, poliomyelitis, hyperextension, valgus deformity, computer navigation.
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BBEJTEHUE

IMonmoMuenut — ocTpoe WUHOEKIMOHHOE BUPYC-
HOoe 3abosieBaHMe, IPOSBISIIONIEECS] PA3IUUYHBIMU
KIMHudeckumu popmamu. HecmoTpss Ha TO, UYTO
3a00j1eBaHMe BO3HMKAET TOJbKO Y HEMPUBUTBHIX U
B OOJBIIMHCTBE CyyaeB MHQEKIMUS IIpPOTeKaeT bGec-
CUMIITOMHO, Hauboiee XapaKTepPHO! U TSKEIOi SIB-
JIIETCS €T0 mapaauTuieckast Gpopma, ImpOsIBIISIOIIASICS
BSIZIBIMM TIape3aMM HIDKHUX KOHeUHocTeli. ViIMeHHO
MauyeHTbhl B pe3uayaJbHOM Iiepuofe CIMHAIbHOI
MapajuTUIecKoi GOpMbI MTOIMOMUENINTA TIPEICTaB-
JITIOT HaMOOJbIINII MHTEpPeC IJsl OPTONeanNdecKoi
npakTuky [1]. Y HUX 4acTo BCTpeUaloTCcsl HeCTabuib-
Hasl BajbIycHas medopMaliusi, Hapy>kHasl poTtanust u
BbIpakeHHasl peKypBallMsl TOJieHM, TOABBIBUX WU
BBIBMX HaJKOJeHHMKA, a TakKKe BHeCyCTaBHasl [e-
opmanus 6egpeHHBIX M OONBIIEOEPIIOBBIX KOCTEIA.
OTM aHATOMMYECKUE OCOOGEHHOCTM B COBOKYITHOCTY
C HEelpOMBIIIEYHbIM Ae@uUUTOM KBaapuilernca u
CBSI30YHOM HeCTaOMJIBHOCTBIO (OPMUPYIOT CJIOKHYIO
TeXHMUYEeCKyI0 3ajauy. Ha paHHMUX CTaausax JieueHus
MOCeCTBUI TTOMOMMENNTA BO3MOXKHA KOPPEeKIIus
3a CUeT IVIACTUKM CBSI30K ¥ KOPPEKIIMOHHOI 0CTe0TOo-
MMM, OTHAKO IT0 Mepe pasBUTUSI apTpo3a ¢ 60/IeBbIM
CMHIPOMOM METOIOM BbIOOpA CTAHOBUTCSI TOTaNIb-
HOe 3HJIOIpPOTe3UpPOBaHMeE KOJIEHHOro cycrasa [2].
Llenecoo6pa3sHOCTb TNPUMEHEHUS] JAHHOTO MeToaa
y MalMeHTOB B pe3uayaJlbHOM Ilepuoje mojuomMue-
JIUTAa OO0 CUX TIOp OCTaeTCs OVCKYCCMOHHOV BBUIY
BO3MOXHBIX IIOXMX (DYHKIIMOHAJIBHBIX pE3y/bTa-
TOB ¥ BBICOKMX PUCKOB pelyUIMBa HECTAOMIbHOCTU
U peKypBaluu.

Ilenvio nybnukayuu SIBASIETCSI  TE€MOHCTpAIUS
YCIIeIIHOTO YHIOIMPOTEe3MPOBaHMS KOJEHHBIX CYyCTa-
BOB Y MalM€HTa C BbIPaKeHHOM TUITEPIKCTEH3UEN U
BaJIbTYCHO Aedopmaniyeii B pesuayaabHOM Iepuo-
Ile TIOIMOMMeNNUTa Iof, KOHTpoJieM HaBUTALMOHHOI
CUCTEMBI.

Onmncanne KIMHNIECKOTO aryyas

AnamHe3. MyxxunHa, pogusiuuiicsa B Ilepy B 1964 r.,
repe6osiesl CIMHANBHON MapaauTuueckoit hopmoit
MOIMOMMENNTa B BO3pacTe IBYX JIET. B pe3umyanb-
HOM Ilepuofie y TMalyueHTa Habmwoganach KapTuHA
HIDKHEro Tnepudepnuyeckoro maparnapesa HIDKHUX
KOHeyHocTeil. B Bo3pacre 14 jeT mauueHTy IIPOBO-
IWINCh PEeKOHCTPYKTUBHbBIE Ollepaluy Ha CBsI3Kax
TOJIEHOCTOITHBIX CYCTaBOB. B 1986 T. BBINOJIHEHO ap-
TPOLEe3MpOBaHME JIEBOTO TOJIEHOCTOITHOTO CYCTaBa.
C 1980-x IT. mauMeHT OTMeYas MOosBIeHue 6oneit u
YyBCTBA HECTAOMJILHOCTU B KOJIEHHBIX CyCcTaBax Ipu
xoap6e. C 2000 1. cTpeMUTENBHO MPOTPECCUPOBAIIU
pekypBaHTHasl Oedopmalius KOJEHHBIX CYCTaBOB U
BasIbTyCcHas1 medopMaliusi, 60J€BOI CMHIPOM M UyB-
CTBO HECTAaOWIbHOCTM B KOJIEHHBIX CycTaBaxX. B aTor
Ke TepUof, MalMeHT CTal UCIbIThIBATh BbIpaKeHHbIE
TPYAHOCTU TIPU XOnbbe 0 JeCcTHUlle, IpU T0Tb30Ba-

HUM OOIECTBEHHBIM TPAHCIIOPTOM, IIPUMEHST 06€e3-
6onuBaronie cpencrsa 1-2 pasa B HeAEI0, UCIOJIb-
30BaJ Ipu xombbe TpocTh. C 2012 r. mamueHT ObLI
BBIHYKJ€H MCITOb30BaTh IPYU X0IbO€e TOTOTHUTEb-
HYI0 OTIOPY — [Ba MOAMBIIIEYHbIX KOCTBLIS, MOTHO-
CTHIO OTKA3aJICsl OT XOAbOBI IO JIeCTHUIE U Tiepe-
CTal TIOAb30BAThCSI OOIECTBEHHBIM TPAHCIIOPTOM.
Ha moMmeHT o6pamenust B uwoie 2019 r. B Bo3pacre
55 jieT mamueHT exxeqJHEeBHO IPMHMMAJ 06e360/1Ba-
IOIMe TIperapaThl ¥ MOT IIpoiTH 6e3 OTabIxa He 60-
nee 300 M.

Ipu nocmynaenuu. B centsibpe 2019 r. manyueHT
OB TOCIIUTATU3UPOBAH IS TIPOBEHNEHUST MePBbIM
3TaloM ONepaTMBHOrO BMeUIATe/JbCTBA Ha MPaBOM
KOJIEeHHOM cycTaBe. Y MaluyueHTa 0TMevanach ABYCTO-
pOHHSSL (PUMKCUMpOBaHHAS BalbrycHas aedopMaius
HIDKHUX KOHEUHOCTE 0KOJI0 5—7° Ha YPOBHE KOJIEH-
HBIX CYCTaBOB C ABYCTOPOHHEN TUIMEPIKCTEH3UEI,
YBEeJIMUMBAIOIIENCS ITPU Harpyske g0 40°, Takum 006-
pasoM, 06beM IBUKEHMIT B KOJIEHHBIX CyCTaBax CO-
crapsia -40...0...110°. IIpu xoapbe OH BBIHYKAEHHO
67I0KMPOBA KOJIEHHbIE CYCTaBbl B IOJIOKEHUM TU-
MEePIKCTEH3UM, UTO TUMIMYHO JJis MalMeHTOB C Ma-
pe30M HMKHUX KOHEYHOCTe mociie epeHeceHHOTo
nonuomuenura (puc. 1).

Puc. 1. BHeurHuit B[ aijueHTa 4o onepauun
Figure 1. The patient’s appearance before surgery

IMaccuBHOE crMbaHMe B KOJEHHBIX CyCTaBaX Orpa-
HMYEHO He 6bUIO0 U JocTuraao 130°, akTUBHOE CTHU-
6anne — 110°. Cuna yeThIpexIaBbIX MBINII Gempa
¢ 00eux CTOPOH OlleHMBajach B 2 6ayiiaa u3 5 1Mo 06-
MIENIPUHSATON KIMHUYECKMMM HEBPOJIIOTaMU CUCTEME
Medical Research Council Scale (MRC) [3], uTo 03Ha-
YyaeT BO3MOKHOCTb IOJTHOI0 06beMa IBMKeHMI TOMb-
KO IIOC/Ie YCTPaHEHUS] CUJIbI TSDKeCTU (KOHEYHOCTh
TOMeINIaeTcsl Ha OIopy). B MpaBoM roieHOCTOITHOM
CyCTaBe — IOJTHOE OTCYTCTBME aKTUBHBIX M TACCUB-
HBIX IBMKEHMIA, B IEBOM — 00beM MaCCUBHbBIX JBVKE-
HUI1 B TIpegeax 5°, akTMBHbIE IBMIKEHUST OTCYTCTBO-
Ba/iM. PeHTreHOJOrMYecky y TalyeHTa OTMedascs
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IBYCTOPOHHMUII TOHAPTPO3 3 CT., BajbrycHas medop-
MalMsl HVDKHUMX KOHEUYHOCTell Ha YpOBHE KOJNIEHHBIX
CyCTaBOB (CrpaBa u ciaeBa okono 10°), orpaHMYEeHHbIE
IedeKThl JaTepalbHbIX MBbIIIEIKOB 00eMX OoJblie-
6epIoBBIX KOCTEH, AUCIUIACTUYECKMEe W3MeHEeHMs
MBIIIEJIKOB GeAPEHHBIX U OOJbIIEOEPIIOBBIX KOCTEN,
HajgkoneHHMKa (puc. 2). UTOroBelii Iokasatenb MO
ajanTtupoBaHHOI 1ikanae Knee Society Score (KSS) [4]
cocTasJsil 25 6aJUIOB.

Puc. 2.
IMomHOpa3MepHbIe
CHUMKM HUKHUX
KOHEeYHOCTe

C Harpy3Koit

IO orepauumn
Figure 2.
Full-length X-rays
of the lower
extremeties under
load before
surgery

Iepewiii sman onepayuu. 04.09.2019 r. O6BIIO BbI-
IIOJTHEHO ONepaTUBHOE JieueHue — SHIOIMPOTE3U-
pOBaHMe MPAaBOTO KOJIEHHOIO CyCTaBa C MCIIOIb30-
BaHMEM HaBUTAILlMOHHOI cucTeMbl GupMmbl Stryker.
VuuThIBasi 0COGEHHOCTM MAIEHTOB C HEPOMBIIIEY-
HbIM NeULIUTOM TOC/Ie MepeHeCceHHOTo IMOoJMOMMU-
eInTa, MaHHbIE TPeJOTEePAlYIOHHOTO 00C/IeqOBaHMs
M ONBIT 3HIONPOTE3UPOBAaHMSI TaKMUX MALMEHTOB,
OMMCaHHBIN B IUTEpaType, B KauecTBe INIaHUPYEeMO-
ro MMIUIaHTaTa 6bUT BbIGpaH Zimmer Rotation Hinge
Knee (Zimmer Biomet, CIIIA). [Tpu o1ieHKe UCXOLHOTO
COCTOSIHMSI KOJIEHHOTO CyCTaBa B Haudajle oIepaunum,
COTJIaCHO NAaHHBIM HaBUTaI[MM, BaJabIycHas nedopma-
LIMSI COCTaBJISLIA 2°, TUIIEPIKCTeH3UsT — 10 35°, Makcu-
MajibHOe crubanue — go 129°(puc. 3).

[IpyHMMas BO BHMMaHME TeXHMUECKME XapaKTe-
PUCTUKY BBIOPaHHOTO MMIUIAHTATA, B IpOLiecce ore-
paluy MO3TAIHO GbIM OCYLIECTBJIEHbI IUCTATbHbIN
onmwi GedpeHHOV KOCTM U TPOKCMMAJIbHBIA O
607bI1e6EPITOBOI KOCTU TIOM, KOHTPOJIEM HaBUTraly-
OHHOII CHCTEMBI U C TTPOBEPKOI BEJTMUMHBI pasruba-
TeJIbHOTO U CrubaTeabHOTO ITPOMEXKYTKOB CTAHIapT-
HBIM MHCTpyMeHTapueM. Takum o6pasom, peseKiust
6enpeHHOI KOCTU gocturaa 10 MM [ijisi BHYTpeHHEro
MBIIIENKa 1 5 MM JJ151 HApysKHOTO, HAuMHas C BeJIu4u-

HbI 6 U1 1 MM COOTBEeTCTBeHHO. HakjoH omnmia cocra-
BWJI 7,5° TUTIEPIKCTEH3UM B CATUTTAIBHOI INIOCKOCTH.
AHAJIOTMYHBIM 00pa3oM ObUIa BBIMOJHEHA MTPOKCH-
MaJjIbHasl pe3eKkuusl 60bIIe6epIIoBOii KOCT — 9 MM
C HApY>XHOTO MBbIIeJIKA M 7 MM C BHYTPeHHero, mo-
STAITHO YBEJIMUMBASICh C BEJIMUMHBI 7 MM M 5 MM COOT-
BETCTBEHHO. B carnTTa/sbHOI MIOCKOCTU OIUI 6O0JIb-
11e6epI10BOIi KOCTM ObUI BBIMIOJIHEH B IOJIOXKEHUM 6°
repengHero HakjaoHa (puc. 4).

Valgus | Hyperextension

2-00

3510

Distraction | Posterior
7mm|2mm

Puc. 3. [laHHbIE KOMITBIOTEPHOI HaBUTALIUK
JIeMOHCTPUPYIOT BeTMUMHY AedopManyy, mepepasrnbaHms
M aMININTYIObl ,E[BI/[)KEHI/H‘/JI repen BbINIOJTHEHMEM I1€pBOTo
Jrara XUpypruuyeckoro JeyeHust

Figure 3. Computer navigation data demonstrate

the magnitude of deformity, hyperextension and range

of motion before the first stage of the surgical treatment

Varus

0.5

Hyperextension

7.5°

t
dmm 10 m

(=1
lateral medial

Varus

g:5¢

lateral  medial
mm mm

1

?

Puc. 4. [laHHbIe KOMITbIOTEPHO HaBUTAILIUY

M0C/Ie OKOHYATEIbHOM Pe3eKIINM IUCTATbHOTO
oTaesna 6eqpeHHOol KOCTU U IMTPOKCUMAIbHOTO OTAena
60J1b111e6€PII0BOIT KOCTU

Figure 4. Computer navigation data after final resection
of the distal femur and proximal tibia
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Pasmepbl KOMIIOHEHTOB M CTEPXKHENM 3HAOMpPOTe3a
KOMIIOHEHTOB ObIIM OTIPe/ie/IeHbI ITPY ITOMOIIM CTaH-
IapTHOTO WHCTPYMeHTapusi (QUPMbI-TIPOU3BOANUTE-
JIT MMIUIAHTATa U JAaHHBIX KOMITHIOTEPHOV HaBUTa-
MY MHTpaonepanoHHo. [TonokeHe KOMIIOHEHTOB
B aKCUAJIbHON IJIOCKOCTM ObIIO OTIpeesieHo 10 AaH-
HbIM KOMITbIOTEPHO} HaBUTAIIMM COTTIACHO BbIOpAH-
HbIM aHAaTOMMWYECKMM OpHMeHTupam. B pesynbrarte
10 JAHHBIM HABUTAUMOHHBINM KapThl MMIUIAHTAT ObLT
YCTaHOBJIEH C YPOBHEM MAaKCMMAJIbHOV TUITEPIKCTEH-
3um 16,5° ¥ MakcuMabHBIM crubanueM mo 109° rpu
CpemHeil BaabIyCHO medopmaiiuu 4° (puc. 5).

C y4eToM TOro, UTO OIMUJIbI OeIpeHHOIi 1 GosbIle-
6ep110BOoJi KOCTel BO (PPOHTAIBHON IIJIOCKOCTY OBLIN
BBITIOJTHEHBI 110 JAHHBIM KOMITBIOTEPHOI HaBUTAIINN,
MUTOTOBasl BaJIbrycHas Aebopmanysi HIOKHEe! KOHeu-
HOCTY GblIa ONpene/ieHa BHECYCTaBHOI medopMalii-
eii KocTeil, 06pasyoIIyX KOJIEHHbIN cycTaB. FiToroBoe
BpeMms OIepaiuun COCTaBmiIo 2 4. 42 MUH., UHTpaoIie-
pauyoHHas KpoBonoTeps: — 600 mut.

Valgus

4.0°

Hyperextension

16.5°

Min. Valgus Max. Flexion Max. Hyperextension

108° 22°

Distraction | Posterior
13 mm |6 mm

Puc. 5. OKOHYATEeIbHbIE JAHHbIE KOMITBIOTEPHOI
HaBUTalMM IOC/Ie YCTAHOBKY MMIIAHTaTa
TIpU 9HAOMPOTE3UPOBAHUY ITPABOTO KOJIEHHOTO CYCTaBa

Figure 5. Final computer navigation data after implant
installation during right knee arthroplasty

IocneonepayuonHsili nepuod. ITlanyeHT ObUT ak-
TUBU3UPOBAH C AOMOTHUTEIbHON ONOPOIl Ha XOLyH-
KM C JO3MPOBAaHHOI Harpyskoil Ha ONEepMPOBAHHYIO
HOry no 25% Ha 2-e cyT. mowie orepanyuu (puc. 6).
OcylecTBASIUCh pery/isipHble MepeBsI3KU C OLeHKOM
TeUeHMsI PaHeBOro IMpollecca, KOHTPOJIb AAHHBIX Ja-
60paTOpHBIX AHAIM30B U KOPPeKIMs aHeMuu, Oen-
KOBOTO M 3JIEKTPOJIMTHOTO CTaTyca IO pe3ylbTaTam
obcenoBaHMsl, CTaHAAapTHAas aHTMOAKTepUalbHast
npodmnaktuka. IIpoBogmiack pa3paboTka aKTUB-
HBIX M NACCUBHBIX IBWKEHUI B MPOOINEPUPOBAHHOM
cycTaBe C TpUMEHEHUeM JieueGHOV (DU3KYIbTYPHI,
anmapaTtHoi pa3paboTKu, IPUMEHSINCh pu3noTepa-
MeBTUYECKME MeTOAbl jedyeHus. [locieonepanmnoHHas
paHa 3axuia IEepBUYHBIM HaTsOKeHMeM. IlanyeHT
ObUT BBIMMCAH HA aMOyJIaTOPHBIN JTam JeueHUs
B CTaHJApPTHbIE CPOKM C PEKOMEHIALMSIMU 10 ABUTA-
TeJIbHO akTUBHOCTHU. Yepes 10 HeZ,. ¢ MOMEHTa orepa-
LM TIAIMEHTY ObUTM BBITTOJTHEHBI KOHTPOJIbHbIE PEHT-
reHOTPaMMbl, OLIEHKA OOBEKTUBHOTO ¥ CYyObEKTUBHOTO

cTaTyca MalMeHTa o pe3yJibTraTaM IepBoii orepaiun.
ITo maHHBIM MTPOBEIEHHOr0 00C/IeIOBAHMS PEHTIEHO-
JIOTMYeCcKasl KapTHHA COOTBETCTBOBA/IA CPOKAM IIOCIIE
omepauuy, 06beM IAaCCUBHBIX IBVMKEHUI COCTABJISLIT
15...0...110°, 06beM aKTUBHBIX IBVIKEHMIT ObLI OIpe-
IejeH HelpOMBIIIeUYHbIM aedunuToM. CyObeKTUBHO
MalMeHT ITOJIOKMUTEIbHO OLIEHMBAJT PE3Y/IbTAT Olepa-
LMY, OTMEeYajl BO3POCIIYI0 OIOPOCIIOCOOGHOCTh OIepu-
POBAHHOI KOHEYHOCTY IIPU COXPAHSIIOLIMXCS sKaIobax
CO CTOPOHBI IIPAaBOIl HIDKHEN KOHEYHOCTU. B CBSI3U
C 9TUM OBLJIO IIPUHSITO PEIIeHNe O IIPOBEAEHUN BTOPO-
IO 9Tara orepanyuu B OIVsKaiiIie CPOKM.

Puc. 6. BHenrnmit By,
ManueHTa Ha 3-U CYyTKU
TI0CJTe TIepBOTO JTara
omnepauuu

Figure 6. The patient’s
appearance on the 3 day
after the first stage

of the surgery

Bmopoti sman onepauyuu. B mexkabpe 2019 1. 6bL1
BBITIOJIHEH BTOPOJ 3Tall onepanyy Ha JeBOM KOJIeH-
HOM cycraBe. Omepaumsi IPOBOAMJIACh TOZ, KOHT-
poseM HaBUTAIMOHHOM cucTteMbl GupMbl  Stryker
C YyCTaHOBKO}M MMIuIaHTaTa Zimmer Rotation Hinge
Knee mo aHajormu c mepBbIM 3TalioM OIlepalyim.
VcxogHoe cocTOsiHME KOJIEHHOrO CycTaBa B Hauase
oriepalyy, COIJIACHO AAaHHBIM HaBUTALUY, ObLIO MIpeJ-
CTaBJIEHO BaJIbTYCHOI medopmarliueir o 5 mo 9° (c yue-
TOM BBIIIOJTHEHHOTO peun3a), TUIepIKCTeHsuein no 38°
MpY MaKCUMaJIbHOM crubanum 1o 148° (puc. 7).

Valgus | Hyperextension

7.0°|38.0°

Distraction | Anterior
8mm|3mm /

Puc. 7. lanHbIe KOMITbIOTEPHOV HaBUTallUU
IIeMOHCTPUPYIOT BeIMUYMHY nedopManny, nepepasrnbanmst
Y aMIUVIUTYZbI IBVOKEHUI Tepe]; BbIIIOJIHEHUEM BTOPOTO
JTara Xupypruyeckoro jeyeHus

Figure 7. Computer navigation data demonstrate
the magnitude of deformity, hyperextension and range
of motion before the second stage of the surgical treatment
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[IpyHuMass BO BHMMaHMe OIMBIT MEPBOI oOrepa-
LMY Y Pe3YJIbTAThI OIIeHKY AehopMalyy o JaHHbIM
KOMITBIOTEPHO} HaBUTALIMM, ObIIa BHIMOTHEHA Pe3eK-
Iyt BO (PPOHTAIBHON M CAaTUTTAIbHONM IUIOCKOCTSIX.
Pesexkuus coctasuiaa 10 Mm A1 MeamaabHOIo U 5 MM
LIS JIATEPAIbHOTO MBIIIENIKOB 6eJpeHHOI KOCTH TIpU
HaKJIOHE B 7,5° B IOJIOKEHUM TUITEPIKCTEH3UM. Bbul
BBITIOJTHEH CUMMETPUYHBIN MPOKCUMAIbHBIN OMUII
60JbIIE6EPIIOBOII KOCTY 10 7 MM C KaXXIOro MbI-
menka ¢ GopMMpOBaHMEM IlepelHero HakjaoHa 7,5°
B CarMTTAJIbHONM IJIOCKOCTU (puc. 8). Pasmepbl KOM-
TIOHEHTOB ¥ CTEePIKHEN Taxke ObLIM OIpeeseHbl IIPu
MOMOIIM CTAHJAPTHOTO MHCTPYMEHTapusi hUpMbI-
MPOU3BOAUTENS MMIUIAHTATa M JaHHBIX KOMIIbIO-
TEePHOI HaBUTaLlMM MO XOAy ornepauuu. [lonoxxkeHue
KOMITOHEHTOB B aKCHabHOJ IJIOCKOCTY TaKke 6bII0
BBIOPAHO 1O JAHHBIM KOMIIBIOTEPHOJ HaBUTAIMM.
B pesynbraTe MMIUIAHTAT OBLT YCTAHOBJIEH C YPOB-
HeM MaKCUMMaJIbHOM TMIep3KCTeH3un 11° u Makcu-
MaJIbHbIM crmbaHyuem 123° mpu cpegHeit BaJIbIyCHOI
medbopmanum 6,5° (puc. 9). UToroBoe Bpems orepa-
oMy coctaBuiao 1 4. 54 MuUH., MHTpaonepaioHHas
kposomoTreps: — 400 mut.

IocneonepayuoHHslli nepuod nocie 8mopozo amana
0BT TPOBEIEH AHAJIOTMYHO Mpensiayliemy. TeueHue
paHeBOTO Tpollecca M akTMBU3ALMS MPOXOOUIU CO-
OTBETCTBEHHO CPOKAM ¥ 00beMy IPOBEAEHHOTO OIle-

Valgus | Hyperextension

0.5°7.5°

f

9 5 mm
mm lateral
medial

medial
mm

lateral

Puc. 8. HaBuraimoHHble JaHHbIe OKOHYATE/IbHOM
pe3eKIMM AUCTATIbHOTO OTheNna 6eipeHHO KOCTH

¥ TIPOKCUMAJIBHOTO OTea 60/IbIIe6epIioBOi KOCTHU
IpU MPOBeJEHUM BTOPOrO Tara onepauunu

Figure 8. Computer navigation data on final resection
of the distal femur and proximal tibia at the second
TKA stage

pPaTMBHOIO BMeINATeNbCTBA. [lanMeHT ObLT BBIMN-
caH Ha aMOY/ATOPHBIM 3Tam JieYeHMs], paHa 3aKuia
TepBUYHBIM HaTSDKeHMeM, ILBbI CHSTHI B CTaHZAPT-
Hble cpoku (puc. 10). B cpoku 3, 6, 12 mec. u ganee
pas B rof Iocje olepalnyuy HaluueHTy BBIIOTHSIN
KOHTPOJIbHbIE PEHTT€HOTPaMMBbl, OIEHUBAIN €T0 00b-
eKTUBHBII 1 CyOBEKTUBHBIN CTaTyCa.

Ha MomeHT HamucaHus JAaHHOTO MaTepuasa
CPOKM HabmomeHus cocrasiasuiu 4 roma (puc. 11).
[TanmeHT XOOMUT C TOJHONM HArpy3Koi. AMIInUTyOa
MACCUBHBIX IBMKEHMIT B 000MX KOJIEHHBIX CyCTaBax
cocTasjisseT okoyo 130°. PeuaBoOB HeCTaOMIBHOCTU
M TUIIEPIKCTEH3UM He HabmomaeTcs. B kadecTBe mo-
TOJIHUTENIbHOJ OMOPbI MAlMEHT UCIOAb3yeT TPOCThb
MpU IJIUTENbHBIX Mporynkax. [Toxogka COOTBETCTBY-
eT CTepeOoTUIy AJisl MalMEHTOB C TUIIEP3KCTeH3Mel
BCJIEICTBME T€PEHECEHHOTO MOAMOMMUENNUTa, OGHAKO
OH MOXET IepeABUTaThCS 6e3 JOTIOTHUTENbHON OII0-
PbI B IOMeEILlEHUM.

Valgus | Hyperextension

6-5{:

11.0°

Min. Valgus perextension

11

Distraction | Anterior
18 mm |1 mm

Puc. 9. OkoHuaTenbHbIe JaHHbIE KOMITbIOTEPHOI
HaBUTAIMY TI0C/Ie YCTAHOBKM MMIUIAHTATa
TIPU S3HJOIIPOTE3UPOBAHMUM JIEBOTO KOJIEHHOTO CyCTaBa

Figure 9. Final computer navigation data after implant
installation during left knee arthroplasty

Puc. 10.
TenepeHTreHOTpaMMBbI
raiyeHTa rnocjie
BTOPOTO 3Tarna
omnepauuun

Figure 10.

The patient’s long film
X-rays after the second
stage of the surgery
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CyOBeKTMBHO TAIMEHT OILIEHWBAET pPe3yIbTaThl
[IPOBEIEHHBIX Ollepauuii Kak oingHele. [Ipy onjeHke
1o onpocHUKy KSS cymma 6au1oB cocrasisiet 88, uTo
TaKKe COOTBETCTBYET OTJIMYHBIM pe3y/IbTaTaM.

[Tpu MOMBITKE OMOPBI HA HOTY 6e3 GIOKMPOBaHUS
B TIOJNIO)KEHUM TUIIEPIKCTEH3UM IIallieHT BBIHYX-
JIeHHO MaJaeT BBUIY HepPOMBILIEYHOTO OeduLnTa.
OnHOKpaTHO Ha Cpoke 6 Mec. IOCJe BTOPOrO 3Ta-
I1a orepauuy 3TO IPUBENIO K TeMapTpo3y, KpaeBOMY
repesioMy HajakoneHHuKa. I[lamyeHT ob6paTtwicsi 3a
HEOT/IOKHO! TOMOIIbI0 — ObUIA BBITIOJIHEHA JIeueh-
HO-IMarHocTuyeckasi MyHKUUST M PeKOMeHIOBaHa
KOHCEepPBATUBHAS Tepamnus, B TOM 4yCIe UMMOOUIN-
3aLMsl KOJIEHHOI'O CyCTaBa OPTe30M B TeYeHMe 3 He[.
Ha doHe mpoBeneHHOro ieueHNs alMeHT BepHYJICS
K IIpeXXHEMY YPOBHIO IBUTATeNbHO aKTUBHOCTH.

OBCY>KIEHUE

DHAOTPOTEe3MpOBaHMe KOJIEHHOTO CycTaBa y malyeH-
TOB, TIepeHecHInNX TTOJMOMUETUT, IBJISIETCS MeTOAOM
BBIOOpA IIPU JIEUeHUM TOHAPTPO3a C HeCTabMIbHOC-
TbIO ¥ OOJIEBBIM CMHIPOMOM U TaKKe KpaifHe CJIOXK-
HOJl TEXHMUECKO 3ajavein [2, 5, 6, 7, 8, 9]. [Tomumo
HEeCTAHJApTHOV  BHTYPUCYCTaBHOIM medopmanym
KOJIEHHOTO CyCTaBa M BHECYCTaBHOI medopmanym
KOCTeil HMKHeli KOHeUHOCTM, [Ji1 JaHHbIX MHallu-
€HTOB XapaKTepHbl IUCIUIACTUYECKUEe W3MeHeHUs
CYCTaBHBbIX TIOBEPXHOCTell KOJIEHHOTO CyCcTaBa, He-
CTabWIBHOCTD U pekypBamus. COIacHO JaHHBIM
cucTemMaTrueckoro o6sopa A. Prasad ¢ coaBTopamy,
onybnkoaHHoro B 2018 r., wacrora peBu3mii mocsie
3HJIONIPOTE3UPOBAHMST KOJIEHHOTO CyCTaBa y malyeH-
TOB B pe3uAyaabHO CTaguUM MTOIMOMMUETNTA COCTaBU-
J1a 7% B TeueHue 6 JieT rocje onepauun [2].
PekypBaHTHast medopmanusi KOJIEHHOTO CYyCTa-
Ba BCTpevaeTcst ToiabKo y 0,5-1,0% marmeHTOB C To-
HapTpo3oM. Yaille Bcero peKkypBalysi TOJIeHU WU
TUTIEPIKCTEH3USI KOJEHHOTO CycTaBa BCTPeYaroTcs
MalyeHTOB C BaJIbIYCHbIMMU AedopManyusiMu U Cia-
60CTBIO CBSI30K, PEBMATOMIHBIM apTPUTOM, Ipemd-
IIECTBYIOIIE) ocTeoToMMel 6obIe6epIioBoii KOCTU

Puc. 11. PeHrTeHOrpaMMBbl
yepe3 4 rofa c MOMeHTa
BTOPOTO 3Tana ornepanumn
Figure 11. X-rays taken over

a period of 4 years after

the second stage of the surgery

Y IIPM HEPBHO-MBIIIEUHBIX 3a00/IeBaHMSIX, TAKMX KaK
nonuomuenut. IIpy TOTaJbHOM SHAOIPOTE3UPOBa-
HMM KOJIEHHOTO CyCTaBa peKypBalMsl MOXKET COIpO-
BOXKIATbCS BaJIbTYCHOM WM BapycHOM medopmalu-
eif, IepegHUM HaKJIOHOM OOJIbIIeOepI0OBOro IIJIaTO
U MeauoiaTepajabHOl HeCTabMIbHOCTHIO, UYTO MO-
SKeT 3HAUMTETbHO 3aTPYOHATb MOCTIDKEHMe OayaHca
B OIIEPMPOBAHHOM CYCTaBe U IMPUBOIUTH K PELIUIUBY
pekypBaHTHOI nedopmarimm [10].

Ha pasHbIX 3Tamax pasBUTUS SHOOIPOTE3UPO-
BaHMS XUPYPTM IIpedjiarajiy pas3jIudHble CIIOCOOBI
peiieHust 3Toit 3amaun. B 1990 r. K.A. Krackow u
A.P. Weiss mpoieMOHCTPUPOBAJIU CIIOCOO KOPPEKIINA
peKkypBaluy IMpy SHAOIPOTE3VPOBAHUY TTAIIEHTOB
C TIOJIMOMMEIMTOM 3a CcueT 3aJHero TpaHcdepa 6ep-
PEeHHBIX TOUeK (QUKCcALMU KOJIaTepalbHbIX CBSI30OK,
MIpM 9TOM YCTAHABIMBAIM KaK 3aJHECTabMIN3UPO-
BaHHbIE, TAK M CBSI3aHHbIe MMILIAHTAThl. OfHAKO TaH-
HbIJi MeTOJN TpeOyeT MIMUTENbHON MMMOOWIN3aIN
B IIOC/I€OIEePALIOHHOM IepUOe U COIPSIKEeH C Bbl-
COKMM PUCKOM SITPOT€HHBIX MHTpPAOIlepPaliIOHHBIX
OC/I0’KHeHmix [11].

B mowtenyiomemM, 1Mo Mepe WM3y4YeHUS [TaHHOM
nmpo6iemMbl Hauboslee BaKHBIM BOIPOCOM CTasl BbI-
60p Ou3aiiHa M CTEIleHM CBSI3aHHOCTM MMILIAHTaTa.
V maumueHTOB C peKypBalyeil BCIeACTBME TTOTMOMMU-
enuTa rojeHu GOPMUPYETCS OIpemeeHHbIi CTe-
PEOTUIT TIOXOAKM, TIPUM KOTOPOM OHM BBIHYXKIEHBI
«BJIOKMPOBATb» KOJIEHO B TUTIEPIKCTEH3UM BBUTY BbI-
PaKeHHOTO CHMKEHMSI CUJIbI KBa[PHUILIEIICca, UTO 3Ha-
YUTEJIbHO OrpaHMUMBAeT MpUMeHeHMe POTallMOHHO-
CBSI3aHHBIX KOHCTPYKIIMil. Takke UX TpUMeHeHUe
MOXKET OBITh 3aTPYAHEHO B CBSI3Y C HEOOXOAMMOCTHIO
MCITONIb30BAHMS CTePsKHEN Y AIllMeHTOB C BHECYCTaB-
HOIt medopmaiyeii KaHaIoB. IIpy 3TOM MpUMeHeHYe
BapyC-BaJIbI'yC-CBSI3aHHbBIX, 3aJHECTAOMIM3UPOBAH-
HBIX MMIIJIAHTaTOB ¥ SH/OIMPOTE30B C COXpPaHeHMeM
3aJHeil KpecTooO6pa3Hoii CBSI3KM MOKET IIPUBOIUTH
K PelIUAVBY PeKypBaluy B MOCIEOIepalMOHHOM ITe-
puome ¥ MPOTPECCUPYIONIEMY YXYIOIIEHNIO (PyHKIU
[5,6,7,38,9].
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B.M. Patterson u ].N. Insall ormmcanun 9 KauHu-
YeCcKuX CJIyyaeB IPUMeHEeHMs 3aAHeCcTabmin3upo-
BaHHBIX M BapyC-BajblyC-CBSI3aHHBIX MMIUIAHTATOB
B COYETaHUM C MUHMUMAJIbHOM OUCTAJIbHOM pe3eKLu-
eil 6empeHHOI KOCTM AJISI YMEHbIIEHUS BeJIVNUYMHBI
pa3rubaTeabHOTO MPOMEXKYTKa. B maHHOM mcciemo-
BaHUM Y TPeX U3 YeThIpex MalMeHTOB C peKypBaluei
rojieHM B IOC/IeoNepaloOHHOM Tepuojie pou3oIiies
peuuanB, ¥ B OGHOM CJTyyae IMOTpeboBaiach peBU3NS
C YCTaHOBKO# POTallMOHHOTO-CBSI3aHHOT'O MMIJIaHTa-
Ta, YTO B MOC/IEAYIOIIEM IIPUBEJIO K XOopoIriemMy QyHK-
LIVOHAJIBHOMY Pe3y/JbTaTy CO CPOKOM HaOIIOmeHMs
B 8 stet [5].

M.C. Moran npeacTaBu/l KIMHUYECKNUIA Ciy4dait uc-
TIOJIb30BAHUS ABYX AVICTATbHBIX METATNMUECKNX BII0-
KOB-ayTMEHTOB I10 6 MM OeIpeHHOT0 KOMITOHEeHTA
B COYETaHMM C MMUHMMAQJIBHOM [OUCTAJIbHON pe3ex-
yeii 6eIpeHHOl KOCTH Y MAIllMEHTKU C pPeKypBally-
eit ronienu 40°. HecMOTpst Ha TO, YTO AAHHBIA METOZ,
ropasgo 6esomacHee TpaHcdepa CBSI30K U TUIIEPIK-
cTeH3Ms O6bUIa YCITEITHO CKOPPEKTUPOBAHA U HE pery-
IVBMPOBAja K MOMEHTY ITyOIMKaLyu (CPOK Habome-
HUS 2 TOfia), pe3yabTaT onepauyy OCTaBJSI XXelaTb
Jiyaniero. IIpMunHOM 3TOMY MOCIYXKWIO YXYAIIEHMe
(yHKIMOHANIBHOTO CTaTyca 3a CYET HEBO3MOXKHOCTU
6JIOKMPOBATh KOJIEHHBIN CYCTaB B TIOJIOKEHUM TUIIEP-
9KCTEH3UM, YMEHbIIEHNUSI MaKCUMATbHOTO CTMOaHMS
B KOJieHHOM cycTaBe ¢ 110 1o 60° 1 OTHOCUTENbHOTO
VIJIMHEHUS OIepUPOBAHHOM KOHEUHOCTM Ha 1,5 cm
¢ HeO0OXOIMMOCTbIO KOMIIEHCAIINM [6].

Ipyrasg rpynmna aBTOPOB MPOJEeMOHCTpUpOBaIa
cepuo u3 17 omepaumii 3HAONPOTE3UPOBAHUS KO-
JIEHHOTO CyCTaBa y 15 IMamnmeHToB C MOCIeNCTBUIMU
rnoaMoMuenuta. B 8 ciayvyasx 6bUIM yCTaHOBJIEHBI Ba-
pyC-Ba/IbIyC-CBsI3aHHbIE MMIUIAHTAThI IO TAKUM TI0-
Ka3aHMSIM, KaK TsDKeNIble BaJIbTyCHbIe medopmalium,
BaJIbTyCHBIE AedopManyuu ¢ IoXuM (QYHKIMOHAIb-
HBIM CTaTyCOM, HEeCOCTOSITEJbHOCTh MeIUalbHO
KOJIJIATePaIbHOM CBSI3KM, HECTAOMIBHOCTb KOJIEHHO-
ro cycrasa. [Ipy OTCYTCTBUM 3TMX IMOKA3aHUM yCTa-
HABIMBAAM  3a[HECTAOMIM3MPOBAHHBIE MMIUIAH-
TaThl — Takke 8 ciryvaes. Ele B ogHOM ciyvyae OGbUI
YCTaHOBJIEH POTAllMOHHO-CBSI3aHHbIII MMIUIAHTAT,
TaK Kak B IIpoliecce oIepanyy He yaaaoch T0OUThCS
CTAOWIBHOCTY 32 CUET UMILIAHTAIMM MeHee CBSI3aH-
HBIX KOHCTpYKLMii. Ha cpemHeM cpoke HabGI0meHus
B 41,5 mec. B 95% ciay4yaeB y IPOOIEPUPOBAHHBIX
MaIMeHTOB ObUIM 3aperMCTPUPOBAHbI OTIUYHBIE U
OUYeHb XOpOIlye KIMHUKO-(QYHKIMOHAIbHBIE Y PEHT-
re”Hosornyeckue pesyabratsl. [1o mkane KSS ormeua-
Jioch yayuireHue ¢ 33 (10-45) mo 85 (73-92) 6amios.
CTOUT OTMETUTH, YTO B JAHHOI BBIOOPKE BhIPAsKEH-
Hasl peKypBaHTHas medopMaliusi 6bl1a TOIBKO Y Of-
HOTO ManueHTa [7].

[IpyMeHeHMeEe CBSI3aHHBIX MMILJIAHTATOB IE€PBOTO
MOKOJIeHUSI TPOJEMOHCTPUPOBAJIO Pa304apoOBbIBaIO-

e QYHKIMOHAIbHbIE PE3YIbTAThl ¥ BBICOKYIO Yac-
TOTy paHHEro acenTUYeCcKOro paciuaTbiBaHus [12].
[TomumoO 3TOTO, AN3AIH STUX UMIUIAHTATOB HE IOMYC-
KaeT nepepasrmbaHmsi, B CBSI3Y C YeM UX IIPUMEHEHNE
Y MMallI€HTOB C HEIPOMBIIIEYHBIM Je(bUIUTOM KB -
purierica 6bUI0 HEIOMYCTUMbIM. OTHAKO C ITOSIBJIEHN-
€M pOTallMIOHHO-CBSI3aHHBIX MMILJIAHTATOB BTOPOTO
TIOKOJIEHUST CUTYaIMSI KapAMHAIbHO M3MEeHMUIaCh.

B 2009 r. uTanbsHCKME MCCIIeIOBATEIM OITyOsIM-
KOBaJIM CTaTblO, B KOTOPOIl MOAPOOHO OIMMCAIN IHPO-
671eMbI «OJIOKMPOBAHMSI» CyCTaBa Py XOabbe y rmaiu-
€HTOB C ITOCeCTBMUSIMM TTOJIMOMMENINTA U pelluanBa
PEKypBaHTHOM medopManyuy I0CIe SHOOMPOTE3N-
poBauus. I[IpMHMMass BO BHMMAaHME OIIBIT MpeIbI-
OyIIUX NyONMKAIUii, OHU TPEIJOKUIN METOIUKY
YCTAaHOBKM POTAIMOHHO-CBSI3aHHBIX MMILJIAHTATOB
BTOPOTO ITOKOJIEHMSI C COXpaHeHeM TUITePIKCTEeH3 UM
B KOJIEHHOM CyCTaBe OKOJI0 3°. JJaHHBII MeTOZ, IT03BO-
JIMJT HaJleXKHO TIPeIOTBPaTUTh PEelUIUB PeKypBaluu
B COUETAHMM C COXPAaHEHMEM CIIOCOOHOCTH «OJIOKUPO-
BaTb» CYyCTaB Py Xoab0e. Y ISITH U3 CEMMU IMaIlMEHTOB,
KOTOPBIM ObL/Ia IPOBEAEHA TaKasl onepanys, oTMeva-
JIUCh OTJIMYHBIE PE3Y/IBTAThI HA CPOKE HAOIIOIEHMUS OT
2 no 8,5 ner [8].

J. Rahman c coaBropamu B 2014 I. TpogeMOHCTPU-
poBaJiM BIleuaT/IsSIIolIye pe3y/bTaThl IPUMEHEHMS MO-
IMGUIIMPOBAHHON POTAIMOHHO-CBSI3aHHOM CUCTEMBI
BTOPOTro nokosyieHus. CyTb MoaupuKaIy 3aK/II0uaeT-
Cs B NSTUTPAAYyCHOM TUIIEPIKCTEH3UM, 3aJI0KEHHOM
B KOHCTPYKLIMIO SHIOIpOTe3a. MeToauka Oblia Ipu-
MeHeHa B 14 onepanusix y 13 mauyueHToB. Ha cpegHux
Cpokax HabmomeHus B 72 Mec. y HallEHTOB He OT-
MeUaJIoCh PEHTreHOJOTMYeCKMX IIPU3HAKOB paciia-
ThIBaHMS. PeBM3Ms OblIa BBITIOJTHEHA B OTHOM CIyJae
T10 MTOBOAY IEePUIIPOTE3HOTO IepeaoMa. HecmoTps Ha
TO, UTO CpefHMe IOKas3aTelyu CYObeKTUBHOI OIleH-
KU TTallMeHTaMlM CBOEro craTtyca mo ormpocHuky OKS
BbIpocsiu ¢ 10,6 mo 30,7 6amioB, aBTOPbI OTMETUIIN,
YTO OOBEKTUBHO OLIEHUTb (PYHKUMOHAJIbHBIN CTATYC
MaleHTOB HEBO3MOXHO BBUAY TOTO, UTO 6 13 13 na-
IIMEHTOB TMPOIO/DKUIM MCIIOAb30BaTh MHBAIUIHOE
Kpecso0 a1l epeaByuskeHust, XoTs 12 u3 13 nauyeHToB
OB «yIOOBJIETBOPEHBI» U «OUEHb YIOBJIETBOPEHBI»
pesynbpTaTaMu omnepaunu [9].

V3o0b6pereHnue ¥ BHEOPEHME B IPAKTUKY KOM-
MbIOTEPHOJ HaBUTaLIM ITO3BOJIMIO HOOUTHCS Gosee
TpecKa3yeMbIX Pe3yabTaTOB TOTA/JIbHOTO SHJOMPO-
Te3MpPOBaHMS KOJEHHOro cycTaBa. HaBurammoHHbIe
CUCTEMbI ITO3BOJISIIOT JIydille CcOaJaHCUMPOBATh IIPO-
MEXKYTKM, OLIEHUTh BEJIMUYMHY ¥ BBIIIOJHUTb Oojee
TOYHBIE OIMMJIbI KaK I10 BBICOTE, TAK M BO (DPOHTANIb-
HOI IIJIOCKOCTM, OMpeNeNuTb II0JI0KeHNe KOMIIO-
HEHTOB B aKCMa/IbHOJ IVIOCKOCTH, U, CJIEAOBATEIbHO,
JIy4ie momo6paTh pasMepbl MMIUIAHTUPYEMBIX KOM-
roHeHToB. Tak, A. Mullaji ¢ coaBTOopamu mpoaHasu-
3MPOBA/IM Pe3y/bTaThl 45 omepanuii TOTaTbHOIO SH-
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OOTIPOTE3UPOBAHMSI C KOMIBIOTEPHON HaBurauuen
KOJIEHHOTO CyCTaBa y 41 manyeHTa C peKypBaiuein
B JooIepalMOHHOM Iepuone. CpenHsisi peKypBaHT-
Hast medopMmaiusl 6buIa CKOppeKTupoBaHa ¢ 11° (ot
6° mo 15°) mo cpemHeit crubarenbHONM medopMaium
3,1° (ot 0° mo 7°). Ha cpemHeM cpoke HabIIOmeHUS
B 26,4 MeC. aBTOpaMy COOOIIAETCS O 3HAUYUTEIbHOM
YAyJIlIeHMN CpedHuX IoKa3sarenei no mkaiae KSS
U OTCYTCTBUM peluauBa pekypsanum [10].

O60061IMB OIMCAHHBIE B JMTEpaType IIOAXObI
K SHIOMNPOTE3UPOBAHUIO MAlMEHTOB, IepeHeCIHInX
MMOJIMOMMENIUT, & TaKkKe MalMeHTOB C PeKypBaHTHOM
medbopMalueil ¥ IpUHMMAs BO BHUMaHMe OOJIbIION
OMBIT TMPUMEHEeHUsT KOMITbIOTEPHOII HaBUTalum,
HaMy 6bT cPOPMUPOBAH IJIaH OMEPATUBHOIO JIeve-
HUSI, OMMCAaHHBbIN B JAaHHOM KJIMHMYECKOM CTydae.
KomrnibioTepHasi HaBurauusi IO3BOJMJIA TIO3ITAITHO
OCYIIECTBJISATh PE3EKINI0 KOCTel, hOpMUPYS, TAKUM
006pa3oM, HO/sKHbIE MPOMeKYTKY. OHa Takke MO3BO-
muia copMUpoBaTh IepelHeli HaKJIOH 6osblie6ep-
II0BOT'O IJIATO U OIWJI B TUITIEPIKCTEH3UM GeIpeHHOM
KOCTU, YCTAHOBUTD CTEPKHU C YU4€TOM BHECYCTaBHOM
medbopmalMy U B UTOTe YCTAHOBUTH POTAIMOHHO-
CBSI3aHHBI UMIUIAHTAT BTOPOTO MOKOJIEHMS] B TAKOM
MOJIO’KEHUM TUIEPIKCTEH3UU, KOTOPOe II03BOJISIeT

JOIIOTHUTEJIbHAS NTHOOPMALIVISA

3aseneHHslii 6K1a0 asmMopos

Bce aBTOpBI cHenany SKBMBAJIEHTHBIN BKJAM B MTOATO-
TOBKY MyOIMKAIVA.

Bce aBTOpBI MpouwIn 1 omo6pmiv GUHATBHYIO BEPCUIO
PYKOIIMCH CTaTby. Bce aBTOPBI COIJIAaCHBI HECTU OTBETCTBEH-
HOCTb 3a BCe acIeKThbl paboThl, YTOOBI 06ECTIEUNTDb HaZ IexkKa-
Iiee pacCMOTPeHMe U pellieHye BceX BO3MOKHBIX BOIIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO M HAIESKHOCTHIO JIF06071 YacTu
paboThI.

Hcmounuk  ¢unaHcupoeaHusi.  ABTOpPbI  3aSIBJISIIOT
06 OTCYTCTBUM BHEIIHErO (GMHAHCUMPOBAHMS TP MPOBeIe-
HUY UCCIIEIOBAHMSI.

Bo3moskHblli KOHpIUKIN uHmMepecos. ABTODHI JleKiia-
PUPYIOT OTCYTCTBME SIBHBIX Y TIOTEHIMATbHBIX KOHQIUKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIMeii HaCTOSIIEN CTaTh.

Omuueckasn skcnepmu3a. He mpumeHnMa.

HugopmupoeanHoe coenacue Ha nyonukayuro. ABTOpbI
MONMYyYWIM MMCbMEeHHOe comiacue MalMeHTa Ha IMy6imuKa-
LIVI0 MEAVIIMHCKUX JAaHHBIX Y M300PaskeHUIA.
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Inferior Medial Genicular Artery Pseudoaneurysm After Primary
Total Knee Arthroplasty: A Case Report

Ahmed M. Abdelaal', Ahmed A. Khalifa '-?

! Assiut University Hospital, Assiut, Egypt
2 Qena faculty of medicine and University Hospital, South Valley University, Qena, Egypt

Abstract

Background. Small genicular vessel injuries during primary total knee arthroplasty can pass unnoticed during the surgery
and present late postoperatively.

Case description. We present a 65-year-old female patient, who was admitted three weeks after primary total knee
arthroplasty with fresh bleeding from the lower end of the surgical wound. CT angiography showed a pseudoaneurysm of
the inferior medial genicular artery which was treated at the same session by coil embolization.

Conclusions. A pseudoaneurysm of the inferior medial genicular artery can complicate primary total knee arthroplasty.
An interventional radiologist assistance is necessary for diagnosis and management.

Keywords: inferior medial genicular artery, pseudoaneurysm, total knee arthroplasty.
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KimHugeckuii crydait @)y ]
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JloxxHag aHeBpu3Ma MeauanbHON HUXHEN KOJIEHHOW apTepum
nocsae 3HAONPOTE3UPOBAHUA KOJIEHHOrO CyCTaBa:
KIMHUYECKUA Cyyan

A.M. Abnenaan!, A.A. Xamuda -

I Assiut University Hospital, AcbtoT, Erumner
2 Qena faculty of medicine and University Hospital, South Valley University, Kena, Erumner

Pecdepar

AxmyanvHocme. IIoBpeXIeHUsI MeIKUX COCYIOB IPU MepPBMYHOM TOTaJbHOM 3HIOIMPOTE3MPOBAHMM KOJIEHHOTO CyCTaBa
MOTYT OCTaThCSl He3aMeueHHBbIMM BO BpeMs OTllepaluy ¥ MPOSIBUTHCS B IIOC/IE0NepalMiOHHOM MTepuofe.

Onucanue KAUHUYECKO20 cayyas. [TanyieHTKa 65 JIeT MOCTyNIa B KIVHUKY Yepe3 TP HeJeM IMOoC/Ie SHAOMPOTE3UPOBAHMS
KOJIEHHOTO CYCTaBa C KPOBOTEUEHMEM B HYDKHEN YacTy MOCIeonepauyoHHoi paHbl. KT-aHruorpadms moxkasaia JIOKHYIO
aHeBPU3MY MeIMaIbHOM HIDKHEI KOJIEHHON apTepuu, KOTopas 6blia yCTpaHeHa MHTEPBEHIIMOHHBIM PEHTTEHOIIOTOM ITPU
TTOMOIIY CIIUPATTBHOI SMOOIM3aALINA.

3akntouenue. JIo>)kHas aHeBpU3Ma MeIMaJbHOV HUKHEN KOJIEHHONM apTepuy MOXXET OCIOKHUTDH MEPBUYHOE TOTAIbHOE
SHIOMPOTE3UPOBAHME KOJEHHOTO CycTaBa. [Jig ee OUMArHOCTUKYU U JiedeHUsT HeoO6XoAyMa MOMOIIb MHTEePBEHIVIOHHOTO
peHTreHosora.

KiaroueBble ci1oBa: MeauanabHas HVKHSS KOJIEHHast apTrepus, JIO)KHAasi aHEBpMU3Ma, TOTAJIbHOE€ 3SHIOOIIPOTE3MPOBaHME
KOJIEHHOT'O CyCTaBa.

Onsa uurupoBaHus: A6menaan A.M., Xamupa A.A. JIokHass aHeBpU3Ma MeOMaJbHON HUKHEN KOJIEHHON apTe-
pUM TOC/Ie 3HIOMPOTe3MPOBaHMS KOJIEHHOTO CyCTaBa: KIMHMUYECKUit crydait. Tpasmamosnozus u opmonedus Poccuu.
2024;30(4):124-128. (Ha aHru1.). https://doi.org/10.17816/2311-2905-17588.
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INTRODUCTION

Vascular complications after total knee arthroplasty
(TKA) are uncommon, occurring at an incidence of 0.03
to 0.50%, which is higher in revision surgeries [1, 2].
If occurred and diagnosed early, the complication can
be managed sufficiently by percutaneous intervention
maneuvers. However, if it is severe or missed, it might
need vascular surgery intervention and can result
in a limb amputation [2, 3].

Pseudoaneurysm formation after TKA most likely
results from iatrogenic trauma during tibial cut either
by the saw blade or a bluntly placed instrument [4].
The trauma can affect one of the major vessels, such
as the popliteal artery, or one of the smaller branches,
such as one of the genicular arteries, as reported in
the literature [2, 4, 5].

We introduce a case of inferior medial genicular
artery (IMGA) injury presented by pseudoaneurysm
three weeks after primary TKA, which was performed
for primary knee osteoarthritis.

CASE DESCRIPTION
History and patient information

A 65-year-old female complaining of chronic right
knee pain was diagnosed with advanced primary
knee osteoarthritis (OA). The patient underwent
TKA under spinal anesthesia and tourniquet control.
The surgery was performed through a medial
parapatellar approach, using a manual instrument
(an intramedullary rod to guide the distal femoral
cuts, while the tibial cuts were performed using an
extramedullary guide), and a cemented posterior
stabilized prosthesis was implanted. The wound was
closed in layers, and a suction drain was inserted.

No intraoperative adverse events were reported.
Postoperatively, the patient stayed in the hospital
for two days. The drain was removed on the second
postoperative day (the draining amount was 400 cm?),
and there was no need for a blood transfusion. Before
discharge, the wound was checked, and no abnormality
was detected. Anticoagulation therapy in the form of
aspirin 75 mg tablets twice daily was prescribed for
three weeks.

Clinical findings

The patient showed up in the clinic after two weeks
for suture removal. She reported committing to
the postoperative rehabilitation protocol under
the supervision of a physiotherapist, and there was
a gradual improvement in pain and knee motion.
However, later on, after a week, the patient presented
with fresh bleeding from the lower end of the wound.
She denied any history of trauma or a change of the
anticoagulation medication. The distal pulse was
intact. There was a massive knee swelling, no hotness,
a positive patellar tap test, and mild tenderness over
the knee joint line. The wound was healed except for
the lower end, where blood oozing was coming from.

Diagnostic assessment and therapeutic
intervention

After consultation, an intervention radiologist
advised an immediate CT angiography with
contrast. It revealed a contrast-filled lesion near the
anteromedial border of the tibial insert, diagnosed
as pseudoaneurysm originating from the IMGA and
treated at the same session by endovascular coil
embolization (Figure 1).

Figure 1. CT angiography with contrast delineates a pseudoaneurysm
of the inferior medial genicular artery:
a — pre-embolization CT angiography images showing the knee prosthesis and leakage of the contrast material
near the border of the tibial insert (red circle);
b — post-embolization CT angiography images showing sealing and obliteration of the pseudoaneurysm
after coil embolization with no leakage of the contrast material (red squares)
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Follow-up and outcomes

The patient was advised to continue the rehabilitation
protocol. A weekly evaluation of the knee for the first
month was performed. The lower end of the wound
healed without any further complications, and the
knee swelling resolved within the first two weeks.
No incidents of bleeding or swelling were reported till
the last follow-up.

DISCUSSION

Genicular arteries (lateral and medial, including
the IMGA) represent the main blood supply of the
knee joints and originate mainly from the popliteal
artery (PA) and the superficial femoral artery
(SFA) [6].

Vascular injuries during TKA are rare and occur
more commonly during revision surgery. These can
be a direct injury of one of the major vessels (PA
and SFA) or any of the smaller genicular branches,
presenting as a pseudoaneurysm [2, 3]. Risk
factors for pseudoaneurysm formation are not well
documented. However, previous vasculopathy (in
patients with diabetes or peripheral vascular disease),
atherosclerosis, and female gender were proposed as
possible predisposing factors [2, 4].

Clinical presentation can be recurrent knee
swelling (hemarthrosis), bruising, pulsatile mass,
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or fresh bleeding, which can be acute, subacute, or
chronic (commonly occurring if small vessels are
involved) [1]. In the current case, we believe that
the initial IMGA injury was plugged by a small clot
that was dislodged when the patient increased her
activities after suture removal, which led to recurrent
bleeding.

Proper management involves accurate diagnosis
by early suspicion and the help of a vascular surgeon
or interventional radiologist. Definitive management
relies mainly on the type of the vessel injured. It can
range from direct vascular repair or bypass if a major
vessel was involved to percutaneous procedures such
as cauterization, stenting, and embolization, which
was performed in the current case [1, 5, 6].

CONCLUSIONS

Although vascular injuries during total knee
arthroplasty are rare, if passed unnoticed, they
can be devastating, leading up to limb amputation.
Injury of the smaller branches, including the
inferior medial genicular artery, can occur, which
might present with knee swelling and fresh
bleeding. Minimally invasive  management
techniques such as percutaneous embolization in
collaboration with the interventional radiology
team are safe and effective.

JOIIOTHUTEJIbBHASI THO®OPMALIMSI

Bnazodapuocms

Msi 6marogapum mpodeccopa a-pa Mycrady Xammma
(peHTreHos0Ta) 32 €r0 MOMOIIb B UCC/IeOBAaHUN.

3aneneHHblll 6K1A0 A8MOpoe

Axmed M. A60enaan — KOHUEIIINST MCCIeIOBaHNs, HaTly-
caHMe TeKCTa PyKOIINCH, PeIaKTUPOBaHMe TEKCTa PyKOIUCH.

Axmed A. Xanuga — c60p TaHHBIX, aHAINU3 U UHTEPIIpe-
TaluMs JaHHBIX, TIOVUCK U aHAIU3 MyOIMKaIuii, HamucaHue
TEeKCTa PYKOMIUCH.

Bce aBTOpBI TpowIn U ofmo6pmI GUMHATBHYIO BEPCUIO
pyKonucu cTaTbu. Bce aBTOpBI COracHbl HECTU OTBETCTBEH-
HOCTb 3a BCE aCIeKThbI Pa6OThI, YUTOOBI 06ECIIEUUTh HaIJIeKa-
1Ijee pacCMOTpPEHMeE U pellieHe BCeX BO3MOKHBIX BOIIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAZIEKHOCTBIO JTIF000IT YaCTu
paboTHI.

Hcmounuxk  ¢uHaHcuposanusn.  ABTOpPbI  3asIBISIIOT
06 OTCYTCTBUM BHEITHEro hbMHAHCUPOBAHUS MPU MPOBEJIe-
HUU UCCIIeTOBaHMSI.

Bo3mocHblli KOH(AUKIM UHMepecos. ABTOPBI OeKia-
PUPYIOT OTCYTCTBME SIBHBIX M TIOTEHI[MAJIbHBIX KOHPIUKTOB
MHTEPEeCOB, CBSI3aHHBIX C MyOIMKaIMeii HaCTOSIIIe! CTaTh.

Omuueckasa 3kcnepmu3a. He mpumeHnmMa.

HUngpopmupoeannoe coznacue Ha ny6naukayuio. ABTOpbI
TIONTy4YIIM TIMCbMEHHOe CoIiacie TMalyeHTa Ha Mmy6iMKa-
LIMI0 MEAUIIMHCKUX JAHHBIX Y M306paskeHMIA.

127 2024;30(4)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CNYYAN N3 MPAKTUKWN / CASE REPORTS

REFERENCES 4. Puijk R., Rassir R., Kaufmann L.W., Nolte P.A.
1. Nicolino T.I., Costantini J., Astore L., Yacuzzi C.H., Astoul A Pseudoaneurysm  of the Inferior Lateral
Geniculate Artery Following Total Knee

Bonorino J., Costa Paz M. et al. Incidence of vascular
injury associated with knee arthroplasty: series of cases.
Eur ] Orthop Surg Traumatol. 2024;34(7):3735-3742.
doi: 10.1007/s00590-023-03814-5.

Arthroplasty. Arthroplast Today. 2022;15(9):120-124.
doi: 10.1016/j.artd.2022.03.017.

. Daniels S.P., Sneag D.B., Berkowitz J.L., Trost D., Endo Y.

Pseudoaneurysm after total knee arthroplasty: imaging

2. Sundaram K., Udo-Inyang I., Mont M.A., Molloy R., Ay . . ;
Higuera-Rueda C., SI;iuzgzi N.S. Vascular Injﬁries findings in 7 patients. Skeletal Radiol. 2019;48(5):
Total Knee Arthroplasty: A Systematic Review 699-706. doi: 10.1007/500256-018-3084-4.

and Meta-Analysis. JBJS Rev.
doi: 10.2106/JBJS.RVW.19.00051.

Petis S.M., Johnson ].D., Brown T.S., Trousdale R.T.,
Berry D.J., Abdel M.P. Catastrophic Vascular Injury

2020;8(1):e0051.

. Liu S,

Swilling D., Morris E.M., Macaulay W.,
Golzarian J., Hickey R. et al. Genicular Artery
Embolization: A Review of Essential Anatomic
Considerations. J Vasc Interv Radiol. 2024;35(4):487-496.
doi: 10.1016/j.jvir.2023.12.010.

After Total Knee Arthroplasty. Orthopedics. 2022;45(6):
340-344. doi: 10.3928/01477447-20220907-02.

CeedeHus 06 asmopax
DA Axmed A. Xanuga — IOLEeHT
Appec: Kilo 6 Qena-Safaga highway, 83523, Qena, Egypt
https://orcid.org/0000-0002-0710-6487
e-mail: ahmed_adel0391 @med.svu.edu.eg

Axmed M. A6denaan

https://orcid.org/0000-0002-2573-1681
e-mail: aabdelaal61@yahoo.com

Authors’ information
D<A Ahmed A. Khalifa, MD — Assistant Professor
Address: Kilo 6 Qena-Safaga highway, 83523, Qena, Egypt
https://orcid.org/0000-0002-0710-6487
e-mail: ahmed_adel0391 @med.svu.edu.eg

Ahmed M. Abdelaal, MD

https://orcid.org/0000-0002-2573-1681
e-mail: aabdelaal61 @yahoo.com

128 2024;30(4) TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CNYYAN N3 MPAKTUKWN / CASE REPORTS

Knuunueckuit ciayvaii
V1K 616.718.49-001.5-06-053.2
https://doi.org/10.17816/2311-2905-17511

MocTtTpaBMaTnyeckana occupukaumsa CBI3KM HaAKONIEHHUKA Y AeTen:
cepust KNMHUYECKUX C/lydaeB

K.A. Kaprasenko !, B.l. 3opun "%, C.A. JIyKbsIHOB !
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Pedepar

AkmyansHocmp. [lepesioMbl KOCTel, 06pa3yIoLIX KOJIEHHbI CYCTaB Y I€TeN, SIBISIOTCS JOCTATOYHO PeOKUMMU (0 6% OT
BCex IepesoMoB KocTeit). K ux umuciay OTHOCSIT aBY/IbCMBHBIE TIepeslOMbl afeKkca HaJKOMeHHMKA U OTPhIBHbIE TePeIOMbl
6yrpuctocTy 60/bl1e6ePII0BOIt KOCTH, ITIOC/Ie KOTOPBIX MOKeT GOpMIUPOBAThCs OccubUKaIS CBSI3KM HaJKOJIeHHMKA. Takke,
I10 JaHHBIM JIMTEPaTypPbl, oOcCUDULMPOBaHNE CBSI3KM HAAKOTeHHMKA MOKET HabJTI0IaThCs IPY ee e PBUYHBIX MY XPOHMYEC-
KMX (TIOSHBIX MO0 YaCTUUHBIX) pa3pbiBax. [Iomo6HOe OC/IOKHEHMEe HOCTATOYHO PeNKO BCTpevaeTcs B TPaBMAaTONOTUU
JIETCKOTO Bo3pacta, Tpebyet nubdepeHIMaTbHON JUATHOCTUKY U Pa3IUIHON XUPYPIUUECKON TAKTUKH.

Llens — peCTaBUTh KIVMHUKO-TyYeBYI0 KAPTUHY TOCTTPaBMaTHUeCKOit occubuKaly CBSI3KM HaIKOTeHHMKA Y TalleHTOB
JIeTCKOTO BO3pacTa U pe3y/ibTaTbl XMPYPTrUUEeCKOro JeueHus.

Mamepuan u memodst. IIpoBefieHO M3yUyeHMe aHAMHECTUUYECKUX, KIMHUIECKUX, JIYUEBbIX U TMCTONOTMUYECKUX TAHHBIX
4 MauyeHTOB MYKCKOTO 1oJIa.

Pesynemamot. Cpennuii Bospact 14 (11-16) neT. Bo Bcex ciydasix B aHaMHe3e OTMevanach TpaBMa. [lepBuuHO, mocse mosy-
YeHMs TPABMbI, TIAIIVIEHTHI IIPOXOIMIN JIeUeH e 110 TIOBOY YIIMOa KOJIEHHOTO CYyCTaBa. Y OSHOTO U3 YeThIPEX MAlleHTOB,
MOTYYMBILIEro TpaBMy Mpy MaZeHu Ha 06/1acTh 060MX KOJIEHHBIX CYCTAaBOB, IIPU MOCTYIUIEHUHM 1107 HAa6JTI0leHie aBTOPOB
OoTMevasach IBYCTOPOHHSIS MATOMOIUS, Y TpeX MalyeHTOB occubuKalysl CBSI3KM HaAKOMeHHMKA MpelcTaBlieHa OLHOCTO-
POHHelt maTonorueit. B KIMHMYECKOI KapTyHe MPeBaaupoBaay crubaTeabHast KOHTPAKTypa U 60eBoii CMHAPOM. Bee ma-
LIMEeHTbI OIlepUPOBaHbI B 00beMe OT 1cceueHust 0cCUbUKATOB 10 MccedeHms: occu(UKaTOB € IIACTUKO TeeKTOB CBSI3KU U
pedukcaumeit 6yrpucTocTi 601blIe6ePIIOBOI KOCTHU C OCTEOCHHTEe30M. KOHTpaKTypa KOJIEHHOTO CYCTaBa y BCEX MAIl[MEHTOB
yCTpaHeHa [0 MOJHOTO BOCCTAHOBJIEHUSI 00bEMA NBIVDKEHUI. [MCTONMOTMYECKM BBIABISUIACH (DPArMeHThI 3Peoii KOCTHOI
TKaHU, IpeficTaB/leHHbIe MeCTaMM UCTOHYEHHBIMM KOCTHBIMM GaIKaMM C 0U4aroBOit OCTeOK/IaCTUUYEeCKOl peakuyei 1 yJacT-
KaMU 3HIOXOHIpaTbHOM occuUKaLmm.

Baxnouenue. KnuHyudeckasi KapTuHa y MalyeHTOB JeTCKOro Bo3pacTa ¢ occudumkalyeit CBsI3KM HaJKOJIeHHMKA IpeiCTaB-
JleHa CMMIITOMOKOMIUIEKCOM (PYHKIIMOHANbHBIX U Tonorpadguueckux HapylleHUii HYKHEe KOHeYHOCTH: HaluueM OCCH-
(ukaTa CBSI3KM HAAKONEHHUKA, patella alta, 60/bI0 B TIepeHEM OTJeJle KOJIEHHOTO CYCTaBa, CrMOaTebHOM KOHTPaKTYPOii
¥ runoTpodueit mpsmMoii MbIbl 6eapa. JIyueBble u ganHbie MPT ornpeensioT 06pa3oBaHue KOCTHO! IVIOTHOCTY C HEPOB-
HBIM YeTKMM KOHTYPOM B IIPOEKLVY CBSI3KYM HaJKOJMIEHHMKA B COUeTaHUM C BHICOKMM €ro CTOSIHMEM U YBelueHNe MHIeKca
Caton-Deschamp (CDI) 6onee 1,3. OCHOBHbIM MeTOJOM JIeYeH!sI Pa3BUBILETOCS] OCTOXKHEHMSI SIBJISIETCST XUPYPrUUeCKuit,
KOTOPBII MPUBOAUT K BOCCTAHOBJIEHUIO TTOHOM aMIUIUTYbI ABVOKEHMIT B KOJIEHHOM CyCTaBe.

KiroueBble ciioBa: feTu, TpaBMa, KOJIEHHbIN CyCTaB, CBA3KM, ITepeIOMbI HAAKOJIEHHMKaA, OCCI/[(bI/IKaL[I/IH.
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Post-Traumatic Patellar Tendon Ossification in Children:
A Case Series

Kirill A. Kartavenko!, Vyacheslav I. Zorin 2, Sergey A. Lukyanov'

! H. Turner National Medical Research Center for Children’s Orthopedics and Trauma Surgery, St. Petersburg, Russia
?Mechnikov North-Western State Medical University, St. Petersburg, Russia

Abstract

Background. Fractures of the bones that form the knee joint in children are quite rare, accounting for up to 6%
of all bone fractures. These include avulsion fractures of the patellar apex as well as tibial tuberosity avulsion fractures,
which may result in patellar tendon ossification. Based on literature, the ossification may also occur in cases of primary or
chronic (complete or partial) patellar tendon tears. Such a complication is quite rare in pediatric traumatology; it requires
differential diagnosis and various surgical tactics.

The aim of the study is to present a clinical and radiological picture of post-traumatic patellar tendon ossification in children
and its surgical treatment outcomes using a case series as an example.

Methods. We present a monocenter retrospective series of 4 male patients. Anamnestic, clinical, radiological
and histological data were analyzed.

Results. The patients’ mean age was 14 (range, 11-16) years. In all cases, there was a history of trauma. Initially, after
getting injured, the patients were treated for a knee injury. In one patient, as a result of his falling on 2 limbs, a bilateral
pathology was observed; in other three cases, the pathology was unilateral. Flexion contracture and pain syndrome
prevailed in the clinical picture. All patients underwent surgery ranging from excision of ossifications to excision
of ossifications with reconstruction of tendon defects and refixation of the tibial tuberosity with osteosynthesis.
In all cases, knee joint contracture was eliminated and the volume of movement was fully restored. Histology showed
fragments of mature bone tissue represented by thinned bone beams with focal osteoclastic reaction and areas
of endochondral ossification.

Conclusions. The clinical picture of pediatric patients with patellar tendon ossification manifests in the form of a chronic
cascade of symptoms and functional and topographic disorders: patellar tendon ossification, patella alta, anterior knee
pain, flexion contracture and rectus femoris muscle hypotrophy. X-ray and MRI data determine a formation of bone density
with uneven clear contours in the projection of the patellar tendon, along with patella alta and the Caton-Deschamps
index increasing more than 1.3. The primary treatment method of the developed complication is the surgical one,
which leads to the restoration of the full amplitude of movements in the knee joint.

Keywords: children, trauma, knee joint, tendon, patellar fractures, ossification.
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BBEJEHUE

ITepenombl KOCTel, 00pa3yloOUIMX KOJEHHBIN CYCTaB,
y HeTeil SBASI0TCS LOCTaTOYHO PegkuMu — 10 6% OT
BCeX IepeioOMOB KOCTel, a Ha MePeJOMbl BEPXYIIKU
HaJKOJIEHHMKA B JaHHOI KOropTe MauyeHTOB Ipu-
XOOUTCS OKOMo 42% [1]. IIpy OTCYTCTBUM IOIKHBIX
IMArHOCTUKU U JieyeHUsl OaHHOM TpaBMbl, pa3pbiBa
(IOTHOTO WMJIM YaCTUYHOTO) CBSI3KM HaJIKOJEeHHU-
Ka, a TakKe I0C/Ie aBYJIbCUBHBIX IEPeIOMOB OyTrpu-
cTocTu 6omblebeplioBOit KOCTM MOXeT (Gopmupo-
BaTbCsl occuduKaums CBSI3KM HaJKoleHHMKa [2, 3].
Occudukanms cBA3KM HaJKOJIeHHUKA [10C/Ie YaCTUY-
HBIX U TOJIHBIX €e Pa3pbiBOB, a TaKKe aBYIbCUBHBIX
MepesioMOB IepefHero OTHe/lia KOJEHHOro CycTaBa
MIPOSIBJISIETCS Ha/MuueM occudukaTta B TOJIIE CBSI3-
KM, BBICOKMM CTOsIHMEM patella, cnaboCcTbio mepe-
Hejl TPyImbl Ml 6empa, crubaTeabHOVM KOHTPaK-
TYpOJi [4].

dopmupoBaHKe y4acTKOB occubukanmumu B obnac-
TU KOJIEHHOTO CyCTaBa BCTpeuaeTcsl HeyacTo: Haubo-
Jiee paclpoCTpaHEHHBIMU JIOKAIU3ALUSIMU B MOPSIL-
Ke yObIBaHMUS SIBJISIIOTCSI Ta300eIpeHHbI, KOJIEHHBIN,
IJIeYeBOi U JIOKTEeBOM CYCTaBbl. MI3BeCTHO, YTO OCCU-
dbuxauusi Bo3HMKaET B 06/IaCTM KOJIEHHOTO CyCTaBa
MoC/ie  SHIOINPOTE3UPOBAHMS, MHTPaMeLY/ISIPHOTO
OCTEOCHHTEe3a, PEKOHCTPYKLUM IepenHeii KpecTo-
o6pasHoit cBs13kM (ITKC) u TpaBMbI KOJIEHHOT'O CyCTa-
Ba, He COTIPOBOXKIAONIeliCs IepesioMmamu [5, 6].

VunuThiBasi pemsKoCcTb occubukaimumu B 061aCTU
CBSI3KM HaJKOJEeHHMKA I0C/Ie TIepeHeCeHHO TPaBMbl
y OeTeil ¥ MOAPOCTKOB, NMpeLCTaBleHHass KIMHUYe-
CKasl cepusl MOKeT ObITh MHTEpecHa CIIelaanucTaM,
OKa3bIBAIOUIMM [TOMOIIb JeTSIM C TpaBMaMu U 3a60-
JIeBaHUSIMU CKeJleTa.

Ileny — mpencTaBUTh KIMHUKO-TYYEBYI0 KapTUHY
MOCTTPaBMaTUYeCKO occuduKamMm CBI3KM HAIKO-
JIeHHUKA, XUPYPTUUECKYIO TAKTUKY U Pe3YyJIbTaThI Jie-
YyeHMsI Ha NpUMepe KIMHUYECKON cepuM NaluyueHTOB
JIeTCKOro BO3pacTa.

MATEPUAJI 1 METO/IbI

I[Mop HabmOmeHMEM HAXOAWINCH UeThIpe MalyieHTa
MY)KCKOTO 10718, CpeIHUIi BO3PAaCT KOTOPBIX COCTaBUI
14 (11-16) net. IlpoBeneH aHanM3 aHaMHECTUUECKUX,
KIMHUYECKUX, Jy4eBbIX, J1aOOPAaTOPHBIX JAHHBIX,
0CcOoGEHHOCTe U pe3y/lIbTaTOB XMPYPruiecKkoro jeye-
HMSI. OCHOBHbBIE XapaKTePUCTUKU T'PYIIIbl OTPAKEHBI
B Tabmuie 1.

AHamHe3s. Bce nmaiueHTbl OTMeuanyu HakT TpaBMbl B
aHaMHe3e — I1aJleHye Ha 06JacTb epefHeli ToBepXx-
HOCTM KOJICHHBIX CyCTaBOB. II0 moBOAY TpaBMbI Ila-
I[MeHTbI 06palanKuch K TPaBMaTONOTY, TeYUIUCh aM-
6y71aTOPHO C AMArHO30M «YIIMO KOJIEHHOTO CyCTaBar.

B smeyeHMm TpoMX MaIMEHTOB IIPUMMEHSIaCh MM-
MOOMIM3aIMsI JIOHTETHBIMM TOBsI3KaMu. IIpomon-
SKUTETBHOCTh MMMOOMIM3ANY, COIIACHO aHaMHe-
CTMUYEeCKMM JaHHbIM, COCTaBJIsIIA OT 2 10 4 Hep,. [lanee
raiyeHTam OblJI peKOMEHI0BAaH KypcC jJe4ebHoi ¢pus-
KyAbTypbl. OOVH U3 NALMEHTOB, CO CJI0B POAUTENEN,
MoJTyyasa TOJAbKO (U3MOTEpATIEBTUYECKOE JIeueHye
(YBY, marauToTepanuio). CpegHuit CpoKk ¢ MOMEHTA
TPaBMbI 10 TTOCTYIUIEHNS MMAIMEeHTOB 1of, Habioae-
HMe aBTOPOB I10 TTOBOJY MATOJIOTNYeCKOii occuduka-
uyu cocraBuia 31 (15-55) mec.

Knunuueckas kapmuna. Bcex manyeHToB 6eCIOKO-
11 60J1eBoOi CMHAPOM 10 3—4 6awtoB mmo BAIII, noka-
JU3YIONINICS B TIPOEKIMM KOJIEHHOTO CyCTaBa b0
BbIIlle, KYTIMPYIOUMIACS CAMOCTOSITEIBHO U B TOKOE.
Tpoe u3 yeTbipex 60JIbHBIX MPEXbSIBIISIIN KaT00bI HA
HEBO3MOXHOCTb 6eraTb ¥ BBIMOMHSATbL Pe3Kue CTap-
TOBbIE HArPy3KM U3 JII0O60TO ITOIOKEHMSI TIPU UCTIOb-
30BaHMM B KadyeCcTBe TOMTYKOBOJ TPaBMMUPOBAHHYIO
KOHEYHOCTb. [TallMeHThl C OOHOCTOPOHHEN TPaBMOM
SKaJIOBAJIMCh HA Pa3sHUIY B OKPYKHOCTYU Gemep, 06yc-
JIOBJIEHHYIO TMITIOTpOdMel IMpsSMO¥ MBIl Oeapa.
V manueHTOB OTMeEYaJioCh OTpaHMuYeHue pasrmbda-
HMSI B KOJIEHHOM cycTaBe. Hu ogHOTO 13 MOAPOCTKOB
He OeCIIOKOWIO Hajuuyue occuduKaTa/yIIOTHEHUS
CBSI3KM HaJIKOJIEHHMKA, OIIyIeHe MHOPOIHOTO Tela
B ITOJIOCTM KOJIEHHOTO CYCTaBa.

B uccnemoBanuyu 6bLIa MCIONIb30BaHA aganTUPO-
BaHHAs M BaJMAVPOBAHHAS PYCCKOSI3bIYHAST BEPCUS
dbyukumonanbHoii mKkanbl Pedi-IKDC [7]. Cpemumit
rmoKkasaresb (GYHKIMM KOJIEHHOTO CyCTaBa Ipu IOC-
TYIUIEHUY 10 STOJ IIKaste coctaBumi 75 (72-78) 6anos.
BbIBMXOB HaJKOJIEHHMKA B aHAMHe3e He 0TMeYasl HU
OIIVH TIAIMEHT.

[Ipu KIMHMYECKOM OCMOTpE: OCb KOHEUHOCTEN CO-
XpaHeHa, HAAKOJIEHHMK cTabuieH. O6palano Ha cebs
BHMMaHMe BbICOKOE IOJIOKEHMe HAAKOMEeHHMKA Ha
00IbHOV KOHEYHOCTH. Y TaliMeHTa C IBYCTOPOHHE
naTojorueit patella alta oTMedanach C IBYX CTOPOH.
[TanbmaTOpHO B TPOEKIMM CBSI3KM HAJKOIEHHMKA
B TOJIIE TKaHM Ha YPOBHE CyCTABHOI IIeNM Ompe[e-
JISI0Ch 6OJIe3HEeHHOe TAaTOJOoTMYeCcKoe oOpa3oBaHue
KOCTHOJT 1m1oTHOCT. O6beM ABMKEHUIT B KOJTEHHOM
CycTaBe OTpaskeH B Tabmuie 1.

Jlyuesas kapmuHa. Ha peHTreHorpamMmmax KOJI€H-
HOTO CYCTaBa, BBIMIOJHEHHBIX B ABYX ITPOEKLMSIX,
Yy BCeX MalyeHTOB B ITPOEKIIMM CBSI3KM OIIpemensi-
JIUCh KOCTHO¥ TUIOTHOCTY 06pa30BaHUSI C HEPOBHBIM
YeTKMM KOHTYPOM B COUETAHMUM C BBICOKUM CTOSIHU-
€M HaJKOJIEHHMKA B IPSIMOI U GOKOBOI MPOEKIVSIX
¢ yBenmuueHueM uHaekca Caton—Deschamp (CDI) 60-
Jee 1,3 (puc. 1). XapakTepucTuKa BU3YaATIU3IUPYEMbIX
obpa3oBaHMii IpeACcTaBieHa B TabauIe 2.
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Tabnauya 1
KimHuKo-aHaMHeCTMUeCKMe XapaKTepPUCTUKY MalMMeHTOB
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1 11 12 15 V6 | Jlesas | Mmmo6uamsaiius, 4/72 Bonb 5-135/
JIOK crubartepHas 5

2 14 16 19 Viun6 | TlpaBast | UMMo6Guamn3anus, 2/75 Hapymenmne 8-135/
+ HIIBC, JI®K CTapTOBOI crubarenpHas 8

JieBas dbynxMN

3 12 15 33 Viun6 | IlpaBast | MMo6uamn3anus, 3/78 Boinb 6-135/
JIOK crubaresbHas 6

4 12 16 55 Vumm6 | [IpaBas DT 3/76 Bonb 5-135/
crubarenpHas 5

Puc. 1. PeHTreHOTpaMMbl KOJIEHHBIX CYCTaBOB C O[{HOCTOPOHHE ocCcUbMKaIMel CBA3KM HaJKOJIEHHMKA
a — npsimas npoexuus, patella alta, occudukaThl B MPOEKLMM CBSI3KM HAAKOIEHHUKA,;

b — 6oKoBas MpoEKLYSsI, TPAaBMMPOBAaHHAsI KOHEUHOCTb, patella alta (vapekc Caton-Deschamp — 1,8),
occuduKaT B MPOEKIVY TOJIIM CBSI3KM HAIKOJIEHHUKA;

¢ — 6oKOBast MPOEKIIMS, 3T0POBast KOHEYHOCTh

Figure 1. X-rays of the knee joints with unilateral patellar tendon ossification:

a — AP view, patella alta, ossifications in the projection of the patellar tendon;

b — lateral view, an injured limb, patella alta (Caton-Deschamps index — 1.8), ossification in the projection of the patellar
tendon thickness;

¢ — lateral view, a healthy limb
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Tabnuya 2

Mopdonornueckas XxapakTepucTuka occipmuKaToB CBI3KM HaZKO/IEHHUKA

C M Pacrionoxxenue occudmkara P
TamyenT TOpPOHA opdonorus 110 OTHOIICHIIIO K CBSI3KE asMepsbl occuduraTa, MM
opaxeHus occudukara (BxILIxT)
HaJKO/leHHMKA
1 JleBas IMonudparmeHTapHbIi LlenTpanpHOE 23,8x34,7x10,3
2 IIpaBas + MonodparmeHTapHbIi IucranbHOE 30,1x51,2x20,4 (ipaBas)
JleBas 30,1x39,1x19,3 (yieBas)
3 [IpaBag MoHodparMeHTapHbIi LlenTpanbHOE 21,2x27,1x11,3
4 IpaBas TMonudparmeHTapHbII ITpokcuMaabHOE 44,4%x29,4x18,5

ITo manHbiM MPT B npoeKuuu CBSI3KM Ha y4acCTKe
MeKAY OYyTpUCTOCTbIO 6OJbIIIE6ePIIOBOI KOCTY U Haf -
KOJIEHHMKOM OIIpefessIUCh MaTojormyeckue obpa-
30BaHMs KOCTHOM IIJIOTHOCTH, IIpU 3TOM MHOTda cCaMa
CBSI3Ka MeXOy (PM3MOIOrnuecKkoil TOUKoi huKrcaumm
u occudurarom He muddepeHIupoBanach (puc. 2).
Y Tpex mauueHTOB 10 AaHHbIM MPT omnpenensiinch
MPU3HaKM CUHOBUTA KOJIEHHOTO CyCTaBa.

KommbioTepHas Tomorpadusi oTpaskaeT AeTaabHO
Tornorpaduio, KOTMIECTBO U TeOMeTpUUecKue xapak-
TEPUCTUKU OCCUDUKATOB, TO3BOJISIET CIUVIAHMPOBATD
nocienylolee Xupypruueckoe jedeHue (puc. 3, 4).

Xupyprudeckoe jedeHue MpoBeieHo BO BCexX CIyya-
s1X. Y TIaljieHTa C IByCTOPOHHE [aToIoTne XUupypru-
YyecKoe JieyeHye BBITIOHSIOCh 3TallHO ¥ HAYMHAI0Ch
C JIedueHUS KOHEYHOCTH C Gojiee BbIPasKeHHBIMU KIIM-
HUMYEeCKMMM IIPOSBJIEHUSIMU I1aTOJIOTUN. DTaIHOCTb

(ocnmenoBaTeNbHAs XUPYPIUsl KaKIOM KOHEUHOCTH)
OTpenessyiach PacHpOCTPaHEHHOCTbIO occuduKraTa u
BBICOKOJ BEPOSITHOCTBHIO HEOOXOAMMOCTU ILIACTUKU
COOCTBEHHOJ CBSI3Y C MOCIEAYIONIEN MMMOOUIM3AIIN-
eif. lenssMu orepanuy SBJISUIOCH yaajieHue occudu-
HI/IpOB&HHOf;I TKaHUM M3 TOJIIN CBSI3KM HAaJKOJI€EHHMKaA
" TIOJIOCTY KOJIEHHOTO CyCTaBa, BOCCTAHOBJIeHMEe HOP-
MaJIbHBbIX aHATOMMYECKMX B3aMMMOOTHOILEHUII B I1a-
Te/UI0-PeMOPaTbHOM COUJIEHEHNUM, TUIACTUKA CBSI3KU
Ha/IKOJIEHHMKA, BOCCTAHOBJIEHME TTOJIHOM aMILTUTY/IbI
OBVDKEHUI B KOJIEHHOM CYyCTaBe.

TpOI/IM nmanyeHTamM C OJHOCTOPOHHMM ITOpa>keHu -
€M CYCTaBa IOCTATOYHO ObLIO BBIMOIHUTH YOAJIEHUE
occuduKara, OTKPbITOE BIIpaBJIeHME HAIKOJEHHMKA
myTeM ero HuspegeHwms. Jledekr cBSA3KM Iocie uc-
cedeHUs] occudMKaTa BOCCTAHABIMBAJICS MECTHBIMM
TKaHsAMU (puc. 5).

Puc. 2. MPT KoJIeHHOTO CycTaBa y fieTelt ¢ occuduKkaimeii CBI3KM HaKOJeHHMKA (CaTUTTaIbHast, PpoHTaTbHAS

" akCuaibHad HpOQKLU/[I/I)Z

a — T2 peskum (maumeHT 1), KapTuHa occudmKaTa B IPOEKIMY CBSI3KYM HaIKOJIEHHMKA (0603HAUEH CTPEJIKO);
b — T2 peskum (mauueHT 4), MHOroparMeHTapHblii occu®UKAT CBSI3KM HaIKOJIEHHNKA (0603HaUEH CTPEJIKOiA);
¢ — T2 pexkum (TalMeHT 2), Cpe3 Ha ypoBHe Haubosee MUPOKO yacTu occudmraTa

(0603HaYEH CTPEJIKOI), paCITPOCTPAHSIIONIETOCS Ha BCIO MIMPVHY CBSI3KM HAIKOIEHHMKA

Figure 2. MRI of the knee joint in children with patellar tendon ossification (sagittal, frontal and axial views):

a — T2-weighted imaging (patient 1), ossification in the projection of the patellar tendon (indicated by an arrow);
b — T2WI (patient 4), multifragmental patellar tendon ossification (indicated by an arrow);

¢ — T2WI (patient 2), the cut at the level of the widest part of the ossification (indicated by an arrow),

extending over the entire patellar tendon width
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Puc. 3. KomnbloTepHble TOMOTDaMMbl KOJIEHHBIX CyCTaBOB
¢ 3D-peKkoHCTpyKIMelt aleHTa 3:

a — IBYCTODOHHSIS I1aTOJIOT S ;

b — B mpaBoM cycTaBe Bu3yanusupyetcs pparmeHT occudmkaTa
C BHYTPMCYCTAaBHBIM PacIIOIOKeHNEM

Figure 3. CT of the knee joints of patient 3 with
3D reconstruction:
a — bilateral pathology;

b — an ossification fragment with an intraarticular location is

visualized in the right joint

B ogHOM c/Tyuae y matyeHTa ¢ JByCTOPOHHe maTo-
JiorMeit Hu3BeeHe HaIKOJIEHHMKA GbIIO 3aTPYIHEHO
Ha (OHE MbIIIEYHOI PeTpakLyyu U PyOLOBO-IUCTPO-
(brueckux M3MeHeHM mapaauraMeHTO3HbIX U Iapa-
MaTe/UISIPHbIX TKaHel. B JaHHOM cyyae HU3BeIeHMe
HAIKOJEHHMKA B (PU3MOJOIMUECKYIO ITO3MIMIO TIO-
TPe6OBaIO VIJIMHEHUS CYXOKMINS TIPSMOM MBbIIIIbI
6empa (puc. 6). O6s13aTeIbHBIM 3JIEMEHTOM OTIepaIyn
SIBJISLIACh YCTAHOBKA aKTUBHOTO JIpeHaska.

B mocreonepaifoHHOM IIePUO/Ie IIPU PEKOHCTPYK-
MM CO6CTBEHHOM CBSA3KM U peduKcaliuy 6yrpucToCTi

Puc. 4. KomnbioTepHas TOMOrpaMma KOJIeHHbIX
CyCTaBOB € 3D-peKOHCTPyKIMei nauyueHTa 4:
[IpaBOCTOPOHHSS pparmeHTapHast occuduranms
CBSI3KM HaJKOJIEHHMKA

Figure 4. CT of the knee joints of patient 4 with

3D reconstruction: right-sided fragmentary patellar
tendon ossification

GobIIE6EPIIOBO KOCTY C OCTEOCHMHTE30M BBIIION-
HSTaCh OpTe3Hast MMMOOW/IN3AIMS B TeueHue 2 Mec.
[Tocste CHATHS OPTE3a PEKOMEH/I0BAJICS KypC JIeUeOHOii
ITMMHACTHKM C IPOGHBIM J03MPOBAHHBIM YBEIMUEH-
eM aMIUTATY/Ibl IBVSKEHMIT B KOMIEHHOM CyCTaBe, Mac-
Cak HIDKHUX KOHeYHOCTeH, ¢usmorepaneBTHUecKast
CTUMYJISILIUS TI€pefHeli TPYIIIbl MBIl 6eipa, Kypc
MeIMKAMEHTO3HOM IPOTHBOBOCIIAITENBHOM Tepa-
My B TeueHue 2 Hend. (M6ympodeH B TO3MPOBKE, CO-
OTBETCTBYIOIIIE} BO3PACTY, COBMECTHO C MHIMOUTOPOM
MTPOTOHHO ITOMITbI 330MEeINpPa3soioM).

Puc. 5. Onepanuust Ipu OGHOCTOPOHEH occudUKaLYM CBI3KY HAIKOMeHHMKA (TTAllMeHT 4):

a — BHeLIHMI1 BuA, occuduKaTa CBI3KM HaAKOJeHHMKa (occuduKaT 0603HauUeH CTPeiKoif), patella alta;
b — BMJ paHbI Mocie yaaneHus occudmkaTa;
C — COCTOSTHME TI0C/Ie HU3BEeIeHNST HATKOJIEHHVKA Y TIJIaCTUKY fedeKTa CBA3KA

Figure 5. Surgery for single-sided patellar tendon ossification (patient 4):
a — appearance of the patellar tendon ossification (indicated by an arrow), patella alta,

b — wound appearance after removal of the ossification;

¢ — condition after bringing down the patella and its tendon defect reconstruction
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Puc. 6. Xupypruueckoe jieueHue naiueHTa 3 ¢ IByCTOPOHHEN occuduKaleii CBI3KM HaJKOJIeHHMKa

(TipaBbIil KOJIEHHBI CYCTaB):

a — 3KCTPaapTUKY/ISIpHAs YacTh occudmkaTa (0603HAUEH CTPEIKOI) TIOC/Ie MOGUMIM3AIMY CBSI3KM HaJKOJIEHHMKA [TyTEM
ocreoToMum occuduKaTa y OCHOBaHMSI B IIPOEKIIUY GYTPUCTOCTY GOJbIIEOEPIIOBOI KOCTH;

b — MHTpaapTUKYIIpHAs YacTh occuduKkaTa (0603HaYEH CTPEJIKOIT), CEPO3HBI BBIMOT U3 TIOMIOCTY CYCTaBa;

C — apTpOTOMMUSI TPABOTO KOJIEHHOTO CYCTaBa ¢ ucceueHneM Ghubpo3nupoBaHHbIX YUYACTKOB KaICy/ibl C pparMeHTaMm
occudUKATOB, BHEIIHMIT BIJI, TIOJIOCTY CYCTaBa C MPU3HaKaMy XPOHUUYECKOTO BOCTIA/IEHNS;

d — BrpaBieHMe HaKOJEHHMKA, GUKCALMs OCHOBaHMSI MHTpaIUraMeHTapHO YacTu occudmKaTa B JI0Ke 6YyTpUCTOCTH
60sTbIIIE6EPITIOBO KOCTH MTOC/Ie 00PAabOTKM KOHTAKTUPYIOLIMX KOCTHBIX TIOBEPXHOCTEN JO0TaMM, OCTEOCHMHTES

JABYMSI BUHTaMU

Figure 6. Surgery for patient 3 with bilateral patellar tendon ossification (right knee joint):

a — extraarticular part of the ossification (indicated by an arrow) after patellar tendon mobilization by osteotomy

of the ossification at its base in the projection of the tibial tuberosity;

b — intraarticular part of the ossification (indicated by an arrow), serous effusion from the joint cavity;

¢ — right knee arthrotomy with excision of the capsule fibrotic areas with ossification fragments, joint cavity appearance

with signs of chronic inflammation;

d — the patella reduction, fixation of the base of intraligamentous ossification part in the bed of the tibial tuberosity
after processing the bone-contacting surfaces with chisels, two-screw osteosynthesis

[TocimeonepaliMoOHHbBIN NepuoOL y BCeX IalMeH-
TOB TIpOTeKkas 0e3 OCIOKHEeHWI, IIBbl CHSITHI Ha
12-14-e cyT. PaHbl 3akmaM NMepBUYHBIM HaTSKEHU-
eM. HusBeieHMe HaKO/IEHHMKA JOCTUTHYTO BO BCEX
cryJyasix (puc. 7), UTO MOABEPKEHO HOpMaiusaluen
3HaueHuit nagekca Caton—Deschamp (puc. 8). VY Bcex
MalMeHTOB I0C/ie oNepalnyu MOJIHOCThI0 yCTpaHeHa
crubaTenbHas KOHTPaKTypa KOJIEHHOTO CyCTaBa.

| Jo

Uepe3 3 mec. mocjie omnepauuu maiueHTsl 1, 2, 4
MOJTHOCTHIO BO30OHOBWIM aKTUBHBI 06pa3 KU3HMU,
BEPHYJINCH K TIPUBBIUHBIM Harpyskam. ITanueHT 3 oT-
MeTWI yiydiieHne (GYHKIMM HWKHEN KOHEYHOCTU
C ONepMpPOBAHHO} CTOPOHBI, 3alJIAHMPOBAHO XU-
pypruyeckoe JjieueHye BTOPOTO KOJIEHHOTO CYCTaBa.
Cpenuuii rokasaresb 1o mmkaie Pedi-IKDC cocraBui
82 6asna.

Puc. 7. PeHTreHOrpaMMBbl KOJIEHHOTO CyCTaBa

B GOKOBOI1 TPOEKINY IO U TIOC/IE XUPYPTUUECKOTO
JIeYeHUs:

a — go omnepanuu (magekc Caton—Deschamp — 1,8);

b — noce onepaunu (nHAekc Caton—Deschamp — 1,1)

Figure 7. Lateral X-rays of the knee joint before
and after surgical treatment:

a — before surgery (Caton-Deschamps index — 1.8);
b — after surgery (Caton-Deschamps index — 1.1)
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MaumeHTbl

=8— Wupekc CD po onepaumu

Ha cpoke HabGmomeHMs B 6 MeC. pelMANBOB OCCU-
¢bukanuu He OTMEUYEHO HM B OTHOM CJTy4ae, CpeHMUIA
6ast o mkase Pedi-IKDC cocrasmit 89.

Pe3ynpTaThl I'MCTOOIMYECKOTO UCCAeI0BaHMS yia-
JIEHHBIX OCCU(UKATOB BBISIBUIN (PparMeHThI 3pesioii
KOCTHOJ TKaHW, IMpe[cTaBieHHble MeCTaMM MCTOH-
YEHHBIMM KOCTHBIMY GaJIKAMM C 04aroBOil OCTeOKIIac-
TUYECKOJ peakUMel M ydyacTKaMy 3HA0XOHJPaabHOM
occuduranuu. VIx MekTpabeKy/IsipHOe TIPOCTPAHCTBO

=@= Mnpekc CD nocne onepaumu

3ar0JTHEHO aguToOUUTaMMu ¢ ¢GparMeHTamMy KJIeTOY-
HO-BOJIOKHVCTOM COeOVHUTENbHOV TKaHu. Hapsny
C 3TUM K TIOBEPXHOCTM KOCTHBIX OaJOK IpuUjIesKaT
IIMPOKME YYACTKM (HOPMUPYIOIIErocs TUaTMHOBOTO
Xpslla ¢ MHOTOUMC/IEHHBIMM XOHIPOLMTaMM, pac-
MOJIOKEHHBIMU TTOoAMHOYKe. Kpome TOro, B 06beMe
MCCIIeAyeMOro MaTepuana Habmopamuch GparMeHTsI
CUHOBMAJIBHOI 060JI0UKM C BRIPAXKEHHO (hMOPO3UPOo-
BaHHOI COeAMHUTETbHOTKAHHOM CTPOMOIi (puc. 9).

Puc. 9. OCCM(bMKaT CBSI3KM HaIKOJIEHHMKA C BKIIOYEHUSIMU COeNMHUTENbHOV TKaHU ¥ KOCTHOM TKaHU

pasINYHOI cTereHy MOpdOIOrnuecKkoit 3peocTi:

a — mukpodoTorpadus, yB. x10, 3CT — 30Ha coemMHUTENBHOI TKaHu, 3OTX — 30Ha GopMUPYIOIETOCs TMATMHOBOTO
xpsia, 33KT — 30Ha 3pesioit kKocTHOM TKauu, 3)KCT — 30Ha XKMPOBOI U COeAMHUTENbHOM TKaHU;

b — mukpodoTorpadms, yB. x20, Kb — KocTHbIe 6a/IKy 3pesioit KOCTHOI TkaHu, OOP — ouaroBasi OCTeOKIaCTHYECKAST
peakius, 90 — sHXOHIpaabHas occudumkaius, AIl — agunonnTsl, KBCT — KJI€TOYHO-BOJIOKHMCTASI COeAMHUTETbHAS
TKaHb, PI'X — HopMUPYIOIUIICS TMATVHOBBIN XPSII; OKPacka TeMOTOKCUIIMHOM M 303MHOM

Figure 9. Patellar tendon ossification with inclusion of connective tissue and bone tissue at varying levels of

morphological maturity:

a — photomicrography at a magnification of x10, 3CT — connective tissue zone, 3®I'X — forming hyaline cartilage zone,
33KT — mature bone tissue zone, 3’)KCT — adipose and connective tissue zone;

b — photomicrography at a magnification of x20, Kb — bone beams of mature bone tissue, OOP — focal osteoclastic
reaction, 30 — enchondral ossification, Al — adipocytes, KBCT — cellular fibrous connective tissue, ®I'X — forming

hyaline cartilage. Hematoxylin-eosin staining
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OBCY>XIEHUE

Occuduranmst CBSI3KM HAIKOIEHHMKA, KaK IpaBu-
JI0, SIBJISIETCS CJIEACTBMEM HeJleYeHHBIX aBYIbCUBHBIX
MepeioMOB BEPXYIIKM HaAKOJEeHHMKA, pa3pbiBa ca-
MOJ CBSI3KM ¥ TPaBMaTMUYECKOTO OTPhIBA OYIPUCTOCTU
6071b11Ie6EPIIOBOI KOCTU. PeKkie myoamMKaIium, OIMChI-
BaolMe KIMHUYECKMe HaOMomeHus, U TOoTyYyeHHbIe
HaMM JaHHbIe OIpenensioT HEKOTOPbIi CUMIITOMO-
KOMIUIEKC, XapaKTepHbI IJis1 JaHHOTO OCIOXKHEHMUS:
Hanuuue occuduKrara B TOJIIE CBSI3KM HAIKOIEHMKA,
patella alta, 6onb B TIepeqHEM OTeIe KOJEHHOTO CyC-
TaBa, yMepeHHas CrubaTesbHas KOHTPaKTypa KOJaeH-
HOTO CyCTaBa M MIOTPOdUS MPSIMOI MBIl Oempa
[1,2,4,8]. Takxke B uTepaType NpencTaBieHbl CTydyan
occubuKaMM CBSI3KM HAJIKOJIEHHMKA, CBSI3aHHbIE, 110
MHEHUIO aBTOPOB, C aBY/IbCUBHBIM IIepeioOMOM OyT-
pucTOCTM 060bIIIEOEPIIOBOI KOCTM TpaBMaTUUECKO-
ro rexesa [9, 10], 6omesubto Ocryn—Ilngrrepa [8, 11]
U C HENIOCPeACTBEHHBIM Pa3pbIBOM CBSI3KM HaJKOJIEH-
HMKa y MallieHTOB M0 POCTKOBOrO Bo3pacra [12].

B nipencraBneHHolt HaMu cepuu ciryyaeB Mopdo-
JIOTUIO M3HAYaJIbHOI TPaBMbl HE y4aa0Ch OTCAeOUTD,
BMeCTe C TeM 3TO ObUIM KIMHMYECKU MaHUbeCTHbIe
SMM30Mbl, 3aCTaBUBIIME TMAlMeHTOB OOPaTUTHCS
K TPaBMaToJIOTYy.

OmnpeneneHHbli MHTEPEC PELCTABISIET M3MepeHMe
PEHTIeHOIOTMYEeCKMX TTOKa3aTeselt, XapaKTepu3yIoIx
BBICOTY CTOSIHMSI Ha[IKOJIEHHVMKA, B YACTHOCTY CUMIITO-
Mma patella alta [13], BcTpeyvarolierocst Mpu JAHHOI Ta-
TosoTMM. BBIGOP caMbIX pacIpoCTpaHeHHBIX MHAEKCOB
OLI€HKM BBICOKOTO CTOSIHMS HaJIKOJIEHHVKA Y IETe orpa-
HMYEH He3aBepIleHHON occudukaiyeit 6yrpucTocTu
60/bI11e0epIIOBOI KOCTU M HEeOOXOAMMOI YCTaHOBKOM
pedepeHTHO TOUKM MHJEKCA M3MepeHMs Ha HUsKHe
TOUKe HeoccuuIMpoBaHHON Oyrpuctoctu [14, 15].
Wupekc usmepenus patella alta Koshino-Sugimoto,
paspabOTaHHbII 11 IeTeit MJaflieil BO3pacTHON
IPYNIIbI, CYNTAETCS HEHALEXHbIM Y MalMEeHTOB IOA-
POCTKOBOTO BO3pacTa BBUAY JIMHEMHBIX U3MEHEHUI
POCTKOBBIX 30H OepeHHO# M 60JbIIe6epIIoBOi KOC-
Teil y MalMeHTOB, SOCTUTAIOIIMX 3PEOCTU CKeseTa
[16]. [TosTOMY B CBO€I paboTe MbI UCITOb3YeM UHAEKC
Caton-Deschamp, KOTOpbIi MCKIIOYAET BIUSIHUE T10-
JIOKeHUST IMCTANIbHOM TOUKM armodusa OGyrpucToCTU
60s1b11e0epIIOBO KOCTY Ha M3MepeHMe U MPUMEeHUM
K [MaljieHTaM CTapliero mKoJIbHOro Bo3pacrta [17].

[Ty6nukauyuu, MOCBSIIeHHbIe OMMCAHHOM MpOo6-
JleMe, HEMHOTOUYMCIEHHbI. B OTeueCcTBEHHOI JuUTe-
paTrype IO MCKOMOI TeMaTuKe IeyYaTHbIX paboT He
npencrasiaeHo. Ilybmukanmuy 3apyObesKHbIX aBTOPOB
OxBaThIBAIOT nepuog, ¢ 1973 o 2020 r. 1 B OCHOBHOM
COCTOSIT U3 ONMMCAHUS eAVHUYHBIX CTydyaeB occudu-
KaluM CBSI3KM HaJKOJEeHHMKA IOC/e MepeHeceHHOro
OTPBIBHOTO MOBPEXIEHMS KOCTHBIX CTPYKTYD Mepen-
Hero OTAesa KOJIeHHOro cycrasa [4, §, 12].

OnTumManbHasi MPodUIaAKTUKA MTOCTTPaBMaTHIeC-
KOV occuduKaMM CBSI3KM HaJKOJIEeHHMKA Y JeTeit

IIOJDKHA BKJIIOUATh PaHHee BbISIBJIEHME Y COOTBETCTBY-
ollee XUpypruueckoe BMeIIaTeNbCTBO, €CJIM Ha 3TO
YKa3bIBAIOT TSDKECTh CUMITTOMOB ¥ (PYHKIIMOHATbHBIE
HapyweHus [8].

s nedeHust NOCIeACTBUI IEPEUYNCIEHHBIX TPaB-
MaTUYECKUX WM3MEeHEHMH OOJbIIMHCTBO aBTOPOB
MpeAJIaraloT MHAMBUAYATBHO Pa3pabOTaHHBIN IUIAH
XUPYPrMYECKOro BMellaTeabCTBa, OCHOBAaHHbBIN Ha
(YHKIMOHAIBHO-aHATOMMWYECKUX W3MEHEHUSIX KO-
JIEHHOTO CyCTaBa M HIDKHEN KOHEeYHOCTU. Tak, psm
aBTOPOB TOC/Ee yHaaeHus UHTpaJIuraMeHTapHbIX OC-
cMbUKATOB CIIMBAIM Kpas CBSI3KM HAIKOJIEHHMKA,
MpeBapMUTEIbHO YKpenuB o6sacTh AedeKkra ayTo-
TPaHCIUVIAHTAaTOM U3 TTOTYCYXOXKUJIbHOM MBIIIIBI TOTO
ke Oenpa, MpeaBapuUTENbHO ITPOBENEHHBIM Uepes
HVDKHMI TIOJTIOC HAaJIKOJIEHHMKA U OYTPUCTOCTD 6OJTb-
me6eprioBoit KocTu B Buze 1nudpst 8 [11, 18]. Ipyrue
aBTOPbI TAKKe MCIIO0/Mb30BaIM TPAHCIJIAHTAT U3 MO-
JIYCYXOKUJIbHOV MBIIIIIBI, HO Y3Ke Ijist V-Y-o6pa3Hoii
TJIACTUKMA CYXOXKWJIMST TIPSIMOIM MBIIIIIBI Oenpa Ajist
HM3BeIeHUS HAIKOIeHHYKA IT0C/Te yaaaeHus occubu-
Karta [4]. B ipencraBieHHOM HaMM cepum CJTydaeB [Ipu
Hammuuy gedexra CBI3KM HAAKOJIEHHMKA IOCIe UC-
ceueHMsT occuduUKRaTa PeKOHCTPYKIMS BBITIOTHSIIACH
MEeCTHBIMM TKAHSIMMU C IIpUMeHeHneM V-Y-IUIaCTUKMN.
JTO HeO6XOAVMO YUMTHIBATH Y3Ke Ha dTare JOCTyIa U
CKeJIeTMPOBaHMsI occuduKaTa, COXpaHssi HeoOXoau-
MbIi1 06bEM TKAHEN 15T TOC/IeYIOIEeN TIaCTUKM.

Pe3ynbraThel TUCTOIOTMYECKUX WUCCIeSOBAHUNUN
yaaJIeHHbIX 0CCUGUKATOB MOJHOCTHIO COTIOCTABUMEBI
C pes3yabTaTamMu, ONMCAHHBIMU B JuTepaType. Tak,
S. Supreeth ¢ coaBTOpaMu BBISIBUIM IIJIOTHYIO TKaHb
C OCCUGUIUPYIOMMMMUCS yUaCTKaMM, COJepsKallyio
aauUIIOUMUThI, pasfe/eHHbIe PbIXJIO BOJTOKHUCTOM
coequHUTENbHOM TKaHbIO [11]. C. Meyers ¢ coaBTO-
pamMM BBISIBUIM XapaKTepHOE CO3peBaHMe KOCTHOM
TKaHM U MPOCTPAHCTBEHHYIO 30HAJIBHOCTb B TOJIIIIE
occudmKaTa, UTo TakKkKe COOTBETCTBYET ITOTyIE€HHBIM
HaMu JaHHBIM [19].

3AK/TIIOYEHUE

Knuuuyeckasi KapTMHa y MalMeHTOB MIE€TCKOTO BO3-
pacra ¢ occuduKammeii CBI3KM HagKOJIEHHMKA Ipemd-
CTaBJIeHA CUMIITOMOKOMIIIEKCOM (PYHKIIMOHATbHBIX
M TormorpauyeckMx HapylleHuii HIKHE KOHEeYHO-
CTU: HajanmumeM occudmKaTa CBSI3KM HAIKOJEHHMKA,
patella alta, 6051pI0 B TIEpeIHEM OTHeNe KOJIEHHOTO
CycTaBa, CrubaTe/bHOVM KOHTPAKTYpPOi U TUIIOTpOdU-
eif mpsIMO¥ MbIIIIIbI 6empa. JlyueBble u maHHbie MPT
OTIpenessioT 00pa3oBaHye KOCTHOM IIJIOTHOCTM C He-
POBHBIM YETKMM KOHTYPOM B TPOEKLMM CBSI3KM Haf-
KOJIeHHMKa B COUETaHUM C BbICOKMM €ro CTOSIHMEM U
yBenmmuenue uHAekca Caton-Deschamp (CDI) 6onee
1,3. OCHOBHBIM METOAOM JIEYEHUS pPa3BUBIIETOCS
OCJIO)KHEHMST SIBJISIETCSI  XUPYPTUUECKUii, KOTOpbIi
TIPUBOAUT K BOCCTAHOBJIEHMIO TIOJHOM aMILIUTY/IbI
IBVKEeHUI B KOJIEHHOM CyCTaBe.
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JOITOJIHUTEJIbHASI MTHOOPMAIISA

3asnenenHslii 6Kk1a0 asmopos

Kapmaesenxko K.A. — KOHUENUMS U OU3aH UCCIeA0Ba-
HusI, c6op M 06paboTKa JAaHHbBIX, HATIMCAHWE U PeJaKTUPO-
BaHMe TeKCTa PYKOIIVCH.

30puH B.M. — KOHIIENLIMS U AU3aiiH MCCIeI0BaHMsI, CO0p
1 06paboTKa JAHHBIX, peIAKTUPOBAHNE TEKCTA PYKOTIVCH.

JIykbsiHos C.A. — TIOMCK ¥ aHA/IN3 MTyOIMKaLyii, Hammca-
HMe U pefaKTUPOBaHMe TeKCTa PYKOTIVCH.

Bce aBTOpBI TpowIn U ofo6pman GUHANBHYI0 BepCUIo
PYKOITMCY CTaThy. Bce aBTOPBI COTTIACHBI HECTM OTBETCTBEH-
HOCTb 3a BCe aCIeKThl paboThl, YTOOBI 0OECIEUNTh Hale-
skallee pacCCMOTPeEHME U pellleHMe BCeX BO3MOKHBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO U HAJEXKHOCTBIO JII0607
4acTy paboThl.

Hcmounuxk  ¢unancuposanus. ABTOPBI  3asIBIISIIOT
06 OTCYTCTBUM BHeIlTHEro GMHAHCUPOBAHUS MIPU MPOBeJe-
HUM UCCIIeTOBAHMS.

Bo3mosHblli KOH(pAUKM uHmepecos. ABTODBI eKJa-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATBHBIX KOHDIMKTOB
MHTEPECOB, CBI3aHHBIX C MyOIMKaIMei HaCTOSIIEN CTaTh.

Omuueckasn 3kcnepmu3a. He npumeHnumMa.

HngopmupoeanHoe coznacue Ha nyoaukayuio. ABTOpbI
TOJIYYM/IA TIMChbMEHHOE COIVIacke 3aKOHHBIX IpeCTaBu-
TeJieli MalMeHTOB Ha MyOGMMKALMI0 MEOUIIMHCKUX JTaHHbIX
" U300pakeHMIA.
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Simultaneous Bilateral Avascular Necrosis of the Humerus
and Femur in Long COVID-19: A Case Report

Mesut Bakir, Sebnem Rumeli

Mersin University, Faculty of Medicine, Division of Algology, Mersin, Turkey

Abstract

Background. The COVID-19 pandemic, caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has prompted the widespread use of corticosteroids as a treatment strategy, particularly in cases of severe pneumonia
and cytokine storm. While this therapy has saved countless lives, its side effects have also been well-documented,
including the development of avascular necrosis.

Case presentation. This case report presents a rare instance of simultaneous bilateral avascular necrosis (AVN) affecting
both the humeral and femoral heads in a 49-year-old male patient recovering from severe COVID-19. The patient was
treated with high-dose corticosteroids, receiving 1250 mg of prednisolone over five days during hospitalization for
COVID-19 pneumonia. Six months after discharge, he developed persistent hip pain, which was later diagnosed as AVN
in both femoral heads. During hyperbaric oxygen therapy, the patient reported new shoulder pain, and MRI confirmed
stage IIT AVN in both humeral heads. The patient’s pain was managed with bilateral suprascapular nerve radiofrequency
ablation and bilateral Pericapsular Nerve Group (PENG) blocks, which provided significant relief.

Conclusions. This case emphasizes the potential for corticosteroid-induced AVN, even months after treatment, and
underscores the need for long-term monitoring of patients receiving corticosteroids for COVID-19. The involvement
of four major joints highlights the severe musculoskeletal complications that can arise, supporting the importance
of early diagnosis and timely intervention for pain relief.

Keywords: avascular necrosis, hip, shoulder, corticosteroid therapy, COVID-19 complications.
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Knuunueckuit ciayvaii u(‘x)

VIK [616.718.41+616.717.41]-002.4
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[ ByCTOPOHHMI aBaCKYyNSipHbIM HEKPO3 FOJIOBOK M/1e4eBbIX
U 6eApeHHbIX KOCTel Kak nposiBiIeHne NOCTKOBUAHOro CMHApPOMa:
KIMHUYECKUI Cnyyaun

Mecyt Baksip, [lle6Hem Pymenn

Mersin University, Faculty of Medicine, Division of Algology, MepcuHx, Typyus

Pedepar

AxkmyansHocme. [langemusi COVID-19, BpI3BaHHAS paclipoCTpaHeHVEM KOPOHABUPYCa TSHKEIOr0 OCTPOro PeCMPaTOPHOTO
cuuapoMa 2 (SARS-CoV-2), mpuBesna K MYPOKOMY ITPUMEHEHUIO KOPTUKOCTEPOUIOB, 0COGEHHO B CYYasiX TSIKEION ITHEB-
MOHMM U TUTIEPIUTOKMHEMMM. XOTS 3Ta TEpANus cracia 6ecuncieHHOe MHOKECTBO KM3He, yske HaKOIIEHbI CBeIEeHUS
0 ee MMOOOYHBIX 3¢ deKTax, BKIOUas pa3BUTHE aBaCKY/ISIPHOrO HEKPO3a KOCTEIA.

Onucanue ciyuas. lIpefcraBieH penkuit rydait ABYCTOPOHHETO aBACKYISIPHOTO HEKPO3a TOIOBOK TUIEYEBBIX U OeIPEHHBIX
KOCTeIi y My>KUMHBI 49 JIeT, epeHeciiero Tsokenyio gopmy COVID-19. B kauecTBe jieueHusI MalMeHTy Ha3HavYalIiCh BBICOKME
J103bI KOPTUKOCTEPOUAHBIX IIpernapaTtoB — 1250 Mr mpegHM30/I0HA B TeUeHMe 5 qHel BO BpeMs TOCITUTaIU3aLH 10 TIOBO-
nmy COVID-19-accounuupoBaHHOM MTHeBMOHMM. CIyCTsSI 6 MeC. ITOC/Ie BBIIMCKY Y TMalMeHTa MOSBUIMCH IIOCTOSTHHbIE 00N
B 00/1aCT¥ Ta300€eIpEHHOrO CYCTaBa, MO3JHee MarHOCTMPOBAHHbIE KAaK aBACKY/ISIPHbI I HEKPO3 06eMX roJIOBOK 6eIpeHHbBIX
KOCTeli. B xome runep6apooKCUreHOTepany MalyeHT TakKe COOBIIMI O BO3HMKIIIeH 60/ B miede. MarHMTHO-pe30HAaHC-
Hast tomorpadus rnmoaTBepawia IIl cragnuio aBacKy/ISIpPHOIO HEKpO3a 06eMX TOJI0BOK IJIEYEBbIX KOCTEl. Bosib Oblia ycTpaHeHa
IIpY TIOMOIIM PaJMOYaCTOTHOM ab/siMM HAAJIOTIATOYHOTO HepBa M GJI0KaAbI IPYIIbI TEPUKATICYISIPHBIX HEPBOB C 00eux
CTOPOH, YTO 3HAYUTEIBHO YAYYIINIO COCTOSIHME TaljieHTa.

Baxnrouerue. [IpencraBiieHHbIN CTyyaii MOATBEPKAeT BO3MOKHOCTb Pa3BUTHS aBaCKY/ISIPHOTO HEKPO3a BC/IeICTBIE Jieve-
HMSI KOPTUKOCTEPOUIAMM AasKe CITYCTS MEeCSIIbI TIOC/Ie 3aBeplIeHNs Tepanuu. B ¢BSI3U ¢ 3TUM HEOOXOAMMO YAEISTh 0cob0e
BHMMAaHMe JOATOCPOYHOMY HaOIIONEHNIO MAI[MeHTOB, TPYUHMMAaBIIMX KOPTUKOCTEPOUIHbIE MTPEapaThl B KAUECTBe Jieye-
Hud ripu COVID-19. [TopaskeHMe 4yeTbIpexX KPYITHbIX CYCTaBOB CBUAETENbCTBYET O MOTEHIMATbHBIX TSKEIbIX MTOCAEACTBUSIX
JIaHHOTO OCJIOKHEHMS 111 OIIOPHO-IBUTAaTENbHOIO alrapaTa ¥ IogyepKuBaeT BaKHOCTb PaHHEe JUarHOCTUKU U CBOeBpe-
MEeHHOTO BMEIIATeabCTBA JJISI KyIIMPOBAHMUS 6OIH.

KiroueBblie CJIOBa: aBaCKY/ISIPHbII HEKPO3, Ta3060eqPeHHbIN CyCTaB, IJIEYEBOI CYCTaB, KOPTUKOCTEPOUIHAS TEPATINS, TOCT-
KOBUIHBIE OC/IOSKHEHMSI.

Jns nutupoBaHusi: bakeip M., Pymenu 1. JIByCTOPOHHMIT aBacKy/SIPHBIN HEKPO3 I'OJIOBOK IIJIeUeBbIX U OeqpeHHBIX
KOCTeli KaK MpPOSIBJIeHME TMOCTKOBUIHOIO CUHIApPOMA: KAMHUYECKUiT crydail. Tpasmamonozusi u opmonedust Poccuu.
2024;30(4):140-145. (Ha aHnru.). https://doi.org/10.17816/2311-2905-17601.
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INTRODUCTION

The COVID-19 pandemic, caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2),
has prompted the widespread use of corticosteroids
as a treatment strategy, particularly in cases of severe
pneumonia and cytokine storm [1]. The RECOVERY
trial and subsequent studies have demonstrated
that high-dose corticosteroid therapy, especially
dexamethasone, reduces mortality in critically ill
COVID-19 patients [2]. While this therapy has saved
countless lives, its side effects have also been well-
documented, including the development of avascular
necrosis (AVN), also known as osteonecrosis, a
debilitating condition caused by reduced blood
flow to bone tissue, leading to bone death and joint
collapse [3]. Corticosteroid-induced AVN has long been
recognized as a complication in a variety of conditions,
particularly after prolonged high-dose use [4].

Avascular necrosis most commonly affects
weight-bearing joints such as the femoral heads, but
in rare instances, it can involve other joints like the
humerus, as well as multiple joints simultaneously
[5]. Post-COVID-19 corticosteroid therapy has
been associated with an increase in the incidence
of AVN [6]. The association between corticosteroid
therapy and AVN had been previously documented,
most notably during the severe acute respiratory
syndrome (SARS) pandemic in 2003. F.C. Zhao et al.
followed patients with SARS for seven years and
reported that corticosteroid use resulted in a
significant number of cases of AVN, primarily in the
femoral heads [7].

This case report describes a rare and severe
manifestation of AVN involving four joints — the
humeral heads and femoral heads — following high-
dose corticosteroid therapy in a patient recovering
from COVID-19. We also discuss the patient’s pain
management strategies, emphasizing the importance
of early detection and intervention in preventing the
progression of AVN.

CASE PRESENTATION

The patient, a 49-year-old male, was admitted to the
hospital in March 2022 for COVID-19 pneumonia.
Due to the severity of his illness, he required
intensive care unit (ICU) monitoring for five days,
during which he received a cumulative dose of 1250
mg of prednisolone (250 mg per day). This high-dose
corticosteroid therapy was administered to manage
the severe inflammatory response associated with
COVID-19 pneumonia.

Six months after being discharged, the patient
began experiencing significant pain in his hip
joints, particularly on the right side, as well as
right-sided radicular pain. He was evaluated in both
neurosurgery and orthopedic outpatient clinics.
Initial diagnostic investigations included a lumbar
spinal MRI, which revealed L4-L5 disc bulging,
and a pelvic X-ray, which indicated osteoarthritis
in the right hip joint. Despite these findings,
electromyography of the lower extremities showed
no abnormalities. The patient was prescribed
Diclofenac, a non-steroidal anti-inflammatory drug
(NSAID), to manage the symptoms, but the pain
persisted.

Five months after the onset of the symptoms, a
hip MRI was performed due to the persistent nature
of the hip pain. The MRI revealed multiple areas of
AVN in both femoral heads, with lesions measuring
up to 3.5 cm in diameter (Figure 1). The patient was
diagnosed with stage III AVN of the femoral heads
according to the ARCO classification [8],indicating a
late-stage presentation with femoral head collapse.
In addition to hyperbaric oxygen therapy aimed at
preserving joint function and delaying the need for
surgical intervention, the patient was prescribed
NSAIDs and physiotherapy. The physiotherapy
included range-of-motion exercises to maintain
joint mobility and reduce stiffness. Despite
these interventions, the patient’s pain persisted,
necessitating further treatment options.

Figure 1. MRI revealing multiple areas
of femoral head avascular necrosis (marked with
white arrows)
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During the course of hyperbaric oxygen therapy,
the patient developed new shoulder pain, raising
concerns about the possible progression of AVN to
other joints. MRI of both shoulders confirmed the
diagnosis of bilateral stage III AVN in the humeral
heads (Figure 2). At this point, the patient was
referred to our clinic for further evaluation and pain
management.

Figure 2. MRI revealing multiple areas of humeral head
avascular necrosis (marked with white arrows)

Uponadmission to our clinic, the patient underwent
bilateral suprascapular nerve radiofrequency ablation
to manage shoulder pain. Following the procedure, he
was monitored for a period of 6 months. During this
follow-up period, the patient experienced sustained
pain relief, with an 80% reduction in shoulder pain
based on the Visual Analog Scale (VAS). Additionally,
the patient’s shoulder function improved significantly,
with an increase in range of motion and the ability to
perform daily activities without discomfort. These
clinical outcomes demonstrate the effectiveness of
the procedure in providing long-term pain relief and
functional improvement (Figure 3). For the persistent
hip pain, bilateral Pericapsular Nerve Group (PENG)
block was administered, providing an approximately
50% reduction in hip pain (Figure 4).

Figure 3.
Ultrasound-guided
suprascapular nerve
radiofrequency
ablation procedure.
The white

arrow indicates

the targeted
suprascapular nerve

Figure 4. Ultrasound-
guided pericapsular
nerve group block
procedure. The white
arrow highlights the
pericapsular space
being targeted to
deliver local anesthetic
for pain management
in hip AVN

DISCUSSION

The pathogenesis of corticosteroid-induced AVN
is multifactorial, involving such mechanisms as fat
embolism, increased intraosseous pressure, and
direct cytotoxic effects on bone cells [9]. High-dose
corticosteroid therapy leads to alterations in fat
metabolism, resulting in fat emboli that obstruct
blood vessels supplying bone tissue [10]. Reduced
blood flow causes ischemia, leading to the necrosis of
bone tissue and, eventually, joint collapse [11].

The association between corticosteroid therapy
and AVN has been previously documented in viral
outbreaks, most notably during the SARS pandemic
in 2003 [12]. F.C. Zhao et al. followed 117 patients
who received corticosteroid therapy for SARS and
observed a 23% incidence of AVN in the femoral
head, with 50 hips collapsing during a seven-year
follow-up period [7]. Similar trends have emerged in
the COVID-19 pandemic. S. Kamani et al. reported
a case of bilateral AVN of the femoral heads
following corticosteroid therapy for COVID-19, while
M.A. Panin et al. described three cases of AVN in
patients treated with steroids for COVID-19, with
symptoms developing between 75 and 120 days after
the treatment. These studies suggest that AVN may
develop months after corticosteroid administration,
even in patients who receive relatively short courses
of therapy [6, 13].

In the present case, the patient developed AVN
in both femoral and humeral heads, with symptoms
appearingapproximately sixmonths after corticosteroid
therapy. This extended time frame is consistent with
the findings of S.R. Agarwala et al., who reported that
the average duration of AVN development following
corticosteroid therapy ranges from 6 to 33 months [14].
Early detection of AVN is crucial, as once joint collapse
occurs, the only definitive treatment is surgical
intervention, such as total joint replacement [15].
The patient was diagnosed with stage III AVN in both
femoral heads, indicating collapse of the femoral heads
as confirmed by MRI. Given the severity of the AVN,
total joint replacement was considered; however, the
decision was made to delay the surgical intervention.
This choice was influenced by the patient’s relatively
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young age and the desire to preserve the native joints
for as long as possible. The patient’s symptoms were
managed with hyperbaric oxygen therapy, NSAIDs,
physiotherapy, and nerve blocks, which provided
significant pain relief. The patient continues to be
closely monitored, and total joint replacement will be
reconsidered should conservative management fail or
symptoms worsen.

The occurrence of AVN in multiple joints
simultaneously, as seen in this case, is unusual and
highlights the importance of long-term monitoring
of patients who receive high-dose corticosteroids for
COVID-19. Although the femoral heads are the most
commonly affected sites, AVN can occur in any joint,
including the shoulders, knees, and ankles [16]. In our
patient, the simultaneous involvement of the femoral
and humeral heads underscores the widespread
impact that corticosteroids can have on bone tissue.

Given the increasing reports of AVN in COVID-19
patients, it is essential to develop strategies for
minimizing the risk of corticosteroid-induced AVN
[3]. W. Li et al. demonstrated that even low doses
of corticosteroids can induce AVN in up to 32% of
patients treated for COVID-19 pneumonia [17].
This finding suggests that corticosteroids should be
used with caution, and their dosage and duration of
use should be carefully optimized to minimize the
risk of complications. V. Velchov et al. proposed the
development of a risk stratification system for AVN
in COVID-19 patients, which could help to identify
individuals with a high risk of AVN and guide decisions
regarding corticosteroid use [18].

In our case, the patient developed AVN in both the
femoral and humeral heads, with symptoms appearing
approximately six months after corticosteroid therapy.
However, the diagnosis of AVN in the femoral heads
was confirmed 11 months after the onset of hip pain
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symptoms, making this a late-stage diagnosis rather
than an early one. Although early detection of AVN is
crucial to prevent joint collapse, in this case, the delay
in diagnosis resulted in advanced-stage AVN requiring
more aggressive intervention. This aligns with
findings reported by A. Lohiya et al., who observed
that delayed imaging in corticosteroid-induced AVN
cases often leads to advanced disease stages and
worsened outcomes [19]. Despite the late diagnosis,
interventions such as hyperbaric oxygen therapy
and nerve blocks were successful in providing pain
relief and potentially delaying the need for surgical
intervention, similar to the approach described in
previous case studies by M. Wilson et al. [20]. This
highlights the importance of timely imaging and
diagnosis to improve outcomes in patients receiving
corticosteroid therapy for COVID-19.

CONCLUSIONS

This case report highlights such a severe
musculoskeletal complication as avascular necrosis
that can arise from high-dose corticosteroid therapy
in the treatment of COVID-19. The simultaneous
involvement of four major joints — the humeral
and femoral heads — demonstrates the widespread
impact that corticosteroids can have on bone tissue,
even months after treatment. Early diagnosis and
intervention are essential to prevent the progression
of avascular necrosis and improve patient outcomes.

Clinicians should remain cautious for the
development of avascular necrosis in patients
recovering from COVID-19 who received corticosteroid
therapy. Advanced pain management techniques,
such as suprascapular nerve radiofrequency ablation
and pericapsular nerve group blocks, can provide
significant pain relief and improve quality of life in
these patients.

JOIIOTHUTEJIbHAS NTHO®OPMALIVISA

3asnenexHslli 6K1a0 a6Mopos

Bce aBTOpBI cOenaniu 3KBUBAJIEHTHBIM BKJIaj B MOATO-
TOBKY ITyOIMKaLIUM.

Bce aBTOpBI TpowIn U omo6pmayu GUHANBHYI0 BEPCUIO
PYKOIMCH CTaTbU. Bce aBTOPBI COTVIACHBI HECTU OTBETCTBEH-
HOCTh 3@ BCe aCIeKThl paboThl, YTOOBI 0OECIIEUNTh HajJIe-
skallee pacCCMOTPEHMeE U pellieHre BCeX BO3MOKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO M HAZEKHOCTBIO 06071
yacTu paboThl.

Hcmounuxk  ¢unaucuposanus. ABTOPBI  3asIBJISIIOT
06 OTCYTCTBMM BHeIIHero GMHAHCUPOBAHUS TIPU MTPOBee-
HUU UCCIEeN0BaHMS.

Bo3mookHblli KOHGIUKIM uHmepecos. ABTODBI eKJia-
PUPYIOT OTCYTCTBME SIBHBIX U TIOT€HLIMATBHBIX KOHOIMKTOB
VMHTEPECOB, CBSI3aHHBIX C MTyO/IMKaLMeli HACTOSIIEN CTaTh.

Amuueckasn 3kcnepmu3a. He ipyumeHuma.

HUngopmupoeanHoe coenacue Ha nyonukayuto. ABTOpPbI
MOTyYWMIM TIMCbMEHHOE COIVIacyue MalMeHTa Ha IMyoinKa-
M0 MEIUIIMHCKYMX TaHHbIX U M300paskeHMiA.

144 2024;30(4)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CNYYAN N3 MPAKTUKWN / CASE REPORTS

REFERENCES

1. Bahsoun A., Fakih Y., Zareef R., Bitar F.,
Arabi M. Corticosteroids in COVID-19: pros and
cons. Front Med (Lausanne). 2023;10:1202504.

doi: 10.3389/fmed.2023.1202504.

2. Horby P., Lim W.S., Emberson J.R., Maftham M., Bell ].L.,
Linsell L. et al. Dexamethasone in Hospitalized Patients
with Covid-19. N Engl ] Med. 2021;384(8):693-704.

doi: 10.1056/NEJMoa2021436.
3. Sakellariou E., Argyropoulou E., Karampinas

Galanis A.,VarsamosI., Giannatos V.et al. Comprehensive
Review of COVID-19-Infection- and Steroid-
Treatment-Associated Bone Avascular Necrosis:
A Multi-Study  Analysis.  Diagnostics  (Basel).

2024;14(3):247. doi: 10.3390/diagnostics14030247.

4. Powell C., Chang C., Naguwa S.M., Cheema G.,
Gershwin M.E. Steroid induced osteonecrosis: An analysis
of steroid dosing risk. Autoimmun Rev. 2010;9(11):

721-743. doi: 10.1016/j.autrev.2010.06.007.

5. Koshi E.J., Young K., Mostales J.C., Vo K.B.,,
Burgess L.P. Complications of Corticosteroid Therapy:
A Comprehensive Literature Review. | Pharm Technol.
2022;38(6):360-367. doi: 10.1177/87551225221116266.

6. Panin M.A., Petrosyan A.S., Hadjicharalambous K.K.,
Boiko A.V. Avascular necrosis of the femoral head
after COVID-19: A case series. Traumatology and
Orthopedics of Russia. 2022;28(1):110-117. (In Russian).

doi: 10.17816/2311-2905-1687.

7. Zhao F.C., Guo K.J., Li Z.R. Osteonecrosis of the
femoral head in SARS patients: seven years later.
Eur ] Orthop Surg Traumatol. 2013;23(6):671-677.

doi: 10.1007/s00590-012-1054-4.

8. Koo K.H., Mont M.A., Cui Q., Hines ]J.T., Yoon B.H.,
Novicoff W.M. et al. The 2021 Association Research
Circulation  Osseous Classification for Early-

Stage Osteonecrosis of the Femoral Head

Computed Tomography-Based Study. ] Arthroplasty.
2022;37(6):1074-1082. doi: 10.1016/j.arth.2022.02.009.
9. BirlaV.,Vaish A.,VaishyaR.Risk factors and pathogenesis
of steroid-induced osteonecrosis of femoral head -
A scoping review. J Clin Orthop Trauma. 2021;23:101643.

doi: 10.1016/j.jcot.2021.101643.

Authors’ information
D} Mesut Bakir, MD. Assoc. professor
Address: Ciftlikkoy, Mersin Unv., 33110 Yenisehir/Mersin,
Turkey
https://orcid.org/0000-0002-3627-3882
e-mail: mesutbakir@gmail.com

Sebnem Rumeli, MD. Professor
https://orcid.org/0000-0002-7042-6934
e-mail: sebnemrumeli66@gmail.com

10. Xie X.H., Wang X.L., Yang H.L., Zhao D.W., Qin L.
Steroid-associated osteonecrosis: Epidemiology,
pathophysiology, animal model, prevention, and
potential treatments (an overview). J Orthop Translat.
2015;3(2):58-70. doi: 10.1016/j.jot.2014.12.002.

11. Parvizi J., Kim G.K. Chapter 22 - Avascular Necrosis. In:
Parvizi J., Kim G.K., editors. High Yield Orthopaedics.
Philadelphia: W.B. Saunders; 2010. p. 45-66.

12. Lv H., de Vlas S.]., Liu W., Wang T.B., Cao Z.Y., Li C.P. et al.
Avascular osteonecrosis after treatment of SARS: a 3-year
longitudinal study. Trop Med Int Health. 2009;14 Suppl 1
(Suppl 1):79-84. doi: 10.1111/j.1365-3156.2008.02187.x.

13. Kamani S., Lakhwani M.G., Phansopkar P. Undiagnosed
Bilateral Avascular Necrosis of the Femur in a Young
Male Caused by COVID-19 Steroid Injections. Cureus.
2022;14(10):29982. doi: 10.7759/cureus.29982.

14. Agarwala S.R., Vijayvargiya M., Pandey P. Avascular
necrosis as a part of ‘long COVID-19’. BMJ Case Rep.
2021;14(7):e242101. doi: 10.1136/bcr-2021-242101.

15. Moya-Angeler J., Gianakos A.L., Villa J.C., Ni A.,
Lane ]J.M. Current concepts on osteonecrosis of the
femoral head. World ] Orthop. 2015;6(8):590-601.
doi: 10.5312/wjo0.v6.i8.590.

16. Chan K.L., Mok C.C. Glucocorticoid-induced avascular
bone necrosis: diagnosis and management. Open Orthop J.
2012;6:449-457. doi: 10.2174/1874325001206010449.

17. Li W., Huang Z., Tan B., Chen G., Li X., Xiong K.
et al. General recommendation for assessment and
management on the risk of glucocorticoid-induced
osteonecrosis in patients with COVID-19. J Orthop
Translat. 2021;31:1-9. doi: 10.1016/j.jot.2021.09.005.

18. Velchov V., Georgiev P., Tserovski S., Tsenkov T.,
Alexiev V. Corticosteroid-Associated Avascular Necrosis

of the Femoral Head in Patients with Severe COVID-19:
A Single-Center Study. Med Sci Monit. 2023;29:€940965.
doi: 10.12659/MSM.940965.

19. Lohiya A. Jr., Dhaniwala N., Dudhekar U., Goyal S.,
Patel S.K. A Comprehensive Review of Treatment
Strategies for Early Avascular Necrosis. Cureus.
2023;15(12):e50510. doi: 10.7759/cureus.50510.

0. Wilson M., Bindler R.J., Stanek K., Layton M.E.,
Quock R.M. Hyperbaric Oxygen Therapy for Pain,
Opioid Withdrawal, and Related Symptoms: A Pilot
Randomized Controlled Trial. Pain Manag Nurs.
2022;23(5):616-624. doi: 10.1016/j.pmn.2022.03.001.

[N

Cesedenust 00 agmopax
DX Mecym Bakbip — 0OLIEHT
Anpec: Ciftlikkdy, Mersin Unv., 33110 Yenisehir, Mersin,
Turkey
https://orcid.org/0000-0002-3627-3882
e-mail: mesutbakir@gmail.com

Ille6Hem Pymenu — mipocdeccop
https://orcid.org/0000-0002-7042-6934
e-mail: sebnemrumeli66@gmail.com

145 2024;30(4) TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OBb30Pbl / REVIEWS

O630pHast cTaThst @)y |

VK 616.718.41-021.4:611-018.46
https://doi.org/10.17816/2311-2905-17489

Ucnonb3oBaHne MyNbTUNOTEHTHbIX M@3eHXUMalbHbIX CTPOMabHbIX
KNETOK B COCTaBe KOHLEHTpaTa KOCTHOro Mo3ra B KOMMJIEKCHOM
Ne4YeHUM acenTUYECKOro HEKpo3a roIoBKU 6eApeHHOM KOCTH:
cUMcTeMaTUuYecKuii 0630p nuTeparypbl

A.P. 3akuposa, A.H. Toprammus, C.C. PonuoHoBa

OIBY «HauuoHanvHwiti MeOQUUUHCKULL ucciedosamensbckuli yeHmp mpasmamonozuu u opmoneduu um. H.H. ITpuoposa»
Mumnsdpasa Poccuu, 2. Mockea, Poccus

Pedepar

AKmyansHOCmMe. AcEeTITUYECKUIT HEKPO3 TOJOBKY 6enpeHHoiT Koctu (AHI'BK) — mHBanmuausupyomiee 3a6oieBanue, KO-
TOPOEe YacTO MPUBOIUT K SHAOMPOTE3MPOBAHUIO Ta300eJpEHHOTO CycTaBa. B ¢BsA3M ¢ pocToM 3a607€BaeMOCTH Cpenu
MOJIOAOTO HaceleHUs ObLIN MTPEAJIOKEHDI Pa3IMYHble METOIMKM OPTraHOCOXPAHSIONIETro JeUueH s, HalTpaBaeHHbIe Ha 3a-
MenneHue nporpeccupoBanuss AHITBK u coxpanenme dbyHKIMy Ta306eqpeHHOT0 cycTaBa. Ha cerogHsmHMii JeHb MHO-
r'o CIIOPOB M pa3HOI/IacKit BhI3bIBAET IPOLlelypa BBeNeHYSI MYJIbTUIIOTEHTHBIX Me3eHXMMAaIbHbIX CTPOMAJIbHBIX KI€TOK
KOCTHOTO MO3Ta B OUar 0CTeOHeKpo3a.

Llens uccnedosanus — CUCTeMATNIECKII aHAIM3 HAKOTIEHHbIX JAHHBIX JIMTEPATYPbI IMTOCBSIIEHHBIX 3 dekTMBHOCTH, 6€3-
OTIACHOCTY, MPEUMYIIECTBAM M HEJOCTATKAM JIEUeHMSI MMalYIeHTOB C aCeITMYECKM HEKPO30M TOJIOBKYM GepeHHOI KOCTU
METOJIOM TYHHEeIM3aluy C UCTIONb30BaHMEM MYJIbTUIIOTEHTHBIX Me3eHXMMalIbHbIX CTPOMAIbHBIX KJIETOK KOCTHOTO MO3ra,
a TaKkoKe MX BAMSIHUIO HA CHIUKEHME PYUCKa MPOTPeccMpoBaHmsT 3a601eBaHMS M OTHAJIeHHbIE PEe3Y/IbTAThI JIEUEHUS.
Mamepuan u memodet. TIpoBefieH TIONUCK JaUTepaTyphl Iy6mHoI 10 et (2013-2023) B 6a3ax manHbix PubMed, Scopus
un eLIBRARY. B COOTBETCTBMM C HAIMMM KPUTEPUSIMU BKIIOUEHMS B 0630p BOLUIM 8 MCC/IENOBAHMIT C BBICOKMM YPOB-
HeM JI0Ka3aTeJlbHOCTH, B KOTOPBIX B KOTOPBIX M3y4asyu MPUMeHeHe MYJIbTUIIOTEHTHBIX Me3eHXMMaTbHbIX CTPOMATbHbBIX
KJIETOK B COCTaBe KOHIIEHTpaTa KOCTHOrO Mo3ra 1Jis jeueHnss AHT'BK.

Pesynomamet. Bbutv NTPOAHATM3NPOBAHBI PE3YIbTAThI XUPYPIUUECKOTO JieueHMsT 368 manueHToB (548 Tazo6empeHHbIX
cycTaBoB) U3 8 ucciaemoBanmii. CpeiHMIT epuop, HabIIoaeHMs COCTaBUI OT 24 1o 360 Mec. B 60bIIMHCTBE cyyaeB QyHK-
LIMOHAJbHbIEe MOKa3aTeNy YIyUlIUINCh. PeHTreHoIornyeckoe porpeccupoBaHie B CIeAYIOUIYI0 CTagUI0 ITPOU3O0IIIO0
B 31,25% cnydaeB, mOTpe6GHOCTh B SHAOMPOTE3MpOBaHUM cocTaBmwia 30,60% B OCHOBHOII TpyIIle, TAe MUCIIOMb30BaIU
Me3eHXMMalbHble CTPOMAaJIbHbIe KJIETKM, B IPYyIMIle CpaBHEHMS MPOrpeccMpoBaHMe IMpousonuio B 68,75% ciryuyaes,
MMOTPe6HOCTD B SHAOMPOTE3MPOBAHNUM cocTaBmiIa 69,40%.

3axntoueHue. Vicrionb30BaHMe MYIbTUIIOTEHTHBIX Me3eHXMMaTbHbIX CTPOMAbHBIX KJIETOK B KOMIJIEKCHOM JIeUeHUU acerl-
TUYECKOTO HEKPO3a ToJI0BKM 6epeHHoi KocTy Ha paHHUX (I, IT, IIIA mo ARCO) ctagusx yaydmiaeT GyHKINUIO Ta300eIpeHHO-
'O CyCTaBa, 3aMeJJIsIeT MPOTrpeccupoBaHye 3a60/IeBaHNS M CHYDKAET HEOOXOIMMOCTh B 9HAOIIPOTE3UPOBAHNMN.

KiroueBbie ¢JIOBa: aCENTUYECKMIT HEKPO3 TOJIOBKYM 6 peHHO KOCTY, ayTOJIOTMUHbIE KJIETKY KOCTHOTO MO3Ta, MMILIaHTa-
LIS KJIeTOK KOCTHOTO MO3Ta, KOHIIEHTpaT aciyupara KOCTHOTO MO3Ta, MY/IbTUIIOTEeHTHbIEe Me3eHXMMaJjlbHble CTPOMasbHbIe
KJIETKU, COTe-IeKOMITPeCcCHsi, TYHHeIM3a1ys TOIOBKY OelpeHHOM KOCTH.

s nutupoBanus: 3akuposa A.P., Topramms A.H., Poguonosa C.C. Micnonb3oBaHMe MYJIbTUIIOTEHTHBIX Me3€HXU-
MaJIbHBIX CTPOMAJIbHBIX KJIETOK B COCTaBe KOHIIEHTPAaTa KOCTHOTO MO3Ta B KOMIUIEKCHOM JIeYeHUM aCelTUUeCKOro
HEKpOo3a TOJIOBKY GelpeHHOM KOCTU: CUCTEMATUUeCKuit 0630p auTepatypbl. Tpasmamonozus u opmonedust Poccuu.
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Use of Multipotent Mesenchymal Stromal Cells as Part
of Bone Marrow Concentrate in the Complex Treatment of Aseptic
Necrosis of the Femoral Head: A Systematic Review

Alina R. Zakirova, Alexander N. Torgashin, Svetlana S. Rodionova

National Medical Research Center of Traumatology and Orthopedics named after N.N. Priorov, Moscow, Russia

Abstract

Background. Avascular necrosis of the femoral head (ANFH) is a disabling disease that often leads to hip replacement. Due
to the increasing incidence among the young population, various methods of organ-preserving treatment aimed at slowing
down the progression of ANFH and preserving the functions of the hip joint have been proposed. Today, there is a lot of
controversy and disagreement over the procedure of introducing bone marrow-derived multipotent mesenchymal stromal
cells (MMSCs) into the site of osteonecrosis.

The aim of the study — a systematic analysis of the accumulated literature data on the effectiveness, safety, advantages and
disadvantages of treating patients with aseptic necrosis of the femoral head by the tunneling method using bone marrow-
derived MMSCs, as well as their impact on reducing the risk of disease progression and long-term treatment results.
Methods. A 10-year literature search (2013-2023) was performed in the PubMed, Scopus and eLIBRARY databases. According
to our inclusion criteria, the review included 8 high-quality studies that examined the use of MMSCs as part of bone marrow
concentrate for the treatment of ANFH.

Results. The surgical outcomes of 368 patients (548 hips) from 8 studies were analyzed. The mean follow-up period was
from 24 to 360 months. In most cases, functional indicators improved. In the main group, where mesenchymal stromal cells
were used, X-ray progression to the next stage occurred in 31.25% of cases and the need for endoprosthetics was 30.6%;
in the comparison group, the progression occurred in 68.75% of cases and the need for endoprosthetics was 69.4 %.
Conclusion. The use of multipotent mesenchymal stromal cells in the complex treatment of ANFH in the early
(ARCO I, II, TITA) stages of the disease can improve the hip joint function, slow down the progression of the disease and
reduce the need for endoprosthetics.

Keywords: aseptic necrosis of the femoral head, autologous bone marrow cells, bone marrow cells transplantation,
bone marrow aspirate concentrate, multipotent mesenchymal stromal cells, core decompression, tunneling
of the femoral head.
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BBEJEHUE

AcenTmuyeckuit HeKpo3 TOJIOBKM OelIpeHHON KOCTU
(AHI'BK) — mporpeccupyoliiee MHBaINAU3UPYIOLLEe
3aboeBaHMe, XapaKkTepusyiolleecss HapylleHueM
KPOBOCHAOXKEHMS U IMOeTbI0 KIETOK KOCTHOM TKaHM,
CONPOBOXJAOIIeecs] CHMKEHMEM KayecTBa >KU3HM,
BpPeMEeHHOV HeTPYyHOCIOCOOGHOCThI0 U HapylleHUeM
ynkumu TazobenpenHoro cycrasa [1].

ITo maHHBIM 3apybeskHbIX aBTOpOB, B CIIIA Kax-
Obii rof, BbiaBasieTcs oT 20 7o 30 ThICSY HOBBIX CITY-
yaeB OCTEOHEKpO3a TOJI0BKMU GempeHHOl KOCTH, UTo,
B CBOIO Oouepesb, CIIOCOOCTBYET POCTY OIepanuit 3H-
JompotesupoBaHus [2]. [To faHHBIM pa3HbIX aBTOPOB,
JIOJISL 9TMX Ollepanuit Ha (oHe oCcTeoOHeKpOo3a O STU-
memuu COVID-19 cocraBisiia ot 5 1o 18% ot ob6i1ie-
rO KOJMMYEeCTBa ITPOBOAMMBIX BMeLIaTeNbCTB [3, 4, 5].
IMocne manmemuu, coryacHo gaHHbIM J.0. Okewunmi
¢ coaBTOpamMu, 3a60/1€Ba€MOCTh aCeNTUYECKUM He-
KPO30M BO3POCIa, YTO MPUBEJIO K YBEIMYEHNIO YMCiIa
SHIOIPOTE3UPOBaHU Ta300eqpeHHbIX CYCTaBOB [6].
[Tpu sTOM Kaxkzast BTopasi Takasi orepauus, IpOBOIU-
Mas nanueHTam 1o 30 J1eT, BbIIOMHSIeTCS 110 IpUUMHe
AHI'BK [7]. 9To cBsI3aHO C TeM, UTO 3a001eBaHKe yallle
BCEro pa3BUBAETCS Y MOJIOIBIX pAOOTOCTIOCOOHBIX JTI0-
et B Bo3pacte oT 20 1o 40 net, npu 3TOM MYKUMHbI
6oseloT B 3 pasa uyaiie keHuH [8]. IBycTopoHHee
Opa’keHue roJI0OBOK BCTpeuvaeTcs mpumepHo B 70%
cnyvaes [9].

OpmHOM M3 pacmpoCTpaHeHHBIX IPUUYMH Pas3BU-
T AHI'BK gBnsieTcs nmpuMeHeHMe NIIOKOKOPTUKO-
CTEepOMIOB, YTO CTaa0 HNPUUYMHON pOCTa UMCIa CIy-
yaeB AHIBK mnocime Hauana nanpemun COVID-19
[10, 11, 12]. Pa3BuTHe acenmTMyeCckOro HeKpo3a BO3-
MOJKHO y MaljMeHTOB 10Cje XMMUO- U JIy4eBOl Tepa-
MU, TOKCUYECKOTO BO3LENCTBUS aaKOrojsl, TPaBMbl
Ta3obegpeHHOTO cycTaBa. Kpome Toro, AHI'BK moskeT
pa3BMUBATHCS Y MAIMEHTOB ¢ Tpombodwineit u ayTo-
MMMYHHBIMM  3abojieBaHUSIMM  (TeMOpparuyueckui
BacCKyJIUT, pacCesIHHBIN CKIepo3, CUCTeMHas KpacHasi
BOJIYaHKa) U T.4. [13]. Eciu mpuyyiHa He yCTaHOBIIEHA,
MOYXHO TOBOPUTH 00 MAMONATUUECKON WM TepPBUY-
HOV ¢dopMe acernTuUeckoro HeKpo3a, 4acToTa KOTO-
poro cocrasisgeT 20-40% [14].

OcHoBHBIM MeTonoM auarHoctuku AHI'BK Ha
paHHUX craguax gasasetcs MPT-uccinenosaHue, Ko-
TOpO€e IO3BOJISIET BBISIBUTb M3MEHEHUS B TOJOBKe
6enpa oo KoJularca CyoxoHApaiabHOU Koctu [15].
OnHako Ha paHHUX CTAAUSIX KIMHUYECKU MalMeHTa
MOSKEeT HUYero He 6€CIOKOUTD, a epBble CUMIITOMBbI
MOSIBSITCS, KOTAA Y)Ke CJIYIUTCS MMIIpecCusi CycTaB-
HOJi TIOBEPXHOCTM TOJIOBKM OeIpeHHO KOCTU, UTO
3a4acTylo NPUBOLUT K MO3LHEN AMAarHOCTUKE NaH-
HOro 3ab0yieBaHMsI.

B ciyuae BoisiBiieHMs 3a6omeBaHus Ha cragum [-11
(ARCO) [16] mpuMeHSIOTCS TIperapaTsl AJs yiIydlle-
HMSI KPOBOCHAOKeHMSI TOJNOBKM OelIpeHHON KOCTU
(aHTMKOAry/ISIHTBI, aHTUArperaHThl), CHUXXEHUS pe-

30pOLVM KOCTHOM TKaHu (6uchochoHaThl, MHTUOU-
Topel RANKL), nmpemapatsl Kanablius M BuTamuHa D
IJIsT BOCCTaHOBJeHMs KocTu [17, 18]. OgHako B CBSI3U
C HEJOCTAaTKOM KOJIMYEeCTBa KPYMHbIX KIMHUYECKUX
UCC/IelOBaHMIT [TaHHbIE IIpenaparbl MPUMEHSIOTCS
“off-lable”, uTo 3aTpyLHAET X UCIIONb3OBAHME.

Ha mospHux cragusx OCTeOHeKpo3a OCHOBHBIM
METOOM JiIeueHUsI OCTaeTcsl TOTajJbHOE 3HAO0MNpPOTe-
3MpOBaHMe Ta300eIPEeHHOTO CyCTaBa, KOTOpOe IIO-
JIyYUJIO IIMPOKOE paclpocTpaHeHMe Kak B Poccun,
Tak u 3a pybexxom [19]. OgHaKo, yUUTHIBAST MOJIOIOM
BO3pacT MHOTMX IallMeHTOB U BbICOKME PUCKU paH-
Hell HecTabMJIbHOCTM SHIOIPOTE30B, B HACTOSIIEe
BpeMs BeIyTCsl IOMCKY METOMOB /IS MaKCMMa/IbHOM
OTCPOYKM pagMKaJIbHOTO ONepaTMBHOTO BMellaTellb-
cTBa U coxpaHeHus cycrasa [20]. B aroii cBsi3u op-
raHOCOXpAaHsSIoIIMe orepauun Ha PaHHUX CTaAusx
{, II, IIIA mo knaccudukanuy ARCO) 3aboneBaHUS
SIBJITIOTCSI IPMOPUTETHBIM HalpaB/ieHMEM UCCIIEeN0-
BaHMI [3].

OpHOVM M3 TakuX Omepanui SIBJISETCS TYHHEIU-
3aIys TOJIOBKY U IIEKY 6eApeHHOI KOCTHU, KOTOpast
MIpUMeHsIeTCs] OKOJIO 50 JIeT C 1esbIo CHUKeHUS BHY-
TPUKOCTHOTO JaBJEHUSI M YBeJIMUEeHUS KPOBOCHAO-
SKeHMsI, OJHAKO ee IOJTOCpPOYHas 3(PHEeKTUBHOCTD
BbI3bIBA€T MHOT'O CIIOPOB ¥ pasHomiacuii [21].

JonomHuTeIbHOE TPUMEHEHME BaCKY/sIpU30BaH-
HBIX TPAHCIJIAaHTATOB TOC/Ie TYHHEIN3alUM [I0Ka3aio
MHOTOOOeIIaoINe pesyabTaTsl [22], HO U3-3a TPyH-
HOCTeli MPY BBITIOJIHEHUY OTlepaly U Haaudus 1mo-
CJIeTYIOIIVX MPo6JieM B JOHOPCKOi 061acTy He IOJTy-
Y10 HIMPOKOTO PacrpocTpaHeHus [23].

g yinydilleHus pe3y/ibTaToB JieueH!Us B MOCIe[-
Hee [ecsTWieTVe TYHHeIU3aluuio AOTOJHSIOT BBe-
IleHMeM MYJIbTUIIOTEHTHBIX Me3eHXUMAalIbHbIX CTPO-
MaJbHbBIX KJIETOK, MOJIyUeHHbIX M3 KOCTHOTO MO3Ta
MM KUPOBON TKauu [24, 25]. OmHako 3ddexrTmB-
HOCTb JAHHOI MEeTOOMKM [0 HaCTOSIEero BpeMeHU
obcyskIaeTcs.

Ilenv 0630pa — cUCTeMaTUYECKUI aHaIN3 HAKOII-
JIEHHBIX IaHHBIX JIMTEpPaTyphl IO 3(G(PEKTUBHOCTH,
6e30ITaCHOCTY, ITPEUMYIIECTBAM M HEIOCTaTKaM Jie-
YyeHMs MalMeHTOB C pAHHUMU CTaAUSIMM acenTuyec-
KOTO HEKpO3a TOJIOBKM OeIpeHHO KOCTY METOHOM
TYHHeIMU3aluu C MCIO0/Nb30BAHMEM MYJIbTUIIOTEHT-
HBIX Me3eHXMMaJ/IbHbIX CTPOMaJIbHBIX KJIETOK B COCTa-
Be KOHIIEHTpaTa KOCTHOTO MO3ra, a TAKKe UX BIUSIHUE
Ha CHIDKEHMe PYCKA IIPOrpeccpoBaHus 3a601eBaHMs
U OTJa/IeHHbIe Pe3y/IbTaThl J€UeHUS.

MATEPHAJI 1 METO/1bl

B 6a3ax manHuHbix PubMed, Scopus M 371eKTpOHHOI
HayuHol Oubmmorexke eLIBRARY mnpoBenmeH mouck
crateit 3a nowieguue 10 jset (2013-2023) 1o cie-
OVIOMIMM K/TIOYEBBIM CJIOBaM: acCeNTUUYECKMii HeK-
po3 TONOBKM OegpeHHO KOCTU, AayTOJOTUYHbIE
KJIETKM KOCTHOTO MO3ra, MMILIAHTAIMsI KJIETOK
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KOCTHOTO MO3Ta, KOHIIEHTpaT aciupara KOCTHOTO
MO3ra, MYJIbTUIIOTEHTHbIE Me3eHXMMAaJbHbIe CTPO-
MaJIbHbIe KJIETKM, COTre-IeKOMITpeccus, TyHHeImu3a-
LIVIST TOJIOBKM OeIpeHHOoi KocTH, osteonecrosis of the
femoral head, bone marrow derived cell therapies,
bone marrow aspirate concentrate, autologous bone
marrow mononuclear cells, autologous implantation
of bone marrow-derived, autologous bone marrow
stem cells, autologous bone marrow cell implantation,
autologous bone marrow concentrate, cell therapy,
core decompression.

B Ham aHanm3 BONLIM MCCIeI0BaHMS, KOTOPbIE CO-
OTBEeTCTBOBaIM ciienyium kputepusim PICOS [26].

1. MMonynsumsi: namueHTbl ¢ amarHo3om AHI'BK
[-IV cTagyu B COOTBETCTBMM C Kiaccudukaiyen
ARCO wnu Ficat.

2. BmemniaTenbCTBO: B OCHOBHOI rpyIilie — TYHHE-
JIM3a1MsI 04aroB OCTEOHEKPO3a C BBEIEHMEM MYJIbTH -
TTOTEHTHBIX Me3eHXMMAaIbHbIX CTPOMAJIbHBIX KIETOK
B COCTaBe KOHI[EHTpaTa KOCTHOTO MO3Ta; B TPYIIIe
CpaBHEHMST — TYHHEJIN3AIMsI OUaroB OCTEOHEKPOo3a.

3. PesynbraThl: MNpOBeAdeHME OLEHKM II0 IIKa-
jgam Harris (HHS), WOMAC, BAIII, rporpeccupoBaHme
IO Clemylomeil CTaauu, IIepexol Ha SHIOIpPO-
Te3UpOBaHME.

4. JIn3aiiH uccjiemoBaHMsI: MCCaeq0BaHMs C BbICO-
KM ypoBHeM noka3satenbHOCTM (PKU, mpocrieKkTuB-
HbIe CPaBHUTEIbHbIE KOTOPTHbIE VICCIEIOBAHMS).

Kpumepuu Heex10ueHuUs: TOTHOTEKCTOBBIE CTATbU
III 1 HM>Ke YPOBHS A,OKA3aTE/bHOCTM COIJIACHO Kjac-
cudumkanyy OKcHOPACKOro IIeHTpa HOKa3aTelIbHO
MeIUIIMHBI, OTUETHI O CJTyUastx, 0030pbl, IKCIIEPUMEH-

ThI Ha JXMBOTHBIX, pedepaTsl CTaTel, Te3UChI, ITy6Im-
Karuu pedepaTMBHOTO XapaKTepa, MCCIeTOBaHUS,
KOTOpPbIE HE CONEPKaau cpaBHEeHUS 3QPEKTUBHOCTY
MEXXy OCHOBHOJ ¥ KOHTPOJIbHOV IpymnIiamMu Je4eHus
AHI'BK, uccienoBanusi, B KOTOPbIX IPUMEHSINCH Me-
3€HXMMAaJIbHbIE CTPOMAa/IbHbIe KJIETKW JJIS JIeUeHMUS
Ipyrux 3ab0JIeBaHMIA.

IIBa sKcrepTa M3BJAEKaIM NaHHbIE HE3aBUCUMO
IpyT OT Apyra, 1 JiIobble pa3sHOIIacusi 00CYXIaINCh
0 TeX TOop, MOoKa He ObUI JOCTUTHYT KOHCEHCYC.
IlaHHbIE, M3BJIeUEHHbIe W3 MCCAeJOBaHMii, ObLIU
BHECEHBI B TA6G/IMILY, BKIIOUYAKOIIYIO aBTOPa, Tof, ITyo-
JIMKAIUM, BO3PaCT, pa3Mep BbIOOPKM, CTaaAuI0 3a60-
JIeBaHMSI, STUONOTNYecKue (aKTOPbI, TEXHUKY XU-
PYPTrMUeCKOTO BMeIIaTeabCTBa, Iepyoy, HaboaeHns,
BBIBOIBL. )11 OLIeHKM OTAA/IEHHBIX Pe3yabTaTOB aHa-
JIU3UPOBAIM TIPOTPECCHPOBaHME B CIEAYIOIIYIO CTa-
IUi0 3aboeBaHus, U3MEHEHUST OIeHKM IO IIKajgaM
HHS, WOMAC, BAIII, nepexoa Ha 3HAOIIPOTE3UPOBaA-
HIMe Ta306eAPeHHOTO CYCTaBa.

PE3VJIbTATbBI

[Tpn moucke nuTepaTypsl B 6a3ax JaHHBIX IS MIPO-
BelleHUsI MCCIeoBaHMs ObLIO HaiimeHo 729 myb6nu-
Kauuit. U3 Hux 503 my6Gnmukamuy OCTaIUCh IMOCTe
VCKITIOUEeHMSI TyOIKaToB, 98 myoamMKaLuii ObLIn U3Y-
YyeHblI, ITPOBE/IEH aHAIN3 PaboT Ha COOTBETCTBUE KPU-
TepusiM BKIIOUeHMs. Ilocie AeTambHOTO M3YYeHMUS
ObUIO OTOOPAHO 8 TMOJHOTEKCTOBBIX MYOIMKALIVIA.
I[To oKOHYaHUM paACCMOTPEHMS UCCAeAOBAHUN IO
KpUTEPUSIM BKIIOUEHMST ¥ HEBKJIIOUEHMST Oblia COC-
TaBJieHa 6/10K-cxema (puc. 1).

My6nunkaumu, KoTopble Bbln HaNLEeHbI
B 6a3ax AaHHbix PubMed, Scopus,
eLIBRARY (n=729)

My6nukaumu, Kotopble 6blIM HaaeHbI

B Apyrux 6azax faHHbIX
(n=0)

Mouck

My6nukaumu, octasBlumecs nocne
yaanexus aybnukaros (n = 503)

v

(n = 98)

CKpUHUHT

My6arKaumum, NnpoLLeane CKPUHUHT

NcknoveHHble I'|y6}1MKaU,MM
(n=71)

\ 4

!

OueHka

My6nukauum, oueHeHHble
Ha BO3MOXHOCTb BK/IIOYEHMS >
B aHanu3 (n = 27)

My6nukaumm, ucknoYeHHble
U3 aHanumsa (n = 19):
e 10 — He 6bI10 JaHHbIX

!

M0 KOHTPOJIbHbIM Fpynnam;
9 — YpPOBEHb A0Ka3aTe/IbHOCTU

My6aunKaLmu, BKIKOYEHHbIE B LAHHbIN
aHanus (n = 8)

pa6or Il u Huxe

BkntoueHo

Puc. 1. biiok-cxeMa mccieqoBaHMs
Figure 1. Study design flowchart
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OO611ee KOIMUYECTBO KIMHMYECKMX HAaOIIomeHnit
cocraBwio 368 mnauueHToB (548 Ta306empeHHbIX
cycraBoB) — ot 18 go 125 mamuenTtoB (ot 25 go 250
Ta306edpeHHbIX CycTaBoB). CpPOKM HAOIIOAEHUST CO-
ctaBun oT 24 1o 360 mec. Ob11ee KoaM4ecTBo Ta300e-
IPEHHBIX CYCTaBOB, MPOOIEPUPOBAaHHBIX Ha I cTagun
o kinaccudumranuu ARCO — 151, va II cragum — 196,
Ha III cragyu — 54, Ha craguu IV — 2; o kinaccuduka-
uyu Ficat: I — 7, I1 — 54, III — 29 (ta6:m. 1). [TauyeHTHI
BO BCEX MCCIENOBAHMUAX ObUIM pa3fe/ieHbl Ha [IBe
IPYMIIbI, B OCHOBHOI TPYIITie MallieHTaM BbITOMHSIACh
TyHHe/In3alys C BBeeHMEeM Me3eHXMMalbHbIX CTPO-
Ma/IbHbIX KJIETOK B COCTaBe KOHIIEHTpaTa KOCTHOTO
MO3ra, B rpyIiTie CpaBHEHUST — TOJIbKO TYHHeIM3alusl.

[Tpn npoBegeHuy aHajaM3a ObUIO BBISIBJIEHO, UTO
OTHa/IeHHble Pe3y/lbTaThl OLEHMBAIN 110 U3MEHEeHU-
SIM B OLIEHKaxX M0 (PyHKIMOHaJIbHBIM miKajiamM HHS,
BAIIl 1 WOMAC, mporpeccupoBaHui0 3a060e€BaHMSs
B CJIELYIOIIYIO CTaAMIO U TIepPexXoly Ha SHIOMPOTE3N-
poBaHMe Ta306epeHHOr0 CyCTaBa.

KonuuecTBeHHBbIN aHAIM3 M3MEHEHMIT IO IIKaje
HHS 6511 mpoBefieH B TPeX UCCIeIOBAHUIX, KOTOpPbIE
CBUAETENbCTBYIOT O JIYUIIMX ITOKa3aTessix B TpyIile
C BBeJEHMEM Me3eHXMMalIbHbIX CTPOMAaJIbHBIX Kie-
TOK B COCTaBe KOHIIeHTpaTa KOCTHOro Mo3ra. O1eHKa
o mkase WOMAC mpoBomwiach B 5 MCCIeIOBaHU-
SIX, ¥ pe3y/bTaThl B TPYyIe C BBeJEHUEM Me3eHXU-
MaJIbHBIX CTPOMAJIbHBIX KJIETOK ObUIM JIydIlle, Yem
pe3yabTaThl TPYIIIbl C TyYHHenu3anuei. IsMeHeHne
rokasaresist BAIIl, o KoTopom coo6111a70Ch B 6 McCce-
IIOBaHUSIX, TAKXKe ITOKa3a/I0 3HAUMUTENbHOE YayJllleHe
B IpyIIIie C BBeJeHMeM Me3eHXMMaJIbHbIX CTPOMaJlb-
HbIX KJIETOK.

B pesynbTaTe aHamm3a 8 ucciaeqoBaHMii ObIIO BbI-
SIBJIEHO, UTO ITPOTpeccHpoBaHye 3ab0ieBaHNs U Te-
pexof, B CIeAyIONyl0 CTaaui0 HAOIIOmAINCh B OOIIei
arokHocTy B 208 m3 548 Ta306edpeHHbBIX CyCcTaBax.
VX KonmmuecTBO OBLIO HUKE B OCHOBHOJ I'PYIIIIE, TOe
JIeYUIU C TIPpUMEHEHMEM Me3eHXUMAaJbHbIX CTPO-
MaJIbHBIX KJIETOK M cocraBwio 31,25%. B rpymme
CpaBHEHMS IIPOTPecCcUpoBaHMe ITPOU3OIIIO B 68,75%
cryuaeB. [IoTpeO6HOCTb B 9HAOMPOTE3UPOBAHUM TaK-
ke ObLJIa HIKE B OCHOBHOJA rpyrre (30,6%). B rpyriie
cpaBHeHMS B 69,4% ciyyaeB ObIJIO BBITTOJIHEHO SH-
JIIOTIPOTe3MpOBaHMe Ta300eIpeHHOro CycTaBa. Bcero
B [IBYX I'pyIlllax paguKajbHOe olepaTMBHOE BMellla-
TeJIbCTBO MPOBeneHo B 193 u3 548 ciayuasx (Tabim. 2).

OBCY>XIEHUE

Jleuenme AHI'BK siByisieTcst CIOKHOJ ITpo6eMoit s
Bpaua TpaBMaToJIOTa-0pTOIle/la, TaK KakK ero mypoKas
pacIpoCTpaHeHHOCTh CpeAy MOJIOMbIX IallieHTOB
TpeOyeT paHHEro BBISBJIEHUSI M Ha3HAUEHMS Jjede-
HUSI, KOTOPOE MO3BOJIUT COXPAHUTh CPEPUUHOCTD IO-

JIOBKYM OeIpeHHO} KOCTU U OTCPOUUTh MU U36€KaTh
3HIIOMPOTE3UPOBAHMSI.

B wucciemoBaHMsix, Kacalmoluxcs MaToreHesa
AHTI'BK, 6b110 0OHApYKEHO, UTO B IMPOKCHMMAaIbHOM
oThene 6eqpeHHOM KOCTU M BOKPYT 30HBI OCTEOHEKPO-
3a ocjiabieHa pereHepanusi KOCTHOM TKaHM, UTO CBSI-
3aHO C HMU3KMUM KOJMUECTBOM OCTEONPOTE€HUTOPHBIX
KJIeTOK [27, 28].

S. Song ¢ coaBTOpamMM B 3KCIIEPUMMEHTAIBHOM MC-
CJiefl0BaHMM TTIO0Ka3ajau, YTo uepes3 6 Hef,. TI0cjie BBeJe-
HUSI Me3eHXMMaJbHBIX TePUOCTATbHBIX KJIETOK B OUa-
T OCTEOHEKPO3a ITPOUCXOAUT 00pa30BaHMe KOCTHBIX
TpabeKys, MEXTY KOTOPbIMM paciioyiaraercs ¢pubpos-
Hasl TKaHb, 6oraTas KpOBEHOCHBIMM cocymamu [29].

DTU JaHHbIe MO3BOIWIM Pa3paboTaTb HOBbIE IO -
xonpl K neyeHno AHI'BK, B OCHOBe KOTOPBIX JIEXKUT
UCIIOb30BaHME Me3eHXMMAaAbHbIX CTPOMa/IbHBIX
KJIeTOK [30, 31]. BBemeHue B ouar 3TUX KJIeTOK IT03BO-
JISeT YCWINTDb BAMSHME Ha IpOILiecC ocTeoreHesa 3a
CUeT UX MTapaKpMHHOTO AeiCTBUS (CeKpelM BbICOKUX
YPOBHE! LIMTOKMHOB, XeMOKMHOB ¥ (DAKTOPOB POCTAa,
KOTOpble CTUMYJMPYIOT BOCCTAHOBJIEHME TKaHel),
a MX MYJbTUIIOTEHTHOCTb, BO3MOXHO, ITO3BOJISIET
IuddepeHIUPOBATbCSI B OCTEOTeHHbIE KJIETKU, CITO-
COOCTBYS pereHepaluu ¥ peMoIeTMPOBAHMIO KOCTHOM
TKaHu. OMHAKO 3TY MeXaHM3MbI TPeOYIOT JaabHeIe-
ro usyuyenus [32, 33, 34].

BriepBbie KOMOVHALIMS TYHHEIM3AIUY C BBEIEHU -
€M KOHIIeHTpaTa KOCTHOTO MO3Ta 6bu1a BhITIONHEeHA P.
Hernigou B 1991 r. B cBoeM ucciiefoBaHUM CO CPOKOM
HaOIIoeHNs 5 JIeT OH chesan BbIBOAbI, UTO 3ddek-
TUBHOCTb KJIETOYHO Tepanuu 3aBUCUT OT CTaAUU 3a-
6oseBaHMs, a TAKKe OT KOJIMYECTBA KI€TOK KOCTHOTO
MO3ra, BBeIeHHbIX B ouar OCcTeoHeKkpo3a. Takum 06-
pasoMm, pe3yabTaThl JIeueHNs ObLIY JIydllle y TalueH-
TOB, KOTOPbIe ObUIM IMPOOTIEPMPOBAHBI AO KOJIIarca
TOJIOBKM U KOTOpbIE TTOMyYaay GoJbliee KOJIMUECTBO
OCTEONPOTeHEPATOPHBIX KJIETOK B ayTOJOTMUHOM
KOCTHOM Mo3re [35]. [ayee mocyieqoBaao HeCKOIbKO
IPYTUX UCCAeq0BaHMii, B KOTOPbIX OGHU aBTOPBI CO-
O6IIVIIM O JIYUIIMX pe3yabTaTax B TpyIIax, rjue Muc-
M0JIb30BajIM Me3eHXMMasbHble CTPOMabHbIe KIETKU
B COCTaBe KOHILIeHTpara KOCTHOTO Mo3ra [36, 37, 38],
a Opyrue He BBISIBUIM Pas3iauuuii B JUMHAMMUKE TIPO-
rpeccupoBanust AHI'BK mexny rpynnamu [39, 40].

B Harre ucciegoBaHye Mbl BKITFOUMIINM TOJIBKO pabo-
ThI C BBICOKMM YPOBHEM J0Ka3aTeIbHOCTH, B KOTOPBIX
oneHnBaeTtcs 3pdekTuBHOCTD JeueHuss AHI'BK meTo-
IIOM TYHHeIU3alMUM C UCTI0ITb30BaHKEM Me3eHXUMalb-
HBbIX CTPOMAajbHBbIX KJIETOK B COCTaBe KOHLIEHTpaTa
acnmpara KOCTHOTO MO3ra, KOTOPBIi SIBASIETCS MUHMU-
MaIbHO MaHUITYJIMPOBAHHBIM K€ TOUHBIM ITPOLYKTOM.
Bo Bcex BK/IIOUEHHBIX UCCIESOBAaHUSIX KyJAbTUBUPOBA-
HM€e KJIETOK He ITPOU3BOANIIOCD.
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S. Rastogi ¢ coaBTOpamu mpoBenu paHgOMMU3UPO-
BaHHOeE MCC/IeloBaHNe, B KOTOPOM CPaBHWIM TPYIIITY
MalXeHTOB, KOTOPbIM BBOAMJIM KOHIIEHTPAT KOCTHOTO
MO3Ta, C TPYMIIoi MalMeHTOB, y KOTOPbIX IPUMEHSIIN
HeobOpaboTaHHbBIN KOCTHBIV MO3T. [lepuop Habmome-
HUS COCTaBWII 24 MeC. ABTOPBI IIPUIIJIN K BBIBOAY, UTO
TyHHeNIM3alMs B COUETaHUM C BBeJeHMEeM KOHIeH-
TpaTa KOCTHOTO MO3ra YIydlliijia OIeHKY MO IIKase
HHS, a Takke crmoco6CcTBOBaIa yMEHbIIEHUIO pasMepa
04aroB OCTE€OHeKpo3a [41].

R.M. Tabatabaee c coaBTOpaMu B paHIOMM3UPO-
BaHHOM MCCAeNOBaHMM CPaBHWIM JBe TPYIbl IMa-
LIMEHTOB: B OJHOI TPYIIIe BHITTOMHSIIM KOMOMHAIINIO
TYHHeIM3alMM C BBeJeHMeM KOHIleHTpaTa KOCT-
HOTO MO3Ta, BO BTOpPOi/i — TOJIbKO TYHHEJIU3alMuIo.
BrisB/IeHO, UTO KOMOMHMPOBAHHOE JieueHue 3HaAUM-
TEeJbHO yay4dliaeT rnokasateny 1o mrajiam WOMAC n
BAIII, a Takke CIIOCOGCTBYET BOCCTAHOBJIEHNIO YUaACT-
KOB HeKpo3a cornacHo ganueim MPT [42].

Y. Ma ¢ coaBTOpamu B OHOJ T'PyIII€ BbIITOIHSIIN
TYHHeIM3alMI0 C KOCTHBIM TPaHIUIAaHTaTOM, a B ApY-
roil 3Ty MEeTOOMKY AOTMOHS/IM BBeJeHMeM KOHIeH-
TpaTta acryupaTra KOCTHOro Mmo3ra. Yepes 24 Mmec. nociie
orepaiuy 06Hapy>KeHO objieryeHue 60aM U yaydlle-
HMEe KIMHUYECKUX CUMIITOMOB IO MHAEKCY JlekeHa
n mkane WOMAC B rpymrie ¢ MCHo/Jb30BaHMEM KOH-
LleHTpaTa acmnypara KOCTHOTO Mosra. Kpome ToroO,
B TpyIle, B KOTOPOJ BBIMOJHSIIM TYHHEIU3ALUI0
C MCIOJIb30BaHMEM KOCTHOTO TpaHCIUIaHTaTa, Mpo-
rpeccupoBaHue 3a601eBaHNS 0 CIeTYIONIEel CTaaumn
HabI0manoch yepes 24 Mec. rociie onepamuu B 33,3%
CyCTaBax, TOTAA Kak B rPYIIIe C UCIIOIb30BaHMEM KOH-
LleHTpaTa acnupara KOCTHOTO MO3Tra — TOJIbKO B 8%
CycTaBoB [43].

P. Hernigou ¢ coaBTopamu coobuiuau o 30-met-
HUX pe3yabTaTax [ABYCTOPOHHEN IPeaKOIAIICHON
craguu crepoup-magyuupoanHoro AHI'BK. Bonee
KPYIIHbIE OUaru B TOJIOBKE JIEUMJIU C UCTIOIb30BaAHMEM
KOHIIeHTpaTa KOCTHOTO MO3ra, a C KOHTpajaaTepaib-
HOJ CTOPOHBI BBITIONHSIM TOJIBKO TYHHE/IU3aLMUIO.
[MauneHTaM, KOTOPbIM BBOAMJICSI KOHIIEHTPAT KOCT-
HOro MO3ra, B 3 pasa pexe HYXIaJINCh B orepauun
SHOIIPOTE3UpPOBaHMS [44].

M. Li ¢ coaBTopamu uepe3 10 jeT HabMOOEeHUS
TaKke MPUILLIU K BBIBOLLY, YTO UCII0/Ib30BaHMEe Me3eH-
XUMaJbHbBIX CTPOMAaJIbHBIX KJIE€TOK B COCTaBe KOHIIEH-
TpaTa KOCTHOTO MOS3ra MHOBbBIIIAeT 3(QHEeKTUBHOCTD
TyHHenm3anmu [45].

B Ham aHanM3 ObUIM TaKKe BKIIOUYEHBI PabOTHI,
B KOTOPBIX JOTOTHUTENbHBIX IPEUMYIIECTB UCIIONb-
30BaHMsI Me3eHXMMAaabHbIX CTPOMAa/IbHBIX KJIE€TOK He
Habmonanock. Tak, B paHAOMU3UPOBAHHOM VCCIIEN0-
BaHuu W. Pepke ¢ coaBTOpaMy CpaBHWIM TYHHENIM3a-
LIMI0 KaK CAMOCTOSITEIbHBIV METOZ, C TYHHe/IM3alue,
IIOTIOJTHEHHOJ BBeJeHMeM KOHIIeHTpaTa KOCTHOTO
Mo3ra y 24 naiyueHToB (25 Ta306eqpeHHbIX CYCTaBOB)

Ha ctagusix ARCO I u II. [Tpu HabGmome Uy B TeUEHNE
2 JIeT MaIMeHThl B 06eUX TPYIINaxX MMeJIn COTOCTaBU-
Mble mokasaTenu mo mkajae HHS, a kauecTBo >Xu3Hu
o BAIIl mo cpaBHEHUIO C AOOMEPALMOHHBIMM 3Ha-
YEeHUSIMU CHU3WIOCh. He 6bIIO pasiauumii B BIKMBA-
€MOCTU OIepUPOBAHHBIX Ta300eIpPEeHHBIX CYCTaBOB
MeX[Iy rpynramu. B 1esiom aBTOpbl He CMOIJIM yCTa-
HOBUTb KaKOM-TMO0 JOTIOTHUTETbHON 3 PeKTUBHOC-
TU UCIIONb30BaHMS KOHIIEHTPATa acnupara KOCTHOTO
moa3ra [39].

M. Jayankura ¢ coaBTOpaMM TakkKe He IOATBEp-
IWIM  KaKuX-T1Mb0 TPeUMYIIECTB MCIIONTb30BaHMS
Me3eHXMMAaAbHbIX CTPOMAaJIbHBIX KJIETOK [IJs Yiayd-
HIEHUSI Pe3y/JbTaTOB TYHHeIM3alUUM U MPU PaHHUX
(nmpegkosutarnicHbix) cragusax AHI'BK. ITo MHeHMIO aB-
TOPOB, BO3MOXXHBIMMU ITPUUMHAMMU OTCYTCTBUS Pa3in-
Ui MEXIY TPYIIIIaMM MOKET ObITb TO, UTO STUOJIOTHS
3a60/1eBaHMSI OCTAETCS 0 CUX ITOP HEM3BECTHOM, MU
’)Ké MMeeT MEeCTO ecTecTBeHHas Hed(hdEeKTUMBHOCTb
KJIETOYHOT'O MaTepuasia, Uau HelOCTATOYHOCTD KOJIU-
YyecTBa Me3eHXMMa/IbHbIX CTPOMAaJIbHbIX KIETOK, BBE-
IIEHHBIX B TOJIOBKY O peHHO KOCTH [46].

]J.P. Hauzeur ¢ coaBTOpaMu CpaBHWIM [B€ TPYI-
nbl nanueHToB ¢ III cragueit AHI'BK mo ARCO.
B 0CHOBHOII IpyIine UM BBIMIOJHSIN TYHHEIN3ALMIO
C BBeJeHMeM KOHIIeHTpaTa KOCTHOI'O MO3ra, B KOH-
TPOJIBHOM — TyYHHENIM3aluio C BBeJeHUeM (uU3mo-
JIOTMUYeCKOro pactBopa. Uepes 24 mec. HaGMIOOEHUS
OHM TIPUIIJIM K BBIBOZY, UTO BBeeHMe KOHIIeHTpaTa
KOCTHOTrO Mo3ra y namnueHTos ¢ III ctragueii He mipe-
IOTBpAIlaeT IIporpeccupoBaHue 3aboseBanus [47].
JTo cBsg3aHO ¢ TeM, uTo AHI'BK Ha III cramum ysxke
MpeJriosaraeT Hajauuyme KoJuIarca roJoBKy GegpeH-
HO KOCTH, M BBITIOJIHEHME TYHHENM3alUM C UCTIONb-
30BaHMEM win 6e3 KJIETOYHON Tepanuu B JIIOOOM
cJryuae He MpUBEHET K BOCCTAHOBIEHUIO ChepUIHO-
CTY TOJIOBKM OepeHHOI KocTu [48].

B mocregHux mMeTaaHaNMM3ax COOOIIAETCS O TOM,
YTO coueTaHMe TyYHHeIM3alM C BBeJleHeM KOHIeH-
TpaTa KOCTHOTO MO3ra MPUBOAUT K 3HAUMTENIHHO 60-
Jiee MelJIeHHOMY ITPOTPeCcCMPOBAHMIO aCeNTUYeCKOTro
HEKpPO3a, CHMKEHUIO ITIOTPEOHOCTY B 9HAOIPOTE3UPO-
BaHUU, JOCTUTAIOTCS JIyulie QyHKIMOHAIbHBIE pe-
3y/lIbTaThl, IPM 3TOM YaCTOTa OCJIOKHEHMI OCTaeTCs
HM3KoIi [49, 50].

OcHOBBIBasICh Ha MCCIeA0BaHUSAX, BKIIOUEHHBIX
B 3TOT 0630p, a TaKKe Ha IOCIAeTHUX KyITHbIX MeTa-
aHa/lIn3ax, MOKHO CIenaTh BbIBOZ, YTO MCIIOIb30Ba-
HJE MYJIbTUIIOTEHTHBIX Me3eHXMMabHbIX CTPOMaJIb-
HBIX KJIETOK MOXKET 1aTb IMOJI0KUTEbHbIE Pe3yIbTaThl
Ha panuux (I, II, IITA mo knaccudmkamymu ARCO) cra-
musx AHTBK co cHukeHueMm 060JIeBOrO CHMHIpPOMA
M yaydiieHreM (QYHKIMOHAJIBHBIX PE3YIbTaTOB,
OTHAKO HEeOoOXOOMMO TMPONOKUTh U3yYeHMe ITOM
TEMBI C 1[e/Ibl0 CTaHAAPTU3AUY METOOUKU JIeYeHUSs
¥ BBITIOJTHEHMS €€ Ha 60JIbIION BbIOOPKE MAllVIEHTOB.
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HecmoTpss Ha MHOroob6emamIye pe3ylabTaThl
B BiJie 06j1erueHMsI CMUMIITOMOB U 3aMe[IJIeHNS TTPOT-
peccupoBaHMSI acelTUUYeCKOTO HeKpo3a TOMOBKU
OGepeHHO KOCTU, OCTAIOTCSI ellle He pelleHHbIMU
HEKOTOPbIe BOITPOCHI. Bo-1m1epBbIX, OTOOD MaIMEHTOB,
KOTOPBIM pEeKOMeHJ0BaHa TyHHeIMu3alus C BBele-
HMEM Me3eHXMMaJbHbIX CTPOMaJIbHbIX KJIETOK B COC-
TaBe KOHIIeHTpaTa KOCTHOTO Mo3Ta. Bo MHOrux uc-
CIeJOBaHUSIX OTPAKEHO, UTO 3(P(PEKTUBHOCTDH ITOJ
teparmu mpu AHTBK 3aBucut ot cragumu 3aboseBa-
Hust [51]. Bo-BTOPBIX, HET JaHHBIX O KOJIMYECTBE Me-
3eHXMMAaJIbHbIX CTPOMAaJbHBIX KJI€TOK, KOTOpoe He-
06X0OMMO BBECTM B OUar OCTeOHEKpo3a. B-TpeTbux,
He OIpeJe/ieHbl CTAHIAPTU3UPOBAHHBIN CIIOCO6 U
MeCTO 3a60pa KOCTHOT'O MO3Ta, IPUTOTOBJIEHNMS KOH-
LIeHTpaTa, CoJepsKalllero MyJbTUIIOTEHTHbIE Me3eH-

JOIIOTHUTEJIbHAS NTHO®OPMALIMISI

3asnenenHslii 6K1a0 asmopos

Bakuposea A.P. — TTOMCK ¥ aHA/IMU3 MyOaMKalMii, Haruca-
HME TeKCTa PYKOIUCHU.

TopeawuH A.H. — pa3paboTka KOHIEMUUM M Ou3aiiHa
uccyIenoBaHMsl, aHaIN3 U MHTepIpeTauusl JaHHbIX, peJak-
TUPOBaHMeE TEKCTa PYKOIIUCH.

Poduorosa C.C. — HayuyHOE PYKOBOJICTBO, peHaKTUpPOBa-
HME TeKCTa PYKOIUCHU.

Bce aBTOpBI NpouwIn 1 omo6pmIv GUHATBHYIO BEPCUIO
PYKOIIMCH CTaTby. Bce aBTOpBI COIMIacHbI HECTU OTBETCTBEH-
HOCTb 3a BCe acreKThbl paboThl, YTOOBI 06ECTIEUNTDb HaIexKa-
iee pacCMOTpPeHMe U pellieHye BCeX BO3MOXKHBIX BOIIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HaJ€XKHOCTDIO JTF0607 YacTn
paboThI.

Hcmounuk  ¢unaHcuposanus.  ABTOpPbI  3asIBJISIIOT
06 OTCYTCTBUM BHEIIHEro (pMHAHCUMPOBAaHMS P MPOBeIe-
HUU UCCIIeSOBaHUSI.

Bo3mocHblli KOH(AUKM UuHmMepecos. ABTOPHI JIeKja-
PUPYIOT OTCYTCTBME SIBHBIX U TIOTEHIIMATbHBIX KOH(DIMKTOB
MHTEPECOB, CBA3aHHbIX C MyOIMKaleii HacTOSIIEl CTaTh.

Imuueckasn skcnepmu3a. He npumeHnMma.

Ungopmuposantoe coznacue Ha  nyoauKkauuio.
He TpebyeTcs.
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Outcomes of Oncologic Arthroplasty in Children
and Adolescents with Malignant Limb Tumors:
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Abstract

Background. Amputation was historically the primary surgical intervention for children with limb bone
sarcomas. However, the development and refinement of chemotherapy and radiotherapy protocols, along with
advances in surgical techniques and implants, have significantly altered the treatment landscape for these
patients. Currently, limb-sparing oncologic arthroplasty is the preferred surgical approach for treating limb
sarcomas in children.

The aim of the systematic review is to analyse the outcomes of oncologic arthroplasty in children and
adolescents.

Methods. A comprehensive literature search was performed in Google Scholar, PubMed, ScienceDirect,
and eLIBRARY databases focusing on the keywords “endoprostheses, tumors, children”, from 2000 to
2024. Data collection included patient demographics (number of patients, gender, age), follow-up period,
disease diagnosis, tumor location, type of endoprosthesis, complications, functional outcomes based on the
Musculoskeletal Tumor Society score (MSTS) in percentage, overall survival rates, and prosthesis survival
rates.

Results. The review included the data from 30 articles on a total of 792 patients aged 2 to 18 years, with 422
males and 370 females. The average age was 11.4 years, and the average follow-up period was 6.5 years.
Osteosarcoma was the most common diagnosis, accounting for 716 (88.8%) cases, followed by Ewing sarcoma
with 67 (8.3%) cases. Distal femoral arthroplasties were performed most frequently (573 cases, 71.1%), followed
by proximal tibial arthroplasty (148 cases, 18.3%). The most commonly used type of endoprosthesis was the
non-invasively extendable type (540 cases, 67%). A total of 756 complications were recorded, resulting in a
complication rate of 96%. The complications were predominantly oncologic (188 cases, 25%) and pediatric
orthopedic (166 cases, 22%). The 5-year and 10-year overall survival rates were 81.68% and 77.63%, respectively,
with an average prosthesis survival rate of 53.93%.

Conclusion. The data obtained indicate an extremely high frequency of complications during oncologic
arthroplasty in children, mainly of an orthopedic profile, which requires analysis and development of measures
to prevent them, as well as organizational solutions for the correction of these disorders.

Keywords: arthroplasty, oncologic arthroplasty, malignant tumors, children, periprosthetic fractures,
periprosthetic infection.
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UcxoAbl OHKO3HAONPOTE3UPOBAHUA Y AeTel U NOAPOCTKOB
Npu 3/10Ka4eCTBEHHbIX HOBOO6GPA30BaHUAX KOHEYHOCTE:
CUCTEeMATMUYeCKuit 0630p NUTepaTypbl

B.U. 3opun 2, C.B. Buccapmonosn!, A.I0. Makapos', T.C. PeiOMHCKMX !,
K.H. PonyuonHoBa'

L @I'BY «HayuoHanvHblii MeOUUYUHCKUL ucciedosamebCkuii yeHmp demckoii mpasmamonozuu
u opmoneduu um. I.1. Typuepa» Murnzdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus
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Pedepar

AxmyansHocms. [Tpy capkoMax KOCTelt KOHEUHOCTe y IeTeit onepanyeii Bpibopa g0 1980-x IT. IBjsIach aM-
nytanus. Co3maHue U COBepIIeHCTBOBaHMe IIPOTOKOIOB XMMMOTEePAInH, IyueBoii Tepanuu, pa3BuTue Xupyp-
TMYeCcKOi TEXHUKY U MMIUIAHTATOB KapAMHAIbHO M3MEHWIM BO3MOKHOCTM U Pe3y/abTaThl OKa3aHMsI TTIOMOIIN
JaHHOI IpyTIe NaluKueHTOB. B HacTosIlee BpeMs OPraHOCOXPAaHSIOIAS TeXHOIOTUS OHKOJIOTMUECKOro SHIO-
MPOTE3UPOBAHUS SIBJISIETCSI METOAOM BbIOOpA B XMPYPTUMUECKOM JIEUEHUY JTeTEli C CApKOMaMy KOHEYHOCTE.
Ilensto cucmemamuueckozo 0630pa SBJIIETCS aHAIU3 VICXO0B OHKOJIOTMYECKOTO SHAOMPOTE3UPOBAHMS Y Jie-
Tel U MOLPOCTKOB.

Mamepuan u memodel. ITloMCK MCTOYHMKOB BBITIONIHSUICS B 6Gasax naHHbIXx Google Scholar, PubMed,
ScienceDirect, eLIBRARY 1o kioueBbiM cioBaMm «endoprosthesis, tumors, children, sugomnpoTess, 370Kave-
CTBEHHbIE OITYyXOJIM, IeTu» ¢ TIy6MHOoIt moucka ¢ 2000 mo 2024 r. BeIMOMHSIICS aHAIN3 CIeOYIONIMX JaHHbIX:
KOJIMYECTBO TAaI[MeHTOB, I10JI, BO3PAaCT, Iepuof, HabOMogeHus, AMArHo3, JOoKaIM3auus OIyXoidu, TUIl yCTa-
HaBJIMBAEMOTr0 3HIONPOTEe3a, HAJIMUMe OCIOKHEHWI, pe3ylbTaThl OLeHKY (PYHKUMM KOHEUHOCTU IO ILKajie
Musculoskeletal Tumor Society (MSTS) B mpolieHTax, 06111ast BBIXKMBaeMOCTb ¥ BbIKMBAEMOCTb SHIOIIPOTE3a.
Pesynomamel. B aHanu3upyeMblii MaTepuana BOILIM AaHHble u3 30 cTareii, BKIIOUAIOIINX Bcero 792 mamu-
eHTa B Bo3pacTe OT 2 10 18 seT, 3 Hux 422 manbunka u 370 geBouyek. Cpeguuii Bo3pact — 11,4 rona, cpefi-
HUiT mepuopn HabmomeHuss — 6,5 jgeT. Ha mepBoM MecTe MO BCTPEUAEMOCTM PAaCIIOIOXMUIACH OCTEOCapKO-
Ma — 716 (88,8%) Habmomenmii, Ha BTOpoM — capkoma IOuHra — 67 (8,3%). Uallle BCEro BBITIOIHSIIOCH
SHJIOTIPOTE3MPOBAHME AUCTATBLHOIO OTHeNa 6empeHHOI Koctu — 573 (71,1%), a Takke MPOKCUMAIbHOTO OT-
Iena 6omblnebepiioBoit KocT — 148 (18,3%). Hanboee 4acTo MCITOMb3yeMblii TUIT SHIOIIPOTE3a — HEeMHBa-
3UBHO yajinHsIeMblit — 540 (67%). Bbuto 3admkcupoBaHo 756 oc/oskHeHUit, yacToTa BCTpeyaeMocT — 96%.
B cTpykType OC/IOXHeHUI TMpeobnamasu OHKOJIOTMYeCcKuMe U OpToIeAndeckue OCAOKHeHMS Ha ¢doHe po-
cTa pebenka — 188 (25%) u 166 (22%) coorBeTcTBeHHO. O6Ias BbIKMBAeMOCTb MalleHTOB 3a 5 u 10 yneT
coctaBmiia B cpegHeM 81,68% u 77,63% COOTBETCTBEHHO P CpeJHEM 3HaUEHMM BbDKMBAEMOCTY SHA0IPOTE3a
53,93% 3a mecsITWIeTHUI TIepUOS,

3axnroyenue. [lomyueHHble JaHHbIE CBUAETENbCTBYIOT O KpaliHe BbICOKO YacTOTe OC0KHEHMI TPy OHKOIIPO-
Te3UPOBAHUU Y AeTell, MPeuMyleCTBeHHO OpTOIleAuYecKux, UTo TpedyeT aHain3a 1 pa3paboTKy Mep M0 UX
MpenyrnpexIeHuIo, a Tak)ke OpraHM3alMOHHBIX pellleHNi 1J11 KOpPeKUUYM JaHHbIX HapylIeHUiA.

KiroueBble c/10Ba: 5HIOIPOTE3MPOBAHME, OHKOIIPOTE3MPOBaHMe, 3JI0KaueCTBEHHbIE OITyXOJu, MeTH, Iepu-
IIPOTE3HbIE IIePeIOMbI, IEPUIIPOTE3HasT MH(PEKIVS.
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cucTemMaTMUecKuin  0630p  gmTepatypel.  Tpasmamonoeuss u  opmonedus  Poccuu.  2024;30(4):157-167..
https://doi.org/10.17816/2311-2905-17569.

DK 3opun Bsauecnas Heanosuu; e-mail: zoringlu@yandex.ru

Pykomnuch nomydyeHa: 21.06.2024. Pykomuch ogo6pena: 08.08.2024. CtaTbst onmybnuKkoBaHa oHmaiH: 15.11.2024.

© 3opuH B.1., Buccapnonos C.B., Makapos A.10., Peiounckux T.C., Pogyonosa K.H., 2024

158 2024;30(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://creativecommons.org/licenses/by/4.0/

REVIEWS

INTRODUCTION

Primary malignant bone tumors account for
0.001% of all newly diagnosed malignant
neoplasms. The incidence rate is 1 case per
100,000 population, with the majority occurring
in children and adolescents [1]. In the past, the
only treatment option was amputation of
the affected limb. Even with such a radical
intervention, the 5-year survival rate after
amputation remained consistently low, especially
in children, not exceeding 20% [2].

With the development of chemotherapy
and improved survival rates for patients with
musculoskeletal tumors, the issue of alternative
treatments to amputation arose. Currently,
there is no convincing evidence of differences
in survival rates and local recurrence frequency
between patients who undergo limb amputation
and those who receive limb-sparing operations
[3]. However, arthroplasty in this patient group is
associated with a high rate of complications that
often require additional surgical interventions
and may hinder the achievement of satisfactory
functional outcomes [3].

Specific complications, such as limb length
discrepancy (LLD), occur when treating pediatric
patients. For example, resection of the distal
femur in children under 10 years old can result in
limb growth retardation of up to 1.6 cm per year,
potentially leading to a limb length discrepancy
of 10-20 cm by the end of skeletal growth [3].
Small sample sizes and their heterogeneity in
various publications make it difficult to fully
analyse the outcomes of oncologic arthroplasty
in children and adolescents, complicating the
determination of treatment strategies for this
patient group [4].

The aim of this review was to analyse the
outcomes of oncologic arthroplasty in children
and adolescents.

METHODS

A literature search was performed in the Google
Scholar, PubMed, ScienceDirect, and eLIBRARY
electronic databases using the following
keywords: “endoprostheses, tumors, children”,
from 2000 to 2024.

Inclusion criteria for publications in the
systematic review:

1) articles in Russian or English;

2) full text available;

3) patients’ age under 18 years;

4) publication type: case-control studies,
clinical series studies, clinical observations.

Exclusion criteria:

1) duplicates;

2) sources without mentions of tumors or
endoprostheses;

3) when examining the text, it was found that
oncologic arthroplasty had not been performed
or had been performed only on adults;

4) no data on complications, or reports only
on infectious complications;

5) mixed results of arthroplasty in adults and
children.

The following data were analyzed: number
of patients, gender, age, follow-up period,
diagnosis, tumor location, type of prosthesis,
presence of complications, limb function
assessment results using the Musculoskeletal
Tumor Society (MSTS) scoring system (in
percentage), patient survival rates, duration of
revision-free survival of prostheses, frequency,
and structure of complications after arthroplasty.

For the description and classification of
complications in oncologic arthroplasty,
the Henderson classification was used in
the analysed literature. According to this
classification, five types of complications are
defined. In 2014, the International Society
of Limb Salvage (ISOLS) supplemented this
classification with a sixth type — pediatric
complications.  This  category includes
complications related to growth plate blocking
and deformity formation, as well as dysplastic
joint changes associated with arthroplasty [5].

Statistical analysis

The collection, storage, and analysis of the
obtained data were carried out using Microsoft
Excel 2019. Absolute and relative values of
various characteristics, as well as the median
(Me) and interquartile range, were used to
describe the data. The Mann-Whitney U test was
employed to test null hypotheses. Differences
were considered statistically significant at a two-
sided significance level of p < 0.05.

RESULTS

From all identified publications, 30 articles were
selected after applying exclusion criteria, from
which the relevant data collection and analysis
were carried out [1, 6-34].
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The selection scheme of publications with
quantitative data representation is shown in
Figure 1.

The selected sources included data on 792
patients aged 2 to 18 years, with an average age
of 11.4 years. Gender distribution was 422 boys
and 370 girls. The average follow-up period for pa-
tients mentioned in the publications was 6.5 years.

The studies were conducted by oncologic and
orthopedic centers as well as specialized university
clinics. Quantitatively, the majority of publications
originated from authors in China [10, 25, 29,
32, 33], the United Kingdom [21, 24, 26, 27, 30],
the USA [9, 11, 22, 23], Egypt [7, 34], the Russian
Federation [1, 8], Poland [15, 20], and Lebanon
[12, 18, 28]. More detailed information on the
geographic distribution, number, and volume of
publications by patients is presented in Figure 2.

Keyword search in systems:
ScienceDirect, Google Scholar, PubMed,
eLIBRARY. Search depth 2000-2024
1.869 publications

Excluded 289

L

h /
[ 1.580 publications ]

Excluded 1476

Y

[ 104 publications ]

Excluded 74

L

j;( Mixed data on children and adults — 74

\ 4
30 publications

n =792 patients
m/f=422/370

Figure 1. Flowchart of literature screening rocess

2125
United Kingdom
5/196

Italy

115 \_ﬂ

Spain
17
Egypt /
m17 s
Malaysia
2

Jordan
120 | ebanon
3/58

The structure of morphological diagnoses
reflects known statistics for malignant tumors
of the musculoskeletal system in children and
adolescents. Osteosarcoma predominated with
716(88.8%) cases, followed by Ewing sarcoma— 67
(8.3%) cases. Other musculoskeletal tumors were
extremely rare: embryonal rhabdomyosarcoma
— 1 case, chondrosarcoma — 3 cases, malignant
giant cell tumor — 1 case, pleomorphic sarcoma
— 5 cases. Additionally, there were 13 cases where
patients had bone metastases with a primary
diagnosis of osteosarcoma or Ewing sarcoma.

The location of tumors treated with
arthroplasty is shown in Figure 3, with distal
femoral and proximal tibial regions being
predominant.

In limb-sparing surgery for malignant limb
tumors in children, the most utilized prosthesis

jg( Removal of duplicates j

¢ Article language is neither Russian nor English — 174;
¢ content does not pertain arthroplasty, or patient age is
over 18 years — 1191;

¢ no data on complications in arthroplasty groups — 8;

« literature review publication type — 68;

« full text unavailable — 35

Figure 2. Geographic distribution
of studies included in the systematic
review (indicating the number

of studies/number of patients)
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type was a non-invasively extendable one with
a magnetic extension mechanism. According
to the publication analysis, it was used in 540
(67%) patients. Surgically (minimally invasive
or via limited approach) extendable prostheses
were significantly less common, used in 42

573
(71,1%)

148
(18,3%)

Figure 3. Tumor location

(5.2%) patients. Modular implants were applied
in 211 (26.2%) cases. In one study, monolithic
endoprostheses manufactured by 3D printing
were mentioned — 13 (1.6%) cases.

Treatment outcomes are intrinsically linked
to complications associated with arthroplasty.
The structure and statistics of complications
according to the Henderson—-ISOLS classification
[5] are provided in Table 1. A total of 756
complications were recorded in 792 patients,
accounting for 96%. Some patients experienced
two or more complications. Oncologic and
pediatric complications were the most prevalent.
Data on aseptic prosthetic loosening, though
less frequently reported, indicated that this
complication had occurred in approximately
1 out of every 10 patients. The detailed structure
of complications according to the Henderson-
ISOLS classification is shown in Figure 4.

Table 1

Structure of complications according to the Henderson-ISOLS classification

Type of complication

Variants and number of complications

1
Soft tissues
Total 82 (11%):
o functional — 34 (41%)
o defect of closure — 48 (59%)

I
Prosthetic aseptic loosening

111
Structural
Total 134 (17%):
o endoprosthesis-related (component failure or malfunction
of extension mechanism) — 94 (70%)
e bone-related (periprosthetic fracture) — 40 (30%)

1A%
Infectious complications
Total 112 (15%)

v
Oncologic complications
Total 188 (25%)

VI

Pediatric complications
Total 166 (22%)

Neuropathy — 15 (18%)

Joint stiffness — 25 (30%)

Defects of ligaments and tendons — 8 (10%)
Wound dehiscence — 12 (15%)

Necrosis — 12 (15%)

Delayed wound healing — 10 (12%)

Prosthetic loosening without structural or infectious causes in the
overall structure of complications — 74 (9,71%)

Failure of the extension mechanism — 41 (31%)
Prosthetic component failure — 53 (39%)
Periprosthetic fracture — 40 (30%)

Superficial soft tissue infection — 14 (12%)
Periprosthetic infection — 78 (70%)
Infection requiring amputation — 20 (18%)

Local recurrence — 160 (85%)
Metastatic recurrence — 28 (15%)

LLD > 2 cm — 138 (83%)

Limb deformity — 15 (9%)

Implant-associated joint dysplasia (endoprosthesis dislocation,
subluxation) — 13 (8%)
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I; 82; 11%
VI; 166; 22%

IL; 74; 10%

111; 134; 17%

V; 188; 25%
1V; 1125 15%

Figure 4. The structure of complications by
their types according to the Henderson-ISOLS
classification

Based on data analysis, endoprosthesis and
patient survival rates were calculated. Prosthesis
survival rate was defined by cases necessitating
revision and replacement of implant components
associated with failure, deep infections, and other
causes. Assessment was performed over a 5-year
period from the time of prosthesis implantation.
During this period, 334 (42%) revisions were
required, resulting in a 5-year mean prosthesis
survival rate of 58%. Given the high frequency of
type V complications, patient survival rate at the
five- and ten-year marks was 80.0% and 78.5%,
respectively.

The quality of life was assessed in all publi-
cations using the Musculoskeletal Tumor Society
(MSTS) scale. Some authors used a system with
a maximum score of 30 points, while others
presented results as a percentage. To facilitate
data consolidation, all results were converted to
percentages, where the minimum result was 0%
and the maximum was 100%. Subsequently,
the data were grouped based on patient
follow-up duration: less than 6 years and more
than 6 years, with the average quality-of-life
scores being 85.23% and 80.77%, respectively
(Figure 5).

In terms of topography, neoplasms
predominantly affected the distal femur (DF)
and the proximal tibia (PT). Accordingly, the
tumors of the majority of patients experiencing
complications following arthroplasty had
these localizations. For DF, the total number
of complications was 340 (93.15%), while for
PT, it was 37 (72.54%). The quality-of-life score
according to the MSTS scale was statistically

significantly higher (p = 0.0256) in the DF group,
with an average score of 86.45% compared to
73.96% in the PT sarcoma group (Figure 6).
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p=0.199
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Figure 5. Quality of life measured by the MSTS scale
with follow-up periods of less than 6 years and more
than 6 years
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Figure 6. Quality of life after operations on different
locations

The analysis of complication rate by
endoprosthesis type showed 538 complications
in 530 patients managed with non-invasively
extendable implants, amounting to 101.51%,
indicating that some patients had two or more
types of complications. In the group with invasive
and modular implants, 161 complications were
noted in 197 patients, representing 81.72%.
No significant differences in the quality of life
and 5-year implant survival rates were observed
based on the type of endoprosthesis (Table 2).
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Table 2

Comparison of different types of endoprostheses
. Non-invasively extendable p-value between
Comparison parameter . Others X
endoprosthesis comparison parameters
Median MSTS 85% 74.29% 0.1421
5-year endoprosthesis 54.3% 60.3% 0.3884
survival rate

DISCUSSION

The number of publications dedicated to the
treatment of osteosarcomata in children has
shown a progressive increase over the past decade,
highlighting both the relevance of the topic and
the accumulation and critical assessment of data
on this disease and modern treatment options.
Currently, limb-sparing surgery can be applied in
80-85% of cases in children with osteosarcomata
[35]. This emphasizes the importance of analysing
contemporary data on treatment outcomes.
Unfortunately, out of 1.869 publications, only
30 high-quality studies suitable for analysis were
found.

Until the 1970s, the predominant method of
surgical treatment for osteosarcomata achieved
5-year survival rates in no more than 25% of
cases [36]. Advances in modern chemotherapy
protocols and surgical technologies have led
to a 5-year survival rate of 70% for children
with this pathology [35, 37]. According to our
analysis, the 5-year survival rate for children
reaches 80%. These results allow us to focus not
only on life preservation but also on the quality
of life comparable to that of children in the
general population. The quality of life depends
on the treatment outcomes and the frequency
and nature of potential complications from
aggressive surgery and chemotherapy aimed at
achieving sustained remission.

According to our analysis, the primary type
of endoprosthesis used in treating sarcomata
in children is non-invasively extendable
implants, which allow for the lengthening of
the operated limb in line with the child’s growth
and development. Despite a high incidence of
structural complications, the quality-of-life
scores for this group were higher, confirming the
importance of minimally invasive approaches in

pediatric surgery and orthopedics. Unfortunately,
non-invasively extendable devices are currently
not manufactured in the Russian Federation.

The performed analysis revealed a very high
complication rate, consistent with the data from
certain clinical series presented in various studies
[7, 18]. Approximately 75% of all complications
were non-oncologic in nature, primarily related
to infections and, even more frequently, various
orthopedic complications.

According to the data, tumors most often
developed during growth spurts (average patient
age — 11.4 years), with primary tumor sites
typically located in growth zones characterized
by high activity and contributing significantly to
overall growth (distal femur and proximal tibia).
Type VI complications were the second most
frequent, raising the need for active involvement
of pediatric orthopedic specialists in post-
oncologic arthroplasty care. A.V. Petrichenko et
al. also emphasize this problem [38].

The high complication rate highlights the
quality-of-life scores measured by the MSTS
scale, averaging 86.3% for the first 6 years of
observation and 80.7% in subsequent vyears,
despite nearly half of the endoprostheses
failing within 5 vyears post-implantation.
Possible reasons for this discrepancy include
the subjectivity of the scale and the tendency
of children to overlook existing problems due
to high adaptability. Our study did not find any
publications addressing this issue. However,
M.G. Vitale et al. have raised questions about
the insufficient effectiveness of quality-of-
life scales for pediatric orthopedic patients
compared to adult patients, particularly the
SF-36 scale [39]. Similar traits may apply to
quality-of-life assessments in this group.
Methodological limitations tied to patient
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categories should not be excluded. For instance,
patients undergoing arthroplasty for the tumor
of the distal femur retain a higher quality of life
despite frequent oncologic complications. Given
that metastatic recurrence canresultina patient’s
death, further quality-of-life assessments
become impossible, leaving outcomes fixed at
a high level. Conversely, aseptic loosening is a
prolonged process, often spanning years (usually
2-3 years) [40, 41], masking clinical symptoms
and causing minimal concern for the child.

A key aspect of the study is the near-total
lack of research on patterns of orthopedic
complications, their prevention, and treatment
in pediatric patients. Despite the distraction
capabilities of modern devices, the lengthening
mechanism remains technically complex.
The analysis revealed frequent malfunctions,

preventing compensation for length
discrepancies in limbs. The engineering
solutions  enabling lengthening require

sufficient space, ultimately influencing the
extent of bone resection. One potential approach
to mitigating this limitation involves seeking
for more advanced technical solutions and,
where oncologically feasible, opting for surgical
procedures that preserve the growth zone and
joint. Studies focused on limited resections and
biological reconstruction surgical techniques
for pediatric musculoskeletal malignant tumors
remain highly relevant [42, 43, 44, 45].

CONCLUSIONS

The analysis of publications revealed a high level
of interest in pediatric arthroplasty for malignant
musculoskeletal tumors. However, the number
of comprehensive studies that allow for an in-
depth analysis of the accumulated global medical
practice is relatively limited. The conducted
analysis showed an extremely high frequency
of complications in oncologic arthroplasty in
growing children, primarily of a non-oncologic
nature. This highlights the need to improve
oncologic arthroplasty technologies, seek and
develop alternative solutions that preserve the
natural growth potential, and underscores the
importance of involving pediatric trauma and
orthopedic specialists in the treatment and
follow-up care of this patient category.
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Pedepar

Beedenue. JlanpeBugHO-MonymyHHbI Komtarnc (SLAC — scapholunate advanced collapse) — mmupoko usBectHasi dopma
OCTeoapTpuTa 3aIsICThsl, KOTOpasi XapakTepusyeTcsl Mporpeccupymoleil nedbopmaimeii, HeCTaOWIbHOCTbIO M aPTPUTOM
BC/IEICTBYME XPOHMUYECKON OMCCOUMAIMM JIAAbeBUAHONM U MOTYTYHHOV KOCTeH TP 3aCTapesIbIX MOBPEKAEHUSX JIabeBU/I -
HO-TTONY/TYHHOM MEKKOCTHO# cBsi3KM (scapholunate interosseous ligament — SLIL). KynupoBaHue 60/€BOro CMHApOMa
U cOXpaHeHre o6beMa ABVMKEHMIA TIPY TaHHOM MaTOMOTUM HEPEIKO IPeICTaBIISIeT TPYIHOAOCTIKMMYIO 3aJayuy.

Llens — aHanN3 aToreHesa 1albeBUIHO-IIOMYTYHHOTO KOJIIarica, MeTOLOB JIyuyeBO AMarHOCTUKY U JIedeHUsI JaHHO IIaTo-
JIOTMM TI0 JAHHBIM COBPEMEHHOI JIUTEPATYPHI.

Mamepuan u memodst. B 6a3ax nanubix eLIBRARY u PubMed npoBeieH MOMCK IO K/IIOYEBBIM CJI0OBaM: JIabeBUIHO-TI0-
JIYYHHBI KOJIAIC, JaJbeBUAHO-TIONYTyHHAsT HecTabWIbHOCTb, pe3eKUMsl MPOKCUMAJbHOTO psifia KOCTeil 3alsiCThs,
scapholunate advanced collapse, SLAC, scapholunate instability, proximal row carpectomy. Haitmeno 110 crareit. OTo6paHo
86 my6nMKaluit, B KOTOPBIX MCCAEIYIOTCS BOMPOCHI TaTOreHesa, Jy4eBOi AMATHOCTMKM ¥ JieueHMsl paccMaTpuBaeMoit
MaTOJIOTUN.

Pe3ynvmameol. JIagpeBUIHO-TIONYTYHHbI KOJUIATIC 3aTISICThS SIBJISIETCSI BTOPMYHBIM apTPO30M KOCTEJi 3aTISICThsI BCIEICTBUE
paspbiBa JagbeBUIHO-TIONYITYHHOI cBsI3KM (SLIL), KOTOPBIN MMeeT TpaBMaTUUECKUii M HeTpaBMaTUueCcKuit xapakrep. KoH-
cepBaTuBHbIE MeTOAbI ieuenns: SLAC mokasaHbl IIPU paHHEN CTaguy pasBUTHUSI apTpo3a, OGHAKO AaHHbBIX 00 uX 3ddek-
TUBHOCTY B MUPOBOJ uTeparype HeT. OnepaTuBHbIE METO/IbI JIEUeHUSI pa3HOOOpa3HbI, BIOOP 3aBUCUT OT KIIMHUYECKOW
craguy 3a001eBaHMS.

3axarouernue. dPheKTMBHOCTb KOHCEPBATMBHBIX MeTOMOB jieueHust SLAC-cMHIpoMa He AokKa3aHa. PazpaboTaHo MHOXe-
CTBO METOZOB XMPYPTUUECKOTO JIeUeHUSI U UX MOAMGbUKALIMIA, HAaIIPaBJIeHHbIX Ha KYIIMPOBaHMe 60IeBOro CMHAPOMa, MaK-
CUMAaJIbHO BO3MOYKHOE COXPaHeHMe ABVDKEHUI U CUITbI KUCTEBOTO CXBATa, OIHAKO ITPo6ieMa BbI60pa METOIa B 3aBUCUMOCTH
OT KIIMHUYECKO cTamuu 3a6ojeBaHms He MMeeT OBIIePUHSITHIX pelieHuit. [IJIT MOMIOIbIX aKTUBHBIX MAI[I€HTOB 0COGYI0
aKTyaJIbHOCTb MMeeT pa3paboTka aabIOBaHTHBIX OIMepalluii, HalpaBJeHHbIX Ha MOBbIIIEHE 3PGEKTUBHOCTY JeUueHMus.
HakamiuBaioTcst mokasaTenbcTBa 3(PGEKTUBHOCTY MPUMEHEHMs MUPOKapOOHOBBIX MMIUIAHTATOB M apTPOCKOIMMUYECKUX
TEXHOJIOTMIA.

KiaroueBbie ciioBa: HaﬂbeBI/I,E[HO-HOJIyJIyHHbIﬁ KOJIJIaIIC, apTpoO3 JIyde-J1aAbeBMIHOT0 CyCTaBa, pe3eKuus IIPOKCMMaJIbHOTO
paga KoCTeit 3aIrAacTbA, quprexyroanLIﬁ apTpones.

IOnsa uutuposanus: [lyano H.A., Kyrteiryn I1.K., MupoHoB A.P. JTagbeBUIHO-TOMYIYHHbII KOJIJIATIC 3aIISICThs: 0630
nurtepaTypsl. Tpasmamonozus u opmonedus Poccuu. 2024;30(4):168-179. https://doi.org/10.17816/2311-2905-17530.
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Scapholunate Advanced Collapse of the Wrist:
A Review
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Abstract

Background. Scapholunate advanced collapse (SLAC) is a common type of the wrist osteoarthritis. It is characterized by
progressive deformity, instability and arthritis due to chronic dissociation of the scaphoid and lunate bones with chronic
scapholunate interosseous ligament (SLIL) injuries. Quite often, in this pathology, it is difficult to alleviate the pain
syndrome and preserve the range of motion.

The aim of the review — based on the modern literature data, to analyse the concept and pathogenesis of scapholunate
advanced collapse, current methods of radiological diagnosis and treatment modalities of the pathology.

Methods. The search was performed in eLIBRARY and PubMed databases using the following keywords: scapholunate
advanced collapse, SLAC, scapholunate instability, proximal row carpectomy. We selected 86 original articles and reviews
out of 110 papers found. The selected ones reveal the issues of pathogenesis, radiological diagnosis and treatment of the
pathology.

Results. Scapholunate carpal collapse is secondary arthritis of the carpal bones resulting from rupture of the SLIL,
which can be traumatic or non-traumatic. Conservative methods of the SLAC treatment can be used in the early stage of
arthritis, but there is no data on their effectiveness in the world literature. Surgical treatment methods are varied, the
choice depends on the clinical stage of the disease.

Conclusions. The efficiency of conservative treatment modalities of the SLAC syndrome has not been proved yet. There
is a plenty of surgical treatment methods and their modifications developed to alleviate the pain syndrome and preserve
the motion and strength of the wrist grip as far as it is possible. However, the choice of the treatment method depending
on the clinical stage of the disease is still problematic. For young active patients especially important is the development
of adjuvant techniques aimed to increase the treatment efficiency. To date, there is accumulating evidence of successful
use of pyrocarbon implants and arthroscopy techniques in the wrist surgery.

Keywords: scapholunate advanced collapse, radioscaphoid arthritis, proximal row carpectomy, trapeziometacarpal
arthrodesis.
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BBEJEHUE

JlagbeBUaHO-TIONYNYHHBIN Koinanc (SLAC) — vacto
BCTpeuarwmascs ¢gopma ocTeoapTpo3a 3arsiCThsl, KO-
TOpas MOpaykaeT JIyuye3amsCTHBIA U MeX3alsCTHBIN
CYCTaBbl M XapaKTepuU3yeTcsl IPOrpeccUpymollein ne-
dbopmanueit, HeCTAaOMILHOCTHIO U apTPO30OM BCJIE[I -
CTBME XPOHMUYECKON Ayuccouyauyuu JaagbeBUILHO
M TIOMYJIYHHOM KOCTel Mpy 3acTapesbiX MOBPEXIe-
HUSIX J1aJbeBUIHO-TIONYTYHHOM MEXKKOCTHOM CBSI3KU
(SLIL — scapholunate interosseous ligament) [1, 2].
SLIL OTHOCUTCS K BHYTPEHHUM CBSI3KaM 3aIlsICThs
M CUMUTaeTCs] TEePBUYHBIM CTAOMIM3ATOPOM 3ITUX
KocTelt [3], B TO BpeMsl Kak JiaJbeBUAHO-Tpanenm-
eBUIHYI0 U Jy4ye-laJbeBUIHO-TOJOBUYATYI0 CBSI3KU
OTHOCAT K BTOPUYHBIM CTabuimM3aTopam JagbeBUI -
HO-TIONYIyHHOrO cycraBa [4]. SLIL cocTouT u3 Tpex
yacTeit — THUIbHOW, MeMOpaHHOI U JIaLOHHOM [5].
ToUIbHBIE M JIafOHHBIE YaCTU SIBJISIIOTCS MCTUHHBI-
MM CBSI3KaMM Karcynbl. MemOpaHHasl 4acTb COCTOUT
M3 BOJIOKHMUCTOTO Xpsllla C pa3sHOHAINPaBJIE€HHBIMU
MMyYyKaMM KOJTareHOBbIX BOJMIOKOH. Hambormbiieit me-
XaHMYeCKOM ITPOYHOCTHIO 0671a7aeT ThUIbHASI 4acTb,
MpefCcTaBleHHas] IONepeyHO OpPUEHTUPOBAHHBI-
MM KOJJIaTeHOBBIMM (acCIMKy/IaMi, OKPY>KeHHBIMU
COeIVHUTEIbHOM TKAaHbIO, COIepyKallleli Heiipo-cocy-
IVCTBIE IIYYKMA [6].

HecmoTps Ha 3HaUUTENbHBII MUPOBOI OIIBIT Jie-
yeHus SLAC, NoBbIlIeHME KauyeCTBa XKU3HU IallueH-
TOB C JAaHHOJ ITaTOJIOIMe OCTaeTCs TPYLHOM 3anauent
Jlake [1JI1 OTNBITHBIX XMPYPIOB.

Ilenvs 0630pa — orlpeneneHue TaToTreHe3a Jia-
IbeBUIOHO-IIONYTYHHOIO KOJIarca, oieHKa 3ddex-
TUBHOCTM METOLOB JIy4eBOil OMAarHOCTUKU U Jieye-
HUSl JaHHOWM NAaTOJOTMM IO JAaHHBIM COBPEMEHHOIA
JIUTEPATYPHI.

MATEPUAJI 1 METO/IbI

IMTouck my6aMKaIMii TPOBOAMIN B 3/IeKTPOHHBIX 6a-
3ax gaHHbIX eLIBRARY u PubMed mo wremyrommm
K/IIOUEBBIM CJIOBAM: JIaJbeBUAHO-TIONYTYHHBIN KOJI-
JIaTIC, JIa[IbeBUIHO-TIONYIYHHAs! HeCTabMUIbHOCTD,
peseKiusi TPOKCMMAaIbHOTO PSAa KOCTeH 3arsiCThbs,
scapholunate advanced collapse, SLAC, scapholunate
instability, proximal row carpectomy. Bcero 6s110
HaiigeHno 110 crareit, oTob6paHo U3 HUX 86 mMy6IMKa-
111, B KOTOPBIX PACKPBIBAIOTCS BOITPOCHI TATOTEHE3A,
JIYUeBOJi JMAarHOCTUKM U JIEUEHMS] PacCMaTpPUBaeMOii
MaTOJOTUY, TOJHOTEKCTOBbIE CTaThbu U pedepaTsl,
SI3BIK AHIVIUIACKMIA Y PYCCKUIA, XPOHOIOTMYECKIE PAM-
Ku ¢ 1977 no mapra 2024 r.

ITMOJIOTUS U [IaTOreHe3

XpoHunueckue rnoBpexaeHus SLIL, Kak mpaBuio, sB-
JISIIOTCS. pPe3y/IbTaTOM TPaBMbl, NIPUYEM BO MHOI'MX
CIy4yasix CTeIeHb TMOBPEXAEHMUS 3allsiCThs Hemoolle-
HUBAETCS U CTABUTCS OMATHO3: PaCTSKeHME CBSI30K
3amsacThs. [loATBepKOeHHOe pe3yabTaTaMu apTpo-

ckoruy noBpekaeHue SLIL BcTpeuaetcs B 21,6% cy-
yaeB BHYTPUCYCTaBHBIX I€peIOMOB JIy4eBO/ KOCTU
" B 6,7% cilydaeB BHECYCTaBHbBIX ITePeJIOMOB [7].

ITo MHeHMI0O OOHMX aBTOPOB, MoBpexaeHus: SLIL
HeM30eKHO IPUBOIST K XPOHUYECKOI HeCTabUIbHO-
CTU U apTPO3Y KMUCTEBOTO CYCTaBa, UTO aKTyaIu3upyeT
nmpo6ieMy UX CBOEBPEMEHHOM AMArHOCTUKY U Jiede-
Hu4 [8]. Ipyrue CUMUTAIOT, UTO B HACTOSILLIEe BPEMS He
CYLIeCTBYeT [0Ka3aTeJbCTB TOTO, YTO PEKOHCTPYK-
uys SLIL mpy OCTPBIX U XPOHUYECKUX MTOBPEKIEHM-
SIX MOXeT 3aMelJIUThb UK MPefOTBPaTUTh Pa3BUTHE
aptposa [9]. Bulencreue XpoHMUECKUX TOBPEXIEHUN
SLIL nagbeBMaHAsI KOCTb MeHsieT (GOPMY U pacIioyo-
>KeHMe. TO BbI3bIBAET MeXaHUYecKye MOBPEXIeHUs
roJI0BYaTOlM KOCTU, KOTOPAsi CO BpeMeHeM MUTPUpPYeT
MeXIy ITOMYTYHHOM U JIaAbeBUIHOM KOCTSIMUA.

SLAC yvamie guarHoctupyetcs y my>xkuuH (80,3%)
MOJIOZIOTO M cpenHero Bo3pacra (53,1+10,4 roma); 49%
Al eHTOB 3aHITO PYYHBIM TPYIOM, y 69,5% B aHaM-
Hese TpaBMa, JJUTEIbHOCTh CUMIITOMOB COCTaBJISIeT
10,3%13,3 ropma [10]. SLAC MoskeT GbITh TaKKe ITPOSIB-
JieHMeM KPUCTa/VINYeCKOi apTPOIaTHUM C OTIOKEHUS -
vy upodocdar nermgpara [11].

Knnanueckas puargHocruka SLAC

Eciu B aHaMHe3e NalMeHTa ecTh MajieHue Ha BbITSIHY-
TYIO PYKY, CJIeAyeT 3anof0o3puTh nospexaeHue SLIL.
OHO MOXeT ObITh M30JMPOBAHHBIM WM COIYTCTBO-
BaTh MepeloMaM AUCTAJIbHOTO OTHesa JIyueBOi Win
JnanpeBuaHOM KocTu. Horma nospexnenus SLIL pas-
BMBAIOTCSI BTOPMYHO MPU BOCHAIUTENbHBIX apTpu-
TaxX, HallpMMep OpU MCEeBIAOIOAArpe, B 3TOM Ciaydyae
MOBpeXIeHne HepeaKko ObIBaeT ABYCTOPOHHMM [9].
OmnucaH aryyaii sTporeHHOro SLAC nmpy mMpOKOM UC-
CevueHMM raHIJIMOHAPHOM KUCThI Ha ThIJILHOM CTOPOHE
Kkuctu [12].

SLAC Ha OpoTsS’KeHMM MHOTUX JIET MOXKET IIpoTe-
KaThb 6€CCMMIITOMHO, OFHAKO OOBIYHO ITPUCYTCTBYET
60/1b, KOTOpPAsI YCWJIMBAETCSI TIPU TSDKEIOW pabore,
a MHOIJA COMPOBOXIAETCS OLIYLeHUEM <«JISI3TaHbs»
npu pBwkenusax [13]. boneBoil cMHAPOM CONPOBO-
SKIAETCST CHUSKEHMEM 06beMa ABMKeHUI B CyCTaBax
" ocyiabieHreM KICTeBOTO CXBaTa.

BHemHue mnposiBIeHUS JiaJbeBUIHO-TIOMYIyH-
HOJi HeCTaOMIbHOCTM HeoueBUIHBI. Jlaske B OCTpOit
(ase OTEUHOCTH 3aMSACTbSI MOXKET ObITH YMEPEHHOM.
Korma mmeetcss mporpeccupyroiiee tedeHue SLAC,
BbIpakeHa 00j1b Mpu ABIOKeHMsIX. Tect BaTcoHa mo-
3BOJIIET BBISIBUTD HECTaOMIBbHOCTh JIaJIbeBUILHO-
TIOTYITYHHOTO cycTasa [14]. [Iy1s1 ero BBIIIOTHEHUS Ha-
IaBIMBAIOT Ha OYTPUCTOCTb JIabeBUIHON KOCTH,
B TO BpeMs$ KaK Bpay OTKJIOHSIET 3aIsICTbe U3 Kpaii-
Hell TOUKM JIOKTEeBOWM [OeBUaluM B KPaMHIOK TOYKY
JIOKTEBOJ AeBuauuu. B HOpme naabeBUAHAS KOCTb
He CcMelaeTcsl, TaK KakK 3adMUKCUpOBaHA OGOJbIIUM
naaplieM Bpava. [1o/MOKUTENbHBIN TECT OTMeYaeTcs
y MalMeHTOB C Pa3pbIBOM JIalbeBUAHO-TIOTYITYHHOIA
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CBSI3KM MU C1ab0CThIO 3arsicThs. Korpa naBieHne Ha
JIaJbeBUIHYIO KOCTb YCTPAHSIeTCsl, OHa BO3BPallaeTcsl
B IIpEXXHEe TOJMIOKEHME C TUIIMYHBIM Ieaykom [15].
YyBCTBUTENBHOCTD U CIEeIM(MUIHOCTD TeCcTa HeBeln-
K1 [16], m03TOMY OTpULATENbHBIN PE3yIbTaT He SIB-
JIsIeTCsl OCHOBaHMEM JJIsl 0TKa3a OT JOIOTHUTENbHBIX
METOJOB IMarHOCTUKM.

TepMI/IHOJIOI‘I/IH U PEHTT€HOAMarHoCTMKa

Ins xapaktepucTuku nporpeccupoBanust SLAC uc-
MOJIb3YIOT UeThbIpe TeEPMMHA: JIaAbeBULHO-TIOTYIYH-
Has gyuccoumanus, jagbeBUIHO-TIOMYIYHHbIN AMac-
Ta3, POTAlMOHHBI TMOABBIBUX JaJbeBUIHON KOCTU
u DISI (dorsal intercalated segment instability) [17].
OTM  TIpU3HAKM  TIOBPEXIEHUS  BBISBISIOTCS
MpY  CHeNMaJbHbIX M3MEPEHMUSIX U300pakeHM
JIafbeBUAHON U MOJYTYHHOM KOCTel Ha PeHTreHO-
rpammax. [Ipu nagbeBUAHO-MONYJIYHHOM Auacrase
Ha peHTreHoTpaMMe B MPSIMOi MPOEeKUUM paccTo-
SIHMEe MeXIY JIadbeBUAHON U MOMYIYHHON KOCTSIMU
cocTtasisgeT 6onee 4 MM, IIPU Auacrase 2—4 MM BO3-
HUKaeT MOAO03peHMe Ha JiadbeBUIHO-TIOMYTYHHYIO
guccouuanuio. PoTallMOHHBIN MOABBIBUX JiaJgbe-
BUJHOV KOCTU BBISBJSIOT, €CIM HA PEeHTreHoTpaM-
Me B 60KOBOJ MPOEKIMM JIaIbeBUIHO-TOTYITYHHBIN
yron coctasiser 6onee 60-80° (1ambeBUAHAS KOCTh
HaKJOHeHa B JIAJOHHYIO CTOPOHY), a Jyde-jiafbe-
BUIHBINA yron — 6Goynee 60°. PeHTreHOJIOTMYeCKUIA
MPU3HAK «KOJIbLIA C MEeYaTKOV» UM KOPTUKAJIbHO-
ro KoJiblla paclleHMBaeTCs Kak MpMU3HAK pOTalUuU
JNaibeBUIOHOM KOCTU BCJIENCTBUE JalbeBUIHO-
MOJNYyTyHHOTO Auacrasa [18].

DISI Takke BBISBISETCS Ha peHTreHOrpaMmmax
B OOKOBOJI MPOEKIMM, eCIY BEeIMUMHA JIaIbeBUIHO-
MOYJIYHHOTO yriaa 6osmee 80° (Ipy BelMYMHE YI/ia
60-80° mopmospesator DISI, ecnmu monmysmyHHast KOCTb
HAKJIOHEeHa [O0pP3aJbHO), Jyuye-MOJYJIYHHbIA yroa —
60s1ee 10°, roJ10BUATO-TIONYAYHHBIN yron — 6omee 30°.
Paciinpenue aibeBUAHO-TIOTYTYHHOTO ITPOMEKYTKA
Ha3BaHO Takke MpusHakoMm Terry Thomas B maMsTh
0 3HAaMEHUTOM aKTepe C AMacTeMoit MeXAy nepegHu-
My 3y6amm [19].

RVLY

¥

| ctapma Il ctapma

U3 momnonHuUTenbHbIX METONOB IMArHOCTUKU MO-
skeT ObITh TosesHa MPT, KOoTopast HEIoCpeaCTBEHHO
rnokassiBaeT paspsiB SLIL. Ilpu mnporpeccupyroieMm
TeueHny SLAC peHTreHOrpaMM OOBIYHO JOCTATOY-
HO, MPT MOXeT NMpOSICHUTb AMAarH0o3 Mpy HauyaJbHbIX
cTamusix 3a607eBaHMsI, TaK KaK BbISIB/ISIET MCTOHUEHME
CYCTaBHBIX ITOBEPXHOCTEN JIaAbEeBUAHON KOCTU, CUHO-
BUT JIAABEBUIHOM (PaceTKy AUCTATLHOTO OTAENa JTyJe-
BOJ KOCTM, TOJIOBYATO-TIOMYTYHHOTO CyCTaBa, a TakKe
JIy4e3arsiCTHOTO ¥ MeX3allsICTHOTO CycTaBoB [20].

bromkeTHas anbrepHatMBa MPT — yinbTpa3ByKoO-
BO€ MCC/IelOBaHME, KOTOPOEe TakKe MOXXET BBISIBUTH
paspbiB SLIL M 0COGEHHO TIOJIE3HO Y IIaIieHTOB
C MpeJLIeCTBYIOUMMH IlepesioMaMM KOCTeil 3arsiCThs,
(bUKCHMPOBAaHHBIMM ~ META/UIOKOHCTPYKUMSIMMU  [21].
[TepcrieKTMBHBI UCCIEA0BAHUS BO3SMOXKHOCTEN TOMO-
CUHTe3a MPU COMHUTEIbHON BU3yaamu3aluy MOBPexk-
IEeHUI 3amsCThs [22].

Crapuu SLAC

B reyennu SLAC BbIAENSIOT TPU PEHTTEHOIOTMUECKIUE
craguu [4, 23], 10 JaHHBIM APYTUX aBTOPOB — YeThbIpe
[24] (puc. 1).

I cragyst — mopaskeHbl MPOKCUMMasbHas 4acTh Jia-
ObeBUIHOM KOCTU U IMJIOBUAHBINA OTPOCTOK JIy4€eBOJA.
Ha penTreHorpammax B npssMoi npoekunuu u Ha KT
Ha JTy4eBOJ CTOPOHE JIaJbeBUAHOM KOCTU U IIUIOBU -
HOM OTPOCTKE JTyUYeBOW KOCTU BBISIBIISIFOTCSI «OCTpbIe
MOATIOPKN» (KKJIIOBbI»), YTPAuMBAETCSI HOPMaJbHAs
OKpyI7asi KpUBU3HA WIMWJIOBUIHOTO OTPOCTKA, Pa3BU-
BAeTCs JIOKAJIbHBIN apTpOo3 JJagbeBUIHOM (PaceTKN.

II cragus — nopakeHue jay4de-1agbeBUIHOTO CYC-
TaBa, IPOrpeCcCUBHOE CY>KeHMe ILe/IN JTyde-afbeBus -
HOT'O CyCTaBa, CKJIEPO3 BCeil JIambeBUAHON (aceTKku
IVICTAJIbHOTO JIyYa.

III craguss — mopakeHye roJI0BYATO-TIOMYTYHHOTO
CyCTaBa CO CKJI€PO30M U CY>)KEHMEeM CyCTaBHOJ ILLIeJN.
[Ipr 3TOM TPOUCXOOUT MPOKCUMAJIbHASI MUTPALUS
roJIOBUYATOM KOCTU CO CMeIeHNeM IOy TYHHOM KOCTU
B JIOKTEBYIO CTOPOHY.

IV cragus — gereHepaTUBHBIN apTPO3 MOTYTYHHO-
JIy4EeBOTO CyCTaBa.

'im} '
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Puc. 1. ®parmMeHTbl peHTTeHOTpaMM KUCTY ITallMeHTOB € pa3HbIMU cTagusaMu SLAC B IIpssMoii poekumumn
Figure 1. X-ray fragments of patients” wrists with various SLAC stages in the AP view
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SLAC BCencTBUe 3aCTapesioro OBpexXaeHUs
J1aAbeBUAHO-TIOYTYHHON CBA3KU

TiaTenbHbIN aHA/IN3 PEHTTEHOIPAMM C BBISIBIEHUEM
TaKuX NMPU3HAKOB, KaK Jy4YeBON «KJIOB», yMEHbIIe-
HMe LIeNnN Tyde-J1afbeBULHOr0 CYCTaBa, IagbeBUIHO-
MOTYAYHHBIN Auacta3 u DISI, oueHb BaskeH, TaK Kak
HepeIKO UCKII0UaeT HeOOXOAMMOCTb JOPOTOCTOSIINX
MeTOHOB Bu3yanmsauuu [25]. Bmecte ¢ TeM peHT-
reHorpadus — 3T0 mepsas AuHUs auarHocturu, KT
u MPT MoryT gaTh JOIIOJHUTENbHYIO MHGOPMAIINIO,
KOTOpas BakHa IIpY IJIaHMPOBAaHUY JIeueHUs U OLieH-
Ke ero pesyiabTaTMBHOCTU [26]. OmHAKO u3ydeHMe
OIbITa 337 KUCTEBBIX XMPYProB MOKa3aso, uTo 44,2%
U3 HUX cunTaloT 6ecrionesnoit MPT, a 38,4% cunTaioT
6ecrionesHoit KT mst mpuHSITUS pelieHust 0 BbIbope
MeTOJa ONePaTUBHOIO JieYeHUs NIpU MPOrpeccupyro-
11eM apTpo3e 3amsicTos [27].

TuatenbHOE BBISIBIEHME 30H MOpPakKeHUSI KpU-
TUYHO JJis MPAaBWJILHOTO BHIOOPA TAKTUKU XUPYPTU-
yeckoro JieueHus: [28]. PeHTreHonmornueckmii MeTo[,
MUCCIeNOBaHUSI 4aCTO HENOOLIEHUBAaeT M3MeHEHMS
MMPOKCUMMAaJIbHOJ MOBEPXHOCTM TOMYIYHHOM KOCTH,
M03TOMY TP BBIOGOpPE METOZA OMEPaTUBHOTO Jjieye-
HMSI HY)KHO YUYUTBIBATh MHTPAOINepallMOHHbIE HAXOZ -
K1 [29].

SLAC MokeT pa3BMBaThCs 6€3 OCTPOIi TpPaBMBbI
WV XPOHMYECKO TpaBMaTU3auum y 26% mareHToB
¢ Kpucraummueckoil aprpomnaruesi [30]. OTioxxeHus
B MEXKOCTHYI0 JIaAbe€BUILHO-TIONYAYHHYIO CBS3-
Ky KpuctauioB mmpodocdara mernapaTta sBJISIOTCS
TpuUrrepaMu BocrnaneHus [31], IpUBOIST K ee BSJIOCTU
¥ PasphIBY C IMOCIeAYIOLLeli poTalyeil 1aabeBUIHOM
KOCTU. 3all0f03PUTh KPUCTALIMYECKYIO apTPONaTUIO
ClefyeT OpU OBYCTOPOHHEM ITOpaKeHMM, KaabLM-
(ukanyuM TpPeyrosbHOrO BOJIOKHUCTOTO Xpsila, Ime-
PUAPTUKYISIPHO KalbUMUKALIUU MSITKUX TKaHei,
NP CYOXOHAPATbHBIX KUCTAX Y OCTE0APTPUTUUECKUX
M3MEeHEeHMSIX TSICTHO-(aTaHTOBBIX CYCTaBOB, a TaKKe
KPIOUKOBUIHBIX U CBUCAIOUIUX OocTeoduTax Ha ayde-
BBIX CTOPOHAX roJI0BOK ISICTHBIX KOCTeiA [32].

MeTonambi 1euenuss SLAC

[Tpu cnabo BrIpaskeHHBIX CMMIITOMAX Teparnueii mep-
BOJM JIMHUM SBJISIETCSI KOHCEpB8AMUBHOe JieueHue —
HIIBC, mmHMpoBaHMe, MHBEKUUU KOPTUKOCTEPOU-
IIOB, OTHAKO MccaenoBanmit 3¢ OeKTMBHOCTY KOHCEep-
BaTuBHOro jedeHus SLAC B MMpOBOJ JuTepaType
HeT [9]. HexkoTopble aBTOPHI YKa3bIBAlOT HA TO, UTO
dbapmakosornueckuit KOHTpOJIb GOMM U IIMHUPO-
BaHMe 3(PdeKTUBHBI Y MOKMUIbIX MAlMEHTOB U IIPU
KpUCTULINYECKUX apTponatusix [24]. OmmcaH ciy-
Yyail yCIIeIHOTo JieueHus [1oc1eACcTBUi paspbisa SLIL
¥ HeKpo3a IOMYAYHHOM KOCTU BHYTPUCYCTABHBIMU
MHBEKLMSIMM YaCTUL, aMHMOHA U KJIETOK IIYIIOYHOIO
KaHaTuKa rocjie 6e3ycrelrHoil KOHCepBAaTUBHOI Te-
parnuu 6o1eBoro cuHapoma [33].

Henepsayus 3ansicmes. I1o pe3yabTaTam U3yUyeHUsT
OTHAJeHHBbIX Pe3yabTaTOB HENPIKTOMUM IlepedHero
" 3a/IHer0 MeXXKOCTHbBIX HEepPBOB, 3Ta orepalus rnpe-
TTOYTUTEJIbHA /IS TTALIMEHTOB C COXPaHMBIIMMCS 00'b-
€MOM [IBMKeHMIi: OHa YMeHbIaeT MM IMOJTHOCTHIO
KyIupyeT 60JIeBOJ CMHAPOM, YAYUIIaeT CHMIY CXBaTa
U IIPAKTUUYECKM He BIMSeT Ha 00beM IBVOKEeHMI [34].
OpnHako, 10 JaHHBIM aMepPUKAHCKOIO OOIIecTBa KUC-
TEeBBbIX XUPYProB, OHA IIPUMEHSIach IIpu JII060i cTa-
vy SLAC [35].

Orepalyu 1o IeHepBaly Tyue3arsiCTHOTO CyCTa-
Ba BBIMOJHSIMCD YKe B XIX B., HO HAaMOGOJBIIYIO MO-
MYJISIPHOCTD TIpMo6penu ¢ 1959 r., Korga MHBa3MBHAs
TeXHMKa [epepe3Ky CYCTaBHbIX BEeTBell HEPBOB Uepes
MHOKeCTBeHHbIe XMPYypruuecKkue IOCTYIIbI IlepecTasa
TIPUMEHSITBCSI, M OB MPEIJIOKEH OAMH OTpaHMYEeH-
HBIN JOCTY [36]. I3BecTHA TeXHMKA JeHepBaluu 3a-
TISICThSI Uepe3 IBa XUPYPruueckux AOCTyIa, KOTopast
obecrieunMBaeT YOOBJIETBOPUTEIbHOE KYIMPOBAHUE
60/1eBOr0 CMHAPOMA C COXpPaHEHMEM OObeMa JBVIKe-
HUI U CUJIBI KUCTEBOTO cxBaTa [37].

ITo mauubpiM MeTaaHanmsa A. Fidanza ¢ coaBTo-
pamMu, YyacTUUHas IeHepBallusl 3allsICTbs IIpU Heli-
PAKTOMMUM 3aJHEr0 MEXKKOCTHOTO HepBa M03BOIMIA
YCHEITHO KyIMpoBaTh 60eBOI cMHApOM y 78,4% ma-
LIMEHTOB; IIPU ee JOMOJIHEHUM HEePIKTOMMEN mepe -
Hero MeXXKOCTHOTO HepBa MPeuMYIIeCTB He BbIsSBiie-
HO [38]. [lo maHHBIM APYrUX aBTOPOB, HEMPIKTOMMUSI
3aJlHer0 MEeXKOCTHOTO HepBa He JaeT IMallieHTaM
HUKaK/X IPEMMYIIECTB IIPU ee KOMOMHALIVY C pe3ek-
Lyeil MPOKCUMAJIBHOIO DPsiia KOCTel 3arsicThs [39].
Anammu3 10 mucoiegoBaHMIT MCXOOOB OIepauuii ge-
HepBallMM 3allSICThs, KOTOpbIEe BOIUIM B MeTaaHaIu3
S.L. Zhu ¢ coaBTopamu, BeIsIBIII 18,8% OCIOKHEHMIA,
BKJIIOYAsT HEMPOITaTUUYECKYIO O0JIb M HaPYIIeHUS UyB-
CTBUTEIBHOCTY; aBTOPBI AN BBIBOJ, O HEOOXOIU-
MOCTU OAJbHEMIINX UCCIeOOBaHUI UCXOO0B OIlepa-
LU JeHepBaluy 3arsicThbs [40].

Peszexkyust  wiun08udH020 0ompocmka TIpenjioxkkeHa
IJIST KyTIMPOBaHMsS 0oJeii, CBSI3aHHBIX C JIyuye-jagbe-
BUAHBIM MMIIMHIKMEHTOM, KOTOPbINi pa3BUBAeTCs
MpY PasHOM! 3TUOIOrUM apTpo3a 3arsicTbst — SLAC,
a Takke HecpallleHUSIX JIaAbeBUIHOI KOCTU WU TI0-
CJIe[ICTBUSX TepeIOMOB JIyUeBOi KOCTH, TTIOBpeXIaio-
IMX IIUIOBUOHBIA OTPOCTOK. MICTOpMUecKku 3Ta ore-
paumsl MPOM3BOAMIACH OTKPBITHIM CIIOCOOOM uepes
paspes, eHTPUPOBAHHbIN Ha MIWIOBUIHOM OTPOCTKE
[41]. TTo panubiM M. Maklad, sTa omepanus MpoOTUBO-
nokasaHa npu SLAC, Tak KaK B OTOAJIEHHOM Iepuoe
YCUITMBAET HeCTAOMIbHOCTD JIaAbeBUAHOI KOCTH [24].

PasnnuHble BapuaHTbhl apPTPOCKOMUYECKOM TeX-
HUKU CTUIOUASKTOMMUM, KOTOPbIe pPa3pabaThIBAIOTCS
B IOC/IedHME NeCSITUIeTHS, TTO3BOJSIOT YMEHbIIUTD
MOPOUIHOCTh ONepalyy He TOIbKO 3a CUeT MaJIOMH-
Ba3UBHBIX JOCTYIOB, HO ¥ BO3MOXXHOCTE TOYHON BU-
3yann3aium yaaaseMoro KoamuecTBa KOCTH.
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B vactHoctH, mjasa nedenus SLAC II u III cragmi
MpeJiaraeTcsl MUCIo/ib30BaTh apTPOCKONIMYECKUIL [ie-
OPUIMEHT, CMHOBIKTOMMUIO U HENPIKTOMMUIO. DTOT
MaJIOMHBAa3MBHbINI KOMOMHMPOBAHHBIN ITOIXOMd, II0
mHueHuo P.C. Noback ¢ coaBTopamu, coxpaHsieT QyHK-
LIMIO, CWJTY CXBATOB M 00beM IOBVKEHMI [42].

Pesexyus oucmanvHozo nooca 1advesudHoli Kocmul.
[To maHHBIM aMepPUKAHCKOTO 0OIIeCTBA KUCTEBBIX XU-
PYProB, 3Ta omepauus yaile IMpUMeHsIach Ipu ap-
TpO3e U KoJuIarice 3aIsCThsl, BBI3BAHHOM HecpallleHU-
eM JIafibeBUIHOI KocTu (scaphoid nonunion advanced
collapse) — tak HaspiBaeMoM SNAC-cuHapoMe (IJ1aB-
HbIM 06paszom npu SNAC 1), omHaKO ObLIIO TAKKE IIPO-
onepupoBaHo 68 mauyueHTOB €O SLAC-cMHApPOMOM
[35]. TMoka3aHMs K 3TO¥ Olepanyuyu JYMMUTUPOBAHBI
JIOKQJIbHBIM apTpO30M, OKPYKaIIUM JiaJbeBUAHYIO
KOCTb [43]. XMpypruvyecKkuii JOCTYIl OCYIIeCTBIISIETCS
yepes3 MPSIMOIl paspe3 JopcajbHee MEPBOrO KaHasa
pasrubareseii. [IpemycMaTpuBaeTcs 3allUTa JIy4eBO
apTepuu ¥ TMOBEPXHOCTHOJ BETBU JIy4eBOTO HepBa.
UYepes paspe3 CyCTaBHONM KaIlCy/lbl OUCTAIbHYIO M-
TYIO YaCTb JabeBUIHOI KOCTU Pe3eLUPYIOT C IIOMO-
1IbI0 OCTEOTOMA; ITPOCTPAHCTBO pe3elpPOBaHHOIO
y4acTKa KOCTM MOKeT OBITh 3aITOJIHEHO CBEPHYTHIM
CYXO>KWJIbHBIM TPaHCIJIAaHTATOM [44].

Pesexyus npokcumanvHozo psada Kocmeli 3ansacmos
(proximal row carpectomy — PRC) MoskeT GbITh pe-
komengoBaHa 1ipu I, IT u III cragusx SLAC ¢ MmuHu-
MaJbHBIM TIOpaXXeHMeM Xpsila T0JI0BUATON KOCTU
[45] (puc. 2). CnemyeT MMeThb B BUAY, UTO BHOBb CHoOp-
MUPOBAHHBIN CYyCTaB MEXIY TOJI0BYATON U JIy4yeBOil
KOCTSIMM He KOHT'PY3HTEH, C TeUeHEM BpeMeHM Mep-
BOHAYaJbHO XOPOIIMe Pe3yabTaThl ONepanuy MOTYT
yxyamaTbcsi, mo3ToMy PRC He peKOMeHOyeTcCs BbI-
TIOJTHSITD TAllMeHTaM MOIoKe 35 jieT [46].

Moouguxayuu PRC. M.H. Ali ¢ coaBTopamu mpo-
QHAIM3UPOBAIM  OTHAJeHHble pe3ynabraThl PRC
(MMHMMAJIbHBI CPOK HaOMogeHus: cocraBui 15 ner,

Puic. 2. ®parmeHT peHTreHOrpaMMbl KVCTHU MalieHTa
¢ IT crapgueit SLAC B iepBble CyTKM I10CTIe Pe3eKIUn
IIPOKCMMAaJIbHOTO psifia KOCTel 3arsiCThbs

Figure 2. X-ray fragment of a patient with SLAC stage II
wrist on the 1st day after proximal row carpectomy

cpenHmii cpok — 19,8 roga). Oka3anoch, UTO K MPeEX-
Heil TspKesoi Gusnveckoil paboTe BepHYIach MEHb-
mrasi 4yacThb MalMeHTOB, HECMOTPSl Ha COXpaHeHue
IBVKEeHMIA, OOJIBIIMHCTBO MaIieHTOB ITPOI0JIKaI 6ec-
TTIOKOUTh OOJIEBOI CMHAPOM. ABTOPBI MPUIIM K BBbI-
BOMy, UTO IIOJTyYeHHbIE Pe3yJbTaThl OOOCHOBHIBAIOT
He0OX0aMMOCTh MoaMbUKAIUM 3TOi omeparuu [47].
OcHoBHbIe HalpaBiieHust mogudukanyy PRC — xar-
CY/ISIpHbIE MHTEPIIO3MLIMOHHBIE aJIOTPAHCIIAaHTAThI
[48], BOCCTaHOBIEHNE TOBEPXHOCTY r'OJIOBYATON KOCTU
nmMpokapboHoBbIMM UMILTaHTamu [49, 50, 51], ocreo-
XOHAPaIbHbIE TPAHCILIAHTATHI [52, 53].

ITo mHenuio Y. Zhang ¢ coaBTOpaMu, MHTEPIIO-
3ULMOHHbIE KalCYJSpHble TPaHCIJIAHTAThl MPaKTU-
YyecKy He BIMSIOT Ha (QYHKUMOHAIbHBIE TTApaMeTpPbl
M BBIPAKEHHOCTh OOJEBOTO CUMHIAPOMA, OJHAKO
OCTEOXOHAPaIbHbIN TPaHCIUIAHTAT IO3BOJISIET BOC-
CTAaHOBUTb CYCTABHOI XPSII TOJIOBYATON KOCTU [54].
A.C. Perry ¢ coaBTOpamMu CYUTAIOT, YTO IIPUMEHEHNE
KarCy/SIpHbIX MHTEPIO3ULMOHHBIX aJIJIOTPaHCIIIaH-
TaTOB, BOCCTAHOBJIEHME ITOBEPXHOCTU TOJIOBYATOM
KOCTY MUPOKApOOHOBBIMM MMIUIAHTAMM, a TaKKe
OCTEOXOHAPAIbHBIE TPAHCIUIAHTATBI TPEOYIOT AaTb-
HEMIMX MCCAeJOBaHUA OTHAJIEHHBIX pe3Yy/bTaTOB
[55]. BbutO TPOBEIEHO CPAaBHUTENIBHOE UCC/IEAOBAHME
PRC B coueTaHuy ¢ NMPOKapOOHOBBIMU UMILIAHTAMMU
1 PRC B coueTaHum ¢ MHTEPHO3UIIMEN KATICY/ISIPHOTO
smockyra Eaton: B rpyrmme ¢ mMpoOKapOOHOBBIMU UM-
MJaHTaTaMM JIydllle COXpaHsIach BbICOTA 3arisiCThs,
" 6bUT JOCTOBEPHO MEHBbIIIe ITPOIEHT MalyIeHTOB, KO-
TOPBIM ITOTpPe6OBAIICS apTpones [56].

C.A. Purnell u R.Wollstein npumeHsuin y Mojo-
ObIX M aKTuBHbIX mnauyeHToB ¢ SLAC I-II cremnenu
IOP3aJIbHBIN Karcyaoe3 B KOMOMHAIMM C BOCCTA-
HOBJIEHMEM BBICTUJIKM JIyuye-l1aAbeBUIHOIO CyCTa-
Ba OBYMS BUAAMM OMOAETrpagypyeMbIX MMILIAHTOB.
Buoperpagupyemble MMIUIAHTBI SOKHBI OBLIM 0Oe-
CIIeYNTh BOCCTaHOBJeHMe xpsimja. OgHaKo, MO AaH-
HbIM CaMMX aBTOPOB, CWJIa CXBaTa MOC/Ie KOMOMHM-
POBaHHOJ OIepauyuM OcTaBajach Caaboil, a 0ObeM
IBYDKEHUI OrpaHMYeHHbIM [57].

JopcanbHblli KamcCy/lioAe3 HaIlpaBjleH Ha YKpe-
TJIeHMe ThUIbHBIX MEXK3aMsCTHBIX CBSI30K C YYEeTOM
UX pOJIM B AMHAMMUYECKOM M CTaTUYECKON Jajgbe-
BUHO-TIONYIYHHOV HectabunpbHocTu [58]. Panee
OBLJIO TIOKA3aHO, UTO JOPCATbHbIN KAICYJI0[e3 XOTS
¥ YMeHbIIaJ 60j1eBOJ CMHAPOM, HO B OOJBIIMHCTBE
cJlyuaeB He KyNMPOBAJI €ro MOMHOCThIO; TI0 JaHHBIM
PEHTreHOMOTUYeCKOTO MCCIef0BaHMs, TIPU XPOHU-
YeCKOM JIaAbeBUIAHO-TIONYAYHHON  OUCCOUMALUN
BbIpaBHMBAHME TIOJIOKEHUSI KOCTEeil 3amsiCTbsli He
obecrieunBaeTcst [59]. OgHAKO MOUCK ONMTUMAaIbHBIX
aIbIOBAHTHBIX OIepanmii ¥ 3¢pPeKTUBHBIX CIIOCOO0B
BOCCTaHOBJIEHMSI CYCTABHOTO Xpsillla BaXkeH AJ1s1 MO-
JIOABIX TALMEHTOB C HAaYaJIbHBIMU ITPOSIBIEHUSIMU
apTpo3a 3amscThbs [58].
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M. Artuso ¢ coaBTOpamu IIPOBEIM aHATOMUYECKOE
UCC/IeOoBaHMe Pe3y/lIbTaTOB apTPOCKOMMUECKOTO 3a-
MellleHUsI MPOKCMMAaIbHOTO Psiia KOCTei 3amscThbsi
CYXOXWJIbHBIMU TPAHCIJIAHTATaMM, UTO ITO3BOJISIET
COXPAaHUTD BBICOTY 3arsiCThs [60]. ApTpoCKoTMIecKas
TEeXHMKA MCKIIOYAeT MpobieMy BbIPaKEHHOTO OTeU-
HOTO CMHJIpOMa, HeM36eKHOTO PV OTKPBITOM ThIIb-
HOM [JOCTyIle K 3arsiCThlo, a Takke OOecreunBaeT
CTAaOWIBHOCTh TPAHCIUIAHTATA 32 CYET COXPaHEHMS
CBSI30YHOTrO anrmapara cycrasa [60]. TeIbHBIN apTpo-
CKOMMYEeCKUii TOPTas 10 CpaBHEHUIO C JIaLOHHBIM $SIB-
JISIeTCS TEXHUUECKY Oojiee MPOCTHIM U MEHee PUCKO-
BaHHBIM [61].

YemoipexyzonvHolli apmpode3 — 3TO pe3eKums Jia-
IbEBUIHOI KOCTU B COUETAHUU CO CpallleHueM Mosy-
JIVHHOJ1, TOJI0BYATOM, KPHOYKOBATOM U TPEYroibHOM
KOCTeJ, 3TOT CIOCO6 jieueHUsT MOKa3aH IMalyeHTam
c IIl cragmeti aptposa [4] (puc. 3).

i .
e

Puc. 3. ®parMeHT peHTreHOrpaMMbl KUCTY MallMeHTa

¢ Il crapueii SLAC B iepBble CyTKH I1OCTIE
YeThIPEXYTOJIBHOTO apTPOe3a C MCCeUeHVeM JabeBUIAHOI
KOCTU

Figure 3. X-ray fragment of a patient with SLAC stage III
wrist on the 1st day after trapeziometacarpal arthrodesis
with the scaphoid bone excision

[Moce omepauuyu yMeHbIIaeTcs 6OJEBONM CUH[I-
poM, coxpaHseTcs 50% o6Gbema OBMKeHMit u 75%
CUJIBI KMCTEBOTO CXBaTa IO CPaBHEHMIO C KOHTpaja-
TepaabHON KUCTBIO [62, 63, 64].

[To maHHBIM CUCTEMATUMYECKOTO 0030pa, B KOTO-
PhIit Bolu 57 paboT, CpaBHMBAIOIIMX METOIbI OCTEO0-
CMHTe3a TIpM YeThIPEXyTOoJbHOM apTpomese, IIpu
MUCHOAb30BaHMUM ciul, KupiiHepa, cko6oK, HeOI0KN-
POBAHHbBIX IUIACTUH, METAUIMYECKUX OIOKMPOBAH-
HBIX IUIACTUH, PEHTIeHOMPO3PauyHbIX OIOKMPOBAH-
HBIX IJIACTYH YaCcTOTa CpalleHus Obia COMOCTaBMMa.
MeTton dhuKcalyu BAUSIT Ha CrubaTeTbHyI0 QYHKIINIO,
HO IIONAapHOE CpaBHEHME He BBISIBWIO 3HAUYMMBbIX
MEKTPYIIIOBBIX OTMumii. Cuta cxBaTa Mpy UCHOb-
30BaHUM METAIMYECKUX OJOKMPOBAHHBIX IIIACTUH
ObLJIa CTATMCTUUYECKM 3HAUMMO MEHbIIle, YeM B IpyI-
nax ¢ ucrnonb3oBaHuem cnuil KupiiHepa (63,2% mpo-
THB 82,6%) [65].

EcTb uccnegoBaHus, B KOTOPBIX [1OKa3bIBAe€TCS
BXHOCTb MCIOJIb30BaHMSI B3aMMoIlepeKkpel|eHHbIX
non ymiom 90° BMHTOB M MX PETpPOrpagHOTO BBe-
IeHus C 1eJbl0 COXpaHeHMsl Xpsllla MOMyTyHHOM
Koctu [64]. Y. Zenke ¢ coaBTOpamu MOMYyUMIM 0O-
HaJeXXUBaIIMe pe3yabTaThl IPpUMeHeHMs 61ogerpa-
IVPYyeMBbIX IJIACTMH 111 Ye ThIPEXYTOJIbHOTO apTPoze3a
y 10 mauuenTtoB [67]. CpaBHUTENbHBIV aHaIMU3 pe-
3y/IbTATOB OTKPBITOTO M apTPOCKONNYECKOTO apTpo-
Jle3a ToKa3ajl COMOCTaBUMbIN YPOBEHb 10 6OIEBbIM
M KJIMHMYECKUM IIKajaaM, KOCTHOe cpallleHue, A,0C-
TUTHYTOE y BCeX 13 MalMeHTOB B IPyIINe OTKPbITOTO
apTpomesa ny 13 u3 14 B rpyrire apTpOCKOIIMYECKO-
ro apTpojesa, HO OOJbIINUI 00beM OBVKEHUIA MTPU
aprpockoniuu [68]. IIpu pecsiTuiieTHEM CpOKe Ha-
6omeHNs 3a MalieHTaMMy, IlepeHeCcIIMMy YeThbIpe-
XYTONbHBIN apTpoje3, BbISIBJIeHbl He3HAUUTENbHbIN
(OYHKUIMOHAbHBIN Te(UIUT ¥ BbICOKAST YIOBJIETBO-
PEeHHOCTb NaLMEeHTOB [69].

Ipyroit cucreMaTMyecKuii 0030p OTHATEHHBIX
pe3yabTaTOB YEThIPEXYTOJIbHOTO apTpone3a 436 3a-
ISICTUI 0 HaHHbIM 11 mccaemoBaHMiA MOKa3ala, 4TO
KOHBEpCUSI ero B TOTaJbHbBIN apTpone3 BbIMOIHEHA
B 6% ciy4yaeB, HO He ObIJIO HY OTHOTIO CTy4ast KOHBep-
CUM B TOTAJIbHYIO apTPOIIACTHKY 3arsiCThs [70].

[TockonbKy ymajeHue naabeBUAHOM KOCTU B CO-
YeTaHUM C YeThIPEXYTOJbHBIM apTpome3oM Jnbo pe-
3eKIMeil MPOKCUMMAJbHOTO psiia KOCTEN 3arsiCThbs
paccMaTpMBAIOTCS KaK CIlacUTelbHble oOrepauun
ripu SLAC II u IIl, akTyasieH BOIIpOC: KaKoi U3 METO-
IOB maet jay4dnime pesynbTaThl. [Io mHeHMI0 K. Kruse
u J.R. Fowler, ripu BbIGOpe omepauuii ciegyeT y4uu-
THIBaTh IPOOJIEMBbI KOCTHOTO CpalleHMUs, IT03TOMY
peseKkuys MPOKCMMAIbHOTO PSIfa KOCTei 3arsicThbs
MPeINOUYTUTEbHA Y KyPUJIbIIMKOB, @ YeThIPEXYTO/b-
HBIl apTpofe3 — y MalyeHTOB Mojioxke 35 jyet [71].
CucremMaTuyeckuii 0630p U MeTaaHaau3 8 ucciaeno-
BaHMIA, BKAIOUABIIMX 311 mauMeHTOB, BbISIBUI [0-
CTOBEpHOe, XOTS M He3HAUUTeNbHOe MPeUMYIIeCTBO
pesekuyM MPOKCUMAJIbHOTO psila KOCTel 3arsiCThbs
B IJIJaHEe BOCCTAHOBJIEHUSI 0ObeMa ABVMKEHWMIA, CUIIbI
cxBaTa M ypoBHS 60mm [72]. OgHAKO IOCTIemyIOINit
MeTaaHaMu3 15 McIemoBaHMil He BBISBUI PasHUILIBI
mexnay metogaMu PRC 1 4eThIpexyroabHOTO apTpo-
Je3a B IUIaHe OTAA/eHHbIX Pe3yIbTaToB [73].

JIyue-n1a0dbe8UOHO-NONYAYHHBILE  (Mpexy2oJibHbtii)
apmpode3 SBSIETCS METONOM BbI6opa 1ipu IV cragnum
aprpo3a. CoxpaHeHye MOOMIIBHOCTM MEXK3arsICTHOTO
CycTaBa 00eCITeuMBaeT «IBVSKEHME MeTaHUSI IPOTHU-
Ka» (dart thrower’s motion — DTM) [74, 75].

Omnepaiius BBIMOIHSIETCS U3 CPEeOUHHOTO ThUIb-
HOTO [JOCTyTma, retinaculum extensorum pacceKkaoT
yepes 3 U 4-i CyXOXuabHble KaHambl. [Tocie BCKpbI-
TUSI CYCTABHOJ KaIlCy/Ibl HEOOXOAMMO YOeIUTHCS, YTO
CpefHe3amnsICTHbBIN CycTaB He MOBPeXIeH, 3aTeM ya-
JIUTD XPSAILEBYI0 TKaHb JIy4e3arscTHOTO CyCTaBa, Cyc-
TaB BpeMeHHO 3a(MKCUMpOBaTh crmileir KupiiHepa.
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[y BOCCTaHOBJIEHUSI KOHTPYSHTHOCTU apTPOAE3UpPY-
€MBIX CyCTAaBHBIX [IOBEPXHOCTEM MOTYT ObITh MCIIOb-
30BaHbl KOCTHbIE TpaHCIUIaHTaThl. PUKcaMs TOCTHU-
raeTcs ¢ IMoMoInbio T-06pa3HOli IIACTVMHBI, BUHTOB,
CKpernok ¢ 3ddekToM nmaMsIiTy uau cnui, KupirHepa
[76]. TIo muenuto M. Colman ¢ coaBTOpamu, Tpex-
YTOMbHBIN apTpofe3 MOKET paccMaTpuBaThCsl Kak
ajbTepHATMBA YEeThIPEXYTOJIbHOMY Y TalMeHTOB
¢ [T u II crenensimu SLAC [77].

JeyxyzonsHbili apmpode3. Y mnauymeHToB co SLAC
[I-1II 6bLI0 IPOBEIEHO CPAaBHUTEIbLHOE MCCIen0Ba-
HMeE pe3yJbTaTOB [BYXYTOJIbHOTO U YeTbIPEXYTOJib-
HOrO apTpoze3a. ['0/l0BUaTO-TIONYIYHHBIA apTpoaes3
obecreunBas Jiydiliee BOCCTaHOBJIeHME QYHKIUN CTU-
6anust. YacToTa OCJIOKHEHUIA Vi IOBTOPHBIX ONepaLuii
B CPaBHMBAEMBIX IPyIIaxX ObUIN COMTOCTABUMBI [78].

TomanwHblli apmpode3 3ansicmbvsi MOXKET UCIIONb30-
BaThCs He TOJILKO Kak peBM3MOHHAS olnepauusi, HO U
KaK repBuyHas onepauys rnpu IV cragum apTposa 'y
JIULI, 3aHUMAIOIINXCS TSKETBIM (PU3UMYECKUM TPYIOM
[79]. Haubosnee uyacTo TeXHMKA TOTAJIBHOTO apTpoO-
Jle3a BKJIIOYAEeT MpYMeHeHMe IUIAaCTUH b0 MHTpa-
MeOy/UIIpHYI0 (UKcanuio. B GONbIIMHCTBE C/TyyaeB
IJIACTVHBI 06eCTIeunBaOT CpallleHye, OMHAKO YacTo-
Ta OCIOKHEHWIi, CBSI3aHHBIX C UX MPUMEHEHUueM,
a TakKe MppuUTANMSI MITKUX TKaHel, Tpebymoomas ux
yoanieHus, coCcTaBasoT 11% u 16% COOTBETCTBEHHO
[80, 81]. Hambonee yacToe OCIOKHEHME UHTPAMERYIT-
JIIpHOM UKCAIMM TIPU TOTAJILHOM apTpoze3e 3arsic-
Thsl — MUTpaLs IUCTaIbHOrO BUHTA [80].

E.C. Rodriguez-Merchan ¢ coaBTopamu B 0630pe
AHTM3UPYIOT TYOIMKAIMM TOCTeAHUX JIET U TIPU-
XOZAST K BBIBOAY, UYTO (DYHKI[MOHAIBHO BBHITOZHOE T0-
JIO)KeHMe KUCTU MPU TOTAJTbHOM apTpofe3e OCTaeTCs
IVUCKYCCMOHHBIM; TO-TIpEKHEMY akTyajibHa paspa-
60TKa HOBBIX MMIUIAHTATOB M apTPOCKOMMYECKOM
TeXHUKU 3TOM onepanuu [83].

TomanvHas apmponiacmuka 3anicmess TPUBOOUT
K 60/Tee YaCThIM OC/IOKHEHMSIM, UEM TOTATbHBIN apTPO-
nes. ITosromy, mo mHeHuto D. Yeoh u L. Tourret, apTpo-
TJIaCTMKA He MOXKET ObITh PeKOMEeHI0BaHA AJIS PYyTUH-
HOTO IIPMMEHEHMsI, HeOOXOOUM TIIATEIbHBII OTOOP
nauneHToB [84]. IcTopmuecky y4ye3amnsiCTHbBIN CYyCTaB
ObIJI OMHMM M3 MEPBbIX OOBEKTOB IMPOTE3VPOBAHMUS.

JOIIOTHUTEJIbBHASI THO®OPMALI VST

3aseneHHblii 6K1a0 a8Mopos

Lyono H.A. — KOHLIENIINS UCC/IEOBAHMS, TTOMCK U aHa-
U3 My6MMKaNuii, HamyucaHue M pedaKTUpOBaHME TeKCTa
PYKOIINCH.

Kymmuteyn III.K. — TTOVICK ¥ aHAINU3 ITyOIMKALINIA, HATIN-
caHMe ¥ pefaKkTUPOBaHMe TEKCTa PYKOIVCH.

MupoHoe A.P. — KOHLeNIMS U OU3aitH UCCaeqoBaHms,
penakTpOBaHMe TEKCTa PYKOIVICH.

Bce aBTOpBI Tpowin ¥ omo6pmiay GUHANbHYI0 BEpPCUI0
PYKOINCH CTaTh!. Bce aBTOPBI COTIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCe aCIleKThl paboThl, YTO6BI 0OECIIeUnTh HaIe-

OueBupHOE TMPEUMYILIECTBO apTPOIVIACTUKU Tieper,
apTpoze3oM — coXpaHeHMe ABVKeHUI, OHAKO BIUIOTh
IO HACTOSIIIIETO BPEMEHM He peIleHbl MPoOIeMbl Ta-
[IMEHT-CIIenUGUIHBIX IHAOMPOTE30B M OCIOKHEHUIA,
CBSI3aHHBIX C MaJIbIIO3ULIMEN, AUCTIOKALIMEN U paclia-
ThIBAHMEM MMIUIAHTATOB [85]. OmMHAKO TpM BYXJIET-
HeM HabOmopgeHun 3a 18 maryeHTamu, repeHecMm
TOTAJIbHYIO apTPOIUIACTUKY, 1 29 malyeHTaMu I0oCIe
TOTaJIbHOTO apTpofe3a, TOTaJbHbIN apTPOoAe3 He I0-
KasaJl IpeMMylleCcTB, IO3TOMY aBTOPbI CIe/IaIy BbIBOJ,
0 HeoOXOOMMOCTM 0Oojiee IMMPOKOTO BHEAPEHUS TO-
TaJIbHOM apTPOIIACTUKY 3aISICThs [86].

3AKJ/TIIOYEHHE

OcHoBHOII (dakTop matoreHesa SLAC-cuHApOMa —
HapylieHus 6GMOMeXaHMKU 3allsICTbs MPU OCTPBIX U
XPOHMYECKUX MOBPEXIEHUSIX JaJbeBUIHO-TIOMYTyH-
HOJi CBSI3KM BCJI€ACTBME TPAaBMbl WIN KPUCTATINYEC-
Koii aprpornatun. IHPeKTUBHOCTh KOHCEPBATUBHBIX
meTogoB JjeveHus SLAC-cMHApoMa He JoOKa3aHa.
KomrminekcHas nydyeBasi IMarHoCTUMKa (peHTreHorpa-
¢ust, KT, MPT) He Bcerma JOCTaTOYHA JJIS1 YTOUHEHUS
cTaguy 3a60yieBaHMs, TIPU BBIOOPE TAKTUKU XUPYPTU-
YeCcKoro JieueHMs KPUTUYHBI MHTpaolepaluyoHHbIe
HaxoAKu. PazpaboTaHo MHOKECTBO METOMOB XUPYp-
TMYECKOro JieueHUs ¥ X MoaubmKaimii, HarpapJieH-
HbIX Ha KyIMpoOBaHMe 6OJIeBOr0 CUMHIPOMA, MaKCK-
MajJbHO BO3MOXXHOE COXpaHeHMe IBUKEHUI U CUJIbI
KIMCTEBOTO CXBaTa, OJHAKO ITpobjieMa BbIOOpa MeToaa
B 3aBMCHMMOCTY OT KIIMHUYECKO CTaAyy 3a601eBaHMSs
He MMeeT OOIIENPUHSTHIX pelleHuit. TpaauiyoHHO
npu SLAC I pekoMeHAyeTCS OeHepBalysl 3amsiCThs,
ripu SLAC II — pe3ekiuusi MPpOKCUMMAIBLHOTO psifa KO-
CTeJ 3aIsICThsI UM YeThIPEXYTO/IbHbBIN apTpoaes, Ipu
SLAC III — 4JeTbIpexyrosibHblit apTpomes. Kpome cra-
Iy 3a60eBaHMS HEOOXOOMMO YUYUTHIBATH BO3PACT,
(OYHKIMOHAIBHbIE TIOTPEOHOCTM U KOMOPOUIHBIN
cTaTyc nauueHTa. HakamamBaloTCs [O0Kas3aTelbCTBa
3(pbeKTUBHOCTM TIPUMEHEHMSI IUPOKAPOOHOBBIX
VMMILJIAHTOB M apTPOCKONMYECKUX TEXHONOTUI B XU-
pypruu 3amsicTbs. HeoOGxomumbl gajabHeMIme cpaB-
HUTEIbHbIE VICCIeIOBAaHMS /IS onpeneneHus sddek-
TUBHOCTM METOOOB Xupypruueckoro jedeHuss SLAC
U UX MOIUpUKAIIAIA.
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Kaliee pacCMOTPEHME U pellleHN e BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAJEKHOCTbIO JII06071
YyacTu paboThI.

Hcmounuk  ¢uHaHcuposanus. ABTOpbI  3aSIBIISIIOT

06 OTCYTCTBUM BHellIHero (GMHaHCUPOBAHUS MIPU MPOBeJe-
HUM UCCITIeNOBAHUS.

Bo3moscHblli KOHGIUKM uHmepecos. ABTOPHI [eKia-

PUDYIOT OTCYTCTBME ABHBIX U ITOTEHIMA/TbHbIX KOHd)JH/IKTOB
MHTEpeCOoB, CBSI3aHHBIX C HY6J'II/IK81H/IEI7[ HaCTOSIIIIEeN CTaThU.

Omuueckasn 3Kkcnepmusa. He nipumeHuma.

Hugopmuposannoe coznacue Ha  nyoaukayuio.

He TpebyeTcs.
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Bo3MoXXHOCTH haroTepanum npu nevyeHun nepunpoTesHom uHdekuum,
BbI3BaHHOM NONUPE3UCTEHTHbIMU BO3OYAUTENSIMU:
0630p nuTepartypbl

T.V. lllepanues, A.I. CamoxuH, b.P. Tamtanos, A.A. KopsiTkiH, B.B. I1aBioB

@I'BY «Hosocubupckuii HayuHo-uUCcie008amensCKull uHcmumym mpasmamosniozuu u opmoneduu um. 4.J1. LHusvsHa»
Munsdpasa Poccuu, 2. Hosocubupck, Poccust

Pedepar

Beedenue. OnHOI 113 OCHOBHBIX U HaubOIee 3aTPaTHBIX MPOGIEM SHIOIPOTE3UPOBAHUS KPYITHBIX CYCTABOB C COLMAb-
HO 3HAYMMBIMU TOTEPSIMU SIBJIsieTCs mepumnporesHas nHpekuus (IIII1). Ocobyo 3HAYUMOCTb, COMTPOBOXKIAEMYI0 Hau-
XYOIIMMY pe3yabTaTaMy JiedeHusl, peacTasiseT coboit [TV, BpI3BaHHAsI PE3UCTEHTHBIMY K aHTUOMOTUKAM BO36YIM-
TelsIMU. B HacTosIee BpeMsl, KOTAA aHTUOMOTUKO-PE3VICTEHTHbIE [TaTOT€HbI OBICTPO PACIIPOCTPAHSIIOTCS, B YACTHOCTU
B MeJMLVHCKUX OPraHM3aLysIX, UCCIe0BaTeaM HaXOASTCS B TOCTOSIHHOM IOMCKe albTePHATUBHBIX METOLOB JeueHUs
TsDKeNbIX cryuaes [1[1M, BbI3BaHHBIX Pe3UCTEHTHBIMMU U TIOIMPE3UCTEHTHBIMYU BO36yauTensiMu. OGHUM U3 TAKUX METOLOB
MOXeT cTaTh paroTepamnus.

Ilenvto 0630pa GbUI0 MPOAHATM3UPOBATh NMPUMEHEHNME MePCOHATM3UPOBAHHBIX 6akTepnodaroB B XOfe JeueHUs Mepu-
MIPOTEe3HOM MHMEKIMY, BBI3BAHHOI MTOMPE3UCTEHTHBIMM BO30OYIUTEISIMU, IPY SHIOTIPOTE3UPOBAHUM KPYITHBIX CYCTABOB
HMKHUX KOHEYHOCTeN.

Mamepuan u memodst. IIpoBefeH MOMCK B MEKTPOHHBIX 6asax maHHbIX eLIBRARY, PubMed, Google Scholar u Scopus
ry6uHoit 20 et — ¢ 2003 o 2023 1.

Pesynsmamesl. B xope noucka 66U10 06Hapy>keHO 1482 my6GnuKalui, yIOBIeTBOPSIIOIMX LIeIY HACTOSIIIET0 0630pa IuTepa-
Typbl. HemocpencTBeHHO B 0630 IUTEPATYPBHI C YUETOM IMPUHSITHIX aBTOPAMY KPUTEPUEB BKITIOUEHUS/HEBKITIOUEH ST, ObLIO
BKJIIOUEHO 12 McCIeoBaHMii, B KOTOPBIX OMMCAaHO 45 cryyaeB nmpuMeHeHus 6aktepuodaros npu seuenun I1111 Tazoben-
PEHHOTO U KOJIEHHOTO CYCTaBOB, BHI3BAHHBIX ITOJMIMPE3UCTEHTHBIMY BO30youUTeasIMU. [IoNHOe KynupoBaHMe MHQEKIVOH-
HOTO mpouecca 6e3 pelluIMBOB OTMEUEHO B 42 cyvasx (89,4%), peuuaus 6bu1 3apUKCUPOBaAH TOMBKO B 5 crydasx (10,6%).
3akntouenue. TIpOBeeHHbIN aHAIN3 JIUTEPATYPHBIX MCTOYHMKOB MOATBEPkKAAET (hakT 6e30macHOCTM U IPPEKTUBHOCTH
KOMOVMHMPOBaHHO Tepanuy aHTMOaKTepYaTbHBIMM IIPerapaTaMu ¥ epCOHATU3MPOBAaHHBIMM (araMi Kak afbIoBaHTHOIA
Tepanuu. BakTepmodarorepanmus npeacTaBisieT co60ii MepCreKTUBHOE HAMpaBieHue B 60pbOe ¢ pe3UCTEeHTHbIMU BO36Y-
JIUTENSIMU TIEPUTTPOTE3HOM MHGbEKINHM, a ee KOMOMHALMS C aHTUOMOTUKAMM TI03BOJISIET 3HAUMTENbHO MOBBICUTD 3 dek-
TUBHOCTH Tepanuyu MHQEeKUNii, BHI3BAHHBIX MMOIMPE3UCTEHTHBIMM BO3OYIUTENIIMM, 32 CUET CMHEPTUM ITUX JBYX KJIACCOB
IpenapaTos.

KiroueBble ¢/I0Ba: MEPUIIPOTE3HAS] MHGEKIINSI, TOMPE3UCTEHTHbIE BO3OYIUTENN, aHTMOMOTUKOPE3NCTEHTHOCTD, OaKTe-
puodar, parorepanmus, KOMOMHMPOBAHHAs Teparnus ¢paraMu 1 aHTUGMOTUKAMIA.
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The Potential Utility of Phage Therapy in the Treatment
of Periprosthetic Infection Caused by Multidrug-Resistant Pathogens:
A Review

Taalaibek U. Sheraliev, Alexander G. Samokhin, Baikozho R. Tashtanov,
Andrey A. Korytkin, Vitaliy V. Pavlov

Tsivyan Novosibirsk Research Institute of Traumatology and Orthopaedics, Novosibirsk, Russian Federation.

Abstract

Background. One of the main and most costly problems in large joint arthroplasty associated with socially significant
losses is periprosthetic infection. Of particular importance is periprosthetic joint infection (PJI) caused by antibiotic-
resistant pathogens and followed by the worst treatment results. Currently, when antibiotic-resistant pathogens are
spreading rapidly, particularly in health facilities, researchers are constantly looking for alternative treatments for severe
cases of PJI. Phage therapy can be one of these methods.

The aim of the review was to analyse the application of personalized bacteriophages in the management of periprosthetic
infection caused by multidrug-resistant pathogens during arthroplasty of large joints of the lower extremities.

Methods. A 20-year literature search (2003-2023) was performed in the eLIBRARY, PubMed, Google Scholar, and Scopus
electronic databases.

Results. During the search, 1.482 publications meeting the objectives of this review were found. Taking into account the
inclusion/non-inclusion criteria adopted by the authors, the review included 12 studies describing 45 cases of the use
of bacteriophages in the management of hip and knee PJI caused by multidrug-resistant pathogens. The infection was
eradicated without recurrence in 42 cases (89.4%), recurrence was recorded only in 5 cases (10.6%).

Conclusions. The analysis of the literature confirms that a combination therapy of personalized phages and antibiotics
as adjuvant therapy is safe and effective. Bacteriophage treatment is a promising direction in the fight against resistant
pathogens of periprosthetic infection. Its combination with antibiotics seems to be the most promising, as it can
significantly increase the effectiveness of therapy for infections caused by multidrug-resistant pathogens due to the
synergy of these drug classes.

Keywords: periprosthetic joint infection, multidrug-resistant pathogens, antimicrobial resistance, bacteriophage, phage
therapy, phage-antibiotic combination therapy.
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BBEJEHUE

Bricokast 3pbheKTMBHOCTD U COBEPILIEHCTBOBAHME XU~
PYPIUMYeCKOi TeXHUKU TOTAJIBHOTO SHAOIPOTE3UPO-
BaHMS MPU MATOJIOTUM CYCTaBOB Pa3/IMYHOTO reHesa
MpUBEIU K MPOrPECCUPYIOIIEMY POCTY KOJIMYECTBA
orepanuii 3HAONPOTE3UPOBAHMS, YTO 3aKOHOMED-
HO COIPOBOXIAETCS yBelIuueHueM uuciaa MHPeKIu-
OHHBIX OCIOXHeHUi. IlepumnporesHbie WHeEKUUN
(IITIN) yBenmMYMBAIOT Harpy3Ky Ha CUCTEMY 3 PaBOOX-
paHeHMs, NPUBOASAT K 3HAUYUTEIbHBIM COLMAIbHO-
SKOHOMMUYECKMM 3aTpaTaM, a Takke (U3UUECKUM,
3MOLIMOHA/IbHO-TICUXOIOTMYECKUM U MaTepuaaibHbIM
rpobeMam KOHKpPeTHbIX MalyeHToB [1].

B 2017 r. BcemupHas opraHusanys 31paBooxpaHe-
HUSI OITyONIMKOBAJIA CIMCOK YCTOMUMBBIX K JIECTBUIO
aHTUOMOTUKOB, T.H. IIPUOPUTETHBIX NTATOTE€HOB, BKITIO-
yaronmii 12 BUIoB 6aKTepuil KPUTUUECKOI, BBICOKOT
M CcpemHelt CTeleHM YCTOMUMBOCTM K aHTMOAKTepu-
aJIbHBIM JIeKapCTBEHHBIM cpexcTBaM [2]. HelHemrHue
TeMIIbl GOPMUPOBAHNS aHTUOMOTUKOPE3UCTEHTHOCTHU
6aKTepuit HAMHOTO IIPEBBIIAIOT CKOPOCTb CO3[aHMS
¥ BbIBeIeHMSI Ha (HapMaKoJIOrMuecKuii ppIHOK aHTU-
6aKTepualbHbIX IIPeIapaToB, YTO MPeCTaBIsIeT COO0i
[7I06AIbHYI0 MMPOBYIO TPOG/IeMy 34paBOOXpaHeHMs.
B ToMm ske rony 6bu1a BBeieHa JOKHOCTD IVIaBHOTO CIie-
LMATUCTA TI0 KIMHUYECKOV MUKPOOMOIOTUY U aHTU-
MMKPOOHOI1 pe3ucTeHTHOCTH MuH3apaBa Poccun, uto
MOAYEPKMBAET MUCKIIOUUTENbHYI0 3HAaUMMOCTb 3TOM
rpo6sieMbl, HallleAleil oTpakeHne Ha TOCyIapCTBeH-
HOM YpOBHe [3].

[TepunporesHas MHQEKUMSI CYCTaBOB SIBJSIETCS
OCHOBHOJ MPUYMHOI Heynad Mpy MepBUYHOM IHIO-
MPOTEe3UPOBaHUM KOJEHHOTO CyCcTaBa U TPEeThbei 10
3HaUMMOCTM NIPUUMHONM HeyZay npy NepBUYHOM 3H-
IIOTIPOTe3UPOBAHNMM Ta3006eI[peHHOr0 CyCTaBa — Ha ee
OO TIPUXOAUTCS OT 15 mo 25% Bcex peBM3MOHHBIX
orepainuii TazobempeHHoro cycrasa. IV, BbI3BaH-
Has TONMM- UM TIAHPE3UCTEHTHBIMM BO3OYAUTENISIMHU,
SIBJIIETCSI OCHOBHOM IPUUMHONM peuuauBUPYIOLIEro
TeueHMs U HaUXyAIIero pe3yabrara jeueHus [4, 5].

C pocToM aHTUMOMOTUKOPE3UCTEHTHOCTM BO3-
oymureneii TIIIM B OTHENbHBIN CIIMCOK BBIOETUIN
6akTepuy, KOTOpbIe BBI3bIBAIOT MHOEKUMUM, TPYLHO
nopgamoinuecs gedenuio — «DTT» (difficult-to-treat
infection) [6, 7]. [Ipu BbIsIBIeHUU BO3OyOUTENS U3
3TOTO CIMCKa CTaHIAPTHbIE METOZbI JIeYeHUSI HETIPU-
MeHMMBbI, TOCKOJIbKY OHM He3(DGeKTUBHBI U YBeTUUM-
BAIOT KoynuecTBO peuyansos I [4, 5].

Bricokast yacToTa peluanBoB 1 Hed(PheKTMBHOCTh
nevenus [MITU mo6ykaamT K OMCKAM aJbTepHATUB-

HbIX MeTOAO0B JieueHMs. C KasKIbIM JHEM Bce OOJIbIINIT
uHTepec a4 gedyenus 1111 BbI3pIBaeT NMpUMeEHEHME
6akTepnodaroB Kak 3(pdeKTUBHBbIN U 6Ge30macHbII
IOMOJNIHMUTENbHBIN MeTop JieueHusl. Bakrepuodaru
B OCHOBHOM MCIOJb3YIOTCS B TSDKEIbIX C/Iydasx
[T, BBI3BAHHO} MMOJUPE3UCTEHTHBIMM BO3OYIM-
TeJSIMU B PaMKaxX MepCOHaJIU3UPOBAHHON MeIUIN-
Hbl. OCOoOBIM KauecTBOM 6GakTepuodaroB SBISETCS
MX CIOCOGHOCTh ITPOHMKATD B GaKTepUalbHYIO 61O0-
IIJIEHKY, YTO B KOMOMHAIIMY C aHTHOAKTepUaTbHbIMU
npernapaTtaMy MOXKeT CTaThb MepCleKTUBHBIM MeTO-
oM jneueHus: I B TsKenbIX, peLUAUBUPYIOIINX
ayvasx [8, 9, 10, 11, 12].

Ilenv 0630pa — TIpOAHAIN3UPOBATH IPUMEHE-
HMe TepCOHATM3NPOBAHHbBIX 6akTepuodaros B xome
JIeueHUs] TIePUIIPOTE3HON MHQPEKIUY, BbISBAHHOIA
MOJIVPE3UCTEHTHBIMM  BO30OYAUTENSIMM, TIPU OH-
IOMPOTe3UPOBAHMM KPYIHBIX CYCTaBOB HUKHUX
KOHEUHOCTeN.

MATEPHAJI 1 METO/1bl

BbI1 BBITIOTHEH TIOMCK M aHAIMU3 OIyOGIMKOBaHHbBIX
B MUPOBO/ juTepaType MyOIMKaLMii B 3IEKTPOH-
HbIX 6asax pmaHHbIX eLIBRARY, PubMed, Google
Scholar u Scopus ray6unoit 20 get — ¢ 2003 o 2023 1.
[Tomck BBITIOMHSUIM TIO CJIEAYIOMIVM KITIOUEeBBbIM CJIO-
BaM: Oakrepuodaru, 6akrepmodarorepanusi, rnepu-
npoTe3sHast mHdekIus, bacteriophages, bacteriophage
therapy, periprosthetic infection.

Kpumepuu sxniouenus:

— Tmy6GIMKaIMM HAa PYCCKOM ¥ aHIVIMIICKOM SI3bIKaX;

— OMNMCaHMEe KIMHUYECKUX CTy4aeB UM KIMHUYEC-
K€ VICC/IEIOBaHMS, B KOTOPBIX OMMCHIBAETCS MPUMe-
HeHMe 6akrepuodaros B neuennu 1111 TazobenpeH-
HOTO ¥ KOJIEHHOTO CYCTaBOB.

[MpuunHoil HeBKIIOUeHUST 876 MybMMKAIii GBLIO
OTCYTCTBME CBEIEHUI O XapaKTePUCTUKE MPUMEHse-
MbIX (haroB, MCC/IeNOBaHMs, IPOBEAEHHbIE HA KUBOT-
HBIX, CJTyday MpUMeHeHus] (aroB Mpy XPOHUYECKUX
OCTEOMMENUTAX, IIPU OTCYTCTBUM META/UIOKOHCTPYK-
UM ¥ TIPOTE30B, CIydyau ieueHus ¢aramyu MHGEKIIUn
TOCJIe HelipoopToIieauYecKux onepauuii (puc. 1).

Takum ob6pasom, u3 06IIero mMaccupa HaiieH-
HoV nHbopMaI Uy 661710 0OTOO6PaHO 12 TTOTHOTEKCTO-
BbIX CTaTeil, ComepsKalMX Pe3y/NbTaThl IPUMEHEHMS
6akTepnodarorepanuyu mnpu IV, BeI3BAHHOI ITO-
JIUPE3UCTEHTHBIMM BO3GYOUTEISIMY Yy TAlMiEHTOB
MocJie SHAOMPOTE3UPOBAHMS KOJIEHHOTO U Ta3obe-
penHoro cycrasos [8, 9, 10, 13, 14, 15, 16, 17, 18,
19, 20, 21].
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PezynbTathl noncka nybnunkaumii 8 eLIBRARY, PubMed, j

McknoyeHHble nybavkaumm
(n=2876)

Google Scholar n Scopus (n = 1482)
MonHble TeKCTbl Ny6AUKALMIA, OLLEHEHHbIE HA BO3MOXHOCTb
BK/IOYEHMS B aHanu3 (n = 26)

BakTepuodaru npuMeHeHbl B ApYrnx n0oKanmsaumsax

MckntoyeHo NONHOTEKCTOBBIX CTaTel (n = 14)
(ocTeomMuenut TpybuaTbIX KOCTEN, HelipoopTonenus)

[ Mocne ynanenus gybnukatoB nybaunkaumuii j
Mybnvkaumu, npoleawme CKpUHUHT
(n=902)
MccnenoBaHus, BKIOUYEHHbIE B aHANU3 j

(n = 902)
(n=12)

Puc. 1. biiok-cxeMa MccieqoBaHUS
Figure 1. Study design flowchart

PE3VJIbTATbBI

CerogHs 6akrepuodaroTepamnyus Halljla IIUPOKOE
MIpMMEeHeHMe IjIs JieueHUs pPas3auuHbIX (GopmM MH-
(beXUIMOHHBIX OCTOKHEHMIT 06/IaCTU XUPYPTUUECKOTO
BMmemarenbcTBa (MOXB) [22, 23]. DTOT uHTEpec obyc-
JIOBJIEH YBeJIMYEHNEM pPe3UCTEHTHhIX (HopM BO306Y-
IuTeNeil MMIUIAHTAT-aCCOLMUPOBAHHON MHMEKINN,
B ToM uncie u I[N, Tem He MeHee Ha CeTOIHSIIHMUIA
IeHb ITyOIMKALYU, B KOTOPBIX OMMCHIBAETCS MIpUMe-
HeHnme ¢arorepanuu ajsa jedenust [T, mpepcras-
JIeHbl B OCHOBHOM JIUIIIb KIMHUYECKUMU CIydasiMMU,
B KOTOPBIX OIMCAHbI MCXOObI J€UeHUS OJHOTO-Tpex
mauveHToB [8, 9, 10, 13, 14, 15, 16, 17, 18, 19, 24].
TombKO B ABYX IyOMMKAIIMSIX Mbl OOHApPYKMIM WC-
C1emoBaHMS C OOIBIIMM KOMMYECTBOM IAllVIEHTOB —
10 u 23 yenoBeka coorBeTcTBeHHO [10, 21], Ha KOTO-
PBIX XOTEIOCh ObI OCTAHOBUTHCS TTOAPOGHEE.

].B. Doub ¢ coaBTOopamu omucanu 10 crydaeB Ipu-
MeHeHMsT KOMOMHMPOBAHHOI Tepanyy 6akrepuodara-
MM ¥ aHTH6GaKTepuaabHBIMM Mpenapatamu npu I[N
Ta306eIpeHHOTO ¥ KOJIEHHOTO CYCTaBOB, BbI3BAHHOI
PEe3UCTEeHTHBIMM BO36ymuTensaMu. Kakue MMeHHO aH-
TUOUOTUKY TIPUMEHSIUCH [J1s ieueHus [IITM, aBTOpHI,
K CO>KaJIeHMI0, He yKa3bIBaloT [10]. ABTOpBI yTBEpXKaa-
10T, UyTO (haroTepanust MPUMEHsSIach KaK IOMOJIHEeHe
K cra”paptHomy jeveHuto IIIM, To eCTb ee UCIO/b-
30BaJIM KaK aAbIOBAaHTHYI0 Tepanuioo. darorepamnusi
B BapuaHTe Phago — DAIR (caHaius ¢ 3aMeHO# mapbl
TpeHust + arorepanus) 6blyia BBITOJHEHA IIPU pe-
nuauBupywem tedeHuu MMM y manmueHTOB C yCTa-
HOBJIEHHBIMM  PEBU3MOHHBIMM  MeralpoTe3aMMu,
XOpoIlIo (hUKCHMPOBAHHBIMM, 6e3 TPMU3HAKOB paciia-
TBIBAaHMS, TIpU YAAJTEHUM KOTOPBIX MMEETCS Yrposa
TIOTepU He TOJIbKO KOHEUHOCTU, HO U SKM3HM MallieH-
Ta. AZBIOBAaHTHYI0 (aroTepanuio MCIONAb30BaIM KaK
CTIACUTENbHBIN (TIOC/TIeTHSIST JIMHUS OOOPOHBI) METO],
JieueHMsI IJ1s1 COXpaHeHMsI KOHEUHOCTH, B CBSI3YM C UeM

BBITIOJTHSUTM CaHALIMIO C 3aMEHOV Tapbl TPeHUs IJisi
JIOKAJIbHOTO CHIDKEHMsI 6GaKTepuabHOI HarpysKu,
a Tpu MHOUIMPOBAHUYM MerasHAOIpoTe3a KOJeHHO-
IO CyCTaBa NPUMEHS/IM CAHALMOHHYIO 3HIOCKOIIMIO
c BBeZeHMeM (GaroB B 00JIaCTh MpOTe3a MOC/Ie Tpef-
BapUTEIbHOI 06PabOTKY OIMepalMoOHHON paHbl Iie-
JIOUHBIM GydepoM. B mectu ciayuasx u3 10 aBTopam
YO,a7I0Ch COXPAaHUTh 3HIOMIPOTES, B OCTAJIbHBIX YeThl-
pex MPUIIIOCh MPUOErHyTh K MOBTOPHOI CaHALMU U
pe3ekuMoHHOI apTporiactuke. I[Ipu peunause TN
B TpeX CIydasix aBTOPbI OMMCHIBAIOT CMEHY BO36Ymu-
tens IMIU, oTnJalonerocst OT IePBUYHOTO BO30YIM-
tens [T kak 1o BUAY, TaK U 110 YYBCTBUTEIbHOCTU
K aHTMOMOTUMKAM. ITO OOCTOSITEILCTBO IIOATBEPIK-
nmaet 3bdeKTUBHOCTh MpPOBeNeHHON (aroTeparnun
B OTHOIIEHUM UyBCTBUTEIbHOTO K caraM IepBUY-
HOrO Bo36youTens IIIMM, Takke CBUIETENIbCTBYET
0 MHoxkecTBeHHOV stuonoruu IIIIN. ITpu Headdek-
TUBHOM JieueHuM IITIN m3-3a spaguKauuu JUIb Of-
HOTO BO30OYIMTENST OCTaBINMECS B JIOKYCE IaTOTeHbI
00yCIaBIMBAIOT TOCIEnyoulee pa3sBuUTHe MHQEKINA.
B omHOM 13 C/yyaeB MalieHTy ObUIa BBITIOJTHEHA
aMmyTaluusd KOHEYHOCTU B CBSI3U C pa3sBUTHUEM KOH-
TPaKTypbl MPOTE3UPOBAHHOIO CyCTaBa, IIpU 3STOM
B aHaMHe3e ObUIO OTMEYEHO YCIIENTHO ITPOBedeHHOe
nedyenne I ¢ npumeHeHMeMm (aros, ¥ penuauBa
[IIU ue Habmomanu [10].

E. Fedorov ¢ coaBTopamMu IIpoBeu OJHOIEHTPO-
BOe IPOCIIEKTUBHOE UCC/Ief0BaHKe, B KOTOPOM IIpU-
MEeHSUT KOMOMHMPOBaHHYIO TePAIIio, BKIIOYAIOIIYIO
(darorepanuio M aHTUOGMOTUKOTEPATINIO C OJHOITAI-
HBIM XMPYpPrUUecKUM jeueHueM (n = 23) U cpaBHUBA-
JI PesyabTaThl CO CTaHAAPTHBIM METOLOM JIeYeHUS
KOHTPOJIbHO TPYyMITbI NaleHToB (1 = 28). OCHOBHYIO
rpymmy (n = 23) COCTaBUIN TTAIMEHTHI, KOTOPLIM OBLIO
IIPOBENEHO OOHO3TAIlHOe pPEe3HIONPOTe3UPOBaHME
Ta300eIpeHHOr0 CYCTaBa C MMIUIAHTAIlMeil SHIO0MPOo-
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Tesa [eMEeHTHOM GuUKcaluu ¥ IpuMeHeHeM KOMOu-
HMPOBAHHON STUOTPOITHOM CUCTEMHON aHTUOMOTU-
KoTeparmu (1iedas3onH, BAHKOMUIIMH, JaTTOMUITH)
M JIOKQJIbHOI (haroTepanuu, HApSIAY C IpeaBaAPUTETb-
HBIM OTIpe[leJIeHeM UyBCTBUTEIbHOCTU BO3OYAUTES
K 6akTepuodaraMm M aHTMOAKTEepUATbHbIM IIperapa-
tam. OCHOBHASI ¥ KOHTPOJIbHAS I'PYIIIbI OBLIM COTIOC-
TaBMMBbI I10 Bo3pacty, Tuity [T (mo3guss I1IIN), no
MeTOIy XUPYPrUUeCcKOro JieueHns (OMHOITaITHOe Jie-
yeHue). [Ipy 3TOM OTMeEUYeHO HeOGOJbIIoe pasjuuiie
[0 MMKPOOMOJIOTMYECKOMY COCTaBy BO30ymuTenei
[IIIN: B OCHOBHOJI IpyIIie Ipeobnamanu S. aureus,
TOIJA KaK B KOHTPOJIbHOJ rpyrine 66110 60sbine CoNS
Bo30OymuTeneii [21].

Takske obpaiaer Ha ce6s1 BHMMaHME OTHOCUTETb-
HO KOPOTKMI1 CPOK HaOIIOIeHNsT — B TeueHue 12 mec.
Tem He MeHee yYacTOTa peUIMBOB B OCHOBHOII
IpyIIe, B KOTOPOii MpoBoauau darorepanuio, 6biia
B 8 pa3 HUKe, yeM B KOHTPOJIbHOJ TpyIine, y naiu-
€HTOB KOTOPOJ MIPUMEHSIN JINIIb TUIIUUHBIE CXEMBbI
aHTHMOMOTUKOTepanum [21].

Ecmm paccmaTpuBaTh puMeHeHMe ¢Garorepanmm
y MHTepecylollleil KaTeropuyu IalMeHTOB, TO Ha-
ypuHasg ¢ 2000 r. B auTeparype 6bUIO OMMCAHO BCETO
45 cryyaeB npuMeHeHUsl 6akrepuodaroB Ipu Jje-
yeHun [T KojgeHHOro ¥ Ta300edpeHHOro CycTa-
BOB. MccinemoBaHust onmy6IMKoBaHbI TOIBKO ¢ 2018 T.
" TIpeICTaBieHbl B Tabnuie 1.

Tabnuya 1
ITy6uranymm, BKIIOYEHHbIE B aHAINU3
A Top, Bospact Kom-Bo Cpok
BTOPBI MalMeHTOoB, Stmonorust Penyaus
my6IMKanmn et CIydaeB | HaGMIOMeHUs

Ferry T. et al. [8] 2020 80 S. aureus 3 30 mec. HeT

84 S. aureus 7 mec. HeT

83 S. aureus 11 mec. na
Cano E.J.etal.[9] 2021 62 K. pneumoniae 1 12 mec. HeT
Doub J.B. et al. [10] 2022 HeT S. aureus — 5 ciyyaes, 10 oT 5 mec. 1o HeT

TaHHBIX S. lugdunensis — 2 ciyuas, 2,5 ner
110 OHOMY C/Ty4aio —
S. epidermidis, K. pneumonia
u E. faecalis
Tkhilaishvili T et al. 2019 80 P. aeruginosa, MRSE 1 10 mec. Ia
[13]
Ferry T. et al. [14] 2020 49 S. epidermidis, S. aureus 1 12 mec. Ia
Cesta N. et al. [15] 2023 62 P aeruginosa 1 24 mec. HeT
Ferry T. et al. [16] 2021 88 P. aeruginosa 1 12 mec. HeT
Ferry T. et al. [17] 2018 80 S. aureus 1 18 mec. HeT
Neuts A.S. et al. [18] 2021 76 E. faecalis 1 36 mec. HeT
Schoeffel J. et al. [19] 2022 64 S. aureus 1 11 mec. HeT
Ramirez-Sanchez C. 2021 61 S. aureus 1 6oree 6 mec. na;
et al. [20]
Fedorov E. [21] 2023 56,0+14,9 MSSE — 8, MSSA — 8, 23 12 mec. 1—na
MRSE — 6, MRSA — 1 22 — Her

IIpumeneHnne 6akTepuodaros
Cnoco6 docmasku 8 UHpeKYUOHHbLU ouaz

Haubornee pacmpocTpaHeHHbIe ITyTH BBeIeHNS 6aKkTe-
puodaros — B JipeHaXku U/MUaM MHTpaoIepaloHHbIe
anmukauuiu [8, 9, 13, 14, 15, 17, 24].

T. Ferry ¢ coaBTOpamu IpumeHsiiu ¢daru B BUJe
TUAPOTENST C 1ieJIbI0 TPOJIOHTMPOBAHUS [IeCTBUS
(aroB 3a cueTr MOCTENIEHHOTO BBICBOOOXKIEHMS C Te-
YyeHMeM BpeMeHM I0c/ie OJJHOKPATHOM JOCTaBKU MH-
TpaonepauuoHHO [14]. OHM cMelIMBaNINU CyCIIEH3UN
CUHETHOMHOTO 1 CTapMIOKOKKOBOTO 6akTeprodaros
B dochaTHO-O6yhepHOM PH3MOTOTUUECKOM PaCcTBOPE
Dulbecco, cmemas daru P. aeruginosa vt daru S. aureus

B IBYX pasIMUHbIX (PU3MOIOTMUECKUIT pacTBOpax Io
10 Ms1 B BUIEe «KOMIIayHOMPOBAHHBIX» JIEKAPCTBEH-
HBIX TIpenapaToB. 3a pyOekoM UX TaKkKe Ha3bIBAIOT
npernaparamu Magistral, mom KOTOpbIMM MOHMMA-
IOT MCXOOHO 6a30BbIil, OCHOBHON (aroBblii Mpemna-
paT, Mpou3BOACTBO KoToporo Haxoautcsi B CIIA, u
Ha OCHOBe Hero co3pmaioTcsl (GaroBble ITperapaThbl
UHIVMBUAYAJIbHOIO IIPOM3BOACTBA HEIOCPeLCTBeH-
HO B CTalYIOHape MUKPOOMOIOTOM U KIMHUYECKUM
dapmakonorom [25]. TTomyueHHbIt TakKMM 06pa3oM
npernapar NpUMeHSIOT JOKAJIbHO B YUIOBMSX Ollepa-
LMOHHOJ paHbl. Ilocie BBINTOMHEHUST XUPYprudec-
KOJi caHallMM OlepallMOHHOI paHbl Mpenapat ¢aros
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B COCTaBe IMAporessi HAHOCST Ha OCTYITHYIO TOBEPX-
HOCTb 3HIONPOTe3a WIM BBOISIT HEMOCpPe[CTBEHHO
B paHy. OnepauyoHHas paHa IMocjie 3TOro 3aliBaeT-
cs1 [14]. Vicxonst U3 pesysibTaTOB MPOBEEHHOTO HaMU
aHaIM3a JUTEPATYPHBIX MCTOYHMKOB, KOMOWHUPO-
BaHHOe TMpUMeHeHMe, T.e. BHyTPUBEHHOE U JIOKaJ/b-
HOe BBeJieHNe B MHOUIMPOBAHHbIN CYCTaB MCITONb30-
Banu inib B 10 aryvasx [10, 18].

Tutp daros 1 AIUTETBHOCTD
Kypca darorepanuu

Heo6xoaMmMo OTMETUTH, UTO PEKMMBI TO3UPOBAHMS
st barotepanyuy He YCTAaHOBJIEHBI B CBSI3M C MaJio-
M3YUYEHHOCThIO JAHHOTO MeToaa. PeskuMm m0o3upoBa-
HUSI B MCCIENOBAHUSX, BKIIOUEHHBIX B aHAIM3, Xa-
PaKTepU30BaJICS TEM, UTO TUTP (HaroBbIX MperapaToB
BapeupoBaa ot 1x107 mo 1x10'"' BOE (6asimikoo6pa-
3YIOMUX €OUMHMUIT), a MPONOJIKUTEIbHOCTb ITpUMeHe-
HMS darotepanuy — OT OOJHOKPATHOTO IIPUMEHEHMS
o 7 Hen.

N. Cesta c coaBTOpaMy NpPUMEHWIM MOHOdAru
B KOMOMHAIIMM C aHTMOAKTepUaJbHBIMMU IIpernapara-
vy [15]. @arorepanuio MoHO(araMy TaKxe MpoBeIn
u E. Fedorov c coaBTopamu [21]. Bo Bcex ocTa/lbHBIX
CTyYastx aBTOPBI MCITOMb30BAIM «KOKTEIIb», COCTOSI-
Ui U3 HeCKOMbKUX GakTepmodaros [8, 9, 10, 13, 14,
16,17, 18, 19, 24].

Ocnoxkuenns arorepanuu

Bo Bcex ommcaHHbIX KIMHUYECKUX CITy4Yasx He GbLIo
3aperucTPMPOBAHO 3HAUMMBIX OCJIOKHEHMI, CBSI3aH-
HBIX C IIpUMeHeHueM 6akTepuodaros, UTO COIIACy-
ercs ¢ o6IMMM JaHHBIMM O 6€30ITacHOCTH (arorepa-
Y. B HEKOTOPBIX CITyUYastx ObLIM 3apETUCTPUPOBAHbI
HEe3HAUMTENbHBI ITOIbEeM TEeMIIEpaTyphl Teja, JIo-
KaJIbHAsI TUIIEpPEeMMsI, KOTOpbIe pa3pemaaych caMo-
crosiTenibHO [13]. Taxke mpu BBemeHuy ¢aroB BHY-
TPMBEHHbIM ITyTEM OTMEUaaM YMEpPEHHbLI IMOXbeM
ypoBHs TpaHcamuHa3 AJIT/ACT B KpoBU, KOTODBIN
CHIKAJICS 1O HOPMAaJTbHBIX 3HAUEHMIT IT0Cie OTMEHBI
darorepanuu [10, 17].

0OcoGeHHOCTH TIpUMeHeHus (aros B paHe

OmHoIt U3 0co6eHHOCTEl MpUMeHeHUs (haroB SIBJIsIeT-
cs1 CTpeMJIeHMe TIOBIMSATh Ha u3MeHeHue pH omepa-
LIMOHHOV paHbl, IjI51 Yero nocjie XMpypruaeckoi mpo-
LlemTypbl B 06/1aCTh Omepaluy M Kakablii pas repeqn
BBeJeHMeM (aroB B ApeHask BBOAWIM 5 My 6uKkap6o-
Hara Hatpus4 (1,4%) [13].

06 arom ke ynomuuawt T. Tkhilaishvili ¢ coas-
TOpaMy B CBOeM ucciemoBanuu. OHu o6pabaThiBajiu
oIepanyoHHOe TI0JIe U TIIATebHO MPOMbBIBAIM PaHY
2-3% pacTBopoM 6uKapboHaTa HATPHsI; IIPY STOM aB-
TOPBI YTOUHSIIOT, UTO aHTUCEIITUYECKUIT PACTBOP UMM
He TIpuMeHsUIcs. Llenecoo6pasHOCTb TaKOM TaKTUKU
00yC/IOBIEHA CTPEMJIEHMEM M3MEHUTb KUCIOTHOCTD
cpenbl B CTOPOHY IIEJIOYHOI M TEM CaMbIM U30€KaTh

pyUcKa paspylIaloIIero JeiCTBUS aHTUCEIITUKOB Ha
daru, 4TO TEOpPETUUECKU ITOBBICUT 3(PGHEKTUBHOCTD
6axrepuodarorepamuu [13].

dddexTuBHOCTD parorepanuy y naneHTOB

C mepunpoTe3Hoi nHbeKumen

daroTrepanuio B OMy6IMKOBAHHBIX paboTax OlleHMBa-
0T Kak 3(beKTUBHYIO, KOTHAa ITPOUCXOAUT KYIIMpPOBa-
He MHGEKIVOHHOTO MPOIECcCa B TSDKEIBIX CITydasx
IIIIN Ta306eqpeHHOT0 M KOJIEHHOrO CYCTaBOB, BBI-
3BAHHOJ aHTUOMOTUKOPE3UCTEHTHBIMM OAKTEPUSIMU.
IMonHoe KynMpoBaHue MHPEKLMOHHOTO ITpoliecca 6e3
peunnusos I ormeuaetcs: B 42 cnyvasax (89,4%),
peuyauB [N ommcaH TonbKo B 5 crydvasx (10,6%).
CnenyeT OTMETUTD, UTO MAI[MEHTaM, Y KOTOPBIX ObLI
otmeueH peuuaus I, npoBedeHbl ITOBTOPHOE
XUPYPIUUECKOE JIeUeHME ¥ TOMOHUTENbHBIN KypC
(darorepanuu, mocjie yero ObUIa OTMEUYEHA CTOVKast
pemMuccHus 3a BeCb Iepmoj, HabmomeHusI, KOTOPbIi CO-
CTaBJISLT OT 5 Mo 36 mec. [8, 18, 24].

OBCY>XIEHUE

BosposkneHue nHTepeca K darorepanuy 00bsICHIETCS
yBenMueHueMm uucia Bos3byaureneir I, ycroitum-
BbIX K aHTMOAKTepHaJbHBIM ITperaparam, pyu 3TOM
(daroreparnyst MOKeT MCII0b30BaTHCS U KaK JIOTIO/THe-
HMe K aHTUMOMOTMKAM, ¥ KaK CAMOCTOSITeNbHbIN aJlb-
TepHaTUBHLIN MeTop, neuenus TN [26].

Bakrepuodaru SBASIOTCS CaMOBOCIIPOMU3BOASI-
IIMMUCS BUPYCHBIMM 4YacTUMLIAMM, MU OTHOKPATHOTO
BBeIeHUS TEOPeTUUYECKU MTOJKHO OBbITh JTOCTATOUYHO
IS TeueHMs 6akTepuanbHOi MHekuyuyu. OgHako He-
KOTOpbIE MCCAeN0BaHMS MTOKa3aay, YTO MCIOIb30Ba-
HMe HeCKOMbKMX 403 ¢daros Jiyuiile, YeM OFHOKpATHAS
Josa [27, 28].

Bo Bcex cnyuasx neueHns [N, onmcaHHBIX B aHa-
JMU3UPYEMBbIX ITyGIMKaLMIX, paroTepanis COMpoBOXK-
Jlajach aHTMOaKTepUalIbHOI Tepanyeii: Ha3HAYaINCh
TOKCULIMKIUH SAT, MOHOIIMK/IMH, TalITOMUIIUH, TIed-
TasuauM, HUIpodaokcaMu U pubaMIULNH, KOTUC-
TUH, MepOIleHeM, AaMOKCULMKINH, IedTaponnH.
Ha cerogHsIIHMII JeHb OTKa3 OT aHTMOMOTMKOB 3a-
TMpelieH 3aKOHOM ¥ BCeMY HOpMaMu jieueHust uHGek-
LMOHHBIX MPOLIECCOB B OpraHu3Me 4yejoBeKa, MUMeH-
HO II03TOMY MOHOTepanuio 6akrepuodaramu, Kak
MpaBUJIO, He NIpUMeHsUIKU. [Ipy 3TOM He CiiefyeT uX
MPOTMBOTIOCTABISATD, IOTOMY UTO B Psifie MccaenoBa-
HMi1 haru paccMaTpUBAaIOT KaK IOe3HOe OTIOTHEHe
K aHTubmoruxkorepanuu [29, 30]. Taxke ecTb paboTHI,
aBTOPBI KOTOPBIX BBIIBUTAIOT TEOPHIO 00 YBEIMUEHUN
YYBCTBUTENBHOCTU K aHTUOAKTepUATbHBIM IIpernapa-
Tam Ha ¢oHe MUCII0b30BaHMsI 6akTepuodaroTepannm,
B YaCTHOCTM TIpu MHGEKIMK, BbI3BAHHOV BO30yaUTe-
JISIMU C MHOKECTBEHHO JIEKAPCTBEHHOM YCTOMUMBOC-
TblO [13, 31].

I[Tpu ouieHKe 6e3omacHOCTM aroTepanuu B 33 cry-
yasax u3 45 HekenaTeNbHbIX peakuuit He OTMeYeHO.
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B ocraBmmxcsi 12 oiyyasix OINMCaHbI CAeOyHOIIne
peakuuu. E.J. Cano ¢ coaBTOpamMu IPOBEIU KypC
u3 40 no3 BHyTpuBeHHOro BBemeHus (ara KpJH46D2
OJHOMY MAalMEHTy U ONUCAIU HeKejlaTelbHble SIB-
JleHUsI B BUJEe HEe3HAUUTeIbHOTO U TepUOAUYECKU
BO3HMKAIOIIETO 3y[a B IPaBOi HMKHEV KOHEYHOCTMH,
B KOTOPOJ HaxOgWJICS OYyar BOCHAIUTENbHOTO IpO-
Liecca, MpMMepHO uepes 2 HeJl. TI0C/Ie Havasia Tepamnmuu,
IPY 3TOM SIBHBIX ITOOOYHBIX 3(PEKTOB OT MHDY3Uit
He peructpupoBau [9]. T. Tkhilaishvili c coaBTopamu
COO0OIIAIOT, UTO Uepe3 4 Hel. T0C/ie peuMIUIaHTaLN
MpyeM KOJMMUCTUHA U HedTasuauMa ObUT IIpeKkpalieH
13-3a He(PPOTOKCUMUYHOCTU (CKOPOCTh KIyOOUKOBOI
unbrpanum gocturna 12 MJI/MMUH.) M HEHPOTOK-
CUYHOCTU (CIyTaHHOCTbh CO3HAHUS, Je30pUeHTalUs
¥ BO3OYXXIeHMeE), IIPU ITOM 3TO HeXelaTeabHOe SIB-
JIeHVe aBTOpbl HMKAK He CBS3BIBAIOT C dharorepa-
myeii. ABTOpBI 3asIBJISIIOT, UTO 3TO OOCTOSITEIbCTBO
TpebyeT yTOYHEHMS, M OTPa3UIM €ro AJIS TOTHOTHI
KIIMHUYECKOV KapTuHsbl [13].

O6pamaer Ha ce6s1 BHMMAaHME €lle OJHO OCIOXK-
HeHue, omcanHoe T. Ferry ¢ coaBropamu. Ha ¢one
MMpUMEeHEHUS «KOKTeiIs» u3 ¢paroB PP1493 u PP1815
B TUTpe 1x10° exm./Mi1 uepes 5 mHe Iocie onepamnu 1
Havasia ¢arorepanuy y naluyeHTa pasBuics MHOapKT
muokapaa. [Torpe6oBanoch 3KCTPEHHOE CTEHTHPOBA-
HMe C IBOJHOI aHTUTPOMOOIIMTAPHOJ Teparueii ca-
JIMIMJIOBOV KUCIOTOM M TUKArpeaopom (aHTarOHMUCT
peuerntopa P2Y12). 3TO oC/IO’KHEHME MOKET HaIlpsi-
MYIO OBITb CBSI3aHO C IIMTOKMHOBBIMM PEAKIMSIMU U
MOBbIIlIEHMEM KOHIIeHTpaluu MapKepoB BoCHaleHus
pu npuMeHeHUM (HaroB, ¢ aKTMBU3ALMEN TPOMOO-
LIMTApHOTO 3B€HA U pa3BUTHEM TPOMO030B [14].

J. Schoeffel ¢ coaBTOpamu coobIAIOT O poOCTe TO-
kasatesneit ACT u AJIT go 136 Mmmoib/11 U 86 MMOJIb/N1
COOTBETCTBEHHO I10C/I€ TPeThbell BHYTPUBEHHOM 103bI
6akTeprodaros, B CBSI3Y C YeM BBeIeHMe ObUIO IIpe-
KpamieHo [19]. 06 anamornuyHom 3ddexre COOOIIAIOT
J.B. Doub ¢ coaBTOpaMyu — IOC/ie BBEIEHUSI TPEX 103
6akTeprodaroB y ManyMeHTKM HaOJII0aIM ITOBbIIIEHME
ypoBHst ACT u AJIT B 2,5 pa3a 10 CpaBHEHMIO C BEPX-
Heli rpaHuieii Hopmbl. CIyCTSI YeThIpe OHS IOCe OT-
MeHbI (HaroB rmokasarea HOpMaan30BaIMCh. OgHAKO
B APYTOM KJIMHMYECKOM ciydae Te ke J.B. Doub c co-
aBTOpaMM COOOINAIOT, UYTO IIPY MPUMEHEHUN JIUTUYE-
CKMX 6aKkTeprodaroB MPOTUB METUILIMUIMHPE3UCTEHT-
HOT'O 30JI0TUCTOrO cTaduiokokka (MRSA) y manyeHTa
He ObUTO HMKAKMX MIOO0YHBIX PEaKIINii, ¥ eXKeqHEBHbIE
aHa/IN3bl He BBISIBWIM KaKOTO-JIMO0 HapylleHusT QyHK-
LMY TeYeHy, TO3TOMY CMHIPOM LIUTOMM3a TernaToum-
TOB C POCTOM BHYTPUKIETOYHBIX aMMHOTpaHChepas
HY;KHO Ha 3TOM 3Talle TPaKTOBaTh C OINpefeleHHO
OCTOPOKHOCTBIO KaK IpOsiBieHMe 3HIO0TOKCUKO3a,
06YCI0BJIEHHOTO JIN31COM OakTepuii [10].

Haunbonee oxxmumaeMoe OCIOKHEHME TPUBELEHO
B KJIMHMYECKOM cirydae, ormmcaHHoM N. Cesta ¢ coas-
TOpaMu. DIU30[, MPEACTaB/IsT COO0J KIacCUUeCKYIo

peaxiuio Ha BBefeHue 6akrepuodara (phage Pa53) —
TOBbINIEHME TeMIlepaTyphl Tesa 10 39°C 1 03H06 mo-
csie iepBoro BBemeHys 10 MJT B ApeHaXK, B CBSI3Y C UeEM
ManyeHTy BIOCIEICTBUY CHU3WIN JO3UPOBKY (daro-
BOTO IIperapara [0 5 M KpaTHOCThIO 3 pas3a B IeHb
co 2-ro o 15-it gens neveHus dparom. [Ipu nociemy-
IOIeM BBEIEHUYM KaKUX-I1MO0 MOOOUHBIX peaklyii He
oTMeueHO. HecMoTpsl Ha TO, UTO TUTpP ¢ara ObLI J0-
BobHO HU3KuM (10° BOE/MT), aBTOPBI ObLIV BBIHYK-
IIeHbI TPUMEHUTD (haroTeparmnio M BBOAUTH IIpernapaT
B IpeHaX B TeueHue 14 mHel IO HACTOSHUIO Ialiy-
eHTa. [Ipy 3TOM KOHTPOJIb 32 YPOBHEM 3HJOTOKCMHA
B pactBope ¢ daraMu yke He ITPOBOIUIIMU, ITIOITOMY,
C yeM KOHKpPeTHO ObTa CBS3aHA MMPOTeHHas peak-
1M1, OCTAJIOCh HEBBISICHEHHBIM [15].

WHTtepecHoe HabmwogeHue npusBoadat C. Ramirez-
Sanchez ¢ coaBropamu. IlauyeHTKa B BO3pacTe
61 roga ycIIeIHo noay4ynsia gBa Kypca 6akrepuodaro-
Teparnuu, MpoBeleHHbIX BO BpeMsl IBYX3TAIHOTO Jie-
yeHus [1I11 koyieHHOro CyCTaBa, BBI3BAHHOM 30/I0THUC-
ThIM cTadmIokKokkoM (MSSA). Ilpu ucronb30BaHUMU
«KOKTeiis» AB-SAO1, KoTopblii BKIOUan Tpu ¢ara
(J-Sa36, Sa83 u Sa87), mpu ypoBHE B HEM IHIOTOKCH-
Ha MeHble eavHuibl (<1 EIl/MJ) aBTOpbl HE OTMe-
TUJIM OCJIOKHEHUI, CBSI3aHHBIX C BBeleHMEeM OGakTe-
puodaros. Ho mpu o1jeHKe r'yMOpaJibHOTO OTBETAa Ha
MapeHTepayibHOe BBeZeHMe ¢dara B CbIBOPOTKE KPOBU
ObLTM BBISIBJIEHBI HeiTpanusywinye Qar aHTUTea.
OHM MPUCYTCTBOBAIN B CHIBOPOTKE KPOBU MalleHT-
KM Kak B Hauaje jeueHus (Hajauuye aHTUTeN K param
MOKET ObITh HOPMOJ [JIS1 UeJIOBEUECKO MOMyISLN),
TaK U 110 3aBepIiIeHnm arorepamnym, IpMIEM B ITOBbI-
IIEHHOM KOHILIeHTpaluyuu. B ¢BSI3U ¢ 3TUM OpU pa3Bu-
TUU TYMOPaJIbHOTO MMMYHHOTO OTBETa Ha BBeJeHMe
(haroB MOKHO OXKMIATh YMEHbBIIEHME UX TUTPA, UTO
IOMYyCTUMMO paclieHUBaTh Kak HexKelaTelbHble sSBje-
Hus arorepamnmu [20].

Psn aBTOpPOB COOGLIAIOT O NMpUMeHeHuu darore-
panuu Ipyu TSOKEIOM TedeHum XpoHudeckoi TN,
BbI3BAaHHOI MOJIMPE3UCTEHTHBIMM NIATOTeHAMMU, Y Ta-
[IMEHTOB C PEBU3VIOHHBIMM CTAOMIBHBIMU KOHCTPYK-
uusaMu  (MerassHgomnportesamu). [locine peuyuaonBOB
[IMA y nmauyeHTOB, IMOTYYMBIINX CTAHAAPTHBIE METO-
IObl iedeHUsI, Takue Kak DAIR, omHO- 1 OByX3TamHoe
XUPYpruueckoe jeueHue C yCTaHOBKOM creiicepa, u
JIake pe3eKIMOHHYI apTPOIIaCTUKY, MPUMEHSIach
(darorepanmsi ¢ 1ebI0 COXpaHEHMST MeTasHI0IpoTe-
308 [8, 9, 10, 14, 15, 17, 19, 20].

B 13 cayvasx peuuausa IIIIM mpu OTCYyTCTBUMU
MPU3HAKOB paclllaTbiBaHMsI KOMIIOHEHTOB MerasH-
Iomporesa mauyeHtaM mnposomuin Phago — DAIR
C 3aMeHOI1 Mapbl TpeHus, IToc/ie Yero HauYMHaIN KOM-
OMHMPOBAHHYIO Tepamnuio 6akrepuodaramu M aHTU-
6uorukamu [8, 10, 14, 15, 17]. Ita MmeTomuKka O6bLIa
MpMMeEHEHa B TeX CIydasx, Korma yaaaeHue uHOU-
LIMPOBAHHOTO MPOTe3a OAHO3HAYHO MOIJIO IPUBECTU
K [I0Tepe aHaTOMUYECKUX CTPYKTYP KOHEUHOCTH.
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E.]. Cano ¢ coaBtopamu u T. Ferry ¢ coaBTopamu
OIMCAY CJIEIYIONTYI0 TAKTUKY: B CBSI3U C AebULITOM
MSITKMX TKaHel B 061acTy MHQUIIMPOBAHHOTO CyCTa-
Ba ¥ IIPeATIoNoXKeHMeM O BO3MOXKHOM [JIUTEIbHOM
3aKUBJIEHUM TIOC/IEOTIepalMOHHONM paHbl, Ipu 006s-
3aTeIbHOM OTCYTCTBUM IPU3HAKOB paCHIATaHHOCTYU
SHIOIPOTE30B, IMPOBOAMIM APTPOCKOMMUYECKYIO Ca-
HAIMI0 Yepe3 BBITIOJTHEHHbBIE TepeIHeMeaNaabHbIi
U TepenHeO60KOBOJ MTOPThI. B X0me caHaIMy MPOMBI-
BaJIM MHQUIMPOBAHHBIN IPOTE3MPOBAHHBIA CyCTaB
TOJNBKO (DVU3MOTOTMYECKMM PacTBOPOM ¥ B KOHIIE
MpoLenypsl BBOAWIM o 30 M cycrieH3un ara, mo-
CJle yero KOKHble paHbl OT MOPTOB yuivBanu [9, 16].
OTcyTCTBME PEIMOMBOB CBUAETENHCTBOBAIO O IIpa-
BWIbHO BbIOPAHHOI TAKTUKE.

J. Schoeffel ¢ coaBTopaMu OmMCHIBAIOT IIPUMEHE-
Hue 6akrepuodaros Ha ¢oHe peumaupa [N Taso-
6eIpeHHOT0 ¥ KOJIEHHOTO CYCTaBOB I10C/Ie YCTAHOBKMU
cneiicepoB. Ilpu peuyause I, BpisBaHHO MRSA,
ManyenTy ObUTa TMPOBeAEHA TMOBTOPHAS YCTAHOBKA
crieiicepoB Ta306eqpPEeHHOTO M KOJIEHHOTO CYCTaBOB
C BAHKOMMIIMHOM ¥ TOOPaMUIIMHOM, ITOCJIE Yero mpu-
MeHeH <«KOKTeiib» ¢aroB (SaWIQ0488¢1) BmecTe
C 3TUOTPOITHOV aHTUOaKTepUaTbHOM Tepanueil (qamn-
TOMMIIMH, pudammuimH) [19].

Ananoruunsie cryyau onucbiBaloT T. Tkhilaishvili
¢ coaBropamu u C. Ramirez-Sanchez ¢ coaBTopammu.
ABTOpBI Takke nonyunnu peuuaus [T komeHHOTO
CyCTaBa IOC/Ie BBITIOTHEHYS TIEPBOTO JTalla JIEueHus,
B CBSI3Y C UeM MH(UIMPOBAHHBIN crieiicep O6bLI yaa-
JIeH, M BMECTO Hero GbLT YCTaHOBJIEH HOBBIN crieiicep,
comepyKaliuii aHTMOMOTUK (BaHKOMMIIMH/TOOpaMu-
1VH)/(TeHTaMULIMH, KIMHIAMULIMH) C Ha3HAaYeHMEM
STUOTPONHON aHTUOAKTepUaJNbHOI Tepanuu (BaH-
KOMUIVH)/(pUGaMIUIINH, TOKCUIMKINH) U C JaTb-
HeWIIM IIpUMeHeHueM OakTepuodarorepanumn
(AB-SAO01 (J-Sa36-Sa83-Sa87)) [13, 20].

A.S. Neuts c coaBTOpamMy IPUMEHUIN KOMOUHUPO-
BaHHYIO Tepanuio 6akrepuodaramMmm 1 aHTMOMOTUKAMU
y MauyeHTa Inocie penuausupylomero teuenus [MIMTA
Ta306eIpPeHHOr0 CyCTaBa, BBI3BAHHO MTOIMPE3VICTEHT-
HbIM Enterococcus faecalis. TTaieHTy GblTa BBITIOTHE-
Ha pe3eKIMOHHAS apTPOIVIaCTHKa C yOAJIEHMEM BCeX
KOMITOHEHTOB MHOUIIMPOBAHHOTO SHIOIPOTE3a, I0-
CJ1e Yero ObUIM MPUMEHEHbBI Tepanus GaramMmm u 3Tmo-
TpOITHAs aHTMOaKTepuaibHas Tepanysi. O6 ycremrHoc-
TU Tepanuy MOKHO CyOUTHb IO OMMCAHWUIO aBTOPaMM
pes3yibTaTa JIeUeHusI: IIpMeM BceX aHTUOMOTUKOB ObIT
TpeKpalieH, Ha KOHTPOJIbHOM OCMOTpE IMAIVIEHT He
TIpeabsBIIsLI 5Kamob [18].

E. Fedorov ¢ coaBTOpamMyu mpoBOmMIM (arorepa-
VIO TIPeAJIOKEHHBIM MMU OPUTMHAIbHBIM METO-
JIOM, paHee He ONMMCAHHBIM HY B OJHON U3 OMMyoOIu-
KOBaHHBIX CTaTeil. ABTOpbI H00aBWIM (GabpUUHbIE
6akTeprodaru B KOCTHbBIN I[eMEHT [IJIT MECTHOI Te-
parmuu daramyu M TaKkKe TOMOJHUTENbHO BBOIMIN
(aru uepes npeHakKHYIO TPYOKY B MEPBBI J€Hb I10-

CJie orepauuu, rociie 4ero ApeHax yoassiiy, U ganee
MMyHKI[MOHHBIM METOJOM B TeueHue 9 gHeil BBOOAMIN
(dar B o6macts sHgOIIpOTE3a. DPHEKTUBHOCTD, 110 YT-
Bep)KIEHNIO aBTOPOB, cocTaBumia 95% [21].

BbI3BIBAIOT OMpeneneHHbIi MHTEpeC Takke MUC-
CJiefloBaHMsl, HalpaB/ieHHble Ha M3yuyeHMe B3auMO-
nmeiictBust ¢paroB ¢ aHTu6morukamu. N. Cesta ¢ coas-
TOpaMy MoKasajiy, YTO MUHUMAaJ/IbHas MTOAABJISIONIAs
KOHIIEHTpaIMsl MepolleHeMa Ha KOHKPEeTHYI0 6ak-
Tepuio-Bo36yauTens I P. aeruginosa cocrassiia
8 mkr/mi. IIpyu 3TOM aBTOpamMy OTMEUEHO, YTO BO3-
IeiicTBMe Ha Hee GakTepuodara ¢ KOHIEHTpaUyei
108 BOE/mn B TeueHue 24 4. He MPUBEJIO K pajyKa-
uyu 6aktepumn-pos3bymutens [N, Torma Kak mOpu
coueTaHuy OakTepuodara B aHAJIOTMYHOM TUTPE
C MepomeHeMOM, MMPUMeHsSIeMOM Jaxe B 6oyee HMU3-
KOJi KOHLIEHTpaluyuu B 1 MKI/MJI, YK€ B TeueHue 24 4.
MOYKHO JOOUTBCS SpaayKanym Bo3oyaurens [15].

[Tpn mcrionb3oBaHMM darorTepanuy sl JIeYeHUs
[N Heobxomumo pasnudaTh 3GPEeKTUBHOCTh MPU-
MeHeHus: (arorepanuu U 3PHEKTUBHOCTb JI€UEHUS
I[N — 3TO ABa COBEPIIEHHO HE TOXAECTBEHHbIX
IPYT APYTY SIBJE€HMUS, YTO OTPaXKaeT CyTh IPUMeHEeHUs
(daros.

T. Ferry ¢ coaBTopaMu OJisI KOHTPOIS 3P deKTuB-
HocTy (aroTepanuy Mpuberaau K OTKPBITO GUOII-
cumu TKaHelt u metomoM IIIIP umckmawouanu Hanmyue
IOHK craproBoro Bos6ymuresns S. aureus mocie ¢a-
rorepanuu. OTCYTCTBME B IMEPUINPOTE3HBIX TKAHSIX
1esieBoro mis dara Bo3oymuTens, a Takke ero JHK,
ObLTM KpUTEpUeM 3G HEKTUBHOCTY IIpUMeHeHUsI ¢ara
[8]. Touro Takke moctymm J. Schoeffel ¢ coaBTopa-
MM, KOr[a IpM MOBTOPHOM YCTaHOBKE CIiejicepa OHM
He OOHAPYXWIM TPU3HAKOB MHOEKIMM Iocie B3S-
TSI GUOMTATOB M HECMOTPS Ha 3TO BBEJM OAKTEPUO-
dar SaWIQ0488p1 B mose 1,2x10° EI B 10 mu NS.
B manpHeiieM mpy 6aKTepUOIOTMYECKOM MCCIeI0-
BaHMM BCe MHTpPAOIepalMOHHbIe GaKTepMOoIoTnyec-
Kye TI0CeBbI U3 MATKMUX TKaHei, 6e[peHHOro KaHaaa
Y IeBUTAM3VPOBAHHONM OGeIPEeHHOI KOCTU AAIu OT-
puiaTenbHeIl pesyabrart [19].

IOnsg nmokasarenbcTBa 3SddekTuBHOCTM (arore-
panuu C. Ramirez-Sanchez ¢ coaBTOpamMu IpoBeIu
Yy malyeHTa MHOTOKpaTHbIe (n = 25) MmoceBbl CUHO-
BMAJIbHOV SKUIKOCTY M paHeBbIX 6uonTartos. [To pe-
3y/lbTaTaM  GaKTePUOIOTUYECKOTO  MCC/IeHOBAHMS
BCe MaTepuajbl He GbUIM KOHTaMMHMPOBAHbI MSSA,
HaJaMyye KOTOPOTO OIpeAensuin A0 darorepanum
[20]. Takas obHaAEKMBAIOIIAS CUTYalsl BO3MOXKHA
TONBKO ITpu T1ITH, BISBAHHOM OJHMM BO30YAUTEIEM,
MIPOTUB KOTOPOTO IIPUMEHSIETCS OIIpeie/IeH bl dar,
C TIpedBapUTENbHONM OLIEHKOM YyBCTBUTEIbHOCTU
BO30YIUTENSI K HEMY.

B cmyvagx I, BbI3BaHHO!M HECKOIBKMMM BO3-
OyouTeNIMMU, BO3MOXKHO TOCTUYDL SpaAyKalyy Iiese-
BOro (OHOTr0) BO3OYOMTENSI KOHKPETHBIM (harom miam
«KOKTeieM» (aroB 1 TeM caMbIM JTOOUTHCS TTOMTOXKM-
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TeJIbHOTO pe3yibTaTa ¢arorepanuy, HO He AOCTUYD
kynupoBanus IITIN. PasBuBiumiics nanee peuyuauB
[ nopmepkuBaeTcs yXe CIegyllIuM, KOHKY-
PEHTHBIM TIpeAbIaYIIeEMY BO3OyAMTENEM, KOTOPBI
IO TOTO HAaxXOOWJICS B COCTOSIHUMM COCTSI3aTENbHOTO
aHTAaroHMCTMUUECKOTO TTOJABAEHUS U TOCje yCTpaHe-
HUs1 (aramMy KOHKYPEHTa 3aHSUI OCBOOOMMBIIYIOCS
HUINY B cueHapuy Teuenus 1IN [11].

EcTb criepyronye nmoaTBep;KaeHus 3TOM IUIIOTE3bI.

B 4 (9%) cnyuasx u3 45 mpousolnuia cMeHa Bemy-
miero Bo3oymurerst ITTTA:

1) E. faecalis cmenucst Ha MRSA;

2) P. aeruginosa u MSSA cMmeHMICh HA «<KOMMEH-
canoB» — Citrobacter koseri;

3) S. aureus cmeHmnaca Ha P
Achromobacter spp. v Proteus mirabilis;

4) P, aeruginosa cmenmics MRSE.

J.B. Doub c coaBTOpamu ommcanu peuunus ITTMTA
Iocjie TIpPUMEHEHUs JIMTUYeCKOoro Oakrepuodara
E. faecalis. TlpyauHoii peuyunusa ornpemennan MRSA,
YTO MOTPEOOBAIO aMITyTAllUM Y MAIMeHTa KOHEYHOC-
T HIOKe KoJleHa [32].

T. Ferry ¢ coaBTOpamu onuceiBatoT peunans 1114,
MPUBOAS KIMHUYECKUI TPUMepP UCTI0Ib30BaHUS JBYX
aros npotus S. aureus — PP1493 u PP1815. Yepes
5 cyT. U3 paHbl ObLIM BbIZEIEHBI APyrue BO30OyauTe-
s TIIIN — P. aeruginosa u Achromobacter spp., a Tak-
ke Proteus mirabilis, KoTopble GbUIM PaCIl€HEHbI KaK
KO-UHOEKTBI, IPU ITOM POCTa S. aureus He BbISIBUIIN.
VicxomHble TmperapaThl B CXeMe aHTUOaKTepUaIbHO
Tepanuy ObUIM 3aMeHeHbl Ha LiedTasuaumM, IUIPO-
dbnokcayH v pudammomiuH [16].

CMmeny Bo36yauTesns ¢ peuyauom IIMTU mocte Le-
JieBoit parorepanuu npoTuB P. aeruginosa (oHa Bcerga
nenieBast) onucbiBaioT Takke u T. Tkhilaishvili ¢ co-
aBTopamu. Yepes 2 He[. IOCAe SKCIJIAHTALMU MPO-
Te3a y MHaluyMeHTa MOSBUIUCH THOVHbIE BbIAENIEeHNS,
T10 TIOBOJTY Yero O6bUIM IIPOBeleHbl CaHALVS M 3aMeHa
creiicepa. ITo pe3ynbraTam 6aKTEPUOIOTMUECKOTO UC-
C/IemoBaHMS U3 00pa3IloB COHMKAIIMOHHOM KUIKOCTU
6bL1 BhImeneH mrTaMmM MRSE, HO mipu 5TOM He Oblia
BbIeneHa P, aeruginosa, mpoTUB KOTOPO¥ M3HAYaIbHO
Obl1a IpMMeHeHa darotepanusi. Ha ocHoBaHMUM 3TUX
pe3ynbTaToB ObLIa MPOBeHeHa KOPPEKTUPOBKA ITUO-
TPOITHOJ aHTUOAKTEepUATbHON TepaIruu: MePOTIeHEM
OblT 3aMeHeH JanToMuIMHOM (Mo 700 Mr Kaskable
48 4.), KOTOPBIIi T06ABJISUIM K KOJIUCTUHY IJISI BHYT-
pUBEHHOTO BBemeHUs U nedrasuaumy. [locte aHTU-
6aKTepMaabHON Tepanuy Py PEBU3MOHHOM IpOTe-
3MPOBaHMM ObUIM B3SIThI OMOIITATHI, B XOMe aHaIM3a
KOTOpBIX POCTa MaTOT€HHBIX MUKPOOPTaHU3MOB He
BISIBIIIM. TakuM o6pasoM, s deKkTuBHas ¢arorepa-
st TipuBesa K peuuausy TN co cMeHOit BO30yau-
Teas M TOCIeNyIOIIMM Ha3HaueHMeM 3TUOTPOIHOM
aHTUOMOTUKOTEPAIIMM C YIETOM M3MEHEHMSI BO3OY-
nuTens B ouare IIIY, obecieunB TeM CaMbIM KIVHM-
yeckuit a¢pdexT neuenns TN [13].

aeruginosa,

Cxoskuit knmmHMdeckui crydai omvcanu N. Cesta
¢ coapropamu. Ha 14-i1 menb npumeHenust para Pa53
M aHTHOaKTepUaJIbHON Tepanuy (MepoIleHeM) Y Iia-
nueHTa cHOpMMUPOBAJICS CBUII TIPU OTCYTCTBUMU IIO0-
KpacHeHMsI, OTeKa MM OOIM Ha CTOPOHE IMOPakKeHMSsI.
V3 cBuUIIEBOrO Xoma B3sUIM Ma3oK, M B pe3ybTaTe
MIPOBEAEHHOTO OAKTEPMONOTUUECKOTO MCCIeA0BaAHMS
ObT BepUUIIMPOBAH METUIMUIMHPE3UCTEHTHBIN
S. hominis, Ho P. aeruginosa y>ke OTCYTCTBOBaJa, YTO
KOHCTaTHpyeT 3G(eKTMBHOCTh IPOBEIEHHO ¢aro-
Teparu [15].

Jleuenne IIIIA ¢ npuMeHeHMEM aIbIOBAHTHON
darorepanuu He Bcerga 3ddekTrBHO. U3 45 npen-
CTaBJIEHHBIX Cy4aeB B 2 HAOIIONEHMSIX TPUILIOCH
MpuOErHyTh K aMIyTanuu u3s-3a penuausa I co
CMeHOIi Bo36ynuTes [16, 32].

OddekTrBHOCTL Neuenust T Bcerma OMIMMUCHI-
BAETCS B COOTBETCTBUM C KPUTEPUSIMM CPOKOB Ha-
omomennsi. I OIEHKM OTHaJIEHHBIX DPe3y/lbTaTOB
KpUTEpUEM CIYKUT OTCyTCTBUe peuuausa I[IITU,
HalpuMep, B TeueHue 2 JIeT 1Mocjae 3aBepuieHus Jie-
YeHUs], WX OTCYTCTBME CBMUINEH B 06sacTu Mpo-
Te3MPOBAHHOIO cycTaBa. [Ipy oleHKe OGayKaIInx
pe3ynbTaToB KputepueM 3(PEGeKTUBHOCTU JIEUEHUS
IIIN ciyskuT ypoBeHb C-peakTUBHOTO 6eJika B Ipe-
Ienax pedepeHTHbIX 3HaYeHuit — oT 0 10 5 Mr/JI.

T. Ferry ¢ coaBTOpaMy IJIaBHBIM IPU3HAKOM 3(-
dextuBHOCTM Neuenust TN ¢ ucronb3oBaHueM ¢a-
TOB CYMUTAIOT CTEPUITbHOCTDh CMHOBUAIBHOM KUAKOCTYU
6e3 IMPU3HAKOB CYMepPMHGEKINM U OTPUIIATEIbHbIE
pesyabrarsl ITIIP. Cam ¢akT HaauMuus CBUIIA C BbI-
IefleHeM CYMHOBUAIBHOM SXKUAKOCTM U TOBBINIEHME
YPOBHS comep>kaHusi B KpoBu C-peakTMBHOTO 6eska
1o 20 mr/n B TeueHue 11 mec. kak nposisaenue I1I1H,
BBI3BAHHOW KY/IBTYPOHETaTUBHBIMM OpraHM3MaMMU,
UMM He yuuTbiBaeTc [8].

E.J. Cano c coaBTOpamMM yKa3bIBalOT CPOK HAOJIIO-
neHust 3a mnauyeHtamu c IIIIM, jedeHMe KOTOPBIX
MPOBOAMJIOCh C MpuUMeHeHMeM ¢aros, A0 34 Hem.
C MCYE3HOBEHMEM MECTHBIX CMMIITOMOB U ITPU3HAKOB
MHGEKIUM U BOCCTAHOBJIEHMEM (GYHKLIUU IPOTE3U-
poBaHHOrO cycrasa [9].

T. Ferry c aBTOpaMu nocie MpMMeHeHMS aHTUCTa-
dunokokkoBbIx paroB PP1493 1 PP1815 B rugporese
rpu MRSA ormeTwin Ha 5-e cyT. B reMaTome obJac-
TU TIOCIEOTIEPAIIMOHHOIO py6Ila IOSIBeHMe HOBBIX
Bo3Oymureneii — P. aeruginosa, Achromobacter spp.
u Proteus mirabilis. [Tpu sTom Bo36ymurens [T, mpo-
TUB KOTOPOTO ITPOBOAMIACH TapreTHas (aroTeparnms,
He Bbimensics. JanbHesiiee sedenne [T 6b110 He-
s¢pdekTuBHO. Uepes rop mocie darorepanuu Oblaa
BBITIOJTHEHA TpaHcheMopaabHas aMITyTaluysl HYDKHe
KOHEUHOCTH. Bo BpeMs amITyTanym B3sSTbl OMOIITATHI,
M TI0 pe3yibTaTaM OaKTEepPMUOIOTMYECKOTO MCCIeno-
BaHMS B 00pasiax TKaHM PETrMCTPUPOBAIN HATMUME
HECKOJIbKMX TaTOT€HOB — Streptococcus anginosus,
Finegoldia magna, P. mirabilis n S. aureus (reHeTudec-
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KU pas3jIMyHbIii C TIepBOHAYAIbHBIM BO3OyIUTENIEM).
[TaToMopdonornueckuii aHaaM3 KOCTHOJM TKaHU He
BBISIBMJI MHOWIBTPAVM BOCIIAIUTETbHBIMY KI€TKA-
MU. ABTOPBI KOHCTATUPYIOT GaKT 3paguKaIuy OJHOTO
mramMa ¢aramu (3ddexTuBHast darorepanus) mpu
MIPOTPeCCUPOBAHMM TIEPUITPOTE3HON TMOIUMUKPOO-
HoVt MHpexuyn [16].

OnmHO 13 OCHOBHBIX IIPUYNH HEYAAYHOI0 JIEUEHUS
[IIIN gBnsioTcst 6aKTepuy, KOTOpble 06pasyrT 61M0-
IJIEHKY Ha OPTOTeANYEeCKUX MMILIAHTATaX, ITOCKOIb-
KY 3a CUeT CITOCOOHOCTM O6pa3oBbIBATb OMOIIIEHKMU
GakTepuy TIOAYYAIOT TIOBBIIIEHHYIO YCTOWUYMBOCTD
K aHTubaKTepuaabHbIM ITpernaparam [33, 34]. B mo-
CJlegHMe TOABI TIPEAIIPUHATHI IOMBITKM PA3PYIIUTh
OMOIIEHKM [IJiT yBeauueHus 3(DQGeKTUBHOCTU aH-
TUOAKTepPUATbHBIX IIpernaparoB. I[lOsSBASIOTCS ITy-
GMKaIMM, aBTOPHI KOTOPBIX ITeMOHCTPUPYIOT, UTO
6akTepuodaru CIoco6HbBI HE TOJNIBKO pa3pyllaTh
GaKkTepMaJIbHYI0 OMOIUIEHKY, yBenuuuBast 3SPdek-
TUBHOCTh aHTMOAKTEpPMAIbHBIX IIperapaToB, HO U
JU3UpOBaTh OakTepuy, BbI3BaBiime IIIIM BHYTpHU
6uoruteHok [17, 35]. Bomee Toro, ectb MHeHUe, UTO
(aru crocob6HbI MPOHMKATH Uepe3 OaKTEPUAIbHYIO
OMOTUIEHKY ¥ CaMOCTOSITeIbHO YCWMJIMBATh CBOIO JIO-
KaJIbHYIO KOHIIEHTPAIINIO IJIST TOCTVDKEHMST MOIITHOTO
TeparneBTHUeckoro sddexra [11].

®darorepanusl MMeeT OrPOMHBIV IMOTEHIMaN OJIs
neuenyus [T, BbI3BaHHOI aHTUOMOTUKOPE3UCTEHT-

JOIIOTHUTEJIbBHASI THO®OPMALI VIS

3aseneHHblii 6K1A0 a8mMopos

Illepanues T.Y. — KoHLenuus 0630pa, MOUCK M aHAINU3
JIUTePaTypbl, HATIMCAHME TEKCTA PYKOTIUCH.

CamoxuH A.I. — TIOMCK ¥ aHAIU3 JIUTEPATyPhl, HAIINCA-
HJE TeKCTa PYKOIMUCH.

Tawmanoe b.P. — OUCK U aHaInU3 TUTEPATyPbl, HAIIKUCA-
HJE TeKCTa PYKOIMUCH.

Kopsimkun A.A. — KoHIIeMIMST 0630pa, MTOMCK ¥ aHaIU3
JIUTEPaTypbl, peLaKTUPOBAHME TEKCTa PYKOIMVCH.

Iaenoe B.B. — KOHLeMiMsI 0030pa, MOMCK U aHaINU3
JIUTEPaTypbl, peLaKTUPOBAHME TEKCTa PYKOIVCH.

Bce aBTOpBI MTpowin U omo6pmiayu GUHANbHYI0 BEpPCUI0
PYKOINCH CTaTh!. Bce aBTOPBI COTIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCe aCIleKThl paboThl, YTO6BI 0OECIIeUnTh Haie-
’Kalee pacCMOTpPEHME U pellleHe BCeX BO3MOXKHBIX BOITPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HaJeKHOCTbIO JII06071
YacTu paboThl.

Hcmounuxk ¢uHaHcuposaHus. ABTOpPBI  3asIBJISIIOT
06 OTCYTCTBUM BHeITHEro (MHAHCUPOBAHUS MPU MPOBeJIe-
HUM UCCIIeNOBaHMSI.

Bo3moscHbIli KOH(AUKIM UHMepecos. ABTOPBI AeKIa-
PUPYIOT OTCYTCTBME SIBHBIX M TIOTEHI[MAIbHBIX KOHPIMKTOB
MHTEPEeCOB, CBSI3aHHbIX C MyOIMKaIMel HaCTOSIIEN CTAThU.

Omuueckasn 3xkcnepmu3a. He nipyumeHuma.

HbIMM OGakTepusimu. B CIIIA mocTUIIM MEPBOTO KOH-
ceHcyca O BbIObope anropurtma darorepanmuu Ipu
seyenun IIIIN, 4yTO mopmuepKuBaeT Cepbe3Hble Ha-
MepeHMs] HalmuX 3apybeXHBbIX KOJIET B CO3AAaHUMU
HOBOT'O HAIIpaBJIeHUSI aHTUOAKTEPUAbHO Teparmmn
[26]. HameeMcst, uTo 6ymeT MOMOKEHO HAYAJIO IUPO-
KOMY IIpMMeHeHMI0 dharoTepanuiu B OTeueCTBEHHO
KJIVHUYECKOI ITPaKTUKE.

3AK/TIIOYEHHE

BbIMO/IHEHHBIVI HAMM aHaIMU3 JIMTEPATYPhl IOKa3all,
YTO MOKHO TOBOPUTH O PeaiM30BaHHBIX BO3MOKHO-
CTSIX, 6€30MacHOCTM (CPaBHUTEIBHO JIETKOI MepeHo-
CUMOCTHM TaryeHTamMmu) 1 3¢HeKTMBHOCTY KOMOVHMA-
POBaHHOJ Tepanuu GaraMu ¥ aHTUOAKTEPUATbHBIMU
nmperapatamu. Bakrepmodarorepanus mpencTaB-
JiseT coboli IepcIeKTMBHOE HallpaB/ieHlue B 60pbbe
C pe3ucTeHTHbIMM (opmamu Bosbymureneir IIIN.
HokmMHNYeCcKMe U KIMHNYEeCKUEe UCCIeT0BaHMSI C UC-
MoJIb30BaHMeM (arorepanuy ¢ aHTMOAKTEPUAIbHBI-
MM TIpernapaTaMy JeMOHCTPUPYIOT OUYeHb XOpOIIye
pe3ynbraThl. OMHAKO OMMCAHHBIX CTy4yaeB HemOCTa-
TOYHO J11 HOPMMUPOBAHUS KIMHUUYECKUX DPEKOMEH-
Januii 1Mo BbIOOPY Haubosmee 3(DGEKTUBHOIO MYTU
BBeIeHUS U IJIUTENbHOCTY MpuMeHeHUs darorepa-
MMM, B CBSI3U C YeM HeOOXOAMMBI JOTIOTHUTETbHbIE
MCCIIeIOBaHMS C TVIYOOKMM aHAIM30M O0COOEHHOCTE,
6e3omnacHOCTY U 3QPEKTUBHOCTH ee IPUMEHEHNUS.

DISCLAIMERS
Author contribution
Sheraliev T.U. — review concept, literature search

and review, editing the manuscript, drafting the manuscript.

Samokhin A.G. — literature search and review, drafting
the manuscript.

Tashtanov B.R. — literature search and review, drafting
the manuscript.

Korytkin  A.A. — review concept, literature search
and review, editing the manuscript.

Paviov V.V. — review concept, literature search and
review, editing the manuscript.

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

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

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

Ethics approval. Not applicable.

HUngopmupoeantoe coenacue Ha — nyéauxayuio. Consent for publication. Not required.
He TpebyeTcs.
189 2024;30(4) TPABMATONOIMNA U OPTOMNEANA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OBb30Pbl / REVIEWS

JINTEPATYPA [REFERENCES]

1. IllepanueB T.Y., ®emopoB E.A., TompHuk B.H.,

IMaBno B.B. IlepumporesHast MHGEKIMsS MHIpPU SHOO-
MpOTE3MPOBAHNYM Ta300eAPEHHOr0 CyCTaBa: OCOOeH-
HOCTM COBPEMEHHO} ITMOJIOTMM, MPOOIEMBI U Tep-
CIIEKTUBBI JTMAarHOCTUKM: MoOHorpadus. KpacHosipck:
HayyHo-mHHOBauMoHHbBIN  UeHTp; 2021. 230 c.
doi: 10.12731/978-5-907208-50-6.
Sheraliev T.U., Fedorov E.A., Golnik V.N., Pavlov V.V.
Periprosthetic infection during hip replacement:
features of modern etiology, problems and diagnostic
prospects:  monograph.  Krasnoyarsk:  Scientific
and Innovation Center; 2021. 230 p. (In Russian).
doi: 10.12731/978-5-907208-50-6.

. Asokan GJYV., Ramadhan T., Ahmed E., Sanad H.
WHO Global Priority Pathogens List: A Bibliometric
Analysis of Medline-PubMed for Knowledge
Mobilization to Infection Prevention and Control
Practices in Bahrain. Oman Med J. 2019;34(3):184-193.
doi: 10.5001/0m;j.2019.37.

. Kosmos P.C., Tomy6 A.B. OCTaHOBUTH TeMIIbI POC-
Ta  aHTUOMOTMKOPE3UCTEHTHOCTM  MMKPOOPTaHMU3-
MOB CErofiHsi — [JaTh LIAHC Ha BbDKMBAHME YEJIO-
BeuecTBa 3aBTpa. KiauHuueckas muxkpobuonoeus u
aHmumukpoOHas xumuomepanusi. 2019;21(4):310-315.
doi: 10.36488/cmac.2019.4.310-315.
Kozlov R.S., Golub AV. To stop the progress of
antimicrobial resistance today means to give a chance
of mankind surviving tomorrow. Clinical Microbiology
and Antimicrobial Chemotherapy. 2019;21(4):310-315.
(In Russian). doi: 10.36488/cmac.2019.4.310-315.

. Darwich A., Dally F.J., Abu Olba K., Mohs E.,

Gravius S., Hetjens S. et al. Superinfection
with  Difficult-to-Treat  Pathogens  Significantly
Reduces the Outcome of Periprosthetic Joint
Infections.  Antibiotics  (Basel).  2021;10(10):1145.

doi: 10.3390/antibiotics10101145.

. Wimmer M.D., Hischebeth G.T.R., Randau T.M.,
Gathen M., Schildberg F.A., Froschen F.S. et al.
Difficult-to-treat  pathogens significantly reduce
infection resolution in periprosthetic joint infections.
Diagn  Microbiol Infect Dis. 2020;98(2):115114.
doi: 10.1016/j.diagmicrobio.2020.115114.

. Bunknep T., Tpammym A., Penn H., TIlepka K,

BokkoBa C.A. Knaccudukaumss M aaroputM aua-
THOCTUMKM WM JIeYEHUs TIEPUIIPOTE3HON MHPeKImUn
Ta300epeHHOT0 cycTaBa. Tpasmamonozus U Op-
moneduss  Poccuu. 2016;22(1):33-45. (In Russian).
doi: 10.21823/2311-2905-2016-0-1-33-45.
Winkler T., Trampuz A., Renz N., Perka C., Bozhkova S.A.
Classification and algorithm for diagnosis and treatment
of hip prosthetic joint infection. Traumatology and
Orthopedics of Russia. 2016;22(1):33-45. (In Russian).
doi: 10.21823/2311-2905-2016-0-1-33-45.

. JluBenuoB B.H., BoxkkoBa C.A., Koumm A.IO.,
Aptiox B.A., PasopenoB B.JI., Jla6ytuun /[I.B.
TpyaHou3IeuMmMast mepuipoTesHast MHGeEKIMs Ta300e-
PEHHOTO CyCTaBa: pe3ylIbTaThl CAHUPYIOUIMX Olepa-
unit. Tpaemamonoeus u opmonedus Poccuu. 2019;25(4):
88-97. doi: 10.21823/2311-2905-2019-25-4-88-97.
Liventsov V.N., Bozhkova S.A., Kochish AXYu.,
Artyukh V.A., Razorenov V.L., Labutin D.V. Difficult-

To-Treat Periprosthetic Hip Infection: Outcomes
of Debridment. Traumatology and Orthopedics
of  Russia. 2019;25(4):88-97. (In Russian).

doi: 10.21823/2311-2905-2019-25-4-88-97.

10.

11.

12.

13.

14.

15.

16.

17.

Ferry T., Kolenda C., Batailler C., Gustave C.A.,
Lustig S., Malatray M. et al. Phage Therapy as Adjuvant
to Conservative Surgery and Antibiotics to Salvage
Patients With Relapsing S. aureus Prosthetic Knee
Infection. Front Med (Lausanne). 2020;7:570572.
doi: 10.3389/fmed.2020.570572.

Cano E.J., Caflisch K.M., Bollyky P.L., Van Belleghem ].D.,
Patel R., Fackler ]. et al. Phage Therapy for
Limb-threatening  Prosthetic Knee Klebsiella
pneumoniae Infection: Case Report and In Vitro
Characterization of Anti-biofilm Activity. Clin Infect Dis.
2021;73(1):e144-e151. doi: 10.1093/cid/ciaa705.

Doub ].B, Johnson A.]., Nandi S., Ng V., Manson T.,
Lee M. et al. Experience Using Adjuvant
Bacteriophage Therapy for the Treatment of 10
Recalcitrant Periprosthetic Joint Infections: A Case
Series. Clin Infect Dis. 2023;76(3):e1463-e1466.
doi: 10.1093/cid/ciac694.

Kovacs C.]J., Rapp E.M., McKenzie S.M., Mazur M.Z.,
Mchale R.P.,, Brasko B. et al. Disruption of
Biofilm by Bacteriophages in Clinically Relevant
Settings. Mil Med. 2023:189(5-6):e1294-e1302.
doi: 10.1093/milmed/usad385.

Jlaugpimes H.H., Bopoubko S.I., TumommnHa O.IO.,
Cycnuna C.H., AxkumkuH B.I., MwupomHukos K.A.

O630p 3aKkoHOZATeNbCTBA B 061acTM  OOpallleHMs
MepCoOHaMN3UPOBAHHBIX MpenapaTos 6aKTepuo-
daroB. Bonpocet supyconozuu. 2020;65(5):259-266.

doi: 10.36233/0507-4088-2020-65-5-2.

Landyshev N.N., Voronko Ya.G., Timoshina O.Yu.,
Suslina S.N., Akimkin V.G., Miroshnikov K.A.
A review of the regulatory framework for
personalized bacteriophages registration. Problems
of Virology. 2020;65(5):259-266. (In  Russian).
doi: 10.36233/0507-4088-2020-65-5-2.

Tkhilaishvili T., Winkler T., Miiller M., Perka C.,
Trampuz A. Bacteriophages as Adjuvant to Antibiotics for
the Treatment of Periprosthetic Joint Infection Caused
by Multidrug-Resistant Pseudomonas aeruginosa.
Antimicrob Agents Chemother. 2019;64(1):e00924-19.
doi: 10.1128/AAC.00924-19.

Ferry T., Batailler C., Petitjean C., Chateau J.,
Fevre C., Forestier E. et al. The Potential Innovative Use
of Bacteriophages Within the DAC® Hydrogel to Treat
Patients With Knee Megaprosthesis Infection Requiring
“Debridement Antibiotics and Implant Retention” and
Soft Tissue Coverage as Salvage Therapy. Front Med
(Lausanne). 2020;7:342. doi: 10.3389/fmed.2020.00342.
Cesta N., Pini M., Mulas T., Materazzi A., Ippolito E.,
Wagemans J. et al. Application of Phage Therapy in
a Case of a Chronic Hip-Prosthetic Joint Infection
due to Pseudomonas aeruginosa: An Italian Real-Life
Experience and In Vitro Analysis. Open Forum Infect Dis.
2023;10(2):0fad051. doi: 10.1093/ofid/ofad051.

Ferry T., Kolenda C., Batailler C., Gaillard R.,
Gustave C.A., Lustig S. et al. Case Report: Arthroscopic
“Debridement Antibiotics and Implant Retention”
With Local Injection of Personalized Phage Therapy
to Salvage a Relapsing Pseudomonas Aeruginosa
Prosthetic Knee Infection. Front Med (Lausanne). 2021;8:
569159. doi: 10.3389/fmed.2021.569159.

Ferry T., Leboucher G., Fevre C., Herry Y., Conrad A.,
Josse J. et al. Salvage Debridement, Antibiotics and
Implant Retention («DAIR») With Local Injection of
a Selected Cocktail of Bacteriophages: Is It an Option
for an Elderly Patient With Relapsing Staphylococcus
aureus Prosthetic-Joint Infection? Open Forum Infect
Dis. 2018;5(11):0fy269. doi: 10.1093/ofid/ofy269.

190 2024;30(4)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OBb30Pbl / REVIEWS

18. Neuts A.S., Berkhout H.J., Hartog A., Goosen J].H.M.
Bacteriophage therapy cures a recurrent
Enterococcus faecalis infected total hip arthroplasty?
A case report. Acta Orthop. 2021;92(6):678-680.
doi: 10.1080/17453674.2021.1968714.

19. Schoeffel J., Wang E.W., Gill D., Frackler J., Horne B.,
Manson T. et al. Successful Use of Salvage Bacteriophage
Therapy for a Recalcitrant MRSA Knee and Hip
Prosthetic Joint Infection. Pharmaceuticals (Basel). 2022;
15(2):177. doi: 10.3390/ph15020177.

20. Ramirez-Sanchez C., Gonzales F., Buckley M., Biswas B.,
Henry M., Deschenes M.V. et al. Successful Treatment
of Staphylococcus aureus Prosthetic Joint Infection
with Bacteriophage Therapy. Viruses. 2021;13(6):1182.
doi: 10.3390/v13061182.

21.Fedorov E., Samokhin A., Kozlova Y., Kretien S.,
Sheraliev T., Morozova V. et al. Short-Term Outcomes
of Phage-Antibiotic Combination Treatment in Adult
Patients with Periprosthetic Hip Joint Infection. Viruses.
2023;15(2):499. doi: 10.3390/v15020499.

22. Clarke A.L., De Soir S., Jones J.D. The Safety and Efficacy
of Phage Therapy for Bone and Joint Infections: A
Systematic Review. Antibiotics (Basel). 2020;9(11):795.
doi: 10.3390/antibiotics9110795.

23.JIpicko  K.A., Orpamesckas E.B., HWrHatbeB [.M.

Jleue6HO-TIpOodMIAKTHUECKME TIpernapaThl GakTepu-
o¢aroB: KpaTkKuii 0630p MHPOM3BOACTBA U IIpUMEHE-
Husi. BHUOnpenapamel. IIpogunakmuka, duazHocmuka,
neuerue. 2013;(4):4-9.
Lysko K.A., Otrashevskaya E.V., Ignatyev G.M. Curative
and preventive bacteriophage drugs: short review of
manufacturing and use. Biological Products. Prevention,
Diagnosis, Treatment. 2013;(4):4-9. (In Russian).

24.Wang L., Di Luca M., Tkhilaishvili T., Trampuz A.,
Gonzalez Moreno M. Synergistic Activity of Fosfomycin,
Ciprofloxacin, and Gentamicin Against Escherichia coli
and Pseudomonas aeruginosa Biofilms. Front Microbiol.
2019;10:2522. doi: 10.3389/fmicb.2019.02522.

25.Pirnay J.P., Verbeken G., Ceyssens P.J., Huys I,
De Vos D., Ameloot C. et al. The Magistral Phage. Viruses.
2018;10(2):64. doi: 10.3390/v10020064.

26.Suh G.A., Lodise T.P., Tamma P.D., Knisely J.M.,
Alexander J., Aslam S. et al. Considerations for
the Use of Phage Therapy in Clinical Practice.
Antimicrob Agents Chemother. 2022;66(3):e0207121.
doi: 10.1128/AAC.02071-21.

Csedenust 06 agmopax
> Illepanues Taanaiibex Ycenanuesuu
Anpec: Poccust, 630091, r. HoBocu6upck, yi. ®pyHse, a. 17
https://orcid.org/0000-0002-7261-2730
e-mail: sheraliev.taalai@mail.ru

CamoxuH Anekcanop I'ennadveeuy — KaHI. Mel. HAyK
https://orcid.org/0000-0001-5599-3925
e-mail: motorist@inbox.ru

Tawmanoe Baiixoxo Pycmamosguu
https://orcid.org/0000-0002-8553-9712
e-mail: b.tashtanov95@gmail.com

Kopsimkun Andpeti Anekcanoposuu — KaH/[l. Me[l. HayK
https://orcid.org/0000-0001-9231-5891
e-mail: andrey.korytkin@gmail.com

IHasnoe Bumanuti Bukmoposuu — I-p Mef,. HayK
https://orcid.org/0000-0002-8997-7330
e-mail: pavlovdoc@mail.ru

27. Patey O., McCallin S., Mazure H., Liddle M.,
Smithyman A., Dublanchet A. Clinical Indications
and Compassionate Use of Phage Therapy: Personal
Experience and Literature Review with a Focus on
Osteoarticular Infections. Viruses. 2018;11(1):18.
doi: 10.3390/v11010018.

28.Ly-Chatain M.H. The factors affecting effectiveness
of treatment in phages therapy. Front Microbiol.
2014;5:51. doi: 10.3389/fmicb.2014.00051.

29. Chan B.K., Sistrom M., Wertz J.E., Kortright KE.,
Narayan D., Turner P.E. Phage selection restores
antibiotic sensitivity in MDR Pseudomonas aeruginosa.
Sci Rep. 2016;6:26717. doi: 10.1038/srep26717.

30. Gu Liu C., Green S.I., Min L., Clark J.R., Salazar K.C.,
Terwilliger A.L. et al. Phage-Antibiotic Synergy Is Driven
by a Unique Combination of Antibacterial Mechanism
of Action and Stoichiometry. mBio. 2020;11(4):
e01462-20. doi: 10.1128/mBio.01462-20.

31. Racenis K., Rezevska D., Madelane M., Lavrinovics E.,
Djebara S., Petersons A. et al. Use of Phage Cocktail
BFC 1.10 in Combination With Ceftazidime-
Avibactam in the Treatment of Multidrug-Resistant
Pseudomonas aeruginosa Femur Osteomyelitis-A
Case Report. Front Med (Lausanne). 2022;9:851310.
doi: 10.3389/fmed.2022.851310.

32.Doub ].B., Chan B., Johnson A.J. Salphage: Salvage
bacteriophage therapy for a chronic Enterococcus faecalis
prosthetic joint infection. IDCases. 2023;33:e01854.
doi: 10.1016/j.idcr.2023.e01854.

33. Mah T.F., O’Toole G.A. Mechanisms of biofilm resistance
to antimicrobial agents. Trends Microbiol. 2001;
9(1):34-39. doi: 10.1016/s0966-842x(00)01913-2.

34. Topouua E.M., BoxkkoBa C.A. BakTepuaabHble GMOIIIEH-
KM B OpTOMeauu: IpobsieMa ¥ BO3MOKHBIE TTePCITeKTH-
BbI TpodumaakTuku. PMJK. 2021;8:29-32.

Gordina E.M., Bozhkova S.A. Bacterial biofilms in
orthopedics: the problem and possible prospects for
prevention. RMJ. 2021;8:29-32. (In Russian).

35. Akanda Z.Z., Taha M., Abdelbary H. Current review-The
rise of bacteriophage as a unique therapeutic platform
in treating peri-prosthetic joint infections. J Orthop Res.
2018;36(4):1051-1060. doi: 10.1002/jor.23755.

Authors’ information
DK Taalaibek U. Sheraliev
Address: 17, Frunze st., Novosibirsk, 630091, Russia
https://orcid.org/0000-0002-7261-2730
e-mail: sheraliev.taalai@mail.ru
Alexander G. Samokhin — Cand. Sci. (Med.)
https://orcid.org/0000-0001-5599-3925
e-mail: motorist@inbox.ru
Baikozho R. Tashtanov
https://orcid.org/0000-0002-8553-9712
e-mail: b.tashtanov95@gmail.com

Andrey A. Korytkin — Cand. Sci. (Med.)
https://orcid.org/0000-0001-9231-5891
e-mail: andrey.korytkin@gmail.com

Vitaliy V. Paviov — Dr. Sci. (Med.)
https://orcid.org/0000-0002-8997-7330
e-mail: pavlovdoc@mail.ru

191 2024;30(4)

TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



	
	The Potential Use of Synovial C-Reactive Protein, Interleukin-6, 
and Presepsin in Diagnosing Periprosthetic Joint Infection
	Predictors for Recurrence of Chronic Osteomyelitis Following Long Bones Cavity Defect Replacement with Synthetic Materials  
	Causes of Revision Hip Arthroplasty After Hemiarthroplasty 
for Femoral Neck Fracture 
	Early Results of Primary Total Hip Arthroplasty Performed 
in Young Adults at a Regional Saudi-Arabian Orthopedics Center: 
A Prospective Observational Study
	Different Modifications of Minimally Invasive Osteosynthesis 
in Pilon Fractures: Comparative Study Results
	Сhanges in the Donor Site Following Bone-Patellar Tendon-Bone Graft Harvesting with Open or Closed Defects 
	Bone-Patellar Tendon-Bone vs Hamstring Tendon Autograft 
for Anatomical Anterior Cruciate Ligament Reconstruction: 
Outcomes at a Mean Follow-Up of 8 Years
	Primary Repair vs Arthroscopic Reconstruction for Proximal Anterior Cruciate Ligament Tears: A Comparative Study
	Outpatient Visits and Treatment Methods of Patients with Hand and Wrist Injuries in Vreden National Medical Research Center 
of Traumatology and Orthopedics
	Impaction Bone Grafting for Acetabular Bone Defects Replacement 
in Revision Hip Arthroplasty: Biomechanical Aspects
	Computer-Assisted Total Bilateral Knee Arthroplasty 
for a Patient with Severe Hyperextension in Residual Poliomyelitis: 
A Case Report
	Inferior Medial Genicular Artery Pseudoaneurysm After Primary 
Total Knee Arthroplasty: A Case Report
	Post-traumatic Patellar Tendon Ossification in Children: 
A Case Series
	Simultaneous Bilateral Avascular Necrosis of the Humerus 
and Femur in Long COVID-19: A Case Report
	Use of Multipotent Mesenchymal Stromal Cells as Part 
of Bone Marrow Concentrate in the Complex Treatment of Aseptic Necrosis of the Femoral Head: A Review
	Outcomes of Oncologic Arthroplasty in Children and Adolescents 
with Malignant Limb Tumors: A Systematic Review 
	Scapholunate Advanced Collapse of the Wrist: 
A Review
	The Potential of Phage Therapy in the Treatment of Periprosthetic Infection Caused by Multidrug-Resistant Pathogens: 
A Review


